
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0285105 A1 

US 2010O2851 05A1 

RADANINGTYAS (43) Pub. Date: Nov. 11, 2010 

(54) OIL PRODUCING MICROBESADN METHOD A2.3L I/05 (2006.01) 
OF MODIFICATION THEREOF A23C 9/54 (2006.01) 

A2.3L L/40 (2006.01) 
(76) Inventor: Helia RADANINGTYAS, A2.3L 2/00 (2006.01) 

HALIFAX (CA) A23D 9/00 (2006.01) 
A2.3L. I./22 (2006.01) 

Correspondence Address: A2.3L I/3 (2006.01) 
Ballard Spahr LLP A2.3L I/325 (2006.01) 
SUITE 1000,999 PEACHTREE STREET A2.3L L/35 (2006.01) 
ATLANTA, GA 30309-3915 (US) CI2P 7/64 (2006.01) 

C07C 57/03 (2006.01) 

(22) PCT Filed: Jul. 30, 2007 
(52) U.S. Cl. ............. 424/450: 424/490: 426/2: 426/573; 

(86). PCT No.: PCT/B2007/OO4596 426/580; 426/589: 426/590: 426/599: 426/601; 
426/615; 426/641; 426/643; 426/644; 435/134; 

S371 (c)(1), 554/224 
(2), (4) Date: Sep. 22, 2009 

Related U.S. Application Data (57) ABSTRACT 

(60) Provisional application No. 60/821,084, filed on Aug. Disclosed are compositions and methods related to a eukary 
1, 2006. ote of the order Thraustochytriales and family Thraustochy 

O O triaceae which when cultured produce quantities of unsatur 
Publication Classification ated fatty acids, such as omega 3 (n-3) and/or omega 6 (n-6) 

(51) Int. Cl. oils, such as DHA, EPA and DPA, capable of being purified 
A 6LX 9/27 (2006.01) and used as all such compositions are used and more, because 
A6 IK 9/6 (2006.01) of their means of production. 

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 1 of 62



IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 2 of 62



US 2010/0285105 A1 Nov. 11, 2010 Sheet 2 of 16 Patent Application Publication 

0:9 IO I 19IC) 028 IO I:8 IQ) VdIGH 9-U VOICI VHGI 

pº XSBIH 

%08 %00 I 

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 3 of 62



US 2010/0285105 A1 Nov. 11, 2010 Sheet 3 of 16 Patent Application Publication 

(VHL 
9% 

96 —— 

9% 

) V JL-TH 

07 09 09 09 

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 4 of 62



Patent Application Publication Nov. 11, 2010 Sheet 4 of 16 US 2010/0285105 A1 

- Thraustochytrium CHN-1 
r 

O 

- Schizochytrium KH105 

tool 

o 

Vikaria profunda (29) 
Thraustochytrium aureum ATCC34304 

Ukemia visurgensis 
- L Japanochytrium sp. ATCC 282O7 

st Ukenis profunda (N3077a) 
Thraustodytrium striatum ATCC 24473 

O. 

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 5 of 62



IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 6 of 62



US 2010/0285105 A1 Nov. 11, 2010 Sheet 6 of 16 Patent Application Publication 

uoquo 9 

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 7 of 62



US 2010/0285105 A1 Nov. 11, 2010 Sheet 7 of 16 Patent Application Publication 

uol?o?uauua|ddns 
  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 8 of 62



US 2010/0285105 A1 Nov. 11, 2010 Sheet 8 of 16 Patent Application Publication 

o.sz an?wshanai - o.a. ºsniva=awai O’S SA I ’9 O?4DJ y -J_1 : 2SO3n|9 402442 2un? duºduºl 
  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 9 of 62



Patent Application Publication Nov. 11, 2010 Sheet 9 of 16 US 2010/0285105 A1 

  

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 10 of 62



US 2010/0285105 A1 Sheet 10 of 16 , 2010 11 NOV. Patent Application Publication 

Tõ555FTSZOTT TOT T3“Z TOETOE LLIOmuoo 
  

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 11 of 62



US 2010/0285105 A1 Sheet 11 of 16 2010 11 NOV. ication Patent Application Publ 

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 12 of 62



US 2010/0285105 A1 Sheet 12 of 16 , 2010 11 NOV. ication Patent Application Publ 

00’0000 

  

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 13 of 62



Patent Application Publication Nov. 11, 2010 Sheet 13 of 16 US 2010/0285105 A1 

is 

S 9 
C) 

% SS 
is 

S - 

O O O 

SSS Xk. 
S wS 
5 N % 
O es C. c. 

& 
NS 
% 

% 

  

  

  

  

    

  

  

  

  

  

    

    

  

      

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 14 of 62



US 2010/0285105 A1 Nov. 11, 2010 Sheet 14 of 16 Patent Application Publication 

M2 

Control2 

1 

Control1 

0:91,3) 

M2 

Control2 

M1 

Control1 

V/HCl 

%9 %94, %9, 

Control2 

Control1 

p?oue?oueo Ie?o} 
%08 

  

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 15 of 62



Patent Application Publication Nov. 11, 2010 Sheet 15 of 16 US 2010/0285105 A1 

nament 

F 

s s s s g Š 

S c22.63 

ze C22:5 n-3 

C22:5 n-6 

; 
s 

2 C18:0 

S C16:1 

C18:1 

C16:0 

  

    

  

    

  

  

  

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 16 of 62



Patent Application Publication Nov. 11, 2010 Sheet 16 of 16 US 2010/0285105 A1 

S C22:5 n-6 
% 

C215 m-3 

& C20:5 in-3 

s 

N\šŠ c16:0 2 

NS 
2 

C14:0 

s s : s s s s 

  

  

  

  

  

  

      

  

    

  

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 17 of 62



US 2010/02851 05 A1 

OL PRODUCING MICROBESAON METHOD 
OF MODIFICATION THEREOF 

0001. This application claims the benefit of and priority to 
U.S. Provisional Application No. 60/821,084, filed Aug. 1, 
2006 which is incorporated by reference herein its entirety. 

I. BACKGROUND 

0002 There is overwhelming scientific evidence that (n-3) 
highly unsaturated fatty acids such as docosahexaenoic acid 
(DHA) have a positive effect on cardio-circulatory diseases, 
chronic inflammations and brain disorders, while eicosapen 
taenoic acid, also an n-3 fatty acid, has been noted to perform 
functions as an intermediate metabolite within the eicosanoid 
steroids, such as prostaglandins, leucotrienes or the like. 
0003 Currently, the main source of these highly unsatur 
ated fatty acids is fish, with EPA and DHA noted within 
various blue fish (Such as Sardines and tuna) at amounts 
around 20% and 10%, respectively. It is believed that such a 
fatty acid profile occurs through the natural selection of opti 
mal ratios for optimal performance within each species of 
fish. Yet, if one intends to use fish oil as the sole source of 
these lipids, several disadvantages exist, Such as problems 
with flavor taint, uncontrollable fluctuations in availability 
and natural fish oil content variability. In addition, if one 
intends to obtain a highly purified (n-3) or (n-6) oil from these 
sources, it is very difficult to preferentially separate and 
purify. 

II. SUMMARY 

0004 Disclosed are compositions and methods related to a 
eukaryote of the order Thraustochytriales and family Thraus 
tochytriaceae which when cultured produce quantities of 
unsaturated fatty acids, such as omega 3 (n-3) and/or omega 6 
(n-6) oils, such as DHA, EPA and DPA, capable of being 
purified and used as all Such compositions are used and more, 
because of their means of production. 
0005 Disclosed are compositions and methods related oil 
producing microbes, which when cultured produce quantities 
of unsaturated fatty acids, Such as omega 3 (n-3) and/or 
omega 6 (n-6) oils, such as DHA, EPA and DPA, capable of 
being purified and used as all Such compositions are used and 
more, because of their means of production 
0006. Also disclosed are methods to modify said fatty acid 
concentrations within total lipid compositions using fatty 
acid production antagonists which either inhibit or stimulate 
certain components of the classical fatty acid production 
pathway thought to exist within oil producing microbes. 

III. BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
several embodiments and together with the description illus 
trate the disclosed compositions and methods. 
0008 FIG. 1 shows the proposed metabolic pathway for 
the production of polyunsaturated fatty acids (PUFAs) for the 
disclosed oil producing microbes. 
0009 FIG. 2 shows the fatty acid profile of ONC-T18 
grown in medium containing 2 g L' yeast extract, 8 g L' 
L-glutamate, 6 g L' sea salt and 60 g L' glucose in 3 
different types offermentation: agar plate (1.5% agar, 25°C., 
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27 days), flasks (50 ml in 250 ml flask, 120 RPM, 25°C., 3 
days) and 5L bioreactor (4 lpm air, pC).90%, 25°C., 3 days). 
0010 FIG.3 shows typical biomass, total fatty acid (TFA), 
DHA production and glucose utilization of Thraustochytrium 
sp. ONC-T18 maintained in a 5 L bioreactor for 168 h with 
medium composed of 60 g L-glucose, 2 g L' yeast extract, 
8 gL glutamic acid and 6 gL' salt (41pm air, pC).90%, 25° 
C., pH 7-9). 
0011 FIG. 4 shows the evolutionary relatedness of 
Thraustochytrium sp. ONC-T18 based on the 18S rRNA gene 
to several Thraustochytrids of Japanese origin (Thraus 
tochytrium CHN-1, Thraustochytriidae MBIC 11093 and 
Thraustochytriidae N1-27) and a T striatum strain T91-6. 
(0012 FIG. 5 shows ONC-T18 was grown on various 
Nitrogen sources, e.g. yeast extract with various grades, 
L-glutamate, corn steep liquor, etc. L-glutamate alone did not 
promote biomass, total fatty acid (TFA) or DHA production. 
However, in the presence of L-glutamate, various NSources, 
including yeast extract and corn steep liquor, gave better 
results than without L-glutamate. (Related to example 11 
Table 7). 
(0013 FIG. 6 shows ONC-T 18 was grown on various 
Carbon sources, and monosaccharides such as glucose etc., 
Sucrose and molasses gave high biomass, TFA and DHA. 
(Related to Table 6 & 7). 
0014 FIG. 7 shows water soluble antioxidant, phytohor 
mones or sodium acetate (simple carbon) did not improve 
biomass, TFA or DHA results compare to standard medium 
alone. 
0015 FIG. 8 shows the difference between the fermenta 
tion of ONC-T18 at 18°C. and 25°C. The lower temperature 
(i.e. 18°C.) resulted in a significantly higher glucose uptake, 
half the TFA and comparable biomass and DHA levels to that 
of the control culture. Thus, fermentation at 25°C. was found 
to be more efficient than at 18°C. 
(0016 FIG. 9 shows ONC-T18 was fed with pure oleic 
acid. The fatty acid profile of ONC-T18 (fed with pure oleic 
acid) showed that most of the oleic acid was converted into 
DHA, with an elevated level of EPA compare to glucose-fed 
ONC-T18. 

(0017 FIG. 10 shows the effects of toluic acid on the fatty 
acid composition of ONC-T18. The fatty acid profile of 
ONC-T18 (fed with 0.2 g/L Toluic acid) showed that the 
compound was able to increase the proportion of EPA within 
the profile while decreasing the proportion of DPA (nó). 
Values are the mean of four experiments comparing 0.2 g/L 
toluic acid to a control. 
0018 FIG. 11 shows the gas chromatography results of 
culturing ONC-T 18 with examples of fatty acid production 
antagonists. 
0019 FIG. 12 shows the effect of the addition of Norflu 
razon to ONC-T18 fatty acid profile. FIG. 12 shows that the 
proportion of PUFA increased as the amount of Norflurazon 
added was increased. 
(0020 FIG. 13 shows that when ONC-T18 was exposed to 
Norflurazon, the carotenoid content decreased, parallel with a 
DHA increase. 
0021 FIG. 14 shows that when oleic acid was added into 
the medium of ONC-T18, more DHA content was observed, 
especially when associated with growth (indicated by the 
presence of high N and low N). 
0022 FIG. 15 shows that when cerulenin was added into 
the medium of ONC-T18, while a change in the % of each 
fatty acid to total fatty acid content was not observed, when 
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total fatty acid concentrations as relates to biomass (mg/g) 
was taken into account increases in both C16:0 and DHA 
were noted. 

IV. DETAILED DESCRIPTION 

0023. Before the present compounds, compositions, 
articles, devices, and/or methods are disclosed and described, 
it is to be understood that they are not limited to specific 
synthetic methods or specific biotechnology methods unless 
otherwise specified, or to particular reagents unless otherwise 
specified, and as Such may, of course, vary. It is also to be 
understood that the terminology used herein is for the purpose 
of describing particular embodiments only and is not 
intended to be limiting. 
0024. Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the method and 
compositions described herein. Such equivalents are intended 
to be encompassed by the claims below. 

A. Definitions 

0025. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting. 
0026. As used in the specification and the appended 
claims, the singular forms “a,” “an and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, reference to “a pharmaceutical carrier includes 
mixtures of two or more Such carriers, and the like. 
0027 Ranges can be expressed hereinas from “about one 
particular value, and/or to “about another particular value. 
When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other 
particular value. Similarly, when values are expressed as 
approximations, by use of the antecedent “about, it will be 
understood that the particular value forms another embodi 
ment. It will be further understood that the endpoints of each 
of the ranges are significant both in relation to the other 
endpoint, and independently of the other endpoint. It is also 
understood that there area number of values disclosed herein, 
and that each value is also herein disclosed as “about that 
particular value in addition to the value itself. For example, if 
the value "10' is disclosed, then “about 10” is also disclosed. 
It is also understood that when a value is disclosed that “less 
than or equal to the value, “greater than or equal to the value' 
and possible ranges between values are also disclosed, as 
appropriately understood by the skilled artisan. For example, 
if the value “10 is disclosed then “less than or equal to 10” as 
well as “greater than or equal to 10” is also disclosed. It is also 
understood that throughout the application, data is provided 
in a number of different formats, and that this data, represents 
endpoints and starting points, and ranges for any combination 
of the data points. For example, if a particular data point “10 
and a particular data point “15” are disclosed, it is understood 
that greater than, greater than or equal to, less than, less than 
or equal to, and equal to 10 and 15 are considered disclosed as 
well as between 10 and 15. It is also understood that each unit 
between two particular units are also disclosed. For example, 
if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also 
disclosed. 

0028 By “reduce' or other forms of reduce means lower 
ing of an event or characteristic. It is understood that this is 
typically in relation to some standard or expected value, in 
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other words it is relative, but that it is not always necessary for 
the standard or relative value to be referred to. For example, 
“reduces fatty acid concentrations within total lipid compo 
sitions' means lowering the amount of fatty acid concentra 
tions within total lipid compositions within an oil producing 
microbe relative to a standard or a control. It is understood 
that unless specifically indicated otherwise, a compound or 
composition or condition can be reduced relative to another 
compound or composition or condition. 
0029. By “increase' or other forms of increase means 
increasing of an event or characteristic. It is understood that 
this is typically in relation to Some standard or expected value, 
in other words it is relative, but that it is not always necessary 
for the standard or relative value to be referred to. For 
example, “increase fatty acid concentrations within total lipid 
compositions' means increasing the amount of fatty acid 
concentrations within total lipid compositions within an oil 
producing microbe relative to a standard or a control. It is 
understood that unless specifically indicated otherwise, a 
compound or composition or condition can be increased rela 
tive to another compound or composition or condition. 
0030. By “inhibit” or other forms of inhibit means to 
hinder or restrain a particular characteristic. It is understood 
that this is typically in relation to Some standard or expected 
value, in other words it is relative, but that it is not always 
necessary for the standard or relative value to be referred to. 
For example, "inhibits a desaturase” means hindering, 
restraining or causing a ceasation of activity in the amount of 
desaturase activity of the enzyme that takes place relative to a 
standard or a control. It is understood that unless specifically 
indicated otherwise, a compound or composition or condition 
can be inhibited relative to another compound or composition 
or condition. 

0031. By “prevent' or other forms of prevent means to 
stop a particular characteristic or condition. Prevent does not 
require comparison to a control as it is typically more absolute 
than, for example, reduce or inhibit. As used herein, some 
thing could be reduced but not inhibited or prevented, but 
something that is reduced could also be inhibited or pre 
vented. It is understood that where reduce, inhibit or prevent 
are used, unless specifically indicated otherwise, the use of 
the other two words is also expressly disclosed. Thus, if 
inhibits the desaturase activity of a desaturase is disclosed, 
then reduces and prevents desaturase activity of a desaturase 
are also disclosed. 

0032. The term “therapeutically effective” means that the 
amount of the composition used is of Sufficient quantity to 
ameliorate one or more causes or symptoms of a disease or 
disorder. Such amelioration only requires a reduction or alter 
ation, not necessarily elimination. 
0033. The term “carrier means a compound, composi 
tion, Substance, or structure that, when in combination with a 
compound or composition, aids or facilitates preparation, 
storage, administration, delivery, effectiveness, selectivity, or 
any other feature of the compound or composition for its 
intended use or purpose. For example, a carrier can be 
selected to minimize any degradation of the active ingredient 
and to minimize any adverse side effects in the Subject. 
0034. Throughout the description and claims of this speci 
fication, the word “comprise' and variations of the word, such 
as “comprising and “comprises.” means “including but not 
limited to.” and is not intended to exclude, for example, other 
additives, components, integers or steps. 
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0035. The term “cell as used herein also refers to indi 
vidual microbial cells, individual oil producing microbe cells, 
or cultures derived from such cells. A “culture” refers to a 
composition comprising isolated cells of the same or a dif 
ferent type. 
0036. The term “metabolite' refers to active derivatives 
produced upon introduction of a compound into a biological 
milieu, Such as a patient. 
0037. When used with respect to pharmaceutical and 
nutraceutical compositions, the term "stable' is generally 
understood in the art as meaning less than a certain amount, 
usually 10%, loss of the active ingredient under specified 
storage conditions for a stated period of time. The time 
required for a composition to be considered stable is relative 
to the use of each product and is dictated by the commercial 
practicalities of producing the product, holding it for quality 
control and inspection, shipping it to a wholesaler or direct to 
a customer where it is held again in storage before its eventual 
use. Including a safety factor of a few months time, the 
minimum product life for pharmaceuticals is usually one 
year, and preferably more than 18 months. As used herein, the 
term “stable” references these market realities and the ability 
to store and transport the product at readily attainable envi 
ronmental conditions such as refrigerated conditions, 2°C. to 
8o C. 
0038 References in the specification and concluding 
claims to parts by weight, of a particular element or compo 
nent in a composition or article, denotes the weight relation 
ship between the element or component and any other ele 
ments or components in the composition or article for which 
apart by weight is expressed. Thus, in a compound containing 
2 parts by weight of component X and 5 parts by weight 
component Y. X and Y are present at a weight ratio of 2:5, and 
are present in Such ratio regardless of whether additional 
components are contained in the compound. 
0039. A weight percent of a component, unless specifi 
cally stated to the contrary, is based on the total weight of the 
formulation or composition in which the component is 
included. 
0040 “Isolating and any form such as "isolate” refer to a 
situation where something is in a form wherein it can be 
manipulated or further purified. Isolated and its forms indi 
cates that something is in a current state which is different 
than a previous state. For example, a ribosomal RNA mol 
ecule can be “isolated if it is, for example removed from an 
organism, synthesized or recombinantly produced. Often, the 
"isolation of one thing is in relation to something else. For 
example, an oil producing microbe as discussed herein can be 
isolated as discussed herein, by, for example, culturing the oil 
producing microbe, such that the oil producing microbe Sur 
vives in the absence of appreciable amounts (detectable) of 
other organisms. It is understood that unless specifically indi 
cated otherwise, any of the disclosed compositions can be 
isolated as disclosed herein. In addition, the lipid produced 
from the oil producing microbes as discussed herein, can be 
isolated from all or part of the oil producing microbe. 
0041) “Purify” and any form such as “purifying refers to 
the state in which a substance or compound or composition is 
in a state of greater homogeneity than it was before. It is 
understood that as disclosed herein, something can be, unless 
otherwise indicated, at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 41,42, 43,44, 45,46, 
47, 48,49, 50, 51, 52,53,54, 55,56, 57,58, 59, 60, 61, 62,63, 
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64, 65,66, 67,68, 69,70,71, 72,73,74, 75,76, 77,78, 79,80, 
81, 82, 83, 84,85, 86, 87,88, 89,90,91, 92,93, 94, 95, 96.97, 
98.99, or 100% pure. For example, if a given composition A 
was 90% pure, this would mean that 90% of the composition 
was A, and that 10% of the composition was one or more 
things, such as molecules, compounds, or other Substances. 
For example, if a disclosed eukaryotic microorganism, for 
example, produces 35% DHA, this could be further “puri 
fied' such that the final lipid composition was greater than 
90% DHA. Unless otherwise indicated, purity will be deter 
mined by the relative “weights’ of the components within the 
composition. It is understood that unless specifically indi 
cated otherwise, any of the disclosed compositions can be 
purified as disclosed herein. 
0042 “Optional or “optionally’ means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances where said 
event or circumstance occurs and instances where it does not. 

0043 “Primers' are a subset of probes which are capable 
of Supporting some type of enzymatic manipulation and 
which can hybridize with a target nucleic acid such that the 
enzymatic manipulation can occur. A primer can be made 
from any combination of nucleotides or nucleotide deriva 
tives or analogs available in the art which do not interfere with 
the enzymatic manipulation. 
0044) The term “omega-3”, “n-3”, “co-3”, “omega n-3”, 
and “n-3 series' refers to a family of polyunsaturated fatty 
acids which have in common a carbon-carbon double bond in 
the co-3 position. For example, the term “omega-3 signifies 
that the first double bond exists as the third carbon-carbon 
bond from the terminal methyl end (co) of the carbon chain. 
0045. The term “omega-6, “n-6”, “co-6”, “omega n-6, and 
“n-6 series' refers to a family of polyunsaturated fatty acids 
which have in common a carbon-carbon double bond in the 
(O-6 position. For example, omega-6 signifies that the first 
double bond exists as the sixth carbon-carbon bond from the 
terminal methyl end (()) of the carbon chain. 
0046. The term “omega-9, “n-9”, “co-9”, “omegan-9, and 
“n-9 series' refers to a family of polyunsaturated fatty acids 
which have in common a carbon-carbon double bond in the 
()-9 position. For example, omega-9 signifies that the first 
double bond exists as the ninth carbon-carbon bond from the 
terminal methylend (co) of the carbon chain. All double bonds 
are in the cis-configuration, i.e. the two hydrogen atoms are 
on the same side of the double bond. 

0047. The term “oil producing microbe' refers to a 
microbe capable of producing oil as part of its biomass. An 
"oil producing microbe' can be a eukaryotic or prokaryotic. 
For example, an oil producing microbe can be an oleaginous 
organism, that is one which are able to accumulate oils and/or 
fats above 20% of their dry biomass. An oil producing 
microbe can be a diatom, a microalgae, a fungi, a bacterium, 
a protist, a yeast, a plant (both terrestrial and marine) or an 
algae. 
0048. The term “oleaginous organism” refers to any 
organism that can produce more than 20% of its biomass as 
lipids. For example, an "oleaginous organism' can be a dia 
tom, a microalgae, a fungi, a bacterium, a protist, a yeast, a 
plant (both terrestrial and marine) or an algae. 
0049. The term “ketocarotenoid refers to a keto group 
containing carotenoid. 
0050. The term “isoprenoid” or “terpenoid” refers to the 
compounds or any molecule derived from the isoprenoid 
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pathway including 10 carbonterpenoids and their derivatives, 
such as carotenoids and Xanthophylls. 
0051) The term "carotenoid” refers to a compound com 
posed of a polyene backbone which is condensed from five 
carbon isoprene unit. Carotenoids can be acyclic or termi 
nated with one (monocyclic) or two (bicyclic) cyclic end 
groups. The term "carotenoid’ may include both carotenes 
and Xanthophylls. A "caroteine' refers to a hydrocarbon caro 
tenoid. Caroteine derivatives that contain one or more oxygen 
atoms, in the form of hydroxy-, methoxy-, oxo-, epoxy 
carboxy-, or aldehydic functional groups, or within glyco 
sides, glycoside esters, or sulfates, are collectively known as 
“xanthophylls”. Carotenoids that are particularly suitable in 
the present invention are monocyclic and bicyclic caro 
tenoids. 
0052. The term “keto group” or “ketone group” will be 
used interchangeably and refers to a group in which a carbo 
nyl group is bonded to two carbon atoms: RCO (neither R 
may be H). 
0053. The term "fatty acid production antagonists' as used 
herein refers to fatty acid subunits and fatty acid pathway 
modulators. 
0054) The term “fatty acid subunit” or “fatty acid sub 
units’ as used herein refers to the 16, 18, 20, 22 or 24 carbon 
fatty acids involved in the metabolic pathway for the produc 
tion of PUFAs for the disclosed oil producing microbes. For 
example, "fatty acid subunits' can include any of the 16, 18, 
20, 22 or 24 carbon fatty acids as shown in FIG. 1. 
0055. A "fatty acid subunit” can also refer to any 16, 18, 
20, 22 or 24 carbon fatty acids having 1, 2, 3, 4, 5 or 6 
unsaturations involved in the metabolic pathway for the pro 
duction of PUFAs for the disclosed oil producing microbes. 
Further embodiments can include odd numbered carbon fatty 
acids, with or without unsaturations such as 15, 17, 19 and 21 
carbon fatty acids found within marine organisms. 
0056. The term “fatty acid pathway modulators' as used 
herein refers to compounds capable of inhibiting one or more 
of the enzymes involved in the metabolic pathway for the 
production of PUFAs for the disclosed oil producing 
microbes. 
0057 Throughout this application, various publications 
are referenced. The disclosures of these publications in their 
entireties are hereby incorporated by reference into this appli 
cation in order to more fully describe the state of the art to 
which this pertains. The references disclosed are also indi 
vidually and specifically incorporated by reference hereinfor 
the material contained in them that is discussed in the sen 
tence in which the reference is relied upon. 
0058 Disclosed are the components to be used to prepare 
the disclosed compositions as well as the compositions them 
selves to be used within the methods disclosed herein. These 
and other materials are disclosed herein, and it is understood 
that when combinations, subsets, interactions, groups, etc. of 
these materials are disclosed that while specific reference of 
each various individual and collective combinations and per 
mutation of these compounds may not be explicitly disclosed, 
each is specifically contemplated and described herein. For 
example, if a particular species of the family Thraustochytri 
aceae is disclosed and discussed and a number of modifica 
tions that can be made to a number of organisms including 
species of the family Thraustochytriaceae are discussed, spe 
cifically contemplated is each and every combination and 
permutation of these species from the family Thraustochytri 
aceae and the modifications that are possible unless specifi 
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cally indicated to the contrary. Thus, ifa class of molecules A. 
B. and C are disclosed as well as a class of molecules D, E, 
and F and an example of a combination molecule, A-D is 
disclosed, then even if each is not individually recited each is 
individually and collectively contemplated meaning combi 
nations, A-E, A-F. B-D, B-E, B-F, C-D, C-E, and C-F are 
considered disclosed. Likewise, any subset or combination of 
these is also disclosed. Thus, for example, the sub-group of 
A-E, B-F, and C-E would be considered disclosed. This con 
cept applies to all aspects of this application including, but not 
limited to, steps in methods of making and using the disclosed 
compositions. Thus, if there are a variety of additional steps 
that can be performed it is understood that each of these 
additional steps can be performed with any specific embodi 
ment or combination of embodiments of the disclosed meth 
ods. 

B. Compositions 

0059 Disclosed are oil producing microbes of the order 
Thraustochytriales, preferably Thraustochytrium or 
Schizochytrium species, having the ability to produce lipids, 
Such as fatty acids, such as unsaturated fatty acids, such as 
omega-3 fatty acids, such as omega-6 fatty acids, and 
omega-9 fatty acids, such as the (n-3) series of docosa 
hexaenoic acid (DHA), docosapentaenoic acid (DPA) and 
eicosapentaenoic acid (EPA), (n-6) series of DPA and the 
(n-9) series of palmitic and stearic acids. 
0060. The disclosed oil producing microbes can also pro 
duce antioxidants, such as but not limited to the carotenoid 
compound carotene, (for example n-carotene) and the xan 
thophylls compounds, astaxanthin, zeaxanthin, beta-cryptox 
anthin, canthaxanin, and echinenone. 
0061 Also disclosed are conditions for the isolation and 
growth of the oil producing microbes. For example, herewith 
are heterotrophic growth conditions for production of the 
disclosed lipids and antioxidants, for example, both individu 
ally and cumulatively. Accordingly, it is possible through the 
use of the disclosed oil producing microbes, to effectively 
produce the (n-3) series of DHA, EPA and DPA and/or the 
(n-6) series of DPA and/or the carotenoid series of antioxidant 
compounds and/or the Xanthophylls series of antioxidant 
compounds, which are useful as or within nutraceuticals, 
food additives, pharmaceuticals or industry. 
0062 Disclosed are compositions comprising an oil pro 
ducing microbe comprising or consisting of a Thraus 
tochytrium species, an example as disclosed herein being the 
ONC-T18 strain which has an ATCC strain deposit accession 
number of PTA-6245. 
0063. It is understood that the oil producing microbes and 
any clones, modified organisms or genes isolated from said 
organism as set forth in ONC-T18 are also disclosed. The 
disclosed the oil producing microbes have the ability to pro 
duce unsaturated fatty acids, such as lipids containing the 
omega-3 series of DHA, EPA and DPA, and the omega-6 
series of DPA and various antioxidant such as carotenoids, 
Xanthophylls and phenolics. 
0064. Also disclosed are processes for the production of 
biomass containing said compounds. Further disclosed are 
processes for preparing omega-3, omega-6 and carotenoid 
compounds utilizing the oil producing microbes. Also dis 
closed are processes for the production of microbial derived 
(or single celled) oils. 
0065. In addition, disclosed are the fatty acids and caro 
tenoids produced by the disclosed oil producing microbe and 
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any progeny (genetically modified or otherwise), various 
feedstuffs, nutraceuticals, pharmaceuticals and foods Supple 
mented with the lipids and antioxidants, as well as a process 
for utilizing these compounds as an additive for various feed 
stuffs and foods. 

