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irelates to reconb ant 5 Factor C, of the horseshoe crab C a r, s« N 0 S C
for pl us rotundieauda (CrFC), especially with respect to its
expression in eukaryotes. The present application also reI t he use
of the CrFC as an affinity reagent for binding of endotoxi w&u@ “mmm;
bound by CrFC can 10 be renoved frommaterials in |nstance

desirable to prepare a material free of endotoxin. BACKGROUND*@PZFHE

| NVENTI ON Articles of the scientific periodical and patent literature are
cited throughout the specification. Each 15 such article is hereby
incorporated by reference in its entirety by such citation. G amnegative
bacterial endotoxin is a wildspressian of Gearinascarpsis watundiaigdanpl oyed in
bi onedi cal arts, both research and Bi¢tora@lin Phkasfsegaceutical 20,

sol utions used for parenteral or injection admnistration nust be
certified as to endqey o el QWEM§@N medi a used for tissue culture
applications are fypically tested for the presence_of endotoxin. It is of
great inportance, theref‘ré‘fee Pt-’%s%tatﬁ@]ﬂé:%%cEeéaQsBre‘W aptecombinant

replrgdgm bl e ’éesst mk:tﬁiecpb(fstlm@eh@frs@@geéo&rab in aC%@HB'z%o?'é@rﬁius
wou e an advanc e ar vi de _mat.e net hods f or

removi ng Gram negati d;gatuéiltgl aPC’ép@gt o?sﬁ’?cfl?érhny ﬂgh'afeW?cltntEﬂdé‘d:gf or
phar maceutical or @P@etem@g nmaukangopeeparﬁhemms@& saisd Badt il \alfgcee
of endotoxin_ f | 26153el0tL tina PNERk g% ghﬁsLh%PE&&fﬂE%§“¥é§é%nc

| ysate (LAL) assay that 'S present e stan
or binding of endotox1n Endotoxin bound by CrFC can
10 be removed from materials in instances where it is

desirable to prepare a material free of endotoxin.

BACKGRQUND OF THE INVENTION
Articles of the scientific periodical and patent
literature are cited throughout the specification. Each

15 such article is hereby incorporated by reference in its
entirety by such citation. '

Gram negative bacterial endotoxin is a widespread
contaminant of materlals employed in biomedical arts,
both research and c¢linical. All pharmaceutical

] 20. solutions used for  parenteral or injection
administration must be certified as to endot_:oxin levels.
Also, media used for tissue culture applications are
typically tested for the presence of endotoxin. It is
of great importance, therefore, to be able to produce a

25 reliably reproducible test for the presence of endotoxin
in a sample. Also, it would be an advance in the art to
provide materials and methods for removing Gram negative
bacterial endotoxina from formulations intended for
pharmaceutical or other uses requiring preparations
30 substantially free of endotoxin.



for testing for endotoxin. Factor Cis a serine protease proenzynme that is
the first protein in a 5 cascade that | eads to coagul ation of the LAL upon
contact with endotoxin. Factor Cis the protein that' actually binds to

t he endot oxi n; upon binding of endotoxin, the serine protease activity of
Factor C becones activated. The activated Factor Cinitiates a 10 chain of
proteolytic steps culmnating in formation of a solid-clot of protein from

the LAL. The tine for form ng the LAZL clot and the degree of gelation is
i ndi cative of the

endotoxmma anpl e ( . KlmJC and
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preparatlon is therefore desirab eto express reco I nant
whi ch coul d b@%e§§§ndmf€|¢§’éﬁ“¢orﬂ@§e if arhes fdysor PERYSHDX| fn a

detections Theagcade OtheE qruim@xw te@g@umeﬁﬁm |df kagen, Laf,orggxanpl e,

the United St ate Phar Opﬁeﬁ% '{e assaly (qToma Io PA
Levin, J. i, %\to’iQ 7l th@al? F tﬁﬁ
308-315). Hommmllyheblilﬁasr abbi t thgr ogmﬂlott@:sin: S updn oribifndim@ of
consum ng, I | t | ve ark bI e
detecting endo o>?|%0§an ph‘gt?%a\égﬁgggaoér oagsepare tit y( l\%ﬁl &Fgo H.,
pp. 343-356; ‘YEngsesxianidatedd t bie atdtiaatiedn Raictton e imuma "3 S,
WAt son ety al , Iy
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Enzyne-1i nked- |m:aunos r bent say ( ELCI eve oped or testing
evoked secret |3on9%¥1¢nFepFe@|£| RPtedpfromobei didel | Theedine r&¥Honse to

pyrogen or BE&MQigoxme(ma&oef and SehKi atégrge, @fl QWLLUI_I is

Car penter, I er}#/"g) v Oj-:se éé)m anr1 r macol .

43, 578-582 ( Ut (st By %‘?%% f or

research purpdses KlrimeJoCheraﬁdrmixmg, ehdot,0xi993deBiothan. m:avaEsolts

localizatdon if},ly Ssygs @h7e¥BES | " Hde W TR JULbTltion assay is
subjective, and variable in its sensitivity of ‘detection
of endotoxin due to batch-to-batch wvariation in the
amoebocyte lysate preparation. It 1is therefore
desixable to express recombinant Factor C which could be

20 standardized for use in an assay for endotoxin

detection.

There are other endotoxin tests presently known,
for example, the United States Pharmacopeia (USP) rabbit
pyrogen assay (Tomasulo, PA., Levin, J. Murphy, PA. &

; 25  Winkelstein, JA. 1977. J. Lab. Clin. Met. 89, 308-315).
However, the USP rabbit pyrogen test is not only tiwme
consuming, it is also expensive and often gives variable
results in detecting endotoxin in pharwmaceuticals and
parentals (Muller-Calgon, H., pp. 343-356; “Endotoxins

30 and their Detection with the LAL test,®* 8. Watson et
al,, ed., c¢. 1982 by Alan R. Liss, New York N.Y.).

Enzyme-linked-immunosorbent assay (ELISA) has been
developed for testing evoked secretion of interleukin-6
from monocytic cell lines in response to pyrogen or

35 endotoxin (Taktak, Y.S., S8elkirk, S8., Bristow, AF.,
Carpenter, A., Ball, C., Rafferty, B., & Poole, S., J.
Pharm. Pharmacol. 43, 578-582 (1991)). However, this



I nduced endot oxem a. An i munohi stochem cal nethod 5 utilizes native Factor
C (purified fromT. Cridentatue) to specifically bind the endotoxin. The
Factol C-, endotoxin conplex is then revealed by |abelled anti- Factor C
.anti body (Takeuchi, M et al., Pathol. Res. Pract. 190(12): 1123-1133
(1994); Nakao, A. et al., Bur. 10 Surg. Rae. 277(4): 216-221 (1995)). This
study indicates another utility for Factor C. It is therefore wthin the.
enbodi nent of this application to obtai® truncated reconbi nant constructs

(e.g., pH LDXHad Gl fora®ihaigdidd i £6d i nsert
fl anked by EcoRl si& es??o encog'i ngeFagt or r%%f?%tggi Eg%f’g#g'

):eaC . tei ns
Car ci noscor pi us r ot UdiCiTda trate b c 8RIBFEYiBUdpteChibRR r imedlyes Sitser . No.
08/ 296, 014 andlQdliaitnigin ArA ciddauas dff |exgpsh fhent# APl malr @ ol . and

Bi ot ech. 20 4:4 ( Reconbi nant ,Factor ,C from . Carci noscor pi us
r ot undi cauda (TG I&—%) hégl%%}e:)é)?\cewgduce iﬁm{}‘f‘PPblBQ}oﬁgﬁﬂF‘éﬁi method
transcri pt? on/4idhigies inat ives Fartox( U. $puBéfieBlofrob/ 296t PidenndtSe .
Roopashree et & . gpB9gheqy18nd,;Vid - BLO! ‘g 35: -849 (1995)). 25
However, the pre gﬁt I nventign(i)rleMsﬁ dte:sﬁépaerrf%g?’inlq'he %ﬁ%eﬁgﬁﬁ?@ﬁt %T in
vi vo systens, N yeomp hex y dgstthemsreveémted chy| 1atellsld | aneht
production of Faatds by aakpbedsi qTakeuehanedyDNée 4SO, pdw, _ot%ggi on of
rCr FC from act) i 0 30, subs ent_sel f-proteolysis by binding of
endot oxi n whil%:% n%'y*@gqgrzés&idgﬁfgg?u% P uNaKaD BsoPht Rba. oFuri he
protein ik0 destwided Raw U 27(3dr:. No2182296, Q1d9s) Basi cathys study

di met hyl sul f oxj e (Ve2S | ded 1t ol utjong _which are_used
during the pur it?ﬁc'at i on%lg@%ér%g%fé{s:glg eﬁoﬁ(r)%%ls%?r gr'ot gct,t ?‘8n&6‘f‘r?‘f'l%r?0 FCis
achi eved by al"éld:*&dtii E@earﬁmﬁ eofi wdifrorappkl@ation diovableusinet al
lons to the puriéiheait o8 SOl Wiiibihade 2 MEBHS{ eueldcumvent
difficulties in deteymning endotoxin In plasma due 45 endoge g -
interfering faN A/ FEGH I Fyerrrtamingsihancs’ eodi foBd GrFq nchhidle a
speci fi c »%ep tmsadsdladkel PyaEtoRl sites) .

cDNAs encoding Factor C proteins from

Carcinoscorpius rotundicauda have been previously

described (U.S. Ser. No. 08/296,014 and J.L. Ding, A.A.

Navas III and B. Ho, Mol. Marine Biol. and Biotech.

20 4:90-103 (1995)), Recowmbinant Factor ¢ from

Carcinoscorpius rotundicauda (rCrFC} has been produced

in vitro by coupled transcription/translation systems

(U.S. ser. No. 08/296,014 and S.D. Roopashree et al.

Biochem. and Mol. Biol. Int‘l. 35:841-849 (1995)).

! 25 However, the present invention resides partly in the

development. of in vivo systems, especially using yeasts

as a host cell, for efficient production of rCrFC by
expresgion of cloned DNA.

Also, the protection of rCrFC from activation and

30 subsequent self-proteolysis by binding of endotoxin

which may be present in solutions used in isolation of

the protein is described in U.S. Ser. No. 08/296,014.

Basically, dimethylsulfoxide (Me,SO, DMSO) is added to

solutions which are wused during the purification

35 process. Even greater protection of the rCrFC is

achieved by also adding an agent.effective for chelating

divalent metal ions to the purification solutions.



5 endotoxin using imobilized histidine. Endotoxinn, in sanples was
separated frominterfering factors by. chronmatography through i mobilized
hi stidine in which endotoxin was specifically adsorbed and, subsequently
quantified by fluorimetric LAL assay (Nawata, M, 10 M nobe, S., Hase, M,
Wat anabe, - T., Sato, T. & Tosa,- T: -“J-€hrﬁﬂatogf - 597:-415- 424 (1992) ;
M nobe, S., Nawata, M, Shigenori, N & Watanabe, T., Bur. J. din. Chem
Clin. B.iochem, 32(10).- 797-803 (1994}. However, this nethod of

endot oxi n adsorpti g i Sal i MdHeks onky tocﬁg@\mvén‘t volymes cafiieQea- 1 o4, and
there is no report an .the us or feasibil|t hIS rrethodfor renovi ng

endot oxi n  fr SNYEGE Piep toprdn | dnpaRl §%m‘?ar YRl yEBeeRdPIPBPERd as an
i nproved met hdohtefr fendatoxiffaasaay, @l hehtonmpedian I, byasgdeaswasl ity of

chromaens a3t el o 1HELRALOLONL PPLI b, LB aBRHIN LIS FLREENt Y

Q agen (U(%)S has rar ket ed ron o oXi n-free
pl asm ds (See endytgyeim Neasng smqhahzedlggiaatldnm@ maEndetsixia ain

specific (prorgaug;laaw) WA Hpdiidled CTRGRS @ﬁé@&@érmn925f£&eakgheb9| asm d
preparation. SUMVARY OF THE , "1 NVENTI ON Purifi ed (ﬁ‘r FC.,Ts found to_ be a

useful pr ot ei PAESIAOH@RIY ohiEARGR émﬁbﬂéé?e@o 1@5&&165@1 N aN¥BigR an

affinity reagenidduxirenaxsl s@:ﬁacﬁ&d@thyn%JS’dﬂBe@t imd,?:ostmbéquéhfilyThus

one object of the pr invention is.to vide purif econji nant
SR e pr e EGERT mn EichBmaciist; Ba% \95eBYor (FRREER or Bse: ng
reconbi nakt COMEQdbe eukar Haide Most WatbhabesURh, &atawmmaled Iosael I's, and

yeasts. The preseqt,- i, ré%ﬂ.on“gﬁp%lguaﬁgep%%?d?ﬁql% egkarﬁg‘tqh host

cells expressing reco arft C and net ying reco rbi' nant S
Cr RC whi ch ut iMi zeSkegemort andt ofndtatanehenNg .ol (ﬁi@d i e ﬁlwkaqﬂ@(ﬂi C

expr essi on Vec@PintOBfaEIaEﬁs'Z?z?f‘@)'r%@ﬂ%@a(‘isﬁic PrSkEVE( M EhiE) - I N
particular, it is an o ect of the_ present invention to express % cinb

host cells thdfeHRPARE Hécﬁ‘%‘?‘?’%ﬁ“éﬁhd‘lso imited oty EQpaEm
expressi ngs | argsl gt i @550 ®LFCand there ig no report on the use

or feagibility of this wmethod for removing endotoxin
from large preparations. It has so far only been
reported as an iwmproved method of endotoxin assay,
albeit one limited by infeasibility of chromogenic assay
20 of the endotoxin bound to the column.

More recently, Qiagen (US) has marketed a ‘Qiagen’
kit for purification of endotoxin-free plasmids (See,
Qiagen News Iggue No. 1, 1996). This may involve a
specific (proprietary) reagent that removes endotoxin

) 28 from the plasmid preparation,

SUMMARY QF THE INVENTION
Purified CrFC is found to be a useful protein, both
as a component of a test for endotoxins and as an
affinity reagent for removal of endotoxins from other
30 waterials., Thus, one object of the present invention
is to provide purified recombinant CrFC. The present
invention 1is also embodied in vectors for expressing
recowbinant CrPC in eukaryotic host cells, such as
mammalian cells and yeasts. The present invention is
35 further embodied by eukaryotic host cells expressing
recombinant CrFC and methods for purifying recombinant



CDNAs appropriate for expression in the presently described system can be
cDNAs encodi ng Factor C of any horseshoe crab. Two representative

‘nucl eoti de sequences 10 are presented as SEQ |.D. NO 1 and SEQ [|.D. NO
3. A cDNA encoding the Factor C of Tachypleus tridentotus is disclosed by
Muta et al. (The Journal of Biol. Chem 2"(10):6554-6561 (1991)). In many
I nstances, it is desirable to prepare 15 materials, such as culture nedia
or injection formulations or the |like, that are substantially free of
endot oxi n contami nation. Thus, it is a 4urther object of the invention to
provide affinity reagents for renoving endotoxin frommaterials. It in

anot her 20 obj eciFofwliieh Mtﬁﬁﬁ&eidé/ﬁrﬁiﬁhﬂﬁcﬁfn@d QA U imeds1oieq HMOVI NG
endotoxin from mater‘lcal S, Wherein such nethods rrgl oy an affinity reagent
conprising O FC TRREPFERRHE nBYREAESLOR « ¥SEFAY £ &P eﬁé’&t&%’gﬁzﬁn Fhesanpl e

have many dr awbeetsybindnt worpe i proopein d(atecks 135 mscdaikdm- lid is

variation of L p, t L.@n n ] gctive_natuge £ he
test. Thus, thgémpér)gigéte F%vz:n gnu%y prow%lgng&?eg e?cgrggﬁdg: g M hat
rely only upon keat @elbs Flaet:oﬁlocnoltamgdumaba@ﬁmwdi sndorgxdn airLdAL

el i minate theseaﬁéaa@@skﬁg bf SRpPakbifk ?lﬁérgétqﬁi'n@{‘tfgée@f &tpéhe present
i nvention to provide affinit hods™ f of detecti on and

quantitation of endotoxrf ??P%o@é}@g% e e HOn iy fhe Rreasentxer FC of
consi stenth corrpdesd:rbbedtbyytfemecageb& s:m?mcmb@dlm@ Fadter \AigRatdBh. .
Because the 35 o a fo ntltatlve t he
nsays ar o ror cAOEREEREE &Py TWES peBrRpRFER vh el otk addhian it « ha
a clot haslPor nedei prasgALedBRSEBEQESORIPTINGL CF dhiE BRAW NGH.FNQur 8 1

shows the constqu

fro}rlprI uescri p% gbﬂ%gg%glgg%h %?tc;%l otrtlg %%’M%% f%:% l%Aneo
5 (Promega Corpl# %@Iﬁ: efed\py Mptguel lehb%etcﬁeumbwﬁomcpbom FC21.

'II:'_he EgoR]Ic-BotSI zt;g@gapNggsgi -656¢2 198y yed from pGEM 1Zf (+)/ CrFC21 (see
‘g ° In many instances, it is desirable to prepare

15 materials, such as culture wedia or injection
formulations or the like, that are substantially free of
endotoxin contamination. Thus, it is a further object
of the invention to provide affinity reagents for
removing endotoxin from wmaterials. It is another

20 object of the present invention to provide methods for
removing endotoxin from materials, wherein such methods
employ an affinity reagent comprising CrFC.

The present methods for testing for endotoxin in a
sample have many drawbacks, but two principal drawbacke

25 are lot-to-lot variation of LAL preparations and the
somewhat subjective nature of the test. Thus, the
present invention, by providing tests for endotoxin that
rely only upon the use of Factor C, rather than upon
clotting of a LAL, eliminate these drawbacks. In

30 particular, it is an obhject of the prxesent invention to
provide affinity assay mwethods for detection and

quantitation of endotoxin in a sawple. Because the
agsays utilize rCr¥FC of consistent composition, they are
lesa subject to lot-to-lot variation. Becauge the

35 assays are performed in a format that is quantitative,
the assays are more objective than assays that rely upon
a determination that a clot has formed in a LAL.



08/ 296, 014) was inserted into EcoRI-Notl digested parent 10 vector pCDNAl
(I'nVitrogen Corp., San Diego, CA) to yield the construct pCDNAl/Cr FC21EN.
This was further digested with EcoRl to facilitate the inclusion of EcoRl
fl anking fragment of O FC21 from pGEMX1Zf (+)/ CrFC21, thus recreating the
full-length CFC21 cDNA in the 15 construct pCDNAl/ CrFC21. Figure 3 shows
the construct pPXC9/CrFC21NAS. The F. pastoriu secretion vector, pPlIC9
(InVitrogen Corp., San Diego, CA), was fsinearized with Avrll. The
construct pET3p ' r. No. 20 08/296, 014)

contai ns the BEHEEEABPRRIELION OF STHE, IRAWINGSHNA, (pET3b is comercially

cyall al s Trom NovaBkgersdshone W cEes. pemmosresseduysugiel o
e p vec r . .the a sjar el (in_the
untransl at ed reg%on 0 Creé%mggl #ﬂ’&lzk 5@63#’6?)% r@r‘fe%ﬁf‘(m" w&E t hen
fused in frane(MBSK/€HBC2D), wasevilonad dntmting Nact opisegndl pmaplcde in
the |ineasi ze¢dppHh dbepr e c ruct is terned as

pPI C9/ Cr FCZlNAg A s,%rt@rb%&g’?&q‘lc}gﬁ ho aci ds belonging to the phage
T7 gene 10 sequencef¥9Wken . shomMs Jthexpoestivet vpEDNALETBO21 pARIBRD)

precedes the CEE&‘RISR@@Ence.fIEng& 4 shpws tdygece@nst r : LD2/ C21.
of . OrFC21 from p@ﬁlZf ‘3%59%%21 vaa%’ | gat ed

The EcoRl fl anki nt (

to the EcoRl |P§€‘Qﬁ%€§9g§cﬂc%st&$‘% &3 esstdn Yect®rS- pifame No.
(I'nVitrogen Co@f/296 3aha Divego inGa)rt el i 9EBCEGLRT LASE T N RfdBHE R iR &St I ucr:]t
pH LD2/ EERd. THi Jinearized with _Xhql to 7 ccommodat e the
Xhol f an%iéng p%?%‘?gﬁ%[?}%e%ﬁor%rﬁ {fqr%‘m ggﬁi 1 %A%%erggee Fig.
1) to result iBkhepHreERETYEC2 1PCINAL/CORSRABYL contThiles 3448 HuraherCr FC21

DNA. 5 Fi PSR F ) o
From el one o g ot o o Lo orECSREAAALHER, Sho "HRLAe fom R BRERY

O FC21 was 32PE{aBEiRg( Trgagmengh @fe GHEGRIac£rom: AW IS }dCeFqlobe. The
llevel of traneki#plictirdtSngPnther efuPyeiengPRe dir®1 NEBRXA! fn  the
15 construct pCDNAl/CrFC21.
Figure 3 shows the construct pPIC9/CrFC21INAS. The
P, pastoris secretion vector, pPIC9 (InVitrogen Corp.,
San Diego, CA), was linearized with AvrII. The
construct pET3b/CrFC21 (see Fig. 15 of U.S. Ser. No.
20 08/296,014) contains the BglII-EcoRV fragment of CrFC21
cDNA. (pET3b is commercially available from Novagen,
Madison, WI). This cDNA was excised uaing NheI of the
PET3b vector (upstream of the BglII/BamHI start) and
Spel (in the 3’ untranslated region of CrFC21), giving
25 a 3035 bp insert which was then fused in frame with the
S. cerevigiae o mating factor signal peptide in the
linearized pPIC9. The resultant congtruct is termed as
pPIC9/CrFC21NAS. A short stretch of 11 amino acids
belonging to the phage T7 gene 10 sequence (from E. coli
30 expression vector pET3b, pAR3039) precedes the CrrC

sequence.
Figure 4 shows the construct pHILD2/CrFC21, The
EcoRI flanking fragment of CrFC21 from

PGEM112f (+) /CrFC21 was ligated to the E¢oRI linearized
35 P, pastoris expression vector, pHILD2 (InVitrogen Corp.,
San Diego, CA), to generate the intermediate comnstruct
pPHILD2/EE21. This construct was linearized with XhoI to



10 of induction with methanol which was added at tinme zero (at the start)
and at 24 h. CFC nRNA appeared as early as | hour with peak accurnul ati on
at 5 hours after induction. No further increase in CVC nRNA was seen
after the second nethanol induction. 15 Figure 5B shows Northern
hybri di zati on of Factor C transcripts frominduced transformants (nut+) of
P. pastoris (GS115) containing pH LD2/ CrFC21. The EcoRI-- EcoRl fl anking
fragnent of CrFC21 was 32P-labelled to 7high specific activity and used as
probe for the 20 Northern blot. The |evel of transcription was studied in,
4 different cl¥Mifedmadatgivie Xhad fhaskiagspertiondoét the wPNA Erow

met hanol . Laneastie lplésmid& démsAoncAcipungeal RiRAUCL) Oo Res®it 83§ 11
show 26 hours ﬂi%ﬁ)@é?ﬁ 25 f 6, 9 12 show 8 hours % i nduction; 13
shows expr essi‘on n gl!é Ve coffP8l CPREET¥FGure s adidns té8t & Bifot

anal ysi s of r @¥KC3Y¥ orPNA®et hanol -i nduced P_ pastoris containing

pHI LD2/ Cr 1. 30 : barj E full-length
cDNA) andFEf::IZones mﬁ%gﬁ%n%l@b&ﬂ%%%%ﬁn%@ﬁ,oq é’%%&r‘foléé’tre - O FC21
fragment flandetRMHCIERI frate)lans ¢8 cadbaduing rpHALRY GFERUr s Tive

mni mal nedi a,EeoR  $YRLRSHED toashass Beadioat iR #pligueth by 32
el ect rophoresis, of 100 gg}; each’, sanpl e on reducing
ag

SDS/ / i - mer captbt§haFREC FhLNAtYeagdl useHeascpebtPbBl- ot T8¢ Feyedi ns
\lNer eI pr ]gbed \é\nébhmtamn_ 'hsd&am L?IOICJEHE inmdh ic@&edc}:oaeléﬁayé Qiiﬁl@i?ﬂ%%ﬂiv%@ﬁa
evel o was found to have a.mpl.ecul ar i ght of, -. :
Based on the 931 %An(?lﬁ‘f)tla%[il VRl S RO WG A ,aq\ﬁép a&x%e‘ edFi%e of
the protei n wolatd e esthedn) aelitatlCd B .k DarFTheRNA fdmpreanos] ias Haarlst ze of
t he Factor C cgull tt 4 oyt t i of t o i_nant
product in the%egstﬁﬁggt .&%ng’?aﬂb Qgghéﬁgé%.gﬁﬁﬁ pff:'oalttl]@le%gs%a eerl?
truncated rCr FA§eEEPRs ofNolgDuier imerease | in SHEW WRHA wRe @oamal
llevel of 1rC FGfe£Xphessbe8naCREEREACNM LhificBibeurs after the start of

met hanol igdUCtlon'Figure SB shows Northern hybridization of Factor C
transeripts from induced transformants (mut') of P.
bagtoris (GS115) containing pHILD2/CrFC21i. The EcoRI-
EcoRI flanking fragment of CrFC21 was *?P-labelled to
high sapecific activity and used as probe for the

20 Northexn blot. The level of transcription wag studied
in 4 differxent clones at various time intervals of
induction with 0.5 % methanol.

