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TITLE OF THE INVENTION 

ENDOTOXIN BINDING AND NEUTRALIZING PROTEIN AND USES THEREOF 

Field of the Invention 

The present invention is directed to pharmaceutical 

compositions and uses of an endotoxin binding/neutralizing 

protein which may be isolated from a horseshoe crab. The 

invention covers, inter alia, pharmaceutical compositions and 

pharmaceutical uses of the protein, a method of purifying the 

protein, and an assay for endotoxin based on this protein. 

Discussion of the Background 

Despite aggressive management, septic shock arising from 

gram-negative sepsis continues to be a leading cause of death 

in both surgical and medical patients. Death in such patients 

usually results from cardiovascular collapse and/or multiple 

organ system failure. One of the main components of gram-

negative bacteria thought to play an integral role in causing 

septic shock is an outer wall constituent, endotoxin. 

Endotoxins are high molecular weight complexes, 

associated with the outer membrane of gram-negative bacteria, 

that produce pyrogenic reactions upon intravenous 
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administration. Endotoxin is shed from living bacteria and is 

also released into the environment when bacteria die and 

decompose. Since gram-negative bacteria are found in great 

numbers in air, water, and soil, bacterial endotoxin commonly 

contaminates raw materials and processing equipment used in 

the manufacturing of, for example, pharmaceuticals. 

Bacterial endotoxin is a complex consisting of lipid, 

carbohydrate -and protein. It is characterized by an overall 

negative charge, heat stability and high molecular weight. 

Highly purified endotoxin does not contain protein, and is a 

lipopolysaccharide (LPS). Depyrogenation can generally be 

achieved by inactivating or removing endotoxin, depending upon 

the physicochemical nature of the LPS. LPS consists of three 

distinct chemical regions, lipid A, which is the innermost 

region, an intermediate core polysaccharide, and an outermost 

0-specific polysaccharide side chain which is responsible for 

an endotoxin's particular immunospecificity. 

Bacterial endotoxins are known to have profound 

biological effects in animals and humans, and to cause severe 

medical problems when present. Symptoms include induction of 

high fever, activation of complement, and hypotension. It is 

critical to avoid endotoxin contamination in any 

pharmaceutical product or medical device which comes into 

contact with body fluids. High endotoxin levels in sera due 

to bacterial diseases, such as septicemia, are not easily 

treated. Antibiotic treatment of the infection only kills the 
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bacteria, leaving the endotoxin from their cell walls free to 

cause fever. 

The horseshoe crab Limulus polyphemus is particularly 

sensitive to endotoxin. The cells from their hemolymph 

(amebocytes) undergo a complex series of biochemical reactions 

resulting in clot formation, analogous to mammalian blood 

coagulation. This phenomenon has been exploited in the form 

of bioassays sensitive to very low endotoxin levels. 

Currently, a bioassay of this type is the method of choice for 

monitoring pharmaceutical manufacturing and is termed Limulus 

Amebocyte Lysate (LAL). See U.S. Patents 4,276,050, 

4,273,557, 4,221,866, 4,201,865, 4,038,147, 3,944,391 and 

3,915,805, each of which is incorporated herein by reference. 

It has long been observed that once endotoxin interacts 

with LAL the toxin is not recoverable from the clot. See 

Nachum et al, Journal of Invertebrate Pathology, 32:51-58 

(1978). This observation led investigators to postulate two 

alternative explanations. Either the endotoxin is 

enzymatically degraded during clot formation or it is bound by 

some factor causing it to lose toxicity. The present 

inventors initiated experiments to extract the endotoxin 

inactivating factor from the LAL. 

Other research groups have experimented with endotoxin 

binding proteins, also referred to as anti-LPS factor. To the 

inventor's knowledge, the following publications resulting 
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from work in this area are the most relevant to this 

invention: 

Tanaka et al, Biochem. Biophys. Res. Comm. 105, 717-723 

(1982), 

Iwanaga et al, International symposium on Pyrogen, 84-84 

(June 23-26, 1987), 

Aketagawa et al. J. Biol. Chem. 261, 7354-7365 (1986), 

Hao, U.S. Patent 4,677,194 (June 30, 1987), and 

Nachum et al, J. Inv. Path. 32, 51-58 (11978). 

Tanaka et al, Iwanaga et al, and Aketagawa et al each 

conducted research on an anti-LPS factor or endotoxin binding 

protein isolated from a horseshoe crab system. Based on 

experimental work done in the inventors' laboratory, it 

appears that a protein involved in the present invention is 

the same as that isolated by Iwanaga et al and Tanaka et al. 

However, these publications do not say anything about 

pharmaceutical utility of the endotoxin binding/neutralizing 

protein, and it is difficult to predict in vivo activity based 

on in vitro experimentation. In fact, neither of these 

references suggests a practical utility for the anti-LPS 

factor, and in view of the unpredictable nature of in vivo 

activity, it has previously not been appreciated that the 

endotoxin binding/neutralizing protein could be used in a 

pharmaceutical composition. Furthermore, none of the 

references disclose the use of the endotoxin 

binding/neutralizing protein for an endotoxin assay, as 
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disclosed in the present invention. It is notable that the 

present inventors have also discovered certain endotoxin 

binding/neutralizing protein variants which have amino acid 

structures that are different from the anti-LPS factor 

disclosed in the above-described publications. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 

provide pharmaceutical compositions containing therein an 

endotoxin -binding/neutralizing protein isolated from a 

horseshoe crab, which compositions are capable of binding and 

neutralizing endotoxin in vivo. 

It is yet another object of this invention to provide 

pharmaceutical compositions capable of binding and 

neutralizing endotoxin in vivo and containing therein an 

endotoxin binding/neutralizing protein corresponding at least 

to part of the endotoxin binding and neutralizing domain of 

the endotoxin binding/neutralizing protein isolated from a 

horseshoe crab in accordance with the invention. 

It is yet another object of the present invention to 

provide a method for reducing endotoxin concentration and/or 

neutralizing endotoxin activity in vivo. 

It is yet another object of the present invention to provide 

a method for purifying an endotoxin binding/neutralizing protein 

from a horseshoe crab. 

Seikagaku Corporation Exhibit 2090 - Page 7 of 68
Charles River Laboratories, Inc. v. Seikagaku Corporation

IPR2025-00440



WO 92/20715 PCT/US92/03983 

-6-

It is yet another object of the present invention to 

provide a method of assaying for endotoxin in a fluid. 

These and other objects of the present invention which 

will hereinafter become more readily apparent, have been 

provided by purifying an endotoxin binding/neutralizing 

protein from the horseshoe crab Limulus polvphemus, and 

discovering that it has the capability of binding to and 

neutralizing endotoxin in vivo. It has also been recognized 

that this purified endotoxin binding/neutralizing protein is 

useful in an assay for endotoxin. The present inventors have 

also discovered that there are certain structural variants of 

the Limulus polyphemus endotoxin binding/neutralizing protein, 

and it is expected that these materials will also possess 

endotoxin binding/neutralizing ability such that they may be 

used in the other aspects of the present invention as well. 

The present inventors have also discovered a domain 

within the endotoxin binding protein which is necessary for 

endotoxin binding/neutralizing. The present invention thus 

uses a protein corresponding at least to this endotoxin 

binding/neutralizing domain and up to the complete protein 

sequence. 

BRIEF DESCRIPTION OF THE FIGURES 

A more complete appreciation of the invention and many of 

the attendant advantages thereof will be readily obtained as 

the same becomes better understood by reference to the 
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following detailed description when considered in connection 

with the accompanying drawings, wherein: 

FIGURE 1 shows cation exchange chromatographic 

purification of Limulus endotoxin binding protein using 

CM-Sepharose resin. Peak 1: flow through, Peak 2: 0.25M NaC1 

elution, Peak 3: 1 M NaC1 elution. 

