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A method of preparing a frozen product of an iron-containing protein composition solution comprising the step of
freezing the iron-containing protein composition solution including a sugar compound of claim 9.

A method of preparing a liquid composition comprising the step of thawing a frozen product obtained by the method
of Claim 10.

A melhod of preparing a powder comprising the step of drying of the iron-containing protein composilion solution
of Claim 1.

A method of preparing a powder comprising the step of drying of the iron-containing protein compaosition solution
of Claim 2.

A method of preparing a powder comprising the step of drying the liquid composition of Claim 4.

11
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An improved process for making a cheese product using transglutaminase

liquid whey, cutting and cooking the curd, separating the
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specific embodiments are provided. Additionally, the
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Description
FIELD OF THE INVENTION

[0001] The invention relates to the production of cheese, especially cream cheese and cottage cheese. More spe-
cifically, the invention relates to methods for increasing dairy protein incorporation into curd during cheese production
using transglutaminase. This invention also relates to methods for reducing syneresis in cheese products, especially
cream cheese and cottage cheese, using transglutaminase.

BACKGROUND

[0002] Cheese compositions are generally prepared from dairy liquids by processes that include treating the liquid
with a coagulating or clotting agent. The coagulating agent may be a curding enzyme, an acid, or a suitable bacterial
culture. The coagulum or curd that results generally incorporates transformed casein, fats including natural butter fat,
and flavorings (especially those arising when bacterial cultures are used). The curd is usually separated from the whey.
The resulting liquid whey generally contains soluble proteins not affected by the coagulation; such proteins are, of
course, not incorporated into the coagulum. The inability of whey proteins to be retained in the coagulum is an important
factor contributing to a lack of efficiency in production of cheese curds, and to a reduction in overall yield relating to
the incorporation of protein solids present in the starting dairy liquids into resulting cheese curds. Therefore, there
remains a need for effective methods of improving the efficiency of protein incorporation into curd during cheese pro-
duction.

[0003] Soft cheeses such as cream cheese and cottage cheese products usually suffer water separation during
storage due to the process of syneresis. The resulting acid whey (i.e., separated water phase), although it contains
substantial amounts of dairy proteins, cannot be efficiently utilized. Moreover, consumers generally find such water
separation objectionable. Therefore, there remains a need for improved methods for producing soft cheeses wherein
syneresis is reduced.

[0004] Transglutaminases are enzymes which catalyze the crosslinking of proteins. These enzymes have a broad
occurrence in nature and may be obtained, for example, from microorganisms such as those belonging to the genus
Streptoverticilfium or from Bacillus subtilis, from various Actinomycetes and Myxomycetes, from fish and other marine
sources, from plant sources, and from animal sources (especially mammals). Food processing methods employing
transglutaminases have been disclosed in recent years. For example, Japanese Patent 59059151 discloses treating
an emulsion containing proteins, oils or fats, and water with transglutaminase to produce a gelatinous, crosslinked gel.
Japanese Patent 02276541 discloses a heat-resistant food protein having a fibrous texture. The fibrous texture is
developed by treatment of a protein hydrogel with a transglutaminase in the presence of calcium ions to induce
crosslinking of the surface of a fiber bundle.

[0005] U.S. Patent 5,156,956 discloses a transglutaminase purified from strains of the genus Streptoverticillium, and
the use of this enzyme to produce geltype foods. This transglutaminase catalyzes formation of protein gelation products
from protein solutions to produce conventional gel foodstuffs such as yoghurt, jelly, cheese, gel cosmetics, and the like.
[0006] U.S. Patent5,731,183 discloses a transglutaminase purified from strains of Bacillus subtilis, having particular
physical and enzymatic characteristics, and a method for producing protein, peptide, or non-protein amino acid poly-
mers that are crosslinked via their glutamine and lysine residues to form intermolecular or intramoelecular conjugates.
The crosslinked protein polymers produced using transglutaminase are reported to be useful in a variety of food sub-
stances.

[0007] Methods have been proposed for increasing the recovery of whey protein into cheese products using trans-
glutaminase. For example, U.S. Patent 6,093,424 relates to treatment of a dairy liquid such as mitk with transglutam-
inase and a non-rennet protease to generate cheese curd for hard, soft, or semi-soft cheeses.

[0008] U.S.Patent5,681,598 and its European counterpart EP 0 711 504 A1 disclose a process for producing cheese
using transglutaminase added at the same time as both a clotting enzyme and a lactic-acid producing culture, and the
milk is then incubated.

[0009] Patent publication WO 97/01861 discloses a method for producing cheese using transglutaminase. Trans-
glutaminase is added to milk, followed by a short incubation period, after which a clotting enzyme or curding agent is
added to the milk to produce curd.

[0010] The current invention provides processes for producing cheeses that improve the efficiency of dairy protein
incorporation into cheese curd during production. Additionally, the cheeses produced using the process have improved
qualities, including decreased syneresis.
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SUMMARY OF THE INVENTION

[0011] The current invention provides processes for cheese manufacturing that significantly increase the yield of
cheese produced by using the enzyme transglutaminase and an acidifying step to crosslink dairy proteins during cheese
manufacturing. The cheese products are less fragile and have reduced syneresis. Additionally, the cheese products
have greater viscosity and firm texture.

[0012] In one aspect, the current invention provides a process for making a cheese preduct comprising:

(i) providing a dairy liquid comprising dairy proteins;

(i) crosslinking and curding the dairy liquid by adding an acidifying agent and adding a transglutaminase to the
dairy liquid for a crosslinking and curding time, and under crosslinking and curding conditions, sufficient to crosslink
at least a portion of the dairy proteins and to form a curd and a liquid whey;

(iii) disrupting and heating the curd;

(iv) separating the curd from the liquid whey; and

(v) collecting the curd.

[0013] Typically, a coagulating enzyme is not added during step (ii). In certain embodiments, a coagulating enzyme
is not added during any step of the process. The dairy liquid may be pasteurized.

[0014] In certain embodiments, transglutaminase is used in step (ii) at concentrations of less than 10 units per gram
dairy liquid, preferably less than 5 units per gram, more preferably less than 1 unit per gram. In certain embodiments,
transglutaminase is used at a concentration of about 0.4 to about 0.8 units per gram dairy liquid.

[0015] In one embodiment, the addition of the acidifying agent during step (ii) is performed before the addition of
transglutaminase. In a further embodiment, the process further comprises heating the crosslinked dairy liquid at a
temperature and for a time sufficient to inactivate the transglutaminase after step (ii) and before step (jii).

[0016] In certain embodiments, the acidifying agent is a culture containing a lactic acid-producing microbe. In one
embodiment using a lactic acid-producing microbe, the resulting pH of the dairy liquid is about 4.2 to about 5.2, pref-
erably about 4.4 to about 4.8, and most preferably about 4.5 to about 4.7.

[0017] In certain embodiments, the acidifying agent is a food grade acid. In one embodiment, the food grade acid is
selected from the group consisting of citric acid, lactic acid, glucono delta lactone, phosphoric acid, acetic acid or
vinegar, and the like.

[0018] In certain embodiments, the dairy liquid comprises dairy ingredients selected from milk, reconstituted dry milk,
concentrated milk, milk protein concentrate, whey, reconstituted whey, whey protein concentrate, and cream.

[0019] In certain embodiments, the dairy liquid comprises cream and a dairy ingredient selected from the group
consisting of milk, reconstituted dry milk, concentrated milk, milk protein concentrate, whey, reconstituted whey, and
whey protein concentrate. For these embodiments, the cheese is typically cream cheese. In one embodiment where
the cheese is cream cheese, the cooking in step (iv) is performed by heating the curd and whey to about 80°C for
about 30 minutes.

[0020] In certain embodiments, the dairy liquid is skim milk, concentrated skim milk, reconstituted nonfat dry milk,
whey protein, or milk protein concentrate. Typically, where the dairy liquid is skim milk, the resulting cheese is cottage
cheese. In one embodiment where the dairy liquid is skim milk, the cooking in step (iv) is performed by increasing the
temperature of the curd and whey from about 30 tc about 60°C over a pericd of about 15 to about 150 minutes, and
more preferably over a period of about 60 minutes. Typically, where the resulting cheese is cottage cheese, the
crosslinking and curding time is from about 1 hourto about 14 hours and the crosslinking and curding conditions include
a temperature of about 15 to about 55°C, preferably from about 3 hours to about 6 hours at a temperature of about 30
to about 34°C, more preferably at about 32°C.

[0021] Typically, where the resulting cheese is cream cheese, the crosslinking and curding time is from about 1 hour
to about 24 hours and the crosslinking and curding conditions include temperatures of about 18 to about 50°C, pref-
erably from about 15 hours to about 19 hours at a temperature of about 22 to about 28°C. In one embodiment, the
crosslinking and curding is carried out for about 17 hours at a temperature of about 25°C.

[0022] In significant embodiments of the process of the present invention, the transglutaminase is isolated from a
bacterial source, a fungus, a mold, a fish, or a mammal. In one preferred embodiment, the transglutaminase is isolated
from a bacterial source, preferably from the genus Streptoverticillium. Mixtures of transglutaminase from different sourc-
es can be used.

[0023] The processes of the current invention for making cream cheese products may include an additional homog-
enization step after the curd is collected. The homogenization may be carried out at pressures of up to about 10000
psi (about 68948 kPa), preferably up to about 3500 psi (about 24132 kPa), and most preferably up to about 5000 psi
(about 34474 kPa).

[0024] In another aspect, the current invention is a cheese product produced by a process as described above,
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including any of the embodiments described above.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 is a flow diagram illustrating the general process of the current invention.

[0026] Figure 2 is a more detailed flow diagram illustrating the preparation of cream cheese using the process of
this invention.

[0027] Figure 3 is a more detailed flow diagram illustrating the preparation of cottage cheese using the process of
this invention.

[0028] Figure 4 is a Coomassie-stained 16.5% Tricine-SDS PAGE gel of samples obtained during the production of
a cottage cheese curd according to Example 3. Lane 1: curd recovered from the transglutaminase-treated milk sample;
Lane 2: whey recovered from the transglutaminase-treated milk sample; Lane 3: curd recovered from the control sam-
ple; Lane 4: whey recovered from the control sample. Whey and curd samples were loaded with the same guantity of
whey and curd, respectively.

[0029] Figure 5 is a graph of the percent concentration of proteins in whey as a function of the final concentration of
transglutaminase in milk used in the process according to Example 1.

[0030] Figure 6 contains electron micrographs of cottage cheese curd produced by the method of this invention
according to Example 3. Panels A and B illustrate the cottage cheese edge produced with transglutaminase (A) and
without transglutaminase (B). Panels C and D illustrate the cottage cheese curd body produced with transglutaminase
(C) and without transglutaminase (D).

[0031] Figure 7 is a graph of cream cheese viscosity (Pa) at various pressures of post-curd formation homogenization
for samples produced by the process of this invention according to Example 5 using a transglutaminase addition step;
a control sample without transglutaminase is also shown.

[0032] Figure 8 is a graph of percent syneresis at various post curd formation homogenization pressures for cream
cheese samples produced by the processof this invention according to Example 5 using a transglutaminase addition
step; a control sample without transglutaminase is also shown.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] The general process of this invention is illustrated in Figure 1. The starting material is a dairy liquid which
may or may not be pasteurized. As used herein, "dairy liquid" refers to milk, milk products obtained by fractionating
raw milk to provide a liquid fraction, or a solid milk fraction that is reconstituted to a liquid. For example, the milk may
be treated to remove some or all of the butterfat, providing low fat milk or skim milk, respectively. Furthermore, whole
milk, low fat milk, or skim mitk may be concentrated by methods such as evaporation and/or ultrafiltration (with or
without diafiltration) and the like. Evaporation provides dairy liquids containing a higher concentration of all the non-
volatile components, whereas ultrafiltration provides dairy liquids with a higher concentration of the components that
do not permeate the ultrafiltration membrane. In any case, the dairy proteins including casein and whey protein are
included among the retained solids, such that their concentrations in the resulting liquids are increased. Furthermore,
any of the above dairy liquids may be evaporated to dryness, providing milk solids originating from whole milk, low fat
milk, or skim milk, and including casein, whey proteins, and lactose. Any of these solids may be reconstituted by the
addition of water or a suitable aqueous composition including milk or a milk fraction. Reconstitution of dry milk thus
provides dairy liquids that in general may have a broad range of final concentrations of the component proteins, lactose,
butterfat, and other components. All the above liquids are included in the designation of "dairy liquids" as used herein.
[0034] The dairy liquids employed in the present invention may originate from any lactating livestock animal whose
milk is useful as a source of human food. Such livestock animals include, by way of nonlimiting example, cows, buffalo,
other ruminants, goats, sheep, and the like. Generally, however, cows' milk is the preferred dairy liquid used in the
practice of the invention.

[0035] As used herein, “casein” relates to any, or all, of the phosphoproteins in milk, and to mixtures of any of them.
Animportant characteristic of casein is that it forms micelles in naturally occurring milk and in the dairy liquids employed
in the presentinvention. Many casein components have been identified, including, but not limited to, a-casein (including
01 casein and o, casein), B-casein, K-casein, and their genetic variants.

[0036] As used herein, "whey protein” relates to the proteins contained in the dairy liquid (i.e., whey) obtained as a
supernatant of the curds when milk or a dairy liquid containing milk components are curded to produce a cheese-
making curd as a semisolid. Whey protein is generally understood to include the globular proteins -lactoglobulin and
a-lactalbumin. It also includes significantly lower concentrations of immunoglobulin, other globulins, and trace amounts
of caseins depending on the process of curding and/or whey separation.

[0037] The presentinvention is especially adapted for, but not limited to, the production of cream cheese and cottage
cheese. The dairy liquids used for a given process of the current invention are typically chosen based on the type of
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cheese product desired. For example, cream-added dairy liquid is used in the manufacture of cream cheese to balance
and/or obtain target compositions in the final product which may be full-fat, fat-free, light, or reduced-fat cream cheese
or Neufchatel. A detailed process flowchart illustrating the production of cream cheese using the present invention is
shown in Figure 2. As is known in the art, the cream-added dairy liquid for the production of cream cheese products
normally has a butterfat content of from less than about 1 up to about 14 percent (and in certain cases up to as much
as 20 percent), so that after processing, the finished cream cheese product will have a butterfat content of from less
than about 1 up to about 35 percent (and in certain procedures, such as wheyless procedures, up to as much as 38
percent).

[0038] A detailed process flowchart illustrating the production of cottage cheese using the present invention is shown
in Figure 3. For the production of such a cottage cheese product, dairy liquids are usually chosen from skim milk, skim
milk concentrate, and reconstituted non-fat dry milk.

[0039] For certain embodiments, such as, but not limited to, the production of cream cheese, the dairy liquid is
typically homogenized. Homogenization methods are well known in the food sciences. Any homogenization method
that can be used to homogenize dairy liquids before processing into a cheese product can be used with the current
invention. For example, but not intended to be limiting, cream-added milk for the production of cream cheese can be
homogenized in a two-stage homogenizer. Preferably, the first stage is operated at a pressure of about 1000 psi (about
6895 kPa) to about 10000 psi (about 68948 kPa) and the second stage at about 100 psi (about 689 kPa) to about 1000
psi (about 68948 kPa).

[0040] A "pasteurized dairy liquid" is a dairy liquid that has been subjected to pasteurization. The process of pas-
teurization is well known in the art of food sciences. Pasteurization may or may not be applied in the current invention.
Any method for pasteurization can be used for the current invention. For example, but not intended to be limiting,
pasteurization of dairy liquids may be carried out by heating the dairy fiquid under conventional pasteurization conditions
such as, for example, but not limited to, about 72 to about 80°C for at least about 15 seconds.

[0041] Dairy liquids used in the current invention may incorporate other ingredients. For example, calcium may be
added for calcium fortification. Suitable calcium sources include, for example, calcium chloride, calcium sulfate, calcium
phosphate, calcium citrate, calcium carbonate, calcium gluconate, and the like. Such other ingredients that can be
used in the process of manufacturing cheese should not, of course, interfere with transglutaminase activity so as to
completely inhibit the ability of this enzyme to crosslink proteins found in dairy liquids.

[0042] In the process of the current invention, the dairy liquids are curded and crosslinked by the addition of an
acidifying agent and transglutaminase. For the current invention, crosslinking occurs during the curding process of the
cheese-manufacturing process. Typically, the crosslinking agent is added to the dairy liquid at the same time the acid-
ifying agent is added or shortly thereafter. Preferably, the crosslinking agent is added within 1 hour of addition of the
acidifying agent, more preferably within 10 minutes of addition of the acidifying agent, and most preferably, immediately
after addition of the acidifying agent. Delayed addition of transglutaminase resulis in a lesser degree of crosslinking
with the same enzyme dosage. The degree of crosslinking should be sufficient to provide the desired textural and
protein retention characteristics. In the current invention, crosslinking at least a portion of the dairy proteins can be
detected using an SDS-PAGE gel and detecting a diminution of main protein bands compared to control, untreated
cultures or by detecting a band of aggregates/polymers in SDS-PAGE gels. Preferably, the protein aggregates/polymers
remain small enough to enter the stacking gel of the gel. Figure 4 provides a typical gel with curd and whey from the
process of this invention as well as curd and whey from a similar process run without transglutaminase.

[0043] Curding and crosslinking are carried out simultaneously and proceed at different rates of reaction during the
entire process of curd formation as system conditions change (e.g., changes in pH, lactose content, protein substrates,
and the like as the reactions proceed). When lactic acid-producing cultures are used as the acidifying agent, curding
and crosslinking are carried out until the pH of the dairy liquid is reduced to a pH of about 4.2 to about 5.2, preferably
about 4.4 to about 4.8, most preferably about 4.5 to about 4.7. Typically, the curding and crosslinking are carried out
for between 1 and about 24 hours at temperatures of between about 18 and 55°C.

[0044] Typically, where the resulting cheese is cottage cheese, the crosslinking and curding time is from about 1
hour to about 14 hours and the crosslinking and curding conditions include a temperature of about 22 to about 36°C,
preferably from about 3 hours to about 6 hours at a temperature of about 30 to about 34°C.

[0045] Typically, where the resulting cheese is cream cheese, the crosslinking and curding time is from about 12
hours to about 24 hours and the crosslinking and curding conditions include a temperature of about 20 to about 30°C,
preferably from about 15 hours to about 18 hours at a temperature of about 22 to about 28°C. In one embodiment, the
crosslinking and curding is carried out for about 17 hours at a temperature of about 25°C.

[0046] Typically, the curding and crosslinking is done without disturbing the dairy liquid being processed (i.e., without
significant agitation). The acidifying agent may be either a food grade acid or a lactic acid-producing culture, both of
which are well known in the art. Food grade acids, include, but are not limited to, citric acid, lactic acid, glucono delta
lactone, phosphoric acid, acetic acid or vinegar, and the like.

[0047] Preferably, for the current invention, the acidifying agent is a lactic acid-producing culture. Such cultures are
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well known in the art of food science. Any lactic acid-producing bacteria used in conventional cheesemaking can be
used in the process of the current invention. Not to be limited by theory, as is known in the art, lactic acid-producing
microbes are used in cheese manufacturing to ferment lactose present in the dairy liquid and to cause further decom-
position of the clotted casein into smaller peptides and free amino acids as a result of the culture's production of
proteases and peptidases. The lactic acid-producing culture may be added in amounts which are conventional for the
present purpose (i.e., typically about 10,000 to 10,000,000 bacteria/g of dairy liquid). The cultures may be added as
freeze-dried, frozen, or liquid cultures.

[0048] As is well known in the art, the lactic acid-producing culture can be added as a starter culture. The starter
culture is typically established by inoculating a lactic acid-producing bacteria into a relatively smailf quantity of dairy
liquid compared to the quantity to be used in the cheese production process. The culture is incubated at a temperature
that supports multiplication of the bacteria before being used to inoculate the full volume of dairy liquid for the batch
of cheese production.

[0049] Forthe current invention, crosslinking of the dairy liquid occurs while the lactic acid-producing culture is acid-
ifying the dairy liquids. By "crosslinking the dairy fiquid " is meant crosslinking proteins present in the dairy liquid.
Crosslinking of proteins during the process of the current invention is catalyzed by transglutaminase. Transglutami-
nases are enzymes which catalyze the transfer of the y-carboxamide group of a glutaminyl residue in a protein or
peptide to the e-amino group of a lysyl residue of the same or a different protein or peptide, thereby forming a y-carboxyl-
€-amino crosslink.

[0050] Transglutaminases have a broad occurrence in living systems, and may be obtained, for example, from mi-
croorganisms such as those belonging to the genus Streptoverticillium, from Bacillus sublilis, from various Actinomyc-
etes and Myxomycetes, from fish species and other marine sources, from plant sources, and from animal sources,
especially mammals. For example, mammals provide the blood clotting protein activated Factor XllI; liver transglutam-
inase can be obtained, for example, from pigs. In general, transglutaminases from animal sources require calcium ions
for activity. Recombinant forms of transglutaminase enzymes may be obtained by genetic engineering methods as
heterologous proteins produced in bacterial, yeast, and insect or mammalian cell culture systems. The principal re-
quirement of any transglutaminase employed in the instant invention is that it has the activity referred to above. Any
enzyme having transglutaminase activity may be employed in the methods of the present invention. In a preferred
embodiment, the transglutaminase is obtained from the genus Streptoverticillium.

[0051] Transglutaminase activity may be determined using known procedures. One such colorimetric procedure uses
benzyloxycarbonyl-L-glutaminyl-glycine and hydroxylamine to form a y-carboxyl-hydroxamic acid if transglutaminase
is present. An iron complex of the hydroxamic acid can be formed in the presence of ferric chloride and trichloroacetic
acid. Using the absorbance at 525 nm with appropriate standards, the activity of enzyme present may be determined
(see, e.g.,U.S. Patent 5,681,598 and J. Biol. Chem. 240:2951 (1965)).

[0052] In certain embodiments, transglutaminase is used in step (ii) at concentrations of less than 10 units per gram
of dairy liquid, preferably less than 5 units per gram, more preferably less than 1 unit per gram of dairy liquid. In certain
embodiments, transglutaminase is used at a concentration of about 0.4 to about 0.8 units per gram of dairy liquid.
[0053] After crosslinking and curding, the curd is disturbed and cooked. Typically, the curd is disturbed by cutting or
stirring. The processes of cutting or stirring and cooking curd are well known in the art. Examples of cooking conditions
are described in the accompanying Examples section. For example, but not intended to be limiting, where the cheese
is cream cheese, the cooking can be performed by heating the temperature of the curd and whey to about 80°C for
about 30 minutes. In another embodiment where the dairy liquid is skim milk, the cooking in step (iv) can be performed
by increasing the temperature of the curd and whey from about 30 to about 80°C over a period of about 60 minutes.
[0054] After being cut and cooked, the curd is separated from the whey and the curd is collected (see, e.g., Option
2 in Figure 2). Methods are well known in the art for separating curd from whey and collecting curd. These methods
may vary depending on the type of cheese produced. For example, but not intended to be limiting, centrifugation by a
separator (e.g., a Model #KSA6-01-076 separator, Westfalia Separator, Inc., Northvale, NJ.) can be used to separate
curd from whey during cream cheese production. Alternatively, the curd and whey can be homogenized without sep-
aration (see, e.g., Option 1 in Figure 2).

[0055] Typically, a conventiocnal milk clotting/renneting enzyme is not present during the curding and crosslinking
step in the processes of the current invention. In certain embodiments, a conventional milk clotting/renneting enzyme
is not present during any step of the process. A "conventional milk clotting/renneting enzyme" is a rennet or a non-
rennet protease that has coagulating activity.

[0056] Rennetis a generic term used in the field of dairy science and in the field of cheese making, to designate an
activity obtainedfrom the lining of the stomachs of immature mammals that consume maternal milk. The natural function
of rennet is to initiate the digestion of the milk in order to provide the nutrition contained in the milk protein to the young
mammal. In cheese making, rennet is used to clot the dairy liguids, thereby forming cheese curd and whey. The term
"renneting” relates to the process of treating a dairy liquid with a rennet to provide a cheese curd and whey. Synonyms
for "renneting" include "curding," "clotting," and "setting." As used in contemporary dairy science, "rennet" connotes
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the enzyme earlier called "rennin" and now termed "chymosin." Chymosin is a member of the family of proteases known
as aspartyl endopeptidases.

[0057] The activity of chymosin on dairy liquids includes at least the proteolytic cleavage of the peptide bond between
the phenylalany! residue that occurs at about positiocn numbered 105 and the methionine that occurs at about position
numbered 106 in k-casein to release a soluble macropeptide and induce the coagulation of the remainder of the mol-
ecule, termed para-kx-casein, with all the components of the casein micelles. Common natural sources of chymosin
include, but are not limited to, the stomachs of calves, buffalo, other ruminants, kid goats, lambs, piglets, and the like.
Furthermore, various natural chymosins and genetically engineered chymosin mutant proteins are available as the
recombinant protein products, obtained as a result of introducing genes encoding these proteins as heterologous genes
in order to make the gene products in suitable host organisms. Chymosin is the activated form produced when the
proenzyme prochymosin is activated. Prochymosin likewise may be a recombinant product, and may be a genetically
engineered mutant protein which upon activation provides renneting activity. As used herein, all such chymosins having
renneting activity, and prochymosins activatable to such chymosins, are included in the term "rennet.”

[0058] Many other non-rennet enzymes have coagulating activity. Nonlimiting examples include other aspartyl pro-
teases such as various pepsins, and a large number of proteases from nonmammalian sources, including plants,
microorganisms, and marine fishes. As used herein, a "non-rennet protease" relates to any such protease having milk-
clotting activity that is not a rennet as defined herein. Furthermore, various natural non-rennet proteases, as well as
genetically engineered mutant proteins derived from such natural proteases and having the corresponding protease
activity, are available as recombinant protein products, obtained upon intreducing genes encoding these proteins as
heterologous genes into suitable host organisms to produce the protein products. As used herein, all such recombinant
non-rennet proteases having milk-clotting activity are included in the term "non-rennet protease."

[0059] Among the non-rennet proteases that may be used in the process of dairy liquid curding are the bacterial
protease obtained from Bacillus licheniformis and designated SP 446 (Novo Nordisk), the bacterial protease from
Bacillus thermoproteolyticus, the microbial protease Coralase PN-L produced by Aspergillus sojae (Rohm GmbH, Ger-
many), a plant protease such as papain, animal proteases such as a protease from the intestines of fishes.

[0060] The cooked curd produced by the process of the current invention can be combined with other ingredients to
obtain final cheese products. These other ingredients include any ingredients typically used in cheese manufacturing.
For example, dressings can be added to the curd for the production of creamed cottage cheese (see, e.g., Figure 3).
[0061] The processes of the current invention may include an additional homogenization step after the curd is col-
lected. Preferably, a single- or two-stage homogenizer can be used. Preferably, the first stage is operated at a pressure
of about 1000 psi (about 6895 kPa) to about 10000 psi (about 68948 kPa) and the optional second stage at about 100
psi (about 689 kPa) to about 1000 psi (about 6895 kPa).

[0062] In another aspect, the current invention relates to cheese products, especially cream cheese and cottage
cheese products, produced by a process as described above, including any of the embodiments described above. The
cheese products of the current invention have a number of advantages. For example, the processes of the current
invention significantly increase the yield of cheese produced while reducing processing time. The cheese products are
less fragile and have reduced syneresis. Additionally, the cheese products have greater viscosity and firm texture. Not
to be limited by theory, it is believed that these advantages are the resutlt, at least in part, of smaller, more concentrated
protein particles observed in cheese products produced by processes of the current invention (see, e.g., Figure 6).
[0063] The following examples describe and illustrate the processes and products of the invention. These examples
are intended to be merely illustrative of the present invention, and not limiting thereof in either scope or spirit. Unless
indicated otherwise, all percentages and ratios are by weight. Those skilled in the art will readily understand that
variations of the materials, conditions, and processes described in these examples can be used.

EXAMPLE 1: Effect of Transglutaminase Dosage on the Incorporation of Whey Protein into Cottage Cheese.

[0064] An analysis was performed of the effect of transglutaminase on the incorporation of whey protein into cottage
cheese. The process used for making cottage cheese consisted of the following steps:

(1) Skim milk was pasteurized at about 72°C for 15 seconds.

(2) A starter culture was prepared by inoculating the pasteurized milk with a lactic acid- producing culture at 22°C
and incubating overnight.

(8) The starter culture (6.0 kg) was mixed with 94.0 kg of pasteurized skim milk at 32°C.

(4) During the process of fermentation, transglutaminase was added to the samples at the quantities shown in
Table 1.

(5) The samples were incubated at 32°C for about 5 hours to lower pH to about 4.70.

(6) Curd was cut and incubated undisturbed for 30 minutes.

(7) Temperature was increased from 30°C to 60°C over a period of about 60 minutes.
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(8) The curd was drained using cheesecloth.

[0065] Protein concentrations were determined using the Lowry assay (Lowry, O.H., Rosebrough, N.G., Farr, A.L.,
and Randall, R.J., "Protein Measurement with Folin phenol reagent," J. Biol. Chemn. 193:265 (1951)). Transglutaminase
activity was determined as described in J. Biol. Chem. 240:2951 (1965). One unit of transglutaminase activity is defined
as the amount of enzyme that catalyzes the formation of 1 micromole of hydroxymate per minute under the assay
conditions.

[0066] Experimental results are summarized in Table 1. The concentration of proteins in the recovered whey de-
creased with increasing dosage of transglutaminase. Comparedto the control sample which had no added transglutam-
inase, up to 26 percent of whey protein was incorporated into cottage cheese curd. Figure 5 shows the relationship
between the activity of transglutaminase added to milk and the concentration of proteins in the whey. Of course, de-
creasing whey protein in the whey corresponds to increasing whey protein in the curd. In addition to the incorporation
of whey proteins into curd that caused a significant increase in the yield of curd, the firmness of cottage cheese curd
was also significantly increased by the reaction of transglutaminase cross-linkage.

Table 1.
Effect of Transglutaminase (TG) Dosage on the Incorporation of Whey Protein into Cottage Cheese
No. Sample Proteins in Whey Proteins in Whey
(Aggp NM)* (%)
Mitk (g) TG (g)

1 225 0 0.30740.484

2 225 0.40 0.2564
0.404

3 225 0.80 0.2339
0.368

4 225 1.40 0.2257
0.355

*Whey recovered was diluted 10X for the assay. Data are mean values of triplicate measurements.

Example 2. Denatured Transglutaminase Has No Affect on Whey Protein Incorporation.

[0067] An analysis was performed to determine whether the effects of fransglutaminase on the incorporation of whey
proteins into cottage cheese required the transglutaminase enzyme to be active. The process for making cottage
cheese was carried out as described in Example 1 except that either denatured or active transglutaminase was added
to the culture as shown in Table 2. Additionally, the formed curd was cut after about 4 hours incubation at 32°C instead
of about 5 hours incubation as in Example 1. Protein concentration and transglutaminase activity was measured as
described in Example 1.

[0068] Resulis of the experiment are summarized in Table 2. This experiment further confirms that the decreased
protein concentration in recovered whey is caused by the cross-linking of transglutaminase. Heat denatured trans-
glutaminase had no effect on the incorporation of whey protein into cheese curd. The concentration of proteins in whey
recovered from the sample with the addition of heat denatured transglutaminase was the same as that of control
samples, indicating that the components in the inactivated enzyme sample had no effect on whey protein incorporation.
On the other hand, up to 23 percent of whey protein was incorporated into cottage cheese curd with the addition of
0.60 g of active transglutaminase (100 units/g).

Table 2.
Experimental Design and Results
No. Sample Proteins in Whey Proteins in Whey
(Aggo NM)”* (%)
Milk (g) TG (g)
1 400 0 0.73670.464

*Whey recovered was diluted 5X for the assay. Data are mean values of triplicate measurements.
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Table 2. (continued)

Experimental Design and Results
No. Sample Proteins in Whey Proteins in Whey
(Aggo NM)* (%)
Milk (g) TG (g)

2 400 0.60 (denatured) 0.7361
0.464
3 400 0.60 0.6577
0.351
4 400 0.60 0.5678
0.358
5 400 0.60 05776
0.364

*Whey recovered was diluted 5X for the assay. Data are mean values of triplicate measurements.

Example 3. Pilot Plant Testing of the Process for Incorporating Whey Protein into Cottage Cheese.

[0069] An analysis was performed of the ability of the process of the current invention to increase the amount of
protein incorporated in cottage cheese when carried out in a larger batch size. The process used was a modified version
of the process described in Example 1. The pilot plant process used for making cottage cheese consisted of the following
steps:

(1) Skim milk was pasteurized at about 72°C for 15 seconds.

(2) A starter culture was prepared by inoculating the pasteurized milk with a lactic acid- producing culture at 22°C
and incubating overnight.

(3) The starter culture (12.7 kg) was mixed with 215 kg of pasteurized skim milk at 32°C.

(4) During the process of fermentation, transglutaminase (0.68 kg enzyme powder dissolved in 2.8 kg water) was
added to the sample and the sample was mixed.

(5) The samples were incubated at 32°C for about 4 hours to lower pH to about 4.70.

(6) Curd was cut and incubated undisturbed for 30 minutes.

(7) Temperature was increased from 30°C to 55°C over a period of about 120 minutes.

(8) The curd was drained then washed with water twice.

(9) The washed curd was drained, weighed, and mixed with dressing (prepared as shown diagrammatically in
Figure 3) to make the final cottage cheese product.

[0070] Control samples were processed as above except that no transglutaminase was added. The activity of the
transglutaminase used in this experiment was 100 Unit/g enzyme powder. Moisture content was determined using a
vacuum oven test. For this test, the weight of curd was determined before and after drying the curd in a vacuum oven.
[0071] Protein concentrations and transglutaminase activity were determined as described in Example 1. Whey sam-
ples were filtered to remove fine particles and diluted 10X before determining their protein concentration by the Lowry
assay. Protein composition of curd and whey fractions were analyzed by Coomassie blue R-250 staining of proteins
separated by electrophoresis on 16.5% SDS polyacrylamide gels, according to the method of Laemmli, U.K., Nature,
227:680 (1970). A typical gel is shown in Figure 4 for both inventive curd and whey and for the control curd and whey.
[0072] Transmission electron microscopic analysis was performed using standard procedures known in the art, as
described in HAYAT's Principles and Techniques of Electron Microscopy, Litton Educational Publishing, Inc. The sam-
ples were counterstained with osmium tetroxide (0SO,) and analyzed using a ZEISS model EM10 transmission elec-
tron microscope. Figure 6 provides typical electron micrographs of cottage cheese curd produced.

[0073] Results of the experiment are summarized in Table 3. Compared to control samples (i.e., no added trans-
glutaminase), 23 percent of whey protein was incorporated into the cottage cheese curd in samples containing added
transglutaminase. The incorporation of whey proteins into curd caused a significant increase in the yield of curd (39.6
kg vs. 31.7 kg). Total curd solids recovered from transglutaminase-treated milk was 26 percent greater than that from
control sample. The application of transglutaminase to cottage cheese production, therefore, yields significant produc-
tivity savings.
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Table 3.

Differences Between Transglutaminase-treated Sample and Control

Transglutaminase Treated Control
Proteins in Whey (Aggo nm)* 0.212 0.276
Curd Obtained (kg) 39.6 31.7
Moisture in Curd (%) 781 78.4
Total Solids in Curd (kg) 8.67 6.85

* Protein content in the whey samples was 3.87% for the control sample and 2.97% for the transglutaminase-treated sample, according to this assay.
Data are mean values of triplicate measurements.

[0074] In addition to the increase in curd yield, the texture of cottage cheese curd was significantly improved (i.e.,
increase in firmness) by transglutaminase cross-linking. Analysis of the microstructure of curd samples indicated that
transglutaminase-treated curd contained smaller protein particles with less empty space between the particles (see
Figure 6). This reduced empty space (both at the edges and the body of the curd) likely contributes to the reduced rate
of syneresis and the unique texture of the cottage cheese of this invention. Thus, it appears that transglutaminase
cross-linking significantly effects both the microstructure of the curd and the incorporation of whey protein in the curd.
It also appears that the less-fragile curd resulted in fewer fine particles of curd being lost in the whey. A cooked egg-
white-like texture was produced with the cross-linking using transglutaminase. The texture is very unique for curd. The
significantly firmer texture of curd formed from transglutaminase-cross-linking reduces the need for gentle handling of
curd during the initial stages of cooking, resulting in a more robust process.

[0075] Figure 4 shows the protein profile of curd and whey recovered from the pilot plant process and a control
process without added transglutaminase. Compared to whey recovered from control samples, whey recovered from
transglutaminase-treated milk contained fewer proteins, especially caseins. Based on the small amount of proteins
remaining in the whey of transglutaminase-treated samples (Figure 4, lane 2), it may be difficult to incorporate further
B-lactoglobulin and/or a-lactobumin into curd. Transglutaminase treatment produced protein polymers with a wide
range of molecular weights (Figure 4, lane 1). These polymers likely contribute to the unique texture of the cottage
cheese curd obtained. The texture of cheese curd, therefore, can be adjusted by controlling cross-linking conditions.

EXAMPLE 4: Effect of Transglutaminase Dosage on the Incorporation of Whey Protein into Cream Cheese.

[0076] An analysis was performed of the effect of transglutaminase on the incorporation of whey protein into cream
cheese. The process used for making cream cheese consisted of the following steps:

(1) Cream-added milk was homogenized in two stages at a pressure of 1600 psi (11032 kPa) in the first stage and
500 psi (3447 kPa) in the second stage and pasteurized at about 72°C for 15 seconds. The milk/cream ratio was
0.743 / 0.257. The full fat milk contained 12.0% solids, 88.0% moisture, 3.6% fat, and 3.2% protein. The cream
contained 45.5% solids, 54.5% moisture, 41.0% fat, and 2.0% protein.

(2) The pasteurized cream-added milk was inoculated with 0.75 percent volume of a bulk culture of a lactic acid-
producing culture at 25°C.

(3) During the process of fermentation, transglutaminase was added to the samples at the quantities shown in
Table 4.

(4) The samples were incubated without disturbance at about 25°C for about 17 hours to lower pH to about 4.50.
(5) The coagulum was stirred and the sample was heated to 80°C and held for 30 minutes.

(6) The curd was separated from the whey by centrifugation at 1500 rpm for 10 minutes.

[0077] Protein concentrations and transglutaminase activity was determined as described in Example 1. Recovered
whey was diluted 10X for protein concentration determinations. Control samples were prepared using a process iden-
tical to that described above except that no transglutaminase was added or the added transglutaminase (20 percent
w/v) was heat denatured by heating to 85°C for 10 minutes before addition to the pasteurized milk. The percent of
whey protein incorporated into transglutaminase-added samples was determined by subtracting the Aggq of whey sam-
ples from processes where active transglutaminase was used from the Aggq of whey samples from processes where
heat-treated transglutaminase was used and dividing the remainder by 0.373.

[0078] Resulis of the experiment are summarized in Table 4. The concentration of proteins in the recovered whey
decreased with increasing dosage of transglutaminase. Compared to control samples without added transglutaminase,

10
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up to 19 percent of whey protein was incorporated into cream cheese curd. Heat denatured transglutaminase had no
effect on the incorporation of whey protein into cheese curd. The concentration of proteins in whey recovered from the
sample with the addition of heat denatured transglutaminase was the same as that of control samples without added
transglutaminase, indicating that the components in the inactivated enzyme sample had no effect on whey protein
incorporation. A number of benefits were found with the addition of transglutaminase during the cream cheese man-
ufacturing process, in addition to the increased utilization of starting milk protein. For example, the incorporation of
whey proteins into curd caused an increase in the yield of curd. In addition, the firmness and viscosity of cream cheese
curd was significantly increased by the transglutaminase cross-linkage.

Table 4.

Effect of Transglutaminase (TG) Dosage on the Incorporation of Whey Protein into Cream Cheese
No. Sample Proteins in Whey Whey Protein Incorporated
Milk (g) TG {g) (Aggo NmM)* (%)

1 500 0 0.373 0.0
2 500 0.40 0.375 0.0
(heated)
3 500 0.20 0.347 7.0
4 500 0.40 0.322 14.2
5 500 0.80 0.315 18.2
6 500 1.50 0.331 19.3
7 500 1.50 0.403 0.0
(heated)

* Whey recovered was diluted 10 X for the assay. Data are mean values of triplicate measurements.

Example 5. Pilot Plant Testing of the Process for Incorporating Whey Protein into Cream Cheese.

[0079] An analysis was performed of the ability of the process of the current invention to increase the amount of
protein incorporated in cream cheese, when carried out in a larger batch size. The process used was a modified version
of the process described in Example 4. The pilot plant process used for making cream cheese consisted of the following
steps:

(1) Cream-added milk (1362 kg total, 997 kg milk mixed with 365 kg cream) was homogenized in two stages, at
a pressure of 1600 psi (11032 kPa}) in the first stage and 500 psi (3447 kPa) in the second stage, and pasteurized
at or above 72°C for 15 seconds.

(2) The pasteurized cream-added milk was inoculated with 0.75 percent volume of a bulk culture of a lactic acid-
producing culture at 25°C.

(3) During the process of fermentation, 2.0 kg of transglutaminase dissolved in 10 kg of water was added to the
sample.

(4) The samples were incubated without disturbance at about 25°C for about 17 hours to lower pH to about 4.50.
(5) The mixture was heated to about 82°C by pumping it to a plate heat exchanger.

(6) The mixture was then pumped to a separator (Model #KSA6-01-076, Westfalia Separator, Inc., Northvale, NJ)
and separated at 82°C.

(7) A slurry of whey, salt, and/or gum mixture was added to the separated curd and moisture was adjusted to 60
percent.

(8) The sample was homogenized at 0 psi (0 kPa), 1500 psi (10342 kPa), 3500 psi (24132 kPa), and 5000 psi
(84474 kPa).

(9) The sample was hot filled and stored at 4°C after 15 minutes incubation after filling.

[0080] Protein concentrations in the cheese samples were determined using the Kjeldahl method (Bradstreet, R.B.,
"The Kjeldahl Method for Organic Nitrogen," Academic Press, Inc., New York, NY (1865); Official Methods of Analysis,
14t Ed., AOAC, Arlington, VA, Methods No. 2,057, 24.038 - 24.040 (1985)) using a KJELTEG AUTO 1030 Analyzer
(Fisher Scientific, ltasca, IL).

[0081] Protein concentrations in the whey samples recovered were determined using the Lowry assay (Lowry, O.H.,

1"
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Rosebrough, N.G., Farr, A.L. and Randall, R.J., "Protein measurement with Folin phenol reagent," J. Biol. Chem. 193:
265 (1951)). Transglutaminase activity was determined as described in Example 1.

[0082] Recovered whey was diluted 10X for protein concentration determinations. Control samples were prepared
using a process identical to that described above except that no transglutaminase was added. The percent of whey
protein incorporated into transglutaminase-added samples was determined by subtracting the Agg, of whey samples
from processes where active transglutaminase was used from the Aggg of whey samples from processes where heat-
treated transglutaminase was used and dividing the remainder by 0.274.

[0083] Moisture content was determined using a vacuum oven test. For this test, the weight of curd was determined
before and after drying the curd in a vacuum oven.

[0084] Viscosity of the samples was measure at 4°C using a Viscometer (Model HAAKE VT550, HAAKE Inc., Karl-
sruhe, Germany). Syneresis was measured after a 20-hour incubation at room temperature by determining the amount
of moisture phase separated from the sample during the incubation period. For this measurement, the cheese sample
in an 8 oz (236.6 mi) cup was cut in the middle and half of the sample removed completely to the bottom of the cup
and its weight measured. After incubation, the moisture phase was removed and the net change in weight is the amount
of moisture separated. The rate of syneresis = net change in weight divided by the original weight of the sample after
cutting.

[0085] Fat concentration was determined by a standard method as described in the AOAC 16th Ed., 4th Revision,
March 1998, method #33.7.17. Lactic acid concentration was determined by using an enzyme/spectrophotometric
assay with a Boehringer Mannheim (Indianapolis, IN) test kit.

[0086] The process used for making cream cheese in the pilot plant for this experiment is shown in Figure 9. Results
of analysis of whey remaining after the manufacture of cream cheese using this pilot plant process are shown in Tables
5 and 6. Compared to control samples, which were manufactured without the addition of transglutaminase, 13.5 percent
of whey protein was incorporated into cream cheese curd for the sample treated with transglutaminase (Table 5).
[0087] In addition to the incorporation of whey proteins into curd which caused an increase in the yield of curd, the
texture/viscosity of the cream cheese curd was also significantly improved by the transglutaminase cross-linkage.
Without post homogenization, the viscosity of transglutaminase-treated samples was 5.5 times greater than that of
control samples. Cross-linking of proteins also minimized syneresis of the final product. The syneresis rate of the final
product was decreased about 50 percent in the cream cheese curd prepared with the addition of transglutaminase.
The increase in product viscosity and decrease in syneresis were further confirmed by repeated pilot plant experiments
(data not presented). With the incorporation of whey protein as well as increased moisture in the sample of trans-
glutaminase-treated milk, its fat content was lowered. In addition, the transglutaminase-treated sample contained less
lactic acid, which should improve the flavor of the final product.

Table 5.

Incorporation of Whey Protein into Curd by Transglutaminase (TG) Treatment

Sample Proteins in Whey Whey Protein Incorporated (%)**
(Average*; Aggo NM)
Transglutaminase Treated 0.237 13.5
Control Sample 0.274 0.0

*Data are mean values of duplicated measurements.
** The rate of whey protein incorporation = (Aggq control - Aggg TG-treated)/0.274.

Table 6.
Characteristics of Soft Cream Cheese Prototypes from Pilot Plant Experiment”
Homog. Moisture | Viscosity | Syneresis Fat | Acidity | Lac. Acid | Proteins

(Psi)[kPa] (%) (Pa) (%) (%) (%) (%) (%)

A 0[0] 61.1 3637 6.0 28.2 0.74 0.46 6.3
5000[34474] 60.4 5912 55 28.8 0.7 0.42 6.3

B 0[0] 58.9 656 11.1 31.0 0.79 0.49 59
5000[344741 58.4 5226 10.2 31.9 0.78 0.51 6.3

* Data are mean values of duplicate measurements.
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[0088] In addition to the effects of transglutaminase addition, the process of homogenization of the curd had signif-
icant effects on product texture and syneresis. As shown in Figure 7, product viscosity increased with increasing ho-
mogenization pressure as expected. In addition, as mentioned above the viscosity of transglutaminase-added products
was greater than that of control samples. In addition, the viscosity of transglutaminase-treated samples was almost
linearly proportional to the pressure of homogenization, indicating that cross-linked protein conjugates are compatible
with the fat globule and curd matrix.

[0089] The homogenization pressure applied to formed curd, however, had fewer effects on the rate of product sy-
neresis. No significant change on the rate of syneresis was observed for control samples or transglutaminase-treated
samples with increasing homogenization pressure (Figure 8). As found in experiments described in previous Examples,
transglutaminase-treated samples had reduced syneresis compared to control samples. The results reported in this
Example support the conclusion that the process of the current invention produces firmer cream cheese products with
minimized syneresis.

[0090] Throughout this application, various patents, publications, books, nucleic acid and amino acid sequences
have been cited. The entireties of each of these patents, publications, books, and amino acid sequences are hereby
incorporated by reference into this application.

Claims
1. A process for making a cheese product comprising:

(i) providing a dairy liquid comprising dairy proteins;

(i) crosslinking and curding the dairy liquid by adding an acidifying agent and a transglutaminase to the dairy
liquid for a crosslinking and curding time, and under crasslinking and curding conditions, sufficient to crosslink
at least a portion of the dairy proteins and to form a curd and a liquid whey;

(i) disturbing and heating the curd;

(iv) separating the curd from the liquid whey; and

(v) collecting the curd.

2. Aprocess according to claim 1, wherein the acidifying agent is added before or after the transglutaminase during
step (ii).

3. A process according to claim 1 or claim 2, wherein the process further comprises heating the crosslinked dairy
liquid after step (i) and before step (iii) at an inactivation temperature and an inactivation time sufficient to inactivate
the transglutaminase.

4. Aprocess according to any one of claims 1 to 3, wherein the acidifying agent is a culture containing a lactic acid-
producing microbe and no conventional/milk clotting/renneting enzyme is used in the process.

5. Aprocess according to any one of claims 1 to 3, wherein the acidifying agent is a food grade acid and no conven-
tional/milk clotting/renneting enzyme is used in the process.

6. A process according to any one of claims 1 to 5, wherein the crosslinking and curding time is the time required to
bring the pH of the dairy liquid to a pH of about 4.2 to about 5.2..

7. A process according to claim 6, wherein the cheese is a cream cheese and the dairy liquid comprises cream and
a dairy ingredient selected from milk, reconstituted dry milk, concentrated milk, whey, whey protein concentrate,
and milk protein concentrate.

8. A process according to claim 6 or claim 7, wherein the cheese is a cream cheese and the crosslinking and curding
time is from about 1 hour to about 24 hours and the crosslinking and curding conditions comprise a temperature

of about 18 to about 55°C.

9. Aprocess according to claim 7 or claim 8, wherein in step (iii) the heating is performed by bringing the temperature
of the curd and whey to about 55 to 80°C for about 1 to 60 minutes.

10. A process according to claim 6, wherein the cheese is a cottage cheese and the dairy liquid is selected from the
group consisting of milk, concentrated skim milk, reconstituted nonfat dry milk, whey protein, and milk protein

13

Motif Exhibit 1148, Page 372 of 3341



20

25

30

35

40

45

50

55

11.

12.

13.

14.

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

EP 1 254 601 A1
concentrate.
A process according to claim 6 or claim 10, wherein the cheese is a cottage cheese and the crosslinking and
curding time is from about 1 hour to about 14 hours and the crosslinking and curding conditions comprise a tem-

perature of about 15 to about 55°C.

A process according to claim 10 or claim 11, wherein in step (iii) the heating is performed by increasing the tem-
perature of the curd and whey from about 30 to about 60°C over a period of about 15 to about 250 minutes.

A process according to any one claims 1 to 12, wherein the transglutaminase is selected from a group of trans-
glutaminases isolated from a bacterial source, a fungus, a mold, a fish, and 2 mammal.

A cheese product provided by a process according to any one of claims 1 to 13.

14
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Description
Technical Fisld:

{0001} The present invention relates to a fat and oil composition containing B-glucans extracted from a plant of the
Gramineae family. More particularly, it relates to an edible fat and oil composition which s uniformiy dispersible in fats
and oils and can be used in foods and the like as dispersed in fats and oils to sasily supply B-glucans having bioregulatory
functions and which is uniformly dispersible throughout a food o improve the tastse, texture, ete. of the food and to
facilitate development of flavor of the food.

Background Art:

{00021 p-Glucans are matarial altracting attention for applications bacause of thair excallent bicregulatory functions
that have racently been analyzed, such as lipid metabolism improving action, intestinal regulatory action, and biood
sugar controlling action. Broad appiication of such material {0 processed foods will bring extreme benefits, not only
contributing to enhancement of funclionality of processed foods (addition of value) but matching the expectation of
contribution to public heaith maintenance. B-Glucans are contained in graminacus plants. §-Glucan oceurring in grami-
neous plants, forexample, barley and oats are components making cell walls of endosparms in seeds and are distributed
almost throughout the seeds. A B-glucan content in barley flour is generally 3 to 10% by weight, while varying according
o the parts or species. Structurally, B-glucans are glucose poivmers mainly constructed through 1-3-p- and 1-4--0-
glucopyrannsea bonds.

[6003] JP 09 009 890 discloses the production of a fine particuiate gel useful in food by using §-1,3-giucan. US
4,231,802 disclosas a method of preparing powders and granules capable of forming a stabilized micro-dispersion of a
difficuit to disperse material in coid water. This method comgrises mixing the difficult to disperse material in liquid form
with @ matrix comprising by weight from about 70 to about 99 parts of disintegrated B-1,4-glucan. WQ 01 30359 discloses
a cholesterci lowering and blood lipids lowering composition which can contain f-glucan. WO 98 25198 discioses
foodstuffs and drink mixes containing extruded fiber-containing intermediates which can contain §-glucan. WO 94 21128
discloses fat-raduced laminated doughs which can contain B-glucan.

[6004] In manufacturing processed foods added with or enriched in B-giucans, for example, foods added with or
enriched in baray f-glucans, conceivable methods of foriification include (1) addition of barley grains or fiour and {2)
addition of B-giucans extracted from barley bran or grains. According to the method {1}, it is relativaly sasy to fortify with
B-glucans by adding barley grains or barley flour to a raw material mix which mainly comprises wheat flour and has been
used in the manufacture of confectionery products. Nevertheless the method is problematical in that the fi~giucan content
in the food that can be reached by fortification is tad since the f-glucan content in the added barley grains or flour is
about 10% by weight at most and that such addition of barley grains or flour can impair the taste or texture or cause
uneven baking thereby to reduce product vaiues. Addition of barley bran that contains B-giucans and other functional
components in larger properiions may be conceivable. Howavar, addition of bran is more problematical, easily causing
reduction of taste and textura and uneven baking, which results in reducad commarcial valua. Besides, where addad to
liguid substances such as fats and oils, barley grains, barley flour and barley bran are difficult to mix and disperse
uniformiy. i is very difficult to preparae satable fat and oil compositions containing these materials.

f00058]  To the contrary, the method (2} which utilizes extracted B-glucans is useful and advantagaous in that a B-glucan
content in a processed food is arbitrarily adjustable. However, if barley fi-glucans, which have high water absorption, is
added as such to a raw material mix mainly comprising wheat flour and kneaded with water, they easily form lumps.
Such lumps make the mix non-uniform, leading to reduction of quality in taste and textura. Although it is possiole to
obiain foods having B-glucans disparsed therein refatively uniformiy by adding berley B-glucans as previously dissolved
in water to & raw material mix {mostly powdered), this method has poor workability and impracticability in the site of
manufacture because it is not easy to prapare a uniform aqueocus solution. That is, it takes time to disscive, and the
resulting aquecus solution is viscous. in the manufacture of foods added with extract containing B-glucans obtained
from graminaous plants such as barley, it has therefore been awaited to astablish a process for uniformly dispersing B-
glucans in afood to conveniently provide a processed food or to develop such B-giucan materials originated in gramineous
plants.

[0008] On the other hand, quality modifiers have been in use for a variety of purposes, such as improvement of taste
or texture of foods, processing capabilities, cooking capabiiities, and workability in food production steps.

[0007] Forinstance, in the production of bakery product dough it is a practice {o use an agent for modifying stickiness,
softness or hardnass of dough 1o improve workability in dough praparation or shaping. For baking, too, it is required to
use modifiers contributory to improvements on product values, such as improvement on volume and springiness and
elimination of a bumpy rough surface developed on the baked products. For preservation or storage of bakery products,
it is a subject to prevent or retard hardening and deterioration of physical proparties, such as textura, with time after
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haking, and modifiers have been developed o address the subject. For frozen dough, modifiers are indispensable
additives for imparting freeze resistance to dough. To meet these purposes, various food additives have been used,
including emuisifiers, such as polyglycerol fatty acid esters, fatly acid monoeglycerides, and lecithin; oxidizing agents
acting to enhance ghiten network; enzymes, such as c-amylase and protease sarving to modify gluten network; fats
and oils containing the components recited above; saccharides, such as soritol and trehalose; thickening polysaccha-
rides, such as xanthan gum and pectin; and gelatinized starch (w-starch).

{06008] Under thesa circumstances, today’s consumars are highly concerned about safety while pursuing good taste
and texture. There is a visible tendency o avoid synthetic additives and seek naturally-cccurring substances. it has
therefore been keenily desired to establish methods for settiing the problems associated with focds by minimizing the
amounts of the above-recited additives that may impair taste or texture or hinder manifestation of flaver, particularly
synthetic emuilsifiers but by using, if possible, only naturally-occurring substances; and to deveiop additives based on
naturally-occurring substances.

[00081  Accordingly, an object of the prasent invention is to provide a -glucan-containing fat and oil compaosition which
is capable of suppiving B-glucans having excelient bioraguiatory functionality without impairing taste and taxture.

Disclosure of the invention:

[0010] The present invention provides a P-glucan-containing fat and oil composition characterized by containing -
glucans extracted from a gramineous plant.

[0011}  Theprasant invention provides the §-glucan-containing fat and ol composition which contains a f-glucan having
at least two kinds of bonds selescted from a 1-2-B-D-glucopyranose bond, a 1-3-B-D-glucopyranose bond, a 1-4-3-D-
glucopyranose bond, and a 1-8-3-D-glucopyranose bond.

fO042] The presentinvention providaes the f-glucan-containing fat and off composition which contains a §-glucan having
a 1-3-B-D-glucopyranose bond and a 1-4-3-D-glucopyranose bond.

{0013} The prasent invention provides the B-glucan-containing fat and oll composition, wharein the gramineous plant
is barley or cats.

{60141 The present invention provides a food containing the f-glucan-containing fat and oil composition.

[00158] The present invention provides a fat and ofl emulsified composition containing the B-ghican-containing fat and
oii composition.

feg16] The presant invention provides a bakery preduct containing the B-giuc
{00171 The prasant invention provides a confectionary product containing the
sition.

{0018] The present invention provides a food having a prophylactic action for habitual diseases (or life style-related
dissases) containing the B-glucan-containing fat and oif compuosition.

[0018] The present invention provides a drug having & prophylactic action for habitual diseases containing the -
glucan-~-containing fat and oil composition.

fe020}] The present invention provides a precessed rice, wheat, maize or soybean product containing the B-glucan-
containing fat and oil composition.

[0021] The present invention provides a liquid food containing the f-glucan-containing fat and oif composition.
{00221 The present invention provides a processed food mainly comprising starch and containing the B-glucan-con-
taining fat and oif compaosition.

an-containing fat and oil composition.
glucan-containing fat and oii compo-

B

Best Mode for Carrying out the Invention:

f0023] Tha present invention will be described hereundar in detail. B-Glucans extracted from graminesous plants (hera-
inafter also referred to as "extracted 3-glucans” or "B-glucan extract”) which can be used in the fat and ol compositior
gecording o the present invention are not particularly restricted in the mannar of extraction. An exiracting solvant is
added to a graminacus plant as a feed for axiraction, and the plant is extracted. Any axiract can ba usad irrespectiva
of the extracting method, form or purity. For example, an extract layer per se obtained by solid-liquid separation, a liguid
or solid B-glucan concentrate ohiained from the extract layer in a conventional manner, and a liquid or solid with increased
purity prepared from the extract layer with a conventional purification means are included. It is no problem if the extract
contains extractad components other than B-glucans. In the present invantion, all these substances are called "p-glucans
extracted from a graminecus plant”.

{00247 Gramineous plants include ceraals, such as rices, wheais, maizes, sorghums, bamyard millets, foxiail millats,
millsts, harleys, cats, and ryes. While & whole plant can be used as a feed for axtraction, seads having relatively high
B-glucan contents are preferred. Any of whole grain flour, bran by-produced in grain polishing, maklt, germs, and an-
dosperms can be used. Preferred feeds inciude whole grain flour of barleys or oats, endosperms separated from an
cutar part of graing of barleys or cats by polishing, brans generated from barleys or oats in polishing, rica bran, and
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brans and germs separated form wheat or maize by polishing. Still preferred feeds are whole grain fliour of barleys or
oats, endosperms separated from an outer part of grains of barleys or cats by polishing, and brans generated from
barleys or cats in polishing.

[0025] it is preferred for the B-glucans of the present invention extracted from graminaous plants to comprise a -
glucan having at isast two kinds of bonds selected from & 1-2-3-D-glucopyranose bond, a 1-3-8-D-glucopyranose bond,
a 1-4-3-B-glucopyranosa bond, and a2 1-6-§-D-glucopyranose bond. it is preferrad for the B-glucans of the present
invention to contain a f-glucan having a 1-3--D-glucopyranese bond and a 1-4--D-glucopyranase hond.

{8028] The method for extracting B-glucans of the prasent invention from gramineous plants is described below. Tha
B-giucans according to the present invention are water-soluble polymers and capable of being dissoived in water. They
are separated by extracting, for example, grain fiour of a graminecus plant with 2 to 100 times as much solvent, such
as water, warm water, hot water, a salt solution, an aguecus acid or alkali soiution or an organic solvent, at an arbitrary
temperature for an arbitrary period of time. The extraction system is subjected to solid-liquid separation to cbtain §-
glucans. B-Glucans cbtained by extraction with water, warm water or hot water ara preferred. Those extracted with warm
water at 4 to 80°C ara still preferred. An extraction accelerators and the like may be added in axtracting.

{80271 More specifically, methods for obtaining high-molecular-waight f-glucans from barlay, etc. include a mathod
in which waxy barley is exiracted with water (JP-B-4-11187}, a method of obtaining B-glucans having a weight average
molacular weight of 100,000 to 1,000,000 from barley or cats which comprises alkall extraction, nautralization, and
precipitation in an alcohol (JP-B-8-83852), and a method of axiracting B-glucans in which bran separated by polishing
barley, etc. to a polishing vield of 82% or less is extracted with hot water at 80 1o 80°C (UP-A-11-225706). Low-molecular-
weight B-glucans obtained by conventional molecular weight reduction of the §-glucans obtained by thase methods are
also useful. Any known reactions for hydrolyzing polysaccharides is adoptable for molecular weight reduction of -
glucans. For example, it is known that water-soluble polysaccharides are hydrolyzable by heat and pressure application
in the presence of an acid. This is mada use of for molecular weight raduction of B-glucans. Molecular weight reduction
making use of anzymatic hydrolysis is also effective. Useful enzymes include 1,3-B-glucanassa. B-Glucans obtained by
directly extracting a grain raw material by the method disclosed in W098/1305€, Japanese Patent Application No.
2000-287920, etc. are also usable. The extraction accelerators and the like described in Japanese Patent Application
No. 2000-295680 can be usad.

[0028] The B-giucans sextracted from a gramineous plant which can ba used in the present invention are high-molacular
compounds. While f-glucans having any weight average molecuiar weight are usable, those having a molecuiar weight
of iess than 3,000,000, preferably less than 500,000, still preferably less than 100,000, are suitable because the com-
patibiiity with fat and off increasas as the molecular weight decreases. The molecuiar weight of extracted B-glucans may
be reducad in a conventional manner to have improved compatibility with fat and oll, or low-molecular f-glucans may
be direcily obtained by extraction.

{80281 The fats and oils or fat and oil compositions in whish the B-glucans extracted from a gramineous plant ara
dispersed ara not particularly limited and include soybean oil, rapeseed oil, mustard oll, cotion seed oil, safflower oil,
sesame oil, corn oil, peanut oil, kapok oil, surnflower oii, rice ofl, rice bran oil, coconut oil, paim oil, palm kernel oil, linseed
oil, castor cil, olive oil, cocoa butier, tung oll, camellia of, illippe butter, Borneo taliow, Mowrah, sal butter, borage cil,
lauric acid fat and oil, hard butter, shaa butter, cleic acid-lincleic acid fat and oil, arucic acid oil, linclanic acid oil, conjugate
acid oil, oxyacid oil, Cupheaoil, crambe (Crambe abyssinica) seed oil, meadowfoam oil, lesquerella (Lesquerella fenderli)
sead oil, macadamia oil, evening primvrosa (Oenothera bignnis and Qencthera lamarkiana) seed oil, oif of saeds of
horage (Borage officinalis) from the Boraginaceae family, off of seeds of amaranth {Amaranthus L.; an annual plant of
the Amaranthaceae family), pine seed cil, avocado oil, grapeseed oil, oil of dry microbial celis of the filamentous fungus
Mortierefla aipina, lipid of dry microbial cells of Labyrinthulae belong to Xanthephyta, lipid of dry microbial cells of
Schizochyfrium sp. belonging to Labyrinthulomycota, lipid of Crypihecodinium cohnii, butter lipid, ghee butter, milk fat,
peef tallow, lard, sheap tallow, fats and oils of other land animals, fish oif, whale oil, codiiver oil, fats and olls of other
marine animals, short chain fatty acid-containing fats and oils, middie chain fatty acid-containing fats and oils, y-oryzanoi,
r-linclanic acid-containing fats and oils, ni-linclenic acid-containing fats and oils, docosahexaencic acid (BHA)-containing
fats and oils, sicosapentaencic acid (EPA)-containing fats and oils, plant sterol-containing fats and oils, trans acid-
containing fats and oils, hydroxy acid-containing fats and oils, conjugated fatty acid-containing fats and oiis, polyphenol-
containing fats and oils, phospholipid-containing fats and oils, sphingolipids, tocotrienci-containing fats and oils, sitostanol
fatty acid-containing fats and oiis, n-3 polyunsaturated fatty acid-containing fats and oiis, diglycerides, and othar vegetable
or animal fats and oils; processad oils derived from these fats and oils according to necassity, such as hydrogenatad
oils, slightly hydrogenated oils, hydrogenation isomerized oils, interesterified oils, and fractionated oils, fats and oils
processed by two or more of these procasses, and mixturas of two or more of these processed fats and oils. Additionally,
disperse systems using thesa fats and oiis as a dispersing medium or a dispersoid, such as emulsions {including W/O
amulsions, O/W emuisions, double emulsions, Le., G/W/Q emulsions and W/OW emulsions, and more complex multipls
emulsions} and suspensions are also useful (such disperse systems will hereinafter be included under the category "fats
and oils"). Further, foods containing the abova-recited fats and oils are also designated "fat and oil compaositions” in the

=
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present invention.

[0030] When added to fats and oiis, the form of f-glucans extracted from a gramineous plant is not particular
and can be added as such or as dissolved in watar or any other water-soluble solvent. in preparing §-glucan-containing
emulsions, B-glucans may be dispersed in a previously prepared fat and oil emulsion or be dispersed at the time of
emulsification. Addition of B-giucans can be carried cutwith no difficulty nor fall whether the fat and oil is liguid oil or solid fat.
{80341 The fat and cil composition containing §-glucans extracted from a gramineous plant is obiained by adding B~
glucans extracted from a graminecus plant to fat and il or a fat and oil composition, followed by mixing. Mixing means
are not particularly limited, and mixing devices, such as a mixer, can be used. In particular, mixing p-glucans extracted
from a gramineous plant with fat and oil or a fat and ol composition and keeping the mixture at 50°C or higher for a
given time, preferably § minutes to € hours, still preferably 10 minutes to 2 hours, give a fat and ol composition in which
the B-glucans exiracted from a gramineous plant is uniformiy or thoroughly comgpatible with the fat and oil. In foods
produced by using the i-glucans extracted from a gramineous plant which are in a thoroughly compatible state with fat
and oll, the §-glucans of & graminecus plant origin are dispersad more uniformiy than in foods produced by diractly
adding B-ghucans extracted from a graminecus plent. As a result, there ara produced remarkable effects such that the
taste or texture is not impaired, reduction of flavor due t© an emulsifier is unexpectedly suppressed, and manifestation
of the flavor of a food is improved.

f0032] tis afeature of tha fat and oil composition of the present invention that B-glucans are very uniformiy dispersad
in fat and oil by use of various mixing, kneading or stirring machinas described later.

{00331 Where the fat and oil composition is composed of an oily phase and an agueocus phase as with an emulsion,
while it is possible to add B-glucans extracted from a graminacus plant to eithar the oily phasa or the agueocus phassa,
it is preferred that the axtracted components of graminacus plant origin be first disparsed completely in the cily phase
and then mixed with the aguecus phase so that the §-glucans extracted from a gramineous plant may exhibit satisfactory
compatibility with fat and oil ic give & homogeneous fat and oil composition. Thus, & fal and oii composition containing
B-glucans extracted from a gramineous plant can be obtained in a short tima.,

{0034} Where B-glucans extracted from a gramineous plant are incorporated into a water-in-oil emuision, a plasticizad
water-in-oil emulsion, etc., addition of B-glucans extracted from a gramineous plant may be followed by emulsification,
or be simuitaneous with emulsification, or be preceded by emuisification as stated above, orbe precedad by plasticization.
in using solid fat, it may be softenad or liguafied by an appropriate method according to necessity, and B-glucans extracted
from a gramineous plantis then added thereto. inorderto highly uniformiy disperse -giucans extracted froma gramineous
plant, it is desirable that 100 paris by weight of powderad §-giucans and 10 o 50 parts by weight of edible fat and oil
are mixed, and the mixtura is then subjected to rolling or a combination of rolling and conching. Other raw materials, an
additional amount of oil, and the like may be added in this state to adjust the B-glucan content in the finally obtained fat
and cil compeosition.

{80358] The means for mixing P-glucans axtracted from a gramineous plant into fats and oils include various types of
machines for mixing, kneading or stirring. Examples are propeller agitators, oscillatory mixers, orifice mixers, paddie
agitators, agitation emulsifiers (homomixer), cutter mixers, cokneaders, conches, silent cutters, jet mixers, vacuum
agitators, screw mixers, static mixers, cutting mixers, sonicators, kneadars, rolls, Hydrossure, pipeline mixers, universat
mixers, pin machinas, homoganizers (high-prassure homoganizers), ball cutters, and ribbon mixers. it is preferred to
use an agitation emuisifier (homomixer) and/or a homogenizer (high-pressure homogenizer) at a product temperature
of 40° to 80°C. After mixing by agitation, the fal and oil composition containing f-glucans extracted from a graminecus
plant may be storad as obtained, or amulsified, or rapidly conled for plasticization. For plasticization, a votator, & com-
hinator, a perfector, a complector, Onreitor ate. can be used. Use of a pin machine at a product temperature of 10°C or
lower is preferred. It is also possible that ~giucans extracted from a gramineous plant is added to fat and oil having
been emulsified and then processed in a rapid cooling-plasticizing apparatus, such as a votator, a combinator, a parfector,
a complactor or & scraped-surface heat exchangar, and the mixture is treated by any of the above-described methods
to prepare a fat and off composition containing f-giucans extracted from a graminecus plant.

f0038] The content of B-glucans extracted from a gramineous plant in the fat and oil composition of the present invention
is desirably 0.01 to 50O parts by waight, preferably 0.1 to 150 parts by weight, still preferably 1 to 100 parts by weight,
per 100 paris by weight of the total composition except the B-glucans. Where the content of B-glucans extracted froma
gramineous plant is less than 0.01 part by weight, a final preduct tends to fail to exhibit the functional effects of the j3-
glucans. i it exceeads 500 parls by waight, the mixiure tends to become powdeary or lumpy irrespective of the kinds of
other ingradients, failing to provide an edible fat and oll composition having -glucans extracted from a gramineocus plant
uniformiy mixed and dispersed therein. Even after the mixture is processed into a final product, the lumps would remain
oniy fo cause non-uniform distribution of the extract.