Lanes: 1, 4, 7 & 10 show 48 hours of induction;
2, 5, 8 & 11 show 26 hours of induction;
: 25 3, 6, 9 & 12 show 8 hours of induction;
13 shows expression of negative control
DNA..
Figure 6 shows Western blot analysis of rCrFC from
methanol -induced P. pastoris containing pHILD2/CrFC21.

30 Clones No. 8 and No. S5 {(harboring CrFC21 full-length
cDNA) and clones No. 40 and No. 48 (harboring CrFC21EE,
a truncated CrFC21 fragment flanked by EcoRl sites) were
induced for up to 48 hours on winimal media, and
subjected to glass bead treatment followed by

35 electrophoresis of 100 pg of each sample on reducing
SDS/fB-mercaptoethanol polyacrylamide gel. The
electroblotted proteins were probed with anti-Factor C



Figure 7 shows rCrFC produced fromP. pastoris clone #8 over a tine course
of met hanol -induction at 30 C. The culture was induced twice with 0.5%

nmet hanol at 15 tinme zero and 24 hours. Cell sanples were collected at the
time period indicated. After glass bead treatnment, the cell honbgenate was
centrifuged at 12,000 x g for 30 mn. The supernatant was kept separately.
The pellets were resuspended in breaking buffer (1:10 v/v). 20 Aliquots of
t he suspension were boiled in SDS/t9- mercaptoethanol and resol ved by

el ectrophoresis on 10% acrylam de gels cé%taining SAS. From such cl ose

time points ofantdinpidirg . weloaaf #8nyidbded Reharmiigidst JeRleesirsfrppCr FC

d at 8 . Lecyl i ght kers., b d
From Bl omad (R Sradscoge oy o6 pas,fondtasias Vaioht) o8 a3 ckBay "y
kDa. Figures sRasel omowhdetddigeminsolhghil sequenneobf tBeFinebraj neHef rom
transforned P. eRgalcd@dd iGN #8ie ﬁpofﬂ&%tg&)%%}% éééxgrapésé&‘Etr‘tht

solubilizaE%;n Wi th increasing concentrations et ergen

homogenat e “was ¥08nt r iThfy &l IR emye B ke sbFe of obbe nFagtoraghcould
super nat ant wabeanatyrzeBubyblesties ngikebeyiheibs S HHWSxbR8kbinant

sol ubi l'i zation effectiyve from 1% SDS 35 hi gher concentrations.
Fi gure 8B shom@%é]tc'; sof uﬁﬁ?i Y566 'achﬁgg%%gfpem 40 AndHNReoséP to
hi gher concent patdidweed Mbiakl ¢ihet noheatedr reeFghproteink st {60 oRkpd .
Kal ei doscope), 2 4, 4 7,..and 17.7 kDa. Lane

Tﬁ Q@Bu1£§ sﬁZH éh;t é%%” ma%ﬁﬁiéq_afwgﬁacP%diEEEEF

contains the totﬁ protein used for so]_ (w4
sol ubi li, 2® r EXREessigny eecuregdwithin c8ndonret iaditept dsimd dstaot of

expressi on of wWtBAaADAARISIdON derivatives |acking the 5 wuntranslated
region (UTR) and port,ions of the |eader peptide using two S. cerevisiae

expression vectorsFr¥Secl @Wet FERFCamrotogsd ekopndh 10agéerdsi on) .
The EcoRl - EcoRiclidde) fifsr agmanta anthet keurEeoBE- Nethahbl) i haaaewahsanf 367 FC26

CDNA were iSO|aé?d Tﬁé‘ﬁﬂ éﬁ%gﬂ&ggﬂgn Jgggaéafgggai%%gokg%e&%%gahggi;kdua||y

15 time zero and 24 hours. Cell samples were collected at
the time period indicated. After glass bead treatwent,
the cell homogenate was centrifuged at 12,000 x g for 30
min. The supernatant was kept separately. The pellets
were resuspended in breaking buffer (1:10 v/v).
20  Aliquots of the suspension were boiled in SDs/8-
wmercaptoethanol and resolved by electrophoresis on 10%
acrylamide gels containing SDPDS. From such close time
points of sampling, we confirm that the maximal
| synthesis of rCrFC occurred at 8 hours. The wmolecular
25 weight markers (MW) were obtained from BioRad
(Kaleidoscope) of sizes 208, 144, 87, 44.1, 32.7 and

17.7 kDa.
Figures 8A, 8B show detergent solubilization of
rCrFC obtained from transformed P. pastoris (clone #8:
30 PHILD2/Cr¥Cc21) . After overnight solubilization with
increasing concentrations of the detergents, the
homogenate was centrifuged and 100 ug soluble protein of
each supernatant was analyzed by Westerxrn blot. Figure
8A shows that solubilization was effective from 1% SDS
35 to higher concentrations. Figure 8B shows that
solubilization was achieved from 1% of sarkosyl to
higher concentrations. MW is the wmolecular weight



into the vector PGEML1Zf (+), giving PEE26 and PEN26, respectively. The
entire 5 OIR and various | engths of 15 the sequences coding for the |eader
'pepti'de of CrFC26 were deleted by performng 5 -3 Exo Ill deletion

mut agenesi s on pEE26. Fromthe deletion library, two nutants, CrFC6al/9a,
al so desi gnated FC26A6a, and FC26A%9a (see Fig. 9) were selected for
expression studies. The 20 EN fragnent of CrFC 26 was exci sed from pEN26
with EcoRl and Hincilil and inserted intdjthe vector pGEM/Zf (+) to give

P7EN26. From p7ENZ6 h nent _was . isol a nk| ng
Xhol and Hi ndi I'f-s Ia‘ rst f%?%s{ég?saaoﬁ‘%p%é] P/E Nk Iid‘(ﬁgg gfe epSecl or
25 pEMBt, yex4, A v'l ,ngmﬂ:@ZGENk@a pFCRERNTH eoptetingekhe ThealSphbtE&taRl

fragments fromy a z. / [ sgpnee in
PCEVLIZI (-4-) et To5l S et e eer et Hir Sugh S rioy mod S araply

into the Sphl i FEcoRl sites of pPp7EERy26. The insert is thus 30 flanked
by EcoRl (& and Ecafi\én.(xER\/)s SigiR$ws Trtme I @i stadio th ol -b&agtnhdael gbiron

mutants in p7S e.S ative of
PGEM | Zf (+) (E&e@’iﬁ gﬂl?rbéi C‘#gfé sBF?FE Hef]:}{eé”g"%@&e&u@ Bty

i solated from ttﬁweSsUhmltcmaslam&&egmt éU‘I‘Rht an&nt;;idﬂsﬂtdnsil gfsthe
pFC26EN to giv pl C2649a. T sa ts
wer e msertedq'l'%lit%e @E\]{%cre%ﬁ% '%{l?rg}:ne %}‘(ﬁe&ln Afsi %ﬁ?re%%r{?)ga t he
K. lactis Kill erectexdsy si Yapsestquelsesreatd onilel cand/FQREMBLYaxns YPE2&N9a.
Figure 10 ghowssgesobeml | c OYRGM ARl UBLaRE | iie)  NEvAURERE S Und e

fragnents from Cr FC26 eDNA cloned 5 cerevi Sl ae expressi on

vector, YepSecl®cqiabiNpht (R0 E‘Fa%“e“\?ﬁbﬁf\] Crgcggggggg wegg7polated
conpl ete O FC2 6f ediNArd d b i east hﬂ&(gé nel drckes S 1da%fweawqadl&awnaauqn box,

hat ched 10 box S8 KBS et BePAIARTFL oS daret R E AR e
carried out on HAB2EETBNY t 0 Bhielentiee SielETR amdnvearites-(2@43 3 ud
FC26A6a whi gh CoL ak0gRencdE! BLEIRY YR LRI Q84 HCpBBE 1 ELORT takadyd 761,
were deleted by performing 5‘-3‘ Exo III deletion
mutagenesis on pEE26. From the deletion library, two
mutants, CrFC6a/9%a, also designated FC26A6a, and FC26A9%a
(see Fig. 9) were selected for expression gtudies. The
20 EN fragwent of CrFC 26 was excised from pEN26 with EcoORI
and HindIII and inserted into the vector pGEM72f£(4) to
give p7EN26. From p7EN26, the same fragment was
isolated using the flanking XholI and HindIII sites and
ingerted into Sali/HindIII digested YepSecl or
25 pEMBLyexd4, giving YFC26EN or pFC26EN, respectively. The
SphI-BEcoRI fragments from FC26A6a and FC26A9a, viz.,
CrFC61/91 deletion subclones in pGEM11Zf(+) were
isolated and inserted through an intermediate step, into
the SphT and EcoRI sites of p7REg26. The insert is thus
30 flanked by EcoRI (E) and BcoRV (Eg) saites. The
resultant full-length deletion mutants in pP7SEgyA6a/9a
were saubcloned into pGEM112f(+)a, a derivative of
PGEMIIZf (+) (see Fig. 10B). The Smal-Pstl fragments
were subsequently isolated from these gubclonea and
35 ingerted into SmaI/PstI digested pPFC26EN to give the
plasmids pFC26A6a and pFC26A9a. The same fragments were

inserted into YFC26EN, creating in-frame protein fusions



respectively. Further deletions were carried out on 15 FC26A9a and 6a by
renmoving all of the nucleotides downstreamof an internal Hndlll site at
nucl eotide position 1278 to give FC26A%9a- H3 and FC26A6a-H3, respectively.
A 1902 bp internal Salt/Pstl fragnment of CrFC26 eDNA was inserted directly
into YepSecl in-frame 20 with the Kl uyveronyces lactis killer toxin signal
.sequence. Figures 11A, 11B. Figure Il A shows sequences at the junction
between K. lactis killer toxin signal peptide (in YepSecl) and CrFC26
deletion mutants 6a and 25 9a. The K lgexis killer toxin signal peptide is
linked in-frame to CrFC26 del etion nutants 6a and 9a by a short stretch
of polylinker weqtence. deid s Kindmexp Ghin/fdighalasdqpeitd ] Z€0yieldi s

pol yl i nker sewf ch{)nt ai ATG codon (boxed) which would serve as a
translation 30 i Aitration on |n YFC26A6a and 9a. Figure 11B shows
construction of pGEddafg +}Q shoger v astlvenafic pGEaguFfR (4} luptohbingal |

stuffer DNA frﬁgéma&ftébaﬂed)gewsfw% éﬁ@&' iRb RBIFQICIéitia | b1SKea This
fragnent was then isolated di gest.ion and inserted i nto 35

pCFML1Zf (49, eFrteRt it y §nt r%ﬁﬁ:‘ﬂﬁj‘%ﬁ S@Prﬁscséqnnt yectRE « nuFePERELCI oni ng
site of pGEI\/IllZQﬂdarﬂ'hecr esd aqt . ghbsMmad v 2-@ost edh 98 1)) Snatthand

religated, rem)V| p | fragnment to,qive pGEMLLZE. ( a.

Fi gures 12A, 1%“‘% th(gr%gggtr on{t‘ocf’-%Cr Ir'—}@fl b%r‘?& olﬁé%‘%‘ﬁ brfércDNA
and its del et i pafereane s |Keyheopyeaaifomxmrmmgfhapéésrrriag;lopEl\/Bbylebed
(Caserini, [r 154 E ri ng,
Princi pl es andg{%/gt hogg,ueé%fe (90%%0% Egr ﬁ‘%e %%f/iéa}ﬁdggﬁaih—%fl %ﬁ%dc. 1967
by Pl enuni®ubl bgtii ng @skigmg Newg¥onk, NYExpddflor mDMAeREe ki Fﬂ@ll?tﬂpﬁvi ded

by J. A H MIrrgyds eh@sEbWég 32&1%60&@%&&:&9@?34&@1&& RAGTENth0
(containing the I’I% somal binding site and initiation ,codon), of CrFC21
cDNA was exci s&gd ?Fbﬁﬁ‘t RuteRSR FYaed9s r@“‘?rﬁﬁ%’é& a ofhieR FESREEL R 4P o

referred to asdep&E2dnsU. & S5 . d\lmle(mﬁz% pbéiatohtg. 748) ant dGlkaned
into the EcoRl aggecglvefytes E&réﬂ einEQOggl %J'égrrled out on
15 FC26A9a and 6a by removing all of the nucleotides
downstream of an internal HiIindIII site at nucleotide
position 1278 to give FC26A%9a-H3 and FC26A6a-H3,
respectively. A 1902 bp internal Sall/PstI fragment of
CrFC26 c¢DNA was inserted directly into YepSecl in-frame
20 with the Kluyveromyces lactis killer toxin signal
sequence.

Figures 11A, 11B. Pigure 11A shows sequences at
the junction between K. lactis killer toxin signal
peptide (in YepSecl) and CrFC26 deletion mutants 6éa and

25 9a. The K. lactis killer toxin signal peptide is linked
in-frame to CrFC26 deletion mutants 6a and 9a by a short
stretch of polylinker sequence derived from pGEM7ZE (+)
and pGEM11Zf(+). This polylinker sequence contains an
ATG codon (boxed) which would serve as a translation

30 initiation codon in YFC26A6a and 9a. Figure 11B shows
counstruction of PGEM11Zf (+)a, a derivative of
pGEM11Zf (+). A ClalI/Sall stuffer DNA fragment (shaded)
was inserted into pBluescript II SK-. This fragment was
then isolated by BawmHI/Sall digestion and inserted into

35 pGEM11Zf (+), effectively introducing a Smal site into
the multiple cloning site of pGEM11Zf(+). The resultant

plasmid was digested with Smal and religated, removing



15 Il SK- yielding the plasmd pBES21. This fragnment was excised from
pBES2l using Smal and Sall digestion and introduced into Smal/ Salt

. di gested pFC26A9a (pEMBLyex4/ CrFC26d9a - see U. S. Ser. No. 08/296,014) to'
gi ve pFC21/26. Figure 12B shows the deletion nutant 20 pFC21/26-H3 whi ch
was created by digesting pFC21/26 with Hi ndlll, thus renoving 2286 bp of

3' sequences, followed by religation of the plasmd. Internal deletion of
2257 bp fragnment by doubl e digestion of jpFC21/26 with Bglll and Xbal, and
subsequent ligation of their filled ends 25 produced the deletion nutant
PFC21/ 26- BX. FRg3093bBhSHaLlNEFaseent ahal give RFEMLREHE+)XR- transcripts from

S. cerevisiae. Varyrig uﬁeaeaz@f e Sised OFhE BRBErUBE EohNer tgddayt 0 bot h
pEMBLyex4 and

p s (s Fi 9.an abl,e 1) with a viewto 30
i nvesti gating ?Hg ?g?g? F&do %Fﬁbagg&étﬁf%FEStIPHS§WF§qtﬁ i & the
constructs to yeaascmmmnemmﬂdmuﬁlaﬁmhdrﬁ@ﬁﬂmﬁy&xﬁu(easerihﬁ SG.ceqrryi sl ae
host. RNA gsol ~gfiou ter 1& [$ of ct
i nduction Wereﬁg?ec?’t‘op orgge'd a}Bl‘o'?I d 1hr§/br | ER %f%e%’a FC
probes: Lane CBWdnciplesi Eed(ﬂp‘;hQRNAaV‘()ld\lt? qu(ep%d@l Mqvccﬂnddl) 2

YFC26SP 1902 2H%1,1alad%r 3¢ YH 26D ?tﬁ%u%t §ub11§hlﬁg4%<§}é€ 3.5,
1.3 5 YFC26A6a-H3 543 .9 6 YFC26A9a- see 0. ex4 DNA control)

-- - S pFC26A6RY34Npctoy, DNA was okgné#r:zemaléaész o - AELH3 MUK R/ 26
3448 3.5, 1.3 1nt pHJBRY 261118 536he. 91883PFERL/ RN OYshliY]l ledadudait € 14

shows t he

! q FC f 15 < |
contalnlnd'(l)%Qg 53F %bZéi rrfengééggg d¥§§lgg Gﬁ%gfr%égﬁ#éﬁg§hones

(5) YFC26A6a- Madoid) Y2693, UK Dl f raate isdd afisbor nele ScaRTevi si ae
a”q (9) pFC21/ %ﬁamrn'gd fég&ﬁené-h%f pCrFC21EE (also referred to as
' pEE21, U.S. Ser. No. 08/296,014 at Fig. 13) and cloned
into the EcoRI and Sall sites of the plasmid pBluescript
15 I¥ SK- yielding the plasmid pBES21. This fragment was
excised from pBBS21 using Smal and Sall digestion and
introduced into Swal/saltl digested PFC26A9a
(PEMBLyex4 /CrRFC26A9%a - see U.S. Ser. No. 08/296,014) to
give pPC21/26. Figure 12B shows the deletion mutant
20  pFC21/26-H3 which wasg created by digesting pFC21/26 with
HindI1I, thus removing 2286 bp of 3’ sequences, followed
by religation of the plasmid. Internal deletion of 2257
bp fragment by double digestion of pFC21/26 with BglIIl
and Xbal, and subsequent ligation of their filled ends
) 25 produced the deletion mutant, pFC21/26-BX,
Fig. 13 shows Northern analysis of Factor C
transcriptes from S. cerevigiae. Varying sgizes of the
Factor C cDNAs were inserted into both pEMBLyex4 and
YepSecl vectors (see Fig. 9 and Table 1) with a view to
30 investigating the relationship of the saize of the
inserts in the constructs to transcription level and
mRNA structure in the 8. cerevisiae host. RNA isolated
from various clones after 18 hours of galactose
induction were electrophoresed, blotted and hybridized
35 with ¥p-CrFC probes:



nol ecul ar wei ght markers (215, 137, 71, 42, 31, 17.9 20 kba) are in | ane 8.
The yeast cells were lysed directly in 50 mM Tris-Cl, pH 8.0, containing
0.3.. MNadll and 1% SDS. Figure 15 shows the Western analysis of rCrFC from
a S. cerevisiae clone containing pEMBLyex4/ CrFC21. The 2S rCrFCis -130
kDa. Treatment of particulate rGFCwith SDS at 0% (lanes 1,2); 0.5%
(lane3) and 1% (lanes 4 & 5) showed j#acreasing sol ubili zatlon of rCrFC
with increasing SDS concentration. Figures 16A, 16B. Figure 16A shows
solubilization 30 of rCFC in SDS; Figure 16B shows sol ubilization of
rCFC in Tritol X-I00. guced prCZi7T26 yeapt transiorpants were jjysed in
0.1 M NaCl, Sqj&sRracf Go%t_menM 8.0 contain! Gi2zq 1)bmoy [ ORNAg Gait) (B) 1. 0%
(4) 2.0% (5) 3 0% {(&)seélﬁﬁén ediﬁkt(ﬂ])) 5.0% SDS. The s 35 transflormants

werelysedinl 0% 0. 05% (3) 0.1% 1) "0.5% 1T.0% (6§ 2.0%
(7) 4.0% (8) b0%-F ."‘gﬁg‘is 3—X%—100—F ok WP(,%‘%gr.scr.L, J{Mu ned

1. 0% SDS- sol upid i aedy¥oesate. Mol ecul ar wei ghsaTarkers paes,i m.3| angs 8 and

10, respecti veyt, Qf gpéZ%Aglown in Fi g_s._l ) ng'g re 17pshows
endot oxi n t hat §has bgﬁcdslmpj;hl ized on a PV

(hence, LPS—st 1ipsS) , | phckeRaSh Stri p was i ncyhhghed over1'gg§1,t jaf 37€ with
Car.ci noscor p| ug§ roocuhgrcalsda am)ebocyte | ysqtaaag t hat cmtsu nsiaFacflor C)

evi dence for t§ D 0

TolfSstring vere
obt ai ned by el gcrrophoresis of CPS (10 10—gjpertane)
200 g (tot cud*epoteln)ﬁr thé Tespectyve protérn e _ADbind of
that has conpl §xed W th.endotaxin on the L tTip. ThE LPS strip
i ncubat ed V\ﬁthﬁ?‘? 1/@8_;@( 384 3 2 t on the
LPS 20 strips ijmcubal ®8C3W/2R-RMe neqative coriipdls (P. | 1.2

and truncated ie BPEACAH in P._Dpa
= Vo ryI am de
gels (15% . Aftler  bPE¥HLyext ONAi tegut¥Hd npiitrane was
-90-100 k ( 5 _se _B_gg‘ﬁ ?‘r EC cgn:nl 8S-- GO ﬁﬁégﬁﬂﬂdi ng- A lhgd:3nf
Figure 14 shows the Western analysig of rCrFC from

15 various &. cerevigiae clones containing (1) YepSeci
vector, (2) YFC26SP, (3) YFC26A6a, (4) YFC2649a, (5)
YFC26A6a-H3, (6)YFC26A9a-H3, (7) DNA from untransformed
8. cerevigiae and (9) pFC21/26 hybrid clone, The
molecular weight markers (215, 137, 71, 42, 31, 17.9

20 kba) are in lane 8. The yeast cells were lysed directly
in 50 mM Trie-Cl, pH 8.0, containing 0.1 M NaCl and 1%
SDS.