FIGURE 2 shows reversed phase chromatographic 

purification of Peak -1) from Fig. 1. Peak A: 25% isopropanol 

(IPA) elution, Peak 3: .35% IPA elution, Peak C: 50% IPA 

elution, Peak D: column wash with 100% IPA. 

FIGURE 3 is a plot of apparent endotoxin concentration 

(measured by LAL) versus protein concentration. Such a plot 

can be used to assess protein specific endotoxin 

inactivating/neutralizing activity. Specific activity is 

expressed as the amount of protein needed to achieve 50% 

reduction of endotoxin activity in the assay system (5 

nanograms of endotoxin Per 100 microliters). For convenience, 

units are expressed as micrograms protein x 105 needed to 

reduce 5 nanograms activity/100 microliters of standard 

endotoxin by 50%. 

FIGURE 4 shows endotoxin removal by affinity 

chromatography with endotoxin binding/neutralizing protein 

immobilized to a solid support. 

FIGURE 5 shows fluorescence excitation and emission 

spectra of Limulus endotoxin binding/neutralizing protein. 
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FIGURE 6 shows successive decreases in the emission 

spectra of Limulus endotoxin binding/neutralizing protein upon 

successive additions of endotoxin. 

FIGURE 7 shows lack of successive decreases in the 

emission spectra of human serum albumin upon successive 

additions of endotoxin (negative control). 

FIGURE 8 shows lack of successive decreases in the 

emission spectra of peak B, FIGURE 2 upon successive additions 

of endotoxin (negative control). 

FIGURE 9 shows a fluorescence titration of Limulus 

endotoxin binding/neutralizing protein at pH 3.86. KD = 2.41 

micromolar. 

FIGURE 10 shows fluorescence titration of Limulus 

endotoxin binding/neutralizing protein at pH 6.91. KD = 0.51 

micromolar. 

FIGURE 11 shows fluorescence titration of Limulus 

endotoxin binding/neutralizing protein at pH 8.80. KD = 2.40 

micromolar. 

FIGURE 12 shows the effect of pH on dissociation constant 

of Limulus endotoxin binding/neutralizing protein. 

FIGURE 13 is a comparison of immobilized Limulus 

endotoxin binding/neutralizing protein compared to two 

immobilized polymyxin resins in proteinaceous and 

non-proteinaceous solutions. 

FIGURE 14 demonstration of activity of Limulus endotoxin 

binding/neutralizing protein in the presence of total human 
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serum. The dashed line represents serum alone as a control 

(68 nanograms of endotoxin per ml inactivated/neutralized). 

The solid line represents serum plus 25 micrograms/ml added 

endotoxin binding/neutralizing protein (1600 nanograms 

endotoxin per ml inactivated/neutralized). 

FIGURE 15 provides the amino acid sequence of the 

endotoxin binding/neutralizing protein isolated from Limulus 

polyphemus in accordance with the present invention (SEQ. ID. 

NO. I). 

FIGURE 16 sets forth a DNA sequence (SEQ. ID. NO. II) 

encoding a protein corresponding to the endotoxin 

binding/neutralizing protein of the present invention having 

attached to its amino terminus the tetrapeptide Glu-Ala-Glu-

Ala. The so modified endotoxin binding/neutralizing protein is 

SEQ. ID. NO. III. This DNA sequence is equipped with yeast 

preferred codons and possesses unique restriction enzyme 

recognition sites for convenient modification of the sequence. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The endotoxin binding/neutralizing protein of the present 

invention may be isolated from any horseshoe crab. For 

example, any of the four known species of horseshoe crabs 

could be used. These species are: 

Limulus polyphemus 

Tachypleus gigas 

Tachypleus tridentatus 

Carcinoscorpius rotundicauda 
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Especially preferred among these is Limulus Polyphemus, the 

horseshoe crab which is found along the North American coast. 

The endotoxin binding/neutralizing protein may be isolated by 

a procedure which is summarized hereinbelow. The procedure is 

illustrated for the Limulus horseshoe crab, but these 

procedures may be applied to any known horseshoe crab, as 

recited herein. 

It was surprisingly found that the cellular debris 

produced during lysate production from Limulus amebocytes 

contains significant amounts of the endotoxin 

binding/neutralizing protein. The cellular debris was found 

to have even more activity than lysate itself. By "cell 

debris" is meant the insoluble material remaining when Limulus 

amebocytes are lysed by hypotonic shock. It includes nuclei, 

cell debris and some lysate proteins. The majority is 

insoluble material. Hypotonic shock may be accomplished by 

treating the Limulus amebocytes with endotoxin-free distilled 

water, preferably at 4°C, with shaking (e.g., for 12 h). The 

mixture is centrifuged, separating the lysate (soluble 

supernatant) from the cell debris. 

The next step is to extract from the cell debris the 

Limulus amebocyte binding protein. Many solvents have been 

tested, including water, several alcohols (e.g., methanol, 

ethanol, isopropanol, and butanol), acetone, chloroform, 

acetonitrile, acids (e.g., HC1 and 112SO4), bases (e.g., NaOH 

and ethanolamine), salts (e.g., NaC1), and detergents (e.g., 
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Tween, triton X-100, and SDS). The best results were obtained 

with denaturants such as urea and guanidine hydrochloride. 

Surprisingly, six molar solutions of denaturants were 

effective in extracting the protein without affecting 

biological activity. This concentration of denaturant would 

be expected to inactivate most proteins. Thus, the first step 

in the purification procedure herein is extraction of cellular 

debris from Limulus amebocyte lysate with a denaturant to 

produce an extract. The concentration of the denaturant can 

range from 1 M to 10 M. A more preferred range would be 3 M 

to 8 M. A most preferred concentration is around 6 molar. 

Urea is the preferred denaturant, because it can be made free 

of endotoxin by ultrafiltration and it is not readily 

contaminated by endotoxin containing bacteria. 

Preferably, prior to loading the extract onto a cation 

exchange column, an ultrafiltration step is performed. This 

step is also accomplished using urea or another denaturant as 

described above for extraction. In particular, the extract 

from the cell debris is crudely filtered with a filter aid 

such as diatomaceous earth (e.g., Celite, Manville corp.) or 

one of the cationic or anionic polymeric particles in 

colloidal suspension (e.g., Biocryl, Supelco division of Rohm 

and Haas Corp.), then passed through an ultrafiltration 

membrane. Ultrafiltration membranes may be used in any known 

form (e.g., plain film, hollow fiber, tubular and spiral) and 

may be made of any material. Preferred materials are 
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polysulfone, polyvinylidene fluoride, polyacrylonitrile, 

nylon, or cellulose. Most preferred is a polysulfone, flat or 

hollow fiber type ultrafiltration membrane. The preferred 

molecular weight cut-off of the ultrafiltration membrane is 

20,000 daltons to 50,000 daltons as can be commercially 

obtained from Millipore, Filtron or other membrane filter 

manufacturers. The most preferred membrane has a 30,000 

dalton cut-off. The Limulus endotoxin binding/neutralizing 

protein is now in the filtrate at a very low concentration. 

The filtrate from the first membrane is concentrated using a 

second ultrafiltration membrane having a molecular weight cut-

off of 5,000 to 10,000 daltons, preferably an 8,000 dalton 

cut-off membrane. The second ultrafiltration membrane may be 

the same or different material as the first ultrafiltration 

membrane, and is preferably made of polysulfone. The 

principle of operation is the same as the 30,000 cut-off 

membrane, however, the endotoxin binding/neutralizing protein 

is now in the retentate with all other proteins greater than 

e.g., 8,000 daltons. 