0066 U.S. Pat. No. 5,130,242 to Barclay disclosed a col 
lection and screening process to isolate Strains of microor 
ganisms with the following characteristics for the production 
of omega-3 fatty acids: 1) capable of heterotrophic growth; 2) 
produce a high content of omega-3 fatty acids; 3) unicellular; 
4) produce a low content of standard and omega-6 fatty acids; 
5) non-pigmented, white or colorless cells; 6) thermotolerant 
(e.g., ability to grow above 30° C.); and 7) eurhaline (e.g., 
ability to grow at a wide range of salinities, but preferably at 
low salinity). 
0067. The 242 disclosure also describes a process for the 
heterotrophic production of whole-celled or extracted micro 
bial products with a high concentration of omega-3 fatty 
acids, which can later be used in animal or human food 
products. This process uses microorganisms identified by the 
collection and screening process disclosed thereof. These 
microorganism, which are of the order Thaustochytriales, are 
cultured in ground grain. To enhance production of omega-3 
fatty acids, low temperature stressing and high dissolved 
oxygen are used, as well as the addition of antioxidants, 
growth factors, vitamins, and phosphorous. The extracted 
products contain high concentrations of omega-3 fatty acids 
(e.g., C20:5w3, C22:5w3; and C22:6w3) and low concentra 
tions of omega-6 fatty acids (e.g., C20:4w6 and C22:5w6). 
Specifically, the ratios of the C20:5w3 to C22:6w3 fatty acids 
run from 1:1 to 1:30. Ratios of C22:5w3 to C22:6w3 fatty 
acids run from 1:12 to only trace amounts of C22:5w3. Also, 
the microorganisms produce from 0.6 to 0.72% DHA, Oto 5% 
DPA, and 0 to 18.9% EPA, by weight of total fatty acid. 
0068 U.S. Pat. No. 6,451,567 to Barclay disclosed a pro 
cess for growing Thraustochytrium and Schizochytrium in a 
non-chloride medium (<3 g/L) containing sodium salts (e.g., 
sodium sulfate). The non-chloride medium results in cell 
aggregate sizes of less than 150 Lum. The disclosed process 
produces microorganisms and extracts that are useful in food 
products for aquaculture. Further components of the food 
products include flaxseed, rapeseed, soybean, and avocado 
meal. The microorganisms can produce up to 1.08 g of 
omega-3 fatty acids per liter of medium per day. The 567 
disclosure further describes various culture mediums, which 
include sea water, glucose (1, 3, 5, or 10 g/L), yeast extract 
(0.01, 0.2,0.4 and 5 g/L), additional nitrogen sources such as 
protein hydrosylate (1 g/L), liver extract (1 g/L), glutamate (5 
g/L), mono-Sodium glutamate (MSG) (3 g/L), and additional 
salts, trace vitamins and minerals (e.g., KHPO, MgSO4, 
and gelatin extract). 
0069. U.S. Pat. No. 6,582,941 to Yokochi et al. discloses a 
Schizochytrium species, strain SR21 and another 
Schizochytrium Strain belonging to the same species that have 
the ability to produce fatty acid fractions having a high con 
centration of omega-3 DHA and/or omega-6 DPA and a low 
concentration of EPA. Also, disclosed are methods of cultur 
ing Such microorganisms and isolating Such fatty acids. The 
medium used contains sea salt, yeast extract (0.2, 1.0, or 10 
g/L), corn steep liquor (0.5, 1.0, or 10 g/L), glucose (10-120 
g/L), plus additional salts (e.g., NH.O.Ac, phosphates). The 
fatty acid compositions contain about 15 to 20% DHA by 
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weight of biomass (about 28% by weight of total fatty acid). 
The compositions can be used in food products (e.g., baby 
milk). 
(0070 U.S. Pat. No. 6,607.900 to Bailey et al. disclosed a 
process for growing eukaryotic microorganisms (e.g., 
Schizochytrium sp. ATCC 20888) that are capable of produc 
ing at least 20% of their biomass as polyunsaturated lipids 
(particularly omega-3 and -6 fatty acids). The process 
involves culturing the microorganisms in a medium contain 
ing a carbon and nitrogen source. Also disclosed is the use of 
low dissolved oxygen levels (less than 3%) and low chloride 
ion levels (less than 3 g/L) to enhance production. The micro 
organisms have a lipid production rate of at least 0.5 g/L/h. 
The lipid fraction is from 15 to 20% DHA by weight of 
biomass (about 35% by weight of total fatty acid methyl 
esters). 
(0071 U.S. Publication No. 2004/0161831 to Komazawa 
et al discloses a Thraustochytrium strain (LEF1; accession 
number FERM BP-08568 at the Institute of BioScience and 
Human-Technology Agency of Industrial Science and Tech 
nology, Japan) that has the ability to produce DHA. By cul 
turing in conventional media, the microorganism can produce 
oil with at least 50% by weight DHA. The oil can be treated 
with a lipase prior to isolation of DHA. The oil can be used in 
food or drinks or the DHA can be hydrolyzed to produce 
behenic acid. 
(0072 1. Fatty Acids 
0073. Fatty acids are hydrocarbon chains that terminate in 
a carboxyl group, being termed unsaturated if they contain at 
least one carbon-carbon double bond, and polyunsaturated 
when they contain multiple such bonds. Long-chain polyun 
saturated fatty acids (PUFA) or highly-unsaturated fatty acids 
(HUFA), may be divided into the (n-3) and (n-6) series as a 
result of the location of these double bonds. There is over 
whelming scientific evidence that (n-3) highly unsaturated 
fatty acids such as DHA have a positive effect on cardio 
circulatory diseases, chronic inflammation and brain disor 
ders. The (n-6) fatty acids on the other hand have been noted 
as intermediate metabolites within the eicosanoid steroids, 
Such as prostaglandins, leucotrienes or the like. 
0074 Polyunsaturated fatty acids can comprise 1, 2, 3, 4, 
5, 6, 7, 8, 9, or 10 double and/or triple carbon-carbon bonds. 
For example, polyunsaturated fatty acids can comprise 3-8. 
4-7, or 5-6 double and/or triple carbon-carbon bonds. 
0075 Currently, the main source of these highly unsatur 
ated fatty acids is fish, with EPA and DHA noted within 
various fish species (such as Sardines, anchovies, pilchards 
and tuna) at amounts around 20% and 10%, respectively. Yet, 
if one intends to use fish oil as the sole source of these lipids, 
several disadvantages exist, Such as problems with flavor 
taint, uncontrollable fluctuations in availability, natural fish 
oil content variability, as well as the potential to accumulate 
harmful environmental pollutants if not processed correctly. 
In addition, if one intends to obtain a highly purified (n-3) or 
(n-6) oil from said sources, it is very difficult to preferentially 
separate and purify the desired oils without extensive pro 
cessing. Specifically, a large market is available within the 
neonatal Supplement market for a highly concentrated form 
of DHA. If fish oil were to be the source of said products, then 
DHA would have to be preferentially isolated in large quan 
tities from EPA. Clearly an alternative source of highly puri 
fied and production/or customer tailored source of these 
highly unsaturated fatty acids is needed. One Such source is 
the use of fatty acid production antagonists which affect 
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directly the lipid metabolic pathway or those associated with 
fatty acid production, such as the carotenoid pathway which 
is produced in parallel with lipids for their antioxidant prop 
erties in oil producing microbes. 
0076 Shirasaka et al. (2005) Mycoscience 46:358-363 
used both cyanocobalamin and p-toluic acid to modify the 
fatty acid composition of Schizochytrium limacinum SR21, 
by up-regulating the cobalamin-dependant methylmanoyl 
CoA mutase responsible for the conversion of propionic to 
Succinic acid in the case of cyanocobalamin (an active com 
ponent of vitamin B) and by reducing the omega-6 DPA 
concentration and increasing the EPA concentration in a dose 
dependant manner, with respect to p-toluic acid Supplemen 
tation. 
0077. In addition to fish oils, various microorganisms 
(mainly marine) are able to produce and/or accumulate the 
(n-3) series of docosahexaenoic acid. Of particular interest is 
the fact that microbial production is not subject to fluctuations 
caused by external variables such as seasonality, weather and 
food Supply. For example, the following oil producing 
microbes are known as having the ability to produce DHA: 
the deep-sea derived bacterium Vibrio marinus (ATCC 
15381), Vibrio sp. T3615, Photobacterium profitndum SS9, 
Mortierella marina MP-1 and Psychromonas kaikoae (ATCC 
BAA-363T); microalgal species such as Crypthecodinium 
cohnii, Cyclotella cryptica, and Mortieralla alpina (1S-4); 
and the protists Thraustochytrium sp. (ATCC 20892), 
Thraustochytrium aureum (ATCC 34304) and Thraus 
tochytrium roseum. According to a process utilizing these 
purified organisms, however, the amount of arachidonic acid, 
eicosapentaenoic acid, docosahexaenoic acid produced per 
gram of biomass per liter is low, being within the range of 10 
to 500 mg. Some examples and representative microbial oil 
producing organisms are shown in FIG. 5. 
0078. Omega 3s have been shown to have beneficial 
effects and the oils and compositions disclosed herein can be 
used for anti-inflammatory effects on cystic fibrosis (Co 
chrane Database Syst Rev. 3), rheumatoid arthritis (Drugs 63: 
845-53), asthma (Ann Allergy Asthma Immunol 90: 371-7) 
and thrombotic stroke (Prey Cardiol 6:38-1), cardio-protec 
tive, as well as a direct effect on artheriosclerosis and arrhyth 
mia (Prostaglandins Leukot Essent Fatty Acids. 63:351-62), 
inhibition of cancer proliferation in breast and prostate cancer 
cell lines and reduction in animal experiments (Am J Clin 
Nutr 77: 532–43), anti-psychotic effect on schizophrenia (J 
Neural Transm Suppl 64:105-17) and other psychiatric dis 
eases (Can J Psychiatry 48: 195-203), immunonutrient 
Supplement used for normal neonatal development and in the 
treatment of neonatal infections (Eur J Pediatr 162: 122-8), 
and pathological pain treatment by directly attenuate the neu 
ronal and ganglial processes that underlie neuropathic and 
inflammatory pain (Prostaglandins Leukot Essent Fatty Acids 
68: 219–24). 
0079 2. Thraustochytriaceae 
0080 a) ONC-T18 
0081. An example of an oil producing microbe is the 
marine micro-organism ONC-T18. The marine micro-organ 
ism ONC-T18, as disclosed herein, was collected as part of a 
PUFA producing microbial isolation trip, with over 60 pure 
cultures isolated (see table 7 for details). Further, ONC-T18 
was isolated from the leaves of Salt marsh grasses in the 
Advocate Harbor area, Bay of Fundy, Nova Scotia, Canada. 
Through microscopic examinations, serial culture purifica 
tion techniques, and DNA sequencing techniques, the Strain 
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was found to be a single micro-organism belonging to the 
genus Thraustochytrium. All Strains and two ATCC compari 
son cultures (ATCC 20891 & MYA-1381) were grown on 
0.5% glucose, 0.2% peptone, 0.2% yeast extract in sea-water 
(SW) and underwent gas chromatography (fatty acid methyl 
ester, FAME) analysis. 
I0082 FIG. 6 shows a proposed phylogenetic, branch tree 
diagram of the relationship between ONC-T18, and other 
members of the order Labyrinthulida, based upon compari 
Son of sequences obtained through the use of the highly 
conserved 18S ribosomal RNA gene. 
I0083 FIG. 4 shows a phylogenetic trees developed using 
Neighbour-joing and bootstrap analysis techniques in order 
to determine the relationship of ONC-T 18 with other mem 
bers of the family Thraustochytriidae, again using the 18S 
ribosomal RNA gene directly sequenced and compared to 
other sequences within the public domain using similarity 
matrices. 
I0084 ONC-T18 was originally isolated using classic pine 
pollen baiting techniques, followed by culturing on selective 
medium. Specifically, a nutrient medium containing 5 g L' 
glucose, 2 g L-peptone, 2 g L'yeast extract to 1 L of 0.2um 
filtered sea water was prepared. The fatty acid profile of 
ONC-T 18 was then determined using the Bligh and Dyer 
extraction method and PUFA gas chromatographic tech 
niques. Chromatographic results demonstrated the ability of 
this strain to produce increased amounts of total fatty acids 
(TFA), DHA, as well as marked quantities of EPA and DPA 
(both n-3 and n-6 fatty acids). 
I0085. The disclosed oil producing microbes, including 
ONC-T18, can be used in a process for preparing a lipid or fat 
containing DHA, EPA and DPA, but is not limited to the 
above-mentioned ONC-T 18 or PTA-6245 strain, but any 
derivation of said strain whether it be via genetic modifica 
tion, chemical mutagenesis, fermentative adaptation or any 
other means of producing mutants of the strain, whereby the 
product of these modifications have genetic, morphological 
and/or functional features such as the oil producing microbes, 
as disclosed herein. 
I0086 Disclosed are oil producing microbes capable of 
producing a lipid composition having distinctive lipid class 
properties, and the Solution to the problem of maintaining a 
stable, reliable and economical source for Such a lipid having 
high functionality and additional value according to the same. 
Therefore, wild-type strains producing the (n-3) series of 
DHA and the (n-6) series of DPA to a greater degree as well 
as variant and recombinant strains designed to produce these 
polyunsaturated fatty acids to a greater degree are disclosed 
herein. Such variant or recombinant microorganisms include 
those designed to have a higher content of said lipids than 
those produced by the original wild-type strain, when cul 
tured using the same conditions and media. In addition, 
microorganisms designed to produce a lipid containing simi 
lar amounts of the (n-3) series of DHA, EPA and the (n-6) 
series of DPA can be selected, as compared with the corre 
sponding wild-type strains, effectively using Substrates hav 
ing a Superior cost performance, are also included. 
I0087 Also disclosed are compositions comprising oil pro 
ducing microbes of the order Thraustochytriales wherein the 
oil producing microbe produces unsaturated fatty acids. The 
polyunsaturated fatty acids can be, for example, omega 3 or 
omega 6 fatty acids, such as DHA and DPA. 
I0088 Also disclosed are compositions comprising one or 
more oil producing microbes of the order Thraustochytriales 
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wherein the oil producing microbe(s) produce specific fatty 
acids when their growth is Supplemented with fatty acid pro 
duction antagonists. 
0089 Also disclosed are compositions comprising one or 
more oil producing microbes of the order Thraustochytriales 
wherein the oil producing microbe(s) produce elevated 
amounts of specific unsaturated fatty acids, for example 
omega-3 fatty acids, such as EPA by Supplementing standard 
fermentative media with one or more fatty acid production 
antagonists. Use of oleic acid in Such a manner is illustrated in 
FIG. 9 and example 14(c). 
0090 Disclosed are compositions comprising a oil pro 
ducing microbe, wherein the composition produces a lipid. 
0091 Also disclosed are compositions comprising a oil 
producing microbe(s), wherein the composition produces a 
lipid, wherein the lipid comprises a lipid as disclosed herein. 
0092 Also disclosed are compositions comprising one or 
more oil producing microbes of the order Thraustochytriales 
wherein the oil producing microbe(s) produce ketocarotenoid 
compounds. Ketocarotenoid compounds include, but are not 
limited to carotenes and Xanthophylls, such as B-carotene and 
astaxanthin. 
0093 Carotenoids are naturally occurring lipid soluble 
compounds, synthesised from the ubiquitous Cs isopentenyl 
pyrophosphate precursor, and its structural isomer dimethy 
allyl pyrophosphate. Carotenoids compose an abundant, 
highly diverse group of compounds. Within this group of 
compounds two classes exist, the hydrocarbon carotenoids, 
carotenes, and oxygenated derivatives of carotenes, Xantho 
phylls. 
0094 Carotenoids are also one of the most abundant and 
diverse groups of naturally occurring compounds on earth, 
being responsible for the vibrancy of the world in which we 
live. Traditionally, carotenoids have been used in the feed, 
food and nutraceutical industries. They are produced ubiqui 
tously by photosynthetic organisms, including cyanobacteria, 
but are also wide spread among non-photosynthetic bacteria 
and fungi (Goodwin, The Biochemistry of Carotenoids. New 
York: Chapman and Hall (1980)). Although carotenoids are 
classed as secondary metabolites, they are known to be vital 
for plant growth and photosynthesis. Carotenoids are also 
essential to many higher organisms, including humans, many 
of which are not able to synthesise these compounds. Thus 
dietary intake is the sole source of carotenoids for many 
organisms. As a result research into dietary Sources, and 
actual consumption of carotenoids, has received much inter 
est in recent years. In 2006, the global market for carotenoids 
was estimated to be worth USS 954.7 million, with expecta 
tions for this to increase to US $1069.2 million by 2010 
(Carotenoids: A Global Strategic Business Report, 2006). 
0095 One role of dietary carotenoids is that of a precursor 
to vitaminA (retinoids). Significant as vitaminA deficiency is 
the leading cause of preventable blindness in children, while 
also increasing the risks of disease and death from sever 
infection (WHO). As dietary antioxidants, carotenoids such 
as B-carotene, lycopene, astaxanthin, canthaxanthin and 
lutein, exhibit significant anti-cancer activities, and play an 
important role in the prevention of chronic diseases (Edge, 
B-Biology 4, 41, 189-200 (1997); Singh, Oncology-New York, 
12, 1643 (1998); Smith, British Journal of Biomedical Sci 
ence, 55,268-275 (1998)). Further, consumption of increased 
amounts of carotenoids has been related to reduced occur 
rences of degenerative disease Such as age-related macular 
degeneration, the main cause of age related blindness, as well 
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as some cancers and chronic heart disease (Basu, JAOCS, 78 
(7), 665-675 (2001); Mares-Perlman et al., J Nutr. 132 (3), 
518S-524S (2002)). 
0096 Owed to their backbone of conjugated double 
bonds, carotenoids are potent biological antioxidants that can 
absorb the excited energy of singlet oxygen onto the caro 
tenoid chain, leading to the degradation of the carotenoid 
molecule, but preventing other molecules or tissues from 
being damaged (Schagerland Muller, J Plant Physiol 2005). 
Carotenoids can be divided into two structurally distinct 
classes, the carotenes and Xanthophylls. Carotenes, possess a 
hydrocarbon backbone, while xanthophylls contain one or 
more oxygen-containing functional group (Armstrong and 
Hearst, FasebJ, 10(2), 228-3 (1996); Armstrong, Annu Rev 
Microbiol, 51, 629-59 (1997)). Carotenes are common to 
many organisms, with a highly conserved mode of biosyn 
thesis. Xanthophylls on the other hand, are produced by a 
Small clutch of organisms. Final products and routes of Syn 
thesis are often species specific. Of the Carotenoids, it is the 
Xanthophylls that attract most interest, specifically B-caro 
tene, canthaxanthin and astaxanthin. With B-carotene 
demanding the largest portion of the global market, while 
canthaxanthin and astaxanthin command 14.92% and 
21.58% of the market, respectively (Carotenoids: A Global 
Strategic Business Report, 2006). 
0097. The xanthophylls encompass various compounds 
Such as the ketocarotenoids, echinenone and canthaxanthin, 
synthesised by the addition of one or two carbonyl groups at 
the 4 and 4' positions of B-inone ring off-carotene, respec 
tively. A reaction catalysed by the class of genes collectively 
known as B-carotene ketolase genes. B-crytpoxanthin and 
Zeaxanthin are also classed as Xanthophylls, these are synthe 
sised by the direct replacement of a hydrogen atom at the 3 
and 3' positions of the B-ionone ring of B-carotene with a 
hydroxyl group (Tian and DellaPenna, Arch Biochem Bio 
phys, 430 (1), 22-9 (2004)). Additionally, there exists a 
plethora of combined keto and hydroxylated carotenoids, 
Such as 3-hydroxyechinenone, 3'-hydroxyechinenone, 
adonixanthin, and adonirubin. All compounds listed here are 
valuable compounds in their own right with important prop 
erties, but significantly they constitute important precursors 
for the biosynthesis of astaxanthin. Astaxanthin is the final 
product of this pathway, being both hydroxylated, and keto 
lated at the 3,3' and 4,4' carbons of the B-ionone rings of the 
B-caroteine skeleton. Yet the actual pathway from B-carotene 
to astaxanthin is not well characterised, and may prove to be 
species specific (Tao et al., Metab Eng. (2006)). 
0098. Also disclosed are compositions comprising an oil 
producing microbe, wherein the composition produces an 
antioxidant. 
0099. Also disclosed are compositions, wherein the oil 
producing microbe comprises a member of the order Thraus 
tochytriales. 
0100 Also disclosed are compositions, wherein the oil 
producing microbe has a 18S ribosomal RNA gene sequence 
having at least 80% identity to SEQID NO:1. 
0101 Also disclosed are compositions, wherein the oil 
producing microbe has a 18S ribosomal RNA gene sequence 
having at least 80% identity to GenBank accession number 
DQ374149. 
0102. It is understood that any form of characterization 
described herein, Such as by genetics or by the lipid signatures 
or by the classifications, for the oil producing microbes can be 
used to characterize the oil producing microbes as disclosed 
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herein. The oil producing microbes can comprise one or more 
microorganisms from the family Thraustochytriaceae, and 
examples are ATCC accession number 20888, 20889, 20890, 
20891, 20892 and PTA-6245. There are a variety of charac 
teristics that can be used related to the organisms and the 
unsaturated fatty acids or carotenoids they produce. It is 
understood that these can be used in any combination or 
permutation to define a set or sets of organisms or oils or 
antioxidants, for example. One characteristic is the classifi 
cation of the organisms themselves, the genetic identification 
of the organisms, the lipid and antioxidant profiles of the 
organisms, and the growth conditions of the organisms, for 
example. 
(0103 b) Classification 
0104. The oil producing microbes that can be used in the 
methods described herein can be from the phylum Labyrin 
thulomycota. The oil producing microbes can be from the 
class Labyrinthulomycetes. The oil producing microbes can 
be from the subclass Thraustochytridae. The oil producing 
microbes can be from the order Thraustochytriales. The oil 
producing microbes can be from the family Thraustochytri 
aceae. The oil producing microbes can be from the genus 
Thraustochytrium. The oil producing microbes can be a 
Thraustochytrium sp. The oil producing microbes can be 
Thraustochytrium aureum. The oil producing microbes can 
be Thraustochytrium roseum. The oil producing microbes can 
be Thraustochytrium striatum. The oil producing microbes 
can be from the genus Schizochytrium. The oil producing 
microbes can be Schizochytrium sp. The oil producing 
microbes can be a modified version of any of the listed oil 
producing microbes. The oil producing microbes can also 
comprise any currently unknown or isolated members of said 
prokaryotes class, Subclass, order, family or genus. A combi 
nation of oil producing microbes an be any combination of 
any oil producing microbes disclosed herein, including, one 
or more of the Thraustochytrium sp., Schizochytrium sp., 
Thraustochytrium aureum, Thraustochytrium striatum and 
Thraustochytrium roseum. 
0105. The oil producing microbes from the family Thraus 
tochytriaceae can be any of those disclosed above. The oil 
producing microbes can comprise the organism having ATCC 
accession number PTA-6245. 

0106 c) Genetics 
0107 The oil producing microbes can have 18S rRNA 
sequence SEQIDNO:1. The oil producing microbes can have 
18S rRNA sequence described in GenBank accession number 
DQ374149. The oil producing microbe can have an 18S 
rRNA sequence that, for example, has about 90% homology, 
or any other identity disclosed herein, to SEQID NO:1. The 
oil producing microbe can have an 18S rRNA sequence that 
hybridizes understringent conditions, or any other conditions 
as disclosed herein, to SEQID NO:1, or a portion of SEQID 
NO:1. 
0108. The sequence similarity/identity and nucleic acid 
hybridization of the nucleic acids of the organisms can be as 
described herein. Specifically, comparison of SEQID NO:1 
with nucleic acid sequences found in the genomic database, 
GenBank (National Centre for Biotechnology Information, 
National Institute of Health, Bethesda, Md., USA) using the 
BLAST (Basic local alignment search tool) algorithm iden 
tified SEQ ID NO:1 as being related (91% similarity) to 
several eukaryotic Thraustochytrid species, closely related to 
Thraustochytrium sp. CHN-1 AB126669 (94.5% similar 
ity) and Thraustochytriidae sp. N1-27 AB073308 (95.5% 
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similarity), and most closely related to Thraustochytrium 
striatum AF265338 (97.5% similarity). 
0109) 3. Plants 
0110 Fatty acid production antagonists can also be used to 
influence oil production ratios in oil producing plants, includ 
ing both transgenic and naturally occurring species and 
include representative crops such as rapeseed, flux seed, soy 
bean and Sunflower. Methods of incorporation of said antago 
nists include, for example, watering into areas Surrounding 
plants for incorporation in the plants via the root systems, 
addition as an active ingredient in sprays for direct incorpo 
ration into the plant cells. Additionally direct immersion, 
vaporization or injection of these compounds into the plant 
cells via either the stomata or subcutaneously may also be 
considered an effective method. 
0111. 4. (1) Sequence Similarities 
0.112. It is understood that as discussed herein the use of 
the terms homology and identity mean the same thing as 
similarity. Thus, for example, if the use of the word homology 
is used between two non-natural sequences it is understood 
that this is not necessarily indicating an evolutionary relation 
ship between these two sequences, but rather is looking at the 
similarity or relatedness between their nucleic acid 
sequences. Many of the methods for determining homology 
between two evolutionarily related molecules are routinely 
applied to any two or more nucleic acids or proteins for the 
purpose of measuring sequence similarity regardless of 
whether they are evolutionarily related or not. 
0113. In general, it is understood that one way to define 
any known variants and derivatives or those that might arise, 
of the disclosed genes and proteins herein, is through defining 
the variants and derivatives in terms of homology to specific 
known sequences. This identity of particular sequences dis 
closed herein is also discussed elsewhere herein. In general, 
variants of nucleic acids and proteins herein disclosed typi 
cally have at least, about 50, 55, 60, 65,70, 71,72, 73,74, 75, 
76, 77,78, 79,80, 81, 82,83, 84,85,86, 87,88, 89,90,91, 92, 
93, 94, 95, 96, 97,98, or 99 percent homology to the stated 
sequence or the native sequence. Those of skill in the art 
readily understand how to determine the homology of two 
proteins or nucleic acids, such as genes. For example, the 
homology can be calculated after aligning the two sequences 
so that the homology is at its highest level. 
0114. Another way of calculating homology can be per 
formed by published algorithms. Optimal alignment of 
sequences for comparison may be conducted by the local 
homology algorithm of Smith and Waterman Adv. Appl. 
Math. 2:482, 1981, by the homology alignment algorithm of 
Needleman and Wunsch, J. Mol. Biol. 48:443, 1970, by the 
search for similarity method of Pearson and Lipman, Proc. 
Natl. Acad. Sci. USA 85:2444, 1988, by computerized imple 
mentations of these algorithms (GAP, BESTFIT. FASTA, and 
TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group, 575 Science Dr. Madison, Wis.), 
or by inspection. 
0115 The same types of homology can be obtained for 
nucleic acids by for example the algorithms disclosed in 
Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. 
Acad. Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods 
Enzymol. 183:281-306, 1989 which are herein incorporated 
by reference for at least material related to nucleic acid align 
ment. It is understood that any of the methods typically can be 
used and that in certain instances the results of these various 
methods may differ, but the skilled artisan understands if 

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 25 of 62



US 2010/02851 05 A1 

identity is found with at least one of these methods, the 
sequences would be said to have the stated identity, and be 
disclosed herein. 

0116 For example, as used herein, a sequence recited as 
having a particular percent homology to another sequence 
refers to sequences that have the recited homology as calcu 
lated by any one or more of the calculation methods described 
above. For example, a first sequence has 80 percent homol 
ogy, as defined herein, to a second sequence if the first 
sequence is calculated to have 80 percent homology to the 
second sequence using the Zuker calculation method even if 
the first sequence does not have 80 percent homology to the 
second sequence as calculated by any of the other calculation 
methods. As another example, a first sequence has 80 percent 
homology, as defined herein, to a second sequence if the first 
sequence is calculated to have 80 percent homology to the 
second sequence using both the Zuker calculation method 
and the Pearson and Lipman calculation method even if the 
first sequence does not have 80 percent homology to the 
second sequence as calculated by the Smith and Waterman 
calculation method, the Needleman and Wunsch calculation 
method, the Jaeger calculation methods, or any of the other 
calculation methods. As yet another example, a first sequence 
has 80 percent homology, as defined herein, to a second 
sequence if the first sequence is calculated to have 80 percent 
homology to the second sequence using each of calculation 
methods (although, in practice, the different calculation 
methods will often result in different calculated homology 
percentages). 
0117 (2) Hybridization/Selective Hybridization 
0118. The term hybridization typically means a sequence 
driven interaction between at least two nucleic acid mol 
ecules, such as a primer or a probe and a gene. Sequence 
driven interaction means an interaction that occurs between 
two nucleotides or nucleotide analogs or nucleotide deriva 
tives in a nucleotide specific manner. For example, G inter 
acting with C or A interacting with T are sequence driven 
interactions. Typically sequence driven interactions occur on 
the Watson-Crick face or Hoogsteen face of the nucleotide. 
The hybridization of two nucleic acids is affected by a num 
ber of conditions and parameters known to those of skill in the 
art. For example, the salt concentrations, pH, and temperature 
of the reaction all affect whether two nucleic acid molecules 
will hybridize. 
0119 Parameters for selective hybridization between two 
nucleic acid molecules are well known to those of skill in the 
art. For example, in some embodiments selective hybridiza 
tion conditions can be defined as stringent hybridization con 
ditions. For example, stringency of hybridization is con 
trolled by both temperature and salt concentration of either or 
both of the hybridization and washing steps. For example, the 
conditions of hybridization to achieve selective hybridization 
may involve hybridization in high ionic strength solution 
(6xSSC or 6xSSPE) at a temperature that is about 12-25° C. 
below the T (the melting temperature at which half of the 
molecules dissociate from their hybridization partners) fol 
lowed by washing at a combination of temperature and salt 
concentration chosen so that the washing temperature is 
about 5-20°C. below the T. The temperature and salt con 
ditions are readily determined empirically in preliminary 
experiments in which samples of reference DNA immobi 
lized on filters are hybridized to a labeled nucleic acid of 
interest and then washed under conditions of different strin 
gencies. Hybridization temperatures are typically higher for 
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DNA-RNA and RNA-RNA hybridizations. The conditions 
can be used as described above to achieve stringency, or as is 
known in the art. (Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor, N.Y., 1989; Kunkeletal. Methods Enzy 
mol. 154:367, 1987 which is herein incorporated by reference 
for material at least related to hybridization of nucleic acids). 
A preferable stringent hybridization condition for a DNA: 
DNA hybridization can be at about 68°C. (in aqueous solu 
tion) in 6xSSC or 6xSSPE followed by washing at 68° C. 
Stringency of hybridization and washing, if desired, can be 
reduced accordingly as the degree of complementarity 
desired is decreased, and further, depending upon the G-C or 
A-Trichness of any area wherein variability is searched for. 
Likewise, Stringency of hybridization and washing, if 
desired, can be increased accordingly as homology desired is 
increased, and further, depending upon the G-C or A-T rich 
ness of any area wherein high homology is desired, all as 
known in the art. 

I0120 Another way to define selective hybridization is by 
looking at the amount (percentage) of one of the nucleic acids 
bound to the other nucleic acid. For example, in some 
embodiments selective hybridization conditions would be 
when at least about, 60, 65, 70, 71, 72, 73,74, 75, 76, 77,78, 
79, 80, 81, 82, 83, 84, 85,86, 87, 88, 89,90,91, 92,93, 94, 95, 
96, 97, 98, 99, 100 percent of the limiting nucleic acid is 
bound to the non-limiting nucleic acid. Typically, the non 
limiting primer is in for example, 10 or 100 or 1000 fold 
excess. This type of assay can be performed under conditions 
where both the limiting and non-limiting primer are for 
example, 10, 100 or 1000 fold below their k, or where only 
one of the nucleic acid molecules is 10, 100 or 1000 fold or 
where one or both nucleic acid molecules are above their k. 
I0121 Another way to define selective hybridization is by 
looking at the percentage of primer that gets enzymatically 
manipulated under conditions where hybridization is 
required to promote the desired enzymatic manipulation. For 
example, in Some embodiments selective hybridization con 
ditions would be when at least about, 50, 55, 60, 65, 70, 71, 
72, 73,74, 75,76, 77,78, 79,80, 81,82, 83, 84,85, 86, 87,88, 
89, 90,91, 92,93, 94, 95, 96, 97,98, 99, 100 percent of the 
primer is enzymatically manipulated under conditions which 
promote the enzymatic manipulation, for example if the enzy 
matic manipulation is DNA extension, then selective hybrid 
ization conditions would be when at least about 50,55, 60, 65, 
70,71, 72,73,74, 75,76, 77,78, 79,80, 81,82, 83, 84, 85,86, 
87, 88, 89,90,91, 92,93, 94, 95, 96, 97,98,99, 100 percent 
of the primer molecules are extended. Preferred conditions 
also include those suggested by the manufacturer or indicated 
in the art as being appropriate for the enzyme performing the 
manipulation. 
I0122) Just as with homology, it is understood that there are 
a variety of methods herein disclosed for determining the 
level of hybridization between two nucleic acid molecules. It 
is understood that these methods and conditions may provide 
different percentages of hybridization between two nucleic 
acid molecules, but unless otherwise indicated meeting the 
parameters of any of the methods would be sufficient. For 
example, if 80% hybridization was required and as long as 
hybridization occurs within the required parameters in any 
one of these methods it is considered disclosed herein. 

(0123. It is understood that those of skill in the art under 
stand that if a composition or method meets any one of these 
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criteria for determining hybridization either collectively or 
singly it is a composition or method that is disclosed herein. 
0.124 d) Composition of Molecules Produced 
0.125. It is understood that the oil producing microbes 
disclosed herein are capable of producing a number of com 
pounds and compositions. The compounds and compositions 
can be used as a signature, a way of identifying the oil pro 
ducing microbes. For example, one way of characterizing an 
oil producing microbe is by the lipid profile that the oil pro 
ducing microbe produces. As disclosed herein these various 
lipid profiles can be used to characterize the oil producing 
microbes as well as be purified, manipulated, and collected 
for a variety of reasons. 
0126 (1) Lipids 
0127. It is understood that each oil producing microbe can 
produce Some profile of unsaturated fatty acids, as disclosed 
herein. These profiles are characteristics of the oil producing 
microbes. Below are some examples, of unsaturated and other 
lipid profiles for the oil producing microbes. 
0128. The oil producing microbe can produce, for 
example a lipid or fatty acid fraction of at least about 4 wt.% 
to 6 wt.% (e.g., about 5 wt.%), which comprises from about 
0 wt.% to about 2 wt.% myristic acid (e.g., about 1 wt.%), 
from about 16 wt.% to about 20 wt.% (e.g., about 18 wt.%) 
palmitic acid, from about 0 wt.% to about 2 wt.% (e.g., about 
1 wt.%) palmitoleic acid, from about 4 wt.% to about 8 wt. 
% (e.g., about 6 wt.%) stearic acid, from about 30 wt.% to 
about 34 wt.% (e.g., about 32 wt.%) oleic acid, from about 40 
wt.% to about 44 wt.% (e.g., about 42 wt.%) linoleic acid, 
and from about 0 wt.% to about 3 wt.% (e.g., about 2 wt.%) 
n-3 EPA per dried cellular biomass. 
0129. The oil producing microbe can also produce, for 
example, a lipid or fatty acid fraction of at least about 1 wt.% 
to 3 wt.% (e.g., about 1.25 wt.%), which comprises from 
about 2 wt.% to about 4 wt.% (e.g., about 3 wt.%) myristic 
acid, from about 50 wt.% to about 60 wt.% (e.g., about 55 wt. 
%) palmitic acid, from about 2 wt.% to about 4 wt.% (e.g., 
about 3 wt.%) palmitoleic acid, from about 16 wt.% to about 
20 wt.% (e.g., about 18 wt.%) stearic acid, from about 9 wt. 
% to about 13 wt.% (e.g., about 11 wt.%) oleic acid, from 
about 1 wt.% to about 3 wt.% (e.g., about 2 wt.%) eicosa 
dienoic acid, and from about 6 wt.% to about 10 wt.% (e.g., 
about 8 wt.%) n-3 EPA per dried cellular biomass. 
0130. The eukaryotic microorganism, for example, such 
as ONC-T18, can produce at least about 30 wt.%, 40 wt.%. 
50 wt.%, 60 wt.%, 70% wt.% or 80 wt.% (e.g., about 80 wt. 
%) of a lipid composition per dried cellular biomass. For 
example, the oil producing microbe can produce a lipid com 
position comprising from about 25% to about 40% of an 
omega-3 fatty acid, such as n-3 DHA, (for example, at least 
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55% or 60% by 
weight), and from about 0% to about 3% of the omega-3 fatty 
acid, EPA, (for example, at least 1% or 2% by weight) and 
from about 4% to about 12% of an omega-6 fatty acid, such as 
n-6 DPA, (for example, at least 4%, 5%, 6%, 7%, 8%, 9%, or 
10% by weight). 
0131. It is understood that the composition of the lipid 
produced by the oil producing microbe can be manipulated 
based on the growing conditions the oil producing microbe 
multiplies in. By changing various parameters, as disclosed 
herein, the compositions can be manipulated to produce, for 
examplea betteryield of DHA, EPA or DPA. For example, the 
manipulation may not produce more actual grams, but the 
manipulation, may produce a better ratio of DHA or DPA to 
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EPA and other desired PUFAs, which may be desirable from 
a purification standpoint. Varying conditions that can be used 
to increase the yield of DHA, EPA or DPA are also discussed 
herein. 
0.132. It is understood that the composition of the lipid 
produced by the oil producing microbe can be manipulated 
based on the growing medium composition the oil producing 
microbe multiples in. By changing both the ratios and types of 
carbon to nitrogen Sources, the chemical composition of salt 
used and by the addition of certain chemical compounds 
which impact upon fatty acid production, specific fatty acid 
profiles similar to those of selected fish oils may be produced. 
For example, the manipulation may not produce more actual 
grams, but the manipulation, may produce a TFA profile 
similar to that of for example, cod liver oil, tuna or bonito oil 
or classical 18:12 fish oil. 
0.133 Disclosed herein are methods of altering the fatty 
acid ratios produced by oil producing microbes by Supple 
menting the growing medium composition that the oil pro 
ducing microbe multiplies in with one or more fatty acid 
production antagonists. The fatty acid ratios can be altered 
with or without altering the overall fatty acid content of the oil 
producing microbe. For example, the ratio of omega n-3 
and/or n-6 oils to omega n-9 oils can be increased by Supple 
menting the medium of an oil producing microbe with a fatty 
acid production antagonist. 
I0134. Also disclosed are methods of altering the fatty acid 
ratios produced by oil producing microbes without altering 
the overall fatty acid content of the oil producing microbe, by 
Supplementing the growing medium composition the oil pro 
ducing microbe multiplies in with one or more fatty acid 
production antagonists. 
0.135 FIG. 1 shows an example of a metabolic pathway for 
the various PUFAs produced by the disclosed eukaryotic 
microorganism, consistent with fatty acid methyl ester 
metabolite tracking. Proteins which can be identified within 
the pathways which as disclosed herein are polyketide Syn 
thase, using for example a degenerative primer study, (Metzet 
al. (2001) Science 293:290-3 and Kaulmann & Hertweck 
(2002) Angew. Chem. Int. Ed. 41:1866-9). Also elongases 
and desaturases, using for example a hybridization probe 
and/or degenerative or targeted primers can be identified. 
Also fatty acid synthases can be identified using, for example, 
a hybridization probe and/or a degenerative primers. 
0.136 5. Growing and Culturing 
0.137. A phenotypic microplate study including carbon; 
nitrogen (peptide nitrogen); phosphorus and Sulfur, 
oSmolytes, and pH was performed. 
0.138. An Orthogonal array (Taguchi) method was used to 
determine optimum media configurations and variations in 
nitrogen, carbon and salt concentration (Joseph J & Piga 
natiells J R (1998) IIE Trans, 20:247-254). 
(0.139. When fermenting ONC-T18, it was found that if you 
increase agitation or dO you increase biomass production & 
TFA but decrease DHA. If you decrease agitation or dO, you 
decrease cellular biomass (g) & decrease TFA but increase 
DHA but also reduce C16:0, C16:1 & C18:1. 
0140. If you increase temperature you increase biomass 
production & TFA but decrease DHA. If you decrease tem 
perature you decrease cellular biomass (g) & decrease TFA 
but increase DHA, but reduce C16:0, C16:1 & C18:1. 
0141 Cellular biomass derived from the disclosed oil pro 
ducing microbe can be obtained by inoculating a suitable 
natural or artificial seawater medium, containing from about 
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2% to about 100% of seawater. This oil producing microbe is 
able to utilize various nutritional components within this 
medium. Examples of a carbon source used within the 
medium are carbohydrates such as glucose, fructose, dex 
trose, lactulose, galactose, maltotriose, maltose, lactose, gly 
cogen, gelatin, starch (corn or wheat) as well as Sugar deriva 
tives Such as acetate, m-inositol (derived from corn steep 
liquor), galacturonic acid (derived from pectin), L-fucose 
(derived from galactose), gentiobiose, glucosamine, C-D- 
glucose-1-phosphate (derived from glucose), cellobiose (de 
rived from cellulose) dextrin (derived from corn) and C.-cy 
clodextrin (derived from starch) and polyols such as maltitol, 
erythritol, adonitol and oleic acids such as glycerol and tween 
80 and amino Sugars Such as N-acetyl-D-galactosamine, 
N-acetyl-D-glucosamine and N-acetyl-B-D-mannosamine. 
While, examples of a nitrogen source are natural nitrogen 
Sources such as peptone, yeast extract, malt extract and fish 
meal, or an organic nitrogen sources such as sodium 
glutamate, but not limited thereto. Furthermore, if necessary 
phosphates, such as potassium phosphate, and Sodium phos 
phate, inorganic salts such as ammonium sulfate, sodium 
bicarbonate, sodium orthovanadate, potassium chromate, 
Sodium molybdate, selenous acid, nickel Sulfate, copper Sul 
fate, Zinc sulfate, cobalt chloride, iron chloride, manganese 
chloride and calcium chloride may be used as trace nutrients, 
along with the chelating compound, ethylenediaminetet 
raacetic acid, alone or in conjunction with vitamins such as 
pyridoxine hydrochloride, thiamine hydrochloride, calcium 
pantothenate, p-aminobenzoic acid, riboflavin, nicotinic acid, 
biotin, folic acid and vitamin B. After preparing the 
medium, the pH is adjusted to between 3.0 and 10.0 using 
acid or base to adjust where appropriate, for example between 
pH 4.0 and 6.5, and the medium is sterilized by autoclaving, 
for example. Cultivation can be carried out for 1 to 30 days, 1 
to 21 days, 1 to 15 days, 1 to 12 days, 1 to 9 days, or preferably 
3 to 5 days attemperatures between 4 to 30°C., preferably 18 
to 28°C., by aeration-shaking culture, shaking culture, sta 
tionary culture, batch culture, continuous culture, rolling 
batch culture, or wave culture, or the like. 
0142. The following conditions are an example of condi 
tions that can allow for the production of a set of lipids in 
yields which allow for their use as a commodity. Investigation 
of culture conditions for ONC-T 18 revealed that the oil pro 
ducing microbe disclosed herein grows well in natural or 
artificial sea water or in a medium containing down to 5% 
concentration of natural or artificial sea water. Carbon and 
nitrogen sources added to the medium may be those conven 
tionally used as described above. The nitrogen Source being 
either natural or organic in nature is relatively equal and total 
nitrogen concentration within the medium is kept constant. 
These sources are added to the medium at Standard concen 
trations. If these conditions are met, little influence on the 
content of lipid, proportions or the amount of accumulated 
DHA, DPA and EPA is produced, as disclosed herein. 
0143 For high-concentration fermentation of ONC-T18, 

