WO 01/27289 PCT/SG00/00162 RECOMBINANT PROTEINS AND PEPTIDES FOR ENDOTOXIN
BIOSENSORS, ENDOTOXIN REMOVAL, AND ANTI-MICROBIAL & ANTI-ENDOTOXIN
" THERAPEUTICS 5 FIELD OF THE INVENTION The present invention relates to the use of
recombinantwolypemides and synthetic peptides derived from a horseshoe srals&agiorst as well as
computationally designed peptide analogues, all of which have endotoxin-binding domain(s). The
recombinant proteins may be expressed from insect cell clones, io either as is or as fusion proteins,

e.g. with gieen i RIRT PRBTENES RNDhEe Y TBRS FORSENDIET 8IN $PRISEResBRIGaNt Factor C
to LB pi¥0ieiN igEm oV RDIRAIBOAIeTIaMSciiitnbIAdY 8 WY IRRsRS e PG pHiBiARE PR gnay be
exploited in accordance with the present invention for anti-endotoxin and anti- microbial therapeutics
as well as for the tracing, detection, and removal of LPS or 15 gram-negative bacteria. The present
invention also relates to a method for treating bacterial infection of a subject by inducing
bacteriostasis by administration of a recqmbipantFagtonémateiy BACKGROUND. OF THE
INVENTION 20 Endotoxin, also known as lipopolysaccharide (LPS), is an integral component of the

gram-negative bactERalrcenankinveaReriaterdSpEISsHR RERIAMP M3 2y ReHideRAdeffects that
occur during gramsnegativribacierial Sepsisd hosBshéz &AW MHFePOhkcRtlinids consisting of a variable

polysaccharide domain covalently bound to a conserved giucosamine-based phospholipid known as

lipid A. LPS @REMN2ENsauARes MAEPRRSKCHIBONE malt @pHAlEs B s X viBB dindy of
inflammatoryy gyiokings that inelideRanopResiosimioatarsa S fdibsa)rinteslaiddnssi (Hoddsand

interleukin-8 (IL-8) (2). Excessive release of these cytokines by host macro ha\%es almost assuredly
%%’éﬂi

contributes t¢8gRATAN HeBaH TRAPT BEINE A AHEP EFREHUBIBRSGRANDY eHacted sepsis (3).

The proinflaramataiy bicagtiviiesrexbibiad Ry BedeimRicalbrdeside ipthe/lipidAumrigdy (4). -1 WO
01/27289 PCT/SGOO/00162 LPS from %ram-negative bacteria induces the amoebocytes of horseshoe
crabs LPS-binding domains which have unsurpassad binding affinity for LPS, may be

expioited in accordance with the present invention for anti-endotoxin and anti-
microbial therapeutics as well as for the tracing, detection, and removal of LPS or

s gram-negative bacteria. The present invention also relates to a method for
treating bacterial infection of a subject by inducing bacteriostasis by
administration of a recombinant Factor C protein.

BACKGROUND OF THE INVENTION

20 Endotoxin, also known as lipopolysaccharide {LPS), is an integral component

of the gram-negative bacterial cell membrane and is responsible for many, if not all,
of the toxic effects that occur during gram-negative bacterial sepsis (1), LPSisa
mixture of glycolipids consisting of a variable polysaccharide domain covalently
bound to a conserved glucosamine-based phospholipid known as lipid A. LPS directly

25 stimulates host monocytes and macrophages to secrete a wide array of inflammatory
cytokines that include tumor necrosis factor-a (TNF-a), interleukins-1 (IL-1), and
interieukin-8 (IL-8) (2). Excessive release of these cytokines by host macrophages
almost assuredly contributes to organ failure and death that occur after episodes of
gram-negative bacterial sepsis (3). The proinflammatory bioactivities exhibited by

30 LPS typically reside in the lipid A moiety (4).



to aggregate and degranulate. Presumably, the LPS-induced coagulation cascade represents an
important defense mechanism used by horseshoe crabs against invasion by gram-negative bacteria
(5). The amoebocyte lysate constituted as the 5 Limulus amoebocyte lysate (LAL) test has been used
for decades swoavtoobfor detecting trace concentrations of LPS in solution (&@x/Sdwe/moedecular
mechanism of coagulation in horseshoe crab has been established and it involves a protease
cascade. This cascade is based on 3 kinds of serine protease zymogens, Factor C, Factor B,

proclotting enzyme | @3chione glattahiepriotetactesgiteyeny 8)cBeing tbeytOsinitinb asraiocadiihe

clotting cascade, Factor C functions as a bigsensor gfat respig) ds to LPS, Despite advances in
antimicrobial thERAES R ABLABEIEANIT indr STHIZP BoFHEIAToPRLEE (R e Sa A Bacteria
infections contipteséptocseimpoaiant pieless. (indrioxin asdipondivsessharidefsRShiprsent on the

cell wall of Gram is negative bacteria (GNB) plays an_jmportant role in the pathophysiplogy of these
infections. It HB@:SEQB%; ﬂféﬁ?&%‘?‘%#&é%&%%%ﬁ@ r?qéﬁigﬂ}%erbé)@ﬁggyéﬁfgc%%t%%eﬂ?ﬁ?(g)%ﬁecrosis
factor ang intereukingridRhaapebalsaitey(foningatigidshicldeaanik thedsasterieoprdtecting them
from the effects of antibiotics. Therefore, thz d?ﬁection a,nd/r?é rﬁ]mcg%lr of L PS from tkhe:ab_loods ream or
any parenter3C5RFEBRHGH TR H0HR BrEH P mibho8H4HEN Rafm SRS R B0 Bt of LPS.
The lipid A cempansit @il REwaysdtheamostiniertantbiclogicaldatanlipidedgpresdise to all the ill
effects elicited b%%%dotoxin. A number of LPS-bj c!ingSr proteins have been identified. Among them are

the LPS bindfi§{dfein! M'BEAEFRGISPAaR %iégﬁ”ﬁ AeSHiRG HEREAshe/ PISEaRS: S8%YI%18,42).
LBP, a 60 kDratherBnalisncardenipied) dnasca ditlditeriteroting tughulegses of. spenificihefor lipid A
(43). BPI, a 55 kDa protein found in human neutrophils, i t%a able of bin%’hng to the toxic lipid A
motety f L& R HHAR R RIDSTGH S S S0k (15 K905 25 S FHeSERSBlafify amoebocytes
of the horseshgp 6rdb gpntan an array of 30 proteins that are capable of binding and neutralizing

LPS. The Limulus anti Iipopocliysaccharide factor, LALE, an 11.8 kDa LPS-binding peptide, has been -2
Despite advances in antimicrobial therapy, septic shock and other clinica!l

complications due to Gram-negative bacterial infections continue tc pose a major
problem. Endotoxin or lipopolysaccharide (LPS) present on the cell wall of Gram-
15 negative bacteria (GNB) plays an important role in the pathophysiology of these
infections. If does so by mediating toxicity and also mediating release of factors
fike tumor necrosis factor and interleukins (40), and also by forming a rigid shield
around the bacteria protecting them from the effects of antibiotics, Therefore,
the detect‘soﬁ and/or removal of LPS from the bloodstream or any parenteral
20 solution may aid in the prevention of the inflammatory and pyrogenic effects of
LPS. The lipid A component of LPS plays the most important biofogical role; lipid
A gives rise to all the ill effects elicited by endotoxin.
A number of LPS-binding proteins have been identified. Among them are
the LPS binding protein, LBP {41), and bactericidal permeability increasing protein,
2s  BPI (18,42). LBP, a 60 kDa mammalian serum protein, has a binding site with a
high degree of specificity for lipid A (43). BPI, a 55 kDa protein found in human
neutrophils, is capable of binding to the toxic lipid A moiety of LPS resulting in
neutralization of the endotoxin (18,42,44,45).
The circulating amoebocytes of the horseshoe crab contain an array of
30  proteins that are capable of binding and neutralizing LPS. The Limulus
antilipopotysaccharide factor, LALF, an 11.8 kDa LPS-binding peptide, has been
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WO 01/27289 PCT/SG00100162 identified in the amebocytes of horseshoe crabs Limulus polyhemus
and Tachyp/eus tridentatus. LALF has subsequently been isolated and characterized (46-49).
Purified LALF has been shown to bind LPS and exhibit endotoxin neutralization (50,19,51,52). Two
other LPS-bmdimgomsteins from horseshoe crab s hemocytes are tachypleskCEB3BayEdd big defensin
(55). Factor C is a serine protease zymogen. It is the key enzyme in the C. rotundicauda amoebocyte
lysate (CAL) that is activated by LPS to initiate the coagulation cascade (56-58). Factor C activity is

the basis of giugeyisensitive sasssycieedamnipamrniavelsisf endotoxipousrarinsheduality control of io
pharmaceutical products (59). The importance of Factor C in the detection of endotoxin has thus led

) .
to the expres@éﬁ}’éﬁ’%c;f%ﬁﬁﬁ?ﬁ@a FohaEeuRsenBB B, PEBISARIEA AREARAIPEE0ERCE that should

alleviate the Laicfyio-palHbADAL FeRsoBabyaliwion 1o Bieisersitivilyephpftesiiotosirendotoxin which is
a recognized drawback with conventional amoebor(a%te lysate (59-61). Is SUMMARY OF THE

INVENTIONSiHEE ZaBest CQd Bd adtvRre BPeeits? AL 8BS Me il Yo AGMEHMRCEERbbr C has an
LPS-bindingpegign taat-exhikits sxaaptionaly hieh miiniyeteskRsk) Consequently, this LPS-binding

domain can be utilized to detect and remove 20 pyrogenic contaminants in pharmaceutical products

intended for parentBR&FOAGRsSRIh IS IRRTERY FOPIT VS iR HEKISISYRENIE M 8dtermination of
endotoxin logalization @ athesfSbinding prapp:eifacivaedasidesinthaateinpeerminal region

spanning 333 amino acids. This short region constitutes a signal peptide, a cysteine- 25 rich region,

followed by SREEHAAPRRFEFTEDP-MER-dBRREH ArRF VIR 3% SREEFhAINSYHRGRTDE affinity,
comparable {a4he RRteERGRN GereqWren it sonrestdaaationaft) eiswtbiderbonds (16). This

obstacle is compounded by the presence of a cysteine-rich region. Here, for the first time, we report

the expiéssibhampsticiideauriaietondNeP SR RImarSreidiimaREeHe Factor C
(SSCrFCES)30yisk ehRecsiory signabrEsseereterymignahisrdiagosedrn US Patent

{12,60,61,73-38), as an alternative source that should alleviate the batch-to-batch
and seasonal variation in the sensitivity of detection of endotoxin which is a

recognized drawback with conventional amoebocyte lysate (59-61}.

SUMMARY OF THE INVENTION
Since Factor C can be activated by femtograms of LPS, it is thought that

Factor C has an LPS-binding region that exhibits exceptionally high affinity for LPS.
Consequently, this LPS-binding domain can be utilized to detect and remove
20 pyrogenic contaminants in pharmaceutical products intended for parenteral
administration as well as for in vivo immunohistochemical determination of endotoxin
localization (9).
The LPS-binding property of Factor C resides in the amino-terminal region
spanning 333 amino acids. This short region constitutes a signai peptide, a cysteine-
25 rich region, followed by epidermal growth factor-iike domain and finally 3 sushi
domains. High LPS affinity, comparable to the native Factor C, requires the correct
formation of 9 disulfide bonds (16). This obstacle is compounded by the presence of
a cysteine-rich region. Here, for the first time, we report the expression and
secretion of a functional LPS-binding domain of C rotundicauda Factor C (SSCrFCES)
30 via a novel secretory signal. The secretory signal is disclosed in US Patent
Application No. 09/426,776, filted October 26, 1999. The entire disclosures of

-
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Application No. 09/426,776, filed October 26, 1999. The entire disclosures of -3 09/426,776 and of the
provisional application upon which it is based, 60/106,426, are hereby expressly incorporated by
reference. Homologous Factor C zymogen cDNAs have been cloned from one of the four extant
species of horseshoe crab, Carcinoscorpius rotundicauda (CrFC) (10). Initial 5 attempts to express
CrFC and its truncated forms in E. co/iresulted in a non-active enzyme (11). Subsequently, CrFC was
cloned and expressed in Saccharomyces cerevisiae and a methylotropic yeast, Pic/va pastoris.
However, ngi4aa/%y & acoCtheopihesBsct apicgtios comvistichainiatagea.ctd/ iimaléequences
were capable of directin secll'etion of tg%e@%orpg%g?éﬁ&rotein into the culture media for easier io
purification ?i%ﬁ?fﬁﬁ’}f el %Q{Bl%ssed i yéastwas not enzymatically active although it retained
endotoxin-binding peamsicigsisIRYcibxAregsiogan clidds bairalbeestatotetSiRmend\pplibatfonrNo.

09/081,767, filed May 21, 1998) yielded recambinant Factor C (rFC) wit A ible enzyme
activity. TheE S-SRl SOSER ST o R BT BHA S Ao oA s i
based, §0/058cPAstsate dieney Explasslitncamattddhyreiarénce/ faslddtmhasextartiety high
sensitivity to trace levels of LPS (<0.005 ml). Before, these experiments, the LPS-binding domain
of Factor C S Hor MR RS e PELONE SoBLBeI) cEtESCe e Eneterologous
host. The diffigultwine gaing sewgRtespelyshse, tGitsbighliammplewsvespieitiactive Fidienany
highly 20 disulfide-bondég roteins, like ePidermaéﬁgﬁg factor %%and secreted

acetylcholin2tdfsseqd 5'?5655(?@555%175 8pr R0 Ay Haﬁaﬁ%so‘?’eé&%%ﬁ’é% %%sed by
the Factor GikBSraindibetomainhé faromolrfBSCREIER Wwis secreles raediarfeneesieith the

rocomharPUSTEHTFOES e RGELLE o ESSEA ) HE ey P St B B pid A
using an ELfrAcbanad tasired astioiassbindmy elf@sesticlacesplasmon resonance interaction. Other
SSCIF Coush-+- M PSR REE RPN (ST AR P LT SRS ein, GFP)
as well as sypihedig,peplidesss gelgatshbcbmbinant Factor C (rFC) with LPS-inducible enzyme
_ activity. The entire disclosures of 09/081,767 and of the provisional application upon
15 which it is based, 60/058,816, are hereby expressly incorporated by reference. The
rEC has extremely high sensitivity to trace levels of LPS (<0.005 EU/ml). Before
these experiments, the LPS-binding domain of Factor C exhibiting high affinity for
_ LPS was never before successfully expressed in a heterologous host. The difficutty in
doirng so was largely due to its highly conhple% mosaic structure, While many highly
20 disulfide-bonded proteins, like epidermal growth factor (14) and secreted
acetylcholinesterase (15), were successfully expressed, few display the kind of
complexity posed by the Factor C LPS-binding domain.
A form of SSCrFCES was secreted in accordance with the embodiments of the present
invention and was purified to homogeneity. The biological functions of the recombinant
25 | SSCrFCES were assessed by measuring thé'a’bility of 'i:he SSCrFCES to bind lipid A
using an ELISA-based lipid A binding assay as well as surface plasmon resonance
interaction. Other subfragments containing the LPS-binding domain(s) - e.g.,
SSCrFCsushi-1,2,3-GFP, SSCrFCsushi-1-GFP, S5CrFCsushi-3-GFP (fusion constructs
with green fluorescent protein, GFP) -- as well as synthetic peptides, e.g., sushi-1
30 (S1), sushi-14 {S14), sushi-3 (S3), and sushi-3A (534), each of 34 mer length, and



30 (51), sushi-10 (Sio), sushi-3 (S3), and sushi-3o (S3A), each of 34 mer length, and --4 designed
variant forms of peptides bearing BHBHB and/or BHPHB (where B=basic, H=hydrophobic, P=polar
amino acids)--also show strong affinity for endotoxin. The ability of these proteins and peptides to
mediate inhibition of endotoxin- induced Limulus amoebocyte lysate (LAL) coagulation was measured
with a sensitive LAL Kinetic-QCL assay. The SSCrFCES protein and peptides were also tested for
their ability to suppress LPS-induced cytokines (TNF-a and IL-B) produced by THP-1 and normal
human peripheral blood mononuclear cells (hPBMC). SSCrFCES and the peptides were
non-cytotoxic. SSCrFCES has a clearance rate of 4.7 ml/min. We also show that low doses of
SSCrFCES protein and the synthetic peptides protect %%Iactosamine-sensitized mice from

LPS-induceddetbatityvarhetpeptisad haveietdag nhfikrShrI Pt R E%h BrE7Efore be used as
potent therapeutigfodRoereraspeskthesedagrardeduseioha polypdptideiseidoted from the group
consisting of a susiy 1 eplide, g SUSIAA eI B 3pepiden AUShioBAngaIde, a sushi 4
peptide, a sushi-5 peptide, a sushl-g-v%y peptide, a sushi-?-_vq%gﬁﬁti%gm% %H{%hia'%év §i\|lqaeptide, and a
sushi-9-vg4 (relyaae Liihe mRAERARIT&BA'S (MtdicatRdAt t8r YRSakivG Gfam hegative bacterial infection
in a subject, whersiaipain>ipelype iideds Capas eotprctdchrgiastentsBsideRrandtHE aspect, there
is provided a methad for purifyipg & sample Ry remonat-okandetexipreamatising immabilizing a
polypeptide consisting essentially of a_ lipopolysaccharide, bingi m@@&,ﬁ@é?catgg G,protein on a
insoluble maﬁ&%ﬁ?ﬁf@ﬁﬁgpgﬁaeéﬁin%?é) R’F?t08%?1“%08%‘2’&%0|yp§ptide, and.se@iarating said sample
from said immobilizedspolypeptidexin SFCTEESSpREE HEFEPEPIGHIRT UsE UM pdi§FEitide selected
from the group, gonsisting, ofigsssIshi- Epeprtties apstiehi- Hipeptideyasiship8npeptidecedushi-3A
peptide, a sushy-4 peptide, a sushi-8 peptide, A-sushiGsydbpeRijdesa sushisdsveR cpapiide. a
sushi-8-vg3 p% Ei%%’;agf‘ﬁﬂ éﬁ ‘é;asﬁlzl“fg-\r/l}g%%pﬂe%ﬁde, in the manufat?:%gre of a medicament for treating
sepsis causedryiaBrEhPHEGEAYES IR A PR ABFhat 8N S BBITHSBtide is capable of binding
lipopolysaccharide of said grant, negatisepbactetiasand amelipeaticsnsiinstara ey réspsitse to said
Iipopolysacch&}rriggtmg of a sushi-1 peptide, a sushi-1A peplide, a sushi-3 peptide, a sushi-3A

peptide, a sushi-4 peptide, a sushi-5 peptide, a sushi-8-vg1 peplide, a sushi-7-vg2

peptide, a sushi-8-vg3 peptide, and a sushi-9-vg4 pepiide, in the manufacture of a

medicament for treating gram negative bacterial infection in a subject, wherein said

polypeptide is capable of producing bacteriostasis.

in another aspact, there is provided a method for purifying a sample by removal
of endotoxin comprising immobilizing a polypeptide consisting essentially of a
lipopolysaccharide binding domain of a Factor C protein on a insoluble matrix, contacting
said sampie with the immobilized polypeptide, and separating said sample from said .

immobilized polypeptide.

In another aspect, there is provided use of a polypeptide selected from the group
consisting of a sushi-1 peptide, a sushi-1A peptide, a sushi-3 peplide, a sushi-3A
peptide, a sushi-4 pepfide, a sushi-5 pepfide, & sushi-B-vgl peptide, a sushi-7-vg2
peptide, a sushi-8-vg3 peplide, and a sushi-9-vg4 peptide, in the manufacture of a
medicament for treating sepsis caused by a gram negative bacterial infection, wherein
said polypeptide is capabie of binding lipopolysaccharide of said gram negative bacteria

and ameliorate inflammatory response to said lipopolysaccharide.



-5 In another aspect, there is provided use of a polypeptide consisting essentially of a
lipopolysaccharlde binding domain of a Factor C protein and a pharmaceutically acceptable carrier for
topical formulation in the manufacture of a pharmaceutical composition for treating or preventing
infection of a wound by gram negative bacteria. In another aspect, there is provided a method for the
detection of gram negative bacteria or of lipopolysaccharide in a sample comprising contacting a
sample to be assayed for the presence of said gram negative bacteria or lipopolysaccharide with a
polypeptide comprising a lipopolysaccharide binding domain of a Factor C protein wherein presence '
of gram negative bicandther #nspbltisaeihpadeed waiehecphyartiss spesipegreeniabi®idam
negative bagigsisQslearpks aseimgdecndsaitl apelygeptTepantdinvhertia saidrpaigpdpatie is selected
from the group caRsiating 0LR (SHSBTLR NGRS d ReRifRya8US/e3 feplidecareusi-3A
peptide, a SUSHIR peptide, a sushi-5 peptide, a sushi-6-vgl peptide, a sush;t: -yg2 geaotlde, a
sushi-8-vg3 %b?ﬁf@!%ﬁ%]rﬁ%ﬂ%@ﬁ&ﬁ%@'ﬂﬁiﬁ@%ﬁﬂgﬁ& RPN RE98 B’%ﬁ%&%é‘ & method for the
detection of Wh(ile ?{agg@,g}eé%@é&mb régeg%gﬁ%@%%ﬂ%grf&f fiROpQ X B%%ﬁ%ﬁaéid@; icgagample
comprising contacting a sample to be assayed for the presence ther ith_ a eptigde comprising
a Iipopolysa&ﬁ%?f@e?fir?&ih@ogfi C% rﬁ%i@tgrsénﬁ?geteclﬁ, Urther Cgﬁn%ﬁwsén% géﬁé%%r?ér%otein. In
another aspexssapeddis roviésenaanmitbad BapPraceriifgPRdaRims fRPCIeAEhANINSBIRLS gram
negative bactyip&amerisingadeing dmpbipepitarempnsing dotipopalysa&ektride Iphetiirg domain of
a Factor © prgiain (o sald sample, AN amaunt RAGR1G (RicpIRKeRtAg e o phRlssjdram

negative bactera. |n another aspect, there Is provided an iso atef,d nuqleic %ﬁid. ncod(ijn% a, polypeptide

consisting of &@NRPoIPEAKERRiERIDIRERRY BBARANT oP AFEBoP C HUBIN°ERE  Wherdih

WRErENsaid polypeptide
is selected frpoyHeptgtupdovisistingaitiapslyshitidpoptride ded s tospeiitecASgEM- DR ptide, a
sushi-3A pepfidle; 2 SHsfix4 RERIARI A SUSHIE, Paiifes DEHFY: Gr @l heptideptasusiighig2 peptide, a
sushi-8--vg3 gg&gg?éasrb%f% ng % evgdé@%qu/ 1'ggmide, a sushi-7-vg2 peptide, a sushi-8-vg3

peptide, and a sushi-9-vg4 peptide.

in another aspect, there is provided a method for the detection of whole or

fragmentary gram negative bacteria or of lipopolysaccharide in a sample comprising

contacting a sample to be assayed for the presence thereof with a polypeptide

comprising a lipopolysaccharide binding domain of a Factor C protein, further

comprising a reporter protein.

In another aspect, there is provided a method for preserving a sample from
contamination by gram negative bacteria comprising adding a polypeptide comprising a
lipopolysaccharide binding domain of a Factor C protein to said sample in an amount
effective for preventing the growth of said gram negative bacteria.

in another aspect, there is provided an isolated nucleic acid encoding a
polypeptide consisting of a lipopolysaccharide binding domain of a Factor C protein and
wherein said polypeptide is selected from the group consisting of a sushi-1 peptide, a
sushi-1A peptide, a sushi-3 peptide, a sushi-3A peptide, a sushi-4 peptide, a sushi-5
peptide, a sushi-6-vg1 peptide, a sushi-7-vg2 peptide, a sushi-8~vg3 peptide, and a

. sushi-8-vg4 peptide.
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In another aspect, there is provided an isolated nucleic acid consisting of a nucleic acid encoding a
lipopolysaccharide binding portion of a Factor C protein of a horseshoe crab selected from the group
consisting of: a sushi-1 peptide; a sushi-1A peptide; a sushi-3 peptide; a sushi-3A peptide; a sushi-4
peptide; a sushi-5 peptide; a sushi-6-vgl peptide; a sushi-7-vg2 peptide; a sushi-8-vg3 peptide; and a
sushi-9-vg4 peptide. In another aspect, there is provided a method for producing an isolated
lipopolysaccharide binding protein comprising: i) culturing a host cell transformed with the isolated
nucleic acid as defined above to produce said lipopolysaccharide binding protein in a culture medium;
and ii) isolating said lipopolysaccharide binding protein from said culture medium In another aspect,

there is provided afegomiinanhealyprpude BrodHeghYidBeEReteRRsLr]IngHARYc Fmbodiments

of the present invention thus disclose treating bacterial infections bé/EI administration of proteins or

peptides thaM bR S RREHExh PP RYGASHIA R SIBINE BRGIRTCAH By 7 MEGIRIL Patteria, to an
infected subjectedtre biadisgjdstegpparehthgroenl atesisbpded lipid A component of the endotoxin. The
administered protein/peptide may: induce bacteriostasis (that is, inhibition of bacterial proliferation) in
the subject; it ahtReRTfsio%iBUSHELS RARIER ATV BIdRe R TR RRAPR (AT dte to
endotoxaenpisptidausesmidrd pepdidea etiorsbigingt IGreptidec gativehbaotstipg@ide; B. segti;&vgdheurnoniae,

S. typhimurigm. .. %wmg}(agg?@g%motytica, A. hydrophila, H. pylori, and S. some/) at very
high therapeutic index. -5b Also disclosed is the use of Factor C either as a whole protein or

fragments/parts thHerenhibeasfpsicn theG-R asavibasensoeford PS qrriidediacteriaisklatiter
disclosed iSnHa&m%%%%eﬁm%%%t&mﬁfﬁ%ﬁm LPS-removal. A preferred disclosed

embodiment is one wherein recombinant Factor C is the administered protein. The recombinant
Factor C can be a ifutl:hemigthaRacioeel jpsotésmned witly thelitiolattteneokibatie tainsfihedaatiwey of binding

to liid A, It s not egossaly dt BdRCIon Gl dIREIRS PIPLeasR R RAMaNc ARV for the

protein to be effective in the metho invention.
ii) isolating said lipopolysaccharide binding protein from said culture medium
in another aspect, there is provided a recombinant polypeptide produced by the

method as defined above.

Embodiments of the present invention thus disclose freating bacterial infections
by administration of proteins or peptides that will bind to endoloxins, sspecially
endotoxins produced by gram-negative bacteria, to an infected subject. The binding is
apparently mediated by the lipid A component of the endoloxin. The administered
protein/pepiide may: induce bacteriostasis {that is, inhibition of bacterial profiferation) in
the subject; incur anti-endotoxic effects in vilro and in vivo (protecting mice from lethaiity
dua to endotoxasmis); cause microbicidal action aginst Gram negative bacleria {e.q., E.
coli, K pneumoniae, 8. typhimurium, P. aeruginosa, V. parahaemolyltica, A. hydrophila,
H. pyfori, and S. somely at very high therapeutic index.
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It may in fact be beneficial if the serine protease activity is absent. -5¢ WO 01/27289
PCT/SG00/00162 BRIEF DESCRIPTION OF THE DRAWINGS Figure 1(A). Coomassie brillant
blue-stained 12% reducing SDS-PAGE profile of crude and purified SSCrFCES. The recombinant
protein, SSCrFCES, was effectively 5 secreted into the culture medium of S2 cells and identified as a
38 kDa protein band. Purification using ISOPrimeTM resulted in an isoelectrically homogenous
SSCrFCES. Figure 1(B). Immunoblotting analysis was perfomed with INDIATM His-HRP antibody
and visualized using SuperSignalTM Chemiluminescence. A specific 38 kDa band, in close
agreement to calctlétetcSSEEFERS siferivasiddntified &s the'briyoisecvefadandipiefied protein

harbouring agely-kistidineitago Bxrosye tipes\sing: BlomaxTMdilmetisodakhwasdinitedsto 5 sec.
Lanes are i%%ntifieg %s follows: 1§ ht marker (Pharmacia); 2, control medium (30

ws: 1 Lo "y ole ula{tg\éeig

pg); 3, crude é'é%:rlf: ES %S&Um@é’%ég%%k@ ffini y ﬁﬂrfﬁg‘(ﬁa SCrFCES (1 g); 5, ISOprimeTM purified
SSCrFCES (1 g) ié Pigifecp(ApcE s ECES Hisplaye d zebiptsasic sieiingroffledodipidsAhmeasured
by an ELISAdhasetassaydinresdiferentconcentmtions-ofdipid Amere coatedoysraighi-onto

PolysorpTM plates. (Nunc). Varying,concentrations of SSCrFCES were allowed to interact with the
rmobized g AT RSO R T BT SRS b denittel By T S S CES g
and quantitdted FOAB TSR0 supstiad These DUostin vty Satiplesdrid referafiicstivalelength at
490nm wergcdeterained-usHg-aignicrotiter plate reader. The biphasic response is indicative of
multiple binding sites for lipid A. Figure 2(B). SSCrFCES binds to lipid A at a stoichiometry of -3 lipid A
molecules &?%@E%%&%.Bﬁ%fgiaﬁjt hg réngolré“? ?é?ltg%’ bagitf\ﬁ%yé‘fg%rg S to 25 immobilized lipid A,
gave a value of 0.37 at saturation. This means that each SSCrFCES molecule has the ability to bind
-3 lipid A molecules. Figure 2(C). A Hill's plot showing Hill's coefficient, determined by the slope of the
straight line obtained from plotting that data according to the Hill's equation, is 2.2. This indicates that

SSCrFCES exhibited positive cooperativity in lipid A binding.
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30 Figure 3(A). A surface plasmon resonance (SPR) sensogram depicting the interaction of
SSCrFCES, with immobilized lipid A. 800ng/100 pl of SSCrFCES was -6 WO 01../27289
PCT/SGOO/00162 injected which resulted in an increase of 200 relative response unit. After the
dissociation pioasgsbyspassing PBS in a running buffer, INDIATM His-HRP &atiifgep/anse injected. The
further increase in relative response unit clearly indicates that SSCrFCES is bound to lipid A. The
surface was regenerated by a pulse of 100mM 5 NaOH. At all times, the flow rate was maintained at
10 pl/min. Figure 3(B) is a sensogram depicting the interaction of SSCrFCsushi-1,2,3-GFP with

immobilized lipid A. Figure 3(C) is 0 f SSCrFCsushi-I-GFP with
immobilized lipid A. io Figure 3(D)@£@%§ %ﬁMﬁ%g of SSCrFCsushi-3-GFP
with immobilized I 1gaye G(Ehiasteonsbyrabidertiting t12%intethaion SDSHGE synetic
peptides with immabilized li ( set to E) shows the bin ertles nthetic
peptides to lipid s & LRHpﬁdb:Q %éé f?m%?&&% fﬂv%t%gi%q(c#%g % F(%%‘Ci: ?m%eY
Various goncgrt@anatofths Clift (e Snweneninctibatedyvithd20ektifled of B. mkﬁ(@mm [Hasdfor 1 h at
37 C. Following pre-incubation gE mlx;,yrew iluted 10 0- fold r|or to assa WE
Kinetic-QCL. 1‘%’2?‘3 4SuERR 1S Q@heweiffg %%?Oﬁ%e&g{%a AR sﬁ e m?érvals of 5
min over a period ofighrd B30 BRdataxisioturalizing cercentratiorEANCINIASSAEREES, which is
the concentration of SSCrECES that increase the action time 0% was be 0.069
pM. Mean redBHSA%NAE ¢ ¥RYCHRAR? L%@%%Yégf g@g@g% EW@S&%{CG& ﬁ?&%%%?gg%l S3, and
S3o0to LPS. Eﬁﬂcﬁw@@@%@a@@m@wwk@mismcss@mam(ﬁiéca@)swmwﬁmmamqoe S1=2.25
pM, S1lo=0.875 25 pM, 53=1 pM, and S 625 5%% fﬂ{/ C),._Hill ot for |Fteraction between

synthetit® peptiEiamats Huﬂfgﬂcﬂl%tﬁﬁ% ibgﬁﬁi@)?t &B8%p Rﬁ‘t&/eo ‘A2 42 hdicating

that more  Biomax™ film (Kodak), was limited to 5 sec. Lanes are identified as follows: 1, Low-

T

Molecuiar Weight marker (Pharmacia); 2, control medium (30 ug); 3, crude
SSCrFCES medium (30 ug); 4, Affinity purified SSCrFCES (1 pg); 5, ISOprime™
purified SSCrFCES (1 ng)

15 Figure 2(A). SSCrFCES displayed a biphasic binding profile to lipid A
measured by an ELISA-based assay. Three different concentrations of lipid A were
coated overnight onto Palysorp™ plates (Nunc). Varying concentrations of SSCrFCES
were allowed to interact with the immobilized lipid A. The amount of bound
SSCrFCES was determined by rabbit anti-SSCrFCES 1gG and quantitated by ABTS

20 substrate. The O.D.40snm of the samples and reference wavelength at 490nm were
determined using a microtiter plate reader. The biphasic response Is indicative of
multiple binding sites for lipid A.

Figure 2(B). SSCrFCES binds to fipid A at a stoichiometry of ~3 lipid A
molecutes per SSCrFCES. A plot of the molar ratio of bound SSCrFCES o

25 immobilized lipid A, gave a value of 0.37 at saturation. This means that each
SSCrFCES molecule has the ability to bind ~3 lipid A molecules.

Figure 2(C). A Hilt's plot showing Hill's coefficient, determined by the slope of
the straight line obtained from piotting that data according to the Hil's equation, is
2.2. This indicates that SSCrFCES exhibited positive cooperativity in lipid A binding.

30 Figure 3(A). A surface plasmon resonance (SPR) sensogram depicting the

interaction of SSCrFCES, with immobilized lipid A. 800ng/100 ul of SSCrFCES was
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than 2 S1 peptides interact with 1 LPS molecule. Figure 5(A). SSCrFCES inhibits LPS-induced
hTNF-a secretion from THP-1 in a 30 dose-dependent manner. PMA-treated THP-1 cells were treated
with 25 ng/ml of E. co//055:B5 LPS which were preincubated with varying concentrations of
SSCrFCES. wé Wers$/27289 PCT/SG00/00162 After 6 h of stimulation, thecultgwmmedium was
assayed for TNF-a. The decrease in TNF-a were expressed as percentage of control (LPS only).
Complete inhibition of TNF-o0 was achieved using 1 pM of SSCrFCES. Figure 5(B). SSCrFCES
inhibits LPSifdueetviticB aegresiomfeomnthist of 2G0desstide pensemiauminesieMadreated THP-1

cells were treated with 100 ng/ml of E. coil055:65 LPS which was preincubated with varying
concentratioF\@%fC@\%‘@PFR‘S‘E%g'r}i‘ftgr:“’%sﬁ-‘%I“g %%ﬁﬂlatf&’?,nfﬁg 5&1’@%& @éﬂﬂm \Aﬁéﬁ%vés ;@%r IL-8. The
decrease in Wi sretetomuasiarpeessot anseeniageefmankal fitRBanhdeintibition of IL-8

secretions were achieved using 1 pM of SSCrFCES. 10 Figure 6(A). The ability of rECES to inhibit
P st TN S SO TRl BONIE SRE 175 SEOEREE R B LS 5t QU o of oy

8.5 nM of SREMFCES sRurags>8Ye hibiien whd Nkintseseease todenng/ml LPS. SSCrECES pre-
incubated with 10% human serum required 17-fold more protein to achi % inhibition. The
attenuation can be ﬁﬂHfﬁié@@iﬁﬁé@@é?ﬁ@qumﬁg?ﬁifgg W}ﬁ{aig‘eﬂﬁéggﬁ%éﬁﬂﬁﬁgrgrgﬁe addition
of serum, thygteauiripgipy 4gield more SSCrFCES for 50% inhibition of cytokine release. Figure

6(B). The ability of SSCrFCES to inhibit LPS-stimulated IL-8 secretion from PBMC cells, In the
absence of human 58I 404 GhS5RERg/ ™S ‘%“%%ﬁ&%@%gﬂsﬁdg%ﬁ%ﬁH%]’ﬁéh%gf IL-8
response to JnaaphdiiedSHEFALES pre 20 incubated with 10% human serum required 17-fold more

protein to achieve 50% inhibition. The attenuation can be minimized if t rFCE mixed with
endotostth 5 min befEthe GHdRi8 PO QHAR éﬁ?ﬂ%‘ﬂﬁd%ﬁﬁ%‘?@l@ﬁ%ﬁﬁ %&5&%@ or 50%
inhibition of eyekirgreiaase. ifgure 6(C). The ability of synthetic peptides to suppress LPS-induced

TNF-a. 25 Figure 7. SSCrFCES is not cytotox{%c to mammalian cells. Atfthe hi%hest ,
Figure 3(E) is a sensogram depicting the interaction of certain synthetic

peptides with immobilized lipid A. The table (inset to E} shows the binding
properties of the synthetic peptides to lipid A.