After the above step, the retentate is subjected to 

cation exchange chromatography using cellulose, cross-linked 

agarose or hydrophilic-vinyl polymer resins derivatized with 

carboxymethyl (CM), Sulphopropyl (SP), Sulphonate (S), or 

other anionic group. These can be obtained from several 

manufacturers including Pharmacia (Sephadex®, Sepharose®), 

Tosoh Corp. (Toyopearl®) or BioRad (Cellex®, Bio-Gel). The 
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most preferred resin is CM-Sepharose®. The pH of loading and 

elution buffers can range from 4 to 8, with the most preferred 

range of pH 5 to 5.5. In this step also, urea (or another 

denaturant as described above for extraction) is an important 

constituent. All column elution buffers must contain urea (at 

least about 3 molar) to elute the endotoxin binding protein 

cleanly from the column. 

The elution from the column is accomplished by a step 

gradient of a salt such as ammonium chloride, potassium 

chloride or sodium chloride. Sodium chloride is preferred. 

FIGURE 1 shows the results of the CM Sepharose® 

chromatographic step. The preferred concentration of urea in 

the eluent used in this step is 1 M to 6 M. A preferred 

concentration of urea in this step is 2 M to 4 M. A most 

preferred concentration is 2.5 M to 3.5 M. When sodium 

chloride is used in the eluant, biological activity elutes at 

a concentration of sodium chloride of from around 0.5 to 1 

molar. 

After the cation exchange step, the salt-eluted peak of 

activity is applied to a reversed-phase column. The preferred 

method employs a resin having 4, 8, or 18 carbon chains (C-4, 

C-8 or C-18, respectively). The most preferred method employs 

a C-4 resin commercially available from such resin 

manufacturers as Vydac, Waters, Tosoh Corp., etc. The protein 

is eluted by a step gradient of, for example, isopropanol and 

trifluoroacetic acid (TFA). The concentration of 
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trifluoroacetic acid is ideally 0.2%, but can range from 0 to 

0.4%, preferably 0.15 to 0.25%. FIGURE 2 shows the location 

of the activity during treatment on the reversed-phase column. 

The reversed-phase column step effects desalting and further 

purifies the material to virtual homogeneity. The Limulus 

protein is remarkably stable to the organic solvents and low 

pH of this column. The protein is stable over a pH range of 

1-3 in the presence of TFA. The material may now be 

lyophilized. The purified Limulus protein has an isoelectric 

pH (pI), which is greater than 10, indicating a very basic 

protein. The molecular weight of the protein as determined by 

SDS-PAGE is 12,500 ± 100. The first three N-terminal amino 

acids of this purified material are 

Asp-Gly-Ile 

This protein is the preferred protein used in accordance 

with the present invention. Its amino acid sequence is set 

forth in Figure 15 where it is identified as SEQ. ID. NO. I. 

The inventors have also discovered a domain, within this 

endotoxin binding/neutralizing protein, necessary for 

endotoxin binding/neutralization. This domain comprises the 

amino acid sequence of from amino acid position 30 to amino 

acid position 55 set forth in Figure 15. Thus in a preferred 

embodiment, the present invention uses a protein corresponding 

at least to that portion of SEQ. ID. NO. I or III 

corresponding to amino positions 30 to 55 and up to complete 

SEQ. ID. NO. I or III where the components attached to the 
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amino end or the carboxyl end of the domain may be 

independently present at varying lengths. 

It should be noted that Watson and Sullivan, U.S. Patent 

4,107,077, teaches that there is an increase in sensitivity of 

the lysate by organic extraction with chloroform. It appeared 

logical that a protein which inactivated endotoxin would 

appear as an inhibitor in the endotoxin assay. Thus, it was 

hoped that the protein was the inhibitor which is extracted 

into chloroform and could be recovered from that extract. 

However, surprisingly, this was not successful. Since the 

protein is fairly hydrophobic, it may be in the organic 

extract, but denatured in some way. 

The majority of the purified material had an amino acid 

sequence which appears to be identical to a protein from 

Limulus  that was isolated by Tanaka et al. The material was 

subsequently purified by Iwanaga et al, as reported in the 

International Symposium on Pyrogen, held June 23-26, 1987 in 

China. However, in the latter case, a different purification 

procedure was employed. 

In addition to a protein having an apparently identical 

amino acid sequence to that reported in Iwanaga et al, some 

related proteins were also purified, which have different 

amino acid sequences. These variant proteins have not 

previously been described. In a first protein, on the 

N-terminal thereof, a serine rather than an aspartic acid 

residue is located. Furthermore, an asparagine is located in 
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the second position from the N-terminal rather than a glycine 

as reported in Iwanaga et al. Therefore, a protein having an 

initial amino acid sequence of 

Ser-Asn-Ile-Trp-Thr 

is also part of the present invention. Other possible protein 

derivatives are those beginning with 

Asp-Asn-

Ser-Gly-, and 

Ser-Asn-, 

and also a protein having an N-terminal asparagine with one 

less amino acid than the natural sequence. Each of these 

variant proteins is also part of the present invention, and 

they may be used in each aspect of the invention described 

hereinbelow. They will be referred to as endotoxin 

binding/neutralizing protein variants (or variant proteins for 

short), as distinguished from the natural sequence endotoxin 

binding protein, which is the protein having the amino acid 

sequence reported in Iwanaga et al. 

The variant proteins were not separated from each other. 

Rather, upon sequencing the most purified samples, some 

positions were uniformly one amino acid, while other positions 

showed major variation. This is interpreted as a mixture of 

proteins showing microheterogeneity. It is consistent with 

the existence of a gene family for these proteins individual 

gene sequences are very homologous, but not identical. It 
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remains to be seen if their individual specific activities 

vary significantly. 

The present invention also encompasses DNA sequences 

which encode the polypeptides of the present invention, 

particularly those encoding at least the domain of from amino 

acid position 30 to 55 of SEQ. ID. NO. I or III and up to the 

whole SEQ. ID. NO. I or III, vectors containing these DNA 

sequences, and microorganisms such as E. coli, yeast, etc., 

transformed with the vectors. The transformed microorganisms 

can be used to produce large quantities of the polypeptide 

materials, including the variant proteins described above. 

The genes of this invention may be altered so as to maximize 

codon expression in a given host. 

The DNA sequences used in accordance with the present 

invention may be obtained in any manner known in the art, such 

as cloning and/or DNA synthesis. Various methods for 

synthesizing both DNA and RNA sequences are discussed in 

"Synthesis and Applications of DNA and RNA", edited by S. A. 

Narang, Academic Press Inc. (1987), which is hereby 

incorporated by reference. Once obtained these gene sequences 

may be expressed in microorganisms using known methodology. 

See, e.g., Maniatis et al, "Molecular Cloning: A Laboratory 

Manual" Cold Spring Harbor Laboratory (1982), which discusses 

cloning and expression methodologies and which is hereby 

incorporated by reference. 
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In accordance with the preferred embodiment of the 

present invention, a protein encoded by SEQ. ID. NO. III is 

produced in a yeast host where it may be produced as a 

glycoprotein comprising the amino acid sequence of the 

endotoxin binding protein of the present invention (SEQ. ID. 

NO. I) to which the tetrapeptide "Glu-Ala-Glu-Ala" is 

covalently attached to the amino terminal of the endotoxin 

binding protein. This glycoprotein encoded by SEQ. ID. NO. II 

is excreted by the yeast host. 

Procedure for Assaying for Endotoxin Binding Activity 

To follow the purification of the endotoxin 

binding/neutralizing protein during the above purification 

steps, assays can be performed in solution. One publication 

describing typical assays for LRm values is Novitsky et al, J. 