\ Figure 15 shows the Westexrn analysis of xCrFC from
a 8. cerevisiae clone containing pEMBLyex4/CrFC2l. The

26  rCrFC is ~130 kDa. Treatment of particulate xCrPFC with
SDS at 0% (lanes 1,2); 0.5% (lane3) and 1% (lanes 4 & 5)
showed increasing solubilization of xCrFC with
increasing SDS concentration.

Figures 16A, 16B. Figure 16A shows solubilization

30 of rCrFC in 8DS; Figure 16B shows solubilization of
rCrFC in Triton X-100. Induced pFC21/26 yeast
trangformants were lysed in 0.1 M NaCl, 50 mM Tris-Cl,
pH 8.0 containing (1) 0%, {(2) 0.5%, (3) 1.0%, (4) 2.0%,
(5) 3.0%, (6) 4.0%, and (7) 5.0% SDS. The same

35 transformants were lysed in (1) 0%, (2) 0.05%, (3) 0.1%,
(4) 0.5%, (5) 1.0%, (6) 2.0%, (7) 4.0%, (8) 5.0% Triton



pastoris, #151 and S. cerevisiae harboring only the vector, pEMBLyex4).
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention resides in part
in the 25 developnent of efficient systens for production of rCrPC in
vivo. The present inventors have found that rCrFCis effectively produced
I n eukaryotic cells, especially yeasts. In particular, yeasts of the genus
Saccharonyces and Pichia are shown to bg=zffective calla 30 for expressing
cDNA encodi ng CrFC. The rCrFC of the prfsent be purified

i pvention, c
from cul t ur es BT 4%conBPHafCMRAKDBE Bt ¢ R_FI §9Sxﬁ‘§’§§lﬁbﬁnt%e"br §P&8in by
sol ubi i zi ng tdulIIHGed hkpsataeceedsPecebsenveibhy amrdeser ided A

co- pendi ng app] | i . 3 l.al . Nunber -0 6 X .sQl ubi.Li zation
is preferabl ;cldprg% oefr)%lgl ?gi'ngegség?gyﬁgg? é%l%é]rz%n?l%ﬁﬁ‘e %Q%lgg"t‘e%ént used
is preferably amd o6R. or non-ionic. Alternatively, the rCrFC can be

purified by ~affinigin0RE hpgds sHeiRO A cRRlde: FRA! AUnL BILELRYY P! sDS-
gramnegative LPS as The affinity reagent. Methods for 5 affinity
purification ofeBREi#RA Ferfel R/fRﬂBV\hth fHiL-depatheppda tTpnsRERH

pu][i fi cgt i on rx};f#mdeom?r@d:e@ nﬁies«;(r]I phedoirtist Badast.. s]jél&ehamybbisog?r ihscI
referred to, or exa the "Guide to Prat.ein Purifi | on ubl i she
as vol une 182 %?‘5%?’% s&?&ht Qh%%‘?%‘gf""‘i\ﬂ“ﬂ%fﬁ%oé’d{ é“cﬁ&?&l g‘&lmtbép ’nec' 1990
by Academni c PrigBS;stnips @ene &ObtginedAbyFeleptesphoatses of f#8 r(@OFC in

t he proe me t , 0O f ?ﬂgg% o) [ d i
purifi ca{]lﬂcl)n. ’ﬁsg,&?i tllé{?ls%ic?nxit@n%sﬁ%%anﬁ ageousat t%@g%d%i?ghel aﬁ\tftcg:?%r of
di val ent net al e}epcrobbpeeing) y theh membxane atwas EBTUA orlGTA SEHE®S Cr FC

of the present (hANE8! | ONp§ 28 PELAFLY dild Fed@ NAkHY RV HEBRIEFOXI N
froma liquid sanple, such as a parenteral preparation or a nediumfor in

20 Vitro cul t uPESERigRE| §FhB9°an&Sh| PP g % HEA@LrETaNle, Prafiaiay of

i nsol ubl e SUbSth_étﬁeé}ﬁeé@i_’.%!;Bﬂ‘mi’&iti Zetui1d FCA baha ofmobo +igedkDaCrilC i s

then cont i‘gt edsyegh tine lr'c%ﬂ'bd samples, corresponding to that of
Carcinoscorpius rotundicauda amoebocyte lysate (that
containg Factor €) that has complexed with endotoxin on
the LPS strip. The LPS-strips incubated with the rCrFCs
showed a lower band which wag not present on the LPS~

20 strips incubated with the negative controls (P,
pastoris, #151 and S. cerevisiae harboring only the
vector, pEMBLyex4).

DETAILED DESCRIPTION OF THE INVENTION
The present invention resides in part in the
25 developument of efficient systems for production of rCrFC
in vivo. The present inventors have found that rCrFC is
effectively produced in eukaryotic cells, especially
yeasts, In particular, yeasts of the genus
Saccharomyces and Pichia are shown to be effective cells
30 for expressing c¢DNA encoding CrfC.

The rCrFC of the present invention can be purified
from cultures of recowbinant eukaryotic cells expressing
the protein by solubilizing the rCrFC, then proceeding
essentially as described in co-pending application U.S.

35 Serial Nuwmber 08/296,014. The solubilization is
preferably performed using a detexrgent solution. The



sanpl e under conditions favorable to binding of endotoxin in the sanple to
the inmmobilized rCrFC, 25 thereby form ng bound endot oxi n. The bound
~endotoxin is then separated fromthe sanple to provide a preparation from
whi ch the endotoxin has been renoved. It is expected that gram negative
bacterial endotoxin will bind to rCrFC under conditions of 30 noderate
pH, such that neither the rCrFC nor theygndotoxin is denatured. The pH w ||
preferably range fromé6 to 9, nost pre*%rably at pH 7 to 8. Furthernore,

it is expect EEPEICRYe YFiaHi iF oPreferebly e?féi’d?‘b%?n o amWcd@nicver a

wi de range of ionixleéraagiviely | €nst Bérpp t@ahhabeeqpalntfaea 0 M Nadl

| ut bl t t | | t
the  range of *bEBTbY o e Ehad i hdr a2ty Ttk h SREEROIR % oa0
to 0.2 M Becguag- negat Lr&EQLP8t as ntshetafflmnmmmﬂnw.l t Mewiltddsarfior Fact or
C anti body evVEPs 31{22 ﬁupiﬁg% L@é%pﬁgl tls oﬂ?tﬁ{ t, it is

expected t hat en oto even in t presence of | ow
concentrati on8rbf chGenespilc mgmﬁm pnrsﬁlc@heomouﬁ@md@ot@;zen adspl ex

formation is 86bordhahUPhCEnBYakBe PiREPEEOt SRS AN MAIEATAN Iy of non-
specific proteins in the solution. The sanple is treated wth suf f'i ci ent

i mobi | i zed eh8Bt oRFATEAG f otheD SEHAS Nt Brat&d sy r PUG Hgakienhe
endot oxi n t 0 ppbDYEHeda asaRRlan2uhBRaRif a&éghd‘dseemfmﬁ}dm jyn. Mhe, anmount

of endotoxin yenpved is S refer 9. endot xin i |t|aIIy
present . 5?éloweég‘rl P& e§0mg8 gﬁgi’i Eat ?8% g?’tl? (??ms(‘uﬁe T r?en‘D 185 to
99%; of the 15Déadotofhn initially present in the 0s/arrp:ce In still otper
applications, it t v 0 rom
the sanple. The r?:rb%% éﬁg%eﬁgﬁg% eg%t gt}g(% %gggﬁubllrg S&Estrate % any of
the nethods f8EaE6valMhEOadsasraieradlya added it chedia vsed dm &he

substrates mbhr'i'ﬁ(i%th&nt hepdsb, {@ru@)@%ﬁﬂé't%n@% £8%8ht 88e¥litNto add
cyanogen- brom actlvate non- covi\ ent thods can

e e EhRABEOI S of | ALVALPRE Mebalodfip e BOPECI LY RS

¥t i
citrate, EDTA or EGTA.

The xCrFC of the present invention can be used in
a method for removing endotoxin from a liquid sample,
such as a parenteral preparation or a medium for in
20 vitro culture of cells, by immobilizing the xCrFC on a
suitable insoluble substrate to form immobilized rCrFC.
The immobilized rCrFC is then contacted with the liquid
sample wunder conditions favorable to binding of
endotoxin in the sample to the immobilized rCxFC,
25 thereby forming bound endotoxin. The bound endotoxin is
; then separated from the sample to provide a preparation

from which the endotoxin has been removed.
It is expected that gram-negative bacterial
endotoxin will bind to rCrFC. under conditions of
30 moderate pH, such that neither the xCrFC nor the
endoto;}n is denatured. The pH will preferably range
from 6 to 9, wost preferably at pH 7 to 8. Furthermore,
it is expected that the binding of rCrFC to endotoxin
can occur over a wide range of ionic strength, at least
s up to that equal to a 0.5 M NaCl solution. Preferably,
the ionic strength is equal to a solution of salt in the
range of 0.010 to 0.2 M, wost preferably in the range of



with biotin and subsequent inmmobilization on an avidin- 25 conjugated bead.
For use in batch extraction procedures, inmmobilization on a bead is

+ preferred. For use in continuous processing formats, inmobilization in

hol low fibers or on nenbranes, -for stacking into cartridge 30 formats,
Is preferred. The rCrFC of the present invention also provides a nethod
for specific detection of endotoxin iy sanple by a nmethod simlar to

ELI SA or other imrunoassay. For such an assay, the proteins is the sanple
are 35 i mobi | 9z@%0 Mr texadple My el Retaadt ottthengrCoFe netdimme iafd er
separation by SRRaRAEEAcOLvIeP-$PaE dnits - FtINE e PhOEG el AP dileaSti C
substrate such as a 16 croBIate .and then endotoxin in the sanﬁLe S
detected by BPHTPH C?Cfg% pEbeRant iab hiaMoHN SerRbt SEtETASRL ;s ubk edigent
detection of té&epeCr&@- ehdot extdoteatnl ex11 BhadcesphexFrcs edeinedined i t her
by neasuriag t Lpe e L VI f the bound rCrFC,_ fqr exanple
by use ofga c ?%%%ég%i g%sﬁ%(g‘f’r%t%glcgglg:g?&épgbft?nﬁﬁﬁ‘aggf)g&?i SPCHWi%-h an
anti - Fact or C &hgPbodyhe ThECrEQcrslatoxi@r FGonpdapl ekatnanisnepaf much an
assay can be Paibeifeda wpdtte CAUHINRNS £SElbLeknt Pal ARGUREE JLHHAY the

10 conpl ex for rempying €ndoto froma sanple as escri bed above.

Al t hough r Cr FCPPECLf#EindRedkeeing, idhdthrsPepale of ThendsamplesS 9 n an

in vitro assaytreht&ded@nhOXuesf idigger BRnSHZYIRLd CcA8bLYKIY QAR R&r
assessed PX t he 5 fpll ow ng net hodol ogy Det er gent &SDS, Tritopn X-100 or

d
sar kosyl ) Y9eol fiBFPi et cAgC GﬁﬁeﬁéaFMhﬁ%?lFT Vehr EPgr aBPYOBIE DR a tO
menbr ane (e.g. providBl hONakybe, shblstavial)ly firteoegl lendeaexitd. TRARMND) ,

fol |l oned by st 1.5€, .20 r of .t etergent, fr the nbr ane
whi)I e allow ng‘q%ﬁﬁc"? oegéﬁglggh‘ o_g%@é.{‘%r%i issco(%éur‘?reén zg-/ab{&(ry(;gs‘ Sl
cat’al ytic sitetbe t¢rdsbexbr drdtdpddy Reseent.of Howederer fent gauwe

presence of whiapB)¢aAribAker {671Vl tduffeditd] Qainedle 88t LYI §¥3 Spalyes the
15 endotoxin initially present in the sample. 1In still
other applications, it wmight suffice to remove 80 to 20%
of the endotoxin from the sample.
The rCrFC can be attached to an insoluble substrate
by any of the wmethads for covalent attachwment of a
20 protein to insoluble subsgstrates well-known in the art,
for example by reaction with cyanogen-bromide activated
agarose beads. Also, non-covalent methods can be uged
for immobilizing the rCrFC, for example by conjugation
with biotin and subsequent immobilization on an avidin-
25 conjugated bhead.

——

1) For use in Dbatch extraction procedures,
imwobilization on a bead igs preferred. For use in
continuous processing formats, immobilization in hollow
fibers or on wmembranes, -for gtacking into cartridge

30 formats, is preferrxed.

The rCrFC of the present invention also provides a
method for specific detection of endotoxin in a sample
by a method similar to ELISA or other immuncassay. For
such an assay, the proteinsg in the sample are

35 immobilized, for example by electroblotting to a
membrane after separation by SDS-PAGE, ox noun-specific
binding of proteins to a plastic substrate such as a



25 subsequent assay of endotoxin-activated serine protease activity of the
rCrFC either by fluoronetric or color&metric nmethods. This nethod is based
ron the rationale that detergents |ike SDS and Triton X-100 at certain zs
per cent age have been re-PO rted +o inhibit LPS-dctivated serine protease
activity of Factor C (Nakamura, T., Tokunaga, F., Mrita, T. and |wanaga,
S., J. Biochem 103:370-374 (1988)) Pg I nvention being thus generally
described, 35 preferred enbodiments of"the invention are set forth in the

Exanpl es bel ovmidiwpiatanpleesl &hennehdbiokinngnothe tdwenp T st idetectha@ scope
of the inventi ”-Fi ﬁd'ig%&e?cﬁ“c opLy Pﬂethﬁu{%@if@zé&méxﬁ%é&ﬁw anpl e

1: doning of Into the mammal ian gresm on vectors p 1 and
pCl neo The Cr FoRisemimte| 6aEEGSEAPE LHCtIE0 YEEFOTendopBin dEO™R1EMst r uct

referred to asppd RepbiixCRd aEtgctedlgithertB sm\éa@hmngcm%t icdeitiinee
expression_in vivo of CPC21 is not er . itro

e
transcript?on REAERER %ﬁ:ld@rqlbﬁfe&a’ﬁspﬁg‘nfihﬁcﬁfc %ﬁtﬁ’é‘?mf? Ri¥etS n the
vector. 10 Theofri(@Hrshddfervias sllsdr edtanetbdant,o qICIB‘)NLmnanﬁbddt@rmafowt h

referred to as (ENAl/CrFCZ ) I S, cons ct Aler as an
I nternmedi ate v‘ég? Po?nt&okgngﬁgt |C2 f fixﬁhﬁDZ/ Cr %anl n%ls’ t|51ast(‘t)kr%“lzfsi
expressi on sysowplé¢zeeidngstep. 4b sn@hp@meaﬁeapcnaranbepmﬁmqﬁczl
construct s cany 88 tr&f}féﬁ&&sﬂslrgmwltbantﬁsbé | k58S pphids @dese
Hanster Ovary i cel l

or nouse braobl ast, cells such as | H 3T3
cells, orl@os ‘.EC’@E £% ofOFel KOBEVARY kA °G§§élnf0|fr@5!‘pré'35|st%“ r &5-C.

Tr ansf or mat i ongagctiBedOabgeéors into mammalian cells can be acconplished
by nmeans well -knovvn the art, for

ransf ec
el ectroporation, iLFg‘a‘é%'f‘re"ﬂ’é‘a?a%%d”&‘é‘rq'go’f‘?%%%ﬁé‘?' ’K#s%ia%‘fa@c?&’sh? or
ccul turing mamrratl mna&hlgsrmse (igene alf hy wieldo- lkmaay.) , Redoy exnydatfoxia-+C

produced by 25 cultured rRipmlian CeLt3 ERD RPepboTdmsk SHbE BY iald v
15 following wethodology.
Detergent (sDSs, Triton X-100 or sarkosyl)
solubilized rCrFC can be immobilized, preferably onto a
membrane (e.g.., IMMOBILON DPVDF, Pall NYTON,
nitrocellulose, ULTRABIND), followed by stepwise,
20 gradual removal of the detergent frow the wembrane while
allowing xCrFC to remain bound. This concurrently
exposes the catalytic eite of the Factor C enzywme,
Removal of the detergent (the presence of which can
interfere with the biological activity) enables the
) 25 subsequent assay of endotoxin-activated serine protease
C) activity of the rCrFC either by fluorometric or
colorimetric methods.
This method is based on the rationale that
detergents like 8DS and Triton X-100 at certain

an percentage have been rC_P‘OI’ted ‘o iﬂh}bit l—PS‘ac{:fva‘l:ed
serine protease activity of Factor C (Nakamura, T.,

Tokunaga, F., Morita, T. and Iwanaga, S., J. Biochemn.
- 103:370-374 (1988}}).
The invention being thus generally described,
35 preferred embodiments of the invention are set forth in
the Examples below. The Examples are not limiting of
the invention. The scope of the invention is limited



as described for purification fromyeast cells, except that the physical

di sruption steps can be omtted, as mammalian cells lack a cell wall.

. Rather, intracellular rCrFC can be recovered by lysing the mamalian cells
30 with detergents. Exanple 2: Expression of C'C21 in i'ichia pastoris
Constructs The CrPC21 cDNA was inserted into two expression vectors of P.
pastoris. The first is a secretory 35 véator, pPlC9, where the CrFC cDNA

was fused to th 1 nal uence, of a mating factor of
Sacchar omyces © 20? 25“3& Irc?ctlf?&dcé’r%?“ﬁct pPl C9/ Cr FC23. NAS (Fi g.
3) _ This reconbi nant cl one reI ies on the ATG codon present in PICO as the

start codon. | 24 Cr t n y
start codo L%ﬂ% ﬁmgrﬁ@&%éi rbcé&e é‘.‘?ﬁé@i ) ﬂ <1 t:% ?ulw_nméﬁﬁa%ga Host
cel l ut| lizes the nati ve ATG of the CrFC c |nsert as the start codon.

I'n both cases, exprgssi ermzltr@z@r FG1oRd | Sneel van mha@ A%c@formter
which is OlndUCI | e by nethan ransformati strain
GS1. 15 with VIS lfé%"sstﬂ’é’ B Fdﬁﬁgscf Rggnﬂf’é‘ég?gg %h Jstul or
Bgl 11 The pHLD2/ GhF(EZills/va&dhogestcmdxsmttlmtStmTexﬁhesethJhl péaoi a€d
expressi on ve wer e, th n rmed j0t,0 ris ra 115 by
t he epher opl ag‘%%%zlrre ’?’G"gé& %g {:m Erwg?éé%e Bi %I j"{'il:x§§

3376- 3385 (19853!}\130#15&1&1?!1 orcat mi=o orbmumtextfroam@ﬁormnng wibe dEfe

according to dzels&ﬁég@p &&pgsl,(qleée‘, e, €t 20 al,
Bi o/ Technol ogy: 455- 460 1991 re55|eon of |rmunoreact|ve r econbi_nant

Factor C}%h P. pastlfiSrFeh S?Hf\eg@isor?lcﬁo & Feger chs? r REP¥Ahas288udi ed

in P pastorltse@éeﬁcbu@tll;eﬂ@fén@édttf@rwrpdnmmrycmdmﬁ&m@anebatlinsRNAs
ver e purlfledfromthe cel ter hano- nggct 0

1
e Gunti on of CouEbhiS: Sfes FLAEEF waER RGP Fenediale %é%g‘ggﬁseﬁs

congtruction of pHILD2/CrFC21 in P. pastoris expression
system (see Fig. 4).

15 The pCIneo/CrFC21l and pCDNA1l/CrFC21 constructs can
be transfected into mammalian cell lines such as Chinese
Hameter Ovary (CHO) c¢ells, or wmouse fibroblast cells
such as NIH/3T3 cells, or Cos-1 cells or Hela cells, and
uged for expression of rCrFC. Transformation of the

20 vectors into wammalian cells can be accomplished by
means well-known in the art, for example, transfection
by electroporation, or liposome-mediated gene transfer,
Also, wmethods for culturing wmammalian cells are
generally well-known. Recovery of rCrFC produced by

S 25 cultured mammalian cells can be performed substantially
ag described for purification from yeast cells, except
that the physical disruption steps c¢an be omitted, as
mammalian cells lack a cell wall. Rather, intracellular
rCrFC can be recovered by lysing the mammalian cells

30 with detergents.

