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i nventi owor‘bl?(gfgg to the use of reconbi nant pol ypepti des g‘ﬁ%@@”ﬁ@%ﬁ. C

pepti des derived froma horseshoe crab Factor C as well as conputationally .
desi gned peptide anal ogues, all of which have endot oxi n-bi ndi ng domai n(s).
The r econREGOMBINANTRROTEINS AND PEPTIDES FORENDOTOXINCBIOSENSORS,

(P, The oxtrens fsgﬁ'g‘f.gfg’ﬁt"e | 3%%7”‘5'“”“%‘&”3%? et s
| ﬁé‘hﬁ% De ﬁ%@ﬁﬁmsed bi ndi ng af finity

with its unique LPS- bi n
for LPS, may be exploited in accordance with the present invention for

‘anti-endotoxin and antim crobial therapeutics as well as for the tracing,
det ection, and renoval of LPS EEELD_QEQ'EEI&M@M bacteria. The present
invention alsaq.relates to a.nmethod for treating bacterial inf iQn.,of a
subject by | ndite MeSEa Ui ptesS e R IR Bindbt BavwesrEfie Al
Factor C hgf]eglrcirbdeéﬁ@%g B fidm BrorsSbfadTerad/ I%Qtd?@'?%%ll“as al so known as

| i popol ysac , I's an integral conponent of the gram negative
bact er i alcoosutationdilyadesigred peptidesarmicguese afl @f witidy havé endotaxin-binaling he

toxic effects that_occur during gramnegative bacterial se Si?oél . LPS is
a i xt ur SRR Se TR PHINDMEY RPFRIBFEeBPTS REEHara ROl

| entl I annes b P
[ pi oA, SHHEP §8Ts 5P o8 8B BB hy e SR A s O R KoM

secrete axiteife sengtivief of tHd preahiorecombimeitrfettdrh@to LRS) with itsumiguaecr osi s
factor-a (TNF-a), interleukins-i (IL-1), and interleukin-8 (I1L-8) (2).

Excessi vd-RSebiagditg domainsswhich hane nesurnasaed binding offitiyder &PhpRRYdur edl vy
tribut t. fail d deat h,that.. ft .. sod f
or am negaBPIRItash Y artpigfance et theypresent IVRgHAR o Al sPYofXt At ontlr e

exhibite ~ i I [ ' A6 | Adbeki deen

01/ 027283“%@9'%&%%%?5&?‘[g%nrcgﬁgﬁ}rtﬂéeéa 'idvéeure éog}'(rgi}ilda i nd ucgfsut) g\AO
anoebgacytganphebatieeblcteriar Jhe preserggneertion aisd rdiagesatoud atethofesumabl y,
t he LPS-induced coaqul ati on casca ortant defense

( . ) ctg re&_esenis an ir
mechani srifeaing byctegakiatasion af Araubige Msindupipghasienystesia®ynegat i ve
bacteria L . : ﬁ.@g J ed as the s Linulus anpebocyte
| ysate (L mt's-eEs 'Cﬂ\g&%g%&‘ﬁ%ég o&t@ggiggégmds a tool for detecting trace

concentrations of LPS in solution (6,7). The nol ecul ar mechani sm of
coagul ation in horseshoe crab has been established and it involves a

prot ease cascade. This cascdféKGRIINE e INVEISTIOIN serine protease
zynogens, Factor Factor, B rocl ot ti Z nand. one I
e e e ol ey RSOy e AR Ein i 7 b bR Brent
cascade, gfaﬁfeoér_a%-%ggweloﬂéﬁéﬁalacéﬂ' RERTBFEe Eﬁé'is I‘&g@ﬁﬁﬁﬁe foP rhdty, iDR6PAlLe
advances 1n antim crobral therapy, septic shock and other clinical

conpl i cat obte i effedts dnatregat dudny geamrnegativefbactér@i sepsiat(lueP$ is pose a
maj or

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).
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probl em Endotoxin or |ipopolysaccharide (LPS) present on the cell wall of
Grami s negative bacteria (G\B) plays an inportant role in the- ’

pat hophyﬁgﬂog@y?g these infections. It does so by nedi atilgok?n%%}ogl&y and

al so ned ease of factors |ike tunor necrosis fact
interleukins (40), and also by formng a rigid shield around the bacteria
protecting themfromthe effects of antibiotics. Therefore, the detection

oy ol ey neLBS oot iadfing eptrbr AL B AmBRIGARES BF noReS¢ Hatlg
The | ipi dw“agg}r&yg&%d BF?HtDrﬁ(Iaé%iEaBﬁe@?ﬁatﬂg?Ehé mrﬁo@mbdt&oggemueﬁlcageécré

lipid A give se to a II' eftects elicited by enddtoxin. A nunber
of LPS- bi reprresents ahemportamt elebese meehanism eed Aydnarsesteon arabs againsPS

bi nding protein, LBP (41), and bactericidal perneability increasin

protein, HBYAEPN by 9r@,rrxrz\)egam:?a%tea@?ﬁbaTﬂﬁ@ﬁﬁqugﬁv%eeWaﬁ\yepm%M?d Badhe

bi ndi S j j L pl |, a 55
D priot eH Bt AcRRBRARHSAEEACT16BPBSS bEeh vie for tolideehoe ditol i 5,72
lipid A rraé@wngftrdc@_%oheéuﬁraﬁm oNLPBt saditian(6,0). Thetheletnitetngedhanism of
(18,42,44,4S5). The circul ating anobebocytes of the horseshoe crab contain an
array of Geaguiatian imshornsasheg erabdmsiieenoestablifiied pnehid imelvesa iprotegse PS. The

Li mul us antilipopq] ysaccharjde fagctor,. LALE, an 11. 8 kDa LPS-bi ndin
pept | de, RassaBon b SER t5liassd Hrol kind tkssT errtoteaeyadegs HPeHeC.
anebocyt e 0 [Waeh] | i tus
TAE has Loror B BRESIBRg IRy ey o (e ARIDIE TSI ok, Hein e

LALF has betal sctioatortod the mibttiftp casuwdde x Radiot Cefadotians as adibserisor Hiaton
(50, 19, 51,52}. Two ot her LPS-binding proteins fromhorseshoe crab s 53
hermpocyt es "eapONda¢dyBbesi n (53,54) and big defensin (55). Factor Cis a

amoebocyt o |ye eabTeARyanss hiarkiteioBly SERET, sbticothack 4} e ERieA
coagul ati egmpRese dRStPBlamiritefative Badtetiay irfictichstdbntip@aeite Wsea mgof

sensitive assay for fentograml évels of endotoxin used in the quality
cont rol oprotemh&naatoxin oc dipopolpshccharidesiPS) Tresentpuy theneel! wall BR&ram-C i n

t he detecti _Of dot oxi n..h th I t h ' .Of nbi t
Fact o> G, negatiye boctetag ey iaye an maarcant ol iy epapopesioial CERRge

Il eviate. . T o > S ¢
get 2\(;; ?oﬁ"ﬁj@&éﬁfﬁif fc}xc?(%sﬁ @E”?és?ﬁjaatﬁ@ggn' za\(g‘gféj% aéiﬁhvé fﬁeéﬁrﬁeﬁﬁw or%gd °
anmpebocyt ¢iké Yambe nebsElfactdrandUtdriedkiors (RO, and/EINEISYNFdBming aFragid ehiedl can

be activated by fentogranms of LPS, it is thought that Factor_C has an
LPS- bi ndi ragoure%thmbacﬁaﬂa éxeiesting themdpm 6ha|af€ecrﬁ ofrantibiptics. y Thesefarps,

Zo' pyr oget® delStBnnBt P63 TR duiitnr Bistilstiep G of nf Fefihspt "oV
par enbgr alsoRABNEY AR} IrPthedsretBhtionof te idflﬁmthat@r{ﬁﬁﬁrwﬂbg‘émé bffattsalf
determ nation of endotoxin localization (9). The LPS-binding property of \3

Factor C ®Si dB lipidtheormponent eff LRSplays the oost frapaitagt Bedogical neleatipids.

This short, regi on constjtute signal . peptjde,. a cysteine is . rich
regi on, fcﬁg'ﬂgé(’i'sﬁ O@Bi%gr'%ﬁegﬁsﬂﬁﬁecﬁ Qgte(%\d-ogc?){l% domain and finally 3 sushi
domai ns. Hi gh WV e I i c ' id es the
correct formt :ﬂ;ﬁu@{bfeb'&m_ggltﬁﬁ@gagﬁﬂggilﬁ\géﬁﬁffgeﬁgg gbf\g{qngtggﬁggte{]ded by
t he preserthe LOE bindingtproteiny LB (4 Bgammbadtericidal perndebilityrintreasing prokeim,epor t
t he expression and secretion of a functional LPS-bindi ngiydprrai,n of . C.

rot und®calftf (R8c42r LBP( 66 kgmpmypalianseumb peteise e oAyt with
ileq oot I 9Bgred by RIS ol ol AT BT BB5104 bROtelPfolte i Hunt
neutrophils, is capable of binding to the toxic lipid A moiety of LPS resulting in
neutralization of the endotoxin (18,42,44,45).
The circulating amoebocytes of the horseshoe crab contain an array of
30  proteins that are capable of binding and neutralizing LPS; The Limulus
antilipopolysaccharide factor, LALF, an 11.8 kDa LPS-binding peptide, has been
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_;_+ WD 01/027289 PCT/ S&0/ 00162 09/ 426, 776 and of the provisiona
application upon which it is based, 60/106, 426, are hereby expressly

_incorporated by reference. Honol ogous Factor C zynpbgen c een
cloned TWGHIBAEIYE (he four extant speci es of horseshoe %&%X’glé

Car ci noscorpius rotundi cauda (CFC) { 10). Initial s attenpts to express
CrFC and its truncated fornms in E. coli resulted in a non-active . enzyne

11). Sub tly, OF | d d d i h
Corbui o BeREHETIn fha AheOpRaSS O PO ORI B IBd s PPYTREUAER. nei t her ¢ he
Fact or Crgg@ﬁ@% ﬁ%?ﬁw.%ﬁﬁ 8 SBBEARIR) e jBglat@f bRl cRb@iidrizzAauUences
of direc the t

wer e capa I'ng secretion o reconbl nant protein into he

cul ture (uging).f Purifes LALF ihas eehfshoani tonbicd2PS dnd exhibit @ndofoxirC expr essed
‘in yeast was not enéérrati cally active al though it retained

endot oxi Rewiralizatign {6018 51,82)(Tve) Qth(;hP&@ﬂG%gi Rrofeipa fiand hiorsgshas statm (Us

Pat ent lication No., 09/08 i | 1,.c0998) yi el ded nbi nant
Factor CHBmeEtes e et Tod) ahd P ABBASEI (S5 The 2ntire di o osur s
of 09/081, 767F§élt§r@fasta rifeOiobé a3y nfdRin. G8isi the Keyghzynfe thehcit s

based, 60/0S8, are hereby expressly incorporated by reference. The rFC
has ext r eptelnyidsugh aseeboryte lysated CAL hthatligactivated byRP kaoiniise e mi ) .

Bef th xperiments, t S- bi ndi.ng_dongi n_of Factor C exhibiti
i gh af { FARQYHON Cea0RdorRe 0N & etitycacts Defls Ve sEasiea |

het er ol if ity 0 doing | to its highl
Conpt ox A RPTermtdgrtlevplsol snbiotlaptispd i e BlahiFrantee 80 0 L8 Mha Y
| i ke @pi pRBABACARRY Prodaetsors59) 1 Mhedntostamcetof FastetQ irctie detestion afe (15),

were successful ly expressed; few display the kind of corgl exity posed by
t he Fact endataxirshas thlisigddorthe expressonmiforcepbinantSagks dftet ed in

bi of 0g; ol 200 SScRs eReeEiSoRe 1ot sbefil sl tfe BEHREERBRGY T

reasur | ”%nH}fea?@ﬁéli\fa}‘ia%n ﬁla?égés?ﬁ RS 6fddtetsor bPEAddtoN WhicANs BL! SA- based

i pid A binding assay as surtace plasnon resonance interaction.
Q her  subécagiznt drandratkiwitmgortventioRE arnodborytel drsaten (59-61). e. g.,
SSCr FCsushi -1, 2, 3- GFP, SSCr FCsushi - 1- GFP, SSCr FCsushi - 3- GFP (fusi on

constlfucts with green fluorescent protein, GFP) -- as well as synthetic
peptides, e.g., sushi-1 30 (S1) -Y A-3 (S3), and sushi-3o0
(S30), each of 34 nmer length, a

- S / SA&0/ 00162 desi gned
variant forns guicPritbrlecaneRy b¢tdsabitBbip femddgramBHETHEPY, Whisrtholigtitathiat

H=hydr ophobi ¢, P=polar am no acids) -- also show strong affinity for

endot oxi rFactireC hbs BntlPSaindingsreginrothat exhibits exepptienallytrighatfinidyefor MSbi t i on
of endotoxi n induced, Li S anoebocyte |ysat. L) .C at i was

neasur ed éﬂrﬁﬁqae@ﬁ\hghﬁ L{Pg‘é'ném &ﬁ"ﬂé%i @.ﬂéﬁ_ uh@é“%ﬁ% %tggé%%{i ﬁ%@é\r}%r otein and
peptigdes f:Qr, | i | } ced

cyt okzianeéwea Qﬁﬁgégﬂ%ﬁlﬁhg@? '|§rpcr)]t ﬁ?‘?ﬁe‘g‘? a#ﬂ@f@%@“ﬁ@‘?ﬁﬁ”%ﬂ%@?én pher al

bl ood noragmiaistationads wel( BEBMON. vigSINMOBShishathemicalegetenrinatien of endotoxin

non-cyt ot oxi c. SSCrFCES has a clearance rate of 4.7 m/mn. W also show
that | ow laeal@ation (Rscr FCES protein and the synthetic peptides protect io

gal act osam ne-Renchd gt AYEe,d HPR 2Tl £9UERLs LFIRP ks IRAGEbigies have

strong antimc can thererore be used as poten

t her apeutdpamnint 83 PbARSH beidsy aTHid shibrt Retsioh mehstiteted & sRinah peptidd, & Cysteine-
infections by adm nistration of proteins or peptides that will_bind to

en]gotijijnﬁchbeegdmt;ifalldlwe@lbdgﬁm%ﬁrﬁ@i gr@utit@a:twylli@@@ma'@gmd {igallyad sEshia, to an
component dURATR. HARGPS ATNOhror A nRIPERE Ve i Crrehiuts e et
" bact eri osfp#iagioh 0@ digglgdé rHHnlais‘é%l?ﬁ Phishitstaeé & canpbundicaby e pidsehbe of

subj ect; incurs anti- ot oxi ¢ ects in vitro and in vivo (protecting
m ce fronalcpsteme-tigh cegion.o Heneldfoo tbe fits)time ave eepoittdheiexprassionaand on agi nst

" Gram negative bacferia (e. . coli, K. ppeunopia S,_.zo t i j P.
er gl ST & IHGRHATAY LBS inding, farim ey & Merur iy Fogian ST FCES)
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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sonei) at very high therapeutic index. Al so enbodied in this invention is
the use of Factor C either as a whole protein or fragnents/parts thereof’
or as fu@ on %o GFP, as a biosensor for LPS or live bacteri a} Furt her
enbodi end QWL i nvention is the use of these zs pr ot ei MsRIfWI2her eof
for LPS-renoval. A preferred enbodi nent of this aspect of the invention is
one wherein reconbinant Factor Cis the adm nistered protein. The

reconbin [ be a full-length Factor . rotein y.-portion
ther eof DRLAZ6; &46pnd of fRe Bievisipte) anertan Wbt By oS, 165426,
necessar IdANh knhe protease 30 enzymatic

activi tyM?%ﬁ%ﬁgﬁpg?%?»ﬁhcgr%ﬁgte@fd%vcie‘;?\e/ie%ﬁ:tﬁ' the nmethod of the invention. It
may in fact belormiedous Bactof CtzgmogenioDNAF ldvealseeracibhed fyom onalfehe fous

WO 011 027289 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ SG00/ 00162 Figure 1(A). *
Coonmssi 8XE@Nf sPeFes Bf hersashpa staby Lo¢aascarmys sekalaadglerit)L18). dpiigk and

Poc et od2Rarpty TEexis CEPE AR ot s T A copiesiBoa i g fok 4,
protein baﬂ,dnel?ygéf Sabdaduentlyi aegrd wePtiomed and @gitesd innsadthbrRBy@Etri cal |y

i
honbgenous SSCrFCES. Figure IZ'(_B). | mmunobl otting anal ysis was perfonmed with
| NDI AT" " cetrayisirgPanch i methyletnepiv yeast) Picdd pastons. SHpwesey mither the Factor C

Cheni | umi . A ific 38 kDa b i | t.t ted
SSOr FOESNOT BHE Sagciey adiees revhad s, oglor snel edibiies SiAEicARabiS Ot of n
har bour . . 4 . ; s

(Kodak) - Cielufi sdcratiah of LAE rtetipnindmtéin hBitne:tfe MRt easier 1

Mol ecell apuviication (E)k efuliciengtin@iGexpréssetointyeakt wadinotlen2pmeticallydactiveude
SSCr FCES nedium (30 yg); 4, Affinity purified SSCFCES (1 ~,g); 5, )
| SOpr i me ithopgh itrebaingbendotexin-bindi)g properdiesilsd)2(A) . SSCr FCES di spl ayed a

di ferent conEeRtrong bRcubfll sihr s Behetl ABDUEH A NSSRTRRTh or pr-

| at es r e A i ces] ymker act
\I?vi th théﬁ?&%gy?ﬁ%%ﬁ%? g. d A Fe[lgﬁg"l armtgﬁﬁacg?%gfgg @%{OE'ID:%J‘EAS Wase etz *érlrﬂrbn ned

by rabbi @actvity.- B8€CeRGrESdisgBsares afl8i081 362 dnayofAREDrdviskunat applicatiomhgpon

O D. 4osnm of the sanpl es and reference wavel ength at 490nm were det erm ned
usi ng>a Mtieitiis Based, LQ/0p8&d 6y arerhereby RXRESSS!Y, IBspRIsAEdDY refeeacey Jher

mul tipl e gindi ' | ] ' Lnds ipid A
at a st oirc% :ﬁg%re%@%qu F%¢®Mltgi%qé§elgéflg§g§§dg®£ ER?WMB%@'.% he

nol ar 1 ath@seoéxperimentS St GRS birlinks domanbof Faceer Ciaxhibitin ﬁf%gﬁafﬁnit@'fuﬁ_ of
0.37 at saturation. This nmeans that each SSC FCES nol ecule has the ability
to bi nd MBSIwes aeverrgfecaiseccessfuliuexpraeesd inga Retarologpus hoshohha gifficulty in

Coet 10! i S5 AR, B 1D R MY Bl e Bhnlre S8R B DO o
Fou’d sCRy e B0nded Bro@its ke BpBnrar Gloph Gl (LPard Sedtef ™0 the
I nt er act iaustyddhoBBEstECESe (M) Werersuduebsfatbyl ekpressed). fe@Odisplag @Be inddf SSCr FCES)
was -6 complexity posed by the Factor C LPS-binding domain.

A form of SSCrFCES was secreted in accordance with the present invention

e

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, SSCriCsushi-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-3A (S34), each of 34 mer length, and



WO 01 /027289 PCT/ S0/ 00162 injected which resulted in an increase of 200
relative response unit. After the dissociation phase, by passing PBS in a

_ running ffer NDI AT"~ Hi s-HRP anti body was injected. Th rther

i ncr easealzﬁnm&’é‘{zg%i ve response unit clearly indicates thatp@@%@ %i s bound
to lipid A The surface was regenerated by a pulse of 100mM s NaCH At all
tines, the flowrate was maintained at 10 NI/mn. Figure 3(B) is a

depi cting the int L f S hj - S ith .
oby | | SEHONGVRIANt tAr g s Popestes Dedliag BB AT daBiEL L (¥he S Brersiet i on
t SSOrF . . ] birger | . : ‘ .
gensogr aﬁ%ﬁgr%@g@t%&eﬁ c??]']t eract ‘J?%'ﬁé)of A@Cr% SE@PE?@@@ ﬁf,r@vr\}dtoﬁoﬂn.
i mmobi | i zed | TThe @bty of gheése SHORinG and peptisleg tametiatedhhibifidrhef emdatogiet i on
"of certain synthetic peptides with immbilized lipid A The table {inset to

E_) showz indﬁ@egilgvuﬂg Sapm@lzocmab'sate tLAd) spnguiatior wasgneamged with gisgnaltive s
Vartohs EALKIRICREE RS TR e PR AR E kR we B kb MR o1

(055: BS) -i Wy BSkiRELCTNICH R DRg) bRRiuted by BHMAS
di luted E%éo?%??igfydtjopﬂ%irre?%Lgssgg&%s Li m'JI usc Ki netic- QCL) E)The O tI:t;.‘;l4o5~m of

each wel andmarmal huoraot periphepaledieodvaronomuictear edllsthREME). | BSEnFCESsanaf the mi n

over a period of 2h. The Zo endotoxin-neutralizing concentration NCSO) of
2501 FoEaPeRRRSWEES DRB-ATONRT 1 MG HRE SOESRRERCE FUE G thr CALENE 1 e ElsR

o L pashaingy IR dhdesof SYARCES el A the MmiRAL deifibsfotel® 1o "d.
to LR§. GarcE¥naneskasititedeiits fons LPSHindurednetalienThENEpilieyRave stron%
determ néd to be S1=2.25 ~M Slo= 0.875 2s ECM S3=1 P. and S30 =0. 625

~.M Fi g@ntimigropial piotenciespang carptheratase detused arcpolieahtherapedise pepti des
and lipid A shows that, S1 exhifits high positive co- rativity of n=2.42,
i ndi cati ng thgﬁ‘erﬂfﬁée@%@ﬁe‘iﬂ@aﬁg‘p‘?p&g@s ?rﬁpbpgéac%r{aﬁpr?ei >l ecul e.
Figure 5 §§§{ : Wal o UM oY é&% i QR THP-1 in a
30 dose- g@;})nérr]\ ent'gﬁgﬁ#&. "%ll\?f[t)reatéggﬂq'lﬁig@lﬁ@gﬁ??n@%ﬁﬁ'ceégpg%llgv"\%’t h 25

ng/ m of dndotaXins Piafsiuidad lbySyrahi-nbgatirecbauteriaciobart efiected Isubject.i The

concentrations of SSCrFCES. -7 . WO 0,1/,827289 PCT/ S(%O /00162 After 6 h of
sti mibat iinding izaprareptly mediptes athelipid feerpenanirlihe pRdotxineB& i n

o B ¢ R RRR 0Bl REHAEL AR SRl Rl d PR i SRR eLe
SSCr FCES Haetdridl Tp?ollf@%ﬂdm‘fﬁ% Blibied; searsaharerddotoxid Bffedts in vitr6 and in

dose- dependent nanner. treated THP-1 cells were treated with 100 ng/n
of E. coivivgaosgtingSnidei feomvathafityetue tthandotoxhaemis)acauseg misraicidalat i ons of

SSCr FCES._ After .6 f stimulation, th | t di d f

U b, Thedie Asis Gram Resaushartiin (9hs st & BHEUBTHERS it age of cont ol
LPS pnl Ob, AhipbiL L] 3 ' j i NM of

Ssor Pl YprUT gl Gn, - g RS HOMRR POpAMY TRy 88 S

LPS- st i musgrhel al Weryehighdhetapeati€ imdexPBMC cel I's. I n the absence of human

serum addition of only 8.5 nM of SSCrFCES caUéed 50% i nhi bi ti OH of TNF-a
response to 10AIQembaded inddds inveation is thecuaselebRchPR & either S RaNnQler um

Can b i Arofei0 of TR e iRt BF A Pustii) oo o Hlosclidhr i G L OF
the addi tjiebRies®r FlithehBmbotd inteisdAlentior Bl tdertzesf 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. It is not necessary that Ehe 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.
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SSCrk FCES for 50% i nhibition of cytokine release. Figure 5(B). The ability
of SSCrFCES to inhibit LPS-stinulated |IL-8 secretion fromPBMC cells. In'

t he abse man serum addition of only 8.5 nMof SS ed 50%
i nhi biti 3&88%%7%8 response to 10 ng/m LPS. SSCrFCES pr egﬁ'@gﬁﬁ’ﬁed Wit h

10% human serumrequired 17-fold nore protein to achieve 50% i nhi bition.
The attenuation can be mnimzed if the SSCrFCES was m xed with endotoxin S
mn before the addition of serum thus requiring only 4-fold nore SSCr FCES
for 50%inhibition of cytokine release. Figure 6(C). The ability of

synthetic peptides to suppressDEBBRIPTHOPEOE TIVE BRAVSINGGUre 7. SSCrFCES is
not cytotoxic to mammalian celTs. At the hi ghest concentration of 4 ng/n

or 109 pM onlFigaeAd @l | Cogreassievbdllari huerstaingd §2%e ralucg ERARAGE grofile
anal ysis of SSCr FCES 0 clearance,rate of biotin-lahel ed Cr.FCES
e b Qi BnE PR oS H T B Cemky e Sttt S ST EC B, WapeHacH vy

chi evod Ty Aoty b HaiLYo SEedl Y BetREneEts 2EX0A pictelTnd

survival pagfidationaestedISOPHAE? ahed imad isbetddtatalFHarhbGenols SSCAIDES.
013027289 PCT/ SG00/ 00162 were | ni ected i.v. 10 mn after LPS chall enge.

Kapl an- Mei er afiguies it @) nimanes! anafsie Was partpmed wali INDIA S HisrtR

bet 1pM. 2 PM of,. SSCr FCE P<0. 0O . i ifi dif.

obcorvod UG And WsghizRd Ueg Sublrssar aierhituineSidrcs b sBelfiE B0 &35
e © ' _ - : !

and ot erbgﬁ‘@gtﬁha ietVayré%,g(g}gL Eaue@uétézf%cp‘gttﬁs 7o’ RkdsGdentifiéd 88 #hadh

LPS-i nduce S-i1 nduced ality was achi eved usi nal 2.0 ng
of E. 1c¢ol sedBdBidptifified prdteinTarbsyrindyatpoly-bespidindetag( 2Exposu?s tify, usete 0
pre-incubated with LPS for 30 min prior to j.p. injection, SlI, S10, and S3i
conf er r ed By e dKedak), i Waﬁlbgl'ﬁeﬁ'cfﬁc%ﬂeQ-ek—?&ﬁ Q@.'&W?? fallpyvs:<l, Low-

80 SO O, R ARG, T,
sg gr: tFIC(égas§ggﬁhqes?ﬁ§a§nggg%gg%&,hfﬂﬂ?u%&;gﬂég)ﬁg sushi 13lil Eg[:SP' f usi oné?)w-r ot ei ns.
Sushi peppudfied 86CEHCESR(l pgkth (S1, Slo, S3, & S3a). Figure 11A. Sequences

f d i des, i i . f.. [ . di
Sl 15 Fi out BRLE 24k SSCHESigley R TEE: DIOHIONBEIC B IRadh pept  des
! 5 : ne=n’ ) W =
g nos MU 78R AiSKbacddasiay, el difrdhent EBRcortrlont bF I Abel 7. |
the regi ogoged®venighbonttf Pd)lﬁcﬂ‘gﬂ‘? blates (Nut)oVaRjinglconeshtestions of SS@ECES al

count. S1 and S3 were nore effective Zo against P, aeruginosa than Slo and
S30. Fi gumwere 3llowedwo irteradiavith the immgbibzedblipidek.udha @saountaf borggl.  An
initial d i f 109 cfu/m of PB. . UG ed in. The
el ceReido ol d 08 ST oot SRTIRCES 186 A3l bR Bl

vi abl g¢ ( ClspipdttateatTHO!15.34:6 of tHE SRS gﬁh%eﬁéréﬁée Wé?élé'n%gﬁ at B90RA were The
bacterial count was exponentially Zs reduced to achieve C9o within 7 mn...
By 30-40 wmeterntihed bsioger imitrotites platerreader. yThe bifihasicadspaispuisdndicative op 1)

count plates for the killing rate assay at 0.06 ug/m of sushi peptides in
general , moMtiplsiadiag sites fﬁhhﬁ"geﬁ-ed time intervals. Segnents of the plates

C e 5o e PR AT AL s Kotk B Acppraner Lagmg Lo 10
er adi cat egnélaculeapbesSErFiESR A plotrsfdhe tmalar Faticcof 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 pl of SSCrFCES was
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-g -~ WD 01/027289 PCT/ SG00/ 00162 Figure 15. El ectron m crographs show ng

exanpl es of how the antim crobial peptides kill the bacteria. Figure 16.

~ Sushi pept i i splay negligible henpolytic activities. abbi t
eryt hroc toe{g%zp%. 4% were reacted separately with differ Zﬁ‘ﬁ%ﬁ%@@“{}r

peptides s (6-100 pg/m). 0.4%erythrocytes lysed in 1% Triton-X was taken

as 100% | ysis. The negative control was 0.4% erythrocytes in pyrogen-free

oar i sHebe WG, AELRERF ) LR b P B0 Pl ReGHIECAREEIE"S 600
haenol ysygs@diatiGiPphedeliby SERRMBIA 8 PulhinBRIfed SINDIA™ His-SIRPOSAHIRRAD! YSi s:
S1 290 pg/m; Slo 295 pg/m; ~o S3 160 pg/m; and S3o0 120 Ng/m . Figure 17.
Exanpl e wfas S8iectsept Thie furthgy indreagairsdatile 68pbasel sntalaatywindicatesTidat PS,

‘'seen under. _m croscope., (A) .Bright field observation; (B) Beads with FIl'C
PS boungSCHEEs mebnay TG THecsUrERsekios Caaness e Oy § Mt 1AM 106 Doc
- no FIT : t ; ight) i s Figure 18. A
t est gf ia?g?né?éllﬁ 17 gﬁ%ﬁg‘?’qﬁﬁés%gggﬁ%ﬁgﬁ%é%&vﬁity beads under

i ncreasi ng pHFiyude BQB)'Q'KS @geérasmgtdim depictiplg thie idtePactivh 6f SSCARTs@shintyR FdFEM

acetate), pH 6.8 and 9.1 ( mMM Tris-HCl). Al buffers were suppl enented
with 50 MithNeenobilizd iwigifAer ent i onic strength: 20 mM Tris-HC (pH 6.8) were

(
suppl emented w th different cancentrati af l e f the vl
o1 nt whi ch cEIRUER HEG) B SensbRBARaR e e et iion & SSEirg8 et ot
| mrunobl ofithsiianbBgz&xRhigssi on of rFC (pHI LD2/ G FC2l; lane 1), rFCEE
(pH LD2/ Cr FC2I EE; Tane 2) and r FCSN (pPl C9/ Cr FC26SN, | ane3) in the crude
supenmat ant . FRigueS(Dhi & sersdgrem depictingetnet interactiaroobS&@rfCsksitit 31GRe
proteins: 132 kDa, f uérh@l ength rFC, 90 kDa truncated r FCEE and 89 kDa
t r uncat eWigsimmelilizedrigidbl ecul ar wei ght markers (MA are | abel ed in kDa.

Fi 20. SDS; | ysi i DO ' i of i ff t
or oparati ons b Pa(E LR ToRR PRIt Beah A rh oG sy AtRF o e
sanpl e ( lpapgdés witBiimmetilizedlibie W. | The tablé GinkeaieE Bihowg thSbinbiadexT " G 100

purified sanple (lane 4). Ten micrograns of each protein sanple were
| oaded. AroRRKtiesof Hip syntbetic peptides Yodipid W.| -1 ength r FC. The ol ecul ar

i ght k . | kDa, ,- ,i MO 01,027289 PCT/ SG00/ 00162
E ol o AT Fidust g Rl o SR incthase® LAl eded Kintn e AN e or c o
LPS stri T iqy j j : d FC 2:
(N oo eriofs oncelfatihi or SICHECES Werdindufbated wiRI2DOERDRT of £.208CE © T
G 100 pur(055:88)LPS;fob1 BabBRRT. 'Folowing prie-iedubdteEE;thé mikiuremas' dilied

purified rECSN 7. s pH LD2/1S1 supernatant. The 7-20 kDa lipid A bands are
i ndi cat ed 098tfalskpriente assay byddmupysgtipetioa)L. cHh 0:Prtswe b ek ellAf the, 100
and 200 -~ L : I - I MLt
o0 osO TSR B B ORI T rRenaR oA st ot A1, e

20  endotoxin-neutralizing concentration (ENCsg) of SSCrFCES, which is the

3 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, S14, S3, and S3A to LPS. The 50% endotoxin-

neutralising concentration (ENCsq) were determined to be $1=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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illustrates the ratio of crude rFC to LPS (1000 : 1) for a percentage
conpetition of ~0o >80% Results are the neans S.D. of three independent *
experinme -g4re 22B.. Conpetitive effects of 50, 100 %Eq,

Bi omaxT Q{@Bl@? I'ched rFC on LPS-nediated activity of CAL aé%g)&o@:génzyrre
activity. Dashed line illustrates the ratio of rFCto LPS (100 : 1) for a
percentage conpetition of >80% Results are the nmeans S.D. of three

e >a61 enchite” S AR BHghy eI fiuiEiBE obled Yo N, B etiptSe in
enzymat i CTREL Wete/ egpreSéid E@g&ﬂ:@nﬁégeE@fcébrnmgeii% 8&W'®rﬁbl€€e mhitbtﬁ@ﬁ?r vas

enriched b% Bi omaxT"”*-SO ul trafiltration, an ~. g was used int
conpet i t i ONFaxway actrieregasingnt alotS9EEFCES. on was obt ai ned after

lizati i th b d . iti CSN. Resul t th
means 6.0, of HoHR: S dade RGN aRRRL P dceePliycs segretion rapapiadana |
bi ndi - . e, Do rhioa Y
1:)8 I~ng/ ﬁ??gév:vgéﬁﬁgmgl I |r%zdee(?§¢(;qbr§\}l /%ﬂfééézge:%*srglfa ]f: Enép iﬁe@gt‘éegcgl \?lreoopbgt eﬁ?ﬁg(

sanpl es wepk033:85(PS Whizhahasipekinaltated aithesgingancentratieds bNSSEFTESs e
units (RU) by the Bl ACORE "instrunent. Plateaus 1A, 2A and 3A Zs on the

!
sensor gr affteepreakstimulabionethg culire s8ediHarwas psvedeeriL-8 Therdacazse iNFCSN,

o regenclabBHRRTRe: drkacad = RERENREEE tarbidl((Ps Chbncadd o e °
and r FCEE[|l-g sefFadidhk W dchrivddAsind'e g@bﬁsscmsﬁU of each protein sanple
was cal cul ated based on the relative RU of the protein sanple and that of

[ m’rob:I(Di zed 30Figupe 6|(A(>).. The abitity ﬂEﬁS@fFTGESCﬁCOdnUibitFlﬁstx’rmulate@ffaiFﬁedeerfetien 9
i zi ' ' R i FCSN. 0 WO, 011027289 g

) Sc00) Bamb 0B gisfls 35 theRbseiia o huBen decir padiion g SRR G 100

pneumon afoCh (AT harys ANGHER of AE-RTRSane B BRI ALLPs. SRrkeeS e

agai nst  Kincobetexionitia e 09h iessh sdranb ejudicdosT-fdld tnéret protdilt tadrhive $0%

aerugi nosa declined rapidly after 4 h. s Figures 26A-26E. Aggl utination of
E. coli biphitionFiTge e&tfen@ﬁanrcacmg rimiglizesBf thebSErRCHS was mixed witlle with a

80 TRTE S PRSI O IR B

8E) . Fi gusscACESIfAe 50001 it f : s-.g rFC purified through
SephadexT"" ~o0 G@O(?@o/ﬁt"gg?ilnﬁggm n nés’fé%lé?%? zed/ LPS-chall enged m ce.

