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Det ecti on an enoval of Endotoxin FIELD OF THE | NVENTI ON The present
invention relates to recombi nant Factor IC (rFC) of a horseshoe crab, 5
produced in an insect cell system The invention also relates to vectors
for producing the protein by reconbi nant DNA net hods and to net hods for
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to detect endotoxins in a sample or for removal of endotoxins from a sample by affinity

methods.

THE RELATED ART

10 The amoebocytes of horseshoe crabs contain an efficient coagulation cascade
system which is activated by endotoxin, also known as lipopolysaccharide (LPS) from
Gram negative bacteria. The enzymatic components of the coagulation cascade and the
molecular events responsible for the subsequent gelation of the amoebocyte lysate have
been characterized in Tachypleus tridentatus' and Carcinoscorpius rotundicauda®™*.

15 Factor C has been shown to be the intracellular endotoxin-sensitive serine protease that
initiates the coagulation cascade system’.

By spiking, the LAL test detects femtogram levels of LPS®. Owing to its extreme
sensitivity, the amoebocyte lysate, in particular, the Limulus amoebocyte lysate (LAL)
has been developed into a commercial assay for widespread use in the detection of

20 pyrogenic LPS in drugs and other pharmaceuticat products7’8. This assay is based on the
LPS-induced coagulation reaction of the lysate, culminating in formation of a gel clot.
However, (a) the possible lack of specificity due to 1-3 B-D glucan and (b) the batch-to-

batch variation in the sensitivity of commercial lysate to LPS, due to seasonal and
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Factor C as an alternative source of novel "linulus |ysate" for endotoxin
det ecti on. mRVYimilaeolsae” forendutoxin dateetidteen cl oned[err]. There are six
potential 5 gl ycosylation sites in the am no acid sequence of the
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encodi ng Cr FC has been expressed in E. coli[err] and al so |n yeast

i eact YR ERROR A% b7k gER, Ruite (O XRSE Q' Ceinholc, |

r FC produced in yeast wer ol ubl e[err] S found that | PS gould
not acti vatx@tungicauga (&F@ﬁ)zlffrgt"?“@ FAA gD F@%C@E £ DaeR eXpYFSEE l'tjdlcf”éct

enzyne- based LPS detection is not p055| bl e using rFC produced in
yeast [ err] .and also in yeast expression systems'> #*, The rFC obtained from yeast was found to be

immunoreactive and capable of binding LPS, although only limited amounts of rFC
produced in yeast were soluble!®!*. Also, it was found that LPS could not activate the
10 enzymatic activity of yeast tFC, thus, a direct enzyme-based LPS detection is not possible

using rFC produced in yeast“.

SUMMARY OF THE INVENTION
The present inventors believed that expression in insect cells rather than in a
prokaryotic or simple eukaryotic expression system is suitable for producing rFC with
15 full biological activity. Furthermore, horseshoe crabs and insects belong to the same
phylum, Arthropoda, and so insect cells might more closely resemble the cells of the
horseshoe crab than yeast cells in their physiology and biochemistry. Thus, 1FC
produced in insect cells might more closely resemble the protein as purified from the
horseshoe crab and retain the bioactivity of having a serine protease activity activated
20 by LPS.
The present invention relates to genetic engineering of a bioactive IFC, whieh
unequivocally exhibits full biological functionality. It is capable of specifically
recognizing and binding LPS and lipid A in both free and immobilized forms.

Interference from 1-3 $-D-glucan, which switches on the alternate pathway in the
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provides a standardized and convenient source of enzyme-based diagnostic reagent for

detection of the ubiquitously contaminating endotoxin in pharmaceutical products. This

inexhaustible supply of genetically-engineered Factor C can be easily standardized to
10 circumvént batch-to-batch variations in sensitivity to LPS, a problem faced by the

conventional LAL industry. Furthermore, the ability of the rFC of the invention to protect

mice from endotoxemia, as well as its bacteriostatic activity, adds to its value in in vivo

applications. Furthermore, the availability of IFC obviates the need for routine harvesting

of the horseshoe crab for procurement of their amoebocyte lysate, and therefore,
15 conserves this endangered “living fossil”.

The present inventors have succeeded in expressing biologically active rFC using
recombinant baculoviruses and insect bost cells. The rFC obtgined is enzymatically
active. Thus, expression of fFC in insect cells is a convenient and economical source of
1FC protein for use in rapid, sensitive, specific and quantitative determination of LPS in

20 pharmaceutical products and other biological fluids.

Thus, the present invention comprises purified rFC that is enzymatically active.
The phrase “enzymatically active” means that the Factor C protein has the biological
activity of binding LPS or lipid A, being activated as to its serine. protease activity upon

" LPS or lipid A binding. Enzymatically active rFC will induce coagulation of an
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10 filtration matrix can vary substantially; an effective matrix will provide at least about a 4-
fold increase in the serine protease activity of an ultrafiltered crude preparation as
measured by the fluorometric assay described herein.
The present invention also encompasses host-vector systems for expressing
enzymatically active rFC. The host cells in these embodiments of the invention are insect
15 cells, preferably leptidopteran cells. The vectors in these embodiments support replication
of inserted DNA in insect cells and expression of heterologous DNA in insect cells. The
vectors are preferably -baculovirus or plasmid vectors. The heterologous DNA is
sufficient to encode a Factor C enzyme of a horseshoe crab, preferably of the genus
Carcinoscorpius, Tachypleus or Limulus. Preferred heterologous DNA is a
20 polynucleotide having the sequence shown in SEQ ID NO:1 or SEQ ID NO:3.
The present invention is also embodied in assays for endotoxin- comprising
contacting a sample to be assayed for the presence of endotoxin or LPS or Lipid A with
enzymatically active rFC according to the invention and measuring the serine protease

activity of the rFC. The amount of serine protease activity of the rFC will reflect its

25 activation due to binding of LPS or Lipid A or of another endotoxin known in the art to
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Additional embodiments of the invention include immunologic methods for

assaying the presence of Lipid A or LPS or endotoxin in a sample. These methods of the

10 invention‘ reiy upon binding of antibody that specifically binds to Factor C and

subsequent detection or quantitation of the amount of the Factor C-antibody complex. In

a preferred embodiment, the sample to be assayed is contacted with immobilized

antibody that specifically binds to Lipid A or LPS or endotoxin as the ligand to form

immobilized ligand. The immobilized ligand is then contacted with rFC according to the

15 present invention to form immobilized rFC. Then the immobilized rFC is contacted with

a second antibody that specifically binds the rFC. Finally, the presence or ‘preferably the

amount of the rfFC-second antibody complex is determined. This determination can be

performed by any method typical in the art such as a third antibody that binds the second

antibody, perhaps through its Fc portion, or the like. In an alternate embodiment of this

20 aspect of the invention, the second antibody fs omitted and the enzymatic activity of the

immobilized tFC is measured.

In another embodiment of the invention, the specific binding of LPS or lipid A to

rEC is employed in a BIACORE™ assay (Pharmacia Biotech). By immobilizing the rFC

on the substrate plate of the BIACORE™ apparatus, the presence of LPS or lipid A in 2

25 sample can be detected. Optimization of the amount of the fFC to be immobilized for a
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99/ 15576 that endotoxin in the sample binds the immobilized rFC, then the peundsemsboraxams bi nd
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conveni ent Isypartedfromdhdyamaple.. net hod known in the art but is preferably
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of a product froma substrate by cl eavage of the substrate by the serine

protease activity of the rEC, resulting in a change
BRIEF DESCRIPTION OF DRAWINGS

Figure 1A-B: Cloning of CrFC21 ¢DNA into the baculovirus expression

vector, pF"astBac I™. Two constructions of the same plasmid were done. (1A) A 2.3 kb

10 Hind III fragment from pGEMI1Zf{(+)/CrFC21" was cloned into HindlIl linearized

pBluescript™ SK(+) (pBSSK) to give pBSSK/CrFC21/HH. This was then digested with

Eco RI and ligated with the 2.3 kb Eco RI fragment from pGEM11Zf(+)/CrFC21 to

regenerate recombinant pBSSK/CrFC21. Separately, a 1.3 kb Xho I/Hind III fragment,

derived from pGEMI11Zf{+)/CtFC21, was cloned into Xhol/HindIIl digested pFastBac

15 I™ to give pFastBac/CrFC21XH. The final fuli-length construct, pFastBaE:/CrFC21 was

generated when the 2.9 kb Pst I CrFC fragment from pBSSK/CrFC21 was ligated to Pst I
linearized pFastBac/CrFC21/XH.

(IB) The pFastBac I™ wvector and an intermediate CIFC subclone of

pGem11Zf(+)/C:FCEN were digested with Eco RI and Hind III. The liberated CrFCEN

20 insert was ligated directionally into the linearized pFastBac I™ vector to yield

pFastBac/CrFCEN. ngstBac/CrFCEN was then digested with Eco RI, as was another

vector comprising DNA encoding Factor C, pGEM11Zf(+)/CrFCEE. The insert released

from pGEM11Zf(+)/CcFCEE was ligated into the linearized pFastBac/CrFCEN. The

clone having the proper orientation was selected by restriction analysis and designated

25 pFastBac/CrtFC21°.
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i mobilized ligand. The immobilized ligand is then contacted with rFC

according t OthFdé%xﬁﬁz hpi Athe $&Mlts india thRFEgs {nfabam' HaBRblbichad fofrfcof Fixgsr t he

| robi lized r I's contacted with a second anti body that specifically binds
the rFC. Finally. the presencg ofppl I he .ar f e d
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met hod typical in the.art such as a_third antibody at _hings th econd
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enbodi nent of this 20 aspect of the invention, the second antibody is

omi tted and ddveloped ysivg & borsenadish pgrosidaserystemyobi | i zed rFC i s neasured. In
anot her enbodi ment of the invention, the specific binding of LPS or lipid A

to rFC i s enpl oyeBiguress BEECBRARAr lipidasbandit Lasayae rRCB(3ApAhgraddipn of
I mmobi |1 zing the rFC on the substrate plate of the Bl ACORE[err] appar atus,

the presenceypfeadifPifinsith R dolBr dBvelopment of the enzymatically-hydrolyzed product is

10 seen fror'n 0.01 to 200 ng lipid A. Rows 1 & 2 contain 10 pg total protein per well of

culture supernatant from pFastBac/CrFC21 infected SO cells after 72 h p.i. Rows 3 &

4 are controls containing 10 pg total protein per well of culture supematant from

wild-type ACMNPV-infected Sf9 cells after 72 h p.i. (3B) The histogram illustrates a

quantification of the lipid A based on the absorbance at OD4osnm Of 72 h culture

15 supernatant (10 pg) and cell lysate (20 pg) after their reaction with 0.01 to 200 ng of

lipid A. The results were normalized with wild type baculovirus infected samples. The

culture supernatant consistently showed higher efficacy of binding lipid A even

though a lower total amount of protein (10 pg) was used. (3C) Blocking of excess

sites with 0.2% BSA effectively removed the non-specific background binding, and

20 results in higher net absorbance readings.
Figure 4 : Biologicﬁl Activity of BIOMAX™ purified r¥C. 'I'h.e rFC was
enriched by BIOMAX™-50 ultrafiltration and this protein sample was reacted with a

range of absolute amounts of LPS (0.01-10 000 pg). Both 40 and 80 pg amounts of

1FC showed enzymatic activity with 0.01 pg LPS.
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fluorimetric and colorimetric assays, respectively.
Figure 6: Comparison of tube and plate fluorimetric assays. A comparison
of the ﬂuqrescence readings was made between the conventional tube method and the
10 microtiter plate method using 40 ug of the SEPHADEX™ G-100 purified rFC.
Figure 7: Colorimetric assay for LPS-induced Factor C enzyme activity of
rFC. A comparison is made of the amounts of culture supernatant proteins (60 and 100
1g) containing rFC, and the concentrations (2 and 4 mM) of the colorimetric substrate,
Boc-Val-Pro-Arg-pNA. It is observed that as low as 0.01 pg endotoxin was optimally
15 detected with 100 pg culture supemnatant at 2 mM pNA substrate.
Figure 8: Colorimetric assay of LPS using purified rFC. Similar to the
fluotimetric assay, the colorimetric test also showed that the SEPHADEX™ G-100
purified rFC exhibited improved sensitivity to LPS, where 40 pg of purified rFC (instead
of 100 pg of BIOMAX™-purified rFC) was sufficient to detect subpicogram levels of
20 LPS.
Figare 9: Binding of rFC to lipid A assayed by BIACORE™ i)ioassay.
Binding between rFC produced from pFastBac/CrFC21 and immobilized lipid A (E.
coli D31m4) was assayed using the BIACORE™ X biosensor (Pharmacia Biotech).
BIOMAX™ and SEPHADEX™ G-100 purified supernatants of cultures of Sf9 cells

25 infected with wild-type baculovirus did not show any background binding to the
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Fi gures 2A-2D: | munobl ot anal ysis of Sf9 rFC. (2A) Reducing SDS PAGE of 5

L1510 i P ROk, 6 SRSy LG P gglan hervosted ot 24
Chat TFC i o°probiEyreadtorhs dremaBHFaonPopiafs e, aid i ' om several °*' °
Gram negative bacterial species. LPS from three different species of .bacteria, E
coli, K. pneumoniae, and S. minnesota, and lipid A from S. minnesota, were separated
by electrophoresis and electroblotted onto an Immobilon™ PVDF membrane. Each
10 LPS/lipi'd A strip was incubated with rFC from pFastBac/CrFC21 (lane 1) or control
culture supernatant from wild-type AcMNPV-infected Sf9 cells (lane 2). The results
show that rFC binds LPS/lipid A from different species of Gram negative bacteria.
Figure 11: Microtiter plate-immobilized rFC for detection and removal of
LPS. 10, 25 or 50 ug of partially-purified protein containing rFC derived from
15 baculoviral system (fFC S9) immobilized on a 96-well microtiter plate was capable
of specifically recognizing and binding subpicogram levels of FITC-conjugated LPS.
The efficacy of binding/detection of a range of LPS by various amounts of 1FC
protein immobilized onto the microtiter plate is shown.
Figure 12: Microtiter plate-immobilized rFC from various yeasts binds to
20 LPS. Immobilized 1FC deriv-ed from yeast (P. pastoris: tFC#8 {pHILD2/CIiFC21}
and rFCEE {pHILD2/CiFC21EE}; S. cerevisiae: YFC/6a {YepSecl/CiFC26A6a}
and P21/26 {pEMBLyex4/CiFC21/26}). Native Factor ’C"'ﬁi'l"ﬁ’cffcfnoscarjpz‘us
amoebocyte lysate, LAL '(50 ug protein) were used as positive controls. There is
consistency in the efficiency of recognition of LPS-FITC and its binding to the

25 immobilized rFC. The negative controls were wAST9 (wild-type Sf9 cells infected
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(Figs. 2C and 2D) were devel oped using a horseradi sh peroxi dase system
Figures 3A-3C. ELISA lipid A-binding assayw of rFC. (3A) A gradation of

I ncreasing intensity of col or devel opnent of the enzymatically-hydrolyzed
product is with AcMNP¥edINAr alone). @nd t FCIN (kL | depived Aéomzowscqnt&lz_ymt ain 10
[err]g total protein per well of culture supernatant from pFastBac/ CrFC21

i nfect ed Sfr@comsihant afone devioid bf the LPSRdWingdetnainyar e control s contai ning 10
[err]g total protein per well of culture supernatant fromw]ld-type
ACMNPV-i nfected SfF9 cells after 72 h p.i. (3B) The histogramillustrates a
gquantification of the lipid A based on the absorbance at O)err] of 72 h
cul ture 15 DETAILEBrDES ON[@F INVIENG@ON | ysate (20 [err]g) after
their reaction with 0.01 to 200 ng of lipid A The results were nornmalized

with wild type bﬁﬁgﬁ&gﬁﬁa@gﬁdaﬁé@&w&tsmbﬁﬁghoﬂ&;&wre super nat ant
consi stently showed hi gher efficacy of binding lipid A even though a | ower

t ot al camount of . pr. | | i AN S sites
W th 6 2% BSA ef}?gg%fl%ég 1&/&%3%%{/%%9%}%@%6%@2%%504% ccéﬁéc gjﬁog’ng{?ﬁ%g&ﬁg and
20 results tn hig el absorbance, readings. Figure 4 l.al ogi cal
Acti vi ty orPRiRR e T ghih SBARIeReS PRI oM cHel (PR CII er 1] 50
ultrafiltration and this protein sanple was reacted with a range_ of

absol ut e armesenkingéntiopeelates espedighoRexprgssiomeftiCAy ragras 80 baalgviys Basfunt s of

r FC showed enzynmatic activity with 0.01 pg LPS.
vector systems. The present application also relates to a fluorometric assay for endotoxin

that nmke's use of the rFC expressed by recombinant DNA methods.

10 cDNAs encoding Factor C proteins from Carcinoscorpius rotundicauda have
been previously described™?. fFC from Carcinoscorpius rotundicauda (rCrFC) has
been produced in vitro by coupled transcription/translation systems'®"®, However, the
present invention resides partly in the development of in vivo systems, especially using
insect cells as the host cell, for efficient production of tFC by expression of cloned DNA.

15 Also, the protection of fFC from activation and subsequent self~pro::eolysis by
binding of endotoxin which may be present in solutions used in isolation of the protein is
described in reference 15. Basically, dimethylsulfoxide (Me;SO, DMSO) is added to
solutions which are used during the purification process. Even greater protection of the
tFactor C is achieved by also adding an agent effective for chelating divalent metal ions

20 - to the purification solutions.

cDNAs appropriate for expression in the presently-described system can be
cDNAs encoding Factor C of any horseshoe crab. Two representative nucleotide
sequences are presented as SEQ ID NO:1 and SEQ ID NO:3 (encoding the amino acid

sequences of SEQ ID NOs:2 and 4). A composite DNA. sequence, assembled from
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8 Figure 5: Fluorinetric and colorinetric assays of LPS usi né’c §ﬁ'§/&9rFC
In both the fluorinmetric and colorinetric assays, further purification of

BIOMAX[ err] purified rFC by SEPHADEX[ err]}G 100 dramatical |y inproved the

sensitivity of FC o LPS. The convyentional tuhe t hod of fluorinmetric
assay was El‘f'ﬁ’ﬁa{eé“d ct?M». fragmenfs, enc°dﬁgc§h62€4° iﬁe‘?ﬁﬁg’%@d]g’é’y IRGENIGYS 15 ¢ he
BIOVAX[ err] sanple (B) and SEPHADEX[err] G 100 purified sanple (S).
Amount s of disFlgsaddrydViwdareald0 [err]g and 100 [err]g for the fluorimetric and
colorinmetric assays, respectively. Figure 6: Conparison of tube and plate

fluorimetric asgaysse iAteotFSbindian asdayé hel LPSInesalereadingaditrgmvemionade
bet ween the conventional tube nmethod and the 10 mcrotiter plate

met hod usi W d B hgure 7:
Col orimetr :&%%gtsog? %?’e%&o@ P%d ce act%%%ﬂ?#\;}g%g’pg@tl% g@fé;éﬂgﬁag%gpA
conparison i s, made of 't unts of _culture. supernatant praqtei.ns, (60 and
100 Dor 1] o SAAIEHRos oPEFOOR AE TG e SHHSE A0 SFE0, 5y HBmS 15 G081 e
colorinetric substrate, Boc-Val-Pro-Arg-pNA. It is observed that as |ow as
0.01 pg endefewsréml bradsdvhas besn the Inyentors” regent sxpesignes that Faotor Caredugedin t ur e
supernatant at 2 nM pNA substrate. ’

yeast lacked serine protease activity, rFC for use in enzymatic activity-based assays is

preferably produced by a baculovirus host-vector system.
"Stringent conditions” for hybridization are those that provide for hybridization
10 of sequences having less than 15% mismatch, preferably less than 10% mismatch, most
preferably 0% to 5% mismatch. Exemplary of such conditions, using probes of 50 bases
or longer, are an aqueous solution of 0.9 M NaCl at 65 °C; an aqueous solution of 0.98
M NaCl, 20% formamide at 42-45 °C. The conditions will vary according to the length
of the probe, its G+C content and other variables as known to the skilled pracﬁﬁoner".
15 Exemplary wash conditions following hybridization are an aqueous solution of 0.9 M
NaCl at 45-65 °C, preferably 55-65 °C. Lower salt, or addition of an organic sc'>1vent such
as formamide, in the wash buffer will increase the stringency of the condition as known
in the art.
A preferred hybridization condition is at 42°C in 50% formamide, 5x SSC, 1x
20 Denhardt's soiution, 20 mM phospilate buffer, pH 6.5, 50 pg/ml calf thymus DNA, 0.1%
SDS. Salt and temperature conditions equivalent to the hybridization conditions

employed can be calculated from the following equation'®:

T = 81.5°C - 16.6(logio[Na') + 0.41(%G+C) -
0.63(%formamide) - (600/D),

25 where /= the length of the hybrid in base pairs.



Fi gure 8: ri ric assay of LPS using purified rFC. Simlar to the
fluori rretricgdv§§g§%"6t he colorimetric test also showed that tBfeI/SG98/00073
SEPHADEX[ err] G 100 purified rFC exhibited inproved sensitivity to LPS,
where 40 [err]g of purified rFC (instead of 100 [err]g of
BIOVAX[err]-purified rFC) was sufficient to detect subpicogramlevels of 20

LPS. Figure 9: Bipdi f rEC to Lipi.d. ' l.passay.
Bi ndi ng bet ween r‘ggeg%ggdﬂcaé@“? ?ﬁﬁ%‘%&%@é‘%é@lﬁ%%ﬁ@%ﬁgpgpl d A
(E. coli D31m4) was assayed using the Bl ACORE[err] X ioa g;gé gphiy maci a
Bi ot ech) . Bltempepete; followed by prasmrpthigh stingeney with PxSCs E % PP #hts Cof
cultures of Sf9 cells 25 infected with wild-type bacul ovirus did not

show any bacidneuith RiNSECrD.1vPSE €or 15 N LK HAGHE
PCT/ S8/ 00073 9 immobilized lipid A (plateau 1A). On the other hand, the

rFC fromthe culture supernatant of Sf9 cells infected with pFastfac/CrFC21
specifically bound the immobilized lipid Awth a net activity of 553

Response Uni Egarhpleat:ERecodDinadthconstraictsi 6f CeFQ| ¢DNA dach batulbvirgs ekpressioe
injected at JQedeerr]!l/mn for 3 mnutes over the 5 | i gand nonol ayer
that was previously imobilized on a HPA chip[err].

Plasmids and Sf9 cell culture
Sf9 insect cells were maintained as a monolayer culture in serum-free SF 900 II SFM

medium supplemented with 50 U/ml penicillin and 50 pg/ml streptomycin (Life

Technologies, Inc.) in a humidified incubator (Forma, USA) at 27°C. The plasmid
10 pFastBac ™ and the competent DH10Bac E. coli were from Life Technologies, Inc,,

USA.

Construction of pFastBac/CrFC21, iransposition into E. coli and transfection into S
insect cells.