15 Figure 4(A). SSCrFCES increases LAL-based Kinetic QCL reaction time.
Various concentrations of SSCrFCES were incubated with 200EU/mi of £ co/
(055:B5) LPS for 1 h at 37 °C. Following pre-incubation, the mixture was diluted
1000-fold prior to assay by Limulus Kinetic-QCL. The O.D.4p5qm Of each well of the
microtitre plate was monitored at time intervals of 5 min over a period of 2h. The

20 endotoxin-neutralizing concentration (ENCsgp) of SSCrFCES, which is the
concentration of SSCrFCES that increase the mean reaction time by 50% was found
to be 0.069 uM. Mean reaction time using only LPS is designated as 0%.

Figure 4{B). Binding of S1, 514, 53, and S3A to LPS. The 50% endotoxin-
neutralising concentration (ENCsq) were determined to be S1=2.25 uM, 51A= 0.875

25 uM, S3=1uM, and S3A =0.625 uM,

Figure 4(C). Hill's plot for interaction between synthetic peptides and lipid A
shows that S1 exhibits high positive co-operativity of n=2.42, indicating that more
than 2 S1 peptides interact with 1 LPS moiecule.

Figure 5(A). SSCrFCES inhibits LPS-induced hTNF-a secretion from THP-1 in a

30 dose-dependent manner. PMA-treated THP-1 celis were treated with 25 ng/ml of £
coli 055:B5 LPS which were preincubated with varying concentrations of SSCrFCES.
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concentration of 4 mg/ml or 109 pM, only 20% cell lysis was observed. Figure 8. Pharmacokinetic
analysis of SSCrFCES shows that clearance rate of biotin-labeled SSCrFCES in C57BL/63 mice is
4.7 ml/min. Figure 9(A). SSCrFCES protects C57BL/6.7 mice against LPS-induced lethality. N 100%
LPS-induceddetbalityssvas achieved using 2.0 ng of E. co//055:65 within 7 h. pEhs@eveastage of
survival was increased to >90% when 2 and 4 M of SSCrFCES -8 WO 01/27289 PCT/SG0O0/00162
were injected i.v. 10 min after LPS challenge. Kaplan-Meier analysis indicates that there is significant

difference bepiteen I\basth2 MtinS SErbBhe Ms0i0f0ahNEssigriffeantditierensaiwas slsgrved
between 2 M_and 4 pM of SSCrFCES. Figlére 9(B)..Si, S1A, S3. S3A, and other d_esig)ned variant

peptides proteth 8 YEBEIPISTIEE a5 ARISEIEES RO RIER O tido OPBIRIEIBBIPIESly was

achieved usingi-8 fgohEhieed0b5H351withinf SBCHHEESYnthetic peptides (25 or 75 g) were
pre-incubated with LPS for_ 30 min_prior to i.p. injection, S1, S1A, and 53 conferred_20-55% decrease
in LPS-induced leth5@y" évecfs%'ﬁﬁﬁg g?%lﬁfﬂézirﬁ@"?ﬂ&i@%%ﬁﬁ@%ﬂ%?% 80, Whete 78 ug was

sufficientsto casderdkdRiadarotestion:. e FiguresteiAHE T2k (PR I ishoninggimctoral
domains of Factor C. Fi%gre 10&8). Recombinant fragments: ssCrFCES; sushi-1,2,3-EGFP; sushi 1-

EGFP; and sGRALSERIEE k4Bl i bi8iRE PR S B B AN T rePESRITAIE NS PASBST TRESRA). Figure

11A. Sequengeasof Y gingtivBabides iukigureddiln SeaencRetpentidesheaidresiseTiable 3.
Figure 12. The microbicidal concentrations (MBC) of sushi peptides aggs[l\st P. aeru%nosa (ATCC

27853). An initial HerSHPDMIEERIFPE BS REFaGIHEES WaLasa (mnhssal> Botibingor fle

peptide concenigasianstipribevergiamehe®adha uaiml oressited Frexponential reduction of bacterial
- count. Si and 53 were more effective 20 against P. aeru%r_nosa than S1A and S3A. Figure 13.

Time-def¥endent kilfigH6F B{AkrddiR SE4ATESSFEE5AR IRRLIT 48RsHHBAS drlifif SPPeHeRugrnosa
was used in therassauC e ffactiof taslenertdesmb. 06rua{midrmATTRSFOERRY vwherating the

yiable (CfU/mlgS?ériggEiECSaé%%sed 50% inhibition of TNF-a res -
ponse to 10 ng/mi LPS, SSCrFCES pre
incubated with 10% human serum required 17-fold more protein to achieve 50%
inhibition. The attenuation can be minimized if the SSCrFCES was mixed with
15 endotoxin 5 min before the addition of serum, thus requiring only 4-fold more
SSCrFCES for 50% inhibition of cytokine release.

Figure 6(B). The ability of SSCrFCES to inhibit LPS-stimulated IL-8 secretion
from PBMC cells. In the absence of human serum, addition of only 8.5 nM of
SSCrRCES caused 50% inhibition of IL-8 response to 10 ng/mi LPS. SSCrFCES pre-

20 incubated with 10% human serum required 17-fold more protein {o achieve 50%
inhibition. The attenuation can be minimized if the SSCrFCES was mixed with
endotoxin 5 min before the addition of serum, thus requiring only 4-fold more
SSCrFCES for 50% inhibition of cytokine release.

Figure 6(C). The ability of synthetic peptides to suppress LPS-induced TNF-q.

25 Figure 7. SSCrHCES is not cytotoxic to mammalian cells, At the highest
concentration of 4 mg/ml or 109 uM, only 20% celi lysis was observed.

Figure 8. Pharmacokinetic analysis of SSCrFCES shows that clearance rate of
biotin-labeled SSCrFCES in C57BL/6] mice is 4.7 mi/min,

Figure 9(A). SSCrFCES protects C57BL/6] mice against LPS-induced lethality.

30 100% LPS-induced lethality was achieved using 2.0 ng of £. co// 055:85 within 7 h.
The percentage of survival was increased to >90% when 2 and 4 uM of SSCrFCES
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time intervals after overnight incubation. The bacterial count was exponentially 25 reduced to achieve
MBC90 within 7 min. By 30-40 min, the bacterial was completely eradicated. Figure 14. Drop count
plates for the killing rate assay at 0.06 ug/ml of sushi peptides in general, monitored at the indicated
time intervalsy@egmeats of the plates contain P. aeruginosa culture at 10-feididileéios starting from
10-1 to 10-8 from 30 the upper quadrant in anti-clockwise direction. S3A peptide eradicated the
bacteria at a log reduction rate. 9 WO 01/27289 PCT/SGOO/00162 Figure 15. Electron micrographs
Z_hovlving ex?mﬁ@i@é@w}m mﬁ%&?mm@m('j@l@gg.th@;ﬁﬁmma@rlagmfgmmmpﬂdes |
isplay negligible hemolytic activities. Human and rabbit erythrocyt A%, we ted separately
with diﬁerent%ﬂﬁé%éséf%f}ﬁ@f&d@f%@%% DRINRE D 4t éPﬁrﬁd@ﬁ%@%&ﬁ{%@W ngé) taken as
100% lysis. HefRYREVEROBHES WAS BAUnRyBEpRries In pyragen-freesaBmFEEShi peptides were
minimally hemolytic up to concentrations of 100 pg/ml. Si, S1A, and 53 showed n&%éi%ble haemolysis

and S3A caused a SEAHERolysis 22005 @M BERIESH SESIPBFHEptIARBSAY ®FHaemolysis:

S1 290 pg/mpSA 293MeABLaiqse 3 ASthaaka RECRSA IRPPalLifigese E-Example of
S3o0-peptide coupled Agarosé CL-6B beads bound with FITC-LPS, seen under microscope. g) Bright
r

field observafiehesyBEHs WG RAfE (PEUTouRE, WEBIR dritter DY/ SIGHESHS) REELRE DERYS af
treatment Witﬂg'%l%%cpréﬂ%ﬁlﬂé%&ﬂﬁﬁb@%?@@gﬁﬁ@ﬁ%m@d wnsterbV dight is Biguss 18. A test
n

of binding conditions of LPS to S3A peptide affinity beads under increasing pH and ionic strength. (A)
pH of 4.0 an@@MWQ@%%%@W%&@%F&%?@%@@ﬂtYZdﬂWﬁT‘?fs- 1S BifBliariere

supplementegwéhe%cw\é Naird4B) RfiRiRnEioBic S URROthFRIMNO TeisaCl 6BH/S Shnetan,

supplemented with different concentrations of NaCl, except of the 0 mM point which contained 20

pyrogentiree water Bi§ethird{ARigureCEd. (FRAURODITE Shehanineiradiaonl somenprirBeksFc2l;
lane Figure 10(B). Recombinant fragments: ssCrFCES; sushi-1,2,3-EGFP; sushi 1-

EGFP: and sushi-3-EGFP fusion proteins. Sushi peptides of 34 mer each (51, 514, 53,
& S3A).
Figure 11A. Sequences of V1 and V2 peptides.

i5 Figure 11B. Sequences of peptides featured in Table 3.

Figure 12. The microbicidal concentrations (MBC) of sushi peptides against A,
aeruginosa (ATCC 27853). An initial density of 10° cfu/ml of 2. seruginosa was used
in the assay. Doubling of the peptide concentrations in the region of 0.03-0.5 ug/mi
resulted in exponential reduction of bacterial count. St and S3 were more effective

20 against P. aeruginosa than S1a and S3a4.

Figure 13. Time-dependent killing of P. aeruginosa ATCC 27853, An initial
density of 10° cfu/ml of P. aeruginosa was used in the assay. The effect of test
peptides at 0.06 ug/ml was assessed by enumerating the viable (cfu/mi) at indicated
time intervals after overnight incubation. The bacteriat count was exponentially

reduced to achieve MBCqg within 7 min. By 30-40 min, the bacterial was completely

&3
i

eradicated.

Figure 14, Drop count plates for the killing rate assay at 0.06 ug/mi of sushi
peptides in general, monitored at the indicated time intervals. Segments of the
plates contain P, geruginosa culture at 10-fold dilution starting from 10" to 10 °® from

36 the upper quadrant in anti-clockwise direction. S3A peptide eradicated the bacteria

at a log reduction rate.



1), rFCEE (pHILD2/CrFC21EE; lane 2) and rFCSN (pPIC9/CrFC26SN; lane3) in the crude
supernatant. Arrows indicate the immunoreactive recombinant Factor C proteins: 132 kDa full-length
rFC, 90 kDa truncated rFCEE and 89 kDa truncated 2s rFCSN. The molecular weight markers (MW)
are labeled wa&bpzigure 20. SDS-PAGE analysis showing the protein profi€3/s6&ehgudifferent
preparations of rFC: crude supernatant (lane 1); (NH4)2S04 precipitated sample (lane 2);
BiomaxTM-50 enriched rFC (lane 3); and SephadexT G-100 purified sample (lane 4). Ten micrograms

of each protein samplgrwars loaded-oAran-3gandicatesing &32rkPasiol-fevgtiheROtiTheobaecular
weight markers (MW) are labeled in kDa. 10 WO 01/27289 PCT/SGOO/00162 Figures 21A and 216.
Modified WeBESHHBRIb ERRFE g of Factor C to LPS strips (Fig. 21A) and lipid A strips (Fig. 21B).

Lanes 1: crude rFCﬁéur@\h‘M)%%% prasiitatedpiaE ndgRirabitvhG0thusifledtidsC; MuBap emdexTM
G-100 purified rEC; 5: BiomaxTM-SOEﬁpurified rFCEgE; 6: BiomaxT, -{i%é)urig%d rFEg: N;e7i:i§es
pPHILD2/151 SihrRaENOIes2bE £ WBIG KBERTs AP ARaYeH HatvEER HR S &8 Figure 22A.
Competitive effegis i 7)) 1ADanck2AB @iotat prateimofsmdenFCoasliBemeslEidagtity of CAL
Factor C enzyme activity. Dashed line illustrates the ratjo of crude EFC to lLPS F%10%0 ) 1@,{{85561
percentage ¢ p’&‘ﬁ%?{%f:%tgﬁd%‘.s@e@@t@%&rﬂ%ﬁﬁe%@@ﬁ% i e8'IRdepahdeRtExpetiments.
Figure 226.. (GerapgiiivRRITaes Q)80 uE00 aneaft stpRiasnatlNigenierschetyRG®E3 PS-mediated

activity of CAL Factor C enzyme activity. Dashed line illustrates the ratip of rk- LPS (100 : 1) for a
percentage coIApEetsbe BacReReY GG IRE FYSRY 55.35%/ %mw&%&&&a@ﬁf@@erimems. 15

Figure 23. Compasispiigh herarmaetitivesifisisnoiessehiall sngthirBGoang rinyseated SREGERI pn
LPS-mediated enzymatic activitg of CAL Factor C. Each protein sample (rFC or rFCEE) was enriched
by BiomdxTM5008tarmktif 234 1HbHIIMas used in the competition assay. The percentage

competition was olgiained;afteppanprlizatan with e KAgkerongscanpeB b HEEMN Riesults
FITC-LPS, seen under microscope. (A) Bright field observation; (B) Beads with FITC-
LPS bound, seen under UV light; (C) Bound beads after treatment with 1% DOC - no
FITC-LPS left on the beads (observed under UV light).

15 Figure 18. A test of binding conditions of LPS to S3A peptide affinity beads
under increasing pH and ionic strength, (A) pH of 4.0 and 5.0 (in 20 mM sodium
acetate), pH 6.8 and 9.1 (20 mM Tris-HCl). All buffers were supplemented with 50
mM NaCi. (B) Different ionic strength: 20 mM Tris-HCl (pH 6.8) were suppiemrented
with different concentrations of NaCl, except of the 0 mM point which contained

20 pyrogen-free water as control.

Figure 19. Immunoblot showing expression of rFC (pHILD2/CrFC21; lane
1}, rECEE (pHILD2/CrFC21EE; lane 2) and rFCSN (pPICS/CrFC26SN; fane3) in the
crude supernatant. Arrows indicate the immunoreactive recombinant Factor C
proteins: 132 kDa full-length rFC, 90 kDa truncated rFCEE and 89 kDa truncated

35 FCSN. The molecular weight markers (MW) are labeled in kDa.

Figure 20. SDS-PAGE analysis showing the protein profiles of the different
preparations of rFC: crude supernatant (fane 1); (NH4);504 precipitated sample
(lane 2); Biomax™-50 enriched rFC (lane 3); and Sephadex™ G-100 purified
sample (lane 4). Ten micrograms of each protein sample were loaded. Arrow

30 indicates the 132 kDa fuli-length rFC. The molecular weight markers (MW} are
labeled in kDa.



20 are the means S.D. of three independent experiments. Figure 24. Interactive binding of rFC to
immobilized lipid A in a BIACORE XTM sensor. Lipid A (100 g/ml) was immobilized on the sensor
chip. The respective protein samples were flowed through and relative responses recorded in
response unik(iRd)yRy the BIACORE XTM instrument. Plateaus 1A, 2A ande8Av@5emithe sensorgram
represent the relative responses of BiomaxTM-50 enriched rFCSN, rFCEE and rFC, respectively, to
immobilized lipid A. Arrows show the RU due to regeneration with O.1M NaOH. Inset shows the net

percentage RU of rfgartifCER toimmeasiized liniskénThetersapiramRHyobrastidrotein sample

was calculated based on the relative RU of the protein sample and that of immobilized 30 lipid A. The

net RUs of rECHRECEE dbfe BBERIRE AREINSIMfIZIRY thelttdiatieR WA that of rIFCSN. WO
01/27289 PC(Wﬁ%?ﬁ@Q?r&ﬁpiEé@é@ﬂ*?@p Theibaateriosiaticribactsof fephadexim &-169 purified rFC

on the growth of the Gram-negative bacteria: E. coli, K. pneumoniae, P. aeruginosa, and S.
typhimurium AEESHEE rost %‘Fﬁ@é@é‘ioﬁ%@&ﬁ‘fﬁq('f':&%drﬁbﬁi‘ﬁg‘%efégsoﬁ@ﬁ%ﬁgﬁ%tgﬁc activity

against R. aegm@@@ﬁe%ﬁé%é%@iﬁlW?é@ kBigyres ReAmRRraggkiinatonidrcaikby rFC (Fig.
8A) and rFCEE (Fig. 8B). Observations were made with a Nikon MICROPHOTTM-FXA microscope

(400X magn#it@idn). No agglutination was seen with rFCSN (Fig. 8C), pHILD2/151 (Fig 8D) and

0.85% saline (Fig. §f),fguie. 2¢oAhrmotestiveetiecon 1 asEGaulifiadd)augbiPephadexTM o
G-100 on actinomycin D sensitized/ PS-chaIIen%ed mice. Pre-incubation of LPS with rFCSN did not

confer proteciigf%fTHhies Afaimaeitenhastykic tsFEEIP S, argyesnastisvnDasteddiarred 60-70%
protection. Figuee 28 kine drpyings R Fee ¢yl rngibd@nd B@dﬂ%gﬁ?@éﬂ@ﬁ@@%%ﬁ@@fﬁ&wnh their

corresponding start and end amino acid positions based on the 15 CrFC21 clone (SEQ. ID. NOs. 3

and 4, US P&t%%?%&?@?ﬁf@?g%@eﬁiﬁﬁﬁﬁsa%ia-%s‘?&l@é@%ﬂ@‘ﬁﬂﬁﬁ@@@ﬁ %@@f iSE@??ID. NO. 4.rFC,
domains 1. 2, and & Bon e ey st 1 Facfor o e 0 g HaMBEAGEIELS). Sushi ()
enriched rFC on LPS-mediated activity of CAL Factor C enzyme activity. Dashed
line iflustrates the ratio of rFC to LPS (100 : 1) for a percentage competition of
>80%. Results are the means = S.D. of three independent experiments.

15 Figure 23. Comparison of the competitive efficiencies of full-length rFC and
truncated rFCEE on LPS-mediated enzymatic activity of CAL Factor C. Each
protein sample (rFC or rFCEE) was enriched by Biomax™-50 ultrafittration, and
100 ug was used in the competition assay. The percentage competition was
obtained after normalization with the background co‘mpetition by rFCSN. Results

20 are the means + S.D. of three independent experiments,

Figure 24. Interactive binding of rFC to immabilized lipid A in a BIACORE
X™ sensor. Lipid A (100 pg/ml) was immobitized on the sensor chip. The
respective protein samples were flowed through and relative responses recorded
in response units (RU) by the BIACORE X™ instrument. Plateaus 1A, 2A and 3A

25 on the sensorgram represent the refative responses of Biomax™-50 enriched
rFCSN, rFCEE and rFC, respectively, to immobilized lipid A. Arrows show the RU
due to regeneration with 0.1M NaOH. Inset shows the net percentage RU of rFC
and rFCEE to immobilized lipid A. The percentage RU of each protein sample was
calculated based on the relative RU of the protein sample and that of immobilized

30 lipid A. The net RUs of rFC and rFCEE were obtained after normatizing their
refative RUs with that of rFCSN.
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folding patterns. rFCSN does not contain any endotoxin-binding site. The lines 20 are not drawn to
scale. Figure 29. Binding of rFC produced in baculovirus-infected Sf9 cells to LIPS from various
bacteria. Figure 30. Bacteriostasis induced by rFC produced in baculovirus-infected Sf9 cells in
cultures of differenigsam-negative bacteria. Figure 31. Protection of mice fregriseativality by
administration of rFC produced in baculovirus-infected Sf9 cells. BRIEF DESCRIPTION OF TABLES
Table 1 presents a comparison between binding affinity for lipid A of Factor C- derived sushi proteins

and other LPS-bindijgroinshe ba W@ Sbtr 288 F/ SEpRENB016Z. 1 hRbiR ArREePROIS A

comparison of MBC50, MBC90, hemolytic activity, and_cytotoxic activity of sushi and other cationic

peptides on B8 FEbRIARRABMTrEBHEY5rBordeYan ficstdr L oPTBLIMARRY aREV#E05Md
antimicrobiakaetivitisahFAcY GandYAeRRRINRS S Tiabled el hans-adinikefor 5 LPS

binding of peptide to Lipid A immobilized on an HPA chip, column Il shows Hill's Coefficient - the

stoichiometrb ¥ BiiEHRG O PEY HURISNI S peIsiye/ AR EGRDES 2RIk AfEiE&ule, column 11 shows
Circular Dichroism gfgin-anaixsitsef pepiidanstivstores ihs/aresense ok Pafe PMCERIdHy(a-H:

a-helical; (3: (3-sheet; T: turn; R: random), column IV shows neutralization (EC50) - pM of peptide

needed to toSfeutFIRRN BRSNS ESHsl Wit BIVikan JAHRRPRET TR R dliFrPSGoRRdWEGKe amount
of peptide n@ﬁQ@‘ﬂﬁ@a@@ﬁ%? %‘%ﬁ@lgﬂfﬁﬁ@w @Eb@&WW#@WKW@rQW%{I{B\QEIQE Fﬂl}'mn Vi

shows mouse protection assaﬁs - 2 ng LPS pre-incubated with peptide for 30 minutes before injection
into C57/BL,Q§?)][%¢1 VIEES r@{cﬁ'&xiéﬁ}- (cell lysis) assays - for S4-S9: EC50 = [peptide] to cause

50% lysis CytOtOXiCifb%:d:%cﬁlﬁWQH}&@@M@@F@@JSGM@C&?/W@;‘EW@&Q t)i%@@@ﬁﬁ&%%@é%m” IX shows
% of bacteria) or

MBC90 (microbicidal concentration of peptide that kills C90 (minimal inhibitory

concentfatio ¢PPeti et MHIb i Ss06iz 8 b hRRsfaF  DIIER I DEGS- DS CRYPAtIOND FPPHE
INVENTIONyith r=CSN did nat confer protection of mice against the endatoxic effects of LPS.

For comparison, rFC conferred 60-70% protection.
Figure 28. Line drawings of rFC (full iength) and its deletion homologues,
given with their corresponding start and end amino acid positions based on the
15 CrFC21 clone (SEQ. ID. NOs. 3 and 4, US Patent No: 5,716,834). Amino acid
residues are numbered as in SEQ. ID. NO. 4, rFC, rFCEE, rFCES(sushi-1,2,3),
rFC(sushi-1) and rFC(sushi-3) have endotoxin-binding site(s). Sushi ( & )
domains 1, 2, and 3 denote secondary structures in Factor C, with *sushi-like’
folding patterns. rFCSN dbes not contain any endotoxin-binding site. The lines
20 are not drawn to scale.
Figure 29, Binding of rFC produced in baculovirus-infected 59 cells to LPS
from various bacteria.
Figure 30. Bacteriostasis induced by rFC produced in baculovirus-infected
5f9 cells in cultures of different Gram-negative bacteria.
Figure 31. Protection of mice from LPS lethality by administration of rFC

produced in baculovirus-infected Sf9 cells.

BRIEF DESCRIPTION OF TABLES
Table 1 presents a comparison between binding affinity for lipid A of Factor C-

derived sushi proteins and other LPS-binding proteins,
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20 The present invention provides efficient, high affinity recombinant proteins and peptides for
gram-negative bacterial endotoxin. These molecules can be used, among other things, for: (a)
anti-microbial, anti-endotoxin, anti-sepsis therapeutics; (b) tracing and detection or localization of
gram-negativedagiesia via, for example, the GFP component of SSCrFCsushiris&h fusidn proteins;
and (c) development of 25 LPS-specific affinity chromatography systems to purify
endotoxin-contaminated samples or biological fluids. The present invention lies in part in methods for

treating bacteremiaTuging? preteinssthatdpiind tedracfenslendebgxl) asradlhticapeivity agremt. A
particularly effective protein is a re omb'nalgit Factor C g)r?oteg], or ag%gor.tion therr,leof that 30 retains
the biologica%a‘f@?ﬂ}:cﬂﬁﬂim}f HHRIEN Y (HPEIT PR T OB BtAs encoding

Factor C proteins frogh & ¢irasgespiusdsisdicandahayied eaninmeyjemnsadesdoiaet(10,73).
Recombinant Factor C from Carcinoscorpius rotundicauda (rCrEC) has been prodygced in. vitro by
coupled tranSGHNtHEHEEASERE §9§t¥?ﬁ§’.‘ﬁ&EBUQ?,Str?f"p?é(?gSin%%wﬁ’éh r%@%\éss%ﬁwclblmo{he
developraent ¢igntsdvy BfStemsde speaiadha usinginsasat cellsrasthechipsteetlimio T Bffciast itdsluction
of rFC by expression of cloned DNA. Also, the protection of rEC from activation and subsequent

o epaer Bt 5

self-proteolySi9BYICRHM & S EREHETR M AP SHETIPEORIt §dUSTIbratSN of the
protein is desgribaehindiS. d3atet NDshotk Bdidhoentsadisdosurentwithdstid:hereby
incorporated by reference. Basically, dimethylsulfoxide (Me2S0 or DMSO) is_added.tq solutions which
are used durfgHHETBEHACRE BTEERS’ érﬂ\rﬁﬁﬁ k8t tf?)%??fcﬂe Fé’%%%hi%v%ﬁrﬂy Iso
adding an agem®ifertiademrcheking divaientaieial ngs)to e paiptipatiomseltdions. cDNAS
appropriate for expr_essioré in the resently-ézlescrjb d system can be 1s cDNS}s égncodiﬂg Factor C of
any horséshd§ersizewl f@ﬁ?&@%&ﬁ@'&&@éﬁa UEED e R e dEMEd 20 MEF B NOi and
SEQ ID NO:34epeedipgbsamine-@aidseausnces ot S R NEF RRntidicd caoipositel BINA
sequence, assembled from incomplete cDNA fragments, encodirbq the ggctor C ofDTacgl&:)lﬁus
tridentatus  (TNF-a), column VI shows mouse protection assays — 2'ng LPS pre-incubated wit

peptide for 30 minutes before injection into C57/BL, column VII shows cytotoxicity

(cell lysis) assays ~ for 54-59: ECso = [peptide] to cause 50% lysis cytotoxicity,

15 column VIII shows hemolytic activity at 100 pg peptide, and column IX shows MBCqg
(microbicidal concentration of peptide that kills 90% of bacteria) or MICqg {minimal

inhibitory concentration of peptide that inhibits 90% of bacteria).

DETAILED DESCRIPTION OF THE INVENTION

20 The present invention provides efficient, high affinity recombinant proteins

and peptides for gram-negative bacterial endotoxin. These molecules can be used,
among other things, for: (a) anti-microbial, anti-endotoxin, anti-sepsis therapeutics,;
(b) tracing and detection or localization of gram-negative bacteria via, for example,
the GFP component of SSCrFCsushi-GFP fusion proteins; and (c) development of

25 LPS-specific affinity chromatography systems to purify endotoxin-contaminated
samples or biological fluids.

The present invention lies in part in methods for treating bacteremia using

proteins that bind to bacterial endotoxin as a therapeutic agent. A particularly
effective protein is a recombinant Factor C protein, or any portion thereof that

3¢ retains the biological activity of binding to fipid A.



is disclosed by Muta et al (49). 20 Factor C appropriate for use in the present invention can be
produced by any method typical in the art, Production of rFC in yeast host-vector systems is
described in reference 75. Recombinant Factor C produced in yeast is found to lack serine protease
activity, but, @shiewigdn the working examples below, protein produced in yeastdissitilkeffective in
both lipid A and endotoxin binding and in 25 inducing bacteriostasis. Production of rFC in yeast
host-vector systems is described in detail in co-pending U.S. Patent application 08/877,620.

Recombinant Factosiy Aok HssdiRdiradyentisoteat alom e prpduesd by phatleaviuhhest-vector
system or in another suitable insect cell host-vector system, such as one for Drosophila cells.

Co-pending B85N Wﬁ%%ﬁpﬂ@%f&%ﬂééﬂ)ﬁ)?&e@mfﬁ@Qtz%aﬁm 6d/501 78638 detailed

description of pHogesioNs PiFFC)imssiebay siemsed HMviMON1/8UR8E ParbiEiptR/0aad2tdhe
endotoxin/lipid A-binding domain of Factor C lies within the amino _termirga%){pgrtion of Eﬁe protein

encompasse/B{ERC W RKR s R PIREBREHGRINS ESIEES Rardredra 9. NS 4. Referring

to Figure; 28, gnsiejerdnilipidAecRingingractivbrizdnung incthe druasated siCER (Rotnetaeids 1-766),
rFCES (amino 5 acids 29-330), rFC(sushi-1) (amino acids 29-201) and rFC (sushi-3) (amino acids
264-330). MdettaprRERRsIOY FGHReEREest that the contacts are made by portions of the protein

lying in the cysteinexfigh amaite @RREERIRCIFoNQasIAs ®0ar@ siibtagseishidrdoalin especially
amino acids 170-185 and in the sushi2 domain, especially amino acids 270-280. Thus, a protein

having at leaB{1HBSHREEBATHE I SPRA OB PESHTIEh LU BB MFked By=R FARESHh Biino acid
sequence or pyRiReE ghepedl inkagedscaxPRLtsd 16 Beasetubititaeimethoeafftheiprasent

invention. As noted above, naturally-occurring Factor C proteins, and rFC that is full length and

produceld in BREEIVRGR PGSR TSR IR e GeckiPlined M Sy sidiaxige dMiaQ 5ttt divity. That
activity is actiygied By-sndriexinmHipic Adndingditibpnighibefoupesthatle sprs@protease

activity of the rFC produces undesired side effects when treating a subject with rFC according to the

invention. ThAEHRFioreREvae EinboarhieNes SRS RXEER RVEARBR SRR pR6IEHRE activity of the

divaient metal ions to the purification solutions.
cONAs appropriate for expression in the presently-described system can be

15 cDNAs encoding Factor C of any horseshoe crab. Two representative nucleotide
sequences are presented as SEQ ID NO:1 and SEQ 1D NO:3 (encoding the amino
acid sequences of SEQ ID NOs:2 and 4). A composite DNA sequence, assembled
from incomplete cDNA fragments, encoding the Factor C of Tachypleus tridentatus
is disciosed by Muta et al (49).

20 Factor C appropriate for use in the present invention can be produced by any
method typical in the art. Production of rfC in yeast host-vector systems is
described in reference 75. Recombinant Factor C produced in yeast is found to lack
serine protease activity, but, as shown in the working examples below, protein
produced in yeast is still effective in both lipid A and endotoxin binding and in

25 inducing bacteriostasis. Production of rFC in yeast host-vector systems is described
in detail in co-pending U.S. Patent application 08/877,620. Recombinant Factor C
for use in the invention can also be produced by a baculovirus host-vector system or
in another suitable insect cell host-vector system, such as one for Drosophila cells.
Co-pending U.S. Patent applications 09/081,767, 60/106,426 and 09/201,786

30 provide detailed description of production of rFC in such systems.
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rFC is inactivated, either chemically or by mutation, or the domain providing that activity is deleted
from the protein. 20 The portion of Factor C from horseshoe crab that constitutes the serine protease
domain is approximately from amino acid 760 to the carboxy terminus of the protein, numbered as in
SEQ. ID. NGx4.drurtizermore, the particular amino acids that constitute the patzdygio/vesitlues are
His809, Asp865, and Ser966. Thus, inactivation of these residues by chemical modification or by
site-specific mutation 25 can be used to provide rFC that will bind to lipid A, but lacks serine protease
activity. Chemical megifisationmindnpstivatirepdoegrote dactacivitsavtivielHenmwinoin the art.

Methods for introducing site-specific mutations into any particular, poly ti re.also well-known in
the art. c:o|or‘iﬁﬁ%’i‘@*aﬁﬁﬂ’tfﬂib?gbér&%@ﬁﬁ‘?&’ﬂﬁ%%@ﬁr% bg‘gge%st&ﬁﬁ@eﬁ rsg aarea "I8%escribed in
detail in co-pgrding:anplieaiicr ROHRSL, TO/NDedetistedivg asfigut Micnimtwiatipiddorporated by
reference. These assays are appropriate for - 1 127289 PCT/ /0 creening mutant
forms of rFC ?B?Cg%‘i?iﬁégﬁf%ié%g%ﬁ)ﬁgﬁvi&eAggagé?gxgﬁ%%i%@Oe%i%géﬁn(ﬁ?ég %’s@@&naesgribed in
co-pending agpieatinn09/0Ba Z6shihat (eannbetiaed da2assertairFthas ibie-Soriaemprotende-deficient
mutant retains the lipid A/endotoxin binding activity required if the protein is to be ysed in the present
K= Sl S AV

s invention. "&¥fiF MR RO BARLAHIGH F HUBHE Ztion of
sequences hayingless thapihmmismaicthepreiesablyitessdiam, HYeciimatdhoraadss @@ferably 0%

Solution of 0 SMITEANAGH Y 45160 A RS AN G191 RACT 00k orNal b U g5 C.