Clin. Microbiol. pp. 211-216 (1985). A specific procedure 

follows: 

A 96-well microtiter plate is used. Protein fractions 

are serially diluted across the top row and mixed with a 

standard endotoxin solution. There is another series of 

dilutions done on all samples to get within range of the 

assay, but basically the endotoxin recovered in the well after 

mixing with a suspected endotoxin inactivating protein is 

measured. This is compared to negative controls and an 

endotoxin standard curve. It is found that the added 

endotoxin is inactivated at the high protein concentrations. 
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As the protein is diluted across the plate, a point is reached 

where it is too dilute to inactivate the added endotoxin. 

This dilution is a measure of the protein specific activity. 

FIGURE 3 represents a graphical form of such experiments. In 

FIGURE 3, the dotted curve represents the crude extract after 

ultrafiltration, and the solid line is the most highly 

purified fraction from the reversed-phase column. 

In Vivo Activity of the Endotoxin Binding/Neutralizing Protein 

of the Present Invention 

The endotoxin binding protein of the present invention 

(and variants thereof) may be incubated with endotoxin, and 

then administered to animals, and the bound endotoxin is not 

found to cause any pyrogenicity in vivo. The details of the 

endotoxin test are presented hereinbelow in the examples 

section. 

Surprisingly, and even less predictably, the present 

endotoxin binding protein may be administered to an animal 

after the animal has already been exposed to endotoxin, and 

the endotoxin binding protein can reverse the effects of free 

endotoxin in vivo. Moreover, the endotoxin 

binding/neutralizing protein may be administered to an animal 

before contact with endotoxin by the animal, and the endotoxin 

binding/neutralizing protein will exert a protective effect 

against the effects of endotoxin. Accordingly, the endotoxin 

binding/neutralizing protein of the present invention may be 
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formulated into a pharmaceutical composition for treating an 

animal in vivo, so as to exert a therapeutic effect if 

endotoxin is present in the animal, or to exert a protective 

or preventive effect, if the animal should come into contact 

with endotoxin later. Details on the experimental tests 

showing the in vivo effects of the endotoxin 

binding/neutralizing protein of the present invention are also 

presented in the examples section hereinbelow. 

It should be noted that in vivo activity of this type 

would have been unpredictable based on the bare disclosure of 

the in vitro endotoxin binding/neutralizing capability of this 

protein. According to Nachum (described above), there were 

two possibilities for the removal of endotoxin by lysate 

proteins, binding or enzymatic cleavage of endotoxin. The 

inventors looked for degradation products and found none 

(specifically, free fatty acids that could have been released 

by esterases). Subsequent work has found binding to be the 

mechanism. It is more expected that the endotoxin would be 

inactivated in vivo by an enzymatic action the molecule would 

be structurally different. However, by only binding, one 

would assume the entire endotoxin structure would still be 

present and available to trigger the normal biological 

response to the toxin. The noted inactivation in vitro might 

easily have been an artifact of an artificial assay system - 

perhaps a conformational change in the bound endotoxin not 

reacting with the LAL reagent, or it is also possible that the 
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Limulus endotoxin binding protein was inhibiting the clotting 

reaction by itself (since it is present in lysate, this 

possibility is hard to rule out without the in vivo results). 

Although it might be possible for the endotoxin binding 

protein of the present invention to be administered in vivo 

without any additives thereto, it is preferably mixed with a 

carrier, and if necessary, other adjuvants 

By the term "carrier" as used herein is meant a synthetic 

or natural, inorganic or organic substance which is added to 

the endotoxin binding protein of the present invention to 

assist the active ingredient in reaching the location to be 

treated therewith and to facilitate storage, transportation 

and handling of the active ingredient. 

Among suitable liquid carriers, there may be included 

aromatic hydrocarbons such as benzene, toluene, xylene, 

cumene, etc., paraffinic hydrocarbons such as mineral oil and 

the like, halogenated hydrocarbons such as carbon 

tetrachloride, chloroform, dichloroethane and the like, 

ketones such as acetone, methyl ethyl ketone, etc., ethers 

such as dioxane, tetrahydrofuran and the like, alcohols such 

as methanol, propanol, ethylene glycol and the like, dimethyl 

formamide, dimethylsulfoxide, water, etc. Mixtures of any 

number of liquid carriers are also envisioned. Upon 

dissolution of lyophilized active ingredient with unbuffered 

pyrogen free distilled water or saline or phosphate buffered 

saline (pH 6.5 to 7.5), the protein is not completely soluble. 
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In order to avoid undesirable physiological side-effects which 

might result from such suspensions, the pH may be adjusted to 

slightly alkaline pH (pH 8 to 9) at which the material becomes 

water clear. For this reason, the most preferred liquid 

carrier is pyrogen free distilled water or saline adjusted to 

an alkaline pH. 

In order to enhance the effectiveness of the compound 

according to this invention, it is possible to use such 

adjuvants as given below either singly or in combination in 

accordance with the purpose of each application thereof while 

taking into consideration the form of their preparation and 

their field of application. 

Namely, exemplary adjuvants may include anionic 

surfactants such as alkyl sulfates, aryl sulfonates, 

succinates, polyethylene glycol alkyl aryl ether sulfates, and 

the like, cationic surfactants such as alkylamines, 

polyoxyethylene alkylamines, etc., non-ionic surfactants such 

as polyoxyethylene glycol ethers, polyoxyethylene glycol 

esters, polyol esters and the like, and amphoteric 

surfactants. Encapsulation or microencapsulation of the 

active ingredient in liposome vesicles is also within the 

scope of this invention. 

Examples of stabilizers, thickeners, lubricants and the 

like are isopropyl hydrogen-phosphate, calcium stearate, wax, 

casein, sodium alginate, serum albumin, other blood proteins, 

methylcellulose, carboxymethylcellulose, gum arabic, etc. It 
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should be kept in mind that these ingredients are not limited 

to the recited examples. 

The active materials according to the present invention 

can be administered by any route, for example, orally, 

parenterally, intravenously, intradermally, subcutaneously, or 

topically, in liquid or solid form. Preferably, the route of 

administration is intravenously. 

The solutions or suspensions may also include the 

following components: a sterile diluent such as water for 

injection, saline solution, oils, polyethylene glycols, 

glycerin, propylene glycol or other synthetic solvents; 

antibacterial agents such as benzyl alcohol or methyl 

parabens; antioxidants such as ascorbic acid or sodium 

bisulfite; chelating agents such as ethylenediaminetetraacetic 

acid; buffers such as acetates, citrates or phosphates and 

agents for the adjustment of tonicity such as sodium chloride 

or dextrose. The parenteral preparation can be enclosed in 

ampoules, disposable syringes or multiple base vials made of 

glass or plastic. 

While dosage values will vary with the specific severity 

of the disease condition to be alleviated, good results are 

achieved when the compounds described herein are administered 

to a subject requiring such treatment as an effective oral, 

parenteral or intravenous dose of from 100 to 10,000 units per 

nanogram of measured endotoxin per day per patient. A 

particularly preferred effective amount is about 1000 to 5000 
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units per nanogram of measured endotoxin per day per patient. 

Most preferred is the administration of 0.1 to 100 mg of 

endotoxin binding protein/kg of body weight per day per 

patient. It is to be understood, however, that for any 

particular subject, specific dosage regimens should be 

adjusted to the individual need and the professional judgment 

of the person administering or supervising the administration 

of the aforesaid compound. It is to be further understood 

that the dosages set forth herein are exemplary only and they 

do not limit the scope or practice of the invention. The 

dosages may be administered at once, or may be divided into a 

number of smaller doses to be administered at varying 

intervals of time. 