The strategy for cloning CrFC21 into the pFastBac I™ (Life Technologies,
15 Inc.) expression shuttle vector is shown in Fig 1. The recombinant plasmids were
verified by restriction enzyme digestion. The 5' cloning sites were further confirmed
by dideoxynucleotide sequencing using the forward primer designed from the -44
position of the polyhedrin promoter region, before they were used for transfection in
insect cells. PCR and Southern analyses of the pFastBac/CrFC21 DNA co_nﬁgned the
20 authenticity of recombinant baculoviruses.
The CrFC21 ¢cDNA!® from pGEM11Z£+CrEC21"" was recloned in two steps into
pBluescript 11 SK+ (pBSSK), to yield pBSSK/CEC 21. Further manipulations using

pBBSK/CrFC21 and the baculoviral expression vector, pFastBac I™ were carried out



Figure 10: rRgobépgydacul ovirus binds LPS and lipid A fromse
negati ve bacterial species. LPS fromthree different species %&@%@?@ﬁ%, E

coli K pneunoniae, and S. mnnesota, and lipid A fromS. mnnesota, were
separated by el ectrophoresis and el ectrobl}dtted onto an | mmobi | on[err] PVDF

menbrane. Each 1 LPS/ Li pi d; A st i ' b d_wm % Clr

pFast Bac/ Cr 2] :%“Q?Fg Tf 895 g%ﬁhn&tt“@d?‘}g\gﬁl ?‘E@%@r %’aﬁ@%%ﬁ%&&%t
ACMNPV-infected Sf9 cells (FI ane 2). The results show that rEC binds

LPS/ | i pi d AcensmstdpFastac/SrFEad (Figs b prestBac/hefadl vas tapstarmed inte;competest .
Mcrotiter plate-immbilized rFC for detection and renoval of LPS. 10, 25
or 50 [err] & eblipDHI1DBAd, \ang wulitfed dn IrB tagimcantaitiag ri0nge/mi Rademyeind7 fugbm 15
bacul oviral system (rFC Sf9) immobilized on a 96-well mcrotiter plate was

capabl e of specif.i: | Zil b eH ' I Vi af1?
FITer con ugSaey o 1S FRABIALE SO D L AR AP LR A T G Sebentle o by
various anmounts of rEFC protein inmobilized tyo t ) GLotiter plate jgs
shown.5 Fi guf®& HOZ!UVM%QW&"@‘@V%I the gse H#r%i 43 %35%@?%&%&%8&0& so

binds to 20 LPS. Imobilized rFC derived fromyeast (P. pastoris:
r FC#8 { pH LORé Gxcbibijantibetmid DINA fpHsbBRAdend candeted Bto $0cells.si ae: YFC 6a
{YepSecl/ Cr FC26[ err] 6a} and P21/ 26 {pEMBLyex4/ CrFC21/26}). Native Factor C
i n Carcinoscorpi us anoebocyte |ysate, LAL (50 [err]g protein) were used as
positive controls. There is consistency in the efficiency of recognition of
LPS- FI TC an&xample?rixprgssien i Ot insect hastsslls j zed rFC. The negati ve
controls were wWtSf9 (wld-type Sf9 cells infected

Rapid microtiter-plate plaque assay

Eérly log phase recombinant Sf9 cells were seeded at 6.5 x 10* cells per well.

10 The culture was incubated in a sealed bag at 27 °C for 1 h. Meanwhile, the virus stock
was serially diluted 10-fold with SFM containing 10% FBS to give final dilutions of

102 to 10 . The BacPak™ Baculovirus Rapid Titer Kit (InVitrogen) was used for

plaque assay. It is an immunoassay which uses a primary monoclonal antibody raised

to an AcMNPV envelope glycoprotein (gp64). A secondary goat anti-mouse HRP-

15 conjugated antibody enables visualization of the infected cells as blue-stained viral
plaques or foci seen under the light -microscope. The virus titer (pfu/ml) was
calculated based on the following formula : (Average no. of foci per well x dilution

factor x 40) x 2 where 40 represents the inoculum volume normalization factor.

Scale-up of infection of Sf9 cells for production of rFC

20 The culture supematant from the 6-well plates was harvested and the viral
stock was amplified by re-infection of Sf9 cells grown in 25 cm?® flasks, using a |
multiplicity of infection (MOT) of 0.1 - 1.0. In such cultures, the viral stock reached a

titer of 2 x 107 pfu/ml. Aliquots of this viral stock were re-inoculated at a MOI of 5-10
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PCT/ SGX08/ 0007‘% f&l ?h AcMNPV DNA al one) and r FCSN (r FC deri var/sc.%mm
control yeast reconbi nant clone devoid of the LPS binding donain). DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present dgplication relates to rFC of the

hor seshoe crah,.5 . referred SE rab, t hat. can, serve as
a source o %&&QS?HW%rISB?]%@ %ﬁ”ﬁ%#ﬂ%ﬁq ¢ yiral

Car ci noscor pi us rotundi cauda (CrFC). The present invention rel ates

especi al | y iesulmp mes detegmmiped vsing e formatl® of bacul ovirus host- vector
systens. The present application also relates to a fluoronetric assay for
endot oxi n that makes. use of{tdtdeotr 6fcedixx A6 diiy'celBconbi nant DNA net hods.
10 cDNAs encodi ng Fac(ﬁfalﬁt@ﬁrplgiﬁkﬁ[;; from Carci noscorpl us

rot undi cauda have been previously described[err]. rFC from Carci noscor pi us
rotundi cauda (rCrFC) has been produced in vitro by coupled

transgription/t ahsiquenthn Y seellssher rjassagedvewier , and hengitiosedtto i grownini on
resides partly in the devel opnent of in vivo systens, especially using

i nsect cel IsaspRasibhén m@@fnl(S‘FM meflﬁfm,ﬁiﬁfspl(fah&rﬂas@sr Hed, UBA YAt HCmiY lo
expression of cloned DNA. Al so, e protectlon of rFC from

activation @nd éf‘ﬂ?%ﬂf;’ﬁfétvﬁ? S & mh?{ﬂe%'c?nz%k cells was inoculated at a MOI
of 5-10. In the same manner, the cell culture volume was scaled up further in
increasingly larger spinmer flasks of 250, 500 and 1000 ml, infected with

10 proportionally increasing volumes of viral stock at the same MOIL.

. | Preparation of protein samples from recombinant baculovirus-infected Sf9 cells.
(a) Cell lysate: S9 cells infected with the recombinant baculovirus at a MOI of 5-
10 were harvested at 24, 48 and 72 h p.i. The cells were washed 3 times with pyrogen-
free PBS and centrifuged at 3000 xg for 10 min at 4°C during each cycle of washing. The
15 cell pellet was resuspended in 2-3 volumes of PBS and subjected to 5 cyeles of freeze-
thawing at -80°C and 37°C, respectively. The cell debris was removed by centrifuging at
14000 xg for 10 min at 4°C. The supematant containing the soluble protein fraction was
stored at -20°C. This supernatant represents the cell lysate. °
(b) Culture supernatant: At the respective times of harvest, the cell medium was
20 collected and centrifuged at 3000 xg for 10 min at 4°C to remove any cells or cell debris.
The medium was then concentrated 10-fold by centrifugation through a BIOMAX™.-50
kDa cutoff ultrafree membrane (Millipore) at 2000 xg for 20 min or more. The total
proteins present in the cell Iysate and culture supernatant were quantified by Bradford
assay’". Partial purification of fFC was camied out at 4 °C by gel filtration

25 chromatography through SEPHADEX™ G-100 (e.g. 1.5 x 90 cm), using 0.05 M Tris-



bi ndi ng of ewdapaxé-@ Which may be present in solutions used i[P&'r{s?@ﬁ/ Lpn of
the protein is described in reference 15. Basically, dinethylsulfoxide
(Me[err] SO DMSO) is added to sol utions vv?%ch are used during the
purification process. Even greater protection of the rFactor Cis achieved

by al so ad 'dljgg?m%aﬁtaﬁﬁﬁge@awgamlmaé@n&m1%va)emoueetealanaqnevaﬁ

to the puri on“solutions. cDNAs appropriate for expression in the
present|y-descri bed system . € ' f hoe
crab. Two reprBge W&/@WE@%%‘?%%%ﬁeﬁgg%%?%f%%@ecﬁﬁeg as5 geE%a{v?)@SNO 1
and SEQ ID NO 3 (encoding the amn j d sequences of SEQ | .2 and 4).
A conposi t evgIRAssaygd dag te %?§%18%I1’5§~ %rﬁrepﬁ%nggfbfg@f%r%x referred 1o s ggl :
PCT/ S8/ 00073 i nconpl ete cDNA fragnents, encoding the Factor C of

Tachypl eus filtiatiempeditiad FFC di scl osed by Muta et al.[err] For use in the LPS
bi ndi ng assays and LPS renoval according to the invention, the Factor C can
be produced by any nethod typical in the art, but is preferably nade in 5
a eukaryotic host cell. Production of rFC in yeast host-vector systens is
descrSbed i Westefndmammebloedetpetiontof W86 been the I nventors' recent experience
that Factor C produced in yeast |acked serine protease activity, rFC for
use in enzymati CFi#6lig\ifleack a8y s@te Serycltufe supemnatant, harvested from 24, 48 and

72 h p.i. was analyzed on 10% SDS-PAGE gels, under denaturing conditions™. The
electroi)horetically-resolved bands were then transferred onto Immol.:silonTM PVDF
membrane (Millipore, USA). The membrane was washed in PBS for 30 min, and
10 blocked in 1% skimmed milk-PBS for 1 h followed by ovemight incubation with
rabbit anti-Factor C antibody diluted 1:500 in 0.2% Tween-20-PBS containing 1%
BSA. Horseradish peroxidase-conjugated secondary goat anti-rabbit antibody, diluted
1:10000, was subsequently incubated with the membrane. For visualization of protein
bands, the membrane was treated with SUPERSIGNAL™ chemiluminescent
15 substrate (Pierce, USA) for 5-10 min, followed by 3 min exposure of the membrane to
an X-ray film.
The Western analysis revealed 3 bands of immunoreactive rFC proteins of 132, 88
and 44 kDa, expressed by pFastBac/CtFC21 recombinant baculoviruses at 24, 48 and 72
h post infection, p.i. (Fig. 2A). At 24 h p.i., 1FC was observed in the culture supernatant,
20 but not in the cell lysate. The 48 h and 72 h p.. culture supernatant showed increasing
amounts of tFC. The fFC in the cell lysate started to appear as a faint 132 kDa band only
at 48 h p.i., and reached a substantial level at 72 h p.i. (Fig. 2B). The immunoblo? thus
showed that the bulk of the rFC produced was released from the infected Sf9 cells into

the medium. This is probably- due to lysis of the infected cells, which released the



preferably produggsk,py a bacul ovirus host-vector system "Strjngent -
condi ti ons" forléﬁy%rlpdi zation are those that provide for hybr? GR8198%73 10
of sequences having |l ess than 15% m smatch, preferably |l ess than 10%

m smat ch, nmost preferably 0% to 5% ni smatck Exenpl ary of such conditions,

usi ng probe QA BRPHS I died
at 65 [err] %c%fgx#ﬁ%aﬁ ogezn'g%qll?}t | on%@g%t.ﬁ’ggﬂ&/lmNaCI , %og?m%r4ﬂg:ﬁ19§gqg% 42- 45

[err]C. The cpnditions Wl .vary according to the I ength of the probe, its
G+C cont ent ‘%ﬁﬂ%’%‘ﬁé&“’?}ﬁﬁa‘é‘b‘?“es as known to the skilled practitioner[err].

15 Exenpl ary wash conditions follow ng hybridizatjion are ap agueous
sol ution of 0.9 eyults shoys thet TG prqtein waserpieast pomectiyginder ﬁ?é%feﬁ%‘weﬁ’

salt, or addition of an organic solvent such as formanide, in the wash
buf fer will thereirslalate promotet fromy éhrec polghedrinegene niding i the) natévekimanstation stavesitert . A
preferred hybridization condition is at 42[err]C in 50% formam de, Sx SSC,

1x 20 [qedf?m&défm SONA! 1AQtherd mewamam?mmﬁ@r sitep lih @hebCIIEDCDNA
[err]g/m calf thynmus DNA, 0.1% SDS. Salt and tenperature conditions

CauT el T e A RN SRR AR o
e O T o A o s acd R Bhe &hvated prodliS 81 17C whiSe BfEB: ©"
sizes correspond closely to the heavy and light chains, respectively, of double-chain
Factor C°. Autoactivation could have occurred in the presence of picogram levels of
10 ubiquitox;s endotoxin during the preparation of the protein sample for SDS-PAGE. Figure
2B shows a comparison of rFC from 72 h p.i., electrophoresed under reducing and non-
reducing conditions of SDS-PAGE. The 88 and 44 kDa bands became more prominent
under reducing conditions. Under non-reducing conditions, LPS-activated rFC still
retained its 132 kDa band, thus indicating the double~chain form of rFC’. The presence of
15 a double chain form of rFC was further proven when the BIOMAX™-purified IFC was
pre-incubated with LPS before Western blotting. Under reducing condi’;ion, the LPS-
treated rFC showed -activated products of 88 and-44 kDa which were absent in the
untreated rFC sample (Fig. 2C). However, under non-reducing conditions (Fig. 2D), the

132 kDa band was intact for both the LPS-treated and -untreated r¥C.

20 Example 3: RFC binds lipid A, the biologically-potent component of LPS

ELISA to determine lipid A binding by rFC
In order to visualize and test the ability of tFC to specifically bind the biologically
potent component of LPS, diphosphoryl lipid A (E. coli K12, D31M4, List

Biologicals, Inc., USA) ranging from 0.01 to 100 ng in 100 pl volumes was



WO 99/ 15676 WO 99/15676 R 073
12 A preferred washing condition is in 1x SSC, 0.1% SDS mshi@sﬁﬁé@gn at
roomtenperature, followed by washing at ggh stringency with 0.1x SSC,
0.1% SDS at 42[err]C and 2x with 0.1x SSC/0.1% SDS for 15 mn. each at
42[err] C. Epppiodilered: &HRGONTE-RENT Kawst umwgfpﬁf@%dws Pacyhovirus

expression 5 vector Plasmds and Sf9 cell culture SF9 insect cells were

mai nt ai ned ol r t | 0 -aed]

cuppl orent dAiUEREA feg Fattii yoceRCl Wiish ipentied Snboun RTBOMAR)
Technol ogies, Inc.),in hum di fied |ncubatot, (Fo e USA) at. 27 ]C. The
plasmid 10 rem°veB]Fﬁ%4‘§§cS]|ate§n‘ﬁeth”§asgﬁf}'rge%?ﬁ Wﬁhll‘ﬁ@é? er copfaIRg éqﬁ%m Life
Technol ogi es, Inc., USA. Construction of pFastBac/CrFC21, transposition
into E. colTween2Q anth804¥%: thimetosalan SIBS. iTheenxress sites werphldogkedafos dyh abr
cloning G FC21 into the pFastBac I[err] (Life Technol ogies, 15 Inc.)

expressi on rebuittemperdted vithi the sipevbuffer donGining $12¢6 BSAo aRéwhich phassllsls wer e
verified by restriction enzyne digestion. The 5 cloning sites were further

cont i ey gl da0XVAHE 8akhele RGNS 36100 Y St BROMISCHOLIBEHeP HERongles! Oned

fromthe -

culture supernatant containing 20 pg total protein was then added to the ’wells and
incubated overnight at room temperature. Unbound rFC was removed, and the wells.
were washed 6 times in wash buffer. This was followed by addition of aliquots of 100
10 ul of 1:500 diluted rabbit anti-Factor C antibody and incubation was continued for 2 h
at 37°C. Subsequently, the wells were washed 6 times in the wash buffer before
addition of 100 pl aliquots of 1:2000 diluted goat anti-rabbit antibody conjugated with
horseradish peroxidase. After washing the wells 6 times, 1 mg/ml of substrate ABTS,
2,2’-azino-di-[3-ethylbenzthiazoline sulfonate (6)] diammonjum salt (Boehringer
15 Mannheim) was added in 200 pl aliquots and incubated at room temperature for 15
min. The formation of a green product was quantified by reading its absorbance at
405 nm. rFC binding the immobilized lipid A results in positive color formation via
the ELISA test.
The ELISA test for lipid A-binding indicates that rFC is capable of specifically
20 recognizing and binding to immobilized lipid A (Fig. 3) and hence, it could be used in the
detection of endotoxin, With increasing amounts of lipid A in the wells, there is an
increasing intensity of color development in the ABTS product (Fig. 3A). Compared to
the cell lysate, the 72 h p.i. culture supernatant consistently yielded more efficacious rFC
for detection of lipid A (Fig. 3B). Furtﬁermore, it was observed that blocking of excess

25 sites in the wells with 0.2% BSA removed non-specific background binding and



position of wheopRHeyedrin pronoter region, before they were u for:
transfection in insect cells. PCR and Sout hern anal yses of tﬁgﬁ‘?s%%/ooms

pFast Bac/ Cr FC21 DNA confirnmed the 20 aut henticity of reconbi nant
bacul ovi ruses. The CrFC21 cDNA[err] from p€EML | zf +/ &r FC21[err] was

recloned in t teps in I 4 s 3 RN & )3y Phigl iRBoRk C
21. Further ré%ﬁ%cl?ﬁgﬁngﬁotgg%g}%ﬁgg%gé%fé@ ?%%ngﬁg 3&26%6%& | expr e‘%t‘ron
vect or, pFast [[err re carried ou VWD 99/ 15676 o
bet Sehel 00078 s B ngd\é\gé R et o SorERS coptampinatipp,
yi el ding the reconbi nant construct, Egast Bac/ CrFC21 (Fig 1‘)8. .
pFast Bac/ Or FCwithhe canahilisy of aeantifying LRSnblis efficaty 1scomparaplegphe compgreially
cultured in LB agar containing 50 [err]g/m kananycin, 7 [err]g/m
gent anyci n, 1Qv{ikable|mturhl lyate detived from, th8indus §rlTaokypRus Xmgeabocated ysite.
[err]g/mM of IPTG Screening[err] 5 for positive clones involved the
use of the 2.3 kb [err] P-CrFC21/ EE fragnent as probe[err]. The reconbi nant
bacm d DNA was isolated and transfected into Sf9 cells. Exanple 2:
Expr essi®n of Exa@pladi ivsmobilinebtFC ean be Regst t9 detest/mrmaver LR ix 2samBlgtie assay
Early | og phase reconbinant Sf9 cells were seeded at 6.5 x 10[err] cells
per well. Two hundred pl samples containing either control wild-type supernatant (w/t S9,
uninfected Sf9 cell supemnatant) or partially-purfied rFC samples (obtained by
BIOMAX™-ultrafiltration), diluted in PBS to 10, 25 or 50 g total protein per 200 ul
were coated/immobilized onto each of the wells of a 96-well microtiter plate (NUNC,
10 USA). The plates were left overnight at 4°C. Unbound protein was removed from the
wells, and 200 pl of 0.2% BSA (depyrogenized by ultrafiltration) dissolved in PBS was
added to the wells for 1 h at 37°C, to block unoccupied sites. The wells were washed 3
times with PBS. This was followed by addition of 200 ul FITC-conjugated LPS (E. coli
055:5B, List Biological Labs, USA) to the wells. The plate was incubated at 37°C for 1 h,
I5 after which each well was washed 6x with PBS. The fluorescence was read at Exq9snm and
Emsssum using LS-50B Spectrofluorimeter (Perkin Elmer).
Wells coated with 10, 25 or 50 pg of partially purified proteins containing 1FC
showed increasing efficiency of binding LPE-FITC. Blocking of the wells with 0.2%
BSA reduced the background fluorescence reading, indicating improvement in the
20 specificity of binding of LPS to the immobilized rfFC. Immobilization of negative control
proteins (w/S£9: wild-type SO cell culture supernatant of Sf9 cells infected with
ACNMPYV DNA alone, and tFCSN: yeast tFC derived from the truncated recombinant
1FC devoid of LPS-binding domain described in ref. 16, to the wells did not capture or

bind LPS, thus indicating the specificity of recognition of LPS by the immobilized rFC.



10 The "WMOVMB7§vas i ncubated in a seal ed bag at 27 [ err]gctecoshoobrs
Meanwhi |l e, the virus stock was serially diluted 10-fold with SFM cont ai ni ng
10% FBS to give final ‘dilutions of 10[err];go 10[err]. The BacPak[err]

Bacul ovirus Rapid Titer Kit (InVitrogen) was used for plaque assay. It is
an i munoas Examyle ShThe bacaopiraheF§ isnopmiatically sxfivateddy IBS sed to an AcM\PV
envel ope gl ycoprotein (gp64). A secondary goat anti-nouse HRP- 15

conj ugat ed anti body enabl es vi sualization of e infe cells as

bl ue- st ai ned vir alr"gtfnvaafa@Wrw%Wf@éeﬁ%ﬁgéé}’gﬂéﬂ‘fafﬁﬁ‘%gﬁW'Bg EFHEY The
virus titer (pfu/m) was cal cul ated based on the follow ng formul a:

(Aver age no.Aoh groenzymey Faetbt Cxbatiomes icatalytiaaiyactivated byxtracevieuele of LPS.
represents the inoculumvolunme normalization factor. Scal e-up of infection

of Sf9 cel | STHAT coiverdil 4fat zyinkc Abstrate to product iddieates the predesdsned RS, ant
fromthe 6-well plates was harvested and the viral stock was anplified by

-inf ti : . _ . .. f
[t ect Pon (N0 Sty filescoy 4 W chlde €1 3 bt Sl ey Bedhy 1%
ISR RS TR ER I SR W T -,

The first, in a conventional tube assay format, is based on a modification of the

fluorimetric assay of Iwanaga et al.” Using rFC obtained from a 72 h p.i. culture
supeimatant, 10 pg total protein in a volume of 0.1 ml was mixed with 1.9 ml of 50
10 mM Tris‘-HCI, pH 8.0, containing 0.1 M NaCl and 0.05 M CaCl,. The mixtures were
preincubated with 0.01 to 100 pg of LPS (E. coli 055:B5, Sigma) at 37 °C for 1 h
before addition of 15 pd of 2 mM fluorimetric substrate, Boc-Val-Pro-Arg-MCA
(Sigma). Incubation was continued for 30 min and the reaction was terminated with
0.1 ml glacial acetic acid. The product AMC was read in Fluorescence Units (FU) at
15 EX3800m (slit 10 nm) and Emygonnm (slit 5 nm) using a Perkin Elmer Luminescence
Spectrophotometer (LS-50B). For multiple samples, this assay was routinely scaled
down to 96-well microtiter plate assay. Briefly, the microassay.involved 1 h pre-
incubation of LPS with rFC in a volume of 100 pl, followed by addition of 1.5 ul of 2
mM fluorimetric substrate and 100 pl of 100 mM Tris-HC, pH 8.0, containing 0.2 M
20 NaCl and 0.1 M CaCl, and further incubation for 30 min at 37 °C before termination
of the reaction with 10 pl of glacial acetic acid. The fluorescence was read in a 96-

well microtiter plate reader module.
The second enzymatic assay for LPS involved a modification of the
colorimetric test® where preincubation of culture supematant proteins with LPS

25 ranging from 0.01 to 10 pg was carried out at 37 °C for 1 h. The reaction volume was



into SfO celwpwnesw in 15 M SFM nediumin 75 cnferr] flask une
of the viral inoculumwas determ ned using the fornula: (totgﬁ:w#g;méw3
cells) x (MJ in pfu/cell) -(viral titer in pfu/m) 5

Subsequently, Sf9 cells were passaged twi#k and conditioned to grow in

suspensi on séaedl@nido ZV6NLITR 011U TrhHsTHEP{pHIB0) Ednddifiag 6Ba MECLUSKE wadt t he

md | og phase of growmh, the viral stock fromthe 75 cnierr] flask cells

was i nocul ated at, a Ofr - 104l N S u re

vol ume was %ggoﬂegabyu#%&%e“’r% }fjlr? fizm(gﬁa} %ogé@m%?g@rs tr%%‘!hﬁ%%?la#fgos'%sgq of 250,
500 and 1000 m, infected wth 10 proportional |y increasjng vol unes of
viral st oclp-ritroanildes (Seikapeiru, Japan)alngubasian ¢t 3¥ oCevas Eeawpee forr F §ndef¥onbi nant
bacul ovirus-infected Sf9 cells. (a) Cell lysate: Sf9 cells infected with

t he reconbiigaimhatioacef the rdastict withVB (if oDglatRl weetic heldy Thisesutatratz4is 48 and
72 h p.i. The cells were washed 3 tines with pyrogen- free PBS and

centrjifuge t ' ' HAGH of washi ng.
The 1% cﬂ;yg%qlf’z%ggyﬁg?ft%rg a‘?%@lﬁ%ﬁ%%%@%%&#%ﬂms o?' %@?‘lé‘ﬂa subj ect ed
to 5 cycles of freeze- thaw at .-80[err]C and 37[err] C. respectively. The
cell debris was Flrr%"f’rt%/"’ef? %@t‘bggt}’r Pf'ugfek w; Pi%ﬁ?f@“’?(lsj ipgrasing ﬁ?‘g“eg} hlZT[err] C.
The supernatant contai ni ngﬁthe soluble protein fraction was_stored, at
-20[err] C. enpymatinassviaofiiC inpimenatant oficaltetss pf injech eells tragsformed it
supernatant: At the respective tinmes of harvest, the cell nediumwas 20

col | ect ed ahe comstriseti dfligpechpi¢ 1380Mdicgtefidry the invreasein Hfemmgtde noits efrthee any
cells or cell debris.

