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A Novel Generation of Cloned Horseshoe Crab Recombinant Factor C for
Detection and Removal of Endotoxin

FIELD OF THE INVENTION

The present invention relates to recombinant Factor C (fFC) of a horseshoe crab,
produced in an insect cell system. The invention also relates to vectors for producing the
protein by recombinant DNA methods and to methods for using the recombir;ant Factor C
to detect endotoxins in a sample or for removal of endotoxins from a sample by affinity

methods.

THE RELATED ART

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®™*.
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
pyrogenic LPS in drugs and other pharmaceutical products™. 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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geographical differences in the starting material’ has prompted our laboratory to employ
recombinant DNA technology to genetically-engineer Factor C as an alternative source of
novel “limulus lysate” for endotoxin detection.

¢DNAs encoding Factor C have been cloned™'®', There are six potential
glycosylation sites in the amino acid sequence of the Factor C from Carcinoscorpius
rotundicauda (CrFC)m'ls. Cloned cDNA encoding CiFC has been expressed in E. coli'!
and also in yeast expression systems'> %, The tFC obtained from yeast wa:s 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
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
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
by LPS.

The present invention relates to genetic engineering of a bioactive IFC, whigh
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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coagulation cascade in conventional LAL, is not anticipated in assays of the present
invention that use only Factor C as the LPS-binding, serine protease enzyme. Both the
LPS-activated enzymatic assays of rFC and the ELISA lipid A binding assay could be
formulated into a rapid high throughput mass screening test for LPS. Thus, a novel
generation of “limulus amoebocyte lysate” has been invented, being capable of rapid and
sensitive diagnosis and removal of subpicogram levels of endotoxin. The invention
provides a standardized and convenient source of enzyme-based diagnos:cic reagent for
detection of the ubiquitously contaminating endotoxin in pharmaceutical products. This
inexhaustible supply of genetically-engineered Factor C can be easily standardized to
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 lys.ate, and therefore,
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
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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amoebocyte lysate and will also cleave synthetic substrates such as, but not limited to,

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

The present invention is also embodied in a method for producing substantially
purified, enzymatically active tFC. The method comprises expressing DNA encoding a
Factor C protein having the enzymatic activity described above in a culture of insect
cells, then isolating the enzymatically active Factor C protein. The isolation preferably
includes an ultrafiltration step. The purification preferably also includes a' step of gel-
filtration chromatography on a matrix having an exclusion limit of 100 kilodaltons. The
gel filtration is preferably applied after the ultrafiltration. The exclusion limit of the gel
filtration xﬁatrix 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
cells, preferably leptidopteran cells. The vectors in these embodiments support replication
of inserted DNA in insect cells and expression of heterologous DNA in in:sect 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
polynucleotide having the s;aquence 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

activation due to binding of LPS or Lipid A or of another endotoxin known in the art to
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bind to Factor C of a horseshoe crab. The serine protease activity is conveniently
measured by any method known in the art but is preferably measured by a chromogenic
or fluorogenic method. In such a method formation of a product from a substrate by
cleavage of the substrate by the serine protease activity of the rFC, resulting in a change
in color or in fluorescence emission, is measured. Preferred substrates for such a
chromogenic or fluorogenic assay are N-t-BOC-Val-Pro-Arg-MCA, Mu-Val-Pro-Arg-
AFC and Boc-Val-Pro-ArgpNA. '

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
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
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
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

sample can be detected. Optimization of the amount of the rFC to be immobilized for a



10

15

20

—

+ »

WO 99/15676 PCT/SGY98/00073

6
given load of LPS in a sample is considered within the skill of the ordinary practitioner.
The BIACORET™ apparatus is operated in accord with the manufacturer’s instructions.
Also, the present invention is embodied in methods for removal of endotoxin from
a sample, wherein immobilized fFC is contacted with the sample, under conditions such
that endotoxin in the sample binds the immobilized rFC, then the bound endotoxin is

separated from the sample..

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
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
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
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

pFastBac/CrFC21°.
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Figures 2A-2D: Immunoblot analysis of Sf9 rFC. (2A) Reducing SDS PAGE
of 5 pg total protein of cell lysate and culture supemnatant harvested at 24 and 48 h post-
induction (p.i.). (2B) Comparison of reducing and non-reducing SDS PAGE analyses of
tFC from 72 h p.i. The results indicate that rFC is probably a double-chain form of Factor
C as further proven by the LPS-treated (lane 2) and -untreated (lane 1) rFC under
reducing (2C) and non-reducing (2D) conditions. Western Blots (Figs. 2C and 2D) were
developed using a horseradish peroxidase system. ’

Figures 3A-3C: ELISA lipid A-binding assay of rFC. (3A) A gradation of

increasing intensity of color development of the enzymatically-hydrolyzed product is
seen from 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
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
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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Figure 5: Fluorimetric and colorimetric assays of LPS using purified rFC.

