
;e3eLLLI$ 6T .... i I~~m~Al~~ , IdB~AAaaa expression o~ Carcinoscorpius
rotundicaudtz Factor ~ C in ~ukaryotes FIELD OF THE INVENTION The present
application relates to recombinant 5 Factox C, of the horseshoe crab C a r
c i n o s c o x p i a s rotundieauda iCrFG), especially with respect to its
expression in eukaryotes. The present application also relates to the use
of the CrFC as an affinity reagent for binding of endotoxin. Endotoxin
bound by GrFG can 10 be removed fxom materials in instances where it is
desirable to prepare a material free of endvtoxin. BACKGROUND OFTHE
INVENTION Articles o~ the scientific periodical and patent literature are
cited throughout the r~peci.fication. Each 15 such article is hereby
incorporated by reference in its entirety by such citation. . Gram negative
bacterial endotaxin is a widespread contaminant of materials employed in
biomedical arts, both research and clinical. A11 pharmaceutical ~ 20~
solutions used for parentexal or injection administration must be certified
as to endotoxin ~.evels. Also, media used for tissue Culture agplieations
are typically tested for the presence of endotoxin. It ~.s 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 arrd methods for removing gram
negative bacterial er~dotoxins fxom formulations intended vr pharmaceutical
or other uses requiring preparations 30 substantially free of endotoxin.
Y f r 2 Factor C is a component of the Ljmulus amoebocyte ~.ysate (LALa
assay that is presently the standard method fvr testing for endotoxin.
Factor C is a serine protease proenzyme that is the first prat.ein in a 5
cascade that leads to coagulation of the LAL upon contact with endotaxin.
Factor C is the protein that' actually b~.nds to the endotoxin; upon
binding of endotaxin, the aerine protease activity of Factor C becomes
activated. The activated Factor C initiates a 10 chain of proteolytic sCeps
culminating in formation of a. solid~clot of protein from the LAL. The time
for fox-ming the- LAL clot and the degree of gelation is indicative of the
amount of endotoxin in a sample (Ho, B., Kim, J.C., and Ding, J.L., i993,
Bxochem_ Mal. $iol_ 15 Intl. 29, 687,694). However, this gelatian assay i.s
subjective, and variable in its sensitivity of detection of endotvxin due
to batch-to-batch variation in the amoebocyte lyaate preparation. Tt is
therefore desirable to express recombinant Factor C which could be 2o
sta~adardized for use in an assay fax endotoxin detection. There are other
endotoxin tests presently known, for examQle, the Un~.ted States
Phaxmacopeia (USP) rabbit pyrogen assay (Tomasulo, PA., Levi,n, J. Murphy,
PA. & 25 Winkelstein, -.lA. 1977, J. Lab. C~.in. Met. 89, 3Q$-315) .
However, the USP rabbit pyragen test is net only time consuming, iG is also
expensive and often gives variable results in detecting endotoxin in
pharmaceuticals and parentals (M~ller-Calgon, H., pp. 343-356; 'Endotaxins
30 and their l~etectian vai.th the LAL test, " S. Watson et al(, ed., C,
Z9$2 bar flan R. Liss, New York N.Y.). Enzyme-linked-immunosaxbent assay
(ELZSA) has been 



developed or testing evoked secretion of iz~terleukin-6 from monocytic cell
lines in response to pyrogen yr 35 endotoxin (T~ktak, Y.S., Selkirk, S_,
Bristow, AF., Carpenter, A. , Ball, C. , Ratterty, B. , & Poo7.e, S. , J.
P,tzarm. Pha.t-macal. 43, 578-582 (1991) ) . However, this   Y 3 test is
probably moxe suited for research purposes. One other farm of endotoxin
detection ~,z~volves its localization in tissues of experimental animals
during induced endotoxemia. An immunohistochemical method 5 utilizes native
Factar C (purified From T_ txidentatus) to specifically bind the endotoxin.
The Factor C-, endotoxin complex is then revealed by labelled anti.Factor C
antibody (Takeuchi, M. et al., Pathos. Res. Pract. 190(12): 1Z23,1133
(I994); Nakao, A. et al_, Eur. 10 Suxg. Res. 2~7 (4) : 216-221 (1g95) ) .
This study inc~,cate~ another utility for Factor C. It is therefore within
the embodiment of this application to obtain truncated recombinant
constructs (e. g., pHILD2/CrFC2~./E~ containing the 5' end of GrFC cD~A 15
insert flanked by ~coRl sites). cDNAs encoding Factor C proteins from
Caxcynoscorpius rotundicauda have been previously described (U. S. Ser. No.
08/296,a14 and J.L. Ding, A.A, Naval zzz and B. Ho, MoI. Marine B.~oI. and
ezoteeh. 20 !i:90-3.03 f1995) ) . Recombinant factor C from
Carc.inoscoxgius rotundicauda (rCr,FC) has been produced in vitro by
coupled transcription/translation systems (U. S. Ser. No. 08/29&,0l4 and
S.b. Roopashxee et al.. Eiochem. and Mox. Biol. rnt'1. 35:841-849 (1995)).
25 ~iowever, the present invention resides partly in the development of in
viva systems, especially using yea.ats as a host cell, for efficient
pxwduction of rCrFC by expression of cloned DNA,. Also, the protection of
rCrFC from activation and 30 subseciuent ~ae7.t-proteolysis by b~.r~ding of
endotox~.n which may be present in solutions used i.n isolation of the
protein is described in U . S . Ser . No . 08 /296, 014 . Basica~.ly,
di.methylsulfaxide (Me2S0, DMSO) is added to solutions which are used
during the purifiGatian 35 pxocess. Even greater protection o the rCrFC xa
achieved by also adding an agent effective fox chelating divalent metal
ions to the puri.flcation solutions.   r , 4 . As a means to circumvent
difficulties in determining endotoxin in plasma due to endogenous
interfering factors, a chromogenic I.Ar assay was modified to inc7.ude a
specific step to adsorb the plasma S endotoxin using immobilized histidine.
Endvtoxin. in . samples was separated from interfering factors by~
chromatography through immobilized histidine in which endotoxin was
specitiCal7.y adsorbed and, subsequently quantified by fluorimetric LAL
assay (Nawata, M., 10 Minobe, S., Hase, M., Watanabe, T., sato, T. ~ Toaa,
T., J. Chrontatogr., 597: 43.S-424 (1992); Minobe, S., Nawata, M.,
Shigemoxi, N. & Watanabe, T., Eux. J. Cli.n. Chem. i Cliu. B,iochem. ( 32
(141 : 797-803 t1994) . However, this method of endotoxin adsorption is
limited only to small i.5 volumes of 0.5-1 ml, and there is no report on
the use or feasibility of this method for removing endotoxi.n from, large
preparations. zt has so far only been reported as an improved method of
endotoxin assay, albeit one limited by infeasibility of chromogenic assay
20 of the endotoxin bound to the co~,umn. More recently, Qiagen (LAS) has
marketed a 'Qiagen' lit for purification of endotoxin-free pl~smids (See,
Q~.agen News Issue Na. 1, 1996). This may involve a speca.fic (proprietary)
reagent that removes endotoxin v 25 rom the plasmid preparation. 



SI~T~AIt,Y OF T,~iE ~NVEN~ ZON purified CrFC is found to be a useful
protein, both as a component of a test for endotoxins and as an of f 3,nity
reagent for removal of endotoxins from Qther 3d tanateri.als. Thus, one
object of the present invention is to provide purified recombinant CrFC.
The present ~.nvention is also embodied in vectors for expressing
recombinant CrFC zn eukaryotic ho$t sells, such as mammalian cells and
yeasts. The present invention ie 3S further embodied by eukaryotic host
cel3.s expressing xecombinan~t CrFC and methods for purifying
reCOmbi,t~,ant   < < S crFC which utilize cells transformed with DNA cloned
ina eukaxyotic expressi4n vector to synthesize therecombinant CrFC protein
(rCrFC). In garticular, it isan object of the present invention to express
CrFC inShost cells that da not produce bacterial endotoxin andare capable
of expressing large quantities of CrFC.abNAs agpropri,ate for expression
in-the presently-described system can be cDNAs encoding Factor C of
anyhorseshoe crab. Two representative nuc~.eoti,de sequences10axe presented
as SBQ. I . D . NO. 1 and S~Q . I . D . NO . 3 .A cDNA encoding the Factor
C of Tac:hypleus Cridentatusie disclosed by Muta et al. (The Journal of
Biol. Ghem.266(10):6554-65&1 (1991)).In many instances, it is desirable to
prepare15materials, such as culture media or injectionformul.atior~s or the
like, that are substantially free ofendotoxin contamination. Thus. it is a
further objecto the invention to provide affinity reagents forx~emov~,ng
endatoxin from materials. It is another20object of the pxesent invention tv
provide methods forremoving endotoxin from materia7.g, whexein such
methodsemploy an affinity reagent compriei.ng CrFC.The present methods for
testing fox endotoxa~n in a'sample have many drawbacks, but two principal
drawbacks25axe lot-to-lot variation of LAL preparations and thesomewhat
aubjecti.ve nature of the teat. Thus, thepresent invention, by providing
tests for endotoxin thatrely only upon the use of Factor C, rather than
uponclotting of a LAL, eliminate these drawbacks. In30particu~.ar, it is an
object o the gresent invention toprovide affinity assay methods fox
detection acrdquantitation of endotoxin in a sample. Because theassays
utilize rCrFC of consistent composition, they a.rel.esa subject to
lot-to,l.ot variation. Because the35assays are performed in a format that
is quantitative,the assays are more objective than assays that rely upona
determinakion that a clot has f4rmed in a L~,.   I 1 H~tIFsF p$SCRIPTION OF
TIIE ARA.W~NGS Figure 1 shows the construct pCZneo/CrFC2l, where the Notl
flanking CrFC21 CDNA from pBluescript SK (pBSK/CrFC2~.) was cloned into the
NotX site of pCZneo 5 (Promega Coxp., Madioon, WI). Figure 2 shows the
construct pCDNAl./CrFC2l. The EcoRI-Natl fragment of Cr1~C21 derived from
pGEMIIZf(+)/CrFC21 (see Fig. 13 of U.S. Ser. No. 08/296,014y was inserted
into EcoRI-NotI digested paxent 10 vector pCDrtA1 (InVitrogen Gorp. , San
Diego, GA) to yield the construct pCDNAl/CrFC2IEN. This was further
digested with EcoRx tQ facilitate the inclusion o ECoRI flanking fxagment
df GrFC21 from pGEMIxZf(+)/CrFC2l, thus recreating the full,length CrFC21
cDNA in the 15 construct pCDN~,1./CrFC2J.. Figure 3 shows the construct
pPxC9/CrFC2INAS. The P. pastoris secretion vector, pPIC9 (InVvtrogen Corp.,
San Diego, CA), was linearized with AvrTT. The aonatruat pET3b/CxFC21 (see
Fig. 15 of U.S. Ser. Na. 20 08/296`0l4) Contains the BgIIZ-EooRY fragtt~ent
of CrFG21 cDNA. (pET3b is camtuerciall.y available from Novagen, Madison,
WI). This cDNA was excised using Nhel of the pET3b vector (upstream of the
BglII/BamI~I start) and Spel (in tha 3' untranslated region of CrFC21),
giving 25 a 3035 by insert which was then fused in ` rame with the S.
cerevis.iae a m~.ting factor signal peptide 3n the l~,nearized ppiC9. `rhe
resultant Construct is termed as pPZC9/CrFC2INAS. A short stretch of 11
amino acids belonging to-the phage T~ gene l0 sequence (from E, co3s 30
expression erector pET3b, pAR3039) precedes the CrFC sequence. Figure 4
shows the Construct pHILDz/CrFC2l. The EcoRI flanking fragment of Gx~FC21
from pGEMIIZf(+)/GrFC21 was ligated to the EaaRr iinearized 35 P, pastoris
e~cpressiaz~ vector, pHxLD2 (InV~.trogen Carp. , San Diego, CA), to
generate the intermediate construct pHIhD2/EE21. This con$tx'uct was
l,~.nearized with ~Chol to   r 