AMC product hydro'lyzed from Boc-Val-Pro-Arg-MCA substrate. A comparison of

10 the amount of total proteins present in the cell lysate (Lysate: 50 pg) and culture
supernatant (Sup: 5 pg) itlustrates that the culture supernatant from 72 h p.i. contained
tFC that is >5-10 fold more effective in LPS detection. Twenty pg of BIOMAX™-
purified rFC was able to detect 0.01 ng LPS. Using 40 to 80 pg of this protein, the
detection limit could be easily extended to LPS levels below 0.01 pg or 0.001 ng/ml

15 (Fig. 4). Purification of rFC by chromatography through SEPHADEX™ G-100
yielded enzymatic activity of even higher sepsitivity to LPS (Fig. 5). It is envisaged
that more elaborate purification of TFC following the methods covered in reference 24
would vastly improve the efficacy of the rFC for endotoxin detection. Furthermore,
when the fluorimetric assay was modified to ~ 200 pl, using a 96-well microtiter

20 plate, the sensitivity to LPS was improved by 10-fold (Fig. 6). This was directly
attributable to the removal of background fluorescence by gel filtration.

Furthermore, the LPS-activated tFC enzyme assay was also conveniently
quantifiable by a colorimetric assay with the Boc-Val-Pro-Arg-pNA. substrate. The

sensitivity to LPS was 0.1 pg (0.01 ng/ml) with 100 pg of BIOMAX™-50-treated



The medi um Wa¥0 P76 oncentrated 10-fol d by centrifugation thecmistpsm0073
Bl OMAX[ err]-50 kDa cutoff ultrafree nenbrane (MIIlipore) at 2000 xg for 20
mn or nore. The total proteins present ipjthe cell lysate and culture
supernat ant were quantified by Bradford assay[err] Partial purification of

r FC was carauitert smpernatantiwhen 2 p@Viof topepNA| shibstrate was asployed (Figy rnSimilpr aphy
t hrough SEPHADEX[ err] G 100 (e.g. 1.5 x 90 cn), using 0.05 M Tris- WO

99/ 15676  to the fluorimetric assay, the colorimetric test also showed that the SEFHHABBXM00073 15
HC (pH 7.5) containing 0.154 M NaC . Fractions of 1 rri vvere col | ected and

L vold oL Ry FE SAPRBELE RS B Ry 4 £, GABGeNY Laturgnrad Factor

henceforth referred to as "gel filtration-purified rFC West ern
i mrunobl ot & GusteashoHl0¢ g Qfl BEOMAXTY oF6D wascmificesnt tp ﬁ%@subﬂi%mur e

supernatant, harvested from 24, 48 and 72 h p.i. was anal yzed on 10%

SDS- PAGE gelesels YPUPS (HRD a) Wsensf geDfiliatibpafified IFC rEbeted in a 4-fold increase
el ectrophoretically-resol ved bands were then transferred onto

| mrobi | onl efr &1’@@{%@5@%@? %éxhb%%roﬁt}fhﬁ?@mc%s pReaeg tﬂﬁ% ed in

PBS for 30 mn i med m - PBS for ol | owed

by overnig hhltraggﬁj-ggzt‘xﬁe&1 rl'% ' colorimetric assay achieved sensitivity to LPS comparablc

to the fluorimetric assay. Thus, using the scaled down, yet improved sensitivity assay

for LPS detection, high throughput screening of samples can be conveniently

10 achieved 'by either the colorimetric or fluorimetric assay using the 96-well microtiter
plate assays. This enables rapid and mass screening of samples with limited volumes.

The invention being thus described, modification of the invention with respect

to various materials and methods will be apparent to one of ordinary skill in the art.

Such modifications are to be considered as falling within the scope of the invention,

15 which is defined by the claims hereinbelow.



rabbit anti - Mxasmsete antibody diluted 1:500 in 0.2% Tween- 20 E'?lg g%bto_?l ni ng
1% BSA. Hor seradi sh peroxi dase-conj ugat ed secondary goat ant F<Fa8 3

anti body, diluted 1:10000, was subsequentlibl ncubated with the nenbrane.
For visualization of protein bands, the rane was treated with

SUPERSI GNAL, {Bdngpem' | um nescent 15 substrate (Pierce, USA) for 5- 10
mn, foIIovve m n exposure of the nenbrane to an X-ray film The

West ern anaAmles of taeaseientificandpatist littrature veferred Rctierei are ASopyondted bprefrenkd2, 88
and 44 kDa,. e res,sed by. pFast Bac/ Cr FC21 reconbi nant bacul ovi ruses at 24,

48 and 72 h by cittionghereto. Fi g 2A). At 24 h p.i., rFC was obser ved
in the culture supernat ant, 20 but not in the cell |ysate. The 48 h and
72 h p.i. culture supernat ant showed i ncreasi ng anounts of rEC. The rFC in

the cell |ybatvutat By Miglath OT.aMismii, ¥S TEokbaigal F.] Biakddhiara phTolg Y.y Ikehard 8Y

p.i., and reach a subst | evel . (Fig. 2B). The
I mmunobl ot thlﬁ’é1 §H§€ t’agl"él.ﬁ'}l@”’o?éq ﬁgs‘{lﬁ%lproduced was rel eased from

the infected Sf9 ceIIs into the nmedium This is probably due to lysis of
the infected cells, which rel eased the WD 99/ 15676
PCT/ SG8/ 00D 7 Nalhbs, MMM;Dmg;LT Lp,ranﬂd%;B oo [hactHeatiohrof Factat Cdjy diinett§D, 000 xg

for 1 hat 4 [sufpmmder bits coagtlljlatmn of the Carcinoscorpius amoebocyte lysate.
Biochem Mol Biol Int 21:805-813.

3 Ding, JL., Navas, MM.A,, and Ho, B. 1993. Two forms of Factor C from the
amoebocytes of Carcinoscorpius rotundicauda: purification and characterization.
Biochim Biophys Acta 1202:149-156.

4 Ho, B, Kim, J.C,, and Ding, JL. 1993. Electrophoretic analysis of endotoxin-
activated gelation reaction of Carcinoscorpius rotundicauda amoebocyte lysate.
Biochem Mol Biol Int 29:687-694.

5 Iwanaga, S. 1993. The limulus clotting reaction. Current Opinion in Immunol 5:74-
82.

6 Ho, B. 1983. An improved Limulus gelation assay. Microbios Lett 24:81-84.

7 Cooper, 1.F. 1975. Principles and applications of the limulus test for pyrogen in
parenteral drugs. Bull. Parent. Drug Ass. 29: 122.

8 Novitsky, T. J. 1991. Discovery to commercialization: the blood of the horseshoe
crab. Oceanus 27 13-18.

9 Sekiguchi, K. and Nakamura, K. 1979. Ecology of the extant horseshoe crabs. In:
Biomedical Applications of the Horseshoe Crabs (Limulidae), Eds., Cohen et al.,
Allan R. Liss, New York, pp. 37-49.
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to be in the YOPUH6E fracti on. The results show that rFC pr ot gifseeiTs
expressed correctly under the direction of the viral late pronoter fromthe
pol yhedrin gene using the native translati,gn start site 5 fromthe
CrFC cDNA. As there are six potential glycosylation sites in the CrFC cDNA
sequence| erl] Dingyd.Ipy MavasnlIhaMdA 2., 48P HoDB. 18p5.cdelrulat hloningt 2t sequence

gl ycosyl ated form, of ctor 88 and. 44 k prateins, are |.ikely. the
activat ed profRALYSS sﬁ‘aﬁﬁef \%gggg{:&foé’é@"a INgAPEE W%’a“p‘&ﬁ‘a’ F’ff‘s‘%qsﬁ‘”}é’g‘st he

heavy and |1 ORdnhiBnia: MoP SR B8 Bloreliinof9Bl183 Nl n Fact or C3.
Aut oacti vation could have occurred in the presence of picogramlevels of 10

ubi qui t ous endot oxi n during the preparation of the protein sanple for
SDS- PAGE. Fjgure 2B shg a goupaLi sgn rF rom h, D - ;

el ect r ophor ORAaer Uci(ﬁlj“’a%’ ﬁ{g?r- (H_"edﬁ‘gi bb“gcoiﬁi t}@_ﬁs g@%ﬁé’-ﬁ%&.
The 88 and 44 da%&%g»%gu%%maﬂm BadRG:TEDRAL BiaASH ,Alfdl?%‘i&'lﬂﬂ 4%97<H4bi1 Ons.

Under non-reducing c Itions, LPS-activated rFC sti retained its 132 kDa
band, thus indicating the double-chain formof rFC3. The presence of 15

O R L5 S ARy
condi tion, the,d . lleakedc iﬁ@iﬁb&%%oﬁ&ﬂoygfgﬁe?ﬂ?é§k§km 58 a5k 44 kDa

whi ch were absent 1n the untreated sanpl e However, under
non-reduci ng conditions (Fig. 2D), the 132 kDa band was intact for both the

LPS-treated d -uyntrgat.e FC. . REC bi lipid A the
bi ol ogi cal ufE)a%ﬁ "c‘gﬁadoﬁeﬁi’%“»&-%g%%F@g{%@eg&”ﬁ?ﬁﬁ%ﬂ P?ﬁ’?’u‘eﬁé{biaﬁﬁi ng by
rFC deletion homologues of Carcinoscorpius rotundicauda Factor C in

Sacchéromyces cerevisiae: immunoreactivity and endotoxin binding. J Endotoxin
Res. 4(1):33-43.

14 Pui, AWM., Ho, B. and Ding, JL. 1998. Yeast recombinant Factor C from
horseshoe crab binds endotoxin and causes bacteriostasis. J. Endotoxin Research (in
press).

15 U.S. Patent 5,716,834.

16 Copending U.S. patent application Serial No. 08/596,405.

17 Sambrook et al., Molecular Cloning: A Laboratory Manual, 2™ ed., c. 1989 by
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY.

18 ibid. pp. 9.50-9.51.

19 Grunstein, M., and Hogness, D.S. 1975. Colony hybridization: A method for the
isolation of cloned DNAs that contain a specific gene. Proc Natl Acad Sci 72:3961.

20 Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein dye binding. Anal Biochem
72:248-254.



In order to wicsasalksége and test the ability of rFC to specifi o 4930% t he
bi ol ogi cally potent conponent of LPS, diphosphoryl lipid A ( ? 2
D31M4, List Biologicals, Inc., USA) rangi n‘g fromO0.01 to 100 ng in 100
[err]] vol unes was WO 99/ 15676

PCT/ SCO8/ 0097 3 alidi{TUPRI {9702 Cleathor sBBctl brotdtrink MM-DEFLS UE S il

(Pol ySorp).  The 1 mobi[iZzation was carried out overni ght at room

t enper at ure. \dfibecteriopghiags T4 AVatwe 2261680-685.and t he pl ates were washed 6 tines
with wash buffer containing 0.01% Tween 20 and 0.01% thi nerosal in PBS. The
excess sites were blocked for 1 h at 5 roomtenperature with the sane
buf f er cont g4 Nixaga gQ,l%% al”@'hld“’fMCW%d‘%n‘dGﬂokﬁx—ééﬁﬁﬁv@@@dsﬂmmSh@dnﬁ
times. Aliquots of r of BIOMAX err] 50-treated rFC fromcul ture
super nat ant ccBatmmgng:}Q@ffIcmlB}lﬂeumﬁéV—lﬁi!Qiﬁel n was then added to the wells
and i ncubated overni ght at roomtenperature. Unbound r FC was renoved, and
the wells Were washed 6 tinmes in wash buffer. This was foll owed by addition
of ali quots a&g, | wana?Q l Richarfdel denfiioé Sdrire

ant i body an ncubat i on’ I\\f\{gg&:’:%tﬁngged Osnggm%§$ err] C. Subsequently,
the wel ls wer qmm@aﬂeectyﬁmtgemeé:amortﬁé fongth bufﬁwnﬂlbefhgmcﬁd%tl tlsajatiasf ando

[err]] ali qUOtc%ar%]::tex]izgt%%OEg}} mcﬂgﬂgﬁ)g} STTtS.IZI rabbit anti body conjugated with

24 U.S. Patent 5,712,144



hor ser adi sh- M Wuiseese. After washing the wells 6 tines, 1 nddisasooors
substrate ABTS, 2,2'-azino-di-[3-ethylbenzthiazoline sulfonate (6)]
di anmoni um salt (Boehringer 15 . Mannhep#) was added in 200 [err]]|
al i quots and incubated at roomtenperature for 15 min. The formation of a
green product was quantified by resrbUBRCE LESTaNSOr bance at 405 nm rFC
binding the imobilized lipid Aresults in positive color formation via the
ELI SA test The ELISA test for lipid A-binding indicates that rFC is capable
of specificallyeN2Br1 INFoREBOENE:Zi Ng and binding to imobilized lipid A (Fig.
3) and hence, it could be used in the detection of endotoxin. Wth
i ncreasi ng anoufit sSARFLICANTEd A in the wells, there is an increasing
intensity of color devel o?ment in the ABTS product (Fig. 3A). Conpared to
the cell |ysat &1}t FigLF O IFVENTIQN]| ¢ GlenidgperRdt afIPresfisiPstefraaingscarnidd
more ef fi caICHAEFER FRFEodct dBt3 SACHPYITY EPSA-T98tHT S¥BYe™ Furt hermore, it
was observed tha i.nNg ess 25 sites in the wells with 0.2%
BSA renoved néhl-lép@%‘l%%c&b%@% &é“%ﬁ bi ndi ng and WO 99/ 15676
PCT/ S@98/ 00073 (18 eizdsbsdnpbict hspregyed the specificity of lipid A binding
(Fig. 30 . This assgy AmeSdHreSpibal skEfareakobesseditay mass screening of
phar maceuti cal produgst sreer: ePH candrabaabidNsuite 500 East g
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wi th the capsbg f quantifying LPS. This efficacy is conparable to the
comercial ly av?igi“}sg,;lgloe natural |ysate derived fromthe Li WFEET@FWOOO"-"
Tachypl eus anpebocyte |ysate. 5 Exanple 4: Imuobilized rFC can be used
to detect/renmove LPS in a sanple: Two hun@bed [err]l sanpl es containing
either control wild-type supernatant (w't Sf9, uninfected Sf9 cell
supernatant) or par fPalPPIET £F2d3BPC sanpl es (obtai ned by
BlOWAX[err]-ultrafiltration), diluted in PBS to 10, 25 or 50 [err]g total
protein per 200 [err]| were coated/immobilized onto each of the wells of a
96-well mcrotiter plate (NUNC, 10 USA). The plates were |eft overnight
at 4[err] C. UnhUunde@ieRER ipRsM@ ST 08drs g .t he wel I's, and 200 [err]l of

0. 2% BSA (depyrogeni zed by ultrafiltration) dissolved in PBS was added to
the wel | s ferartTintat T@ChmIGeT Garterthto akcrncoroupadasite ecredtmesreel | s gyer e
washed 3 tinmes with PBS. This was followed by addition of 200 [err]]l

FI TC- conj ugetGearaIRE (RRGTETSAC ISECTZBAG [BLTICCEBATY DIAAGRSTTRAAFSACRISAT t 0 140e

wel l's. The plate was i ncubated at 37[err]C for 1 h, 15 after which
each wel | WAEPAREAGCEATETTHIER IOBTRAAENe TRC(IGFERCATECRATIES FPRAETTICAEX[ e¥80] and

10, 25 or " SHURBPIRS SPRRGELD AP IBPT RO EV: ETRE RO DARFIS FC sduod
| ncreasi N9 SldnedRACKsRbribl rbindaREr FLACrroBlOCliBiRL Fdi8atikLS W idh 0. 2%

BSA reduced t he background fluorescence reading, indicating I nprovenent in
the 20 serectitai torrodTabt radirograeha WBSsdracthesiraelt! Axagdr Fiink . 360

| mobilization of negative control proteins (WtSf9: wld-type Sf9 cell

cul ture supBdiFaRATR TIATBITYCT AARARTITAETE CTETAAM TAGERCRIVERYG BidACatAae, antkor FCSN:
yeast rFC derived- fromthe truncated reconbi nant

CITTTTITGTA GTCTTARGTT TAGTTGACAT AAARACAAAR TTTGTAACAA CACACGGTAT 480
AAACTARATA GCTTCAGATG GGTCGTATGA CAAGGAAACT TTTAAATAAT TATGARAGTT 540
TTTTTARAAT TTGACTAAGG TTTAGATT ATG TGG GTG ACA TGC TTC GAC ACG 592
Met Trp Val Thr Cys Phe Asp Thr
1 5

TTT CIT TTT GTT TGT GAA AGT TCA GIT TTC TIGT TTG TTG TGT GIG TGG 640

Phe Leu Phe Val Cys Glu Ser Ser Val Phe Cys Leu Leu Cys Val Trp
10 15 20

RGG TITT GGT TTIC TGT AGG TGG CGT GTT TTC TAC AGT TTT CCA TTC GTT 688
Arg Phe Gly Phe Cys Arg Trp BArxg Val Phe Tyr Ser Phe Pro Phe Val

25 30 35 40
AAG TCA ACA GTT GTT TTIA TTA CAG TGT TAC CAT TAC TCT CTC CAC AAT 736
Lys Ser Thr Val Val Leu Leu Gln Cys Tyr His Tyr Ser Leu His Asn

45 50 55
ACC TCA ARG TTC TAC TCT GTG AAT CCT GAC ARG CCA GAG TAC ATT CTT 784
Thr Ser Lys Phe Tyr Ser Val Asn Pro Asp Lys Pro Glu Tyr Ile Leu
60 65 10

TCA GGT TTA GTT CTA GGG CTA CTA GCC -CBA ARA ATG CGC CCA GTT CAG 832

Ser Gly Leu Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln
5 80 85

TCC ARA GGA GTA GAT CTA GGC TTG TGT GAT GAA ACG AGG TTC GAG TGT 880

Ser Lys Gly Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys
30 95 100

AAG TGT GGC GAT CCA GGC TAT GTG TTC AAC ATT CCA GTG AAA CAA TGT 928
Lys Cys Gly Asp Pro Gly Tyr Val Phe Asn Ile Pro Val Lys Gln Cys

105 110 115 120
ACA TAC TTT TAT CGA TGG AGG CCG TAT TGT BAA CCA TGT GAT GAC CTIG 976

Thr Tyr Phe Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp Leu
125 130 135



r FC devoi d oWAP856i6ndi ng domai n described in ref.

capture or bind LPS
by the i mobilized rFC

PCT/ S8/ 00073 19 Exanpl e 5: The bacul ovi rzal

16,

thus indicating the specificity of
WD 99/ 15676

t o t heeamesdos/oali7al not
recogni tion of LPS

by LPS Fl uahé et axs ant xrol mam oei hhe Tas Sanscdrorerl Bk gat ircat axt r FC enzy e
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e first,
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rFC is enzymatically activated

a

The m xtures were pre| ncubated with 0.01 to 100 pg of
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0.1 m gl aci 8o 3k acid. The product AMC was read in Fl uor bnits
(FU at 15 Ex[err] (slit 10 nm) and Enferr] (slit 5 nm gi?gg;gglgooﬁerki n
El mer Lum-nescence Spectrophotoneter (LS SOB) For nmultiple sanples, this

assay was routinely scal ed dovvn to 96- vveII 8m crotiter plate assay. Briefly,

t he mcroassa GA@“ a v%wre of
gggs% (ra;'[]el ant %‘%@%ﬁ% 890 E g gi ] %%Xwﬁgngl ni ngt E)I (2: M 20

NaCl and 0.1 MCaC1[err] and further |ncubat|on for 30 mn at 37 [err]C

bef or e t er ngraghO©rcofcachisT sacetoBTRIdR #Q 8y 631 caf abaswratamcet i c7eci d.
The fl uoresegneep Was Aspaskr DysaA9Svalallsh PHeCLadi R Rsplval. Guyedter nodul e. The
second enzymatic a@ssSay for LPS inuwobved a nodificadson of the colorinetric
test[err] where preincubation of culture supernatant proteins with LPS 25
rangi ng frof¢D GO A66 Pﬂﬁvgg‘ WRls CERIGET RFCOTHT BT 376 E‘;@?ﬁ@ §FrAQT . THEAO
reaction voPrm¥ahdsy Ile 39§¥s_|_g5?@la Gly Cys Sex Leu a Gly Thx:

PCT/ SG98/ 00073 43® scal ed down t'b 200 [err]I in“1 M Tris-HJ (pH 8.0)
cont ai ni ng g

YR s 9”cé?l~f [eridds OF 2
mM of a col %cf% rdlgtﬁ‘gb% Jf%le was resu%}: ('bger Q—aill ¥ e (SerELagaku