Pre-i ncubat i onFigluré. BB The abiliIBNofISSCHGES twanhibit RS sEmuiated dL-8nsexpetigrai nst
t he endotgxic _effects of LPS. For conparison, rFC conferred 60-70%
prot ect i oFOMEPEMCCeNs. Inithe apsengeeshemapmserymypdditionffipnha8d nisofdel et i on

bosit 1 one SacHiCE sl 9098 iniB RIS Fodhopse 1o, 18/ T S PEES e
No: 52616irﬂ:&éhtedAMtHQO%irﬁJnﬁ@$§éMﬁ$réﬂ}ﬁré@ﬂ?l%lédn@@ prot&ifQo ddRieviiGs0%h. T FC,

rFCEE, rFCES(sushi-1,2,3), rFC(sushi-1) and rF({sushi-3) have
endot oxi ninfibitipg Téetasteruatisnsian e minimizedhif tbe SSCHFCES was nixadtvdtisecondar y.)

cont ai . aRSSaBt oA the &ldebn o Shum duletaBha Gl oS car
Fi gure 29gsBhrreid @ Fook iBftfi‘)ﬂ%&ﬁn@?@l%éﬁ’.i rus-infected Sf9 cells to LPS

fromvarious bacteria. Figure acterirostasis i nduced by rFC produced in

Eacul ovi rus- i nFptre (). 9Thelability of symthetic peptides td sumpres$t RSRimdgaid TRF-o.
acteri a.
25 Figure 7. SSCrFCES is not cytotoxic to mammalian cells. At the highest

concentration of 4 mg/ml 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 mi/min.
Figure 9(A). SSCrFCES protects C57éL/63 mice against LPS-induced lethality.
30 100% LPS-induced lethality was achieved using 2.0 ng of £. co/i 055:85 within 7 h.
The percentage of survival was increased to >90% when 2 and 4 uM of SSCrFCES
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Figure 31. Protection of mce fromLPS lethality by adm nistration of rFC
produced in baculovirus-infected Sf9 cells. BRI EF DESCRI PTI ON OF TABLES
- Table 1 presents a conparison between binding affinity for lipid A of

Fact or O%@e”rlm'é?ﬁs’sushi protei ns and other LPS-binding pr &%’@0/"9}6} WO
01/ 027289 PCT/ S0/ 00162 Table 2 presents a conparison of MBCSO MBC9o0,
henol ytic activity, and cytotoxic activity of sushi and other cationic

i d i i SIS, | i des i ndi s of
CPS: bi ndiRe VRREESL Mo D aitet Hhs Fofende kRPN Tg” naaRr B Cetes ot ar i ous
pepti des t‘Aé'Jig ni%%‘@rﬁ‘ﬁﬁc%nt aﬁ%&aﬂcigi R pﬁirf«'dwdty pfwl)bf §SEAREER (:pfilor.mn@). pept i de

to Lipid I'zed on an col um shows Hill1's Coefficlient -

the stoi ghjnificaint diffdfrehiendian@bsérvietiebatwabnr2 of grebd ideohBSEdIESs to 1 LPS
-nmol ecul e, colum 111 shows G rcular Dichroism (CD) analysis of peptide

structures inFigweB(BkehteSba 93, mNNd piher Aesigned variaal pepfides\protect
3-sh X : RO . ) | i ~ - NM

o popri G5 R Rice bRl naRced BRop by DR REHBiE ] Beb Rty s )

reacti On’acﬁ@égggﬁgzggvm bhE, @{P@%:B‘Bfwiﬂﬂﬁﬁ He Wﬁfﬂﬁ’fﬂhétﬁt pédtrRs Q% or 75

suppresi on o uced cytokine release {TNF-a), column VI shows nobuse
prot ect i ig)agsraywe-incubaged REhpILRS farAbbenire griak thhi.peinjédiont ds1, S Ayiamait &3

nesave - Copferil b bsBrerteashdn LPHRRdUSLRNAL s OHANAES I i s Bragy
assays - " ; e 0 _ I Y ~ S
vacoo (oo feuRprtiefiof e s Bo WetaltfinBihd FinrefdBo %' ifleckionsy %or
M C9q,{ ni ni malgigpai fd[géggglrggzl%@ﬁ&miNm:@fshbwm&ﬂmcﬁbaal dathaibs ioF FAREErd.

bacteria). DETAILED THE | NVENTI Zo The present invention
provi des ef fi diigure, 10{Byh Retombirant fragomanitsassCiCdaSeisushiahd, HEEEP newsHi dr

gram negative bacterj al dot oxi n. . Thes | ecul. es n be us among gt her
things, fe#FPi %E‘I'g'rﬁ@%o sign P'&ﬁ%‘ﬂ&ﬁﬁ&?Pﬁ?eﬁﬂfgﬂ§‘;}§j’s“}’a§?‘?(§&y ggéu Pes;
(b) traci §33Fd detection or localization of gramnegative bacteria via,

for exanpl & "the G-P conponent of SSCrFCsushi-GFP fusion proteins; and (c)

devel opment ofFiggrelPik. s Beguidncesaifiviinariy Vetpeptidesgr aphy systens to purify
endot oxi n-cont am nated sanpl es or biological fluids. The present invention
lies i5n part ifriguret htfis SequendesOfinegtidas featuradainuEaig 3prot ei ns that bind to

roter n i s a reguiehl faAeEraRcHs|sboRerRatos i@ﬁ@%@f#%ﬂ?ﬁ@%ﬁ%ﬁﬁaﬁ P3o

. .. . ave =P e o e . . 9
T seoo) QRISAEATAE 2785311 W RiaPUSYBET ROTCOIH OF - detugibn Wesieed
r ot undi caindelzsgay.bBeublimgof thespgptitiEsconideattation®jrv8)e rediaroob0.0360.5Rsg/mir C

from Carci noscor pi us rotundi cauda (r Cr FC) has be roduced in vitro.b
coupl ed tliesHEed iifg??(léﬁnwiéhéﬁ%lcﬁgﬂ Oif@F@r'r%l C%vﬁf ?Rg%g WEESTBREE P%E%Y%lon
resid . b N : fedn i vo tens, especiall in
i ng:acfoscg@%}‘%skt%ééﬂﬁlggggg%eeﬁ),gF&tgpae ﬁ'c?e\rllltvpr?éﬁcti on o?pr FIC byy e

expression of ggared3 DitfmeAlependeekilihgtafcr.i seruginosk ATCCANSSG! | Aminitial and
subsequent sel f-f;r)ﬂrogt eol ysi s by binding of endotoxin which may be present in

sol ut i onsdensity ofnlQ°safuAmi efnP.odervginoss wasiuserddn dbe @ssaedT he effed. ofk@sbnt No.
5,716,834, the entj| di,scl osure of ich is no reby i ncorpar.at.ed.

refer encePeFE%fg?Sca}I dbg “@/ng"ﬁfiaéﬁ??sgg;,@ee?%%@@n@&% le Rgﬁé@@e |Bglcg¥ed
sol uti onsg; i } AT T i ter

o ot ect 1 LMy Al BEEF HeMBhOAC! TH BaAB. oG ahes o R o
chel abs ngretucet¢otachieveMBOgwithin tZnmimu By f30e40 min, thel badterial. waDnoxmpletely

appropriate for expression in the presently-described systemcan be ~ s
cDNAs encetdigatedct or C of any horseshoe crab. Two representative

~nucl eoti de 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 108 from

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

at a log reduction rate.



sequences are presented as SEQ ID NO:1 and SEQ I D NO: 3 (encoding the am no
aci d sequences of SEQ ID NGs:2 and 4). A conposite DNA sequence, assenbl ed
frominconpl ete cDNA fragnents, encoding the Factor C of Tachypl eus
trident at‘ﬂg"?@"@fs‘scl osed by Mita et a! (49). 20 Factor C é’&ﬂr‘%r%ﬁ"ﬁ“g’c“é f or
use in the present invention can be produced by any nethod typical in the
art. Production of rFC in yeast host-vector systens is described in

reference 75. Reconbi nant Factor C produced in yeast is found to | ack
serine prot easdId@& 13+ tleckgn ,mlago%%mswmee%m%%%s? BRUntheaantisaicERpial

protein pﬁ%ﬂ!{%@%&ﬂ &%ﬁ%ﬁ%@hs still effective in both lipid A and endotoxin

bi ndi ng an bacteriostasis. Production of rFC in yeast

host - vect or syﬁgeféms.s SUBRLpéptRisidispiay a‘ebugciblecmmgryﬁjtrwtiut@s. iPairaah and
application 08/877,620. Reconbi nant Factor for use in the invention can -
al so be prabbifcardthivgcidedat OL4% were reasted,sepasatady withndiBerent doses bépeptidesbl e

et ool DR el ot s 815 SR HAR A S0 b, 76
20, B ST HRRRG B 00k BFOSHEL 9By s S e s 10

C l'i es wi whrenmtimiemaliyihemolgtioiupab qoocentratiards ohe0@ugfml. nSeEnSdapass 3 by
rFCES; that is, the first 350 am no _acids, nunbered as in SEQ ID. NO. 4.
Ref er ri ngshayved gegligible, haaraelysisieAd1S34 eausesi & dp ¥y haemplvstsyati DG gafmal.i n t he
truncat ed~r FCEE (am no agids, 1-7 & F 1.N0, i 9z )
FFG sushi CONCRnTAtE bidsgiotadicd note FesrolBlT o] 2P0t ns TR ossm/sy)
Mol ecyl ar | s i _that the contacts are nmade by portions
of thgd pr(S)thei;ég '{g{jllﬁ‘ril’gé'?@lls?%eﬂggﬁgﬁlne- rich domain, especially amno acids %_
6070, in the sHghre 17ddxaimple @f S8apaptidearouptecAgesost Tl-6BHeads bont hweith
sushi 2 domai n; especially am no acids_ 270- , a protein havin

280. Th t
east t heBHG-EPScsaenr undsaNicroscoper4A) Bright figki ensari@iian; () Beads withFRdndom

' the. et Po BOURET et itV R0 E 1T s Bnd bR dien B ARAE Vi1 s PR Rb g
Factor C prit-ep9deft BRdhE ffeaddqbbidvéduhdbe gt iighapd produced in
bacul ovi rus-i1nfected or other insect cell |in€s, possesses a serine

prot ease acti vFigure TBatA testiofibinding canditioas of LB torfiBat peptideraffinityieads
binding. it .,i s mght be found that the serine protease, actjVvi f the rFC
produces UHQ@SWF@%E\%@M%@ SFEEW 'ﬂ'r@tﬁ"ﬁg?é-(iﬁﬂﬁgc&('\ﬂi é‘i}"}l\%t\éog'é'&‘?)rdi ng
to the in FQN T { & 1P/ g di i hon,
the. seri ncapbORBE S EEnd P (8 R s O CRTERIRrS el G SuBbERRAed NSO T
or by nut aiMNaCl.O(BY DiffslenRichi@steangthn @0t TASHC! i(bM 6.8) deretapplemamtéde
protein. Zo The portion of Factor C from horseshoe crab that constitutes

t he seri nWithr diffeers copeantratiens@pNeil exceptyoffthed B Reindavkicly sontainedthe

car boxg term nu§f of trge Srot el nI nunbered as in SEQ ID. NO.:4.
Fur t héf no ¥f°qeﬁ‘ef%%?"ﬁ gu %\Fo'atﬁ?no acids that constitute the catalytic

resi dues are Htﬁﬁfgg i199~%ﬁémoﬁ!a€' smﬁ@ﬁed‘é@%n lof3FE WALV CPECI 1 95Re

resi dues by che nodi fication or Site-specific nutation is can be
used to pAYviFCEEr(pAILDA(CrWCRIEB; ladet2) dndorFCSN (PRICO)GrEKR6SN| Iame3bri@ﬂwse

TN S T CIE MENEE LI I
any part | SH@InDoaneR: filEiedfh A 20)Rbh HRRME fhAdcaRd ho BB PlheResl o an

fl uoresce assays- for rine’protease activit are escri bed

in detai | rFOSKOTHE AtblecLlapweightimarke@(MNME/) afé Tabdléd¢ irekDar e di scl osure of
whi ch is hereby incorporated reference. These assays are agpro riate for

- 1S a WO ofipre299 $0$/ ANgYE 2 sbowihtheyprateiarprofitasmaf toe differensr

serine protease, actiyvity. says for Npid A a oxin. hapndjng is al so

descr | bod EPTALREaY Hifsshie SBentartiuand Y E N thebtatal bt

ascertain tr\t T h& I8N bt tdigifleqpi d

Al endot oxi(Ldﬂ%izn)(’j:B?grﬁg%ti%?'?{/‘%@%ﬁﬁ%??? ﬁhgn%r?EPglé%é)?S%tg@gemﬁge in the

present s sampi@(laoe 4). Benimigeograme rodicaich s dtdim samnpbe were kadded. Arrew hose

t hat provide for ridi zation of nces, havi ng | ess than 00 m smat ch,

br of o131 OGS thE A 32k fulhRngin e oIt eight oK AN AL,

Exenpl ary IQBeIéd‘WFD?. - ,].c_ocondi tions, using probes of 50 bases or |onger,
ution o

are an aqueous SoO .9 M1 o NaCl at 65 C, an aqueous sol ution of

0.98 M NaCl, 20% fornmani de at 42-45 C. 1o



The-conditions will vary according to the length of the probe, its GC
content and other variables as known to the skilled practitioner (54).
- Exenpl ar nditions follow ng hybridization are an ﬁ?ﬂ? | ution

of 0.9 I\)?(Iﬂ\é@la%zf?&%- 65 C, preferably 55-65 C. Lower salt, © §§a®§)|0f6|90n of an
organi ¢ solvent such as formamde, in the | s wash buffer will increase the
stringency of the condition as known in the art. A preferred hybridization
condition is & | 0 _50% forpan.de, . 5x SSC. i X nhardt's | utign, 20 MV
phosphat e buf ?‘@P?gﬁ?ﬁr“@a@% 4 ~g‘?’ﬂif9‘3€a‘f"gs‘ﬁﬁ9§@t ,O“b&i‘gafgjé‘.sf?aég@“teéﬁd

temper at ps sdiRd A il Nitribs (Fage 2BBPrAhetal | PRaE RRE 3. ons enpl oyed

can be cal cul ated Trom’ he g ‘eduati on:

16. 6( | og{MfiNeSD, predipitated@HC) 3 OBd{A S0spurified FFC; 60 FephadbeeG4108 t he
referred washing condition is in

™ ”%ts?;,h059155/?%%35%3@%%&@%95’%@r%igé\- L
i i i 0 nd. ] . 0.1%
st MO8 et natdo TE a0 ko A Band G ficaied bl etn el

met hod ofrrbAe. | Nnventi on are those encoded by pol ynucl eotides that wll
hybridize to a nucleic acid having the sequence 30 of SEQ ID. NO. 1 or
SEQ |ID. NO Bigurel@d2AstCompetitivec ts 10659, 100 andp2(X eg teldl proteinoofs of r FC

h havi i id. SEQ ID NQ .2 SEQ. I D. NO.
o1 {Mosg R as L 6 A a0 301G SeOURIn ol SEQ 1R, M QLS O
o2t eni Gl AHE" 8l OIOHRR [R0uOLeS ORY1USF 188 bEFARS okt 5,

r out eo of >80%. Resultaarethe Fueams|a86iMrof dhremindppendeleexperinahtd.ni stration is
khown in the art; the practitioner is referred, for exanple, to reference

79. The rout eF@UreddBni Campetitive efectsof 58y 106 @ngr2Q0 1g Biamay™ds0 t he

i nvention, .kut reed e Fe | ri.t opeal_, Intravenqus nd

topi cal _ SAHEHHAGCOR LRS maadeEaliy FurAlRiutht Cohavms oV tikeedory

f or mul at [ I BeEtoGF i ut 4 20

phosphat gﬁ%ﬂ@fsg?g% sal i E‘gccgggéﬁheLmﬁi (Sklgb The pgm%g%ﬁéggs&ﬁmggﬂgfovi ded in
| yophi | i 280%. Resultedire ¢hensansut SM.fafrthreeinddpenderitredpedimentsie fi nal

concentration_of the protein in the fornmulation adnministered i s one that
woul d5 provi deFigusei28aftemaaidsaseohtheesepetiive effirienciepdr Julkianaliz rkGepdpeut i c

o the alBriRRleCRe i PHS SRtiaRd kiR LRHPY OF chl fatfortc: Beel*accor af ng
to the ppasem sarplentFodr FFOEE) Wasenathet be Bithaxats@ afrdfitraticn, idngl bi t such

degradation. For exanple, carboxy-term nal amdation of the proteinis
known i n106eigawas used imtig corpatiteraassay. Bhe mescerdiage cpmpetitioniwasser um

o o) o oSl B BB e et BUERRR H b 1
the gpt. afdghdIRRAAE 419.@%f§ﬂ:@eﬁh8&6ér§cﬂedﬁ‘e’gbteﬁﬁneﬁ?é’rSe be tailored to the

particular 20 formof rF m ni ster an e route of administration.

Tailoring of @agmg@4. sinterastive birdiing bhrfC tdﬁi?nmbbllike@ﬂiﬁidhk i @WBIATORE
practitioner. A dosage within the range 0.01 to 3 ng/kg b.odé_ wei ght is
accept abX&"? sensarekipid 4 (100 radavhwagimmabdizedan the: senspral®- dheo. 1 to 3

/ kg, t .ef bly i h 0,3 t .4 my/kg. Do
i i ot SreneCie RERa) suBpls YRt tpiioh Sof el Eonaies tedied o
dni ni ot . D . ‘ . o Cein i
The. body. PO R b b P ateal e A AT B "
pr ot es n andhalseasdngramerapoeseat tiie aelative stspansesnof Boswssta erofched

phar macokj i ecessary to determnpe the precise rate and dosage of the
parti cul &‘;eﬁd{% 2‘1'% Qr@ﬁs H%{fef@ﬁ?‘?fﬁt'y?g(r E@'mg“)@ﬁ‘ﬁgﬂiﬁ 8- o rpmsrﬁhpﬁéﬁ@('&)l of the
“practiti r : Li M $t i i

r econbi ngg? tBJEQ%'E%{aF'QQ&’ 'P? bF])WIINI’? @c%n%?é\eaﬁb%sr %%t ﬁétﬁcéﬁ%%va@graf Fe}f | si ons
~at a finahdaPCEENS imimebilizd Ifpid Al The perd¥pt@dé RRI868ach 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.
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PCTASQ00/ 00162 0.01% may be used to formtopical creans/|otions/ointnents.
These preparations can be applied for treatment against bacterial infecti’on
of the sgg 6 i nstance, secondary burn patients (again ;ra nas

aer ugi no "?DH 2%”é"l lulitis (agai nst Staphlyl ococcus aur eusi’%“ﬁ?z’“ &g?

pol ypeptides of rPP can also be used in s cosnetic, skin, or hair
preparations as antim crobial preservatives, either alone or in conbination

B“;‘c[‘e?."zve%;i-‘“gadrs%ﬁ@ﬁa% OBt Aents 6% soph %c?%%&h&ﬁvéﬁa%éé‘a?c‘”
'nve“t'orthé%frcysﬁtﬁ@ftﬂé(%é] ahbé et%é%t'mn/ﬂ)a G&GRBh ﬂ&’?.ne d only

considered I"Tmting of opeo the|0|nve tion,

by the clanidn$. fphimiion. rFE(Xwaalmost efficadiduscagainst pr/sewbby/aewm@eaﬁdw@nd
secreted reconbi nant SSCrFCES Stable cell 1ines of Drosophila S2 cl ones
expr essi rRACtasosk 83“(tl¥ RNt gisTiaesoneqinedgapighoaltets fwer e routinel y

P 01 e | nal9Ee O S5t pebMERaBA of 3 TRLLV LM M) BORCER (Em The

medi um ccss)alobmvaiﬁsﬁsﬁﬁ&@ MRdeiviitt bikon MICREPHEEeChH N thieRsedpeE tone 3

rounds of ultrafiltration using a 10 kDa cutoff nmenbrane in an Am con
stirred daaq;m(umthn)pdﬂ@)aggmttmamm yastaesnmewitly re@Sly (Bigr BC) cpit L2/ ubti¢Fig

denat uri con ans el 0 a 38 kDa protein of interest, in addition
to a 67 ?ﬂcgbgsrpsﬁﬁ ég t anal ysi s i ndi cat ed that the 67 kDa

protern does. najue afrﬂewg&e%amgfé& BOLY 1 ! ighneBWRotdh 3ebasas

protein is i Ue to n-speci adso othere|

Pur i fiioc atGQOOQin é‘éﬁ@(df% Iy S¥resiterady LPS—chaD@rh@tt fiice. Iveahnautsatichestt ((rgphor esi s,

Typi cal ly, liters of conditioned nediumwere initially sul?g@gct ed to R

successi \»@ItfngCﬁN digt not eenfes pratectinn ef mice agrinstnidnelendobaxiawfiects aoff LR ght
cut of f vm h the Pelli e The nmedi um was concentr at ed
seven-f ol (9r C?H@aéﬁppcﬁggc%%sggém@@%ag S%ti'qu ‘ed to isoelectric hom)genel ty
usi ng Prepar at | s0e I i @P i

Phar maci a) . Thpég‘grle 2? }ﬁg%‘ W”JI‘}—%E&fr g{‘% mﬁyn)g &‘?@, Iét;&?ﬁﬁgrho i se t of
f our rrentgmrewmhdherrrmtaesmndlmgmtm@hdmcsam,mo?aﬂd p?)sllﬁ)),nsabased On théhe

concentra | ami do buf fer sed. for e_nmenbranes were cal cul at ed
b oscdon GIEEaR Hantcteh e v 11 St g, B Rateebio; Briie.8 34 Amino ABthLs 027260

aa o0 S SqHEs ERE pl et A31F SERI0, RASE AL, ALEE) iR Seusli 22 1) ot
with 30 nftieéusnvnpaﬁa-chgﬁJsh@B)Eha@@émﬂm@xwmn@tng‘lﬁt&&) AsUgpitsgopnst ant
power (3000 V Ilimting, maxi mu for two hours.” s After renoving the

pre-run weaneainstlha, pndt.’eden@tarqelcendm spiustenesiim FaatoplCGe withs tsusbi-like/essel
correspon rr delimted b H d T oPri me was
conduct oItk PAiRE, S SEbfeRs pofortap mbendaroitindind Sie « TheABer o f oc
on thg prak&ide: drﬁ*ﬁﬁ thhgarontent from each chanmber was anal yzed on a 12%
SDS- PAGE. The sc

~0 | aborat ory FigureugdoBindihg of o€ peochicediphaculozirabynfected/ $8r cellsTod Pover al |-
recovery ﬁ?f SSCr FCES bindi ng capacity is nearly 90% This is attributable
to its ex Q@ﬁ@r@ﬂéchﬁriﬁ conferred by the. presence of 9 disulfide bonds.

dent 1100 usi g it ERERBER HRER PY PR phalot iR ol S BfGAL 7°°
Dr osophi | gf9ceitb $n cuRGEsSMEfferint Gramendgtvahategia vector is shown i n Fi gure

| A The Western blot reveal ed the presence of a protein with an apparent
mol ecul ar wei gfFigusf 3N38>r@uaatl()n¥|o§;mlee freyn LBRS(ethallly bynadministratierpobeit ed >

90% of the tota i nant ot ression. When stable cell |ine was
cul tured pr,ngng&ljms?ggb 9%&]{3 'ﬁ‘ggronyci n for a week in a 1L

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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eme reported here has been found to be reproducible in our.-
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ao Bellco spinner flask, a typical yield NL.6 ng/L of SSCrFCES was

achi eved. a The presence of SSCrFCES in the culture nediumthus contributes
to the ease of_ batch-continuous culture and purification.

signifi Y qlgo})?.ngga FCES expressed and secreted fromi nseclfé@i‘rt'?%oo\]/\%s

bi ol ogically active. is Exanple 2 : ELISA-based Lipid A binding assay A .
Pol ysor pT"' 96-welt plate (Nunc) was first coated with 100 ~.i per well of

. . Nt > . t I
was seal odandoi 4 beRts poBlibaisBh AL MR MBEAS SERAR 2Ry, BN D 1
ver e aspicyt&dc abgvipohassth ahidethemtdtiontOPeptidesns teseshicesdrgamisms( PBS

contai ning 0.01% Tween-20 30 and 0.01%t hi merosal ). Bl ocking of unoccupied
sites was achiTabled3 psovideswrsticatorswafiLBS-kioding, antid-PS, 206 Botinigiobialhour at

L0 SR oM s abd AL RS
| Conce?t r %Sopﬁ\dmgf Mdsﬁbgjoﬂhﬂnmizba ddAS HPAL cHtb t Eblaaind §hbWs(Hiﬂisat

‘room fenperature und SSCr FCES was detected by sequentia

i ncubat i Qoeffidiéntr-atis stotamtiometrpSEHRESy ahthdadmber of peptide Imaleargs &md goat
anti-rabbit antibody conjugated with HRP (1:2000 dil uti ‘02(;{ (Dako) .
| ncubat i dRSWNelecelge Rolamn bld dhrowsLircar Digheaism D) analyais<Hi Reptiget ween

subst rat Sukelikes B e PRSSRETEE 0T i id RIRHTE Huicd B, Brotler PR BnER,
reader , trBﬁd@rH?,Oédm‘mnVN shods hé\?crél%ﬁbﬁ%E@@?—qﬂ@l%‘frﬁepﬁde&ieeﬂ@@ﬂmWith i 0

reference wavel'ength at 4~-Onm The values were correlated to the anount of
LPS boundeahad!iBSEHHCES200 &iml.of QRarinducad bl tdacisar cdemnshavhitbeed from

A S e B SO IR PR
or o e ns (15~ orin Y ahBg Tuo bty aceits 3 AR LPD rEmAedRun

SSCr FCES hiptide fop30painatés/séfioré jedtiandinto @67)BLa columie MIDskéwy cetotoxieity
SSCrFCES to N3 lipid A nolecules at saturation (Figure 2B). Scatchard plots

of the bi(aell tygis)@ssaysre farebg-SOoirtex= [ipaatidal iongpushat0 % HESIH CHPtoNCibY,
SSCrFCES to Lipj.d A is highly cooperatixe, bej C r obi n
For 20 ovipunn D) Shards Beehisratpieat ii0iuseheitelse 3R toflanfitksndEIEC
from pl ot dqh ' i i 0 TN ' 3),
whi ch gav Ig@(?g%l??b%@?%%sgg%ﬁ:%ﬁ? ggrq }gic%:lf;bl% /cggtrér%ecgbl?ﬁé? §mﬁasi ng
prot ei n (iBRibjtofyl8)ncemératiopcoft peptide thahimhibits 90%i af backeriadcul e, it was not
reported to exhibit cooperativity in binding. This honotropi c cooperativity
for binding to lipid Ais thus novel and unique to SSCrFCES. Zs The

presence of multiple iy /ﬁl bb%g@z@ﬁ(ﬁﬁ dﬁ?ﬁEqu@Rpperati vity
' F wel | as

assuredly confirmthe LPStrndarmng donainm of Factor C, as

ful I -3ength FaFﬁ@F_r&ent mvestioheprbdaes effltikritahighf affinitg resarhbiaadt Prdteinki on of
endotoxin in solution, and supports its use as an anti-endotoxin
t her apeut and pepliges: for igrambnegativg bacteriat endpiaxin. edhese male@idesccan Beiusedy t o

o e S B ST o T AP PO s
Anti - LPS Biyifhdity 5a4 idetedtioP-6 localAtion of GrithlibgaRio8 HactkRRa 1R dmple,

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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Retrospectively, the degranulation of arnoebocytes in the presence of LPS
woul d rel ease a battery of anti-bacterial/LPS binding factors e.g. LALF,

thus significantly reducing the anount of free LPS. Nonet tor C .
IS capabl‘%‘ggjfmgé’f?%/uri ng trace LPS to activate the coagul ag’gﬁé@g@@ge. Such
capability is attributed s to its honotropic cooperativity as denonstrated

by SSCrFCES, that is to say, its LPS binding domain. Exanple 3: Surface

5 s s N o SR LG At

SSCr FCs usd(?e-g rgﬁ&ap%gxﬁﬁg§7?ﬁp%@biﬁﬁﬁpﬁﬁéﬂ@Fro‘f"rﬁ dai"d%gsfcér Ys t he

abovenane creted’'reco nt proteins and pepti des was perforned with a
Bl Acor e XBtindicaussar(sOnFQ) ek heearproduckdain WitPA by ensipteddhanscriptiorytiansiatiopi d A
at 0.5 mg/m in PBS was jnmobilized to a HPA sensar chi g éPhar maciar? :
accor di ngYstenheHpwRYER e Pepsent ipvantion £gsidgsparthy in the depelppment of i s

pyrogen- f.r. P - i :

o Wity Sp LRy Rl sttt Bl (R ety Fofiudondr |
a rate ofrFEhyubxpressiomoficlohed IDNili ng response was nmeasured as a function of
time. Following injection of SSCrEFCES, a solution of |ND ATM Hi sProbeTM HRP

anti body, di| vAlsq, the praedion A60FEdram actiationl and subjsequent self-pratRolyss byi f t
in SPRin_.order to further . confi t hat SSCr ECES bi nd lipid A F
 ogener argNG s ARl Nivish S HE GRsulahsIREonS FSed it BoAtRn e Ehe o o
B 1l . . D .

| pi @Qélﬁgs ribel Gn VS, PAeht RE, 5716'834) tt?%q%ﬁﬁsﬁ ogwér%

proteins.” Flgure 3A shows that I njecti'on of 40 FCES over
i mrobid i zleereby Madrporateliby ecferencan Basiwathysaimethyidxidel (Me,$0 ora3M609ds uni t .
This represents a 92% 2s saturation of |ipid A Subsequently, injection of 3

ant | body added tarsolutiqns. which A5 UsedaHERG £ PHHGALGNProgasse Evéssaraates

o A pibecta dip P ARG R by 8lsPiati ) B et S it 0 e
i mobi | i ZgidalehPhibtdl iofd B ERSpFifatidfrsoRidndD show SPR (in response units)
of the realtine binding ~o interactions between SSCrFCsushi-1, 2, 3,

SSCr FCsushi - 1, cRNAs 8paroptiates for-expaEBionlgitbe presentlyrdescribacsystémealan ba o t he

i bili ipid A t he biochip. Fi - Zi WD .01/ 0272

T Stbo; oM Batidind Pactos s ahorsestits GrBcTie rearssediarye sHapgtRe exanpi os
: het i . . o : . CEan

of synt %@ﬁj&ﬁﬁ@% éﬁeﬁ%et‘gﬁﬁfe\ﬁe% é%@ TONEA ardd QFQ IBLﬁ@g] ﬁaorf&gagfﬁ%@ran@nf) anpl e

4. SSCrF I'C peptidés are potent “anti - nol ecules s

(i nhi bi ti gfid skgeastRis@fiSEQ IDINO2 laAl 4)cAcbnpositd IDNA seguente KassembledCL is a
quantitative, Kinetic assay for the detection of gr am negati ve bacteri al
endot oxi nfromhinsompiese cONA fragmentse enaeding the faetonE of AlackyRisusitidentatyet i on

to activate.an e el i turn rel eases p-nitroaniline froma
synt heti Clssq]%‘&qﬂgitzlgy%}:%gté{](#g&a. yel l ow col or. The time required before the
| 0 appgarance pPictdr %doﬁag b @br USe intrRrFresantifritioh! @Rdbe produbed dyanyt of

endot oxi n present. out the assay, the absorbance at 405 nm of each .-
wel | of t method typidaire theartmdinodwation. of WECrin yeast hast-veetor apstemsdsice r eadi ng'ﬂ\v)

o
S0 0B LA SAICENS 0 Bgé RERED e sy o

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.



i ndicates high anti-endotoxin potency. Briefly, 25 pl of endotoxin solution

(LPS, E, coii 055: B5) at 200 EUm was m xed with an equal vol une of

. SSCrFCES at 1 NN{) in a series of 2-fold dilutions in LAL reagent water in
di sposab\® %4338 xi n-free glass dilution tubes (BioWitt é’“? 0163

i ncubated at 37C for one hour. The reaction m xtures were each diluted 1000

fold with LAL reagent water. The endotoxin activity was then quantified

b 1 & SRS R o A e B
m croti t (RnihAtRiHPt e protélR ePlkaiPayis BWIfF'("EEBE awétgg,tthétzfg& Niesw am;@oen i of

mnutes in a tenperature-controlled ELISA pl ate reader. ar t
t he pre- acidgatmberegeaasiin GEQLAO. PO. cf. Refesirig/tor Egumes28, tamdetoxi/fipid & - QCL
'r eagent s. di spensed_into the wel i an 8-channel qultipipettor. The

|
absor banPBdNig adity s &uwdeﬁh%qqnca%dfn%tg%(amq S 1786 EESIBMIRRr ed at

wes abti e eaoriONy RS A £R08) o B st R o) s
act’ vat eds4n30) 00l ety sniggest 83t thdiB13G32RedlEY SCO0100162

The high sensitivity of the assay allowed for very |low | evels of endotoxin
to be depegiosg.of tae porteinglyingdo ke cysiete-righddaroainnespackaiigsonircasids £0-

100d- f ol ddj I ut i ) ' duced | i m. i al f f th
ssor Foes/Bne hn SRR Srbeaa Ariiafdabio-20Y oBOIE the B eBolcea
S e LA Loy friafO-ctir I ed
SS0r FoEs e el R IRp B R P 2 e B R R g st AT, pOtioRs e

concent r af Factoc Qy whighazam e jdinedbbY@rahddm\anino acigleseguence eaby othert | me was
desi gnated ENCso. The nean val ues were obtained from 3 independent
exper i mefbemicahinkageeistaxpectes tocuusaldl indhe methed of Hiraresadieingentionel | ow

endot oxi n_pr cSAPEbNE. kbl BTG ERREK dbhdhe RarrPE B

neut ral i FgtioBnd Prediige Ba%ufo@igﬁsfl,isrgg/ctba%r _Q)?rﬁé‘rﬁl'i‘ééc%éwﬁhé&wgg%éfs?éﬁ t hat

reduces thé nean reaction tine by o A signoidal curve obt al ned
bet ween sefire proteaseaadtivity. Thateachinity ishactivetgar byt émdatoxioor diptd AtbiradingfIt

0. 014 . WISk v ek e e piskerse st OEE O PeveEs welesF AR cENCs o of
I [ . - [ i I f ' 24) ,
Fosporti DFyS W e Ring 3 Rfect AR £E AEbEftd ey etfioh: TR R s

requi r ed preferredtansbadimehteofSthemrasant itveptiohPhe depineasiv@abe yctivity of the
indicates that SSCrFCES is a potent antipyrogeni c reconbi nant protein. 20

