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The Cloned Factor C cDNA of the Singapore
Horseshoe Crab, Carcinoscorpius rotundicauda
and Purification of Factor C Proenzyme

.Background of the Invention

5 Field of the Invention
The present invention relates to cloned cDNAs of

Carcinoscorpius rotundicauda Factor C useful in the
pfroduction of Factor C for endotoxin assays and as
probes for detecting Factor C genes in other genera and

10 species, Factor C proteins per se, the purification of
Factor C proenzyme, and methods for waintaining Factor
C, either naturally-occurring or produced via
recombinant methods, in its zymogen form.

Description of Related Art
15 There are four extant species of horseshoe crabs:

Limulus polyphemus, Tachypleus tridentatus, Tachypleus
gigas and Carcinoscorpius rotundicauda. Within the
predoininant type of blood cell, i.e., amoebocytes, are
enzymes which are .actiVatéd in the presence of Gram
20 negative bacterial .éndotdxin) resulting in the final'
conversion of soluble ¢§agulogen to coagulin clot (Fig.
1). This cascade of enzymes and.coagulogen constitutes
the commercially available amoebocyte lysate employed
for detection of endotoxin. The latter is extremely
25 ubiquitous and indomitable, . contami_f_lating_:_".:.parentex_al )
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conversion of soluble coagul ogen to coagulin clot (Fig. 1). This cascade of
enzynes and cpagul ogen constitutes the comercially avail abl e anoebocyte
| ysate enpl oyed for detection of endotoxin. The latter is extrenely 25

ubi qui tous and i ndom tabl e, contam nating parenteral 2 preparations,
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gonorrhoea and BS0gldlitne, ISl THLYE HRCRASKRS B S KRG Aol

constitutes a and sensitiive 1n Vi assay 10f détection of

f ent ogr am | evel Fher eadigdosiim glqe Hrussthe \basddi 0§ Lhet detectipn of |

Thi's di agnosti ¢ glygat féi‘at@ndﬁégéi:ﬂvéor Pacteriddl al i TELeCRRAOVeduByr 0gRN
test which is an integral as &ct of .10, ,guaht assuyance of many
phar maceut i cal EPé'ﬁiFg'ﬂeﬁ‘ns,a spBEPLREY LR} ect At s Akt gmoebocyte

5 lysate (LAL) constitutes a most rapid and sensitive in
vitro assay for detection of femtogram levels of
endotoxin (Ho. B, 1983. Microbios letts. 24, 81-84).
This diagnostic test for endotoxin forms a crucial

FDA-approved pyrogen test which is an integral aspect of
10 quality assurance of many pharmaceutical preparations,
especially injectables/parenterals.
Although the production and application of the LAL
has become more standardized in recent years (Associates
of Cape Cod, Woodshole, Massachusetts, USA, and M. A.
15 Bioproducts, Walkersville, Maryland, USA), significant
variations occur in 1lysates produced by different
manufacturers and even from lot-to-lot within batches
produced by individual manufacturers (Ho et al., 1993.
Biochem. & Mol. Biol. Intl. 29 [4], 687-694). Although
20 the U.S. Limulus population appears unaffected by
commercialization, their number could be diminished by
overutilization and deterioration of habitat. The
Japanese T. tridentatus has been pronounced an
endangered species and is on its way to extinction
25 (Sekiguchi, K. & Nakamura, K. 1979. In: Biomedical
Cohen et al., eds., pp. 37-45, Alan R. Liss, Inc., New
York). The availability of a second generation
genetically-engineered 1lysate enzyme receptive to
30 endotoxin, viz., Factor C, would alleviate problems of
batch-variation, and also provide a standardized and
continuous supply of material for endotoxin/pyrogen
assays. This may be achieved through recombinant DNA
technology. '
35 Interest in the cloning of Factor C is not new.
Japanese workers (Muta et al., 1991, J. Biol. Chem. 266,
6554-6561) have cloned the T..-tridentatus Factor C gene.



Al t hough the production and application of the LAL has becone nore
standardi zed in recent years (Associ ates of Cape Cod, Wodshol e,
Massachusetts, USA, and M A 15 Bi oproducts, Wl kersville, Mryl and,
USA), significant variations occur in'|lysates produced by different

manuf acturers and even fromlot-to-lot w:thin batches produced by

i ndi vi dual manufacturers (Ho et al., 1993. 3Biochem & M. Biol. Intl. 29
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generation genetical ['y-engineered | ysate_enzyne receptive to 30
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al so provide a sfamdaighigdinafdand subcloning this gene into a variety
of vectors of choice in order to achieve optimum levels
of expression of the recombinant Factor C. The
10 biotechnological implications of the resulting
recombinant lysate enzyme cannot be overemphasized.
Factor C is, afterall, the first enzyme in the
amoebocyte lysate doagulation cascade which is activated
by endotoxin, which it detects. The recombinant Factor
15 C enzyme may be employed in a chromogenic assay. Upon
activation by endotoxin,. Factor C converts the substrate
to a colored product, thereby detecting and quantifying

the endotoxin.

Summary of the Invention
20 Accordingly, it is an object of the present

invention to provide an isolated, purified DNA molecule
comprising a nucleotide sequence that encodes a protein
having the same enzymatic activity as Factor C protein
in assays for Gram negative bacterial endotoxin. The
25 Factor C protein can be a Carcinoscorpius rotundicauda
Factor C protein comprising an amino acid sequence
selected from the group consisting of SEQ ID NO:2 and
SEQ ID NO:4. Said DNA molecule can comprise a
nucleotide sequence selected from the group consisting
30 of SEQ ID NO:1 'and SEQ ID NO:3, or can comprise a
nucleotide sequence selected from the group consisting
of a nucleotide sequence that hybridizes to a DNA
molecule encoding amino acid sequence SEQ ID NO:2 or SEQ
ID NO:4 under salt and temperature conditions equivalent
35 to 5x SSC and 42°C and that codes on expression for a
protein that has the same enzymatic activity as Factor



continuous supply of material for endotoxin/pyrogen assays. This may be
achi eved- t hrough reconbi nant DNA technol ogy. 35 Interest in the
cloning of Factor Cis not new. Japanese workers (Miuta et al., 1991, J.
Biol. Chem 266, 6554-6561) have cloned the T.-tridentatus Factor C gene.

3 However, the T. tridentatus Factor C geng was cloned in two- partia

over | appi ng fragnents separate reconbi nants (pFC 41 and pFC 53) and
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potential applicat eneti'cal | y- engl neered” Fact or ies in
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5 the genetic code and that codes on expression for a
protein that has the same enzymatic activity as Factor
C protein 1in assays for detecting Gram negative
bacterial endotoxin, and a nucleotide sequence that is
functionally equivalent to a DNA molecule encoding amino
10 acid SEQ ID NO:2 or SEQ ID NO:4 in that it codes on
expression for a protein in which one or more amino
acids has or have been added, deleted, or substituted,
but which has the same enzymatic activity as Factor C
protein in assays for detecting Gram negative bacterial
15 endotoxin. Said DNA molecule can also comprise the
nucleotide sequence of SEQ ID NO:1, wherein nucleotides
1 to 568 have been deleted.
Another object of the present invention is to
provide a recombinant vector comprising any of the
20 aforementioned DNA molecules. The vector portion can be
a member selected from the group consisting of Agt 22,
PGEM 11Zf(+), PpGEMEX-1, pET 3b, YEpsec 1, pEMBLyex 4,
pIC 9, and pHIL D2.
Another object of the present invention is to
25 provide a host cell transformed with said recombinant
vector. Said host cell can be selected from the group
consisting of bacteriophage A, Baculovirus, E. coli, a
mammalian cell, and a yeast. |
Another object of the present invention is to
30 provide a method of producing a protein having the same
enzymatic activity as Factor C protein in assays for
Gram negative bacterial endotoxin, comprising culturing
said host cell under conditions in which said DNA
molecule is expressed, and recovering said protein.
35 . Another object of the present invention is to
provide an isolated, purified protein’ molecule
comprising an amino acid sequence selected from the



reconbi nant | ysate enzyne cannot be overenphasized. Factor Cis, afterall,
the first enzyne in the anoebocyte |ysate coagul ati on cascade which is
activated by endotoxin, which it detects. The reconbi nant Factor 15 C
enzyne may be enployed in a chronbgenic assay. Upon activation by

endot oxi n, Factor C converts the substrat‘e to a colored product, thereby
detecting and quantifying the endotoxin. Sonmary of the Invention 20
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fromthe group ganskskicdd 3 pelestl ' NAdsdil 2 ' BMRALY Gln
negative bacterial endotoxin, and a protein molecule
comprising an amino acid sequence that is functionally
equivalent to SEQ ID NO:4, in which one or more amino

10 acids has or have been added, deleted, or substituted,
but which has the same enzymatic activity as Factor C
protein in assays for detecting Gram negative bacterial
endotoxin.

A further object of the present invention is to

15 provide a process for purifying Factor C zymogens,
comprising the steps of:

(a) prdviding an. amoebocyte lysate;

(b) fractionating said amoebocyte lysate of step
(a) by affinity chromatography employing a buffer

20 containing dimethylsulfoxide and a chelating agent, and
pooling fractions for each peak;

(c) desalting said fractions of step (b) by gel
filtration chromatography, and pooling fractions for
each peak;

25 (d) fractionating said fractions of step (c) by
affinity'chromatography, to obtain a fraction containing
purified single-chain Factor C and fractions containing
double-chain Factor C;

(e) recovering said purified single-chain Factor

30 C;

(£) furthet fractionating said fractions of step
(d) containing double-chain Factor C by gel filtration
chromatography to obtain a fraction containing purified
double-chain Factor C; and |

35 (g) recovering said purified double-chain Factor
C. _ _ R

A further object of the present invention is to



nucl eoti de sequence selected fromthe group consisting of a nucleotide
sequence-t hat ,hybri di zes to a DNA nol ecul e encodi ng am no aci d sequence SEQ
ID NO2 or SEQID NO 4 under salt and tenperature conditions equival ent 35
to 5x SSC and [err] and that codes on expression for a protein that has the
sanme enzymatic activity as Factor 4 Coprotein in assays for detecting
Gram negati ve bacterial endotoxin, a nucl edt i de sequence that is

functionally equivalent to | ecyl e_encodi m nQ acid SEQ I D NO 2
or SEQ 1D NO 4 GRREYIRE 1 RESREL A, MO PE2 A BAREPFCC ot Y T L odes
on expression fdfomm pint i ncthde baseboeyiarel peatyent bpmpmﬂisi’ngy lass eyt or
Bl o e Regecosiby il o 10,01 BE0R0 R A U dlo il @
encodi ng ani no R4, RPtiaEIlD NOchelattny |#EE4 in that it codes on
S Yet a further object of the present invention is to
provide a method for maintaining Factor C expressed by
transformed host cells grown in a culture medium in its
zymogen form, comprising contacting said Factor C with
dimethylsulfoxide and, optionally, a chelating agent,

10 and subsequently isolating'said Factor C in the presence
of dimethylsulfoxide and, optionally, a chelating agent.
Said Factor C can be accumulated intracellularly within
said host cells, and said contacting can be performed by
lysing said host cells in the presence of dimethyl-

15 sulfoxide and, optionally, a chelating agent. Said

V- Factor C can also be secreted into said culture medium,
and said contacting can be performed by adding
dimethylsulfoxide and, optionally, a chelating agent to
said culture medium prior to isolating said Factor C.

20 A still further object of the present invention is
to provide a method for maintaining Factor C in its
zZymogen form,'comprising contadting said Factor C with
dimethylsulfoxide.

A final object of the present invention is the use

25 of the DNA molecules disclosed herein in recombinant
processes to produce proteins having the same enzymatic
activity as Factor C protein in assays for Gram negative
bacterial endotoxin, and as probes for detecting Factor

.C genes in species other than Carcinoscorpius

30 rotundicauda. '

Variant forms of Factor C cDNA of the Singaporean
estuarine horseshoe crab, Carcinoscorpius rotundicauda,
have been cloned into the bacteriophage vector Agt 22
and other vectors. These forms have been mapped and

35 sequenced. One of the recombinant clones, ACrFC 26,
contains a fullFlength Factor C cDNA insert of 4182 bp.
It includes 568 bp of 5’ untranslated sequence



expression for a protein in which one or nore am no acids has or have been
added, deleted, or substituted, but which has the sane enzymatic activity
as Factor C protein in assays for detecting Gram negative bacterial 15
endot oxi n. Sai d DNA nol ecul e can al so conprise the nucl eoti de sequence of
SEQ I D NO 1, wherein nucleotides 1 to 568 have been del eted. Anot her object
of the present invention is to provide a rédconbinant vector conprising any

of the 20 af orenent.i qned DNA nol ecul es. The vector portion can be a
menber sel ect ed SOPGRMHAY REFER ofidisei ffagt WtCa2, ﬂ%\/l PPOR( Fpading

PGEMEX- 1, pET 3lfraWiepsesdds @bkBlyexidnapl Gebtiatel ol 124D2aminot laerideh) ect
cai d recondi nantoated Pt iBRctesiBre S, the SubR F4ddF el
consi sting of bThexe ophegesixrrpotentinbyvigiycosylabion mikesalanth eel |,
and a yeast g AnLRai,q0jdGl Ry EUedTWENE | ePihd be 3dp-Bivisds 2
met hod of produci n%ha pr%tel n havi ng. thl(‘ahsangNA . inat with 365 b
in the mature enzyme e C erminates D
of 3’ untranslated sequence. In comparison with the
Tachypleus tridentatus Factor C (TtFC) cDNA, there are
notable differences in the restriction sites, and subtle
10 base substitutions in the CrFC cDNA. Whereas ACrFC 26
(4182 bp) cDNA has numerous stem-loop structures, thus |
obscuring its real start codon, another clone, ACrFC 21
(3448 bp) cDNA, has a well-exposed ATG start site. For
ease of manipulation, these cDNAs have been recloned
15 into pGEM 11Zf (+). After manipulations of the 5’ and 3
ends of the Factor C ¢DNAs, the major portions of the
cDNAs have been subcloned into expression vectors like
PGEMEX-1 and pET 3b. The Factor C cDNA has also been
recloned into yeast shuttle secretory (YEpsec 1) and
20 non-secretory (pEMBLyex 4) expression vectors. The
full-length CrFc 26 and CrFC 21 cDNAs have been excised
from their pGEM11Zf (+) vectors and sublconed into Pichia
expression vectors pPIC 9 and pHIL—DZ.
Using the T, promoter in pGEMEX-1 and pET 3b, the
25 CrFC cDNA constructs have been expressed in vitro in the
cell-free transcription and translation coupled T,
expression system.
Further scope of the applicability of the present
invention will become apparent from the detailed
30 description and drawings provided below. However, it
should be understood that the detailed description and
specific examples, while indicating preferred
embodiments, are given by way of illustration only,
since various changes and modifications within the
35 spirit and scope of the invention will become apparent
to those skilled in the art from this detailed
description.
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taken in conjunction with the accompanying drawings, all
of which are given by way of illustration only, and are
not limitative of the present invention, in which:

Fig. 1 shows the coagulation cascade reactions in
amoebocytes of C. rotundicauda. Endotoxin activates
both forms of Factor C. Single-chain Factor C exhibits
a reversible activation reaction which signifies a form
of feedback regulation in the coagulation cascade (Ding
et al., 1993. Biochim. et Biophys. Acta, 1202, 149-156).
Double-chain Factor C follows a path previously
described in T. tridentatus (Iwanaga, S. et al., 1985.
In: Microbiology, Levie et al., eds., pp. 21-24, Am.
Soc. Microbiol., Washington). The broken arrows show an
alternative pathway'of_activation of proclotting enzyme
by 1-3 f glucan.