7 acconunodate the xhol flanking portion of the cDNt~ from the plasm~.d
pCDNAI/CrFC21 (see Fig. x) to re$ult in pHxLD2/Cr~k'C21. This Ganst~tuct
contains 3448 by o CrFC21 cDNA. 5Figure 5A shows Northern hyk~.ridization
of Factor Ctranscript~s~ from clone #8 containing pHILb2/CrFC2l. TheEcoRT
flanking fragment of CrFC21 was 3ZP-labelled tohigh specifze activity and
used as a probe. The levelof transcription was monitored over close time
intervals10of inductin with methanol which was added at time zero(at
the'start) and at 24 h. CrFC mRNA sppeared as earlyas 1 hour with peak
accumulation at 5 hours afterinduction. No further increase in CrFC t~tNA
was seenafter the second methanol induction.15Figure 5g stows Northern
hybridization of Factor Ctranscripts from induced transformants (mut+) of
P.paataris (GS115) Containing pHILD2/CrFC2l. The EcoRI~EcoRZ flanking
fragment o CrFC21 was 32P-labelled tohigh specific activity and used as
probe tar the20Northern blot. The level of transcription was studiedin. 4
different clones at various time intervals ofinduction with 0.5 %
methanol..Lanes: 1, 4, 7 & 10 show 48 hours o induction;2, S, 8 & 1.~. show
26 hours of induction;253, 6, 9 & 12 show 8 hours of induction;i3 shows
expression of negative controlDNA. Figure 6 shows Western blot analysis of
rCrFC from methanol-induced P. pastor.is containing pHILD2/CrFC2l. 30
Clones No_ ~ and Na. 55 (har~avring CrFC21 full-length cDNA) and Clones No,
40 arid No. 48 (harboring CrFG2IEE, a truncated CrFC21 fragment flanl~ed by
EcoRl sites) were induced for up to 48 hours on minima. media, and
subjected to glass bead treatment followed by 35 electrophoresis of 100 ~Cg
o each sample on reducing SDS//3-mercaptaethanol poiyacrylamide gel. The
electroblotted proteins were probed with anti-Factor C   r antibodies.
Clone #8 yielded the highest level of xCrFC ~rhich was found to have a
molecular weight of -.135 kDa. Based an the 99~ amino acid sequence of the
insert, the expected size of the protein would have been about 109 5 kDa.
The difference in the size of the Factor C could be attributable to
glycasylation of the recombinant product in the yeast host. Clanea No. 40
and No. 48 produced smaller truncated rCrFC pxoteins of zoo kDa. The
results show that the maximal, level of rCrFC 10 expression occurred within
8 hours after the start of methanol induction. Figure ~ shows rCrFG
produced from P. pastaris clone #8 aver a time couxse of methanol-induction
at 30 C. The culture Was induced twice with 0.5% methanol at 15 time zero
and Z4 hours. Cell samples were co~.leGted at the time period indicated.
After glass bead treatment, the cell homogenate was centrifuged at 12,000 x
g for 30 min. The supernatant was kept separately. The pellets were
resu:~pended xn breaking buffer (1:1.o vw) . 20 Aliquots aF the suspension
were boiled ~.n SDS/Smercaptoethanol and resolved by electrophoresis on 10%
aerylamide gels containing S17S. From such close time points of sampling,
we confirm that the maximal synthesis of rCrFC occurred at 8 hours. The
molecular 25 weight markers (MW) were obtained from giaRad (Kaleidoscope) o
sizes 208, 144, 87, 44.1, 32.7 and 17.7 kDa. Figures 8A, 8B show detergent
salubilization of rCxFc obtained from transformed P. pastoris (clone #8: 30
PHZLD2/CrfC21). After overnight solt~bilization with incxeasing
concentrations of the detergents, the homogenate was centrifuged and 10o
~cg soluble protein of each supexnatant was analyzed by Western blot.
Figure 8A shows that solubilization was effective from ~.% SDS 35 to higher
concentrations. Figure 8~ shows that solubilization was achieved from Z% of
sarkosyl to higher canGentrations. MW is the molecular weight   1 markers
(BioRad Kaleido$cope), of 208, 144, 87, 44.1,32_7, and 17.7 kna. Lane Tp
canta~.ns the total proteinused for saJ.ubilixati.on. 1M NaCl did not
soluhili,zerCrFC.5Figure 9 shows the construction plasmids forexpression of
CrFC2G cDNA deletion derivatives lackingthe 5' untrang~.ated region ~UTft)
and portions of theleader peptide using two S. cerevisiae
expressionvectors, YepSecl (secretion) and pEMBLyex4 (rwn-10secretion).
Th.e EcoRI-EcaAI (EE) fragment and theEcol2l--NotI (EN) fragments of CrFC26
cDNA were isa7.atedfrom recombinant phage clones and inserted
,indivxdua7.lyinto the vector PGEMlIZf(+), giving PEE26 and
PEN26,respectively. The entire 5' UTR and various lengths o15the sequences
coding for the leader peptide of CrFC26were deleted by performing 5'-3' Exo
III deletionmutagenesia on pEE26. Fram the deletion library, twomutants,
CrFC6a/9a, also designated FC26~6a, and FC26~9a(see Fig. 9) were selected
for expression studies. The20EN fragment of CrFC 26 was excised from pEN26
faith EcoRIand HindIII and inserted into the nectar pGEM~zf (+) togive
p7EN26. From g7EN26, the same fragment wasisolated using the flanking XhoI
and HindIII sites andinserted into salx/HindIII digested YepSecl or'
25gEMBLyex9~, giving YFC26EN or pFC26EN, respectively. TheSphI~EcoRI
fragments from FC26d6a and FC26Q9a, viz.,GrFG61/91 deletion subalones in
pGEMIIZf(~-) wereisolated and inserted through an intermediate step,
intathe BphI and EaoRI sites of p7EER~26. The insert is thus30flanked by
EcoRI (Ej and EcoRV (ERA) s3.tes. Theresultant full-length deletian mutants
in p7sER"46a/9awere gubclaned into pGEMIIZ(+)a, a derivative ofpGEMIIZf(+)
(see Fig. lOBj. The SmaI-PstI fragmentswere aubseguently isolated from
these subcl.ones and35inserted into SmaI/FstT digested pFG26EN to give
theplasmids p~'e26~16a and pFC26d9a. The same fragments wereinserted into
x~`C26EN, creating i.n-frame protein fusions   



JU to the K. lactic killer toxin signal sequence, to yield YFC26A61 an
YPC26A9a. Figure 3.0 shows a schematic diagram illustrating the different
gene fragments from CrFC26 cDNA cloned ~5 W tto the S. aerevis,~ae
express7~ori vectpr, YepSeG~.' (Baldari, C., et al. Embo ~T. 6:229-234
(19$7)). The complete CrFC26 CDNA (top) has been included for reference.
Key: open box, untranslated region; shaded box, sequence coding for the
leader peptide; hatched 10 box, coding region. ExoZII nuclease deletion
mutagenesis was carried out on CrFCZ6 cDNA to yield the deletion mutants
x'C26d9a and FC26A6a which Contain 5' deletions up to nucleotide positions
721 and 761, respectively. Further deletions were carried out an 15 FC26d9a
and 6a by removing a11 of the nucleotides downstream of an internal HindiII
site at nucleotide position 127g to give FC26d9a-H3 and FC2646a-~I3,
respective:Ly. A 1942 by internal Salr/PstI fragment of CrFC26 cDNA was
inserted directly into Yep9ecl in~frame 20 with the ~.luyveromyces lactic
killer toxin signal gequetaCe . Figures 11A, 118. Figure 17.A shows
sequences at the junction between K. laGtis killer toxin signal 0 peptide
(in YepSeci) and CrFC26 deletion mutants 6a and 25 9a. The IC, lacris
kiXler toxin aigna7. peptide is linked in-frame to CrFC26 deleta.on mutants
6a and 9a by a short stretch of polylinker sequence derived from pGEM7Zf(+)
and pGEMl~.2f(+). This polylinker sequence contains an ATG radon (boxed)
which would serve as a translation 30 initiation codon in YFC2646a arid 9a.
Figure 11B shows Goastructioh of pGEMIZZf(+)a, a derivative of pGEMIIZf(+).
A ClaI/SalI stuffer DNA fragment (shaded) was inserted into p8luescript II
SK-. This fragment was then i$olated by BamHI/Salx digestion and inserted
into 35 pGEMZIZf(+). effectively introducing a Smaz site into the multiple
cl,aning site of pGEMIIZf (+) . The resultant plasmi,d was digested with
Smal and religated, removing   S 1 a 300 by Smal fragment to give pGEMIIZf
(~-) a. Figures 12A, 1.28 show the construction of CrFC21 and CrFC26 hybrid
cDNA and its deletion mutants in the yeast expression plasmid, pEMHLyex4
(Caserini, G. and S Murray, J.A.H., pp. 13S-154 i.n "Genetic Engineering,
Principles and irtethods, vol. 9, eds. J.K. Setlow and A. Hollander, c. 198
by Plenum Publishing Corp., New York, NY; vector DNA was kindly provided by
J.A.H. Murray). Tn Figure 12A, the 1003 by EcoRr/Salx fragment 10
(containing the ribosomal binding site and ix~itiatiox~ Codon) of CxFC21
cbNA was excised from the EcoRI1 flanking fragment of pCrFC2IEE (also
referred to as pEE2l, Lt_S. Ser, No, 08/296,014 at Fig. 7.3) and cloned
ii~ta the EcoRi arid Sal.T sites of the plasmid pBluescxipt 15 Ir SK~
yielding the plasmid pBES21_ Th~.s fxagntent was excised from pBES2~. using
Smal and Salz digestion and introduced into smaI/Sall digested pFC26A9a
(pEMBLyex4/CrFC26d9a , see U.S. 5ex. No. 08/296,014) to give pFC21/26.
Figure 12H shows the deletion mutant 20 pFC21/2&-H3 which was created by
digesting pF'C21/26 with HindIIr, thus removing 2286 by of 3' sequences,
followed by religation of the plasmid. Internal deletion of 2257 by
fragment by double digestion o~ pFC21/26 with BglII - and xbal, and
subsequent l.~.gation of their filled ends 25 pxaduced the deletion mutant,
pFC2I/26-BX. Fig. 3.3 shows Northern analysis of Factor C transcripts from
S. cerevisxae. Varying sizes of the Factor C cllNAa were inserted into both
pEMBLyex4 and YepSecl vectors (see Fig. 9 and Table 1) with a view to 30
iz~vestigati.ng the relationship of the size of the inserts in the
constructs to transcription ~.eve~, and mRNA structure in the S.
cerevis.zae host. RNA isolated from various clones after 18 hours of
galactoae induction were electrophoresed, blotted and hybridized 35 with
3zP-CrFC probes   



1 2. LateCa~nstructsize (bp)mR~1'AB (kNt)lYepgeel bNA
(contz~ol)--2YFC26SP19022.1) 1.33YFC24A6a34473.5, 1.354SfFC~f.A9a34923.5.
1.35Yk''G26A6~-H35430.96YFC26A9a-H3S880.97pkMf3Tryex4 DNA
(control)----BpFC26a6a3447 3.5, 1.3109pT~'C26e9~34923 . S, 1.
3lppFC21/2634483.5, 1.311p~C21.~26-H35350.9 IispFCZ1/26-six1i91l.a Figure
14 shows the Weatexn analysis of rCrFG from ~.5 various S. cerevisiae
clones containing (1) Yepsecl vector, (2) YFC26SF, {3) YFC26~16a, (4)
YFC26d9a, (S) YFC26~6a~H3, (6)YFC26A9a-H3, (7) DNA from untransfoxmed S.
carevissae and (9) pFC27./26 hybrid alone. The molecular weight maxkers
(215, 137t 71, 42, 31) 17.9 2o kba) are in lane 8. The yeast cells were
l.ysed directly zn 5o mM Tx~.s-Cl, pH B.D, containing 0.1, M NaC1 and 1%
SDS. Figure 15 shows the Westexn analysis of rCrFC from a S_ cerevi.siae
clone containing pEMBLyex4/Crk'C21. The 2S rCrFC is 130 kDa. 'treatment of
particulate rCrFC with SDS at 4% (lines 1,2); 0.5% (lane3? and 1% {lanes 4
& S) showed ~,ncreasing golubilizaf,i.on of rCrFC with increasing sDS
concentration. Figures 16A, 1,6B. Figure 16A shows solubilization 30 of
rCrFC in SDS; Figuxe 16B shows solubilization of rCrFC in Triton X-100.
Induced pFC21~26 yeast tranafo~-manLs were lysed iz~ 0.1 M NaCI, 50 mM
Tris-C1, pH 8.0 containing (1) 0%, (2) 0.5%, (3) 1.d%, (4) 2.0%) (5) 3.0%,
(6) 4.0%, and {7) 5.0% SDS. The same 35 traneormants were lysed in (1) 0%,
(2) 4.05%, (3) 0.1%, (4) 0.5s, (5) ~._0%, (6) 2.0%, (7) 4.0%, (8) 5.0%
Triton   s3 X-100. For comparison, lane (9) contained 1.0% SDSso3ubili~ed
lysate_ Mo~.ecular weight max-kers axe in lanes 8 and L0, respectively, of
gels shown in Figs. 16A and ~6B. 5 Figure 17 shows evidence for the binding
of StiSsvlubilized rCrFC (from both full-length and truncated CrFG
conr~tructs in P, pastaris arid S. saceharomyces to endatoxin that has been
immobilized on a PVDF membrane. LPS-strips were obtained by electrophoresis
o LPS i10 10 ~Cg per lane) on SDS-polyacry~.amide gels (15c) . After
electroblotting, the membrane was eut into strips (heu,ce, LpS-strips), and
each strip was inGUbated overnight at 37C with 200 ~g (total crude protein)
of the respective protein sample . A band of -.90-100 kDa i.s 15 seen in
rCrFC samples, corresponding to that of CarcinosGOrpius ratundicauda
amaebocyte 7.ysate (that contains E'acGor Cj that has complexed wiCh
eradotoxin on the LpS strip. The LPS,strips incubated with the rGrFCs
showed a lower band which was not present on the LPS 20 strips incubated
with the negative controls (P. pastoris, #i.51 and S. cerevisiae harboring
only the ~reetor, pEM$Lyex4) . DETAILED DE~C11IPTION OF THE INVENTION ~'he
present invention resides in part in the 2S development of effiG~,etlt
systems for prodLtation of rCrFC in v.~vo. The present inventors have found
that rCrFC is effectively-produced in eukaryotic cell,a, especially yeasts.
In parti.GUlar, yeasts o the genus Saccharamycos and Piehia are shown to be
effective cells 30 far expressing cDN'A encoding CrFC. The rCrFC of the
present invention can be purified from cultures of recombinant eukaryotic
cells expresai.ng the protein ~y~ solu.bilizin.g the rCrFC, then
proCeedi.ng esserxtially as described in Co-pending app~,ication U.S. 35
Serial Number 08/296,014. The solubilizatian is preferably performed u$ing
a detergent solution. The   14 detergent used is preferably anionic or
non--ionic. Alternatively, the rCrFC can be purified by affinity methods
using an anti-Factor C antibody or gram-negative LPS as the affinity
reagent. Methods for 



