1 SUSH PEPTI DE MULTI MER REFERENCE TO RELATED APPLI CATI ONS Thi s application
clainms the benefit of Canadian 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 amnegative bacterial

i nfection and peptides which inhibit |ipopolysaccharide (LPS)-induced
activities. 10 BACKGROUND Sepsis renmains a | eading cause of death in

critical care unit, and is also frequently associated with serious
consequence such as multiple organ failure. Gam negative bacteri al

endot oxi n, al so known as 15 Iipgﬁgh¥s§£§$fgéckhﬁfﬁ§%%, has been suggested to

play a pivotal role in such septir¢ conplications udijk et al, 1997).
The acute phase plasma protein, LPS binding protein (LBP), binds
circul ati ng RPSERENERt TACRELATED appnTiesls and transfer it to either

sol ubl e or nenbrane-bound CD14 20 receptor in nonocytes and macrophages. The

interaction of this conmplex with Toll-like receptors.(TL .S .t hought to
initiate intracelIuIafhgggﬁ%?rﬁﬁﬁ?%ﬁﬁmq%ﬁﬁﬁs &%5 2 P§%§%rng?8%§?é%$or NF- KB.
Activation obzpeateippkipasesn wedi ate tdve, pradedt panyok,i abbammebery
cytoki nes, which 25 contribute to septic shock. It has also been shown that
in the afseReatent pphswal ¢impis thrreips ingozprsat§ddPyeLeryTerfifer act with
CD14, yielding simlar effects. Thus, treatnent of endotoxaem a and sepsis
woul d be greatbkypabfednvByrbbocki ng the activity of endotoxin and/or
removing them?2 fromthe body fluids of patients, as cationic peptides and
anal ogues do (de Haas et al, 1998; Scott et al, 2000

The present invention relates t%'Gram—negative
bacterial infection and peptides which inhibit

lipopolysaccharide (LPS)-induced activities.

10 BACKGROUND

Sepsis remains a leading cause of death in
critical care unit, and is also frequently associated with
serious consequence such as multiple organ failure. Gram-
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



LPS from gram negative bacteria induces the anpebocytes of linmulus to
aggregate and degranul ate. This 5 response underlies the inportant defense
mechani sm of |inulus against invasion of gramnegative bacteria (D ng et

al, 1995) . As a nol ecul ar biosensor, Factor C can be autocatalytically
activated by femograns of LPS to trigger the coagul ation cascade (Ho,
1983), suggesting that it 10 contains high affinity LPS-binding donains.
Recently, two regions of Factor C that exhibit exceptionally high LPS
binding affinity were defined as the Sushfl and Sushi 3 donains (Tan at al,

2000a). Two 34-ner chemcally _ synthesized peptides, Sl and S3, spanning the
171- 204 and 45D ENSEPHitA 186 @Lr BSLdABES of 2 Fatd OFOTE § RIMTE AGHES si on

No. 577063), 4 eodflerd vd fdomSushicl sand, Syshi - domaipns, 1, rasgpactively. (The
S3 peptide consisting of residues 268-'301 of Factor Ci's shown in SEQ ID
NGO 1). Both peptides inhibit LPS-induced |inmulus anpebocyte |ysate (LAL)
reacti on 20 and LPS-i Adifc&gTiFaa-seepbiveonbidered @duggpople See al so

US patent 6, t.i onte ich ks i 4 ncorparat ed by
reference. T%%g%kg% itcéaétq?)ofﬁq\/lg{uﬁg%o?% tghgg%g%@v\% %é%t?%igr\%%ﬂfbe oosgt ed if
t hey coul 8 beesmiriss nediehy iesstthef flepbirvenande f enge -sechanimwt ods such as 25

r econbi nant f})&grlessi on .i ntpr.okar [otic Séstem;. ,vvevgigﬁ expressi on Qf

smal | er peptt Ues 1ofE 5 ey @Teer PECHRFEAIIT TS SATTes T LB &% 1991
Latham 199931, Trams | evel & @lo1erd0bexblo8EnsdPOpmd ys@e chaddslase (LPS) cause
pat hophysi ol ogi cal reactigons such as fever, 33 changes_ in white bl ood cell

counts, di ssuMiarRtElYGifeldvasciartesaluil BeTerer YR ienRDrEC SHo@geHd

death. | ntensl V&d R38N ichRelqag <ﬁer,rk§eiapyts&§g@@e/ﬁ£0§pcm 63 sensitive
techni ques that are able to renove mnute |evels “0f endotoxin from

phar macelf i cepntfadiyitdhitah mddil iitghéPS-binding domains. Recently, two
regiong of Factor C that exhibit exceptionally high LPS

binding affinity were defined as the Sushil and Sushi3l
domains .(Tan et al, 2000a). Two 34-mexr chemically
synthesized peptides, S1 and S3, spanning the 171-204 and
15 268-301 amino 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, ZOOQb). 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



standards of safety (Petsch 2000). Adsorption nethods have proven to be the

nost effect

ive (M nobe 1982) in renoving 5 endotoxins from solutions an

many met hods have been devel oped for different target solutions with
varying efficiencies. However, nost of these nmethods are not efficien

over a w de
is always a

range of pH and ionic strength (Petsch 2000). In addition,
conprom se between 10 protein recovery and LPS renoval, su

that the clearance factor is often d|SﬁM£0|nting when the LPS feed

concentrati
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protein recovery and LPS removal, such that the clearance

factor is often disappointing when the LPS feed

concentration is low.
SUMMARY OF THE INVENTION

In one aspect, there is described a polypeptide
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
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

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.



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. In another aspect, there is described a host cell 10
conprising the DNA of the invention. In another aspect, there is described a
met hod of producing a nultimer of S3 peptide, conprising the step of
expressi ng DNA encodi ng the pol ypeptide of the invention in a host cell.
The nethod may further conprise the step of 15 isolating the pol ypepti de.

I n anot her aspect, there is described a rfethod of producing a pol ypepti de
having a desired nunber of S3 peptides. The nmethod conprises the step of
expressing in a host IgeRRODRATWAFRRCENdOHEE 3 sescrdesdi k18 singl e open 20
readi ng frane, i e j a i opeRgokgading frame in
greater nu e#yp%§%§F%eg egﬁgegﬁﬁ%h %%? §%§q£%ﬁ%%gpﬁeét%lgggt two of the S3
pepti des ar eeseparhiedlbped. clravabtzin embiadjmsedsencde Thdedxpressed

pol ypeptide js h subjected to conditions suitable for cleaving the 25
| i nki ng seq&%ﬁ€€EF§95r§§L§ UPhESholI'Ypepti de having the desired number of S3

pepti des, but keeping the S3 peptides intact. The nethod may further

conprise g he step of Inhsahatheg tbhpepo] yeptd derehaeisag itlee @& r ed nunber of

S3 peptides fromthe renaaning cleavgggwgroducts. In some 3Q enbodi nents,
Be t i

the cl eavag€foHog & ¥PPHT 4GS o VGOt Bsl VR S Fi*gE&tion. 5 In

anot her aspeglssel-heie cofpdesshbbedeapnetoodaf preguGichy angohypepisde
havi ng four S3 peptides. The nmethod conprises the step of expressing in a

host cel | DNRWHiSHNJe§86dEFPERFREOB3CHRMR HeR LT Fhe IMVFTE 19Pen readi ng
frame. 5 There is at |east one cl eavable |inking sequence which occurs

between the fourth andf LitbRnS3 RepLLde SROHENGE . described a host cell

10 comprising the DNA of the invention.

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.



The expressed pol ypeptide is then subjected to conditions suitable for
cleaving the linking sequence to produce the tetranmer fromthe octaner
keeping the tetramer intact. 10 If necessary, the nmethod nmay further

conprise the step of
such as nonomer and uncl eaved octaner. I n some enbodi nents,

products
cl eavage nethod nmay be acid digestion or proteolytic digestion. 15 In
aspect, there is described a nmethod for detecting LPS-containi
bacteria conprising the steps of contacting a sanple to be tested for
LPS-containing bacteria, with the polypeptide of the invention or S3
pepti de and det ecti ng 15 s@ichgesebreeat LPIerr he o HidisfheptetdiodrRé
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If necessary, the method may further comprise the step of

isolating the tetramer from the remaining cleavage products
such as monomer and uncleaved octamer. In some embodiments,
the cleavage method may be acid digestion or proteolytic

digestion.

In another aspect, there is described a method
for detecting LPS-containing bacteria comprisiﬁg 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
polypeptide. The polyﬁeptide of the invention or 83
peptide may be tagged with a detectable label such as a

fluorescent tag.

ng

e ‘sanple with

In another aspect, there is described a method for -

treating endotoxaemia or sepsis comprising the step of
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
the polypeptide or S3 peptide, wherein the polypeptide or $3
peptide is fluorescently labeled, and detecting bacteria-

associated fluorescence arising from the label.



i rmobi | i zed pol ypeptide or peptide of the invention under conditions which
al | ow bi nding of LPS-containing bacteria to the polypeptide or the peptide,
and obtaining the unbound 10 material which is substantially free of LPS or
LPS- containing bacteria. The invention further enconpasses commerci al
packages conprising the polypeptide of the invention and instructions for
its use in detecting LPS-containing 15 bacteria in a sanple; or instructions
for its use in treating endotoxaem a or sepsis. The invention further
enconpasses conmerci al packages conprising S3 peptide or the polypeptide of

the invention imobilized on a solid um .and. instructiqQns 20.for its
use for renoving LPS &P EﬁgtgﬁﬁtQFHFﬁb bg%?Qﬁlﬁffq%ﬁﬂr%¥§§;ﬁ§I8 SPRRIEF

DESCRI PTI G\lcg:aﬂf!%lggééﬂw% Bifguhe 1nsheMborR SeRimli-d P eseatati on of the
mul timerization of gene using the gene anplification 25 vector, pBC. The

Bbsl site wasdiniy Ge¢dedsi Ro8reRe B8sapfiners, and the anplified gene was
cloned into pBC vector. After the Bbsl dlgestion the S3 gene with overhang

termnals were self-ligat tﬁgrlégﬁéefz 2t o rénds 'Jb%%rrtl%d iNtRABE which was
previously linearised mnt Bbsl CCCC head notif on the sense strand

and GGGG 3 aittemmting 8#S7 oradfS-senseisinanhetidmed ndre I rsagpasts t o
self-ligate _directionally IVI griseto It| rs -of nN@r
constr uct s, CHIGEGSHIEE LY PESPnsbr PR har o adidi bty Rareith

Her o PnSer t& et e bsequen eased and
recl oned |nthQXﬁﬂa&&uopouQ@b@t1ﬁET82bpe§tfagnﬂﬂeﬁheﬂanbnmidndamﬁetlcation

of multinmers of  S3 g and expressiQn in coi | a) Elect ophoretlc
anal ysis of QQHg%ﬁﬂQHSnﬁ s S§§é8ﬁe§1n ﬁ%grﬁgiﬁ? Qgélqﬁﬂﬂa EFéﬁeaoln t he

pBC was det arHd pRA RYp@iigestbiroRhW bBptide, and obtaining the unbound
10 material which is substantially free of LPS or LPS-

containing bacteria.

The invention further encompasses commercial
packages comprising the polypeptide of the invention and
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



Ndel and Hindll1, which flank the nmultimers. The digests 10 were resol ved on
2% agarose gel. Lane M 100 bp DVA | adder; lanes 1-4, Ndel and HindllI

di gested pBCS3-1, -2, -4, -8mer, which contain 1, 2, 4, 8 copies of S3
gene. (b) Expression of nultinmers of S3 gene in E. coil BL21. The

reconbi nant peptides were resolved on SDS-PAGE constituting 5% stacking 15
gel and 18% resolving gel. Lane M peptide markers; lane 1, BL21 contai ning
pET22b; | anes 2-5, BL21 containing 93-1, -2, -4, -8nmer, respectively; |ane
6, purified rS3-4mer. The arrows indi cat & the reconbi nant proteins. Figure
3 shows a tine course of for m'aﬁéaci d 20 cleavage of rS3-4mer, i nto nononers

and Vést er n Pt~ SERasy StEanst aldoyrsi faRt ThePTTHes. e o geHah of

rS3-4mer int@;  JNYERISy, TRE Vis3 4Rk WBSmdil 8sRL ¥t f osdeavags buffer and
i ncubated at 42C with constant and gentl e shaking. At 12, 24, 36 and 48 h,

al i quots of A@Dsiptuddfs safless Werd lggipredn oS bh dv el et R QO PY of

et hanol , chi te - m. I r 10 mn, and
di ssol ved i né%%gadglaeﬁig a%b%gftj g{log%rd e g((:)t %%g%%%‘ié%‘?rgd‘?%és%‘?l‘ﬁt on %]% tricine

SDS- PAGE with 5% stacking gel and 15% resolving gel. Lanes 1-4 are sanples
di gested $or 12, 24, IBgUR R shespeeni véeytifbewt Hon 30 imilcimg@3-fner. (b)

West ern bl ot fn%?J Si sdof r econbi nant Epegghges. ﬁ%fn& 1c1:t°t alji%xipcr essed cell

pr ot ei ns. The perea Sed* P X KBE rS3-ansr-stro y reea&osp}\l/ﬁ anti-S3 8

anti body; | anealssipards alHey riilgasiced cpept yeee s Xt THeshumiont adhigey r S3-1, -2,
-3, -4ner ; lane 3, rS3-lner derived fromthe rSS-gr'_ | ane, 4, chemically
synt hesi zed SEeEHtqlpRedA I S&6t PESs M8 PORSF T10H ras-SiReSTigb B¢ i th 5

the antibodyygdd QUHE fitaws ikl SAxhRsede LRS O1 i g apsdyqigddta was

coat ed overni ght on 96-well plates. Varying concentrations of peptides were
all owed 19 iveXes &xgsadivield e 2% agarose gel. Lane M, 100 bp DNA ladder;

lanes 1-4, Ndel and HindIII digested pBCS3-1, -2, -4, -8mer,
which contain 1, 2, 4, 8 copies of S3 gene. (b) Expression
of multimers of S3 gene in E. coli BL21l. The recombinant
peptides were resolved on SDS;PAGE conétituting 5% stécking

15 gel and 18% resolving gel. Lane M, peptide markers; lane 1,
BL21 containing pET22b; lanes 2-5, BL21 containing S3-1, -2,
-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



i mmobi li zed LPS. The anmpbunt of bound peptides was determ ned 10 by rabbit
anti-S3 1 gG and quantitated by ARTS substrate. The average OD405. m of the
triplicate sanples were calculated and plotted with the correspondi ng
concentration. Figure 5 shows a conparison of rS3-4nmer and -lnmer wth
chemcally synthesized S3 in inhibition of LPS-induced 15 LAL assay and
hTNF-a secretion in human THP-1 cells. (a) Inhibition of LPS-induced LAL
assay. Binding of the peptides to LPS w%uld conpetitively inhibit the
chronogenic reaction in kinetic-QCL LAL test. The ENC50 val ues of rS3-4,

rS3-1 mer and chem cal synt hesi zed S3 peptide were 20 deternmined to be 5.4
pg/m, 9.2 BQF&P?dXO.%gB§/%1,pa¥%% ¥i4h§%fﬁe%bfegﬁﬁéFegéfgﬁrSF LPS- i nduced
hTNF- a Secrc%hitarﬂniiﬂ?hyg@nl,THPz,l ce) | samebhe nS3rAner rand 1083- haeLveer e

tested for their ability to suppress LPS-induced hTNF-a 6K secretion from
THP. 1 cel | sfrBBt AhpepEdde8er nhidne hTNFeiEsldyodyethesizg%aSdose- dependent

ranner, al bgighg@%hcg%g re{ggﬁ%(i)dgéfg%g;gﬁ/-ffo$-r§@@m@%q%%éeenwtﬂo- 4 pg/m

to achi eve needed for rS3-Iner. The decrease
i n TNF- aSsethet rohilvagyexpressed as percentage of control (LPS only). 30 9
DETAI LED DESCRI PTI ON OF EMBODI MENTS Before describing the present invention

(o farther detall. |hikarLos Dendpdel 0GRl bel BYGRILENLSADO!
limted to particul ar t38rml at T ons or process paranmeters as Such may, of
course, varyps| tvasscabsedt oveenigiiersi oadt vididt plithest.er Viamgliogy used herein

is for the purpose of ,describing ,particular _enbodinents of the.invention
only, and i§°H8??tFﬁFéﬁaﬁd°Fo?ﬁgt}é%ﬁtW?ﬁf %&%ﬂmﬁﬁgﬁ?al ﬁE@F%oWltgngggitions
and net hods i¥hobliMiLan opsequhyab@bint b ff Rsedesptiilbed hekseuareaniheqused
10 by rabbit anti-S83 IgG and quantitated by ABTS substrate.
The average ODsosyn ©f the triplicate samples were‘calculated

and plotted with the corresponding concentration.