it is possible to use several methods to increase both cellular 
biomass and lipid production rates. These include, increasing 
both the carbon and nitrogen concentration in the medium (at 
a ratio of between 6:1 and 15:1, preferably between 6:1 and 
13:1 and attemperatures between 4 to 30°C., preferably 18 to 
28°C.) from the range 5 g L" to 60 g L' to the range 100 g 
and 160 g L' and from the range 4 g L' to 10 g L' to the 
range 40g L' to 60g L', respectively. Using this method the 
proportion of biomass and lipid produced is also increased at 
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comparable rates. Furthermore, it is possible to increase lipid 
production through the use of increased carbon sources from 
the range 5 g L" to 60 g L" to the range 100g L'and 160 g 
L', while the nitrogen source remains constant. Addition 
ally, it is possible to increase biomass production while main 
taining lipid content, through the use of increased amounts of 
nitrogen sources from the range 10g L' to 60g L' while the 
carbon Source remains constant. Moreover, experimentation 
has determined that biomass and lipid production greatly 
increases with increased agitation from the range 100 and 
1000 rpm, better at between 350 and 600 rpm and optimal at 
between 350 and 450 rpm, with only a marginal decrease in 
lipid content and no decrease in fatty acid profiles, with 
agitation particularly relevant at the early stages of het 
erotrophic fermentation. Experimentation has also deter 
mined that lipid production optima are achieved when the 
dissolved oxygen content of the culture medium is held 
between 1 and 10%, optimally at 5% during the lipid accu 
mulation stage of classical fed-batch fermentation of these 
micro-organisms (See FIG. 8). Finally, the addition of 
acetate, trace elements, metals and vitamins to the production 
medium (as mentioned above) increases the production of 
DHA, EPA and DPA with respect to other fatty acids without 
decreasing total lipid values. 
0144. By performing heterotrophic fermentation as 
described above, it is possible to consistently produce cellular 
biomass which produces a lipid containing the (n-3) series of 
DHA in a culture of high concentration of not less than 5g and 
more preferably not less than 20 g/L medium (see FIG. 8). 
Furthermore, experimentation has shown that most of these 
lipids accumulate during the later-exponential/transition 
stages of cultivation, after maximal biomass levels are 
reached. Yet, during the fermentation process, lipid content 
typically does not fall below 25% of the total biomass, typi 
cally maximizing at around 80%. Cultivation under the above 
conditions can be carried out using a conventional agitation 
fermenter. It is also possible to use a bubble column fermenter 
(batch or continuous cultures), or a wave fermentor. 
0145 Collection of cellular biomass prior to processing 
for lipid separation can be performed using various conven 
tional methods such as centrifugation (such as solid-ejecting 
centrifuges) or filtration (Such as cross-flow filtration) and 
may also include the use of a precipitation agent for the 
accelerated collection of cellular biomass (such as sodium 
phosphate, calcium chloride or polyacridamide). 
0146) a) Fatty Acid Production Antagonists 
0147 The medium used to grow the disclosed oil produc 
ing microbes can be also comprise fatty acid production 
antagonists. Fatty acid production antagonist can be fatty acid 
Subunits or fatty acid pathway modulators. For example, fatty 
acid production antagonists include, but are not limited to, 
oleic acid, cerulenin, toluic acid, curcumin, cyclopropene, 
alkyl gallate, propyl gallate, Sesame oil, peanut oil, canola oil, 
pyridaZinone, norflurazon, diphenylamine, Sethoxydim, and 
capsaicin. 
0.148. The term “fatty acid subunit' or “fatty acid sub 
units” as used herein refers to the 16, 18, 20, 22 or 24 carbon 
fatty acids involved in the metabolic pathway for the produc 
tion of PUFAs for the disclosed oil producing microbes. For 
example, “fatty acid subunits’ can include any of the 16, 18, 
20, 22 or 24 carbon fatty acids as shown in FIG. 1. 
0149. A “fatty acid subunit can also be used herein to 
refer to any 16, 18, 20, 22 or 24 carbon fatty acids having 1, 2, 
3, 4, 5 or 6 unsaturations involved in the metabolic pathway 
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for the production of PUFAs for the disclosed oil producing 
microbes. Further embodiments can include odd numbered 
carbon fatty acids, with or without unsaturations such as 15, 
17, 19 and 21 carbon fatty acids found within marine organ 
1SS. 

0150 Fatty acid pathway modulators can be compounds 
capable of inhibiting one or more of the enzymes involved in 
the metabolic pathway for the production of PUFAs for the 
disclosed oil producing microbes. Inhibition of one or more 
of the enzymes involved in the metabolic pathway for the 
production of PUFAs for the disclosed oil producing 
microbes can be, unless otherwise indicated, at least 50, 51, 
52,53,54, 55,56, 57,58, 59, 60, 61, 62,63, 64, 65, 66, 67,68, 
69, 70,71, 72,73,74, 75,76, 77,78, 79,80, 81, 82, 83, 84,85, 
86, 87, 88, 89,90,91, 92,93, 94, 95, 96, 97,98, 99, or 100% 
inhibition. 

0151. A fatty acid pathway modulator can be a compounds 
capable of inhibiting one or more of the desaturases or elon 
gases involved in the metabolic pathway for the production of 
PUFAs for the disclosed oil producing microbes. Fatty acid 
pathway modulators can also be compounds capable of inhib 
iting phytone desaturases, B-carotene C4-oxygenases, fatty 
acid synthases or acetyl CoA carboxylases of the disclosed oil 
producing microbes. 
0152 6. Isolation of Lipid 
0153 FIG. 2 shows a general fatty acid profile for a dis 
closed oil producing microbe. FIGS. 5-7 show biomass (g/L). 
lipid (TFA) and DHA content (both mg/gbiomass) as a func 
tion of fermentation in shake flasks on a variety of nitrogen 
Sources both singularly or in the presence of L-glutamate or 
yeast extract (YE), carbon Sources (singularly) or cultures 
Supplemented (i.e. in addition to both nitrogen and carbon 
Sources mentioned throughout) with various antioxidant, 
phytohormone or simple carbon Sources. All of this data can 
be used to extract specific characteristics about the disclosed 
oil producing microbes. 
0154 The fat containing the (n-3) series of DHA, DPA, 
EPA and the (n-6) series of DPA can be obtained by breaking 
or disrupting the collected cell biomass, for example, via 
milling, ultrasonication, and then carrying out extraction with 
a solvent such as chloroform, hexane, methanol, ethanol or 
via supercritical fluid extraction means. The content of the 
resultant fat containing the (n-3) series of DHA and the (n-6) 
series of DPA per gram of dried cellular biomass is preferably 
greater than 0.25 g and more preferably greater than 0.6 g. 
0155 The disclosed oil producing microbes, including the 

oil producing microbe, ONC-T18, are able to produce lipid 
thus obtained, any of its variants and any associations 
between members of the same species of eukaryotic micro 
organisms whereby the lipid profile is as follows. The per 
centage of neutral lipids can be at least 95% by weight of total 
lipids. For example, the typical composition offatty acids for 
ONC-T18, in the neutral lipids is as follows: 15% of myristic 
acid, 8% of pentadecanoic acid, 35% of palmitic acid, 7% of 
palmitoleic acid, 1% of stearic acid, 2% of oleic acid, 1% of 
eicosapentaenoic acid, 6% of decosapentaenoic acid and 25% 
docosahexaenoic acid. Upon the Supplementation of the 
medium with one or more fatty acid production antagonists, 
the overall ratio of omega n-3 and omega n-6 oils such as 
docosahexaenoic acid, eicosapentaenoic acid and decosapen 
taenoic acid (both n-3 and n-6) to the omega n-9 oils such as 
stearic and can be increased. For example, FIG. 11 shows 
possible changes in the ratio of omega n-3 and omega n-6 oils 
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as compared to a control where a fatty acid production 
antagonist is not added to the medium. Other examples can be 
seen in FIGS. 12-15. 
0156 The disclosed oil producing microbes, such as 
ONC-T18, are able to produce lipid thus obtained, any of its 
variants and any associations between members of the same 
species of eukaryotic microorganisms whereby the lipid pro 
file is as follows. The percentage of mono-, di- and tri-glyc 
erides in the neutral lipid fraction of ONC-T18 is 0% to about 
2%, 0 to about 2% and 96 to about 100%, respectively. While 
the polar lipid fraction with comprises between 5% and about 
10% of the lipid fraction, comprises phosphotidylcholine, 
phosphotidylserine and phosphotidic acid both bound and 
unbound to neutral lipids. 
0157. It is understood that these lipids can be found in any 
combination or permutation within the organism. It is also 
understood that the concentrations of these lipids can be 
manipulated by changing the growing conditions and media 
conditions and compositions as discussed herein. 
0158 (1) Lipid as Concentration 
0159. The disclosed oil producing microbes can produce a 
lipid fraction comprising n-3 DHA, EPA and n-6 DPA at 
greater than or equal to about 4.0 g L' of medium. The 
disclosed oil producing microbes can produce a lipid compo 
sition comprising n-3 DHA, EPA and n-6 DPA at greater than 
or equal to about 20.0 g L' of medium. The disclosed oil 
producing microbes can produce a lipid composition com 
prising n-3 DHA, EPA and n-6 DPA at greater than or equal to 
about 14.0 g L' of medium. The disclosed oil producing 
microbes can produce from about 1.5 g L" to about 5.0 g L' 
(e.g., about 4.6 g L') of the n-3 DHA, from about 0.5g L' 
to about 1.5 g L' (e.g., about 0.22g L') of the n-3 EPA, and 
from about 0.5 g L" to about 1.5 g L' of the n-6 DPA. 
Furthermore, the disclosed oil producing microbes can pro 
duce a lipid fraction comprising myristic, myristoleic, penta 
decanoic, palmitic, palmitoleic, Stearic oleic, linoleic, eicosa 
dienoic, arachidonic, eicosapentaenoic, docosahexanoic and 
docosapentaenoic acids between 301.2 and 360.3 mgg' or 
even up to 790 mgg' of cellular biomass. The disclosed oil 
producing microbes can also produce a fraction comprising 
between 44.3 and 57 mgg' myristic acid (equal to 1134.5 to 
1458.1 mg L'), 0.5 to 0.65 myristoleic acid (equal to 13.3 to 
16.63 mg L'), 33.5 to 34.6 mgg' pentadecanoic acid (equal 
to 856.9 to 885.1 mg L'), 121.9 and 165.1 mgg' palmitic 
acid (equal to 31 18.2 to 4223.3 mg L'), 7.9 to 28.5 mgg' 
palmitoleic acid (equal to 202.1 to 729 mg L'), 4.38 to 5.9 
mgg' stearic acid (equal to 112 to 151 mg L'), 6.94 to 9.9 
mgg' oleic acid (equal to 177.5 to 253.2 mg L'), 0.4 to 1.3 
mgg'linoleic acid (equal to 11.26 to 33.3 mg L'), 0.5 to 1.0 
mgg eicosadienoic acid (equal to 12.8 to 25.6 mg L'), 0.4 
to 0.5 mgg'arachidonic acid (equal to 10.2 to 13 mg L'), 75 
to 100mgg' docosahexanoic acid (equal to 1918 to 2560mg 
L'), 1.9 to 6 mgg' eicosapenatenoic acid (equal to 48.6 to 
153.5 mg L') and 17.1 to 33.7 mgg' docosapentaenoic acid 
(equal to 437.4 to 862.1 mg L'), having a total fatty acid 
content within the cellular biomass of between 301 to 790 mg 
g' (equal to 7700 to 20,209 mg L'). 
0160 Lipid as percentage of total fatty acid: The presence 
of fatty acid production antagonist Sethoxydim can change 
the fatty acid composition for example, from 11.27% to 
10.97% myristic acid, from 0.23% to 0.03% myristoleic acid, 
from 3.92% to 5.5% pentadecanoic acid, from 0.43% to 
0.53% pentadecenoic acid, from 45.57% to 40.52% palmitic 
acid, from 11.63% to 9.18% palmitoleic acid, from 1.16% to 
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1.49% margaric acid, from 1.84% to 1.45% stearic acid, from 
0.00% to 0.18% oleic acid, from 2.89% to 2.48% vaccenic 
acid, from 0.36% to 0.2% arachidic acid, from 0.12% to 
0.00% eicosenoic acid, from 0.38% to 0.14% eicosadienoic 
acid, from 0.14% to 0.10% homo-gamma-linolenic acid, 
from 0.13% to 0.20% arachidonic acid, remain 0.00% eico 
satrienoic acid, from 0.26% to 0.37% eicosatetraenoic acid, 
from 0.38% to 0.78% eicosapentaenoic acid, remain 0.00% 
behenic acid, from 1.12% to 1.09% heneicosapentaenoic 
acid, from 0.20% to 0.00% docosadienoic acid, from 0.16% 
to 0.00% adrenic acid, from 3.88% to 5.26% docosapen 
taenoic acid n-6, from 0.35% to 0.24% docosapentaenoic acid 
n-3, remain 0.00% lignoceric acid, from 13.54% to 19.31% 
docosahexaenoic acid, remain 0.00% nervonic acid, and from 
0.27% to 0.20% hexacosanoic acid. 

0161 Lipid as percentage of total fatty acid: The presence 
of fatty acid production antagonist cerulenin can change the 
fatty acid composition for example, from 11.10% to 11.03% 
myristic acid, remain 0.00% myristoleic acid, from 3.84% to 
3.23% pentadecanoic acid, from 0.11% to 0.10% pentade 
cenoic acid, from 50.52% to 48.98% palmitic acid, from 
1.93% to 2.22% palmitoleic acid, from 0.85% to 0.74% mar 
garic acid, from 1.55% to 1.86% stearic acid, from 0.13% to 
0.29% oleic acid, from 0.93% to 1.24% vaccenic acid, from 
0.38% to 0.41% arachidic acid, from 0.00% to 0.19% eicose 
noic acid, remain 0.17% eicosadienoic acid, from 0.15% to 
0.20% homo-gamma-linolenic acid, from 0.16% to 0.30% 
arachidonic acid, remain 0.00% eicosatrienoic acid, from 
0.34% to 0.36% eicosatetraenoic acid, from 0.72% to 1.17% 
eicosapentaenoic acid, from 0.10% to 0.11% behenic acid, 
from 1.27% to 1.24%heneicosapentaenoic acid, from 0.13% 
to 0.14% docosadienoic acid, remain 0.00% adrenic acid, 
from 5.47% to 5.83% docosapentaenoic acid n-6, from 0.16% 
to 0.23% docosapentaenoic acid n-3, remain 0.00% lignoc 
eric acid, from 19.98% to 19.97% docosahexaenoic acid, 
remain 0.00% nervonic acid, and from 0.16% to 0.23% hexa 
cosanoic acid. 
0162 Lipid as percentage of total fatty acid: The presence 
offatty acid production antagonist oleic acid can change the 
fatty acid composition for example, from 24.46% to 1.38% 
myristic acid, from 0.03% to 0.00% myristoleic acid, from 
2.43% to 0.49% pentadecanoic acid, remain 0.00% pentade 
cenoic acid, from 42.82% to 16.67% palmitic acid, from 
0.46% to 1.06% palmitoleic acid, from 0.31% to 0.28% mar 
garic acid, from 1.26% to 1.56% stearic acid, from 0.15% to 
25.36% oleic acid, from 0.26% to 2.68% vaccenic acid, from 
0.36% to 0.00% arachidic acid, remain 0.00% eicosenoic 
acid, from 0.06% to 0.51% eicosadienoic acid, from 0.13% to 
0.61% homo-gamma-linolenic acid, from 0.22% to 0.72% 
arachidonic acid, remain 0.00% eicosatrienoic acid, from 
0.27% to 0.00% eicosatetraenoic acid, from 0.62% to 5.47% 
eicosapentaenoic acid, from 0.10% to 0.00% behenic acid, 
from 1.01% to 0.20% heneicosapentaenoic acid, from 0.14% 
to 0.68% docosadienoic acid, from 0.14% to 0.60% adrenic 
acid, from 5.85% to 7.58% docosapentaenoic acid n-6, from 
0.14% to 0.39% docosapentaenoic acid n-3, remain 0.00% 
lignoceric acid, from 18.77% to 33.16% docosahexaenoic 
acid, remain 0.00% nervonic acid, and remain 0.00% hexa 
cosanoic acid. 
0163 Lipid as percentage of total fatty acid: The presence 
offatty acid production antagonist oleic acid in combination 
with glucoase can change the fatty acid composition for 
example, from 24.46% to 8.04% myristic acid, from 0.03% to 
0.00% myristoleic acid, from 2.43% to 0.73% pentadecanoic 
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acid, remain 0.00% pentadecenoic acid, from 42.82% to 
33.18% palmitic acid, from 0.46% to 4.22% palmitoleic acid, 
from 0.31% to 0.17% margaric acid, from 1.26% to 1.60% 
stearic acid, from 0.15% to 9.49% oleic acid, from 0.26% to 
4.45% vaccenic acid, from 0.36% to 0.34% arachidic acid, 
from 0.00% to 0.30% eicosenoic acid, from 0.06% to 0.36% 
eicosadienoic acid, from 0.13% to 0.30% homo-gamma-li 
nolenic acid, from 0.22% to 0.46% arachidonic acid, remain 
0.00% eicosatrienoic acid, from 0.27% to 0.24% eicosatet 
raenoic acid, from 0.62% to 2.60% eicosapentaenoic acid, 
from 0.10% to 0.00% behenic acid, from 1.01% to 0.79% 
heneicosapentaenoic acid, from 0.14% to 0.43% docosadi 
enoic acid, from 0.14% to 0.28% adrenic acid, from 5.85% to 
6.46% docosapentaenoic acid n-6, from 0.14% to 0.39% 
docosapentaenoic acid n-3, remain 0.00% lignoceric acid, 
from 18.77% to 24.65% docosahexaenoic acid, remain 
0.00% nervonic acid, and remain 0.00% hexacosanoic acid. 
0164. Lipid as percentage of total fatty acid: The presence 
of fatty acid production antagonist capsaicin can change the 
fatty acid composition for example, from 9.7% to 21.86% 
myristic acid, from 0.00% to 0.28% myristoleic acid, from 
9.83% to 0.91% pentadecanoic acid, from 0.11% to 0.23% 
pentadecenoic acid, from 43.48% to 24.19% palmitic acid, 
from 1.52% to 17.98% palmitoleic acid, from 2.29% to 
0.19% margaric acid, from 1.59% to 1.60% stearic acid, from 
0.10% to 0.00% oleic acid, from 1.27% to 6.67% vaccenic 
acid, from 0.26% to 0.20% arachidic acid, remain 0.00% 
eicosenoic acid, from 0.03% to 0.23% eicosadienoic acid, 
from 0.25% to 0.22% homo-gamma-linolenic acid, from 
0.17% to 0.78% arachidonic acid, remain 0.00% eicosa 
trienoic acid, from 0.30% to 0.27% eicosatetraenoic acid, 
from 0.48% to 1.38% eicosapentaenoic acid, from 0.08% to 
0.00% behenic acid, from 0.00% to 0.00% heneicosapen 
taenoic acid, from 0.13% to 0.17% docosadienoic acid, from 
0.07% to 0.46% adrenic acid, from 6.53% to 5.19% docosa 
pentaenoic acid n-6, from 0.22% to 0.31% docosapentaenoic 
acid n-3, remain 0.00% lignoceric acid, from 21.48% to 
16.86% docosahexaenoic acid, remain 0.00% nervonic acid, 
and remain 0.00% hexacosanoic acid. 

0.165 Lipid as percentage of total fatty acid: The presence 
offatty acid production antagonist toluic acid can change the 
fatty acid composition for example, from 8.95% to 11.19% 
myristic acid, remain 0.00% myristoleic acid, from 9.79% to 
14.93% pentadecanoic acid, from 0.13% to 0.27% pentade 
cenoic acid, from 32.80% to 26.90% palmitic acid, from 
1.94% to 2.36% palmitoleic acid, from 1.89% to 2.69% mar 
garic acid, from 1.28% to 1.59% stearic acid, from 0.10% to 
0.11% oleic acid, from 1.64% to 3.68% vaccenic acid, from 
0.22% to 0.23% arachidic acid, from 0.01% to 0.14% eicose 
noic acid, from 0.20% to 0.79% eicosadienoic acid, from 
0.12% to 0.17% homo-gamma-linolenic acid, from 0.38% to 
0.90% arachidonic acid, from 0.08% to 0.03% eicosatrienoic 
acid, from 0.38% to 0.36% eicosatetraenoic acid, from 1.16% 
to 2.95% eicosapentaenoic acid, remain 0.00% behenic acid, 
from 0.43% to 0.39% heneicosapentaenoic acid, from 0.09% 
to 0.06% docosadienoic acid, from 0.19% to 0.46% adrenic 
acid, from 9.43% to 5.95% docosapentaenoic acid n-6, from 
0.27% to 0.54% docosapentaenoic acid n-3, from 0.07% to 
0.03% lignoceric acid, from 28.48% to 23.03% docosa 
hexaenoic acid, from 0.03% to 0.18% nervonic acid, and 
remain 0.00% hexacosanoic acid. 

0166 Lipid as percentage of total fatty acid: The presence 
of fatty acid production antagonist norflurazon can change 
the fatty acid composition for example, from 12.36% to 
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11.08% myristic acid, remain 0.12% myristoleic acid, from 
2.71% to 3.16% pentadecanoic acid, from 0.35% to 0.33% 
pentadecenoic acid, from 43.24% to 40.61% palmitic acid, 
from 15.54% to 10.65% palmitoleic acid, from 0.80% to 
1.03% margaric acid, from 1.61% to 1.52% stearic acid, from 
0.04% to 0.00% oleic acid, from 3.22% to 3.53% vaccenic 
acid, from 0.23% to 0.16% arachidic acid, from 0.00% to 
0.02% eicosenoic acid, from 0.15% to 0.13% eicosadienoic 
acid, from 0.11% to 0.18% homo-gamma-linolenic acid, 
from 0.14% to 0.19% arachidonic acid, remain 0.00% eico 
satrienoic acid, from 0.13% to 0.24% eicosatetraenoic acid, 
from 0.52% to 0.76% eicosapentaenoic acid, from 0.07% to 
0.05% behenic acid, remain 0.00% heneicosapentaenoic 
acid, from 0.11% to 0.03% docosadienoic acid, from 0.23% 
to 0.17% adrenic acid, from 3.98% to 5.23% docosapen 
taenoic acid n-6, from 0.13% to 0.19% docosapentaenoic acid 
n-3, from 0.09% to 0.00% lignoceric acid, from 14.13% to 
20.61% docosahexaenoic acid, remain 0.00% nervonic acid, 
and remain 0.00% hexacosanoic acid. 

(0167 (2) Other Molecules 
0168 The disclosed oil producing microbes can further 
produce carotenoids and Xanthophylls. Examples of Such 
carotenoids and Xanthophylls include beta-carotene, lyco 
pene, astaxanthin, canthaxanthin, phoenicoxanthin, Zeaxan 
thin, echinenone, beta-cryptoxanthin, capsanthin, lutin, 
annatto, beta-apo-8-carotenal and beta-apo-8-carotenal-es 
ter 

0169. The Xanthophylls produced by the disclosed oil pro 
ducing microbes can be conjugated with the various PUFAs 
also produced by the disclosed oil producing microbes. 
0170 (a) Antioxidants 
0171 Generally, antioxidants are compounds that react 
with, and typically get consumed by oxygen. Since antioxi 
dants typically react with oxygen, antioxidants also typically 
react with the free radical generators, and free radicals. (“The 
Antioxidants. The Nutrients that Guard Your Body’ by 
Richard A. Passwater, Ph. D., 1985, Keats Publishing Inc., 
which is herein incorporated by reference at least for material 
related to antioxidants). The compositions can contain any 
antioxidants, and a non-limiting list would included but not 
be limited to, non-flavonoid antioxidants and nutrients that 
can directly scavenge free radicals including multi-carotenes, 
beta-carotenes, alpha-carotenes, gamma-carotenes, lyco 
pene, lutein and Zeaxanthins, selenium, Vitamin E, including 
alpha-, beta- and gamma- (tocopherol, particularly alpha 
tocopherol, etc., vitamin E Succinate, and troloX (a soluble 
Vitamin E analog) Vitamin C (ascorbic acid) and Niacin 
(Vitamin Bs, nicotinic acid and nicotinamide), Vitamin A, 
13-cis retinoic acid, N-acetyl-L-cysteine (NAC), sodium 
ascorbate, pyrrolidin-edithio-carbamate, and coenzyme Qo: 
enzymes which catalyze the destruction of free radicals 
including peroxidases such as glutathione peroxidase 
(GSHPX) which acts on HO and such as organic peroxides, 
including catalase (CAT) which acts on H2O, Superoxide 
dismutase (SOD) which disproportionates O.H.O., glu 
tathione transferase (GSHTx), glutathione reductase (GR). 
glucose 6-phosphate dehydrogenase (G6PD), and mimetics, 
analogs and polymers thereof (analogs and polymers of anti 
oxidant enzymes, such as SOD, are described in, for example, 
U.S. Pat. No. 5,171,680 which is incorporated herein by 
reference for material at least related to antioxidants and 
antioxidant enzymes); glutathione; ceruloplasmin, cysteine, 
and cysteamine (beta-mercaptoethylamine) and flavenoids 
and flavenoid like molecules like folic acid and folate. A 
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review of antioxidant enzymes and mimetics thereof and 
antioxidant nutrients can be found in Kumar et al., Pharmac. 
Ther: 39: 301, 1988 and Machlin L. J. and Bendich, FASEB 
Journal 1:441-445, 1987 which are incorporated herein by 
reference for material related to antioxidants. 
0172 Flavonoids, also known as “phenylchromones.” are 
naturally occurring, water-soluble compounds which have 
antioxidant characteristics. Flavonoids are widely distributed 
in vascular plants and are found in numerous vegetables, 
fruits and beverages such as tea and wine (particularly red 
wine). Flavonoids are conjugated aromatic compounds. The 
most widely occurring flavonoids are flavones and flavonols 
(for example, myricetin, (3.5.7.3',4',5'-hexahydroxyfla 
vone), quercetin (3.5.7.3',4'-pentahydroxyflavone), 
kaempferol (3,5,7,4-tetrahydroxyflavone), and flavones api 
genin (5,7,4'-trihydroxyflavone) and luteolin (5.7.3',4'-tet 
rahydroxyflavone) and glycosides thereof and quercetin). 
0173 Carotenoids are important natural pigments pro 
duced by many microorganisms and plants, usually red, 
orange or yellow in color. Traditionally, carotenoids have 
been used in the feed, food and nutraceutical industries. They 
are known to be essential for plant growth and photosynthe 
sis, and are a main dietary source of vitamin A in humans. 
Dietary antioxidants. Such as carotenoids (beta-carotene, 
lycopene, astaxanthin, canthaxanthin, Zeaxanthin, capsan 
thin, lutein, annatto, beta-apo-8-carotenal and beta-apo-8- 
carotenal-ester), exhibit significant anti-cancer activities and 
play an important role in the prevention of chronic diseases. 
Carotenoids are potent biological antioxidants that can 
absorb the excited energy of singlet oxygen onto the caro 
tenoid chain, leading to the degradation of the carotenoid 
molecule but preventing other molecules or tissues from 
being damaged. 
0.174. Oxygen is required for metabolic functions, but it 
also presents challenges to cells. The human organism has a 
wide range of metabolic enzymes and antioxidants to rid its 
cells of oxygen derived molecules. This oxidative stress is 
Supposed to be a contributing factor in conditions such as 
rheumatoid arthritis, ischemic heart disease and stroke, 
Alzheimer's dementia, cancer and ageing. Therefore, antioxi 
dants have the potential to protect against a wide spectrum of 
diseases. Several antioxidant compounds have been isolated 
from marine microbial sources; these include astaxanthin, 
beta-carotene and other carotenoids. 
0.175 Carotenoids area widely distributed group of natu 
rally occurring pigments, with over 700 natural lipid-soluble 
pigments primarily produced by microalgal, macroalgal, bac 
terial and fungal species, with astaxanthin and its derivatives 
being of particular interest commercially. Astaxanthin is an 
extremely effective antioxidant protector. Yet, unlike beta 
carotene, astaxanthin readily crosses the blood-brain/retina 
barrier, and therefore also has potential to protect from dis 
eases of the brain and the eyes. Preclinical Studies Suggest 
various beneficial effects of consuming astaxanthin Such as: 
(i) inhibit cancer formation and growth in the bladder, colon, 
liver, mammary and the oral cavity; (ii) protect the retina of 
the eye from oxidative damage and thus has an effect against 
age related macular disease; (iii) promote increased immune 
activity, (iv) provide protection from ultraviolet light damage, 
as well as (v) provide increased muscle endurance. 
0176 b) Isolation of Microorganisms 
0177 Disclosed are oil producing microbes from the fam 
ily Thraustochytriaceae obtained by a method comprising 
baiting a vegetative sample in Salt water (natural or artificial) 
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with pollengrains and incubating; separating and transferring 
the grains to a heterotrophic medium and incubating; identi 
fying an isolate that produces fatty acids, isolating from the 
identified isolate the microorganism from the family Thraus 
tochytriaceae. Additional forms of isolation include media 
Supplemented with appropriate antibiotics and identification 
via either by microscopic means as mentioned above or via 
the use of 18S rRNA gene primers or probes. The het 
erotrophic medium can be as described below. 
(0178) 5. Lipids and Other Molecules Produced by the 
Eukaryotic Microorganism 
0179 Disclosed are lipid compositions comprising from 
about 25 wt.% to about 40 wt.% of n-3 DHA, from about 6 
wt.% to about 10 wt.% of n-6 DPA, and from about 0 wt.% 
to about 10 wt.% of n-3 EPA. 
0180. The lipid composition can further comprise from 
about 11 wt.% to about 15 wt.% (e.g., about 13 wt.%) 
myristic acid, from about 7 wt.% to about 11 wt.% (e.g., 
about 9 wt.%) pentadecanoic acid, from about 37 wt.% to 
about 41 wt.% (e.g., about 39 wt.%) palmitic acid, from 
about 3 wt.% to about 7 wt.% (e.g., about 5 wt.%) palmi 
toleic acid, from about 0 to about 3 wt.% (e.g., about 1 wt.%) 
stearic acid, or from about 1 wt.% to about 4 wt.% (e.g., 
about 2 wt.%) oleic acid. 
0181. The lipid composition can comprise n-3 DHA in 
concentrations in excess of about 400 mg of biomass, n-6 
DPA in concentrations in excess of 100 mg of biomass. 
0182. The lipid composition can further comprise caro 
tenoids. Examples of such carotenoids include beta-carotene, 
lycopene, astaxanthin, Zeaxanthin, canthaxanthin, 
echinenone, phoenicoxanthin, capsanthin, lutein, annatto, 
beta-apo-8-carotenal, and beta-apo-8-carotenal-ester. 
0183 In one aspect, the composition can comprise at least 
about 24 wt.% n-3 DHA, about 1 wt.% n-3 DPA, about 6 wt. 
% n-6 DPA, and about 1 wt.% n-3 EPA. 
0184 7. Compositions Containing the Molecules Pro 
duced by the Eukaryotic Microorganism 
0185. A foodstuff, supplement, pharmaceutical composi 
tion for both human and animal (including marine) can com 
prise the composition (lipid, lipid with antioxidant and anti 
oxidant alone). 
0186 Also disclosed is an infant formula comprising the 
composition (lipid, lipid with antioxidant and antioxidant 
alone). 