{00371 Where an extract layer obitained by extracting a graminacus plant is used as such without being purified or
maraly after being powderized or solidified, the B-glucan purity of the exiract is preferably as high as possible. An
acceptable purity ranges 1 to 100%, and a preferred purity is from 10 to 100%, pariicularly 20 to 100%.

[0038] itis possibie to add, to the fat and off composition containing B-glucans extracted from a gramineous plant of
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the present invention, food additives or foods such as emulsifiers, geliing agents, thickeners, and stabiiizers o prevent
the B-glucans from getting distributed non-uniformiy due to aggiomeration into lumps in the compesition. The foods or
food additives are not particularly limited as far as they are adible. Exampias of the emuisifiers are lecithin, fatty acid
monoglycerides, sorbitan fatly acid esters, propylena glycol fatty acid esters, sugar esters, polyoxyathylene sorbitan
fatty acid esters, Tween, poiyoxyethylene sorbitan tricleate, polyoxyethylene sorbitan monocieate, polyoxyethylene
sorbitan monosiearate, polyoxyethylene sorbitan monopalmitate, and polvoxyethylene sorbitan monolaurate. Examples
of the thickeners and the stabilizers are puiiulan, ps N, gum arabiz, gelian gum, giucomannan, guar gum, xanthan
gum, tamarind gum, carrageenan, alginic acid salts, farceran, locust bean gum, pectin, curdlan, and low-molecular
compounds obtained from these substances, starch, processed starch, gelatinized starch, crystaliine cefiulose, gelatin,
dextrin, agar, and dexiran. Additional useful food additives or foods include saccharides, such as glucose, fructose,
sucrose, maltose, enzyme-saccharified sugar (thick mait syrup), lactose, reducing starch saccharification products,
isomerized liguid sugar, sucrose-coupled malt syrup, oligosaccharides, reducing sugar polydextrose, sorbitol, reduced
lactose, trehalose, xylose, xylitol, maititol, arythritel, mannitol, frucio-oligosaccharides, soybean coligosaccharides, ga-
lacto-oligesaccharides, lactosucrose-cligosaccharides, raffinose, lactuiose, palatinose-oligosaccharides, stevia, and As-
partame; stabilizers, such as phosphoric acid salts {e.g., hexametaphosphorates, secondary phosphates and primary
phosphates) and alkali metal (e.g., potassium or sodium) saits of citric acid; proteins, such as whey proteins, (e.g., a-
lactalbumin, p-lactoglobulin, and serum albumin}, casein and othar milk proteins, low-density lipoprotain, high-dansity
lipoprotein, egg proteins {e.q., phosvitin, livetin, phosphoglycoprotein, ovalbumin, conalbumin, and ovomucoid), wheat
proteins {(e.g., gliadin, glutenin, prolamine, and glutelin}, and other vegetable and animal proteins; inorganic saits, sucl
as sogdium chioride, rock salt, sea salt, and potassium chioride; souring agents, such as acetic acid, lactic acid, and
gluconic acid; colorants, such as R-carotin, caramei, and Monascus color; antioxidants, such as tocepherel and tea
extract; eggs, such as whole eggs, egg velk, egg white, and enzyme-processed eggs; cereals, such as bread flour, all-
purpose fiour, and caka flour; beans, such as soybaan powder; water, flavors, dairy products, seasonings, pH adjustors,
enzymes, food preservatives, shelf life axtendars, fruits, fruit juices, coffee, nut pastes, spices, cacac mass, and cocoa
powder. Two or mora of thase additives can be used in combination. The amounts of the additives to be added are not
particularly limited. They can be added in generalamountis, forexample, 0.01 to 15% by weightbased on the composition.
f0038]  The foods to which the fat and oil composition of the prasent invention s applicable will then be described. The
foods that can be used are those containing the aforementioned fat and oil composition containing B-glucans extracted
from a gramineous plant as a part or the whole of the fats and oils conventionally employed therefor or those containing
B-giucans extracted from a graminaous piant and fais and oils. Includad in such foods are not only fat and oil foods
exemplifiad by margaring and shortaning but any kinds containing fats and oils, such as bakery praducts, confectionery
products, processed rice products, procassed wheat products, processed maize products, procassed sovbean products,
health foods, and medicinal foods. The fat and oif composition containing §-glucans exiracted from a gramineous plant
according to the present invention can e usad as a substitute for a pait of, or the whola of, @ fat and oif compaosition
used in these foods according to conventional usage whether it is liguid (e.q., salad oi, fiving oil, and whipping cream),
sol (e.g., liquid shortening), pasty or emulsion {e.g., foamable emuisified fats, dressings, fat spreads, custard cream,
and dipping cream) or solid {e.g., shortening, margaring, candies, chocolates, and roux type curry sauce mixes).
[0048] Examples of products to which the fat and oil cornposition is applied include foods, food additives, cosmetics,
toiletries, and drugs. The foods include grain-related products, such as those containing wheat flour as a main ingredient
and those confaining rice as a main ingradient, such as bread, dessert braad, hot dog buns, and Danish pies; pancakes,
doughnuts, pizza, fempursg, and premixes thereof; cookies/biscuits and snacks; noodles, such as raw noodles, dry
nocdles, packaged instant noodies, instant cup noodles, udon noodles (white wheat noodles), buckwheat noodies,
Chinese noodles, rice nocdles, and pastas; rice products, such as beiled rice, rice cake, sterile boiled rice, retort pouch
boilad rice, nonglutinous rice flour, glutinous rice flour, dumpiings, rice crackers, and rice chips; and toppings.

[0041] The foods alse include confectionery products, eithar Japanese or Eurcpean, such as chocolatas, candias,
drops, chewing gums, baked confections, cakes, and sweet bean-jam buns.

f8042% Thefoods alse include processed meat products, such as ham, sausage, and hamburgs; and procassed maring
products, such as steamed fish paste, baked fish paste, fried fish paste, and fish sausage.

[0043] The foods also include dairy products, such as butter, cheese, ice cream, and vogurt.

[0044] The foods also include beverages, such as alcoholic beverages, e.q., beer, sake, whisky, brandy, sho-chu
{Japanease distilad lquor}, distilled Hguors, sparkling aicohol, wines, and fruit wines; coffes, tea, green tea, wooleng tea,
Chinese tea, cocoa, carbonated beverages, nutriticus drinks, sports drinks, coffee drinis, lactic acid beverages, fruit
juices, and fruit drinks.

[0045] The foods also include procassed fat and oil products, such as margarine, shortening, mayonnaise, and cream.
{00481 The foods also include seasonings and sauces, such as spices, dips, dressings for meat, salad dressings,
Worcester sauce, miso, S0y sauce, sauce mixes, e.4., curry sauce mixes and hashed beef sauce mixes; soups, such
as corn soup, potato soup, and pumpkin soup; jams, peanut butter; and toppings.

{00471 The foods also include preserved foods, such as cannad or bottied foods of fishes and shells, meats, fruits,
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vegetables, mushrooms, corned beef, jams, tomatoes, etc.; frozen foods; retort pouch foods, such as curry, stew, meat
sauce, ma-po tofu, stew of meat with vegetables, soups, and boiled rice; and powderad foods, such as instant powder
foods, e.g., powdered beveragas, powdered soups, and powdered miso soup.

{0048} Tha foods alsc includae special haalth foods, such as baby foods (e.q., weaning foods), invalid diets {e.9., liquid
diets), diets for the old, fat-reducing diets, and supplementary foods.

{00481 The foods also include microwave foods ready to be reheated or cooked.

{0058] The foods aiso include staple diets such as bread, noodles, and rice.

[0051] The foods also include those easy to take everyday or regulariy.

[0052] The foods also include those easy to add to other foods.

foN831  The foods also include those which tend o be insufficient, those necessary for holding biobalance, and those
which, when combined with other foods, result in better nutriment.

{00547 The foods aiso include those, when combined with other foods, result in a synergetic effect.

{00587 The fat and oif emulsified composition will be described in more detail.

{00581 The fat and oil emulsified composition according to the prasent invention is not particularly limited as long as
it comprises fat and oil, water, and B-glucans axtracted from a gramineous plant.

[6087] The extracted §-glucan content in the fat and oil emulsified composition is preferably 0.005 to 20% by weight,
still praferably 0.5 to 5% by weight.

[0058] The fat and ol emulsifiad composition includes oil-in-water {O/W) emulsions, water-in-oll (W/O) emulsions,
and double emulsions, Le., O/W/O emuisions and W/OAY emulsions, and more complex multiple emulsions. Specific
axamples of these emuisions are margaring, fat spread, bulter cream, custard cream, fiour pasts, whippad cream,
mayonnaise, dressings, white saucs, tartar sauce, milk creams (mainly comprising raw milk, milk or a residue aftar
removing compenents other than milk fat from milk) used in ice cream, cakes, etc. or with coffee, and cooking creams
{raw cream, crame chantily or creme fouetie, cream for entremets, cream for patisserie, butler cream, creme patissiere,
crema anglaise, and creme Saint Honore). These fat and oil emulsified compositions ara obtainad with excellentemulsion
stability, flavor, and texture. In the case of sour cil-in-water emuisions such as mayonnaise, the effect of softening
sourness is manifested to provide a natural vinegar flavor.

f00581  The amount of fat and ¢il is not particularly limited and decided according to the type of the emulsified compo-
aitions. For example, the fat and oif content of cil-in-water emulsified compaositions is preferably 4 to 85% by weight, still
preferably 4 1o 70% by weight, particularly preferably 4 to 50% by weight, and that of water-in-oil emulsified compositions
is preferably 40 fo 95% by weight, still preferably 45 to B0% by weight, particulany preferably 50 to 80% by weight.
{00607 The water content is not particularly iimited and decided according to the type of the emuisifisd compositions.
For exampie, the water content in oil-in-water emulsified compeositions is preferably 15 to 95% by weight, still preferably
30 o 95% by weight, and that in water-in-oil emulsified compositions is preferably 5 to 45% by weight, still preferably
10 to 30% by weight.

[00681] The fat and oil emulsified compositions containing B-glucans extractad from a graminacus plant are prepared

in a usual manner.

[0082] If desirad, the resulting fat and ot amulsified composition of the prasent invantion may be homogenized by
means of a homogenizing machine, such as a valve homogenizer, 8 homomixer, and a colloid mill. If desired, the fat
and oll emulsifiad composition may be subjected to pasteurization or heat sterilization treatments, such as UHT treatmeants
by a diract heating system (e.q4., injection or infusion) or an indirect heating system by use of a plate, tubular or scraped-
surface heat exchanger, HTST treatments, a batch treatment, a retort treatment, and microwave heating, or cooking on
the fire. According to necassity, the composition may be subjected to re-homogenization. If necessary, the composition
may be subjected 1o a cooling operation such as rapid cooling or siow cooling. If necessary, the composition may be
subjected to aging. Further, the fatand oil emulsified composition thus obtained may be refrigerated or frozer for storage,
if neaded.

{00831 In preparing the fat and cil emulsified compesition of the present invention, emuisification, homogenization,
mixing or preparation of raw matarials can be carried out with mixing, knaading or stirring equipmant of various kinds
commionly employed with no particular restriction. Examples are propelier agitators, oscillatory mixers, orifice mixers,
paddle agitators, agitation emulsifiers (homomixer), cutter mixers, cokneaders, conches, silent cutters, jet mixers, vacuum
agitators, screw mixers, static mixers, cutling mixers, sonicators, kneadars, rolls, Hydrossure, pipeline mixers, universai
mixers, pin machines, colloid mills, homogenizers (high-pressure homogenizers), jet homogenizers, ball cutters, and
ribbon mixers. It is preferred to use an agitation emulsifier (homomixer) and/or 2 homogenizer (high-pressure homoge-
nizar), a jot homogenizer or a colloid mill, Equipment used for heating or cooling includes indirect heating systems using
a scrapad surfaca heat exchanger, e.g., Contharm scraped surface heat exchanger (manufactured by Tatra Laval Food},
Thermoclinder {manufactured by lwai Kikal), a surface scraped heat exchanger (manufactured by izumi Food Machinery
Co., Lid.), CP-Rotorpro scraped surface heat exchanger (manufactured by APVY) or Terlotherm scraped suiface heat
exchanger (manufactured by Tarlet), and steam injection direct heating systams, e.q., Steam Nozzie (manufactured by
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hwai Kikai}, Noritake Cooker (manufactured by Noritake Company), and Steam Injection (manufactured by Tetra Pack).
[0064] Thefatand oilenulsified composition of the present invention exhibits excelient emuision stability without using
conventional emulsifiers, particularly synthetic emuisifiars, and resistance to freszing or microwave cooking and has
good taste and texture and, in addition, & bioregulatory function. As a matter of course, the composition may contain
other components effective on emuisification and emuision stabilization, such as natural emulsifiers, enzymatically
traated substances, and thickening polysaccharides, e.g., substances originated in eggs, milk, soybeans or graminecus
cereals or enzyme-treated substances theraof,

[0065] Examples of such natural emulsifiers or enzymatically treated substances which can be used as an emuisifier
include lecithins {e.g., soybean lecithin and egg yolk iecithin}, eggs (whole eggs, egg white or egg yoik}, milk, ground
or dried soybeans, flours of grains, such as wheat and barley, proteins separated from these food materials such as
egg protein, defatted milk powder, millc protein, whey proteins, {e.g., a-lactalbumin, f-lactoglobulin, and serum albumin),
milk serum protein, casein, sodium casein, and other milk proteins, egg white albumin, ovomucoid, iow-density ipoprotein,
high-density lipcprotein, egg proteins {2.9., phosvitin, livetin, phosphoglycoprotein, conalbumin, and ovomucoid), proteins
of grain origin, such as wheat protains (e.¢., giuten and gliadiny, zein, glutanin, and prolamine, soybean protein isolats,
and other vegetable and animal proteins, protein-polysaccharide complexes, and substances left after removing com-
ponents other than millk fat from raw milk, processed milk, concentrated milk, raw sheep milk, etc. Enzyme-treated
substances cbtained by contact reaction betweesn these materials with enzymes, for examgle, soybaan protein hydro-
lyzate, wheat protein hydrolyzate, milk protein hydrolyzate, and agg protein hydrolyzate, are aiso useful. One or more
of these substances can be used in combination. The amount of these substances to be added is not particularly limited
and can be varied appropriately. They are added in ganerally adopted amounts, for example, .01 to 15% by weight
based on the composition of the pragsent invention.

fo068] Any enzyme that is expected to modify the materials such as eggs, milk, soybeans and grains o improve
emulsifying capabilities can be usad to obtain the above-mentioned enzyme-treated substances. Such enzymes include
amylases, e.q., g-amylase, p-amylase, and giucoamylase), celiulases (e.g., celiulase and hamicellulase), proteasas,
lipases {2.g., lipase and phospholipase), glucose oxidase, lipoxygenase, lactase, invertase, penionase, pectinase, cat-
alase, ascorbic acid oxidase, suithydryl oxidase, and hexose oxidase. The term "amylase” denoctes one or more amylases
selacted fromthe group consisting of c-amylase, iscamylase, and glucoamylase. Amylasas produced by microorganisms
helonging to the genera Bacillus, Pseudomonas, Aspergillus, Rhizopus and Kiebsialla are preferred.

fo067}  Flour of grains includes crude or refined flour of rices, wheats, maizes, sorghums, barnyard millets, foxtail
millets, millets, barleys, oats, and ryes. Wheat flour includes braad flour, less sirong braad fiour, alipurpose flour, cake
flour, and duram fiour. Buckwheat flour, soybean flour are also usabla.

[00868] The thickening pelysaccharides include pullulan, psyllium, gum arabic, gellan gum, glucomannan, guar gum,
xanthan gum, tamarind gum, carrageenan, aiginic acid aikall metal salts, farceran, locust bean gum, pectin, curdlan,
crystalline callulese, CMC, gelatin, dextrin, agar, dextran, and low-molecular compounds obtained therefrom. These
polysaccharides may be used aither individually or as a combination of two or more thereof. A preferrad content of the
thickening polysaccharides is 0.1 to £% by weight, particularly 0.5 to 3% by weight. With a thickening pelysaccharide
content less than 8.1% by weight, the composition tends to have poor shape retention. With contents exceeding 5% by
waight, the composition tends to be hard and hardly malt in the mouth.

[0082] It is possible to add, to the fat and oil emulsified composition of the present invention, foed additives or foods
such as emulsifiers, gelling agents, thickeners, and stabilizers other than those descrived above as iong as the affects
of tha present invantion are notimpaired. The foads or food additives are not particularly limited as far as they are edible.
Examples of the emulsifiers are fatty acid monoglycerides, sorbitan fatty acid esters, propylene glycol fatty acid esters,
sugar esters, polyoxvethylene sorbitan fatty acid esters, Tween, polyoxyethylene sorbitan tricleate, polyoxyethylene
sorbitan monooleate, polyoxyethylene sorbitan monosiearate, polyoxyethylene sorbitan moenopalminate, and polyox-
yathylena sorbitan monclaurate. Examples of the thickeners and stabilizers ara starch, modified starch, and gelatinizad
starch. Additional useful food additives or foods include saccharides, such as glucose, fructose, sucrose, maltoss,
anzyma-saccharified sugar {thick mall syrup), lactose, reducing starch saccharification products, isomerizad liquid sugar,
sucrose-coupled malt syrup, oligosaccharides, reducing sugar polvdextrose, sorbitol, reduced iactose, trehalose, xylose,
xylitol, maltitol, erythritol, mannitol, fructo-oligosaccharides, soybean oligosaccharides, galacto-oligosaccharides, lacto-
sucrose, raffinose, lactulose, palatinose-oligosaccharides, stevia, and Aspartame; stabilizers, such as phosphoric acid
salts {(e.g., hexamataphosphoates, secondary phosphates and primary phosphates) and alkall metal (e.g., potassium
or sodiumy salts of citric acid; inorganic salts, such as sedium chioride, rock salt, sea salt, and potassium chioride; souring
agents, such as acetic acid, lactic acid, gluconic acid, citric acid, succinic acid, malic acid, and ascorbic acid; colorants,
such as §-carotin, caramal, and Monascus color; antioxidants, such as tocopharol and tea extract; flavors, such as milk
flavor, vanilla flavor, vanille essence, chocolate flavor, strawbarry flavor, and chaese flavor; dairy products, seasonings,
pH adjustors, enzymes, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut pastes, spices, cacao
massg, and cocoa powder. Two or more of these additives can be used in combination. The amounts of the additives 1o
pe added are not particularly lirnited. They can ba added in ganeral amounts, for axample, 0.01 to 15% by weight basad
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on the composition of the present invention.

[0078] It is particularly preferred to add tocopherol to improve antioxidation stability of the fat and oil emulisified com-
position.

[0071] Application of the fat and oll compositions to bakery products will then ba described. The bakary products
contain the aforementioned fat and olf composition containing B-glucans exiracted from a gramineous plant. The bakery
products inciude those produced by (@) preparing dough by mixing the fat and ol composition as a part or the wholg of
convantional fat and off with water and, in addition, secondary raw materials suited to the product, such as fats and oils,
amulsions, sugars, dairy products, eggs, veast, yeast food, oxidizing agents, reducing agents, various enzymss, and
emulsifiers, which are added either all at once or in divided portions and (b} subjecting the resulting dough, sither as
prepared or after fermentation, to a heating treatment, such as steaming, baking, frying, and boiling, or (b’) preserving
the resulting dough by refrigeration or freezing and then (b) subjecting the dough to a heating treatment, such as steaming,
baking, frying, and boiling. The bakery products include breads (e.g., pancakes, crepe, sponge cakes, doughnuts, dessert
bread, loaves of bread, hot dog buns, Danish pies, French biread, rye bread, hard rolls, and Danish pastries), pies,
kasufers {Japanese style sponge cake), butter cakes, puff pastries, waffles, biscuits/cockies, crackers, and farmented
confactions. The method of preparing dough is not particularly limited, except that a part of or the whole of the fat and
oil which has been conventionally used in dough preparation is substituted with the fat and oil composition containing
B-glucans axtracted from a gramineous plant according to the present invention. In making bread as an example of the
bakery products, bread dough is preparad from general raw materials of bread, such as wheat flour, water, yaast, sugar,
and edible salf, and the edible fat and oil composition containing g-glucans extracted from a gramingous plant by a
known dough preparation mathod. For instance, after mixing the other materials, the fat and oil compesition containing
B-glucans axiractad from a graminacus plant may be foldad into the mix. The dough is than farmented, shaged, and
baked in a usual manner. Similarly, the fat and oil composition containing p-glucans extracted from a gramineous plant
can be usad as a substitute for a part of or the whole of fat and oil for folding (roll-in fat and o) or fat and oil for dough
and batter in making folded pies; or pieses of fat and oil in the form of chips, straws, ate. in making pie crusts; or fcamable
emulsified fat and oil or liquid oil for cakes in making sponge cakes.

{06727 Where the preduction of bakery products involves a baking step, If bariey grains or barley flour is added as
such as a B-glucan supply source or even whan B-giucans extracted from a gramineous plant is added to dough or a
powder mix, which is then kneaded into dough, lumps are easily formed in the dough. Dough having such lumps only
provides a bakery product with a rough or grainy texture or a strange fexture due to non-uniformity of the water content
or hardnass. To the contrary, use of the fat and oil composition containing f-glucans exiracted from a gramineous plant
provides dough having the B-glucans extracted from a gramineocus plant uniformly dispersad tharain with very few lumps,
which finally gives a baked product with a good texture, not only free from a strange texture but with greatly improved
softness. The fat and oif composition of the present invention is preferably used in an amount of 0.05 to 30% by weight,
in terms of the B-glucans extracted from gramineous plants, based on the grain flour content of the bakery product.
[0073]  Inusing the fat and oil composition in the bakery products, the bakery products can additionally contain at least
one additive selected from the group consisting of an emulsifier, an oxidizing agent, and an enzyme and a glucide having
at least one of an 1-Z-a-[-glucopyranose bond, an 1-3-o-D-glucopyranose bond, an 1-4-¢-D-glucopyranose bond, and
an 1-6-w-D-glucopyranose bond, D-fructose or a saccharide containing D-fructose.

[0074] The emulsifier is preferably at least one selected from fatty acid monoglycerides, diacetyltartaric esters, and
sucrose fatty acid esters. Still preferred are diacatyltartaric esters, such as diacetyltartaric acid monogiveeride and
diacetyltartaric acid diglycerida. Lecithin, sorbitan fatty acid esters, propyiene glycol fatty acid esters, sugar esters, and
the like are also useful as the emulsifier.

[6075] The emuisifier is preferably used in an amount of 1 fo 300 parts by weight per 100 parts by weight of the [3-
glucans exiracted from a gramineous plant and 0.01 to 5% by weight, particularly 0.08 to 1% by weight, based on the
grain flour in the bakery product.

[0078] The diacetyltartaric acid monoglyceride, which is preferably used as the emuisifier, is not particularly limited
by the process of praparation and is usually obtained by reacting diacetyltariaric anhydride with @ mixture of a monoglyc-
& and a diglyceride in tha prasance of acetic acid or esterifying a mixture of a monoglycerids and a diglyceride with
tartaric acid and acetic acid in the presence of acetic anhydride. Accordingly, the diacetyitartaric acid monoglyceride
which is preferably used in the present invention is usually obtained as containing diacetyitartaric acid digiyceride.
Diacetyltartaric acid moncgiyceride in an aquecus solution or an oll-in-water emuision has a pH ranging from about 1.3
to 1.9. The composition usad in the bakery products of the present invention preferably has its pH adjusted within 3.0
to 10.0, particularly 4.5 to 8.5, to improve stability. If necessary, the pH is adjusted by addition of a base or a salt having
& pH adjusting action. Any base or sall that has a pH adjusting action and is permitted to be added to foods can be used.
Preferred bases or salts include such bases as ammonia, caicium hydroxide, sedium hydroxide, and potassium hydrox-
ides; sodium, potassium, ammonium or calcium salts of acetic acid, carbonic acid, phosphoric acid, succinic acid, glutamic
acid, ascorbic acid, tartaric acid, etc.; and sodium hydrogencarbonate.

[0077] The oxidizing agent which can preferably ba used in tha bakery products is at least one selected from cystine

Motif Exhibit 1148, Page 390 of 3341



10

(%)
53

40

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

EP 1 361 264 81

and ascorbic acid. Ascorbic acid is still preferred.

[6078] The oxidizing agent is preferably used in an amount of 0.01 to 15 parts by weight per 100 parts by weight of
the f-glucans exiractad from a gramineous plant and 0.0001 to 0.2% by weight, particularty 0.0005 to 0.1% by weight,
pased on the grain flour in the bakery groduct.

{0079} The enzymes which can be used in the bakery products include any kind having improving effects in bread-
making. At least ong enzyme selacted from the group consisting of amylases, proteases, celiulasas, and hemicellulases
is preferably used. Other useful enzymas include lipases, glucose oxidase, lipoxigenasa, lactase, invertase, pentonase,
pectinase, catalase, ascorbic acid oxidase, sulfhiydryl oxidase, hexose oxidase, and transglutaminase.

[60808] The enzyme content varies depending on the purity of enzyme preparations or the kind of the enzyme. In using
a commercially available enzyma preparation, for example, an advisable amountis 0.01 to 100 parts by weight, preferakly
0.05 to 30 parts by weight, per 100 parts by weight of the § glucans axtractad from a gramineous plant.

[0081] The enzymes o be used will be described in greater detail. The term "amylase” denotes one or more amylases
selected from the group consisting of c-amylase, iscamylase, and glucoamylase. Amylasas produced by microorganisms
helonging to the genera Bacilius, Pseudomonas, Aspergillus, Rhizopus and Klabsielis are preferrad. Commercially
available amylase preparations can be utilized. Commaercially available a-amylase preparations include Amylase AD
Amano and AH Amano from Amane Seiyaku KK ; Termamyl and BAN from Novo Nordisk Bicindustry Lid.; Uniase BM-
8 from Yakult Honsha Co., Ltd,; Spitase HS, HK, PN-4, Al and LH from Nagase Seikagaku Kogyo KIK.; Sumizyme L
from Shin-Nihon Kagaku Kogyo K.K.; Kisistase from Daiwa Fine Chemicals Co., Ltd.; Rohalase AT from Réhm Enzyme
GmbH; liquefied enzymes T, K, and 88 from Ueda Kagaku K K.; Biozyme C and L from Amanoe Seivaku K.K., and Uniase
L from Yakult Honsha Co., Lid. Commaearcially available iscamyiase praparations inciude Plulianase Amane and 138-1
from Amano Seiyaku K.K.; and Promozyme from Novo Nordisk Bioindustry Ltd. Commercially available gluccamylase
preparations include Glucozyme NL and AFG from Amanoe seiyaku KK Sumizyme 8, 8G, AN, AD, and AL from Shin-
Nihon Kagaku Kogyo K.K; AMG and Dextrozyme from Nove Nordisk indusiry Lid,; Glucozyme from Nagase Seikagaku
Kogye KK Uniase K from Yakuit Pharmaceutical ind, Co., Lid,; Glutase 6§00 and AD from Hankyu Bioindustry K.K,;
Kekugen and Daizyme from Daiwa Fine Chemicals Co., Litd,; and Kokulase G2 and Sanzyme from Saniyo Co., Ltd. All
these enzyme names are frade names.

{00821 The proteases can be of any origin, such as the genus Bacillus, Tharmus or Aspergillus, plants, and animals.
Preferred proteases are of the genus Bacillus, Thermus or Aspergillus or plants. The proteases can be usad either
individually or as a combination of two or more thereof. Commaercially available protease preparations can be utilized.
Examples of commerciaily available proteass preparations are Protease N Amang, P Amane, and 8 Amano from Amano
Seiyaku K.K,; Alkalase and Neutrase from Novo Nordisk Bioindustry Ltd.; Sumizyme LP from Shin-Nihon Kagaku Kogyo
K.K.; and Thermoase from Daiwa Fine Chemicals Co., Lid. All the enzyme names racited above are frade nameas.
Pepsin, trypsin, chymotrypsin, papain, and chymosin {rennet} are alsc usable.

[0083] The cellulases preferably include those originated in the genus Trichoderma, Aspergillus or Fusarium. Com-
mercially available varicus cellulase preparations can be made use of either individually or as a combination of two or
more thereof. Examples of such preparations are Cellulase A and T from Amano Seivaku K.K; Sumizyme AC and C
from Shin-Ninon Kagaku Kogyo K.K; Cellulase XP and Celluzyme from Nagase Ssikagaku Kogyo K.K.; Celiulase
Ornozuka and Y-NG from Yakult Pharmaceutical Ind. Co., Lid.; Meicelase TP, TL and HP from Meiji Seika Kaisha, Ltd,;
Driserase from Kyowa Halko Kogyo Co., Ltd,; and GODOC-TCL and TCL-H from Godo Shusei Co., Ltd. All the enzyme
names racited above are frade namas.

[0084] Commercially available varicus hemiceliulase preparations can ba used as the hemiceliulase sither individually
or as a combination of two or more thereof. Examples of the hemiceliulase preparations are Hemicellulase Amano from
Amano Seivaku KK.; Sumizyme X from Shin-Nihon Kagaku Kogyo K.K.; Olivex from Novo Nordisk Bioindustry Ltd.;
Cellulosin HC, B, TP25 and GM5 from Hankyu Bioindustry K.K.; and GODO-TKL from Godo Shusei Co., Lid. All these
enzyme names are trade names.

{0085] The lipases preferably include those of the genus Aspergillus, Rhizopus or Pseudomonas origin. Various
commercially available lipase preparations can be used either individually or as a combination of two or more theraof,
Such lipase preparations include Lipase A Amanc or P Amano from Armanco Seivaku KK.; and Lipase (Saiken) from
Nagase Seikagaku Kogyo K.K. All these enzyme names are trade names.

fo086] The glucide having at least one of an 1-2-0-D-glucopyrancse bond, an 1-3-u-D-glucopyranose bond, an 1-4-
u-D-glucopyranose bond, and an 1-8-u-D-glucopyranose bond which can be used in the bakery products includes starch
and giycogen, which are 1-4-g-~giucans having an 1-4-g-D-glucopyrancse bond; dextran, which is an 1-8-g-glucan having
an 1-8-o-D-glucopyranose bond, and mucin which is an 1-3,1-8-u-~glucan having an 1-3-0-B-glucopyrancese bond and
an 1-8-x-D-glucopyrancse bond.

{60877 A preferred glucide content is such that the ratio of the B-glucans extractad from a gramineous plant to tha
glucide ranges from 1/1000 to 0.35/1 by weight.

fo088] The D-fructose orasaccharide containing D-fructose which can be used in the bakery products includas purified
D-fructose, honey, sugar, isomerized sugar, and juices of pears, watermalons, ete.
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f0088] A preferred content of D-fructose or the saccharide containing D-fructose is such that the ratio of the B-glucans
extracted from a gramineous plant to the D-fructose or the saccharide containing D-fructose ranges from 1/40 o 15/1
by weight. With this amount, the dough is gasy to work with, and bakery products with a good texture, softness, and
good volume can be obtainad. Even whan frozan, the dough provides bakery produsts excallent in anti-staling properties.
Where D-ructose or the saccharide containing D-fructose is used in an amount of 0.1 part by weight or more in ferms
of B-fructose per 100 parts by weight of the grain flour of the bakery product, the dough is easy to work with, and bakeary
products with & good textura, softnass, and good volurme can be obtainad. Even when frozen, the dough provides bakery
products excelient in anti-staling properties.

f00908] For use in bakery products, the fat and oif composition can contain various additives and vehicles.

fona4l  Such additives and vehicles inciude food additives and foods, such as grain flour, yeast, veast food, fat and
oil, a fat and oil emulsified composition (e.g., & water-in-oil emuision or an oli-in-water emulsion}, wheat gluten, expanding
agents {e.g., ammonium hydrogedncarbonate and sodium hydrogencarbonate), bieaching agents {e.g., ammonium
persulfate), watar, an aqueous schution containing an aicohol, a polyhydric aleohol, a sall, an acid, an alkali, etc., galling
agents, thickeners, and stabilizars. These additives are not particularly limited as far as they are edibla. For examples,
fats and oils which can be added include soybean oil, rapesead oil, mustard oil, cotton seed oil, safflower oil, sesame
oii, corn oil, peanut oil, kapok oil, sunflower oil, rice oii, rice bran oil, coconut oil, palm oil, palm kernel oil, linsead oii
castor oll, olive oil, cocoa butter, tung oil, cametiia ol illippe butter, Borneo taliow, Mowrah, sal bulter, borage oil, lauric
acid fat and oli, hard butter, shea butter, oleic acid-linoleic acid fat and oil, erucic acid oil, lincienic acid ¢il, conjugate
acid oil, oxyacid oif, Cuphea oi, crambe (Crambe abyssinica) seed oil, meadowfoam oif, lesquerella {Lesquerefla fenderii
sead oil, macadamia oil, evening prinvross (Oenothera bignnis and Qencthera lamarkiana) seed oil, olf of saeds of
horage (Borago officinaglis} from the Boraginaceae family, ol of seeds of amaranth {Amaranthus L.; an annual glant of
the Amaranthaceae family}, pine seed oil, avocado oil, grapeseed cil, oil of dry microbial celis of the filamentous fungus
Mortierelta aipina, lipid of dry microbial cells of Labyrinthulae belong to Xanthophyta, lipid of dry microbial cells of
Schizochyirium sp. belonging to Labyrinthulomycota, lipid of Crypthecedinium cohindi, butter lipid, ghee butter, milk fat,
peef tallow, lard, sheep tallow, fats and oils of other land animals, fish oil, whale oil, codliver oil, fats and oils of other
marine animals, short chain fatty acid-containing fats and oils, middie chain fatty acid-containing fats and oils, y-oryzano|,
wlinolenic acid-containing fats and oils, o-linclenic acid-containing fats and oils, docosahaxaenocic acid (DHA)-containing
fats and oils, eicosapentaencic acid (EPA)-containing fats and oils, plant sterol-containing fats and oils, frans acid-
containing fats and oils, hydroxy acid-containing fats and oils, conjugated fatly acid-containing fats and cils, pelyphenol-
containing fats and oils, phospholipid-containing fats and oils, sphingolipids, tocotrienci-containing fats and oils, sitostanol
fatty acid-containing fats and oils, n-3 polyunsaturated fatty acid-containing fats and ¢ils, diglyceridas, and othar vegetable
or animal fats and oils; processad oils derived from these fats and oils according to necessity, such as hydrogenatad
oils, slightly hydrogenated oils, hydregenation isomerized oils, interesterified oils, and fractionated oils, fats and oils
prosessed by two or mora of these procasses, and mixturas of two or more of these processed fats and oils. Additionally,
amulsions (including W/QO emulsions, OAV emulsions, double emulsions, i.e.,, OMW/Q emulsions and W/O/W emuisions,
and more complex multipie emulsions) of these edible fats and oils are also useful. Examples of the thickeners and

stabilizars are puliulan, psyilium, gum arabic, gellan gum, glucomannan, guar gum, xanthan gum, tamarind gum, car-
rageanan, alginic acid salts, farceran, locust bean gum, pectin, curdlan, and low-molecular compounds obtained from
these substances, starch, modified starch, gelatinized starch, crystalline celiulose, gelatin, dexirin, and agar. Additional
useful food additives or foods include saccharides, such as glucose, maltose, enzyma-saccharifiad sugar (thick malt
syrup), lactose, reducing starch saccharification products, isemerized liquid sugar, sucrosacoupled malt syrug, oligosac-
charides, reducing sugar poiydextrose, sorbitol, reduced lactose, trehalose, xylose, xvlitol, maltitol, erythritol, mannitol,
fructe-oligosaccharides, soybean oligesaccharides, galacto-oligosaccharides, lactosucrose-~cligosaccharidas, raffinose,
lactulose, palatinose-oligosaccharides, stevia, and Aspartame; stabilizers, such as phosphoric acid salts {e.9., hexam-
etaphosghorates, secondary phosphatas and primary phosphatas) and alkall meta (e.g., potassium or sodium) saits of
citric acid; proteins, such as whey proteins, {e.g., o-lactaibumin, f-lactogiobulin, and serum albumin}, casein and other
milk proteins, low-density lipeprotain, high-censity lipoprotein, egg proteins {e.g., phosvitin, livetin, phosphoglycoprotein,
ovalbumin, conalbumin, and ovomucoid}, whaat groteins {e.g., gliadin, glutenin, prolamine, and glutelin}, and other
vegetable and animal proteins; inorganic salts, such as sedium chioride, rock salt, sea salt, and potassium chioride;
souring agents, such as acetic acid, lactic acid, and gluconic acid; colorants, such as B-carotin, caramel, and Monascus
color; antioxidants, such as tocopherol and tea exiract; eggs, such as whole eggs, &gg volk, egg white, and enzyme-
processad eggs; cereals, such as bread flour, allpurpose flour, and cake flour; beans, such as soybean powder; water,
flavors, dairy products, seasonings, pH adjustors, food preservatives, shelf life extenders, fruits, fruit juices, coffee, nut
pastas, spices, cacao mass, and cocoa powdar. Two of more of these additives can be used in combination or in the
form of a complex thereot.

[06092] In addition to the above-mentioned materials, any other material that is usually used in bakery products and
bakery product dough can be used in the bakery products and bakery product dough according to the present invention.
Tha present invention is applicable to any breadmaking procasses, such as a sponge-dough process and a straigh

Motif Exhibit 1148, Page 392 of 3341

11



10

(%)
53

40

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

EP 1 361 264 81

process. The time of adding the fat and oil composition of the present invention is not limited. Where the sponge-dough
process is applied, the fat and ofl composition may be added in the stage of preparing a sponge or in the stage of
preparing a dough.

[0093] In the present invention i is preferrad that the starch in the bakery product dough be partially gelatinized into
o-~starch before baking to enhance a favorable flavor or texture. The partial gelatinization can be effected by adding
previcusiy gelatinized starch of wheat, rice, maize, potato, cassava, taro, ete. or a raw material containing it to the dough
or by adding starch or a raw material containing starch to the dough and gelatinizing the starch by heating, addition of
hot water, steaming or roasting. For example, hot water can be added fo part of wheat flour to convert it into o-starch,
or part of wheat fiour may be steamed.

fona4}  Where applied {o non-yaast bakery products, such as biscuits and pizza crusts, the fat and oil composition of
the present invention gives an increased crispy texture.

[0098] The fat and oii composition appiied to bakery products supplies f-glucans having excellent bioregulatory func-
tions without being accompanied with reductions of taste and texiure. Further, sinca the fat and oil composition produces
tha same effects as have been obtained by the conventional additives having various quality improving effects, it makes
it possible to reduce the amounts of the conventional additives to be used, making contribution o improvement in taste
and texture of bakery products without impairing the flavor of the products. Furthermore, the fat and oil compeosition
makes it feasible to provide bakery products which meet tha consumers’s trends to naturally oceurring substancas,
safety, and health.

{00987 Application of the fat and ol compesition to confectionery products will then be described. in an embodiment
of confectionary product production, dough is preparad by using the fat and ol composition containing §-glucans extracted
from graminacus plants of the present invention as a part of or the whole of convantionaily amployed fats and oils, and
the resulting dough is further processed. Confectionery products aceording fo this embodiment include deep-fried prod-
ucts such as shacks and doughnuts and steamed products, such as steamed cakas and bean-jam buns. Confectionery
products in another embodiment include candies, gums, chooclates, and tablats prepared by mixing the oil and fat
compasition containing B-glucans exiractad from a graminecus plant with sugar, flavors, and the like and, if necessary,
solidifying and moiding the mixture. Cold desserts, such as ice cream and sherbet, are also included under confectionery
products.

[60977 In making confectionery products, where weight is put on not only flavor but taste, particularly sweetness, itis
important to eliminate lumps. Even a very small lump would cause a sirange feeling and ruin the commercial value.
Since the fat and oil compaosition according to the present invention previously contains the B-glucans extracted froma
graminaous plant unifermiy, even when it is added {0 and mixad with a gremixed materal, there is provided a final
confectionery product which containg the B-glucans extracted from a gramineous plant in a8 uniformly dispersed state
with no lumps, gives no strange feeling, and has a good flavor.

[00388] The fat and oil composition according o the prasant invantion can be addad to foods or drugs containing a
food ingredient having a prophylactic action for habitual diseases {or life style-related diseases) to enhance the action.
Example of such foods or drugs are those containing unsaturated higher fatty acids regulating a blood lipid concentration
{e.g., EPA and DHA), plant sterols regulating blood serum cholasterol and asters thereof, diacylglycerol, y-tinolenic acid,
u-linolenic acid, beet fiber, corn {maize) fiber, psyllium seed coat, tea polyphanol, lecithin; dried bonito peptide, sardine
peptide, casein dodecapeptide, and soybean protein isolate which are effective in lowering blood pressure; and lactic
gcid bacteria, gluconic acid, oligesaccharides, and varicus dietary fibers which improve the infestinal environment to
regulate the intestines. Further, foods or drugs with enhanced bioragulatory functions can be obiained by adding to the
fat and oil composition of the present invention substances known to have health improving functionality, such as
Chlorella, spirulina, propoiis, chitin, chitosan, nucleic acids, leyss (Ganoderma lucidum), agaricus, ginkgo leaf exiract,
lakanka (Lo Hon Go), turmeric, garcinia, applafiver, gymnema, collagen, blueberry, aloe, saw palmette, plantfermentation
enzyme, soybean isoflavon, chlorophyll, roval jelly, Asian ginseng, pruna, and herbs, such as chamomile, thyme, sage,
peppermint, lemoen baim, mallow, oregane, cat nip tea, yarrow, and hibiscus.

{00381 When added o processed foods of rice, whaat, maize or soybeans, the fat and oil composition of the present
invantion is capable of impaiting or enhancing functionality of these focdstuifs. Examples of such processed foods are
rice products (e.g., boiled rice, rice cake, retort pouch boiled rice, frozen boiled rice, and steriie boiled rice); processed
rice products, such as rice noodles, rice chips, and rice crackers; the above-recited bakery products and confectionery
products; noodles, such as pastas, buckwheat nocdles, uden noodles, houtou nocdies, Chinese noodles, packaged
instant noodlas, and instant cup noodies; other wheat processed foods; breakfast cereals or processed maize products
such as comn flakes; and processed soybean products, such as fofu, soybean milk, soybean millk beverages, yuba
{soybean milk skin), thin fried oy, thick fried {ofu, round fried tofu, soybean jam, and nyse {(soybean paste). Additionally,
tha fat and oil composition can ke added to a variety of foods, including dairy products, such as milk, processed milk,
yogurt, whey beverages, fermentad lactic acid baverages, butter, and cheese; Japanese sweets, such as yokan (bean
jelly), uiro (steamed rice ielly), monaka (wafer with bean jam), and sweet bean jam; soups, such as potage, stew, and
curry; seasonings, such as soy sause, Worcester sauce, dips, jams, and tomato ketchug; processed maat products,
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auch as ham, sausage, and hamburgers; and processed marine products, such as steamed fish paste, baked fish paste,
fried fish paste, and fish sausage.
[0100]  Application of the fat and oil compoesition o liquid foods will then be described in detail.
{8101} Tha tarm Miguid foods™ as used herein means notonly liguids, such as soups and juices, but dried "liquid foods”
in the form of ready-fo-drink powder or solid that can be mixed with water or hot water into liquid, such as powdered
soups and powdered juices.
[8102) Theliguidfood ofthe presentinvention can be obtainad by adding the B-glucan-containing fat and oil compasition
to & liquid food, such as a beverage or soup. In adding, the mixture is mixed by stirring, if necessary, under heating. A
conventional food emuisifier may be added to prepare an emulsion. The mixing means to be used is not particularly
limitad, and mixing devices, such as a mixer, can ba used.
[0103] While the amount of the fat and oil composition to be added to a liquid food is not particularly i i
preferable to add the fat and oif composition in such an amount that the resuiting liquid food may contain 0.1 to 30% by
weight, particulariy 0.5 to 20% by weight, of the extracted B-glucans. With an extracted B-glucan content less than 0.1%
by weight, the B-glucans may fail to exhibit their functionat effects. If the content excesds 30% by weight, the extracted
B-glucans can reduce the quality of the food as a whole.
[0104] Inorderto further suppress non-uniform distribution of the -glucans or the liguid food containing the B-glucans
due to lump formation, and tha like, it is possible to add food additives or foods, such as emulsifiers, gelling agants,
thickeners, and stabilizers, o the liquid food. Thase food additives or foods are not particularly limitad as long as they
are edible. Examples of the emulsifiers are lecithin, fatty acid monogiycerides, sorbitan fatty acid esters, propylene glycol
fatty acid estars, sugar estars, polyoxyethylene sorbitan faity acid esters, Tween, polyoxyethylane sorbitan fricleats,
poiyoxyathylena sorbitan monooleate, polyoxyethvlene sorbitan monostearate, polyoxyethyiene sorbitan monopalmi-
nate, and polyoxyethyviene sorbitan monelaurate. Examples of the thickeners and stabilizers are pullulan, psyllium, gum
arabic, gallan gum, glucomannan, guar gum, xanthan gum, tamarind gum, carrageenan, alginic acid salts, farceran,
locust bean gum, pectin, curdian, and low-molacular compounds obtained from these substances, starch, modifiad
starch, gelatinized starch, crystalline cellulose, gelatin, dexirin, agar, and dextran. Additional useful food additives or
foods inciude saccharides, such as glucoese, fructose, sucrose, maltose, enzyme-saccharified sugar (thick malt syrup),
lactose, reducing starch saccharification products, isomerized liquid sugar, sucrose-coupled mait syrup, oligosaccha-
rides, reducing sugar polydextrose, sorbitol, reduced lactose, trehalose, xylose, xyiitol, maltitol, erythritol, mannitol,
fructe-cligosaccharides, soybean oligosaccharides, galacto-oligosaccharnides, lactosucrose-oligosaccharides, raffinose,
lactulose, palatinose-oligosaccharides, stevia, and Aspariame; stabilizers, such as phosphoric acid salts {e.g., hexam-
etaphosgphorates, secondary phosphates and primary phosphatas) and alkall metal {(e.g., potassium or sodium} saits of
citric acid; proteins, such as whey proteins, {2.g., e-lactaibumin, B-lactogiobulin, and serum albumin}, casein and other
milk proteins, low-density lipoprotein, high-density lipoprotein, egg proteins {e.q., phosvitin, Hvetin, phosphoglycoprotein,
ovalbumin, conalbumin, and ovomucoid}), wheat groteins {e.q., gliadin, giutenin, prolamine, and glutelin}, and other
vegetable and animal proteins; protein-polysaccharide complexes, inorganic salts, such as sodium chioride, rock salt,
sea salt, and potassium chioride, scuring agents, such as acetic acid, lactic acid, and gluconic acid, colorants, such as
B-carctin, caramel, and Monascus color, antioxidants, such as tocopherol and tea extract, eggs, such as whole eggs,
eqg yolk, egg white, and enzyme-processad eggs, cereals, such as bread flour, alipurpose fiour, and cake flour, beans,
such as sovbean powder, water, flavors, dairy products, seasonings, pH adjustors, enzymes, food preservatives, shelf
life extenders, fruits, fruit juices, coffae, nut pastes, spices, cacao mass, and cocoa powder, Twe or more of thase
additives can ba used in combination or in the form of a complex thereof. Tha amounts of the additives 1o be added ara
not particularly limited. They can be added in general amounts, forexample, 0.01 to 158% by weight based on the resulting
liquid food.
f0105] Examples of the liquid foods include soups, such as consomme, cormn polage, egg soup, Chinese soups, staw,
and curry, juices or frult juice beverages, such as orange juice, tomato juice, banana juice, vegetable juice, fruit juices
with fruit, and beverages containing fruit juice, carbonated beverages, such as cola and soda pop, milk beverages, such
as milk, processed milk, yogurt, and whey drinks, seasonings, such as soy sauce, Worcester sauce, dips, jams, and
tomato ketchup, coffes, cocoa, tea, green tea, woolong tea, soybean milk, fermentad lactic acid beverages, alcoholic
heverages, such as sake, whisky, brandy, beer, sho-chy, wines, and sparkling alcohoi, vitamin rich drinks, health drinks,
tonic drinks, jelly drinks, nutritious drinks, sports drinks, and coffee drinks. Also included are the above-mentioned dried
liquid foods and ready-to-drink dried foods such as powderad soups which are mixed with hot water orwater, etc. into liquid.
[0108] Application of the fat and oil composition to processed foods mainly comprising starch will then be described
in detail.
[3107] The fatand ol composition is preferably usad in an amount of 0.05 to 30% by weight, in terms of the extracted
B-glucans, based on a processad food mainly comprising starch.
[0108] The processed food mainly comprising starch includes any food containing, as an ingredient, starch originated
in rice, wheat, maize, potato, cassava, taro, and so forth. Examples of the processed foods include noodies, such as
udon noodles, buckwhaat noodlas, Chinesa noodies, chow mein nocdles, sauteed udon noodies, spaghattl, pasta, raw
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nocdles, dried noodles, packaged instant noodles, and instant cup noodies; cookad rices, such as doria, pilaf, beef bow,
tempurabowi, chicken-and-egg bowi, curry and rice, boiled rice, sterile boiled rice, and retort pouch boiled rice; processad
rice products, such as rice crackers, dumplings, rica chips, and rice cakes; friad foods, such as korokke (Japanasa siyle
croquettes), deap-fried port cullets, and tempura, and their batters; steamed buns stuifed with sweet bean jam, pork,
etc.; Chinese dishes, such as shui mal, pot-stickers, spring rolls, and other Chinese snacks; Japanese pancakes, such
as okonomi-yaki or monja-yaki {As-you-like-it pancakes)}, and octopus pancakes; and premixas for pizza, pancakes,
doughnuts, tempura, etc. Application to the aforementionad processed foods, such as frozen foods, retorted foods, and
microwave foods, is also preferred. As a matter of course, application o foods which are to be heated or thawed in a
microwave oven is also preferred.

[0108] The present invention will now be illustrated in greater detail with reference to Exampiles, but it should be
understood that the present invention is by no means limited thereto. Unless otherwise noted, all the parts and percents
are by weight.

Tast Example 1: Measurement of §-glucan content

[0118] Analysis of B-glucans was carried out according to the McCleary method (enzyme assay) with a f-glucan assay
kit from Megadyme. Where a sample undar analysis is powder, it was sieved through & 500 um (30 mesh) sieve, and
the water content was measurad. A 100 mg portion of the sample was put into each 17 mi test tube, and 200 plof a
50% ethanol sciution was added thereto to disperse the powder. Then 4 mi of a 20 mM phosphate buffer (pH 6.5) was
addad, and the mixiure was mixed weil. The mixture was haated in a boiling watar bath for 1 minuta. The mixiure was
mixed thoroughly and further heated in & hot water bath for 2 minutes. After tha mixture was coolad to 50°C and allowed
to stand for 5 minutes, 200 pl (10 U) of a lichenase solution was added to each tube. The lichenase solution was prepared
by diluting the lichenase vial attached to the kit with 20 mi of the 20 mM phosphate buffer, and the rast of the enzyme
solution was presaived in a fraezer. The mixtura was aliowed to react at 50°C for 1 hour. Then, § miof & 200 mM acatate
puffer {pH 4.0) was addad to 2ach tube, followed by mixing gently. After aliowing the tubes at room temperature for 5
minutes, the system was centrifuged to obiain the supernatant liquor. The supernatant iquer (100 ul) was taken inio
three test tubes. To one of tham, 100 ul of a 50 mM acetate buffer (pH 4.0} was added, and {o each of the other two
was added 100 pl (0.2 U) of a f-glucosidase solution, which was prepared by diluting the glucosidase vial attached to
the kit with 20 mi of the 50 mM acetate buffer. The rest of the enzyme solution was kept in a freezer. The system was
aliowed o react at 50°C for 10 minutes. A glucese oxidase/peroxidase solution {3 mi) was added, followad by reacting
at 50°C for 20 minutes. The absorbance (EA) of aach sampie at 510 nm was measwred. Tha B-glucan content was
obtained from equation:

B-Glucan content (w/w %) = (EA) x (F/W) x 8.46

where F: 100fabsorbance of 100 pg glucose

W calculated weight (mg) of anhydride

{01111 Where a sample under analysis was a liquid exiract containing exiracted -giucans, the liguid was made into
solid or powder as follows before analysis. To a B-glucan extract was added twice as much ethanol, and the mixture
was stirred well and centrifugad. The precipitate was collected, dried well, and ground to prepara a sclid B-glucan extract.
After the water content of the B-glucan extract was measured, the sample was analyzed by the McCleary method {(enzyme
assay) using a f-glucan assay kit from MegalZyme. Each pracipitate sample weighing 50 mg was put into & 17 mi test
tuba and dispersad in 200 pl of a 50% ethanol solution. The dispersion was analyzed in the same manner as describad
above.

Test Example 2: Measurament of molacular weight

[0112] The molecular weight of an extract was measured as follows. A solid exiract weighing 5 mg was put into a test
tube, 0.5 mi of distilled water was added thereto and haated to disscive the axiract in a boiling water bath. The solution
was filtared through a 0.22 pm filter to prepare a sample for HPLC, The sample was analyzed by HPLC using a gal-
filtration column, Shodex-packed column KS-805 {available from Showa Denko K.K.) at a flow rate of 0.6 mi/min ata
temperature of 50°C. An Rl detector was used for detection, water was used as a developing scivent, and Shodex
Pullulan Standards P-82 {availabie from Showa Denko K.K.) was used as a molacular weight marker.

[8113] Where extracted B-glucans were a liquid extract, it was diluted with twice as much ethanol, cooled to -20°C,
and allowed to stand for 1 hour to obtain a precipitate. A 8 mg portion of the precipitate was put into a tube, which was
analyzed in the same manner as described above to measurs the molecular weight.

Motif Exhibit 1148, Page 395 of 3341

14



10

(%)
53

40

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

EP {1 361 264 B4
Preparation Example 1: Preparation of raw material and extraction accelerator

f0114} Glutinous nakad barley was polished to & polishing yield of 82%. The bran generated by this first polishing was
designated bran-1. The barley having been polishad to a polishing degrae of 82% was further polished in a grinding
type polishing machine to a polishing yield of 85%. The bran generated by the second polishing was designated grinds-
1. Ina 80 liter container was put 20 liters tap water and adjusted to 15°C while stirring. Six kilograms of bran-1 was
added therete and extracted while stirring for 2 hours. The mixture was centrifuged in a continuous centrifuge for solid-
liquid separation, and the supernatant liguor was lyophilized to obtain 450 g of an extraction accelerator.

Preparation Example 2: Preparation of §-giucans

[0115] Intoa 70lifer containerwas put 30 fiters {ap water, and 150 g of the extraction accelerator prepared in Preparation
Example 1 was added. Aftar dissolution, 7.5 kg of grinds-1 was added, followed by extraction by stirring at 50°C for 2
hours. The mixture was centrifuged for solid-liguid separation in a continuous centrifuge. The sugernatantiiquor separated
was boiled and cooled to give 15 liters of a slightly viscous B-glucan solution (sample 1). As a result of analysis according
to Test Exampie 1, the B-glucan content was found to be 3%. As a result of anaiysis according to Test Example 2, the
extract was detected in the molecular weight range of from 10,000 to 90,000, with the maximum peak at 40,000, The
maximum peak was confirmed to be B-glucans by the method of Test Example 1.

Preparation Example 3: Preparation of j-giucans

f6116] To a f-glucan solution prepared in the same manner as in Preparation Example 2 was added twice as much
ethancl. A precipitate thus formed was coliected and dried o give 480 g of a §-glucan extract (sampie 2), which was
found to have a B-giucan gurity of 91% as a result of analysis according to Test Example 1. As a result of analysis
according o Test Example 2, the extract was detected in the molecular weight range of from 10,000 to 200,000, with
the maximum peak at 40,000, The maximum peak was confirmed o be B-giucans by the method of Test Exampie 1.

Preparation Example 4: Preparation of B-glucans

f01171 A B-glucan solution prepared in the same manner as in Preparation Exampie 2 was lyophilized as such to give
a B-glucan extrast (sample 3} weighing 580 g. Samgle 3 was found to have a B-glucan purity of 76% as a result of
analysis according o Test Example 1. As a result of analysis according to Test Example 2, the extract was detacted in
the molecular weight range of from 10,000 to 200,000, with the maximum peak at 40,000. The maximum peak was
confirmed to be B-glucans by the method of Test Example 1.

Preparation Example 8 Preparation of §-giucans

fe118] Into a 70 liter containar was put 30 liters tap water, and 80 g of sodium hydroxide was added theretc while
stirring. After dissolution, 7 kg of grinds-1 was added, followad by extraction by stirring at 30°C for 2 hours. The mixture
was neutralized with hydrochloric acid and separated into solid and Hquid by means of a8 continuous centrifuge. The
supernatant liquor separated was bolled to give 15 litars of a slightly viscous B-glucan solution {sample 4}. As a result
of analysis according to Test Example 1, the B-glucan content was found to be 1.8 wi%. As a result of analysis according
to Test Example 2, the extract showed no peak in a molecular weight range between 3000 and 100,000 but an extramely
broad peak in the rangs of from 100,000 to 500,000. The fraction collected in the molecular weight rangs of 100,000 or
greater was confirmed to be B-glucans by the method of Test Example 1.

Method of evaluation in Examples 1 to 32 and Comparative Exampies 1 o 23:

[86118] In Examples 110 32 and Comparative Examples 1 to 23 hereinafter described, evaluation was made in terms
of stability and texture (smoothness, hardness, and flavor) according to necessity. Stability was evaluated by visually
inspecting any change in appearance aiter storage at 5°C for 1 month. Texture was organoleptically evaluated by 10
panel members and rated A to C according to standards shown below. The rating given to a sample by the greatest
number out of 10 panel members was the rating of the sample. The results chtained are shown in Tables 1 and 2, in
which marks ™" indicate no evaluation made.

Standards of evaluation:

(0120}
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1) Stability

A Excellent in stability.
B: Change in agpearance, such as slight phase saparation, observed,
C: Phase separation observed.

2} Texture
2-1} Smoothness

A Very smooth
B: Smocth
C: Not smooth

2-2} Hardness

A Very soft
B: Soft
C: Not soft

2-3) Flavor

A: Superior
B: Shghtly inferior
C: inferior

Example 1: Fat and oil composition containing B-glucans extracted from gramineous plant

[0121] A hundred parts of sample 2 obtained in Preparation Example 3 and 100 parts of soybean oil were thoroughly
mixed in a kneader. The mixture was kept at 60°C for 10 minutes and then cooled to room temperature, whereupon it
became creamy o give a fat and ol compoesition-1 containing B-giucans extracted from a gramineous plant according
to the present invention (B-glucan content: 45.50%). The B-glucans were found uniformly dispersed.

Example 2: Fat and oil composition containing R-glucans extracted from gramineous plant

[0122] Three hundrad parts of sample 3 obtained in Preparation Example 4 was mixed with 100 parts of palm oil
melted by heating at 70°C and 1 part of lecithin in a high-speed homomixer. The mixture was left to stand at 50°C for
20 minutes and coolad o room temperatura to give a lumpy fat and olf composition-2 containing f-glucans exiracted
from & gramineous plant according to tha present invention {B-glucan content: 58.80%). The f-glucans were found
uniformiy dispersed.

Example 3: Fat and oil composition containing B-glucans extracted from graminacus plant

f6123] Fifty parts of sample 3 obtained in Preparation Example 4 was mixed with 30 parts of palm clein oil, 70 parts

of rapeseed oil, and 0.2 part of protease-hydrolyzed egg yolk in a mixer. The mixture was left to stand at 65°C for 15
minutas and cooled to room temperature to give a creamy fat and oif composition-3 containing B-glucans extracted from

a gramineous plant according to the present invention (B-glucan confent: 25.30%). The f-glucans were found uniformiy
dispersed.

Example 4: Fat and oil composition containing B-glucans extracted from graminaocus plant

f0124} Five parts of sample 2 oblained in Preparation Example 3 was mixed with 40 parts of rice oil, 20 parts of clive
oil, and 35 parts of safflower oil in a high-speed homomixer. The mixture was allowed to stand at 50°C for 30 minutes
and cooled to room temperature to give a fat and oif composition-4 containing f-glucans exiracted from a graminecus
plant according o the present invention (B-glucan content: 4.80%), which had almost the same viscosity as the starting
oils but showed slight tubidity. The §-glucans were found uniformiy disparsed.
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Example 5: Fat and oil composition containing f-glucans exiracted from gramineous plant

f0125} Thirteen parts of sample 1 obtained in Preparation Example 2 was mixad with 20 parts of hydrogenated seybean
oil (melting point: 45°C), 35 parts of palm i, 30 parts of cotton seed olf, and 0.2 part of soybean lysolecithin, The mixture
was allowed fo stand at Y0°C for 10 minutes and then emulsified in a high-speed mixer, foliowed by rapidly cooling for
plasticization to give a fat and off composition-§ containing f-glucans axiracted from a graminasous plant according o
the present invention {B-glucan content: 0.40%), which had margarine-fike physical propertias. The B-glucans were found
uniformiy dispersed.

Example 6: Fat and oil composition containing §-glucans exiracted from gramineous plant

{0128] Fifty parts of sample 4 obtained in Preparation Example 5 was mixed with 27.6 parts of hydrogenated fish oil
{melting point: 36°C), 18 parts of comn salad cil, and 0.4 part of glycerol monotarirate by stirring at 50°C for 30 minutes.
The mixture was amulsifiad in & high-spaed mixer, followad by rapidly cooling for plasticization to give a fat and oil
composition-8 containing B-glucans axtracted from a gramineous plant according to the present invention (f-glucan
content: 0.94%), which had fat spread-iike physical properties. The -giucans were found upiformly dispersed.

Example 7: Fat and oil composition containing B-glucans axtractad from gramineous plant

f01271  Twenty parts of sample 1 cbtained in Preparation Example 2 was mixed with 0.3 part of olive oil {melting point:
36°C} and 0.1 part of casein sodium. The mixture was allowad to stand at 55°C for 15 minutes, emuisified in a high-
aspeed mixer, and spray-dried to give a powdered fat and oil composition-7 containing p-glucans extracted from a grami-
neous plantaccording o the present invention (B-glucan content: 80.00%). The B-glucans were found uniformly dispersed.

Exampls & Production of shortenin

f01281  Anoil phase consisting of 30 parts of paim oil, 50 parts of hydrogenated paim oil, 20 parts of rapeseed oil, and
0.3 part of lecithin was meltad at 70°C. To 100 parts of the oil phase was added 5.0 parts of sample 2 ¢btained in
Preparation Example 3, and the mixture was aliowed {o stand at 70°C for 30 minutes. The mixture was then stirred in
a homomixer at & high rotational speed for 2 minutes to give a fat and ol composition-8 containing §-glucans exiractad
from a graminacus plant according to the present invention. The B-glucans were found by visual abservation sufficiently
dispersed in the fat and oil. The composition was rapidly coolad for plasticization and cooled to 5°C {o obtain shortening
(B-giucan content: 4.30%} according to the present invention. The shortening of the present invention was evaluated for
smeothnass and flavor. The resulls obtained are shown in Table 1. [t is sean that the resulting shortening is superior to
Comparative Example 1 describad hereunder in smoothness and flavor. Although the step of crystal aging had been
omitted, the shortening of the present invention can be said to have enjoved the effects of forming moderate crystals
with excellent texiure, accelerating such crystallization, and preventing reduction of flavor that might have been causad
py an emulisifier,

Comparative Example 1: Production of shortening

[0128] An oil phase consisting of 30 parts of paim oil, 50 parts of hydrogenated paim oil, 20 parts of rapeseed oil, and
0.3 part of lecithin was meited at 70°C, stirred in a homomixer at a high rotational speed for 2 minutes, rapidly cooled
for plasticization, and cooled to 5°C to obtain an edible fat and o composition. The resulting shortening was evaluatad
forsmoothness and flavor for comparison. The results obtained are shown in Table 2, which prove the resulting shortening
to be much inferior in flavor.

Example 8 Production of margarine

[0130] A hundred par of an edible fat and oil consisting of palm oil, hydrogenated paim oil, rapeseed oil, and sorbitan
fatty acid esters at a weight ratic of 30:50:20:0.3 was meltad at 70°C. Eight parts of sample 3 cbiained in Preparation
Example 4 was added thersto, and the mixiure was left to stand at 85°C for 30 minutes. A solution of 0.5 part of defatted
milk powder and 1 part of edibie sait in 16 paris of hot water (70°C) was slowly added to the mixture and mixed therewith
while stirring in a homomixer. Then, the mixture was rapidly cooled to plasticize, maintainad at 25°C overnight, and
cooled to 5°C to give margarine according to the prasent invention (B-glucan content: 4.80%). The B-glucans were found
uniformiy dispersed. The margarine of the present invention was evaluated for stability, smoothness, and flavor. The
resulis are shown in Table 1. The resulting margarine had a fine and smooth texture. Further, the margarine was more
flavorful than that of Comparative Example 2 described hargunder, proving the effact of supprassing a reduction in flavor
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which might have been caused by the emuisifier.
Comparative Example 2: Production of margarine

[0131] A hundred part of an edible fat and oil consisting of palm oil, hydrogenated paim oil, rapeseed oil, and sorbitan
fatty acid esters at & waight ratio of 30:50:20:0.3 was meited at 70°C. To the mixture was slowly added a sciution of 0.5
part of defatted milk gowder and 1 part of edible salt in 18 parts of hot water (70°C) while stirring in a homomixar. After
mixing, the mixture was rapidly cooled to plasticize, maintained at 25°C overnight, and cooled to 5°C to give margarine.
The resuiting margarine was evaluated for stability, smoothness, and flavor for compariscon. The resuits are shown in
Table 2.

Example 10: Production of dressing

{01321 an parts of sample 2 prepared in Preparation Exampla 3, 10 parts of agg yolk, 1.5 parts of edible sait, 11
parts of vinegar, 2.5 parts of soft white sugar, 0.05 part of mustard powder, and 0.05 part of cnion powder ware mixed
by stirring in & mixer at a high speed for 5 minutes to prepare an aqueous phase. While the aqueous phase was further
stirred in a homomixer at a high spead, 75 parts of soybean salad olf heatad to 70°C was slowly added thereto and
mixad. The mixture was left to stand at 50°C for 10 minutes, emuisified, and cooled at 3°C for 24 hours to obtain a
dressing (B-glucan content: 8.27%) according to the present invention. The B-glucans were found uniformiy dispersed.
The dressing of the present invention was evaiuated for stability and flavor. The resulls are shown in Table 1. The
resulting dressing was provad excelient in stability and flaver.

Comparative Example 3: Production of dressing

[0133] Ten parts of egg volk, 1.5 parts of edible sait, 11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 parnt of
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a high speed for 5 minutes to prepare
an aqueous phasea. A dressing was preparad by using the aqueous phase in the same manner as in Example 10. The
resuiting dressing was evaluatad for stability and flavor for comparison. The results are shown in Table 2.

Example 11: Production of dressing

[0134] Ten parts of egg voik, 1.5 parts of edible sait, 11 parts of vinegar, 2.5 parts of soft white sugar, 0.05 parnt of
mustard powder, and 0.05 part of onion powder were mixed by stirring in a mixer at a high speed for 5 minutes to prepare
an aqueous phase. While the agusous phase was further stirrad in & homomixar at & high speed, 75 parts of the fat and
oif composition-4 containing B-glucans extracted from a gramineous plant which was prepared in Example 4 was slowly
added thereto. The mixture was emulsified and cocled at §°C for 24 hours to give a dressing (§-glucan content: 2.45%)
according to the present invention. The -glucans were found uniformly dispersed. The drassing of the prasent invention
was evaluated for stability and flavor. Tha resuits are shown in Table 1. Thea resulting drassing was proved exselient in
stability and flavor.

Comparative Example 4: Production of dressing

f6135] Ten paris of egg voik, 1.5 parts of edible salt, 11 paris of vinegar, 2.5 parts of soft white sugar, 0.05 part of
mustard powder, and 0.05 part of onion powder ware mixad by stirring in @ mixer at a high spaed for 5 minutes to prepare
an aguaous phase. While the aqueous phase was further stirrad in a homomixer at a high speed, 75 parts of a fat and
oil mixture consisting of 40 parts of rice oil, 20 parts of olive oil, and 35 parts of saffiower oif was slowly added thereto.
The mixture was emulsified and cooled at 5°C for 24 hours {o give a drassing, which was evaiuated for stability and
flavor for comparison. The resuits are shown in Table 2.

Example 12: Production of mayonnaise

[0138] Thirty parts of soybean salad oil was added to 30 parts of sample 1 obtained in Preparation Example 2, and
the mixiure was stirred for preliminary emulsification to prepare a fat and oil composition containing B-glucans extracted
fronmy a gramineous plant according to the present invention. A thorcughly stirred mixiure consisting of 9 pans of egg
yolk, 5.2 paris of starch, 8.2 parts of sugar, 2.8 parts of edible salt, 8 parts of vinegar, 1 part of seascning spices, and
8 parts of water was added to the fat and oif composition, and the mixture was finally emulsified in & colloid mill to give
mayonnaise (f-glucan content: 0.09%) according to the present invention. The B-giucans were found uniformly dispersed.
Tha mayonnaise of the present invention was evaluated for stability, smoothness, and flavor. The resuits cbtainad are
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shown in Table 1. The resulting mayonnaise underwent no separation of water when stored for 1 moenth and had a
amooth texture and a very good flavor,

Comparative Exampla 5 Production of mayonnaise

{4371 Thirty parts of soybean salad oil was added to 30 parts of water, and the mixture was stirred for praliminary
amulsification to prepare a fat and oil composition. A thoroughily stirred mixture consisting of 9 parts of eqg volk, 5.2
parts of starch, 8.2 parts of sugar, 2.8 parts of adible salt, 8 parts of vinegar, 1 part of seasoning spices, and 6 parts of
water was added to the fat and oil composition, and the mixture was finally enulsified in a colloid mill to prepare
mayonnaise, which was evaluated for stability, smoothness and flaver for comparison. The rasults obiained are shown
in Table 2.