The conditiongyéliMarsaeeekdiag 17 thegengthusf therprahenatenG 1Clemtensantreshraniables as
known to the skilled practitioner (54). Exemplary wash conditions, following hybridization are an
aqueous’solRiorPein o MINECIER Q%jég‘?ﬁ%Ye%Jﬂﬁ9%§O@CffjoW§§ egi; §&a‘?§}3ﬂrof an organic
solvent such assfarmpmide;dnishedewashdbieryil inateasrthedstingeneysehthaveenidition as known
in the art. As noted above, naturally-occurring Factor C proteins, and FC that is fuli-
length and produced in baculovirus-infected or other insect cell lines, possesses a
serine protease activity. That activity Is activated by endetoxin or lipid A binding. It
15  might be found that the serine protease activity of the rFC produces undesired side
effects when treating a subiect with rC according to the invention. Thus, in
preferred embodiments of the present invention, the serine protease activity of the
rEC is inactivated, either chemically or by mutation, or the domain providing that
activity is deleted from the protein.
20 The portion of Factor C from horseshoe crab that constitutes the serine
protease domain is approximately from amino acid 760 to the carboxy terminus of
the protein, numbered as in SEQ. ID. NO.:4. Furthermore, the particular amino acids
that constitute the catatytic residues are His809, Asp865, and Ser866. Thus,
inactivation of these residues by chemical modification or by site-specific mutation
25 can be used to provide rFC that will bind to lipid A, but lacks serine protease activity.
Chemical modifications to inactivate serine protease activity are well-known
in the art. Methods for introducing site-specific mutations into any particular
polypeptide are also well-known in the art.
Colorimetric and fluorescent assays for the serine protease activity of rFC are
30 described in detail in co-pending application 09/081,767, the entire disclosgre of
which is hereby incorporated by reference. These assays are appropriate for
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A preferred hybridization condition is at 42C in 50% formamide, 5x SSC, Ix Denhardt's solution, 20
mM phosphate buffer, pH 6.5, 50 g/ml calf thymus DNA, 0.1% SDS. Salt and temperature conditions
equivalent to the hybridization conditions employed can be calculated from the following equation: 20
Tm = 81.5C wiHuedego[Na+]) + 0.41(%G+C) - 0.63(%formamide) - (600/1) whesasbeauthezlength of the
hybrid in base pairs. 25 A preferred washing condition is in Ix SSC, 0.1% SDS washing solution at
room temperature, followed by washing at high stringency with 0.1x SSC, 0.1% SDS at 42C and 2x
with 0.1x ssgbé@ér%@msmr@mmmm@n detveRrefeised yeteignsekay Cftorlipae Anetie method of

the invention ar thQs coded olyn otldest t will hybridjze ' having the
Coquonee 56 LSRR TG, 5 e b P A b b 5 BB e chversions
of rFC are th@@eﬁwtngaﬁae@mnaaclﬁhmmrm@t@h%@bﬂ@emaﬁmS&@mslael\mw 16 WO
01/27289 PCT/SE@ 0/00162 . For adrpﬁnlstratl # c{}f,‘a subj ect for treatment of pacterial infection or to

induce bactew S0 FE@%EI:SQJ 158 Fth P& RTG %Utlé&ﬂ £ b ec%'?‘?%%tappropriate for

the routes of adlmitigtiation. Formulation of polypeptldes for administration is known in the art; the

practitioner is referrg for exam to s Ce 79. Ther ute adminis |on is not particularly
limiting of the inventi éﬁSBs Fé%%%b?f%ﬁ A F}EP&\FEHBE}E &hd topical

admi_nistratidﬁybir@@a%r@ﬁamséqnaﬁmﬁr@vm@waﬁami@%ﬂmlﬁnﬁmth@ﬁerah@rwal saline
orovided in HOURTBSETSHH T et e 0 S St ST AL Ednigaton o the
protein in the:fpamnidationsiagmidistesd 5 nredhativedd pr@wd@@mm@kﬂ@hﬁiﬂﬁagecas eescribed
33!30\& tﬁgly&%%ilde é 55%1%% ﬁ ents Lrﬁ%}?lijﬂnso %:%e ﬁg&cez%tg/bol%tr% g?r?cri%daattld? r,JEe body, usually
The conditions will vary accordmg to the length of the probe, its G+C content and
other variables as known to the skilled practitioner (54), Exemplary wash conditions
following hybridization are an agueous solution of 0.9 M NaCl at 45-65 °C, preferably
55-65 °C. Lower salt, or addition of an organic solvent such as formamide, in the
15 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 solution, 20 mM phosphate buffer, pH 6.5, 50 ug/ml calf thymus DNA,
0.1% SDS. Salt and temperature conditions equivalent to the hybridization
conditions employed can be calculated from the foliowing eﬁuation:
20
T = 81.5°C - 16.6(IogiofNa™]) + 0.41(%G+C) -
0.63(%formamide) - (600/1)
where | = the length of the hybrid in base pairs.
25 A preferred washing condition is in 1x 55C, 0.1% SDS washing solution at
room temperature, followed by washing at high stringency with 0.1x 55C, 0.1% SDS
at 42°C and 2x with 0.1x 55C/0.1% SDS for 15 min. each at 42°C.
Preferred versions of rFC for use in the method of the invention are those
encoded by polynucleotides that will hybridize to a nucleic acid having the sequence
30 of SEQ. ID. NO. 1 or SEQ. ID. NO. 3 under stringent conditions. Most preferred
versions of rFC are those having the amino acid sequence of SEQ. ID. NO. 2 or SEQ.
ID. NO. 4,
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administered according to the present invention might desirably be derivatized to 15 inhibit such
degradation. For example, carboxy-terminal amidation of the protein is known in the art to inhibit
degradation by proteases present in serum. Particular derivations of proteins to improve their
resistance toxgegracason in vivo and methods for accomplishing them are wellvkaowinisethe art. The
dosage to be administered will of course be tailored to the particular 20 form of rFC administered and
the route of administration. Tailoring of dosage is considered within the skill of the routine practitioner.
A dosage within thergangsh&trdoos modkg:biedy foreighitisartcspbabte;ipreferaily trealosage will be

within the range of 0.1 to 3 mg/kg, most. preferahly in the range of 0.3 to 0.4 mg/kq., Doses may be
administered & %?FB%I'%%%’Bytﬂ%géﬁ?‘?Hgngtr?%u EP@@%C&U 'aﬁ”ih%q?gﬁg%@ill be determined
partly by the hatfidife £ihspareteipriththebedyt aghichswitibe. irfranceidbyithepeeptidta fstructure of

the protein and also by the route of administration. Assessment of pharmacokinetics necessary to
determine th&@IpEEEAYARS B%%@Sf%é%gr %W%éﬁf?geﬁ%gd irﬁé?@?@t?’ii%onsidered

within the skileeéidie-@rastitiorefose boadeninst-agdoninstatinntick@ror ipolypg plides ioveatiombinant
polypeptides (rPP) in combination with oil and water emulsions at ’a} final concentration of 517 WO

01/27289 PCR/SRS I /6618 B L6 THAY BEUNES: {8 FaHe RiFicANEred el BHHYRT AR nts. These
preparations can beapplieeifey iseatinensegadnsilasiefiakbettionatsherskinrfosdastaate,

secondary burn patients (against Pseudomonas aeruginosa) or cellulitis (against . ta%h/ /ococcus
aureus). The JEEGIDSHBEtSsT5 R %58%@8 ﬁ#g‘%{& Rt Qfgﬁﬂeﬁ Bsir F@‘{)arations as
antimicrobial psgeepmibesaeibResalaneion ifopameinason with reeonemiosakpreservatives, to prevent
or control the growth of bacteria ILﬁ/east, and mold. The followin%te}%rfﬁ_lar embodiments of the

inventiof’serde T WRTHSfe: tHee Fial iR IR e LR RbI e CahLRRSGR limiting of the scope
of the io invepgahnwidieh is definedanbyypieiclaimsitalitwingafxamgiectinBariktation of stably

expressed and secrgé?ydpé%%%rg%i}ré?anée%%g: eraggnl%ss are known to be susceptible to degradation in
the body, usually due to the action of proteolytic enzymes. Thus, the rFC
administered according to the present invention might desirably be derivatized to
15 inhibit such degradation. For example, carboxy-terminal amidation of the protein is
known in the art to inhibit degradation by proteases present in serum. Particular
derivations of proteins to improve their resistance to degradation in vivo and
methods for accomplishing them are well-known in the art.
The dosage to be administered will of course be tailored to the particular
20 form of rFC administered and the route of administration. Tailoring of dosage is
considered within the skill of the routine practitioner. A dosage within the range 0.01
to 3 mg/kg body weight is acceptable; preferably the dosage will be within the
range of 0.1 to 3 mg/kg, most preferably in the range of 0.3 to 0.4 mg/kg.
Doses may be administered either by bolus or by infusion. The particular rate
25 of administration will be determined partly by the haif-iife of the protein in the body,
which will be influenced by the particular structure of the protein and also by the
route of administration. Assessment of pharmacokinetics necessary to determine the
precise rate and dosage of the particular protein to be administered is considered
within the skill of the practitioner.
30 For topical administration, rFC or polypeptides or recombinant polypeptides

(rPP) in combination with oil and water emutsions at a final concentration of <
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Stable cell lines of Drosophila S2 clones expressing SSCrFCES (US Patent Application No.
09/426,776) were routinely cultured in serum-free DES Expression IS medium and maintained at 25C
in a humidified incubator. (a) Purification of SSCrFCES using a TALON column The medium
containing S&GrhGkES$ewas initially concentrated and desalted via 3 rounds pfokafitraion using a 10
kDa cutoff membrane in an Amicon stirred cell (Millipore). Affinity chromatography purification under
denaturing conditions yielded 20 a 38 kDa protein of interest, in addition to a 67 kDa protein. Western
blot analysis pindizatag)thatiibedsd kivenptptien deaspittontimthenarbndsedyspisdagndhus this
larger protein is ljikely due to non-specific adsorption to the. resin. Purification of SSCrFCES by
Preparative 15¥é ﬁﬂpkﬁgrﬁ%gﬁffét}é@gﬁaﬁﬂg? %ECE?%{&QTWW ?irbqﬁ Ratoriedanetium were

initially subjectedri@ssyerragveicAt Yhtaliarmon singmi 0o kbaoss d0dddaitrqlegsitast weight cutoff
with the Pellicon system (Millipore). The medium was concentraied seven-fold. The enriched

S SO CE v RE IS M TR a RSP e G i Gon G B nbrane
ElectropRoresisiisaefekisofirinas e fRrarorscia)afthigicrodldhe SSaHtOES cittasr daigenained to be 7.1
at 4C. A set of four membranes Were,mafe, with pHs of so 6.5, 7.0, 7.25, an 7.5. The cgncentration
of acrylamid & HORERIGEEHH8 oY SRRANBr Aee el Call R BREE 681 féﬁn%ff?ﬁﬂri*no ighetti and
Giaffreda (1 Bactds IV ZA2BRRET/SG00/00162 The four membranes were assembled in order,
from acidic to basic, to delimit five chambers. Each sample reservoir vessel was Iilled with 30 ml of
pyrogen-free water 'Bfd iWiE SYABPATY ARRIEBRREAMY HOREV B0 VEivntRd SE A Riaximum)

for two hoursnseAdiat. reReoviaentIesRIg: it Yealer ctheipepteinrarmpler was plasedirrgample reservoir
vessel corresponding to the chamber delimijted by pH 7.(% nd 7.25. The IsoPrime was conducted

under thé& sa lé%'ﬁg'rti\gﬁg ?@-@8§9§Wﬁ@uﬁgﬁﬁ% Q?OMT on the protein, and the content from
each chamber was analyzed on a 12% SDS-PAGE. The scheme reported here has been found to be

reproducible in our jo laboratory throughout the cours ofgpproximately twa years. The overall
recovery Example 1: Purification of stably expressed and secreted recombiniant SSCrirCES

Stable cell tines of Drosophila S2 clones expressing SSCrFCES (US Patent

Application No. 09/426,776) were routinely cultured in serum-free DES Expression
15 medium and maintained at 25°C in a humidified incubator.
{(a) Purification of SSCrECES using a TALON column
The medium containing SSCrFCES was initially concentrated and desalted via

3 rounds of ultrafiltration using a 10 kDa cutoff membrane in an Amicon stirred cell

(Miiliipore). Affinity chromatography purification under denaturing conditions yielded
20 a 38 kDa protein of interest, in addition to a 67 kDa protein. Western blot analysis

indicated that the 67 kDa protein does not contain the carboxy! poly-His tag. Thus

this larger protein is likely due to non-specific adsorption to the resin,

(b) Purification of SSCrrCES by Preparative [soelectric Membrane Electrophoresis

Typically, 2 liters of conditioned medium were initially subjected to successive
25 ultrafiltration using a 100 kDa and 10 kDa molecular weight cutoff with the Pellicon
system (Millipore}. The medium was concentrated seven-fold. The enriched
SSCriCES was purified to isoelectric homogeneity using Preparative [soelectric
Membrane Electrophoresis (Hoefer IsoPrime™, Pharmacia). The pl of the SSCrFCES
was determined to be 7.1 at 4°C. A set of four membranes were made, with pHs of
30 6.5,7.0,7.25, and 7.5. The concentration of acrylamido buffers used for the
membranes were calculated based on information in Righetti and Giaffreda (17).

_.}8_



of SSCrFCES binding capacity is nearly 90%. This is attributable to its extreme stability conferred by
the presence of 9 disulfide bonds. U Analysis of the purified SSCrFCES The distribution of the protein
was identified using Chemiluminescent Western 15 blot. SDS-PAGE analysis of Drosophila cells
transformedwythithesecombinant vector is shown in Figure 1A. The WesteREbittoeteaked the
presence of a protein with an apparent molecular weight of -38 kDa (Figure 1B). SSCrFCES in
medium represented > 90% of the total recombinant protein expression. When stable cell line was
cultured in s@furfdreamaeticamasithendt sspropigdimfordewésitimadic to bEiide sisimér ik, a typical
yield -1.6 mg/L. of SSCrECES C{l’éi . 1 i t jum thus
contributes tg‘?ﬁ@ Se o?%\a%ﬁi)ﬁ in%écl)%%%u %%E?n%] g-ﬂrl |C§ﬁ§r?5 !&Es%tj grpgggﬁﬁ%ﬂ]tw&;r‘s%:q#éCES
expressed amdseereteddraiiCinsecy\aiis wastbidlogivany AN, Pbithanipled reigrpaded Lipid A
binding assay A PolysorpM 96-well plate (Nunc) was first coated with 100 pi per well of various
concentratior@% @A diluted in pyrogen-free PBS. The plate was sealed and allowed to incubate
overnight at room tedftperatuceiTtheheelts-werevakirfedrateimeshate Gvempeathi2Gempler wash
solution (PBS containing 0.01% Tween-20 S0 % thin: . ' cypied sites
was achievecﬁeﬁgfﬁ’g '\r/v\ég?fef&%rtrigﬁagggéﬁw%gt%gz%ﬁsag‘éﬁr@%geﬁg %)%Cr#ﬁ%ﬁ?ée?g%ﬁe%g
SubsequentlysoPAih¥\Wa 6 LA FARIECTIHEG DO MBS 2obibidkirgfaoRitfodaya svithnioy ddtane e wells

washed as descripbed above. Varying, con i 0 tQ.nteragt with
bound lipid Aeiﬁcelggo% @%8?8&‘&?3?%@%%%@5 c?lﬁa éi%%%ﬁ@%&ﬁ%e%%g%ﬁy%gﬁgﬁﬁal
incubation wiSbgaphERNTBeSSEeFEESparttiduréhis Geeliditony 4ndeoaprcicitbdinaditivody
conjugated with HRP (1:2000 dilution) (Dako)..| 1] ith ib C with
washingl?)etvv\i%[}e%?ﬁ%Wb ioHe aOsULé RS%I’{I: Eééé%év%%ﬁgﬁ@qﬁﬁ%@ﬁ%ﬁg%égl 0 Sgreogd gg%)g%a% ABTS
(Boehringer MagsdeftiWasdidded piistmdsaeachofitéls. plasreaateibtisabsoritaastehthe samples
was determined gt 402N W L, the presence of 9 disulfide bonds.

(c) Analysis of the purified SSCrFCES

The distribution of the protein was identified using Chemiluminescent Western

s blot. SDS-PAGE analysis of Drosophila celis transformed with the recombinant vector
is shown in Figure 1A. The Western blot revealed the presence of a protein with an
apparent molecular weight of ~38 kDa (Figure 1B). SSCrFCES in medium
represented > 90% of the total recombinant protein expression. When stable cell
line was cultured in serum-free medium without hygromycin for a week in a 1L-

20 Bellco spinner flask, a typical yield ~1.6 mg/L of SSCrFCES was achieved.

The presence of SSCrFCES in the culture medium thus contributes to the ease
of batch-continuous culture and purification. Most significantly, SSCrFCES expressed

and secreted from insect cells was biologically active.

25  Example 2 : ELISA-based Lipid A binding assay

A Polysorp™ 96-well plate (Nunc) was first coated with 100 pl per well of
various concentrations of lipid A diluted in pyrogen-free PBS. The plate was sealed
and aliowed to incubate overnight at room temperature. The wells were aspirated
and washed 6 times with 200 wt per wash solution (PBS containing 0.01% Tween-20

50 and 0.01% thimerosal). 8locking of unoccupied sites was achieved using wash

solution containing 0.2% BSA for 1 hour at room temperature. Subsequently,
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io reference wavelength at 490nm. The values were correlated to the amount of LPS bound and
SSCrFCES present. Quantitation of SSCrFCES was achieved from a standard curve derived by
immobilizing known amount of purified SSCrFCES onto a Maxisorp plate. Results from the
ELISA-baseawipidARinding assay displayed a biphasic curve is (Figure 2Apdaniie/ather
LPS-binding proteins (18-21), SSCrFCES has multiple binding sites for the ligand. SSCrFCES binds
co-operatively to lipid A with a stoichiometry of one SSCrFCES to '3 lipid A molecules at saturation

(Figure 2B). Seatchasdiptvs ofdbednindieg staddtarevedsywanheekaindicatingdretahe biaeingof

SSCrFCES to lipid A is_ highl perative, being comparable to h oglobin for.20 oxygen (22). This
is confirmed BWEW%%”%fqﬁg%ﬁrfé% e ﬁ%ﬁ%ﬁid@aﬁﬁ{ c%g@ﬁ,g%%ng 5@? AEHHIMY to the Hill's
equation (23)eyishgrues Qorfiigient of 2.2. While bactericidal/permeability-increasing protein (BPI)

(18) was reported to bind > 1 lipid A molecule, it was not reported to exhibit cooperativity in binding.
This homotropic cdsPEraRAY Tor Bty %ﬁ@%YSWHE@LIW &Iu‘&'f@ 5%%?% SI 25I Tkl1e

gresenC%fof fS'S'dIiPtEE@i%Mﬁ;b'tﬂ\,d'(rlg133@36dhaﬁmpw&ﬂgawm@tmiﬁbimsﬂbedly@mjtigatmaﬁki%-binding
omain of Factor C, as well as full-length Factor C, to be the best candidate for remo d detection
of endotoxin Woi&fi%@ﬁ%ﬂ&ugﬂﬁkéﬁé%fg‘uggcé@%q{aarWi'-%n %)ﬁﬂtfﬁggéfp‘%ﬁgjtigp%\{gﬁ binding
also contribuggh e dsaaigrieiswalititinto detent sishipicageanairuel. of enice findn 4445, Ratent 3o
Application No. 09/081,767) as well as a competitive bino_lin advant over Limulus Anti-LPS

Binding FactGE[PRER PUEHRES G237 289 BETIEEE Rt ively '¥hé Jagrai@ation of

amoebocytes\iatthp-presefine dPSaneutd tricasamidatiesHetantimacteriald s hinding factors e.g.
LALF, thus significantly reducia%ghe amount_of free LPS. Nonetheless, Factor C is capable of

capturin tradE EFFE % WAV HRANL AR IO H EAGLRR VTR VAR A s R AN A s Yo s
homotropic cpgpghaiivitsss:#emonstiaiad hy SeRHECESS YSrtRSSausite-h%edieing domain.

Tl 3 S G o Beed By roobinding known amoant o1 purted SSCPELER onto &
Maxisorp plate.
Results from the ELISA-based lipid A binding assay displayed a biphasic curve

15 (Figure 2A). Uniike other LPS-binding proteins (18-21), SSCrFCES has multiple
binding sites for the ligand. SSCrFCES binds co-operatively to lipid A with a
stoichiometry of one SSCrFCES to ~3 lipid A molecules at saturation (Figure 2B).
Scatchard plots of the binding data are very convex, indicating that the binding of
SSCrCES to lipid A is highly cooperative, being comparable to haemoglobin for

20 oxygen (22). This is confirmed by the slope of the line obtained from plotting the
data (Figure 2C) according to the Hill's equation (23), which gave a coefficient of 2.2.
While bactericidal/permeability-increasing protein (BPI) (18) was reported to bind >
1 fipid A molecule, it was not reported to exhibit cooperativity in binding. This
homotropic cooperativity for binding to lipid A is thus novei and unique to S5CrrFCES.

25 The presence of mulfipie lipid A binding sites that showed cooperativity
assuredly confirm the LPS-binding domain of Factor C, as well as full-length Factor C,
to he the best candidate for removal and detection of endotoxin in solution, and
supports its use as an anti-endotoxin therapeutic. Cooperative binding also
contributed to Factor C's ability to detect sub-picogram level of endotoxin (US Patent

30 Application No. 09/081,767) as well as a competitive binding advantage cver Limulus
Anti-LPS Binding Factor (LALF).
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between lipid A and: CrFCES; SSCrFCsushi-1,2,3-GFP SSCrFCsushi-I-GFP; 10 SSCrFCsushi-3-GFP;
and synthetic peptides Recognition of lipid A by the abovenamed secreted recombinant proteins and
peptides was performed with a BIAcore XT™ biosensor instrument and an HPA sensor chip. Briefly,
lipid A at 0.5wngimbies®BS was immobilized to a HPA sensor chip (Pharmaeia)/scemudiag to the
manufacturer's specification. In all experiments, 15 pyrogen-free PBS was used as the running buffer
at a flow rate of 10 ul/min. With purified SSCrFCES, 4 pg/ml was injected into the flow cell at a rate of
10 pl/min, and the iNatingeespensewascareasittshas ammetioryeistimend pleving: wHeoton of
SSCrFCES, a solution of INDIATM HisProberM-HRP ibogl , diluted in PBS_to 400 pg/ml, was also
injected to callS&'d §ﬁﬁ@ﬁ$§ﬁﬁ¢ﬁ%&§?&§*r8ﬁ SP@ ?g ? 'ﬁ%ﬁ%%%%ﬁd?ﬂ?lipid A. For

regeneratizn,simﬂﬁdvlt@f Mé@drhggh@@'ﬂn?!aﬁt weciedpsr mmmfimwhdMié®ME§@nalyS;s
was carried out with SSCrFCsushi-GEP fusjon protejns. Figure 3A shows that injection of 400 ng/100
ot SSOrECES G TRRETE AL EEIHATay AR eSS r D00 Rl BB URR Thi
represents a 82% 25nastarstien e dipithvty SubRreatentytanjpetEsTetantibedy NOSAY, HistiHRP Ab)
against the poly-His tag of SSCrFCES resulted in a further increase of relative response unit. The
binding of INDIALNE lﬁ?fg’w-?ﬁb Ab further confirms that only SSCrFCES was bound to the immobilized
lipid A. Figures 3 B, 3C, and 3D show SPR (in response units) of the realtime binding 30 interactions
between SS FCh'-_l, '3 S CIFCsushi-1, and SSCrECsushi-3-GEP fusion protein ,_rspectively,

to the immobHEEd i A e B e S>3 W &L IE5 R PREIE 610862 SHEws the
same binding2 PRSI AATSS S Ftre e et et aUstetr form sushi-1 and
sushi-3 of Fa h&g SSEFPEES tnd-Syitketic peptides are potent anti-endotoxin
molectles - 5 (inhibErP B BRERO LRI ATVATE ADHELGDRY TRE Eire ek IGP RS Gntitative,

kinetic assay fepthrdetecterfofrgranineg@8ivedracterial@raatoxint ilniseassay; Wiizgs thenigbtial part
of LAL chip. Briefly, lipid A at 0.5 mg/ml in PBS was immobilized to a HPA sensor chip
(Pharmacia) according to the manufacturer’s specification. In all experiments,
15 pyrogen-free PBS was used as the running buffer at a flow rate of 10 pd/min.

With purified SSCrFCES, 4 ug/ml was injected into the flow cell at a rate of 10
pli/min, and the binding response was measured as a function of time. Following
injection of SSCrFCES, a solution of INDIA™ HisProbe™-HRP antibody, diluted in PBS
to 400 ug/ml, was also injected to cause a shift in SPR in order to further confirm

20 that SSCrFCES binds to lipid A. For regeneration, 100 mM of NaOH solution was
injected for 5 minutes. Similar lipid A binding anaiysis was carried out with
SSCrFCsushi-GFP fusion proteins.

Figure 3A shows that injection of 400 ng/100 ul of SSCrFCES over immobilized

linid A resulted in an increase of ~200 relative response unit. This represents a 92%
25 saturation of lipid A. Subseguently, injection of antibody (INDIA™ His-HRP Ab)

against the poly-His tag of SSCrFCES resulted in a further increase of relative

response unit. The binding of INDIA™ His-HRP Ab further confirms that only

SSCrCES was bound to the immobilized lipid A.

Figures 3 B, 3C, and 3D show SPR (in response units) of the realtime binding

10 interactions between SSCriCsushi-1,2,3, SSCriCsushi-1, and SSCrFCsushi-3-GFP

fusion proteins, respectively, to the immobilized lipid A on the biochip. Figure 3E

..2}._



endotoxin reaction to activate an enzyme, which in turn releases p-nitroaniline from a synthetic
substrate, producing a yellow color. The time required before the io appearance of a yellow color is
inversely proportional to the amount of endotoxin present. Throughout the assay, the absorbance at
405 nm of eagh weltghthe microplate was monitored. Using the initial absorpansegsgading of each
well as its own blank, the time required for the absorbance to increase 0.200 absorbance units were
calculated as Reaction Time. The 50% endotoxin-neutralizing concentration is (ENC50) reflects the
potency of SSLJFEER 9hhe SHaA t!ﬁt@%ﬁﬁﬁéﬁa‘?‘ﬁls%\#%ﬂ sdiepies bigh)anbenderspotency.
Briefly, 25 p1 of endotoxin solution {LPS, E.c011055:B5) at 200 EU/ml was mixed with an equal
volume of SSEFREE S 15BN -h Aetitstio? 2FGRFERUEONS in LAL reagent water in disposable
endotoxin-free glass dilution tubes (BioWhittaker) 20 and incubated at 37C for one hour. The reaction
mixtures were each diluted 1000- fold with LAL reagent water. The endotoxin activity was then
quantified witBXBRRIRIE: RINEHEILIC the PHOSE B ARiei ad-Rieelx RdeQ8reaE

CREGE Vot el it o 2200 alSifc 1S i_tie te (Csr : T Ie was then
pre-incubated for >Tniftitdds K Redimpliratare GetfsadyezIianiplassas e INedian€end of the
pre-incubatiog, perind, JOR R0t Seshikdeeanstityiad ddagficracds deagansvyasdispapsed into the

wells using an 8-charninel multipipettor. The absorbance at 405 nm of each well of the microtitre plate
was monitore¥NEPHKE IRESHRNSORSHRIBRT SV B Y iHa oM HGLI8ISR S S ectNPATHBIRIX 9Ms

activated p”@s&&%ﬁéﬁ!ﬁﬂ:ﬁ&t?ﬁ%'—wﬂa ingtieiQilediBe apraYwas aglivateddiy 8605 EU/mI 30 of
endotoxin. - 22" WO 01/27289 PCT/sGOO/00162 The high sensmvﬁfl of the assay allowed for very low

levels of &nd SR BR Odetyetisdy FObWANGYREEbAREIPET Rl tBX IR QRN S8 AL CEEREDB00-fold
dilution was [piraducedi{o,glRinate@ayRotenialeiirsin el thesdS AR 6FE&an fhe bhkenzyme

system. A sigmoidal curve is usually expected between relative reaction time and 5 the logarithmic

concentratio/ U HRIGS DASCRRItPROp dBIRECIS dNias RsprBanssingadhdmetaneias its
concentration,GoriesRRNEHRG ARG Rt tREreassBFRAAPRAcrease 0.200 absorbance units

were calculated as Reaction Time. The 50% endotoxin-neutralizing concentration
15 {ENCsy) reflects the potency of SSCrFCES or the synthefic peptides; a tow ENCyg

indicates high anti-endotoxin potency.

Briefly, 25 ul of endotoxin solution (LPS, £.co/f 055:B5) at 200 EU/mi was
mixed with an equal volume of SSCrFCES at 1 uM, in a series of 2-fold ditutions in
LAL reagent water in disposable endotoxin-free glass dilution tubes (BioWhittaker)

20 and incubated at 37°C for one hour. The reaction mixtures were each diluted 1000-
fold with LAL reagent water. The endotoxin activ'ity was then quantified with Limulus
Kinetic-QCL. One hundred pl of the diluted test mixture was carefully dispensed into
the appropriate wells of an endotoxin-free microtitre plate {Costar). The piate was
then pre-incubated for >10 minutes in a temperature-controlled ELISA piate reader.

25 Near the end of the pre-incubation period, 100 put of freshly reconstituted Kinetic-QCL
reagent was dispensed into the wells using an 8-channel multipipettor. The
absorbance at 405 nm of each well of the microtitre plate was monitored at time
intervals of 5 minutes over a period of 2 hours. A 5 second automix was activated
prior to reading. In the Limuius Kinetic-QCL, the assay was activated by 0.005 EU/ml

30 of endotoxin.
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time was designated ENCso The mean values were obtained from 3 independent experiments. The
time that is required before the appearance of a yellow color (Reaction io Time) is inversely
proportional to the amount of endotoxin present. A low ENC50 indicates high potency of endotoxin
neutralizationyd peENES0 is taken as the concentration of SSCrFCES that pedugasthesmean
reaction time by 50%. A sigmoidal curve was obtained between relative reaction time and the
logarithmic concentration of SSCrFCES (Figure 4). ENC50 of SSCrFCES was determined to be is

0.069 0.014 M. Compargireberihis Be tse2BssandilodvielddessihamBdlichospl nabyoxin Band

LF-33 (33-mer peptide derived from lactoferrin) (24), respectively. This shows that on a molar basis,

much less SSEFREES iSFLONIRG TS HRaHPRIPE SRR ot GHEPS? EBRSEa it A arss

indicates thati SRCHIEE RisifireaEAYhdrreaeRisdacn Birant oateln 020 AO e NGB the
synthetic sushi peptides were comparable to other reported peptides, e.g.: 51=2.25 M; Sla =0.875 M;

53=1 M; A3 =/8EZ5M AFoaRecabsiiMe Py i¥ tRRE OSONRRNCS YR AL R FINFARAV2=0.89
PM. Hil's;plotfer thexrtaraction eiwarihmihetisoantides and tipid A shewsihau&i.exhibitgd high

positive co-operativity of n = 2.42, indicating that more than two 25 SlﬂEe tides interact with one LPS

molecule. Ex2HAPIEHOtBRdR SOFSREARICOIRPERBHEES FAdSTHRWGRC it d? FRHIGOh of the
LPS-induced JNE @a1ktigB R d BNt -erllsdarhuman pesiphenaflecdomaonaauplaaicells

(PBMC) 30 During gram-negative bacterial septicaemia, the high concentration of LPS in the blood
leads to multiﬁf@%‘?@é‘?ﬁéilure syndromes. These adverse effects are dependent on the generation of

endogenous mediatgtg freulbide eijnestiatersé3nWehadszd R8I d7 G SRR 4Rhavenbeen

implicated, including arachidonic acid metabolites, PAF, cytokines such as TNF-a, interferons, and
various iffterlgdiRs Eely/gLSe!Y|PIEPRIEINREHRH08 8RS Theniumee RS mPOREHY bthe
coagulation casfiagied igh Gorsequsnihydhsqninlogieal aatentiahetfB(kGEEhabifgkand neutralize

LPS-stimuIat%%rﬁ)gggtl;gggg 8F SSCrFCES that reduces the mean reaction time by 50%. A
sigmoidai curve was obtained between relative reaction time and the logarithmic
concentration of SSCrFCES {Figure 4). ENCsp of SSCrFCES was determined o be

s 0.069 + 0.014 uM. Comparatively, this value is 28- and 7.5-fold less than ENCsg of
polymyxin B and LF-33 (33-mer peptide derived from lactoferrin) (24), respectively.
This shows that on a molar basis, much less SSCrFCES is required to neutralize the
same amount of LPS, Consequently, it also indicates that SSCriCES is a potent anti-
pyrogenic recombinant protein.

20 The ENCsq of the synthetic sushi peptides were comparable to other reported
peptides, e.g.: 51=2.25 uM; S1A =0.875 uM; S3=1 uM; A3 =0.625 uM. For the
designed peptides, the ENCs;y values were: Vi=0.47 uM and V2=0.89 uM.

Hill's plot for the interaction between synthetic peptides and lipid A shows that
S1 exhibited high positive co-operativity of n = 2.42, indicating that more than two
25 Sl peptides interact with one LPS molecule.

Example 5: The anti-sepsis activities of SSCriFCES and synthetic peptides: inhibition
of the LPS-induced TNF-o and IL-8 by (a) THP-1 cells (b) human peripheral blood
mononuciear cells (PBMC)

30 During gram-negative bacterial septicaemia, the high concentration of LPS in

the blood leads to multiple organ failure syndromes. These adverse effects are

dependent on the generation of endogenous mediators. A multitude of mediators
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s cytokines in human promonomyelocytic cell line THP-1 and normal human PBMC were investigated.
Results from our in vitro binding studies suggested that SSCrFCES would be a potent inhibitor of the
LPS activation of monocytes. To test this prediction, we measured the ability of SSCrFCES to inhibit
hTNF-a andkb.«3/praduction by THP-1 io cells incubated with 25 ng/ml and &O0sapmbwLLPS in a
serum-free system containing various. concentrations of SSCrFCES. THP-1 cells were grown in RPMI
1640 medium supplemented with 10!o FBS, penicillin (100 U/ml) and streptomycin (0.1 mg/ml), at

37C in a humidifiednviFanmpariin g, aresenseionode@ mdiagotrits were iprikiaieedat asdensity
between 2.5 x 105 and 2.5 x 106 cells/ml. is THP-1 cells were prepared for experiment bégaddition of a

concentrated 'S¥6ck EBRITRIAMT RSt RNFRRESRSEEBME 1o B gt In GREEMT PEHEEide) to cell
suspension torgiyd GifinalfenesnBaientei-sAmotm RIARNE:E:8480 dimetiedreatioxite, (26

PMA-treated cell suspensions were immediately plated into 96-well microtitre plate zt a (ijensity of 4 x

105 cells/ml &flMI6N O R EHAEREHEEP48 DA BRUTRHZ P T BRHAL T PE BtfdIn by 25
ng/ml LP$ ord B3 Ree-iNEURHMS G Mih keI eyteariratiesHE-$ SedR{cRSatheeiupgmedium was

removed, and the cells were washed twice with serum-free RPMI 1640 and incubated at 37C. At
indicated tim&E i ¥EHIFEtA%dium was collected. Human TNF-a and IL-8 concentrations in the

supernatants were agsayedasingESARsHHEBestast ARthetmpmiacsrercEspasinised yenous
blood drawn from healthy donors was subjected to_ fractionation USia%ghi%l-P (i:%e PLUS (Pharmacia)

to obtain peripAEal BIBBHCHINSIRUETea? CRRHBER EY BEXIRS wiket BY dd suspended

ata cell density-af,le8 ¥t05 00|/ 1 yothiRBMtd fibmedinmetpalamen e avitido Wy FBS- p PBMC
were incubated at 37C for 24 h at a density of 1.5 x 105 per lation and immunoassay

well. LPS stim
of hTNFI4 anteRRLIEWhSe D RS a1 SIS HEY Re MY L\R/%’bi‘/é%%@‘g%@r%%%/oomz THP-1
cells. In additiomshe sy paressiveritestAicPs CFREES OrsL PS+induged wytekinewelaareMmis

investigated I?(jtgg %fﬁﬁ%cgu(gmlgfz‘égfe@%%e{%% gE?S? peniciliin (100 U/ml) and streptomycin
(0.1 mg/mY), at 37°C in a humidified environment in the presence of 5 % CO,. The
celis were maintained at a density between 2.5 x 10° and 2.5 x 10° celts/mi,

15 THP-1 cells were prepared for experiment by addition of a concentrated stock
solution of phorbol myristate acetate (PMA, 0.3 mg/mi in dimethyi suifoxide) to cell
suspension to give a final concentration of 30 ng/mi PMA and 0.01% dimethyl
sulfoxide (25). PMA-treated cell suspensions were immediately plated into 96-well
microtitre plate at a density of 4 X 10° celis/m! and aliowed to differentiate for 48

20 hours at 37°C. Immediately before stimulation by 25 ng/mi LPS or LPS pre-
incubated with various concentrations of SSCrFCES, the culture medium was
removed, and the cells were washed twice with serum-free RPMI 1640 and incubated
at 37°C. At indicated times, the culture medium was collected. Human TNF-a and
It -8 concentrations in the supernatants were assayed using ELISA as suggested by

25 the manufacturer.

Heparinised venous biood drawn from healthy donors was subjected to
fractionation using Ficoll-Pague PLUS (Pharmacia) to obtain peripherai blood
mononuciear cells (PBMC). PBMC were washed with PBS and suspended at a cell
density of 1.5 x 10° cell/mi with RPMI 1640 medium supplemented with 10% FBS.

