1 SUSH PEPTI DE MULTI MER REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of Canadi an Patent Application No. 2,432,972,
filed July 4, 2003, the 5 content of which is herein incorporated by
reference. FIELD OF | NVENTI ON The present invention relates to
G am negative bacterial infection and peptides which inhibit

| i popol ysaccharide (LPS)-induced activities. 10 BACKGROUND

Sepsis remains a | eading cause of death ip critical care unit, and is also
frequently associated with serious consequence such as nultiple organ
failure. Gramnegative bacteria o} ] ' as 15

| i popol ysaccharide (LPS), has béggﬂguggéggg%%?gﬂb ay a pivotal role in such
septic conplications (Houdijk et al, 1997). The acute phase plasma protein,
LPS bi ndi ng pERERENCE LEP)REIATES APPIEICAATONG LPS to extract it from
mcelles, and transfer it to either soluble or nenbrane-bound CD14 20
receptor in nonocytes_and nmacyophages. .The interactian, of _thi onplex with
Tol I -1ike receptors (???&)a?gfiﬁ% HS F%ﬁtgepﬁ %gchlgﬁg?aéggnaling
reactions, viatbhansgplptaeioh atd ora NsKB.72ACEiivati onlef 4pr abedn kheases
medi ates the production of inflammtory cytokines, which_25 contribute to
septic sh&ckcoptenhsofl ol eeht SPRNFLT HACOTROLRE * I S¥nEEL6FSPBFSsma LEP, the
LPS is able to directly interact with CD14, yielding simlar effects. Thus,
treat nent of p¢pdpt e¥aeianangnsepsi s woul d be greatly aided by bl ocking the
activity of endotoxin and/or renoving them 2 fromthe body fluids of
patients, as cationic ?ggtides and anal ogues do (de Haas et al, 1998; Scott

et al, 2000)- IEP%“‘F?’E)n%@‘feé}ﬁlﬁé’géteil\?égﬁaéf’eFF&"’W’H&QE‘E%V?he

amoebocytes Qf LLMULYS;: L2095 80248 eyt AR aUlAl @nnliiig S5 response
underlies the inportant defense nechanismof |inulus against invasion of

gr am negat i véibapbéysac¢Brngdet (BPS) 10gB)cedAscaiydtdedl-ar bi osensor, Factor
C can be autocatalytically activated by fentograns of LPS to trigger the
coagul at i,Qn %i%ﬁéﬂ@uﬁ , 1983), suggesting that it 10 contains high affinity
LPS- bi ndi'ng domains. Recently, two regions of Factor C that exhibit
exceptional ly high LPS binding affinity were defined as the_ Sushil and
Sushi 3 domai ns (Tan et Sabsigopemyingvd Bpdivyy chewec sifl Weayht Basi zed

o Factor C CCBAaTk ARRSsaron N grYGEay HreRaer Yod Tramistan T hnd
Sushi 3 donmai serivespectseghyncé TheclsIhpeptlitdeleonsgsin fgidfureesi uas- 268-
negative bacterial endotoxin, also known as
15 lipopolysaccharide (LPS), has been suggested to play a
pivotal role in such septic complications (Houdijk et al,
1997). The acute phase plasma protein, LPS binding protein
(LBP), binds circulating LPS to extract it from micelles,
"and transfer it to either soluble or membrane-bound CD14
20  receptor in monocytes and macrophages. The interaction of
this complex with Toll-like receptors (TLRs) is thought to
initiate intracellular signaling reactions, via
transcription factor NF-kB. Activation of protein kinases
mediates the production of inflammatory cytokines, which
25 contribute to septic shock. It has also been shown that in
the absence of plasma LBP, the LPS is able to directly
interact with CD14, yielding similar effects. Thus,
treatment of'endotoxaemia and sepsis would be greatly aided

by blocking the activity of endotoxin and/or removing them



301 of Factor Cis shown in SEQ ID NGO 1). Both peptides inhibit LPS-induced
| i mul us anpebocyte |ysate (LAL) reaction 20 and LPS-induced hTNF-a secretion
(Tan et al, 2000b). See also US patent 6,719,973, the entire content of
which is herein incorporated by reference. The application value of these
two peptides would be boosted if they could be obtained by cost effective
and | arge-scal e net hods such as 25 reconbi nant expression in prokaryotic
systens. However, expression of smaller peptides tends to encounter

technical difficulties (Le et al, 1991; Lat ham 1999). Trace |l evels of

endot oxi n or |ipopol ysaccharides (LPS) cause pat hophysi ol ogi cal reactions

such as fevefromd-rhArfys filnifs O BR6AENER! | 2 oAt SO HF Se&hf i dnd

i ntravascul 0 atd PN yRalensi gn, shosk anckdeat hyi | f@npi ve research
is being ca?%?%d out to g%velop more 3 sensitive techﬁ?ques tﬁat are able

to remove mnute |evels of endotoxin from pharmaceutical fluids to neet
hi gher standards of sdff& yfroRecsemn-2000Fivadearptyoh FHedURs e proven to

be the npst i 2). i e i ro | utions
ond many et e S e ke’ Agbea Ot U AR (T AR
varyi ng e$fixéspmiss. uidemers, tinestimpbrthaesedeithos snarimamiogm eff i ci ent over

i d f pH and i oni ¢ st th_(Petsch 2000). In additign, there i
21 veys 5 ConbhBRGL BAYVGE 05 atelh PEOVATSF ahte LIS TE ol SELaT ¢ hat

the cl earancglfacdgy) i s 26f emddiesappel Btbognyben e dPS fepd woncentrati on
is low. SUMVARY OF THE | NVENTI ON I n one aspect, there is described a
pol ypept i de A% RGAFHAL Y IG LT @CtRAREEALBII PRI ERES ¢h 1RF ti eI Hose

peptides in Handesndepedion %s%@%})gwf 1bBL 5, iéuzéfégém% {eREQ D NO9). In
speci fic enbodi nent’s, the pol ypeptide conpri ses 0 10 83 peptides. In
anot her a8pecentains gulgpedibiige tof LPReb20di ny edvidinshas Receast, thwe of t he

S3 peptides |i nki S I ) t,de
cl eavabl e. f%g g%%%?ﬂ%gﬁﬁﬁéﬁiﬁgﬁﬁgf §%§§€?§K¥%%%2%g%§%§§’ﬁgngggvgble by
prot ease or yndicigl edifgesttiyoweridoiedeénednat dhd Tunehil nkedigsisggiBences in the

pol ypepti de need be eavabl e. | peci f.c Zi enbodinents, . .the Iinking
sequence conprisey Ppé} a1, 280387 #Woa bt ASPecte i he pol ypept i de
q . . . . . .
of the i nvendyrarhainsids bepefi deRr, e shhandose, SSpopepindlasme i17pardd adaar those
peptides_in tandemrepeat. I n specific epbodiments, the pol ypeptide consists
2 to 10 K3 F%ﬁﬁj%ﬁiiamlno acid residues of Factor C (GenBank Accession
No. S$77063), are derived from Sushil and Sushi3 domains,
respectively. (The S3 peptide consisting of residues 268-
301 of Factor C is shown in SEQ ID NO:1). Both peptides
inhibit LPS-induced limulus amoebocyte lysate (LAL) reaction
20 and LPS-induced hTNF~o secretion (Tan et al, 2000b). See
also US patent 6,719,973, the entire content of which is
herein incorporated by reference. The application value of
these two peptides would be boosted if they could be
obtained by cost effective and large-scale methods such as
25 recombinant expression in prokaryotic systems. However,
expression of smaller peptides tends to encounter technical

difficulties (Le et al, 19%1; Latham, 1999).

Trace levels of endotoxin or lipopolysaccharides
(LPS) cause pathophysiological reactions such as fever,
30 changes in white blood cell counts, disseminated
intravascular coagulation, hypotension, shock and death.

Intensive research is being carried out to develop more



4 I n anot her aspect, there is described the pol ypeptide of the
i nvention, or S3 peptide, tagged with a detectable label. In certain
enbodi ments, the label is detectable by fluorescence. 5l n another aspect,
there are descri bed DNA encodi ng the pol ypeptide of the invention,
expression cassettes conprising the DNA of the invention, and vectors

conprising the expression cassette of the invention. I n
anot her aspect, there is described a host_cell 10 conprising the DNA of the
i nvention. I n anot her aspect,:%here is described a nmethod bf

producing a nmultinmer of S3 peptide, conprising the step of expressing DNA
encodi ng t hESH6RFPEFt FEENHETNRE ERIENETOMRRYE &3S Minke HsVRéE may

further conyd s8abb8x3heRBh %ggkﬁ%@& 1 KPRl Y REPLILAR: higher In

anot her aspect, there Is desc ed a nethod of producing a podl ypeptide
havi ng a desiteedamdsberf ehf88ypépetdels. 2y metdud oy imeddodise havep of
expressing in a host cell,DNA which_encodes, 53 pept.i i Si open 20
reading fra 5 2 Viihe 8i%etﬁ%esﬁoggp??ﬁ%%tEﬁieQ%‘Fﬁmfﬁéﬂﬁgeﬁg}géﬂP%gk rane in
great er rmunkedothannche rdesisbedt hunbesind ahywhertgicisathdveasteetvo of the S3

pepti des are separated by a cleavable |inking sequence. The expressed
pol ypept i de Ge¥ e RBRIstBFe i &det §PE ohtF ¥¢ o M ¥4l &S VA%¥a¥iSng the 25

l'inking sequenge;itpcpeaduasykierpohypeptt dedrayima Hdws dasl re@ nunber of 53
pepti des, but keeping the S3 peptides intact. The method may further

conpri se thefdtiepent Pyekadi ngdehsapst ypemt dnchairig tseadedity dfehambBer of
S3 pepti des f t I i.ni.ng a RﬂH?t . S, 3 iments, .
t he cIeavaggoﬁgghog%ngéggglggfdE ?gésggéﬁfor pf%fg%ﬁ§tlc 538?%&%%%. 5

I n anot Her aspeetin reeveery deschPbedemoviel hahadf treddudiengleapeingpept i de
havi ng four _S3 peptides. The.nmethod conpri.ses the of ., expressing in a
host cel | DﬁﬁcﬁﬁFcﬁseﬁ?SSBSSéFSRPoégtﬁ%ngHEEtﬁﬁiéﬁ§$ﬁ§¥%iopen readi ng
frame. 5 Theacdestabtheast sonewcl eavabl e |inki ng sequence whi ch occurs
between the fourth and fifth S3 peptide sequence. The expressed pol ypepti de
is then subjected to conditions suitable for cleaving the |inking sequence

to produce §H¥Mﬁ§¥rQﬁeFHFr5HVFH318§taner, but keeping the tetraner intact.

10 If necessary, the method may further conprise the step of isolating the

tetramer fromthe remannoRg ekpavagecipsesucd Mchmsl OPIBHepRdduncl eaved
octanerj_ln sone enbodi nent s

v

comprising more than one S3 peptides, in particular those
peptides in tandem repeat. An example of this is rS3-4mer
(SEQ ID NO:9). 1In specific embodiments, the polypeptide
comprises 2 to 10 S3 peptides.

In another aspect, the polypeptide of the
20 invention has at least two of the S3 peptides separated by a
linking sequence which may or may not be cleavable. 1In
specific embodiments, the linking sequence is cleavable by
protease or by acid digestion. However, not all the linking
sequences in the polypeptide need be cleavable. 1In specific

25 embodiments, the linking sequence comprises Asp-Pro.

In another aspect, the polypeptide of the
invention consists of more than one S3 peptides, in
particular those peptides in tandem repeat. In specific

embodiments, the polypeptide consists 2 to 10 S3 peptides.



t he cl eavage nethod may be acid digestion or proteolytic digestion. 15In
anot her aspect, there is described a nethod for detecting LPS-containing
bacteria conprising the steps of contacting a sanple to be tested for
LPS-cont ai ni ng bacteria, with the polypeptide of the invention or 33 peptide
and detecting binding between LPS and the 20 pol ypepti de. The pol ypepti de of
the invention or 33 peptide may be tagged with a detectable |abel such as a
fl uorescent tag. I n anot her aspect, there is described a nethod
for treating endotoxaenia or sepsis conpfrising the step of 25 admi nistering
t he pol ypeptide of the invention to a patient suffering from endotoxaem a or
sepsi s. | AnaABERBET agpRett : tH e iis descritbéd &MRet hod for

detecting LPS- L ALNg b er | i Sd t t; ofc seeRbaGtikRgza sanpl e
Cont ai ni ng EBAYeBREANe 85 Bact orr & Th 30 the 1oB yomst e oor &3 hast i do.
wher ei n t he dealegpeplliedéabel33 peptedeais dihasticwedst | FheabBabed, 1and
detecting b cteria-issgcigged fluorescence arising fromthe label. 6 In
anot her asp&&-SSERBIE PY J&8RFFPBEE"S3 peptide or a pol ypeptide of the
invention immobilized on a solid medium such as agarose beads. |n another
aspect, tdhere is descnnbedoahset hedefor themwnmrienglelses iked PSAcont ai ni ng

bacteria froma sanple, conprising the step, of cantacting the sanple with
t he innDbiIi%ﬂﬁ?dﬁﬁﬁyﬁgﬁtP&ggB?pEégFl g e (HY STHVERY | SRPTEES “Eondi ti ons
whi ch al | OWct&&@it%sofcohﬁs%@@f@atﬂéngsza@ﬁ effied itrordrite el ypeptiedeces the
peptide, and obtaining the unbound 10 material which is substantially free
of LPS or LPSswFiginonghsactererasivtRecapnetits Gf filid RéVedidpasses
comer ci al packages conprising the polypeptide of the invention and

instructions for its useahprdetestpag: LRSheantal nidgrihdmet eidsa icala
sanpl e; or instructions for its use in treating endotoxaem a or sepsis. The
i nvent i o0 f uranireri sémcorpas S8S edmirepciayention.

In another aspect, there is described a method of
producing a multimer of S3 peptide, comprising the step of
expressing DNA encoding the polypeptide of the invention in
a host cell. The method may further comprise the step of

15 isoclating the polypeptide.

In another aspect, there is described a method of
producing a polypeptide having a desired number of S3
peptides. The method comprises the step of expressing in a
host cell DNA which encodes S3 peptides in a single open

20 reading frame, wherein the 83 peptides appear in the open
reading frame- in greater number than the desired number, and
wherein at least two of the S3 peptides are separated by a
cleavable linking sequence. The expressed polypeptide is
then subjectedﬂto conditions suitable for cleaving the

25 linking sequence to produce the polypeptide having the
desired number of S$3 peptides, but keeping the S3 peptides
intact. The method may further comprise the step of
isolating the polypeptide having the desired number of S3
peptides from the remaining cleavage products. In some

30 embodiments, the cleavage method may be acid digestion or

proteolytic digestion.



packages conprising S3 peptide or the pol ypeptide of the invention

i mobilized on a solid nmedium and instructions 20 for its use for renoving
LPS or LPS-containing bacteria froma sanple. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 shows a schematic representation of the nmultinerization of
S3 gene using the gene anplification 25 vector, pBC. The Bbsl site was
introduced into the S3 priners, and the anplified gene was cloned into pBC
vector. After the Bbsl digestion, the SSOgene wi th overhang termi nals were
self-ligated at 16C for 2 h, and inserted®into pBC which was previously
l'inearised with Bios'. The 30 CCCC head notif on the sense strand and GGGG
tail motif on 7 anti-essetderandrartonede¥hel 3 rarfimnitzed ¢ §@hqd gat e

di rectional | J M ri [ f Ganstr e

mul tinmeric iﬁr{f’soecgf%c\s'fLln raelpggg?gaggﬁ%l g‘é?g‘? age andrgr\%gcﬁloned i lr??{)esénfg?ggsi on
vect or pET22lmmpBRisgs eh2 sliews cdnekgeassingatn on lofstmdalilngm othisB gene and
expression in E. . coli,. .(a) El ectrqgphoretic an sis of the nmultimeric S3
Gones. The (HHAEES R E3Y K2cPEE L RBRatl B T 1 PONEY TR (ied By

di gesti ons witHeNdgls and 1dRd] bhe whieahabl @nkidbngnidddusice wHieri gests 10
were resol ved on 2% agarose gel. Lane M 100 bp DNA | adder; |anes 1-4, Ndel

and Bindl || QAGES &FHYBES3LNE fourth, an@nbti thfT PRI (PEAUIC%, 8 copies
of 93 gene. () RSN LR JMbEL BB $50fnd3 e dibE + SUdnBibnThe

reconbi nant peptides were resolved on SDS-PAGE constituting 5% stacking 15
gel and 18%suwga@ibliend cgelcl eeanagMehpepindenaresdaeicd dive pirodBICE] tdent ai ni ng

pET22b; | anes 2- Lf%% C ai_ni 93-1,. - - - r cti vely; |ane
6, purifi edq:regizf-a%r?ellrg. me%glﬁer g%glg\ﬁ i c%ffn_é t%%pﬁle%o%]entaen‘{xea%?egi ejinnga.c)éFi'gure 3
shows a 14 ne ftowrcss se@fryf, otitec methdd2flag| Baviager ofomE3-Brethe ttepgrwioner s and

West ern bl ot, anal ysi s of reconbi nant peptides. (a) D gestion of r93-4ner
into nononerjss.oq‘ﬁ%nrgs§%c?rr§|e 8e4i g§8ﬁv€ ei"ﬁer?:af( e MPductSbat ed

at 42C w t h s tanimcadthegedihlie unBakhia Attder 24, 183G Adbduinhicgyot s of
100 pl of sanples were sanpled 25 and added_to 900 pl of ethanol, chilled at

-20C for 30 tHhieh ,cleeneser igédost "#8000g2¢ b dPsitiommy diry§atediicn | oadi ng

buf fer for eliefddrqphoretic resolution on tricine SDS-PAGE with 5% stacki ng

gel and 15%résolving gel. Lanes 1-4 are sanples digested for 12, 24, 36, 48

h, respectively; lane 5, .

15 In another aspect, there is described a method

for detecting LPS-containing bacteria comprising the steps
of contacting a sample to be tested for LPS-containing
bacteria, with the polypéptide of the invention or S3
peptide and detecting binding between LPS and the

20 polypeptide. The polypeptide of the invention or 83
peptide may be tagged with a detectable label such as a

fluorescent tag.

In another aspect, there is described a method for -
treating endotoxaemia or sepsis comprising the step of
25 administering the polypeptide of the invention to a patient

suffering from endotoxaemia or sepsis.

In another aspect, there is described a method for
detecting LPS-containing bacteria comprising the step of
contacting a sample containing LPS-containing bacteria with

30 the polypeptide or S3 peptide, wherein the polypeptide or $3
peptide is fluorescently labeled, and detecting bacteria-

associated fluorescence arising from the label.



30 intact r93-4ner. (b) Western bl ot analysis of reconbi nant peptides. Lane
1, total expressed cell proteins. The expressed 18.4 kna r53-4ner strongly
reacts with anti-83 8 antibody; |lane 2, partially digested peptide m xtures

containing r53-1, -2, -3, -4nmer ; lane 3, r53-1ner derived fromthe
r53-4ner; lane 4, chemcally synthesized 53 peptide. Al peptides derived
fromrS3-4nmer reacted with 5 the anti body. Figure 4 shows an

ELI SA- based LPS bi ndi ng assay. LPS was coated overni ght on 96-well plates.
Varyi ng concentrations of peptides were allowed to interact with the

i mmobi i zed LPS. The anount of bound peptides was, determ 10 r abbi t
anti-S3 1gG and quantFPaF@8t3§rAﬁ?EeEgbsT?%ﬁ%L1Sﬂﬂfs éﬁﬁﬁg%%D@6§?Xd8f t he

triplicate sl es1yeegreakculratad andept odd edmwdin ithes cor espandi ng
concentration. Figure 5 shows a conparison of rS3-4nmer and - ner
wi t h chem carddiuwgy suisdsipSe@I830FR PAREDI tion of LPS-induced 15 LAL assay and
hTNF-a secretion in human THP-1 cells. (a) Inhibition of LPS-induced LAL

assay. Binding of thepeptides t 9sbES: Wouhd - Compeiddd Melen inkidRinbat Ber
chronogeni c reaction in kinetic- LAL test. The ENCso val ues of r53-4,

r53- 1lnmer andeiveningalliPp syniREsiceatdablipephdete ey & 1200 dets@mpilieéed to be 5.4
pg/m, 9.2 pg/m.,. 10.2 /m ., respectively. ( r-eSSi. LPS-i nduced
hTNF- a secre|Wﬂ¥%Sﬁnﬁu%§% ?ﬁﬁplogeFPE%aﬁ%%pqgg%ﬁ%%ﬁ%gﬁa“? - #gr were tested
for their abindndolticesupplepepkP8ei adupest IddNfofa t3ec rietveart fanommddrP. 1 cel | s.
Bot h peptides inhibit hTNF-a roduction in _a dose-dependent manner,

al bei t with RIFEAoRS dPECE; éﬁi?g PSégaﬂ%ro}r &efi TG 6 %%&‘%&Fﬁrﬁ t8
achi eve ENCRO,e ¢RIRedibe 83 2nRUbBbtNeedethd Wbtab3riHE thel hRdRBHREASE 1N

TNT-a secretion was expressed as percentage of control (LPS only). 9

DETAI LED DESERIsTTRONYEE cEVBEDENERFSNtially free pff B8 @asdmiSi ng the present
invention in fyrt:har d?%%klriﬁp is to be understood that this invention is
not limted to particula forrmul ati ons or process paraneters as 5 such nay,
of course, vary. It is also to be understood that the term nol ogy used
herein is for the purFbseiovessdeni bhnghearencanressethodimmencsadf t he

[ nvent ion only, and 13,004 olaLeRAEdpbeyhEyt 148 tdnGnd LRAUEN & Auaber of
conposition anS%%etﬁogg St 5 P Yggp * © ’
instructions for its use in detecting LPS-containing
15 bacteria in a sample; or instructions for its use in

treating endotoxaemia or sepsis.

The invention further encompasses commercial
packages comprising S3 peptide or the polypeptide of the
invention immobilized on a solid medium, and instructions

20 for its use for removing LPS or LPS-containing bacteria from

a sample.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic representation of the
multimerization of S3 gene using the gene amplification
25 wvector, pBC. The BbsI site was introduced into the 83
primers, and the amplified gene was cloned into pBC vector.
After the BbsI digestion, the S$3 gene with overhang
terminals were gelf-ligated at 16°C for 2 h, and inserted
into pBC which was previously linearised with BbsI. The

30 CCCC head motif on the sense strand and GGGG tail motif on



10 simlar or equivalent to those described herein can be used in the
practice of the present invention, the preferred nmaterials and nethods are
descri bed herein. S3 has been shown to be one of the LPS-binding
sites of Factor C, and is able to suppress the LPS-induced 15 cyt oki ne
production in macrophages (Tan et al, 2000b). The inmmobilized 83 peptide
anal ogue can renove LP5 fromculture nmediumw th high efficiency (D ng et

al, 2001). Thus, this prom sing reagent czn be applied to prevent sepsis due
to circulating LPS, which is released by viable or injured 20 G am negati ve
bacteria. Chem cal synthesis be used to obtain |arge gquantity of this
pepti de, butd¥XprEIES P HRIE gﬁﬁlolweﬁ'@hﬁef%‘?%a&‘b%tt-%fﬁfgee]c‘iq‘l ]v“ega(tl_%t ham

1999) . Howevgfredih®ndighd Fiemn Gkl tBBMuDEI hows and pmss abhveeA Le et al,
1991). Thus, expression of the nmultimers of peptides would 25 circunvent the
abovement i oneehgrotar ((KEsienovdit 1aerig0ooser s fvpee | sipove@urntEdit ri bute for

recombi nant i IJIBY &, 0f 8315, NG neXPEGEEd. ENIANGEIBNL i dgand- bi ndi ng
affinity an HeutT al isation activi y acnr eved rough synergistic
effects of multiple LPS-binding units in one nolecule (Mauro 30 et al,
2000). 19 Fifvere &r mhibiwsokat édepbl Fheet sot | ot "mokt ey atfed

pol ypeptide"_.is_ defined as one .which iis renpved, f t he envirqnnent in
which it natsu% acﬁnye i é‘dljregprﬁ)sraéj)?aﬁﬁll ]eg,s' goggt uré\ﬂ%&o%%)rror? nogr nol ecul e
present in theagaionefofthz mulitdimegikasBegefe®r aBhatimedr ofjeg®e bank is

not isolated, but the sane nol ecul e separated fromthe remainjing part of the
bacteri al gehdiRF tshsLeness din tgﬁe, PECyWasy ‘EFWW%M&%%W? é"gttihon), i's

i sol ated. Typhepldns mihdrsal ated BNA1ARkeeHL embBr fhess f r ofn NG J&agions
(e.g., coding regions) 10 with which it is inmediately contiguous at the 5'

or 3" entl iwexchearmlvesl Iy Gécaceirngegendme. L i sl Gtlerl PE yimddegot i des
may be part of, 8 et ony Qi %n@@%%l&&ogiggﬁé%;ﬁé%ﬁ—P,ef-'?,ed-zﬂs.—'sﬁ%lrat ed in

that such a vector or conposition i s no e natural environmént of
such 15 pol ywhicdleatdrderinViny 2netthods copnebeofippl i @ehe 0 cOmstExmteswiloni mer s

i ncludi ng tandem.repeats qf eptide (lLee et 2000; Mauro,. et al, 2000;
Dol by, et al?glr@%l.meﬁ?er%%cg% %6%§yﬁtnh si g??‘és%{é%]f al I(l@ﬁ%oﬁcaq%lfsaéﬁsynt hesi s
may be used jgept sl twelre Gesdlessl bhaBDEOrAEsi cbies) i pepinglesy Etddxing

cont ai ni hg unnat ural_ qr unuslual am no aci ds such as, D Tyr, ornithine,

ani no- adtpi Fekcidd dRF CREALVRES REonbFABALM prtiidite e e i iefléed  f or
| onger pol ypepti demtaA%7eRt bies6an1hgesypt hespzed chard oaldy 4w isuch,

-4, -8mer, resgpectively; lane 6, purified rS3-4mer. The

arrows indicate the recombinant proteins.