Example 2: Expression of Cr¥C21 in Pichia pasgtoris
Congtructse

The CxFC21 <¢DNA was inserted into two expression
vectorgs of P. pastoris. The first is a secretory
35 vector, pPICY9, where the CrFC <¢DNA was fused to the



the transformants were cultured in shake-flasks, wth anple aeration. 30
U Northern analysis of pH LD2/ CrFC21 expression in P. pastoris Various P.
vpastoris transformants of high gene-copy nunber were grown at 30 C for 18
hours in 50 mM MGY nedium (1.341v yeast nitrogen base, 1% gl ycerol,
4x10-5% 1 qg biotin to accunul ate cell mass. The OD6preached 4 Unite. The
transformants were then transferred intl% 200 mM of MM nedium (1. 34% yeast
nitrogen base, 0.5% nethanol, 4x10-5%biotin) giving an initial OD6N of 3-
5 Unit. To exam ne the optinumtranscription efficiency during nethanol

i nduction, repigaal eseghétiesopltie «p@st Did SELMBRICT HRqUNdIRFISHC21 ver e

i nduced for arving.le hs, of , t i e _and. har vest Jon 10 at
3000 x g for %82%1,"%1% %E%eylcegllq %%anﬁggachrp%%%ﬁ%{% Ynder

st andar d RNas@! fr ecTkbadireiconbinamd Nokarrer nebbes yons the 3%6r iedlaut (Fig.
5). (i) Vestgrasansl yal p1eb GE EacPRhAeEoddd™M Rn RASHAY g #8

(pH LD2/ Cr FC2 21 ﬁS The net hangl - ‘n(?lcj)ce cel Ios \Xllerel?[p?el I et[g{jiﬁa:rﬁ&l'
resuspended i h¢: MPEAN) SRFPASDr kPN BUTFRITEEPI5 XRChPrs- IEIILO 8. 0,
cohgalnlﬂng.@rb%mgihg andzadgﬂatvuéb pamLaqggkpa§iu¥mﬁ@L f?)!leukh? i b
aci d-washed gl as e mm di anet er, [ : ce wer ysed by
20 vortexing 8F§1 cfﬁa]glsaﬁgleﬁ?fafseagb‘i P@E#’ﬁr Ig&{lrlﬂf %ﬁ}es Cb”?gcé‘s@r s
repeated 9 tinesest astthe carqpitet@doreakdgebobh checgeldpressihisesfyed. The
sol ubl e and i I cti_ons..\ere [ at b i.fugat. 10, 000
x g for 30 m?ﬁg g?bg:cc%?‘t er ;&}sl\tﬁeﬁle#gfﬁg'ﬁaﬁgg(&eﬁ%%ﬁ\eéSQﬁﬁrlgEiJﬁ‘% buffer
cont ai ni A§ SD$ndusdbhg by metbencdation from 0.5 - 5%, overnight
extraction was carried out at 4C on a rotary platform The sol uble

i nt)r acellular fraction, the SDS-solubilized cell extract, and the
supernatant derived fromthe culture nedia of 30 plilLD2/CrFC21 cl ones were

resol ved on 1@r¥nBAckngeion widep. r pduebRPsFOoRELALANGSALS with CrFC
SDS/ j 3- mer capteaikhaneks and

The pPICY9/CrFC21NAS was digested with Stul or
BgliI. The pHILD2/CrFC21 was digested with Stul, These
15 lineavrized expression vectors were then transformed into
P. pastoris, strain GS115 by the spheroplasting method
(Cregg, J.M. et al., Mol. Cell Biol. Sx:, 3376-3385
(1985)). 1Isolation of mut® or mut' transformantg was
done according to described protocols (Clare, J.J. et

20 al, Bio/Technology 9:455-460 (1991)).

Expression of immunoreactive recombinant Factor C in P.
) pastoris

The expression of CrFC21 constructs was studied in

P. pastoris at the 1levels of transcription and

25 translation. RNAs were purified from the cells after

methanol-induction. To examine the production of

recombinant Factor C (rCrFC) in the heterologous hostsg,

the transformants were cultured in shake-flasks, with
ample aeration.

3o (i} Northern analysia of pHILD2/CrFC21
exprasgion in P. pastoris

Various P. pastoris transformants of high gene-copy
number were grown at 30 °C for 18 hours in 50 ml MGY
medium (1.34% yeast nitrogen base, 1% glycerxol, 4x107%%



el ectroblotted for western analysis. Figure 6 shows that the clones
produced rCrFC during the 8 hours after nethanol induction. The rCr FC was
‘produced within the 35 host cell in an insoluble form and was sol ubilized
optimally by 1k SDS. 2a Wth clone #8 (pH LD2/ CrFC21) studi ed over closer
time points it was confirmed that 8 hours post-induction was the optinum
timng of rCrPC protein synthesis (Fig. 2? 5 (iii) Detergent

sol ubi.lization of rCrFC fromP. pastoris{(pH LD2/ Cr FC21, Sl one #8)
Triton X-100, SDS and -sar kosyl were used at a range of concentratjons to

sol ubili ze rO*F@‘?%nFPh@c‘%L‘B“‘*]e%‘%ﬁr‘oPﬁéﬂit mspast of 1€ Qw29 s4 rom
cl gneh#S }Afrmﬂifié/esm@ @fhﬁégﬁrﬁ@ﬁtﬁ @ér@ﬂiﬂh&gaﬂramﬂﬁtne&ungwnbm fu?ed,
and the ce et. was tregted wi ass__ heads escri he i er
Cel | hormgenat@ls Mﬁrmﬂggbﬂmto(ih%% rE et iVe(RE qﬂ % ént L}‘of 15
det er gent andnestdiaxbol,l zéd10Ver hiigittinat i3 ing ranatmmrtladn @Hmangﬁl ar

rot ator. T e I% the was cleared by centrifugation. The supernatant which

cont ai ns soI Ized rCrFC constitutes approximately 30-50k of the, total
rCrFC. The pellet st@|keXesdngi rishe optdaupo EreReer Wt Lok ordific ieacyC,

Vestern anal ysjg ch%wminaebe%hl Z%@&c%fter CefifcatedSPS HFi .

SA), and is sarﬁos | (Fig. 8B). These det ent -sol ubi li zed rCrFC s have
ret ai ned thei rp@ﬁﬁﬂﬁb?eefé‘?rl“%ﬁ%’ylng x RPIPE les HFE of NIUKEShIEHNt

Fact or Cin 2%%@&@611@5@@% SETEMAG a8 mdgm byB)cemmﬁnmiﬁum of the

end of FC26, ncat ed _ con ructs cont | nin eeggressed
by S. ce}g\r/l s?‘ée:"tog gi $ed Hﬁﬂﬁmié %%t'l %Eg%glé p%gduced from
both Cr FC21 andsﬁlEﬁlﬂﬁncoﬁsm}ctmdesr eb&u@ardzaualssz ~fregorcondigdandd SDS,

A oy ormgad WBEALEACHhY Pyo Pl Yok | (2P 47 S ciig. toys be purified

as ‘a proenzyme“and reversi

(1) Western analysis of rCrFC obtained
from P. pastoris clone #8 (pHILD2/CrFC21)

18 The wethanol-induced cells were pelleted and
resuspended in 1:10 (v/v) with breaking buffer (0.05 M
Tris-HCl, pH 8.0, containing 0.1 M NaCl) and added with
an equal volume of chilled, acid-washed glasa beads
(0.45 mm diameter, Sigma). The cells were lysed by

20 vortexing for 1 min and chilled on ice for 3 min. This
process was repeated 9 times or until complete breakage
of the cells was observed. The soluble and insoluble
fractions were separated by centrifugation at 10,000 x
g for 30 win. at 4°C. After resuspending the pelle't in

25 breaking buffer containing SDS ranging in concentration
from 0.5 - 5%, overnight extraction was carried out at
4°C on a rotary platform. The soluble intracellular
fraction, the SDS-golubilized cell extract, and the
supernatant derived from the culture wmedia of

30 pHILD2/CrFC21 clones were resolved on 10 % PAGE gels
under reducing conditions of SDS/f-wmercaptoethanol, and
electroblotted for Western analysis. Figure 6 shows
that the clones produced rCrFC during the 8 hours after
methanol induction. The xCrFC was produced within the

3s host cell in an insoluble form, and wag sgolubilized
optimally by 1% SDS.



activation by addition of Me2SO (see U.S. Ser. No. 35 08/296,014). The
full-length CrFC26 cDNA has earlier been cloned Z- t into both YepSecl and
+ pPEMBLyex4 expression vectors of S. cerevisiae (see U S. Ser. No.

08/ 296,014 at Fig. 16). Updated nonenclature of the CrFC26 cDNA constructs
in these two vectors are shown in Figure 9 and Table 1. 5 The long 5
untransl ated region (UTR) of C FC26 sug@e@ts that it may play a role in
regul ating the expression of the gene at the translational |evel. Studies

using a coupled i rV%ltr‘él't”flﬁnﬁér|(BH|IB'HZAHG’FF?&PISIsét“iddﬁdsy%‘t%’mdoﬂer
surprisingly sbmobm@m@wsoaoatm@aacchaenm GUdGERS poldk -Amduer @her

hand Cr PC21, which_] acks, the | on in sgguenc exprgssed rCr FC
at high |evel sw‘_(‘gere{‘e PGS b U‘% oéé(:rﬁf\% %@5 eh i s&:lsr%ﬁ cates

that the 5 no®)codi ng sequence serves to down--regul ate the transl ation
of CrFC26.gln order to express CrFC26 15 in a heterol ogous system it is
preferred that the 5° UIR be renpbved, at |east to the p0| nt where its
transl ation-att enuat i nfihi} i ReErgent coptuhibizationi @ tE@ng\ del eti on
nutant |ibrary made b§*em-B. P‘EiBPﬁsdéP’éﬁ%/%’f%&né}%nﬁf Bhe

EcoRl - EcoRI (EE) 20 frggrrent |eI$ed t su cl o es desi %a g FCZ6A6a and
FC26/ S9a (Fig. 10). TEY Pet MErEn AUHR R Rge

(position 1278bfrennﬁﬁdnﬁﬂauﬂnﬁﬁ§ demnsumfuunllner|ngCrFse tfarch(C2 6@~ H3

and FC26A resp ecti ye S&; deI L ohesh, t he
YepSeol Eavectrgfo &ntaﬂe c%ns‘t’ g iof@gnsf Qn%]digveI;f?‘c?ﬁ‘s(P‘L cer e{ingm ae
for expressi onwaemal yismsvedtwd e astles! oﬁheéloumr eof eethenastaduat i g,

creation of anc%%wfagéanganhr 2ne, cté/'i!tC?etieet&agneéeaeea «8thogihes of
the deleted ends to { e vect or (FI gs equences .30 at

DNA
thel junctions Bep@en{ahedgacrbbsd aﬁ@‘ﬂ@%A@a a%?& a hoRagenaked | warey
sequenci ng, andlamunqllgt 0 the ltjheflrxan&‘ee(pﬁcg:n?elA) (w/dhespetosntaget sof | |

U1 122, LS ATty LD ebUE AL B cRhaShE XEChIE b9 phlaeabal! o
on an angular rotator. The lysate was cleared by
centrifugation. The supernatant which contains
solubilized xCrFC constitutes approximately 30-50% of
the total xCrFC. The pellet still contains a large

20 amount of insoluble rCxFC. Western analysis showed
maximal solubilization of rCrFC at 1% SDS (Fig. 8A), and
1% sarkosyl (Fig. B8B}. These detergent-solubilized
rCrFC’s have retained their immunoreactivity.

"Example 3: Expresgion of  recombinant Factor C in
- 2%  Saccharomyces cerevigiae

Constructs

By manipulation of the 5’ end of CrFC26, truncated
constructs containing this ¢DNA are expresased by &S.

cerevisiae to give immunoreactive rCrFC. The xCrFrC
30 produced from both CrFC21 and CrFC26 coustructs is
solubilized by Triton X-100 and SDS, and found to be
immunoreactive., Solubilized rCrFC could thus be
purified as a proenzyme and reversibly protected from
activation by addition of Me, S0 (see U.S. Ser. No.

35 08/296,014) .
The full-length CrFC26 ¢DNA has earlier been cloned



portion of CrFC21 and the 3' portion of CrFC26, inserted into pEMBLyex4.
This was done by substituting the Smal 2Z gall fragnment of pFC26A9a
(pEMBLyex4/ Cr FC26A%9a) with the Smal-Sall fragment isolated from pBBS21 to
gi ve pFC21/26 (pEMeLyex4/CrFC21/26). At the amino acid level, the fusion
gene product would be expected to be identical to 5 the product encoded by
Cr FC21 except for a single Arg to Ser §¥gstitution at residue 427 of
CrFC21. Translation initiation in pFC2 6 would rely on the cognate ATG

codon of Cr FC3L,eFit@enl 38pEReYSaAE! SN, Rl Akpraayivi Welckdils bifi s.hybrid
cDNA. 10 - Vg%ighs fragneﬁts ofacrﬂ%%ggngA ?ﬁgﬁ# éoakéere al so gyibcloned
into the S. cefRAEiHFee¥ Iy SexPiesHdn Rt pRech 9 487 ¢ he

Cr FC21 and Cr Rigdatdy bibflesONsupadodetbbi arruzeardtBNA heorstruete facl oned
in the yeast expressjon plasm d, pEMBLyex4 (Fig. sl { on,0of cDN A
fron1pENBLyex4§§§“%x g%tgﬁc 8rﬁe§&%:éﬁéyqn§?agé%ﬁ% a%SaccuﬁS a%?o%'of t he
product. The She deweyii aethhesslatedi negbaso(PRhaf §3EF28s sHIFESESCel |

for the constr s : €5 heC@ ol BF
O e SonStIgEe s TALe LA THdRES 4 HRgBR e nec expiraeaion

epSecl vectors. 4 CAt <D~ J nng&?asn1nnna|mm~ CNCV
NNNN NNNCV NN the cgauepabs the transiasianal, Jevels « [ 2CUFIRF Y8889 &) (-4
ct .-I rl e-lcoupled ih Witird trdnsdriptied afd Horahislhition) sysef(at m b
'ij ~CH O- - X X '

surprgsingl%_éhéwédﬁgbagﬁbfgégﬁé%(%énfﬁrFC from CrFC26.

10 On the other hand Cr¥C21, which lacks the long $‘ non-

coding sequence, expressed rCrFC at high levels (see,

Fig. 18 of U.S. Ser. No. 08/296,014). This indicates

that the 5’ non-coding sequence serves to down-regulate

the tranglation of CrFC26. 1In oxrdex to express CrFC26

15 in a heterologous system, it is preferred that the 5¢

UTR be rewmoved, at 1least to the point where its

trangslation-attenuating activity is reduced or

eliwinated. A deletion mutant library made by 5’/-3¢

ExoIII deletion mutagenesis of the EcoRI-EcCORI (EE)

20 fragment yielded two subclones designated FC264A6a and

FC26A9a (Fig. 10). Further deletions of these subclones

at HindIII (position 1278) removed sequences downstream,

giving rise to FC26A6a-H3 and FC26A9a-H3, respectively.

These deletion mutant were cloned into the YepSecl

25 vector aund the constructs were transformed into S.

cerevigiae for expression analyses. These subclones

were selected based on the creation of an open reading

frame, which is attained upon religation of the deleted

ends to the vector (Figs. 11A, 11B). The DNA sequences

+ 30 at the junctions between the vectors and FC26A6a and 9a

were verified by sequencing, and found to be in-frame

(Fig. 11A). These constructs will utilize the ATG codon

within the SphI site of the vector for translation
initiation.

3s Figure 12A shows a hybrid cDNA consisting of the 5°

portion of CrFC21 and the 3‘ portion of CxFC26, inserted

into pEMBLyex4. This was done by substituting the Smal-
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V. c2 99 00totDbtD 0 0000 00 (mMmC4 cmO000 OH O OC4rT4w V. G Co guUuU
V10000114001t1-ri -ef -fl I -r-t trt -r fr -1 s-1rl 1-) Al
4) V 43 43 C4 C4 N O0O000OH 04)000 9a G2 ri -1l rl r-2 .-1 Hrl ri WV-r+ dl

d d 0i 6 -rl d014$SI Zc ci CZ%@U 4ton~N0tdtai t0 X (11
11$ t0 p 4 ri Wdl to ma (A 2t < t to

Lo U b IR remest WPESAeo0 (PPNP e Rt/ CrPe e asan AR e et L\
|*s 9 aUUOW0) SQRO-Nalfrfiaghed) ivblEded FRonpBASAL~CR dive PECRHRO 2. 43
ONA const ruct ERRLIRNRYLPRCOL 26T 2 CAe ! B Syfidld SUPR- 150eH L fhne S C

ereV|s ae Strain urd3 trpl) was
used for tranffieinatgeneyreduetiviudd biet Hm@ptgdaéét h@eﬂé@%’éb@@ll eto

(Schiestl g R Pheapfofibl Zenbodbd PY&rc21 except for a single Arg to

Ser substitution at residue 427 of CxFC21. Translation
initiation in pFC21/26 would rely on the cognate ATG
codon of CrFC21. Fig. 12B shows deletion mutant
conatructs of this hybrid c¢DNA.

10 . Various fragments of CrFC26 cDNA (Fig. 10) were
also subcloned into the &. cerevigiae sgecretory
expression vector, YepSecl. Also the CrFC2l and CrFC26
hybrid cDNAs and deletion mutants thereof were recloned
in the yeast expression plasmid, pEMBLyex4 (Fig 12).

15 Expression of c¢DNA from pEMBLyex4 is expected to result
in intracellular accumulation of the product. The &S.
cerevigiae hogt strain, S150-2B was used as a host cell
for the constructs. Table 1 summarizes the CrFC cDNA
constructs in pEMBLyex4 and YepSecl vectors.



Current Cenetics 66:339-346 (1989)). Transforned yeast cells were

recovered by selection on uracil-deficient

synthetic conpl ete nedi um

(SC-ura) (Sherman, F. et al, in "Methods in Yeast Genetics" c. 1979 by

Cold Spring 10 Harbor Laboratory, Cold _Spring,

gl ucose and 0. 6796yeast nltrogen base (

and sugple Fre—repourred po aci ds.
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10 blotted and hybridized with 32P-Cr FC probes: Transcription of the
constructs does not appear to be |[imted by the size of the insert in the
~construct. In fact, the constructs having larger, nore full length
inserts exhibit two transcripts. The larger, major 15 transcript of 3.5 kb
(lanes 3, 4, 8, 9 & 10) corresponds to the expected full |length C FC nRNA
The snaller, mninor nRNA of 1.3 kb coul @4#e CrFC transcri pt expressed via
the use of inferns oaltercr)lati LON 519021 {4 @NSS iR 4 8
9 & 10) or iNnEEREAUNel &b mhohd T X
gﬁ?ﬁiﬂ:&"iz , t hese el enents, |ocated

present in bo '
at regions corresppRgli B9 QG RR! i sie-Da5i §1960528 82Ben2 1824320353105 -
3110 could have yielded the -1.3 kb transcyipt, when indyced.i.n_ 25 yeast
cells. (iii) é&Pléc‘ﬁ%rﬂl@ﬁdr@FGWW@FW‘grﬁf s deadl Lithiymer o
g_ollect edsf[) Oﬂgé@aﬁé prslsagr eCMSdM@&mqk.msaaasd@ﬂew, ozo.ml.m 1989, )

i sruption buffer, cantaining 0; <..an : with or
30 wit hout SD%“BFe’FFi?ﬁﬂe%ﬁﬁdﬁﬁ%gyégﬁﬁbl(ﬂ%%ﬂqbn ‘Igrfans%r?%ﬁeu e %lrto-t ei ns,
(a) SDS was addiilist @eilee wanplarsed oby askilrak looneantyesdidn deff igignt], 2, 3,
4, and 5'; an [ - 100 d i . : .z 0 , 2, 4
and 5% . An egﬁ‘éﬁﬁ%}% ém%gg?ig%gl F\ggl?ug‘cﬁ%%vggﬁgdqéflgggaéﬂé géags% (%.'45 nm
Si gma) was addad"Mgthedscdin ¥epgfenSepaticel| fs ﬁg?g BY's C@3Ce S NDor t exi ng
5 tines fgr lyRiBo261.a8a¢Rcobt, N 1M MM )t efadoy ,ohiddritig rdimgdet ween
vortexing. Cella were checked f or conplete, | ysia lﬁ/ ex&@atéﬁg: under the
i croscope. L$§afdscRste 2 é’r-isf';l*ed'%ﬁfcéffﬂt?’%/%t A5if a , for 1
h. 5 Protein awihachaider opdlfRe)r eiliiDrasssl arertssthtwirdin e heSR¥quiived
_polyacryl am de gel , _,and blotted onto pvdf nenbrane (MII1ipore) by
el ect r ot r ansf 8PFTPRaBf™%anti - Factor C antibody was used as the prinary
anti body. The i nmmunobl ot was devel oped with horseradi sh peroxi dase 10

conj ugat ed gogt antis; AP RYHDGAY MSidg Arsehlaer 0- 1- naphthol and
hydr ogen per oXI S sSubstirat és.

1S (1) Induction of Factor C synthesis

Yeast cella harboring secretory plasmide were
cultured at 30 °C in complex YPD medium (1% yeast
extract, 2% peptone and 2% glucose) to late log phase
upon which the cells were induced by supplementing the

20 medium with 2% galactose. For the induction of
intracellular Factor C expression, recombinant yeasts
were first cultured in SC-ura medium supplemented with
40 pg/ml leucine. At late log phase,  cells were

' harvested and resuspended in fresh 8C-ura wmedium

25 containing 60 pg/ml leucine and 2% galactose. The
induced c¢ells were harvested for protein analyses
following 24 hours growth at 25 °C.

(ii) Transcription of recombinant CrFC cDNA
in 8. cerevisiae
30 Total yeast RNA was prepared from induced yeast
cells, RNA samples were denatured with glyoxal and
dimethyl sulfoxide, and fractionated on a 1.2% agarose
gel. Following transfer to nylon filters, the RNA was
hybridized against pooled p-labelled C~FC/EE21 and



(iv) Expression of rCrFC from YepSecl plasmd constructs with YFC26sp,
YFC26Q6a and YFC26d9a transformants, 15 cell |ysates prepared by gl ass
bead ‘di sruption showed substantial amounts of imunoreactive reconbi nant
protein in the soluble, intracellular fractions (fig. 14). It is evident
fromthe results that the K lactie Kkiller toxin signal sequence did not

direct the 20 secretion of the reconbinan?éproduct. No i nmmunor eacti ve
was detected in YFC26A6a-H3 and YFC2649a- H3.
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> fr
transcript of 3.5 kb (lanes 3, 4, 8 9 & 10) corresponds

to the expected full length CrFC wRNA. The smaller,
minor mRNA of 1.3 kb could be CrFC transcript expressed
via the wuse of internal alternative polyadenylation
signal (lanes 2, 3, 4, 8, 9 & 10) or internal
transcription initiation. Internal TATA boxes are
present in both CrFC21 and 26. With CrFC21, two of
thege elements, located at regions corresponding to
nucleotide positions 1823 - 1827 and 3105 - 3110 could
have yielded the -~1.3 kb transcript when induced in
yeast cells.