The ENCSO™Gis inpetivajied,aithes chamigally ep by degtatien cordbastonain @revidiogibat r eport ed
peptides,_ g..0.. =2.25 ~ Slg =0.87S P.M S3=1 ~,M A3 =0.625 uM For the
desi gnedaﬁﬁYJB‘! '8&@}“?%?%&%9(}’3?'&% were: V1=0.47 PMand V2=0.89 wM Hill's
pl ot jhor the MkegIGHG6H BF FAGOWESTorR Horékahbe cfbﬁkpﬂwlaﬁigétlsgﬁ&ebltﬁé defnshows that

S1 exhibited high positive co-operativity of n = 2.42, indicating that nore
t han t wo pirete8de depwirdisappnoximataly fiothamino adi$ 760 Ite té earbBxp teringings offhe

i R R e SR T O
ronenhel 88 ke S PRI AR o oaR Sk T, e 2 1

syndr onesnactivatien afltriseqesitiies byp chemicdemoaificatioroor bireitgepecific mutatidn
endogenous nedi ators. A nultitude of nediators - 23 WO 01/ 027289
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 fbr
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PCTF SG00/ 00162 have been inplicated, including arachidonic acid

net abol i tes, PAF, cytokines such as TNF-a, interferons, and various
interleukj e.g. IL-1, IL-8, etc.), reactive oxygen mnet | J nd
conponen?@gﬁy&Vﬁg coagul ati on cascade ( 1-3). Cbnsequentl?2%#k%&@?%?ogica
potential of SSCrFCES to bind and neutralize LPS-stinulated production of s
cytoki nes in human pronononyel ocytic cell line THP-1 and normal human PBMC

were investigated.  Results fr our .in vitro binding, studies. s ested that
§50 FoRS St BUA B IPHRS of HR T dsrngproiease A ASBYo P IPK B s os. To
test thi EC i ed .t I TR AVARA\ . t-@-ipAi pit hTNF-a
and hi |- 3"SPRANE Direiha W STRABEd i o Benbirtarleatio (57581 787 et o 1 0

ng/ m of HeRBedrtoassertaimthatthesserinerproteasetdefinigny autentsretaing tienlipidt | ons  of
SSCr FCES. . THP-1 cells were g"rﬁown,i n RPM 1640 nedi um suppl emented with 10% -
FBS, peniAENdtaxiniejodingachivity seastined it Bif/eiateinds to hguaed in tie presenty a

hum di_f i Efﬁ\/eg{fi igronment in the presence of 5 % C02. The cells were

mai nt di ned “density between 2.5 x 105 and 2.5 x 106 cells/m. ~s THP-1 ~
cel I's were preggiffent @bn@XiBAS" R MybANizatsH Sledthosd tiitGrodiaatisat ed stock

sol ution of phorbol nyristate acetate (PMA, 0.3 ng/nl in dinethyl
sul f oxi dd)ybridizatiom of eequences haviogdessethanfliStaimismata, preferably tess Soamg/ n1 PVA

" ed at Ao T, ThestaueRetly e 17 rESpRine TenblaB i 1hor 4 x 105
Il's/m : if ' 4 o i atel

cel o1 ARENBNSONSH sl IR F iert Si%h HAMER o e o TR 2 o

concemt r NaQas 66°CPanrdcdedus soiation lof 0198 MEaCIRoMsformamide at apaistt® cel ls

were washed twice with serumfree RPM 1640 and incubated at 37C. At €
i ndi cat edThe eanshitiansewid vary pecarding dmtha engsh (o8 dheprobew e &-AGEonteahandL- 8

i L h i | SA db
7o the. raliPhra Abies 55 R BE LA b BTG R WL R B aRs cMBREs o v
bi eot ‘ . ! . . . _ :
L) oSO gL B STy ) gt |
suspendedb®65 4CcEedwerdsails ioraddition. & an drgénicesolvent sudht s RiPViamiGd Onrthdi um

suppl emented with 10% FBS. 30 PBMC were incubated at 37C for 24 h at a
densi ¥y odiash bufter|wh ipereagR the stripgeney oh ANt GORAILQARS kAGMKLISHBEMBF hTNF- a

T 1 col |5 1A PRIBERTNOARRERRT It Blarf'cin SR R, S SsETRnguced
cyt oki ne pedieRees YEIatibMVEP ki pheshHate bhﬁ‘eﬂrgﬁ$6.f59§09fg/ﬂr@%iﬂ‘ﬁtgﬁﬁu§m The
di fference between the test and control groups was subjected to Student's

t-test. Thd% 8DSeSaland tebiperatace €ongliticns equialentitodbe inybddizatiemt

experinments. s Figure 5 shows that with THP-1 cells 0.5 pM of SSCrFCES

pot ent | y $ANGitANSMBIgYed E%Bgﬁaﬁeg@#@ah Q@va‘%wa&mand IL-8 in the

pr ese{%ce of high level of endotoxin. At 25 ng/m LPS concentration tested,

0.7 pMof SSCrFCES is sufficient to conpletely prevent LPS-induced TNF-a -

production (Figure 5A)T,At 81,(5@@9/1!616(@[%*]3“4-@{41%%@#?%8 reduced 90% | L-8%.)
Qur

production as conpared to contyrgy(ofbHasdmtd R 6007/ i ndi ngs indicate
that 1 NM of SSCrFCES effecti veqyé pr event etl;he( LF/ nmedi at ed i nducti on of

hTNF- d. hll-8 d [ by THP- .t h | [ bated in th
or ecence BPoie o tBR SN of B bupad invdbeBalnc ant 1o note that the |
concegy 1 at | ONSAGfeleRd(BsHH Bbndifih KO 1RO )0 1RedDE TdshRREscHGH g€ ar e

anong t he hi ghest known concentrations reported for LPS-Induced cytokine
pr oduct i oraonOtemperaturiea folloasidshy BashifrgCEBhIghostengenay viith BdneSHHtkb% 5B&n

s KF{.XE”gtg@ A2 IC LK S0 0 3% 95106 AT Padh BLAdie] ons. ?24?.”dTE:T§F' "
ondatoxt n t hant P eraans e ToP {15 el dibfigring TkTepd arg kel 2, L2
bi ndi ng ognddded t%pprﬁgﬁ&élé&ﬁhéé%ﬁﬁmwm%rw%&o%ﬁ@tléi@ acrRhavifetheusaieseeon of
endot oxi n-i nduce NF-a and |

L-8 secretion by SSCrFCES under nor nal
physi  ogbESEQcHRINDi dros SEQh IDhBICaBswntes stinganteanditions Mosguprafeniedf only
0.1 pMof SSCrFCES_conpletely inhjbited TNE:a and |L. 8 _response,to ng/ m
Ups by SOVETEIG G J5C AR MiRpedi M e AraiBerad: it o 8505 IB- e R Gty
(final copsenpration, 10% before the addition 2s of endotoxin, the
suppressive effect of SSCrFCES was attenuated. It required 17 fold nore
SSCr FCES to suppress TNF-a and IL-8 secretion by 50% A simlar effect of
human serum has al so been observed with!%ther cationic anti-endotoxin
proteins such as LF-33 (24) and LALF (26). This is due to the interaction
of these factors with serumproteins that effectively reduce their
availability for binding to endotoxin. ~o However, if the SSCrFCES was




serum the effect of the serumon the neutralization of endotoxin by

SSCr FCES was - 25 WO 01/ 027289 PCT/ SG00/ 00162 greatly reduced, requiring
only 4 f SSCr FCES for 50% i nhibition (Figures 6A B). . Results
fromthe&:og("(rﬁ?ﬁg% bi ndi ng studi es suggested that the 4 F&%?é@%é@ed sushi
pepti des woul d be potent inhibitors of the LPS-induced cytokine rel ease by
s nonocytes. To test this prediction, we neasured the ability of S1, Slo,

S3, d S3o0 t@.iLahipi: - [ - L1's jbated with 10
ot i ot Lps. ¥t B8tRNtNLie SUBEH ok BRaMfedt Y ki M RERS: B ons o
pept i des indireHievdtidstashd, Iné prd is@orrﬁ_@lﬁaf&d‘@ﬁhfdh@ﬂnﬁéﬁ%kicgﬁﬁacc%éﬁ’atﬂ@d S30, are
nore potent inhibitors, giving 50%inhibition at 53.3 and 45.8 ~ M

r espect i watners appropripte foi the routetdfadBiniatraticss Foepulaties.of \Walypephtides ési gned

tid V1l and . V2) 50% i nhibit] f LPS-ind d TNE- I 27

D oS o Rt I Ein Btk e Sokeoe e rnsists oot .7
,Bf’t cxt Otrefé'réncte%?mfﬁé( ?&ht‘é d?%'d\l;l\ﬁni%ﬁaﬂi& E%@?%uﬁﬁpﬁln&ﬂné%?%ﬁé |rﬁleb€i’§n .

i ndi hg, an 1 nportan eat'ure en using proterns ror 1Tn°vivo application

to treat batprefapedtroveskare irtrapritoregal,iictraviocius, anctdgieil adpiivistreehen cal
properties in _biological systens. Problens that often arise in ani nmal

e>r<]per i rr:eln]'E s arldeqretains faddpinigtratien are mneéeraalyefoaﬂulpltﬂc&/iﬂyﬂmﬂm,cewcaé veL y
=] j. i i BRI ,
Foat ur oo soliwt sulifha Afcriad G4 akelt BESHE e hae ARG SR sra o lie  ze o

cul tur o0 ofdeptiadyenrbb BodE f WBRTRATo BriOcEatsifitcBRty 1640 vere m xed

inamcrotit late w't of 1 ncreasi ng anoun fold serial
di | utioonsadofiniSSarierCEhd findl @éncehtfatiog/ofithe prdtBB) inethd formeulbtided for 60 min at
37C. To determ ne cyt ot oxi ciqt}%/qli nduced b¥athe SSCr FCES, 20 PI of

Cel | Ti t erdginistesedissons, Ehabyyaitld provigeng suitable depagsasagsciRed 2@ i nt o each

Y1)+ 5 (a- car bepyHEPRAIAHEREC A S ot kTHERTbs Susceptble.outearmniisrsn
bi or educefie ipdretakay ideel th thaattiore ot glotdolytitt éhzgnfé@l Prasl therrpezan product
that is soluble in tissue culture medium (27, 28). For detection, the

absor banasimiaistared agearding todhe prasentinvestien might dé&ﬁrabb/t be defivatizet! tbysi s

i nd d hy, .SSCr ECES, t 3 trol d, te |lysi 1009

achi eed THYDESUED AEpsoen o YapTRLS SRR vE TR SaNGation SF T BRI B 2. o
Tween- 20 Y ﬁ%@fari*ﬁiji'nHlﬁciF;d;ég%‘%daEwQW &%teas@?g?@aeggzrﬁgé?uﬁpﬁal%ﬁépomz

absor bance val ue correspon ackgroun ose cells coul d not

met abol i zderiViiionsTofeprateing tb roprove theie masstael togicdvadatninwag aed er mi ned by
i ncubating cells in nedium onl The LDSO was cal cul ated as the

concent rdﬂﬁ%\@défOWP@SWiﬁﬁéBéSéf? wel-knoven momeart.t he cell's. The

cxper e Veouions R P e TR BT M BB g LA °21
PM ol y f3R¥MoFRFC atl)i'ﬁlhi?,théﬁ(@jé g?@ﬁ@ m}i‘ﬁ% Zogﬁﬂﬁmﬁ%ﬁdlh. mallyfgbhdEsatease 50%

cell lysis occurred wt this clearly indicatés that

SSCr FCES domsigerashwithin thezskill oféhe sodtidenprpctitiarien. A Thsagswithist the rpage Odls ar e
non-cytotoxjc. ,io Example 7: Pharnacokipetic anal r-~sis of Cr FCES -

& oar ancdorhig/ka DRFE WA 4 ac PEabiRs eS¢ AosAdsch il BN 1 usi ng

EZ- Li nk"' | i M t] LAt i \ e I t he

manuf act urragg%)wlbhl‘sat%gﬁfgﬁsmé%}g%g%g é%’f‘%ﬁ%@a@@ﬁ@%@@y renoved via
ul tra>=tltratipDosesimaybb adhtiniseed éBhdérby bolaebeby infusiohhThe pERTdeldrGdtan ce

were given a single i.v. bolus injection of 200 erg biotin-Ilabeled
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 <
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SSCrFCES. Bl ood was collected fromeach of the 3 mice at tinme intervals |
over a 5-h period. The blood was i medi ately treated wth SDS- PAGE | oadi ng
dye and Q’%hﬁ&t% & 5 m nutes. The m xture was resol ved inPg:W 5 PAGE
and el ectro ed onto a PVDF nenbrane. |Imunoblotting an ri sat| on
were carried out as 20 described above except NeutrAvidinT"' -HRP ant| body
(Pierce) was used. Exposure time for chem|um nescence detection was

ext ended f [ I t L b

cxtended Q01 % e 28 ] @A oRPal dBarAlG Y BhHREn Gy sk ah Bindhne

anal yzed dasibedapifietifor tebathentsadairVdt Wackabiab infectiopr sfaharsking foniasamagar t ment al
anal ysis of pharmacokinetic data (30). Zs Densitonetric scan reveal ed that

si gni >=| GEEONdAMY UM patle@tiSr(agalasti ummana@rfdglnmqr@@ itis (@gpinsti ent | y

NoowP, w e KBNS ERLS) IR O FgmloBS o SRR R AR B et O

noncorgparédgﬁiéhe' S/ 18P pRipaPALR BRI bl (e rtiveaCE 0o in

estimation of the Zero angngplrst nonent s of co%aéntratlon time ta, was
used for conabigation witheonventonal pedsedvatives, rprevertt @ antiol bhe grdvathedfed
SSCrFCES in C57BL/6J mice is 4.7 mM/mn (Figure 8). The clearance rate is
2.7 fol d ARG Y?ﬁﬁnaBﬂ’lmoqfherefore a |lower dose ? WO 01/ 027289

PCT/ SG00/ 00162 TR [ [ o

T bul ot g 2V oTBEE TGy e BoBRALS of periBhibe Lo ARt

synt het i cinp@iidnd Thens@hipiés Ze ndtSoi bedttieitidred miting of the groge of tHene

anti - endot oxi n potency of SSCrFCES was investigated in C57BL/5J mice. Mce
are thpi ciaventioneshichaistdefinedrandy byithe clasnefalowingie sensitivity of mice to -
endot oxi n can be enhanced > 1,000-fold by co-injection with a )
l'iver-specific inhibitor, gal act osani ne (31) I n our st udy int raperl t oneal

lethality in 1§caBFe @elﬂﬁ?@é@rmphﬂa\ﬁmddne% éa@nessang/sscm&$wstpattenatl ons
of SSCrFCES ( 1, and 4 and synthetic peptides (25 and 75 fig) were

i nj ected Amltcat:@mblmm/ﬂ% \77§) war@mgwttmaiv culkeied incafumotree RES Bxpresgon
i njection_of.the

acto ity was observed over 3
iy e b L omeH Bnn e Eaes 8F 25 T M b e REIBbEY, od ooing i he
Kapl an- Mej-ar e test. As shown in Figure
9AI,O the L Pldrqﬁé%%& %}S ¢Ey\l;\g§ Ir%eTﬁ%%N%OIMﬁAMen 1 NM of SSCr FCE% was

injected i.v. Tee med:amtmntalhmg SHCrACESanas nmtlablry dd?@entﬁatﬁwhand:desaétadwm ons

of SSCrFCES of 2 and 4 pM conferred EO% and 1000 r ot ectl %}5) %é
Zo A prot 8¢PHRds Ploylrafitrasian weipg a1G DPSUSHT dergd iPrarbATican T thus

h
a5 Fees [Pk AT R bmBHraRnY BAANCaR  Ghder AhatBRNG LRGN Wd&&
through | ésshtwpﬁftéwoﬁ Mtaes & atitiviontto d 6piktarproeéial yWestekiBlot\dmabisis
consequentn&aiggﬁéls the secretion of cytokines like TNF-a and |IL-8. Fi gurg:n)

9B shows # the GhkDEpratein: dogenetecontainithessasboxyd gohohis tager Bas at
75 S3 f f 0% LPS- i nduced
(ol ity il rapepiotein s kel hdrered @eggwpiﬁﬁ“ ABed8bep or
er adi Cat' MiritichBRbH Y G CFCES BY! ati é%@éié@cu BYansPERAlrbSdiesis

peptld an efrective antli m Crobpl a

t her apy, such Pepitaltie2 hizesiof ooraatlorséd/rrm}mnaﬂlenenpmaﬂlamubmecbto successive
i ncl udi ng potent antim crobial - WD 01/ 027289 PCT/ SGO{Q# 0016%/% ﬁ!l vity
over a5w yirafifralionisipg a m@koa.and HY kbarreolecylar gl gyiorTanin BlReM vt i ¢

(5" Sl PR LA i o S B T SR e

report ed sSewctsswngpuﬁhbdxoﬁéby@&ﬁaﬁon%yeln@nﬁ@smq Pﬂe*bﬁ?étﬁve I'Ebéléctrtche

search for new, nore powerful and yet safe s antim crobial peptides
cont i nues Mamniznane decthephidresisgdaefer IsoRrimenY, de’!aamraCIEOLr fﬂh&pb@feﬂﬁﬁSQrBﬁEBhe

sushi peptld showe to have |ow c tOXIC and to c bl
neutral i zWR§ %WPSH&Q%% "(tégé E&é%?éé"“ﬁ mgm 56WS'E?0 € ""%ﬁ @% 8t
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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property provides a vital advantage over other antim crobial peptides in

suppressi ng adverse effects of LPS-induced septic shock during or after

. treatnent. 10 Septic shock is characterized by a drastic fall in blood
pressur e‘,’vocoéfoapégascul ar collapse, and nultiple organ faif@le8C04W2 ¢ shock

is responsible for over 100,000 deaths a year in the US al one. The septic

shock condition (38, 39) often creates nore conplication than the actual

infectionit [ RS I > b e

i si nt eqrihedann efiinRs e a4 sk asle: 7 Pofle b SARERVE,
chi | dren,chambehe BhElesampleaRdendin VBEB4BIONES MEPWItheZD RALOfSgenthieeRiaepnt

i nvention denonstrates novel and hitherto unsurpassed antim<cTrobial action
of Fact orang prashin aietSCiates Walsi coststartipoiverl (3080 Valireiting, 20. mAemaxjimuos xfor

Al t hough ,t he sushi peptides are denonstrated to be efficacious against this
m cr oor gdWONMRU SNt i mi crobi al potency is not limted to P, aeruginosa but

houl tend I I
At it obi al Ay enosfaRE EEAR BRFHIC ok saIE iRt Bk Sample
pept i des resergoir v8sel SofresOnditg o taedhambeptektaited byeptaFihadd 25, The

m crobi oci dal concentrations (MBC90) assays, show _that these reconbi nant
pr ot ei ns 1apRrimee yasegandustsst ¢ theiam eeditions foriX-f slavawithaut detrieental

Ant i m croly LVILY.1sS re j e St j 0 as
AL of A, oA Shi b, B! A I pE PSSRSN P PR
anti m cr dpRPAGE! ITHE §dhePhe Fé’tﬁ)‘?&doﬁé}%%d?ssbé’é?ﬁfd@lﬁﬁttb%grép?oﬂ@éiblb'iﬁ‘dd?d to
only these three speci es of bacteria. Peptides of 34 am no acids were
synt hesi debbratesgdhmoughoat tenoeurse off am;woxn'laazgﬂaItyrh\zvoo~7eah‘f_alcgl'(het @erahgseﬁof_r\agg)

i, 30 to and sushi :

\Smgfgi fghrfﬁsssm;erilﬁé&ﬁgiﬁc}?rg rﬁ@ﬁ?ﬁ}ri&ﬁg 5)1%33{/ 0% Lfi\g S\t Shablectp|"§&>1_twn9, al |
Lo Dty CEEERePhy tHedreshe i BSORHRRE: [ 2 o CxerP L D0 Lk nst

gr am negdlch waalaietertha purifipt SSERFEES by Pseudononas aerugi nosa: At 0. 03-0. 25
yg/m (8-63 nM, the MBC90o val ues of the peptides, are of the |owest ever

reported agai nde @istisionre{dbe prptain wasddertifies vsing Chemitwainescemdyedgtesr 7
i nut d taliv di cat.ed wi t hi 0-4 ] . _Th tid
were T niBIar | SO RERSHS phalvils OF BEpSGtTH ol Arastitived MR the esaraiipenteisats

; ) Y . . \
o f oot 1 vaSRRRhAT PRIt A, CHHEWeSRr M rVBARE the piésciize G pIAEWAREN
t her apeut appavedtunolziculanaveigisthof 438 kDapiFiglee 18)d SSCeFCESnn avddiurhor treat ment

of Pseudononas infections. O her sushi peptide derivatives (S4, S5) were
al so f ouni@Presentark >0 %0 thedatal ieeerabinant pratein expsessiahuyVhametable iy t s

Fo ba 1+ il Yufne AR . 208l BEO Bk tRTol B Wedk RE8 185, FErea.
on Migj | eBeIldb@’pﬂ’(heﬁ*Q‘%k,(%icﬁ%ﬁél@m%%ﬂsmsw%fsiw& de&ievadiocul at ed

into 10 mM Mieller-H nton broth (MHB, Becton Di cki nson, USA) and grown
overni ght at 3@ presenséak SECHH{RDin the quitbiie medids, thes contrityitesto the easenc. |

o oS S Pt S S oBESS, 5 diariy Qoo piBlec ™|
t he bact eé,?%%%‘??mgmgﬂsm%eﬂ%‘ ﬁrbﬁglgglcgwaéti\gl | e pol ypropyl ene 8-strip

PCR-t ubes clentl | astrcs, El even mcroliters of
serially diluted sushi peptides, ranging in final concentrations of 0.03-4

~g/mM, were then added. The peptides were constituted
25  Example 2 : ELISA-based Lipid A binding assa

A Polysorp™ 96-well plate (Nunc) was first coated with 100 ul 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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at 10 tines the required test concentrations in 0.01% acetic acid and 0.2%
bovi ne serum al bumi n (BSA). Positive controls were cultures wi thout test °
pepti des. i nocul ated MHB was used as negative control. Al tests were
carried aﬁ{ij%yﬁzégsv”i plicate. Cultures were incubated at FFEEFPV204 p
with the PCR-tubes held in horizontal position and shaken at 230 rpm Cell
counts were determ ned by standard drop-count nmethod. The killing

ffici f t ' ' t.ed dar d
ar op- counboRRPAGERutf g HEmoyBuIRR el Cuided ol rBBe bR VAR
pot ent baggidcneiativhs af SSCrEGED ver afldwd 28 intefatt e bBskd tnpg &%} 38&1@' cal
strains of P. aeruginosa (Table 2). -30 WO 01/ 027289 PCIT/ SO 2 The
MBCSO det temperaturedor 2l thourke 4 peptides was <0.D3 p.g/m (<7,5-8.0 nM. The

VB f th ti . <0,03 . ~~qg/m (8 i S1; 0.06 yg/m (16 ‘
For S0l <0. 035aHnHoSLs FHy wesrdekssted B ebenld)inpShasrmthigpbeagt- these
VBCO— vl e Y3 . . d
For p.3e SocEs SRS B0 Wy b R o MR, s ot Loy RE Ao
278S3 was HRPQ3 :20Q0 dilutoh)YTake).n Whcibationl with kact anebbdy aas(for guf at 329¢  The
antimcrobial therapeutic value of sushi peptides is exhibited by their

except i on¥ithpa@shing bebaeen nGuPations gadeseribadaahayeg alin the fealtséep,al 00gof 30
clinical isolates .,and. a | straip _of P. aeruginosa, ATCC 27853, The
resi st anc86%4%$9P%Eatﬁ&%@e£‘{'ﬂgﬁhQ‘agabs'“?a) ‘ﬁ’?%gga‘?‘iprl‘eé"%ﬁ SRICRIEE ¢ he
resi st ant ' 0 gin [ i sl he

r emar kabl g%ﬁ%ﬁé%r ghé;gﬁ)%ggﬂgr %&%ﬁgﬁggbg\éﬁﬁ?@{%d% n*\% n?tﬂ'tzg ned for
t he pepti deference wanslengthsatdidnranthék valwes avere kboelated ¢b the balmint tof LES

peptide origin. aratively, sushi peptides are 1-3 orders of nagnitude j)
nore eff eLQUW} angg'i B-RS presente Quantisation abRSEFSES: wes achkigyed &om a

ept | des. AR bk e 8P BobiSFisk At Bl bl alfifey SSCpiEnBR Bhe
LPS- 1 anel Mikisor®pitéat i on. Al t hough, the peptides are targeted at the
conserved |i pi Jgg domain, different MBCs were observed over the 30 clinical

i sol ates. Thi sResulfron theeENISAdbasead libid Pebiadingadssay displayeaiba biphasitf curke
peptides into t var |.abl | ysacchari de co ts in the different
bebudbhonkE0de 2Rhe ki othe LE4s B DRMGPgeiin LaP e S b A BUBIG ni ¢ es
of the sughiqi | ni hetdGpé lc B5: A LD 1A anple 3 of
the pr eseP'EH dé%%&%%@gﬁ?"ﬁﬁg %‘;%F(F\gs Pg{des %g%@@’ﬁ%%l?é A@{%?@F% '[rﬁe MBC
test abovstoidtidiettyfdfairenSSEFCEStOaGS lipid& ndled@d btlSaturatidh [FigureazBer i a
arrested at regular intervals and plated for colony count. An initial

densi ty ofcatshawt ploks ofsthe bisding datguare vesy somvex, indicatingsthatsbe bintlieg efhi bi t
(P10, Dackaplidaly AR ndPdoba e et PR e SR SAE o on
00 oE 267 RSP LSRRy Lo AR e onkARed 0 it he. A
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 st-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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within 7 mnutes. Wthin 30 mnutes, the peptides totally eradicated an
initial cell -31 WO 011027289 PCT/ SG00/ 00162 "' popul ation of 1 x 109
cfulm (Elgur 3 and 14). P, aeruginosa is a fast-repli eria,
whi ch di@é?%i{/@%as;short | ag phase and doubling tine. Hence]g(?{e"a’g{ragior/)(l%gl
bactericidal action is an extrenely inportant factor especially wth an
infection that occur near or in vital organs |like cornea (contact |ens

bact or acri a1 RASRBCRAM: e By Snlp ol 6P arigenigh 85 g BiseREY fyesq uon
pepti des waulg relekase b%&fe@ﬁ'o‘ﬁ%hﬁ gHYeradl/\psahihaingsht®rivetdliLALF, tAUy of
i ncubation (Figure 13). Conplete eradication iS assured to occur within the

first twsignufieanity redecing thacreount @ﬂfreﬂwLP%dh@@gthei@swaehomﬂ lstcyapable of

mut ati on us his rate reduces ~ o.the artunjt
for "t he. sa0BITisnrAre bPSH aclvaincB ceBbfialigh casiade: “sucteanstities bt '
requi rce r l; he
Lpa L BBl oty B QeTfofist N B SRS e @%ﬁéﬁﬁf‘? t hat
i s suffi diedingydomndiherent to evade sushi peptide recognition. However, the

possibility of devel oped or acquired resistance cannot be precluded i f sone
of these strains are allowed to nutate ~s at sub-|ethal peptide

concent ' giile 3! GititSce PLaSABHTREOAGES ok 4t RibbbAIAL B (iE9™
S e e
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1 L 111U

herol Wt i é%é: syatheticpeptiges)| e bl ood was col | ected in
hepari ni zed stRedqogaitioprofitpid A byather abovemamedsecseted neeombmmit proteins ante

P Cenkeptes i r?q{g%é°ftn?%€1£@r%§rfb{o4s§ag&36g@§$@e 33 14P5 R os
wer e washegh, 39;@@@8@&%“&é@rrﬁg/mpﬂnm rﬁ’\rrﬁolﬁl'i‘ieldlt‘gd? 0%%%# ERp sal i ne

(PFS). An ery yt'e suspensi at 0.4% was prepare ysi s

assay. SgPhatmagie) dcdatdidigl totthemsaniifattueereppediications Ipraib@!;mﬂlmentEFS and
100 ~I 2s aliquots were added to equal volunmes of 0.4% erythrocyte solution
in a 96- VRMVPQW -tiest P wag|used asthadvBang buffer atadew rakee ﬁll@ﬁ/m“?e final

bt ed ar - iRt SEFELES,k SBHRL b Digct Bho s fodlafh Ha e et g
centri f ugiingirtandGee tﬂndlﬁg rés;ﬁ’ﬂri%e AR miedBdretasd f@hctidrcofstitaer P@mhg""as

transferred t0 a new 9 mcrotiter plate and 30 the anount of
henogl obi mJacBDea:férSGrFﬁ:ES taheolsnmoﬁiNBMTthPdeéW‘MR%dnmodwahiut&gi tnhiRBS

b b 414n SPECTRA T 4 ad h S -32
00 01/ 00 7o tg il eotS BUSHES Lo causa p ShIFt M BBR I opi 1 FyBhER RORGIM ¢ 1
100 By ahaP s4e4iies BFACKS iold/R° ot ReddHelab oD ARPoRSCHUINGS wh0

The ne i Ve con roI rocytes in al one gave

m nl rral Iny\jaacsed fidri B miastet alSmilarsliléioA Ennqmgeariaﬂysmwas dardéd sushithpept i des
have | ow henol yt| c activity. This is crucial to s the applicability of an
anti m cr cbYEFCaYeGRRofuSIaNeP:AI0si ¢ use in humans and ani mal s. Even at

Che cushi peptriauee hatiEinar Biscthn AP na ABD perercs avaEmefitage
separ at e |gHg Ayrestiftéd h?ﬁﬁ'ldérleés@éﬁ ~20D YeRtive veshoreririd %té"ﬁﬁ)ré%‘k@@ Y%

rabbit erythrocytes. At the same concentration, the peptides showed
henol 34 i csatotationt of Iipid dw Bbseqoentbyripjestion of anhbod*p(WtH@é%HmblﬁdPl Ab) i on,

L S A RN I N M
cause effgehhN& l:ﬁl?. AR BiAbInG B IRMIASERis-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
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Exanples 4 and 5); (b) confer crucial protection against LPS-indcued
lethanlity in mce (see Exanple 8); (c) possess | ow MBC9o val ues; (d)

i nduce rapj iJ.Ling rate; and (e) ~ s exhibit |ack of he i ivity,
are feat E\?Q?l}té#&%d i ndicate that these peptides will provi ﬂ%@&{oﬁféz

advant ages over currently avail able antibiotics. Wth this invention, the
t PStoxicity during the course of treatnent will be dramatically reduced.