Figure 3 shows a time course of formic acid

20 cleavage of rS3-4mer into monomers and Western blot analysis
of recombinant peptides. (a) Digestion of rS3-4mer into
monomers. The rS83-4mer was dissolved in cleavage buffer and
incubated at 42°C with constant and gentle shaking. At 12,
24, 36 and 48 h, aliquots of 100 pl of samples were sampled

25 and added to 900 pl of ethanol, chilled at -20°C for 30 min,
centrifuged at 15000g for 10 min, and dissolved in loading
buffer for electrophoretic resolution on tricine SDS-PAGE
with 5% stacking gel and 15% resolving gel. ©Lanes 1-4 are
samples digested for 12, 24, 36, 48 h, respectively; lane 5,

30 intact xS3-4mer. (b) Western blot analysis of recombinant
peptides. Lane 1, total expressed cell proteins. The

expressed 18.4 kDa rS3-4mer strongly reacts with anti-S3



comonl y used net hods as t-BOC or FMOC protection of al pha-am no groups.
Bot h nmet hods invol ve stepwi se synt heses whereby a single amno acid is added
at each step starting fromthe carboxyl-term nus of the peptide (See,
Coligan et 30 al., Current Protocols in Imunol ogy, Wley Interscience,

1991, Unit 9). Peptides of the invention can also be synthesized by the
solid phase peptide synthesis nethods well known in the art. (Merrifield, J.
Am Chem Soc., 11 85:2149, 1962), and %tewart and Young, Solid Phase
Peptides Synthesis, Pierce, Rockford, III". (1984)). Peptides can be

synt hesi zed usi ng.a copol y(styrene-dj vi nyl benzene) cantai,ning 0.1-1.0 mvbl
ani nes/ g poP?ﬁéPngh igﬁﬁléti%ﬂr5$a§£¥ﬁé;ﬁ%ﬁﬂe Fﬁéﬁégﬁswlfhggﬁﬁptides can be
depr ot ect ed c%ﬂ@a@h@ﬁ%egsﬁtg,m the po) ynBreby, tinert mEntsvi-tiheki gurdvét- 10%

ani sole for about 0.25 to 1 hour at OC. After evaporation of the reagents,
the peptide§rametbgt FaéteHeTr ohrRdet pothatEiCalilivh sYothesiizédaéd sol uti on

which is th hil jzed 10, yi Jde rde amyetial-eacted with  The
crude nater?%?kﬁgg'ty%%%a?%§t%gepu§%?}é%fbycgucﬁ tecﬁniq&gg gs §é|
filtrati en oheSephadex®y0- 15 using 5% acetic acid as a solvent, by high

pressure |iquid chromatography, and the |ike. Lyophilization of appropriate

15 fractions of the cgggﬂgﬁw%léh %gléhtéﬁ%éﬂyﬂﬁﬁ%%e?%% B§B§%§§ Qks ﬁptide

derivatives, which canh e characterized by such stan techni ques as
am no aci d amwal yasscobhed bagenight ovmtpapvagilly pllitgls .peviaydapgce | i qui d

chromat ography, ultrayi ol et _absorpti on spectroscaopy, nolar rotation,, 20

sol ubility, C&%‘&%&@Eé@asb?ftﬂ%%g‘ﬁ?% ‘b?f%s@ll%d’i‘i’ﬁr‘? g@gf‘&&&?ﬁﬁ ?’éég 290
Protei n Puriitheati9RedM.pP. Dedt s6behs &U.bdRIhedptiideENakrDHeg rmyakd 182,
Academ c Press, 1990). Automated synthesis using FMOC solid ghase synt hetic

net hods ®an e rabhiibvaatisPhgldan and oiwed Wepd fy 2BTSy SUREsF2ER - (Model

432A, Appl %eBia%aeaf;srfémol NC ok tB%pt;'Egsﬂ@a@e XAl Zed ddke calculated
Tri x- DMSO- i sopr opanol at pﬁFV.S for about 15 to about 20 hours at about 23C

to pernit thed oleatednwothdibal pordesponting Teancentalatiengg9l) J. Am Chem
Soc 113:6657-6662). Foll ow ng disul phide bond 30 formation, the suspension

Is purified using revefsg phasg,EfLG b&or?éﬁ%iﬁ%o% erlr@BQ]ZF%QOHEdZQ%l an be

obtai ned. 12 The 1 nvention conpasses reconbl nant et hods for
produci ng awpshypéphideltpnpynshagizeddl iimerindfi83ic8uc MEEhodducedpri se

the stenof Lot Loduc! ngaPAengodLage Lhs, POl YRS dedlt edyiost (gs! !+ 1
Inhibition of LPS-induced LAL assay. Binding of the
peptides to LPS would competitively inhibit the chromogenic
reaction in kinetic-QCL LAL test. The ENCso values of r83—4,
rS3-1lmer and chemically synthesized S3 peptide were

20 determined to be 5.4 pg/ml, 9.2 pg/ml, 10.2 pg/ml,
respectively. (b) Suppression of LPS-induced hTNF-«
secretion in human THP-1 cells. The rS3-4mer and rS3-lmer
were tested for their ability to suppress LPS-induced hTNF-a
secretion from THP.1l cells. Both peptides inhibit hINF-o

25 production in a dose-dependent manner, albeit with different
efficiency. rS3-4mer required only 40.4 ug/ml to achieve
ENCso, compared to 83.2 pg/ml needed for rS3-lmer. The

decrease in TNF-a secretion was expressed as percentage of

control (LPS only).

30



5 may be cl eaved fromthe pol ypepti de. "Am no acid cl eavage
site" refers to an amno acid or am no acids that serve as a recognition
site for a chem cal or enzymatic reaction such that the peptide chain is

cl eaved at that site by the chem cal agent or enzyne. 10 Am no aci d cl eavage
sites include those at aspartic acid- proline (Asp-Pro), nethionine (Mt),
tryptophan (Trp) or glutamc acid (Qu). "Acid-sensitive amno acid cl eavage
site" as used herein refers to an amno acid or am no acids that serve as a
recognition site such that the peptide ctfain 15 is cleaved at that site by
acid. Particularly preferred is the Asp-Pro cl eavage site which may be

cl eaved bet WEGAINEP RRECRLIBTHYN aeF dEMRRIOIENELSs Pol ypept i des
containing the multimers of 83 may contain a |inking amno acid or am no
actds for cleaving thgc28,8PEELLL En I LNEIn Al dril QLR dilpMibh@urther

pol ypepti de. For exanple, a polypeptide having nultiples of 83 tetranmers may
contai n anm detadild ckeavage betesdgetivesh thed ttétimanwyventiionanst hek

enbodi nent, .the,desired_33.nulti [ be produ a_fusi otein
where the 3§lﬁﬁFF|néP pgrgﬁgg%a{gﬁgmﬁgﬁﬁgfgﬁ%fgb ngb%%yﬁg%%%%gegécésas t he

commer ci & | puanaikehl efHesulrag, andy Whet el iralad no aed dincleeavrage shbe i s

pl aced between the 33 nultimer and the heterol ggous pol ypepti de. Tge | i nki ng
anino aci d &PCafPRB8EH-85YarERnEeF pot ated Vet e RIRESTUIAL FECCEEOtHEer est
and the remyngdet,u@ht BRL3A: REhYRERE | dee | Thilith & Wal i hathgone ebtnore

cl eavage reactions separate each pol ypeptide species to the degree necessary
for intendedrgspbedaticoks. LEimissne. enbodi nents, 13 the |inking sequence
consists of one or nore anmno acids, up to 100 amno acids, preferably 1, 2,
3, 4, 8, 10 amino aci dstpbl,ghBY AltndP &Fmidslanes hedgeessaky to cleave
all, some, or any of the spécies wthin a particul ar pol ypeptide.

As used Yer eilmilarf osi equpubypept tdethesemegdritbashmeziais gamubei meedof 53
fused at the N.,or C-termi.na d to a pol: ti.de unrel 3, 1.e. a
heterologou§np5F§p85FF éFergiﬁg epﬁ%§e€%:%§ﬁgyﬁﬁghc%ﬁ% ?&%&gkgfé

pol ypept i de niag ehy all kanabatnie@hodl anei deddmited dsdxanimf t he pol ynucl eoti de

sequences, i.e., a hybrid gene. The hybrid gene encoding the fusion
pol ypeptide is insertgs hgto an_ex resséo vect or iﬁgwié%_ se ito transform
or transfect a host c&F PRI PEPRaFEVEE vt t9fe B yHu ot de “d8{ddRce 15

encodi ng t hei%3snulft FaREolrS Cl, NaREL £6 ABTED BN AP RS Wheve@isorndncylii ch the
polynucleotidgﬁgncodin t he het erol ogous pol ypeptide is aIreadX present.

Such vector SYAREPRsPrHORFEASTT oF TReTIPRASES & atbfferddi-alit? 0%Vai | aBFe, e. g.
the pMal - c2igfopWalizpd s¥sheptiaemhevsdngland Rihabs,pd B30 Wanehrthe

het er ol ogous pol ypeptide is a maltose binding protein, the _
gl ut at hi one™MsdipEn¥iEhabéaby SEEAFHENPharRET £ Gt ROW)s- TAGuSystBhE

conveni ont ReEhe T or Parrhor Babi TECs oo e ety 68 iEl cer.
25Am no aci dsrchdetimy b8Suswditb isrnkeldwmse8B by viable or injured
20 Gram-negative bacteria. Chemical synthesis may be used to
obtain large guantity of this peptide, but expression in E.
coli may be more cost-effective (Latham, 1999). However,
the yield from E. coli may be low and unstable (Le et al,
1991). Thus, expression of the multimers of peptides would
25 circumvent -the abovementioned problems (Kajino et al, 2000).
A more important attribute for recombinant multimers of S3
is the expected enhancement in ligand-binding affinity and
LPS-neutralisation activity achieved through synergistic
effects of multiple LPS-binding units in one molecule (Mauro

30 et al, 2000).



mul timer of interest to the remai nder of the polypeptide include aspartic
aci d-proline, asparagine-glycine, nethionine, cysteine, |ysine-proline,
argi ni ne-proline, isoleucine-glutam c acid-glycine-arginine, and the |ike.
30 Cl eavage nmay be effected by exposure to the appropriate chem cal reagent
or cleaving enzynme. 14 It should be recognized that cleavage may
not be necessary for every nultimer or fusion polypeptide that is
constructed. A cleavage site could be incorporated, or absent.

The invention al so enconpasses a method % producing a desired S3 nultimer
of high purity conprising the steps of transformng a conpatible host with a
vector suitable for eXpPre&sthg" &s¢latesh gsdivyweseicdadedneai nitAglekedsa
muttimer . CRLEYbEBE;b0° DOShe ! 504 AL Nhd NTSlian LAGRRLY PERR! AR DY
selectlve bi gto an affinity matri x such as carrier linked to an

ant i body speuwﬁronmenttha hhnehoibgmusngdﬂypeptmd@ aﬁ@rcEaamphg off the

desired 53 nu& n?é eit her 5&# ]Epe car%ker b%%nd fusi

pol ypepti de"8riaftey” 88§8Fﬁfp%n (Wﬁ%%l Caryic6r " 15R heceSsary” condatlon to
permt suchlekeayapecoértiheopr agdusest p ypepled®ank tikahokt isobtaeds a

uni que cl eavage site which_nmay_be recogni zed and_cl eaved b SUItab|f neans
Such a cl eaPHfet8ft 82RByMBESGULRI SERALEHRST-THAM to6qFENGE -BE0FRT zaBt e

chem cal Ort%@ZMHBEéﬁlgﬁaQéngﬁeaan|£Q@&ﬁﬂx@%ﬁme%ﬂgthead%ibh@ﬂgpebéhQH Of
t he pol ypepti de and remai nder of the fusion polypeptlde to be produced. Such

a specific dmmpéiiératsequentd hectatrd. oé@mﬂQHLQMInaPhéS@é§FﬁédDEBrt|on
Exanpl es of .@AzZy[MLI ¢-a@00LS 106! Y fg 3%!325 %%ﬁqﬁ%ZrEBEEﬂg?nase

whi ch in sone cases recogni zes the am o acl uence
--Pro--Xﬁ-GMytthbieEIIti1mhemmedlatekyenvnnﬂgwmmwrptamhROSacbd Pésedde, e.g.

| euci ' which_cl h Ph d;, kallik B,
uhi o ol cava® Biiot NBCURbUYy PCEItE B SR xoUhe oRTgEes, 30

ent er oki naseolyhuehebecagbi agg bbepseruence v>éct(oe_6|@)r B coh\yssmtyonmecﬁ ein
n=2-4, and cleaves it on the carboxyl side of Lys; thronbin which cleaves at
speci fic ar§tayl Benegfings Eﬁaﬁ%@%%t%ﬁ-%héﬁ@&aﬁ”&&eﬁt§eFﬁ8Fu8E cyanogen

brom de (CNléB)npoMtQBncngaﬁéﬁ S??;{‘@roﬁ/%he hedn@ail @mAeonwaheh ¢l gaves the
Asn-Z bond, wherein Z Leu or Ala; formc acid, which in high

concentﬂétl@ﬁlyﬁbG&€OV@¢@ speC|f|caIIy cl eaves 5 Asp-Pro. Thus, if the
desired portion does not contain any nethioni ne sequences, the cleavage site

may be a methionine g&gﬁggm@tﬁa &a@aﬁq§§%%§ﬁﬁé%?' %E%%%%Gc@ymﬁ¥€988§ecause

brom de. Chem cal clea agen S may erred in certain cases
prot ease recoghitiing segdemcespealys bef st graptdldey (L@ehietderled20A0t he produced

pOIypeptideMauro, et al, 2000; Dolby, et al, 1999). Chemical
20 synthesis, especially solid-phase synthesis may be used for
short (e.g., less than 50 residues) peptides or those
containing unnatural or unusual amino acids such as D-Tyr,
ornithine, amino-adipic acid, and the like. Recombinant

procedures are preferred for longer polypeptides.

25 Peptides can be synthesized chemically by such
commonly used methods as t-BOC or FMOC protection of alpha-
amino groups. Both methods involve stepwise syntheses
whereby a single amino acid is added at each step starting
from the carboxyl-terminus of the peptide (See, Coligan et

30 al., Current Protocols in Immunology, Wiley Interscience,
1991, Unit 9). Peptides of the invention can also be
synthesized by the solid phase peptide synthesis methods

well known in the art. (Merrifield, J. Am. Chem. Soc.,



The techni ques for introduci ng DNA sequences coding for such amno acid

cl eavage sites into the DNA sequence coding for the pol ypeptide are
wel | -known in the art. 15As nentioned above, cleavage nmay be effected either
with the fusion polypeptide bound to the affinity matrix or after desorption
therefrom A batch-w se procedure may be carried out as follows. The carrier
havi ng the fusion pol ypeptide bound thereto, e.g. 19gG Sepharose 20 where the
| gG is specific against the heterol ogous pol ypeptide, is washed with a
sui t abl e nedi um and then incubated with the cl eaving agent, such as protease
or cyanogen brom de. After renoval of the carrier material having the

het er ol ogousSpélypeptPae) boamd $trwatto arsl XBusgl uBpéadcBhaaenPARti®es cl eaved
desired poI ep iLde_an cl gent, i i ned e
former ég |soFaFédgéégg%btggﬁa%%xﬁfﬁﬂﬁhe% %E%? |edP8§Etec nlqué%pknown
in the art syﬁhhaslgeﬁ tsihgaélcwpo1yWBuymam&ngevehylbﬂheeaethe f usi on

pol ypepti de conpri se rot ease 30 recog |t| n site, the cleayv ag ocedure
may be perfGPﬁEﬁlpﬁnEhg fott% ECFYRFLY WQPrF?mBES hd ?u@f

pol ypept Isdecta%m\t@éhlegyﬁthés@sSUtﬁ@bgLe%;ﬁt%HéJ@lanaBé bBgRotdBrekuthad W th an
appropriate agent which is as gentle as necessary to preserve the desired S3
mul ti mer. SGéﬁaﬁﬁdaééﬁW Fag, pel |bK)Qﬁ?ﬂ?ﬁ@nﬁaWﬂFEUEaHUSQ RE-&PEer, be a

Pi | v 9 2980 HEP, ARl A LEh e R IR e gt e pure

i Mmobi | i zed ofr eheageagénfs, Cohé a@@t@ﬁ@m the rekeavageosi tRei podlymer
col | agenase suscepti bl e sequence. WWen passing therethrough the fusion
polypeptlde“”§hcﬂéa9€8tFﬂt6C%%es?%%ﬁ%QRjW??Cﬁuﬂ?lﬁ@?naﬁﬁop &1iBeAet@r ol ogous

polypephkpey1g@g resubiifg sotatioh is then passed through the same affinity
matrix, or different affinity matrix, to adsorb the heterol ogous

polypeptlde portion of the solution. In one enbodinent, we chose the
amplification 15 vect 5het ArVAe cadF Y1 al 1SS t®ica 18t BenPhaitas Byl ti mers

of 53 gene. JGukLt herARE e&eag %éﬂ“&ﬁﬂ%&%ﬁ§@cﬁf%egggée&'@k%% ggggge@%the

repetitive units, to a or veni ent cl eavage u I dl'y aci uf fer
to rel ease: tah:etnrgn@nédsassauaqlwthéo}t én@élnpmep@aufg efigs3dmay provi de 20

explanations 3 s? ﬁ?eﬁﬁgal?y t ﬁeﬁf doptLO %§C§trgctgh Hgggtgow

t hey contrlbu owar s path g n recogn
enbodi mar®t , frrandesheepeatse ofobdmyenel Warieeld ahedhbnbgeaenndi pepdigect or,
whi ch was S%BS%%B%%LVdééi‘QgE%ég,d SO AN BP0 YRS Ay REIZE sy
such standard techniques as amino acid analysis, thin layer
chromatography, high performance liquid chromatography,
ultraviolet absorption spectroscopy, molar rotation,
20 solubility, and assessed by the solid phase Edman
degradation (see e.g. Protein Purification, M. P.
Deutscher, ed. Methods in Enzymology, Vol 182, Academic
Press, 1990). Automated synthesis using FMOC solid phase
synthetic methods can be achieved using an automated peptide
25 synthesizer (Model 432A, Applied Biosystems, Inc.).

Peptides are oxidized in Trix-DMSO-isopropanol at pH 7.5 for
about 15 to about 20 hours at about 23°C to permit the
formation of disulphide bonds (Tam et al. (1991) J. Am.
Chem. Soc 113:6657-6662). Following disulphide bond

30 formation, the suspension is purified using reverse phase

FPLC by which a yield of about 20% can be obtained.



25 I nduced expression of the nost robust tetramer clone was scal ed-up.
Reconbi nant 83 tetramer (r93-4ner) was purified and digested into nononers
(rS3-1mer) by acid treatnment, and both the reconbi nant peptides were tested
for their endotoxin binding and neutralizing activities. The r93-1ner 30
pepti de has the additional D (asp) and P (pro) at the ends as a result of
acid cleavage of the DP linker. Chemcally synthesized 83 does not have
these 2 extra am no acids. 17 The nmultinmeric constructs exhibit different
expression |l evels. No expression was obsE¥ved with the pETS3-1ner. As the
copy nunber increases, the expression level inproved dramatically,
especially wth the 5Bhé imtemnern ewmmeasisesexpresbinantemethoéached 25% of
the total cell .proteins. ibmever further,doubling to 8neg ducgd .t he
expressi on PEVBICTRE YR TR Tift® (5 EES5Y "HuRbBH F A Rdt CAl RAys Prdporti ona
to the expresshéds! evebrios tie sspaptdrdantthaeuEih§Apkaselcb®Endi tigh ng t est
and SPR 10 result show differenti al bindin% efficiencies of r53-4ner,

rS3- 1mer anBOLKRCERERE cHITY 3y HesiHedd 531f 6RSEPS whPR P ghestimBihdi ng

achieved5bymhg35éngiea§@&hf£gﬁ gﬁg_ﬂdﬁyﬂgﬁkgg@'test and suppression of TNF-a
release in THP-1 cells showed that rS3-1mer works equally well as the 15

chem cal ly synthesized S3 peptide to neutralize LPS, while r53-4mer

di spl ayed a 2-fol d hi {einam¢id B8 eatdos wytefonelers tRean53nin@ragity
chem cally n ized. i (IS Jhhsak P ERLSA and SPR
tests. Two %%j%$§§%rggéége%#%gfg%ﬁgggﬁfgrgggkgﬁgggtmeg%ego LPS and

LPS- bi ndi ngchepti cdésor Taez post ¢ viee asttdirage soicht hbapephedespt bdasclamin

el ectrostatic attraction with the ne ive char ged osphat e head groups
of “the LPs. “FnEltREr 76 TREC iAo MonS FREDrSar | BHeBbt phear Hie: ( oh o
al, 2002p Famiey etial/cld&B8e ditdacinclmdleathoBeobtagbparlbcaattld+ esi dues
of 53 ained at_introducing positive charges only achieved 2 slgght i ncrease
in LPS-neut PAPL 21 %g 'ABRT A e (e inine Ye60n) trBRSPRBE ChEFGe ©F

modi ficatiogyuthhiteagido(s1bps been 4 akenitevenbanas hbeqlLEPSei Ak ng
ability of Such peptides. Herein, by creating tandemrepeats of the 30

LPS- bi ndi ngsiihet sapngseddnefeimcreiaisnga Ra andber 2a6fdpesi aPVBC chardes, we
denonstrate - i oprov. in. actj.vity t ' - to the
oo et “osing; LA TB TRl B vtk LD OB EOTRALRS,

i mpr ove 16heikP&i bandi ngt achatvigitofbsianildar peptidedarTheprefartedfis
secondary SEB39£§£?P§Qaé gééﬁé&’site which may be cleaved between Asp

and Pro by acid hydrolysis.

Polypeptides containing the multimers of S3 may

contain a linking amino acid or amino acids for cleaving the

20 specific multimer of interest from the polypeptide. For
example, a polypeptide having multiples of S3 tetramers may
contain amino acid cleavage sites between the tetramers. 1In
another embodiment, the desired S3 multimer may be produced
a3 a fusion protein where the $3 multimer ig fused to a

25 heterologous polypeptide such as the commercially available
His-~tag, and where an amino acid cleavage site is placed
between the S3 multimer and the heterologous polypeptide.
The linking amino acid or amino acids are incorporated
between the multimer of interest and the remainder of the

30 polypeptide in such aAway that one or more cleavage
reactions separate each polypeptide species to the degree

necessary for intended applications. In some embodiments,



DNAMAN pr ogram (Version 4.15, Lynnon Biosoft) shows that 5 both 51 and 83
have a distinctive structure of four regular 8-sheets alternately spaced by
turns and coils. W presunme that this structure may be inportant to the
interaction with LPS, and in addition, the multiple 8-sheets in rS3-4ner,
may formthe 8-barrel structure to provide better shielding of 10

hydr ophobi ¢ acyl chain of LPS (Ferguson et al, 1998). W have
devel oped a specific endotoxin adsorption using rS3-4mer, which is a

reconbi nant tetramer of 83. Its high bintd?ng affinity of LPS, |ower
cytotoxicity and haenol ytic activity showed its advantage over the synthetic
15 anphi pat he ¢anhkéngcspeapende, ceBsigiBi mf emnealor 200%) anMigy- adiBs, Was

coval ently conj.ugated _to_DADPA i il.ized agarqgse ,beads.  The.efficacy of
this natrix%fblpgnﬁﬁénEP g%gg’t%ggggf%%ﬁég”d%ffgfeﬁf %énaptggﬁggand conpar ed
wi th the S3Acidkri xItCaapaned in s3erpepidtdecet be n83edmrtyr eocogbeaant 20
pepti de appears to be on par if not better in terns of efficiency of LPS
renoval . Théltand€RFr ePEatBY oftt e PG G ek §easPF§Fé§P§§FIy posi ti oned
nultipIeE;P?kang@gdgptifs, whi ch produce synergistic effect for binding
LPS. Both of these peptides have great potential for the pyrogen 25 cl ean-up
industry, as they are re-usable, non-toxic and efficient in renoving trace
anounts of LPS from sBFubPefisheBeifera sistiems PO YRERN g 1EPSIEr BR#S 0l Ut i ons
w1 be requged;t,a gegl, depepdseofs nayanddt ikglt & legishath9hss eng

I n one aspect, {he i nvention enconpasses (i) an 30 expression cassette
cont ai ni ng acDMApwblyeenkédef unhel ahe@rtae ¢i? pliaced auhdsercRegeost rol of the
el ements requi.-red .19 for_ expression, .in rt.ic nger..the control of an
appropriategﬁﬁgﬁﬁPg%ge(ii?’gﬁmgiﬁrgggi%%c@%clgr%%%%téi%ﬁﬁjggn expr essi on
cassett e f pgohegpepvedei 08; byl tranal pt deargfotanc ier- fewear Yalsioncelfl the
transforned or transfecéed with an 5 expression cassette and/o ector of
the inventi @PLYRECKEPFIHE EFTNCHCHT ocks 'ﬁ(ﬁ'ﬁﬁhﬁdgcﬁﬁﬁea pd p§5¥ra or

pol ypepti de fdeki vatbuengnendedubyod pol ppuplient iide iefscrted Aveat kan, which
involves culturing a procaryotic or eucaryotic cell transfornmed or

t r ansf ect ed eXPERSEACEXPREESF oNinE a8 skt tuserD tandrehsteetorrot reReé fpAvedt i on,

under condi s LAt ahhow-AXpLessy ool rﬁ&?n@%e@'i%%”'s% EnlBe invention
and, recovering the encoded pol ypeptide or polypeptide derivative fromthe
cel | cultiurendcodiing tihdeBst modtihatr by ireedtedmitpol ypeptipdessiinel udes short

am no aci d sequences GANIRN| Ko 18.1 SIIB. S ReRlidesas no rhe nererMbEGONDI NaNt
expressi on system is Serscted fPom procaryoti ¢ and egcaryoti ¢ hoste
Eucaryoti c hedtypepndbadesyaastadel psedentyg. , SSatc hacamyeesander evi si ae or

Plehia pastqrle) ., remmal kan eBlis (& %re TRhe iRy 95:158 ., c.q.
the pMal-c2 or pMal-p2 system from New England Biolabs, in
20 which the heterologous polypeptide is a maltose binding
protein, the glutathione-S-transferase system of Pharmacia, .
or the His-Tag system available from Novagen. These and

other expression systems provide convenient means for

further purification of the desired S3 multimer.

