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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). LPSis a
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
interleukin-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).



I nvasi on by gram negative bacteria (5). The anpbebocyte |ysate constituted
as the 5 Linulus anoebocyte |ysate (LAL) test has been used for decades as
a tool for detecting trace concentrations of LPS in solution (6,7). The
mol ecul ar MAEHRRZ¥ sm of coagul ation in horseshoe crab h&ETSEH0EEt abl i shed
and it involves a protease cascade. This cascade is based on 3 kinds of
serine protease zynogens, Factor C, Factor B, proclotting enzyne, and one
cl ottabl e protepSifromogrgr-negative pcteBieiingudeb ¢heé ambebddytds efdiorseshoe cadbst he
clotting cascade, Factor C functions a, bi gsensor that responds to LPS.
" Despi t e thaqaiRaaE a0 GReranHIeieorasUnably. dhs LPSipsliced sRaGuatRNICRSCHdS
clinical ' k ' | | @RS continue
to pose ar‘%‘rigjgg)@rn'té:g'tr1 6@?%“@%@%@%?’% Pé‘%o%(?r%%@% hderlgﬁrfﬁed' PS) present
on t he celrvasiahlbygframGrregative bagatia (2). bHw ampebac@dBysatk apestitntadngsotheant rol e
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bacteria protecting themfromthe effects of antibiotics. Therefore, the
det ect i onceagiiationriehovsgished ciabhasrheentastablishesldand it involyes amyroteasent eral 20

sol ution | dLn the L on -Of. | nf | tory and pyrogenj.c

ot oct s ofaocelt’ e bASERf BRI 30 Thipbo fr s TBES Hufieeed FRTEM tan

bi ol ogi caFadtet B; protipttthg éhzginegand oae clotablel proten, icobgeibg@sts). adding tird by
endot oxi n, _A nunber of LPS-binding proteins have been 1dentified. Anong
them af e initiab activatey ¢fdtha glosking easeade, dractar O fungtionsiasc biesenseathater meabi ity

i ncreasi n%sﬂ&% 'onlLPS 25 BPI (18,42). LBP, a 60 kDa mamral i an serum protein,
has a bindirhg Site Wwth a high degree of specificity for lipid A (43). BPI,
a 55 kDa pr ot ebespiteladvancestinatimianebitirthplaiplysseptis shegladmdotfer kiimiciing to t he
toxic lipid A] noi eté OE‘ML_;PS resulting.in _r}eutral i zati on of the endotoxin
(18, 42, 44°ABRIICAHRRS i Eﬁ"i“ﬂﬁgéﬁ‘x\@e%%%‘iﬂaég“ BFUIONR EOPHIUELORASE & BBI% ont ai N an
array of pfhidh CtrRichsxih BAlipcHoR/stedrbbe (@S&Qﬂr@ﬁnﬂ%%ﬁ@'cé‘l?%n RFtGFaMg LPS. The
Limulus antilipopolysaccharide factor, LALF, an 11.8 kDa LPS-Dbi nding

pepti de, Regativadrcteria\(BNG) pigys 89 imEortestiooiointbe pathephysiology of thasae

1 dont at DLCpARE MRS 3o RdRbTR ol S 4 edaine HEMKRHRom,

like 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 detection 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 biological 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,
25 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 resuiting 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
antilipopolysaccharide factor, LALF, an 11.8 kDa LPS-binding peptide, has been
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(46-49). Purified LALF has been shown to bind LPS and exhi bit endotoxin
neutralization (50,19,51,52). Two other LPS-binding proteins from horseshoe
crab s henpcytes are tachypl esin (53,54) and big defensin (55 Factor Cis
a serine dﬁ 2 zynogen. It is the key enzyne in the &CT gﬁcﬁ{’ﬁ‘ﬁm cauda
armebocyte Iysate (CAL) that is activated by LPSto initiate the

coagul ati on cascade (56-58). Factor C activity is the basis of a very

sensi ti veidentsfiayinftoe a‘neéttcagfeamflmmlsbo@trabsci%om oysethustanghe qual ity
control of to phar ceuti cal Eroducts % The i nmportance of Factor Cin

the det ecr«mrpéﬁv 2645 AR D6 15HBSaaYENEY, beer isolated 384 SRargEterig@®mbi nant
Factor G, 4 F@)bgth% 0@%&7 s%%len awﬁfiofﬂurfo%?éh %xrﬁsrf[?ﬁﬁﬂﬁo&ﬂr shoul d

al l eviate the seasona var | a € sensitivity of
det ecti onnmftraérzahmlmé&Oal%nﬂi) |“l§Ncaotheed:BSrbmrbng drateina dlonvhotsestioeveabi onal

b | 59- 6 HE .| NVENTI ON Si Fact C
il e S
LPS- bi ndi feor LPS.

e

Consequent |y, main Can be utili'ze et ect and renmove
20 pyr ogemt‘cnwcaamrnmhocytmlyﬁtar(ﬁﬁb)emat 'tSaactrpamdLh)/t IPS tmtlemdtﬂzltrfeor

parentera | | nohl st ochem cal
determ na%qagr‘f 51Pnec%é{ﬁc%‘>@ﬁ ?Eﬁoiﬁﬁoggchg t’( @Whe ISL %a?%t‘ﬁ?r operty of
Factor C a3y d@sfemtolfen fVeRLfleptbtox udctidh@he q@amvrtbﬁgoB&S am no aci ds.
This short region constitutes a_signal peptide, a Cysteine- 25 rich region,

fol | owed BRarg@mcaelicahprofiusia ﬁ%a&h@nmpokénwfaﬁaﬁqrﬁjlwuhﬁadatgct(@nmfshr

correct fistharh ieStniglelpto i SREleSThEot Pkt Bk Eakie s conpounded
by the pr(EIQ%G;GU?B -38), ay ah altamative Bouireg ithat. shidilcEalldvRite tiebatch3b-tatdie, We
report thmcﬁ ression and_  secretjon of a functional LPS-binding domain of

C. rotund O%C\ta('i'rat'@"C’S@@r%@)"%@fQﬁ@cﬁomr@f/éﬂd@@é‘f‘éﬁmﬁry'ssf} gnal . 'El;he
No. 09/ 426, 776,
Frleq oot oo bRk W EEorBntBher B PRboo R MSeEetdPR0: ) 27286

filed Cctobe e entire sur’es _ _
PCT/ S&0/ 00162 09/426, 776 and of the provisional application upon which it

's based, 60/106, 426, 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 signal peptide, a cysteine-
25 rich region, followed by epidermal growth factor-like 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, filed October 26, 1999. The entire disclosures of
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are hereby expressly incorporated by reference. Honobl ogous Factor C zynogen
cDNAs have been cloned fromone of the four extant species of horseshoe
crab, Carcinoscorpius rotundicauda (CrFC) (10). Initial s attenpts to
express CrY@U%ARS ts truncated forms in E. co/i resul tedPFHSG¥8H2acti ve
enzynme (11). Subsequently, CrFC was cloned and expressed in Saccharomyces
cerevisiae and a nethylotropic yeast, Pichia pastoris. However, neither the
Factor C 08426736 Sadudfdhe pyavisionst applicstior upommthiahgt fsehased, &0/§66/426equences
were capable of  directi n&(gsecret of t reconbi nant protein into the

ti h
cul ture nmedlE&eRY @UFEY NGOMROH Fﬁ!j ?’gtr?%ﬁer(c%) . Full-length CrFC expressed
in yeast was NQioRHBYORS FARO ¢ 7@RbGAECDNAS ﬁw&*ieéntclér%datjr@ﬂ,(bne of the four

endot oxi n- bi ndi ng properties (132’. Expression in a bacul oviral system (US
Pat ent Appéjitantt Speaiesiof hoesesisae qrab, Cancinoseormiyy rotundicaad3 (GrFe) ddd. leiiBhbi nant

of 09/ o1, FETRRIO SRt o FEPEURR ot ik o el v "hases,
60/ 058, 816enAhe (12).e8ubseguenty | CHFC Wasrdureatad dxpressée ireSeechatdmmyceskC has

extremely high sensitivity to trace |levels of LPS (<0.005 EUn). Before
t hese expe€araeniae and RemetbglooRi Yegst &maup@#wﬁaclf'@we@rewthﬁrtth%éaq:nog S
affinity f R {0 ' r@al ogous
nost | The. e RV TORIY G cehEREE Q SHARRLISY Siindt RGBRER Wtert BELE R 0
nmosai ¢ st rdiedcting sediatibe ofrthey/readmbinan® Protdeis uhtbi the cbibuedategiia doreeaster | i ke

epi dermal grow h fagctor 4 ecreted,, acetyl chol.inester.a 5), were
succesd$ ul ‘y'ﬂ@ﬁaﬁ%&?éd,Fté'éﬁﬁg}ﬁgféﬁx?fﬁésqa IRYeapt WaHRPH WVWEB%@E%%Mé t he
Factor C LBSiPiRAGH ; | f was secreted in accordance
with the péjg‘s?g’ﬁﬁqﬂ. il fied Bndlotofn %@%E?ﬁ%d g)'hom)genei ty. The bi ol ogi cal
functi ons of t HxpressomdndveculsirdSyseCEQIS\Batentdpplicatian bip. ABH8A;167g t he

i ih bind Lin ; ' k3
Do ny 2sed May 3 058 VigloButeconifhanbactt O AEC it L PR T shBisfle o,
subfr agm”é&iv&g.”g‘f\gzﬂnﬁﬁb diB8odfrSs Bf 03/0BY, 74P raAUYf She provisidhal application upon

SSCr FCsushi -1, 2, SSCr FCsushi -1 - G-P, SSCr FCsushi - 3- GFP _(f usi on
const r uct swhighths hasedh 60/QRf 8Lk e hpreby &xareselyincarporgted iy refgrenssnihgt i ¢

PS5 “SaccSe ey i Py S Plelas Blba b el 205t o
vari ant f othese ekpgriméntdctheli®8rbimdjn@HBiMBineofdFactor KHEXHEDifing bigh &fibity far,
LPS was never before successfully expressed in a heterologous host. The difficulty in
doing so was largely due to its highly complex mosaic structure. While many highly
20 disuifide-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 present invention
and was purified to homogeneity. The biological functions of the recombinant
25 SSCrFCES were assessed by measuring the ability of the 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.,
SSCrfFCsushi-1,2,3-GFP, SSCrFCsushi-1-GFP, SSCrFCsushi-3-GFP (fusion constructs
with green fluorescent protein, GFP) -- as well as synthetic peptides, e.g., sushi-1
30 (S1), sushi-1A (S1A), sushi-3 (S3), and sushi-34 (S3A), each of 34 mer length, and



H=hydr ophobi ¢, P=polar am no acids) -- also show strong affinity for
endotoxin. The ability of these proteins and peptides to nediate inhibition

of endoto guced Linul usanbebocyte |ysate (LAL) coa‘g;gl Al eyas
measur ed %dhh/ aﬁseny tive 5 LAL Kinetic-QCL assay. The @rﬁ—”@@ protein
and peptides were also tested for their ability to suppress LPS-induced

cytokines (TNF-a and |L-8) produced by THP-1 and normal human_peri pheral
bl ood nondrsigheshyariastt fermd tidesbeatag8HBHE andéor BB dwhergBgbasic,

non- cyt ot &liso show
that | ow g-fc;' groggﬁgég BE@ aﬁ'x&rﬁ%?ﬁﬁ 'k Ogéhgm}r)\{tﬁogﬁ %ﬁhéﬂ@"ﬁs pr ot'ect e}
gal act osami ne-$ﬁ@8bﬂit¢@ﬁh&5@9rdtemmdnﬂ$epnde8:teﬁmbdratealrimtytloﬁl' bEempdgioxides have
strong antimcrobial potenci ei\f and cap therefore be used asggot ent

t her apeut iRdiced k&mye IBPEDPEFR IYSPEN (I SORGHILATYAT MeRBHie] WHE A SFNsifive
| nf ect ig O”%P*lneﬁﬂr’%ﬁ ?/ésraZ%' §§CrPCE’$ élngi'ngg:%g‘rtltlgﬁve‘f@@ko‘i’e tbd fbind to

endot oxi ns especl ot oxi ns pr am negative bacteri a,

an i nf ect ¢heis abijityco. supprest R PBiindiiceg dysokinysa(iT8Ifitd gndéicdi8a peatused blyeTHR-pi d A

BSSFSPFBE@BE.r@*ﬁ%@ﬁaﬁn‘%ééééﬁmﬁrame&rr%?n'o%b&é%&qma%éé@’c??Séé%%'g# hofhene
subj ect: IiagHfies \ﬁte.tyel INERDRIIC SSEPEES hbla\ddash@dtd bf 4.1 HPmi! Wedibo N

m ce from I endot oxaem s); causes mcrobicid action
agi nst G showebalt Ibwedctsast)éSb‘ﬁrR(ESngpt@ aod thesyntnetimpentises pﬁ)te@b

and S0 s daciosaPRias e R Vike L NP TRttt Bk aER s prve Bl

i nvention anﬁnﬁ&}@murs@oteﬁc@@ah@taﬁ?tmrtemé basusad &b potent Rh&rape ki
fragments/parts thereof, or as fusion to GFP, as a bhiosensor for LPS or

live bacteria. Thamressnt investive tous inciudes treatindhbacserial dnfiegdonssly of these 25

gggte glt nzé pc}?jhﬁ ﬁlsﬁréﬁé{f ﬁif pljo?éln%ﬁgpéﬁtg@é%at @g@d&rﬁé) nan@tﬁ’m? Euf{ htehl s

adm ni st ereedomxﬁtseprOduc'Bmeby gabmrhegativie hartdria; téCan atfected mbjmt ITHeengt h Fact or
C protein, or any Il on thereof that retains the tﬁ'l“v't binding to

lipid & |inging ﬁcﬁpp é@'ghfs@??‘ﬁ%w thedinich Aicompeneat gf the; gndotxin. ﬁ@"epr ot ease
. enzy”atdd?mﬁﬁfe'réd Pyot%lﬂ,f:[%ép%egelﬁée Ie@ bta?teﬁﬁst%%e‘%ﬁa't‘i’selhmbﬁlﬁﬁ ofet hod of the

i nventi on. cia serine protease activity is
absent. - Ebamnanpmwaturmn sizOsubjedts ncurs anti-endotoxic effects in vitro and in

vivo (protecting mice from lethality due to endotoxaemis); causes microbicidal

action aginst Gram negative bacteria (e.g., £ cofi, K. pneumoniae, S.
20 typhimurium, P. aeruginosa, V. parahaemolytica, A. hydrophila, H. pylori, and S,
somei) at very high therapeutic index. -

Also embodied in this invention is the use of Factor C either as a whole
protein or fragments/parts thereof, or as fusion to GFP, as a biosensor for LPS or
live bacteria. Further embodiend in this invention is the use of these

25  proteins/parts thereof for LPS-removal.

A preferred embodiment of this aspect of the invention is one wherein
recombinant Factor C is the administered protein. The recombinant Factor C can
be a full-length Factor C protein, or any portion thereof that retains the activity of
binding to lipid A. 1t is not necessary that the Factor C retain its serine protease

30  enzymatic activity for the protein to be effective in the method of the invention.
It may in fact be beneficial if the serine protease activity is absent.

_5_



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1(A). Coonmassie brillant

bl ue-stai ned 12% reduci ng SDS- PAGE profile of crude and purified SSCrFCES.
The reconbi nant rote| n, SSCrFCES, was effectively 5 secreted into the
culture meWOPRTB? 2 cell's and identified as a 38 kDa pr BEEPEOIRIA
Purification using I1SOPrinmeTMresulted in an isoelectrically honobgenous
SSCrFCES. Figure 1(B). Inmunoblotting anal ysis was perfonmed with | NDI ATM
Hi s-HRP anti body and visualized using SuperSi gnal TM Chem | um nescence. A

specific 38 kDa band, !HWW SSCr FCES si ze, was

identified as the only is har bouring a

pol y- hi sti di ne tig@re IEXAROCHERasdie Brillant ible- st@h@ﬂ&&Wéddcfﬁg(S@SiPKEE prEfie
limted to 5 sec. Lanes are identified as follo 1, Low Mol ecul ar Wi ght

rrar ker ( Phef ¢rede and perifiebhSEHCERe dinerre¢@obigant motmuﬁﬁmwwmlum (30

(1 o) 15 Frarre Bihé EdunEhedim drispios an (ERAASAY 2P es pliFntant,
lipid A nPaéfication bsingr)s@lamrsser"bmemedamwsoabd:tﬁ@lﬁ}lHo‘n@ds@nroussscmuesat I ons
of lipid A were_ coated overni glht ont o Pol ysor pTM pl ates (Nunc). Varying

concentrati ons faguredéBEcamupebletting aaligis:Was prriamed With INDIAY HisakdRBi 1 i zed

I d A T
anti - sScr FOEAFL N ViR g SbpersmalycCoB BRSNS #f 358 0, o
t he sanpl ebar}mdh cleﬁeg@eemepmmtaﬂgaﬂedascmrwms %m’tté“remasetd?lmlwg a |
t t
D i a8 s 5 PSS < ARl A s sk =
st ol chi oehibihagf M (Kol wgpllﬁ&e 5%@6 BRESIrE erftirigl ¥ Bovid!d, THWA!

rati o of bound SSCrFCE 25 1 nmmo |zed | pI gave a va ue of
sat ur at i onMofehulsr Wieighs marker (é‘mrma@c:amwmmwh@aa@)x Becragdel ity to bind

l(?lge:‘ :‘ Pgﬁeﬁé?hgggheﬂ%ﬁg@l (g@” 8}124 8@?}@ gquﬁepﬁﬁgﬁ%sglﬁ %nzg%f@?ned from

plotting thaifiedRstrrcEP(digig to the HIl's equation, is 2.2. This
I ndi cates that SSCrFCES ex bltedPleve cooperativity in lipid A
bi ndi ngg 30 Fi Juiguse3(A) . SSCrEGES slisplayed ariphasicdinding orofiiety "B'érfso ram

e 1100 BRIl 8T e Bt iy A0 100

coated overnight onto Polysorp™ 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 IgG and quantitated by ABTS
20  substrate. The 0.D.405nm 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 lipid A at a stoichiometry of ~3 lipid A
molecules per SSCrFCES. A plot of the molar ratio of bound SSCrFCES 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.
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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I njected which resulted in an increase of 200 relative response unit. After
the dissociation phase, by passing PBS in a running buffer, |ND ATM

Hi s- HRP anti bod was injected. The further increase inr ' response
unit cl earW?qlﬁésaat es that SSCrFCES is bound to lipid K%T?%%?X’E‘Hﬁ ace was
regenerated by a pulse of 100mM 5 NaCH At all tines, the flow rate was

mai ntai ned at 10 pl/mn. Figure 3(B) is_a sensogram depicting the

i nt er act i oinjestedswuichaesyad in, an iBcreape oh2 O relativebiesporse U‘ﬂ'biﬂfgﬂ. thej gure 3(C)

IS a sensogram i 6ti ng | i widic. '

i rmobi | | zeg's‘?‘?%qﬁﬂ&.ﬁ‘talsg' '19? Qﬁ%ﬁ%%ﬁaﬁ‘. %P‘Q‘@@mgﬁgﬁ'ﬁ@% &3 ﬁgsﬁﬁ‘ﬁ‘bwy

i nt er act i opaginjG9E8 FEPEThIthar FERasair feldtvenbbparsedinit géatyAndiEa@s that3( E) i s
a sensogram depi cting the interaction of certain synthetic peptides with

i mobi | i ze8SCHFEES isboangbta ligid &. (Thesetrface veas f§§§0\%fa¥€ﬁ5eb8ba RYIsBPr 19P8PEr ti es

of the syn I C | I Qi BT ( ..SSCr FCES i ncr eases
LAL- basad ﬁ?ﬁ@t @%ﬁ”ﬂ?ﬁﬁ?&%?‘gw ’tlg’}"ér]lne""%S "Q?Z’r“?g%g a?&?m’cﬁe»nr?'r”at i ons of SSCr FCES
wer e incubated Figtte AB) 4 sénsulgrdm deplcting S Bit&ayrtiddPef $SCrFCsishail , 53-GEP

Fol | owi ng pre-incubati Cf,n, the m xture was diluted 1000-fold prior to assay
by Li mul usWikhi@mabilized iR o D. 405nm of each wel| of the microtitre plate

endot oxi n- neut rPPie R0 & & eefcndin deoifg I ntfroflod BERRPERIIITGAY,
concent r at iwith imimc®B2e8dBE Ahat i ncrease the mean reaction tine by 50% was
0% Fi dlire. a( B} oGS gseasooram peniciodin TeRetitn pESSCHESTS B! oxi n-

neutral i si thGRRsstMzeatlipRnA( ENCS50) were determ ned to be S1=2.25 .tM Sla=
0.875 25 M S3=1 M _and S3o0 =0.625 M Fi gurg 4(Q. Hill's plot for
i nteraction bet igure 3{miheseasqgepnidepistingdhe interackion shearkain Rgnthelic exhi bit s

pept i s | REGHES MBS [fimbliied o A errieapleintio By shal iR oinky ™0, £
LPS- i nducegrdpbMfestofafe lsphthetic beptidesHo-libid A. @ 30 dose-dependent nanner.

PVA-treated THP-1 cells were treated with 25 ng/m of E. coli 055:B5 LPS
whi ch Were prei Hourat@l. GSCAPGRD Priegsescitlchesest Kinetic QFL seactipatigre. - 7

Various concentrations of SSCrFCES were incubated with 200EU/ml of £. coli
(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.sg5q0m Of each weli of the
microtitre plate was monitored at time intervals of 5 min over a period of 2h. The

20  endotoxin-neutralizing concentration (ENCsp) 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, S1A, S3, and S3A to LPS. The 50% endotoxin-
neutralising concentration (ENCsq) were determined to be S1=2.25 uM, S1A= 0.875

25 uM, S3=1 uM, 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 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 £
coli 055:B5 LPS which were preincubated with varying concentrations of SSCrFCES.
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WO 01/ 27289 PCT/ SGOQ 00162 After 6 h of stinulation, the culture nedium
was assayed for TNF-o. The decrease in TNF-a were expressed as percentage
of control (LPS only). Conplete inhibition of TNF-a was achieved using 1
pM of SSAVPEEH28Fi gure 5(B). SSCrFCES i nhibits LPS-i nduREHS¢ML0182secreti on
fromTHP-1 in a 5 dose-dependent manner. PMA-treated THP-1 cells were
treated with 100 ng/m of E. co/i 055:65 LPS which was preincubated with

varying cafere hroftstiongatioh, SeQURGESMediint evast@skayet! fot TNBlaattheriecidage gl t ur e
nmedi um was _assayed for IdL-8. The decrease jn_1L-8 secr?t I on was expressed
as per cent™¥g8 WEre &XRI§SsEd a3 PeCERags of §aakrol{kPHioplvyn Complgte ithiiienr&f i ons
wer e achi | DYGhi b Fi gure 6(A). The ability of

SSCr FCES ?gﬁlgnvﬁ?%b%?“%nggﬁgnﬁﬁgdg??KréEassecret ion fromPBMC cells. In the
absence of hurfigureei(Bm SSGHCES inhikits (RY-indeced hl4+-®secr&8Riy fFOBESTHRISIad 50%

i nhi biti f . TNF- 10 LPS. SSCr F - b ith
| 00 bt HasBrdspenadhr mafely Pl remtsRl-o celfs et Teated vtcion PEIRIGTE: o
The att ené@;tdr%@r:]re%eps O@icH wémngﬁéubsteamtmﬁg%%n&a&raﬁoﬁ%f WethdES,

endotoxin 5 efore the addition of serum “thus requiring only 4-fold

nmore  SSGKEHEShfof stidOdationhihsi aultore oedivym vk desayetidasi.-8.FThaudecred®)in The
ability SCrECES to inhibit LPS-stimulated | L-8 secyetipn , from PBMC

ol 1 5.1 L EE e SR ee el TR SRy oS BIORE S Foes
caused 5068 sdtir&idrisonerefachlev8d Lsingange of SStEFary. M LPS. SSCr FCES pre 20

i ncubated with 10% human serum r%gw red 17-fold nore protein to achieve 50%

i nhi bt@ i on. THEOWEGEAL al he ALl PFSSCRFGESYo-BRIbItiLPSHSinsdated ME-ggecrefierd wit h

endot oxi ' r ga.t g0 |, Il oy 4-fold

o O S rotpPBUCEIRN dnithE aBCKACL P Buftianieh it additich b BLE A ¥, 410

ggiclr iFtCéSossc;?y@meamam_ iirdﬁlsiticbmoﬁ}ﬂpﬁm&spcrxﬁ‘é-tgrl@u@h chrll INE SSCriESrgur e 7.
I's not c otoxic to nmammual |l an ce . f t e ni e'_[ concentrati on

ST ot it 0%k e s BB eay Ghel T risie Bratel tOmchlsve %

Phar macoki j i I ; f

ot ShABlicR Y frualbn SHEHE RiRnARNE the ScACPSiaRGne WD

SSCr FGES gndstaxin § nisirfore3heradditian f seum,fisus reuising ondy Kefbid more 30 100%

P LBl e Yo PGRP PR LPRa] 19 oS et s Mo
SSCr FCES 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
SSCrFCES 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 to 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-a.
25 Figure 7. SSCrFCES is not cytotoxic to mammalian cells. At the highest
concentration of 4 mg/mi or 109 uM, only 20% cell lysis was observed.
Figure 8. Pharmacokinetic analysis of SSCrFCES shows that clearance rate of
biotin-labeled SSCrFCES in C57BL/6] mice is 4.7 ml/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:B5 within 7 h.
The percentage of survival was increased to >90% when 2 and 4 uM of SSCrFCES
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-8 WD 01/27289 PCT/ SGOQ 00162 were injected i.v. 10 mn after LPS

chal I enge. Kapl an- Mei er analysis indicates that there is significant

di fferenc n 1~iMand 2 M of SSCrFCES (P<0.0005). i gni ficant
differ encgvob\j\(g;sz\e%gserved between 2 M and 4 M of SSCr FCES.*%’%‘?H”@OWB). S1,
S10 S3, S3A, and ot her designed variant peptides protect 5 C57BL/6J m ce
agai nst LPS-induced lethality. 100% LPS-induced |ethality was achieved

usi ng 2. 0 Weje dliegteddy; 10 amin-a8er P hallenge. Kapland{aiemanalysisiegicatesshabs or 75

aha"Sa CAerEry SESReREY arerics Hefliect? e B drzsiopies ' AEROGD. W o T
si gni fi casigryficanbdiéfeedriceoias/ebsenvadl odteeeh @M \ehd ey M of SSCYRGESSUf ficient to

confer 100 % protection. EOQO Fi %ure 10(@. CrFC21 (SEQ I D NO 4) show ng
functional dombigyée 8fBlrazk, GH1ACS3, 34 and atbepylesigradoyasianb RePEidesyretac

b of oi R, SEHC gaSE I gaE G| S ftilced oy OV ORI SRR R0, o

Feavences bl oo et Bl 01505 vt S Gomistepepieamhges
eatured in . ure . oDl Cl dal coNnCe 1. ONS
sushi pept*ﬁgéi&e"%ﬁé‘?'mb&ed "‘é\'é? B9 2953309 MEreored P jIedion: nk iSlA, @edS3t y of

concent r at P Hesec FEREH BATEaan LISGHI D LIRSS SRR RSB Par
reduct i on nudreleffective il proteation, Bheeensb 68 wesrseifficiere tefcbefet i10e % Pokabobmst P.
aerugi nosa than. Sii i Ti me-dependent killing of P.

aer ugi flosa AT %@%g&%Aﬁﬁﬁgf(% ?lacj-!f@:ﬂ? §R§}N'n9c§l4“€mﬁh¢°f8$mﬁ>9f &a8¢tagLnosa
was used in the; (RYT RN . i {0506 . 3
assessed b enﬁlrge?jfi?imnlag)' th‘f]‘eec%ﬁ abl éw(agbﬁ?ﬁ') &gﬁﬁdl:%%i%ggﬁlegzgﬁﬁgﬁ’i@n S\éf\f/al S
after oveB&FEhend sushicd-EGHP fusion prateies.i Sushtpeptidesat 3¢ xporeachi(Sl) $1£53,

reduced t gg& eve MBCOO within 7 min. By 30-40 mn, the bacterial was
conpl etel&‘ adi cated. Figure 14. Drop count plates for the killing rate

assay at 0.06 wguré 10A, SeghénceBBM1dRR V2 pastiisal . monitored at the
indicated tine _intervals. Segnments of the plates contain P. aerugi nosa

cul tur'é at 10- Fause 4i1BuSeauenaesof paptidesoigrtved in Tal@3 8 from 30 the upper
quadrant in ankjg el 95KWhamdtduRiddi WBncentatBRe EMEE) &f s?udshlcgép%%etsha%a%%g Leria
aeruginosa (ATCC 27853). An initial density of 10° cfu/ml of £. aeruginosa was used
in the assay. Doubling of the peptide concentrations in the region of 0.03-0.5 ug/mil
resulted in exponential reduction of bacterial count. S1 and S3 were more effective
20  against P. aeruginosa than S1A and S3A. |
Figure 13. Time-dependent killing of P. aeruginosa ATCC 27853. An initial
density of 10° cfu/ml of 2. aeruginosa was used in the assay. The effect of test
peptides at 0.06 ug/mi was assessed by enumerating the viable (cfu/ml) at indicated
time intervals after overnight incubation. The bacterial count was exponentially
25 reduced to achieve MBCy 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 intervals. Segments of the
plates contain P. aeruginosa culture at 10-fold dilution starting from 10 to 10 ® from

30 the upper quadrant in anti-clockwise direction. S3A peptide eradicated the bacteria
at a log reduction rate.



at a log reduction rate. -9 WO 01/27289 PCT/ S0/ 00162 Figure 15. Electron
m cr ogr aphs show ng exanpl es of how the antim crobial peptides kill the
bacteria. Figure 16. Sushi peptides display negligible henolytic

activiti esWOIMA®A® and rabbit erythrocytes at 0.4% were FPEHEEWR®2parately
with different doses of peptides 5 (6-100 pg/m). 0.4%erythrocytes |ysed
in 1% Triton-X was taken as 100% | ysis. The negative control was 0.4%

eryt hrocyt es i rrigyredden-EleceensaicrogeaphSishbvingegtanizes ofleow the antimicrgbial

henol ytic up to concentratjons of 100 pg/m. Si, SIA and S3 showed

negl i gi bl eP%@#ﬁlk&st%@anﬁFfr@BO caused a 35% haenol ysis at 100 pg/ .