C. Methods 

1. Methods of Making Lipids 

0187 Disclosed are methods of preparing a lipid compo 
sition, the method comprising: culturing a oil producing 
microbe comprising one or more microorganisms from the 
family Thraustochytriaceae, and isolating the lipid composi 
tion. 
0188 Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist. 
0189 Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, further comprising isolating the 
lipid composition. 
0190. Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
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ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, wherein the ratio of omega-3 and 
omega-6 fatty acids to omega-9 fatty acids is increased. 
0191 Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, wherein the ratio of omega-3 and 
omega-6 fatty acids to omega-9 fatty acids is altered as com 
pared to a control as shown in FIG. 11. 
0.192 Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, wherein the ratio of omega-3 and 
omega-6 fatty acids to omega-9 fatty acids is increased, 
wherein the overall fatty acid content is unaltered 
0193 Also disclosed are methods by which the fatty acid 
profile of said organism may be modified to increase for 
example EPA concentration via the supplementation offer 
mentation medium or Such chemical compositions used in the 
fermentation and production of omega-3 and omega-6 fatty 
acids, with nutritional Supplements, chemical stimuli or 
inhibitors which affect directly the metabolic pathway of 
ONC-T18. These enzymes being specifically describes as 
having elongase, desaturase or fatty acid synthase activities. 
To the inventors knowledge date this is the first instance in 
which chemical compounds have been specifically identified 
which when combined (either throughout fermentation or at 
specific times points) with the fermentation medium, modify 
the fatty acid profile. Examples of such compounds include 
fatty acid intermediates present within the lipid biosynthesis 
pathway of this particular microorganisms, such as oleic acid 
(See FIG. 14), which when added to the fermentation medium 
resulted in an elevation of the EPA content within the cells. 
0194 Contrary to the experimental data of Metz et al. 
(2001), in which the incorporation of oleic acid into a 
Schizochytrium sp. was documented, no conversion of this 
product into polyunsaturated fatty acid was found to occur. In 
this case, through the use of 'Clabeledoleic acid, 'C carbon 
originating in the enriched oleic acid was found in Subsequent 
polyunsaturated fatty acids and constituted the remainder of 
the elevated EPA concentration. This demonstrates that incor 
poration of intermediate fatty acids into the culture medium 
not only results in Successful incorporation into the cells but 
also successful incorporation into the active desaturase, elon 
gase and fatty acid synthase lipid synthesis system. 
0.195 A variety of procedures can be employed in the 
recovery of the resultant cellular biomass from fermentation 
in various culture media, Such as by filtration or centrifuga 
tion. The cells can then be washed, frozen, lyophilized, or 
spray dried, and stored under a non-oxidizing atmosphere to 
eliminate the presence of oxygen, prior to incorporation into 
a processed food or feed product. 
0196. Cellular lipids containing the (n-3) DHA, EPA and 
(n-6) DPA PUFAs can also be extracted from the cellular 
biomass methods such as Supercritical fluid extraction, or by 
extraction with solvents such as chloroform, hexane, methyl 
ene chloride, or methanol, and the resulting extract evapo 
rated under negative pressure to produce a sample of concen 
trated lipid material. The omega-3 and omega-6 PUFAs may 
be further concentrated by hydrolyzing the lipids and concen 
trating the highly unsaturated fraction by employing tradi 
tional methods such as urea adduction or fractional distilla 
tion, column chromatography, or by Supercritical fluid 
fractionation. The cells can also be broken or lysed and the 
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lipids extracted into vegetable or animal (e.g. fish oils) oils. 
The extracted oils can be refined by well-known processes 
routinely employed to refine vegetable oils (e.g. by chemical 
or physical refining). These refining processes remove impu 
rities from extracted oils before they are used or sold as edible 
oils. After refining, the oils can be used directly as a feed or 
food additive to produce omega-3 and/or omega-6 enriched 
products. Alternatively, the oil can be further processed and 
purified as outlined below and then used in the above appli 
cations and also in pharmaceutical applications. 
0197) In another process for the production of enriched 
(concentrated) omega-3 or omega-6 oils, the harvested cellu 
lar biomass (fresh or dried) can be ruptured or permeabilized 
by well-known techniques such as Sonication, liquid-shear 
disruption methods, bead milling, pressing under high pres 
Sure, freeze-thawing, or enzymatic digestion of the cell wall. 
The lipids from the ruptured cells are extracted by use of a 
Solvent or mixture of solvents such as hexane, chloroform, 
ether, or methanol. The solvent is removed and the lipids 
hydrolyzed by using any of the well-known methods for 
converting triglycerides to free fatty acids or esters of fatty 
acids including base, acid, or enzymatic hydrolysis. After 
hydrolysis is completed, the nonsaponifiable compounds are 
extracted into a solvent Such as ether, hexane or chloroform 
and removed. The remaining solution is then acidified by 
addition of an acid, and the free fatty acid extracted into a 
solvent such as hexane, ether or chloroform. The solvent 
Solution containing the free fatty acids can then be cooled to 
a temperature low enough for crystallization of the non 
PUFA compounds, which can then be removed via filtration, 
centrifugation or settling. Resulting in the concentration of 
the remaining PUFA compounds and used as a nutritional 
Supplements for humans, as a food additive, or as pharma 
ceutical applications. 
0198 Also, disclosed is a lipid composition prepared by 
the methods disclosed above. 
0199 The microorganisms from the family Thraustochy 
triaceae can be any of the microorganisms disclosed above. 
(0200) a) Medium 
0201 The heterotrophic medium can comprise sea salt 
(artificial or natural), one or more carbon Sources, and one or 
more nitrogen sources. The sea salt can be present in an 
amount of from about 2.0 to about 40.0 g L'. The concen 
tration of the carbon and nitrogen source used understandard 
cultivation conditions (not for high-concentration, but rather 
cost efficient fermentation) falls within the range of 5 g L" to 
60 g L' and 4 g L" to 10 g L', respectively. For high 
concentration fermentation, the concentration of the carbon 
and nitrogen Source used under Standard cultivation condi 
tions falls within the range of 100g L' and 160 g L'and 40 
g L" to 60 g L', respectively. The trend being that for oil 
accumulation, the oil producing microbe is grown in a culture 
medium (as those described above) in which the supply of 
nitrogen is limited after about 24 to about 48 hours, while the 
Supply of carbon remains in abundance. This oil producing 
microbe continues to assimilate the carbon (in the form of 
simple Sugars) but can no longer undergo cell division due to 
a lack of nitrogen for the generation of relevant proteins and 
nucleic acids. The result being that these Sugars are converted 
into storage oils, much in the same way that Ratledge C. 
(Lipid Tech. 16:34-39, 2004) describes and FIG.1 depicts this 
phenomenon for these organisms. 
0202 The nitrogen source can be one or more of peptone, 
yeast extract, malt extract, and Sodium glutamate. The nitro 
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gen source can also be corn steep liquor or cotton seed extract. 
The nitrogen Source can comprise yeast extract and/or pep 
tone or monosodium glutamate. For example, the nitrogen 
source can include, but is not limited to EMDTMYE-MSG, 
EMDTM YE, EMDTM Peptone-MSG, SigmaTM YE-MSG, 
SigmaTMYE, FermtechTMYE-MSG, FermtechTMYE, or Fish 
meal (62% protein). The yeast extract can be present in an 
amount of about 2 g L'. The monosodium glutamate can be 
present in an amount of about 8 g L'. 
0203 The carbon source can be one or more of D-treha 
lose, glycerol, D-gluconic acid, L-lactic acid, D.L-malic acid, 
D-ribose, Tween 20, D-fructose, acetate, acetic acid, alpha 
D-glucose, maltose, thymidine, L-asparagine, D-xylose, 
Tween 40, O-keto-glutaric acid, Sucrose, L-glutamine, Tween 
80, beta-methyl-D-glucoside, maltotriose, adenosinine, 
fumaric acid, bromo Succinic acid, L-serine, D-cellobiose, 
L-alanyl-glycine, methyl pyruvate, L-malic acid, glycyl-L- 
proline, D-palcose, L-lyxose, pyruvic acid, alpha-D-lactose, 
dextrin, D-arabinose, 2-deoxy-D-ribose, gelatin, dextrose, 
starch, 3-O-beta-D-galactopyranosyl-D-arabinose, D-taga 
tose, 5-keto-D-gluconic acid, oxalomalic acid, Sorbic acid, 
L-ornithine, and dihydroxyacetate. In one aspect, the carbon 
Source can be D.L-malic acid, D-fructose, D-xylose, fumaric 
acid, D-cellobiose, 5-keto-D-gluconic acid, pyruvic acid, 
alpha-D-lactose, corn dextrin, gelatin, corn starch or wheat 
starch. The carbon source can be presentin an amount of from 
about 1 g L' to about 60 g L and up to about 200 g L'. 
0204. In one example, the medium can comprise about 5g 
D-glucose, about 2g peptone, and about 2 g yeast extract per 
liter of saltwater (natural or artificial). In another, the medium 
can comprise about 60 g D-glucose, about 10g yeast extract 
per liter of salt water (natural or artificial). In another, the 
medium can comprise about 8 g yeast extract, 32 g MSG, 24 
g sea salt (natural and artificial) and 300g D-glucose per liter. 
0205 The medium can further comprise phosphates (e.g., 
potassium phosphate and Sodium phosphates). The medium 
can further comprise inorganic salts (e.g., ammonium sulfate, 
Sodium bicarbonate, sodium orthovanadate, potassium chro 
mate, sodium molybdate, selenous acid, nickel Sulfate, cop 
per Sulfate, Zinc sulfate, cobalt chloride, iron chloride, man 
ganese chloride). The medium can further comprise a 
chelating compound (e.g., EDTA). The medium can further 
comprise vitamins (e.g., pyridoxine hydrochloride, thiamin 
hydrochloride, calcium pantothenate, p-aminobenzoic acid, 
riboflavin, nicotinic acid, biotin, folic acid, and vitamin B). 
The medium can be at a pH of from about 4.0 to about 6.5. 
0206 Incubation can be from about 1 to about 9 days (e.g., 
from about 3 to about 5 days). Incubation can beat from about 
18 to about 30° C. (e.g., from about 18-25°C.). FIG. 8 shows 
the difference in biomass production, TFA and DHA content 
of the cells and glucose uptake rate when ONC-T18 is grown 
in fermenter under a fed-batch regime for 88 hours at both 18 
and 25°C. In this instance the glucose (or carbon metabolism) 
to TFA production ration changes from 8.1 to 3.0. Meaning 
that at 18°C. 8.1 g of glucose is need to generate 1 g of TFA, 
while at 25°C. only 3.0 g of glucose is need. Incubation can 
further comprise shaking or aeration. 
0207 Isolating the lipid can comprise contacting the 
microorganisms with an extraction solvent. The solvent can 
comprise one or more solvents chosen from chloroform, hex 
ane, methanol, or ethanol, or Supercritical CO. 
0208. The method can produce any of the compositions as 
disclosed above. 
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0209. The oil producing microbe can produce a lipid com 
position comprising n-3 DHA at greater than or equal to about 
20g L' of medium. The oil producing microbe can produce 
a lipid composition comprising n-3 DHA at greater than or 
equal to about 40g L'ofmedium. The oil producing microbe 
can produce a lipid composition comprising n-3 DHA at 
greater than or equal to about 80g L' of medium. 

1. Screening and Identification Methods 
0210. The oil producing microbe as disclosed herein can 
produce a lipid containing the (n-3) series of docosa 
hexaenoic acid and eicosapenatenoic acid and the (n-6) series 
of DPA. These oil producing microbe can be selected, for 
example, with the following screening method. Vegetative 
samples can be (and were) placed in 20 mL vials containing 
10 mL of sterile 0.2 um filtered natural seawater containing 
penicillin and streptomycin at 300 and 500 mg L', respec 
tively. The vials were then baited with sterile pollen grains 
and incubated for 48 hours at 18 to 25°C. The pollen grains 
were then transferred onto agar plates containing antibiotics 
(as above) and incubated under the same conditions. Single, 
irregular, hyaline colonies made up of spherical or limaciform 
cells and atypical of either yeast or bacterial colonies were 
picked and Sub-cultured on the same medium and under the 
same conditions as above. These isolates were then screened 
for growth and fatty acids using a nutrient liquid medium, 
prepared with 0.2 uM filtered natural seawater containing 5g 
L' glucose, 2 g L-peptone and 2 g L' yeast extract, with 
the resulting cellular biomass collected by centrifugation or 
sedimentation within a liquid medium. Fatty acids were 
directly transesterified using conventional methods, with the 
fatty acid methyl ester composition analyzed via gas chroma 
tography, with strains that produce appropriate amounts of 
the n-3 series of DHA and the n-6 series of DPA selected for 
further work. 
0211 Disclosed are methods of identifying an oil produc 
ing microbe, the method comprising: baiting a vegetative 
sample in salt water (natural sea or artificial) with pollen 
grains and incubating; transferring the grains to a het 
erotrophic medium and incubating; and identifying isolates 
that produce fatty acids. 
0212. Also disclosed are lipid compositions produced by 
the above identified oil producing microbes. 
0213 Also disclosed are lipid compositions produced by 
methods using the disclosed oil producing microbes and the 
methods disclosed herein. 
0214. Also disclosed are oil producing microbes having 
American Type Culture Collection accession number PTA 
6245. 
0215. Also disclosed are oil producing microbes belong 
ing to the order Thraustochytriales (ONC-T18) having 18S 
rRNA, such as SEQ ID 1, and identified as a Thraus 
tochytrium sp. 
0216. Also disclosed are oil producing microbes belong 
ing to the order Thraustochytriales (ONC-T18) having 18S 
rRNA sequence, such as GenBank accession number 
DQ374149, and identified as a Thraustochytrium sp. 
0217. Also disclosed is an oil producing microbe, Thraus 
tochytrium sp. capable of producing DHA and DPA in con 
centrations in excess of 400 mg L" and 100 mg L', respec 
tively. 
0218. Also disclosed is an oil producing microbe, Thraus 
tochytrium sp. capable of producing carotenoids via het 
erotrophic fermentation as mentioned above in the range 50 to 
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1250 mg kg' and astaxanthin, zeaxanthin, canthaxanthin, 
echinenine and beta-carotene in the range of 1 to 20 mg kg', 
0.25 to 10 mg kg', 1 to 20 mg kg 1 to 20 mg kg and 1 to 
200 mg kg, respectively. 
0219. Also disclosed are processes for growing a oil pro 
ducing microbe comprising, culturing the oil producing 
microbe under conditions, wherein the conditions comprise a 
medium comprising Sodium chloride in the form of artificial 
sea salt (trophic marine) between 2.0 and 15.0 g L'; a nitro 
gen Source in the form of yeast extract and monosodium 
glutamate at 2.0 and 8.0 g L' respectively; and carbon in the 
form of glucose up to 130 g L'. Also disclosed are processes 
for growing a oil producing microbe comprising, culturing 
the oil producing microbe under conditions, wherein the con 
ditions comprise a medium comprising Sodium chloride in 
the form of artificial sea salt (trophic marine) between 2.0 and 
15.0 g L'; a nitrogen source in the form of yeast extract and 
monosodium glutamate at 2.0 and 8.0 g L' respectively; and 
carbon in the form of glucose up to 130 g L' further com 
prising one or more fatty acid production antagonists. 
0220. The disclosed processes can, for example, grow 
ONC-T18, whereby at least 24% weight is DHA, at least 6% 
by weight is DPA and at least 1% is EPA of total fatty acid. 
0221) The disclosed processes for growth can also, for 
example, grow ONC-T18 such that at least 1% by weight is 
carotenoid material, with from 1 to 2% and at least 1.2% of 
that being astaxanthin, with from 0.25 and 1% and at least 
0.45% being zeaxanthin, with from 5 to 16% and at least 9% 
being canthaxanthin, with from 1 to 2% and at least 1.2% of 
that being echinenone and from 12 to 16% and at least 14% by 
weight being beta-carotene. 

3. Nucleic Acids 

0222. There are a variety of molecules disclosed herein 
that are nucleic acid based, including for example the nucleic 
acids that encode, for example, rRNA, as well as any other 
proteins disclosed herein, as well as various functional 
nucleic acids. The disclosed nucleic acids are made up of for 
example, nucleotides, nucleotide analogs, or nucleotide Sub 
stitutes. Non-limiting examples of these and other molecules 
are discussed herein. It is understood that for example, when 
a vector is expressed in a cell, that the expressed mRNA will 
typically be made up of A, C, G, and U/T. Likewise, it is 
understood that if, for example, an antisense molecule is 
introduced into a cell or cell environment through for 
example exogenous delivery, it is advantageous that the anti 
sense molecule be made up of nucleotide analogs that reduce 
the degradation of the antisense molecule in the cellular envi 
rOnment. 

0223 a) Nucleotides and Related Molecules 
0224. A nucleotide is a molecule that contains a base moi 
ety, a Sugar moiety and a phosphate moiety. Nucleotides can 
be linked together through their phosphate moieties and Sugar 
moieties creating an internucleoside linkage. The base moiety 
of a nucleotide can be adenin-9-yl (A), cytosin-1-yl (C), 
guanin-9-yl (G), uracil-1-yl (U), and thymin-1-yl (T). The 
Sugar moiety of a nucleotide is a ribose or a deoxyribose. The 
phosphate moiety of a nucleotide is pentavalent phosphate. 
An non-limiting example of a nucleotide would be 3'-AMP 
(3'-adenosine monophosphate) or 5'-GMP (5'-guanosine 
monophosphate). 
0225. A nucleotide analog is a nucleotide which contains 
Some type of modification to either the base, Sugar, or phos 
phate moieties. Modifications to nucleotides are well known 
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in the art and would include for example, 5-methylcytosine 
(5-me-C), 5-hydroxymethyl cytosine, Xanthine, hypoxan 
thine, and 2-aminoadenine as well as modifications at the 
Sugar or phosphate moieties. 
0226 Nucleotide substitutes are molecules having similar 
functional properties to nucleotides, but which do not contain 
a phosphate moiety, such as peptide nucleic acid (PNA). 
Nucleotide substitutes are molecules that will recognize 
nucleic acids in a Watson-Crick or Hoogsteen manner, but 
which are linked together through a moiety other than a 
phosphate moiety. Nucleotide substitutes are able to conform 
to a double helix type structure when interacting with the 
appropriate target nucleic acid. 
0227. It is also possible to link other types of molecules 
(conjugates) to nucleotides or nucleotide analogs to enhance 
for example, cellular uptake. Conjugates can be chemically 
linked to the nucleotide or nucleotide analogs. Such conju 
gates include but are not limited to lipid moieties such as a 
cholesterol moiety. (Letsinger et al., Proc. Natl. Acad. Sci. 
USA, 86:6553-6556, 1989), 
0228. A Watson-Crick interaction is at least one interac 
tion with the Watson-Crick face of a nucleotide, nucleotide 
analog, or nucleotide substitute. The Watson-Crick face of a 
nucleotide, nucleotide analog, or nucleotide Substitute 
includes the C2, Ni, and C6 positions of a purine based 
nucleotide, nucleotide analog, or nucleotide Substitute and 
the C2, N3, C4 positions of a pyrimidine based nucleotide, 
nucleotide analog, or nucleotide Substitute. 
0229. A Hoogsteen interaction is the interaction that takes 
place on the Hoogsteen face of a nucleotide or nucleotide 
analog, which is exposed in the major groove of duplex DNA. 
The Hoogsteen face includes the N7 position and reactive 
groups (NH2 or O) at the C6 position of purine nucleotides. 
0230 b) Sequences 
0231. There are a variety of sequences related to, for 
example, SEQID NO:1, as well as any other nucleic acids and 
proteins disclosed herein that can be disclosed on Genbank, 
and these sequences and others are herein incorporated by 
reference in their entireties as well as for individual subse 
quences contained therein. 
0232 A variety of sequences are provided herein and these 
and others can be found in Genbank, at www.pubmed.gov. 
Those of skill in the art understand how to resolve sequence 
discrepancies and differences and to adjust the compositions 
and methods relating to a particular sequence to other related 
sequences. Primers and/or probes can be designed for any 
sequence given the information disclosed herein and known 
in the art. 

0233 c) Primers and Probes 
0234 Disclosed are compositions including primers and 
probes, which are capable of interacting with the genes dis 
closed herein. In certain embodiments the primers are used to 
support DNA amplification reactions. Typically the primers 
will be capable of being extended in a sequence specific 
manner. Extension of a primer in a sequence specific manner 
includes any methods wherein the sequence and/or composi 
tion of the nucleic acid molecule to which the primer is 
hybridized or otherwise associated directs or influences the 
composition or sequence of the product produced by the 
extension of the primer. Extension of the primer in a sequence 
specific manner therefore includes, but is not limited to, PCR, 
DNA sequencing, DNA extension, DNA polymerization, 
RNA transcription, or reverse transcription. Techniques and 
conditions that amplify the primer in a sequence specific 
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manner are preferred. In certain aspects the primers may be 
used as species or genus specific probes for the Thraus 
tochytrium mentioned here. In this instance, primers would be 
designed to be specific to the eukaryotic microorganism, with 
PCR reactions subsequently carried out. Presence of target 
species would then be determined by successful PCR product 
formation. In certain aspects the primers can also be used for 
DNA amplification reactions, such as PCR or direct sequenc 
ing. It is understood that in certain aspects the primers can 
also be extended using non-enzymatic techniques, where for 
example, the nucleotides or oligonucleotides used to extend 
the primer are modified such that they will chemically react to 
extend the primerina sequence specific manner. Typically the 
disclosed primers hybridize with the nucleic acid or region of 
the nucleic acid or they hybridize with the complement of the 
nucleic acid or complement of a region of the nucleic acid. 
0235 d) Nucleic Acid Delivery 
0236. In the methods described above which include the 
administration and uptake of exogenous DNA into the cells of 
a Subject (i.e., gene transduction or transfection), the dis 
closed nucleic acids can be in the form of naked DNA or 
RNA, or the nucleic acids can be in a vector for delivering the 
nucleic acids to the cells, whereby the antibody-encoding 
DNA fragment is under the transcriptional regulation of a 
promoter, as would be well understood by one of ordinary 
skill in the art. The vector can be a commercially available 
preparation, such as an adenovirus vector (Quantum Biotech 
nologies, Inc. (Laval, Quebec, Canada). Delivery of the 
nucleic acid or vector to cells can be via a variety of mecha 
nisms. As one example, delivery can be via a liposome, using 
commercially available liposome preparations such as LIPO 
FECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc., Gaithers 
burg, Md.), SUPERFECT (Qiagen, Inc. Hilden, Germany) 
and TRANSFECTAM (Promega Biotec, Inc., Madison, 
Wis.), as well as other liposomes developed according to 
procedures standard in the art. In addition, the disclosed 
nucleic acid or vector can be delivered in vivo by electropo 
ration, the technology for which is available from Genetron 
ics, Inc. (San Diego, Calif.) as well as by means of a 
SONOPORATION machine (ImaRX Pharmaceutical Corp., 
Tucson, Ariz.). 
0237 As one example, vector delivery can be via a viral 
system, Such as a retroviral vector system which can package 
a recombinant retroviral genome (see e.g., Pastan et al., Proc. 
Natl. Acad. Sci. U.S.A. 85:4486, 1988: Miller et al., Mol. Cell. 
Biol. 6:2895, 1986). The recombinant retrovirus can then be 
used to infect and thereby deliver to the infected cells nucleic 
acid encoding abroadly neutralizing antibody (or active frag 
ment thereof). The exact method of introducing the altered 
nucleic acid into mammalian cells is, of course, not limited to 
the use of retroviral vectors. Other techniques are widely 
available for this procedure including the use of adenoviral 
vectors (Mitani et al., Hum. Gene Ther. 5:941-948, 1994), 
adeno-associated viral (AAV) vectors (Goodman et al., Blood 
84:1492-1500, 1994), lentiviral vectors (Naidini et al., Sci 
ence 272:263-267, 1996), pseudotyped retroviral vectors 
(Agrawal et al., Exper. Hematol. 24:738-747, 1996). Physical 
transduction techniques can also be used, such as liposome 
delivery and receptor-mediated and other endocytosis mecha 
nisms (see, for example, Schwartzenberger et al., Blood 
87:472-478, 1996). This disclosed compositions and methods 
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can be used in conjunction with any of these or other com 
monly used gene transfer methods. 

4. Expression Systems 

0238. The nucleic acids that are delivered to cells typically 
contain expression controlling systems. For example, the 
inserted genes in viral and retroviral systems usually contain 
promoters, and/or enhancers to help control the expression of 
the desired gene product. A promoter is generally a sequence 
or sequences of DNA that function when in a relatively fixed 
location in regard to the transcription start site. A promoter 
contains core elements required for basic interaction of RNA 
polymerase and transcription factors, and may contain 
upstream elements and response elements. 
0239. It is understood that there are a variety of transcrip 
tion control systems that can be used in the organisms dis 
closed herein, in addition to the general systems discussed 
below. It is understood that the organisms disclosed herein 
can be transfected and transformed with a variety of genes, 
Such as marker genes, as discussed herein, or genes which 
have other desirable attributes. Such as enhanced or unique 
growth characteristics. 
0240 a) Viral Promoters and Enhancers 
0241 Preferred promoters controlling transcription from 
vectors in mammalian host cells may be obtained from Vari 
ous sources, for example, the genomes of viruses Such as: 
polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses, 
hepatitis-B virus and most preferably cytomegalovirus, or 
from heterologous mammalian promoters, e.g. beta actin pro 
moter. The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment which 
also contains the SV40 viral origin of replication (Fiers et al., 
Nature, 273:113, 1978). The immediate early promoter of the 
human cytomegalovirus is conveniently obtained as a HindIII 
E restriction fragment (Greenway, P. J. et al., Gene 18:355 
360, 1982). Of course, promoters from the host cell or related 
species also are useful herein. 
0242 Enhancer generally refers to a sequence of DNA that 
functions at no fixed distance from the transcription start site 
and can be either 5' (Laimins, L. et al., Proc. Natl. Acad. Sci. 
78:993, 1981) or 3 (Lusky, M. L., et al., Mol. Cell. Bio. 
3:1108, 1983) to the transcription unit. Furthermore, enhanc 
ers can be within an intron (Banerji, J. L. et al., Cell 33:729, 
1983) as well as within the coding sequence itself (Osborne, 
T. F., et al., Mol. Cell. Bio. 4:1293, 1984). They are usually 
between 10 and 300 by in length, and they function in cis. 
Enhancers function to increase transcription from nearby pro 
moters. Enhancers also often contain response elements that 
mediate the regulation of transcription. Promoters can also 
contain response elements that mediate the regulation of tran 
Scription. Enhancers often determine the regulation of 
expression of a gene. While many enhancer sequences are 
now known from mammalian genes (globin, elastase, albu 
min, alpha-fetoprotein and insulin), typically one will use an 
enhancer from a eukaryotic cell virus for general expression. 
Preferred examples are the SV40 enhancer on the late side of 
the replication origin (100-270 bp), the cytomegalovirus 
early promoter enhancer, the polyoma enhancer on the late 
side of the replication origin, and adenovirus enhancers. 
0243 The promotor and/or enhancer may be specifically 
activated either by light or specific chemical events which 
trigger their function. Systems can be regulated by reagents 
Such as tetracycline and dexamethasone. There are also ways 
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to enhance viral vector gene expression by exposure to irra 
diation, such as gamma irradiation, or alkylating chemo 
therapy drugs. 
0244. In certain embodiments the promoter and/or 
enhancer region can act as a constitutive promoter and/or 
enhancer to maximize expression of the region of the tran 
Scription unit to be transcribed. In certain constructs the pro 
moter and/or enhancer region be active in all eukaryotic cell 
types, even if it is only expressed in a particular type of cell at 
a particular time. A preferred promoter of this type is the 
CMV promoter (650 bp). Other preferred promoters are 
SV40 promoters, cytomegalovirus (full length promoter), 
and retroviral vector LTF. 
0245. It has been shown that all specific regulatory ele 
ments can be cloned and used to construct expression vectors 
that are selectively expressed in specific cell types such as 
melanoma cells. The glial fibrillary acetic protein (GFAP) 
promoter has been used to selectively express genes in cells of 
glial origin. 
0246 Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal, human or nucleated cells) 
may also contain sequences necessary for the termination of 
transcription which may affect mRNA expression. These 
regions are transcribed as polyadenylated segments in the 
untranslated portion of the mRNA encoding tissue factor 
protein. The 3' untranslated regions also include transcription 
termination sites. It is preferred that the transcription unit also 
contain a polyadenylation region. One benefit of this region is 
that it increases the likelihood that the transcribed unit will be 
processed and transported like mRNA. The identification and 
use of polyadenylation signals in expression constructs is 
well established. It is preferred that homologous polyadeny 
lation signals be used in the transgene constructs. In certain 
transcription units, the polyadenylation region is derived 
from the SV40 early polyadenylation signal and consists of 
about 400 bases. It is also preferred that the transcribed units 
contain other standard sequences alone or in combination 
with the above sequences improve expression from, or stabil 
ity of the construct. 
0247 b) Markers 
0248. The viral vectors can include nucleic acid sequence 
encoding a marker product. This marker product is used to 
determine if the gene has been delivered to the cell and once 
delivered is being expressed. Preferred marker genes are the 
E. colilac Z gene, which encodes B-galactosidase, and green 
fluorescent protein. 
0249. In some embodiments the marker may be a select 
able marker. Examples of suitable selectable markers for 
mammalian cells are dihydrofolate reductase (DHFR), thy 
midine kinase, neomycin, neomycin analog G418, hydromy 
cin, and puromycin. When Such selectable markers are suc 
cessfully transferred into a mammalian host cell, the 
transformed mammalian host cell can Survive if placed under 
selective pressure. There are two widely used distinct catego 
ries of selective regimes. The first category is based on a cell's 
metabolism and the use of a mutant cell line which lacks the 
ability to grow independent of a Supplemented media. Two 
examples are: CHODHFR-cells and mouse LTK-cells. These 
cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthine. Because these cells 
lack certain genes necessary for a complete nucleotide Syn 
thesis pathway, they cannot survive unless the missing nucle 
otides are provided in a Supplemented media. An alternative 
to supplementing the media is to introduce an intact DHFR or 
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TK gene into cells lacking the respective genes, thus altering 
their growth requirements. Individual cells which were not 
transformed with the DHFR or TK gene will not be capable of 
Survival in non-Supplemented media. 
0250. The second category is dominant selection which 
refers to a selection scheme used in any cell type and does not 
require the use of a mutant cell line. These schemes typically 
use a drug to arrest growth of a host cell. Those cells which 
have a novel gene would express a protein conveying drug 
resistance and would survive the selection. Examples of Such 
dominant selection use the drugs neomycin, (Southern P. and 
Berg, P. J. Molec. Appl. Genet. 1:327, 1982), mycophenolic 
acid, (Mulligan, R. C. and Berg, P. Science 209: 1422, 1980) 
or hygromycin, (Sugden, B. et al., Mol. Cell. Biol. 5:410-413, 
1985). The three examples employ bacterial genes under 
eukaryotic control to convey resistance to the appropriate 
drug G418 or neomycin (geneticin), Xgpt (mycophenolic 
acid) or hygromycin, respectively. Others include the neomy 
cin analog G418 and puramycin. 

5. Peptides 

0251 a) Protein Variants 
0252. As discussed herein there are numerous variants of 
the disclosed organism proteins that are known and herein 
contemplated. In addition, to the known functional Thraus 
tochytriales strain there are derivatives of the Thraustochytri 
ales proteins which also function in the disclosed methods 
and compositions. Protein variants and derivatives are well 
understood to those of skill in the art and in can involve amino 
acid sequence modifications. For example, amino acid 
sequence modifications typically fall into one or more of three 
classes: Substitutional, insertional or deletional variants. 
Insertions include amino and/or carboxyl terminal fusions as 
well as intrasequence insertions of single or multiple amino 
acid residues. Insertions ordinarily will be smaller insertions 
than those of amino or carboxyl terminal fusions, for 
example, on the order of one to four residues. Immunogenic 
fusion protein derivatives, such as those described in the 
examples, are made by fusing a polypeptide Sufficiently large 
to confer immunogenicity to the target sequence by cross 
linking in vitro or by recombinant cell culture transformed 
with DNA encoding the fusion. Deletions are characterized 
by the removal of one or more amino acid residues from the 
protein sequence. Typically, no more than about from 2 to 6 
residues are deleted at any one site within the protein mol 
ecule. These variants ordinarily are prepared by site specific 
mutagenesis of nucleotides in the DNA encoding the protein, 
thereby producing DNA encoding the variant, and thereafter 
expressing the DNA in recombinant cell culture. Techniques 
for making Substitution mutations at predetermined sites in 
DNA having a known sequence are well known, for example 
M13 primer mutagenesis and PCR mutagenesis. Amino acid 
Substitutions are typically of single residues, but can occurat 
a number of different locations at once; insertions usually will 
be on the order of about from 1 to 10amino acid residues; and 
deletions will range about from 1 to 30 residues. Deletions or 
insertions preferably are made in adjacent pairs, i.e. a deletion 
of 2 residues or insertion of 2 residues. Substitutions, dele 
tions, insertions or any combination thereofmay be combined 
to arrive at a final construct. The mutations must not place the 
sequence out of reading frame and preferably will not create 
complementary regions that could produce secondary mRNA 
structure. Substitutional variants are those in which at least 
one residue has been removed and a different residue inserted 
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in its place. Such substitutions generally are made in accor 
dance with the following Tables 1 and 2 and are referred to as 
conservative Substitutions. 
0253) Substantial changes in function or immunological 
identity are made by selecting Substitutions that are less con 
servative than those in Table 2, i.e., selecting residues that 
differ more significantly in their effect on maintaining (a) the 
structure of the polypeptide backbone in the area of the sub 
stitution, for example as a sheet or helical conformation, (b) 
the charge or hydrophobicity of the molecule at the target site 
or (c) the bulk of the side chain. The substitutions which in 
general are expected to produce the greatest changes in the 
protein properties will be those in which (a) a hydrophilic 
residue, e.g. seryl or threonyl, is Substituted for (or by) a 
hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl. 
valyl or alanyl; (b) a cysteine or proline is substituted for (or 
by) any other residue; (c) a residue having an electropositive 
side chain, e.g., lysyl, arginyl, or histidyl, is Substituted for (or 
by) an electronegative residue, e.g., glutamyl or aspartyl; or 
(d) a residuehaving a bulky side chain, e.g., phenylalanine, is 
Substituted for (or by) one not having a side chain, e.g., 
glycine, in this case, (e) by increasing the number of sites for 
Sulfation and/or glycosylation. 