Figure 5 shows a comparison of rS3-4mer and -lmer

with chemically éynthesized S3 in inhibition of LPS-induced

15 LAL assay and hINF-a secretion in human THP-1 cells. (a)
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



in the practice of the present invention, the preferred nmaterials and

net hods 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 cytokine
production in macrophages (Tan et al, 2000b). The inmobilized S3 peptide
anal ogue can renmove LPS fromculture mediumwth high efficiency (D ng et
al, 2001). Thus, this promsing reagent can be applied to prevent sepsis
due to circulating LPS, which is rel eased by viable or injured 20

G am negative bacteria. Chemcal synthesis may be used to obtain |arge
gquantity of this peptide, but expression in E. coil may be nore
cost - ef f ect DEGALLEPhRFFCRIJYYON HOReRBODIMENTSyi el d from E. coli nmay be | ow
and unstable (Le et al, 1991). Thus, expression of the nultiners of

pepti des woul d 25 ci rgg@gggt dé%grgppg@r@{g oér%%%rﬁr qlgllv%%l@ﬁajlhn@uggh@l:

2000). A nore inportant attribute fof rec Inant nultinmers of 53 1is the
expect ed enldaneéfent ti asl kgahd- bnaersigoed fihat yhamd inveStiom figl noat i on

activity achi.eve rou nergistic ffects of t| -hindipg units
in one nol evr:lllmé Ef@a@ §61¥ Iy ? E%rﬁlb])aet]l = The R'er %SSDLD%]IS%%Q&Q =8
pol ynucl ept isgie’h @&y’ WI avedspol y@ﬁpt iTe"id saldef IU@Ed)eamr@I&e"smbbdhthatr enoved

fromthe environnment in which_.t naturall occurs. For

nat ur al | y- oG FEAGLIPRACHY BEGRelBFesents i %ﬁ@egmwsa % @eﬁFﬁngng

bacteria Orp%%t@@ﬁﬁa?fe%bggﬂﬁeﬁégkofStHE“lﬂG%Héﬂdﬂionl@Utah@el%aE%tWD|GCU|e
separat ed fromthe remaining part of the bacterial genone, as a result of,

e.g., a clonintgndednto panphmiréagion), is isolated. Typically, an isolat ed
DNA nolecule is free from DNA regions (e.g., coding regions) 10 with which

it is imedately CO”h‘lQHBH@haB higoer OF c?bmpgﬁ%ticjr!“s her RRkupak! Y

occurring genone. Such isolated polynucleotides nay be part of a vector or
a conposiQ i erimaddr or equivalent to those described herein can be used

in the practice of the present invention, the preferred

materials and methods are described 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 cytokine production in macrophages (Tan et al, 2000b). The
immobilized S3 peptide analogue can remove LPS from culture
medium with high efficiency (Ding et al, 2001). Thus, this
promising reagent can be applied to prevent sepsis due to
circulating LPS, which is released by wviable 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).



still be defined as isolated in that such a vector or conposition is-not
part of the natural environment of such 15 pol ynucl eoti de. Many net hods can
be applied to construct multiners including tandemrepeats of a peptide
(Lee et al, 2000; Mauro, et al, 2000; Dol by, et al, 1999). Chem cal. 20
synt hesis, especially solid-phase synthesis may be used for short (e.g.,

| ess than 50 residues) peptides or those containing unnatural or unusual

am no acids such as D-Tyr, ornithine, am no-adipic acid, and the like.
Recombi nant procedures are preferred fot%l onger pol ypeptides. 25 Peptides
can be synthesized chemcally by such commonly used nethods as t-BOC or
FMOC protection of al pha- tarmndlgphiird movRueserRsdse' nesl vésstapitse

synt heses hngLeyap o d.at t tapting from
t he carboxypg?gﬁgﬁﬁggéofg%hgég%%??g%%?gngﬁ%%%iégnrgﬁBgsaaF??§Cu§rent
Pr ot ocol s i envimunoengyinWheyh| bt ersolmenide, oct®9s,. Ulor exampéptides of the

i nvention can_al so.be synthesi by. t he solid phase tide nt hesi s

ot hods  verPERROUAYT ACENET 458, DU 99 e B r oo Senghl B8RoRY 14 85", 140
1962), amd Stiewagt baBdeXoungr SOl partPhese Reple dasik SgnnbestisplRtedce,
Rockford, I1ll. (1984)). Peptides can be synthesized ushngpa

copol y( st yr 8HE- 81'6i AigPBefeRe} e comTaiSH Tol 16 MeBRiRAPHeBRE pBfyner. On

conpl etion eheSpgheat-¢al %¥H&|ﬂ§,5i§s 4 hepant iges qun,b% depnohectednand
cleaved fromthe polyner by treatment with |iquid HF-10% anisole for about
0.25 to 1 hdampatfdcatppneér évapephatieh diynisaldeagent $solréegepifdes are

extracted f g p %y '5ﬂ 8 acgt cid sol uti;gn whi ? hsythen
Iyophilizedgggg% §§ig dg?ﬁg ?%u eéﬁ%té%%éﬁ¥9fﬁ%9§wU§b na?er%% oca%l typically
be puri flitedwhyh wbdéhht échnsquesedsaigely fadritrigticors et SéphéderrG15endi ng 5%

in the naturally occurring genome. Such isolated

polynucleotides may be part of a vector or a composition and

still be defined as isolated in that such a vector or

composition is- not part of the natural environment of such

15 polynucleotide.

Many methods can be applied to construct multimers
including tandem repeats of a peptide (Lee et al, 2000;
Mauro, 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.,



acetic acid .as a solvent, by high pressure liquid chromatography, and the
|l i ke. Lyophilization of appropriate 15 fractions of the colum wll yield

t he honbgeneous peptide or peptide derivatives, which can then be
characterized by such standard techniques as am no acid analysis, thin

| ayer chromat ography, high performance |iquid chromatography, ultraviolet
absorption spectroscopy, nolar rotation, 20 solubility, and assessed by the
solid phase Ednan degradation (see e.g. Protein Purification, M P

Deut scher, ed. Methods in Enzynol ogy, Voll182, Acadenic Press, 1990).

Aut omat ed synt hesi s using FMOC solid phase synthetlc met hods can be

achi eved usﬁﬁg2aﬁ9autéﬁ&teda@ép$¢%mai§éﬁyhﬂhgggzeﬁoéwﬁdéhaﬂszﬁﬁpﬁ®@¢$ed

e N

for about Urs ernlt t ornati on of
di sul phi de bondaegTastetshahg iJéﬁﬁélﬂ(sU&neneCﬂewnn§®beﬁt3n€657 6662) .

Fol | ow ng di sul phi de bond 30 fornation, t spension is i fied using
reverse phaS&RtRPRERGyOwhith0d I?W%ﬁe%¥1 g2’8‘%fcan BeCBEPiFﬁéan The

i nventiony engRFRags e§yﬁ€§@§b§; Nafhe OGRS @anPheduebRretacpelypapt i de
conprising a nultimer of . Such ‘met hods conprise the step of introducing

DNA encodln@lﬁﬁéedpér9@ebh€d@OlYWQﬁz#%uﬁﬁ?%&ﬂept witediaedd FRel®3 nul ti ner

5 may be cleaved fr m the pol ypeptide. ."Amn vage site" refers to
an amno acifg*® ﬁoaggﬁﬁsgtﬁgtt%éngngé e%og Af? hoSTEROTI A

chem cal or oenthgakbagéﬂagt | Ofle Spiepr idwat driee epephicdedciabm the pbegned at
that site by the chem cal agent or enzyne. 10 Amino acid cleava%g sites
i ncl ude tho¥édtht 1aspaptie %E%ﬁ S?%Qﬂ%?ﬂa%@&ﬂ@ PFofheHEQHPBHFHéZF

tryptophan (IeBh ehe gggg@nhgtggigh((iu) "Aci d-sensitive am no aC|d
cl eavage site,, as used herein refers to an amno acid or am no acids

The crude material can typically be purified by
such techniques as gel filtration on Sephadex G-15 using 5%
- acetic acid as a solvent, by high pressure liquid
chromatography, and the like. Lyophilization of apprbpriate‘

15 fractions of the column will yield the homogeneous peptide
or peptide derivatives, which can then be characterized by
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.



that serve as a recognition site such that the peptide chain 15 is cl eaved
at that site by acid. Particularly preferred is the Asp-Pro cleavage site
whi ch may be cl eaved between Asp and Pro by acid hydrol ysis. Pol ypeptides
containing the multimers of 53 may contain a linking amno acid or am no
acids for cleaving the 20 specific nmultiner of interest fromthe

pol ypepti de. For exanple, a polypeptide having nmultiples of S3 tetraners nmay
contain am no acid cl eavage sites between the tetranmers. In another

enbodi nent, the desired S3 nultiner may be produced as a fusion protein
where the S3 nultinmer is fused to a 25 heterol ogous pol ypepti de such as the
commerci al | y avai | abl 8he Hisvémyl crarshasimgreesas apcnobacadt cinebiade Bt e i s

pl aced between the S3 nultiner. and the heterolo s_pol ypepti de The
i nking ani HOORAT HoGr = ot R SRT Hee U HAGaroral oa - BBCvEbn T he ST i mer of
interest anflethedsesdhpeese ofhd her 3o cpfolly;m&@ahdengnmucenaomugttt&aé one or

nor e cleavage reactions separate each polypeptide species_to the degree
necessary fBPLYRERRHBE pEPieRIUnLeYn sdifedefbsafnehPs, 533Ut HE™Y nki ng

sequence sCopgl,She Qiewgdofrémr@l@rﬂﬂ%rp%(ﬂtQ§ie up to 100 anino acids,
preferably 1,72, 3, 4, 10 amno " acids. It may not in every instance be

necessary to cleave aII sonme, or_any of the species within a particular 5
pol ypeptide. As used MARER®, a%#@lﬁﬁ@ﬂ?ﬁﬁﬂ yo&pt'i defpssohe pRagMir®MGEiths a

mul U mer of 53, fusedalal ek O Lar T ) ReLogidsiba ;00! ypeplide unrel ated

to S3, i.e et erol ogous ~ pol ypep t| tain such a
fusion 10 pohypepalder|sntwmatznmﬁeHGUNmnoEuah thatr ahe pagtodeoéhthe
pol ynucl eot i, de uences

The_hybri d h
fusi on polybgpffgﬁ Fd ?%S%ﬁ?%ﬁﬁ%%ﬁtp%i %ex E?E%Su o2 énF m%?gﬁ ﬁgcgsgggtg ©

transf onm oami hansée&t cheavage sites include those at aspartic acid-
proline (Asp-Pro), methionine (Met), tryptophan (Trp) or
glutamic acid (Glu). "Acid-sensitive amino acid cleavage
site" as used herein refers to an amino acid or amino acids
that serve as a recognition site éuch that the-peptide chain
15 1is cleaved at that site by acid. Particularly preferred is
the Asp-Pro cleavage 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,



host cell. Alternatively, the polynucl eotide sequence 15 encoding the S3
multimer is inserted into an expression vector in which the pol ynucl eoti de
encodi ng the heterol ogous polypeptide is already present. Such vectors and
instructions for their use are commercially available, e.g. the pMal-c2 or
pMal - p2 system from New Engl and Bi ol abs, in 20 which the heterol ogous

pol ypeptide is a maltose binding protein, the glutathione-S-transferase
system of Pharnmacia, or the H s-Tag system avail abl e from Novagen. These
and ot her expression systens provide coh¥eni ent neans for further
purification of the desired 53 nultiner. 25 Am no acids that nmay be used to
| i nk the S3theultihkéngofeinerresconsistme afepmiendar mofret haipol ppegei dep

i nclude aspartic acid-proline, a e-gl yci ne, t hi.qni_ne,. .cyst ei ne,
Iysine-prol%ﬁe}ggrSPﬁP§e§%%§Fin%?ggéégygﬁéTnéJgﬁdtgﬁrg’ 19" afino

aci d- gl yci necaggi.ni ne, mapdnbheihi keerd0irdteavegbdemay ckesaffecbedl byvexposur e
to the appropriate chem cal reagent or cleavi enzyne. ,14_ It shoul d be
recogni zed PHar EPBSvafE ABY Rbt TR FRRESSMIEAIR &vE8RY tAGPERARer or fusion
poIypeptQgepbh§%eb§idggnstructed. A cl eavage site could be incorporated, or
absent. 5 The invention al so enconpasses a nethod of producing a desired S3
mul tinmer of high purity comprising the steps of transform ng a conpatible
host with a vector sdFtuBPe here&Rpraskisigra PRdyPsRtisiey gépPrgetEdht ai ni ng

the 53 mulldiRb:nBUL! HGLRINbREoROSY , cusll Al RO e LisioRLhhipahvesp! | de by
g to an affinity matri x suc as a carrier linked to an
anti body speci Bi poflgpephédeheheebbbgduse B ypest i de hegredodbgavisng of f t he
e o0 S EHTES L phETF Ly MR s b s
10 polypeptide is by translation of an in-frame fusion of the
polynucleotide sequences, i.e., a hybrid gene. The hybrid
gene encoding the fusion polypeptide is inserted into an
expression vector which is used to transform. or transfect a
host cell. Alternatively, the pol?nucieotide sequence
15 encoding the S3 multimer is inserted into an expression
vector in which the polynucleotide encoding the heterologous
polypeptide is already present. Such vectors and
instructions for their use are commercially available, e.g.
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.



15 A necessary condition to permt such cleavage of the produced

pol ypeptide is that it contains a unique cleavage site which may be

recogni zed and cl eaved by suitable nmeans. Such a cl eavage site may be a

uni que am no aci d sequence recogni zabl e by chem cal or enzymatic nmeans 20
and | ocated between the desired portion of the polypeptide and renainder of
the fusion pol ypeptide to be produced. Such a specific amno acid sequence
must not occur within the desired portion. Exanples of enzymatic agents

i ncl ude proteases, 25 such as collagenas®, which in sone cases recognizes
the am no acid sequence NH2 --Pro--X--G@y--Pro--COCH, wherein X is an
arbitrary amino aci d fessdoeldeby. recegriimed chptrosileravegenmi) notwhech

cl eaves the t-Phe b » kalli krei i I .t.he boxyl side
of Arg in nggﬁg??iyg?gg;e§%r%n ef%ﬂ?%%é%, ﬁ%ﬂgﬁ'ﬁggggﬁggéggtﬁggéeg%ence
X--(Asp), -cbystrudtedherri alaaade itk cleddedel tinaprpbeatadhoryl side of
Lys; thronbin which cl eaves at specific arginyl bonds. 15 Exanples of

chem cal agéﬁ?@nFnclude cyanogen bromi de (CNBr) which cleaves after Met;
hydr oxyl am ne, which cl eaves the Asn-Z bond, wherein Z may be Ay, Leu or

Ala; formic acid, whirEl iAvehehosrentdaidnaskakout mé@Updaspeci fically
cl eaves 5 Asp-Pro. Thus, if the desired portion does not contain, any
net hi oni ne $E§GEAEBS, 2t ARSEredvayemst sy héigtmPlRiE s FE™PER8uPIwhi ch can

be selectiveky clepuedsbyr&¥an0sRnd OMidar iBIeMHEak Glieavingeagepts may be
preferred in certain cases because protease recognition sequences nmay be
sterical |y B0ihkhder &dri axphespioduz ebhplolry peptinget 1¥ige coaghingngsther
i nt roduci ng DNA ce ?' i id.¢l.egyage sites into
t he DNA se&uengz%ggg?hgéP%gg %ﬁgp%ﬁéﬁg%%ﬂdgggﬂ%t%%ﬁ F%ﬁo%ﬁ ?nnthe art.
10 polypeptide by selective binding to an affinity matrix such
as a carrier linked to an antibody specific for the
heterologous polypeptide, and cleaving off the desired S3
- multimer either directly from the carrier-bound fusion

polypeptide or after desorption from the carrier.

15 A necessary condition to permit such 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.



15 As nenti

oned above, cleavage may be effected either with the fusion

pol ypeptide bound to the affinity matrix or after desorption therefrom A

bat ch-wi se
fusion poly
specific ag
medi um and
cyanogen br

procedure may be carried out as follows. The carrier having
pepti de bound thereto, e.g. 1gG Sepharose 20 where the 1gGis
ai nst the heterol ogous polypeptide, is washed with a suitable
then incubated wth the cleaving agent, such as protease or

om de. After renoval of the carrier material having the

t he

het er ol ogous pol ypeptide bound thereto, ¥ 25 sol ution containing the cleaved

desired pol

ypepti de and the cleavage agent is obtained, fromwhich the

former may Baampsesapbdchnuiept i ety iM@liker cyarPeredPby™i ée hff¥Rils known

in the art
pol ypepti de

SHEDLag1 g8l ekl L%g&tiﬁ&; i ange et ﬁvhi%eﬁfegbgsf%ﬁé on

conprises a profease 30°recognition’site, the cleavage
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VBERhLEE Boal chRe et fat e s 205 neBEsERrsot oy of beaid ¢ he
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with an app

desired §3 muptbpsr. BUGH, apr @EEMediad gependnngoeR hbe panthcwl @ty S3
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cont ai ni ng FPRENPORENE USPEHEPBET pelpts ¢ G2y 30KeFi5&s¥8Y PEhRoUI§RM4CRE®dNd
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col um conp
cl eavage si

?iréhﬁgwhfi‘@hi BuRbLLi 280 Y QfH35 fc’lea%eﬂ- byoky\%%aeaéﬁeb%ﬁmé he

e 1S a collagenase susceptible sequencCe. enh passi ng

t her et hr ougRhehéckls¢daavpogypepntdend)s sl paederivatio inheedbsinedas3s nul ti mer
beteralogous.poLyRepld 08 s JNe Jeaul g sobut Lon i .1 fign  passed
Inrty matri X or a arrtrte y

and the 10
t hrough t he
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chose the anplification
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20

25

30

The techniques for introducing DNA segquences
coding for such amino acid cleavage sites into the DNA
sequence coding for the polypeptide are well-known in the

art.

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
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
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
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

rrx; to adsorb

we



15 vector that readily allows us to obtain various nultiners of S3 gene.
Furt hernore, we designed the Asp-Pro (DP) |inker between the repetitive
units, to afford convenient cleavage under mldly acidic buffer to rel ease
t he nononers. Studying the tandemrepeats of S3 may provide 20 explanations
as to why sone proteins adopt repetitive structure, and how they contribute
strategically towards pathogen recognition. In one enbodi nent, tandem
repeats of 53 gene were cloned into a nodified vector, which was
subsequently transferred to an expr essi ok vect or, pET22b 25 I nduced
expression of the nost robust tetranmer clone was scal ed-up. Reconbi nant S3
tetramer (r83ugmdr yinhsapupbbredriane @Fﬂé%ﬁédiﬂhﬂ@ gonerEitde( S3- | ner) by

acid treat int, 30dy DAt B LOg Leconhl fall, RER! des c4ge tested Lar thelr

endot oxi n bi'nd I'ng an |2|ng ac IVI ies. I'mer pepti de has
t he additi oragkenb fhagp) dapdn®ifgron @te tgertdnds arag3amudsdimeref bace dpit eavage

of the DP Ilnker ChenlcaI%% gnthes zed S es not havz these 2 extra
am no aci ds 1OV?T1RHe2RERF FBFP 2R ohsTHIEHE ﬁFt difffeFeHA tExpr essi on

level s. No expiressiag wWAs phser vedidhtho d\&%ptﬁ@ésa'sl Blen Pssklg copy nunber
i ncreases, the expression |evel inprovel ranatlcallﬁ, especially with the

S3 5 tetranehroWAsr @ FRECBSPFESSMBnCPERE!S iren ded 1 fligge pregeasecel |
proteins. Haw vercowsglaﬁgnu Hls,hnghéo agd edyced Jf t&ec@iﬁ %%ﬁbgg level

suggesting that the co i S not mays proportional to the
expr essi on bawebptﬁbﬁethbgupepE|deWhémmp&ﬂﬂrsg:wa@e@tbpsuahndhﬁgfues@nand SPR
10 result shao dlfgerentlal b|nd|n effugleegHes %3r8%14 v a §3 ner and
t he chenlcaFF)ygﬁﬁtﬁggligd é%aV Eﬁ? W F T §hest blnélng acﬁleve% by
r S3- 4ner10 Befelt etrde obBlis pamybeptmaetesThéuﬁbguuﬁmm@s%QOtdbﬁTNE-ahéﬁlease in
THP-1 cells showed that rS3-iner works equally mell as t %

passed through the same affinity matrix, different

affinity matrix, to adsorb the heterologous polypeptide

portion of the solution.

In one embodiment, we chdse the ampiification
15 vector that readily allows us to obtain various multimers of
S3 gene. Furthermore, we designed the Asp-Pro (DP) linker
between the repetitive units, to afford convenient cleavage

under mildly acidic buffer to release 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 1Induced 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.