Fig. 2 shows the overall strategy utilized for the
synthesis and cloning of the amoebocyte cDNA. Not I
primer adaptors were used to prime the first strand
synthesis and allow orientation-specific or directional
ligation into the vector, bacteriophage Agt 22. A
replacement reaction was employed for the second strand
synthesis reaction using RNAse H, DNA pol I, and DNA
ligase, while Eco RI adaptors were used to produce a
sticky ended double-stranded cDNA. After digestion with
Not I, the unique restriction ends were phosphorylated
with T4 kinase to allow directional ligation to the
dephosphorylated Eco RI - Not I digested vector arms.
After packaging in yitro, the phage particles were
transduced into bactefial host cells (E. coli LE392 and
Y1090) for subsequent propagation or cloning.

Fig. 3 shows the initial restriction maps of the
various Factor C c¢DNAs isolated and purified from the C.
rotundicauda amoebocyte cDNA library based on Southern

equi valent to SEQ ID

or
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Fig. 4 shows a comparison between the complete
restriction maps of ACrFC 26, ACFC 21 (cC.
rotundicauda), AFC 53, and AFC 41 (T. tridentatus, see
Muta et al., 1991. J. Biol. Chem. 266, 6554-6561).

Fig. 5a and Fig. 5b show the sequencing strategies
for clones CrFC 26 and CrFC 21, respectively. Deletion
subclones were prepared from pEE and pEN in both
directions. The arrows indicate the direction and the
extent of the sequences obtained. T7.promoter primer
( e ) and SP6 promoter primer ( . 40 ) were
used.

Fig. 6 shows the compléte DNA sequence (SEQ ID
NO:1) and deduced amino acid sequence (SEQ ID NO:2) of
C. rotundicauda Factor C, CrxrFC 26. The putative signal
peptide constitutes the first 24 amino acids. The site
of truncation of the signal peptide is indicated by an
arrowhead ( A ). The potential glycosylation sites are
marked with closed diamonds ( ¢ ). The amino acid
residues constituting the catalytic triad by analogy
with trypsin are indicated by ( €@ ). A total of 4
polyadenylation sites (AATAAA) were found in CrFC (two
at the 5’ noncoding sequence, another within the open
reading frame, and the last one at the 3’ untranslated
region), and each is marked with double underlines (
). The seven false start ATG sites found upstream
of the authentic ATG site are indicated with single

underlines

( — ). These sites are terminated shortly by
in-frame stop codons ( % ) located several bases
downstream. The cleavage site of the Factor C enzymes

eak;

g



30 C, (f) further fractionating said fractions of step (d) containing
doubl e-chai n [Factor C by gel filtration chromatography to obtain a fraction

contai ning purified double-chain Factor C, and 35 (g) recovering
said purified double-chain Factor C. A further object of the present
invention is to 6 provide a nethod fon1Maintaining Factor Cinits

zynogen formin_a crude anoebocyte |ysate, conprising |ysing anpbebocytes in
a sol ution conpiiteraeavyrand ldahttoghadnaintespedansery isaindirateddPrgent .
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5 thick arrow ( - ) between the unique phe-ileu site,
F and I.

Fig. 7 shows Northern blot analysis of 10 ug total
amoebocyte RNA using (a) Eco RI - Eco RI fragment and
(b) 369 bp Eco RI - Nde I (5’ end) of pCrFC 26 as

10 probes. A single band of approximately 4 kNt was
deduced in both blots, indicating that the cDNA isolated
is full-length, and that the entire 5’ end unequivocally
belongs to this species of Factor C.

Fig. 8 shows the DNA sequence (SEQ ID NO:3) and

15 deduced amino acid sequence (SEQ ID NO:4) of CxFC 21.
The symbols used to denote the potential glycosylation
sites, the catalytic triad, the polyadenylation sites,
cleavage site of heavy and 1light chains (between
residues R and S), and the proteolytic site of the light

20 chain into A and B chains (between residues F and I) are
similar to those described in Fig. 6.

Fig. 9 shows a comparison of the N terminal
nucleotide sequences of different Factor C <cDNAs
isolated from the horseshoe crabs. The clone pFCS3 is

25 from T. tridentatus (Muta et al., 1991. J. Biol. Chen.
266, 6554-6561), while clones CrFC 21 and CrFC 26 are
from C. rotundicauda (this work). CrFC 21 and pFCS3
have identical 5’ end sequences, while CrFC 26 has an
extra 716 nucleotides at its 5’ end.

30 . Fig. 10 shows the computational predictions of the
secondary structures of mRNAs of (a) CrFC 21 and (b)
CrFC 26. The leader sequence of CrFC 26 shows numerous
hairpin stems and loops. The authentic AUG start codon
is boxed. The start codon in CrFC 21 is exposed in a

35 loop, and appears more accessible.

Fig. 11 shows the alignment of the complete DNA
sequence and deduced amino acid sequence of C.



di et hyl sul f oxi de and, optionally, a chelating agent, 10 and subsequently
I solating said Factor Cin the presence of dinethyl sul foxide and,
optionally, a chelating agent. Said Factor C can be accunul at ed
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performed by lysing said host cells in th&alpresence of dinethyl- 15
optionally, a chelating agent. Said Factor C can al so be

secreted into sendicanda nBarter &nd(GHE 26neRS i FFCaRlbe et okPRd by
addi ng di et hylpdddaxicleofing, eptidenzhltys dTelel, atidagptagefrdnd Matdl &tll ture

medi um prior tao.saqlating sai.d,Factor C,_20 till, further object

of the Bresent allh\/g‘r?%ltldn%im 56§Etﬁ%%4f8? rnt'g}?%irh act Cin
its zynogen foraff Wenpmntnagachdt zesidyesaid Feundr a€ wileh left, while
di met hyl suld Ox'éiﬁalt BE il gﬁdﬁﬁﬂn Byt B8 POERANLLT PHENI QAL S +HE HPe 25

sul f oxi de and,

of the DNA nol ecul es di scl . I
prot ei ns havi n®k Herurertionpyaft theadtignaly reptride

erefn In reconbi hant proctesses to produce
oiscipdicated Pwvasyays

for G am negat igegaibaci@idwtihediaat oki N, afKl adsPsPOESE MSnESPEH | Py Teet or

10

15

20

25

30

35

is indicated by a directional axrow ( ™ ). The
differences in both the DNA and amino acid sequences are
boxed ( [] ). The cleavage site of the Factor C

enzymes into heavy and light chain intermediates occurs
between residues R and S, indicated by a hollow thick
arrow (1¥). Proteolysis of the light chain into A and
B subunits due to endotoxin activation is indicated by
a solid thick arrow ( -#r ) between F and I. The
remaining symbols are as per legend to Figu;e 6.

Fig. 12 shows hydropathy analysis of the first 59
deduced amino acid sequence of CxrFC 26. The peak
spanning residues 1-24 represents the putative signal
sequence.

Fig. 13 shows manipulations of-pEE 21 (Eco RI-Eco
RI = 2.3 kb) and pEE 26 (Eco RI-Eco RI = 3 kb), and
ACXFC 21 and ACrFC 26, to reclone full-length Factor C
cDNAs into pGEMilZf(+). The pEE of both subclones 21
and 26 being originally subcloned in pGEM11Zf(+) (see
Example 8) were digested with Nco I and Not I enﬁymes.
In parallel, the original ACXrFC 21 and MNCrFC 26
recombinants were also'digested with Nco I and Not I to
release the partial fragments of Factor C cDNA inserts
flanked by Nco I - Not I. The pGEM 11Zf(+) containing
the remaining Factor C c¢DNA inserts flanked by Eco RI -
Nco I were then ligated to their corresponding Nco I -
Not I inserts of Factor C derived from ACrFC clones.
Thus, pGEM 11Zf (+) /CrFC 21 and pGEM 11Zf (+) /CrFC 26 were
obtained, each containing the complete CrFC cDNAs of
clones 21 and 26, respectively. These full 1length
Factor C cDNA inse:ts could thus be excised intact by



C genes in species other than Carcinoscorpius 30 rot undi cauda. Vari ant
forms of, Factor C cDNA of the Singaporean estuarine horseshoe crab,

Car ci noscor pi us rotundi cauda, have been cloned into the bacteriophage
vector [err]gt 22 and other vectors. ~ These forns have been mapped and 35
sequenced. One of the reconbi nant clones, XCrFC 26, contains a

full -1ength Factor C cDNA insert of 4182 b2 It includes 568 bp of 5
untransl at ed sequence , ,%ggtaining seven fal se start ATGs. The open

7 .
readi ng frame cSdgestdrn, Withh ALipdpie NAt Ju eRF¥ReSci ds, fol | owed by
1059 residues of thepigf.ur @4Fashows C ey mibclluritiar ©£si @rpot ezt | dinto

SLIEEY! L1 SRS 2 Spue YSERL BERMERY SAAE £8L Tk Lubriugrie
untransl at ed se@é@ncanino | acidapahisin wilh bhe fused to the expressed
5 Factor C protein. ACrFC 21 and pGEMEX-1 were digested
with Sal I and Not I. The truncated portion of the
Factor C cDNA insert of 2.4 kb (flanked by Sal I - Not
I) was ligated in-frame into pGEMEX-1l. The recombinant
pGEMEX-1/CrFC 21 was then transformed into E. coli JM
10 109 (DE 3 lysogenic.strain).
Fig. 15 shows the subcloning of CrFC 21 in pET 3b
(pAR 3039). The vector, pET 3b, was constructed in such
a way that the foreign gene is cloned in three different
reading frames relative to the genel0 initiation codon
15 in the Bam HI site (GGA, GAT, or ATC). For CrFC 21, the
GAT codon would give the correct frame for expression.
To linearize the vector, pET3b was digested with Bam HI
and Eco RV. ACrFC 21 was digested with Bgl II and Eco
RV. Bam HI and Bgl II have compatible ends. Ligation
20 of the CrFC of 3388 bp (flanked by Bgl II - Eco RV) with
the 1linearised pET 3b resulted in recombinants
containing CrFC, the expression of which will be driven
by the ¢10 promoter to produce a fusion protein linked
to the first 11 amino acids of the genell protein. The
25 recombinant was transformed into E. coli JM109 (DE 3
lysogenic strain). The FC insert can be released by
digestion with Bgl 1II (upstream) and Eco RV
(downstream) .
Fig. 16 shows the strategy for cloning CrFC 26 cDNA
30 into S. cerevisiae vectors, YEpsecl and pEMBLyex4. The
EcoRI-EcoRI fragment (pEE26) and EcoRI-NotI fragment
(pEN26) of CrFC 26 were first cloned individually into
pPGEM11Zf (+). The 5¢ untranslated sequences and varying
lengths of the DNA encoding the leader peptide of CrFC
38 26 were deleted by performing 5‘-3’ Exo III deletion
mutagenesis on the EcCoORI-EcoRI fragment. The complete
deletion mutants were reconstructed in pGEM7Zf (+) by



Tachypl eus tridentatus Factor C (Tt FC) cDNA, there are notable differences
in the restrigtion sites, and subtle 10 base substitutions in the CFC
cDNA. Wiereas [err] CrFC 26 (4182 bp) cDNA has nunmerous stem| oop
structures, thus obscuring its real start codon, another clone, [err]CrFC
21 (3448 bp) cDNA, has a well-exposed ATG start site. For ease of

mani pul ati on, these cDNAs have been recl ondd 15 into pGEM 11Zf (+). After

mani pul ations of the 5' and 3_ ends of the Factor C cDNAs, the | or
portions of the Hig@kingkheedn €6 EFﬁﬁegc%%Ies@a&‘F‘%t%g‘sié’W%s
pPGEMEX-1 and pERkdbthdhBcbRItNHEE dRdgnisas adfochren2sec! aredfadi bityeast

shuttle secretoré/ulnge ST ndulza L oliON-Secr el 9 p £ utants
expressi on vectors. e fu -I?eng T Fc- Y6 @ C ave been
exci sed from t he(§a paEiil B2)( Wexectrdrnedndrtith| aomediified HEENELZKrlessi on
~vectors pPl G 9 : s s ' ' b,
G 9 apdh PHlditia k@hé?%o Qs%rli?:t%fdoisg[s gg#?@ﬁ??’%@%%@%@f e

t he 25 CrFC cDNA constructs have been expre
transcription arRPR¥AHIRG | G €88pl kd StEeexdPess? oftaffeam DNA segment

(shaded blocks) from pBluescript II SK- into the
multiple cloning site of pGEM11Zf (+). The deletion
mutants were then excised with Sma I and Pst I and
10 inserted into the secretory (YEpsecl) and non-secretory
(PEMBLyex4) yeast expression vectors. Unless otherwise
indicated, all DNA inserts are oriented in a 5’ (left)
- 3’ (xright) direction.
Fig. 17a shows the strategy for cloning CrFC 26
15 into the P. pastoris vector pPIC 9. The vector along
with the gene of interest (cloned in frame for the
secretory signal) was digested with Bgl II to release
the AOX1 flanking insert for transformation into the
yeast. Therefore, it was necessary to obliterate the
20 Bgl II site in the CrFC gene and to create a 5’ blunt
end in frame for the Sna Bl site of the vector. The
insert was first subcloned into pTZ19R in two steps.
The PstI-HindIII fragment of CrFC insert (derived from
PEN26) was first introduced into the vector, followed by
25 the insertion of BglII-Pstl fragment of CrFC 26 insert
(derived from pGEM11Zf (+) /CrFC 26) into the BamHI-PstI
cloning sites of pTZ19R/PH. This step removed the
internal Bgl II site in CxFC 26. The insert was then
excised using Sma I and Not I digestion from the
30 PpTZ19R/BN construct for cloning into compatible Sna Bl
and Not I sites in pPIC 9. This construct is
henceforth referred to as pPIC9/CrFC 26.
Fig. 17b shows the strategy for cloning CrFC 21
into the P. pastoris vector pHIL D2, which is a
35 non-secretory vector. The gene is translated using its
own ATG. The EcoRI-EcoRI fragment of Factor C insert,
PEE21, was first cloned into the Eco RI'site of the pHIL



Further scope of the applicability of the present invention will becone
apparent _fromthe detailed 30 description and draw ngs provi ded bel ow.
However, it should be understood that the detailed description and specific
exanpl es, whi | e i ndi cating preferred enbodi nents, are given by way of
il lustration only, since various changes ,and nodifications within the 35
spirit and scope of the invention will becoae apparent to those skilled in
the art fromthis detail ed description. 8 Brief Description of the