The sushi peptides will provide hjghly effective and potentially useful

t her apeut F'g%‘ﬁﬁi g?e ?q{@etbr"é‘ﬁf‘%?ﬁer?ﬁt‘o%. a'@Y%Pﬁ%&J& er)@f@i% 8 §Y“tﬁ?t'(¥ eghlddes/ery
little 20 ALES I ¢ 1 e equally effective agai nst other
menber s OPQQ@%@@@ @d;?rlg%ﬂé 1‘3”%5&&5 Csushi - GFPpr ot ei ns bi nd LPS and
gram negati ve bacteria The reconbi nant SSCr FCESsushi - GFP proteins were able
to bind/tag gram Zs negative bacteria, show ng as green fluorescent tagged
or gani sns EXample #akSrF angbsiniheticipepitdescirer pa anttHensotaXimmatectiies —

m cr oogyr afinhipitiomofemaitoxin-iBdaoed bAL teadti®) af fi ni hr chr omat ogr aphy , for

removal of end¥hexdimufusKnetictQCL is anguaeitaiveBkingtic sapforeprRadtectiPor
peptide (with Kd of 10-'t-$ M was chosen from anongst the sushi peptides

to creat eg@MdTEgRHVE Pactarighandefioxithy This aseay vblizasdprapitiaBpart of\bAb1/ 027289

PCT/ S&00/ t he r of..binding of LPS fromliquid sanples. Thu a

col uti on SRaatexy HARERT o Seivar st fudme: gt by i5idasie HRaidanting frof
2- ( N- Mor tHERiced e I i i - i i ilized

L  EDC (D g B o et AP e Y Tore e

( D aminodiappegrghasohe)yellowt ciloreld ifverselRipropartionahtoctilesambedd) of évfidatoxi® s

P?t;afh?Iéué‘ﬁe“is&i.a&ga?qﬁ@x%é@ﬁé‘s?%:&gggg%;bggﬁé 3 308 gg'@:og_,%g?crgwéyg%“tﬁm ws O
(by subst cERlA b mbfoteet 20=ATRE it kbt ERIG drien e BE 2 11

found t hatowp Bidhkatheftirmeiregaiyedfor$Be dbgotbamcERS-8@tas@ DD sissorbae afitd0%
After regeneration of the columm with 5 colum volunmes of 1% sodi um

deocychol atese cBlogiated 86 Reastior Time. rihecifo esfdataxineasteatizing domsentratiomay be
bound t ' d hi ' ith - f. t th

col um® vedElCaa et Biss DR B SR G P e B0 peatdess AW BN e

vol unes ofindif e§ﬂ|cgg'f§ﬁ’dﬂ-e§\@bﬁd9<ﬁf Rg@?cgr om~ s Sigma, or FITC | abelled LPS

from Li st Biologi ) contail ni nd 0.05 EUnm were | oaded onto the
colum. | n eaclBrieflge25 phef Ehdotoirosaittiom LRSS f. eoh 685 .85 ) P00 anlamasit by
either LAL kinetic-QCL kit (BioWittaker r spectrofluorinet dependi ng

of the ypured WL PR, SR POES bt Tl setesof 2 fald diusonagn
(0 00m" 26 LRl ERGE R Rgkel T WAoo Map R 1887185 BMttla s 1Blaiilcal )

re-usabl e ahgnAaiREtd at 37°@ GorldndRBuR SThe FEAIBA AN sagerRt eachRifuaéd 1000y
chromat ogr aphy was al so denonstrated by batchw se chromat ography using 0.5

m of 0.5 folg/with EAT ceagentswater dive(@ndotexin @ctvity hasftbes quamtiied wdthnLimulus 9
suspensi on,. was ated for 3 h at .roo enperature, briefly spun at 1000 Zs.:
o for 1 ket ¢ e g the HMids RSH Fisivfe wds el RishoRsed Thed

m nut es. I f

spectrofl Eggiain)étﬁjraﬁa?%ihﬁ'rg? fgaés Omg)‘d@%‘gé%@%(%ﬂ‘?ﬁge Igﬁért(%%%wggugﬁg? %tgi’r" g%,e
beads seerthempeg-inddbatadforsekhminuties riw adepwerdture-apntrotiéd ELISA patefeddes. t o
S30 was tested under djfferent pH condjtjions ~o _and jonic Strgé]gglt(irrl\se'tic-QCL

Bi ndi 7§ d d8e endiaf ihe mee-dnatbationingiiod, 400 ¢ f freshlyaracaastitd

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/ml
30 of endotoxin.
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with increase in pH (Figure 18). Thus, the best condition for binding of
LPS to the -34 WO 01/ 027289 PCT/ S0/ 00162 affinity resin is basic and
~lowionig, str h conditions. The optinmal condition is expected to.vary
wi t h dif@&@ﬁ’?%&ot ein solutions. Purified SSCrFCsushi - G HPGIA0E can
al so be chemcally-linked to activated resins via their Ctermnus G-P
region, to allow N-term nal LPS-binding domain to be s exposed For

o passed t hr oUBRNBRCT SNy SEXBE Aeemn alonet i S I ek o i E e re. )

thi s, st Udbrodrb. FoRBRIETRL B8 SPRAIOoDIHISIIARCES, 19066 THA%RERA wio

3]
Car ci noscorpius rotu cauda (10), was expressed 1 n a nethylotrophic yeast,

Pi chi a péstroducedrteeeliminaté angtpoteritial effeptsosfitbe $SERBECES ondthed ALaarizyawy i ne
protease activity,, %\%}td ossess a functional endot oxi n-bi ndi ngadomai n. The

full -1 engYEtENECA $ig (FhiEeoksi usuady gipected bstween relative repstinn timesand
Tespost B oS RRIE At Aon U EUSGREES ThEbeS: gk waSELA uoiga,

respectively,~ re also’ roducec assayed AN
bi ndi ng agigmaPlot .andhtherdorgentsation cerré9¢¢ndirﬁ%ittﬁSD%ﬁélaWEiiﬂtﬁeGsE-iblreéhtm\
domain on the full-length rFC, and a slightly reduced endot oxi n-bi ndi ng

capaci t y time wasstesigratad bso.r Fhednpgn vakierware iobiaiged fianad indepgntent

guant i taté' ve LPS binding assays. A Mterials and Methods '~ Zo (1)

G asswar X0 Pers Al | gl assware was rendered pyrogen-free by baking at
200 C for 4 h. i f i Raxd and
aut ocl aved at E%%ﬁﬁ@a%%c%g%@ﬁéj@ﬁ?&%&&ﬁ (Faag%;gf{% gﬁfgdregrc\slxgg(useé%w
vvbenemer Towyiibireers@iheropatiohaldd thesarsounttof ndetatin present s dalkbedENGs;3%
hydr ogen peroxi de before rinsi with is pyrogen-free water and drying in
an o;/en.t'Bgﬁca\‘-?ég'Bﬁgi FRCYFRIR %@'WW?%/@”WT’@%EngéQ)l'?tﬁaKﬁfr‘naglfB?tl 8r 1;: ')
construc - - : e . 12,

-- were u@e”&%ﬁ#@ﬁygﬁudy.ESAsaHglrgégl%sg& rﬁ%?%@ﬁ,tﬁﬁé%&so /gte'xof P,
pastoris gigmofianicos/eonby obtn@hbetweerBrelativeReldti®? tiAkOaMCINSIIRiEHR2
vector, pHLD2, was al so included. pH LD2/CrFC21 contains the full-length

Cr FC21 cmcetﬁﬂﬁaﬂ@fﬁéﬁl E@fs%(ﬁi@maﬁé)-oENFmofmséﬁswa}sadetemim/dgetbeer with
i i i . i i HI D2 C21.EE
cont ains SAES Sy 1 cciugaron i RS Value IE 2K R 7 it hRR NG oF
Coar L or RIS ahd!Che3 7053 A Bertideacd AT ISAORIAAT £2400 recheclgay. o

const r uct Tisisshewsthahen 2. dholdp basisSaluchNesd SSCHEHQESHS reduifdd-(i2hetaaizBahk
Dat abase Accession No. $S77064) cloned as a fusion fragnent, in-frane and

downst r ea?AMBe amansaf &Sy deanseqgently, it plse indigates shat S TS ESiaR PatRRIcEHEN

cont ai ns Lo ~0 corresponding fragnent in CrFC21 {10).
This is aﬁﬁ?g%@@ﬁg@@gk@{n}ﬁ?&ﬁckl ng the putative LPS-binding domain and
therejpre, servRsENT;Rof 8®f syntheBetuse pégﬂtlés)bverél compakibid th otiessapsrtedhe
reconbi nant Factor C proteins from BHI LD2/ Cr FC2l , pHI LD2/ Cr FC21 EE, and

pPl C9/ Cr Fraptilesaed.t Stei2iduMy Sdd 8875 IMER3=hndM;rATs0.62%sMeckontbey. | s
3) Gowh Conditions R i nant, Pichi | f FC2I ,

bid L Do Cr Pesoad hRolides, £66 ERcapRaes ferd) 120 e Ry ro R a1

HI LD2/ 151 , ' j - ' L
p Ver Qi &%{@fﬁeﬁé@}%%@g BERYGer SyPeketip sreggaf I@cgg' ’A i Oviéﬁ“th]at

MGY growt h medi um con yeast ni'trogen base ( ycer ol
and 4 x 181 $¥hivitedi high positivetdocopardtivingophas 2.4, inticating tHabGearezh@h twohe
yeast cells were harvested aseptically at 3,000 x g for 10 m n and

t r ans®er r 84 peptides inbgrack avid o LRS dn@lBfuleont ai ni ng 1. 34% yeast nitrogen
base (Difco), O S% nethanol and 4 x 10-5%

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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biotin. Induction was carried out at 30C for 8 h. Induced cells were ,
harvested by centrifugation at 3,000 x g for 10 mn. 2s (4) Preparation of

rFC sanples from reconbi nant yeast clones |nduced yeast C
di srupt eaV(B?”&Hz%(’ycl es of nebulization (3 as-Col 7"' Bi oNeg)flré“tdﬁgfﬁgmﬁsi

using purified N2. Sol uble and insoluble fractions were separated by
centri fugati on at 13,200 x g for 12 mn. The supernatant containing sol uble

P36 v BveoBebnpeh Siziop e lnapac e ettt pEa et Ty s

Tris-Cl byfks .nt@ e?bnsT'%‘?\d"Oa?F eenemaufé%getggqylhﬁele%t@)S%%B@@l@&ygerﬁ 25

col um (Phar maci a) equl’l |brate he sa I'n a’'separ at e

preparat i m&tabdheesr, randa:onmterﬁsupéthmteagulm saﬂmjadet(lamt cCoﬂsEqaémtlly,rtam on
t hrough a Bi omaxT ore) nenbrane. % "-SO s enrl ched
rFC was f biojagical peterftnaéef 5§Ce§ﬁf§& @gﬁaamneuxr%@swp %EBWQEP@@"O ugtion@f

(02) 3 5 RBEER i ARG gt ogbh e oo T2 (e i Fe Pfuct oo

el ect r oph@eps gflegfigdtedat uri ng 10% SDS- pol yacryl ami de gel (63) and
el ectroblotted onto I nmmobil onT"" PVDF nenbrane. The respective rFC was

i mmunol ocal i zeBesylts firembairi Wgwtrnémﬂm studies suggastedithat SS4FEES wauld berg/

qoat ant i piapbITN ARG of ik A BB 7 ORI, TERE AR AIR O ae

substrat e, éa%uﬁe@tnkepa‘iglﬁyr&' srsa:rﬁéégxo ﬂfhiBlFﬁTN'?% %h@ rmﬁs ﬁr@d’uc@@# b$5r+6p811g ma)

was reconstituted to : di phosphoryl |1pid fromE. coli
D31mA 14-PScélls intulbated (vgttcassng/mhcand 1l09A)g/mls>fr‘@$e|nLq)serurrﬂ:freegsttdm The P
LPS- bi ndi ng assay was based on nodifications of earlier 20 descri bed

pr ot ocol sCORBINNG vaspyeeoncentatings of SqkoildEor THR rellsi were gown in RPMI

| h |
el ot r obl aprdanesfi S HRBhEAIcA T S e RS RdEiN, HOEO/m8 arffitrentomyain
strips angggang/mhidat BF"CdmAa BURliI@fie8 2nYHEARRAEH tne pr@@éh@é gﬂswot(togsoweg of

proteins containing rF Det ection of rFC bi nder]_Eg ipid
acconpl i shels were mamtamedratva dansii betreeRatbbor 1 2&50)&10? §€|I315Wid by

and BE P/ NBT COPBrL Fel Wer plserad B S '#qrﬁibvaa”&sir?%i? oAyl 0K
PPt ( CRPLRBh R Hhorbdt At o adelte(PMA [0 (' GirRERA ubidaeR E b oV ©

| ysate ( cont ni Ng I've Factor I'n an assay in

ri=C CO”DSU@pénMdmtcC@che Rafinal rcofcéntratid?Sof Be@g;ame PMAcan®0. 01%\@1!@&1:!&27289
PCT/ S&00/ 00162 r FC {)r oduced in P. pastoris |lacks serjne pr ot ease sétl Vf
t he conpesutfpyde 3h bBMﬁDﬁﬁﬁ@t@ﬁ'e@“tﬁylsﬁ@&%@rr‘ﬁ were Kameditely plated nte Pe-wel

cr oast nanigelite Pl ot A &ehRRY LS EFRRels]ht ot BoRk o difterentRE R las
"M Tr iy HEloupdaB37%0 NrAhiddide tﬂefMé\&%uI%ﬁan) 5 N?,&nﬂa& 8) LPE peed nCUbat ed

at 37C for 1 h. Aliquots of 2 were a o each m xture and the -
total vol imebated withadzious cmcentmatmsmf $$¢rE€EEethe eultre apediury was The )

O e aR AR B s Sasis Gered nRE B BT AN RIS
substrat e 70800 Yakiciied tith8s, the Bultaré B! AL EdHecfed. SHEMRAK 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-Paque PLUS (Pharmacia) to obtain peripheral blood
mononuclear cells (PBMC). PBMC were washed with PBS and suspended at a cell
density of 1.5 x 10° 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

-24_



i o-and incubation at 37C for 30 mn. The reaction was term nated by the
addition of 0.1 m of glacial acetic acid (Merck). The product, am no

- qret hyl co i s nmeasured in fluorescence units (FU on_.a Lum nescence
Spect romllﬁgséﬁ( Perkin-Elmer) with excitation |ight at PGEBGHMI0Ae
em ssion at 460 nm (8) Binding Interactions Between rFC and its
| mobilized Ligand, Lipid A ~s The binding interactions between rFC and

(Phar mc Gt GBUE i S8Ry Aoe RSpSvE Eifet ot oty egran bESANGUGED

hydr opholy : ' i [ ' ul es.
Thirty m'teﬁ%’ﬁgf fée?ggso%ﬂ?%pl)l 34 Sﬂ&é&&?@&h%&%kﬁg}geﬁpﬁ%ﬁr?%i'gmggL@gch sensor
chip to fdiffencace ibgtweers tid tast.andi comeeol Groups eax butijectesaonitagent's £-tst, zo
TFCEE and_r FCSN, each at 1 ng/m were injected at 10 ~, I/mn for 3 mn over

the |igandesyaleecwerapbiainehtram af east briee independertoptnarimentsr ot ei n

T gand: bi nd: nd WS $ehQe Bkt TFG Y985 LS IRLAF SRcHT e hgtenu infibkea |
sanpl e, asgheal Findueed produdian ¢F TNRESHREILS irﬁkﬁ@mﬁ}saﬁcégfﬁl INBvelVdeZ: ;

before injection of sanple, and final zs experinen rea taken after
sanpl e i r§nslotedm. M@ SangmtiliPSiecsicentration éestedit g quNiof FSAYFQESs ist Sufficient to

"ol casea COIRBIED Bikrens DSOS R0 o s Oy, AEFOBSOT DB At er
| eased e 928! :
The P, pduror PeCR P RAREAYOoRILIE BhERTh e Cphioelel [ ool dtSh)0 *1a2

‘gnd 8@ kDa pr @i findingsimdicate peat 1 yM of SFCFCES Bffectivapairedentahalass bead
reatment (61), nebulization enhanced the breakage efficiency of P

pﬁst ori s Mediptes ingretions of hENFF(Caﬂ;&@IE'B@QCIPﬁ&IFEHY ThiPol wrerst'fb\:eaelcel@m:se%
bur 11 catneitead i i BEseEE of Rlaty st Jeydhc 15 appoRant T nof ke °

pr epar at i @Rsehtr St @ﬁ.ﬁ»ﬂ)@zﬁsﬂne}rﬁﬁmﬂ@om’ﬂg{m?;@e' iHhesd Et%dh]%gzg_{e%rﬁgnq the .

solubilized by treatment with detergents Det er gent so I'1rzatfon, in
parti cul drighesttkmofuni comcentrations eepdreseinfor &pSrineucadocyitokinkigroffiactionr. Oni o

bi ndi ng of LPgﬁg_G% y;léégave al so shown that SDS at > 0.5 % also inhibits
the abti VNP BasiEae$EirCES anpegrs to e mrrg Pasentdhan palyigyyntBiaad LfirEhator i de

69) rest D ndun Vi i . are
grus% be tég{ggﬁesisgﬁal\'l_/%sl H@gg&g&g@}a@ﬁfaﬂéﬂ%d SI'?Itl\lﬂ?Q dﬁéﬁg{{ gg%ﬁgﬁcﬁ\{f@f% le rFC
under pyraedsuntieesercanticel cndlitions (24Y.s Tar sU%éb@Ctﬁa@BSCFFEE§H&% GAlcHEans.

i s Using either (NH4)ZS04 Frem itation or BiomaxT "-50 ultrafiltration,

t he r FC f"ep@r antrigsicapaeify (@ hedtralize endatoxin dbhen potyompdmB. Agaionditiogr aphy
of Bi omax., ; r thr . ' G 100 nol ecul ar sieve further
purifi ed)%}gwsgﬁ]tgﬁ?e&@gg{q&pggﬁggggﬁé g. 20). In the nodified Wstern
bl ot nf LPS, refe i [T AR j )

speci ?i C bandsFEigt;'r‘:wr;flel ﬂé&ﬁm?%cf ngﬂ?j ug%tl F(dlg)%SI(t E%QUQ?L%)gSImiogtﬁpgtoéﬁ@ds%gt

wi t h previNfug dndili-8 gscretisn ty) SSGERES qunelet Inprmahgiysidlegitaldidniditibrisé sinethe

bl ot of diphosph | lipid A s, used, the specificity of rFC for lipid A
was. f ur t FRASCEEH P PHEAN g™, 20BiHoNFet cinh Drlait! FLSEFCES sompletehvdaniaied 1 r om
NH4) 2S0 [ #1128 190~ 3 \ | i/ i At h T" G100
éel )23 fﬁ'ﬁf’gﬁ'@n&ag g‘%‘bffggqlgﬁf?r ’é%[s"ﬁ%gé al# ?@1% @ﬁ'%ﬂﬁgﬁ/\gggd ﬁE?Flﬁg@é(n 21A and

21B @ LarBSCrBCBS 4Yas duidd todhuraah Gekdre (final MckRatiom d0%d Defdie ahe efidwidm
r FCSN and pHI LD2/ 151. Bi omaxT"”-SO enriched rFCEE, the truncated Factor C,

was abso efnsotexing the smppeegsiveefifectiad SSGSFAEAwasiastenuated. Y requiredtl 7 fiodd
dormi . 4Bt Gt E ST pRss TN o EEEC SereyBadd Fleaoh Bt et of Oa
endot oxi n BTSSRI L M gt OBichved At Rhel SIS et TuRDigyin prgteins
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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WO 01/ 027289 PCT/ SG0/ 00162 is located in the amino term nus of the heavy,
chain, which conprises the cysteine-rich EG-1ike donain and one or two

sushi dor@hg\%%& 71). Reconbi nant Factor C specifically Q{(ﬁrZSSGOBBofae lipid .

A noi ety he ability of rFC to recognize and bind
bi ol ogi cal | y-potent noiety of LPS. That the binding s of LPS to Factor C
requires the presence of an endot oxi n-bi ndi ng domai n was confirnmed using
the rFCSN_where the |ack of 5'-tern pal LPS-bindi main in this del etion
honol og r@rﬁ?ﬁﬁ' SQdycE 'trgq'i"ﬁ'QEiqr]'Yg W'E‘ioﬁ%l Sgpﬁé&%?@gbdﬁ@@#\%) dIWEg ®A i on
in intensgﬁ%gtgg_abi nding of rFCEE to lipid A as conpared to that of rFC

i ndi cates t | though the binding of lipid A requires the presence of the

LPS i 0 bi ndi ngRésutts fronstteuenges biidirgqstuatiesdagdstedt thiowhes 4 RatdmEybasedi at e
the strength of the binding. It has been reported that binding of endotoxin -

E:I ri ggers aU¥% ﬁﬁ_@?‘ﬁ%‘i WeHkK! bg PaERR infibitars ¢fdedPSoncred aviok(reselenser by
Reconbt nalorbaes: 2 teBf s Bredkifon) Ble MbRLREHE BBy OS] 1, Shnais3a

activity gf iffdit FRRFQI pfoduthBn BariP-1RGlis if@lbated it 11 nBJ Al §8Sms aFhi Vi ty,

but capable of binding to LPS, was observed to conpete with CAL native
Fact or C senum-freelsystenTicontairing ivaedus tontentoitjonstdf peptitiet.PS avai l able to

(55). "The. per cBASABENJB BTt POy THOdHEH DeRRISH S LAcanh68a: a6 WaEg otent
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of LPS in pH LD2/151+CAL where FU represents fluorescence units. zs The
conpetitive ef Ntt thef designrd pedtides (VRSart V2Y 50%d inbiitien of APSdndueshBENFeo

activity S_conpar with the two partially purified rFC sanpl es based on
t he above%‘é@%&gfe ggrappaﬁrb h‘gr f?ﬁp@SBY‘EJK' of rFC using (NH4)zSOq
precipitation inproved its conpetitive effect from30%to 60% Enrichnment
of rFC through Bi omaxT"'-50 inproved its inhibitory efficiency to 81% -40

WO 011 027 ERSMBIETH . FHUFIESGihd s\aitheticpostidas @eaiot dyfotokicito ceiaporiantellef rFC

with variable concentrations of LPS was used to Investigate binding
ef ficaty and t Headditiop tofhighspecitic LB birdingean inmmrant ferBireovheruusing A

51 omncr BelBed{ n ViR BRIt B.0aiisterneBdive RerBel Setuciifieo o

resul ted kpi i tq ; P& i appd i i

ber cent agd B prdferdles i Blolodied Siiterts. SProbleneins drted Bse in
any fi xedaaimalrexpefimen are tbe to adtityrasrinthecase ofipolgasiximgB) evalverpshbRS
i ncreased C‘Ab Factor C activity. This indicates_that excess LPS was again
abl e to aBaififg & We cirdating eystemy iy @@mRIedP]. B\poasskss Harse featurescwe on,

the ig,cr . \V tivity in CAL by
9006 % MBI RIRCES 0 Mo QU ot iSBRer Bhifeccd "\ 8 (1 g0 ™
227, dashed | o x 10t ITHPAL HGRICHEESANBOLSofRPMPE6 4G ovbre viiked ifl axmitrenmant ©-)
of Bi omaxT"'-50 enriched rFC sanpl e, theg&eﬂrcent age |l oss of CAL Factor C

activity wte&ithed0 inb of increasingameantof 2 saria) dilgtpns pHESErFEES(.etict i on
i CAL Fagt R i tep-fold.i J t he bi ndi ffi

whs obser dedmalmids REShndasytied Bor f pun 3 53 SToda s By 558
dashed i ' ' d i ti
Control  shulucedty, HeSSRFCES 80 L BRUelfiLr06 oA g BB HRerf e Pac or
C. Thesr FCBlomdga)ivgs addedvmito eaatwedl fof B0nhinyatod7°CP3-(H, Salimetrdlihiaml-ged| y

| ower conpetitive zo effect on the enzymatic activity of native Factor C
(Fig. 23) Yl)-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

-26-



Only mcrogranms of the total crude rFC were needed to renove nanograns of
LPS, as reflected by > 80% 1l oss in CAL activity. Wth partial purification
and concentration using Bi omaxT "-50 nmenbrane, the ratio of rFC to LPS for
maxi mal WOLRIEYal i nproved by ten-fold. Zs Interactive BEHICHPOBE ween
rFC and inmmobilized [ipid A using the BI ACORE XT"' sensor indicates that
al t hough background binding was attributed to rFCSN, the overall binding of

partially-purified rFC to Lipid A gave a net response of approxinmately 30%
of the t @DsProangsRluecuresponded to the dackgieupd, 3s thosgiglls petlddwtan affinity
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give 1 - Biotin Wis subsbguaedtly imonest giaaftrafitratioh thubtgh Migrecen-10qMikiperk)wi t h
1 ng rFC/ of _culture. Incubation was carried out at 37C At time intervals

of 0,!%2, Wreg CHBY/@Umice wREe Byena siRgled. grus inestionaf 208019 Biotindakeled any

i or oscope b Chis oS sl SOt it isab el 6 Sle AR uf HRENBRLQIHT B4
di luted vwhdrdbd. PR bR Was irRhidertegtradtbd Wit SESPAGEIvRMg dytdadd bbiledibat ed
overnight at 37C for colony counting. Crude full-length rFC and SephadexT" "

G 100 enrfiot Bentinutes.t ThadaixbyrervitERsaivedrif@SN % SDSPAGTaRd alegtrohlotisd or y
ffect t.h h t h i teri d. .Ho ich t of
Ful T<1 engpitora-EVBE meDhine:. 1t Gobiccfing ShafvBRdRatvR REre son BRI fogr aphy
h Y, o] phatPen o on ‘
G i fg 0o RERY BbovEHECHUNEUPRAATTISHRE SitintRly: (orck) fgs Lsgq SERYbure

01/ 02728%timETbEEREMNOhksaence detestion avas éxtendazhforuhioum TRegigrh) on e X-
enriched rFC sanpl e showed a particularly potent bacteriostatic ,effgc on
K, pneunofyddm was guapiitaied visodensitoaatriisean.t hae glaarancs @te of biatin-ia ﬁfﬁd

pur 11 cat Pa oo AL HER NP phFL R A KREPUS Bogey HidHam for
The bact eﬁbmérﬁnéﬁfﬂﬁﬂa%ﬁdfﬁ}ih”aﬂ'ﬁia@&dné‘ﬂic 48@%309r 2 h but the effect

started to decline at 6 h of incubation, and was conpletely |lost after 24
h. S, 2aureus, Remitomewiiscaneevealed thatrsignifieantamountsisif cirqulating ihalfbliferafc,

R0 B AR B A B A A

~coli. 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/6] mice is 4.7 ml/min
(Figure 8). The clearance rate is 2.7 fold slower than BPI. Therefore, a lower dose
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~0 This could be attributed to the bacteriostasis of the bacteria because
interestingly, there was no aggl uti nati on observed wth the S. aureus
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and/or for the renoval of Gramnegative bacteria froma sanple. ~ s Since
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activity over a wide range of pH, fast killing rate, low toxicity, and low hemolytic

activity. While numerous antimicrobial peptides/proteins, like FALL-39 (34), SMAP-29

(35), lepidopteran cecropin (36), and CAP-18 (37) have been reported, few display all

the above mentioned attributes. Thus, the search for new, more powerful and yet safe
5  antimicrobial peptides continues to enrich the therapeutic armamentarium.

Further analysis of the sushi peptides showed them to have low cytotoxicity and
to be capable of neutralizing LPS-biotoxicity (See Examples 4, 5, and 6 above) . This
property provides a vital advantage over other antimicrobial peptides in suppressing
adverse effects of LPS-induced septic shock during or after treatment.

10 Septic shock is characterized by a drastic fall in blood pressure, cardiovascutar
collapse, and multiple organ failure. Septic shock is responsible for over 100,000
deaths a year in the US alone. The septic shock condition (38, 39) often creates more
complication than the actual infection itself when a massive amount of LPS is released
by bacteria disintegrated by antibiotics. This problem is especially pronounced in

15 children, in the elderly, and in immuno-compromised patients.

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

20  bacterium producing LPS bound by Factor C.

Antimicrobial action of SSCrFCES, SSCrFCsushi-GFP proteins and synthetic
peptides (e.g., S1, S14, S3, S34, and V peptides ), examined by microbiocidal
concentrations (MBCg) assays, show that these recombinant proteins and synthetic
peptides have potent antimicrobial activities. Antimicrobial activity is expressly

25 demonstrated against Pseuvdomonas 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, ag well as their corresponding mutants (sushi

30 1A and sushi 3A), were found to harbour strong antimicrobial activities. Collectively, al!
four peptides (named S1, S14, S3, and S3A) demonstrated exceptionally effective
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bactericidal activity against gram-negative bacteria, represented by Pseudomonas
aeruginosa:
At 0.03-0.25 pg/mi (8-63 nM), the MBCqg values of the peptides, are of the lowest
ever reported against Pseudomonads. Viable bacteria were reduced by 90% after 7
s minutes and were totally eradicated within 30-40 minutes. These peptides were
minimally hemolytic against both rabbit and human erythrocytes (30%) at
concentrations of 100 pg/mi (25 uM), which is up to 3333 times their effective MBC
concentration.
These findings demonstrate the unprecedented therapeutic value of the sushi
10 peptides and their mutants for treatment of Pseudomonas infections. Other sushi o
peptide derivatives (S4, S5) were also found to have variable antimicrobial activities. |
Thus, these results are given by way of example, and the present invention should not
be deemed to be limited to only these representative peptides.
Test strains cultured on Mueller-Hinton agar (MHA, Becton Dickinson, USA)
15 were inoculated into 10 m! Mueller-Hinton broth (MHB, Becton Dickinson, USA) and
grown overnight at 37°C in a shaker incubator (Model 4536, Forma Scientific, Inc.,
USA) at 230 rpm. Overnight broth cultures were diluted to give a final cell density of
10° colony forming units/ml (cfu/ml). One hundred microliters of the bacterial
suspension was dispensed into sterile polypropylene 8-strip PCR-tubes (Quality
20  Scientific Plastics, USA). Eleven microliters of serially diluted sushi peptides, ranging in
final concentrations of 0.03-4 ng/ml, were then added. The peptides were constituted L)
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. Cell counts were determined by standard
drop-count method. The killing efficiency for the four sushi peptides were calculated
based on standard drop-count method. All four peptides (S1, SA1, S3, and SA3)
30 showed potent bactericidal activity of <0.03-0.25 ug/ml against the 30 clinical strains
of P. geruginosa (Table 2).
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The MBCsp determined for all the 4 peptides was <0.03 pg/ml (<7.5-8.0 nM).
The MBCg for the peptides were: <0.03 pg/ml (8 nM) for S1; 0.06 ng/mi (16 nM) for
SA1; <0.03 ug/ml (8 nM) for S3; and 0.25 ug/ml (63 nM) for SA3. These MBCqg
values are unsurpassed by any known antimicrobial peptides reported for A.

s aeruginosa. The MBCy for the control strain of P. aeruginosa ATCC 27853 was 0.03
nug/ml (7.5-8.0 nM) for all the 4 peptides (Figure 12).

The antimicrobial therapeutic value of sushi peptides is exhibited by their
exceptional bactericidal activity against gram-negative bacteria, e.g.: 30 clinical
isolates and a control strain of P. aeruginosa ATCC 27853. The resistance pattern of

10 these strains gave a close representation of the resistant strains of P. aeruginosa
found in Singapore (Table 2).

The remarkably low MBCgp values of <0.03-0.25 pg/ml (<8.0-63 nM) obtained
for the peptides are unsurpassed by any known antibiotics of metabolite or peptide
origin. Comparatively, sushi peptides are 1-3 orders of magnitude more effective

15 against P. aeruginosa than are other reported antimicrobial peptides. Owing to their
high affinity for LPS, the sushi peptides probably exert anti-Pseudomonas effect
through disruption of the LPS-lameliar organization.

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 coli 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 MBCqg concentration, we proceeded to investigate the

30  killing time for the sushi peptides. At 0.06 pug/ml, all four peptides achieved MBCqo
within 7 minutes. Within 30 minutes, the peptides totally eradicated an initial cell

-3]-



-z NC7 cycccoGNOa. O "d~_oa.00~ O - 46 WO 011 027289 Tabl e

Z PCT/ SG00/ 00162 Conparison of MBC~, MBC~, henolytic and cytotoaic

act|V|t|es of Sushi and other catlonlc epti des onPaeru nos R
it —ooyemgy . T, O NS BEIOME peptides on P acrug disionbie:
......... e ~ I hes: ~ pé

occur near or in vital organs like cornea (contact lens contamination in the eye), lung
5 (in cystic fibrosis), and acute bacteraemia in AIDS patients. At a concentration of 0.06
ug/mli, the sushi peptides were able to eradicate 90% of viable cells within 7 min of
incubation (Figure 13).
Complete eradication is assured to occur within the first two generations of
bacteria which reduces the possibility of mutation. Thus, this rapid killing rate reduces
10 the chance/opportunity for the development of resistance. Resistance will be remote
as it will require several precise mutations occurring at multiple enzymes along the LPS )
synthesis pathway to ultimately yield a modified LPS structure that is sufficiently
different to evade sushi peptide recognition. However, the possibility of developed or
acquired resistance cannot be precluded if some of these strains are allowed to mutate
15 at sub-lethal peptide concentrations.
Figure 15 shows electron micrographs illustrating how some multiple antibiotic-
resistant strains of bacteria are killed by these peptides.
Human and rabbit erythrocytes were both used to test the hemolytic activities of
the peptides. Whole blood was collected in 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-well
microtiter plate (Nunclon™ A surface, Nunc) to give final peptide concentrations
ranging from 6 to 100 pg/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 pl of the supernatant was transfer;ed 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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Figure 16 shows that sushi peptides have low hemolytic activity. This is crucial to
the applicability of an antimicrobial agent for therapeutic use in humans and animals.
Even at concentrations of 100 pg/ml (25 uM), up to 400-3333 fold of their MBCqyy, the
sushi peptides showed minimal hemolytic activity (Figure 16). On a separate assay,
the hemolytic activity of sushi peptides was tested on rabbit erythrocytes. At the same
concentration, the peptides showed hemolytic activity below 6%. For purposes of the
present application, the language “substantially free of hemolytic activity” means
showing hemolytic activity below 6%.

Thus, the ability of sushi peptides to: (a) cause effective LPS-neutralization (see
Examples 4 and 5); (b) confer crucial protection against LPS-indcued lethanlity in mice
(see Example 8); (¢) possess low MBCy values; (d) induce rapid killing rate; and (e)
exhibit lack of hemolytic activity, are features that indicate that these peptides will
provide great advantages over currently available antibiotics.

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

negative bacteria, showing as green fluorescent tagged organisms. This makes a

convenient detection tag for displaying such microogranisms in samples.

Example 11: LPS-affinity chromatography (for removal of endotoxin from liquid
samples)
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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bound to the resin, and washing the resin with pyrogen-free water, the column was
ready for LPS absorption.

Again, by way of example, two 50 ml volumes of LPS solution (either LPS from
Sigma, or FITC-labelled LPS from List Biologicals) containing 1 and 0.05 EU/m! 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
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 ml of 0.5 ug/mi FITC-LPS solution (in different buffers).
The resin suspension was rotated for 3 h at room temperature, briefly spun at 1000
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 spectrofluorimetry.
Figure 17 shows S3A peptide-FITC-LPS coupled agarose beads seen under UV-
fluorescence microscope.

The optimal binding of LPS to S3A was tested under different pH conditions
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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affinity resin is basic and low ionic strength conditions. The optimal condition is
expected to vary with different protein solutions.
Purified SSCrFCsushi-GFP proteins can also be chemically-linked to activated
resins via their C-terminus GFP region, to allow N-terminal LPS-binding domain to be
5 exposed for capturing endotoxin when an LPS-contaminated solution or biological
fluid is passed through the resin.

Example 12: Production of rFC in A, pastoris
In this study, the cloned Factor C cDNA of the Singapore horseshoe crab,

10 Carcinoscorpius rotundicauda (10), was expressed in a methylotrophic yeast,
Pichia pastoris. The full-length rFC so produced was found to lack setine protease
activity, yet possess a functional endotoxin-binding domain. The full-length rFC
from P. pastoris is able to bind free or bound LPS. Deletion proteins rFCEE and
rFCSN containing the 5’ and 3 regions, respectively, of Factor C were also

Is  produced and assayed for lipid A binding activity. The presence of a fully
fun'ctional 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
120 (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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CrFC21 cDNA (GenBank Database Accession No. S77063) of 3.4 kb together with
its native translational start and signal sequence while pHILD2/CrFC21EE contains
the 2.3 kb 5’ EcoRI fragment isolated from CrFC21 cDNA. This construct contains
the 762 amino-acid fragment encompassing the heavy chain of CrFC21 along with
its endotoxin-binding domain. The pPICS/CrFC26SN construct contains the 2.4 kb
3’ Sall-Notl fragment of CrFC26 (GenBank Database Accession No. 577064)
cloned as a fusion fragment, in-frame and downstream of the pPIC9 vector start
site and secretion signal. CrFC26SN contains sequence similar to the
corresponding fragment in CrFC21 (10). This is a truncated construct lacking the
putative LPS-binding domain and therefore, serves as a useful negative control in
LPS-binding assays. The recombinant Factor C proteins from pHILD2/CrFC21,
pHILD2/CrFC21EE, and pPIC9/CrFC215SN are referred to as rFC, rFCEE, and
rFCSN, respectively.

(3) Growth Conditions

Recombinant Pichia clones of pHILD2/CrFC21, pHILD2/CrFC21EE and
pPIC9/CrFC265SN 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.
At the mid-log phase of growth (ODsqo 2.0), the yeast cells were harvested
aseptically at 3,000 x g for 10 min and transferred to 2 L MM induction medium,
containing 1.34% yeast nitrogen base (Difco), 0.5% methanol and 4 x 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.

(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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10 rFC samples were electrophoresed on denaturing 10% SDS-polyacrylamide

)
gel (63) and electroblotted onto Immobilon™ PVDF membrane. The respective
rFC was immunolocalized by incubating the blot with rabbit anti-Factor C primary
antibody and visualizing with horseradish peroxidase-conjugated secondary goat

anti-rabbit antibody (Dako) using 4-chloro-1-naphthol and H,0, as substrate.

(6) LPS-Binding Assay of rFC
LPS from £. coli055: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 ug/ul. The LPS-binding assay was based on modifications of earlier
20  described protocols (45,61). Briefly, 10 ug aliquots of LPS/lipid A were
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 ng of proteins containing
rFC. Detection of riFC 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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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 A, pastoris clones released soluble and bioactive rFC.
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(NH4)2504 precupltatnon Biomax™-50 ultrafiltration 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)
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domains are involved in protein-protein interaction.

Recombinant Factor C competes for LPS, causing reduction in enzymatic
15 activity of CAL Factor C. The yeast rFC, lacking serine protease activity, but
capable of binding to LPS, was observed to compete with CAL native Factor C for
the LPS. This resulted in the depletion of LPS available to bind native Factor C,
thus causing a reduction in its enzymatic activity (55).
The percentage competition by rFC of the native Factor C enzyme activity
20 of CAL was 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);S04 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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e

aaaat aaadhe piding gffigcy O srudeds andhBiomadl -3 d€atalds figureaAfshows40

oot gadt: that e mEh AR, reRihet e RS Lo R0 300
aacct acatifcredsd irctheChereanigblidgt oft CAL pa@bE & &Qa@&gﬁtdrt theeoerhapat 420
cttttttgta gtcttaagtt tagtfgacat aaaaacaaaa tttgtaacaa cacacggtat 48o

aaact aaatreggfeiessafarny fogdearmauntaofcrkfgydheeeadticramattase, inaegsingdevelS40
val Thy GFS PhEasen CkFart . agitls Fls dlstioathttvercets EPS ofes hamh o1/ 027250
P SROGH R aEbiale ON H halpaBeu, B Wibold Bl phég, 0 010
;(3 15020 crude rFC was able to effectively reduce Factor C activity in CAL by >80%,

equivalent to a ratio of 1000 : 1 molecules of rFC to LPS (Fig. 22A, dashed line).