TABLE 1 

Amino Acid Abbreviations 

Amino Acid Abbreviations 

Alanine Ala A. 
Arginine Arg R 
Asparagine ASn N 
Aspartic acid Asp D 
Cysteine Cys C 
Glutamine Gln Q 
Glutamic acid Glu E 
Glycine Gly G 
Histidine His H 
Isoleucine Ile I 
Leucine Leu L 
Lysine Lys K 
Methionine Met M 
Phenylalanine Phe F 
Proline Pro P 
Serine Ser S 
Threonine Thr T 
Tryptophan Trp W 
Tyrosine Tyr Y 
Valine Wall V 

TABLE 2 

Amino Acid Substitutions 

Original Residue Exemplary Conservative Substitutions* 

Ala Ser 
Arg Lys; Glin 
ASn Gln: His 
Asp Glu 
Cys Ser 
Gln ASn; Lys 
Glu Asp 
Gly Pro 
His ASn; Glin 
Ile Leu; Val 
Leu Ile: Val 
Lys Arg: Gln 
Met Leu: Ile 
Phe Met; Leu: Tyr 
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TABLE 2-continued 

Amino Acid Substitutions 

Original Residue Exemplary Conservative Substitutions* 

Pro Gly 
Ser Thr 
Thr Ser 
Trp Tyr 
Tyr Trp; Phe 
Wall Ile: Leu 

Others are known in the art 

0254 For example, the replacement of one amino acid 
residue with another that is biologically and/or chemically 
similar is known to those skilled in the art as a conservative 
substitution. For example, a conservative substitution would 
be replacing one hydrophobic residue for another, or one 
polar residue for another. The substitutions include combina 
tions such as, for example, Gly, Ala; Val, Ile, Leu, Asp, Glu; 
ASn, Gln: Ser. Thr; Lys, Arg; and Phe, Tyr. Such conserva 
tively substituted variations of each explicitly disclosed 
sequence are included within the mosaic polypeptides pro 
vided herein. 
0255 Substitutional or deletional mutagenesis can be 
employed to insert sites for N-glycosylation (Asn-X-Thr/Ser) 
or O-glycosylation (Seror Thr). Deletions of cysteine or other 
labile residues also may be desirable. Deletions or substitu 
tions of potential proteolysis sites, e.g. Arg, is accomplished 
for example by deleting one of the basic residues or substi 
tuting one by glutaminyl or histidyl residues. 
0256 Certain post-translational derivatizations are the 
result of the action of recombinant host cells on the expressed 
polypeptide. Glutaminyl and asparaginyl residues are fre 
quently post-translationally deamidated to the corresponding 
glutamyl and asparyl residues. Alternatively, these residues 
are deamidated under mildly acidic conditions. Other post 
translational modifications include hydroxylation of proline 
and lysine, phosphorylation of hydroxyl groups of Seryl or 
threonyl residues, methylation of the o-amino groups of 
lysine, arginine, and histidine side chains (T. E. Creighton, 
Proteins: Structure and Molecular Properties, W. H. Freeman 
& Co., San Francisco pp 79-86, 1983), acetylation of the 
N-terminal amine and, in some instances, amidation of the 
C-terminal carboxyl. 
0257. It is understood that one way to define the variants 
and derivatives of the disclosed proteins herein is through 
defining the variants and derivatives in terms of homology/ 
identity to specific known sequences. Specifically disclosed 
are variants of proteins herein disclosed which have at least, 
60%, 70% or 75% or 80% or 85% or 90% or 95% homology 
to the stated sequence. Those of skill in the art readily under 
stand how to determine the homology of two proteins. For 
example, the homology can be calculated after aligning the 
two sequences so that the homology is at its highest level. 
0258 Another way of calculating homology can be per 
formed by published algorithms. Optimal alignment of 
sequences for comparison may be conducted by the local 
homology algorithm of Smith and Waterman Adv. Appl. 
Math. 2: 482, 1981, by the homology alignment algorithm of 
Needleman and Wunsch, J. Mol. Biol. 48: 443, 1970, by the 
search for similarity method of Pearson and Lipman, Proc. 
Natl. Acad. Sci. USA 85: 2444, 1988, by computerized imple 
mentations of these algorithms (GAP, BESTFIT. FASTA, and 
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TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group, 575 Science Dr. Madison, Wis.), 
or by inspection. 
0259. The same types of homology can be obtained for 
nucleic acids by for example the algorithms disclosed in 
Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. 
Acad. Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods 
Enzymol. 183:281-306, 1989 which are herein incorporated 
by reference for at least material related to nucleic acid align 
ment. 

0260. It is understood that the description of conservative 
mutations and homology can be combined together in any 
combination, such as embodiments that have at least 70% 
homology to a particular sequence wherein the variants are 
conservative mutations. 
0261 AS this specification discusses various proteins and 
protein sequences it is understood that the nucleic acids that 
can encode those protein sequences are also disclosed. This 
would include all degenerate sequences related to a specific 
protein sequence, i.e. all nucleic acids having a sequence that 
encodes one particular protein sequence as well as all nucleic 
acids, including degenerate nucleic acids, encoding the dis 
closed variants and derivatives of the protein sequences. 
Thus, while each particular nucleic acid sequence may not be 
written out herein, it is understood that each and every 
sequence is in fact disclosed and described hereinthrough the 
disclosed protein sequence. It is also understood that while no 
amino acid sequence indicates what particular DNA 
sequence encodes that protein within an organism, where 
particular variants of a disclosed protein are disclosed herein, 
the known nucleic acid sequence that encodes that protein in 
the particular strain from which that protein arises is also 
known and herein disclosed and described. 

0262. It is understood that there are numerous amino acid 
and peptide analogs which can be incorporated into the dis 
closed compositions. For example, there are numerous D 
amino acids or amino acids which have a different functional 
substituent then the amino acids shown in Table 1 and Table 2. 
The opposite stereo isomers of naturally occurring peptides 
are disclosed, as well as the stereo isomers of peptide analogs. 
These amino acids can readily be incorporated into polypep 
tide chains by charging tRNA molecules with the amino acid 
of choice and engineering genetic constructs that utilize, for 
example, amber codons, to insert the analog amino acid into 
a peptide chain in a site specific way (Thorson et al., Methods 
in Mol. Biol. 77:43-73, 1991, Zoller, Curr. Opin. Biotech., 
3:348-354, 1992; Ibba, Biotechnol. Genet. Eng. 13:197-216, 
1995, Cahill et al., Trends Biochem. Sci., 14:400-403, 1989; 
Benner, Trends. Biotechnol., 12:158-163, 1994) all of which 
are herein incorporated by reference at least for material 
related to amino acid analogs). 
0263 Molecules can be produced that resemble peptides, 
but which are not connected via a natural peptide linkage. For 
example, linkages for amino acids or amino acid analogs can 
include CH-NH , —CHS , —CH2—CH2—CH=CH 
(cis and trans), —COCH CH(OH)CH , and 
—CHHSO— (These and others can be found in Spatola, A. 
F. in Chemistry and Biochemistry of Amino Acids, Peptides, 
and Proteins, B. Weinstein, eds., Marcel Dekker, New York, p. 
267, 1983: Spatola, A. F., Vega Data (March 1983), Vol. 1, 
Issue 3, Peptide Backbone Modifications (general review); 
Morley, Trends Pharm. Sci. 463-468, 1980; Hudson, D. et al., 
Int. J. Pept. Prot. Res. 14:177-185, 1979 ( CH-NH , 
CHCH ); Spatola et al. Life Sci. 38:1243-1249, 1986 
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(-CHH-S); Hann J. Chem. Soc. Perkin Trans. 1307-314, 
1982 (—CH-CH cis and trans); Almquist et al. J. Med. 
Chem. 23:1392-1398, 1980 (-COCH ); Jennings-White 
et al. Tetrahedron Lett., 23:2533, 1982 (-COCH ); Szelke 
etal. European Applin., EP45665 CA: 97:39405, 1982 (-CH 
(OH)CH ); Holladay et al. Tetrahedron Lett. 24:4401 
4404, 1983 ( C(OH)CH ); and Hruby Life Sci. 31.189 
199, 1982 (—CH2—S ); each of which is incorporated 
herein by reference. A particularly preferred non-peptide 
linkage is —CH2NH-. It is understood that peptide analogs 
can have more than one atom between the bond atoms, such as 
b-alanine, g-aminobutyric acid, and the like. 
0264 Amino acid analogs and analogs and peptide ana 
logs often have enhanced or desirable properties, such as, 
more economical production, greater chemical stability, 
enhanced pharmacological properties (half-life, absorption, 
potency, efficacy, etc.), altered specificity (e.g., a broad-spec 
trum of biological activities), reduced antigenicity, and oth 
CS. 

0265 D-amino acids can be used to generate more stable 
peptides, because Damino acids are not recognized by pep 
tidases and such. Systematic Substitution of one or more 
amino acids of a consensus sequence with a D-amino acid of 
the same type (e.g., D-lysine in place of L-lysine) can be used 
to generate more stable peptides. Cysteine residues can be 
used to cyclize or attach two or more peptides together. This 
can be beneficial to constrain peptides into particular confor 
mations. (Rizo and Gierasch Ann. Rev. Biochem. 61:387, 
1992, incorporated herein by reference). 

6. Supplements 

0266. Also disclosed herein are nutritional supplements. A 
nutritional Supplement is any compound or composition that 
can be administered to or taken by a subject to provide, 
Supply, or increase a nutrient(s) (e.g., vitamin, mineral, essen 
tial trace element, amino acid, peptide, nucleic acid, oligo 
nucleotide, lipid, cholesterol, Steroid, carbohydrate, and the 
like). In one aspect, disclosed herein are nutritional Supple 
ments comprising any of the compounds disclosed herein. 
For example, a nutritional Supplement can comprise any of 
the lipids disclosed herein. The fatty acid residues of these 
lipids can be any fatty acid as disclosed herein (e.g., unsatur 
ated or saturated fatty acid residues). 
0267. The nutritional supplement can comprise any 
amount of the compounds disclosed herein, but will typically 
contain an amount determined to Supply a Subject with a 
desired dose of a benzenediol derivative (e.g., CoQ) and/or 
fatty acids. The exact amount of compound required in the 
nutritional Supplement will vary from Subject to Subject, 
depending on the species, age, weight and general condition 
of the subject, the severity of the dietary deficiency being 
treated, the particular mode of administration, and the like. 
Thus, it is not possible to specify an exact amount for every 
nutritional Supplement. However, an appropriate amount can 
be determined by one of ordinary skill in the art using only 
routine experimentation given the teachings herein. In one 
specific example, a nutritional Supplement can comprise from 
about 0.05 to about 20%, from about 1 to about 7.5%, or from 
about 3 to about 5% by weight of the compound. In another 
example, the nutritional Supplement can comprise from about 
0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 
0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 1.0, 1.5, 2.0, 2.5, 
3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 
10, 10.5, 11.0, 11.5, 12.0, 12.5, 13.0, 13.5, 14.0, 14.5, 15.0, 
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15.5, 16.0, 16.5, 17.0, 17.5, 18.0, 18.5, 19.0, 19.5, or 20.0% 
by weight of the compound, where any of the stated values 
can form an upper or lower endpoint when appropriate. In 
another aspect, when the nutritional Supplement, the Supple 
ment can be composed of up to 100% of the supplement. 
0268. The nutritional supplement can also comprise other 
nutrient(s) such as vitamins trace elements, minerals, and the 
like. Further, the nutritional Supplement can comprise other 
components such as preservatives, antimicrobials, anti-oxi 
dants, chelating agents, thickeners, flavorings, diluents, 
emulsifiers, dispersing aids, and/or binders. 
0269. The nutritional supplements are generally taken 
orally and can be in any form suitable for oral administration. 
For example, a nutritional Supplement can typically be in a 
tablet, gel-cap, capsule, liquid, Sachets, or syrup form. 

7. Delivery Devices 
0270. Any of the compounds described herein can be 
incorporated into a delivery device. Examples of delivery 
devices include, but are not limited to, microcapsules, micro 
spheres, nanospheres or nanoparticles, liposomes, noisome, 
nanoerythroSome, Solid-liquid nanoparticles, gels, gel cap 
Sules, tablets, lotions, creams, sprays, or emulsions. Other 
examples of delivery devices that are suitable for non-oral 
administration include pulmospheres. Examples of particular 
delivery devices useful herein are described below. 
0271 The disclosed compounds can be incorporated into 
liposomes. AS is known in the art, liposomes are generally 
derived from phospholipids or other lipid substances. Lipo 
Somes are formed by mono- or multi-lamellarhydrated liquid 
crystals that are dispersed in an aqueous medium. Any non 
toxic, physiologically acceptable and metabolizable lipid 
capable of forming liposomes can be used. The disclosed 
compositions in liposome form can contain, in addition to a 
compound disclosed herein, stabilizers, preservatives, excipi 
ents, and the like. Examples of suitable lipids are the phos 
pholipids and the phosphatidylcholines (lecithins), both natu 
ral and synthetic. Methods of forming liposomes are known 
in the art. See, e.g., Prescott, Ed., Methods in Cell Biology, 
Volume XIV, Academic Press, New York, p. 33 et seq., 1976, 
which is hereby incorporated by reference herein for its teach 
ings of liposomes and their preparation. 
0272. In other examples, the liposomes can be cationic 
liposomes (e.g., DOTMA, DOPE, DC cholesterol) or anionic 
liposomes. Liposomes can further comprise proteins to facili 
tate targeting a particular cell, if desired. Administration of a 
composition comprising a compound and a cationic liposome 
can be administered to the blood afferent to a target organ or 
inhaled into the respiratory tract to target cells of the respira 
tory tract. Regarding liposomes, see e.g., Brigham, et al., Am 
J Resp Cell Mol Biol. 1:95-100, 1989; Feigner, et al., Proc Natl 
AcadSci USA 84:7413-7, 1987; and U.S. Pat. No. 4,897,355, 
which are incorporated by reference hereinfortheir teachings 
of liposomes. As one example, delivery can be via a liposome 
using commercially available liposome preparations such as 
LIPOFECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc., 
Gaithersburg, Md.), SUPERFECT (Qiagen, Inc. Hilden, Ger 
many) and TRANSFECTAM (Promega Biotec, Inc., Madi 
son, Wis.), as well as other liposomes developed according to 
procedures standard in the art. Liposomes where the diffusion 
of the compound or delivery of the compound from the lipo 
Some is designed for a specific rate or dosage can also be used. 
0273. As described herein, noisomes are delivery devices 
that can be used to deliver the compositions disclosed herein. 
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Noisomes are multilamellar or unilamellar vesicles involving 
non-ionic Surfactants. An aqueous solution of Solute is 
enclosed by a bilayer resulting from the organization of Sur 
factant macromolecules. Similar to liposomes, noisomes are 
used in targeted delivery of for example, anticancer drugs, 
including methotrexate, doxorubicin, and immunoadjuvants. 
They are generally understood to be different from transfer 
oSomes, vesicles prepared from amphiphilic carbohydrate 
and amino group containing polymers, e.g., chitosan. 
0274 As described herein, nanoerythrosomes are delivery 
devices that can be used to deliver the compositions disclosed 
herein. NanoerythroSomes are nano-vesicles made of red 
blood cells via dialysis through filters of defined pore size. 
These vesicles can be loaded with a diverse array of biologi 
cally active molecules, including proteins and the composi 
tions disclosed herein. They generally serve as ideal carriers 
for antineoplastic agents like bleomycin, actinomycin D, but 
can be used for steroids, other lipids, etc. 
0275 Artificial red blood cells, as described herein, are 
further delivery devices that can be used to deliver the com 
positions disclosed herein. Artificial red blood cells can be 
generated by interfacial polymerization and complex emul 
sion methods. Generally, the “cell wall is made of polyph 
taloyl L-lysine polymer/polystyrene and the core is made of a 
hemoglobin Solution from sheep hemolysate. Hemoglobin 
loaded microspheres typically have particle sizes of from 
about 1 to about 10 mm. Their size, flexibility, and oxygen 
carrying capacity is similar to red blood cells. 
0276 Solid-lipid nanoparticles, as described herein, are 
other delivery devices that can be used to deliver the compo 
sitions disclosed herein. Solid-lipid nanoparticles are nano 
particles, which are dispersed in an aqueous Surfactant Solu 
tion. They are comprised of a solid hydrophobic core having 
a monolayer of a phospholipid coating and are usually pre 
pared by high-pressure homogenization techniques. Immu 
nomodulating complexes (ISCOMS) are examples of solid 
lipid nanoparticles. They are cage-like 40 nm Supramolecular 
assemblies comprising of phospholipid, cholesterol, and 
hydrophobic antigens and are used mostly as immunoadju 
vants. For instance, ISCOMs are used to prolong blood 
plasma levels of Subcutaneously injected cyclosporine. 
0277 Microspheres and micro-capsules, as described 
herein, are yet other delivery devices that can be used to 
deliver the compositions disclosed herein. In contrast to lipo 
Somal delivery systems, microspheres and micro-capsules 
typically do not have an aqueous core but a solid polymer 
matrix or membrane. These delivery devices are obtained by 
controlled precipitation of polymers, chemical cross-linking 
of soluble polymers, and interfacial polymerization of two 
monomers or high-pressure homogenization techniques. The 
encapsulated compound is gradually released from the depot 
by erosion or diffusion from the particles. Successful formu 
lations of short acting peptides. Such as LHRH agonists like 
leuprorelin and triptoreline, have been developed. Poly(lac 
tide co-glycolide (PLGA) microspheres are currently used as 
monthly and three monthly dosage forms in the treatment of 
advanced prostrate cancer, endometriosis, and otherhormone 
responsive conditions. Leuprolide, an LHRH Superagonist, 
was incorporated into a variety of PLGA matrices using a 
solvent extraction/evaporation method. As noted, all of these 
delivery devices can be used in the methods disclosed herein. 
0278 Pulmospheres are still other examples of delivery 
devices that can be used herein. Pulmospheres are hollow 
porous particles with a low density (less than about 0.1 m 
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mL). Pulmospheres typically have excellent re-dispersibil 
ity and are usually prepared by Supercritical fluid condensa 
tion technology. Co-spray-drying with certain matrices. Such 
as carbohydrates, human serum albumin, etc., can improve 
the stability of proteins and peptides (e.g., insulin) and other 
biomolecules for pulmonary delivery. This type of delivery 
could be also accomplished with micro-emulsions and lipid 
emulsions, which are ultra fine, thin, transparent oil-in-water 
(ofw) emulsions formed spontaneously with no significant 
input of mechanical energy. In this technique, an emulsion 
can be prepared at a temperature, which must be higher than 
the phase inversion temperature of the system. At elevated 
temperature the emulsion is of water-in-oil (w/o) type and as 
it cools at the phase inversion temperature, this emulsion is 
inverted to become of w. Due to their very small inner phase, 
they are extremely stable and used for sustained release of 
steroids and vaccines. Lipid emulsions comprise a neutral 
lipid core (i.e., triglycerides) stabilized by a monolayer of 
amphiphilic lipid (i.e., phospholipid) using Surfactants like 
egg lecithin triglycerides and miglyol. They are Suitable for 
passive and active targeting. 
0279. There are other oral delivery systems under investi 
gation that are based on osmotic pressure modulation, pH 
modulation, Swelling modulation, altered density and float 
ing systems, mucoadhesiveness etc. These formulations and 
time-delayed formulations to deliver drugs in accordance 
with circadian rhythm of disease that are currently in use or 
investigation can be applied for delivery of the compositions 
disclosed herein. 
0280. In one particular aspect disclosed herein, the dis 
closed compounds, including nutritional Supplement and 
pharmaceutical formulations thereof, can be incorporated 
into microcapsules as described herein. 
0281. In one aspect disclosed herein, the disclosed com 
pounds can be incorporated into microcapsules. In one 
aspect, the microcapsule comprises an agglomeration of pri 
mary microcapsules and the chromium compounds described 
herein, each individual primary microcapsule having a pri 
mary shell, wherein the chromium compound is encapsulated 
by the primary shell, wherein the agglomeration is encapsu 
lated by an outer shell. These microcapsules are referred to 
herein as “multicore microcapsules.” 
0282. In another aspect, described herein are microcap 
Sules comprising a chromium compound, a primary shell, and 
a secondary shell, wherein the primary shell encapsulates the 
chromium compound, and the secondary shell encapsulates 
the loading Substance and primary shell. These microcapsules 
are referred to herein as 'single-core microcapsules. 
0283) Optionally, other loading substances can be encap 
Sulated with the chromium compound. The loading Substance 
can be any Substance that is not entirely soluble in the aqueous 
mixture. In one aspect, the loading Substance is a solid, a 
hydrophobic liquid, or a mixture of a solid and a hydrophobic 
liquid. In another aspect, the loading Substance comprises a 
grease, an oil, a lipid, a drug (e.g., Small molecule), a biologi 
cally active Substance, a nutritional Supplement (e.g., vita 
mins), a flavor compound, or a mixture thereof. Examples of 
oils include, but are not limited to, animal oils (e.g., fish oil, 
marine mammal oil, etc.), vegetable oils (e.g., canola or rape 
seed), mineral oils, derivatives thereof or mixtures thereof. 
The loading Substance can be a purified or partially purified 
oily Substance Such as a fatty acid, a triglyceride or ester 
thereof, or a mixture thereof. In another aspect, the loading 
Substance can be a carotenoid (e.g., lycopene), a satiety agent, 
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a flavor compound, a drug (e.g., a water insoluble drug), a 
particulate, an agricultural chemical (e.g., herbicides, insec 
ticides, fertilizers), or an aquaculture ingredient (e.g., feed, 
pigment). 
0284. In one aspect, the loading Substance can be an 
omega-3 fatty acid. Examples of omega-3 fatty acids include, 
but are not limited to, O-linolenic acid (18:3n3), octadecatet 
raenoic acid (18:4n3), eicosapentaenoic acid (20:5n3) (EPA), 
docosahexaenoic acid (22:6n3) (DHA), docosapentaenoic 
acid (22:5n3) (DPA), eicosatetraenoic acid (20:4n3), uncosa 
pentaenoic acid (21:5n3), docosapentaenoic acid (22:5n3) 
and derivatives thereof and mixtures thereof. Many types of 
derivatives of omega-3 fatty acids are well known in the art. 
Examples of suitable derivatives include, but are not limited 
to, esters, such as phytosterol esters, branched or unbranched 
C-C alkyl esters, branched or unbranched C-C alkenyl 
esters, or branched or unbranched C-C cycloalkyl esters 
Such as phytosterol esters and C-C alkyl esters. Sources of 
oils can be derived from aquatic organisms (e.g., anchovies, 
capelin, Atlantic cod, Atlantic herring, Atlantic mackerel, 
Atlantic menhaden, salmonids, Sardines, shark, tuna, etc) and 
plants (e.g., flax, Vegetables, etc) and microorganisms (e.g., 
fungi and algae). 
0285. In one aspect, the loading Substance can contain an 
antioxidant. Examples of antioxidants include, but are not 
limited to, Vitamin E. CoQ1 tocopherols, lipid soluble 
derivatives of more polar antioxidants such as ascorbyl fatty 
acid esters (e.g., ascorbyl palmitate), plant extracts (e.g., rose 
mary, Sage and oregano oils), algal extracts, and Synthetic 
antioxidants (e.g., BHT TBHQ, ethoxyquin, alkyl gallates, 
hydroquinones, tocotrienols). 
0286 A number of different polymers can be used to pro 
duce the shell layers of the single and multicore microcap 
Sules. Examples of such polymers include, but are not limited 
to, a protein, a polyphosphate, a polysaccharide, or a mixture 
thereof. In another aspect, the shell material used to prepare 
the single- and multicore microcapsules further comprises In 
another aspect, the shell material used to prepare the single 
and multicore microcapsules further comprises gelatin type 
A, gelatin type B, polyphosphate, gum arabic, alginate, chi 
tosan, carrageenan, pectin, starch, modified Starch, alfa-lac 
talbumin, beta-lactoglobumin, ovalbumin, polysorbiton, mal 
todextrins, cyclodextrins, cellulose, methyl cellulose, ethyl 
cellulose, hydropropylmethylcellulose, carboxymethylcellu 
lose, milk protein, whey protein, soy protein, canola protein, 
albumin, chitin, polylactides, poly-lactide-co-glycolides, 
derivatized chitin, chitosan, poly-lysine, various inorganic 
organic composites, or any mixture thereof. It is also contem 
plated that derivatives of these polymers can be used as well. 
In another aspect, the polymer can be kosher gelatin, non 
kosher gelatin, Halal gelatin, or non-Halal gelatin. 
0287. In one aspect, one or more of the shell layers in the 
single and multicore microcapsules comprises gelatin having 
a Bloom number less than 50. This gelatin is referred to herein 
as “low Bloom gelatin.” The Bloom number describes the gel 
strength formed at 10°C. with a 6.67% solution gelled for 18 
hours. In one aspect, the low Bloom gelatin has a Bloom 
numberless than 40, less than 30, less than 20, or less than 10. 
In another aspect, the gelatin has a Bloom number of 45, 40, 
35, 30, 25, 20, 15, 10,9,8,7,6, 5, 4, 3, 2, 1, or 0, where any 
two values can be used to produce a range. In another aspect, 
the low Bloom gelatin is in both the primary shell and the 
outer shell of the multicore microcapsule. In one aspect, the 
low Bloom gelatin is gelatin type A. In another aspect, the low 
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Bloom gelatin is gelatin type A produced by Kenney & Ross 
Ltd., R.R. #3 Shelburne, NS Canada. In another aspect, gela 
tin having a Bloom number of zero is in both the primary shell 
and the outer shell of the multicore microcapsule. 
0288. In one aspect, the material used to make the shells of 
the single- or multicore microcapsules is a two-component 
system made from a mixture of two different types of poly 
mers. In one aspect, the material is a complex coacervate 
between the polymer components. Complex coacervation is 
caused by the interaction between two oppositely charged 
polymers. In one aspect, the shell material used to produce the 
single and multicore microcapsules is composed of (1) low 
Bloom gelatin and (2) gelatin type B, polyphosphate, gum 
arabic, alginate, chitosan, carrageenan, pectin, carboxymeth 
ylcellulose, whey protein, soy protein, canola protein, albu 
min, or a mixture thereof. The molar ratio of the different 
polymers can vary. For example, the molar ratio of low Bloom 
gelatin to the other polymer component is from 1:5 to 15:1. 
For example, when low Bloom gelatin and polyphosphate are 
used, the molar ratio of low Bloom gelatin to polyphosphate 
is about 8:1 to about 12:1; when low Bloom gelatin and 
gelatin type B are used, the molar ratio is 2:1 to 1:2; and when 
low Bloom gelatin and alginate are used, the molar ratio is 3:1 
to 8:1. 

0289 Processing aids can be included in the shell material 
(e.g., primary or outer shells). Processing aids can be used for 
a variety of reasons. For example, they may be used to pro 
mote agglomeration of the primary microcapsules, stabilize 
the emulsion system, improve the properties of the outer 
shells, control microcapsule size and/or to act as an antioxi 
dant. In one aspect, the processing aid can be an emulsifier, a 
fatty acid, a lipid, a wax, a microbial cell (e.g., yeast cell 
lines), a clay, or an inorganic compound (e.g., calcium car 
bonate). Not wishing to be bound by theory, these processing 
aids can improve the barrier properties of the microcapsules. 
In one aspect, one or more antioxidants can be added to the 
shell material. Antioxidant properties are useful both during 
the process (e.g. during coacervation and/or spray drying)and 
in the microcapsules after they are formed (i.e. to extend 
shelf-life, etc). Preferably a small number of processing aids 
that perform a large number of functions can be used. In one 
aspect, the antioxidant can be a phenolic compound, a plant 
extract, or a Sulphur-containing amino acid. In one aspect, 
ascorbic acid (or a salt thereof Such as sodium or potassium 
ascorbate) can be used to promote agglomeration of the pri 
mary microcapsules, to control microcapsule size and to act 
as an antioxidant. The antioxidant can be used in an amount of 
about 100 ppm to about 12,000 ppm, or from about 1,000 ppm 
to about 5,000 ppm. Other processing aids such as, for 
example, metal chelators, can be used as well. For example, 
ethylene diamine tetraacetic acid can be used to bind metal 
ions, which can reduce the catalytic oxidation of the loading 
Substance. 
0290. In one aspect, the primary microcapsules (primary 
shells) have an average diameter of about 40 nm to about 10 
um, 0.1 um to about 10 um, 1 um to about 10 uM, 1 uM to 
about 8 um, 1 um to about 6 um, 1 um to about 4 um, or 1 um 
to about 2 um, or 1 um. In another aspect, the multicore 
microcapsules can have an average diameter of from about 1 
um to about 2000 um, 20um to about 1000 um, from about 20 
um to about 100 um, or from about 30 um to about 80 um. In 
another aspect, the single-core microcapsules have an outer 
diameter of from 1 uM to 2,000 uM. 
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0291. The microcapsules described herein generally have 
a combination of high payload and structural strength. For 
example, payloads of loading Substance can be from 20% to 
90%, 50% to 70% by weight, or 60% by weight of the single 
or multicore microcapsules. 
0292. In one aspect, the methods disclosed in U.S. Patent 
Application Publication No. 2003/0193102, which is incor 
porated by reference in its entirety, can be used to encapsulate 
the algal lipids described herein. It is also contemplated that 
one or more additional shell layers can be placed on the outer 
shell of the single or multicore microcapsules. In one aspect, 
the techniques described in International Publication No. WO 
2004/041251 A1, which is incorporated by reference in its 
entirety, can be used to add additional shell layers to the single 
and multicore microcapsules. 
0293 a) Pharmaceutical and Nutraceutical Compositions 
0294 These lipids and antioxidants are targeted for use in 
animal feeds, pharmaceuticals, nutraceuticals (especially 
infant formula) as well as in the industry. This is to also 
include nutraceutical forms of delivery such as gel capsules 
and the like, common microencapsulations, etc. 
0295. As described above, the compositions can also be 
administered in Vivo in a pharmaceutically acceptable carrier. 
By “pharmaceutically acceptable' is meant a material that is 
not biologically or otherwise undesirable, i.e., the material 
may be administered to a subject, along with the nucleic acid 
or vector, without causing any undesirable biological effects 
or interacting in a deleterious manner with any of the other 
components of the pharmaceutical composition in which it is 
contained. The carrier would naturally be selected to mini 
mize any degradation of the active ingredient and to minimize 
any adverse side effects in the subject, as would be well 
known to one of skill in the art. 
0296. The compositions may be administered orally, 
parenterally (e.g., intravenously), by intramuscular injection, 
by intraperitoneal injection, transdermally, extracorporeally, 
topically or the like, including topical intranasal administra 
tion or administration by inhalant. As used herein, “topical 
intranasal administration” means delivery of the composi 
tions into the nose and nasal passages through one or both of 
the nares and can comprise delivery by a spraying mechanism 
or droplet mechanism, or through aerosolization of the 
nucleic acid or vector. Administration of the compositions by 
inhalant can be through the nose or mouth via delivery by a 
spraying or droplet mechanism. Delivery can also be directly 
to any area of the respiratory system (e.g., lungs) via intuba 
tion. The exact amount of the compositions required will vary 
from Subject to subject, depending on the species, age, weight 
and general condition of the subject, the severity of the aller 
gic disorder being treated, the particular nucleic acidor vector 
used, its mode of administration and the like. Thus, it is not 
possible to specify an exact amount for every composition. 
However, an appropriate amount can be determined by one of 
ordinary skill in the art using only routine experimentation 
given the teachings herein. 
0297 Parental administration of the composition, if used, 

is generally characterized by injection. Injectables can be 
prepared in conventional forms, either as liquid solutions or 
Suspensions, Solid forms suitable for Solution of suspension in 
liquid prior to injection, or as emulsions. A more recently 
revised approach for parenteral administration involves use of 
a slow release or Sustained release system such that a constant 
dosage is maintained. See, e.g., U.S. Pat. No. 3,610,795, 
which is incorporated by reference herein. 
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0298. The materials may be in solution, suspension (for 
example, incorporated into microparticles, liposomes, or 
cells). These may be targeted to a particular cell type via 
antibodies, receptors, or receptor ligands. The following ref 
erences are examples of the use of this technology to target 
specific proteins to tumor tissue (Senter, et al., Bioconjugate 
Chem., 2:447-451, 1991; Bagshawe, K. D., Br. J. Cancer, 
60:275-281, 1989; Bagshawe, et al., Br. J. Cancer, 58.700 
703, 1988: Senter, et al., Bioconjugate Chem., 4:3-9, 1993: 
Battelli, et al., Cancer Immunol. Immunother, 35:421-425, 
1992: Pietersz and McKenzie, Immunolog. Reviews, 129:57 
80, 1992; and Roffler, et al., Biochem. Pharmacol., 42:2062 
2065, 1991). Vehicles such as “stealth” and other antibody 
conjugated liposomes (including lipid mediated drug target 
ing to colonic carcinoma), receptor mediated targeting of 
DNA through cell specific ligands, lymphocyte directed 
tumor targeting, and highly specific therapeutic retroviral 
targeting of murine glicoma cells in vivo. The following 
references are examples of the use of this technology to target 
specific proteins to tumor tissue (Hughes et al., Cancer 
Research, 49:6214-6220, 1989); and Litzinger and Huang, 
Biochimica et Biophysica Acta, 1104:179-187, 1992). Ingen 
eral, receptors are involved in pathways of endocytosis, either 
constitutive or ligand induced. These receptors cluster in 
clathrin-coated pits, enter the cell via clathrin-coated 
vesicles, pass through an acidified endoSome in which the 
receptors are sorted, and then either recycle to the cell surface, 
become stored intracellularly, or are degraded in lysosomes. 
The internalization pathways serve a variety of functions, 
Such as nutrient uptake, removal of activated proteins, clear 
ance of macromolecules, opportunistic entry of viruses and 
toxins, dissociation and degradation of ligand, and receptor 
level regulation. Many receptors follow more than one intra 
cellular pathway, depending on the cell type, receptor con 
centration, type of ligand, ligand Valency, and ligand 
concentration. Molecular and cellular mechanisms of recep 
tor-mediated endocytosis has been reviewed (Brown and 
Greene, DNA and Cell Biology 10:399-409, 1991). 
0299 (1) Pharmaceutically Acceptable Carriers 
0300. The compositions, including antibodies, can be 
used therapeutically in combination with a pharmaceutically 
acceptable carrier. 
0301 Suitable carriers and their formulations are 
described in Remington. The Science and Practice of Phar 
macy (19th ed.) ed. A. R. Gennaro, Mack Publishing Com 
pany, Easton, Pa. 1995. Typically, an appropriate amount of a 
pharmaceutically-acceptable salt is used in the formulation to 
render the formulation isotonic. Examples of the pharmaceu 
tically-acceptable carrier include, but are not limited to, 
saline, Ringer's solution and dextrose solution. The pH of the 
solution is preferably from about 5 to about 8, and more 
preferably from about 7 to about 7.5. Further carriers include 
Sustained release preparations such as semipermeable matri 
ces of Solid hydrophobic polymers containing the antibody, 
which matrices are in the form of shaped articles, e.g., films, 
liposomes or microparticles. It will be apparent to those per 
Sons skilled in the art that certain carriers may be more pref 
erable depending upon, for instance, the route of administra 
tion and concentration of composition being administered. 
0302 Pharmaceutical carriers are known to those skilled 
in the art. These most typically would be standard carriers for 
administration of drugs to humans, including Solutions such 
as sterile water, saline, and buffered solutions at physiological 
pH. The compositions can be administered intramuscularly or 
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subcutaneously. Other compounds will be administered 
according to standard procedures used by those skilled in the 
art. 