Drawi ngs The ab®2evertioat.heThibj ecnstricttwass,digeszeld ant HyBgLIIT lead

present i nventipge | Lobe beRlaunders! Badrir aEcihe ¢olhquhedodelaided

descriptions 5 taken I'n conjunction wt e acconpanyl aw _ngs, al
of which are g|@é@mbﬁhﬁayGﬁﬂliZﬁd$ﬂ/§FFGn2bn¢9'g%ﬂﬁr%#%ethe full length

insert in pHIL D2. This strategy was used to take
5 advantage of the absence of Bgl II site in the pHIL D2
vector. Not I digestion of the vector allowed

directional integration of the CrFC gene into the P.
pastoris vector.
Fig. 18 shows the products of in vitro cell-free
10 expression of CrFC cDNA constructs in plasmid vectors
containing T7 promoters. The Promega in vitro
transcription and translation (TnT Ty coupled
reticulocyte lysate) system was used to test the
expression potentials of 2 ug each of these constructs.
15 $g-.cys was used to label the translation products. The
Factor C proteins were either produced as fusion or
non-fusion proteins depending on their vectors:
PGEMEX-1/CxrFC 21 (Factor C insert coding sequence of
2036 bp + 780 bp of fusion gene in vector) yielded a
20 Factor C-fusion protein of 103 kDa; pGEM11Zf (+)/CrFC21
(Factor C insert coding sequence of 3083 bp) yielded a

protein of 113 kbDa; pEE21 (pGEM11Zzf (+) /CxrFC 21,
containing 2300 bp Eco RI-Eco RI fragment of Factor C
coding insert) yielded an 85 kDa protein;

25 pGEM11Zf (+) /CrFC 26-6a and -9a (deletion mutants of CrFC
26, harbouring 3421 bp and 3462 bp, respectively, of
Factor C insert coding sequence) each yielded limited
amounts of Factor C of 113 kDa; pET3b/CrFC 21 (Factor
C insert coding sequence of 3023 bp + 30 bp fusion gene

30 10 of the vector) yielded a Factor C-fusion protein of
112 kDa; pGEM11Zf(+)/CrFC 26 (with full-length Factor
C insert of 4182 bp, intact with the 5’ untranslated
region containing the 7 false start codons) did not
express any Factor C protein. Positive control:

35 luciferase gene gave the expected protein of 61 kDa.
Negative control: pGEMEX-1 vector expressed a 28 kDa
fusion protein.



not limtative of the present invention, in which: Fig. 1 shows the

coagul ation cascade reactions in am)ebocyt es of C. rotundi cauda.

Endot oxi n act’i vates 10 both forms of Factor C. Single-chain Factor C
exhibits a reversible activation reaction which signifies a form of

f eedback regul ation in the coagul ation cad®ade (Ding et al., 1993. Biochim
et Biophys. Acta, 1202, 149-156). Doubl e-chain Factor follows a path
previously 15  descf+®edl?far. SPPWHeﬁPﬁT GLUtARI REpEiSe Qf d’l’h°1€19%%['

M crobi ol ogy, Leysstet cnlromaedgrapnad T 24epRaroSecC CLMeB! OfF Ex97 cm)

Washi ngt on The by ho r.n e t ctivation of
pr ocl o'?tl nzg enz?/% g{/ ge‘?err] %Vc@% ﬁ Blerlsa%éﬁ‘ FE% rggW%gho HeoVr al |
strategy utilizedl3érMt NaCdynt Hﬁmmantwébbnsh_gwsf thiee elntsit yipeoLIINA.

Not | Pries AMRDLR! End'hEatioRfn LOF PE¢ Mo lP dld 3 nM MAMDPA ! MRSt St 2

aIIoworlentatlonseC|f|c or directional*ligation into’the vector,
bact eri ophage [@fr346 B2 CAL /a5 loaded sertenthe caelump, viaicnivas gt or

the second strapd gy#ibesiradeasti 20 wli/Md R\¥sfell (ENAsBRWws! FaitbONA
(assayed according to Nakamura et al., 1986. Eur. J.
Biochem. 154, 511-521) and proclotting enzyme (assayed
10 according to Harada-Suzuki et al., 1982. J. Biochem.
92, 793-800) co-eluting over a broad range into the
first peak. However, panel {(b) shows narrower peaks of
these enzyme activities. Double-headed arrows

( —— ) indicate all pooled fractions with
15 corresponding electrophoretic profiles shown in Fig. 20.
Fig. 20 shows reducing SDS-PAGE (8% polyacrylamide)
analysis of protein fractions obtained from the
Sepharose CL-6B column using buffers without (a) and
with (b) 5% Me,SO and 1 mM Na,EDTA. Fraction numbers are
20 written on top of each lane, and double-headed arrows
correspond to pooled fractions found in Fig. 19. A
total amount of 15 ug protein was loaded into each lane.
Low molecular weight (LMW) marker proteins were used to
estimate the sizes of the protein bands of interest. 1In
25 (a), single-chain Factor C (band A, 132 kDa) was shown
to co-elute with the heavy chain of clotting enzyme
(band B, 35 kDa). In (b), single-chain Factor C eluted
separately (arrow 2) from the other enzymes, although no
apparent activity was detected due to the presence of 5%
30 Me,SO, which inactivates single-chain Factor C activity
(also see Fig. 25). The heavy chain (band C) and light
chain (band D) of the double-chain Factor C were found
in fractions 30 ( » ) onwards as demarcated by
double-headed arrow No. 3. These fractions gave high
35 enzyme activity as it was not inhibited by 5% Me,SO
(refer to Fig. 19). The 52 kDa light-chain (band D) of

the double-chain Factor C is glycosjrlated and is thus: -



| i gase, while Eco RI adaptors were used to produce a sticky ended
doubl e-stranded cDNA. After digestion with Not I, the unique restriction

ends were phosphorylated 30 with T4 kinase to allow directional ligation

to the dephosphorylated Eco Rl - Not | digested vector arnms. After

packaging in vitro, the phage particles- were transduced into bacteri al
host cells (E. coli LE392 and Y1090) for stbsequent propagation or cloning.
Fig. 3 shows the initial, restriction rm,pséao_f t he various Factor

35
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preparations were loaded in the PAGE gel in order of
decreasing extent of autoactivatibn. Lanes 1-3 show the
presence of the heavy chain of clotting enzyme (band A,
35 kba), and coﬁiplet'e conversion of coagulogen (band B,
21 kDa) to coagulin (band C, 17 kDa). Thus, appearance
of bands A and C is indicative of autoactivation and
poor lysate quality. On the other hand, lysates in
lanes 5-7 are considered to be of high quality since no
coagulin is apparent. Lane 4 shows a batch of lysate
which is of intermediate quality and sensitivity in its
detection of endotoxin.

Fig. 22 shows affinity chromatography of pooled
first peak fractions (refer to arrow 2, Fig. 19b) on a
heparin-Sepharose CL-6B column (1x11 cm). The
silver-stained electrophoretic gel profile shows: Lane
1, whole CAL; 2, pooled first peak fractions (arrow 2 in
Fig. 19b and 20b); 3, single-chain Factor C.

Fig. 23 shows the purification of double-chain
Factor C by gel filtration on FPLC Superose 12 HR 10/30
column which was equilibrated at room temperature with
a flow rate of 0.4 ml/min. The pooled enzyme fractions
(lane 2) equivalent to 1.2 mg protein was loaded into
the column. This was previously eluted from the
heparin-Sepharose CL-6B column. The double-chain Factor
C was eluted in a single tube (fraction 22), and the
silver-stained reducing SDS-PAGE gel shows that it
consists of 80 kDa and 52 kDa subunits (lane 1). The
pooled first peak fractions (refer to arrow 2, Fig. 19b)
containing the single-chain form is shown in lane 3.
Each lane consists of 15 ug total protein.

Fig. 24 shows a comparison of single-chain (lanes
2 and 4) and double-chain (lanes 3 and 5) forms of
Factor C electrophoresed in SDS-PAGE in the absence

C

29 anahsis W rbupEfb3 ( Tprépaxetiaonsis Fadtor C



boxes, while those honologous to the E - N fragnent are drawn with engraved
boxes. Fig. 4 shows a conparison between the conplete restriction nmaps of
[err]CrFC 26, XCrFC 21 (C 10 rotundi cauda), XFC 53, and XFC 41
(T. tridentatus, see Miuta et al., 1991. J. Biol. Chem 266, 6554-6561).
Fig. 5a and Fig. 5b show the sequencing strategies for clones CrFC 26 and
CrFC 21, respectively. Deletion subclones Were prepared from pEE and pEN in

both 15 direct,ions. The arrows, i ndigate the dlrggelon and th ent of
the sequences oHt&PREd. 2T72R%ombh erarﬁf REESPISRd M5PonHt 42 |
) were used. Fi §-mercapioetihanednpl dameDNA coopadmedl ASEQJ @2 CAINO 1) and

deduced am no acid seq! encetzgSEQ Mgngo Zl:h%f Cef?:-gfcléndl §udallr:l%gegr 1 g_I_Cr FC
t h '

26. The putative signal de Constitutes the am no acl
site of truncat P@Fic@nttrﬁéilmwf pMeSQ@eons tiheli W edoxmsarchr pméa@d( ).

The potenti a| gb&e%xl 2li 0Bribietcltheladditabhedsthl shsedatieamands ( ~
). The amno acgf each enzyme was incubated for 1 h with 5 ug
endotoxin. Single-chain Factor C was more susceptible,
losing 95% of its activity at 5% Me, SO, while
double-chain Factor C was totally inactivated only at
10 30% Me,SO.
Fig. 26 shows endotoxin binding assay of Factor C.
Panel A shows silver-stained endotoxin electrophoresed
under reducing conditions on a 15% polyacrylamide gel.
Panel B shows a modified Western blot where 10 pug of
15 electrophoretically resolved endotoxin was
electroblotted onto a PVDF membrane (LPS strips),
reacted with single-chain (lane 1) and double-chain
Factor C (lane 2) followed by whole CAL antibody and
stained with peroxidase-conjugated goat anti-rabbit
20 antibody. The stained portions indicate the 1lipid A
moiety which is known to be the functional component of
endotoxins that specifically binds Factor C (Lei and
Morrison, 1988. J. Immunol. 141, 996-1011). Control
LPS-strips, with bound single- or double-chain Factor C
25 incubated with normal rabbit serum did not show any
hybridization.

Detailed Description of the Invention
The following detailed description of the invention

is provided to aid those skilled in the art in

30 practicing the present invention. Even so, the
following detailed description should not be construed
to unduly limit the present invention, as modifications
and variations in the embodiments herein discussed may
be made by those of ordinary skill in the art without

35 departing from the spirit or scope of the present
inventive discovery.



residues constituting the catalytic triad by analogy with trypsin are
indicated by ( [err] ). A total of 4 polyadenylation sites (AATAAA) were
found in OCFC (two at the 5 noncodi ng sequence, another within the open 30
reading frame, and the last one at the 3' untranslated region), and each is
mar ked wi th double underlines ( ). The seven false start ATG sites found
upstrean1of the authentic ATG site are indt®ated with single underlines 35
( . These_sites are ter d n fra p_cqodons

( * ) Iocat ed sever éﬁ‘eogg € Sﬁn?fg']r ﬁﬁ Gfiq&& e%%)ia%“ee%cfefsé Sof et‘i] eE&d‘Por
enzymes 10 i mire hexwinahidcorpotratied by medferesicat dn itheiindiensticetlyy a
hol ow thick arrow ( [err]) between residues R and S, while proteolysis of

the light chain into A and B chains due to endotoxin activation_is
i ndi cated by a solid Cloning of the Carcinoscorpius rotundicauda

Factor C cDNA

Example 1
Construction of Factor C ¢DNA )\ Recombinant Clones

Poly (A)* RNA Preparation
From 2.5 g wet weight of amoebocytes, total RNA was

10 purified by using guanidinium isothiocynate (Chirgwin et
.al., 1987. Biochemigtry 18, 6294-5299) and
ultracentrifugation through a CsCl gradient. The total
cellular RNA was digested with RNase-free DNase I (BRL)
and extracted with phenol/chloroform. Poly (A)* RNA was

i5 purified by chromatography through 0Oligo-dT Tris Acryl
(IBF, France).

cDNA Synthesis and Cloning
The mRNAs purified from amoebocytes were used to

synthesize cDNAs following a modification of the method
20 of Gubler and Hoffman, 1983 (Gene 25, 263-269). Not I
primer adaptors were used to prime the first strand cDNA
synthesis to ensure orientation-specific ligation to Agt
22 (Promega, USA). A replacement reaction was employed
for the second strand synthesis, while Eco RI adaptors
25 were used to produce sticky-ended ds cDNAs. After
digestion with Not I, the ds cDNAs flanked by Eco RI -
Not I restriction sites were ligated to Eco RI - Not I
digested Agt 22 vector arms. The recombinant DNA was
packaged and transduced into E. coli LE 392 and Y1090.
30 The cloning strategy is outlined in Figure 2.

Screening of Agt 22 cDNA Library .
The Agt 22 cDNA library was screened, using as

probe, T. tridentatus Factor C cDNA (pFC 53, also

.-



5 thick arrow ( [err] ) between the unique phe-ileu site, Fand |I. Fig.
7 shows Northern blot analysis of 10 [err]g total anpebocyte RNA using (a)
Eco Rl - Eco Rl fragnment and (b) 369 hp Eco Rl - Nde | (5" end) of pCrFC 26
as 10 pr obes. A single band of approxi mately 4 kNt was deduced in both
blots, indicating that the cDNA isolated iggfull-length, and that the
entire 5 end unequivocally belongs to thi's species of Factor C. Fig. 8
shows the DNA segyaRead( %%Qa@m @3)andnﬂ§ch figdycedrahnof %ﬂe&%%%nce
(SEQ ID NG 4) of G FEC 21. The ol s used denote he_pot enf

gl ycosyl ation sFP&s Fa}‘?@%a@aF?&ﬁc Mutgg et h§ pol ﬁ@%yl%—n—%ﬁ—%—r—t—@?—,‘ﬂ-

cl eavage site obelcavgsangskiight chains (bet ween residues R and S), and the

proteol ytic sitg of Ft he Iiggt 1:.20 i chain into A and B chains (between
resi dues F and = se descr| bed in F| g 6 Fig. 9 shows a
conparison &f the N flern® Anakb oeyie (cDNA agd Bl ex

cDNAs i sol ated fI:EOEﬁQQ g.glﬁgg rabs The cl ne pFC53 |s

Plating bacteria (E. coli LE392) were propagated in
LB medium supplemented with 100 mM MgSO, and 0.2% maltose
(w/v). Cultures were grown to an ODg, of 0.6. In order

10 to obtain approximately 250,000 pfu of the amoebocyte

cDNA library on a Bioassay plate, (245 x 245 mm, Nunc),

14 pl of the undiluted phage stock containing 1.88 x 10’

pfu/ml were mixed in a 50 ml Nunc centrifuge tube with

2 ml of plating bacteria. The mixture was then

15 incubated at 37°C for 20 min. to allow the phage

particles to adsorb onto the host cells. Maltose is

essential for bacterial expression of the lam b gene,

which codes for the phage receptors, while magnesium

ions facilitate the adsorption of phage particles to

20 these receptors at 37°C. Thirty ml of wmolten top

agarose were then added, and this was immediately mixed

and poured onto LB bottom agar supplemented wtih 1 mM

MgSO,. The plate was incubated at 37°C until the plaques

were large enough to contain sufficient DNA for

25 detection, but at the same time were not confluent with

each other to allow easy plaque purification. A

duplicate plate was similarly prepared to give a

screening base of about 500,000 clones. Once the

expedient phage size and confluency were achieved,

30 incubation was terminated and the plates were

transferred to 4°C for 1 h. This allows the plaques to

absorb enough moisture for them to stick properly to the
filters during the blotting step.