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

15 ten-fold increase in the binding efficacy was observed between enriched rFC and
LPS at a ratio of 100 : 1 (Fig. 22B, dashed line).

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

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

Only micrograms of the total crude rFC were needed to remove nanograms
of LPS, as reflected by 280% 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 Iipid(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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agg ttt ggt ttc tgt agg tgg cgt gtt tte tac agt ttt cca ttc gtt 688 Arg Bhe
Ay Phe Cys Arg Trp_ Arg Val Phe Tyr Ser Phe Pro Phe Val 25 30 . 35 40 aag
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Ser Val Asn Pro Asp Lys Pro Qu Tyr Ile Leu 60 6S 70 tca ggt tta gtt cta

ggg cta c cca Leu V Leu Ay Leu
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Pro Val s 3n Cys 10S 110 11S 120 aca tac ttt tat cga tgg agg ccg tat tgt -
aaa cca t G't"j'at gac ctg 976 Thr Tyr Phe Tyr Arg Trp Arg Pro Tyr Cys Lys Pro

cha gay tor aa CERSEPNS fRsRit R rtiiEne8 s O Ibrt R BT DRSIR, "8 O
A u Oys LgsislaHy Mrﬁﬁécﬁfb b@hogemem} s$haa 92% sétﬂ?atﬂirioﬁﬁimbg’q:zéd?ﬁplac,& |rf"ac aaa

tat ggt act 1072 Al a Ser Cys Val Thr Cys Pro Pro Ash s Tyr
dy Thr 13@14@@%@@”@@6@@5a@@egg@n@a@ns gmvlaa@ottmsea@gprm ajmeggt atc tgt

0 $99 e RO R Y R e B
15 ey QARYR R LR BOA

PCTI S@G0100 80nagmbasist ctc aaa ggt tgt cct ctt ctt cca tcg gat tct cag gtt ..

cag 1216 Gu Ile Leu Lys Ay Cys Pro Leu Leu Pro Ser Asp Ser G n Val @n *7
205 210 215 gaa gtc aga aat cca cca gat aat ccc caa act att gac tac agc

tgt 1264 | 4Ar ~ i Pro @n Thr Ile Asp Tyr Ser Cys
220 225 2 i3 ﬁﬁcm 5c?eﬁfs?a Rct&ﬁ gt atg gca cga att agc tgt ctc cca
1312 Ser Pro Grfie PR ahiiddiction prdtéthy ekﬁﬁesé‘é@m%gpb&z@réﬁ{ Efifiplecth Rigpe 23S .
240 24S ,) aat gga cag tgg agt aac ttt cca ccc aaa tgt att cga gaa tgt gcc

136Q Asn examiges for padieriogtatic REtVIEY i IPrdtroycsiltaes. | | e Arg du Cys Ala . 250
2S5 260 t gat

7208 Mt var Ear Baclerinioeda foc Srself Ve Bcheliah ol Arci aashle ) asp 265
e (s SametRle ona R ATORY 408 Pleldy R 1 oo CIPRIRT, C°F
Tyr 285 zmbzwawﬂammae ADCC# 2388Rand Graphydotoeeus gyrmm#mw@t cag

tgg aat 150a Leu Ile Ay Gn GQu Thr Leu Thr Cys Gn Asn Gy dn Trp
Asn 300 3¢Mony of gaeh @é@ma%egaéwa bagteriug \A@égn@@datiedanm @Ultrle@tbmthcct gac ctg

gat 1552 (iKcd BRI dhd Grow Bt $7 IV it FebchY tNElodalfn S piise S58rolith. ASP

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. pneumoniae, P.

-42_
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315- 320 32S cct gta aac cat get gaa cac aag gtt aaa att ggt gtg gaa caa aaa
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‘ect gtc apc.cac t ct ge c tgt tct ttg aca get ggt act 1B40 Pro
Val g (00 BB puMication GTFCas exeshied & imAfova s Gpgtenpidauaatential, 420 gt g

195 900 o Bsscalmal rER ATl AL S P S B o

gcc atc adecligent §drobmgubstion,cmdaags tomplegelydes sfear 24 B, Sabug s 3936 Al a

Ile H's a Ay Lys Leu Pro~Asn Ser Ay Gy Ala Val H's Val 445 450 4S5 gtg
aac aat 3&{@"’5855'9%% bagteriyay wag netighpifedajialldacriG.g aat ggg 1984 Val Asn

Asn Gy Pro Ty : r eu.,Asn G y.460 465 470 ata aaa
5 o g L e e
u Gu . LFgs. - i ' ; glc ag
tcc tcc aca gcgz;s gt aaast c‘g asglgmt Stég@(:?ngé?\ ggat@égéﬁéﬁgrtﬁﬁ\éé er Ser
Ser THr Alhis @yldbesatsébutertothe bacteriastasial of thehatsetiziBecRe ihﬁdreﬂ&%slﬁ,ta gac
p

a tat gtg t t, t F . 2128 Phe Ju Val d
Asn Cys \VHPrENyHS DR agBltinGHON ghse it With shasn aueesss @itire vehih simitpglvodid aga

t . aace . t .get 2176 T u Al a
X o e ol A infiieRBroRd. KEhrell, (8 pRidrirSloncekfity BefeCebud S 0 %
gat gta aitfized as aatapidtdetietyomeietdod apdlorFbR e Perddet oY%rahﬁHegéétﬂlé—ys Asp

Val Ile Pro Asn Ser Leu Thr G u Thr Leu Arg S90 545 5S0 ggg aaa ggg tta aca
acc acg tRpsteftialroGea SaMpEac aga cta gat get 2272 Gy Lys Gy Leu Thr Thr

gag 1Pa atg ganotPeltredifentty GRodigion ) Sammeyatve baghea i@ Hp G u -
{LE‘L’J et 6;@91&6@ efokaded thit! rFYdind<Ltd thediphd A stton FFLPsTYBRAHEE itsHEET
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. aureus, 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 £. coli055: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 pug/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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WO 01/ 027289 PCT/ S0/ 00162 aat gat aac cta aca ttc tgg gcc tct ggc gaa cct
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cag tct &‘é“’?‘&éz aa 2416 Asn Cys Val Tyr Met Asg Ile @n ﬁ’@h’oﬁﬁg

G n~Ser Val Trp Lys 60S 610 61S acc aag tca tgt ttt cag ccc tca agt ttt get
tgc a g atg gat etg 2464 Thr Lys Ser Cys Phe A n Pro Ser Ser Phe Ala Cys

5 I Sl 5 .S Ay B,
Leu G u Aéf‘e SRR e%?%u?\ﬁﬁnﬁtrﬁlcéwa%e%ﬁ\e@%tﬁi gat g9g ttc
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aaa @g\ﬁgggig e}{?lTﬂ-@br&é&nv@héff%&rof%%'bhgdé'x*”ﬁ I-Bbperﬁ?d'heélrﬁ(gft g° Lys

Pro at c aaa caa aac CccC Cct é‘ cca tca '

tat. 2704aétﬁrﬂ)r@§n |D SemsmzééﬁLPS-k:ﬁaﬂEﬁgeﬁyrﬁlc@|Slsl‘}§WnEn<F|g°r2)7 VREcdthBingft Tyr
700 70S 710 ggt tct gtg gaa atc aaa ccc cca a cgg aca aac tcg ata agt cgt

2752 Ay Eegtovglwas ablelte atienuate the Eo)xde effegty , ASd thisrrasubedér thie g 71S ~

2600 va) bk eated Byt of it by “?cgccfgaagﬁi%ﬁw%ﬁﬁsﬁﬁ&‘ia <730
73S 740 HIH
2848 Arg AR R e Bro P LhS By g Honign REnBEENEE 2P

750 756 7pfotgttiprgan thegPﬁecthaﬂengahmlmtTaaa)bstea/actloh sg@gegtgtthaanke bALEQg gta.
2896 Val Aﬁ Leu Ala Ser Lys Val Lys Leu Pro éjléi r Arg Val 76S ..
770 77S - 67 B@%ﬁummcma@mﬁoa@} prOtQDQﬁB@ F‘Q@OO/ 00162 ggg

wo A treedfoaiits EdiopGahol of s neRif s Riflefated Glmioal ™ oo

tct caa ggc aga aga tgt gac tct aat gga aac tgg agt ggt cgg 2992 Ay Ser
Gn Gy Arg Arg Q/s Asp Ser Asn Gly Asn Trp Ser @y Arg 79S 800 805 cca gcg
agc ] % t

099 aat 009 aakef mbgé'tﬁ‘égt%éwaapre%eﬁéé GG r§ade i 20,1 L1 2t
Asn Gy f‘ia?t in ggb%l{l'owhfs &rlpHEifg thé e E@NA%%gﬁﬁ%ﬁﬁge@% riﬁg gca

gga atc aga gca gac' cac” aa atg gg t

I'e Sex AheTrepombinaft prétein tas eApressed andpartialylsurifftboy Bibriiagteag t gt gga
gga tet eta ttg aat gag aaa tgg atc gtc act get gec 3184 Gn Cys Ay Ay
Ser Leu Lé&drafdtadpny apggetfigragan c}'ﬁpmﬁﬁegmpamvar ephaBx "8 1100 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. coli, 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 E. 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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Car ci noscor pi us rotundi cauda - 63 SUBSTI TUTE SHEET ( RULE 26)

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

s 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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Arg Thr Asn Ser Ile Ser Arg Val Ay Ser Pro Phe Leu Arg Leu 72S 730 735
Ar geakienicieptideslo®Poadriigindkés, Rrg Ala Ala Lys Pro Pro Pro Lys 740 745 750
Arg Ser Ser @ n Pro Ser Thr VaI Rsp Leu Al a Ser Lys VaI Lys - 66

;  ROTRGTHEPE006 ; 760 76S Leu
du d 70 77S 780 Glu
Arg Ty 8S 790 79S 800
Asn G ySAsn Trp [Sex0.@ y[ Acq0Prd ABa Ser Tys|10% al10D peAht Tys 80S 810

'81S Ay AfgAver Asp|-0.03Frjo &Gy Sdr BooO e71T ¢ (%t I ighhly | Asn Ser 820

830 Thrys& u TTe Tx0.63 N Tep.0PT Ir_:,obnﬁla
84S Al A SA3P HI S PS&aFET| TIgus g Ly G leu Leu Asn 8S0
860 d LWW Hre’ Almr—t $er Ala Thr 86S

' 87S SHITAT HE—Hre—fppHrogsh : psoiet—t Leu Ay Lys
= 8B5 '»{}éc‘%%élay _ S $P A An val Arg
Al a 90 IE&b‘chM' ST s i) r—Ae-ﬁ—ng—As-&Pro Gy Asn

Asn Pheigaba ro Val Thr Leu
Thr Ar_ﬁ’ 935S EZ & | 'lehTh[';‘I Thr Arg
H s Leygs —5P | al—Val Thr y Trp
Leu Asr di!exAlgu G% HO-FFS—ASH H—Se t A He-—dn Gn Al a Val
Pra Val Yali ﬁf&%cmﬁg&l%% Thr Cys Gu GI u Gy Tyr Lys Au Ala
Leu Pro Leu Thr 995 1000 1005 hr Qu Asn Met Phe Cys Ala Ay Tyr
Lyss Gy Amly MiOrvalhg pasregoifed. SUBSTI TUTE SHEET ( RULE 26)

\rg Trp Leu 83S

o)

c Hemolysis was done on human erythrocytes. Values were converted from its MW of 3198,
d Time-kill kinetics were tested on Escherichia coli.

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

Superscript at the end of the peptide name denotes the related journal number.
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caa
Thr

. caa

LYs
gaa
Lys

act
Val
acc
Leu
tgt
Val
ttc
‘Leu
tet
Leu
tca
Val
geg
Val
gac
Leu
ttc
Arg
gat
Ay
aga
Al a
get
Val

gaa
Leu
t gt

aca tta acc tgt cag ggt aat ggt cag tgg aat gga cag ata 770 A n Qu
Thr Cys Gn Ay Asn Ay An Trp Asn Ay G@n Ile 240 29 S 250 cca
aag aac ttg gtc ttc tgt cct gac ctg gat cct gta aac 818 Pro G n Cys

Asn WOONAF28Phe Cys Pro Asp Leu Asp Pro Val Asn 2S5 ~POBEGUEE8IRat get

cac
Val

gaa
Thr
tta
Lys
gtt
Lys
ttg
Asp
ttyg
Thr
gtg
Cys
gtg
H s
ctg
Asn
cga
PHe
gga
Trp
gcc
Trp
gtg
Leu

aag gtt aaa att ggt gtg gaa caa aaa tat ggt cag 866 Hs Ala Gu H's
Lys Ile Ay Val Qu A@n Lys Tyr Ay d@n 270 27S 280 - 69

SUBSTI TUT. ,eHEET (RULE 26) WO 01/ 027289 PCT/ SG00/ 00162 ttt cct caa ggc

at acg tgt tcg ggt aac tac ttc 914 Phe Pro An Gy Thr Qu

Tyr Th P 295 . ttg at gt tft, gac
aaa tgért%% ccC ega%teé%éhq)é{'e&ggc E%iocé%g “E%&t%% el fihr
QrsougtioubrthisARirumhent Sefachrsucheirtid s BERbFIA ' ca tcc
aaa e%%g gca gac aga gag.gtc gac tgt 1015)%(3 g:/&égrra%argﬁg?o er "Cys
\RY refeeensepymsushditationl. Asp Cys 320 32S 330 gae agt aaa get gta gac
gat gat gtt ggt gaa cct gte agg 105B Asp Ser Lys Ala val Asp Phe
Asp val Ay Gu Pro Val Arg 33S 340 34S ate cac tgt ect get ggc tgt
ara gegariifih RACMatdiin igadtSHL hRgH [ Cys Ser
Ala dy Thr Val Trp %&%Sg’gg‘gé%@' gégﬁg(ﬂ&a%ﬁg@éﬁﬁgg%ﬁ%eaa ctt tcc
tgolecytar gpatheganestscofoertdat@id sfiibck ahdordem faylurdd MolGMedl-%d@?r Ser
c

é{é‘g Algé{ Ile H's 365 370 375 get ggc aag ett cca aac t gga gga
)g’ﬂz B %aac aat 1202 Ala Ay Lys Leu Pro Asn Ser Ay dy Ala

Val Val Asn Asn 380 385 390 395 ggc ccc tac tcg gac ttt ctg ggt agt
aat ggg ata aaa tcg, 125U Ay Pro Tyr Ser Asp Phe Leu Gy Ser Asp
Qy |lKrelys MeAckéfRad®d I 4 HIUGERIHYRS., Krfusa G WC! Rigdkl, @EC €99 agt
ttc gat tat gtc cgt 1298 Gu G u Leu'Lys Sér Leu Ala’'Arg Ser Phe
A@?&S%Vr W/andapdreesen, R. 4937) Accanparatiee goalysigtofaytokimea gga t gt cct

Bl AR 338 habion By hgciese k?@q%eépééédaﬁoec{aﬁsée%a?@géiaﬁs cag
G SEPrRARCdE A SR I g RS, RmIRiady S2rH, 388 "o or Cor

ctg gac 1442 Ala A n dy Val Cys Thr Asn Met Ala Ala Arg Leu Al a
p 460 46S 470 47S SUBSTI TUTE SHEET ( RULE 26) WO 011 027289

PCTI SG00/90162T1258Y ¢4t a0d Lamry.ceh. aR90) ddetrole ateytgkigeavedietas dyaeptiyy aaa
gag 1%90 MK%VV§U§I?3 Pilqsésn Ser Leu Thr Au Thr Leu Arg Ay Lys Gy

20

25

4, Zahringer, U., Lindner, B. and Rietschel, E.T. (1994) Molecular structure of
lipid A, the endotoxic center of bacterial lipopolysaccharides. Adv. Carbohydr.
Chem. Biochem. 50, 211-76.

5. Armstrong, P.B. and Rickles, F.R. (1982) Endotoxin-induced degranulation
of the Limulus amebocyte. Exp. Cell Res. 140, 15-24.

6. Levin, J., Tomasulo, P.A. and Oser, R.S. (1970) Detection of endotoxin in
human blood and demonstration of an inhibitor. J. Lab. Clin. Med. 75, 903-911.

7. Novitsky, T.J. (1994) Limulus amoebocyte lysate (LAL) detection of
endotoxin in human blood. J. Endotoxin Res. 1, 253-263.
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4H0-485 490 tta aca ace acg tgg ata gga ttg cac aga cta gat get gag aag cce
1538 Leu Thr Thr Thr Trp Ile Gly Leu H's Arg Leu Asp Ala Qu Lys Prv 495
S00 505 ttt att t%g gag tta atg gat cgt agt aat gtg gtt ctg aat %at aac
1586 Phe WP u Leu Met Asp Arg Ser Asn Val Val Leu /SGI80A3  S10
S15 S20 cta aca ttc tgg gcc tct ggc gaa cct gga aat gaa act aac tgt gta
1634 Leu Thr Phe Trp Ala Ser Ay Qu Pro Ay Asn Au Thr Asn Cys Val S25
S30 S35 tat at ac-atc caa gat c g.cag tct gtg tgg aaa acc aag tca
1682 Tyr fet fi Toegeh T g@:éﬁgﬁ% G‘O@éﬂgwgmmme)/@efwnﬁe inys Ser 590
545 ' S50 i . eg: ~A0ic tytl,_ tgc atg atg gat ctg tca gae
aga 1730 aﬁ@@&% Cgﬂr?bpflgﬂ'sgg&gg'ralgﬂglsAlltaﬁCE@'NEt Met Asp Leu Ser Asp Arg
S60 56S S70 aat aaa gcc aaa tgc gat gat cct gga tca ctg gaa aat gga cac gcc
1776 Asn Lys Ala Lys Qé's Asp AsR Prv GICP/ Ser Leu Qu Asn Ay H's Ala 575 .
S80 58S afa ct Naka®, Hgd asHia MagbhemtS.cand Tejpditid. (1995)dHepagin ¢ftdcts oh at a:
1826 Thr i 1 Ser || Gy Phe Tyr er Ser 1le S90
S95 608 agga?égfd&&c%?&@%gy&9{1&8{%@’?%%@/% U'&?%Q{ﬁ@gagégtzzg}aa acc gta
1874 Arg Tyr Sex Cys Qu Val Leu His Tyr Leu Ser Ay Thr Gu Thr Val 605
slo s15 act tgt aca aca aat ggc aca tgg agt get ect aaa cct ega tgt atc

1922 Thr )s TRinghkL.AMavas M A, angHSeB. Al $OFMdoleysiaPeoniigakys |1e 62.0
625 630 635 aaa gtc . atc é(_;c St@g&] caa &ac CCC_CCt gta cca tca tat ggt tct gtg
190 Lys VAFAY§Eedlahsisodactash cONA Bpe the Sipgapaserhorseshaeycraby Val 640 695

~6S0 . g t a tt ggg tca

2018 o u TSSO B naga0%. Mg PAthE By SR T8 gWip2a , 0L, " 655

660 666 SUBSTI TUTE SHEET (RULE 26) S WD 01/ 027289 PCT/ SG0/ 00162 cct tte,

ttg agg tag cca cgg tta cec ctc cca tta get aga gca gcc 2066 Pro Phe Leu ¢ °
Pl &.

Arg Leu Ar Boppastiee, $E&u, Ena, ColHao) B andyDiNga J A §189%) ExiBesson afa cct cot”
cca aaa C tcc tcg cga_ccc _tct act g.gac ttq 2114 Lys Pro Pro Pro
Lys Pro Aﬁér@gq%cg@lugﬂupaga Fagtor %eﬂDlgépBﬁ%ﬁen”ﬁ '6@&9'65’@-@5(4L6&41aaa

gtt aaa cgggcct gaa ggt cat tac cgg gta ggg tct ega 2162 Ala Ser Lys Val

Lys Leu Pro Qu Gy H's Tyr Arg Val Gy Ser Arg 700 70S - 710 715 gcc atc
tac acg tgc gag tcg aga tac tac gaa cta ctt gga tct caa - 2210 Ala Ile Tyr

Thr Cys Gg Ser Arg Tyr Tyr Qu Leu Leu Ay Ser @ n 720 72S 730 ggc aga aga
tgt gat t&é- aaRogeRshige $ég, Hai Bgand Bing, dda (4896 hExpressen@fy Arg Arg Oys

Asp Ser r [ r.o Q,a Ser 735 740 745 tgt att cca gtt
tgt gga ﬁggrﬁﬂ%‘zéﬁgug@@ak“@':@&t& EGP pt'b\qlr}'a Regtosisy dely Maring %Pb Val Cys
Ay Arg Seiotéeh 5¢8Y, 33493489 Ser Pro Phe Ile 7S0 755 760 tgg aae ggg aat tct
aca gaa ata ggt cag tgg ccg tgg cag gca gga 2354 Trp Asn Ay Asn Ser Thr

Gulle dy dn Trp Pro Trp An Ala Ay
13, Pui, AW.M,, Ho, B. and Ding, J.L. (1997) Yeast recombinant Factor C from
20 horseshoe crab binds endotoxin and causes bacterostasis. J. Endotoxin Res. 4(6),
391-400.

14.  Clare, J.3. et al. And Henwood, C.A. (1991) Production of mouse epidermal
growth factor in yeast: high level secretion using Pichia pastoris strains containing
25 multiple gene copies. Gene 105, 205-212.

15.  Hussein, A.S., Chacon, M.R., Smith, A.M., Tosado-Acevedo, R., Selkirk,

M.E. (1999) Cloning, expression, and properties of a nonneuronal secreted

acetylcholinesterase from the parasitic nematode Nippostrongylus brasiliensis. J
30 Biol. Chem. 274(14), 9312-9319.
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76S 770 77S atc tct-aga tgg ctt gca gac cac aat atg tgg ttt ctc cag tgt
gga: 2402 Ile Ser Arg Trp Leu Ala Asp Hi's Asn Met Trp Phe Leu An Cys Gy

780 785 - gga tct eta ttg aat gag aaa tgg ate gtc e cC cac
tgt gtc g‘%@&"%@gw Leu Leu Asn Qu Lys Trp Ile Val Thr Kei}sﬁ&g‘t’qlﬁ%s Cys

Val 800 80S 810 acc tac tet get act get gag att att gae cec aat eag ttt aaa_
atg 2498 Thr Tyr Ser Ala Thr Ala Qu Ile Ile Asp Pro Asn A n Phe Lys Mt

2546 Tyr 10 o'y AR Mishl o RtofRaodif, Wastili, Ao Ve 5307 °

83S ~ 840lkeharzgytya andealvai@gaes. 1991938m in@ gac cec
2504 G n Val Arg Gu Ala Lo JEo Ak k%gﬁ??%‘*d/@ﬁhﬁ*&@ﬁ@pm 84S

850 855 I1SErNE2ProBISETAYMITENSMIERD MBLAIE SB6irture \WDCOAHIETIBAB 1iKE; Té fREDIH 40162
ggc aat c t .gac_a cG. Ccta att caa ctg aaa act cot gtt 2642 Gy
Asn Leu Aé’f?“&ﬁga%ﬁ“ ?fea')é gcﬂ@'ﬁ'kﬁ@"@'HS-LAUB'Q&gChﬁW- 6% 67H4-8501.865 870 87S

act ttg aca aca cga gtc caa cca atc tgt ctg cct act gac atc aca 2690 Thr
‘Leu Thr Thr Arg Val Gdn Pro Ile Cys Leu Pro Thr Asp Ile Thr 880 88S 890 aca

aga gaa cht ttiigheti, $aG. anc Glarfretib AE JGD99) ImedbiRedl BeFersTgr ?s?)%ﬁecgﬁtf Ar g
GQu Hs u Lés.gu Gy Thr Leu Ala Val Val Thr Gy Trp 895 900 9 é ggt
ttg aat (_I}'g’&”%l ¢ oo gadisniioalcle gegtianest Electiapbergsiset 5(§+9), 2086- 1943, Leu
Asn G u Asn Asn Thr Tyr Ser Qu Thr Ile An dn Ala Val 910 ~ 91S 920 cta
cct gtt gtt gca gcc agc acc tgt gaa gag ggg tac aag gaa gca 2834 Leu Pro

Val Val Alg Almafer MY, Wirde, @.6., @rrrfh Y1.8Y Snhbi, .L‘Haﬁh%@@?&ggﬁﬁ)@agac tta

cca ctg aca gta aca gag aac atg ttc tdt- gta ggt’tac aag Pro
Leu THY \Bactemigidalfpermaabitty-imireasiys pAoteinthas diydotbyin-SAdrEhPSEIIHSIaag gga

cgt tat t _gcc, t g gac agt gga gga cct tta gtg 2930 Lys y Arg
Tyr Asp %ﬁn&rngggl'éggf ggéﬁggp Ser Ay Ay Pro Leu Val 960 96S 970 ttt get gat
gat tcc egt acc gaa agg egg tgg gtc ttg gaa ggg att_ 2978 Phe Ala Asp Asp
Ser Az~g Thr Gu Arg Arg Trp Val Leu u Ay Ile 97S 980 98S gtc agc tgg

ggc agt ci® adiagea H.Sl Glmora 1.0 WaAKIighY N.aAngse, 8926 qj, Trp Gy
Ser Pro Ser @ Lys Oﬁa Agn dn Qy? dy 990 898' %%(IS' |Sg\?:"ttc act

Cys Ay
aaa gtt dHESCH: é-h,t%lvea@, &8s, WhytestR.1.adgpolayyV.M. @nat Nodtsky, Ty (PBe2)Thr Lys
Val n / er. . Irp llLe Arg G he Ile 100S 1010 101S t gaaact gat
ct aagfsat ?@hggg;‘a{gf@ﬂﬁr%lg?é&é%Fed?&@(ﬂ 6\5 Et”&u'% M‘BE@@QW@Eﬁa%\@@ Fgetoraa
cccat aagaqa,fgg‘tyﬁﬁ@hggog agpGagA aggatcattg tttetgtttg 3194 tttttacaaa
tggttatttt agtcagtgaa g}ggaat agt "atccattgaa gactgttacc 3254 ttttattcta

cctttttata ttactatgta agtatttggg atatcttcta cacatgaaaa 3314 - 73

SUBSTI TUTE) SHEET QRULE 26}
. Appelemelk, B.J., An, Y.Q., Geerts, M. Thijs, B.G., DeBoer, H.A., MacLaren,

D.M., DeGraaff, J. and Nuijens, J.H. (1994) Lactoferrin is a lipid A-binding protein.
20 Infect. Immun. 62, 2628-2632.

21.  larrick,J.W., Hirata,M., Balint,R.F., Lee,]., Zhong,J. and Wright,S.C. (1995)
Human CAP18: a novel antimicrobial lipopolysaccharide-binding protein. Infect.
Immun. 63(4), 1291-1297.

25
22.  O'Riordan, J.F., Goldstick, T.K., Ditzel, J. and Ernest, J.T. (1983)
Characterization of oxygen-hemoglobin equilibrium curves using nonlinear
regression of the Hill equation: parameter values for normal human aduits. Adv
Exp Med Biol 159, 435-444.

30
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WO 01/027289 PCT/ S0/ 00162 ttctgtcatt ttaccataaa tttggtttct ggtgtgtgct
aagt ccacca gtagagaacg 3374 atgtaatttt cactagcaca tgaaataaat atagaacaaa

tctatt at

taa 3434 aaaaaaaaaa aaaa ( 3448 <210> 4 019 <2l 2>
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st
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23y b vr AT YorkblpabBns 37 iadinsdiag Wi epicen Aoy & asp

chrd&raniem@x:aépllj P @1 B'L@n& 9063-g0 75 80 Tyr Lys Arg Cys Gn Gu
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TrpQIsSerGyGUQIanQ/s 100,1051IOLysAsnGyGyIIe
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o7 G e, gé%frﬁ@ et Mopadgl Gl {3909 Hevbaliaton dhandetoxinap

898 V3 I A BT I I T

OM385Be1B58.0 Asn GI y An Trp Ser Asn Phe Pro 74 SUBSTI TUTE SHEET

(RULE 26) WO 01/027289 180 18S 190 PCT/ S0/ 00162 Pro Lys Cys Ile Arg Qu
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Ser

Met VaI Ser Ser Pro Qu Hs Ay 19S 200 20S Lys Val Asn Al a.Leu Ser

5 | 954, Rl D B0 TS B 10

A%Qda;aga\%(”(k%?)%@u@léh g PR 2R gBRnL RBnA i e GQ/; vl

Lyeukeynia Gelfs by a pharbBt dieSten. GancdhRel 42(3301 2851686, Val Thr Tyr Thr
Ay Asn Tyr Phe Leu Met Gy Phe Asp 290 29S 300 Thr Leu Lys Cys Asn..
Gy Ser Trp Serr Ay Ser Gn Pro Ser 3fl5 310 31S 320 Cys Val Lys

Vi 3S. AS Phe
sp Aspg{\/éa L% W%@P%gwm’%ﬂl@%é\l @:y}s/a?-‘f’ E 3‘365 SO Ay
LedergbherA]a S 360 365 G u
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wtaBondiEacafeyidi Bastol, Jrfontfent g5seb1 rderdy. A &y a2o 425 430

Gy Cys Pro Asp Ay Trp Phe A u Val Asp GQu Asn-Cys Val SUBSTI TUTE

SHEET (RULE 26) V

20

25

30

27.  Cory, A.H., Owen, T.C., Barltrop, J.A. and Cory, 1.G. (1991) Use of an
aqueous soluble tetrazolium/formazan assay for cell growth assays in culture.
Cancer Commun. 3, 207-212.

28.  Riss, T.L. and Moravec, R.A. (1992) Comparison of MTT, XTT, and a novel
tetrazolium compound MTS for in vitro proliferation and chemosensitivity assays.
Mol. Biol. Cell 3 (Suppl.), 184a.

29.  Lehmann, V., Freudenberg, M.A. and Galanos, C. (1987) Lethal toxicity of
lipopolysaccharide and tumor necrosis factor in normal and D-galactosamine-
treated mice. J. Exp. Med. 165, 657-663.

30. laub, P.B. and Gallo, J.M. (1996) NCOMP--a windows-based computer

program for noncompartmental analysis of pharmacokinetic data. J Pharm. Sci.
85(4), 393-5.
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WO 01/ 027289 PCTI S0/ 00162 435 440 445 Tyr Val Thr Ser Lys G n Arg Ala Trp
GQu Arg Ala @d@n dy Val Cys 4S0 4S5 960 Thr Asn Met Ala Ala Arg Leu Al a Val
:'Leu Asp Lys Asp Val Ile Pro 46S 470 47S ~ 480 Asn Ser Leu Thr G u Thr Leu

Arg Ay Iﬁoﬁﬁz*ﬁeu Thr Thr Thr Trp 48S 490 495 lle Ay LECTHGHV/NMIG2 Leu Asp
Ala Gu Lys Pro Phe Ile Trp A u Leu SO0 SO5 S10 Met Asp Arg Ser Asn Val Val
Leu Asn Asp Asn Leu Thr Phe Trp Ala S15 S20 52s Ser Ay GQu Pro Ay Asn Qu
Thr Asn Cys Val Tyr Met Asp Ile @n S30 535 S40 Asp A n Leu G n Ser val Trp
Lys Thr Lys Ser Cys Phe A n Pro Ser 545 550 555 560 Ser Phe Ala Cys Met Met

Asp L : 0,57 Pro dy Ser L

GO hon Gy e 22hGs B FletiiefloRra i AR RIS V19237 GREORGE) phe Tyr

Aa Gy Seduset sensétizatignmrthseetrﬁyeff&tg,of%om.ﬁﬁ%awatk%%ﬁi §91T¥1§§Le“
r

Ser Ay -FI}r]é @Val Thr Cys Thr Thr Asn 610 61S 620 Gy rp-Ser Ala
Pro Lys ) ‘Ile Lys Val Ile Thr Cys 62S 630 63S 640 G n Asn Pro Pro

Val Pro Ser Tyr Gy Ser Val Gu Ile Lys Pro Pro 645 650 65S Sex Arg Thr Asn
Ser Ile Ser Arg Val Ay Ser Pro Phe Leu Arg Leu 660 665 670 Pro Arg Leu Pro

Leu Pro L3 AlKephigy B\ aard mMdigs PRI 9958 ONGH ; o Arg Ser Ser
GAn Pro Ser Thr Val Asp Leu Al a Sgr Ly@Va%rE@t@g%@ﬁgE@Z% UTE SHEET
(RULE 2f iimcomplgieqaysepvat®ns PLTABGSEI0BLSR. 630469518100 Leu Pro Gu Gy Hi s
Tyr Arg Val Gy Ser Arg Ala Ile Tyr Thr Cys 705 710 715 72p G u Ser Arg Tyr

Tyr Gu Leu Leu Gy Ser An Ay Arg Arg Cys Asp 72S 730 73S Ser Asn Ay Asn

Trp S A Ser ) 7S , Ser As
Sef Pro Ay SenEeS Gyt O aarchies] ¥, Rutetfor 88d SRikee. Fadoll U e &Y
G n Twp FrdimicobGlractivity 6f polylcatiSeic pﬁrpﬁdéﬁ.pPbpﬂd€s7.02(7:7§265-7.l§98'°\| a Asp His

Asn Met Trp Phe Leu Gn Cys Ay Ay Ser Leu Leu Asn 785 790 795 800 G u Lys
Trp Ile Val Thr Ala Ala H's Cys Val Thr Tyr Ser Ala Thr 80S 810 81S Ala G u

rop rsp F WRSERHR. Kfhre) HaBietdts, vaikodnbr dio BAMH HE 816 545 Lo élrﬁ
e H H60 Asp |
!AI.eaHLZu\(?%derﬁ%ﬁ?\gEghéiq}gg%?{r P%rﬁlaﬁf\gzla%l;ﬁ?t‘ifé;nb@ﬁpﬁ;ﬁ%&g@gﬁ% o 875 880

Val G n Rysteine:fregsandeexppessethin bse maerowhand bestidl Pret UNEE ] Acdee $cp8S 890

895 Lys %#}\ z]s'gglésu Ala val Val Thr Ay Trp Ay Leu Asn Gu Asn 900 905
910 ASn ‘Tyf: “&’u Thr Ile GIn G n Ala Val Leu Pro Val Val Ala 915 920

925 Ala Ser Thr Cys Qu Gu @y Tyr Lys Qu Ala Asp Leu Pro Leu Thr 930 935
~ 940 Val Thr A u Asn Met Phe Cys Ala Ay Tyr Lys Lys Ay Arg Tyr Asp

SUBSTI TUBS. SHBaFbaa)JSE Béincasa@. ORis88, 788248, MSEhPEENRSS, R. (1999).
SMAP-29: a potent antibacterial and antifungal peptide from sheep leukocytes.
FEBS Letts. 463: 58-62.
20
| 36.  Teshima, T., Ueky, Y., Nakai, T. and Shiba, T. (1986). Structure

determination of lepidopteran, self-defense substance produced by silkworm.
Tetrahedron. 42: 829-834. '

25 37. Sawa, T., Kurahashi, K, Ohara, M., Gropper, MA., Doshi, V., Larrick, JW.
And Wiener-Kronish, JP. (1998). Evaluation of antimicrobial and
lipopolysaccharide-netralising effects of a synthetic CAP-18 fragment against

Pseudomonas aeruginosa in a mouse model. Antimcicrob. Agents Chemother.
42: 3269-3275.
30
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Ala-Cys Ser Ay Asp Ser Gy Gy Pro Leu Val Phe Ala Asp Asp Ser 96S 970 97S
Arg Thr Qu Arg Arg Trp Val Leu Qu Ay Ile Val Ser Trp Ay Ser 9BO 9H5 990
‘Pro Ser d C%/s @y Lys Ala Asn An Tyr Ay @y Phe Thr Lys Virl 99S 10Q0
1005 Asn WARI01/A%7@8% ey Ser Trp Ile Arg G n Phe Ile 1010 101$CTHRGH0803/ 00162
SUBSTI TUTE SHEET (RULE 26) What is clainmed is: 1. A nmethod for treating
gram negative bacterial infection in a subject conprising adm nistering an
anount of jpecopbin t or ef fective for producing bacteriostasis. 2.
The et nodbor BpapmG. (9. TheSaBosetsibohstnoagoa Iteins Meddiad by a
yeast hosysgelgh. or by an insect host cell. 3. The nethod of claiml1,
wherein said reconbi nant Factor C | acks serine protease activity but

retains lipid A binding activity. 4. The method of claiml, wherein said

r econbi nagé Faét or C.Is encoded by a nucleic acid that hybridizes to a
nucl ei ¢ aéPd hBrg. dke PIEie i Nathamson, . NCUDMHVOISEF.) OgNibedelfRier

tri t i td ops. T f claim1 ip th onbi nant
Factor’ ¢ FEoDnHhF shosk i ulRhenBefnceadhe uioiandas sEeiisornes, nas
50, st QADIS il L R P OrE e

sushi domains |inked by random am no aci d sequences. -79 r 6. The nethod
of claim wherein e_reconbinant Fact C has_at |east am no acids
60- 70, 1789185,&&3%632?01‘-2@%&’6}%%%@” %&92272.6-3% met hod of claimi,
wherein the G am negative bacterial infection conprises bacteria selected

fromthe group consisting of E. coli, K pneunoniae, P, aeruginosa, and S.

t yphi nuri d4in 8Tobibs Prét lebdl.pd Exp Med 1986hes4i T7A-fg3subj ect is a mammal . 9.
The met hod of claim1, wherein the anbunt administered is within the rangeig

of 0.1 to 3 ng per kg bhody wei ght of the subject. 10. A nethod for

purifyjng sa Yal al .of en in,co istng inmmobilizing a
polypﬁktigg'co }ékﬁng'ggggnbﬂﬁﬂwy“ﬂﬁbg t#ﬁgpggéééécharide bi ndi ng domai n
of a Factor C protein on an insoluble matrix, contacting said sanple with
the i mobilized pol ypeptide, and separating said sanple from said

i nobi | i z83. polrgpiapth. Ge et all, ] Biot Gnenhd689f 264:a1086/0108MEr ei n sai d
pol ypeptide is selected from

44.  Elsbach P. et al., Curr Opin Immunol 1993; 5: 103-107.

45. Rogy M. A. et al., J Clin Immun 1994; 14: 120-133.

46. Tanaka S. et al., Biochem Biophys Res Commun 1982; 105: 717-723.

15 47. Morita T. S. et al., J Biochem 1985; 97: 1611-1620.
48. Aketagawa J. et al., J Biol Chem 1986; 261: 7357-7365.
49. MutaT. etal., J Biochem 1987; 101: 1321-1330.