0303 Pharmaceutical compositions may include carriers, 
thickeners, diluents, buffers, preservatives, Surface active 
agents and the like in addition to the molecule of choice. 
Pharmaceutical compositions may also include one or more 
active ingredients such as antimicrobial agents, antiinflam 
matory agents, anesthetics, and the like. 
0304. The pharmaceutical composition may be adminis 
tered in a number of ways depending on whether local or 
systemic treatment is desired, and on the area to be treated. 
Administration may be topically (including ophthalmically, 
vaginally, rectally, intranasally), orally, by inhalation, or 
parenterally, for example by intravenous drip, Subcutaneous, 
intraperitoneal or intramuscular injection. The disclosed anti 
bodies can be administered intravenously, intraperitoneally, 
intramuscularly, Subcutaneously, intracavity, or transder 
mally. 
0305 Preparations for parenteral administration include 
sterile aqueous or non-aqueous solutions, Suspensions, and 
emulsions. Examples of non-aqueous solvents are propylene 
glycol, polyethylene glycol, vegetable oils such as olive oil, 
and injectable organic esters such as ethyl oleate. Aqueous 
carriers include water, alcoholic/aqueous Solutions, emul 
sions or Suspensions, including saline and buffered media. 
Parenteral vehicles include sodium chloride solution, Ring 
er's dextrose, dextrose and sodium chloride, lactated Ring 
er's, or fixed oils. Intravenous vehicles include fluid and nutri 
ent replenishers, electrolyte replenishers (such as those based 
on Ringer's dextrose), and the like. Preservatives and other 
additives may also be present such as, for example, antimi 
crobials, antioxidants, chelating agents, and inert gases and 
the like. 
0306 Formulations for topical administration may 
include ointments, lotions, creams, gels, drops, Suppositories, 
sprays, liquids and powders. Conventional pharmaceutical 
carriers, aqueous, powder or oily bases, thickeners and the 
like may be necessary or desirable. 
0307 Compositions for oral administration include pow 
ders or granules, Suspensions or Solutions in water or non 
aqueous media, capsules, Sachets, or tablets. Thickeners, fla 
Vorings, diluents, emulsifiers, dispersing aids or binders may 
be desirable. 
0308. Some of the compositions may potentially be 
administered as a pharmaceutically acceptable acid- or base 
addition salt, formed by reaction with inorganic acids such as 
hydrochloric acid, hydrobromic acid, perchloric acid, nitric 
acid, thiocyanic acid, Sulfuric acid, and phosphoric acid, and 
organic acids such as formic acid, acetic acid, propionic acid, 
glycolic acid, lactic acid, pyruvic acid, oxalic acid, malonic 
acid, Succinic acid, maleic acid, and fumaric acid, or by 
reaction with an inorganic base Such as Sodium hydroxide, 
ammonium hydroxide, potassium hydroxide, and organic 
bases such as mono-, di-, trialkyl and arylamines and Substi 
tuted ethanolamines. 
0309 (2) Therapeutic Uses 
0310. Effective dosages and schedules for administering 
the compositions may be determined empirically, and making 
such determinations is within the skill in the art. The dosage 
ranges for the administration of the compositions are those 
large enough to produce the desired effect in which the Symp 
toms disorder are effected. The dosage should not be so large 
as to cause adverse side effects, such as unwanted cross 
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reactions, anaphylactic reactions, and the like. Generally, the 
dosage will vary with the age, condition, sex and extent of the 
disease in the patient, route of administration, or whether 
other drugs are included in the regimen, and can be deter 
mined by one of skill in the art. The dosage can be adjusted by 
the individual physician in the event of any counterindica 
tions. Dosage can vary, and can be administered in one or 
more dose administrations daily, for one or several days. 
Guidance can be found in the literature for appropriate dos 
ages for given classes of pharmaceutical products. For 
example, guidance in selecting appropriate doses for antibod 
ies can be found in the literature on therapeutic uses of anti 
bodies, e.g., Handbook of Monoclonal Antibodies, Ferrone et 
al., eds., Noges Publications, Park Ridge, N.J., (1985) ch. 22 
and pp. 303-357; Smith et al., Antibodies in Human Diagno 
sis and Therapy, Haber et al., eds., Raven Press, New York 
(1977) pp. 365-389. A typical daily dosage of the antibody 
used alone might range from about 1 ug/kg to up to 100 mg/kg 
of body weight or more per day, depending on the factors 
mentioned above. 
0311 b) Targeted Delivery 
0312 The disclosed liposomes and microcapsules can be 
targeted to a particular cell type, such as islets cells, via 
antibodies, receptors, or receptor ligands. The following ref 
erences are examples of the use of this technology to target 
specific tissue (Senter, et al., Bioconjugate Chem 2:447-51, 
1991; Bagshawe, BrJ Cancer 60:275-81, 1989; Bagshawe, et 
al., Br J Cancer 58:700-3, 1988; Senter, et al., Bioconjugate 
Chem 4:3-9, 1993; Battelli, et al., Cancer Immunol Immu 
nother 35:421-5, 1992: Pietersz and McKenzie, Immunolog 
Reviews 129:57-80, 1992; and Roffler, et al., Biochem Phar 
macol 42:2062-5, 1991). These techniques can be used for a 
variety of other specific cell types. 

8. Foodstuffs 

0313 Also disclosed herein are foodstuffs comprising any 
of the microcapsules and emulsions disclosed herein. By 
“foodstuff is meant any article that can be consumed (e.g., 
eaten, drank, or ingested) by a subject. In one aspect, the 
microcapsules can be used as nutritional Supplements to a 
foodstuff. For example, the microcapsules and emulsions can 
be loaded with vitamins, omega-3 fatty acids, and other com 
pounds that provide health benefits. In one aspect, the food 
stuff is a baked good, a pasta, a meat product, a frozen dairy 
product, a milk product, a cheese product, an egg product, a 
condiment, a Soup mix, a Snack food, a nut product, a plant 
protein product, a hard candy, a Soft candy, a poultry product, 
a processed fruit juice, a granulated Sugar (e.g., white or 
brown), a sauce, a gravy, a syrup, a nutritional bar, a beverage, 
a dry beverage powder, a jam or jelly, a fish product, or pet 
companion food. In another aspect, the foodstuff is bread, 
tortillas, cereal, Sausage, chicken, ice cream, yogurt, milk, 
salad dressing, rice bran, fruit juice, a dry beverage powder, 
rolls, cookies, crackers, Snack food, fruit pies, or cakes. 

9. Chips and Microarrays 

0314 Disclosed are chips where at least one address is the 
sequences or part of the sequences set forth in any of the 
nucleic acid sequences disclosed herein. Also disclosed are 
chips where at least one address is the sequences orportion of 
sequences set forth in any of the peptide sequences disclosed 
herein. 
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0315 Also disclosed are chips where at least one address 
is a variant of the sequences or part of the sequences set forth 
in any of the nucleic acid sequences disclosed herein. Also 
disclosed are chips where at least one address is a variant of 
the sequences or portion of sequences set forth in any of the 
peptide sequences disclosed herein. 

10. Computer Readable Mediums 

0316. It is understood that the disclosed nucleic acids and 
proteins can be represented as a sequence consisting of the 
nucleotides of amino acids. There are a variety of ways to 
display these sequences, for example the nucleotide gua 
nosine can be represented by G org. Likewise the amino acid 
valine can be represented by Val or V. Those of skill in the art 
understand how to display and express any nucleic acid or 
protein sequence in any of the variety of ways that exist, each 
of which is considered herein disclosed. Specifically contem 
plated herein is the display of these sequences on computer 
readable mediums, such as, commercially available floppy 
disks, tapes, chips, hard drives, compact disks, and video 
disks, or other computer readable mediums. Also disclosed 
are the binary code representations of the disclosed 
sequences. Those of skill in the art understand what computer 
readable mediums. Thus, computer readable mediums on 
which the nucleic acids or protein sequences are recorded, 
stored, or saved. 
0317 Disclosed are computer readable mediums compris 
ing the sequences and information regarding the sequences 
set forth herein. 

11. Kits 

0318 Disclosed herein are kits that are drawn to reagents 
that can be used in practicing the methods disclosed herein or 
in using or keeping the compositions disclosed herein. The 
kits can include any reagent or combination of reagent dis 
cussed herein or that would be understood to be required or 
beneficial in the practice of the disclosed methods. For 
example, the kits could include one or more of the eukaryotic 
microorganisms disclosed herein along with, for example, 
media for their maintenance. The kits could also include, for 
example, the lipids or antioxidants, along with means for 
using or administering these. 

12. Compositions with Similar Functions 

0319. It is understood that the compositions disclosed 
herein have certain functions, such as producing certain ratios 
of lipids. Disclosed herein are certain structural, genetic, and 
functional requirements for performing the disclosed func 
tions, and it is understood that there area variety of structures, 
genetic backgrounds, and functional backgrounds which can 
perform the same function which are related to the disclosed 
structures, and that these structures will ultimately achieve 
the same result, for example production of a certain ration of 
lipids. 

D. Methods of Making the Compositions 

0320. The compositions disclosed herein and the compo 
sitions necessary to perform the disclosed methods can be 
made using any method known to those of skill in the art for 
that particular reagent or compound unless otherwise specifi 
cally noted. 
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0321) 1. Nucleic Acid Synthesis 
0322 For example, the nucleic acids, such as, the oligo 
nucleotides to be used as primers can be made using standard 
chemical synthesis methods or can be produced using enzy 
matic methods or any other known method. Such methods can 
range from standard enzymatic digestion followed by nucle 
otide fragment isolation (see for example, Sambrook et al., 
Molecular Cloning: A Laboratory Manual, 2nd Edition (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
1989) Chapters 5, 6) to purely synthetic methods, for 
example, by the cyanoethyl phosphoramidite method using a 
Milligen or Beckman System 1 Plus DNA synthesizer (for 
example, Model 8700 automated synthesizer of Milligen 
Biosearch, Burlington, Mass. or ABI Model 380B). Synthetic 
methods useful for making oligonucleotides are also 
described by Ikuta et al., Ann. Rev. Biochem. 53:323-356, 
1984, (phosphotriester and phosphite-triester methods), and 
Narang et al., Methods Enzymol., 65:610-620, 1980, (phos 
photriester method). Protein nucleic acid molecules can be 
made using known methods such as those described by 
Nielsen et al., Bioconjug. Chem. 5:3-7, 1994. 
0323 2. Peptide Synthesis 
0324 One method of producing the disclosed proteins is 
to link two or more peptides or polypeptides together by 
protein chemistry techniques. For example, peptides or 
polypeptides can be chemically synthesized using currently 
available laboratory equipment using either Fmoc (9-fluore 
nylmethyloxycarbonyl) or Boc (tert-butyloxycarbonoyl) 
chemistry. (Applied Biosystems, Inc., Foster City, Calif.). 
One skilled in the art can readily appreciate that a peptide or 
polypeptide corresponding to the disclosed proteins, for 
example, can be synthesized by standard chemical reactions. 
For example, a peptide or polypeptide can be synthesized and 
not cleaved from its synthesis resin whereas the other frag 
ment of a peptide or protein can be synthesized and Subse 
quently cleaved from the resin, thereby exposing a terminal 
group which is functionally blocked on the other fragment. 
By peptide condensation reactions, these two fragments can 
be covalently joined via a peptide bond at their carboxyl and 
amino termini, respectively, to form an antibody, or fragment 
thereof. (Grant GA (1992) Synthetic Peptides: A User Guide. 
W.H. Freeman and Co., N.Y. (1992); Bodansky M and Trost 
B., Ed. (1993) Principles of Peptide Synthesis. Springer 
Verlag Inc., NY (which is herein incorporated by reference at 
least for material related to peptide synthesis). Alternatively, 
the peptide or polypeptide is independently synthesized in 
vivo as described herein. Once isolated, these independent 
peptides or polypeptides may be linked to form a peptide or 
fragment thereof via similar peptide condensation reactions. 
0325 For example, enzymatic ligation of cloned or syn 
thetic peptide segments allow relatively short peptide frag 
ments to be joined to produce larger peptide fragments, 
polypeptides or whole protein domains (Abrahmsen L et al., 
Biochemistry, 30:4151, 1991). Alternatively, native chemical 
ligation of synthetic peptides can be utilized to synthetically 
construct large peptides or polypeptides from shorter peptide 
fragments. This method consists of a two step chemical reac 
tion (Dawson et al. Science, 266:776-779, 1994). The first 
step is the chemoselective reaction of an unprotected Syn 
thetic peptide thioester with another unprotected peptide 
segment containing an amino-terminal Cys residue to give a 
thioester-linked intermediate as the initial covalent product. 
Without a change in the reaction conditions, this intermediate 
undergoes spontaneous, rapid intramolecular reaction to 
form a native peptide bond at the ligation site (Baggiolini M 
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et al. FEBS Lett. 307: 97-101, 1992; Clark-Lewis I et al., J. 
Biol. Chem., 269:16075, 1994; Clark-Lewis I et al., Biochem 
istry, 30:3128, 1991; Rajarathnam K et al., Biochemistry 
33:6623-30, 1994). 
0326 Alternatively, unprotected peptide segments are 
chemically linked where the bond formed between the pep 
tide segments as a result of the chemical ligation is an unnatu 
ral (non-peptide) bond (Schnolzer, Metal. Science, 256:221, 
1992). This technique has been used to synthesize analogs of 
protein domains as well as large amounts of relatively pure 
proteins with full biological activity (de Lisle Milton R C et 
al., Techniques in Protein Chemistry IV. Academic Press, 
New York, pp. 257-267, 1992). 
0327 3. Processes for Making the Compositions 
0328. Disclosed are processes for making the composi 
tions as well as making the intermediates leading to the com 
positions. For example, disclosed are eukaryotic microorgan 
isms which can produce desired lipids and antioxidants as 
well as methods for isolating and purifying the desired lipids 
and antioxidants. There are a variety of methods that can be 
used for making these compositions, such as synthetic chemi 
cal methods and standard molecular biology methods. It is 
understood that the methods of making these and the other 
disclosed compositions are specifically disclosed. 
0329 Disclosed are cells produced by the process of trans 
forming the cell with any nucleic acid. Disclosed are cells 
produced by the process of transforming the cell with any of 
the non-naturally occurring disclosed nucleic acids. 
0330 Disclosed are any of the lipids produced by the 
disclosed eukaryotic microorganisms. Disclosed are any pep 
tides produced by the process of expressing the peptide in the 
disclosed organisms. Methods of using the compositions. 
0331 4. Methods of Using the Compositions as Research 
Tools 
0332 The disclosed compositions can be used in a variety 
of ways as research tools and of the production of, for 
example, lipids and antioxidants. 
0333. The disclosed compositions can be used as dis 
cussed hereinas either reagents in microarrays or as reagents 
to probe or analyze existing microarrays. The disclosed com 
positions can be used in any known method for isolating or 
identifying single nucleotide polymorphisms. The composi 
tions can also be used in any method for determining allelic 
analysis of for example, the strains of the organisms disclosed 
herein, particularly allelic analysis as it relates to the produc 
tion of lipids and antioxidants. The compositions can also be 
used in any known method of Screening assays, related to 
chip/microarrays. The compositions can also be used in any 
known way of using the computer readable embodiments of 
the disclosed compositions, for example, to study relatedness 
or to perform molecular modeling analysis related to the 
disclosed compositions. 
0334 5. Methods of Gene Modification and Gene Disrup 
tion 
0335 The disclosed compositions and methods can be 
used for targeted gene disruption and modification in any 
animal that can undergo these events. Gene modification and 
gene disruption refer to the methods, techniques, and com 
positions that surround the selective removal or alteration of 
a gene or stretch of chromosome in an organism, such as the 
eukaryotes disclosed herein, in a way that propagates the 
modification through the replication of the organism. In gen 
eral, for example, a cell is transformed with a vector which is 
designed to homologously recombine with a region of a par 
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ticular chromosome or nucleic acid contained within the cell, 
as for example, described herein. This homologous recombi 
nation event can produce a chromosome which has exog 
enous DNA introduced, for example in frame, with the sur 
rounding DNA. This type of protocol allows for very specific 
mutations. Such as point mutations, to be introduced into the 
genome contained within the cell. Methods for performing 
this type of homologous recombination are disclosed herein. 

V. SPECIFIC EMBODIMENTS 

0336 Disclosed are methods of preparing a lipid compo 
sition, the method comprising: culturing an oil producing 
microbe in a heterotrophic medium comprising a fatty acid 
production antagonist. 
0337 Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, further comprising isolating the 
lipid composition. 
0338 Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, wherein the ratio of omega-3 and 
omega-6 fatty acids to omega-9 fatty acids is increased. 
0339. Also disclosed are methods of preparing a lipid 
composition, the method comprising: culturing an oil produc 
ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist, wherein the ratio of omega-3 and 
omega-6 fatty acids to omega-9 fatty acids is increased, 
wherein the overall fatty acid content is unaltered. 
0340. The oil producing microbe for the methods 
described herein can be a diatom, a microalgae, a fungi, a 
bacterium, a protist. For example, the oil producing microbe 
has an 18S sequence, wherein the 18S sequence has at least 
80, 81, 82, 83, 84,85, 86, 87, 88, 89,90,91, 92,93, 94, 95, 96, 
97.98.99, or 100% identity to the sequence set forth in SEQ 
ID NO:1 or the oil producing microbe has an 18S sequence, 
wherein the 18S sequence has at least 80% identity to the 
sequence set forth in SEQID NO:1 
0341 The oil producing microbe can be from the phylum 
Labyrinthulomycota, the class Labyrinthulomycetes, the 
subclass Thraustochytridae, the order Thraustochytriales, the 
family Thraustochytriaceae, or from the genus Thraus 
tochytrium. 
0342. Also disclosed are fatty acid production antagonists 
that can be used in the disclosed methods. The fatty acid 
production antagonists can be selected from the group con 
sisting of oleic acid, cerulenin, toluic acid, curcumin, cyclo 
propene, alkyl gallate, propyl gallate, sesame oil, peanut oil, 
canola oil, pyridaZinone, norflurazon, diphenylamine, set 
hoxydim, and capsaicin. 
0343 Also disclosed are delivery devices comprising the 
disclosed compositions. The delivery devices can comprise a 
microcapsule, a microsphere, a nanosphere or nanoparticle, a 
liposome, a noisome, a nanoerythroSome, a Solid-liquid 
nanoparticle, a leuprolide, a gel, a gel capsule, a tablet, a 
lotion, a cream, a spray, an emulsion, or a powder. 
0344 Also disclosed are methods of preparing a caro 
tenoid composition, the method comprising: culturing an oil 
producing microbe in a heterotrophic medium comprising a 
fatty acid production antagonist. 
0345 Also disclosed are methods of preparing a caro 
tenoid composition, the method comprising: culturing an oil 
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producing microbe in a heterotrophic medium comprising a 
fatty acid production antagonist, further comprising isolating 
the carotenoid composition. 
0346. Also disclosed are methods of preparing an antioxi 
dant composition, the method comprising: culturing an oil 
producing microbe in a heterotrophic medium comprising a 
fatty acid production antagonist. 
0347 Also disclosed are methods of preparing an antioxi 
dant composition, the method comprising: culturing an oil 
producing microbe in a heterotrophic medium comprising a 
fatty acid production antagonist, further comprising isolating 
the antioxidant composition. 
0348 Also disclosed are microcapsules, comprising an 
agglomeration of primary microcapsules and a loading Sub 
stance, each individual primary microcapsule having a pri 
mary shell, wherein the loading Substance comprises any of 
the compositions described above, and is encapsulated by the 
primary shell, and wherein the agglomeration is encapsulated 
by an outer shell. The primary shell and/or outer shell can 
comprise a surfactant, gelatin, polyphosphate, polysaccha 
ride, or a mixture thereof. The primary shell and/or outer shell 
can also comprise gelatin type B, polyphosphate, gum arabic, 
alginate, chitosan, carrageenan, pectin, starch, modified 
starch, alfa-lactalbumin, beta-lactoglobumin, ovalbumin, 
polysorbiton, maltodextrin, cyclodextrin, cellulose, methyl 
cellulose, ethyl cellulose, hydropropylmethylcellulose, car 
boxymethylcellulose, milk protein, whey protein, soy pro 
tein, canola protein, albumin, kosher gelatin, non-kosher 
gelatin, Halal gelatin, non-Halal gelatin, or a mixture thereof. 
The primary shell and/or outer shell can also comprise a 
complex coacervate, gelatin type A, fish gelatin, a gelatin with 
a Bloom number of from about 0 to about 300, a gelatin with 
a Bloom number of from about 0 to about 50, a gelatin with a 
Bloom number of from about 51 to about 300, a gelatin with 
a Bloom number of about 0, about 210, about 220, or about 
240, a coacervate of gelatin and polyphosphate. 
0349 The loading substance of the disclosed microcap 
Sules can comprise oil from any of the disclosed oil producing 
microbes, or a mixture thereof. The loading Substance can be 
from about 20% to about 90% or 50% to about 70% by weight 
of the microcapsule. 
0350. The outer shell of the disclosed microcapsules can 
have an average diameter of from about 1 um to about 2,000 
um, about 20 um to about 1,000 um, about 30 um to about 80 
um, about 40 nm to about 10 um, or about 0.1 um to about 5 
lm. 
0351. Also disclosed is a nutritional supplement that com 
prises any of the compositions, delivery devices, or micro 
capsules described above. The disclosed nutritional supple 
ments can be in the form of a tablet, gel-cap, capsule, liquid, 
or syrup. 

0352 Also disclosed are foodstuffs that comprises any of 
the compositions, delivery devices, or microcapsules 
described above. The foodstuff can be a baked good, a pasta, 
a meat product, a frozen dairy product, a milk product, a 
cheese product, an egg product, a condiment, a Soup mix, a 
Snack food, a nut product, a plant protein product, a hard 
candy, a soft candy, a poultry product, a processed fruit juice, 
a granulated Sugar, a sauce, a gravy, a syrup, a nutritional bar, 
a beverage, a dry beverage powder, a jam or jelly, an infant 
formula, or a baby food. The foodstuff can also be a fish 
product, a companion pet food, a livestock or an aquaculture 
feed. 
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0353. The foodstuff can also be bread, tortillas, cereal, 
sausage, chicken, ice cream, yogurt, milk, Salad dressing, rice 
bran, fruit juice, a dry beverage powder, rolls, cookies, crack 
ers, fruit pies, or cakes. 
0354 Also disclosed are methods of delivering a compo 
sition to a subject, comprising administering to the Subject 
any of the compositions, delivery devices, microcapsules, or 
foodstuffs described above. The subject can be a mammal. 
The Subject can also be a human. 
0355 Also disclosed is a use of any of the microcapsules 
described above and to prepare a medicament for delivering a 
loading Substance to a Subject. 
0356. Also disclosed is a method of lowering cholesterol 
levels, triglyceride levels, or a combination thereof in a sub 
ject, comprising the step of administering to the Subject an 
effective amount of any of the compositions, delivery devices, 
microcapsules, nutritional Supplements, or foodstuffs 
described above. 
0357 Also disclosed is a method of supplementing essen 

tial trace elements in a subject, the method comprising the 
step of administering to the Subject an effective amount of any 
of the compositions, delivery devices, microcapsules, nutri 
tional supplements, or foodstuffs described above, wherein 
the composition, delivery device, microcapsule, Supplement, 
and foodstuff comprises an essential trace element. 
0358 Also disclosed is a method of improving insulin 
sensitivity in a Subject, comprising the step of administering 
to the Subject an effective amount of any of the compositions, 
delivery devices, microcapsules, nutritional Supplements, or 
foodstuffs described above. 
0359 Also disclosed is a method of reducing hyperglyce 
mia in a subject, comprising the step of administering to the 
Subject an effective amount of any of the compositions, deliv 
ery devices, microcapsules, nutritional Supplements, or food 
stuffs described above. 
0360 Also disclosed is a method of reducing hypercho 
lesterolemia in a Subject, comprising the step of administer 
ing to the Subject an effective amount of any of the composi 
tions, delivery devices, microcapsules, nutritional 
supplements, or foodstuffs described above. 
0361. Also disclosed is a method of reducing body fat in a 
Subject, comprising the step of administering to the Subject an 
effective amount of any of the compositions, delivery devices, 
microcapsules, nutritional Supplements, or foodstuffs 
described above. 
0362 Also disclosed is a method of promoting weight loss 
in a subject, comprising the step of administering to the 
Subject an effective amount of any of the compositions, deliv 
ery devices, microcapsules, nutritional Supplements, or food 
stuffs described above. 
0363 Also disclosed is a method of treating or preventing 
diabetes in a subject, comprising the step of administering to 
the Subject an effective amount of any of the compositions, 
delivery devices, microcapsules, nutritional Supplements, or 
foodstuffs described above. 
0364 Also disclosed is a pharmaceutical formulation 
comprising any of the compositions, delivery devices, or 
microcapsules described above, and a pharmaceutical carrier. 

VI. EXAMPLES 

0365. The following examples are put forth so as to pro 
vide those of ordinary skill in the art with a complete disclo 
Sure and description of how the compounds, compositions, 
articles, devices and/or methods claimed herein are made and 
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evaluated, and are intended to be purely exemplary and are 
not intended to limit the disclosure. Efforts have been made to TABLE 3 
ensure accuracy with respect to numbers (e.g., amounts, tem 
perature, etc.), but some errors and deviations should be = mg/ 
accounted for. Unless indicated otherwise, parts are parts by Total Weight 
weight, temperature is in C. or is at ambient temperature, DHA EPA Lipid (g) 
and pressure is at or near atmospheric. 

MYA-1381 127.96 5.52 216.37 18O 
ATCC-2O891 37.97 7.14 67.34 1.30 

1. Example 1 ONC-TO1 S.18 7.76 SO.82 O4O 
ONC-TO2 31.84 4.2O 52.88 OSO 
ONC-TO3 24.87 6.97 75.00 O.6O 

Isolation of ONC-T18 Thraustochytrium sp. Strain ONC-TO4 1439 4.49 41.74 O.90 
Y ONC-T05 11.37 3.97 34.89 O.10 

0366 Classical bacteriological strain purification tech- ONC-TO6 27.8O 6.71 63.87 O.10 
niques were employed in order to isolate ONC-T 18 from ONC-T07 33.02 S.49 61.81 OSO 
mangrove leaves collected at Advocate Harbor, Nova Scotia. NT its t 9. 
ONC-T18 WaS serially cultured at 25° C. on a nutrient ONC-T10 22.22 4.93 4095 olo 
medium agar containing 5 g L" glucose, 2 g L" peptone, 2g ONC-T11 8.37 21.2S 214.98 O.8O 
L' yeast extract and 15.0 g Lagar to 1 L of 0.2 Lum filtered ONC-T12 57.96 9.03 96.26 O.6O 
sea water until purity was assured. Subsequently, a liquid ONC-T13 2.90 4.57 39.52 1.30 

di taining 15% artificial ter (trophi ine) ONC-T14 5.99 S.16 36.46 OSO medium containing 15% articial sea water (tropnic marine), ONC-T15 5.53 S.11 37.72 OSO 
Supplemented with a nitrogen and carbon Source, being 60 g ONC-T16 8.02 5.55 42.12 OSO 
L' glucose and 10 g L' yeast extract, respectively, was ONC-T17 36.43 4.34 94.26 O.30 
prepared. This medium (50 ml of medium in 250 ml flasks) NT 0. 2. 3. 
WaS inoculated with ONC-T18, then incubated at 25°C. and ONC-T20 9.28 6.94 66.74 0.10 
aerated via shaking at 120 rpm. ONC-T21 
0367. ONC-T18 was separated from medium via centrifu- ONC-T22 22.72 3.26 47.58 O.6O 
ation, with cellular biomass then washed, recentrifuged and ONC-T23 9. *. 9. ONC-T24 1.73 3.56 33.56 O.70 

freeze dried to completion. Cellular biomass was then ONC-T25 26.99 6.11 45.67 O.6O 
weighed in order to determine culture efficiencies with bio- ONC-T26 4...SO 6.43 39.22 O.6O 
mass per liter medium values recorded. Extraction of lipid ONC-T27 26.83 7.75 61.87 O.70 
fraction from biomass and Subsequent fatty acid methyl ester ONC-T28 6.62 6.02 38.28 O.90 seq y ONC-T29 4.67 4.91 34.48 O.8O 
separation was performed using the Bligh & Dyer method. ONC-T30 6.56 S.42 81.88 O.8O 
Transesterification was performed by transferring freeze ONC-T31 3.36 5.74 44.86 O.30 
dried cellular material to a 10 ml screw-top test tube and NR 9.12 6.56 S3.29 O.2O 
adding 10% methanolic HCl and dichloromethane to the tube, ONcts. 892 S.98 53.36 O.6O 
with the mixture allowed to react for 2 hours at 90° C. Fatty ONC-T35 
acid methyl esters were then extracted via addition of hexane: ONC-T36 
chloroform, and the methyl ester component measured via ONC-T37 3569 11.06 82.73 O.10 

ONC-T38 22.73 10.94 S1-S6 O.10 gas chromatography (FID) in order to determine the fatty acid ONC-T39 
profile of each microorganism and the symbiotic community ONC-T40 26.87 8.83 67.87 O.8O 
(ONC-T18). Concentrations of each fatty acid methyl ester ONC-T41 22.85 6.65 52.63 OSO 
(C14:0 to C22:6) were determined by comparison of the GC ONC-T42 33.65 9.22 83.93 O.8O 

ONC-T43 2.49 3.25 37.93 O.8O 
peak areas of two internal standards (C19:0 and C23:0) added ONC-T44 1.71 2.93 55.05 1.10 
in defined amounts both at the beginning (C23:0) and end ONC-T45 26.08 7.95 70.45 O.70 
(C19:0) of the transesterification process. The total amount of ONC-T46 33.34 6.27 63.76 O.30 
fatty acids per gram of dried cell biomass and the percentage ONC-T47 O.O1 4.77 68.02 O.70 
content of each fatty acid, calculated using this method, are ONC-T48 26.23 3.95 69.06 O.6O s 9. s ONC-T49 6.64 4.89 39.76 O.30 
shown in FIG. 2. ONC-TSO 3.64 4.56 40.30 1.OO 

0368 From analysis of these results, in conjunction with ONC-T51 
those shown in FIG. 1, it can be seen that ONC-T18 demon- NE , t 3. 9. 
strated the ability to produce increased amounts of DHA, as ONC-TS4 0.34 3.18 29.31 0.70 
well as marked quantities of EPA and DPA. ONC-T18, pro- ONC-T55 
duces of approximately 25% DHA, 8.0% (n-6) DPA and 1.0% ONC-TS6 

- - 0 ONC-T57 

EPA within this non-optimized fermentation medium. Sub- ONC-TS8 O.30 3.13 27.10 O.70 
sequently, ONC-T18 was chosen on the basis of a combina- ONC-T59 
tion of economically desirable characteristics: (1) capable of ONC-T60 27.71 7.01 66.84 O.30 
maximal heterotrophic growth (compared to control strains): ONC-T61 5.72 S.62 52.56 O4O 

ONC-T62 
(2) contain a high percentage of omega-3 highly unsaturated ONC-T63 20.17 8.25 62.58 O.6O 
fatty acids; (3) capable of growth on inexpensive nutrients; ONC-T64 2.16 2.97 4473 1.10 
(4) thermotolerance, and are (5) euryhaline. ONC-T6S 
0369. In addition, multiple different strains of oil produc- NT 23.71 S.63 43.24 OSO 
ing microbes were compared to ONC-T18. Each of these ONC-T68 22.72 6.10 41.37 0.50 
microbes is believed to comprise a Thraustochyrid, and pro 
duces oil in the amounts shown in Table 3. 
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-continued 

Sequences producing significant alignments: 

gil 18026014 
gil 18026008 
gil 18025.980 
gil 18025969 
gil 18025801 
gi|67624.915 
gi|67624913 
gi|67624912 
gi3998 1861 
gil 14349249 
gi20218962 
gi59709960 
gil 18025960 
gil 18025789 
gi3O144548 
gi2138106g 
gi53828.186 
gi|60687349 
gi|60687347 
gi|60687342 
gi3998 1870 
gi3998 1864 
gi3998.1860 
gi3998 1844 
gil 18026046 
gil 18026039 
gil 18026031 
gi424.12527 
gi73533425 
gi34576227 
gi3O144522 
gi3O144521 
gi3O144518 
gi3O144475 
gi3O144473 
gi21954246 
gi41393027 

AYO46838.1|Uncultured eukaryote isolate C3 E008. . . 
AYO46832.1|Uncultured eukaryote isolate C3 E002. . . 
AYO468.04.1|Uncultured eukaryote isolate C2 E014... 
AYO46793.1 Uncultured eukaryote isolate C2 E002. . . 
AYO46625.1|Uncultured eukaryote isolate C1 E024. . . 
i|AB191426.1|Uncultured eukaryote gene for Small ... 
i|AB191424.1|Uncultured eukaryote gene for Small ... 
i|AB191423.1|Uncultured eukaryote gene for Small ... 
AY38.1208.1|Uncultured eukaryote clone BLO10320.1 ... 
i|AB052556.1|Thraustochytrium sp. KK17-3 gene for... 
i|AB073307.1|Thraustochytriidae sp. M4-103 gene f... 
AY916582.1|Uncultured eukaryote clone Zeuk76 18S... 
AYO46784.1|Uncultured eukaryote isolate A3 E043... 
AYO46613.1|Uncultured eukaryote isolate C1 E009... 
AY256336.1|Uncultured eukaryote isolate D278 Sma... 

U59933. 1U59933 Scybalium iamaicense 18S ribosomal ... 
AY744948.1 Phytophthora palmivora isolate 88108. . . 

AY821974.1|Uncultured Phytophthora-like oomycete... 
AY821969.1|Uncultured oomycete clone CV1. B1 49s... 
AY381217.1|Uncultured eukaryote clone BLO10625.3 ... 
AY381211.1|Uncultured eukaryote clone BLO10320.2 ... 
AY38.1207.1|Uncultured eukaryote clone BLO10320.6 ... 
AY381191.1|Uncultured eukaryote clone BL000921.1 ... 
AYO46870.1|Uncultured eukaryote isolate C3 E044. . . 
AY046863.1|Uncultured eukaryote isolate C3 E035 ... 
AYO46855.1|Uncultured eukaryote isolate C3 E026... 
AY48.6144.1|Pythium insidiosum 18S ribosomal RNA... 
DQ103828.1|Uncultured marine eukaryote clone M2 ... 
AY129064.1|Uncultured marine eukaryote UEPAC45p4... 
AY256310.1|Uncultured eukaryote isolate D85 Smal... 
AY256309.1|Uncultured eukaryote isolate D84 Smal... 
AY256306.1|Uncultured eukaryote isolate D79 Smal... 
AY256263.1|Uncultured eukaryote isolate E106 Sma... 
AY256261.1|Uncultured eukaryote isolate E94 Smal... 
AY116220.1|Uncultured eukaryote clone ANT12-261 ... 

mb|AJ535176.1|LMI535176 Leptocylindrus minimum 18S ... 
gi53693111gb|AY742743.1 Phytophthora tropicalis isolate 129F-... 
gi53693108gb|AY742759.1|Pythium vexans isolate Pyv6-2 18S rib. . . 
gi53693105gb|AY742756.1|Pythium splendens isolate 117 18S rib. . . 
gi53693104-gb|AY742755.1|Pythium aphanidermatum 18S ribosomal . . . 
gi53693097 Igb|AY742748.1 Phytophthora capsici isolate 98110 18... 
gi53693096gb|AY742747.1 Phytophthora tropicalis isolate 23047 ... 
gi536930941gb|AY742745.1 Phytophthora palmivora isolate 8829 1... 
gi58531862gb|AY882508.1|Uncultured marine eukaryote clone T53 ... 