Example 13: Production of mayonnaise

[0138] Nine parts of egg volk, 8.2 parts of sugar, 2.8 parts of adible salt, 8 parts of vinegar, 1 part of seasoning spices,
and 36 parts of sample 4 obtained in Preparation Example 5 were mixed to prepare an aguecus phase. To the agueous
phase were added 25 paits of rapesead ol and 10 parts of the fat and oil composition of Example 1, and the mixture
was preliminarily emuilsified by stirring and finally amulsified in a colioid mill to prepare mayonnaise (B-giucan content:
5.20%) according o the present invention. The f-glucans were found uniformiy dispersed. The mayonnaise of the
present invention was avaluated for stability, smoothness, and flavor. The resuits obtained are shown in Table 1. The
resulting mayonnaise undenwant no separation of water when stored for 1 month and had 8 smooth textura and a vary
goed flaver.

Comparative Exampla 6: Production of mayonnaise

[0139] Nine parts of egg yolk, 8.2 parts of sugar, 2.8 parts of edibie salt, 8 parts of vinegar, 1 part of seasoning spices,
and 36 parts of water ware mixed {0 prepare an agueous ghase. To the agueaous phase were added 25 paris of rapeseed
oif and 10 parts of paim cil, and the mixture was preliminarily emulsified by stirring and finally emulsified in a colloid mill
to prepare mayonnaise, which was evaluated for stability, smoothness, and flavor for comparison. The resuits obtained
are shown in Table 2.

Example 14: Production of fat spread

{01481 A mixture consisting of 27.8 parts of hydroganated fish oil (melting point: 36°C), 18.4 parts of cotton sead oif,
40 parts of sampie 1 obtainad in Freparation Example 2, 12.3 parts of water, 1 part of adible salt, 0.5 part of defaited
milk powder, 0.2 part of flavors, and 0.3 part of iecithin was emulsified and rapidly cooled for plasticization to prepare
fat spread (B-glucan content: 1.20%) according to the present invention. The f-glucans weare found uniformly dispersed.
Tha fat spread of the present invention was evaluated for stability, smoothness, and flavor. The results are shown in

Table 1. The resulting fat spread underwent no separation of water when storad for 1 month and had a smooth texture
and a very good flavor,

Comparative Example 7: Preparation of fat spread

f61441 A mixture consisting of 27.8 parts of hydrogenated fish oll (melling point: 36°C), 18.4 parts of cotion seed oil,
52.3 parts of watar, 1 part of edible sait, 0.5 part of defatted milk powdar, 0.2 part of flavors, and 0.3 part of lecithin was
emulsified and rapidly cooled for plasticization to prepare fat spread, which was evaluated for stability, smoothness and
flavor for comparison. The resuils are shown in Table 2.

Example 15: Production of curry sauce mix

[01421 Forty-four parts of wheat flour (cake flour) and 34 parts of the shortening obtained in Example 8 wera pan-fried
prown, and the resuiting roux was mixed with 8 parts of a commaercially available curry powder mix to obtain a curry
sauce mix {B~giucan content: 1.70%) according to the present invention. The B-glucans were found uniformly dispersed.

Example 18: Production of cockias

[6143] Fifty parts of the fat and oil composition-3 containing f-glucans extracted from a gramineous plant obtained in
Example 3 and 50 parts of soft white sugar were kneaded into cream in @ hobart mixer at a high speed for § minutas.
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A mixture of 15 parts net of whole eggs, 1 part of adible salt, and 0.5 part of ammionium hydrogencarbonate was added
thereto, followed by mixing at a medium speed for 30 seconds. A hundred paris of sieved wheat flour was added, followed
by mixing at a low spaed for 30 seconds to prepare dough. The dough was put into a cvlinder of € em in dlamater,
pressad out by 1 em, and cut. The cut pleces of tha dough were baked at 200°C for 13 minutes to obtain cockies (B-
glucan content: 5.86%) according to the present invention. The f-glucans were found uniformiy dispersed. The cookies
of the present invention were evaluated for hardness and flavor. The results are shown in Table 1.

Comparative Example 8: Production of cookies

[0144]  Fifty parts of a fat and oit mixture consisting of 30 parts of paim olein oil, 70 parts of rapeseed cil, and 0.2 part
of protease-hydrolyzed eqg yolk and 50 parts of soft white sugar were kneaded into cream in a hobart mixer at a high
speed for 8 minutes. A mixture of 15 parts net of whole eggs, 1 part of edibie salt, and 0.5 part of ammonium hydrogen-
carbonate was added thereto, followad by mixing at a madium speed for 30 seconds. The mixture was furthar processed
in the same mannar as in Exampla 16 1o obtain cockies, which were evaluated for hardness and fiavor for comparison,
The results are shown in Table 2.

Example 17: Production of cookias

{0145] Fifty paris of the fat and oil composition-& containing B-glucans extracted from a graminecus plant obtained in
Example 5 and 40 paris of soft white sugar of beet were knaaded into creany in a hobart mixer at a high speed for &
minutes. Twenty parts of raisin paste was addad and mixed into the cream at a madium spaed for 30 seconds. Sieved
foxtail millet flour was added, followed by mixing at a low speed for 30 seconds o prepare dough. The dough was put
into a cylinder of 8 om in diameter, prassed out by 1 cm, and cut. The cut pieces of the dough were baked at 180°C for
15 minutes to obtain cookies (B-glucan content: 0.10%) according to the present invention. The B-glucans were found
uniformiy dispersed. The cookies of the present invention were evaluated for hardness and flavor. The results are shown
in Table 1. The resulting cockies had a satisfactory texture despite the fact thal neither eggs nor dairy products was used.

Comparative Example 9: Production of cookies

[0146] A mixture of 20 parts of hydrogenated soybean oif {melting point: 45°C), 35 parts of paim oil, 30 parts of cotton
seed oil, and 0.2 part of soybean lysclacithin was aliowed to stand at 70°C for 10 minutes and then emuisified in & high-
speed mixar, followed by rapid cooling for plasticization to prepare an edible fat and oil composition having margarine-
like physical properties. Fifty paris of the fat and oif composition and 40 parts of soft white sugar of beet were kneaded
into cream in a hobart mixer at a high spead for 8 minutes. Twenty parts of raisin paste was added, followed by mixing
at a medium speed for 30 seconds. The resulting mixture was further processed in the same manner as in Example 17
to obtain cookies, which were evaluated for hardness and flavor for comparison. The resuits are shown in Table 2.

Example 18: Production of chocolate

{81471 Twelve paris of cacac mass, 45 parts of powderad sugar, 20 parts of whole milk powder, 13 out of 23 paris of
cacan butter, and 2 parts of sample £ of Preparation Example 3 were put into a hobart mixer and mixed with a beater
at a medium speed for 3 minutes. The mixture was rolled and conched o prepare a fat and oif composition containing
B-glucans extracted from a gramineous plant according to the present invention. As observed with the naked eye, the
B-giucans were found uniformly disparsed. The rest of cacao butter was added therete and mixed to obtain chocolate
mass. The chooclate mass was subjected to tempering, poured into a mold, and cooled down to obtain chorolate of the
present invention, which was evaiuated for smoothness, hardness, and flavor. The results obtained are shown in Table
1. The resuiting chocolate had good meit in the mouth and a good flavor,

Comparative Example 10: Production of chocolate

f6148] Twelve parts of cacac mass, 45 parits of powdered sugar, 20 parts of whole milk powder, 13 out of 23 parts of
cacao butter, and 2 parts of a fat and oil composition consisting of 30 parts of palm olein oil, 70 parts of rapeseed oil,
and 0.2 part of protease-processed egg yolk were put into a hoban mixer and mixed with a beater at a medium speed
for 3 minutes. The mixiure was rolled and conched to prapare a fat and oif composition. The rest of cacao butter was
addad thereto and mixed to obtain chocolate mass. The chocolate mass was further procassed in the same manner as
in Exampla 18 o obtain chocolate, which was evaluated for smoothness, hardness, and flavor for comparison. The
resulis obtained are shown in Table 2.
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Example 19: Production of chocolate

{0148 Twalve parts of cacac mass, 45 paris of powdered sugar, 20 parts of whole milk powder, 23 parts of cacao
putter, and 20 parts of the fat and oif composition-2 containing P-glucans extracted from a graminenus plant preparad
in Example 2 were put inte a hobart mixer and mixed with a beater at a medium speed for 3 minutes. The mixiure was
rofled and conched o obtain chocolate mass. The chocolate mass was subjected to tempering, poured into 2 meld, and
cooled down to obtain solid chocolate of the present invention. Tha #-glucans were found unifermiy disgersed. Tha
chocolate of the presant invention was evaluated for smoothness, hardness, and flavor. The resuits are shown in Table
1. The resuiting chocolate had goed meit in the mouth and a good flavor.

Comparative Example 11: Production of chocolata

{34501 Twelve parts of cacac mass, 45 parts of powdared sugar, 20 paris of whole milk powder, 23 parts of cacao
hutter, and 20 parts of palm oil were put into a hobart mixer. The same procedures of Example 19 wera then followed
to obtain a chocolate product, which was evaluated for smoothness, hardness, and flavor for comparison. The results
obtained are shown in Table 2.

Exampls 20: Production of bread

[0151}  Bread was mads by using the -glucan-containing margaring obtained in Example 9. A hundred parts of wheat
flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 8 parts of the margarine obtained in Example 8, and 80
parts of water were mixed in a hopper mixer at & mixing temperature of 28°C at a low speed for 2 minutes and at a high
speed for 4 minutes te prepare bread dough. The dough was allowed to ferment at 28°C for 60 minutes and divided into
450 g portions, which wera each formed into & ball and allowad o prove at 28°C for 20 minutes. The dough was passed
through a sheeter three times, shapad, put intoc a one-loaf pan, and finally proofed at 38°C and 90% RH until it rose 2
cm above the hip of the pan. The final proofing took 42 minutes. The proofed dough was baked at 220°C for 23 minutes
to obtain a loaf of braad (-glucan sontent: 2.10%) according fo the present invention. The f-glucans were found uniformiy
dispersed. The bread of the presant invention was evaiuated for hardness and flavor. The resuits obtained are shown
in Table 1. The resulting bread had sofiness, good volume and a satisfactory texiure.

Comparative Exampla 12: Production of bread

{01452} Bread was made in the same manner as in Example 20, except for replacing the margarine used in Example
20 with margarine which was prepared in the same mannar as in Example 9 excapt for using no g-glucans. The resulting
bread was avaluated for hardness and flavor for comparison. The results obtained are shown in Table 2.

Example 21: Production of bread

{81531 A hundred parts of wheat flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 2 parts of the powderad
fat and ol obtainad in Exampia 7, 4 parts of shortening, 50 paris of the sample oblained in Preparation Exampia 2, and
13 parts of water wera mixed in @ hoppar mixer at a mixing temperature of 28°C at a low speed for 2 minutes and at a
high speed for 4 minutes to prepare bread dough. The dough was allowead to ferment at 28°C for 60 minutes and divided
into 450 g portions, which were each formed into a ball and allowed to prove at 28°C for 20 minutes. The dough was
passed through a shaeter thres times, shaped, put inle a one-loaf pan, and finally proofed at 38°C and 90% RH until it
rasa 2 om above the lip of the pan. The final proofing took 48 minutes. The proofed dough was bakad at 210°C for 30
minutes to obtain a loaf of bread (§-glucan content: 2.00%) according to the present invention. The B-glucans were found
uniformiy dispersed. The bread of the present invention was evaluated for hardness and flaver. The rasults obiained
are shown in Table 1. The resulting bread had softnass, good volume and a satisfactory texture.

Comparative Example 13: Production of bread

[0154] A hundred parts of wheat flour, 3 parts of yeast, 4 parts of sugar, 2 parts of edible salt, 2 parts of a powderad
fat and oil prepared in the same manner as in Example 7 except for using no B-glucans, 4 parts of shoriening, and 83
paris of water were mixad in a hopper mixar at a mixing temperature of 28°C at a low spaed for 2 minutes and at a high
spaed for 4 minutes to prepare bread dough. The dough was further processed in the same manner as in Example 21
to obtain a loaf of bread, which was avaluated for hardness and flavor for comparison. The results are shown in Table 2.
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Example 22: Making of boiled rice

[01585] Japonica rice cultivar Koshihikari made in Niigata was washad well with water. To 100 parts of washed rice
ware added 80 parts of water and 4 parts of the fatand ¢il composition-1 containing §-glucans extracted from a gramineous
plant which was obtained in Example 1. The rice was boiled in an electric rice cooker to obtain boiled rice (B-glucan
contant: 1.10%). The B-glucans were found uniformly dispersad. The boiled rice was evaluated for hardness. The results
are shown in Table 1. The resulting boiled rice had a light and soft texture.

Comparative Example 14: Making of boiled rice

[0156] Japonica rice cultivar Koshihikari made in Niigata was washed well with water. To 100 parts of washad rice
were added 80 parts of water and 4 paris of soybean oil. The rice was boiled in an electric rice cooker o obtain boiled
rice, which was evaluated for hardness for comparison. The resulis are shown in Tabkle 2.

Example 23: Production of gopcorn

[0157] Intoapanwere put 100 parts of popeorn kameis, 2 parts of edible sait, and 10 parts of the fatand il compaosition-
4 containing B-ghicans extracted from a gramineous plant obtained in Example 4, and the pot covarad with a lid was
heated on fire to obtain popcorn (-glucan content: 0.41%). The B-giucans were found uniformiy dispersed. The popcom
of the present invention was evaluated for texture. The rasults are shown in Tabkia 1. The resulting popcorm had goed
quality with a smocth and light texturs,

Example 24: Production of fofu

[0158] Tofuwas produced by using the shortening prepared in Example 8. Soybeans were soaked in water. A hundrad
paris of scaked soybeans was ground together with 140 parts of water, boiled at 100°C for 5 minutes, put into a cotion
bag, and squaezed o obtain soy milk. To the soy milk ware added 3 parts of a coagulant (caicium suifate) and 10 paris
of the shortening obtained in Exampie 8. The mixture was gently stirred, coagulated at 75°C, and poured info a strainer
lined with cotton cloth, left to stand for 30 minutes o obtain tofu (B-glucan content: 1.70%) according fo the present
invention. The f-glucans were found uniformiy dispersed. The resulting fofu was evaluated for smocthnass and flavor.
Tha resulte are shown in Table 1. The rasulting fofu had a good textura,

Comparative Example 15: Production of fofu

[0158] Sovbeans were soaked in water. A hundred parts of soaked soybeans was ground together with 140 parts of
water, boiled at 100°C for 5 minutes, put into a cotton bag, and squeered to obtain soy milk. To the soy milk were added
3 paris of a coagulant (caicium suifate) and 10 parts of shortening prepared in the same manner as in Example 8 except
for using no B-glucans. The mixtura was gently stirred, coagulated at 75°C, and poured into a strainer lined with cotton
cloth, left to stand for 30 minutes to obtain fofu, which was evaluated for smoothness and flavor for comparison. The
results are shown in Table 2.

Example 25: Production of soft chocolate

[01601 A mixture consisting of 50 paris of sugar, 5 parts of cacao mass, 15 paris of whole fat milk powder, 30 parts
of the fat and olf cornposition-2 containing B-glucans extracted from a gramineous plant which was obtainad in Example
2, 0.3 part of lecithin, and 0.04 part of vanillin was subjected to rolling and conching in & usual manner to obtain soft
chocolate (B-glucan content: 17%) according to the present invention. The §-glucans were found uniformiy dispersed.
The soft chorolate of tha presant invention was evaluated for smoothness, hardnass, and flavor. The resuits obtained
are shown in Table 1. The resulting soft chocolate underwent no blooming and had a good flavor.

Comparative Example 18: Production of soft chocolate

{0161] A mixiure consisting of 50 parts of sugar, 5 parts of cacac mass, 15 parts of whole fat milk powder, 30 parts
of paim oil, 0.3 part of lecithin, and 0.04 part of vanillin was subjectad to rolling and conching in a usual manner {o obtain
soft chocolate, which was evaluated for smoothnass, hardness, and flavor for comparison. The results obtained are
shown in Table 2.
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Example 28: Production of water-free cream

f0162} Thirty-five parts of the fat and oil composition-8 containing §-glucans extractad from a graminecus plant which
was cbtained in Example 8, 45 parts of sugar, 10 parts of a tasty gowder, and 10 parts of milkk powder were mixed to
obtainwater-free cream{B-giucancontent: 1.50%)according to the present invention. Thep-glucans were found uniformiy
dispersed. The water-free cream of the present invention was evaluated for smoothnass and flaver. The results ars

shown in Table 1. The rasulting water-frea cream had good melt in the mouth and a very good flavor,
Comparative Example 17: Production of water-free cream

{0183} Thirty-five parts of a fat and oil composition prepared in the same manner as in Example 8 axcept for using no
B-glucans, 45 parts of sugar, 10 parts of & tasty powder, and 10 parts of milk powder were mixed to obtain water-free
cream, which was evaluated for smoothnass and flavor for comparison. The resuits are shown in Table 2.

Example 27: Production of whipped cream for cream sandwiches

f0184] A mixture of 100 parts of the fat and oil compuosition-& containing §-glucans extractad from a gramineous plant
which was prepared in Exampie 8 and 0.1 part of & monoglyceride was beaten into whipped cream having a specific
gravity of 0.3. A hundred parts of sugar syrup was added, and the cream was further beaten o prepare whipped cream
having a specific gravity of 0.65 B-glucan content: 2.18%), which was for cream sandwiches. The §-glucans weare found
uniformiy dispersed. The whipped cream of the present invention was evaluated for smoothness and flavor. The results
are shown in Table 1. The resulting whipped cream had a very good flavor.

Comparative Exampla 18: Production of whipgad cream for cream sandwichas

[0165] Whipped cream for cream sandwiches was made in the same manner as in Example 27, except for using 100
paris of a fat and oil compoesition prapared in the same manner as in Example 8 except for using ne f-giucans. The
resulting whipped cream was evaluated for smoothness and flavor for comparison. The results obtained are shown in

Table 2.

"

Example 28: Production of hard candy

[0468] Thirty-five paris of a fat and oil compeosition consisting of 100 paris of the fat and oif of Example 1, 100 parts
of the fat and il of Example 2, 23 parts of a polyglycerol fatty acid estar, 14 parts of & glyceral fatty acid ester, and 4
parts of a sucrose fatty acid ester, 35 parts of sugar, 8.5 parts of thick malt syrup, 1.5 parts of defatted millc powder, and
40 parts of water were mixed into an oil-in-water emulsion, which was boeiled down until the femperature reached 140°C
and further concentrated until the water content was reduced to 1.8%. The resulting thick syrup was cooled and molded
to obtain hard candy (B-glucan content: 17.80%). The B-glucans wera found uniformly dispersed. The hard candy of the
present invention was evaluated for smoothness and flavor. The resuits are shown in Table 1. The resulting hard candy
undarwent no bleading of oily componants during storage and had a good flavor.

Comparative Example 19: Production of hard candy

fe167} Thirty-five parts of a fat and oil composition consisting of 100 parts of soybean oii, 100 parts of palm oil, 23
paits of @ polyglycero! fatty acid ester, 14 parts of a glycerol fatly acid ester, and 4 parts of & sucrose fatty acid ester,
38 parts of sugar, 8.5 parts of thick malt syrup, 1.5 parts of defatted milk powder, and 40 parts of water were mixed into
an oil-in-water emulsion, which was bolied down until the temperature reachad 140°C and further concentrated to water
contant of 1.8%. The resulting thick syrug was cocled and molded to obtain hard candy. The resulting hard candy was
avaluated for smoothness and flavor for comparison. The results are shown in Table 2.

Example 28: Production of whipped cream

{0468] In 50 parts of water heated to 80°C were dissolved 5 parts of defatted milk powder and 0.1 pan of sodium
tripolyphosphate while stirring to prepare an agqueous phase. Separately, 10 parts of the fat and oil composition of
Example 1, 20 paris of the fat and ofl composition of Example 2, and 15 parte of the fat and ol composition of Example
3 were mixed to prepare an oily phase. The cily phase was mixed with the agueous phase by stirring to prepare a
preliminary emuision. The preliminary emulision was homeogenized under a pressure of § MPa, sterilized in a VTIS
sterilization apparatus at 142°C for 4 seconds, re-homoegenized under a pressure of 5 MPa, conled to 5°C, and than
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aged in a refrigerator for 24 hours to give whipped cream {-glucan content: 19.73%) according to the present invention.
The B-glucans were found uniformly dispersed. The whipped cream of the present invention was evaluated for stability,
smoothness, and flaver. The resulis are shown in Takia 1. The resulting whipped cream was proved to have satisfactory
qualities of overrun, emuision stability, haat resistant shape retention, flavor, melt-in-the-mouth, and shapability in piping
into rosettes.

Comparative Example 20: Production of whipped cream

[0168] In 50 parts of water heated to 60°C were dissolved 5 parts of defatted milk powder and 0.1 part of sodium
tripolyphosphate while stirring to prepare an aguaous phase. Separately, 10 parts of soybean oif, 20 parts of palm il
and 15 parts of rapeseed cil wera mixed to prepare an oily phase. The oily phase was mixed with the agueous phase
by stirring o prepare a preliminary emulsion. The preliminary emuision was further processed in the same manner as
in Example 29 to obtain whipped cream, which was evaluated for stability, smoothness, and fiavor for comparison. The
resulis obtainad are shown in Table 2.

Exampie 30: Production of milk substitute compaosition

[0170] In 64 parts of water heated to 80°C were dissolvad 25 parts of defatted milk powder, 0.2 part of sodium
hexametaphosphate, 0.2 part of sodium citrate, and 0.3 part of a sucrose fatty acid ester while stirring to prepare an
aquaous phase. To the aquecus phase was added 10 parts of the fat and oil composition of Example 8, 0.3 part of a
glycerci fatty acid ester and mixed by stirring 1o prepara a prefiminary emulsion. The preliminary emulsion was homog-
enized under a pressure of 8§ MPa, sterilized in a VTIS sterilization apparatus at 142°C for 4 seconds, re-homogenized
under a pressure of 15 MPa, and cooled to 5°C to obtain a milk substitute composition {(-glucan content: 0.08%)
according to the present invention. The B-giusans were found uniformly disgersed. The milk substitute composition of
the present invention was evaluated for stability and flavor. The results are shown in Table 1. The resulting milk substitute
compeosition was proved satisfactory in both flavor and emulsion stability.

Comparative Example 21: Production of milk substitute composition

[01741  In €4 parnts of watar heated to 60°C ware dissolved 25 paris of defatted milk powder, 0.2 part of sodium
hexametaphosphate, 0.2 part of sodium citrate, and 0.3 part of a sucrose fatly acid ester whila stirring to prepare an
aqueous phasa. To the agueous phase were added 10 parts of the fat and oil compeosition of Comparative Example 6
and 0.3 partof a glycerol fatty acid ester and mixed by stirring o prepare a preliminary emuision. The preliminary emulsion
was further processed in the same manner as in Exampla 30 o give a milk substitute composition. The rasuiting mik
substitute composition was evaluated for stability and flavor for comparison. The results are shown in Table 2.

Example 31: Production of food (margarine) prophylactic for habitual diseasa

[0172] Ten parts of hydrogenated soybean oil {melting point: 45°C}, 35 parts of paim oil, 10 parts of the fat and oil
composition-1 containing B-glucans extracted from a gramineous plant which was obtained in example 1, 30 parts of
an interesterified ol containing 10% or more of plant sterc] or plant sterol fatty acid esters, 13.3 parts of sample 1 cbtained
in Preparation Exampie 2, 1 part of adible salt, 0.5 part of defatted milk powder, and 0.2 part of flavor were emulsified
and rapidly cocled for plasticization to produce margarine having a cholesterol iowering effect (B-glucan content: 4.95%)
according to the present invention. The §-glucans were found uniformly dispersed. The margarine having a cholasterol
lowering effect according to the gresent invention was evaluated for smocthness and flavor. The results are shown in
Table 1. The resuiting margarine had good mett in the mouth and a good flavor.

Comparative Example 22: Production of food (margarine} prophylactic for hakitual disease

[0173] Ten parts of hydrogenated soybean il (melting point: 45°C), 35 parts of paim o, 10 parts of soybean oil, 30
parts of an interesterified oil containing 10% or more of plant stercl or plant sterol fatly acid estars, 13.3 parts of water,
1 part of edible sait, 0.5 part of defatted milic powder, and 0.2 part of flavor were amulsified and rapidly cooled for
plasticization fo produce margarine having a cholesterol lowering effect, which was evaluated for smoothness and flavor
for comparison. The results are shown in Table 2.

Example 32: Production of drug prophylactic for habitual diseases

{0174} Three parts of high purity DHA (purity: 98%; POV: 1.0 mew/kg or less) containing 4000 pum of u-teoopharod,
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20 parts of sample 1 obtained in Preparation Example 2, and 10 parts of casein sodium were emulsified in a high-speed
mixer in a nitrogen atmosphere and spray dried to prepare a powdered drug prophylactic for habitual diseases (3-glucan
content: 4.60% ) according o the present invention. The f-glucans wera found uniformly dispersed. The drug prophylactic
for habitual diseases according o the gresent invention was evaluated for stability. The resuits are shown in Table 1.
The POV of the powder was 0.8 meg/kg, proving the drug o be excellent in antioxidation stability.

Comparativa Example 23: Production of drug prophylactic for hahitual diseases

[0175] Three parts of high purity DHA (purity: 98%; POV 1.0 meg/kg or less) containing 4000 ppm of a-tocopherai,
20 parts of water, and 10 parts of casein sodium were emuisified in @ high-spaed mixer in a nitrogen atmosphere and
spray dried into powder, which was evaluated for stability for comparison. The resuits are shown in Table 2. The POV
of the powder was 1.4 meaq/kg, indicating inferior antioxidation stabiiity.

TABLE 1
Texture
Exampie No. | Stability
Smoeothness | Hardness | Flavor

2 . - n -

3

4 - - - -

5 - - - -
8 - A - A
3 A A - A
10 A - A
1 A - - A
12 A A - A
13 A A A
14 A A - A
15 - - - -
16 A A
17 - - A A
18 - A A A
19 - A A A
20 A A
21 - - A A
2 - - A -
23 A
24 - A - A
25 - A A A
28 - A - A
27 - A - A
28 A A - A
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Exampie No. | Stability

Texture

Smoothnass

Hardness

Flavor

A

A

TABLE 2

Comparative Example No.

Stabi

Taxture

ity

Smoothness

Hardness

Fiavor
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Examples 33 to 37 and Comparative Examples 24 to 27:

[0178] These Exampies and Comparative Examples were carried out with the §-glucan extract (sample 2) which was
prepared in Preparation Example 3 {Preparation of 8-glucans).

26
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Example 33:

[O1771  In 80.5% of warm water (60°C) was dispersed 0.5% of the B-glucan exiract (sample 2), and 49% of paim oil at
60°C was dispersed and emulsified therein. The resulting emulsion was homogenized at 60°C under a prassure of 100
kg/em? and heated up to 100°C by use of a scraped surface heat exchanger (rotational speed: 1200 rpm). The emulsion
was cooled to 5°C and aged for 24 hours to prapare an oil-in-water emulsified composition. When the resulting oil-in-
water emulsified composition was stirred in a mixer, heatad to 80°C, and centrifuged at a rotational speed of 3000 rpm
for 20 minutes, it undarwent no oil separation, showing high emuision stability against both physical and thermal stresses.

Example 34:

[O178]  In 48.5% of warm water (60°C) having dissolved therein 1% of a whey protein concentrate (mainly comprising
B-lactalbumin and o-lactalbuming protein content: 80%) was disparsed (.5% of the B-glucan extract (sample 2}, and 49%
of palm oil heated at 80°C was disparsed and emuisified therein. The resulting emuision was homogenizad at 80°C
under a pressure of 100 kgfem? and heated up to 100°C by use of a scraped surface haat exchanger (rotational speed:
1200 rpn). The emuision was cooled o 5°C and aged for 24 hours to prepare an oil-in-water emulsified composition.
When the resulting oil-in-water emuisifiad composition was stirred in a mixer, heatad to 80°C, and centrifuged at a
rotational speed of 3000 rpm for 20 minutes, it underwent no ol separation, showing high emulsion stabiiity againstboth
physical and thermal stresses.

Comparative Example 24:

f61781  An oil-in-water emuisified composition was preparad in the same manner as in Example 33, except that the -
glucan extract {(sample 2) as usad in Example 33 was not added and that the warm watar was used in 8 proportion of
51%. When the resulting oil-in-water emulisified composition was stirred in a mixer under the same condition as in
Example 33, the oily component separated. When it was heated to 60°C and cenirifuged at 3000 rpm for 20 minutes,
phase separation showing marked oil separation occurrad. Emulsion stability against physical and thermal stresses was
not observad.

Comparative Example 25:

f0180] An oikin-water emuisified composition was preparad in the same manner as in Example 33, except for adding
0.5% of a sucrose faity acid ester (HLB: 18) in place of the B-glucan extract {(sample 2} used in Exampie 33. The
composition was evaiuated for emulsion stability in the samea manner as in Example 33. When tha resulting oil-in-water
amulsified composition was stirred in a mixer, heated to 80°C, and centrifuged at 3000 rpm for 20 minutes, it underwent
appreciable oif separation, showing no emulsion stability against physical and thermal stresses.

Comparative Exampla 28:

31481 An oil-in-water emuisified composition was prepared in the same manner as in Example 33, except for adding
0.5% of a giycarol fatly acid ester (HLB: 4.3} in place of the B-glucan extract (sample 2} usad in Example 33. Tha
composition was evaluated for emulsion stability in the same manner as in Example 33. When the resuiting oil-in-water
emulsified composition was stirred in a mixer, heated to 60°C, and centrifuged at 3000 rpm for 20 minutes, it underwent
appreciable oil separation, showing ne emulsion stability against physical and thermal stresses.

Example 35:

{04821 In 568.86% of warm water (80°C) was dispersed 0.4% of the B-glucan extract (sample 2}, and 43% of palm oil
heated at 60°C was dispersed and emulsifiad therain. The resulling emuision was homogenized at 80°C under a pressure
of 100 kg/en? and heated up to 100°C by use of a scraped surface heat exchanger {rotational speed: 1200 rpm). The
emulsion was cooled to 5°C and aged for 24 hours to prapare an oll-in-water emulsified composition. The resulting oil-
in-water emulsified composition was frozen at -20°C for 24 hours. Whan the frozen oil-in-water emulsified composition
was thawed at 15°C, oil separation did not occur, proving the composition to have high emuision stabiiity against freezing.

Comparative Example 27:

[0183] An oil-in-water emuisified composition was prepared in the same manner as in Example 35, except that the -
glucan extract (sample 2) as usad in Example 35 was not added and that the warm water was used in a proportion of
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57%. The resulting oil-in-water emulsified composition was frozen under the same conditions as in Example 35. When
the frozen cil-in-water emuisified composition was thawed at 15°C, it underwent oil separation, showing no emulsion
stability against freezing.

Example 36:

{0184] Salted agy volk {edible salt content: 8%) was adjusted to pH 8.4 with sodium hydroxide. To 100 parts of the
salted egg volk was added 0.015 part of phospholipase A of swine pancreatic juice origin, and the mixture was treated
at 40°C for € hours. Then 0.001 part of bromelain was added and allowed fo react at 45°C for § hours, followed by
cooling to 10°C o obtain enzyme-processed egg yolk having a water content of 48%. Water (41%), 10% of thick mait
syrup {water content: 30%), 7% of vinegar {acetic acid acidity: 10%,; watar content: 90%), 1.8% of edible salt, 0.1% of
sodium giutamate, C.1% of animal protein hydrolyzate, 0.5% of mustard powder, and 10% of the enzyme-processed
agg yolk were mixed up to prepare an aquecus phase. Separately, an oily phase was prepared by mixing 27% of soybaan
salad oil, 1.5% of tha B-glucan axtract (sample 2), and 1% of modified starch obtained by phosghoric acid-crossiinking
waxy cormn followed by gelatinization. The oily phase was added to the agueocus phase while stirring to obtain an ocil-in-
water preliminary emuision, which was emulsified in a colloid mill to obtain a sour oil-in~water emulsion containing the
P-giucans of the present invention and having a water contant of 55%. A 5C g portion of the sour oil-in-water emulsion
was put into a 100 mi beaker and haated in a microwave oven (high-frequency output: 500 W) for 30 seconds, and the
appearance, texture, and flavor were examined. it was found as a result that the emulsion underwent no oil separation,
axhibited good shape ratention, and had a creamy textura and a good mayonnaise flavor. Further, ancther 50 ¢ portion
of the sour oil-in-water emulsion was put into @ 100 mi beaker, preserved in a freezer at -20°C for 30 days, and haated
as frozen in a microwave oven {high-frequency outpul: 500 W) for 30 seconds, and the appearance, texture, and flavor
ware investigated. it was found as a resulf that the emuision showead no oil separation, exhibited good shape retention,
and had a creamy texture and a satisfactory mayonnaise flavor.

Example 37:

[0185] A mixed oil (81.3%) consisting of 80% of hydrogenated fish oil having a meiting point of 34°C, 15% of scybean
oif, and £% of soft palm oil (melting point: 25°C) was mixed with 0.1% of lecithin and 0.1% of the B-glucan extract {sample
2}, and the mixiure was heated o about 60°C to prepare an oily phase. Separataly, an aqueous phase was prepared
from 16% of water, 1% of defatted milk powder, 1% of an enzyma-processed agg yoik prepared in the same mannar as
in Example 36, and 0.5% of adible salt. The aqueous phase was slowly added to the oily phase while stirring thoroughly
to make a water-in-oil emuision, which was sterilized and rapidly cooled for plasticization in a conventional manner &
obtain margarine for dough and hatter. The rasuiting margarine for dough and batter was evaluated for emuision stability
(whether water was released when aged at 5°C for 24 hours and then pressed with a8 spatula) and flavor. As a result,
water separation was not observed, and the flavor was good.

Examplas 38 to 42 and Comparative Example 28:

{31881  Quality modifiers wera prapared by using the B-giucan extract (sampie 2) cblained in Preparation Example 3
{Preparation of B-glucans). Ingradisnts were compounded according o the formulation shown in Table 3 below and
mixed in a 10 liter rocking mixer, a dry powder blender, for 1 hour to obtain modifiers-1 to -5 and comparative product-
1 having the ingredients uniformly dispersed.

f81871 The resulting modifiers-1 to -5 and comparative product-1 were subjected o a breadmaking test (Examples
38 to 42 and Comparative Example 28). The formulations and the steps used in the test are shown in Tables 4 and 5,
respectively, and the test results are shown in Table 6.

f3188) Evaluation for the properties of dough and the quality of crumb and crust, texture, sofiness, and flavor of bread
was made according o the folicwing standards,

1) Dough properties

A ... Not sticky
B ... Slightly sticky

2} Crumb guality - obsarved with the nakad eye

A ... Fine cells
B ... Having slightly rough cells
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3) Crust quality - observed with the naked eye

A .. Fres from cracks, bumps, and moughnass
B ... Slight cracks, bumps or roughness observad

4} Texture
The texture was evaluated by 10 panel members and rated A or B according to the standard shown beiow. The
rating given by the greater number out of 10 panel members was the rating of the sample.

AL Very good texiure
B ... Good texture

5 Softhess
The softness was avaluatad by 10 panel members and ratad A or B according to the standard shown below. The
rating given by the greater number out of 10 panel members was the rating of the sample.

AL Vaery soft
B ... Soft

&) Fiavor
The flaver was avaluated by 10 panel membars and ratad A or B according to the standard shown below. The rating
given by the greater number out of 10 panel members was the rating of the sampile.

A Very good flavor
B ... Good flavor

TABLE 3
Formulation of Quality Modifier (general dough}
Medifier Comparative Product 1
1 2 3 4 5
Extracted B-giucan 85 70 &0 80 a0
Diacatyltartaric acid monoglyceride Na salt 10 15 8 20
Sucrose fatty acid ester 1 12
Fatty acid monoglyceride 8
L-Ascorbic acid 0.2 0.3 0.7 6.7
L-Cysline G.1 6.2
o-Amylase 0.5 0.7 0.4 1
Glucoamylase 0.5
Hemicellulase 0.5 0.2 0.5
Protease 0.1
Wheat flour 15 15 | 21.6 | 1868 54
Sugar 3.8 2 2 1.4 3
Total (%) 100 | 100 | 100 100 | 100 100
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TABLE4
Formulation for Breadmaking by Sponga-Dough Procass
(unit: part)
Exampie
Comparative Example 28
38 39 40 41 42
Bread flour (Eagle) 70 7G 70 70 70 70
Yeast 2 2 2 2 2 2
Water 45 48 48 48 48 48
Bread flour 30 30 30 3¢ 30 30
Sugar 4 4 4 4 4 4
Edible salt 2 2 2 2 2 2
Shortening 4 4 4 4 4 4
Defatted milk powder 2 2 2 2 2 2
Modifier-1 2
Modifier-2 2
Modifier-3 2
Modifier-4 2
Modifier-5 2
Comparative product- 1 2
Water 25 24 24 25 25 20
TABLE B
Steps of 70% Sponge-Dough Process
Mixing Mixer: Shinagawa, Type w DM, L '14}1 rpm; H 2385 rpm 24°C; 15 mins.
Sponge at low speed; 2 mins. at high spead
Fermentation 28°C, 30 mins.
Dough Mixing 28°C; 1.5 mins. at low spead; 2 mins. at high speed

Floor tima

28°C, 30 mins.

Shaping

Dividing Fold into three and divided into 450 g portions
The dough was passed through National Sheeter-moulder (roli clearance:
Rounding 318 in.}, foided into three, passed through the sheeter, again folded inte
three and again sheeted.
First proofing 28°C, 15 mins.
The dough was passed through the shester section of National Sheeter-
Shapin moulder once at a roll clearance of 3/8 in. and then once at 7/32 in. in the
=haping sama direction and finally at 1/8 in. in the opposite diraction. The flattened
doughwas rolled up inthe moulder section from its dry end making 15 tums.
Shape One-icaf
Pan One-loaf pan (top: 8.8 x 20.5 cm; bottom: 8.5 x 18.9 cm; 8.0 cm deep;
L=

1445 ce)

Final proofing Final proofing

38°C, >30% RH, until the dough rose 2.0 cm above the lip of the pan
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{continued)

Steps of 70% Sgponge-Dough Process

, Baking 227 to 28C°C, 23 mins.
Baking Cooling Room temperature, 40 mins.; sealed info a polyethylene bag after cooling
TABLE &
Exampies
Comparative Exampie 28
38 39 40 41 42
Water absorption (%) 71 70 70 71 71 a6
Oough properties A A B B B B
Volume (mi) 2640 | 2658 | 2620 | 2651 | 2638 2530
Crumb A A A A A A
Crust B A 5] B B 8
Textura A A A A B A
Softness A A B B A
Flavor A A A A A

[0182] Asis apparent from the test results shown in Table §, the modifiers-1 to -5 containing the extracted f-glucans
{(Examples 38 to 42) manifest excellent bread quality improving effects compared with the comparative preduct-1 con-
taining no 3-glucans {Comparative Example 28}, ltis aiso seen that the modifiers-1 to -8 contribute to flaver enhancement
and enable reduction of amounts of additives conventionally used in breadmaking without while retaining the bread
quality (Examples 39 to 42},

Examples 43 t¢ 47 and Comparative Example 28:

{01801 Quality modifiers were prepared by using the B-giucan exfract (sampie 2) obiained in Preparation Example 3
{Preparation of §-glucans).

{01481] Ingredients were compounded according to the formulation shown in Table 7 below and mixad in & 10 liter
rocking mixer, a dry powder blender, for 1 hour o obtain modifiers-8 to -10 and comparative product-2 having the
ingredients uniformly dispersed.

[0192] Frozen dough for butter rolls was prepared by using the modifiers-6 to -10 and the comparative product-2 and
evaluated for breadmaking properties (Examples 43 to 47 and Comparative Example 29). The formulation in the test is
shown in Table 8 below. The dough was prepared as follows. Ingredients other than the moedifier and margarine were
put into & mixer and mixed at 8 low spaed for 2 minutes and at a medium spead for & minutes. Tha modifisr and margaring
were gdded, and mixing was continued at a low speed for 2 minutes and then at & medium spead for 4 minutes. The
mixing temperature was 27°C. The dough was aliowed to ferment at 28°C and 75% humidity for 30 minutes. The proofed
dough was dividad into 45 g portions. After a bench time of 15 minutes, the proofed dough was shaped, deep frozen at
-38°C for 158 minutes, and stored in a freezer at -20°C. After 2, 4, 8 or 8 weak storage, tha frozen dough was thawed at
20°C, finally proofed at 38°C and 80% humidity, and baked in an oven at 200°C for 10 minutes to obtain butter roils.
After cooling, the butter rolls were packed in a polyethylene bag. After left to stand at 258°C for 24 hours, the butter rolls
were evaluated for specific volume, hardness, appaarance, and taste. The resuits obtained are shown in Tabila 8 below.
[0193] The specific volume is g vaiue obtained by dividing the volume of a sampile by its weight. The higher the value,
the higher the volume. The hardness was represented by the number of grams required for 40% compressing & 3 om
thick cut piece of & sample with a disk of 2.5 cm in diameter as measurad with a rheometer (Yamaden incorporation).
Tha smaller the number, the softer. The appearance was ckserved with the naked eye and ranked A to C (A even brown
color with a sheen; B: slightly uneven brown color with a poor sheen; C: considerably uneven brown color with no sheen).
The taste was ranked A to C {A: excellent in flavor and softness; B: normal; C: lacking in flavor or softness).
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TABLE 7
Formulation of Quality Modifier (frozen dough)
Modifier
Comparative Product 2
& 7 8 9 10
Extractad B-glucans 85 73 80 8¢ 87
Diacetyitartaric acid monogiyceride Na salt 18 18 8 20
Sucrose fatty acid ester 1 15
Fatty acid monoglyceride 15
L-Ascorbic acid 0.7 0.5 1 1
L-Cystine 6.2 1
a-Amylase 0.5 0.5 0.3 0.8
Glucoamylase 0.2 0.1 0.3
Hamicallulase 0.4 0.4 0.2 0.4
Protease 0.2
Activated wheat gluten 8 9.2 15 8 4.4 20
Wheat flour 7 3.3 | 101 24
Sugar 1 2 2 2.5
Total (%) 100 | 100 § 100 | 100 | 100 100
TABLE 8
Formulation of Frozen Dough {unit: part)
Example
Comparative Exampie 29
43 44 45 48 47
Bread flour 100§ 70 70 70 70 70
Yeast 4 2 2 2 2 2
Yeast food 0.1
Water 44 48 46 486 48 46
Soft white sugar 12 4 4 4 4 4
Whoie egg 10
Edible sal 1.3 2 2 2 2 2
Margarine 10 4 4 4 4 4
Defaited milk powder 25 2 2 2 2 2
Modifiar-8 4
Modifier-7 4
Modifier-8 4
Maodifier-2 4
Modifier-10 4
Comparative Product-2 4
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TABLE @
Evaluation for Breadmaking Properties of Frozen Dough
Exampie
Comparative Example 28
43 44 45 48 47
Specific volume | 54 55 53 &4 55 &1
Hardness 88 87 69 69 71 81
2wks
Appearance A A A A A
Taste A A A A A B
Specific volume | 5.1 5.5 53 5.2 5.4 4.8
Hardness 73 70 75 71 77 88
4 wks.
Appearance A A A A A
Taste A A A A A B
Specific volume | 5.1 5.1 52 | 51 4.9 4.5
Hardness 75 78 80 82 a1 a9z
€ wks.
Appearance A A A A B B
Taste A A A A B C
Spacific volume | 4.8 4.8 5 4.8 4.7 4.4
Hardness 85 79 a2 85 87 110
8 wks.
Appearance A A A A B B
Taste A A A B C

[0194] Asisapparentfrom the results of evaluation shown in Table 8 above, the frozen dough containing the modifiers-
& to -10 containing the §-glucan extract and having been stored in & freezer for 2 to 8 weeks exhibited excellent bread-
making properties. it was proved that the modifiers are contributory to flavor enhancement and enable reduction of
amounts of additivas conventionally emiployed in bakery products while retaining breadmaking properties of dough.

Examples 48 tc 53 and Comparative Examples 30 o 35:

[0495] Quality modifiers ware prepared by using the B-glucan extract (sample 2) obtained in Preparation Example 3
(Preparation of §-glucans).

{31881  Quality modifying compuasitions for bakery products comprising & B-glucan extract, a giucide having at isast
one of an 1-2-a-D-ghicopyranose bond, an 1-3-¢-D-glucopyranose bond, an 14-u-D-giucopyranosea bond, and an 1-6-
a-D-glucopyranose bond (g-glucan), and D-fructose (Examples 48 to 53) were evaluated for volume, flavor, texiure,
and crispness. The rasults obtained ara shown in Table 10 beiow.

[0197] Bread, French bread, Danish pastries, pizza crusts and biscuits wera made in usual manners. The volume was
evaluated with the naked evye. The flavor, texture, and crispness were evaluated by 10 panel members and rated on an
A-t0-C scale according to the following standards. The rating given to a sample by the greatest number out of the 10
panal mambers was the rating of tha sample. For comparison, Comparative Examples 30 to 35 ware carried cut. In
Table 10 below, the amounts of the extracted B-glucans, D-fructose, and a-glucans are represented as a percentage
to wheat flour taken as 100%.

1} Volume
A L Excellent volume
B ... Good volume

C ... Poor volume
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2) Flavor
A L. Very good flavor
B ... Good flavor
C ... Poor flavor
3} Texture
AL Very good texture
8 ... Good taxiure
C ... Poor texture
4) Crispnass
A ... Very crispy

8 ... Crispy
C ... Not erispy
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TABLE 10
Example Cormparative Example
48 49 50 51 52 53 30 31 32 33 34 35
Bakery oread French Dranish pizza crust bread biscuits oread French {ranish pizza crust bread biscuits
product bread pastry bread pastry
Process straight sponge-co straight sponge-do
ugh uGh
Exiractad 13.13 0.148 2.96 27.54 18.78 4.8¢
B-giucans
(%)
D-Fructose 1.3 0.01 0.5 3.5 2.3 25 1.3 .01 0.8 3.5 2.3 25
(%)
u-Glucan 75 72 74 75 73 76 75 72 74 78 73 78
{(starch)
content in
flour (%)
o-Glucans o] 2 0 5 A 5 G 2 4] 5 2 5
added (%)
Total ¢~ 75 74 74 81 75 &1 75 74 74 81 75 81
gluzansg
(%)
Extracted 10.1 14.8 4.9 7.9 8.2 G.13 - - - - - -
B-
glucans/D-
fructose
Exiracted 0.175 0.002 0.04 0.34 0.25 0.06 - - - - - -
B-ghucans/
otal o
glucans
Yeast EE1T usad usad used used not used used used usad not used used not used
Volume B B B A A C C < C C C
Flavor B A B A B C c < C C C
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Example 54: Production of instant powdered consomme

[01981 The B-glucan extract {sample 2) obtained in Preparation Example 3 (Production of i-glucans) was mixed into
a composition consisting of powderad soy sauce, edible salt, sugar, sodium glutamate, ginger powder, onion powder,
fat powder, ground pepper, and beef-flavored powdered soup in such an amount as to give a 2% concentration when
mixed with hot water to obtain instant powdered consommae. On pouring hot water into the instant powdered consomme,
tha powdar was dispersed in hot water without forming lumps to give consomme containing B-glucans.

Example 55: Making of comn potage

[0192] A hundrad milliliters of two-fold concentrate potage (availlable from Asahi Denka Kogyo KK}, 100 mi of milk,
and 20 g of the J-glucan extract (sample 2) obtained in Preparation Example 3 (Production of §-glucans) were mixed
by stirring at 80°C to prapare -glucan-containing potage. The corn potage of the present invention was excallent with
no strange feeling in tasta and texture, such as rough texture.

Example 58: Production of fermented lactic acid beverage

[0200] Fifteen grams of fermented milk having a milk sclid content of 21%, 13 g of fructose/giucese liquid sugar, 0.5
g of pectin, 0.08 g of citric acid, 0.15 g of flavor, 2 g of the f~giucan extract (sample 2} obtained in Preparation Example
3 {(Proguction of f-glucans), and 84 g of water were mixed by stirring to prepare a B-glucan-containing fermented lactic
acid beverage. The fermented lactic acid beverage was sxcellant in uniformity, taste and textura.

Example 57: Making of milk beverags

{8201} One gram of the f-glucan exiract {sample 2} obtained in Preparation Example 3 (Production of f-glucans) was
mixed inte 150 mi of milk by stirring to obtain a f-glucan-containing milk beverage. The f-giucans were found uniformiy
dissolved and dispersed in the paverage, and the milk beverage was excelient in taste and taxiure.

Example 58: Making of cocoa

[0202] Tha B-glucan extract {sample 2) obtained in Preparation Exampla 3 (Production of §-glucans) was mixed ink

a commerciaily available instant cocoa mix in such an amount as {o give a 5% concentration when mixed with hot water
to prepare a f-glucan-containing instant cocoa mix. On pouring hot water, the instant cocoa mix was dispersed without
forming lumps to provide B-glucan-containing cocoa.

Example 59 Making of cream soup with onion

[0203] B-Glucan-containing powdered soup mix was prapared by uniformly mixing well 28.7 g of edibla ¢il, 19 g of
wheat flour, 12.52 g of dried onion chips, 12 g of defatted milk powder, 8 g of edible salt, 4 g of onion powder, 1.25 g of
sodium glutamate, 2 g of chicken extract, 0.1 g of white peppar, 10 g of maize flour, 0.4 g of carrageenan, and 2.03 g
of the B-glucan axtract (sample 2) obtained in Preparation Example 3 {Production of §-glucans). A comparative soup
mix was prepared by replacing the B~glucans with 2.03 g of wheat flour. On pouring 100 mi of hot water into 20 g of each
soup mix, the f-giucan-containing soup mix was dissolved and dispersed uniformly in several seconds, whereas the
comparative soup mix formad lumps and was difficult {o dissolve.

Example 80: Making of fenmpura - 1

[8204] A hundred grams of commercial cake flowr (Nippon Flour Mills Co., Lid.), one whols egg, 3 g of the B-glucan
axtract {sample 2) obtained in Preparation Example 3 (Production of B-glucans), and 120 g of water ware lightly mixed
to prepare batter. Prawns from which the head and vein had been removed were each dipped in the batter and deep-
driad in oil to make fempura. For comparison, lempura was made by using batter containing no B-giucans. The fempura
of the present invention was superior {o the comparative one in brown color, taste and texture.

Example 81: Making of fempura - 2
{0205] A hundred grams of commercial cake flour (Nippon Flour Mills Co., Lid.), one whols agg, 3 g of the B-glucan

extract (sample 2) obtained in Preparation Example 3 (Production of B-giucans), and 120 g of water were lightly mixed
to prapare batter. Prawns from which the head and vain had besn removed wera aach digped in the batter and deep
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frozen at -20°C. The resulling frozen prawn fempura ready to deep-fry was preserved at -18°C for 1 week and deep-
dried in oil. For comparison, tempura was made by using batter containing no B-glucans. The fempura of the present
invention was superior to the comparative one in brown color, taste and texiure.

Example 62: Making of okonomi-yaki (as-you-like-it pancake)

[0208] A hundred fifty grams of commercial cake flour (Nippon Flour Milis Co., Lid.), 3/4 cup of watar, 5 g of the B~
glucan extract {sample 2) obtained in Preparation Example 3 (Production of B-giucans), and a pinch of edible salt were
mixad up thoroughly, and one whole egg was mixed therein to prepare thin dough. A portion of the dough was spread
on a hot plate olled with the fat and oil composition containing the B-glucans extracted from a gramineous piant which
was obtained in Example 4. Cabbage, green onion, sakura shrimps, and green seawead flakes were placed thareon,
and the rest of the dough was poured thereon. The dough with filling was turned up and further cooked to make okononii-
yaki. Comparative vkonomi-yaki was made without using fB-glucans. The ckonomi-yaki of the prasent invention was
axcellant in brown oolor, taste, and texture.

Example 63: Production of frozen creamy crab korokke (Japanese style croquettes) - 1

[0207] A pan was put onfire, and 70 parts of cake flour, 70 parts of saited butter, and 80 parts of onion were sauteed
in the pan. The pan was taken off the fire, and 360 parts of milk was added. The pan was put back on the fire, and the
mixture was stirred well to prepare white sauce. A hundred parts of canned crab meat was mixed inte 500 paris of the
white sauce, and the mixture was shaped into patties each weighing 50 g. Each patty was covared with cake fiour, egg,
and then bread crumbs containing % of the B-giucan extract (sample 2) obtained in Preparation Example 3 (Production
of B-glucans) and deep frozen at -30°C. After 1 month storage at -20°C, the frozen korokke was thawed, deep dried in
salad oil heated to 180°C for 2 minutes and 30 seconds, drained on paper towel 10 make creamy crab korekke. Com-
parative creamy crab korokke was made without using the B-glucans. The creamy crab korokke of the prasent invention
was superior 1o the comparative one in taste and texture.

Example 64: Production of frozen creamy crab korokke - 2

[0208] A pan was put on fire, and 70 parts of cake flour, 70 parts of saited butter, and 80 paris of onion were sauteed
in the pan. The pan was taken off tha fire, and 380 parts of milk was added. The pan was put back on the fire, and the
mixture was stirred well to prapare white sauce. A hundrad parts of canned crab meat was mixed into 500 parts of the
white sauce, and the mixture was shaped inio patties each weighing 50 g. Each patty was covered with cake flour, egg,
and than bread crumbs containing 5% of the B-glucan axiract (sample 2) obtained in Preparation Example 3 (Production
of B-glucans), and deep dried in salad oil heated to 180°C for 2 minutes and 30 seconds. The resulting korokke was
deep frozen and stored at -20°C. For comparison, frozen korokke was made without using the B-glucans. After 1 month
storage, the frozan korokke was cocked in a microwave oven {500 W) for 1 minute. The creamy crab korokke acoording
to the prasant invention was crispy, not watery, and excellent in appearance, flavor and texture as compared with the
comparative one.

industrial Applicability:

[0208] The presentinvention provides a fi-glucan-containing fat and oil composition which suppiies B-glucans having
excallent bioregulatory functions without being accompanied by reductions in taste, texiure, and the lika.

Claims

1. Ap-glucan-containing fat and oil composition characterized by containing -glucans which have a molecular weight
average of less than 500.000 and are extracted from a gramineous piant.

2. The p-glucan-containing fat and oil composition according to claim 1, which contains a B-glucan having at least two
kinds of bonds selected from a 1-2-B-D-glucopyranose bond, a 1-3-B-D-glucopyranose bond, a 1-4-f-D-glucopyran-
osa bond, and a 1-6-f-D-glucopyrancse bond.

3. The B-glucan-containing fat and oil composition according to claim 1 or 2, which contains a B-glucan having a 1-3-
3-D-glucopyranose bond and a 1-4-3-D-glucopyranose bond.
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4. The P-glucan-containing fat and oif composition according to any one of claims 1 to 3, wherein said gramineous
plant is bariey or cats.

8. A food containing the B-glucan-containing fat and olf comgposition according to any one of claims 1 to 4.

&.  Afatand oil emulsifiesd composition containing the f-glucan-containing fat and ol composition according to any ong
of claims 1 to 4.

7. A bakery product containing the B-glucan-containing fat and ol composition according to any one of claims 1 to 4.

8. A confectionery product containing the B-glucan-containing fat and oil composition according to any one of claims
1o 4.

8. Afood having a prophylactic action for @ habitual disease containing the B-glucan-containing fat and off compasition
according to any one of claims 1 tc 4.

18. A drug having @ proghylactic action for a habitual diseass containing the B-giucan-containing fat and oil composition
according to any one of claims 1 to 4.

41, A processed rice, wheat, maize or soyoean product containing the B-glucan-containing fat and oif compaosition
according to any one of claims 1 to 4.

12. A liquid food containing the B-glucan-containing fat and off composition according to any one of claims 110 4,

13. Aprocessad food mainly comprising starch and containing the -glucan-containing fat and ¢il composition according
to any one of claims 110 4.

Patentanspriiche

1. B-Giusan enthaltende Zusammenseatzung aus Fett und O, dadurch gekennzeichnet, dass sie B-Glucane enthilt,
die einen Molekulargewichtsdurchschnitt von weniger als 500000 haben und aus einer Graspflanze extrahiert sind.

2. B-Giucan enthaliends Zusammensetzung aus Fett und Of nach Anspruch 1, die ein B-Glucan mit wanigstens zwai
Arten von Bindungen, ausgewahit aus einer 1-2-B-D-Glucopyranose-bindung, einer 1-3-8-D-Glucopyrancsebin-

iy

dung, einer 1-4-§-D-Glucopyranosebindung und einer 1-6-p-D-CGlucopyranose-bindung, enthéit.

3. f-Glucan enthaltende Zusammenseizung aus Fett und Of nach Ansprach 1 oder 2, die ein B-Gilunan mit einer 1-3-
B-D-Glucopyranosebindung und einer 1-4-B-D-Glucopyranosebindung enthait.

4. B-Giucanenthaitende Zusammansetzung aus Fettund Ol gemal einemder Anspr
Gerste cder Hafer ist.

2 1bis 3, wobeidie Graspflanze
5, Nahrung, enthaltend die 8-Glucan enthattende Zusammensetzung aus Fatt und Of gaméR ginem der Anspriiche 1
bis 4.

&, Emulgierte Zusammensetzung aus Fett und O}, enthattend die §-Glucan enihaltende Zusammensetzung aus Felt
und Of geméd einem der Anspriiche 1 bis 4.

7. Béackereiprodukt, enthaltend die §-Glucan enthaltende Zusammensetzung aus Fett und Of gemanR einem der An-
spriiche 1 bis 4.

8. S0fwarenprodukt, enthaltend die B-Glucan enthaltende Zusammensetzung aus Fett und O gemaf einem der
Anspriche 1 bis 4.

2. Nahrung mit einer prophylaktischen Wirkung fiir eine Gewohnheitskrankheit {habitual disease), enthaltend die -
Glucan enthaltende Zusammensetzung aus Fett und Of gemal einem der Anspriiche 1 bis 4.
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10. Arzneimittel mit einer prophylaktischen Wirkung fiir sine Gewchnheiltskrankheit, enthaltend dis B-Glucan enthaltends
Zusammensetzung aus Fett und Ol gem&R einem der Anspriche 1 bis 4.

11. Behandeltes Reis-, Welzen-, Mais- cder Sojabohnenprodukt, enthaltend die B-Glucan enthaltends Zusammenset-
zung aus Fett und Ol gemal einem der Anspriche 1 bis 4.

12. Fiissige Nahrung, enthaltend die §-Glucan enthaltende Zusammensetzung aus Fett und O gemaR einem der
Anspriiche 1 bis 4.

13. Behandeite Nahrung, die hauptséchiich Starke beinhaltet und die §-Glucan enthaliends Zusammenssatzung aus
Fett und Ol gemaR einem der Anspriiche 1 bis 4 enthait.

Revendications

1. Composition d’huile et de graisses contenant des B-glucanes caractérisée en ce gu’elle contient des f-glucanes
qui ont un poids meiéculaire moyen inférieur @ 500 003 et qui sont extraits d'une plante graminée,

2. Composition d’huile ot da graisses contenant des B-glucanss salon la revendication 1, qui contient un -glucane
ayant au meins deux types de ligisons cholsies & parlir d'une lialson 1-2-p-D-glucopyranocse, une liaison 1-3-§-0-
glucopyranose, une liaison 1-4-B-D-glucogyranosa et une laison 1-6-B-D-glucopyranosa.

3. Composition d'huile et de graisses contenant des 3-glucanes selon la revendication 1 ou 2, qui contient un B-glucane
ayant une fiaison 1-3-f-D-glucopyrancse at une liaison 1-4-8-D-glucopyrancse.

4. Composition d’huile et de graisses contenant des B-glucanes selon 'une quelcongue des revendications 14 3, dans
laquelle ladite planta graminée est 'orge ou l'avoine.

8, Aliment contenant ia composition d'huile et de graisses contenant des [-giucanes selen 'une queiconque des
revendications 1 & 4,

&. Composition émuisifide d'huile et de graisses contenant la composition d’huile et de graisses contenant des j3-
glucanes selon 'une quelconque des revendications 1 & 4.

7. Produit de boulangerie contenant la composition d'huile et de graisses contenant des f-giucanes selon Pune quel-
congue des revendications 1 & 4.

8. Produit de confiseria contanant la composition d'huile at de graisses contenant des B-glucanes selon Fune gual-
conqus des revendications 1 & 4.

8. Alimant ayant une action proghylactique pour une maladie courante contenant la composition dhuile at de graisses

contenant des fi-glucanes selon Pune quelcongue des revendications 1 a 4.

18, Médicament ayant una action prophylactique pour une maladie courante contenant la composition d'huile et de
graisses contenant des B-glucanes selon 'une gualconque des revendications 1 a 4.

41, Produit traité de riz, blé, mais ou soja contenant la composition d’huile et de graisses contenant des B-glucanes
selon {'une gueiconque des revendications 1 & 4.

12. Aliment liquide contenant la composition d'huile et de graisses contenant des B-glucanes selon 'une guelconque
des ravendications 1 & 4,

13. Aliment traité comprenant essentiellement de I'amidon et contenant fa composition d'huile et de graisses contenant
des B-glucanes selon lune quelcongue des revendications 1 & 4.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates to compositions comprising oil bodies. These oil bodies have a volume weighted
mean diameter within the range of 0.1-100 um and comprise a lipid matrix surrounded by a layer of phospholipids
embedded with structural proteins.

[0002] The invention also concerns a novel process for the production of oil bodies.

BACKGROUND OF THE INVENTION

[0003] It is well-known in the food industry that the application of oils containing high levels of polyunsaturated fatty
acids can give rise to serious off-flavour problems. These off-flavour problems are associated with the oxidation of the
polyunsaturated fatty acids, leading to the formation of volatile, potent flavour molecules, such as unsaturated aldehydes.
Flavour attributes associated with oxidation products of polyunsaturated fatty acids include "fish", "cardboard”, "paint",
"oily", "rancid" and "metallic”.

[0004] Whilst all polyunsaturated fatty acids have been associated with the aforementioned stability problems, lipids
containing w-3 polyunsaturated fatty acid residues, notably lipids containing w-3 C,3-C,, polyunsaturated fatty acid
residues (-3 long chain PUFA or ©-3 LC PUFA) are known to be extremely susceptible to oxidation. Oxidation of the
latter fatty acid residues yields volatile oxidation products that introduce a foul "fishy" smell to the product containing
these fatty acid residues. Typical examples of -3 LC PUFA include docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA).

[0005] Althoughitis known that the rate of oxidation of polyunsaturated fatty acids may be reduced through the addition
of anti-oxidants, the application of such anti-oxidants at best delays the formation of unacceptable off-flavour. However,
the shelf-life of products containing appreciable amounts of w-3 LC PUFA, especially food products and beverages, is
inherently limited as a result of the inevitable oxidation of these fatty acid residues. Furthermore, in some product
applications, e.g. in water-containing products containing dissolved pro-oxidative salts of e.g. iron or copper, it is essen-
tially impossible to employ -3 LC PUFA as rapid oxidation of these fatty acid residues will commence as soon as the
product has been compounded.

[0006] Many, many scientific publications have been issued during the past two decades that strongly suggest that
regular consumption of significant amounts of ®-3 LC PUFA can deliver important health benefits. In particular, there is
compelling evidence that mental health, (development of) cognitive capabilities and cardiovascular health are positively
affected by the consumption of »-3 LC PUFA. Hence, there has been no lack of effort in the industry to develop food
products, beverages, nutritional preparations and pharmaceutical preparations that contain appreciable amounts of «»-
3 LC PUFA. However, widespread application of -3 LC PUFA in especially food products and beverages has been
frustrated by the oxidative instability of these fatty acids.

SUMMARY OF THE INVENTION

[0007] The present inventors have unexpectedly that the oxidative instability of w-3 LC PUFA in products can be
reduced dramatically by incorporating -3 LC PUFA in the form of oil bodies and that these oil bodies can be obtained
with a special process.

[0008] Oil bodies are the discrete intracellular organelles in which triacylglycerides are stored in, for instance, plant
seeds. Plant oil bodies are spherical particles about 0.5-4 um in diameter and are found in all oilseed plants (i.e. canola,
flax, sunflower, soybean and corn). The oil-bodies consist primarily of a central droplet of oil (predominantly consisting
of triglycerides) that is surrounded by a coat essentially consisting of a phospholipid monolayer and structural proteins.
[0009] Oil bodies are remarkably stable both inside cells and in isolated preparations. In both situations the oil bodies
occur as individual entities. The structural proteins that together with the phospholipid monolayer surround the central
lipid core of the oil bodies, are believed to protect the phospholipids in the monolayer by making them inaccessible to
external phospholipase A2 and phospholipase C. Structural proteins found in plant oil bodies include oleosins and
caleosins.

[0010] The structural protein oleosin is a relatively small protein (15 to 26 kD) and typically contains a central stretch
of about 72 hydrophobic residues that is inserted into the lipid core whereas the amphiphatic N-terminal and C-terminal
are located at the surface of the oil body. Both terminal portions of the oleosin can be either short (e.g. 4 residues) or
very long (e.g. 1200 residues). The central hydrophobic stretch of about 72 uninterrupted hydrophobic residues is the
hallmark of an oleosin. No other known protein in any organism has such a long hydrophobic stretch (Hsieh et al., Plant
Physiol. 2004 November; 136(3): 3427-3434).

[0011] The key structural features of caleosins are an N-terminal region with a single Ca2*- binding EF hand domain,
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a central hydrophobic region able to form a single bilayer span, and a C-terminal region with several putative protein
kinase phosphorylation sites (D.J. Murphy, LIPID ASSOCIATED PROTEINS IN PLANTS, 16th Int. Plant Lipid Sympo-
sium, Budapest, June 2004, pages 1-8). Caleosins lack an N-terminal signal peptide, but do have a central, hydrophobic
region of typically more than 30 residues. Like oleosins, caleosins contain a proline-rich region with the potential to form
a "proline know" motif.

[0012] The inventors have found that ®»-3 LC PUFA containing oil bodies that are naturally present in some micro-
organisms, notably algae, may be recovered from these micro-organisms essentially undamaged and that the use of
such oil bodies in food products provides the well-sought oxidative stability for w-3 LC PUFA.

DETAILED DESCRIPTION OF THE INVENTION
[0013] Theinventionrelates to aprocess for theisolation of oil bodies as defined herein before, said process comprising:

- subjecting micro-organisms containing such oil bodies in a dry form to conditions that will cause rupture of the micro-
organism cells;

- optionally adding water, and creating a dispersion of the ruptured cells in water;

- allowing the oil bodies to be released from the cells into the surrounding water; and

- separating the oil bodies from the ruptured cell biomass.

[0014] The micro-organisms are in a dry form before they are subjected to conditions that will cause rupture of the
micro-organism cells.

[0015] According to a particularly preferred embodiment, the micro-organisms employed in the present process are
marine micro-organisms, preferably an algae strain belonging to one of the species Crypthecodinium cohnii, Odontella
aurita or an algae strain of a species belonging to the Thraustochytriidae group. Most preferably, the algae strain is an
algae strain of a species belonging to the Thraustochytriidae group.

[0016] Inthe present method, the oil bodies may be separated from the ruptured cell biomass by means of any suitable
separation technique. Examples of suitable separation techniques include decanting, filtration and centrifugation. Most
preferably, the oil bodies are separated from the ruptured cell biomass by means of centrifugation. In order to facilitate
separation of the oil bodies from the ruptured cell biomass, suitably processing agents are added, e.g. to increase the
density of the aqueous cell biomass.

[0017] Accordingly, one aspect of the invention relates to a composition comprising at least 0.1 wt.% of oil bodies,
said oil bodies having a volume weighted mean diameter within the range of 0.1-100 um and comprising a lipid matrix
surrounded by a layer of phospholipids embedded with structural proteins, wherein the lipid matrix contains at least 80
wt.% of glycerides, said glycerides containing at least 3 %, preferably at least 5 % -3 C,;-C,, polyunsaturated fatty
acid residues (-3 LC PUFA) by weight of the total amount of fatty acid residues contained in said glycerides.

[0018] The term "glyceride" as used herein encompasses lipids selected from the group consisting of triglycerides,
diglycerides, monoglycerides, phosphoglycerides and combinations thereof. More preferably, the glycerides are selected
from the group consisting of triglycerides and diglycerides. Most preferably, the glyceride is triglyceride oil.

[0019] The aforementioned lipid matrix represents the core of the oil body and preferably contains at least 90 wt.% of
glycrerides, even more preferably at least 95 wt.% of glycerides and most preferably at least 98 wt.% of glycerides.
Besides glycerides of various structures and fatty acid chain length the lipid matrix may also contain other minor com-
ponents that are dissolved in said matrix.

[0020] The composition according to the present invention advantageously comprises 0.3-10 wt.% of the oil bodies.
Even more preferably, said composition contains 0.5-8 wt.% of said oil bodies. The volume weighted mean diameter of
the present oil bodies typically is within the range of 0.3-50 um, especially within the range of 0.5-30 wm. The phospholipid
layer surrounding the lipid core of the oil body usually is a monolayer.

[0021] The oil bodies employed in according with the present invention are advantageously derived from a micro-
organism selected from the group consisting of algae, fungi, yeast and combinations thereof. More preferably, the oil
bodies are derived from algae or fungi, most preferably from algae. The amino acid sequence of the structural protein
in the oil bodies can be used to identify the exact origin of the oil body.