50. Alpert G. et al., J Infect Dis 1992; 165: 494-500.

51.  Fletcher M. A. et al., J Surg Res 1993; 55: 147-154.
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t her group consisting of am no acids 1-333 of a Factor C protein; -so at
| east one nenber sel ected fromthe group consisting of a sushi 1 domain of

~'a Factor (ﬁ a sushi 2 domain of a Factor C protein, and a SUShI 3
DM

domai n oY o4 C protein: a sushi-1 peptide; a sushi-TEFSE0462 2
sushi -3 peptide; a sushi-30 peptide; a sushi-4 peptide; a sushi-5 peptide;
a sushi - 6- vgi peptide; a sushi-7-vg2 peptide; a sushi-8-vg3 peptide; and a

neaat | ve Saact SHTER G-ritalbe LR CbRMelodh St e EPG <l pol Ypept de of

claim10 to a subject in an amount effective to bind |ipopol ysaccharide of
sai d gram negative bacteria and anmeliorate inflamatory response to said
| i popol yS3echdNakaaurad. eftab, diivicthemh 1988] %1216%93[1617113 said pol ypeptide is

‘a nmenber selected fromthe group consisting of a sushi-1 peptide, a

sushi - 1D peptide, a sushi-3 peptide, a sushi-30 peptide, a sushi-4 peptide,

a sushi - §4qpepiv; ! hi L i-7-vg2 peptide, a
sushi - 8-vg3 pgﬁ?gﬁé?‘ﬁﬁﬂ g'@&?ﬁ%“§ b QGS s §%%§14 The net hod of claim 12,

wherein said pol ypeptide is substantlally free of henolytic activity but
retains | pldﬁé bi_ndi ng activity. 15. The method of claim 12, wherein
t he gran§ egat@le Th£d vﬂamoﬂﬁﬁﬁdBQSnlbbnbl3hé§35acter|a sel ected fromthe

group consisting of P, aeruginosa, K, pneunoniae, and H, pylori. 16. The
met hod of claim 12, wherein the subject is a mamal. 17. A nethod for

treatsng5er piLevieny.ichal Bhﬂ%hﬁﬁ‘ic&{)kir% ggéw B @4 1ve bacteria
und a pha

conpri sing admi nistering to said rdaceut|ca conposi tion
conprising a therapeutically effective anount of a pol ypeptide consisting

essentialLy o | i popol ys hari de bi nding domain of a Factor C protein
and a ph mcé‘?ﬁ?gﬁﬁﬁggé\éégpg%ﬂg'%ﬁm £986,0k54:3dilcd21f or nul ation. 18. A
nmet hod for the detection of gram negative bacteria or of |ipopol ysaccharide
in a sanple conprising contacting a sanple to be assayed for the presence

of said §B8am fMeganageeFbeicileréd OBioth@RPWarsSagyhapsdg eV th said pol ypepti de
of claim 17 wherein presence of gram negative bacferia or

Ilpopolysaccharlde |s i ndi cated by a conplex bet ween sai d gram negative
bacteria 8" ch d ol ypeptide of claim17. 19. The
met hod o cI al f?tﬂﬂsﬁtﬂgﬁﬂ ;‘?raé]i §§ hi st ol ogi ¢ assay. 20. The net hod
of claim 18, mhlch is a solution assay. -82
10 60. Roopashree S. D. et al., Biochem Mol Biol Intl 1995; 35: 841-849.
61. Ding J. L. et al., J Endotoxin Res 1997; 4: 33-43.
w 62.  Bradford M. M. et al., Anal Biochem 1976; 72: 248-254.
63. Laemmli U. K. et al., Nature 1970; 227: 680-684.
64. Iwanaga S. et al., Japan Patent Agency Official Bulletin 1980; S57-108018.
Is 65.  Pieroni R. E. et al., Proc Soc Exp Biol Med 1971; 133: 790-794.

66. Brown D. E. et al., J Infect Dis 1982;/146: 746-750.

67.  Kloczewiak M. et al., J Infect Dis 1994; 170; 1490-1497.
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21.~The nmethod of claim 18, wherein said polypeptide is imobilized. 22. ,
The nmet hod of claim 18, wherein gram negative bacteria or

‘| i popol ysacchari de of said sanple is imobilized. 23. A nethod for the

det ecti oWQIVRAWe or fragnentary gram negative bacteria 8SFTE00/00162

| i popol ysaccharide in a sanple conprising contacting a sanple to be assayed
for the presence thereof with said polypeptide of claim 10, further
conprising a reporter protein. 24. The nethod of claim 23, wherein said
reporter protein conprises a green fluorescent protein. 25. The nethod of
claim 24, ergl .G S I | (XA ells and said

pol ypept i6 e co’ﬁépt{rélnz@lgd% %ermnﬁg]rfggﬁédets@@% rlg)?f ?ZQ%Z%UD consi sting of

SSCr FC- sushi - 1- GFP, SSCr FC- sushi - 3- G-P, and SSCr FC-sushi-1,2,3 G-P. 26. A
met hod for preserving a sanple from contam nation by gram negative bacteria -
conpri si rfeP-addvangirsii et pbl HpalBipehernfl99B4i213184t3P.sai d sanple in an anount
effective for preventing the growh of said gram negative bacteria. -83

27. An isolated nucleic acid encoding the pol ypeptide consisting

essents al yo, ofTgyi C. MRRAI A S 2¢RIBIdcAENMP1g9BY ngiglome-n9f a Factor C protein.
28. An isolated nucleic acid conprising a nucleic acid encoding a

| i popol ysacchari de binding portion of a Factor C protein of a horseshoe
crab selected fromith r onsi stin f:_am no acids 1-333 of a Factor C
protein; ﬁ | Mutra n@%@gngﬁoé@%ééé@ &%ﬂﬂ%@%f oup 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-iD
peptide; 22suséc B. Bepl ietl@l., MiGobins-18903pgBt 4gesg.a sushi-4 peptide; a
sushi -5 peptide; a sushi-6-vgl peptide; a sushi-7-vg2 peptide; a \i)
sushi H8-vg3 peptide; and a sushi-9-vg4 peptide. 29. The isolated nucleic

acid of claim fur rising a nucleic acid encoding a secretion

si gnal sezgenc@%ofa%r{;iﬁz}égggni n protein. 30. The isolated nucleic acid of
claim 28, further conprising a nucleic acid that encodes a reporter protein
or an affinity tag fused to the nucleic acid encoding the

| i popol ysa¢.chayjSi®atentdi, A2, pa4ti on of a Factor C protein. -84 31. The
i sol ated nucleic acid of claim30, conprising a nucleic acid encoding a
reporter protein selected fromthe group consisting of green fluorescent

pr ot ei n, kal . indase, and a luciferase. 32. The
i sol aisgd cl epg’eggpeg&%b%i'%?qﬂ @%/%92 rising a nucleic acid

76.  U.S. Patent Application 09/081,767

77.  U.S. Patent Application 60/106,426

78.  U.S. Patent Application 09/201,786

79. “Remington, the Science and Practice of Pharmacy”, 19™ Edition, c. 1995 by
the Philadelphia College of Pharmacy and Science.
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~a]ca] ca] ca] ca] cal ca] ca] ca] &

encoding an affinity tag selected fromthe group consisting of a

- pol yhi stidi ne sequence or biotin. 33. The isolated nucleic acid of claim
29, wherein the nucleic acid encodes a nenber selected fromthe group

consi st iwQ 0288Cr FCES, SSCr FC sushi - 1- GFP, SSCr FC- sushi p81SE0v/0@bz

SSCr FC-sushi-1,2,3-GFP. 34. A nethod for producing an isol ated

| i popol ysacchari de binding protein conprising: i) culturing a host cell
transfornmed with the isolated nucleic acid of claim28 to produce said

| i popol ysaccharide binding protein in a culture medium and ii) isolating
sai d |ipopol ysaccharide binding protein fromsaid culture nmedium -as 35.
The nmethod of claim 34, wherein said isolating step ii) conprises
ultrafiltering the culture nediumw th 100 kDa and 10 kDa nol ecul ar wei ght

_cutof f menbranes and pr 8FAFAEFVE 8%kl ectric focussing. 36. A reconbi nant

pol ypepti de b%r'oduced_ by the process of claim34. 37. The nethod of claim7,
wher eFR*PhBING affdfeltd ve bacterial infection conprises bacteria sel ected

.fromthe gpfduptonsisting of K pneunoniae and E. coli. 38. The nethod of

cl ai m 34, r¥94RNs39Q i sol ating step ii) conprises ultrafiltering the

cul t ure2trelisumivRedembirEnckBctont©fth ovbe Aretenias@Fis ni ty chromat ogr aphy.
39. The isolated nucleic acid of claim?29, further conprising a nucleic

aci d t<mag> emeodesra reporter protein or an affinity tag fused to the

nucl ei ¢ acid encodi ng the |ipopol ysaccharide binding portion of a Factor C
prot eidiao> 86/214, Ae AyH. AY. AL AL Af. A A

5. Al . Ah@:A1Abs Al2-A Al . A{. A5. AS[. A5. Al 2. AL A5. Al. Al . A Af H. Al . Al u. An. Ay. A5. A@
AlAFLALCAA

3 AY. Aeds A AL AH L ALAKY. Ay. A+, AL AH A AL ACAF. AN A A 5Y. AHY9. ABHF9. AnY% Al Y

% A3[ | % AYHY% A, [ % A3HF L. AH3L. Al S% AYY. AY5Y. A5| % A L. A

uY% A5} % AAR9e Al 9. AYd L. ALS % ALN. A93. A9N. A9. A9. A&. A& A&F: yB"PK =&u
'} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] caU] ca] cTa] c: a] ca] ca] ca] ca] ca] ca] ca] c*a] ca]

ca] ca] ggl,cal ca] ca] ca] ca] c*a] cal] ca] cal] cal ! | bJr F% / 9Hxt C*Uzuoj e [V] ] ca] ca] c
a] ca] cay] cal,¢al ca] caV] ca] caV] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j

caj ca] c\{tc a] ca] ca! UXq[ Y/ <PcOf n~ysni c*"Xj e [V]] V] ca] caV]ca] ca] caV] ca] ca] ca
V] ca] c:afﬁé]é:a cal cgg{licuas] ca u(r:lglccae\ll\é]aca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]c”a]c
a/JYy r

SVESSHBBEI &V&e&&' R Z'b'' ' 2))*g**ytoje [V]]ca]ca] ca]ca] ca] ca]caV]ca]ca]ca]c
a) cay é%g]:cggsca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] cal * +#,

>, R - -

LA PP FB000299211223¢3] 33 xsni d_zU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cfa] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] caV] ca] ca] cal 35T5556
7666=776%¥88889. : | : : : : d;

L <t <8E25Pa3tg (RGBT c PEAIAF ]t atagaVi T dPEHPE S c ST\ CATF P ce] ca] ca] ca] ca] ¢
a] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >0?V???+@vaaoh’ A/ A>AAABY
BBBCOWDBES PEEF 7 FREFGOAHIYy e 3 teapa/|ace sdataf e dlce2g2g 8 c ajea¥esiccaital cal cal cal ¢

ajcav] ca] ca] ca] ca] ca] caU] cal] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca! 1H{ HH

11T 43c33AB3 SR KKRE dvbE NIvINNN@cac ttccaactta atacaattgg caaactttca 180

O O-00000' Pyt 0] e_ZU] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV]
cal ca] careabeai caheakeay crhetidpga] wahealeea] catoakiPORfERRHRP2QDOOLRZRRRS
SS) SsSSSITTUU( VI VWWIWKXXI Y} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cakhoaiheagealwtalc readgat cajcgal Rak cajgeedagd/ceedeatggav¥peal | YYY#ZnZZ
[TIIII[[$\p\\]a]i]] ~urrn] " Jaaabhbb| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca]gzatsakea] wrl eplge] frlcadGal cabsaddreaifalerte akeajreajLcakeal cal caj cal b
cBdddddddeHeoeveeeeeeef, f 4f Uf f f g\ ggh2h} hhi | w mhc”AYmhc”Y] ca] ca] ca] ca] ca] ca] ¢

a] ca] calsecat £akeahead &Rl carkeal ] cavhealvaylealcaylgal &ahealea] cal cal cal ¢

. aJca]calca

NP ] i&%@&ﬁ}ki &i&%&é’é@@%@lg QJaQDQ{aQQ]%JJaR%&%{X&JsL aWldgalcalseal cal ca] chal

ca] ca] ca] ca] ca] ca] ca] ca] cal'caJ ca] ca] ca] caU] cal ca] ca] ca] c™a] ca] ca] ca]ca]ca]c

) st Zttt 6u>yzu) A | I~S~0~~YCB=XGC~ L&
Ch] oh] CApeeTERR A A ek et R ot S R R T ol o e

] ca] cal G-

u} $kSc {VGF BT E51399) EHPEAT b &8t Caf BAE A1 5] €A1 ) 88 caUll@a] ca] ca] ca] ¢
331] }ca] cal] cg] gaa% gjlﬁza]la] ]ca]t]ca] ];a] é];:‘&] g%ﬂ] ]érgF]cr’Fﬁ}I}?ﬁ%%ﬁI;JSN‘ Uizuo} e ]ZU] ]ca] ]c"
a] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] c&V] ca] caV] ca] 5a] ca] cal] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] cal kaZE5?BL[ ] ;
dzupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] c*&f ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca! "od"q
t | HO6* $DL{ vql gb caj] ca] ca]cal ca] ca]ca] ca]ca]ca] ca]ca] ca]ca]ca]ca]ca]ca]c

L caflcaUl ca] o] o] SMPE] BT BHEET RULE VRBuT ZNheL - | zupki a1 V] Ul cal
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j hVzuoj e [ V] ] ca] ca] ca] ca] caV] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] c”a] ca] ca] c
~a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! VB) dyDLOYh3' t
-{Z| wwmhc”Y]]c]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]caU
] ca] ca] cwpoaprrica) ca] ca] ca] ca] ca] ca] ca! "vvT9)t eA~yt oj d_¥oumstddgomkd ca] cal] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]ca
] ca] cal] caU] ca] ca
?04n<+14MTKSH] Byt 0j e [ V] ] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] c*a] ca] ca] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca]ca] ca! BP.\| (OH2sl 2zuoj e [ V] ]
ca] cal:ca] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca]
ca] ca] ca] c*a] ca] ca] ca] ca] ca! %=TXnr RZgv%u ap h
G vpkfal\We [V]]]ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca] ca] ca] caV]caV]ca] cal] caU
-] ca] caieareatalealiga\dmahea Ve uravicagealgacdy cok gt m 640
YO| ~y Rk dedj end VA1 Jogkcaluc adcakealnavhe als aducaducajsalcakpal call ca] cal cav]c
a] ca] ca] cajeca] ca] ca] ca] ca] ¢fa] ca] ca] ca] ca] cajpca
| 7+2gcnyi p2| wnhc”Yje [V]]]]ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV]caJca]c
a] ca] G lgca]cc cel oagkc f&{ Lcalcalcaheadcalcal£avl Gre) P%ysP-*  !!

ca

#{nféu %gaéyxll caif%Lgadﬁa&aaLmbpalpﬁalml ca] ca] ca] ca] ca] ca
] ca] cal, a] caj ca] ca ca c caJcaV] ca] cgkcal] ca] cal u##SY§SI@&&) "' " 3(r (() QN

)p)) ) *] ***E++++ ./lzuoje [V]]ca] ca] ca] ca] caU] ca] ca] ca] ca] c™a] ca]ca]ca]c

~a] ca] ca] caV] ca calcal calca calcalcalcalcalcal /R //0c0112X22
2T]333]AE@] v%ﬁ%]@% gtfl %é% A%‘ %ﬁ % J‘E\/i j%a ]Cga]°85] ct!a] a’73\/] calca
V] cha] €Fa ca] ca] c ]‘E‘a][f?i]% Ca] cd ca] ca caJca ca] ca “Ca] ca] ca] ca]ca]calc
a] ca 8999:VY::
. <D<P<k<s<<< >B’>’>’>2@ @aaoao) AAB~yt oi d ZU] cal] ca] ca] caV]ca] ca] ca] ca] ca] ca]ca
] ca] ca %‘af&%t@ﬁéa'tﬂ]cca]ccafca’\mc%ﬁ“cafcﬁega Eaagé 1585]%¢4] T caiac‘"a] ca] cal! BBQ(
PG SHERR U\ 048] &) ca] ca] caV] ca] cal ¢
a\/] ca] ca] ca] ca] céfi’%a] ca] ca] ca] ca] €a] ca] ca] ca] cal] d8] ca] ca] ca] ca] ca] ca] ca] ca
] cal JJ &Ky KKKKQLYLf LuLLLM
N7 OOO# PFPRPDRS RRSTATY BRIWTE~gtoiags YieRatal PFE &VF capc#t]tce?g cal¥a] ca] ca] ca] ca
] ca] cafenlcda]les] ¢ éat Gy cleuc By ddpc@l aUMea]red] Rra] ¢aVFEa] ca] ca] ca] ca
TTTTUKUF UUUWARXYYZ! ZkZZ[ [\ \]] 8e$”, A 29 HM ~xsARc” Yk a\ W ] ] ca] ca] cal] ca] ca]
caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca] caV]ca] caU
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Trp
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aag ctt
Lys Leu

tac tcg
Tyx Ser

ttg aag
Leu Lys

aca gca
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aca
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cgt
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Asn Cys Val Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp
605 610

_l!n##

Lys
615

acc aag tca tgt ttt cag ccc tca agt ttt gct tgc atg atg
Thr Lys Ser Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met
620 625 630

gat ctg 2464
Asp Leu

tca gac aga aat aaa gcc aaa tgc gat gat cct gga tca ctg gaa
Ser Asp Arg Asn Lys Ala Lys Cys Asp Asp Pro Gly Ser Leu Glu
635 640 645

aat 2512
Asn

gga cac gcc aca ctt cat gga caa agt att gat ggg tte tat gct ggt 2560
Gly His Ala Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly
650 €55 660

tct tct ata agg tac agc tgt gag'gct 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 €75 680

éaa acc gta act tgt aca aca aat ggc aca tgg agt gct cct
Glu Thr Val Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro
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Lys Pro
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agt cgt 2752
Ser Arg
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Asp
800

tgt
Cys

tce
Ser

ctt
Leu

aat
Asn

act
Thr
880

tac
Tyx

gct
Ala

tee
Phe

cga
Arg

ttg
Leu
960

)8

tct
Ser

gga
Gly

aca
Thr

gca
Ala

gag
Glu
B6S

gct
Ala

tac
Tyr

ctt
Leu

gac
Asp

gtc
val
945

aag
Lys

aat

Asn

cgg
Axrg

gaa
Glu

gac
Asp
850

aaa
Lys

gag
Glu

cgt
Arg

gag
Glu

ata
Ile
930

caa

Gln

gag
Glu

109&' ()-910%& () -
:J;d;a@C 10
109%&' ()-910%&' ()-s10%& ()-9 10%& () -

104

#10%4| & () -
109 & () -

35T5556Z6dEbC 10 .-
' $10%4| & () -

104|y

109 & () -

PCT/SG00/00162

35@10%4X& () -3z

d;:: +<t <=>dEbC 10 Y' 10%& () -
LS109%& () - >P>>>0?V??dEbC 10
109%& (
-939 169%90)
BVBng A 16%F

gga
Gly

tca
Ser

ata
Ile
835

cac
His

tgg
Trp

ate
Ile

gat
Asp

atc
Ile
915

gcec
Ala

cca’

Pro

gga
Gly

- 62 -

a%éﬁiiéﬁ/kc

aac

Asn

gac
Asp
820
ggt
Gly

aat
Asn

atc
Ile

att
Ile

gac
Asp
g00

cac

His

cta
Leu

atc
Ile

aca
Thr

tgg
Trp
805

tect
Ser

cag
Gln

atg
Met

gtc
Val

gac
Asp
885

agt
Ser

gtg
val

att
Ile

tgt
Cys

tta
Leu
965

SUBSTITUTE SHEET (RULE 26)

agt
Ser

cct
Pro

tgg
Trp

tgg
Trp

act
Thr
870

cecc
Pro

aga
Arg

aat
Asn

caa
Gln

ctg
Leu
950

gca
Ala

(Q;F+: 100& &%

ggt
Gly

cgt
Arg

ccg
Pro

tee
Phe
855

gct
Ala

aat
Asn

gac
Asp

cct
Pro

ctg
Leu
91s

cct

Pro

gtg
val

b

cgg

"10%& () -
f fﬁv& ()-

2992

hrg

tct
Ser

tgg

3040

3088

Trp -

840

ctc
Leu

gcc
Ala

cag
Gln

gat

3136

31l84

3232

1280

Asp’

aac
Asn
920

aaa

Lys

act
Thr

gtg
val

3328

3376

3424

3472



109%| & ()-9Z"10%4| & ()- SH10%4| & ()- "10%1| & ()-10%| & ()- 10YBBOWDDE_EaB: /
~ 10S 1094 & ()-!10%| & ()- @#10%| & () -

1T 109VVE! () - - #10%4 & () - SZ9%40%4| & () - _EEE/ FzZFFGJE: /

10" #10%My@ ot b27280 10%4| & () - s$@ 10%} & () - PCT/SG00/00162

"10%| & ()-!10%4| & ()-Y"10%| & ()- GJGGGLH{ HHIE:/ 102z10%| & () -

s0"10%1| & ()-.f 10%| & ()- ,-10%| & ()- F+g 10%| & ()- ) @ 10%!| & ()-H

| EI114J8J9JaB7/ 10 104|f =10%}| & ()-:Z"10%}| & () - 8$10%}| & ()- !

y5"10% | & ()- y5"10%418& ()-3S 10%!| & ()-9J: J; IWJICKKK, M/

#109% & ()-9f ! 109% & ()- "F1l0% & ()- s 10% & ()- s"10% & ()-9 ! 109% & ()- 104|
104| , MVN NMVNN) Ca?miV = #10! 9! #109% (& () - 10% & ()- Z10% & ()-

3 10% & ()-fg#10% & ()- ! f ' 10% (& ()-) O~000GPP=QaBmV

#10! & #EOUEE (dp- 36 LOY(EEE (9232IRRB(AE’ (AT 2 BRY(’I(I=t S& 1094® () -

$#10% &h{ oLy SaBAsh GAROAsH AOHHTRY(T¥OFLOTEE Thr- 11e56) 0%& () - 310% & () -
S210% & ()97180 Y%A0% & ()- P18SS SS) SsSShC #BOVsm 10%4| & () - @ 10%4| & () -
. "10%| & ()-10%| & ()- 10( 10( 10(S =10% & () - SSITTUU( VdEbC #10! f

1098 & cb) -gct 0§64 &td )ocESHLOGE| God JoolHfdViE &/ ch) -9aBHdld%daticsd - 3 @s

10%t| &'clp-a¥} YAMWIMKXEEDBGY val Ala Ala Ser Thr Cys Glu Glu Gly Tyr

#10! F( Q%] & () - - #10%Ho&' () - &L$10%| &s63 - 10%| & () - Fo#d0%| & () -

Z#10%4| & () - XXI YYY#ZnZdEbC #10! f2 10%}| & ()- 010%}| & () -

aag gaa gca gac tta cca ctg aca gta aca gag aac atg ttc tgt gca
Lys Glu Ala Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala
1005 1010 1015

3616

3') ggt tac aag aag gga cgt tat gat gcc tgc agt ggg gac agt gga gga 3664
' Gly Tyr Lys Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly
1020 1028 1030

cct tta gtg ttt gct gat gat tcc cgt acc gaa agg cgg tgg gtc ttg
Pro Leu Val Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val
1035 1040 1045

3712
Leu

gaa ggg att gtc agc tgg ggc agt ccc agt gga tgt ggc aag gcg aac 3760
Glu Gly Ile Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala
1050 1055 1060

Asn

cag tac ggg ggc ttc act aaa gtt aac dtt ttc ctg tca tgg att agg 3808
Gln Tyr Gly Gly Phe Thr Lys Val Asn Val Phe Leu Sexr Trp Ile Arg
1065 1070 107S 1080

cag ttc att tgaaactgat ctaaatatttc taagcatggt tataaacgtc 3857
c Gln Phe Ile

6tgtﬁcctat tattgcttta ctggtttaac ccataagaag gttaacgggg taaggcacaa 3917

ggatcattgt ttctgtttgt ttttacaaat ggttctttta gtcagtgaat gagaatagta 3977
tccattggag actgctécct tttattctac ctttttatat tactatgcaa gtatttggga 4037
tatcttcectac acatgaaaat tctgtcattt taccataaat ttggtttctg gtgtgtgtgt 4097

taagtccacc actagagaac gatgtaattt tcaatagtac atgaaataaa tatagaacaa 4157

atctattata aaaaaaaaaa aaaaa 4182

<210> 2
<211l> 1083
<212> PRT

<213> Carcinoscorpius rotundicauda
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/s110%| & ()-L-g 10%4| & ()- +110%| & ()- )10%| & ()- nzZZ [T[[[[[[dE / 104]
 104| SF=109%4| & () - 3: 10%4| & () - &9"10%}| & ()- 37 10%}| & ()-3510%| & ()- 3
4110% & ()-[[[[$\p\\1xY:/ 104]s 109%& ()-" L10% ()- "L10%& ()- &nLO%: ()-
1109 ()wébdikd - 104]]ali]]"UdE:/ 104] sYL0% ()- sL! a8¥8chormo
1109 ()- 9S109& ()- | F109%& ()-f#10%& ()- ~N " JadE:/ 104 o511 10%
& ()- YMBLOY& ()- s109%& ()- s 10%& ()-sf!109%& ()- 9Z10%&' ()- JaaabhbbcdE:/
104 SFO "10%& ()-. 109& ()-9-s! 10%& ()- +&L0%&' ()-L) 109 ()- F(10%& ()-
cBddddddddbC 104| 10%& ()-*MLO%& ()-M 10 10 10:
109& () -Y9! 109&' () - S2! 10%& () - ddeoeef Uf dEbC 104| yT#109%& () -
109 ()-G' 109 ()- L!109& ()- sS109&' ()- "109& ()-Ufffg\ gghdEbC
104 ! 109&' ()--#109& ()- sL 109%& ()-  109& ()- "109%& ()- G'10%& ()-
~h2h} hhj i j JEDC 104| (109%& ()-9!! 10%& () -
Met Trp Val Thr Cys Phe Asp Thr Phe Leu Phe Val Cys Glu Ser Ser
1 - 5 10 1s
val Phe Cys Leu Leu Cys Val Trp Arg Phe Gly Phe Cys Arg Trp Arg
' 20 25 30

Val Phe Tyr Ser Phe Pro Phe Val Lys Ser Thr Val Val

Leu Leu Gln
3as 40

45

Cys Tyr His Tyr Ser Leu His Asn Thr Ser Lys Phe Tyr Ser Val Asn
SO SS 60

Pro Asp Lys Pro Glu Tyr Ile Leu Ser Gly Leu Val Leu Gly

Leu Leu
6S 70

5 80

Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly Val Asp Leu Gly Leu
8s 90 95

Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly Asp Pro Gly

Tyr Val
100 105

110

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

Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys Asp Ile Cys

Pro Lys
130 135

140

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

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Sexr Gly Glu Cys Gln Cys

16S 170 175

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala Cys Arg
180 18S 190

Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys Gly Cys Pro Leu
19S 200 205

Leu Pro Sexr 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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v

" 100& () -
104| @f 10%& () - OMLOY& () -
‘kk3lj 1ol plglrllxmbC 104]| 910%& () -

109%& () -

10%&' () -WbloYs
&10%&' ()-! 10%&' () - nZool pppEqaBnbC 104| Y3%L0%&' () -

@"10%&' ()-!Ffs' 109HH& ()-

3+#109%& () -

Lvi' ' 109%& () -
104] 7 109%& ()-f5 109%& () -

dEnbC 104| S %% () -

109& ()-f 109%& () -
- 10%& () -

ijjjkQkkkdEbC
& 109%&' () -1 +10%& () -
10 10 10F=109& ()- 9109%& ()-Y7 109%& ()-5

"109& () -

9 -

) 310%& () -

10%cekgoffiest 0%& () -

109& ()- 3" 109& () -
"109&' ()-: Eqqqrrr RsaBnbC 104|, ni 109%& () -
L& 109 ()-"109% ()- !F"10% ()- RssstztttdEnbC

3109%& () - 2f 10%& () -

LO" 109%&' () -

.SI10%& ()- tou;

u<u=u>u\ uvw_= 104|!) s$1PNWL' () - ! s$10%E&’ () - S&L0%E () 25510 10 10,
=109%&' () - 810%&' () - wWx3yyz% f | wX6_

10! 1) MB108%ex & Yoy 9! LORG h ¢y O BLALOGKXEE L) 5L SBHOURMGRE &)y
S$10% [ & () -f || ~I~Pe@-R-S~0~uj _

10GF F=1096& () -

G8=XaBj = 10! 1!
of 10908 ()-! $S ‘V&O%I-R+R&'
- 10908 () L)

Cys

308

Leu

val

Glu

Thr

Cys

385

Gly

Glu

Asn

Phe

465

Leu

Lys

i 1%@8%5(9

Gln

val

Lys

val

Leu

370

Vval

Phe

Cys

Leu

Ser

450

Leu

Ala

Ser

Gly

Phe

Ile

Thr

355

Lys

Lys

Leu

Ser

Ser

435

Gly

Gly

Arg

Gly

Asn

Cys

Gly

340

Tyr

Cys

Val

Asp

Leu

420

Ser

Gly

Ser

Ser

Cys

Gly

Pro

325

Val

Thr

Asn

Ala

Asp

405

Thr

val

Ala

Asp

Phe

485

Pro

4 10%
SEL ! 10U 0°

Gln.

310

Asp
Glu
Cys
Pro
Asp
390
Val
Ala
Cys
Val
Leu
470

Arg

Asp

29S

Trp

Leu

Gln

Ser

Asp

375

Arg

Gly

Gly

Arg

His

455

Asn

Phe

Gly

= 10L44

P A%
XGFa

f[)Q) O/%Q:%‘Py@ qu (Qle

Asn Gly Gln
Asp Pro val
330

Lys Tyr Gly
345

Gly Asn Tyr
360

Gly Ser Trp

Glu Val Asp

Glu Pro Vval

410

Thr val Trp
425

Ala Ala Ile
440

Val Vval Asn

Gly Ile Lys

Asp Tyr Val’

490

Trp Phe Glu
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1&109B080& () -,
 2510%e&! ()L #, 2$10%j&' ()-) MBLOYER! () - 0~~YGdEj
3" 10%0& (1y&¥a ﬂ-%@&\l(a)

-1s$10%e&' ()-!