16 PBMC were incubated at 37°C for 24 h at a density of 1.5 x 10° per well. LPS
stimulation and immunoassay of hTNF-a and hIL-8 were performed as described for
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difference between the test and control groups was subjected to Student's t-test. The values were
obtained from at least three independent experiments. 5 Figure 5 shows that with THP-1 cells, 0.5 pM
of SSCrFCES potently inhibited >90% LPS-induced production of TNF-a and IL-8 in the presence of
high level of yepdotaxiw. At 25 ng/ml LPS concentration tested, 0.7 pM of SSgirk&&uonisisufficient to
completely prevent LPS-induced TNF-o production (Figure 5A). At 100ng/ml LPS, 1 pM of SSCrFCES
reduced 90% IL-8 production as compared to control (Figure 513). 10 Our findings indicate that 1 pM

of SSCrECES gffectivaly RiewaRiibe, kRSsuppriataskinduction Kt ENESQANG A& pegduction by

THP-1 when these cells were incubated in the presence of high endotoxin levels. It is important to
note that the YEPIEBAtFAIRRTE BASPRYESHIRiAG I BADCLDEFRY AR IAYarntase shibigs ditamong the

highest knowg fepeeaiialigns:reaRriadiankerindugesl aripkne preduefionsind eiplaspasis
SSCrFCES appears to be more potent than polymyxXin B and LF-33 at suppressing LPS-induced LAL

coagulation ahEHENEaWeTe LB aBeretiom ) TRapL thes D aprRISTURIRENGSIiglitions (24). This

suggestsithal SSCIERER Bas By alHA: AURAter i asik capagity doawptiraizcspdaipaithibradolymyxin
B. Again, it is attributable to its cooperative binding of LPS. 20 Purified human PBMC were used to

test the suppreB8ion-8bandutsdminducien PN shent 18-Seeréiomisyense AL OIS BvébPhormal
physiological Gangitions. lp ﬂ?g&ﬁ?[‘ﬁ? & uemaaasr iRl dition af priv 8.2 ph Qf SR Fo

completely inhibited TNF-a an 8 response to 10 ng/ml 'LI58 by 50% (Figures 6A and 6B). When
SSCrFCES WaswirRiely terBumiah-Berint fidal Ubre eredisiom dugprefdie teld8M@6H! 25%f Endotoxin,

the suppressiyg, %ﬁg@@#@@(&&%&w@ﬁe@%#i@%r% @@td@r@cr%ﬁ@'i'g&?g% %P’ SUppPress

TNF-a and IL-8 secretion by 50%. A similar effect of human serum has also been observed with other

cationic dnti-endotofdHTpiotENsE Bditrtsthrt 33N arel (RS Sjctival isrquenb e ifferaction of
these factors wish seiBERIGiNS: ek eliestivalyLredcahaisYoIARRIY prchinding lo-gndpiexin. 3o

However, if the SSCrFCES was mixed with endotoxin 5 min before the addition of serum, the effect of

the serum onifirebrEEE ANZAE0P STBIEROIR b EBIOETFT IEsskasit pHrpacant/ by pate that the
PCT/SGOO/QRL62ntrations of LPS (25 ng/ml and 100 ng/mi) used in these studies are among the

highest known concentrations reported for LPS-induced cytokine production. On

15 molar basis, SSCrrCES appears to be more potent than polymyxin B and LF-33 at
suppressing LPS-induced LAL coagulation and hTNF-a or hiL-8 secretion by THP-1
cells under serum-free conditions (24). This suggests that SSCrFCES has a much
greater infrinsic capacity to neutralize endotoxin than polymyxin B. Again, it s
attributabie to its cooperative binding of LPS.

20 Purified human PBMC were used to test the suppression of endotoxin-induced
TNF-a and IL-8 secretion by SSCrFCES under normal physiological conditions. In the
ahsence of human serum, addition of only 0.1 uM of SSCrFCES completely inhibited
TNF-g and IL-8 response to 10 ng/ml LPS by 50% (Figures 6A and 6B). When
SSCrFCES was added to human serum (final concentration, 10%) before the addition

25 of endotoxin, the suppressive effect of SSCrFCES was attenuated. It required 17 feid
more SSCrECES to suppress TNF-a and IL-8 secretion by 50%. A similar effect of
human serum has aiso been observed with other cationic anti-endotoxin proteins
such as LF-33 (24) and LALF (26). This is due to the interaction of these factors with
serum proteins that effectively reduce their availability for binding to endotoxin.

30 However, if the SSCrirCES was mixed with endotoxin 5 min before the addition of
serum, the effect of the serum on the neutralization of endotoxin by SSCrrFCES was
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greatly reduced, requiring only 4 fold more SSCrFCES for 50% inhibition (Figures 6A and 6B). Results
from the in vitro binding studies suggested that the 4 Factor C-based sushi peptides would be potent
inhibitors of the LPS-induced cytokine release by s monocytes. To test this prediction, we measured
the ability of $a,093A:63, and S3A to inhibit hTNF-a production by THP-1 csdis/smoulbated with 10
ng/ml of LPS in a serum-free system containing various concentrations of peptides. As shown in
Figure 6C, both modified peptides, S1A and S3A, are more potent inhibitors, giving 50% inhibition at
53.3 and 45-@%&@%9&&8&8}% FRIBATRY TRl i SESOAFEBPRINices, Wit derignradgeptides
(V1 and V2) 50% inhibition of LPS-induced TNF-a release were 27 and 35 M, respectively. Example
6: SSCrFCES%@Eﬁynthetic peptides are not cytotoxic to eukarvotic cells is In addition to high specific

LPS binding, an impadamé ieafHiewNeDysihadmetaingiéiardngdueraprlisation Joruegl Gramaegative

bacterial septic shock, are their physicochemical properties in biological systems. Problems that often
arise in aninf¥PELpBRHASSY RO ENIDES Qﬁé”@aé@%f%%%#ﬁ‘,”@r@'@é?? &ort half-life

in the circulagng,syptee. for xanmte Rl agresrHiesedep BTty 8201 Ny etigaleshSGAFCES
for their ability to permeabilize cultured cells. Two x 104 THP-1 monocgtes in 50 d of RPMI'1640 were

mixed in a mierbititiait HEME witAroduSion creasiRy. SpbuncEPatesideyial Ao 6PSITAFCES (0.004
- 40 mg/m ig PRSYanddpauhstemisr HOMIRGLSISEAsisierEIoe yigiecity induced by the

SSCrFCES, 20 | of CellTi TM AQ~eous One Solution Reagent 25 (Promega) was added into each
well for 90 min at 376 SRS fgstre fRRidRonedified peptides, 514 and 534, are more potent
YO'5'(3'Parbﬂ~?§¥67ﬁ§%9>§{9#?%”§5%ﬁi%i'ﬂf&9B?'@E‘B%ﬂ%%%ﬁ%&%@i\i{%!}Ei%ﬁ‘é&#ﬁﬁgr% to
metabolically active cells into a colored formazan product that is soluble in tissue culture medium (27,
28). Foritleteitfoh] thedabsdrdpideswas measured at 490 nm. To determine the ratio of cell lysis

induced by SSCIFGES, 10 30-eANIEO MRTS: 156ch COMmRISIRAYRis 1090 pS Achipued R ipcubating

cells in phosphate buffer saline tontaining 0.2 % Tween-20 instead of medium only. This 26
retease were 27 and 35 uM, respectively.

Fxample 6: SSCriCES and synthetic pentides are not cytotoxic to eukarvotic cells

15 In addition to high specific LPS binding, an important feature when using
proteins for in vivo application to treat Gram-negative bacterial septic shock, are
their physicochemical properties in biological systems. Problems that often arise in
animal experiments are due to toxicity, as in the case of polymyxin B, OF a very short
half-life in the circulating system, for example BPL. To assess these features, we

20 investigated SSCrFCES for their ability to permeabilize cultured celis.

Two x 10% THP-1 monocytes in 50 ul of RPMI 1640 were mixed in a microtitre
plate with 50 pl of increasing amount of 2-fold serial dilutions of SSCrFCES (0.004 -
4.0 mg/ml in PBS) and incubated for 60 min at 37°C. To determine cytotoxicity
induced by the SSCrFCES, 20 ul of CellTiter96™ AQuecus One Solution Reagent

25 (Promega) was added into each well for 90 min at 37°C. [3-(4,5-dimethylthiazol-2-
y1)-5-(3-carboxymethoxyphenyl}-2-(4-sulfophenyl)-2H-tetrazolium (MTS) is
bioreduced by metabolically active cells into a colored formazan product that is
soluble in tissue culture medium (27, 28). For detection, the absorbance was
measured at 490 nm. To determine the ratio of cell lysis induced by SSCrECES, two

30 controls were used, Complete lysis (100%) was achieved by incubating cells in
phosphate buffer saline containing 0.2 % Tween-20 instead of medium only. This
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wo 01/27289 PCT/SGOO/00162 absorbance value corresponded to the background, as those cells
could not metabolize MTS. The second control representing 0% lysis was determined by incubating
cells in medium only. The LD50 was calculated as the concentration of SSCrFCES necessary to lyse
50% of the celseifivesexperiment was done in triplicate. 5 SSCrFCES had muainratwféestzon cell
permeabilization (Figure 7). At the highest concentration of 4 mg/ml or 109 pM, only 20% cell lysis
was observed. Compared to polymixin B where 50% cell lysis occurred with 0.51 mg/ml (29), this
clearly indicajgs shatee GahieRarearnpadexis aatbetkintaxia paoteinsd telsybieticopeptides are

non-cytotoxic. 10 Example 7: Pharmacokinetic analysis of SSCIFCES - Clearance rate in mice 600 pg
of SSCrFCE@%@%%I@J&itﬁ%ﬁ?%ﬁ\@oﬂ?&im%@ aeikilaeY %c%@%tréa'@gﬁm(merce)

according to the mamdaeiiyer ipgiiustions. The exgessshiatiuweas sibseausmidyremoved via
ultrafiltration through Microcon-10 (Millipare). is. Three C57BL/6J mice were given a single.i.v. bolus
injection of 288 % nergseRY Bdvs-elde ORI FHiss Feéfi?c?%ﬁﬁi%% 6%%%'% Fﬁfgécﬁtterime

intervals pver a 5-h gperiatk 3 hadbloas wasirameriaialpreatet ithiSDGBAG 2)loaditgedye and
boiled for 5 minutes. The mixture was resolv?d

' irl]eg 12% S[?S-PQ/GE%i?d.electro lotted .onto a PVDF
membrane. IMERERSSRAGRGERRPAYHridiSAB0H REre daftle BNt A5 2 0 e o Aa R kept
NeutrAvidint\dafRRrantibosbhiiaree wasrssaoEdiossirotirueddnohemibimimgysde26s, detection was
extended to 1 hour. The signal on the X- ray film WasR?ﬂuantit,ated via densitometr] scantgeq%

clearance rat8 & hidNAGaEE A5 S FCES WAL AR Pe 4 USIHGAREIMB Wrikn 198 5Y"

WINDOWS-basshipsogianbfeeyasrsampartmental analysis of pharmacokinetic data (30). 25
Densitometric scan revealed that significant amounts of circulating half-life of SSCrFCES is

sufficiently long to allow easy detection during the first 90 minutes post- injection. NCOMP, which
provides an iptgfaglive graphissl @vitanmenl fos HoRCOrApARMeNtat analysiseoh phiaemacokinetics
data by facilitating estimation of the _zero and first moments of conceniration-ti ta, was used for
analysis. The 30 caR¥fatigolieafdhEEvaisd a&%%ﬁﬂﬁ%l@@%@ﬁ&%ﬁ 57%_5&?%?@@@4.7 ml/min

Activated Biotin (Pierce) according to the manufacturer's instructions. The excess

biotin was subsequently removed via ultrafiltration through Microcon-10 (Millipore).

15 Three C57BL/6] mice were given a single i.v. bolus injection of 200 pg bictin-labeled
SSCrECES. Blood was collected from each of the 3 mice at time intervals over a 5-h
period. The blood was immediately treated with SDS-PAGE loading dye and boiled
for 5 minutes. The mixture was resolved in a 12% SDS-PAGE and electrobiotted
onto a PVDF membrane. Immunoblotting and hybridisation were carried out as

20 described above except NeutrAvidin™-HRP antibody (Pierce) was used. Exposure
time for chemiluminescence detection was extended to 1 hour. The signal on the X-
ray film was quantitated via densitometric scan. The clearance rate of biotin-labeled
SSCrrFCES was analyzed using NCOMP, which is a WINDOWS-based program for
noncompartmental analysis of pharmacokinetic data (30).

25 Densitometric scan revealed that significant amounts of circulating half-life of
SSCrECES is sufficiently fong to allow easy detection during the first 90 minutes post-
injection. NCOMP, which provides an interactive graphical environment for
noncompartmental analysis of pharmacokinetics data by facilitating estimation of the
zero and first moments of concentration-time data, was used for analysis. The

ag  calculated clearance rate of biotin-labeled SSCrECES in C57BL/6] mice is 4.7 mi/min
(Figure 8. The clearance rate is 2.7 fold siower than BPL. Therefore, a lower dose
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(Figure 8). The clearance rate is 2.7 fold slower than BPI. Therefore, a lower dose _27 WO 01/27289
PCT(SG0O0100162 of SSCrFCES would be adequate to maintain high enough circulating levels to
compete with LBP for LPS. Example 8: SSCrFCES and synthetic peptides neutralize LPS-induced
lethality in mige d&/Fhsanti-endotoxin potency of SSCrFCES was investigatad-insGhy@iéd 7 mice.
Mice are typically resistant to endotoxin. However, the sensitivity of mice to endotoxin can be
enhanced > 1,000-fold by co-injection with a liver-specific inhibitor, galactosamine (31). In our study,
intraperitonegk GeckFTiEStiopUN 26 AR 0e/inBRTHR kDB aritiee w5 ae algaactosamine
hydrochloride in 0.2 ml of saline io induced nearly 100% lethality in 18-25 g C57BL/63 mice within 7
hours. Vario & BeRiEeHiFatdis6f SSTrFCES (1, 2, and 4 NM) and synthetic peptides (25 and 75 g)
were injected intravenously (i.v.) through tail vein 10 minutes after i.p. injection of the

were performetFistiyg=the AF=N 32 atog-rark 5 pe St o Th Hieh

the LPS-induced lethadityntrasrdogediayetRYoorssartcel wé§§%§c‘§ﬁ@&vﬁ$¢@¢9@éﬁmé@ min after
the i.p. injection of LPS. Higher concentrations of SSCrFCES of 2 and 4. pM conferred 90% and 100%
protection, ré@ﬁ%@ﬁ@é@'?@?l)& TS B BRIBF R S rHRM Y Gz 1B SINRENE RSrAfAT 8P Factor C is thus

shown in an ixeRperitongaawHRRseRss Mmodelsdihemeshasismrdwnmichy&SpEGE Manetests mice
from LPS-induced sepsis is gresumably mediated through its high affinity association to_lipid A moiety

of LPS, whicAZBR&SqTERRY tedudBLM e ek BBRRTE RN SNk HaGHOR fhd 1 29 Righiré®B shows
that S1, SIA, @51 833125 eandenad Ag IO0MgRsoeationswhereas atothigr §3 M was mast affisacious,

giving 100%, protection E{gainst LPS-induced toxicity. Example 9: Antimicrobial action Recently, the

. le 9: Antimi
concept'8f erAdERHASAE MR Tad N IENGr PadérdALPE BYCe iR BEftid¥8iRdkins was
introduced (3ntonRMiGHeeH BSamtraicrabial therapym) and synthetic peptides (25 and 75 ug)

were injected intravenousty (L.v.) through tail vein 10 minutes after i.p. injection of
the LPS-galactosamine mixture. Lethaiity was observed over 3 days after injection.
Statistical analysis were performed using the Kaplan-Meier test (32) and log rank

15 pairwise test.

As shown in Figure SA, the LPS-induced lethality was reduced by 20% when 1

M of SSCrFCES was injected i.v. 10 min after the I.p. injection of LPS. Higher
concentrations of SSCrECES of 2 and 4 uM conferred 90% and 100% protection,
respectively, |

20 A protective role of SSCrCES viz LPS-binding domain of Factor C is thus
shown in an intraperitoneal murine sepsis model. The mechanism by which
SSCrrCES protects mice from LPS-induced sepsis is presumably mediated through its
high affinity association to lipid A moiety of LPS, which consequently reduces the
secretion of cytokines like TNF-a and IL-8. Figure 9B shows that 51, S14, and S3

25 conferred 22-100% protection, whereas at 75 pg, S3A was most efficacious, giving
100% protection against LPS-induced toxicity.

Example 9: Antimicrobial acticn

Recently, the concept of eradication via targeted disruption of bacterial LPS by
30 cationic peptides/proteins was introduced (33). For an effective antimicrobial therapy,

such peptides need to satisfy several important criteria, including potent antimicrobial
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such peptides need to satisfy several important criteria, including potent antimicrobial - 28 WO
01/27289 PCT/SG00/00162 activity over a wide range of pH, fast killing rate, low toxicity, and low
hemolytic activity. While numerous antimicrobial peptides/proteins, like FALL-39 (34), SMAP-29 (35),
lepidopteranweargpimk¢36), and CAP-18 (37) have been reported, few displagcatistiverateve mentioned
attributes. Thus, the search for new, more powerful and yet safe 5 antimicrobial peptides continues to
enrich the therapeutic armamentarium. Further analysis of the sushi peptides showed them to have

low cytotoxicigr@ng) rdrecarrbiarafeneupalizirg sy DigteXisiy ERRME A MRS Kebofd 6 above) .
This property provides a vital advantage over other antimicrobial peptides in s%sgpressin adverse

effects of LPSGHAEEe MU SHRUERBIGE GG & ARal BrRHARSAPretRSeptiteditidi 15 dRdraciitfeddy a
drastic fall in plggdiRsepstERafalinyaRoWs), salanse. 1 aNG Multple e RdadkeR), mt@%?gxf%ﬂs

responsible for over 100,000 deaths a year in the US alone. The septic shock condition 39) often

creates moret ARSI IR ER RSO Fo i s SRRINEI AR s SNE A RRT B 1Sy FdBased

by bacterja diginfeaais@Ipepntbiotiss:iAlks REaR isespecipbuRronawieerti il children, in the
elderly, and in immuno-compromised patients. Theijaresent invention demonstrates novel and hitherto

unsurpassed antinfiiéFeISaPRYER 6f Fisckyed BERHFpe sHAREadaRTRIEIPRYA Ry AEsterisI &R} /nosa.
Although thergushipepiidesr amdamonstratesideoheisfficreious against thismicconsganisMis

antimicrobial potency is not limited to P. aerug/nosa but should extend to any 20 bacterium producing

LPS bound by BRBIEF ORISR RIGIRLPALEBR S Q6 oY SNEaUsIoeisl BRREHSS P SHRREEAI Sy nthetic
peptides (e.0adfdr21e28; SAPAREY-EEREZES InexrANRE By SHerabiasidahtconcentrations

(MBC90) assays, show that these recombinant proteins and synthetic peptides have potent

antimicrébial activigRIAMIRRIcte SRATRCHRABER B GresN/ QB dmbdRet AES RYSirrPsyagenas
aeruginosa apgi Kiebsiala pResmopfasandue/ Yhartaiers Hapsvandieanispicoebiglpacitivity of

these proteins and peptides is not limited to only these three species of bacteria. Peptides of 34

amino acids WeRESyhifdsi o4 Bade P end ke qEiie & ickvepndition (38, 39) often creates more

complication than the actual infection itself when a massive amount of LPS is released
by bacteria disintegrated by antibiotics. This problem is especially pronounced in
15 children, in the elderly, and in immuno-compromised patients.

The present invention demonstrates novel and hitherto unsurpassed antimicrobial
action of Factor C sushi peptides against clinical isclates of A. aeruginosa. Although
the sushi peptides are demonstrated to be efficacious against this microorganism,
antimicrobial potency is not limited to P. aeruginosa but should extend to any

20 bacterium producing LPS bound by Factor C.

Antimicrobial action of SSCrFCES, 5SCrFCsushi-GFP proteins and synthetic
peptides (e.q., 51, S14, 53, S34, and V peptides ), examined by microbiocidal
concentrations (MBCqy) assays, show that these recombinant proteins and synthetic
peptides have potent antimicrobial activities. Antimicrobial activity is expressly

25 demonstrated against Pseudomonas aeruginosa and Klebsiella pneumoniae and
Helicobacter pylori. However, the antimicrobial acitivity of these proteins and peptides
is not limited to only these three species of bacteria.

Peptides of 34 amino acids were synthesized based on the sequence of two
regions of Factor C: sushi 1 and sushi 2, as well as their corresponding mutants (sushi

36 1A and sushi 3A), were found to harbour strong antimicrobial activities. Collectively, all

four peptides (named S1, 514, 53, and 53A) demonstrated exceptionally effective
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regions of Factor C: sushi 1 and sushi 3, as well as their corresponding mutants (sushi 30 1A and
sushi 3A), were found to harbour strong antimicrobial activities. Collectively, all four peptides (hamed
S1, S1A, S3, and S3A) demonstrated exceptionally effective - 29 WO 01/27289 PCT/SGO0/00162
bactericidal sgtvityragainst gram-negative bacteria, represented by Pseudomonasoaaruginosa. At
0.03-0.25 g/ml (8-63 nM), the MBC90 values of the peptides, are of the lowest ever reported against
Pseudomonads. Viable bacteria were reduced by 90% after 7 s minutes and were totally eradicated

within 30-40 '@éﬁ?&diﬂh&%ﬁf@?%@ﬁw Sopsipaly hemolyticagaiaskboth,rabblirnadiman
erythrocytes (30%) at concentrations of 100 g/ml (25 LM), which is up to 3333 times their effective
MBC concentfitigiickdese findings demonstrate the unprecedented therapeutic value of the sushi 10

peptides and their {pgtants fos aNeRical Regudenmras (Hfretions:thepaust areptidederiatives

(S4, S5) were also found to havé variable antimicrobial activities. Thus, these results are given by way

of example, @V tHeNEee RTANSHRGAUKEIANAGE: hEaRiR RRA’DDYRITEE SN PG ERidsentative

peptides.; Tesh strains.chltyeed onMyelisrFintonaga: 091460, Racies Bigkinspas(Rblvdrwere
inoculated into 10 ml Mueller-Hinton broth (MHB, Becton Dickinson, USA) and grown overnight at 37C

in a shaker incibaRybRBehIE3EIFHoshRPSTiaRbiica DS BEDMEYER (BRiéhRiht broth cultures
were diluted 10,give @ Hnal-coll ARNSIYAF (383, MBIANKIEARING HNE3ARlKAlAMRePBEIEIR@C

microliters of the bacterial suspension was dispensed into sterile polypropylene 8-strip PCR-tubes
(Quality 20 SeiErgncrRi@stics, USA). Eleven microliters of serially diluted sushi peptides, ranging in

final concentrationg,0f.0.Q3:4-pa/ml -Weie - Nenaddeg - ToepREHIRS WesEROPSHMIgd At 4QEmes the

required test concentrations in"0.01% acetic acid and 0.2% bovine serum albumin (BSA). Positive

controls WwerepepfidrssaniitibatrtasitipaptifesiafmEurat MBI 285 IR HRNRe GAIRRS EBHltFol. All

tests were cagi gul 25 iRegle <Gy RS IEI RSB RS\ BLAPEIR AR B RER bes

Thus, these results are given by way of exampie, and the present invention should not
be deemed to be limited to only these representative peptides.
Test strains cultured on Mueller-Hinton agar (MHA, Becton Dickinson, USA)

15 were inoculated into 10 ml Mueller-Hinton broth (MHB, Becton Dickinson, USA) and
grown overnight at 37°C in a shaker incubator (Model 4536, Forma Scientific, Inc.,
USA) at 230 rpm. Overnight broth cultures were diluted to give a final cell density of
10° colony forming units/ml (cfu/ml). One hundred microliters of the bacterial
suspension was dispensed into sterile polypropylene 8-strip PCR-tubes (Quality

20 Scientific Plastics, USA). Eleven microliters of serially diluted sushi peptides, ranging in
final concentrations of 0.03-4 pg/mi, were then added. The peptides were constituted
at 10 times the required test concentrations in 0.01% acetic acid and 0.2% bovine
serum albumin (BSA). Paositive controls were cultures without test peptides.
Uninoculated MHB was used as negative control. All tests were carried out in

25 triplicate.

Cultures were incubated at 37°C for 18-24 h, with the PCR-tubes held in
horizontal position and shaken at 230 rpm. Cell counts were determined by standard
drop-count method.  The killing efficiency for the four sushi peptides were calculated
based on standard drop-count method. All four peptides (S1, SAl, 53, and SA3)

50 showed potent bactericidal activity of <0.03-0.25 ug/ml against the 30 clinical strains

of F. aeruginosa (Table 2).
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horizontal position and shaken at 230 rpm. Cell counts were determined by standard drop-count
method. The killing efficiency for the four sushi peptides were calculated based on standard
drop-count method. All four peptides (Si, SAIl, S3, and SA3) 30 showed potent bactericidal activity of
<0.03-0.25 pginlagagast the 30 clinical strains of P. aeruginosa (Table 2). -/ /36627289
PCT/SGOO/00162 The MBC50 determined for all the 4 peptides was <0.03 pg/ml (<7.5-8.0 nM). The
MBC90 for the peptides were: <0.03 g/ml (8 nM) for Si; 0.06 pg/ml (16 nM) for SA1; <0.03 pg/ml (8

nM) for 53; and 0.2%pe{at (O30 faed vt Ahesed\iBaHvakie s EBURGUrPAsTes- B amy)known

antimicrobial peptides reported for P. 5 aeruginosa._ The MBC90 for the contrgl strain of P. aeruginosa

ATCC 27853 WadB3ee Brihepeeigsm st arthe i ptide ridareri ) PRe il Fobial of
therapeutic value of sushipentidesng exnibiteshbyothsin exee@ipns faeteigidaireivitpagainst

gram-negative bacteria, e.g.: 30 clinical isolates and a control strain of P. aeruginosa ATCC 27853.

The resistanc&psaars sNEEHRSE SRR RRYGRY ABEE I RIZERERGEIS DFRRETESi &R strains of P.
aeruginosa faundinssinganenakfabis: Zhelhsntrinasb b owMBG a0 saNIRICOf 7503028, 0g/m!

(<8.0-63 nM) obtained for the SJeptides are unsurpassed by anﬁy known antibiotics of metabolite or

.r -
peptide origitICBhiperi0eN s et RS RHE S 8FdHER L8 magnitude more effective is against P.

aeruginosa than argatherraaeied @@?@[ﬁ@%ﬁ@&iﬂ@és@W@Eﬁi@@éh@iéxhighe%ﬁwtmw LIDS, the

sushi peptides probably exert anti-Pseudomonas effect through disruption of the LPS-lamellar
organization. StReHghe thaenadasanly i GerlnshOiRE arRENVE PRptaTR defhain) diiRiF8ht MBCs
were observedd pyess the-39 Qinica dgalates. A histwmess likely dusde, diffeseatial-20 esmeablity of the

peptides into the variable polysaccharide components in the different Pseudomonas strains. This is

supportedl by HSeistErEr: BNEIRg REMTRSSEMRTNHi hegraistant Eaineinta 20857853 lipid A
(See Example-3.0f thespressite applieasion). The killing rate assay was adapted from the MBC test

above, with different
The remarkably low MBCq values of <0.03-0.25 pg/ml (<8.0-63 nM) obtained
for the peptides are unsurpassed by any known antibictics of metabolite or peptide
origin. Comparatively, sushi peptides are 1-3 orders of magnitude more effective
15 against P. aeruginosa than are other reported antimicrobial peptides. Owing to their
high affinity for LPS, the sushi peptides probably exert anti-Pseudomonas effect
through disruption of the LPS-lameliar organization.
Aithough, the peptides are targeted at the conserved lipid A domain, different
MBCs were observed over the 30 clinical isoiates. This is most likely due to differential
20  permeability of the peptides into the variable polysaccharide components in the
different Pseudormonas strains. This is supported by the different binding affinities of
the sushi peptides for Fscherichia coli BS:055 lipid A (See Example 3 of the present
application).
The killing rate assay was adapted from the MBC test above, with different
25 contact time of peptides with the bacteria arrested at regular intervals and plated for
colony count. An initial density of 10® cfu/ml was used. Figure 13 shows that sushi
peptides exhibit rapid bactericidal action. This is one of the important features of an
effective therapeutic agent.
With an effectively low MBCgy concentration, we proceeded to investigate the
30 killing time for the sushi peptides. At 0.06 pg/ml, all four peptides achieved MBCqg
within 7 minutes. Within 30 minutes, the peptides totally eradicated an initial cell
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25 contact time of peptides with the bacteria arrested at regular intervals and plated for colony count.
An initial density of 109 cfu/ml was used. Figure 13 shows that sushi peptides exhibit rapid
bactericidal action. This is one of the important features of an effective therapeutic agent. With an
effectively lowdMB&@Bgsconcentration, we proceeded to investigate the 3o kiiogunedersthe sushi
peptides. At 0.06 pg/ml, all four peptides achieved MBC90 within 7 minutes. Within 30 minutes, the
peptides totally eradicated an initial cell -3i WO 01/27289 PCT/SGOO/00162 population of 1 x 109

cfu/ml (Figurgg3aif )1 R @ereinaserigadastyeplicating Martarigmydpichisptaypreatag lag
phase and doubling time. Hence, a rapid bactericidal action is an extremely important factor especially

with an infechRtaR, WEKET AERIAYS if YR RGaRILREOSH HRH R BRI G HE SRR oN in the eye),

lung s (in cyssig-fikiesis) -aRgARULR bReterRaMIAIBAMRSRatieathRlACANeEal atleatfiDtB8: ug/ml,
the sushi peptides were able to eradicate 90% of viable cells within 7 min of incubation (Fi%ure 13).

Complete erQ8r4tivRA AEUYEal O gRef SRtFNRR P GESAGR ATBEIRHE Fich ces the
possibility of (utgtiaR fHRySs thiseapidid haereate radusosIg Hieishancaieppestemtyatasihg 0.06

development of resistance. Resistance will be remote as it will require s ver?l pre@ise mutations

occurring at MEHIE R SYRME S AREING IMLIPEDI8\FHFERABERNIY I YiAmMaER) S IIHE AJSBIRES LPs

structure thaidg sHfigientyy fiffergnt to evade sushi peptide recognition. However, the possibility of
developed or acquired resistance cannot be precluded if some of these strains are allowed to mutate

15 at sub-lethal p&iaEIBEhBEMIGAHINS SFGRHEL TS ARGHIY MU TGS AR IRE IRIEYSf Phow some
multiple antiigticsrig iRt Sliains ehbaskeinirvedtitesdycdhesrue phidespldumimyaiat abfiiice s

erythrocytes were both used to test the hemolytic activities of the peptides. Whole blood was collected

. | ptides [
in heparifizetNSERROSSRROrHIIIERFaT G QRMRB Yo GRE AN tib e ERT EBRENIGRE AFTE8 g for 5
minutes at 4G Th&syREIRAaRL NG ysngsthm|eukeexiosdabame Hrervibiroeyts peleivms tisearged.

The erythrocytes were washed 3 times using three volumes ot pre-chilled pyrogen-free
synthesis pathway to uitimately yield a modified LPS structure that Is sufficiently
different to evade sushi peptide recognition. However, the possibiiity of developed or
acquired resistance cannot be precluded if some of these strains are allowed to mutate

15 at sub-lethal peptide concentrations.
Figure 15 shows electron micrographs illustrating how some multiple antibiotic-
resistant strains of bacteria are killed by these peptides.
Human and rabbit erythrocytes were both used to test the hemolytic activities of
the peptides. Whole blood was collected in hepari‘nized sterile syringe, transferred to
20 sterile borosilicate tube and centrifuged at 1200 g for 5 minutes at 4°C. The
supernatant including the leukocytes above the erythrocyte pellet was discardec. The
erythrocytes were washed 3 times using three volumes of pre-chilled pyrogen-free
saline (PFS)., An erythrocyte suspension at 0.4% was prepared for the hemolysis
assay. Serial two-fold dilutions of the peptides was prepared in PFS and 100 pl
25 aliquots were added to equal volumes of 0.4% erythrocyte solution in a 96-weli
microtiter plate (Nunclon™ A surface, Nunc) to give final peptide concentrations
ranging from 6 tb 100 ug/ml. The mixtures were incubated at 37°C for 1 h. The
intact erythrocytes were then pelleted by centrifuging at 1000 g for 5 min. One
hundred ul of the supernatant was transferred to a new 96-well microtiter plate and
30  the amount of hemoglobin released into the supernatant was determined by reading
the absorbance at 414nm using a SPECTRAmMax™ 340 plate reader with SOFTmax
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saline (PFS). An erythrocyte suspension at 0.4% was prepared for the hemolysis assay. Serial
two-fold dilutions of the peptides was prepared in PFS and 100 ul 25 aliquots were added to equal
volumes of 0.4% erythrocyte solution in a 96-well microtiter plate (NunclonTM A surface, Nunc) to
give final peptid@igongentrations ranging from 6 to 100 ug/ml. The mixtures wearsdnguiabted at 37C for
1 h. The intact erythrocytes were then pelleted by centrifuging at 1000 g for 5 min. One hundred ul of
the supernatant was transferred to a new 96-well microtiter plate and 30 the amount of hemoglobin

released into#ﬁ@Wﬂ?@#@m{@Sﬂ%&%ﬁﬁl}@%@ﬁb‘dﬁﬁﬁmaﬂqﬁi@W%@%ﬁ?é&ﬂ@ $8ing 29,
SPECTRAmMaxTM 340 plate reader with SOFTmax - 32 WO 01/27289 PCT/SG00/00162 PRO T™M

version 1.2.07 Aite0cya &k ¥athatod Bl el iaod BRyIRERINE RRIEHOIVES the eI Q0068848 taken as
100% lysis. The negativgireRtiRlwasithafyErocesasRER:alaggoyhich gave minimal lysis. This

was taken as 0%. Figure 16 shows that sushi peptides have low hemolytic activity. This is crucial to s

the applicability offag-&atifieiswial tBgbavsr ReeHISSURVEIE I MIMPAAL A58 ARImAlYS IBveHG! to
CO“CG”W“O%%@E&Q&SEW%%% M0 Rit9 49833323 el ofHBRILMBE 9Q¢ then sihispaRlidamshowed

minimal hemolytic activity (Figure 16). On a separate assay, the hemolytic activity of sushi peptides

was tested oF @bk EPpfoeg PRAE L HAE" dencehivadd o ththéptie éald K weri bR siytid B ctivity
below 6%. F%weeaﬁé&féh%&@rmmamﬁﬁ@a%@attman%q@Pe"§HPS@Ht@H¥55$§t9faE§Q@0'VﬂC

activity" means showing hemotgic activity below 6%. Thus, the ability of sushi peptides to: (a) cause

effective LPShfeleadtioaqdusy ekanspiaentiles BRIBRierienciiii prottessragdiksbe same
LPS-indcueddsthanlity-ipmise 4esgesampe8hipldoasassiay M%%M?'#S?i?%)ﬁmiécﬁf@@d

killing rate; and (e) 15 exhibit lack of hemolytic activity, are features that indicate | a these peptides
will provide @’@é@%@ﬁﬁi‘é@@@%\f@ﬁdéﬁféﬁﬁfiﬁa\ﬁaﬂéﬁét@#‘ﬁbﬁ@ﬁﬁf WBTRAECREE RN MBANSPS toxicity

during the cogrsgphteatmrp- Wk Rey damakeally reduced. The sushi peptides will provide highly
effective and potentially useful therapeutics for the treatment of P. aeruginosa infections. It leaves

very little 20 doubt thiat tReROPED RIS RilPEeERFIR; cffd GRS aghipstHESTSKHIbaligabon (see

Examples 4 and 5); (b} confer crucial protection against LPS-indcued iethaniity in mice
(see Exampte 8); (¢) possess low MBCq values; (d) induce rapid killing rate; and ()

15 exhibit lack of hemalytic activity, are features that indicate that these peptides will
provide great advantages over currently available antibiotics.

With this invention, the LPS toxicity during the course of treatment will be
dramatically reduced. The sushi peptides will provide highiy effective and potentially
useful therapeutics for -the treatment of P, aeruginosa infections. It leaves very little

20 doubt that these peptides will be egually effective against other members of
Pseudomonads.

Example 10: SSCrrCsushi-GFP proteins bind LPS and agram-negative bacteria

The recombinant SSCrFCESsushi-GFP proteins were able to bind/tag gram-
25 negative bacteria, showing as greea fluorescent tagged organisms. This makes a

convenient detection tag for displaying such microogranisms in samples.