Japan). Incy be ore 440
GCC ATC CAT GCT GGC ARG CTT CCA AAC TCT GGA GGA GCG GTG CAT GIT 1936
Ala Ile His Ala Gly Lys Leu Pro Asn Ser Gly Gly Ala Val His Val
445 450 455
GTG AAC AAT GGC CCC TAC TCG GAC TTT CTG GGT AGT GAC CTG AAT GGG 1984
Val Asn ‘Asn Gly Pro Tyr Sexr Asp Phe Leu Gly Ser Asp Leu Asn Gly
460 465 470
ATA RAR TCC GAR GAG TTG AAG TCT CIT GCC CGG AGT TTC CGA TTC GAT 2032
Tle Lys Ser Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp
475 480 485
TAT GTC AGT TCC TCC ACA GCA GGT AAA TCA GGA TGT CCT GAT GGA TGG 2080
Tyr Val Ser Ser Ser Thr Ala Gly Lys Ser Gly Cys Pro Asp Gly Trp
490 495 500
TTT GAG GTA GAC GAG BAC TGT GTG TAC GTT ACA TCA AAA CAG AGA GCC 2128
Phe Glu Val Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Arg Ala
505 510 515 520
TGG GAA AGA GCT CAA GGT GTG TGT ACC AAT ATG GCT GCT CGT CTT GCT 2176
Trp Glu Arg Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala
525 530 535
GTG CTG GAC AAA GAT GTA ATT CCA AAT TCA TTG ACT GAG ACT CTA CGA 2224
Val Leu Asp Lys Asp Val Ile Pro Asn Ser Leu Thr Glu Thr Leu Arg
540 545 550
GGG ARA GGG TTA ACA RCC ACG TGG ATA GGA TTG CARC AGA CTA GAT GCT 2272
Gly Lys Gly Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp Ala
555 360 565
GAG ARG CCC TTIT ATT TGG GAG TTA ATG GAT CGT AGT AAT GTG GTT CTG 2320
Glu Lys Pro Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu
570 575 580
AAT GAT AAC CTA ACA TTC TGG GCC TCT GGC GAA CCT GGA AART GAA ACT 2368
Asn Asp Asn Leu Thr Phe Trp Ala Ser Gly Glu Pro Gly Asn Giu Thr
585 590 585 600
ARC TGT GTA TAT ATG GAC ATC CAA GAT CAG TTG CAG TCT GTG TGG AAA 2416

Asn Cys Val Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys
605 610 615



term nati on' &fo ddmgereeaction with 28 [err]l of glacial acetic myg{;ggmbu—;s
substrate is 5 hydr ol yzed by rFC to produce pNA that was neasured

colorinetrically at OD4[err]. From24 to %%ato 72hp| , there was
progressively |ncrea3|n trend in the enz tic actlv of rE
super nat ant s A€ 8§ ToFrTi FRGEEC dER RS O?%ﬁT Gt“ﬁe c%)nst r G484 of

Exanmpl e 1, asTt{rnHYscéF’ég gym’[eh‘él’} At} éa§ E/FCF:F r?’ﬁsefq?fr(g nAslps ot the AMC
product hydrolyzed fro oc- Val - Pro- Ar g- substrate. 3\ conpari son of 10

the amount of . 0EA Aez&qu 09 BECARD Tk ek NArCAT oday 28 @rélassaher 50 beis] )
and cul ture sgg}egg_}athggt CADs LG$ rcfQ)AsbhisBSMoatgﬁ sthakutdie ss ture
supernatant from 72ghsp.i. containegsFC that is >5649€ fold nore effective
in LPS detection. Twenty [err]g of BIOVAX[err]. purified rFC was able to
detect 0.01 ngsAl P& cUsiaug @ Car 8@a [cerrAcg AIff GAT sGProT gRM,CarhécTet ect2b6h
limt could belyedss |njaenirebrbedid 61y BSn|Sevells bl 6ly @he)ﬂ?ngU@r Gy 001 ng/m

15 (Fig. 4) 6erl fication of 8%C by chromat oQ?Qaphy through
SEPHADEX] err ]

i el ded enz rrat c activit even sensitiyjty
Co LPS (Fi o, 575 TFL Mk a8 o e b B % Ehiets f‘;@a&g%n of 265
fol | owi ng the e PR dR e Vel Ed ?’(hcﬂ\ l"er‘_il Za Yol VastTy Prggpve the

ef fi cacy of tH% rFC for endot6xin detecti on. Eurtherm)re Wne‘n t he
fluorimetric ggsaycwas Adidd a6 hea naRUecl & tde abiSicBe car9fuett micrebéter
20 pl at egid ker 3SANSTH ¥yd ¥nt @hk RonVEry THHLQY €6k BYa Fof B¥sdptdi g. 6).
This was directly attributedd e to the renoss of backgrounébs| uorescence by
gel filtration. Furthernore, the LPS-activated rFC enzyne assay was al so

conveni ent | y QERaAET fATELAARR BIC ATE ALOrTCRAEIMA| RPCaSEAPCVGER ACReTCA TAT 2704
Boc- Val - Pr o- AR¥F XA Ié.gb@tsr Yale IlgFar Cys Gln Asn Pro Pro Val Pro Ser Tyr
705 710
GGT TCT GTG GAA ATC AAA CCC CCA AGT CGG ACA AAC TCG ATA AGT CGT 2752
Gly Ser Val Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg
715 720 725
GTT GGG TCA CCT TTC TTG AGG TTIG CCA CGG TTA CCC CIC CCA TTA GCC 2800
Val Gly Ser Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala
730 735 740

AGA GCA GCC AAA CCT CCT CCA ARA CCT AGA TCC TCA CAA CCC TICT ACT 2848

Arg Ala Ala Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr

745 750 755 760

GTG GAC TTG GCT TCT AAA GTT AAA CTA CCT GAA GGT CAT TAC CGG GTA 2896

Val Asp Leu Ala Ser Lys Val Lys Leu Pro Glu Gly His Tyr Arg Val

765 ’ 170 7175
GGG TCT CGA GCC.ATT TAC ACG TGC GAG TCG AGA TAC TAC GRA CTA CITT 2944
Gly Ser Arg Ala Ile Tyr Thr Cys Glu Ser Arg Tyr Tyr Glu Leu Leu
780 . 785 790
GGA TCT CARA GGC AGA AGA TGT GAC TCT AAT GGA ARC TGG AGT GGT CGG 2992
Gly Sexr Gln Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg
795 800 805
CCA GCG AGC TGT ATT CCA GTT TGT GGA CGG TCA GAC TCT CCT CGT TICT 30490
Pro Ala Ser Cys Ile Pro Val Cys Gly Arg Ser Asp Ser Pro Arg Sexr
810 815 | 820

CCT TTT ATC TGG AAT GGG AAT TCT ACA GAA ATA GGT CAG TGG CCG IGG 3088

Pro Phe Ile Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Txp

825 830 835 840

CAG GCA GGA ATC TCT AGA TGG CTT GCA GAC CAC AAT ATG TGG TTT CIC 3136

Gln Ala Gly Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu
845 850 855



sensitivity s 0.1 pg (0.01 ng/n1) with 100 [err]g o

Bl OMAX[ err] - %’P ea%tgﬁeld WD 99/ 15676 PCT/SG98/°°073
PCT/ SG8/ 00073 21 cul ture supernatant when 2 nmM of the pNA substrate was
enployed (Fig. 7). Sinmlar to the fluoringgric assay, the colorinetric test
al so showed that the SEPHADEX[ err] G- 100- ur|f|ed rFC exh| bited roved
sensi tivit (A¢ FOL ESA Gifefer 407 [P AT RS g;b’f'r?‘f E g‘fé%ﬁcof 1%8"[ err]g
of Bl OVAX[ &4% [C¥F FBY S%F‘F‘ﬂ&eé g%}j ®CTP dubp | evel s of
LPS (Fig. 8). Use of"gel filtration-purified rEC resulted ina 4-fold

i ncrease | E}Aé%?éhcviéid’ Af TePcrAd écﬁCEAé:‘R‘FP%&"r @R & AecAsm craassays
reveal ed thaf i e AtALQNTRUATS Bad 1iEGletg 1@l Asd GBATI C assay
achi eved sensi t Il vadsy to PS conpaggabl e to the fl wasi netric assay. Thus,

usi ng the scal ed down, yet inproved sensitivity assay for LPS detection,
hi gh thr ougln-pmmsmeem 0G GEC FABPIASS TR AGH GAT GAV ST elEA GACI GAT 26P0 eved
by either trhe Lysl|Mati Tt Lew Goy Hvisulyr Tyt qucAaB%y S¢si Any Bsre ASB- wel |
mcrotiter pl &% assays. This &fables rapi d afd®nass screenl ng of sanpl es

with limted vol unes. The i nvent ion being thus escr g}: fi C%éké)n of

t he i nvent i8R TRt FHy gﬁ)ga c\?ﬁ iJ] %T;Tg Cél aqﬁ %)Td

apparent t e ofo kﬁ "% tc dl bons are to be
consi dered "33 falli ng wit h| n the scope of t e i nventi on,

TAC GAC CCC GGC BAT CTC AAC TTT GAC ATA GCC CTA ATT CAA CTG AAA 3376
Tyr Asp Pro Gly Asn Leu Asn Phe Asp Ile ARla Leu Ile Gln Leu Lys
925 930 935
ACT CCT GTT ACT TTG ACA ACA CGA GTC CAA CCA ATC TGT CTG CCT ACT 3424
Thr Pro Val Thr Leu Thr Thr Arg Val Gln Pro Ile Cys Leu Pro Thr
940 945 950
GAC ATC ACA ACA AGA GAA CAC TTG AAG GAG GGA ACA TTA GCA GTG GIG 3472
Asp Ile Thr Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val
955 960 965
ACA GGT TGG GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA 3529
Thr Gly Trp Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln
970 975 980

CAA GCT GTG CTA CCT GTT GTT GCA GCC AGC ACC TGT GBA GAG GGG TARC 3568
Gln Ala Val Leu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyx

9835 350 295 1000

BAG GAA GCA GAC TTA CCA CTG ACA GTA ACA GAG ARC ATG TTC TGT GCA 3616
Lys Glu Ala Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala

1008 1010 1015
GGT TAC ARG AAG GGA CGT TAT GAT GCC TGC AGT GGG GAC AGT GGA GGA 3664
Gly Tyr Lys Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly
1020 1025 1030
CCT TTA GTG TTT GCT GAT GAT TCC CGT ACC GAA AGG CGG TGG GIC TIG 3712
Pro Leu Val Phe Ala Asp-Asp Ser Arg Thr Glu Arg Arg Trp Val Leu
1035 1040 1045
GBA GGG ATT GTC AGC TGG GGC AGT CCC AGT GGA TGT GGC ARG GCG ARC 3760
Glu Gly Ile Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn
1050 1055 1060

CAG TAC GGG GGC TTC ACT AARA GIT AAC GTT TIC CTG TCA TGG ATT AGG 3808
Gln Tyr Gly Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg

1065 1070 1075 1080

CAG TTC ATT TGABACTGAT CTARATATTT TAAGCATGGT TATAAACGTC _ 3857
Gln Phe Ile

TTGTTCCTAT TATTGCTTITA CTGGTTTAAC CCATARGARG GTTRACGGGG TAAGGCACARA 3917
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15 whi chwioos, ned by the cl ains hereinbel ow WO 99/ 1567
PCT/ SG98/ 00073 Zzﬁglgg‘serences Articles of the scientific and ngE/ﬁFw‘m“n
literature referred to herein are incorporated by reference in their
entirety by citation thereto. 1 Muta, T., Myata, T., Msunm, Y., Tokunaga,
F., Nakamura, J., Toh, Y., lkehara, Y., and Iwanaga, S. 1991. J. Biol.

Chem 266: goréabhilrrctcti@é@Srrvhddafr drf@rrda breac?BfhTBaciArad®00. 3977

I nactivation of Factor C by dinethyl sul phoxide inhibits coagulation of the
Car ci noscor ptasTesnse harey recdr yErEhercTBC arrtrernabhr BaoiaTEora 21A118086@&13. 433Di ng,
J.L., Navas, MMA., and Ho, B. 1993. Two forns of Factor C fromthe
anoebocyt es THICTTERAS m@wu@mmm‘a | TRECRTARAD JFGFITECRE GRCTERTGT 4097
characterization. BiochimBio s Acta 1202:149-156. 4 Ho, B., Kim

Cnd Dl ng. | I HACTRENS, NGOG HILBIET EARTGIR. BRI ERHSRIAR v Al

gelation re I us rotundi cauda anoebocyte |ysate
Bi.ochem Mol Q%T&&ETT%‘[ WG%R 4182

{2} INFORMATION FOR SEQ ID NC:2:

{i) SEQUENCE CHBARACTERISTICS: .
{A) LENGTH: 1083 amino acids
(B} TYPE: amino acid
{D} TOPQOLOGY: linear

{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Trp Val Thr Cys Phe Asp Thr Phe Leu Phe Val Cys Glu Ser Ser
1 5 10 15

Val Phe Cys Leu Leu Cys Val Txp Arg Phe Gly Phe Cys Arg Trp Arg
20 25 30

Val Phe Tyr Ser Phe Pro Phe Val Lys Ser Thr Val Val Leu Leu Gln
35 40 45

Cys Tyr His Tyr Ser lLeu His Asn Thr Sexr Lys Phe Tyr Ser Val Asn
50 55 60

Pro Asp Lys Pro Glu Tyr Ile Leu Ser Gly Leu Val Leu Gly Leu Leu
65 70 75 80

Ala Gln Lys Met arg Pro Val Giln Ser Lys Gly Val Asp Leu Gly Leun
85 90 95
Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly Asp Pro Gly Tyr Val
100 105 110

Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe Tyr Arg Trp Arg Pro
115 120 ’ 125

Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys Asp Ile Cys Pro Lys
130 135 140 N

Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp Ser Cys Val Thr
145 150 155 160

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
165 170 175

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala Cys Arg
180 185 130



5 Ilwanaga, S, 1993, The linmulus clotting reaction. Current Opiniton in-

| nmunol  5: 74%0$9/15¢56 Ho, B. 1983. An inproved Linulus gel atiRGI/3E889073

M crobi os Lett 24:81-84. 7 Cooper, J.F. 1975. Principles and applications
of the limulus test for pyrogen in parent®ral drugs. Bull. Parent. Drug
Ass. 29:122. 8 Novitsky, T. J. 1991. Discovery to conmercialization: the
bl ood of tﬁéprﬁgs'é%rh%“ éil}éﬂ(ald%éa%s@zvllaée&&ys951Y5‘a4€|5{&%“ K and
Nakamura, K. 1979%%Ecol ogy of t he!®t ant horseshd@crabs. In: Bionedical

épp:_: ggt | on3 grot Qer k‘s?p %g?gﬂ Ql\al%sngé#ﬁgu# daep)sh IJ:E:gSPr.‘o Igé%:hggn et at., Alan

PCT/ S&8/ 00073 23 10 Di ng, J. L Navas MA A and Ho, B. 1995.

Mol ecul ar Cdrertmgm&ndlmgye:@eesear@syséls pgé GEﬁ%@rLyQ cN\by S Gogn t he Si ngapor e
hor seshoe cazgb, Carci noscorggbus rotundi caudas Ml Marine Bred Bi ot echnol
4:90-103. 11 Roopashree, S.D., Chai, C, Ho, B, and Ding, J.L. 1995.

Expr essi on Mek ar Brndse Sepidys Ire@t Rred Rera Gty GERadirprsSe€ @Dl\lﬂle Brechem Mol Bi ol
Intl 4:841-849. 245 250 255

Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser Ser Pro Glu His Gly
260 265 270

" Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu Gly Ala Thr Leu Arg
275 280 285

Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly Gin Glu Thx Leu Thr
230 295 300

Cys Gln Cly Asn Gly Gln Trp Asn Gly Gln Ile Pro Gln Cys Lys Asn
305 310 315 320

Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn His Ala Glu His Lys
325 ' 330 335

Val Lys Ile Gly Val Glu Gln Lys Tyr Gly Gln Phe Pro Gln Gly Thr
340 345 350

Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Met Gly Phe Asp
355 360 365

Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp Ser Gly Ser Gln Pro Ser
370 375 380

Cys Val Lys Val Ala Asp Arg Glu Val Asp Cys Asp Ser Lys Ala Val
38s 390 395 400

Asp Phe Leu Asp Asp Val Gly Glu Pro Val Arg Ile His Cys Pro Ala
405 410 415

Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly Thr Ala Ile Tyr His
420 425 430

Glu Leu Ser Ser Val Cys Arg Ala Ala Ile His Ala Gly Lys Leu Pro
435 440 445
Asn Ser Gly Gly Ala Val His Val Val Asn Asn Gly Pro Tyr Ser Asp
450 455 460

Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser Glu Glu Leu Lys Ser
465 470 475 480

Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Ser Ser Ser Thr Ala Gly
485 490 495

Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys Val
500 505 510



12 Roopashree Ho, B, and Ding, J.L. 1996. Expression of

Car ci noscor pi Wﬁ%tsﬂr?di cauda Factor Cin Pichiapastoris. Ml BPaES$28/M03}

Bi otechnol 5 334-343. 13 Ding, J.L., Chai, C., Pui, AWM and Ho, B. 1997.
Expression of full length and del eti on honf3ogues of Carcinoscorpius

r ot undi caud 0 cgha \ vity and
endot oxi n b?rﬁ}g?ﬁél &:ﬂxcEﬁ om&% ggﬁi%ﬁ 3%5\1 qu;agvaﬁg Ho, B. and
Ding, J.L. 1998. Yeast reconblnant actor C fron1horseshoe crab binds
endot oxi N angh:CRYS BSt B ALI B8 B& Ria Val BRACARXLH: Res@aL Che(ddd press). 15
U S. Patent 5, 74%h 834. 16 CopensBang U.S. patentsapplication Serial No.

08/ 596, 405. 17 Sanbrook et al., Ml ecular Coning: A Laboratory Mnual,
2[err]. ed., Rsp S4rO86u Wr@bdﬂgpwmgrﬁ-l&rlbdryi@boﬁax 8ry Thdhg B i ng Har bor,
NY. 18 i bi d $45. 9 50-9.51. 1¥0G unstein, Sfe‘énd Hogness D.¥0 1975. Col ony
hybridi zation: A nmethod for the i sol at i on of cl that contain a
speci fic gent® BlobeNdif BATAPUShip b2 488 LYSzbf%F%f‘deb? are glgl Lefg76. A rapid
and sensitive nethod for e quantitation 8 m crogram q dAtities of

protein utilizing tbe QNG Phevaf 108 o Ay RLDILPEne ARl a8 0chem
72:248-254. 580 585 590

»

Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Gln
585 600 605

Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser Cys Phe Gln Pro Ser
610 615 620

Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys Ala Lys Cys
625 630 635 640

Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala Thr Leu His Gly Gln
645 650 655

Ser Ile Asp Gly Phe Tyr BAla Gly Ser Ser Ile Arg Tyr Ser Cys Glu
660 665 670

Val Leu His Tyr Leu Ser Gly Thr Glu Thr Val Thr Cys Thr Thr Asn
675 680 685

Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile Lys Val Ile Thr Cys
690 - 695 700

Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Val Glu Ile Lys Pro Pro
705 710 715 120

Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser Pro Phe Leu Arg Leu
725 730 735

Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro Pro Lys
740 745 750

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys
755 760 ’ 765

Leu Pro Glu Gly His Tyr Arg Val Gly Ser Arg Ala Ile Tyr Thr Cys
770 ) 780 -

Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Ser Gln Gly Arg Arg Cys Asp
785 790 795 800
Ser Asn Gly Asn Trp Ser Gly Arg Pro Ala Ser Cys Ilé Pro Val Cys

805 810 815

Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile Trp Asn Gly Asn Ser
820 825 830



WD 99/ 15676 . .

PCT/ SG08/ 000W® PASFS | aenmi i, U K 1970. C eavage of struct uPGT/SEIsA0E3Ns
during the assenbly of the head of bacteriophage T4. Nature 227:680-685. 22
| wanaga, S., Morita, T., Onhki, M 1980. Es4lotoxin-sensitive substance

Japan Patent A engfl Oficial Bulletin; S57-108018. 23 , Morita,

T., and | wiHa f%@%l%p%ﬂ%%?@?’%ﬁﬂéﬂ%ﬂ& j‘qr\/ﬁrgs F?:?él Yor ot éas

zynogen (Factor %ound i n Limul henocyt es: |sol"ati on and

characteri kS 1 Rateitasn, 712, 144,
25 SEQJENCE‘&% %%I Réu(\ﬁ} %éq%gggi ﬁﬁc%m%?gjely% APPfI CANT: (i) TI TLE OF
| NVENTI ON: Cloning  and Expressi on Car ci noscor pi us

Glu Lys Trp Ile Val Thr Ala Ala His Cys Val Thr Tyr Ser Ala Thr
865 870 875 880

Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met Tyr Leu Gly Lys Tyr
885 890 835

Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val Gln Val Arg Glu Ala
900 305 916 .

Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe
915 920 925

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val Thr Leu Thr Thr Arg
930 935 940

Val Gln Pro Ile Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu Bis Leu
945 950 955 969

Lys Glu Gly Thr Leu Ala Val Val Thx Gly Trp Gly Leu Asn Glu Asn
965 970 975

Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val Leu Pro Val Val Ala
980 985 gs0

aAla Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thr
995 1000 1005

val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp
1010 1015 1020

Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp Ser
1025 1030 1035 1040

Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile Val Ser Txp Gly Ser
1045 1050 1055

Pro Ser Gly Cys Gly Lys Ala BAsn Gln Tyr Gly Gly Phe Thr Lys Val
1060 1065 1070

Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1075 1080

(2) INFORMATION FOR SEQ ID NO:3:
{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 3448 base pairs
{B) TYPE: nucleic acid
{C}) STRANDEDNESS: single
(D} TOPCLOGY: both
{(ii) MOLECULE TYPE: cDNA '
(iii)} HYPOTHETICAL: NO

{iv} ANTI-SENSE: NO



rot undi caudaysed/RksC 1 N a Bacul oviral Host-vector System (iid R OF
SEQUENCES: 4 (1V) SPONDENCE ADDRESS: (A) ADDRESSEE: Bi r&??T/%lg%? :

Kol asch & Birch (B) STREET: 8110 Gat ehouse Road, Suite 500 East (C) CTY:
Fall's Church (D) STATE: Virginia (E) COUNPRY: USA (F) ZIP: 22042 (V)
COMPUTER READABLE FORM (A) MEDI UM TYPE: Floppy disk (B) COMPUTER |BM PC
conmpati bl e (C) ((BEBAIdNG S¥sd&EM PC DOS/ MS- DOS (D) SOFTWARE: PatentIn
Rel ease #1.0, Versi ¢f) Hacmfsky ichr &SHBRENE: APRL AL DATA: (A) APPLI CATI ON
NUMBER: US (B) FILING DATE: (C) CLASSI FI CATION: (viii) ATTORNEY/ AGENT
| NFORVATI ON: ( Apx)Neb&Turbtr phy, Jr., Gerald M

(A} NAME/KEY: CDS

{B) LOCATION: 18..3074

{xi.} SEQUENCE DESCRIPTION: SEQ ID NO:3:

GTGAAGGTAA CTTAAGT ATG GTC TTA GCG TCG TIT TTG GTG TCT GGT TTA 50
Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu
1 5 10

GTT CTA GGG CTA CTA GCC CAA BAA ATG CGC CCA GTT CAG TCC AARR GGA 98

val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly
15 20 25

GTA GAT CTA GGC TTG TGT GAT GBRA ACG AGG TTC GAG TGT AAG TGT GGC 146

Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly
" 30 35 40

GAT CCAR GGC TAT GTG TTC AARC ATT CCA GTG AAA CAA TGT ACA TAC TIT 194

Asp Pro Gly Tyr Val Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe
45 50 55

TAT CGA TGG AGG CCG TAT TGT AAA CCA TGT GAT GAC CTG GAG GCT AAG 242
Tyr Arg Trp Rrg Pro Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys
60 65 70 75

GAT ATT TGT CCA AAG TAC ARA CGA TGT CARA GAG TGT AAG GCT GGT CTT 290
Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu

80 85 90

GAT AGT TGT GTT ACT TGT CCA CCT AAC AAA TAT GGT ACT TGG IGT AGC 338

Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser
95 100 105

GGT GBAA TGT CAG TGT AAG BAT GGA GGT ATC TGT GAC CAG AGG ACA GGA 386

Gly Glu Cys Gln Cys Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly
110 115 120

’ GCT TGT GCA TGT CGT GAC AGA TAT GAA GGG GTG CAC TGT GAA ATT CIC 434

Ala Cys Ala Cys Arg Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leun
125 130. 135

AAR GGT TGT CCT CTT CTT CCA TCG GAT TCT CAG GTT CAG GAR GIC AGA 482
Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Gln Val Gln Glu Val Arg
140 145 150 1585

AAT CCA CCA GAT ART CCC CAR ACT ATT GAC TAC AGC TGT TCA CCA GGG 530
Asn Pro Pro Asp Asn Pro Gln Thr Ile Asp Tyr Ser Cys Ser Pro Gly

160 165 170
TTC AAG CTT ABMG GGT ATG GCA CGA ATT AGC TGT CTC CCA ART GGA CAG 578

Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln
175 180 185



(B) REG ST %{\%&ﬁER 28,977 (C) REFERENCE/ DOCKET NUMBER 1781- 105P (i X)
TELECOVMUNI ORMATI ON: (A) TELEPHONE: (703) 205- 8000 ROI)SGPEOMmAX:
(703) 205-8050 (C) TELEX: 248345 (2) | NFORMATI ON FOR SEQ ID NO 1: (i)
SEQUENCE CHARACTERI STI CS: ( A) LENGTH' 41826base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: sing NL']_ECULE TYPE;_ cDNA

(Cll?IG:A?\lI %PGEI?%? gﬁ?dﬁf m ?EN gg (ﬁrﬁ)glﬁgﬁ KEY( A‘jcz;s

TCT CCR GAR CAT GGG RAA GTG AAT GCT CTT AGT GGT GAT ATG ATA GAA 674
Ser Pro Glu.His Gly Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu
205 210 215
GGG GCT ACT TTA CGG TTC TCA TGT GAT AGT CCC TAC TAC TTG ATT GGT 722
Gly Ala Thr Leu Axrg Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly
220 225 230 235
CAA GBAA ACA TTA ACC TGT CAG GGT AAT GGT CAG TGG AAT GGA CAG ATA 770
Gln Glu Thr Leu Thr Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile
240 245 250
CCA CAA TGT AAG AAC TTG GTC TTC TGT CCT GAC CTG GAT CCT GTA ARC 818
Pro Gln Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn
255 260 265
CAT GCT GAA CAC RAG GTT AAA ATT GGT GTG GAA CAA AAA TAT GGT CAG 866
His Ala Glu His Lys Val Lys Ile Gly Val Glu Gln Lys Tyr Gly Glin
270 275 280
TTT CCT CAA GGC ACT GAA GTG ACC TAT ACG TGT TCG GGT ARAC TAC TTC 914
Phe Pro Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe
285 230 295
TTG ATG GGT TTT GAC ACC TTA AAA TGT AAC CCT GAT GGG TCT TGG TCA 962
Leu Met Gly Phe Asp Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp Ser
300 305 310 315
GGA TCA CAG CCA TCC TGT GTT AAR GTG GCA GAC AGA GAG GTC GAC TGT 1010
Gly Ser Gln Pro Ser Cys Val Lys Val Ala Asp Arg Glu Val Asp Cys
320 325 330
GAC AGT AARA GCT GTA GAC TTC TTG GAT GAT GIT GGT GAA CCT GTIC AGG 1058
Asp Ser Lys Ala Val Asp Phe Leu Asp Asp Val Gly Glu Pro Val Arg
335 340 345
ATC CAC TGT CCT GCT GGC TGT TCT TTG ACA- GCT GGT ACT GTG TGG GGT 1106
Ile His Cys Pro Rla Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly
350 355 360
ACA GCC ATA TAC CAT GARA CIT TCC TCA GTG TGT CGT GCA GCC ATC CAT 1154
Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg Ala Ala Ile His
365 370 375
GCT GGC ARG CTT CCA ARC TCT GGA GGA GCG GTG CAT GTT GTG AAC AAT 1202
Ala Gly Lys Leu Pro Asn Ser Gly Gly Ala Val His Val Val Asn Asn
380 385 390 385
GGC CCC TAC TCG GAC TTT CTG GGT AGT GAC CTG AAT GGG ATA ARA TCG 1250
Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser
400 405 410
GAR GAG TTG AAG TCT CTT GCC CGG AGT TTC CGA TIC GAT TAT GTC CGT 1298

Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg
415 420 425



VO 99/ 15676° WEHHB&He/ 00073 26 (B) LOCATI ON: 569..3817 (xi) SEgeENsH0073
DESCRI PTI ON: SEQ 1D NO 1: GTATTTAATG TCTCAACGGT AAAGGTTTCA TTGTAGCTAA

TATTTAACTT CCTCCCTGTG 60 CCCCAAATGE CGAGTATGAC GTCAGTTAAG ACTTCGTATT
TTAAGAGTTA AACACGAGCC 120 TTAAAGAGCG ATATTTTTTT TGTTAAACAC TTCCAACTTA
AT 1Ce aor g0 EAARMAGA TGAMAAAAAT
TCGCATACAAg 2 Cly L o e CHAAGACTT ACTGTTCGTT
CGGTCACAGC. TGTGM G 300 CTTTA TGITTGEAGT GGTCTTAAAA ACGGGTACTT
GGTTGTTTTG AAAATTTTAA 360 AACCTACATA TGATTCTCCT AAAATTTTGT TTATAAATTA

GCACCATTTGeAGAGCTABATGT GTG TAE 28T GERTICRT BTA AT GTH BAGTIGGT AR FGACAT ABSAACAAAA
TTTGTAACAARGAGACOGEEATys Val Tyd8R 1 AMACTAARIAGCBCRFCAGATEPGSIICETATGA CAAGGAAACT

TTTAAATAAT TABGAAAGTT S54G0TTTTTAAAAT TTGAETAAGG TTTAGATT ATG TGG GIG
ACA TGC TTC GAC ACG 592 Met Trp_ Val Thr s Phe Asp Thr 1
5 TTT CTT §§T SHEHTISCAR AGT MELTTICTTIe fo 11 ¢ T\?,?GT@; TGG 1442
640 Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala
460 465 470 475
ARA GAT GTA ATT CCA AAT TCG TTG ACT GAG ACT CTA CGA GGG ARA GGG 1490
Lys Asp Val Ile Pro Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly,
480 485 490
TTA ACA ACC ACG TGG ATA GGA TTG CAC AGA CTA GAT GCT GAG AAG CCC 1538
Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp Ala Glu Lys Pro
495 500 505
TTT ATT TGG GAG TTA ATG GAT CGT AGT AAT GTG GTT CTG AAT GAT AARC 1586
Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn
510 515 520
CTA ACA TTC TGG GCC TCT GGC GAA CCT GGA AAT GAA ACT AAC TGT GTA 1634
Leu Thr Phe Trp Ala Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val
525 530 535
TAT ATG GAC ATC CAA GAT CAG TTG CAG TCT GTG TGG AAA ACC AAG TCA 1682
Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser
540 545 550 838
TGT TTT CAG CCC TCA AGT TTT GCT TGC ATG ATG GAT CTG TCA GAC AGA 1730
Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg
560 5865 570
AAT AAA GCC ARA TGC GAT GAT CCT GGA TCA CTG GAAR AAT GGA CAC GCC 1778
Asn Lys Ala Lys Cys Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala
575 580 585
ACA CTT CAT GGA CAA AGT ATT GAT GGG TTC TAT GCT GGT TCT TCT ATA 1826
Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile
590 595 600
AGG TAC AGC TGT GAG GIT CTC CAC TAC CTC AGT GGA ACT GAA ACC GTA 1874
Arg Tyr Ser Cys Glu Val Leu His Tyr Leu Ser Gly Thr Glu Thr Val
605 610 615
ACT TGT ACA ACA AAT GGC ACA TGG AGT GCT CCT ARA CCT CGA IGT AIC 1922
Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile
620 625 630 635
RARA GTC ATC ACC TGC CAA AAC CCC CCT GTA CCA TCA TAT GGT TCT GIG 1970
Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Val
640 645 650
GAA ATC ABA CCC CCA ARGT CGG ACA BAC TCG ATA AGT CGT GTT GGG TCA 2018

Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser
655 660 665



Phe Leu Phe Vahodasgz¢dd U Ser Ser Val Phe Cys Leu Leu Cys Val

15 20 AGG TTT GGI TTC TGI AGG TGG CGT GIT 'F‘F%’Sﬁ&?fo%@' TTT
CCA TTC GIT 688 Arg Phe Ay Phe Q/s8 Arg Trp Arg Val Phe Tyr Ser Phe
Pro Phe Val 25 30 35

40 AAG TCA QA br&hbe T dd\cbderd GhcTéfe CAT 1 \eeT Gla (bl §ARC AAT 2066
736 Lys Serpibhe/abu @y LRUPELUrH1Ru S [ pHd Seul Wia 25 418Ul S Asn 45
50 670 55 ACC TCA AABTTC TAC TCT GE&p AAT CCT GAC AAG CCA GAG
TAC ATT CTT 784 Thr Ser Lys Phe Tyr Ser Val Asn Pro Asp Lys Pro Qu
Tyr |l e LeURBQCCT CCT CCA AAA CCT AGEICC TCA CAAR CCC TCT ACT GT@ GRCATTGGT TTALGTT CTA
GGG CTA CTALGCEXTRAC FAA WEGFCCErTCCAr GEF @nGPro Ser Thr §32 ASprled y Leu Val Leu

Ay Leu Leu Al ésb n Lys I\/Et Ar 69‘Pro VaI G n 75695 80
85 TCC AAA GAA ACG AGG. TTC GAG TGT
svo'se s Ly IV AN Ss R LR 2l o0
95 700 n KAC ATT CCA GIG
AAA CAA TGT 928 Lys Cys Ay Asp Pro Ay Tyr Val Phe Asn Ile Pro
Val Lys G ng&yard @ac ace T6c 6ac Tce acalid tac caa cra crr Gea Tckléna 2210
120 Ala Ile Tyr Thr Cys Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Ser Gln
720 725 730
GGC AGA AGA TGT GAC TCT AAT GGA AAC TGG AGT GGT CGG CCA GCG AGC 2258
Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg Pro Ala Ser
735 740 745
TGT ATT CCA GTT TGT GGA CGG TCA GAC TCT CCT CGT TCT CCT TIT ATC 2306
Cys Ile Pro Val Cys Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile
750 755 760
TGG AAT GGG BAT TCT ACA GAA ATA GGT CAG TGG CCG TGG CAG GCA GGA 2354
Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly
765 770 775
ATC TCT AGA TGG CTT GCA GAC CAC AAT ATG TGG TIT CTC CAG TGT GGA 2402
Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu Gin Cys Gly
180 785 790 795
GGA TCT CTA TTG AAT GAG ARA TGG RTC GTC ACT GCT GCC CAC TGT GTIC 2450
Gly Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Rla His Cys Val
800 805 810
ACC TAC TCT GCT ACT GCT GAG ATT ATT GAC CCC AAT CAG TTT ARA ATG 2498
Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met
815 820 825
TAT CTG GGC AAG TAC TAC CGT GAT GAC AGT AGA GAC GAT GAC TAT GTA 2546
Tyr Leu Gly Lys Tyr Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val
830 835 840
CAA GTA AGA GAG GCT CTT GAG ATC CAC GTG AAT CCT AAC TAC GAC CCC 2594
.Gln Val Arg Glu Ala Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro
845 850 855
GGC AAT CTC AAC TTT GAC ATA GCC CTA ATT CAA CTG AAA ACT CCT GTT 2642
Gly Asn Leu Asn Phe Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val~
860 865 870 875
ACT TIG ACA ACA CGA GTC CAA CCA ATC TGT CTG CCT ACT GAC ATC ACA 2690
Thr Leu Thr Thr Arg Val Gln Prc Ile Cys Leu Pro Thr Asp Ile Thr
880 B85 890
ACA AGA GAA CAC TTG AAG GAG GGA ACA TTA GCA GTG GTG ACA GGT TGG 2738

Thx Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp
895 900 905



e

ACA TAC TTT HAJ odishyel GG AGG CCG TAT TGT AAA CCA TGT GAT GAC cﬁ'/ 00073
" Thr Tyr Phe Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp L i)
130 135 WD 99/ 15676

PCT/ SG98/ 00073 27 GAG GCT AAG GAT ATT TGT 8CA AAG TAC AAA CGA TGT CAA GAG

TGI AAG GG 1rel Q24 b Un And-XEc Agg TnCeAY R hPr eXR chAlcdy/8rdV 9 Opgeé N

976

Gu Cys Ly Peu Asn clu Asn Asn Th Ser Glu Thr T1le Gln cEROAIE@HLGGT CTIT GAT
AGT TGT GTT CT Tefo CCA CCT 920 1072 Ala Ay Leu

Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly. Thr 155

160 CTA CCT GTT 189 BEGEXGACAGCC GGT @AACAKGIGICAR: TEF GRAGSRIT GCGR8BGT ATC
TGT GAC CAG.eu Pro Val VB20AIRr rzalao,%sr Sbr Tsycld ahcysy @yn I@ysCIwalasn Ay Ay
Ile Cys Asp d A2970 230 175 180 AGG ACA GEA
GCT TGT GCAG};'aGgTCGTA%AC AGA TAT GAA @ T%TG%G 1168 Arg Thr
dy Ala Cys q FCHi %P‘Cég gﬁ’é‘s
19% & Asp Le 5T Val hr Glu Asn M e Cys A Lys

940 945 855

AAG GGA CGT TAT GAT GCC TGC AGT GGG GAC AGT GGA GGA CCT TTA GIG 2930

Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val

960 965 970
TTT GCT GAT GAT TCC CGT ACC GAA AGG CGG TGG GTC TTG GAA GGG ATT 2978
Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile
975 980 o 985
GTC AGC TGG GGC AGT CCC AGT GGA TGT GGC AAG GCG AAC CAG TAC GGG 3026
Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly
930 395 1000
GGC TTC ACT AAA GTT ARC GTIT TTC CTG TCA TGG ATT AGG CAG TTC ATT 3074
Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1005 1010 1015

TGAARCTGAT CTRAATATTT TAAGCATGGTITAEAAACGTC TTGTTTCCTA TTATIGCTIT 3134
ACTAGTTTAA CCCATAAGAA GGTTAACTGG GTAAGGCACA AGGATCAITG TTTCIGTITG 3194
TTTTTACAAA TGGTTATTTT AGTCAGTGAA TGAGAATAGT ATCCATTGAA GACTGITACC 3254
TTTTATTCTA CCTTTTTATA TTACTATGTA AGTATTTGGG ATATCTTCTA CACATGAAAR 3314
TTCTGTCATT TTACCATAARA TTTGGTTTCT GGTGTGTGCT ARGTCCACCA GTAGAGRACG 3314
ATGTARTTTIT CACTAGCACA TGAAATAAAT ATAGAACAAA TCTATTATAA ACTACCTITAA 3434

AAARRAAADR AARR 3448

{Z) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1019 aminoc acids
{B) TYPE: amino acid
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu Val Leu Gly Leu Leu
1 S 10 15
Ala Gin Lys Met Arg Pro Val Gin Ser Lys Gly Val Asp Leu Gly Leu
20 25 30



GAA ATT CTCQ@A”%- TGI CCT CIT CIT CCA TCG GAT TCT CAG GIT
1216 G u Ile Leu Lys Gy Cys Pro Leu Leu Pro Ser Asp Ser @ nrgypcggquovz%

210 215 GAA GIC AGA AAT CCA CCA GAT AAT CCC CAA ACT ATT
GAC TAC AGC TGT 1264 G u Val Arg %n Pro Pro Asp Asn Pro G n Thr
Ile Asp Tyr_ Ser 230 TCA CCA
GGG TTC AAEYTPFP %@ %%TAK%@“&S&“@& WFTC)&‘G@W P@Fg @aalyr Val 1312 Ser
Pro Gy Phe Lys LeU Lys Ay Met A% Arg Ile Ser Leu Pro 235

240 TGT ATT CGA
GAA TGT GCCEEIma A§§ Tie %gbggéﬁly%%;g F%%?éﬁga ro Pr oﬁﬁﬁs Cys lle
Arg Au Cys Ala 250 260 ATG GIT TCA

TCT CCA GAAyEAlsQs AMACH GspAREpQ@eh QBTAMy&IEEp GA¢ Cys Pro Lyd408 Met Val
Ser Ser Prosdu Hs Ay Lys7Wal Asn Ala Leu7ser Ay Asp 26580

270 275 280 ATG ATA GAA GGG GCT ACT TTA
CGG TTC TCAYTGFsCGXP AGT COCCLYAQISTAG Ala Gly Leq 455 SeistCuis| IGrr J y Al a Thr
Leu Arg Phe Ser Oys Asp %r Pro Tyr Tyr 2‘85 35 290

295 TTG AT A A T GOT_CAG TGG AAT
1504 Leu ||C§G§rr§? anls &Y‘rﬁrﬁ’r 4 % ’@SYﬁsﬁréW GA% @91”@‘%3 Trp Asn

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala Cys Arg
115 120 125

Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys Gly Cys Pro Leu
130 135 140

Leu Pro Ser Asp Ser Gln Val Gln Glu Val Arg Asn Pro Pro Asp Asn
145 150 155 160

Pro Gln Thr Ile Asp Tyr Ser Cys Ser Pro Gly Phe Lys Leu Lys Gly
165 170 175

Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gin Trp Ser Asn Phe Pro
180 185 190

Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser Ser Pro Glu His Gly
195 200 205

Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu Gly Ala Thr Leu Arg
210 215 220

Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly Gln Glu Thr Leu Thr
225 230 235 240

Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile Pro Gln Cys Lys Asn
245 250 255

Leu Val Phe Cys Pro Asp leu Asp Pro Val Asn His Ala Glu His Lys
260 265 27¢

Val Lys Ile Gly Val Glu Gln Lys Tyr Gly Gin Phe Pro Gln Gly Thr
275 280 285

Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Met Gly Phe Asp
290 295 300

Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp Ser Gly Ser Gln Pro Ser
305 310 31s 320

Cys Val Lys Val Ala Asp Arg Glu Val Asp Cys Asp Ser Lys Ala Val
325 330 335

Asp Phe Leu Asp Asp Val Gly Glu Pro Val Arg Ile His Cys Pro Ala
340 345 350



300 . WO 99115676305 310 GGA CAG ATA CCA %(é%)@?

AAC TTA GTIC TTC TGTI CCT GAC CTG GAT 1552 Ay An lle
Lys Asn Leu Val Phe Cys Pro Asp Leu Asp 31 320
325 CCT GTA AAC CAT CCT GAA CAC AAG GIT ATT GGT GTG GAA CAA AAA

1600 Pro Vak; Aghs Hes ﬂ anfd Widicylots VAl ¢ C%/é{_%l ligr Gy Mal 163 i@ n Lys 330
335 355340 TAT GGT &6@0 GFesACT GAA GIG ACC TAT ACG
TGTI TCG GGT 1648 Tyr Ay An Phe Pro @n @y Thr du Val Thr Tyr
Thr Cys Ser G Led4&r Ser Val Cys Arg Ala 8B0Ile His Ala Gly Lys L8b%ro

360 AAC TAC TTG7TTG ATG GGT TTB7GAC ACC TTA AAAWFGT AAC CCT GAT GGG

1696 Asn Tyr Phe Leu Met GI% Phe Asp Thr Leu Ly C;/s Asn Pro Asp @y 365
370 Asn Ser Gly @tppAla vbﬁ&g/‘f@%%l Asn Asn Gly Pro 1yr Ser Bs

PCT/ S8/ 00893 28 TCT TGG TER° GGA TCA CAG cé&s TCC TGT GIT AA&O GTG GCA GAC

QGA gAG Phe Leu le.ysger Is;p L§1§" rAsn é/lysi[e gysn Se q;l§e(:rluc¥e§.1 }.{1% Ié¥s val Ala Asp
rg Qu 405 410 415

Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg Ser Ser Thr Ala Gly
420 425 430
Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys Val
435 440 445

Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg Ala Gln Gly Val Cys
450 455 4690

Thr Asn-Met Ala Ala Arg Leu Ala Val Leu Asp Lys Asp Val Ile Pro
465 470 475 480

Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly Leu Thr Thr Thr Trp
485 490 495

Ile Gly Leu His Arg Leu Asp Ala Glu Lys Pro Phe Ile Trp Glu Leu
500 . 505 510

Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala
515 520 525

Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Gln
530 535 540

Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser Cys Phe Gln Pro Ser
545 ' 550 555 560

Ser Phe Ala Cys Met Met Asp Len Ser Asp Arg Asn Lys Ala Lys Cys
565 570 57S

Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala Thr Leu His Gly Gln
580 585 590
Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile Arg Tyr Ser Cys Glu
585 600 605

¥al Leu His Tyr Leu Ser Gly Thr Glu Thr Val Thr Cys Thr Thr Asn
610 615 620

Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile Lys Val Ile Thr Cys
625 630 635 640

Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Val Glu Ile Lys Pro Pro
645 650 655

Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser Pro Phe Leu Arg Leu
660 €65 670



380 WO 99/ 85 390 GTC GAC TGT GAC_AGL GCT
GTA GAC TTC T1G dﬁ?j%AT GIT GGT GAA 1792 Val Asp Oys x&?ggaﬁooezﬁs Al a
Val Asp Phe Leu Asp Asp Val Ay Gu 395 400

405 CCT GTC AGG ATC CAC TGT CCT GCT GGC T& TCT TTG ACA GCT GGT ACT

S Y R S s
GIG TGT CGI' GCA 673 1886 Val Trp Ay Thr Ala Ile Tyr Hs Gu Leu Ser Ser

Val Cys Ar el Rc#88r sexr Gln Pro Ser Thr 430 asp Leu Ala Ser Lys va¥3ys
440 GCC ATC CAdsdGCT GEC AAG CT89LCCA AAC TCT GGRGGA GCG GIG CAT GIT
1936 Ala Ile Hs Ala Ay Lys Leu Pro Asn Ser Ay Gy Ala Val H's Val 445

450 Leu Pro Glu AAFSHIGTTFTAAR AAT COAEGeEGEITNE TEGTBACT ERFSCTG GGT AGT
GAC CTG AATIOSGG 19847Mal Asn Asn dy¥ro Tyr Ser Asp?Phe Leu Ay Ser
Asp Leu Asn G é460 465 470 ATA AAA TCC
GAA GAG TTEWmAESTTeNe @pF %@c‘:@e&e%éﬁﬂ ¢ 1TEYGKPE AT S A9832 I1e Lys Ser
Gu GQu Leu Lys Ser Leu Ka Arg Ser Phe . g Phe Asp 475 480
‘Z‘gg OTAT CTGRG AT 6y B AF G0l 206 Al FHYsTEk 6fd vRleSA TCG

740 745 750

-’

Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile Trp Asn Gly Asn Ser
755 760 765

Thr - Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly Ile Ser Arg Trp Leu
770 775 780

Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly Gly Ser Leu Leu Asn
785 7380 795 800

Glu Lys Trp Ile Val Thr Ala BAla His Cys Val Thr Tyr Ser a Thr
805 810 815

Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met Tyxr Leu Gly Lys Tyr
820 825 830

Tyr Rrg Asp Asp Ser Arg Asp Asp Asp Tyr Val Gln Val Arg Glu Ala
835 840 845

Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe
850 855 860

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val Thr Leu Thr Thr Arg
865 870 875 8890

Val Gln Pro Ile Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu His Leu
' 885 890 895

Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp Gly Leu Asn Glu Asn
900 . 905 910

Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val Leu Pro Val Val Ala
915 920 925

Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thx
930 935 94Q -

Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp

945 950 955 360

Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp Ser
965 970 975

Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile Val Ser Trp Gly Ser
980 985 990



Tyr Val Ser- Thr Ala Ay Lys Ser Ay Cys Pro Asp Gy Tr
495 WS 9917 500 TTT GAG GTA GAC GAG AAC TGT GIG TACI’%%%%%O?CA

AAA CAG AGA GCC 2128 Phe du Val As‘% G u Asn Cys Val Tyr Val Thr Ser
Lys Adn Arg Ala 505 510 515

520 TGG GAjy &R Sh®a TAzh &CCrPAEL Get BETLEGTaCTT GCT

2176 Trp d uﬁgré’é%a a n%% Val 190% Thrﬁz\snﬁ-l\%b% Wwoa Al amArvg Leu Ala 525
530 535 GIG CTG GAC AAA GAT GTA ATT CCA AAT TCA TTG ACT
GAG ACT CTAsfC@Al Phe Leuw?2@7 TvplIlkecArgASin Blys IAgp Val Ile Pro Asn Ser Leu Thr
A u Thr Leu Ar§is40 1015 545 550 GGG AAA GGG
TTA ACA ACC ACG TGG ATA GGA TTG CAC AGA CTA GAT CCT 2272 Gy Lys Ay
Leu Thr Thr Thr Trp Ile Ay Leu Hs Arg Leu Asp Al a 555 560
565 GAG AAG CCC TTT ATT TGG GAG TTA ATG GAT CGI AGT AAT GIG GIT CTG

2320 Gu Lys Pro Phe Ile Trp Gu Leu Met Asp Arg Ser Asn Val Val Leu 570

575 580 AAT GAT AAC CTA ACA TTC TGG GCC TCT GGC GAA CCT
GGA AAT GAA ACT 2368 Asn Asp Asn Leu Thr Phe Trp Ala Ser Ay GQu Pro
Ay Asn Qu Thr 585 590 595

600



AAC TGI GTA Woloohikka¢GAC ATC CAA GAT CAG TTG CAG TCT GIG TGG ?A? . .24
Asn Cys Val Tyr Met Asp Ile @ n Asp G n Leu An Ser Val Trp §/s§5%°°°73
610 615 WD 99/ 15676

PCT/ SG98/ 00073 29 ACC AAG TCA TGT TTT CAG*CC TCA AGT TTT GCT TGC ATG ATG

GAT CTG 464 Thr Lys Ser Cys Phe A n Pro Ser Ser Phe Ala Cys Mt
Vet Asp Lo ChARME:

625 630 AGA AAT
AAA GCC AAA TGC GAT GAT CCT GGA TCA CTG GAA AAT Ll!ll“ ulnﬁﬁﬁllﬁﬁlﬁsp Arg
Asn Lys Ala Lys Cys Asp Asp Pro Ay Ser Leu Gu IR i 640
645 GGA CAC GCC ACA CTT CAT GGA CAA AGT ATT GAT GG TTC TAT GCT GGT

2560 Ay His A aWhatistlimedis Gy G n Ser Ile Asp Ay Phe Tyr Ala Ay 650
655 660 TCT TCT ATA AGG TAC AGC TGI GAG GIT CTC CAC TAC CTIC
AGT GGA ACT 1. 28Q&ontinafEDNAl Rcdf SompHsing@rbabMovikdsiieM@éd vetorldhd Tyr
Leu Ser Gy Thr 665 670 : 675

680

16

a cDNA encoding a Factor C enzyme.

2. The vector of claim 1, wherein said baculovirus-derived vector is

pFastBacl.
3. The vector of claim 2, that is pFastBac/CrFC21.

4. The vector of claim 1, wherein said cDNA encoding a Factor C enzyme
comprises a polynucleotide that hybridizes to a nucleotide sequence selected from SEQ
ID NO:1, the complement of SEQ ID NO:1, SEQ ID NO:3, the complement of SEQ ID
NO:3 or a ¢cDNA from Tachypleus tridentatus encoding a Factor C enzyme, under

5 stringent conditions.

5. The vector of claim 1, wherein said cDNA encoding a Factor C enzyme
comprises a polynucleotide that encodes an amino acid sequence selected from SEQ ID
NO:2, SEQ ID NO:#4, or the amino acid sequence of Factor C‘ from Tachypleus

tridentatus,

6. "The vector of claim 1, wherein said cDNA. encoding a Factor C enzyme

comprises a polymucleotide having the sequence of SEQ.ID.NO. 1 or SEQID NO:3.



GAA ACC GTA AGNOYRIS6MCA ACA AAT GGC ACA TGG AGT GCT CCT AAA C@-CT/SG98100073
2656 A u Thr Val Thr Cys Thr Thr Asn Ay Thr Tr—p—Ser—N—a—-Pr—e——lrys——P

690 695 CGA TGT ATC AAA Glgs ATC
GITA CCA TCA TAT 2704 Arg Cys Ile Lys Val IH I I I n Pro

Pro Val Pro Ser Tyr 708n assay for endotoxin comyfisin,
GTGGAAATCAAACCCCCAAGTCGGACAAACTCGATAAGTCGT 2752Gy

Ser Val Gu lle Lys Prgsdiiclin Qrsaﬁ{F% be A% eae&odqhﬁ tiHle/deavable to
720 725 GT CA CCT T C TTG AGG CCA CGG TTA CCC

CTC CCA TTA gducg, 8 d/;ug%ngg%gﬁ SPluSoYerss dx/?egg, e Lf‘a‘éoﬁﬁﬁaﬁteﬂang AroCAégaLeu

Pro Leu Pro
GCCAAACCTCCTCCMA AGA TCC TCA CAA CCC TCT ACT 2848 Arg
Ala Ala Lys mreeshe > ¢ys Pro Arg Ser Ser G n Pro Ser Thr 745
750 755 760 GTG GAC TTG GCT TCT AAA GIT
AAA CTA CCT GAA GBI caAmegudngciz Gmount of said 2Boogertic Agpfluerageic rdetyLys
Val Lys Leu Pro Gu Gy H's Tyr Arg Val 765 770
775 GGG TCT geavePRonshld pdEdédCG TGC GAG TCG AGA TAC TAC GAA CTA CTT
2944 Ay Ser Arg Ala Ile Tyr Thr Cys GQu Ser Arg Tyr Tyr Gu Leu Leu

8. The assay of claim 7, wherein said peptide is N-t-Boc-Val-Pro-Arg-

MCA, Mu-Val-Pro-Arg-AFC or Boc-Val-Pro-Arg-pNA.

9. The assay of claim 7, wherein said recombinant Factor C is obtained

from an insect host culture.

10.  The assay of claim 8, wherein said recombinant Factor C is obtained

from an insect host cell culture,
11.  Theassay of claim 9, wherein said insect host cell is a lepidopteran cell.
12.  The assay of claim 10, wherein said insect host cell is a lepidopteran cell.
13.  Anassay for endotoxin comprising:
0 contacting a sample to be assayed with an immobilized antibody that

specifically binds to lipopolysaccharide or an immobilized antibody that specifically

binds to lipid A to form a complex between said antibody and endotoxin in said sample;



TCT CAA GEC AGA AGA TGT

éig TCT AAT &ggm&vsr @MWIJ{MI o 2992 Gy Ser G nPaTIEGHS/MNA g

Cys Asp Ser Asn Ay As 800
BOSCCAGCGAGCTGTATTCCA GI' G3A C&6 TCA GAC TCT CCT CGT TCT

3040 Pro Al a Ser, Cys IIe Pro rg, .Ser Asp Pro r 810
815 1) W&;egg%b% W%@faﬁi@ﬁ %9% A GGT
CAG TGG CCG TGG 3088ProPheIIeTrpAsnGyAsnSer Thr Gulle
Ay dn Tr o form immobgdized Factor C; and 830 835

840 CAG GCA GGA ATC TCT AGA TGG CTT GCA GAC CAC AAT ATG TGG TTT CTC
3136 A n Al a G yii) | e comtactivpgGailripriodilizAd BadsdC With Assntibbdy thapspebificdlpu 845

850 855 WD 99/ 15676

PCT/ S8/ 0Q{#3 tg&%&'ﬁ[&%@(‘é 8T CTA TTG AAT GAG AAA TGG ATC GIC ACT
GCT GCC Gy Ser Leu Leu Asn Gu Lys Trp Ile Val Thr
Ala Al a

iv) quanntanng the amount of said antibody specifically bound to said

10 immobilized Factor C.

14.  The assay of claim 13, wherein said recombinant Factor C is obtained

from an insect host cell culture.

15.  The assay of claim 14, wherein said insect host cell is a lepidopteran cell.

16.  An assay for endotoxin comprising:

iy contacting a sample to be assayed, comprising a peptide cleavable to
produce a chromogenic or fluorogenic moiety, with a recombinant Factor C of a
horseshoe crab; and

if) measuring the amount of said chromogenic or fluorogenic moiety
cleaved from said peptide

wherein said recombinant Factor C is produced using a vector of claim 1.

17.  An assay for endotoxin comprising:
1) contacting a sample to be assayed with an immobilized antibody that
specifically binds to lipopolysaccharide or an antibody that specifically binds to lipid A

to form a complex between said antibody and endotoxin in said sample;



860 * WO 99/15676865 870 CAC TGT GIC ACC
act ccr cac art art cacl IH lﬂllﬂllMllllU!ll 3232 H's Os Val T%M Wi
Thr Ala Qu Ile Ile Asp Pro*Asn @& ns

885 TTT AAA ATG TAT CTG GGC AAG TAC TAC CGT GAT GAC AGT AGA GAC GAT

3280 Pbe Lys Met ifyr Leontdckivig kai@ cdmpleX withAtebmbdiiant'Batdrel of\e floAssholpabB90
895 900 GAC TAT GTA CAA GTA AGA GAG GCT CTT GAG ATC CAC
GIG AAT CCT ®¥6rm immobilisedfactite; yd Val An Val Arg Gu Ala Leu Qu lle H's
Val Asn Pro Asn, 905 910 915

920 TAC GAC CCC AAC. TTT A A AT,

3376 Tyr Asp Pro q A “EH‘@M%"%&’%&H 2piihody %’GCA‘69A§1Y925
930 5 ACT_CCT GIT ACT TTG ACA ACA CGA GTIC CAA CCA ATC
TGT CTG CCT Wtosmdmmedrﬁwm%mm Thr Leu Thr Thr Arg Val Gn Pro lle
Cys Leu Pro Thr 940 945 950 GAC ATC ACA
ACA AGA GAA CAC TiWp AAMaGABHEEAhe\@otiAcLRAd GhitbddyGepecifically B4uRd Aszaid e Thr
Thr Arg Qu H's Leu Lys Qu Ay Thr Leu Ala Val Val 955 960
965 AGA GGT hkmbddled Fhctof8] GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA

3520

wherein said recombinant Factor C is produced using a vector of claim 1.

18. A method for removing endotoxin or lipid A from a sample comprising:
f) contacting immobilized recombinant Factor C with said sample, so that
endotoxin or lipid A in said sample binds to said immobilized recombinant Factor C; and
i) separating said immobilized recombinant Factor C, having said
S endotoxin or lipid A bound thereto, from said sample;

wherein said recombinant Factor C is produced using a vector of claim 1.
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Thr Gy Trp Gy odfdrAsn G u Asn Asn Thr Tyr Ser Gu Thr Ile G n 970 .

975 980 CAA GCT GTG CTA CCT GTT GIT GCA GCCPEEEGCNABGr
GAA GAG GGG TAC 3568 A n Ala Val Leu Pro Val Val Ala Ala Ser Thr Cys
Gu Qu dy Tyr 985 990 1/16 995

1000 AAG GAA GCA GAC TTA CCA CTG ACA GTA ACA GAG AAC ATG TTC TGT GCA
3616 Lys Gu Ala Asp Leu Pro Leu Thr Val Thr G u Asn Met Rhep Gys Al a 1005

1010 PE H 1015 GGT TAC AAG AAG,GGA OGT TAT GAB GU(X GC AGT GGG
GAC AGT GGA GBA - MM a oys Ser Ay
Asp Ser Ay Gy S A 75 1030 CST TTA GIG

TTT GCT GAT /K X > 3712 PKO Leu Val

Phe Al a Asp
1040 ; BB 4T GGA TGT
GGC AAG GIG A4$B : Gy Cys
Ay Lys Alla Asn 1050 FC 1060 CAG /TAC GGG
GGC TTC ACH A 3808 @n Tyr Ay
dy Phe Thr g
1070
Hind 11l digest
Ligate Xhol/Hind lll digest
Select XH 3'end
fragment
Ligate
ﬁ
CpBSSK/
fFC21HH Eco Rl digest pFastBac/
Ligate CrFC21XH

Pst digest
Ligate

Fig. 1A pFastBac
CrFC21
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CAG TTC ATT.. T GAT CTAAATATTT TAAGCATGGT TATAAACGTC PCT/SGI8/00073 3957
A n Phe 11&"¢ AT TATTGCTTTA CTGGTTTAAC CCATAAGAAG GTTAACGEEG
TAAGGCACAA 3917 WD 99/ 15676

PCT/ SG98/ 00073 31 GGATCATTGT TTCTGTTTGH§TTTACAAAT GGTTCTTTTA GTCAGTGAAT
GAGAATAGTA 3977 TCCATTGGAG ACTGITACCT TTTATTCTAC CTTTTTATAT TACTATGCAA
GTATTTGGGA 4037 TATCTTCTAC ACATGAAAAT TCTGICATTT TACCATAAAT TTGGITTCTG
GIGTGTGIGT 4097 TAAGTCCACC ACTAGAGAAC GATGTAATTT TCAATAGTAC ATGAAATAAA
TATAGAACAA 4157 ATCTATTATA AAAAAAAAA  AAAAA

4182 (2) | NFORMATION FOR SEQ I D NO 2: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 1083 am no acids (B) TYPE: amino acid (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: proé-ePnX(xi ) SEQUENCE DESCRI PTION: SEQ | D NO 2:

H
pFastBac
E/H digest
Ligate
EE N
- ~I<H
pFastBac/
CrFCEN
Eco RI digest
Ligate
CrFC21
Fig. 1B
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Met

Arg
Val
40
Ser
Tyr
75
Leu
Phe
110
120
Ile
Cys
150

Trp

Phe
Phe

Val

Gy
Tyr

Asn
Leu

Leu

Cys
Asn

Pro
du

Thr s Phe
WO 99115676 10
Phe Cys Arg
Ser Phe Pro
45
50
Ser Ay Leu
80

85

Lys

Asp

Trp Arg
Phe Val
Cys Tyr'

Val

Ala dn

Cys Ay Asp Pro

Ile Pro Val 22?

125

ducmor
Q;geAl a Gly Leu Asp Ser Cys

Lys

Cys L
155

Thr Phe Leu Phe
15
20
Lys
Hi s
55
Ay
Lys
90
d y

Sens/{Bhr
Tyr Ser

Leu Leu Leu

Met Arg

Tyr Val
Thr Tyr

Vs

/

60

Wild-type (supernatant) {

CrFC21 (lysate)
CrFC21 (supernatant)

Wild-type (lysate)

val Gys du Serpé%cﬁloom

Val Phe Cys Leu Leu Cys Val Trp
25 30

Val Val Leu Leu G n 35

Leu Hs Asn Thr Ser Lys Phe Tyr
60 Pro Asp Lys Pro Qu

65 70

Pro Val @n Ser Lys Ay Val Asp
95 Cys Asp Gu Thr Arg

100 105

Phe 'I4IS hrlg Ifrp Arg
s—ﬁ?&f@é& Qe dRRAPSTS BAGRLYS Ao

Wild-type (supernatant)

CrFC21 (lysate)

CrFC21 (supernatant)

Fig. 2A
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Cys Pro Pro AsiedakgreTyr Gy Thr Trp Cys Ser Ay Gu Cys Gn %{%ﬂoﬁa

170 175 Lys Asn Ay Ay Ile Cys Asp @ n Arg
Cys Ala Cys Arg 180 185 190 WD 99/ 15676
PCT/ S8/ 00073 32 Asp Arg Tyr Qu Ay V#l6H s Cys Qu Ile Leu Lys Ay Cys
Pro Leu 195 200 205 Leu Pro Ser Asp Ser
G@n VvVal An @u Val Arg Asn Pro Pro Asp Asn 210 215
220 Pro A n Thr Ile Asp Tyr Ser Cys Ser Pro Gy Phe Lys Leu Lys Ay 225
230 235 240 Met Ala Arg Ile Ser Cys Leu
Pro Asn Gy Gn Trp Ser Asn Phe Pro 245 , 250
255 Pro Lys Cys Ile Arg Gu Cys Ala Met Val Ser Ser Pro Au Hs Ay 260
265 270 Lys Val Asn Ala Leu Ser Gy Asp Met Ile Qu Ay
Ala Thr Leu Arg 72 h p.i. 72 hp.i.
(Reducing SDS-PAGE) (Non-reducing SDS-PAGE
Ve % ~ 7 = ™
= =
= g £ 72
< = = p
S 2 & 5 8§92 & 5
> @ o5 2> g g q
— — wn
— = = a —_ = S 3
88T -8 8° 2
223 N2> A .
't"j 't'j O O "C‘J "C‘_'S ) &) This Sheet Has Been Replace
sz 5555 %% [MMOMEL
2 2 O 0O B2 O O

208 — B5
144—§

87— k3

Fig. 2B
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275
Tyr
300
310
Asp
335
345
Met
Cys
375
Ser
400
410
Al a
Ser

Leu

Cys

Pro
Val

Ay
Asn

Lys
Asp

Il e
Val

Il e
Adn

Val
Lys

Phe
Pro

Al a
Phe

Tyr
Cys

285 Phe Ser Cys Asp Ser Pro-Tyr

280
WQSA5676q u Thr Leu Thr 290 295PCT/SG98/00073
Gy Asn Ay An Trp Asn Gy @n lle Pro An Cys Lys Asn 305 .
315 5716320 Leu Val Phe Cys Pro Asp Leu
Asn Hs Ala u H's Lys 325 330
lle Ay Val Qu @n Lys Tyr Ay @n Phe Pro @n Ay Thr 340
350 Au Vval Thr Tyr Thr Cys Ser Ay Asn Tyr Phe Leu
Asp 355 360 365 Thr Leu Lys

Asp Ay Ser Trp Ser Ay Ser A n Pro Ser 370
. 380 Cys Val Lys Val Ala Asp Arg Gu Val Asp Cys Asp
Val 385 390 395
Leu Asp Asp Val Ay Qu Pro Val Arg_lle Hs Cys Pro Al a 405
415 Ay Cys Ser Leu Thr Ala Ay Thr Val Trp dy Thr

Hi s 420 425 This Sheet Has Béa Regiicda 1Y Se7

SRRl | | TTTTT

.
‘n rl i T . v
... ° P EEREY ;
A > J X
- b &l - L .0.
- o~ Ry
i x G FZRN 1
< ; o
537 3 oSy
oo 5 v
SR - A NP -
PN . o N\ AR Z
- 3 e (R S8
49 e R — 3
o W . L
. .
.': N Wi AU L
. T ¥ < 20 > -
-~ s . . -t o e
R 3 .
I - & o + 4
- Neazy sy ety

0 001 065 01 1 10 50 100 200
lipid A (ng)

Fig. 34
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435 " wo s915676 440 445 Asn Ser Gy d i s
Val Val Asn Asn Gy Pro Tyr Ser Asp 450 4553%.:%&9%@&07#

460 Phe Leu Gy Ser Asp Leu Asn Ay Ile Lys Ser Qu Qu Leu Lys Set 465
470 475 6/1480 Leu Ala Arg Ser Phe Arg Phe
Asp Tyr Val Ser Ser Ser Thr Ala Gy 485 490

495 Lys Ser Ay Cys Pro Asp Ay Trp Phe Gu Val Asp Qu Asn Cys Val 500
505 510 WD 99/ 15676

PCT/ S8/ 00073 33 Tyr Val Thr Ser Lys A n Arg Ala Trp Qu Arg Ala dn Gy
Val Cys 515 520 525 Thr Asn Met Ala Al a
Arg Leu Ala Val Leu Asp Lys Asp Val |Ile Pro 530 535

540 Asn Ser Leu Thr Gu Thr Leu Arg Ay Lys @y Leu Thr Thr Thr Trp 545
550 555 560

0.8

0.7 +

[<nd
(=)
1
T

o
ot
|
i

Absorbance (0OD405)
o =)
w >
—

o
N
1
I

[=]
-
l
|

A l&ﬂ&q

0.1
§ 88 % 7 35 383 38
Amount of lipid A (ng) -
pFastBac/CrFC21 supematant
Fig. 3B . pFastBac/CrFC21 lysate
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Ile
570
Thr
Pro
600
Phe
Cys
630
Asn
655
665
Cys
Ser
695
Ile
720

Phe
Ay

dn
Met

Ay
Ser

Thr
Al a

Lys

Leu Hi3 gk 2y S

Trp
Asn

Pro
Met

Hi s
Ile

Thr
Pro

Pro

p Ala Qu Lys Pro Phe Ile Trp Qu Leu 565 °
Val Leu AsnPEIFCARMPBey

575 Met Asp Arg Ser Asn Val

Al a 580 585 590 Ser Ay Qu
A u Thr Asn Cys Val Tyr Met 7Ap Ile A n 595
605 Asp G n Leu An Ser Val Trp Lys Thr Lys Ser Cys
Ser 610 615 620 Ser Phe Ala
Aﬁ@ Leu Ser Asp Arg Asn Lys Ala Lys Cys 625
) 635 640 Asp Asp Pro Ay Ser Leu du
Ala Thr Leu Hs Gy G n 645 650
Asp Gy Phe r Ala Ay Ser Ser Ile Arg Tyr Ser Cys 3 u 66
67 al Leu H's Tyr Leu Ser Ay Thr @u Thr Val Thr
Aﬁq 14 680 685 @y Thr [Trp
Lys Pfo Arg s Il ys Val Ile Thr Cys 690
70 n Pro Pro Val Pro Ser Tyr Ay Ser Val Qu
Pro 7p5 710 715
0.6] -
05
g\
~
o
=)
8 04 +
=
[52]
2
2
<
03 +
02 —+
01 +
0
200 100 50 10 1 0.1 0.01
Amount of Lipid A (ng)
D No blocking
Fig. 3C . Blocking
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Ser Arg Thr Weywefieszslle Ser Arg Val Gy Ser Pro Phe Leu Arg b&Psédees

730 735 Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys
Pro Pro Pro Lys 740 74% 750 Pro Arg Ser
Ser G@n Pro Ser Thr Val Asp Leu Al a Ser Q)?s Val Lys 755

760 765 Leu Pro Au Ay H's Tyr Arg Val Ay Ser Arg Ala
Ile Tyr Thr Cys 770 775 780 Au Ser Arg
Tyr Tyr Qu Leu Leu Ay Ser An Ay Arg Arg Cys Asp 785

790 795 800 Ser Asn Ay Asn Trp Ser Ay
Arg Pro Ala Ser Cys Ile Pro Val Cys 805 810°

815 dy Arg Ser A§80_Ser Pro Arg Ser Pro Phe [le Trp Asn Ay Asn Ser 820
825 83

0 WO 99/ 15676

PCT/ S&8/ 00073 34 Thr (lu lle Ay An Trp Pro Trp Gn Ala Gy Rl e [Ser Arg
Trp Leu

600 :