Concentration af ] ' ispp | Bérfiol &R0/ MilimaPhad295
pg/m; lo S3 1%@%8&”&1 ;d§ua§r?3p A 1gj(l) pg/ﬁnwggyureoﬁaaarlml e %f

S30- pept i debbitepythcboitesraide4% weiR reacted sabmbe?mm differeat desss of peptidesier

m cr oscope Brigh I, el d. . observatian; . ' E o/ bound,
seen unﬂgr(q:}iﬁa P@‘W';g' %)é%mctyg%dgseéﬁpelf;bﬁ); ﬁgfm?%kpﬂ a&&wgsho

FI TC-LPS | bR depeer ddefifftde saline FiSushi ded\ t est
of bi ndi ngﬁi%Hgﬁt%?ghg?ﬂi’ggsgﬁ:g%gﬁ%ept [ c!lgkdg; fg:egi téye %eags Sgunlg)ee?& ©

i ncr easi ngwpte mimimatnhemetytie nigtta copgentigkions ot 100 Haanls B, G4, 20d $%1 sodi um

W th 50 rfauRd nétiapieaa Bl and 5 ehred £ oo HoefRp S BE SR HBRRE e o
wer e suppl egmizhadtionVof Peptide & iRBliceCS% draicirlysiysSDRINAGI mI; S1a€395 ad/nilhe O
mM poi nt whi ch contai ned 20 rogen-free water as control. Figure 19.

| mrunobb ot S3A6GiHGHME ISR B8/MIFC (pH LD2/ Or FC21; lane 1), rFCEE

(pH L2/ G FC21EE, J ane 20, and & EGINLAR C9 G RBITE o Al Rlackbai e witf Ude

super natant. Arr nor ea ve~©reconnl nant actor
proteins: ERZ-kBn sboh Undengidrodcofe. O0) Bright fielcdhobseevhtioRCHE) Beadis 8th EBTC-

F oo 50 Chobbunmuseanandst 06565 Dbl SbreaSof 16 B0 s
2Lepre | PERlpd B of e e, 1) 2000 BLSCL DA
purifiad sanplRig(leatte AltestTébinding conditienseff LBSd0 Sgameptide aHIRHYeREs e
| oaded.  Ar L%\ér 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-HCI). All buffers were supplemented with 50
mM NaCl. (B) Different ionic strength: 20 mM Tris-HCI (pH 6.8) were supplemented
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), rFCEE (pHILD2/CrFC21EE; lane 2) and rFCSN (pPIC9/CrFC26SN; lane3) in the
crude supernatant. Arrows indicate the immunoreactive recombinant Factor C
proteins: 132 kDa fuli-length rFC, 90 kDa truncated rFCEE and 89 kDa truncated
25 rFCSN. 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 (lane 1); (NH4)SOq4 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 full-length rFC. The molecular weight markers (MW} are

labeled in kDa.
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30 indicates the 132 kDa full-length rFC. The nol ecul ar wei ght markers (MN
are |labeled in kDa. - 10 WO 01/27289 PCT/ SGOO 00162 Figures 21A and 21B.

Modi fi ed t bl ot to show binding of Factor Cto LP, ' Fig. 21A
and | i pi a‘y&gléf’%@ps (Fig. 218). Lanes 1: crude rFC, 2: /@5@@?&

precipitated rFC, 3: BiomaxTM 50 purified rFC, 4: SephadexTM G 100
purified rFC, 5: BiomaxTM- 50 purified r FCEE, 6: Bi omaxTM 50 purified rFCSN,
7: s pH LD2/ 15igusemétandlB. MedifiedWestsin bigiita showaiaging o Fe¢tar €4eed

bet ween t . . azF . et i f.f .50, 100 and 200
pLg tot aILrﬂygrsgrt'%slaﬁ@},ﬁ@réﬁggfp‘fq:é%ﬁlp ﬁ?@?%@aﬁ%&gécgﬂﬁtﬁtbg "CAL Factor C
enzyme acg\imjzsmq pheciieted rFE 3:iBibmak™aB0epurifiee nFat Ko SephadentteGF1IB0 t o LPS

(1000 : 1) for a percentage conpetition of io >80% Results are_the means

5.0, of NGB rHELyCRRBK D ELTIEh (KCFE: b BINeo3a) PUCRHGEEOVE of focts. of
Fact or® C LG an 3 FroTaN, THe 7220 | SRR A bals e MEEABAEMES Y O Lhs

(100 : 1l)arfows.a percentage conpetition of >80% Results are the neans
S.D. of three Jindependent experinents. 15 Figur 3. arij son_of the
conpetitive effg%?gﬁéi WEtRW?Ieﬁééﬁgqfrgor I*Ebgﬁgezoﬁr% %péﬁoqeﬁtﬁE on

LPS- nedi £ G @ Ll Mi ; ﬁgﬁ i by ol e (rFC
or rFCEEf&g\g%ﬂietﬁ?,ﬁE%gn%f/é ?ﬂoatcrrg&@fl\}h ufﬁgﬁ le&ygﬁé%ﬁ?w%?a?ﬁ%ﬂ(} g was used
in the cdliysttates the ratie @f crutleerFiendP6t(20€0 c dfartd pércentage comipetitioredf af t er
nor mal i zaty i th the backgrou competition by rECSN. Results 20 are the
means ' S.Téog}gf&\%ﬁwr}é@r? H&%ﬁ@%ﬂ%ﬁgyex e .rgpewpgpe e@ﬁleép%fnerﬂtﬁteract!vg

bi ndi ng of  r F@id e 7ROk drhs@div iehfedtsAor 5, 20BAGT0 LoBbhRNasy. Lipid A
(100 g/m) was Tnmobilized on the sensor chip. The ‘respective protein
sanpl es venriched ofean LREonediateddctivitn of GAL Factpot esgyme@otidtyd Dashedesponse

units (RUY)_ h h IA(IEE Ln 1 | at eaus 1A, 2A and 3A 25 on the
sensor gr er'ﬁ‘b#@g%%hetrﬁ opﬁ%ﬁ: #Q/EIB"TI‘ @@p%?réfp%%%&%ﬁ%&@m hed r FCSN,
r FCEE and.g(et: RERMBAFE thehitans ¢ S.DNBDINreE Rdepbmdcht Axpd¥irnems, show the RU
due to regeneration with 0.1M NaOH. Inset shows the net percentage RU of

rFC and r FCEEigusei2andinmpariseniaf she campetitiverifigentiesef fall-lengtbath apdot ei n
sanpl € Wagcated rFCEE on LPS-mediated enzymatic activity of CAL Factor C. Each
protein sample (rFC or rFCEE) was enriched by Biomax™-50 ultrafiltration, and
100 ug was used in the competition assay. The percentage competition was
obtained after normalization with the background competition by rFCSN. Results
20 are the means * S.D. of three independent experiments.
Figure 24. Interactive binding of rFC to immobilized lipid A in a BIACORE
X™ sensor. Lipid A (100 pg/ml) was immobilized 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 relative 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 normalizing their
relative RUs with that of rFCSN.



cal cul ated based on the relative RU of the protein sanple and that of
imobilized 30 lipid A The net RUs of rFC and r FCEE were obtai ned after
normalizing their relative RUs with that of rFCSN. WO 01/27289

PCT/ SGOOY 0%96’2’274’? gure 25. The bacteriostatic effects of PSEBHYPREM G 100
purified rFC on the growth of the G amnegative bacteria: E. coli, K
pneunoni ae, P. aeruginosa, and S. typhinurium rFC was nost efficacious
agai nst K. pneufigure 26. Wmmndsetlcmffﬁcabﬂﬁﬂpmadeda@-imﬁ)p;anﬁgh’rﬁ&bn P.

d l'i ned i dl 26A- 26E. _Aggl ut i nat f
B beknErarowth of rh%f’graa% ﬁt&@e@a(-?%”as £ 58 K peuroaRe RSB Rhde i th
Ni k M t
vas seen 9?@@@&*{@5 SURRIRDa diusTREMst ) Ej’*‘””‘)’ga%‘%&é%s#ﬁ%”?pi 0

8E). Fi gurtmcna'fraostramqmmneagamﬁ /éfa‘aaay/n@a‘admh@eginap hpafterf4 8d t hr ough
SephadexTM G 100 t PS-.chall

oy bat i oy U bR ZBE AU flo of & Sy B (et B B PO Tl oy s
the endot oggyc @5§e?@ét%n9ﬁ~e'£§1adeﬁﬁith wrmmmm@ﬁmcmf RlicrestoPB(400K

protection. F| gure 28. Line drawi ngs of rFC (full Ien th) and |ts del etion
honol oguesmagnjfigation)i Ne adgiitination M@§;§@ﬁuw§1 SNt(F@na brmﬂhﬁ?ﬂéla(ﬁw

posi tions S 1 clone (SEQ ID. NGs. 3 and 4, US Patent
No: 5, 716,@2’4%(!j Qﬁ?r{%&é{@%gf:ﬁég ues are nunbered as in SEQ ID NO 4. rFC
r FCEE, r FCES( s mdlire 272, The protéiﬁ(/é eﬁ‘btt df)l(Bqut_r}i rﬁﬂzﬂmfthr@)ghfﬁemmexm

endot oxi n-bi ndi ng site(s)._ Sushi % and 3 denote secondary
struct i esG11|QOIQ§‘cQ®ﬂ00YC|WQ ﬁen%tﬂ@ﬁf L 5'@3"3"98@ m'% 'jrﬁg incsibglion pEESN does not

t I
i gur e 20, Wit G lgiot cBAHeP Brtelion dfificel o8t B2 HABLORE SEABELPS.2CP ) o
fromvari md@&qiaﬁswns; rFtElcgnfreereGCGO Rt motentioasi s nduced by rFC produced in
bacul ovi rus- |nfecte Sf9 I 1 di ff t
bacteria. Fi gurfdduig 28 prl&%ér{eqvwﬁg%cp rﬁ{(’(bﬂ |FB%%EQ§5 I'tétec{? jt_l(mplne&a ve
admi ni str %ilvaﬁw% tﬁEPcorPés%Ham@ Jtatt %ﬁﬁ%@\énﬁuﬁéatlﬂf@%&ﬂéﬁs BbSedon e BRIEF

DESCRI PTI OF TABLES Tabl' e presents a conpari son between binding
af fini1y fOIFCRL sloneASBR. L‘Q\d‘ﬂ@s; 3&nd 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 ( 8 )
domains 1, 2, and 3 denote secondary structures in Factor C, with ‘sushi-like’
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 LPS

from various bacteria.
Figure 30. Bacteriostasis induced by rFC produced in baculovirus-infected

Sf9 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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derived sushi proteins and other LPS-binding proteins. - 12 WO 01/27289
PCT/ SGOQO' 00162 Table 2 presents a conparison of MBC50, MBC90, henol ytic
activity, w otoxic activity of sushi and other cationic. peptides on
test mcroor g/azzél%ms. Tabl e 3 provides indicators of LPé’-@i’%ﬁ?F’ﬂ@,ﬂ anti - LPS,
and antimcrobial activities of Factor C and various peptides. In Table 3,
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i nhi bi t or JPNAYe AOEI BhshswsygitializationtECGsani Bitof peptideneedastter i a) .

DETAI LED Rgﬁt(,:ﬁ T Nt .l ' ovi des
ef fi c:-'gnt , hi gLﬁaiﬂyﬁﬁgﬁi@é%Fg%w 6"r% g‘tj g?ﬁsr@é'c‘gﬁﬁ, %oé%rﬁﬁf}gésﬁ%r e

gr am negaemoenbaef peptidel nemgddttoxanse T ssripprdstanubfaPSeiaduderl ceekine raleasRg

ot her thi or: (a),.apti-mcrobial, anti-endqtoxin, anti-sepsis

t her apeut Eﬁi’;:"’&(%)}“’{'?&é iSHaWantﬁstpé%ﬁerfw 8¥SaV9cA NG KPP Bre-tcuBtsdwitiyat i ve
bacteri a whati l,ﬁ?ﬁ, e Fusion

pr ot ei ns; bgﬁttljdéz g’ 3?2"\% (lt)%n%enfénﬁp %@Oﬁg@?@@w&' afri ﬁ%&%hﬁ)’%{ﬂé@? aphy
syst ens t {calilysis)yassayiot 6o $H-59nEGsri-n fnaptide tonpHuse 56f%6 bisisl aygotorikity,| ui ds. The

. BN Radl palie : o . .
bt ot ens. G, Pt st bErBRHE po it B0, 8éntiden 8ha, uRRCDCH i MACs:
par ti cul a{microtstiti@icioneentPatiinedfpeptide thaRAQIEI0Y B baaehay o MICKYRliMmapr any

portion thereof that 3o retains the biological activity of binding to lipid
A inhibitory concentration of peptide that inhibits 90% of bacteriay.

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

30 retains the biological activity of binding to lipid A.
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-13 WD 01/ 27289 PCT/ SGOO 00162 cDNAs encodi ng Factor C proteins from

Car ci noscor pi us rotundi cauda have been previously described (10, 73).

Reconbi nant Factor C from Carci noscorpius rotundi cauda érCr FC) has been
produced i WOV by coupl ed transcription/translation BGEFEHEIRwever,
the present invention resides partly in the devel opnment of in s vivo
systens, especially using insect cells as the host cell, for efficient
production of aDRAstancedipg&astonh podtetisdrasal RGOS rofugdisaedaiaveon of r FC

wht ch mmy  BREneRRR ARSERREro R REGR 3t Epdiort frof) EokcestypRR Ot "
descri bed }J}ubéﬁéuaﬁmﬂg) NG hden PHEd R4 in Vit WNdduprddiaistiastiongtraisiatiohch i s

‘0 hereby I ncorporated by reference. Basically, dinethylsulfoxide (M2SO or
DVBO) is sw$thmas. t dowevans therpresant dnventien (esisies gartlyip thedeysiprmentafinn

process. Even _greater | f ' chi I ng an
agent el f ¥ é@tﬁ"B%r ‘%?RS‘?@B{ ‘%ﬁiﬁd @?%cglcglﬁgntég&o Ef%eﬂg*qrg@ﬁeen?ﬁaﬁ@%rgg {ldong

sol uti ons. rrelyAsk fopticiinedDNA.expression in the presently-described
system can be 15 cDNAs encodi ng Factor, K C of a hor seshoe crah. .T
representative Asi ItB%PTQ!I%Ct'Oé‘éEﬁg%@'QE’ %ﬁtwaﬁméf@;%%e%@e@??@%@yﬂs hd SEQ
ID NG 3 (e ' Yag ' o 4). A
conposite %ﬁ@ﬂée%gSéﬁ%ggmgg}g%hngﬁgg)eﬁg%%gﬁ%&%ngﬁg%W??gﬁgﬁfs, encodi ng
t he Fact or piGtan isTdesbrtmdeind).6r Patentt . 55716,834] itse Eotiredlissiosme: of whickiis (49). 20

Factor C appropriate for use in th resent invention ed b
any ¢ hoRereRpinegiporated by refierencey g&@eﬁﬁoﬁ'"&ﬂt“\f'i‘@f’?‘ﬁe%@%gﬁ&ﬁ%@mi or Y
SYSLems | Saddkplshiifind AicTde 88&Pding tRe GRRRENRAtprbeet Bvef greadced i n
yeast is found to ac'll serine protease activity, but, as shown in the

wor ki ng expmtdation oéthewFCds achieved by dstuadding an peenrtteffestiva for chelptirgt i ve in
both |ipid A and endotoxin bi ndi tN..25 i nduci ng bacteriostasis.
Product i ond'éf?lert?q:r@e?aﬂ'Wéggﬂ"%%rﬁcgg%rfgﬁui®§t ens is described in detail in
co- pendi ng U. S. coRAsCatpraptiaié fortexpresfigh &viheG@senBealestribedrsystBactambeC  f or
use in the invention can al so be produced by_a bacul ovirus LlE‘Jl;%%)hévector

systemibr CRNAS@RRCHIRG Fagiar 4bdfeany sheg F1abp bap r%@?%}ta%ﬂ %ch as one
oo 106, 320 e 4B proRirapRENIN, B 52 b vt (R AR T,
r FC i n suchcigd yequemses of SEQ ID NOs:2 and 4). A composite DNA sequence, assembled
from incomplete cDNA fragments, encoding the Factor C of Tachypleus tridentatus
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, 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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- 14 WD 01/27289 PCT/ SGOO' 00162 The endotoxin/lipid A-binding domain of
Factor Clies within the amno termnal portion of the protein enconpassed
by rFCES; that is, the first 350 am no acids, nunbered as._i S}E@ | D. NO
4. Referri WQWB™8Pgure 28, endotoxin/lipid A binding act |(W5[Q§? 5% ound in
the truncated r FCEE (am no acids 1-766), rFCES (anmno 5 acids 29-330),
rFC(sushi-1) (amno acids 29-201) and rFC (sushi-3) (amno acids 264-330).
Mol ecul ar nodel Theesdetaxiafipilifdinding demaininé Fagat &dies within e Mipg  porti ons

60- 70, "1 n el frforyct by EicBRpaRy S FRES opEE e AMeR " he
sushi 2 domatids, nieatReed a iy Seq] 1 NO.i4sREERINGR0 Figlre 28, endutetisfipidavi ng at
| east these three portions io of Factor C which can @é)m ned by a random

ami no aci d binsingsacsiityis fBYn@imie tneatRdsECEE (aRingacidsd- 6§)etiCES @M usef ul
h
e T S i BEESERL) GHAY 2 RO G

produced i 1268830).0\Widlecuiartheddlind sundmnﬂggestrtha@ﬂheccehtacts aresnagedssesses a
serine protease act Y That activity is activated bé endotoxin or lipid

A bi ndi ng. Pegtiongsf %w&% WiRg indEheeystetngarich gomain, fspedalyaniveiagids $Uof  t he

r FC pr oduc P.M}%rb

accoPdl ng ?@ mgﬁH%@q{&drﬂﬁnTﬁg&% liapr ef ect}(:{rs(ealzﬁJ %o%%&?gg&?m Egm%’rﬁésent

i nventi on, especialgramino peids 248-28ac {Thus,tayprotein having B0east tihase;threapeuﬂlpnm t her
chem cal | r tatjon,  or th domai n rowdln t hat

chem call Y okt Er Hhich Gan 58 J9NET BB APRTPrB AMIBRBCS SeIUENGH ORBY SHshoe cr ab

t hat consti am no
herd Tg0. ¢ ChEnRa (rkBas kARt & B ﬁﬁ”‘é’?ﬂﬁsﬁ“ﬂm‘tﬁ%ﬁ%ﬁ@@ﬂ%@ D
NO. : 4. Furt her mAs eptedmabovey natuligroceuriing Fagorl€ prothins, arwhdiG that is fulhe

catal ytic resjdue Hi, s8 r966. .Th i nactivation of
Cheae s L A8 pRichcEl s itect @R Br et Rect it ies, 858 1 05 L an
be used to s@fmpdﬁea’séﬁctmqt Thit Activiti @ dctivateRiy efdotiin drapikPA DRI 1Pr Ot ease

activity. Chemcal nodifications to inactivate serine protease activity

are wel fis- kivight be fﬂuﬂﬁéh@lirthe SRERe, Beptegsgadivityr Fdhe rifg Prodieessndesired Sigat at i ons
t | |
ol or ot ¢ RHEGR D rPRINSRERIIE TS ROt o O MDehdud HBu8h: 1 o e

are 30 degwefehed e'rrmoclmnentt of theqmregantdhveptiomthé sexineoprotsds@ Gttivity/of theée

entire disclgsure
8 is mactlvated 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 catalytic residues are His809, Asp865, and Ser966. Thus,
inactivation of these residues by chemical maodification 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 disclosure of
which is hereby incorporated by reference. These assays are appropriate for
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which is hereby incorporated by reference. These assays are appropriate for
- 15 WD 01/27289 PCT/ SG00/ 00162 screening nutant fornms of rFC for serine
protease activity. Assays for lipid A and endotoxin binding is also

descri bedVPAVEB3%hendi ng application 09/081, 767 t hat canPCH¥A498§2t o
ascertain that the serine protease-deficient nutant retains the lipid

Al endotoxin binding activity required if the proteinis to be used in the
present SC'reem'mgtmotant fasmsiofigié® for serii ptmeas'é detivityh yAssayh foatipidrh amee t hose

t hat f f 15% tch,
ot of anierdpkd bindE s 864 AeschBedln SEERTRS Sl b T 2b LA o
Exenpl ar meqjsea%Bscéi@wmat%semglmeeﬁéna&m@ift miamdesnheipger. are an

aqueous solution of 0.9 C, an aqueous sol utlgn of 0.98 M

Nad , 20%/1!@10@@@@@19 atzwu%rftqwrea“ufethe@mtemu iptebeused inthe peeseot di ng to the
Iengtg Je‘lg\? robe, its G+C content and other variables as known to the
skill ed rI] P oner (54). Exenplary wash conditions follow ng

hybri di zati on"stfi@ erﬁtmumn§' fophybiridation atk thobé Mepravideor 65 C, preferably
55-65 C. Lower salt, or addition of an organic solvent such as fornmam de,

in the mvmwatmquféeqmqes inAvne lese thanel sfrmisgaidy peferebly lessitbari on as

k 42C 50%

f or mant dd0%E yiéchatct, BOS FiEsyUoY otk thishbedO By oPsh P50 o “oiv 6 s,
o g/n1| (tta hdltﬂ)ﬂia/hlmumgtl?r)@%es dthSD‘C’)}bn cornltiz?a‘jt;éroaﬂadart 0 Uetsglgﬁorggﬂgletl‘golnzt ed from
equi val en 0 i di zati iti u

tﬂg 181 1 HRC éﬁq tdnoRfuesys selvtionsaf G598 M Néé'sgap@gfpé’pmtﬂﬁ)atﬁ a‘lf( %G+C) -

0. 63(%0Fﬁﬁ3r€bﬁ&¥lons \(vﬁlafyrylﬁcdgﬂﬁﬁ td the. Iéﬁﬁh'ﬁﬂ%?roﬁ%sgﬁﬁéb%@ﬁﬂgggb Aq base

pairs. 25 A preterred washing c ndltlonls I'n washi ng
sol ut i on other vadairles asroroven to the skitied prastitionen{ashi Bremplargivgish conditigesicy wit h

i a2c. PR BEPrizRliog A 8T Sgdkbur shl@a of 0 ST NARER B 1 PREeraRnt f on
are ; hotser.s]ss Wﬂéﬂepyalﬁg@rféaﬂiﬁbﬁ@ﬁaﬁj@ﬁohié@ol\)é’hi !;uchséarfbﬁha?rﬁ.dw.necgeucl te' ¢ aci fl
g the sequence of NO. under stringen
condi i5i oM&sh pfer pilldnerepsaithe stnngency 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 pg/mi 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 = 81.5°C - 16.6(log1o{Na*]) + 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 SSC, 0.1% SDS washing solution at
room temperature, followed by washing at high stringency with 0.1x SSC, 0.1% SDS
at 42°C and 2x with 0.1x SSC/0.1% SDS for 15 min. each at 42°C.

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.



versions of rFC are those having the am no acid sequence of SEQ ID. NO 2
or SEQ ID NO 4. 16 WO 01/27289 PCT/ S0/ 00162 For admnistration to a
subj ect for treatnment of bacterial infection or to induc |.ostasi s,
the rFC i sWPMHMBAt ed with pharnaceutical ly acceptable ?ﬁ?ﬁ%@s@lﬁ
appropriate for the route of adm nistration. Fornulation of polypeptides
for admnistration is known in the art; the practitioner is referred, for
exanmpl e, to 5 rEreadmipistraton Tha subjaetefoptreatanant of bageria infeetioRodr tear ti cul arly

limti f the.li Lon, . . S Wiponeal ,
 nt ravenoud R GREARaR et stoh el it haiisRbtcel sRRBRRETCE L on
are pref er afirierd Sipropedtedor thepbaterat@aministedtionaFormeulstnudfi povpeptidds fas 0. 9%
sal i ne, phosphate buffered saline and the Iike. The pol ypeptides can be

provi ded i @dMjgrationZeknewn in Eear dbe Readitionasds referred fau@ramrlert8t i on. The

final cqnc | t | S one
that woul d SEic 28, et BEnSrAifistidr!IE nbLEARCAAM MinicRE B B hetton),

t her apeut i buagmfi¢rsedirrutéanarintrapdritorsal; detpaviehbes, tand depjcal ddiimistrationt he body,

usual ly due to the actjon of proteglytic enz . Thus,.the rFC .

adm ni }s/t ered acdbe @m;@lnfsgort 'B?sgété?i{arierﬂféﬁ’f%gﬁ?qw;‘#e‘bE‘s‘;haé‘ﬁ‘la(}etﬁ@m
derivati zed,f Ml p T aY! ' I lis -1 erm nal
o dat i on P solchidrBitieh bs 81500 <A PRt b ADE g e TRE e &1 0

pr ot eases [polypeptidasrcaseresproviBed in lyophilized demmi and renosstitiitedrfot ei ns t o i nprove

are wel 1. kiR The AnahdedCerthuh f R o o BaBST ot cour e be
tailored t gdhfifsterdd isohkahat Wollll FVidY a sltabRIddsALS S testrmBd beligy. " out e of

adm ni stration. Tailoring of dosage is consideréd within the skill of the
routine practit Polypeptide hempgutinpgenthareiamonaigdersuseeptibie © dagradptiondy

wei ght is abl e.. prefer.abl y,. 1Ll be-w fhi e range of
0.1to 3 ngﬁ?ig,gé\'fﬁo .ml r%lfee a@??&'%&k@%@%&%b%&%TWHE’Q& rﬁg/ kg. Doses may
be adm ni styrfsisterdd@icoRdind ) the presapY invehtisH @ight tesirdbdy bé detiitizedte 25 of
adm nistration will be determ ned partly by the half-life of the protein in

t he body, IRHPiEBUGK degrpdations Ferem@B!a Farbexyserming @mydation qf dhe peotein is he
o _ ! .

o mcok! opAdn Be orkdo i GoBa ARA LY mbleBlesBesd AP SATRE PaRicUlar  of (e

parti cul ar deriedtions df prateinsdoimpreve thegr resistanns taldegrddation in vivo and

methods for accomplishing them are well-known in the art.

N

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 patticular rate
25 of administration will be determined partly by the half-life 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 emulsions at a final concentration of <

_‘7-



within the skill of the practitioner. 30 For topical admnistration, rFC or
pol ypepti des or reconbi nant pol ypeptides (rPP) in conbination with oil and
wat er enmul sions at a final concentration of s - 17 WD 01/27289

PCT/ SGOO W®1¥2728% 01% may be used to form topical creanBfT8E08E20i nt ment s.
These preparations can be applied for treatnent against bacteri al

I nfection of the skin, for instance, secondary burn patients (against
Pseudononf91%e mayibeosseyl to forertdpidal cieamsActinnsAintmentg hTheseqoeparaticnsr eus) .

Th FC I tid f P | s0._b d | iy ki n,

nair prepE ot SRERAIOEReR el sar R BreBtel PeRGtl et ioanshacss 1n
conbi nat i egcontiary M petkrite (wYairidt FBENAAIONS SerdgimoBsCorliuiftls (8§0hdto! t he
grow h of bacteria, yeast, 'and nold. The fol l'ow ng exenpl ary enbodi nents

of the i nd@afyiacosais\asreus).i The stG ar polypeptides:efeRPican alspHe wsedrinl es are not

def i metl onty 5 st SrrateCharptina et R inbEoraSerliiR, el ot an 2o ¢
expr essedcanBinatisv witle domentiohal presenibives, €& prevehedt @re®l thd §roash of
Drosophil a S2 cl ones expressing SSCrFCES (US Patent Application No.