(111) extraction of rCrFC and western analyses

Yeast cells were collected from 10 wml induced
cultures and respended in 0.2 ml of disruption buffer,
containing 25 mM Tris-Cl, ph 8.0 and 0.1 M NacCl with or
without 8DS or Triton X-100. For solubilization of
insoluble proteins, (a) SDS was added to the samples to
a fipal concentration of 0.5, 1, 2, 3, 4, and 5%; and
(b) Triton x-100 was added at 0.05, 0.1, 0.5, 1, 2, 4
and 5%. An equal volume of chilled, acid washed glass
beads (0.45 mm, Sigma) was added to the cell suspension.
Cells were disrupted by vortexing 5 times for 1 min



15 partial subclones such as pFC21/26-113 and pFC21/ 26-BX txansformants
(Fig. 12R). Increasing SDS concentration provided better solubilization up
to It SDS. SDS at it appears to yield naxi num solubilization. Further
increase in SDS 20 concentrations up to 5% did not inprove the yield of the
reconbi nant protein (Fig. 16A). Siml ar efficiency ©of "'solubiTization of

r Cr FC was observed with Triton X-100 i . 16B). Exanple 4: Endo

t bi nd f rCrFC. d f 5 H1 D2/ Cr id p11l D2/ Cr PG21EE
Endot oxi n- bi ndt A acFHOR 5“39140%?%‘@2% g R g of
R coli LPS (Sigmetefing. LogGedlsMugr® checkeds58py |®m1@¢ter okreecbycal | y
30 separated ong %E&E%r( 15‘&%&9' | ened By &loachpeb! ottlﬂgaa@éat hgeggsol ved

LPS onto to a PV menbr ane menbr ane bl ot was bl ocked i ncubati ng

in 50 nM Tris- ¢Farified dyntesminbieyatignNaetk (llﬁ’rqsé)‘bu?‘fé?eﬁ"%llr nB: TBS)
with 30 ng/gal Bebcéph IFktidbeat waz'@ Jﬁ@c@ﬁo cE® \@b a@hatﬂk‘@ngt” ps

(LPS strips) and each, stri ratel I nc d.overni ht Wt sllght
agitation at 3%%32} Zﬂ‘bﬂéﬁﬁ“f%'t ‘?aﬁot%ef “Lél’rb g)g‘ostg-‘l ?o &S o PYEL

rCrFC. The stripsnbearet hﬂﬁll\mpdmel) Sy f eleatmmraneﬁeh Wi Rlabb'BB laatoﬁe

I ncubati on forl\ggggi Sé%rm.t rﬁ ﬁ%ghogsgﬁgvg )g rﬁf%(ﬁp__(l)_ Th% TBS
containing 1 seque e stri re W t Bs

fol | owed by i nciaunohlobr Wah‘ﬂ adesatom@h Vﬁéﬂbxh@ﬁé%ra@bﬂﬁlumré&

anti - rabbi g gl chbﬂaiEE§cw go;trf%ish §§ﬁb1§é\fah€"1bbliﬁ}s B ngX e 1GHaL -t he

strips were staine orol-%?s)thol (Sigma) in
20% net hanol (#APRLLEd FP@uhléd{‘?g§Hoﬂgr%?-@%n%% FYPSEFRESF ndi ng capability
of SDS-sol ubilized rCrFC (derived from PH LD2/ Cr FCZl cl one #8) for

endot oxin as conpared w that of the r .ot yndi cauda
ampebocyte |ysate (CAL ﬂt/&’r')cﬁ"é’&‘rﬂﬂ ir‘?é‘ ggf‘g%-% fpsfgg'The i nvention

bei ng thus descri bed, various Sﬁg §F“t e materials and net hods
used in with YFC26sp, YFCZGAGa and YFC26A9a transformants,
16 cell lysates prepared by glass bead disruption showed
substantial amounts of immunoreactive recowbinant
protein in the soluble, intracellular fractions (fig.
14). It is evident from the results that the K. lactisg
killer toxin signal sequence did not direct the
20 secretion of the recombinant product. No immunoreactive
band was detected in YFC26A6a-H3 and YFC26A9a-H3.
Although transcripts were found for thesge deletion
mutant (shortened} constructs (see £fig. 13), no
translational products were evident (see Fig. 14).
25 Three explanations may be given for this observation:
‘ {a) the transcripts were defective for translation, (b)
the truncated rCrFC proteing were unstable, and
underwent rapid in gitu degradation, or (c¢) the
truncated rCrFCs were gynthesized but not immunoreactive
30 that is, the deletions have removed the major epitopes
of Factor C, thus abolishing immunoreactivity.

(v) Expression of rCrFC from pEMBLYex4
plasmid constructs

A gingle immunoreactive band with an apparent size
3s of ~136 kDa was observed for cell 1lysatea of



practice of the invention wll be readily apparent to one of ordinary
skill in the art. Such nodifications are considered to be enconpassed by
‘the scope of the 20 invention as it is described in the clains below 2t
SEQUENCE LI STING (1) CGENERAL | NFORMATI ON: (i) APPLICANT: Ding, Jeak Ling
Ho, Bow (ii) TITLE OF I NVENTI ON: Expression of Carcinoscorpius rotundi cauda
Factor Cin Eukaryotes (iii) NUMBER OF SEQUENCES: 4 (iv) CORRESPONDENCE
ADDRESS: (A) ADDRESSEE: Birch, Stewart, Xglasch & Birch (B) STREET: 8110

Gat ehouse Roa ITY alls.Chu TATE V'rglnla
(E) COUNTRY: %"?&@%452 EHW’EJEEROIQI%XDA oél\‘; RES UM
TYPE: Fl oppy le%%? AGOWUIMERE 1 |Ma@®mxmnemye 1(1C)<D@3EEA§ENGtB¥ﬁTEM
PC- DOS/ Ms- DCS WARE:qP tl e e . er 1.

CURRENT APPLI CAﬂ'J O\Igg(ETA (A %tA%%LIEC?AéI%?d % % f‘lé‘?&ﬁﬁﬁéggfi&m (C)
CLASSI FI CATI ONFRSj i93Y aAtreordt gl her B@MCO@X)L’:\NANE mirphgae. Jr.
Gerald M 5 (B)piREiG STRATIONuNBER c28e 914, ubWWBER

) (R -
it o (ST ST et o e e o
FOR SEQ | D NOb_een( i HOUBIQUENEE CIiARME‘:‘sI@sﬁBIeCScraléé\) LENGT Hnoéb%2 yiease
pairrs Factor C ig glycosylated, but not secreted. Rather, the
glycosylated Factor ¢ 18 found in intracellular
10 granules. Immunogold electron wicroscopy studies are
being performed to confirm the localization of the rCrrC
) produced by the pEMBLyex4/CrFC21 transormants. Contrary
to full 1length CrFC ¢DNA clones, no detectable
immunoreactive protein was observed in lysates from
15 partial subclones such as pFC21/26-H3 and pFC21/26-BX
transformants (Fig. 12B).

Increasing SDS concentration provided betterxr
golubilization up to 1% SDS. SDS at 1% appears to yield
maximum solubilization. Further increase in 8DS

20 concentrations up to 5% did not improve the yield of the
recombinant protein (Fig. 16A). Similar efficiency of
solubilization of rCrFC was observed with Triton X-100
(Fig. 16R).

Example 4: Endotoxin-binding of rCrFC derived from
25  pHILD2/CrFC21 and pHILD2/CrFC21EE

Endotoxin-binding activity of rCrFC is shown as
described herein. 10 pg of E. coli LPS (Sigma, St.
Louis, MO (E. coli 055B)) is electrophorectically

30 separated on SDS-PAGE (15%) followed by electroblotting
of the resolved LPS onto to a PVDF membrane. The
membrane blot was blocked by incubating in 50 mM Tris-
HCl, pH 8 containing 0.2 M NaCl (Tris buffered saline,
TBS) with 30 mg/ml BSA for 30 win. at 37°C, The

35 wmembrane was cut into strips (LPS strips) and each strip
was separately incubated overnight with slight agitation
at 379C with 200 um total protein of crude solubilisate



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: both (ii)
MOLECULE TYPE: cDNA 30 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (vi)
ORI G NAL SOURCE: (A) ORGANI SM Carcinoscorpius rotundi cauda (ix) FEATURE:
(A) NAVE/ KEY: CDS (B) LOCATION: 569..3817 (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 1: GTATTTAATG TCTCAACGGT AAAGGTTTCA TTGTAGCTAA TATTTAACTT CCTCCCTGIG 60
CCCCAAATCG CGAGTATGAC GTCAGTTAAG ACTTCGTATT TTAAGAGTTA AACACGAGCC 120
TTAAAGAGCG ATATTTFTTT TGTTAAACAC TWA ATACAATTGG CAAACTTTCA 180
AAAATAAAGT GGAAAAGGAG GTAAAAAAGA T T TCGCATACAA TAGAATACAA 240
TAAAATGTGT TGTCITTACT GTCAACACTT ACTGITCGTT CGGTCACAGC TGTGAATCGG 300
GGTGACTTTA TGTFGFAET CacT iy Het:cetAET FhesT RPREG AT TFAR1ZG0
AACCTACATA TGAGICHCGE tAATT THEEoTEATARABEA iGoAXN TI6 GEACCTAAARi420
CTTTTTTGTA GTCJ. 3 T TITGTAA CACA AT 480
AAACTAAATA wﬁ%ﬁé%%%%w W@&Pﬁﬁ%srﬁ?&%ff%io
TTTTTAAAAT TTGAGTRASG THUhREATHeATEYTGEhET GtACASTRErET@aBAEIAGSLROTBS\VEt Trp
Val Thr Cyg Ph r TFL.G T TGT TTG
T1G TGT GIo TG%ogzgwgghg}Lgﬂééﬁg%éf‘ aé/’.sr é“uggerﬁ%?r Wkn %&g@@é@a Leu
Cys Val Trp 10¢eBinganed guat Guitirpahdt AQS TeCrBSwiT T rg/MICBABT TTT
CCA TTC GIT 68&fté&9r?ﬁ§iﬁi&ei§€£n%§re%§ the V% plydile sbi il Wfiltg Pro

Phe Val 25 30 35 40  AAG T TTA TTA CAG TGI. TAG CAT TAC TCT
CTC CAC AAT 7369 15 B #rd \ef w9 dhdenasd -aeptbpd T{Rigna) TiR 38% Leu
H s Asn 45 50 @BthAGS1TGH/HMAG TTC TAC TCT GTG AAT CCT GAC AAG CCA GAG TAC

Leu 60 65170 31 ToRiBArerTh Tiw TRy Rorr R R SR ERRA 185Y oo
GTT) CAG 832 of SDS-solubilized rCrFC (derived from PHILD2/CrFC21,
' clone #8) for endotoxin as cowpared with that of the
Carcinoscorplus rotundicauda amoebocyte lysate (CAL
which contains native Factor ).
1s The invention being thus described, various
modifications of the wmaterials and methods used in
practice of the invention will be readily apparent to
one of ordinary gkill in the art. Such wmodifications
are considered to be encompassed by the scope of the
20 invention as it is described in the claims below,



Gy Phe

Trp Ser
TCT; CCA
Pro Gu

Leu Val Leu Ay Leu Leu Ala Gn Lys Met Arg Pro Val @dn 75 80 85

GGA GTA GAT CTA GCC TTG TGT GAT GAA ACG AGG TTC GAG TGT 880 Ser

Val Asp Leu Gy Leu Cys Asp Gu Thr Arg Phe A u Cys 90 95 100 AAG

GAT CCA GGC TAT GIG TTC AAC ATT CCA GIG AAA CAA TGT 928 Lys Cys

Pro dy Tyr Val Phe Asn Ile Prep,Val Lys A n Cys 105 110 115 120

TTT TAT CGA TGG AGG CCG TAT TGT'AAA CCA TGI GAT GAC CTG 976 Thr

Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp Leu 125 130 135

AAG GAT ATT TGT CCA AAG TA A?ACGATGT CAA GAG TGT AAG 1024 du

Asp Ile Cys Pro Lys Tyr §F§UE\(E &%T%Gn A u Cys Lys 140 145 150

CTT GAT AGT TGT GIT ACT TGI CCA CCT AAC AAA TAT GGI ACT 1072 Al a

As(3) SEINERYIS INRARMTPFONCYs Pro Pro Asn Lys Tyr @y Thr 155 160 165 TGG

GGT Gﬂﬁ\) TﬁEL%T%nﬁe%li GGTI ATC TGT GAC CAG 1120 Trp Cys
Ile Cys Asp G n 170 175 180 AGGACA

TGT GCA TGI CGI GAC AGA TAT GAA GGG GTG CAC TGT 1168 Arg Thr

Al a i) AFTYASE AT ’zi# W nAAEYrRINg 1*9%%@3 ‘BAA

AAA GGTI TGT CCT CTT CIT GTTCAGlZlG Qulle

€] y @&)HHMBEEWFLWUBNQESSE‘! Asp Ser An Val G@n 205 210 215 GAA

C?)Qr) g‘ﬁ% ACT ATT GAC TAC AGC TGT 1264 G u Val
PrO PO ASR) EdirG " b arkS Prch¥beiSq) piden 220 225 230 TCA
TTC AAG CT(B) ASGRESET sAT et wak d, Aofrd Gbo GRe: CCA 1312 Ser Pro

Lys Leu Ly$)GF IVE‘t‘alAFthAthI le Ser Cys Leu Pro 235 240 245 AAT GG
AGT AAC TTL) Rt A&RTGT ATT CGA GAA TGT GCC 1360 Asn Gy Gn
Asn Phe Pr@)Patr:Lys0a@ys |le Arg Au Cys Ala 250 255 260 ATG GIT TCA
GAA CAT GGG AAA GTG AAT GCT CTT AGT GGT GAT 1408 Met Val Ser Ser

H's a {ILGEIVEES BEoALS ToBl Sar Gy Asp 265 270 275 280 3Z

(B} COMPUTER: IBM PC compatible
{C}) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE:
(C) CLASSIFICATION:

{viii) ATTORNEY/AGENT INFORMATION:
{(A) NAME: Murphy, Jr., Gerald M.
(B) REGISTRATION NUMBER: 28,977
(C}) REFERENCE/DOCKET NUMBER: 1781-105P

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (703) 205-8000
(B) TELEFAX: (703) 205-8050
(C) TELEX: 248345

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4182 basge pairs
{B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: cDNA



ATG ATA GAA GGG CGCT ACT TTA CGG TTC TCA TGT GAT
Ile Gu @y Ala Thr
TTG ATT GGI CAA GAA ACA TTA ACC TGI CAG GGT AAT
Leu Thr Cys Gn Ay Asn Gy
GGA CAG ATA CCA CAA TGT AAG AAC TTA GIC TTC TGT

lle Ay G@n Gu Thr

Leu Arg Phe Ser

@nille Pro @dn Cys Lys Asn Leu Val
GTA AAC CAT GCT GAA CAC AAG GIT AAA A GGT GIG GAA CAA
Lys Ile

Asn Hs Ala Qu H's Lys Val
CAG TTT- CCT CAA)GHPAGETIGAA: GEG ACC TAT ACG TGT
Phe Pro @ n dy Thr
TAC TTC TTG ATE T TFREATACC TTA AAA TGT AAC

d u Val

Cys Asp Ser

Phe Cys Pro

y

Thr Tyr Thr

Val

Cys Ser

AGT

Pro Tyr

du d

a

GGT
An Trp
CCT
Asp Leu

n Lys

TCG GGT

y 345

CCT GAT

Phe Leu Met Qvi)Pberdisfrn Hooréeu Lys Cys Asn Pro Asp Gy
TGG TCA GGA TCA CAGICORCANISM T GhrEiiTosAAry (BECrSOhdAdhidaGA

Ala Asp Arg Qu

Ser Ay Ser An Pro Ser

GAC TGT GAC A&

Cys Asp Ser Lys Al ap)Vi

Ile H's Cys Pro.
ACA GCC ATA TAE

_Cys Val

Lys Val
GAGSTTC TTG GAT GAT GIT GGT
cAspNPEs ol esgiAsp Asp Val

(ool Ry b

d

y GQu

Tyr

CCC TAC TAC 1456 Met

285 290 295

CAG TGG AAT 1504 Leu

Asn 300 305 310

GAC CTG GAT 1552 dy

Asp 315 320 325 CCT
AAA 1600 Pro Val
330 335 340 TAT GGT

1648 Tyr

Gy G@n

350 355 360 AAC
GGG 1696 Asn Tyr
365 370 375 TCT
GAG 1744 Ser Trp
380 385 390 GIC
GAA 1792 Val Asp
395 400 405 CCT GIC
AGG ATC CAC TGT CCT GCT G&C TGT TCT TTG ACA GCT GGTI ACT 1840 Pro Val Arg

dy Thr 410 415 420 GIG TGG GGT

OGT GCA 1888 Val Trp @y Thr

Al a |l e Ty&radrsadGcurdenaSarr SetcovercOrSerarTAL ard2ba30 ccHdbraid0 GCCeATC
CAT GCT GGC AAG CTT CCA AAC TCT GGA GGA GCG GIG CAT GIT 1936 Ala lle H's
Ala Ay LySIBPABCoCRAFTAEFAETREGTYAN ACVHICTATS TRANCHATA/BATAESIGCCGTG ARR AAT
GGC CCC TALrahekadetCaTalrt T ST AREACASCEHETA TRk 108 4can¥TRBN AsHgl Y
Proy Tyr Ser Asp Phe Leu Gy Ser Asp Leu Asn Gy 460 465 470 ATA AAA TCC
‘GAA GAG TTRAMABAACTC@PRAGEIS COBMEAGH TCAURAART TUGAATHIDR2TAGAREAGARs Ser24@ u

G U Leu Lyg, Sehokftinbhdriid SHafAbrSE A Rodhindil A8Rmnrcos

GGTGACTTTA TGTTTGTAGT GGTCTTAAAA ACGGGTACTT GGTTGTTTTG AAAATTTTAA
AACCTACATA TGATTCTCCT AAAATTTTGT TTATAAATTA GCACCATTTG CGACCTAAAT
CTTTTTTGTA GTCTTAAGTT TAGTTGACAT AAAAACAAAA TTTGTAACAA CACACGGTAT

AAACTAAATA GCTTCAGATG GGTCGTATGA CAAGGAAACT TTTAAATAAT TATGAAAGTT

TTTTTAAAAT TTGACTAAGG TTTAGATT ATG TGG GTG ACA TGC TTC GAC ACG
Met Trp Val Thr Cys Phe Asp Thr

Phe

AGG
Arg
25

ARG
Lys

ACC
Thr

Leu
10

Phe

TCA
Ser

TCA
Ser

TTT GIT
Phe Val

GGT TTC
Gly Phe

ACA GTT
Thr val

AAG TTC
Lys Phe
60

TGT
Cys

TGT
Cys

GTT
Val
45

TAC
Tyr

GAA
Glu

AGG
Arg
30

TTA

Leu

TCT
Ser

AGT TCA
Ser Ser
15

TGG CGT
Trp Arg

TTA CAG
Leu Gln

GTG AAT
Val Asn

1

GTT
Val

GTT
Val

TGT
Cys

CCT
Pro
65

TTC
Phe

TTC
Phe

TAC

Tyr
50

GAC
Asp

TGT
cys

TAC

Tyr
35

CAT

His

AAG
Lys

TTG
Leu
20

AGT

Ser

TAC
Tyr

CCA
Pro

S

TTG TGT GTG TGG
Val Trp

Leu Cys

TTT CCA
Phe Pro

TCT CTC
Ser Leu

GAG TAC
Glu Tyr
70

TTC
Phe

CAC
His
5%

ATT
Ile

GTT
val
40

AAT
Asn

CIT
Leu

300
360
420
480
540

592

640

688

736

784



-33
Tyr
TTT
du
TGG
Au
GIG
Leu
GGG
Lys
AAG
Pro
AAC
Leu
TGT
Val
AAG
Ser
GAC
Arg
GCC
Thr

ACG TAGenSa1aGlyd5Aep

TAT GIC AGT TCC TCC ACA GCA GGT AAA TCA GGA TGI CCT GAT GGA TGG 2080
Val Ser Ser Ser Thr Ala Ay Lys Ser Gy Cys Pro Asp Ay Trp 490 495 500
GAG GTA GAC GAG AAC TGT GIG TAC GIT ACA TCA AAA CAG AGA GCC 2128 Phe
Val Asp G u Asn Cys Val Tyr Val Thr Ser Lys G n Arg Ala 505 510 515 520
GAA AGA CCT CAA GGTI GIG TGTI ACC AAT ATG GCT GCT CGT CTT GCT 2176 Trp
Arg Ala dn dy Val Cys Thr Asn Met Ala Ala Arg Leu Ala 525 530 535
CTG GAC AAA GAT GTA ATT CCA AAT TG\ TTG ACT GAG ACT CTA CGA 2224 Val
Asp Lys Asp Val Ile Pro Asn Ser Leu Thr G u Thr Leu Arg 540 545 550
AAAL GGG Tl AGR A6 TG AsCChnT TARCA%: AGA 6T GPATCAET 227230 Y
A ysdreg1lyhreuThial Tiu E1p 1due LEh YAle 1 13/sAMgE ey Bsp vALachb5 560 565 GAG
CCC TTT ATTSTGG GAG TTA ATG 8AT CGI AGT AAT GBS GIT CTG 2320 du Lys

Phe r [ Vi 0 5 580 T GAT
crigchl i it [ Gl Rl & o BB Aon A hen
Thr Phesdrp Ala Ser Ay @@= Pro Ay Asn Gioo Thr 585 590 595 600 AAC
Ty B ECRSEE OBT SGh 66 TAT) TBLTTS APSCITIVSEA 1S 1A BASTEN0 615 L
TyrANE( iu § vﬁg 1@% 0 615
TCAi‘ﬁSFY? YCREP CCC §CA RET T RISt ATE ATG BRY CFS¥364  Thr Lys
Cys e An Pro Ser Ser Phe Ala Cys Met Met Asp Leu 620 625 630 TCA
AGARAATAAAAMCTET AddA. TGE AT CGATTACTCEGIMAT CAA CITiD GRA METC2612  Seg76ASp
AsnThy §YAl %hd_wr% Azp Kap PRpoTER \[CySekyd &yo @vs Asp 6R5L640 645 GGA CAC
ACA CTT CAT GGA AGT ATT GAT GG33YTC TAT GCT GGT ¥560 Gy Hs Al a