15 chem cally synthesized S3 peptide to neutralize LPS, while rS3-4ner

di spl ayed a 2-fold higher anti-LPS activity. However, the r53-1ner and
chemi cally synthesized 53 showed inconsistent results in ELI SA and SPR
tests. Two major forces nediate the interaction between 20 LPS and
LPS- bi ndi ng peptides. The positive charge on the peptides forns an

el ectrostatic attraction with the negatively charged phosphate head groups
of the LPS. The other is the hydrophobig-interaction between them (Goh et
al, 2002; Farley et al, 1988). In fact, nutation of anino 25 acid residues

of S3 ai rred at IntI’Odl.kCH g}ugtggﬁlr\ig SBQ%QP;%%%%% eﬁreﬁti ght increase

in LPS-neutralizing activi an et a ar ge
nodi fi cati onsxﬁﬁetdshem dfefvarlts . haNobeapréakecm twaserﬁt&rmddlevit%tmendi ng

ability of suctgS |de H%]rel n, ?4 eatjn tandemr eats of .the 30
LPS- bi ndi ng Rim% Sof-HenEPBYs HBL?]ﬁel oSERFEEREr ges, we
denonstrat e Bewelf czdnqnldmrdommttlbanyc;teypécylmm h@lﬂl’etm conpared to
the original nmononeric 18 wunit, thus providing an al ternatl ve strategy to

i nprove the CaPRWSITd it tiLG F@‘P6FS§FWI BVekpisared AR (s e of
secondary styychur&anal¥tie nay  RNAMAN-prograis \éﬁfxﬁdl%ql 2,8l INON

Bi osoft) shows that 5 both S1 and S3 have a distinctive ructure of four
regul ar R- stesbtoedaltther matpalepsdpacedvey . t%wmesalwdl%cﬁhast e mo@yunme t hat

this structure.may .be |ngortantS to thgt nltlaei tqp? \Cl)g%ﬁf}i%s F;%rbél@d,e

addi tion, thréumrﬁﬁ i psl & r ar re
structure tofqy mHide degittiele . shu&bdengsmtbaé@dmmhmhmﬂg acdt elmal gpRf LPS

(Ferguson et_al, 19 VW have deve] oped a specific endotoxin adsorption
usi ng rS3? 4n"7ﬁsu%|sg?‘?"‘i §digt Fé@@ﬁﬂial\‘ﬁ jﬁﬁggéﬁ?‘?a 1gjrenggies thfO g™ ndi ng

affinity of S 1dVRnC Rt @XiekiibY 1 aRdsPRENBS Yid & artion tnpshemesd its
advant age over the synthetic
highest binding achieved by rS3-4mer. 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



15 anphi pathic cationic peptide, San (Ding et al, 2001). rS3- 4nmer was
coval ently conjugated to DADPA i mobilized agarose beads. The efficacy of
this matrix to renove LPS was tested under different conditions and
conpared with the S38 matri x. Conpared to Sao peptide, the rS3-4ner
reconmbi nant 20 peptide appears to be on par if not better in terns of
efficiency of LPS renoval. The tandemrepeats of the 53 m ght expose
strategically positioned nultiple LPS-binding notifs, which produce
synergistic effect for binding LPS. BotR8of these peptides have great
potential for the pyrogen 25 cl ean-ug industry, as they are re-usabl e,
non-t oxi ¢ anehitef fiheise®rovid GlagpwinnglEpaBRL HYid UF 82 W9 B fFHESS Gteons.

Better systeﬁ@S_oJid;dte_Ll Via’?:%ilvpl’%_yf rognggﬁsngfgg%ﬁ/\iéés.be required to neet

demands of new an hter 1 egislati e aspect, the invention
enconpasses (i) an 30 expression cassette containing a DNA nol ecul e of the
i nvention pl aced undelhehaesouitr of sEcphdasy esfernet weg Ay S Hyor

expressi on, 0, pal Loyl YRSl Lhe ,cout ol ot Atk o SPAT ORI it er
g

(i) an expression*vector containin ah expression cassette of the
inventions (hotl) S pmeCcaE3lyodkive aokieudacybdte csicwhdtdranst aramed megular
i expr essi_on cassgt]toe and/or vector. of the invention, as
a

f d h 5
e ae (h A epesth 208 Bt d ceRRRE LS PR et G 10y § st

derivative engpdadthily <& REIAECKR bdeifhothgnt NVENE RO M nt AW &h divwaknes

cul turing aoﬁgocaryot,i c or eucaryotic cell _transformed or transfected with
an expressi orPtasyet tié BodHfd/oYy, Fhet Blbirtael i Rt ot ThioeiMondei ons
that all ow | onof e cule i i o hg ECovering
t he encoded go ygteﬁgét %dﬁér%of%@ﬁ@%g g%r?ﬁéﬁ(\% l!){PF/om t%%%ngcﬁl%tcur e. it
i s under 3¢ ooaydtethdini d ke wleanaihpolfy pépt i Betguseh udesasho¥19&nd no aci d
sequences commonly 15 terned "peptides".

We have developed a specific endotoxin adsorption
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



A reconbi nant expression systemis selected from procaryotic and eucaryotic
hosts. Eucaryotic hosts include yeast cells (e.g., Saccharonyces cerevisiae
or Pichia pastoris), manmalian cells (e.g., COST, NIH3T3, or JEG3 20 cells),
arthropods cells (e.g., Spodoptera frugiperda (SF9) «cells), and plant

cells. A preferred expression systemis a procaryotic host such as E. coli.
Bacterial and eucaryotic cells are available froma nunber of different
sources including commercial sources to those skilled in the art, 25 e.g.,
the American Type Culture Collection (ATEL, Rockville, Maryland).

Commer ci al sources of cells used for reconbinant protein expression also
provi de i nstPEcEFBRESE PR ushyePRFL 1WA LIS The EREFE8LoPLt RB expression

system depengds 8p i hee 3Poh&aLH! €8: desid ed ol dlibe ¢xpLesSednpalypseptide.
For exanple, it may be useful to produce a polypeptide of the invention in

a particul aenl ppbdasedonorasort bmyobtiier ifolemtizn; Odéiskil PEACRAYPRES art
woul d readi | ‘éﬂ%ﬁ@&@@g %Qgi PPénS#&ﬂT\’%eaCto‘%f $ A0d RXREASH QR gﬂ”t rol
0S woul cte y wel [t he

sequences an e expeé 0 express equa
pol ynucl eot icttpgecetibhi Satsyenei and/ M theddeer @i deki Hasehtdescr abedebel ow,

however, a selectkon of vectors, exgéession cqontrol | equencei and_hosts may
YBRPE fiee

be made wi t RSut! 1¥hdBePT8XPEFi heht BY PHH Hifd AP ndBEPdeEr CFngCOrYBRP scope

of this in\i‘é@iiv@ﬂivé“eﬁ@b@é&lii\zg_@ NEOHAlo1 ddta dRoslr must ibeeabosgn 10 that
is conmpatible with the vector ich is to exist and possibly replicate in

it. Consi deBirBn3nEPEvARIEUIWF PHING 3 RRIACAY AHE PECETCAEYRF IRUABEE, the
ability to "EQ%Q%rmEHeo‘EOwFHHFPSEed RNESSH Ukpe sQLiREr cBLALELAS such as
antibiotic resistance. I'n selecting an expression control 15 sequence, a
nunber d&f0 variddbireseatercofistder edverirpny timsler conditions that allow
expression of the DNA molecule of the invention andg,
recovering the encoded polypeptide or polypeptide derivative
from the cell culture. It is understood that by the term
“polypeptide” includes short amino acid sequences commonly

15 termed “peptides”.

A recombinant expression system is selected from
procaryotic arid eucaryotic hosts. Eucaryotic hosts include
yeast cells (e.g., Saccharomyces cerevisiae or Pichia
pastoris), mammalian cells (e.g., COS1l, NIH3T3, or JEG3

20 cells), arthropods cells (e.g., Spodoptera frugiperda (SF9)
cells), and plant cells. A preferred expression system is a
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.



inportant variable are the relative strength of the sequence (e.g. the
ability to drive expression under various conditions), the ability to
control the sequence's function, conpatibility between the pol ynucl eoti de
to be expressed and 20 the control sequence (e.g. secondary structures are
considered to avoid hairpin structures which prevent efficient
transcription). In selecting the host, wunicellular hosts are sel ected which
are conpatible with the selected vector, tolerant of any possible toxic
effects of 25 the expressed product, ablé%to secrete the expressed product
efficiently if such is desired, to be able to express the product in the
desired conformation, N6 BE1éasH| yn skt et uproulghdeps it endeaseaps

purificationgf tn%% %h@ak,eeeeggcgn?mepfmi% ﬁoﬁt%le»s@zﬁ%%@e gagsette

depends on. 30 the host system selected as we as the fleatures desired for
t he expressénbspel ypupti de. eXpprtadll o @rpregy esgiadly vaddethe i ncl udes a

pronoter that .is functi.gnal i.n_the 21 sel ected .host .syste nd _can be
constituti véjo(}lyniuﬁgﬁ(?}cﬁggf 8f Fl}l%s%)%erbqlnod?'ng%slir{[%e;thgygtuér@teiiéf)l&%n (ATG if
necessarys aescediced Begodi, Nngoresegnad pepididen efgveckdrispi eabirenssbgnal
pepti de; a DNA nolecule of the invention; a stop codon; and 5 optionally a
3' term nal GEGFOY ECEANRECSEI BRIANAFEF MI¥ LR MO OB ENUREYSr) . The

si gnal pept i@%e%ﬁ%@%k@ﬂioheghenwiﬁh&gi a&@ﬁuréiqlg[rffempfpltmu@c%gte! de ehishe
invention and placed in proper reading frame. The signal peptide- encoding
regi on i s homylesgeae® -or heterol ogous to the DNA 10 nol ecul e encodi ng the
mat ure pol ypeptide and is conpatible wth the secretion apparatus of the

host used for expressioR.;IRe;ngen eadhng dHAM LORRI WeednByehine DNA
nol ecul e of the invention, solely or together with the signal peptide, is

pl aced urderthalte isorormpltéoblehwiphobipe eveat®sovitiledt ity &ies exiistti endand
trans'ation;%%%ﬂ%lbnr%%%iggﬁg in it. Considerations are made with
respect to the vector copy number, the ability to control
the copy number, expression of other proteins such as
antibiotic resistance. In selecting an expression-control
15 sequence, a number of variables are considered. Among the
important variable are the relative strength of the sequence
(e.g. the ability to drive expression under various
conditions), the ability to control the sequence’s function,
compatibility between the polynucleotide to be expressed and
20 the control sequence (e.g. secondary structures are
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



system Pronoters and signal peptide encoding regions are wdely known and
available to those skilled in the art and include, for exanple, the
pronoter of Sal nonella typhinmurium (and derivatives) that is inducible by
arabi nose (pronoter 20 araB) and is functional in G amnegative 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 pronoter
of the gene of bacteriophage T7 encoding RNA pol ynerase, that is functional
in a nunber of 25 E. coli strains expres$tng T7 pol ynerase (described in

U S Patent No. 4,952,496); OspA |ipidation signal peptide ; and RIlpE

|'i pi dati on SedRaFefepPPlesyThRAsRNI@GtCa) be Forgidtutiyeogy) 12689c5899) .2 The
SXpr essi on GaBBELhE F§n&¥ﬂ%cgh£¥-p§r§té¥t Aac0 @XR)e3% ARUEShey, which is
selected for its ability t replicate in the chosen expression system
Expressi on regiborsntediyng pl aspghas mepbdideal evagct oes)ipadabeoshesenal f or
exanmpl e, fromthagse de i bed in, Pounels et al_. .(Coning 22 ectors. A
Laborat ory ﬁﬁﬁ%égeiQ@S?ﬁéUBBgei§§%)9gf§ﬂ%eﬂﬂﬁ?nté§6Te§sFgﬁpvgggggs %%% be
purchased f pmvakl difsaClMMeeehhal Sl iees. (tVelizds iber and/or
transfornin%/transtecting host cells 5 with expression vectorg,are
vel | - known TRPRETAPELIGRAIEBEPERAEODN t HEh SS9y s PERELErPeEREGAR9descr i bed

in Ausubel &tcdbn, is(AdgHBELhtetoalne L3yt Bralecelssthae Wokesdkan Bi ol ogy,
John Wley & ons Inc., 1994). Upon_expression, a reconbinant polypeptide of
the 10 invemdi ehaced anpbrypept rerdieg iiramsre) The phiodgéederfidderemnins in
the intracel L GO : AL, 1l isn chepexbfacel 1 ul ar
medi um or iﬁhghglggr?ggééﬂfgg 2%@%2%&%%£?g!gﬁﬁgﬁggﬁggﬁstﬁe cgllg ar

menbr anel.0 Thelepalypeptpdéngsthecoaensd pal ypesubistcartidalilsy cpmprtibtef or m

with the secretion apparatus of the host used for
expression. The open reading frame constituted by the DNA
molecule of the invention, solely or together with the
signal peptide, is placed under the-control of the promoter

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



15 fromthe cell extract or fromthe supernatant after centrifugation of
the reconbinant cell culture. The reconbinant pol ypeptide is purified by
any wel |l -known nethods that can be readily adapted 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

enbodi nents as descri bed above, a polypeptide my be cleaved to obtain the
desired nultimer or nononer. Proteolytic cleavage can be done by net hods
known 25 in the art. One nethod may be act d digestion. Alternatively, a
proteol ytic cleavage_site may be intrqduced at theh%unctions,so t hat the

desi red pepVPEECESR Bl bRPRERESFY P arldted FHBRr t hé8f brai Rkt 2Rt t he

pol ypept i deoxPrakgobyt {&c €52y NBs, Ine ! denbul akemNOhrh bkt 88mhrcfact or - 30
Xa, thronbin, and enterokinase. 23 By "53 nultinmer” is neant a pol ypeptide

havi ng nor espbhaAedne copy of S3 peptide, including nultiple tandem repeats

of S3 peptide. A DNA sequence encoding S3 nultiner contains the 53

pepti de-encodi ng sequgneg i b @ SididsiRg9ReAnkeadl Ny LE0E SUCh: t hat
when expressed, S3 nmultiner is produced. Tﬁe S3 peptide”sequences may al
be the sanepiboh ermyessiomsyeritbrd afid fwerldmkndeni vat thesaranandgdepearat i ant s

such as allelig¢,variants, and h |.0 of 53 pepti.de_sn | q as they retain
The abi | [ty oPo BEnBoRo TretUE et st he P Bs e reri BT noe:
and 2. An exaopliBey ebNAI. pnouxtharg: FaciteicoCsofinCavtenasanr Pidsogwt undi cauda
is set forth in SEQID NOs: 5 and 6, SEQ ID NO | corresponds to am no

aci ds 268-3§?h8fWSEé§IE)%ﬁ?%.IW?’Ttﬂf ‘peptides are |inked either
chemcally or 15 reconbinantly to a heterol ogous pol ypeptide, they may be

linked to either the Soengkpitdies 3 end redombayahtapklipeptide of the

10 invention (or a polypeptide derivative) is produced and
remains in the intracellular compartment, is secreted/
excreted in the extracellular medium or in the periplasmic
space, or is embedded in the cellular membrane. The
polypeptide is recovered in a substantially purified form

15 from the cell extract or from the supernatant after
centrifugation 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.



het er ol ogous pol ypeptide. Further, the S3 nultinmer may be |ocated at sites
internal to the heterol ogous pol ypeptide. In certain enbodi nents, 53
mul ti mer may contain 2, 20 3, 4, 5, 6, 7, 8, 9 or 10 S3 peptide sequences.
The S3 peptides may be present as direct tandemrepeats, or they nay be
separated by linking am no acids or cleavage sites at junctions between
sone of the repeats. By "pol ypeptide" or "protein" is nmeant any chain 25 of
am no acids, regardless of length or post-translational nodification (e.g.,
gl ycosyl ati on or phosphorylation), or chenical nodification, or those
contai ni ng unnatural or unusual am no acids such as D-Tyr, ornithine,

am no- adi pi c aC|d BBYh“Sérmml%#mﬁmbé@Bmﬁ@@ﬁchangéabﬁptﬂﬁethévp@@sent 30

appl  cat | onn 24 ¢ BRACEL. SEGUINSES IR RS du eqent AoLioRn; Lhe) SO pisy | oo,

The strateglc placenen rious sequéences “betwee sequences
can be usedrtpeadafef evepepgi@at erh LIRB: eggienge AacordnngBy, malsihect ed

spacer sequence 5 may, encode de varj.e of noieties,such as_a, single
am no aci d°PPhREFS ¥h§ SRt E ?ﬁeQQﬂéﬁﬂgy§§@8F§FeaW?§Blﬁcngln S¥| ect ed

spacer grouppeRBYeRECHET Bbhde PV dehLNZHER e&bea¥ael, Scbeausoihbatid he
expressed nultinmer can be grocessed by proteolytic_enzynes in vivo (by
APCs, or th®rPeufeRe).The $hrPoRsi WMRRAVRESES, "aYpépti 88 #h§ BR™Ealfef ed.

The pepti de%ag‘iXoP?e%?QﬁJiegoa&lf‘f‘é’ré}ﬂs'ééﬂ%a'tqv(e@e amggsawgﬁgﬂwnce

such as at the N-ter , CGtermni, or at an am no aci de chain (e.qg.
Lys, Arg, Senphcys aIyellcivarﬂéhdS{>anﬁ<hqmolﬁgwewérSBspnpeldatsallomgde
chains w |

ese the es praduce he dig
| abel i ng at Fh%hgy r%Eatpt%r%1 ?11 Fnéé rfgh%o ?grnlggﬁ%ppgﬁt?g §?abellng
i s partiloul gebyipeeiselede SEQ ID NOs: 1 and 2. An exemplary cDNA
encoding Factor C of Carcinoscorpius rotundicauda is set
forth in SEQ ID NOsg: 5 and 6. S8SEQ ID NO:1 corresponds to

amino acids 268-301 of SEQ ID NO:6.

If the S3 peptides are linked either chemically or
15 recombinantly to a heterologous polypeptidé; they may be
linked to either the 5'-end, the 3'-end, or may flank the
heterologous polypeptide. Further, the S3 multimex 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.



Preferred | abeling groups are fluorescent 20 chronophores that are
conventionally used as reporter groups. For exanple, the structurally

rel ated cyanine (Cy.TM) fluorescent |abeling reagents, Cy3 and CyS, nay be
used to produce N-term nally-tagged peptides. Incubation of the Cy3 or Cy5
monof uncti onal succinimde esters wwth the 25 peptide wll result in
N-term nal |abeling of the, peptides. These dyes are commercially avail able
from Aner sham Phar maci a Bi ot ech. Al exaT" dyes marketed by Mol ecul ar Probes,
Inc. may also be used. These dyes conpﬁV%e a series of fluorophores 30

W th em ssion nmaxi ma throughout the visible spectrum O these, two dyes,

Al exa 532 and Al exa SERGRIUIIFLBESSeERY Pe PEaFERabl ket BReh SMar® a sinil ar

f1uorophore and: bear thig Sane 2y; PY1alkepht 088t 62200, JUabgELATY nitrogen
functional groups In simlar spatial orientation in the nolecule. Their

em ssi on nERuence® RetWEEN NI AREGIZeanTanebpeesedet g, confeayr j&tgn of
techni ques well-kn f.or_ separat | : ptid e t ate and
B AR O R 00 RGP LG8 TR o olaed Lo alprat

detect the es an nu For exanple, suc ues
i nclude 2D gel eetedd rophodesis;iaapidfl apyeel est sophosesa ssingbel e ¢

focusing and | i quid chromatography, and hi gh-perfornmance, |iquj

chromgt ograBﬁ%Z(L?E}?l;azé\Per%% quEﬁoLgsasﬁﬁzgﬁﬁrﬂbI%n%? % cal )
procedure | Bel8€réd & i preepthdey apabyshs. ehflyh&ver se phase
HPLC C- 18 co?unns typlcaljiyr/garlg5 used? althoug% 2horter-ch£¥n stationary

phases provideavagprovierr rexsdikat die exrrapges Peolypepti d@@8.PThree col utm 15
formats are i Egﬁﬁgz | ytd ol 4 : ically
are eluted 5?8?%%§%€§%% 0 (f{§€}%%§ﬁﬁ§h?g.EHRE?Y%M%%%Egb%%15%%SH%€ mml.D.)

are runlat apkebximately 0.1 nlL min-1. Fused silica capillary col ums
(0.1-0.3 mm 1.D.)