In both the fluorimetric and colorimetric assays, further purification of BIOMAX“‘-
purified rFC by SEPHADEX™ G-100 dramatically improved the sensitivity of rFC to
LPS. The conventional tube method of fluorimetric assay was compared with the
microcolorimetric assay for both the BIOMAX™ sample (B) and SEPHADEX™ G-
100 purified sample (S). Amounts of rFC used were 40 pg and 100 pg for the
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
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
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
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‘supematants of cultures of Sf9 cells

infected with wild-type baculovirus did not show any background binding to the
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immobilized lipid A (plateau 1A). On the other hand, the rFC from the culture

supernatant of Sf9 cells infected with pFastBac/CrFC21 specifically bound the
immobilized lipid A with a net activity of 553 Response Units (plateau 2A). The
protein samples, each at 1 mg/ml, were injected at 10 pl/min for 3 minutes over the
5 ligand monolayer that was previously immobilized on a HPA chip™.
Figure 10: rFC from Baculovirus binds LPS and lipid A from 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 T 'ttt Cdrtinoscorpius
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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with AcMNPV DNA alone) and rFCSN (fFC derived from a control yeast

recombinant clone devoid of the LPS binding domain).

DETAILED DESCRIPTION OF THE INVENTION

The present application relates to tFC of the horseshoe crab.

‘A preferred horseshoe crab that can serve as a source of DNA or mRNA for
producing the rFC of the invention is Carcinoscorpius rotundicauda (Cl:FC). The
present invention relates especially to expression of rFC by means of baculovirus host-
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.

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.

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
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

PCT/SG98/00073
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incomplete ¢cDNA fragments, encoding the Factor C of Tachypleus tridentatus is
disclosed by Muta et al.!

For use in the LPS binding assays and LPS removal according to the invention,
the Factor C can be produced by any method typical in the art, but is preferably made in
a eukaryotic host cell. Production of rFC in yeast host-vector systems is described in
reference 16.  As it has been the Inventors® recent experience that Factor C produced in
yeast lacked serine protease activity, rFC for use in enzymatic acﬁvity—based. assays is
preferably produced by a baculovirus host-vector system.

"Stringent conditions” for hybridization are those that provide for hybridization
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".
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
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),

where /= the length of the hybrid in base pairs.
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A preferred washing condition is in 1x SSC, 0.1% SDS washing solution at room
temperature, followed by washing at high stringency with 0.1x SSC, 0.1% SDS at 42°C

and 2x with 0.1x SSC/0.1% SDS for 15 min. each at 42°C.

Example 1: Recombinant constructs of CrFC ¢DNA in a baculovirus expression
vector

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
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,
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 confirmed the
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
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using standard methods to clone full-length CrFC21, thus, yielding the recombinant

construct, pFastBac/CrFC21 (Fig. 1). pFastBac/CrFC21 was transformed into competent
E. coli, DH10Bac, and cultured in LB agar containing 50 pg/ml kanamycin, 7 pg/ml
gentamycin, 10 pg/ml tetracycline, 30 ul of 2% X-gal and 40 pg/ml of IPTG. Screening®
for positive clones involved the use of the 2.3 kb 32p_CrFC21/EE fragment as probcw.

The recombinant bacmid DNA was isolated and transfected into S19 cells.

Example 2: Expression of rFC in insect host cells
Rapid microtiter-plate plaque assay

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

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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into S9 cells grown in 15 ml SFM medium in 75 cm? flasks. The volume of the viral

inoculum was determined using the formula:

total no. of cells) x (MOI in pfu/cell
(viral titer in pfu/ml)

Subsequently, Sf9 cells were passaged twice and conditioned to grow in
suspension in 100 ml SFM medium, in spinner flasks (Bellco, USA). At the mid log
phase of growth, the viral stock from the 75 cm?® flask cells was inoculated at a MOl
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

proportionally increasing volumes of viral stock at the same MOI.

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
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
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

chromatography through SEPHADEX™ G-100 (e.g. 1.5 x 90 cm), using 0.05 M Tris-
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HCI (pH 7.5) containing 0.154 M NaCl. Fractions of 1 ml were collected and the void

volume peak was concentrated. The protein concentration and Factor C enzyme activity
were assayed for the resulting rFC. This preparation is henceforth referred to as “gel

filtration-purified tfFC”.

Western immunoblot detection of rFC

Five pug of each cell lysate, or culture supematant, 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 Immobilon™ PVDF
merabrane (Millipore, USA). The membrane was washed in PBS for 30 min, and
blocked in 1% skimmed milk-PBS for 1 h followed by overnight 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
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,
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 immunoblot 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
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recombinant protein. On ultracentrifugation at 100,000 xg for 1 h at 4 °C, tFC was found

to be in the soluble fraction.

The results show that rFC protein was expressed correctly under the direction of
the viral late promoter from the polyhedrin gene using the native translation start site
from the CrFC cDNA. As there are six potential glycosylation sites in the CrFC cDNA
sequence'’; the protein band of 132 kDa represents the intact glycosylated form of Factor
C. The 88 and 44 kDa proteins are likely the activated products of x=FC wh;)se molecular
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
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
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.

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
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immobilized onto 96-well Nunc IMMUNO-PLATES™ (PolySorp). The
immobilization was carried out overnight at room temperature. Unbound lipid A was
removed and the plates were washed 6 times with wash buffer containing 0.01%
Tween 20 and 0.01% thimerosal in PBS. The excess sites were blocked for 1 h at
room temperature with the same buffer containing 0.2% BSA, after which the wells
were again washed 6 times. Aliquots of 100 pl of BIOMAX™ 50-treated rFC from
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
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
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
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

sites in the wells with 0.2% BSA removed non-specific background binding and
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drastically improved the specificity of lipid A binding (Fig. 3C). This assay indicates that

fFC can be used for mass screening of pharmaceutical products for LPS contamination,
with the capability of quantifying LPS. This efficacy is comparable to the commercially

available natural lysate derived from the Limulus or Tachypleus amoebocyte lysate.