5 affinity purification of proteins are well-known in the art. General
protein purificat~.on methods are also described in the art. The
practitioner is referred to, for example, the "Guide to Protein
Purification, published as volume 182 of Methods ix~ Enzyr~ology, M.P. 10
Deutscher, editor, c. 1990 by Academic Press, lnc., son ~zego, CA. For
preservation of the rCrFC in the proenzyme ,~ state, Me2S0 is preferably
added to media used in the purification. Also, it is sometimes advantageous
to add 1S chelators of divalent metal ions, especially such as nitrate,
EDTA or EGTA_ The xGrFG 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 xn 20 vitro culture of cells, by immobilizing
the rCrFC on a suitable insoluble substrate to form immobilized rCrFC. The
immabi.lized rCrFC ig then contacted with the l~.quid sample under
conditions favorable to binding of endotoxin in the sample to the
immobilized rCrF'C, 25 thereby foaming bound endotoxin. The bound
endQtoxir~ is then separated from the sample to provide a preparation from
t~rhicla the endotoxin has been removed. Zt is expected that gram-negative
bacterial: endotoxin will bind to rCrFC under conditions of 30 moderate
pli, such that neither the xCrFC nor the endotoxi.n is denatured. The pH
will preferably range from 6 to 9, most preferably at pH 7 to 8.
Furthermore, ~.t is expected that the binding of rCrFC to endotoxin can
occur over a wide ra~xge of ionic strength, at least 35 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 0.07,0 to 0.2 M, most preferably in the
range of   15 0.050 M to 0.2 M. Because the rCrFC retains
a,tszmmunoreactivity with anti-Factor G antibody even i,n thepresence of
substantial. amounts of detexc~ent) xt isexpected that endotoxin wild. bind
to rCrFC even in the5presenca o~ low eonCentratxons of chaatropic
agents.Also, the rCrFC-endotoxin complex formation is notdisrupted by the
presence of substantial amounts of non,specific gxoteins in the solution.
The sample istreated with sufficient immobilized endotoxin and for10such
time -as necessary to remove the errdotoxin toprovide_a sample
substantially free o endotoxin. Theamount of endotoxin removed is most
preferablx 99.9% ofthe endotoxin initially present. However for
someapplications, it will suffice to remove 85 to 99% of the15endatoxin
initially present in the sample. Tn stillother appLibations, it might
suffice to remove 80 to 90:of the endotox~,n frt~m the sample .The rCrFC
can be attached to an insoluble substrateby any o the methods for covalent
attachment of a2oprotein to insoluble substrates well-known in the art,for
example by reaction with cyanogen-bromide activatedagarose beads. Also,
non-covalent methods can be usedfor immobilizing the rCrFC, for example by
conjugat~.onwith biotin and subsequent immobilization on an avidin~25
iconjugated bead._For use in batch extraCtivn procedures,immobilization on
a bead is preferred. For use incontinuous processing formats,
i.mmob~.lization in hollowfibers or an membranes, for stacking into
cartridge30formats, is preferred.The rCx~FC of the present invention also
provides amethod far speciie detection of endotoxin in a sampleby a method
similar to ELISA or other immunoassay. Forsuch an assay, the proteins in
the sample are35immobil~.zed, far e~campl.e by electroblottxng to amembrane
after separation by SDS,PACE, ox non-specificbinding of proteins to a
plastic substrate such as a   t 1 microplate, and then endotaxin in the
sample is detectedby~ binding rcrFC to the immobilized endotoxin
andsubsequent detection of the rCrFC-endotoxin complex.xhe Complex is
detected either by measuring the serine5protease act ivi ty of the bound
rCrFC, for example by useof a chramogeniG substrate assay, ox by
immunodetectianwith an anti-Factor C antibody. The
endvtoxin-rCrFCcomp~,exation step of such an assay can be performedunder
conditions similar to those far forming the10complex fog removing endotoxin
from a sample asdescribed above.~lthaugh rCrFG is immunoreactive, and also
capableof binding LpS (in an in vitro assay) , a.ts endotoxin--triggered
enzymatic activ~xty can be agses$ed by the15follow~.ng
methodology.Detergent {S1~S, Triton X-100 or sarkosyl)solubilized rCrFC can
be immobilized, preferably onto amembrane (e. g. , Il~ll~tOBTLON PVDF) Pall
NYTON,nitrocellulose, UvTRABIND), followed by stepwise,2ogradual. removal
of the detergent from the membrane whileal~,awing rG~rFC to remain bound.
This concurrentlyexposes the- cata~.ytic s~.te of the Factor G enzyme
.Removal of the detergent (the presence of which can,interfere with the
bi~olagical activity) enables the~ 25subseqv.ent a-slay of
eridatoxin-activated seririe proteaseactzvity o~ the rCrFC either by
fluorometric orcolarimetria methods.This method ie based on the rationale
thatdetergents like SDS and Triton X-100 at certainpercentage nacre been
reported to inhibit 1-P~-dc~tv8'~eaiserine protease activity of Factor C
(Nakamura, T.,Tokunaga, F., Marita, T. and Twanaga, S., J.
9iocharn.103:370-374 (1~$8)).The inxrention being thus generally
described,35preferred embodiments of the invention are set forth xnthe
examples below. The ExampXes are not limiting ofthe invention. The scope of
the invention is lirciited   only by the Claims recited below. Example 1:
Cloning of CrFC21 c~INA into the mamana.7.ian expression vectors pCDNAI and
pCIneo The GrFC21 cDNA cloned into a pCIneo vector5provides a construct
referred to as pClneo/CrFG21 (Fig.,1). rn this vector, Constitutive
expression i,n viva ofCrFC21 is driven by a CMV promoter. .fri
vitrotranscr~.pti~on can also be performed using the T7promoter resident in
the vector.10The CrFC21 cDNA was also cloxxed into pCDNA~., andhenceforth
referred to as pCDNAl/CrFC21 (Fig. 2). Thisconstruct Was later used as an
intermediate vector forconstruGtio~r of pHILD2/CrFC21 in P. paatoris
express~.onsystem (see Fig. 4).15The pClneo/CrFC21 and pCDNAl/CrFC2i
constructs canbe transfected into mammala.an cell lanes such as
ChineseHamster Cvary (CHO) cells, or mouse fi.broblasG cel~,ssuch as
NTH/3T3 cells, or Cos,l cells or Hela ceila, andused for expresgi.on of
rCrFC. Transformation of the2ovectors into mammalian cells can be
accomplished bymeans well-known in the art, for example, transfectionby
electraparation, or liposome-mediated gene transfer.Also, methods for
culturing mammalian cells are ,generally well--known. Recovery of rCrFC
produced by` 25cultured mammalian cells can be performed aubstantialZyas
described fox purification from yeast cells, exceptthat the ph~sioal
disrupt~.ori steps Can be omitted, asmammalian cells lack a cell wall.
Rather, ~.ntracellularrCrFC can be recovered by lysing the mammalian
Cells3owith detergents. Example 2: ~xpresa~ion of CrFC21 in P.ichxa
pastoris ccanstructs The CxFC21 cDNA was insexted into two expression
vectors df ,P. pastoris. The first is a secretary 35 vector, pPrC9, where
the Cr_FC cDNA was fused to tk~e 



rs signal, sequence of the a mating Factor of Saccharamyces ce,revisiae to
yield the con$truct, pPIC9/CrFC2INAS (Fig. 3?. Thi~x recombinant clone
relies on the ATG aodon present in PIC9 as the start codorr. In
PIiILD2/CrFC2~., 5 the vector second is a non-secretary vector, pHXLD2,
providing the construct pHxLD2/CrFC21 (Fig. 4). The host cell utilizes the
nat~.ve ~1TG of the CrFC cDNA ~.nsert as the start radon. In both cases,
expression of the GrFC cDNA is driven by the AOx1 promoter, which is 10
inducible by methanol. ~'ranstoxmation of P. pastoris, strain GS1.X5 with
CrFC ct~ns truc t s The pPIC9/CxFC2~.NAS was digested with StuI or BglIl.
The pHZLD2/CrFC21 was digested with StuT. These 15 lineax~i2ed expression
vectors were then transfoxtned into .P. pastaris, strain GS115 by the
spheraplasting method (Cress, J.M. et al., Moi. Cell b.i.ol. Sx:, 3376-3385
(1985)). Isolation of mute yr mut+ transformants was done according to
described protocols (Clare, J..7. et 2o al, Bio/Techx;ology i:455-468
(1997.) ) . Expression of immunoreactive recombinant Factor C in P. ga.s
tdris The expr~ssiorr of CrFC21 constructs was studied in P. pastoral at
the levels o transcr~.pti,on and 25 translation_ RNAs were purified from
the cells after methanol-induction. To examine the production of
recombinant Factor C (rCrFC) in the heterologous hosts, the transformants
were cul.tuxed in shake~flasks, with ample aeration. 30 (i) Northern
analysis of pHILD2/CrFC21 expression in P_ pastoris Various P. pastarzs
transformants of high gene-copy number were grown at 30 C for 18 hours in
50 ml MGY medium (1_34s yeast nitrogen base, 1% glycexol, 4x105--s   1~
biotin to accumulate cell mass. The ODD reached 4 Units. The transformar~ts
wexe then transferred into 200 ml of MM medium (1.34% yeast nitrogen base,
0.5% methanol, 4k10-5% biotin) giving an ini.tiai ODD of 1 5 Unxt. To
examine the optimum transcription eff~.cienGy during methanol induction,
replicate cultures of P. ,pastoris containing pI~ILD2/CrFC21 were ~.nduced
for varying lengths of time and harvested by centrifugatxan 10 at 3000 x g
far 10 minutes the cells were used for isolation of RNA under standard
RNase-free conditions ,' aad Northern analysis was Gaxried out (Fig. 5).
(i3.)tnTestern analysis of rCrFC obtained from ly. j~.srtoris clone #8
(p~IILD2/CrFC21) 15 The methanol-induced cells were pel7.eted and
xesuspended in 1:10 (v/v) with breaking buffer (0.05 M Tris-HC1, pH 8.0,
containing 0.1 M NaCl) and added with an equal volume of chilled,
ac~.d-washed glass beads (0.45 mm d~.ametex, Sigma). The cells were lysed
by 2Q vortexing fGr 1 min and chi~.led on ice for 3 min. Th~.s process wag
xepeated 9 times or until complete breakage of the cells Was observed. The
soluble and insoluble fractions were separated by centrifugation at 10,o00
x g for 30 min. at 4C. After resuspending the pellet in 25 breaking buffer
containing SDS ranging in concentration from 0.5 - 5%, overnight extraction
was carried out at 4C on a rotary platform. The soluble intracellular
fraction, the SDS-solubilized cell extract, and the supernatant derived
from the culture media of ~0 pH7fLD2/CrFC~tl clones were resolved an 10 s
PAGE gels under reducing conditions of SpS/a-mercaptoethanol, and
electroblotted for Wesr.era analysis. Figure 6 shows that the e3.ones
produced rCrFC during the 8 houxs after methanol induction. The ~cCrFC was
produced within the 35 host cell in an imsolubl,e form, and was
solubil,ized optimally by 1% SpS. 