In various embodiments, a peptide may be labeled.
The peptides may be labeled at any position in the amino
acid sequence, such as at the N-termini, C—termini, or at an
amino acid side chain (e.g., Lys, Arg; Sef, Cys, Tyr, Glu,
15 Asp, etc.). However, since not all side chains will be
present in all of 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



are eluted a flowrates of 41iL min-' and below 20 In various enbodi nents,

t he pol ypeptides of the invention nay be imobilized on solid phase nedia.
Generally, the matrix provides a scaffold which allows the polypeptide to
which it is linked to be separated fromthe bulk fluid. Non-limting
exanpl es of suitable matrices 25 include: polyners which are insoluble in
water or m xtures of water and water sol uble organic solvents; beaded
supports such as magnetic beads, chromatographic packing supports, nedia
and resins; porous beaded supports such s chronat ographi ¢ packi ng
supports, nedia and resins (e.g. 30 anion exchange chromat ography nedia), a
cast pol yneposar hswasfora e mndmyteparyoryvkagen déwec di habryxupstdfl on, 26

pol yet hyl en lyp ne_or y.sul f.one) ; = rbc_ . ial s and
ol & (o) o BTy DA SRR Tehe B8 BSIEE e LT Bl
pol ypept i desarimd here i atve3B4d am rend B@3used rhepapeivetal |y in formul ations

or 5 nedicanents to prevent or treat sepsis-related disease. The invention

provi des correspondi met hods of nedical treatnent, ip which a therapeutic
dose is adninisteredq?hV%Fl?ﬁ%ﬂ?éﬂﬁﬁéﬁﬁlggﬁﬁywsgig%?%%?eP?5r?&F%ﬁ??ﬁ§g e.g. to
a patient pepsSubé€Chay bdagskd hey erfparAteordingkyect hehé nvept 1@ almep 10

provi des therapeutic conpositions conprisin% t he pol ypeptide _of the
i nvention, BREH PeekHERGT odi Val XA HdCepERBlet ceRE Bieft 1851 ¢3F r4R9el n one

e”bOdinenF1e§989r5§ﬂ%¥§éféF”Eépfﬁﬁ%ﬂﬁ%l@@%r@ﬁh%?@@i5geigéeigﬁtfﬂyentiOn in a
t herapeutically or prophylactically “effective ampunt 15 sufficient to treat

sepsi s-rel afedusbndi 2ndnkiaTik chiwredperepbycofpdshigbnraaliobraret uble in an

aqueous solut]j Bh? j i ly a | “th eutically
effective a%%%%?& ?%?%Fs é?%éﬁpaﬁgﬁﬁ¥'e%%gg%?geghgggdggggegégﬁd for periods
of tinel0 routine analytical procedure in the field of protein and

peptide analysis.

In reverse phase HPLC C-18 columns typically are
used, although shorter-chain stationary phases provide
improved resolution for larger polypeptides. Three column

15 formats are most widely used. Analytical columns (4.6 mm
I1.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,



20 necessary, to achieve the desired therapeutic result, such as a
reduction of synptons related to sepsis and in turn a reduction in

sepsi s-rel ated di sease progression. A therapeutically effective anmount of
t he pol ypeptide of the invention may vary according to factors such as the
di sease 25 state, age, sex, and weight of the individual, and the ability
of the conpound to elicit a desired response in the individual. Dosage
regi nens nmay be adjusted to provide the _optinmumtherapeutic response. A

t herapeutically effective anount is al sd°one in which any toxic or

detrinmental effects_30 of the conpound are qutwei ghed by the therqgeutically
beneficial EPR¥ELEY1RNep, BRRYPELRY ta? Pl e V& CRfDunE® PPEYBREIY 0 an

amount ef f eqhicue a2t dAgagessand. §orpdefdadsa afi g7 ort kEBrBEESSSAry, to
achi eve the desired prophylactic tesult, sSuch as preventing or inhibiting

the rate of sepsis onset or progression. A prophylactically effective
anount can be det er nitRetaasodeserPPRiNddve ther PORFPERELEBEUPECRI®Y 5

effective agount,;EQr ypRanLigu éﬁgﬂ 115P8¢ G mud9saggesr §gi mens may
be adj usted ovgrt%?ﬁemggcgrdF%ggt%ﬁ%ﬂe Fﬁ'ivﬁgﬁa Eeeguang tﬁg pr of essi ona
j udgenent> ofretheapensentoadnevest eo¥ Nyrent swperiv-sedgteHedadataestTlai on of

the conposi,tions. 10 As used herein "pharmceutical l.y acceptable carrier”
of el b ent e epldRE SRS e A Rl Tt e 2 T BT B o, Ccomt! nos.
anti bact eri alreandeant i itingak chagerherapesaiionidosand sahgeipt seardeal ayiang

agents, and the 1like that_are physiologically conpatible. In one, 15
enbodi nment , P&‘ﬁéméaPFPEFCPi1¥ui”‘?§%ﬂg’éa?30‘? TSR Sdfi nFSt RaPRbHSPE

Al ternativeby, stB§ecedr FhehetanNtREr&di ! A @ rdiQlg1hNt kALERBYEntion also
i ntraperitoneal, intramuscul ar, sublingual or oral adm nistration

Phar macédt i ®&PVydgecEpeaBPeUEAF r F@PROS Hel e COMBiiEd ngqGEEUBCSYPERE B#R or

diSperSionSof the invention, and a pharmacologically acceptable

excipient or carrier. 1In one embodiment, such compositions
include the polypeptide of the invention in a
therapeutically or prophylacticallyveffective 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



20 and sterile powders for the extenporaneous preparation of sterile

i njectable solutions or dispersion. The use of such nedia and agents for
pharmaceutically active substances is well known in the art. Except insofar
as any conventional nedia or agent is inconpatible with the active
conpound, use 25 thereof in the pharnmaceutical conpositions of the invention
is contenpl ated. Supplenentary active conpounds can also be incorporated
into the conpositions. Therapeutic conpo§%tions typically nust be sterile
and stabl e under the conditions of manufacture and storage. 30 The

iti be f | at ed lution, .m ' N ,
ot her - or der a6t PREFAPE Yo Labf 87 P4 it HAIG “CoRCeRI VAP bAC PRECEGH ri o1

can be a solseft aer p28veft $A§r 8+ 0ODnRESH tHAL AHeaiitR] o £f @epeianpheet wat er,
et hanol, polyol (for exanple, glycerol, pr%gylene glycol, and |iquid
pol yet hyl en®*§OFE6E 1 0BRnd At RECPIKEFCE bert 190 afdsIcs iiex ATPESE FRBr BBf. The

proper flui ity 63 eafﬁgahegewsgd 195w examlige SHRYHRGtY$619f, a coating

such as lecithin, by e maintenance of the required particle size in the
case of di spdifsicoavandmobytt hBousanyfpaulyfadantssibiestmaspecadaes, it will be

preferable to include.isotonic ents,_Jfor examl.e, sugars,. _poly ohol s
such as nanﬁ%?gﬁ? s6Pbitor, "oY %%d?%%?%ﬁﬁ%ﬂq(ﬁgjﬁiqenaf%grﬁﬁﬁﬁogPt?%%.

Prol onged ahliswriptidoalohetHeahd] ehtaptefecnipod tHuikenreat beE bheughtsabout by
including in the conposition an agent which del ays absorption, for exanple,
nDnostearat@ngPP§t§ﬁdn§eP£t?HPeﬁﬁg%b%%rEh?rﬁgﬁﬁﬂﬁﬁ&ﬁiﬁaﬁ§ G tPRe inventi on
can be adm nicxRi8dibRsa tine rel ease 15 fornulation, for exanple in a
conposition which includes a slow release polyner. The active conpounds can
be prepared wth carriers that will protect the cqonpound against rapid

rel ease,’&uch as a coffr BFPEdDRERERsEPRBFTAASHY GiR L iYh ASGEPG el ant s and

m croencapsyated debiVeEk-$¥SERPB. includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, énd the
like that are physioloéically compatibie. In 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



20 Bi odegr adabl e, bioconpati bl e polyners can be used, such as ethyl ene

vi nyl acetate, polyanhydrides, polyglycolic acid, collagen,

pol yort hoesters, polylactic acid and polylactic, polyglycolic copolyners
(PLG. Many nmethods for the preparation of such fornul ations are patented or
generally 25 known to those skilled in the art. Sterile injectable

sol utions can be prepared by incorporating the active conpound (e.g. the
pol ypeptide of the invention) in the required anmount in an appropriate
solvent with one or a conbination of ingk&dients enunerated 30 above, as
required, followed by filtered sterilization. GCenerally, dispersions are
prepar ed by dirpempdrat meg itive coat kil uéng onpow ekadnitle a witter,| ethehbdl e whi ch

contains a _basic dispersion.medium and. the required.other ingredients 29
from t hose éﬁﬂﬁ%’aﬁéﬁgéﬁéﬁgPan ?E§035%£'Oﬁr%ﬁi§%3%3%§¥c gﬂsa oﬁlgﬁéé
prepar at i on [@f] velterilletel Bleebabl angotuéi Dise) | hehd prgfernyled migtheds of
preparation are vacuumdrying and  freeze-drying which yields a powder of

the active itgreEditentt’s preeeanyladdity ordlh Rt ainGi%difont sFrPBR 8-

previ ously ot eHd eld lrenedogel HEi 9Ach het endc s dyt rACeR)y daRCaWntBnaNce
al ternative aspect of the invention, the polypeptlde of the invention my
be fornul at exf witeh reigednpeetaddet fopal 1n dompoarss athatlsoergicn ahé

sol ubi 1Tty of, e RALYRSPLLAR. 10,00 asgardance i hanqiiar saspect of he

i nvention, therapeutic conposSrtions of i'nvention, conpri sing
t he pol ypeptdae eafaltike tionverlliude, iFayonbe pyeamvigleddm eoemdienesagars,
commer ci al packages whi ch urther co {ise instructions for u of .the
pol ypept i de RSFYP3 cofe lisn¢ef iéﬁ,mﬁﬁnfﬂg prEVEt ¥ /AR At-a8f
sepsis 1@l atpddl $RATRsi@H ohOr PLBeoREERALIBEG /N Rfn B iMdiLanBRthel e

prevention and/or treatnment of sepsis-related disease. The fol | ow ng
prepar at i ve canpdsiidlicgisc spnekanpregght about by including in the

composition an agent which delays absorption, for example,
monostearate 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



are offered to illustrate this invention and are not to be

20

any way as limting the scope of this invention. EXAMPLES LPS from

Escherichia coli 055:B5 was purchased from Sigma (St. Lou
kinetic-QCL kit was 25 supplied by Bi owittaker (Walkersvi
TNF-a kit (OptEl A ELI SA).was from Pharm ngen (San D ego,

is,
| e,
CA)

construed in

MO.). LAL

MD). Human
Cell Titer 96

Agueous One Sol ution Reagent for cytotoxicity assay was purchased from
Promega (Madi son, W) Enzynes for DNA nmpi pul ati on and pol ynmerase reactions
wer e purchased 30 from NEB (Beverly, N%.?? DNA purification and extraction

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

30

for making

buf fers was fffPHmtBQ?FanFWBFPBﬁd@%Q%e |1Lr) theckamiec 815 P EF At ReBPY R S3

pepti des were, mege cOBRREGEbLYorasCOr NG 5 %c%eaqﬂ%n%%m%g%%ag Lp suppli ed

endot oxi n reqmiuemgeéf fnehhpylsnalﬁrpxemtmar@pe@dwmusﬁmgng- enhyl - 3- (3-

by us. rS3-4ner is a tetramer with tandemrépeat of the

di et hyl am nopropylh . garbad| 9e1é§DCé>eqav§d(e§. GHR /i)%q

r53-4mer to ze garose

gaFﬁfgn

fonalfe for

choosi ng DARPRAsI Hﬁgbaﬂdiédoﬂgardselﬁ§dringﬂeﬁﬂﬁmiedr@mthOp&eWﬁbaBEp (Di ng et

al . 2001). The LAL Kinetic ssa Ki t s from Bi oWi ttake

CEachor i bhi B s e e aEadaR BE i SR o S A CBEaR R Ia

RPM 1640 Véﬁ'e‘tefrhgﬂh@ebﬁgﬁ BBLof%N@DM\yéaﬁelr&Qgemé %iy?%%ﬁ@éegf from
e

Phar maci a Bi otech. All r chemcals were of 15 analy

L USA. LPS
r 8t Si gna.

i cal grade from

Signa. Al raventabs mayabengorvul fleedfvitd t%ﬂerr@trr mresta@aiilésomﬂe

depyr ogenat L agane taeﬂhgﬂggugﬂl&hévﬁdmlt@e %o%

hours. Steri sposa es were used enever p055| e an
at 121C for 2

Rere

10 In accordance with another aspect of the

invention, therapeutic compositions of the present

Qg gor 4

re autocl aved

invention, comprising the polypeptide of the invention, may

be provided in containers or commercial packages which

further comprise instructions for use of the polypeptide of

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



20 hours before use. Al solutions and buffers were prepared using
pyrogen-free water. LPS was sonicated for 5 mnutes in a 37C water bath
prior to use, to disperse the aggregates. (1) Construction of multimers of
S3 gene 25 Using a cloned Factor C Sushi 3 domain, pAC5.| Sushi 3EGFP (Tan et
al, 2000), the LPS-binding notif, 53, was anplified by PCR A cloning
strategy, which allows for directional multinerization and cloning is shown
in Figure 1. Briefly, the anplification vector pBBS2 (Lee et 30 al, 1997)
was nodified to include an Ndel site cont@ining the start codon adjacent to
Bbsg site. This nodified vector 31 was naned pBC. Forward prinmer (SEQ ID
NO 3): 5'- T6@AA6M@ﬁEIbnIIéIﬁﬂWﬁEIﬁﬂ&ﬁﬂH@Mﬁé&CAN@@t@h Gasvdesiihed with Bbsl
restriction |te GAC addi.tion to the,S3 flanking
sequence. Fﬁ%c gf‘A 1)1t e%ze g %X)ere made con'uner01a11S
5' TAGAAGACCROTSHET REAT Qﬁé\é@éﬁwﬁ&r@atlor&sﬂﬂp@anembﬁ usas al so
i ntroduced. Digestion of the PCR product by Bbsl would yi eld fragrrents wth
conpl ementary overhan t he sense
anti sense strand, whi Eg%%rﬁeﬁel%s%dt‘?to?a”&ﬁ dﬁ" ﬁé‘indfﬁ‘ ﬁ'ﬁPFFFrePF tg?? on and
cl oni ng. 5|nS@d§bhb0n ARAIREE: SRINEASRoving affinity matrix WRECh codes for
aspartate (D) and proline (P), was introduced into the forward priner. The
pepti de bondeveéerednPp wRENP taptpel ol ealded ddRgERYAaMdnergsrdl-t i on (Szoka
et al, 1986),,LuS;iheheashpd) Si0%h e 53 1 emcbhe ;18 Legonhipand
multimers. IRt hlaslcase ¥ ]E %R %%ﬁ:ltsgtgggél werelc?oned into pBC
vect or, and%@@A%mgehelmsdre@easmj drl Bhsircdi, g@§ﬂi)on éfhd aatmm&dHo
sel f-1i gate . f| rs bef or on| ng I he pBC vec S_previously
li nearised "Wt ﬁkgﬁsfngTﬁ%D ti rr(g]?s ozfeésfgagr? S SWEF rsl}ecl égt easand o
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



20 identified by enzyne digestion and sequencing. (2) Expression of the
multinmers of S3 gene in E. coli To construct expression vectors bearing
tandem S3 genes under the control of T7 pronoter, the fragnents flanked by
Ndel and HindlIl (containing the nultimeric 53 25 genes) were cloned into
the vector pET22b, previously linearised with Ndel and H ndlll. The
constructs were transfornmed into E. coli host, BL21 (DE3) for expression.
The col onies were cultured overnight in #F medi um wi th 100 pg / m
anpicillin at 37C, then diluted 1:100 into fresh LB 30 nediumw th 100 pg/n

anpicillin and gr onm o . ion wth 0.5 nM I PTG
(Promega). THE g‘ Wg Rgpe 32°THAF e‘%lfjé?]e%v% H‘JDugY%[tg '¥2°h " and the
expressed produatscowerecrohtroredatycBRSRAGRCA-3) S@Isualelslléateﬂomem

i nclusion bodies and purification of rS3-4mer 5 One litre cultures were
pel | eted at BE60§SPEFIE010Ri A1RE ATRAMHRL) dldpaiededyi FHEE 18f |ysis buffer

cont ai ni ng. 20 Thl $6CknePbh 80, a0eh0. &ML, Bhe srhackoclal gelhsyin the

suspensi on were passed through French® Press (Basic Z 0. 75KW Benchtop Ce
Di srupt or5, UKEQoper ¥Ped) 1054FA EAG$§¢CGGQQG3£QAﬂQ&&§GHAA§EG§ETﬂo3generate >

90% cel |  disruption  The inclusion bodie re . recovere by, c rifugation
at 120009 f &M a%lﬁog E4 2&n af fP%FOé%?$&WE(§ﬁ% nC%fbﬁpF EE%ontalnlng

1 Murea an@x&dﬁ%thyt@hsx-w&GDd JTE&drﬁﬁagmawtdnwmtascw&@eedenahuyed and
solubilized in 15 20 MM Tris-d with 8 M urea,at roomteg%lO ture for 2 h.