Example 4: Immobilized rFC can be used to detect/remove LPS in a sample:

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,
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,
after which each well was washed 6x with PBS. The fluorescence was read at Exqgsom 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 well;s with 0.2%
BSA reduced the background fluorescence reading, indicatin-g improvement in the
specificity of binding of LPS to the immobilized rfFC. Immobilization of negative control
proteins (w/tS£9: wild-type Sf9 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.
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Example 5: The baculoviral rFC is enzymatically activated by LPS

Fluorimetric and colorimetric assays for LPS-activated rFC enzyme activity
As a proenzyme, Factor C becomes catalytically activated by trace levels of LPS.
Thus, conversion of its enzymatic substrate to product indicates the presence of LPS.
tFC samples present in the crude cell lysate and culture supematant were used for
analysis of LPS-activated Factor C enzyme activity by using two different substrates.
The first, in a conventional tube assay format, is based on a modiﬁca;tion 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
mM Tris-HCl, 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 pl 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
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
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

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

PCT/SG98/00073
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scaled down to 200 pl in 0.1 M Tris-HCI (pH 8.0) containing 5 mM MgCl,. This was

followed by addition of 50 pl of 2 mM of a colorimetric substrate, Boc-Val-Pro-Arg-
p-nitroanilide (Seikagaku, Japan). Incubation at 37 °C was resumed for 1 h before
termination of the reaction with 28 pl of glacial acetic acid. This substrate is
hydrolyzed by rFC to produce pNA that was measured colorimetrically at ODos0m.

From 24 to 48 to 72 h p.i.,, there was progressively increasing trend in the
enzymatic activity of rFC in supernatants of cultures of insect cells transfor;ned with
the construct of Example 1, as indicated by the increase in fluorimetric units of the
AMC product hydro'lyzed from Boc-Val-Pro-Arg-MCA substrate. A comparison of
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
(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
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

PCT/SG8/00073
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culture supernatant when 2 mM of the pNA substrate was employed (Fig. 7). Similar

to the fluorimetric assay, the colorimetric test also showed that the SEPHADEX™
G-100-purified rFC exhibited improved sensitivity to LPS, where 40 pg of purified
tFC (instead of 100 pg of BIOMAX™ FC) was sufficient to detect subpicogram
5 levels of LPS (Fig. 8). Use of gel filtration-purified rFC resulted in a 4-fold increase
in sensitivity to LPS. A direct comparison of the 2 microassays revealed that with gel
filtration-purified rFC, the colorimetric assay achieved sensitivity to LPS c;:mparablc
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.
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(B} TYPE: nucleic acid
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(D) TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA THIS SHEET RAS BEEN
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(B) LOCATION: 569..3817

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GTATTTAATG TCTCAACGGT BARGGTTTCA TTGTAGCTAA TATTTARCTT CCTCCCTGTG 60
CCCCARATCG CGAGTATGAC GTCAGTTAAG ACTTCGTATT TTAAGAGTTA AACACGAGCC 120
TTRAAGRGCG ATATTTTTTT TGTTAAACAC TTCCAACTTA ATACAATTGG CAAACTTTCA 180
ARARTARAGT GGAAARGGAG GTAARAARAGA TGAARAARAT TCGCATACAA TAGAATACAA 244
TAAAATGTGT TGTCTTTACT GTCAACACTT ACTGTTCGIT CGGTCACAGC TGTGAATCGG 300
GGTGACTTTA TGITTGTAGT GGTCTTAAARA ACGGGTACTT GGTTGTTTTG AAAATTTTAA 360
AACCTRCATA TGATTCTCCT AAAATTTTGT TTATARATTA GCACCATTTG CGACCTAAAT 420
CTTTTTTéTA GTCTTARGTT TAGTTGACAT AAAAACAAAA TTTGTARCAA 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
AGG TTT GGT TIC TGT AGG TGG CGT GTT TTC TAC AGT TTT CCA TTIC GIT 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
75 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 Bsp Leu