500 '

: 400 ]

300 ~ '

200

100 -

N O |
. ~ S_)

Fluorescence units (FU)

S et = =) oo o
3 © € 8 8 8
< g8 8
Amount of LPS (pg)
B 20ug
0 40ug
Fig. 4 = 80ug
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835
Leu
860
870
dn
895
905
Asn
Leu
935
Arg
960
970
Pro

Cys

dn

Phe

Val

840 845 Ala Asp Hi's Asn Met Trp-Phe
oys VP9USer Leu Leu Asn 850 855 PCT/SG98/00073
Lys Trp Ile Val Thr Ala Ala H's Cys Val Thr Tyr Ser Al a Thr 865

875 9716880 Ala Gu Ile Ile Asp Pro Asn
Lys Met Tyr Leu Ay Lys Tyr 885 890
Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val @dn Val Arg Gu Ala 900

, 910 Leu Qu Ile H's Val Asn Pro Asn Tyr Asp Pro Gy
Asn Phe 915 920 925 Asp Ile Ala
Adn Leu Lys Thr Pro Val Thr Leu Thr Thr Arg 930

940 Val Gn Pro lle Cys Leu Pro Thr Asp Ile Thr Thr
H's Leu 945 950 955
Gu @y Thr Leu Ala Val val Thr Ay Trp Ay Leu Asn Qu Asn 965
10%75 Asn Thr Tyr Ser Qu Thr Ile dn Gn Alao | Leu
Val Al a 980 985 90 Wl a“Ser Thr
Gu Ay Tyr I%s Gu Ala Asp Leu Pro Leu Thr
T 4 04
80 | ’
4 035
70 |
= 4 03 §
w 60_f =]
% 1 025 8,
s Ot g
B 41 02 _g
g 404 3
frey e}
1 o5 <

30 L

20 4 — 0.1

10 L L 005

ot ¢

0.01 0.1 1 10
Amount of LPS (pg)
—&— Fluorimetric (B}
—%— Fluorimetric (S)
—— Colorimetric {B)
Fig. > —&— Colorimetric (B) |
_—
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995 " wo s9/15676¢ 1000 1005 Val Thr G u Arcr/SGasomTe Cys
Ala Ay Tyr Lys Lys Ay Arg Tyr Asp 1010 1015

1020 Ala Cys Ser Gy Asp Ser Ay Ay ProO Leu Val Phe Ala Asp Asp Ser 1025

1030 1035 10161040 Arg Thr Gu-Arg Arg Trp Val
Leu Gu Gy Ile Val Ser Trp Gy Ser 1045 1050

1055 Pro Ser Ay Cys Ay Lys Ala Asn A n Tyr Ay dy Phe Thr Lys Val 1060
1065 1070 Asn Val Phe-Leu Ser Trp Ile Arg Gn Phe Ile 1075

1080 (2) I NFORVATION FOR SEQ I D NO 3: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 3448 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: both (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv)

ANTI - SENSE: NO ’

180
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100

80
60

Fluorescence units (FU)

40
20

e

4

1»———""/__7

0.01 0.1 1 10
Amount of LP$ (pa)
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———— Microplate

Fig. 6
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WO 99/ 15676 " . :
PCT/ Sco8/ 0007 ¥5°¢1% ) ORI G NAL SOURCE: (A) ORGANISM  Car ci nBSTSFH#Y3
rotundi cauda (i x) FEATURE: (A) NAVE/ KEY: CDS (B) LOCATION:. 18..3074 (xi)
SEQUENCE DESCRI PTION' SEQ I D NO 3: GTGAMGETAA CTTAAGT ATG GIC TTA GOG TCG

TTT TTG GIG TCT GGI TTA 50 Met Val Leu Ala Ser Phe Leu Val Ser
dy Leu 1 5 10 GIT CTA GGG CTA CTA GCC CAA
AAA ATG CGC CCA GIT CAG TCC AAA GGA 98 Val Leu Ay Leu Leu Ala @ n
Lys Met Arg Pro Val A n Ser Lys Ay 15 : 20

25 GTA GAT CTA GGC TTG TGI GAT GAA ACG AGG TTC GAG TGT AAG TGT GGC
146 Val Asp Leu Gy Leu Cys Asp Gu Thr Arg Phe Gu Cys Lys Cys Ay 30
35 40

0.10 1
0.08
793
S
a
S 006
8
g
E, 0.04
=4
0.02
0.00
2 -1 0 1 2 3
Log Amount of LPS (pg)

y=3.9130e-2 + 1.7115e-2xR*2=0.807 ®  100ug prot(2mM subs)
y=1.1760e-2 + 1.3355¢-2x RA2=0.843 A  100ug prot(4mM subs)
y =7.5000e-3 + 1.0500e-2xR*2=0.814 ®  60ug prot{ZmM subs)
y=5.3350e-3 + 9.1050e-3x R*2=0.867 A  60ug prot(4mM subs)

Fig. 7
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GAT CCA GGC TAJosREG6TTC AAC ATT CCA GTG AAA CAA TGT ACA

Asn
TAT
Tyr

Lys
GAT
Asp

Asp Pro Ay Tyr Val Phe

50 55
GAG CGCT AAG 242

Gu Ala Lys 60

GAT ATT TGT CCA AAG TAC AAA
Asp Ile Cys Pro Lys Tyr

85 90
TGG TGT AGC 338

Trp Cys Ser 95

AAG AAT GGA GGIT ATC TGT

Lys Asn

Gy Gy Ille Cys

120 GCT TGI GCA TGI CGT

434 Al a
130.

Cys Ala Cys Arg

GAC
ASp
GAC
ASp

Ile Pro Val

CGA TGG AGG

Arg Trp Arg
65

Lys A n Cys Thr
TAT TGT AAA

Tyr Cys Lys
70

CGA TGT CAA GAG TGT AAG CCT
Arg Cys An @u Cys Lys Ala
AGT TGI GIT ACT TGI CCA CCT
Ser Cys Val Thr Cys Pro Pro
100 105
CAG AGG ACA GGA 386
Adn Arg Thr Gy 110
AGA TAT GAA GGG GIG CAC TGr
Arg Tyr Qu Ay Val H's Cys

1

TAC PET/sGosn0073 194
Tyr Phe 45
CCA TGTI GAT GAC CTG

Pro Cys Asp Asp Leu
75
GGr CTT 290

Gy Leu 80

AAC AAA TAT GGT ACT

Asn Lys Tyr dy Thr

GGT GAA TGT CAG TGT

Gy Gu Cys An Cys
115

GAA ATT CTC

Gu lle Leu 125

135 AAA GGT TGI CCT CTT CIT CCA TCG GAT TCT CAG GIT

CAG GAA GIC AGA

An du

482 Lys Ay Cys Pro Leu Leu Pro Ser Asp Ser dn Val

y = 2.8700e-2 + 7.4800e-3x R*2 = 0.970
y = 3.9850e-2 + 2.4380e-3x R*2 = 0,956

409

100ug

Val Arg
0.10
- 0.08
g :
=y
o 006 -
@©
5
£ 004
3
<
0.02 -
0.00

Fig. 8
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140 W 45 150 :

CCA GAT AAT chggEAwiCT ATT GAC TAC ACC TGT TCA CCA GGG P&g&g’éﬁ&% Pro
Pro Asp Asn Pro A n Thr Ile Asp Tyr Ser Cys Ser Pro dy.160

165 170 TTC AAG CTT AAG3G6T ATG GCA CGA ATT AGC TGT CTC
CCA AAT GGA CAG 578 Phe Lys Leu Lys Gy Met Ala Arg Ile Ser Cys Leu
Pro Asn Ay dn 175 180 185 WD 99/ 15676
PCT/ S@&8/ 00073 36 TGG AGT AAC TTT CCA CCC AAA TGT ATT CGA GAA TGTI GCC ATG
GIT TCA 626 Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Qu Cys Ala Mt
Val Ser 190 195 200 TCT CCA GAA CAT GGG AAA
GTG AAT CCT CTT AGT GGT GAT ATG ATA GAA 674 Ser Pro Qu Hs Ay Lys
Val Asn Ala Leu Ser Ay Asp Met Ile Gu 205 210

215 GGG GCT ACT TTA CGG TTC TCA TGI GAT AGT CCC TAC TAC TTG ATT GGT

722 Gy Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr Leu lle Gy

RU {1000}
20.0 4
19.4 -
18.8 -
a: 182 1
o 176 1
"’ 170 .
® 164 -
156.8 -

14.0 At i S + + A y
0 1000 2000 3000 4000 5000
Time S

Fc Time AbsResp Slope LRSD Baseline RelResp Ld

1 4455 156051 -1.30 086 No #N/A  before wit

1 7135 155094 -351 415 No #N/A  wit

1 9365 154849 -0.16 0.18 No #N/A  before wit2x
1 11975 157986 -162 026 No #N/A  wit2x
1
1

20235 157283 -046 082 No #N/A  before rFCSf9
2268.5 16281.2 -328 0.62 No #N/A  rFCSfO

Fig. 9
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220
ACA
Thr

245
CCT
Pro
GIT
Val

280
914
290
TCT
Ser

315

1010 Ay Ser @n

325
CCT

* WO 99/15676 225

TTA ACC TGT CAG GGT

Leu Thr Cys A n Ay

250

GTA AAC 818
Val Asn 255

AAA ATT GGT GIG GAA

Lys Ile Gy Val Qu

TTT CCT CAA GGC ACT

Phe Pro G n @y Thr

E. coli

TGG TCA
L

Trp Ser 300

AAT
Asn
CCA
Pro

CAA
Adn
GAA
Au

230

GGT CAG TGG AAT GGA CAG ATA
GyGnTrp Gy @n lle 240
CAA TGT AAG TTG GIC TTC TGTCCTGAC CTG GAT
G@n Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp

260 . 265 CAT CGCT GAA CAC AAG
AAA TAT GGT CAG 866 H's Ala Qu H s Lys
Lys Tyr Gy @ n 270 275
GIG ACC TAT ACG TGI TCG GGT AAC TAC TTC
Val Thr Tyr Thr Cys Ser Ay Asn Tyr Phe 285

PEHSGHBANTEAA
770 An Gu

31dc ATG K Dndirhoriée ACC Tl Anhiresbid AACS CrhnebotdsEG
2 Leu Met dy

oy ]ljgg Asp Thr Leu LngOQ/s Asn Ep}dﬁgp Gy

GGATCACAGCCA'ECCTGTG'I'TAAAHZ;GCAGACAGAMSGTCGACTGTZ

Pro.
:2483
GIC AGG 1058

r Cys Val L

GAC

. Ala Asp Arg Gu Val Asp Q{S 320
GTA GAC TTG: TTG GAT GAT GGT GAA

*

AGT AN L.m« ]

»

——e s

.

P}
F .
.

10

Fig.
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Asp Ser Lys Asp Phe Leu Asp Asp Val dy GQu Pro Val . 2330, -
340 €&d%m¥§%5345 ATC CAC TGT CCT GCT GGC TGT TCT Tﬂx;é§§§é§¥@W§5r ACT

GIG TGG GGT 1106 Ile Hs Cys Pro Ala Ay Cys Ser Leu Thr Ala Ay Thr
Val Trp Ay 350 355 15/16 360 ACA GCC ATA TAC CAT
GAA CTT TCC TCA GIG TGI CGT GCA GCC ATC CAT 1154 Thr Ala Ile Tyr Hs
GQu Leu Ser Ser Val Cys Arg Ala Ala Ile H s 365 370

375 GCT GGC AAG CTT CCA AAC TCT GGA GGA GCG GIG CAT GIT GIG AAC AAT
1202 Ala Ay Lys Leu Pro Asn Ser Ay Gy Ala Val H's VvVal Val Asn Asn 380

385 390 395 GGC CCC TAC TCG GAC TTT CTG
GGI' AGT GAC CTG AAT GGG ATA AAA TCG 1250 Ay Pro Tyr Ser Asp Phe Leu
Gy Ser Asp Leu Asn' Ay Ile Lys Ser 400 405

410 GAA GAG TTG AAG TCT CTIT GCC CGG AGT TTC CGA TTC GAT TAT GIC CGT
1298 Au GQu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg 415
420 425

Microlitre plate assay - tFC(S9) binding LPS-FITC

1000 -
800 7
z %
E a0 - /
] 400
200 S %
0 1 e j r V/A [ é
10 100 1000
Amount of LPS-FITC (ng)
W 10 ug prot
J  25ugprot.
1 50 ug prot.
FPig. 11
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WD 99/ 15676 wo 9915676 PCT/SG98/00073
PCT/ SG98/ 00073 37 TCC TCC ACA GCA GGI AAA TCA GGA TGT CCT GAT GGA TGG TTT

GAG GTA 1346 Ser Ser Thr Al a Gylsh%s Ser Ay Cys Pro Asp Ay Trp
Phe du Val 430 435 440 GAC GAG AAC TGT
GTG TAC GIT ACA TCA AAA CAG AGA GCC TGG GAA AGA 1394 Asp du Asn
Cys Vval Tyr Val Thr Ser Lys An Arg Ala Trp G u Arg 445

450 455 GCT CAA GGTI GIG TGI ACC AAT ATG GCT GCT CGI CIT GCT
GIG CTG GAC 1442 Ala A n Ay Val Cys Thr Asn Met Ala Ala Arg Leu
‘Ala Val Leu Asp 460 465 470

475 AAA GAT GTA ATT CCA AAT TCG TTG ACT GAG ACT CTA CGA GGG AAA GGG
1490 Lys Asp Val Ilé Pro Asn Ser Leu Thr Qu Thr Leu Arg Ay Lys @y 480

485 490 TTA ACA ACC ACG TGG ATA GGA TTG CAC AGA CTA GAT
GCT GAG AAG CCC 1538 Leu Thr Thr Thr Trp Ile Ay Leu Hs Arg Leu
Asp Ala A u Lys Pro 495 500 505 TTT ATT
TGG GAG TTA ATG GAT CGI AGT AAT GIG GIT CTG AAT GAT AAC 1586 Phe
118 Trp Gu Leu Vet ASR Bt PIaR Al (X8 et 10628 KPS FTTE)
120 - -
100 -
)
o R
(724
E 804
-
Q 4
g 60
g |
S
i 40
20 ]
04

rwftSfQ rFCSle lrFCSN rFCEE rFC#BI lYFCIGa p21126J [CAL LAL ]

S9f system P. pastoris system S. cerevisiae systemPositive system

iy

Fms SHEET HAS BEEN
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CTA ACA TT@APGS-BBCTTCT GGC GAA CCT GGA AAT GAA ACT AAC TGT GTA
1634 Leu Thr Phe Trp Ala Ser Ay Gu Pro Ay Asn Gu Thr Ash Cys-Val 525

530 535 TAT ATG GAC ATC CAA GAT CAG TTG CAG TCT GIG TGG
AAA ACC AAG TCA 1682 Tyr Met Asppdle G n Asp Gn Leu G n Ser Val
Trp Lys Thr Lys Ser 540 545 550

555 TGT TTT CAG CCC TCA AGT TTT GEGUENCE IATEINETG GAT CTG TCA GAC AGA
1730 Cys Phe A n Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg 560
565 570 AAT AAA GCC AAA TGC GAT GAT CCT GGA TCA CTG GAA

AAT GGA CAEL @eerar, 1nrFORMATEON: Asn Lys Al a Lys Cys Asp Asp Pro Ay Ser Leu

GQu Asn Ay H's Ala 575 58 585 ACA CIT

CAT GGA CAA AGI) AFPLIGARTECCG TTC TAT GCT GGT TCT TCT ATA 1826 Thr

Leu HHs Gy Gn Ser Ile Asp Gy Phe Tyr Ala Ay Ser Ser Ile 590

595 (i} TITLE QFOINERTIPRC ACOThET GG GERPGFCiOAC TAC CTEiAGTogdus
ACT GAA Acet@picauda Factoy €7in g Bacplevigal Hoglvertpn\AYStPBU Hi s Tyr Leu Ser

Gy Thr Gu Thr 610 615 ACT TGT
ACA ACA AAT &’at’\@k E?"Gg F VRS AT AAA CCT CGA TGT ATC 1922 Thr

Cys Thr Thr Aﬁq) Gokrddtonddls S@orisa Pro Lys Pro Arg Cys Ile

(A) ADDRESSEE: Birch, Stewart, Kolasch & Birch
{B) STREET: 8110 Gatehouse Road, Suite 500 East
(C) CITY: Falls Church

(D) STATE: Virginia

(E} COUNTRY: USA

{(F} ZIP: 22042

(v) COMPUTER READABLE FORM:
" {A) MEDIUM TYPE: Floppy disk
{(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentlIn Release #1.0, Version #1.25

(vi} CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
{B} FILING DATE:
{C} CLASSIFICATION:

{viii) ATTORNEY/AGENT INFORMATION:
{A) NAME: Murphy, Jr., Gerald M.
(B) REGISTRATION NUMBER: 28,977
{C) REFERENCE/DOCKET NUMBER: 1781-10SP

{(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (703) 205-8000
(B} TELEFAX: (703) 205-8050
{C) TELEX: 248345

{2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHRARACTERISTICS:
{A) LENGTH: 4182 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLCGY: both
{ii)} MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iv} ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:
{A)} ORGANISM: Carcinoscorpius rotundicauda

(ix) FEATURE:
(A} NAME/KEY: CDS

I



620 PAPOSS2PCT s 630 P 7 SEREMLESET S

ATC ACC TGC CAA AACIM“IW'Iﬂﬁ“lTCA TAT GGI' TCT GIG e o 970 59{8
Val Ile Thr Cys Gn tdiNE Pro ser Tyr @y ser VI e 19
645 *65b GAAMATE AAA CCC AGT CGG ACA AAC TCG ATA AGT

CGT GTIT GGG TCA |
Ser Atg Val l%er ggxga&mggsaxq dbulpidx P CE%I‘H[)IEZIII@ F&k6r Ao a-ﬂaf‘seﬁ’id& orel "o e
99/ 15676 PCT/ 8698/ 00073
38 CCT TTC %*@A@é“’?’#é‘@:&c% 3¢A COC CTC CCA TTA GCT AGA GCA GCC

2066 Pro Phe Leu Arg Leu Pro Arg Ley. Pr Leu Pr Leu a 670
675 i) ~ copfactngsarddmueeblt %M%ﬁﬁ

~ACT GIG GAC TTG 2114 Lys Pro Pro Pro Lys Pro Arg Ser Ser Gn Pro Ser
Thr Val Asbindsuo §6bimmobilized Factor C; and590 695 GCT TCT AAA
GIT AAA CTA CCT GAA GGI' CAT TAC CGG GTA GGG TCT CGA 2162 Ala Ser Lys

-Val Lys Leu Proid u (quintithtingTite Ahiountadf saidy aftibody\rspecifically bound to said
10 immobilized Factor C;

wherein said recombinant Factor C is produced using a vector of claim 1.

( ) 18. A method for removing endotoxin or lipid A from a sample comprising:
i) contacting immobilized recombinant Factor C with said sample, so that
endotoxin or lipid A in said sample binds to said immobilized recombinant Factor C; and
i) separating said immobilized recombinant Factor C, having said
5 endotoxin or lipid A bound thereto, from said sample;

wherein said recombinant Factor C is produced using a vector of claim 1.

19. A recombinant DNA vector comprising a baculovirus-derived

{;/; vector and a nucleic acid encoding a polypeptide having 75% or greater

sequence identity to an amino acid sequence selected from the group consisting
of SEQ.ID.NO. 2, SEQ.ID.NO. 4 and the amino acid sequence of Factor C of
5 Tachypleus tridentata.

20. The recombinant DNA wvector of claim 19, wherein said nucleic

acid encoding a polypeptide having 75% or greater sequence identity to amn

amino acid sequence selected from the group comsisting of SEQ. ID. NO. 2,

SEQ. ID. NO. 4 and the amino acid sequence of Factor C of Tachypleus

5 tridentatq is obtained from limulus.

. ’w: t_T
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. AWAIMW s @ F V VUV
700 PAP039-2-PCT. 210 715 3O G 4898
TAC ACG TGC GAG TCG AGA TAC TAC GAA CTA CTT GGA TCT CAA 2210 Ala Ile
Tyr Thr Cys Gu Ser Arg Tyr Tyr Gu Leu Leu Ay Ser @n 720

725 730 GGC AGA AGA TGT,GAC TCT AAT GGA AAC TGG AGT GGT
CGG CCA GOG AGC 2258 Ay Arg Arg &€ Asp Ser Asn Qy Asn Trp Ser Gy
Arg Pro Ala Ser 735 740 7 PT ATT CCA
GIT TGT GGA CGG TCA GAC TCT CCT CGI TCT CCT TTT ATC 3 Cys lle Pro
Val Cys Gy Ard r ProgPhe Ile 750 B H 755
760 TGG AAT CCG TGG y

A(.