A 1.2 pym nylon membrane (22 x 22 cm, pall Biodyne

35 A) was randomly labelled with a ballpoint pen on the

four sides of one face and then applied face down (ink

side up) on each of the two plates. The bottoms of each



25 fromT.

tridentatus (Muta et al., 1991. J. Biol. Chem 266, 6554-6561),

whi | e cl.ones O FC 21 and G FC 26 are from C. rotundi cauda (this work).
21 and pFC53 have identical 5 end sequences, while CrFC 26 has an extra
716 nucleotides-at its 5 end. 30 Fig. 10 shows the conputati onal

predi ctions of the secondary structures Oof

of (a) CFC 21 and (b)

G FC

CrFC 26. The | eader sequence of C FC 26 shows nunerous hairpin stens and

| oops. The authgibie ﬁé{%%@éﬁ LU S1 P RBGked cﬂﬁegp@rr{dﬁgd
I's exposed in a_35 | oop,. and, appears nnreeggﬁggf
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The filters were then peeled off slowly from one corner
using a pair of forceps with flat ends, and subsequently
air dried face up for at least 10 min. A replica filter
was then applied onto the same plate, but this was
allowed to stick for 10 min. before peeling off.
Similarly, the orientation of the replica filter on the
master plate was recorded, but the marks were fixed on
different locations from the first filter. The replicé
filter serves to confirm positive clones as only truly
hybridizing clones will show autoradiographic signals
unambiguously at the same spot on two different filters.

2. Processing of Blotted Filters
After air drying, the phage DNA was denatured by

incubating the filters in a solution of 0.2 M NaOH/1.5
M NaCl for 2 min. Subsequently, the phage DNA was
neutralized with 0.4 M Tris-HCl, pH 7.6/2x SSC for
another 2 min., and then saturated with 2x SSC for 2
min. The denatured phage DNA was then irreversibly
immobilized onto the nylon membranes by UV irradiation
at 312 nm for 2 min., followed by baking at 80°C for 1
h.

3. Screening by Hybridization
After baking, wmembranes were prewashed in a

solution of 50 mM Tris-HCl, pH 8.0, containing 1M NaCl,
1 mM EDTA, and 0.1% SDS for 30 min. at room temperature
to remove any bacterial debris still adhering to the
filters. Filters were then prehybridized and hybridized
as follows:

Prehybridization was carried out for 6 h at 42°C in
50% formamide (v/v, Merck), 5x SSC (0.3 M NaCl, 0.3 M
NaCl, 0.3 M Trisodium citrate), 5x Denhardt’s solution



5 that of the DNA (in bp) is found at the right. The site of truncation
of the signal, peptide is indicated by a small arrow head ( [err] ). The

"start of honol ogy" region is indicated by a directional arrow ( [err]
). The differences in both the DNA and anmi no acid sequences are 10  boxed
( [err] ). The cleavage site of the Factor C enzynmes into heavy and

| i ght chain internedi ates occurs between r&Si dues R and S, indicated by a

hol | ow thick arr Jersr]) . Proteql)si s pf, the light chain.j tQ>A nd B
Sobunt t5 dus to RIARAT, ot At IoES Mahdddan Gloritl " A Dbty
arrow ( [err] Mammlheefoldafgring Haxborefmborafapnbaps 3RE)as SfemM
| egend to Fi gur‘ghgzs eél:e %f?&i&’sF ﬁggeo%%t _rl_%n&nﬁk § Spd. theolihedt s

deduced am no a guence o . e peak spanning residues 1-24
represents the pdtvamusONA ghk0 e/ mEeoBigma) YR, ussdsRewSFEHISFuDNA ons

of pEE 21 (Ero Rydi@iBlatioch ¥dehraztdedFbubotEeAibhtEse Ko £nkdy miand
(SO 21 enghetid QGRS horkee! Mgl ledspaiinfocigf Sl 1t
Denhardt’s solution, 20 mM phosphate buffer, pH 6.5, 50
pg/ml calf thymus DNA, 0.1% SDS) using ¥P-labelled
Factor C cDNA of T. tridentatus (pFC53) as the probe.
10 Salt and temperature conditions equivalent to the
hybridization conditions employed can be calculated from
the following equation (Sambrook et al. (1989) Molecular
lonin A Laborato Manual, Second edition, Cold

Spring Harbor Laboratory Press, pp.9.50-9.51):

15 T, = 81.5°C - 16.6(log,[Na*]) + 0.41(%G+C) -
0.63 (%¥formamide) - (600/1),
where 1 = the length of the hybrid in base pairs.

The membrane was washed 3x at low stringency with
1x SSC, 0.1% SDS washing solution at room temperature,
20 followed by washing at high stringency with 0.1x SSC,
0.1% SDS at 42°C for 30 min. and 2x with 0.1x SSC/0.1%
SDS for 15 min. each at 42°C, or until low background
radioactivity was attained. Membranes were
autoradiographed for 5 days with a Hyperfilm MP at -70°C
25 in the presence of an intensifying screen (Kodak X-
Omatic or Dupont Lightning Plus). The film was
developed using a Kodak X-Omat MP4 developer.
The Factor C cDNA probe equivalent to 200 ng was
radiocactively labelled using the Multiprime Labelling
30 systemn. '

B. Secondary and Tertiary Screening )
Positive clqnes which were detected on the

autoradiograms of both the main filter and its replica
were traced back to their exact locations on the master



25 and 26 being originally subcloned in pGEML1Zf (+) (see Exanple 8) were
digested with Nco I and Not | enzynmes. In parallel, the original
[err]CrFC 21" and [err]CrFC 26 reconbinants were al so digested with Nco
| and Not | to release the partial fragnents of Factor C cDNA inserts 30

flanked by Nco | - Not I. The pGEM llzf(\:;é contai ning the remai ni ng Factor
C cDNA inserts fl anked by Eco Rl - Nco | e then ligated to their
corresponding Ncq | - |nse ts of Factor C derllved from XCr FC cl ones.
Thus. - PCEM 1171 BIAEG-FC A TR DLENNSE FERs) BPEESS 5 L8Pe L5 SacthabtRzy

each containinga h@lﬁh@rfpbft eagaE6seDl\b§§pﬁ6xﬁ:inaﬁe$y211andn 26.n r ehipawitere! vy.

Th full | C
15°a1 gest on - wRrGingh F e bt npfaele’ 1aLRAMIR, R dodl o
CrFC 21 into pGEvEXimatEh@nes wWhigcawve xhﬁamtfwre signal wasppicked

5 from the plate using a sterile 100 pl Eppendorf tip, the

end of which was snipped off. Plugs were resuspended in
1 ml of suspension medium (SM: 50 mM Tris-HCl, pH 7.5
containing 100 mM NaCl, 8 mM MgSO, and 0.01% gelatin,
{(w/v)), containing a drop of chloroform for at least 1

10 h at room temperature to enable the phages to elute into
the buffer solution.

An aliquot of the SM buffer containing eluted
phages was then mixed with 200 pl of plating bacteria
and plated a second time on LB plates (90 mm diameter)

15 as described above, but such that only about 50 to 100
widely spaced plaques were formed. These wexre similarly
plagque: 1lifted onto nylon membranes, denatured,
hybridized, Washed, and exposed as described under
"Primary Screening." A well-isolated plaque in the

20 secondary screening was similarly resuspended in SM
buffer, and a tertiary screening was performed.
Tertiary screening confirms the purity of the secondary
plagque by demonstrating whether all the plaques
generated gave strong positive signals after

25 autoradiography. A single plaque from the tertiary
screening was then used to propagate and purify the
presumptive clones for subsequent characterization.

As a rare copy gene, C. rotundicauda Factor C cDNA
represented only 0.03% of the amoebocyte cDNA library.

30 A total of 40 presumptive clones were isolated, of which
16 were further studied. The C. rotundicauda Factor C
recombinants (ACrFC) were purified, and the sizes of
their inserts were determined after digestion with Eco
RI and Not I. There is one Eco RI site within these

35 inserts. The CrFC cDNA partial fragments flanked by Eco
RI - Eco RI (EE) and Eco RI - Not I (EN) were further
subcloned into pGEM 11 Zf(+) and transformed into E.



260 am no acids which wll be fused to the expressed 5 Factor C protein.
[err]CrREC 21 and pGEMEX-1 were digested with Sal | and Not |I. The
truncated portion of the Factor C cDNA insert of 2.4 kb (flanked by Sal | -
Not 1) was ligated in-franme into pGENEX—l The reconbi nant pGEMEX- 1/ Cr FC 21
was then transforned into E. coli JM10 - 109 (DE 3 lysogenic strain). Fig.
15 shows the subcloning of CrFC 21 in pET %% (pAR 3039). The vector, pET
3b, was construct hat e fore ene | |.on in _three
3, e constTCLS Ly SHED S Bl TS LOLELATAZ0C p et o
the Bam H si t'e pHEGA ar@\T, pEN, /ﬂiQspeétmvéifCI2W¢rehecﬁATao@@mlmmiﬂdnglve
the correct fra %ﬁ; 'ﬁﬁ? tor, pET3b was
digested with B?r% acq.'é‘wlggo errridCr g&y\gé}?c&%sted with Bgl Il and

Eco RV. BamH and Bgl Il have conpatlble ends. Ligation 20 of the O FC
of 3388 bp (flanked by Bgl Il - Eco mnld e |inearised pET 3b
resulted in reconbinants containing the expression of whlchém |1 be

driven by t Fe [ aon

The orientations of the 16 ACrFC clones were
determined, and subsequently, their initial restriction
maps were analyzed for Eco RI and Not I sites (Fig. 3).

10 The complete restriction maps of the two longest clones
of C. rotundicauda Factor C cDNAs, A CrFC 21 and A CrFC
26, are shown in Fig. 4, in comparison with the maps of
the two overlapping clones of T. tridentatus Factor C,
TtFC (AFC 53 and AFC 41) (Muta et al., 1991. J. Biol.
15 Chem. 266, 6554-6561). ACrFC 26 and ACrFC 21 will
henceforth be referred to as CrFC 26 and CrFC 21,
respectively. CrFC 26 has a longer 5’ terminal end
compared to the T. tridentatus FC 53. Based on the
restriction sites of the AFC 53 and AFC 41 clones, the
20 cDNAs from both species have the same locations for
restriction sites such as Sty I, Sal I, Sac I, Hind III
and Bam HI. However, notable differences were also
observed between the cDNAs: CrFC 26 has two Bam HI sites
compared to only one in AFC 53. On the other hand, the
25 former has only two Hind III sites compared to three in
the latter. The loss of one Hind III site in CrFC 21
and 26 was due to a base substitution (C to T) at the
1700 and 2443 bp positions, respectively.
AFC 41, on the other hand, encompasses the 3’
30 region of the TtFC. It begins from the Sac I/Sst I site
up to the 3’ end, and was found to contain the internal
Eco RI site relative to that of CrFC 26. The other
common site between AFC 41 and CrFC 21 and 26 is the Pst
I site proximal to the 3’ end, but the second Pst I site
35 near the 5’ end of AFC 41 was absent in CrFC 21 and
CrFC 26. The Bam HI and Hind IITI sites in ATLFC 41 were



to the first 11 am no acids of the genelo protein. The 25 reconbi nant was
transforped ipto E. coli JMLO9 (DE 3 |ysogenic strain). The FC insert can
be rel eased by digestion with Bgl II (upstream and Eco RV
(downstream). Fig. 16 shows the strategy for cloning CrFC 26 cDNA 30 into
S. cerevisiae vectors, YEpsecl and pENBLyex4 The EcoRl - EcoRl fragnent
(pEE26) and EcoRI-hth fragnment (pEN26) of 2¢rFC 26 were first cloned

i ndividually int ML Zf e 5. | at ed sequences and varyi ng

| engt hs of the Iﬁ(\iwo%éfh%oﬁ?nér%%e{?e%%raﬁgﬁge of CrFC 35 26 were del eted
by performng 5 -3 Exo Il deletion nmutagenesis on the EcoRIl - EcoRl
fragnment. The conplete deletion nutants were reconstructed in pGEM/Zf (+)
by 13 ligating the 5 deleted EcoRI-EcoRl fragnment of CrFC26 to the
EcoRI -Not|l fragment of CGFC 26. To facilitate

Example 3
The DNA Sequences and Derived Amino Acid_Se ences of

5 CrFC 26 and CrFC 21

. The DNA sequences of CrFC 26 and CrFC 21 were

determined on both strands by the Sanger dideoxy

.sequencing method. Figures 5a and 5b show the

sequencing strategies for CrFC 26 and 21, respectively.

10 To counter check the sequences obtained, the 5’ ends of
other CrFC subclones (pCrFC 69, 1, 16 and 35) were also '

sequenced using the T7 promoter as primer binding site.

The complete cDNA of CrFC 26 was found to be 4182 bp

(Fig. 6). This is consistent with the Northern analysis

15 (Reed and Mann, 1985. Nucl. Acid Res. 13, 7207-7221) of

the amoebocyte total RNA with homologous EE insert,

which showed only one hybridizing band at approximately

4 kNt (Fig. 7a). CrFC 26 cDNA includes 568 nucleotides

of 5’ untranslated 'sequence containing seven ATGs before

20 the real initiation site, an ORF of 3249 nucleotides

coding for a protein of 1083 amino acids, a stop codon,

and 365 nucleotides of 3’ untranslated sequences. At

the 3’ end of the cDNA, the canonical hexanucleotide

sequence, AATAAA, is present 19 nucleotides upstream

25 from the polyadenylation site (at nucleotide position

4142) . There are three other AATAAA sequences, found at

nucleotide positions 183, 239 and 2474, respectively.