125 130 135
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GAG GCT ARG GAT ATT TGT CCA ARG TAC AMA CGA TGT CRA GAG TGT ARG 1024
Glu Ala Lys Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys
140 145 150
GCT GGT CTT GAT AGT TGT GTT ACT TGT CCA CCT AAC AAA TAT GGT ACT 1072
Ala Gly Leu Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr
155~ 160 165
TGG TGT AGC GGT GAR TGT CAG TGT AAG AAT GGA GGT ATC TGT GAC CAG 1120
Trp Cys Ser Gly Glu Cys Gln Cys Lys Asn Gly Gly Ile Cys Asp Gln
170 17s 180
AGG ACA GGA GCT TGT GCA TGT CGT GAC AGA TAT GAA GGG GTG CAC TGT 1168
Arg Thr Gly Ala Cys Ala Cys Arg Asp Arg Tyr Glu Gly-val His Cys
185 190 195 200
GAA ATT CTC AAA GGT TGT CCT CTT CTT CCA TCG GAT TCT CAG GTT CAG 1216
Glu Ile Leu Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Gln Val Gln
205 210 215
GAA GTC AGA AART CCA CCA GAT AAT CCC CAA ACT ATT GAC TAC AGC TGT 1264
Glu Val Arg Asn Pro Pro Asp Asn Pro Gln Thr Ile Asp Tyr Ser Cys
220 225 230
TCA CCA GGG TTC ARG CTT AAG GGT ATG GCA CGA ATT AGC TGT CTC CCA 1312
Ser Pro Gly Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro
235 240 245
DAT GGA CAG TGG AGT AAC TTT CCA CCC AARA TGT ATT CGA GAA TGT GCC 1360
Asn Gly Gln Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Glu Cys Ala
250 255 260 '
ATG GTT TCA TCT CCA GAA CAT GGG AAA GTG RAT GCT CTT AGT GGT GAT 1408
Met Val Ser Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp
265 270 273 280
ATG BTA GAA GGG GCT ACT TTA CGG TTC TCA TGT GAT AGT CCC TAC TAC 1456
Met Ile Glu Gly Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr
28S 290 295
TTG ATT GGT CAA GAA ACA TTA ACC TGT CAG GGT AAT GGT CAG TGG ART 1504
Leu Ile Gly Gln Glu Thr Leu Thr Cys Gln Gly Asn Gly Gln Trp Asn
300 305 310
GGA CAG ATA CCA CAA TGT AAG AAC TTA GTC TTC TGT CCT GAC CTG GAT 1552
Gly Gln Ile Pro Gln Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp
31s 320 - 325 ¢
CCT GTA ARC CAT GCT GAA CAC AAG GTT AAA ATT GGT GTG GAA CAA ARA 1600
Pro Val Asn His Ala Glu His Lys Val Lys Ile Gly Val Glu Gln Lys
330 335 340
TAT GGT CAG TTT CCT CAA GGC ACT GAA GTG ACC TAT ACG TGT TCG GGT 1648
Tyr Gly Gln Phe Pro Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly
345 350 355 360
AAC TAC TTC TTG ATG GGT TTT GAC ACC TTA ARA TGT ARAC CCT GAT GGG 1696

Asn Tyr Phe Leu Met Gly Phe Asp Thr Leu Lys Cys Asn Pro Asp Gly
365 370 375
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TCT TGG TCA GGA TCA CAG CCA TCC TIGT GTT ARA GTG GCA GAC AGA GAG 1744
Ser Trp Ser Gly Ser Gln Pro Ser Cys Val Lys Val Ala Asp Arg Glu
380 385 390
GTC GAC TGT GAC AGT AAA GCT GTA GAC TTC TTG GAT GAT GTIT GGT GAAR 1792
Val Asp Cys Asp Ser Lys Ala Val Asp Phe Leu Asp Asp Val Gly Glu
385 400 405
CCT GTC AGG ATC CAC TGT CCT GCT GGC TGT TCT TTG ACA GCT GGT ACT 1840
Pro Val Arg Ile His Cys Pro Bla Gly Cys Ser Leu Thr Ala Gly Thr-
410 415 420
GTG TGG GGT ACA GCC ATA TAC CAT GAR CTT TCC TCA GTG TGT CGT GCA 1888
val Trp Gly Thr ARla Ile Tyr His Glu Leu Ser Ser Val Cys Axrg Ala
425 430 435 440
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
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ACC
Thr