Example 11: LPS-affinity chromatography (for removal of endotoxin from liquid

samples)
30 By way of an example, S3A peptide (with Kd of 107 "® M) was chosen from

amongst the sushi peptides to create an affinity chromatography system to display
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Pseudomonads. Example 10: SSCrFCsushi-GFP proteins bind LPS and gram-negative bacteria The
recombinant SSCrFCESsushi-GFP proteins were able to bind/tag gram 2s negative bacteria, showing
as green fluorescent tagged organisms. This makes a convenient detection tag for displaying such
microogranismsansagmples. Example 11: LPS-affinity chromatography (for remseabeémadotoxin from
liquid samples) 30 By way of an example, S36 peptide (with Kd of 10't M) was chosen from amongst
the sushi peptides to create an affinity chromatography system to display - 33 WO 01/27289

PCT/SGOO/geH paiae sonvediatindmr) fob iR G dronehapleb sarnples dbuson selting,efi 4msp/ml of
S3A (in conjugation buffer: 0.1 M MES 2-(EN- @holino ethanesulfonic acid], 0.9% N%CINpH 4.7)
s mmobil e F YR BB OG-S s s HFER! OBABRA. 0.5% N&C,
(Diaminodiprppylaming) pRiedpae SeoumRIerce IChemicals -4 ISAlNERN BBy @Fenmidgation to

DADPA-Agarose CL-6B in a small column, the flowthrou%h was collected and the absorption of

fractions at 280FA WA THBILINER Y NG hatD FRE LN BRI SH5EpGaS itdmbbifY&RS  the matrix
(by substractignfeindbejudaberng BAdHauRekIdibefloyBhmayemalltayrmTauRKE thahBineirg efficiency

of S3A to the EDC-activated resin was i0 50%. After regeneration of the column with 5 column

volumes of 1958 68I&F G ERBIARSADOR) Ot BHERE fhef POV AIBT A1 SNEGeRGRL I that may

be bound toihetsinasdnvasipagine st Pysagen e alesuRt cetitnTwastieady for LPS
absorption. Again, by Wai of example, two 50 ml volumes of LPS solution (either LPS from Is Sigma,

or FITC-labeH88I498 PRI BIBIHYTARY EBER&Mng 1 and 0.05 EU/mI were loaded onto the column.
In each case, the flowthiordwassubirttedleidieR, Beasuremert byeitiavdAl khapligLCL kit

(BioWhittakegpor spectrofluorimetry, depending of the type of LPS solution that was used. In each

case, the levePdt: uiNbBUFRPE PSR HFiRANE ol s IghUES G0F e défeeRdiiTimit (0.005 20
EU/mI) of thesbAdyKiasiie- QeicassavedNpaifinite sRENBAAT bsahiesepeptesinay be

bound to the resin, and washing the resin with pyrogen-free water, the column was
ready for LPS absorption.
Again, by way of exampie, two 50 mi volumes of LPS solution {either LPS from
ts  Sigma, or FITC-labelled LPS from List Biologicals) containing 1 and 0.05 EU/ml were
loaded onto the column. In each case, the flowthrough was subjected to LPS
measurement by either LAL kinetic-QCL kit {BioWhittaker) or spectrofluorimetry,
depending of the type of LPS solution that was used. In each case, the level of
unbound LPS remaining in the flowthrough was below the detection limit (0.005
20 EU/ml) of the LAL kinetic-QCL assay. The affinity column was re-usable repeatedly,
using 1% DOC as a regenerating agent.
LPS-affinity chromatography was alsc demonstrated by batchwise
chromatography using 0.5 mil of 0.5 ug/ml FITC-LPS solution (in different buffers).
The resin suspension was rotated for 3 h at room temperature, briefly spun at 1000
25 rpm for 1 min and the supernatant was reclarified at 12000 rpm for 10 minutes. The
resultant supernatant was measured for unbound FITC-LPS by spectrofiuorimetry.
Figure 17 shows S3A peptide-FITC-LPS coupled agarose beads seen under UV-
fluorescence microscope.
The optimal binding of LPS to S3A was tested under different pH conditions
30 and ionic strengths. Binding decreases with increase in jonic strength, and increases

with increase in pH (Figure 18). Thus, the best condition for binding of LPS to the
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using 1% DOC as a regenerating agent. LPS-affinity chromatography was also demonstrated by
batchwise chromatography using 0.5 ml of 0.5 ug/ml FITC-LPS solution (in different buffers). The
resin suspension was rotated for 3 h at room temperature, briefly spun at 1000 25 rpm for 1 min and
the supernatami yyas:geclarified at 12000 rpm for 10 minutes. The resultant supesgedantéaas measured
for unbound FITC-LPS by spectrofluorimetry. Figure 17 shows S3A peptide-FITC-LPS coupled
agarose beads seen under UV- fluorescence microscope. The optimal binding of LPS to S3A was
tested under giffgrentain conditonsd and iontc Skangthso RiNMAG. dPRECaSEMWIBDHIGERASE in ionic
strength, and increases 30 with increase in pH (Figure 18). Thus, the best condition for binding of LPS

to the - 34 \WHTIBEREPRCAISSHETBH1RP BMFRMEN is basic and low ionic strength conditions.

The optimal conditipiyigicexpecieddosporrighaliffesanirosaieibeseetiansiPuAfied ©erbsershi-GFP
proteins can also be, chemir::qzllly-linked to activated resins via their C-terminus GFP region, to allow

N-terminal LESBhYR Y TaHRT5BES SEX 6T 5P CHRHIARGEEMRAbk i uiidinth 4%t BRinated
solution er biglegiced fwickis:pasgashtveMahINe esin. FSxanmplenl7:tBEOshIGHBR Bf Bisidgidy pastoris In
this study, thﬁ cloned Factor C cDNA of the Singapore horseshoe crab, 10 Carcinoscorpius
rotundicauda 48) S\PASSELTISUIHE FRghylotrophic yeast, Pichia pastoris. The full-length rFC so
produced was found to lack serine protease activity, yet possess a functional endotoxin-binding
domain. The full-length rFC from P.&astorjs is able to bind free or bound LPS. Deletion proteins
[FCEE and REOR EdsiabRy a0 Ot iiGiInGi8astade pectively, of Factor C were also is produced
and assayed for lipithAHpingding agiivitisrederpeesencenladutlye tingtipnst epsatexiehinding domain
on the full-length rFC, and a S“g%htl / reduced  endotoxin-binding capacity in rFCEE was demonstrated

by two tHodiffed] GURTETRE R Ga4AHERIEY PEASIRIMGSISSLY methylotrophic yeast,

Pichia pastoris. The full-length rFC so produced was found to fack serine protease

activity, yet possess a functional endotoxin-binding domain. The full-length rFC
from P. pastorisis able to bind free or bound LPS. Deletion proteins rFCEE and
rFCSN containing the 5’ and 3' regions, respectively, of Factor C were also

15 produced and assayed for lipid A binding activity. The presence of a fully
functional endotoxin-binding domain on the full-length rFC, and a slightly reduced
endotoxin-binding capacity in rFCEE was demonstrated by two modified
qualitative and quantitative LPS binding assays.

A. Materials and Methods

20 (1)  Glassware and Buffers

Al glassware was rendered pyrogen-free by baking at 200 °C for 4 h.
Buffers were prepared using pyrogen-free water (Baxter) and autoclaved at 121°C
for 2 h. Steriie disposable plasticware was used whenever possible. Other non-
heat resistant apparatus was socaked in 3% hydrogen peroxide before rinsing with

25 pyrogen-free water and drying in an oven.

(2}  Recombinant Factor C Constructs

Three recombinant Factor C constructs -~ pHILD2/CrirC21,
pHILD2/CrFC21EE, and pPICS/CrFC26SN (10,12,75) -- were used for the study.
As a control, pHILD2/151, an isolate of £. pastoris containing only the parent
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A. Materials and Methods 20 (1) Glassware and Buffers All glassware was rendered pyrogen-free by
baking at 200 C for 4 h. Buffers were prepared using pyrogen-free water (Baxter) and autoclaved at
121C for 2 h. Sterile disposable plasticware was used whenever possible. Other non- heat resistant
apparatus waggseakeghin 3% hydrogen peroxide before rinsing with 25 pyrogem-fes@ater and drying
in an oven. (2) Recombinant Factor C Constructs Three recombinant Factor C constructs --
pHILD2/CrFC21, pHILD2/CrFC21EE, and pPIC9/CrFC26SN (10,12,75) -- were used for the study. As

a control, pH{RRIL3 1R islate AEF i RATIEHS HONBITOE-CNlY LHRBRSH e -RR WRyHL/27289
PCT/SGOO0/00162 vectorl,bngLDZ, was also included. pHILD2/CrFC21 contains the full-length

CrFC21 cDNE{E2hBRNR HapaBask Retabass REs5'Pr0e) of 300 Rbabdetier WRRR Matve
translational gtara0d signahesasease: whilesRit BiGerc2Makecontains dhe 213Kk SiasaR|

fragment isolated from CrFC21 cDNA. This construct contains s the 762 amino-acid fragment

encompaseriBe hEB, BRASH Grrmens 158/ o R b it EaBHATHCTaNS
PPICO/CFC2ASNaonsticcantaing{be: 2dckhpisSal Mt Heagpentof $1E€F26 (GenBapkDatabase

Accession No. S77064) cloned as a fusion fragment, In-frame and downstream of the pPIC9 vector

start site and'SEERHUENBrGiITSy BRPBIEN Th R et \shonal tstre s bsriBsfofidiRg fragment
in CrEC21 (18) sEhisiitesfeansairb ronstiict aaking dheatautaliva dRSbineinggionedn and therefore,

serves as a useful negative control in LPS-binding assays. The recombinant Factor C proteins from

pHILD2/CrrERNed @R HyeppcREmRE i n i AT /AHE ORS8RI G2 YEBOFEEIEE, and

rFCSN, respaghively é&@ﬁ&rggﬂhﬁeﬁ@mR@ﬁéﬁiﬁ@i@éaaé’ri@@i@iﬁm@ﬁ&a%@HILDZ/CrFCZl,
pHILD2/CrFC21EE and pPIC9/CrFC26SN as well as the negative control, pHILD2/151 were grown

overnight in SIRaKESPRRIS AR BnarBeEifle ) NItk RWHT FRERRUFANStruct tacking the

putative LPS-binding domain and therefore, serves as a useful negative control in
LPS-binding assays. The recombinant Factor C proteins from pHILD2/CrFC21,
pHILDZ2/CrFC21EE, and pPIC9/CrFC21SN are referred to as riC, rFCEE, and
rFCSN, respectively.

15 (3)  Growth Conditions
Recombinant Pichia clones of pHILD2/CrFC21, pHILD2/CrFC21EE and

pPICY/CrFC26SN as well as the negative control, pHILD2/151 were grown
overnight in shake flasks at 300 rom and 30°C in 1 L MGY growth medium
containing 1.34% yeast nitrogen base (Difco), 1% glycerol and 4 x 10°% biotin.

20 At the mid-log phase of growth (ODgop 2.0), the yeast cells were harvested
aseptically at 3,000 x g for 10 min and transferred to 2 L MM induction medium,
containing 1.34% yeast nitrogen base (Difco)}, 0.5% methanol and 4 X 107°%
biotin. Induction was carried out at 30°C for 8 h. Induced cells were harvested by

centrifugation at 3,000 x g for 10 min.

25 (4)  Preparation of rFC samples from recombinant yeast clones
Induced yeast cells were disrupted by 10 cycies of nebulization (Glas-Cof™
BioNeb) at 200 psi using purified N;. Soluble and insoluble fractions were
separated by centrifugation at 13,200 x g for 12 min. The supernatant containing

soluble proteins was partially purified by ammonium sulfate precipitation at 20%
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containing 1.34% yeast nitrogen base (Difco), 1% glycerol and 4 x 10-5% biotin. 20 At the mid-log
phase of growth (OD600 2.0), the yeast cells were harvested aseptically at 3,000 x g for 10 min and
transferred to 2 L MM induction medium, containing 1.34% yeast nitrogen base (Difco), 0.5%
methanol andv@ s 202606 biotin. Induction was carried out at 30C for 8 h. Indeced@®hgwere harvested
by centrifugation at 3,000 x g for 10 min. 25 (4) Preparation of rFC samples from recombinant yeast
clones Induced yeast cells were disrupted by 10 cycles of nebulization (Glas-COI M BioNeb) at 200

psi using purified Meroahdolesargdngely sstrastipnssngreusepasaien byneeniifugation at 13,200 x g
for 12 min. The supernatant containin solublegroteins was partially purified by ammonium sulfate

precipitation 4£59% BEOWID D PCHREEHTI D U MarAbABHPra FeHEMS0 mm
Tris-Cl bufferppirk8. The BaixtiseanRspdesaiiedtarexgl Sephagdentdat25c0lupjactBhagmacia)

equilibrated in the same Dbuffer. In a separate preparation, the crude yeast supernatant was subjected

to ultrafilratiSi#HIGESR 2 BIOHRX FrRIBEMITBE HRPRBY SR PFRNBio 2B PMTBRYS epfiched rFC was

further purifieghyiehrortalags aphvdhiauaiea SeehasexbutshlaPerlyma (beiaemrPharmacia).
Total protein was measured bgi/ Bradford assay (562). (5) Western Analysis of rEC Protein 10 rFC

samples weré MerQHdPRdrESE S dTIANG 1008 S ERIN NGy IBIRRFE 5 I By 3l dlectroblotted
onto ImmobilgsdgM BYPF membrane. The respective rFC was immunolocalized by incubating the blot
with rabbit anti-Factor C primary antibody and visualizing with horseradish peroxidase-conjugated
secondary goat anti-rabbit antibody (Dako) using 4-chloro-1-naphthol and H202 as substrate. 15 (6)

LPS-Binding &ssay wkeel-Rafiem &. ¢allhesBS (Sigma) was reconstituted to 2 g/l, and
diphosphoryl lipid A from E. coil K12, D31m4 LPS (List Biologicals, Inc., USA) was made up to 1 pg/

d. The LISS-binding &Ss2 RS MR IR HoRIRESFh b BAREFNG 10% SDS-polyacrylamide

gel (63) and electroblotted onto Immabilon™ PVDF membrane. The respective
rFC was immunolocalized by incubating the blot with rabbit anti-Factor C primary
antibody and visualizing with horseradish peroxidase-conjugated secondary goat
anti-rabbit antibody (Dako) using 4-chioro-1-naphthol and H,0; as substrate.

(6)  LPS-Binding Assay of FC
LPS from £ co/f 955:B5 (Sigma) was reconstituted to 2 ug/ul, and
diphosphory! lipid A from £, cofi K12, D31im4 LPS (List Biologicals, Inc., USA) was
made up to 1 ug/ul. The LPS-binding assay was based on modifications of earlier
20  described protocols (45,61). Briefly, 10 ug aliquots of LPS/lipid A were
etectrophoresed on a denaturing 15% SDS-polyacrylamide gel and electroblotted
onto Immobilon™ PVDF membrane. The membrane was cut into strips and each
LPS/iipid A strip was subsequently incubated with 300 nug of proteins containing
rFC. Detection of rFC binding to lipid A was accomplished by incubation with anti-
25 Factor C antibody followed by alkaline phosphatase-conjugated secondary goat
anti-rabbit antibody (Dako) and BCIP/NBT colorimetric substrate (Moss, Inc.,
USA).

{7} Assay for competition between rFC and CAL Factor C for LPS
Carcinoscorpius amoebocyte lysate (CAL) containing native Factor C was
30 used in an assay in which rFC competed with CAL Factor C for LPS. Because the

-—37-



20 described protocols (45,61). Briefly, 10 g aliquots of LPS/lipid A were electrophoresed on a
denaturing 15% SDS-polyacrylamide gel and electroblotted onto ImmobilonTM PVDF membrane. The
membrane was cut into strips and each LPS/lipid A strip was subsequently incubated with 300 g of
proteins cont@ipipgz#s6. Detection of rFC binding to lipid A was accomplisheg-p)dngrhation with anti
25 Factor C antibody followed by alkaline phosphatase-conjugated secondary goat anti-rabbit
antibody (Dako) and BCIP/NBT colorimetric substrate (Moss, Inc., USA). (7) Assay for competition

between rFC gaaoprly Farter/C JeEiRS i Gaase it aebesy leHysalm feidorcomairing native

Factor C was 30 used ig an assay in which rFC competed with CAL Factor C for LPS. Because the -

37 WO 01/2728Y'Btef/ 8007864629 HPE iddkiebanayPIahistord u ek AbriRe plepsimeEetivity, the

competition cgsshe Mmenitesast hpMeassingrtherediced ramatisracivity ObEAL ina fluorimetric
assay. Mixtures of 100 pi each of increasing concentrations of LPS or rFC, in fluorimetric assay buffer

(50 mM Tris HEIYREE c eIy 16 1(RP NIE I TdlRd 5:-08HVPp aBiviRdt e iNtliBRtediBIENor 1 h.
Aliquots of 2QeGA R thadenddaeashC mixtune anddbe Italvplmeas e 19a8e 1Pda-R ml with

fluorimetric assgg buffer. The reaction was continued at 37C for 1 h and the fluorimetric assay

protocol (64) WESUEIBRE T HESh VAN IHECAB ARTSIE &IPS 3 BT 2VMIURIBRRIERIBSapstrate
N-t-Boc-Val-RygrargTiarisiidrmaif ieaumanntSignahioan dhaowRafios #hd e fee30 min. The

reaction was terminated by the addition of 0.1 ml of %Iacial acetic acid (Merck). The product, amino

methylcoumanRIor2 (G XGR & RtbrelisdRvevptd e BY dHaN 1 UnMneseERc@Spectrometer LS-5
(Pefkin'E|mefﬁJWHHI@W@U@ﬂﬂﬁ@tm%mﬁim@—ﬂ@m@ﬂi@b@%@fﬂy@ﬁi@ﬂﬁ‘@i@ﬁ%aions

Between rFC and its Immobilized Li?and Lipid A is The binding interactions between r-C and
immobilifed IFA1d RHMBRLIGRGitdred A5 THE-BIAT BRE KT WEs JeambmtasHaH e ROBioescs). The
BIACORE XGM gensayishin ieatiwesia fiathdrophebicssiriacsihas allawsdbs immoRilization of
ligand molecules. Thirty microliters of lipid A at 100 pq/ml were immobilized on

measured’in fluorescence units (FU) on a Luminescence Spectrometer [S-5

{Perkin-Elmer) with excitation light at 380 nm and emission at 460 nm.

(8)  Binding Interactions Between rFC and its Immobilized Ligand, Lipid A

15 The binding interactions between rFC and immobilized lipid A were
monitored using the BIACORE X™ biosensor (Pharmacia Biotech). The BIACORE
X™ sensor chip features a flat hydrophobic surface that allows the immobilization
of ligand molecules. Thirty microliters of lipid A at 100 pg/ml were immobilized on
each sensor chip to form a ligand surface. Biomax™-50 enriched samples of +FC,

20 rFCEE and rFCSN, each at 1 mg/mi were injected at 10 ui/min for 3 min over the
ligand surface. After each injection of the recombinant protein samples, the lipid A
ligand surface was regenerated using 0.1 M NaOH. The ligand-binding was
measured in refative response units (RU) for each sample, and calculated from
the difference in RU at the baseline, viz., before injection of sample, and final

25 experimental reading taken after sample injection and a 2-min wash. The

percentage binding was thus determined.

B. Results and Discussion

Nebulization of £ pastoris clones released soluble and bioactive rFC.

..38..



each sensor chip to form a ligand surface. Biomax1M-50 enriched samples of rFC, 20 rFCEE and
rFCSN, each at 1 mg/ml were injected at 10 al/min for 3 min over the ligand surface. After each
injection of the recombinant protein samples, the lipid A ligand surface was regenerated using 0.1 M
NaOH. The lgangthinging was measured in relative response units (RU) for gaghcamale, and
calculated from the difference in RU at the baseline, viz., before injection of sample, and final 25
experimental reading taken after sample injection and a 2-min wash. The percentage binding was

thus determined. B. ResufisbaiizeDis;ussicndiebatizatianiotP roastarsialanes r@ﬂ%@ﬁ;@@cﬁ?'gble and
bioactive rFC, -ﬁdeVO (%;/272(%9I PCT/SGOQ/0016 Aftfer nebulization, the supernatant derived from
clarification aP14'5 0 8% SYthéeP o R ERINRFS SR-Ein fanes YoilibiatBrG oY (G ahdneECSN of

132 and 89 Kdakptevtdarits) e spaptveleligid 99  anpaddaglignsdeagreaimest: (61),
nebulization ?gtfp?ncegd {he breakage e?gc'ﬁan? of P. é)a%;o,ris. Furthermore, s the rFC was fractionated
into the solubl® PhASEUFANUhSBIAGTRS dire 62k allitionaPhAak@iods [TeItharapse of
purificatian. This 5@ signifietiuniner avenmisstsoldrchshasslien ik CRIgRRIaticar dromsglass-bead

breakage Wh?re {nsol ble rEC had to be solubili%ed by treatment with detergents (12). Detergent-
solubilization, %‘H%b@ﬂéﬂ?&ﬁ%’rﬁ Frithi a1 6678 %Jéﬁ?@%?remé iﬁﬁiﬁ?ﬂﬁﬁ%@?tc 10 binding of LPS

(68). We havénaisovehasnn dhiat SRS atizr0-Episeriniahitsrtin Asibiteed basiRbge iHeAL. Removal
of SDS using. potassiu loride (69) restores the LPS binding activity of solubilized rFC. However,
care must be' éﬁgﬁﬁ?o%éﬁadpgﬁz%eg%{ﬂ%mz%ﬂ@f SRRty g%tgﬁ{%'ﬁﬂ?ﬂ% vES uRs& BeRSgen-free
conditions visgihpgicalione thasts-andanoiwireTicat Me@nsh S Hdsingpithard NH*)2§ O/ prscipitation or
CB:ir?rrgrarlx);[%M_S%iUI {g\élg‘aﬂ?gﬁ%irw ﬁ:%?ﬁ%rgtiorbwas enriched in gotal protein content. 3
gra o 5 QoA ¥E R SANE2108 RN BESE NG rther purified
rFC from othertyegssiFateins(F20)-Rerthwanetified Wegleisbiot o LRSritkG gyas shown to bind to
the lipid A restores the LPS binding activity of solubifized rFC. However, care must be taken
to-avoid pyrogenation. Thus, it is best to obtain soluble rFC under pyrogen-free
conditions via physical methods and not chemical means.
13 Using either {NH4),S0, precipitation or Biomax™-50 ultrafiltration, the rFC
preparation was enriched in total protein content, Chromatography of Biomax™-
50 +FC through a Sephadex™ G-100 molecular sieve further purified rFC from
other yeast proteins (Fig. 20).
~ In the modified Western blot of LPS, rFC was shown to bind to the lipid A
2¢ moiety displaying specific bands in the range of 7 - 20 kDa (Fig. 21A) which is
consistent with previous findings (43,70). Subsequently, when the modified
Western blot of diphosphoryl lipid A was used, the specificity of rFC for lipid A was
further confirmed (Fig. 21B). Recombinant Factor C samples derived from
(NH4),504 precipitation; Biomax™-50 ultrafiltration and Sephadex™ G-100 gel
25 filtration displayed increasing affinity for lipid A (Figs. 21A and 218 : Lanes 3 & 4).
No binding to the 7 - 20 kDa bands was observed with rFCSN and pHILD2/151.
Biomax™-50 enriched rFCEE, the truncated Factor C, was also able to bind
specifically to jipid A moiety of LPS, albeit less strongly {Figs. 21A and 21B).
The presence of a functional LPS-binding domain demonstrates that rFC
30 expressed in yeast folds properly, or at least its endotoxin-binding domain does

so. The postulated endotoxin-binding region of the C, rotundicauds Factor C (61)
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20 moiety displaying specific bands in the range of 7 - 20 kDa (Fig. 21A) which is consistent with
previous findings (43,70). Subsequently, when the modified Western blot of diphosphoryl lipid A was
used, the specificity of rFC for lipid A was further confirmed (Fig. 21B). Recombinant Factor C
samples deriwgslyfiemsdNH4)2SO4 precipitation; BiomaxTM-50 ultrafiltration ggagkgaphadexTM G-100
gel 25 filtration displayed increasing affinity for lipid A (Figs. 21A and 21B : Lanes 3 & 4). No binding
to the 7 - 20 kDa bands was observed with rFCSN and pHILD2/151. BiomaxTM-50 enriched rFCEE,

the truncated ik asigted imascalpRiRb IR fmpingd ospesifeally o dpiduihmeieimplit&Shalbeit less strongly
(Figs. 21A and 21B). The presence of a functional LPS-binding domain demonstrates that rFC 30

expressed in GER8IBIHS hFSeiilie SORMRINALERRIEXM BiFldislg@8INRIN Bdds: so. The postulated
endotoxin-binglingregiemek Hece Cropdomicandaifactetie(fil A380P Fblarg8RS BTGP 0/00162

is located in the amino terminus of the heavy chain, which comprises the cysteine-rich EGF-like

domain and Ji& &P fRECSNFR @ORMAIRS L06 TD)odialyREIRRRMRIERHCE S cficali s BaNe lipid A
moiety showigg the et tFediresegnizrasKtbisddhehiviesicalrariedmaistysf LPS. That the

binding 5 of LPS to Factor C requires the presence of an endotoxin-binding domain was_confirmed
using the rFCENRER YREGEIEITER MiIRER LRSAHEhY dBrEnRit PRiRadiaidemaiRdlog resulted in

its inability to birdlinig /i foaobsevaed ipdustiabifiniensiy phaindingelufcREdR lipid A as
compared to that of rFC indicates that although the binding of lipid A requires the presence of the LPS

io binding dorRAHC 4Ry IR eSO FREALRIPE R RhEF dicstiRiErf ARasPmBais hE arii§ih of the
binding. It hasreendepatesHaldinding edieadstaxin Kigaeaisa eRnfpexating ghapge.in the Factor

C molecule (58) where downstream sushi_domains are involved in protein-protein interaction.

RecombiflantH#éRs B08HHetea48RE35 9! ERAGLHR & URSIoHONSSARXIA B 8eRiRy s CAL Factor C.
The yeast rFGlasiinbEeRaBIRERIRASE AsiVideb i eARRDIE ATIRGIROJOLBSoMR 9ssrvgd o
compete with CAL native Factor C for the LPS. This resulted in the depletion of LPS available to bind
native Factor@pformatlonal change in the Factor C molecule {(58) where downstream sushi
domains are involved in protein-protein interaction,
Recombinant Factor C competes for LPS, causing reduction in enzymatic
15 activity of CAL Factor C. The yeast rFFC, lacking serine protease activity, but
capable of binding to LPS, was observed to compete with CAL native Factor C for
the LPS. This resulted in the depletion of LPS available to bind native Factor C,
thus causing a reduction in its enzymatic activity (55).
The percentage competition by rFC of the native Factor C enzyme activity
20 of CAL was caiculated based on comparison of enzyme activity with the negative

control of pHILDZ/151. The following formula was employed:

(FU of LPS in pHILD2/151+CAL}-(FU of LPS in rFC+CAL) x 100%
FU of LPS in pHILD2/151+CAL

where FU represents fluorescence units.

25 The competitive effect of crude rFC on LPS-activated CAL Factor C
enzymatic activity was compared with the two partially purified rFC samples based
on the above formula. Partial purification of rFC using (NH4}:504 precipitation
improved its competitive effect from 30% to 60%. Enrichment of r+C through
Biomax™-50 improved its inhibitory efficiency to 81%.
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thus causing a reduction in its enzymatic activity (55). The percentage competition by rFC of the native
Factor C enzyme activity 20 of CAL was calculated based on comparison of enzyme activity with the
negative control of pHILD2/151. The following formula was employed: (FU of LPS in
PHILD2/151 4 ds)26k4d of LPS in rFC+CAL) x 100% FU of LPS in pHILD2/ 1w GAlwhare FU
represents fluorescence units. 25 The competitive effect of crude rFC on LPS-activated CAL Factor C
enzymatic activity was compared with the two partially purified rFC samples based on the above

formula. Partial purifca{ion&btatdusiBe NIHRE4BERFPERtPD RpRreMeshits competitive effect from
30% to 60%. Enrichment of rFC through BiomaxTM-50 improved its inhibitory efficiency to 81%. - 40

WO 01/272899CETsaioHi®h 162 waersaektp darasivairsRintinaeimoumdtiecaifPiariable
concentrations:efdRig s Weed tecnvpstioate biading efficasyandheasicabidietaetion between

rFC and LPS molecules. A comparison was made between the binding efficacy of crude rFC and

BiomaxTM-5tareingin® efficrire 4AuselS IRdtFrTEasing ARGUns O rEe s ifted M sreater
depletion, of LR, Icadinghip Ao iNEELas e g PRHCANRESHSRopidt A dragtar ERAHYIY, 9N the other

hand, regardless of any fixed amount of rFC in the reaction mixture, increasing levels of LPS

increased CATCH2RSBITCtHRRAFEMRESHARCRESMHaf 808 {s I a LCaJEIR 4B fPREtivate CAL

Factor C enzyspeagdidtyr ENgfﬁi%é@hé}%QHfiBﬁ@ﬁQﬁntﬂ@ei%@% hGiuas mRledesifestivelyreduce
Factor C activity in CAL by >80%, equivalent to a ratio of 1000: 1 molecules of rFC to LPS (Fig. 22A,

dashed line)..RFilRGRIEEIRYaFREIMS GFIPY L JEHSINSIBRREA AR RO BIINRHAZAB0 enriched
rFC sample, the-nereentaee togsifhlc RasiohCelivily wasellasibrlyurrintRinedat >80% (Fig

22B). For a >80% reduction in CAL Factor C activity, a IS ten-fold increase in the binding efficacy was

observef bettHER EifritfsPRITIadaP el EH46s 6r966-aftiy e st (BhMeadifi®y. The
BiomaxTM-5@4FCsbhwich sgtved amthe intesnainegativeccentisd (rig. 224, dashed fine).

With increasing amounts of LPS used over a fixed amount of Biomax™-50
enriched r-C sample, the percentage loss of CAL Factor C activity was effectively
maintained at >80% (Fig 22B). For a »80% reduction in CAL Factor C activity, a

15 ten-fold increase in the binding efficacy was observed between enriched rFC and
LPS at a ratio of 100 : 1 (Fig. 228, dashed line).

The Biomax™-50 rFCSN which served as the internal negative control
showed little or no effect on the enzymatic activity of CAL Factor C. The rFCEE,
having a lower binding affinity of LPS, displayed a markedly lower competitive

20 effect on the enzymatic activity of native Factor C (Fig. 23).

Only micrograms of the total crude rFC were needed to remove nanograms
of LPS, as reflected by =80% loss in CAL activity. With partial purification and
concentration using Biomax™-50 membrane, the ratio of rFC {o LPS for maximal
LPS removal improved by ten-fold.

25 Interactive binding between rFC and immobilized lipid A using the BIACORE
X™ sensor indicates that although background binding was attributed to rFCSN,
the overall binding of partiaily-purified rFC to lipid A gave a net response of
approximately 30% of the total immobilized lipid A. Thus, the full-length rFC has
an affinity for lipid A such that 30% of lipid A is bound by the partially-purified rFC

30 when the ratio of partialiy-pure riC to lipid A is 10:1 on a mass basis. This shows
that rFC has affinity for bound lipid A. rFCEE also gave a binding response but
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showed little or no effect on the enzymatic activity of CAL Factor C. The rFCEE, having a lower
binding affinity of LPS, displayed a markedly lower competitive 20 effect on the enzymatic activity of
native Factor C (Fig. 23). Only micrograms of the total crude rFC were needed to remove nanograms
of LPS, as refleaied:hse > 80% loss .in CAL activity. With partial purification apdrsongemtsation using
BiomaxTM-50 membrane, the ratio of rFC to LPS for maximal LPS removal improved by ten-fold. 25
Interactive binding between rFC and immobilized lipid A using the BIACORE XTM sensor indicates
that although hgskorms einding Waealrpipateshiae, dbg onsral bindingetpartially-purified rFC

to lipid A gave a net respaonse of approximately 30% of the total immobilized lipid A. Thus, the
full-length rEGRRISEAMNFMAEPINNPH sieiriralinigod bingine R vblnadigaies pamEintpurified rFC
30 when the ticpdf mastialypurerderio inid Aded O A 3 ISFrlUS Shows Mhat rFC has
affinity for bound lipid A. rFCEE also gave a binding response but - 41 WO 01../27289
PCT/SG00/00#8" again, displayed at a lower affinity of 15% (Fig. 24). For purposes of this
application, the terminalagyrrei@iosdiaA-bindipgacidty 7 indicates an REINIY LR or lower.
Preferably peptides will have a binding affinity of 10-' M or lower. 5 In experiments déscribed in

reference 77, S ERARUHIBEAGOTNQINIY sanyaAd BurrteRtiRahEgeIRstzen dwis 9o saturation

of immobilizeg kipigArR BIBSRE T aapeataiisHnsensPRsiions sinlayLiphgse decribed above,
except that the concentration of rFCES was 8 r&/gl. Thus, under these conditions 240 ng of IFCES

binds 2.8 pg fSEA HAFhENS FARSBItEHIRA 2f1TFET eSS MStHA 16686 anmassNRasisoBsihinpte 13: rFC
has BacteriostatiAgfvibcFo® i and,delplion pioksins sxpyessashin P. pasters i kxample 12 were

examined for bacteriostatic activity in in vitro cultures. The bacteria used for the assay were
Escherichia QNATEE#S5852, is Salmonella typhimurium ATCC#14028,

PseudomonasaerugmosaATCC#27853,

Exampie 13: rC has Bacteriostatic Activity

The rFC and deletion proteins expressed in £, pastoris in Example 12 were
examined for bacteriostatic activity in in vitro cultures.

The bacteria used for the assay were Escherichia coli ATCC#25922,

15 Salmonella typhimurium ATCC#14028, Pseudomonas aeruginosa ATCC#27853,
Kiebstella pneumoniae ATCC# 13883 and Staphylococcus aureus ATCC#25923. A
colony of each Gram-negative bacterium was inoculated into nutrient broth
(Gibco, BRL) and grown at 37°C until it reached the Eogarithmlé phase of growth.
The culture was diluted with nutrient broth to give 1 - 5 x 10° cells/mi. Aliquots of

20 2 mi culture were incubated with 1 mg rFC/ml of culture. Incubation was carried
out at 37°C At time intervals of 0, 2, 4, 6, and 24 h, the hacterial culture was
vortexed to break up any agglutinated clumps. After vortexing, each culture was
examined under the microscope to ensure homogeneity of bacteria. The culture
was serially diluted with 0.85% .saline, plated on nutrient agar (Oxoid) and

25 incubated overnight at 37°C for colony counting.

Crude full-length rFC and Sephadex™ G-100 enriched rFC truncates rFCEE
and rFCSN did not have any inhibitory effact on the growth of the various bacteria
used. However, enrichment of fuil-length rFC by Biomax™-50 ultrafiltration
followed by chromatography through Sephadex™ G-100 yielded rFC which

30 inhibited the growth of Gram-negative bacteria such as £. cofi, K. pneumoniae, P,
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Klebsiella pneumoniae ATCC#13883 and Staphylococcus aureusATCC#25923. A colony of each
Gram-negative bacterium was inoculated into nutrient broth (Gibco, BRL) and grown at 37C until it
reached the logarithmic phase of growth. The culture was diluted with nutrient broth to give 1 - 5 x 105
cells/mi. Aligweisi82 mi culture were incubated with 1 mg rFC/ml of cultuseriacaaation was carried
out at 37C At time intervals of 0, 2, 4, 6, and 24 h, the bacterial culture was vortexed to break up any
agglutinated clumps. After vortexing, each culture was examined under the microscope to ensure

homogeneity af-oasiesia.abkie S utisremuassarlly2aiuted with -8R Yealines piated B ytrient agar
(Oxoid) and 25 inc ba]ted veE ight at 37C for_colony counting. Crude_full-length rFC and
SephadexTWé%éHrP&i@ﬂ :é%c‘iﬁﬂ'ﬁégﬁgg R NP AR SIS ARPRAS ARNSIBRNEffect on

the growth ofiite vesignsthatteria acsedy iaweverentshmenteifidlienatar7C by BigmgyiM-50
ultrafiltration gfméed Bé chro] atoﬁragglg hrough SephadexTM G-100 yielded rFC which 30 inhibited
the growth of¢ WEgRtTEHEAEAY SLERAS BXRGGER I hmmyside, hEctensidaloatantiabsg

PCT/SGGR0/00R6haatstiginase effedtSyagnhimitaen (FHa. 025 Theantichedd Esampleshwed a
particularly potent bact rioa%atic %‘fect on K.rﬁlneumoniae. This a%)i%%ars consistent with the
antibacterial SE6URY ?5§nlal {REEEY HE ARG AP €Y REIneE LA N 72) 2(F#HSe? purification of

rFC is expecteaito-pogitovettsacier)cigal matemialkd Bhebacterostatic effect was maintained at
100% for 2 h but the effect started tqﬂ?d cline at 6 h of incubation, and was completely lost after 24 h.