The ORF codes for a signal peptide of 24 amino acids and

a Factor C zymogen of 1059 residues, which, prior to N-

30 glycosylation, has a calculated molecular weight of
120,244 daltons. This is close to the estimated
molecular weight of single- and double-chain Factor C
enzymes purified from amoebocytes (Ding et al., 1993.
Biochim. et Biophys. Acta. 1202, 149-156). The unique

35 proteolytic site due to endotoxin-activation of the



subsequent mani pul ati ons, the conplete deletion nutants (6a and 9a) we
cloned into g nodified pCEML1Zf(+). 5 This plasm d was constructed by
inserting a DNA fragnent containing a Sma | site and a stuffer DNA seg
(shaded bl ocks) from pBluescript Il SK- into the nmultiple cloning site
The deletion nutants were <then excised with Sma | and Pst |
and 10 i nserted into the secretory (YEpégil) and non-secretory

(pEMBLyex4) yeast expregsi on vector,s. | es t herw se indi cated, I
inserts are ori ﬁ?té‘agi naa SNZYMEs ¢ L& g]o"’(r}‘fgﬁ?ﬁt‘ﬁﬁ%ct?fgﬁflﬁ?‘éf 1€gu§
t he strategy foindicatiggCth€ ZmtEgritiyntof t hhePclpasdorReactmact ©r cPRAC 9.
The vector alon ] t f . . (clian ' A Q. yts
secretory signa ?&Qggsdggggﬁggaaﬁ?hﬁggFgﬁﬁoﬁoh%éﬁggggo%ﬁgngs&%qfﬁgh:in
insert for transfornBheofrFq 21 heDYAastequengefand, its \@erivedsawiyot o

obliterate ghe 20i9 BEhubhcéi hPel BnbIR EhFPigeng.and to create a 5 blunt
end in frane for the Sna Bl site of the vecfor. The insert was first

subcl oned into pTZ19R in two steps.

PGEMLLZf (+) .
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Example 4
Variant Forms of the CrFC Gene

The Factor C c¢DNA sequence indicates the existence
of at least two types of Factor C wRNA in C.
rotundicauda. The N-terminal sequences of CrFC 26 and

CrFC 21 differed significantly. Comparison of the

sequences between C. rotundicauda Factor C clones CrFC
21 and CrFC 26 with that of T. tridentatus (TtFC 53)
shows that CrFC 21 and TtFC 53 share precisely similar
homology at the 5‘ end. Yet, the most notable
difference in the DNA sequences of Factor C from the two
species of horseshoe crabs is the existence of an extra
716 nucleotides at the 5’ end of the CrFC 26 (Fig. 9).
Thus, CrFC 21 was not merely a truncated species of CrFC
26. Instead, it was derived from a totally distinct
species of mRNA that may be exactly identical to the one
that gave rise to the T. tridentatus Factor C cDNA. To
unequivocally demonstrate the authenticity of the 5’
noncoding region of CrFC 26, a further Northern blot
analysis was performed,-but using only the first 369 bp
of the 5’ untranslated region of CrFC 26 (fragment
flanked by Eco RI and Nde I) as probe. The result in
Fig. 7b clearly demonstrates that the entire 5’ end of
CxrFC 26 truly belongs to this particular species of
Factor C mRNA. Thus, the existence of the two types of
C. rotundicauda Factor C cDNA could be attributable to
differential splicing of the initial primary transcript
around its 5’ terminal.

Example S -
Computational Analysig of the 5’ Noncoding Region of

re

ment
of

DNA
hows

g



The Pstl-H ndlll fragnment of CrFC insert (derived from pEN26) was first

I ntroduced into the vector, followed by 25 the insertion of Bglll-Pstl
fragnent of CrFC 26 insert (derived frompGEMI zZf(+)/CrFC 26) into the
BanHl - Pst| cloning sites of pTZ19R/PH. This step renoved the internal Bgl
Il site in CFC 26. The insert was then eXC|sed using Sma | and Not |
digestion fromthe 30 pTZ19R/ BN const r uc®®f or cloning into conpatible Sna

Bl and Not | sites pPI 2 This construct is henceforth
referred to as ﬂﬁ@@@?égkéﬂ¥g—iglg. 17b shows the strategy for cloning CrFC
21 into the P. pastorTise wenisrality Lddiy ShiwicranslfHed seuascsetarqur

of Factor C i nectt SO BN e g gl Wi SE P REERE Trovd™ "

pHI L 14 D2 vekaekor THEGF ctiretucet k. di 83 edSoiencea?2l 23fH240),
5 oncogenes (Watt et al., 1983. Nature 303, 725-728) and

heat shock proteins (Ingolia et al., 1981. Nucl. Acids

Res. 9, 1627-1642). This invites speculatidn that long
structures of the 5’ noncoding region participate in the
regulated expression of these genes, including that of

10 Factor C. However, long 5’ noncoding sequences in some
wWRNAs may have 'a deleterious effect (Kozak, 1983.
Microbiol. Rev. 47, 1-45), especially if they contain
secondary structures which may deflect ribosomes from

the authentic initiation site that 1lies further

15 downstream. . This was true for the Semliki Forest virus
(Lehtovaara et al., 1982. J. Mol. Biol. 156, 731-748)

and the recombinant fish antifreeze protein III gene (Li

et al., 19%1. Protein Eng. 4, 995-1002). This could

also apply to CxrFC 26 since there are seven false ATG

20 sites (underlined in Fig. 6) lying upstream from the
authentic ATG start site found at nucleotide position
'569. All these false start sites were followed shortly

by in-frame stop sites downstream. This configuration
agrees with the ribosome scanning-reinitiation model of

25 translation in eukaryotic genes (Kozak, 1986. Cell 47,

481-483). This is probably one reason why there exists
another form of Factor C mRNA having a much shorter 5’
noncoding sequence as in CrFC 21, where it may be
translated more efficiently.

30 _ Figures 10a and 10b show the secondary structure
predicted for the 5’ ends of the mRNA of CrFC 21 and
CrFC 26, respectively. CrFC 21 exhibits a well-exposed
AUG codon in a loop. In contrast, CrFC 26, with its 7
false start codons, shows numerous hairpin stems and

35 loops, and its real start codon appears less accessible
to ribosome binding. w' -

From computational analysis of the secondary



Pm | to acconodate the Bglll-EcoRV fragnent of CrFC fromthe
pGEML1Zf-(+)/ CrFC 21 to generate the full length insert in pH L D2. Thi s
strategy was used to take 5 advantage of the absence of Bgl Il site in the
pH L D2 vector. Not | digestion of the vector allowed directional

I ntegration of the CrFC gene into the P. pastoris vector.

Fig. 18 shows the

products of in vitro ceII-free 10 expres%?on of O FC cDNA constructs I n

pl asm d vectors contaln

transcription

| ysate) system \Aﬂs:nessad:dnad o furehsep messipul greid it dleiaf 52 [etidd gceach

of these constr
products. The

non-f usi on prot d?mzcaepmngrm tve¢toyectors: OPCEREEreSELFE 2pf( Fddteor C

i nsert codi
yi el ded a 20

ronpt ers. The, Pr.ome vitro

asoh! CoHC BHERa 2 |1t cagn Siea bt FBAF o Rt

U5, BopbHihee Hiadli '3 bhid 208 A Lianehgl ko

SUEREA fnt? WBhddr *o 7§Rz?rﬂe of ‘E'Hé' PBcERBENARLY $ElROr C
Factor C-fu5|on proteln of 103 pGEML1Z )/CrFC21

(Factor C insertCdd Re MEfebride dfc “!ﬁﬁrlff e"r%%'ﬂ‘i’ afor endotoxin.
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Example 6
Homolo etween the DNA Sequences of CrFC and TtFC

In comparing the cDNAs of CrFC 26 and 21 with that
of TtFC (Fig. 11), the C. rotundicauda gene was found to
be longer by 716 nucleotides at the 5’ end, and also has
an extra 64 amino acids upstream from the starting met.
The start of homology of both the DNA and amino acid

sequences between the two species was found at
nucleotide positions 785 for CrFC 26 and 42 for CrFC 21,
as compared to position 69 for TtFC. The homologous
region extends through to the poly A tail of both genes,
giving 97.7% homology between CrFC 26 and TtFC. Most of
the dissimilarities, however, were found in the 3’
untranslated region, where a lower percentage homology
of 86% was observed.

A majority of the differences between the CrFC and
TtFC sequence found within the ORF were due to base
substitutions. In fact, these substitutions explain the
perceived differences in the restriction sites earlier
obtained by restriction wmapping (see Fig. 4), for
instance, the absence of the Bam HI (GGATCC) site in
TtFC, which in CrFC 21 and 26 is located 807 and 1550
bp, respectively, from their 5’ ends. This was due to
the substitution of the first G by T in TtFC. The
convergse is shown with the Bam HI site at bp 2431 of
TtFC, in which the second C is substituted by a T in the
CrFC cDNAs. Similarly, the Pst I site (CTGCAG) of TtFC
(at 1688 bp from its 5’ end) was not found in CrFC
because the first C was substituted by a T. Again, base
substitution of C by T was responsible for the loss of



protein of 113 KkbDa; pEE21 (pGEM I Zf(+)/ CrFC 21, containing 2300 bp
Eco RI-Eco RI, fragnent of Factor C coding I nsert) yi el ded an 85

k Da protein; 25 pGEML1Zf (+)/ Cr FC 26-6a and -9a (del etion nutants of
CrFC 26, harbouring 3421 bp and 3462 bp, respectively, of Factor C insert
codi ng sequence) each yielded limted ampunts of Factor C of 113 kDa;
pET3b/ Cr FC 21 (Factor C insert codi ng seqwhce of 3023 bp + 30 bp fusion
gene 30 10 of the vector) yielded a Factor C-fusion Erot-ei n of 112 kDa,

PGEM | Zf (+) / Cr Feheethiwd Hing | ITEngike FARRGETE) | #BeF¥Fes WhBohpin THFGCt
Wi th the 5 unt%a8Sl8é&€ed VIS BHNERLRI EHel € dndal SBasé astbsedentiodi d

Gene gave & he cbER: BHFSES o 4L cad Mgk iR SEnCFEF: s Tovector
expressed a 28 kémpécsivaly) ogiving thé5Xba I (TCTAGA) site, where the
5 first A is substituted by a C in TtFC. Similar to TtFC,
there are six potential N-glycosylation sites within the
CrFC sequence ‘Asn-Xaa-Ser/Thr.

i

Example 7
Structural Domains and Homology Comparison of CrFC With

10 Other Serine Proteases
. The secondary folding structures of several blood
clotting factors in the human coagulation system are
usually identified by common domains derived from
homologous regions in the DNA sequence (Furie, B. and
15 Furie, B.C. 1988. Cell 53:505-518). Typically, all
these factors have a signal peptide at their N-terminal,
and a catalytic domain at the C-terminal, which for
serine proteases like C. rotundicauda Factor C, also
contain the catalytic triad, His¥*-Asp®-gser® for
20 CrFC 21 and His®®-Asp™-Ser'™ for CrFC 26 (see Fig. 11).
A hydropathy profile based on the formula of Kyte and
Doolittle (1982, J. Mol. Biol. 157, 105-132) of the
first 59 amino acids of CrFC 26 showed the first 24
residues to be the putétive signal peptide rich in
25 hydrophobic amino acids (Fig. 12). CrFC 26 has five
short consensus repeats (residues 206-259, 263-318,
324-385, 640-698 and 758-812), one lectin-type domain
(500-632), one EGF-like domain (167-200), a cys-rich
region (90-165), and one pro-rich region (732-754). The
30 serine protease domain is found at positions 827-1083.
No propeptide sequence, kringle domains (Park, C.H. and
Tulinsky, A. 1986. Biochemistry 25, 3977-3982), amino
acid stacks, or finger domains were found.
By scanning the EMBL gene data bank, a homology
35 search for the serine protease catalytic domain of G¥FC
revealed that it is structurally closest to T.



Fig. 19(a) shows the elution profile of whole CAL |ysate chromat ographed on
Sepharose CL-6B (2.6x97 cm) equilibrated with 0.05 M Tris-HO pH 8.0,
containing 0.154 M NaCl. Figure 19(b) shows the elution profile 5 wth
the addition of 5% Me2SO and 1 nM Na2EDTA__ A total of 326 ng CAL was

| oaded onto the colurm, which was run at ‘#%low rate of 20 ni/h. Panel (a)

Bi oohom 154, STALAOIFALRA pFBCFOF: iR chaphe 1 4s ik, dHOTGLoSE Cley 727, o

Har ada- Suzuki eeverlappieg. nuglegtidaem(Table73B-.800) co-el uting over a
broad range into the first peak. However, panel (b) shows narrower peaks of
these enzyne activities. Doubl e-headed arrows ( [err] ) indicate all
pool ed fractions with 15 correspondi ng el ectrophoretic profiles shown in
Fig. 20. Fig. 20 shows reducing SDS-PAGE {@¥qpol yacryl am de) anal ysis of

protein fractions otalnedf the Se ose CL- 6B coI rm u5|n buffers
wi t hout (a) and wt% 3?33’ 'ﬁ@ P::“%;ﬁ s are 20
witten on top of ealh™l ane . and: rro

Gene %homology bp overlap

Tachypleus tridentatus Factor C 97.7 777

Onchorhynchus myldss thrombin 544 709

Rattus norvegicus thrombin 522 624

Rat prothrombin | 522 624

Acipenser nunsmr;ntanus thrombin 528 623

Oryctolagus cuniculus thrombin 573 595

Mouse prothrombin 527 509

Human blood coagulation Factor VII . 587 420 .

Guinea pig Factor IX 574 296

Human liver hepsin '59.0 278

From the overall comparison with serine proteases

from other species, the CrFC is structurally closest to

5 prothrombin and thrombin. This finding agrees well with
the preference of Factor C for hydrolysis of synthetic

substrates of thrombin. Surprisingly, a human 1liver
hepsin (l.eytus et al., 1986. Biochemistxry 25,

5098-5102) exhibited a slightly higher level of homology
10 with 'CrFC than other blood coagulation factors.
Although the function of hepsin is still unknown, this
serine protease, which lacks a typical signal peptide
but instead has a transmembrane domain, was nevertheless
shown to have characteristics typical of trypsin. Based
15 on the primary structure of CrFC, it was also found to
be catalytically similar to trypsin-type serine



correspond to pooled fractions found in Fig. 19. A tot

al ano

unt of 15

[err]g protein was | oaded into each | ane. Low nol ecul ar wei ght (LMN marker
proteins were used to estimate the sizes of the protein bands of interest.
In 25 (a), single-chain Factor C (band A, 132 kDa) was shown to co-elute

wi th the heavy chain of clotting enzyne ¢band B, 35 kDa).

In (

b) ,

single-chain Factor C eluted separately (é}Qom/Z) fromthe other enzynes,

al t hough no apparent activi

1
Me2SO, whi ch | nREPEGEEES s%éheueha. stractera by cisias

(&Csoth

was_ detected due to the resence of % 30

ig: 25).

The heavy chai nThhantha$) banésiplglinezhdy t{hamsph* olas hepﬁosbaetohs'en)

F C f d
doubl - headed akPokRD, 25: “THBLESPPRCP A ayR HFREgE

as it was not i nBi7Pi.te® ut!'

" o]

gy

demagcat ed by
ﬁé’augvuty

n, 1357, Thé-82) kDwhich

|i ght - chai ng(bagd,.Bhq9l, tQﬁg&QBE e- ¢hgkn. E?ﬁborpgsbésggﬁcoﬁyl ahpdezgde’ S

t hus
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specificity similar to that of trypsin.