2a With clone #8 (pHZLD2jcrFC21) studied over closer time points it was
confirmed that 8 hours post-inducCian was the optimum timing of xCrFC
protein synthesis (Fig. 7) . 5 (iii) Detergent solubi.lizgti.oz~ of rCrFC ,
from P. ~pa~toz'xa (pHTLD2/CrFC2l, Sl.one #8) Triton X7.00, SDS and
sarkasyl were used. at a range of concentrations to solubilize rCrFC from
the 10 reaombixmnt P. (,pas~toria clones. Cells from clone #e were
harvested after 8 hours of methanol inductiax~, centrifuged, and the cell
pellet was treated with glass beads (as described earlier). Cell.
homogenates were made up to their respective (w/v) percentage of 15
detergent, and solubiiized overnight at 4C by rotation on an angular
rotator. The lysate was cleared by centrifugation. The supernatant which
contains solubilized rCrFC constitutes approximately 3U-50% of the total
rCrFC. The pellet still contains a large ~0 amount of insoluble rCxFC.
Western analysis showed maximal eolubili.zatian of rCrFC at 1% SDS (Fig.
8A) , and 1s sarkosyZ (Fig. 8H) . These detergent--solubili.zed rCrFC's
have retained their immunoreactivity. ~E.xample 3: Expression of
,recombinant Factor C in -- _ ? 25 SaCGharotnyces cere~rriaiae Constructs
$y manipulation of the 5' end of CrFC26, truncated constructs containing
this cDNA are expressed by S. cerevisiae to give ~.mmunoreactive rCrk~C.
The rCrFC 30 produced from both CrFC21 and CrFC26 constructs is
solubil~.zed -by Triton X-1oU and SDS, and found to be immunoreactive.
Solubilized rCrFG could thus be purified as a proenzyme and reversibly
protected from activation by addition of MeZSO (see U.~. Ser. No. 35
08/296,0x4). The full-length CrFC26 eDL~T~1 has earlier been cloned   z.
into hath YepSecl and pEMBLyex4 expression vectors of S. cerevisiae (see U.
S. Sex. No. 08/296,014 at Fi.g. 16y. Updated nomenclature of the CrFC26
CpNA constructs in these two vectors are shown in Figure 9 and Table Z. 5
The long S' untranslated region (UTR) o CxFC26 suggests that it may play a
role in regulating tha expression of the gene at the translational level.
Studies using a coupled zn vitro transcription and translation system
surprisingly showed no e~cpresgion of rCrFC from CrFCZ6. a0 Un the other
hand CrFG2l, which lacks the long 5' noncod.ix~g ~eq~.enae, expressed rGrFC
at high levels (see, Fig. 18 of U.S. Ser. No. 08/2g6,014) . This indicates
that the 5' non--coding sequence serves to down--regulate the translation
of CrFC26. in o~cder to express GrFG26 15 in a hetexcslogous system, it i$
preEexred that the 5' - UTR be removed, at least to the point where its
translation-attenuating activity is reduced or elirctinated. A deletion
mutant library made by S' -3' ~xolzl deletiax~ ~nutagenesia of the
EcoRI-EcoRZ (RE) 20 fragment yie~l.ded two subclones de~tignated FC26A6a
and FC26A9a (Fig. 7.0) . Further de7.etione of these subcl.ones at HindTII
(posit~.on 1278) removed sequences downstream, giving r~.se to fC26/a6a-H3
and FC26A9a-H3, respectively. These deletion mutant were c7.oned ~.nto the
YepSeai _ . , 25 vector arid the constructs were transformed into S. .
cex~evisiae for expression analyses. These subclones were selected based on
the creation of an open reading frame, which is attained upon religata.on
of the deleted ends to the vector (Figs. 11A, 11B). The DNA sequences 30 at
the junct~ong between the vectors and FC26a6a and 9a were verif~.~ by
sequencing, and ound to be in-frame (Fig. ~.lA) . These constructs will
utilize the A'TG colon within the SphI site of the vector for translation
initiation. ~S Figure 12A shaves a hybrid cDNA consisting of the 5' portion
of CrFCZ2 and the 3' portion of CrFC26, inserted into pEMBLyex4. This was
done by substituting the SmaI  



Zz Sell fragment of pFC26A9a tp~MBi,yex4/CrFC26A9a) with the SmaI,SaIT
tYagment isolated from pBES21 to give pFC21/26 {pEMBLyex4JCrFC21/2&). At
the amino acid level, the fusion gene product would be expected to be
identical to 5 the product encoded by CrFC21 except for a single Arg to Ser
substitution at residue 427 of CrFC2l. Translation initiation ~.zr
pFC2~.J26 would rely on the cognate ATG codon of CrFC2l. Fig. 12B shows
deletion mutant constructs of this hybrid cDNA_ 10 - Variou9 fragments o
Cx~FC26 cDNA (Fig. lp) Were also attbclaned into the S. cerevi.siae
aecretory expression vector, YepSecl_ Also the CrFC27. arid CrFC26 hybrid
cDNAa and deletion mutants thereof were recloned in the yeast expression
plascnid, pEMBLyex4 (Fig 12). 7.5 Expression of eDNA from pENBLyex4 is
expected to result in intracelkular accumulation of~the product. The S.
cerevi.siae host strain, S150-2B was u$ed as a host cell :Eor the
car~.structs. Table 1 summarizes the CrFC cDNA constructs i.n pEMBLyex4 and
YepSecl vectors.   Table I ; CarafaoBCOxpius rot~adicauda Factor C gene
constructs in the S. cerevisiae expression plasmitl vectors, YepSec 1
(secretory) and pEMBT~yex4 anon-secretoryy 5 VectorConstruct
NameInsertYeast Host Strains Transformed and
ConservedYepSeciNilI50-2BYFC26~Ea _Deletion clone CrFC26
6a150-2BYepSeclYFC2649aDeletion clone CrFC26 ~a
~15Q-2HYFC26.d6a-H3Delet~.on clone CrFC26 6a - Hind
III1S0-28YF~~,~,~-H3Deletion clone CrF~,2~6 9a - i~fn~d.
III3~v-~8YFC25SPSal I-Pat I of
CxFC26150-2BpEMBIryex4Nal15Q-2BpFC25~,6aDeletion clone CrFC26
6a150-2BpFC26d9aDeletion clone CrFC25
9a250-2BpEM3Lyex4pFC21/26CrFC21-CrFC26 Hybrid
,150-2Bp21/26-8/XCrFC21-CrFC26 Hybrid - Bgl II/Xba
I15Q-2Bp21/26-F~3CrFC21-CrFC26 I3ybrid - Hind III15Q-2B N W   2~
Transformation of S cex-evis.iae, strain SlSa--2B with CrFC cDNA c~nstructe
The 9.- cereviaiae strain 8150-2B (leu2 his3 ura3 txpl) was used for
transformation by a mad~.fied lithium _ 5 acetate prodedure (Schiestl, R.H.
arid Gietz, R.D., 1989. Current Ge~a~tfcs Q6:339-346 (1989)). Transformed
yeast cells were recovered by aeleccion an uracil-deficient synthetic
complete medium (SC-ura) (Sherman, F, et al, in Methods=in Yeast
Gen.etics~~ c. 1979 by Cold Spxxng 10 Harbor Labcr~atory, Cold Spring,
Harbor, NY) containing 2% glucose a~rtd 0.67% yeast nitrogen base (YNH)
without amino acids (Difeo) and supplemented with the required amino acids.
~ression of rCrFC in s. cereviszae 15 (i) Induction o~ Factor G synthe83.s
Yeast cells harbora.ng secret.ory plasmids were cultured at 30 C in complex
YPD medium (1% yeast extract, 2% peptone and 2% glucose) to late lag phase
upon which the cells were induced by supplementing the 20 medium with 2%
galactose. For the induction of intracellular Factor C express~.on,
recombinant yeasts were first cu7.tured in sc-ura medium supplemented with
4o ug/ml loucxne. At late log phase, ,cells were harvested ahd resuspended
in fresh SC-ura medium 25 containing $0 ~g/tnl leucine and 2% ga~.actose.
The induced cel.~.s were harvested for protein analyses following 24~haurs
growth at 25 C. (ii) Trz~nsaription of recomb~.nant CrFC cDNA in S.
oerevisiae 30 Total yeast RNA was prepared from induced yeast cells. RNA
samples were denatured with g:lyoxal and d~.methyh sulioxi.de, and
fractionated on a 1.2$ agarose gel. Following transfer to nylon filters,
the RNA was hybridized against pooled ~P-labe~.led rrFC/EE21 and 



ZS CrFC/EN21 fragments. Hybr~.dized filters were subjectedto .
autara,dxo~raphy ( Fig . 13 ) .Figure 1.3 shows the results of the Northern
blotanalysis. varying ei.zes of the Factor C eDNAs were5inserted into both
pEMBLyex4 and XepSecl vectors (seeFig. 1d & Table 1) With a view to
investigating the size .limitation off the constructs to transcription
level inthe S. cerefrisiae. kNA isolated from various c7.onesafter 18 hours
galactose induction were electrophoresed,10blotted anal hybridized with
32P-CrFC probes:Transcription df the constructs does not appear tobe
limited by the size of the insert in the construct.In fact, the-constructs
having J.arger, more full lengthinserts exhi~lait two transcripts. The
larger, major15transcript of 3.5 kb (lanes 3, 4, 8, 9 & 10) correspondsto
the expected full length CrFC mRNA. The smaller,minor m~tNA of 1.3 kb could
be CrFC transcript expressedvia the use of internal alternative
pc~l.yadenylationsignal (lama 2, 3, 4. 8, ~ & 10) or
internal20transcription initiation. Internal TATA boxes arepresent in both
CrFC21 and 26. With CzFC2x, two ofthese elements, located at regiaa,s
correspondi,ag toriucleoti.dE pOgitian,s 1823 - 1827 and 3105 - 3110
cou7.dhave yielded the --1.3 kb transcript when induced in25 _ _,;yeast
cells.- (iii) e~Gractian of rCrFC and western analyses Yeast cells were
collected from 10 m3. induced cultures and respended in 0.2 ml of
disruption buffer, containing 2~ mM Tris-C7., ph 8.0 and 0.1 M NaCI with or
30 without Sbs .or Triton X-100_ Far solubilization of insoluble proteins,
(a) SD9 was added to the samples to a finax conc~ntratia~r of o .5, l, 2,
3, 4, and 5%; and (b) Triton x100 was added at 0.0S, 0.7., O.S, 1, 2, 4 and
5~ . ,Axi equal volume of chilled., acid washed glass 35 beads (0.45 m~,
Sigma) was added to the cell suspension. Cells were disrupted by voxtexing
5 times fvx Z min   26 each, with S minute intervals of chill~.ng in
between vortexing. Cells were checked for complete lysis by examination
under the microscope. Lyaates were clarified by centrifugation at 17,600 x
g for 1 h. 5 Protein extracts were electrophoresed on denaturing SDS/1o%
polyacrylamide gel, and blotted onto pvdf membrane Millipore) by
electrotransfsr. Rabbit anti~'acror C antibody was used as the primary
antibody. The immunobloC was dev-elaped with horseradish peroxidase 10
conjugated goat anti-xabbit antibody using 4-chloro-1naphthol atnd hydrogen
peroxide as substrates. (3v) ~xpres~tion of xCrFC from YepSecl plasmid
constructs with YFC26sp, YFCZ6IS6a and YFC26~9a transformants, 15 cell
iysates prepared by glass bead disruption showed substantial amounts of
immunoreactive recombinant protein in the soluble, intracellular fractions
(fig. 14?. xt is evident from the results that the K. Iacti.s killer to~cin
signal sequence did nvt direct the 2o secretion 4f the recombinant product.
No im~munoreaGtive band was detected in YFC26~6a-H3 and YFC26b9a-H3.
Although transcr~.pts were found for these deletion mutant (ahorten~ed)
Constructs (see fig. 13) , no tranalatio~al products were evident (see Fig.
1~4). 25 Three expl~nationa may be given for this observation: (a) the
transcripts were defective for tranaiation, (b) the truncated rCrFC
proteins were unstable, and underHrent rapid in situ degradation, or (c)
the truncated rcrFCs were syntheeieed but not immunoreactive 30 that is,
the de7.etions have removed the major epitopes of Factor ~, thus
abo~.ishing immunoreaativity. (v) Lxpressioz~ of rCrP`C from pEMHLXex4
plasmid constructs A single immunoreactive band with an apparent size 35 of
--13S kDa was observed tar cell lysatea of   2? pEMSLyex4/C'~rFC2i
transformants only (Fig. 15) . 'this recvmbxnant protein xg approxi.mately
11 kDa larger than the ca~.cu~.ated size based oz~, the cDNA insert length.
This may be attributable to glycosylation a the 5 protein. In eukaryotic
cells, glycosylation is usually coupled to secretion of the product.
Howevex, it has been found that in horseshoe crabs, the amoebacyte Factor C
is glycosylated, but not secreted. Rather, the ga,ycosylated Factor C is
found in intrace~.lular 