[0022] The oil bodies of the present invention are suitably isolated from marine micro-organisms. Members of the
following families are capable of producing -3 LC PUFA: Thraustochytriidae, Crypthecodiniaceae, Gymnodiniaceae,
Prorocentraceae, Haptophyceae, Skeletonemataceae, Cryptomonadaceae, Phaeodactylaceae. Specific examples of
-3 LC PUFA producing species include: Amphidinium, Amphor, Asterionella, Biddulphia, Ceratium, Chaetoceros,
Chlorella, Chroomonas, Cochlodinium, Crisphaera, Crypthecodinium, Cryptomonas, Cyclotella, Cylindrotheca, Dun-
iella, Emiliania, Fragilaria, Glenodinium, Gonyaulax, Gyrodinium, Haematococcus pluvialis, Heteromastix, Isochrysis,
Lauderia, Monochrysis, Monodus, Moritella, Mortierella, Nannochloris, Nannochloropis, Navicula, Ni tzschia, Odontella,
Olisthodiscus, Pavlova, Peridinium, Phaeodactylum, Porphyridium, Prorocentrum, Pseudopedinella, Rhodella, Rho-
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dodomas, Schizochytrium, Skelentonema, Stauroneis, Tetraselmis, Thalassiosira, Thrautochytrium, Ulkenia.

[0023] According to a particularly preferred embodiment, the oil bodies are derived from marine micro-organisms,
preferably from an algae strain belonging to one of the species Crypthecodinium cohnii, Odontella aurita or an algae
strain of a species belonging to the Thraustochytriidae group. Most preferably, the algae strain is an algae strain of a
species belonging to the Thraustochytriidae group. Preferred species belonging to the Thraustochytriidae group are
Schizochytrium, Thraustochytrium, Ulkenia, Aplanochytrium, Japonochytrium.

[0024] Lipid containing isolates from algae have been marketed for use in animal feed. These isolates contain appre-
ciable amounts of algae biomass. In accordance with the present invention it is preferred to employ relatively "clean’ oil
bodies. Accordingly, in advantageous embodiment, no algae biomass or more preferably no biomass at all, is attached
to the oil bodies or such (algae) biomass is attached in an amount of less than 50%, preferably of less than 30% by
weight of the oil bodies.

[0025] The benefits of the present invention are particularly appreciated when the composition contains a significant
amount of water, e.g. at least 1 wt.% of water. Preferably, the present composition contains at least 5 wt.%, more
preferably at least 10 wt.% and most preferably at least 15 wt.% of water. In case the present product contains water,
the oil bodies are preferably dispersed within the water.

[0026] As explained herein before, oxidation of w-3 LC PUFA is stimulated by the presence of pro-oxidative metal
salts. The oil bodies of the present invention display a remarkable oxidative stability even in the presence of such pro-
oxidative metal salts. Presence of pro-oxidative metal salts in a product cannot be avoided if tap water or mineral water
is used. Furthermore, the incorporation of such metals may be desirable from a nutritional perspective. Hence, according
to a preferred embodiment, the water contained in the present product contains at least 5 mg per kg of water, preferably
at least 10 mg per kg of water of a pro-oxidative metal cation selected from iron, copper, zinc and combinations thereof.
According to a particularly preferred embodiment, the present composition contains at least 0.1 mg/kg or even at least
1 mg/kg of iron cations, more preferably at least 5 mg/kg, even more preferably at least 10 mg/kg and most preferably
at least 15 mg/kg of iron cations.

[0027] Triglycerides typically constitute the bulk of the oil bodies of the present invention. Typically, the oil bodies
contain at least 80 wt.% of triglycerides. More preferably, the oil bodies contain at least 90 wt.% of triglycerides. The
triglycerides contained in the lipid matrix preferably contain at least 10%, most preferably at least 20% »-3 LC PUFA by
weight of the total amount of fatty acid residues contained in said triglycerides.

[0028] The oil bodies of the presentinvention can suitably contain a variety of -3 LC PUFA, including eicosapentaenoic
acid and docosahexaenoic acid. The -3 LC PUFA in the present oil bodies is preferably selected from eicosapentaenoic
acid (EPA), docosahexaenoic acid (DHA) and combinations thereof. Most preferably, »-3 LC PUFA is DHA.

[0029] In algae oil usually both EPA and DHA are present. Typically, the weight ratio of EPA:DHA in algae oil is in the
range of 1:100 to 100:1. In the present oil bodies, the weight ratio of EPA:DHA preferably is in the range of 1:80 to 10:
1, more preferably in the range of 1:60 to 1:10.

[0030] Phospholipids are normally present in the oil bodies of the present invention in a concentration of 0.2-5 wt.%.
The structural proteins usually represent 0.2-7 wt.% of the oil bodies.

[0031] The structural protein present in the oil bodies of the present invention preferably has a hydrophilic N-terminal
portion and/or a hydrophilic C-terminal portion; and a central stretch of preferably at least 25, more preferably of at least
30, even more preferably at least 50 and most preferably at least 70 uninterrupted hydrophobic residues. According to
another preferred embodiment, the central stretch of hydrophobic residues of the structural protein is inserted into the
lipid core and the amphiphatic N-terminal and/or amphiphatic C-terminal are located at the surface of the oil bodies, with
positively charged residues embedded in a phospholipid monolayer and the negatively charged ones exposed to the
exterior. In accordance with a particularly preferred embodiment, the structural protein contains both an amphiphatic N-
terminal and an amphiphatic C-terminal with are both located at the surface of the oil bodies. Most preferably, the
structural protein employed in accordance with the present invention is an oleosin or a caleosin.

[0032] The structural proteins present in the oil bodies of the present invention typically have a molecular size of
10-100 kD, more preferably of 12-70 kD.

[0033] The present invention enables the application of »-3 LC PUFA in a wide array of food products. Thus, in an
advantageous embodiment, the composition is an edible composition, such as a food product or a beverage. Even more
preferably, the composition is selected from the group consisting of beverages (e.g. nutritional beverages and dairy
drinks), spreads, nutrition bars, pasta products, ice cream, desserts, dairy products (e.g. yogurt, quark, cheese), dress-
ings, sauces, soups, instant powders, fillings, dips and breakfast type cereal products (e.g. porridge). According to a
particularly preferred embodiment, the edible product is a beverage, a nutrition bar or an instant powder. The term
"instant powder" refers to an essentially dry powder that prior to consumption can be reconstituted with water to produce,
for instance, a beverage or a soup.

[0034] The edible composition of the present invention may suitably contain additional ingredients such as carbohy-
drates, emulsifiers, herbs, spices, anti-oxidants, preservatives, flavourings, colourings, vitamins and minerals. Further-
more, the edible composition may optionally comprise, in suitable amounts, one or more agents which may beneficially
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influence (post-prandial) energy metabolism and substrate utilisation, for example caffeine and flavonoids (including tea
catechins, capsaicinoids and canitine).

[0035] According to a preferred embodiment, the edible composition contains added vitamins selected from at least
one of: Vitamin A, Vitamin B1, Vitamin B2 (riboflavin), Vitamin B3 (Niacinamide), Vitamin B5 (d-Ca-pantothenate), Vitamin
B6, Vitamin B11, Vitamin B12 (Cyanocobalamin), Vitamin C (Ascorbic acid), Vitamin D, Vitamin E (Tocopherol) Vitamin
H (Biotin), and Vitamin K.

[0036] The composition also preferably comprises added minerals selected from at least one of; calcium, magnesium,
potassium, zing, iron, cobalt, nickel, copper, iodine, manganese, molybdenum, phosphorus, selenium and chromium.
[0037] One or more of the above-mentioned vitamins and minerals are preferably present at amounts of from 5 to
45% of the amounts given in the above European Commission Directive 96/8/EC, especially 5 to 40%, most especially
10 to 30%.

[0038] Another aspect of the present invention relates to the use of the oil bodies as defined herein before in the
treatment or prevention of disorders or ofimpaired cognitive function. Examples of disorders that may suitably be treated
with the present oil bodies include atherosclerosis, cardiovascular disorders and coronary heart disease. The »-3 LC
PUFA in the oil bodies helps to reduce or prevent serum oxidative stress leading to the aforementioned disorders. The
present oil bodies are also advantageously used in the improvement or treatment of cognitive and mental conditions
and disorders as well as the maintenance of normal functions of brain-related systems and processes, preferably ADHD,
aging, Alzheimer’s disease, Parkinson’s disease, multiple sclerosis (MS), dyslexia, depression, learning capabilities,
stress, anxiety, concentration and attention.

[0039] The aforementioned uses preferably comprise oral administration of the oil bodies. Typically, the oil bodies are
administered in an amount that is sufficient to deliver at least 10 mg of ®»-3 LC PUFA per administration event. More
preferably, at least 30 mg, even more preferably at least 50 mg and most preferably at 100 mg of »-3 LC PUFA is
delivered per administration event.

[0040] As will be appreciated from the above, the oil bodies are advantageously ingested in the form of an edible
product, e.g. a food product, a beverage, a nutritional preparation or a pharmaceutical preparation. Most preferably, the
edible product is a food product or a beverage. It will be understood that the present invention may suitably be employed
to treat animals, such as mammals. Most preferably, the present invention is used to treat humans.

[0041] The invention is further illustrated by means of the following examples.

EXAMPLES

Example 1

[0042] Oilbodies were extracted fromdry Schizochytrium micro-algae biomass. The composition of the starting material
is presented in Table 1:

Table 1

Wt.%

Inorganic matter 8.2

Fat# 59.4

Protein 2.5

Moisture 114
5
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(continued)

Wt.%
Carbohydrates * 18.5

* Value estimated by
subtraction of 100% minus
protein, fat, inorganic
matter and water content.
# Soxhlet extraction of 80
grams of dried algae with
hexane, followed by
hexane removal in a rotary
evaporator, yielded 19.2
grams of extracted oil, said
oil having a fatty acid
composition  containing
0.05% o-inolenic acid
(ALA), 1.32% EPA and
34.72% DHA.

[0043] The oil bodies were extracted from dry algae biomass using the following procedure. Fifty gram of dry Schizo-
chytrium micro-algae biomass was mixed with 500 ml of grinding solution (0.6M sucrose) in a Waring blender at a speed
of 22,000 rpm for one minute. The extraction solution, which contained the oil bodies and different solutes, was separated
from debris using a laboratory sieve with a mesh size of 150 pm.

[0044] The liquid phase was further processed in a Sorvall centrifuge, equipped with a GSA rotor, for 30 minutes at
8,000 rpm in order to isolate the oil bodies. A separation in three phases was observed. At the bottom a layer of sediment,
consisting mainly of fibres and proteins was formed. In the middle an aqueous phase consisting of water and solutes
was formed. The top layer consisted of a creamy phase consisting of oil bodies mixed with water and some impurities.
[0045] The cream top layer was carefully removed with a spoon and subjected to three more liquid-liquid separation
steps successively using three different aqueous buffer solutions 1, 2 and 3.

Floating buffer 1 | 0.2M sucrose / 1.0M NaCl
Floating buffer 2 | 0.1M sucrose / 1.0M NaCl
Floating buffer 3 | 0.2M NaCl

[0046] The composition of the Schizochytrium micro-algae oil bodies was determined for three different batches of
oil bodies. The results are presented in Table 2:

Table 2: Composition of three different batches of Schizochytrium micro-algae oil bodies.

Batch 1 Batch 2 Batch 3
Fat (wt%) 24.9 16.1 -
Moisture (wt%) 68.9 72.8 84.7
Protein (wt%) - 1.9 -
Particle size distribution® Dg, 5 (um) 4.4 9.5 48/4.8
Dy, 3 (um) 7.8 20.4 9.7/10.1
*Dj, ,isthe surface-weighted mean diameter and D, 3 is the volume-weighted mean diameter.

[0047] Both the isolated oil bodies as well as the algae starting material were analysed by means of confocal scanning
laser microscopy (CSLM). Microscopic observations were performed on a Bio-Rad confocal microscope equipped with
a Zeiss inverted microscope system using an oil immersion 40 times objective lens N.A. 1.25. The Bio-Rad system was
controlled by Lasersharp software running under OS2. Two laser lines from the argon / krypton laser, 488 and 647 nm
were used to excite the fluorochrome nile blue. Green fluorescence (excitation wavelength 488 nm) indicating the
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presence of lipids was detected in a band at 605 +/- 16 nm. The red fluorescence (excitation wavelength 647 nm)
indicating the presence of protein and other more polar components was detected at 680 +/-16 nm.

[0048] Schizochytrium micro-algae biomass and the isolated oil body suspensions isolated therefrom were coloured
with a nile blue solution. On both the CSLM images of the Schizochytrium micro-algae and the oil body suspensions,
green spheres were seen. In the CSLM images of the micro-algae biomass, substantial parts of the green spheres were
coloured red, indicating that protein cell-wall material is attached to the oil core.

Example 2

[0049] In order to investigate the oxidative stability of oil bodies an accelerated storage test was performed. The
stability of the oil contained in oil bodies obtained through the isolation procedure described in Example 1 was compared
with the oxidative stability of commercially available pure oil isolated from the same Schizochytrium source (ex Martek
Biosciences, USA). Unlike the isolated oil bodies, the pure algae oil contained added anti-oxidants (rosemary extract,
tocopherols and ascorbyl palmitate).

[0050] Ina series of serum flasks were added: 16.7 gram of oil bodies of batch 1 of Example 1 or a comparable amount
of the same type of pure oil (5.0 gram), 0.140 g of Hymono and 60 ml of a 0.035 wt% citric acid buffer pH 5.0. The flasks
was flushed with air for five minutes to ensure that the headspace contained 20.9% oxygen. To minimise light-induced
oxidation of the emulsions, the flasks were wrapped in aluminium foil, incubated in an incubator shaker (Innova 4230,
New Brunswick Scientific, USA) at 60 °C, and shaken at 250 rpm for a maximum of 96 hours. At time intervals of 24
hours, oxygen headspace analysis (Servomex 574 provided with Digitron pressure indicator P200AH) was performed
on headspace samples taken from the flasks.

[0051] The results obtained are depicted in Table 3:

Table 3

Oxygen concentration after
Ohr | 24hrs | 48hrs | 72hrs | 96 hrs

Pure oil 20.9 19.8 15.3 6.8 0.1

Oil bodies | 20.9 19.9 19.2 18.6 18.1

[0052] These results clearly show that much less oxygen is consumed by sample containing the oil bodies than the
by the sample containing the pure oil.

[0053] In addition, off-flavour formation after accelerated storage was analysed: Approximately 20 gram emulsion was
distributed among 20 headspace vials (Chrompack, 20 ml). In all samples the amount of fat was kept constant. The
sample vials were flushed with 100% oxygen, capped and placed in an oven at 60 °C in the dark. The samples are
oxidised in the oven without stirring or mechanical agitation. Duplicate samples were removed from the oven at regular
time intervals (typically twice a day) and cooled down to ambient temperature in the dark. The samples were de-capped
and flushed for ca. 6 seconds with a nitrogen stream at a flow rate of 500 ml/min to prevent further oxidation. The samples
were re-capped and stored at -18 °C until further analysis.

[0054] Samples oxidised for various lengths of time were collected for headspace analysis using a GC-17A gas
chromatograph (Shimadzu). The samples were placed in an automated headspace sampler at 40 °C and allowed to
equilibrate for at least 30 minutes. Headspace samples (2.5 ml) were taken with a gas-tight syringe and injected in split
mode (ratio 5:1) onto a capillary CP-Sil 5CB column (Chrompack). Column specifications: length 25 m, inside diameter
0.25 mm, outside diameter 0.39 mm and film thickness 1.20 wm. The chromatograph was equipped with a flame ionisation
detector. Temperatures at the inlet and detector were 200 °C and 280 °C, respectively. The temperature programming
for gas chromatographic analysis was: 0 °C (4 min) - 40 °C/min - 40 °C (0 min) - 5 °C/min - 60 °C (0 min) - 40 °C/min -
200 °C (3 min). Samples were measured in random order to avoid systematic errors due to e.g. carry over effects. Peak
areas (in uV.s) were quantified for the following oxidation off-flavours: acetaldehyde, propenal, pentane, 1-penten-3-
one, 1-penten-3-ol, pentanal, trans-2-pentenal and hexanal. Peak areas of duplicate samples were averaged and plotted
as a function of storage time at 60 °C. The results obtained are presented in Tables 4-11.

Table 4

Acetaldehyde concentration (in pV.s) after

0 hr 16 hrs 24 hrs | 40hrs 48 hrs 64 hrs
Pure oil 715 3380 9837 49410 | 61874.5 | 698091
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(continued)
Acetaldehyde concentration (in wV.s) after
0 hr 16hrs | 24hrs | 40 hrs 48 hrs 64 hrs
Oil bodies 661.5 | 9038.5 8122 30573 | 44241.5 | 141770
Table 5
Propenal concentration (in wV.s) after
Ohr | 16 hrs 24 hrs | 40hrs 48 hrs 64 hrs
Pure oil 888 | 4500.5 | 5932.5 | 44065 | 78036.5 | 1573386
Oil bodies 0 2121 1994 3238.5 3221 10104
Table 6
Pentane concentration (in pV.s) after
Ohr 16 hrs 24hrs | 40hrs | 48 hrs 64 hrs
Pure oil 743 395.5 564 6412 4662 198360
Oil bodies 9879.5 | 3824.5 | 5757.5 4335 3969 7940.5
Table 7
1-Penten-3-one concentration (in wV.s) after
Ohr 16hrs [ 24hrs | 40hrs | 48hrs | 64 hrs
Pure oil 100.5 16 9 629 648.5 | 2695.5
Qil bodies 13.5 18 112.5 365 372 816.0
Table 8
1-Penten-3-ol concentration (in wV.s) after
Ohr 16hrs | 24hrs | 40hrs | 48 hrs 64 hrs
Pure oil 110 97 128.5 1858 3606.5 | 184499
Oil bodies 1355 | 320.5 324 1182 1140 6274
Table 9
Pentanal concentration (in wV.s) after
Ohr 16 hrs 24 hrs 40hrs | 48hrs | 64 hrs
Pure oil 2277 | 1839.5 | 2069.5 | 7627.5 | 99425 | 55320
Qil bodies 250.5 4765 1920 8671 10295 | 33028
8
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Table 10

Tr-2-pentenall concentration (in xV.s) after

Ohr 16 hrs | 24 hrs | 40 hrs 48 hrs 64 hrs
Pure oil 10 142 225.5 | 3364.5 | 5160.5 | 111503
Oil bodies 11.5 152 140.5 | 1134.5 | 1219.5 6615

Table 11

Hexanal concentration (in xV.s) after
O0hr 16 hrs 24 hrs 40 hrs 48 hrs 64 hrs
Pure oil 799 2402.5 5633 19100.5 | 19100.5 | 266354
Oil bodies | 258.5 | 3651.5 | 2080.5 | 2080.5 2080.5 | 113038

[0055] These results show clearly that the formation of secondary oxidation products is decreased in Schizochytrium
micro-algae oil bodies in comparison to the pure algae oil. This observation is in-line with the above mentioned results
from the accelerated storage test. The combined results of these tests demonstrate that Schizochytrium micro-algae oil
bodies have a better oxidative stability than the pure algae oil. The aforementioned findings are truly remarkable since
the pure algae oil contained added anti-oxidants, whereas the oil bodies did not.

Claims

1. Process for the isolation of oil bodies said oil bodies having a volume weighted mean diameter within the range of
0.1-100 pm and comprising a lipid matrix surrounded by a layer of phospholipids embedded with structural proteins,
wherein the lipid matrix contains at least 80 wt.% of glycerides, said glycerides containing at least 3 %, preferably
at least 5 % ®-3 Cyy-Cyy polyunsaturated fatty acid residues by weight of the total amount of fatty acid residues
contained in said glycerides, said process comprising:

- subjecting dry micro-organisms containing such oil bodies to conditions that will cause rupture of the micro-
organism cells;

- optionally adding water, and creating a dispersion of the ruptured cells in water;

- allowing the oil bodies to be released from the cells into the surrounding water; and

- separating the oil bodies from the ruptured cell biomass.

2. Process according to claim 1, wherein the micro-organism is a marine micro-organism.

3. Process according to claim 2 wherein the marine micro-organism is an algae strain selected from the group consisting
of Crypthecodinium cohnii, Odontella aurita and Thraustochytriidae.

4. Process according to any of claim 1 to 3, wherein the oil bodies are separated from the ruptured cell biomass by
means of centrifugation.

5. Oil bodies obtainable by a process according to claim 1 to 4.

6. A composition comprising at least 0.1 wt.% of oil bodies, said oil bodies having a volume weighted mean diameter
within the range of 0.1-100 um and comprising a lipid matrix surrounded by a layer of phospholipids embedded with
structural proteins, wherein the lipid matrix contains at least 80 wt.% of glycerides, said glycerides containing at
least 3 %, preferably at least 5 % -3 C,3-C,4 polyunsaturated fatty acid residues by weight of the total amount of
fatty acid residues contained in said glycerides wherein no biomass is attached to the oil bodies or wherein such
biomass is attached in an amount of less than 50%, preferably of less than 30% by weight of the oil bodies.

7. Composition according to claim 6, wherein the composition contains at least 1 wt.% of water and the oil bodies are
dispersed within the water.
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Composition according to claim 7, wherein the water contains at least 5 mg per kg of water of a pro-oxidative metal
cation selected from iron, copper, zinc and combinations thereof.

Composition according to claim 8, wherein the composition contains at least 5 mg/kg of iron.
Composition according to any one claim 6 to 9, wherein the oil bodies are derived from a marine micro-organism.

Composition according to claim 10 wherein the marine micro-organism is selected from the group consisting of
Crypthecodinium cohnii, Odontella aurita and Thraustochytriidae.

Composition according to any one claim 6 to 11, wherein the composition is a food product or a beverage.

Composition according to any one claim 6 to 12, wherein the structural protein has a hydrophilic N-terminal portion
and/or a hydrophilic C-terminal portion; and a central stretch of at least 25, preferably at least 30 uninterrupted
hydrophobic residues.

Composition according to claim 13, wherein the structural protein is an oleosin or a caleosin.

Use of the oil bodies as defined in claim 5 or the composition as defined in claim 6 in the manufacture of a composition
for use in the treatment of prevention of disorders or impaired cognitive function.

Use of the oil bodies as defined in claim 5 or the composition as defined in claim 6 in the manufacture of a composition
for use in the reduction or prevention of atherosclerosis, cardiovascular disorders or coronary heart disease.

Use according to claim 15 in the improvement or treatment of cognitive and mental conditions and disorders as well
as the maintenance of normal functions of brain-related systems and processes, preferably ADHD, aging, Alzheimer’s
disease, Parkinson’s disease, multiple sclerosis (MS), dyslexia, depression, learning capabilities, stress, anxiety,
concentration and attention.

Use according to any one of claims 15-17, wherein the use comprises oral administration of the oil bodies in an

amount that is sufficient to deliver atleast 10 mg of w-3 C,-C,4 polyunsaturated fatty acid residues per administration
event.

10
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Beschreibung

[0001] Die vorliegende Erfindung betrifft eine gelatinisierte StiRigkeit, ein Késeimitat sowie ein Herstellungsverfahren
derselben

[0002] Aus dem Stand der Technik ist beispielsweise eine auf Stirke basierte, gelatinisierte StRigkeit aus der EP
1645196 B1 bekannt, die eine verfliissigte und stabilisierte Hillsenfrucht-Starke mit einem Gehalt an Amylose von 25
bis 40% und ein oder mehrere SURungsmittel enthalt.

[0003] Beider Herstellung einer solchen Siifkigkeit auf Basis von Stérke kann jedoch noch die Gelierzeit verkiirzt und
die Verarbeitbarkeit insgesamt verbessert werden.

[0004] Es ist somit eine Aufgabe der vorfiegenden Erfindung, eine gelatinisierte SiiRigkeit bereitzustellen, die die
Nachteile des Stands des Technik Uiberwindet, inshesondere eine verkiirzte Gelierzeit und eine insgesamt verbesserte
Verarbeitbarkeit ermdglicht. Ebenfalls soll ein Herstellungsverfahren flr diese SGRigkeit sowie ein K&seimitat bereitge-
stelit werden.

[0005] Diese Aufgabe wird erfindungsgemaR geldst durch eine gelatinisierte StiRigkeit, enthaltend eine verflissigte
Hulsenfrucht-Starke oder eine Mischung aus einer verfilissigten Halsenfrucht-Stérke und zumindest einer modifizierten
Starke anderen Ursprungs, wobei in der Mischung die verfliissigte Hilsenfrucht-Stdrke und die modifizierte Stérke
anderen Ursprungs in einem Mischungsverhéitnis von 99:1 bis 1:99 Gewichtsprozent (auf Basis der gesamten Mischung)
vorliegen.

[0006] Bevorzugt ist die Hilsenfrucht-Starke eine Erbsenstarke und/oder die modifizierte Stérke anderen Ursprungs
gine verflissigte, stabilisierte und/oder vernetzte Starke.

[0007] Auch wird vorgeschlagen, dass die Stérke anderen Ursprungs Kartoffelstérke undfoder Tapiokastarke umfasst.
[0008] Ebenfalls kann vorgesehen sein, dass zumindest eine der Starken getrocknet und/oder vorverkieistert ist.
[0009] Zumindest eine der Starken kann Uber Spriihtrocknung hergestelit werden.

[0010] Ferner ist bevorzugt, dass zumindest eine der Starken dextriniert ist.

[0011] Verflissigte Starke kann acetyliert oder hydroxypropyliert sein.

{0012] Auch ist besonders bevorzugt, dass die Siiigkeit 0,5 bis 60 Gew.-%, bevorzugter 8,5 bis 25 Gewichtsprozent
an Stérke enthait.

[0013] Ineiner Ausfiihrungsform ist das StiRungsmittel ein Zucker, der ausgewahit ist aus der Gruppe bestehend aus
Mono-, Di- oder Trisacchariden, Oligo- und Polysacchariden, einzeln oder als Mischung.

[0014] Dabei ist bevorzugt, dass das Stlungsmittel ausgewahit ist aus der Gruppe bestehend Mattit, Sorbit, Mannit,
iditol, Erythrit, Xylit, Sorbit-, Maltit-Sirupen, hydrierten Glukose-Sirupen, starken StiRungsmitteln, einzeln oder als Mi-
schung.

[0015] Die Sifigkeit kann ein Gummi- oder Geleeartikel, Lakritz, Dragee oder Kaubonbon sein.

[0018] Erfindungsgemal istein Verfahren zur Herstellung einer gelatinisierten Siigkeit, wobei es die Schritte umfasst:

- Herstellen einer Zusammenmischung enthaltend verfliissigte Huisenfrucht-Stérke oder eine Mischung aus einer
verflussigten Hilsenfrucht-Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in der Mi-
schung die verfliissigte Hiilsenfrucht-Stérke und die modifizierte Starke anderen Ursprungs in einem Mischungs-
verhélinis von 99:1 1 bis 1:99 Gewichtsprozent {auf Basis der gesamten Mischung) vorliegen, mindestens ein
Suflungsmittel und Wasser,

- Kochen der Zusammenmischung bei einer Temperatur zwischen 100 und 150°C, bis ein im wesentlichen einge-
trocknetes Material erhalten wird,

- Formen der gekochten Zusammenmischung und gegebenenfalls Aufteilen der Zusammenmischung, und
- Rickgewinnen der so erhaltenen gelatinisierten Siiigkeit.

{0017] Erfindungsgeméal ist schliefilich ein Kdseimitat, enthaltend verfliissigte Hillsenfrucht-Stérke oder eine Mischung
aus einer verflissigten Hilsenfrucht-Starke und zumindest einer medifizierten Starke anderen Ursprungs, wobel in der
Mischung die verflissigten Hillsenfrucht-Starke und die modifizierte Stérke anderen Ursprungs in einem Mischungsver-
haltnis von 99:1 bis 1:99 Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen.

[0018] Uberraschend wurde gefunden, dass eine erfindungsgemafe Hilsenfrucht-Stérke bzw. eine entsprechende
Mischung vorteithaft bei der Herstellung von Stligkeiten bzw. Kaseimitaten eingesetzt werden kann, da die Verwendung
derselben zu einer schnelleren Gelierung und einer besseren Verarbeitbarkeit insgesamt fiihnt. Besonders bevorzugt
wird die Hulsenfrucht-Stérke bzw. die Mischung zur Herstellung von Gummi- und Geleeartikeln, Lakritz und Dragees
oder Kaubonbons sowie zur Herstellung von Késeimitat eingesetzt. Das Mischungsverhélinis liegt bei 99:1 bis 1:99 fir
die Mischung aus verflissigter Hilsenfrucht-Stérke und modifizierter Stérke anderen Ursprungs.

Motif Exhibit 1148, Page 438 of 3341



10

20

25

30

35

40

45

55

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

EP 2 138 052 A1

[0019] Wird fiir die eine verfliissigte Hulsenfrucht-Starke beispielsweise Erbsenstarke eingesetzt, soll die Stérke an-
deren Ursprungs dann auch eine andere Huisenfrucht-Starke als Erbsenstarke umfassen kénnen.
{0020] Eine vorteithafte Rezeptur zur Herstellung einer SiRigkeit, wobei alle Prozentangaben in dieser Anmeldung
Gewichtsprozentangaben sind, ist wie folgt:

5-30% verfliissigte Erbsenstérke

5-30% verflissigte und/oder stabilisierte Starke anderen Ursprungs

10-40% Glukosesirup (42 DE)

10-40% Zucker

10-20% Wasser.
{0021] Im Rahmen der vorliegenden Erfindung ist eine verflissigte Hillsenfrucht-Stérke eine verfliissigte, jedoch nicht
stabilisierte Stérke.

[0022] Eine konkretere Rezeptur zur Herstellung einer erfindungsgemafen SiiRigkeit ist wie folgt:

Verflussigte Erbsenstarke  20%

Zucker 30%
Glukosesirup (42 DE) 30%
Wasser 20%
Zitronensaure (50%) 12 mitkg
Aroma nach Bedarf

[0023] Die erfindungsgemafe Sufdigkeit wird hergestelit, indem die einzusetzenden Komponenten zunédchst bei einer
Temperatur von etwa 60°C miteinander vermischt werden. Die daraus erhaltene Zusammenmischung wird anschiiefend
bei einer Temperatur von etwa 135°C bei einem Druck von 2,5 bar gekocht. Darauthin kann sie in vorbereitete Formen
bei einer Temperatur von etwa 80°C gegossen werden. Hier betragt die Konzentration der Losung etwa 70-74° Bx. Nach
dem Abfiillen kann die Zusammenmischung bei 20-70°C fur eine Dauer von etwa 20-30 Stunden trocknen. Nach dem
Trocknen kdnnen die StiRigkeiten aus der Form enthommen und abgepackt werden.

{0024] Figur 1 zeigt Texturmessungen unterschiedlicher verfliissigter Stérken mit einem Texture Analyzer, wobei die
mit "A” bezeichnete Kurve die Texturmessung fir eine erfindungsgemafe eingesetzte Stérke zeigt, Kurve "B" die Mes-
sung fiir eine verfliissigte Weizenstéarke und Kurve "C" die Messung fir eine modifizierte Kartoffelstarke.

[0025] Die Testbedingungen waren wie folgt: Vorgeschwindigkeit: 1,5 mm/sek; Testgeschwindigkeit: 1,0 mm/sek;
Riickgeschwindigkeit: 1,0 mm/sek; Kraft: 100,0 g; Weg: 10,0 mm; Verformung/Strain: 10,0%; Ausidsewert: Auto (Kraft);
Auslosekraft: 5,0 g; Werkzeug: P/2N-Nadel; Messungen pro Sekunde: 200.

[0026] ZurMessung wurden die Starkeprodukte in einer 15-%igen Konzentration in Wasser vermischt und aufgekocht
bis 95°C, bei 95°C fir 10 Minuten gehalten und anschlieBend auf 25°C abgekihit. Die Losung wurde dann bei Raum-
temperatur {etwa 22°C) flir zwei Stunden stehengelassen und die Textur dann mit einem Texture Analyzer gemessen.
Die Starkelosung gelierte wahrend der Standzeit bei Raumtemperatur.

[0027] Figur 1 zeigt die Ergebnisse der Texturmessung. Fir die erfindungsgeméfe SuRigkeit wird eine schnellere
Gelierung festgestelit, da hier der grofite Kraftaufwand fir die Texturmessung erforderlich ist.

[0028] Ein erfindungsgemafes Kaseimitat kann mit den folgenden Bestandteilen hergestelit werden:

Verflissigte und stabilisierte Kartoffelstarke  2,2%

Verfliissigte Erbsenstérke 14.9%

Salz 1.3%
Wasser 59,7%
Zitronensiure 0,2%
Farbstoff 0,1%
Pflanzliches Fett 21,6%
Kéase-Aroma nach Bedarf

3
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[0029] Zunachst wird das Fett in einem Stephan-Mixer erhitzt, bis es geschmolzen ist. Die Trockenstoffe werden mit
Wasser vermischt und dann zum Fett zugegeben. Langsam wird bis auf eine Temperatur von oberhalb von 80°C erhitzt
und bei dieser Temperatur fir 5 Minuten gehalten. AnschlieBend kann die Masse abgefulit und dann abgekihit werden.
[0030] Die in der vorstehenden Beschreibung und in den Anspriichen offenbarten Merkmale der Erfindung kénnen
sowohi einzeln als auch in jeder beliebigen Kombination fiir die Verwirklichung der Erfindung in thren verschiedenen
Ausfuhrungsformen wesentlich sein.

Patentanspriiche

1.

10.

11.

12.

Gelatinisierte Stiligkeit, enthaltend eine verflissigte Hiilsenfrucht-Stérke oder eine Mischung aus einer verfliissigten
Hulsenfrucht-Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in der Mischung die ver-
flissigte Hilsenfrucht-Starke und die modifizierte Stérke anderen Ursprungs in einem Mischungsverhaitnis von 99:
1 bis 1:99 Gewichtsprozent (auf Basis der gesamten Mischung} vorliegen.

SiiRigkeit nach Anspruch 1, wobei die Hilsenfrucht-Starke eine Erbsenstarke ist und/oder die modifizierte Stérke
anderen Ursprungs eine verfliissigte, stabilisierte und/oder vernetzte Starke ist.

SiRigkeit nach Anspruch 1 oder 2, wobei die Stirke anderen Ursprungs Kartoffelstarke undfoder Tapiokastarke
umfasst.

SuRigkeit nach einem der vorangehenden Anspriche, wobei zumindest eine der Starken getrocknet und/oder vor~
verkleistert ist.

SiiRigkeit nach einem der vorangehenden Anspriiche, wobei zumindest eine der Stérken dextriniert ist.
SuRigkeit nach einem der vorangehenden Anspriiche, wobel verfliissigte Starke acetyliert oder hydroxypropyliert ist.

SiiRigkeit nach einem der vorangehenden Anspriiche, wobei sie 0,5 bis 60 Gew.~-%, bevorzugt 0,5 bis 25 Gewichts-
prozent an Stéirke enthalt.

SuRigkeit hach einem der vorangehenden Anspriiche, wobei das SURungsmittel ein Zucker ist, der ausgewahit ist
aus der Gruppe bestehend aus Mono-, Di- oder Trisacchariden, Oligo- und Polysacchariden, einzeln oder als Mi-
schung.

SuRigkeit nach einem der vorangehenden Anspriche, wobei das Stlungsmittel ausgewahlt ist aus der Gruppe
bestehend Maltit, Sorbit, Mannit, iditol, Erythrit, Xylit, Sorbit-, Maltit-Sirupen, hydrierten Glukose-Sirupen, einzein
oder als Mischung.

Siligkeit nach einem der vorangehenden Anspriiche, wobei die Siifligkeit ein Gummi- oder Geleeartikel, Lakritz,
Dragee oder Kaubonbon ist.

Verfahren zur Herstellung einer gelatinisierten Stiftigkeit, wobei es die Schritte umfasst:

- Herstellen einer Zusammenmischung enthaltend verfllissigte Hillsenfrucht-Stérke oder eine Mischung aus
einer verflissigten Hilsenfrucht-Starke und zumindest einer modifizierten Starke anderen Ursprungs, wobei in
der Mischung die verflissigte Hilsenfrucht-Stérke und die modifizierte Stérke anderen Ursprungs in einem
Mischungsverhaitnis von 99:1 his 1:99 Gewichtsprozent (auf Basis der gesamten Mischung) vorliegen, minde-
stens ein SURungsmittel und Wasser,

~ Kochen der Zusammenmischung bei einer Temperatur zwischen 100 und 150°C, bis ein im wesentlichen
eingetrocknetes Material erhalten wird,

- Formen der gekochten Zusammenmischung und gegebenenfalls Aufteilen der Zusammenmischung, und

- Riickgewinnen der so erhaltenen gelatinisierten StRigkeit.

Kéaseimitat, enthaltend verfliissigte Hulsenfrucht-Starke oder eine Mischung aus einer verflissigten Hulsenfrucht~
Starke und zumindest einer modifizierten Stdrke anderen Ursprungs, wobei in der Mischung die verflissigte Hill-
senfrucht-Stérke und die modifizierte Starke anderen Ursprungs in einem Mischungsverhaitnis von 99:1 bis 1:99
Gewichtsprozent (auf Basis der gesamten Mischung) vortiegen.
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(54) Process for preparing cheese
analogs

(57) Synthetic cheese like products
are prepared by the steps of form-
ing an aqueous slurry of full-fat
oleaginous seed material at a pH
below about 3.5, subjecting the
agueous slurry to shear conditions
sufficient to disrupt the natural cel-
lular structure of the seed material,
adjusting the pH of the slurry to the
seed protein’s isoelectric point to
precipitate protein, separating the
entire insoluble portion from the
slurry, homogenizing the insoluble
portion, adjusting the pH of the
homogenized insoluble portion to
about 5.3 to 7.0, and blending
sufficient flavouring agents
therewith to produce a cheese-like
flavour. The seed material may be
beans, lentils, peanuts, soybeans,
rapeseed, safflower, or sunflower.

Additional fats may be blended with
the product. Gums, colourants, ca-
sein, albumin, preservatives, salt
and starch may also be present.
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SPECIFICATION
Process for preparing cheese analogs

BACKGROUND OF THE INVENTION
Dairy-like, in particuar cheese-like, analogs
from vegetable proteins have been described
in U.S. Patents Nos. 4,016,295; 3,891,778;
3,8567,977; 3,867,970; 3,809,771;
3,743,516 3,743,514; and 2,479,040. The
extraction of protein from oilseed materials
has been discussed in Food Technology 18,
(1963); N.Y. Agri. Expt. Sta. Form Res.

28, 4 (1962) and disclosed in U.S. Patents
Nos. 3,968,097; 2,634,227; 2,534,226
and 2,272,562. The effect of pH on the
flavor of plant protein extracts has been dis-
closed in the J. of Food Science 35, 343
(1970). These references describe various
processes and mixtures of vegetable proteins,
binders, gums, flavors and colors which have
been employed to simulate dairy-like materi-
als. Although the prior art methods result in
products having some cheese-like properties,
they have generally lacked the desired textu-
ral, fatty mouthfeel characteristics of natural
cheese. As a result, these products have not
been widely accepted by the consumer as true
substitutes for natural cheese.

SUMMARY OF THE INVENTION

In accordance with the present invention, a
process is provided for preparing improved
cheese-like analogs having improved textural
and mouthfeel characteristics. The process
comprises the steps of forming an agueous
slurry of a full-fat oleaginous seed material at
a pH below about 3.5, subjecting the aqueous
slurry to shear conditions sufficient to disrupt
the natural cellular structure of the seed ma-
terial, adjusting the pH of the slurry to the
oleaginous seed protein’s isoelectric point to
precipitate the protein, separating the entire
insoluble portion from the slurry, homogeniz-
ing the insoluble portion, adjusting the pH of
the homogenized insoluble portion to about
pH 5.3 to 7.0, and blending sufficient
flavors therewith to produce a cheese-like
flavor.

DESCRIPTION OF THE INVENTION

The full-fat oleaginous seed materials used
in the practice of the present invention include
legumes, rapeseed, safflower, sunflower and
the like. Legumes such as beans, lentils, pea-
nut, soybeans and the like are preferred. The
most preferred leguminous seed is soybean.

An aqueous slurry of the full-fat leaginous
seed material is formed having a pH below
about 3.5. In this pH range, the protein,
carbohydrates, flavors and colors from the
oleaginous seed material are soluble. The pH
is preferably maintained at a value below
about 2.2 to produce a fland flavored pro-
duct. Most preferably, the pH is adjusted toa

value between about 1.5 and 2.2. It has been

found that a pH much above 3.5 results in

the extraction or solubilization of little protein.

This acid range is maintained by the addition

of any suitable acidic means, such as hydro-

chloric acid, phosphoric acid, sulfuric acid and
the like. Preferably the aqueous slurry con-
tains about 5 to 20 percent oleagenous seed
material by weight based upon the total
weight of the slurry.

Preferably the aqueous slurry is formed
using comminuted, full-fat oleaginous seed
material prepared by washing and subdividing
the whole full-fat seed material to a fine

80 particle size. Well known means such as
grinding, flaking, pulverizing and the like may
be employed to comminute the seed material.
To avoid the production of off-flavors or odor
and to avoid subsequent fat separation, the

85 temperature generated during comminutation
should be kept below about 28°C.

The aqueous slurry is then subjected to
shear conditions for a period of time sufficient
to disrupt the celtular structure of the oleage-

90 nous seed material, to reduce the particle size
of the oleagenous seed material and to form
an uniform, nonparticulate sturry. Suitable
means for shearing the slurry include the use
of any high speed dispersing, mixing, grind-

985 ing or homogenizing device. Usually 5t 10
minutes of shearing is sufficient to disrupt the
natural cellular structure. Some particularly
troublesome slurries may require longer shear-
ing times up to about 60 minutes.

100 The pH of the sheared agueous slurry is
then adjusted to the isolectric pH point of the
oleagenous protein to precipitate the protein.
The isoelectric point, especially for the legumi-
nous seed protein, is between pH 4.4 and

105 4.8. Suitable basic means, such as sadium
hydroxide, potassium hydroxide, trisodium
phosphate and the like, may be employed to
adjust the pH of the slurry to the desired
isolectric point. The insoluble portion of the

110 slurry contains natural fats, fibers, carbohy-
drates and the like in addition to precipitated
protein. In some instances it is desirable to
lower the natural fiber and carbohydrate con-
tent of the insoluble portion of the agueous

115 sheared slurry. This can be accomplished by
first clarifying the sheared slurry prior to the
isoelectric pH adjustment. Suitable means for
clarifying the sheared slurry include centrifu-
gation, filtration, decantation and the like.

120  The resulting insoluble portion of the pH
adjusted slurry is then separated from the
soluble portion containing soluble carbohy-
drates, colors and flavors. Suitable separation
means include centrifugation, filtration, decan-

125 tation and the like. It has been found that the
texture of the cheese-like end products is
influenced by the moisture content of the
separated solids. For example, about 45 to 60
percent moisture by weight in the solids re-

130 sults in a product having a hard, dry, sliceable

70

75
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texture, whereas about 60 to 75 percent maintain the temperature during blending at
moisture by weight in the solids results in about 60°C.
product having a semi-soft to soft creamy tn order to prepare cheese-like products
texture. The moisture content of the insoluble having semi-soft to hard cheese-like textures,

5 portion can be easily controlled by the remov- 70 the shaped mixture is heated for a sufficient
al of moisture by the separation means or by period of time to set the protein in a stable,
the addition of water thereto. firm physical form. The temperature and heat-

The separated insoiuble portion of the slurry ing period selected have a direct influence on
is then homogenized to form a uniform, the firmness and the moisture content (dry-

10 smooth nonparticulate proteinaceous mixture. 75 ness) of the finished product. Preferably the
Suitable homogenizing means include high shaped mixture is heated to an internal tem-
speed mixing, grinding, homogenizing device perature of about 70°C to 100°C. The use of i
and the like. temperatures from about 82°C to 95°C for _

The pH of the homogenized slurry is then about 30 to 60 minutes result in hard tex-

15 adjusted to about 5.3 to 7.0. The pH is 80 tured products. Lower temperatures of from . 1
selected to duplicate the pH of natural cheese about 70° to 80°C for similar heating periods ’
in the corresponding cheese-like product to be result in a softer textured product. A suitable
produced. For example, a cheese-like spread temperature and heating period thus can be
or cream cheese may desirably have a pH of selected to produce a product having the ¢

20 about 5.5 to 6.0 while a semi-soft or hard 85 desired texture and moisture content.
cheese-like may desirably have a pH of about Other ingredients may be added to the
5.3 to 6.5. Any suitable basic means as homegenized solids to improve the color, melt-
described above may be employed to adjust ability, mouthfeel, taste or texture of the
the pH. cheese-like product. Such ingredients include

25 Sufficient flavors may be blended with the 90 vegetable gums, artificial and natural color-
homogenized slurry to impart a desired ants, casein, albumin, preservatives, salts,
cheese-like flavor. Suitable flavoring means starch and the like which are well-known for
include naturat flavors, artificial flavors, reac- these purposes.
tion products, seasoning and the like which The following examples further iflustrate the

30 combine to provide a “cheese flavor’”. The 95 present invention and are not intended to limit
selection of such flavors is well-known to the breadth described above.
those skilled in the food and flavor art. The
amount of flavor added will depend upon the EXAMPLE 1
type of flavor and the flavoring means but This example illustrates the preparation .

35 usually will range between about 0.1 to 30 100 from soybeans of a cheese analog with a hard
percent by weight based on the dry weight of cheese-like texture.
the homogenized solids. Whoale, full-fat soybeans (22.7 kilograms)

The homogenized flavored solids may then were ground in a Fitz mill to pass through a
be shaped to a desired form. Suitable shaping 0.125 inch screen opening and then added to

40 means include the use of plastic or metal 105 an aqueous mixture at pH 1.7 containing
moulds, animal or artificial casings and the 272.7 kilograms water, 7.2 kilograms phos-
like as are well-known for this purpose. To phoric acid (85%, food grade), 114 grams
avoid subsequent swelling or foaming, it is sodium sulfite and 28 grams of an antifoam-
desirable to remove air which has been incor- ing agent (this mixture contains about 7.6

45 porated during processing. Deaeration is sim- 110 weight percent soybeans based on the total
ply accomplished by any suitable vacuum weight of the slurry), After mixing, the pH of
means. the slurry rose to pH 2.2. The aqueous slurry

In a preferred mode of this process, fat is was then passed through an in-line shearing
blended with the hamogenized solids to simu- device (Tekmar Dispenser type OR-3-6186,

50 late fat-containing natural cheese products, 115 Tekmar Co. Cincinnati, Ohio) having three 5
such as cheese spreads, hard cheese and the (coarse, medium and fine) grinding heads and f
like. Such fats or oils include saturated or into a holding tank. The pH of the sheared {
unsaturated fats from animal or plant sources slurry was then adjusted to pH 4.6 by the R
which are either in liquid or solid form at addition of 10 weight percent aqueous so-

55 about 20°C. Preferably the fats are the unsat- 120 dium hydroxide to precipitate the protein. The
urated types from plant sources. The most insoluble portion containing precipitated pro-
preferred fats include soybean oil, corn oil, tein and other insoluble constituents was then
safflowerseed oil, peanut oil and the like. separated from the soluble portion of the
About 10 to 30 percent fat by weight based slurry by centrifugation. The separated solids

60 on the dry weight of the homogenised solids 125 contained about 83 weight percent water. The
is blended with the solids. Preferably about separated solids were then passed through an
20 to 25 percent fat by weight based on the homogenizer (Manton Gaulin type 15M8TRA)
dry weight of the solids is blended therewith. to produce a smooth textured uniform mix-

To insure uniform blending of the fats with ture. The pH of the homogenized mixture was

65 the homogenised solids, it is preferable to

130 adjusted to pH 5.8 by the addition of 10
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weight percent sodium hydroxide.

Four hundred grams of the resulting mix-
ture were heated to about 71°C and blended
with 95 ml water, 80 grams melted Crisco
(hydrogenated soybean oil, 75°C), 2.5 grams
of hydrated calcium carageenan in 60 ml
water and 92 grams of cheese flavors. The
mixture was blended for 30 minutes io a
uniform smooth consistency. The mixture was
then deaerated in vacuo, moulded and heated
in a steam bath for 45 minutes (the internal
temperature reached 90°C during the last 10
minutes of heating) to form a stable shaped
form. After cooling, the shaped product was
removed from the mould. The resulting
cheese analog had the texture, mouthfeel and
flavor of a hard cheese similar to cheddar
cheese.

EXAMPLE 2

This example illustrates the preparation
from peanuts of a cheese analog having a
semi-hard cheese-like texture.

Raw, whole, blanched, full-fat peanuts (500
grams) were added to 3000 ml of water
which had been previously adjusted to pH 1.6
by the addition of 54 m! of phosphoric acid
(85%, food grade). This mixture contained
about 14.3 weight percent peanuts based on
the total weight of the slurry. The aqueous
mixture was then subjected to shear condi-
tions using a submerged grinder (Tekmar type
SD-45) for 10 minutes to comminute the
peanuts and form a uniform non-particulate
slurry. After grinding, the pH of the slurry was
2.1. The pH of the sheared slurry was then
adjusted to pH 4.8 by the addition of 10%
aqueous sodium hydroxide to precipitate the
protein and other insoluble constituents. The
insoluble portion was filtered from the slurry
and collected onto layers of cheese cloth with-
out squeezing. Two hundred ml of water were
added to the separated mixture to adjust the
solids content to about 28 weight percent.
The resulting solids were passed through a
hand homogenizer to produce a uniform,
smooth-textured mixture. The pH of the homo-
genized mixture was adjusted to pH 5.8 by
the addition of 10 weight percent agueous
sodium hydroxide. The moist solids were then
heated to 50°C and 35 grams of melted
Crisco were added with constant stirring.
After about 5 minutes, 1.0 gram of hydrated
calcium carageenan was added and fol-
lowed by the addition of 30 grams of cheese
flavor. After the ingredients were uniformly
blended, the mixture was placed in a metal
mould and heated in a steam bath for 45
minutes. The internal temperature of the mix-
ture reached about 90°C during heating. The
mixture was cooled and the shaped product
removed from the mould. The resulting
cheese analog had the texture, mouthfeel and
flavor of a semi-hard cheese similar to Colby
cheese.

EXAMPLE 3

This example illustrates the preparation
from soybeans of cheese analogs having tex-
tures similar to various types of cheese.

70  Whole, full-fat soybeans (22.7 kilograms)
were added to an aqueous mixture at about
pH 1.65 containing 272.7 kilograms water,
6.36 kg of phosphoric acid (38%, food grade)
and 114 grams of sodium sulfite (this mixture

75 contains about 7.6 weight percent soybeans
based on the total weight of the mixture). The
entire mixture was then passed through an in-
line shearing device (Tekmar Disperser type
DR-3-616) to reduce the size of the soybeans

80 to a fine particle size. The insoluble portion of
the sheared mixture containing insoluble cellu-
lar material (fiber, carbohydrates) was separ-
ated by centrifugation from the soluble por-
tion containing protein, fats and other soluble

85 constituents. The pH of the soluble portion
was adjusted to pH 4.6 by the addition of
aqueous sodium hydroxide {(560%, 757 ml) to
precipitate protein and other constituents in-
soluble at this pH. The precipitated insoluble

90 solids were removed from the mixture by
centrifugation and washed in the centrifuge
with 272.7 kg of water. The separated solids,
about 22 kilograms, had a moisture content
of about 68 weight percent. The solids were

95 analyzed and found to contain the following
on a weight percent basis:

Protein
Fat
100 Carbohydrates (by difference)

w

7.8
4.6
7.6

A. Preparation of a cheese analog similar to
cream cheese
Four hundred grams of the separated solids
105 prepared above were vigorously agitated in a
laboratory blender to a smooth uniform con-
sistency. The pH of the agitated solids was
adjusted to pH 6.0 by the addition of 10
weight percent aqueous sodium hydroxide.
110 The mixture was then moulded and refriger-
ated to serving temperature. The product was
creamy, smooth and bland in taste similar in
texture to cream cheese.

115 B. Preparation of a cheese analog similar to

flavored cream cheese spread
Four hundred grams of the separated solids

prepared above were vigorously agitated in a
laboratory blender to a smooth uniform con-

120 sistency. The pH of the agitated solids vas
adjusted to pH 5.5 using 10 weight percent
aqueous sodium hydroxide. Eighty grams of
artificial cheese flavors was uniformly blended
with the mixture. The product was moulded

125 and refrigerated to serving temperature. The
cheese analog was creamy smooth with a
good cheese flavor similar to flavored cream
cheese spreads.

Motif Exhibit 1148, Page 449 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

GB2016 265A 4

10

20

25

30

35

40

45

50

55

60

65

C. Preparation of a cheese analog similar to
processed cheeses spread

Four hundred grams of the separated solids
prepared above were vigorously agitated in a
laboratory biender to a smooth uniform con-
sistency. The pH of the agitated solids was
adjusted to pH 6.1 by the addition of 20
weight percent aqueous trisodium phosphate.
The mixture was heated to about 60°C. Eighty
grams of melted Crisco fat and 1 gram of
Keltrol F (xanthan gum) were blended with the
mixture. Then 80 grams of natural and artifi-
cial cheese flavors and about 180 ml of water
were blended with the mixture. The mixture
was heated to 60°C and mixed for 16 min-
utes. The product was moulded and refriger-
ated to serving temperature. The cheese ana-
log had the texture similar to processed
cheese spreads.

D. Preparation of a cheese analog similar to
commercial soft cheese.

One thousand grams of the separated solids
prepared above wers vigorously agitated in a
laboratory biender to a smooth uniform con-
sistency. The pH of the agitated mixture was
adjusted to pH 5.3 by the addition of 20
weight percent trisodium phosphate. To the
mixture there was then added 12 grams of
sodium chloride and 94.8 grams of artificial
and natural cheese flavors. The mixture was
blended for about 30 minutes. The product
was deaerated in vacuo, moulded and heated
in a steam bath for 45 minutes. The internal
temperature of the analog reached about
90°C during heating. The product was refri-
gerated to serving temperature. The cheese
analog had a medium firm texture which did
not cut clean with a knife and was similar to a
commercial soft cheese.

CLAIMS

1. A process for preparing cheese-like an-
alogs, which comprises

(a) forming an aqueous slurry containing a
full-fat oleaginous seed material having a pH
below about 3.5;

(b) subjecting the aqueous slurry to shear
conditions sufficient to disrupt the natural
cellular structure and reduce the particle size
of the oleaginous seed material;

(c) adjusting the pH of the resulting
sheared aqueous slurry to the oleaginous seed
protein’s isoelectric point to precipitate the
protein;

(d) separating the entire insoluble portion
of the slurry from the soluble portion;

(e) homogenizing the insoluble portion of
the slurry to a uniform nonparticulate consis-
tency;

(f) adjusting the pH of the homogenized
slurry to about pH 5.3 to 7.0; and

(g) blending sufficient flavouring agents
with the homogenized slurry to produce a
cheese-like flavour.

2. A process according to Claim 1 wherein
the aqueous slurry contains 5 to 20 percent
oleaginous seed material by weight based
upon the total weight of the slurry.

70 3. A process according to Claim 1 or 2
wherein the oleaginous seed material is le-
guminous seed.

4. A process according to Claim 3 wherein
the leguminous seed is soybean.

5. A process according to any preceding
claim, wherein the full-fat oleaginous seed
material in the slurry is comminuted.

6. A process according to any preceding
claim wherein 0.1 to 30 percent of flavouring

80 agents, by weight based on the dry weight of
homogenized solids, are blended with the
homogenized solids.

7. A process according to any claim pre-
ceding wherein fat is blended with the homo-

85 genized slurry.

8. A process according to Claim 7 wherein
10 to 30 percent fat, by weight based on the
dry weight of homogenized solids, is blended
with the homogenized slurry.

90 9. A process according to claim 7 or 8
wherein the fat-containing blend is heated to
about 60°C.

10. A process according to any preceding
claim further comprising shaping the homo-

95 genized flavoured solids to a desired form.

11. A process according to Claim 10
wherein the shaped solids are heated to set
the protein in a stable physical form.

12. A process according to Claim 10,

100 wherein fat is blended with the homogenized
slurry, the fat-containing blend is heated to
about 60°C and ihe shaped solids are heated
to an internal temperature of about 70°C to
100°C.

13. A process according to Claim 12
wherein the shaped solids are heated to an
internal temperature of about 70°C to 80°C
for a sufficient period of time to form a semi-
soft cheese-like analog.

14. A process according to Claim 12
wherein the shaped solids are heated to an
internal temperature of about 82° to 95°C for
a sufficient period of time to form a hard
cheese-like analog.

16. A process according to any preceding
claim, wherein the sheared aqueous slurry is
clarified before its pH is adjusted to the iso-
electric point of the protein.

16. A process according to Claim 1, sub-
120 stantially as described in Example 1, 2, 3A,
3B, 3C, or 3D.

17. A synthetic cheese-like foodstuff pro-
duced by a process claimed in any preceding
claim.

18. A cream cheese analog produced by a
process claimed in Claim 1.

19. A cheese spread analog produced by
a process claimed in Claim 9.

20. A semi-soft cheese analog produced
130 by a process claimed in Claim 13.

75

105

110

115

125
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21. A hard cheese analog produced by a
process claimed in Claim 14.
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Tl USESQOF OIL BOEES .
FIELE OE THEINVENTION

The present lvvention provides novel emulsions which comprise ol boding,

The vention alse provides a method for preparing the sonulsions and the use of the

3

croulsions in various dumestie and industrial compositions.
BACKGRUUND OF THEINVENTION

Emulsions e mixtures which are prepased from tao mmmi‘w renduble

tomporents. 1 possible to genersbe mivhees of homogensus masressapic sppearanes from
these companents through proper selection snd rasnipulation of mixing conditions. The st
Y conumon type of emulbions are those in which sn aqueous componet and a b pophili

ccnponent are employed s wbich i the srtare fnquen

aibvreferred to as pibinswater and

water-renil eomdsions. In oflidnewater démulsions the Bpophilie phase s dispersad & the

agueous phase; while in waterdreotl emulsions the m}n‘w« phase i <:~;\<‘r\t‘d e the

Hipophilic phase. Commonly kawen domestic examples of sandsion-based formulations

15 include mayonnaise, margarie, foe crearn, cosmuetics and paing. Frvals

extensively applied i industries such s the pharmacentioal and the agrochemical

industties, where 3t is offer degirabls fo foraulate scive in gredients bremuisions

Generally exsulsions are prepared in the presence of a multiplicity of other

substaness iy order to achievs 8 desirable balanve of emulsification, viscosity, stability and

A appeavance. For exmuple, the fornudation of emudsions usially ve & ab lenst ong, and

frequerdly s conddnation of seversl, emulsifving agends.  These agente facllitate the

disperaal of ony invviscalde phase inte the other awd assist in stabilizing the emalsion,

Heudsifiers comprise @ wide variaty of synthetic and nutural omuponents. For example,

3&1{)}:).031}&!:&“;&5& amd chernbnd derdvatives thereof, are widely

i as emulsifiers in food

28 spplications such as margarives and baked products. Ssvevample of 8 natusal emoisifier i
tecithin, & phospholipid pressnt i egg volk, whinh is sommeonly vsed in the preparaiion of
wayowmalse, 1t i also possible to wotap active ingredients in ermulsions. This js e saci.gziiy
desirable csx.&;p{zsi&iits;xs e:{'s;iﬂ;}ri:sing active sgents which are difficalt to-dissslve in

Active ingredients are also

3 freguently forandatad as emulsions in order to enhance their stzshiiit}‘;, One example of an

ernudsion system comaprising 8 pharmacentival sgent ie docy d i US patent F&02,183

which discloses & wound healing emnpesition sondaining an :mt§~§§;§}arsmm§:0r}= gant The

N

& fewe of the myrind of compinents which are ncladed in

joing sxgmplifies. on

forpralations of wulsiony known in e @t A comprehensive overvisw of eoulsifving

W

B

3 sgunds and thely applications wmay be found jo Becher, ¥ Frevelopedia of Bmulsion

ker B, 1883

Technobogy, D

Iy the seeds of sileeed crops, which include econonsd

et Crogs,

such as soybean, vapessed, sunficaver and pabi, the watae fosohible @it fraction s storsd in
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diserete subceliulay structures varimnly known in the art s oil bodies, oleosomes, Hpid
bodles ov spherosomes (Huang 1982, &nn Rev, Plant Mol Biol, 4% 1772000 Sssides w
wixios of oils {tracylglvosrides), which chemicaliy ave dafined as glyeseol estors of fatty
acids, oif bodies comyprise plospholipids and » nerber of asscotated protefns, collectively

§ termed off body protedns. Prom a stracturad poing of view, oif bodizs are oonsidered to bea

,.,
~
w
s
5

]
M

%
»,
et
r,

verride matiix envapsulated by a monolaver of plusph clipids in which ol bedy

protedns ave embedded (Hoang, 1993, Ann Rev! Plant Mol Biol 43 175300, The seed 04l

Ay
5
7
P
%
%
4
o
o2

ot in the oil bedy fraction of plant species is 3 mixture of varives trianylghyosrides, of
which the exact composition depersds on the plant species frony which the oft Is derived, It

2

tas bentune peesible through a coabinatior of claysival breeding aul genetle snginesring

Yoo
o

techaiques, o nanipulate he oil profile of seeds and sxpand wn the ratirally available
repartoire of phind wal compasitions. For an overview of the ongoing effors i his ares, see
Designer O Crops/Breeding, Processing snd Bokechrolagy, B | Morphy 84, 1984, VOH
Verlagsgeseliachaft, Weinhetw, Germany,

i35 Plant seed ofls are vsed in & varlety of industrial applications, notably in
the fond, detergent and sosmetics ndustries. To arder to obtain the plant ofls used in thess
applicatisns, sveds are orushed o pressed and subseguently refioed wiing processes such as
crgens: extraction, degunusing, seatralization, bleaching and fltenng. Aquenus extrackion
of pdant off apeds has also bean documentad Gor axariple Bmbong sad felen, 1997, Can. Tost

 Food Sol Technol T 10: 335 - 2431 Sirwe the ai':j{-mism af the processes taoght by the price

art is to obtain pure oil, off badies in the sourse of these production processes lose their

structorsl totegrity. Thus, the prior art ersulsions formulated from plant oils do e

X

gunersily compriss intaet oil bodies

Ait‘nsmgi\ them we many applications whers mineds] off bassd products

3

3 from ;)Lm{ sogress and foead!

v
5
£
%
=]
=
=
s
ol
@
s
peogl
7
g
%2
)
a3
7%
Pt

Ve

-~

i other applications, ofls de

&y

souress are irodivest coopetition. Lawrde gils, for example, which are widdly wsed in the

e
,/,

wanuboties of detergends, are obtatred fron: minarsl ¢l s well ua from oot ol and

more recently from genstically sngloesred rapesced K

auf, V. O, 1998, Pab Sof. Techn, 88

408}, However, thare is currently an increasiig demand for biodegredable sourves of raw

30 matertals. The plant oif boady based sonalsions of the prevent frovenion offeran advantags

over siintlar miwral i based formulatons, in that the ol fraction ia derived from a
renewabde and envivonmentally friendly soutce.

United States patents S883,710 arad 5813583 disclose emulsions somprising

Hpid vesinlee from oleaginous plants. The amulsions disclosed in these patents ave

N

35 prepaved from relatively crade seed extracts wul comprise numerous ssed companenta

inehuding glyovsylated and nov-glveosylated proteins. Ttis o disadvantage of the ersulsions

tooswhich these paterss relale that they comprise contaminating sved oomponents imparting

a variety of undesirable properties, which may inclode slergenicity wd undesivable
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odour, flavour, colour and organoleptic characteristics, to the emulsions, Due to the
presence of seed contaminants, the preparations of lipid vesicles disclosed in these patents
have limited applications.

SUMMARY OF THE INVENTION

(4, ]

The present invention relates to novel emulsion formulations which contain
oil bodies. The emulsion formulations of the subject invention are obtainable in non-toxic
and food grade forms. In addition, the emulsion formulations are advemtageéusly prepared
from an oil body preparation which is creamy in texture and thus may be readily applied in
a variety of domestic and industrial applications. The present inventors have found that
10 the oil body fraction of living cells is useful in the formulation of a variety of novel

emulsion-based feod, cosmetic, pharmaceutical and industrial products. Broadly stated,
the present invention provides an emulsion formulation comprising washed oil bodies
derived from a cell.

The invention also provides methods for preparing the emulsion

15 formulations and the use of the emulsion formuilations in various domestic and industrial
compositions.

Accordingly, the preseni invention provides a method for preparing
emulsion formulations comprising: 1) obtaining cil bodies from a cell; 2) washing the oil
bodies; and 3) formulating the washed il bodies into an emulsion.

20 In a preferred embodiment of the invention, the washed oil body preparation is obtained
from plant seeds, including seeds obtainable from rapeseed, soybean, maize and sunflower.
Aceordingly, the invention provides a method for preparing the emulsion formulations from

plant seeds comprising:

{a) grinding plant seeds;
25 (b} removing solids from the ground seeds;
(e} separafing the oil body phase from the agueous phase;

{d) washing the oil body phase to yield a
washed oil body preparation;
(e} formulating the washed oil body preparation into an emulsion.
30 It a preferred embodiment of the invention, a liquid phase is added to the
seeds prior to or following grinding of the seeds.
In a further preferred embodiment of the invention, formulating the
emulsion {e) comprises adding a liquid phase to the washed oil bedy preparation.

The emulsions of the present inverntion can be wused in a wide range of

b
(¢1]

applications including in the preparation of food and feed products, pharmaceutical
products, personal care products, and industrial products. The enwlsion formulation of the
present invention is especially suited for the preparation of food-grade products as it is non-

toxic, creamy in texture and bisdegradable.
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Additional chiscts, advadages and feaiures of the prasent joventise will

beoome appavent after consideration of the acomnpanying drawings and the follewing

7

detatied deseription of ¥ Wwvention
BRIEE DESCRIPTION OF THE DRAWINGS
g Figure 1 is a Cocanassie hlus steined gal of 3 washed off body preparation

< A

frow whits mustard, rapeseed { Brassios mape; 5 soybemy, pranut, squesh, flex, sunflower,
afflensnr and madze
Higare 28-C are Cowrnassie blue stained gels showing the protain }tﬁ:{m of

3 2

vardons seed 'f,t‘i&i:i‘i.{xri:% ebtatned fow Brassior sapm Cancda) (A sanflowes (8], svd males

pe

W) The gels show the following fractions {1} total seed protein {T8F), {2} decantad § iqmd

phase (DL}, 3} vnwashed off badhies (LP1), () Boee wadhes with water {LPRY, (5 four

washes with water and eoe svash with 100 s Nay,0Oy {Washed).

&

RETALBR DESCRIPTION DETHE INVENTION

Ag hareinbefore meadioned, the preserd frvention relates 10 emalsion

15 lormulstions comprising off bodies derfved from a cell. ITn one embadiment, the present
Freention provides an emulsion fornuilation comprising washed off badies.
fre another sobodinent, the presant nvention provides & methoad for
prepaving an emalsion fornadation cwnprising: 1) oblaining off bodiss fromy & cells
23 washing the il boddies; and 3} formulating the washed off bodiss ints an snadsion.
24 The cell can be any vell that containg oif bodies {or oll-budy liks struchures)
including plant cells, animal colls, fungal cells and bacterial cells. In 3 preferred

embostiment of the fnventior the off bodies are obtained from a plant el The o) budies

xmay be obtained from a plant cell by rupturing the plant cell membrae and celt wall asing

any methud which releases the sells constituerds without substantially comprontd

385 shroenaral integrity of

be oil bodies. Maore preforably, fhe ofl badies are obtaired from
plant sevds. Accordingly, the present tnvention further provides a method for preparing an
sevadsion forsvaalaiinn con szi&ingc

{1} obtaining oil bodies frow plant seeds by 2 method that comprises:

{al grimi ing plant seady

30 £ samoving solids from the ground svedsy and
o} separating the off body phase feam the aquecis phasy;
{2 washiing the o body phase o vield & washed il body

preparation and

{3}

ng the washied ol body prepavation vt sn emualsion

jd
87

noa preferred embodiment of the invention, » Hauid phase bs added o the

3.
X

seady prior do

4

wwing grivdivg of the seads.
In » forther preferred smbodiment of the invention, forandating the
sopaision (2} ontuprises addi

@ to the wasted off body peparation,
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Sy

$
57
H

The ternt “grinding” a3 weed heveln nwans milling, onshing, chopping o
granulating the sends and these torme sy e wed tarchengesbly throughout this
applieation. In the process, the sved cells ave broken open.

The term "solide” as ased herein means any makurial that i not sclubls n

the aguenns phase o in the ofl body phase. suchoas seed alls,

The term “washing the of bodias™ as used beraln mears any process St
removes celtular comtaminmds from the ol body phase, in particitiay any contaminant
which fmparts undestrable propecties to the emulsion fermuodation, such ss allergenic

properties, undesirable sclour, odvur, Savour or crganvleptic characterdatios ar any uiher

sirable property.  Exampls of methods of washing bidhade gravitation based

separation sethods such a3 centrifugation and size exclusion based separation techniques

i

such as membrave wltrafiliration and srossfiow microfiitvation. Washing methods and

eovelifioons are sslocted By acrordance with 8w desired ity of the ol ey preparation,

The tesm Ywashad ol bedy preparation” &y weed hersin means a

preparation of off bodins from which a significant amount of cellubar waterial has been

<

removed invhuding rontandnants which dopast undesirable properties to the sowalsion
ormulation. such as allergenie propestiss, undesirable solour, ode, taste or organolspts

characteristing or any other undesirable property.  Preferably, the washad oil body
preparation condains less thar 10% of other sved protains.

By “formulating the off bodies into an smulsion”, i Is meant that the
wished off body preparation ds mixed or homogenized, # necsssary, untl an emulsion i
formed. In & preforred embodiment, an additional ingredient is added, such as 3 Heud
phase, and the washed ol baddy preparation and the Hguid phase are wived wadl g
homogenouy mivban i aitained.