730G 10

110 /&Y 1"‘]’(;'?{

10! 1! 1 sOMB1

b&()

3Y! | 10%0&

Gly Gln Glu

Ile
315
Asn
Gln
Phe
Ser
Cys
395
Arg
Gly
His
Asn
Ser
475

Ser

val

300

Pro

His

Phe

Leu

Gly

380

Asp

Ile

Thr

Ala

Gly

460

Glu

Ser

Asp

Gln

Ala

Pro

Met

365

Ser

Ser

His

Ala

Gly

445

Pro

Giu

Ser

Glu
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10! 1! 1s
10%3& ()

110%3&()-

(%hr Le Ekﬁ%

Cys

Glu

Gln

350

Gly

Gln

Lys

Cys

Ile

430

Lys

Tyr

Leu

Thr

Asn

Lys

His

i3s

Gly

Phe

Pro

Ala

Pro
415

Tyr

Leu

Ser

Lys

Ala

49S

Cys

Asn

320

Lys

Thr

Asp

Ser

Val

400

Ala:

His

Pro

Asp

Ser

480

Gly

val



1014 : 410%08 () -

“100F=10%0&' ()-}SPzX9_@ 10! $10%& () - 4! ;

$10%&' ()WODLOVH® () -4 ($10%&' () - 4! SH10%mME () - Z! SH10%SS&pEIsehlenél Y: | @
10mY=10%1& () - ! X9- $10%&' () - g! 9- $10%m&’ () - g! D9- $10%&' ()-g 69- $10%

& ()-9)10%& ()-@|} SV |

h& ()-910% h&' () -

10% h& () -
10m 10n8k SGaBmV |
sSY10% h& ()-! | @10%& () - &410% h& () - G' ndBN |

10% h& ()-93"10% h& () -
109%/#10% h& () -

8" 10%08 () - SF7310%08 () -5- 10%0& () - 310%0% ()-s, 210%0& () -
“)p}_@10! 1! SH10%T& () - Z! S#10%s& () - Z8&10%T& () - *L10%& ()-M 100 100

10% h& ()-!10%

10% h& ()-10% h&' () -

h& ()-s, &10% h& ()-$10% h& ()-"10% h& ()-!z 10% h& ()-
h& ()-2 10% h& () -

T OMB10% h&' () -
} #$983xmbd 10%539%Z& () -

h& ()-y5 10% h& () -3B, GAEnbC 10% sY10%Z&' () -

3100 by b O
e T o |

109@2& () -

' $1092& () - &@HL0%ZE () -
1098 () 1,10

530

E5<= >d ol
8l 10°/<Z&'

10Z! NS 109 (
o

10Z! NSB="

o

th

ddYNC 10Z!' NS 10 10
Tle Gly Leu His Arg

Met

Ser

Asp

Ser

625

Asp

Ser

val

Gly

Gln

705

Ser

Pro

Pro

Asp

Gly

Gln

610

Phe

Asp

Ile

Leu

Thr

690

Asn

Axg

Arg

Arg

Arg

Glu

595

Leu

Ala

Pro

Asp

His

67S

Trp

Pro

Thr

Leu

Ser

Ser

S80

Pro

Gln

Cys

Gly

Gly
660

Tyx

Ser

Pro

Asn

Pro

740

Ser

S6S

Asn

Gly

Ser

Met

Ser

645

Phe

Leu

Ala

Val

Ser

725

Leu

Gln

10% @' 109h& ()-Y Y"10%

h] dEMV |
. mL0% h& () - - &10% h&' () - F+10% hé& () -
10 h 1dbsh 10 h3=10% h&sf) -

10% 33" 10%

: 10% hé& () - 8z#10%

1092& ()- 109%&& () -
n a e M0t el0%Es &Ys F' 109%Z& () -
%Wégﬂﬁ (%3 ! ()9&1kd5m3% S)10%§/’§ " 109@& ()f)
" g 10%&' ()-"- 10%& ()- ! 109%& ()-azdBnbCl 10% 81

&fﬁ%

10Z! NS8*3" 100&' () 2109%&>

ok *%o%%g@

7T#109Z& ()-15
#10%

‘ﬁ)a val l.Q\@é (iys #\s&Ql@gil(e) Pr°3+1O(VZ&' ()

0%Z&' (

%@%123/% /z@n{v?]@fy&b%)%f oz

0109 () - -

! 10°/<Z&'

%50/

() - 3+ #109&

-1 100&&' O)->?L[1xY7]
Z 0% () -

Leu Asp Ala Glu Lys Pro Phe Ile Trp Glu Leu

Val

Asn

Val

Met

630

Leu

Tyr

Ser

Pro

Pro

710

Ile

Pro

Pro

val

Glu

Trp

615

Asp

Glu

Ala

Gly

Lys

695

Ser

Ser

Leu

Ser

Leu

Thr

600

Lys

Leu

Asn

Gly

Thr

680

Pro

Tyr

Arg

Ala

Thr

570

Asn Asp
585

Asn Cys

Thr Lys

Sexr Asp

Gly His
650

Ser Ser
665

Glu Thr

Arg Cys

Gly Ser

Val Gly
730

Arg Ala
745

Val Asp
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Asn

val

Ser

Arg

635

Ala

Ile

val

Ile

val

715%

Serxr

Ala

Leu

Leu

Tyr

Cys

620

Asn

Thr

Axrg

Thr

Lys

700

Glu

Pro

Lys

Ala

Thr

Met

Phe
Ss0

Asp

605

Phe

Lys

Leu

Tyx

cys

68S

val

Ile

Phe

Pro

Ser
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Gln
Ala
His
Ser
670
?hr
Ile
Lys
Leu
Pro

150

Lys

575

Trp

Ile

Pro

Lys

Gly

€SS

Cys

Thr

Thr

Pro

Arg

73S

Pro

val

10Z: dE7/
> @O%: () - d" odET/
- fy)' 10%& () -

Ala

Gln

Ser

Cys

640

Gln

Glu

Asn

Cys

Pro

720

Lys

Lys



103=109%& ()-:S 109 ()- S#10%& ()- 7#10%& ()- y53"10% ()- "q t dEYNC
- 10Z' NS f$109%G8 ()- 910968 ()- Z 10%& ()-LM 10958 ()- ni 1098 () -
“8109%G& ()-t1dEYNC 10Z!' NS f 10968 ()- : 1098 ()-f"10%% ()- 1098 ()-
$10%K' Wo oirdae& () - &H96aBYNC 10Z! NS . @10%=&' () - - 10p€EsGdoroo1e2
|+ 10968 ()- ! X( G 109%Kk& ()- & 3" 10%& () - : #1098 () - 6* SDAEYNC 107! NS :
10938 () - 9%A0%GE ()- 5f#10%3& () -3 ! 1098 () - @#10%G& () - 0" 10U’ () -
DI JKLYhbC 10Z! NSOmL0% h&' ()- s10% h& ()-!10% h& ()-L10% h& ()- 10G 10G
10G@=10%C& () - Sa@C 10Z! N NSY' 10%in& ()-' !cSY' 109%h& ()-' 10% h& ()- @10%
K& ()- @10% h& ()- 3"10% h& ()- ufaBbC 10Z! N !'L!10% h& ()-YS 10%
h& ()-110% h& ()- 10% h& ()- , 10% h& ()- !hSY 10%& ()-'ZMhaBbC 10Z! N 3+
10% h& ()- 'y)109Mh& ()- ' 10% h& () - &#10% h& 6(5)1’5$! 10% h& ()-"f#10%
h& () - el~dEb*510Z! N 5 10% h&P) - 310% h&' () - 0% h&' ()-L0 10% h& () -

- #10% h& () -, #10% h& ()-~")*+, 9HbC 10ZI N 3"10% h& ()-10% h& ()- 10 h 10 h
10 h<1@% & F}u gpz_g{%sh'&':( )l\rg val Gly Ser Arg Ala Ile Tyr Thr Cys

770 775 780

Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Ser Gln Gly Arg Arg

Cys Asp
185 780 795

800

Sér Asn Gly Asn Trp Ser-Gly Arg Pro Ala Ser Cys Ile Pro Val

Cys
805 810

B1S

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

Ser

Thr Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly Ile Ser Arg Trp Leu
835 840 845
Ala RAsp His Asn Met Trp Phe Leu Gln Cys Gly Gly Ser Leu Leu
850 B85S 860

Asn

Glu Lys Trp Ile Vval Thr Ala Ala His Cys Val Thr Tyr

Ser Ala Thr
865 870

875 880

Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met Tyr Leu Gly Lys Tyr
* 885 890 895

Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val Gln Val Arg Glu Ala
900 905 910

Ty Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe’
- 915 ) 920 925

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

Val Gin Pro Ile Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu

His Leu
945 950

9SS 260

Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp Gly Leu Asn Glu
96S 970

Asn
87S

Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val Leu Pro Val Val Ala
980 985 990

Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thr
99s 1000 1005

Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp
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7#10% h& () - HI<}~?bC 10Z! Ns"10% h& ()- 10% h& ()-!, $10% (& ()-L!, $10% h

" h& ()-L 10% h& ()-"10% h& ()- < tdEbC 10Z! Nl s10% h& ()- 10% h& ()-" S#10%
*h& ()-#10% h& ()-' #10% h& ()-, @ 10% h& ()- ; 5dEbC 10ZI N -"10% h& () -

+ " 10% h&o(0)/0271286.0% & () - &3%4.0% h& () - 398" 10% h& ()- y#Ppta%dgadisz 5xnbC
10Z! NL109%&Z& ()- 10 h 10 h 10 hf F=10% h& ()-710% h& ()-31#10% & ()- S/ %4.0%
h& ()- W.dAEnbC 10Z! NS$109Z& ()- !109%&Z& ()-!10%Z& ()- Lg#l09%& ()- 109%&Z& ()-
1 1092Z& () - ANl dEnbC

10Z! NL109Z&' () - &#109%Z&' () - &310%Z&' () - 109%&Z5& () -! 109&Z& ()-"10%& ()-!y-rdEnb

C 10Z!'N, 10%& ()- F+109%&Z& ()-y):!10%&& ()- ' 9%40%& ()-

| #109&Z& () - Ys$109%Z& () - HVaBnbC 10Z!'N: "109%&Z& ()-8 10%&& ()- 3 4

9%409%&& ()-1!13 %40%& ()-1 09109%Z& ()-.nm 10%&Z& ()- jbC 10Z! Nf @10% h& () -

, @10% h&°(P- & 10% & () - sib%gh&' ()- 10z 102%*%0z, =10%& () - hVdEbC 10Z! N! 10%
h& ()- . 110%h& ()-&G'10% h& ()- | 10% h& ()- S 10% h& ()- 10%

h& () MVB)TELTETLEH NP 199 Ak G}Y Pr2 kDo Ak TOF-H218% AP OFF YF9L0% h& () -

-"10% B85 () - @' 10% h& 1929 dyDaBbC 10Z! NPY>#10% h& () - 3L820%

| & ()-!635$10%hVh& ()- 110% h& ()- 010% h& ()- y)#10% h& ()-' DI JKLYh3b@
Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile Va} Ser Trp Gly Ser

1045 1050 1055

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

1070
Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
; 107S 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 tct ggt tta 50
Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu
1 S 10

o gtt cta ggg cta cta gcc caa aaa atg cgc cca gtt cag tcc aaa gga 98
IR Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly
15 20 25

gta gat cta ggc ttg tgt gat 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 3s 40

gat cca ggc 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 sa SS

tat cga tgg agg ccg tat tgt aaa cca tgt gat gac ctg gag gct aag 242
Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys
60 6S 70 s

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

Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu
80 85 90
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10Z-N!

. y$10%ME () -! 10%E () -
*h& ()-3 tdEb@ 10Z! Nl g#10%1&' () - SZ" 10%1&’ () -
"G 10%1& () - g#10%T& () -

$ 10%r& Woro121280%E () - | #10%m& () -

10MB8=10%& () -

:110%1& () - L10%T& () -

" 10%& () -
-{dEb@ 10Z! NI ) T#10%& () - & 3%A0%& () -
ZdYNC 10Z! NI
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" 10%18 () - 8#10%1& () - 2f #10%v& () -

10 h 10 h 10 hy =10%

"10%& () -

L &10%1& () -

10m 10MpCT/SG00/00162

* 094.0%1& () -

"v dBYNC

10Z/NIT 940%j & ()- 10%6& ()- °10%G& ()--#10%& ()- " 10%G& ()- 10%G& ()-
VTEYNC 102! Nl ! 10968 () - Z"10%3& ()- 109%6& ()- 10%& ()- 3&! 10%& ()-
94 0% () 9)tdEYNC 10Z! NI Y (L0%G& () - ! Z#109G& () - @10%G& () - ! 1096 () -
10938 ( - teAdEYNC 102! N' | f 2#10%C8! g) 0$109%G&' ()- /g 10%3& () -
9- Ilofy g"‘ § “IDHE: éﬂbéaio%‘N 9 120@IE )29E109R8 () - 10G 10G
10G@Y=10%% YS "ﬁ 1 ‘99’@1 vE Y30B 0 €1 B2 Qs Per00R () - f Z1OY& () -
, Tf @109 () - yF" 109 () " 10%&' () - SPL0%&' () - 4n<dEBES 10Z! NI ! sO 9%A0%&' () -
) f #10%& () - & $L0%&R () - 9I "109&' ()- %40%& ()-"10%& ()-<+./01MknbC
10Z! NI |@fogm't€y -cagotgrpaag aat gga ggt atc tgt gac cag agg aca gga 386
Gly Glu Cys Gln Cys Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly
110 115 120
gct tgt gca tgt cgt gac aga tat gaa ggg gtg cac tgt gaa att ctc 434
Ala Cys Ala Cys Arg Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu
125 130 138
aaa ggt tgt cct ctt ctt cca tcg gat tct cag gtt cag gaa gtc aga . 482
Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Gln Vval Gln Glu Vval Arg
i 140 145 150 155
aat cca cca gat aat ccc caa act att gac tac agc tgt tca cca ggg 530
Asn Pro Pro Asp Asn Pro Gln Thr Ile Asp Tyr Ser Cys Ser Pro Gly
160 165 170
ttc aag ctt aag ggt atg gca cga att agc tgt ctc cca aat gga cag 578
Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln
175 180 185
tgg agt aac ttt cca ccc aaa tgt att cga gaa tgt gcc atg gtt tca 626
Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser
190 19% 200
tct cca gaa cat ggg aaa gtg aat gct ctt agt ggt gat atg ata gaa- 674
Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu
205 210 215
: g9g gct act tta cgg ttc tca tgt gat agt ccc tac tac ttg att ggt 722
Gly Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr Lgu Ile Gly
220 225 230 23S
Caa gaa aca tta acc tgt cag ggt aat ggt cag tgg aat gga cag ata 770
Gln Glu Thr Leu Thr Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile
240 248 250
cca caa tgt aag aac ttg gtc ttc tgt cct gac ctg gat cct gta aac 818
Pro Gln Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn
255 ) 260 265
cat gct gaa cac aag gtt aaa att ggt gtg gaa caa aaa tat ggt cag 866
His Ala Glu His Lys Vval Lys Ile Gly Val Glu Gln Lys Tyr Gly Gln
270 275 280
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10F=10%&' ()-:"10%& ()- 8%10%&' ()-, 2S#10%&' () - MISAENbC
»10ZT NV #1098 () - 310968 () -y$10%6&" () - #10%& ()- s 109%& ()-S 109%% () -
“SH dEmbC 10ZINI'1" 10%38 ()-9! 10%G&' ()- 10%38 () -" 10968 () -' #10%438 () -

9" 10%& Wh018P8EMOC 10Z! NU! @ 10%& () -s0$10%& ()-  pCT/SG00/00162

) #1098 () - & - #1098 () - S&10%&' () - $! 10%6&' () -\ | (dYNC 10ZIN'! 10G 10G

10G F=109%6&" () -: #109%6&' () - 9T&LI0%& () - Y7 10%& ()-5m 10%& () - OHdEYNC
10Z'N'Y y 109 () - %40%&k ()- #109& ()-:!109%& () -

F109&' ()-L109& ()-H2saBYNC 10Z! Nl & ! 109&' ()- 109& ()-#10%& ()-' $109%& () -
"109& ()-!;3z#10%& ()-1 2dEYNC 10Z!' N Y+@ 109%&' ()- )109%& ()- |"'10%& ()- @&
109 ()-$!10%& ()- ""10%&k ()-% dEYNC 10Z! Nl 5$10%&' () - 310%& ()- , 2#10%& () -
sO, #10%&' ()- . 10%& ()- -"10%& ()- RWKYZgvbC 10Z! N' 3"10%}| & ()--10%}| & () -
10 10 dRFedD%8a (Joe: AdDYRs (dry BRLOUK aby to¥ YabgdERCIOZLN FL0%Lh &' () -
'#109@Hh§ é}c Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe

285 290 295

.ttg atg ggt ttt gac acc tta aaa tgt aac cct gat ggg tct

Leu Met Gly Phe Asp Thr Leu Lys Cys Asn Pro Asp Gly Ser
300 308

tgg tca 962

Trp Ser
310 © 318

gga tca cag cca tcc tgt gtt aaa gtg gca gac aga gag. gtc gac tgt 1010
Gly Ser Gln Pro Ser Cys Val Lys Val Ala Asp Arg Glu Val Asp Cys
320 325 330

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

agg 1058
Arg -

atc cac tgt cct gct ggc tgt tet 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 3ss 360 ’

aca gcc ata tac cat gaa ctt tecc tca gtg tgt cgt gca gcc atc
Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg Ala Ala Ile
365 370 3175

cat 1154
His

gct ggc aag ctt cca aac tct gga gga geg gtg cat gtt gtg aac aat 1202

Ala Gly Lys Leu Pro Asn Ser Gly Gly Ala Val His Vval Vval

Asn Asn
380 385

390 39S

ggc ccc tac tcg gac ttt ctg ggt agt gac ctg aat ggg ata aaa
ST Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly Ile
' 400 405

tcg 1250
Lys Serx
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
41s 420 42§
tcc tee 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 gccC 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

Ala Gln Gly Vval Cys Thr Asn Met Ala Ala Arg Leu Ala val
460 465

ctg gac 1442

Leu Asp
470 475
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-#10%| & () -, #10%4&' ()- 10%| & ()-F"10%4| & ()- ap h dEbC
. 10ZI N MB10%4| & () - - #10%4| & ()- MBLO%1| & ()- s
"10%41| & ()-10%| & ()-"10%!| & ()- GJEbC 10Z! N! f & 10%t| & () -
##10%}| &VO)01i02TR10%| & () - $10%| & ()-110%4| & ()- F- 10%! p&T(S§ceondiaBbC
10Z! N * S2&10%4| & ()- 010%t| & ()- .S 10%| & ()- 9-10%1| & ()- +"10%| & ()-
ID ((10%: x: & ()-.-1NOPAE: / 104| 104|fY=10%| & ()-F: 10%| & () - 9%4.0%| & () -
31 70 10%4| & ()- 35#10%| & ()- 34SH10%4| & ()- PQ'm YXY:/
104| mLO%&' ()-, L! 109%&' () - s#10%& ()- 10%& ()- !109%& ()- 10%& ()- 104|0| %B: /
104] ! Y94 0% ()- " #109%& ()- 109%&' ()- MLO%& ()- F109%& ()-$10%&' ()-72gdE: /
104] | #MLO%&' ()-L! 109&' ()- 9%409%&' ()- !109%&' ()-3Y"10%& ()- y 10%& ()- gcdE: /
104] 1 9- 109%&' () - +"109& () -)#109%& () - (#109%& ()- f&H#109%& ()-$- 10%& ()-ip2aB:/
-104| 9:283094%" oo QYW LQYEL ft) e P LOYRiL) gt 400Kk ) coa! SRZXELYEG () 1494 0%& () -2\ bC
104' yoﬂy‘go/mp&bil) Tle Pro Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly
480 485 490

tta aca acc acg tgg ata gga ttg cac aga cta gat gct gag aag
Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp Ala Glu

495 500 S0S

cce 1538
Lys Pro

ttt att tgg gag tta atg gat cgt agt aat gtg gtt ctg aat
Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu Asn
S10 515 520

gat aac 1586
Asp Asn

cta aca ttc tgg gcc tct ggc gaa cct gga aat gaa act aac tgt
Leu Thr Phe Trp Ala Ser Gly Glu Pro Gly Asn Glu Thr Asn
525 530 S35

gta 1634
Cys Val

tat atg gac atc caa gat cag ttg cag tct gtg tgg aaa acc

Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys Thr
540 545

aag tca 1682
Lys Ser
550 555

tgt ttt cag ccc tca agt ttt gct tgc atg atg gat ctg tca gac aga 1730
Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg
560 565 570

aat aaa gcoc 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
57s 580 58S

. aca ctt cat gga caa agt att gat ggg ttc tat gct ggt tct tct ata. 1826
) Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile
590 59S 600

agg tac agc 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
60S 610 615

act tgt aca aca aat ggc aca tgg agt gct cct aaa cct cga tgt atc 1922
Thr Cys Thr Thr Asn Gly Thr Trp Ser ARla Pro Lys Pro Arg Cys Ile
620 625 630 635

aaa gtc atc acc tgc caa aac ccc cct gta cca tca tat ggt tct gtg 1870
Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Vval
640 645 650

gaa atc aaa ccc cca agt cgg aca aac tsg ata agt cgé.gtt
Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg Val
6SS 660 66S

ggg tca 2018
Gly Sex
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y#10%4& () - Me10%| & ()- 10 10 10F=10% ()-:!10%& ()- \p%iBbC 104!,
(109 1°1& ()- (10%& ()-L#10%H & ()- mL0%| & ()-S10%H & ()- 3" 10% & ()-
‘o' PAEDC 104|!"-10%}| & ()-L9! 10%}| & ()- @O0%| & ()-:$10%| & () -
#10%| & Wb diobm9@ & ()- -* ! dEDC 104! .110% & ()- | ptikRafhoies) -
S) 9A0%& ()-' 4" 10%| & ()- @B@10%| & ()- L$!10%4| & ()- ! ""#OHVHAWaB7C 104
104| yY=10%}| & ()-F: 3" 10%| & ()- 9nbA0%}| & ()- 35#1094H& ()- 33! 10% & () -
11 0#109% | }| & () - WEXHYHE #u##SYSSTN | 1098 () - 109%& () - s" 109 ()- "109%& ()-

1 109& ()-L10% ()- 104| 104| $92Z&8)' "' aBmiN ! 10%+10%& () -

#1098 ()-f 1 10%&' ()- ! q@A0%1& ()-3$10% () - &y$10%& () -

! 3(r(()p))dEn1\V 110% ! 109%& ()- S&¥10%& ()- $#10%& ()- "10%& ()-9! 10%& ()-
$10%&' ()-))*]***M-dBmN/ ! 109% , 5$10%& () @L0%&: ()- O#109%& ()- . 10%& ()-

& 10%& () 510%&' ( I\/Ité-él-++++ S%_O/&QJQ J_& Oeen %4 o(ek m 10 10
10F=10%&" ‘é%"af’é’ g 48, e,
"10947E ‘s?ro‘%@ )"m fﬁ@ ?? |‘j_eb’());% &u@ %65@:919 09| & () -

12, QR0 () "IQ///OcOlldEb@l %a0%| & ()- 8P 1004 & ()-' 940%| & () -
109 & ()- m

aaa cct cct cca aaa cct aga tcc tca caa ccc tct act gtg
Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr Vval
€8S 690 695

gac ttg 2114
Asp Leu

gct tct aaa gtt aaa cta cct gaa ggt cat tac cgg gta ggg tct cga 2162
Ala Ser Lys Val Lys Leu Pro Glu Gly His Tyr Arg Val Gly Ser Arg
700 705 710 ’ 715

gcc atc tac acg tgc gag tcg aga tac tac gaa cta ctt gga tct caa 2210
Ala Ile Tyr Thr Cys Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Sser Gln
720 725 730

ggc aga aga tgt gac tct aat gga aac tgg agt ggt cgg cca gcg agce 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 c<gg tca gac tct cct cgt tct cct ttt atc 2306
Cys Ile 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

Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Txp Pro
765 770

cag gca gga 2354
Trp Gln Ala Gly
1175

o 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

- 780 785 790 . 795

‘'gga tct cta ttg aat gag aaa tgg atc gtc act gct goc cac tgt gtc 2450
Gly Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Ala His Cys Val
goo 805 810

ace tac tct gct act goct gag att att gac ccc aat cag ttt aaa atg 2498
Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln Phe

81S 820 82S

Lys Met

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

caa gta aga gag gct ctt gag atc cac gtg aat cct aac tac
Gln Val Arg Glu Ala Leu Glu Ile His Val Asn Pro Asn Tyr
84S 850 855

gac ccc 2594
Asp Pro
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109 & ()-f"10%| & ()- 12X222T33dEb@ 10! @! 10%}| & () - 094.0%}| & () -

» " 10%8| & ()- -4"10%H & ()- |+ 10%| & ()- )nl0%}| & ()- 334Q444555dE:/ 104
~104] Y=10%}| & ()-: G'10%}| & ()- 9%A0%}| & ()- Y7mi0%}| & ()- 5m 10%}| & () -
109 & (Wo RRHES667uV4/ 10! YE#109& ()- 1 109 ()- ! $109%RCchlGebinoice

109& ()-3s& 109& ()-9 ! 109& ()- 104| 78999: Y: } 724/ 10! YOF+I109& ()- fy)
109& ()- ' 109& ()- sS$SL109& ()- ! YY#L09& ()-!Y&H109& ()-Y::: H u;;; dE4/
10! YO37109& ()- sy5109%& ()-F2109& ()-s 0! 109& ()- s. 109& ()- s- "109%& () -

<k<p<q<r <s<<<bC 10! Y3" 10%}| & ()- 10%}| & ()- 10 10 10l 3=109%& ()-s: 10%& ()-
109& ()- <=>B???2@EbC 10! YS 10%| & ()- ! 10%}| & () - #10%| & () -

1 10%4| & ()-f$10% & ()- 3"10% & ()-2@ @@3 AAJEDC

10! Y, & 1006%&! () $10%1 & ()- "10%| & () - owu & () - 10%

& (2) Glgm AB ChCCd bgFloﬁl5 Y5 10%41.& %4 %ﬁ %o 10%) & () -
1 10% LY” "()- 104
104] oz iﬁ“/ai‘r"& (‘3“ 'gsp. );b Ve ‘(%13 %é% ‘“Toél‘] E”S )éié‘s 71094 & () - 0 |

act ttg aca aca cga gtc caa cca atc tgt ctg cct act gac atc
. Thr Leu Thr Thr Arg Val Gln Pro Ile Cys Leu Pro Thr Asp Ile
880 885 890

aca 2630
Thr

aca aga gaa cac ttg aag gag gga aca tta gca gtg gtg aca ggt
Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val Thr Gly
895 200 905s.

tgg 2738
Trp

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 gca gcc agc 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
925 230 93s

gac tta cca ctg aca gta aca gag aac atg ttc tgt gca ggt tac

Asp Leu Pro Leu Thr vVal Thr Glu Asn Met Phe Cys Ala Gly
940 945

aag 2882
Tyr Lys
950 955

aag gga cgt tat gat gcc tgcec agt ggg gac agt gga gga cct tté gtg 2930
Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val

960 965 970

o ttt gct gat gat tcc cgt acc gaa agg ¢gg tgg gtc ttg gaa ggg att . 2978
) Phe Ala Asp Asp Ser Arg Thr Glu Axg Arg Trp Val Leu Glu Gly Ile
975 980 98s

gtc agé tgg ggc agt ccc agt gga tgt ggc aag gcg aac cag tac ggg 3026
Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly
990 995 1000

gge ttc act aaa gtt aac gtt ttc ctg tca tgg att agg cag ttc act 3074
Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1005 ’ 1010 1015

tgaaactgat ctaaatattt taagcatggt tataaacgtc ttgtttccta ttattgettt 3134

actagtttaa cccataagaa ggttaactgg gtaaggcaca aggatcattg tttetgtttg 3194

tttttacaaa tggttatttt agtcagtgaa tgagaatagt atccattgaa gactgttacc 3254

ttttattcta cctttttata ttactatgta agtatttggg atatcttcta cacatgaaaa 3314
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DDEMFFFFAEMDC 10! YO10%1&' () - 10%&: () - 10%m8 ()-y" 10%&’ () -
* 4" 10%T&' () - ! 10%T8’ () - FZGEGGHIHgHaBbC 10! Y&~ 10%t&’ () - 10%& () - 10%r& () -
t110%n& ()- S!10%m& ()- ! ($10%& ()- gHHHO | 3JIdEMDC
10! Y& ! Iw@o%iofi2e9 ! 10%m&’ () -' 10%& () - PCT/SG00/00162
S&! 10%T&’ () - $! 10%& () - " 10%1& () - JJ&KyKKKQLAENHC
10! Y: #10%1& ()-9' 10%18 () - Y710%& () - @10%T& () - 0#10%& () - .
" 109%1&' () - QLVLWLXLYL LuLM NbC 10! Yy#10% & () -
"109% & () - &F" 10% & ()- 10% & ()- 10m 10m 10mF=10%r& ()- N7COOO#Pj PPAELC 10! Y
10% & ()- 109% & ()-yZ10% & ()-!10% & ()- $10% & ()- 3
10% & () - &PPDQQ>RRSAELC 10!Y, Z" 109% & ()-' " *#109% & ()- (! 10% & ()- F%
"10% & ()-#s! 10% & ()- ! 10% & ()- STAT[ TTTTTTdYNC 10!Y 10( 1o]§ A [ <Y
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<210> 4
<21l> 1019
<212> PRT

<213> Carcinoscorpius rotundicauda

<400> 4

Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu Val Leu Gly
1 5

Leu Leu
10 . 195

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
50 SS 60

Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys Asp Ile Cys Pro

Lys
65 70

75 80

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

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
100 10S 110

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala Cys

Axg
115 120 125

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 1SS 160

Pro Gln Thr Ile Asp Tyr Ser Cys Ser Pro Gly Phe Lys Leu Lys Gly
165 120 175

Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln Trp Ser Asn Phe Pro
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$1094& ()-Y!,

10%4] & () -

10% U& () -

U

Lys

Phe
225

Cys
Leu
val
Glu
Thr
305
Cys
Asp
Gly
Glu
38S
Phe

Leu

Lys

FRNE
10% U& ()- s!10%

U& () - Sl KKiK0L ) IRKQ

Val

210

Ser

Gln

val

Lys

val

290

Leu

val

Phe

Cys

Leu

370

Ser

Leu

Ala

Ser

195

Asn

Cys

Gly

Phe

Ile

275

Thr

Lys

Lys

Leu

Serx

35S

Serxr

Gly

Gly

Arg

Gly

084

Ala

Asp
Asn
Cys
260
Gly
Tyr
Cys
Val
Asp
340
Leu
Ser
Gly
Ser
Ser

420

Cys

(

$10% | & () - Y910%4| & () -

Leu

Ser

Gly

245

Pro

val

Thr

Asn

Ala

325

Asp

Thr

val

Ala

Asp

405

Phe

Pro

Sex

Pro

230

Gln

Asp

Glu

Cys

Pro

310

Asp

vVal

Ala

Cys

Val

390

Leu

Arg

Asp
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200

Gly Asp
215

Tyr Tyr

Trp Asn

Leu Asp

Gln Lys
280

Ser Gly
295

Asp Gly

Arg Glu

Gly Glu

Gly Thr
360

Arg Ala
37s

His val
Asn Gly

Phe Asp

Gly Trp

g Glu Cys Ala Met b

Met

Leu

Gly

Pro

265

Tyr

Asn

Ser

Val

Pro

345

val

Ala

val

Ile

Tyx
425

Phe

Ile

Ile

GIn

250

Val

Gly

Tyr

Trp

Asp

330

val

Trp

Ile

Asn

Lys

410

val

Glu

- 75 -

Glu

Gly

235

Ile

Asn

Gln

Phe

Ser
31S

cys

Axg

Gly

His

Asn

395

Ser

Arg

Val

Gly

220

Gln

Pro

His

Phe

Leu

300

Gly

Asp

Ile

Thr

Ala

3go

Gly

Glu

Ser

Asp

205

Ala

Glu

Gln

Ala

Pro

285

Met

Ser

Ser

His

Ala

36S

Gly

Pro

Glu

Ser

Glu

Thr

Thr

Cys

Glu

270

Gln

Gly

Gln

Lys

Cys

350

Ile

Lys

Tyr

Leu

Thr.

430

Asn-

o) 5 F@ P HE (s

Leu

Leu

Lys

255

His

Gly

Phe

Pro

Ala

335

Pro

Tyr

Leu

Ser’

Lys
415

Ala

Cys

)- 110%

o§,10% L& () -

Arg
Thry
240
Asn
Lys
Thr
Asp
Ser
320
val
Ala-
His
Pro
Asp
400
Ser

Gly

Val
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ML0%Z& () - 109Z& ()- Jtt Duu2vvvA?YNC 10!