3. Example 3 

Optimized Production of Biomass Using Strain 
ONC-T18 

0374 Production of microbial derived (or single celled) 
oils are dependent on a variety of process variables, such as 
initial inoculum level/concentration, type of substrate, media 
composition, temperature and pH. Specifically, microbial 
based production of highly unsaturated fatty acids using 
Thraustochytrid strains, shows a direct correlation between 
biomass and fatty acid production. Consequently, an under 
standing of the basic needs or optimization of parameters is an 
important factor in achieving maximum output. Therefore, in 
order to determine the best medium for production of 
increased fatty acid quantities, initial biomass optimization 
experiments were undertaken. Specifically, the recently 
developed Taguchi method (Joseph J and Piganatiells JR. IIE 
Trans 20:247-254, 1998), based on orthogonal arrays, was 
used in order to determine the optimum medium configura 
tion for increased optical density (directly related to biomass 
production). In this instance, the Taguchi method was used to 
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Score E 
(bits) Value 

SO2 e-138 
SO2 e-138 
SO2 e-138 
SO2 e-138 
SO2 e-138 
SO2 e-138 
SO2 e-138 
SO2 e-138 
500 e-138 
500 e-138 
498 e-137 
496 e-136 
496 e-136 
496 e-136 
496 e-136 
496 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 
494 e-136 

gain an understanding of the cumulative effects of the vari 
ables that pose an impact on biomass production. The effects 
of variations in nitrogen (yeast extract, peptone, 
L-glutamate), carbon (glucose) and salt concentration (artifi 
cial sea salt) had on biomass production. Therefore, a variety 
of liquid media were prepared with varying amounts of yeast 
extract, peptone and L-glutamate (0. 4, 10, 20, 50g L') as 
relates to varying amounts of glucose and sea salt Solution (5. 
40, 100, 160, 200 g L- and 0, 6, 20, 30, 40g L', respec 
tively). Concentrations were calculated according to a L 
orthogonal array in Such a way that nitrogen medium of 
choice was discerned through the use of signal to noise ratio 
(SNL) analysis at 48 and 120 hrs, using the following for 
mula: 

1 - 1 
SNL = -lood). i 

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 49 of 62



US 2010/02851 05 A1 

where, n-number of levels and y yield (average ODoo from 
triplicate experiments). 
0375 Results from these experiments (which specifically 
target biomass considerations), as shown within FIG. 2 
below, demonstrated that the rate of nitrogen utilization by 
ONC-T18 as relates to optical density (OD) was peptone, 
then yeast extract followed by L-glutamate. However, based 
on growth maxima the best nitrogen sources for increase 
biomass production was yeast extract, then peptone, followed 
by L-glutamate. Furthermore, through the use of similar 
experiments with variations in glucose and Salinity (sea salt 
concentration), the optimal and cheapest medium composi 
tion for the production of ONC-T 18 biomass was within a 
medium comprising 2 g L'yeast extract, 8 g L-1 MSG, 60 g 
L' glucose and 6 g L' sea salt. 

Example 4 
Optimized Production of Docosahexaenoic Acid 

(DHA) by Strain ONC-T18 
0376 Media consisting of a nitrogen source (either pep 
tone, yeast extract, L-glutamate (MSG) or combinations of 
these) and a carbon Source (glucose), in a saline (artificial sea 
water) solution, were prepared in order to determine the best 
media composition for optimal biomass and DHA production 
in a similar manner to that described in Example 3 (shown in 
Table 4). After cultivation at 25°C. and 130 rpms over 3 days, 
biomass, total fatty acid per liter of medium, percent content 

Nov. 11, 2010 

offatty acids by weight, percent content of DHA in total fatty 
acids and the amount of DHA per liter of medium were 
determined via gas chromatography as per method described 
in example 1, and herein, and shown in Table 4 below. 
0377. In this case, DHA was confirmed by comparison to 
known standards of DHA using gas chromatography mass 
spectrometry and peak locking methods. Findings from 
experimental package 0, where variations in both natural 
and organic forms of nitrogen were investigated, showed that 
the optimal media composition should contain between 4.0 
and 6.0 g L' of both yeast extract and L-glutamate for opti 
mal biomass and DHA production. Experimental package 
9, on the other hand, which investigated changes in the 
composition of sodium added to the medium showed optimal 
DHA production and biomass production when artificial sea 
salt is used. Moreover, experimental package 6, in which the 
concentration of Sodium within the medium was varied, 
depicted maxima for DHA and biomass production between 
5 and 15% artificial seawater L' dH.O. Results from experi 
mental package 9, where variations in glucose levels were 
evaluated, demonstrated that the range of 40 to less than 160 
g L' glucose translated into optimal biomass and DHA pro 
duction. Finally, results of experimental package 6 indicate 
that ONC-T18 produced equivalent values for both cellular 
biomass and DHA concentration, when glucose or glycerol 
were used as carbon Sources. 

TABLE 4 

Results of DHA production optimization experiments with respect to variations 
in medium compositions. 

Carbon Salt types Nitrogen % % 

Sources Amount Sources Total fatty content 

Carbon Amount Salt added Yeast fatty acids DHA Amount 
Exp source added mix (% extract MSG acids (wt (wt of DHA 
No. used (g L') used salinity) (g L') (g L') (gL) %) %) (g L') 
401 Glucose 6O.O. Sea S.O 1O.O O.O 7.7 34.53 20.2O 15579 

S8 

402 Glucose 6O.O. Sea S.O 8.O 2.0 1O.O 44.01 17.09 17156 
S8 

403 Glucose 6O.O. Sea S.O 6.O 4.0 11.5 SO.69 16.23 18624 
S8 

404 Glucose 6O.O. Sea S.O 4.0 6.O 16.9 69.07 24.19 40877 
S8 

405 Glucose 6O.O. Sea S.O 2.0 8.0 21.3 81.73 20.99 44752 
S8 

406 Glucose 6O.O. Sea S.O O.O 1O.O O.15 1.97 28.81 0.0426 
S8 

407 Glucose 6O.O. Sea S.O O.O O.O 3.2 58.92 31.44 4.1362 
S8 

408 Glucose 60.0 NaCl S.O O.O O.O 9.6 63.75 38.45 3.7009 
409 Glucose 60.0 NaSO S.O O.O O.O O.OS 141 2014 O.O109 
410 Glucose 6O.O. Sea S.O O.O O.O 4.6 59.23 31.44 4.6004 

S8 

411. Glucose 6O.O. Sea S.O O.O O.O O.8 51.01. 26.17 2.8144 
S8 

412 Glucose 6O.O. Sea 37.5 O.O O.O S.9 6932 2S32 4.01.94 
S8 

413 Glucose 6O.O. Sea 75.O O.O O.O O.8 61.02 2S25 2.7356 
S8 

414 Glucose 6O.O. Sea 1OO.O O.O O.O 18, 68.21 24.02 2.8290 
S8 

415 Glucose 6O.O. Sea 125.0 O.O O.O 1.2 59.63. 22.56 2.5256 
S8 
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Results of DHA production optimization experiments with respect to variations 
in medium compositions. 

Carbon Salt types Nitrogen 

Sources Amount Sources Total 

Carbon Amount Salt added Yeast fatty 
Exp source added mix (% extract MSG acids 
No. used (g L') used salinity) (gL) (gL) (gL) 

9 416 Glucose S.O. Sea S.O 1O.O O.O O.63 
Salt 

417 Glucose 2O.O Sea S.O 1O.O O.O 4.06 
Salt 

418 Glucose 40.0 Sea S.O 1O.O O.O 9.91 
Salt 

419 Glucose 60.0 Sea S.O 1O.O O.O 10.76 
Salt 

420 Glucose 1OO.O Sea S.O 1O.O O.O 12.79 
Salt 

421 Glucose 16O.O Sea S.O 1O.O O.O 1.OO 
Salt 

6 422 Glucose S.O. Sea S.O 1O.O O.O O.62 
Salt 

423 Glycerol S.O. Sea S.O 1O.O O.O O.S2 
Salt 

5. Example 5 

Optimal Time for Harvesting of ONC-T18 for Maxi 
mal DHA Production 

0378 ONC-T18 was cultured under the same media com 
position and conditions as those shown within example 1. Of 
interest in this particular instance is the time at which ONC 
T18 should be harvested in order to gain the maximal 
amounts of DHA, DPA and EPA as well as taking into account 
the time necessary to gain said amounts (see FIG. 3). 
0379 Time course experimental results showed that the 
optimal time for harvesting ONC-T 18 for optimal DHA pro 
duction within flask and bioreactor varied between 3 and 5 
days, respectively. 

Example 6 

Analysis of Lipids Derived from ONC-T18 
0380. The total lipid fraction of ONC-T18 was extracted 
using a modified Bligh & Dyer method. Specifically, 2.0 g of 
dried cell biomass was rehydrated overnight at 4°C. in 8 ml 
of distilled H.O.30 ml of methanol:chloroform (2:1 vol/vol) 
was added to mixture and gently shaken at 120 rpm for 20 
min, with resultant supernatant decanted. Pellet was then 
resuspended in methanol:chloroform:HO (2:1:0.8 vol/vol/ 
Vol) and the process repeated with Supernatants being pooled 
and moved to a separation funnel. 5 ml of chloroform and 5 ml 
of HO were then added to funnel resulting in the formation of 
a two-phase liquid system. After vigorous mixing within 
separation funnel, the chloroform layer was removed, con 
centrated under Nagas, resuspended in chloroform and stored 
at -20° C. under analyzed. Approximately 1 ul of the total 
lipid fraction was spotted on multiple chromarods, separated 
and analyzed using an Iatroscan MK6 TLC/FID instrument. 
0381 Analysis of results shows that the fatty acid compo 
nent which ONC-T18 produces under heterotrophic fermen 

% % 

fatty content 

acids DHA Amount 
(wt (wt of DHA 
%) %) (gL) 

5.21, 29.18 O.1844 

29:59 24.01 O.9752 

59.39 23.88 2.3665 

51.01. 26.17 2.8144 

69.SO 31.SS 4.0344 

9.40 30.01 O.3013 

12.74 29.86 O1866 

1884 35.07 O.1836 

tation is almost entirely triglyceride (at least 95%) in nature. 
In addition to the neutral fatty acid fraction mentioned above. 
ONC-T18 also produces a discernable carotenoid and phos 
pholipid fraction. On Subsequent isolation of the phospho 
lipid fraction, first via a 50% and then a 75% burn followed by 
Solvent-based separation, it was determined that a large and 
complex phospholipid fraction was present. Results showed 
the present of phosphotidylcholine, phosphotidylserine and 
phosphotidic acid components within the sample. 

Example 7 

Production of Antioxidants. Using the Strain, ONC 
T18 

0382. The eukaryote, ONC-T 18 was cultured using con 
ditions and medium as mentioned previously. The resultant 
cellular biomass after heterotrophic fermentation is collected 
via centrifugation, filtration or settling. Cells were harvested 
by centrifugation at 3800xg and washed with phosphate buff 
ered saline. The cellular biomass (fresh or freeze-dried) was 
Suspended in 10x Volume of acetone, agitated for minutes at 
200 rpm, centrifuged at 3800xg for 5 minutes and concen 
trated to dryness by Nevaporation. The pigments were then 
immediately resuspended in a minimal amount of 10% 
acetone in hexane and stored at -20°C. until HPLC analysis. 
Identification of carotenoid extracts was then carried out on 
an Agilent 1100 HPLC (Agilent, Palo Alto, Calif., USA) 
equipped with a variable wavelength detector set at 470 nm. 
Samples were injected through a Symmetry C18 guard col 
umn (Waters, Milford, Mass., USA) to a Bondclone C18 
reverse-phase column (Phenomenex, Torrance, Calif., USA; 
10 um particles; 3.9x300mm i.d.). The injection volume was 
10 ul and a flow of 1.00 ml/min 10% acetone in hexane over 
a 25 minute period was used. Quantitative data of carotenoids 
was based on comparison of the peak area with known stan 
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dards (in this case astaxanthin, canthaxanthin, B-cryptoxan 
thin, Zeaxanthin, echinenone and B-carotene; ChromaDex, 
Santa Ana, Calif., USA). In the absence of a known standard 
Such as in the case of the carotenoid, phoenicoxanthin, the 
astaxanthin peak area was used to calculate its concentra 
tions. Carotenoid identity was further confirmed via HPLC 
MS using a Waters HPLC equipped with a photo-diode array 
(Waters model 996) leading into a Micromass ESI-Q-T of 
Mass spectrometer (Waters, Milford, Mass., USA). HPLC 
analysis of ONC-T 18 subsequently revealed the presence of 
severalantioxidant compounds (between 50 to 1250mg kg) 
within the cellular biomass. These compounds included the 
antioxidant carotenoids astaxanthin, Zeaxanthin, canthaxan 
thin, echineone and beta-carotene in the range of 1 to 20 mg 
kg', 0.25 to 10 mgkg', 1 to 20mg kg 1 to 20 mgkg' and 
1 to 200 mg kg', respectively, as well as several unidentified 
flavenoid polyphenolic compounds. 

Example 8 
Comparison with Known Microorganisms 

0383. The ability of ONC-T18 to produce DHA, EPA and 
DPA was compared with that of known microorganisms. The 
amount of cellular biomass per liter of medium, the percent 
content of fats or fatty acids per dried cell biomass, the per 
cent content of DHA, EPA and DPA in total fatty acids, and 
the amount of DHA, EPA and DPA obtained when DHA, EPA 
and DPA are produced by cultivation of Thraustochytrium 
aureum ATCC 34304, Thraustochytrium sp. ATCC 20891, 
Thraustochytrium sp. ATCC 20892, Thraustochytrium 
roseum ATCC 28210, Thraustochytrium sp. ATCC 26185, 
Schizochytrium sp. ATCC 20888, Schizochytrium aggrega 
tum ATCC 28209 and Schizochytrium limacinum MYA 
1381, as well as when DHA, EPA and DPA are produced by 
cultivation of ONC-T18 according to the present invention. 

TABLE 5 

35 
Nov. 11, 2010 

0384 As shown in Table 5, it is apparent that, when culti 
vation is carried out using ONC-T 18 according to the present 
invention, the cellular biomass values per liter medium were 
extremely high as compared with the other strains tested. 
Moreover, according to the present invention, ONC-T18 has 
a very high percent content of lipids compared with the other 
strains mentioned above. Furthermore, according to the 
present invention, the percent content of DHA and DPA 
within ONC-T18 is extremely high, with EPA levels shown to 
be comparable to all strains screened. Thus, it appears that 
ONC-T 18 has the ability to produce large quantities of DHA. 
EPA and DPA under fermentation conditions as mentioned 
within example 1. 

Example 9 

Alternative Carbon Source Information 

(0385 ONC-T18 has been shown to grow preferentially on 
media where the main nitrogen sources are yeast extract, 
Sodium glutamate and/or peptone and the main carbon Source 
is D-glucose. As a result of detailed metabolic profiling of 
ONC-T 18 it was noted that glycerol (carbon source) was also 
a viable alternative. Furthermore, fish oil processing waste 
streams containing glycerol were also tested for applicability 
as low-cost nutrient alternatives. Experiments using 200 ml 
media in 500 ml flasks, grown at 25°C. for 3 days, 120 rpm in 
the case of the glycerol were undertaken. The glycerol con 
tent of two fish oil processing waste products, GWW (glyc 
erol water wash) and GAW (glycerol acid wash), constituted 
40% volivol of the 200 ml medium (adjusted to pH 6.5), while 
6% glycerol was added to 200 ml medium (wt:Vol) as control. 
0386 Analysis of these results has determined that the use 
of fish oil waste stream components, such as glycerol by 
products, as carbon Sources in large-scale fermentation of 
ONC-T 18 while resulting in a reduced total fatty acid 
amount, represent a maintained DHA content within the 
microbial cells (FIG. 10). 

Comparison of the lipid production and biomass characteristics of several 
representative Thraustochytrid strains. 

Cellular Percent Percent Percent Percent 
biomass lipid content content content Total Total Tota 
amount content of DHA of EPA of DPA DEHA EPA DPA 

Microorganism (g l') (%g') (%g') (%g') (%g") (g l') (mg l') (mgl.) 

Thraustochytrium 1.8 no data 12 no data no data no data no data no data 
sp ATCC 20891 
Thraustochytrium 3 7 35 no data no data 0.07 no data no data 
sp ATCC 20892 
Thraustochytrium 2.3 no data 41.9 3.1 10 no data no data no data 
sp ATCC 26185 
Tatiretin ATCC 4-5 8-2O 24-51 3.6-9.3 no data 0.1-0.5 0.0001 no data 
34304 
T. roseiin ATCC 8-17 18-2S 50 no data no data 0.6-2.1 no data no data 
28210 
Schizochytrium 1O.S 50 25-37 1.2 16.8 1.9S 12.3 16846 
sp. ATCC 20888 
S. aggregatin 1.4 1.7 6.0 6.1 O (88 1 1 O (88 
ATCC 28209 
S. inacintin 23-40 40-53.S 29.7-34 0.2-0.4 no data 3.0-7.2 0.08 O (88 
SR21 MYA-1381 
ONC-T18 25-55 45-8O 24-34.2 0.1-2 6-10 4.6-13 O.2-0.8 O.9-3.8 
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Fatty acid, biomass and glycerol content for alternative carbon source study. 

Percentage (%) fatty 
acid to total lipid 
content by weight 

DPA DPA TFA 
AA EPA DHA n-3 n-6 (mgg') 

Glycerol 
(g L') 

6% Glycerol 0.29 0.52 26.31 0.24 9.49 426.12 76.OO 

40% GAW O.37 132 1969 O.42 6.36 294.SS 68.59 
(vol:Vol) 
40% GWW O46 5.55 12.46 101 3.82 274.33 2.70 
(vol:Vol) 

Example 10 

Multiplier of Dry Cell Weight 

(0387. Thraustochytrium sp. ONC-T18 can be grown for 
the production of omega-3 oils in a variety of reactor configu 
rations up to 100,000 L. All fermentations begin with the 
preparation of a 10-20% final volume inoculum, which is 
used to establish the fermentation culture. Initial medium 
configurations comprise up to 6 g/L sea salt, 10 g/L nitrogen 
source and 60 g/L carbon source, with fed-batch addition of 
another 75 g/L carbon source after 24 to 36 hours of initial 
fermentation for an additional 72 to 96 hours and occurs 
within the temperature range 18-25° C. For example, using 
the medium 6 g/L sea salt, 2 g/L yeast extract, 8 g/L 
L-glutamate and 60 g/L D-glucose (with an addition 75 g/L 
added after 36 hours), grown at 25°C. for 96 hours, ONC-T18 
was able to produce 40 g/L dry cell weight (dcw), 80% (dcw) 
total fatty acid (TFA)/lipid fraction (between C14:0 and C24: 
O) and 30% (TFA) DHA. Similarly, it is possible to increase 
dry cell weight by multiplying both nitrogen and carbon 
media components to exact a similar multiplication effect on 
biomass without affecting either TFA or DHA contents. For 
example, using the medium 24 g/L sea salt, 8 g/L yeast 
extract, 32 g/L L-glutamate and 300 g/L D-glucose, grown at 
25° C. for 312 hours, ONC-T18 was able to produce 80 g/L 

Biomass (g L') 
9.13 

5.94 

3.08 

dry cell weight (dcw), 60% (dcw) total fatty acid (TFA)/lipid 
fraction (between C14:0 and C24:0) and 38% (TFA) DHA. 

Example 11 
Growth of Thraustochytrium sp. ONC-T18 on Vari 

ous Alternative, Carbon (C) and Nitrogen (N) 
Sources and the Effect on Dry Cell Weight and Lip 

ids 

(0388 Growth of Thraustochytrium sp. ONC-T18 on a 
variety of low-cost nitrogen and carbon sources was investi 
gated. Specifically, 50 ml of ONC-T18 was cultured in 250 ml 
flasks containing 6 g/L artificial sea salts, for 72 hours at 25° 
C. Carbon and nitrogen source concentrations are shown 
below with 2 g/L of each nitrogen source listed, used in 
conjunction with 8 g/L of L-glutamate (with the exception of 
fish meal where 4 g was used). Carbon sources were switched 
as indicated. All experiments were performed in triplicate; all 
extractions for fatty acid methyl ester analysis were per 
formed in triplicate along with triplicate GC injections. 
0389 Results indicate that Thraustochytrium sp. ONC 
T18 produces optimal dry cell biomass (i.e. greater than the 
two control media) when grown on the nitrogen sources EMD 
yeast extract and fish meal. Conversely, lipid was found to be 
less than control, while DHA was optimal using corn steep 
liquor and EMD peptone. Finally, the carbon source dextrose 
was found to increase lipid content, while fructose and dex 
trose producing high DHA content than the controls. 

TABLE 7 

Growth of Thraustochytrium sp. ONC-T18. 

Medium dowl DHA 
(salt 6 g/l, growth 72 hrs, C N medium Lipid Lipid DHA DHA (% 

50 ml cultures) (g/l) (g/l) (g) (mg/g) (g/l) (mg/g) (g/l) lipid) 

Nitrogen Sources Corn Steep Liquor- 60 10 11.36 371.97 4.33 111.64 1.244. 29.72 
MSG 
Cotton Seed-MSG 60 10 9.99 297.08 2.70 45.20 OSOO 16.94 
EMDTMYE-MSG 60 10 15.49 343.90 S.O2 70.68 0.786 20.70 
EMDTMYE 60 10 35.79 189.01 6.76 37.14 0448. 19.65 
EMDTM Peptone- 60 10 11.70 379.48 4.19 83.SO 0.926 23:33 
MSG 
Sigma TMYE-MSG 60 10 9.77 257.86 3.28 54.6O O.618, 1969 
Sigma TMYE 60 10 10.39 341.98 3.53 58.30 O.629 17.01 
Ferntech TMYE-MSG 60 10 13.99 269.53 3.82 56.97 0.664. 21.10 
Ferntech TMYE 60 10 17.07 243.23 4.15 48.01 O.S30 1974 
Fish meal (62% 60 12 19.53 29O.72 S.68 73.59 0.828 25.31 
protein) 
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TABLE 7-continued 

Growth of Thraustochytrium sp. ONC-T18. 

Medium dcwill DHA 
(salt 6 gil, growth 72 hrs, C N medium Lipid Lipid DHA DHA (% 

50 ml cultures) (g/l) (g/l) (g) (mg/g) (g/l) (mg/g) (g/l) lipid) 

Carbon Sources Fructose 60 10 14.57 498.54 8.09 96.97 1.07O 21.SS 
Dextrose 60 10 14.98 623.91 9.87 113.69 1232, 18.94 
Corn Dextrin 60 10 4.65 89.69 O.39 25.69 O.278 26.75 
Gelatin 60 10 7.09 31.87 0.13 11.86 0.127 27.70 
Starch (corn) 5 10 4.85 94.04 O.46 1949 O.206. 20.72 

30 10 3.13 90.07 O.28 23.78 O.256 26.40 
Starch (wheat) 5 10 8.03 86.96 (O.47 17.62 0.18S 17.76 

30 10 18.16 18.59 O.34 3.83 0.042 20.58 
Control medium (1) 60 10 16.92 487.59 8.25 70.87 0.768 13.25 
Control medium (2) 60 10 10.88 483.06 6.06 74.64 O.818 16.19 

Abbreviations: 

MSG = L-glutamate (sodium) 
YE =Yeast extract 

Example 12 phase extraction using silica gel columns which can selec 

Extraction Techniques for Isolation of Total Lipids 
and Fractions 

0390 A variety of methods for the isolation of selected 
omega-3 oils were tested in order to determine optimal iso 
lation efficiency. These methods included: the standard Bligh 
& Dyer method (Bligh & Dyer, Can J. Biochem. Physiol., 
37:912-917, 1959); the combined extraction and transesteri 
fication method used specifically with Thraustochytrid spe 
cies allowing for processing of samples for rapid GC FAME 
analysis (Lewis et al., J. Microbiol. Methods, 43:107-116. 
2000); extraction by simultaneous saponification (Cartens et 
al., J. Am. Oil Chem. Soc. 73:1025-1031, 1996); and solid 

tively isolate triglycerides, diglycerides and monoglycerides 
(Pinkart et al., J. Microbiol. Methods, 34:9-15, 1998: Bate 
man & Jenkins, J. Agric. Food Chem., 45:132-135, 1997). 
0391 Specifically, 40 grams of dry cell weight Thraus 
tochytrium sp. ONC-T18 biomass produced in a single fer 
mentation run (see example 1) was divided into 0.44 g lots 
and used for each technique. All techniques were performed 
in triplicate with efficiencies analyzed using fatty acid methyl 
ester determination via FID-GC, again in triplicate with trip 
licate runs per sample. Results demonstrate that total fatty 
acid content might vary between individual methods with 
fluctuations most probably due to Solvent:compound satura 
tion, biomass disruption considerations and other physical 
condition considerations (e.g. temperature and time). 

TABLE 8 

Extraction Techniques for isolation of total lipids and fractions. 

DHA EPA C14:O C14:1 

104.39 4.25 36.28 S.82 

2 136.75 S.45 46.51 740 

134.59 4.78 42.51 6.91 

Av. 125.24 4.83 41.77 6.71 

DHA EPA C14:O C15:O 

104.39 4.24 36.39 S.42 

2 89.83 4.54 34.81 5.60 

101.64 4.25 37.16 S.98 

Av 98.65 4.34 36.12 5.67 

Bligh and Dyer 

C15:O C16:O C16:1 C18:1 C2O:O C2O4 C22:S TFA 

mg omega-3 per gram of biomass (mg/g) 

113.94 77.27 4.92 44.01 1.13 1.67 28.86 430.99 

142.96 98.38 6.07 56.49 140 2.19 37.92 552.98 

128.54 87.01 S.2O S1.10 1.30 2.10 35.98 S32.91 

128.48 87.SS S.40 50.53 1.28 1.99 34.25 SOS.63 

DirectTransesterification 

C16:O C16:1 C18:O C18:1 C2O:O C2O4 C22:S TFA 

mg omega-3 per gram of biomass (mg/g) 

112.94 75.27 S.42 44.01 1.13 1.67 28.86 420.99 

103.04 73.43 5.56 42.85 O.98 1.87 25.3S 392.88 

106.94 75.98 5.35 43.95 1.11 1.78 26.46 410.65 

107.64 74.89 5.44 43.60 1.07 1.77 26.89 408.17 

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 54 of 62



US 2010/02851 05 A1 

TABLE 8-continued 
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Extraction Techniques for isolation of total lipids and fractions. 

Simultaneous Saponification 

DHA EPA C14:O C15:O C16:O C16:1 C18:O C18:1 C2O:O C2O:4 C22:S TFA 

mg omega-3 per gram of biomass (mg/g) 

1 204.85 6.7S 46.SS 8.56 18226 13481 8.73 105.04 2.16 3.20 66.68 785.25 
2 188.51 6.17 47.64 9.32 208.29 121.2S 10.35 95.80 2.53 2.89 61.41 770.14 
3 198.25 6.12 47.21 9.6S 207.71 136.51 9.58 98.SO 2.41 3.10 6358 782.54 
Ay 1972O 6.3S 47.13 9.18, 199.42 130.86 9.55 99.78 2.37 3.06 63.89 779.31 

Solid phase extraction 

DHA EPA C14:O C15:O C16:O C16:1 C18:O C18:1 C2O:O C2O:4 C22:S TFA 

mg omega-3 per gram of biomass (mg/g) 

1 169.17 O42 68.41 10.83 20443 140.14 8.09 76.97 1.75 3.00 47.OS 748.33 
2 172.26 O.44 69.59 11.01 2.07.01. 143.74 8.11 78.72 1.74 3.27 47.86 819.04 
3 173.65 0.43 69.21 11.31 208.97 146.64 8.16 77.64 1.73 3.64 46.98 785.64 
Av. 171.69 O.43 69.07 11.OS 206.80 143.51 8-12 77.78 1.74 3.30 47.30 784.34 

N.B.: Each value listed above is the average of triplicate runs using FID-GC for FAME analysis 

Example 13 
Isolation and Characterization of Polyunsaturated 
Fatty Acid Producting Thraustochytrium sp. ONC 
T18: Screening in Order to Identify Strain and Opti 

mization of Production Therein 

0392 a) Materials and Methods 
0393 (1) Isolation and Maintenance of Thraustochytrids 
0394. Seventy marine samples including: Spartina 
alterniflora, Zostera marina and sediment were collected in 
eastern Canadian coastal sites from Nova Scotia, Prince 
Edward Island, New Brunswick, Newfoundland and Labra 
dor between July and August 2002. Samples were placed in 
20 mL vials containing 10 mL of sterile 0.2um filtered natural 
seawater and 300 mg L' penicillin and 500 mg L' strepto 
mycin. Suspensions were baited with sterile pollen (Acer sp.) 
and incubated for 48 hours at 18°C., according to (Bremer, 
Marine Mycology- A Practical Approach, Fungal Diversity 
Press, Hong Kong, pp. 49-61 (2000)). Pollen grains were then 
transferred by loop and streaked onto B1 agar plates (1 g L' 
yeast extract, 1 g L' peptone, 10 g Lagar to 1 L natural 
seawater) containing antibiotics and incubated. Single, 
irregular, hyaline colonies made up of spherical or limaciform 
cells and atypical of either yeast or bacterial colonies were 
picked and sub-cultured at least three times on B1 plates for 
purity. 
0395 (2) Biomass Production for Fatty Acid Screening 
0396 To screen isolates for growth and fatty acid produc 

tion, liquid medium was prepared using 0.2 Lum filtered natu 
ral seawater containing 2 g L' peptone (BD, Franklin Lakes, 
N.J., USA) and 2 g L' yeast extract (BD, Franklin Lanes, 
N.J., USA), which was sterilized by autoclaving, followed by 
the addition of 5 g L', 0.2 um filter sterilized glucose 
(Sigma-Aldrich, St. Louis, Mo., USA) (Bowles et al., J Bio 
technol 70:193-202 (1999)). A 30 mL volume culture was 
inoculated by loop from an agar plate and grown for 4 days at 
18°C. on a shaker at 100 RPM. 5 mL of this culture was then 
used to inoculate a 95 ml culture incubated for a further 4 days 
(stationary phase). Cells were harvested by centrifugation at 
4,500 RPM, rinsed with 5 mL of distilled water and re 

centrifuged. The cell pellets were freeze dried, weighed and 
stored at -80° C. prior to derivatisation for fatty acid analysis. 
0397 (3) Preparation of Fatty Acid Methyl Esters (FAME) 
0398 Fatty acid methyl ester (FAME) extraction was via 
the direct transesterification method, modified from Lewis et 
al. (J Microbiol Meth. 43:107-116 (2000)). Specifically, 20 
mg of freeze dried material and 3 ml of transesterification 
reaction mix (methanol:hydrochloric acid:chloroform (10: 
1:1 vol/vol)) were added. Cells were vortexed for 10 seconds 
to ensure even dispersal of biomass and placed at 90° C. for 
120 minutes. Once transesterification was complete, Samples 
were removed and allowed to cool to room temperature. 
Water (1 ml) was then added and vortexed for 10 seconds. 
FAMEs were then extracted via the addition of 3x2 ml ali 
quots of hexane:chloroform (4:1), Vortexed for 10 seconds 
and allowed to sit until clear liquid separations were achieved. 
0399 (4) Gas Chromatographic (GC) Analysis of FAMEs 
04.00 GC analysis of FAMES was carried out using two 
internal standards (200 ul each). One hexacosaenoic acid 
(C23:0) is added prior to transesterification and the other, 
nonadecaenoic acid (C19:0) added directly before analysis. 
Analyses was performed using an Agilent 6890 GC (Agilent 
Technologies, Palo Alto, Calif., USA) equipped with a 30 
mx0.32 m internal diameter (0.25 um film thickness) OME 
GAWAX 320 fused-silica capillary column (Sigma-Aldrich, 
St. Louis, Mo., USA) and flame ionization detector (injection 
volume 1 ul, carrier gas H with a constant flow of 5.0 ml 
min' and set at 250° C., split ratio 50:1 to FID detector at 
275° C.). Confirmation of FAME identity was performed 
using a Trace GC-DSQ mass spectrometer (Thermo Electron, 
Boston, Mass., USA) and comparison of retention times for 
laboratory standards. 
04.01 (5) Genetic Identification 
0402. The genomic DNA was extracted using the MoBio 
UltraClean Microbial DNA. Isolation Kit (MoBio Laborato 
ries, Carlsbad, Calif., USA) according to manufacturer 
instructions. The oligonucleotide primers used in amplifying 
the 18S rRNA gene, were modified from Honda et al. (J 
Eukaryot Microbiol. 46:637-647 (1999)) namely T18S1F 
5'-CAACCTGGTTGATCCTGCCAGTA-3 and T18SSR 
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5'-TCACTACGGAAACCTTGTTACGAC-3'. A 20-pd PCR 
reaction mixture contained 2U BiolaseTM DNA polymerase 
(Bioline, Boston, Mass., USA), 1 xNH reaction buffer, 3 mM 
MgCl2, 1M Betaine (Sigma-Aldrich, St Louis, Mo., USA), 
200 uM of mix PCR nucleotides (Promega, Madison, Wis., 
USA), 1 uM of each forward and reverse primer (MWG 
Biotech. High Point, N.C., USA) and 100 ng of genomic 
DNA template. After an initial denaturation step for 3 minutes 
at 94° C., PCR amplification was performed using a Eppen 
dorf Master Cycle Gradient thermal cycler (Eppendorf, West 
bury, N.Y., USA), using a program of 45 seconds at 94°C., 30 
seconds at 64° C. and 2 minutes at 72° C. for 30 cycles, 
followed by a 10 minute final extension at 72° C. The PCR 
product was purified using MoBio UltraClean PCR Clean-up 
Kit (MoBio Laboratories Inc, Carlsbad, Calif., USA) for 
direct sequencing (MWG Biotech. High Point, N.C., USA) 
using primers FA2, FA3, RA1, R (Mo et al., Mar Biol 140: 
883-889 2002), T18S 1F and T18S5R. The resulting 
sequences were aligned and compared to nucleotide 
sequences of similar microorganisms stored in GenBank 
(Benson et al., Nucleic Acids Res 33:D34-38 (2005)) using 
DS Gene (Accelrys, San Diego, Calif., USA). A phylogenetic 
tree was Subsequently generated using the Neighbor-Joining 
method (Saito and Nei, Mol Biol Evol 4:406-425 (1987)), 
with the statistical significance assessed using 1,000 boot 
strap resamplings (Felsenstein, Evolution 39:783-791 
(1985)). 
0403 (6) Identification of Carotenoids 
0404 Cells were harvested by centrifugation at 3800xg 
and washed with phosphate buffered saline. Then resus 
pended in 10x volume of acetone (Sigma-Aldrich, St Louis, 
Mo., USA), agitated for 5 minutes at 200 RPM. centrifuged at 
3,800xg for 5 mins and concentrated to dryness by Nevapo 
ration. Followed by resuspension in a minimal amount of 
10% acetone in hexane prior to HPLC analysis. Identifica 
tions were carried out on an Agilent 1100 HPLC (Agilent, 
Palo Alto, Calif., USA) equipped with a variable wavelength 
detector set at 470 nm. Samples were injected through a 
Symmetry Cs guard column (Waters, Milford, Mass., USA) 
to a Bondclone Cs reverse-phase column (Phenomenex, Tor 
rance, Calif., USA; 10 tun particles; 3.9x300 mm i.d.). The 
injection volume was 10 ul and a flow of 1 ml min' 10% 
acetone in hexane over a 25 minute period was used. Caro 
tenoid identity was further confirmed with mass spectrometry 
analysis (Micromass ESI-QT of MS, Waters, Milford, Mass. 
USA). Quantitative data for each carotenoid was based on the 
development of a calibration curve using standards (astaxan 
thin, Zeaxanthin, canthaxanthin, echinenone and B-carotene) 
and comparing peak area with defined concentrations. 
04.05 (7) Fermentation Optimization 
0406. The effect of carbon, nitrogen and sea salt on fatty 
acid and DHA production were examined using batch cul 
tures in 250 ml Erlenmeyer flasks shaken at 130 RPM for 3 
days at 25° C. Further cultivation studies were carried out 
using a Biostat(R) Bplus Twin 5 L Bioreactor (Sartorius BBI 
Systems Inc., Betlehem, Pa., USA). A 100 ml inoculum was 
used to inoculate 4.9L of medium in the bioreactor. Glucose 
concentration was measured using the Glucose (HK) Assay 
Kit (Sigma-Aldrich, St Louis, Mo., USA) according to the 
manufacturers instructions. The media constituents and the 
conditions employed in the bioreactor are detailed with the 
relevant results. 
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(0407 b) Results 
0408. A collection and screening process was developed 
whereby members of the protist family Labyrinthulida, espe 
cially the genus, Schizochytrium and Thraustochytrium, were 
isolated using pollen-baiting and selective bacteriological 
media. This study, covering 20 unique collection sites dis 
persed throughout Atlantic Canada, produced 68 pure strains, 
identified microscopically. Selection of oleaginous strains, 
having more than 20% of their cell dry weight being fatty 
acids, was based upon results of GCPUFA profiling, biomass 
productivity, maximal TFA, DHA and to a lesser extent EPA 
concentrations (FIG. 11), according to the method of (Lewis 
et al., J Microbiol Meth 43:107-116 (2000)). Values for bio 
mass, TFA and subsequent DHA and EPA productivities 
ranged from 100 to 2300 mg L', 27.1 to 321.14, 5.18 to 
83.63 and 2.97 to 21.25 mg respectively (FIG. 11). 
04.09 All isolates which grew in liquid medium (54 out of 
68), produced major amounts of omega-3 polyunsaturated 
fatty acid, particularly DHA which comprised between 22 
and 80% of the total C20 to C22 content of these cells (FIG. 
11). This confirms previous findings, whereby thraus 
tochytrids isolated from cold temperate environments have 
fatty acid profiles with DHA being up to 53% of the total fatty 
acid present (Bowles et al., J Biotechnol 70:193-202 (1999) 
and Huang et al., Mar Biotechnol 5:450-457 (2003)). Of 
particular interest is ONC-T18 which produces up to 90% of 
its C20 to C22 content as DHA which is approximately 35% 
of the total intracellular fatty acids. This DHA content was 
shown to be equivalent to those of several commercial pro 
duction strains, such as Schizochytrium sp. ATCC 20888 
(32%) and S. limacinum MYA-1381/SR21 (34%) (Barclay et 
al, J Appl Phycol 6: 123-129 (1994) and Yokochi et al., Appl 
Microbiol Biotechnol 49:72-76, (2003)). Furthermore, all 
isolates synthesized eicosapentaenoic acid (EPA), varying 
between 2 and 20% w/w of total PUFAs identified (FIG. 11). 
In addition to the omega-3 oils produced, approximately 80% 
of all isolates synthesized the omega-6 PUFAs, arachidonic 
acid (AA) or docosapentaenoic acids (DPA), at concentra 
tions varying between 1 and 18% and 3 and 7% w/w, respec 
tively (FIG. 11). 
0410 Huang et al. (Mar Biotechnol 5:450-457 (2003)) 
Suggested that for thraustochytrids isolated from the tropical 
coastal waters of Japan and Fiji, five polyunsaturated fatty 
acid profiles could be described, namely DHA/DPA (n-6), 
DHA/DPA/EPA, DHA/EPA, DHA/DPA/EPA/AA and DHA/ 
DPA/EPA/AA/docosatetraenoic acid (Huang et al., Mar Bio 
technol 5:450-457 (2003)). In the case of this collection of 
thraustochytrids, isolated from the temperate waters of Atlan 
tic Canada, four PUFA profiles could be determined, three of 
which are identical to those mentioned above, namely DHA/ 
DPA/EPA at 7.4% of collection, DHA/EPA at 13% of collec 
tion and DHA/DPA/EPA/AA, 74%, with a forth comprising a 
mixture of DHA/EPA/AA at 5.6%. 
0411. Through direct sequencing of the 18S rNA gene, 
ONC-T 18 was positively identified as a member of the 
Thraustochytrid family (GenBank Accession Number: 
DQ374149). Phylogenetic analysis indicated that ONC-T18 
formed a unique group (97.5% identity) with Thraus 
tochytrium striatum T91-6 (FIG. 12) (Leander and Porter, 
Mycologia 93:459-464 (2001)). While Thraustochytriidae 
sp. MBIC 11093, N1-27 and Thraustochytrium sp. CHN-1, 
collected from the coastal tropical waters of Japan, and found 
to be significant producers of DHA (Carmona et al., Biosci 
Biotechnol Biochem 67:884-888 (2003) and Huang et al., 