LeUghd o ¥aBdATRfr lse ASD aGhLY TAR QalYec\dr 3k BRE RA5aRQ0 TCT, JLT ATA
Glile GI6 £AC LLACHal CyAGlr§3chs Afih 2608cysSeys Ser |1e Arg

Tyr )Ser Cys A u VakolLeu His Tyr LeuigSer Ay Thr 665 8%0 675 680 GAA ACC

Thr

GTA ACT TGT _ACA ACA AAT GG ACA TGG AGT ?‘Fﬁﬁg% %F‘JZG@S%CTG u Thr 2VaI

T T CC 107
Oysalbicri et ey Tk JEP Ther cfi 4.5 Tyr Gly Thr
155 160 165
TGG TGT AGC GGT GAA TGT CAG TGT AAG AAT GGA GGT ATC TGT GAC CAG 1120
Trp Cys Ser Gly Glu Cys Gln Cys Lys Asn Gly Gly Ile Cys Asp Gln
170 175 180

AGG ACA GGA GCT TGT GCA TGT CGT GAC AGA TAT GAA GGG GTG CAC TGT 1168

Arg Thr Gly Ala Cys Ala Cys Arg Asp Arg Tyr Glu Gly Val His Cys

185 190 195 200

GAA ATT CTC AAA GGT TGT CCT CTT CTT CCA TCG GAT TCT CAG GTT CAG 1216

Glu Ile Leu Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Gln Val Gln

205 210 215
GAA GTC AGA AAT CCA CCA GAT AAT CCC CAA ACT ATT GAC TAC AGC TGT 1264
Glu Val Arg Asn Pro Pro Asp Asn Pro Gln Thr Ile Asp Tyr Ser Cys
220 225 230
TCA CCA GGG TTC AAG CTT AAG GGT ATG GCA CGA ATT AGC TGT CTC CCA 1312
Ser Pro Gly Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro
235 240 245
AAT GGA CAG TGG AGT AAC TTT CCA CCC AAA TGT ATT CGA GAA TGT GCC 1360
Asn Gly Gln Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Glu Cys Ala
250 255 260
ATG GTT TCA TCT CCA GAA CAT GGG AAA GTG AAT GCT CTT AGT GGT GAT 1408

Met Val Ser Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp
265 270 275 280



685 690 695 34 CGA TGI ATC AAA GIC ATC ACC TGC CAA AAC CCC CCT GTA CCA TCA
TAT 2704 Arg Cys Ile Lys Val Ile Thr Cys G n Asn Pro Pro Val Pro Ser Tyr
700 705 710 GGI TCT GIG GAA ATC AAA CCC CCA AGT CGG ACA AAC TCG ATA AGr
CGr 2752 dy Ser Val GQu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg
715 720 725 GITGGG TCA CCT TTC TTG AGG TTG CCA CGG TTA CCC CTC CCA TTA GCC
2800 Val dy Ser Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala 730
735 740 AGA GCA GCC AAA CCT CCT CCA AGA TCC TCA CAA CCC TCT ACT
2848 Arg Ala Ala Lys Pro Pro Pro Lys Pro Arg Ser Ser An Pro Ser Thr 745

750 755 T T TAC CGCG
5% 5 S RAR S T B SR T
765 770 775 GGG T ACQi)oT GA@ TCG AGA9AC TAC GAA CTA
CTT 2944 Gly Ser Ala IIe Tyr Thr %3 Glu Ser Arg Tyr%l" 'TGU Ic_;]eréj(mL_eru
780 785 C@A GG A

GG 2992? gqg(%b L‘iﬁ‘rg ?' R ?% QA Ser Ay Arg
795 800 8OSCCAGCGAGCTGT ATTCCAGTT TGTGGACGGTCAGACTCTCCTCGTTCT
3040 Pr &GAl @\CSMA(C-?@\ Chke TRTOAAGR IAACYEIAGETC AT T CAB [FASeCTPGATAr g Ses5810
815 820 &Y FHT IATCPGREIAATSASE ART HCTVACARGNVATEY B3P EAGATEG COG TGG
3088 Pro Phe |P& Trp Asn Ay Asn“Ser Thr Qu lle y An Trp' Pro Trp 825
830 835 G489 cfAGACIAICEAT AR dhd PAGATICRAChirT(Edr GAC dPACCAMARAATG TGhsdol T
CTC 3136 Pr6l vialAlAgnGllis Rle @er Hiy dyFrinlldys Alle Gap Vel $lasEalVBlysTrp Phe Leu
845 850 855 3¥NG TGT GGA GGA T CTA TTG AAT GX8 AAA TGG ATC GIC ACT GCT
CCC 3184 1@ B8 Gr BY G ch€ Ak etha Bt Gkt 415 adl Prddl Scd/@arThr Alg, A a

860 865 81@(} cHAGLAGIhGPeo Abin ¢AL TheTeXdCVa AlchrGivlr @A AETséd G1GAC CCC AAT
CAG: 3232 348is Cys Val Thr 3Bgr Ser Ala Thr Asa Au lle IIe AsysoPro Asn G n

875 880 885 TIT AMAAT GrlALnCG: 305 MACHG IR0l G GAF AGT ACA, GAC GAT
Asn Tyr Phe Leu Met Gly Phe Asp Thr Leu Lys Cys Asn Pro Asp Gly

365 370 375

TCT TGG TCA GGA TCA CAG CCA TCC TGT GTT AAA GTG GCA GAC AGA GAG 1744

Ser Trp Ser Gly Ser Gln Pro Ser Cys Val Lys Val Ala Asp Arg Glu

380 385 390

GTC GAC TGT GAC AGT AAA GCT GTA GAC TTC TTG GAT GAT GTT GGT GAA 1792

- Val Asp Cys Asp Ser Lys Ala Val Asp Phe Leu Asp Asp Val Gly Glu

395 400 405

CCT GTC AGG ATC CAC TGT CCT GCT GGC TGT TCT TTG ACA GCT GGT ACT 1840

Pro Val Arg Ile His Cys Pro Ala Gly Cys Ser Leu Thr Ala Gly Thr

410 415 420

GTG TGG GGT ACA GCC ATA TAC CAT GAA CTT TCC TCA GTG TGT CGT GCA 1888

Val Trp Gly Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg Ala

425 430 . 435 440
4 GCC ATC CAT GCT GGC AAG CTT CCA AAC TCT GGA GGA GCG GTG CAT GTT 1936

‘ Ala Ile His Ala Gly Lys Leu Pro Asn Ser Gly Gly Ala Val His Val

445 450 455

GTG AAC AAT GGC CCC TAC TCG GAC TTT CTG GGT AGT GAC CTG AAT GGG 1984

Val Asn Asn Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly

460 465 470

ATA AAA TCC GAA GAG TTG AAG TCT CTT GCC CGG AGT TTC CGA TTC GAT 2032

Ile Lys Ser Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp
475 480 485



Phe

Lys Met Tyr Leu Ay Lys Tyr Tyr Arg Asp Asp Ser Arg Asp Asp 890 895 900

35 GAC TAT GIA CAA GTA AGA GAG GCT CTT GAG ATC CAC GIG AAT CCT AAC 3328

Asp
920
Tyr
ACT
Pro
GAC
Ile
GGT
Trp
GIG
Leu
GAA
Al a
TAC
Lys
TTA
Val

GGG
Ile
TAC
Ay

Tyr Val Adn Val Arg Qu Ala Leu Qu Ile H's Val Asn Pro Asn 905 910 915
TAC GAC CCC GGC AAT CTC AAC TTT GAC ATA GCC CTA ATT CAA CTG AAA 3376
Asp Pro Ay Asn Leu Asn Phe Asp Ile Ala Leu Ile @ n Leu Lys 925 930 935

CCT GIT ACT TTG ACA ACA CGA GIC CAA CCA ATC TGTI CTG CCT ACT 3424 Thr
Val Thr Leu Thr Thr Arg Val A n Pro Ile Cys Leu Pro Thr 940 945 950
ATC ACA ACA AGA GAA CAC TTG AAG GABZGGA ACA TTA GCA GIG GIG 3472 Asp
Thr Thr Arg Qu Hs Leu Lys Qu Gy Thr Leu Ala Val Val 955 960 965 ACA
TCCIEGCETTEARS AST TGRAAMNGCANGTAGEN TIKR GE2A TGRGACCARATEACKE 3520 208Ar Gy
a yTKC’?:ggAs?Ferﬁrﬁ@eﬁ Aan 2 ngGLPyPY%e‘%erG”d' gg e 2ep (Fl978 w75 980 CAA GCT
CTA PE&TT GIT GCA GOC ACC TGT GAA GGG TAC 3568 dn Ala Val
Pr oTvalecadabTilcac Al Sec TERr GToy TAC arTCAOA Gick Aaw cB8REAO6c®O95 10008 AAG
GCAPBAGINTHICBAP GG AGA QgF AVACAYGCABIARNTY AFG HYECCTGRIGCAL8616 Lys G u
AspSPeu Pro Leu Thr V&Y Thr G u Asn MBI°Phe COys Ala 108%° 1010 1015 GGT
PAG14AGRCALGETTAR GAF BeCidiChcAGhICRR: e AT GA-@hReR664 Gy Tyr
LysS T6b VGIA grd WlaASTh Alqa v@Iscyerrhd AsnARpt Sak Ay AcyYLel020a 1025 1030 CCT
GIG TTT GCT GAT G¥bF TCC CGI' ACC GAROAGG CGG TGG GIG3ETG 3712 Pro Leu

Phe S r rog ALg . Tr u,10 1040 5 GAA
T R e G Aol it ode AR alafeite o B sy
Val Ser Trp GgpoSer Pro Ser d wa€ys Ay Lys Al asAsn 1050 1055 1060 CAG
GGG GGC TTC ACT AAA GIT AAC GIT TTC CTG TCA TGG ATT AGG 3808 dn Tyr

S Fr R o R o TRty A AR et 10D 1T 107

TTGITCCTAT TATTGCITTA CTGGTTTAAC CCATAAGAAG GTTAACGGGG TAAGGCACAA 3917

GAG AAG CCC TTT ATT TGG GAG TTA ATG GAT CGT AGT AAT GTG GTIT CTG 2320
Glu Lys Pro Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu
570 575 580
AAT GAT AAC CTA ACA TTC TGG GCC TCT GGC GAA CCT GGA AAT GAA ACT 2368
Asn Asp Asn Leu Thr Phe Trp Ala Ser Gly Glu Pro Gly Asn Glu Thr
585 590 5395 600
ARC TGT GTA TAT ATG GAC ATC CAA GAT CAG TTG CAG TCT GTG TGG AAA 2416
Asn Cys Val Tyr Met Asp Ile Gln Asp Gln Leu Gln Ser Val Trp Lys
€05 610 615
ACC AAG TCA TGT TTT CAG CCC TCA AGT TTT GCT TGC ATG ATG GAT CTG 2464
Thr Lys Ser Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu
620 625 630
TCA GAC AGA AAT AAA GCC AAA TGC GAT GAT CCT GGA TCA CTG GAA AAT 2512
Ser Asp Arg Asn Lys Ala Lys Cys Asp Asp Pro Gly Ser Leu Glu Asn
635 640 645
GGA CAC GCC ACA CTT CAT GGA CAA AGT ATT GAT GGG TTC TAT GCT GGT 2560
Gly His Ala Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly
650 655 660
TCT TCT ATA AGG TAC AGC TGT GAG GTT CTC CAC TAC CTC AGT GGA ACT 2608
Ser Ser Ile Arg Tyr Ser Cys Glu Val Leu His Tyr Leu Ser Gly Thr
665 670 675 680
GAA ACC GTA ACT TGT ACA ACA AAT GGC ACA TGG AGT GCT CCT AAA CCT 2656

Glu Thr Val Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro
685 630 695



. GGATCATTGT TTCTGITTGT TTTTACAAAT GGITCTTTTA GICAGTGAAT GAGAATAGTA 3977 3G
TCCATTGGAG ACTGTTACCT TTTATTCTAC CTTTTTATAT TACTATGCAA GTATTTGGGA 4037
TATCTTCTAC ACATGAAAAT TCTGTCATTT TACCATAAAT TTGGTTTCTG GTGTGIGTGT 4097
TAAGTCCACC ACTAGAGAAC GATGTAATTT TCAATAGTAC ATGAAATAAA TATAGAACAA 4157
ATCTATTATA AAAAAAAAAA AAAAA 4182 (2) | NFORMATION FOR SEQ I D NO 2: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH: 1083 amino acids (B) TYPE: am no
acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE
DESCRI PTION: SEQ ID NG 2: Met Trp Val Bt Cys Phe Asp Thr Phe Leu Phe Val
Cys G Uc@lrepeire Aap ok AR a¥dlrddheafNcledl le@l (S cdRlrchl arr g Phgodd y Phe
Cys Argadd RyAl fie2@y2va3Orie/ahr RRe Eys near pRherbreniPhes \@h tys Ser Thr Val
Val Leu Leu G n 38040 45 Cys Tyr S Tyr Ser Leu HWSOAsn Thr Ser Lys Phe

L2y S”Gt?@ﬁﬁse&”?%%%?zs%@ ch ookt B el bty

Val Leu d¥yideu u Thr ArgpdPhe s Lys Cys Gly
Asp ProG Tyr Val 100 1%%%1%@%& Asn IIe Pro Val S G n Cys %Bg Tyr
Phe T r g"& E 1%;1; g% Q/’é £ Asp 288°G u
Al a ﬂﬁl‘gl rQ?gr o B§S %2310“1 5° ﬁ)ﬁsLeA'rg I du Oys Lys

Al a Gly Leu Asp Ser Cys Val Thr 145 150 155 160 Cys Pro Pro Asn Lys Tyr
Ay Thr AGA BABYSCEAAAGGE GFTI CChsAKH §CTAGA TEG mocwscgmzyscmsn dase@ly Ile
Cys Asp"gn“l/&r Blarfs gy E\E@ Fagslyg 5r?,§/“sr9A@§r SpE0CHBSTegter Thr

760
GTG GAC TTG GCT TCT AAA GTT AAA CTA CCT GAA GGT CAT TAC CGG GTA 2896

Val Asp Leu Ala Ser Lys Val Lys Leu Pro Glu Gly His Tyr Arg Val

\ 765 770 775

i GGG TCT CGA GCC ATT TAC ACG TGC GAG TCG AGA TAC TAC GAA CTA CTT 2944

Gly Ser Arg Ala Ile Tyr Thr Cys Glu Ser Arg Tyr Tyr Glu Leu Leu

780 785 790

GGA TCT CAA GGC AGA AGA TGT GAC TCT AAT GGA AAC TGG AGT GGT CGG 2992

Gly Ser Gln Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg

795 800 805

CCA GCG AGC TGT ATT CCA GTT TGT GGA CGG TCA GAC TCT CCT CGT TCT 3040

Pro Ala Ser Cys Ile Pro val Cys Gly Arg Ser Asp Ser Pro Arg Ser

810 815 820

CCT TTT ATC TGG AAT GGG AAT TCT ACA GAA ATA GGT CAG TGG CCG TGG 3088

Pro Phe Ile Txp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Trp

825 830 835 840
CAG GCA GGA ATC TCT AGA TGG CTT GCA GAC CAC AAT ATG TGG TTT CTC 3136

Gln Ala Gly Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu

845 850 855

CAG TGT GGA GGA TCT CTA TTG AAT GAG AAA TGG ATC GTC ACT GCT GCC 3184

o Gln Cys Gly Gly Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Ala

) . 860 865 870

CAC TGT GTC ACC TAC TCT GCT ACT GCT GAG ATT ATT GAC CCC AAT CAG 3232

His Cys Val Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln

875 880 88S

TTT AAA ATG TAT CTG GGC AAG TAC TAC CGT GAT GAC AGT AGA GAC GAT 3280

Phe Lys Met Tyr Leu Gly Lys Tyr Tyr Arg Asp Asp Ser Arg Asp Asp
890 895 900



Le
220
230
Pro
Ay
Leu
Thr

u Pro Ser
Pro @n
235 240
250 255
260 265
Arg 275
Len Thr

Arg Tyr Qu Gy Val Hs Cys Gu Ile Leu Lys Ay Cys Pro Leu 195 200

Asp Ser An Val Gdn @u Vval Arg Asn Pro Pro Asp Asn 210
Thr Ile Asp Tyr Ser Cys Ser Pro Ay Phe Lys Leu Lys Gy
Met Ala Arg Ile 245 Cys Leu Pro Asn Ay G n Trp Ser Asn
Pro Lys Cys Ile Arg Gu Cys Ala Met Val Ser Ser Pro Gu
270 Lys Val Asn Ala Leu Ser Ay Asp Met Ile Qu Ay Ala
280 285 Phe 290 Cys Asp Ser Pro Tyr Tyr Len Ile Ay Gn
295 300 Cys An Ay An Ay An Trp Asn Ay An lle Pro

Cys chy srsdsara 30h S0 add 1a3268cT lat &l afbecacysrdnarAsqr het Asp $3-@ Val
Hi s AAb ary@E VaHiGin| Ve ABESs1u 8B40 I885Glwdlle [His Vadle AGhyPrdabsiid u G n Lys Tyr
A n®Phe Pro Gn Ay PP 340 345 350 %&Pu Vval Thr Tyr TR? Cys Ser dy

du
Val

T h As As
L kcieltiachi 5 grisheth i ol ol B8 1 72 22

Lys Val

Val Asp Cys As3p Ser Lys Al a Vab3o 385 390 395 40#B5 Asp Phe Leu Asp

dy.du Pro Val Arg |le H's s Pro Al 405_410
ACTybCT GTT ACT TIG Acg ACA CG GfgyCAA CCA ATC TGT CTG CCT ACT 3424
Thr Pro Val Thr Leu Thr Thr Arg Val Gln Pro Ile Cys Leu Pro Thr
240 945 950
GAC ATC ACA ACA AGA GAA CAC TTG AAG GAG GGA ACA TTA GCA GTG GTG 3472
Asp Ile Thr Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val
955 960 965
ACA GGT TGG GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA 3520
Thr Gly Trp Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln
970 975 980
CAA GCT GTG CTA CCT GTT GTT GCA GCC AGC ACC TGT GAA GAG GGG TAC 3568
Gln Ala Val Leu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyx
985 990 995 1000
ARG GAA GCA GAC TTA CCA CTG ACA GTA ACA GAG AAC ATG TTC TGT GCA 3616
Lys Glu Ala Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala
1005 1010 1015
GGT TAC AAG AAG GGA CGT TAT GAT GCC TGC AGT GGG GAC AGT GGA GGA 3664
Gly Tyr Lys Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly
1020 1025 1030
CCT TTA GTG TTT GCT GAT GAT TCC CGT ACC GAA AGG CGG TGG GTC TTG 3712
Pro Leu Val Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val Leu
1035 1040 1045
GAA GGG ATT GTC AGC TGG GGC AGT CCC AGT GGA TGT GGC AAG GCG AAC 3760
Glu Gly Ile Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn
1050 1055 1060
CAG TAC GGG GGC TTC ACT AAA GTT AAC GTT TTC CTG TCA TGG ATT AGG 3808
Gln Tyr Gly Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg
1065 1070 1075 1080
CAG TTC ATT TGAAACTGAT CTAAATATTT TAAGCATGGT TATAAACGTC 3857

Gln Phe Ile

TTGTTCCTAT TATTGCTTTA CTGGTTTAAC CCATAAGAAG GTTAACGGGG TAAGGCACAA 3917

- GGATCATTGT TTCTGTTTGT TTTTACAAAT GGTTCTTTTA GTCAGTGAAT GAGAATAGTA 3977



415 Gy Cys Ser Leu Thr Ala Gy Thr val Trp Ay Thr Ala lle Tyr Hs 420
425 430 du Leu Ser Ser Val Cys Arg Ala Ala lle Hs Ala Ay Lys Leu Pro
435 440 445 Asn Ser Ay Gy Ala Val H's Val Val Asn Asn Ay Pro Tyr Ser
Asp 38 450 455 460 Phe Leu Gy Ser Asp Leu \n Ay Ile Lys Ser Au Gu Leu
Lys Ser 465 470 475 480 Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Ser Ser
Ser Thr Ala Ay 485 490 495 Lys Ser Gy Cys Pro Asp Gy Trp Phe G u Val
Asp A u Asn Cys Val 500 505 510 gk;val Thr Ser Lys Gn Arg Ala Trp GQu
Arg Ala Adn dy Val Cys 515 520 52 Thr Asn Met Ala All Arg Leu Ala Va
Leu Asprdesgrdsies ¥etctrhecPrarabRfab3orta40arAS taGefrcteu GTRtridauaThr shew Arg
Gy Lys Ay Leu Thr Thr Thr Trp 545 550 555 560 Ile Gy Leu H's Arg Leu
As 565 TATMFECG%AE&%G%T PIECTAI T PGP TTHATEYS CTRETTGASS Ar §°%8r Asn
Val = Val ool -A5% ﬁé&cﬁ%ﬁé%ﬁ@&%%@ﬁ% @*‘IQ‘: AP&Aa28Rn TRPncaRanCd Y 4G4 Pro
Gy Asn u Thr Asn Cys Val Tyr Met Asp | Gn 595 600 605 Asp Gn Leu
A n SerAREATTATA BRSAANAAAL FAABET Cys 4182

{2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 1083 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
) (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Trp Val Thr Cys Phe Asp Thr Phe Leu Phe Val Cys Glu Ser Ser
1 5 10 15

Val Phe Cys Leu Leu Cys Val Trp Arg Phe Gly Phe Cys Arg Trp Arg
20 25 30

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

Cys Tyr His Tyr Ser Leu His Asn Thr Ser Lys Phe Tyr Ser Val Asn
S0 55 60

Pro Asp Lys Pro Glu Tyr Ile Leu Ser Gly Leu Val Leu Gly Leu Leu ,
65 70 15 80

Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly Val Asp Leu Gly Leu
85 90 95

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

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

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

Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp Ser Cys Val Thr
14S 150 155 160

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
165 170 178



Met Met Asp
in Pro Ser 620 Ser Phe Ala Cys
gég E)llg th: E;yg Cys 625 630 635 640 Asp Asp Pro Ay Ser

Hs Ala Thr Leu Hs Ay Gn GI635 228 ggg G%r l\/lale ﬁzg S.Z
oy e %; a/e; %f Thr Asn 675 680 685 Gy Thr