25 Amino acids that may be used to link the 83
multimer of interest to the remainder of the polypeptide
include aspartic acid-proline, asparagine-glycine,
methionine, cysteine, lysine-proline, arginine-proline,
isoleucine-glutamic acid-glycine-arginine, and the like.

30 Cleavage may be effected by exposure to the appropriate

chemical reagent or cleaving enzyme.



20 cells), arthropods cells (e.g., Spodoptera frugi perda (SF9) cells), and
plant cells. A preferred expression systemis a procaryotic host such as E
coil. Bacterial and eucaryotic cells are avail able froma nunber of

di fferent sources including comrercial sources to those skilled in the art,
25 e.g., the Anerican Type Culture Collection (ATCC, Rockville, Maryland).
Comrerci al sources of cells used for reconbi nant protein expression also
provi de instructions for usage of the cells. The choice of the expression
syst em depends on the 30 features desiretfor the expressed pol ypeptide. For
exanple, it may be useful to produce a pol ypeptide of the invention in a
particul ar |ipidated Forshorldnye ordrogiizad thag cleavage magnaoskbe| ed in
the art would readily der st ot l..vec .axp i contro
sequences ah&cﬁgg gymgﬁ?dg%%rggﬁ%%¢%%ﬂ$6néggfé§§ %Ei??@qﬁ§?|Egﬁg £

pol ynucl eot icdastofictbids i Rvehéavige Wite tdumlguibdelinnespbrdesdr i bed bel ow,
however, a selection of vectors, expression control sequences and hosts nay
be made wit RO§ERENndue experinmentation and wi thout departing fromthe scope
of this invention. In selecting a vector, the host nust be chosen 10 that is
conpati blse wi th the vegtoinwbhe€hoh Salf exidcinparGepossmkyoteplti cate in it.
Consi derations are made wWith respect_ to the vector copy nunber, the ability
to control PHESEEHPINBNBEFIresk pfesEibhi BT Gthéri9pr BUEhyY SGERTASIEAt | biotic
resistance. tha sebset HB0: ANLEXPFASSE O LAl 115 H3SRURNES, aavauEher of

vari abl es are considered. Anong the inportant variable are the relative
strengt h of sthisabéguénceckprgssing abfusion e ldmweps idepcessiedninadehevari ous
condi tions) ..t he LLity t o] eq ‘s fu i conpatibility
bet ween theSSO V%gghg%ti BQFgggégeé%égﬁgéﬁ g%%ﬁgﬁipﬁeQ%%n?pgﬁggequence (e.qg.
secondarny stougbepesdareyceasedeied bindig ddchainr pifif istityc matesxwhiich
prevent efficient transcil tiQgn). In selectjng the _host, unicellular

hosts. are s&Felt EB*WAFEN é£5e§o%%a??b?¥F£%q RECIELECEEY Y8Etor, tol erant

of any possinkkerboxgeusf %@@i@e@ii@é, tdveq exprRssed aFroduet deahledt g3secrete
t he expressed_product  ef iC|entI€ if such is desired, to be able to express
the product "UAtERETdE4FPeE SOREGE A FERN Hhe F@rddsPosesl &4sdpn and to

whi ch ease %1%@%&&@@ bPNaefethge S AR 1 P Uit tnEhe Ghaiee of the
expressi on casSette depends on 30 the host system selected as well as the
features desired for the expressed pol ypeptide. Typically, an expression
cassett &5 ncl udes a pfoRBEefsehdt CPBAF AR itoh&eH tt geich cleavage of

the produced polypeptide is that it contains a unique
cleavage site which may be recognized and cleaved by
suitable means. Such a cleavage site may be a unique amino-
acid sequence recognizable by chemical or enzymatic means

20 and located between the desired portion of the polypeptide
and remainder of the fusion polypeptide to be produced.
Such a specific amino acid sequence must not occur within

the desired portion.

Examples of enzymatic agents include proteases,

25 such as collagenase, which in some cases recognizes the
amino acid sequence NH; --Pro--X--Gly--Pro--COOCH, wherein X
is an arbitrary amino acid residue, e.g. leucine; chymosin
(rennin), which cleaves the Met-Phe bond; kallikrein B,
which cleaves on the carboxyl side of Arg in X--Phe--Arg--Y;

30 enterokinase, which recognizes the sequence X--(Asp), --Lys--
Y, wherein n=2-4, and cleaves it on the carboxyl side of

Lys; thrombin which cleaves at specific arginyl bonds.



21 sel ected host system and can be constitutive or inducible; a ribosone

bi nding site; a start codon (ATG if necessary; a region encoding a signal
peptide, e.g., a lipidation signal peptide; a DNA nol ecule of the invention,;
a stop codon; and 5 optionally a 3' termnal region (translation and/or
transcription term nator). The signal peptide encoding region is adjacent to
t he pol ynucl eotide of the invention and placed in proper reading frane. The
si gnal peptide-encoding region is honol ogous or heterologous to the DNA 10
mol ecul e encoding the mature pol ypeptideland is conpatible with the
secretion apparatus of the host used for expression. The open reading frane
const it ut edEpgmphes DNA fbteterk agentte inplede eansgre| YropigdegetMEF) wit h

the signal REPLLAE:chch! 2PEC, URLES MM SOALNILCD! WHIBRPLOORLEL dpe SO ! hal

transcription and trans Ion occur 1'n't host system Pronoters and signal
pepti de encadhng begdonshareimi Hehay kreoWiyandeavairl abbke forthosacskilled in
the art and include, for exanple, the pronoter of Salnonella. typhinurium
(and derivaWh%E )1Phﬁf9#scPﬂ8 ?fﬁ%?%@'éﬁﬁﬁ&nggé)(SPSHﬁEéFa§6Ya$£%SV%%d i's
functional hBpCrast NnegrptisyeiPacherdas isteh s tEonCabes( asrdesstabedany U. S
Patent No. 5,028,530 and in Cagnon et al., (Cagnon et al., Protein

Engi neer i ngMETbYIR1AE 75 BUSHTES t e Prodfsivéscof it ReMg¥nBSof BEEPEPTOfhage T7
encodi ng RNG,BQLYYRE 88CcahMBE 581 {4NGId 192N el Byné%ne{;eg%ifomf@é!
strains expressing T/ polynerase (descri'bed in U S’ Patenl No. 4,952, 496);
GspA | i pi dafhenisagnal epeprydegentahdnay pE brgiféariednisi gaakapepeaers (Takase

et al., J. ct. (1 5 . ssiqn sset I ically part
of an 30 ex%%%é%?%nggé%?%$? ﬁ§$%%n¥%ﬂ§5%%%@bg %rm%?sggb%ﬁskécé%g¥eplicate
in the aliosannazpedsshonhsysteducdX presgiept idectors (e.g., plasmds or viral

vectors) can be chosen, for exanple, fromthose described in Pouwels et al.
(doning 22 Vectors: Labor at or nual_ 1985, .Sup 1987).. Suitable
expressi on vectors caﬂﬁ%egﬁﬁé%h%@%%N$]bﬁf$§F%85§ngoﬁﬁér8F “86tFces. Met hods
for transfoesungit Fanskeehi 8giNesicieldlsdvadiet Biexpr @a8boBh¥eDNAr s are
wel | -known in the art and degend on the host systen1§elected as described in

Ausubel et SPIUENEAUSABENTetOh| the RAVERPRAS: 6C61 ¥oilh - KBPERULBr tBR ol ogy,

John Wley &8ons Inc., 1994). Upon expression, a reconbinant pol ypeptide of
t he

15 As mentioned above, cleavage may be effected
either with the fusion polypeptide bound to the affinity
matrix or aftexr desorption therefrom. A batch-wise
procedure may be carried out as follows. The carrier having
the fusion polypeptide bound thereto, e.g. IgG-Sepharose

20 where the IgG is specific against the heterologous
polypeptide, is washed with a suitable medium and then
incubated with the cleaving agent, such as protease or
cyanogen bromide. After removal of the carrier material
having the heteroclogous polypeptide bound thereto, a

25 solution containing the cleaved desired polypeptide and the
cleavage agent is obtained, from which the former may be
isolated and optionally further purified by techniques known

in the art such as gel filtration, ion-exchange etc.

Where the fusion polypeptide comprises a protease
30 recognition site, the cleavage procedure may be performed in
the following way. The affinity matrix-bound fusion

polypeptide is washed with a suitable medium, and then



10 invention (or a polypeptide derivative) is produced and remains in the
intracel lular conpartnent, is secreted/ excreted in the extracellular nedium
or in the periplasmc space, cis is enbedded in the cellular nmenbrane. The
pol ypeptide is recovered in a substantially purified form15 fromthe cel
extract or fromthe supernatant after centrifugation of the reconbi nant cel
culture. The reconbi nant pol ypeptide is purified by any well-known nethods
that can be readily adapted by a person skilled in the art, such as fusion
of the pol ynucl eotide encoding the 20 pol§peptide or its derivative to a
smal | affinity binding domain. I n vari ous enbodi nents as

descri bed alsdwéedavpohypepebHecptyabe adesvediitch alst &isnJgeré l@esdfred nul ti ner
or nonomer. Pr t] y kn 25.in the art.
One net hod ﬁgggﬁgggﬁi58d§5§§¥?g§_9§§t§§%5f?ﬁgﬁ ?%2%33%?60|§p?€ gPeavage site
may be intredecedmay,t Geppndtchgons sloe tpeatt itchd ade SB3r etk lpepeirdebeaa pH-
ultimately he separated fromthe remaj nder of the pol pepﬁid . Proteolytic
enzymes i nclQYET 1Bt 29PBEnBYCRi APt _P %ﬁlq%ggﬁﬁfegb Xa Gt Gﬁgﬁn, and

ent er oki nAs@ontd3ning the purBYfuSSoMUbdiyRiptiide TRaRhed Palkypgpti de having
nore than one copy of 53 peptide, including nmultiple tandemrepeats of 53

pepti de. A DRACEEHuUBNEECEREOEPAEMBICPPAIFEIY ddet dMPPiAd 25d protease,
pepti de- encqdi,ng Lt i reddi ng brhangesuech that
when expresgég, 538%3?9%§3%Eighg?gtd%g%#§¥%§££%ﬁ6§ptide gequgﬁges may all be
t he sanme, omsusegptobilespendencedi f Feermaseiriordhiereshrawghogde fasiants such
as allelic variants, .and_honol o of, 3 epti de lon s.they_retain the
2ility to ECRIECETiRE LExANRrasior S T pde PorDas & FENERE 1 and
2. An exenphatygreDNjoascedingebactior Cripd Afeanditiesc @ophtd onotkndheauda i s
set forth in SEQ ID NGs: 5 and 6. SEI%JE)thl corresponds,.tQ am no aci ds
268-301 of SBOSFB KBrE gt tPReS8Re pRbE 1R AN Pnk&d & CHértSERBHi cal Iy or

15 reconbi naftrlinit9 Aabeter otegausors! MpepididaoliddRm sy 1keehicaked to either
the 51-end, the 3,-end, or may flank the heterol ogous pol ypeptide. Further,

the 33 nul t PeEE ipky OBeth8caPelt&Pnsites internal to the heterol ogous
pol ypeptide. In certain. enbodinments, 53 nultinmer nmay contain 2, 20 3, 4, 5,

6, 7, 8 9 or 10 33 peptide spELENGES:, The é?oééeﬁtﬂéi_%sngmfﬂa%_tribﬁsent as
direct tanmdem repeats, or they nag be separated by |inking am no acids or
fw

cl eavagel i Vestar thact rendibEt abeawsone tof e ireyestiousppulsdmepepef de” or
"protein" i an I of L 00 aci ds, r.gl.es f or

post - transl §t3F§%§%'m§P??§S?P§ge( ewgn&é%%gégjclhae[ ?% ?rr%pfl(g?&hg?gﬁ%?i on), or
chem cal nodiefcweani bhe oepthoséveonbatsi ngp whtatnd aonveniensuall earhge aci ds

such as DT r,,%r%i H'ne a Zno-ag' ic_aciq: Both.terns are used
|nterchange§EF§ |nl§ gprgég%F 38 g%ﬁl?%xﬁQ(ﬁ?se the monomers.
Studying the tandem repeats of S3 may provide

20 explanations as to why some proteing adopt repetitive
structure, and how they contribute strategically towards
pathogen recognition. 1In one embodiment, tandem repeats of
S3 gene were cloned into a modified vector, which was
subsequently transferred to an expression vector, pET22b.

25 Induced expression of the most robust tetramer clone was
scaled-up. Recombinant S3 tetramer (rS3-4mer) was purified
and digested into monomers (rS3-lmer) by acid treatment, and
both the recombinant peptides were tested for their
endotoxin binding and neutralizing activities. The rS3-lmer

30 peptide has the additional D (asp) and P (pro) at the ends
as a result of acid cleavage of the DP linker. Chemically

synthesized S3 does not have these 2 extra amino acids.



24 Spacer sequences nmay be present between the 33 noieties. The
strategi c placenent of various spacer sequences between 33 sequences can be
used to confer even greater LPS-binding. Accordingly, a selected spacer
sequence 5 may encode a wide variety of npieties such as a single amno acid
| i nker or a sequence of two to several am no acids. Sel ected spacer groups
may preferably provide enzyne cl eavage sites so that the expressed mul ti ner
can be processed by proteolytic enzymes ihh vivo (by APCs, or the 10 like).
In various enbodi nents, a peptide may be | abel ed. The peptides nay be

| abel ed at any positiandn the ag; no agid -s& e&ﬁﬁ,bi%qﬁﬁ%r@jtt he
a e chain

Ntermni, CGtermni, or an amno acrd si (e.g., Lys, Arg, Ser

Cys, Tyr, GexprddsdAspm letvelk. Howeespressioe wed cldersiedke wiltdn ndewi | | be

present in all of the peptides produced, in the digest, .|abeling at the N,

or Cterm niPFSHrdiErs egx.s %-%'FEICHPHaPuBB%{i ey Ind % eﬁ‘é’ﬁelgfdpﬁrl y

preferred. Prafar reghlake idran@itauns)ar ecfpaor £s16enMi 120 oy eyeophor es t hat

are conventional ly used as reporter groups. For exanple, the structurally
8

rel ated cYarfidte 3K TMRRTE (HeeSEBRESPABRI 19EY eftited 53 Andley5, may be
used 10 pr oduee N AN r-A008EBERL] dage A0 URAIOMPTed BRIY3 or 05

monof uncti onal succinimde esters with the 25 peptide will result in
N-term nal |zsbidatdy tdfe ehenesstiodes evFhessugyest dre tdwnent @ldpy avai | abl e

from Aner sham Phar naci_a ,Bi gt ech. . exa" d r.ket

Mol ecul ar Pr%%r%bse,r e .nortr:afcié'tvlagg 508855.10%%91’5 >(;tyees %X ?Jr:perrg%’sllé%a%%é’%es of

f 1 uor ophor esf@0 tiitdh pptIsiean miel EBIBAF baghduird el nd isidlte sspecisr gerR O

t hese, two dyes,. Al exa 532 and Al exa. 568 woul d_be, es ecigﬁ{y sui table. Both
share a &{ midefuyy or'd SZFGB8Ar PEREISANR L85 U1 S S Foat’ @ and
quaternary nid3 oGt faRCtienaheaiedPsyl Bystmdd Afed s iRlr AiEntAdknon in the
nol ecul e. Their em ssion nmaxima are at 554 nmand 603 nm respectively. A

vari ety of tlekHMGuesnidng Redwevesr b¥epdd atTelg: Both the LAL

inhibition test and suppression of TNF-o release in THP-1
cells showed that rS3-lmer works equally well as the

15 chemically synthesized S3 peptide to neutralize LPS, while
r33-4mer displayed a 2-fold higher anti-LPS activity.
However, the rS3-lmer and chemically synthesized S$3 showed

inconsistent results in ELISA and SPR tests.

Two major forces mediate the interaction between
20 LPS and LPS-binding peptides. The positive charge on the
peptides forms an electrostatic attraction with the
negatively charged phosphate head groups of the LPS. . The
other is the hydrophobic interaction between them (Goh et
al, 2002; Farley et al, 1988). 1In fact, mutation of amino
25 acid residues of S3 aimed at introducing positive charges
only achieved a slight increase in LPS-neutralizing activity
(Tan et al, 2000b). Besides charge modification, little
effort has been taken to enhance the LPS-binding ability of
such peptides. Herein, by creating tandem repeats of the
30 LPS-binding units instead of increasing the number of
positive charges, we demonstrate a 2-fold improvement in

activity of the tetramer compared to the original monomeric



5 peptides may be used to separate and detect the peptides and their

mul timers. For exanple, such techniques include 213 gel el ectrophoresis,
capillary el ectrophoresis, isoelectric focusing and |iquid chromatography,
and hi gh-performance |iquid chromat ography (HPLC). Reverse-phase HPLC is a
10 routine analytical procedure in the field of protein and peptide

anal ysi s. In reverse phase HPLC C-18 colums typically are used,
al t hough shorter-chain stationary phases provide inproved resolution for

| arger pol ypeptides. Three colum 15 forffts are nost widely used.

Anal ytical colums (4.6 mm1.D.) typically are eluted at flow rates of 0.5-2
nmL Narr ow botwl tooltivss PEPVRRiNIDay afEeFnat HYe appradeIatted i PreviRL then- 1.
Fused silic i 1ar £1-0. G : e eluted a flow rates of
4pL mn-1 aﬁﬁﬁ%gkg&?' 0%%k3§??gﬁgfeﬁggg}%g] %ﬁ%%$é§kmnypeptides of the
invention may be immobilized on solid phase nedia. Generally, the matrix
provi des a scaffol d wilheh ralshdws cifheepongpept $deutioryeiatr¥sis Uy nked to be

separated fromphe bulk fl U(iV%'rsN%pf AR %S&?@i& og) suidablig Jyatrices 25
i nclude: polyners Wi G car € ‘i nsol tbl e Th ér or mxtures of water and
wat er sol sibleotar ganiseids @3v énrtve; abeddednsupper ¢ isrsuohraso fragnet iredudads,

chr omat ogr aphi acki suppor.ts, nedi,a,and resins; porous aded supports
such as ghrg&ﬁ%%lﬁqgeﬁ%&ie&g SEARGFL BY herRa 3 C?%Jsji%’s (& FT56"&ni on

exchange chronat agiiaphy MREhAk, AyCaSt iRBLYIREL SUSh 188 PnlErdy@EiRg (1.
pol yvi nyl i dene difluoride, Teflon, 26 olyeth%lene, pol ypr opyl ene or

pol ysul f one)EPTo-g36l yigerdddifdceyi &he mHdtgele Beskeehw| aciSA Hficde dpY
agar 0se) . | Ny 1 Qs REI0dITE RS bgPelypERLi desp o e dbeshiuRNtipuemy be
used therapeﬂ%ﬁ%a y% n oFﬁﬁla?ans Sr 5 ﬁe@?canents to preventsgr treat
sepsi s-r &b at eddhedsie dfhyd ianeemt ioénLpBovFeegsusor respohdi hP &t hods of
medi cal treatnment, in which a therapeutic dose is admnistered in a

Peed ther eof . Aceor di Bl G MG on SFeaLrte EnBRLEh Rladilies 1
using rS3-4mer, which is a recombinant tetramer of S3. Its
high binding affinity of LPS, lower cytotoxicity and
haemolytic activity showed its advantage over the synthetic

15 amphipathic cationic peptide, S3A (Ding et al, 2001). rS3-
4mer was covalently conjugated tc DADPA immobilized agarose

beads. The efficacy of this matrix to remove LPS was tested

under different conditions and compared with the S3A matrix.

Compared to S3A peptide, the rS3-4mer recombinant
20 peptide appears to be on par if not better in terms of
efficiency of LPS removal. The tandem repeats of the S3
might expose strategically positioned multiple LPS-binding
motifs, which produce synergistic effect for binding LPS.
Both of these peptides have great potential for the pyrogen
25 clean-up industry, as they are re-usable, non-toxic and
efficient in removing trace amounts of LPS from solutions.
Better systems of removing LPS from solutions will be

required to meet demands of new and tighter legislations.

In one aspect, the invention encompasses (i) an
30 expression cassette containing a DNA molecule of the

invention placed under the control of the elements required



10 provi des therapeutic conpositions conprising the polypeptide of the

i nvention, and a pharmacol ogi cal |y acceptabl e excipient or carrier. In one
enbodi ment, such conpositions include the polypeptide of the invention in a
t herapeutically or prophylactically effective amobunt 15 sufficient to treat
sepsis-related conditions. The therapeutic conposition nmay be soluble in an
aqueous solution at a physiologically acceptable pH. A
"therapeutically effective amount” refers to an anount effective, at dosages
and for periods of tine 20 necessary, t otAchi eve the desired t herapeutic
result, such as a reduction of synptons related to sepsis and in turn a
reducti on i o5ef¥PEePRl @l edi Wi BRESEC Yy BT PeACOCRErRpeREi 8Bl Iy effective
amount’  of thg, BELYRERt LAEMOE L De (1 Ny e 108 R 1 VAT Y E60T BbRBatAIhgGCt O S
such as the disease 25 state, age, sex, and wei ght of the individual, and

t he abilityaof exheceohpounassote¢ief tthe dewiansdd onesgdnde BnPrhRGary@s g dual .
Dosage regi mens mmy, Be, adLust ef-Lo. PLAYl S, he gntioumst hecapeytic response.
A therapeutlcaFPy &¥Tetti ve anpunt 13 al so one i Wi ¢ any toxic or

detri mentzal esbtreetsodOcadst biee cand oo dvearmrowtiweihghadveyttibe,t herepeuti cal |y
benefi ci al effect§. A "groghylacticaél . effective anugpt" refgrs to.gn
anount ef f e@fi V&) af BHSGGHES HRH PBY Dds PoYPEP L Afe ORe PES¥RFYE 14D

achi eve thegdesi;hedver epbyhagt be £6silynudLch ide pireveRt iiRgeat ibAhi bi ting
the rate of sepsis onset or progression. A prophylactically effective anmount
can be det emWilgBdig¥oYESEr FBeBUAbRY 2 fRIFOTHY AHEr YFeGiceaVPF1S eftkctive

amount . For 3ay paLhEAULA' - SLRLECL: cREAL i d99adesienl RBASCERY be adj usted

over time according to the i1 ndividual need and the professional judgenent of
the persdn addi/pirsvertay of Shpeiwvennipn hewraldn wiosidigtions shathallow
composi { i ong, JOAS; UsedeNerel fy Phar IacEtdSally saceeRtall egarrier” or

exci pi ent TR Gdes any and alT sorvents, dispersion media, ¢oatings,

ant i bact eri alecandrangi tnagahcageat 5ol ysaitiec cangodlypepptiden ddel ayt irge

agents, and the |ike that are physiological]y conpatible, In one 15

enbodi nent, {RE EbFrF@ iiEuLEFE%bIeITcﬁSrﬁHAEHQQQ%d & tnP§tF5FiBﬁFm _

Al ternativelwoitBepeaner einediabe subtalde dordint RveRekes kBRmapeyi t oneal,
i ntranmuscul ar, sublingual or oral adm nistration. Pharmaceutically

accept abl% &&FFPer SPPRELEEE" steril e aqueous sol utions or di spersions 20 and
sterile powders for the extenporaneous preparation of sterile injectable

sol utions or dispersignredBRbUaENOf etphedbdMRA &yardradante1keted from
pharmaceutically active substances is well known in the art. Excegtélnsofar
\93

as any conv@APFemdPtiedradoruagtyietic eRiehpafiusreYRIttR PREtacERgéUdaound,
use 25 therggggknc T?spWQFQ?FEHE&Eﬁér MOS0 Qfa ot RS iFIvgRLIion is

contenpl ated. Supplenentary active conpounds can al so be incorporated into
t he conposi beeteris), mammaliFhecabbut (€ comE@silt i YAS3MPPI oal TECAUSt be

steril e _and stable un? r the conditiopns_of nuf act ure._and staora 30 The
conposifﬁbncgggsﬁe o ﬁﬁ?%?@% %%P%Ssg?LﬁikmfPQ%aﬁwﬁgﬁu% FgﬁPeF%60§§ﬁ%{ or
ot her ordereéllkt)UchhfiepSaht abbeléo M Predaigedorspiictatioansyfbemcasrd er can
be a solvent or 28 . , , ,
procaryotic host such as E. coli. Bacterial and eucaryotic
cells are available from a number of different sources
including commercial sources to those skilled in the art,
25 e.g., the American Type Culture Collection (ATCC; Rockville,
Maryland). Commercial sources of cells used for recombinant

protein expression also provide instructions for usage of

the cells.