10 granules. Immunogold electron microscopy studies are being perfor-med to
conf irm the localization of the rCrFC produced by the pEM$Lyex4/CrFC21
txansormants. Contrary to ful.i length CrFC GbNR clones, no detectable
immunoreactive protein was observed in Lysateg from 15 partial sub~loneg
such as pFC21/26~H3 and pFC21/26-BX txansformants (Fig. 12S). lncreasi.ng
SDS concentration provided better solubilization up to 1% SDS. SDS at 1%
appears to yield maximum salubilizatzon. Further increase in SDS 20
concentratio~rs up to 5% did not improve the yield of the recombinant
pxotein (Fig, 16A). Similar eic~.ency of solubilization of rCrFC waa
observed w~.th xritos, X-Q40 (Fig. 16E)_ Example 4: . Lrldotoxixi-binding o
rCrFC derived from 25 pHILQ2~CrFC2~ ar,~p8ILb2 CrFCai~E
Endotaxi.n--b~.ndi.ng activity of rCrFC i.s shown as described hex'ein. IO
erg of E. coli LPS {Si.gma, St. Louis, MD (E. coli 055g)) is
electrophoreCtically 30 separated on~SDS-PAGE (15%) followed by
electroblotting of the resolved LpS onto to a PVbF membrane. The membrane
blob was blocked by incubating in 50 mM Tri.sHC1, pH 8 containing 0.2 M
~TaC1 {iris buffered salzne, TBS) with 30 mg/cnl BSfi, for 30 min. at 37C.
The 3S membrane was cut into strips (LQS strips) and each Str~.p was
separate~.y incubated overnight with slight agitation at 37C with '200 ~cm
total protein of crude solubilisate   28 of rCrFC) The strips were then
washed 3x for 5 min. each with TBS before incubation for 3h at 37C with
anti-Factor C antibody diluted 500x in TBS containing 1 mg BSA.
Subsequently, the strips were washed with TBs S followed by incubation for
ih at 37C with peroxidaseconjugated goat anti-rabbit IgG in T8S with 1
mg/ml. BSA. After rinsing extensively, the strips were stained with 60 ~.cl
I~zOz -and 60 mg chloro-1-napthol (Sigma) in 20s methanol (v~/v) . la
Figure y shows evidence for the binding capability of 8DS-soltlbilized
rCrFC (derived from PHILD2/CrFC2I, clone #a 1 far endoto~c~.n as compared
with that of the Carciz~oscot~plus ~otundicauda amoebocyte lysate (CAL
which contains native Factor C}. 15 The invention being thus described,
various modifications of the materials and methods used in practice of the
invention will be readily apparent to one of ordxt~ary skill in the art.
Such modifications are consida~ed to be encompassed by the scope of the 20
invention as it. is described in the claims below.   z9 SEQUENCE LISTING
(1) GENERAL INFORMATION: (i) APPLICANT: Ding, Jeak Ling Ho, Bow (ii) TITLE
OF INVENTION: Expression of Carcinoscorpiua rotundicauda Factor C in
Eukaryotes , (iii) NUMBER OF SEQUENCES: 4 (iv) CORRESPOND~DTCE ADDRESS: (A)
ADDRESSEE: Birch, Stewart, Kolasch & Birch (B) STREE'~_: 8110 Gatehouse
Road, Suite S00 East (C) CITY: Falls Church (D) STATE, Virginia (E)
COUNTRY: USA (F) ZIP: 22042 



(v) COMPUTER READABLE FORM: (A) MEDIUC~! TYPE: Floppy disk (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/A~ENT INFORMATION: (A) NAME:~=Murphy, Jr., Gerald M. (H)
REGISTRATION NUMBER: 28,977 (C) REFER$NCE/DOCKET NUMBER: 1781-105P (ix)
TELECOMMUNxCATION INFORMATION: (A) TELEP$ONF: (703) 205-8000 (B) TELEF11X:~
(703) 205-80S0 (C) TELEX: 248345 (2) INFORMATION FOR=SEQ ID NO:1: (i)
SEQUENCE CHARACTERISTICS: (A) LENGTH: 4l82 base pairs (B) TYPE:-nucleic
acid (C) STRAN~EDNESS: single (D) TOPOhflGY: both ( i i ) MOLECULE T'JfPE :
cDNA   30 (iii) HYPOTHETICAL: NO (iv) ANTI-SENSE: NO (vi) ORIGINAL SOURCE:
(A) ORGANISM: Carcinoscorpius rotundicauda (ix) FEATURE: (A) NAMEfKEY: CDS
(B) LOCA'T'ION: 569..3817 (xi) SEQUENCE i3ESCRIPTION: SEQ ID NO:1:
GTATTTAATG TCTCAACCGT AAAGGTTTCA TTGTAGCTAA TATTTAACTT CCTCCCTGTG 60
CCCCAAATCG CGAGTATGAC GTCAGTTAAG ACTTCGTATT TTAAGAGTTA AACACGAGCC 120
TTAAAGAGCG ATATTTTTTT TGTTAAACAC TTCCAAC'TTA ATACAATTGG CAAACTTTCA 180
AAAATAAAGT GGAAAAG(~AG GTAAAAAAGA TGAAAAAAAT TCGCATACAA TAGAATACAA 240
TAAAATGTGT TGTCTTTACT GTCAACACTT ACTGTTCGTT CGGTCACAGC TGTGAATCGG 300
GGTGACTTTA TGTTTGTAGT GGTCTTAAAA ACGGGTACTT GGTTGTTTTG AAAATTTTAA 360
AACCTACATA TGATTCTCCT AAAATTTTGT TTATAAATTA GCACCATTTG CGACCTAAAT 420
CTTTTTTGTA GTCTTAA(~'rT TAGTTGACAT AAAAACAAAA TTTGTAACAA CACACGGTAT 480
AAACTAAATA GCTTCAGA`rG GGTCGTATGA CAAGGAAACT TTTAAATAAT TATGAAAGTT 540
TTTTTAAAAT TTGACTAAGG TTTAGATT ATG TGG GTG ACA TGC TTC GAC ACG 592 Met Trp
Val Thr Cys Phe Asp Thr 1 5 TTT CTT TTT GTT TGT GAA AGT TCA GTT TTC TGT TTG
TTG TGT GTG TGG 640 Phe Leu Phe Val Cys Glu Ser Ser Val Phe Cys Leu Leu Cys
Val Trp 



10 15 20 AGG TTT GGT TTC TGT AGG TGG CGT GTT TTC TAC AGT TTT CCA TTC GTT
688 Arg Phe Gly Phe Cya Arg Trp Arg Val Phe Tyr Ser Phe Pro Phe Va1 1 25 30
35 40 AAG TCA ACA GTT GTT TTA TTA CAG TGT TAC CAT TAC TCT CTC CAC AAT '736
Lys Ser Thr Val Val Leu Leu Gln Cys Tyr His Tyr Sex Leu His Asn 4~a 50 55
ACC TCA AAG TTC TA(' TCT GT'G AAT CCT GAC AAG CCA GAG TAC ATT CTT 784 Thr
Ser Lys Phe Tyx Ser Val Asn Pro Asp Lys Pro Glu'Tyr Ile Leu 60 65 70   t 31
TCA GGTTTAGTTCTA GC~1GCTACTA GCCCAA AAA ATGCGC
CCAGTTCAG832SerGlyLeuValLeuGlyLeuLeuAlaGlnLysMetArg
ProValGln758085TCCAAAGGAGTAGATCTAGGCTTGTGTGATGAAACGAGG
TTCGAGTGT880SerLysGlyValAspLeuGlyLeuCysAspGluThrArg
PheGluCys9095100AAG~TGTGGCGATCCAGQCTATGTGTTCAACATTCCAGTG
AAACAATGT928LysCysGlyAspProGayTyrValPheAsnIleProVal
LysGlnCys105110115120ACATACTTTTATCGATC3GAGGCCGTATTGTAAACCATGT
GATGACCTG976ThrTyrPheTyrArgTipArgProTyrCysLysProCys AspAspLeu125130135 GAG
GCT AAG GAT ATT TGT CCA AAG TAC AAA CGA TGT CAA GAG TGT AAG 1024 Glu Ala
Lys Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys 140 145 1S0 GCTGGT
CTT GATAGTTCTGTTACTTGTCCACCT AACAAA TATGGT ACT1072AlaGly Leu
AspSerCysValThrCysProPro AsnLysTyrGlyThr1S5l6016STGGTGT AGC
GGTGAATGTCAGTGTAAGAATGGA GGTATCTGTGACCAG1120TrpCys Ser
GlyGluCysGlnCysLysAsnGly GlyIleCysAspGln17017S180EGGACA GGA
GCTTGTGCATGTCGTGACAGATAT GAAGGGGTGCACTGT1168ArgThr Gly
AlaCysAlaCysArgAspArgTyr GluGlyValHisCys18S19019S200GAAATT CTC
AAAGGTTGTCCTCTTCTTCCATCG GATTCTCAGGTTCAG12l6GluIle Leu
LysGlyCysProLeuLeuProSer AspSerGlnValGln205210215GAAGTC AGA
AATCCACCAGATAATCCCCAAACT ATTGACTACAGCTGT1264GluVal Arg
AsnProProAspAsnProGlnThr IleAspTyrSerCys220225230TCACCA GGG
TTCAAGCTTAAGGGTATGGCACGA ATTAGCTGTCTCCCA1312SerPro Gly
PhehysLeuLysGlyMetAlaArg IleSerCysLeuPro235240245 AAT GGA CAG TGG AGT AAC
TTT CCA CCC AAA TGT ATT CGA GAA TGT GCC 1360 Asn Gly Gln Trp Ser Ann Phe
Pro Pro Lys Cys Ile Arg Glu Cys Ala 250 255 260 ATG GTT TCA TCT CCA (~tp.A
CAT GGG AAA GTG AAT GCT CTT AGT GGT GAT 1408 Met Val Ser Ser Pro (31u His
Gly Lys Val Asn Ala Leu Ser Gly Asp 265 270 27S 280   32 ATGATA GAA GGG GCT
ACT TTA CGG TTC TCA TGT GAT AGT CCC TAC TAC1456MetIleGlu Gly Ala Thr LeuArg
PheSerCys Asp Ser ProTyr Tyr28S290295TTGATTGGT CAA GAA ACA TTAACC TGTCAGGGT
AAT GGT CAGTGG AAT1504LeuIleGly Gln Glu Thr LeuThr CysGlnGly Asn Gly GlnTrp
Asn3Q030S3l0GGACAGATA CCA CAA TGT AAGAAC TTAGTCTTC TGT CCT GACCTG
GAT1552GlyGlnIle Pro Gln Cys LysAsn LeuValPhe Cys Pro AspLeu
Asp315320325CCTGTAAAC CAT GCT GAA CACAAG GTTAAAATT GGT GTG GAACAA
AAA160UProValAsn His Ala Glu HisLys ValLysIle Gly Val GluGln
Lys330335340TATGGTCAG TTT`CCT CAA GGCACT GAAGTGACC TAT ACG TGTTCG GGT1648-
TyrGlyGln Phe Pro Gln GlyThr GluValThr Tyr Thr CysSer
Gly3453S0355360AACTACTTC TTG ATG GGT TTTGAC ACCTTAAAA TGT AAC CCTGAT
GGG1696AsnTyrPhe Leu Met Gly PheAsp ThrLeuLys Cys Asn ProAsp
Gly36S370375TCTTGGTCA GGA TCA CAG CCATCC TGTGTTAAA GTG GCA GACAGA
GAG1744SerTrpSer Gly Ser Gln ProSer CysValLys Val Ala AspArg
Glu380385390GTCGACTGT GAC AGT AAA GCTGTA GACTTCTTG GAT GAT GTTGGT
GAA1792ValAspCys Asp Ser Lys AlaVal AspPheLeu Asp Asp ValGly
Glu395400405CCTGTCAGG ATC CAC TGT CCTGCT GGCTGTTCT TTG ACA GCTGGT
ACT1840ProValArg Ile His Cys ProAla G1yCysSer Leu Thr AlaGly
Thr41041S420GTGTGGGGT ACA GCC ATA TACCAT GAACTTTCC TCA GTG TGTCGT
GCA1888ValTrpGly Thr Ala Ile TyrHis G~.uLeuSer Ser Val CysArg
Ala425430-435440GCCATCCAT GCT GGC AAG CTTCCA AACTCTGGA GGA GCG GTGCAT
GTT1936AlaIleHis Ala Gly ~ys LeuPro A$nSerGly Gly Ala ValHis Val44S4S0455
GTG AAC AAT GGC CCC TAC TCG GAC TTT CTG GGT AGT GAC CTG AAT GGG 1984 Val
Aan 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 