G u Thr Val

-II_-C; Pro Arg Cys Ile Lyls \éal H: 'II_'S; %/z oo
r dy Ser Va u

ig(r)] gg: ;r%/e Se?/ Arg Val Ay Ser Pro Ph¥7Leu Arg Leu

690 695 700 Gn

Leu Ser Asp Arg
Leu u Asn Ay
Phe Tyr Ala Ay
Tyr Leu Ser Gy
Trp Ser Ala Pro
Asn Pro Pro Val

710 715 720 Ser Arg Thr
i 725 730 735 39 Pro

740 745 750
Ala Ala Lys Pro Pro Pro Lys

| s 755 760
Arg Leu Rwe éﬁg%&%g‘fléecs %gp Gip P The Bl Ala Sgs As cftiarky

o Arg Ser
5235 Lgu Pro Qu Gy H's Tyr Arg Val

770
Arg Al a%e Tyr Thr Cys
ély Ser g nGyAr Arg Cys Asp

775 780 “EPMSeIYAG TGy el @l che ket Sk, S El;é CHp g, 1 eeys e pro

785 790 795 800 7Ber Asn Gy Asn2¢p Ser Ay Arg

Val Cys 1805r:l BeBIp ser qin Val Gln Glu val Arg Asn Pro Pro Asp Asn

210 215 220

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

225 230 235

240

Met Ala Arg Ile ser Cys Leu Pro Asn Gly Gln Trp Ser Asn Phe Pro
24% 250 255

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

260 265 270

) Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu Gly Ala Thr Leu Arg

275 280 285

Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Tle Gly Gln Glu Thr Leu Thr

290 29s 300

Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile Pro Gln Cys Lys Asn

305 310 318

320

Leu Val Phe Cys pro Asp Leu Asp Pro Val Asn His Ala Glu His Lys
325 . 330 335

Val Lys Tle Gly Vval Glu Gln Lys Tyr Gly Gln phe Pro Gln Gly Thr

340 345 350

Glu val Thr Tyr Thr Cys Ser Gly Asn Tyr Pphe Leu Met Gly phe Asp

3558 360 365

Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp Ser Gly Ser Gln Pro Ser

370 375 380

Cys Val Lys Val Ala Asp Arg Glu val Asp Cys Asp Ser Lys Ala Val

) 385 390 395

400

Asp Phe Leu Asp Asp Val Gly Glu Pro val Arg Ile His Cys Pro Ala
405 410 415

Gly Cys Ser Leu Thr Ala Gly Thr val Trp Gly Thr Ala Ile Tyr His

420 425 430

Glu Leu Ser Ser val Cys Arg Ala Ala Ile His Ala Gly Lys Leu Pro

435 440 445

Asn Ser Gly Gly Ala Vval His val Val Asn Asn Gly Pro Tyr Ser Asp



Asn Ser 820 825
Gy Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile Trp Asn Ay o

Qulle dy @n Trp Pro Trp An Ala Gy Ile Ser Arg Trp Leu

in Phe Lys Met Tyr Leu
865 870 875 880 Ala Gu lle Ile Asp Pro Asn G n y ey

Tyr Val
il Ae du AS 900 905 010 Loy Qo Lio B e Vel Aen Pro her Tr ep Bro
910 eu hr Pro
gy A Seﬂ ﬁlsﬁ Pﬁgo ggg 920 925 Asp B Ala Leu IIIeI S al;etiety;g Thr Asp
\(??/ ?ﬁp Leu Thrgsphr Arg 930 935 940 Val | dn Pro
a

Val
455 0 Lysd@ou Ay Thr Leu Ala
Ile Thr Thr Arg Qu H's Leu 94 0 955 96 é Asn Thr Tyr Ser du Thr

P 1y SerAssp Ghel A8NcHF5:9 é 1 dars 1995 hr Oys
Ivﬁle -(I;Ih:] g%"gge\?a? LeurPro vad Val %Iﬁo cha[%d;Thr G%ggc; u’i‘ggt; Vag"e"rhr d uq,Asn
r
Gudud yLJnyrAlhﬂrg?sBrAﬂhe @sg Le;lA%, gyTyhaliser 46r IA0TANER 1080 Ala Oys
Sor Gy Adp, Ser & Gy Pro Leu Val Phe AI%f%°Asp Asp Ser  49s
1y

Asp_Ser d
Ser 4@ y pLys Ser Y Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn Cys Val
500 505 510

Thr

Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg Ala Gln Gly val cys
515 520 525

Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp Lys Asp Val Ile Pro
530 N 535 . 540

Asn Ser Leu Thr Glu Thr Leu Arg Gly Lys Gly Leu Thr Thr Thr Trp
) 545 550 555 560

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

Met Asp Arg Ser asn Val val Leu Asn Asp Asn Leu Thr Phe Trp Ala
{ 580 585 590

Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Gln
595 600 605

Asp GIn Leu Gln Ser Val Trp Lys Thr Lys Ser Cys pPhe Gln Pro Ser
610 615 620

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

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

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

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

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

Gln Asn Pro pPro val Pro Ser Tyr Gly Ser val Glu r1le Lys Pro Pro
705 710 715 720

Ser Arqg Thr Asn Ser Ile Ser Arg Vval Gly Ser Pro Phe Leu Arg Leu
725 730 735



GQu Ay Ile Vval Ser
Arg Thr Gu Arg Arg Trp Val Leu r dy dy
Trp Gy Ser 1045 1050 1055 Pro Ser Gy Qys Ay Lys Ala Asn Erg groay 3y
Pho Thr E;g Val = 1060 1065 1070 Asn Val Phe (Lle;l gErQJErNgE CHARACTERI STI CS:
ON FOR SEQ I D NO 3: : ;
1075 1080 _(3214:3'\'52';2%;@ rs (B) TYPE nucleic acid (C) _STng?HE%SCAL: NO
SThale (D) ToPALOGY: bot h (1) MOLEQUE TYPE: oDNA (11i) H oator i us
single (D) . NO'(vi) ORI G NAL SOURCE: (A) ORGANI S 018, 3074 (xi)
ot ANTI_SENS(i'x) FEATURE: (A) NAMVE/ KBY7 CDS (B) LOCATION: 18..

i cauda ATG GTC TTA GCG TCG
r ot undi cau CRLPTI ON: SEQ I D NO 3: GTGAAGGTAA CTTAAGT Ay Leu 15

TTT TTG GT n?C%IQ}gF a TP Lﬁ 9

G n Ser
RATAS t hPr 1V | val As
St &1 CURETSIER SRR f el o
Phe u
& AT Le%‘%%ﬁ@“%# ’éfAThr Tgrg AAK CAAY TS ACA mc:ﬂﬁ,;?lé\%@g;%ac&
'?GS \T/Q|T SES Asn Ile Pro Val Lys é‘l n Cys Thr TyE;'JFBIQe XAG' 245 Tyt Arg Thp
TGG AGG ccggapﬁerrsq’gm TEACTS LAl (0%, &G .79&, 5%96 DG YROANE | CAT ALT

u Gu
Arg Pro Tyr Cys Lys Pro Cyr 79®sp Asp 'é‘% AAG GCT GGT CTT 290 8090

TGT CCA AAGed Aen By GEA 'P;:grsng%lgAErgTPro Ala Ser Cys Ile Pro val Cys
805 810 815

Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe I]e Trp Asn Gly Asn Ser
820 825 830

) Thr Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly Ile ser Arg Trp Leu
835 840 845

Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly Gly Ser Leu Leu Asn
850 855 860

Glu Lys Trp Ile val Thr Ala Ala Hig Cys Val Thr Tyr Ser Ala Thr
865 870 87s 880

Ala Glu Ile Ile ASp Pro Asn Gln Phe Lys Met Tyr Leu Gly Lys Tyr
885 890 895

Tyr Arg Asp Asp Ser Arg Asp Asp Asp Tyr val Gln Val Arg Glu Ala
900 905 910

Leu Glu Ile His val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe
915 92¢ 925

Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val Thr Leu Thr Thr Arg
930 935 940

Val Gln Pro rle Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu His Leu
) 945 950 955 960

Lys Glu Gly Thr Leu Ala Val val Thr Gly Trp Gly Leu Asn Glu Asn
965 970 975

* Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala val Leu Pro val val Ala
980 985 9290

Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thr
995 1000 1008

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



Asp
GAT
Ser

GAA
Cys
GCA
Cys
CCT
Leu
CCA
Asp
CIT
Lys
AAC
Phe
CAT
Ay
CGG
Phe
TTA
Thr

AAG
Asn

Ile Cys Pro Lys Tyr Lys Arg Cys G n GQu Cys Lys Ala Gy Leu 80 85 90
AGT TGT GIT ACT TGT CCA CCT AAC AAA TAT GGI ACT TGG TGT AGC 338 Asp
Cys Val Thr Cys Pro Pro Asn Lys Tyr Ay Thr Trp Cys Ser 95 100 105 GGT
TGT CAG TGT AAG AAT GGI ATC TGT GAC CAG AGG ACA GGA 386 dy du
G@n Cys Lys Asn Ay y Ile Cys Asp G n Arg Thr Ay 110 115 120 GCT TGT
TGT CGT GAC AGA TAT GAA GGG GIG CAC TGT GAA ATT CTC 434 A a Cys Ala
Arg Asp Arg Tyr Gu Gy Val Hs @s Gu lle Leu 125 130 135 AAA GGT TGT
CTT CIT CCA TCG GAT TCT CAG GIT CAG GAA GIC AGA 482 Lys Ay Cys Pro
Leu Pro r Asp Ser d ]\éil Gn du Vval 0140 145 150 155 AAT CCA
GAT AAT' CAA ACT ATT TCAC TAC AGC TGT CCA GGG 530 Asn Pro Pro
Asn mRaocgd Bed oyl hep Asp diyr abererCysebanl Prie @y Aka0adbSe:70 TTC AAG
AAG 18T ATG GCA CGA APIOAGC TGT CTC CGA3AAT GGA CAG 57804Phe Lys Leu

Gy Mt Arg lle [ s. Ley,.Pr n.175.18Q 185 TGG AGT
T T%IC%}“ ﬁg@em‘%eke&bﬁﬁgﬁéqﬁe%ﬁoﬁ 5" Trp Ser Asn
Pro Pro Lys Cys Ile Arg Qu Cys Ala Met Val Ser 190 195 200 TCT CCA GAA
GGG BAASET GLAATYsCETY CFF MNET ASCRIBATY ATSYATW B BiZ4LySdalPro G u Hi s
Lys Val Asn Al¥%eu Ser Ay Asp*¥Bt 11e G u 205 ¥ 215 GGG GCT ACT TTA
TTC A TCE AT AGT: G5 TACATAGIRTEnAT GO 722 dy Ala Thr Leu Arg
Ser Cys Aspo%er Pro Tyr Tyribee Ile Gy 220r 225 230 235 CAA GAA ACA
ACC TGI CAG GGTI AAT GGI CAG TGG AAT GGA CAG ATA 770 G n Qu Thr Leu
Cys @InTHQRMATHNGFPR E5R 17 0CAsh Gy A n Ile 240 245 250 CCA CAA TGT

AAC TTG GICoEdSuntaTciaRhemAGseT& GAT CCT GTA AAC 818 Pro G n Qys Lys
Leu Val Phe Qxs iBwGTSpabemaAsppAre Val Asn 42 255 260 265 CAT GCT GAA

8

Q<

=]

CAC) AAG GIT AAA ABIT TBE: GPGLEIA aCAA AAA TAT GGT CAG 866 His Ala Au His

Lys

Val Lys Ile cggy VELTEWERS  siygleryr Ay G n 270 275 280

(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Carcinoscorpius rotundicauda

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 18..3074

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GTGAAGGTAA CTTAAGT ATG GTC TTA GCG TCG TTT TTG GTG TCT GGT TTA 50
Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu
1 S 10

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



TTT CCT
Pro d.n
ATG GGT
Gy Phe
GGA TCA
Ser An
GAC AGT
Ser Lys
ATC CAC
H s Cys
GCC ATA
Ile Tyr
AAG CTT
Leu Pro
CCC TAC
Tyr Ser
GAG TTG
Leu Lys
TCC'ACA
Thr Al a
AAC TGT
Cys Val

GIG TGT
Cys iThr

GTA ATT
Ile Pro

CAA GGC ACT GAA GIG ACC TAT ACG TGI TCG GGI' AAC TAC TTC 914 Phe
@y Thr Au Val Thr Tyr Thr Cys Ser @y Asn Tyr Phe 285 290 295 TTG
TTT GAC ACC TTA AAA TGT AAC CCT GAT GGG TCT TGG TCA 962 Leu Met
Asp Thr Leu Lys Cys Asn Pro Asp Ay Ser Trp Ser 300 305 310 315

CAG CCA TCC TGI GIT AAA GIG GCA GAC AGA GAG GIC GAC TGT 1010 dy
Pro Ser Cys Val Lys Val Ala Asp Arg Qu Val Asp Cys 320 325 330

AAA GCT GTA GAC TTC TTG GAT JGIT GGT GAA CCT GIC AGG 1058 Asp
Ala Val Asp Phe Leu Asp Asp Val Ay Gu Pro Val Arg 335 340 345

TGT CCT GCT GEC TGT TCT TTG ACA GCT GGI' ACT GIG TGG GGT 1106 Ile
Pro Ala Ay Cys Ser Leu Thr Ala Ay Thr Val Trp Gy 350 355 360 ACA
TAC €AT GAA CTT TCC TEA GIG TGTI CGT GC# GCC ATC CAT 1154 Thr A a

HE i B A ) T

Fi s Val *Val7oAsn Asn 380 385 2290 395
TCG GAeCTq'_'I'rTT CgGGGGT AGT &T%WT qcapcragT ATA AAA T@cgmzl!gw ng @er 0

e L 5 410
AT G s KPS FRCCOLRLE (Rt TR BrCogietings a1 G o
Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg 415 420 425 TCC
GOA AGETTAASTT GATCHY TOT COTTARARAGCHRTT GEr BET GAGTGTARGS346 Seps Ser
1S3 SEVS%F’E‘G’%}WC‘QXSS Bre %p‘*ﬁ%{*”r'ﬁ’@ﬁ@’dh&” U CxsoSer35 440 GAC GAG
GTG TAC GITACA TCA AAA CAG" GCC TGG GAA AGA 1394 Asp G u Asn
d&yr cval rtdheasSearerlyss Ght ARgcét arer petConc Alng 446 Mn0cdb5 CCT3@AA GGT
ABC GANTCYST GLECYsGas GET @YVTCRCT16TCY=CRep GAG AdgiZThr My G n Gy Val
Asn Mett@ a Ala Arg Leu Pa Val Leu Asp 460 465 470 475 AAA GAT

&R R TedCeT [erAbde W65 AGT chal Act@rddde AN B0 4498rc LYs Agg, Val
ASH peralLidyd MrgGhtp Ry THAUGHE G16d Val yiss @y 480 M85L4P0

125 130 135
AAA GGT TGT CCT CTT CTT CCA TCG GAT TCT CAG GTT CAG GAA GTC AGA 482
Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Gln Val Gln Glu Val Arg
140 145 150 155
AAT CCA CCA GAT AAT CCC CAA ACT ATT GAC TAC AGC TGT TCA CCA GGG 530
Asn Pro Pro Asp Asn Pro Gln Thr Ile Asp Tyr Ser Cys Ser Pro Gly
160 165 170
TTC ARG CTT ARG GGT ATG GCA CGA ATT AGC TGT CTC CCA AAT GGA CAG 578
Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln
17S 180 185
TGG AGT AAC TTT CCA CCC AAA TGT ATT CGA GAA TGT GCC ATG GTT TCA 626
Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser
190 195 200
TCT CCA GARA CAT GGG AAA GTG AAT GCT CTT AGT GGT GAT ATG ATA GAA 674
Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu
205 210 215
GGG GCT ACT TTA CGG TTC TCA TGT GAT AGT CCC TAC TAC TTG ATT GGT 722
Gly Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly
220 ¢ 225 230 235
CAA GAA ACA TTA ACC TGT CAG GGT AAT GGT CAG TGG AAT GGA CAG ATA 770
Gln Glu Thr Leu Thr Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile
240 245 250
CCA CAA TGT AAG AAC TTG GTC TTC TGT CCT GAC CTG GAT CCT GTA AAC 818

Pro Gln Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn



TTA ACA ACC ACG TGG ATA GGA TTG CAC AGA CTA GAT CCT GAG AAG CCC 1538 Leu
Thr Thr Thr Trp Ile Ay Leu H's Arg Leu Asp Ala Qu Lys Pro 495 500 505

TTT ATT TGG GAG TTA ATG GAT CGT AGI AAT GIG GIT CTG AAT GAT AAC 1586 Phe
Ile Trp Qu Leu Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn 510 515 520 CTA
ACA TTC TGG GCC TCT GGEC GAA CCT GGA AAT GAA ACT AAC TGT GTA 1634 Leu Thr
Phe Trp Ala Ser Ay GQu Pro Ay Asn Qu Thr Asn Cys Val 525 530 535 TAT ATG
GAC ATC CAA GAT CAG TTG CAG TCT GTG T@=AAA ACC AAG TCA 1682 Tyr Met Asp
Ile An Asp Gn Leu A n Ser Val Trp Lys Thr Lys Ser 540 545 550 555 TGT
TTT CAG CCC TCA AGL_TTT GCT TGC AT%‘ ATG GAT CTG TCA_GAC AGA 1730 Cys Phe
An Pro Ser Ser PH8°Ala Cys Met Met’®Rsp Leu Ser Asp?RPg 560 565 570 AAT
AAA CCCcAPAsckGEr ke Gk G KARARTAGETETdG0AR AR KA oA (GdaCerd 778 Asds Lys

Al a Lys HQyAlas@lndiisPrys @Ghy IGer IleBl@ velASHu @G Hrs TAraGl/751880 585 ACA
CTT CAT GGA CAA'RGT ATT GAT GGGTTC TAT GCT GGT #® TCT ATA 1826 Thr Leu
Hs Ay eqebad l@cARer @Ax é%%ez\&”m‘id ac@TﬁTS&rc é@f aak€rR9Qre95 600, AGG TAC
AGC TGT ptebGxal $1 Ly CiXr CrA rydGinACT Nshfod8the ' Arg Tyr Ser
Cys GI u Valzdsu Hi s Tyr Leu &Qr Gy Thr du 'I?ﬂS VaI 605 610 615 ACT TGI ACA

ACA T Cys Thr_ Thr
sen @y A Beedidl B 1 S I B8 Bsmathes sabre
ATC ACC3peC CAA AAC God GIA TCA TAIo 97_;@5 Lys Val lle
Thr Cys A n Asn Pro Pro VaI Pro Ser Tyr Ser Val 640G§g%g'?‘50 GAA ATC
AAA CCC ISGFCPC@T‘ Au MY Lys
Pro Pro%@rseﬁr §Hrre A% : §é’F 14 ELéﬁrvaAr gaddredye Sy % 6’? sAHpOYE65 CCT TTC
TTG AGG TTG CCA CGG TTA CCC CTC CCA TTA GCT AGA GCA GCC 2066 Pro Phe Leu
Ar g Leu GRCOAGT @AAERCTPETA IGB0 Pr@ Te ueA GAAGITARGT Akl CPF GBTYRGE75 68009AA CCT
CCT CCA BBASECEYA aT@'P@A WL&G‘SPC?SINYFKQH Ghe PFPGV?]EI.N‘-:J Lys Pro Pro
Pro Lys Pro Arg Set’®ser G n Pro Ser**fhr val Asp Leu >

ATC CAC TGT CCT GCT GGC TGT TCT TTG ACA GCT GGT ACT GTG TGG GGT 1106
Ile His Cys Pro Ala Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly
350 365 360
ACA GCC ATA TAC CAT GAA CTT TCC TCA GTG TGT CGT GCA GCC ATC CAT 1154
Thr Ala Ile Tyr His Glu Leu Ser Ser Val Cys Arg Ala Ala Ile His
365 370 375
GCT GGC AAG CTT CCA AAC TCT GGA GGA GCG GTG CAT GTT GTG AAC AAT 1202
Ala Gly Lys Leu Pro Asn Ser Gly Gly Ala Val His Val Val Asn Asn
380 385 390 395
GGC CCC TAC TCG GAC TTT CTG GGT AGT GAC CTG AAT GGG ATA AAA TCG 1250
Gly Pro Tyr Ser Asp Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser
400 405 410
GAA GAG TTG AAG TCT CTT GCC CGG AGT TTC CGA TTC GAT TAT GTC CGT 1298
Glu Glu Leu Lys Ser Leu Ala Arg Sexr Phe Arg Phe Asp Tyr Val Arg
\ 415 420 425

2 TCC TCC ACA GCA GGT AAA TCA GGA TGT CCT GAT GGA TGG TTT GAG GTA 1346

Ser Ser Thr Ala Gly Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val
430 435 440
GAC GAG AAC TGT GTG TAC GTT ACA TCA AAA CAG AGA GCC TGG GAA AGA 1394
Asp Glu Asn Cys Val Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg
445 450 45S%

GCT CAA GGT GTG TGT ACC AAT ATG GCT GCT CGT CTT GCT GTG CTG GAC 1442

Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp



685 690 695 GCT TCT AAA GIT AAA CTA CCT GAA GGI' CAT TAC CGG GTA GGG TCT CGA
2162 Ala Ser Lys Val Lys Leu Pro Qu Ay H's Tyr Arg Val Ay Ser Arg 700
705 710 715 GCC ATC TAC ACG TGC GAG TCG AGA TAC TAC GAA CTA CIT GGA TCT
CAA 2210 Ala Ile Tyr Thr Cys Qu Ser Arg Tyr Tyr Qu Leu Leu Ay Ser Gn
720 725 730 GGC AGA AGA TGI GAC TCT AAT GGA AAC TGG AGT GGT CGG CCA GCG
AGC 2258 Gy Arg Arg Cys Asp Ser Asn Ay Asn Trp Ser Ay Arg Pro Ala Ser
735 740 745 TGTI ATT CCA GIT TGI GGA TCA GAC TCT CCT CGI TCT CCT TTT
ATC 2306 Cys Ile Pro Val Cys Ay Ar er Asp Ser Pro Arg Ser Pro Phe Ile
750 755 760 TGG AAT GGG AAT TCT ACA GAA ATA GGI CAG TGG CCG TGG CAG GCA GGA
2354 Tr4%0Asn Ay Asn Sert¢fhr AQu Ile Ay4%@n Trp Pro Trp @’8 Ala Ay 765