104310%& ()-! @ 0! 109ZZ& () -- ! 109%Z& () - 3+109%Z& () -

& $109Zk& ()-11& S10YEEL () - vNMI7x<x=x>x?xdYNC 10! 104 10Z 10Z
10ZF=1092& () - : #109Z& ()- B10%Z& ()- 37109Z& ()-

43S 4490 445

Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg Ala Gln Gly Val Cys
450 455 460

Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp Lys Asp Val Ile

Pro
465 470

475 480

Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly Leu Thr Thr Thr

Trp
485 490

495

Ile Gly Leu His Arg Leu Asp Ala Glu Lys Pro Phe Ile Trp Gilu
500 50S S10

Leu

Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn Leu Thr Phe Trp Ala ~
515 520 525
Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Glin
S30 535S 540

Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser Cys Phe Gln

Pro Ser
545 S50

555 $S60

Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys Ala
565 s70

Lys Cys
5§75

Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala Thr Leu His Gly Gln
580 S85 590

Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile Arg Tyr Ser Cys Glu.
) 595 600 605

Val Leu His Tyr Leu Sexr Gly Thr Glu Thr Val Thr Cys Thr Thr Asn
610 615 620

Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile Lys Val Ile Thr

Cys
625 630

635 640

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

Ser Arg Thr Asn Sex Ile Ser Arg Val Gly Ser Pro Phe Leu
€60 665 670

Arg Leu

Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro

Pro Lys
675 680 68S

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys
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70S

Glu
Ser
Gly
Thr
Ala
785
Glu
Ala
Tyr
Leu
"Asp
865
val
Lys
Asn

Ala

val

690

Pro

Ser

Asn

Axrg

Glu

770

Asp

Lys

Glu

Axrg

Glu

850

Ile

Gln

Glu

Thr

Ser

230

Thr

Glu

Arg

Gly

Ser

755

1le

His

Trp

Ile

Asp

835

Ile

Ala

Pro

Gly

Tyx

81sS

Thr

Glu

10 U 10 U 10 US|
_@

Gly

Tyr

Asn

740

Asp

Gly

Asn

Ile

Ile

820

Asp

His

Leu

Ile

Thr

200

Ser

Cys

Asn

P <=~

_@10! 10% U& () -

F'10% & ()-9,f"10% U& () -

His

Tyr

725

Trp

Serxr

Gln

Met

Val

805

Asp

Ser

val

Ile

Cys

885

Leu

Glu

Glu

Met

Tyr

710

Glu

Ser

Pro

TYp

Trp

790

Thr

Pro

Arg

Asn

Gln

870

Leu

Ala

Thr

Glu

Phe

695

Arg

Leu

Gly

Arg

Pro

775

Phe

Ala

Asn

Asp

Pro

855

Leu

Pro

val

Ile

Gly

val

Leu

Arg

Ser

760

TYp

Leu

Ala

Gln

Asp

840

Asn

Lys

Thr

val

Gln

920

TYyr

935 -

Cys

Ala

Gly

Gly

Pro

745

Pro

Gln

Gln

His

Phe

825

Asp

Tyr

Thr

Asp

Thr

905

Gln

Lys

Gly

ol

Ser

Ser

730

Ala

Phe

Ala

Cys

Cys

810

Lys

Tyr

Asp

Pro

Ile

890

Gly

Ala

Glu

Tyr

Arg

71S

Gln

Ser

Ile

Gly

Gly

795

Val

Met

Val

Pro

val

875

Thr

Trp

vVal

Ala

Lys
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700

Ala

Gly

Cys

TXp

Ile

780

Gly

Thr

Tyr

Gln

Gly

860

Thr

Thyr

Gly

Leu

Asp

940

Lys
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Xle

Arg

Ile

Asn

765

Ser

Ser

Tyr

Leu

Tyr

Arg

Pro

750

Gly

Arg

Leu

Ser

Gly

830

val

845

Asn

Leu

Arg

Leu

Pro

925

Leu

Gly

Arg

Leu

Thr

Glu

Asn

9210

Val

Pro

Arg

Thr

Cys

735

val

Asn

Trp

Leu

Ala

815

Lys

Glu

Asn

Thrx

His

895

Glu

val

Leu

Tyr

Cys

720

Asp

Gys

Ser

Leu

Asn

800

Thr

Tyr

Ala

Phe -

Axg

880

Leu

Asn

Ala

Thr

Asp
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 10B 10B 10B=109B& ()-s+1098& ()-!)&10%BBE& ()-Fs3(! 109B& ()- &y& 109B& () -
"dEVK@ 10! 10Ka) %409& () -/ Ka) Yd09%&' () -/ Ka) Yd09%& () -/ Ka) Yd0%& () -/
" 109 ( )wo bR 249 - eFVK@ 10! PCT/SG00/00162
10Ka) Y40%& () -/ Ka) Yd0%& () -/ Ka) Ya0%& () -/ Ka) Y40%& () -/ Ka) Yd0%& () -/ Ka) Yd0%&
() -1 eFVK@ 10!
10Ka) %09 () - / Ka) %0%& () - / Ka) %L0%& () - / Ka) 9%L0%& () - / Ka) %0%&: () - / Ka) %40%&.
*()- 1] FVK@ 10!
10Ka) Y8.0%& () - / Ka) 940%& () -/ Ka) Y40%& () -/ Ka) Y40%&: () -/ Ka) Y40%&: () -/ Ka) %40%&
' ()-1cl/jFVK@a) Y0%& () -/ Ka) 9%d0%& ()-/Ka) 9d0%& ()-/}pG hxOCD
" HYe RMK@Ka) Y098 () Kaydglo%&' () -/ Ka) QY& () -/ Ka) %L0%& () -/ Ka) %.0% () -/ Ka) %
10%& () -/ Ka) %09 () -/ K, @Ka) 0% () -/'Ka) %0% () - / Ka) 84.09%&' () -/ Ka) %4.0%&" (

) - 1 Kayod d ao
eF, @?f)a)é %4 %ﬁg%)"jly %z)écyg éf/(éﬁ "11 % § 0‘/@ he/?]lza?%ﬁigéﬁsff / (Ka) %L.0%: () -/ Ka)
- 940%! () - / Ka) %40%& /cI*eF Ka) %1 () / Ka) %09%&" (3 -/} pG hxOCD

" #90Ka) Y100 () -] | #31 JOKa) 9 QU ( /Ka) 40% | Ka) 94.0%&' () -/ Ka) Yo% ()-/ K
a) Y.0%& ()= F&zé)%o% B2 }’R )‘07&‘0 P)W/ & ("ﬁ %oﬁ‘i%&)‘v/feﬁ/& ()-/Ka)%a0%& ()-/
Ka) 94.0%&' () -/ Ka"940%&' () -/ Ka) 948%&' () -/ Ka) 9409&°}Y - / Ka) 9409& ()-/01368: =2i J
+Ka) YL0%E: () -/ Ka) YA.0%: () -/ Ka) WL0%&: () -/ Ka) Y0%&: () -/ Ka) %L0%: () -/ Ka) YL0%!
()- /K%ﬁ%/&eﬁ/@p@ﬁv@c&hm 3+'re£) G4 FE= ‘31Y/<Ré() B)&eo%r s /¥e4) %409 () -/} pG
hxQCD

" #UEG KMNPRj K, Ka) 94.09%& () -/ Ka) Y0%& () -/ Ka) Y09%& () -/ Ka) Yd0%& () -/ Ka) Yd0%&
() - | KBSV B E) LeuKBG T ON/ELE ) AYRFUVERE | BREKKa) 9409 () - / Ka) Y409 () -/ Ka) Y4.0%
& () -1 KRAYMIAOYE () -/ KKa)DRE%&' () -/ Ka) Y0%& () -/ Ka) %d0%& ()-/]_acdoPBKKa) %40
‘o8 ()-/Ka) %0%& ()-/Ka) %40%& (Ka)Yd0du& ()-/Ka)%d0%& () -/ Ka) 940%& () -/ Ka) %0
o& ()-/defikhl*oP6Ka) %40%& () -/ Ka) %40%& () -/ Ka) 940%& ()-/}pG hxOCD

" #oknT x{ } eF6Ka) %L0%& () Ka) Yd0%& () -/ Ka) Y 0%& () -/ Ka) Yd0%& () -/ Ka) Y40%& () -/
Ka) %d09%& () -/ Ka) %40%& () -/ eF6Ka) %0%& () Ka) 90%& () -/ Ka) Yd0%& () - / Ka) % 0%&
() -/ Ka) 9.0%& () -/ Ka) Y0%& () -/ Ka) %d0%& () -/ eF6Ka) %0%& () Ka) 940%& () -/ Ka) %
00 () - / KKa) 94.0% () -/ Ka) %10%&! () -/ Ka) YLO% () -/ Ka) 9%40%& () -/ cl/ eF6Ka) %10%&
() -1 Ka) Yd0%& () -/ Ka)%d0%& ()-/-}pG hxOCD

" #0eF6Ka) 9L0%& () Ka) Yd0%& () -/ Ka) YA0%& () -/ Ka) 90%& () -/ Ka) Y0%& () -/ Ka) %40
o0& ()-/Ka) YA0%& ()-/eKlKa) Yd0%& () -/ Ka) 940%& () -/ Ka) 0% () -/ Ka) %d0%& () -/
Ka) %40%&' () -/ Ka) Y40%&' () -/ Ka) 940%& ()-/.eK1} pG hxOCD

" #0Ka) YA0%& () -/ Ka) Y40%& () -/ Ka) Y0%& () -/ oU;

} pKa) Y409%& () -/ Ka) 940%& () -/ Ka) %0%& () -/ Ka) Y0%& () -/ Ka) %d0%& () -/ Ka) 9%40%&
() -1 Ka) 940%& () -/ eF;

} pKa) 94.0Ka) Y4.0%& () - / Ka) Y40%& () -/ Ka) Y40%& () -/ Ka) 940%& () -/ Ka) 0% () -/ Ka
) Y0%& () -/ oU;

} pKa) %4.00& () -/ Ka) Y40%& () -/ Ka) Y0%& () -/ Ka) Y0%& () -/ Ka) Yd0%& () -/ Ka) 9Y40%&
' () =J-Ka) YL0%& () -/ hNdoU; } Ka) %09 () -/ Ka) %d0%& () -/ Ka) %40%& ()-/}pG hxOCD
" #% "D} Ka) %.0%a) %.0%& () -/ Ka) %4.0%& () -/ Ka) %0%& () -/ Ka) 0% () -/ Ka) %40%&
() -1 Ka) Yd0%& () -/ Ka) %d0%& ()-/}cl/}Ka)Yd0%& () -/ Ka) %0%& () -/ Ka) %ad0%& () -/ K
a) YA0%& () -/ Ka) Yd0%& () -/ Ka) Yd0%& () -/ Ka) %40%& () -/ Ka) 940%& ()-/gH) }cl Ka) %
00& ()-/Ka)%40%& ()-/}pG hxOCD " #%Ka) Yd0%& () -/
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() - 1 Ka) 94.0%Ka) 94098 () -/ Ka) %09 () -/ Ka) Yd0%& () -/ Ka) %d0%& () -/
| " hN4j P6Ka) 9409 () -/ Ka) 0% () -/ Ka) %0%& ()-/}pG hxOCD
" HOE #$&' ) +. sT5Ka) 9A0%& () -/ Ka) WL0%& () -/ OKa) Y0%& () -/ Ka) Yd0%& () -/ Ka) Y40%&
() -1 Ka) Y0%& () -/ Ka) 940%& ()-/.03789: ; oU:
" Ka) 9L0%& () -/ Ka) Y09 () -/ Ka) %d0%& () -/ Ka) Y40%& () -/ Ka) Y0%& () -/ Ka) Yd0%& (
) -1 Ka) 90%& ()-/: <=>CM oU; Ka) %40%& () -/} pG hxOCD
" #9Ka) YA0%& () -/ Ka) Y40%& () -/ CFG MOPQ P6Ka) 94.0%& () -/ Ka) Y0%& () -/ Ka) Yd0Y&
() -/ Ka) 90%&' () -/ Ka) Y0%& () -/ Ka) Yd0%& () -/ Ka) %40%& () -/ QSWKZ_bcj K1Ka) %d0%&
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hxOCD
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WOk ()-/K &0%& | 4 %4 0%&!
()1 ka) baove ) -1 KAYDEH )f?@?@%{? e e TR (O TR SEPE®) ko) oao

Wﬁ‘cyéb ; r@%%/}ga) O/”%% //é%‘ ;4‘1‘? i )O&/c){%é%ﬁ%'%% &%éﬁéb@ﬁ%&)’%&%w& () -1 Ka)

V0% () -/ Ka) Y0%& () - /Ka) V0% () -/ sT5/ KKa) %0%&' () -/ 0Ka) %0%& () -/ Ka) %0%
& () - / Kapradowitig hacteEgstasiss: () - / Ka) Y0%& () - / Ka) Y0%&' () -/ *sT5} pG hxOCD

" #04Ka) Y0Y& () -/ Ka) Y0%&' () -/ Ka) Y0%& ()-/}cl/ Ka) Yo%& () -/ Ka) %0%& () -/ Ka)
V0% () -/ Ka) Y0%& () -/ Ka) Y0%& () -/ Ka) Y0%&' () -/ Ka) Y0%&' () -/ Ka) Y0%& () -/
}cDl Ka) Y0%&' Ka) Yd0%&' () -/ Ka) Yd0%&' () -/ Ka) Yd0%&' () -/ Ka) Yd0%&' () -/ Ka) Yd0%&' (

-1 Ka) Y4.09%& ()-/ K oR Ka)%09R: () - 94 0% () -/ Ka) %d0K
1 a0 ()-1 1y o 0Tke (ReRbdr i ) W Sauke oinent B ook (1) ka ot
109%& ()-/K %10%& /}pG

" H% c|(3|<ao () }tmv&eliprbkmmmwtﬁ%) Y409 () -/ Ka) Yd0%& () -/ Ka)
%4 09&' () -/ Ka) %10%& () / Ka) %4.0%& () -/

sT5/ KKa) %.0%& () -/ 0Ka) %0%& () -/ Ka) 0% () -/ Ka) %0%& () -/ Ka) %d0%& () -/ Ka) %
109%& () -/ Ka) %d0%& () -/ D*sT5Ka) %d0%& ()-/}pG hxOCD

" #YKa) Yl 0%E

K #$%)& Yel/ Kg%aowzﬁ%(?@tﬁgj éf&%m  WRETRIR 5319 "EFOTRINADE BREHOF - PRKS v 00 () -

/ Ka) 98.09%& () -/ Ka) %8.09%& () /Ka) 0/<10%& Q- /}cl/Ka)9%0%&: () -/ Ka) %d0%&
() -/ Ka) v8@riae proteass agthidy Qut-retains/dpiod Pmﬂ)n@aww& () -/ Ka) %0% () -/ Ka) %0

%R ()-//0345H.}c|/Ka)fV<iO%& () /}pG hxOCD

" #9Ka) Yl 0Y& () -/ Ka) %0%& ()-/56789: ;

<=}cl/ Ka) Yd0%& ()-/Ka) Yo% ()-/Ka) %0%& ()-/Ka) %0%& () -/ Ka) %0%&' () -/ Ka) %
109%: () -/ Ka) 9409 (oo Kah QN L) { 5 -? 04Ka) 0 () -/ Ka) %d.09%&
- /&2) m%/&*() | R IRRE o Sy SR e e PR S () P oz
/i#%g) mm@c@d bya)wetrigacid thRkhvaridiges bo. 2 prcteic acig PaVinghLeayanes - / ka) vao
o () -/ Ka) o0& ()-/Ka)vd0u& ()-/Ka)Yd0%& ()-/Ka) Yo% () -/ Ka) %0%& () -/ Ka)
%d0%: () of BEQEIDYND; t Dt (SES) DAL ONR3 Kt Gbritagent Cenditi@0sa&, () - / Ka) Yd0%&: () -/ Ka) %
109%&' () -/ Ka) %409%&' () -/ Ka) %d09& ()-/Ka) Yd0%& ()-/j| nqr}cD pKa) %40%&' Ka) %d0%&
' () -1 Ka) Yo% () -/ Ka) %0Ka) %0%& () -/ Ka) %0%&' () -/ Ka) %40%&' () -/ Ka) %d09%& () -

/rstuvhN4} cDJ pKa) %40%&' () -/ Ka) %d0%& ()-/Ka) 9d0%& () -/} pG hxOCD

" By 2 | / pKa).%4.0% 0y 14 o0&, () -/ Ka) %40
& ()] Kfa{ Labde 0) EH“ SHhiobs Cia'ark ')‘ﬁﬁﬁ‘gﬁ?&" Pﬁg é}%gff%ééit Zi é?ﬁé@/t&é) soVe: (
) -/ Ka) %40%&: () -/ Ka) 0/(10%& ()] Ka) 9800 ()] Ko 04 0% () -1 Ka) 903, () -1 Ka) 9.0%
& () -1 NG piia) SELOBRCE P BEQ)I%NQZ&? oy of REQUADMR:¢,) hag iﬁ@lciua@de
" 494 ¢l | pKa) YA0%&' () -/ Ka) Y0%& () -/ Ka) Y0%& () - / Ka) %L0%& () - / Ka) %L0%: () -/ Ka
) YL0% ( b KbRAEreslo S 90/8F EO/ BTROPKH@LMRYEN201 BRSEQUDIRON, | Ka) 9
09%& () -/ Ra)VLOY& () -1 Ka) 0dO0% () -/ Ka) YA0Y& () -/ Ka) ULO%E () -/ DF S THKa) %L0%: (
/1pG h
)#c%}<g) %ég%s('ﬁ’u?%%/éé%f(s)'zq 1R NQ:dy 0k Bag e SkRlbaunaing Inked O ooe () -/ ka)
%0%& () -/ Ka) 0%’ () -/ Ka) %L0%& () - Ka) YL0%&' () -/ Ka) %% ()-/}cDl Ka) %40%&’
Ka) %L 0%&randInKamiao agid 5eJUeRrea.ove: () -/ Ka) %09& () -/ Ka) Ya0%&: () -/ Ka) %0%: (
)-1Ka) %0%: ()-/}cDl Ka) %40%: Ka) %L0%: () -/ Ka) %0%& () -/ Ka) %0Ka) %40%&: () -/ K
2) %0%&' () -/ Ka) %40%&: () -/ Ka) %0% () -/ hN4} cDl Ka) %0%&: () -/ Ka) %0%: () - /| Ka) %
109% ()-/}pG hxOCD
"#98 cl | Ka) 0% () -/ Ka) YL0%& () -/ Ka) Y0%: () -/ Ka) %0%& () -/ Ka) %a0%: () -/ Ka)
%4008 () -/ Ka) Y098 () -/ Ka) %0%&: ()-/}cDl Ka) %0%& Ka) %a0%&: ()-/ Ka) %40%& ()-/
Ka) %4098’ () -/ Ka) %4098 () -/ Ka) %0%& () -/ Ka) 940%&: () -/ Ka) Y0%& ()-/1/}cDl Ka) %
109 ()-/}pG hxOCD
" #UKa) 9409’ () -/ Ka) 0% ()-/}cl/ Ka) %aRu&’ () -/ Ka) %0%& () -/ Ka) %40%: () -/ Ka)
%40%& () -/ Ka) 90%: () -/ Ka) 90% () -/ Ka) Y0%& () -/ Ka) %0%: () -/} "2/ Ka) %40%a
) HLO% () -/1K2) 9A0%& () -/ K2) IA0%&: () -] Ka) VROV () - Ka) vLO%E ()] Ka) 909 () -
/ Ka) %L0%: ()-/.}72/}pG hxOCD " #9Ka) %0%&: () -/ Ka) Y0%&: () -/ Ka) Y0%& () -/
}cl /}Ka) %000& () -/ Ka) 9A.0%! () -/ Ka) %L0% () -/ Ka) YA0%& () -/ Ka) %L0%&: () -/ Ka) %

~NA IO o ANIA IO o ANIA NN O



hx®CD

"#04 ¢l / Ka) Y0%&' () -/ Ka) Y0%& () -/ Ka) Y0%&' () -/ Ka) %0%& () -/ Ka) %0%& () -/ Ka)
“940% ()-/Ka)%0% ()-/Ka)%0% ()-/}cl/Ka)%0% ()-/Ka)%d0% ()-/Ka) %d0%&
() -/ Ka) W0Y& () -/ Ka) W0Y& () -/ Ka) WL0U& () -/ Ka) YL0U& () -/ Ka) Y0U& ()-/iH }c
K*10%4 && ()-g, K *10%&& ()-g, Ka) %d0% ()-/}pG hxOCD "#% | [:c K*10%
K*109&& ()-g, K*109%&& ()-g,' K+10% & ()-g, K*109K&& ()-g, K- *10%/(& ()-g,

& ()
K*1094&8 () -9p #%Rey | [ -KLOY(, KS10%/( & ().- K[ *3109%( & ()-' KP*10%&&' ()-g,
K* 109&& () - g, OK* 10%‘5&’“@%&, éft@@&/ﬁ%ﬁ%’? FV%%%@SEW Facta Gonp & - K
t110%' & ()- K 10%' & (%- Ky10%' & ()- K 10%' & ()-10Y(10Y() Fde CAK10Y( K
1 940%" &lgast aninoagids 60r 70, D/iquas,gam 270-280%f SEQ ID-NOHO%' & ()--!9%d 0% & (
) - -enyzcCAKL0Y( K
1 940% & ()--!19%40% & ()--!9%d0% & ()--!9%0%" & ()--!9%0%" & ()--!9%0%" & (
) - - (Fat _?AK10Y(

' &' - - ' & __-10 o' &' --10 o' R' --10 o' &' --10 o' L'
;fy‘_igoc/ai‘lg%{( V.y‘iocydfhé‘ rﬁ%thodéfoc@?m&l,(\;vhereﬁ h/gG?‘ar%)neg'a i(\i/g °5ct8ér|(a1 0% & (
1 940% & ()--!9%0%" & (%-- | %40%" & (2-- 1 940% & ()--!19%0%" & ()--!%0%" & (
) - - dDAK1 Bection comprises bacteria selected from the group consisting of £. cofj, K.

1 940%" & ()--!9%0% & ()--!19%0% & ()--!9%0% & ()--!9%0%" & ()--!%0%" & (
@&BZ@A@?"?? l tydx_goez’)/of’ g'e f‘fg ”’?%50'1833-%- %’ hm?‘%u(%ow & ()--19%40% & ()--!9%0% & (
0% & () ! ! ! !

?0 yOC" ! g_IO Of' ! --10 Of' ! --10 Of' ! --10 Of' ! __!(yd_otyd.'&'
1 940%+" & ()--!9%0% & ()--!19%0% & ()--!9%0%" & ()--!%0%" & () (
)--  9dDAK10Y ) ] _

1 940%" & () - - Bod 09 he methodeaf wlaimel (wherein the-subjegt-is lomemmal. () - - | 90%' & (
)--9Tgrt vcCAK1OY(

1 940%" & ()--!19%0% & ()--!19%0% & ()--!9%0% & ()--!%0%" & ()--!%0%" & (
) - - cGAK10Y(

| 980% & () - 90} o G WAt Wnerelf 8 sfolhe adrhissrd Damhit0% & (

) - - 1cCAK10Y( "

| %40% & ()--1940%" & ()--! Y0%: & ()--19%40%" & ()--!%0% & ()--! Y0% &
) - - 1@;\ ﬁ‘m(_%mag@\qf (T 1 to(3) mg per kgﬁbody( \)Neight of tlo;e sut(JJ)ect. “&0 &
| 940% & ()--!9%40%" & ()--! Y0%" & ()--!9%40%" & ()--!%0% & ()--! %0%" & (
)--_2AKL0Y(

| 940% & ()--19%0%" & ()--! %0%" & ()--19%40%" & ()--!9%0% & ()--! %0%" & (
) - -) =dDAK10Y( g .

| 900%- & () - - F9n ool "BFYIPAfEpEEEYIng Bysamplg By, remoyal of GRARIONID: (). 1 vn00e & (

- =Kzg{ ?AK1QY( . . L .
?cmocm%cwpt@'@éaw@"@yng AgRPhRePgde consisiingessentially of@oos & () - -1 9%0% & (
- - Hyz{ gGAK10Y.
? (V&g%//or'{ gjimc)polys(atd%rickz lbindingdaraingf(9 Fadted Qypro&in on-araBettbie Matrix,940% & (
)-- 1w _?AKL0Y(
| Y409 & . '& LR (Dot | 94 0 & 0RO & { Yoin | YL0% & (
e CBi%r(})t!ag}ji /ﬁﬁ:&fgs‘(&)n@l? &\}\@fﬁi@wé"‘mﬁmébmzéd’ BOVPertide, and’éptatiad daid
L 9A0% & () - ! YO & () ro | Y4006 & ()--19%d0% & ()--01_/AK/ K\ 4
: #1 O/ao%S%é'%-ffﬁ’%%éﬁ'"im%’?'-"-z‘?%g‘))‘opea 'éé 1940% & 8 1 940%" & () - - 16<ADFW
DAK/ K\ 4
L H#1940% & ()--19%A0% & ()--! 940% & ()--19%40% & ()--!9%0%" & ()--!9%40%" &
"()--WK agj | t TAAK/ 1 94.0%" & ()--!%40% & ()--! %40%" & ()--!9%40%" & ()--! %40%
+ & ()--/ K4 1# nxThe HAkod %i@%mgi%)whér&(ﬂ:%ﬁ ﬁb{%yﬂidﬁ% selected from
L #1 940% & ()--19%409% & ()--! 940% & ()-- CBAKI [ YL0% & ()--1 K\ 4

C# 940%H, & () --1 94006 & ) - -1 9% 0% &H6) -7 % 0% & ().-- [AK/ K\ 4

: 41 %.O%Irth%' @yp!q@g@n@oﬂamlm%g@ﬁ. 1%3%9; of ?@%g{}g“ é‘p@@'—m%ow' & () - - dDAK/ K\ 4
# %d0% & ()--19%40% & ()--!19%0%" & ()--!9%0%" & ()--!9%0%" & ()--!9%0%" &
"()--t TAAK/ 1 940% & ()--!19%40% & ()--!9%d0%" & ()--!9%0%" & ()--!%0% & ()-
/K4 :# "SS3AK/ 1 9%40% & ()--!9%A0% & ()--!9%0% & ()--!9%0% & ()--/K\ 4
L 9A0% & () --"9% ) 7: =sS3AK/ ! %40% & ()--19%40%" & ()--19%0%" & ()--/K 4

L # 940% & ()--!9%40%" & ()-- =@FGMQS3AK/ ! %40%" & ()--!9%0%" & ()--/K 4

CH# V0% & ()--1940% & ()--!940%" & ()-- QTWZ] ~hCBAK/ ! 94.0% & () --/K\ 4

CH# YA0% & ()--1940% & ()--!940% & ()--!9%0%" & ()--hotwz~ ?AK/ ! %40! %40%
"& () --1%0% & ()--!9%0% & ()--!940% & ()--!9%40% & ()--!9%0%" & ()-- Vs
RIAK/ y':10% & ()- y$10% & ()- y"10% 8 {)-+ y!s10% & ()-!9%40% & ()-- WK\ 4

. #VKPQRS' | 0bU4/  ys109N $N& ()-10"010" 10" y <10% & ()- y-10% & () -

y+310% & ()-# y)310% & () - opgrstuoS74/

+i $1090N $N& () - 5- +i $109N $N& () - 5+i $L0%N $N& () - 5+ $L09N $N&' () - 5+ $109N $N
& () -5+ $109N SN& () -5# y "10%N\ SN&' () - uvwxyz{|t X<4/

A PNAMAID AR A NA AN A PNAAID AR s A AR ARRIANTL 7\ " ANA P NAAIN AR I



109 & ()-3SM| [: bU410% 0 + +! 109 & ()- +)10% & ()-- +$!10% & ()-Z

+ $10% & ()- 6SHI0W **& ()-M +S#10% "' & () - McvU410% + "10%-&&' () -

' +10%-&& ()-10*10*10* +=10% & ()- +510% & ()- +10S#H10% & ()-S |[:vU410% +
+F" 10%-&&' () - 4+ +10%-8&&' ()- +&10%&&' ()- +, ' 10%&& ()- ,' 10% & [& ()-
+10%-8&' ()- | [:vU410% + y3(10% & ()-9+ +6. MB10%-&& ()- +-!10%&& ()-F
+)10%-&& ()- +@EBMB10%-&&' ()- 6 10%&& () Yj vU410% +! 109%&& () -

+S109RS&, 0~&10~&10+& +=10%- 10% 9 a3(10%-&&' ()-91}\;
vU410% %Lﬁ%ét@aem b%é@@@e@ff& the e 690%&91@ /@&u@)l 1 dom@mm()

+| 9! 10%&&' ( WA [:vU410% + +20109%&R& () -3 +s010%&k& () - +3+! 10%&R& () -
+@L$10%&§actpr Crpptainyasushi- T dormhveka (Pactdk| @ ptotdDYand Jal?%@h&&é’ddrhanﬂa(lﬂﬂo‘y@%
+F=1090&' ()- +810%&& ()- + 7910%R& ()- +3'110%&$& ()-K| *|[: bUs10% +
S@t10% D&F&actor & r@t@%(D&K& ()- + |1 109KD&K&' ()- +310%KDEKE' ()-
+SH10UKDEKE' () - 4 9109KDEKE () - (c|[ bU410% + +N@ O( 10%K K& ()

La@ioncRaU)k beptToR iR ToH aopyd 19%4%%815%@@ S Reptide; 3

+s10% & () - 10KD&K10KD&K10KDEK +@/=10%KDEK& ( - vU410% + +" 109% & () -+
+* & 910944shiyt peptide; |12 ushi-& peptide; $JSW\@5(\091 pa:mme&a(s)shu 7-vg2 peptide;
HU10% & ()-]Bi|[:vUA10% + +32 10%& ()-+ \YLO"10% & ()-+ +3+ 10%& ()-+

) y) ! 10% & sUshiB-vY3 seisti8ief hnd Bk RM-8-vighr \}b e 10% + " 10% X& & () -

+10% X& & ()-10(I0(10(+ +Y=10% & ()- +Y8L0% & ()- + 7 10% & ()-=

D} [: VUA10% + +S10% X& & ()- + +10% X& & ()- +10%X& & ()-+

) $10% X& & ()- ' $109R#?& ()- + 10% X& & ()-y}, qr|[: vU410% +

+Y+T10% X& &' § -+ 4 e% K10% X& & ()-Y + 10% X& & ()- + +$&10% X& & () -

+& 10% X& & (}2. +Aimethed fef theatimg[sapais eawsckby aogragn negativerbactadah X& & () -
+9: 10% X& & ()-+ +510% X& & ()- +@10% X& & ()- +. 10% X& & () - K|[ NA41094.0

+!1 109% & [nfectiorsddifpbsing admfrm@éﬂmg&said PO p tb&cl(a) 101 &8bielt in an
+910% & () - Ep| [: NA410940 + &10% 10% & ()-F + F10% & ()-

o6 10% éﬁ*ﬁ%"Eeﬁ”é%ﬁd&ﬁlpﬁ”@955&%4%&9@9?)5%9“@%%&3% 93184' dahtr

+yy) 10% & 3nuvwx] vU410% +@al0% ké&r & ( QAQ%O%P%?& ()- +910% k&r & () -
+ 10% k&ﬁ b?fﬁi@m matory yesppnse: toysaid fip harids109% k&r & () - +L!
10% k& & ()- + +10% k& & () -+ +10% k& & () - +10% k& & () -

+10% k&r & () -Akz|[:vU410% + ++S)UL0% k&r & ()-Y ++Al0% k& & () - F+

+. 110% k& & () -+ 1 10% k& & ()- f*310%& ()- + (10% k& & () - %8RvU410% >

200 kar & (oo [T DOV OB e (R0 B bRpT0e R gGer ) .

109% & V& 0 10%& U109 |+ (10%
10@ 310080 OrD 4 B0 CONSSHnaes'sA SUaITh PeRtiie, GUBN-1A Beptide, 3
+, 10%&' ()--SE|[:vU410% +3710% & ()-+ + 510% & ()-+ +010% & () -+

+. 10% & :{L)shi—Bypemme&a(s)JshsBA*pemﬂe}E(£&U$bi-445é’mﬂde],jd sushirQ9éptide, a sushi-
1098*3& ()- @O0(10(10(+ +Y@L0% & ()-Z+ + =10% & ()- 0L910%J h& ()-

() S 18 perter s Fad P p suoibaed reprgsipd ¥istsiiodigle  oa' () -+

+@0%&63t >0, 109R#28& ()- + 10% & ()- 010% % & ()- Tdy|[:bU410% ? +&
10% & ()PEPUAC 0ome: () -+ +) 10% & () -+ +0y$10% ' & ()- +y$10% & ()- Of 10%

& ()-yO|[:bUs10% ? +9- 10% & ()- ' S5@ 10%& ()-+ +S5@ 10% & () -+ 00-

10% ! & ()- +00- 109 & ()- 0& 10%#& ()-0@\]"_|{vU410% +L! F10% & () -
+F10%& ()-10*10*10*+ +F@O0% & ()-F +y>10% & ()- +09- 109&& ()-{'5|[:vU410%

S, 10%! & (14.+ +Fhd AiétBod bf cRirk 0% &Hererh Sbld-?%gﬂ)ld e isSsubstantidll & 0- +
10%& ()-50F|[:vU410% + Oy 109@$d&’()-+ +y 1 201 109R& () -

+ 109 & 04 1098 ()-+ +, 10%&()
(81004 1188 #h?ﬁ‘(ﬁi}%ﬁzéth%ﬁﬁé%ﬁ%&Mmﬁ@%&%@% SE{ o| [/ vU410% +
0°9910%#& ()-+ + 9910% & ()- 035 %0%$~& ()-+ 235 %0% & ()- +0&010%&S& () -
+&010% & ()-gn2vU410% + 109 & ()- +9! 11096 & ()- #PY10% & () - 10) 10) 10)
+F@0% & ()-F +=10% & ()-2>Te|[: vU410% + + 109 & ()-+ +0y 109R& ()-# +y
1096 & ()- '~ 109& ()- + 109%& ()- 0 109 & ()-{|[:vU410% + +y 940% & ()-+
Of & 10 & ()-# +f & 10% & ()- 0, 100d#& ()- + 10%& ()- O

1098& ()- LAW[:vU410% + + 1 109 & ()-+ OL-1098& ()-# +L-109% & () -

+0@ 109R& ()- +@10% & ()- Oy 9AO0%& ()-Wey|[:vU410% + +=109% & ()-+ ' 09
1098 ()-# +9 109% & ()- "5 10%!& ()- +5 10% & ()- |11 1090#& ()-"vU410% +|
109% & ()- +L 10% & ()- +L!Y10% & ()- - #1¥10% & () - 10* 10* 10*

+| @O0% & ()-4t|[:vUA10% + + 109 & ()-+ 010%y!y& ()-+ +10% & ()-+ O
1096 T& ()- + 109 & ()- Ol 109%$/ & ()-' 7N [:VvU410% + .)#10% & () - +
0SYLOUTIGR' () -+ +SU40% & ()-+ +0S! 10%-8& ()- +SI 109 & ()- 6

109B& () - NZr~| [ : vUA10% + +510% & ()-+ ; OY1 109B& ()-+ +Y1 109 & ()-+

.Y =11 AAA M1 ~ M A NI~ INAA O \ ~



XB|'[ : NM10%0 9%40%D)& ()-+ +"109%KD) K& ()-+ 6Py10%WMD) V& ()-+ -y10%D), & () -
[f109D) & ()- S109D) & ()-B,||[: NA410%0 nLf810%D) & ()-+ 9S5109D) &' ()-+
“+@109KD) K& () -+ #,/10%CD) C& ()- (, @LO%D) #& () -

+( & 10%KD) K& () - TuvwxyyX710%d +109% & ()- +l:110% & () -

+S10% & () - 310KD) K1OKD) K10KD) K +@10%KD) K& ()-9 +'y;

109%KD) K& ()-="n|[:yX710%d Syl0% & ()- 2@B10% & ()- ‘@0%‘)&' ()- ,10%& ()-
+109% & ()- 1 -10% & ()-n[EL[:yX71094 +/ 10%& ()- ,10% & ()-

10%*}&'(%)- eé%O%‘ i-h%%me lEQfg}é@m {% whergyshe ghanehegptive fzacterla? @0% & ()-4
T<109&' ()- + <10% & ()- 7L910% & ()- ~&610% & ()- {310% & ()-dH710*

+| @r#109grde¢tjomeonpiesy Badteriansatetad) o) then group LOPRIELINY of . aeruginosa,
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Y#loég & % Pﬁe\ﬁf#lo%ﬁzﬁ?@%%@%lsw DH710* #Y#loég & ()-m #3J. #Y#10% & ()-m

Y#109% & ()-m Y#10% & ()-m Y#10% & ()-m W] ghpcCH710* #Y#10% & ()-m
Y#109%) & ()-m #3J. #mY#10% & ()-m Y#10% & ()-m Y#10% & ()-m _CH710*
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_?H710* Y#10%4&: () The yratbey&f (Claim ¥2,10ke@in Jharsubjecod & mhammal.
#3J. #Y#10% & ()-m d@H710* #3J. #Y#10% & ()-m Y#10% & ()-m
17. A method for treating or preventing infection of a wound by gram
negative bacteria comprising administering to said wound a pharmaceutical
composition comprising a therapeutically effective amount of a polypeptide
consisting essentially of a lipopolysaccharide binding domain of a Factor C

protein and a pharmaceutically acceptable carrier for topical formulation.

18. A method for the detection of gram negative bacteria or of
lipopolysaccharide in a sample comprising contacting a sample to be assayed for
the presence of said gram negative bacteria or lipopolysaccharide with said
polypeptide of claim 17 wherein presence of gram negative bacteria or
lipopolysaccharide is indicated by a complex between said gram negative

bacteria or lipopolysaccharide and said polypeptide of claim 17.
19.  The method of claim 18, comprising an /n situ histologic assay.

20. The method of claim 18, which is a solution assay.
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27.  Anisolated nucleic acid encoding the polypeptide consisting

essentially of a lipopolysaccharide binding domain of a Factor C protein.

28.  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;
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.

29. The isolated nucleic acid of claim 28, further comprising a nucleic

acid encoding a secretion signal sequence of a vitellogenin protein.

30. The isolated nucleic acid of claim 28, 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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33. The isolated nucleic acid of claim 29, 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.

34. A method for producing an isolated lipopolysaccharide binding
protein comprising:

i) culturing a host cell transformed with the isolated nucleic acid of
claim 28 to produce said lipopolysaccharide binding protein in a culture medium;
and

i) isolating said lipopolysaccharide binding protein from said culture

medium.
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