I nsol ubl e NMEVEFFERS Rér £CFENBYeBNByS TRt 1T Rg%t i1 &CCHBEF0§ St or 20 ni n,

and the supemiatankewas rhihbl egdcRNEhPWd fiLd Bor ani-erte¥eRaNge using AKTA
expl orer (Pharnaci a).. Brlefly . 30 nm of solubilized proteins were applied

to a Q SEhhandsaregiesbion ARG FHORATDO M) sslitiiony, aCRECHC FEBUEPRR, A (4 M

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



urea, 20 MM Tris-A, pH 6.7). After washing with 4 columm volunmes of buffer
A, the proteins were eluted with a linear gradient of 0% to 30% buffer B (4
Murea, 20 nMTris-Cl, pH6.7, 1 MNaCl) and the fractions were collected
for SDS 25 PACE anal ysis. The collected fractions were pooled and dialyzed
in 10 kDa nol ecul ar wei ght cut-off (MACO pore size dialysis tubing
(Snakeskin, Pierce), against refolding buffer A containing 50 mM gl ycine,
pH 9.5, 10% sucrose, 1 nM EDTA 2 Murea, at 4C for 16 h, followed by
buffer B 30 containing 20 nNIdlethanoIanﬁﬁe pH 9.5, 10% (w v) sucrose, 1
mM EDTA, 4C for another 8 h. 33 (4) Mnonerization of rS3-4nmer (SEQ ID

NO 9) into M83vesref eVSED NDUNGET)1dbyradcind digeskbosrsPRe adpdeehs ani no

aci ds, aspag%g% nggF§£@h|ﬂ§Tﬁﬂ§r§ n@gdded between the S3 units, so as to act

as cleavabl ers e renatured rS3-4ner was preC|p|tated with 9
vol umes of ethanol, frozen at -80C for 1 h or at -20C overnight. The

m xture was (@¢ntpiltibgédzaties000gifiotudipmibvdizsd anle ppelifécatdenwashed with
90% et hanol , rled di ssolved in digestion buffer (70%formc acid, 6 M
guanidine-Cf' aﬁﬁ 10 digested at 42C for 72 h. The final products were

subj ected to ethanol precipitation and dissolved in 20 MM Tris-d pH 7. 3.
The cl eawed r53 peptidas mmteetémﬂmmﬁeﬁymﬁﬂé peléenieghttagaiongt fohelganme

buf fer using .dialysi uhi n 1.5 kDa re si.ze t hus
renmovi ng thgu§nﬁk 15 é ik kEgEuiﬂﬁn¢%%|%ﬁj IF& iﬁélénE%géan cont am nant
in rS3-4nercandih$3gl per mmasrieroyedb)s 1 idn@n oXs1ih phrase Tgeparation (Liu

et al, 1997) followed by polynyxin B affinity chronmatography (Detoxi-GelTM
Pi erce). %Fﬁérs& & ahH%%t%‘F?P%}%itorhfﬂﬁrfspé‘ss?ﬁletbéé’é i Fafech 20

proteins vverpe_geggsqbgggcog brﬁﬁkﬁ%%&ﬁ%elqs'ﬁlgrﬁﬁ%o%t a%k')“gpgﬁét@&‘d 15%
separating gel, and detected
10 at 15 kpsgi, 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

15 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

20 column (26 mm x 300 mm) eqguilibrated 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-

25 PACGE 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

30 containing 20 mM diethanolamine, pH 9.5, 10% (w/v) sucrose,

1 mM EDTA, 4°C for another 8 h.



Coonassi e blue staining (Schagger et al, 1987). Western analysis was
performed according to the manufacturer's instruction, using ECL Wstern
anal ysis system (Pierce, IL). 25 The blot was probed w th pol yclonal rabbit
anti-S3 anti body followed by goat anti-rabbit secondary anti body conjugated
to horseradi sh peroxi dase, HRP (DAKO, CA). The blots were visualised using
Supersi gnal West Pico Chem | um nescent Substrate and exposed to X-ray film
30 34 (5) Assays for LPS-neutralizing ag ivity (a) ELISA-based LPS binding
assay The pol ysorp 96-wel |l plate (Maxi So %)TM Nunc) was first coated with

100 pl per well of 4 pg/ Xi mat e 1 of LPS diluted in

pyrogen- f r e€ W%%BGFFQPEW a’rFﬁe‘}T%‘T?;S?S.EQF% PG Widos&sPedm™ahd

i ncubat ed OV(Q;’E@ gt noaty)r eREeAPeE dbbE fon The wel | s were aspirated and
washed 4 tines with 300 pl[ wash solution (PBS containing 0.05% Tween- 20).

The wells were bl ocked with wash solution containing 10 2% BSA for 1 h at
room tenperature. Aft&WOWASHAREND FMHRR 2CARE viafRaEEREEntT St PERSIBE pepti des

ver e al | oweq,dQ Iarafd%a%tw\efehhtﬁeugg PR &t JOoD teMReratur e1kak,8;1 8. Bound
peptides were detected by incubation with rabbi-t anti-S3 anti body and

1: 2000 of5 gdt lamherrsabblfheanenbbdye@@nﬁgma;d vigist pridRRp it tEdcWight Pbody
was | ncubat q’d for r%t} at 171C1 ']@_559%%“5@&'80&6 &y 110(%1 %Ir %f sglaghrate ABTS
“3dded;

(Boehri nger l\9a absor bance was measur ed at” 405nm-wi th
reference \mz\aedrﬁ@gxtth atrhé%iﬁmtu(:b)w&ld@émﬂmd raal |1£®t0|0@n fassay hased on

anti-LAL test The LAL Kinetic- %L ut | n| tjal pari
LPS-tri gger@dldcaif a@@ﬁﬁtl VREl UeSy ‘ﬁb’iﬁ‘/t%o ﬁél c,lr‘?idevé11 Wz’gmatl c
reaction, whirchicalsaliysesuttherr eheaseor®fc padiid,r Qarm IJure ifFie@-a1syahhetic
substrate, producing a _
10 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
1.5 kDa MWCO pore size (Sigma), thus‘removihg‘the small
15 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
20 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).
25 The blot was probed with polyclonal rabbit anti-S3 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.

30



yel l ow col or, which is quantifiable by absorbance at 405nm 25 The ENC50
(Endotoxin Neutralization Concentration) refers to the peptide
concentration required to neutralize 50% of a predeterm ned quantity of
endotoxin. A | ow ENC50 indicates high potency of the peptide for endotoxin
neutralization. |In this assay, peptides of different 30 concentrations were
i ncubated for 1 h at 37Cwith or 35 wthout an equal volune of LPS in

di sposabl e, endotoxin-free borosilicate iubes Fifty mcroliters of each

m xture was then dlspensed into vveIIs of®a sterile mcrotiter pl ate

(Nuncl onT™M face nc) ift roJ iters ,of freshly 5 reconstituted LAL
reagent was | 65ﬁ§gﬁ ﬁFongcﬂe l ahddib&nce at 405nm of each wel |

was m)nitored after 45 mn, and the concentratl on of peptides correspondi ng
to 50% inhi(ahti anieh-bAkeactpyibindasy desiagnat ed ENC50. (6) Suppression of
LPS-i nduced hTNF-a secreti on in human 10 THE-l cells THP-1 cells were
cultured at 37Cin a humdi envir in the gresence of 5%C02 RPM

1640 medi um was supplBfieR? S?\ﬂ’ Y 0% tp Iatﬁov(f"P%l erame FBRS) p&f cil lin

(100 U ), rardtstbeptamietn {4001 LM le1lhercal h@/mrQaﬂ;?r%hzﬂé‘@éI\ﬁd at a
density of 2.5x105-6 cells/m. THP-1 nonocytes were transfornmed into

macr ophades 1byMadaft FBA 6’rlubﬁ‘%rb@)lp>fﬁﬂ€ie§t“ &egcPiosPhRtesPyfhFrad a st ock of
0.3 ng/ m s@HEEEt(Bﬁ%. SU'%H&"%&E@ WHY & 1%6“%%809%‘3%&@8' 80eLhiG% no/ni,

and 0. 01% di net OXI de MA-treate suspensi ons wer €
i medi at el y apl abem tampegatuedal nTlog otd ltler wepleataepanraaedeasdt yashedx405

cells/m ang.allovxe t di ntiate for 37C. Th Ltyre medi um
was renoved and %’ﬁghchPSP ‘?’Eésehvvas?ﬁl} V\ncle%%\%n Fﬁnécgﬁr}rlnn §e6§r>nfwe%4o
Thereafter, 2ohe nmaneopbageswars ebsddlad atieth wakh 3012%iBW sbntRPSn{mg specific
act|V|ty of LPS th%t has been , ,

2% BSA 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



standardi zed by LAL test agai nst FDA-approved LPS standards), peptides
al one or LPS (preincubated wth various

concentrations of peptides) and

i ncubated at 37C. After 6 h, the culture nmediumwas collected and hTNF-a
concentration 30 in the supernatants was assayed using ELISA. 36 (7)
Realtime interaction anal ysis between peptides and LPS Surface pl asnon
resonance (SPR) analysis of the real tinme interaction between peptides and
LPS was performed w th Bl Acore 2000 (Pharmacia) using HPA chip (Tan et al,
5 2000b). The affinity constant was cal c&bated using Bl Aeval uation software
3.0. The nmean val ues were obtained fromthree independent experinents.

Cyt ot oxi ci t wighopepehdeguih wakamngoti cLielins dildposawwdrocgndotpriBsofxge of

ration,

(8)

2x104 cells/m_in,RP 0, 1640 e mxed..n a mecraotiter. te with 50 vyl
of tmo-foldeEEFﬁéFCN%Fu%FgﬁE' %@f%xi%fcro iters o% %ach El?kg S waéand

of " pe €S ranging i n_concen

i ncubat ed f amebOdikpeaked7Cntdowdel erat re dthe idyt atiexbeityr phdueed by the
peptides, 20 pl of gellTiter 96 Aqueous_(ne Sol ution Rea added into
Boloady

each wel | fdNUGGLiRAN 4Surfasre. NURS) [ 3- FAIE5-T0f et by 4
car boxyme haegrharykht 2a( #asul-t agenylds 2

met abolically active cells into a colored '
in tissue cdbE@rbapedi am 40For odecacti vall twrs dygorisaire aldemédsiied at

490nm To 2 i ] - iS4 . ecpepti des,
controls megggf%§%35§§C%§€F%?% gt?%d&%g+V%%fﬁ%EE%gggggﬁgﬁn%%gsgfgwbTmeen-20

i nstead of nediibmcarhyofThAS aabsweibances \GaignededeEdeds to t he
as those cells could not netabolize MIS. 25 (9) Data Anal ysis

backgr ound,

of S3 Tanden&ﬁ@@pat studies . Regonbi.nant .expression of S3 tandemrepeats,
and €l éavage ONET S ecretio

purification
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THP-1 cells

O non

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
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
suspensions were 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
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

in the supernatants was assayed using ELISA,.

-5-(3-

ls220linkll eben hioreduged by
ormazan product that is soluble

t wo



A 143 bp S3 gene fragnent was obtained by PCR wusing pACS.| Sushi 3EGFP as the
tenpl ate. The S3 gene was 30 cloned into pBC vector by digestion with Bbsl.
After 37 nmultinerization, the clones containing 1, 2, 4 and 8 copies of S3
were selected (Figure 2a) and named pBCS3-1, -2, -4, - 8mer, respectively.
The Ndel and Hindl Il -flanking fragnments of these clones were inserted into
pET22b for expression of 5 the nultineric 53 gene, and the expression |evels
were exam ned by SDS-PAGE. An exenpl ary sequence encoding rS3- 4mer is
shown in SEQ ID NGO 8. O all the expressddn cassettes, the tetramer vyielded
t he hi ghest expression level, giving the expected 10 reconbi nant 53
tetramer (rS3)4mer) tafmel8nteckBarinhi ahalepre serttwetn? 3¥pdfi dese atdt aPScel
proteins (Figure 2b) The nononer construct was not expression conpet ent ,

while the octaner co r ggt e¢gges§e§% cxgléé agg%ﬁsw%§ gﬁgressed as
i ncl usi on bodies in g E I |za uréa an

purificati0ﬁeanhtaugh16&8@abaﬁeﬁebeﬂWQau@thangg ehﬁomm@ogeappyrponﬂu@ed

nore than 951 purity of rS ure 2b) |eI i 3- 4ner per
litre of cuWFGBeBI%HQrﬁu?OPPegE%?%T% P s ing fzégﬂéthﬁP ‘renoved
gradual | 5 t @ ealobew tﬁ’%éé@’@ﬁﬁ%tgocéﬁsﬂfﬁ@'m@s Raaly8ias &l 2@ ik rmved
unspecific small ol ecul ar i ght bacteria proteins, hence further

i nprovi ng t BEAsyeluptien ﬁﬁétwsgeme@ Siis: mEeR Wﬁdé‘ﬁsné’@rﬁe@@éﬁhged
condi tions I§Q9¥@%r%%1955 o) S eTA [N Wity the expected size (data not

shown) A mnor formof a rger aggr gate was renoved by 25 size excl usion
usi ng Superosem 12 colum (Pharnacia). The refol ded protein was

preci pi t at ed 8 ytedweichidanoblapdpt dds skolawdthivetici dedilgest i on buffer to
obtain the nmononmers (rS3-lInmer). The process of acid digestion is tine

dependent. A one-day tigatnpphoulekded, pod YIBrdL S HULES1s/ml in RPMI

10 1640 were mixed in a microtiter plate with 50 ul 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

15 37°C. MTS [3-(4, 5-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

20 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.
25 (9) Data Analysis of S3 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
30 cloned into pBC vector by digestion with BbsI. After



30 of four kinds of rS3 peptides: r53-4, -3, -2, -Ilnmer (Figure 3a). Wthin
2 days, nore than 90% of the multiners was cleaved to the nononers. 38
Reconbi nant Sushi 3 pepti des show stronger binding potency to TIPS Sanples
fromthe total cell proteins, purified rS3-4mer, partially digested rS3
polymers, rS3-lmex and 5 chem cally synthesized S3 peptide were resol ved on
tricine SDS-PAGE and subjected to Western anal ysis agai nst anti-S3

anti body. The rS3-Inmer and its partially digested polyneric repeats (2, 3
and 4ners) were imrunoreactive to the p%fyclonal rabbit anti-S3 anti body
(Figure 3b). Thus, the 10 antjbody can be enployed for the ELISA-based LPS
bi ndi ng as&dytiEprsAcbiced PSS BitrEhFaSSapireveal 8d Ai pRdr BngoPiRdi ng

capabi li ti egewsth,£53- 1e TBEr eq 4B @ LhemgalleaSyBEBgshzed; S3., AL 4
g/m, both Feconbl nant %epti%eswﬁégreaéﬁgd saturaFio% g? b?hdi%g 6 LPS

(Figure 4), 8whil erehpectheaizal | Theyidlesindedipdpiidéleohtingubdagmerea |y and
requi red 20 polpl Lo teach saturation of bindibg uith LPS, (dala not. shown).
The EBC50 (Endo oXIn~ B ndi ng NCent ra i"on) 8F ¢ e.peptlég, wht &h Hchi eves
50% of maxi rum A01bindrng £® &ETe preddeHe kSprpkaten neflkest getde bi ndi ng
activity of peptide to LPS, with the | ower EBC50i ndicating _hi gher potency.
The r S3- 4mefXxans3efnRY aRa-BRGH: c Mt P> SpHeRes PeadeB8epeREPaeRd df $hi ayed

EBCso at 0. 4kep9iBl sndwR2inP8ES 18N % 74 9o/ M, respectively. The kinetics
of binding 25 of peptides to LPS in 20 nMTris-d, pH7.3, was also neasured

by SPR anal ysis with Bl Acore 2000 usi ng HPA chip, which was imobilized
with lipid A (bioacti9& #bletheopxprgspionTirasggtigEueshsf tehsarenl |y

)degt gei/il zed$31 g &3 hABh1 gAY I SE AR H 8e£1808:1 380X Lid Meplde dg2- 34)
10 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
15 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
20 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
25 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
30 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.



30 (1.711.86) x10-8 M respectively. 39 The reconbi nant S3 peptides inhibit
endot oxi n-i nduced LAL reaction and hTNF-a rel ease from THP-1 cells The 50%
endot oxi n-neutral i zing concentrati on (ENC50) value of the peptides against
5 EUnmM of LPS was 5 determned to be 5.4 pg/m for rS3-4mer, 9.2 pg/m for
rS3- Inmer, and 10.2 pg/m for chemcally synthesized S3 (Figure 5a). A

| ower ENC50 i ndi cates higher potency of endotoxin neutralization. The

bi ndi ng i sotherm of the two nononeric peptides, whether it is reconbi nant
or synthetic is simlar, 10 but rS3-4ner3%hows a 2-fold stronger LPS
neutralization efflcacy Simlar results were al so obtained by measuring
the abi | ityReFom83nantr Seshifrepep ol demhidiaw (sRSongeycednHIRE- patpraduet i on by
THP-1 cel I's; pphich were incubated with 50 15 EUm of LPS containing various
concentrations of peptides. As shown in Figure 5b, rS3-Inmer required 83.2
ug/ M, whereas rS3-4nmer required 40.4 Ug/m to achieve 50%inhibition. The
pepti des show ni ni mal Saypbeoxfcen yche teiledr yefliicprekksnsBophri écedbi nant
pepti des had nimal . _effect,on,. 20 cell perneabilizaticn., At the highest
concentrat|5ﬁggﬁ mgH: Eﬁft%ﬁ#§yzﬁ%@%%ﬁe € pgiyyeags Eggééﬁeﬁy ?§3 Aner ,

indi cating thahithelyespnbhdanieddd igits f we2eWwedkd1lhaveonneght gidl e
contraindi cations, although the LPS binding activity is anplified

si gni fi cant BPS-BECE 1834 RedBheF ettt S Jaft ¥ Thapailyas s( FS@}nggb%FEH‘% th

quantum dOBné@Q)adeSTQ@C{f@i'ﬁnéxs%rni”'tfé %%rftagmpee%%eéat?@@%@ﬂ@ Was
| abeled with QD (referred to as QO rS3) wasS used asS a novel | uorescent tag

to detect theppresenze E)falb@ic‘tmlr%) wgrean gOnexeapkéveotdebastrate t he
concept of EB% Eibﬁaiaggﬁggtointl S3 antibody (FPigure 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.



certain bacteria by QrS3, experinents were carried out wth 2 strains for
gram negative bacteria (Escherichia coli and Pseudononas aerugi nosa) and a
gram positive bacteria, Staphylococcus aureus). By addition of small
gquantities of 5 @>-rS3 to overnight cultures of the bacteria, one observes,
Wi thin mnutes, the fluorescently |abeled gramnegative bacteria (which
contain |ipopol ysaccharide, LPS to which rS3 specifically bind to) and no

| abeling of S. aureus. QD labeled rS3 is stable and emts strong
fluorescence which 10 readily bi osenses tthe presence of gram negative
bacteria. This nethod can be applied to tagglng bacteria in solution and

in solid phd$6. TEILERIAF ePt Ronfided iiGiteft FBICkREL1r dRARERA- F4kobi | i zed

aga. rose beadsc15.5S3pd4MeinALdi pbiys f@tflon Wae-prepangd using DADPA-
i mmobi |i zed agarose. The peptide was dissolved in Im conjugation buffer

[0. 1M 2- (N-nor phol i no) et hanesul fonic acid (MES), pH 4.7] and used for
conj ugation by EDC, tBhOATA endelresie eckad Lifladc6PORANEARELPN3 hour s of

| ncubat i on, (#Rct e, calunp vancdralpedoand, sashed wid hvalierpsThgse el uent s

were coll ecte fraction pepti i Mmobilrzed to the
matri x was determlned by heaSu&|mgymluionﬂm§dﬁbaare ef 2t hg/mit ater ords3 at

280nm  Bead t 1 10-c | {251 fol | owed
by 10- col ur™Yo! WAER BF - byt GOBh- 1% R L2 K RGP AR B OER TG o0

wat er. \Whensapt I8 uUSgertieC.,peptl det eomigaleddreands, Wi ensbebginat 4C W t h
0.02% sodi um azide to prevent the growth of bacteria. 41 (12) LPS
adsor pti on Bsuhyapf taf lPegentratP b ig19 tisethsrinAtahBeeHUPI FBRATSHIF in the

appropri ate QHERQés,t\bﬁetl:ﬂ?ébit{‘dié‘gr&%‘?@ﬁ'nfa%toiarr§§ntﬂ€€£c09§'pé§rﬁ'11b£xad3 vas
tested batchw se. An aliquot of

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



5 of standard LPS solution (under different pH and in the presence or
absence of chynotrypsi nogen A and EDTA) was allowed to flow through the
colum twi ce at room tenperature. Solutions before and after the treatnent
were collected to determine the LPS renoval and protein recovery. 10 EDTA
was added in order to reduce the affinity of LPS to proteins. This helps to
i nprove the renoval of low levels of LPS fromprotein solutions. (Petach
2000). (13) Quantification of LPS and proteins LPS was quantified by using
the LAL chronpgenic 15 kinetic assay. 4he solutions were sonicated and
diluted in borosilicate glass tubes at 37C. Fifty | of each m xture was
careful |y diespedsedacnteiappyoppiase, weldesriofent sStweirid ear@edeblitm crotitre
pl ate (Nunclon" o surface, Nunc) The reaction m xture was then incubated

for 15 m nitéd 3t S878156 beFoPE2BOTCYHR IR HAEAGEIR WS AFFSF 1 #hECT Bact i on

mxtures Ve Hadorbnid@5aBRueYabY¥ap MW @Fan =3 tSRECTRARRX1840 plate
reader running on SOFTmax PRO version 1.2.0. The tenperature was kept at

37C duri ng SUPHYREEBECHEn2EREUSreashy | 371 tHiope Afpsmaldngaieas 1FARGI ¢ from
0- QOSEU i 23 pRELLBLaYERE UaPLL0, GO IHALRLAS ;A0S QLRABRE.LDLY,

endot oxi n ‘concentration ank using pyrogen-free water and
negati ve covtthdhsmghuorky the pépordesentnlbufsfoerl edsgivatn aeoatizgeal so set up

L1 pl | cat o8oc46 B QURACTT GE" DAt br  HEC LN FaPodr ot O 5P PRAGBrT S and.

peptides. 4pechiifecprol,ebingoBeenbhat h®M dvelsaplos sl uhirens .of gbef ore and
after treatnent was determ ned by neasurinq:the absorbance at 280nmw th a
spect r ophot'Gheter BE3656 SERBERNMERY. €51 {8 AL 1oRa fFANQTPSICENSE WPSCRf finity

st udi es; g 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.