TCA
Ser

Gly

TCT
Ser
665

GAA
Glu

CGA
Arg

GGT
Gly

GTT
Val

AGA
Arg
745

GTG
Val

GGG
Gly

GGA
Gly

CCa
Pro

CCT
Pro
825

Gln

ARG
Lys

GAC
Asp

CAC
His
650

TCT
Ser

ACC
Thr

TGT
Cys

TCT
Ser

GGG
Gly
736

GCA
Ala

GAC
Asp

TCT
Ser

TCT
Ser

GCG
Ala
810

TTT
Phe

Ala

TCA
Ser

AGA
Arg
635

GCC
Ala

ATA
Ile

GTA
Val

ATC
Ile

GIG
Val
715

TCA
Ser

GCC
Ala

TTG
Leu

CGA
Arg

CAR
Gln
795

AGC

Sex

ATC
Ile

GGA
Gly

TGT
Cys
620

AAT
Asn

ACA
Thr

AGG
Axrg

ACT
Thr

Lys
700

GAA
Glu

CCT
Pro

Lys

GCT
Ala

GCC
Ala
789

GGC
Gly

TGT
Cys

TGG
Trp

ATC
Ile

TTIT
Phe

AAR
Lys

CTT
Leu

TAC
Tyxr

TGT
Cys
685

GIC
val

ATC
Ile

TTC
Phe

CCT
Pro

TCT
Ser
765

ATT

Ile

AGA
Arg

ATT
Tle

AAT
Asn

TCT
Ser
845

CAG
Gln

GCC
Ala

CAT
His

AGC
Ser
€70

ACA
Thr

ATC
Ile

Lys

TTG
Leu

CCT
Pro
750

Lys

TAC
Tyr

AGR
Arg

CCA
Pro

GGG
Gly
830

ARA
Arg

ccC
Pro

Lys

GGA
Gly
655

TGT
Cys

ACA
Thr

ACC
Thr

CCC
Pro

AGG
Arg
735

CCA
Pro

GTT
Val

ACG
Thr

TGT
Cys

GIT
Val
815

AAT

Asn

TGG
Trp

TCA
Ser

TGC
Cys
640

Gln

GAG
Glu

AAT
Asn

TGC
Cys

CCA
Pro
720

TTG
Leu

Lys

Lys

TGC
Cys

GAC
Asp
800

TGT
Cys

TCT
Ser

CTT
Leu

AGT
Ser
625

GAT
Asp

AGT
Ser

GTIT
Val

GGC
Gly

Gln
705

AGT
Sex

CCA
Pro

CCT
Pro

CTA
Leu

GAG
Glu
785

TCT

Ser

GGA
Gly

ACA
Thr

GCA
Ala

29
TTIT
Phe

GAT
Asp

ATT
Ile

CIC
Leu

ACA
Thr
630

AAC
Asn

CGG
Arg

CGG
Arg

BGA
Arg

cCT
Pro
770

TCG
Ser

AAT
Asn

CGG
Arg

GAA
Glu

GAC
Asp
850

GCT
Ala

CCT
Pro

GAT
Asp

CAC
His
675

TGG
Trp

ccc
Pro

ACA
Thr

TTA
Leu

TCC
Ser
755

GAA
Glu

AGA
Arg

GGA
Gly

TCA
Ser

ATA
Ile
835

CAC
His

TGC
Cys

GGA
Gly

GGG
Gly
660

TAC
Tyxr

AGT
Ser

CcCT
Pro

ARC
Asn

cCce
Pro
740

TCA
Ser

GGT
Gly

TAC
Tyr

ARC
Asn

GAC
Asp
820

GGT
Gly

AAT
Asn

ATG
Met

TCA
Serx
645

TTC
Phe

CTC
Leu

GCT
Ala

GTA
Val

TCG
Ser
725

CTIC
Leu

Gln

CAT
His

TAC
Tyr

TGG

Trp
805

TCT

Ser

CAG
Gln

ATG
Met

ATIG
Met
630

CTG
Leu

TAT
Tyx

AGT
Ser

CcCT
Pro

CCA
Pro
710

ATA
Ile

CCA
Pro

cCC
Pro

TAC
Tyr

GAA
Glu
780

AGT

Ser

CCT
Pro

TGG
Trp

TGG
Trp

GAT
Asp

GAA
Glu

GCT
Ala

GGA
Gly

Lys
695

TCA
Ser

AGT
Serx

TTA
Leu

TCT
Ser

CGG
Arg
775

CTA
Leu

GGT
Gly

CGT
Arg

CCG
Pro

TTT
Phe
855

PCT/SGI8/00073
CIG 2464
Leu
BAT 2512
Asn
GGT 2560
Gly
ACT 2608
Thr
680
CCT 2656
Pro
TAT 2704
Tyx
CGT 2752
Arg
GCC 2800
Ala
BCT 2848
Thr
760
GTA 2896
Val
CTT 2944
Leu
CGG 2992
Arg
TCT 3049
Ser
TGG 3088
Trp
840
CTC 3136
Leu
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CAG TGT GGA GGA TCT CTA TTG AAT GAG ARA TGG ATC GTC ACT GCT GCC 3184
Gln Cys Gly Gly Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Ala
860 865 870
CAC TGT GTC ACC TAC TCT GCT ACT GCT GAG ATT ATT GAC CCC AAT CRG 3232
His Cys Val .Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln
875 88¢c 885
TTT ARA ATG TAT CTG GGC ARG TAC TAC CGT GAT GAC AGT AGA GAC GAT 3280
Phe Lys Met Tyr Leu Gly Lys Tyr Tyr Arg Asp Asp Ser Arg Asp Asp
830 895 5G0
GAC TAT GTA CAR GTA AGA GAG GCT CTT GAG ATC CAC GIG AAT CCT AAC 3328
Asp Tyr Val Gln Val Arg Glu Ala Leu Glu Ile His Val Asn Pro Asn,
905 910 915 920
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
940 945 850
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 AAG 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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GGATCATTGT TTCTGTTTGT TTTTACAAAT GGTITCTTTTA GTCAGTGARAT GAGAATAGTA 3977
TCCATTGGAG ACTGTTACCT TTTATTCTAC CTTTTTATAT TACTATGCRA GTATTTGGGA 4037
TATCTTCTAC QCATGAAAAT TCTGTCATTT TACCATAAAT TTGGTTTCIG GTGTGIGTGT 4097
TAAGTCCACC ACTAGAGAAC GATGTAATTT TCAATAGTAC ATGAAATAAA TATAGAACAA 4157

ATCTATTATA AAAAARARAR ARAAA 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
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Asp
Leu
Pro
225
Met
Pro
' Lys
Phe
Cys
305
Leu
Val
Glu
Thr
Cys
388
Asp

Gly

Glu

Phe
465

Leu

Lys

Arg Tyr
195

Pro Ser
210

Gln Thr

Ala Arg
Lys Cys
Val Asn

275

Ser Cys
280

Gln Gly
Val Phe
Lys 1le
Val Thr

355

Leu Lys
370

Val Lys
Phe Leu

Cys Ser

Leu Ser
435

Sexr Gly
450
Leu Gly

Ala Arg

Ser Gly

Glu

Asp

Ile

Ile

Ile

260

Ala

Asp

Asn

Cys

Gly

340

Tyr

Cys

Val

Asp

Leu

420

Ser

Gly

Ser

Ser

Cys
500

Gly

Serxr

Asp

Ser

245

Arg

Leu

Ser

Gly

Pro

325

Val

Thr

Asn

Ala

Asp

405

Thr

Val

Ala

Asp

Phe

485

Pro

Val
Gln
Tyr
230
Cys
Glu
Ser
Pro
Gln
310
Asp
Glu
Cys
Pro
Asp
390
Val

Ala

Cys

Val
Leu
470

Arg

Asp

R s .