S. aureus, a Gram/SEHNAHQEE( Bt RS AR LIMAL IR & Iagg RIS oVilhe bacteria
was observedr@itifig2 hef-pephaion eWMbi(fﬁ(?agﬁiQﬁngﬁé‘fx%@ﬁcﬁhﬂ%ﬁet“ﬁﬁiﬁ?é@gg'Et?i%ﬁ).on reaction

exemplified b%z E. colj..io This could be attributed to the bacteriostasis of the bacteria because
interestihgly, m%f@%éjﬁ@gﬂéﬂﬁﬂa%wgmgaf\mﬁ’ﬁtﬂgt@?ﬁﬂ%@&‘édﬂ%ﬁ%‘&%i’éﬁ%ﬁﬁﬁlﬁﬂ&)@id not
show any inhihiiedvgiowthadrliresitio thendealutinationRifechofshScoauld hanivtlizedas af@pid
detection method and/or for the removal of Gram-negative bacteria from a sample.

not show any inhibited growth. Indirectly, the agglutination effect of rFC could be

utilized as a rapid detection method and/or for the removal of Gram-negative

bacteria from a sample.

'5 Since LPS is required for reproduction of Gram-negative bacteria (40), it

could be envisaged that rFC binds to the lipid A portion of LPS to neutralize its

biological activities, causing aggiutination which leads to bacteriostasis. This

specific binding of rFC to LPS was confirmed by the observation that growth of

Gram-positive S. aureus, which does not possess LPS on its outer wall, was not

20 affected by rFC.

Exampie 14: rFC Protects Actinomycin D-sensitized Mice from LPS Lethality

Actinomycin D (Sigma) was used to sensitize mice to submicrogram
amounts of LPS (65,66). The protective effect of rFC on the mortality of
actinomycin D-sensitized/LPS-challenged mice was studied according to protocois

25 previously described (19,67,21). In this /n vivo experiment, 500 ui aliquots
containing 25 or 50 ng LPS from £ co/i 055:B5 (Sigma) and 50 ug rFC produced
as in Example 12, or saline, were preincubated at 37°C for 60 min. The LPS-rFC or
LPS-saline mix was combined 1:1 with 250 ug/mi actinomycin D immediately prior
to injection. A 0.2 ml volume of this solution containing 25 pg actinomycin D, 5 or

30 10 ng LPS and 10ug rFC was injected intraperitoneally into each outbred male
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15 Since LPS is required for reproduction of Gram-negative bacteria (40), it could be envisaged that
rFC binds to the lipid A portion of LPS to neutralize its biological activities, causing agglutination which
leads to bacteriostasis. This specific binding of rFC to LPS was confirmed by the observation that
growth of Gkggepaesitive S. aureus, which does not possess LPS on its outepavalicwasigpt 20
affected by rFC. Example 14: rFC Protects Actinomycin D-sensitized Mice from LPS Lethality
Actinomycin D (Sigma) was used to sensitize mice to submicrogram amounts of LPS (65,66). The
protective effgolief Hisinon tieamefatibueé. @rdnenytiniDrsansitizedddlSHhallengad miteesuas studied

according to protocols 25 Ereviously described (19,67,21). In this in vivo experiment, 500 ul aliquots

containing 25°%6E5BHENEPS fBmAST &)1BES Y tEiing) TG sia g ERERsELRRA24S in Example 12, o
saline, were preincubateshatr 3G darROiscHenkR Shef GhersbPSwaingdpixorapsemigingd 1:1 with

250 ug/ml actinomycin D immediatel Iﬁrior to¢n'ection. A 0.2 ml volume of this solution containing 25

sg actinomycfFNEBIC8A510 Hy 1P SERY B P HEEWELIHTaRE SR 4R EBREINAMERE R Hatbred
male - 43 W@ Q#2892 REMSH QrokER ufiss albTp 2825795 Mogssriehedns Oisk0 mice were

used for each replicate set of e>%)eri ent. The percenta%e of survivin%_mice was determined at 72 h.

An earlier exFSHRRRAY dBBHTRAEH 1R the St F A5 LSH IS §h 'evidd - AISAARIEST 3.16 ng.

Amounts of 5raathi @ pgobRSwere theteftre useddrrabisofLipoyivacnneisenkdliperprotective effect
of SephadexT" G-100 enriched rglgi on actinomycin D-sensitized LI?S-chaIIen%FeE%mi_ce Is shown in Fig.
I thi

27. RecombiffShteRERAoTe RAY 4618 o SeRalFath THePonR! BReRd SFiTPEeARGTHiS fa8uItEWin the

decreased mertalithef tapsermitzechatica-ehaleragediyith-thedng toSamigidithegtherfiand,
rFCSN that lacks the endot xin-bind%n% domfin,did n%t_ confer any to protection on the LPS-challenged
eSS

mice. THiS ob¥ERREHER SgEsts et FiENBAT FYEte, & 7 AP AL CHRARR B bRsikSH A brotein
CAP18 (21), (£¢ dimdmcspesiticalbtioribefiptegisabmatsiotiaP Sstoneutralipeits lethal effect on

mice. Example 15; LPS Binding by rFC Produced in_a Baculovirus Host-vector System
specifically to the Bioldgical moiety of LPS to neutralize its lethal effect™on mice.

Example 15: LPS Binding by rFC Produced in a Baculovirus Host-vector System

Recombinant Factor C was produced in Sf9 cells infected with a
recombinant baculovirus comprising the CrFC21 cDNA encoding full-length rFC.
The recombinant protein was expressed and partially purified by Biomax™
ultrafiltration and gel filtration chromatograpny over Sephadex™ G-100 as
described in reference 76. The recombinant rFC exhibits its normal serine
protease activity as shown in that reference.

The partially purified, full-length rFC was assayed for activity in binding the
LPS obtained from K pneumoniae, 5. minnesota, E. cofi, and 5. typhimurium
using the BIACORE X™ system and the experimental conditions indicated in
Example 12(8). The data of Fig. 25 show that the rFC binds much more strongly
to the LPS from K. pneumoniae than to the LPS from £. cofi.

Example 16: (FC Produced in Baculovirus-infected Cells Induces Bacterigstasis
and Protects Mice from LPS Lethatity
The r+C produced in the baculovirus-infected Sf9 celis described in

Example 15 was assayed for its activity in inducing bacteriostasis and for
protective effect in the LPS challenge experiment.
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Recombinant Factor C was produced in Sf9 cells infected with a recombinant baculovirus comprising
the CrFC21 cDNA encoding full-length rEC. The recombinant protein was expressed and partially
purified by BiomaxTM ultrafiltration and gel filtration chromatography over SephadexTM G-100 as
described inwabareneee76. The recombinant rFC exhibits its normal serine psgtesgeasivaty as shown
in that reference. The partially purified, full-length rFC was assayed for activity in binding the LPS
obtained from K. pneumoniae, S. minnesota, E. coli, and S. typhimurium using the BIACORE XTM

system and the expeyimgetalisenditiorsindicated rFErampiesl(® wiiedasasetifigti® show that the
rFC binds much more strongly to the LIPS from K. pneumoniae than to the LPS from E. coli. Example
Rﬁﬁr

16: rEC Prodieeaan dsactiRadriisErssnia Beld TR drtad BEGe/id st thdd R ReckerioRattom Lps
Lethality Thefag: peosiueaikin iRe BasuiRyitsdnferiesk SisaHmApscibacis Example 15 was

assayed for its activity in inducing bacteriostasis and for protective effect in the LIDS challenge

experiment. KR8ty OTEE A0YYP For B8 S/ 6HIRPE REOBhcéisosthlie BERRNPSERRE rFC from Sf9 cells
was assessgfdndihe fg}aﬂnﬁffﬁWf‘W dpdEremme s sEherieia iide ndAehows hekihiembacteriostatic

effect is observed and that, for E. coif and K. pneumoniae, it shows similar kinetics to that shown for

the rFC obtathed efof (RERE Vit BEEteFoHastE iidicel® feR1S 18ysiffhurium and P. aeruginosa, on the
other hand, was of pchhisRPHefURtigRoMhess FCaradireshinghe BiArcellsdsusedd he ability of

the rFC produced in recombinant baculovirus-infected Sf9 cells to protect mice from lethal LPS

challenge w48'§146 rsetedt mieedkperigiont WaLhalrnRGetan 3w 48aedmd e ReUR s Hbed in
Example 14 gxcephdiatQniy @ Bereé thamastialhapseisshrrCenasmeminisiead. tnFishi3l, rFC-Sf9

indicates administration of recombinant rFC together with the indicated amount of LPS; wt- Sf9

indicates that &uiSePhhawamishy Styitefs RarmsrRg BipIRdy P8 bituldnirbstRiadisdgsconsistent
with the bactefiaiplic.eB8 A QRIBABHM rFC together with the indicated amount of LPS; wt-

Sf9 indicates that supernatants from Sf9 cells harboring only wild type
baculorvirus were used. Consistent with the bacteriostatic effect observed in
cultured bacteria, the rFC produced in recombinant baculovirus-infected 59 cells
was able to protect a significant proportion of the challenged mice from LPS
lethality.

The invention being thus described, various modifications of the materials and
methods used in the practice of the invention wili be readily apparent to one of
s ordinary skilt in the art. Such modifications are considered to be encompassed by

the scope of the invention as described in the claims below.
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apparent to qpg gf-2@edinary skill in the art. Such modifications are considerggigdig,engompassed by
the scope of the invention as described in the claims below. -45 WO 01/27289 PCT/SGOO/00162 nrv

cultured bacteria, the rFC produced in recombinant baculovirus-infected Sf9 cells was able to protect
a significant proportion of the challenged mice from LPS lethality. The invention being thus described,
various modifications of the materials and methods used in the practice of the invention will be readily
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Prateins — Ligand Associalion Dissociation Equilibrism References
— O =-w oa:wﬂwﬂ oowmﬁm:ﬁ constant
P (M's™) () (M)
1_1 7 o
%:@“m.wm.m Lipid A E.cofi K12 4.01 x 10° 1.48 x 107 3.601 x10”
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- S - .= _
Sughi-r © Lipid A E.coli K12 2.401 x 10° 3.64 10° 1516 x 107°°
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_manammam maas (BRI} 1992
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Oc™ © 1592; 1994 -
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H§%3§H m.ULS {rBPI21) LPS §. minnesola Re585 3.75x 10° de Haas at af, 1588
-mE@mEm@wmm mer) " 1.76 x 10° de Haas ot af., 1998
w@a%ﬁgu@ component LPS 8. minnesota Res86 3.9x10° de Haas et af., 1298
@) ) ) 5
m_‘»_we@m@ 250 LPS S. minnesols Re595 1X10 de Haas ot af, 1998
VAN
Quffze M%v, O LPS 5. minnesota Reb96 3.5x1¢° Tobias et al., 1995
Mmo&ﬂwmw O Lipid A E. coli J5 58x10° Gazzano-Santoro et af,
va%_@:m.nﬁma (LBP) 1994
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R a1 A87) 5 1x10° Han ef al, 1994
TILETD
_mmow@ma &Siuvle human | LPS S. minnesota Re595 2.9 x10° Tobias ef al, 1985
£D14 —
m C Y \ W .
| BolniSn B m 33x 107 Vaara M., 1992
mn EOE )
o:&zm in ngngpeptides 1.1-1.3x 10 Vaara and Vijanen, 1885
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Table 2

Comparison of MBCs, MBC,y, hemolytic and cytotoxic activities of Sushi and other

cationic peptides on P.aeruginosa.

51 <0.03 <0.03 30 0% at 160 pg/ml
SAl - <003 0.06 30 0% at 100 pg/mi
83 <0.03 <0.03 36 5% at 100 pg/ml
SA3 <0.03 0.25 30 25% at 100 pgfmi
SMAP-29° "NA (.38-6.4° 2 67% at 255 pgfml®
Buforin I 32 64 10 NA
Cecropin I 32 128 10 30° NA
Indolicin® 64 >128 10 60" NA,
Magainin I 64 NA I 60" NA
Nisin* 128 NA 10 60° NA
Ranalexin® >12§ NA i0 >60° NA

a Kiliing rate for concentration achieving MBCs,.

b Only MIC value was reported.

c Hemolysis was done on human ervthrocytes, Values were converted from its MW of 3198,

d Time-kill kinetios were tested on Escherichia coli. |

NA Data not available
MBC,,  Concentration of peptide required to kill 50% of the strains,
MBCs,  Concentration of peptide required to kill 90% of the strains.

Superscript af the end of the peptide name denotes the related journal number.
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01 021 (DO (O((0(O I13((OCOcn--> 46 WO 01127289 PCT/SG00/00162 Table 2 Comparison of

MBCso, MBC90, hemolytic and cytotoxic activities of Sushi and other cationic peptides on
. S 1<0.03 <@y83370% at 100 g/ml Sd1 <0.03 0.06 30 7 0% at 100 4g/mlpSEsed @ se.03 30 L7

5% at 100 gim1 St3 <0.03 0.25 30 7 35% at 100g/ml SMAP-29 NA 0.38-6.4 2 NA 67% at 255 8/m1°

P.aeruginosa. Siraias Killing". -MC Test peptides - ~ ,. tested , rate” hemolytic, activity , (n)' (mm), .

_48_

< (O]
2 _ 5.5
3 Ty O
=2 L% T
m m m,&wuw.wom of LPS-binding, anti-LPS and antimicroblal activities of Factor C & peptides
‘T _mnw.m m =2 .H .: I v A4 V1 Vil VIl X
2 OFgcsr® 2 Affinity Stoichio- cD LPS- | Suppress- | Mouse Cytotoxicity Haemolytic | Anti-rmicrobial
S |Gray ammmﬁ for LPS metry + Neutrali ion Protection {Cel lysis) Activity at | Potency
< © c®c D {BlAcore | of Binding lip A -sation | of LPS- Assay 100 ug/m! | P. aeruginosa
Z \Opeptides P Kp Cooperati- ENCs | induced % % peptide | MBCy, ugimt (nM)
Qlg 3536 M vity {uh) cytokine {hu RBC) or
oEco ol Hill’s TNF-a %lysis | MiC
G0 ST Coefficient (50%)
0 | ESBriCES [° 22 0.068 8.5nM  190% at 2 uM 20% iysis at
Az 0L B {76 ug) 109 uM {4 mg/ml)
A Mc@mwww F53.7x107°
S @& = Dsxig® - - .
c M:W:w = D.ﬂ.micé - - -
oL =205
5 i® 5 Praxio® - - -
GAS S Dy
— &t € = 5 |9.07x107 2.42 43% o-H 225 - 22% at 75 : 0 0.03 ug/ml
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gtcaacactt actgttcgtt cggtcacagc tgtgaatcgg 300 ggtgacttta tgtttgtagt ggtcttaaaa acgggtactt ggttgttttg
aaaattttaa 360 aacctacata tgattctcct aaaatttigt ttataaatta gcaccatttg cgacctaaat 420 cttttttgta gtcttaagtt
tagctgacat aaaaacaaaa titgtaacai=eHEACYgtat 480 aaactaaata gcttcagatg ggtcgtatga caaggaaact

tttaaataat tatgaaagtt 540 Jtiftaaaat ttgactaagg tttagatt atg tgg gtg aca tgc ttc gac acg 592 Met Trp Val
Thr Cys Phe sfég(m Jeak bing '

TAN, Nguan Soon
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<130> 1781-161F

<140> 09/219,868
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<l60> 4

<170> PatentiIn Ver. 2.0

<238> 1

«211> 4182

<212> DHNA

«213> Carcinoscorpius rotundicauda

<2Z20>

<22k> CDS

<222> (569)..(3817}

<400> 1

gtatttaatg totcaacggt aaaggtttca ttgtagctaa tatttaactt cctecoctgtg 60
ccccaaateoy cgagtatgac gtcagttaag acttogtatt ttaagagtta aacacgagec 120
ttaaagagcey atattttttt tgttaaacac ttccaactta atacaattgg caaactttea 180
aazataaagt ggasaaggag gtaaaaaaga tgaazaaaaat tcgcatacaa tagaatacaa 240
taaaatygtgt tgtetttact gtcaacactt actgttogtt cgghtcacage tgtgaategg 300
ggtgactota tgtitgtagt ggtettaaaa acgggtactt ggttgttitg aaaattttaa 360
aacctacata tgattctcct aaaattbtgt ttataaatta gcaccatitg cgacctaaat 420
cttttitgta gtcttaagtt tagttgacat aaaaacaaas tttgtaacaa cacacgotat 480
aaactaaata gottcagatg ggtegtatga caaggazact tttaaata’t tatgaaagtt 540
rctttaaaat ttgactaagyg tttagatt atg tgg gtg aca tge ttc gac acy 582

Met Trp Val Thr Cys Phe

1
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15 57 WO 01/27289 PCT/SGOO/00162 ttt ctt ttt gtt tgt gaa agt tca gtt ttc tgt ttg ttg tgt gtg tgg 640
Phe Leu Phe Val Cys Glu Ser Ser Val Phe Cys Leu Leu Cys Val Trp - 10 15 20 agg ttt ggt ttc tgt agg
tgg cgt gtt ttc tat agt ttt cca ttc gtt 688 Arg Phe Gly Phe Cys Arg Trp, Arg Val Phe Tyr Set Phe Pro Phe
Val 25 30 35¢8 saaedésa aca gtt gtt tta tta cag tgt tac cat tac tct ntc cat aat 73ei¢adHendzhr Val val
Leu Leu GIn Cys Tyr His Tyr Ser Leu His Asn 45 50 55 act tca aag ttc tac tct gtg aat cot gat aag cca
gag tac att ctt 784 Thr Ser Lys Phe Tyr,Ser Val Asn Pro Asp Lys Pro Gin Tyr lle Leu 60 65 70 tca ggt
tta gtt cta gag cta cta got caa aaa atg cgc cca gtt cag 832 Ser Gly Leu Val Leu Gly Leu Lou Ala GIn
Lys Met Arg Pro Val Gin 75 80 85 too aaa 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 90 95 100 aag tgt ggo gat cca ggc
tat gtg ttc.aac aft cca gig a3a caa, 19,928, ys Cys Gly AspLrefShyd Weyaldshe Asn lle Pro Val Lys
Gin Cys 102 110 115 120 Qcadae dtiakcgatag agg sagtat tgtaag-coa tgtgat gar ctg 976 Thr Tyr
Phe Tyr Arg T, Arg Pro Tyr Cys Lys$£ro Cys Asp Asp Leucl25 130 135 gag got aag gat att tgt cca
aag tar aaa cga tgt caa gag tgt aag 1024 Glu Ala Lys Asp lle Cys Pro Lys Tyr Lys Arg Cys Gin Glu

Cys Lys 14@ 145 150 get ggt ctbgatagtint gittact tgtecaraét adc @Fa taf gijttact 4572
Arg Phe Gly Phe Cys Arg Trp Arg Val Phe Tyr Ser Phe Prao Phe Val

25 30 35 40

aag tca aca gtt gtt tta tta cag tgt tac cat tac tck ctc cac aat 736
Lys Ser Thr val val Leu Leu Gln Cys Tyr His Tyr Ser Leu His Asn
45 50 53

acc tea aag the tac tet gtg aat ccobt gac aag cca gag tac att ctr 784
Thr Ser Lys Phe Tyr Ser Val Asn Pro Asp Lys Pro Glu Tyr Ile Leu -
60 65 70

tca ggt tta gtt cta ggg cta cta gcc caa aaa atg cgc cga gttt cag 8432
Ser Giy Leu Val Leu Gly Leu Leu Ala Gln Lys Met hArg Pro vVal Gln
15 80 85

tco aaa gga ghta gat ¢ta ggce tty tgt gat gaa acg adg ttc gay tgt B8O
ser Lys Gly Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys
20 95 100

ahg tgt ggc gat cca gge tat gtg tkc aac att ¢ca gtg aaa caa tgt 928
Lys Cys Gly Asp Pro Gly Tyr Val FPhe Asn Ile Pro Val Lys Gln Cys
105 110 115 ) 120

aca tac ttt tat cga tgg agg ccyg tabt £gt aaa coa tgt gat gac ctg‘ 876
Thr Tyr Phe Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp Leu
125 130 135

gag gct aag gat att tgt cca aag Lac aaa <cga tgt caa gag tgt aag 1024
Glu Ala Lys Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys
140 145 150

got ggt ctt gat aghb tgt gtt act cgt cca cct aac aaa tat ggt act lev2
Ala Gly Leu Asp Ser Cys Val Thr Cys Prc Pro Asn Lys Tyr. Gly Thr

1S5 160 C 165

tgg tgt age ggt gaa tgt cag tgt asg aat gga ggt atc tgt gac cag 1120
Trp Cys Ser Gly Glu Cys Gln Cys Lys Asa Gly Gly Ile Cys Asp Gln
170 . 175 180

agyg aca gga gct tgt geca 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
185 190 185 200



Ala Gly.Leu Aso Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr 155 160 165 tgg tgt ago ggt gaa tgt
cag tgt aag aat gga ggt ate tgt gac cag 1120 Trp Cys Ser Gly Glu Cys Gin Cys Lys Asn Gly Gly lle
Cys Asp Gin 170 175 180 agg aca gga got tgt gca tgt cgt gac aga tat gaa ggg gtg cac tgt 1168 Arg
Thr Gly Ala Gys Alastsys Arg Asp Arg Tyr Glu Gly Val His Cys 185 190 195 36588 201/27289
PCT/SGOO/00162 gaa att ctc aaa ggt tgt cot ctt ctt cca tcg gat tct cag gtt cag 1216 Glu lle Leu Lys
Gly Cys Pro Leu Leu Pro Ser Asp Ser Gin Val GIn 205 210 215 - gaa gtc aga aat cca cca gat aat ccc
caa act att gac tar agc tgt 1264 Gin Val Arg Asn Pro Pro Asp Asn Pro GIn Thr lle Asp Tyr SerCys 220
225 230 tca cca ggg ttc aag ctt aag ggt atg gca cga att agc tgt ctc cca 1312 Ser Pro Gly Phe Lys Lou
Lys Gly Met Ala Arg lle Ser Cys Leu Pro 235 240 245 aat gga cag tgg agt aac ttt cca ccc aaa tgt att
cga gaa tgi.06e 4360 Asndly Gin Frp Ser Asn Rhe Pre Pr6 LYyS CYS I ARG GIu €YS Ala 250 255 260

atg gtt tcaict eca gaa cat GOy daa gtgrantyatettt?agt HRjt §ar 1298 “Met/ Vgl 2r Ser Pro Glu His G1y
ys Val Asn Ala Leu 5er sp atg ata gaa ggg getact tta cgg ttc tca tgt gat agt
Lys Val Asn Ala Leu 5er GBoAsp 270 275 280 285 it
ccc tac tar 1456 Met lle Glu Gly Ala Thr Leu ArgCPQeacSter Cys é\ggascera;crotgé/r Tyr 285 290 29S tig
. =, cc
art ggt caagastacenatateiot G Fsar bl ag g Rt In04..; rye ser cys
200 278 230

tea cca ggg tte aag ctt aay ggt atg gca cga att age tgt ¢t cca 1312
Ser Pro Gly Phe Lys Leu Lys Gly Met ala Arg Ile Ser Cys Leu Pro
235 . 240 245

aat gga cag tgg agt aac Lttt coa cec aaa tgt att cga gaa tgt gec 1360
Asn Gly Gln Trp Ser Asn Phe Pro pro Lys Cys Ile Arg Glu Cys Rla
250 255 260

atg gtt tca Ect cca gaa cat ggg aaa gtg aat got ctt agt ggt gat 1408
Met Val Ser Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp
265 270 275 280

atg ata gaa ggyg gct act £ta cgg ttc tca tgt gat agt ccc tae tac 1456
Met Ile Glu Gly Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr
285 230 285

ttg att ggt caa gaa aca tta acc tgt cag ggt aat ggt cag tgg aat 1504
Leu Ile Gly Gln Giu Thr Leu Thr Cys Gln Gly Asn Gly Gin Trp Asn
300 ‘ aos 310

gga cag ata ¢ca caa tgt aag aac thka gte tte tgt cot gac ctg gat 1552
Gly Glnn Ile Pro Gln Cys Lys asn Leu vVal Phe Cys Pro Asp L.eu Asp
315 320 325

cect gta aac cat got gaa cac &ag gttt aaa att ggt gtg gaa caa aaa. 160C
Pro Val Rsn His Ala Glu His Lys Val Lys Ile Gly val Glu Gln Lys
330 335 340

= 4
tat ggt cag ttt cct caa ggoe act gaa gtg acc tat acg btgt Loy gt 1648
Tyr Gly Gln Phe Pro Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly
345 350 358 360

sac tag btte tty atg ggt ttt gac ace tta aaa tgt aac cct gat gg9g 1656
Asn Tyr Phe Leu Met Gly Phe Asp Thr Leu Lyg Cys Asn Pro Asp Giy
365 370 37%

tct tgy tea gga tca cag cca £CC tgt gtt aaa gty gca gac aga gag 1744

Ser Trp Ser Gly Ser Glm Pro Ser Cvs val Lys Val Ala Asp Arg Glu
3BC 385 350

- 59 .



Leu lle Gly GIn Glu Thr Leu Thr Cys GIn Gly Asn Gly GIn Trp Asn 300 305 310 gga cag ata cca can
tgt aag aac tta gtc ttc tgt cot gac ctg gat 1552 Gly Gin lle Pro GIn Cys Lys Asn Leu Val Phe Cys Pro
Asp Leu Asp 315 320 325 cct gta aac cat got gaa cac aag gtt aaa att ggt gtg gaa caa aaa 1600 Pro
Val Asn His Me Ghubis Lys Val Lys lle Gly Val Glu Gin Lys 330 335 340 tat ggt/sageith et caa ggce act
gaa gtg acc tat acg tgt tcg ggt 1648 Tyr Giy Gin Phe Pro Gin Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly
345 350 355 360 aac tac ttc ttg atg ggt ttt gac acc tta aaa tgt aac cot gat ggg 1696 Asn Tyr Phe Lou
Met Gly Phe Asp Thr Leu Lys Cys Asn Pro Asp Gly 365 370 375 tct tgg tca gga tca cag cca tcc tgt gtt
aaa gtg gca gac aga gag 1744 Ser Trp Ser Gly Ser Gin Pro Ser Cys Val Lys Val Ala Asp Arg Glu 380
385 390 - 59 WO 01/27289 PCT/SGOO/00162 gtc gac tgt gac agt aaa get gta gac ttc ttg gat gat gtt

ggt gaa 1792 Val ASJJ C)és §pa§er Lys Agg gg\é Asp Rbe Leu 4sp Aspdal Gly Glke2395 400 40S cot
gtc agy af £t OLLet et gpe 1giGH 1o e gt get ach1849 RoMal dvg de.His Cys Pro Ala Gly Cys
Ser Leu Thr Ala Gly. Thr 410 415 420 gtgdgg ggt aca gcc ata tac cat gaa ctt tcc tca gtg tgt cgt gca
1888 Val Trp Gly Thr Ala lle Tyr His Gin Leu Ser Ser Val Cys Arg.Ala 425 430 435 440 gcc atc cat
get ggc aggrCHecapaadet ggaggagey ¢ig eat gtb1936 Ala e HPAlasGlytys EétCPro Asn Ser Gly
Gly Ala VatdlisaVal 4451450:458ys Pro Ala Gly Cys Ser Leu Thr Ala Gly Thr

410 415 420

gtg tgg ggt aca goe ata tac cat gaa ctt too tea gtg tgb cgb gea 1888
val Trp Gly Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg. Ala
425 430 £35 440

gce atc cat got gge aag ¢ttt cca aac tect gga dga gcg gty cat gtt . 1836
Ala Tle His Ala Gly .Lys Leu Pro Asn Ser Gly Gly Ala Val His val
445 450 455

gty aac aat ggc ccc tac teg gac ttt cty ggt agt gac ctg aat g9g 1384
val Asn Asn Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly
| 460 485% 470

ata aaa toc gaa gag thg aag tct ctt goc cgg agt tte cga ttc gat 2032
Ile Lys Ser Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp
475 480 4B8%

tat gtc agt tce tec aca gca ggt aaa tca gga tgt cct gat gga tgg 2080
Tyr Val Ser Ser Ser Thr Ala Gly Lys Sex Gly Cys Pro Asp Gly Trp
490 © 495 500

ttt gag gta gac gay aac tgt gtg tac gtt aca tca aaa Ccag aga goo 2128
Phe Glu Vzl Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Aryg Ala
‘505 510 515 520

tgo gaa aga gct caa ggt gtg tgt ace aat atg gct goct cght bt gct 2176
Trp Glu Arg Ala Gln Gly Val Cys Thr Asn Met hla Ala Arg Leu Ala
525 530 535

gtg ctg gac aaa gat gta att cca aat tca ttg act gag act cta «ga 2224
val Leu Asp Lys Asp Val Ile Pro Asn Ser Leu Thr Glu Thr Leu Rrg
540G 545 550

ggyg aaa ggg tta aca acce acg tgg ata gga ttg cac aga cta gat gcc 2272
Gly Lys Gly Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu ASp Ria
555 560 565

gag aag ccc ttt att tgg gag tta atg gat cgt agt aat gty gtt ctg 2320
Glu Lys Pro Phe Ile Trp Glu Leu Met Asp Arg Ser Asn val val Leu
S0 575 580
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gtg aac sat ggc ccc tac tcg gac ttt ctg ggt agt gat ctg aat ggg 1984 Val Asn Asn Gly Pro Tyr Ser Asp
Phe Leu Gly Ser Asp Leu Asn Gly 460 465 470 ata aaa tcc gaa gag ttg aag tct ctt gcc cgg agt ttc cga
ttc gat 2032 lle Lys Ser Glu Gin Leu Lys Ser Lou Ala Arg Ser Phe Arg Phe Asp 475 480 485 tat gtc
agt tcc tcc agapeseg@baaa tca gga tgt Oct gat gga tgg 2060 Tyr Val Ser SepSerddwoMaxGly Lys Set
Gly Cys Pro Asp Gly Trp 490 495 500 ttt gag gta gac gag aac tgt gtg tac gtt aca tca aaa caa aga gcc
2128 Phe Glu Val Asp Gin Asn Cys Val Tyr Val Thr Ser Lys GIn Arg Ala '505 510 515 520 tgg gaa
aga get caa ggt gtg tgt acc aat atg get got cgt ctt get 2176 Trp Glu Arg Ala Gin Gly Val Cys Thr Asn
Met Ala Ala Arg Lou Ala 525 530 535 gtg ctg gac aaa gat gta att cca sat tca ttg act gag act cta cgs
2224 Val Leu Asp Lys Asp Val lle Pro Asn Ser Lou Thr Glu Thr Leu Arg 540 545 550 ggg aaa ggg tta

aca acc acg tgq ata gga, ttg cac.aga,claygatget 227 2.6lydysdlypdeyhedhr THEPrp lle Gly Leu His
Arg Leu %\Srp \la 555 560 565 WagRagec dthatiitggpactia aty gab cgraghaat gtg gtt ctg 2320 Glu
Lys Pro Rhe lie Trp Gin Leu MeiAsp Arg Ser Asn VaFVal Leu 570 575 580%¢ 60 WO 01/27289

PCT/S000100162 aat gat aac cta aca ttc tgg gcc tot ggc gaa cot gga aat gaa act 2368 Asn Asp Asn

Lou Thr Rhe Tep Ala Sat GlysGluPro GipAsit GRATH-SF8595 6067 5@% é‘&é tgtgretat atg gac atc caa
gat cag tig:eanytctvgtgtgy Hea R4 Gle Gin Asp Gln Leu Gln Ser Val

605 610 61:

ace aag tca tgt tbt cag ccc tca agt bttt gcot tgce atg atg gat ctyg 2464
Thr Lys Ser Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu
620 625 630

tca gac aga aat aaa goc aaa tge gat gat cct gga tca ¢tg gas aat , 2512
Ser Asp Arg Asn Lys.Ala Lys CyS nsp Asp Pro Gly Ser Leu Glu Asn
635 640 €45

gga cac gcc aca sttt cat gga caa agt att gat ggg ttc tat got aggt 2560
Gly His Ala Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr ARla Gly
650 652 €60

tct tct ata agg tac agce tgh gag'gtt cte cac tae ctc agt gga act 2608
Ser Ser Ile RArg Tyr Ser Cys Glu val Leu His Tyr Leu Ser Gly Thx
665 670 £78 €80

éaa acc gta act tgt aca acs aat ggc aca tgg agt gct cct aaa cct 2656
clu Thr val Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro
685 690 635

cga- tgt atc aaa gtc ate acc tge c¢aa aac cec cct gta cca tca tat 2704
nrg Cys Ile Lys Val Ile Thr Cys &ln Asn Pro Pro Val Pro Ser b
700 708 710

ggt tot gtg gaa atc aaa CCC cca agt cgg aca aac teg ata agt cgt 2752
Gly Ser Val Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser brg
715 ' 720 725

gttt ggg tca oct tte ttg agy ceg cca cgg tta ccc ¢tc cca tta goco 2800
val Gly Ser Pro Phe Leu Axg Leu Pro Arg Leu Pro Leu Pro Leu Ala
730 735 7490

aga gea gcc aaa oft cgt gca aaa cet aga teoce btea cas qod tct act 2848
Arg Ala Ala Lys Pro Pro Pro Ly$ Fro Arg Ser Ser Gln Pro Ser Thr
745 750 i 785 760

gtg gac Ltg got tet aaa gtt aaa cta cctb gaa ggt cat tac cgg gta 2856
val Asp Leu Ala Ser Lys val Lys Leu Pro Glu Gly His Tyr Arg Val
765 770 TS



Asn Cys Val Tyr Met Asp lle Gin Asp GIn Leu GIn Ser Val Trp Lys 605 610 615 acc aag tca tgt ttt cag
ccc tca agt ttt got tgc atg atg gat ctg 2464 Thr Lys Ser Cys Phe Gin Pro Ser Ser Phe Ala Cys Met Met
Asp Leu 620 625 630 tca gac aga aat aaa acc aaa tgc gat gat cot gga tca ctg gaa aat 2512 Set Asp
Arg Asn Lys Wi dsyg$8ys Asp Asp Pro Gly Ser Leu Gin Asn 635 640 645 ggecnasgomesa Ott cat gga
caa agt att gat ggg ttc tat get ggt 2560 Gly His Ala Thr Leu His G1y GIn 5er lle Asp Gly Phe Tyr Ala
Gly 650 655 660 tot tot ata agg tar ago tgt gag gtt ctc cac tar ctc agt gga act 2608 Ser Ser lle Arg Tyr
Ser,Cys Glu Val Leu His Tyr Leu Ser Gly Thr 670 675 680 665 gaa acc gta act tgt aca aca sat ggc
aca tgg agt got cct aaa cct 2656 Gin Thr Val Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro
665 690 695 cgs tgt atc aaa gtc atc acc tgc caa aac ccc cot gta cca tca tat 2704 Arg Cys lle Lys Val
lle Thr Cyss@IncAspeRrodRre ¥at £rc SertFyr JO0 765 R0 gt st %l;q aa ét%taaazaég cca agt cgg aca
aac tog at agteyPeI TR Gly SarvarsIGie 1ys Bro B S6r Arg Thi ASh 'Ser 1le Set Arg 715 720 725

gtt ggg tca cot ttc ttg ag§ttg cca cag tta ccc ¢cccatta gcc 2800 \?&ﬁ Gly Ser Pro Phe Lou Arg Leu Pro

Arg Leu Pro Leu Pro Leu Ala 730 735 740 aga,0ca gQg.aaa colcot.cca.aag,cet aga fcc tca caa cec tet

cct 2545 31 18 AR 75 PO IO PIG LB PULAGL bRt SerSIna 5ot a0 755 760 745

795 BOC 805

cca gog age tgt att cca gtt tgt gga ¢gg tca gac tet coet cgt tet 3040
Pro Ala Ser Cys Ile Pro Val Cys Gly Arg Serlhsp Ser Pro Arg Ser
B1O BiS 820

cct ttt ate tgg aat ggg aat Lot aca gaa ata ggt cag tgg ccg tgyg 3088
Pro Phe Ile Trp Asn Gly Asn Ser Thr Glu Ile Gly Gin Trp Pro Trp
825 T 830 B33 B4 0

cag gca gga atc tet aga tgg <Lt gos gac Cac aat atg ttt ctc 3136
Gin Ala Gly Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu
845 B850 B5S