Example 8

Subcloning of CrFC cDNAs in Expression Vectors
The ACrFC ¢DNAs were further manipulated and

subcloned into various plasmid vectors. Firstly, for
easier manipulations of the clones, the complete Factor
C c¢cDNAs that were originally cloned in Agt 22 (clones 21
(3448 bp) and 26 (4182 bp), each being flanked by
multicloning sites: Eco RI and Not I) were recloned into
plasmid, pGEM11Zf(+) to give pGEM11Zf(+)/CrFC 21 and
pGEM11Zf (+) /CXFC 26, respectively. The recloning
strategy is outlined in Figure 13. Secondly,
restriction digestions of the Factor C insert in
recombinant clone ACrFC 21 with Sal I and Not I yielded
a 2.4 kb fragment which was then subcloned into
expression vector pGEMEX-1 (Fig. 14). Thirdly,
digestion of ACrFC 21 with Bgl II and Eco RV resulted in
a 3388 bp Factor C'insert which was subcloned into pET
3b expression vector pAR 3039 that was previously
linearized using Bam HI and Eco RV (Fig. 15). Fourthly,
since the gene may not be apparently expressed at
detectable levels in vivo in the E. coli host (possibly
due to activation of the gene product by the Gram
negative host bacterial endotoxin, resulting in the
active Factor C being toxic to the host), the CrFC 26
was also inserted into yeast shuttle secretory (YEpsecl)
and non-secretory (pEMBLyex4) expression vectors (Fig.
16) . The CrFC 21 and CrFC 26 were further excised from
their pGEM11Zf (+) vector and subcloned into vectors
capable of transforming them into the methylotrophic
yeast, Pichia pastoris (Fig. 17). The superiorft*} of



| ess intensely stained by Coomassie blue. Fig. 21 shows routine
preparations . of Carcinoscorpius anoebocyt e | ysat e anal yzed on
SDS- r educi ng PAGE (15% . The seven batches of |ysate 5 preparations were
| oaded in the PAGE gel in order of decreasing extent of autoactivation.
Lanes 1-3 show the presence of the heavy chain of clotting enzyne (band A,
35 kDa), and conpl ete conversion of coagul 8§en (band B, 21 kDa) to coagulin
(band C, 17 kDa). Thus, appearance 10 _ of bands A_.and Cis indicatjive of
aut oactivati on &P poo®3sEHds fyatan liesnin fheAQXL prARoigKdrdyen,

| anes 5-7 are Cc@dpriaisibd @bal MidHlfualdtdorss MeLdlD watidlltesult in

cpparent; Lane 4T eteia’ e bRl B, Pué” T BLELS Y,
chromat ogr aphy ofatpicmade ketsind ehle isecofobbe(yeast systemols Zhat o(a)lob)
O ser B S g CnfBe BELAY s (300 8 ooy spraliong yhovs,
2, pool ed first Rraduat needmstQ peopostrhranslationally modified, and

(b) advantage will be taken of the absence of endotoxin

in the yeast host to obtain the inactive Factor C

proenzyme. |

10
¢DNAs AND PROTEINS FOR
FACTOR C

Each of the nucleic acid sequences and polypeptides

disclosed herein, or their biologically functional
15 equivalents, can be used in accordance with the present

invention. The term "biologically  functional

equivalents," as used herein, denotes nucleic acid

sequences and polypeptides exhibiting the same or

similar biological activity as the particular nucleic
20 acid sequences and polypeptides described herein.

For example, the nucleic acid sequences described
herein can be altered by base substitutions, additions,
or deletions to produce biologically functionally
equivalent nucleic acids that encode proteins exhibiting

25 Factor C enzymatic activity in endotoxin assays. In
addition, due to the degeneracy of the genetic code,
other'DNA'sequences that encode substantially the same
amino acid sequences as described herein exhibiting
Factor C enzymatic activity in endotoxin assays may be

30 used in the practice of the present invention. These
include, but are not limited to, nucleotide sequences
comprising all or portions of thg Factor C cDNAs
described herein which are altered by the substitution
of different codons that encode a physiologically

35 functionally equivalent amino acid residue within the
sequence, thus producing a silent change. Similarly,
the Factor C proteins, or derivatives thereof, of the



Fig. 19b and 20b); 3, single-chain Factor C. Fig. 23 shows the purification
of doubl e-chain Factor C by gel filtration on FPLC Superose 12 HR 10/ 30

col um which was equilibrated at roomtenperature with 25 a flowrate of
0.4 mM/mn. The pooled enzyme fractions (lane 2) equivalent to 1.2 ng
protein was | oaded into the colum. ~Fhis was previously eluted from
t he hepari n- Sepharose CL-6B col um. The dcidl e-chain Factor C was eluted in
a single tube (fraction,22), and {he_ 30 si |l ver-stained reduci ng . SDS- PAGE
gel shows that PrEEeRSnip¥eatipngpnghiadendoe aae nafhdimited &R thosene

pool ed first pealntaaatingnsl]ref athd amdHWcid Eegquehde)l sapbeantnglipe
single-chain formi of 15 Jerr t ot al

protein. 35 as iﬁ%ch&gﬂeéﬂ&'ﬁﬁr%ingongﬁﬁig{;ﬁﬁgf Cﬁ‘%’%‘icﬁﬁ% ca%‘?e]sg‘ﬁ and
4) and doubl e- cwhich( [famet idrmidys)eduivslait Fanine @dcldkcrespdoessatei n
SDS- PAGE i ngt he ;3Rsel¢Gted for residues within the sequence, resulting
in a silent change. For example, one or more amino acid
residues within the sequence can be substituted with
another amino acid of similar polarity which acts as a
functional equivalent, resulting in a silent alteration.

10 Substitutes for an amino acid within the sequence may be
selected from other members of the class to which the
amino acid belongs. For example, the nonpolar
(hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan

15 and methionine. The polar neutral amino acids include
giycine, serine, threonine, cysteine, tyrosine,

' asﬁafagineﬁ and glutamine. The positively charged
(basic) " amino acids include arginine, 1lysine and
histidine. The negatively charged (acidic) amino acids

20 include aspartic acid and glutamic acid.

' The variants of Factor C cDNAs and proteins
contemplated herein should possess mwmore than 75%
homology, preferably more than 85% homology, and most
preferably more than 95% homology, to the naturally

25 occurring Factor C cDNAs and proteins discussed herein.
To determine this homology, two proteins are aligned so
as to obtain a maximum match using gaps and inserts.
Homology is determined as the product of the number of
matched amino acids divided by the number of total amino

30. acids plus gaps and inserts, multiplied by 100.

Also included within the scope of the present
invention are Factor C. fragments or derivatives thereof
which are differentially wmodified during or after
translation, e.g., by glycosylation, proteolytic

35 cleavage, etc.

In addition, the recombinant Factor C-encoding
nucleic acid sequences of the present invention may be



17 (lanes 2 and 3) and presence (lanes 4 and 5) of [err]-nercaptoethanol.
Lane 1 contaiped 15 [err]g of CAL. Fig. 25 shows t he ef f ect of

i ncreasi ng concentrations of Me2SO on the two fornms of purified 5 Fact or
C. Prior to the addition of the substrate, 5 [err]g of each enzynme was

I ncubated for 1 h with 5 [err]g endotoxin. Single-chain Factor C was nore
susceptible, losing 95% of its activitg3 at 5% [err] while

doubl e-chain Factor, C was_totally inactivated only at 10 30%[err] Fig.
26 shows endot ox@nginested) 2R say 6P Wadify Propeseing HowrRyesaionstef ned

endot oxi n el ect rpphedesed WaleledR8E Ndarkd bt IBPSwdP o analvasiylam de
gel . Panel B shows a m)dlfled West er n_bl ot wher 10 Jeqr;e{al {:_ %:

el ectrophoreti cdtigral peguenes mayeﬂta%t RPRTL eswé&’ "?o‘B 2&Ento a
PVDF nenbr ane (Ld?ﬁ:adirngo@equemrésaotdmpérmimgé@cnélaiam (dAarmadfonra, and

doubl e- chal 1, Facre o 1ape ). Lol LGUER LY, M00Le Shbaai LEBEY s 2d St i ned

W th peroxidase-conj goa
Additionally, a given Factor C isoform or mutein

can be mutated in vitro or in vivo, to create and/or
destroy translation, initiation, and/or termination
sequences, or to create variations in coding regions

10 and/or form new restriction endonuclease sites or
destroy preexisting ones, to facilitate further in vitro
modification. Any technique for mutagenesis known in
the art can be used, including, but not limited to, in
vitro site-directed wmutagenesis (Hutchinson et al.

15 (1978) J. Biol. Chem. 253:6551), use of TAB® linkers
(Pharmacia), etc.

Expregsion Vectors For Factor C

The vectors contemplated for use in the present

invention include those into which a DNA sequence as

20 discussed herein can be inserted, along with any
necessary operational elements. Such vectors can then
be subsequently transferred into a host cell and
replicated therein. Preferred vectors are those whose
restriction sites have been well documented and which

25 contain the operational elements preferred or required
for transcription of the DNA sequence.

Certain embodiments of the present invention employ
vectors which would contain one or more of the DNA
sequences described herein. It is preferred that all of

30 these vectors have some or all of the following
characteristics: (1) possesses a minimal number of host-
organism sequences; (2) be stably maintained and
propagated in the desired host; (3) be capable of being
present in high copy number in the desired host; (4)

35 possess a regulatable promoter positioned so as to
promote transcription of the gene of interest; (5) have



20 anti body. The stained portions indicate the lipid A noiety which is
known to be the functional conponent of endotoxins that specifically binds
Factor C (Lei and Morrison, 1988. J. Inmmunol. 141, 996-1011). Control
LPS-strips, with bound single- or double-chain Factor C 25 i ncubated with
normal rabbit serumdid not show any hybri di zation. Detail ed Description of
the Invention The foll owing detail ed descr3%tion of the invention is

provided to aid thgse skilled in the art in 30 acticin t he _present
vent i on. . Epenloagt BRI SRAICR HEL S0 SRIGEHRIE be
construed to unduhyitl presenlteopr asportionedti ehe plasndidf separate rdm
ordinary ski |1 LRAEnGIRE \pife, SR B3 BOE M S e 0, | BRYE @
of the present consainve @i sd¥Perysequence capable of terminating

5 transcription.

The cloning vectors capable of expressing the DNA
sequences of the present invention contain wvarious
operational elements. These "operational elements" can
include at least one promoter, at least one initiator

10 codon, and at least one termination codon. These
"operational elements" may also include one or more of
the following: at least one operator, at least one
leader sequence for proteins to be exported £from
intracellular space, at least one gene for a regulator

15 protein,' and any other DNA sequences necessary OY
preferred for appropriate transcription and subsequent
translation of the cloned Factor C DNA.

Certain of these operational elements may be
present in each of the preferred vectors of the present

20 invention. It is contemplated that any additional
operational elements which may be required may be
identified and added to these vectors using methods
known to those of ordinary skill in the art, such as
those described by Sambrook et al. (1989) Molecular

25 Clonin A Laborato Manual, Second Edition, Cold

Spring Harbor Laboratory Press.

Regulators
Regulators serve to prevent expression of the DNA

sequence in the presence of certain environmental
30 conditions and, in the presence of other_environmehtal
conditions, will allow transcription and subsequent
expression'of the protein coded for by the Factor C DNA
sequences. Regulatory segments can be inserted into the
vector such that expression of the DNA sequence will not
35 occur, or will occur to a greatly reduced extent.
Expression of the desired protein is induced by addition



The contents of each of the references cited herein are herein incorporated
by reference jn their entirety. Coning of the Carcinoscorpius rotundi cauda
Factor C cDNA 5 Exanple 1 Construction of Factor C cDNA X Reconbi nant
Clones Poly (A)+ RNA Preparation From 2.5 g wet wei ght of ampebocyt es,

total RNA was 10 purified by using guanidiniumisothiocynate (Chirgw n et
al ., 1987. Bi ochem stry 18, 629455299) and ultracentrifugation
through a CsCl gradient. The total cellular RNA was digested with
RNase-free DNas®fi #BRupbsgagcexttacthe winvinommest/ crapakioraf msusing +

RNA was 15 puréﬁﬂ&é@b&%@ﬁﬁhegmhys%ﬁw & &P- eile TRes ifelY lcd1hBF,
France). cDNA Synthesis _and C oni ng The purified from anoebocyt es
were used to syERssit® RasuResh | IRFRRFAa nodification of the method 20

of Gubler and Hoffman, 1983 (CGene 25, 263-269). Not |
Promoters
5 The expression vectors must contain promoters which
can be used by the host cell for expression of its own
proteins. Many promoters have been isolated and
characterized, enabling one skilled in the art to use
them for expression of the recombinant Factor C forms.

10 Transcription Terminators
The transcription terminators contemplated herein

serve to stabilize the vector. Those sequences
described by Rosenberg et al. (1979) Ann. Rev. Genet.
13:319-353 can be used in the present invention.

15 Non-translated Sequences
It may also be desirable to construct the 3’ or 5’

end of the coding region to allow incorporation of 3’ or
5’ non-translated sequences into the cDNA transcript.
Included among these non-translated sequences are those

20 which stabilize mRNA, as disclosed by Schmeigsner et al.
(1984) J. Mol. Biol. 176:39-53.

Leader Sequences and Translational Couplers
Additionally, DNA. coding for an appropriate

secretory leader (signal) sequence can be present at the

25 5’ end of the DNA sequence, as set forth by Watson, M.E.
in Nucleic Acids Res. 12:5145-5163, if the protein is to
be excreted from the host cytoplasm. The DNA for the
leader sequence must be in a position that allows the
production of a fusion protein in which the leader

30 sequence is immediately adjacent to and covalently
joined to Factor C, i.e., there must be no transcription
or translation signals between the two DNA . coding
sequences.



prinmer adaptors were used to prinme the first strand cDNA synthesis to
ensure orient.ation-specific ligation to [err]gt 22 (Pronega, USA). A

repl acenent reaction was enpl oyed for the second strand synthesis, while
Eco RI adaptors 25 were used to produce sticky-ended ds cDNAs. Af ter
digestion with Not |I; the ds cDNAs flanked by Eco Rl - Not | restriction
sites were ligated to Eco Rl - Not | diges?@d [err]gt 22 vector arms. The

reconbi nant DNA was g&gkaged and transdu e%é nt o Et coli_LE 392 ags Y1090.
30 The cloning strategfors oBPErASE i FEQFE 2. TREr RFTRTSF (AP 22
cDNA Li brary Thafpoggatz? leider idecuencsawiddr eddew, tosnspoat wioltde T.

tridentatus Fac QBHA fg: , 1A£S8%¢th 9 -'& @H%ét Ier FQ 3),
which is a partitcgl[mp a manrtg o‘%ﬁelﬁgctorecﬁcgi& %I\/Uta eétbé:ﬂse., 15%1. h}
Bi ol . Chem 266ca%85408568pme Saccharomyces, the appropriate leader
5 sequence will allow transport of the protein through the
cell membrane and into the extracellular medium. In

this situation, the protein may be purified from other
extracellular proteins.

Translation Terminators

10 The translation terminators contemplated herein
serve to stop the translation of mRNA. They may be
either natural, as described by Kohli, J., Mol. Gen.
Genet. 182:430-439, or synthetic, as described by
Pettersson, R.F. (1983) Gene 24:15-27.

is Selectable Markers
Additionally, the cloning vectors contemplated
herein can contain a selectable marker, such as a drug
resistance marker or other marker which causes
expression of a selectable trait by the host cell.