09/ 426, 7783t ¥eRBu@MhEO. cul tured in serumfree DES Expression 15 nedi um

and mai nt ai ne | ), il | : Lk | of

S50 FCES usi ng' s PHPPREEPRER RirbbBhenk iR Bvenud et IuSBatke e oy 1y
concent r aingentiond THe eaarmples arenotXorbeurodsidededuintitieg of theacopmofihieng a 10 kDa
cutof f mepbrane in. an L CO tirred cell MIlipore). Affinity

chr omé? og‘rnéfﬁ’%ipnpmh?c?‘i'ﬁﬁg%réﬁ&qﬁﬂ@ tifeHaims folVIBSndi t i ons yi el ded 20 a 38 kDa
protein of interest, in addition to a 67 kDa protein. Wstern bl ot analysis
i ndi cated that the 67 kDa protein does not contain the carboxyl poly-Hs
tag. ThusExample 1 fugbcationaifstably expreksadyandhae h cecoghimarti SSCHeES pti on to
the resin. (b).Purifijcation.of S by Prepar ati ctric Menbrane
El ect rophor esi%taH'%fE}I@Q?“f 9€D?spf§ﬁg§ 6 ns ??&qf?%mge#ﬁ%&és 5&5 Nnitiall y
subj ect edapglicStie RBSDY/@26 7T 6Y Wer@ toltineRt durdisini@ram s BES E’prdsdion kDa

nol ecul ar wei ght cutoff wth the Pellicon system (MIlipore). The nedium
was coéhcefedimeand anintaingd @t 25 e ined hupwdileddgeytaters was purified to

i soel ectr} eneld ' ' | spel ectric Menbrane
ot r opria SRR SO e B O IR O L S B The. Sscr FoES

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

(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

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

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

(b) Purification of SSCrFCES by Preparative Isoelectric 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
SSCrFCES was purified to isoelectric homogeneity using Preparative Isoelectric
Membrane Electrophoresis (Hoefer IsoPrime™, Pharmacia). The plI 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).
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was determned to be 7.1 at 4C. A set of four nenbranes were nade, wth pHs
of 30 6.5, 7.0, 7.25, and 7.5. The concentration of acrylam do buffers used

for the s were cal cul ated based on infornmation and

G affredamgzms- 18 WO 01/ 27289 PCT/ SGOQ 00162 The fodl&ﬁgl?g}q@ﬁ%s wer e
assenbl ed i n order, from acidic to basic, to delimt five chanbers. Eagh
sanpl e reservoir ve Wasfllle enfre wa an
pre-run atsr%ﬁéo%\‘i mg @@gs Wﬁsft%ﬁm V!Btor%?fogi@ q"ﬁ)% Qgﬂq t?djequ‘ﬂ‘ ?Tﬁ‘!@

for two e PbeRbir RBs@niad fille VV@H?B@ nlil - éwzél?ére was
pl aced i n@ngr§ %ngﬁa%l r veggjcla cgr r\gaspon pgmgﬁeredel Imted
by pH 7. Oaadcpré-rls at #feat # $atty constans pomed(mwav ijrmtmg QBemAatrmnmunﬂlfor ons

for 3-4 d s W|thout detrinmental effect on the protein, and the content
from each was anal yzed on a 12% SDS-PAGE. The scheme reported here

has begn f ound Ah@r P@né@ﬁ?@l@w@m Wé‘te?’bthe'ﬁ?oﬂeﬁpﬁrﬁéléwstﬁ!é&dgh%h&@e

course of approximately Two years The overal | recover
bi ndi ng cdpsaIveiy vesseheeirespopdiog taithe chamben galimiteddtyepH 6 Q and &5 ehhe

he puri § ISOPGGk WER,8alcde uBUENTR RO ootion® s, 78 P RtelEhePrenialsi ng
Chem | um rffecesh tepictein, addthe @interBPorAGEh aneher wadandlRes l1aegel | s
transformed with the reconbinant vector is shown in Fi gure 1A, The Western

bl ot revealRSaPAGe Fhesehrree sepaitashinreinas heen feund tedparepreduahie supur  wei ght
of -38k d t ot al
Fecont*natoope S roGnour e E6lrse of JFBFOMRBIAPRES Fo s, The SUEH rebltery
ser um f r eof $8QrRCESDIhGIng tcapyaitydsyeany 90%. aTWie¢3§<attrlbLﬁaljl!étcc>]I #e _?EﬂJehféO spi nne][
flask, a typical 'eI -1.6 ng/L of SSCrF was achi eve e presence o
SSCr FCES i fcﬂéCQﬁ '@géyn@&iﬂ%qnﬁQQ SHYH St o the ease of
bat ch- cont(tnpg@é{ﬁ,ggf Eﬁg@f'ﬁéﬁ qaerEdgeat i on. I\/bst significantly, SSCrFCES
expressed Secret e rominsect cells was biologically active. 25
Exanple 2 : ELH'SA—diﬁiEibmtidn tpﬂtbemmﬁeirdwaglmsﬁ@d Asm’g)lcylennlpfﬁmaﬁemeweswmt e f
(Nunc) wa ir dW|th vari gus concentrations o
lipid A dilq}[ eﬁﬁs ﬁR§§P88'(¥ﬁ'SPf €039Rg! ué’ V%‘T’ "Wzgsw'é'é& SEpcoqRNAt VEHOH t o
i ncubat e Q¥ gtidWd M Figlre’ mm‘FHé'WéétéFdel%t rev@ledithk prednge 3F Bigraleftiwith 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 allowed to incubate overnight at room temperature. The wells were aspirated
and washed 6 times with 200 ul per wash solution (PBS containing 0.01% Tween-20
30 and 0.01% thimerosal). Blocking of unoccupied sites was achieved using wash
solution containing 0.2% BSA for 1 hour at room temperature. Subsequently,
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and washed 6 tinmes wth 200 | per wash solution (PBS containing 0.01%
Tween-20 30 and 0.01% thinmerosal ). Bl ocking of unoccupied sites was

achi eved usi ng wash solution containing 0.2% BSA for 1 hour at room
terrperatur‘@!?oga'{?é%quently, - 19 WD 01/27289 PCT/ SGOO 0BEHIG08P2 K| ng
solution was renoved and the wells washed as descri bed above. Varying
concentrations of SSCrFCES were allowed to interact with bound lipid A at
room t enpblocking soliien wvasaemovedond thesaelireashagsas drscibedab®die. s\éanviegt i al

i ncubation_w th rabbit | SSCr t.i bo 11000 di.l ytion) and goat
ant 1+ 1 abbi NSRRI SRS HER olmadia ipEPSS vt pod faig A ARy

| ncubat i ontgmpgdiatene foranholrady was for 1 h at 37C w th washing between

i ncubati ons as descri bed above. In the final step, 100 | of Qeroxide

substrat e ABTS BmwhsSGrHeES maasietactgd husequential incuhatignvith @bbttiansr  pl ate

ererente SRt En anHoa isoih ARHng and SRaC FEFbR S Bbar Clodsh kst |
LPS boundHRP {19800 ilESomy @ako).. IfQubatidrnt with @acte ntissdyr@sYondsh acBr%eved from
a standard curve derived by immobilizing known anpunt ofb&url fied SSCr FCES

onto a Ma¥it8svashingetween dgupatiansss qaseiad afoveadadne fippletep.pi G0l assay

di spl ayed L; | r eIl . ' hQL: - hi ndi
pr ot ei ns (%Bg@?%ggé: Eé@ﬁh@eﬁﬁ?#ﬁa er%ﬁ%gmrﬁp %%ggq({btes@ 'B#%ﬂ@‘ﬂ?%ﬁﬁd.
ggg Eig bpla%reFergl@eAabm?rbbmﬁamfthépa’amhpl&swafskdmerg_ﬁned ehﬂ@ﬁmn) M;Sithof Oned

to | pI cyl es saf uration ure 2B). a r
Sots o tREEnRRINAYIRaeR ahAS0gar e JAlE: Werd dotalefi e hEamauster B g of
SSCr FCES t ol ' ' o] b ' enogl obi n
For 20 oxy e S S R o S eV o B e
f rom pl ot t stagdartd eundederivedi byuimemadjzingktave agount efrpurifiedISSErCRfaontora (23) ,
whi ch gave,,a .coefficrent of 2.2. Wiile
bacteri ci d%P)"ﬁ%fPrPé%ISr lity-increasing protein (BPI) (18) was reported to

bind > 1 |ipi ReBult®Feavtii ELISAMEaSed ibid Aepinding stay @isdﬂhrefda@m_git%hwé ty in
bi nding. This honot rg&c cooBerat ivity for binding to Sletﬁ)l d Ais thus
novel a&hd (figujedA).o Ustike pties LPS=inding Bfoé%'ﬁﬁéla-s'ai)rrﬁ%lq FGfiSenas mrEiPe bi ndi ng
sites that: VI ( 9{9&5 LRS- bindi ng domai n
of Factor t&fﬁa@é‘%\%€f&§§[ﬁ Q?T’al §%%ﬁﬁ§§ﬁﬂ S?ICO ! r%%@%@mgge@lttmgandi date for
renoval . astdicHietretty afronef SSCrEGES X0 v 3ilipidsAImdléautes atredturation (Figure 2B).

Scatchard plots of the binding data are very convex, indicating that the binding of

SSCrFCES 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 lipid A molecule, it was not reported to exhibit cooperativity in binding. This
homotropic cooperativity for binding to lipid A is thus novel and unique to SSCrFCES.

25 The presence of multiple lipid A binding sites that showed cooperativity
assuredly confirm the LPS-binding domain of Factor C, as well as full-length Factor C,
to be 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 over Limulus
Anti-LPS Binding Factor (LALF).
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supports its use as an anti-endotoxin therapeutic. Cooperative binding also
contri buted to Factor Cs ability to detect sub-picograml|evel of endotoxin

(US Pat ent lication No. 09/081,767) as well as a | tiye binding
advant agé’v% 7Plfjglorrul us Anti-LPS Binding Factor (LALF). 9@%&%05%27289

PCT/ SGOQ 00162 Retrospectively, the degranul ati on of anoebocytes in the
presence of LPS would release a battery of anti-bacterial/LPS hinding

factors e.g. LRetrospegiively,dheslegransitioy Of@HiP@PH@’t?ﬁ@ Hieorrgeense af LBe Lps.
Nonet hel e F P ivate the
Congul at | ARuCTRERRE s betien BR AR Botteriai3® Hhuti hE@RCe T BALS i P05, ¢
cooperati yign“ﬁcazalydeduaag thd adwdmy't SS(EEECESS Noheathelesst BackaryC i9 tapabRBf bi ndi ng

SRl g ARG o b 65 S smgu b cost-Secis enditaniu s Suamas ' ©
SSCr FGsusfy jid h&ﬁ&ro%@ OoRErEEIE B démEh&trated By %s@#t?és thieBto gg,s iRapagni ti on

of lipid A by t ovenaned secreted reconbl nant proteins an pepti des
was per f obimdohgvddanhaia. Bl Acore XTM bi osensor instrument and an HPA sensor
chip. Briefly, lipid Aat 0.5 ng/m in PBS was inmobilized to a HPA sensor
chip (Pharmacia) according to the manufacturer's specification. In all

exper i m?nEﬁam?é RYS QB Pléﬁﬁoﬁﬁgsdmcéésmﬁétuﬁlhg ohWiedpegifie Widdiig Riheficd | ow
rate of 1QetvEeRIipid XVahd; REHECES eSsrPEalshED,2, 4 GFp: BECHRSUsHIIIEGFRd Tnto the
flow ggl | SgérF%suﬁw'% &fp: RIrkiBtlE pedife he Dl ndi ng response was neasured as

a funct I onof | NDI ATM
H sProbeTM H ngfé@ df @Cr bgc}ﬂé%sﬁél%nfgd %g%tg%({n%v@%tg#@%rhsn%%ct ed to
cause a sbé,ﬁttdesrwﬁiférfmmdeuth tacBIActrréhe'r bibgahsorimsteurhéatt arfdSiy ARESehsdgrds t o
lipid A For regeneratio nmvl. of NaOH sol ution was _inj ected for 5

m nut es. MR 1BEAY; 'W'@A@ttg ﬁ(ﬂ“g{@'é’hgﬁ§§\fa§ imawbiizedited "c'Rﬁ SGISOR chip
ﬁg/crlggsﬂft%r}a%&%g%@?%vé?& f%él | I | ze sr?’iﬁ%&'};&gﬁ?%gﬁ?‘e‘ %@ﬁﬁ?ﬁir ggge of
- 200 nel apyrogendsed?Bewasn used ahthe ruspingsteuffes ah ad®W raté of d0ydatinon of | pid
boly- s tag oltasrBes SReoRs dig/A s RIeKER Intc e B ey Bef ok 10
response Wpiin, ahdethBinHiRg rédpohSiolvAd MddsgredRR #rurictibh B tinfeO BbiididRgt hat only
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 analysis was carried out with
SSCrFCsushi-GFP fusion proteins.
Figure 3A shows that injection of 400 ng/100 ul of SSCrFCES over immobilized
lipid A resulted in an increase of ~200 relative response unit. This represents a 92%
25 saturation of lipid A. Subsequently, 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
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 SSCrFCsushi-1,2,3, SSCrFCsushi-1, and SSCrFCsushi-3-GFP
fusion proteins, respectively, to the immobilized lipid A on the biochip. Figure 3E




SSCr FCES was bound to the immobilized lipid A Fi gures 3 B, 3C, and 3D show
SPR (in response units) of the realtine binding 'O interactions between
SSCr FCsushi -1, 2, 3, SSCr FCsushi -1, and SSCrFCsushi-3-GFP _fusion proteins,
respecti veWP 012%8% he i rmobi lized lipid A on the biochi p. PEFSRAPEO%E _ 21  wo
01/ 27289 PCT/ SGOO 00162 shows the sanme binding interaction analysis of
four exanples of synthetic peptides derived fromsushi-I and sushi-3 of
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ition of endotoxin-induced LAL reaction)
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of gramnegative bacterial endotoxin. This assay utilizes the initial part
of LAL endotoxin reaction to actlvate an enzyme, Wwhi ch in turn rel eases
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ow I ndl cates nhi ant | - endot oxi n potenc | e

endot oXf n 3eneasE ¢fiePe %OE Qriis BySrel) prgBo@@aaPég/tﬁ? tH‘F QQEOW‘Ph an

equal volu ranwt Sﬁ‘%ﬁ Sat%e 3s tHer‘aB%P?f%rnt@%t abs %n‘f@f*élacﬂ'v{/élld)ﬁhé in LAL

reagent wa I'e en fOXI ree g ass | uti on tubes
( Bi oWhi t t akdaerpplate wasi monitateat ddsing tr@ﬂmtmbabwrmueadmef pecicwebhas iExt ur es

was thon ORI Tk Bk el foP el paor Bt WirEsse, 0 A fBpbacel gt 1 V! 1Y
di | uted t eglordEaéiERdBRGRAGT Tinhe Wh@B@%@@bdt@tlmneutrahz@r@cmenaa&omel |'s of
an endotoxin-free mcrotitre plate éFOostar% The pl at e _was

pre-i nd@nbaf@%&bbﬁeﬂeg@ the ngta@,s,y PhSaCHFERp A & %ﬁmtB%ﬁ'ﬁ peAtides: ‘ELQWSE\NEFOat e
r eader. "ZJEC%FSS 'ﬂgh ?H%EE‘MO% PtEnd cubf'it ion period, 100 pl of freshly

reconstit ut reagen s di spensed into the wells using an
8- channel nul t i Brigst 26yl ol Brdotakiasohiion €LRS, 264/ 065:85) ata2® Bdini was t he
merotitre iiee%jtv%itr\g\%ﬁ er(rq[dgli VO &r’%g o tSS&rFr("E!:ES at 1 uM, in a series of 2-fold dilutions 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 plate was
then pre-incubated for >10 minutes in a temperature-controlied ELISA plate reader.
25 Near the end of the pre-incubation period, 100 pi 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 Limulus Kinetic-QCL, the assay was activated by 0.005 EU/mI

30 of endotoxin.
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intervals of 5 mnutes over a period of 2 hours. A 5 second autom x was
activated prior to reading. In the Linmulus Kinetic-QCL, the assay was

acti vat edey0137£95 EUnmM 30 of endotoxin. -22 WD 01/ 272%3@4%@/8(?1%0’ 00162

The high sensitivity of the assay allowed for very |ow | ndot oxi n
to be detected. Follow ng incubation of endotoxin wth SSCrFCES, a
'1000-fold dilution was introduced to elimnate any potential effects of
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col or (sRearé idRritHric toRBenttationdFehe S HTESD OTHe BerR it baneRastd@iRl. Ring
endot oxin present. A low ENCso indicates high potency of endotoxin
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bet veen r o Fa8 RSB EE N e 1O s AR Gned ol RepRrcnr =
SSCr FCES ekpearithentd) . ENC50 of SSCr FCES was deternmined to be 1s 0.069 0.014

M Conparatively, this value is 28- and 7.5-fold | ess than ENCso of
pol ynyxi n B anﬁﬁmtf@@ rRskirgd pefare the ppReatancendha yrilowf ealern (Reagtiar) |

respect, veak P a ' S Sis
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i ndi cat es imdieate§S@hFﬁ§1dysofeeert®am nemalfzamm_omENCg@iﬁl(wkﬁmmt r$pr ot ei n. t 28
The ENC50 of the syntheti ushi tides were conparable to other reporte
pepti des, C@f‘if.”.tra@g?.fg’%qfc%l a;g?cﬁ%gs ﬂ’?e §an regactian tise BpS0¥e- for the |
desi gned pepididfTunid' RaSbbRfhetPbetireREstive/ et tiMeaéfgl %%ﬁg%aeiih jc Hi 1l s
plot for the interaction between synthetic peptides an I pI shows t hat
S1 exhi bi ceaceantptiop afiSSCrrCESo(Fiqure &) ENCyo off SSCreECES #2s detatimimdd togbd hat  nor e

Lhan {0 o2kt ol LS o et o s oA S s R s o
the LPS-i pdlyp@sinBland 1733 (33-febyeptide déivell el isctofelridiumay ragpddier al
bl ood This shows that on a molar basis, much less SSCrFCES is required to neutralize the
same amount of LPS. Consequently, it also indicates that SSCrFCES is a potent anti-
pyrogenic recombinant protein.

20 The ENGs, of the synthetic sushi peptides were comparable to other reported
peptides, e.g.: S1=2.25 uM; S1A =0.875 uM; S3=1 uM; A3 =0.625 pM. For the
designed peptides, the ENCsp values were: V1=0.47 uM and V2=0.89 puM.

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 51 peptides interact with one LPS molecule.

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

mononuclear 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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nononucl ear cells (PBMC) 30 During gram negative bacterial septicaem a, the
hi gh concentration of LPS in the blood |leads to nmultiple organ failure
syndr ones. “;Ir;g‘g‘ e_adverse effects are dependent on the generatlon of
endogenous %83rs A nmultitude of nediators -23 WO 01/F5F3&80/00162

PCT/ SG00/ 00162 have been inplicated, including arachidonic acid

nmet abol i tes, PAF, cytokines such as TNF-a, interferons, and various

i nt er | euki rave degn impliceted, lind@udirg aerdchidoeimccid/metabptites, Phﬁtwuddumem;cheagd

por ent i al - INFCHEERET T Shf AT IR ek Bi0- Tp: D Prdleah ExpclVo atidiron of 5

cyt oki nes ifietabdiRes, RinaeRpBnehecoftthe c@@édlat\dn&%s&%ﬂ%@ I dcordetBbnti fRe PBMC
were investi giat ed. Results fromour in vit bi ndi ng studi es suggested t hat

SSCr FCES wdliglegiead patenbigl eh$SErRGEDSite bindognd: mtf@p& ERY-stimulated productiarcef es.
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100 ng/ nl  oferk Rivestigateder um free system containing various concentrations
of SSCrFCES. THP-1 cells were %rown in RPM 1640 nedi um su Ierrent ed with
10% FBS, peni ci Rﬁ?tﬁts(fi% OUr fF yitsginding spidins,sudaested tnat@?C«vF§ S woultiee gan a

h dified t
mai nt ai ned PO IO ofttle LS EGRBRLH inoeyh 18 oot Wis ARMICEPHNE o 11 )
cells were lmaspeadd:hefadmllt\enf)SSCmFEES toynhibit hTINIB10 anid HlLeBprosintiien bxdTHPo]ck

| uti f_ph i tat PVA, di
ul foxi ey el BetredHib o glaaPard oh rs bt senm-ReF 6 30 ng/ m
PMA and 0. Qéﬂréamuﬁ@vmus @Hkér&?@t%s(o?%cwws e @6liCRble SOMPEREPMIS were

i medi ately plated into 96-well mcrotitre plate at a density of 4 x 105
cel I s/ m arl@4@imesiwa Stibplémeﬂéﬁtb\mth 408 FBYS, pemicitin K10 ¥/mb) @dGtreptorvitint el y

concent r at Koyt #ecBPo Funniifed Enifondiitin (REPHRBEACK S el MR ol 1

wer e washedelisnivere rwa“hhamar atna HersityRidved®2(5 and’ anittlzmt e0° cats/rawc At
i ndi cated tines ulture medi was QO||€Cte&§ rrg TNF-a and |L-8
concent'¥at i ons TH Tlh §|ﬂ?é?tﬁ’é@%ﬂ’i? Uespermenl Ryaddition o capcentraled; gosk ed by

gﬁb} Qgt g‘di“;éf)l%%h' 6?bhorHSPu%K/h&'a&eé’céf&@qpﬂAbb%oﬂgﬂ'hﬂ%lﬁwéﬁﬂ?l 9@?&)&&36 tgafrs was

suspension to give a final concentration of 30 ng/m! 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° cells/ml and allowed to differentiate for 48

20 hours at 37°C. Immediately before stimulation by 25 ng/ml 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
IL-8 concentrations in the supernatants were assayed using ELISA as suggested by

25 the manufacturer.

Heparinised venous blood drawn from healthy donors was subjected to
fractionation using Ficoll-Pague PLUS (Pharmacia) to obtain peripheral blood
mononuclear cells (PBMC). PBMC were washed with PBS and suspended at a cell
density of 1.5 x 108 cell/ml with RPMI 1640 medium supplemented with 10% FBS.

30 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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fractionation using Ficoll-Paque PLUS (Pharnacia) to obtain peripheral
bl ood nononuclear cells (PBMC). PBMC were washed vmtthBS and Isuspendgd at
a cell S| f 1.5 x 106 cell/mM with RPM 1640 nedi um su enent e
with 10%d§@§.1b§7l§9PBI\/C were incubated at 37C for 24 h at Pé:TéFé“I‘?E’FQIV of 1.5 X
105 per well. LPS stimulation and i nmunoassay of hTNF-a and hlL-8 were
performed_as described for - 24 WO 01/27289 PCT/S®0/00162 THP-1 cells.
| n addi t i diiP-1 kellss ulppadsiitian, éhe shippressive St BESSCHRCESRS Lmum#]d cyt oki ne
rel ease S, hnvesti in th r.esence of 10% n serum e
di ffer en\é\gm&q&%f?a&%&&gé@\(eshﬂ%te@dﬂfdp%prejpla:aepgf i@gr@m%@r@a’-t“&hﬁ udent' s
t-test. © BdshiaR@dohtre $ RA85ubjRERE thrReRSTH .
TiffereadeibgweRn eh@ Bistianado r@%P u?]l &%0_5 G Ogecgi% FCES

experiments. 5 Figure 5 shows that wt P-1 cel’ls, _ i
pot ent | y iTRRiVBIUes ere piaingdirorvelcleastphagiodenandent axyrerianents 1L-8 in t he

f hi b / PS_concentratijon tested,
b, 7" phrof ssor FRLEES Shofls il Tb™ o 63 B 9F SRS HeE M Bhible e o
product i or-90% ¢AsendiAkd phodudion@fINFLPend 1L-8piVitied pfeSEhEe 5EhinR Jelepdr 90% | L- 8
production as conpared to control (Figure 5B). 10 Qur findings indicate

that 1 pMCBFOWEE: FED RS vngenyatinaTiesiede0i7He ofS8CERGERS ib suffisiant to of
the precoqon POy Vel b3 duce Ao BRILCHIR taTR S0, A ASh/ BT RS, T e
concent r apMOSHIrFCESrédiEed G0 TaBraOdctio as! cbmmfehr toEcI:Dde_‘ti&}; Sﬂggtofd%@)tsoﬁlr ﬁe

P odudb on. onOREREgs MEGSRE st RySCHR o HfackVely Proveat ok LRS- 1 han

pol ynyxi n riedisteld iftu@Bofbr hwmar@rﬁcﬁhﬁgse PFO%‘UH? B?GILHIP'-Ai-V\IT?\@ﬁgHéC%tn LB ."géﬁ,lg (24).

hTNF-a or hlL-8 secretion by THP-1 I's under”serumfre _
Thi s suggé¥ubateddn tesprasers: abligh endotoxirgiewels.e it isimportstctoosyie thatythe o

[ | ' Again, it i ttributable to its
Cooper at | (2 RaRHATof DR 0/ ED 100 Al ok BUe28E Bmopgtne e
suppr essi bighebt ket coricentratiorsapotdlf fér SHinklcdd §R6KIRE bRIHURYoPSERFCES
under norrrall%;ﬂ)p%_si ological conditions. In the absence of human serum

addi ti'én 810 isp SPCHESraPRSarsHes MerhPetent thanmelysnpéal B ardr-Fa33atl | L- 8
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endot oxi ngelishenden ppruas-icecoatitions (24). SHE FEPGRsWABaSS@FIES s al huérequi r ed

17 fold greater intrinsic capacity to neutralize endotoxin than polymyxin B. Again, it is
attributable 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
absence of human serum, addition of only 0.1 uM of SSCrFCES completely inhibited
TNF-a 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 fold
more SSCrFCES to suppress TNF-a and IL-8 secretion by 50%. A similar effect of
human serum has also 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 SSCrFCES was mixed with endotoxin 5 min before the addition of

serum, the effect of the serum on the neutralization of endotoxin by SSCrFCES was
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their physicochemical properties in biological systems. Problems that often.arise in

animal experiments are due to toxicity, as in the case of polymyxin B, or a very short
half-life in the circulating system, for example BPI. To assess these features, we

20 investigated SSCrFCES for their ability to permeabilize cultured cells.

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™ AQueous One Solution Reagent

25 (Promega) was added into each well for 90 min at 37°C. [3-(4,5-dimethylthiazol-2-
yh)-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 SSCrFCES, 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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EZ- Li nkTM PEQ- Mal ei mi de  Activated Biotin (Pierce) according to the

manuf act uiPEPtides A§tNANENtOPXIC. The excess biotin was subsequently renoved
via ulprafiltration through Mcrocon-10 (MIlipore). 15 Three C57BL/6J m ce
were given a single i.v. bolus injection of 200 pg biotin-I|abel ed

SSCr FCES. ERbmolk ¥vaPhawhdekinetic fanelysie #€ BSOfFOESe- Gleatanee astetin MEcé nt er val s

5-h .od. [ diately treated wth SDS-PAGE | oadi ng
Gy and boi | oqE0F 98 & SRS el bioHSSInGdEAvisk ™ PEGE MBbomess. pAcE
d el ect ; : ; [ [ n i di sation
Mre carr ookl SburTiec SR A R Ran BT it Udne TGRS DO
(Pi erce) \RigtinugesisutBeguentiyeremaved vispultrafikratibn nihnewsgheMeoaet KX (Midipore)s

ext ended -dhe signal. on_the, X- ray film.was ntitated, vj
Ganel anohree EorieT e wefla st . i inteia o 206 Naidtircgedlsds
anal yzed @SCrRCESCEBod Was liected rdMNXMNETIAS Sthniek Q8 tiRd ih&ivA19 BE&P LK Ment al
anal ysi s of pharmacoki netic data SBO) . _ _ .
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
SSCrFCES 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 haif-life of
SSCrFCES is sufficiently long 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

30 calculated clearance rate of biotin-labeled SSCrFCES in C57BL/6J mice is 4.7 mil/min
(Figure 8). The clearance rate is 2.7 fold siower than BPI. Therefore, a lower dose
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with 15 nyeedotgyngendsannaaced, arbBel-6ld by cornigcionitga liveriSReciiic inhiRitvEed
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Fi gure 9A, nduced ali'ty was reduced by 20% when 1 pMo
SSCr FCES weveré imjented: thtiavenousty (iivi) threugh tallerein. 1) minytes afterni. mfinjern ef gher

concentratjon f SSCrECES of, 2 an . r % %0 ection,
respecti veh’iﬁ. E‘%Q%{a 8*!'8'8&’0‘5“%1 gggﬁ"%iﬁﬁ%%@m%%@%ﬁ%g @gﬁaﬂ%ﬂn of
Factor C i stdtiatical af8 !ﬁ@v(le'ﬁegérfbﬂhédipﬁn@ttha;blamHMdiereteste(]BQDandﬁmbafankThe
mechani sm by whi ch SCr FCES protects mce from LPS-induced sepsis is

presurmdb| yPaipMisatedt- t hrough its high affinity association to lipid A
e aow | os, ML BB i Pl anahf el by 0k 1 k<
UM of SSCrFCES was injected i.v. 10 min after the i.p. injection of LPS. Higher
concentrations of SSCrFCES of 2 and 4 uM conferred 90% and 100% protection,
respectively.
20 A protective role of SSCrFCES viz LPS-binding domain of Factor C is thus
shown in an intraperitoneal murine sepsis model. The mechanism by which
SSCrFCES 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 98 shows that S1, S1A, and S3
25 conferred 22-100% protection, whereas at 75 ng, S3A was most efficacious, giving

100% protection against LPS-induced toxicity.