The choice of the expression system depends on the
30 features desired for the expressed polypeptide. For
example, it may be useful to produce a polypeptide of the

invention in a particular lipidated form or any other form.



di spersi on medi um cont ai ni ng, for exanple, water, ethanol, polyol (for
exanpl e, glycerol, propylene glycol, and liquid polyethylene glycol, and the
like), and suitable m xtures thereof. The proper fluidity can be maintained,
for exanple, 5 by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of
surfactants. In many cases, it wll be preferable to include isotonic
agents, for exanple, sugars, polyalcohols such as mannitol, sorbitol, or

sodi um chl oride 10 in the conposition. P¢Bl onged absorption of the

i nj ectabl e conpositions can be brought about by including in the conposition
an agent which del aysCaBs6Kptled, inorhexanplwilfoiescdddyvatedsgrt 8ndnd

gel atin. Mrgayelq.t @glp%xgsgyQﬁdOéxg}lt@s_giw@a&&ogagea%e%@gnhﬁaered ina
time release 15 tfornulation, for exanple in a conposition which includes a
sl ow r el easéngpalsywenldThe espeveedonpoerrisecaredvelinepelddtiviet h carriers

that will protect the. c ound ainst rapid rel.ease, such as.a controlled
rel ease forﬁﬁ1§?ﬁ8%?oFﬁ§E§dP gtﬁ%%I%%Y%n%ﬁﬁphig%%%hggﬁégPépg lagﬁivery
systenms. 20 Bisedepeadabliew, bhoeetpat i Hl €= padvirer sfcarerisedxpsuebion

et hyl ene vinyl acetate, polyanhydrides, polyglycolic acid, callagen,

pol yor t hoest&PE FOJoSERRENTESagRd ARTEHINIY dedt inedS sV EoMPEYEopol yer s

(PLO . Many Jgfhadantak ibhepreparrbhonidfasuchy faiguhald erepar erpahest ed or
general ly 25 known to those skilled in the art. terile

i nj ect abl e s@vVigritae® -can be prepared by incorporating the active conpound
(e.g. the polypeptide of the invention) in the required anmount in an

appropriate sol vent, Wiﬂqhs@@@ce&ng SOPLLOAL | Qi Of d NGRS pRUBRN ated 30
above, as required, followed by Tiltered sterilization. Generally,

di sper silghs tdweg pregampdtbplenvdrbotriae i vertdre woitdhyv e schippemidti and a sterile
vehi cl e whi ¢ taj .basic.di spersio di_un d e _reguif ot her
ingredientslﬂﬁgggﬁih?% gégagﬁuﬁgrégéd %.%ké§%5%1lfﬁ%55%g%n€$ﬁ§k%$ﬂle powder s
for the prepaspeican tof takervekeornrepy abhtban| utHeordhiltity pretcentedl net hods
of preparation are vacuumdrying and freeze-dryi ng which yields a powder of
the active iMgr ESP&ENEH 6Fusgéﬁ CEAUPE | éwﬂﬁﬂgﬁééfqyﬁﬁé%¥§hﬁsfron1a
previously sheridietficl tesedtaabet i ofnt feT@ind R rddRGenvcbhtanl
alternati ve aspect of the invention, the polypeptide of the invention may be
for mul at’etd AEHRSHTE oF HﬁﬁéeédaﬁtV%ﬁh@b%%ﬁqﬁﬁﬁuﬁ?%%ﬁﬂ?ﬁ%@han@@OFHetESIubiIity

of the pol ypeplirdentl@briaetar dapceny & anoidief RsRRH f thie skRuentéon,
t her apeutic conpositions of the present invention, conprising the

pol ypepti de ©F at-hé&hienebatliidh, tARGrbee pexvg eil 4 Wweistraivieeri®ugr commer ci al
packages whi f.ur. K C ri ipstructi f u f e p jde of
15 the inveﬁ%?%ﬁglkﬁgghe%ggeégg%?gg %ﬁd%%?ﬂ%?ég%ﬁ%%%mgfnggpgigb%%?g%%d

di sease, or doopatthéipiegabativeanotha pelyoarienit fde tor &eerbipresaerd/ end
treatmenf, o ol.l owi_ng preparative

f .sepsi s-rel ated di sease. he f
and bi ol0gi ¢&° gfgﬁﬁpgssﬁgBGBFFe?Edgtos???QEﬁ9¥négﬁHﬁ§¥ﬁeﬁv@ﬁ ion and are not
to be considered to avoid hairpin structures which prevent
efficient transcription). In selecting the host,
unicellular hosts are selected which are compatible with the
selected vector, tolerant of any possible toxic effects of
25 the expressed product, able to secrete the expressed product
' efficiently if such is desired, to be able to express the
product in the desired conformation, to be easily scaled up,

and to which ease of purification of the final product.

The choice of the expression'cassette depends on .
30 the host system selected as well as the features desired for
the expressed polypeptide. Typically, an expression

cassette includes a promoter that is functional in the



20 construed in any way as limting the scope of this invention. EXAMPLES
LPS from Escherichia coil 055:B5 was purchased from Sigma (St. Louis, MDJ).
LAL kinetic-QCL kit was 25 supplied by Bi owittaker (Wal kersvile, M). Hunman
TNF-u kit (OptElI A ELI SA).was from Pharm ngen (San Diego, CA). CellTiter 96
Aqueous One Sol ution Reagent for cytotoxicity assay was purchased from
Pronega (Madi son, W). Enzynes for DNA nmani pul ati on and pol ynerase reactions
wer e purchased 30 from NEB (Beverly, MA.). DNA purification and extraction
kits were from Q agen (Chatsworth, CA). rogen-free water 30 for naking
buffers was from Baxter (Mdrton Gove, IL). Chemcally synthesized 83

pepti des werelratedchbafbrevalrey ardoral Rf COISEdtatdde RForREAVFSRISUGDI i ed
by us. rS3- LS.ant eLE MLt ht at t . An

endot oxi n rgggéfhgea?%ﬁﬁﬁﬁgeﬁﬁ¥%ixamas e&%%§§%3A§§)uE?ngeggggﬁgfié@ (3-

di met hyl am megriopykhcecdihgdai aideal BBt faks a caupl endirngedativo kigkalk 53- 4ner
t o DADPA-i nmobi l.i.zed aggéose gell%PLgn:%g.USA . .The %a%k%nalgdggt ggﬁosing
DADPA—innDbPFPEégeagﬁr Wﬁ% FRTs° d 6h lroélf’erencep(ﬁl ng et ar.

2001). The bp:ikhaelicaQEl assaynki trawisord r@RaBisQWhiibhakes,/oWSA. LPS
(Escherichia coil 055:35) and, sodi um deoxychol ate (DOC). were from Si gna.

RPM 1640 wa&2PPErtBFbeB, CBBRINERyTot r yi mogEr I APRRS 166r ERESEATEr om

Phar maci a Biaigeh. 14 ha9kheht chem gl so e 1ot Bearal ¥hiecahvanadenf rom
Si gma. All materials relating to the affinity matrix studies were
depyr ogenat é@d glassdai® BAREPSHATEFAEH ditiade wel&eh sliedaat P2ROEIEOr 4 hours.

Sterile dis l; S i e autagl d at 121C
for 2 20 ho%%%ggéﬁgrggéggﬂ %FIH@@?ﬁ%ﬁ%ﬁgqgﬁéﬁ%ﬁ?ﬁggéﬁﬁgrg prgpa§§ usi ng
pyr ogen-for egodateie kERSocddasgsbhecatedrd qrolypepiiitdes aind as37¢6mpatebléat h

prior to use, to_disperse the aggregates. nstructian_of nultimers of
S3 gene 25U§Jilﬁé ég‘él DR EECEARE oP Pen ot ?fdgt#%ﬁ %%%Aé’f.eiisggﬁi 3EGFP (Tan et
al, 2000), therkBSibhndi mgenbbeh, r&33imast i idored ibytBGRbyAtBEODNAQ

strategy, which allows for directional mnultimerization and cloning is shown
in Figure 1MOBECELPyOLt hBCarPVerFEdRi GiP Vet G HBEStREEe¥1ER 8B%al, 1997)

was nodi fi e@ibﬁah”ﬁle?_@@dér) Ndeb1stée eoaidHNGdhe st aft teedgrordiasent to
Pbsl site. This nodified vector
15 so that transcription and translation occur in the host
system. Promoters and signal peptide encoding regions are
widely known and available to those skilled in the art and
include, for example, ;he promoter of Salmonella typhimurium
(and derivatives) that is inducible by arabinose (promoter
20 araB) and is functional in Gram-negative bacteria such as E.
coli (as described in U.S. Patent No. 5,028,530 and in
Cagnon et al., (Cagnon et al., Protein Engineering (1991)
4(7):843)); the promoter of the gene of bacteriophage T7
encoding RNA polymerase, that is functional in a number of
25 E. coli strains expressing T7 polymerase (described in U.S.
Patent No. 4,952,496); OspA lipidation signal peptide ; and
RlpB lipidation signal peptide (Takase et al., J. Bact.
(1987) 169:5692) .

The expression cassette is typically part of an
30 expression vector, which is selected for its ability to
replicate in the chosen expression system. Expression
vectors (e.g., plasmids or viral vectors) can be chosen, for

example, from those described in Pouwels et al. (Cloning



31 was nanmed pBC. Forward primer (SEQ ID NO 3): 5'-
TCGAAGACGGCCCCAGGATCCCCATGCTGAACACAAGG 3" was designed with Bbsl restriction
site (GAAGAC) followed by GGCCCC in addition to the 53 fl anking sequence. On
the reverse priner 5 (SEQ ID NO 4):

5dTAGAAGAOOOGGGGGTCCATCAAAGAAAGTAGTTA-3', simlar notif was al so introduced.
Di gestion of the PCR product by Bbsl would yield fragnents with

conpl ement ary overhang of CCCC on the se 5€e strand and GGGG on the antisense
strand, which can be used for directionat®10 nultinmerization and cloning. In

addltlon GATCCC sequence, which cod%§ for aspartate g» and roI ne (P),
was i ntrodud8GtPREo PhEAPTIERTY glathal 1PRE péBPPdelBB bePWe %P%?and P can

be cl eaved undetsa¢hbdi ¢eE0HEL tdON x(eSZ;QJ&%h%fseal fré@86hribhyscomhensidg single
53 units fromthe 15 reconbinant multiners. In this case, the PCR products
of 53 were ebomedsinto pBC vector, and the 53 gene was rel eased by Bbsl
digestion and allowed to self-ligate first, before cloning into the pBC
vector, which was preMéQHéé%’ 4 dpe@far&%fmlhg@?ghsfzbelﬁglﬁbg@réeplf 53 gene
were sel ected and 20 identifie by enzynme dirgestion and Sequencing. (2)

Expr essi 6n @ﬁthheXpnessnemsveﬂt@EBgﬁyﬁawailEkn@wh|1n the art affg dewsytd uct

expr essi on vec%ﬁ gegrln aqga 3 pene %@gegeghgnc nLrg of T?lpronnter
t he fragnenps anEe by |ndFFI confarni ng ie %tlﬂErIC 53 25
genes) were (ahenrdli atoal he @mxﬁeﬁtrﬁfﬁtﬂ@plprQM|mu$éyulaﬂeai03@@ymnth Ndel

and Mndlll. The constructs were transforned into E. co/i host, 11L21 (DE3)
for expressPSHn Fhee¥of of?PRe T e curifired overnight in LB mediumwith 100
pg /mL anpicillin at 37C, then diluted 1:100 into fresh LB 30 nediumwi th
100 pg/ m anpicillin apén gopwedHi KBS eorRbmBiAahel ppeypegucte osf Wikd 0.5 v
| PTG (Pronmega). The cells were 32 harvested every h up to 12 h, and the
expr esséd prBIBEELORel et nd R brReP Iy esEsTpRaEive| 3}SSBFBBPF?§a?’P‘3n of

i nclusi on bodiesnand, ek f{catd am Qi1 4,93 HFREtRERE, |hEr§eEHEEH&¢S wer e
pel leted at 50009 for 10 mn at 4C and resuspended in | ysis buffer

cont ai ni ng BECHRET| snCihe pakiBrac el IRS meRILDTTOr The bb@t@ﬁraple@ni% in the

suspensi on wpLe basseds t ALOUM £7 814 P83 4 8a5h ey gy 0o 0KV RENCNL 0P Cel |

Di sruptor, operate pS| rounds in order to generate >
90% cel | di@bmppepnldahESlrm¢mmnxmdbhdwe$uwementéawarpdrbﬁleénformugat|on
4C and washe ffer containing 1

o ur oo a8y e thb Rt e e sher QuPrE bRt uaRhE e ed and

sol ubi | i zedceRtrifugation of the recombinant cell culture. The
recombinant polypeptide is purified by any well-known
methods that can be readily adapfed by a person skilled in
the art, such as fusion of the polynucleotide encoding the
20 polypeptide or its derivative to a small affinity binding

domain.

In various embodiments as described above, a
polypeptide may be cleaved to obtain the desired multimer or
monomer. Proteolytic cleavage can be done by methods known

25 in the art. One method may be acid digestion.
Alternatively, a proteolytic cleavage site may be introduced
at the junctions so that the desired peptide can ultimately
be separated from the remainder of the polypeptide.
Proteolytic enzymes include, but are not limited to, factor

30 Xa, thrombin, and enterokinase.



15 20 MM Tris-Cd with 8 Murea.at roomtenperature for 2 h. Insol uble
materials were renoved by centrifugation at 160009 for 20 mn, and the
supernatant was filtered and purified by ani on exchange usi ng AKTA expl orer
(Pharmacia). Briefly, 30 ml of solubilized proteins were applied to a

Q Sepharose 20 colum (26 mm x 300 mm) equilibrated with buffer A (4 Murea,
20 MM Tris-Cl, pH 6.7). After washing with 4 columm volunes of buffer A the
proteins were eluted with a linear gradient of 0% to 30% buffer B (4 M urea,
20 MM Tris-Cl, p136.7, 1 MNad) and the’¥ractions were collected for SDS-
25 PACGE analysis. The collected fractions were pool ed and dialyzed in 10 kDa
mol ecul ar wei ght cut-B¥f “$MBOtpme diseegingl psipslvabrhgdeShakessi n,

Pi erce), against ol.din ffer t.ad nin g Lae; .p 10%
cucr ose, 1k EoriEh ool (Pel SF o O, e 3Re T S BB pEE =
cont ai ni ng 2@padtdi ef hanopant hée . pA TGy =sEGUehwev pnsodiage 83 ImoM BBFA, 4C
for another 8 h. 33 (4) Mononerization of r53-4ner (A]S\Eg.l D_NO. 9%1i nt o
r53-1 ner (SEEPFRR® §§‘eb§73 aE?Elth‘%eg"e%‘ﬁodeng sequence Wyggt8dfatdhe-ani no
aci ds, aspappaherandipgatifge Wahiéh agdad bethveapreBec83 BRI halt$Mensid 0 act

as cleavable 5 DP linkers. The renatured rS3-4nmer was greci pitated with 9
vol umes of BFRERBED - f r BRenSatPEYE drsepuensesafay28&loPer AP§hE2™FheP i xt ur e

was centrif d rqs j : l.et sh ' 90%
et hanol , dr?hgg, cg%gégﬁgggg }t'(g %%g%és%él}%)ﬁq%tﬁl?%;c H‘(‘37|(73C&)3d/o £ \g/rg%ioggéc?gjﬂ%ﬁgl\l/sl

guani di ne- Cucands 181 de st edraand2C drob Heol ogfhe £f SRalpeptodaces Wene

subj ected tqo _ethanol precipitation and dissal ved_in 20_noM Tri s- 7. 3.
The cl eaved afSS%p’Sgpfle %%nwgll?% ?%%'fnl%%’ gioyfel %oéé)r rIflEP%ht gégfnﬁg?st%e %;ne

buf f er usi ngegrabigsisclubiengeof1d.¥0kDa MARO2por ansiezempdagrarpPNAhus

removi ng the sngl,l 15 linkers gnd residual salt. The endotoxin contam nant
in rS3-4ner SHAA9ERS- TAEFChaS PENDVETRIRF ARG KXo dRabd3sdparati on (Liu
et al, 1997kokehl owedebyrpokysyxs nadd af f i Risoy 1ohkenat eghkaplyohBst exi . - Ge1TM
Pierce). Tricine EDS-PAGE and Western bl ot anal ysis: The reconbi nant 20
protei ns wepBipgsaried dh8t30tide s-BAEL: busi ng 5% st acking gel and 15%
separating gel, and detected by Coonassi e blue staining (Schagger et al,

1987). Western anal ysig wBS 897 HOsEsAGLR dijRGelio iR erapubRCLHI By ' Sr
instruction, using ECL Western analysis system (Pierce, IL). 25 The bl ot was
probed WSt hrgePpelBAaFly abdi @ hetereanus pedyresltieked theygbay Bati-rabbit

secondary aRti Y §00j e o= ho radi.sh p Xi das HRPLPAKL. CA). The
bl ots were v?gggﬁi Egd {ngllg% %?J%)esrsi%r?l(g'l acg“gs?’ Pigég’cﬁgmﬁﬁam%r%sgent Substrate
and exposedhtbeXotagots| pplypeptide. Further, the S3 multimer may be

located at sites internal to the heterologous polypeptide.

In certain embodiments, S3 multimer may contain 2,
20 3, 4, 5, 6, 7, 8, 9 or 10 S3 peptide sequences. The S3
peptides may be present as direct tamdem repeats, or they
may be separated by linking amino acids or cleavage sites at

junctions between some of the repeats.

By "polypeptide" or "protein" is meant any chain
25 of amino acids, regardless of length or post-translatiocnal
modification (e.g., glycosylation or phosphorylation), or
chemical modification, or those containing unnatural or
unusual amino acids such as D-Tyr, ornithine, amino-adipic
acid. Both terms are used interchangeably in the present

30 application.



34 (5) Assays for LPS-neutralizing activity (a) ELISA-based LPS bindi ng
assay The polysorp 96-well plate (Maxi SorpTM Nunc) was first
coated with 100 pl per well of 4 ug/nl (approximately 5 1 'AM of LPS
diluted in pyrogen-free phosphate-buffered saline (PBS). The plate was

seal ed and i ncubated overnight at roomtenperature. The wells were aspirated
and washed 4 tinmes with 300 pl wash solution (PBS containing 0.05% Tween20).
The wells were bl ocked with wash solution containing 10 2% BSA for 1 h at
roomtenperature. After washing 2 ti rres,24varyi ng concentrations of peptides
were allowed to interact with bound LPS at roomtenperature for 3 h. Bound
peptides were det ect etPAELT rRIBIANGF WRYhPEaBbEECRRt Pe'Steemt FHdEA and 1: 2000
of goat ant hbﬁg@ﬁéé. angi bady, caniugahedowehh BRPy 15, Eachandi body was

i ncubated for at 37C. In the final step, 100 pl of substrate, ABTS

( Boehr i nger st&tinghesd s be Wwaeadiiededircalssorhabeeused heasomeel avesD5nm wi t h

f I 90 [ | ' d
ant - ALt 60 SOOI TR RIRR o R L oart | Foe Eheef e farf parfedBRfT "

LPS-tri gger edycasesadle a nvidanitatsi eoppelfoept et gsatech caschi eieglbn anxnymati c
reaction, which catalyses the rel ease of &’E- ni troani Iine from a, nt hetic

f
substrate, Produti™Eh Yeld oW CHT TS qﬁhit . Fe §ounts i ABHe° by HbSor bance at
405m 25 TheeENGBO; (&hslat0xd ro et} ipgakbehn r}@@@ﬂ@él@myrﬁ@fers to the
peptide concentration required to neutralize 50% of a predeterm ned quantity
of endot oxi AleAvagmy ENBD Fhdiledh dichicghrpecedcyubtinae paptiPee for
endotoxin n Lzaty L4S; ephi des,ofdi £HeLent - 30,
concentrati g%éé%%%&i%Lr}%%(%{egdé%‘%%%%{neg7cﬁwgt Oofr( QSAS g\né‘t hout —an equal
vol ume a0 LPSkeh. di sposabl e, endotoxin-free borosilicate tubes. Fifty
mcroliters of each m xture was then di spensed into wells of a sterile
mcrotiter plate (Nu T r : ). . Fi .JLcroliter eshly 5
reconstituted LAL re%%ﬁ%%@%i%%goﬁdsle 'ﬂi@%f oaeg%%%\g%lﬁ%fh%ga aékgtﬁlbécadn'ce at
405nm of eaChewetpbt Wdss noay tloe ethlafltear a45anynpoanditheigongerdmiate on of
pepti des corresponding to 50% inhihition of LAL actjvity was designated
ENCs0. > COREEPPRa . A TS Hiseba RTRERS: BEFBYRERS SR 0
THE-1 cel | Ssamino acid siddHbhdigeld 5.wergscuhtyr edeal 8y€, i Tya, herd dified
environnment in the presence of 5% CO2. RPM _164Q nedi um was_suppl enent ed
with 109%°f eB8P bBYF nk- SRV FFBSINGSemCti P NS E400C R MRS, Wikl B¢ r ept onyci n
(100 pg/m) prdBencelhSaer&f the peptides produced in the digest,

labeling at the N-, or C-termini is preferred. N-terminal

peptide labeling is particularly preferred.

Preferred labeling groups are fluorescent
20 chromophores that are conventionally used as reporter
groups. For example, the structurally related cyanine
(Cy.T™.) fluorescent labeling reagents, Cy3 and Cy5, may Dbe
used to produce N-terminally-tagged peptides. Incubation of
the Cy3 or Cy5 monofunctional succinimide esters with the
25 peptide will result in N-terminal labeling of the peptides.
These dyes are commercially available from Amersham

Pharmacia Biotech.

Alexa™ dyes marketed by Molecular Probes, Inc. may
also be used. These dyes comprise a series of fluorophores
30 with emission maxima throughout the visible spectrum. Of
these, two dyes, Alexa 532 and Alexa 568 would be especially

suitable. Both share a similar fluorophore and bear the same



15 maintained at a density of 2.5x105-6 cells/m. THP-1 nonocytes were
transforned into nmacrophages by addition of phorbol nyristic acid, PMA
(Sigma) at a stock of 0.3 nmg/m in dinmethyl sulfoxide to give a final
concentration of 30 ng/m, and 0.01% di net hyl sul foxide. PVMA-treated cell 20
suspensions were imedi ately plated into 96-well mcrotiter plate at a
density of 4x105 cells/m and allowed to differentiate for 48 h at 37C. The
cul ture nmediumwas renmoved and the cells were washed twice with serumfree
RPM 1640. Thereafter, the macrophages vwre stinmulated with 50 25 BU/ ml LPS
(a specific activity of LPS that has been standardi zed by LAL test agai nst
FDA- appr ovedol®8 st hfwla it )andaptatdesaglyonet spg e PSEipe el prrab aaeelng tin

vari ous conge at i of, pept i ). and i b 37 ter. 6..h,_ the
culture nedlgﬁllﬁﬁg\if\%% %g%legc e aénrgpeah -gfn gg%c@%??%ﬁl%h g%ef% ﬁlesﬁm%n

super nat ant saxasa assayed 164 ngn EddSA03 36, ( FesPeativakyi nteracti on anal ysi s
bet ween peptides and LPS Sur face plasnon resonance (SPRY

anal ysis of the real tinme interaction_ between ptides and UPS was. perforned
wi th Bl Acore 2000 (PHarfci®)Y Jsi ntgeclglgﬁq&lﬁispw??gﬁ}tc%?wﬁl 1%‘0% %%%%V\%lr%ne

af fi ni t yscopspanieyasafabs ulsd @t i@ rBiAevaliuaet oot sohé weeer Bddks atke nean
val ues were obtained fromthree i ndependent_ experinpents. (8% Cytotoxicity of
peptides i ntREKEIPot HR%ET 1 FOPHR P focFHER FRCBDIBRCD 1DGAWHE ¢ 1389 i n
RPM 10 1640; wetf o dedsid), a-dBOrnQidy @h Rk aben¥kthi 0 ploofedmprdol d serial
dilutions of peptides ranging’in concentration, and 1 ncubated for 60 mn at
37C. To det épmupeng handyl brwid cthycniatdgreghllyy ehé péphirdesfopganpte of

Cell Titer 96, o] i.on en d i n Il for 90
min ar 15 3oRoRnR TR A R ke85 B KIR s JhELEAED 4

car boxymet hoxypheaydna Pyi{ Yeslul gropleehy®) 121 theetiazdl ofinprosem camtluced by
nmetabolically active cells into a colored formazan product that is soluble
in tissue CBT!PE? € R LA For detection, the absorbance was neasured at
490m To 20 determine the ratio of cell lysis induced by the peptides, two
controls were includeth byevarweabaiiayg e@lLlcs Ci-n8 PBSLaang at ywb hea D1 Y %arkween- 20

i nstead of nediium onl
used, algh

gﬁggwgﬁ%rter-chain stationary phases provide
improved resolution for larger polypeptides. Three column
15 formats are most widely used. Analytical columns (4.6 mm
I.D.) typically are eluted at flow rates of 0.5-2 mL min™.
Narrow bore columns (1 mm I.D.) are run at approximately 0.1
1

mL min™. Fused silica capillary columns (0.1-0.3 mm I.D.)

are eluted a flow rates of 4ulL min™® and below.