Specific diseases which could be treated include 

septicemia, toxic shock, and any other condition, especially 

gram-negative bacterial infections, which is accompanied by an 

increase in in vivo endotoxin content. Other examples are 

endotoxin-related arthritis, gonorrhea, periodontal disease, 

spinal meningitis, and infections of amniotic fluid. 

Although this invention and its preferred embodiments are 

primarily addressed to use in humans, veterinary use is also 

encompassed by the invention. In this regard, the active 

ingredient may be administered to reduce or prevent the 

pyrogenic or other ill effects of endotoxin in vivo in, for 

example, dogs, cats, horses, cattle, sheep, and rabbits. 

Administration to laboratory animals, such as mice and rats, 

in order to prevent or reduce effects of endotoxin, is also 

contemplated. 
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Although polyclonal and monoclonal antibodies to 

endotoxin have also been developed for this purpose and are 

the subject of ongoing development, the endotoxin binding 

protein of the present invention has advantages over 

antibodies which make it a preferred candidate for a 

therapeutic. The binding constant is very high and its low 

molecular weight may be less antigenic. In a recent paper, 

Greisman and Johnston, J. Infect. Disease 157:54-64 (1988), it 

has been shown that at least one anti-serum against endotoxin 

is ineffective in reducing the effects of endotoxin in vivo. 

In contrast, the in vivo experiments in the present invention 

have shown that the endotoxin binding protein may inactivate 

endotoxin in both rabbit and human serum. 

Removal of Endotoxin From Solutions 

Endotoxin contamination of pharmaceuticals is a problem 

toward which many removal protocols have been directed. Many 

of these are summarized in Biopharm, April, 1988, pages 22-29, 

and the references cited therein. They all fall short when 

the contaminated material is or contains a high molecular 

weight substance, such as protein. Most of the existing 

technology for endotoxin removal (ultrafiltration, ion 

exchange, affinity chromatography) does not separate protein 

and endotoxin. The present invention involves using the 

endotoxin binding protein (e.g., from Limulus) as an 

immobilized affinity ligand to achieve this separation. The 
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preferred solid support for covalently coupling the endotoxin 

binding protein is cellulose, agarose or other hydrophilic 

polymer derivatized to contain carboxyl, hydroxyl, amino, 

epoxide or other chemically reactive group to which proteins 

may be covalently attached using well known coupling 

chemistry. These methods include using water soluble 

carbodiimide or carbonyldiimidazole, glutaraldehyde, etc. The 

most preferred support is the hydrophilic vinyl polymer in 

pellicular or membrane form containing carboxy-methyl groups 

activated with water-soluble carbodiimide. The inventors have 

attached the binding protein covalently to chromatographic 

beads and the protein retains its biological activity. 

Furthermore, by mixing the beads with endotoxin contaminated 

proteins, the solution could be detoxified. This was done by 

mixing the beads in batch mode in test tubes, or by packing a 

column with the beads and passing the solutions over it. 

The protein could also be covalently attached to filter 

membranes for the same purpose. FIGURE 5 shows an experiment 

with such a filter. A 40 ml solution containing approximately 

130 pg/ml endotoxin was recirculated through a filter 

containing the binding protein. There was an initial large 

drop in the toxin concentration that was further reduced as 

the material recirculated. 

The present inventors further conducted a direct 

comparison of two immobilized polymyxin resins compared to the 

present ligand on similar gel particles. The experiment took 

Seikagaku Corporation Exhibit 2090 - Page 28 of 68
Charles River Laboratories, Inc. v. Seikagaku Corporation

IPR2025-00440



WO 92/20715 
PCI'/US92/03983 

-27-

100 microliter gel volumes of each in a microcentrifuge tube 

and added 100 nanograms of E. coli endotoxin in 1 ml of 

various solutions to each. The tubes were mixed end over end 

for one hour. In 10 mM Tris, all three performed equally 

well. In 25% human serum albumin (HSA) and 5% HSA, the 

present endotoxin binding protein was able to remove 

significantly more endotoxin. Interestingly, in distilled 

water, polymyxin was superior. Thus, the present endotoxin 

binding protein exhibits surprisingly superior performance in 

protein-containing solutions. Other possible proteins 

contaminated by endOtoxin are HSA, interferon, interleukins, 

growth factors, hormones, proteases, TPA, TNF, monoclonals, 

EGF, insulin, and erythropoietin. 

Extracorporeal Treatment of Septic Shock 

Because of the ability of the endotoxin protein to 

function in protein solutions and human serum, an affinity 

membrane or hollow fiber may be constructed for the purpose of 

removing endotoxin from the blood of patients 

extracorporeally. In such a mode, similar to kidney dialysis, 

blood containing elevated concentrations of endotoxin from a 

variety of potential clinical conditions is circulated through 

an affinity device such that the serum is brought into direct 

contact with endotoxin binding protein covalently bound to the 

membrane. Since the amount of endotoxin binding protein being 
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released into the general circulation is much reduced from an 

intravenous application, potential side effects are minimized. 

Assay for Binding Affinity and Application of the Endotoxin 

Bindinci/Neutralizing Protein in an Alternative Endotoxin Assay 

A known optical property of all proteins is the ability 

of some aromatic amino acids to fluoresce when excited at 

certain wavelengths. The present inventors looked 

specifically at tryptophan residues. These are excited at 

around 283 nm and fluoresce at around 350 nm. See FIGURE 6. 

The inventors examined a fluorescence maxima at 350 nm of 

the endotoxin binding protein at various concentrations of 

endotoxin. There was a proportional quenching of that 

fluorescence, indicative of a tight association. See FIGURE 

7. Other proteins as negative controls showed no such 

proportional change. See FIGURES 8 and 9. From this data, 

the inventors have been able to calculate the binding affinity 

constants between the present protein and endotoxin. See 

FIGURES 9-12. 

The fluorescence quenching experiment may serve as the 

basis for an assay for endotoxin based on the physical change 

of a single protein upon exposure to endotoxin. The inventors 

have found that the quenching effect observed upon addition of 

endotoxin to the endotoxin binding protein does not appear to 

experience saturation up to a high concentration level of 

added endotoxin. In other words, although one would expect 
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the relationship between concentration of endotoxin and 

quenching to be a nonlinear one, the linearity of the 

relationship extends over a remarkably wide range of 

concentration of endotoxin. This unexpected aspect of the 

present assay enables the assay to be used over a wider range 

of endotoxin concentrations than could have been expected. 

Ranges of the ratio of endotoxin binding protein to endotoxin 

that are expected to be effective are 0.1:1 to 5000:1, 

preferably 1:1 to 2000:1, most preferably 10:1 to 1000:1. 

In a preferred embodiment of the present endotoxin assay 

using the present endotoxin binding protein, the response is 

amplified using a biosensor. Biosensors rely on a specific 

binding ligand immobilized on a solid (e.g., quartz) chip. 

Electrical potential between two electrodes, or the acoustic 

wave perturbation between two electrodes is measured. 

The current method for measuring endotoxin is the Limulus 

amebocyte lysate assay. This involves a cascade of enzymes 

which are activated by endotoxin and result in the formation 

of a gel, analogous to a mammalian blood clot. Since multiple 

enzymes are involved, many substances interfere with the 

overall reaction, causing enhancement or inhibition. In 

addition, the key enzymes of the cascade are proteases so 

other proteolytic enzymes, such as trypsin, can cause gel 

formation. To eliminate these problems, samples containing 

interfering substances must be diluted beyond the point where 

they interfere. In many cases the dilution factor can be 
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hundreds or thousands. The net effect is to decrease the 

sensitivity in measuring absolute endotoxin concentrations in 

those samples. 