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 56 of 62



US 2010/02851 05 A1 

Mar Biotechnol 5:450-457 (2003)), were shown to be 96, 95.5 
and 94.5% similar, respectively. Genetic diversity is quite low 
between all members of the Thraustochytriidae shown in 
FIG. 12, ranging from 97.5-91.0% similarity throughout. Yet, 
these species are globally distributed, with two-thirds isolated 
from the tropical coastal waters of Japan, China and Israel and 
the remaining from temperate waters off America, Europe 
and Canada. 
0412. The fatty acid profile of ONC-T18 included high 
contents of C22 PUFA, very low levels of C18 and C20 FA, 
and the occurrence of odd-chain saturated fatty acids (15:0 
and 17:0), similar to that of Schizochytrium sp. KH105 or S. 
limacinum SR21. Furthermore, analysis of carbon and nitro 
gen utilization profiles for strains ONC-T18, SR21 and 
KH105 showed a similar pattern of assimilation. The content 
of n-6 DPA in strain ONC-T18 ranged from 6-10%, which 
seems to be extremely high when considering the limited 
occurrence of n-6 DPA in the biosphere. Similar levels of n-6 
DPA were reported however, by Nakahara et al. (J Am Oil 
ChemSoc. 73:1421-1426 (1996)) in Schizochytrium sp. SR21 
(6-10%) and Ellenbogen et al. (Comp Biochem Physiol 
29:805-81 (1969)) in T. aureum (9.5%) and T. roseum (6.6%). 
0413 Analysis of the fatty acid profile of ONC-T18 under 
three different culture configurations: (1) agar plate; (2) coni 
cal flask and (3) bioreactor and grown on the same medium 
(FIG. 13), shows a decrease in the diversity of PUFAs present 
and an overall increase in TFA from agar plate to bioreactor. 
Specifically, agar plates exhibited an array of PUFAs, while 
the flask and bioreactor grown cultures were dominated by 
one or two intermediates (FIG. 13). Compared to Thraus 
tochytrium aureum, which grew better in flask culture than in 
a stirred tank fermenter (Ilda et al., J. Ferment Bioeng 81:76 
78 (1996)), ONC-T18 grew better in a bioreactor. This result 
is in agreement with that of (Nakahara et al., JAm Oil Chem 
Soc 73:1421-1426 (1996)), who found that Schizochytrium 
sp. SR21 showed high resistance to mechanical stirring, and 
therefore thrived under bioreactor conditions. 

0414. Furthermore, carotenoid pigments were found to be 
produced in plate, flask and bioreactor fermentations of 
Thraustochytrium sp. ONC-T18, resulting in a pale orange 
discoloration. Production of these antioxidants is maximal 
within bioreactor fermentations concurrently with fatty acid 
production. Moreover, through the use of HPLC mass spec 
trometry, it was determined that these antioxidant compounds 
were identified as astaxanthin, Zeaxanthin, canthaxanthin, 
echineone and B-carotene (FIG. 14), being conjugated to 
various PUFAs. Similar results were reported amongst mem 
bers of the thraustochytid group of protists. Specifically, 
Schizochytrium aggregatum was shown to produce 
echinenone and canthaxanthin (Valadon, Trans Br Mycol Soc 
67: 1-15 (1976)), while Carmona et al. (Biosci Biotechnol 
Biochem 67:884-888 (2003) and Huang et al. (Mar Biotech 
nol 5:450-457 (2003)) demonstrated the production of astax 
anthin, echinenone, canthaxanthin, phoenicoxanthin (not 
zeaxanthin as in ONC-T18) and B-carotene by Thraus 
tochytrium sp. CHN-1, a close relative of ONC-T18 (FIG. 
12). In this study, concentrations of these carotenoids were 
found to be an order of magnitude less than those of CHN-1 
with the major compound being 3-carotene, rather thanastax 
anthin. Thus, within Thraustochytrium spp., PUFA and caro 
tenoid production can be linked so that the storage fats being 
produced may be protected from oxidation. 
0415 Previously, it has been determined that the relative 
amounts of the principal fatty acid components (myristic, 
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palmitic and oleic acids) may be altered somewhat by chang 
ing the growth conditions of the culture (Ilda et al., J. Ferment 
Bioeng 81:76-78 (1996)). In this way, one can manipulate the 
final fatty acid composition and hence, physical properties of 
the desired PUFA in a controlled fashion during fermentation 
(Sitsma et al., Recent Res Devel Microbiol 2:219-232 
(1998)). In an attempt to limit the factors inhibiting both 
biomass and omega-3 PUFA production in ONC-T18, car 
bon, nitrogen and sea salt components in nutrient media were 
manipulated (Table 9), along with duration of culture (FIG. 
15). 

TABLE 9 

Mean biomass production (SD s 15%), total fatty acid (TFA) 
and DHA content of Thraustochytrium sp. ONC-T18. 

Glucose Biomass TFA DHA DHA 
(g L') (g L') (% biomass) (%TFA) (g L') 

5 12.13 S.21 29.18 O.18 
2O 13.73 29.59 24.01 O.98 
40 16.69 59.39 23.88 2.37 
60 21.08 51.01 26.17 2.81 
1OO 1840 69.49 31.55 4.O3 
160 10.68 9.40 30.01 O.30 

YE MSG Biomass TFA DHA DHA 
(gL) (gL) (gL) (% biomass) (%TFA) (gL) 

10 O 22.33 34.53 20.2O 1.56 
8 2 22.81 44.OO 17.52 1.72 
6 4. 22.64 50.69 16.23 1.86 
4 6 24.46 69.07 24.19 4.09 
2 8 26.09 81.73 20.99 4.47 
O 10 7.50 1.97 28.81 O.04 

Sea salt Biomass TFA DHA DHA 
(gL) (gL) (% biomass) (%TFA) (gL) 

2 24.70 59.23 31.44 4.60 
6 21.08 51.01 26.17 2.81 

15 22.90 69.32 25.32 4.02 
30 17.76 61.02 25.25 2.74 
40 17.27 68.21 24.02 2.83 
50 18.77 59.63 22.56 2.53 

0416. Within this study, as the concentration of nitrogen 
decreased, total fatty acid content increased, with the highest 
total fatty acid content (approximately 80%) obtained at 1% 
concentration of yeast extract and or monosodium glutamate 
(w/v). Cultures with a low nitrogen concentration, however, 
also limited cell growth and hence total fatty acid production. 
Optimal production in this experiment was obtained using 8 g 
L' monosodium glutamate and 2 g L' yeast extract, pro 
ducing 26.1 g L' biomass and 4.5 g L' DHA (Table 9). 
Furthermore, increases in carbon up to 100 g L'effectively 
increased DHA yield, this is in agreement with results 
obtained for Schizochytrium sp. SR21 (Yokochi et al., Appl 
Microbiol Biotechnol 49:72-76, (2003)) and contrary to those 
shown in T. aureum where glucose concentrations above 10g 
L' were inhibitory (Ilda et al., J Ferment Bioeng 81:76-78 
(1996)). Maximum DHA yields of more than 4.0 g L' were 
obtained in glucose medium, with yields more than 5 times 
that of T. aureum (Bajpai et al., J. An Oil Chem Soc 68:509 
514 (1991)) and T. roseum (Li and Ward, J Ind Microbiol 
13:238-241 (1994)) and comparable to that of 
Schizochytrium sp. SR21 and KH105 (Aki et al., J Am Oil 
ChemSoc. 80:789-794 (2003)). Finally, ONC-T18 exhibited 
classical euryhaline abilities, being able to withstand Salini 
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ties ranging from 2.0 to 50.0 g L', resulting in biomass 
productivity of 25-30% variability (Table 9). In the same 
experiment DHA g L' values were found to vary up to 45% 
between optimal at 4.6 g L and minimal at 2.5 g L' (Table 
9). 
0417. The biomass, TFA and DHA produced by ONC-T18 
over a 168 h period in a 5 L bioreactor are presented in FIG. 
15. The growth curve depicted is typical of several achieved 
under identical conditions. Maximum biomass production 
was reached after 120h, close to the point of carbon source 
(i.e. glucose) depletion. This was also the point at which total 
fatty acid content of the biomass reached a maximum at 
around 70% biomass. Interestingly, after only 24 h of culti 
vation, DHA content spiked to 30% total fatty acid, thereafter 
remaining constant at 20-25%. These results are consistent 
with those of other fatty acid producing Thraustochytid 
strains, yet there is disparity with regards to the rate at which 
these reactions occur. 
0418 c) Discussion 
0419 Previously most studies of Labyrinturomycota iden 

tified strains which are unable to store total fatty acid in 
amounts greater than 20% of biomass. For example, prior to 
the isolation of Schizochytrium sp. SR 21 which is able to 
accumulate up to 50% of biomass as fat, T. aureum was the 
best accumulator at 20% (Bajpai et al., J Am Oil Chem Soc 
68:509-514 (1991)). ONC-T18, on the other hand, is able to 
accumulate up to 80% of its biomass as lipid. 
0420 For oleaginous micro-organisms such as ONC-T18 

to accumulate oil, it typically should be grown in a culture 
medium with a limited amount of nitrogen (usually exhausted 
after 24 to 36 h) and abundant amounts of a carbon source. 
Once the nitrogen is depleted, the oleaginous microbes con 
tinue to assimilate the carbon Source but are no longer able to 
undergo cell division due to a lack of nitrogen (thus prevent 
ing protein and nucleic acid synthesis). The result being the 
conversion of these carbon Sources (i.e. Sugars such as glu 
cose) into storage oils. In this regard, ONC-T 18 is considered 
to grow more slowly than other Thraustochytrid strains. Such 
as G13 (Bowles et al., J Biotechnol 70:193-202 (1999) and 
Huang et al., Mar Biotechnol 5:450-457 (2003), yet it pro 
duces DHA at faster rates and demonstrates a unique ability to 
incorporate elevated amounts of total fatty acids. Finally, the 
ability of ONC-T18 to grow at very low salt concentrations 
with both high biomass and total fatty acid productivity is 
remarkable. Lending itself well to Scale up by negating the 
corrosive nature of salt water on industrial fermentation 
equipment. 

Example 14 

Compound (Fatty Acid Antagonist) Supplementa 
tions 

a) Sethoxydim Supplementation 

0421 Media containing 25 g/1 sea salt and 1 g/l yeast 
extract was autoclaved at 120° C. for 20 minutes. Sterilized 
glucose was added to the media at a concentration of 9 g/l. 
Sethoxydim (Supleco) was dissolved in dimethylsulfoxide at 
a concentration of 5 mg/ml was then added to the media at to 
represent a final concentration of 100 DM. 1 ml of a 24 hour 
pre-culture of ONC-T 18 that had been cultured in the same 
media was added. Culturing was carried out in a shaker (130 
rpm) for four days at room temperature. After the incubation 
period, cells were harvested by centrifugation at 4300 rpm for 
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10 minutes. The cell pellets were then freeze-dried, weighed 
and the oil was extracted from the cells. 
0422 The lipids were extracted and derivatized to fatty 
acid methyl esters (FAME) for gas chromatography analysis 
(GC). Transesterification and extraction was done using 200 
mg freeze dried cells, with C19:0 as internal standard, added 
transesterification reaction mix (methanol: hydrochloric acid: 
chloroform, 10:1:1) mixed and heated at 90° C. for 2 hours, 
then allowed to cool at room temperature. FAMEs were 
extracted by adding 1 ml water, and 2 ml hexane: chloroform 
(4:1), and allow organic and aqueous phases to separate. The 
organic layer was extracted and treated with 0.5g of anhy 
drous sodium Sulfate to remove particulates and residual 
water. The organic solvents were evaporated under a stream 
ofargon. The FAMEs were re-suspended in 5 ml of iso-octane 
and analyzed by GC-FID. The percent conversion was calcu 
lated by dividing the product produced by the sum of (the 
product produced plus the substrate added) and then multi 
plying by 100. The Results are shown in FIG. 11. The results 
also showed that Sethoxydim exposure resulted in an increase 
in the content and proportion of DHA accumulated in ONC 
T18. 

b) Example 2 
Cerulenin Supplementation 

0423 Media containing 6 g/l sea salt, 2 g/l yeast extract, 
and 8 g/l L-glutamic acid monosodium salt hydrate was auto 
claved at 120° C. for 20 minutes. Sterilized D+-glucose was 
then added to this media at a concentration of 40 g/l. Cerule 
nin dissolved in ethanol at a concentration of 5 mg/ml was 
added to 250 ml flask and the solvent was evaporated for 1 
hour prior to adding the media to the flask. The amount of 
cerulenin in the flask represented a final concentration of 20 
mg/1. ONC-T 18 was then added to the medium from a plate 
culture and culturing occurred in a shaker (130 rpm) at room 
temperature for four days. After the incubation period, cells 
were harvested by centrifugation at 4300 rpm for 10 minutes, 
washed once with distilled water, and then centrifuged again 
at 4300 rpm for 10 minutes. The cell pellets were then freeze 
dried, weighed and the oil was extracted from the cells. 
0424 The lipids were extracted and derivatized to fatty 
acid methyl esters (FAME) for gas chromatography analysis 
(GC). Transesterification and extraction was done using 200 
mg freeze dried cells, with C19:0 as internal standard, added 
transesterification reaction mix (methanol: hydrochloric acid: 
chloroform, 10:1:1) mixed and heated at 90° C. for 2 hours, 
then allowed to cool at room temperature. FAMEs were 
extracted by adding 1 ml water, and 2 ml hexane: chloroform 
(4:1), and allow organic and aqueous phases to separate. The 
organic layer was extracted and treated with 0.5g of anhy 
drous sodium Sulfate to remove particulates and residual 
water. The organic solvents were evaporated under a stream 
ofargon. The FAMEs were re-suspended in 5 ml of iso-octane 
and analyzed by GC-FID. The percent conversion was calcu 
lated by dividing the product produced by the sum of (the 
product produced+the Substrate added) and then multiplying 
by 100. Results are shown in FIG. 11. The results also show 
that cerulenin exposure resulted in an increase in the content 
and proportion of DHA accumulated in ONC-T18. 

c) Example 3 
Oleic Acid Supplementation 

0425 Media containing 6 g/l sea salt, 2 g/l yeast extract, 
and 8 g/l L-glutamic acid monosodium salt hydrate was auto 
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claved at 120° C. for 20 minutes. Sterilized D+-glucose wad 
then added at a concentration of 5 g/l or was not added to the 
media. Oleic acid was added to the media to represent a final 
concentration of 2 ml/1. ONC-T18 was then added to the 
media from a one day old inoculum that had been cultured in 
Windust media (5 g/l yeast extract, 5 g/l peptone, 40 g/1 
D(+)-glucose, 1.25 ml/l Windust trace elements, 1.25 ml/l 
Windust vitamins, 40 g/l sea salt; (Windust trace elements: 5 
g/l NaHPOHO, 3.15 g/1 FeC6HO, 4.36 g/l NaEDTA. 
2HO, 0.6125 mg/l CuSO4.5H2O, 0.0597 g/l NaMoO. 
2HO, 0.022 g/l ZnSO.7HO, 0.01 g/l CoC1.6HO, 0.18 g/1 
MnCl2.4H2O, 13 g/l HSeO, 2.7 mg/l NiSO4.6H2O, 1.84 
mg/l NavO, 1.94 mg/l KCrO), (Windust vitamins: 1 mg/1 
vitamin B12, 1 mg/l biotin, 0.20 g/1thiamine HCl)). Culturing 
occurred in a shaker (130 rpm) for 3 days at room tempera 
ture. After the incubation period, cells were harvested by 
centrifugation at 4300 rpm for 10 minutes, washed once with 
distilled water, and then centrifuged again at 4300 rpm for 10 
minutes. The cell pellets were then freeze-dried, weighed and 
the oil was extracted from the cells. 
0426. The lipids were extracted and derivatized to fatty 
acid methyl esters (FAME) for gas chromatography analysis 
(GC). Transesterification and extraction was done using 200 
mg freeze dried cells, with C19:0 as internal standard, added 
transesterification reaction mix (methanol: hydrochloric acid: 
chloroform, 10:1:1) mixed and heated at 90° C. for 2 hours, 
then allowed to cool at room temperature. FAMEs were 
extracted by adding 1 ml water, and 2 ml hexane:chloroform 
(4:1), and allow organic and aqueous phases to separate. The 
organic layer was extracted and treated with 0.5g of anhy 
drous sodium Sulfate to remove particulates and residual 
water. The organic solvents were evaporated under a stream 
ofargon. The FAMEs were re-suspended in 5 ml of iso-octane 
and analyzed by GC-FID. The percent conversion was calcu 
lated by dividing the product produced by the sum of (the 
product produced+the Substrate added) and then multiplying 
by 100. Results are shown in FIG. 11. The results also show 
that oleic acid Supplementation resulted in an increase in the 
content and proportion of DHA accumulated in ONC-T18. 

d) Example 4 
Capsaicin Supplementation 

0427 Media containing 6 g/1 sea salt and 10 g/l yeast 
extract was autoclaved at 120° C. for 20 minutes. Sterilized 
D(+)-glucose was then added to the media at a concentration 
of 40 g/l. 50 ml of this media was then put into a 250 ml 
Erlenmeyer flask. Capsaicin (Sigma) was dissolved in etha 
nol at a concentration of 10 g/l and was added to the media to 
represent a final concentration of 0.1 g/l. ONC-T18 was 
added to the medium from a plate culture and cultured in a 
shaker (130 rpm) at room temperature for four days. After the 
incubation period, cells were harvested by centrifugation at 
4300 rpm for 10 minutes, washed once with distilled water, 
and then centrifuged again at 4300 rpm for 10 minutes. The 
cell pellets were then freeze-dried, weighed and the oil was 
extracted from the cells. 
0428 The lipids were extracted and derivatized to fatty 
acid methyl esters (FAME) for gas chromatography analysis 
(GC). Transesterification and extraction was done using 200 
mg freeze dried cells, with C19:0 as internal standard, added 
transesterification reaction mix (methanol: hydrochloric acid: 
chloroform, 10:1:1) mixed and heated at 90° C. for 2 hours, 
then allowed to cool at room temperature. FAMEs were 
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extracted by adding 1 ml water, and 2 ml hexane: chloroform 
(4:1), and allow organic and aqueous phases to separate. The 
organic layer was extracted and treated with 0.5g of anhy 
drous sodium Sulfate to remove particulates and residual 
water. The organic solvents were evaporated under a stream 
ofargon. The FAMEs were re-suspended in 5 ml of iso-octane 
and analyzed by GC-FID. The percent conversion was calcu 
lated by dividing the product produced by the sum of (the 
product produced+the Substrate added) and then multiplying 
by 100. The results are shown in FIG. 11. The results also 
show that capsaicin exposure resulted in a decrease in the 
content of C16:0 and increase the content of C16:1 in ONC-T 
18. 

e) Example 5 
Toluic Acid Addition 

0429 Media containing 20 g/l sea salt and 10 g/l yeast 
extract was autoclaved at 120° C. for 20 minutes. Sterilized 
D(+)-glucose was then added to the media at a concentration 
of 20 g/l. 50 ml of this media was then put into a 250 ml 
Erlenmeyer flaskand toluic acid (Sigma) dissolved in ethanol 
at a concentration of 20 g/l was added to the media to repre 
sent a final concentration of 0.2 g/l. ONC-T 18 was added into 
the medium from a plate culture and cultured in a shaker (130 
rpm) at room temperature for four days. After the incubation 
period, cultured cells were recovered by centrifugation at 
4300 rpm for 10 minutes, washed once with distilled water, 
and re-centrifuged. The cell pellets were freeze-dried, 
weighed and the oil was extracted from the cells. (Example 
19) 
0430. The lipids were extracted and derivatized to fatty 
acid methyl esters (FAME) for gas chromatography analysis 
(GC). Transesterification and extraction was done using 200 
mg freeze dried cells, with C19:0 as internal standard, added 
transesterification reaction mix (methanol: hydrochloric acid: 
chloroform, 10:1:1) mixed and heated at 90° C. for 2 hours, 
then allowed to cool at room temperature. FAMEs were 
extracted by adding 1 ml water, and 2 ml hexane: chloroform 
(4:1), and allow organic and aqueous phases to separate. The 
organic layer was extracted and treated with 0.5g of anhy 
drous sodium Sulfate to remove particulates and residual 
water. The organic solvents were evaporated under a stream 
ofargon. The FAMEs were re-suspended in 5 ml of iso-octane 
and analyzed by GC-FID. The percent conversion was calcu 
lated by dividing the product produced by the sum of (the 
product produced+the Substrate added) and then multiplying 
by 100. The Results are shown in FIG. 11. The results also 
show that toluic acid resulted in an increase the proportion of 
EPA and DPA n-3 and a decrease in the proportion of DPA 
(n-6) and DHA- possibly a A4-desaturase inhibitor in ONC 
T18. 

f) Example 6 
Addition of Norflurazon 

0431 50 ml of media containing 25 g/1 sea salt and 1 g/1 
yeast extract was autoclaved at 120° C. for 20 minutes. Ster 
ilized D(+)-glucose was then added to the media at a concen 
tration of 9 g/l. 50 ml of this media was then put into a 250 ml 
Erlenmeyer flask. Norflurazon (Supleco) dissolved in dim 
ethyl sulfoxide at a concentration of 20 g/l was then added to 
the media at to represent a final concentration of 0.2 g/l. 1 ml 
of a 24 hour pre-culture (inoculum) of ONC-T 18 that had 
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been cultured in the same media (25 g/l sea salt, 1 g/l yeast 
extract, 9 g/l glucose) was added. Culturing was carried out in 
a shaker (130 rpm) for four days at room temperature. After 
the incubation period, cells were harvested by centrifugation 
at 4300 rpm for 10 minutes, washed once with distilled water, 
and then centrifuged again at 4300 rpm for 10 minutes. The 
cell pellets were then freeze-dried, weighed and the oil was 
extracted from the cells. 

0432. The lipids were extracted and derivatized to fatty 
acid methyl esters (FAME) for gas chromatography analysis 
(GC). Transesterification and extraction was done using 200 
mg freeze dried cells, with C19:0 as internal standard, added 
transesterification reaction mix (methanol: hydrochloric acid: 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 3 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1723 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

Nov. 11, 2010 

chloroform, 10:1:1) mixed and heated at 90° C. for 2 hours, 
then allowed to cool at room temperature. FAMEs were 
extracted by adding 1 ml water, and 2 ml hexane: chloroform 
(4:1), and allow organic and aqueous phases to separate. The 
organic layer was extracted and treated with 0.5g of anhy 
drous sodium Sulfate to remove particulates and residual 
water. The organic solvents were evaporated under a stream 
ofargon. The FAMEs were re-suspended in 5 ml of iso-octane 
and analyzed by GC-FID. The percent conversion was calcu 
lated by dividing the product produced by the sum of (the 
product produced+the Substrate added) and then multiplying 
by 100. The Results are shown in FIG. 11. The results also 
show that norflurazon exposure results in an increase in the 
content and proportion of DHA accumulated in ONC-T18. 

<223> OTHER INFORMATION: Description of Artificial Sequence: Note = 
Synthetic Construct 

<4 OOs SEQUENCE: 1 

gtagt catac gotcgtc. tca aagattaagc catgcatgtg taagtataag cqattatact 60 

gtgagactgc gaacggctica ttatat cagt tatgatttct tcgg tattitt ctittatatgg 12O 

atacctgcag taattctgga attaatacat gctgagaggg ccc.gactgtt cqggagggcc 18O 

gcact tatt a gagttgaagc caagtaagat ggtgagt cat gata attgag cagat.cgctt 24 O 

gtttggagcg atgaatcgtt tagtttctg. CCCC at Cagt titcgacggit agtgtattgg 3 OO 

act acggtga ctataacggg tacggggag ttagggctcg actic cqgaga gggagcctga 360 

gagacggct a cc acatccala ggaaggcagc aggcgcgitaa attacc caat gtggactic Ca 42O 

cgagg tagtg acgagaaata toaatgcggg gCdCttcgc.g. tcttgctatt ggaatgagag 48O 

Caatgtaaaa cc ct catcga ggatcaact g gagggcaagt ctggtgc.cag cagcc.gcggit 54 O 

aattic cagot coagaagcgt atgctaaagt togttgcagtt aaaaagctcq tagttgaatt 6 OO 

totggggcgg gagcc.ccggit ctittgcgcga ctg.cgct Ctg tttgcc.gagc ggct cotctg 660 

ccatcct cqc ct cittitttitt agtggcgtcg tt cactgtaa ttaaag caga gtgttccaag 72O 

Caggit cqtat gacctggatgttt attatgg gatgat caga tagggcticg gtgctattitt 78O 

gttggitttgc acatctgagt aatgatgaat aggalacagtt ggggg tatt C gt atttagga 84 O 

gctagaggtgaaatt Cttgg atttic caaa gacgaactac agcgaaggca tttaccalagc 9 OO 

atgttitt cat taatcaagaa caaagttctggggat.cgaag atgattagat accatcgtag 96.O 

totagaccgt aaacgatgcc gacttgcgat toggggtgt ttgt attgga cc ct cqcagc 102O 

agcacatgag aaatcaaagt ctittgggttc. c99ggggagt atggtc.gcaa ggctgaaact 108O 

taaaggaatt gacggaaggg caccaccagg agtggagcct gcggcttaat ttgact caac 114 O 

acgggaaaac ttacCaggit C cagaCat agg taggattgac agattgagag ct ctitt Cttg 12 OO 

attictatggg tdgtggtgca tdgcc.gttct tagttggtgg agtgatttgt Ctggittaatt 1260 

ccgittaacga acgagacct C ggcct actaa at agcggtgg gtatggcgac at acttgcgt. 132O 
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- Continued 

acgctt Ctta gaggga catgttctggtatac gag caggaag titcgaggcaa. 

gtgatgcc ct tagatgttct gggcc.gcacg cc.gctacac tatgggttc 

catcgttgtt cqcagcgagg togctittgc.cg galagg catgg caaatcc titt 

cgtgctgggg ctagatttitt gcaattatta atcto caacg aggaatticct 

agt catcago ttgcattgaa tacgt.ccctg ccc.tttgtac acaccgc.ccg 

cgattgaacg gtc.cgatgaa accatgggat gacct tttga gcgtttgttc 

t cagaactic ggtgaatctt attgtttaga ggalaggtgaa gtc 

<210s, SEQ ID NO 2 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 2 

caacct ggitt gatcct gcca gta 

<210s, SEQ ID NO 3 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 3 

t cactacgga aaccttgtta cqac 

What is claimed is: 
1. A method of preparing a lipid composition, the method 

comprising: culturing an oil producing microbe in a het 
erotrophic medium comprising a fatty acid production 
antagonist. 

2. The method of claim 1, further comprising isolating the 
lipid composition. 

3. The method of claim 1, wherein the ratio of omega-3 and 
omega-6 fatty acids to omega-9 fatty acids is increased. 

4. The method of claim 3, wherein the overall fatty acid 
content is unaltered. 

5. The method of claim 1, wherein the oil producing 
microbe is a diatom, a microalgae, a fungi, a bacterium, or a 
protist. 

6. The method of claim 1, wherein the oil producing 
microbe has an 18S sequence, wherein the 18S sequence has 
at least 94% identity to the sequence set forth in SEQID NO:1 

7. The method of claim 1, wherein the oil producing 
microbe has an 18S sequence, wherein the 18S sequence has 
at least 80% identity to the sequence set forthin SEQID NO:1 

8. (canceled) 
9. (canceled) 
10. (canceled) 
11. The method of claim 1, wherein the oil producing 

microbe is selected from the group consisting of the order 
Thraustochytriales, the family Thraustochytriaceae, the 
genus Thraustochvtrium, the genus Schizochytrium, Thraus 

taacaggtot 1380 

aacgggtggit 144 O 

caacgcc cat 15OO 

agtaaacgca 1560 

tcqcaccitac 162O 

gcgagggggg 168O 

1723 

23 

24 

tochytrium sp., Thraustochvtrium aureum, Thraustochytrium 
roseum, Thraustochytrium striatum, or Schizochvtrium sp. 

12. (canceled) 
13. (canceled) 
14. (canceled) 
15. (canceled) 
16. (canceled) 
17. (canceled) 
18. (canceled) 
19. (canceled) 
20. The method of claim 1, wherein the oil producing 

microbe is from the family Thraustochytriaceae and has 
ATCC accession number PTA-6245, 20888, 20889, 20890, 
20891, or 20892. 

21. The method of claim 1, wherein the oil producing 
microbe is ONC-T18. 

22. The method of claim 1, wherein the fatty acid produc 
tion antagonist is selected from the group consisting of oleic 
acid, cerulenin, toluic acid, curcumin, cyclopropene, alkyl 
gallate, propyl gallate, sesame oil, peanut oil, canola oil, 
pyridaZinone, norflurazon, diphenylamine, Sethoxydim, and 
capsaicin. 

23. A delivery device comprising the lipid composition of 
claim 1. 

24. (canceled) 
25. (canceled) 
26. (canceled) 

IPR2024-00070
Mara Renewables Corp. v. DSM IP Assets, B.V.

DSM Ex. 2005, Page 61 of 62



US 2010/02851 05 A1 

27. (canceled) 
28. (canceled) 
29. (canceled) 
30. (canceled) 
31. (canceled) 
32. (canceled) 
33. (canceled) 
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47. (canceled) 
48. (canceled) 
49. (canceled) 
50. (canceled) 
51. (canceled) 
52. (canceled) 
53. (canceled) 

Nov. 11, 2010 

34. (canceled) 54. A pharmaceutical formulation comprising the compo 
35. A nutritional Supplement comprising the composition sition of claim 1. 

of claim 1. 55. A method of preparing a carotenoid or an antioxidant 
36. (canceled) composition, the method comprising: culturing an oil produc 

ing microbe in a heterotrophic medium comprising a fatty 
acid production antagonist. 

56. The method of claim 55, further comprising isolating 
the carotenoid or an antioxidant composition. 

57. A pharmaceutical formulation comprising the compo 
sition of claim 55. 

37. A foodstuff comprising the composition of claim 1. 
38. (canceled) 
39. (canceled) 
40. (canceled) 
41. (canceled) 
42. (canceled) 58. (canceled) 
43. (canceled) 59. (canceled) 
44. (canceled) 60. (canceled) 
45. (canceled) 
46. (canceled) ck 
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