N
18
[Ue]

cag tgt gga gga tct cta ttg aat gag aaa tgg atc gtc act got goc 31184
Gln Cys Gly Gly Ser Leu Leu Asn Glu Lys TIp I1le val Thr Ala Ala
860 B&S B70

cac tgt gtec acc tac tob got act gct gag att att gac ccc aat cag 3232
His Cys Val Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln
875 B8 BES

ctt aza atg tat ctg gge aag tac tac cgt gat gac agt aga gac gat 3280
Phe Lys Met Tyr Leu Gly Lys Tyr Tyxr Arg Asp Asp Ser Arg Asp ASp’
290 895 900G

gac'tat gta caa gta aga gag gct ctt gag atec cac gtg aat ceot aac 3328
Asp Tyr Val Gln Val Arg Glu Ala Leu @lu Ile His Val Asn Pro Asn
205 910 915 Q20

tac gac ccc ggc aat ctc aac ttt gac ata goc cta att caa Ctg aaa 3376
Tyr Asp Pro Gly Asn Leu Asn Phe Asp Ile Ala Leu fle Gin Leu Lys
925 930 935

act cct gtt act ttg aca aca cga gte caa CCa atc tge ctg cct act 3424
Thr Pro Val Thr Leu Thr Thr Arg Val Gln Pro Ile Cys Leu Pro Thr
240 4.5 950

gac atc aca aca aga gaa cac ttg aayg ¢gag gga aca tta gra gtg gty 3472
Asp Ile Thr Thr Arg Giu His Leu Lys Glu Gly Thr Leu Rla Val val
255 960 365



gtg gac ttg get tct aaa gtt aaa cta cot gaa ggt cat tac cgg gta 2896 Val Asp Leu Ala Ser Lys Val Lys
Lou Pro Glu Gly His Tyr Arg Val 765 770 775 - 61 WO 01/27289 PCT/SGOO/00162 ggg tct cga gcc
att tac acg tgc gag tcg aga tat tac gaa cta ctt 2944 Gly Ser Arg Ala lle Tyr Thr Cys Glu Ser Arg Tyr Tyr
Glu Leu Leu %8 782890 - gga tct caa ggc aga aga tgt gar tct aat gga aac tge-agkeghegg 2992 Gly
Ser GIn Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg 795 600 805 cca gcg agc tgt ate cca
gtt tgt gga cgg tca gat tct cct cgt tct 3040 Pro Ala Ser Cys lle Pro Val Cys Gly Arg Set Asp Ser Pro Arg
Ser 810 815 820 cct ttt atc tgg aat ggg aat tct aca gaa ata ggt cag tgg cog tgg 3088 Pro Phe lle Trp
Asn Gly Asn Ser Thr Gin lle Gly Gin Trp Pro Trp 825 - 830 835 840 cag gca gga atc tct aga tag ctt gca
gac cac aat atg tag ttt ctc 3136 GIn Ala Gly lle Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu 845
850 855 Gag igigga.gaadciciatly aat gag aaa tgerete gteHcrast e 3IB8426In €L Gly Gly Ser Leu
Lau Asn GiueLysy TrpdleMalk#hrAtadita 860 BE5 870 Jic %?f ditiadtiat’ttt Yot act get gag art art gac
coo aat cag 3282 His Cys Val Thr T#°Ser Ala Thr Ala Gl lle Asp Pro Asn GIn 875 B80 885 tit aaa
atg tat ctg ggc aag tat tac cgt gat gac agt aga gac gat 3280 Phe Lys Met Tyr Leu Lys Tyr Tyr Arg
Asp Asp SerATEASH AR 890 895 $00 i{_ﬁﬁ E tggéa%ﬁt t%éaiag%éagspﬁga g.%é até’%(:%éc gtg sat cct aac
3328 AspCEpriial Gin Vat A é;gu“(; AlLeU" u% le el—’fissy;% .

sh Pro Asn
585 1000

aag gaa gra gac tta cca ctg aca gra aca gag aac atg ttc tgt gca 3616
Lys Giu Ala Asp Leu Pro Leu Thr vel Thr Glu Asn Met Phe Cys Ala
© 1005 1010 1015

ggt tac aag aag gga cgt tat gat gcc tge agh ggg gac agt gga gga 3664
Gly Tyr Lys Lys Gly hrg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly

1020 1025 1030
cct tta gtg tht geb gat gab teo gt ace gaa agg ¢gg tgg gte ttg 3712

pro Leu Val Phe Bhla Asp Rsp Ser Arg Thr Glu Arg Arg Trp Val Leu
1035 16490 1045

gaa ggg att gte agc tgg ggc agr cog agt gga tgt ggc aag gog aac 3760
Glu Gly Ile Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn

1050 1085 1060
cay tac ggg ggc Lt act asa grt aac gkttt ttc ctg tca tgg att agg 3igos
Gln Tyr Gly Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg

1065 1070 1075 : 1080

cag tte att tgaaactygat ctaaatattt taagcatggt tataaacgtc 3857
Gln Phe Ile

ttgttoctat tattgettta etggtttaac ccataagaay gttaacgggy Laaggcacaa 3317
ggateattgt ttctgttigt trttacaaat ggtbotttta gtcagtéa;t gagaatagﬁa 3577
tocattggag actgttécct cctattcotac ctttttatat tactatgcaa gtabttggga 4037
tatcttctar acatgaaaat tetgtcattt taccataaat ttggtttctg gtgtgtgtgt 4087
taagtocaco actagagaac gatgtaattt tcaatagtac atgaaataaa tatagaacaa 4157
atctattata aaaazaaaaa aaaaa . 4182
<210> 2

cZll> 1083

«212> PRT |

<213> Carcinescorpius rotundicanda
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905 910 915 920 tac gac coo ggc aat ctc aac ttt gac ata gcc cta art caa ctg aaa 3376 Tyr Asp Pro Gly
Asn Leu Asn Phe Asp lle Ala Leu lle Gin Leu Lys 925 930 935 act cot gtt act ttg aca aca cga gtc caa
cca atc tgt ctg cct act 3424 Thr Pro Val Thr Leu Thr Thr Arg Val GIn Pro lle Cys Leu Pro Thr 940 945
950 gac atcweomagaaga gaa cat ttg aag gag gga aca tta gca gtg gtg 3472 Aspéesdbiithr Arg Glu
His Leu Lys Glu Gly Thr Leu Ala Val Val 955 960 965 -62 WO 01/27289 PCT/SGOO/00162 aca ggt
tgg ggt ttg aat gaa aac no acc tat tca gag acg art on 3520 Thr Gly Trp Gly Leu Asn Glu Asn Asn Thr
Tyr Ser Glu Thr lle Gin 970 975 980 - caa get gtg cta cct gtt gtt gca gcc ago acc tgt gaa gag ggg tac
3568 Gin Ala Val Leu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyr 985 990 995 1000 aag gaa
gca gac tta cca ctg aca gta aca gag no atg ttc tgt gca 3616 Lys Glu Ala Asp Leu, Pro Leu Thr Val Thr
Gin Asn Met Phe Cys Ala 1005 1010 1015 ggt tac aag aag gga cgt tat gat gcc tgc agt ggg aac agt gga
gga 3664 Gy Tyr bys Lys Gly Aig Ty, As Al Cys.Ser-GhyAsp-5er Gl G4020 1025 1030 cct tta
gtg ttt get gaf gat tcc cgt acc gaa agg cgg tgg gtc tig 3712 Pro Leu Val Phe Ala Asp Asp Ser Arg Thr
Glu Arg Arg Trp Val Leu 1035 1040 1045 gaa ggg att gtc ago tgg ggc agt ccc agt gga tgt ggc aag gcg

aac 3760 lu faly HesValSerd rwelyaSerrBrmSePl@lvlﬁiy@}@lybLsyé%Ié #sATEOS0 105s 1060 cag tac
ggg ggc ttc act an gtt aaeqtt ttc ctg tca tgg attﬁégg 3808

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

Cys r His Tyr Ser Leu His hsn Thr Sex Lys Phe Tyr Ser Val Asn
50 55 &0

il
Pro Asp Lys Pro Glu Tyr Ile Leu Ser Gly Leuw Val Leu Gly Leu Leu
£5 70 75 80

Ala Glnn Lys Met Arg Pro Val Glm Ser Lys Gly Val Asp Leu Gly Leu
8% 20 as

Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly hsp 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
130 138 140

Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp Ser Cys Val Thr.
145% 150 158 16¢

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

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thx Gly Ala Cys Ala Cys Arg
180 1BS 180

Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys Gly Cys Pro Leu
1%5 200 2065

Leu Pro Ser Asp Ser Gln Val Gln Glu Val Arg Asn Pro Pro Asp Asn
210 ' 215 220

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

Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln Trp Ser Bsn Phe Pro
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Gin Tyr Gly Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp lle Arg 1065 1070 1075 1080 cag ttc att
tgaaactgat ctaaatattt taagcatggt tataaacgtc 3857 Gin Phe lle Etgttcctat tattgcttta ctggtttaac
ccataagaag gttaacgggg taaggcacaa 3917 ggatcattgt ttctgtttgt ttttacaaat ggttctttta gtcagtgaat
gagaatagta 396 11teeaitggag actgttacct tttattctac ctttttatat tactatgcaa gtatttggga-@didsnhdadettctac
acatgaaaat tctgtcattt taccataaat ttggtttctg gtgtgtgtgt 4097 taagtccacc actagagaac gatgtaattt tcaatagtac
atgaaataaa tatagaacaa 4157 atctattata aaaaaaaaaa aaaaa 4182 210> 2 <211> 1083 <212> PRT
<213> Carcinoscorpius rotundicauda 63 WO 01/27289 PCT/SG00/00162 <400> 2 Met Trp Val Thr
Cys Phe Asp Thr Phe Leu Phe Val Cys Glu Ser Ser 1510 15 Val Phe Cys Leu Leu Cys Val Trp 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
Gin 35 40 45 Cys Tyr His Faf Her Leu His Asn Bi®Her Lys Phe Tyr S&r*al Asn 50 55 60 Pro Asp
Lys Pro Gin Tyr lle Leu Her Gly Leu Val Leu G1ly Leu Len 65 70 75 80 Ala Gin Lys Met Arg Pro Val

Gin Her LBrS GRFVAISASPLAEECH L&M= 859098 T3 A%p it TH &'9 Bhe it Cys Lys Cys Gly Asp
Pro Gly Tyr Val 100 195110 | 263 ' .

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 Gln Glu Thr Leu Thr
290 2585 30¢

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

Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn His Ala Slu His Lys
325 3130 335

val Lys Ile Gly val Glu Gin Lys Tyr Gly Gln Phe Pro Glan Gly Thr
340 ' 345 250

©Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Met Gly Phe Asp
355 €D 365

Thr Leu Lys Cys Asn Pro Asp Gly Sex Trp Ser Gly Ser Gln Pro Ser
370 375 38C

Cys Val Lys Val Ala Asp Arg Glu Val Asp Cys Asp Ser Lys Ala val
388 320 385 400

2Sp Phe Leu Asp Asp Val Gly Giu Pro Val Arg Ile His Cys Pro Rla’
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 hrg 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 4850

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 Ary Phe Asp Tyr Val Ser Ser Ser Thr Ala Gly
485 4320 435

Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys Val



Phe Asn lle Pro Val Lys Gin Cys Thr Tyr Phe Tyr Arg Trp Arg Pro 115 120 125 Tyr Cys Lys Pro Cys
Asp Asp Leu Glu Ala Lys Asp lle Cys Pro Lys 130 135 140 Tyr Lys Arg Cys Gin Gin Cys Lys Ala Gly
Leu Asp Her Cys Val Thr: 145 150 155 160 Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Her Gly Glu
Cys Gin Cys#691120s475 Lys Asn Gly Gly lle Cys Asp Gin Arg Thr Gly Ala eysfdafeysArg 180 185
190 Asp Arg Tyr Glu G1ly Val His Cys Giu lle Leu Lys Gly Cys Pro Leu 195 200 205 Leu Pro Ser Asp
Her Gin Val Gin Gin Val Arg Asn Pro Pro Asp Asn 210 215 220 Pro Gin Thr lle Asp Tyr Ser Cys Her
Pro Gly Phe Lys Leu Lys G1y 225 230 235 240 Met Ala Arg lle Her Cys Leu Pro Asn Gly Gin Trp Her
Asn Phe Pro -64 WO 01/27289 PCT/SG00/00162 245 250 255 Pro Lys Cys lle Arg Glu Cys Ala Met
Val Ser Set Pro Glu Hi 83Iy 260 265 270 Lyg;Val Asn Ala Leu Set &ly Asp Met lle Glu Gly Ala Thr Lei
Arg 27S 280 285 Phe ger Cys Asp Ser Pro Tyr Tyr Leu lle Gly Gin Glu Thr Leu Thr 290 295 300 Cys
GIn Gly Asp. Gly;GAn- B Asn Gy, Ginylle:Rre.Glr Gys-aysAsk1 808 330815820 Leu Val Phe Cys Pro

Asp Leu Asp Pro Val Asn His Ala Glu Hisshys 325 330 335 Vatiys lle Gly Val Glu Gin Lys Tyr Gly Gin
Phe Pro Gin Gly Thr

Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp Lys Asp Val Ile Pro
530 5§35 540

Asn Ser Leu Thr Glu Thr Leu Arg Giy Lys Gly Leu Thr Thr Thr Trp
545 550 585 : 560

Tle Gly Leu Hisz Arg Leu Asp Ala Glu Lys Pro Phe Ile Trp Glu Leu
565 570 57%

Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn Lew Thr Phe Trp Ala
58O 585 590

Sar Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr MeF Asp Ile Gln
585 600 60%

Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser Cys Phe Gln Pro Sex
&1Q €15 620

Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Bsn Lys Ala Lys Cys
525 630 635 640

nsp BASp Pro Gly Ser Leu Glu Asn Gly His Ala Thr Leu His Gly Gln
645 650 £55

Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile Arg Tyr Ser Cys Giu,
E60 €65 670

val Leu His Tyr Leu Ser Gly Thr Glu Thr val Thr Cys Thr Thr Asn
€75 680 685

Gly Thr Trp Ser ARla Pro Lys Pro Arg Cys Ile Lys Val Ile Thr Cys
650 6595 700

Gln Asn Pro Pro val Pro Ser Tyr Gly Ser Val Glu ¥le Lys Pro Pro
705 710 %5 720

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 T45 750

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys val Lys
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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 Set GIn Pro Ser 370 375 380 Cys Val Lys Val Ala Asp
Arg Glu Val Asp Cys Asp Ser Lys Ala Val 385 390 395 400 Asp Phe Leu Asp Asp Val Gly Glu Pro

Val Arg lle HigdougPro Ala: 405 410 415 Gly Cys Ser Leu Thr Ala Gly Thr \faltfspdwbpikbr Ala lle Tyr
His 420 425 430 Glu Leu Ser Set Val Cys Arg Ala Ala lle His Ala Gly Lys Lau Pro 435 440 445 Asn
Set 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 lle Lys Ser Glu Glu Leu Lys Ser 465 470 475 480 Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val
Set Ser Ser Thr Ala Gly 485 490 495 Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys
Val -65 WO 01/27289 PCT/SG00/00162 500 505 510 Tyr VaI Thr Ser Lys Gin Arg Ala Trp Glu Arg

Ala Gin G1ly Val Cyss515 520 525 Thr ASA Met Ala Ala Arg L&&Ala Val Leu Asp Lys Asp Val lle Pro

530 535540 Asn Ser Leu Thr Glu Thr Leu Ar% %{ Lys G%X Ley Thr TQETQI Trp 545 550 555 560 lle
Gly Leu H@Ar@fﬁéim%w’élélﬁﬁzéﬁro PheTle Tip Glt Ley 565 570 575

Glu Ser BArg Tyr Tyr Glu Leu Leu Gly Ser Gln Gly Arg Arg Cys Asp
785 78¢C 785 8OO

Ser Asn Gly ARsn Trp Ser Gly Arg Pro Ala Ser Cys Ile Pro Val Cys
805 810 B1S

Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile Trp Asn Gly Asn Ser
820 82% 830

Thr Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly Ile Ser Arg Trp Leu
B35 840 845

nla Asp His Asn Met Trp Phe Leu Gln Cys Gly Gly Ser Leu Leu Asn
B50 BS55 860

glu Lys Trp Ile val Thr Ala Ala His Cys Val Thr Tyr Ser Ala Thr
g&S B70 ’ 875 B8O

Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met Tyr Leuw Gly Lys Tyr
: 885 8350 BS5

tyr Arg Asp Asp Ser Arg Asp Asp RAsSp Tyr Val Gln val Arg Glu Ala
Q0¢ 805 : S10

'Leu Glu Ile His Val Asn Pro ARsn Tyr Asp Pro Gly Asn Leu Asn Phe”
8§15 Q20 825

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro val Thr Leu Thr Thr Arg
930 835 : 940

val Gln Pro Ile Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu His Leu
945 : 85¢ 955 9560

Lys Glu Gly Thr Leu Ala Val val Thr Giy Trp Gly Leu Asn Glu Asn
985 870 975

Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala val Leu Pro Val Val Ala
880 G885 890

Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu ARla Asp Leu Pro Leu Thr
995 1000 1CG5

val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys bLys Gly Arg Tyr Asp
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Met Asp Arg Ser Asn. Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala 5B0 565 590 Ser Gly Glu Pro
Gly Asn Glu Thr Asn Cys Val Tyr Met Asp lle Gin 595 600 605 Asp Gin Leu Gin Ser Val Trp Lys Thr
Lys Ser Cys Phe Gin Pro Ser 610 615 620 Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys
Ala Lys Cys w2a630435 640 Asp Asp Pro Gly Ser Leu Glu Asn Gly His Aledhsésiniilia Gly Gin 645
650 655 Ser lle Asp Gly Phe Tyr Ala Gly Ser Ser lle 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 lle Lys Val lle Thr Cys 690 695 700 Gin Asn Pro Pro Val Pro Ser Tyr Gly Ser Val Glu lle Lys
Pro Pro 705 710 715 720 Ser Arg Thr Asn Ser lle 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 Set

Gin Pro Ser FRtVal Asp Leu Ala SéfBys Val Lys -66 WO%G2127289 PCT/S000/00162 755 760 765

Leu Pro Glu Gly His Tyr Arg Val Gly Ser Arg Ala Jle Tyr Tht Cys_ 7,70 7,73 78Q Gin Ser Arg Tyr Tyr Glu
Leu Leu GRF SBFGIRGIY A ?Alrfgig:)cfsl},&géy?%?7 eO”Z@iSiSO(f Ser Asn %fylkp Trp Ser Gly Arg Pro Ala
Ser Cys II&°Pro Val Cys

Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile Val Ser Trp Gly Ser
1045 1050 1085

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

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

<210> 3
<211> 3448
<212> DNA

<213> Carcinoscorpius rotundicauda

220>
<221=> CDS&
<222> (18} ..{3074)

<400> 3
gtgaaggtaa cttaagt atg gtc tta goy tocg bttt ttg gty tot ggt tta 50
Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu
1 5 10

gtt cbta gyy cta Cta goo caa aan atg cge cca gtt cag too aaa gga 98
val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro val Gln Ser Lys Gly
1is 20 25

gta gat cta gge ttg tgt gat gaa acg agg tte gag tgt aag tgt ggco 146
val hsp Leu Gly Leu Cys Asp Glu Thr Aryg Phe Glu Cys Lys Cys Gly
30 s 40

gat cca ggc tat gtg ttce aac att cca gty aaa caa tgt aca tac tLL 194
Asp Pro Gly Tyr Val Phe Asn Ile Pro val Lys Gln Cys Thr Tyr Phe
45 50 S5

tat cga tgg agg ccg tat tgt aaa cca tgt gat gac ctg gay got aag 242
Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Rsp Leu Glu Ala Lys
60 65 70 75

‘gat att tgt cca aag tac aaa cga tgt ¢aa gag tgt aag gct ggt ottt 290

Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu
80 85 50
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805 810 815 Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe lle Trp Asn Gly Asn Set 820 825 830 Thr Glu
lle Gly Gin Trp Pro Trp Gin Ala Gly lle Ser Arg Trp Leu 835 840 845 Ala Asp His Asn Met Trp Phe
Leu Gin Cys Gly Gly Ser Lau Let Asn 850 85S 860 Glu Lys Trp lle Val Thr Ala Ala His Cys Val Thr Tyr
Ser Ala Thr @6bo87Z0%87S 880 Ala Glu lle lle Asp Pro Asn Gin Phe Lys Met Pyrrlseuo@iydzys Tyr 885
890 895 Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val Gin Val Arg Glu Ala 900 905 910 Leu Glu lle
His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe 915 920 925 Asp lle Ala Lou lle Gin Leu Lys
Thr.Pro Val Thr Leu Thr Thr Arg 930 935 940 Val Gin Pro lle Cys Leu Pro Thr Asp lle Thr Thr Arg Gin
His Let 915 950 955 960 Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp Gly Leu Asn Glu Asa 965 970
975 Asn Thr Tyr Ser Giu Thr lle Gin Gin Ala Val Leu Pro Val Val Ala 980 985 990 Ala Ser Thr Cys
Glu Glu Gly Tyr (I;y;sglu %I/?aggg L%;%%g%;;%%@%&ggg %aég‘l;%r@(%u AS?L%EMet Phe Cys Ala
Gly Tyr Lys2Ey35GIyHrg g I 10, 1015-1020 Ala Cys Set
Gly Asp Sé?fGﬁ?CE/YPrBZI;eﬁhVeﬁ"ﬁh%rﬂlg’f&s@S spéer YT ri e mes '

L0

ggt gaa tgt cag tgt aag aat 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
110 118 120

get tgt gea tgt cgt gac aga tat gaa ggg gty cac tgt gaa att ctc 434
nla Cys Ala Cys Arg Asp Arg Tyr Glu Gly val His Cys Glu Ile Leu
125 130 135

aaa ggt tgt cct ctt cft cca ey gat tot cag gtt cag gaz gto aga 482
Lys Gly Cys Pro Led Leu Pro Ser Asp Ser Giln val Gln Glu val Arg
140 145 150 185

aat cca cca gat aat cec caa act att gac tac agc tgt tea cca ggg o 530
- Asn Pro Pro Asp Asn Pro Gln Thr Ile Asp Tyx Ser Cys Ser Pro Gly
160 165 170

tte aag cti aag ggt atg gea cga att age gt cte cca aat gga cag 578
Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln
175 180 185

tgg agt aac ttt cca ccc aaa tgt att cga gaa tgt gcec atg gtt tea 626
Trp Ser Asn Phe Pro Pro Lys Cys Ile hrg Glu Cys Ala Met Val Ser
180 193 200

tct cca gaa cat ggg aaa gtg aat got Ctb agt gt gat atg ata gaa- 674
Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu
205 210 215

gog gct act tta eogg ttc tca tgt gat agt ccec tac tac ttg att ggt 722
Gly Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Ty¥ Tyr Leu Ile Gly
220 225 230 235

caa gaa aca tta acc tgt cag gyt 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 cocht gac <oty gat cect gta aac 8218
Pro Gln Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn
255 260 265

cat gct gaa cac¢ aag gtt aaa att ggt gtg gaa caa aaa tat ggt cag 866

His Ala Glu His Lys Val Lys Ile Gly val Glu Gin Lys Tyr Gly Gln
Z70 275 B0
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025 1030 1035 1040 Arg Thr Glu Arg Arg Trp Val Leu Glu Gly lle Val Ser Trp Gly Ser 1045 1050 1055
Pro Set Gly Cys Gly Lys Ala Asn GIn Tyr Gly Gly the Thr Lys Val 1060 1065 1070 Asn Val the Leu
Ser Trp lle Arg Gin Phe lle 1075 1080 <210> 3 <211> 3448 <212> DNA <213> Carcinoscorpius
rotundicaudaweR@@er28221> CDS <222> (18)..(3074) <400> 3 gtgaaggtaa ctigagaigogig:tta gcg tcg ttt
ttg gtg tot ggt tta 50 Met Val Leu Ala Ser the Leu Val Ser Gly Leu 1 5 10 gtt cta ggg cta cta gcc caa
aaa atg cgc cca gtt cag tcc aaa gga 98 Val Leu Gly Leu Leu Ala Gin Lys Met Arg Pro Val Gin Ser Lys
Gly i5 20 25 gta gat cta ggc ttg tgt gat gaa acg agg etc gag tgt aag tgt ggc 146 Val Asp Leu Gly Lou
Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly 30 35 40 at cca ggc tat gtg ttc aac att cca gtg aaa caa
tgt aca tac ttt 194 Asp Pro Gly Tyr Val Phe Asn lle Pro Val Lys GIn Cys Thr Tyr Phe 45 50 55 tat cga
tgg agg cegfal lgt aaasea ot QakyacsCla-gag gelaagRad gl ¥ Argd rpaArgePro byk Cys Lys Pro Cys
Asp Asp Leu Gl AlesLys,60n65:1Q 151 gat:athtgt noa@agdac aam Bga tgt-cas=gag tgt aag get ggt ctt

290 285 290 285 .

ttg atg ggt bttt gac acc tta aaa tgt aac cct gat ggg tct tgg tca 962
Leu Met Gly Phe Asp Thr Leu Lys Cys ARsn Pro Asp Gly Ser Trp Ser
300 305 310 © 315

gga tca cag cca tee tgt gttt aaa 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 aaa gcot gta gac tte ttyg gat gat gttt ggt gaa oct gtc agg 1058
Asp Ser Lys Ala Val hsp Phe Leu Asp Asp Val Gly Glu Pro Val Arg
115 340G 345

atec cac tght cet get gge tgt tet ttg aca gol ggt act gtg tgg ggt 11086
Iie His Cys Pro Ala Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly
350 355 360

aca gec ata tac cat gaa ¢tt teo tga gtg tgt ¢gt gca geo ate cat 1154
Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg Ala Ala Ilie His
365 370 375

g&t ggc aag ctbt cca aac tot gga gga geg gtg cat gtt gtg aac aat 1202
Ala CGly Lys Leu Pro Asn Ser Gly Gly Ala Val His Val Val Asn Asn
380 ' 385 330 395

gge cce tac tog gac ttt ctg ggt agt gac ctg aat ggg ata aaa tcg, 1250
Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser
400 405 410

gaa gag ttg aag tehk bt gee ©gg agt ttc cga tte gat tat gte cogt 1258
Giu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg
415 420 425

tco toc aca gca got aaa tca gga tgt oot gat gga tgg ttt gag gta 1346
Ser Ser Thr Ala Gly Lys Ser Gly Cys Pro fsp Gly Trp Phe Glu Val
439 435 440

gac gag aac tgt gtg tac gtt aca tca asa cag aga goc tgg gaa aga: 1394
asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Axg
445 450 455

gct caa ggt gtg tgt acc aat atg gct geob ogt ctt goct gtg ctg gac 1442
Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp
460 465 470 475



Asp lle Cys Pro Lys Tyr Lys Arg Cys GIn Glu Cys Lys Ala Gly Leu 80 8590 _68_ WO 01/27289
PCT/SGOO/00162 gat agt tgt gtt act tgt cca cct aac aaa tat ggt act tgg tgt ago 338 Asp Ser Cys Val
Thr Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser 95 100 105 ggt gaa tgt cag tgt aag aat gga ggt atc
tgt gac cag agg avarggya 386 Gly Glu Cys Gin Cys Lys Asn Gly Gly lle Cys Asp/&mofngethr Gly 110
115 120 get tgt gca tat cgt gac aga tat gaa gag gtg cac tgt gaa att ctc 434 Ala Cys Ala Cys Arg Asp
Arg Tyr Glu Gly Val His Cys Gin lle Leu 125 130 135 aaa ggt tgt cot ctt ctt cca tcg gat tct cag gtt cag
gaa gtc aga 482 Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Gin Val Gin Glu Val Arg 140 145 150 155
aat cca cca gat aat ccc caa act att gac tat agc tgt tca cca ggg S30 Asn Pro Pro Asp Asn Pro Gin Thr
lle Asp Tyr Ser Cys Ser Pro Gly 160 165 170 ttc aag ctt aag ggt atg gca cga att agc tgt ctc cca aat
gga cag 578 Phe Lys Leu Lys Gly Mgt Alg Arg.llg.gerLyschessProshsn Shuein 1750180 185 tgg agt
aac tit CCBLSQCA%‘%LQ" alt.cga.gas [0l GCc Alggit i€A.626 Len Set Asp Bje Bro Pro Lys Cys lle Arg Glu
Cys Ala Met Val Ser 190 193200 tct cca gaa cakggg aaa gtg aat get ettcagt ggt gat atg ata gaa 674
Ser Pro Glu His G1y Lys Val Asn Ala Leu Ser Gly Asp Met lle Glu 205 210 215 ggg get act tta cgg ttc

tca tgt gat:agt £6¢ tae tacttgattget 422 @Gy Ada Fhr lcca Arg Bhe Ser € AX8p SebPfo Tyr Tyr Leu lle
Gly 220 225:288-285 Thr Trp Tle Gly Leu His Arg Leu Asp Ala Glu Lys Pro

485 500 505

ttt att tgg gag tta atg gat cgt agt aat gty gtt ctg aat gat aac 1586
Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn
510 515 520

ota aca tte tgg goc tot gge gaa oct gga aat gaa act aac tgt gta 1634
Leu Thr Phe Trp Ala Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val
825 530 535

tat atg gac atc caa gat cag titg cag tCct gtg tgg aaa ace aag tca 1682
. Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser
540 545 S50 555

Lt

£gt -ttt cag coce tca agt £ttt get tge atg atg gatb ctg tca gac aga 1730
cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg
60 565 570

a;t azs gcc aaa tgeo gat gat coct gga toca ctg gaa aat gga cac gcc 1778
Asn Lys Ala Lys Cys Asp Asp Pro Gly Ser Len Glu Asn Gly His Ala
375 580 585

aca ctt cat gga cza agt att gat ggg tte tat get ggt tok tet ata . 1826
Thy Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile
580 595 &00

agyg tac agc tgt gag gtt cte cac tac stc 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 tgf aca aca aat ggo aca tgg agt get <ot aaa cub cga tgh atc 1822
Thr Cys Thr Thr Asn Gly Thr Trp Ser nla Pro Lys Pro Arg Cys Ile
620 625 630 635

aaa gtc atc acc tgeo caa aac ccC oct gta cca tca tat ggt tet gtg 1870
Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser val
540 645 650

gaa ate saa Coc cca agt cgg aca aac teg ata agt cgt gtt ggyg tca 2018
Glu Ile Lys Pro Pro Ser Arg Thr aAsn Ser Ile Ser Arxg Val Gly Ser
655 660 665
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caa gaa aca tta acc tgt cag ggt aat ggt cag tgg aat gga cag ata 770 Gin Gin Thr Leu Thr Cys Gin Gly
Asn Gly Gin Trp Asn Gly Gin lle 240 245 250 cca caa tgt aag aac ttg gtc ttc tgt cct gac ctg gat cot gta
aac 818 Pro Gin Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn 255 - 260 265 cat get
gaa cac aagyth apzvadt ggt gtg gaa caa aaa tat ggt cag 866 His Ala Glu His kysddabloysctle Gly Val
Glu Gin Lys Tyr Gly GIn 270 275 280 69 WO 01/27289 PCT/SGOO/00162 ttt cct caa ggc act gaa gtg
acc tat acg tgt tog ggt aac tac ttc 914 Phe Pro Gin Gly Thr Gin Val Thr Tyr Thr Cys Ser Gly Asn Tyr
Phe 265 290 295 .ttg atg ggt ttt gac act 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 aaa

gtg gca gac aga gag. gtc sac tgt 1010 Gly Ser Gin Pro Ser Cys Val Lys Val Ala Asp Arg Glu Val Asp
oYs 320 30 950 26,291 A A gta gag tie.tto.gat gat gtt.ogt gasLelgteagy Hae8 Asp Set Lys Ala
Val, Asp ?ﬁﬁe tLhou (8p,A

PLec’e" ;@@’ g‘ Pro Val Awg 335 34Q 345 ads cae tatcct get gge tgt tct ttg aca
get ggt act gtg tgg.ggt 110E lle His Cys#yo Ala Gly Cys Serdseu Thr Ala Gly Thr Val Trp Gly 350 355
360 aca gcc ata tac cat gaa ctt tcc tca gtg tgt cgt gca gcc atc cat 1154 Thr Ala lle Tyr His Glu Leu Ser
Ser Val Cys Arg-AlaAla dle: klisc265237 0:325cget gge eay etk ceeagis teeggeEgga gegtgtg cat gtt gtg aac
aat 1202 ;Ala fzly tys beu Bro Asn Ser Sly @WNI@V%H%%‘EV&FIVa‘f%sﬁsAs?F“

685 650 85

gct tct aaa gtt aaa cta cot gaa ggt gat tac cgg gta ggg tot cge 2162
ala Ser Lys Val Lys Leu Pro Glu Gly His Tyr Arg Val.Gly Ser Arg
700 705 71¢ 1%

gec atc tac acg tgc gag tcg aga Ltac tal gaa cta ctt gga tct caa 2210
ala Iie Tyr Thr Cys Glu Ser Arg Tyr TyT Glu Leu Leu Gly Ser Gln
720 725 730

gge aga aga tgt gac rct aat gga aac tgg agt agt cgg cca gcy agc 2258
Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg Pro hla Ser
73S 140C 745

tgt att ega gtt tgt gga <gg tca gac tct cct cgh fet cot Lot acc 23086
cys Ile Pro Val Cys Gly Arg Ser Asp Ser Pro Arg Ser Pro phe Ile
750 758 760

tgg aat ggg aat tct aca daa ata ggt cag tgg ccg tgg cag gea gga 2354
Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Trp Glin Rla Gly
765 770 . 775

atc tct'aga Tgg ctt geoa gac cac aat atg tgg ttt ctc cag tgt gga. 2402
fle Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly
T80 785 790 . 785

gga tect cta ttg aat gag aaa tgg atc gtc act gct goc cac gt gtce 2450
Gly Ser Leu Leu Asn Glu Lys Trp Tie Yal Thr Ala Ala His Cys Val
800 805% 810

acc tac tct gof act get gag att att gac cco aat cag ttt aaa atg 2458
Thr Tyr Ser Rla 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 Rsp Asp Ser Arg Asp Asp Asp Tyr val
B30 835 ' 8B40

caa gta aga gag gcot ctt gag atc cac gtg aat ©Ct aac tac gac ccc 2594

Gln val Arg Glu Ala Leu Glu Ile His val Asn Pro hsn Tyr Asp Pro
B45 850 B5S
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380 385 390 395 ggc ccc tac tcg gat ttt ctg ggt agt gac ctg aat ggg ata aaa tcg, 1250 Gly Pro Tyr Ser
Asp Phe Leu Gly Ser Asp Leu Asn Gly lle Lys Ser 400 405 410 gaa gag ttg aag tct ctt gcc cgg agt ttc
cga ttc gat tat gtc cgt 1298 Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg 415
420 425 tcc o agarga ggt aaa tca gga tgt cct gat gga tgg ttt gag gta 1346 sBevsgeidiasAla Gly Lys
Ser Gly Cys Pro Asp Gly Trp Phe Glu Val 430 435 440 gac gag aac tgt gtg tac gtt aca tca aaa cag
aga gcc tag gaa aga 1394 Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gin Arg Ala Trp Gin Arg 445 450
455 get caa gat gtg tgt acc aat atg get get cgt ctt get gtg ctg gac 1442 Ala GIn Gly Val Cys Thr Asn
Met Ala Ala Arg Leu Ala Val Leu Asp 460 465 470 475 70 WO 01127289 1'CTISG00/00162 aaa gat
gta ate cca aat tcg ttg act gag act eta cga ggg aaa ggg 1490 Lys Asp Val lle Pro Asn Ser Leu Thr Glu
Thr Leu Ar %h I;Ftths Gl a% 46(@ 485 490 {fa aca age.acd 19g.areg9a-igcacaga Cciagat got gag aag ccc
1538 Le L Asfpdi% é%'—?ﬂ, s ArgLed Asp Al Gy b ysmPre-495:500 505 tit att tgg gag tta
atg gat cg,tsggt aat gtg gtt ctg agf gat aac 1586 Phe lledrp Glu Leu Met AspsArg Ser Asn Val Val Lou
Asn Asp Asn 510 515 520 cta aca ttc tgg gcc tot ogc gaa cot gga aat gaa act aac tgt gta 1634 Leu