Example 9: Antimicrobial action
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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20  bacterium producing LPS bound by Factor C.

Antimicrobial action of SSCrFCES, SSCrFCsushi-GFP proteins and synthetic
peptides (e.g., S1, S1A, S3, S3A, and V peptides ), examined by microbiocidal
concentrations (MBCyp) 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 3, as well as their corresponding mutants (sushi

30 1A and sushi 3A), were found to harbour strong antimicrobial activities. Collectively, all

four peptides (named S1, S1A, S3, and S3A) demonstrated exceptionally effective
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acl'd and 0 SPONBGVESTTEL ik 1 &K (nsBstor A8 Apabc BETPaeTiice 18 ¢ ur os
wi t hout tegjsAy@PhRE@em. 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 ng/ml, 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). Positive 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. Celi 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, SA1, S3, and SA3)

30 showed potent bactericidal activity of <0.03-0.25 ug/mi against the 30 clinical strains
of P. aeruginosa (Table 2).
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through dlsruptlon of the LPS-lamellar organization.
Although, the peptides are targeted at the conserved lipid A domain, different
MBCs were observed over the 30 clinical isolates. This is most likely due to differential
20 permeability of the peptides into the variable polysaccharide components in the
different Pseudomonas strains. This is supported by the different binding affinities of
the sushi peptides for Escherichia cofi B5:055 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 MBCyg concentration, we proceeded to investigate the
30  killing time for the sushi peptides. At 0.06 pg/ml, all four peptides achieved MBCq
within 7 minutes. Within 30 minutes, the peptides totally eradicated an initial cell
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(in cysticubjhr, @seé shshi paptidesuterelatd & @raticate J0%IJPTiadRt E@RBGELhiANT rin of

concentration of 0,06 wug/m, the sushi peptides were able to eradicate 90%
of viabl e #¥upation (Fgyed3} n of incubation (Figure 13). Conplete
A
p

eradication is : ' ' tL St [

bt er o whi crCoDRIEEErAdaBEn s aqthtcdl b degfir Mtk RIER U Ahs b

ki lling rabactedawddich réducﬁ@gcnmsibiﬁbommutamm‘ly'll'nl’lsylthis hapidé:ﬂlﬂig)tﬁmméd@és

resi stance,, Resi stance W | renpte as it_ W requi re sever reci se
mitati dhs  HESHANCREPPROTHOIY fa5 Eae SRS REERS of gSistance.pResistpRcs il e Fafikay 1 o
ul timatelyayiali £ : | b B ' t
Yo' evade Sa il rBafiReceRdl preReSmUtROHS Bcthhg st riildle Ehaiesalofy et
or acqui r eghthesis patiway toatiroatelyeyigidecinodifiéd iLPS stvetuné thatds suftieatins ar e

| dt 1 - | | id trati . Fi 15 sh
ol cctron nfEbgdpRyan budl Peofi ool Ebe FoliRPFarRS BhistiicF cBiBasdotne
strains of abfffcd resis@ihee khhndt belretiDesEif BB cfeReseHitrans @RdIlbAelith mutate
erythrocytes were both used to test the henolytic activities of the

pepti dds. PhBIeBNAHEPYLER CUENEEE-i n heparini zed sterile syringe,
L ec . P00, 5 Sk e AT e 63t IS AT SE LR Rlarf s T
eryt hr ocyt eesjstdritestraivessofdhastemiacird killEd dy these peptides.
Human and rabbit erythrocytes were both used to test the hemolytic activities of
the peptides. Whole blood was collected in heparinized 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 discarded. 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 ptate (Nunclon™ A surface, Nunc) to give final peptide concentrations
ranging from 6 to 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 SPECTRAmax™ 340 plate reader with SOFTmax
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erythrocytes were washed 3 tinmes using three volunes of pre-chilled
pyrogen-free saline (PFS). An erythrocyte suspension at 0.4% was prepared

for the Qfﬂm ﬁ!gz assay. Serial two-fold dilutions of ;,F@/&eﬁp&ogﬂes was

pr epar ed nd 100 | 25 aliquots were added to equal volunmes of 0.4%
erythrocyte solution in a 96-well mcrotiter plate (Nunclon"" A surface,

Nunc) to give final peptide concentrations ran%id@? from6 to 100 g/m . The
m xt ures RROE versiondt8. ot pasitiver @ntrpl with 1198 pliof DA% esyiresyde msed indfe t hen

pel | et ed C I fugi.ng a : 1. h I e.

super nat aﬁ%(toaég EM x;ﬁgftgl%rne%s #gdl% lﬁsé%vg@g%\%aﬂv?n%&&liﬁ%%g%ﬂt g?éc#%@ t he
amount of pfgaBak ORhith'galve asifithal sz, 1Tres saptakeatadoas det er mi ned by

readi ng the absorbance at 414nm usi ng a SPECTRAnMaxTM 340 plate reader with

SOFTmax - 32 Figweof shoyeothpysbepeptisiesdve iy hempbytisiaskvity. 2 This incisil te ve
J 1 -~ f 0. ; L. 0 i _
Caken hs BRIy of o arfiictolaPadine G EEERULE ullln finafifadu Sfales

al one, whiEwEn greoomcentrations df Y190 s.g/Mh{(Z5 Wy, uptoe400x333B/6oldofthedr MIBCsdhthves t hat
sushi pepti des have | ow henol ytic actjvity. This is crucial to 5 the
appl i cabi $4shyPeRtides shRye '”&‘F‘@{ﬂlé‘ﬁ Htac%'%'fiy grﬂ%‘i"'&ﬂé)t QD &58P3rAte3PaMs and

ani mal s. W ; ' , 0 d of
their MB %@hléﬁgﬁ&?ﬁ%%@@gpgﬁﬁﬁ% En%s{rﬁdn%%ﬁ%&oﬁ#ﬁr%&gﬁl ’\)?ty 2 I gure
16) . On acorepatratien,dhs peptidesshowveddiemadlyticadtivity belowf 6% siFor meposasest thas
tested on rabbit erythrocytes. At,.the s concentration, .t he peptides
Showed? nepiseoRy apricdian £5¢ sBBiage s BRan Rl e BEREofhe Sty Ea

applicati %wiﬁ?ﬁehﬁi&&!é%ﬁvﬁﬁﬁ@é&v%%i ally free of henolytic activity" neans
showi ng henol ytic activity below 6% Thus, the ability of sushi peptides

to: (a) causelhyist twe abibtyldbsuphipeptitesto:i () cavseeffestivapPEsneutralizatpy: (sep)

Exarpl e shrarteelaRrEEh TP A tBlica hTolserol B s bied R iRy FERe.
and (e) lfeedxaRiple Bﬁ_qls? pHssaes1W MBLa08lues;t () irtiuee rgsit Wiy Edtef and(k)cat e
that these peptides will provide great advantages over currently available
ant i bi'dt | exhibipyack of fegaligeastivibh are fratunes thasdndicate that these Pretidesuwidle of
treat ment g ‘%rﬁ?g' r @*e.ﬂ'a' i peptides will provide

hi ghly ef P@(‘:’Hev%%gtn%a pot edne%%lé{%/”’?ﬂﬁ ful 'I%ﬂgraég@&tllcsgspf or the tregt ment of
P. aer ugi nosawithfthistingention) thel IS/ esicitg durihg thé eourd® ofitrediimearitatill beese

pepti des é\@aln'llat{%(aallf %Jcﬁljlclag ‘ﬂ\g %Sér{l \f)%pt?&?si vrs}atprg\t/igg rmgﬁyngﬁer&ivgfand potentially
useful therapeutics for the treatment of £. aeruginosa infections. It leaves very little
20 doubt that these peptides will be equally effective against other members of
Pseudomonads.

Example 10: SSCrFCsushi-GFP proteins bind LPS and gram-negative bacteria

The recombinant SSCrFCESsushi-GFP proteins were able to bind/tag gram-
25 negative bacteria, showing as green fluorescent tagged organisms. This makes a
convenient detection tag for displaying such microogranisms in samples.

Example 11: L PS-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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Pseudononads. Exanpl e 10: SSCrFCsushi-GFP proteins bind LPS and

gram negative bacteria The reconbi nant SSCr FCESsushi - GFP protei ns were
able to bind/tag gram 25 negative bacteria, showi ng as green fl uorescent
t agged or gWMI0RE8% Thi s makes a convenient detection tagPfHPCW®B2aying
such mcroograni snms in sanples. Exanple 11: LPS-affinity chromatography
(for renoval of endotoxin fromliquid sanples) 30 By way of an exanpl e,
S30 pept i dthe pavidr dfdirafing 6f ZPS EroM) ligvics sarhplesn Thusyra salntiorgstt 4 hig#nd 08 B3A

tides t t £1init h temto displ - 33 WO
D) 27960 POT<aTOaR N BoeT. hEWHES S8 b PRGNS RPREIA BRI Aol 899 Mk
True - . _ Pty EPS O <
(52 O nor pPEd- P ifmOBHifEa o EBEY1 oD S ERINAGRYAMIMBILEN catdimMeliS,
via EDC [ 1DADRI(D&nfiBedipropylaptine), wbtaingsyfromdierde Chicohidaly, USBADRer 3
Di am nodi Lam t A f Pi Cheni AL, After, 3 5
hours. of  cBoR gL ePNaRI LR BADR A EelGI o5 & S Fliufin, ST v tirih

f I owt hr ougfyas ‘C?H‘ec&éﬂ ARFERGRBEbHOACFFREAbIN AtO7BIORMIVRCeasfredto 286U Was
measured to calculate the total anmount of peptide imuobilized to the

matrix ( bytheuiotal amainb af pe@ide imemobilites i dhsmatmo (ydsubstregéort fremttheough) . 1t
was found that biungdi ffiLci f .§3a to the EDC-activated resin was |0
50% Afterul'ﬁ&%%}g\qe%élégﬂsér; t@%@%’ﬁ‘#ﬁhwm 5 colum vol unmes of 1% sodi um
deocychol ate ( DPWas-folifd &t Wirklind efficamoy of S3A taithe EDO@etvated késh Wagt nay be
bound to the resin, and washi ngﬁ he resin with pyrogen-free water, the

co: um lﬁv\/afSSO%ea%ﬂ?erf"@geﬂ'_@Eﬁ%QB GabHMN gt heolymnyypluraes efbaptasiuiwo 50 i
t i | ' 5 lL.ed LPS
o UTes T LSO 0 Sl B o B STt ARk 1

col um. | npb@@rhtoctheeesihhend wasitihg thalesivewitls phjogeh dred watePIheeatumme mast by

either LAL kinetic-QCL kit (BioWittaker) or spectrofluorinmetry, depending
of the typteady forHPSSMSQRUMN-t hat was used. In each case, the |evel of

oot L. SRR U8 Bl ey e stk
re-usahs e SigpeabedITC-labaliechiPS fromddstBiolagicalgkeantaininggl ag@ At0S EU/mI 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 also demonstrated by batchwise
chromatography using 0.5 m! 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 ionic strength, and increases
with increase in pH (Figure 18). Thus, the best condition for binding of LPS to the
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LPS-affinity chromat ography was al so denonstrated by batchw se

chromat ography using 0.5 m of 0.5 ug/m FITC LPS solution (in different
buf fers) esin suspension was rotated for 3 h at popELdeRIRSr at ure,
briefly %%erzg’?gglooo 2s rpmfor 1 min and the supernatant was reclarified
at 12000 rpmfor 10 m nutes. The resultant super nat ant was neasured for

unbound FITC-LPS by spectrofl uorinetry %ure 17 shows S3a, . .
pept i de- mﬁ@%@%@@aﬁ@@n&da\wmc 5Eaagth§@8ﬁ iQRgte Fhe@ptimal sprdiiemise

m crosco 3A was tested under different pH
conditi Oﬁégxpegt%@ %Wgﬁ!tglaéwgﬂtg r%EeHTE HIBI")]S; decreases with increase in
i oni ¢ st rengt HPurified SiSﬁd?CesasimsGFR/\pmhemmcarealse berchpiiqaily dioked i@ activeleds, t he

best conditjon for. bipdin PS.to.the - 34 WO 7289 PCT/S 00162
2rT1 by Tess i S itk W radin £ SloR AGfoRmU 4P TR0 SHEel

condi t4 Orbip%se&ﬁ?‘?.‘é%)ﬁﬁmbcén\ﬂéfdkwwhén %hflfPSfc%'hEarﬁthEéﬁ' bl Rl 9BRg ICE’P” f' ed
SSCr FCsushi - GFP proteinS can also be chemcally-linked to actlvat ed resins
vi a t hei rfludd isspassad thropgh theyfasin. to al |l ow N-terminal LPS-binding domain to
be 5 exposed for capturing endotoxin when an LPS-contam nated sol ution or
biological fluid is passed through the resin. Exanple 12: Production of

rFC i n P.Expagien psPoduttidrboiFddy, A. tdastpisoned Factor C cDNA of the Singapore
hor seshoe crab, 10 Carci noscorgl us rotundi cauda (10), was expressed in a

met hyl ot r ophi dnytBigstudy, the Bioaes haeter C§DN4‘e0ffthI5"I'Q§WQt’¢1h@'I5€5|’§@ @Abduced was

endot Sk nCHERGREPRE BbATEARGe () Wé Blpre¥es ROPRERHIINSRE™ - o (o
bi nd freeP/bh/atpthsL'H& fLmaéﬁgthOHCrsquredwt:edr\Eﬁ?rEuﬂMo lack G8Nne prdtaase ng t he

5" and 3 ons, respectively, of Factor C were o roduced and
assayed f%ﬁt'V%YpYEEI DRS%ﬁsga.fHactmai W@%FOX'WCﬁ'P%g@W@E‘ J eafugué)g} b rfGinct i onal

endot oxi ngli e educed
endot oxi rqrrgﬂnn‘alﬁr%gtdggg%@?@lbﬁﬁﬁr%g Rg@ﬁé%ﬁ}ogeﬁt@ re% Oge"% } %—M i ed
qual i t at i FFESHmbntpiking ithea 51 ared B'rBgions,dieapedivelyy of Fa!t:torl\ﬁware alse and Met hods

20 ( 1}5 = [?r% uee ar‘?‘cf1 gssg%é Forrﬁipid 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

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 121°C
for 2 h. Sterile disposable plasticware was used whenever possible. Other non-
heat resistant apparatus was soaked 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/CrFC21,
pHILD2/CrFC21EE, and pPIC9/CrFC26SN (10,12,75) -- were used for the study.
As a control, pHILD2/151, an isolate of P. pastoris containing only the parent
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Al'l glassware was rendered pyrogen-free by baking at 200 C for 4 h.

Buffers were prepared using pyrogen-free water (Baxter) and autocl aved at
121C for 2 h. Sterile disposable plasticware was used whenever possible.
Ot her non- YR¥27?8si st ant apparatus was soaked in 3% hydrP6IEGOHRMEXKi de
before rinsing wth 25 pyrogen-free water and drying in an oven. (2)
Reconbi nant Factor C Constructs Three reconbi nant Factor C constructs --
pHI LD2/ Cr F@ettor, priLDR2was REDlifE ideth ¢pHIFD DA RERCGEdIng e id;l@mth- - were used

f h | | LD2/ 151 ' f P. '
cont ai ni ng WHF3) SR KGRI DarBbesnsin 5. sEAIosrRtuis s th
pH LD2,  wasoR0e ianblidgub st bRELGhGRAERA AN plll ol el 80 88ftarney FC2

1
cDNA (GenBank Dat abase Accession NO. toget her wt its
native tratie 3t3 knal Ecord fragarant isolpted froagUdk2e cliNA. dhjskionBipuctrapORIIEE

Construdt a7 Aotao-prid T tenkieRAOMRtss R HERYY ERT A K21 oM iy

chai n of Cits@dotxprEinginghdonhdis. BRIGRICS/THORESN BenstrutcontaifiBehe 2.4 kb
pPlI C9/ Cr FC26SN construct contains the 2.4 kb 3" Sall-Notl fragrrent of

Cr FC26 ( GerBadlk Nosk fspamentide§626 (osaBanksPaiepse Aqcesrian Me. /7088) on
fragment, |funbhaeg C@%@gg@gﬁéﬁteﬂmﬁe 5hE dBWth?*eé{rﬂfag‘rﬂﬁ% @bﬁlﬁltevelcgdrts‘?ar@nd

secretion signal. contai ns sequence sim
cor r espondisitg ahd ageretivn isigngl. BER1266Nontalhs seguenae simifac &0 Ewk const r uct

| acking th tatjve LPS-bindi pg. donai d th , , f ul
hogat | 08" ¢ EATERIONInG TrRmeR D G 2 e s TS a Bt AR RS Lte ot of s
from pH LD%b@%iE@%bs-birﬁ&‘hb%h%f%ﬁ%ref?g@(sg@e%\% qufs‘é?o%ﬁggéﬁ\?e ESR fied to as

rFC, rFCEE, and r FCSN,l respectively. "t 1 ons Reconbi nant
Pi chi a cl ohBS-birfding-assbgs . CTRC2acombinarbFacior Copreteinn tfomopHICO2LrFC25SN as wel |

2% 300 r pPHIPAEEUTIRE, Ry bt R A e B BR S M Eaey
ni trogen bmy\(,%%p‘@hye%% gl ycerol and 4 x 10-5% biotin. 20 At the md-1og
00

phase of growth (0D6 .0), the yeast cells were harvested aseptically at
3,000 x g for 10 mn and transferred to 2 L MMi nduction nedi um

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

pPIC9/CrFC26SN as well as the negative control, pHILD2/151 were grown
overnight in shake flasks at 300 rpm 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 (ODggo 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 (Difca), 0.5% methanol and 4 x 10°%
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 cycles of nebulization (Glas-Col™
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 (D fco), 0.5% nmethanol and 4 x 10' 5%
biotin. Induction was carried out at 30C for 8 h. Induced cells were

har vest edq entrifugation at 3,000 x g for 10 min. 2 aration of
rFC sarrplvggx'f/?"g?ﬁ reconbi nant yeast clones Induced yeast g%@#‘%ﬁ(\{g@e

di srupted by 10 cycl es of nebulization (G as-Col TM Bi oNeb) at 200 psi
using purified N2. Soluble and insoluble fractions were separated by
cent ri f ugstiratioa@nd3esgperded no¥0 mM KiisrCl uféers phled.ndhamixas@wasni ng

. 200 - RSB T99n8 YeeP e en sy BTG it n 3G e, 50 "
Tris-C bpiffel  InpHsdpardtegraparbtion thasrudéesabt supdriktangivas sGgietiedas TM G- 25
colum (Pharmacia) equilibrated in the sane buffer. In_a separate

pr epar at i WiFantrpiiop tygah aaBiomey pest MERorel-meabrne. t Bee Bemax t®8fi | trati on

t hrough a_ Bt M,gig 1 ‘naﬂ‘g i mepri ched rFC
was fugr]t h%'?i‘%g? ﬁ‘rl e bf(;Mg%rlr%@nﬁe%l% ap y@@gﬁ%ﬂ%ﬁ%%e& 00 col um
(1x25 cm 10heoslamai (dx25 Tot, @hammadia). ATokalsprotes wae dnéasuBrdably Bratiforssay (62) .
(5) Western A sis of rFC Protein 10 rFC sanples were el ectrophoresed on
denat uri n8589 S- pol yacryl anmide gel (63) and el ectroblotted onto

| mobi | onTM PVDF nenbrane. The respective rFC was i mrunol ocalized by

i ncubating the blot with rabbit anti-Factor C prinmary antibody and
vi sual i zi (i wi Westieor Aoalysis of rifePwteidase- conj ugat ed secondary goat

ti-rabbit i-body . ( Dak i ng 4-chl or 0- 1.z napht hol 202
aubst e, i o G eMRCTA sERiReresen ooy L OEDaNER R de i grrm)
was recongéli(b3y) &H electioliibited anth IntnaBIFPINPYDF rhébebnd, Themedpectivd i K12,
D31mt LPS (List Biologicals, ) was nmade up to 1 [ig/l. The

nc., USA
LPS- bi ndi Hf was iymiaelogalized byingubating &he blokwitbrrabhit gn@facm Cderépatybed

| Nt il : BS/ L i ni
Bl ot r opnaael e VibdaRahY wifthdts@ab @i niddRics Shgbhiddy goar
el ect r obl anti-eabbitcaritibobyiDbkd)ausing P ehlbrave Mapattel ant ¢, Esrsabstrates cut into

strips and each LPS/lipid A strip was subsequently incubated with 300 g of
pr ot eiths cont ai ni ng

(6)  LPS-Binding Assay of rFC
LPS from £. co/i 055:B5 (Sigma) was reconstituted to 2 pg/ul, and
diphosphoryl lipid A from £, co/iK12, D31m4 LPS (List Biologicals, Inc., USA) was
made up to 1 pg/ul. The LPS-binding assay was based on madifications of earlier
20 described protocols (45,61). Briefly, 10 ug aliquots of LPS/lipid A were
electrophoresed on a denaturing 15% SDS-polyacrylamide gel and electroblotted
onto Immobilon™ PVDF membrane. The membrane was cut into strips and each
LPS/lipid A strip was subsequently incubated with 300 ug 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
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rFC. Detection of rFC binding to Iipid A was acconplished by. i ncubation
with anti 25 Factor C antibody followed by alkaline phosphatase-conjugated
secondary goat anti-rabbit antibody (Dako) and BClI P/ NBT colorinetric
substrate YO48728nc., USA). (7) Assay for conpetition BETRE¥POIRC and cAL
Factor C for LPS Carci noscor pi us amoebocyte |ysate (CAL) containing native
Factor C was 30 used in an assay in which rFC conpeted with CAL Factor C
for LPS. Be?ﬁnwucmmpaaastmlmgmae PrEABGRGVY 1tbe conpetiipndacbe i n P.

e | et B e NS AP A e o
assay. M thga?swm&urﬂe@(bfnoo;m@bcmbf inBRIasiAgicopcarareions bRLPDOSIFY, uLPS or rFC,
in fluorimetric assay buf 50 MM Tris HC pH 8, contalnlng 1 M Nad

and 0.01 wﬂaoruaenr@)asm bUffﬁfdlSBadeT@t H@mt Bo¢onialnmgzq 1 §LbaG! and 88141 caL

wer e added t m with
fluori trFéElég‘g’g& m?ﬂtﬁtgé St 'afﬂg ﬁoggcli ae/aggaf(t?ge nueglep%iggdﬁéo éréc h and
the fluori ﬁ“ﬁitﬁi’éia@@ﬂ@’totalrvommwér@fkhawemt@mmwv&m flitrimetrivvassaed t he
addition of 151 of 2 nMfluorinetric_su

N-t - Boc- Vabufmromfegeact@mwm%yﬁ@?Eém%fr%rAaf(@%%ﬂqqs'%ac AtdYbat i on at
37C for 30 &ol{é’*ﬁv{»fifb&ﬁ@d smb%a@ﬁésd&moﬁ BP1ﬁngf‘29{M9f 0.1 m of

gl aci al he product, am no net counarin, was
measur ed Iﬂud’iﬂlmemessmbmaeLN}t-tBsc(\AéUProaArgax?{anmdmrésrnehtwb:osmeunl(Slgmas)r LS-5

Bi i ngo | oA KL PaR B Eeh SREIAnS teahon BEF FZURPLES Bihe PAPa oh 15 The

bi nding i n r r d har y4 | RethvIdowRaa i tored
using the ﬁA@FOB?f aéap‘geosgglgo(rﬁ@r%ﬂar?rram gd%c}to?glgﬁ T%e Bl ACr&i?\gE@XTM

sensor chi mefaem’ednesﬂuardstmceh.yntsdﬁldbbh@ Isuminescencenapectiomeaier e

o wer o (AetprinepuiEn xRS fafitas 38 vl GSbh o Al ha ohr face T
Bi omaxTM 50 enriched sanmples of rFC, 20 rFCEE and rFCSN, each at 1 ng/ni
were injected at 10 I/mn for 3 min over After each

d f
i nj ec{Bbn Bindingelnteraghignsativesn sitepd %Wﬂ@"'z?%g%gn%sgg'ﬂacﬁ gand surface

was regenerated using 0.1 M NaOH. The |igand-binding was neasured in
rel ati ve responbke bimding intRhctions bebweensdfgping imarrbilized digided #@ré r om

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 ug/ml were immobilized on
each sensor chip to form a ligand surface. Biomax™-50 enriched samples of rFC,

20 rFCEE and rFCSN, each at 1 mg/ml were injected at 10 pl/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 relative 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 2. pastoris clones released soluble and bioactive rFC.
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the difference in RU at the baseline, viz., before injection of sanple, and
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X- 100 hasfupgtional apdysisdasiwell anease ofurtisatian. Thisis asigRifieantLPs (68). We have

Cat. oo DO EREE 1 Sarertr: Gpabal i gy B Hisbkadk wh8Es bi i ng
activity insolableubChad@d befsolubifizes byrireatment With idetergestisgn2).t Detergérst-
pyrogenatlon Thus, it is best to_obtain soluble rFC under 'E!Ero en-free

condi ti on¥ W"é?aﬁﬁﬁ}'s'ﬂd@ﬁ'%rhww Taikan Xol OG- hasmpeen repaderd to 1M Oeft her
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preparation wds enri protein content romat ogr ap y of
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fied rFC f th t In th dified Wst
B Sl A
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with previous f ngs , . Subsequent|y, V\ést ern
bl ot of d¢q51datsqm|sorwphyan@1 me.mdasansﬁsmm chemicatpeansi city of r FC for lipid A

v R SRS BRSOl s Mo BB AR S0 iSO R Lo
G 100 gel prépafatibh s érmcﬁeém BASIProteds esiteny CRtdrhatobbaphgrofiBisreax™- (Fi gs.
21A and 21B Lanes 3 & 4
- 50 rFC 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
20 moiety displaying specific bands in the range of 7 - 20 kDa (Fig. 21A) which is
consistent with previous findings (43,70). Subseguently, 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),50, precipitation; Biomax™-50 ultrafiitration and Sephadex™ 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.
Biomax™-50 enriched rFCEE, the truncated Factor C, was also able to bind
specifically to lipid 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. rotundicauda Factor C (61)

_39_
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reported t toxin trigger rmat i onal change in the
Fact or C mirdicatésethabajthadngr thecinging 0 ipid Fussiguiresi thespresermeofithe bPSed i n
protein-protejn interaction. Re i t . Factor C conpetes for. . LPS causing
reducti'8n i%H" domgine 56@@%%?%?@%?“@@[ pg/&sggar&%%@eglggesther FC,

l'acki ng sekiBRgtAr ttﬁé%ﬁ]cﬁ@.ivciﬁa%,beemre SHERPEE bIRirg SFdinABtdxh tridGers s
observed torcg?wpedt?e with CAL native Fapct or Cfor r{@’he LPS. Thi ‘sagr.esul ted in
t he depl et iconfophatigra! shangeisl the Factor kamelgeule E5§awhese downstreans sgslisi ng a

reduction ijn its enz tig | Vi HE percentage conpetition by rFC

of the nat W@aﬁarSHX@%%lgﬁggﬁ beﬁt‘%la%tfza@%?nCAL was cal cul ated based on

conpari son of eRgydmbight Fdctot Qedripétas fora S, cagsing mautitdn inferplinat2/ 151. The

followng formula was enpl oyed: (FU of LPS in pH LD2/ 151+_CAL296H(tFU of LPS in
S

r FC+CALp  x agtiby, of ehloFaqieral.i Thepyqastr SCKing) SefiRg PEOtERFS A8V
f1 uor escenggn il bfbinding 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 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+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)2SO4 precipitation
improved its competitive effect from 30% to 60%. Enrichment of rFC through
Biomax™-50 improved its inhibitory efficiency to 81%.
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25 The conpetitive effect of crude rFC on LPS-activated CAL-Factor C
enzymatic activity was conpared with the two partially purified rFC sanpl es
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negative control showed little or no effect on the enzymatic activity of
CAL Factor C. With inqreging amauntseofd PSaused aviendifixgd anfaunt of Biemax®550di spl ayed

a markedly | r etitive 2 ffect { n ti.c actimity of native
Factor C %’l‘-’.‘cg‘\éﬁﬁﬁég%f%%?ﬁ 5??98?%.95‘5%5 &[@Hh%cgqrz%gﬁalétyr% %@?éxﬁ@eded to
renove namamtsined abt8t R Fis28) Foesb8dohyeductOin CA FactoFlacaoky vd ty. Wth
partial purification and concentration using Bi omaxTM 50 nenbrane, the

rati oldf tepcfoldbincresse i thealindinp effiqasy masabservegihebvern eirighed-rFeland 25
| nteracti V&S QtiQ?étfbgopfdd’\ﬁfTFibF&l%%shmnéj.i zed lipid A using the Bl ACORE

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 to 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 partially-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 partially-pure rFC 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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XTM sensor indicates that although background binding was attributed to
rFCSN, the overall binding of partially-purified rFCto | ipi d A gave a net
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used for tRe)agwAyFOES Binds Qb [ dipidoA ginTnghl BT LB3ut 18256CroRelipia A

typhi muri um ATCC#14028, Pseudononas aer ugi nosa ATCCH27853, K/ ebsiella
pneunoripaeoﬂ\?@#sslm and Staphyl ococcus aur eusATCC#25923. A col ony of
each Gram negative bacteriumwas inoculated into nutrient broth (G bco,
BRL) and grown at 37C until it reached the | ogarithm c phase of growh.
The cul t ur Exavapledi3: mE@ﬂaszlattenuﬁatueAt’cl\hhvoth to give 1 - 5 x i05 cells/m.
Aliquots of 20 m Cg are wer e i ncubated w of _culture.