One of the promising potentials that a single endotoxin 

binding protein has is to eliminate the multiple interfering 

effects seen in the LAL assay. Even if the sensitivity were 

one tenth that of LAL, the lack of a need to dilute would 

compensate, making the sensitivity equivalent. Biosensors 

take advantage of specific binding affinities of such 

molecules. Antibodies are an example which have been used 

sound to the surface of a silicon chip, they bind to their 

immunogen and cause a change in the surface which is measured 

electrically. Depending on the type of sensor, capacitance, 

resistance or acoustic wave changes are measurable. Depending 

on the concentrations and volumes of the samples, the time 

required for each measurement can be from seconds to minutes. 

The electronic component of the biosensor could measure 

voltage (potentiometric), current (amperometric), light, 

sound, temperature or mass (piezoelectric). The biosensors of 

the present invention can be based on technology which is 

known, such as described in Biotechnology 5, 437-440 (1987), 

and Transducers 1987, the abstract entitled "Development of a 

Surface Acoustic Wave Biosensor", and "Recent Progress in 

Biosensor Development", Hall, E. A. H., Int. J. Biochem. 1988, 

20(4), 357-62, each of which is incorporated herein by 

reference. Biosensor information is also contained in U.S. 
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Patents 4,721,677, 4,680,268, H 0,000,201, and 4,614,714, each 

of which is incorporated herein by reference. 

An actual device employing a biosensor would be similar 

to a flow cell. The sample would enter, be exposed to the 

reactive surface and a measurement made. Depending on the 

chemistry of binding, the bound ligand could be washed off to 

regenerate the surface or left on to measure a cumulative 

response. This may be adapted to an in-line device to monitor 

endotoxin contaminating events. 

Due to the compact nature of the electronics, a portable 

field unit is feasible. This could be used on-site for 

checking water purity or process cleanliness during 

pharmaceutical manufacture, kidney dialysis unit pyrogen 

checks, or any other application where the conventional LAL is 

used now. Since endotoxin is a component of gram negative 

bacterial cell walls, binding of whole bacteria should be 

measurable. An extension of this technology should make 

possible remote sensors to monitor water quality in the 

environment. 

By coupling the binding protein to latex microspheres 

using a chemistry similar to that used to immobilize the 

protein on chromatographic resins or membranes, another method 

to quantitate endotoxin is constituted. By exposing latex 

microspheres coated with endotoxin binding protein (e.g., from 

Limulus) to endotoxin, the microspheres agglutinate. Such 

agglutination is commonly employed in assays based on 
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antibodies to the specific ligand to be measured (Hechemy, 

K.E.; Michaelson, E.E. Laboratory Menacement 1984, 22(6):27,ff 

(Part I) and 22(7):26,f (Part II); 

and Crane L.J. American Journal of 

77(4):424-9). In such techniques, 

phenomenon is thought to be due to 

Babson, A.L., Opper, C.A. 

Clinical Pathology (1982), 

the agglutination 

crosslinking between 

multiple binding sites on the antibody molecule complexing 

with multiple sites on the antigen. Due to the high ratio of 

endotoxin binding protein to endotoxin needed to be effective 

in our other solution experiments, it is thought the number of 

endotoxin binding sites on the protein is one or less. By 

covalently coupling many molecules of binding protein per 

microsphere, a multiple binding site reagent is created which 

is now possible to function as a specific agglutinin. 

Alternatively, the binding protein can be linked to one 

suspension of beads and endotoxin or lipid A linked to a 

second suspension. On mixing, these two suspensions will 

agglutinate. 

endotoxin in 

inhibit such 

This may also be employed as an assay for 

solution by the ability of the free endotoxin to 

agglutination. In this case, agglutination is 

inversely proportional to the unknown endotoxin concentration. 

The invention now being generally described, it will now 

be illustrated in greater detail by the following examples, 

which are presented herein for illustration only and are not 

intended to be limiting of the present invention, unless so 

indicated. 
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EXAMPLES 

Example 1 

Assay in of in vitro Inactivated Endotoxin by Pyrogen 

Testing in Rabbits: 

E. coli endotoxin was prepared at 100 nanograms per ml. 

in Phosphate Buffered Saline (PBS). This was mixed with 200 

micrograms of Limulus Endotoxin Binding Protein and incubated 

at 37 degrees Celsius for one hour. Control solutions were 

prepared of endotoxin (100 nanograms/mi) only and PBS only. 

Three vials of each of the three solutions were prepared 

containing 2 mi/vial. 1.5 ml of each solution was injected 

intravenously into individual 3 kilogram rabbits and their 

body temperatures measured continuously for six hours with 

data points recorded every 10 minutes. The final dose of 

endotoxin or inactivated endotoxin was 50 nanograms/kilogram. 

In rabbits, a 5 nanograms/kilogram dose of endotoxin 

elicits a measurable fever response, showing a peak at one 

hour after injection. The present results showed the rabbits 

receiving only endotoxin at 50 nanograms/kilogram did indeed 

develop a body temperature elevated 1.64 (S.D. 0.236) degrees 

Celsius. Those rabbits receiving only PBS or endotoxin 

inactivated with Limulus Endotoxin Binding Protein maintained 

a normal body temperature. 

Example 2 

Assay of in vivo Prophylactic Efficacy of Limulus 

Endotoxin Binding Protein: 
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Limulus Endotoxin Binding Protein is injected 

intravenously into rabbits at two dose levels, 5 

micrograms/kilogram and 50 micrograms/kilogram. Control 

animals receive injections of PBS. Fifteen minutes later, all 

animals receive intravenous injections of 50 

nanograms/kilogram E. coli endotoxin. Body temperature is 

monitored continuously over six hours and recorded every 10 

minutes. The normal course of increase in temperature peaking 

at one hour after injection is seen in control animals 

preinjected with PBS only. Those animals receiving 

preinjection of endotoxin binding protein at 50 

micrograms/kilogram showed an increase of 1.55 (S.D. 0.225) 

degrees Celsius. Animals receiving 5 micrograms/kilogram 

demonstrated temperature increases of 1.85 (S.D. 0.270). 

Example 3 

Assay of in vivo Therapeutic Efficacy of Limulus 

Endotoxin Binding Protein: 

E. coli endotoxin is injected intravenously into 9 

rabbits at a dose of 50 nanograms/kg. After 15 minutes, three 

were injected intravenously with 5 micrograms Limulus 

Endotoxin Binding Protein, three were injected intravenously 

with 50 micrograms Limulus Endotoxin Binding Protein and three 

received PBS. Volumes of all injections were 0.5 ml/kg. Body 

temperatures are monitored for 6 hours and data collected 

every 10 minutes. Animals receiving endotoxin and the PBS 

only, manifest the normal peak fever response one hour after 
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toxin administration. Those animals receiving therapeutic 

injections of the Limulus protein exhibit a much reduced fever 

response proportional to the amount of protein which is 

administered. 

Example 4 

Endotoxin Inactivating Potential of Limulus Endotoxin 

Binding Protein in Human Serum: 

In order to assay the potential effectiveness of the 

endotoxin binding protein as a therapeutic or prophylactic 

agent for septic shock or related disorders in humans, the 

protein was tested for its ability to inactivate endotoxin in 

the presence of whole human serum. The assay was conducted in 

a 96-well tissue culture multiwell elates as described in 

detail in Novitsky et al., J. Clin. Micro., 20: 211-216 

(1985). To each well were added in order 0.05 ml of serum 

only or serum with 25 micrograms/ml Limulus Endotoxin Binding 

Protein, 0.05 ml E. coli endotoxin solution. The plates were 

covered with Parafilm to prevent evaporation, agitated on a 

mechanical vibrating platform for 15 seconds and incubated at 

37 degrees Celsius. Multiwell plates were then uncovered, and 

0.1 ml of LAL was added to each well. The plates were 

subsequently handled and read as described for the LAL 

endotoxin assay. Serum with the added endotoxin binding 

protein was able to inactivate increasingly larger amounts of 

endotoxin (2,000 nanograms/ml) while serum alone was able to 

bind and/or inactivate only 80 nanograms/ml. 
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Example 5 

Universality of Endotoxin Type Inactivated by the Limulus 

Endotoxin Binding Protein. 