Thr Phe T AlasSgsGly GlidPep ShsAstr&larEhr AsnBysWad 82528388 35-tat at§Fac atc caa gat cag
ttg cag tct-gigilgy ana acc aag tea B682pro Ile Cys Leu Pro Thr Asp Ile Thr
| 880 885 890

aca aga gaa cac ttg aag gag gga aca tta gea gtg gty aca ggt tgg 2738
Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val val Thr Gly Trp
895 S0l 905

ggt ttg aat gaa aac aac ace tat tca gag acg att caa caa gcbt gtg ‘ 2786
Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala val
s10 , 515 920

cta cct get gtt goa goo age acc tghb gaa gag ggg tac aag gaa goa 2834
ieu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala
g2t 530 3835

gac tta ccz ctg eca gta aca gag aac atg ttce tght gcoca ggt tac aag 2882
asp Leu Pro Leu Thr val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys
940 945 950 @55
aag gga cgt tat gat gce tgc agt ggyg gac agt gga gga cect tha gty 2530
Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val
360 365 870
£t got gat gat tee cgb acc gaa &gy gy tgg gtc ttg gaa ggg att. 2978
Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Iie
2175 880 985
gtc ago tgg gge agt coc aglt gga tgt ggc aag gog aac cag tac ggg 3026
val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly
89¢ S95 1000
gge tte act aax gtt aac gtt Ltc ctg tca tgg att agg <cag ttc att 3074
Gly Phe Thr Lys Val hsn val Phe Leu Ser Trp Ile ALrg Gln Phe Ile
1005 ’ 1010 1018
tgaaactgat ctaaatattt taagecatgghb tataaacgtc ttgtttocta thattgettt 3134
actagtttas cocataagaa ggttaactgg gltaaggcaca aggatcattg ttihctgtttg 31584

ttrtracaaa tggttatbtt agtcagtgaa tgagaatagt atccattgaa gactgttacce 3254

crttattcta ccttbttbtata ttactatgta agtatttggg atatctitcta cacatgaaas 3314
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Tyr Met Asp lle Gin Asp Gin Leu Gin Ser Val Trp Lys Thr Lys Ser 540 545 550 555 tgtttt cag ccc tca
agt ttt got Cgc atg atg gat ctg tca gac aga 1730 Cys Phe Gin Pro Ser Ser Phe Ala Cys Met Met Asp
Leu Ser Asp Arg - 560 565 570 aat aaa gcc aaa tgc gat gat cot gga tca ctg gaa aat gga cac gcc 1778
Asn Lys Ala s oTyzdesp Asp Pro Gly Ser Leu Glu Asn Gly His Ala 575 580 E8bsaaaucicrat gga caa
ago att gat ggg ttc tat got ggt tct tct ata 1826 Thr Leu His Gly Gin Ser lle Asp Gly Phe Tyr Ala Gly Ser
Ser lle 590 595 600 agg tac ago tgt gag gtt ctc cac tat ctc ago gga act gaa acc gta 1874 Arg Tyr Ser
Cys Gin Val Leu His Tyr Leu Ser Gly Thr Gin Thr Val 605 610 615 act tgt aca aca aat ggc aca tgg agt
got cot aaa cot cga tgt atc 1922 Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys lle 620
625 630 635 aaa gtc atc acc tgc caa aac coo cot gta cca tca tat ggt tct gtg 1970 Lys Val lle Thr Cys
GIn Asn Pro-RsecMat R Serdy Giy serMal 64056456502 gaa atccaageceseeasaghtgg aca aac tcg
ata agt cgt gtt ggg tca 2018 Glu lle Lys Pro Pro Ser Arg Thr Asn Ser lle Ser Arg Val Gly Ser 655 660
665 - 71 _a¥©x681Y27 289 REFHS006/66 1 &i» Tettho Ity Ty Yt ey e TeTttte cteitta get aga gca
gcc 2066 Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala 670 675 660 aaa cct cct

cca aaa cetagrrtcéica®téa ccc tct act gtg gac ttg 2114 Lys Pro Pro Pro Lys Pro A?ésser Ser Gin Pro
Ser Thr Val Asp Leu 685 690 695 ,

«210>» 4
<Zit> 1019
<212> PRT

<213> Carcinoscorpius rotundicauda

<400> 4 .
Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu Val Leu Gly Leu Leu
L 5 10 . 15

Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly Val Asp Leu Gly Leu
20 25 30

Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly Asp Pro Gly Tyr Val
35 40 45

Phe hsn Ile Pro Val Lys Gln Cys Thr Tyr Phe Tyr Arg Txp Arg Pro
5C 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 80 95 -

Cys Pro Pro ARsn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
100 105 110

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
185 170 175

Met Ala Arg Tle Ser Cys Leu Pro Asn Gly Gin Trp Ser Asn Phe Pro
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get tct aaa gtt aaa cta cct gaa ggt cat tac cgg gta ggg tct cga 2162 Ala Ser Lys Val Lys Leu Pro Glu
G1y His Tyr Arg Val Gly Ser Arg 705 710 715 700 gcc atc tac acg tgc gag tcg aga tac tac gaa cta ctt
gga tct caa 2210 Ala lle Tyr Thr Cys Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Ser Gin 720 725 730 ggc
aga aga tgt gaptet/aaggga aac tgg agt ggt cgg cca gcg age 2256 Gly Arg ArgcGys:aggaer Asn Gly
Asn Trp Ser G1ly Arg Pro Ala Ser 735 740 745 tgt att cca get tgt gga cgg tca gac tct cct cgt tct cct ttt
atc 2306 Cys lle Pro Val Cys Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile 750 755 760 tgg aat ggg
aat tot aca gaa ata ggt cag tgg cog tgg cag gca gga 2354 Trp Asn Gly Asn Ser Thr Glu lle G1y GIn
Trp Pro Trp GIn Ala Gly 765 770 775 atc tct aga tgg ctt gca gac cac aat atg tgg ttt ctc cag tgt gga.
2402 lle Ser Arg Trp Lau Ala Asp His Asn Melta'gip Phe Leu Gin Cys Gly 785 790 795 780 gga tct cta
ttg aat gag aaa tgg atc d‘lgcoact get gcc cac tgt gtc 2450 Gly Ser Leu Leu Asr. Glu Lys Trp lle Val Thr
Ala Ala His,Cys Val 800,805,810, ace fac,ict get-agt get.gag.ach aft GAC £6C @at cag tit aaa atg 2498
Thr Tyr Ser Ala ﬁr%ia Glu lle'lle Asp Pre,Asn GIn Phe Lys Met615 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 83083584 £aa gta-agargag-getett gag ato cag gieaatcateaam-tac gac ccc 2594 Gin
Val Arg Glu Alazkau Glu lle His Val AsnsPro Asn Tyr Asp Prac

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

Ccys Gln Gly Asn Gly Gln Trp Asm Gly GIn Ile Pro Gln Cys Lys Asn
245 250 255

Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn His Rla Glu His Lys
260 265 276G

val Lys Tle Gly Val Glu Gln Lys Tyr Gly Gln Phe Pro Gln Gly Thr
278 280 285

Glu val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Mec Gly Phe Asp
296 295 300

Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp Ser Gly Ser Gln Preo Ser
305 310 315 320

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

Asp Phe Leu Asp Asp Val Gly Glu Pro Val Arg Ile His Cys Pro Ala’
340 345 3s5Q

Gly Cys Ser Leu Thr Ala Gly Thr val Trp Gly Thr Ala Ile Tyr His
355 360 365

Glu Leu Ser Ser Val Cys Arxg Ala Ala Ile His Ala Gly Lys Leu Pro
370 375 lgo

Asn Ser Gly Gly Ala Val His Vval val Asn Asn Gly Pro Tyr Ser Asp
385 350 385 400

Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser Glu Glu Leu Lys Ser
4905 410 415

Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg Ser Ser Thr Ala Gly
420 425 436

Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu val Asp Glu Asn Cys Val
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845 850 855 72 _ WO 01/27289 PCT/SGOO/00162 ggc aat ctc aac ttt sac ate gcc cta att caa ctg aaa
act cct gtt 2642 Gly Asn Leu Asn Phe Asp lle Ala Leu lle GIn Leu Lys Thr Pro Val 860 865 870 87S
act ttg aca aca cga gtc caa cca atc tgt ctg cct act gas atc aca 2690 Thr Leu Thr Thr Arg Val GIn Pro
lle Cys Leu Rve #hiz72sp lle Thr 880 885 890 aca aga gaa cac ttg aag gag ggassadtiagen gtg gtg aca
ggt tgg 2738 Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp 895 900 905 ggt ttg.
aat gaa aac aac acc tat tca gag acg att caa caa get gtg 2786 Gly Leu Asn Glu Asn Asn Thr Tyr Ser
Gin Thr lle GIn Gin Ala Val 910 915 920 cta cct get gtt gca gcc agc acc tgt gaa gag ggg sac aag gaa
gca 2634 Len Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala 925 930 935 gac tta cca
ctg aca gta aca gag,aac atg ttc tgt aca ggidac aag 2862 Asp kes Pro Leu Thr Val Thr Glu Asn Met
Phe Cys Ala Gly Tyr Lys 940 945 950 955 aag gga cgt tat gat gcc tgc agt ggg gas agt gga gga cut tta
gtg 2930 s G@ly Ak Tax Asp Ala Gys SerGlyrAsph: SernGly=GH PR3 L e VEar960 965 970 ttt get gat
gat tcc cgt acagaa agg cgg tgg gtc #gsgaa ggg att. 2976 Pi¥e Ala Asp Asp Ser Arg Thr Glu Arg Arg

Trp Val Leu Glu Gly lle 975 980 985 gtc agc tgg ggc agt ccc agt 992 g aag gcg aac cag tac ggg
I

3026 ValSer Fap Bly 5ét %Séﬂc}ry‘cfréae‘fﬂ%%%s&éﬁ fsl’hs?rwaé 07995 1000 ggc ttc act aaa
gtt aac gtt4f€ ctg tca tgg att agg*cdg ttc att 3074

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 Esn Leu Thr Phe Trp Ala
515 520 525

Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Gin
$30 535 540

Asp Gln Leu Gln Ser val Trp Lys Thr Lys Ser Cys Phe Gln Pro Ser
545 550 S55 560

Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys Ala Lys Cys
565 570 575

Asp Asp Pro Gly Ser Leu Glu Asn Gly His Rla Thr Leu His Gly Gln
SB0 5B% 5990

Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Iie Arg Tyr Ser Cys Glu:
59% 600 605

val Leu His Tyr Leu Ser Gly Thr Glu Thr Val Thr Cys Thr Thr Asn
610 616 620

Gly Thr Trp Ser Ala Pro Lys Pro ARry Cys Ile Lys Val Ile Thr Cys
625 £30 635 640

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

Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser Pro Phe Leu Arg Leu
660 665 670

Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro Pro Lys
875 680 6ES

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys vVal Lys



Gly Phe Thr Lys Val Asn Val Phe Lau Ser Trp lle Arg Gin Phe lle 1005 1010 1015 tgaaactaat
ctaaatattt taagcatggt tataaacgtc ttgtttccta ttattgcttt 3134 actagtttaa cccataagaa ggttaactgg gtaaggcaca
aggatcattg tttctgtttg 3194 tttttacaaa tggttatttt agtcagtgaa tgagaatagt atccattgaa gactgttacc 3254
ttttattcta cctttvataittaesatgta agtatttggg atatcttcta cacatgaaaa 3314 73 WO Gd27R280/00162
PCT/SGOO/00162 ttctgtcatt ttaccataaa tttggtttct ggtgtgtgct aagtccacca gtagagaacg 3374 atgtaatttt
cactagcaca tgaaataaat atagaacaaa tctattataa actaccttaa 3434 aaaaaaaaaa aaaa 3448 <210> 4
<211> 1019 <212> PRT <213> Carcinoscorpius rotundicauda - <400> 4 Met Val Leu Ala Ser Phe Leu
Val Set Gly Leu Val Leu Gly Leu Leu 1510 15 Ala Gin Lys Met Arg Pro Val Gin Ser Lys Gly Val Asp
Leu Gly Leu 28,25 30 Cys Asp GlasEhr Arg Phe G1lu Cy=®tys Cys Gly Asp Pro Gly Tyr Val 35 40 45
Phe Asn lle Pro Val Lys Gin Cys Thr Tyr Phe Tyr Arg Trp Arg Pro 50 55 60 Tyr Cys Lys Pro Cys Asp
Asp LeuGlu Ma bys Asp He:Cys-Prod 36570 75 8Tt 1ys Ay TYS G Glu Cys Lys Ala Giy Leu
Asp Ser @ys Val Thr 85 90 957€Ys Pro Pro Asn Lys Fyr Gly Thr Trp Cys $&r Gly Glu Cys Gin Cys

100 105 110 Lys Asn Gly Gly lle Cys Asp Gin Arg Thr Gly Ala Cys Ala Cys A
Glu Se}n/fSAanTyryTyry G1,6u Lyesu L?a% Gllny S'Qr G{n GXy Ig:g X.%g ca-'ys X?;p 9

725 730 735

Ser Asn Gly Asn Trp Ser Gly Arg Pro Ala Ser Cys Ile Pro Val Cys
740 745 750

Gly Arg Ser Asp Ser Pro Arg Ser Fro Phe Ile Trp Asn Gly Asn Ser
758 760 765

Thr Glu Ile Gly Gln Trp Pro Trp Gin Ala Gly Ile Ser Arg Trp Leu
770 775 180

nla Asp His Asn Met Trp Phe Leu Gin Cys Giy Gly Ser Leu Leu Asn
785 730 7585 BOO

Glu Lys Trp Ile Val Thr Ala Ahia His Cys Val Thr Tyr Ser Ala Thr
805 B1O 815

hla Glu Ile Ile Asp Pro Asn Gln Phe Lys Met Tyr Leu Gly Lys Tyx
B20 B25 830

Tyr hrg Asp Asp Ser Arg Asp Asp ASp Tyr Val Gln Val Arg Glu Ala
835 B40 845

Leu Glu Ile His Val Asn Pre Asn Tyr Asp Pro Gly Asn Leu Asn Phe -
&850 85% 860

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro val Thr Leu Thr Thr Arg
8es% 870 875 880

val Gln Pro Yle Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu His Leu
8BS g90 835

Lys Glu Gly Thr Leu Ala Val val Thr Giy Trp Gly Leu Asn Glu Asn
500 : S05 910

Asn Thr Tyr Ser Glu Thr Ile Gln Gin Ala val Leu Pro Val Val Ala
915 920 825

nla Ser Thr Cys Glu Glu Gly Tyr Lys Glu Rla Asp Leu Pro Leu Thr
930 835 - 940

val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp
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115120 125 Asp Arg Tyr Glu Gly Val His Cys Glu lle Leu Lys Gly Cys Pro Leu 130 135 140 Leu Pro
Ser Asp Set Gin Val Gin Glu Val Arg Asn Pro Pro Asp Asn 145 150 155 160 Pro Gin Thr lle Asp Tyr
Ser Cys Ser Pro Giy Phe Lys Leu Lys Gly 165 170 175 Met Ala Arg lle Ser Cys Lou Pro Asn Gly Gin
Trp Ser Asn RioesBrozss4 WO 01/27289 PCT/SGOO/00162 180 185 190 ProdgyisscysidigsArg Glu Cys
Ala Met Val Ser Ser Pro Glu His Gly 195 200 20S Lys Val Asn Ala Leu Ser Gly Asp Met lle Glu &Gly
Ala Thr Leu Arg 210 215 220 Phe Ser Cys Asp Ser Pro Tyr Tyr Leu lle Gly GIn Glu Thr Leu Thr 225
230 235 240 Cys GIn Gly Asn Gly Gin Trp Asn Gly GIn lle Pro Gin Cys Lys Asn 245 250 255 Leu Val
Phe Cys Pro Asp Leu Asp Pro Val Asn His Ala Glu His Lys 260 265 270 Val Lys lle Gly Val Glu Gin
Lys Tyr Gly Gin Phe Pro GIn Giy Thr 275 280 285 £sku Val Thr Tyr Thr Ggs Ser Gly Asn Tyr Phe Leu
Met Gly Phe Asp 290 295 300 Thr Lou Lys Cys Asn Pro Asp G1ly Ser Trp Ser Gly Ser Gin Pro Set
30S 310315320 Lys1 Valdgy s AtabfacA sprAsg iGiu XAl Asp BysrasprSerskys Ala Val 325 330 335
Asp Phe Leu Asp Asp Vak&ly Glu Pro Val Arg Hé™is Cys Pro Ala 340345 350

Arg Thr Glu Arg Arg Trp Val Leu Glu Giy Ile Val Ser Trp Gly Ser
' 980 98BS 930

Pro Ser Gly Cys Gly Lys Ala Asn Gim Tyr Gly Gly Phe Thr Lys Val
935 1000 1008

ksn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1010 1015
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Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly Thr Ala lle Tyr His 355 360 365 Glu Lou Set Ser Val Cys
Arg Ala Ala lle His Ala Gly Lys Leu Pro 370 375 380 Asa Ser Giy Gly Ala Val His Val Val Asa Asn Gly
Pro Tyr Set Asp 385 390 395 400 Phe Leu Gly Ser Asp Lou Asn Gly lle Lys Ser Glu Glu Leu Lys Ser
405 410 415 Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg Ser Ser ThrAla Gly 420 425 430 Lys Ser
Gly Cys PrapspiStyairredPae Glu Val Asp Glu Ass Cys Val -75 WO 01/27289 PCT/SGOO/00162 435
440 445 Tyr Val Thr Ser Lys Gin Arg Ala Trp Glu Arg Ala Gin Gly Val Cys 450 455 460 Thr Asn Met
Ala Ala Arg Leu Ala Val Lau Asp Lys Asp Val lle Pro 465 470 475 480 Asn Ser Leu Thr Glu Thr Leu
Arg Gly Lys Gly Lén Thr Hse ThraTpeinssolide stectipe o g reyvmrgensishieg &lia eghiyls Pro Phe lle

e e

er ro.( sn Gly Thr Asn al Tyr M e Gin _ sp Gin Lau
i Sor VaPT R TRPRY A SR PBra e 2o R50 50 BERSer PIESACPS Mot Mt
Asp Leu SepahspeArnasndupsilady pysdab 5R0BTBUASHrASY Proddlyfert dor Ghagn Gly His Ala
Thr Leu His Gly, Giyative bacterial infection in a subject, wherein said polypeptide is capable of

producing bacteriostasis.

2. The use of claim 1, wherein said polypeptide is produced by a yeast

host cell or by an insect host cell.

3. The use of claim 1, wherein said polypeptide lacks serine protease

activity but retains lipid A binding activity.
4, The use of claim 1, wherein said polypeptide is encoded by a nucleic

acid that hybridizes to a nucleic acid having the sequence of SEQ ID NO : 1 or SEQ

1D NO : 3 under stringent conditions.
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58D 585 590 Ser lle Asp Gly Phe Tyr Ala Gly Ser Ser lle Arg Tyr Ser Cys Glu. 595 600 605 Val 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 lle Lys Val lle Thr Cys 625 630 635 640 Gin Asn Pro Pro Val Pro Ser Tyr Gly Ser Val
Glu lle Lys Pro Pro 645 650 655 Ser Arg Thr Asn Ser lle Ser Arg Val Gly 5er Pro Phe Leu Arg Leu
660 665 670 Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro Pro Lys 675 680 685 Pro Arg
Ser Ser Gin Pro Seg. Thr VialeAggeLeuoidimSer wysrdial thysGraen \WQAile2 B288RCHEE0/00162 690

695 700 Leu Pro Glu Gly His T | Gly S | hr.Cys 7 5420 Glu Ser
Arg Tyr Tyr 6Tl et %ﬁy Cg?? Sﬁﬁ%é%%#g%%@{%%@g@ 5¥$3E0 %%S%Sg%%%ﬂ&é%% ’Afgn Trp Ser Gly

Arg Pro Ala Siigijashe 21/ AIRDBUTAD 745 750 Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe lle Trp
Asn Gly Asn Ser 755 760 765 Thr Glu lle Gly GIn Trp Pro Trp Gin Ala Gly lle Ser Arg Trp Leu 770

775 780 Ala Asp His AS”MSL%%PJ@%‘?%Q&Y&Q%@&%& Letleq Asn 785790 795 800 Glu

Lys Trp lle Val Thr Ala Ala His Cys Val Thr Tyr Ser Ala Thr

7. The use of claim 1. whearein said medicament is suitable for

administration within the range of 0. 1 to 3 mg per kg body weight of the subject.

8. A method for purifying a sample by removal of endotoxin comprising
immobiiizing a polypeptide consisting essentially of a lipopolysaccharide binding
domain of a Factor C protein on a insoluble matrix, contacting said sample with the
immobilized polypeptide, and separating said sample from said immobilized
potypeptide.

9. The mathod of claim 8, whergin said polypeptide is selected from the
group consisting of amino acids 1-333 of a Factor C protein;
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805 810 815 Ala Glu lle lle Asp Pro Asn Gin Phe Lys Met Tyr Leu Gly Lys Tyr 820 825 830 Tyr Arg
Asp Asp Ser Arg Asp Asp Asp Tyr Val Gin Val Arg Glu Ala 835 640 845 Leu Glu lle His Val Asn Pro
Asn Tyr Asp Pro Gly Asn Leu Asn Phe: 850 855 660 Asp lle Ala Leu lle GIn Leu Lys Thr Pro Val Thr
Leu Thr Thr Arg 865 870 875 880 Val GIn Pro lle Cys Leu Pro Thr Asp lle Tilt 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 Giu Thr lle GIn Gin Ala Val Leu Pro Val Val Ala 915 920 925 Ala Ser Thr Cys Giu Glu Gly Tyr

Lys Giu Al Agi Lgu Bro L s T 930,925 800,V I T Glu ASAELPLB O iAoy Lys Lys Gy

Arg Tyr Asp 127289 PCT/SGOOQ/ 62 945 950 955 960 Alaa\?é Ser Gly Asp Ser Gly
Gly Pro Leu aftPhe RSB ALENs2068870 70 T8RS HIPIER ArY ARSI \ARMAT BRI Gly lle val
Ser Trp Gly $ett48098i890 Pro Ser Gly Cys Gly Lys Ala Asn GIn Tyr Gly Gly Phe Thr Lys Val 995

1000 1005 Asp val Phgdfy Selshin e MBS fhe Hed e 1048sRRaa Phkis slaimed is:
4 peptide; a sushi-5 peptide; a sushi-6-vg1 peptide; a sushi-7-vg2 peptide; a sushi-8-
vg3 peptide; and a sushi-9-vg4 peptide.

10. Use of a polypeptide selected from the group consisting of a sushi-1
peptide, a sushi-1A peptide, a sushi-3 peptide, a sushi-34 peptide, a sushi-4 peptide,
a sushi-5 peptide, a sushi-6-vg1 peptide, a sushi-7-vg2 peplide, a sushi-8-vg3
peptide, and a sushi-S-vg4 peptide, in the manufacture of a medicament for tfreating
sepsis caused by a gram negative bacterial infection, wherein said polypeptide is
capable of binding lipopolysaccharide of said gram negative bacteria and ameliorate

inflammatory response to said lipopolysaccharide.

11. The use of ciaim 10, wherein said polypeptide is substantiafly free of
hemolyfic activity but retains fipid A binding activity.
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1. Use of a polypeptide selected from the group consisting of a sushi-1 peptide, a sushi-14 peptide, a
sushi-3 peptide, a sushi-3A peptide, a sushi-4 peptide, a sushi-5 peptide, a sushi-6-vgl peptide, a
sushi-7-vg2 peptide, a sushi-8-vg3 peptide, and a sushi-9-vg4 peptide, in the manufacture of a
medicament for treating gram negative bacterial infection in a subject, wherein said polypeptide is
capable of producing bacteriostasis. 2. The use of claim 1, wherein said polypeptide is produced by a
yeast host cell or by an imsectkosi cedin3. 1Theuseiofialaionah; wheatie daidealy péptide lacks serine
protease activity hut retains lipi Indi civity, h laiml, | id¢polypeptide is
encoded by %Dﬂaééisé?é egc%%gt i%it %e%ﬁgge%gtroﬁéﬁr?uc?ﬁg %ciggméa%vﬁact%zniq%%}r?(%%l%p IDNO : 1or
SEQ ID NOPMUiRIEAStARGEhP¥GHditions. 79 5. The use of claim 1, wherein the Gram negative
bacterial infection comprises bacteria selected from the group consisting of E. coil, K. pneumoniae, P.

aeruginosa, and S.,typhimypurn, 6. the iise o clajRe didvhaLeim e subigclds ma@mal, 7. The use
of claim 1, wherein said medicament is suitable for administration within the range of 0. 1 to 3 mg per

kg body weigAtWHHatientfeR M8MA fhethod for purifying a sample by removal of endotoxin comprising
immobilizing a polypeptide consisting essentially of a lipopolysaccharide binding domain of a Factor C

protein on a insoluble magrx, ggngagg@géﬁ@@s%ﬂglgiH\éitlggggqﬂggmgbi_gz%pgmgm@nd separating
said sample from said immobilized polypeptide. 9. The method. of §?Ialm 8 m@erem.sap polypeptide is
selected fromEE P01 BorsTshiAGHYT r%ﬁ%’ﬁc?ag f-g%%f“&? §HHRRS 2 2

¥éc‘|f’)‘? G rgl_ "edist one
member selectéshiiformtheigrautheonsistieriod af sushdmaerréfecionmadie ©riFeens, & sushi 2

domain of a FacioffRrRieiRnand asushb3glamaiena feesan C protein;

15 A method for the detection of gram negative bacteria or of
lipopolysaccharide in 2 sample comprising contacting a sample fo be assayed for the
prasence of said gram negative bacteria or lipopolysaccharide with a polypeptide
comprising a lipopolysaccharide binding domain of a Factor C protein whersin
presence of gram negative bacteria or lipopolysaccharide is indicated by a complax
between said gram negative bacteria or lipepolysaccharide and said polypeptide and
wherein said polypeptide is selected from the group consisting of a sushi-1 peplide, a
sushi-1A peptide, a sushi-3 peptide, a sushi-3A peptide, a sushi-4 peptide, a sushi-5
peptide, a sushi-6-vg1 peptide, a sushi-7-vg2 peptide, a sushi-8-vg3 peptide, and a
sushi-9-vg4 pepiide.

16. The method of claim 15, comprising an in situ histologic assay.

17. The method of claim 18, which is a solution assay.
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a sushi-1 peptide; a sushi-1a peptide; a sushi-3 peptide; a sushi-3A peptide; a sushi- 4 peptide; a
sushi-5 peptide; a sushi-6-vgl peptide; a sushi-7-vg2 peptide; a sushi-8- vg3 peptide; and a
sushi-9-vg4 peptide. 10. Use of a polypeptide selected from the group consisting of a sushi-1 peptide,
a sushi-1a peptide, a sushi-3 peptide, a sushi-3a peptide, a sushi-4 peptide, a sushi-5 peptide, a
sushi-6-vgl peptide, a sushi-7-vg2 peptide, a sushi-8-vg3 peptide, and a sushi-9-vg4 peptide, in the
manufacture of a medicament for treating sepsis caused by a gram negative bacterial infection,
wherein said polypeptide i, capable of binding napalysaechiyle,al.salf gramnagative bacteria and
ameliorate inflammatory response o said Ipopolysacchari e use o alm 10, wherein said
polypeptide is substantially free of hemolytic activity but retains lipid A binding activity. 81 12. The use
of claim 10, whereinghe grawn negatiye dfacienal nifeckberstomprsesnbactiota iselecteddrom the group
consisting of P lori. 13. The use of claim 10, wherein the
medlcament | f ita %&@f@ﬁd aééﬁigrﬂgt%gt}ﬁ)@%g éﬁrﬂ%ﬂi&%ﬁ 14. Use of a polypeptide consisting
essentially of a lipopolysaccharide binding domain of a Factor C protein and a pharmaceutically
acceptable carrier fp. topicattanoufatiahe rdthectnanifadiuke of &qghesmagegtical rexyaipesition for
reating or PISUENIG IB/SEUBmALAHANIL Y. AARIBARIMR ABCEHRI & Bfipaddasdhe detection

of gram negative bacteria or of “lipopolysaccharide in a sample com contactln a sample to be
assayed for fFSYPELENER SFesiaGHIF ?‘Refd‘é{m/@ Bﬂ&?@ﬁﬁd&‘f%‘%ﬁi #8W¥W%r’ﬂglypeptlde
comprising adipdipglysaechairzEdoindDh grdmnainibbadeactosit pr(ﬂemtwfwomm. presence of gram
negative bacteria or lipopolysaccharide is indicated by a complex between said gram negative
bacteria or Ilpopolysaccharlde and said pol tide and wherein said §|6 ?typeptlde is selected from the

group consisting of 4 sushi ¥ Japtigd, 4 & A"ﬁ%ﬁﬂﬁﬁ‘e%‘%u%‘?@eﬁ 8§03 A peptide, a
sushi-4 peptigesa Susiessepaptige). a sushi-6- vgl peptide, a sushi-7-vg2 peptide, a sushi-8-vg3
peptide, and a
22, The meathod of claim 21, wherein said sample comprises tissues or
cells and said polypeptide comprises a member selected from the group consisting of

S8CrEC-sushi-1-GFP, SSCrFC-sushi-3-GFP, and 833CiFC-sushi-1,2,3-GFP.

23 A methed for preserving a sample from contamination by gram
negative bacteria comprising adding a polypeptide comprising a lipopolysaccharide
binding domain of a Factor C protein to said sample in an amount effective for

preventing the growth of said gram negative bacteria.
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sushi-9-vg4 peptide. 16. The method of claim 15, comprising an in situ histologic assay. 17. The
method of claim 15, which is a solution assay. 82 18. The method of claim 15, wherein said
polypeptide is immobilized. 19. The method of claim 15, wherein gram negative bacteria or
lipopolysaccharide of said sample is immobilized. 20. A method for the detection of whole or
fragmentary gram negative bacteria or of lipopolysaccharide in a sample comprising contacting a
sample to be assaygd fordhegygsanerdharesfiwitheopipkyPepisigepmprigingatligopelysaccharide

binding domain ofaFactorC rotein, f rther compy reporter prot %,#]}Ielg gt@od of claim
20, wherein ig?cﬁ)ogpsca)?@raﬁ%tg?n §o %ses a I?rneens%n cgrescgan rmFg{tel SH%!Z e men%md of claim 21,

wherein smd@éfﬁ@l’éd?oﬁ@ﬁ%éeﬁs@a@stb? Yol &ﬁd%%i@gp%ﬁy%éhﬁ’ﬁé* cofRfRses Bfériber selected
from the QVO%B;QQ@S@HU%@B SDEHE G-sushish- GRS S CrbRI-s yebiide GFRsaREl peptide, a

SSCIFC-susli 2 0EEu2d. Adleihod orpisserynldsepls I capianingion)ay oram

negative bactena cor plpgijhg aidadlng a po tide comprising a olysaccharide binding domain of
a Factor C pist@iido said sample in an amount effective for preventing the growth of said gram
negative bacteria. 83 24, An isolated nucleic acid encoding a polypeptide consisting of a

ipopolysaccharide binding dogaingl A bRALPLIRIEARIMIeTRD SAIGRPRERHS 1§ selected

from the group consisting of a sushi-9 peptide, a sushi-1 {Je ptide, a sushi-3 peptide, a sushi-3A
peptide, a suédnrepeiniaridetisring B@Bﬂﬂ@f 3 Fagi; SR %ﬁﬁ&@%ﬁga%ﬂ? ?F%E%eé:ﬁ%e a
sushi-8-vg3 peptide; godracstshin®z g4 peptide. 25. An isolated nucleic acid consisting of a nucleic

acid encoding g, Jpopelysaccharide. BvdlnaaodionAL5 a6 G AIBHED ollaarsesion crab selected
from the group consisting of: a sushi-1 peptide; a sushi-14 peptide; a sushi gegtlde %SUShI-BA
peptide: a s mep’mde a sushi-5 peplide; a susht-s'—vg‘l peptide; a sushi-7-vg2 peptid sushi

vg3 peptide; and a sushi-8-vg4 peptide.

28. The isolated nucleic acid of claim 25, further comprising a nucleic acid

encoding a secretion signal seguence of a viteliogenin protein.
27. The isolated nucleic acid of claim 25, further comprising & nucleic acid

that encodes a reporter protein or an affinity tag fused to the nucleic acid encoding
the lipopolysaccharide binding portion of a Factor C protein.
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.4 peptide; a sushi-5 peptide; a sushi-6-vgl peptide; a sushi-7-vg2 peptide; a sushi-8- vg3 peptide; and
a sushi-9-vg4 peptide. 26. The isolated nucleic acid of claim 25, further comprising a nucleic acid
encoding a secretion signal sequence of a vitellogenin protein. 27. The isolated nucleic acid of claim
25, further comprising a nucleic acid that encodes a reporter protein or an affinity tag fused to the
nucleic acid encoding the lipopolysaccharide binding portion of a Factor C protein. 84 28. The isolated
nucleic acid of clairps27, ctmapiisiaigd nudsic asitl céneiding a repopéainroteinuskdiecestifrom the group
consisting of gieep JueresR, ElF B BUal S ANASBLESEaruREIMaEo ARd Adugferase. 29. The

isolated nucleic acid of claim 27, comprising a nucleic aci(fl encoding an affinity tag selected from the
group consistRELE A KRMRRHNEIREY GBI 30 A& HStated nucleic acid of claim 26,

wherein the nucleic acid encodes a member selected from the group consisting of SSCrFCES,
SSCrFC- sushi-1-GRP, S$f R saushirdieie e @Rdc3 SaiCostishinipdeh@RP nddie meathod for

producing an isolated lipopglysaccharide bindjng protein _comprising; i) culturing a.host cell
transformed WAFERS iS850 RS SEEa T Cfllrgﬁ% é—se tcgr%Lrjgd§88§tsse%ag?i€gp%lfs%§éq5ﬁ%e binding

protein in a cedtpenpseditiotirand ii) isolating said lipopolysaccharide binding protein from said culture
medium. 85 32. The method of claim 31, wherein said isolating step ii) comprises ultrafiltering the

culture medium with 100 kDa and 10 kDa molecular wejght cutoff brane preparative
isoelectric focussin6.033. %c%fﬁ?%%danquﬁﬁ%g&ldg%%%{Jnce _bywéﬂée%rﬁet gdgo@ c‘%ﬁn’% 31. 34. The use
of claim 5, wherelfeshe Gramaiceisivieh Ao ilEiEbFOTsIFHNses BREIEITESelS&E from the group

consisting of ¢ popume iR Al &8 PH-CBS, he seetiradwiselaim, 3L5m¥herein said isolating step H)
comprises ultrafiltering the culture medium with a 10 kDa cutoff membrane and affinity

31. A method for producing an isoiated lipopolysaccharide binding protein
comprising:

i) cuituring a host cell transformed with the isolated nucleic acid of claim 25 to
produce said lipopolysaccharide binding protein in a cutture medium; and

if) isolating said fipopolysaccharide binding protein from said culture medium.
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chromatography. 36. The isolated nucleic acid of claim 26, further comprising a nucleic acid that

e_nches a rfeporter protein or an affinity tag fused to the nucleic acid encoding the lipopolysaccharide
binding portion of a Factor C protein. 66

32. The method of claim 31, wherein said isolating step ii) comprises
ultrafiltering the culture medium with 100 kDa and 10 kDa molecular weight cutoff

membranes and preparative isoelectric focussing.
33. A recombinant polypeptide produced by the method of claim 31.

34, The use of claim 5, wherein the Gram negative bacterial infection

comprises bacteria selected from the group consisting of K. pneumoniae and E. coll.

35 The method of claim 31, wherein said isolating step if) comprises
ulirafitering the cuiture medium with 2 10 kDa cutoff membrane and affinity
chromatography.

36. The isolated nucleic acid of claim 28, further comprising a nucleic acid

that encodes a reporter protein or an affinity tag fused to the nucieic acid encoding
the lipopolysaccharide binding portion of a Factor C protein.
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