The washed oil body preparations are particulacly suitable for the
forvaadation of emaolsions due to advantageous properties nuthived below,
PROPERTIES OF THE OfL BODIES

The sendsion formulations of the present fnvention congprise intact washed

off boadies of approximately uniforsy sig

. \%wpx: and demaiyy. When viswed andder the

slechron microse e, il bodie

are found o b mure o less spferically shaped struchures

{see Bxample Muaphy, T

atwd Cunening L, 1888, Phytochemistey, 38 6306 facks, T.

k
oot sl 1980, JADCS, 67 353361}, Typicad sizes of ofl bodies vary between 04 s for and

38 pan (Murpby, © L oand Cummins L, 1988 B wpicnbeenistry, 3% HRER-3068). When
aalyzest using & Malvern Size Analyzer, it was found thet ofl bodies iy s washed of body

preparation solated from rapesced ware apmnwetically and unimodally distribnged around

Lam: Using s Malvern Size Analyzer & washed ofl body preparation could be clearly

distinguished from sommoraally oliainable oilb-dnewater emulsions including sovadlk,

&

mayonnaise (Kraft Real Mayonnaise) avdd two sooomat auilk preparations {Toses, Aroy-18
¥ { £

EEFN
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The exact size and densily of 4he oil bodies gie;,\, wis b lowst by part on the precise

pratein/ phospholiptd fiacyldventide conmpoattion which iv present. Preparing washad
ofl bodies according to the pressot mvention does not result in 3 substantive afferation in
the sbape of the wil bodies i comparisar with those presers i whade seed when viewed
5 under the alactron raforosonpe.
Lipon breaking open a cell contairtng ofl bodies, the oil bady fraction may be
rapiilly and stogdy soparated fom agema aiutisms since it aguatus sohutions the ol body
fraction will float upon applicetion of s:gnimugai force. Inoachstims, whave the derelly of
the il body fracion t¢ greater than that of the solvent, such as 85% ethangd, the oil bodies
10 will sedirvent under the sme consditions. The off body fraction may also be soparated frnm

the agquecus fraction through size-eychusion based separation techniques, such a3 membrare
filtration, whick mey be adverdageous in that nwre uaiormly sised ol budies may be
asquired,

The off bodies preseat tn e washed off body prepasatin

ns of the prasent

et
(913

nvention are raststant to exposure feostrong ackds and bases, including profonged seposies to

¥

b

R

agidic conditions at keast as low as pH 2 aned alkalive conditions at lnast as kigh a¢ pH
Wheo wxposed 1o pH 12, « slight loss of ofl was observad, indicating a loas of indegrity of
fhe ol haedy stnetere. Inoadditior, exteicton with vastous {3ygm\§< sedutions, g iu\i‘%
mathanwd, ethanel, hexane, bopsopy! alochal and ethyl acetate, does not or only slightly
A compronse the Indegrity of the off bodias present in the washed ofl body preparation, The

il bedies present (n the washed ofl bo

v preparation were alse foand o withsaod sdxing
with the antonde detergend, sodbum dedecy] sulfate (8D8), the cationds, detergent
hexadesyl trimcthy! bramide and Tweso-B0, 3 non-lonie deterg gend. Botling of the washed

ol besdy preparation dn the pres

e of SDE wae found fo sesult ab feast partly in
distrdegration of the ofl body structure. The off bodiss prasent in the washed ofl body

prapasaiion are stable whent maintained for 2 hours up to at kast WIFC, A sow freszs and

A

thaw of washed off body preparations resuBled in & changs i their phvsical appearance
charssterised by the formation of olamps &s opposed o 2 homogereons asudsion. OF body

chanping foliswing @ fressethaw could alse be prevented to a large dugres by sither &)

"

A fash frexeing e Hguid nitrogen instead of slow freezing &t -20°C or by adding ghyoerel in

<

sxcess ol 5% (V) o the ofl body preparation prior to freesing. The resistancs to relatively

&)

harsh chewmical sead phoesical congd s e andgque chameteristic of theofl bodies preseat

.

iy the washed wil bady g ruxa*mr of the sulsjact nvantion.

,...:

The present inveotion provides emulsion formuelations comprising of bodies
35 fromy which a signdficard smount of ssed vontambiants bave heen removed,  Thage
contamdnants nclude protelos, volatibee and other compounds which may impart

undesiralde colowr, odour, Havowr, organsle epiic characteristics or ofhwr urelssirable

fened proteins have besa mported o oaose allergendc rastions.
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By example, Ogawa et al (1993, Bioael, Biedechnol Biochem., 5710301033} report

aliergenielty of the sovbean glycoprotein P38 alteenatively reforred fo as Gly s B 30K

Allergenic reactions against rapeseed, wheat svuad barley send proteire have also been
reprvted {Armentia ot al, 163, Chn. Bxp, AHergy O $10315; Movsatve ot al, 1993, Clin,
S Bxp Allergy 27 833 - 841). Hence removal of covdarainating seed proteing Is wlvantagesas,
Washing conditions may be selecied such that 8 xebstantially pae ol tm\iy peeparation is
obtalned.  Jo st case, oaly the off body proteins ave substantislly present in the

P (‘*’!&I‘;&t‘&‘)‘\
For many applications, it i also copsidered desirable that a purer better
I defined oft body preparation ds obtaired, as this allows more contral sver the fommalating

¢ finad erudsion. v ordes for the washed il baody prepavation fobe ohuded in

ot of soulsoas it fs desirable that volatiles are kept 1o & minimuam and the
eolour is preferabdy Nght ov white. Washing of the off body preparation resuls @ &

3 &

Highter codoured preparvation. fn addition, & sebstantisl amoant of volatiles Is removed,

15 Alsovremovad by washing are compourads which promote ihe growih of miceoorganisms as it
was obaerved that & washed ol body prepasation had # longer shelf Hie than an unwashed
prepanation. Qthey compounds which are removesd by washing include srib-unritional
ghacesindates and for breakdown products theveof s flbrows material. Wher heat freated
e BUOC ar BIPC, 1t wvas obawrved that larger quantities of water roneined absorbed by the

B washed oll body prepavation when vompared with an unwashed preparaticr. Upon sealing

divwnt f0 room teniparaties and contrifugation, # was cheerved thas the washed oif bod ¥

3 Y

preparatisnt remwined stable, while phase separation scowrred in the wewashed

By

preparation. Gliven the snhapced stability of washed il bodk

ﬂ/

3, thay are pealsrred whess
the formulation process lovolves the s s}‘i\aest: moof heak When beated to $0C, the
5 washed ofl body preparation was able 1o absorb a buger quankily of exogerswsly added
water without restdfing in phase separation. Thus in the formulation of aquecus emuisions,
washed wil bodies are proferred. The capacity 0 absorb sxogencusly added oils was also
comparad betwesn a prepambion of washed olf bodiss and an wowashed preparation.

Lavger amounts of exogerous ofl could be added to the washed oif hody preparation before

FOX

" X

R a0 unstable erudsion was formed. This bs advantageous in formulations where exogenous

il o wives are added i the formulation provess such as where lubricants or sosmetivs are
prepared. Whes viscosity was cosparad between a wishad ofl body prepacation and an

2 3

wnwashed preparation # was found St the washed preparation was more viscous, & mo
viscous preparation of il bodies i desirable as this eliwinates the nesd for the addition of

35 thickenbyg agerss in the formulation process.
Thus e washed oil body preparation provided here s superior to an
wrnvashed preparation in many reapects. The washed ofl body prepasstion of the present

Ivention i & befter defined preparation with & Jonger shelf lfe and more preferable
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4

colour, odoar and viscosity chavacteristics. The washesd oif body preparstion also has

superior water aod off abwsorption characteristics.  Firally due o the remwval of a
sigutficant avt of sesd protelns, allergents reactons e less Hkely to vcour, These

characteristics allow the use of the washed off body prepatation in the formulation of &

shiv and lndustrial exadafona,

321
<

o2
=

%
s
b

S,
e
%

4

..\

The abwrve abservations were roade using washed and unwashed ol be

preparatons ahizined from rapessed and propared as

L

shailed i Example 7 of the present
a;—;piieaiiﬁ:‘nl iy belisved that resistance o relatively harsh chemical and physiosd
congdidtons will be o sharacteristic of the off hodles present in the washed off preparation of
M the subject invention regardlass of the source of the ofl bodias, Hasvesse i i Rhely that ane
or more of the berslnbefore documanted properties for rapesced off bodies will vary

somewhal depasd

g oon the cells from which e washed ol bodiss preparaticn iz

obtaived. Devertheless 1t {8 ko be clearly wngderstoost that e aubiech vertion ds drawn to

arecd! body preparation which may be obiained frong any oell somprising oif hadies,

P
St

I one smbodinent of the present invention, the off budies we obtained from
plant sexds.  The presence of fntact ofl buelles i the ewulbion and the desoribed
charanteristics of these off bodiss cleasly distinguish the subject epvalsion formulation from

by materials which may be prepared frony plant seeds,
SG’SRSEE\ ANTY PREFARATION OF THE OIL 8ODIES
Pat The washed olf body preparation of the subjest sy be ohdained from any
coll containdng off bodies o olf body-like organetles. This inclhudes antmal eslis, plant
C w.

ells, Dgal colly, vosst oells (Leber, R et a1l 1984, Yesst 10 142141 438), bacterial ceil

R -y

4'3

{Plepar-Plizst et al, 1994, | Racterol. 176 4328 ~ €337) and sigae cells (Rossler, Q. , 1988, 1
Fhysiol. {London} 24 3064001 In preforced anbodiments of the invention the off bodies are
e

25 obtained from a plant cetl which felndes cells from pullens, spores, seed and vegetative

phnt organs o which ol bodies or ofl budy-tike erganelles are present

Yot
ik

wang, 199, Aoy

Rev, Plant Physiol. 43 177-208). Mo %refﬁra"biy the washed ofl body preparation of the

3,

sead and raost prefe - from the growp of plant

sovhean (Gligeine s, surdlowsy (el

A0 @mensy off palmy {Eleels gudnes!

Bypagasa), covonul {Coos swcifers)

3

Hucforiug), nustard ¢

o

{Carsandram s;ﬁészsmrf},

sgoashy (G s}, Braad nobt {Ber

b4
g
5
“
W

exenisal. ‘§i’}%(&ri‘€i {Ss‘m?rwﬁe:s‘séh ciinensie) and rowize (oo mawsh  Plants are grown and

cultural ewitivation practisss well known s peeson skilled i

the vt After harvesting the sead and i desived removal of material sueh as stones ar seed

bulls {dehudling). by for ouunple sleving or vinsing, and o

wally dryiog of the seed, the

seads are subseguently provessed by mechanical pressing, goiveling or crushing, In =

SIS AR
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pres:fa.ztzmi emf‘ncas:iifmxm & Hopaid phase ds added prior to grinding of the seeds. Thisis |

as wet milling. Profevably the lipdd & water altbough crganis sobvents &

{

may aleo bs naed, Wet m*iimi{ in ol axirantion processes has besn veported §

variely of plast species incloding: mestard {(Smdlar o o 1990, Joumad of Texture studies

<

843

89843, sovbean (US Patant 397LE86 Carter ot al, 1974, L Any O Cheaw Soe, 8HI19R
141} peanut (US Patent 4025,658; US Fatenit 4,362,758, cobtoneeesd {Lane hore et gl 1997, L
Aa, O Chan Boe, 83823834 and oodonat {}\ wnar e al, 1988, INPORM & (Hipiie
1240} Tvmay alen be advanisgepns t tdibe weds for a e peried from sbout fifteen
mimates o a about two days in s Haguid phass prior grinding. Tndsibing rowy sofers the cefl
38 walls and facllitnie the grivsling process. bobibition for fon ger dine pem;:_}d,se mhay miodc the

gemmniration prooess acd resull in eortain advardagemes alte

’}

raticre i the composition of the
seed oorstituents. In anotber smbodiment, the ligeid phase fs added after the seeds are
ground, This & koown @ dry milling. Prefermbly the added liguid phase is water,

The seads are preferably ground using » collold mill, such as the MZIN

%33

)

Besides colloid nalls, other milling and grinding eguipmnen cap,{hw of
provessing industriad srade quantitiss of seed may also be employed in the here desertbed
veotion incleding: faking rolls, disk mifls, colicid mills, pin mills, crbital mills, A

mills and fndusteiad soale homo sgenizers. The selaction of the w

i oty dependion the seed

throughpat regoirements as well 8y an the source of the seed which s emploved. T s of

s
o

critical importance that seed ol bodies remain intact dusing the geinding process.

Therators, any & rerating comnlitions commonty erplaved in ol seed procsssin ng, which tend
e

S dizrupt oif bodies are unsuitable for wse in e process of the subject invendion. Millleg

mmpem:m SRS pmfﬁmbiy befveenn 1 ard 000 woed more prefersbly batweern 3890 and

A, while the oFUis preforably mamntained bebwaen 25 and 10,
L Sold contaminanty, such ax sead hulls, Bhrous sostedal, widbsolves

atbotepdrates and proteing avd wiber nsoluble contaminants, are removed from the crushed
sead fraction. Separation of solid sordaminants, may be accomplished using & dessntation
cerdrifege, wnch &y a HASCO 200 Z-phase decantation cantrifuge or a NXII0B {&ipha
Laval). Depanding on the seed throughput reguicements, the sapacity of the decantation

3 centrifoge may be varled by osing other modeds of decartation centrifuges

decamters. Dpevating conditions vary depending on the particular centrifoge which s
ampliyved and mast by adjusted se that besduble contondinating materialy sediment angd
remain sedinenied upon decantation. A partial separation of the off body phase and iguid
phiase may be observed under these conditions,

3% Fullowing the remioval of tuoluble contaminants, the ofl budy phase ¢
soparated oo the aquesus phass. Ireos preferred embodioent of the invention & tubular
bowloentrifuge s employed. In other embosdiments, heds f\{t}f(:k?df!ﬁs,, dise stack contrifuges, o

sefiting of pb

sex under natral gravitation or any otber goavity bassd separation method
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may be eraployed. 1t i also poss

arade the oil body facticn from the aguesus
phase smploving size erchobn methnds, St.sff 3 ag menheany iinailittation wel cnssfiow
nucrofiliratione I preforred embodinents the tubular bowd sentrife ugeis @ Sharples moded
A3-18 {Alpha Laval} or 8 AS-46 Sharples (Alpha Lavall, A critical parameter is the size

S of the ring dam wsed t opesate the cendrifuge. Ring dows are moovable rioge with &

centrd elrcudar opening varying, in the case of the AB1S, frvon 28 1 36 mm and r&gu.iat& the

separation of the sgusous phase front the off body phase thus govemin g the parity of the

oil body fraction whish is obtained. In preferred exebosdiments, a ring dam siee of 29 0r 3

3

lf,.!

3

mun is eoployed whercusing the A5-18. The exact ring dam size enployad \:ie;sez’zds on the
W type of ofl sead which §s wsed as well as e the desived final consistency of the oil body
proparatien. The effictency of separation iy further affected by the flow rate. Whem the

AS16 x wsed flow rates are typically betwesn FE0-1000 ml/mwin (sing dam size 20 or

betwae 40600 sl {ring dan sizs

and tempersturssare preferaldy malntadoed

betwesn 2670 snd 30°C. Depending on the madst contrifige uead, flow rates and ng dam

gn
5%
o)
B
2
[
Ui
s
s}
bt
=
5%
.
v
4
e
w

adpusted su that an optimal separation of the oif hody |
aguesis phase ds achieved,  These wljustents will be readily spparent o 2 skilled
artisan.

Separation of soltds and separation of the aquesus phase fion the off kady

fraction may abse b Carrled 0wt aisnt:{s::iizwaiy‘usm&‘ % gravily baged separstion method

"%

I swrh ag ook

p'el

Tone o & size sxchsdon

oy

s tubnadar bowd contrifuge or & desanter o & hydrog

based separation method.

The compositions chiained at this stage in the provess, generally are
relatively crade and conprise namerous seed proteing, whish neludes s glveosvlated and noge

giyeosylated prodeing and othee cordaminants such se starch o glucosinilates or breakdowsn

35 prochacts theveol. The praserd inverdion comprises the removal of 2 sigoifisand auwsa of
seed cordaminands. To accomplish remonval of covaminating seed matenil, the ol hody

preparation obtaoed wpon separation from the agquecus phase is washed at least ones by

¥

wsuspanding the oft body fraction sad entrifoging the resuspended fraction. This process

4

yields wiat for the purpose of this applivation is veferred o as 2 washed oil body

Pt

IS

A preparation. The manber of washea will generally depend on the desired pority of the off

body fractisn. Depanding on the ws‘z&‘hmg sondiions whivh wre soployed, an essentiaily

pure off body prepavation vay be chiained. By such & preparation the anfy proteins presard

woald be ol body proteins. In order 1o wash the ofl body faction, tubudar bowl centeifuges

or other exntrifuges such hydroeysiones or dise stack contrifuges may be used. Washing of

%

3 oll budies may b performed wsing water, buffer systams, for exan iy, sodivm chlide n

,:’

concentrations betwaen (81 M ard «t Jeast 23, 0.1 M endhum carbonate at high AR

loww salt butfer, such as 50 ;oM Trin HC pH 7.5, orgarnic solvents, detergents or say stber

w0 phase. In prefeered erabociments the washes ave performed at high pH (11412 The
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Hepaad ;ﬁm&& used for washing e well ss the washing conditions, such 3¢ the pH and
tesnperature, swy by vanled depending on fhe type of seed which is used. Washing st 2

number of different pH's between pH 2 s pF 1112 may be benaficial as this will allow

D

the step-wise ramoval of sontsminants, in partivelar prodeing, - Washing conditiong are

8 selested such that the washing step resulis in the removal of a sig:nifica:ﬂrt amound of

3 N

contaminaits without cmppromising the strustural integrity of e ] Badies. In

smbodiments where more than one washing step s carded w, washing cotvditions may

X Rl W

vary for different washing steps. 8IS gl clectrophoresis or other analytical i’?\%.mqvm

way convepiantly be nsed o morttor e vemwval of seed pri

iy and offier contandoants
I wpon washing of the ofl boadies. ¥t is rot vecessary to remove afl of the agqueons phase

betwesn washing steps and the Hralwashed il body preparation may be suspended in

watsr, @ bulfer syston, for example, 56 M Pris B0 piH 75, or any other liquid phass and

i s desived the i may be adjusted tr any pH batwesn pH Zand pH 10

The process to manofachie the washed off body preparation way be

e
5%

performed in bakch operations o in & continuous flow process, Far%icni:nfiy whes tubedar
bowd congrifages ars waed, & sysiem of prnps operating betwenn dleps @) and (bl by and (o),
and {c} mud () 2 oonttuees How fuoughout the processing systent is generated. o a
preforred sadndineny, the pumps are 1 inch M2 Wilden sir opusated doobls diaphragm
pompx. In other swbodiowots; pumps, such as bydeaulic o percis‘:i:aiﬁix: punps may be
A employed. Do onder o maintain 3 sy >§;‘iv of homogenous vonsistency o the decantalion

centrifuge and o the tubular bowl cantrifugs, hune opuaizers, such 3¢ @ IKA homogendzer

may by added between the separation steps,

ogenizers may also be added In

betwenn vanious canteifugey or size exchusion by saticrt squipmend smpheved toowash
the il body preparatione. Ring dam sizes, buffer conpesitions, temperabos and pH nay

35 differ wosach washing sten from the ring dem size emploved v the St separy
el & 24 X

in smbodinmeets of e boention where the ofl bodies are isolated foom

softer Hasyues, fr o

aiple the messcarp Hesun

apen the cell may vary somewhat from those used to break havder seads, Por exanyple,

f,,u

pressurs-based techiiques tay be preferred over crushing techuiques. The methodolegy to
3 isobdde ofl boddes o a soall scale has been repaviad for dspiation of ol bodies from
mesoeary Hasues i olive {OGlee swvopass) and svocado {Perser americang) } {Rass b al,

Plant Schence, 1963, 3% 203210} and froon stiorospore-derived embryos of rapeseest (Brassing

N

sigres (Hodbrool ot al, Plan Fh

e, ARG, ¥F HOS1-1058)

1,

o embadimenty of the hyeation where off bodies are obtatned from none

35 plant celly, the wished ot body |

5 izolated following shailar procedures as

s

sulined abave, 1t b boen documended

odiss from Rt

{(Ting st al, 1897, foweral Sol Chem, I72:3698-3706),
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The chemival and physistd propecties of the oil fraction way be varied in

at least two ways, Fiostly, different plarg species contain oil bo

¥ -
i

, encnned is wich in daric ofis (04

copesittons. For example

are abundantly presant i some Brassia spp. Secondly, the relative smonds of olfs may be
§ 0 wodified within @ partieular plant spacies by applying brseding and genetls sagineering
techudques Koown 6 the skled artisan, Roth of these  techniques almn at altering the

relative activities of enzypws sontreliing the metabolls pathways invobend i il
syrthesia. Through e applinatiog of these techniques, seesds with & sophisticated set of
differsnd 0ils are ohiateble. For sxomple, breeding efforts have resulted in the
16 development of a rapesead with 3 e srogie st sordent (Careada) (Bestor, T, HL, 1994,
Dlev, Genel, 15 4581 anud plant Boes with wils with alterations in the position and ooothee of
double bonds, variatin fn fadty adid hain Jengih and ihe introduction of desirable

frrwtional groups have bean generated through ganetic engineating (Topfer ot al, 1998,

Solenoe, 268 681688} Using similar spproaches & person skilfed nthe art will b able o

15 further expand on the prosextly available sources of oil bodies. Variant ol compositions
will result it vartant physinal and chemdcal properties of the olf bodies. Thus by selacting
silereds ar mixtores thevesd from diffsrent spavies @ plant Hoes as & soures for off badies, 8
broad repertoire of enulsions with different foxtires and viscositing may be avguired.
FORMULATING THE BMULSION

20 The washed off body prepasation msy be formualated into ao ormdsion ualng

technigues bnown (o the art Troforably, at boast ove additions! &

washed ofl body preparation. The additional tngrediznt may be added as 2 sedution,
susperaion, a gel o selid and quandities of the additional ingredisnt will depend on the

ted

forsudation. The additional ingredient may wpon formulation become associated with the

&y
2" oy ‘m-di&s, remain suspended in solugion, or foroy s suspension in which tha il bodies are
dispersed. The mgredicat may alse pensteate the phnspholipid monolayer surreunding e

sl ’:}0(3}-‘ or the triacyighrearide matrix. Ingredients whick may pesetrate the oif body
include oils, waxes and the scdorant Nide Red. ¥n » prefersad embodiment, the additiong)

Ingredient ¢ a Hypid phass. In s fother proferred embodinment the

dd phase iy water

3 Water may be added either dize oify or theough moebsture associated with angther

‘

ingredient. The findd amownt of water 5 not oitionl, a8 long 8¢ upen mixing of the

N

ingrediends, a stable eonalsion is formed. Generally, the compositions will contabi at least

% of water and up o ¥

water. Hsually mdxing will he requived o provide an adeguate

emudaion and 1 may be pecessary o apply heat or prsssine,

¢
%
i

I another prefered ambodiment the additional ingredient s an off or &

wax, Uilsoor wanes may paxt‘itim o the twiaey? ghrceride matrix of the off bodies and in

this meamer Hpid soluble ingredicats, such as lpid soluble vitaming may be dei%wra in
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e off body matele. Whers olls or waores somprise the added ingredient, the il hadies

may remain stepended i the Hpophilie phase or doubie soutdons

The finad compreitions may be in solid or i Bipud form or of sny othwe

desived viscosity, The amulsior may be thickennd wsing gelling sgents such ag celivloss and

P

5 derbvatives, Carbopol and derivatives, oarob, sarvegeanany and derbratives, Kondhane guarg,

sclerane o, long chain alkanclamidey, svwd berdone wad derhvatives, fypioally present in
concendrations lass than O by waight,

The emulsion may further conpriss surfsciats o wet, foam, panetrate,

n

exaudsify, aclubilize and or disperss a se

sfed material. Por example anioniv surfactands

8 such ss sodium coconut monoglyesride sidphonate, cationic surfactards, soch as logryl
trimpethy!l ammontons shicrids, cetyl pysidiniom chlostde and trimethylammonium
bromide, nontonie surfactanty tneluding pluronics, and polyethyiens oxide condensates of
alkyl pheool, and awiterionic sucfactants such as derivatives of aliphatic quaternary
arnurusndan, phosmomitm asd sulphordum compounds may alf be added ax requiresd.

bE Chelating agents, sapable of binding metal ions, such s tartaris acid,
ERTA, ciftvic acld, alball metal citrates, pyrophosphate salts or asiorde polymeric
prdycarbonyiates may be also incheded i the emulsion formulation aa desired,

Generally, the esudsion formulations will be treated sush that
contamnination by bacteria, fungl, mycoplesmas; virnses and the ke or undesired chemical

23 reactions, such as oxidative reachions are prevented. In preferved endsodiments this &

N

accomplishiad by the additior of praservatives, for exumpl sodivm metabisulfte or sther

chgmdeal addidives wr by ioadiation, fur exarapls by fonizing radinbion such ss cobalted or

oasiunme-I37 frradiation or by pliraviniet irvadiating

In addition, astive agenis may be added to the washed ofl bedy

3% preparation. Forsxample cosmetio compositions way by forwulated as stable susperaions

using thy present emulsion formudation and vitunie ad meisturizing agents may be

3

ncluded sk oreams. One pastivalardy advanss ageous way in which an active dngredient

may be mcladed i emudsiony of the subject inventicn, te Bwough constntion of oleoain geng
fustona as detalled in WO 85/21020. Briefly stated, WO 88/21029 discloass a method of

S producing prvelns and peptides s fusion proteins of olessins. Thess fusion proteins are
sreated by genetivally linking the gere socoding oleosii to 2 gene aneading 8 peptide or
protein of interest. Bxpression of the fusion gene, In for example an silseed plant, resulis in
synthesis of & fuslon protadn which Is then targeted to the oil body. Tsolation of the ol

body fraction results In racovery of the fusion protain. by prinsiple any desired protein o

73
£
v

peplide may be produced using this techaology

Xk fli"“i‘ s snw .bs‘(\"ﬁi‘s that il"f‘ii‘i

fish antifreere pe

shides {(Davies, Pl st L EASER 1 & B960-2468) ave produced as

X

sleosin fusion proteins. The washed off body preparation may thes be amploved o prepaxe

Re oreams, mitkshakes or other frozen fopdgrade materials with tmpaoved freexing
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properties by inhibiting or paventing ioe cxystal formation.  In wuother sxwmmple, a

therapeutic protein may be prodiced as an sleosin fuston. The off bodies reay then be used

to foraudate a destrable suspenaion which may be for wal consumaption, ar for topical skin

applivation. This smbodinent of the present fnvertion Is further exemplified in evample

511 of the present wvention where 3 fish food fs prepared which comprisss il busdies

sing arvclensing - carp growth hormone fusion

Axy emudston yeith files forminig £ proparties may alse be foromdated. Suchoan

~

exudsion when it s applied t& & surface and deind forms » couting.  An sxample of an

smulsion where & custad off body filey is applied s in fisk foad, where il bodins may e

[243

W applied to the s foed v endunes the distary value, A il fonning emulsion §

particulardy esebud in sodbodimenty of She proserd tmyvention whers controlled releass of an

active ingredient fs desdrable sucl as i delivery of phamsaceticals or volattes such aa
fragraness. The release thne of the active z‘;gem fromt o filmyof enudsion, which ocotrs
during deving, depends, anwanyg other factors, on the thickoesa of the film When o thickes
I coating de applied a longer deying e will rasult in a alower release of the active agant. dn
variant conterplated formulations, release of the agent cocurs only when the fifm & doy.

Qither factors, such as the composition of the anudsion and the type and concentration of the

s

active ingredient also determing the sharacteristics of release. Por example, cosedvents,

such as ethanol, may be locluded i the formulation and nfluence the releass time, Reloase

w

B of an active ogredient i slso desirable iy food applications, where 5 favorant sntrapped

in an anudsion 1 released duriog consumpiion. The wiease of the Havorant, depessting on

b3

oraudution of the enulsion, may sliclr a suddes intenve sensation o & more subtle

the axact

N

blerd of flavowns and assences,

The emulsion fornudation wmay alse be uwsed In sprays and serosols.

it

§,

Freforably small sized ofl bodies, for sxamgde 1 gy or less in dlameter such & thoss found

i Bowepus, ave used for this purpose, ¥

atiles, such ay aleohol and fragrances may be

vichaded i thess spravs, Boudsions of this ¢ ype may aled be epraved onte the weface of

b

delnd food prepacations such a6 potato chips and dried soup. The ssusision might ncute
Havorant wel add presarvative valim or assist in maintaining the appropriste moistare
3 levels of the foed.
USES OF THE EMULSHON FORMULATION
The m&}ﬁeqt fnvention i direcied toward the production of smadsions that

e wseful In Industrial and dorocstic compoaibivag, 1t b roted that e enadsions may be

A

4;

apphed o ovmpositions whith vary widaly in physical propectiss and we. Thas speeific

3 sndediments nchude applications such aa food and feed producs, pharmsacsatical products,

pevsonal care products and indusirial products,
Food aved foed wees belode rnonsdadry substitutes, such as ruavdadey cheese or

yoghurt, margarines, pwyonnaisss, vinalgreties, icings, ice cremms, saled dressin
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food and livestocd feed. Personal care products applications nchude soaps. orometios, shin

cream, facial oreams, tooth paste, Hpstick, perfomes, makeup, foundation, blusher

& mascars, syeshadow, sunscreen lotions, dair condiionsr, and hair calouring

Pharmacenticad prodonts which mev be formudated using the washed oft body preparation

3.

of the subjent nvention include th ‘ra;)m%ic agants, Magnastic agents and delivery ag

&g a therapeutic or dlagnostic agent, the emulsion will addisionally contain an

ingredient, The setive fgredient v be muvthing that one wishes o dufiver o 8 host. In

¥

e codwdiment, the active grediens may be @ proteir or peptide that bas thesapeutic or
iagrostic vabin Soch peptides bolidde anfigens {for vargine forvodations), axdibodies
cytokines, blomd clotting factors sad growth hormones. Industrial vses for the envalsions of

the prosant frovention nchede paints, coatin

slring. latex, builkding and read sonstruction niaterial, §

ik
(%11

agrochemical emulations, In preferrad ambodunents, the sobjent Tvvention i divectsd to

manpositions which may ke ingested by andmoels and burans. Since, these covpueitions
miry be ingested they must be of fowdgrade quality. The particelu gz;t<)<§.t1(:t and the

particudar form s which the soudsion s applied, however i not of critical tvportance and

may by as d 3 3w o beoole devstood that the emulsion fornouiated with the

b

wighed sl body preparation way be applied i soy dommstic or buhustriad product.

The stabilive cf the present emulsion formmdation at low pH may be
expluited in formulations of aoid sovdsions. For example, the emulsion formaiation may be
used in the preparation of o meyorawise-like frodproduct, which beaidas the washed ol
body preparation comprises a vegetable off, mustard, vivegar and sgg volk, if desived.

3

35 Punaable emudsions, such as salad dress

i

wornay be prepared by ncreasing the relative
arnount of vinegar and for by the addition of water.

An sxampde of an application whers heat may be appliad without

é

15 B i the proparation of & savory amues such a8 & bechamel

a8 chooclate aauces. Yo these applicatios, the washed wil

33 bedy preparation iy employad as 2 freing substitote. To propare @ bechamel sauge, to 1 ya;i

of the heated wished oil ba\iy preparaiion, 1 pavt (wiwi of Hour i sdded and shieved sodil

a

& thick e At msdotate heat nilkde gr

undil 8 sauce with

A desyed visedsity v ubiakned

The snvalsion fommulation may dlso be used ay & butter substitute. v this

823
)

appliation, smadl amounts of water are added o the washed oil i

X

,,
!

sody proparation, for
example, lovs thar 0% 1l & desived visonsity s obiained. Natueal butter Havours and

thickensre may b added se desirnd. The butter substitute may be used on sweeb ourn, Braad,

i cake mifves o brsad maliog. Salg,

%

ch contributes flavour and sols a3 @ prasorvative

£
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soay be added typically to a devel of sbout 28% (wifvel). Uslour agents, for svarapls,
extracts of annatio seed oF carotene may be added 1o despen the colowr as destrad. An
advandage of this application &8 that the oil body based butter doss not comprise

'iw*‘swgem?e 1 fadty acids, which am wed @ the formulations of margarines and the ke ta

§ 7 achieve a desivable consistency, but ars also with associated with cardiovascular dissases,

Shorlenivigs may be prepared 1o various degress of stiffoess, from a foam to

& pourable s%f:s:s:‘ttzs&mg, fo this application, atr b benten indo the ewulsion forsudation and

o

the erudsivn formadstion e be considersd $o be dispersed kit the continuous phass, aie,
Shortenings vy beapplied o mixes where creaming and fluffing are desived. These mises
Y inchede Rings, avehedie crovans, ice grsame and rake baller.

Az Imitation frait juice gy be preparad fronn artificlal or naturad flavours

ad nadrients,  Such fmitatien puaces do sot bave the correct appearance and due to

P

ERnSpEINCY appear i e weak or dituted. By adding 2 small amourd, for examyple 01 fo

1 {viv) of the washed olf body preparation or an enudsinn Sweeof clouding may vevur to

give the juice @ vich appearance. Thus the present oil body preparation vey be used as

e

touding agent

Inanother application nvelving julces, the washed ofl body preparation or

&

ar erruslsiont therend may be added 1o juices with settlesbie solids, such as tomate FHNS

Adding & soall aowand of the washed ol boudy prepavation, fob sxioeple 00 & V% (e,

Cond

noay decrsase the rate of settling of the solide I the futoe and assidt in maintaining the deh

appes

ranen.
Topical applications of the washed oil bedy preparation of the prese
mvention are alse envisaged. In this embodiment the epuilsion s foroudated s 2

devanatologieally acceptable emulbsion, which may for examgle be ew ;%x\»‘a\i 0 maiaturiae

facial and /or body sk, wluding naifs snd Nps or ay have properties to conat ag
e shiry, acnk, plgmentadiod, Reir o, or promote helr mowval or facilitate wound
healing and/or mstructuring of the skin fissue, The washed off body preparation repressnts
HR% by weight of the finad composition.
The cosmetic compositions of the presend fvvention maje somprise addittonal
3¢ hydrovarbon compounds such as plant, sotmad, mineral or synthetic oils or wases ot raixes

Huvead, They comprise paraffin, petrolatum, perhydiesqualens, syare off, slmond il
calphyHun sil, avocado ol sesame ofl, vastor of, foloba ofl, olive sl or cereal germ oil
<

Baters wiay be'inchuded sueh s asters of lanclie acid, olsie soid, Tausie seid, stearic xo id,

sayristic acid. 1 s alvo possible to include aleoheds or sxample, ooyl alechel, Hinoley!

S aleshet or ‘zin@%emy} alochad, foostearyl alcobol or octy! dodecanel, aleohol or potvalcahal

Farther hydrocarbons wideh may b ncluded are oclancates, de

snostes, ricinoleates,
caprylie/eapric trighyeerides or Oy to Oy fatty st triglycorides,  Addition of these

agents may resilt in the forration of dooble enalsiong,
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Hydrogenated oils,which are solid at 23°C, such @ hydrogenated oastor o,

£

S
£

alim il or soconut off, o hwdeo sgermatad rallow; meone Qb b or suerogivesrides; lanoliony;
and fatty acids wiich are solid at 23°C may abo be tncleded in the cosmetie formulaticns of
the present tvention. Anwng the iwaxes which may b ocluded ane andmal wases sieh as
S lmeswax; plant waxes such as cornmha wax, sarelalilic wax, ounonry was, fapaviavax ar

waxes frova cork fbhres or sugg

<.1

/'(

re; yaineral waxes, for srample paraffin wax, Hgnite way,

Bl ey sk allins waoies G ouskeritas and Yy *}etu WS,

Pigrownts may be ncluded and may be white ar colotred, inorganis o rganic
and/for pasvlescent. These pigmentz comprise Hianhan diexide, zine soids, zickhonias

Y Hoxade, black, vellow, red and Frown fron seldivs, corhan dionids, chrondum oxide, ferrie

N

Huoe, cavhon black, barbog, shrovittum, clcium and alumitearn fakey med mioa contesd with
titantuen oxide or with bismuti exida.
Active ingrediends commnonly emploved i skin treams, such @ vitamins, for

example as vitmoin A C and alpba Tydroy selds, such ae civie, glyeolie, lactic and

18 tartariy tdo cosmetic and/or dermatnlogioad compas

she may be wheded, For exampls,
US patent 5,802,183 teaches that vitamin € or sscorbic acid promotes growth of connestive
tissue, paricdarly in the skin sivengthens the skin against external aggressinng such as

frow sowobe and UV sadiation. Motstuy teing agends which may be lochaded (s skin crenms

andd costwtics wre mineral ol and wrea, Andlovidands such ss the ns turally

%
Le 3
=
;
ol
&
e
73
€]
7
Fi<d

% SO 3 R PO : i
A necurring tecophersts snd polyphencls, or butyisted hydroxyiohiene snd hydroxvanisole

MOXL

’t.\esm:t);)i?semam Oviraad MAG and butyimethoxydibenzovimethane (Paren] 1789 may be

ay alse b alsc added. Supsorsens such ag oolvl m wthoxys

manate {

cmploved fo prap

e s sun aaning lotion. Phonmaceutically active ngredients which wsy

Be used 6 forrmulate cosmeativ compositiong incla mmple antiblotivg, Seylcides ard

25 sobtinflamamatory ageids

The ftnal cosmetic product may be fo the fonm of a free, poured or owopacted

powdar {foondation, blusher or syestadow}, o relatively graasy product sach as lipstick,

masearn, or wy el or otion for the body or fase

The washed off body preparstion way slve be used to serve as an orally

30 acoeplable carder § st wivich may further coomprise silicas, sorfactanty, chelating
agents, 3 fucchls, thickeners, sweetenors, Savorants, for example av-oil of pepperadnt,
sraymes and Mocides,

An example of a0 indusitial prodhect which may be formulated s pai
whereln the main pasiny, such as thoes basad on silicone fype compounds, scrylic ovapornds,

35 pasdyester, akyd, fluorie, swum paiym&stﬁar&s oy be partly or entively raplaced by the

washed oif s w present fnvention, Further addiives such ay pigawats,

v Hakes, pigroerd dispeesants, thickeners, bvelling agents,

hardening catalysts, bardening agerds such as diofsocvanates, hardening catalysts, ¢
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inhibitors, ultravivlet absorbing agents, fren radienl guenching agents wic. may be

forpnadated o paint compositions 6 seguied.

The washed oif body preparetion reay also be to formudate Tubricants, Yor

example, the washed ol body preparation may be used to partially or ami:mly replace the

5 babwicating cils such as animal ofls, v%aatﬂie wils, poteederant Tubricating oils, synthetic
fubricating oils. or the lubricating greese soch as Hihdum grease, urea grawse wed ealcium
grease. Oty compositions s*sx‘piswm in @ fubricant fornridation campfss anttoxidants,
detergent dispersants, ofloess agends, fricton wodifiers, viscosity ndex improvers, pour
poind depressants, solid lubticant piatecial, riet nhibitors wud antifoamers.

18 Waxes piay alsn be prepared using the washed off body preparation of the

present invention.  These comprise rimseswas types, such ag those providing 8 stable

g

5

gy

drophoble filn-finish ooty sutcmobiles and other protestive soatings,  Cither

a{s::zz:pm'itkms used I the praparation of @ wax owaprise surfactants, minerat ofls, such as

mroed parafiinic wud sromatic /naphtenic ol

s operfumies, bisckdes, solouring agents whieh
15 may beadded ncompatible amminis as destred,

Where industcial products, such & palgs or lubrivants are fornuilated, pusity

of the ol body phase may be lesy aritical and i way not be necessary o subject the il

bodiey fo washing, Arindustrial enndsion may be prepared by {0} obtaining oil badies from

a call and {1} foronilating the oif bodise into an indistrial emulsion. The ofl bodiss may be

20 oblawed by {a) grinding plant aceds: (b) removing solids from the ground seeds; and {8

separating the off body phase from the aguesus phase. The wvention alen ncludes an

-.*

indhustrial swadsion coreprisiog ol bodies prepared according ko the prosend invention,

The follewing msnuammm;\ examples avk Hlustradive of the Present Sreention

£

X

35 Examplel
Obtaining & washed ofl body preparation from silseed rape, sovhean,
sunflower, white mustard, pesnid, squash, Hax, ssiflower and saize - tabratiny soale,
Dry mature seads sbirdoed from Brosslos napes o Westar, sovbean, sunflowss, white
wstard, pearod, squash, Hax, safflower and muize were honogs mu@-i o fiveovolumes of

colid grivading buffer (30 mM Tes-FCY ol T8 04 M suerose aped 805 M Nallh using &

Ls¥
o
oy

polytron operating =8 figh speed. The homoganate was cantrifuged at 10 x g for 30 wdnates

W order 10 remove particulate omiter and o sepansde

as fromn the specus phase

cnntaining the bulk of the soluble seed prowin. The off bc;ss:ijgf fraction way skinuned from the

surfacy of the supemratant with @ metal epatida and added to one volume o grinding buffer.
3 Breorder do achisve effivient washing In subssquent teps 1t was found to be pessssary to

thoroughly vedisperse the off bodies in the grinding buffer. This was ascon weltshed By

gertly hamogenizing thewil bodiag in grindd ing buffer-using 3.3

R

.l
-;4
P

iviren at low speed. Using s

Y

syrings. the redispersed of bodies ware cavefully layersd underneath five volumes of sold
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P add TraeHOE pt 7.8 and oonteifaged as showe. Fallowing on
3 &

ixifagation, the ol bodies

wers ramoved and the washing procedure was repeated two tmes, The final washed oif

3:‘ss§:i}r prepavation was resuspendad B ane vohure of cold Teis-HOE pH 78, redispersad with

W palviron,
8 The wil body samples were dissadved in SIS saraple butier and ther anadyzed
by 805 gel electropboresis. The results ave shows i Fgure T
The mateeial thus obiained msterial was then ready to be employed dvarious
foratulationa.
Exarepled
ke Obtaining « washed ¢l bedy prepuration from oibsend rape, sunflower and

maiee on 3 large scale. This exenple describes the vecovery of the ol body fraction frem
caroly, suntiower and maize seed on a8 Targe scale: The vesuliing preparation comtaing inkast

il bodies and is comparable In purity with @ preparation obtained using aboratory scale

procedhrss,

Pk
x4

of 10 - 18 kgs of dry canols
Westar), sunflmwsr {Hellantloe anms) or malze {Jea mays) was poured ihm&gi‘z‘ the
hopper of & colloid mill {Collodd ML, ME-130 (Fryma) sapacity: SO0 kg/he), which was

squipped with & ME30 crosswise foothed rotor/ahatm grivuding set and top loading

hopper, Approximately 50 - 78 Uwater was supplied through s externally connested hosg

£u3
Foed

privr & milhn

g Operation of the oill was at ¢

particls size loas than 100 miccon at 189 sng 2080

‘

wader was addedt to the seed shavey o o Bral volume of 3 Brves,

Removal of salide. The resulting sluery, was pumped Into & decantation

2 200 Z-phase decantatiors cordrifinge axivum operating speed 8,000 rpra)

25 witer bringiog the centrifuge up to an operating spesd of 3500 tpon. Transfer from the mill o
the decantation sentrifuge at a flow rate of 360 L/he was achievad using 8 1 ineh M2
Wilden atr operaded doy In 1520 mbuges appaoinately 19hg of
sned wan decatted.

il body separation, Separation of the off body fraction was achioved wsing

30 Tubudar Bowl Centrifege model 45-18 (Alpha Lavall equipped with a three

& bowh and reotevable ring dast sentey; eapaciiy: 150 L/hy singdara: 30 mm

:i wasat 5% A Wadson-Marlow {(Model 704 peristaltic

Panp was wded o punp the decanted liguid phass (D1 o the fubudar bowl contrifugs
after bringing the contrifuge up to operating speed.  This results in separation of the

3 desuded Bguid phase into a hesey phase {Hi’s wmyms;tg water and scoluble seed proteine

aned 2 Bght phase LP) compris

e il body fraction which was dbtained
.

after auie pass theough the centrifuge i reforred o as an wwished off bedy preparation,

o
i

b ot body fraction was then passed through the csntrifuge three more times, Behween
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each pass through the contrifigge, consentrated ofl bodies were mixed with approximately
five vodumes of fresly water, The sntive procedirs was carrled Huf at xemy teg parature. The
preparations obtaled following the second separation ave adl refersed 1o as the wishnd ofl
bedy preparation. Following three washae wuch of i contaninating sohible : profein was

removed and e off body protein profiles obtined upon SUR gel el ctrophorssiy were

<
A4

sivadbar I appearance o Suvse obtained us ¥ laboratory soale procedures.
Example § '

Removal of sesd pmt&riﬁs by washing the ol body phase, This sxaaple
describes the renpvery of a washed ol bady fraction from canuly, tielie snd sunflower sced.
Fepant Wsass‘s\ing sorlitions, 3 is shown that the washes resalt in the removal of
sigrificant amounts of sead proteing from the off body preparation, Thess pratetns inclade
profelas which saight be allergenis,

Actitad of 18~ 15 kge of dey cavoly sced (Brassice ne s oy Webar), suadze (e
maysy or eunflower (Helionths anmus) was poured thraugl the hopper of & cofloid mill
{Colloid MY, MZ-I30E vy, which was epdpped with 3 MEII0 crosawiss toothed
sotor/stater grinding set and top loading hopper.  Approximately 50 - 75 1 water was
supplied through an externally connected hose prioe  mitling Crprasiors of the nill was
at g ga;: setting of 1R, chosen to achieve 1 particle siee loss thar 100 micron s 1890 sed
309 Fellowing grinding of the seeds, g water was added to the seed € shurey to & fival
vidome of 60 - 80 Htres and a suxnple of the seed shuvy was oblained for 308 gel
elevtrophrnsis. The shury was then puamped dnde & decardation centrifoge (Hasco 208 2~
phase decadation sentrifuge meximum operating spead 000 rpm) after bringing e
cordribage wp to an operating spead of 3500 rpm. Transfer from the mil) fo the decantadion
senirifoge wis achieved osing a 1 ek M2 Wilden air operated double diaphragm pump. fn

1520 minutes appr onimiately 18 kg of seed was ¢

coanted, A somple from the decanded
Hyuid phase was obtained for 808 gel sloctrophoresia. Separation of the off hady frackion
wagx achieved usiog 8 Sharples Tubular Bow! Centrify e model ABLR {Alpba Laval)
squippad with a theee phasa separating bowl and removable ring dam sevies; spacity: 180

2 e mivary 3 i 5 PN
Ly eingtany 39 nun. Qparating  apesd was | 15, G0 rprm (33,200 K g A WatseseMarlows

Bt o .
{(dloded 704) pertstadtic pumy was used to Py e decantad Hgpdd phase ints the tabular
bowl cendrifuge after bringlog the centrifuge up to operating speed. The vowashed oil body
phase was ohhsined and mived with approvimately F volnes of water, This procedure
wits repesded & tofal of thice more times. The il body vhase which wxs obtained

follosving the Hest spin, {6 referved o as an unwashed ol b

Ay preparation. Al other

% :

preparations are washed oif body prepavations. Samples for apalysis by 80

electrophoresis were abiained following the fiest and fourth separations.
Upan vompletion of the fourth wash a 09 ml sample of the olf body

preparsdion was homogenized o900 mi 1 M Na A0y and leftat room tempersture for 3
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with agitation. The washed eiflbody fraction was ten meovered following rentrifugation,

N

washed ovwe with water mel prepared for SIS gel slectraphoresis
Al of the samples were dlesedved tn ST ssonple budter sowd the saroplese wer
anadyred by SD8 gel slectrophoresis. The results are shewn in Figure 2
5 Exumpled
The effect of washing the ofl bady phase on water refention charastoristios, &
washed nil body preparation and at unwashed wil body phase wers prepared from
sapessed as in example 2. To determine the differenice in water vetention capanity between

2

the wawashed o body phase wul the washed off body preparation, 30 mis of oif body

P
)
G

repargtions wee maxmxgiw mixed using # vortex. The preparations wers the buiuiaded

S 3 honrs 1hon water bath g 48, 60 o 8090 and the s ples were cenbetfoped st L8 x g for

A

Yo,

20 mimates {andilizted sumplasl. Another set of samples wag prepared by mising 15 gof
washed or wiwnshed oil body preparation with 1% ml of water. The samples were mixed on
& vortex el thee ncobated ab &, 60 or 80° C for 2 hows ared the wnount of water prevent in
15 the semples was detreadoed following ventrifugation at LE0O x g for 20 minutes {Qiluted
smoples) Loss of mass attributable to evaporation was measured 3t 81 °C and 66 °C.

Ar B, the undiluted

!

veparaiions comprising o bodies fost sigoificand

amaunts of water taough evaporation. The preparation of nnsvashed off bodies lost 26% of

their mmes, while the washed preparation lost 18%. Upan centrifugation the wuvashed

A preparation seleased approximately 25 md of agueoua phase, while the washed oif bodies

renaaingd @t the same phase. Both ditoted preparationy sbeotbed water. The voloswe of ofl
Bodiss increased dn both caves 801888 L md,

AL SIC, the sdibsted preparations lost approxinwately 1% of water through

evaporation: Following centrifogation, the washed preparation reloased sbout 0.5 ml of

v
U
bsd
5
s
s
]
£
e
]
22
$333
g
o

while the washed oil body preparation stayed o the same phase. Bath

diluted preparations sheorbed watse, &t §°C, the volume of uil bodies tnorsased it both

%8

AL A0 the wndiluted saemples bath welessed approximately 2 mi of aguesus

phase. When the diluted swoples ware compared, the wnwashed proparation absorbed
E about 3wl of water, @ waa the case at 40 or B O, However the washed preparation
absorbad § mibof water st 0%,

These expactinends demuonstrate that in 8 washed off body preparation heated

fo ST or P, water remains more tghtly assodiated with the ¢t body preparation than

g an umwashed preparation. When couled down the washad il body preparation

X

e
(o1

appearad o be more stkable San the yowashed wmulsion. When hested o 43190, the

ashed ol body preparation was able to absorb s buger volome of sxogenously added

water withond resulting io phase separation,

Motif Exhibit 1148, Page 482 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

W REE388 PUTICABGER

3N

The affent of washing ol bodies on oif absorption chavacteristics. A washed ol
body preparation and an unwashed ol hody phase were prepared from rapessed as in
exarnple 2. To determdne the Jdifference ool absar gimn apanily between the wnwashed

5 ol body phase and the washed ofl body preparation, 2 gr of the off body prepasations was
dispersed into 12 nel of refined, blesshed, dendorized canola oil i a 30 mi tube. The
comdents were stivved for 30 seconds every § minutes fiv 30 min. The tebes wern then
contrifuged at 4400 rpre for O min. The free ol was decanted and the percantage of
absorbed il was ditermined by weight difference. Theee preparations of washeid off

1Y bodies were tosted and three preparabions of wawashesd off bodies ware tosted

p2

The ol sbsorption capasity of wowashed ol bodies was Smmd & vary

s hehween the thees batches and varled from FLP% o 29%. Washed ol bodies
had sezarm*lmcibiﬁ oif absorption of 3241%. Thus the washed oif body preparation was found
o e superior since {1} & larger aneurst of off was famd to be absorbed providing and {2} the

18 absorptive sonurred incs meve reproducible manner.

Preparation of a mayonsaize-dike emulsion comprising & washed ol bady
preparation. A washed off body propavation was prapared from rapesced as in sxample 2
and & maywnaies-like ermolsion was produced by mixing the following tomponsats vsing &

0 cdienestiy sleciric Mendse.

o
&
i

Sundioswer ol

v

B volk

1
%

Viwgar

L Salt

"7%

£59)

=
55
%

Wishnd ofl hadiss

W

A product with 2 mayennaise-Hke texture win sbidned. The mayonnaise-

fike procust was stable for at feast 1 day at ©C

,V‘
P
oz

Example?
Preparation of a cholesterob-free mayonnaise-like snwlsion. A washed ol

bady prepaation was pm;ssas‘%::} feomn rapeseed as in Bxample 2 and & vwyonrsdse-ike

cmalsion was produced by mixing the & siii:)‘viﬁg ingradisvis:

o]
3

Vinegar Al
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A product with & meyonnaize-like fextare was obtaised.  Stuwe the

maywuniss i prepsred without sgg volk, e ingredient commonly emploved in

commmercially obtainable mayonmases, the product prapased using washed off bodisg fe feee
of chelesteral, The payorvaise was found 6 be as stable as 8 commercial mayonnaise whan

§523

stabilily was assessed using contribagas
Example 8
Preparationof a vinaigreiie»iiks smulsion comprising a washed oil body
prapavation. & washed ol bady preparation was propared from rapeseed as In example 2
and a visaigrette-lke emulsion was produced by manual mixing of the following

1 onponends

Saandflensrer oit Wogr
Suwtard Ddgr
Yinegar OFgr
13 Washed oif bodies FF g
A product with a vinaigrette-like texivae was obtainad.  The vinatgretse
fke product was stabile for ot feast soveral days st 88 O
Txangla®
Y Preparation of ¥ spreadable mustard-Hke prodoct. & washed ol body
preparation was obtained from & puthired & The following
irgrecionts weremixed 6 oblain product
Muastard e
& Washed oif bodies
The reagiting eousdsion formulation 8 2 mustardslike product which may
sasily be spread wd has sreamier, loss grifty taste chareteristios than mustard,
34 Preparation of » bechamellike sauve. & washad off body prepambion was

obtained from rapessed a¢ ostlined iy example 2 The washed oil body preparation was

heated at mosterate heat and an egqual part of fine was added and sbed with the heated

vashesd olf body preparation. While stiveing marnaally, milk was graduddly add

]

o s

Lt

L8

5.

masiure,
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A bechanel-lke satce was obtained, The corafstency of the saucs voay be as

desired depending on the swount of malk which is added. Additioral Haverants also may

be added ay vequired. The als of hydrogenated fatty acids i this product glves it an
advaniage over y sauee ‘pregsarw fréun comanon domestie marganine.

Preparation of a pharmacentical emulsion for soating onde fisk fond. A

washesd off body prepavation from 2 traveganie 8. nepes plant which exprosses carp growth

hormone {¢SH) fused o oleosin, wharein the Gslon ponkein was targeied fo the oil bod

0%,
was obtaied e follows. & DNA fragment contadning the cGH coding reginn lacking 185 28

15 amino acid vigral segquence was amplified from 2 plesmid containing on @ nsert & CommMOn

carg (Cypronus cerpio} growih hormone cDMA (Koren et al, 19988, Gene €7 309-315) using

Enod

w polymerase chaln reacon in condiination with two oG spesific primers. The

~

sunplified GH fragment was fnend it the correct reading frame and 3 to the Arabidopsis

thalians oleosin using pOTheemb (van Rooijen, 1993, PRI Thests, University of Calgary)

parat plasmid and employing cloning strategies knowr o & person skilled in the art.

X

A as

b2
i

i pThromb a thrombin cleavage site was engineerad 3 to the oleosin coding sec quence. The

fx ]
’}’/

olevsin-CGH fusion gene was introduced Into the binary vector pOGNIESS (Meliride and
Sromenerfelt, 1990, Mard Mol Biod 34 38 -276) sond the resuliing conateuet was used o

transforon A, bemafaciens. The agrobacterion sirgn was employed to tansform 5. sapus ov

o]
3

z

Westar seedlings. Seads from transgerde plants were obtained and ol bodies were isnlated
from transgenic seet as cudlined In wounple 1

The oil budies were subseguently taker up s syrings and sprayed onte fish
tood using approximately 15 g of ol body protedn per 1 mg of fish food. The fish feed
coated with ol bodies was then left overiight to dey, A fotel of 50 ;g of fish fosd was then
3 mived with 10 od of water ansd wa inoubated for @, 30, 45 or 0 mirastes, The food was then

collected and resuspaodet it 0.2 ol of 50 padd Tris-CL p 75

Y A

nd prepared for apalysis by
S06 gel electrophoresis upon botling in

of the off bodies on the fish

fmod was assessed using Westemn blotiing and monoslonal antibodisg agadnat ¢OH.
Judging by the intensity of the signal of the single band obssvved i each
3 lawe o the Westem blot, the ol badies comprising «OH mevaived tightly assnciaied with
the fish food npon facabation of the off bodies i water, Fish food which was incubated for
30, 43 or 6 roiredtes in water was shown (o contain approximately the sane anuaeds of eGH

ag the sondrol figh food which was s incubated ia waler,
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CASBBEIAR

This exasople deonstrates thad 8 trowgenio plang vaciety can be prepaced

8 specific desirable propesties o an emoldon. The example further

prepared from a washed ofl body preparation which

oan be wend as & coating o filbw Finally,

body preparation

8 o il his axanaple denorstrates that the washed o
may be employed to formulate a pharmacentical composition,

ékithsmgzx cerfain preforved ambodiments have bean describad o ilustrate

the present lnvention, other applications which also fall within the scope of the fnvention

3

will be veadily

spprarent to these of ordinary skl in the wh
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<5

Wa Claine -

B At

L Amethod for propariag an emulsion formudation comprising:
{1} ohtairdng off budies fvan o onll;
&% raryaiie 2 3y 3
{3 washing the off bodies o obtain 1 washed off body preparation;
sl
by b o i .
% ashed ail body preparation nto s enmulsion,
2 A method acoording to claim 1 wherein said cell f9a plant eail
3 A pathed acconding to cdaim 2 wherste said pland eal! is obtaived from
spores, paller, seed of & vegetative plant argan
4. method according o olaim 2 whersin e ol badies am oldained from
phant seeds.
3 A method for preparing an emalsion formudation comprising
{) shindndng oft bodies Sus 3 plant seads by o method that comprises:
{a) grinding plant seeds;
(b} revaving solids froo She ground seads; and
{¢}  separsting the ol body phase from the agueous phase;
{2y washing e oil body phase to vield & washed ofl bady
praparation; awd
{3} formulating e washed off body preparation iide an emulsion.
G, A weethod scosrding tu claim ¥ whereln @ Houid phase is added prior to or

fullowing the grinding stap.

=
4

A watheed according &oany one of dai

& whersin said forandating

osaprisas mixing the washed off bodies untif an emsalsion is formed.

\ ,
g, A method ascording o dainy 7 whesein o §ix§\'ﬁ.h.£:. pmm i added tw the

washed off bodies and the ook

andl an axnudsion
W formed.

£

‘ A oathwd according to clatm § or § whevein said Haudd phass fs waer,
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i

W

'3

R

DT
1 A method aceseding to claim § whereivosaid lpdd phase s prosest in the

ernlsion o aroamcunt varying foan sbowt 15 to about 988k v /v,

it A method sovonding to clalm 4 or ¥ wherein said plantis s oil seed plant
1 A method according to caim ¢ or § whereln said plant i selented from the
5 group of plants consisting of rapesend {Brassicy spp.), soybemt Xy, suvdhonwae
{Helfanthus wimusy ol pabe (Elesfs guieei), cotmwred R SpP - grouwradnud
{Argekis ‘13* vogaea), gonomut {Coens wucifera), castor {Riviars communis), safflower
{Carthamey Hactordus )oowstacd { Rrgssin spp.cand Smapds glbe}, cotlander, {(Coviendeum
safivmon, squash {Cucwrbite maxing), Hosved/lax (Limon asiedisshusm), Brazil o
W (Berthollotie oxcelsa) jojoba {Shumondsis chivensis) and maize (Jer migysh.
13 A& metbod mocording o claiee § whereln sald solids are removed by
ssatrifogaticn o ltrstion of seid ground seads.
i A method sconrding to claim § wherein 22dd off body phase fs separated
fron salid aquecis phase by & gravily based method or & stes exclusion based method.
i1 A muethod aconvding to claim § wheredn the washed off body preparation
sssentially free of voo-ofl body seed protelns, muinuiritional compounds, starch,
plucosinilaies or breakdown products thareof, and fibees.
18. A method accovding to slafm 15 in which sald sead proteins are
glycosyiatest
LI VA A methed according o oy wre of slabma 1 16 i which said formulating
comprises the addition of a presérvative agent
i A method sccording to any one of clatms 1o 18 & which said enuslsion fs a
food or feed product, a persoral care peaduct, a pharmacentical product ar an inchoteial
product,
[/ s A muthod according to claim B fa which the sead 18 lovnensed in 3 liguid

prior {o grinding for from approvioately 15 minutes ty approximately 2 days.

20, An eroulsion comprising @ washed ofl body preparation,
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. Avtsautdsion acending to

ng & hguid phase,

22 An sxudsion acoprding t alatn 21 whereln said Hguid phase 38 water,
23. o evmalsion aceovding to claim 20 further conypising 2 preseveative
RE3 Ay ennision aorording 6 ok ro 20 wehersin the oil Bodies are obtatied fron

2

a plant

-

§ Ar ernulston according to chadm 34 wherein the ofl bodies ars obixineg

3
-,/A

 froom

max), sunflower (Hellanthes wouas), ofl pale (Rlaels pudnesis), oottonsesd {&vossy“**im;

e b N . AT, SO N
app ks groundaut {Avachis hypovasal,

0 safflower {Corthowus Nastorins) svastard \P

& Ao emuldon according by say one of cladms 20 to 25 whersin said soodsio s

a food product, a personal vare product, a pharmaceutical product or an industeial produet.
B Are enals cosrding to claim 28 whernin suid focd o foed produet s
B2 Are enudsion acomrding te olaim 28 wherain said focd o fesd product B

alected frovn the group consisting of & noo-dalry substitutes, » non-dairy cheese, 2 Bone

P

dadry voghutl, » wmargarine, & mayawaise, 1 vinsigrette, au iing, ice oreams, a salad

drassing, a synthetic vustard, » sandy, chewis\g guon, 8 melding & baking producy, &

by fovwnala, & Savour carder, & texburiog agent, petiooad and fivestack

condiment, & huge,

U fead.
28 An emulsion acoording to cluim 26 wharein suid food or fesd prodoct Iy 3
mayonnaise, a cholesteeol e maparmaise, a bechamel same, & vinalgretie, » mustard or &
R T
tish food,
a8, Arv eyt according o olaim 26 wherstn said personal care product fs
& selected from the group corsisting of 5 suap, & cosmetic product, & sidn crean, a fagial sream,

2 tnoth paste, 8 Hpstick, & perhase, makeup, a foundation, » blusher, & swecara, an

£y

eyashadow, & simenreen boton and & hatr sare product
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34 An avudsion aocording to ol 38 whersin said pharmaceutical product s

e gy
2l
,5,‘
%
D
g

rean, the group conaisting of o therapaitlc agent, 2 diagrostic agent and a dedivery

3L Ay ermulsion according fo cladm 20 wheretn sald tharapeotio agent inchedes »

5 growth hormone

32 Asverpulsiat aocording o cladm 26 wherein said industrial product is
selectad from the group consisting of 8 palnd, @ coating, 2 hdwioat, & ey, 2 gek & deilling
fhaid, paper sizing, a latex, & building or road construstion madenial, an ink, a dye, & wax, 8

poiish vl an agrochemival formulation.

3% A uae of an evulsion preparsd according o any one of Calms 1 is 18 R0

propare @ pevaml pradhiet, 2 Iood wr feed product a bdustrdal produet or a
pharpmesutioal produet.

34. A use of an emulsion acoording fo cladm 33 wherein said food or feed prosuct

conyprises 3 non-dainy substitutey, a nov-daivy chesse, a nuonedairy yoghort, & morgarine, &

maysrwaise, & vinaigeette, an iing, loe crevmy, @ salad dress sxing, a syndhelic mustaed, @

s
£543

candy, chawing gum, @ pudding, & aking produst, & condiment, a joive, baby formada,

favour varrier, @ texturing sgent, petfood and livestack feed.
35. Avae of anvenudsion according to clain 313 whereln said food o feed produet
i¢ & mayonnadse. a cholesterol free mayormaiss, & bechamel sauce, a vinalgreite, 8 mustasd

2 orafish food.

35 A wse of an emulsion aconrding to claim 33 whersin sald perennal care
prodhuct compriaes @ soap, & seemetie product, & shivecresny 8 facial crems, 2 tooth paste. a
Hpstick, 8 psefome, raake-up. @ foundation, 8 Musher, 3 mascars, av eysshadow,

sunsereen lxdtn, & hale care product,

/W I7 A use of an ersulsion sccording t claim 33 whereln said industrial produst
comypises ¥ paint, a coating, & hdwicand, & #lm, a gel, o driliog fudd, paper szing. a katex,

o or read construction materdal, an ink, a dye, & way, @ polish and an agrochsnical

fornualation.
38, A wse of an emulston aocording o dlainy 33 wherein said pharnacsatioal

3 product is & therapeatic agent, a dagrostic agent or a delivery agent.
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38, A uge of sn envalsion prepared according fo any wie of clalms 1o 19 as

soating, & Sim or g geroast

40, A fish food preparation coated with an wnulsion secording to any one of

g

cladme 2o 3%

§ &L & fish food preparstion according fo clabm 48 whersin said snuddsion

additionally contalns & therspentic peptide.

&

A7 { Yo Sy ‘, oy ey Ko 3, 33 Sowg A 3 3 ¥
43 A figh food preparstion ascording to clam 41 wherein said therapeutic

prptids i a hosmana,
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FIGURE 1

SURSTITUTE SHEET (RULE 28)
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(54) Title: ENHANCEMENT OF CELL GROWTH BY EXPRESSION OF CLONED OXYGEN-BINDING PROTEINS

(57) Abstract

Methods for the use of DNA encoding oxygen-binding proteins and related plasmids containing same are disclosed for a
range of applications including oxygen supply to cells, growth enhancement, expression of various gene products, enhancement
of oxygen-requiring processes, binding and separation of oxygen from liquids and gases, and a range of oxidative reactions.
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ENHANCEMENT OF CELL GROWTH BY EXPRESSION
OF CLONED OXYGEN-BINDING PROTEINS

The United States Government has rights in this
. invention pursuant to Grant No. BCS-8805636 from the
5 National Science Foundation.

This is a continuation-in-part of Ser. No. 07/887169,
filed May 20, 1992, which is a continuation-in-part
of Serial No. 07/741,789, filed August 6, 1991, which
is a continuation of Serial No. 342,451, filed

10 October 21, 1988, now U.S. 5,049,493, which is a
continuation-in-part of Serial No. 151,256, filed
February 28, 1988, abandoned, and of Serial
No. 113,014, filed October 23, 1987, abandoned, all
of which are incorporated by reference herein.

15 TECHNICAL FIELD
This invention relates toc the production of oxygen-
binding proteins, particularly members of the globin
family, and to enhancement of the growth and product
synthesis characteristics of aerobic organisms in

20 environments with sufficient as well as reduced or
low levels of oxygen.

This invention relates generally to the use of

recombinant DNA technology to direct or otherwise

control gene expression in cultured cells, and more
25 particularly, to methods and materials useful in

subjecting the transcription and translation of DNA

SUBSTITUTE SHEET
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sequences to selective regulation by external
control.

BACKGROUND ART
The present invention is directed toward the k

5 expression and use of oxygen-binding proteins,
including, but not limited to, the evolutionary-
related globin superfamily: hemoglobins (found in
many eukaryotic organisms); leghemoglobins (found in
many plants); myoglobins (found mainly in animal

10 muscle tissue); and microbial globins such as

Vitreoscilla hemoglobin; E. coli hmp (a

flavohemoglobin), and yeast flavohemoglobin. Other
oxygen-binding hemoproteins include cytochrome C
reductase, cytochrome c oxidase, and kinase in the

15 oxygen sensor of Rhizobium meliloti. Additional
oxygen-binding proteins which function in the
transport of oxygen in invertebrates include
hemocyanins and hemerythrins. The existence of
Vitreoscilla hemoglobin, E. coli hmp (Mol. Gen.

20 Genet. 226: 49-58, 1991) and yeast flaxohemoglobin
(F.A.S.E.B. J. 6: A318, 1992), incorporated herein by

reference, suggests that globin~like oxygen~binding

proteins may also be distributed in microrganisms.
Such endogenous, homologous globins may also be

25 utilized in accordance with the present invention,
providing the added advantage of expressing a globin
from a gene homologous to the desired host organism.
By reversibly binding to oxygen in the presence of

high oxygen concentrations and releasing it in

30 regions or at times of low concentrations, these -
oxygen-binding proteins can considerably enhance the }
oxyden uptake rate of multicellular organism over s

that allowed by mere passive diffusion. 1In
unicellular organisms it is generally believed

35 that the oxygen uptake rate is principally limited by

SUBSTITUTE SHEET
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the rate of transfer of dissolved oxygen in the
environment or growth medium to the exterior cell
surface. However, closer examination of cell
structure reveals several potential diffusional

5 barriers between environmental oxygen and the
cytochromes where the oxygen finally undergoces
reaction. For example, in gram negative bacteria,
where the cytochromes are attached to the inside of
the plasma membrane, the diffusing oxygen needs to

10 cross transport barriers such as the cell wall, the
outer membrane, the periplasmic space and the inner
membrane before accepting electrons from metabolic
reactions. In unicellular eucaryotes, where
oxidative phosphorylation takes place in the

15 mitochondria, there are further diffusional
resistances. Small neutral molecules like oxygen are
assumed to passively diffuse across these barriers;
however, these barriers make a non-trivial
contribution to the overall resistance to mass

20 transfer to the actual reaction site and thus could
be of significance under conditions of low oxygen or
oxygen limitation.

Physiological effects on growth due to depletion in
dissolved oxygen levels has been demonstrated in the

25 case of several organisms, including Escherichia
coli, Saccharomyces cerevisiae, Pseudomonas strains,
and Alcaligenes eutrophus. In E. coli for example,
which has a very high affinity cytochrome, changes in
dissolved oxygen tension leads to differential

30 regulation of terminal oxidases, resulting in a
decrease in the number of protons expelled per NADH
molecule oxidized during aerobic respiration and,
consequently, a possible adverse change in the
stoichiometry of ATP biosynthesis. (Kranz et al.,

35 Journal of Bacteriology 158:1191-1194, 1984; Ingraham
et al., Growth of the bacterial cell, Sinauer
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Associates, Inc. 1983, p. 147, both specifically
incorporated herein.)

In addition to the respiratory oxygen requirement of

aerobic organisms, oxygen-binding proteins have other .
5 potential applicatidns as well, including, for

example, the enhancement of particular oxidative

transformations such as steroid conversions, vinegar

production, biological waste treatment or enzymatic

degradations, and in some steps in brewing or making

10 distilled and fermented foods and beverages.