LPS affinity matrix preparation In preparing the rS3-4ner conjugated
affinity matrix for LPS, 1.5 ng/m of peptides was used for coupling.
1.27nmg/ M of peptides was successfully coupled onto the 10 affinity matrix
wi th coupling efficiency of 87% achi eved, based on the follow ng

cal cul ati ons: A280nm before coupling (abs) 1.62 A2aonm of fraction recovery
(abs) = 0.0601 + 0.316 + 0.0472 + 0.0204 + 0.0099 + 0.0033 + 0.0016 = 0.21
15 Total protein coupled on (abs) = 1.62 - 0.21 = 1.41 Coupling efficiency
= 1.41/ 1.62 = 87% LPS binding by rS3-4der affinity beads at various
endotoxin concentrations 20 It is reported that the usual LPS problematic
cont am nat i 6¥R)l vt ddsagpittiorlGEEdiM after the initial steps of
purification. Thus, we tested the DADPA rS3-4nmer and S34 colunm at these

endot oxi n concentr at i,Qns, f. lutio t al ni 2 ri.s- HC1,

100mM NaQl and 25 0. SETA o wohePt hecrShERh Sl AT R 5 and
500 EU M wat echree dipgadriva dved Gwftflee, dehectP®rblhddiig cfapd- Q6K ms3tor bot h
the columms, 43 Fb%p nor mal ound together. with proteiTs such

, S i ly f )
as in phar &SI e\réle[h S T"If‘"f%r &FGFES %ﬂ%‘?%"“?%' a Heett 1B TeA th8lprotein

recoverysansk LR dRmyalpdurdant isMchuagadi i phsredhesie Af® 8l aglg ostatic and
hydrophilic 5 interactions between proteins and LPS. These interactions my

reduce the REFSIENGF GSepSe GfpERlMoYEYRs breeen il FhHhleiids ecovery

wi Il conpr o 86,4 J SRR RS heomb i fifn Wié%(ié)@_mw ce versa. In

this work, 0.5mg/m of chynotrypsinogen A was spiked into the sane Tris
buf f er and tebfpearaspassedalmtcugly beéorel amad a2fiee tloe tostattientabielet y of

the conj ugal &ff 29arPse, BRAYL il SELCEhEVENSIRY A, QT dkiRin recovery.
10 EDTA was added in order to reduce the affinity of LPS to
proteins. This helps to improve the removal of low levels

of LPS from protein solutions. (Petsch 2000).
(13) Quantification of LPS and proteins

LPS was quantified by using the LAL chromogenic

15 kinetic assay. The solutions were sonicated and diluted in
borosilicate glass tubes at 37°C, Fifty pl of each mixture
was carefully dispensed into appropriate wells of a sterile
96-well microtitre plate (Nunclon™ A surface, Nunc). The
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.



fromprotein solutions. For both the columms, the .LPS-affinity beads were

able to renbve LPS to a concentration bel ow the detection

15 imt of

0. 0O0O5EU/ M . However, the rS3-4ner colum appears to be able to recover no
proteins conpared to the S3A colum under the current process conditions
(Table 1). 44 Table 1 Renoval of LPS fromvarious solutions with
problematic I ow | evels of LPS contam nation' Colum DADPA r53\4ner Tris
buffer (+EDTA)c Chym Ab L (+EDTA)C LPS (EU M) Protein recover vy
(my/m) Before 5 50 100 50 0.5 treatnmef? After <0.0053 <0.005 <0.005 <0.00
0.4175 treatnent 5 d C earance >1000 >10000 >20000 >1000 83.5% factor O
recover (CF) ed Col hm DABPAILB38odeérs: taufifeer iGhygampAe( sEDEA)ons (FEDTA) °

(Eum) Protsio, recoverye .(omim) Before 51909 5, treatment pfter

treat nent

absorbance at 280nm with a spectrophotometer DU 650

(Beckman) .
5 (14) Data analysis of LPS affinity studies

LPS 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

10 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

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

3

Coupling efficiency = 1.41 / 1.62 = 87%

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

concentrations

20 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

25 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.

re

LPS



Cl earance >1000 >20000 62.5% recovered factor (CF) 5 a Aliquots of 5 m of
each sanple solution containing LPS at indicated concentrations were passed
through a colum with 1m of affinity beads. LPS concentration of sanples
was neasured by LAL chronogenic assay. bTris buffer: 20 nM Tris-HCl, pH 7.3
containing 100mM NaCl; 10 Chym A: 0.5 ng/m chynotrypsi nogen A in sane
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
colum. d 0.005EUW m is the detection |ifft of LAL chronmpgenic assay. 15
eA290nmintensity of the sanples before and after treatnent wth beads were
measured to cal cuI at eHenWeveirot PR Eeceverdd 1y darmgk tagedtieds Wt BLPS bi ndi ng
by r S3-4raer It a i f ep i bl renove
LPS under 5) éﬂr a%ﬁgﬁogg g %-H??rg%géso J}(t]tl‘t.aallonfsltl‘{}](‘?isctz?ll f?ﬂerl(r%r?tf%g% ggén?%l ni ng
100mM of NaGls wemeetiesbedestnthea,geote\lrpl-ra/uacsreraxped édrSt cegausé under

el ectrostatic interaction between the 4 ati el y charged osphate
groups of LPSC n&opﬁértlSBEi ti F§ec%]é?g%ue ‘%’3‘\%&%%6 gﬁdig%crease
the bindj ngeapacitynef bbheecpapbireee (A% ru}lcﬁtm@ 20Rkbe iYW cobsehivhsa

significant drop in efficiency of LPS 5 renoval when the pH shifted from
5.0 to 6.0. PR SSEYGRd thE eSé&aa%wa%fL%S FSOVPdry V&Y OféSPsoBFRtric

poi nt of th%rort%énflgéeov%pt el &&Hﬁr&rﬁ%@é Nghd herlheat 1stals ¢rbRt eract i ons
to weaken and hence, it loSes its binding capacity for LPS. Wen the pH

shifted frorﬂOGU@lP@ ang, VtLhe Vﬁﬂséffll:meﬁrfcgs Gfortkheéle Saict/imdi ©f beads was
enhanced Wt %'o%?%ggfct %%t gowg %B:([jkeé hlaf{]c etolérmtelhe.'[rri %‘Iﬁ?ﬁ%g LfigPH

causes the clearan astical i's maybe due
to the irxr mepafssﬂégahtr\beghhahgecohumn tw:Lce 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).



pepti de, 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 efficiencies

hi ghest only at around pH of 7.3 (Table 2). 46 Table 2 Renoval of LPS from
various solutions with problematic low |l evels of LPS contam nation' Colum
DADPA r S3\ 4ner DADPA 53. Sodium acetate Tris buffer® buffer' pH 5.0 6.0
7.3 8.5 7.3 Before 500 treatnent (EU m After 4.616 61.38 1.090 116.84
3.176 treatnent (EUmM) C earance 108 459 4.3 157 factor (CF) 5
"Aliquots of 5 m of each sanple solution containing LPS at indicated
concentrations were passed through a co®Pdfntwith Iml of affinity beads. LPS
concent r at i hooh1 SIS s V@S viRASUS esbiRY i b wiChr SFEIRRIaE i ASEY 1ebeHPdi UM
acetate buffer: 20 nM sodj um,acetate containing 10 100nM NaCl; "Tris

buf fer: 20 HVEFFi SSHEPLEBM A ni ng 100nM Nadl ; d pH adj usted to around 7 for

LAL test by addihg 9% of IM Tri1S-HCL, pkbeas [k8Kem&d di ¢ sanpl es and 4%|1M
NaAc, pH5. ("Tor The| pHB. 5 Sampke. pulfFer® GEsrgnce Factor [{ Chcnyhl G
reflects. the efficilency of LPS (+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 | 0.4175S
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



removal , is obtained by dividing concentration of LPS before with after
treatnment. 20 47 Renoval of LPS in tissue culture nmedium For the cell
culture nedium RPM 1640, both columms were able to renmove LPS from 120
EUmM to belowthe 5 detection limt of 0.005 EUm. Table 3 Renoval of LPS
fromculture mediumw th problematic |ow | evel of LPS contam nations Medium
Col umm DADPA r S3\4ner DADPA S36 Before 120 120 Treatnment (EU M) After
<0.005" <0.005C treatnment (EUm) dearance >24000 >24000 Factor (CF) 10
a Aliquots of 5 ml of each sanple soluti®nh containing LPS at indicated
concentrations were passed through a colum with Im of affinity beads. LPS
concentr at i oeget ivedpl ebangsdnplasspleatdhygrolips offr dPSgenidc tassay. 15 bMedi um
RPM 1640 pH 9., is the.detection limt %f LAL chronogenic

.C0.005FEU M
Noony. 4 " EEPLRENGLE ABvrhad PepOfade i Wedlken! Bl BeckepsE EREVISME
J. Ver hoef vdmdidgAcEpa¥ady Sbfi tipe (A998)de]). (Dimauenl a116208607- 3615.

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).
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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

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

® Sodium acetate buffer: 20 mM sodium acetate containing

10 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.

15 ¢ Clearance Factor (CF) which reflects. the efficiency of LPS
removal, is obtained by dividing concentration of LPS before with
after treatment.

20
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The pol ypeptide of claim 1 wherein the S3 peptides are in tandemrepeat. 3.
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pepti des are separated by a linking sequence. 4. The p peptl de of cl ai m 3
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| to 8 tagged with a detectable [abel. 10. The pol ypeptide of claim?9
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cassette of Clg@FRrd2Z: 120 120
Treatment
(EU/ml)
After <0.005° <0.005°
treatment
(EU/ml)
Clearance >24000 >24000
Factor (CF) '
10

®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.



14. A host cell conprising the DNA of claim1l1l. 51 15. A nethod of
producing a multinmer of S3 peptide, conprising the step of expressing DNA
encodi ng the pol ypeptide of any one of clains 1 to 18 in a host cell. 16.
The met hod of claim 15 further conprising the step of isolating the
pol ypeptide. 17. A nethod of producing a polypeptide as defined in claiml,
conprising the step of expressing in a host cell DNA encoding a pol ypeptide
whi ch conprises eight S3 peptides and wherein the fourth and fifth S3
pepti des are separated by a cleavabl e I?%king sequence; and subjecting the
pol ypeptide to conditions suitable for cleaving the |inking sequence to
produce t he REEEFEYpEFde havi ng four S3 peptides while keeping the S3
peptides intact. 18. The nethod of claim 17 further conprising the step of
i sol ating tlHe Hpekyp€pti 8e. h¥vEngat oder SPlpepthi-dedl- ¥on ¥gesaet hdd of cl ai m
17 or 18 wh&eehpefhendoddAt Fon¥asustable fl983| gavilmgumphe LEhkBAG7 sequence
is acid digsesticon. 20. The nethod of claim 17 or 18 wherein the conditions
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keepi ng qthe ;93 .paRaBRES i ntact. 22. A nmethod for detecting LPS-containing
bacteria conprising the steps of contacting a sanple to be tested for
LPS- cont ai ni cteeri i he |y, trd f any o chanps:l to 8
ey AT S e
pol ypepti de of any oné of "¢clfarns”"1 to 8 for use in the treatnent of
Comor s SaSialerLh Pnafe IO [y LAY SN LRYO Dactert e
al 9 n%ec{ %mmun. 56:1589-1592.

Ferguson, A.D., Hofmann, E., Coulton, J.W., Diederiches, K.
and Welte, W. (19%98) Science. 5397: 2215-2220.

20
Goh, Y.Y., Frecexr, V., Ho, B. and Ding, J.L. (2002) Protein
Eng. 15:493-502.
Ho, B. (1983) Microbios Lett. 24: 81-84.

25

Kajino,T., Takahashi, H., Hirai, M. and Yamada, Y. (2000)
Appl Environ Microbiol. 66:304-309.

Latham, P.W. (19%88) Nature Biotech. 17:755-757.

30 Le, H.V. and Trotta, P.P. (1991) Bioprocess Technol.12:163-
81.

Lee, J.H., Minn, I., Park, C.B. and Kim, S.C. (1998) Protein
Expres Purif. 12:53-60.

35
Lee, S.J., Lee, J.H., Jin, H.J., Ryu, H.Y., Kim, Y., Kong,
S. and Kim, K.W. (2000) Mol Cells. 10:236-240.

Liu, S.G., Tobias, R., McClure, S., Styba, G., Shi, Q.W. and
40 Jackowski, G. (19%7) Clin Biochem. 6:455-463. :

Mauroc, J.M. and Pazirandeh, M. ({2000) Lett Appl Microbiol.
2:161-166.

45 §. Minobe, S., Watanabe, T., 8ata, T., Tosa, T., Chibata,
J. Preparation of adsorbents for pyrogen adsorption. J.
Chromatography. 248 (1982) 401,



contacting a sanple containing LPS-containing bacteria with the polypeptide
of claim 10 and detecting bacteria-associ ated fluorescence arising fromthe
| abel . 25. The pol ypeptide of any one of clains | to 9 imuobilized on a
solid medium 26. The pol ypeptide of claim25 wherein the solid nmediumis
agarose. 27. A nethod for renoving LPS or LPS-containing bacteria froma
sanple, conprising the step of contacting the sanple with the pol ypeptide
of claim 25 or 26 under conditions which allow binding of LPS-containing
bacteria to the polypeptide, and obtainffg the unbound material which is
substantially free of LPS or LPS-containing bacteria. 28. A conmerci al
package corrr#;ltﬁ% the Poisppept FdB- oFn@piowHe TR ol Br@tgiand
i nstructi onsFlortijons .ude PAcgecbeplagy LPS cottinidy bacteria in a sanple.
29. A commerci al package conprising the pol ypeptide of any one of clains 1
to 8 and i nsichsgtdegns H.ornidt yonsdapnwt r@at [ Y Bnddtrexadiicectmm.sépsics. 30. A
commerci a pEEkage .conprising the polypeptide of claim?25 or 26 and
instructions for its use for renoving LPS or LPS-containing bacteria from a
sanpl e. 1/ 1ZcSEQUENGE | LvSELNGenk110>ADE NG, , Jmalkddmg WH@,. ,Bolaneb2®> Sushi
Peptide Ml td nemw. €h30R019612- 80 <1402) CA2Add 2 . <bdl> 2003+33-.04 <160> 9
<170> Patentln Ver. 2.0 <210> 1 <211> 34 <212> PRT <213> Artificial
Sequenceip gzoka, P.R., Achreiber, A.B., Chan, H. and Murthy, J. (1986)

DNA. 5:11-20.

Tan, N.S., Ho, B. and Ding, J.L.{(2000a) FASEB. J. 14:859-
870.

15
Tan, N.S., Ng, M.L., Yau, Y.H., Chong, P.K., Ho, B. and
Dj.ng, J.L. {(2000b). FASER. J. 14:1801-1813.



<220> <223> Sushi-3 peptide <400> 1 Hs Ala Qu Hs Lys Val Lys Ile dy Val
GQu @n Lys Tyr Ay Adn 15 10 15 Phe Pro An @y Thr Au Val Thr Tyr Thr
Cys Ser Ay Asn Tyr Phe 20 25 30 Leu Met <210> 2 <211> 34 <212> PRT <213>
Artificial Sequence <220> <223> Sushi-3delta peptide <400> 2 Hs Ala Gu
Hs Lys Val Lys Ile Lys Val Lys Adn Lyssgfyr Ay Gn 1 5 10 15 Phe Pro Gn
@y Thr Au Val Thr Tyr Thr Cys Ser @y Asn Tyr Phe 20 25 30 Leu Met 2/12
<210> 3 <2QIAIMS <212> DNA <213> Artificial Sequence <220> <223> forward
primer <400> 3 TCGAAGACGG CCCCAGGATC CCCATGCTGA ACACAAGG 38 <210> 4 <211>
35 <212> DNA <213> Artificial Sequence

1. A polypeptide comprising four S3 peptides.

2. The polypeptide of claim 1 wherein the S3 peptides are in tandem repeat.

3. The polypeptide of any one of claims 1 or 2 wherein at least 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

cleavable by protease.

5. The polypeptide of claim 3 wherein at least one of the linking sequence is

cleavable by acid digestion.

6. The polypeptide of claim 5 wherein the at least one linking sequence

comprises Asp-Pro.

7. The polypeptide of any one of claims 1 to 2 consisting of the S3 peptides.

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 polypeptide of any one of claims 1 to 8.