20 In various embodiments, the polypeptides of the
invention may ke immobilized on solid phase media.
Generally, the matrix provides a scaffold which allows the
polypeptide to which it is linked to be separated from the
bulk fluid. Non-limiting examples of suitable matrices

25 include: polymers which are insoluble in water or mixtures
of water and water soluble organic solvents; beaded supports
such as magnetic beads, chromatographic packing supports,
media and resins; porous beaded supports such as
chromatographic packing supports, media and resins (e.g.

30 anion exchange chromatography media), a cast polymer such as

a membrane (e.g. polyvinylidene difluoride, Teflon,



absor bance val ue corresponds to the background, as those cells could not
nmet abol i ze MIS. 25 (9) Data Anal ysis of 53 Tandem Repeats Studies
Reconbi nant expression of S3 tandem repeats, purification and cl eavage to
nononers A 143 bp 53 gene fragnment was obtai ned by PCR usi ng
PAC5. 1Sush13EGFP as the tenplate. The 53 gene was 30 cloned into pBC vector
by digestion with Bbsl. After 37 nultimerization, the clones containing 1,
2, 4 and 8 copies of S3 were sel ected (Fi%ure 2a) and nanmed pBCS3-1, -2, -4,
- 8ner, respectively. The Ndel and Hi ndl f -flanking fragnents of these
clones were inserted into pET22b for expression_of 5 the nmultinmeric 53 gene,
and the expPOI¥EERYIEVEI sPREYBY 8R:hFHe PP SHSIPACES) AnCBXBRPYBFYISequence
encodi Ng r53nt4reh15SafRoyR15N (SEQ IR NA&yvlamide or aga¥bsabl the
expressi on cassettes, the tetramer yielded the highest expression |evel,
giving the expected 10 reconbinant. 53 tetranmer (rS3-4mer) of 18.4 kDa, which
represent ed 25% of thént FpALCES| PRPHIREHS /( EhguPelZPFPETRESNBAORE?
construct . exp s{.an: i 0 ryet
xpr essed pagy Ty Pho e e e Y e e bad ssor n 15 E
coil. Thé sokdbckmzatisohoi pré8véhurea tarhipeertiicattedatedr dughage Sepiar ose
ani on exchange chr.omat ogr aph roduced nmore than 95% puri.t f r83-4ner
(Figure 2b) L NFBEaPHg RS  RECF S50 BRETP Pt (TFE 5ot TIPS e puri 11 ed
protei n wastadeakyzad, angd wheahwasthiermmead i@y adeal iy tamahlieveirba sampl es 20
to refold. g%gg%;is al so renoved unspecific small nol ecul ar wei ght bacteria
h

prot eins, GPLRBECRAPY 0RF RGPt Hel H TV G 1R £SS-4RBr @ BRSIPAGE under

non- r educi ngrcangditbensnshevadt RBLOS £ t Yafor@n@ddand cwkt AntBarexpest &4 si ze
(data not shown). A minor formof a |larger aggregate was_renoved by 25 size

excl usi d¥ uPFRY1S6FeEBSERPFULRC cOPTIRRS (PR EOT®WrisThe £BEoPALHPRPHI®® n was
precipitate ! 9 1anol d, redissol | i I han buffer to
obtain the ggﬁ%hgrggf%gg?éﬂér E&T%éﬁg%oceég%% C%égglgfggg??%%gis time
dependent. Axgnpiday btreatmemneryi elmesheainyymeriimenty, x sucas c8@pofit boms ki nds

of rS3 peptk%e ure %g%h Wthin 2 days, nore than

: r5§-4,- -2..z1l e Fi g
00% of Lo ML AEr SPRaBCLVEROEHT ot He Tt ataen 38 o
therapeutically or prophylactically effective amount
15 sufficient to treat sepsis-related conditions. The
therapeutic composition may be soluble in an aqueous

solution at a physiologically acceptable pH.

A "therapeutically effective amount" refefs to an

amount effective, at dosages and for periods of time

20 necessary, to achieve the desired therapeutic result, such
as a reduction of symptoms related to sepsis and in turn a
reduction in sepsis-related disease progression. A
therapeutically effective amount of the polypeptide of the
invention may vary according to factors such as the disease

25 state, age, sex, and weight of the individual, and the
ability of the compound to elicit a desired response in the
individual. Dosage regimens may be adjusted to provide the
optimum therapeutic response. A therapeutically effective
amount is also one in which any toxic or detrimental effects

30 of the compound are outweighed by the therapeutically
beneficial effects. A "prophylactically effective amount"

refers to an amount effective, at dosages and for periods of



Reconbi nant Sushi 3 pepti des show stronger binding potency to |I,PS Sanpl es
fromthe total cell proteins, purified rS3-4ner, partially digested r53
polymers, rS3-1mer and 5 chemi cally synthesized 93 peptide were resol ved on
tricine SDS-PAGE and subjected to Western anal ysis agai nst anti-83 anti body.
The rS3-1nmer and its partially digested polynmeric repeats (2, 3 and 4ners)
were i nmunoreactive to the polyclonal rabbit anti-S3 antibody (Figure 3b).
Thus, the 10 anti body can be enpl oyed f05 t he ELI SA-based LPS bi ndi ng assay.
ELTSA- based LPS bi ndi ng assay reveal ed dff f er ent bi nding capabilities with

r53-1 nmer, -4nmer and chem call nt hesi zed 53. At 4 pglml ., .bot h reconbi nant
pepti des 15tﬁ&ﬁcﬁ@SeEEPEYat€8n¥8$Y%Y%dﬁﬁb %?Hﬁ%¥¥¥$ﬁ%§&aﬁffcmﬁﬁﬁgf?he
chem cal |y syrthesi pedvpapthgdeoeonhhiwiedidd ners lnatandfr egpisi edod@epgdnl to

reach saturation of binding with LPS (data not shown). The E5C50 (Endot oxin
Bi ndi ng CondBREFEEEHRT - of PREPREPRFEECA WA & f8A ¢ Pe 85U o 2RaRFUM 20

bi nding to : I t hadi LYhty of peptide
to LPS, mﬁthgﬁﬁgﬁﬁ%%grgéB%ég?%g%ggt%é%#f?%%%;ﬁﬁbggﬁgegg%%gkségy4ner,

r S3- 1ner fancdleeniivel byosyht hBsk zany 3R peiphildes sdibggicayedpEBCSGCat 0. 41

pg/m, 1.02 /il and.9.74 pg/ respectively. .The kinetics of bipnding 25
of peptidesCfoa@ﬁSrFﬁlgﬁnﬁwﬁgyr%?CT%N%%T7%§%ékéglaesgc%§§g%P dEBykggR

anal ysi s w timdBvAcone 2868 vatngh&PArshedsioddlch waeretmtobitl thedpersbdnl i pi d
A (bioactive yoiety of LPS). The Kd val ues of_  chem cally synthesized 53,
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30(1. 71+1. B&®ompbRi8 iMhsrespectively. 39 The reconbi nant S3 peptides inhibit
endot oxi n-i nduced LAL reaction and hTNF-cr rel ease from THP-1 cells The 50%

endotoxin-neutralizing concentration (ENC50) val ue of the pe%éides agai nst 5
EUmM oflLIPS was 5 défelfFAe8etBibe  BRarTRIISHE Y6 LYSBAe8rabPde2 pg/m for

rS3- lnmer, and,1Q.2 pg/ mkxEopiehem €Akl YasyRedzed 193 hhvaute,5a) . A | over
ENO56 i ndi cates higher potency of endotoxin neutralization. The binding
i sot her m of disper®o oRpREARRI cCPepindes, anHaantetitali andeeawditnasalor
f}gzt t‘:lt : ;ait ;sag%'nemfs:c ?Ligg%@n%t ah @32 A0BEp SIS A A7 ARk AN9enal LR
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like that are physiologically compatible. 1In one
15 embodiment, the carrier is suitable for parenteral
administration. Alternatively, the carrier can be suitable
for intravenous, intraperitoneal, intramuscular, sublingual
or oral administration. Pharmaceutically acceptable
carriers include sterile aqueous solutions or dispersions
20 and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. The use of such
media and agents for pharmaceutically active substances is
well known in the art. Except insofar as any conventional -
media or agent is incompatible with the active compound, use
25 thereof in the pharmaceutical compositions of the invention

is contemplated. Supplementary active compounds can also be

incorporated into the compositions.

Therapeutic compositions typically must be sterile
and stable under the conditions of manufacture and storage.
30 The composition can be formulated as a solution,
microemulsion, liposome, or other ordered structure suitable

to high drug concentration. The carrier can be a solvent or



Simlar results were al so obtained by neasuring the ability of rS3-4nmer &
-1lmer to inhibit LPS-induced hTNF- a production by THP-1 cells, which were
i ncubated with 50 15 EU mL of LIPS containing various concentrations of
peptides. As shown in Figure 5bl rS3-1ner required 83.2 pg/m, whereas
rS3-4mer required 40.4 pg/m to achieve 50% i nhibition. The peptides show
m ni mal cytotoxicity to eukaryotic cells Both reconbi nant peptides had
mninmal effect on 20 cell perneabilizaticn. At the highest concentration of
50 UM only 2-3%of cell lysis was caused8by rS3-4ner, indicating that the
reconbi nant multinmers of 53 would have negligi bl e contraindications,

al t hough t helisR@rsiindi mgdacti vohyaisiagpl fé7 exkaimd f ivedrstd,y ethBnel0)

Reconbi nant sushi, 3 peptides.(rS3). | abeled w.t uant.um dot ta

bacteri a polyel (for‘[g?(ﬁﬂlpil%i' egl?’?%ﬁ?i edontiy aeﬁ}e SRS i’a,a(“%)sllflggél ed
with QD (refyinedhaecae QDyES3) was thedlfise)d novelsdiltioesedrtutrag to
detect the presence of bacteria._ As _an 30 exanple to denpnstrate the concept

of specific HEF§iHg dFe BEOPEFt ALHIBAEY eFd R By TNSE NS p T EREEPHRY e

carried aut Wt o2 3t 3leng £ehtghgminegall veebaalsl, i &/ Eseherichicaanol! and
Pseudononas derugi nosa) and a gram positive bacteria, “Staphyl ococcus
aureus). By cfddile eeavfiredabberdahei siee vl GreQras83 afp w@erisglen avdlt ures

of the bacteria, one obhseryv L LN m A fl.uor, ently | abel ed
gram negat i \ejoé’ gtz?(?t él‘rasiea%? F%%aggnﬁ glgh ﬁ%%ﬁycsaa%%arﬁ%dﬁaﬁp teto whi ch rS3
speci fical | yprieifedattdle aedinelhdbelibagonic SagatreusoreAaalpdlesd su§arss st abl e
and emts straqng _fl uorescence which 10 readily. biosenses the presencge of

gr am negat i \Pé’lth’étc&}ﬁO&.s such”as mannFpp L, n@e Tan Pe %W"b(‘frhﬁ(?rtl §gi ng

bacteria;d n i3pltd Q@i kA os0! bAoPBASEd akddaptGRMAl Nt HeO R4k ESM e Of
rS3-4mer td DADPA-immobiliied agarose beads 15rS3-4ner affinity matrix was
prepar ed usidRyrOADRACTISMEBDI bEzBYoHgAE odeouTHY peptliuge ngas 1dit¥sol ved in | m

Con) boat on ML el et hmiptel gpl g e o scis oSS B L)
hours of inodrstsite@rate salts and gelatin. Moreover, the polypeptide of
the invention can be administered in a time release

15 formulation, for example in a composition which includes a
slow release polymer. The active compounds can be prepared
with carriers that will protect the compound against rapid
release, such as a controlled release formulation, including
implants and microencapsulated delivery systems.

20 Biodegradable, biocompatible polymers can be used, such as
ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, polylactic acid and polylactic,
polyglycolic copolymers (PLG). Many methods for the
preparation of such formulations are patented or generally

25 known to those skilled in the art.

Sterile injectable solutions can be prépared by
incorporating the active compound (e.g. the polypeptide of
the invention) in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated

30 above, as regquired, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
active compound into a sterile vehicle which contains a

basic dispersion medium and the required other ingredients



20 the colum was drained and washed with water. These eluents were
collected in 1 m fractions. The anount of peptide imobilized to the matrix
was determ ned by nmeasuring the absorbance of the fractions at 280nm Beads
were regenerated with 10-col um vol unes of 25 1% DOC, followed by 10-col um
vol unes of pyrogen-free water, 2 M NaC and pyrogen-free water. When not in
use, the peptide-conjugated beads were stored at 4C with 0.02% sodi um azi de
to prevent the gromh of bacteria. 41 (12) LPS adsorption assay

After regeneration of the colum and equ??i bration in the appropriate
buffer, the LPS-binding capacitg of rS3-_4mer-coupl ed beads _was tested

bat chwi se. ATCHl t§68€ BPuBexptsdopbeyanddr Fhepsass ¢fi &t efdhGePOUfe¥er ent pH

and in the presenee PL abseneg 9F SHYIDIL ViRSINRGYEN A RN EDTA) was al | oved
to flow through the coFurm tw ce at roomtenperature. Solutions before and

after the tneatfesmedweethedkl et pdeparaletar mnee vislsutPSryémgyv ahdand prot ei n

recovery. 1Q_EDTA was.added.in order to reduce t af fi_ni. of LPS. to
pr ot ei ns. T%Ilséeﬁgl \égyflggi w%gggeyg gésr eamone‘{T&éo%f C1152\% ee\?éjltslt%f 1&9?%%%
protei n sol gtlivenany( BetschoB00fes{#8] Quarddifdartatfirom af pkRSiandlpr ot ei ns

LPS was quantifi.gd g using the LAL chronopgenic 15 kinetic assgy. The
sol uti ons WEETAGRTEALERTERASATFELS FIF st osilh @&F@r&a&&s f4b8s28t 37cC.

Fifty Il ofa1eaehantixtupgpuas sarehdl iy dispensedd poa kQBEI 8kecnel I's of
a sterile 96-well mcrotitre plate (Nunclon"surface, Nunc). The reaction

m xt ure was ERtiraubayelef §prm8l at et tatorgy @r2moref Gelisienalof LAL
reagent was h acti 1 r r-e.r 4 5 mnutes
W ih a SPECTRRRd 0 BrE: Srr g e R e T R BT 720 e

tenperature was kept at 37C during the incubation and neasuring. Five LPS
st andar ds0 r angi ng fr oAn0a008EGANtet ¢itds HOEWarl asmestusddthe cal i brate the

absor bance i, ndot oxin_concentration in EU nl bl an i ng pyrogen-free
wat er and nég‘gf%P\%éO@on?}r*SFSPSPgé% §° LIzl(gSlptelp n|Sdeosf it'r%lebgfa(feieéregzcol ution were

al so set up iinvethe oassaympAlibisgnphespobhaspt,idregdt ithe deortenek oandmsy andar ds
were in tri Iicat%siaegOiPyro en-free water was used for dilution of reagents

and pepti des’® P42 n" CONFRINGT Bt R TEHe B AT s ¥Mpe sol uti ons

of before amdrafhker cbhgat BBNEnvAsuEei &idN Mad Jae rasid pblihepabgerdance at
280nm wi t h a spectrophotoneter DU 650 (Beckmarg.
15 the invention, in the prevention and/or treatment of sepsis-
related disease, or for the preparation of a medicament for

prevention and/or treatment of sepsis-related disease.

The following preparative and biological examples
are offered to illustrate this invention and are not to be
20 construed in any way as limiting the scope of this

invention.
EXAMPLES

LPS from Escherichia coli 055:B5 was purchased

from Sigma (St. Louis, MO.). LAL kinetic-QCL kit was

25 supplied by BioWhittaker (Walkersvile, MD). Human TNF-a kit
(OptEIA ELISA).was from Pharmingen (San Diego, CA).
CellTiter 96 Aqueous One Solution Reagent for cytotoxicity
assay was purchased from'Promega (Madison, WI). Enzymes for
DNA manipulation and polymerase reactions were purchased

30 from NEB (Beverly, MA.). DNA purification and extraction

kits were from Qiagen (Chatsworth, CA). Pyrogen-free water



5 (14) Data analysis of LPS affinity studies LPS affinity matrix preparation
In preparing the rS3-4ner conjugated affinity matrix for LPS, 1.5 ng/m of
pepti des was used for coupling. 1.27ng/ mlL of peptides was successfully
coupled onto the 10 affinity matrix with coupling efficiency of 87%

achi eved, based on the follow ng cal cul ations: A280m before coupling (abs)-
1.62 15 A280, 111, of fraction recovery(abs)-0.0601+0.316 +0.0472+

0. 0204+0. 0099+0. 0033+0. 0016-0. 21 Total protein coupled on(abs)= 1.62- 0.21 =
1.41 Coupling efficiency- 1.41 / 1.62 = 87% LPS binding by rS3-4ner
affinity beads at various endotoxin concentrations 20It is reported that the
usual LPS prfolbl erbting bohfans nats ofirdre\Belxtiexr Uploraoh0CELUVEL after the

initial ste of i fication. Thu we tested the DADPA r53-4per,and 534
col um at ¢ RESBERIY oft A RONEERE rat I WTR ke BT P o SP IR AL Chht ai ni ng
20MM Tri s- Hekcot00nlyl NaCReqnended OnHSddi=REA0suplHl i3aweyeussed, both spi ked
| evel s of 5 and 500 EU m were reduced to below the detection Iimt of

0. 005EU/ nL for both the_colums. 43 S However, LPS is_narmally
found together with p?%%é?ﬂgrsh%haa%e§§?ﬁﬁﬁmw&§@eﬁﬁggﬁp FFBFBE.O%h§?%fore,
there isza regedehe.t eah EHBoPERL LI et ®ENL R rand thPRateArvaksunder such
conditions. There are electrostatic and hydrophilic 5 interactions between

proteins anderPEorTReBE paiegattebms! vy Pedddacthy leMinepeRByLof LPS
removal . Ve%xrgkhﬁﬁmiéégbgﬁéptgé“afé%ﬁﬁ@?@%ﬁggehtcQQPBQghéfﬁéhg?éﬁnaya'-Of

LPS fromthe solution and vice versa. wor K,
chynot rypsi Dadea-Anmabispr&adagatose hpelsalfe chdes bSRfer @hd tétwesabassed

through the ol umm LW cepkoolest, e 8bid ity of !t he coni ygaged.gogrose beads
for selective'rSHovar 8f frOMProtEih aticons. '
10 reference (Ding et al. 2001). The LAL Kinetic-QCL assay
kit was from BioWhittaker, USA. LPS (Escherichia coli
055:B5) and sodium deoxycholate (DOC) were from Sigma. RPMI
1640 was from Gibco, BRL. Chymotrypsinogen A was purchased
from Pharmacia Biotech. All other chemicals were of

15 analytical grade from Sigma.

All materials relating to the affinity matrix
studies were depyrogenated. Glassware and sodium chloride
were baked at 200°C for 4 hours. Sterile disposables were
used whenever possible and were autoclaved at 121°C for 2

20 hours before use. All solutions and buffers were prepared
using pyrogen-free water. LPS was sonicated for 5 minutes

in a 37°C water bath prior to use, to disperse the

aggregates.
(1) Construction of multimers of S3 gene
25 Using a cloned Factor C Sushi3 domain,

PACS5.1Sushi3EGFP (Tan et al, 2000), the LPS-binding motif,
S3, was amplified by PCR. A cloning strategy, which allows
for directional multimerization and cloning is shown in
Figure 1. Briefly, the amplification vector pBBSI (Lee et
30 al, 1997) was modified to include an Ndel site containing

the start codon adjacent to BbsI site. This modified vector



For both the colums, the LPS-affinity beads were able to renove LPS to a
concentration below the detection 15 limt of 0.005EU m . However, the
r53-4mer col unm appears to be able to recover nore proteins conpared to the
S3A colum under the current process conditions (Table 1). 44 Table 1
Renoval of LPS fromvarious solutions with problematic |ow | evels of LPS
contam nation' Col umm DADPA r83\4ner Tris bufferb (+EDTA)' Chym A
(+EDTA)' LPS(EU ml) Protein recover Ye ﬁrg/rﬂ) Before treatnment 5

was named pBC. Forward primer (SEQ ID NO:3): 5'-
Bbsl restriction site (GAAGAC) followed by GGCCCC in
addition to the S3 flanking sequence. On the reverse primer

5 (SEQ ID NO:4): 5'TAGAAGACCCGGGGGTCCATCAAAGAAAGTAGTTA-3',
similar motif was also introduced. Digestion of the PCR
product by Bbsl would yield fragments with complementary
overhang of CCCC on the sense strand and GGGG on the
antisense strand, which can be used for directional

10 multimerization and cloning. In addition, GATCCC seguence,
which codes for aspartate (D) and proline (P), was
introduced into the forward primer. The peptide bond
between D and P can be cleaved under acidic condition (Szoka
et al, 1986), thus releasing single 83 units from the

15 recombinant multimers. In this case, the PCR products of S3
were cloned into pBC vector, and the S3 gene was released by
Bbsl digestion and allowed to self-ligate first, before
cloning into the pBC vector, which was previously linearised
with BbsI. The multimefs of 83 gene were selected and

20 identified by enzyme digestion and sequencing.
(2) Expression of the multimers of S3 gene in E. coli

To construct expression vectors bearing tandem S3
genes under the control of T7 promoter, the fragments
flanked by NdeI and HindIII (containing the multimeric S3

25 genes) were cloned ihto the vectoxr pET22b, previously
linearised with Ndel and HindIII. The constructs were
transformed into E. coli host, BL21 (DE3) for expression.
The colonies were cultured overnight in LB medium with 100
png /ml ampicillin at 37°C, then diluted 1:100 into fresh LB

30 medium with 100 pg/ml ampicillin and grown to ODgpomm ©F 0.6
before induction with 0.5 mM IPTG (Promega). The cells were
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harvested every h up to 12 h, and the expressed products

were monitored by SDS-PAGE.

(3) Solubilization of inclusion bodies and purification of

rS3-4mexr

One litre cultures were pelleted at 5000g for 10
min at 4°C and resuspended in 60 ml of lysis buffer
containing 20 mM Tris-Cl, pH 8.0 and 0.5 mM DTT. The
bacterial cells in the suspension were passed through French
Press (Basic Z 0.75KW Benchtop Cell Disruptor, UK) operated
at 15 kpsi, for 4 rounds in order to generate > 90% cell
disruption. The inclusion bodies were recovered by
centrifugation at 12000g for 20 min at 4°C and washed with
20 mM Tris-Cl buffer containing 1 M urea and 0.5% Triton X-
100. The inclusion bodies were denatured and solubilized in
20 mM Tris-Cl with 8 M urea at room temperature for 2 h.
Insoluble materials were removed by centrifugation at 16000g
for 20 min, and the supernatant was filtered and purified by
anion exchange using AKTA explorer (Pharmacia). Briefly,.30
ml of solubilized proteins were applied to a Q-Sepharose
column (26 mm x 300 mm) equilibrated with buffer A (4 M
urea, 20 mM Tris-Cl, pH 6.7). After washing with 4 column
volumes of buffer A, the proteins were eluted with a linear
gradient of 0% to 30% buffer B (4 M urea, 20 mM Tris-C1,
pH6.7, 1 M NaCl) and the fractions were collected for SDS-
PAGE analysis. The collected fractions were pooled and
dialyzed in 10 kDa molecular weight cut-off (MWCO) pore size
dialysis tubing (Snakeskin, Pierce), against refolding
buffer A containing 50 mM glycine, pH 9.5, 10% sucrose, 1 mM
EDTA, 2 M urea, at 4°C for 16 h, followed by buffer B
containing 20 mM diethanolamine, pH 9.5, 10% (w/v) sucrose,

1 mM EDTA, 4°C for another 8 h.



recover ed Colum DADPA 838 Tris buffer' (+EDTA)' Chym A (+EDTA)'
LPS(EU/ nml) Protein recovery' (ng/nl) Before treatnent 5 100 0.5 After
treat nent <O0. 005’
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(4) Monomerization of rS3-4mer (SEQ ID NO:9) into rS3-lmer
(SEQ ID NO:7) by acid digestion

Two adjacent amino acids, aspartate and proline
were added between the 83 units, so as to act as cleavable
DP linkers. The renatured rS3-4mer was precipitated with 9
volumes of ethanol, frozen at -80°C for 1 h or at -20°C
overnight. The wmixture was centrifuged at 16000g for 10 min
and the pellet was washed with 90% ethanol, dried, dissolved
in digestion buffer  (70% formic acid, 6 M guanidine-Cl) and
digested at 42°C for 72 h. The final products were
subjected to ethanol precipitation and dissolved in 20 mM
Tris-Cl pH 7.3. The cleaved rS3 peptides were then dialyzed
overnight against the gsame buffer using dialysis tubing of
i.é kDa MWCO pore size (Sigma) , thus‘removihg‘the small
linkers and residual salt. The endotoxin contaminant in
rS3-4mer and r8S3-lmer was removed by Triton X-114 phase
separation (Liu et al, 1997) followed by polymyxin B

affinity chromatography (Detoxi-Gel™, Pierce).