2354 Trp Asn Gy N Pro Tr y 765
770 A GAC TTT
CTC CAG TGy GGA Al a ' Trp Phe
Leu Gn Cy pﬂ"'@é‘f@a%%f P
795 GGA TO ] GCT
2450 Ay Skr Leu Leu Asgf Au L 800
805 GAG ALT™ATT CCC AAT
CAG TTT AAA
Hind [l digest
Lig:te | Xhol/Hind Hi digest
Select XH 3'end
fragment
Ligate

Eco RI digest
Ligate CrFC21XH

Psti digest
Ligate

pFasiBac
CrFC21

. Fig. 1A
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A ruiidka 567000
Thr Tyr Ser %lg@i?her(Kll‘a Gu llelle Asp Pro Asn G n Phe Lys Met 816 OCT 1998
820 825 TAT CTG GGC AAG TAC TAC CGI GAT GAC AGT AGA GAC
GAT GAC TAT GIA 2546 Tyr Leu Gy Lys Tyr Tyr Arg Asp Asp Ser Arg Asp
Asp Asp Tyr Val 830 835 840 CAA GTA AGA
GAG GCT CTT GAG ATC CAC GTG AAT CCT AAC PA¥ Gac ccc 2594 Gn Val Arg
GQu Ala Leu Qu Ile H's Val Asn Pro Asn Tyr Asp Pro 845 850
855 GGC AAT CTC AAC TTT GAC ATA GCC CTA-ATT CAA CTG AAA ACT CCT GIT

2642 Gy Asn Leu Asn Phe Asp Ile Ala Leu Ile @ n Leu Lys Thr Pro Val 860

865 870 875 ACT TTG ACA ACA CGA GIC CAA
CCA ATC TGT CTG CCT ACT GAC ATC ACA 2690 Thr Leu Thr Thr Arg Val dn
Pro Ile Cys Leu Pro Thp Asp Ile Thr 880 885

890 ACA AGA GAA CAC BTG MG GAG GGA ACA TTA GCA GTG GIG ACA GGT TGG
2738 Thr Arg Gu HBOdY ¥s Gu Ay Thr keu Ala \@l Val Thr Ay Trp 895

900 $03 —r
pFastBac

EM digest
Ligate
E—Ny E—-\ : ﬂ

pFastBac/
CrFCEN

Eco Ri digest
Ligate

Fig. 1B
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. dwiidT J O /7 VU Y
o PAP059-2-PCT
WO 99/ 15676 30 0CT 1998

PCT/ SG8/ 00073 39 GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA CAA
CGCT GIG 2786 Ay Leu Asn A u Asn Asn Thr Tyr Ser Qu Thr Ile Gn
G@n Ala Val 910 915 920 CTA CCT GIT GIT
GCA GOC AGC ACC TGT GAA GAG GGG TAC AAG CAR aca 2834 Leu Pro Val Val
Ala Ala Ser Thr Cys Qu Au Ay Tyr Lys Gu Ala 925 930
935 GAC TTA CCA CTG ACA GTA ACA GAG AAC ATG TTC TGTI GCA GGI' TAC AAG

2882 Asp Leu Pro Leu Thr Vval Thr Gu Asn Met Phe Cys Ala Gy Tyr Lys 940
945 950 955 AAG GGA CGI' TAT GAT GCC TGC
AGT GGG GAC AGT GGA GGA CCT TTA GIG 2930 Lys Ay Arg Tyr Asp Ala Cys

Ser Ay.Asp Ser Ay Ay P val 960 5
'9% TTYI' GC'FI)' Gi'rl' GA¥ TC>C/: c@ie é.aAA AGG CGGRTGS gg&%% cee AET

2978 Phe Al a As y Py & i - Fhe 975
980 P meﬁgc@%%%m 8%@2& ch%glg% TG1P %@% G GCG

AAC CAG TAC GGG 3026—vat—St—Frp—~Q y/SErPro-—ser Gy Oys Ay Lys Al a
Asn G n Tyr Ay 990 995 1000

Wild-type (supernatant)

CrFC21 (lysate)
Wild-type (supernatant)

CrIFC21 (lysate)
CrFC21 (supernatant)

CrFC21 (supernatant)

Wild-type (lysate)
Wild-type (lysate)

R, 2 34 5 6 7 8

g%? ey

Fig. 2A

L e
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'GGC TTC ACT P&AAP?S%;%'IPCEAC GIT TTC CTG TCA TGG ATT AGG CAG TTC ATT 3o act 318%84
Gy Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg G n Phe Ile 1005

1010 1015 TGAAACTGAT CTAAATATTT TAAGCATGGT TATAAACGIC
TTGITTCCTA TTATTGCTTT 3134 ACTAGITTAA 4 TAAGAA GGTTAACTGG GIAAGGCACA
AGGATCATTG TTTCTGITTG 3194 TTTTTACAAA TATTTT AGTCAGTGAA TGAGAATAGT
ATCCATTGAA GACTGTITACC 3254 TTTTATTCTA CCTTTTTATA TTACTATGTA AGTATTTGGG
ATATCTTCTA CACATGAAAA 3314 TTCTGICATT TTACCATAAA TTTGGITTCT GGIGTGTGCT
- AAGTCCACCA GTAGAGAACG 3374 ATGTAATTTT CACTAGCACA TGAAATAAAT ATAGAACAAA
TCTATTATAA ACTACCTTAA 3434 AAAAAAAAA AAAA

3448 (2) | NFORMATION FOR SEQ ID NGO 4: (i) SEQUENCE CHARACTERI STICS: (A)
.LENGTH: 1019 amino acids (B) TYPE: anmino acid (D) TOPOLOGY: linear (ii)

MOLECULE TYPE: protein L]XI SEQUENCE DESCRI PTI O\I iE | D.NO 4: Met VaI Leu
Al a Ser Phe Leu Val Ser 3 p-i.

Val Leu Ay Leu L
Lou @ y Leu (RedllJlSClﬁlcaS%rS PAGE) moq{%e\@ucm@’ E‘iDSLVPﬁGEVa' Asp

™~ 7 N

= i =
~— et -
< < o] (o

O

S 282 § 8§ 2 8 5
=~ = a —_ = 5 3
et pr— (I)
@ 1)) e’ — O 2 = ~
AR S N SN SR T oS B o\
- v O O 5 5 O O
> E»
2 2 002 2300

208 — fEiat
144 — Eeas

Fig. 2B
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Feliok 30 7 9VUU/7 9

20 PAPOS9-2-PC 30 WO 99/ 15676 30 OCT 1998
PCT/ S8/ 00073 40 Cys Asp G u Thr Arg Phe Qu Cys Lys Cys Ay Asp Pro Ay
Tyr Val 35 40 45 Phe Asn Ile Pro Val
Lys A n Cys Thr Tyr Phe Tyr Arg Trp ArgAF’;8 50 55

60 Tyr Cys Lys Pro Cys Asp Asp Leu Gu a{ Lys Asp Ile Cys Pro Lys 65

70 75 80 Tyr Lys Arg Cys @ n du Cys
Lys Ala Gy Leu Asp Ser Cys Val Thr 85 90

95 Cys Pro Pro Asn Lys Tyr Ay Thr Trp Cys Ser Ay Au Cys @n Cys 100

105 110 Lys Asn Ay Ay Ile Cys Asp A n Arg Thr Ay Al a
Cys Ala Cys Arg 115 120 125 Asp Arg Tyr
GQu @dy Val Hs Cys Qu Ile Leu Lys Ay Cys Pro Leu 130

135 140

AN

e T SREE
Ry ';r:':_\\\ AR

R 38 * - .

6 001 005 01 1 10 S0 100 200
lipid A (ng)

Fig. 3A
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‘Leu Pro
150
Cys Ser
175 Met
185
Pro GQu
Al a Leu
215
A u Thr
240 Cys
250
Ala Qu
Gy Val
280
Mt Gy

LdVIIVGY O 1 VUV

PAP059-2-PCT

Ser Asp

Pro
Ala A

y
g
y
Ser y

Leu Th

d
r
Hs d
d
dn d

;
y
H s Lys
GQu dn

08
Phe Asp

0.7

0.6

o
th

Absorbance (OD405)
= o
<« NS

o
()

e
pury

0.1

Ser dn Val Adn AQu Val Arg Asn Pro Pro Asp Asn 1135U ocT
155 160 Pro @ n Thr Ile Asp Tyr Ser
Phe Lys Leu Lys Ay 165 170
Ile Ser Cys Leu Pro Asn 9¥ G@n Trp Ser Asn Phe Pro 180
190 Pro Lys Cys Ile Ag AQu Cys Ala Met Val Ser Ser
195 200 205 Lys Val Asn
Asp Met Ile Gu Gy Ala Thr Leu Arg 210
220 Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Ay Gn
225 230 235
Asn Ay An Trp Asn Ay An lle Pro A n Cys Lys Asn 245
255 Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn Hi's
260 265 270 Val Lys lle
Lys Tyr Ay G n Phe Pro G@n Gy Thr 275
u
00 295 300

|
I

g 88 = 7 3883 83
Amount of lipid A (ng)
[] pFastBac/CrFC21 supematant
Fig. 3B | [l rrastBac/CiFC21 lysate
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: 'y T I
_ PAP059-2-PCT i UU '0 gTulggsl v
Thr Leu Lys Cys Asn Pro Asp Ay Ser Trp Ser Ay Ser Gn Pro Ser 305

310 315 320 Cys Vval Lys Val Ala Asp Arg
G u Val Asp Cys Asp Ser Lys Ala Val 325 330

335 Asp Phe Leu Asp Asp Val Ay GQu Pro ‘/fﬂs Arg Ile Hs Cys Pro Ala 340
345 350 WD 99/ 15676

PCT/ S8/ 00073 41 Ay Cys Ser Leu Thr Ala Ay Thr Val Trp Ay Thr Ala lle
Tyr Hs 355 360 365 A u Leu Ser Ser Val
Oys Arg Ala AD8 e HsAra &y tys terPro—=370— 375

380 Asn Sef Gy Gly Ala Val Hs Val Val Asn Asn Gy Pro Tyr Ser Asp 385

. 390 395 400 Phe Leu Ay Ser Asp Leu Asn
Gy lle Lys Ser dlu Gu u Lys Ser 405 410

415 Leu Al a Arog’ S¢r Phe g Phe Asp Tyr Val Arg Ser Ser Thr Ala Gy

06] +

(=4
(4))
|
1

Absorbance (0D405)
(=]
S
|
i

03 +
02 +
01 +
0
200 100 50 10 1 0.1 0.01
Amount of Lipid A (ng)
No blocking
Fig. 3C . Blocking
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PAP059-2-PCT tuiivua 29 @C% M /9

420 425 430 Lys Ser Gy Cys Pro
Trp Phe Qu Val Asp Qu Asn Cys Val 435 440
445 Tyr Val Thr Ser Lys Gn Arg Ala Trp Gu Arg Ala dn dy Val Cys 450
455 460 Thr Asn Met Al agAka Arg Leu Ala Val Leu Asp Lys
Asp Val Ile Pro 465 470 475
480 Asn Ser Leu Thr Qu Thr Leu Arg Ay Lys Ay Leu Thr Thr Thr Trp 485
490 495 Ile Ay Leu Hs Arg Leu Asp Ala Gu Lys Pro Phe |le
Trp G u Leu 500 505 510 Met Asp Arg Ser
.Asn Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala 515 . 520
=525 Ser Ay GQu Pro Ay Asn Qu Thr Asn Cys Val Tyr Met Asp Ile @ n 530
535 700 54 r Cys
~Phe @n Pro Ser 545 550
560 Ser Phe Ala Cys Met {Met Asp Leu Ser Asp Arg Asn Lys Ala Lyg Cyq 565
.570 5751Asp Asp Pro Gy Ser Leu G u Asn y Hi g Thr Leu
Hs Ay G@n 600 .
500 1
)
L
(2]
-*_£=_'; 400
8
2 w0
o
=
L‘- ——
200
100
: Ll ﬂ L
o -~ o [=3 o
-~ (] [=]
- L=
Amount of LPS (pg)
B 20uyg
0 40ug
Fig. 4 = 80ug
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’ : PAP059-2-PCT dviiow 07 VUUT g
580 585 590 Ser Ile Asp Ay Phe Tyt Oka1%8
Gy Ser Ser Ile Arg Tyr Ser Cys G u 595 600
605 Val Leu His Tyr Leu Ser Ay Thr Au Thr Val Thr Cys Thr Thr Asn 610
615 620 Ay Thr Trp Serglféa Pro Lys Pro Arg Cys Ile Lys
Val |le Thr Cys 625 630 635
640 A n Asn Pro Pro Val Pro Ser Tyr Ay Ser Val Qu Ile Lys Pro Pro 645
650 655 Ser Arg Thr Asn Ser Ile Ser Arg Val Ay Ser Pro Phe
Leu Arg Leu 660 665 670 WD 99/ 15676
PCT/ S8/ 00073 42 Pro ‘Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro

-Pro Lys 675 680 685 Pro Arg Ser Ser dn
Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys 690 695
700
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SUBSTITUTE SHEET (RULE 26)



; : roiivg 307 QUU/7 3
Leu Pro G upﬁ%’/jg'lgﬁ'%crryr Arg Val Gy Ser Arg Ala Ile Tyr Thr Cys 7(§5G OET 19%8

710 715 720 Qu Ser Arg Tyr Tyr Gu Leu
Leu Gy Ser An Ay Arg Arg Cys Asp 725 730
735 Ser Asn Gy Asn Trp Ser Ay Arg Pro 63'5@ Ser Cys Ile Pro Val Cys 740
745 750 Gy Arg Ser Asb r Pro Arg Ser Pro Phe Ile Trp
Asn Ay Asn Ser 755 760 765 Thr Au lle
Gy @n Trp Pro Trp @dn Ala Ay Ile Ser Arg Trp Leu 770
775 780 Ala Asp His Asn Met Trp Phe Leu A n Cys Gy Ay Ser
Leu Leu Asn 785 790 795

800 Au Lys Trp Ile Val Thr Ala Ala H's Cys Val Thr Tyr Ser Ala Thr 805

- 810 815 Ala Au lle Ile Asp Pro Asn G n Phe Lys Met Tyr

"Leu Ay Lys Tyr 820 825 830 Tyr Arg Asp
Asp Ser Arg Asp Asp Asp Tyr Val Gn Val Arg u Ala 835 840

845 Leu Au Ile Hs Val Asn Pro Asn Tyr Asp Pro Gy Asn Leu Asn Phe 850
855 860

180
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120
100

80

Fluorescence units (FU) -

40
20

e
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4 /
0.01 0.1 1 10
Amount of LP§ (pg)

——a—— Conventional
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PCT/ S8/ 00073

rvi/fog 3 8
A aTPERTTECE n Leu Lys Thr Pro Val Thr Leu Thr Thr Arg T 1998
875 880 vVal A n Prolle Cys Leu Pro
Ile Thr Thr Arg Qu H's Leu 885 890
Gu @y Thr Leu Ala Val Val Thr 9é¥ Trp Ay Leu Asn G u Asn 900
910 Asn Thr Tyr Sert uThr Ile dn dn Ala Val Leu
Val Al a 915 920 925 Ala Ser Thr
Gu Ay Tyr Lys Qu Ala Asp Leu Pro Leu Thr 930 935
Thr G u Asn Met Phe Cys Ala Ay Tyr Lys Lys Ay Arg Tyr Asp 945
955 960 Ala Cys Ser Ay Asp Ser dy
Leu Val Phe Ala Asp Asp Ser 965 970
Thr Gu Arg Arg Trp Val Leu GQu Ay Ile Val Ser Trp Ay Ser 980
990 WD 99/ 15676
010 -
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)
a
S 006
8
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£
2 004
L
<<
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0.00

Log Amount of LPS (pg)

y=3.9130e-2 + 1.7115e-2x R*2=0.807 ®  100ug prot(2mM subs)
y=1.1760e-2 + 1.3355e-2xR*2=0.843 A  100ug prot{(4mM subs)
y=7.5000e-3 + 1.0500e-2x R*2=0.814 W  60ug prot(2mM subs)
y =5.3350e-3 + 9.1050e-3x R*2=0.867 A  60ug prot{4mM subs)
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itvl/ioa 907 VU Y

43 Pro Ser 5A>I/>05 %P%Ty Lys Ala Asn A n Tyr Ay @y Phe Thr Lys Va3 UQQ:QT 1993
1000 1005 Asn Val Phe Leu Ser Trp Ile Arg G n Phe Ile 1010
1015 WD 99/ 15676

PCT/ SG98/ 00073 44 CLAIS: What is clainmed,,s: 1. A reconbi nant DNA vect or
conprising a bacul ovirus-derived vector ‘and a cDNA encodi ng a Factor C
enzyne. 2. The vector of claim 1, wherein said bacul ovirus-derived
vector is pFastBacl. 3. The vector of claim?2, that is pFastBac/CrFC21.
4, The vector of claim1, wherein said cDNA encoding a Factor C enzyne

conprises a polynucl eotide that hybridizes to a nucl eoti de sequence
selected fromSEQ ID NO 1, the conplenent of SEQ ID NO 1, SEQ ID NO 3, the
conpl ement of SEQ I D

y = 2.8700e-2 + 7.4800e-3x RA2 = 0.970
y = 3.9850e-2 + 2.4380e-3x R*2 = 0.956

0.10 7 40ug

0.08 -
o
Q
S 006 -
g 100ug
S 004
[72]
<

0.02 -

0.00

3 3
Log Amount of LPS (pg)
B Biomax-50

A Sephadex G-10
Fig. 8
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NO 3 or a CWOSTQFZGFnCFaChypI eus tridentatus encoding a F
under stringent conditions.

acid sequence selected from SEQ ID NG 2
sequence of Factor C from Tachypleus tri

havi ng t he sequence of SEQ

PCT/ S8/ 00073 7.

sanple to be assayed,

hor seshoe crab; and 5

5.

reiva 3670040793
actor C edfyBET 1998

The vector of claim1, wherein said cDNA
encodi ng a Factor C enzyne conprises a pol ynucl eotide that encodes an an no
or the amno acid

The vector of claim
1, wherein said cDNA encoding a Factor C enzyne corrpri ses a pol ynucl eoti de

130

QIDNO4
t at us.

ID. NO 1 or SEQ ID NO 3.
An assay for endotoxin conprising:

WD 99/ 15676
)

contacting a

conprising a peptide cleavable to produce a
chronogeni ¢ or fluorogenic noiety, with a reconbi nant Factor C of a
measuring the anount of said

i)

chronogeni ¢ or fluorogenic noiety cleaved fromsaid peptide. 8. The
assay of claim7, wherein said peptide is Nt-Boc-Val-Pro-Arg-
RU (1000}
20.0 ;
194
18.8 1
a:182¥
o 176 1
‘”170-
© 464 - 28
15.8 - k.
15.2 )
14.6
140 + Al s ' - 1
0 1000 2000 4000 5000
Time S
Fc Time AbsResp Slope LRSD Baseline RelResp Ld
1 4455 156056.1 -1.30 0.86 No #N/A  before wit
1 7135 155094 -351 415 No #N/A  whi
1 9365 154849 -0.16 0.18 No #N/A  before wft2x
1 11975 157986 -162 026 No #N/A  wit2x
1 2023.5 157283 -046 082 No #N/A  before rFCSf9
1 22685 162812 -328 062 No #N/A  rFCSf9
Fig. 9
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MCA, M- Val - Pro- Arg- AFC or Boc-Val - Pro- Arg- pNA. 9. The assay of clal
wherein said reconbi nant Factor Cis obtained froman insect host culture.
10. The assay of claim8, wherein said reconbinant Factor C is obtained
froman insect host cell culture. 11. 1IH§ assay of claim9, wherein said
insect host cell is a | epidopteran cell. The assay of claim 10,
wherein said insect host cell is a |lepidopteran cell. 13. An assay for
endot oxi n conprising: i) contacting a sanple to be assayed with an
i mmobi |i zed anti body that specifically binds to |ipopolysaccharide or an
i mmobi |i zed anti body that specifically binds to lipid Ato forma conpl ex

bet ween sai d anti body and endotoxin in said sanple; WO 99/ 15676
- PCT/ S8/ 00073 46 5 sk) contacting said conplex with
reconbi nant Fadt-ofolE@Bimdnhor seshopnenmoniaes or mS.miwiesolad Fast ormresotmd

i) contactingygegd i mobilized Fpgtor C with ag pgtibody thﬁipldA
specifically bindslt% sai d innnbiIiZfszactor G an%i 12

AIRY

ket

Fig. 10
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i'v) guant F#g??gn%Pgﬁe amount of said antibody specifically bourdd (LT 1588
10 i mobi li zed Factor C 14. The assay of claim 13, wherein said
reconbi nant Factor Cis obtained froman insect host cell culture. 15.

The assay of claim 14, wherein said insqgh6host cell is a | epidopteran
cell. 16. An assay for endotoxin conprising: i) contacting a sanple to

be assayed, conprising a peptide cleavable to produce a chronogenic or
fluorogenic noiety, with a reconbinant Factor C of a horseshoe crab; and

i) measuring the anmount of said chronogenic or fluorogenic noiety
cl eaved from said peptide wherein said reconbinant Factor Cis produced
using a vector of claiml1. 17. An assay for endotoxin conprising: i)

~.contacting a sanple to be assayed with an inmobilized anti body t hat
“specifically binds to |ipopol ysaccharide or an antibody that specifically
binds to lipid Ato forma conplex between said anti body and endotoxin in
" sai d sanpl e; 5 i) contacting said conplex wth reconbi nant

~"Factor C of a horseshoe crab.

Microlitre plate assay - tFC(S0) binding LPS-FITC

1000 T
//
s 800 - %
s 7
E 600 - %
%
B a0 - %
I
200 - %
| 7 W
. . wm R
10 100 1000
Amount of LPS-FITC {ng)
B 10 ugprot.
[0 25ugprot.
) (21 50ug prot.
Fig. 11
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PAPO59-2-PCT
to forn1|nnDb|I?zed Factor C, and iii) contacting said |nnDb|Iﬁg%&HHég¥§r

Cwith an antibody that specifically binds to said immobilized Factor C,
and iv) guantitating the amount of said antibody specifically bound to
said 10 I mobi |l i zed Factor C, wher eilghiai d reconbi nant Factor Cis
produced using a vector of claim1. 18. met hod for renoving endot oxin
or lipid Afroma sanple conprising: i) contacting i mmbilized

reconbi nant Factor C with said sanple, so that endotoxin or lipid Ain said
sanple binds to said i mobilized reconbinant Factor C, and ii) separating

said i mmobilized reconbi nant Factor C, having said 5 endot oxi n or
lipid A bound thereto, fromsaid sanple; wherein said reconbi nant Factor C
is produced using a vector of claim1. 19. A reconbi nant DNA vector

conprising a bacul ovirus-derived vector and a nucleic acid encoding a

pol ypepti de having 75% or greater sequence identity to an am no acid
sequence selected fromthe group consisting of SEQ ID. NO 2, SEQ ID. NO
4 and the am no acid sequence of Factor C of 5 Tachypl eus tridentata.
20. The reconbi nant DNA vector of claim 19, wherein said nucleic acid

~encoding a pol ypepti deM‘i@Ydtﬂﬁef‘ﬁ%Nss
aci d sequence sel ected™Trom oup

120 -

8

[»]
[=]
1

2.

40

Fluorescence units (FU)

20

S9f system P. pastoris system S. cerevisiae systemPositive system

Fig. 12

SUBSTITUTE SHEET (RULE 26)

f J



4

SEQ
tridentata is

¥

ID. «NO 4_and the amino acid sequence of Factor C of Tac &

] ECTUAL PROPERTY ORGANIZATION
ned fr om™PRYRIFTFELECTUAL PROPERTY

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

| (51) International Patent Classification 6 ;

a

, CI2N 15/63, 1/55, C12Q 137 Al

(43) International Publication Dates

WO 99/15676

1 April 1999 (01.04.99)

1} International Publication Number:

L]
{21) International Application Number: \/ PCT/SG98/00073

{22) Tnternational Filiog Date: V' 18 September 1998 (18.09.98)

(30} Priority Data:
\/60!058,816 V19 September 1997 (19.09.97)  US
09/081.767 /21 May 1998 (21.05.98) Usy
(71) Applicant: NATIONAL UNIVERSITY OF SINGAPORE

[8G/SGY); 10 Kent Ridge Crescent, Singapore 119260 (SG).

(72) Inventors: DING, Jeak, Ling; Industry & Techunology Relations
Office (INTRO), National University of Singapore, 10
Kent Ridge Crescent, Singapore 119260 (SG). HO, Bow;
Industry & Technology Relations Office (INTRO), National
University of Singapore, 10 Kent Ridge Crescent, Singapore
119260 (SG). v

(74) Agent: APPLIED RESEARCH CORPORATION; Kent Ridge,
P.O. Box 1016, Singapore 911101 (SG).

(81) DPesignated States: @Eumpcan patent (AT, BE, CH, CY,
DE, DK, ES, FI,'FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

I

v

&

2000 o1 181
PG54
Wwpy

os Toa Sadd followd
R T BT R ')

{54) Title: A NOVEL GENERATION OF CLONED HORSESHOE CRAB/ RECOMBI?NTIFACTOR C FOR DETECTION AND

REMOVAL OF ENDOTOXIN
(57} Abstract

The horseshoe crab, Carcinoseropius rotundicauda Factor
C ¢DNA (CrFC21) has been cloned into a shuttle baculoviral
vector. The recombinant baculoviral DNA was then transfected
into the insect cells for expression of recombinant Factor C.
Recombinant Factor C was found to be immunoreactive and is
capable of binding both free and bound/immobilized lipid A. It is
enzymatically active when triggered by LPS, The rFC is probably
of the two-chain form, being cleaved into the heavy and light
chains after activation by Gram negative bacterial endotoxin, As
low as 0.0t pg (0.001 ng/ml) of LPS was detectable by the rFC,
thus, indicating its potentials as a novel generation of “limulus
amoebocyte lysate”,
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