12.  Anexpression 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.



<220> <223> reverse priner <400> 4 TAGAAGACCC. GGGGGICCAT CAAAGAAAGT AGITA
<210> 5 <211> 3448 <212> DNA <213> Carci noscorpi us rotundi cauda <220>
<221> CDS <222> (18)..(3074) <400> 5 gtgaaggtaa cttaagt atg gtc tta gcg tog

35

ttt
10

Leu
gat
Ay
t at
Phe
t gt
Pro
t gt
Au
aaa
Ay

ttg
gtt
Ay
cta
Leu
gtg
Asn
aaa
Cys
caa
Cys
t at
Thr

gtg tct ggt tta 50 Met Val Leu Ala Ser Phe Leu Val Ser Ay Leu 1 5
cta ggg cta cta gcc caa aaa atgicgc cca gtt cag tcc aaa gga 98 Val
Leu Leu Ala dn Lys Met Arg Pro Val An Ser Lys Ay 15 20 25 gta
ggc 459 t O mefHod BFproditi Qrﬁﬂlﬁm@ﬁgf sgbem E&hgﬁﬁﬁ%%ﬁste et Asp Leu
Cys Asp du Thr Ar Phe s Lys S gat cca ggc
ttc aac atexpréwgnglﬁaa@wdm thg polypeptt cpftany onoaf claims bte 18y Tyr Val
Ile Pro V%'ho.ln %“G n Cys Thr Tyr Phe 45 50 55 tat cga tgg agg cog tat
cca tgt gat gac ctg gag get aag 242 Tyr Arg Trp Arg Pro Tyr Cys Lys
Asp Asp Leu Gu Ala Lys 60 65 70 75 gat att tgt cca aag tac aaa cga
gagtAgt get ggt ctt.,290 Asp Ile Cys ProLsfy ¥sAr g Cs Gn
Lys e ggthg @5019@3]/5151"115‘&00&&“5%"&&@1%‘%& sglating dhe.ct ~ aac
ggt act t g1 tiqgadc 338 Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr
Trp Cys Sgr YB%I

17. A method of producing a polypeptide as defined in claim 1, comprising the
step of expressing in a host cell DNA encoding a polypeptide which
comprises eight S3 peptides and wherein the fourth and fifth S3 peptides
are separated by a cleavable linking sequence; and subjecting the
polypeptide to conditions suitable for cleaving the linking sequence to
produce the polypeptide having four S3 peptides while keeping the S3
peptides intact.

18.  The method of claim 17 further comprising the step of isolating the
polypeptide having four S3 peptides.

19.  The method 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 cleaving
the linking sequence comprises proteolytic digestion.

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

22. A method for detecting LPS-containing bacteria comprising the steps of

contacting a sample to be tested for LPS-containing bacteria, with the
polypeptide of any one of claims 1 to 8 and detecting binding between
LPS and the polypeptide.



95 100 105 ggt gaa tgt cag tgt aag aat gga ggt atc tgt gac cag agg aca gga
386 Ay Qu Cs An Cys Lys Asn Ay Gy Ile Cs Asp A n Arg Thr Ay 110 115
120 get tgt gca tgt cgt gac -aga tat gaa ggg gtg cac tgt gaa att ctc 434
Ala Cys Ala Cys Arg Asp Arg Tyr Gu Ay Val Hs Cys Qu Ile Leu 125 130 135
aaa get tgt cot ctt ctt cca tcg gat tctscag gtt cag gaa gtc aga 462 Lys Gy
Cys Pro Leu Leu Pro Ser Asp Ser Adn Val An Gu Val Arg 140 145 150 155

.aat cca cca gat sat ccc caa act att gac tac agc tgt tca cca ggg 530 Asn

Pro Pro As éé Pro GI n Thr [0? lSatl Cys Ser Pro 160 165 170 ttc
aag ctt aag dggt atgegred é‘dﬁ aaz;@nﬁg%f s dcte & dor ﬁa"’c‘é’ﬁ trgatmend . | ys Leu
Lys Ay Net Ala Areﬂd&ﬂo?ae?ﬁi Péspsk€U Pro Asn Gy @ n 175 180 185 tgg agt aac

ttt cca ccc aaa tgt att cga ga tgt gcc atg gtt-tca 626 Trp Ser Asn Phe Pro
Pro Lys Cys Ile Arg Au Cys Ala Met Val Ser 190 195 200 tct cca gaa cat ggg

aaa gtg aat get cty a t gat atg a gaa. 674 Ser Pro@.u Hi Lys Val

Aon Ala Leu 94 ém@bmﬂ&?r Hetectiae Bogo Baging] BACRRR GRTPHRIDE H@easteg,g)ft tc tca
tgt gat agt ccc t%nfa@ﬁn%}g @&hpﬂgtcozt%&l gupﬁk&n&mné%cé&ﬂ Rbigh Sge Oys Asp
Ser Pro Tyr Tyr Leu Il 220 225 23 caa gaa aca tta acc tgt cag ggt

aat ggt cag tgg aatolxgxgatldag)faalarrﬂo al@ det@tmgwtmsfbmateq'ﬁltﬁrcsce:ﬂcy Asn Gy
A@n Trp Asn Ay An. lle 243_‘2%3 250 cca caa tgt aag aac ttg gtc ttc tgt cct
gac ctg gat cot gt%‘ﬁ‘&cﬁ ‘3 G n Cys Lys Asn Leu Val Phe Cys Pro Asp Leu
Asp Pro Val Asn 255 260 265 cat get gaa cac aag gtt aaa att ggt gtg gaa caa

aaa tat ggt casg 866 His Ala Gu His Lys Val Lys Ile Ay Val Gu dn Lys Tyr
dy dn 2 The polypeptide of any one of claims [ to 9 immobilized on a solid

medium.
26.  The polypeptide of claim 25 wherein the solid medium is agarose.

27. A method for removing LPS or LPS-containing bacteria from a sample,
comprising the step of contacting the sample with the polypeptide of claim
25 or 26 under conditions which allow binding of LPS-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
to 8 and instructions for its use in detecting 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 polypeptide of claim 25 or 26 and
instructions for its use for removing LPS or LPS-containing bacteria from

a sample.



270
914
295
Met
gga
Ser
gac
Ser
cac
Cys
at a
Tyr
ctt
Pro
tcg
Asp
tct
Leu
aaa
Ser

gtt

275 280
Phe Pro G n @y Thr
atg ggt ttt gac acc tta
Phe Asp Thr Leu Lys Cys
cag cca tcc tgt gtt aaa
Pro Ser Cys Val Lys Val
aaa get gta gac ttc ttg
Al a Val Asp Phe Leu Asp
cct get ggc tgt tct ttg
Al<al@ PIysISer Limy Thr
cat gaﬁoctBPWtcc tca gtg
V uJL%/s Arg Ala Ala Ile H's

ttg
Ay
tca
Adn
agt
Lys
t gt
Pro
tac
Hi s
cca
Asn
gac
Phe
ctt
Al a
tca
Ay
aca

aa&z?c# ggla tlde
Sen 3 ¥9@2¥66\| a VaI Hi s
ttt ctg ggt agt gac ctg
Leusd yabSroAsp Leu Asn
go04Tg@oeyo7tdac cga ttc
Arg Ser Phe Arg Phe Asp

68yt cct gat gga tgg

q’%? QbR W, TrP Phe

tca aaa cag aga gcc tgg

<210> 1

<211> 34

<212> PRT

<213> Artificial Sequence

<220>
<223> Sushi-3 peptide

<400> 1

d u Val

aaa tgt aac cot gat
Asn Pro Asp Gy Ser
gtg gca gac aga gag
Ala Asp;Aig Gu Val
gat gat gtt ggt gaa
As pseyatncd yrs@hns Pr o
aca get ggt act gtg
Ala @y Thr Val Trp
tgt cgt gca gcc atc

mer

cat gtt gtg aac sat
Val Val Asn Asn 380
sat ggg ata aaa tcg
Ay Ile Lys Ser 400

ttt cct caa ggc act gaa gtg acc tat acg tgt tog ggt aac tac ttc
Thr Tyr Thr Cys Ser

Ay Asn Tyr Phe 285 290
ggg tct tgg tca 962 Leu
Trp Ser 300 305 310 315
gtc gac tgt 1010 Gy
Asp Cys 320 325 330 4/12
cct gtc agg 1058 Asp
Val Arg 335 340 345 atc
tgg ggt 1106 Ile H's
@y 350 355 36D aca gcc
cat 1154 Thr Ala lle
365 370 375 get ggc aag
1202 Ala Gy Lys Leu
385 390 395 ggc ccc tac
1250 Gy Pro Tyr Ser
405 410 gaa gag ttg aag

gat tat gtc cgt 1298 Gu du Leu Lys Ser

Tyr Val Arg 415 420

425 tcc tcc aca gca ggt

ttt gag gta 1346 Ser Ser Thr Ala Ay Lys

A u Val 430 435 440
gaa aga 1394

gac gag aac tgt gtg tac

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

Leu Met -

<210> 2

<211> 34

<212> PRT

<213> Artificial Sequence

<220>
<223> Sushi-3delta peptide

<400> 2

25

30

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

Leu Met

25

30



Asp
get

Adn
aaa
Asp
aca
Thr

tgg
du
aca
Phe
gac
Ile
cag
Pro
aaa
Cys
caa
5er

gtt

Leu

Asn
ggt

Val

gta
Ile
acg
Trp
tta

Cys
gtg
Cys
att
Pro
tgg
Ile
atg

Met1dAsp
t ggiygeest ct
Al<a@lBepNrg y
céélb’aﬁr%gcfaclgs‘&‘&@nf‘&t
Asngl n Leu A n Ser Val

Ser

Asp Pro Ay Ser

he

Val
t gt
Thr
cca
Asn
at a
Ay
gat
Arg

Al a

Tyr Val
acc sat atg
Asn Met Al a
sat tog
Ser Leu
gga ttg
Leu Hi s
cgt agt
Ser Asn
ggc gaa
Au Pro

Thr

ttg
Thr
cac
Arg
sat
Val
cct

t CQZ@Eo}JaEdg:EmEQC atg

s Met Met
gakog@at cct gga tca ctg

Leu GQu

Ser
get
Al a
act
du
aga
Leu
gtg
Val
gga
Asn
gtg
Trp
atg
Asp
gaa
Asn

Lys A n
got cgt
Arg Leu
gag act
Thr Leu

Ctéiz%?§

gtt ctg
Leu Asn
aat gaa
A u Thr
tgg aaa
Lys Thr
gat ctg
Leu Ser
aat gga
Gy H's

atTECAERCRY GCETAECRER CHEATCHEHER PERCPRES
Asp Ay Phe Tyr Ala Ay Ser 5er Ile
cac tac ctc apt gga act gaa acc gta

Arg
ctt
Al a
cta
Arg
got
Au
sat
Asp
act
Asn
acc
Lys
tca
Asp
cac
Al a

Al a
get
Val
cga
Ay
gag
Lys
gat
Asn
aac
Cys
aag
Ser
gac
Arg
gcc
575

Trp
gtg
Leu
ggg
Lys
aag
Pro
aac
510
t gt
Val
tca
540
aga
560

G u Arg 445 450 455
ctg gac 1442 Al a
Asp 460 465 470 475
aaa ggg 1490 Lys
Ay 480 485 490 tta
ccc 1538 Leu Thr
495 500 505 ¢ttt att
1586 Phe Ile Trp
515 520 5/12 cta
gta 1634 Leu Thr
525 530 535 tat atg
1682 Tyr Met Asp
545 550 555 tgt ttt
1730 Cys Phe @ n
565 570 sat aaa gcc

1778 Asn Lys Ala Lys

580

585 aca ctt cat gga

ata *#826 Thr Leu Hs Ay An
590 595 600 agg tac agc tgt gag
1874 Arg Tyr Ser Cys Qu Va

Tyk,deu Ser Ay Thr Gu Thr Val 605 610 615

<211l> 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)..(3074)

<400> 5

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

Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu
1 ) 10
gtt cta ggg cta cta gcc caa aaa atg cgc cca gtt cag tcc aaa gga 98
Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly
15 20 25
gta gat cta ggc ttg tgt gat gaa acg agg ttc gag tgt aag tgt ggc 146
Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly
30 35 40
gat cca ggc tat gtg ttc aac att cca gtg aaa caa tgt aca tac ttt 194
Asp Pro Gly Tyr Val Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe
45 50 55

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

60 65 70 75
gat att tgt cca aag tac aaa cga tgt caa gag tgt aag gct ggt ctt 290
Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu

80

85

90



act tgt aca aca

Cys
aaa
Val

atc
Lys
ttg
Arg
cca
Lys
aaa
Leu

Thr
gtc
Ile
aaa
Pro
agg
Leu
aaa
Pro
cta
Pro
gag t
Ser
aat
Ay
gga
Arg
gaa
Ile
cac
Asn

Thr
atc
Thr
ccc
Pro
ttg
Pro

Glu

5 gga L agg%

Asn
acc
Cys
cca
Ser
cca
Arg

dy

aat ggc aca
Ay Thr Trp
tgc caa aac
G@n Asn Pro
agt, cgg aca
Arg Thr Asn
cgg tta ccc
Leu Pro Leu
Ce6it aga tg€cCgtitCactcaat Caa
Argp Ser Servad mhiPrCys Sgre
cct gaa ggt -°t§>at tac cgg
Hi s r Ar

tgg
Ser

ccc
Pro
aac
Ser
ctc
Pro

VaI

gga aacC tgg agt ggt ng
Asée: Tgp oartdd Yghlogc Rida
C@lp ttga Agaccischra Gisp ChHtg

Ser Agp Ser

at a

i 2

.aat cca cca gat

Asn

ttc
Phe

tgg
Trp

tct
Ser

ggg
Gly
220

caa
Gln

cca
Pro

cat
His

Tttt
Phe

ttg
Leu
300

gga
Gly

t

8

Pro

aag
Lys

agt
Ser

cca
Pxro
205

gct
Ala

gaa
Glu

caa
Gln

gct
Ala

cct
Pro
285

atg
Met

tca
Ser

Pro Arg Serd

cag tg

 Fe
TR
Net Trp Phe Leu dn Cys d

Pro Asp Asn
160

ctt aag ggt
Leu Lys Gly
175

aac ttt cca
Asn Phe Pro
190

gaa cat ggg

Glu His Gly

act tta cgg
Thr Leu Arg

aca tta acc
Thr Leu Thr
240

tgt aag aac
Cys Lys Asn
255

gaa cac aag
Glu His Lys
270

caa ggc act
Gln Gly Thr

ggt ttt gac
Gly Phe Asp

cag cca tcc
Gln Pro Ser
320

Pro

atg
Met

ccce
Pro

aaa
Lys

tte
Phe
225

tgt
Cys

ttg
Leu

gtt
val

gaa
Glu

acc
Thr
305

tgt
Cys

aat ccc caa

Gln

gca
Ala

aaa
Lys

gtg
val
210

tca
Ser

cag
Gln

gtc
val

aaa
Lys

gtg
val
290

tta

Leu

gtt
val

agt pct cct aaa cct cgs tgt atc 1922 Thr
Ala Pro. Lys Pro Arg Cys Ile 620 625 630 635
cct gta cca tca tat ggt tot gtg 1970 Lys
Val Pro Ser Tyr Gy Ser Val 640 645 650 gaa
tcg ata agt cgt gtt ggg tca 2018 Gu lle
lle SeryAyg Val Gy Ser 655 660 665 cct ttc
cca tta get aga gca gcc 2066 Pro Phe Leu
Leu Ala Arg Ala Ala 670 675 680 aaa cct cct
ted aactagtgtgae bétgcadd bt dys Pra@ Pro Pro
o AMalLyAshrL@ly 685 T80(Fy69%eyet tct aaa gtt
gtalg‘gg tct cga 216295Ala Ser Lys Val Lys
70 705 710 715 gcg atc tac acg

g %é% 7%%Cj %% éﬁh@g%?c agfrsaggrtg sgac

cca gcg agc 2258 dy Arg Arg Cys Asp Ser
A gSerlggd g 7Y ¥4h gBh 1t tgt atte cca gtt
Tet ctetely tMalaic 2BOEIvGEs 4w Pro Val Cys
Pro Phe Ile 715’(57 755 760 tgg aat ggg aat tct
er Thr

éfagggfaeﬁﬁg 4 Trgggcgttic g:yaga e{&gg e

er Arg {¢&p Leu Ala Asp

act att gac tac agc tgt tca cca ggg 530
Thr Ile Asp Tyr Ser Cys Ser Pro Gly
165 170

cga att agc tgt ctc cca aat gga cag 578
Arg Ile Ser Cys Leu Pro Asn Gly Gln
180 185

tgt att cga gaa tgt gcc atg gtt-tca 626
Cys Ile Arg Glu Cys Ala Met Vval Ser
195 200

aat gct ctt agt ggt gat atg ata gaa 674
Asn Ala Leu Ser Gly Asp Met Ile Glu
215

tgt gat agt ccc tac tac ttg att ggt 722
Cys Asp Ser Pro Tyr Tyr Leu Ile Gly
230 235

ggt aat ggt cag tgg aat gga cag ata 770
Gly Asn Gly Gln Trp Asn Gly Gln Ile
245 250

ttc tgt cct gac ctg gat cct gta aac 818
Phe Cys Pro Asp Leu Asp Pro Val Asn
260 265

att ggt gtg gaa caa aaa tat ggt cag 866
Ile Gly val Glu Gln Lys Tyr Gly Gln
275 280

acc tat acg tgt tcg ggt aac tac tte 914
Thr Tyr Thr Cys Ser Gly Asn Tyr Phe
295

aaa tgt aac cct gat ggg tct tgg tca 962
Lys Cys Asn Pro Asp Gly Ser Trp Ser
310 315

aaa gtg gca gac aga gag gtc gac tgt 1010
Lys val Ala Asp Arg Glu Val Asp Cys
325 330



780 785 790 795 gga tct cta ttg aat gag aaa tgg atc gtc act get gcc cac tgt
gtc 2450 Gy Ser Leu Leu Asn Qu Lys Trp Ile Val Thr Ala Ala H s Cys Val
800 805 810 acc tac tct get act get gag att att gac ccc aat cag ttt aaa atg
2498 Thr Tyr Ser Ala Thr Ala Qu Ile Ile Asp Pro Asn A n Phe Lys Net 815
820 825 tat ctg ggc aag tac tac cgt gat gac agt aga gac gat gac tat gta
2546 Tyr Leu Gy Lys Tyr Tyr Arg Asp Agp.8er Arg Asp Asp Asp Tyr Val 830
835 840 caa gta aga gag get ctt gag atc cac gtg aat cct aac tac gac ccc
2594 d n g¥aladhr ghaGher Ata daeut€d drdlatHias Ml ghsalPratAgtr fyg Aspsdro 845
850 855 ggeraatr GitscAdm@al tAspglles &ta rgocAspt delably Gda Wrogvaladract cct gtt 2642
Ay Asn Leu Asn Phe3®sp Ile Ala Leu3¥Pe A n Leu Lys *Mar Pro Val 860 865 870
875 act ttg aca aca c%a gtc caa cca atc t%t ct cct act gac atc ca 2690

Thr Leu THESTHE ét g5Vl B IEPEY e CY tpgﬁ) Tht V&ngdjt {y 0 885 890
g

aca aga gaa cac ogpjé%é\ gag 'gg Ser Lte d gty aca gg 2738 Thr

Arg Qu H's Leu Lys Qu dy Thr Leu Al a VaI VaI Thr Ay Trp 895 900 905 ggt
ttg aat gamaant AACtaAECatadast 6ex gag w@aggwat tgtCag: gra Pt agl ga 7861543 y Leu
Asn G u AanrAsa Thr Ty HiSesluGen Fhr dSekeval oysGhng Alla AJal 13161915 920 cta cct
gtt gtt gca g€ agc acc tgt ga# gag ggg tac ad@g°> gaa gca 2834 Leu Pro Val
Val Al a Al a Ser ThrC%s G u Glu- r Lys Glu Ala 925 930 935 ac tta cca

G
o i s a e ol gl g S g il Tl

tat gat gcc tgc agt ggg gac agt gga gga cct tta gtg 2930 Lys Gy Arg Tyr
Asp Al a CygcSeic G tdspadSerttCeyy Ghy a8k wdcettgVakt 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