The filamentous bacterium, Vitreoscilla, a member of
the Beggiatoa family, is a strict aerobe that is
found in oxygen-poor environments such as stagnant
ponds and decaying vegetable matter. Growth of the

15 bacterium under hypoxic conditions results in a
several-fold induction of synthesis of a homodimeric
soluble heme protein (subunit MW 15,775) (Boerman et
al., Control of heme content in Vitreoscilla by
oxydgen, Journal of General Applied Microbiology

20 28:35-42, 1982) which has a remarkable spectral
(Webster, et al., Reduced nicotinamide adenine
dinucleotide cytochrome o reductase associated with
cytochrome o purified from Vitreoscilla, Journal of
Biological Chemistry 249:4257-4260, 1974), structural

25 (Wakabayashi, et at., Primary seguences of a dimeric

bacterial hemoglobin from Vitreoscilla, Nature
322:481-483, 1986), and kinetic (Orii, et al.,
Photodissociation of oxygenated cytochrome o(s)

(Vitreoscilla) and kinetic studies of reassociation,
30 Journal of Biological Chemistry 261:2978-2986, 1986)

homology with eucaryotic hemoglobins, and which is
probably a true bacterial hemoglobin.

This protein was previously thought to be a
cytochrome o, and it has been suggested to function
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in oxygen storage. However, biochemical discre-
pancies (Webster, et al., Oxygenated cytochrome o,
Journal of Biological Chemistry 252:1834-1836, 1977)
as well as the subsequent discovery of the true

5 membrane-bound cytochromes o and 4 (DeMaio, et al.,
Spectral evidence for the existence of a second
cvtochrome o in whole cells of Vitreoscilla, Journal
of Biological Chemistry 258:13768-13771, 1983;
Webster et al., Federation Proceeding 44:678, 1985)

10 led to further investigations of its spectral
properties (Choc et _al., Oxygenated intermediate and
carbonyl species of cytochrome o (Vitreosgilla),
Journal of Biological Chemistry 257: 865-869, 1982;
orii et al., supra.) and the eventual determination

15 of its probable amino acid sequences and partial

homology with known hemoglobin sequences (23).

Although these articles disclose the conservation of
most features characteristic of eukaryotic
hemoglobins, and discuss, to some extent, the role or

20 potential role it probably plays in oxygen
utilization, it is not believed to have been
suggested by others that there is any benefit from
the introduction of a bacterial hemoglobin or other
oxygen-binding proteins in heterologous organisms.

25 Moreover, it is believed that there has been no
suggestion that such oxygen-binding proteins would
have a far-reaching range of applications.

Surprisingly, the present inventors have discovered
that oxygen-binding proteins are useful in enhancing
30 oxygen supply to cells or in other oxygen-utilizing
processes, and for binding and separating oxygen from
other fluids or gases. Furthermore, the oxygen-
binding proteins are capable of increasing production
of cells, or of proteins or metabolites normally made

35 by a cell, or of natural or unnatural metabolites and
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proteins expressed in a cell via genetic
manipulation. These proteins are also useful as
selective markers in recombinant-DNA work, and have
applications as diverse as enhancing certain oxygen-

5 requiring steps in fermentation, enzymatic -
degradation, toxic chemical waste treatment, brewing,
and particular oxidative reactions and .
transformations.

A preferred method of expressing these proteins in
10 bacteria is to use the promoter/regulator sequence of
V. hemoglobin of control expression of the homologous
oxygen-binding protein. The DNA sequences which
usually precede a gene in a DNA polymer and which
provide a site for initiation of the transcription of
15 that gene into mRNA. These are referred to as
"promoter" sequences. Other DNA or RNA sequences,
also usually but not necessarily "upstream" of a
structural gene, bind proteins that determine the
frequency or rate of transcription and/or translation
20 initiation. These other sequences, including
attenuators, enhancers, operators and the like, are
referred to as "regulator" sequences. Thus,
sequences which operate to determine whether the
transcription and eventual expression of a gene will
25 take place are collectively referred to as

"promoter/regulator" DNA sequences.

The lactose ("lac") promoter/operator systems have
also been commonly used, for they are very
controllable through the mode of action of the

30 operator. When the operator is repressed, the DNA
dependent RNA polymerase is completely prevented from
binding and initiating transcripticon, thus
effectively blocking promoter operability. This
system can be derepressed by induction following the

35 addition of a known inducer, such as isopropyl-beta-
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D-thiogalactoside (IPTG). The inducer causes the
repressor protein to fall aw:r so the RNA polymerase
can function.

Cells transformed with plasmids carrying the lac

5 promoter/operator sYstem can be permitted to grow up
to maximal density while in the repressed state
through the omission of an inducer, such as IPTG,
from the media. When a high level of cell density is
achieved, the system can be derepressed by addition

10 of inducer. The promoter is then free to initiate
transcription and thus obtain expression of the gene
products at yields commensurate with the promoter
strength. However, certain of these inducible
promoter systems are relatively weak and commercial

15 or research productions using such systems do not

urge the cell to generate maximum output.

In response to the need for microbial expression
vehicles capable of producing desired products in
higher yield, the tryptophan (“trp")

20 promoter/operator system has become widely used.
This system is one of several known systems with at
least three times the strength of the lac promoter.
However, it has the disadvantage of less promoter
control. The trp promoter is not inducible in the

25 way the lac promoter is, namely, the bound repressor
is not removed by induction. Instead, the system
operates on a sort of feedback loop as described
above. A system was devised whereby the attenuator
region of the trp promoter/operator system was

30 removed, with the resultant transformed cells being
grown in tryptophan-rich media. This provided
sufficient tryptophan to essentially completely
repress the operator so that cell growth could
proceed uninhibited by premature expression of any

35 desired foreign proteins. When the culture reached
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appropriate growth levels, no additional tryptophan
was supplied, resulting in mild tryptophan
limitation, and, accordingly, derepression of the
promoter with resultant expression of the desired
5 protein gene insert. In application, this system has A
several disadvantages. For example; it is necessary
to maintain high levels of tryptophan in the growth
media to completely repress the promoter, and to
permit the medium to become completely exhausted of
10 tryptophan following full growth of the culture.

A hybrid system has been developed from the
tryptophan and lactose promoter, wherein both
promoters can be repressed by the lac repressor and
both can be derepressed with IPTG. See De Boer et
15 al., The tac promoter: A functional hybrid derived

from the trp and lac promoters, Proc. Natl. Acad.
Sci. USA, 80: 21-25, 1983. This system shares a
disadvantage with the two discussed above, namely the

required introduction of additional agents to a
20 normal growth medium.

Another regulator/promoter system commonly used for
expression of cloned proteins in E. coli is based on
the P, promoter system from phage lambda. See

Bernard and Helsinki, Methods in Enzymology, 68:482-

25 492, 1979; Use of lambda Phage Promoter P, to Promote
Gene Expression In Hybrid Plasmid Cloning Vehicles.

Induction of this promoter requires increase of
culture temperature from 30°C to 42°C. This system
has the disadvantages of suboptimal growth rates at
30 30°C prior to induction and upsetting of cell
metabolism by the temperature shift. Temperature
shift effects on metabolism are discussed, for
example, by Neidhart, et. al., The Genetics And
Regqulation Of Heat-Shock Proteins, Annual Reviews of
35 Genetics, 18:2985-329, 1984.
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The promoter systems described above are thus useful

for expression of proteins of the globin family.

DISCIOSURE OF THE INVENTION

The present invention relates to the expression and
5 use of oxygen-binding proteins, particularly

hemoglobins, recombinant-DNA methods of producing

same, and to portable DNA sequences capable of

directing intracellular production of these oxygen-

binding proteins.

10 The present invention provides novel methods and
materials for subjecting DNA sequences of living
microorganisms to external regulation which is
dependent upon availability of oxygen in the
environment. Particularly, it relates to

15 promoter/regulators, a recombinant-DNA method of
producing same, and to portable DNA sequences capable
of directing the translation and transcription
initiation and control of the expression of desired
gene products.

20 Thus, another object of the present invention is
provide for the control of expression of any selected
chromosomal or extrachromosomal gene or DNA sequence
through the incorporation of a promoter/regulator DNA
sequence which is functionally responsive to

25 environmental variations in the concentration of
oxygen. The invention is thus broadly applicable to
a variety of aerobic or slightly aerobic procedures
for controlling genetic processes, ranging from the
alteration of existing regulation of endogenous genes

30 in prokaryotic and eucaryotic cells to securing
selective, differential regulation of expression of
selected exogenous 6r foreign genes stably
incorporated in host cells.
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Additional objects and advantages of the invention
will be set forth in part in the description which
follows, and in part will be obviocus from the
description or may be learned from practice of the
5 invention. The objects and advantages may be <
realized and attained by means of the
instrumentalities and combination particularly
pointed out in the appended claims.

To achieve the objects and in accordance with the
10 purposes of the present invention, oxygen-binding
proteins are set forth which are capable of
stoichiometric reaction with oxygen. To further
achieve the objects and in accordance with the
purposes of the present invention, as embodied and
15 broadly described herein, portable DNA sequences
coding for hemoglobin proteins are provided.

Particularly preferred for expression in bacteria,
portable sequences are provided which code for the
hemoglobin of the filamentous bacterium Vitreoscilla.

20 These seguences comprise nucleotide sequences capable
of directing intracellular production of oxygen-
binding proteins. The portable sequences may be
either synthetic sequences or restriction fragments
("natural" DNA seguences).

25 To facilitate identification and isolation of natural
DNA sequences for use in the present invention, the
inventors have developed a Vitreoscilla genomic
library. This library contains the genetic
information capable of directing a cell to synthesize

30 the hemoglobin of the present invention. Other
natural DNA sequences which may be used in the
recombinant DNA methods set forth herein may be
isolated from other genomic libraries.
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Additionally, portable DNA sequences useful in the
processes of the present invention may be
synthetically created. These synthetic DNA sequences
may be prepared by polynucleotide synthesis and

5 sequencing techniques known to those of ordinary
skill in the art.

Additionally, to achieve the objects and in
accordance with the purposes of the present
invention, a recombinant-DNA method is disclosed

10 which results in manufacture by a host cell or
microorganism of the instant oxygen-binding proteins
using the portable DNA sequences referred to above.
This recombinant-DNA method comprises:

(a) preparing a portable DNA sequence
15 capable of directing a host cell to produce a protein
having oxygen-binding activity, including hemoglobin
activity;

({b) cloning the portable DNA sequence
directly into a host cell, or into a vector
20 capable of being transferred into and replicating
in a host cell, such vector containing operational
elenments for the portable DNA sequence;

(c) transferring the vector, if one is used,
containing the portable DNA sequence and
25 operational elements into a host cell capable of

expressing the oxygen-binding protein; and

(d) culturing the host cell under conditions
appropriate for replication and propagation of the
vector and expression of the protein; and

30 (e) 1in either order:

(i) harvesting the protein; and
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(ii)permitting the protein to assume an
active structure whereby it possesses
oxygen-binding activity.

Additionally, to achieve the objects and in "
5 accordance with the purposes of the present
invention, recombinant-DNA methods are disclosed
which subject to external control the translation and
transcription of gene products by a host cell or
microorganism using the portable DNA sequences

10 referred to above.

Processes of the invention include methods for
subjecting the expression of a selected DNA sequence
in a living cell or virus to regulation by oxygen
level through the sife-specific insertion of

15 promoter/regulator DNA sequences responsive thereto.
Also disclosed are improvements in prior methods for
securing expression of a selected "foreign" or
exogenous sequence in a host microorganism wherein
the DNA sequence is stably incorporated as

20 chromosomal or extrachromosomal constituent of the
host. Such improvements comprise fusing to the
selected DNA sequence a promoter/requlator DNA
sequence capable of selectively promoting or
inhibiting expression of the selected DNA in response

25 to variations in environmental concentration of

oxygen.

To further accomplish the objects and in further
accord with the purposes of the present invention,
cloning vectors are provided comprising at least one

30 portable DNA sequence. In particular, plasmid
pUC19/pRED2 is disclosed.

It is understood that both the foregoing general
description and the following detailed description
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are exemplary and explanatory only and are not
restrictive of the invention, as claimed.

The accompanying drawing, which is incorporated in
and constitutes a part of this specification,

5 illustrates one embodiment of the invention and,
together with the description, serves to explain the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a partial restriction map of the plasmid
10 pUC19/pRED2.

Figs. 2a and 2b are partial restriction maps of
plasmids pWLD 5 and pWLD 10, respectively.

Fig. 3 is a partial restriction map of plasmid pBHb3.

Figs. 4A, B, and C and 5A, B, and C show the total
15 cell number, total t-PA and t-PA produced/10% cells
according to Example 18.

Fig. 6 is a partial restriction map of plasmid pMSG.
Fig. 7 is a graph of results described in Example 37.

BEST MODES FOR_CARRYING OUT THE INVENTION

20 Reference will now be made in detail to the presently
preferred embodiments of the invention, which,
together with the drawings and the following
examples, serve to explain the principles of the
invention.

25 It must be understood that the present inventors have
prepared oxygen-binding proteins in culture by
recombinant DNA methods. While some methods for the
production and use of these recombinant products are

SUBSTITUTE SHEET Motif Exhibit 1148, Page 511 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

10

15

20

25

30

35

-14-

described below, the end use of these products alone
is within the scope of the present invention.

As noted above, the present invention relates in part

to portable DNA sequences capable of directing .
intracellular production of oxygen-binding proteins
in a variety of host cells and host microorganisms.
"Portable DNA sequence" in this context is intended
to refer either to a synthetically produced
nucleotide sequence or to a restriction fragment of a
naturally occurring DNA sequence. For purposes of
this specification, "“oxygen-binding protein" is
intended to mean a protein with a primary structure
as defined by the codons present in the
deoxyribonucleic acid sequence which directs
intracellular production of the amino acid sequence,
and which may or may not include post-translational
modifications. It is contemplated that such post-
translational modifications include, for example,
association with a heme prosthetic group. It is
further intended that the term "oxygen-binding
protein" refers to either the form of the protein as
would be excreted from a cell or as it may be present

in the cell from which it was not excreted.

In a preferred embodiment, the portable DNA sequences
are capable of directing intracellular production of
hemoglobin. In a particularly preferred embodiment,
the portable DNA sequences are capable of directing
intracellular production of a hemoglobin biologically
equivalent to that previously isolated from the
filamentous bacterium, Vitreoscilla. By -
"biologically equivalent", as used herein, it is
meant that a protein, produced using a portable DNA
sequence of the present invention, is capable of
binding oxygen in the same fashion, but not
necessarily to the same degree, as the homodimeric
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soluble heme protein (subunit MW 15,775) isolable
from Vitreoscilla.

As noted above, the present invention also relates in
part to portable DNA sequences which contain

5 promoter/regulators which are capable of directing
intracellular expression of endogenous or exogenous
gene products, in a variety of host cells and host
microorganisms. "Portable DNA sequence”" and
“promoter/regulator" in this context are intended to

10 refer either to a synthetically produced nucleotide
sequence or to a restriction fragment of a naturally
occurring DNA sequence.

The portable DNA sequences of the present invention
may also include DNA sequences downstream from a

15 promoter/regulator which code for at least one
foreign protein. For purposes of this specification,
"foreign protein" is intended to mean a protein with
a primary structure as defined by the codons present
in the deoxyribonucleic acid sequence which directs

20 intracellular production of the corresponding amino
acid sequence, and which may or may not include post-
translational modifications. It is further intended
that the term "foreign protein" refers to either the
form of the protein as it would be excreted from a

25 cell or as it may be present in the cell from which
it was not excreted. The foreign proteins include
oxygen-binding proteins such as hemoglobins,
leghemoglobins, myoglobins, hemoproteins,
hemocyanias, hemerythrins and the like.

30 In a particularly preferred embodiment, the
promoter/regulator contains transcription and
translation initiation and control sequences
substantially equivalent to those for directing

intracellular production of a hemoglobin protein
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biologically equivalent to that previously isolated
from the filamentous bacterium, Vitreoscilla. By
"substantially equivalent", as used herein, is meant
that a promoter/regulator operates to express a

5 downstream gene product upon reduction of the level
of oxygen available to the host cell below some
critical value.

It is of course intended that the promoter/regulators
of the present invention may control and initiate
10 transcription and translation of an unlimited number

of endogenous and/or exogenous foreign proteins.

A first preferred portable DNA sequence for the
promoter/regulators of the present invention contains
at least a portion of SEQUENCE ID No. 1, a nucleotide
15 sequence, which reads 5' to 3' and includes the
translation initiation sequence ATG and some of the
nucleotide sequence of the Vitreoscilla structural

gene

The SEQUENCE ID No. 1 exhibits homology with certain

20 sequences which are highly conserved in a variety of
promoter/regulators. Using conventional numbering,
with the underlining showing the homology in the
SEQUENCE ID No. 1 to the consensus sequence, the =10
consensus sequence or Pribnow box segquence is

25 TATAAT(A/G). The -35 consensus sequence is TTGACA,
and the consensus Shine-Dalgarno sequence is
AGGAGGTXXX (XX) ATG.

In a preferred embodiment, the SEQUENCE ID No. 1 is
operatively fused with at least a portion of a

30 downstream sequence of nucleotides which code for at
least a portion of the Vitreoscilla hemoglobin
protein which contains at least a portion of the
amino acid sequence of SEQUENCE ID No. 2
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The SEQUENCE ID No. 2 is disclosed in Wakabayashi et
al., supra, Nature 322:483, 1986. It is presently
believed that the protein purified and prepared
through the practice of this invention will exhibit a

5 homology of over 80% with this sequence. The protein
of this invention has been observed to enhance

functioning of a cell in low oxygen environments.

It must be borne in mind in the practice of the
present invention that the alteration of some amino

10 acids in a protein sequence may not affect the
fundamental properties of the protein. Therefore, it
is also contemplated that other portable DNA
sequences, both those capable of directing
intracellular production of identical amino acid

15 sequences and those capable of directing
intracellular production of analogous amino acid
sequences which also possess oxygen-binding activity,
are included within the ambit of the present
invention.

20 It must also be borne in mind in the practice of the
present invention that the alteration of some
nucleotide bases in a DNA seguence may not affect the
fundamental properties of the coding sequence.
Therefore, it is also contemplated that other

25 analogous portable DNA promoter/regulator seguences
which are operable through changes in oxygen level
are included within the ambit of the present
invention.

It is contemplated that some of these analogous amino
30 acid sequences will be substantially homologous to
native Vitreoscilla hemoglobin while other amino acid
sequences, capable of functioning as oxygen-binding
proteins, will not exhibit substantial homology to
native Vitreoscilla hemoglobin. By "substantial
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homology to native Vitreoscilla hemocglobin in excess
of 50%, preferably in excess of 80%.

Similarly, it is contemplated that some of these

5 analogous DNA sequences will be substantially
homologous to the sequence set forth above, while
other DNA sequences, capable of functioning as the
promoter/regulator described above, will not exhibit

substantial homology to the sequence outlined above.

10 As noted above, the portable DNA sequences of the
present invention may be synthetically created, by
hand or with automated apparatus. It is believed
that the means for synthetic creation of these
polynucleotide sequences are generally Kknown to one

15 of ordinary skill in the art, particularly in light
of the teachings contained herein. As examples of the
current state of the art relating tc polynucleotide
synthesis, one is directed to Maniatis et al.,
Molecular Cloning--A Laboratory Manual, Cold Spring

20 Harbor Laboratory (1984), and Horvath et _al. An
Automated DNA Synthesizer Employing Deoxynuclecside

3!'-Phosohoramidites, Methods in Enzymology 154:313-
326, 1987, hereby incorporated by reference.

Additionally, the portable DNA sequence may be a

25 fragment of a natural sequence, i.e., a fragment of a
polynucleotide which occurred in nature and which has
been cloned and expressed for the first time by the
present inventors. In one embodiment, the portable
DNA sequence is a restriction fragment isolated from

30 a genomic library. In this preferred embodiment, the
genomic library is created from the bacterium
Vitreoscilla. In other alternative embodiments, the
portable DNA sequence is isolated from other genomic

and cDNA libraries.
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While it is envisioned that the portable DNA
sequences of this invention may desirably be inserted
directly into the host chromosome, the present
invention also provides a series of vectors, each

5 containing at least one of the portable DNA sequences
described herein. It is contemplated that additional
copies of the portable DNA sequence may be included
in a single vector to increase a host cell's ability
to produce large quantities of the desired oxygen-

10 binding protein. It is also envisioned that other
desirable DNA sequences may also be included in the
vectors of this invention. Further, the invention
may be practiced through the use of multiple vectors,
with additional copies of at least one of the

15 portable DNA sequences of this invention and perhaps
other desirable DNA sequences.

In addition, the cloning vectors within the scope of
the present invention may contain supplemental
nucleotide sequences preceding or subsequent to the

20 portable promoter/regulator and/or DNA sequence.
These supplemental sequences are those that will not
adversely interfere with transcription of the
portable promoter/regulator and/or any fused DNA
sequence and will, in some instances, enhance

25 transcription, translation, posttranslational
processing, or the ability of the primary amino acid
structure of the resultant gene product to assume an
active form.

A preferred vector of the present invention is set

30 forth in Figure 1. This vector, pUC19/pRED2,
contains the preferred nucleotide sequence which
codes for the amino acids set forth above. Vector
pUC19/pRED2 cells are on deposit in the American Type
Culture Collection ("ATCC") in Rockville, Maryland

35 under Accession No. 67536.
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A preferred nucleotide sequence encoding the
Vitreoscilla hemoglobin protein and adjacent
Vitreoscilla sequences described above is identified
in Figure 1 as region A. The above nucleotide
5 sequence reads counter-clockwise through region A of .
Figure 1. Plasmid pUC19/pRED2 may also contain
supplemental nucleotide sequences preceding and
subsequent to the preferred DNA sequence in region A,
such as terminators, enhancers, attenuators and the
10 1like. For proteins to be exported from the
intracellular space, at least one leader sequence and
any other DNA sequences necessary or preferred for
appropriate transcription and subsequent translation
of the vector DNA may be included within the scope of
15 this invention.

In a preferred embodiment, cloning vectors containing
and capable of expressing the portable DNA sequence
of the present invention contain various operational
elements in addition to or instead of the

20 promoter/regulator disclosed and claimed herein.
These "operational elements" may include at least one
promoter, at least one sequence that acts as
expression regulator, and at least one terminator
codon, at least one leader segquence, and any other

25 DNA sequences necessary or preferred for appropriate
transcription and subsequent translation of the
vector DNA.

Additional embodiments of the present invention are
envisioned as employing other known or currently

30 undiscovered vectors which would contain one or more
of the portable DNA sequences described herein. 1In
particular, it is preferred that these vectors have
some or all of the following characteristics: (1)
possess a minimal number of host-organism sequences;

35 (2) be stable in the desired host; (3) be capable of
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being present in a high copy number in the desired
host; (4) possess a regulatable promoter; and (5)
have at least one DNA segquence coding for a
selectable trait present on a portion of the plasmid

5 separate from that where the portable DNA sequence
will be inserted. Alteration of vectors to meet the
above criteria are easily performed by those of
ordinary skill in the art in light of the available
literature and the teachings herein. It is to be

10 understood that additional cloning vectors may now
exist or will be discovered which have the above-
identified properties and are therefore suitable for
use in the present invention and these vectors are
also contemplated as being within the scope of this

15 invention.

As set forth in Example 1, an E. coli vector system
is a preferred embodiment. Various cloning vehicles
are required for the range of host cells and
organisms suitable for insertion of the portable DNA

20 sequences of the present invention, as set forth
below. In light of the available literature, choice
of such a cloning vehicle, if necessary, is within
the ordinary skill in the art.

Additional bacterial hosts are suitable, including,

25 without limitation: bacteria such as members of the
genera Bacillus, Pseudomonas, Alcaligenes,
Streptococcus, Lactobacillus, Methylophilus,
Xanthomonas, Corynebacterium, Brevibacterium,
Acetobacter, and Strepotomyces.

30 Examples of suitable eucaryotic host microorganisms
would include fungi, yeasts such as Saccharomyces and
candida, and molds such as Aspergillus, Pennicillium,
Trichederma and Cephalosporium (Acremonium).
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It is envisioned that the scope of this invention
would cover expression systems in eucaryotic
microorganisms and host cultured cells derived from
multicellular organisms, including animals, insects
5 and plants, which are grown in the presence of .
oxygen. The promoter/regulator of the present
invention is especially useful in a host which
switches from low to very high expression activity
upon reduction of dissolved oxygen concentration in
10 +the medium. Such expression systems need not be

derived from Vitreoscilla.

Various vector systems will be suitable for these and
other desirable hosts, including plasmids, viruses
and bacteriophages. The following, noninclusive list

15 of cloning vectors is believed to set forth vectors
which can easily be altered to meet the above
criteria and are therefore preferred for use in the
present invention. Such alterations are easily
performed by those of ordinary skill in the art in

20 light of the available literature and the teaching
herein.

For example, many selectable cloning vectors have

been characterized for use in E. coli, including

pucs, pUC9, pBR322, pGW7, placI9, and pDP8, Maniatis
25 et al., supra. A bifunctional vector that replicates

in E. coli and can also be used in Streptomyces is
pKC462a. Suitable vectors for use in Bacillus
include: pUB110, pSA0501, pSA2100, pBD6, pBD8, and
pT127, Ganesan and Hock, eds., Genetics and

30 Biotechnology of Bacilli, Academic Press 1984. 1In
Pseudomonas, RSF1010, Pms1498, pXT209, and RK2 are
suitable; some of these vectors are useful in a wide

range of gram-negative bacteria including
Agrobacterium and Xanthomonas. For Saccharomyces, it
35 1is possible to use YEp24, YIpS5, and YRpl7, Botstein
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and Davis, Molecular Biology of the Yeast

Saccharomyces (Strathern et al., eds), Cold Spring

Harbor Laboratory, 1982. In mammalian systems

retrovirus vectors such as those derived from SV40
5 are typically used.

Synthesis and/or isolation of necessary and desired
component parts of cloning vectors, and their
assembly is believed to be within the duties and
tasks performed by those with ordinary skill in the
10 art and, as such, are capable of being performed
" without undue experimentation.

In construction of the cloning vectors of the present
invention, it should additionally be noted that
multiple copies of the promoter/regulator with any
15 fused gene sequences and/or of the portable DNA
sequence coding for the oxygen-binding protein and
its attendant operational elements as necessary may
be inserted into each vector. In such an embodiment,
the host organism would produce greater amounts per
20 vector of the desired oxygen-binding protein. The
number of multiple copies of the DNA sequence which
may be inserted into the vector is limited only by
the ability of the resultant vector, due to its size,
to be transferred into and replicated and expressed
25 in an appropriate host.

Additionally, it is preferred that the cloning vector
contain a selectable marker, such as a drug
resistance marker or other marker which causes
expression of a selectable trait by the host. 1In a
30 particularly preferred embodiment of the present
invention, the gene for ampicillin resistance is
included in vector pUC19/pRED2. Such a drug
resistance or other selectable marker is intended in

part to facilitate in the selection of transformants.
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Additionally, the presence of such a selectable
marker on the cloning vector may be of use in keeping
contaminating microorganisms from multiplying in the
culture medium. In this embodiment, such a pure
culture of the transformed host organisms would be
obtained by culturing the organisms under conditions
which require the induced phenotype for survival.

It is noted that the portable DNA sequence of the
present invention may themselves be used as a
selectable marker, in that they provide enhanced
growth characteristics in low oxygen circumstances,
and also engender an easily visible reddish tint in
the host cells.

The promoter/regulators of this invention are capable
of controlling expression of proteins or, thereby, of
controlling synthesis of metabolites normally made by
a cell, or of natural or unnatural metabolites and
proteins expressed in a cell via genetic
manipulation. This would include heterologous
proteins--either intracellular or extracellular--as
well as biopolymers such as polysaccharide materials,
simpler metabolites such as amino acids and
nucleotides, antibiotics and other chemicals produced

by 1living cells or cellular biocatalysts.

The oxygen-binding proteins of the present invention,

prepared by the recombinant-DNA methods set forth

herein, will enable increased research into the

growth of organisms in oxygen-poor environments. 1In

addition, the oxygen-binding proteins of the present -
invention are useful in enhancing oxygen supply to
cells or in other oxygen-utilizing processes
(Adlercreutz et al., Biocatalyst in Organic

Synthesis, Symposium of the Working Party on
Immobilized Biocatalysts of the European Federation
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of Biotechnology, Abstracts, p.18, 1985), and for
binding and separating okygen from other fluids or
gases (Bonaventura et al., Underwater Life Support

Based on Immobilized Oxygen Carriers, Applied
5 Biochemistry and Biotechnology 9:65-80, 1984).

Furthermore, the oxygen-binding proteins of this

invention are capable of increasing production -~
cells, or of proteins or metabolites normally m: :: by
a cell, or of natural or unnatural metabolites &a:.d

10 proteins expressed in a cell via genetic
manipulation. This would, as described above,
include heterologous proteins, biopolymers, simpler
metabolites, antibiotics, and other chemicals

produced by living cells or cellular biocatalysts.

15 The protein products of this invention also have
applications as diverse as enhancing certain oxygen-
requiring steps in fermentation, enzymatic
degradation, toxic chemical waste treatment, brewing
and particular oxidative reactions and

20 transformations such as steroid conversions.

This invention also relates to a recombinant-DNA
method for the production of oxygen-binding proteins.
Generally, this method includes:

(a) preparing a portable DNA sequence
25 capable of directing a host cell or
microorganism to produce a protein
having oxygen-binding activity;

(b) transferring the portable DNA sequence
directly into the host, or cloning the
30 portable DNA sequence into a vector
capable of being transferred into and
replicating in a host cell or

microorganism, such vector containing
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operational elements for the portable
DNA sequence;

(c) transferring the vector containing the
portable DNA sequence and operational .
elements into a host cell or
microorganism capable of expressing the «
oxygen-binding protein;

(d) culturing the host microorganism under
conditions appropriate for replication
and propagation of the vector and/or
expression of the protein.

In this method, the portable DNA sequences are those
synthetic or naturally-occurring polynucleotides
described above. 1In a preferred embodiment, the
portable DNA sequence codes for at least a portion of
the Vitreoscilla hemoglobin protein are described
above.

This invention also relates to a recombinant-DNA
method for the use of these promoter/regulators.
Generally, this method provides a process for
subjecting the expression of a selected DNA sequence
to external control under given environmental

conditions which comprises the steps of:

(a) providing at least one selected isolated
structural gene that is transcriptionally
and/or translationally responsive to a
Vitreoscilla hemoglobin promoter/regulator
DNA sequence under the given environmental
conditions; and
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(b) operatively fusing the selected structural
gene with said promoter/regulator DNA
sequence.

It is envisioned that the portable DNA sequences may
5 be inserted directly into the host chromosome, or

alternatively may utilize a vector cloning systen.

The vectors contemplated as being useful in the

present method are those described above. 1In a

preferred embodiment, the cloning vector pUC19/pRED2
10 is used in the disclosed method.

A vector thus obtained may then be transferred into
the appropriate host cell or organism. It is
believed that any microorganism having the ability to
take up exogenous DNA and express those genes and

15 attendant operational elements may be chosen.
Particular hosts which may be preferable for use in
this invention include those described above.
Methods for transfer of vectors into hosts are within
the ordinary skill in the art. For ultimate

20 expression in certain microorganisms such as yeast,
it may be desirable that the cloning vector be first
transferred into another microorganism such as
Escherichia coli, where the vector would be allowed
to replicate and from which the vector would be

25 obtained and purified after amplification, and then
transferred into the yeast for ultimate expression of
the oxygen-binding protein.

The host cells or microorganisms are cultured under
conditions appropriate for the expression of the

30 oxygen-binding protein. These conditions are
generally specific for the host organism, and are
readily determined by one of ordinary skill in the
art, in light of the published literature regarding
the growth conditions for such organisms.
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In one embodiment for expressing globins, conditions
necessary for the regulation of the expression of the
DNA sequence, dependent upon any operational elements
inserted into or present in the vector, would be in

5 effect at the transformation and culturing stages.
The cells are grown to a high density in the presence
of appropriate regulatory conditions which inhibit
the expression of the DNA sequence. When optimal
cell density is approached, the environmental

10 conditions are altered to those appropriate for the
expression of the portable DNA sequence. It is thus
contemplated that the production of a cloned protein
will occur in a time span subsequent to the growth of
the host cells to near optimal density, and that the

15 resultant cloned protein product would be harvested,
if desired, at some time after the regulatory
conditions necessary for its expression were induced.

Where the operational elements used are in the
promoter/regulator sequence of this invention, these

20 conditions are as follows. The cells are grown to a
high density in the presence of appropriate levels of
oxygen which inhibit the expression of the DNA
sequence. When optimal cell density is approached,
the environmental oxygen level is altered to a lower

25 value appropriate for the expression of the portable
DNA sequence. Levels from less than about 1% oxygen-
saturation to an oxygen saturated solution are within
the scope of this invention. It is thus contemplated
that the production of any desired fused product will

30 occur in a time span subsequent to the growth of the
host cells to near optimal density, and that the )
resultant product would be harvested, if desired, at
some time after the oxygen level necessary for its
expression were reached.

SUBSTITUTE SHEET

Motif Exhibit 1148, Page 526 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

-29-—

If harvesting of the oxygen-binding protein products
of the present invention is desired, it may be done
prior or subsequent to purification and prior or
subsequent to assumption of an active structure.

5 It is currently believed that some percentage of the
oxygen-binding proteins of the present invention will
assume their proper, active structure upon expression
in the host cell or organism. If desired, the
oxygen-binding protein may be transported across a

10 cell membrane. This will generally occur if DNA

coding for an appropriate leader sequence has been
linked to the DNA coding for the recombinant protein.
The structures of numerous signal peptides have been
published. It is envisioned that these leader

15 sequences, included in or added to at least some
portion of the portable DNA as necessary, will direct
intracellular production of a fusion protein which
will be transported through the cell membrane and
will have the leader sequence cleaved upon release

20 from the cell.

Additional uses of the oxygen-binding proteins of the
present invention are envisioned. The purified
proteins and/or the whole cells and/or extracts of
the cells of the present invention themselves may be

25 used to bind to oxygen or proteins and thus could
function somewhat as erythrocytes.

The present invention may also be used as a method
for transporting and enhancing oxygen supply to cells
or in other oxygen-utilizing processes by delivering
30 the oxygen-binding proteins--isolated in lysates and
crude cell preparations, purified from extracts, in
synthetic sequences, or in whole cells containing the
proteins--where desired. It is envisioned that the

protein products of the present invention could
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valuably be added to media for culturing cells and
thereby enhance the transport of oxygen.

It is also envisioned that the proteins of the
present invention may be used for binding and
separating of oxygen from fluids such as seawater and
from other gases.

It is understood that application of the teachings of
the present invention to a specific problem or
environment will be within the capabilities of one
having ordinary skill in the art in light of
teachings contained herein. Examples of the products
of the present invention and representative processes
for their isolation, use and manufacture appear
below.

INDUSTRIAL APPLICABILITY

The products and processes of the prasent invention
find usefulness in a range of medical, laboratory and
industrial applications. The invention provides
metabolically engineered cells with cnhanced growth
characteristics for increasing production of various
proteins or metabolites by those cells. The ‘
invention further provides a method for subjecting
expression of a certain DNA sequence to external
control under given environmental conditions. Also
provided are recombinant-DNA fusion gene products,
expression vectors, and nucleotide base sequences for
the practice of the invention. The products and
processes of the present invention find applications
in a range of aerobic processes, such as manufacture
of cloned proteins and synthesis of metabolites,
chemical production by fermentation, enzymatic
degradation, waste treatment, brewing and a range of
oxidative reactions.
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EXAMPLES

EXAMPLE 1 - CIONING AND EXPRESSION OF HEMOGLOBIN
FROM VITREOSCILLA IN ESCHERICHIA COLI.

Materials and Methods. Vitreoscilla sp. (Murray

5 strain no. 389) was obtained from Dr. Webster
(Department of Biology, Illinois institute of
Technology, Chicago, Illinois 60616, USA), and grown
in a medium containing 1.5% yeast extract, 1.5%
peptone, and 0.02% sodium acetate (pH 8.0 with NaOH).

10 This strain is also available from ATCC, accession
number 13981.

E. coli JM101 were obtained from the laboratory of
Dr. Simon (Division of Biclogy, California Institute
of Technology, Pasadena, California 91125, USA), and
15 grown in L broth containing 1% Bactotryptone, 0.5%
yeast extract and 1% sodium chloride. This strain is

also available from ATCC, accession number 33876.

Plasmid pUC19 (Yanisch-Perron et al., Improved Mi13

phage cloning vectors and host strains: nucleotide

20 sequences of mi3mpl8 and pUC19 vectors, Gene 33:103-

109, 1985) packaging kits were purchased from
Pharmacia. All restriction enzymes, T4
polynucleotide kinase and T4 ligase were from New
England Biolabs or Bethesda Research Laboratories.

25 Calf intestine alkaline phosphatase was from
Pharmacia. Mixed oligonucleotide probes were
synthesized with an Applied Biosystems synthesizer.
Kodak XARS x-ray film was used for autoradiography.
Geneclean kits were purchased from Biol0l. All other

30 chemicals were of analytical grade.

Vitreoscilla genomic DNA was isolated according to
the protocol of Silhavy et al., Experiments with dene
fusions, Cold Spring Harbor Laboratory (1984),
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specifically incorporated herein. HindIII-digested

Vitreoscilla DNA was ligated into the phosphatased
HindIII site of pUC19 and transformed into JM101.
Recombinant colonies and plagues were transferred on
5 nitrocellulose filters as described in Maniatis, et
al., Molecular cloning—-a laboratory manual, Cold
Spring Harbor Laboratory (1982) and specifically
incorporated herein. Rapid plasmid isolation from
recombinant colonies were done according to Silhavy
10 et al., supra. Digested fragments of plasmid DNA or

fractions of genomic DNA were isolated from agarose

gels using Geneclean kits. E. coli cells were

transformed by the CaCl, method of Silhavy et al.,

supra. Plasmid uptake was induced by heat-shocking
15 chilled competent cells at 37°C for 5 minutes.

For Southern hybridizations the reagents suggested in
Dupont catalog No. NEF-976, Protocols for

electrophoretic and capillary transfer of DNA and
RNA, DNA and RNA hybridization, and DNA and RNA

20 rehybridization (1985), specifically incorporated
herein, were used, whereas for colony and plaque
hybridizations those described in Maniatis et al.,
supra, were used. Filters were prehybridized at 45-
50°C for 2-4 hours and hybridized at 30°C for 20-24

25 hours. 200 picomoles oligonucleotide kinased with
200 microci (32P)ATP (sp. act. 7000 Ci/mmol) were
used as probe. 'Filters were washed in 2 X SSC, 0.1%
SDS at room temperature (3 X 5 minutes) and at 46°C
(for the C-terminal probe) and 50°C (for the N-

30 terminal probe) prior to autoradiography.

SDS-polyacrylamide gel electrophoresis was done
according to standard protocols, Laemmli, Cleavage of
structural proteins during the assembly of the head
of bacteriophage T4, Nature 227:580-685, 1970,

35 specifically incorporated herein, with a 12.5%
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resolving gel. Protein in the gel was visualized by

the silver staining method or Merril et al.,

Ultrasensitive stain for proteins in polyacrylanmide

gels shows regional variation in cerebrospinal fluid
5 proteins, Science 211:1437-1438, 1983.

Results. Three sets of mixed oligonucleotide probes
were synthesized which had a predicted homolegy to
two domains in the hemoglobin gene, one N-terminal
and one C-terminal. A pUCl19-HindIII library of

10 Vitreoscilla DNA was test-plated on rich plates with
ampicillin, X-gal and IPTG. More than 70% of the
colonies were probable recombinants, as estimated by
visual inspection. About 10,000 colonies were then
screened. Three positives were identified. Because

15 of the high density of colonies on the plate, these,
along with their immediate clones from each group,
were assayed by rapid isolation and HindIII
digestion. One of these, pRED1, had three inserted
fragments including a 2.2kb one. Subsequent

20 digestion of this plasmid with various endonucleases
and Southern hybridization of the resulting DNA bands
did confirm that the 2.2kb band did indeed contain
the entire hemoglobin gene, since no HindIII sites
are expected to exist upstream or downstream of the

25 regions spanned by the oligomeric probes.

The HindIII fragment from pRED1 that contained the
hemoglobin structural gene was purified and
reinserted by standard protocols into pUC19 in both
orientations (pRED2 and pRED3). E. coli cells

30 containing plasmids pRED1, pRED2, pRED3 and pUC19 as
well as Vitreoscilla cells were grown to stationary
phase and cell extracts were assayed on an SDS-
polyacrylamide gel for the existence of the hemo-
globin polypeptide. The hemoglobin was expressed as

35 a major cellular protein in all recombinant cells.
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Since both plasmids PRED2 and PRED3 express about
equal amounts of this polypeptide, it is presently
believed that the gene is probably expressed from its
natural promoter in E. coli.

5 The restriction map of plasmid pRED2 is shown in

Figure 1.

Determination of the sequence of the relevant region
of the fragment isolated from the Vitreoscilla
Ugenomic library was accomplished as follows:

10 The HindIII-Sphl fragment from plasmid pRED2 which
contains the structural gene and adjacent segquences
was subcloned into pUCl19 (purchased from Bethesda
Research Labs) to obtain plasmid pRED4. An Mlul site
was identified, by restriction mapping the resulting

15 plasmid, which breaks up the HindIII-SphI insert into
two fragments which were individually sequenced using
conventional protocols (Maxam and Gilbert, Seguencing

end-labeled DNA with base-specific chemical
cleavages, Methods in Enzymology 65:499-560, 1980;

20 Iverson and Dervan, Adenine specific DNA chemical
sequencing reaction, Nuclear Acids Research 15:7823-
7830, 1987).

The nucleotide sequence of the important portion of
the HindIII-SphI fragment includes a putative E. coli
25 promoter, ribosome binding site, the complete VHb
structural gene (start and stop codons are
underlined) and a putative E.- coli transcription
terminator (Khosla and Bailey, The Vitreoscilla
hemoglobin gene: molecular cloning nucleotide

30 segquence and genetic expression in Escherichia coli,
Mol. & Gen. Genet., 214:158-161 (1988).

SUBSTITUTE SHEET

Motif Exhibit 1148, Page 532 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

-35=

EXAMPLE 2 - GROWTH ENHANCEMENT IN E. COLI

WITH pPRED2: SHAKE FLASK CULTURES.

In this Example, the growth behavior of E. coli cells
producing active Vitreoscilla hemoglobin was compared

5 to that of control strains grown under identical
conditions. The following strains were studied: (1)
JM101:pRED2; (2) JM101:pUC9; and (3) JM101l. Plasmids
pUC9 and pUC1l9 are essentially identical except for a
difference in one restriction site unrelated to the

10 insert or to any of the functional properties of the
plasmid.

Experimental protocol: Cells were grown at 37°C in a
complex medium containing 1% (W/V) bactotryptone,
0.5% (W/V) yeast extract, 0.5% (W/V) NaCl, 0.3% (W/V)
15 K,HPO, and 0.1% (W/V) KH,PO, (pH 7.0). Plasmid-
containing cells were grown in the presence of 100
mg/L ampicillin. In each case the shake-flask was
inoculated with a 1% (V/V) dose of concentrated
nutrient broth containing 430 g/L glucose, 5 g/L
20 yeast extract, 110 g/L (NH,),S0,, 8 g/L MgSO,-7H,0,
0.27 g/L FeCl;-6H,0, 0.02 g/L 2nCl,-4H,0, 0.02 g/L
cacl,-2H,0, 0.02 g/L NaMoO,:-2H,0, 0.01 g/L CuSO,:5H,0,
0.005 g/L H3BO3, 0.1% (V/V) conc. HCl1l, 4.2 mg/L
riboflavin, 54 mg/L pantothenic acid, 60 mg/L folic
25 acid. This formulation has been successfully used on
a previous occasion to grow stationary cells to a
high density in a fedbatch mode. The cells were then
allowed to grow further until stationary phase was
reached again. Optical density was measured at 600 nm
30 on a Bausch & Lomb Spectronic 21 spectrophotometer.
Dry weights were measured by spinning 10 mL samples
at 4°C, washing once with distilled water and
subsequently drying the resuspended sample at 100°C
overnight. The heme content of the cells was assayed
35 according to the method of Lamba & Webster (Lamba &
Webster, Effect of growth conditions on vield and
heme content of Vitreoscilla, Journal of Bacteriology
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142:169-173, 1980), and the hemoglobin activity was
measured by the method of Webster & Liu (Webster and
Liu, Reduced nicotinamide adenjne dinucleotide

cytochrome o reductase associated with cytochromic o
5 purified from Vitreoscilla, Journal of Biological .

Chemistry, 249:4257-4260, 1974.).

Results. The growth properties, heme content and
hemoglobin activity of the three strains are

documented in the Table below.
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JM101 :pRED2 JM101 : pUCY Jm101

1. ODgqq 0.937 0.737 0.945
before nutrient
replenishment
2. ODggq 1.230 0.880 0.985
3. max. attained dry wt. 1.5g/L 0.85g/L lg/L
4. relative heme content 5.5 1 **
5. relative hemoglobin 5 I * R
activity
6. specific growth ratex* 0.04/h 0.01/h 0.009/h

*mean value following additional feeding of shake-flasks as
described above

**not assayed

EXAMPLE 3 - GROWTH ENHANCEMENT OF E. COLT WITH pRED2.
A typical high-cell density fermentation is of a

fedbatch type. The optimal rate of nutrient
addition, and consequently the productivity, is
ultimately limited by the rate at which cells can
aerobically catabolize the carbon source without
generating growth-inhibitory metabolites such as
acetate and lactate (Zabriskie and Arcuri, Factors
influencing productivity of fermentations employing
recombinant microorganisms, Enzyme and Microbial
Technology 8:706~717, 1986; Tsai et al, The effect of
organic nitrogen and glucose on the productivity of
recombinant insulin-like growth factor in high cell
density Escherichia coli fermentations, Journal of
Industrial Microbiology 2:181-187, 1987). In this

experiment, we compare the growth properties of the
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recombinant strain (JM101:pRED2) expressing
Vitreoscilla hemoglobin with similar plasmid-
containing (JM101:pUC9) and plasmid-free (JM101)
strains under typical fed-batch fermentation

5 conditions. .

Materials and Methods:
Cells were grown in a New Brunswick Microferm
fermentor at 3710.5°C and a pH of 7+0.05 with an
initial working volume of 2.5 L. A constant air-flow
10 rate of 4.5 L/min and agitator speed of 300 rpm were
maintained throughout each run. Silicone antifoam
AF60 was used to control foaming. The batch medium
and feed medium 1 listed in Table 2 in Tsai et al,
supra were used. Growth following inoculation was in
15 batch mode. After batch stationary phase was
reached, continuous feeding was initiated using feed
medium 1 at a flow rate of 10 mL/hr. For plasmid-
containing cells, 100 mg/L ampicillin was used. In
all cases, the dissolved oxygen (DO) levels remained
20 fairly constant around 5% of air saturation for most
of the run except during the early log phase and
towards batch stationary phase.

Results:
The growth parameters measured for the three strains
25 are listed below. Batch stationary phase refers to

conditions before continuous feeding was started.
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JM101 :pRED2 JM101:pUCS JM101:pRED2

Batch log-phase growth 0.95 0.73 0.95
rate (h™1)
Batch stationary-phase 2.6 1.6 2.6

dry cell mass (g/L)

Fed-batch log-phase 0.056 0.033 0.066
growth rate (h’!)

Final dry cell mass 5.8 2.8 5.9
(g/L)

Further, the respiratory behavior of JM10l1l:pRED2 was
improved compared to the control strains at low DO

levels, as observed in a Gilson respirometer.

Conclusion:

Cells containing Vitreoscilla hemoglobin grow faster ’
and to higher densities than comparable plasmid-

containing controls.

EXAMPLE 4 - EXPRESSTON OF VITREOSCILIA HEMOGI.OBIN

(VHb) IN E. COLT UNDER THE REGUIATION OF OTHFR
PROMOTERS.

In Examples 1, 2, and 3 above, the expression of
hemoglobin is under the regulation of its native
oxygen-regulated promoter. Hence, it is not possible
to modulate independently the dissolved oxygen
concentration (DO) and the intracellular VHb level.
In order to overcome this, the inventors attempted to
express this protein under the control of other
regulatable promoters which are functional in

E. coli, such as trp (Russell and Bennett,
Construction and analysis of in vitro activity of E.
coli promoter hybrids and promoter mutants that alter

SUBSTITUTE SHEET

Motif Exhibit 1148, Page 537 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

10

15

20

25

_40_
the -35 to -10 spacing Gene 20:231-243, 1982) and tac

(deBoer et al, The tac promoter: a functional hybrid
derived from the trp and lac promoters Proc. Natl.
Acad. Sci. USA 80:21-25, 1983). Materials and
Methods:

Plasmid PRED4 was linearized with HindIII and treated
with exonuclease Bal3l to generate 5' end deletions
in the HindIII-SphI VHb fragment (Maniatis et al,
supra). After digestion with SphI, the resulting VHb
fragments were cloned into HindIII-SphI digested
pUC18. The positions of the deleted end-points were
identified by sequencing.

trp and tac promoters and the chloramphenicol acetyl
transferase gene (CAT) were purchased from Pharmacia,
Inc. Oligonucleotides were synthesized at California
Institute of Technology using an Applied Biosystems
DNA synthesizer.

All DNA enzymes were obtained from vendors.

The functional assay for the VHb gene product is as
described in Webster and Liu, supra.

Cells were pelleted at 4°C and resuspended in 100 mM
Tris (pH 7.5), 50 mM NaCl. This cell suspension was
sonicated at 75 W for 3 min. on ice. After spinning
in at 12,000 g for 10 min., the supernatant was
collected and assayed for VHb. Total protein content
was estimated using the Bradford assay kit from
BioRad Inc. Vhb activity is reported as delta-A,;q.
436/Mg total protein.
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Results:

One of the deletions, pRED302, mapped 2 base-pairs
upstream of the ATG start codon for the VHb
structural gene. This deletion was used for further
5 work. The EcoRI/BamHI trp promoter cartridge was
cloned upstream of the truncated VHb fragment. The
following ribosome binding site was synthesized:

5' GATCCCGGGTCTAGAGGA 3!
GGCCCAGATCTCCT

10 and inserted between the BamHI and nuclease-blunted
XbaIl sites to give rise to a trp promoter-controlled
VHb expression system. The CAT gene (Alton and
Vapnek, Nucleotide sequence analysis of the
chloramphenicol resistance transposon Tn9, Nature

15 282:864-869, 1979) was inserted downstream and under
the control of the lac promoter available on this
PUCl19-based plasmid. This gene product can be
conveniently assayed (Neumann et al, Novel rapid
assay for chloramphenicol acetyltransferase gene

20 expression, BioTechniques 5:444-447, 1987) and hence
serves as a useful reporter. Finally, the B-
lactamase gene on this PUCl19-based plasmid was
deleted by digestion and religation with PvuI. The
purpose of this step is to eliminate the presence of

25 a plasmid-encoded periplasmic protein. The plasmid

thus obtained was called pHbCAT and was transformed
into JM101. As a control, the CAT gene was cloned
downstream and under the control of the lac promoter
in pUC19. The B-lactamase gene was identically

30 deleted. This plasmid was called pCAT. The
restriction maps and the anticipated sequence of
relevant regions of these two plasmids are shown
below.
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pHbCAT (3.6 kb)

EcoRI SphI EcoRI
5 BamHI | HinTIII ECTRI HTndIII PTuI
~ CAT ' LacP ori
VHb structural
10 0 gene 3.6 kb )
EcoRI
5' GAATT CCCCT GTTGA CAATT AATCA TCGAA CTAGT TAACT
AGTAC
BamHI
15 GCAGC TTGGC TGCAG GTCGA CGGAT CCCGG G CTA CAGGA
AGTCT
Start codon of VHb
CATGT TAGAC...(same as in Example 2 up to
SphI site)

20 The sequence of the region spanning between
EcoRI and the start of the VHb structural gene is
shown above. It includes the trp promoter and a
synthetic ribosome binding site.

DPCAT (2.5 kb)
25 coRI
HﬁiéIII EchI HirdIII Pvul EcoRf
30 & ~ CAT LacP ori
2.5 kb

The effect of tryptophan (repressor) and indole

acrylic acid (gratuitous inducer) on VHb levels in

JM101/pHbCAT are shown in the Table below. In these
35 experiments, cells were grown to mid-log in minimal
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medium containing 3 g/L glycerol, 3 g/L Casamino
acids, and the appropriate amount of indole-acrylic
aced or tryptophan.

Host: Tryptophan Indole~ Specific Hb
' acrylic
5 Plasmid: (mg/L) acid (mg/L) Activity*
JM101:pCAT  —- - 3.4 x 1073
JM101:phbCAT 20 - 6.2 x 1073
" 4 - 18.3 x 1073
" - - 31.5 x 1073
10 " - 1 29.8 x 1073
" - 2.5 36.5 x 1073
" - 5 47.0 x 1073
" - 10 36.6 x 1073

Note *(delta-A,,9_436/Mmg total soluble protein)

15 To express the VHb gene under the control of the tac
promoter, an expression plasmid plasmid was made
using a HindIII-BamHI tac promoter cartridge, the
BamHI/Sphl fragment from pHbCAT, and the HindIII-Sphl
digested fragment of the vector pBR322 (Bolivar et

20 al, Construction and characterization of new cloning
vehicles. TII. A multipurpose cloning system Gene
2:95-113, 1977).

With this construct (pINT1l), the level of redness of
cells correlated well with varying amounts of the

25 gratuitous inducer IPTG, indicating that the gene
product synthesis was under the control of tac. The

advantages of this expression system are:
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a. Higher expression of vHb, and
b. Ability to use complex medium for
growth.

EXAMPLE 5 - GROWTH OF E. COLT -~ EXPRESSING VHb UNDER
S5 THE REGULATION OF OTHER PROMOTERS.

The aim of this experiment was to demonstrate the

growth effects of VHb on E. coli. In these cases,
VHb is expressed using promoters different from the
native VHb oxygen-regulated promoter. The

10 strains:plasmids used are:
1. HB101:pBR322 (pBR322 from BRL)

2. JM101:pINT1 (pINT1 discussed in
Example 5).

The two hosts have nearly identical genotypes, the

15 major difference being the presence of an F' factor
in JM101 which harbors the lacI® gene. This gene is
necessary to keep a strong promoter like tac under
control.

The following media recipes shall be henceforth

20 referred to in the appropriate annotated form:

1X LB: 10 g/L Bactotryptone, 5 g/L Yeast Extract,
5 g/L Nacl, 3 g/L KZHPOI' 1l g/L
KH,PO, 100 mg/L Ampicillin

2X LB: 20 g/L Bactotryptone, 10 g/L Yeast Extract,
25 5 g/L NaCl, 3 g/L K,HPQ,, 1 g/L KH,PO, 100 >
mg/L Ampicillin

SX LB: 50 g/L Bactotryptone, 25 g/L Yeast Extract,
5 g/L Nacl, 3 g/L K,HPO,, 1 g/L KH,PQ,, 100
mg/L Rmpicillin.
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The experiment was conducted as follows. Single
colonies of the two strains listed above were
inoculated into 5 mL 1X LB in a culture tube and
grown overnight at 37°cC.

0.5mL of the appropriate inoculum was transferred
into 250mL culture flasks containing 50 mL medium as
follows:

1) HB101l:pER322 : 2X LB

2) HB101l:pBR322 : 5X LB

3) JM101:pINT1 : 2X LB

4) JM101:pINT1 : 2X 1B + 0.1 mM

IPTG

5) JM101:pINT1 : 2X LB# 0.5 mM
IPTG

6) JM101:pINT1 : 5X LB

7) JM101:pINT1 ¢ 5X LB# 0.1 mM
IPTG

8) JM101:pINT1 : 5X LB# 0.5 mM
IPTG

Cells were then grown for 24 h at 37°C in a New
Brunswick G24 Environmental Incubator Shaker with the
shaker speed adjusted to medium setting. At the end
of the experiment, the ODgy, was measured in a
Spectronics 21 spectrophotometer by diluting the
culture 10-fold in 1% NaCl. The data are listed
below.
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Host/Plasmid LB conc. IPTC conc. (mM)Final ODggq

HB101:pBR322 2X 0 3.00
JM101:pINT1 2X 0 3.03
JM101:pINT1 2X 0.1 2.91
JM101:pINT1 2X 0.5 3.00 .
HB101:pBR322 5X 0 2.73
JM101:pINT1 5X 0 3.26
JM101:pINT1 5X 0.1 3.40
JM101:PINT1 5X 0.5 3.15

From this data, the following conclusions may be
drawn:

1. In all cases involving 2X LB, the cells grew to
approximately the same density. This density is
roughly twice that obtained routinely in IX LB under
similar growth conditions and indicates exhaustion of
available nutrient. In other words, cells have
entered stationary phase of growth due to nutrient
limitation.

2. It has been demonstrated (Tsai et al., supra)
that cells grown in excess nutrient eventually attain
an oxygen-limited growth condition due to which they
generate inhibitory metabolics such as acetate.
Eventually, this leads to cessation of growth, even
if more nutrient is supplied. The results of all 5X
experiments are indicative of such an occurrence. In
other words, oxygen limitation has arisen eventually,
causing the culture to reach stationary phase.

3. Hence, it may be argued that under O,-limited
growth, the presence of the hemoglobin gene enhances
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the growth characteristics of E. coli. This result
is similar to that in Examples 3 and 4, with the
difference being that here VHb expression is not
regulated by DO levels.

5 4. It appears that under the given growth
conditions, there exists an optimal level of VHb
expression that maximizes the growth enhancement
effect. Such an optimum may be a function of
specific growth properties of each cell line and/or

10 plasmid construct as well as of the environmental
conditions of growth. The optimum may thus have to
be determined for different applications of this
technology on a case~by-case basis; however, such
determination does not require undue experimentation.

15 EXAMPLE 6 — EFFECT OF VHb PRESENCE ON THE SYNTHESIS
OF ANOTHER CLONED PROTEIN IN E. COLT.

The aim of this experiment was to demonstrate the
effect of the VHb gene on the synthesis of a model
cloned gene product. This is an important

20 application of the technology, since a wide variety
of gene products are produced commercially via
recombinant DNA technology. A typical process of
this kind involves a high cell density fed-batch
fermentation. The productivity of such processes is

25 ultimately limited by insufficient oxygen
availability.

The following hosts/plasmids were used in this
example:

1. JM101:PCAT
30 2. JM101:PHbCAT.

The construction of these plasmids is described in
Example 5.
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The following media compositions were used:

LB: 10 g/L Bactotryptone, 5 g/L Yeast
Extract, 5 g/L NaCl, 3 g/L Ky,HPO,; 1
g/L KH,PO,, 30 mg/L Chloramphenicol

5 10X feed: 100 g/L Bactotryptone, 100 g/L
Yeast Extract, 150 mg/L
Chloramphenicol.

The experiment was conducted as folLows:

Single colonies of the two strains were inoculated

10 into 5 ml LB in a culture tube and grown overnight.
1 mL of the inoculum was transferred into 100 mL
fresh LB and the growth curve was followed. As cells
approached the end of log phase, a 1 mL pulse of 10X
feed was added and the growth burst was followed. A

15 second pulse was similarly added. At the end of this
growth phase, a pulse of 1 mL 10X feed containing 100
mM IPTG was added to induce the expression of the CAT
gene. One hour later, a sample was withdrawn for
monitoring CAT activity. The results of the

20 experiment are shown below.

JM101:pCAT JM101: pHbCAT
1) Klett before IPTG pulse 670 700
2) Total soluble protein 0.31 0.435
(mg/ml culture broth)
3) CAT activity 1.39x10* 2.67x10%
25 (units/mg soluble protein)
4) CAT activity
(units/ml culture broth) »

From the above data, the following conclusions may be

drawn.
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1. The presence of VHb enhances the synthesis of a
cloned gene product, even at low levels of VHb

industrion.

2. Besides increasing the amount of cloned gene

5 product per unit volume of culture, the presence of
VHb may also enhance the specific activity (activity
per unit amount of totally soluble protein) of the
cloned gene product.

EXAMPLE 7 - OXYGEN-DEPENDENT REGULATION OF EXPRESSTION
10 OF VHb IN E. COLT BY NATIVE VITREOSCILLA HEMOGLOBIN
UPSTREAM SEQUENCES.

The aims of this experiment were as follows:

1. To demonstrate that VHb gene expression in E. coli
increases in response to decreasing oxygen levels in
15 the medium.

2. To establish transcriptional-level regulation of
gene expression.

3. To determine the sensitivity of this oxygen-
dependent genetic switch in response to changes in
20 dissolved oxygen concentrations.

Materials and Methods:
The HindIII-Sphl fragment containing the VHb gene and
flanking sequences was cloned into the corresponding
sites of the vector pBR322, thereby creating the

25 plasmid pOX1l. This was then transformed into the E.
coli hold, HB10l. The fermentation was conducted in
a New Brunswick Bioflo II fermentor with a 2.5 L
working volume using LB (10 g/L Bactotryptone, 5 g/L
yeast extract, 5 g/L NaCl, 3 g/L K,H-PO,, 1 g/L

30 KH,PO,) plus 8 mg/L silicone antifoam as medium at
37°C, pH 7.0 with a constant agitation speed of 300

SUBSTITUTE SHEET

Motif Exhibit 1148, Page 547 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

-50~-

rpm. All other methods involve conventional

protocols (Maniatis, et al., supra).

Cells were grown to an ODggq = 0.25 with DO
maintained greater than 50% air saturation at all

5 times. At this point, the air supply was gradually
reduced so that the DO fell to about 1% air
saturation in an almost linear manner over a period
of 45 min. (i.e., a time scale long enough for gene
induction, yet within approximately one generation

10 time of E. coli). Samples were intermittently taken
and analyzed for VHb mRNA and protein levels. Later,
nitrogen was sparged in the vessel to study the
induction of the VHb promoter under strictly
anaerobic conditions.

15 Results:

1. The level of VHb mRNA increased about ten-fold as
DO dropped from 70% to 1% air saturation.

2. There was a corresponding increase in VHb
activity. A lag was noticed between increase in VHb

20 mRNA level and increase in the quantity of active
VHb. This may occur because of the requirement of
additional heme biosynthesis in the host cell in
order to produce active VHb.

3. The VHb prohoter was switched on to significant
25 1levels only below 40% air saturation and attains
maximum induction levels below 5% air saturation.

4. The promoter switches off under strictly anaerobic
conditions, indicating the importance of a basal
level of aerobicity in the environment for maximal

30 gene expression.
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EXAMPLE 8 - HETEROLOGOUS EXPRESSION OF VHb IN A

EUCARYOTIC SACCHAROMYCES CEREVISIAE HOST.
In this experiment, we attempted to express the VHb

gene in a model eucaryote, Saccharomyces cerevisiae.
5 The vector used was pBM 150 (Johnston and Davis,
Sequences that requlate the divergent GAL1-GAL10
promoter in Saccharomyces cerevisiae, Molecular and
Cellular Biology 4:1440-1448, 1984) and the host
strain was D603 (ade”, ura~, met™, lys™, reg 1),
10 Srienc et al., Effect of ARS1 mutations on chromosome

stability in Saccharomyces cerevisiae, Molecular and
Cellular Biology 5:1676-1684, 1985. The truncated
VHb structural gene referred to in Example 4 was
cloned downstream of the GAL10 promoter to create

15 plasmid pYRED1.

Results:
The recombinant strain D603:pYRED1 was significantly
redder than the control D603:pBM150 when grown in the
presence of galactose (2% peptone, 1% yeast extract,
20 2% galactose). Inocula were grown in minimal
galactose medium. Significant hemoglobin activity
was determined in sonicates from D603:pYRED1l compared
to D603:pBM150 controls based on the difference

spectrum hemoglobin analysis referenced in Example 2.

25 EXAMPLE 9 - GROWTH ENHANCEMENT OF SACCHAROMYCES
CEREVISIAE CELLS EXPRESSING VHDb.

In this example, the effect of VHb expression on the
growth of the yeast Saccharomyces cerevisiae was
studied. The VHb gene was cloned into a yeast

30 expression plasmid, AAHS, that is stably maintained
as an extrachromosomal plasmid in yeast cells.

Materials and Methods:

Plasmid pEX-2 was constructed as follows. The

BamHI/Sphl fragment described in Example 4 was cloned
35 by blunt-end ligation into the HindIII site of the
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yeast expression vector AAHS5 (Ammerer, Expression of
genes in yveast using the ADC1 promoter, Methods in
Enzymology 101:192-201, 1983). AAH5 contains the
selectable yeast marker Leu 2, the 2 micron circle

origin of replication, and a unique HindIII site
flanked by the transcriptional promoter and
terminator regions of the yeast alcohol
dehydrogenase-1 (ADH-1) gene. The ADH-1 promoter
will support high levels of transcription of any
sequence cloned into the HindIII site. The ADH-1
gene is constitutively expressed in yeast.

S. cerevisiae strain 488-0 (leu2, ura3, his 1-7) was
transformed with plasmids AAH5 and PEX-2 by the rapid
colony transformation procedure (Keszenman-Pereyra
and Heida, A colony procedure for transformation of
Saccharomyces cerevisiae, Curr. Genet. 13:21-23,
1988), and plated on synthetic dextrose (SD) medium
(Rose, Isolation of genes by complementation in
yeast, Methods in Enzymology, 152: 481-504, 1987)
without leucine. A representative clonal cell line
from each transformation was established after colony

purification of a primary transformant.

For the growth studies, single yeast colonies were

inoculated into 2 mL of SD -leu (+leu for 488-0) and

cultured for 24 hr at 260 rpm at 30°C in a Labline

Model 3258 Orbit Enviro-shaker. 0.5 mL of this

inoculum was added to 50 mL of the same medium in a

250 mL flask and cultured at 260 rpm at 30°C. Cell

growth was measured by turbidity (A600nm) using a
Perkin-Elmer Lambda 4A Spectrophotometer. When the )
glucose level of the culture medium dropped below 2.0
mM, the cultures were pulsed with 1/40 volume of a
concentrated medium containing 20 x SD (40% glucose,
13.3% Difco yeast nitrogen base without amino acids,
and 1.6 mg/mL of all the amino acids except leucine.
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For strain 488-0, 1.6 mg/mL leucine was included in
the pulse medium). Glucose concentration was

estimated using Ames Glucostix test strips.

Results:

5 A comparison of the growth curves Of strains 488-0,
488-0:AAH5, and 488-0:pEX-2 grown under the above
conditions revealed the following:

1. All three strains grew at an equivalent rate
during the logarithmic stage of growth.

10 2. The VHb-containing strain 488-0:pEX-2 grew to a
final optical density of 13.0, while strains 488-
0:AAHS5 and 488-0 grew to optical densities of only
10.0 and 9.5, respectively. This represents a 26.0%
increase in final cell density between a strain

15 carrying the VHb gene on a plasmid (488=-0:pEX=-2)
compared to a strain containing the identical plasnid
without the VHb gene (488-0:AAH5). 1In addition, this
represents a 32.6% increase in the final cell density
of 488-0:pEX~2 over the strain containing no AAH5-

20 derived plasmid (488-0).

EXAMPLE 10 - GROWTH FENHANCEMENT DUE_TO EXPRESSION OF
VHb IN E. COLI FROM A CHROMOSOMICALLY INTEGRATED
GENE.

In this example, the tac-VHb gene fusion, discussed

25 in Example 4, was integrated into the chromosome of
E. coli MG1655 (obtained from Cold Spring Harbor
Laboratory, NY).

Materials and Methods:
A defective Tnl0 transposon (Foster, et al., Three

30 TnlO-associated excision events: Relationship to
transposition and role of direct and inverted

repeats, Cell, 23:215-227, 1981) was constructed as
follows. A kanamycin resistance gene (Pharmacia
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Inc.) was cloned into the Sall site of PINT1 (Example
5). The EcoRI/Eagl fragment from the resulting
plasmid, which contains the entire tac-VHb fusion and
Kan® gene, was cloned between the inverted repeats

5 (bases 1-66 on the right end and bases 9234-9300 on
the left end) of a Tnl0 derivative which lacks the
transposase gene (cobtained from Cold Spring Harbor
Laboratory, NY). The resulting element, TnlOdKan-
tac-VHb, was cloned into a multicopy plasmid

10 containing a tac-Tnl0 rightward transposase (obtained
from Cold Spring Harbor Laboratory, NY).
Transposition was induced with 0.5 mM IPTG for 4 hr,
following which cells were plated on lactose-
MacConkey-Kan plates. Lac-mutants were selected and

15 the transposon-induced mutation was induced into E.
coli MG1655 using Pi phage (Silhavy et al., supra).
One of the resulting Lac-colonies, which was further
purified and checked for Lac™, KanR, Amps, VHb* (IPTG
inducible, as confirmed by assay described in Example

20 3), was designated GRO13. Comparison of growth
properties of strains MG1655 and GRO13 in 2X LB
(described in Example 6) containing 1 mM IPTG,
followed by addition of a concentrated feed (25%
Bactotryptone, 12.5% yeast extract), showed an

25 increase in final cell densities (final cell
densities: ODggy = 16.8 for MG1655, ODgoo = 18.1 for
GR013).

EXAMPLE 11 - CONSTRUCTION OF AN EXPRESSTON VECTOR FOR
CULTURED MAMMALIAN CELLS

30 The eukaryotic expression vector pMSG (Pharmacia LKB
Biotechnology, Piscataway, NJ) was propagated in E.
coli HB10l. E. coli HB10l1l was transformed with pMSG
using a standard CaCl, protocol (1). After culturing
transformants overnight, pMSG plasmid DNA was

35 isolated by standard miniprep technique (1). The
authenticity of this plasmid was confirmed by
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performing several restriction digestions of the
original and the HB10l-derived pMSG plasmid DNA. A
frozen stock of HB10l1l-pRED302 (2) was plated out on a
agar plate. The following day, a 10 ml overnight
5 culture was inoculated from a single colony.