1 ) .F m
| ncubati on was letiop pfﬁ@"ﬁ@"?rieﬁi?d 'Rt eﬁéqng’sgﬂ wmple 12 wefe and 24

h, the baCb%mmbd%H S3LEEr MRRic ARNARHER vifo BiiRAks Up any aggl uti nated cl unps.
After vortexing, each culture was exani ned under the nicroscope to ensure

honogenei ty of ebacteda usekfarihe as@y weie LseherinacafiATECERSAP 2N 0. 85%
sal i ne, 15 Pl §5Iﬂ%n%na R/thhranSﬁﬁmaﬁl%c#(l%%,d/\bs%manas aeruginosa ATCC#27853,

Klebsiella 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 logarithmic phase of growth.
The culture was diluted with nutrient broth to give 1 - 5 x 10° cells/ml. 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 bacterial 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 effect on the growth of the various bacteria
used. However, enrichment of full-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 £. colj, K. pneurmnoniae, P.
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possess L on Its outer wall, was no fected anple 14: rFC
Prot ect s Patenwofmymi asdrplensi ti zed M ce from LPS Let haI ity Actinonycin D

The plbt oot i valae s Bopauite toh remmediRiy GiprenesaR ety (loy £ (5% 09
D-sensi ti gratl b&envibaddriae frMbmas te thes lipldiAesbrass of BP9 & heutpalRk ol s
biological activities, causing agglutination which leads to bacteriostasis. This
specific binding of rFC to LPS was confirmed by the observation that growth of
Gram-positive S. gureus, which does not possess LPS on its outer wall, was not
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 effect of rFC on the mortality of

actinomycin D-sensitized/LPS-challenged mice was studied according to protocols

25 previously described (19,67,21). In this /n vivo experiment, 500 pl aliquots
containing 25 or 50 ng LPS from £. ¢o/i 055:B5 (Sigma) and 50 pg 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/ml 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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25 previously described (19,67,21). In this in vivo experinent, 500 |
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with a regpgi Cﬁaﬁa hQﬁﬁH'c@Méﬁ.é%nﬁmmwmetenmeAﬁzzF@:} FBMn@ncodi ng

full-1ength T'F The reconbi nant protein was expr essed and partially
purified bygp@ificatly Tortheibiplogical moiety 6hLRMtD peutralize its datha reffest enmiegyr aphy
over SephadexTM G 100 as described in reference 76. The reconbi nant rFC
exhibits its nornmal serine protease activity as shown in that reference.

The parti algkymplérig:i eps Bfrfdidcrtb\ﬁfFQIlbrodﬁééd/\iasa mamdsmm wedtovEyisternn  bi ndi ng
the LPS obtained fromK pneunpniae, S. m nnesot a, g(Eoll and S.

typhi murium usRegPbigam) WWW@%%%@ qd{%lftﬁ%ﬁ Wi al condi ti ons
| ndi cated |, Ongﬁém' fchiBlRds colfidhd fhebrrChd cDRA chiing fdi-iehh FILC DI nds

much m)res t he pneunoni ae t antoth LPS fromE.
coli. The recombinant protein was expressed and partially purified by Biomax™

ultrafiltration and gel filtration chromatography 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, S. minnesota, E. col, and S. typhimurium
using the BIACORE X™ system and the experimental conditions indicated in
Example 12(8). The data of Fig. 29 show that the rFC binds much more strongly
to the LPS from K. pneumoniae than to the LPS from £. coli.

Example 16: rFC Produced in Baculovirus-infected Cells Induces Bacteriostasis
and Protects Mice from LPS Lethality

The rFC produced in the baculovirus-infected Sf9 cells 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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Exanpl e 16: rFC Produced in Bacul ovirus-infected Cells |Induces
Bacteriostasis and Protects Mce fromLPS Lethality The rFC produced in

t he baculg,g(ﬁ}ﬁz-sbnf ected Sf9 cells described in Exanple 15 was assayed for
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manner descri b barteresigiccactiyity shtheyhCarom P gellaeas axlsmsseda'm thie
't shove Bt JSEHEE it BPRIE LI TR Ha Mo, gspbw Rt e idostifenar -

The bact eeffars isshservachaht tat f for FScoyaid RUphedmandeRt skendighiigsa, on the

ot her hand, was of ch horter duration when r FC produced in the Sf9
cells is qﬂ@%f&s tertataHiown foréfﬁe fieobteineg foanyeast nrheckaskeiastasis

bacul ovi ri4gqd t ; i t hal | enge
s al so HaU F S dnimurti arit P lghos) o E otfiand RAS ok k"3
descri bedshonteExargtion iHen efCpmdutddin thalSfo céls isqisefl. t he partially purified

rFC was adm nistered. 1.n Fi 31, rFC-Sf9 indicates admnistration of
reconbi nant r q%l&mp&thwl&hp QC‘?CEEI\ IE5P 'rﬁﬁﬁgﬁ@m%‘f'r@Pﬁfecﬁds@fg

reconbi : . .
pacul 0T Vi Fs e T e g ERO L B T e o vea

in cul t wasicongtictad ia, theisemertames s ciedcribed iadoatipiaté, daept that oasy: | nf ect ed
Sf9 cell ; { i gni, fi t t] f_the chall d
i ce 1 ontQ HEST PR RattBu] PORGE ol B Rmiidfied” RIS S drCisel Meicapbus o
modi fi catadmmpiseratibh ©f RadoRitindrit rP@‘ﬂoqétﬁéMﬁﬁ thes ﬁgj;dgfeé é‘r‘ﬁoaﬁ?ﬁ ﬂq‘sﬁ v?c{] the

invention will be readily agparent o one of 5 i nary ski e art.

Such nodi¥fPdadicaas thatsupsrmstants fem 5felle hadrgsingsardy b§id typee scope of t he

i nventio iLhed dn t i | ow. , - . 45 .. 01/ 27289, .

PCT/ Sao0 B R WeRfusf. (GHhspteh Tt feicrarolats Heebopseriedn o1y o n

~-3 a 3 aultored Sacteriay the NFC praduted iMrdcofbinait batuldviRidinfecteds QIcA N N
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 apparent to one of
5 ordinary skill 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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<° C,_.mcm 1. A comparison between binding affinity of Factor C-derived Sushi proteins and other LPS-binding proteins to lipid A
> &
S — < mﬂonmsm - Ligand - Associalion Dissociation Equilibrium References
- x constant constant constant
5 W iyl O S 15 ()
=6
- CW | Sushi-123 Lipid A E.coli K12 4.01 x 10° 148 x 10 3.691 x10™
D >0 < 5.20 x 10° 7.88 x 107 1.515 x 10"
> " gm :
© e —5s o Shishi-1 Lipid A E.coli K12 2.401 x 10* 3.6410* 1.516 x 10%°
¥ Z O
EEL- £ 04 syshi-3 Lipid A E.coli K12 1.479 x 10° 2.031 x 10° 1.373x 10"
— —_— V)
c . d R . . 4 - 5
> Mative LALF Lipid A E.coli K12 3.124 x10 1.154 x 10 3.694 x 10
_7 .3
o) w < o ._| Gatignic protein 18 (CAP18) LPS S. minnesota Re585 ‘ 58x%107° de Haas et al., 1998
o
Z32af wmomam%ﬂammg_i-. Lipid A E. coli J5 4.1x10° Gazzano-Santoro et al.,
oo = sing Prolein (BPI) 1992
) - - — N .
(@] mw l @ mJMWmnm_.EE:m:ﬁ BPlys Lipid A E. coli J5 2.6-4.3x 107 Gazzano-Santoro et al,,
" Oz g 1992; 1994
oEmO{ wfoW:_umsm:n BPiyy (rBP121) LPS S. minnesota Re585 3.75x 107? de Haas ot al., 1888
™Mo Z " .
o 0_ BPI fep85-99 (15 mer) 1.76 x 10 de Haas et al.,, 1998
— T
= n_,w =] € Serdmh amyloid P component LPS S. minnesota Re585 3.9x10° de Haas ef al., 1998
! Q (SAP)
v 3 V 1 C
E " I'sa SAP pep186-200 .| LPS 8. minnesola Re595 1X10° de Haas st al., 1998
™ '
o ° S ° A* z%ﬂ LBP LPS S. minnesota Re595 3.5x10° Tobias et al., 1995
> V_ © a__“ .wmnoau_swan Lipld A E. coli J5 58x10° Gazzano-Santoro et al.,
- P o= N rvm}_zu_zn protein Fw_uv : 1994
\,
\V/ - O \_n_-nw_.@mm 1-187) s1x10? Han ot al., 1984
c S X
— — o
c N > e d mwomwnmw.ma soluble human LPS S. minnesota Re595 29x10® Tobias et al., 1995
S . off Jesw o)
— o
A w S Wn @ B_<3.x5 8 33x107 Vaara M., 1992
S e
-, % 2 m.«a_x@ nonapeptides 1.4-1.3 x 10°® Vaara and Vijanen, 1985
V o
o © ~ & wu:&e ndotoxin-binding LPS E. coli 055:85 6x10° Minett et al., 1991
= 7 O L | pretein-protease inhibitor
o . -
@© - @©
l 1 OIS
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Comparison of MBCs,, MBCy, hemolytic and cytotoxic activities of Sushi and other

cationic peptides on P.aeruginosa.

S1 <0.03 <0.03 30 7 0% at 100 pg/ml
SAl — <0.03 0.06 30 7 0% at 100 pug/ml
$3 <0.03 <0.03 30 7 5% at 100 pg/ml
SA3 <0.03 0.25 30 7 | 35%at 100 pug/ml
SMAP-2%° NA | 038-64° 2 NA | 67% at 255 pg/ml°
Buforin II” 32 64 10 30° NA
Cecropin I* 32 128 10 30° NA
Indolicin® 64 >128 10 60° NA
Magainin1° | 64 NA 10 60° NA
Nisin? 128 NA 10 60° NA
Ranalexin® | >128 NA 10 >60° NA

NA
MBCs,

MBGCs,

Killing rate for concentration achieving MBCg,.

Only MIC value was reported.

Hemolysis was done on human erythrocytes. Values were converted from its MW of 3198.

Time-kill kinetics were tested on Escherichia coli.

Data not available

Concentration of peptide required to kill 50% of the strains.

Concentration of peptide required to kill 90% of the strains.

Superscript at the cnd of the peptide name denotes the related journal number.
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<0.03 30 7

NA

<0.03 30 7

§§§/S§80./(&§62

-46 WD 01/ 27289 PCT/ SGOQ 00162
SVAP- 29

henol ytic and cytotoxic activities of

cationic peptides on P.aeruginosa. {
<0.03 0.06 30 7 0% at 100 gg/mn

SA3 <0.03 0.25 30 7 35%at 100 pg/mn

Tammtoto ~Y

and ot her

Tabl e 2 Conpari son of MBCm MBC, ,

Sushi
00% at 10womigfrsh  SAl

commtb tb 03 OD -
5% at 100 pg/ m

. m O m (@]
AN ) n m O o v
E&M.ww_ — W -~
—_ o >m 'S % < Vv
S gndi@ S-binding, anti-LPS and antimicrobial activities of Factor C & peptides
9 ~o0= od .V II i} v \ VI Vil Vi X
T Eator © b AR Stoichio- cD LPS- [ Suppress-| Mouse Cytotoxicity | Haemolytic Anti-microbial
S fra ts C ©r _._W @ metry + Neutrali ion Protection (Cell lysis) Activity at vonm=o<.
mw . — lo(BlAcore() of Binding lipA -sation | Of LPS- Assay 100 ug/m! | P. aeruginosa
Mmh:@.ﬂ - 0 1 < Y Cooperati- ENCs | induced % % peptide | MBCgoug/mi (nM)
S<— o8 o(@)_ 4 vity {(um) | cytokine (hu RBC) or
mm ©-=0] c @ ® e TNF-o % lysis MICg
mT — o« B 2 < 1 coefficient (50%) N
PESCTL o o 22 0.069 8.5nM  [90% at2 puM % lysis a
de mw %02 (76 ug) | 109 uM (4 mg/ml)
N ﬁﬁm mﬂ @Wﬁ £
¥ .- _ S O @0 - - -
88bi b C [J5X18'© - - -
ML NSOl — o—9
;.. :m,w_m () .mwg ) ) )
. o - € 0. - 0, 0 0.03 ug/mi
L.I& g0 o J0x10S 242 43% aH 225 22%at75 | o =§n \
- " "~ 3 51%T Hg
P e (20 nmol) 510 %
PS>0 15.65x100 1.08 16% o-H 0.875 53 uM 40% at 75 lysis at 4 mg/mi 0 0.06 ug/mi
SS9 NE_ESSSS 10.8% P . Hg ' (16 nt) MBC
d" " "Sspba— 2 38.2% T (6.7 nmol)
S C o tPEMg0S 1 0.99 90.6% B 1 94 uM 56% at 75 5 mpﬁ ug/m
B P g0 9.4% o-H 16 %0 ) (@ nM)
u . - — nmo
num\/um Mﬂw 16,6130 = 0.91 465%aH | 0625 46 pM 100% at 25-30% lysis at 35 0.25 ug/ml
- L o0 cZ 53.5% T . 75 4 mg/ml (63nM) g
o cQo] o= dd - ng
GhWOee v O (19 nmol) 5 5.01 ual
Bsd - ocloveg 0] 03 100 % 0.01 20 M . 3.8 M) 20% [<0.01ug 3‘H vic
Q- ZolE.ZC0 Random _ -
RS SoASE - 21 100% R | >0.25 | >200 M - 33 uM 0% <0.01 ug/m \_
FSQIC C [1.39x WO|O 1.0 33%a | 5025 | 37.5pM - 26 pM 5% <0.01 é\aJ
B SERRSs<T~ Hellcal ECso
e _O m® C © O 5 o7 ol
kwmq.&nn 2RI 10T 1.1 100% R | >0.25 30 uM - 400 uM 5% <0.01 ug MBC
M%M © | ook Random - _
qS8vgd © 25 1en| 0.8 100%a [ 0.03 20 uM - 22 uM 100% | <0.01 ug/m
400\u2m9ulnmam9n Helical : =
omm..qua.m m ;.@um 10%|Z 1.0 100 % a >0.25 25 uM - 35 uM & 75 % <0.01 cn\:&
L_lnedWOeMMN Helical
™ @ ‘» m nEQ 2™ ~Z
csN=2385%88%3n
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throughout this document. Each such article is hereby incorporated in its entirety
by reference by such citation.
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<141> 1998-12-24 <160> 4 <170> Patentln Ver.2.0 <210> 1 c211> 4182 <212>
DNA <213> Carcinoscorpi us rotundi cauda <220> <221> CDS <222> (569)..(3817)
<400> 1 ghdihaRb9 tctcaacggt aaaggtttca ttgtagctaa tat tl)tcaﬁs%o@/ (gg;accct gtg
60 ccccaaatcg cgagtatgac gtcagttaag acttcgtatt ttaagagtta aa W gcc 120
ttaaagagcg atattttttt tgttaaacac ttccaactta caaactttca 180
aaaat aaagt ggaaaaggag gt aaaaaaga tgaaaaaaat t agaat acaa 240
taaaatgtgt tgtctttact gtcaacactt actgttcgtt t gt gaat cgg 300
ggtgacttta tgtttgtagt ggtcttaaaa acgggtactt ggttgttttg aaaattttaa 360
aacctacata tgattctcct a 49144 pt aaatta gcaccatttg cgacctaaat 420
cttttttgta gtcttaagtt tagttgacat aaaaacaaaa tttgtaacaa cacacggtat 480
aaact aaafa Qﬁ&;t cagat g ggtcgt atga caaggaaact tttaaataat tatgaaagtt 540

at acaattgg
t cgcat acaa
cggt cacagc

tttttaaaat aagg ttagatt atg tgg gtg aca tgc ttc gac acg 592 Met Trp
Val Thr Q/s @% -57 WO 01/ 27289 PCT/ S0/ 00162 ttt ctt ttt
gtt tgt, % O 19 thdeh HacBlGoddg; 640 Phe Leu Phe Val Cys
Qu Sert O%/&‘a{é %a%_ s Val cTr[;m- 0°1t5 30 agg ttt ggt ttc tgt

agg tg t . tac agt ttt cca ttc gtt 688 Arg Phe Ay Phe Cys Arg
Trp, A%ég%af‘géhégprcyr Ser Phe Pro Phe Val 25 30 35 40 aag tca aca gtt gtt
tta tt%ﬁ@ﬂoBﬂ}lgE&% cat tac tct ctc cac aat 736

<141> 1998-12-24

<160> 4

<170> PatentlIn Ver. 2.0

<210> 1

<211> 4182

<212> DNA

<213> Carcinoscorpius rotundicauda

<220>

<221> CDS

<222> (569)..(3817)

<400> 1

gtatttaatg tctcaacggt aaaggtttca ttgtagctaa tatttaactt cctccetgtg 60
ccccaaatcg cgagtatgac gtcagttaag acttegtatt ttaagagtta aacacgagec 120
ttaaagagcg atattttttt tgttaaacac ttccaactta atacaattgg caaactttca 180
aaaataaagt ggaaaaggag gtaaaaaaga tgaaaaaaat tcgcatacaa tagaatacaa 240
taaaatgtgt tgtctttact gtcaacactt actgttcgtt cggtcacagce tgtgaatcgg 300
ggtgacttta tgtttgtagt ggtcttaaaa acgggtactt ggttgttttg aaaattttaa 360
aacctacata tgattctcct aaaattttgt ttataaatta gcaccatttg cgacctaaat 420
cttttttgta gtcttaagtt tagttgacat aaaaacaaaa tttgtaacaa cacacggtat 480
aaactaaata gcttcagatg ggtcgtatga caaggaaact tttaaataat tatgaaagtt 540
tttttaaaat ttgactaagg tttagatt atg tgg gtg aca tgc ttc gac acg 592

Met Trp Val Thr Cys Phe

1

- 57 -

5

Asp Thr



Lys Ser Thr Val Val Leu Leu Gn Cys Tyr H's Tyr Ser Leu His Asn 45 50 55
ace tca aag ttc tac tct gtg aat cct gac aag cca gag tac att ctt 784 Thr
Ser Lys Phew-ayorm%% Val Asn Pro Asp Lys Pro Qu Tyr Ile Leu 60 65 70 tca
ggt tta gtt Ccta ggg cta cta gcc caa aaa atg cgc cca gtt cl8gT8G®/ooser 4y
Leu Val Leu Ay Leu Leu Ala G n Lys Met Arg Pro Val G n 75 80 85 tcc aaa
gga gta gat cta ggc ttg tgt gat gaa acg agg ttc gag t9t 880 Ser Lys Ay
Val Asp Leu Gy Leu Cys Asp Gu Thr Arg Phe A u Cys 90 95 100 aag tgt ggc
gat cca ggc tat gtg ttc aac att cca gtg aaa caa tgt 928 Lys Cys Ay Asp
Pro Gy Tyr Val Phe Asn Ile Pro Val Lys A n Cys 105 110 115 120 aca tac
ttt tat egactggea@de GG Jaal adtltcadRe iR tdit cgatcdag GlPeQy/6 cabhr Tyr Phe
Tyr Arg FEdLél gndrval Bye EYSsdy SePral Qs AsPrhSped 64k $251430 135 gag get
aag gat att igt cca aag tac gaa cga tgt caa gag tgt aag 1024 -Au Al a Lys
Asp Ile Cys Pro Lys Tyr Lys Arg Cys G n GQu Cys Lys 140 145 150 get ggt
ctt gat agy ctgbggithcagt it cfCAgCGeare aRAadtaterdada 86d gld7259Al @ Gly. Leu
Asp Ser fysrehakiyivhe @S RIGOTHY Arf\SA1Lake T s&d yhelBfo 205vAH60 165 tgg tgt
age gogt gsa tgt cag tgt amag aat gga ggt adfse tgt gac cag 4420 Trp Cys Ser
Gy Qu Cys An Cys Lys Asn Ay Ay Ile Cys Asp G n 170.175 180 agg aca gga
get tgt geatéPhcL@iegae agacdAtagdade 080 Helcdeatert @lc ddb8ar ArgasThr Gy Al a
Cys Al a Gyssé¥ gnAspl Ay o 1l B1idoys ik HisSTyySer185 #90a405 200 -58 WO
01/ 27289 PCT/ S0/ 001@2 gaa att ctc aaa ggt tgt cct ¢t ctt cca tcg gat
tct cag gtt cag 1216

acc tca aag ttc tac tct gtg aat cct gac aag cca gag tac att ctt 784

Thr Ser Lys Phe Tyr Sexr 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 cca gtt cag 832
Ser Gly Leu Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln
75 80 85

tcc aaa gga gta gat cta ggc ttg tgt gat gaa acg agg ttc gag tgt 880
Sexr Lys Gly Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys
90 85 100

aag tgt ggc gat cca ggc tat gtg ttc aac att cca gtg aaa caa tgt 928
Lys Cys Gly Asp Pro Gly Tyr Val Phe Asn Ile Pro Val Lys Gln Cys
i0s 110 115 120

aca tac ttt tat cga tgg agg ccg tat tgt aaa cca tgt gat gac ctg 976
Thr Tyr Phe Tyr Arg Trp Axrg Pro Tyr Cys Lys Pro Cys Asp Asp Leu’
125 ) 130 135

gag gct aag gat att tgt cca aag tac 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

gct ggt ctt gat agt tgt gtt act tgt cca cct aac aaa tat ggt act 1072
Ala Gly -Leu Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr
155 160 : 165

tgg tgt agc ggt gaa tgt cag tgt aag aat gga ggt atc tgt gac cag 1120
Trp Cys Ser Gly Glu Cys Gln Cys Lys Asn Gly Gly Ile Cys Asp Gln
170 . 175 180

agg aca gga gct tgt gca tgt cgt gac aga tat gaa ggg gtg cac tgt 1168
Arg Thr Gly Ala Cys Ala Cys Arg Asp Arg Tyr Glu Gly Val His Cys
188 190 195 200



-dn Trp

Ile Leu Lys Gy Cys Pro Leu Leu

Pro Ser Asp Ser Gn Val Gn

205 210

gaa gtc aga aat cca cca gat aat ccc caa act att gac tac agc tgt 1264

Asn
ggt
Met
cca
Pro

Pro
atg
Al a
ccc
Lys

Val Argohthks0 Pro Asp
cca ggg ttc aag ctt aag

Gy Phe Lys Leu Lys Gy
gga cag tgg agt aac ttt
Ser Asn Phe Pro
tca tct cca gaa cat ggg aaa gtg
Ser Pro Qu Hs Ay Lys Val Asn
at agypatyFFcFEr |t 9% ECE Gt
A uSstr ylallguThys $60U Y FreHe dae
ggt caa gaa aca ?%%a acc tgt cag
Gn GQu Thr Leu Thr C¢ys A n Ay
at a 98t FLE AT P+ 8%y “BATAUE 1R gEE
Pr o & YaEArg| Ran B PER RSKASTPHRE
aac cat get g#¥® cac aag get a#é¥
Hs Ala Qu His Lys Val Lys Ile
ttt tERICCRLLIGEHS ard cHaRGtyyratw
Pr o S&F rP¥al §AYTHre Gra LeallyFhly et
ttc ttg atdf3ggt -ttt gac actltta
Leu Met Gy Phe Asp Thr Leu Lys

aat gga cag tgg agt aac ttt cca ccc
Asn Gly Gln Trp Ser Asn Phe Pro Pro
250 25§

atg
Met
265

gte
val

tct
Ser

tca
Ser

cca cat aaa

Lys

gaa
Glu
270

999

Pro His Gly

ata
Ile

atg
Met

gaa
Glu

tta
Leu

act
Thr

ttc
Phe

999
Gly

gct
Ala
285

cgg
Arg

ttg
Leu

att
Ile

caa
Gln
300

ggt
Gly

gaa
Glu

tta
Leu

aca
Thr

acc
Thx

tgt
Cys
305

ata
Ile
315

gga
Gly

cag
Gln

cca
Pro

caa
Gln

tgt
Cys

tta
Leu

aag
Lys

aac
Asn
320

cct
Pro

gta
val
330

aac
Asn

cat
His

gct
Ala

gaa
Glu

cac
His
335

aag
Lys

gtt
Val

tat tte

Phe

cct
Pro

caa
Gln
35S0

ggt
Gly

cag
Gln

act
Thr

ggc
Gly

gaa
Glu
345

tac
Tyx

aac
Asn

tte
Phe

ttg
Leu

atg
Met
365

tte
Phe

acc
Thx

ggt
Gly

gac
Asp

tct
Ser

tgg tca

Trp

tca
Ser

gga
Gly
380

cag
Gln

cca
Pro

tce
Serxr

tgt
Cys
385

Ser

An Thr Ile
gca cga att
Arg lle Ser
aaa tgt att
Cys lle Arg
aat get ctt
Al a Leu Ser
fCattye2hare
B SHs s ser™

Asp
agc
Cys
cga
Au
agt
Gy Asp

£ ¥éc¥Bac At 1456

Tyr Ser'
tgt &Cd

Met

8 YArG*yr 285 290 295
Hh aat ggt cag t’gg aat 1504 Leu lle

Asn Ay Gn Trp Asn 300 305 310 gga

2ty e @R JAE Wy HFat B8%2 Gy Gn

s Thor JLASP LRE $REptYs315 320 325

cct

att ggt gtg g28 caa aaa 1600 Pro Val

Gy Val
&t SR Gt gEct G

Fa Aoy diseer@y BASP50 355 360 aac
aaa tgt aa&é®cct gat ggg 1696 Asn Tyr

Cys Asn Pro Asp Ay 365 370 375 -
aaa tgt att cga gaa tgt gcc 1360
Lys Cys Ile Arg Glu Cys Ala .
260

gtg aat gct ctt agt ggt gat 1408
Val Asn Ala Leu Ser Gly Asp

275 280
tca tgt gat agt ccc tac tac 1456
Ser Cys Asp Ser Pro Tyr Tyr
290 298
cag ggt aat ggt cag tgg aat 1504
Gln Gly Asn Gly Gln Trp Asn

310
gtc ttc tgt cct gac ctg gat 1552
Val Phe Cys Pro Asp Leu Asp’
325
aaa att ggt gtg gaa caa aaa 1600
Lys Ile Gly Val Glu Gln Lys
340

gtg acc tat acg tgt tcg ggt 1648
val Thr Tyx Thr Cys Ser Gly

35S 360
tta aaa tgt aac cct gat ggg 1696
Leu Lys Cys Asn Pro Asp Gly
370 375
gtt aaa gtg gca gac aga gag 1744
Val Lys Val Ala Asp Axrg Glu