His

Val

215

Ser

Leu

Cys

Gly

Tyr

295

Trp

Leu

Gln

Ser

Asp

375

Arg

Gly

Gly

Arg

His
455
Asn

Phe

Gly

Cys

200

Gln

Cys

Pro

Ala

Asp

280

Tyx

Asn

Asp

Lys

Gly

360

Gly

Glu

Glu

Thr

Ala
440

Val

Gly

Asp

Txp

32

Glu Ile Leu

Glu

Ser

Asn

Met

265

Met

Leu

Gly

Pro

Tyr

345

Asn

Ser

Val

Pro

Val

425

Ala

val

Ilie

Tyr

Phe
505

Val

Pro

Gly

250

Val

Ile

Ile

Gln

Val

330

Gly

Tyr

Trp

Asp

Val
410

Trp

Ile

Asn
Lys
Val

490

Glu

Arg

Gly

235

Gln

Ser

Glu

Gly

Ile

315

Asn

Gln

Phe

Ser

Cys

395

Arg

Gly

His

Asn
Ser
475

Ser

Val

Lys

Asn

220

Phe

Trp

Ser

Gly

Gln

300

Pro

His

Phe

Leu

Gly

380

Asp

Ile

Thx

Ala

Gly
460
Glu

Ser

Asp

Gly

205

Pro

Lys

Ser

Pro

Ala

285

Glu

Gln

Ala

Pro

Met

365

Ser

Ser

His

Ala

Gly
445

Pro

Glu

Ser

Glu

Cys
Pro
Leu
Asn
Glu
270
Thx
Thy
Cys
Glu
Gln
350
Gly
Gln
Lys
Cys
Iie
430
Lys
Tyr
Leu

Thr

Asn
510

Pro
Asp
Lys
Phe
255
His
Leu
Leu
Lys
His
335
Gly
Phe
Pro
Ala
Pro
415

Tyr

Leu

Ser

Lys

Ala
495

Cys

PCT/SG98/00073

Leq
Asn
Gly
240
Pro
Gly
Arg
Thr
Asn
320
Lys
Thx
Asp
Ser
val
400
Ala
His

Pro

Asp
Ser
480

Gly

Val
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Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg Ala Gln Gly Val Cys
515 520 525

Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp Lys Asp Val Ile Pro
530 535 540 .

Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly Leu Thx Thr Thr Trp
545 550 555 560

Ile Gly Leu His Arg Leu Asp Ala Glu Lys Pro Phe Ile Trp Glu Leun
565 570 575

Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala
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
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Glu
865