Miniprep plasmid isolation was carried out on this
overnight culture for pRED302 isolation. Plasmid
PRED302 was digested with Xbal and Sspl (Boerhringer
Mannheim, Indianapolis, IN) and the digested sample

10 was run on a 0.7% agarose gel. This resulted in 3
fragments of approximate sizes of 2.5 kb, 0.56 kb and
0.54 kb. Test digestions were carried out with the
two smaller fragments using the restriction enzymes
Mlul and Bsu361 since these sites are present in the

15 VHDb structural gene. Electrophoresis of these
digested samples on a 2% agarose gel confirmed that
the lower band contains the VHb structural gene. The
lower band was eluted and purified from the gel using
the GeneClean Kit (Bio 101, La Jolla, CA) resuspended

20 in 30 ml TE (pH 8.0) and stored at -20°C. Part of
this purified fragment was used for construction of
pPMSG-VHb and remaining sample was frozen down at -
20°C for use in Southern hybridization experiments.
The construction of pMSG-VHb was done by utilizing

25 the multicloning site of pMSG. pMSG was seqguentially
digested with Smal and Nhel with an intermediate
phenol:chloroform extraction and ethanol
precipitation step. The digested vector was run on a
0.7% agarose gel and the larger fragment was purified

30 using a GeneClean Kit, resuspended in 20 ml TE (pH
8.0) and stored at =-20°C. An overnight blunt-sticky
end ligation reaction was carried out at 8-15°C for
cloning the Xbal/Sspl VHb fragment into the Nhel/Smal
digested pMSG. This vector was named pMSG-VHb. The

35 following day, competent HB10l were transformed
separately with no plasmid, pMSG and pMSG-VHb
respectively and spread on LB-ampicillin plates.
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Nine colonies were picked from pMSG-VHb plate as
potential transformants for further analysis.
Minipreps were carried out on overnight cultures of
all these potential transformants for pMSG-VHb

5 plasmid DNA isolation. Vectors pMSG and pMSG-VHDb .
were digested with the differed restriction enzymes
BamH1, Hinglll, Sall and Mlul for verifying the
authenticity of the new construct. When run on a
0.7% agarose gel, those samples confirmed the

10 presence of the VHb insert in the multicloning site
of pMSG. A maxiprep was carried out using two 100 ml
cultures of one of the pMSG-VHb transformants for
large-scale plasmid DNA isolation. The DNA was
extracted with phenol:chloroform, ethanol

15 precipitated, the pellet resuspended in 1 ml TE (pH
8.0) and stored at -20°C until further use in CHO
cell transfection.

EXAMPLE 12 - TRANSFECTION OF CHO CELL WITH AN
EXPRESSION VECTOR
20 A Chinese hamster ovary (CHO) cell line producing tPA
(ATCC 9606) was obtained from ATCC (Bethesda,
Maryland). These cells were grown routinely in a
non-selection medium containing DMEM (high glucose)
(GIBCO, Grand Island, NY) supplemented with 1X
25 penicillin-streptomycin-glutamine (Irvine Scientific,
Irvine, CA) solution and 5% dialyzed FBS (GIBCO,
Grand Island, NY) in a 5% CO, humidified incubator at
37°C. Tissue culture dishes (100 & 20mm) were used
in all the experiments. The selection medium for
30 transfected cells contains 25 mg/l1 mycophenolic acid
(Grand Island, NY), 1 X HAT (Gibco, Grand Island, NY) *
and 250 mg/1 xanthine (Sigma, St. Louis, MO in
addition to the non-selections medium components.
During regular cultures, cells were passaged every 2-
35 3 days upon semi-confluency. Total cell counts and
cell size distribution were monitored by the Coulter
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counter. Cell viability was determined using the
trypan blue exclusion method.

The CHO cells producing tPA were transfected with
PMSG-VHb using the standard calcium phosphate

5 procedure described in Maniatis (1). Briefly, one
100 x 200 mm tissue culture dish with 10 ml non-
selection medium was inoculated with 1 x 10% cells 24
hours prior to transfection. Twenty mg pMSG-VHb DNA
was digested overnight with EcoR1l at 37°C. This

10 linearized vector DNA was subjected to
phenol:chloroform extraction and ethanol
precipitation and the resulting pellet was
resuspended in an appropriate volume of 0.1 X TE (pH
8.0). This was combined with 20 mg of carrier DNA

15 and the calcium phosphate-DNA precipitate was formed
according to the standard protocol. 1 ml of this
precipitate was added to the 100 mm dish containing
cells. These cells were incubated for 24 hours at
37°C upon which the medium was aspirated and fresh

20 non-selection medium added in order to facilitate the
expression of XGPRT. Cells were then diluted 1:8 in
selection medium and allowed to grow in this medium.
The medium was replaced every two days and single
colonies began to appear in about two weeks. About

25 40 colonies resistant to selection pressure were
picked using cotton tips wetted with trypsin and
transferred to 24-well tissue culture plates. These
colonies were expanded to 60 and 100 mm dishes upon
reaching confluency in the wells. All except 3

30 clones were frozen down at -70°C. The three clones
(clones 4, 19 and 30) were gradually expanded to 100
mm dish cultures for further studies.

EXAMPLE 13 - VALIDATION OF CIONING OF THE VHb GENE IN
ENGINEERED OR RECOMBINANT CHO CELLS
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Genomic DNA was isolated from various clones using
standard protocos from Maniatis et al. (1). 5 rg
DNA each of the parental CHO-tPA and three VHb-CHO
clones were digested overnight with EcoR1l at 37°C.

5 Agarose gel electrophoresis of these digested DNAs
was carried out using 0.5 X TBE for six hours at 60
volts. The DNA was then transferred overnight to
Immobilon-S membrance (Millipore, Bedford, MA) using
a capillary blot technique (1). The VHb gene probe

10 isolated by miniprep was labeled with biotin using a
PolarPlex Kit (Millipore, Bedford, MA).
Hybridization and detection reaction were carried out
according to the PolarPlex protocol. A permanent
image of the hybridization pattern and the VHb gene
15 was obtained by exposing the membrane to an X-ray
film.

In a typical autoradiogram obtained as a result of
such an experiment, three VHb-CHO clcnes and the
parental CHO-tPA are used. All VHb-CHO clones show

20 two distinct bands hybridized to the VHb probe
whereas the parental clone shows one band. The lower
band is present in all four clones suggesting that
this fragment of DNA exhibits a great deal of
homology with the VHb gene and could be the

25 endogenous hemoglobin gene found in Chinese hamster
ovary cells. The upper band is present only in VHb-
CHO cells indicating that this band corresponds to
the VHb gene present in the vector pMSG-VHb that has
been integrated in CHO cell chromosome as a result of

30 transfection. Thus, the presence of VHb gene
integrated into the chromosome of CHO-VHb cells has >
been established.
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EXAMPLE 14 - OXYGEN-BINDING PROTEIN EXPRESSION IN CHO
CLONES
Cell extracts were prepared for each sample as per
the protocol described in Khosla et al. (2).

5 Briefly, cells were harvested by trypsinization. The
cell suspension was centrifuged at 2500 rpm for 10

minutes at 4°C. The resulting cell pellet was
resuspended in 40 ml lysis buffer (100 Mm Tris pH
8.0, 10 mM NacCl and 10 mM EDTA pH 8.0). This cell
10 suspension was subjected to freeze-thaw cycles 3
times in a dry ice-ethanol and 37°C waterbath for 5
minutes each. The resulting suspension was
centrifuged at 12000 rpm for 2 minutes at 4°C. The
supernatant was transferred to an Eppendorf tube and
15 stored at -20°C until SDS-PAGE was performed.

SDS-PAGE was carried out using standard protocols
using the Protein minigel apparatus (Biorad,

Richmond, CA). The proteins were transferred to a
nitrocellulose membrane and VHb detection was

20 accomplished by Western analysis explained below.
The membrane was incubated for 30 minutes with PBS
containing non-fat dried milk to prevent non-specific
binding. This was followed by a 30 minute incubation
with rabbit anti-serum to VHb. The membrane was then

25 subjected to two 10 minute washes with PBS. The
membrane was then incubated with horseradish
peroxidase conjugated to anti-rabbit antibody for 30
minutes. After two 10 minute washes with PBS, the
membrane was then incubated with the horseradish

30 peroxidase substrate 4-chloro-f8-naphthol for
30 minutes which resulted in appearance of bands
corresponding to VHb protein. JM101:pRED2 (2) (this
E. coli strain expresses high levels of VHb) cell
extract was used as VHb standard.
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EXAMPI.E 15 - INDUCTION OF CI.ONED VHb EXPRESSTON TN
RECOMBINANT CHO CELLS
Cells expressing VHb were inoculated at 4 x 10°
cells/dish. Twenty-four hours post inoculation,

5 dexamethasone (Sigma, St. Louis, MO) was added to
each dish at final concentrations ranging from 0 to 2
M. Cell growth was monitored everyday as described
earlier. cCell extracts were prepared for Western
blot analysis as described in the previous section.

10 In one experiment, the VHb expression was monitored
as a function of dexamethasone concentration (0.01,
0.5, 1.0, and 2.0 uM) after 50 hours of induction.
In the other experiment, VHb expression was monitored
for a single dexamethasone concentration for

15 induction times of 24, 28, 72, and 96 hours induction
period. Initial experiments were done with three
VHb-CHO clones described in Example 14, namely, 30, 4
and 19. All three express VHb upon induction. Only
results for VHb-CHO clone 30 are discussed below.

20 The results of Western blots from such experiments
show that VHb expression is observed in these cells
for all concentrations ranging from 0.1 to 2.0 pM.
Moreover, VHb expression is observed in samples with
induction times of 24 to 96 hours. The uninduced

25 sample (no dexamethasone) also shows a very faint
band corresponding to VHb indicating that the MMTV
promoter is slightly leaky under conditions of the
experiment. This data shows that these CHO cells
express VHb upon induction.

30 EXAMPLE 16 - EFFECT OF CLONED VHb ON tPA PRODUCTION -
BY RECOMBINANT CHO CELLS
The clones used for this study were the parental CHO- *
tPA and the VHb-expressing CHO-tPA clone. For the
VHb-expressing cells, dexamethasone concentrations of

35 0, 0.1 and 0.5 uM were used. These cells were
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induced on day 1 of the batch culture. All
experiments were carried out using 100 x 20 tissue
culture dishes. Cells were inoculated on day 0 at a
density of 4 x 10° cells per dish. On every day of

5 the 5-day batch culture experiment, one dish was
removed from the incubator for measurements of cell
number, tPA titers and other supernatant metabolite
concentrations. Total cell count was monitored using
a Coulter Counter. Viability was measured by the

10 trypan blue exclusion method using a hemocytometer.
Supernatant was frozen at -20°C for tPA and
metabolite analysis. The tPA production was
monitored using an ELISA kit (COALIZA, Kabivitrunm,
Franklin, OH) according to the standard protocol

15 provided by the manufacturer. tPA concentrations in
each sample were calculated by using a calibration
curve obtained using standard tPA samples provided in
the kit.

The total amount of tPA produced each day was

20 calculated by multiplying the concentration of tPA
obtained by the volume of supernatant present in each
dish. This was done to account for the progressive
reduction in volume of the supernatant due to
evaporation of water during the course of the batch

25 culture. On each day, cell extracts were prepared
and stored as described earlier for analysis of VHb
expression during the batch culture. The day 1
sample from VHb-expressing cells corresponds to the
uninduced level of VHb expression whereas the CHO-tPA

30 sample serves as negative control for VHb expression
since these cells lack the VHb gene. This experiment
was carried out two times in order to establish
reproducibility and consistency of our experiments.
The results of such an experiment are discussed

35 below.
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Figures 4 A, B, C, and 5 A, B and C show the total
cell number, total tPA produced and total tPA
produced/lo6 cells as a function of batch culture
time for these two independent experiments. From
5 both these experiments, it is clear that the specific

growth rates of VHb-CHO cells is about 20-30% lower
than that of the parental CHO-tPA clone. However,
this effect is not due to VHb expression since the
uninduced VHb-CHO cells show almost the same growth

10 characteristics as the induced VHb-CHO cells. This
effect is probably due to some unknown host-vector
interaction that manifests itself as a result of
integration of transfected DNA sequences into the
host cell chromosomes. However, the tPA productivity

15 characteristics are significantly different in the
VHb-CHO clone as compared to the:parental CHO-tPA
clone. The total tPA amounts as well as the amount
of tPA produced per cell are about 50-100% higher in
VHb-CHO cells compared to these properties in the

20 parental CHO-tPA cell culture.

References:

1. Maniatis, T., Fritsch, E.F. and Sambrook, J.
Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, 1989.

25 2. Khosla, C. and Bailey, J.E. Mol. Gen Genet.,
214:158-161 1988.

EXAMPLE 17 - EXPRESSTON OF A BACTERIAL HEMOGLOBIN
IN STREPTOMYCES ENHANCES CELL GROWTH AND OXYGEN
UPTAKE RATES UNDER OXYGEN-LIMITED CONDITIONS.

30 A plasmid was constructed for the expression of a
bacterial hemoglobin in Streptomyces. This plasmid, >
PWLD5, contains the Vitreoscilla hemoglobin gene and

its native transcriptional regulatory sequences N
[Khosla and Bailey (1988) Mol. Gen. Genet., 214:158]

35 cloned into a common Streptomyces plasmid, pIJ699
[Keiser and Melton (1988) Gene, 65:83]. Specifically
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the 1.2 kilobase Hind III/SphI Vitreoscilla DNA
fragment containing the hemoglobin gene was first
inserted into the HindIII/SphI site of the E.
plasmid pUC19. This construct was then linearized
5 with Hindiii and ligated into HindIII-cut pIJé699.

The resulting plasmid, pWLD5, was stably maintained

coli

in both E. coli and Streptomyces lividans.

To investigate the effect of hemoglobin on cell
growth rate, S. lividans strain TKé64 (pro2, streé,

10 obtained from Dr. David Hopwood, John Innes
Institute, Norwich, England) was transformed with
pWLD5 DNA. A single thiostrepton-resistant colony,
designated TK64:pWLD5, was selected for further
experiments. Hemoglobin expression in TK464:pWLD5

15 was confirmed by Western analysis of total cell
protein. A crude cell extract was generated by
sonication and the proteins separated by SDS-
polyacrylamide gel electrophoresis. The proteins were
then electrotransferred to nitrocellulose membrane

20 and screened with polyclonal antiserum generated
against pure Vitreoscilla hemoglobin. A hemoglobin
band of identical molecular weight as pure hemoglobin
was detected in the cell extracts. Hemoglobin
expression appeared to be constitutive as the levels

25 were similar in cells sampled from any stage of
growth. Expression of functional hemoglobin was
demonstrated by a carbon monoxide difference spectrum
technique [Webster and Liu (1974) J. Biol. Chen.
249:4257].

30 To investigate the effect of hemoglobin expression on
cell growth and respiration, TKé64:pWLD5 was compared
with the plasmid-free strain (TK64) under two culture
conditions corresponding to high and low aeration.
The culture medium used for the experiment was as

35 follows: 3% dextrose, 2% N-Z amine Type I, 1% yeast
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extract, and 1% v/v trace elements mix (0.1%
FeS0,* 7H,0, 0.1% MnSO,: 7H,0, 0.0025% CuCl,' 2H,0, 0.01%
caCl,- 2H,0, 0.00056% H3BO;, 0.002% 2nSO,  7H,0, 0.0019%
(NH,) ¢M050,,° 4H,0) . 5 ug/mL of thiostrepton was added
5 to the TK64:pWLD5 culture. The first condition (high
aeration) was a 50 mL culture volume in a 250 mL
unbaffled erlenmeyer flask shaken at 250 rpm at 300C.
The second condition (low aeration) was a 75 culture
volume in a 250 mL unbaffled erlenmeyer flask shaken

10 at 150 rpm at 30°C. With high aeration, the two
strains had similar maximum specific growth rates
(0.22-0.24 h™1) but the plasmid-free strain reached a
higher final cell density (ODgqo=7.0) compared to
TK64 :pWLD5 (ODggq=5.0). With lower aeration,

15 however, TK64:pWLD5 reached a higher final cell
density (ODggp=1-95) than the plasmid-free strain
(ODggp=1.25). This represents a 56% increase in the
final cell density in cells expressing hemoglobin
under reduced aeration conditions. The maximum

20 specific growth rates of the two strains were similar
(0.10-0.11 h_;) under reduced aeration. Hemoglobin
expression levels in the two strains were similar
throughout the experiment as demonstrated by Western
analysis.

25 Oxygen uptake rates (OUR's) were compared between
TK64 :pWLD5 and the plasmid-free strain throughout
this experiment. Cells were removed at various
times, washed, and resuspended in fresh medium at an
ODggq ©f 0.10. The OUR's were then measured using a

30 Yellow Springs instruments biological oxygen monitor.
The rates were normalized to cell weights and >
compared throughout the growth curve (Table 1).
Although the OUR's of the two strains were similar *
throughout the experiment with high aeration (Table

35 1A), they were consistently higher in the hemoglobin-
expressing strain with lower aeration, especially at
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the later stages of growth (Table 1B). For example,

at an ODggq Of approximately 0.6, the OUR for the

plasmid-free strain was 0.22 mM O,/h-g whereas the

OUR for TKé64:pWLD5 was 0.29 mM O,/h~g, a difference
5 of 32%.

This experiment indicates that Streptomyces lividans
cells expressing a bacterial hemoglobin grow to
significantly higher cell densities and have higher
oxygen uptake rates than the non-expressing strain

10 under reduced aeration conditions. A similar
plasmid, pWLD15, containing the same Vitreoscilla
hemoglobin gene (including its transcriptional
regulatory sequence) fragment as that in pWLDS5,
except that it was cloned into the opposite

15 orientation, also expresses hemoglobin in
Streptomyces lividans. This latter finding is
evidence that the expression of the hemoglobin gene
originates in the inserted fragment (originating from
Vitreoscilla) as opposed to elsewhere on the

20 Streptomyces-based pIJ699 plasmid.

Table 1A - High aeration

Strain 0.D.ggq 0.U.R. (mM O,/h-g)
TK64 0.5 0.32
TK64 : pWLDS 0.4 0.35
25 TKé64 0.9 0.32
TK64 : pWLD5 0.8 0.33
TK64 5.0 0.11
TK64 : pWLDS 4.6 0.12
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Table 1B - Low aeration
Strain 0.D.cqq 0.U.R. (mM O,/h-g)
TK64 0.3 0.35
TK64 : pWLD5S 0.3 0.42

5 TK64 0.6 0.22 -
TK64 : pWLD5 0.6 0.29
TK64 2.0 <0.10 -
TK64 : pWLD5 2.0 0.27

EXAMPLE 18 - GROWTH ENHANCEMENT OF HEMOGLOBIN-

10 EXPRESSING STREPTOMYCES GROWN UNDER TWO ADDITIONAL
CONDITIONS OF REDUCED OXYGEN.
The enhanced growth of hemoglobin-expressing
Streptomyces was examined under two additional
conditions of low aeration in shake flask cultures.

15 Strains TK64 (no plasmid) and TK65:pWLD5 were
cultured in 12.5 and 25 mL culture volumes in 250 mL
flasks for 72 hours at 150 rpm at 30°C. The medium
used was the same as in Example 17. The final cell
densities were measured at ODggy. in the 12.5 mL

20 culture, TK64:pWLD5 reached a final ODggq of 5.8
while TK64 reached an ODgyy of only 4.0, a difference
of 45%. 1In the 25 mL culture, TK64:pWLD5 reached a
final ODggq of 4.5, while TK64 reached an ODggq Of
only 3.3, a difference of 41%. This experiment

25 indicates that hemoglobin expression benefits
Streptomyces cell growth under two additional
conditions of reduced culture oxygen.

EXAMPLE 19 - EXPRESSTON OF BACTERIAL HEMOGLOBIN IN
STREPTOMYCES COELICOLOR.

30 To demonstrate that Vitreoscilla hemoglobin can be ,
expressed in another streptomycete, a plasmid similar
to pWLDS was constructed by inserting BamHI- *
linearized pRED2 [Khosla and Bailey (1988) Mol. Gen.
Genet. 214:158] into BgIII-digested p1J699. The

35 plasmid pRED2 contains the identical hemoglobin
seguence as pWLD5 but contains an additional 1.5 kb
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of non-essential DNA. The resultant plasmid, pWLD10,
was transformed into Streptomyces coelicolor strain
M145 (SCP1-, SCP2- obtained from Dr. David Hopwood,
John Innes Institute, Norwich, England) and a single
5 thiostrepton-resistant transformant, designated
M145:pWLD10, was selected for further experiments.

M145:PWLD10 cells were grown in liquid culture to
exponential phase in 50 mL YEME medium (0.3% yeast
extract, 0.5% peptone, 0.3% malt extract, 1% glucose,

10 34% sucrose, 5 mM MgCl, - 6H,0) at 250 rpm at 30°C. A
cell extract was prepared by sonication and the
proteins separated by SDS-PAGE and screened with
anti-Vitreoscilla hemoglobin antiserum. Western
analysis indicated that a significant level of

15 hemoglobin of identical molecular weight as pure
Vitreoscilla hemoglobin was present in cell extracts
of M145:pWLD10 but not in the plasmid-free strain.
This indicates that Vitreoscilla hemoglobin is stably
expressed in another species of Streptomyces.

20 These data also indicate that the Vitreoscilla
hemoglobin promoter element functions in
S. coelicolor to express a heterologous protein.
Thus, this promoter functions in different strains of
Streptomyces.

25 EXAMPLE 20 -~ EXPRESSTON OF BACTERTIAI, HEMOGIOBIN IN
STREPTOMYCES COELICOIOR_RESULTS IN HIGHER FINAL
ANTTBTOTIC LEVELS.

Antibiotic production in Streptomyces coelicolor
strains M145 and M145:pWLD10 was compared in a shake

30 flask culture experiment. One mL of exponential phase
cells were inoculated into 50 mL of YEME medium (5
ug/ml thiostrepton was added to the M145:pWLD10
culture) in 250 mL unbaffled flasks. The cells were
grown at 250 rpm at 30°C. Ten days later the

35 cultures were analysed for the production of the
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pigmented antibiotic, undecylprodigiosin. The assay
was performed by mixing equal volumes of the culture
and 0.1 M NaOH followed by a 30" sonication (50 Watt
output) on ice. The sonicate was then filtered
through a 0.2 uM nitrocellulose membrane. The OD,qq
of the filtrate, which is a measure of
undecylprodigiosin, was then determined. While the
hemoglobin-expressing strain had an ODygq of 1.4, the
non-expressing strain had an OD,es of only 0.6. This
indicated that greater than twice as much antibiotic
is produced in a hemoglobin-expressing strain of
Streptomyces.

EXAMPLE 21 - EXPRESSION OF BACTERIAT, HEMOGLOBIN TN
CORYNEBACTERTA

A plasmid was constructed for the expression of a

bacterial hemoglobin in Corynebacteria. This

plasmid, pBHb3, contains the Vitreoscilla hemoglobin
gene (Khosla and Bailey, Mol. Gen. Genet., 214:158,
1988) cloned into a common Corynebacterium plasmid
pPBK10. Specifically, a 5.5 kilobase plasmid pINT1
(Khosla and Bailey, J. Mol. Biol., 210:79, 1989)
which consists of the E. coli plasmid pBR322 with a

1.2 kilobase insert consisting of the Vitreoscilla

hemoglobin gene and the 122 base pair tac promoter

(P.L. Biochemicals), was digested with Sal 1 and

EcoRl. The plasmid ends were then made blunt by

£filling in with DNA polymerase 1 (Klenow fragment),

and the 1.5 kilobase fragment containing the

Vitreoscilla hemoglobin gene, tac promoter and

flanking pBR322 sequences was isolated. This

fragment was ligated to EcoRl linearized plasmid ’
PBK10 (Paradis, et al., Gene, 61:199, 1987), the ends
of which had also been made blunt. The resulting
fragment was made circular with T4 DNA ligase. This
plasmid, pBHb3, was transformed into E. coli, and was
stably maintained by selection with the antibiotic
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kanamycin. Corynebacterium glutamicum strain ATTC

39022, a variant of the wild type €. glutamicum
strain ATTC 13032, was transformed with pBHb3 DNA out
of E. coli. A single kanamycin resistant colony was

5 isolated. This clone was designated 39022:pBHb3-7.
The wild-type C. glutamicum strain ATTC 13032 was
then transformed with pBHb3 DNA isolated out of clone
39022:pBHb3~7 and a kanamycin resistant colony,
designated 13032:pBHb3 15 was selected for further

10 experiments. Hemoglobin expression in 13032:pBHb3-15
was confirmed by Western analysis of total cell
protein. A crude cell extract was generated by
sonication and the proteins separated by SDS-
polyacrylamide gel electrophoresis. The proteins

15 were then electrotransferred to a nitrocellulose
membrane and screened with polyclonal antiserum
generated against Vitreoscilla hemoglobin purified
from E. coli, harboring plasmid pRED2 (Khosla and
Bailey, Mol. Gen. Genet., 1988). A band of

20 identical molecular weight as pure hemoglobin was
detected in the cell extracts.

EXAMPLE 22 - EXPRESSION OF A BACTERIAL HEMOGLOBIN IN
CORYNEFORMS ENHANCES AMINO ACID YTELD AND
PRODUCTIVITY IN SHAKE FLASK CULTURES

25 Lysine production in Corynebacterium glutamicum ATCC

13287 and in similar cells transformed with the
plasmid pBHb3 was compared in a shake flask culture
experiment. Equal amounts of exponential phase cells
were inoculated into 75 mL (250 mL flasks) of the

30 following medium: glucose, 175 g/L; yeast extract, 2
g/L; ammonium sulphate, 55 g/L; magnesium sulfate
(heptahydrate), 0.8 g/L; potassium phosphate, 1 g/L;
manganese sulfate (tetrahydrate), 0.01 g/L; ferrous
sulfate (heptahydrate), 0.01 g/L; biotin, 100 mg/L;

35 thiamine-HCl, 200 mg/L; L-leucine, L-methionine and
L-threonine, 0.001 mM each. The pH of the culture
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was maintained at neutrality by adding 50 g/L of
calcium carbonate to each flask. The cells were
grown at 250 rpm shaking speed and 30°C. Samples
were taken at different times, and the culture

5 optical density was measured at 600 nm in a
spectrophotometer. An OD 600 of 1.0 was determined
to correspond to a dry cell weight of 0.35g/Liter.
Glucose and lysine concentrations in the sample
supernatants were measured by high performance liquid

10 chromatography. Cell extracts were prepared from
samples taken from each time point throughout the
experiment. Proteins were separated by SDS-PAGE and
screened with antiserum against Vitreoscilla
hemoglobin. Western analysis confirmed that

15 hemoglobin was being expressed throughout the
experiment. This hemoglobin was demonstrated to be
functional by a carbon monoxide difference spectrum
technique (Webster and Liu, J. Biol. Chem., 1974).

Table 2-1 shows the results obtained 48 hours after
20 inoculation.

Table 2-1: Effect of hemoglobin expression on the
production of L-lysine in C. glutamicum ATCC 13287

Strain 13287 :pBHDb3 13287
glucose (g/L) 159 155
25 1lysine (g/L) 1.60 1.45
OD (600 nm) 5.14 5.67
cell mass (gdw/L) 1.8 2.0

Although the cell yield per glucose consumed is
similar in both strains (110 g/kg vs 100 g/kg), the *
30 1lysine yield per glucose consumed is 43% higher in
the hemoglobin containing cells (100 g/kg va 0.07
g/kg). Also, the lysine produced per cell mass is
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25% higher in the hemoglobin containing cells (910
g/kg vs 730 g/kg).

Yields:
g cells/kg glucose 110 100
5 g lysine/kg glucose 100 70
g lysine/kg cells 910 730
Productivity:
g lysine/ (kg cells.h) 19 15

This experiment indicates that hemoglobin
10 expression in Coryneform increases lysine yield and
productivity.

EXAMPLE 37 — GROWTH ENHANCEMENT OF E. COLI IS DUE TO
THE OXYGEN BINDING PROPERTIES OF VITREOSCILI.A
HEMOGLOBIN

15 1In this experiment we compare the growth properties
in shake flasks of the recombinant strains expressing
Vitreoscilla hemoglobin (LE392:pINT1) and a truncated
version (LE392:pBST) of the E. coli hemoglobin-like
protein described in example yy with similar plasmid-

20 containing (LE392:pUC18) and plasmid free (LE392)
cells. LE392:pBST cells give a negative CO-binding
spectrum indicating that the truncated E. coli
hemoglobin protein is not biologically active.
Experimental medium and conditions were as described

25 1in example 36.

Results:

Cell growth as measured by culture optical density
after 24th of inoculation is listed in the following
table and graphically in FIG. 7:
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LE392 LE392: LE392: LE392:

pucigs | pINTL | pBST

Stationary phase

cell density 5.00 5.32 8.76 5.24

OD (600 nm)

Conclusion:

5 Cells containing a biologically active hemoglobin
(LE392:pINT) grow to higher cell densities than cell
containing a hemoglobin that does not bind oxygen and
thus is biologically inactive (LE392:pBST). Cells
expressing inactive hemoglobin reach cell densities

10 similar to control cells containing the parent
plasmid pUC18 and to no-plasmid control cells.

EXAMPLE 23 -~ THE PRESENCE OF ACTIVE VITREOSCILIA

HEMOGILOBIN TN CORYNEBACTERIUM GLUTAMICUM ENHANCES

LYSINE PRODUCTION, YTIEILID, AND OXYGEN UPTAKE RATE IN
15 BATCH FERMENTATION

In this example, lysine production by C. glutamicum

ATCC 13287 cells transformed with the plasmid pBHb3

and plasmid-free cells was studied in batch

fermentation experiments.

20 C. glutamicum ATCC 13287:pBHb3 and C. glutamicum ATCC

13287:no-plasmid cells were grown in 250-mL shake
flasks at 30°C and 250 rpm in the following synthetic
medium: glucose, 75 g/L; yeast extract, 2 g/L;
ammonium sulfate, 55 g/L; magnesium sulfate

25 (heptahydrate), 0.8 g/L; potassium phosphate, 1 g/L;
2manganese sulfate (tetrahydrate), 0.01 g/L; ferrous
sulfate (heptahydrate), 0.01 g/L; biotin, 100 mg/L;
thiamine-HCl1l, 200 mg/L; L-leucine, L-methionine and
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I-threonine, 200 mg/L each; p 7.0. These cells were
used to seed the fermentors.

Fermentations were conducted in 3-L B. Braum MD
fermentors in the medium described above, at 30°C and

5 under constant air sparging (0.5 L/min). Initially,
the impeller agitation rate was constant. During
that time, the dissolved oxygen concentration
gradually decreased. When the dissolved oxygen
concentration reached 5% of air saturation, the

10 agitation rate was adjusted by the fermentor
controller in order to maintain the dissolved oxygen
concentration at 5% of air saturation until the end
of the fermentations. The culture pH was maintained
at pH 7.0 by the fermentor pH controller by periodic

15 additions of 4 N sodium hydroxide.

Samples were taken at different times throughout the
fermentations. Glucose and lysine concentrations
were determined HPLC. Optical density was measured
at 600 nm using a Beckman spectrometer. An OD600 of

20 1.0 corresponds to a cell mass of 0.35 g dw/L.
Analysis of the off-gas oxygen and carbon dioxide
content were done using a Perkin-Elmer MGA 1200 mass
spectrometer. Oxygen uptake rates (OUR) and
respiration coefficients were calculated using the

25 off-gas data. Hemoglobin expression was stable
throughout the fermentation as demonstrated by
Western electroblotting of the samples taken. The
hemoglobin produced by 13287:pBHb3 was biologically
active as demonstrated by carbon monoxide binding

30 assay.

Table 3.1 shows the optical density, glucose and
lysine concentration as a function of time for
13287:pBHb3 and 13287:np.

Table 3.1
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Time (h) oD600 glucose lysine
(g/L) (g/L)

10 13287:pBHb3 3.5 64 0.1
13287:np 3.7 74 0.1
20 13287:pBHb3 23 47 4.4
13287:np 24 47 4.6
35 13287:pBHb3 35 20 15
13287:np 36 27 12
5 45 13287:pBHb3 44 5 22
13287:np 44 11 16
56 13287:pBHb3 42 0.1 27
13287:np 43 0.2 21

10

15

20

25

The cell yield per glucose consumed is similar in
both strains: 196 g cells/kg glucose for 13287:pBHb3
and 201 g cells/kg glucose for 13287:np. The lysine
yield per glucose consumed is 360 g/kg glucose for
13287:pBHb3 and 289 g/kg for 13287:np. The hemo-
globin containing cells have a lysine yield 25%
higher than the no-plasmid cells. Also, the lysine
produced per cell mass is 31% higher in the
hemoglobin-producing cells (1,840 g/kg cells for
13287:pBhb3 vs 1,400 g/kg cells for 13287:np).
Accordingly, lysine productivity per cell mass is 31%
higher in the hemoglobin containing cells (32.9 g/kg
cells/h for 13287:pBHb3 and 25.0 g/kg cells/h for
13287:np) .

Table 3.2 shows the results from the off-gas analysis
during the lysine production period for the
13287:pBHb3 and 13287:np fermentations.

Table 3.2:

Time OUR PQ

(h) (mmol/L/h)

35 13287:pBHb3 11.2 0.98
13287:np 7.60 1.05

45 13287:pBHDb3 10.2 1.06
13287:np 6.40 0.92

56 13287:pBHb3 11.1 1.06
13287:np 6.60 0.94
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During the lysine production phase (35, 45 and 58 h),
the oxygen uptake rate (OUR) of 13287:pBHb3 averages
10.8 mmol/L/h, a 57% higher than the average OUR of

13287:np during the same time period (6.87 mmol/L/h).

5 These results indicate that expression of active
hemoglobin in Coryneforms increases lysine yield and
productivity, and oxygen uptake rate.

EXAMPLE 24 - CONSTRUCTION OF A TRANSFORMATION VECTOR
FOR _FILAMENTOUS FUNGI

10 Plasmid pENT 10 is a vector which contains the VHb
gene driven by the strong fungal promoter TR-1
isolated from Trichoderma reesei. Selection in fungi
is by the Sh ble gene product, isolated from
Streptoalloteichus hindustanus, which confers

15 phleomycin resistance to the host. This gene is
driven by the fungal promoter GPD isolated from
Aspergillus nidulans. For bacterial manipulations,
selection is tetracycline resistance.

Construction of vector:

20 A plasmid which confers Tet resistance (Tet r) was
constructed first as a base for manipulation in
E. coli. Tet r versus Amp r was chosen for an
integration plasmid for Penicillium since the Beta-
lactamase product from the Amp r gene is destructive
25 to the penicillin product and hence would interfere
with penicillin production results.

The Tet r vector was constructed by isolating the
Tet r gene from a pBR322 based vector and cloning it
into pUC 18 (Yanisch-Perron et al., Gene 33:103

30 (1985)) so as to disrupt the Amp r gene. The tet r
gene carried on pVU-2 on an Aval fragment was
inserted via blunt ends into ScaI-Avall sites of
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pUC 18, which inactivtes the amp r gene. The

resulting vector was named pTAS 18R.

The cloning of the VHb gene was accomplished by

isolating the VHb gene from plasmid p TacHb .
(Example 5) via a Xba I-Sph I fragment. The TR-1
promoter fragment was isolated from plasmid pUT 737
(purchased from CAYLA, France) on a Nde I-Spe I
fragment. These DNA fragments were ligated to vector
pTAS 18R cut with Nde I-Sph I. The resulting
intermediate vector was named pENT 1B. The Sh ble
gene, GPD promoter and Trp C terminator region were
isolated from vector pUT 720 (CAYLA, France) by a Eco
RI-Xba I digest, Klenowed, and inserted into the Bam
HI site of pENT 1B which had also been treated with
Klenow to remove protruding DNA ends and create a
blunt end cloning site. The resulting vector was
named pENT 10.
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EXAMPLE 25 - TRANSFORMATION OF PENICILLIUM
CHRYSOGENUM

Transformation into fungi is accomplished by breaking
down cell walls via enzymatic digestion to form

5 protoplasts which are then selectively permeable to
uptake of exogenous DNA. DNA which is transformed
into fungi is not maintained as plasmid DNA as in
E. coli but integrated into the host genome.

Buffers used in procedure

10 KMC (osmotic stabilization buffer)
700mM KC1
50mMC CacCl2
10 mM MES (buffering agent)
-pH is brought to 5.8 by addition of HCl
15 Lytic Buffer
50mM Phosphate buffer pH 5.8
700mM KC1
PMC (Aids in uptake of DNA)
50% PEG 8000
20 50 mM CaCl2
10 mM MES
-pH is brought to 5.8 by addition of HCl
NacCl (osmotically stable wash)
0.9% soln
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Basic Procedure for transformation:

- inoculate conidia in minimal media (200 ml),
supplemented with 2.5 mM CaCl2 and 200ul of a
standard trace element solution. .

5 - grow at 28°C for 40 hours.

- mycelia are recovered by filtration through a
30um filter and washed with a 0.9% solution.

- Protoplasting and transformation procedures
were carried out essentially as those described

10 in cantoral J.M. et al, Bio/Technology, Vol 5,
May 1987 pg.494-496.

- Selection of protoplasts was on minimal osmotic
media supplemented with 0.5% yeast extract
containing 20ug/ml of phleomycin (CAYLA, France)

15 at 28°C and overlayed with the same media in a
soft agar base after 24 hours.
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EXAMPLE 27 -~ EXPRESSION OF A BACTERIAL HEMOGLOBIN IN
PENICILLIUM CHRYSOGENUM IMPROVES FINAL ANTIBIOTIC
LEVELS.

In this example, penicillin production was studied in
5 hemoglobin-expressing P.chrysogenum and in
non-expressing control cells in batch fermentations.
The plasmid pENT10 described in Example 24 was used
for integration of the Vitreoscilla hemoglobin gene
into the genome of Penicillium chrysogenum ATCC
10 48271.

Medium and conditions: The seed medium was as follows
(per liter): 30 g glucose, 10 g lactose monohydrate,
30 ml corn steep liquor, 2 g ammonium sulfate, 5 g
calcium carbonate, 0.5 g potassium dihydrogen

15 phosphate, 10 g Pharmamedia, 10 g yeast extract. Two
hundred ml of the seed medium was inoculated with
spores to a final concentration of 1 x 108 spores/ml.
The seed cultures were grown at 30°C for 48 hours at
220 rpm and were used to inoculate 2-liter

20 fermentors. The fermentation medium consisted of the
following (per liter): 120 g lactose monohydrate,
27.5 g Pharmamedia, 10 g ammonium sulfate, 10 g
calcium carbonate, 10 g lard oil, 0.5 g fermentation
cultures were grown at 30°C for 24 hours in B. Braun

25 MD fermentors. The air flow rate was maintained at 1
1/min and the dissolved oxygen was controlled at 30%
of air saturation throughout the fermentation. At 24
hours, the temperature was reduced to 25°C, keeping
all other conditions the same, and a phenylacetic

30 acid (potassium salt) feed was initiated at a rate of
0.07 g/h. Throughout the duration of the
fermentation, the off-gas was analyzed by mass
spectrometry (model 1200, Perkin-Elmer, USA).

High pressure liquid chromatography (HPLC) was

35 employed to determine the species and concentrations
of penicillin present in the fermentation broths.
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Samples for HPLC analysis were removed from the
fermentors, filtered through sterile 0.2 um filters
and frozen at -20°C or assayed immediately. The
filtrate penicillin concentrations were measured
5 using a Shimadzu HPLC system. Penicillin G obtained
from Sigma was used as the standard. Samples, after
dilution with buffer A, were analyzed for penicillin
using an AXXI-CHROM C-18 (ODS) column (Cole
Scientific, Calabasas, CA). Buffer A was a 0.015 M
10 solution of ammonium acetate in 5% (v/v) methanol.
Dilutions of the samples and the standard
preparations were made with this buffer. Buffer B
was a 0.015 M solution of ammonium acetate in 30%
(v/v) methanol. The peaks were eluted over a binary
15 gradient and were detected at 220 nm in a UV
spectrophotometer (model SPD-6AV, Shimadzu, Japan).
Peak areas were calculated by an integrator (model
CR501, Shimadzu, Japan). The levels of penicillin
concentrations obtained in shake flask cultures were
20 elevated by greater than 20% in strains transformed
with the VHb gene relative to control strains.

EXAMPLE 28 - CLONING OF HMP PROTEIN IN E. coli AND
TRUNCATED hmp GENES

A plasmid was constructed for the purpose of

25 enhancing the expression of the hmp gene
(hemoprotein) in E. coli. The hmp gene (S.G.
Vasudevan, et al. Mol Gen Genet, 1991, vol, 226: 49-
58) encodes a 44 kDa protein which has

dihydropteridine reductase (DHPR). The hmp amino
30 acid seguence bears great similarity to that of the ,
Vitreoscilla hemoglobin (VHb) gene having 46%

identity through the first 146 amino acids.
Two synthetic oligomers were prepared based upon the

dmp nucleotide sequence as published by S.G.
35 Vasudevan. A 25-oligomer encodes the first 18
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nucleotides of the hmp gene starting from the first
ATG, preceded by a synthetic restriction enzyme site
(Xbal) and consists of the sequence 5' CTC-TAG-AAT-
GCT-TGA-CGC-TCA-AAC-C 3'. The second 25-obigomer
5 encodes the complement to the end of the hmp gene

starting with the first stop codon, preceded by a
synthetic restriction enzyme site (Kpn 1) and
consists of the sequence 5' AGG-TAC-CTT-ACA-GCA-CCT-
TAT-GCG-A 3'. These two oligomers were used to

10 perform a PCR reaction in which the template was
genomic DNA isolated from E. coli strain K-12. A

1200bp PCR product was generated which restriction
analysis showed to be the hmp gene. This PCR product
was digested with Xba 1 and Kpn 1, and ligated to the

15 plasmid pTacVhb from which the VHb sequence has been
removed by digestion with Xba 1 and Kpn 1. The
ligation mix was used to transform competent E. coli
ceells and transformants were selected by resistance
to the antibiotic amplicilin. Several resistant

20 clones were geneerated from which plasmid DNA was
isolated. Restriction analysis showed one of the
plasmids to be correct and it waS designatted
pTac-HMP. The expression of pTac-HMP in E. coli was
confirmed by a carbon monoxide difference spectrum

25 technique (Webster and Liu, J. Biol. Chem., 1974).
The difference spectrum of control cells not
transformed showed no Co-binding activity, while
cells transformed with pTac-HMP showed the difference
spectrum characteristic of cells expressing

30 functional hemoglobin and hemoglobin-like (hmp)
proteins.

Two additional plasmids were constructed which are
identical to pTac-HMP through that portion of the hmp
sequence which is similar to the VHb sequence, but

35 which have the dis-similar hmp seguences removed.
Plasmid pTac-Bst was constructed by digesting
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pTac-HMP with Xba 1 and Mlu 1. An approx. 400bp
fragment was isolated which consists of the first
portion of the hmp gene from the first ATG to a
unique Mlu 1 site, and encodes the first 118 amino
5 acids of the hmp protein. This fragment was ligated ,
into plasmid pTac-VHb which had been cut with Xba 1
and Mlul in-order to remove the first 120 amino acids
of the VHb gene. Plasmid pTac-Bst thus contains a
DNA sequence which encodes the first 118 amino acids
10 of the hmp gene followed by the last 26 amino acids
of the VHb gene. These two segments are joined at a
unique Mlu 1 site which both genes have in-common.
Plasmid pTac-Bst was transformed into E. coli cells
and expression was confirmed by Western analysis. A
15 crude cell extract was generated by sonication and
the proteins separated by SDS-polyacrylamide gel
electrophoresis. The proteins were transferred to a
nitrocellulose membrane and screened with polyclonal
antiserum generated against Vitreoscilla hemoglobin.
20 A band of identical molecular weight as pure
hemoglobin was detected in the cell extract. A
carbon monoxide difference spectrum was performed,
however no functional protein could be detected by
this method.

25 The third plasmid was constructed by using PCR to
generate a truncated version of the hmp gene and then
ligating the product into pTacVHb from which the VHb
sequences had been removed. Specifically, a 23-
oligomer was designed which encodes the complement to

30 17 nucleotides of the hmp DNA sequence from a region
aprox. 7 amino acids past the end of the portion of '
the hmp gene which is similar to the VHb gene. These
17 nucleotides are preceded by an additional 6
nucleotides which encode the restriction enzyme site

35 Bsu36I. The Bs36 I site was designed to encode a
stop codon. This 23-oligomer consists of the
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sequence 5' ACC-TTA-GGC-TTT-GCT-GGC-GTT-TT 3'. A PCR
reaction was carried out using this 23-oligomer and
the 25-oligomer which codes for the first portion of
the hmp gene, and using plasmid pTac~-HMP DNA for

5 template. A PCR product of aprox. 440bp was
generated which restriction analysis showed to be a
portion of the hmp gene. The 3' end of this product
was digested with the restriction enzyme Bsu3é I and
made blunt by filling in with DNA polymerase I

10 (Klenow fragment). This DNA fragment was then cut
with the restriction enzyme Xba 1 and ligated into
plasmid pTacVHb which had been cut with EcoR1l, been
made blunt-ended by filling-in with Klenow, and then
digested with Xba 1 to remove the VHb sequence. The

15 ligation mix was transformed into competent E. coli
cells and a transformant which contained a correct
plasmid construct as judged by restriction analysis
was isolated. This plasmid was designated
pTac-K12Hb. The E. coli clone transformed with

20 pTac-K12Hb was used for two experiments. Western
analysis was performed to confirm the expression of
the truncated hmp gene, however no hybridization to
Vitreoscilla hemoglobin anti-sera could be detected.
A carbon monoxide difference spectrum was performed,

25 but no functional hmp protein could be detected.

EXAMPLE 29 -~ CONSTRUCTION OF TRUNCATED VERSIONS OF E.
COLI hmp AND VECTORS FOR_EXPRESSION IN E. COLI

Two plasmids were constructed which are identical to
pTac-HMP through that portion of the hmp seguence

30 which is similar to the VHb sequence, but which have
the dis-similar hmp sequences removed. Plasmid pTac-
Bst was constructed by digesting pTac-HMP with Xba 1
and Mlu 1. An aprox. 400bp fragment was isolated
which consists of the first portion of the hmp gene

35 from the first ATG to a unique Mlu 1 site, and
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encodes the first 118 amino acids of the hmp protein.
This fragment was ligated into plasmid pTacVHb which
had been cut with Xba 1 and Mlu 1 in order to remove
the first 120 amino acids of the VHb gene. Plasmid

5 pTac-Bst thus contains a DNA sequence which encodes
the first 118 amino acids of the hmp gene followed by
the last 26 amino acids of the VHb gene. These two
segments are joined at a unique Mlu 1 site which both
genes have in-common. Plasmid pTac-Bst was

10 transformed into E. coli cells and expression was
confirmed by Western analysis. A crude cell extract
was generated by sonication and the proteins
separated by SDS-polyacrylamide gel electrophoresis.
The proteins were transferred to a nitrocellulose

15 membrane and screened with polyclonal antiserum
generated against Vitreoscilla hemoglobin. A band of
identical molecular weight as pure hemoglobin was
detected in the cell extract. A carbon monoxide
difference spectrum was performed, however no

20 functional protein could be detected by this method.

The third plasmid was constructed by using PCR to
generate a truncated version of the hmp gene and then
ligating the product into pTacVHb from which the VHb
sequences had been removed. Specifically, a 23-

25 oligomer was designed which encodes the complement to
17 nucleotides of the hmp DNA sequence from a region
aprox. 7 amino acids past the end of the portion of
the hmp gene which is similar to the VHb gene. The
17 nucleotides are preceded by an additional 6

30 nucleoctides which encode the restriction enzyme site
Bsu36I. The Bsu36 I site was designed to encode a '
stop codon. This 23-cligomer consists of the
sequence 5' ACC-TTA-GGC-TTT-GCT-GGC-GTT-TT 3'. A PCR *
reaction was carried out using this 23-oligomer and

35 the 25-oligomer which codes for the first portion of
the hmp gene, and using plasmid pTac-HMP DNA for
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template. A PCR product of aprox. 440bp was
generated which restriction analysis showed to be a
portion of the hmp gene. The 3' end of this product
was digested with the restriction enzyme Bsu36 I and
5 made blunt by filling in with DNA polymerase I

(Klenow fragment). This DNA fragment was then cut
with the restriction enzyme Xba 1 and ligated into
plasmid pTacVHb which had been cut with EcoR1l, been
made blunt-ended by filling-in with Klenow, and then

10 digested with Xba 1 to remove the VHb sequence. The
ligation mix was transformed into competent E. coli
cells and a transformant which contained a correct
plasmid construct as judged by restriction analysis
was isolated. This plasmid was designated pTac-

15 K12Hb. The E. coli clone transformed with pTac-K12Hb
was used for two experiments. A carbon monoxide
difference spectrum showed no detectable functional
activity for the truncated hmp protein.

EXAMPLE 29 CONSTRUCTION OF VECTOR FOR EXPRESSION OF
20 HORSE-HEART MYOGLOBIN IN C. glutamicum

A 7.3Kb plasmid was constructed for the expression of
horse Myoglobin in Coryneform bacteria. Plasmid pGYM
was digested with restriction enzymes Xbal and SSP1.
The larger of two fragments was gel isolated. This

25 fragment contained all of the myoglobin gene and some
pUC sequence but no promoter. This fragment was
ligated to a fragment of plasmid pTac-Bst which had
been first digested with Mlul, made blunt with DNA
polymerase 1 (Klenow fragment), then digested with

30 Xbal, the smaller of two fragments having been gel
isolated. This smaller fragment consists of the Tac
promoter and some pUC sequence. The two fragments
were ligated together and transformed into competent
E. coli cells. Transformants were screened for

35 plasmid DNA consisting of the pUC vector having a
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Tac-Myoglobin insert. One such transformant was
found and its plasmid DNA, pUC-TacMyo, was isolated
for further manipulations. Plasmid pUC-TacMyo was
digested with restriction enzyme Hind III. This

5 1liberated an 800bp fragment consisting of the
myoglobin gene preceded by the Tac promoter. This
fragment was gel isolated, made blunt using Klenow,
and ligated with a deleted version of plasmid pFS1
(pFS1 del). Plasmid pFS1 del had been prepared by

10 first digesting Nhel to remove the Tac-VHb sequence,
then filling in the ends with Klenow. The pFS1 del -
TacMyo. ligation mix was transformed into competent
Coryneform strain ATTC 13287. One Coryneform
transformant showed a reddish pigment and plasmid

15 isolated from this transformant was determined to be
a correct construction by restriction analysis and in
particular by the presence of a unique EcoRl site
which is present in the myoglobin sequence but is not
present in the VHb sequence. This Coryneform

20 transformant was designated 13287:pFS-TacMyo. The
expression of functional myoglobin in 13287:pFS-
TacMyo was demonstrated by a carbon monoxide

difference spectrum.

EXAMPLE 30 - CONSTRUCTION OF VECTOR FOR THE
25 EXPRESSION OF SOYBEAN LEGHEMOGLOBIN IS E. coli

A 5.2Kb plasmid was constructed for the expression of
a soybean leghemoglobin protein (LHbcl) in E. coli.
This plasmid, pKK-LHbcl, contains the cDNA to soybean
leghemoglobin cl1 cloned into the expression vector

30 PpKK 233-2 (Pharmacia). Specifically, a 3.5Kb plasmid !
pCDl1 which consists of the E. coli plasmid
pBluescript SK (Stratagene) with the 600bp insert
consisting of a cDNA sequence to the soybean
leghemoglobin cl gene, was used as template in a

35 polymerase chain reaction (PCR). In order to perform
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the PCR two DNA oligomers were designed which were
complementary to the 5' and the 3' ends of the
leghemoglobin cDNA sequence. Each oligomer also
included an additional 6 bases which code for a

5 unique restriction site. The oligomer which is
complementary to the 5' end of the + strand of
leghemoglobin cl cDNA starts with a Ncol restriction
site and consists of the sequence 5'-tcc-atg-ggt-gct-
ttc-act-gat-aa-3'. The oligomer which is

10 complementary to the 3' end of the - strand of
leghemoglobin ¢l cDNA starts with a Hind III site and
consists of the sequence 5'-caa-gct-ttt-ttt-ttt-ttt-
ttt-ttt-t-3'. A polymerase chain reaction amplified
the 600bp LHb cl sequence resulting in a PCR product

15 having a Ncol site at the 5' end and a Hind III site
at the 3' end. This PCR product was ligated with the
cloning plasmid pCR 1000 (Invitrogen). This ligation
mix was transformed into competent E. coli cells and

transformants were selected by resistance to the

20 antibiotic kanamycin. Plasmid DNA was isolated from
several transformants and screened for the presence
of full-length LHb cl cDNA sequence by restriction
analysis and gel electrophoresis. One clone was
found to be correct and was designated plasmid pTA-

25 LHbcl. Plasmid pTA-LHbcl was linearized with Spel
which cuts 40bp past the 3' terminus of the LHbcl
insert. The plasmid ends were then made blunt by
filling in with DNA polymerase 1 (Klenow fragment).
The LHbcl sequence was removed from the pCR 1000

30 vector by digestion with Ncol, and this 600bp
fragment was purified by agarose gel electrophoresis.
An expression vector, pKK 233-2 (Pharmacia) was
prepared by first linearizing with Hind III and
filling in the ends with DNA polymerase 1 (Klenow

35 fragment), then digesting with Ncol. The purified
600bp LHbcl fragment and the linearized pKK 233-2
were ligated together and transformed into competent
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E. coli cells. Transformants were selected by
resistance to the antibiotic ampicilliin. Plasmid DNA
was isolated from several transformants and screened
for the presence of full-length LHbcl segquence by

5 restriction analysis and gel electrophoresis. One
clone was found to be correct and designated clone
pKK-LHbcl. Plasmid pKK-LHbcl was transformed into E.
coli strains JM101 and LE 392. A single ampicillin
resistant transformant of each strain was isolated

10 and designated JM101: pKK-LHbcl, and LE 392: pKK-
LHbcl. Expression of functional leghemoglobin was
confirmed in both transformants by carbon monoxide
binding assay (Webster, D.A., 1974, J. Biol. Chen.
249:4257-4260). A crude cell extract was prepared

15 from each transformant as well as control cells by
sonication. Cell debris was removed by
centrifugation and each extract was divided into two
aliquots. One aliquot from each sample was left
exposed to air while the second aliquot was saturated

20 with carbon monoxide. After thirty minutes all air-
exposed and carbon monoxide-saturated aliquots were
reduced by the addition of dithionite. The
absorbance spectra from 400 to 500 nm was measured
for each aliquot. For each sample the difference in

25 aliguots was plotted. Cell extracts of JM101l: pKK-
LHbcl and LE 392: pKK-LHbcl showed a difference in
absorbance between the air-exposed and carbon
monoxide-saturated aliquots at aprox. 417nm which
indicates the presence of functional leghemoglobin

30 protein.
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EXAMPLE 31 - EXPRESSION OF THE OXYGEN BINDING
PROTEINS MYOGLOBIN, IEGHEMOGLOBIN, AND HAEMOPROTEIN
ENHANCES CELL DENSITY IN E. COLI SHAKE FLASK CULTURES

Cell densities achieved by E. coli strain LE 392 and
5 LE 392 transformed with plasmids pINT1l, pGYM (see

example D), pTac-HMP, and pKK-LHbcl was compared in a
shake flask culture experiment. Equal amounts of
exponential phase cells were inoculated into 12.5 ml
(250ml1 flasks) of the following medium: 10g/L yeast

10 extract, 0.5g/L KH2PO4, 1.5g/L K2HPO4, 4g/1
(NH4)2S504, 5g/L glucose, 1.0ml/L 1M MgSO4 7H20, 0.0.5
ml 100mM MgCl2 2H20, and 0.2ml 100mM FeCl3. The
medium was supplemented with 1.0ml/L of the following
trace metal solution: in 100mls 2.7g FeCl3 6H20, 0.2g

15 2nCl, 0.2g CaCl2 2H20, 0.2g NaMoO4 (VI), 0.19g CusSoO4
5H20, and 0.05 g boric acid. The medium was further
supplemented with 1.0ml of the following vitamin
solution: in 500mls 0.21g riboflavin, 2.7g
pantothenic acid, 3.0g niacin/nicotanic acid, 0.7g

20 pyridoxine, 0.03g biotin, and 0.02g folic acid. The
pH of the medium was adjusted to pH7.3 and maintained
with 12.1g/L Trisma base. The cells were grown at
350rpm shaking speed and 37 deg. C. Cell density was
monitored by measuring absorbance at 600nm in a

25 spectrophotometer (OD600). Cell density was
monitored at hourly intervals from 19 to 23 hours
after inocultion. Maximum cell density was
determined to be when OD600 did not increase within
one hour. The maximum cell density obtained for the

30 parent E. coli strain LE 392 and four transformants
is shown in Table C-1.
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Table C-1: Effect of the expression of four oxygen-
binding proteins on maximum cell density
attained by E. coli strain LE 392.

Strain Protein Product Final OD600 % of LE 392 .
5 LE 392 9.2 100.0
LE 392: pINT1 Vitreoscilla 12.2 132.6
hemoglobin .
LE 392: pGYM Horse heart 12.3 133.7
myoglobin
LE 392: pTacHMP E. coli 9.8 106.5
haemoprotein
LE 392:pKK-LHbcl Soybean 10.7 116.3
leghemoglobin

10 After termination of the shake flask experiment cell
extracts were prepared from each of the five strains
and assayed for expression of functional oxygen-
binding activity. Oxygen-binding activity in the
four transformants was confirmed by the carbon

15 monoxide difference spectrum technique of Webster
(1974, J. Biol. Chem. 249:4257-4260). As can be
seen, all the globin-containing strains outgrew the
control strain. These proteins are diverse in
nature, being from animal, plant, and microbial

20 origin. Because the common function of all the
proteins is to reversibly bind oxygen, it is probable
that oxygen-binding is the primary property of these
proteins that results in growth improvement.

EXAMPLE 32 -~ CONSTRUCTION OF PLASMID FOR EXPRESSION
25 QF MYOGLOBIN

A plasmid used for the expression of myoglobin in
Escherichia coli was constructed in the following
manner. The structural gene encoding horse heart
myoglobin was synthesized based on its amino aciad

30 sequence [Eur. J. Biochem. 11, 267-277, 1969]. The
purified gene was then inserted into the E.coli
pEMBL18+ [Methods Enzymol. 155, 111-119, 1987]. The
myoglobin gene is under the control of the tac

promoter. The resulting plasmid, called pGYM, was
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transformed into E. coli strain LE392 (supE44 supF58
hsdR514 galK2 galT22 metBl trpR55 lacYl).

The presence of functional myoglobin in LE392:pGYM
cells was confirmed by two methods. First,

5 LE392:pGYM cells were significantly darker than LE392
cells without plasmid or containing a plasmid without
the myoglobin gene. This dark color is due to the
high intracellular concentrations of heme which is
bound to the myoglobin protein. Second, carbon

10 monoxide difference spectral analysis indicated the
presence of an abundant intracellular CO-binding
protein in LE392:pGYM cells but not in the control
cells. Thus, functional myoglobin has been
demonstated to be expressed in E coli cells using the

15 recombinant plasmid pGYM.

EXAMPLE 33 -~ EXPRESSION OF MYOGILOBIN IN F.COLI
The aim of this study was to show that expression of

the oxygen-binding protein myoglobin in E. coli
provides a growth benefit to cells as has been

20 documented for Vitreoscilla hemoglobin (VHb) [Nature
331, 633-635, 1988, Patent # 5,049,493]. The
following strains were tested in shake-flask

cultures:
Strain Comment

25 LE392 Host strain (without plasmid)
LE392:pUC18 Plasmid control strain
LE392:pGYM Myoglobin-expressing strain
LE392:pINT1 Hemoglobin-expressing strain

{J. Mol. Biol. 210, 79-89, 1989]

30 The experimental cultures contained 12.5 mL of
glucose semi-defined medium (see EXAMPLE 32) in
250 mL erlenmeyer flasks shaken at 250 rpm in a New
Brunswick G24 incubator at 37°C. The flasks were
seeded with a 0.5% (v/v) inoculum of late

35 expoinential-phase cells. The culture optical
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densities (ODs) were measured between 22-24 hrs, when
the cultures had reached their maximum ODs. The
maximum cell ODs are shown below:

Strain Comment .
5 LE392 6.06

LE392:pUC18 6.02 .

LE392:pGYM 9.70

LE392:pINT1 10.14

As can be seen, the myoglobin (LE392:pGYM) and the

10 hemoglobin LE392:pINT1) cells outgrew the control
cells by 60% and 67%, respectively. This result
indicates that myoglobin provides a similar benefit
to cell growth as Vitreoscilla hemoglobin. Because
the function of both proteins is to reversibly bind

15 oxygen, it is probable that oxygen binding is the
primary proeprty of these proteins that reuslsts in
growth improvement.

EXAMPLE 34 - EXPRESSION OF MYOGILOBIN TS NOT STRAIN
SPECIFIC

20 To test whether expression of myoglobin results in
improved growth of an E. coli strain with a different
genetic background than LE392, pGYM was transformed
into strain MG1655 (K12, lambda-~). A growth
experiement similar to the previous example was

25 performed. The only difference in the growth
conditions ws that Tris-HC1l was not added to the
medium. This resulted in slightly lower maximum ODs.
The pGYM (myoglobin) strain was compared to the pUC18

control strain. The maximum culture ODs are shown

30 below.
Strain Maximum OD (A600)
MG1655:pUC18 5.23
MG1655: pGYM 6.63
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Thus, E. coli strain MG1655 expressing myoglobin

demonstrates a 27% improvement in growth over the
control, indicating that the beneficial effect of
myoglobin is not strain specific.

EXAMPLE 36 - GROWTH OF ENHANCEMENT OF E. COLI IN
BATCH FERMENTATION

The growth properties are compared of the recombinant
strains expressing Vitreoscilla hemoglobin
(LE392:pINT1), horse heart myoglobin (LE392:pGYM),
soybean leg hemoglobin (LE392:pKK-LHbcl), and E. coli
hemoprotein (LE392:pTac-HMP) with similr plasmid-
containing (LE392:pUC18) and plasmid free (LE392)
cells under typical batch fermentation conditions.

Cells were grown in B. Braun MD fermentors at
37120.5°C and pH of 710.05 with a working volume of 2
L in the semi-defined medium described in Example C.
A constant air flow rate of 2 L/min and agitator
speed of 700 rpm were maintained throughout each run.
In all cases, the dissolved oxygen (DO) levels
remained above 5% of air saturation under those
aeration conditions.

Results:
The growth parameters measured for the six strains
are listed in the following table:

LE392: LE392: LE392: LE392: LE392: LE392
puUC18 PINT1 PGYM PKK~ pTac- (PLASMID
LHbcl HMP FREE)
Log-phase 0.76 0.95 0.95 1.03 0.87 0.92
growth rate
(1/h)
Stationary 4.2 7.6 7.5 7.6 7.4 7.5
phase cell
density OD
(600 nm)
Final total 0.96 1.15 1.22 1.30 1.36 1.28

protein (g/L)

Conclusion:

Motif Exhibit 1148, Page 591 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

10

15

20

25

30

Cells containing hemoglobins grow faster and to
higher cell densities than comparable plasmid-
containing controls.

EXAMPLE 36 - THE PRESENCE OF OXYGEN BINDING
HEMOGLOBINS IN CORYNEBACTERIUM GLUTAMICUM ENHANCES I.-
LYSINE PRODUCTION AND YTEID.

In this example, production of lysine in batch
termination by C. glutamicum ATCC 13287 transformed

with plasmid pFS1 (Vitreoscilla hemoglobin) and with
plasmid pMYO (myoglobin) was measured and compared to
that of the parent strain (no plasmid).

C. glutamicum ATCC 13287:pFS1, C. glutamicum ATCC
13287:pMYO, and C. glutamicum ATCC 13287:no-plasmid
cells were grown in 250-mL shake flasks at 30°C and
250 rpm in the following synthetic medium: glucose,
60 g/L; yeast extract, 2 g/L; ammonium sulfate, 55
g/L; magnesium sulfate (heptahydrate), 0.8 g/L;
potassium phosphate, 1 g/L; manganese sulfate
(tetrahydrate), 0.01 g/L; ferrous sulfate
(heptahydrate), 0.01 g/L; biotin, 100 ug/L; thiamine-
HC1l, 200 pg/L; L-leucine, L-methionine and L-
threonine, 200 mg/L each; pH 7.0. These cells were
used to seed the fermentors.

Fermentations were conducted in 3-L B. Braun MD
fermentors in the medium described above, at 30°C and
udner constant air sparging (1.0 L/min). Initially,
the impeller agitation rate was constant. During
that time, the dissolved oxygen concentration
gradually decreased. When the dissolved oxygen
concentration reached 5% of air saturation, the -
agitation rate was adjusted by the fermentor

controller in order to maintain the dissolved oxygen
concentration at 5% of air saturation until the end

of the fermentations. The culture pH was maintained

Motif Exhibit 1148, Page 592 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

-05~

at pH 7.0 by the ferrrmentor pH controller by
periodic additions of 4 N sodium hydroxide.

Samples were taken at different times throughout the
fermentations. Glucose and lysine concentrations
5 were determined by HPLC. Optical density was

measured at 600 nm using a Beckman spectrometer. An
ODggp ©of 1.0 cofresponds to a cell mass of 0.35 g
dw/L. Vitreoscilla hemoglobin and myoglobin
expression was stable throughout the fermentation as

10 demonstrated by Western electroblotting of the
samples taken. The oxygen-binding proteins produced
by both 13287.pFS1 and the myoglobin produced by
13287:pMYO were biologically active as demonstrated
by carbon monoxide binding assay.

15 Table 2.1 shows the optical density, glucose and
lysine concentration as a function of time for

13287:pFS1, 13287:pMY0O, and 13287:np.

Table 2.1:

Time ODgpp glucose lysine
20 (h) (g/L) (g/L)
7.5 13287:pFSl 16.3 43.8 0.8
13287:pMYO  17.0 37.2 1.0
13287:np 23.4 38.5 1.5
24 13287:pFS1 45.2 7.7 8.2
13287:pMYO  48.4 8.4 8.1
13287:np 46.0 7.1 6.6
28 13287:pFSl 52.4 0.0 12.0
13287:pMYO  51.6 0.0 11.3
13287:np 53.2 0.0 9.3

The cell yield per glucose consumed is similar in all
25 the strains: 305 gcells/kgglucose for 13287:pFS1, 302
gcells/kgglucose for 13287:pMYO, and 310
gcells/kgglucose for 13287:np. The lysine yield per
glucose consumed is 200 g/kkglucose for 13287:pFS1,

188 g/kgglucose for 13287:pMYO, and 155 g/kgglucose
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for 13287:np. Vitreoscilla hemoglobin-containing
cells have a lysine yield 29% higher than the
no-plasmid cells, and myoglobin-containing cells have
a lysine yield 21% higher than the no-plasmid cells.
Lysine productivity per cell mass is 31% higher in
the Vitreoscilla hemoglobin containing cells (23.4
g/kgcells/h for 13287:pFS1 and 17.9 g/kgcells/h for
13287:np). Also, lysine productivity per cell mass
is 25% higher in the myoglobin containing cells (22.3
g/kgcells/h for 13287:pMYO and 17.9 g/kgcells/h for

13287:np) .