960 965 970 7/12 ttt get gat gat tcc cgt acc gas agg cgg tgg gtc ttg gas
ggg att 2978 Phe Ala Asp Asp Ser Arg Thr Qu Arg Arg Trp Val Leu Au Gy
Ile 975 980 985 gtc agc tgg ggc agt ccc agt gga tgt ggc aag gcg aac cag tac
ggg 3026 Val Ser Trp Gy 5er Pro Ser Ay Cys Ay Lys Ala Asn Gn Tyr Ay
990 995 1000 ggc ttc act aaa gtt aac gtt ttc ctg tca tgg att agg cag ttc
att 3074 dy Phe Thr Lys Val Asn Val Pheiheu Ser Trp Ile Arg G n Phe Ile
1005 1010 1015 tgaaactgat ctaaatattt taagcatggt tataaacgtc ttgtttccta
ttattgctttce3ldd tactagtdctaactcegabaagaa gt iaaciggcytaagggacas aggatacatt g
tttctottt ged3lOd prid trkd aCaasert ght Gat thrd Glgt Bagbyaaht gegacttsadel at ccat t gaa
gactgttacc 3254 ttttattcta cetd®tttata ttactab@gta agtatttggg atatcttcta
cacatgaaaaa§314 g%’ic%(gtc?tt ttac%ataagitt tttct t aa ccacca

gt agagaac 3@ t§2tc g g %Eg a % at aa
act accttaa54 Vic7 agaagai agifa a%g 12> PRT <213>
Car ci noscor pi us rot undi cauda <400> 6 Met Val Leu AI a Ser Phe Leu Val 5er
Ay Leu ValgtLet &g/ ckeucheapt 4t gdd thb athl acGhae loys ddat gy ggroivad G n Ser
Lys Gy ValysAsp teuPrc\sekeger20h?B18Cys Qs WspALS eThierAbg Phe 3 u Cys Lys
Cys Ay Asp Pro Gly Tyr569al 35 40 45 Ffé Asn Ile Pro Vval® Lye A n Cys Thr

Tyr Phe Tyr Arg Ar Pro 50 55 60 Cy %/s Lys Pro C}/ Asp Asp Leu Qu
ﬁfﬁ' =f at c ggntca ctd gaa “aat gga gcc
Ala Lys Asnliys ys g(é'ys 7 rz%dgoSer Leu Glu Asn Gly His RAla
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



Tyr Lys Arg Cys G n GQu Cys Lys Ala Gy Leu Asp Ser Cys Val Thr 85 90 95
Cys Pro Pro Asn Lys Tyr @y Thr Trp Cys Ser Ay Gu Cys G n Cys 100 105 110
Lys Asn Ay Ay Ile Cys Asp G n Arg Thr Ay Ala Cys Ala Cys Arg 115 120 125
Asp Arg Tyr Gu Gy Val Hs Cys Qu Ile Leu Lys Ay Cys Pro Leu 130 135 140
8/12 Leu Pro Ser Asp Ser dn Val GAn Qu Val Arg Asn Pro Pro Asp Asn 145
150 155 160 Pro @ n Thr Ile Asp Tyr Selg /Q¢s Ser Pro @y Phe Lys Leu Lys Ay
165 170 175 Net Ala Arg Ile Ser Cys Leu Pro Asn Ay An Trp Ser Asn Phe Pro
180 185 19QtPr@ &ass gly gkl §52AEg Gl ¢St Al acNebt ak &er tSeracPro2ebas Hs Ay
195 200 2Q%s 1pseMalaAsysAbly hey sBeras@l serAsyp Mey Sekerxd Bhédiye Al a Thr Leu Arg
210 215 220 Phe?®er Cys Asp Ser "PPo Tyr Tyr Leu78Pe Ay G n Qu Thr Lev Thr
225 230 235 240 anG Asn Ay An Trp Asn Ay GnIIeProGnQ/sLys
Asn 245 2599255 9%’?? F?fjé‘ I@ Ggﬁ\sﬁeg @1‘1_‘-;’?0 VaBiASH $*Na du Hs
Lys 260 268 Z70° 3 T y Gn’Phe Pro Gn dy
Thr - 275 280 285 G u VaI Thr Tyr Thr Cys Ser Gly Asn Tyr Phe Leu Met Ay
Phe Asp 290 295a30Qgg Bk dRUghY 3aE)at Aty PP thsptd dagSest Bup Senofd y Ser

A n Pro Sene 805231 0r31ku3RG ALy HiValsnlnes Vgl ph: deASpLnACYs @Ilu Val Asp Cys
Asp Ser Lys$0Al a Val 325 33®5335 790

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



Phe

Phe
Cys
Leu
Ser

Leu
Ser
Ser
Ay

Ser Val

Asp Asp Val
Leu Thr Ala Ay Thr Val

Gy Ala val

Gy GQu Pro Val
Trp Ay Thr Ala Ile Tyr

Arg Ile Hs Cys Pro Ala 340 345 350
H s

355 360 365

Cys Arg Ala Ala lle Hs Ala Ay Lys Leu Pro 370 375 380

Hi s

Val Val

Asn Asn Ay Pro Tyr Ser Asp 385 390 395

Phe Leu Gy Ser Asp Leu Asn Gy lle Lys Ser Qu Gu Lou Lys Ser 405 410

Leu Ala Arg Ser

Thr Trp 485 490 495

Au

l1le d
Ledke mt%ggsmtl\@‘fc @é
GIEET & °
535 540 Asp

Val ?ﬁf
eGIng

Phe Arg Phe Asp Tyr,; )\
430 Lys Ser Gy Cys Pro Asp Ay Trp
445 Tyt Y& gdhigaSadcclys o AeGBl @ygTegy e AG0gAl 8gddartc G yoMal
460 9/dn2 niBhnsAsEp Melr Atq TAF &Bl1Argrglety Atm valiebeelvAspy Liys Asp Val
465 470 475 480G75Asn 5er Leu Theeod u Thr

BLEAA

e

%YAiy A {hv
n Leu A n Ser al

Arg Ser
he G u Val

Ser Thr Ala Ay 420
Asp A u Asn Cys Val

435
Cys 450
Ile

Leu Arges@y Lys Ay Leu Tar

Leu Asp Al

x4l CEL‘-’fe IAsp?En Leu Th
IDTEY%EEK Q/as Vgl 'el';r r

Trp Lys Thr

a Qu Lys

Pro Phe Ile

Lys Ser Cys

Pr&ycSetc a84%2858 58 360 trSedcgPhe A a0y Sagybtad\etc Asp LaurSer Asp
LyslyAbiee ks L@y Svai6bs:b 701 5hb LeASperAsty PLe Adgycisephd eleU u Asn Gy Hi s

Leu & Gy An

tgaaactgat
actagtttaa
tttttacaaa
ttttattcta
ttctgtcatt
atgtaatttt

aaaaaaaaaa

ctaaatattt
cccataagaa
tggttatttt
cctttttata
ttaccataaa
cactagcaca

aaaa

580 1856% 590

taagcatggt
ggttaactgg

agtcagtgaa

ttactatgta

tttggtttct

tgaaataaat

1015

tataaacgtc ttgtttccta ttattgcttt

gtaaggcaca
tgagaatagt
agtatttggg
ggtgtgtget

atagaacaaa

aggatcattg
atccattgaa
atatcttcta
aagtccacca

tctattataa

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 Leu Val Ser
1 5

Val Leu Leu

15

Gly Leu Leu Gly

10
val

Leu Leu

30

Met Pro Val Gln

20

Ser
25

Ala Gln Lys Arg Lys Gly Asp Gly

Thr Phe Glu Pro Val

45

Glu
35

Cys Asp Arg Cys Gly Asp Gly

40

Lys Cys Tyr

Gln Thr Phe

55

Phe Asn Ile Pro Val Arg Pro

50

Lys Cys Tyr

60

Tyr Trp Arg

Tyxr Pro Leu Glu Ala Ile Pro

65

Lys
75

Asp Cys Lys

80

Cys Lys Cys Asp

70

Asp

Ala Val Thr

95

Gln Glu

85

Cys Lys Gly Leu Ser

90

Tyr Lys Arg Cys Asp Cys

Asn Thr Ser Glu Gln

100

Cys Pro Pro Lys Tyr Gly Txrp Gly

105

Cys Cys

110

Cys

Gln Thr

120

Lys Asn Gly Ile Ala Ala

115

Gly Cys Asp Arg Gly Cys

125

Cys Arg

Val His Ile

135

Asp Arg Glu Glu Leu Pro Leu

130

Tyx Gly Cys Lys

140

Gly Cys



Ser
Val

Ay
640
650
660
675
690
705
Asp
Cys
Ser
Trp
Sex
Val

Net
Val

Ile Asp Gy Phe Tyr Ala Ay Ser Ser Ile Arg Tyr Ser Cys Gu 595 600 605
Leu Hs Tyr Leu Ser Ay Thr Au Thr Val Thr Cys Thr Thr Asn 610 615 620
Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile Lys Val Ile Thr Cys 625 630 635
G@n Asn Pro Pro Val Pro Ser Tyr Ay Ser Val Gu Ile, Lys Pro Pro 645

655 Ser Arg Thr Asn Ser Ile Ser Arg Val Ay Ser Pro Phe Leu Arg Leu

665 670 Pro Arg Leu Pro Leu Pro Leueej% Arg Ala Ala Lys Pro Pro Pro Lys
680 685 Pro Arg Ser Ser G n Pro Ser '?‘ r Val Asp Leu Ala Ser Lys Val Lys
695 70Q, bEUSEF Qs de-GEdh HhH cl¥rcifr e1Valy &Ly 596 p A 8sfadnll € Tyr Thr Cys
710 7155720 Gu Ser Aigp Tyr Tyr GQu Less Leu Ay Ser Gueody Arg Arg Cys
725 730 735 Ser Asn Ay Asn Trp Ser Ay Arg Pro Ala Ser Cys Ile Pro Val
740 7% TBOTE V1AAGPSEYr Asp CBersSePriroAPly Skf WPEoLPhévs I8YTrp Asn Ay Asn
755 760 765 Thr d®d Ile Ay An T¥P Pro Trp A n ARR® Ay Ile Ser Arg

Leu 770 775 780.10/12 Al I S n Trp P u@EnCs dy Ay
Leu Lel\gatApélﬁ1 Z%é%i%ﬁ% 38{8%9&?@?@3’ ‘i'{r\%trr? esoe\r/afill'kge Klgg Ala H's Cys
Thr Tyr Ser Ala Thr 805 810 815 Ala Gu lle Ile Asp Pro Asn A n Phe Lys

Tyr LeioQ@y bys 1Ty rarg8ef 825 M83MetyvalAegr Asp thspeieui AraggyAsp Asp Asp Tyr
Gn Val Arg @u Ala 835 840 2845 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



Leu Gu Ile His Val Asn Pro Asn Tyr Asp Pro Ay Asn Leu Asn Phe 850 855 860
Asp Ile Ala Leu Ile An Leu Lys Thr Pro Val Thr Leu Thr Thr Arg 865 870 875
880 Val Gn Prolle Cys Leu Pro Thr Asp Ile Thr Thr Arg u His Leu 885 890
895 Lys Gu Ay Thr Leu Ala Val Val Thr Ay Trp Gy Leu Asn A u Asn 900
905 910 Asn Thr Tyr Ser Gu Thr Ile dn Gn Ala Val Leu Pro Val Val Ala 915
920 - 925 Ala Ser Thr Cys Au Gu Ay Tyg/1lzys GQu Ala Asp Leu Pro Leu Thr
930 935 940 Val Thr Qu Asn Met Phe Cys Ala Ay Tyr Lys Lys Ay Arg Tyr Asp
945 950 95m:96&h MAL a1GYS1Sakg ey ApvSeteGhyp Gyy RApovhieulVadroPhe Al a Asp Asp
Ser 965 9786975 Arg Thr G|4[Z|0Arg Arg Trp VahsLeu Qu Gy II@OVaI Ser Trp Ay
Ser 980 985 990 Pro Ser X Cys Ay Lys Ala Asn A n _Tyr 1y Phe Thr Lys
Val 995 1880590654 TﬁgnG%F PHEV LS %]é’r o GLY 1N ATRY Ei“h TBRe' P e 1010 1015
<210> 7 <211> 36 <212>*PRT <213> Artiffclal Sequence éﬁ§o> c223> rS3-1 ner

<400> 7 Pro Hys, ALa }gsUAIl'd' %e&-ﬁ%pvﬁil bys1id %rgl%evﬁe GY FiMdys Tyr Ay 15
10 i5 11/12 d'n Pheggro A Thrsgd u Val TyrsIfir Cys Ser @Ay Asn Tyr

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



20 25 30 Phe Leu Met Asp 35 <210> 8 <211> 468 <212> DNA <213> Artificial
Sequence <220> <223> rS3-4nmer <400> 8 ccc cag gat ccc' cat get gaa cac aag
gtt aaa att ggt gtg gaa caa 48 Pro An Asp Pro His Ala Au H's Lys Val Lys
Ile dy Val Gu Adn 15 10 15 aaa tat ggt cag ttt cat caa ggc act gas gtg
acc tat acg tgt tcg 96 Lys Tyr Ay An Phe Pro @n fly Thr Qu Val Thr Tyr
Thr Cys Ser 20 25 30 ggt aac tac ttc tgg)é%g gac ccc cag gat ccc cat get
gaa cac aag 144 dy Asn Tyr Phe Leu Me Pro @n Asp Pro Hs Ala GQu H's
Lys 35 40 s, 43 G 2l &rlg%egﬂeq GaScFAR Ay al ol (Al cot caa ggc
act 192 Vals Lys Ile Ay VabpJu Gn Lys Tyegs Ay G n Phe Pr@god@n Ay Thr 50
55 60 gaa gtg acc tat acg tgt tcg ggt aac tac ttc ttg atg gac ccc cag 240

A u Val TheluTyys Thy IOysvaSerh:dayaAsia Hipr CRhealaurMatr dspaPaori@ n 65 70 75 80
gat ccc cat get gaa cact%ag gtt aaa att8¥gt gtg gaa caaBaaa tat 288 Asp Pro
Hs Ala Qu H s Lys Vval Lys Ile dy Val Glu GIanTr 85 90 95 ggt cag
ttt cot cadgfc att Béﬁs“é’t g ale™t %ﬁg ¥y’ éfg’r %%E%%bmyr(]y A n Phe Pro
Gn @y Thr Gu Val r Tyr Thr Cys Gy Asn 100 110 tac ttc ttg atg

gac ccc cag,9aly & A%atsélehraa@p p%'fa ﬁs%gtq&t VaPAn3R4 adyG1Ph@aleu Met Asp Pro
An Asp Pro Hs Ak Gu H s Lys & 845

Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe
850 855 860

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro val Thr Leu Thr Thr Arg
865 870 875 880

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

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

Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val Leu Pro Val val Ala
915 - : 920 - 925 .

Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thr
930 935 940

Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr AsSD
945 SEQ 955 960

Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp Ser
965 970 975

Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile Val Ser Trp Gly Ser
980 985 990

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

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

<210> 7

<211> 36

<212> PRT

<213> Artificial Sequence

<220>
<223> r83-lmer

<400> 7

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



115 120 125 att ggt gtg gaa caa aaa tat ggt cag ttt cot caa ggc act gaa gtg
Gy dAn Phe Pro An dy Thr
140 acc tat acg tgt tcg ggt aac tac ttc ttg atg gac 468 Thr Tyr Thr Cys Ser

432

Gy Asn Tyr

lle Ay Val

<213> Artificial

Al a
Pro
Met
du
Cys
du
Ay
Pro
Adn

Au
Adn
Asp
Adn
Ser
H s
Thr
dn
Lys

@y Thr du Val
AsP X
dy

Pra 3
Lys Tyr
Ay Asn

d u Val

GQu dn Lys Tyr

Sequence

Tyr

Phe Leu Met Asp 145 150 155 12/12

<210> 9 <211> 156

<220> <223> r S3-4ner

Thr Tyr Thr Cys

G1kd S LR, Gl 4 S

&n Phe Pro @n
Phe Leu Met Asp Pro G n

Asp Pro Hs Ala Gu H s Lys
T@iggsgn Phe Pro dn dy

<212> DNA
<213> Artificial Sequence

<220>

<223> rS3-4mer

<400> 8
cce cag
Pro Gln
1

aaa tat
Lys Tyr

ggt aac
Gly Asn

gtt aaa
val Lys
50

gaa gtg
Glu val
65

gat ccc
Asp Pro

ggt cag
Gly Gln

tac tte
Tyxr Phe

att ggt
Ile Gly
130

acc tat
Thr Tyr
145

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

ir
&y

Val
Thr

aag
Lys

act
Thr
25

cag
Gln

tat
Tyr

aac
Asn

aaa
Lys

gtg
Val
105

ccce
Pro

cag
Gln

tte
Phe

y%hr

h

r

Lys
d u Vval

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

)

A u Val 130 135

c212> PRT

<400> 9 Pro A n Asp Pro H's
Hs Lys Val Lys Ile @y Val Glul n 1510 15 Lys Tyr Ay d@n Phe
er” 20 25 30 Ay Asn Tyr Phe Leu
4,45 Val lys 1le Ay Val
55 60;p Gu Val Thr Tyr Thr
65 70 75 80 Asp Pro His Ala
LysheMVadu gtsakbe@y ValGu G n Lys Tyr 85 90 95 Ay Gn Phe Pro d@n
THr Tyr Thr Cys Ser Gy Asn

100 105 110 Tyr
115 120 125
130 135 140

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

Phe Leu Met Asp

Ile Ay Val Qu

48

96

" 144

192

240

80 .

tat
Tyx

aac
Asn

aaa
Lys

gtg
Val

288

336

384

432

468



Thr Tyr Thr Cys Ser Ay Asn Tyr

<210> 8
<211l> 156
<212> PRT
<213> Artificial Seguence

<220>
<223> rS3-4mer

<400> S

Pro

1

Lys

Gly

val

Glu

65

Asp

Gly

Tyr

Ile

Thr
145

Gln
Tyr
Asn
Lys
50

Val
Pro
Gln
Phe
Gly

130

Tyx

Asp

Gly

Tyr

35

Ile

Thr

His

Phe

Leu

115

val

Thr

Pro
Gln
20

Phe

Gly

Tyr

Ala

Pro
100
Met

Glu

Cys

His

Phe

Leu

Val

Thr

Glu

85

Gln

Asp

Gln

Ser

Ala

Pro

Met

Glu

Cys

70

His

Gly

Pro

Lys

Gly
150

Glu

Gln

Asp

Gln

55

Ser

Lys

Thr

Gln

Tyr
135

Asn

Phe Leu Met Asp 145 150 155

His

Gly

Pro

40

Lys

Gly

val

Glu

Agp

120

Gly

Tyr

Lys

Thr

25

Gln

Tyr

Asn

Lys

Val

105

Pro

Gln

Phe

12/12

val

10

Glu

Asp

Gly

Tyr

Ile-

90

Thr

His

Phe

Leu

Lys

val

Pro

Gln

Phe

75

Gly

Tyr

Ala

Pro

Met
155

Ile
Thr
His
Phe
60

Leu
Val
Thr
olu
Gln

140

Asp

Gly
Tyxr
Ala
45

Pro

Met

Glu-

Cys

His
125

Gly

val

Thr

30

Glu

Gln

Asp

Gln

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