Tyr

Leu

Asp

Val

945

Lys

Asn

Ala

val

Ala

Glu Ile
B35

Asp His
850

Lys Trp
Glu Ile
Arg Asp
Glu Ile

915

Tle Ala
930

Gln %ro
Glu Gly
Thr Tyr

Ser Thr
995

Thr Glu
1010

Cys Serx

1025

Arg

Pro

Thr Glu

Ser Gly

Gly

Asn

Ile

Ile

Asp

900

His

Leu

Ile

Thr

Ser

980

Cys

Asn

Gly

Gln

Met

val

Asp

885

Sex

val

Ile

Cys

Leu

965

Glu

Glu

Met

Asp

Trp

Trp

Thr

870

Pro

Arg

Asn

Gln

Leu

950

Ala

Thr

Glu

Phe

Ser
1630

840

Phe Leu Gln
855

Ala Ala His
Asn Gln Phe
Asp Asp Asp

805

Pro Asn Tyr
920

Leu Lys Thr
935

Pro Thr Asp
Val Val Thx
Ile Gln Gln

985

Gly Tyr Lys
1000

Cys Ala Gly
1015

Gly Gly Pro

Arg Arg Trp Val Leu Glu

1045

e e e e

34
Pro Trp Gin Ala Gly

Cys

Cys

Lys

890

Tyxr

Asp

Pro

Ile

Gly

970

Ala

Glu

Tyxr

Leu

Gly

Val

875

Met

vVal

Pro

Val

Thr

955

Trp

Val

Ala

Lys

Ile

Gly

860

Thr

Tyr

Gln

Gly

Thr

940

Thr

Gly

Leu

Lys

Ser Arg
845

Ser Leu

Tyr Ser

Leu Gly

Val Arg
910

Asn Leu
925

Leu Thr

Arg Glu

Leu Asn

Pro Val
990

Leu Pro
1005

Gly Arg

1020

Val Phe Ala Asp

1035

Trp

Leu

Ala

Lys

835

Glu

Asn

Thr

Bis

Glu

975

Val

Leu

Tyr

Asp

-

PCT/SG98/00073

Leu
Asn
Thr
880
Tyr
Ala
Phe
Arg
Leu
960
Asn
Ala
Thx

Asp

Ser
1040

Gly Ile Val Ser Txp Gly Ser
1050

1055

Cys Gly Lys Ala Asn Gln Tyr Gly Gly Phe Thr Lys Val
1065

1060

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

1070



WO 99/15676 PCT/SG98/00073

35

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

{ix} FEATURE:
(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 ARA TAT GGT ACT TGG TGT 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 AAT 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
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TGG AGT AAC TTT CCA CCC AAA TGT ATT CGA GAA TGT GCC ATG GTT TCA 626
Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser
190 135 200
TCT CCA GAA CAT GGG AAR GTG AAT GCT CTT AGT GGT GAT ATG ATA GARA 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
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TCC TCC ACA GCA GGT AAAR TCA GGA TGT CCT GAT GGA TGG TTT GAG GTA 1346
Ser Ser Thr Ala Gly Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val
430 435 440
GAC GAG AAC TGT GTG TAC GTT ACA TCA ARA CAG RGA GCC TGG GAA AGA 1394
Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg
445 450 455
GCT CAR GGT GTG TGT ACC AAT ATG GCT GCT CGT CTT GCT GTIG CTG GAC 1442
Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp
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
560 565 570
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
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CCT TTC TTG AGG TTG CCA CGG TTA CCC CTC CCA TTA GCT AGA GCA GCC 2066
Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala
670 675 680
AAA CCT CCT CCA AAA CCT AGA TCC TCA CAA CCC TCT ACT GTG GAC TTG 2114
Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu
685 ’ 630 €395
GCT TCT AAA GTT ARA CTA CCT GAA GGT CAT TAC CGG GTA GGG TCT CGA 2162
Ala Ser Lys Val Lys Leu Pro Glu Gly His Tyr Arg Val Gly Ser Arg
700 708 710 715
GCC ATC TAC ACG TGC GAG TCG AGA TAC TAC GAA CTA CTT GGA TCT CAa 2210
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 GARC 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
7865 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
780 785 790 785
GGA TCT CTA TTG AAT GAG ARA TGG ATC GTC ACT GCT GCC CAC TGT GIC 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 CIG GGC ARG 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 2699
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
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GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA CARA GCT GIG 2786
Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val
910 915 920
CTA CCT GTT GTT GCA GCC AGC ACC TGT GAR GAG GGG TAC AAG GAA GCA 2834
Leu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala
925 330 935

GAC TTA CCA CTG ACA GTA ARCA GAG AAC ATG TTC TGT GCA GGT TAC AAG 2882
Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys
940 945 8540 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 : 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
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Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly Asp Pro Gly Tyr Val
35 40 45

Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe Tyr Arg Trp Arg Pro
50 55 60

Tyr Cys Lys-Pro Cys Asp Asp Leu Glu Ala Lys Asp Ile Cys Pro Lys
65 70 75 80

Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp Ser Cys Val Thr
85 30 95

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
100 108 110

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
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Gly