390

- K9 o

s 220 225 230
%0112  Ser
Leu Pro 235 240 245

gaa tgt gcc 1360 Asn
Cys Ala 250 255 260 atg
ggt gat 1408 Met Val
265 270 275 280

tg

Gu @n Lys 330 335 340 tat ggt
PGt cP64831Tyr Ay Gn



tct tgg tca gga tca cag cca tcc tgt gtt aaa gtg gca gac aga gag 1744 Ser
Trp Ser Ay Ser Gn Pro Ser Cys Val Lys Val Ala Asp Arg G u 380 385 390 -59
WO 01/2728%894?&1 00162 gtc gac tgt gac agt aaa get gta gac ttc ttg gat
gat gtt ggt gag 92 Val Asp Cys Asp Ser Lys Ala Val Asp FESG00B3p Asp
Val Ay Au 395 400 40S cct gtc agg atc cac tgt cct get ggc tgt tct ttg
aca get ggt act 1840 Pro Val Arg Ile Hs Cys Pro Ala @y Cys Ser Leu Thr
Ala Ay Thr 410 41S 420 gtg tgg ggt aca gcc ata tac cat gaa ctt tcc tca gtg
tgt cgt gca 1888 Val Trp Ay Thr Ala lle Tyr His Qu Leu Ser Ser Val Cys
Arg: Ala 425 43-0 435. 440 gcc atc cat get ggc aag ctt cca aac tct gga gga

gcg gtg gat at g é% 0 a%algc% ﬂ@tgdg@sé a8l Qoo /gl), SN, F Y Ay Ala
Val His | n44 e t 59 Jit Ctg ggt agt
gac ctg agtA}géy 4£§€a Asn % ngrq'og'lq'\%/%3 %gr %\s%lgP e Leu-Ady Ser Asp

Leu Asn Gy 460 465 470 ata aaa tcc gaa gag ttg aag tct ctt gcc-cgg agt

ttc cga {4Co0at 2032 cau@t%& &_rggle Oede LY ddSgeeehgeledt Al grg Ser Phe

Arg Phe 472,480, o) ol el GGy g aaa tca gga tgt
cct gat égg:ﬁgg 32§Q ﬁ'%)'ycr Vﬁ Ser %ter gégr;%g ai%lq ﬂga?/lq'L%/% Ser Ay Cys Pro

Asp Ay Trp 490 . 495 500 ttt gag gta gac gag aac tgt gtg tac gtt aca tca

aaa cag &@at ggl.z;s cEE%aCia% yﬂ ggésgtgtuc '%%Q g(txst:g\.[aégt-réqa Vql Jhl’ Ser Lys

A n Arg Ahaqg 1 gdaa La9a.0al. . CAs dqt gt acc aat atg
get get 1t cttl)get 21 6 Trp %qu L 455 n Gy&\q?allugjq& Thr Asn Met Al a

Ala Arg Leu Al a 525 530 535

gcee atc cat gct ggc aag ctt cca aac tct gga gga gcg gtg cat gtt 1936
Ala Ile His Ala Gly.Lys Leu Pro Asn Ser Gly Gly Ala Val His val
445 450 455

gtg aac aat ggc ccc tac tcg gac ttt ctg ggt agt gac ctg aat ggg 1984
val Asn Asn Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly
460 465 470

ata aaa tcc gaa gag ttg aag tct ctt gce cgg agt ttc cga ttc gat 2032
Ile Lys Ser Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp
47S 480 485

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

ttt gag gta gac gag aac tgt gtg tac gtt aca tca aaa cag aga gcc 2128
Phe Glu val Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Arg Rla
‘505 510 51s 520

tgg gaa aga gct caa ggt gtg tgt acc aat atg gect gct cgt ctt get 2176
Trp Glu Arg Ala Gln Gly Vval Cys Thr Asn Met Ala Ala Arg Leu Ala
525 530 535

gtg ctg gac aaa gat gta att cca aat tca ttg act gag act cta cga 2224
Val Leu Asp Lys Asp Val Ile Pro Asn Ser Leu Thr Glu Thr Leu Arg
540 S45 550

ggg aaa ggg tta aca acc acg tgg ata gga ttg cac aga cta gat gct 2272
Gly Lys Gly Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp Ala
585 S60 565

gag aag ccc ttt att tgg gag tta atg gat cgt agt aat gtg gtt ctg 2320

Glu Lys Pro Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu
$70 S7S 580

- 60 -



gtg ctg gac aaa gat gta att cca aat tca ttg act gag act cta cga 2224 Val
Leu Asp Lys Asp Val Ile Pro Asn Ser Leu Thr G u Thr Leu Arg S40 545 550
ggg aaa gagobi/gca acc acg tgg ata gga ttg cac aga cta ggt et 2272 4y
Lys Gy Leu Thr Thr Thr Trp Ile Ay Leu His Arg Leu Asp AFESS¥0560 565
gag aag ccc ttt att tgg gag tta atg gat cgt agt aat gtg gtt ctg 2320 du
Lys Pro Phe Ile Trp G u Leu Met Asp Arg Ser Asn Val Val Leu 570 575 580 -60
WO 01/ 27289 PCT/ SGOQ 00162 aat gat aac cta aca ttc tgg gcc tct ggc gaa cct
gga aat gaa act 2368 Asn Asp Asn Leu Thr Phe Trp Ala Ser Ay Qu Pro Ay
Asn Au Thr . 585 590 59S 600 aac tgt gta tat atg gac atc caa gat cag ttg
cag tCtaagtaet §3 amaldtbec thgpcCysctVade By& dvbtgghAsqrcldaa &4 Aspsd n Leu
GLn' SemsVWalspTAga Las THOPhE hRp Gz sacclya&lu trea dlgtashtdlucey ccc-tca agt ttt
get tgseatg atg gat ctge464 Thr Lys Ses Cys Phe G n & Ser Ser Phe Al a
Cys Met Met Asp Leu 620 625 630 tca gac aga aat aaa gcc aaa tgc gat gat
CCt gQaatCytCétth A ab@lga2Ht? caSegatAsiy Arg cAsitckyggltay dass Quss Asp Asp Pro
Gy SerasherysQral A Me8aspA0eteln Agalcaeuw g6 eVt trpCREs gga caa agt att
gat ggg ttc tat get eggt 2560 Gy Heso Ala' Thr Leu His Ay A n Ser 1le Asp
Gy Phe Tyr Ala Ay 650 655 660 tct tct ata agg-tac agc tgt gag gtt .ctc cac
tac ct acagiagggen agi t26@8g doertesgd ket Aeg thyratbedegCys &gy MValaleu Hi s Tyr
Leu Serthd yysThér 665 phd @16 o680 sgnanadta glya et Mdrgispacean aca aat ggc aca
tgg agt get cct aam cct 2656 { we2sThr Val Thr CyssoThr Thr Asn Gy Thr Trp
Ser Ala Pro Lys Pro 685 690 695

tca gac aga aat aaa gcc aaa tgc gat gat cct gga tca ctg gaa aat 2512

Ser Asp Arg Asn Lys.Ala Lys Cys Asp Asp Pro Gly Ser Leu Glu Asn ~

635 640 645

gga cac gcc aca ctt cat gga caa agt att gat ggg ttc tat gct ggt 2560
Gly His Ala Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly
650 655 660

tct tct ata agg tac agc tgt gag'gtt ctc cac tac ctc agt gga act 2608
Ser Ser Ile Arg Tyr Ser Cys Glu Val Leu His Tyr Leu Ser Gly Thr
665 670 675 680

ééa acc gta act tgt aca aca aat ggc aca tgg agt gct cct aaa cct 2656
Glu Thr Val Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro
685 690 €95

cga- tgt atc aaa gtc atc agcc tgc caa aac ccc cct gta cca tca tat 2704
Arg Cys Ile Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr
700 705 710

ggt tct gtg gaa atc aaa ccc cca agt ©gg aca aac tcg ata agt cgt 2752
Gly Ser Vval Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg
715 ’ 720 725

gtt ggg tca cct ttc ttg agg ttg cca cég tta ccc ctc cca tta gcc 2800
Val Gly Ser Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala
730 738 740

aga gca gcc aaa cct cct cca aaa cct aga tcc tca caa ccc tet act 2848
Arg Ala Ala Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr
745 750 ’ 755 760

gtg gac ttg gct tct aaa gtt aaa cta cct gaa ggt cat tac cgg gta 2896
vVal Asp Leu Ala Ser Lys Val Lys Leu Pro Glu Gly His Tyr Arg Val
765 770 775



cgatgt atc aaa gtc atc acc tgc caa aac ccc cct gta cca tca tat 2704 Arg
Cys Ile Lys Val Ile Thr Cys A n Asn Pro Pro Val Pro Ser Tyr 700 705 710

ggt tct gtg“gﬁﬁa%kg aaa ccc cca agt cgg aca aac tcg ata agt cgt 2752 dy
Ser Val Qu TMe"Lys Pro Pro Ser Arg Thr Asn Ser |le Ser APGT/BGB/602E 725

gtt ggg tca cct ttc ttg agg ttg cca cgg tta ccc ctc cca tta gcc 2800 Val
Gy Ser Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala 730 735 740 aga
gca gcc aaa cct cct cca aaa cct aga tcc tca caa ccc tct act 2848 Arg Al a
Ala Lys Pro Pro Pro Lys Pro Arg Ser Ser G n Pro Ser Thr 745 750 755 760

gtg gac ttg get tct aaa gtt aaa cta cct gaa ggt cat tac cgg gta 2896 Val
Asp Leu AI98 S&r<d3y8CVAFt [E9S ac@ FSPr 9GP €83 thF Sadgra Arg vl 766 770 775 -
61 WO 0FRZ7AZA-B R SEOOroTreXysgyy fet 2egydyyder kv Ltwdencg tgc gag tcg
aga tac tac gaa ct&%tt 2944 Ay S Arg Ala Ile T Thr Cys G u Ser Arg
Tyr Tyr Qu Leu Leu 780 7B5 790 gga tct caa ggc aga aga tgt gac tct aat
gga aac t993 %t CFgEIT e 299Xt @y 'S 2 ATIYT AFY 2y g9tCFgg AsposBer Asn Gy
Asn Trp Sév¥ TryGimy §ly79%8 809 CBoFHsbciex YJryChydsa §re S¢t Sheargtt tgt gga cgg
tca gac tct cct’7?gt tct 3040 M98 Ala Ser Cys Bf® Pro Val Cys Ay Arg Ser
Asp Ser Pro Arg Ser 810 815 820 cct ttt atc tgg aat ggg aat tct aca gaa ata
ggt cag tGy TEPRIYEBOBB cCcPEst PIgE 992e°IFr fASHE &Yy HsasSert Theoa@ u Ile Ay
An Trp PF8 MepSe25r83br 835 VBUFYs &y HoaSeudsmber Prd Aegietgg ctt gca gac
cac aat atg %dgg ttt ctc 3136*5An Ala Ay I8 Ser Arg Trp Leu Ala Asp His

Asn Met Trp Phe Leu 845 850 855 :
cct ttt atc tgg aat ggg aat tct aca gaa ata ggt cag tgg ccg tgg 3088

Pro Phe Ile Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Trp
825 830 835 840

cag dca gga atc tct aga tgg ctt gca gac cac aat atg tgg ttt ctc 31386
Gln Ala Gly Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu
845 850 855

cag tgt gga gga tct cta ttg aat gag aaa tgg atc gtc act get gec 3184
Gln Cys Gly Gly Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Ala
860 865 870

cac tgt gtc acc tac tct goct 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
875 880 88s

ttt aaa atg tat ctg ggc aag tac tac cgt gat gac agt aga gac gat 3280
Phe Lys Met Tyr Leu Gly Lys Tyr Tyr Arg AsSp Asp Ser Arg Asp AsSp’
890 895 900

gac'tat gta caa gta aga gag gct ctt gag atc cac gtg aat cct aac 3328
Asp Tyr Val Gln Val Axg Glu Ala Leu Glu Ile His Val Asn Pro Asn
905 910 915 920

tac gac ccc ggec aat ctc aac ttt gac ata gcc cta att caa ctg aaa 3376
Tyr Asp Pro Gly Asn Leu Asn Phe Asp Ile Ala Leu Ile Gln Leu Lys
925 930 935

act cct gtt act ttg aca aca cga gtc caa cca atc tgt ctg cct act 3424
Thr Pro Val Thr Leu Thr Thr Arg Val Gln Pro Ile Cys Leu Pro Thr
940 945 950 '

gac atc aca aca aga gaa cac ttg aag gag gga aca tta gca gtg gtg 3472
Asp Ile Thr Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val val
955 560 965



cag
Cys
cac
Cys
ttt
Lys

gac:

Tyr
tac

act
Pro
gac
I'le
62

tca
du
t gt
du
gag
Asn

t gt
Ay
t gt
Val

aaa
Met
t at
Val

gac

gga gga tct
Ay Ser Leu
9o 871242 C
Thr Tyr Ser
tat ctg
Leu Ay
caa gta
Val Arg
ggc aat

atg
Tyr
gta
Adn
ccc

aat
Au
act
Al a
tac
Tyr
get
Leu
ttt

cta
Leu
tct
Al a
ggc
Lys
aga
du
ctc

ttg
Asn

get
Thr
aag
Tyr
gag
Al a
aac

gag
Lys
get
Au
tac
Arg
ctt
Au
gac

aaa
Trp
gag
Ile
cgt
Asp
gag
Ile
at a

atc
Val
att
Asp
gac
Ser
cac
Val
cta

tgg
I'le

att
I'le
gat
Asp
atc
Hi s

gcc att

act get gcc 3184 dn

Al a
ccc
Asn
aga
Asp
aat
Pro
caa

aaa

Pr o2& pIAFTIS L8t HIn3Phe2ASHC 193¢ M atLeic? 969 G°H A8 Ry s 925
cct THE Clackrt Ry ERuaPrHC G e dandise THaTecacartey (igr Begflect act
Pro 11&%%€ys Leu Pro Thr 940

Val

ThrP?’feu Thr

Thr Ar §7¥al

Adn

atc aca aca aga gaa cac ttg aag
Thr <ThECAFIGE FFtsTItledtt #62 §SF WS aThot 89 ARg 994 tagal 3958
WO Gip 222851 PER BB DYb M afda i TRy§ryFiv iRy At ™Mraa aac
gag %8&g att caa 3528°°Thr Ay Trp d¥°Leu Asn d u A3¥°Asn Thr Tyr Ser

Thr

Ile G n 970

975 980 -

gag gga aca tta gca gtg gtg

Al a 860 865 870
aat ca

BCHSg

3232 His

0880 885

gac gat 3280 Phe
Asp, 890 895 900
cct aac
Asn 905
ctg

3328 Asp
910 915 920
3376  Tyr
930 935
3424 Thr
945 950
3472  Asp
960 965 -
aac acc tat

caa get gtg cta cct gtt gtt gca gcc agc acc

gaa 292 Fagoifat s 3568c2 CkH AP LBYFafcd 8tF PRO VA IttVallgtde® AlgiSer Thr Cys
C u L@ \FiTAL2g8® D9QPonGeq DG Vadafhgatt dea Mgacdhet@schl® ct g aca gta aca

aac atg ttc tgt*8%a 3616 Lys G#CAla Asp Leu. PFB5Leu Thr Val

Met Phe Cys Ala 1005 1010 1015

ggt tac aag aag

Gly Tyxr Lys Lys
1020

Lttt
Phe

cct tta gtg
Pro Leu Val
1035

gaa ggg att
Glu Gly Ile
1050

gtc
val

cag tac ggg
Gln Tyr Gly
1065

ggc
Gly

cag ttc att
Gin Phe Ile

ttgttectat tattgettta

ggatcattgt

tccattggag

tatcttctac

taagtccacc

atctattata

<210> 2

<211> 1083
<212> PRT |

<213> Carcinoscorpius

ttctgtetgt
actgttacct
acatgaaaat
actagagaac

daaaaaaaaa

gga cgt tat gat
Gly Arg Tyr Asp

gct gat gat tcc
Ala Asp Asp Ser
1040

agc tgg ggc agt
Ser Trp Gly Ser
1055

ttc act aaa gtt

Phe Thr Lys Val
1070

aaaaa

gcc
Ala
1025

cgt
Arg

cce
Pro

aac
Asn

rotundicanuda

tgc
Cys

acc
Thr

agt
Ser

gtt.
val

.ttc ctg tca

agt ggg gac agt
Sexr Gly Asp Ser
1030

tgg
Trp

gaa agg cgg
Glu Arg Arg
1045

gga tgt ggc
Gly Cys Gly
1060

aag
Lys

tgg

Phe Leu Ser Trp

1075
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tgaaactgat ctaaatattt taagcatggt tataaacgtc

gga
Gly

gga

gtc
val

ttg
Leu

gcg aac

Ala Asn

att agg
Ile Axg
1080

.ctggtttaac ccataagaag gttaacgggg taaggcacaa
ttttacaaat ggttctttta gtcagtéa;t gagaat#gﬁa
tttattctac ctttttatat tactatgcaa gtatttggga
tetgtecattt taccataaat ttggtttctg gtgtgtgtgt

gatgtaattt tcaatagtac atgaaataaa tatagaacaa

Gly -

3664

3712

3760

3808

3857

3917
3577
4037
4097
4157

4182

Thr Qu



ggt tac aag aag gga cgt tat gat gcc tgc agt ggg gac agt gga gga 3664 Qy
Tyr Lys Lys Ay Arg Tyr Asp Ala Cys Ser Ay Asp Ser Ay Ay 1020 1025 1030
cct tta gwttt et gat gat tcc cgt acc gaa agg cgg tgg gtc ttg 3712 Pro
Leu Val PheVRI%4?%&h Asp Ser Arg Thr Gu Arg Arg Trp Val LBOT/SGB®IKA40 1045
gaa ggg att gtc agc tgg ggc agt ccc agt gga tgt ggc aag gcg aac 3760 Gu.
Ay Ile Val Ser Trp Ay Ser Pro Ser Gy Cys Ay Lys Ala Asn 1050 1055 1060
cag tac ggg ggc ttc act aaa gtt aac gtt..ttc ctg tca tgg att agg 3808 Gn
Tyr Ay Ay Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg 1065 1070 1075
1080 cag ttc att tgaaactgat ctaaatattt taagcatggt tataaacgtc 3857 G n Phe
ITe ttgttggtat tattgecttta ctggtttaac ccataagaag gttaacgggg taaggcacaa 3917
ggat cat t g, e b Ol B §,£ h2GaRah. AL Gh! blavEl €9019aaL qagaat agta 3977
tccattggag,ac gttacct tattctac cttttfatat tactatgcagggtatttggga 4037
tatcttctac acatgaaaat tctgtcattt taccataaat ttggtttctg gtgtgtgtgt 4097

t aagt cca t.agagaac L t g t,at agaacaa 4157

at ct attat(::‘g Z%aag’ésgg ngté: a(%& -1%1, I%a%r% &Zﬂﬁﬁ%@%%;?% Z’Q %> PRT <213>

Car ci noscor pi us rotund| cauda -63 WO 01/27289 PCT/ SGOQO 00162 <400> 2 Met

Trp Val Thr s, Ph h P, gr 1510 15 \Val
Phe oys L‘g"“& {% Bé_sgffal R"'rw!’ ‘J?‘ee"ﬁlﬁ%s g'ee” M@J VQ’%&QL&I ?%L,&’?g 20 25 30 "Val

Phe Tyr Ser Phe Pro Phe VaI Lys Ser Thr VaI Val 4Leu Leu Gn

Cys Tyr His Tyr Ser Leu His Asn Thr Ser Lys Phe Tyr Ser val Asn
S0 SS 60

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

Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly Val Asp Leu Gly Leu
85 90 85

Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly Asp Pro Gly Tyr Val
100 105 110

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

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

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

Cys Pro Pro Asn Lys Tyxr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
165 170 17s

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala Cys Arg
180 i85 - 190

Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys Gly Cys Pro Leu
195 200 205

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

Pro 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 Asn Phe Pro
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35 40 45 Cys Tyr His Tyr Ser Leu H's Asn Thr Ser Lys Phe Tyr Ser Val Asn
50 55 60 Pro Asp Lys Pro Qu Tyr Ile Leu Ser Gy Leu Val Leu Ay Leu Leu
65 70 75 G@n Lys Met Arg Pro Val @n Ser Lys d eu Ay
Leu 85 9’8’9’9‘%&@% Asp Gu Thr Arg Phe Gu Cys Lys Oys G%f\f%%@’@ﬁ?ay Tyr
Val 100 105 110 Phe Asn Ile Pro Val Lys A n Cys Thr Tyr Phe Tyr Arg Trp
Arg Pro 115 120 125 Tyr Cys Lys Pro Cys Asp Asp Leu Qu Ala Lys Asp lle
Cys Pro Lys 130 135 140 Tyr Lys Arg Cys G n Gu Cys.Lys Ala Ay Leu Asp
Ser Cys Val Thr: 145 150 155 160 Cys Pro Pro Asn Lys Tyr @Ay Thr Trp Cys
Ser Ay Qu Cys An s 165 170 175__Lys Asn Gy Ay . lle Cs Asp A n Arg
Thr Ay Ala Cys Alazg//s Arg 180 183%°27 190 Asp Arg z\II"fr Gu dy Val His Cys
GQu lle Leu Lys Ay Cys. Pro Leu 195 200 205 Leu Pro Ser Asp Ser G n Val
dn d lﬁ"‘?/ehysé@ ReEnPist §brys AP Yen VR G257 280 S B °EH Thr 11e Asp Tyr
Ser Cys Ser Pro $8% Phe Lys Leu 18%s Gy 225 230°™235 240 Met Ala Arg Ile
Ser Cys Leu Pro Asn Ay G@n Trp Ser Asn_Phe Pro -64 WD 01/27289

PCT/ SGBYF 0516 %L‘?‘Sée’?%”ﬂ% 'ﬁ‘iFsItﬁlgl‘l‘lcgyK?’l@ WU Y& a Met Val Ser Ser
Pro AQu Hs @¥ 260 265 .270?%%ys Val Asn A% Leu Ser Gy Asp Met Ile Gu

Ay Ala Thr Leu Arg
Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly Gln Glu Thr Leu Thr

290 295 300

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 Glu His Lys
325 330 335

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

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

Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp Ser Gly Ser Gln Pro Ser
370 37s 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 Axg Ile His Cys Pro Ala‘
405 410 415

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

Glu Leu Ser Ser Val Cys Arg Ala Ala Ile His Ala Gly Lys Leu Pro
435 440 445

Asn Ser Gly Gly Ala Val His Val Val Asn Asn Gly Pro Tyr Ser Asp
450 45S 460

Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser Glu Glu Leu Lys Ser
465 470 47S 480

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

Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys Val
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275 280 285 Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gy G@n Gu Thr Leu

Thr 290 295 300 Cys A n Ay Asn Ay GIn.Trp Asn Ay An Ile Pro An Cys

Lys Asn 30!;[&319 2%5 320 Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn His
Ala u Hs Ly 458 330 335 Vval Lys Ile Ay Val Qu dn lpeastponddsy 4 n

Phe Pro Gn Ay Thr 340 345 350 Au Val Thr Tyr Thr Cys Ser Ay Asn Tyr

Phe |Leu Met Ay Phe Asp 355 360 365 Thr Leu Lys Cys Asn Pro Asp Ay Ser
Trp Ser Ay Ser A n Pro Ser 370 375 380 Cys Val Lys Val Ala Asp Arg Gu

Val Asp Cys Asp Ser Lys Ala Val 385 390 395 400 Asp Phe Leu Asp Asp Val
Gy Gu Pro Val Argodl e H s Cys PrgsAl a: 405 410 415 Gy Cys Ser Leu Thr
Ala @y Thr Val Trp Ay Thr Ala Ile Tyr H's 420 425 430 Qu Leu Ser Ser

Val Cys Aig whanhl Sed ks G5 AL G Mol hBH APY @10 439 ¥40:445 Asn Ser Gy
Ay Ala Val Hi ssMal Val Asn Asngs,@dy Pro Tyr SerszAsp 450 455 460 Phe Leu

Gy Ser Asp Leu Asn Gy Ile Lys Ser AQu GQu Leu Lys Ser 465 470 475 480

Leu Al a Ang Sor mEhR1LR BB RS M Wa1Vali S8 198 heS0h1 THE Albd Gy 485 490 495
Lys Ser Gy £¢s Pro Asp Ay skgp Phe G u Val sfgp G u Asn Cys Val -65 WO

01/ 27289 PCT/ SGOQO 00162 500 505 510 Tyr Val Thr Ser Lys G n-Arg Ala Trp

G u Arg Alsa $dNdd ¥nValu &S veuw Arg Gly Lys Gly Leu Thr Thr Thr Trp
545 550 555 . S60

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

Met Asp Axrg Ser Asn. Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala )
580 5BS 590

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

Asp Gln Leu Gln Ser vVal Trp Lys Thr Lys Ser Cys Phe Gln Pro Ser
610 8§15 620

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

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

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

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

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

Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Val Glu Ile Lys Pro Pro
705 710 715 720

Ser Arg Thr Asn Ser Ile Ser Arxrg Val Gly Ser Pro Phe Leu Arg Leu
728 730 735

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

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys
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515
Pro
Thr
Ile
Leu
Val
Lys
Ser
du
Tyr
Leu
Ser
Pro
Ser
Pro
7S50

01/ 27289 PCT/ SGOQO' 00162
Ser Asn Gly Asn Trp Ser Gly Arg Pro

805

530 535 540 Asn Ser

Trp éﬁﬁ]ﬂéﬁ&%SSS 560

Trp

Thr Phe
Tyr Met
Ser Cys
Asp Arg
Asn Ay
Ala Ay
Ser Ay Thr G.u Thr Val Thr

Al alPt 8¢ v Sty Rty TE) £7F P’é‘
Pro Val"’Pro Ser Tyr 4y’ %er VaI
Arg Thr Asn Ser Ile Ser Arg

Ar gSte§ePrgs 1 BY BfoStedenl "e?“A% i\?‘y

Leu Thr

Asp Ile An 595 600 60'5
Phe @ n Pro Ser
Asn Lys Ala Lys Cys
H's Ala Thr

Al

Ala
810
Gly

Pro Phe

825

Arg Ser Asp Ser Ser

820

Pro Axg

Thr Glu Ile Gln

835

Gly Trp Pro Trp Gln Ala

840
Met Phe
855

Ala Asp His Asn Leu Gln

850

Trp Cys

Glu
865

Ile val Thr

870

Lys Trp Ala Ala His Cys

Ala Glu Ile Ile Asp Pro Asn Gln Phe

885

Lys
890
Tyx

Asp Ser

900

Axg Asp Asp Asp

905
Glu Ile val

915

Leu His Asn Pro Asn

920

Tyx Rsp

Ile
930

Asp Ala Leu Ile Gln Leu Thr Pro

935

Lys

vVal
945

Gln Pro Ile Leu Pro Thr Ile

950

Cys Asp

Leu Ala Val val Thr

965

Lys Glu Gly Thr Gly

970
Thr Glu

Ser Thr

2980

TyY Ile Gln Gln

985

Ala

Ala Thx

995

Ser Cys Glu Glu Gly Tyr Glu

1000

Lys

Val Thr Glu Asn Met Phe Cys Ala Gly Tyr
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Pro’® g Ser Ser Adn’®o Ser Thr Val ~

520 525 Thr Asn Met Ala Ala Arg Leu Ala Val
A u Thr

625 630 635 640 Asp Asp Pro Ay Ser
Leu HIS Gly Gn 645 6
S@f5Ser Ile Arg TYF° Ser Cys du.

h Thr

M9

Au IIe

T

Serx

Ile

Gly

Gly

val

875

Met

val

Pro

val

Thr
955

Trp

val

Ala

Lys

Leu Asp Lys Asp Vval Ile

Leu Arg Gy Lys Ay Leu Thr Thr
Ile Ay Leu Hs Arg Leu Asp A
65 570 575 Met Asp Arg Ser Asn.
Trp Ala 580 585 590 Ser Gy Qu Pro Ay Asn Gu Thr Asn Cys
Asp
610 615 620 Ser

L s Pro Phe
Asp Asn

Jaftriaghos

Val

Gn Leu An Ser val Trp Lys Thr
Phe Ala Cys Met Met Asp Leu
Leu
5‘8 655 Ser Ile Asp Ay Phe
B0 66S 670 Val Leu H s Tyr
75.680 685 - dy Thr Trp
“A%eds”s%‘éo‘oyé% 700 A n Asn
ys Pro Pro 705 710 715 720
Pro Phe

Arg Leu 725 730 735
é“[fé‘gﬁ‘rrﬁ r(L;ASIBro Lys 740 745

sp Leu Al a Ser °Lys Val Lys -66 WO

Cys Ile Pro Val Cys

815
Asn Ser

Asn Gly

830

Trp

Ile Ser

845

Arg Trp Leu

Gly Ser Leu Leu Asn

860
Thr Ala

Ser Thr

880

Tyxr

Tyr Leu Gly Lys

895

Tyr

Gln val Arg Glu Ala

910

Asn
925

Gly Leu Asn Phe’