VR o e o e S o e L RO

785 790 795 GGA TCT @8 TTG AAT GAG Adds TGG ATC GIC ACT9&CT GCC CAC TGrI

GIC 2450'1§' GIA Ser Leu Leu Asn A u Lys Tr I!ﬁe VaIG Trgé Al a AI‘F% H s 1:33 Val
800805£(T) $§C I% ; %@%%W@@MGT SAA
ATG 2498 Tht y?ﬂ% amh??gAl%gﬁaﬁ fﬁ% e Kb PrensAsh” &S Phe Lys Met
815 820 825 TAT CTG GGC AAG TAC TAC CGT GAT GAC AGT AGA GAC GAT GAC TAT
GTA 2546TTTTHFT |T6G €3S Ty ATH FAMECT ARG ARP GRSpCTRICTArAPTAGHT ANS Asp T§86 Val
830 83S H¥%0 @gigr%%é&“@fé & NI TS TGS ATE IO @g? %&‘TWSRAC TAC GAC CCC
2594 dn Val Arg Qu Ala Leu u'lle H's Val Asn Pro Asn Tyr Asp Pro 845
850 855 GACAMATTCTERALCC TIKE GAC ARACGCCCLTATATAA Gaf ORCTAALTACT CCLs&GI T
2642 G KeuAShr |Rbg m@hesexsglwc‘éw@@ Gdy AdreCGLY} Thredst $ys WAl Pro Val 860
865 870 875%2ACT TTG ACA ACA &%:A GIC CAA CCA AYT TGT CTG CCT ACT GAC ATC

ACA; 2690pa1T R Ll ARE cART oY @adadrcQidl HEP dice 16y Saheied e Ha Asp Lkg, Thr
~5 880 BA5MEOsACALAGANGND GALC TEUGAAGAGR1GE APA THA LEEALTG GTG ACA GGT

TGG 2738540 545 550 S55
TGT TTT CAG CCC TCA AGT TTT GCT TGC ATG ATG GAT CTG TCA GAC AGA 1730

Cys Phe Gln Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg

560 565 570

AAT AAA GCC AAA TGC GAT GAT CCT GGA TCA CTG GAA AAT GGA CAC GCC 1778

Asn Lys Ala Lys Cys Asp Asp Pro Gly Ser Leu Glu Asn Gly His Ala

575 580 585

ACA CTT CAT GGA CAA AGT ATT GAT GGG TTC TAT GCT GGT TCT TCT ATA 1826

Thr Leu His Gly Gln Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile

590 595 600

AGG TAC AGC TGT GAG GTT CTC CAC TAC CTC AGT GGA ACT GAA ACC GTA 1874

'Arg Tyr Ser Cys Glu Val Leu His Tyr Leu Ser Gly Thr Glu Thr Vval

605 610 615

ACT TGT ACA ACA AAT GGC ACA TGG AGT GCT CCT AARA 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 TCT GTG 1970

Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr Gly Ser Val

640 645 650

GAA ATC AAA CCC CCA AGT CGG ACA AAC 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 CTC CCA TTA GCT AGA GCA GCC 2066

Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala



Thr Arg Qu His Leu Lys Qu @y Thr Leu Ala Val Val Thr Gy Trp 895 900 905
~GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA CAA CCT GIG 2786 dvy
Leu Asn G u Asn Asn Thr Tyr Ser Qu Thr Ile An d@n Ala Val 910 915 920 CTA
CCT GIT GIT GCA GCC AGC ACC TGT GAA GAG GGG TAC AAG GAA GCA 2834 Leu Pro
Val Val Ala Ala Ser Thr Cys AQu Qu Gy Tyr Lys Au Ala 925 930 935 GAC TTA
CCA CTG ACA GTA ACA GAG AAC ATG TTC TGT GCA GGI' TAC AAG 2882 Asp Leu Pro
Leu Thr Val Thr Ju Asn Met Phe Cys Ala @4 Tyr Lys 940 _ 945 950 955 AAG
GGA CGT TAT GAT GCC TGC AGT GGG GAC AGT GGA GGA CCT TTA GIG 2930 Lys Ay
Arg Tyr Asp AlgroCys Ser Gy AspsSer Gly Gy Pro é8u Val 960 965 970 TTT

SRR B B

AGC T GCG AAE CAG TAC 3026 Val Ser

Trp Ay Ser ng_o Ser S Iﬁ%gGAI a Asn Gn Tyr C%?_O §95 10%%?GCC
TTC TINSET 074 Phe
Thr Ly:?geﬁswi/arﬂgy %‘?P 5t Yl s A %GGT@ 1010 1015
TGAAATAGAT CTAAATATTT TAAGCATGGT TATAAACGTC TTGTTTCCTA TTATTGCTTT 3134
ACTAGTTTLA ATCCIAACA/TECERAACTGSIGTAAGICAGAA ATBATTATES TCITCRSTTTG 2194
TTTTTACAMA BRECTYATRY EAGREARTTT BX & AreCchar GAA SSACFBTTACC 3254
TTTTATTCTA CCTTTTTATA’ “TACTATGTA AGTAT ATATCTTCTA CTACATGAAAA 3314
TTCTGTCAEd AGPARER AT TE5IRRTCdcCRRCTHa(CadT ARDT EEACCA EARSEAACG B344
ATGTAATEI¥ TAAATL A PAGARASAr TATARTAPAS MGTASCTTAA 3434
AAAAAAAAAA AAAA 3488 (2) | NFORVATI™®R FOR SEQ | D NO745 (i) SEQUENCE
CHARACT ERE SHCEea 4Gr( fir 6ENGHE 13 caf-N @ cRCAAS Tt Br TREAT@M N0 2fged (D)
TOPOLOGYys| 1IRe@fo Walli ¢yMAE@IGEsdYRsp 61016 MrgXbeér DEQUENCIZ1OESCRI PTI ON:

SEQ I D NO 4: MesoVal Leu Al a Sefs¥Phe Leu Val Ser7®@y Leu Val Leu Ay Leu
Leu

TGG AAT GGG AAT TCT ACA GAA ATA GGT CAG TGG CCG TGG CAG GCA GGA 2354
Trp Asn Gly Asn Ser Thr Glu Ile Gly Gln Trp Pro Trp Gln Ala Gly
765 770 775
ATC TCT AGA TGG CTT GCA GAC CAC AAT ATG TGG TTT CTC CAG TGT GGA 2402
Ile Ser Arg Trp Leu Ala Asp His Asn Met Trp Phe Leu Gln Cys Gly
780 785 790 795
GGA TCT CTA TTG AAT GAG AAA TGG ATC GTC ACT GCT GCC 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 GCT GAG ATT ATT GAC CCC AAT CAG TTT AAA ATG 2498
Thxr 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 Arg 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



151015 Ala @n Lys Met Arg Pro Val Gn Ser Lys Ay Val Asp Leu Gy Leu
20 25 30 Cys Asp GQu Thr Arg Phe Qu Cys Lys Cys Ay Asp Pro Ay Tyr Val
35 40 45 Phe Asn Ile Pro Val Lys An s 50 55 Cy s Tyr Phe Tyr Arg Trp Arg
Pro 60 Tyr Cys Lys Pro Cys Asp Asp Leu Gu Ala Lys Asp Ile Cys Pro Lys 65
70 75 80 Tyr Lys Arg Cys G n GQu Cys Lys Ala Gy Leu Asp Ser Cys Val Thr
85 90 95 Cys Pro Pro 100 Lys Tyr Ay #g Trp Cys Ser Ay Gu Cys Gn Cys
105 110 Lys Asn Ay Ay Ile Cys Asp A n Arg Thr Gy Ala Cys Ala Cys Arg

115 120 125 Asp Arg Tyr Au Ay Val H1I5is Cys Gu Ile Leu Lys Ay Cys Pro
Leu 140 Leu Pro Ser fgp Ser A n Val @ga Gu Val Arg AgyePro Pro Asp Asn
145 150 155 160 Pro dn Thr Ile Asp Tyr Ser Cys Ser Pro Ay Phe Lys Leu
Lys G yACH @SAIGAR TES TTRRARIGAG/GRR ALCER @y GOy STECIGPRCA AST GG G n 2T3p Ser
Asn PheTir dra1@y %g LeyoLy PPy Gy heuerlg yady Y ?g/ﬁlér T Vval Ser Ser
Pro du Hs Gy 200 205 Lys Val Asn Ala Leu Ser @y Asp Met 210 Ile

G u G ycét aréhaal enaAMaE ARC ACC TAT TCA GAG ACG ATT CAA CAA GCT GTG 2786

Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val
910 915 920

CTA CCT GTT GTT GCA GCC AGC ACC TGT GAA GAG GGG TAC AAG GAA GCa 2834

Leu Pro Val Val Ala Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala
925 930 935S

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 - 9245 950 955

'\ ARG 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

TTT GCT GAT GAT TCC CGT ACC GAA AGG CGG TGG GTC TTG GAA GGG ATT 2978

Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Ile
975 980 985

GTC AGC TGG GGC AGT CCC AGT GGA TGT GGC AAG GCG AAC CAG TAC GGG 3026

Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly
990 995 1000

GGC TTC ACT AAA GTT AAC GTT TTC CTG TCA TGG ATT AGG CAG TTC ATT 3074

Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1005 1010 1015
TGAAACTGAT CTAARATATTT TAAGCATGGT TATAAACGTC TTGTTTCCTA TTATTGCTTT 3134

ACTAGTTTAA CCCATAAGAA GGTTAACTGG GTAAGGCACA AGGATCATTG TTTCTGTTTG 3194
TTTTTACAAA TGGTTATTTT AGTCAGTGAA TGAGAATAGT ATCCATTGAA GACTGTTACC 3254

TTTTATTCTA CCTTTTTATA TTACTATGTA AGTATTTGGG ATATCTTCTA CACATGAAAA 3314

S

TTCTGTCATT TTACCATARA TTTGGTTTCT GGTGTGTGCT AAGTCCACCA GTAGAGAACG 3374

ATGTAATTTT CACTAGCACA TGAAATAAAT ATAGAACAAA TCTATTATAA ACTACCTTAA 3434
AARAAAAAARAN AARA 3448

{2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:



215 220 A Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Ay Gn Gu Thr Leu Thr
225 235 240 47 cys Gn Ay Asn Ay An Trp Asn Gy An Ile Pro @n Cys Lys
Ash 250 255 245 Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn H's Ala |u0
H's Lys 260 265 Val Lys Ile dy Val GQu @n Lys Tyr Ay A@n Phe Pro G n
Gy Thr 280 285 275 Gu Val Thr Tyr Thr Cys Ser Ay Asn Tyr Phe Leu Met
Gy Phe Asp 295 300 290 Thr Leu Lys Cys Asn Pro Asp Gy Ser Trp Ser Ay
Ser Gdn Pro Ser 310 315 320 305 Cys Val4lgs Val Ala Asp Arg Gu Val Asp
Cys Asp Ser Lys Ala Val 330 335 - 325 Asp Phe Leu Asp Asp Val Ay Gu Pro
Val Arg Ile Hs Cys Pro Ala 345 350 340 Ay Cys Ser Leu Thr Ala Ay Thr
Val Trp Gly Thr Ala Il e(AlyLEkbm: 360 3RD,, 3RP3 3 U Leu Ser Ser Val Cys Arg
Ala Ala lle Hs Ala 4 yg%yé"ft%uaﬁ'imb 2375 380 370 Asn Ser 4 y Ay Al a Val

His Val Val Asn 3Asn 95t yOPI§SYyrligear 4Asp 00 385 390 Phe Leu Gy Ser
Asp Leu Asn Gy |lia)Lysredere GypeG 4l by Lys Ser 405 410 41 Leu Ala Arg
Ser Phe Arg Phe Asp Tyr Val Arg Ser Sér Thr Ala Ay 425 430 420

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4.:

ISI L)S Arg c)s Glx} Glu C)S LYS jilél 31) LEL" ILSE EEI :)S "al Illz

g



Lys Ser Gy Cys Pro Asp Gy Trp Phe du Vval
Thr Ser

. 460, 450 Thr Asn Met Ala Ala Arg Leu Ala Val

435 Tyr Val

475 480 465 470 Asn Ser
Trp Gu Leu

Thr

Hs Ala Thr Leu H's G2§°G n

ll'lhre C;? ;’II_%{ "%Q’%@e&hr

Arg Cys Ile Lys Val

Sy Lo £

Ile Thr

Tyr dy Ser tval Id Gly '@ G

Glu

Thrx
305

Cys
\) As p
Gly
Glu
Asn
385
Phe
Leu
Lys
Tyr
Thr
465

Asn

Tle

val
290
Leu
val
Phe
Cys
Leu
3710
Ser
Leu
Ala
Sex
Val
450
Asn

Sexr

Gly

Leu Thr

580 Ser

o

r Thr Cys Ser
Thr Ty 295

Lys Cys
Lys Val

Leu Asp
340

Ser Leu
355

Ser Ser
Gly Gly
Gly Ser
Arg Ser

420
Gly Cys
435
Thr Ser
Met Ala

Leu Thr

Leu His
500

Met Asp Arg Ser

Asn
Ala
325
Asp
Thr
val
Ala
Asp
405
Phe
Pro
Lys
Ala
Glu
48%

Arg

Pro

310

Asp

val

Ala

Cys

val

390

Leu

Arg

Asp

Gln

Arg

470

Thr

Leu

Asn Val

Asp
Arg
Gly
Gly
Arg
375
His
Asn
Phe
Gly
Arg
455
Leu
Leu

Asp

val

A u Thr

Thr Trp 490 495 485 1le Ay Leu H's Arg Leu Asp Ala Qu Lys Pro Phe Ile
505 510 500 Met Asp Arg

Phe Trp Ala 520 525 515 Ser Ay Cﬁ?
yr Met Asp Ile @n

Phe dn Pro Ser

el

PPe
° P & ¥l y Ser Ser
160 Rsp505 Val AssyHig &1L is dye

Asp Gu Asn Cys Val
Lys Gn Arg Ala Trp Gu Arg Ala @dn dy Val

Leu Asp Lys Asp Val

440 445
Cys 455
Ile Pro

Leu Arg Gy Lys Ay Leu Thr Thr

Asn Val

Val

Leu Asn Asp Asn Leu

Pro Ay Asn Au Thr Asn Cys Val

530 535 Asp A n Leu Gn Ser Val
555 560 545 550 Ser
Arg ASn dySchh @ilymsnCpdy BPOTH7 B 58Y

Trp Lys Thr
fis'eapr@’ém/&iysl\/eﬁs Asp Leu Ser Asp

Lys Ser

p pro Gy SesslLeu G u Wn 585

645 650 6

Gly Bsn Tyr Phe Leu

Gly
Glu
Glu
Thr
360
Ala
val
Gly
Asp
Trp
440
Ala
Ala

Axrg

Ala

Ser Trp
Val Asp
3130

Pro Val
345

val Trp
Ala Ile
Val Asn
Ile Lys

4190

TYY val
425

Phe Glu

Trp Glu

val Leu

Gly Lys
490

Glu Lys
505

Asn Asp

Ser
3158

Cys
Arg
Gly
His
Asn
395
Sex
Arg
Val
Arg
Asp
475

Gly

Pro

300

Gly

Asp

Ile

Thr

Ala

380

Gly

Glu

Ser

Asp

Ala

460

Lys

Leu

Phe

Leu

285

y Phe T

A

r dy Thr Qu

v 62D ik rerbsalPGyY PRy Val

Met Gly Phe Asp

Ser
Ser
His
Ala
365
Gly
Pro
Glu
Ser
Glu
445
Gln
Asp
Thr

Ile

Thr

Gln
Lys
Cys
350
Ile
Lys
TyT
Leu
Thr
430
Asn
Gly

val

Thr

Trp
510

Phe

Pxo

Ala

335

Pro

TYr

Leu

Ser

Lys

415

Ala

Cys

Val

Ile

Thr

495

Glu

Trp

Ser
320
val
Ala
His
Pro
Asp
400
Ser
Gly
Vval

cys

Pro
480

Trp

Leu

Ala

M 615 62026%610 Gy Thr Trp Ser Ala Pro Lys Pro

i

Pro Ser

TT

Cys



PITETTOVII

Ser Arg Thr Asa Ser Ile Ser Arg Val Gy Ser Pro Phe Leu Arg Leu 665 670
660 Pro Arg Leu Pro Leu Pro Leu Ala Arg Ala Ala Lys Pro Pro Pro Lys 680
. 685 675 Pro Arg Ser Ser A n Pro Ser Thr Val Asp Leu Allaa Ser Lys Val Lys
690 695 7 Leu Pro Gu Ay H's Tyr Arg Val

Gy Ser Arg Ala Ile Tyr Thr Cyss
710 715 72 705 GQu Ser Arg Tyr 72r Qu Leu Leu Gy Set Gn Ay Arg Arg CYs
Asp 730 735 Ser

M Ay M Trp Ser Ay Arg Pro o Ala Set Cys Ile Pro Val
Cys 740 Ay Arg Ser Asp Ser Pro Arg r Pro Phe Ile Trp Mh Ay M Ser 760
765 755 Thr Gu lle Ay Gn Trp ProTrp A n Ala Ay Ile Ser Arg Trp Leu
775 780 770 Ala Asp His Wh Met Trp Phe Leu Gn Cys Ay Ay Ser Leu Leu As
n0 790 795 785 i3 3 49 Au LgsoTrp Ile Val ThP2Ala Ala His Cys Val Thr
Tyr Ser Ala ThP*>805 810 815 Ala Gu lle |

ErASRePIAsle @10 Phe Lys Met
Tyr Leu YGig%hTWroSQDy 825 @B ThTAsnALys AL '&fpp%er ng Asp Asp Asp Tyr
Val Gn Vals#wg Gu Ala 835840 845 Leu Qu ile Hi s(é‘lValg Asir%%Pro Asn Tyr
Asp Pro Ay Asn Le n Fg’%q 85Q.,35Pn:86Ps FepCrs &hal @1 eh®| A n Leu Lys
Thr Pro %&ﬁmng%r‘*eEeﬁl“Ar%FrT o Ar% 865 870 8¥3° 880 Val G n Pro Ile Cys Leu
Pro Thr I[le Thr Thr Arg Qu His Ley 88 Lys Cys

Ser Phe Ala Cys Met Megt: Asp Leu Ser Lé‘?]g Ref e m1a 575
565

~ l

Lys Val Lys
val Asp Leu Ala Sexr

ger Ser Gln Pro Ser Thr

Fro 25% 695 700

S r

Ser
phe Ile Trp Asn Gly Asn

Asp Ser Pro Axg Ser Pro
Gly A9 ggg P 760 765

Y Y



Lys Gu @y Thr Leu Ala Val vVal Thr Ay Trp Ay Leu Asn A u Asn 900 905
910 Asn Thr Tyr Ser Qu Thr Ile dn A@n Ala Val Leu Pro vVal Vval Ala 915
920 925 Ala Ser Thr Cys AQu Au Gy Tyr Lys Au Ala Asp Leu Pro Leu Thr
930 935 940 Val Thr Gu Asn Met Phe Cys Ala Gy Tyr Lys Lys Gy Arg Tyr
Asp 945 950 955 960 Ala Cys Ser Gy Asp Ser Ay Ay Pro Leu Val Phe Al a
Asp Asp Ser .- 965 970 975 Arg Thr A u Arg Arg Trp Val Leu Au @y Ile Va

Ser Trp Gy Ser 980 985 990 Pro Ser Ay4o3gs Gy Lys Ala Asn G n Tyr Gy
Gy Phe Thr Lys Val 995 1000 1005 Asn Val Phe Leu Ser Trp Ile Arg G n Phe
Ile 1010 1015 50 CLAIMS What is clainmed is: 1. A nethod for detecting
endot oxi n i rfl& agndire, Ihiveh Bonpia 9de: Hig Cysnvalbithi Ziymgser ahiai Tie pr esent
in said sanple; 5 ii) conf82ting the i nmobi®Pzed proteins wi®h reconbi nant
Factor C ofaa Bog sashess 0 r pant ar.. ROKL | t f Javing
endot oxi n- bi ndi ng acti &2d %ﬁgﬁré’dﬁ?:‘gfi?nﬁgyl‘é’gs”{% E‘%kﬁ%rum?gw%% ’pyr
endot oxi n- Factor C conplex; and iii) detecting said endotoxin-Factor C
conpl ex. 1072 AThs FebfAng AppnAep W TernValhelydadchingist®m (iii) is
perfornmed by assay of the serine prB&Pease activity &*5the Factor C. 3. The
met hod of clmiumely misensd Wal hesrS 886 NBnPEPE GaBePRCELY il Afu AR pykd Factor C
is measured usi A0 a substrate tha&sschanges col our sapon hydrolysis by the
Factor C serjne.prqtease tivity. 4. The nethod of claim1l, wherein the
endot oxi n-F Sorhp O%lgrr% “e%EFsg’V%gdé?‘éétyédQ‘b’@ TRl GBY deti B Pl Factor C.
20 5. The nethod of claim 1, wherein a reconbi nant Factor C having the

am no acid s‘@du@h@é?OdleSE% LD PNO ThZ d9p SEE) THXDThNQ@rgdelwmia Lgiorti on

t her eof havi ng endot oxi n- BfAdi ng activity, 88Poduced in a ye#96, is

i mmobi | i zed lys 8i€[1Yy) 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 9385 940

Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp
945 950 955 9260

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



25 6. The nethod of claim1, wherein said inmobilized Factor C has the
am no acid sequence of SEQ ID. NO: 2 or SEQ ID. NO: 4.
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CLAIMS

What is claimed is:

1.

A method for detecting endotoxin in a sample, which comprises:

i) immobilizing proteins present in said sample;

i) contacting the immobilized proteins with recombinant Factor C
of a horseshoe crab, or a variant or portion thereof having
endotoxin-binding activity, produced in a yeast, to form an
endotoxin-Factor C complex; and

ifi) detecting said endotoxin-Factor C complex.

The method of claim 1, wherein the detecting step (iii) is performed by

assay of the serine protease activity of the Factor C.

The method of claim 2, wherein the serine protease activity of the
Factor C is measured using a substrate that changes colour upon

hydrolysis by the Factor C serine protease activity.

The method of claim 1, wherein the endotoxin-Factor C complex is

detected by immunodetection of the Factor C.

The method of claim 1, wherein a recombinant Factor C having the
amino acid sequences of SEQ. ID. NO.:2 or SEQ. ID. NO.:4, or a
portion thereof having endotoxin-binding activity, produced in a yeast,

is immobilized in step i).

The method of claim 1, wherein said immobilized Factor C has the
amino acid sequence of SEQ. ID. NO.: 2 or SEQ. ID. NO.: 4.