~3 TATGTC AGT TCC TCC ACA GCA GGTAAA TCA GGA TGT CCTGAT GGA TGG2080TyrVal
Ser Ser Ser Thr Ala GlyLys Ser Gly Cys ProAsp Gly Trp490 495S00TTTGAG GTA
GAC GAG AAC TGT GTGTAC GTT ACA TCA AAACAG AGA GCC2128PheGlu Val Asp Glu Aen
Cys ValTyr Val Thr Ser LysGln Arg Ala50551051SS20TGGGAA AGA GCT CAA GGT GTG
TGTACC AAT ATG GCT GCTCGT CTT GCT2176TrpGlu Arg Ala Gln G1y Val CysThr Asn
Met Ala AlaArg Leu AlaS25S30S35GTGCTG GAC AAA GAT GTA ATT CCAAAT TCA TTG
ACT GAGACT CTA CGA2224ValLeu Asp Lys Asp Val Ile ProAsn Ser Leu Thr GluThr
Leu Arg54054S550 GGG AAA GGG TTA ACA ACC ACG TGG ATA GGA TTG CAC AGA CTA
GAT GCT 2272 Gly Lys Gly Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp
Ala 5S5 S60 S65 GAG AAG CCC,TTT ATT TGG GAG TTA ATG GAT CGT AGT AAT GTG GTT
CTG 2320 Glu Lys Pro Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val Val Leu
570 575 580 AAT GAT AAC CTA ACA TTCTGG GCC TCT GGC GAA CCTGGA AAT GAA ACT
2368Asn AspAsn Leu Thr PheTrp Ala Ser Gly Glu ProGly Asn Glu
Thr585590595600AAC TGTGTA TAT ATG GACATC CAA GAT CAG TTG CAGTCT GTG TGG AAA
2416Asn CysVal Tyr Met AbpIle Gln Asp Gln Leu GlnSer Val Trp Lys60561061S
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 62S 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 63S 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 6S5 660 TCT TCT ATA
AGG TAC ACC TGT GAG GTT CTC CAC TAC CTC AGT GGA ACT 2608 Ser Ser Ile Arg
Tyr Sir Cys Glu Val Leu His Tyr Leu Ser Gly Thr 665 670 675 680 GAA ACC GTA
ACT TGT AAA ACA AAT GGC ACA TGG AGT GCT CCT AAA CCT 2656 Glu Thr Val Thr
Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro 685 690 695   34 CGA TGT
ATC AAA GTC ATC ACCTGCCAA AACCCC CCT GTA CCA TCA TAT2704Arg Cys Ile Lys Val
Ile ThrCysGln AsnPro Pro ValProSer Tyr700705710GGT TCT GTG GAA ATC AAA
CCCCCAAGT CGGACA AAC TCGATAAGT CGT2752Gly Ser Val Glu Ile Lys ProProSer
ArgThr Asn SerIleSer Arg71572072SGTT'GGG TCA CCT TTC TTG AGGTTGCCA CGGTTA
CCC CTCCCATTA GCC2800Val Gly Ser Pro Phe Leu ArgLeuPro ArgLeu Pro LeuProLeu
Ala730 735740AGA GCA GCC AAA CCT CCT CCAAAACCT AGATCC TCA CAACCCTCT
ACT2848Arg Ala Ala Lys Pro Pro ProLysPro ArgSer Ser GlnProSer Thr74S
750755760GTG GAC TTG GCT TCT AAA GTTAAACTA CCTGAA GGT CATTACCGG GTA2896Val
Asp Leu Ala Ser Lys ValLysLeu ProGlu Gly HisTyrArg Val765770775GGG TCT CGA
GCC ATT TAC ACGTGCGAG TCGAGA TAC TACGAACTA CTT2944Gly Ser Arg Ala Ile Tyr
ThrCysGlu SerArg Tyr TyrGluLeu Leu780?85790GGA TCT CAA GGC AGA AGA
TGTGACTCT AATGGA AAC TGGAGTGGT CGG2992Gly Ser Gln Gly Arg Axg CysAspSer
AsnGly Asn TrpSerGly Arg7958008d5CCA GCG AGC TGT ATT CCA GTTTGTGGA CGGTCA
GAC TCTCCTCGT TCT3040Pro Ala Ser Cys Ile Pro ValCysGly ArgSer Asp SerProArg
Ser810 815820CCT TTT A't'C TGG AAT GGG AATTCTACA GAAATA GGT CAGTGGCCG
TGG3088Pro Phe Ile Trp Asn Gly AsnSerThr GluIle Gly GlnTrpPro Trp825
830835840CAG GCA GGA ATC TCT AGA TGGCTTGCA GACCAC AAT ATGTGGTTT CTC3136Gln
Ala Gly Ile Ser Arg TrpLeuAla AspHis Aan MetTrpPhe Leu84S8S0855 CAG TGT GGA
GGA TCT CTA TTG AAT GAG AAA TGG ATC GTC ACT GCT GCC 3184 Gln Cys Gly Gly
Ser Leu Leu Asn Glu Lys Trp Ile Val Thr Ala Ala t . 860 865 870 CAC TGT GTC
ACC TAC TAT GCT ACT GCT GAG ATT ATT GAC CCC AAT CAG 3232 Hia Cys Val Thr
Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln 875 880 885 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   GAC TAT GTA CAA GTA AGA GAG GCT CTT GAG ATC CAC GTG AAT CCT
AAC 3328 Asp Tyr Val Gln Val Arg Glu Ala Leu Glu Ile His Val Asn Pro Asn
90S 910 915 920 TAC GAC CCC GGC AAT CTCAACTTT GAC ATA GCC CTA ATT CAA CTG
AAA3376Tyr Asp Pro Gly Asn LeuAsnPhe AspIle Ala Leu Ile GlnLeu
Lys925930935ACT CCT GTT ACT TTG ACAACACGA GTCCAA CCA ATC TGT CTGCCT
ACT3424Thr Pro Val Thr Leu ThrThrArg ValGln Pro Ile Cys LeuPro
Thr94094S950GAC ATC ACA ACA AGA GAACACTTG AAGGAG GGA ACA TTA GCAGTG
GTG3472Asp Ile Thr Thr Arg GluHisLeu LysGlu Gly Thr Leu AlaVal
Val955960965ACA GGT TGG GGT `LTG AATGAAAAC AACACC TAT TCA GAG ACGATT
CAA3520Thr Gly Trp Gly Leu AsnGluAsn AsnThr Tyr Ser Glu ThrIle
Gln97097S980CAA GCT GTG CTA CCT GTTGTTGCA GCCAGC ACC TGT GAA GAGGGG
TAC3568Gln Ala Val Leu Pro ValValAla AlaSer Thr Cys Glu GluGly Tyr985
99099S1000AAG GAA GCA GAC TTA CCACTGACA GTAACA GAG AAC ATG TTCTGT
GCA3616Lys Glu Ala Asp Leu ProLeuThr ValThr Glu Asn Met PheCys
Ala1Q051010101SGGT TAC AAG AAG GGA CGTTATGAT GCCTGC AGT GGG GAC AGTGGA
GGA3664Gly Tyr Lys Lys Gly Ax-gTyrAsp AlaCys Ser Gly Asp SerGly Gly1Q201025
103DCCT TTA GTG TTT GCT GATGATTCC CGTACC GAA AGG CGG TGGGTC TTG3712Pro Leu
Val Phe Ala AspAspSer ArgThr Glu Arg Arg TrpVal Leu10351040104SGAA GGG ATT
GTC AGC TGGGGCAGT CCCAGT GGA TGT GGC AAGGCG AAC3760Glu Gly Ile Val Ser
TipGlySer ProSer Gly Cys Gly LysAla Asn105010551060CAG TAC GGG GGC TTC
ACTAAAGTT AACGTT TTC CTG TCA TGGATT AGG38D8Gln Tyr Gly Gly Phe ThrLysVal
AsnVal Phe Leu Ser TrpIle Arg1065 1070l0751080CAG TTC ATT
TGAAACTGATCTAAATATTT TAAGCATGGT TATAAACGTC3857Gln Phe Ile TTGTTCCTAT
TATTGCTTTA CTGGTTTAAC CCATAAGAAG GTTAACGGGG TAAGGCACAA 3917 GGATCATTGT
TTCTGTTTGT TTTTACAAAT GGTTCTTTrA GTCAGTGAAT GAGAATAGTA 3977   3~ TCCATTGGAG
ACTGTTACCT TTTATTCTAC GTTTTTATAT TACTATGCAA GTATTTGGGA 4037 TATCTTCTAC
ACATGAAAAT TCTGTCATTT TACCATAAAT TTGGTTTCTG GTGTGTGTGT 4097 TAAGTCCACC
ACTAGAGAAC GATGTAATTT TCAATAGTAC ATGAAATAAA TATAGAACAA 4157 ATCTATTATA
A,F~AAAAAAAA AAAAP. (2) INFORMATION FOR SEQ ID N0:2: (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 1083 amino acids (B) TYPE: amino acid (D)
TOPOx.OGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DBSCRIPTION:
SEQ ID N0:2: 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 50 55 60 Pro Asp Lys Pro Glu Tyr Ile Leu Ser Gly Leu Val Leu Gly Leu
Leu . 65 70 75 80 Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly Val Asp Leu
Gly Leu 85 90 95 Cys Aap Glu Thr Arg Phe Glu Cys Lys Cya 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 Cya Asp Asp Leu Glu Ala Lys Asp Ile Cys Pro Lys 130 135 140
Tyr Lys Arg Cys Gin Gnu Cys Lys Aia Gly Leu Asp Ser Cys Val Thr 145 150 155
160 4182 Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
16S 170 175   3-7 Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala
Cys Arg 180 I85 190 Asp Arg Tyr Glu Gly Va1 His Cys Glu Ile Leu Lys Gly
Cars Pro Leu 195 200 205 Leu Pro Ser Asp Ser Gln Val Gln Glu Val Arg Asn
Pro Pro Asp Asn 210 2l5 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 245 250 2S5 Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser
Ser Pro Glu His Gly 260 265 2?0 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 Ile Gly
Gln Glu Thr Leu Thr 290 295 300 Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile
Pro Gln Cys Lys Asn 305 3I0 3l5 320 Leu Val Phe Cys Pro Asp Leu Asp Pro Val
Asn His Ala Glu His Lys 325 330 335 Val Lys Ile Gly Val Glu Gln Lys Tyr Gly
Gln Phe Pro Gln Gly Thr 340 345 350 Glu Val Thr Tyr Thr Cys Ser Gly Asn Tyr
Phe Leu Met Gly Phe Asp 355 360 365 Thr Leu Lys Cys Asn Pro Asp Gly Ser Trp
Ser Gly Sex Gln Pro Ser 370 37S 38Q Cys Val Lys Val Ala Asp Arg Glu Val Asp
Cys Asp Ser Lys Ala Val 385 390 39S 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 42S 430 Glu Leu Ser Ser Val Cys Arg Ala Ala
Ile His Ala GIy Lys Leu Pro 43S 440 445 Asn Ser Gly Gly Ala Val His Val Val
Asn Asn Gly Pro Tyr Ser Asp   38 450 455 460 Phe Leu Gly Ser Asp Leu Asn
Gly Ile Lys Ser Glu Glu Leu Lys Ser 46S 470 475 480 Leu A1a Arg Ser Phi Arg
Phe Asp Tyr Val Ser Ser Ser Thr Ala Gly 485 490 49S Lys Ser Gly Cys Pr4 Asp
Gly Txp Phe Glu VaI Asp Glu Asn Cys Val 500 505 S10 Tyr Val Thr Sex Lys Gln
Arg Ala Trp Glu Arg Ala Gln Gly Val Cys 515 520 S25 Thr Asn Met Ala Ala Arg
Leu A1a Val Leu Asp Lys Asp Val Ile Pro 530 S35 540 Asn Ser Leu Thr Glu Thr
Leu Arg Gly Lys Gly Leu Thr Thr Thr Trp 54S 55d 55S 560 Ile Gly Leu His Arg
Leu Asp Ala Glu 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 S80 585 590 



Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val Tyr Met Asp Ile Gin 595 600 60S
Asp Gln Leu Gln Sex Val Trp Lys Thr Lys Ser Cys Phe Gln Pro Ser 6I0 615 620
Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys Ala Lys Cys 62S 630 635
640 Asp Asp Pro Gly Ser Leu Glu Asn Gly His Aia Thr Leu His Gly Gln 645 650
655 Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser Ile Arg Tyr Ser Cys Glu 660 665
670 ,) Val Leu His Tyr Leu Ser Gly Thr Glu Thr Val Thr Cys Thr Thr Asn 675
680 685 Gly Thr Trp Ser A1~ Pro Lys Pro Arg Cys Ile Lys Val Ile Thr Cys 690
695 T00 Gln Asn Pro Pro Va1 Pro Ser Tyx Gly Ser Val Glu Ile Lys Pro Pro 705
710 71S 720 Ser Arg Thr Asn Ser Ile Ser Arg Val Gly Ser Pro Phe Leu Arg Leu
725 730 735 i   39 ProArg Leu ProLeuProLeuAla Arg AlaAla
LysProProProLys74074S750ProArg Ser SerGlnProSerThr Val AspLeu
AlaSerLysValLys755760765LeuPro Glu GlyHisTyrArgVal Gly SerArg
AlaTieTyrThrCys770775780,GluSer Arg TyrTyrGluLeuLeu Gly SerGln
GlyArgArgCysAsp785790795800SerAsn Gly AsnTrpSerGlyArg Pro AlaSer
CysIleProValCys805810815 Gly Arg Ser Asp.Ser Pro Arg Ser Pro Phe Ile Trp
Asn Gly Asn Ser 820 825 830 Thr Glu Ile Gly GlnlTrp Pro Trp Gln Ala Gly Ile
Ser Arg Trp Leu 835 B40 845 Ala Asp His Asn Met Trp Phe Leu Gln Cys Giy Gly
Ser Leu Leu Asn 850 855 860 Glu Lys Trp Ile Val Thz Ala Ala His Cys Val Thr
Tyr Ser Ala Thr 86S 870 875 880 Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met
Tyr Leu Gly Lys Tyr 88S 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 91S 920 925 Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val
Thr Leu Thr Thr Arg 930 935 940 Val G1~ Pro Ile 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 96S 970 97S Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala
Val heu Pro Val Val Ala 980 985 990 Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu
Ala Asp Leu Pro Leu Thr 995 1000 1005 Val Thr Glu Asn Met Phe Cys Ala Gly
Tyr Lys Lys Gly Arg Tyr Asp   40 1010 1015 1020 



Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp Ser Z025 1030
1035 1040 A~g Thr Glu Arg Arg TXp Val Leu Glu Gly Ile Val Ser Trp Gly Ser
1045 1050 1d55 Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly Gly Phe Thr Lys
Val 1060 1065 1070 Aan Val Phe Leu Ser Trp Ile Arg Gln Phe Ile 107S 1080
(2) INFORMATION FOR S~Q ID N0:3: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
3448 base pairs t (B) TYPE: nucleic acid (C) STRANDEpNESS: single (D)
TOPOLOGY: both (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETICAL: NO (iv)
ANTI-SENSE: NO (vi ) ORIGINAL SOLZRCE (A) ORGANISM: Carcinoscorpius
rotundicauda (ix) FEATURE: (A) NAME/KLY: CDS (B) LOCATION: 18..3074 (xi)
SEQUENCE DESCRIPTION: SEQ ID N0:3: 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 5
10 .' GTT CTA GGG CTA CTA QCC 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 SGT GAT GAA ACG AGG TTC GAG TGT AAG TGT GGC 146 Val Aap
Leu Gly Leu Qys Asp Glu Thr Arg Phe Glu Cys Lys Cys Gly 30 35 40 GAT CCA
GGC TAT GTG TIC AAC ATT CCA GTG AAA CAA TGT ACA TAC TTT 194 Asp Pro Gly Tyr
Val phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe   ~- ! 45 SO 55 TAT CGA TGG
AGG CCG TAT TGT AAA CCA TGT GAT GAC CTG GAG GCT AAG 242 Tyr Arg Trp Arg Pro
Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys 60 65 70 75 GAT ATT TGT CCA AAG
TAC AAA CGA TGT CAA GAG TGT AAG GCT GGT CTT 290 Asp Ile Cys Pro Lys Tyr Lys
Arg Cys Gln Glu Cys Lys Ala Gly Leu 



80 85 90 GAT AGT TGT GTT ACT TGT CCA CCT AAC AAA TAT GGT ACT TGG TGT AGC
338 Asp Ser Cya Val Thr Ctys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser 95 100
10S GGT GAA TGT CAG TGT AAG AAT GGA GGT ATCTGT GACCAG AGG ACA GGA386Gly
GluCys GlnCys LysAsn Gly Gly IleCys AspGln Arg ThrGiy110115120GCT TGTGCA
TGTCGT GACAGA TAT GAA GGGGTG CACTGT GAA ATTCTC434Ala CysAla CysArg AspArg
Tyr Glu GlyVal HisCys Glu IleLeu12513013SAAA GGTTGT CCTCTT CTTCCA TCG GAT
TCTCAG GTTCAG GAA GTCAGA482Lys GlyCys ProLeu LeuPro Ser Asp SerGln ValGln
Glu ValArg140I45150155AAT CCACCA GATAAT CCCCAA ACT ATT GACTAC AGCTGT TCA
CCAGGG530Asn ProPro AspAsn ProGln Thr Ile AspTyr SerCys Ser
ProGly16016S170TTC AAGCTT AAGGGT ATGGCA CGA ATT AGCTGT CTCCCA AAT
GGACAG578Phe LysLeu LysGly MetAla Arg Ile SerCys LeuPro Asn
GlyGln17518018STGG AGTAAC TTTCCA CCC_AAA TGT ATT CGAGAA TGTGCC ATG
GTTTCA626Trp SerAsn PhePro ProLys Cys Ile ArgGlu CysAla Met ValSer190195200
~TCT CCA GAA CAT GGG AAA GTG AAT GCT CTT AGT GGT GAT ATG ATA GAA 674 Ser
Pro Glu His Gly lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu 205 210 21S GGG
GCT ACT TTA CGG TTC TCA TGT GAT AGT CCC TAC TAC TTG ATT GGT 722 Gly Ala Thr
Leu Arg the Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly 220r 225 230 235 CAA
GAA ACA TTA ACC 7~'GT CAG GGT AAT GGT CAG TGG AAT GGA CAG ATA 770 Gln G1u
Thr Leu Thr Cya Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile 240 24S 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   4z 255260265CAT GCT
GAA CAC AAG GTTAAA ATTGGTGTGGAA CAA AAA TATGGTCAG866His Ala Glu His Lys
ValLys IleGlyValGlu Gln Lys TyrGlyGln27027S280TTT CCT CAA GGC ACT GAAGTG
ACCTATACGTGT TCG GGT AACTACTTC914Phe Pro Gln Gly Thr GluVal ThrTyrThrCys
Ser Gly AsnTyrPhe28529029S'TTG ATG GGT TTT GAC ACCTTA AAATGTAACCCT GAT GGG
TCTTGGTCA962Leu Met Gly Phe Asp ThrLeu LysCysAsnPro Asp Gly SerTrpSer300
305310315GGA TCA CAG CCA TCC TGTGTT AAAGTGGCAGAC AGA GAG GTCGACTGT1010Gly
Ser Gln Pro Ser CysVal LysValAlaAsp Arg Glu ValAspCys3Z0325330 GAC AGT AAA
GCT GTA GAC TTC TTG GAT GAT GTT GGT GAA CCT GTC AGG 1058 ' Asp Ser Lys Ala
Val Asp Phe Leu Asp Asp Val Gly Glu Pro Val Arg 335 340 345 ATC CAC TGT CCT
GCT GGC TGT TCT TTG ACA GCT GGT ACT GTG TGG GGT 1l06 Ile His Cys Pro Ala
Gly Cys Ser Leu Thr Ala Gly Thr Val Trp Gly 350 355 360 ACA GCC ATA TAC CAT
GAA CTT TCC TCA 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 38S 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 40D 405 410 GAA GAG TTG AAG TCT CTT GCC
CGG AGT TTC CGA TTC GAT TAT GTC CGT 1298 Glu Glu Leu Lys Ser Leu Ala Arg
Ser Phe Arg Phe Asp Tyr Val Arg 415 420 425 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 T~1C GTT ACA TCA AAA CAG AGA GCC TGG GAA
AGA 1394 Asp Glu Asn Cys Val Tyr Val Thr Ser Lys G1n Arg,Ala Trp Glu Arg
445 450 455 GCT CAA GGT GTG TGT ACC AAT ATG GCT GCT CGT CTT GCT GTG CTG GAC
1442 Ala Gln Gly Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp   43
460 465470475AAA GAT GTA ATT CCA AATTCGTTGACTGAG ACTCTA CGAGGG
AAAGGGi490Lys Asp Val Ile Pro A8nSerLeuThrGlu ThrLeu ArgGly
LysGly480485490TTA ACA ACC ACG TGG ATAGGATTGCACAGA CTAGAT GCTGAG
AAGCCC1538Leu.Thr Thr Thr Trp IleGlyLeuHisArg LeuAsp AlaGlu
LysPro49S500S05TTT ATT TGG GAG TTA ATGGATCGTAGTAAT GTGGTT CTGAAT
GATAAC1586Phe Ile Trp Glu Leu MetAspArgSerAsn ValVal LeuAsn
AspAsn51051S520CTA ACA TTC TGG GCC TCTGGCGAACCTGGA AATGAA ACTAAC
TGTGTA1634Leu Thr Phe Trp Ala Ser ~GlyGluProGly AsnGlu ThrAsn
CysValS25S30535J TAT ATG GAC ATC CAA GETCAGTTGCAGTCT GTGTGG AAAACC
AAGTCA1682Tyr Met Asp Ile Gln AspGlnLeuGlnSer ValTrp LysThr LysSer540
545550555TGT TTT CAG CCC TCA AGTTTTGCTTGCATG ATGGAT CTGTCA GACAGA1730Cys
Phe GIn Pro Ser SerPheAlaCysMet MetAsp LeuSer AspArg560565570AAT AAA GCC
AAA TGC GlITGATCCTGGATCA CTGGAA AATGGA CACGCC1778Asn Lys Ala Lys Cys
AspAspProGlySer LeuGlu AsnGly HisAla57S580S85ACA CTT CAT GGA CAA
AGTATTGATGGGTTC TATGCT GGTTCT TCTATA1826Thr Leu His Gly Gln SerIleAspGlyPhe
TyrAla GlySer SerIle59059S600AGG TAC AGC TGT GAG GTTCTCCACTACCTC AGTGGA
ACTGAA ACCGTAl874'Arg Tyr Ser Cys Glu V`alLeuHisTyrLeu SerGly ThrGlu
ThrVal605610615ACT TGT ACA ACA AAT GGCACATGGAGTGCT CCTAAA CCTCGA
TGTATC1922Thr Cys Thr Thr Aan GlyThrTrpSerAla ProLys ProArg CysIle620
625630635AAA GTC ATC ACC TGC CAAAACCCCCCTGTA CCATCA TATGGT TCTGTG1970Lys
Val Ile Thr Cys GlnAsnProProVal ProSer TyrGly SerVal64064S650 GAA ATC AAA
CCC CCA AGT CGG ACA AAC TCG ATA AGT CGT GTT GGG TCA 2018 Glu I1e Lys Pro
Pro Ser Arg Thr Asn Ser Ile Ser Arg Val G1y Ser 655 660 66S CCT TTC TTG AGG
TTG C'CA 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   67067S680AAA CCT CCT CCAAAA
CCT AGATCCTCACAA CCC TCT ACTGTGGACTTG2114Lys Pro Pro ProLys Pxo
ArgSerSerGln Pro Ser ThrValAspLeu68569069SGCT TCT AAA GTTAAA CTA
CCTGAAGGTCAT TAC CGG GTAGGGTCTCGA2l62Ala Ser Lys ValLys Leu ProGluGlyHis
Tyr Arg ValGlySerArg700705710715GCC ATC TAC ACGTGC GAG TCGAGATACTAC GAA CTA
CTTGGATCTCAA2210Ala Ile Tyr ThrCys Glu SerArgTyrTyr Glu Leu
LeuGlySerGln720725730GGC AGA AGA TGTGAC TCT AATGGAAACTGG AGT GGT
CGGCCAGCGAGC2258Gly Arg Arg CysAsp Ser AsnGlyAsnTrp Ser Gly
ArgProAlaSer735740745TGT ATT CCA GTTTGT GGA CGGTCAGACTCT CCT CGT
TCTCCTTTTATC2306ors Ile Pro ValCys Gly ArgSerAspSer Pro Arg
SerProPheIle750755760TGG AAT GGG AATTCT ACA GAAATAGGTCAG TGG CCG
TGGCAGGCAGGA2354Trp Asn Gly AsnSer Thr GluIleGlyGln Trp Pro
TrpGlnAlaGly76S770775ATC TCT AGA TGGCTT GCA GACCACAATATG TGG TTT
CTCCAGTGTGGA2402Ile Ser Arg TrpLeu Ala AspHisAsnMet Trp Phe
LeuGlnCysGly78078579079SGGA TCT CTA TTGAAT GAG AAATGGATCGTC ACT GCT
GCCCACTGTGTC2450Gly Ser Leu LeuAsn Glu LysTrpIleVal Thr Ala
AlaHisCysVal800805810ACC TAC TCT GCTACT GCT GAGATTATTGAC CCC AAT
CAGTTTAAAATG2498Thr Tyr Ser AlaThr Ala GluIleIleAsp Pro Asn
GlnPheLysMet815820825TAT C't'G GGC AAGTAC TAC CGTGATGACAGT AGA GAC
GATGACTATGTA2546Tyr Leu Gly LysTyr Tyr ArgAspAspSer Arg Asp
AspAapTyrVal830835840__ ) CAA GTA AGA GAG GCT CTT GAG ATC CAC GTG AAT CCT
AAC TAC GAC CCC 2594Gln Val Arg GluAla Leu GluIleHisVal Asn Pro
AsnTyrAspPro84S850855 GGC AAT CTC AAC TTT GAC ATA GCC CTA ATT CAA CTG AAA
ACT CCT GTT 2642 Gly Asn Leu Asn Phe lisp 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 