Thr
940

Leu Thr Thr Arg

Thr Glu Leu

960

Arg His

Glu
975

Gly Leu Asn Asn

val val
990

Leu Pro Ala

Asp Leu
1005

Pro Leu Thr

Lys Gly Arg Tyr Asp



755 760 765 Leu Pro Qu Gy H's Tyr Arg Val Gy Ser Arg Ala Ile Tyr Thr Cys
770 775 780 du Ser Arg Tyr Tyr GQu Leu Leu Gy Ser An @y Arg Arg Cys
Asp 785 79&, O@Ezﬁgo Ser Asa Gy Asn Trp Ser Gy Arg Pro Ala Ser Cys lle
Pro Val Q 815 Ay Arg Ser Asp Ser Pro Arg Ser PETSGHIm®Id2l e Trp
Asn Ay Asn Ser 820 825 830 Thr Au lle Ay Gn Trp Pro Trp An Ala Gy
Ile Ser Arg Trp Leu 835 840 845 Ala Asp H's Asn Met Trp Phe Leu G n Cys
Ay Ay Ser Leu Leu Asn 850 855 860 QA u Lys Trp Ile Val Thr Ala Ala His
Cys Val Thr Tyr Ser Ala Thr 865 870 875 880 Ala GQu lle Ile Asp Pro Asn
G n Phe Lys Met Tyr Leu Gy s Tyr 885 890 895 Tyr Arg Asp Asp Ser Arg
Asp Asp Asp®fJr val dn Val“’b\%/g Gu Ala 9382905 910 Leu Gu lle H s Val
Asn Pro Asn Tyr Asp Pro Ay Asn Leu Asn Phe' 915 920 925 Asp Ile Ala Leu
Ille G n B&Y CEijsSth LYpREp %ﬂ STHFY &FoTHit Y P¢ §103P 9315980 Val G n Pro
Ile Cys P8U Pro Thr Asp*Pt%® Thr Thr Argleisu H s Leu 94%4950 955 960 Lys
Gu dy Thr Leu Ala Val Val Thr Leu Asn G u Asn 965 970 975
Asn Thr T¥F T8&/S% AroThie e Vet ﬁ‘eG"ﬁ“ﬁJX Vaﬁ Ve §ePree GAY S¢ml Ala 980 985
990 Ala Ser Thr Cys &t* Gu Ay Tyr 13 Au Ala Asp ®&k Pro Leu Thr 995

1000 100%1:0 Vilr G-IZ;QI‘C}(C:;:‘I (l;leAIs.-yns k/?at. AED%lrglgyrAlGlay 91)y Pl'Tg”"rhrL{}S/s I;IZS = y Ar g Tyl’ Asp

1060 1065 1070

Asn Val Phe Leu Ser Trp 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 gcg tcg ttt ttg gtg tet ggt tta SO
Met Val Leu Ala Sexr Phe Leu Val Ser Gly lLeu
1 5 10

gtt cta ggg cta cta gcc caa aaa atg cgc cca gtt cag tce aaa gga 98
Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly
1s 20 25

gta gat cta ggc ttg tgt gat gaa acg agg ttc gag tgt aag tgt ggc 146
Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly
30 a5 40

gat cca ggec tat gtg ttc aac att cca gtg aaa caa tgt aca tac ttt 194
Asp Pro Gly Tyr Val Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe
45 S0 55

tat cga tgg agg ccg tat tgt aaa cca tgt gat gac ctg gag gct aag 242
Tyr Axg Trp Axg Pro Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys
60 65 70 75

‘gat att tgt cca aag tac aaa cga tgt caa gag tgt aag gct ggt ctt 290

Asp 1le Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu
B0 85 90
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-67 WD 01/27289 PCT/ SGOO 00162 1010 1015 1020 Ala Cys Ser Ay Asp Ser dy

@y Pro Leu Val

Arg Trp Vaj
CysA@y Lys

0, if2%agh

Phe Al a Asp Asp Ser

Phe Leu Ser Trp Ile Arg Gn Phe Ile
DNA <213> Carci noscor pi us rotundi cauda
<400> 3'gtgaaggtaa cttaagt atg gtc tta gcg tcg ttt ttg gtg tct ggt tta 50

Val Leu Ala Ser

aaa atg cgc cca gtt cag tcc aaa gga 98 Val
Arg P{o %/glgt
aggstt és

Phe®#® §ety¥s

Met
caa
Met .
acg
Arg
gtg
Lys
gat

A@n Cys Thr Tyr

g
goc 28

gct
Ala

aaa
Lys
140

aat
Asn

ttc
Phe

tgg
Trp

tct
Ser

gg9
Gly
220

caa
Gln

cca
Pro

cat
His

tgt
Cys
125

ggt
Gly

cca
Pro

aag
Lys

agt
Ser

cca
Pro
205

gct

Ala

gaa
Glu

caa
Gln

gct
Ala

ASLARGH

110

gca
Ala

tgt
Cys

cca
Pro

ctt
Leu

aac
Asn
150

gaa
Glu

act
Thr

aca
Thr

tgt
Cys

gaa
Glu
270

Gln

tgt
Cys

cct
Pro

gat
Asp

aag
Lys
175

tee
Phe

cat
His

tta
Leu

tta
Leu

aag
Lys
255

cac
His

Phe Leu Val

dn Ser
t

%

d
aaa caa tgt aca

Lys d
HagtIgre
BfsE -

34

tac ttt 194

Phe 45 50 55 tat cga t

025 1030 1035 1040 Arg Thr
g:‘lu Gy lle Val Ser Trp Ay Ser
n dn Tyr Gy Ay Phe Thr

Gu Arg

1045 1050 1055 Pro Ser Gy
106 FHHEHHSD Asn Val

Lys Val
1075 1080

<210> 3 <211> 3448

<212>

<220> <221> CDS <222> (18)..(3074)

y 15 20 25
ke Bag aavaf“%
o

%giga§g42at gga ggt atc tgt
Cys Lys Asn Gly

cgt
Arg

ctt
Leu

aat
Asn
160

ggt
Gly

cca
Pro

999
Gly

cgg
Arg

acc
Thr
240

aac

Asn

aag
Lys

gac
Asp

ctt
Leu
145

cce
Pro

atg
Met

cCcC
Pro

aaa
Lys

tte
Phe
225

tgt

Cys

ttg
Leu

gtt
Val

aga
Arg
130

cca
Pro

caa
Gln

gca
Ala

aaa
Lys

gtg
val
210

tca

Sex

cag
Gln

gtc
val

aaa
Lys

115

cat
TYY

tcg
Ser

act
Thr

cga
Arg

tgt
Cys
19S

aat
Asn

tgt
Cys

ggt
Gly

ttc
Phe

att
Ile
275

g

Gly Ile Cys Asp

gaa
Glu

gat
Asp

att
Ile

att
Ile
180

att
Ile

gct
Ala

gat
Asp

aat
Asn

tgt
Cys
260

ggt
Gly

999
Gly

tct
Ser

gac
Asp
165

agc
Ser

cga
Arg

ctt
Leu

agt
Ser

ggt
Gly
245

cct

Pro

gtg
val
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gtg
val

cag
Gln
150

tac
Tyxr

tgt
cys

gaa
Glu

agt
Ser

cCcC
Pro
230

cag

Gln

gac
Asp

gaa
Glu

cac
His
135

gtt
val

agc
Ser

ctc
Leu

tgt
Cys

ggt
Gly
215

cac

Tyxr

tgg
Txp

ctg
Leu

caa
Gln

£

Gln
120

tgt

Cys

cag
Gln

tgt
Cys

cca
Pro

gcc
Ala

200

gat
Asp

tac

Tyr

aat
Asn

gat
Asp

aaa
Lys
280

Ser Ay Leu 1 5 10 gtt cta ggg cta cta gcc

Leu Ay Leu Leu Ala @ n Lys

Al
ccg tat t

agg

ta_gat cta

:;9;
B, bl
) A"y
R8p Pro Ay Tyr

teg \iSf &

Phe.

ca

gga

Axg Thr Gly

gaa
Glu

gaa
Glu

teca
Ser

aat
Asn
185

atg
Met

atg
Met

ttg
Leu

gga
Gly

cct
Pro
265

tat
Tyr

att
Ile

gtc
val

cca
Pro
170

gga
Gly

gtt
val

ata
Ile

att
Ile

cag
Gln
250

gta

Val

ggt
Gly

ctc
Leu

aga .

Arg
1SS

999
Gly

cag
Gln

tca
Ser

gaa-

Glu

ggt
Gly
23S

ata
Ile

aac
Asn

cag
Gln

§0ye

434

482

530

578

626

674

722

770

818

866

g, tgt gat gaa
Asp G u Thr
CREYSGEY ttc aac att cca
Asn Ile Pro Val
gt aaa cca tgt



Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp Leu Qu Ala Lys 60 65 70 75
gat att tgt cca aag tac aaa cga tgt caa gag tgt aag get ggt ctt 290 Asp

Ile Cys Pro_Lys Tyr Lys Arg Cys G@n GQu Cys Lys Ala Ay Leu 80 85 90 - 68
\/\001/27289""9@1"?73%{2)0/ 00162 gat agt tgt gtt act tgt cca cRET/SGIo/ema tat ggt

act
Cys
agg
Thr
gaa
Au
gaa
Val
t gt
Ser
cca
Asn
gee
Met
gat
Met

ttg

tgg
Ser

aca
Ay
att

I'le
gtc
Arg
tca
Pro
aat

Ay
atg
Val

atg
Ile
att

902 VeGP Hhe

tgt agc 338 Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Ay Thr Trp
95 100 105 ggt gaa tgt cag tgt aag aat gga ggt atc tgt gac cag
gga 386 Ay GQu Cys An Cys Lys Asn Ay Ay Ile Cys Asp @ n Arg
110 115 120 get tgt gca tgt cgt gac aga tat gaa ggg gtg cac tgt
ctc 434 .,~ Ala Cys Ala Cys Arg Asp Arg Tyr Au Gy Val H's Cys
ey 1222130132 SR A0LL Qhe GRL GhicGldaeCol LLO0AL §Gt cag gtt cag

g
302 8210 lf$ Yol §alPifr LS dElUyBr S0y, ASPTeEn A N Val A n Gu
140,345 150 155 aahggcCa cCa gat aajgsccC caa act att gac tac agc

cca ggg 530 Asn Pro Pro Asp Asn Pro A n Thr Ile Asp Tyr Ser Cys

Gy alé(ggéﬁc‘ic%q add €e 280 Ght RA2%HHacdldy SGAcSPRAl to@0C tgt ctc

e'rilryﬁe\.l-%?s leys AG{'AYPrWSp 1§ 01l §erer Cys Leu Pro
Gh 175 180 185 ;409 agt aac tttigca ccc aaa tgi,att cga gaa tgt -

gtt tca 626 Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Gu Cys Al a
964 £29Qad W2 200 ¢ JeCheCafa JRE cRlga0054288 IRt 0€t KLt agt ggt
AP A1 Bl se2bysPUO G4 vEh S Asplig Ml vASRsAb@s Leu Ser Gy Asp
A u 205 210 2% ggg get act tiha cgg ttc tca ggf gat agt ccc tac tac
ggt 722

gac agt aaa gct gta gac ttc ttg gat gat gtt ggt gaa cct gtc agg 1058
Asp Ser Lys Ala Val Asp Phe Leu Asp Asp Val Gly Glu Pro Val Arg ~
335 340 345

atc cac tgt cct gct ggec tgt tct ttg aca gct ggt act gtg tgg ggt 1106
Ile His Cys Pro Ala Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly
350 355 360

aca gcc ata tac cat gaa ctt tcc tca gkg tgt cgt gca goc atc cat 1154
Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg Ala Ala Ile His
365 370 375

gct ggc aag ctt cca aac tct gga gga gcg gtg cat gtt gtg aac aat 1202
Ala Gly Lys Leu Pro Asn Ser Gly Gly Ala Vval His Val Val Asn Asn
380 385 390 395

ggce ccc tac tcg 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 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

tce tcc aca gca ggt aaa tca gga tgt cct gat gga tgg ttt gag gta 1346
Ser Ser Thr Ala Gly Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val
430 435 440

gac gag aac tgt gtg tac gtt aca tca aaa cag aga gcc tgg gaa aga 1394
Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg
445 450 455

gct caa ggt gtg tgt acc aat atg gct gct cgt ctt gct gtg ctg gac 1442

Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp
460 465 470 475
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Gy Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Ay 220 225 230
235 caa gaa aca tta acc tgt cag ggt aat ggt cag tgg aat gga cag ata 770
GAn Au TRighBksdr Cys Gn Ay Asn Ay Gn Trp Asn Gypgt,[rgdgé@ol 40 245 250
cca caa tgt aag aac ttg gtc ttc tgt cct gac ctg gat cct A 8 Pro

G n Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn 255 260 265

cat get gaa cac aag gtt aaa att ggt gtg gaa caa aaa tat ggt cag 866 Hi's
Ala Gu His Lys Val Lys Ile Ay Val Gu Gn Lys Tyr Ay @n 270 275 280 -69
WO 01/ 27289 PCT/ SGOO 00162 ¢ttt cct caa ggc act gaa gtg acc tat acg tgt tcg
ggt aac tac ttc 914 Phe Pro A n Ay Thr Gu Val Thr Tyr Thr Cys Ser @y Asn
Tyr Phe,;.283 290 ad9%caldd ad¥r@ftct ldhgateana idaagqnaad ghg aacamnct gat ggg
tct tQ0nLJLRP02 1h&WbcMiisnGak Bhie TAS @1l iheledd AssSclysyfsmy Pro Asp Gy Ser
Trp Ser 300 305 310 4335 gga tca cagseca tcc tgt gtus@aa gtg gca gac aga
gag.gtc gac tgt 1010 Gy Ser An Pro Ser Cys Val Lys Val Ala Asp Arg Gu
Val Aspe Y gca320: 389 3302085 26 cAdagitdtaldart GACgdd Gad ke galis@at gtt ggt
gaa cctpgf en2gf: MpSrpftR S8F Lby H1idl g Mah. addsmaPban bedippsp Asp Val Gy Qu
Pro Val Arg 335 34€ 345 atc cac gt cct get ggcsegt tct ttg aca get ggt
act gtg tgg ggt 1106 Ile His Cys Pro Ala Gy Cys Ser Leu Thr Ala Gy Thr
Val Trp.Q ¥e3%0s 339 380acfGa U6€ 23t AakafrgCale BRAa8E bat GectCasgi g tgt cgt
gca gcCppd G1&aLyp Biadien e R‘L@AH;%eIYianai AwrdesSR/Ep 81 Val Cys Arg Al a

Ala Ile Hs 365,370 375 get gggsaag ctt cca aagotct gga gga gcg gtg cat gtt
gtg aac aat 1202

cta aca ttc tgg gcc tet gge gaa cct gga aat gaa act aac tgt gta 1634
Leu Thr Phe Trp Ala Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val
525 530 535

tat atg gac atc caa gat cag ttg cag tct gtg tgg aaa acc aag tca 1682
Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser
540 S48 550 55§

tgt ttt cag ccc tca agt ttt gct tgc atg atg gat ctg tca gac aga 1730
Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg
560 S65 570

aét aaa gcc aaa tgc gat gat cct gga tca ctg gaa aat gga cac gcc 1778
Asn Lys Ala Lys Cys Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala
575 580 585

aca ctt cat gga caa agt att gat ggg ttc tat gct ggt tet tet ata. 1826
Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile
530 595 600

agg tac agce tgt gag gtt ctc cac tac ctc agt gga act gaa acc gta 1874
Arg Tyr Ser Cys Glu Val Leu His Tyr Leu Ser Gly Thr Glu Thr Val
605 610 615

act tgt aca aca aat ggc aca tgg agt gct coct aaa cct cga tgt atc 1922
Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile
620 625 630 63S

aaa gtc atc acc tgc caa aac ccc cct gta cca tca tat ggt tct gtg 1970
Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Val
640 645 650

gaa atc aaa ccc cca agt cgg aca aac teg ata agt cgﬁ gtt ggg tca 2018
Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg Vval Gly Ser
655 660 665
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Ala Gy Lys Leu Pro Asn Ser Ay Gy Ala Val H's Val Val Asn Asn 380 385 390
395 ggc ccc tac tcg gac ttt ctg ggt agt gac ctg aat ggg ata aaa tcg.. 1250
Ay Pro Tyrwefdizong Phe Leu Gy Ser Asp Leu Asn Gy Ile Lys Ser 400 405 410
gaa gag ttg aag tct ctt gcc cgg agt ttc cga ttc gat tat gPETEG/®2R8 G u
G u Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg 415 420 425
tcc tcc aca gca ggt aaa tca gga tgt cct gat gga tgg ttt gag gta 1346 Ser
Ser Thr Ala Ay Lys Ser Gy Cys Pro Asp Ay Trp Phe du Val 430 435 440

gac gag aac tgt gtg tac gtt aca tca aaa cag aga gcc tgg gaa aga 1394 Asp
G u Asn Cys Val Tyr Val Thr Ser Lys G n Arg Ala Trp Glu Arg 445 450 455 get

caa ggt gx_tgtt ke g ggaafg St ek GOL gtttq.eictgsgga c %2 Ala_dn
Gy Vval 8 BedVplo LRY #Yoreahialk 0 465 470 475 -
70 WO 01/27589 ?%00 /001% aaa gat gta attggca aat tcg ttg act gag act

cta cga ggg aaa ggg 1490 Lys Asp Val Ile Pro Asn Ser Leu Thr G u Thr Leu

Arg Ay Lys Q o 480 A8 c4.999a EE@ 2 %a@c&ca@& 1Q9:8] g. 998,11 9 ,6ac aga cta

gat get ¢ 329.5GS LD I o TED 2 ¥ Hi s Arg Leu Asp
Ala Gu Lgsgpggor495°]5%% P51635 tt att G t gg r(Ejaaggs ta ‘étg Ea?gucgt agt aat gtg

gtt ctg aat gat aac 1586 Phe Ile Trp Gu Leu Met Asp Arg Ser Asn Val Val

Leu Asn Asp Asn.510.5L3 a%occtciga %gg ot Ce 0855966, agtg.g%g aa, Lot gga aat
Z

gaa act 2ac Lot gt ek Guid "R AR dyPro dy Asn Gu
Thr Asn W@SVaI Y525 é%% 35 t at atg ge;c :%toc 1%aa 1gat gag.,{ g cag tct gtg tgg

aaa acc aag tca 1682

gec atc tac acg tge gag tag aga tac tac gaa cta ctt gga &tct caa 2210
Ala Ile Tyr Thr Cys-Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Ser Gln
720 725 730

ggc aga aga tgt ga¢ tct aat gga aac tgg agt ggt cgg cca gcg agc 2258
Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg Pro Ala Ser
735 740 745

tgt att cca gtt tgt gga cgg tca gac tct cct cgt tct cct Lttt atc 2306
Cys 1le Pro Val Cys Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile
750 755 760

tgg aat ggg aat tct aca gaa ata ggt cag tgg ccg tgg cag gca gga 2354
Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly
765 770 ] 775

atc tct'aga tgg ctt gca gac cac aat atg tgg ttt ctc cag tgt gga: 2402
Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly
780 78S ) 790 . 795

gga tet cta ttg aat gag aaa tgg atc gtc act gct gocc cac tgt gtc 2450
Gly Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Ala His Cys Vval
800 805 810

acc tac tct get act gct gag att att gac cce aat cag ttt aaa atg 2498
Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met
815 820 825

tat ctg ggc aag tac tac cgt gat gac agt aga gac gat gac tat gta 2546
Tyr Leu Gly Lys Tyr Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Vval
830 835 ' 840

caa gta aga gag gct ctt gag atc cac gtg aat cct aac tac gac ccc 2594

Gln val Arg Glu Ala Leu Glu Ile Ris Val Asn Pro Asn Tyr Asp Pro
845 850 855
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Tyr
55S
Cys
aat
Lys
aca
Leu
agg
Tyr
t gt
Thr
aaa
Val

gaa
Ile
71

tta
Al a
tct

Thr

gta

Met Asp Ile Gn Asp G n Leu Gn Ser Val Trp Lys Thr Lys Ser 540 545 550
tgt ttt cag ccc tca agt ttt get tgc atg atg gat ctg tca gac aga 1730
Phe er Ser Phe Ala Cys Met Met Asp Leu Ser rq 560 565 570
aaa &Vg)d;fézgzs?gc gat gat cct gga tca ctg gaa aat gga C 5@8@01@78 Asn
Ala Lys Cys Asp Asp Pro Ay Ser Leu Gu Asn Ay H's Ala 575 580 S85

ctt cat gga caa agt att gat ggg ttc tat get ggt tct tct ata, 1826 Thr
Hs Gy @n Ser Ile Asp Ay Phe Tyr Ala Ay Ser Ser |Ile 590 595 600

tac agc tgt gag gtt ctc cac tac ctc agt gga act gaa acc gta 1874 Arg
Ser Cys Qu Val Leu H's Tyr Leu Ser Ay Thr Gu Thr Val 605 610 615 act
aca aca. b £ @C8ad 90a 3L S8l a€€lcad@RgGBh fPacdeGheral 262922 Thr Cys
Thiy ?a %Q % [ ot RerS8he Aba PAO Thy/ 1R RuANS 10 Serbl €162, 0 -625 630 635
gtq3 gt Cc acc tgc caggfpac ccc cct gtasgca tca tat ggésdct gtg 1970 Lys
Ile Thr Cys G n Asn Pro Pro Val Pro Ser Tyr dy Ser Val 640 645 650

at ¢ athCQ& Q&a I_-,:&QQaa&a 28€ theGeatRcagt a@ta@t bcOdkdsea 2018 G u
Lys%% S9Ph B8 A o 0n A0 S8 clL a.cDoroig ARl i ymSer 655 660 665 -

00162 cct gktc ttg agg ttgegeca cgg tta ccc ctc cca
qct aga gca gcc 2066 Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu

ﬁ%aaa 8/ Q8 L3g @%g A3c£Gha Geh S1GagraaRaCedr 8@ tEmst ca caa ccc
aCtTh gé‘fu QL 14s &¥%Sely enPrieuhha i SvlrfheASy P88 Ser G n Pro Ser

I eu 690 695 get Les aaa gtt aaa &fsa cct gaa ggt cat tac cgg
ggg tct cga 2162

ggt ttg aat gaa aac aac acc tat tca gag acg att caa caa gct gtg _ 2786
Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala val
910 , 915 920

cta cct gtt gtt geca gec age acc tgt gaa gag ggg tac aag gaa gca 2834
Leu 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 gca ggt tac aag 2882
Asp Leu Pro Leu Thr val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys
940 545 950 955
aag gga cgt tat gat gcc tgc agt ggg gac agt gga gga cct tta gtg 2930
Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val
860 965 970
ttt gect gat gat tcc cgt acc gaa agg cgg tgg gtc ttg gaa ggg att . 2978
Phe Ala Asp Asp Ser Arg Thr Glu Axg Arg Trp Val Leu Glu Gly Ile
9175 980 28s
gtc agé tgg ggc agt ccc agt gga tgt ggc aag geg aac cag tac ggg 3026
Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly
930 995 1000
ggc ttc act aaa gtt aac gtt ttc ctg tca tgg att agg cag ttc att 3074
Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1005 ’ 1010 1015
tgaaactgat ctaaatattt taagcatggt tataaacgtc ttgtttecta ttattgettt 3134
actagtttaa cccataagaa ggttaactgg gtaaggcaca aggatcattg tttctgtttg 3194

tttttacaaa tggttatttt agtcagtgaa tgagaatagt atccattgaa gactgttacc 3254

ttttattcta cctttttata ttactatgta agtatttggg atatcttcta cacatgaaaa 3314
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Ala Ser Lys Val Lys Leu Pro Qu Gy H's Tyr Arg Val Ay Ser Arg 700 705 710
715 gcc atc tac acg tgc gag tcg aga tac tac gaa cta ctt gga tct caa 2210
Ala lle Tyr 63 /27%3(31 u Ser Arg Tyr Tyr Qu Leu Leu Ay Ser An 720 725 730
ggc aga aga ! % tct aat gga aac tgg agt ggt cgg cca gRGU/SEREOPEES dy
Arg Arg Cys Asp Ser Asn Ay Asn Trp Ser Ay Arg Pro Ala Ser 735 740 745

tgt att cca gtt tgt gga cgg tca gac tct Oct cgt tct cct ttt atc 2306 Cys
Ile Pro Val Cys Ay Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile 750 755 760
tgg aat ggg aat tct aca gaa ata ggt cag tgg ccg tgg cag gca gga 2354 Trp
Asn Ay Asn Ser Thr Au lle Ay @n Trp Pro Trp A n Ala Ay 765 770 775 atc

tct aga te@@egtbhrij€iacgataatategddceat GokPthchle 65GcEaQ §Qbafidey 134D2 |le Ser
Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu A n Cys Ay 780 785 790 795

gga tct &Egtsatgt@aiccgegcaa@akggaae Gat@hfacatd tg€ite@l LRBcde@ba Gleq 2450 Ay
Ser Leu Leu Asn Qu Lys Trp Ile Val Thr Ala Ala H' s Cys Val 800 805 810
acc tac taehafd@haznciazget gag att att gac ccc aat cag ttt aaa algg 2498 Thr
Tyr Ser Ala Thr Ala Qu Ile Ile Asp Pro Asn A n-Phe Lys net 815 820 825
tat ctg ggc aag tac tac cgt gat gac agt aga gac gat gac tat gta 2546 Tyr
Leu Gy LysosI¥r Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val 830 835 840
caa gta agmgagigget ctt gag atc cac gtg aat cct aac tac gac ccc 2594 dn
Val Arg Ghiz-AkarlLeu Qu Ile His Val Asn Pro Asn Tyr Asp Pro 845 850 855 -
72 WO 01/.27282aRGEAs20Q04R2nai@g6aAat ctc aac ttt gac ata gcc cta att caa
ctg aaa act cct gtt 2642

<400> 4
Met Val Leu Ala Ser, Phe Leu Val Ser Gly Leu Val Leu Gly Leu Leu
1 S 10 . 1S

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 Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe Tyr Arg Trp Arg Pro
S0 55 60

Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys Asp Ile Cys Pro Lys
65 70 5 80

Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp Ser Cys Val Thr.
85 g0 9s

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Sex Gly Glu Cys Gln Cys
100 105 110

Lys Asn Gly Gly Ile Cys Asp Gln Axrg Thr Gly ARla Cys Ala Cys Arg
11S 120 125

Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys Gly Cys Pro Leu
130 13s 140

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

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

Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln Trp Ser Asn Phe Pro
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Gy Asn Leu Asn Phe Asp Ile Ala Leu Ile An Leu Lys Thr Pro Val 860 865
870 875 act.ttg aca aca cga gtc caa cca atc tgt ctg cct act gac atc aca
2690 Thr ey, g&r Thr Arg Val G@n Pro Ile Cys Leu Pro Thr Il e Thr 880
885 890 0 2 gaa cac ttg aag gag gga aca tta gca gt Cé'%;%g( bgt tag
2738 Thr Arg GQu Hs Leu Lys AQu @y Thr Leu Ala Val Val Thr Gy Trp 895
900 905 . ggt ttg aat gaa aac aac acc tat tca gag acg att caa caa get gtg
2786 Gy Leu Asn G u Asn-Asn Thr Tyr Ser Qu Thr Ile An @n Ala Val 910
915 920 <cta cct gtt gtt gca gcc agc acc tgt gaa gag ggg tac aag gaa gca
2834 Leu Pro Val \{)al Ala Ala Ser hr Cys Gu Auddy Tyr Lys Gu Ala 925
930 935 gac tta cdy ctg aca gta aca gag aac atg ttc tgt gca ggt tac aag
2882 Asp Leu Pro_lLey Thr Val Thr ' ; Gy Tyr Lys 940
945 950 %8553 %éﬁ%a"‘é P;[lfla%'s mta B%cv?éggagl\%;gﬁgezlagc/ﬁﬁﬁ/gga gga cct tta
gtg 2930 Lys Arg Tyr Asp %a Cys Ser Ay Asp Ser Gy Gy Pro Leu Val
960 965 970 ttt a tce tc ttg gaa ggg
att. 2979 B ?ﬁé‘g“&egaﬁ gsR %ﬁ%%lgaﬁﬁgﬂ%\rgg%‘%g% Leu Gu Ay lle
975 980 985%* gtc agc tgg ggc agt ccc agt gga tgt ggc aag gcg aac cag tac
ggg 3026 VaI Ser Trp r Pro_Ser.d YobY Asn Gn Tyr Ay
990 995 HBotrF* GYt Af?csezﬁc%wa% ﬁL‘é‘faélat&i tcati? %ugﬂlfrcge%& att agg cag ttc
att. 307#° dy Phe Thr Lys Val Asn Val e Leu Ser Trp Ile Arg A n Phe Ile

1005 1010 1015 aaact gat ¢t agatattt dcat agt, & Ggic ttgtttccta
ttattgcttf S35y géf’a%?g? Tré’cc?ﬁ gg GIlt;’glglttaact 99 g%ggggcaca aggatcattg
tttctgtttg 3194 tttt dcaaa tggttatttt agtcagtgaa tgagaatagt atccattgaa
gactgtt acc SaZlS

Phe Cys Pro Asp Leu Asp Pro Val Asn His Ala Glu His Lys
260 265 270

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

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

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

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

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

Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly Thr Ala Ile Tyr His
385 360 365

Glu Leu Ser Ser Val Cys Arg Ala Ala Ile His Ala Gly Lys Leu Pro
370 375 380

Asn Ser Gly Gly Ala Val His Val val Asn Asn Gly Pro Tyr Ser Asp
38s 390 395 400

Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser Glu Glu Leu Lys Ser
405 410 415

Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg Ser Sexr Thr-Ala Gly
420 425 430

Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn'Cys Val
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ttttattcta cctttttata ttactatgta agtatttggg atatcttcta cacatgaaaa 3314 73
WO 01/ 27289 PCT/ SGOO' 00162 ttctgtcatt ttaccataaa tttggtttct ggtgtgtgcet
aagtccaccav%?.g%g acg 3374 atgtaatttt cactagcaca tgaaataaat atagaacaaa
tctattataa ac Cltaa 3434 aaaaaaaaaa aaaa 3448 210> RCESGWMOIR19 <212>
PRT <213> Carci noscor pi us rotundi cauda <400> 4 Met Val Leu Ala Ser Phe Leu
Val Ser Qy Leu Val Leu Ay Leu Leu 1 5 10 15 Ala Gdn Lys Met Arg Pro-
Val A n Ser Lys Gy Val Asp Leu Ay Leu 20 25 30 Cys Asp Gu Thr Arg Phe
Gu Cys Lys Cys Ay Asp Pro Ay Tyr vVal 35 40 45 Phe Asn Ile Pro Val Lys
G n Cys Thr Tynsfhe Tyr Arg TrpadArg Pro 50 55460 Tyr Cys Lys Pro Cys Asp
Asp Leu Qu Ala Lys Asp Ile Cs Pro Lys 65 70 75 80 Tyr Lys Arg Cys G n
G u Cys kys val ahfdsyr g AAspagenlLysp Val afhimia @b Q0 vab dypys Pro Pro Asn Lys
Tyr Ay Thr4§op Cys Ser Ays@u Cys G n Cyseol100 105 110 Lys Asn Ay Ay
Ile Cys Asp G n Arg Thr Ay Ala Cys Ala Cys Arg 115 120 125 Asp Arg Tyr
GQu Ay Vit abh steOpsa @la Axgerduvenld yal Gey A6y S.y$raep vall 118330135 140 Leu Pro
Ser Asp 8 G n Val A n4@u Val Arg Asn4Ps0 Pro Asp Asmsol45 150 155 160
Pro @n Thr Ile Asp Tyr Ser Cys Ser Pro Ay Phe Lys Leu Lys Ay

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
500 508 510

Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala
S1S 520 525

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

Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser Cys Phe Gln Pro Sex
S45 550 555 S60

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 Ala Thr Leu His Gly Gln
S80 58S 590

Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile Arg Tyr Ser Cys Glu -
595 600 60S

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 Ile Lys Val Ile Thr Cys
625 630 635 640

Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser val Glu Ile Lys Pro Pro
€45 650 655

Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser Pro Phe Leu Arg Leu
660 665 670

Pro Arg lLeu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro Pro Lys
675 680 685

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys
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165 170 175 Met Ala Arg Ile Ser Cys Leu Pro Asn Ay A@n Trp Ser Asn Phe
Pro - 74 WD 01/27289 PCT/ SGOO 00162 180 185 190 Pro Lys Cys lie Arg Qu
Cys Al a I\Q 0?\(/@%28 er Ser Pro Qu Hs Ay 195 200 205 Lys Val Asn Ala. Leu
Ser dy As%) le Au Ay Ala Thr Leu Arg 210 215 220 PPREYEMM6ys Asp
Ser Pro Tyr Tyr Leu Ille Gy @ n du Thr Leu Thr 225 230 235 240 Cys Gn
Ay Asn Ay @n Trp Asn Ay -GAn lle Pro An Cys Lys Asn 245 250 255 Leu
Val Phe Cys Pro Asp Leu Asp Pro Val Asn His Ala Gu H's Lys 260 265 270
Val Lys Ile dy Val Qu A@n Lys Tyr Ay Adn Phe Pro An dy Thr 275 280
285 Au ¥a&d Thr Tyr Thr &ss Ser Gy Asn Ter Phe Leu Met Gy Phe Asp 290
29S 300 Thr Leu Lys Cys Asn Pro Asp Gy Ser Trp Ser Ay Ser Gn Pro Ser
3V5 31fe3250 320 c1@\tEsValr hies vVRIGIAl exAs #reglXd Dy:Vahr Agp Cys Asp Ser Lys
Al a Vahos325 330 335 Asp Phe Leu Asp Asys Val Gy GQu Peo Val Arg Ile H's
Cys Pro Ala- 340 345 350 Ay Cys Ser Leu Thr Ala Ay Thr Val Trp Ay Thr
Al a || g1dlger Hir§ Ty3S5r36h B65 Le@aiyleur Ger 6Senrdvatg Cysrdsg' Ala Ala lle His
Ala Ay Lys Leu Proy2370 375 380 AsmoSer Ay Ay Abras Val His Val Val Asn
Asn Ay Pro Tyr Ser"Asp 385 390 395 400 Phe Leu Ay Ser Asp Leu Asn Ay
Il e LySesS@kn @iy AshUrdpebed ¥Sy 32§ Pro Ala Ser Cys Ile Pro Val Cys
740 745 750

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

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

Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly Gly Ser Leu Leu Asn
785 750 795 800

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

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

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

Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe-
850 B85S 860

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val Thr Leu Thr Thr Arg
865 870 875 8BO

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

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

Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val Leu Pro Val Val Ala
918 920 92S

Ala Sexr Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thr
930 935 - 9540

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

- 77 -



405
420
-75
Trp
Al a
Thr
Arg
Ser
du
Adn
560

570 57

580

d u.

Thr
Ile
Au

410 415 Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg Ser Ser ThrAla Ay
425 430 Lys Ser Ay Cys Pro Asp Ay Trp Phe Qu Val Asp Gu Asn' Cys Val
WO 01/ 27289 PCT/ SGo0/ 00162 435 440 445 Tyr Val Thr Ser Lys G n Arg Al a
G u Aryomia728tn dy Val Cys 450 455 460 Thr Asn MePCEPGIOAOK2Ar g Leu
Val Leu Asp Lys Asp Val Ile Pro 465 470 475 480 Asn Ser Leu Thr du
Leu Arg Ay Lys Ay Leu Thr Thr Thr Trp 485 490 495 Ile Ay Leu H's
Leu Asp Ala Qu Lys Pro Phe Ile Trp Au Leu 500 505 510 Met Asp Arg
Asn.Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala 515 520 525 Ser Qdy
Pr%4 y Asn G u ThggAsn Cys Val Tygsdket Asp |le Gseo530 535 540 Asp
Leu n Ser Val Trp Lys Thr Lys Ser Cys Phe G n Pro Ser 545 550 555
Ser Phe PedeCilevS@s1 ASP Al @sP9Bp lsgs Al ' Lys Cys 565

1aACS'5 %&%éﬁgﬁ% gg% c;I?‘Zu G yhAsn Ay Hs AlsasThr Leu His Ay An
585 590 Ser Ile Asp Gy Phe Tyr Ala Ay Ser Ser Ile Arg Tyr Ser Cys

95 .600..60 I1Su T¥ &8 1Sealdsyr Ty e se¥hr Val Thr Cys Thr
As%‘rgl -IGTSJ gz)ygd(]g%g'll*ﬁrﬂl%rpgﬁer% a Pro LyssPro Arg Cys Ile Lys Val
Thr Cys 625 630 635 640 dn Asn Pro Pro Val Pro Ser Tyr Gy Ser Val
| |€§r%y§%rFEf§ Egé)Gly Lys Ala Asn Gln Tyr Gly Gly Phe Thr Lys val

995 1000 1005

Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1010 1015
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645 650 655 Ser Arg Thr Asn Ser Ile Ser Arg Val Gy 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 675/23%(; 685 Pro Arg Ser Ser @ n Pro Ser Thr Vedr/Asieobey Al a Ser

Lys Val B&"Y2%8°wo 01/ 27289 PcT/ 95 700 Leu Pro Gu Gy H's
Tyr Arg Val Ay Ser Arg Al a IIe lmmjlmﬁnlmy 710 715 720 du Ser Arg
Tyr Tyr % eulLeud Yy Ser rg S« Asp 725 730 735 Ser Asn
Ay Asn w gProAIaSer Cys Ile Pro Val Cys 740 745 750 Gy
Arg. Ser Asp Ser Pro Arg Ser Pro Phe Ile Trp Asn Ay Asn Ser 755 760 765
Thr Aulle @y Gn Trp Pro Trp Gn Ala Ay Ile Ser Arg Trp Leu 770 775 780
Ala Asp Hi s As?r: MetA MEPadHfer tregtiag grany segptivedyagtasiai infeekianel aasibiectss 790
795 800 du Lys Trp Ile vVal Thr Ala Ala His Cys Val Thr Tyr Ser Ala Thr
805 810 Sadnprising @iministering an ApwuPt of reomGinanPhactoy € effectiv/forLeu Gy Lys
Tyr 820 825 830 Tyr Arg Asp Asp Ser. Arg Asp Asp Asp Tyr Val G n Val Arg
Gu Ala B33ubBhg bBderiottasis@ u Ile His Val Asn Pro Asn Tyr Asp Pro Gy Asn
Leu Asn Phe: 850 855 860 Asp Ile Ala Leu Ile dn Leu Lys Thr Pro Val Thr
Leu Thr Thr Arg 865 870 875 830 Val dn Prolle Cys Leu Pro Thr Asp Ile
Thr Thr Arg Qu H's Leu

2. The method of claim 1, wherein said recombinant Factor C is

produced by a yeast host cell or by an insect host cell.

3. The method of claim 1, wherein said recombinant Factor C lacks

serine protease activity but retains lipid A binding activity.

4, The method of claim 1, wherein said recombinant Factor C is
encoded by a nucleic acid that hybridizes to a nucleic acid having the sequence of

SEQ ID NO:1 or SEQ ID NO:3 under stringent conditions.

5. The method of claim 1, wherein the recombinant Factor C has the
amino acid sequence of SEQ ID NQO:2 or of SEQ ID NO:4, has residues 1-766 of
SEQ ID NO:4, residues 29-330 of SEQ ID NO:4, residues 29-201 of SEQ ID NO:4,
or residues 264-330 of SEQ ID NO:4, or has three sushi domains linked by

random amino acid sequences.

6. The method of claim 5, wherein the recombinant Factor C has at

least amino acids 60-70, 170-185, and 270-280 of SEQ ID NO:4.
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885 890 895 Lys Qu Ay Thr Leu Ala Val Val Thr Ay Trp Gy Leu Asn Qu
Asn 900 905 910 Asn Thr Tyr Ser Qu Thr Ile dn A@n Ala Val Leu Pro Val

Val Ala 915 920 925 Ala Ser ] y Tyr Lys Qu Ala Asp Leu
Pro Leu ThiWQ%8#85 - 940 val mml'mﬁ’mﬂllmﬂlﬁhe Cys Al PAH3EPN6Lys Lys
Ay Arg Tyr Asp -77 WD 01/27289 PCT/ 3008/ 00162 945 950 955 960 Al a Cys
Ser Ay Asp Ser Ay Ay Pro Leu Val Phe Ala Asp Asp Ser 965 970 975 Arg
Thr G u Arg Arg7Trp Va¢ matbodsbiclainy 1) Wherdir theeGrafir pedative $acter@B0 985 990
Pro Ser Ay Cys Ay Lys Ala Asn A n Tyr Ay Ay Phe Thr Lys Val 995 1000

1005 Asn Wf’ectlﬂhﬁcdrﬁprisierba&dﬁialde%cf&cgfr@lrthé’?ﬁod Gnkililg B o 18 WO
01/ 27289 PCT/ SGOO) 00162 111111111111111111171111111111° What is clained is:

1. A net ho%ﬁg?rfno%?a"e?hi BEr B85 NERRE | Eh/Pﬁ‘ff ial infection in a subject

conprising adm ni'stering an arfount™ of reconbi nant Factor C effective for
produci ng bacteriostasis. 2. The method of claim1l, wherein said

reconbi nant Factor Cis produced by a yeast host cell or by an insect host
cell. 3. The nethod of claiml, wherein said reconbi nant Factor C | acks

serine proteasedacti Vg NeHiRd plgl@ims wheretn thesubiechls agwenvnaly. 4. The

met hod of claim1, wherein said reconbinant Factor Cis encoded by a

nucl eic acid that hybridizes to a nucleic acid having the sequence of
9. The method of claim 1, wherein the amount administered is within

the range of 0.1 to 3 mg per kg body weight of the subject.

10.  Anisolated polypeptide comprising a lipopolysaccharide binding

domain of a Factor C protein.

11.  The polypeptide of claim 10, wherein said polypeptide is

substantially free of hemolytic activity but retains lipid A binding activity.

12. The polypeptide of claim 10, wherein the lipopolysaccharide binding
domain of Factor C protein is selected from the group consisting of:
amino acids 1-333 of a Factor C protein;
at least one member selected from the group consisting of a sushi 1 domain of a
Factor C protein, a sushi 2 domain of a Factor C protein, and a sushi 3 domain of
a Factor C protein;
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.
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SEQ ID NO1 or SEQ I D NGO 3 under stringent conditions. 5. The nethod of
claim1, wherein the reconbinant Factor C has the am no acid sequence of

SEQ I D f SEQ ID NO 4, has residues 1-766 of SEQ. , residues
29-330 2119“%%‘%!7?% NO. 4, resi ID NQ 4, orlgfa)edé\&lgldées 264- 330
of SEQ ID NO. 4, or has thr eqmmﬁmamuﬂmﬁnked by random am no acid
sequences. 6. The net hod of alem b, whefein the reconbi nant Factor C has

at |east am no acids 60-70, 170-185, and 270-280 of SEQID NO 4. - 79 WO

01/27289 1 I"11lrl 111111 11111 lu Il 1PCT/ SG00/ 00162 M8 7. The nethod of
claim1, wherdi3n tfbe@oipeptdmef dainbiQ; furiher compfisiog Reectonriignd bacteri a
sel ected fromthe group consisting of E coli, K pneunoni ae, P.

aer ugi nosrquernc & a Vi¢lloganiniproteirB. The nmet hod of claim 1, wherein the
subject is a mammal. 9. The nethod of claim1, wherein the anount
admnistered is within the range of 0.1 to 3 ng per kg body weight of the
subject. 10. An isol ated pol ypeptide conprising a |ipopol ysacchari de

bi ndi ng donai i 1. i de of claim 10,
wher ei n sai d plooﬁ'%@%P&gééﬁq@e%ﬁ[?@ﬁﬁﬁhgﬁEsypw@%?g’fg%m ytic activity but
retains lipid A binding activity. 12. The pol ypeptide of claim 10, wherein
the I'i popol ysaccha ride binding domain of Factor C protein is selected
fromthe group consisting of: am no acids 1-333 of a Factor C protein; at
| east one mentdér sdheqodpeptiderot elainy L Bugorepirngaimemigr selestechfrom domai n of
a Factor C protein, a sushi 2 domain of a Factor C protein, and a sushi 3
domai n oftheayréas tomsistingraftacsushi- b pepidde, -alsysaplLi geptide, susishi-B deptidej de; a
sushi -3 peptide; a sushi-3L peptide; a sushi-4 peptide; a sushi-5 peptide;
a sushi - 65040 sB@IIndseptResushi - 7-vg2 peptide; a sushi-8-vg3 peptide; and a
sushi -9-vg4 peptide. - 80 WD 01/27289 PCT/ SGOO 00162

16. The polypeptide of claim 10, further comprising a reporter protein or

an affinity tag.

17.  The polypeptide of claim 16, comprising a reporter protein selected
from the group consisting of green fluorescent protein (GFP), alkaline

phosphatase, a peroxidase, and a luciferase.
18.  The polypeptide of claim 17, comprising a member selected from
the group consisting of SSCrFC-sushi-1-GFP, SSCrFC-sushi-3-GFP, and SSCrFC-

sushi-1,2,3-GFP.

19.  The polypeptide of claim 16, comprising an afﬁn'ity tag selected from

the group consisting of polyhistidine or biotin.
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Frerer rrerer il 11111112 C L MS 13. The pol ypeptide of claim 10, further
conprising a secretory signal sequence of a vitellogenin protein 14. The

pol ypeptide of claim13 that is p 15. The tide of
claim 10, WOW#PR1289 ng a nenber sel H“’ Hﬁ ﬂﬁ“llg roup cBhEPE "c“?/ﬁ’(jgof a
sushi -1 peptide, a sushi-10 pepti pepti de, and a sushi-3L1
peptide. 16. The pol ypeptide of claim 10, further conpri si ng a reporter

a

protein or an Hfi W methoddor treatimheensid caused bd@ gramonegative @actesalpri si ng a
reporter protein selected fromthe group consisting of green fluorescent

protein ( GﬁFactioﬁlcbmphaag aahnaistering sepolppaptitlexr dake 1020 subljectiif enase. 18.
The pol ypeptide of claim17, conprising a menmber selected from the group

sushi 1. “%W@%@%gl'@a{ﬁ%w T e o7 iy
tag sel ect ed f rom

WO 01/ 27283M¢lqratey 'Ph? ﬁe%’ﬁﬁé\%{ﬁglnﬁ%@%a@ﬁ (g;bnoeogrlegl cc):t :_nM-S gé. A

nmet hod for treating sepsi s caused by a gram negative bacterial infection

conprising adm nistering a polypeptide of claim10 to a subject in an

amount effective to bind |ipopolysaccharide of said ?r am negatl ve bacteria
B

and anel i or at i.nf [Thermetbog of ey Rde whereiasadinopmeslige i membgs. 21. The
met hod of claim 20, wherein said polypeptide is a nmenber selected fromthe

group consggiédtad frofn thesgralip cdngistirig ofeg sushi b pleptided gosyshi-dA peatidgeshi - 3
pepti de, a sushi-3A peptide, a sushi-4 peptide, a sushi-5 peptide, a sushi-

6-vgl pept i (Fsh$-4 Hebtide, \OSuPEB g de, N Sudhi-
sushi - 9-vgéfgﬂ g)eﬂj&é‘ a‘ZuéﬁQﬁéR%@Pﬂgga (s)f cl j{'{@r‘?]IZd V\herelﬂne@ga?d pol ;/peptl de

|'s substan %lllp)éptléé,eaesﬁwl—g%'il Beptifie 2 bhdi B3 Peptifb 24MtP a lsLgHi%-¢y41 ndi ng

activity.

peptide.

22. The method of claim 20, wherein said polypeptide is substantially

free of hemolytic activity but retains lipid A binding activity.

23. The method of claim 20, wherein the gram negative bacterial
infection comprises bacteria selected from the group consisting of A. aeruginosa,

K. pneumoniae, and H. pylori,

24. The method of claim 20, wherein the subject is a mammal.
25. A pharmaceutical composition comprising a therapeutically effective
amount of a polypeptide of claim 10 and a pharmaceutically acceptable carrier for

topical formulation.
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23. The nmethod of claim 20, wherein the gramnegative bacterial infection

conpri ses bacteria selected fromth consi sting of P. aeruginosa, K
pneunoni . pylori. 24. The Wﬂﬁg ym , Wherein the subject
is a rrama*rgp{ﬁggz.SUA phar maceuti cal cormogi Mmmﬂﬁl nd AXHNEPUR Ut i cal |y
effective anount of a pol ypeptide of claim 10 ahd *a pharmaceutical ly
acceptable carrier for topical fornulation. - 82 WD 01/27289 fill 111,,
11111, PCT/ SGO8.001%6 metiod-favit&ati6g oA prevehtiog irfectioreaft a wouod byrgsamant i ng

i nfection of a wound by gram negative bacteria conprising adm nistering
the conmpogkddtve HaktetlaadompiirigadrainiterigLtng .composifiofeSf it 2y totdag] det ect i on
of gram negative bacteria or of |ipopolysaccharide in a sanple conprising
contacting,g,ganpl e to be assayed for the presence of said gram negative
bacteria Or 1] po polysaccha ride with the polypeptide of claim12

wherei n presence of gram negative bacteria or |ipopolysaccharide is

i ndi cated by a conpl ex between said gram negative bacteria or

| i popol ysacchari de and sai 9 pol ypeptide_ of claim12. 28, The method of
claim 27, conpffsi r@”@ﬁh?41 afithe drtestion 8PP 889atIve bagterig@r ofet hod of clai m
27, which is a solution assay. 30. The nethod of claim 27, wherein said

pol ypept i tipopclysenchapideiin @ sampda compising:cordactotg & samnplexd, bantsseyechfayr am
negative bacteria or |ipopolysaccharide of said sanple is imobilized. 32.
A met hod tte prebenddadfesaid gran hegdtivieebaoteribrardipepdigsacchatde withahé ve bacteri a
or of |ipopolysaccharide in a sanple conprising contacting a sanple to be

assayed f ide §F84l 1 i {ym 10, further
conpri si ngbigb%&g ter gf%jt gﬁé}?é?rﬁ p\éégbhcv%o%g‘gg%dtfg@db%gt%%éomz

111111111 ﬁ&&p]oly}s%&ﬂariﬁé ]rsl%d?t%ted-rﬁ\l a complex between said gram negative bacteria

or lipopolysaccharide and said polypeptide of claim 12,
28. The method of claim 27, comprising an /in situ histologic assay.
29. The method of claim 27, which is a solution assay.
30. The method of claim 27, wherein said polypeptide is immobilized.

31. The method of claim 27, wherein gram negative bacteria or

lipopolysaccharide of said sample is immobilized.

32. 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 of claim 10, further
comprising a reporter protein.
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e met hod of claim 32, wherein said reporter protein conprises a green
fluorescent protein. 34. The nethod of claim 33, wherein said sanple
conprises tissues or cells and said pol ypeptide conprises a nenber

sel ected f PYMYH®%group consisting of SSCr FC sushi - | - GFPCT/SG00/00162

SSCr FC- sushi - 3- GFP, and SSCr FC- sushij A nmet hod for preserving
a sanple from contam nati on by grarr“!il%ﬂii"ﬁiﬂl‘ﬁﬂwl a conprising adding a
pol ypeptide of claim10 to said sanpke ¢ntc am awD effective for
preventing the growh of said gram negative bacteria. 36. A nmethod for

purifying a sanpie byhd gEBGY of_Qﬂ(laiﬁﬁﬂgtvﬁﬁgréﬁn%imfégéi't@gB@di‘éml%bh{s:?i%@&

a
pol ypeptide of claim 12 on an insol uble substrat ntactin salg sanpl e

with the i idi tide, and separating said sanple fromsaid
i rmobi | i zegr%gldydﬁi%#ﬁgwgsa' An isol ated nucleic acid encoding the

pol ypeptide of claim10. 38. An isolated nucleic acid conprising a nucleic
acid encoding a |ipopolysaccharide binding portion of a Factor C protein
of a horseshoe crab selected fromthe group consisting of: am no acids

1- 333 of a Fact3t C Preomethed of clam 33\@lEereip sagbsample comprises tissues ot | 1 VI | |
[l 1il PCT/S&0/00162 CL MS at |east one nmenber selected fromthe group
consi st i ngcells andssaith pol¥pelptive conydfrisas afaerhber s2lquted from the groghcoristioai N of
a Factor C protein, and a sushi.3 donmain of a Factor C protein; a sushi-1

pepti de; aoﬁSNlFCJdusﬁiep_fGF@,eSS@rFE%hF?GFPE&M’SSC:EFCS%H!-I 3/3-peptide; a
sushi -4 peptide; a sushi-5 peptide; a sushi-6-vgl pepti de’” a sushi -7-vg2
peptide; a sushi-8-vg3 peptide; and a sushi-9-vg4 peptide. 39. The

i sol ated nucleic acid of claim38, further conprising a nucleic acid
encodi ng a secrgtion, signal . sequence of a vitellogenin protein. 40. The

i sol ated nucl eig'aci%"@?mﬁc’ for 9%5§W'?%Ptsﬁ@pYec&Hﬁ"rch‘%{Bmaﬁ ueY 8fAM acid that
encodes a reporter protein or an affinity tag fused to the nucleic acid
encodi ng t Redativg biseteyiaLonmsisingaadsing? ﬁ@'YBéﬁ’tﬂg%‘Pf @AimalGtrsaid samplediei n.  41.

The isolated nucleic acid of claim40, conprising a nucleic acid
an amount effective for preventing the growth of said gram negative bacteria.

36. A method for purifying a sample by removal of endotoxin
comprising immobilizing a polypeptide of claim 12 on an insoluble substrate,
contacting said sample with the immobilized polypeptide, and separating said

sample from said immobilized polypeptide.
37. Anisolated nucleic acid encoding the polypeptide of claim 10.

38. Anisolated nucleic acid comprising a nucleic acid encoding a
lipopolysaccharide binding portion of a Factor C protein of a horseshoe crab
selected from the group consisting of:

amino acids 1-333 of a Factor C protein;
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encoding a reporter protein selected fromthe group consisting of green
fluorescent protein, alkaline phosphatase, a peroxidase, and a |uciferase.

42. The igal nucl ei ¢ acid of clajm S a nucleic acid
encodi ng §g)03%2ﬁ%%i ty tag sel ected frulmmll '@wBHEI s thGIgQpoys?

pol yhi stidine sequence or biotin. - 85 ¢W) QM Lrrererr rererr vl
~I111 11111! PCT/ S0/ 00162 MS ++ 43. The isolated nucleic acid of claim
39, wher edtnleastonauvémber seleded Eoovthesgraupeohsstirgedfet seshi firdomdihef gr oup
consi sting of SSCrFCES, SSCrFC sushi-1-G-P, SSCrFC-sushi-3-G-P, and

SSCr FC- s uRduiterlC Breteiei-B.sudri.2 domainhgd FaetoriT pebteinnEn@a Juskl H6ain of
| i popol ysaccharide binding protein conprising: 1) culturing a host cell

transf or mgp g Fbé}rbfgir{.sol ated nucleic acid of claim38 to produce said
| i popol ysaccharide binding protein in a culture medium and ii) isolating

said |ipo aceharide hladin tein fromsajd_cultu ium 45. The
ot hod or ? S1Toh BEBREGE SO A BertioRl B sl Bl oy ishiraf pefice; s
ultrafiltering the culture _nmediymw th 100 kDa and 10 kDa npl ecul ar wei ght
Cutof TSNS OEPEREI PSS dEPHEC: & BUTorvaLoPaR s 3iSHeh- 02 RePESNbI nant
pol ypeptide produced by the process of claim44. 47. The nmethod of claim
7, wher ei & SuHd-Scyadwentiga: Ao asmshicd-vad peptidest i on  conpri ses bacteria
selected fromthe group consisting of K pneunoniae and E. coli. 48. The
pol ypeptide of claim 10, wherein said polypeptide is substantially free of
serine protease activity. - 86- WD 01/27289 111111111111111111 M

11111111111 PGY. SCIRE0ASR rluckl: acir BINIY, @tk ebpidngWhRiceia said

isolating step ii) conprises wultrafiltering the cu

kDa cut of §cidreARIdHYa 3B&eabh SidhbYsequence of a vitellogenin protein.

40. The isolated nucleic acid of claim 38, 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.

41.  The isolated nucleic acid of claim 40, comprising a nucleic acid
encoding a reporter protein selected from the group consisting of green

fluorescent protein, alkaline phosphatase, a peroxidase, and a luciferase.
42, The isolated nucleic acid of claim 40, comprising a nucleic acid

encoding an affinity tag selected from the group consisting of a polyhistidine

sequence or biotin.
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chromat ogr aphy. 50. The pol ypeptide of claim48, further conprising a
secretory signal sequence of a vitellogenin protein. 51. The pol ypepti de

of claim48, further conprip protein or an affinity tag. 52.
The i sol at W8 Oa&BBLi ¢ aci d J)ﬂl,mm‘“ﬂmm W",her conpri si nECESEWONEC acid
that encodes a reporter proteih or an aftwknity tag fused to the nucleic

acid encoding the Iipopolysaccharide binding portion of a Factor C
protein. -87 43 The isolated nucleic acid of claim 39, wherein the nucleic acid
encodes a member selected from the group consisting of SSCrFCES, SSCrFC-

sushi-1-GFP, SSCrFC-sushi-3-GFP, and SSCrFC-sushi-1,2,3-GFP.

44, A method for producing an isolated lipopolysaccharide binding
protein comprising:

i) culturing a host cell transformed with the isolated nucleic acid of
claim 38 to produce said lipopolysaccharide binding protein in a culture medium;
and |

i) isolating said lipopolysaccharide binding protein from said culture

medium.

45. The method of claim 44, wherein said isolating step ii) comprises
ultrafiltering the culture medium with 100 kDa and 10 kDa molecular weight

cutoff membranes and preparative isoelectric focussing.

46. A recombinant polypeptide produced by the process of claim 44.

47. The method of claim 7, wherein the Gram negative bacterial infection

comprises bacteria selected from the group consisting of K. pneumoniae and E. coli.

48. The polypeptide of claim 10, wherein said polypeptide is substantially

free of serine protease activity.
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49. The method of claim 44, wherein said isolating step ii) comprises
ultrafiltering the culture medium with a 10 kDa cutoff membrane and affinity

chromatography.

50. The polypeptide of claim 48, further comprising a secretory signal

sequence of a vitellogenin protein.

51.  The polypeptide of claim 48, further comprising a reporter protein or

an affinity tag.

52. The isolated nucleic acid of claim 39, 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.
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