20 Such a drug resistance or other selectable marker
facilitates the selection of transformants.
Additionally, the presence of such a selectable marker
in the cloning vector may be of use in keeping
contaminating microorganisms from multiplying in the

25 culture medium. A pure culture of the transformed host
cells would be obtained by culturing the cells under
conditions which reqﬁire the induced phenotype for
survival. The operational elements discussed herein are
routinely selected by those of ordinary skill in the art

30 in light of prior literature, including Sambrook et al.,
discussed gupra, and the teachings contained herein.
General examples of these operational elements are set
forth in B. Lewin (1983) Genesg, Wiley & Sons, New York.
Various examples of suitable operational elements_ygy'be

35 found in the vectors discussed above, and may be gleaned



A. Primary Screening 5 1. Plating of Anpebocyte cDNA Library and
Blotting to Nyl on Menbranes Plating bacteria (E. coli LE392) were
propagated in LB medi um suppl emrented with 100 mM MgSO4 and 0. 2% nal t ose
(wv). Cultures were grown to an [err] of 0.6. In order 10 to obtain
approxi mately 250,000 pfu of the anpbebocyte cDNA |ibrary on a Bi oassay
plate, (245 x 245 nm Nunc), 14 [err] of t3& undiluted phage stock
containing 1.88 x 107 pfu/m were mxed in a 50 mM_ Nunc centrifuge tube
with 2 M of pvigi mevievedfa. the Thbligatigns dascusgéngishe| hagist ed

at [err] for 20c-HaRactle®iditi@y UFe thRAGEF Rdndntlidhdd vty onto the host

cells. Mal t ose is essential for, bact er_l al_ ex res oanif t#mhe | am b gene,

whi ch codes for the PR9Ge SYRHRIS anthiise GcPPrEEEE ¥he
adsorpti on of phadedealired esmpondit pahesg tﬂ&eamdﬂcsr adlar ber hssembledy nl

Courad ont o3 e B, PRERUBECobRERAERY P, Uingf B BFRiliats) blyioda
i ncubat ed at [ethp uartl thdgdemhles of such vectors is within the
ordinary skill in the art, and, as such, is capable of
being performed without undue experimentation.
Multiple copies of the DNA sequences of the present
10 invention and their accompanying operational elements
may be inserted into each vector. In such case, the
host cell would produce greater amounts per vector of
the desired form of Factor C. The number of multiple
copies of the DNA sequence which may be inserted into
15 the vector is 1limited only by the ability of the
resultant vector, due to its size, to be transferred
into and replicated and transcribed in an appropriate

host cell.
Hogt Cells

20 Vectors suitable for use in various host cells are
contemplated for use in the present invention. Such

host cells include, for example, E. coli, yeasts such as
Saccharomyces cerevisiae and Pichia pastoris,
Baculovirus, and mammalian c¢ells, including, for
25 example, Chinese Hamster Ovary cells.
In the case of yeasts, useful promoters include Gal
1 and 10, Adh 1 and 11, and Pho 5. Transcription
terminators can be chosen from among Cyc, Una, Afpha
Factor, and Sac 2. Transcriptional start sites and
30 leader peptides can be obtained from the invertase, acid
phosphatase, and Alpha factor genes. Useful selection
markers are Ura 3, Leu 2, His 3, and Tap 1.
In the case of expression in mammalian cells, the
DNA encoding the present forms of Factor C should have
35 a sequence efficient at binding ribosomes. Such a
sequence is described by Kozak in Nucl. Acids Res.



were | arge enough to contain sufficient DNA for 25 detection, but at the
sane ting were not confluent wth each other to allow easy plaque

purification. A duplicate plate was simlarly prepared to give a
screeni ng base of about 500, 000 cl ones. Once the expedi ent phage size
and confl uency were achi eved, 30 i ncubation was termnated and the

plates were transferred to [err] for 1 h.38his allows the plaques to
absorb enough noisture for themto stick properly to the filters during the
blotting step. A1287)[ 2FrPh2hyBdA2pethaRaqtay £-2nagdimnfragmedyEneads A)

was randony | apgl 'fﬁ’sé‘kééﬁa iald th”teﬂﬁPeQQJ.&He J&Eoé' dencfidingy face

and then applied face qown (ink sid p) on each of the two ilates The

bott oms of eachtran§5rﬁP598nﬁérErPﬂgﬁeacéH@a?eraﬁﬁFEéHt&BPP spBharRgTt o
those found on kkedeskcirébed by Eirirérte i icelibt (D988 5De303-305 and

5 Kadonaga et al. (1987) Cell 51:1079-1090. A regulatable
promoter as in the Pharmacia plasmid pMSG can be used,

if necessary or desired. The vector should also possess
a complete polyadenylation signal as described by
Ausubel et al. (1987) in Current Protocols in Molecular

10 Biology, Wiley, so that mRNA transcribed from the vector
is properly processed.

In order to select a stable cell line that produces
Factor C as described herein, the expression vector can
carry the gene for a selectable marker such as a drug

15 resistance marker or a complementary gene for a
deficient cell line, such as a dihydrofolate reductase
(dhfr) gene for transforming a dhfr cell 1line, as
described by Ausubel et al., supra. Alternatively, a
separate plasmid carrying the selectable marker can be

20 cotransformed along with the expression vector.

Vectors for mammalian cells can be introduced
therein by several techniques, including calcium
phosphate:DNA coprecipitation, electroporation, or
protoplast fusion. Coprecipitation with calcium

25 phosphate as described by Ausubel et al., supra, is the
preferred method.

By way of example, vectors and host cells
contemplated for the heterologous expression of the
Factor C cDNAé disclosed herein include the use of the

30 T7 system in pGEMEX1l, pET3b(pAR3039), and pGEM11Zf (+),
and the GST system in pGEX1,2,3. The host cells can be
chosen from among JM109, JM109 (DE3) ., DHSa,
HMS174 (DE3)plysS, and ACE6 (phage) .

For expression in Pichia pastoris, the host strain

35 . can be GS115, and useful vectors are pHIL D2, pPIC 9,

' and pHIL S1.
For expression in the Baculovirus system, host

g



filters on the master plate. The filters were left for 2 mn. to allow the
phage particles to adsorb onto them 5 The filters were then peeled off
slowy fromone corner using a pair of forceps with flat ends, and
subsequently air dried face up for at least 10 min. Areplica filter was
then applied onto the sane plate, but thiis was allowed to stick for 10 mn.
before peeling off. 10 Similarly, the or32ntation of the replica filter
on the master plate was recorded, but the marks were fixed on _different

| ocations from OFd1 rGan ; bpt SrodpRterd) frugiperde SES and oSEhfi the
posi tive cl ones vastoisy darllye hybrudi BaBgHILQN®S Vi) | cshpBladt Baaditgar;aphi c

signals 15  unappi usl t .sang s t different filters. .2.
Processi ng of Blpg;[j"il é(}lzi I#‘éﬁsl%??er ag]l%r E%?‘éﬂfg& }[Aﬁg’epﬁé%‘jset L dikdddt ur ed
by incubating t ldoniingeican ipea Bsolanliio ®HSo,0 IMIMNa@t AP MMBC for 2 min.
Subsequent |y, the ph ; : ' ' 0. g - HC pH
30 Bdnidh 3l Hiddal £ SLID6D. Enbl Teltoklirar |

7.6/ 2x SSC for another 2 mn., a en saturated w IX SS .
The denatured ph¥gasBREtien cienber pSPNAJ, hwWherein all initial cloning

is in E. coli MC1061/PE3. Mammalian host cells can be
African green monkey derived COS1 or COS7 cells which
express the SV40 large T antigen. The mouse fibroblast |

10 cell line NIH3T3, which also expresses the SV40 large T
antigen, can also be used.

Example 9

Expression of Factor C ¢cDNA Constructs In Vitro
The CrFC cDNAs subcloned into pGEM11Zf(+),

15 PGEMEX-1, and pET 3b were subjected to in vitro
transcription and translation wusing the Promega
transcription and translation . system (TnT T, coupled
rabbit reticulocyte lysate). The expression of the cDNA
inserts was driven by T7 promoter in their respective

20 vectors. Using 2 ug each of the recombinant DNA
construct, variable <rates of <transcription and
translation were observed, giving the expected sizes of
either fusion or non-fusion Factor C gene products (Fig.
18) . These results therefore demonstrate that the CrFC

25 cDNAs were subcloned in frame with their T; promoters.
The pGEM11Zf(+)/CrFC 26 full-length c¢DNA was not
expressed, possibly due to its high number of false
start codons (see Fig. 6).

The deletion subclones of CrFC 26, viz.,

30 PGEM11Zf (+) /CXrFC 26-6a and -9a, which 1lack the 5’
untranslated region of CrFC 26, were better expressed,
yielding faint bands of Factor C proteins. Deletion
subclones 6a and 9a were created by carrying out 5‘-3'
Exo III nuclease mutagenesis on the Eco RI fragment of

- 35 CrFC 26 cDNA which had been cloned into the unique E;:o '
RI site of pGEM11Zf (+). In order to perform the



| obi lized onto the nylon nenbranes by W irradiation at 312 nmfor 2

mn., followed by baking at [err] for 1 25 h. 3. Screening by

Hybr| di zati on After baki ng, nenbranes were prewashed in a solution of 50 mV
Tris-HCO, pH 8.0, containing IMNaCl, 1 mM EDTA, and 0.1% SDS for 30 m n.

at roomterrperature 30 to renove any bacterial debris still adhering to
the filters. Filters were then prehybridizéﬂ and hybridized as follows:
Prehybri di zation, was carried out for 6 h at [err] in 50% formam de (v/v,
Merck), 5x SSC @eletdai@utagenegis, thgcrecombinpnt; SdangsH wWas figst ox

Denhardt's sol utdlcyaestedziu(dlvhmt IS ghdathe (AES23sdbleanis A1 eHcnifigledt
Laboratory I\/anua Col d abor at Oi[é/cbtfde?’Z?%o 50 M ghos%hat e

buffer, pH 6.5, “afd o. TWS@B%PH“BESP%& Cal f4C 8 crea

protected site resistant to Exo III nuclease digestion.

5 The clone was then subsequently digested with Xba I to

create a sensitive site from which Exo III nuclease

digestion could initiate. The deletion mutagenesis was

carried out at 30°C, and aliquots of the reaction

mixture were removed at 30-second intervals to produce

10 a series of deletion mutants. Subclones containing

deletions of appropriate sizes were sequenced using

Sanger’s dideoxy method. Deletion subclones 6éa and 9a

were selected for expression analyses because they

contain complete deletions of the 5’ untranslated DNA

15 sequence, and also partial deletions of the DNA sequence

encoding the putative leader peptide. Deletion subclone

9a starts at nucleotide position 721, while subclone 6a

starts at nucleotide position 762. Complete deletion of

the 5’ untranslated DNA sequence from both sublclones is

20 expected to release their expression from the control of

any translational signals which may be encoded in the 5’

untranslated sequence. Manipulation of the CrFC 26

sequence to eliminate some or all of the false start

codons is therefore expected to produce deletion

25 subclones which can be successfully expressed, producing
active Factor C. |

On the other hand, the pGEM11Zf(+)/CrFC 21

full-length cDNA construct is more efficiently expressed

than its CrFC 26 counterparts because CrFC 21 has the

30 true ATG and Kozak consensus sequence belonging to the

CxFC 21 cDNA insert itself, which makes it more complete

and translatable. The 6a and 9a constructs were not

driven by the CrFC 26’'s own true ATG. Rather, The ATG

in both cases was present in the multicloning site of

35 PGEM11Zf (+) . However, in pGEMEX-1 vector, CrFC 21

(PGEMEX-1/CxrFC 21 construct) yielded the highest level

of incorporation of ¥S-cys and a correspondingly more



thypus DNA (100 [err]g/ M, Sigma) was used as carrier DNA. 5 Hybridization
g  cagré ed out overnight at [err] in 25 m hybridization buffer (50%
formam de, 5x SSC, |x Denhardt's solution, 20 nM phosphate buffer, pH 6.5,
50 [err]g/m calf thynus DNA, 0.1% SDS) using [err] P-1abelled Factor C cDNA
of T. tridentatus (pFC53) as the probe. 10 Salt and tenperature
conditions equivalent to the hybridizaté&dn conditions enployed can be
calculated fromthe follow ng equation (Sanbrook et al. (1989) Ml ecul ar

Coning, A Laboritsnseband ofsdumnelatied dinctey £ gane@ueduss- LBt ory

gr gg?/&pp 9. 53 ?n Bl )be (J)c?lie to thé-nfac{:e{:hht thér EEhsioQ ék@g@hﬁhc acids
% or mam de ere = ri as
pairs. The menbrSaff V\g (%F%ﬁlq OW%?+$%E‘BE?1W il y%SS qﬁf DS

washi ng SOIutiCNtﬂﬁndeHbé&”WEm@éﬁrethO owholhgmeprbmoueshlmglag muﬁe
stringency th 0.1x % t
SSC/ 0. 1% SD forcof?%%ﬁoqee%éﬁg f}f‘]‘é]g hti h rEoélcci(lger ound® V{ﬂe 1on
radi oactivity ofaLrFGQt2hiwes. also obsezMsetbrmquT 3eresctor.

These results indicate that the present CrFC cDNA
recombinant clones can be expressed in heterologous
systems, depending on the manner of insertion of the

10 cDNAs into appropriate vectors.

Purification of Factor C Proenz
Attempts to purify Factor C proenzyme £from
amoebocyte lysates have often been hampered by the

ubiquitous endotoxin which activates the zymogen into an
15 active serine protease enzyme. This results in poor
vields as well as considerable 1loss of enzymatic
activity. In order to improve the purification
procedure, dimethylsulfoxide, Me,SO, and chelating
agents, such as EDTA, have been incorporated in the
20 buffer solution to prevent the premature activation of
the cascade reaction during purification. This has led
to a simple and unique procedure for concomitantly
purifying two isoforms of Factor C precursor enzymes,
with a corresponding amelioration of their total yields
25 and specific activities. The data presented infra show
that both the s:._ngle- and double-chain forms of the
enzyme have endotoxin receptors to which endotoxin binds

to activate their catalytic sites. Data presented infra
also show that these endotoxin-binding sites in Factor

30 C are competitively but reversibly occupied by Me,SO in
the range of from about 5% to about 30% when the latter
is added during purification.

Example 10
Preparation of Amoebocyte Lysate from C. rotundicauda

35 Horseshoe crabs were bled by cardiac puncture as



autoradi ographed for 5 days with a Hyperfilm MP at [err] 25 in the
pke send‘e of an intensifying screen (Kodak X- Omatic or Dupont Lightning
The film was devel oped using a Kodak X-Qmat MP4 devel oper.
Factor C cDNA probe equivalent to 200 ng was radi oactively | abelled using
the Multiprime Labelling 30 system B. Seéondary and Tertiary Screeni

Pl us)
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centrlfuged at 150 x g for 30 min at 2 . Amoebocytes
were washed with 3% NaCl and 1lysed overnlght with
pyrogen-free water at 4°C. The lysate was lyophilized
by freeze-drying.