In order to investigate the mechanism of the endotoxin 

binding phenomenon and determine the breadth of endotoxin 

types against which the binding protein is effective, 

endotoxin from several species of Gram negative bacteria as 

well as lipid A were tested. These included endotoxin from 

Klebsielia pneumonias, Serratia marcescens, Salmonella 

enteritidis, Escherichia coli 0113 wild type, E. coli rough 

mutant (J-5), Salmonella abortus equi, and Lipid A from S. 

minnesota Re 595. 

The endotoxin binding protein was mixed with the 

endotoxins or lipid A at a ratio of 5:1 to 1,000:1 in the 

presence of 10 millimolar Tris buffer, pH 6-8. In all cases 

the measurable endotoxin activity after mixing was reduced 85% 

to 99.5%. 

Example 6 

Summary: 

Limulus Endotoxin Binding Protein (EBP) protects rats 

from the lethal effects of lipopolysaccharide (LPS). The 

effects of premixed LPS and EBP(1:1 wt/wt) were compared to 

those of EBP or LPS alone. The material was administered to 

rats in groups. The endotoxin group exhibited 30% mortality; 

the group which received the combined EBP + LPS exhibited no 

deaths. In an in vitro experiment„ vascular tissue was 
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examined for contraction defects after preincubation with 

endotoxin, protein, or a mixture of endotoxin and protein. 

Endotoxin-incubated tissue exhibited reduced contraction to 

norepinephrine; coincubation with limulus protein protected 

against the supression. 

Hematocytes from Limulus polyphemus contain a 12,000 

dalton amphipathic protein with a high affinity for the lipid 

A portion of endotoxin. This protein is part of an anti-

infection pathway of aggregation where rapid degranulation and 

clot formation are initiated when hematocytes are exposed to 

Gram-negative endotoxins. This endotoxin binding protein has 

been isolated and sequenced (SEQ. ID. NO. I). In vitro it 

binds to endotoxin with high affinity and neutralizes the 

lipopolysaccharide thus preventing it from being detected in 

the Limulus amebocyte assay. In a recent study which shows 

that this protein can protect endothelial cells in vitro from 

the toxic affect of endotoxin, the inventors examined the 

ability of the Limulus endotoxin binding-protein to protect 

rats from the toxic effects of endotoxin. Also, the ability 

of this protein to protect vascular tissue from the effects of 

endotoxin was examined in vitro experiments. The results of 

both in vivo and in vitro experiments demonstrate that this 

protein exhibits a protective effect by neutralizing the 

endotoxin. 
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Methods: 

Protection From Endotoxemia 

Male Sprague-Dawley rats (230-450g) were given light 

Halothane anesthesia and then injected with the appropriate 

experimental treatment via the dorsal vein of the penis. 

Groups of rats received one of the following treatments; 

1) LPS (E. coli O111:B4, Sigma Chemical Company) in 

buffer, 0.15 M NaC1 buffered to pH 7.4 with 0.02 M sodium 

phosphate, 

2) A suspension of anti-LPS factor and LPS mixed 1:1 

(wt/wt) in buffer, 

3) Albumin mixed with LPS 1:1 (wt/wt), or 

4) Only the Limulus protein incubated in buffer. 

All solutions were incubated at 37°C for one hour prior 

to injection. The volume injected (1.7 to 2.9 ml) depended on 

the weight of the rat and was adjusted to deliver an exact 

dose on a mg LPS/kg body weight basis. Animals were 

maintained on standard rat chow and water ad libitum.

Survival was followed to 24 hours. 

Aortic Ring Contraction 

Rats were sacrificed by decapitation and the thoracic 

aorta excised and sectioned into rings for measures of 

contractile performance. Tissues from normal rats were 

incubated at 37°C for 16 hours in DMEM (Dulbecco's Minimal 

Essential Medium) containing 5t fetal calf serum, 100 U 
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penicillin, 100 ug streptomycin, and gassed with 95% O2-5% CO2. 

Experiments consisted of additions of either; 

1) 10 ng/ml endotoxin, 

2) 50 ng/ml endotoxin binding-protein, 

3) a mixture of endotoxin and binding-protein (10 and 50 

ng/ml), or 

4) medium only during the 16 hr incubation period. 

Contractile performance of rings suspended between two 

hooks in a 10 ml bath was assessed by measuring the tension as 

a function of cumulative doses of norepinephrine (NE) covering 

a range of 1 nM to 30 uM. 
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Survival as a Function of Endotoxin/Neutralizing 

Protein (EBP) 

Treatment 

EXP1 # 1 

LPS 
LPS + albumin 

LPS + EBP 

EBP (only) 

# Survivors/# Rats % Survival 

14/20 
9/20 

20/20 

70 
40 

3.000

13/15 87 

A 30 

LPS = (15 mg/kg, # 37F-4089) this lot # exhibits reduced 
toxicity 

12 < .05 different from LPS Buffer 
12 < .05 different from LPS albumin 

Treatment 

EXP2 # 2 

LPS 
LPS + albumin 

LPS + EBP 

# Survivors/# Rats % Survival 

9/28 
7/28 

14/27 

32 
25 

5 OC,d 

A 18 

EBP (only) 11/11 100 

EBP (only) 11/11 100 

2LPS = (15 mg/kg, # 39F-4030 and # 37F-4019) 
all proteins = 15 mg/kg 

;d no significant different but 
trend consistent (p < .1) 
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Survival as a Function of Native Endotoxin/Neutralizinq 

Protein (nENP) and Recombinant Endotoxin 

Binding/Neutralizing Protein (rENP) 

Treatment 

LPS 
LPS + albumin 

LPS + r-EBP 

EBP (only) 

y Survivors/# Rats '1 Survival 

3/10 
5/10 

10/10 

30 
50 

iood,e 

10/10 100 

A 70 

LPS = (15 mg/kg, # 39F-4030) 
all proteins = 15 mg/kg 

tp < .05 different from LPS in buffer 
< .05 different from LPS in albumin 

* * * * * 

The invention now being fully described, it will be 

appreciated that the invention may be practiced otherwise than 

as specifically set forth herein. 
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What is Claimed Is: 

1. A method for ameliorating the biological 

effects of endotoxin in vivo, which comprises 

administering to a mammal in need thereof an effective 

amount of an endotoxin binding protein having amino 

acid sequence SEQ. ID. NO. I. 

2. The method according to Claim 1, wherein 

said endotoxin binding protein is administered 

intravenously. 

10 3. The method according to Claim 1, wherein 

said mammal is a human. 

4. The method according to Claim 3, wherein the 

dose of endotoxin binding protein is from about 0.1 to 

100 mg of endotoxin binding protein per kg of body 

15 weight per day per patient. 

5. The method according to claim 1, wherein 

said endotoxin binding protein is administered 

prophylactically to said mammal before the mammal is 

exposed to endotoxin. 

20 6. The method according to claim 1, wherein 

said endotoxin binding protein is administered to said 

mammal after the mammal is exposed to endotoxin. 
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7. A pharmaceutical composition for 

administration to a mammal to ameliorate the 

biological effects of endotoxin in vivo, which 

comprises an endotoxin binding protein having amino 

5 acid sequence SEQ. ID. NO. I in combination with a 

pharmaceutically acceptable carrier material. 