These results indicate that expression of an active
oxygen binding protein such as Vitresocilla
hemoglobin or myoglobin in Coryneforms increases

lysine accumulation; yield, and productivity.
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SEQUENCE LISTING

GENERAL INFORMATION:

(i) APPLICANT:
Bailey, J. et al.
(ii) TITLE OF INVENTION:
ENHANCEMENT OF CELL GROWTH BY EXPRESSION
AS A CLONED OXYGEN-BINDING PROTEINS
(iii) NUMBER OF SEQUENCES:

2

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE:

Heller, Ehrman, White & McAuliffe

(B) STREET:

333 Bush Street

(C) CITY:

San Francisco

(D) STATE:

California

(E) COUNTRY:

United States of America
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(vi)

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306
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-98-~-
(F) ZIP:
94104-2878

COMPUTER READABLE FORM:

(A) MEDIUM TYPE:

Diskette, 3.50 inch, 1.2 Kb storage

(B) COMPUTER:

IBM PC/XT/AT compatable

(C) OPERATING SYSTEM:

MS Dos 3.3

(D) SOFTWARE:

Word Perfect 5.1

CURRENT APPLICATION DATA:

(A) APPLICATION NUMBER:

(B) FILING DATE:

(C) CLASSIFICATION: .
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(vii) PRIOR APPLICATION DATA:

(a)

(B)

(viii) ATTORNEY/AGENT INFORMATION:

(a)

(B)

(<)

=99 -

APPLICATION NUMBER:

07/887,169
07/741,789
07/342,451
07/151,256

07/113,014

FILING DATE:

05/20/92
08/6/91

10/21/88
02/28/88

10/23/87

NAME:

Reginald J. Suyat

REGISTRATION NUMBER:

28,172

REFERENCE/DOCKET NUMBER:

18021-0025

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

PCT/US93/05527

(ix) TELECOMMUNICATIONS INFORMATION:
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(A) TELEPHONE:

(415) 772-6432

(B) TELEFAX:

(415) 772-6268

(C) TELEX:

184-996

INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

745 base pairs

(B) TYPE:

nucleic acid

(C) STRANDEDNESS:

single

(D) TOPOLOGY:
linear

(ii) MOLECULE TYPE:
cDNA to genomic RNA

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
(v) ORIGINAL SOURCE:

Case No.: IPR2023-00206
U.S. Patent No. 10,039,306
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(ix)
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(A) ORGANISM:
(B) STRAIN: Vitreoscilla sp.
(C) INDIVIDUAL ISOLATE:
(D) DEVELOPMENT STAGE:
(E) HAPLOTYPE:
(F) TISSUE TYPE:
(G) CELL TYPE:
(H) CELL LINE:
(I) ORGANELLE:
IMMEDIATE SOURCE:
(A) LIBRARY:
(B) CLONE: PRED2
PUBLICATION INFORMATION:
(A) AUTHORS: Wakabayashi et. al.
(B) TITLE:
(C) JOURNAL: Nature
(D) VOLUME: 322
(E) ISSUE:
(F) PAGES 483
(G) DATE: 1986

DOCUMENT NUMBER:
FILING DATE:
PUBLICATION DATE:
RELEVANT RESIDUES:

Motif Exhibit 1148, Page 599 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527
-102~
(x) A SEQUENCE DESCRIPTION:SEQ ID NO:1:
AAGCTTAACG  GACGCTGGGG  TTAAAAGTAT  TTGAGTTTTG  ATGTGGATTA  AGTTTTAAGA 60
GGCAATAAAG  ATTATAATAA  GTGCTGCTAC  ACCATACTGA  TGTATGGCAA  AACCATAATA 120
ATGAACTTAA  GGAAGACCCT C ATG TTA GAC CAG CAA ACC ATT AAC ATC ATC AAA GCC ACT 180
Met LeuAsp GInGin Thr Ile Asn Ile Ile Lys Ala Thr
5 GTT CCT GTA TTG AAG GAG CAT GGC GTT ACC ATT ACC ACG ACT TTT TAT AAA AAC TTG TTT 240
val Pro val Leu Lys Glu His Gly Val Thr Iie Thr Thr Thr Phe Tyr Lys Asn Leu Phe
GCC AAA CAC CCT GAA GTA CGT CCT TTG TTT GAT ATG GGY CGC CAA GAA TCT TTG GAG CAG 300
Aia Lys His Pro Glu Val Arg Pro LeuPhe AspMet Gly Arg Gln Glu Ser Leu Glu Gln
CCT AAG GCT TTG GCG ATG ACG GTA TTG GCG GCA GCG CAA AAC ATT GAA AAT TTG CCA GCT 360
10 ProLys Ala Leu Ala Met Thr Val LeuAla AlaAla Gin Asn Ile Glu Asn Leu Pro Ala
ATT TTG CCT GCG GTC AAA AAA ATT GCA GTC AAA CAT TGT CAA GCA GGC GTG GCA GCA GCG 420
Ile Leu Pro Ala val Lys Lys Ile AlaVal Lys His Cys GLn Ala Gly Val Ala Ala Ala
CAT TAT CCG ATT GTC GGT CAA GAA TTG TTG GGT GCG ATT AAA GAA GTA TTG GGC GAT GCC 480
His Tyr Pro Ile val Gly 6{n Glu Leuleu GlyAla Ile Lys Glu Val Leu Gly Asp Ala
15 GCA ACC GAT GAC ATT TTG GAC GCG TGG GGC AAG GCT YAT GGC GTG ATT GCA GAT GTG TTT 540
Ala Thr Asp Asp Ile Leu Asp Ala TrpGly Lys Ala Tyr Gly Val Ile Ala Asp Val Phe
ATA CAA GTG GAA GCA GAT TTG TAC GCT CAA GCG GTT AGA T AAAGTTTCAG GCCGCTTTCA 600
Ile Gln Val Glu Ala Asp Leu Tyr AlaGln AlaVval Glu
GGACATAAAA  AACGCACCAT  AAGGTGGTCT  TTTTACGTCT  GATATTTACA  CAGCAGCAGT 660
20 TTGGCTGTTG  GCCAAAACTT  GGGACAAATA  TTCGCCTGTG  TAAGAGCCCG  CCGTTGCTGC 720
GACGTCTTCA  GGTGTGCCTY GGCAT 745
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(3) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

(ii)

(iii)
(v)

(iv)

(ix)

(A) LENGTH:

146 amino acids

(B) TYPE:
amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY:
linear

MOLECULAR TITLE:
protein

(A) DESCRIPTION:

Vitreoscilla
HYPOTHETICAL:
FRAGMENT TYPE:
ORIGINAL SOURCE:
() ORGANISM:

FEATURE:
(A) NAME/KEY:

hemoglobin

NO
INTERNAL FRAGMENT

Vitreoscilla sp.

Vitreoscilla hemoglobin

protein

(B) LOCATION:

(C) IDENTIFICATION METHOD:

(D) OTHER INFORMATION:

Western
analysis

binds oxygen

(x) PUBLICATION INFORMATION:

(A) AUTHORS:
(B) TITLE:

Wakabayashi et. al.

(C) JOURNAL: Nature
(D) VOLUME: 322
(E) ISSUE:

(F) PAGES 483
(G) DATE: 1986
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(xi) A SEQUENCE DESCRIPTION:SEQ ID NO:2:

5 10
Met-Leu-Asp-Gln-Gln-Thr-Ile-Asn-Ile-Ile-
15 20
Lys-Ala-Thr-Val-Pro-Val-Leu-Lys-Glu-His-
‘25 30
Gly-val-Thr-Ile~-Thr-Thr-Thr-Phe-Tyr-Lys-
35 40
Asn-Leu-Phe-Ala-Lys-His-Pro-Glu-Val-Arg-
45 50
Pro-Leu-Phe-Asp-Met-Gly-Arg-Gln-Glu-Ser-
55 60
Leu-Glu-Gln-Pro-Lys-Ala-Leu-Ala-Met-Thr-
65 70
Val-Leu-Ala-Ala-Ala-Gln-Asn-Ile-Glu-Asn-
75 80
Leu-Pro-Ala-Ile-Leu-Pro-Ala-Val-Lys-Lys-
' 85 90
Ile-Ala-Val-Lys-His-Cys-Gln-Ala-Gly-Val-
95 100
Ala-Ala-Ala-His-Tyr-Pro-Ile-Val-Gly-Gln-
105 110
Glu-Leu-Leu-Gly-Ala-Ile-Lys-Glu-Val-Leu
115 120
Gly-Asp-Ala-Ala-Thr-Asp-Asp-Ile-Leu-Asp-
125 130
Ala-Trp-Gly-Lys-Ala-Tyr-Gly-Val-Ile-Ala-
135 140
Asp-Val-Phe-Ile-Gln-Val-Glu-Ala-Asp-Leu-
145 150
Tyr-Ala-Gln-Ala-Val-Glu
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CLATMS
WHAT IS CLAIMED IS:

1. A recombinant-DNA method for procduction of

an oxygen-binding protein in a host cell grown in the
5 presence of of oxygen, said host cell being chosen

and derived from a selection of cells consisting of

microorganisms and cells of multi-cellular organisms

selected from the group consisting of animals, plants

and insects comprising:

10 (a) preparing a portable DNA sequence capable of
directing a host cell to produce a protein
having oxygen-binding activity;

(b) introducing said portable DNA sequence into a
host cell capable of expressing said protein;

15 (c) growing the host cell under conditions appro-
priate for expression of said protein.

2. A method according to Claim 1 wherein saiad
host cell is grown in culture.

3. A method according to Claim 1 further
20 comprising the steps:
(d) in either order:
(i) harvesting said protein; and
(ii) permitting said protein to assume an
active structure whereby it possesses
25 oxygen-binding activity.

4. The method of Claim 1, wherein said portable

DNA sequence is introduced directly and integrated
into the chromosome of a host cultured cell.
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5. The method of Claim 1, wherein said portable
DNA sequence is introduced into said host cultured
cell by the following steps:

(a) cloning the portable DNA sequence into a
5 vector capable of being transferred into v
and replicating in a host cell, such
vector containing operational elements
for the portable DNA sequence;

(b) transferring the vector containing the
10 portable DNA sequence and operational
elements into a host cultured cell
capable of expressing said oxygen-

binding protein;

(c) culturing the host cell under conditions
15 appropriate for replication and
propagation of the vector and expression
of said protein.

6. The method of Claim 1 wherein said host
microorganisms are selected from the group consisting
20 of bacteria, fungi, molds, and yeast.

7. The method of Claim 6 wherein said host

organism comprises yeast.

8. The method of Claim 1 wherein said protein is
harvested prior to being permitted to assume said
25 active structure.

9. The method of Claim 1, wherein said protein

is allowed to assume said active structure prior to
being harvested.
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10. The method of Claim 2, wherein said vector is
amplified in a microbial host prior to transfer into
the host cell.

11. A method according to Claim 5 wherein said
5 host comprises Penicillium chrysogenum.

12. A process for subjecting the expression of a
selected DNA sequence encoding an oxygen-binding
protein to external control under given environmental

conditions which comprises the steps of:

10 (a) providing at least one selected isolated
structural gene that is responsive to a Vitreoscilla

hemoglobin promoter/regulator DNA sequence under the
given environmental conditions; and

(b) operatively fusing the selected
15 structural gene with said promototer/regulator DNA
sequence.

13. The process of Claim 12, wherein said
structural gene is transcriptionally responsive.

14. The process of Claim 12, wherein said

20 structural gene is translationally responsive.

15. A method for expressing an oxygen-binding
protein in a host E. coli cultured cell, comprising:

(a) introducing into said host cultured cell
a DNA expression vector containing a DNA sequence
25 according to SEQUENCE No. 1, and DNA sequences coding

for said oxygen-binding protein; and
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(b) growing said host cultured cell in an
appropriate medium and environment and isolating said
oxygen-binding protein.

16. The method of Claim 15, wherein said DNA

5 expression vector is a portable DNA sequence, and is
introduced directly and integrated into the
chromosome of a host cultured cell.

17. A method for increasing the growth
characteristics, including the growth yield, the

10 growth rate, and the achievable cell density under
controlled circumstances, of a host cultured cell
grown in the presence of oxygen, said host cultured
cell being chosen and derived from a selection of
cultured cells consisting of microorganisms and cells

15 obtained from multi-cellular organisms selected from
the group consisting of animals, plants and insects
comprising:

(a) preparing a portable DNA sequence capable of

directing said host cultured cell to produce

20 a protein having at least some oxygen-binding
activity;

(b) introducing said portable DNA seguence into a
host cultured cell capable of expressing at
least some oxygen-binding protein;

25 (c) culturing the host cell under conditions
appropriate for expression of the protein.

18. The method of Claim 17, wherein said portable

DNA sequence is introduced directly and integrated
into the chromosome of a host cultured cell.
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19. The method of Claim 17, wherein said portable
DNA sequence is introduced into said host cultured
cell by the following steps:

(a) cloning the portable DNA sequence into a
5 ‘ vector capable of being transferred into and
replicatingvin a host cell, such vector
containing operational elements for the
portable DNA sequence;

(b) transferring the vector containing the
10 portable DNA sequence and operational
elements into a host cultured cell capable of
expressing at least some of the oxygen-
binding protein; and

(c) culturing the host cell under conditions
15 appropriate for replication and propagation
of the vector and expression of the protein.

20. A method for increasing the production of
proteins, both those normally made and those
expressed as a result of genetic engineering;

20 biopolymers; amino acids; antibiotics; and other
metabolic products, of a host cultured cell grown in
the presence of oxygen, said host cultured cell being
chosen and derived from a selection of cultured cells
consisting of microorganisms and cells obtained from

25 multi-cellular organisms selected from the group
consisting of animals, plants and insects comprising:

(a) preparing a portable DNA sequence capable of

directing a host cultured cell to produce a protein
having oxygen-binding activity;
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(b) introducing said portable DNA sequence into a
host cultured cell capable of expressing at least
some oxygen-binding protein;

(c) culturing the host cell under conditions

5 appropriate for expression of the oxygen-binding v
protein.
21. A method according to Claim 20 wherein

production of said oxygen-binding protein increases

production of L-lysine in said host cell.

10 22. A method according to Claim wherein
productions of said oxygen-binding protein increases
production of Penicillin G in said host cell.

23. A method for transporting and supplying
oxygen to oxygen-requiring processes and operations,
15 comprising:

(a) preparing a portable DNA sequence capable of
directing a host cultured cell to produce a protein
having oxygen-binding activity;

(b) introducing said portable DNA sequence into a
20 host cultured cell capable of expressing at least
some oxygen-binding protein;

(c) culturing the host cell under conditions
appropriate for expression of the protein;

(d) effectively delivering said host cell or a
25 preparation from said host cell containing the
oxygen-binding protein to said oxygen-requiring
process.

Motif Exhibit 1148, Page 608 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 93/25697 PCT/US93/05527

-111-

24. A method for the binding and removal of oxygen
from an environment comprising:

(a) preparing a portable DNA sequence capable of
directing a host cultured cell to produce a protein
5 having oxygen-binding activity;

(b) introducing said portable DNA sequence into a
host cultured cell capable of expressing at least
some oxygen-binding protein;

(c) culturing the host cell under conditions
10 appropriate for expression of the oxygen-binding
protein; and

(d) effectively delivering said host cell or a
preparation from said host cell containing the
oxygen-binding protein to said oxygen-containing

15 environment.

25. A method for increasing the growth character-
isties, including the growth yield, the growth rate,
and the achievable cell density under controlled
circumstances, of a cell in culture, said host

20 cultured cell being chosen and derivatized from a
selection of cultured cells consisting of micro-
organisms and cells obtained from multicellular
organisms selected from the group consisting of
animals, plants, and insects, said cell being capable

25 of producing an endogenous protein having at least
some oxygen-binding activity, comprising culturing
said host cell under conditions appropriate for
expression of said oxygen-binding protein.

26, A method for increasing the production of

30 proteins, both those normally made and those

expressed as a result of genetic engineering,
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biopolymers; amino acids; antibiotics; and other

metabolic products, of a host cultured cell grown in

the presence of oxygen, said host cultured cell being

chosen and derived from a selection of cultured cells
consisting of microorganisms and cells obtained from
multi-cellular organisms selected from the group r
consisting of animals, plants and insects, said cell

being capable of producing an endogenous a protein -
having at least some oxygen-binding activity,

comprising culturing said host cell under conditions
appropriate for expression of said oxygen-binding

protein.

27. A method for the binding and removal of
oxygen from an environment comprising the
introduction of a host cultured cell to said oxygen-
containing environment, said host cultured cell
expressing a protein which possesses at least some
oxygen-binding activity.
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IITLE
PROCESS FOR PRODUCING ZEIN FIBERS

EIELD OF THE INVENTION
This invention relates to processes for making
5 fibers from the corn protein, zein. This invention

specifically relates to improved, environmentally
friendly methods for making zein fibers.
BACKGROUND OF THE INVENTION

Zein is a naturally occurring polymeric protein,

10 obtained as a product of industrial corn processing.
Compared to most proteins, zein is characterized by a
relative deficiency of hydrophilic groups. 1In zein, the
high proportion of nonpolar and acid amide side chains
accounts for the solubility of zein in organic solvents

15 and its classification as a prolamine.

Zein is essentially a globular protein in its
natural state. Due to its deficiency of hydrophilic
groups, zein does not dissolve easily in aqueous
solutions. Hence most known processes to make zein

20 fibers employ an alkaline solution to initially hydrate
and dissolve the zein, realigning it as desired (e.gq.,
by spinning) and finally stabilizing the new alignment
by inducing cross-linking. Most often the alkaline zein
solution is wet spun into acidic coagulating baths.

25 Some processes add formaldehyde to the alkaline zein
solutions. After spinning, cross-linking can be induced
by treatment in coagulating baths containing
formaldehyde, and stabilizing with subsequent treatment
with formaldehyde. C. B. Croston et al., describe such

30 a process in "Zein Fibers ... Preparation by Wet
Spinning", Industrial and Engineering Chemistry, 37(12)
(1945) 1194-1198. Croston et al. call for zein
solutions for spinning containing approximately 13 to
16.5% solids, in the pH range of 11.3 to 12.7. In some

35 experiments, denaturing or gelling agents, such as urea
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or alcohol were added, or denaturing was effected by
applying heat. Formaldehyde was also tested as an
additive to the spinning dispersions. The resulting
fibers went into a coagulating bath containing sulfuric
5 acid, acetic acid and sometimes zinc sulfate, and were
then treated with a mild formaldehyde precuring bath.
This precuring bath was found to be necessary prior to
the final stretching of the fiber tow which was
accomplished in water between two variable speed reels.

10 The environmental implications of such processes
are a major prohibition to commercialization today. The
expense of treatment and disposal of the acids, salts
and organic compounds required in such processes make
production of zein fibers economically impractical.

15 A few processes have made zein articles from
mixtures comprising primarily zein and water. U.S.
Patent No. 2,521,738 discloses a process to make
artificial bristles from proteins. The process
comprises mixing a protein, e.g., casein or zein, with

20 about 80 to 100 percent of its weight of water, and
kneading in a mechanical mixer at 80-100°C until a
homogeneous plastic gel is obtained. The gel is then
converted into fiber bristles by extruding into air and
stretching over rolls. The bristles are then treated to

25 subsequent steps of drawing and hardening solutions,
which may be a solution of formaldehyde or p-benzo-
quinone. This process deliberately effects gelation,
since high temperatures and pressures are used, and the
bristle fibers formed have tenacities in the range of

30 about 0.8 to about 1.2 grams/denier.

U.S. Patent No. 3,497,369, discloses a composition
of zein which is substantially dry and which upon the
addition of warm water, at a temperature of about 60°C
to about 100°C, forms a pliable plastic composition

35 which may be pulled like taffy, molded, or worked with
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as modeling clay. The composition consists of zein and
a small portion of plasticizer such as glyceryl
monoricinoleate. About 5 parts of plasticizer for every
75 parts of zein is most preferred. The composition can

5 be molded and allowed to harden to form usable articles,
such as jewelry.

SUMMARY OF THE INVENTION

This invention provides a process for producing
zein fibers, comprising the steps of:
10 (a) mixing zein with water at a temperature
of 0°C to ambient;
{b) heating the mixture to a temperature of
about 45°C to about 80°C to form a zein hydrate melt;
(c) forming the zein hydrate melt into zein
15 fibers;
(d) treating said zein fibers with a
stabilizing solution; and
(e) optionally, drawing said fibers.
Preferred is a process for produciné zein fibers,
20 wherein in step (a) the zein is mixed with water at a
temperature of about 0°C to about 18°C to form a free-
flowing particulate mixture, and steps (b) and (c¢)
comprise extruding the zein hydrate melt through a
spinneret using an extruder having a plurality of zones,
25 the initial zones of said extruder having an ambient
temperature and the latter zones having a temperature of
about 40°C to about 50°C.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a temperature versus heat flow curve
30 measured on a differential scanning calorimeter (DSC)
for a zein/water mixture containing about 65% by weight
zein, beginning with the zein mixed with ice at -50°c,
to determine the hydration temperature of zein.
Figure 2 shows a temperature versus heat flow curve
35 measured on a differential scanning calorimeter (DSC)
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for a zein/water mixture containing about 65% by weight
zein, beginning at 0°C to determine the melting point of
zein hydrate.
DETAILED DESCRIPTION OF INVENTION
5 The process of this invention provides a method for
making zein fibers which avoids the alkaline solutions
of zein and acidic coagulation baths of previous
methods. In the process of the present invention, only
water need be used to form a spinnable material, and the
10 spun fiber becomes a solid simply through cooling in
air. There are no by-products to recover or other waste
products. The process of the present invention
generally involves the steps of:
(a) mixing zein with water at a temperature
15 of 0°C to ambient;
(b) heating the mixture to a temperature of
about 45°C to about 80°C to form a zein hydrate melt;
(c) forming the zein hydrate melt into zein
fibers;
20 (d) treating said fibers with a stabilizing
solution; and
(e) optionally, drawing said fibers.

By the term "fibers", as used herein, is meant

filaments, fibers, yarns, and threads of any denier or
25 cross-sectional shape and bands or tows consisting of
any number of such filamentary articles.

This invention takes advantage of zein hydration
formation with rising temperature, by forming the zein
mixture into fibers while heating. As shown in

30 Figure 1, a plot of heat flow versus temperature for a
zein/water mixture, hydration begins to occur at
approximately 18°C. Therefore, when zein is mixed with
water above 18°C, generally at ambient temperature (20°C
to 32°C) or room temperature (20°C to 25°C), the zein

35 hydrates. Zein can be mixed with water at higher
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temperatures, for example between 32°C and 45°C.
However, since the zein particles begin to agglomerate
and become a sticky, soft, dough-like material at those
temperatures (see Table I), it can be difficult to

5 handle or convey the zein hydrate as a feed stock to
mechanical means used in fiber formation. Applicant has
found that mixing zein and water is easier below ambient
temperature.

The present invention demonstrates that preparing a

10 zein/water mixture at a preferred temperature of about
0°C to about 18°C prevents the zein particles from
sticking together and allows the mixture to be more
easily conveyed or processed. Zein/water mixtures are
free-flowing mixtures of solid particles at temperatures

15 between about 0°C and about 18°C, provided the zein and
water have not previously formed a hydrate. The use of
this lower temperature during preparation facilitates
dispersion of the zein in water, which has been
problematic in the past where strongly alkaline

20 solutions were required.

One way of forming the zein/water mixture having a
temperature between 0°C and about 18°C is by simply
spraying ice water onto zein and mixing the two
components together. Mixing can be performed by simply

25 kneading by hand or with a stirring rod or by using a
conventional mixing apparatus. Placing the mixture in a
container and immersing the container in ice water keeps
the mixture cold if storage is necessary prior to
processing.

30 By using only water in the mixture with zein,
higher zein concentrations can be used. Generally, zein
concentrations greater than 50% by weight can be
employed in the present invention, and can even range as
high as 70%. Preferably, zein hydrate of the present

35 invention will comprise approximately 65% zein by
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weight. This is at least a three time higher
concentration of zein than the normal 15 to 20% used in
previous methods of preparing zein fibers. An advantage
to using high concentrations of zein for fiber

5 production is that spinning into air or other gases,
becomes possible, in addition to spinning into a liquid.
Spinning into a gas can avoid the need for harsh
chemical coagulating baths of previous methods.
Previous methods using the lower concentrated sclutions

10 of zein required spinning into a liquid for the fiber to
remain intact.

After mixing, the temperature of the mixture is
raised, if necessary, until hydration occurs which is at
about 18°C. One way of heating the mixture is by

15 placing the mixture within a container and immersing the
container in a hot water bath having a temperature
between about 45°C and about 80°C. Another way to heat
the mixture is by feeding the zein/water mixture into an
extruder having means for heating, such as with

20 electrically controlled zones. As the globular,
amorphous zein hydrate structure is formed and then
melts, it can be formed into fibers by various
mechanical means, typically using melt-spinning methods.
Generally, melt spinning is preferable over wet spinning

25 and dry spinning in the industry, in that not only is it
a simpler process not requiring coagulation baths or
solvent evaporation, but it operates at higher speeds
with the resultant fiber displaying more uniform
properties throughout.

30 As the temperature increases, a problem that must
be overcome when handling zein hydrate is that of
gelation. Zein hydrate will gel with time to give a
solid mass that is not readily processable to melt-
spinnable fibers thus making it impractical for most

35 commercial fiber purposes. The rate of gelation varies
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with the temperature of the zein hydrate. At
temperatures of about 80°C or more, zein hydrate will
quickly denature and lose its melting and fine fiber
drawing properties. For example, 65% by weight zein

5 will denature ‘at 80°C in less than about 15 minutes.
(See Example 7). Thus the process of heating and
forming fibers must be done in a timely and temperature-
conscious manner in order to maintain hydrate stability
and avoid gelation. Hydrated zein of the present

10 invention is stable for up to about a week at room
temperature or for a few months at about 0°C.

The preferred temperature of the zein hydrate for
fiber formation ranges from about 45°C to about 80°c,
more preferably from about 55°C to about 63°C. As shown

15 in Figure 2, at a temperature of about 46°C, zein
hydrate begins to soften and melt. This zein hydrate
melt is highly drawable into fibers and is at a
desirable viscosity for spinning. (See Example 1 and
Table I.) At temperatures above about SOBC, the zein

20 hydrate melt rapidly loses it stickiness and ductility,
making it difficult to draw, and as the temperature
increases further, the zein hydrate becomes brittle.

In a preferred embodiment, fiber formation is
accomplished by feeding zein and water to an extruder

25 and subsequently to any of the standard spinnerets
commonly used in the industry. Spinnerets containing
one or a plurality of orifices can be used as the number
of orifices in the spinneret has little effect except on
the rate of fiber production. Aas discussed above, it is

30 preferable that zein is mixed with ice water to form a
mixture having a temperature between 0°C and 18°C, so
the zein particles do not stick together. This free-
flowing particulate mixture can than be easily fed into
the extruder. Alternatively, the zein and water can be

35 added separately to the extruder by metering both
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ingredients into the feed hopper and mixing them
together. Separate addition of ingredients to the
extruder can provide better mixing and gain time against
gelation as compared tc premixing. It is preferable

5 that the extruder is of the twin screw type and has a
plurality of zones, each zone having its own temperature
control. Since at too high temperatures, the tendency
of extruders and spinnerets to become fouled and plugged
is increased, preferably the initial zones, i.e., those

10 zones nearest the feed hopper, are not heated or are at
ambient temperature thus further delaying formation of
the hydrate until the mixture reaches the latter zones
closer to the spinneret. As the mixture is conveyed
along the screws, it is gradually heated to a

15 temperature of about 45°C to about 80°C. The latter
zones which are close to the spinneret should be
maintained at temperatures which are sufficient to
promote hydration and subsequently cause the zein
hydrate to melt but not so high that gelation occurs

20 rapidly. Preferably, the temperature of the heated
zones is set about 40°C to 50°C. As the mixture is
conveyed through the extruder, the mixture attains a
higher temperature than that set for the heated zones
because of the heat generated through shear. Generally,

25 each zone within the extruder is electrically heated and
water jacketed cooled if needed. Additionally, at least
the heated zones of the screw extruder should provide
sufficient mixing of the zein hydrate in the molten
state prior to spinning.

30 After reaching the appropriate temperature, the
zein hydrate melt flows through a transfer line to a
spin pump, which meters the melt through a spinneret and
extruded as filaments, which are then quenched in the
air and may pass through a water bath and onto a winder.
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Optionally, plasticizer is added to the water
before preparing the zein/water mixture in order to
improve flow and, therefore, processability, and to
reduce the brittleness of the mixture. Generally about

5 10 to 15% plasticizer by weight is suitable; about 10%
by weight is preferable. Typical plasticizers comprise
propylene glycol, and polyethylene glycol having a
molecular weight below about 600. Screw type extruders
for use with zein/water mixtures with or without

10 plasticizer are commercially available.

The process of forming the zein hydrate and
extruding its melt through a spinneret to form fibers
effectively orients the zein molecules. Once oriented,
the fiber is then stabilized by covalent cross-linking.

15 Cross-linking is accomplished by treating the fibers
with a stabilizing solution. By "stabilizing solution”
it is meant an aqueous solution comprising cross-linking
agents. By "cross-linking agent” is meant any material
to which a mixture comprising zein is added that will

20 cause the zein to become cross-linked. By "cross-linked
zein" is meant a physical state of 2ein which will not
melt when exposed to hot water. Suitable stabilizing
solutions comprise cross-linking agents, such as
formaldehyde, as well as optional anti-sticking agents,

25 such as various salts, i.e., sodium sulfate and sodium
chloride. The formaldehyde content of the stabilizihg
solution can be as low as 1% by weight or as high as 5%,
preferably, it is 3%. The sodium sulfate can range as
high as 20% by weight. The formaldehyde which is

30 employed in the stabilizing solution of the present
invention can be added to the stabilizing solution as
such or it can be added in the form of materials which
yield formaldehyde or react like formaldehyde under the
conditions obtained in such stabilizing solutions. For

35 instance, instead of formaldehyde itself, paraformal-
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dehyde, trioxymethylene, dimethylthiourea, trimethylol-
nitromethane and the like can be used. The fiber is
immersed in the stabilizing solution for a time periocd
sufficient to effect stabilization. Generally, this

5 will be at least about 2 hours, though the stabilization
time period will also depend on the concentration of
crosslinking agent in the stabilizing solution.
Temperature can also be a factor. If the fiber has
already been collected on a bobbin, the bobbin can be

10 taken off line and rewound passing it through the dilute
aqueous formaldehyde solution. Alternatively,
formaldehyde can be included in the water used to form
the zein hydrate.

Optiocnally, the fibers can be drawn prior to,

15 during, and/or after treatment in the stabilizing
solution to maximize the tensile properties. By
drawing, it is meant any stretching of continuous
filament yarn or tow to align and further orient the
molecules in order to achieve improved tensile

20 properties.

Preferably, there is at least one drawing step
after fiber formation, for example by spinning, to
achieve the best tensile properties and/or to reduce
denier. If the drawing step is accomplished prior to

25 fiber stabilization, drawing should be done in water at
ambient temperature, since higher temperatures can melt
the fibers. Although the fibers would draw or lengthen
at temperatures at or above the melting temperature,
they would not achieve molecular orientation. Drawing

30 can also be accomplished after treatment in the
stabilizing solution, generally at a draw ratio greater
than about 2. Higher temperatures, up to about the
boiling point of water, can be used in the water for
drawing after the stabilization step since the fibers

35 will not melt at this point. By draw ratio is meant the
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amount by which the filaments are stretched following
spinning. Generally, the draw ratio is set by
controlling the ratio of speeds between the feed roll
and the take-up roll of the drawing system. Continuous
5 filaments from a bobbin are wrapped around the feed
roll, may pass over a hot pin or other heating device or
hot bath, and are wrapped around the take-up roll, which
turns faster than the feed roll. The ratio of the take-
up roll to the feed roll is the amount of draw or
10 stretching on the filament. Multiple-stage drawing
systems are contemplated as a way to further increase
tensile properties.
The fibers prepared by the process of this
invention are useful in the manufacture of textile
15 materials, for example, in fabrics used for clothing and
industrial end usages.
EXAMPLES
EXAMPLE 1
EEEECILQE_IEM2EBAIHEE_QH_ZEINLHAIEB_MIXIQEES
20 A few grams of zein particles (Freeman Industries,
Tuckahoe, NY) were dispersed in a small jar containing
excess distilled water. The jar was then placed in a
hot water bath and the temperature was raised or lowered
according to Table I. The temperature of the jar's
25 content was measured using a thermocouple. The physical
characteristics of the zein were cbserved to change with
temperature as follows:
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IABLE I
CHANGES IN ZEIN/WATER MIXTURE WITH TEMPERATURE

24°C Zein particles dispersed easily
32°C Zein particles began to agglomerate
36°C Particles completely agglomerated into a dough-like mass

42°C 1 The dough became softer

50°C Using tweezers, the zein dough became directly drawable
into fine filaments and exhibited sheer opalescence

55-63°C| The zein dough melted to a sticky and highly drawable melt |

83°C Dough lost stickiness and ductility

88°C | Dough became brittle mass
61°C No change; dough did not regain its melting ability

EXAMPLE 2
PREPARATION OF ZEIN FIBERS
Hydrated zein was prepared as follows. A few grams
of zein were placed inside a vial containing excess
5 distilled water at room temperature. The vial was
placed in a 60°C water bath. A glass rod was used to
stir and knead the hydrated zein dough. Further
kneading was done by hand. Zein fibers were hand formed
by pulling from the kneaded zein hydrate between two
10 tweezers into a 52°C water bath or heated in 60°C water
and quickly drawn in air. The filaments were then
treated by immersion in a water bath containing: 3%
formaldehyde, 20% sodium sulfate, 4% zinc sulfate, 4%
glucose, 2% sulfuric acid and 0.05% cetyl pyridinum
15 Dbromide. After 20 hours, the filaments were drawn in
88°C to 95°C water. The filaments after treatment with
formaldehyde maintained their integrity and were drawn
at ratios of 2 to 3x. The drawn filaments were taped to
cardboard to prevent shrinkage and then air dried.
20 Fiber tensile (denier per filament (DPF), tenacity,
elongation, and modulus properties are shown in
Table II.
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TENSILE PROPERTIES OF ZEIN FIBER
Fiber Tensile Tenacity Modulus
(denier/filamentz (grams/denier) Elongation {grams/denier)
159 d 0.31 gpd 47%-83% 14 gpd for 90°C
2x draw
113 d 0.32 gpd 42% 17 gpd for 90°C
3x draw
32 d 0.35 gpd 35%-102% 15-25 gpd for
95°C 3x draw

EXAMPLE 3
EFFECT OF FORMALDHYDF POST-TREATMENT
Hydrated zein was similarly prepared as in
Example 2. Zein fibers were formed as in Example 2 in
5 55-60°C water and immersed in a water bath containing
formaldehyde and other components as described in
Example 2, for 15 days. Another set of fibers was
immersed in a similar bath without the formaldehyde for
15 days. The sample treated without the formaldehyde
10 was weak and fell apart with the slightest tension in
cold or hot water. The formaldehyde treated sample was
more elastic than those of Example 2, which were treated
for lesser time. Maximum draw was S5x in 56°C water.
Fiber properties are shown in Table III.

EFFECT OF FORMALDEHYDE TREATMENT ON TENSILE PROPERTIES
" Tenacity Modulus
{(grams/denier) Elongation {grams/denier)
Unstretched 0.31 gpd _19% 18 gpd
2x draw at 56°C 0.76 gpd 28% 29 gpd
3x draw at 56°C 0.62 gpd 9% 20 gpd
15 EXAMPLE 4

MELTING BEHAVIOR OF ZEIN HYDRATE

This experiment was conducted to determine the
melting behavior of zein hydrate. 5.0 grams of zein and
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5.0 grams of distilled water were blended and then
kneaded at 40-44°C into dough-like consistency. Thermal
analysis was carried out using a Differential Scanning
Calorimeter (T. A. Instruments, DSC Model 2910, New
5 Castle, DE) and showed a melting range of about of 46°C
to about 75°C. See Figure 2.
EXAMPLE 5
DRAWING QF ZEIN FIBERS
Hydrated zein was similarly prepared as in
10 Example 2 except at a temperature of 40°C. Formed
fibers, over 12 inches long, were started in 55°C water
and completed outside of the water bath. The filaments
were first taped down on their ends on plastic films to
avoid shrinkage and treated for 24 hours in an agqueous
15 solution containing only 3% formaldehyde while another
set of filaments were treated in an aqueous solution
containing 3% formaldehyde and 7.6% sodium chloride.
The treated filaments were then drawn in 80°C water.
The sample treated in the sodium chloride/formaldehyde
20 bath was drawn only about 2-3x and had
Tenacity/Elongation/Modulus=0.25 gpd/71%/9 gpd. The
sample treated in the formaldehyde bath without sodium
chloride was drawn 5x at 56°C to 88°C to study the
effect of drawing temperature. Measured fiber
25 properties indicate that drawing temperature in the
range studied has little effect on tensile properties
(0.44 gpd/28%/20 gpd versus 0.36 gpd/77%/20 gpd for
undrawn, for tenacity, elongation, modulus,
respectively) other than reducing filament denier. Best
30 sample properties were Tenacity=1.01 gpd, Elongation=25%
and Modulus=48 gpd.
EXAMPLE ©
EFFECT OF FORMALDEHYDE TREATMENT TIME
The effect of formaldehyde treatment time is shown
35 Dby this example. Z2ein fibers prepared in Example 5 were
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treated in an aqueous solvent containing 3% formaldehyde

from 1 hour to 18 hours and then drawn in 84°C water.
The results are:

IABLE IV
EFFECT OF FORMALDEHYDE TREATMENT TIME
TREATMENT TIME !HRS) IN B4°C WATER
0_(Control) Melted

1.0 Intact, but weak
2.0 Intact; drawn 15x
4.0 Intact; drawn 18x
8.0 Intact; drawn 7x
18.0 Intact; drawn 4-5x

EXAMPLE 7
5 IEMEEBAIHBElDENAIHBAIIQN_QE_ZEIN_HIDBAIE_BELAIIQNSHIE
This example shows the effect of time and
temperature on the denaturation of zein hydrate and its
loss of fiber drawing properties. Zein hydrate was
prepared as in Example 5, then placed in a constant
10 temperature bath and monitored as to its fiber forming
capability. The results are shown in Table V.

IABLE V
TIME TO DENATURE
Jemperature °C Time to Denature
60 < 40 minutes
70 <_17 minutes
80 < 15 minutes
EXAMPLE 8

SPINNING — TWIN SCREW MELT EXTRUDER
A zein hydrate polymer feed, with a composition of
15 55% zein, 36% water and 9.0% propylene glycol was
prepared in batches with each batch prepared as follows:
200 g of zein was weighed into a stainless steel bowl.
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While being mixed at the slowest speed setting in a
"Sunbeam” mixer, 164 g of cold 20% propylene glycol
solution, prepared using ice water, were sprayed into
the zein. The components were mixed for another

5 5 minutes and then stored in a polyethylene container,
immersed in ice water. Keeping the mixture cold
prevented the particles from sticking together. The
zein hydrate polymer feed was manually fed into the feed
hopper of a twin screw extruder (Model ZSK-30 available

10 from Werner-Pfleiderer Corp., 663 East Crescent Ave.,
Ramsey, NJ) maintained at a constant temperature of 45°C
except for the first two zones, which were not heated.
Spinning was accomplished using a 34 holes/25 mil
spinneret with a length to diameter ratio of 4. Bobbins

15 of multi-filament yarn were collected at 16 m/min.
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What is clrsimed is:
1. A process for producing zein fibers,

comprising the steps of:

(a) mixing zein with water at a temperature

5 of 0°C to ambient;

(b) heating the mixture to a temperature of
about 45°C to about 80°C to form a zein hydrate melt;

(c) forming the zein hydrate melt into zein
fibers;

10 (d) treating said fibers with a stabilizing
solution; and

(e) optionally, drawing said fibers.
2. The process of Claim 1 wherein in step (a) the
zein is mixed with water at a temperature of about 0° to

15 about 18°C to form a free-flowing particulate mixture.

3. The process of Claim 1 wherein step (¢) occurs
at a temperature of about 55°C to about 63°C.

4. The process of Claim 2 wherein steps (b) and
(c) comprise extruding the zein hydrate melt through a

20 spinneret using an extruder having a plurality of zones,
the initial zones of said extruder having an ambient
temperature and the latter zones having a temperature of
about 40°C to about 50°C.

5. The process of Claim 1 wherein in step (a) the

25 zein comprises about 50% to about 70% by weight of the
zein/water mixture.

6. The process of Claim 1 further comprising
adding about 10% to about 15% by weight of a plasticizer
to the mixture in part (a).

30 7. The process of Claim 6 wherein the plasticizer
is selected from the group consisting of: propylene
glycol, and polyethylene glycol having a molecular
weight below about 600.

8. The process of Claim 1 wherein the stabilizing

35 solution comprises formaldehyde.
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9. The process of Claim 1 wherein step (e) occurs
subsequent to step (d) and the fibers are drawn at a

draw ratio greater than about 2.

Motif Exhibit 1148, Page 638 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 96/17981 PCT/US95/15237
172

(@]

(Te]

N

(=)

—O

(V]

o

el
] (&)
o 2

O
- ] T
I o =

(&)

= & B =
Lo ~ . 3 &
© © —o L
v S
R Lol
—_

—O

2.57°C

T
-50

-100

_20 -
_30 -
-40

HEAT FLOW
(W/q)

Motif Exhibit 1148, Page 639 of 3341



€€ 40 079 8Bed ‘gL L HAIYXT JHON

HEAT FLOW
(W/q)

2
74.08°C
4 42.76J/¢
46.11°C 111.79°C
0- \!M:39/8 gy 64870/
_2_
i o 4.85°C
60.96°C
..4—
74.39°C
_6_
119.77°C
-8 | T ] T T T T T T T
=50 0 25 50 75 100 125 150 200

TEMPERATURE (°C)

250

2/2

I186L1/96 OM

LETST/S6S/LOd

90€'6€0°0L "ON Jusled 'S'N
90200-€202ddI *'ON 9seD



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

INTERNATIONAL SEARCH REPORT [

Inter nal Application No

PCT/US 95/15237

?PELASSSIFI%A&.%%(/)EEUBJBCF MATTER

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classifi

IPC 6 DOIF

symbols)

d by classificati

system foll

Documentation searched other than minimum documentation (o the extent that such documents are included in the fields searched

Electronic data base

Ited during the inter

| scarch (name of data base and, where practical,

search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to ¢laim No.

Category * | Citation of document, with indication, where pprop of the rel pastag

A US,A,2 521 738 (MCMEEKIN THOMAS L ET AL)
12 September 1950
cited in the application
see the whole document

A US,A,3 800 053 (LANGE D) 26 March 1974

A US,A,3 870 805 (HAYES LESTER P ET AL) 11
March 1975

A US,A,3 953 612 (COPLAN MYRON JULIUS ET AL)

27 April 1976

1-9

D Further documents are listed in the continustion of box C.

m Patent family members are listed in annex.

Special categories of cited documents : T later ¢

‘A’ document defining the general state of the art which is not
conndered to be of particular relevance

‘E’ carlier document but published on or after the international
filing date

‘L® document which may throw doutts on prionity claim(s) or
which is cited to establish the ication date of another
ctation or other special reason (as specified)

‘0" document referring to an oral disclosure, use, exhibition or
other means

invention

cannot be consi

in the art.

oti ahad

ior to the inter

‘P document p
later than the priority date claimed

I filing date but

published after the international filing date
or priority date and not in conflict with the ication but
cited to understand the principle or theory

‘X* document of particular relevance; the claimed invention
involve an inventive step when the document is taken alone

"Y® document of particular relcvance; the daimed invention
cannot be considered

document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

“&" document member of the same patent family

ying the
novel or cannot be considered o

to involve an inventive step when the

Date of the actual completion of the international scarch

10 April 1996

Date of mailing of the intenational search report

19 -04- 1995

Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijsw

Tel. (+31-70) 340-2040, Tx. 31 65! epo ni,
Fax (+31-70) 340-3016

Tarrida Torrell, J

Form PCT/ISA/210 (second sheat) (July 1992)

Motif Exhibit 1148, Page 641 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

INTERNATIONAL SEARCH REPORT [oun

PCT/US 95/15237

1al Application No

Patent document Publication Patent family Publication
cited in search report date member(s) date
US-A-2521738 12-09-50 NONE
US-A-3806053 26-03-74 JP-C- 1084328 25-02-82
JP-A- 49062662 18-06-74
JP-B- 56027216 23-06-81
US-A-3870805 11-03-75 BE-A- 774891 04-05-72
CA-A- 970211 01-07-75
DE-A- 2154189 13-07-72
FR-A,B 2112452 16-06-72
GB-A- 1325110 01-08-73
NL-A- 7115183 08-05-72
US-A-3953612 27-04-76 AU-B- 8644875 24-02-77
BE-A- 836497 01-04-76
CA-A- 1664762 23-10-79
DE-A- 2600219 08-07-76
FR-A,B 2296375 30-07-76
GB-A- 1489966 26-16-77
JP-C- 988281 26-02-80
JP-A- 51091355 10-08-76
JP-B- 54024457 21-08-79
NL-A- 7514456 08-07-76

Form PCT/ISA/210 (patent family annex) (July 1992)

Motif Exhibit 1148, Page 642 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 98/12913
AO1H 5/00, C12N 5/14, 15/31, 15/82 Al . o ]

(43) International Publication Date: 2 April 1998 (02.04.98)

(21) International Application Number: PCT/US97/17246 | (81) Designated States: AL, AM, AU, AZ, BA, BB, BG, BR, BY,

CA, CN, CU, CZ, EE, GE, GH, HU, ID, 1L, IS, JP, KG,

(22) International Filing Date: 25 September 1997 (25.09.97) KP, KR, KZ, LC, LK, LR, LT, LV, MD, MG, MK, MN,

MX, NO, NZ, PL, RO, RU, SG, SI, SK, SL, TJ, T™M, TR,

TT, UA, US, UZ, VN, YU, ARIPO patent (GH, KE, LS,

(30) Priority Data: MW, SD, §Z, UG, ZW), Eurasian patent (AM, AZ, BY,

08/720,260 26 September 1996 (26.09.96) US KG, KZ, MD, RU, T], TM), European patent (AT, BE, CH,

DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML,
(71)(72) Applicants and Inventors: BAILEY, James, E. [US/CHJ; MR, NE, SN, TD, TG).
Winkelwiese 6, CH-8001 Zurich (CH). BULOW, Leif
[SE/SE]; Borgaslingan 6, $-224 72 Lund (SE).
Published
(74) Agents: ABRAMS, Samuel, B. et al.; Pennie & Edmonds LLP, With international search report.
1155 Avenue of the Americas, New York, NY 10036 (US).

(54) Title: EXPRESSION OF GLOBIN PROTEINS IN PLANTS

(57) Abstract

The present invention relates to genetic—engineering of plants for enhanced oxygen assimilation and utilization. More particularly,
this invention relates to producing transgenic plants engineered to express globin proteins such as, for example, hemogiobin, myoglobin,
and hemoproteins. The engineered plants of the invention achieve quicker germination, are faster growing or maturing crops, produce
higher crop yields, and/or contain higher levels of desired plant metabolites, particularly alkaloids. The invention also relates to mutant
Vitreoscilla hemoglobin proteins, polynucleotides encoding the same, and host cells containing such polynucleotides.

Motif Exhibit 1148, Page 643 of 3341



Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

CN
Cu
Cz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Anmmenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d'lvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinca

Greece

Hungary

Ireland

Israel

Iceland

Traly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Licchtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

Lesotho

Lithuania
Luxembourg

Lalvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malaw.i!

Mexico -
Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

Si
SK
SN
SZ
™
TG
TJ
™
TR
TT
UA
uG
us
uz
YN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe

Motif Exhibit 1148, Page 644 of 3341




Case No.: IPR2023-00206
U.S. Patent No. 10,039,306

WO 98/12913 PCT/US97/17246

10

15

20

25

30

EXPRESSION OF GLOBIN PROTEINS IN PLANTS

1. INTRODUCTION

The present invention relates to genetic-engineering of plants for enhanced
oxygen assimilation and utilization. More particularly, this invention relates to
producing transgenic plants engineered to express oxygen-binding proteins,
particularly globins such as, for example, hemoglobin, myoglobin, and
hemoproteins. The engineered plants may be used to achieve quicker germination,
faster growing or maturing crops, higher crop yields and/or plants with higher

levels of desired plant metabolites, particularly alkaloids.

2. BACKGROUND OF THE INVENTION

Genetic engineering of plants through transgenic approaches has rapidly
become a diverse and promising field. Transformation techniques are applied both
to study plant development and physiology, and in attempts to generate plants with
advantageous agricultural properties,

For example, much effort has focused on improving crop production by
transforming plants with herbicide or pesticide resistance genes. When grown
under field conditions, the resulting transgenic plants can tolerate and survive
applications of herbicides or pesticides which would destroy non-transformed
plants. Alternatively, plants themselves have been genetically engineered to
express products which are shown to act as natural insecticides such as Bacilius
thuringensis toxin proteins (see U.S. Patent No. 5,380,831, issued Jan. 10, 1995).

Genetic engineering has also been attempted to generate plants with altered
compositions of primary metabolites such as starch, sugar, and oils. For example,
a bacterial levan sucrase gene was transformed into plants to increase levels of
fructans in the resulting transformant. In another approach, the activity of certain
enzymes involved in the metabolic synthesis of oils has been decreased using
antisense technology in order to design vegetable oils exhibiting the desired
properties. (Reviewed in Knauf, 1995, Curr. Opin. Biotech, 6:165-70).

In addition to attempts to alter primary metabolic compositions of plants
(i.e. carbohydrates, oils, amino acids and proteins), it would also be desirable to
alter secondary metabolite compositions. Secondary metabolites are those

specialized plant products required by cells in small amounts (¢.g. hormones), or
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are highly specialized biomolecules (e.g. nucleotides, pigments, toxins, antibiotics,
and alkaloids). Generally, secondary metabolites can be defined as compounds that
have no recognized role in the maintenance of fundamental life processes of the
cell, but which may perform other advantageous functions for the organism as a
whole. (See for example, Bell, 1981, "The Physiological Role(s) of Secondary
(Natural) Products” in The Biochemistry of Plants, v. 7, p. 1, Academic Press,
Inc.)

The production of useful secondary metabolites from plants and plant cell
cultures is an important aspect of plant technology. About 25% of the prescription
drugs used in the industrialized world contain ingredients extracted from higher
plants (Tyler, V.E., 1988, Planta Med. 54:95-100). The most prominent group of
plant substances used in medicine are the alkaloids (Nickell, L.G.. 1980,

"Products,” Plant tissue culture as a source of biochemicals, Staba, E.J., Ed.,

Boca Raton, CRC Press Inc., 235-269). Alkaloids are secondary metabolites
which protect plants against phytophagocytosis by higher organisms or invasion by
pathogens (Robins, R.J. er al., 1991, Planta Med. 37:27-35). Plant alkaloids are
generally derived from simple amino acids that interact with acetate and terpenoid
units and undergo aromatic hydroxylations (Robins, supra). Examples of plant
alkaloids are nicotine, scopolamine, hyoscyamine, ajmalicine, serpentine, piperine,
leucenol, mimosine, ricinine, pelletierine, cocaine, hygrine, lupinine and
anagyrine.

Several examples of introducing a new metabolic pathway or redirecting
previously existing ones to increase production of secondary metabolites have been
described (Bailey, supra; Berlin, J. er al., 1994, Stud. Plant Sci. 4:57-81; Lilius,
G.. Holimberg, N. and Biilow, L., 1996, Bio/Technology 14:177-180). However,
apparently all of these genetic engineering approaches entail either the up-
regulation of a limiting enzyme in the pathway (for example through transformation
and expression of the cloned gene), or the down-regulation of competing enzymatic
pathways (for example through anti-sense technology). (See for review, Robins et
al., 1991, Planta. Med. 57:27-35.)

Plant cell suspension cultures have often been used for industrial production
of plant secondary metabolites. During in virro culture, a critical parameter

influencing secondary metabolite formation, especially in scale-up cultures, is the
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level of dissolved oxygen. For instance, it has been demonstrated that a high
dissolved oxygen concentration promotes the production of ajmalicine in
Catharantus roseus batch cultures (Schaltmann, J.E. er af., 1995, Biotech.
Bioeng. 45:435-439). Similarly, increased alkaloid levels with increasing aeration
have been observed in Berberis wilsonae (Breuling, M. er al., 1985, Plant Cell
Rep. 4:220-223). From these results it has been suggested that oxygen is a
limiting substrate in plant tissue culture secondary metabolism, as well as for
primary metabolism, especially for industrial scale-up processes. However, this
need for increased oxygen has always been thought to be a need for extracellular
oxygen during fermentation batch processes.

Aerobic metabolism has been successfully enhanced in fermentation
microorganisms and cultured mammalian cells by engineering the host to express
the Virreoscilla hemoglobin gene (VHb) (Khosla, C., Bailey, J.E., 1988, Nature
331:633-635; Khosla, C., Bailey, J.E., 1988, Mol. Gen. Genet. 214:158-161;

DeModena, supra; Chen, W. et al., 1994, Biotechnol. Prog. 10:308-313; Pendse,
G.J. and Bailey, J.E., 1994, Biotechnol. Bioeng. 44:1367-1370). This metabolic

engineering strategy has been shown effective, for example, in increasing total cell
protein synthesis by oxygen-limited Escherichia coli (Khosla, C. er al., 1990,
Bio/Technology 8:849-853 and U.S. Patent No. 5,049,493, issued Sept. 17, 1991),
improving lysine yield and titer in cultivations of Corynebacrerium glutramicum
(Sander, F. er al., 1994, Proc. 6th Eur. Congress Biotechnol., Alberghina, L.,
Frontali, L. and Sensi, P. (eds.) Elsevier Science B.V., Amsterdam 607-610), and

in increasing actinorhodin and cephalosporin C production in Srrepromyces
coelicolor and Acremonium chrysogenum, respectively (Magnolo, S.K. er al.,
1991, Bio/Technology 9:473-476; DeModena, 1.A. et al., 1993, Bio/Technology
11:926-929).

Hemoglobin and globin-like proteins exist ubiquitously in mammals, and are
less frequently found in plants. The few plant hemoglobin-like molecules
described, which include lupin and soybean leghemoglobin, are largely thought to
be associated with nitrogen-fixation activities of these plants, although some
researchers claim that hemoglobin-like proteins occur in the roots of all plants.
However, in no case have these proteins been overexpressed in plants. Although

several major plant metabolic pathways are known to be oxygen-dependent,
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including chlorophyll and heme biosynthesis, fatty acid desaturation and cysteine,
glycine and serine biosynthesis, oxygen has not been thought to be a limiting factor
in metabolism in jntact plants. Rather, the observed effects of dissolved oxygen on
metabolism in plant tissue cultures has been attributed to mass transport problems
during large-scale, or even batch culture, fermentations (see Schiatmann et al.,
1991, supra.). Thus, until the present invention, the advantages of altering useable

levels of intracellular oxygen in intact plants have not been recognized.

3. SUMMARY OF THE INVENTION

The present invention is directed to the generation of plants with improved

agronomic or medicinal characteristics by metabolically engineering an increased
intracellular oxygen level or increased utilization of oxygen. Such engineered
plants display enhanced production of valuable secondary metabolites, in particular
those metabolites which are synthesized by oxygen-dependent pathways, as well as
other unexpected and valuable properties such as more rapid germination, higher
levels of chlorophyll, increased overall growth metabolism, and increased rate of
accumulation of biomass.

The invention encompasses both genetically engineered plants and methods
of producing the same. Therefore, in one of its embodiments, the invention
encompasses a method of metabolically engineering plants by increasing
intracellular levels of oxygen or intracellular utilization of oxygen. The invention
includes a method of producing a plant with an improved agronomic or medicinal
characteristic by transforming the plant with polynucleotides encoding an oxygen-
binding protein. Particularly preferred oxygen-binding proteins are globins, which
reversibly bind oxygen through a heme group. In an exemplary embodiment, the
oxygen-binding protein is Virreoscilla hemoglobin. Preferably, the polynucleotides
encoding the oxygen-binding protein are operably linked to a strong, constitutively
expressed plant promoter, for example, the CaMV 35S promoter. Another aspect
of the invention is a plant or plant cell which has been genetically engineered by
the methods of the invention. The invention encompasses plants and plant cells
which are both dicotyledons and monocotyledons.

Still another aspect of the invention is mutant Virreoscilla hemoglobin

proteins, polynucieotides encoding the same, and host celis containing such mutant
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proteins and polynucleotides. The host cells can be bacteria, plant, animal, fungi
or algae. The invention also encompasses a method of generating polynucleotides
encoding mutant Virreoscilla hemoglobin proteins. The method entails amplifying
a polynucleotide that encodes Vitreoscilla hemoglobin protein using a low fidelity
polymerase chain reaction, transforming the amplified polynucleotides into
bacteria, and selecting bacteria that contain a polynucleotide sequence encoding the
mutant Virreoscille hemoglobin protein. In a preferred aspect of this method,
bacterial colonies containing mutant Virreoscilla hemoglobin proteins are selected
by virtue of their color phenotype. Polynucleotides encoding mutant Vitreoscilla
hemoglobin proteins that are isolated by this method, as well as the mutant proteins
themselves, and host cells containing such polynucleotides, are also within the

scope of the present invention.

4. BRIEF DESCRIPTION OF THE FIGURES
Figure 1: FIG. 1A. The last steps in the Nicotiana tabaccum biosynthesis

of the secondary metabolites nicotine and anabasine. The reaction catalyzed by
nicotine synthase, the oxygen-dependent enzyme catalyzing the conversion of
nicotinic acid and N-methyl-A’-pyrrolinium salt into nicotine, is labelled in bold.
FIG. 1B. Oxygen-dependent steps in chlorophyll and heme biosynthesis in plants.
The last oxidation of chlorophyll a to chlorophyll b has only been observed in vitro
(Scheer, H. (ed.), 1991, Chlorophylls CRC Press, Boca Raton, FL, USA 421-
425).

Figure 2. Construction of the Ti-expression vector containing the
Virreoscilla VHb gene using PCR. The gene was placed under control of the
CaMV 35S promoter and transcription termination was achieved by the NOS
region. The approximate positions of the PCR primers are indicated by solid
arrows. Right and left border of the T-DNA are indicated by RB and LB,
respectively. NOS-prom, NPT Il and NOS are abbreviations for the nopaline
synthase promoter, the neomycine phosphotransferase II gene, and the nopaline
synthase 3’ transcription termination region, respectively.

Figure 3. Dried weight measurements at different time intervals are shown
as mean values. Bars correspond to the standard error. The data from the first

two time points (15 and 20 days) correspond to 12 plants but weighed in triplets,
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and the data from the last two time points are from 8 plants individually weighed.
This experiment was duplicated and the data points were subjected to statistical
analysis using one-way analysis of variance (ANOVA).
Figure 4. Nicotine and anabasine production in the transgenic lines, He3
5 and He4, and a wild-type line. The nicotine concentrations are given ug/g fresh
weight and the anabasine concentrations as ug/g freeze-dried plant. The nicotine
and anabasine concentrations were measured in eight plants and six plants,
respectively. All measurements were performed in duplicate, with the standard
deviations being less than 1% and 25%, respectively.

10 Figure 5. The chlorophyll contents in the two transgenic tobacco lines and
a wild-type control measured as ug chlorophyll/ml x mg fresh weight. The bars
represent the mean values of 18 plants. The standard errors of the mean were less
than 10%, 8% and 5% for wild-type tobacco, He3 and Hed, respectively.

Figure 6. Schematic map of the pUC derivative plasmid pJFK2 used for

15 transformation of rice.

5. DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to metabolic genetic engineering by effectively

20  increasing the intracellular level of available oxygen in plants. The invention is
based, in part. on the discovery that transforming plants so as to express oxygen-
binding proteins, and in particular heme-containing globins, improves the
properties of the transformed plants in unexpected ways. The resulting plants
produce higher levels of secondary metabolites whose production is oxygen

25  sensitive. Surprisingly, however, these genetically engineered plants also exhibit
better growth characteristics, more rapid germination, and improved vegetative
yield. Without intending to be limited to a particular mechanism, it is believed
that these surprising results are due to either an increased level of intracellular
oxygen, or an increased efficiency in intracellular oxygen utilization.

30 Accordingly, the targets for engineering are genes encoding proteins
involved in binding oxygen, particularly those which bind oxygen reversibly such
as the globins. The target genes include, but are not limited to, those encoding

Vitreoscilla hemoglobin (VHb), horse heart myoglobin, E. coli hemoprotein, B.
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subtilis hemoprotein, yeast flavohemoglobin, soybean leghemoglobin, lupin

leghemoglobin, and sperm whale myoglobin. In fact, an engineered increased
expression of any endogenous plant hemoglobin is also within the scope of the
invention.

Particularly suitable for use in the present invention are those oxygen-
binding proteins which have relatively high k,, rates such as VHb (kg 5600 s7';
Orii and Webster, 1986, ]. Biol. Chem. 261:3544-3547) or relatively low oxygen
affinity such as horse heart myoglobin (K, 0.79 uM; Wittenberg et al., 1985, in
Nitrogen fixation research progress, H.J. Evand et al. Eds. Martinus Nijhoff
Publishers , Dordrecht, p. 354). Therefore, particularly preferred oxygen binding
proteins may be those proteins with a &, rate for oxygen of greater than 10 s, or
a Ky, less than 0.5 uM, aithough it will be understood that oxygen-binding proteins
with rate constants outside of these parameters will also be useful. Other examples
of preferred oxygen-binding proteins are globins such as hemoglobin, myogiobin,
and leghemoglobins. The properties of many oxygen-binding proteins, including
globins, are disclosed in the literature. Additionally, techniques for determining
the oxygen-binding properties of a protein such as a globin are well known to one
of skill in the art and may be performed without undue experimentation.

A particularly advantageous oxygen-binding protein for use in the instant
invention, as described herein by way of working example, is Vitreoscilla
hemoglobin ("VHb"). The complete sequence of the VHb gene is described in
U.S. Patent No. 5,049,493, supra. Mutants of VHb which bind oxygen are also
within the scope of the present invention. As described more fully below by way
of a working example, genes encoding functional mutants of VHb are generated
through PCR mutagenesis, and then tested in a simple phenotypic screen for their
ability to bind oxygen. Using these techniques, several VHb mutants have been
obtained for use in the present invention.

Also encompassed within the scope of the invention are any nucleotide
sequence which hybridizes to the complement of the nucleotide sequence of the
VHb gene under highly stringent conditions, e.g., hybridization to filter-bound
DNA in 0.5 M NaHPO,, 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at
65°C, and washing in 0.1xSSC/0.1% SDS at 68°C (Ausubel F.M. et al., eds.,
1989, Current Protocols in Molecular Biology, Vol. I, Green Publishing
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Associates, Inc., and John Wiley & sons, Inc., New York, at p. 2.10.3) and
encodes a functionally equivalent gene product; and any nucleotide sequence that
hybridizes to the complement of the nucleotide sequence of the VHb gene under
less stringent conditions, such as moderately stringent conditions, e.g., washing in
0.2xSSC/0.1% SDS at 42°C (Ausubel et al., 1989, supra), yet which still encodes
a functionally equivalent Vhb gene product. Functional equivalents of VHb include
naturally occurring hemoglobin genes present in other species, and mutant VHb
whether naturally occurring or engineered which retain at least some of the
functional activity of VHb (i.e., reversible oxygen binding). Species from which
genes encoding functional equivalents of VHb include but are not limited to
bacterial species, and in particular those bacterial species found in soil, dung, and
in other oxygen-accessible, but poorly aerated, environments.

Furthermore, using the teachings of the present invention one of skill in the
art can also isolate genes encoding other bacterial proteins which reversibly bind
oxygen through a heme group without relying upon sequence homology with
known proteins. For example, one may isolate and culture a bacterial organism,
prepare genomic DNA from the cultured bacteria, and then construct an expression
library with the DNA in E. coli using well known techniques. The expression
library is plated to obtain isolated colonies. Those E. coli colonies carrying
plasmids which expresses an oxygen-binding heme protein may be identified
phenotypically by their red color. The expression library DNA clones encoding
oxygen-binding proteins may be further characterized and subcloned into plant
expression vectors. The expression of such oxygen-binding heme proteins in plants
is accordingly encompassed by the invention.

The invention also encompasses degenerate variants of nucleotide sequences
which encode the amino acid sequence of the VHb protein, VHb mutants, and
functional equivalents of VHb encoded by nucleotide sequences which hybridize to
the complement of the nucleotide sequence of the VHb gene. For example, the
nucleotide sequence may be altered 5o as to optimize amino acid codon usage for
expression in the chosen host cell.

The levels of oxygen-binding proteins can be altered or their expression can
be enhanced or otherwise modified (e.g., ectopic expression or tissue specific

expression) to engineer a plant with desirable properties. The engineering is
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accomplished by transforming plants with nucleic acid constructs described herein.
The transformed plants or their progenies are screened for plants that express the
desired protein or exhibit the desired altered expression of the oxygen-binding
protein, altered expression of the corresponding mRNA, altered secondary
metabolite levels, increased growth rate, enhanced vegetative yield and/or
increased germination rate.

Engineered plants exhibiting the desired physiological and/or agronomic
changes can be used in plant breeding or directly in agricultural production. These
plants having one altered protein also may be crossed with other altered plants
engineered with alterations in other pathways (e.g., cross an oxygen-binding
expressing plant to a plant which has been otherwise genetically engineered) to
produce lines with even further enhanced physiological and/or agronomic
properties compared to the parents.

The invention is illustrated by working examples of plants engineered for
expression of Vitreoscilla hemoglobin (VHb). In all instances, engineered plants
that exhibit expression also show better growth characteristics, increased rate of
seed germination, improved vegetative yield and/or enhanced levels of secondary
metabolites over control, wild-type plants.

The invention is based, in part, on the surprising discovery that
transformation of plants with oxygen-binding proteins provides several advantages.
Plants were transformed with expression plasmids encoding an oxygen-binding
protein in an attempt to develop plants with increased drought tolerance. As a
model system, Nicotriana tabaccum (tobacco) was first chosen to be transformed
with expression constructs encoding the oxygen-binding protein Virreoscilla
hemoglobin (VHb). However, since there is an oxygen-dependent step in the
nicotine biosynthesis pathway, the production of nicotine was examined.

The VHb gene was introduced into Nicotiana tabaccum (tobacco) via
Agrobacterium mediated gene transfer. Transcription and translation of the VHb
gene and message were demonstrated by reverse transcriptase PCR and Western
immunoblot analysis, respectively. Transgenic tobacco plants expressing VHb
exhibited on average 34% greater nicotine content than wild-type controls. They
also contained an altered distribution of nicotine relative to the less desirable

alkaloid anabasine. Additional effects of VHb expression on the physiology of the
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transgenic tobacco plants were also noted; these plants contained on average 10-
20% more chlorophyll than controls. Moreover, the plants germinated more
quickly and exhibited a more rapid rate of dry weight increase. Thus, engineering
of plants to express additional oxygen-binding proteins not only produced increased
alkaloid levels and altered distributions of alkaloids, but also enhanced plant
growth.

In yet another illustration of the advantages of the present invention, plants
from the genus Datura were transformed with the same expression construct used
to transform the tobacco plants. Darura is the major commercial source for
production of the secondary metabolites scopolamine and hyoscyamine, which are
used as sedatives and as starting material for semisynthetic derivatives of these
metabolites. Surprisingly, scopolamine and hyoscyamine levels in the transgenic
plants were increased as much as 5 to 6 fold over levels found in non-transformed
plants.

In still another illustration of the invention, plants from the genus Oryzae
were transformed by the ballistic method with a polynucleotide construct that
directs the expression of the VHb hemoglobin gene. Thus, the present invention is
generally applicable for altering the oxygen utilization in all plant types in order to
obtain plant varieties with advantageous medicinal and agronomic qualities. For
example, plants which germinate more quickly and accumulate biomass more
rapidly will find particular application in agricultural environments where arable
land and/or the length of growing season are limiting factors to production. Even
a small increase in biomass production and/or rate of growth can prove significant.
Additionally, the increased levels of economically important secondary metabolites
may enable production of metabolites from previously economically unfeasible
plant sources.

Further, the invention encompasses a method of generating polynucleotides
encoding mutant Virreoscilla hemoglobin proteins. The method entails amplifying
a polynucleotide that encodes Vitreoscilla hemoglobin protein using a low fidelity
polymerase chain reaction, transforming the amplified polynucleotides into
bacteria, and selecting bacteria that contain a polynucleotide sequence encoding the
mutant Virreoscilla hemoglobin protein. In a preferred aspect of this method,

bacterial colonies containing mutant Virreoscilla hemoglobin proteins are selected
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by virtue of their color phenotype; a red or pink color indicates that the bacteria
express an oxygen-binding heme protein. Polynucleotides encoding mutant
Vitreoscilla hemoglobin proteins that are isolated by this method, as well as the
mutant proteins themselves, and host cells containing such polynucleotides, are

5 within the scope of the present invention. The host cells can be bacteria, plant,
animal, fungi or algae. Such mutant Virreoscilla hemoglobin proteins are useful in
any number of applications for which wild-type Virreoscilla hemoglobin proteins
are advantageous, including but not limited to increasing cell growth and increasing
cell production.

10
5.1. PRODUCTION OF TRANSGENIC PLANTS

According to the present invention, a desirable plant or plant cell may be
obtained by transforming a plant cell with the nucleic acid encoding an oxygen-
binding protein, particularly a globin, and in one embodiment VHb, as described

15 herein. In some instances, it may be desirable to engineer a plant with several
different gene constructs. Such engineering may be accomplished by transforming
a plant or plant cell with all of the desired gene constructs simultaneously.
Alternatively, the engineering may be carried out sequentially. That s,
transforming with one gene construct, obtaining the desired transformant after

20  selection and screening, transforming the transformant with a second gene
construct, and so on.

In an embodiment of the present invention, Agrobacterium is employed to
introduce the gene constructs into plants. Such transformations preferably use
binary Agrobacterium T-DNA vectors (Bevan, 1984, Nuc. Acid Res. 12:8711-

25 8721), and the co-cultivation procedure (Horsch et al., 1985, Science 227:1229-

1231). Generally, the Agrobacterium transformation system is used to engineer
dicotyledonous plants (Bevan et al., 1982, Ann. Rev. Genet. 16:357-384; Rogers
et al., 1986, Methods Enzymol. 118:627-641) The Agrobacterium transformation

system may also be used to transform, as well as transfer, DNA to

30 monocotyledonous plants and plant cells (see Hernalsteen et al., 1984, EMBO J.
3:3039-3041; Hooykass-Van Slogteren et al., 1984, Nature 311:763-764: Grimsley
et al., 1987, Nature 325:1677-179; Boulton et al., 1989, Plant Mol. Biol. 12:31-
40; Gould et al., 1991, Plant Physiol. 95:426-434).
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In other embodiments, various alternative methods for introducing
recombinant nucleic acic constructs into plants and plant cells may also be utilized.
These other methods are particularly useful where the target is a monocotyledonous
plant. Alternative gene transfer and transformation methods include, but are not
limited to, protoplast transformation through calcium-, polyethylene glycol (PEG)-
or electroporation-mediated uptake of naked DNA (see Paszkowski et al., 1984,
EMBO J 3:2717-2722, Potrykus et al., 1985, Mol. Gen. Genet, 199:169-177;

Fromm et al., 1985, Proc. Natl. Acad. Sci. USA 82:5824-5828: Shimamoto, 1989,
Nature 338:274-276) and electroporation of plant tissues (D’Halluin et al., 1992,

Plant Cell 4:1495-1505). Additional methods for plant cell transformation include
microinjection, silicon carbide mediated DNA uptake (Kaeppler et al., 1990, Plant
Cell Reporter 9:415-418), and microprojectile bombardment (see Klein et al.,
1988, Proc. Natl. Acad. Sci. USA 85:4305-4309; Gordon-Kamm et al., 1990,
Plant Cell 2:603-618).

According to the present invention, a wide variety of plants may be
engineered for the desired physiological and agronomic characteristics described
herein using nucleic acid constructs encoding oxygen-binding proteins and the
various transformation methods mentioned above. Target plants for engineering
include, but are not limited to, those of tobacco, Darura, maize, wheat, rice,
soybean, tomato, carrots, peanut, potato, sugar beets, sunflower, yam,
Arabidopsis, rape seed, petunia and other ornamental flowers, turfgrass, barley,
alfalfa, potato, cassava, sweet potato, lettuce, sugar cane, fruit trees (e.g. cherry,
apple, peach, pear, plum, orange, lemon), nut trees (¢.g. walnut, almond), banana,
peanut, strawberry, cauliflower, artichoke, cucumber, melon, grape, pepper,
cabbage, endive, leek, lettuce, spinach, arrowroot, radish, bean and pea.

According to the present invention, desired plants may be obtained by
engineering the gene constructs described herein into a variety of plant cell types,
including but not limited to, protoplasts, tissue culture cells, tissue and organ
explants, polien, embryos as well as whole plants. In an embodiment of the
present invention, the engineered plant material is selected or screened for
transformants (i.e., those that have incorporated or integrated the introduced gene
construct(s)) following the approaches and methods described below. An isolated

transformant may then be regenerated into a plant. Alternatively, the engineered
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