Tricine SDS-PAGE and Western blot analysis: The recombinant
proteins were resolved on tricine SDS-PAGE, using 5%
stacking gel and 15% separating gel, and detected by
Coomassie blue staining (Schagger et al, 1387). Western
analysis was performed according to the manufacturer’s
instruction, using ECL Western analysis system (Pierce, IL).
The blot was probed with polyclonal rabbit anti-S$3 antibody
followed by goat anti-rabbit secondary antibody conjugated
to horseradish peroxidase, HRP (DAKO, CA). The blots were
visualised using Supersignal West Pico Chemiluminescent

Substrate and exposed to X-ray f£ilm.



<0. 005d 0.3125 dearance factor(CF) >1000 >20000 62.5% recovered

"Aliquots of 5 mM of each sanple solution containing LPS at indicated
concentrations were passed through a colum with Im of affinity beads. LPS
concentration of sanples was neasured by LAL chronpbgenic assay. bTris
buffer: 20 mM Tris-HCL, pH 7.3 containing 100mM NaCl; 10 Ch . A 0.5 ng/nl
chynotrypsi nogen A in sanme Tris buffer " EDTA at stock solution of 0.5
M (pH7.3) was added to the buffer to achiﬁve a final concentration of 5mM
before running through col um. .005EU/ Ll is the detection limt

of LAL chro eni_c _assay. Aintensjty, of the sanples before and after
t reat ment vmr[gﬁ 35§8¥SV\2¥5 #ggéﬁ?‘é’ar‘i‘ %lé?gcﬁlcé:llé’ltt e protein recovery.
Characteristics of LPS binding by rS3-4nmer affinity beads 20To determne if

the peptide (ks abl.eshobsesavert RS wdes sxgahyde range of pH, buffer sol utions
of different pH containing 100mM of NaCl were tested. Increase in pH was
expected to cause el ectrostfti c interactio betgeen the 45 negati vely

o]

char ged phosphate grotp® BPLYBRRntf 14 poditey dMe*dRargel  ppit uees

weaken and degkeasgatbe hipdi Ngo Capasd:t weafl bfﬂe4pg@§/me (6PbRExehatdly 2001) .
W observe a si 8n|f| cant drop in efficiency of LPS 5 renoval when the pH

shifted frof BM) P8 BPS. dThiseotn dPWeasecdase pRoephele-Pytfergdnear the
| nter st oS 0 veskeR and Tente: oS P bsae Fre Sbrndl og Capacr Ty Ter LPs.
When t he pHashirbpedtémperét@reo 7T wdlds were aspirated and washed 4
times with 300 pl wash solution (PBS containing 0.05% Tween-
20). The wells were blocked with wash solution containing
10 2% BSA for 1 h at room temperature. After washing 2 times,
varying concentrations of peptides were allowed to interact
with bound LPS at room temperature for 3 h. Bound peptides
were detected by incubation with rabbit anti-S3 antibody and
1:2000 of goat anti-rabbit antibody conjugated with HRP.
15 Each antibody was incubated for 2 h at 37°C. In the final
step, 100 pl of substrate, ABTS (Boehringer Mannheim), was

added. The absorbance was measured at 405nm with reference

wavelength at 490nm.
(b) Endotoxin neutralization assay based on anti-LAL test

20 The LAL Kinetic-QCL kit utilizes the initial part
of the LPS-triggered cascade in limulus amoebocyte lysate to
‘achieve an enzymatic reaction, which catalyses the release
of p-nitroaniline from a synthetic substrate, producing a
vyellow color, which is guantifiable by absorbance at 405;,.

25 The ENCsy (Endotoxin Neutralization Concentration) refers to
the peptide concentration required to neutralize 50% of a
predetermined quantity of endotoxin. A low ENCso indicates

high potency of the peptide for endotoxin neutralization.

In this assay, peptides of different

30 concentrations were incubated for 1 h at 37°C with or



10 efficiency of these affinity beads was enhanced wi th cl earance factor of
nore than 450. Further increase in pH causes the clearance factor to drop
drastically to only 4.3, this maybe due to the increase of negative charge
on peptide, so decrease the affinity of peptide to LPS, since 15 the LPS is
strongly negatively charged. Fromthe results, the rS3-4ner is
able to renove LPS under a relatively wide range of pH, but with

ef ficiencies highest only at around pH of 7.3 (Table 2). 46 Table 2 Renoval
of LPS fromvarious solutions with probl ématic |ow |levels of LPS

contam nation' Col umm DADPA r S3\4ner DADPA S3A Sodium acetate bufferb Tris
buffer" p Havishoue. en7eguglsv@l@me of LPS in disposable, endotoxin-free

borosilicate tubes. Fifty microliters of each mixture was
then dispensed into wells of a sterile microtiter plate
(Nunclon™ Asurface, Nunc). Fifty microliters of freshly

5 reconstituted LAL reagent was dispensed into each well. The
absorbance at 405, of each well was monitored after 45 min,
and the concentration of peptides corresponding to 50%

inhibition of LAL activity was designated ENCsgo.

(6) Suppression of LPS-induced hTNF-a secretion in human

10 THP-1 cells

THP-1 cells were cultured at 37°C in a humidified
environment in the presence of 5% CO;. RPMI 1640 medium was
supplemented with 10% fetal bovine serum (FBS), penicillin
(100 U/ml), and streptomycin (100 pg/ml). The cells were

15 maintained at a density of 2.5x10°°° cells/ml. THP-1
monocytes were transformed into macrophages by addition of
phorbol myristic acid, PMA (Sigma) at a stock of 0.3 mg/ml
in dimethyl sulfoxide to give a final concentration of 30
ng/ml. and 0.01% dimethyl sulfoxide. PMA-treated cell

20 suspensions wexe immediately plated into 96-well microtiter
plate at a density of 4x10° cells/ml and allowed to
differentiate for 48 h at 37°C. The culture medium was
removed and the cells were washed twice with serum-free RPMI
1640. Thereafter, the macrophages were stimulated with 50

25 EU/ml LPS (a specific activity of LPS that has been
standardized by LAL test against FDA-approved LPS
standards), peptides alone or LPS (preincubated with various
concentrations of peptides) and incubated at 37°C. After 6
h, the culture medium was collected and hTNF-o concentration

30 in the supernatants was assayed using ELISA.
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(7) Realtime interaction analysis between peptides and LPS

Surface plasmon resonance (SPR) analysis of the
real time interaction between peptides and LPS was performed
with BIAcore 2000 (Pharmacia) using HPA chip (Tan et al,
2000b). The affinity constant was calculated using
BIAevaluation software 3.0. The mean values were obtained

from three independent experiments.
(8) Cytotoxicity of peptides in eukaryotic cells

THP-1 monocytes in 50 pul of 2x10* cells/ml in RPMI
1640 were mixed in a microtiter plate with 50 pl of two-fold
serial dilutions of peptides ranging in concentration, and
incubated for 60 min at 37°C. To determine the cytotoxicity
induced by the peptides, 20 pl of CellTiter 96 Agueocus One
Solution Reagent was added into each well for 90 min at
37°C. MTS [3-(4, S5-dimethylthiazol-2-yl)-5~(3-
carboxymethoxyphenyl) -2- (4-sulfophenyl) -2H-tetrazolium] is
bioreduced by metabolically active cells into a colored
formazan product that is soluble in tissue culture medium.
For detection, the absorbance was measured at 490,,. To
determine the ratio of cell lysis induced by the peptides,
two controls were included by incubating cells in PBS
containing 0.2% Tween-20 instead of medium only. This
absorbance value corresponds to the background, as those

cells could not metabolize MTS.
(9) Data Analysis of 83 Tandem Repeats Studies

Recombinant expression of S3 tandem repeats, purification

and cleavage to monomers

A 143 bp S3 gene fragment was obtained by PCR
using pACS5.1Sushi3EGFP as the template. The S3 gene was
cloned into pBC vector by digestion with BbsI. After

"Aliquots of 5
i ndi cated concentrati ons were
LPS concentrati on of

20 mM



10 100mMM NaCl; Tris buffer: 20 mM Tris-HCL containing 100mM NaCl ; pH

adj usted to around 7 for

LAL test by adding 5% of 1M Tris-HCL, pH7.3 for
acidic sanpl es and 4% 1M NaAc, pH5.0 for the pH8.5 sanple. 15 d earance
Factor (CF) which reflects the efficiency of LPS renoval,
di vidi ng concentration of LPS before with after treatnent.

i s obtained by
20 47 Renoval

of

LPS in tissue culture nedium For the cell culture nmedi um RPM

1640, both colums were able to renove LPS from 120 EU m

to below the 5

detection linit of 0.005 EUnl. Table 3 Renoval of LPS from cul ture nedi um
with problematic |ow | evel of LPS contam nation' Mediunb Col uim DADPA
r S3\ 4ner DADPAL5B8TBaebienTr B nehengEgoatpining 1, 2, 4 and 8 copies

10

15

20

25

30

of 53 were selected (Figure 2a) and named pBCS3-1, -2, -4, -
8mer, respectively. The Ndel and HindIII-flanking fragments
of these clones were inserted into pET22b for expression of
the multimeric S3 gene, and the éxpressioh levels were
examined by SDS-PAGE. An exemplary sequence encoding rS3-

4mer is shown in SEQ ID NO:8.

Of all the expression casgettes, the tetramer
yielded the highest expression level, giving the expected
recombinant S3 tetramer (rS3-4mer) of 18.4 kDa, which
represented 25% of the total cell proteins (Figure 2b). The
monomer congtruct was not expression-competent, while the

octamer construct expressed poorly.

The rS3-4mer was expressed as inclusion bodies in
E. coli. The solubilization in 8 M urea and purification
through Q-Sepharose anion exchange chromatography produced
more than 95% purity of rS3-4mer (Figure 2b), yielding 42 mg
rS3-4mer per litre of culture. The purified proteih was
dialyzed and urea was removed gradually to allow the samples
to refold. Dialysis also removed unspecific small molecular
weight bacteria proteins, hence further improving the purity
of the rS3-4mer. SDS-PAGE under non-reducing conditions
showed majority of one band with the expected size (data not
shown). A minor form of a larger aggregate was removed by
size exclusion using Superose®12 column (Pharmacia). The
refolded protein was precipitated with 90% ethanol and
redissolved in acid digestion buffer to cbtain the monomers
(rS3-1mer). The process of acid digestion is time
dependent. A one-day treatment yielded polymeric mixtures
of four kinds of rS3 peptides: rS3-4, -3, -2, -lmer (Figure
3a). Within 2 days, more than 90% of the multimers was

cleaved to the monomers.



120 120 After treatnment (EU ma) <0.005c <0.005c O earance Factor(CF) >24000
>24000 10 "Aliquots of 5 m of each sanple solution containing LPS
at indicated concentrations were passed through a colum with Im of
affinity beads. LPG concentration of sanples was neasured by LAL chronbgenic
assay. 15bMedium RPM 1640 pH 9.0 c0.005EU/ nl is the detection limt of LA
chronogeni ¢ assay. 48 REFERENCES de Haas, C.J.C., ME van der Tol., K P. M
Van Kessel, J. Verhoef and J.AG Van Strijp.(1998) J. Inmunol. 161: 3607-
3615. 5 Ding, J.L., Navas, MA A and Ho38B.(1995) Ml . Marine Biol.

Bi ot ech., 4:90-103.
Recombinant Sushi3 peptides show stronger binding potency to

LPS

Samples from the total cell proteins, purified
rS3-4mer, partially digested rS3 polymers, rS3-1lmer and
5 chemically synthesized S3 peptide were resolved on tricine
SDS-PAGE and subjected to Western analysis against anti-S83
antibody. The rS3-lmer and its partially digested polymeric
repeats (2, 3 and 4mersgs) were immunoreactive to the
polyclonal rabbit anti-S3 antibody (Figure 3b). Thus, the
10 antibody can be employed for the ELISA-based LPS binding

assay.

ELISA-based LPS binding assay revealed different
binding capabilities with rS3-1 mer, -4mer and chemically
synthesized S3. At 4 pg/ml, both recombinant peptides

15 reached saturation of binding to LPS (Figure 4), while the
chemically synthesized peptide continued linearly and
required 20 pg/ml to reach saturation of binding with LPS
(data not shown). The EBCsy (Endotoxin Binding
Concentration) of the peptide, which achieves 50% of maximum

20 binding to LPS on the ELISA plate, reflects the binding
activity of peptide to LPS, with the lower EBCs, indicating
higher potency. The rS3-4mer, rS3-lmer and chemically
synthesized S3 peptides displayed EBCsy at 0.41 ug/ml, 1.02
pg/ml and 9.74 ug/ml, respectively. The kinetics of binding

25 of peptides to LPS in 20 mM Tris-Cl, pH7.3, was also
measured by SPR analysis with BIAcore 2000 using HPA chip,
which was immobilized with lipid A (biocactive moiety of
LPS). The Kd values of chemically synthesized S3, rS3-lmer
and rS3-4mer are (7.80+2.18) x10' M, (4.74+2.34) x10°%M,

30 (1.71+41.86) x107° M, respectively.
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A lower ENCw indicates higher potency of endotoxin
neutralization. The binding isotherm of the two monomeric
peptides, whether it is recombinant or synthetic is similar,
10 but rS3-4mer shows a 2-fold stronger LPS neutralization

efficacy.

Similar results were also obtained by measuring
the ability of rS3-4mer & -lmer -to inhibit LPS-induced hTNF-
o production by THP-1 cells, which were incubated with 50
15 EU/ml of LPS containing various concentrations of peptides.
As shown in Figure 5b, rS3-lmer required 83.2 pg/ml, whereas

rS3-4mer required 40.4 pg/ml to achieve 50% inhibition.

The peptides show minimal cytotoxicity to eukaryotic cells
Both recombinant peptides had minimal. effect on
20 cell permeabilization. At the highest concentration of 50
pM, only 2-3% of cell lysis was caused by rS3-4mer,
indicating that the recombinant multimers of S3 would have
negligible contraindications, although the LPS binding

activity is amplified significantly.

25 (10) Recombinant sushi 3 peptides (rS3) labeled with gquantum
dot (QD) tags bacteria

rS3 purified from recombinant bacteria, was
labeled with QD (referred to as QD-rS3) was used as a novel
fluorescent tag to detect the presence of bacteria. As an

30 example to demonstrate the concept of specific tagging of
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pol ypepti de conprising four S3 peptides, wherein each S3 peptide has either
the sequence SEQ ID No: 1 or the SEQ ID No: 2. 2. The pol ypeptide of claim1
wherein the S3 peptides are in tandem reépeat 3. The pol ypeptide of any one
of claims 1 or 2 wherein at |least two of the S3 peptides are separated by a
l'i nking sequenteen #actbeipobypeptide, oéxgﬁdxainmrﬁsv\h&rr@i raatrikdastitone of the
| i nki ng seqﬁuence is cleavable by protease. 5. The ti d ,of Cl\ljal m 3

wherein at Wé¢&st GhE2OPSt AET| Ph ?‘nﬁe%%rq]u"&@éqt§rélaeaf él 8°dt gesti on.

6. The pol ypeptisdedehonhal AePudhabehn ifte AlgdLagosare Ve miabﬁgr§squence
conprises Asp-Pro. 7. The pol ypeptide of any one of clains 1 to 2 consisting

of the 83 peEydecogcushaugsiypept Baeadsditdica mfl sigildh %nftsglaﬁe@f(SEQ | D

NO 9 8
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T A vect R eRaR SPRG P e SRk BTt B e e ?NAW%ACg st cel
conpri si ng ddeeiBNAz10f, shadmdy. and no labellng of s aureus.

labeled rS3 is stable and emits strong fluorescence which

10 readily biosenses the presence of gram negative bacteria.

This method can be applied to tagging bacteria in

solution and in solid phase.

(11) Covalent conjugation of rS3-4mer to DADPA-immobilized

agarose beads

15 r83-4mer affinity matrix was prepared using DADPA-
immobilized agarose. The peptide was dissolved in 1ml
conjugation buffer [0.1M 2- (N-morpholino)ethanesulfonic acid
(MES), pH 4.7] and used for conjugation by EDC, to DADPA-
agarose packed in a column. After 3 hours of incubation,

20 the column was drained and washed with water. These eluents
were collected in 1 ml fractions. The amount of peptide
immobilized to the matrix was determined by measuring the

absorbance of the fractions at 280nm.

Beads were regenerated with 10-column volumes of
25 1% DOC, followed by 1l0-column volumes of pyrogen-£free water,
2 M NaCl and pyrogen-free water. When not in use, the
peptide-conjugated beads were stored at 4°C with 0.02% sodium

azide to prevent the growth of bacteria.



15. A nmethod of producing a nultiner of $3 peptide, conprising the step of
expressi ng DNA encodi ng the pol ypeptide of any one of clains Ito 18 in a
host cell. 16. The method of claim 15 further conprising the step of

i sol ating the pol ypeptide. 17. A method of producing a polypeptide as
defined in claim1, conprising the step of expressing in a host cell DNA
encodi ng a pol ypeptide which conprises eight S3 peptides and wherein the
fourth and fifth S3 peptides are separated by a cl eavabl e |inking sequence;
and subj ecting the pol ypeptide to conditdilons suitable for cleaving the

| i nki ng sequence to produce the polypeptide having four 33 peptides while
keepi ng the(B3 peifl iadbinitigot .ase@y The met hod of claim 17 further
conprising the step of isolating the polypeptide having four S3 peptides.

19. The method of cl gj 7 _0r reingt C (o] sui t.ahle for

cl eaving the linki ng%‘sf;gcftjfeﬁ%gﬁ%%r\ag@?agd;gges ?oﬁgﬂéﬁ é}ﬁde ér%%%%éﬁgftquai m 17
or 18 whereim ttHee agondirtviiene uifttell, ether Le$ eadmdignd heapacidyngfsegadence
conprises proteolytic digestion. 21. e, of a polypeptide as defined.in
claimé6 for“b%%’oﬁ%ﬁ%gedg? or’f@rss_,teéﬁi%}%r]%?%wfﬁe' stzg"b_ag]ﬁ% é’ési‘r’_n&‘li na
host celt DINA angedirg 1@ PAyRRALNIGuAgededi nedrémt Ghiiand @Aandreubj ecting
the pol ypeptide to acidic conditions suitable for cleaning the |inking

sequence t PPN B3 ARFFHRS £ TWehyBokEEps HeCIte BRRRDH )swattact. 22. A
met hod for det&etd ng, LASc b Rngnbact eiha CoMPLisi nhdhe steps of

contacting a sanple to be tested for LPScontal ni ng bacteria, with the

pol ypept i detanfipeamtiome ofSadludiimsn sl bedo8e amuld def e i thye i reh twprise waeen LPS
and t he pol ptide 5 3. The |y tide of,any.one of. clains 1 to 8 for
Goe i the YHRTHEA 'St GSTETIRReNTE B CSERLPEL P ARG T deYect | ng
LPS- cont @i nEpmp bast elddeCamidrslely thheedt€p ¢ie CONt ACit N M IFEMce
contai ni ng LPS-containing bacteria with the pol ypeptide of claim 10 and

det ecti ng DAQREHINE as IAGSatied 9 §6r d¥RERER EHrE sSTHEPTF ot NePY diseiels2s. The

pol ypept i de,ofy @y e Afordidl M®1hetiend. | nmppbidizesh@n a solid medium 26.
The pol ypeptide of claim25 wherein the solid nediumis agarose 27. A nethod

for renmoving LPS or LPS-containing bacteria froma sanple, conprising the
step of contatht iHFHE ‘atsi® |t BAShérgoPypeptFele of claim 25 or 26 under

condi ti ons which allow binding of LPS-containing bacteria to the

pol ypeptide, and obtaipy RGd Rpaheuad BRtEsidd whé chall Scistisdpiical |y free
of LPS or LPS-containing bacteria. 28. A conmercial package conprising the
pol ypept§ dekigfetalfy erayof dhel melutieng wWewe i sReicrREedind g juteduds in

detecting LPS-cont.aining.bacteria in_a le,. 29. A caommerci al package
conpri si ng tHe %ﬁ%ﬁﬁ%ﬁf@qff%&h§?oﬁg 8?Q€Paﬁwg%pi&18°§n§af sP%ﬁE tons for

its use in ddealdMF ANgdoIaRRIAsRI0ANSBPShSroPi atfe CRFTTEE ChAla package
conprising the pal ypeptide of claim25 or 26 and instructions for its use
for renovi ntf 1453 omiPetdsgcairdiat§ vHLRetPR f Portaiaafpl Bunchy 12T EQUENCE

LI STI NG reaction mixture was then incubated for 15 minutes at 37°C

20 before 50ul1 of LAL reagent was added. The reaction mixtures
were read at 405 nm every 5 minutes with a SPECTRAmax 340
plate reader running on SOFTmax PRO version 1.2.0. The
temperature was kept at 37 °C during the incubation and
measuring. Five LPS standards ranging from 0.005EU/ml to

25 50EU/ml were used to calibrate the absorbance into endotoxin
concentration in EU/ml. A blank using pyrogen-free water
and negative controls of only the peptides in buffer
solution were also set up in the assay. All samples, blank,
negative control and standards were in triplicates.

30 Pyrogen-free water was used for dilution of reagents and

peptides.



<110>
<140>
<211>
<400>

DI NG Jeak Ling HO Bow <120> Sushi Peptide Miltiner <130> 79612-60
CA2432972 <141> 2003-07-04 <160> 9 <170> Patentln Ver. 2.0 <210> 1
34 <212> PRT <213> Artificial Sequence <220> <223> Sushi -3 peptide
1 Hs Ala Qu His Lys Val Lys Ile Ay Val Qu Gn Lys Tyr Ay Gn
151015 Phe Pro Gn @y Thr Au Val Thr Tyr Thr Cys Set @y Asn Tyr Phe
202530 Leu Met <210> 2 <211> 34 <212> PRT
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The protein concentration in sample solutions of
before and after treatment was determined by measuring the
absorbance at 280nm with a spectrophotometer DU 650

(Beckman) .
(14) Data analysis of LPS affinity studies
LpPS affinity matrix preparation

In preparing the rS3-4mer conjugated affinity
matrix for LPS, 1.5 mg/ml of peptides was used for coupling.
1.27mg/ml of peptides was successfully coupled onto the
affinity matrix with coupling efficiency of 87% achieved,

based on the following calculations:
RAzgonm before coupling (abs) = 1.62

Aogonm 0f fraction recovery (abs) = 0.0601 + 0.316 + 0.0472 +
0.0204 + 0.0099 + 0.0033 + 0.0016 = 0.21

Total protein coupled on (abs) = 1.62 - 0.21 = 1.41

Coupling efficiency = 1.41 / 1.62 = 87%

LPS binding by r83-4mer affinity beads at various endotoxin

concentrations

It is reported that the usual LPS problematic
contamination level is up to 100EU/ml after the initial
steps of purification. Thus, we tested the DADPA rS3-4mer
and S3A column at these endotoxin concentrations. When
buffer solutions containing 20mM Tris-HCl, 100mM NaCl and
0.5M EDTA of pH7.3 were used, both spiked levels of 5 and
500 EU/ml were reduced to below the detection limit of
0.005EU/ml for both the columns.



<213> Artificial Sequence <220> <223> Sushi-1l:Jolts peptide <400> 2 Hs Al a
GQu Hs Lys Val Lys Ile Lys Val Lys Gn Lys Tyr Ay G n 151015 Phe Pro G n
Gy Thr Au Val Thr Tyr Thr Cys Set Ay Asn Tyr Phe 202530 2/12 <210> 3
<211> 38 <212> DNA <213> Artificial Sequence <220> <223> forward pri mer
<400> 3 TCGAAGACGG CCCCAGGATC CCCATGCTGA ACACAAGG38 <210> 4 <211> 35 <212>
DNA

43

However, LPS is normally found together with
proteins such as in pharmaceutical fluids. Therefore, there
is a need to test the protein recovery and LPS removal under
such conditions. There are electrostatic and hydrophilic

5 dinteractions between proteins and LPS. These interactions
may reduce the efficiency of LPS removal. Very often, high
protein recovery will compromise the removal of LPS from the
solution and vice versa. In this work, 0.5mg/ml of
chymotrypsinogen A was spiked into the same Tris buffer and

10 was passed through the column twice to test the ability of
the conjugated agarose beads for selective removal of LPS

from protein solutions.

For both the columns, the LPS-affinity beads were
able to remove LPS to a coﬁcentration below the detection
15 limit of 0.005EU/ml. However, the rS3-4mer column appears
to be able to recover more proteins compared to the S3A

column under the current process conditions (Table 1).



<213> Artificial Sequence <220> <223> reverse priner <400> 4 TAGAAGACCC
GGGGGTCCAT CAAAGAAAGT AGTITA35 <210> 5 <211> 3448 <212> DNA <213>

Car ci noscor pi us rotundi cauda <220> <221> CDS <222> (18)..(3074) <400> 5

gt gaaggtaa cttaagt atg gtc tta Met Val Len 1 gcg tcg ttt ttg gtg tct ggt
tta50 Ala Ser Phe Len Val Set Ay Leu 510 gtt cta ggg cta cta gcc caa aaa
atg cgc cca gtt cag tcc aaa gga98 Val Leu Ay Leu Leu Ala G n Lys Met Arg

Pro Val Gn Set Lys Ay "

Table 1

Removal of LPS from various solutions with problematic low levels

of LPS contamination?