~s 880 885 890 ACA AGA GAA CAC TTG A~G GAG GGA ACA TTA GCA GTG GTG ACA GGT
TGG Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp 89S 900
905 GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA CAA GCT GTG Gly Leu
Asn Glu Asn Aan 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 Leu Pro Val Val Ala
Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala 92S 930 93S GAC TTA CCA CTG ACA
GTA ACA GAG AAC ATG TTC TGT GCA GGT TAC AAG Asp Leu Pro Leu Thr V81 Thr Glu
Asn Met Phe Cys Ala Gly Tyr Lys '940 _ 945 950 955 AAG GGA CGT TAT GAT GCC
TGC AGT GGG GAC AGT GGA GGA CCT TTA GTG Lys Gly Arg Tyr Asp A1a Cys Ser Gly
Asp Ser Giy Gly Pro Leu Val 960 965 970 TTT GCT GAT GAT TCC C6T ACC GAA AGG
CGG TGG GTC TTG GAA GGG ATT Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val
Leu Glu Gly Ile 97S 980 985 GTC AGC TGG GGC AGT CCC AGT GGA TGT GGC AAG GCG
AAC CAG TAC GGG Val Ser Trp Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr
Gly 990 99S 1000 GGC TTC ACT AAA GTT AAC GTT TTC CTG TCA TGG ATT AGG CAG
TTC ATT Gly Phe Thr Lys Val Asn Val Phe Leu Ser Trp Ile Arg Gln Phe Ile
1005 1010 l015 TGAAACTGAT CTAAATATTT TAAGCATGGT TATAAACGTC TTGTTTCCTA
TTATTGCTTT ACTAGTTTAA CCCATAAGAA~GGTTAACTGG GTAAGGCACA AGGATCATTG
TTTCTGTTTG TTTTTACAAA TGGTTATTTT AGTCAGTGAA TGAGAATAGT ATCCATTGAA
GACTGTTACC TTTTATTCTA CCTTTTTATA TTACTATGTA AGTATTTGGG ATATCTTCTA
CACATGAAAA TTCTGTCATT TTACCATAAA TTTGGTTTCT GGTGTGTGCT AAGTCCACCA
GTAGAGAACG ATGTAATTTT CACTAGCACA-TGAAATAAAT ATAGAACAAA TCTATTATAA
ACTACCTTAA AAAAAAAAAA AAAA 2738 2786 2834 2882 2930 2978 3026 3074 3134
3194 3254 3314 3374 3434, 3448 (2) INFORMATION FOR SEQ ID N0:4: ( i)
SEQUENCE C~IARACTERISTICS   i 46 (A) LENGTH: 1019 amino acids ( B ) '~CPE :
amino ac id 



(D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENC-E
DESCRIPTION: SEQ ID N0:4: Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu Val
Leu Gly Leu Leu 1 5 10 15 Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly Val
Asp Leu Gly Leu 20 25 30 Cys Asp Glu Thr Arg Phe Glu Cya Lys Cys Gly Asp
Pro Gly Tyr Val 35 ` 40 45 Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe Tyr
Arg Trp Arg Pro 50 55 60 Tyr Cys Lys Pro Cys Asp Asp Leu Glu Ala Lys Asp
Ile Cys Pro Lys 65 70 75 80 Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp
Ser Cys Val Thr $S 90 95 Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly
Glu Cys Gln Cys 100 105 110 Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala
Cys Ala Cys Arg 115 120 1Z5 Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys
Gly Cys Pro Leu 130 135 14Q . Leu Pro Sex Asp Ser Gln Val Gln Glu Val Arg
Asn Pro Pro Asp Asn 145 150 155 160 Pro Gln Thr Ile Agp Tyr Ser Cys Ser Pro
Gly Phe Lys Leu Lys Gly y 165 170 17S Met Ala Arg Ile Ser Cys Leu Pro Asn
Gly Gln Trp Ser Asn Phe Pro 180 7,85 Z90 Pro Lys Cys Ile Arg Glu Cys Ala
Met Val Ser Ser Pro Glu FIis Gly 19S 20Q 205 Lys Val Asn Ala Leu Ser Gly
Asp Met Ile Glu Gly Ala Thr Leu Arg 210 215 220 Phe Ser Cys Asp Ser Pro Tyr
Tyr Leu Ile Gly Gln Glu Thr Leu Thr 225 23Q 235 240   i 4? Cys Gln Gly Asn
Giy-Gln Trp Asn Gly Gln Ile Pro Gln Cys Lys Asn 245 250 2S5 Leu Val Phe Cys
Pro Asp Leu Asp Pro Val Asn His Ala Glu His Lys 260 26S 270 Val Lys Ile Gly
Val Glu G1n Lys Tyr Gly Gln Phe Prv Gln Gly Thr 275 280 28S Glu Val Thr Tyr
Thr Cys Ser Giy Asn Tyr Phe Leu Met Gly Phe Asp 290 29S 300 Thr Leu Lys Cys
Asn Pro Asp Gly Ser Txp Ser Gly Ser Gln Pro Sex 305 310 315 320 Cys Val Lys
Val AIa-Asp Arg Glu Val Asp Cars Asp Ser Lys Ala Va1 325 330 33S j Asp Phe
Leu Asp Asp Val Gly Glu Pro Val Arg Ile His Cys Pro Ala 340 345 350 Gly Cys
Ser Leu Thr Ala Gly Thr Val Trp Gly Thr Ala Ile Tyr His 355 36D 365 Glu Leu
Ser Ser Val Cys Arg Ala A1a Ile Kis A1a Gly Lys Leu Pro 



370 37S 380 Asn Ser Gly Gly Ala Val His Val Val Asn Asn Gly Pro Tyr Ser Asp
38S 390 395 400 Phe Leu Gly Ser Asp Leu Asn Gly Ile Lys Ser Giu Glu Leu Lys
Ser 405 41d 4~.5 Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val Arg Ser Ser Thr
Ala Gly 420 42S 430 Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val Asp Glu Asn
Cys Val 435 440 445 Tyr Val Thr Ser Lys Gln Arg Ala Trp Glu Arg A1a Gln Gly
Val Cys 450 455 460 Thr Asn Met Ala Ala Arg Leu Ala Vai Leu Asp Lys Asp Val
Ile Pro 465 470 47S 480 Asn Ser Leu Thr Giu Thr Leu Arg Gly Lys Gly Leu Thr
Thr Thr Trp 48g 490 49S Ile Gly Leu His Arg Leu Asp Ala Glu Lys Pro Phe Ile
Trp Glu Leu S00 50S S10 Met Asp Arg Ser Asn Val Val Leu Asn Asp Asn Leu Thr
Phe Trp Ala   ~f-8 515 520 525 Ser Gly Glu Pro Gly Asn Glu Thr Asn Cys Val
Tyr Met Asp Ile Gln 530 535 540 Asp Gln Leu Gln Ser Val Trp Lys Thr Lys Ser
Cys Phe Gln Pro Ser 54S 5S0 5S5 560 Ser Phe Ala Cys Met Met Asp Leu Ser Asp
Arg Asn Lys Ala Lys Cys 56S 570 57S Aap Asp Pro Gly Ser Leu Glu Asn Gly Hia
Ala Thr Leu His Gly Gln 580 585 590 Ser Ile Asp Gly Phe Tyr Ala Gly Ser Ser
Ile Arg Tyr Ser Cys Glu S95 _ 600 60S Val Leu His Tyr Leu Ser Gly Thr Glu
Thr Val Thr Cys Thr Thr Asn 610 615 620 Gly Thr Trp Ser Ala Pro Lys Pro Arg
Cys Ile Lys Val Ile Thr Cys 625 630 635 640 Gln Asn Pra Pro Val Pro Ser Tyr
Gly Ser Val Glu Iie Lys Pro Pro 645- 650 655 Ser Arg Thr Asn Ser Ile Ser
Arg Val Gly Ser Pro Phe Leu Arg Leu 660 665 670 Pro Arg Leu Pro Leu Pro Leu
Ala Arg Ala Ala Lys Pro Pro Pro Lys 675 680 685 Pro Arg Ser Ser Gln Pro Ser
Thr Vai Asp Leu Ala Ser Lys Val Lys 690 695 700 Leu Pro Glu Gly His Tyr Arg
Val Gly Ser Arg Ala Ile Tyr Thr Cys 70S 710 71S 720 31u Ser Arg Tyr Tyr Glu
Leu Leu Gly Ser Gln Gly Arg Arg Cys Asp 72S 730 ?35 Ser Asn Gly Asn Trp Ser
Gly Arg Pro Ala Ser Cys Ile Pro Val Cys 740 74S 750 Gly Arg Ser Asp Sex Pro
Arg Ser Pro Phe Ile Trp Asn Gly Asn Sex 755 760 76S xhr Glu Ile Gly Gln Trp
Pro Trp Gln Ala Gly Ile Ser Arg Trp Leu i 770 775 780 AIa Asp His Asn MeC
Trp Phe Leu Gln Cys Gly Gly Ser Leu Leu Asn 785 790 795 800 i  



1 ~-9 Glu Lys Trp Ile Val Thr Ala Ala His Cys Val Thr Tyr Ser Ala Thr 805
810 815 Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met Tyr Leu Gly Lys Tyr 820
82S 830 Tyr Arg Asp Aap 9er Arg Asp Asg Asp Tyr Val Gln Val Arg Glu Ala 835
840 845 Leu Glu Ile His Val Asn Pro Asn Tyr Asp Pro Gly Asn Leu Asn Phe B50
855 860 Asp Ile Ala Leu Ile Gln Leu Lys Thr Pro Val Thr Leu Thr Thr Arg 865
870 87S 880 Val Gin Pro ale Cys Leu Pro Thr Asp Ile Thr Thr Arg Glu His Leu
885 890 895 Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp Gly Leu Asn Glu Asn
9d0 905 910 Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val Leu Pro Val Val Aia
91S 92D 925 Ala Ser Thr Cys Glu Glu Gly Tyr Lys Glu Ala Asp Leu Pro Leu Thr
930 93S 940 Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp
945 9S0 955 960 Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val Phe Ala Asp Asp
Ser 96S 970 97S Arg Thr Glu Arg Arg Trp Val Leu Glu Gly Iie 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 J
50 CLAIMS What is claimed is: 1. A method for rbrnoving endotoxin from a
liquid sample comprising: i) immobilizing a recombinant Factor C protein of
a horseshoe 5 crab) or a variant or portion thereof having
endotoxin-binding activity, produced in a yeast, to provide immobilized
Factor C; ii) contacting said immobilized Factor C with said liquid sample,
under conditions favorable to binding of endotoxin in said sampleto said
immobilized Factor C, to form bound endotoxin; 10 and iii) separating said
bound endotoxin from said sample, to provide a sample substantially free of
endotoxin. 2. The method of claim 1, wherein a recombinant Factor C having
the 15 amino acid sequences of SEQ. ID. N0.:2 or SEQ. ID. N0.:4, or a
portion thereof having endotoxin-binding activity, produced in a yeast) is
immobilized in step i). 3. The method Qf claim 1, wherein said immobilized
Factor C has the 



20 amino acid sequence of SEQ. ID. NO.: 2 or SEQ. ID. NO.: 4.
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