8. A method for ameliorating the biological 

effects of endotoxin in vivo which comprises 

administering to a mammal in need thereof an effective 

10 amount of an endotoxin binding protein having an amino 

acid sequence- corresponding at least to amino acid 

position 30 to 55 of SEQ. ID. NO. III and up to 

complete SEQ. ID. NO. III. 

9. The method according to Claim 8, wherein 

15 said endotoxin binding protein is administered 

intravenously. 

10. The method according to Claim 8, wherein 

said mammal is a human. 

11. The method according to Claim 9, wherein the 

20 dose of endotoxin binding protein is from about 0.1 to 

100 mg of endotoxin binding protein per kg of body 

weight day per patient. 
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12. The method according to claim 8, wherein 

said endotoxin binding protein is administered 

prophylactically to said mammal before the mammal is 

exposed to endotoxin. 

13. The method according to claim 8, wherein 

said endotoxin binding protein is administered to said 

mammal after the mammal is exposed to endotoxin. 

14. A pharmaceutical composition for 

administration to a 'mammal to ameliorate the 

10 biological effects of endotoxin in vivo, which 

comprises an endotoxin binding protein having an amino 

acid sequence corresponding at least to amino acid 

positions 30 to 55 of SEQ. ID. NO. III and up to 

complete amino SEQ. ID. NO. III, in combination with 

15 a pharmaceutically acceptable carrier material. 

15. An endotoxin binding protein having amino 

acid sequence SEQ. ID. NO. I free of the contaminating 

components naturally associated with the horseshoe 

crab. 

20 16. An endotoxin binding protein having an amino 

acid sequence corresponding at least to amino acid 

positions 30 to 55 of SEQ. ID. NO. III and up to 

complete amino SEQ. ID. NO. III free of the 
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contaminating components naturally associated with the 

horseshoe crab. 

17. A DNA molecule coding for an endotoxin 

binding protein having amino acid sequence SEQ. ID. 

5 NO. I, wherein said DNA molecule is free of the 

contaminating components naturally associated with the 

horseshoe crab. 

18. A DNA molecule coding for an endotoxin 

binding protein having an amino acid sequence 

10 corresponding at least to amino acid positions 30 to 

55 of SEQ. ID. NO. III and up to complete amino SEQ. 

ID. NO. III, wherein said DNA molecule is free of the 

contaminating components naturally associated with the 

horseshoe crab. 

15 19. The endotoxin binding protein of claim 15 or 

16 immobilized on a solid phase support. 

20. The immobilized endotoxin binding protein of 

claim 19, wherein said solid phase support is a 

chromatographic resin or a membrane. 

20 21. The immobilized endotoxin binding protein of 

claim 19 which is a biosensor device. 
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22. The biosensor device of claim 21, wherein 

said solid phase support is quartz or silicon. 

23. A method for assaying endotoxin 

concentration, which comprises contacting serial 

5 aqueous dilutions of a material suspected of 

containing endotoxin with a known quantity of the 

endotoxin binding protein of claim 15 or 16, 

observing the fluorescence emission of at least 

one wavelength of the endotoxin binding protein before 

10 and after contact with the aqueous dilutions of said 

material suspected of containing endotoxin, 

correlating the levels of fluorescence emission 

with at least one known emission level to thereby 

determine the quantity of endotoxin present in said 

15 material suspected of containing endotoxin. 

24. The method of claim 23, wherein said 

material is a body fluid. 

25. The method of claim 23, wherein said 

fluorescence emission of the endotoxin binding protein 

20 is measured at from 340 to 360 nanometers. 

26. The method of claim 23, wherein said 

fluorescence emission is produced by excitation at 

from about 215 to 295 nanometers. 
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27. A' method for reducing endotoxin 

contamination of a material suspected of containing 

endotoxin, comprising contacting said material with 

the endotoxin binding molecule of claim 15 or 16 to 

5 form a complex between endotoxin and the endotoxin 

binding molecule, and separating said complex from 

said sample. 

28. The method of claim 27, wherein said 

endotoxin binding protein is immobilized on a 

10 chromatographic resin or on a membrane. 

29. A method for the extracoporeal removal of 

endotoxin from blood, comprising contacting blood with 

the immobilized endotoxin binding protein of claim 19. 

30. A method for assaying for endotoxin 

15 concentration in a material suspected of containing 

endotoxin, which comprises contacting said material 

with a biosensor device comprising the endotoxin 

binding protein of claim 15 or 16 immobilized on a 

solid phase support, detecting a change in 

20 capacitance, resistance, or acoustic wave of said 

solid phase support, and correlating the change with 

the changes observed with standard solutions of 

endotoxin binding protein. 

Seikagaku Corporation Exhibit 2090 - Page 49 of 68
Charles River Laboratories, Inc. v. Seikagaku Corporation

IPR2025-00440



WO 92/20715 PCT/US92/03983 

-48-

31. The method of claim 30, wherein said solid 

phase support is quartz or silicon. 
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Asp Gly Ile Trp Thr Gln Leu Ile Phe Thr Leu Val Asn 

15 20 25 30 

Asn Leu Ala Thr Leu Trp Gln Ser Gly Asp Phe Gln Phe Leu Asp His Glu Cys 

35 
His Tyr Arg Ile Lys Pro Thr Phe Arg Arg Leu Lys Trp Lys Tyr Lys Gly Lys 

40 45 

50 55 60 65 

Phe Trp Cyc Pro Ser Trp Thr Ser Ile Thr Gly Arg Ala Thr Lys Ser Ser Arg 

70 75 80 85 

Ser Gly Ala Val Glue - His Ser Val Arg Asn Phe Val Gly Gin Ala Gly Ser Ser 

90 95 100 

Gly Leu Ile Thr Gln Arg Gin Ala Glu Gln Phe Ile Ser Gln Try Asn 
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SEQ. ID. N0.11(DNA Sequence) 
SEQ. ID. NO. III (Amino Acid Sequence) 

1 
GAG GCT GAA GCT GAC GGT ATC 
Glu Ala Glu Ala Asp Gly Ile 

15 20 
ATT TTG GCC ACC TTA TGG CAG 
Ile Leu Ala Thr Leu Trp Gln 

35 
CAC TAC AGA ATC AAG CCA ACT 
His Tyr Arg Ile Lys Pro Thr 

50 55 
TTT TGG TGT CCA TCT TGG ACC 
Phe Trp Cys Pro Ser Trp Thr 

70 
TCC GGT GCT GTC GAA CAC TCT 
Ser Gly Ala Val Glu His Ser 

90 
GGT TTG ATC ACT GAA AGA CAA 
Gly Leu Ile Thr Glu Arg Gln 

GCT TGA ATT C 

5 
TGG ACC CAA TTG 
Trp Thr Gln Leu 

TCC GGT GAT TTT 
Ser Gly Asp Phe 

40 
TTC AGA AGA TTG 
Phe Arg Arg Leu 

60 
TCT ATT ACT GGT 
Ser Ile Thr Gly 

75 
GTT AGA AAC TTC 
Val Arg Asn Phe 

95 
GCT GAA CAA TTC 
Ala Glu Gln Phe 

FIG.16 

10 
ATT TTC ACT TTG GTT AAC 
Ile Phe Thr Leu Val Asn 

25 30 
CAA TTC TTG GAC CAC GAA TGT 
Gln Phe Leu Asp His Glu Cys 

45 
AAG TGG AAA TAT AAG GGT AAA 
Lys Trp Lys Tyr Lys Gly Lys 

65 
AGA GCT ACC AAG TCT TCT AGA 
Arg Ala Thr Lys Ser Ser Arg 

80 85 
GTC GGT CCA GCT AAG TCT TCC 
Val Gly Pro Ala Lys Ser Ser 

100 
ATT TCT CAA TAC AAC TGA TAA 
Ile Ser Gln Tyr Asn 
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