Column DADPA rS3\dmerxr
Tris buffer® (+EDTA)C . Chym. A°
(+EDTA) ¢
LPS (EU/ml) Protein
recover
ye
(mg/ml)
Before 5 50 100 50 0.5
treatment
After <0.005° <0.005 ¢ <0.005 ¢ <0.00} 0.4175
treatment : g d
Clearance >1000 >10000 >20000 >1000 83.5%
factor 0 recover
(CF) ed
Column DADPA S3A
Tris buffer® Chym. AP (+EDTA)°
(+EDTA) ¢ '
LPS (EU/ml) Protein
recovery®
(mg/ml)
Before 5 100 0.5
treatment
After treatment <0.005° <0.005% 0.3125
Clearance >1000 ~ >20000 62.5% recovered
factor (CF)
5 ®Aliquots of 5 ml of each sample solution containing LPS at

indicated concentrations were passed through a column with 1ml of
affinity beads. LPS concentration of samples was measured by LAL
chromogenic assay.
Ppris buffer: 20 mM Tris-HCL, pH 7.3 containing 100mM NaCl;
10 Chym. A: 0.5 mg/ml chymotrypsinogen A in same Tris buffer
© EDTA at stock solution of 0.5 M (pH7.3) was added to the
buffer to achieve a final concentration of 5mM before running
through column.
4 0.005EU/ml is the detection limit of LAL chromogenic assay.
15 ® Azsonm intensity of the samples before and after treatment
with beads were measured to calculate the protein recovery.

Characteristics of LPS binding by rS3-4mexr affinity beads

20 To determine if the peptide is able to remove LPS
under a wide range of pH, buffer solutions of different pH
containing 100mM of NaCl were tested. Increase in pH was

expected to cause electrostatic interaction between the



152025 gta gat cta ggc ttg tgt gat gaa acg agg ttc gag tgt aag tgt ggc 146

Val

cca
Tyr

ccg
Cys
cga
Gn
aaa
Ay
cag
Tin
att

Asp Len Ay Leu Cys Asp Gn Thr Arg Phe A u Cys Lys Cys Ay 303540 gat
ggc tat gtg ttc aac att cca gtg aaa caa tgt aca tac ttt194 Asp Pro Ay
Val Phe Asn Ile Pro Val Lys G n Cys Thr Tyr Phe 455055 tat cga tgg agg
tat tgt aaa cca tgt gat gac ctg gag gct aag 242 Tyr Arg Trp Arg Pro Tyr
Lys Pro Cys Asp Asp Leu G n Ala Lys 60657075 gat att tgt cca aag tac aaa
tgt caa gag tgt aag gct ggt ctt290 Asp Ile Cys Pro Lys Tyr Lys Arg Cys
Gn Cys Lys Ala Ay Len 808590 3/124gat agt tgt gtt act tgt cca cct aac
tat ggt act tgg tgt agc338 Asp Ser Cys Val Tin Cys Pro Pro Asn Lys Tyr
Thr TrprnepstSeel95t00196d gghogpian tgtomwapst gif 4&§ aad §he ggt atc tgt gac

agg aca_gga386 y u s _ Gn Cys Lys n Ay Gy lLle Cys, Asp G n Arg
&y 110PME 6y el et pr (R gl et hga st 5ty R t ot gan
ctc434 Aiadlyy Abpatysy v A5 pemriby @inmgCGey ¥Wal. Biosi1Cys Au lle Leu

We observe a significant drop in efficiency of LPS
5 removal when the pH shifted from 5.0 to 6.0. This could be
because pH of 6.0 is very near the igsocelectric point of the
rS3-4mer, peptide, thus causing the electrostatic
interactions to weaken and hence, it loseg its binding
capacity for LPS. When the pH shifted from 6.0 to 7.3, the
10 efficiency of these affinity beads was enhanced with
clearance factor of more than 450. Further increase in pH
causes the clearance factor to drop drastically to only 4.3,
this maybe due to the increase of negative charge on
peptide, so decrease the affinity of peptide to LPS, since
15 the LPS is strongly negatively charged.

From the results, the rS3-4mer is able to remove
LPS under a relatively wide range of pH, but with
efficiencies highest only at around pH of 7.3 (Table 2).



125130135 aaa ggt tgt cct ctt ctt cca tcg gat tct cag gtt cag gaa gtc aga482

Lys
aat
Pro
ctt
Ay
cca
Lys
gtg
Al a
gat
Pro
cag
Asn

Ay
cca
Asp
aag
Net
ccc
Cys
aat
Leu
agt
Tyr
tgg
Ay

Cys Pro Leu Leu Pro Ser Asp Ser Gn Val Gn Gu Val Arg 140145150155
cca gat aat ccc caa act att gac tac agc tgt tca cca ggg530 Asn Pro
Asn Pro Gn Thr Ile Asp Tyr Ser Cys Ser Pro Ay 160165170 ttc aag
ggt atg gca cga att agc tgt ctc cca aat gga cag578 Phe Lys Leu Lys
Ala Arg Ile Ser Cys Leu Pro Asn Ay G n 175180185 tgg agt aac ttt
aaa tgt att cga gaa tgt gcc atg g t-tca626 Trp Ser Asn Phe Pro Pro
Ile Arg Gu Dye Ala Met Val Ser 0195200 tct cca gaa cat ggg aaa
gct ctt agt ggt gat atg ata a,g 4 §er Pro Gu Hs Ay Lys Val Asn
Set Ay Asp Net Ile du 205210 N ggg gct act tta cgg ttc tca tgt
ccC Reaovéhof LFSattomgotaz2@uid splAk sorEhwikhupulyg eRPhéi&SeyovDyeveéisp Ser
Tyr Le I 5230235 caa gaa aca tta acc tgt cag ggt aat ggt
aat Iggg %:acgongta%u%%g n Gu Tin Leu Thr &ys Gn Ay Asn Ay Gn Trp
G || €24824525 DADPA rS3\4mer DADPA
S3A
Sodium acetate Tris buffer®
buffer”
pH® 5.0 [ 6.0 7.3 | 8.5 | 7.3
Before 500
treatment
(EU/ml)
After 4.616 61.38 1.090 116.84 3.176
treatment
(EU/ml)
Clearance 108 8- 459 4.3 157
factor (CF)
5 # Aliquots of 5 ml of each sample solution containing LPS at

10

15

20

indicated concentrations were passed through a column with 1ml of
affinity beads. LPS concentratlon of samples was measured by LAL
chromogenic assay.

® Sodium acetate buffer: 20 mM sodium acetate containing
100mM NaCl;

° Tris buffer: 20 mM Tris-HCl containing 100mM NacCl;

4 pH adjusted to around 7 for LAL test by adding 5% of 1M
Tris-HC1l, pH7.3 for acidic samples and 4% 1M NaAc, pH5.0 for the .
pHB.5 sample.

¢ Clearance Factor (CF) which reflects. the efficiency of LPS
removal, is obtained by dividing concentration of LPS before with
after treatment.




I

cca caa tgt aag aac ttg gtc ttc tgt cct gac ctg gat cct gta aac818 Pro G n
Dye Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn 255260265 cat got
gaa cac aag gtt aaa att ggt gtg gaa caa aaa tat ggt cag866 His Ala Gu His
Lys Val Lys Ile dy Val Qu Gn Lys Tyr Ay G n 270275280 ttt cct caa ggc
act gaa gtg acc tat acg tgt tog ggt aac tac ttc914 Phe Pro Gn Ay Thr Gu
Val Thr Tyr Thr Dye Ser Ay Asn Tyr Phe 285290295 ttg atg ggt ttt gac acc
tta aaa tgt aac cct gat ggg tct tgg tca962 Leu Met Gy Phe Asp Thr Leu Lys
Cys Asn Pro Asp Ay Ser Trp Ser 300305310315 gga tca cag cca tcc tgt gtt aaa
gtg gca gac_aga gag gtc gac tgt1010 Ay Ser Gn Pro Ser Cys Val Lys Val Ala
Asp Arg G UR%PV%pO%y%szUSZ%B%@Je AHFUGEcMEgE Whaa gect gta gac ttc ttg gat
gat gtt ggt gaa cct gtc aggl058 Asp Ser Lys Ala Val Asp Phe Leu Asp Asp Val
Gy Gu Pro Val Arg 3353 el eddurgt meétugcRPYfelegP . tlethtg aca get
ggt act gt gceygngytWes able to remove LPS from 120 EU/ml to below the
5 detection limit of 0.005 EU/ml.
Table 3
Removal of LPS from culture medium with problematic low level of LPS
contamination?®
Medium®
Column DADPA rS3\4mer DADPA S3A
Before 120 120
Treatment
(EU/ml)
After <0.005° <0.005°
treatment
(EU/ml)
Clearance >24000 >24000
Factor (CF) '
i0 . ,
®Aliquots of 5 ml of each sample solution containing LPS at
indicated concentrations were passed through a column with 1ml of
affinity beads. LPS concentration of samples was measured by LAL
chromogenic agsay.
15 P Medium: RPMI 1640 pH 9.0

€ 0.005EU/ml is the detection limit of LAL chromogenic assay.



I'le
aca
Ile
aag
Pro
gac
Leu
goo
Ser
t gt
Asp
cag
Al a
got

H s
gcc
Tyr
ctt
Asn
ttt
Ay
cgg
Phe
cot
Ay
aga
Trp
gtg

Pro

Cys Ala Ay Cys Ser Leu Thr Ala Ay Thr Val Trp dy 350355360
ata tac cat gaa ctt tcc tca gtg tgt cgt gca gcc atc catl1l54 Thr Al a
Hs GQu Leu Ser Ser Val Cys Arg Ala Ala Ile H s 365370375 got ggc
cca aac tct gga gga gcg gtg cat gtt gtg aac aat1202 Ala Ay Lys Leu
Ser Ay Ay Ala vVal Hs Val Val Asn Asn 380385390395 ggc ccc tac tog
ctg ggt agt gac ctg aat ggg ata aaa togl250 Ay Pro Tyr Ser Asp Phe
Ser Asp Leu Asn Ay Ile Lys Ser 400405410 gaa gag ttg aag tct ctt
agt ttc cga ttc gat tat gtc cgt1§@8 Gu GQu Leu Lys Ser Leu Ala Arg
Arg Phe Asp Tyr Val Arg 415420425 too tcc aca gca ggt aaa tca gga
gat RFEREYEEPtt gag gt al346 Ser Ser Thr Ala Ay Lys Ser Ay Cys Pro
Trp Phe A u Val 430435440 gac gag aac tgt gtg tac gtt aca tca aaa
goodegyagaa 8gd1894 MsP-Gm @sh VA PI)r- Van ¥gessér fys Gn Arg
d uVArgo4454504852g6t Fam Feprliip glitSp8ladc darmuapd -gdflgeb0égt ctt
ct g3gacla4?2
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Al a
aaa
Val
acc
Trp
tta

tct
du
ttg
Ser
atg

Gn
gat
Ile
acg
Ile
atg
Arg
ggc
Pro
cap
Val

atg
Leu

dy
gta
Pro
tgg
Ay
gat
Ser
gaa
Ay
tct
Trp
gat
Ser
5

10

15

Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp 460465470475
att cca aat tog ttg act gag act cta cga ggg aaa ggg 1490 Lys Asp
Asn Ser Leu Thr Gu Thr Leu Arg Ay Lys Gy 480485490 tta aca
ata gga ttg cac aga cta gat got gag aag cccl538 Leu Thr Thr Thr
Leu Hs Arg Leu Asp Ala G u Lys Pro 495500505 ttt att tgg gag
cgt agt aat gtg gtt ctg aat gat aacl586 Phe Ile Trp GQu Leu Met
Asn Val Val Leu Asn Asp Asn 510515520 5/12 cta aca ttc tgg gcc
cct gga aat gaa act aac tgt 8fa1634 Leu Thr Phe Trp Ala Ser Ay
Asn du Thr Cys Val 525530535 tat atg c atc caa gat cap
IﬁﬁgmﬂggDaaaA@§@a§agFtBal@B@Oqgﬁlmkﬁe é;qmnng§§1@ n Leu Gn
o tpignsLy o - S@ﬂ05¢GQHQEQBBBEVQgf2QQQ)(ﬁﬁ) ccc tca apt ttt pct tgc
ctg tca gac agal730 Cys Phe G n Pro Ser Ser Phe Ala Cys Met Met
A olrey  5605658670on Jagow, G. (1987). Anal Biochem. 166:

368-379.
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aat aaa
Asn Lys

575580585 aca ctt cat gga caa apt att

at al826

gcc aaa tgc gat gat cct gga tca ctg gaa aat gga cac gccl778
Ala Lys Cys Asp Asp Pro Ay Ser Leu Gu Asn Ay Hs Ala
at ggg ttc tat gct ggt tct tct

Thr Leu Hs Ay A@n Ser Ile Aég Gy Phe Tyr Ala Ay Ser Ser

Il e 590595600 app tac agc tgt gag gtt ctc cac tac ctc apt gga act gaa
acc gtal874 Arg Tyr Ser Cys GQu Val Leu H's Tyr Leu Ser Ay Thr Gu

Thr Val
cga tgt
Pro Arg
cca tca
Pro Ser
aac tcg
Asn Ser
tta ccc
Leu Pro

605610615 act tgt aca aca aat ggc aca tgg apt pct cct aaa cct
atcl1922 . Thr Cys Thr Thr Asn Gay Thr Trp Ser Ala Pro, Lys
EM&sl | e 620625630635 aaa gtc atc acc tgc caa aac ccc cct gta
tat ggt tct gtgl970 Lys Val Ile Thr Cys G n Asn Pro Pro Va

1y i pépyptiGedomditing @4346680, \laan AlCsARRIIERE e AnARluenct 98 I@% 1 or the
at &E@MtNocyyt gtt ggg tca2018 Au Ile Lys Pro Pro Ser Arg T

Ile Ser Arg Val @y Ser 655660665 cct ttc ttg app ttg cca cgg
%t@w@@&mﬂﬁamﬁéwrh@ﬁmg@ﬁSgem@@ﬁﬁePmamﬁhem@eu Arg Leu Pro Arg
}eHwPro Su Al a Ar%IAIa Ala 670675680

polypeptide of any one of claims 1 or 2 wherein atleast two of the S3 peptides are separated by a linking sequence.
4. The polypeptide of claim 3 wherein at least one of the linking sequence is cieavable by protease.
3. The polypeptide of claim 3 wherein at least one of the linking sequencs Is cleavable by acid digestion.
6. The polypeptide of claim 5 whersin the at least one linking sequence comgprises Asp-Pro.
7. The polypeptide of any one of claims 1 to 2 consisting of the 83 pepti&es.
8. The polypeptide of claim 1 which is rS3-4mer {SEQ ID NO: 9).
9. The polypeptide of any one of claims 1 to 8 tagged with a detectable label.
10. The polypeptide of claim 9 wherein the label is detectable by fluorescence.
11. DNA encoding the polypeplide of any one of claims 1 to 8.
12. An expression cassette comprising the DNA of claim 11.
13. A vector comprising the expression cassette of claim 12,
14, A host cell comprising the DNA, of ¢claim 11.

15. A method of producing a multimer of $3 peplide, comprising the step of expressing DNA encoding the polypeptide
of any ocne of claims 1 to 18 in a host cell.

16. The method of claim 15 further comprising the step of isolating the polypeptide.

17. A method of producing a polypeptide as defined in claim 1, comprising the step of expressing in a host cell DNA
enceding a polypeplide which comprises eight $3 peptides and wherein the fourth and fifth S3 peplides are separated
by a cleavable linking sequence; and subjecting the polypeptide to conditions suitable for cleaving ihe finking se-
quence to produce the polypeplide having four 33 peptides while keeping the 83 peptides intact.

18, The method of claim 17 further comprising the step of isolating the polypeptide having four §3 peptides.
19. The methed of claim 17 or 18 wherein the conditions suitable for cleaving the linking sequence is acid digestion.

20. The method of claim 17 or 18 wherein the conditions suitable for ¢leaving the linking sequence comprises proteciytic
digestion.

21. Use of a polypeptide as defined in claim 6 for preducing S3 monomers, comprising the step of expressing in & host
cell DNA enceding a polypeptide as defined in claim 6 and subjecting the polypeptide te acidic conditions suitable
for cleaning the linking sequence to produce S3 monomers while keeping the $3 monomers intact.

22, A methed for detecting LPS-containing bacteria comprising the steps of contacting a sample to be tested for LPS-
containing bacleria, with the polypeptide of any one of claims 1 to 8 and detecting binding between LPS and the

polypeptide.



aaa cct cct cca aaa cct aga tcc tca caa ccc tct act gtg gac ttg2114

Lys

685690695 pct tct aaa gtt aaa cta cc

Pro Pro Pro Lys Pro Arg Ser Ser %n Pro Ser Thr Val Asp Leu
gaa ggt cat tac cgg gta ggg tct

cga2162 Ala Ser Lys Val Lys Leu Pro Qu @y H's Tyr Arg Val Ay Ser

Arg
gga
Ay
cgg
Arg
tct
Ser
ggt
sly
cac
H s

700705710715 gcc atc tac acg tgc gag tcg aga tac tac gaa cta ctt
tct caa2210 Ala Ile Tyr Thr Cys Qu Ser Arg Tyr Tyr GQu Leu Leu
Ser G n 720725730 ggc aga aga tgt gac tct aat gga aac tgg apt ggt
cCa HCohe gl?pe %é&ag %eéfcgin@r1% B%(r%seplﬁine t%gﬁneﬁat‘%ﬂn%o\,(adﬁ%%r?e Qs. Ser d y
Pro Ala Ser 735740745 6/12 tgt att cca gtt tgt gga cgg tca gac
cct Rghmbtedd ioedetecting L P2doR2ADadieiSconbRindh teVatbon¥iRg Qab‘nplﬂoﬁlaig&%"wﬁ&ﬂtaining
Pr o Ar gaciSerwitPme pdiiveptitid @ ci@ib 07 5l 268 EhidoQactaiabss6HiGhd AtkestcBle :06@ rPARe BbA
cag tgg cog tgg cag gca gga2354 Trp Asn Ay Asn Ser Thr Qu lle
G n 2Py prePripeiepof @yrpnapial=is o PGBTOPIRAT 8 ok edimaga t gg ctt gca gac
2:‘; Zat %e%&%e;}gjﬁeteof%tgi% %ﬂﬁer%ﬁt@a %gdsnzeﬂigr%islagl;a%sger Arg Trp Leu Ala Asp
27. A method for removing LPS or LPS-containing bacteria from a sample, comprising the step of contacting the sample
with the polypeplide of claim 26 or 26 under conditions which allow binding of LIPS-containing bacteria to the
polypeptide, and obtaining the unbound material which is substantially free of LPS or LPS-containing bacteria.

28. A commercial package comprising the polypeptide of any one of claims 1 1o 8 and instructions for its use in detecling
LPS-containing bacteria in a sample.

29. A commercial package comprising the polypeptide of any one of claims 1 to 8 and instructions for its use in treating
endotoxaemia or sepsis.

30. A commercial package comprising the palypeptide of claim 25 or 26 and instructions for its use for removing LPS
or LPS-containing bacteria from a sample.



780785790795 gga tot cta ttg aat gag aaa tgg atc gtc act got goo cac tgt
gtc2450 Ay Ser Leu Leu Asn Qu Lys Trp Ile val Thr Ala Ala H s Cys Val
800805810 acc tac tot got act got gag att att gac coo aat cag ttt aaa
at g2498 Thr Tyr Ser Ala Thr Ala Qu Ile Ile Asp Pro Asn G n Phe Lys Net
815820825 tat ctg ggc aag tac tac cgt gat gac agt aga gac gat gac tat
gta2546 Tyr Leu Gy Lys Tyr Tyr Arg Asplé\glgg Ser Arg Asp Asp Asp Tyr Val
830835840 caa gta aga gag got ctt gag atc cac gtg aat cot aac tac gac
c002594 G n Val Arg Gu Ala Leu { weblmndd sis¥atc Asn Pro Asn Tyr Asp Pro
845850855 ggc aat ctc aac ttt gac ata goo cta att caa ctg aaa act cot
gtt 2642 AylBdsATiQuigsniPe Asp Ile Ala Leu Ile G n Leu Lys Thr Pro Val
860865870875 aéP: tB°Y aca aca cga gtc caa cca atc tgt ctg cot act gac atc
aca2690 Thrzg_ele 'ILhr PThr Ar]\%1 VaI G n Pro lle Cys Leu Pro Thr Asp Ile Thr
880885890 “A¢¢& aga lga ¢8R tg aag gag gga ace tta gca gtg gtg ace ggt tgg
2738 Thr Arg, G ysHi.golLeu Lys Gu Ay Thr Leu Ala Val Val Thr Ay Trp
895900905

<140> CA2432972
<141> 2003-07-04

<160> 9

<170> PatentIn Ver. 2.0
<210> 1

<211l> 34

<212> PRT

<213> Artificial Sequence

<220>
<223> Sushi-3 peptide

<400> 1

His Ala Glu His Lys Val Lys Ile Gly Val Glu Gln Lys Tyr Gly Gln
1 5 10 15

Phe Pro Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe
20 25 30

Leu Met -
<210> 2
<21l> 34
<212> PRT

<213> Artificial Sequence

<220>
<223> Sushi-3delta peptide

<400> 2

His Ala Glu His Lys Vval Lys Ile Lys Val Lys Gln Lys Tyr Gly Gln
1 5 10 15

Phe Pro Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe
20 25 30

Leu Met



ggt ttg aat gaa
Asn A u Asn Asn
gtt gtt gca gcc
Ala Ala Ser Thr
aca gta aca gag
Thr A u Asn Net
tgc agt ggg gac
Gy Asp Ser Sly
gaa agg cggidgg

aac
Thr

ago
Cys
aac
Phe
agt

Ay
gtc

Arg Trp Vabiieasd u
ggc sag gc¢ 21%HEN%ag
G<

Al a Asn

aac acc
Tyr Ser
acc tgt
flu Qu
atg ttc
Cys Ala
gga gga
Pro Leu
ttg gas
Ay IIe

tac

tat tca gag acg att caa caa gct gtg 2786 Ay Leu
Gu Thr Ile dn Gn Ala Val 910915920 cta cct
gaa gag ggg tac aag gaa gca2834 Leu Pro Val Val
sly Tyr Lys A u Ala 925930935 gac tta cca ctg
tgt gca ggt tac aag2882 Asp Leu Pro Leu Thr Val
Gay Tyr Lys, Z§9945950955 aag gga cgt tat gat gcc
cot tta gtg 2930 Lys Ay Arg Tyr Asp Ala Cys Ser
val 960965970 7/12 ttt gct gat gat tcc cgt acc
ggg att 2978 Phe Ala Asp Asp Ser Arg Thr Gu Arg
975980985 gtc agc tgg ggc agt ccc agt gga tagt
3026 Val Ser Trp Ay Ser Pro Ser Ay Dye Ay Lys

1#yFIY¥¥°9@O§9%f@6® ggc ttc act aaa gtt aac gtt ttc ctg tca tgg

att agg cagzi>c att3074 dy Phe Thr Lys Val Asn Val Phe Lou Ser Trp Ile Arg
0

G n Phe 1l¢g,

0212191017 L gaaact gat ctaaatattt taagcatggt tataaacgtc

ttgtttccta ttattgcttt 3134 actagtttaa cccataagaa ggttaactgg gtaaggcaca
aggatcattgastdtgtgtttg 3194 tttttacaaa tggttatttt agtcagtgaa tgagaat agt
atccattgaa gactgttacc 3254 ttttattcta cctttttata ttactatgta agtatttggg
at at ct t ct FCeRrCAFYaaaECRBTSAT (CECATFCER ACAPAECat aaafbttt ggtttct ggt gt gt gct
aagt ccacca gtagagaacg 3374 atgtaatttt cactagcaca tgaaataaat atagaacaaa
tctattataa actaccttaa 3434 aaaaaaaaaa aaaa 3448

<210> 4

<211> 35

<212> DNA
<213> Artificial Seguence

<220>

<223> reverse primer

<400> 4

TAGAAGACCC. GGGGGTCCAT CAAAGAAAGT AGTTA 35

<210> 5

<211> 3448
<212> DNA
<213> Carcinoscorpius rotundicauda

<220>

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

<400> 5

(3074)

gtgaaggtaa cttaagt atg gtc tta gecg tcg ttt ttg gtg tct ggt tta 50

gtt cta
Val Leu

gta gat
Val Asp

gat cca
Asp Pro
45

tat cga
Tyr Arg
60

gat att
Asp Ile

999
Gly

cta
Leu
30

ggc
Gly

tgg
Trp

tgt
Cys

cta cta
L.eu Leu
15

gge ttg
Gly Leu

tat gtg
Tyr Val

agg ccg
Arg Pro

cca aag
Pro Lys
80

1

Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu

5 10

gcc caa aaa atg cgc cca gtt cag tcc aaa gga 98
Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly

20 25

tgt gat gaa acg agg ttc gag tgt aag tgt ggc 146
Cys Asp Glu Thr Arg Phe Glu Cys lys Cys Gly

35 40

ttc aac att cca gtg aaa caa tgt aca tac ttt 194
Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe

50 55

tat tgt aaa cca tgt gat gac ctg gag gct aag 242
Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys

65

tac aaa cga tgt caa gag tgt aag gct ggt ctt 290
Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu

85 90



<210> 6 <211> 1019 <212> PRT <213> Carci noscor pi us rotundi cauda <400> 6 Met
Val Lou Ala Ser Phe Leu Val Ser Ay Lou Val Lou Ay Leu Lou 151015 Ala dn
Lys Met Arg Pro Val Gn Ser Lys Gy Val Asp Lou Ay Leu 202530 Dye Asp QG u
Thr Arg Phe A u Cys Lys Dye Ay Asp Pro Ay Tyr Val 354045 Phe Asn Ile Pro
Val Lys G n Cys Thr Tyr Phe Tyr Arg Trp Arg Pro 505560 Tyr Cys Lys Pro Cys
Asp Asp Leu Au Ala Lys Asp Ile Cys Pro3H/2s 65707580 Tyr Lys Arg Dye G n Qu
Cys Lys Ala Ay Lou Asp Ser Cys Val Thr 859095 Cys Pro Pro Asn Lys Tyr Ay
Thr Trp Dye Ser Gy GQu Dye Gn Dye 100105110 Lys Asn Ay Ay Ile Cys Asp

G n Arg Thit Ghy tAkagtyectAlcat G Afyadd5220ER5ggt act tgg tgt agec 338
Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser
95 100 105

ggt gaa tgt cag tgt aag aat gga ggt atc tgt gac cag agg 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
125 130 135

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 Val Gln Glu Val Arg
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
190 195 200

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

ggg 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 Leu Ile Gly
220 225 230 235

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
240 245 250

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 Val Lys Ile Gly Val Glu Gln Lys Tyr Gly Gln
270 275 280

ttt cct caa ggc act gaa gtg acc tat acg tgt tecg ggt aac tac tte 914
Phe Pro Gln Gly Thr Glu vVal Thr Tyr Thr Cys Ser Gly Asn Tyr Fhe
285 290 295

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

gga tca cag cca tcc tgt gtt 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



Asp Arg Tyr Gu Gy Val Hs Dye Qu Ile Lou Lys Ay Dye Pro Lou 130135140

8/ 12 Leu Pro Ser Asp Ser Gn Val Gn GQu VvVal Arg Asn Pro Pro Asp Asn
145150155160 Pro G n Thr Ile Asp Tyr Ser Cys Ser Pro Ay Phe Lys Leu Lys Gy
165170175 Net Ala Arg Ile Ser Cys Leu Pro Asn Ay Gn Trp Ser Asn Phe Pro
180185190 Pro Lys Cys Ile Arg Qu Cys Ala Net Val Ser Ser Pro Qu Hs Gy
195200205 Lys Val Asn Ala Leu Ser Gy Agp bkt Ile GQu Ay Ala Thr Leu Arg
210215220 Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Ay Gn @Qu Thr Lev Thr
225230235240 LySada Bctlhgya Ame Gy &G patrgatAsit Ghty g&hncdtl gtdPreog G mofBys Lys Asn
245250255 2kpsevalysPhea Opg AxpoPiAs pebgpr Asp RrloGMalGlAsRyoHVasl Aka J u Hi s Lys
260265270 Val Lys IB& dy Val du G¥°Lys Tyr Ay Git5Phe Pro Gn Gy Thr

atc cac tgt cct gct ggc tgt tect 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 3558 360

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

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

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

gaa gag ttg aag tet ctt gcc cgg agt ttec cga ttc gat tat gtc cgt 1298
Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg
415 420 425

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

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

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

aaa gat gta att cca aat tcg ttg act gag act cta cga ggg aaa ggg 1490
Lys Asp Val Ile Pro Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly
480 485 490

tta aca acc acg tgg ata gga ttg cac aga cta gat gct gag aag ccc 1538
Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp Ala Glu Lys Pro
495 500 505

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



-275280285 A u Val Thr Tyr Thr Cys Ser Ay Asn Tyr Phe Leu Met Gy Phe Asp
290295300 Thr Leu Lys Cys Asn Pro Asp Ay Ser Trp Ser Gy Ser Gn Pro Ser
305310315320 Cys Val Lys Val Ala Asp Arg Au Val Asp Cys Asp Ser Lys Ala Va
325330335 Asp Phe Leu Asp Asp Val Ay GQu Pro Val Arg Ile Hs Cys Pro Ala
340345350 Ay Cys Ser Leu Thr Ala Ay Thr Val Trp Ay Thr Ala Ile Tyr H's
355360365 G u Leu Ser Ser Val Cys Arg Agﬁlﬁla Ile HHs Ala Ay Lys Lou Pro
370375380 Asn Ser Gy Gy Ala vVal Hs Val vVal Asn Asn Ay Pro Tyr Ser Asp
3853903954Q0 fhetdecugidgrcSart AP ghebcAsdyaGiat b€ akysaaBetgtGota G welsou Lys Ser
405410415 1leeurhil BheArgr 38r RiveGhAr glPreo A8y Ay GMalThAragnSeys Set Thr Ala Gy
420425430 Lys528er Ay Cys Pros#sp Gy Trp Phe3& u Vol Asp Qu Asn Cys Val

435440445
tat atg gac atc caa gat cag ttg cag tct gtg tgg aaa acc aag tca 1682

Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser
540 545 550 555

tgt ttt cag ccc tca agt ttt get tgc atg atg gat ctg tca gac aga 1730
Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg
560 565 570

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

aca ctt cat gga caa agt att gat ggg ttc tat gct ggt tct tct ata 1826
Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile
590 595 600

agg tac agc tgt gag gtt ctec 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 Vval
605 610 615

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 Ala Pro Lys Pro Arg Cys Ile
620 625 630 635

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

gaa atc aaa ccc cca agt .cgg aca aac tcg ata agt cgt gtt ggg tca 2018
Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser
655 660 665

cct ttc ttg agg ttg cca cgg tta ccc ctec cca tta get aga gca gcc 2066
Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala
670 675 680

aaa cct cct cca aaa cct aga tcc tca caa ccc tct act gtg gac ttg 2114
Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu
685 690 695

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 Ser Gln
720 725 730

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



9/ 12 Thr Ass Met Ala Ala Arg Leu Ala Val Leu Asp Lys Asp Val Ile Pro
465470475480 Ann Ser Leu Thr Qu Thr Leu Arg Ay Lys Ay Leu Thr Thr Thr Trp
485490495 Ile Gy Leu His Arg Leu Asp Ala Qu Lys Pro Phe Ile Trp Qu Leu
500505510 Met Asp Arg Ser Ann Val Val Leu Ann Asp Ann Leu Thr Phe Trp Ala
515520525 Ser Ay Gu Pro Ay Asn Qu Thr Ass Cys Val Tyr Net Asp Ile Gn
530535540 Asp G n Leu Gn Ser Val Trp L)églghr Lys Ser Cys Phe G n Pro Ser
545550555560 Ser Phe Ala Cys Met Net Asp Leu Ser Asp Arg Asn Lys Ala Lys Cys
565570575 A8 P tASpelEor Eoy RAI céLUctddacASdt Gty chit ScAl @tThtt ey H2soddy G n
580585590 cger1lel ercAspl @yy ®BheadyseAlrapGer Ber ASerselk| BroAPge Tye Ser Cys G u
595600605 Val LewsHi s Tyr Leu Ser’s&y Thr A u Thr7é%al Thr Cys Thr Thr Asn

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

atc tct aga tgg ctt gca gac cac aat atg tgg ttt ctc cag tgt gga 2402
Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly
780 785 790 795"

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

acc tac tct gct act gect 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 Lys Met
815 820 825

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

caa gta aga gag gct ctt gag atc cac gtg aat cct aac tac gac ccc 2594
Gln val Axg Glu Ala Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro
845 850 855

ggc aat ctc aac ttt gac ata gcc cta att caa ctg aaa act cct gtt 2642
Gly Asn Leu Asn Phe Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val
860 865 870 875

act ttg aca aca cga gtc caa cca atc tgt ctg cct act gac atc aca 2690
Thr Leu Thr Thr Arg Val Gln Pro Ile Cys Leu Pro Thr Asp Ile Thr
880 885 890

aca aga gaa cac ttg aag gag gga aca tta gca gtg gtg aca ggt tgg 2738
Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp
: 895 900 905

ggt ttg aat gaa aac aac acc tat tca gag acg att caa caa 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 gcec agec acc tgt gaa gag ggg tac aag gaa gca 2834
Leu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala
925 930 935 -

gac tta cca ctg aca gta aca gag aac atg ttc tgt gca ggt tac aag 2882
Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys
940 945 950 955

aag gga cgt tat gat gcc tgc agt ggg gac agt gga gga cct tta gtg 2930
Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val
960 965 970



610615620 Gy Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile Lys Val Ile Thr Cys
625630635640 G n Ann Pro Pro Val Pro Ser Tyr Gy Ser Val Qu lie Lys Pro Pro
645650655 Ser Arg Thr Ann Ser Ile Ser Arg Val Gy Ser Pro Phe Leu Arg Leu
660665670 Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro Pro Lys
675680685 Pro Arg Ser Ser Gn Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys
690695700 Leu Pro Qu Sly H's Tyr Arg V@Ilgly Ser Mg Ala Ile Tyr Thr Cys
705710715720 G u Ser Arg Tyr Tyr Qu Leu Leu Gy Ser Gn Ay Arg Arg Cys Asp
725730735 SRI gANBalOMt AR Ig aS€Tgald 35 g BYP ok & £§CFaslYSg ldke Prerev/al Cys
740745750 Sleyritr gsiSekp Asp 58 TRE GlArgrgSefg Pro vkPheaeul @ulcpy A3 Sly Asn Ser

755760765 10/12 975 980 985
gga tgt ggc aag gcg aac cag tac ggg 3026
Gly Cys Gly Lys Ala Asn Gln Tyr Gly

995 1000

ggc agt ccc agt
Gly Ser Pro Ser

gtc agc
Val Ser

tgg
Trp
990
ttc 3074
Phe

ctg tca tgg att agg cag ttc att
Leu Ser Trp Ile Arg Gln Phe Ile
1015

act
Thr

aaa gtt aac gtt
Lys Val Asn Val
1010

ggc tte
Gly Phe
1005

tgaaactgat
actagtttaa
tttttacaaa
ttttattcta
ttctgtcatt
atgtaatttt

aaaaaaaaaa

ctaaatattt
cccataagaa
tggttatttt
cctttttata
ttaccataaa
cactagcaca

aaaa

taagcatggt tataaacgtc
ggttaactgg gtaaggcaca

agtcagtgaa tgagaatagt

'ttactatgta agtatttggg

tttggtttct ggtgtgtgct

tgaaataaat atagaacaaa

ttgtttccta
aggatcattg
atccattgaa
atatcttcta
aagtccacca

tctattataa

ttattgecttt
tttctgtttyg
gactgttacc
cacatgaaaa
gtagagaacyg

actaccttaa

3134

3194

3254

3314

3374

3434

3448

<210> 6

<211> 1019

<212> PRT

<213> Carcinoscorpius rotundicauda

<400> 6

Met Val Leu Ala Ser Phe
1 5

Leu Leu

15

Leu Val Ser Gly Leu Val Leu Gly

10
val

Leu Leu

30

Met Val Gln

20

Ser
25

Ala Gln Lys Arg Pro Lys Gly Asp Gly

Thr Phe Glu Pro Val

45

Glu
35

Cys Asp Arg Cys Gly Gly

40

Lys Cys Asp Tyr

Gln Thr Phe

55

Phe Asn Ile Pro Val Arg Pro

50

Lys Cys Tyr Tyr Trp Arg

60

Tyxr Pro Leu Glu Ala Ile Pro

65

Lys
75

Cys Lys

80

Cys Lys Cys Asp

70

Asp Asp

Ala Val

95

Gln Glu Thr

85

Cys Gly Leu Ser

90

Tyr Lys Arg Cys Lys Asp Cys

Asn Thr Ser Glu Gln

100

Cys Pro Pro Lys Tyr Gly Txrp

105

Cys Gly Cys

110

Cys

Gln Thr Ala

120

Lys Asn Gly Ile Ala

115

Gly Cys Asp Arg Gly Cys

125

Cys Arg

Val His Glu Ile Pro Leu

135

Asp Arg Glu Leu

130

Tyr Gly Cys Lys Gly

140

Cys



Ala Asp Hi's Asn Met Trp Phe Leu Gn Cys Gy Gy Sex Leu Leu Asn 785790795800
GQu Lys Trp Ile Val Thr Ala Ala H's Cys Val Thr Tyr Sex Ala Thr 805810815
Ala Qu lle Ile Asp Pro Asn G n Phe Lys Net Tyr Leu Ay Lys Tyr 820825830
Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr Val @n Val Arg Au Al a 835840845
Len Gn Ile H's Val Asn Pro Asn Tyr Asp Pro Ay Asn Leu Asn Phe 850855860
Asp Ile Ala Leu Ile @n Leu Lys Thr PrOeV‘iE Thr Leu Thr Thr My 865870875880
Val Gn Pro lle Cys Leu Pro Thr Asp Ile Thr Thr Arg Gu H's Leu 885890895
Lys G u GpeyThe, beu ab) aseYabinVaky Bk Guyvall Brh¥n L8Y AsNald bsAsn 900905910
Asn Thr TyrssSer G u r llesddn Gn Ala Vaksdeu Pro Val Valisdl a 915920925.
Ala Ser Thr Cys Qu Qu Ay Tyr Lys Gu Ala Asp Leu Pro Leu Thr 930935940

Val Thr GRroAsin Wt IPheA:gq/?,yrAISar Qry S]Eyrpj_gyglyl_yge Gvy W‘ngzg'?ﬁlAsp
1 1

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

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

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

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

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

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

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

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

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

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

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

Gly Cys Ser Leu Thr Ala Gly Thr val Trp Gly Thr Ala Ile Tyr His
355 360 365

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

Asn Ser Gly Gly Ala Val His val val Asn Asn Gly Pro Tyr Ser Asp
385 390 395 400

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

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

Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys Val
435 440 445

Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg Ala Gln Gly Val Cys
450 455 460



945950955960 Ala Cys Ser Ay Asp Set Ay Gy Pro Len Val Phe Ala Asp Asp Sex
965970975 Arg Thr Gu Arg Arg Trp Val Leu Gu Ay Ile Val Sex Trp Ay Ser
980985990 Pro Ser Ay Cys Ay Lys Ala Asn An Tyr Ay Ay Phe Thr Lys Val
99510001005 Asn Val Phe Leu Ser Trp Ile Arg G n Phe Ile 10101015 <210> 7
<211> 36 <212> PRT <213> Artificial Sequence <220> <223> r83-1ner <400> 7
Gn Phe Pro Gn @y Thr Qu Val Thr Tyr dJhrp Cys Set Gy Asn Tyr 202530 Phe
Leu Met Asp 35

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
485 480 495

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

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

Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Gln
530 835 540

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

Ser pPhe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys Ala Lys Cys
565 570 575

Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala Thr Leu His Gly Gln
580 585 590

Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile Arg Tyr Ser Cys Glu
595 . 600 605

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

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

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

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

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

Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu Ala Ser Lys Val Lys
690 695 700

Leu Pro -Glu Gly His Tyr Arg Val Gly Ser Arg Ala Ile Tyr Thr Cys
705 710 715 720

Glu Ser Arg Tyr Tyr Glu Leu Leu Gly Ser Gln Gly Arg Arg Cys Asp
725 730 735

Ser Asn Gly Asn Trp Ser Gly Arg Pro Ala Ser Cys Ile Pro Val Cys
740 745 750

Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile Trp Asn Gly Asn Ser
7585 760 765

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



<210> 8
<400> 8

Pro
t at
Gn
ttg
Asp
aaa
Ay
ttc
Met

Gn
ggt
Phe
sty
Pro
t at
Gn
ttg
Asp

<211> 468 <212> DNA <213> Artificial Sequence <220> <223> r S3-4ner
ccC cat gct
Ala Gu Hs
caa ggc act
A u Val
gat ccc cat
Hs Ala Qu

99 CAG hlé 1Gh a8, P36 AGh 189 & GW%I%'&rGLé/u Yeh AU Gn Lys Tyr

ccc cag gat
Asp Pro Hi s
cag ttt cat
Pro Gn sly
gac ccc cag
Gn Asp Pro

PhegssPro G n Ay Thrsb05560 gaa gtg-agc
Thr Tyr Thr Cys Ser Ay Asn Tyr Phe Leu

Thr

gaa
Lys
gas
Thr
gct
H s

atg gac ccc cag240 G u Vval
Ile val Thr Ala Ala His Cys Vval Thr Tyr Ser Ala Thr

Pr@iu@ys Trp
Ala Glu Ile
Tyr Arg Asp

835

Leu Glu Ile
850

Asp Ile Ala
865
Val Gln Pro

Lys Glu Gly

Asn Thr Tyr

Ile

820

Asp.

His

Leu

Ile

Thr

900

Ser

915 -

Ala Ser Thr
930

Val Thr Glu
245

Ala Cys Ser

Arg Thr Glu

Pro Ser Gly

995

Asn Val Phe
1010

<210> 7
<211> 36
<212> PRT

Cys

Asn

Gly

Arg

980

Cys

Leu

805

Asp

Ser

val

Ile

Cys

885

Leu

Glu

Glu

Met

Asp

965

Axrg

Gly

Ser

Pro

Arg

Asn

Gln

870

Leu

Ala

Thr

Glu

Phe

950

Ser

Trp

Lys

Asn

Asp

Pro

855

Leu

Pro

Val

Ile

Gly

935

Cys

Gly

val

Ala

Gln

Asp

840

Asn

Lys

Thx

val

Gln

920

Ala

Gly

Leu

Asn
1000

Trp Ile Arg

1015

<213> Artificial Sequence

<220>

<223> r83-1mer

<400> 7

cac sag gtt ass att ggt gtg gaa caa4S8
Val Lys Ile Ay Val Qu Gn 151015 aaa
gtg acc tat acg tgt tag96 Lys Tyr Ay
Tyr Thr Cys Ser 202530 ggt sac tac ttc
gaalggi sagl44 Gy Asn Tyr Phe Leu Met
Lys 945 gtt ass att ggt gtg gas caa

at acg tgt doeg ggt aac tac

810 815

Phe Lys Met Tyr Leu Gly Lys Tyxr
825 830

Asp Tyr Val Gln val Arg Glu Ala
845

Tyr Asp Pro Gly Asn Leu Asn Phe
860

Thr Pro val Thr Leu Thr Thr Arg
875 880

Asp Ile Thr Thr Arg Glu His Leu
890 895

Thr Gly Trp Gly Leu Asn Glu Asn
905 910

Gln Ala val Leu Pro Val val Ala
925

Lys Glu Ala Asp Leu Pro Leu Thr
940

Gly Tyr Lys Lys Gly Arg Tyr AsDp
955 960

Pro Leu Val Phe Ala Asp Asp Ser
970 975

Glu Gly Ile val Ser Trp Gly Ser
985 990

Gln Tyr Gly Gly Phe Thr Lys Val
1005

Gln Phe Ile

Pro His Ala Glu His Lys Val Lys Ile Gly Val Glu Gln Lys Tyr Gly

1

5

10 15



65707580

t at 288 Asb Pro Hs Ala Qu H's Lys Val
859095 ggt cag ttt act caa ggc act gaa gtg acc tat acg tgt tcg ggt sac336

dy Gn Phe Pro Gn dy Thr du Val

Leu Met Asp Pro Gn Asp Pro Hs Ala Qu g{f
1L/
gtg gaa caa aaa tat ggt cag ttt cct caa 0g

Gn Lys Tyn, Gy @& fr 8,56, Gay Ahr
tcg ggt sac tac ttc byg Sty gacd68 Thr Ty

Lys Ile Ay Val

gat ccc cat gct gaa cac sag gtt ass att ggt gtg gas caa aaa

GQu Gn Lys Tyr

Thr Tyr Thr Cys Ser Gy Asn 100105110
tac ttc ttg atg gac ccc cag gat ccc cat gct gaa cac aag gtt aaa384 Tyr Phe

HhQJ%Ls
r Thr

130181

Cys Seqo Ay

s

t at
n Tyr

2Lys Val Lys 115120125 att ggt
c act gaa gtg432 Ile Ay Val Gu

40,
ey

acg tgt
Phe Leu

Met Asp 145150155 12/12 <210> 9 <211> 156 <212> PRT <213> Artifici al
Sequence <220zeu Met Asp

<210> 8
<211> 468
<212> DNA
<213> Artificial Sequence

<220>
<223> rS3-4mer

<400> 8

ccce
Pro
1

aaa
Lys

ggt
Gly

gtt
val

gaa
Glu
65

gat
Asp

ggt
Gly

tac
TYyY

att
Ile

acc
Thr
145

cag
Gln

tat
Tyr

aac
Asn

aaa
Lys
50

gtg
val

cce
Pro

cag
Gln

tte
Phe

ggt
Gly
130

tat
Tyr

35

gat
Asp

ggt
Gly

tac
Tyx
35

att
Ile

acc
Thr

cat
His

ttt
Phe

ttg
Leu
115

gtg
Val

acg
Thr

ccc
Pro

cag
Gln
20

ttc
Phe

ggt
Gly

tat
Tyr

gct
Ala

cct
Pro
100

atg
Met

gaa
Glu

tgt
Cys

cat
His

ttt
Phe

ttg
Leu

gtg
val

acg
Thr

gaa
Glu
85

caa
Gln

gac
Asp

caa
Gln

tecg
Ser

gct
Ala

cct
Pro

atg
Met

gaa
Glu

tgt
Cys
70

cac
His

ggce
Gly

ccc
Pro

aaa
Lys

ggt
Gly
150

gaa
Glu

caa
Gln

gac
Asp

caa
Gln
55

tecg
Ser

aag
Lys

act
Thr

cag
Gln

tat

Tyr
135

aac
Asn

cac
His

ggc
Gly

cccC
Pro
40

aaa
Lys

ggt
Gly

gtt
Val

gaa
Glu

gat
Asp
120

ggt
Gly

tac
Tyr

aag
Lys

act
Thr
25

cag
Gln

tat
Tyr

aac
Asn

aaa
Lys

gtg
Val
105

ccce
Pro

cag
Gln

tte
Phe

gtt
val
10

gaa
Glu

gat
Asp

ggt
Gly

tac
Tyr

att
Ile
90

acc

Thr

cat
His

ttt
Phe

ttg
Leu

aaa
Lys

gtg
Val

cce
Pro

cag
Gln

ttc
Phe
75

ggt
Gly

tat
Tyr

gct
Ala

cct
Pro

atg
Met
155

att
Ile

acce
Thr

cat
His

Lttt
Phe
60

ttg
Leu

gtg
Val

acg
Thr

gaa
Glu

caa
Gln
140

gac
Asp

ggt
Gly

tat
Tyx

gct
Ala
45 |

cct
Pro

atg
Met

gaa
Glu

tgt
Cys

cac
His
125

ggc
Gly

gtg
Val

acg
Thr
30

gaa
Glu

caa
Gln

gac
Asp

caa
Gln

tcg
Ser
110

aag

Lys

act
Thr

gaa
Glu
15

tgt
Cys

cac
His

ggc
Gly

ccc
Pro

aaa
Lys
95

ggt
Gly

gtt
Val

gaa
Glu

caa
Gln

tcg
Ser

aag
Lys

act
Thr

cag
Gln

48

96

" 144

80 .

tat
Tyx

aac
Asn

aaa
Lys

gtg
Val

192

240

288

336

384

432

468



<223> rS3-4nmer <400> 9 Pro Gn Asp Pro Hs Ala GQu
Val Gu Gn 151015 Lys Tyr Ay G n Phe Pro @n Ay
Cys Ser 202530 Gy Asn Tyr Phe Leu Met Asp Pro @ n
Lys 354045 Val Lys Ile Ay Val GQu dn Lys Tyr Ay
505560 Gu Val Thr Tyr Thr Cys Ser Qy Asn Tyr Phe

657075BO Asp Pro Hs Ala Qu Hs Lys Vag%ﬁ/frhl le-dy Val

859095 Gy Gdn Phe Pro An Gy Thr Qu

H s Lys Val
G u Val

Thr

Lys Ile Qy
Thr Tyr Thr

Asp Pro Hs Ala Qu His
Gn Phe Pro Gn @y Thr
Leu Met Asp Pro G n

Gldn Lys Tyr
r Tyr Thr Cys Ser Ay Asn

100105110 Typ. Rhe Leu Met Asp Pro Gn Asp Pro Hs Ala Qu H's Lys Val Lys
115120125 Jhe. @y Val Qu Gn Lys Tyr Ay G n Phe Pro Gn Ay
130135140 Bhe> Byt Thr Cys Ser Ay Asn Tyr Phe Lou Met Asp 145150155

<213> Artificial Seguence

<220>
<223> rS3-4mer

<400> S

Pro Gln Asp Pro His Ala Glu His Lys Val Lys Ile Gly Val

1 5 10

Lys Tyr Gly Gln Phe Pro Gln Gly Thr Glu Vval Thr Tyr Thr

20 25

Gly Asn Tyr Phe Leu Met Asp Pro Gln Asp Pro His Ala

35 40 45

30

Glu

val Lys Ile Gly Val Glu Gln Lys Tyr Gly Gln Phe Pro Gln

50 55 60

Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Met

65 70 75

Asp

Asp Pro His Ala Glu His Lys Val bLys Ile -Gly Val Glu Gln

85 90

Gly Gln Phe Pro Gln Gly Thr Glu val Thr Tyr Thr Cys

100 105

Tyr Phe Leu Met Asp Pro Gln Asp Pro His Ala Glu His
115 120 125

Ile Gly Vval Glu Gln Lys Tyr Gly Gln Phe Pro Gln Gly

130 135 140

Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Met Asp
145 150 155

Ser
110

Lys

Thr

Glu

15

Cys

His

Gly

Pro

Lys

S5

Gly

val

Glu

Gln

Ser

Lys

Thr

Gln

80

Tyr

Asn

Lys

Val

Thr d u Val