Glu

Asn

385

Phe

Leu

Lys

Tyxr

Thr

465

Asn

Ile

Met

Ser

Asp

545

Ser

Asp

Ser
Yal
Gly
625

Gln

Sexr

Cys
Leu
370

Ser

Leu

Ser

Val
450

Asn-

Ser

Gly

Asp

Gly

530

Gln

Phe

Asp

Ile
Leu
610
Thr

Asn

Arg

Ser
355
Ser
Gly
Gly
Arg
Gly
435
Thr
Met
Leu
Leu
Arg
515
Glu
Leu

Ala

Pro

Asp
595
His
Trp

Pro

Thr

Leu Thr
Ser Val
Gly Ala

Ser Asp
405

Ser Phe
420

Cys Pro
Ser Lys
Ala Ala
Thr Glu

485

His Arg
500

Ser Asn
Pro Gly
Gln Ser
Cys Met
565
Gly Ser
580
Gly Phe
Tyr Leu
Ser Ala
Pro Val

645

Asn Serx
660

Ala

Cys

Val

330

Leu

Arg

Asp

Gln

Arqg

470

Thr

Leu

Val

Asn

Val

550

Met

Leu

Tyr
Ser
Pro
630

Pro

Ile

Gly

Arg

375

His

Asn

Phe

Gly

Arg

455

Leu

Leu

Asp

Val
Glu
535
Trp

Asp

Glu

Ala
Gly
615
Lys

Ser

Ser

Thr

360

Ala

val

Gly

Asp

Trp

440

Ala

Ala

Arg

Ala

Leu

520

Thr

Lys

Len

Asn

Gly
600
Thr
Pro

Tyr

Arg

Val

Ala

Val

Ile

Tyx

425

Phe

Trp

val

Gly

Glu

505

Asn

Asn

Thr

Ser

Gly
585

Ser

Glu

Arg

Gly

Val
665

41

Trp Gly
Ile His
Asn Asn

385

Lys Ser
410

Val Arg

Glu val

Glu Arg

Leu Asp

47S

Lys Gly
490

Lys Pro

Asp Asn

Cys Val

Lys Ser
555

Asp Arg
570

His Ala

Ser Ile
Thr Val
Cys Ile

635

Sexr Val
650

Gly Ser

Thr

Ala

380

Gly

Glu

Ser

Asp

Ala

460

Lys

Leu

Phe

Leu

Tyxr

540

Cys

Asn

Thr

Arg
Thx
620
Lys

Glun

Pro

Ala

365

Gly

Pro

Glu

Ser

Glu

445

Gln

Asp

Thr

Ile

Thr

5258

Met

Phe

Lys

Leu

Tyxr
605
Cys
Val

Ile

Phe

Ile

Lys

Tyr

Leu

Thr

430

Asn

Gly

Val

Thr

Trp

510

Phe

Asp

Gln

Ala

His
590

Ser

Thxr

Ile

Lys

Leu
670

Tyxr

Leu

Ser

Lys

415

Ala

Cys

Val

Ile

Thr

495

Glu

Trp

Ile

Bro

Lys

575

Gly

Cys

Thr

Thr

Pro

655

Arg
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His
Pro
Asp
400
Ser
Gly
Val
Cys
Pro
480
Trp
Leu
Ala
Gln
Sei
560

Cys

Gln

Glu
Asn
Cys
640

Pro

Leu
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Pro

Pro

Leu

705

Glu

Sexr

Gly

Thr-

Ala
785
Glu
Ala
Tyr
Leu
Asp
865
Val
Lys

Asn

Ala

Val
945

Ala

Arg

Arg

Arg

690

Pro

Ser

Asn

Arg

Glu

770

Asp

Lys

Glu

Arg

Glu

850

Ile

Gln

Glu

Thr

Ser
930

Thr

Cys

Thx

Leu

675

Ser

Glu

Arg

Gly

Ser

755

Ile

His

Trp

Ile

Asp

835

Ile

Ala

Pro

Gly

Tyr

915

Thx

Glu

Sex

Glu

Pro

Ser

‘Gly

Tyr

Asn

740

Asp

Gly

Asn

Ile

Ile

820

Asp

His

Leu

Ile

Thr

900

Ser

Cys

Asn

Gly

Arg
980

Leu

Gln

His

Tyr

725

Trp

Ser

Gln

Met

Val

805

Asp

Ser

Val

Ile

Cys

885

Leu

Glu

Glu

Met

Asp
965

Arg

Pro

Pro

Tyr

710

Glu

Ser

Pro

Trp

730

Thr

Pro

Arg

Asn

Gln

870

Leu

Ala

Thr

Glu

Phe
950

Ser

Trp

Leu

Ser

695

Arg

Leu

Gly

Arg

Pro

715

Phe

Ala

Asn

Asp

Pro

855

Leu

Pro

Val

Ile

Gly
835

Cys

Gly

val

A et

Ala

680

Thr

Val

Leu

aArg

Ser

760

Trp

Leu

Ala

Gln

Asp

840

Asn

Lys

Thx

Val

Gln

920

Tyr

Ala

Gly

Leu

Arg

Val

Gly

Gly

Pro

745

Pro

Gln

Gln

His

Phe

825

Asp

Tyr

Thr

Asp

Thr

905

Gln

Lys

Gly

Pro

Glu
985

42

Ala

Asp

Ser

Ser

730

Ala

Phe

Ala

Cys

Cys

810

Lys

Tyxr

Asp

Ile
890
Gly

Ala

Glu

Tyr

Leu
970

Gly

Ala

Leu

Arg

715

Gln

Ser

Ile

Gly

Gly

795

Val

Met

Val

Pro

Val

875

Thr

Trp

Val

Ala

Lys
955

Val

Ile

Lys

Ala

700

Ala

Gly

Cys

Txp

Ile

780

Gly

Thr

Tyr

Gln

Gly

860

Thr

Thr

Gly

Leu

Asp
940

Lys

Phe

Val

Pro

685

Ser

Ile

Arg

Ile

Asn

765

Ser

Ser

Tyr

Leu

val

845

Asn

Len

Arg

Leu

Pro

925

Leu

Gly

Ala

Ser

Pro

Lys

Tyr

Arg

Pro

750

Gly

Arg

Leu

Sexr

Gly

830

Arg

Leu

Thr

Glu

Asn

910

Val

Pro

Arg

Asp

Trp
990

Pro
val
Thr
Cys
735
val
Asn
Trp
Leu

a
815
Lys
Glu
Asn
Thr
His
895
Glu

Val

Leu

Tyr

Asp
975

Gly

PCT/SG98/00073

Lys
Lys
Cys
720
Asp
Cys
Sexr
Leu
Asn
800
Thx
Tyr
Ala
Phe
Axrg
8890
Leu
Asn

Ala

Thx

Asp
960

Ser

Ser
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Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly Gly Phe Thr Lys Val
995 1000 1005

Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1010 1015
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CLAIMS:

) O O

What is claimed is:
L. A recombinant DNA vector comprising a baculovirus-derived vector and.

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.
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7. An assay for endotoxin comprising:

i) 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

5 i) measuring the amount of said chromogenic or fluorogenic moiety

cleaved from said peptide.

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;
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5 i) contacting said complex with recombinant Factor C of a horseshoe crab
to form immobilized Factor C; and
i) .contacting said immobilized Factor C with an antibody that specifically
binds to said immobilized Factor C; and
iv)  quantitating 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;
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5 if) contacting said complex with recombinant Factor C of a horseshoe crab
to form immobilized Factor C; and
iti)  contacting said immobilized Factor C with an antibody that specifically
binds to said immobilized Factor C; and
iv)  quantitating the amount of said antibody specifically 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:
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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