Example 11
Purification of Single- and Double-Chain ¥Factor C

Proenzymes
The first step in the purification of Factor C is

as previously reported (Navas et al., 1990. Biochem.
Intl. 21, 805-813), except for the addition of Me,SO,
preferably in an amount of about 5%, v/v, and a
chelating agent, such as EDTA, preferably in an amount
of about 1 wM, in the gel filtration buffer. Freeze-
dried Carcinoscorpius amoebocyte lysate (CAL) containing
326 mg total protein was reconstituted in 4 ml
pyrogen-free water before fractionation on Sepharose
CL-6B (2.6x97cm) which was previously equilibrated with
0.05 M Tris-HCl, pH 8.0, containing 0.154 M NaCl, 5%
Me, SO (v/v), and 1 mM Na,EDTA. The flow rate was
maintained at 20 ml/h. The fractions for each peak were
pooled separately and lyophilized. The freeze-dried
fractions were reconstituted in pyrogen-free water and
desalted through  Sephadex G-25 (1x6 cm) packed in a
BioRad 10-DG column using pyrogen-free water as the
mobile phase. Desalting effected the removal of Me,SO
together with all the other salts from the enzyme
fractions. Me,SO apparently hinders the binding of
Factor C to the subsequent affinity column. The
desalted enzyme fractions were separately subjected to
affinity chromatography through a heparin-Sepharose
CL-6B column (1x11 cm) at 25°C using the Pharmacia FPLC
system. The mobile phase contained 0.02 M Tris-HCl, pH
8.0, with 1 mM Na;EDTA. Protein (A, was eluted with

-
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end of which was snipped off. Plugs were resuspended in 1 nm of suspension
ngdi uy (SM 50 MM Tris-HO, pH 7.5 containing 100 "M Nad, 8 mM MgSO4 and
0.01% gelatin, (wv)), containing a drop of chloroformfor at least 1 10
h at roomtenperature to enable the phages to elute into the buffer
solution. An aliquot of the SM buffer contajning eluted phages was then

m xed with 200 [err]I of plating bact eri a %hd pl ated a second tinme on LB

pl ates (90 nmdla as, descri ut hat I out
50 to 100 wi delf/1 a% %?%% {22t @ eéf(g?%e»g%a@es?% V\Bl‘%g%gll %a gr P% érzg
lifted onto nlylém1nneabdansmnedld@ﬂwur%¢br¢r§'bratdl 28¢ - wasﬁ‘éds astiep
exposed as descghbede 242y phiFaEN %&r RiRhain PN ¢seé>aa§ga9e§9ue in

t he 20 secondary screening was_simlar]ly resuspended in
tertiary screenhfgodaBeptEys or%ﬁleTéﬁW%’%‘%ﬁ%‘%mW%f G maehespilit y of

Gave LTy | oot o b s ngl ¢
gl aque from ?hecgﬁﬁ??'3¥9g t'il o&ble c‘rtxa:E.n l‘:i:‘act é wer% ;Poa/led é 9
concentrated to a volume of 0.2 ml, and further purified
by gel filtration in a Pharmacia FPLC Superose 12 column
(HR 10/16) using 0.02 M Tris-HCl, pH 8.0, containing 1
10 mM Na,EDTA as the mobile phase.
The chromatograms from gel filtration (Sepharose
CL-6B) of Factor C in the absence and presence of 5%
Me,SO and EDTA are compared in Figs. 19a and 19b. In
the absence of Me,SO and EDTA, both Factor C and
15 proclotting enzyme co-eluted in the first peak with an
apparent native molecular mass of 495 kDa (Fig. 19a).
This confirmed earlier observations (Wright and Jong,
1986. J. Exp. Med. 164, 1876-1888) that the coagulation
enzymes, being glycoprotein in nature, tend to aggregate
20 in the absen;:e of a denaturing agent. The suspected
single-chain Factor C (band A, Fig. 20a) was seen to be
coincident with the Ay, elution profile of the first
peak in Fig. 19a. However, the appearance of a band
which corresponds to the heavy chain of the clotting
25 enzyme (band B in Fig. 20a and band A in Fig. 21)
implied that autoactivation (Nakamura et al., 1985. J.
Biochem. 97, 1561-1574) occurred during the
chromatography, thus suggesting that Factor C could have
been transformed to its active form. Morever, it was
30 also found that during some routine preparations of
Factor C, coagulogen (band B, Fig 21) was prematurely
transformed to coagulin (band C, Fig. 21).
To circumvent this problem, the same chromato-
graphic run was performed in the presence of Me,SO and
35 EDTA as shown in Fig. 19b. Under this congition,
autoactivation was precluded and there was a substantial
difference in the elution profile. A small protein



screening was then used to propagate and purify the presunptive clones for
sUbsegyent characterization. As a rare copy gene, C rotundi cauda Factor C
CDNA represented only 0.03% of the anpebocyte cDNA |library. 30 A total of
40 presunptive clones were isolated, of which 16 were further studied. The
C. rotundi cauda Factor C reconbinants ([err]CFC) were purified, and the
sizes of their inserts were determned afté&f digestion with Eco RI and Not

|. There i ' it hi 3 ' . Th
par 10 11 agrent2e oy gt Bt ghJEdE S ing pROELEE indperdves ML
were further subfrwrdda ke cpoerntraredy) appgarednbebyvaes theofrst twey
coli JM 109 angdyled eldfl - théhegLe$ibes ONGEn . I ef BYT eSbd OpAGE PEmaAREL REN,

respectively, werg characterized by restrictli on mappi and DI\{A sequenci ng.
ExaPrpI e 2 y single-c afn Factox¥ C (gbancf A, Flg.ppé(ﬂ% was also sqnown g

5 to be more well-separated from other contaminating
proteins. However, in the presence of Me,SO and EDTA,
this band of single-éhain Factor C did not seem to
exhibit any activity. Instead, another form of Factor
C was suspected to be responsible for such activity

10 coincident with fractions 30-38 (bands C and D, Fig.

20b) . This was attributable to the heavy- and
light-chain, respectively, of the double-chain form of
Factor C. Both peaks 2 and 3 in Fig. 19b were

separately pooled, concentrated, and subjected to
15 desalting through Sephadex G-25 using pyrogen-free water
as eluent. With the removal of Me,SO, the pooled first
peak fractions regained a considerable amount of Factor
C activity, contributing 30% of the total. This can be
explained by earlier kinetic studies (Navas et al.,
20 1990. Biochem. Intl. 21, 805-813) which showed that Me,SO
reversibly inactivates single-chain Factor C by binding
to its endotoxin receptor site. Furthermore,
single-chain Factor C was found to be more enriched at
this stage, as compared to that in the previous
25 purification. Figure 22 shows the elution profile of
single-chain Factor C. By this method, single-chain
Factor C was purified 563-fold, to apparent homogeneity,
giving a yield of 41% (Table II). By the same method,
however, the double-chain Factor C still co-eluted with
30 proclotting enzyme. Thus, further purification
performed by gel filtration on Superose 12 using FPLC
(Fig. 23) finally isolated the double-chain Factor C,
giving 1520-fold purification (Table III).



5 Conparison of the Restriction Maps of CrFC and Tt FC cDNAs The
orientations of the 16 [err]CrFC clones were determ ned, and subsequently,
their initial restriction maps were analyzed for Eco Rl and Not | sites
(Fig. 3). 10 The conplete restriction maps of the two | ongest clones of
C. rotundi cauda Factor C cDNAs, X CrFC 214and X CrFC 26, are shown in Fig.
4, in conparison with the nmaps of the two overl appi ng clones of T.
tridentatus Factor C, TtFC ([err]FC 53 and [err] FC 41) (Muta et al., 1991.

J. Biol. 15 Chem 266, 6554-6561). [err]CrFC 26 and [err] CrFC 21 wil |
henceforth be referred o a§ CrFC.p6 and CrFC 21, respectifely. Cr FC 26
has a |onger 5 termnalg end conpafed to the T. tridentatug FC 53. Based
on the restriction site$ of {the XFC 53 and XFC 41 cl{des, fhe 20 | cDNAs
from both speci es have £he qame lopations for restrijggion gites sych as Sty
|, Sal I, Sac I, Hnd IR an £ Bam il . jHowever, notf %e dl +fegendes were
al so observed bet ween t@e cl X C’F&§ has two Banpdi: si}{es Tdfigared to
only one in [err] FC 53. 30On tlhe ot hpr hand, the
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25 former has only two Hind Il sites conpared to three in the |atter.
The loss-of one Hnd Il site in OGFC 21 and 26 was due to a base
substitution (Cto T) at the 1700 and 2443 bp positions, respectively. XFC
41, on the other hand, enconpasses the 3 30 region of the TtFC. It
begins fromthe Sac 1/Sst | site up to the 3" end, and was found to contain
the internal Eco Rl site relative to that 3 < FC 26. The ot her conmon

site between XFC 41 and _CrFC 21 and 26.is the. Pst | roximal  to,the 3

end, but the second g?t nPn§F?§u§%ng %%grr?c% cﬁggesr#dg_o%fﬁ%e%ﬁg%f'mg?e

absent in O FC 2ingie-cheEn2Factthe Garendineddasi adsinglei pedypepkdde] Tt FC

41 vere 24 a%%gt.an E&l&&eangpgixgg%ﬁ-mérée@isﬁm&% QYA Spsiugpges
cid ge FC 26 and

and Derived Am no uences o CFC 21 .
(Fig. 24, lanes 2 and 4), while its double-chain form

5 was found to be composed of a heavy (80 kDa) and a light
chain (52 kDa) when resolved under reducing SDS-PAGE
(Fig. 24, 1lane 5) . The molecular masses reported here
are slightly heavier than those reported for T.
tridentatus (Nakamura et al., 1986. Eur. J. Biochem.

10 154, 511-521). Comparing the effective sizes of their
component chains, it is apparent that the light chain of
the enzyme from C. rotundicauda was heavier than that
from T. tridentatus. Both forms of Factor C from C.
rotundicauda were found to pbssess properties typical of

15 serine proteases. In particular, both were irreversibly
inhibited by small amounts of DFP and PMSF. However,
both forms of Factor C reacted differently in the
presence of Me,SO. Single-chain Factor C was highly
susceptible to Me,SO, being almost completely inhibited

20 by 5% Me,SO, whereas double-chain Factor C activity was
completely inhibited only at 30% Me,SO (Fig. 25). Being
more susceptible to Me,SO, single-chain Factor C did not
exhibit any apparent activity during the initial gel
filtration step, where the Factor C assay was performed

25 in the presence of 5% Me,SO. This differential
sensitivity of the two forms of Factor C to Me,SO was
instrumental in distinguishing the assay of one form
from the other, and in the final purification
simultaneously, of the two forms of Factor C.

30 Thus, Me,SO, in the range of from about 5% to about 30%,

- v/v, can be used to inhibit Factor C.

Example 12

Endotoxin Binding Assay
35 To test the presence of endotoxin (LPS) binding

sites on Factor C, 10 ug aliquots of endotoxin were
electrophoresed in duplicate in 15% polyacrylamide gels



The DNA sequences of CrFC 26 and CrFC 21 were determined on both strands by
the Sapger di deoxy sequencing nethod. Figures 5a and 5b show the
sequenci ng strategies for O FC 26 and 21, respectively. 10 To counter
check the sequences obtained, the 5 ends of other CFC subclones (pCrFC
69, 1, 16 and 35) were al so sequenced u5|n9 the T7 pronoter as priner

bi ndi ng site. The conplete cDNA of CrFC 2 s found to be 4182 bp (Fig.

6). This is consistent ,wt rthern analysis 15 . ed and.Man
s, Nucl - aci GORLE LY G587 D59)5%k A S S e, SCCARAING: Ro
honol ogous EE i eher tiethbichf sheak card | Braseh hyloadi M_Qghg_ 119,

appr oxi mately 434N 1451 0-fA)e CHEC 3ngPNAdIcLYdes SBBopUEheaitiss gl S

untransl at ed sequénce Contarnt ng Seven ini fiation
site, an ORF of Izmobidon) eBYDEesm%!Bbr%@ef ofMilbippre)h ofsireB3the neamei ds,

a stop codos, apgodeaudcl ag! i desceinda U356%€5|ate@héEQH28€€§obﬁthE€ 3

end of the cDNA, the canonical, hexanucgl eoti,de seq AS | S present
19 nucl eot i des Hﬁ??Fé&ﬁl?QntaFPéﬁgtﬁé sspvaaew?ﬁa gFked: Y( ARCRRRELBE de
posi tion in 50 mM Tris-HCl, pH 8.0, conta:LnJ.ng 0.2 M NaCl (TBS)

with 30 mg/ml BSA for 30 min at 37°C. The membrane was
cut into strips (LPS strips), and each strip was
10 separately incubated with slight agitation at 37°C with
5 pug each of purified single-chain and double-chain
Factor C fractions. The 'strips were then washed three
times for 5 min each with TBS before incubation for 3 h
at 37°C with rabbit anti-CAL antiserum diluted 500-times
15 in TBS containing 1 mg/ml BSA. A control experiment was
carried out by incubating replicate LPS strips earlier
treated with single- or double-chain Factor C with pre-
immune rabbit serum instead of rabbit anti-CAL
antiserum. Subsequently, the strips were washed with
20 TBS, followed by incubation for 1 h at 37°C with
peroxidase-conjugated goat anti-rabbit IgG (Zymed) in
TBS with 1 mg/ml BSA. After rinsing extensively, the
strips were stained with 60 ul H,0, and 60 wg
chloro-l-napthol (Sigma) in 20% methanol (v/v).
25 Figure 26 shows that LPS electroblotted to an
Immobilon membrane was recognized by both the single-
and double-chain Factor C. The single-chain Factor C
showed higher capacity for binding to LPS as indicated
by the stronger hybr:.dlzatlon signal (Fig 26B, lane 1)
30 compared to its double- chaJ.n counterpart. Since LPS and
Me,SO bind to the same receptor on Factor C, this
observation is supported by the earlier finding of the
higher susceptibility of single-chain Factor C to Me,SO
(Fig. 25), which completely but reversibly inhibited the
35 activation of Factor C, causing steric hindrance which
renders it non-functional (Navas et al., 1990. Biochem.
Intl. 21, 805-813). Similarly, EDTA chelates Ca?*, which



4142). There are three other AATAAA sequences, found at nucl eotide
ppsitipons 183, 239 and 2474, respectively. The ORF codes for a signal
pepti de of 24 ami no acids and a Factor C zynogen of 1059 residues, which,
prior to N 30 gl ycosyl ation, has a cal cul ated nol ecul ar wei ght of
120, 244 dal t ons. This is close to the estimated nol ecul ar wei ght of
singl e- and doubl e-chain Factor C enzynes 4[§Uri fied from anoebocytes (Ding

et al., 1993. Biochim et Biophys ta. 1202, 149-156)._ The uni gue 35
proteol ytic sitE*H0E %o Je%d&f‘%ﬁﬂ&&?ﬁf‘va’f?oﬁd& fRe SO EACHOR P%C ‘éﬁ?yma

is found bet weeachpireatien,of Hectondi€ alewantiess ettegdi-t, y18P0t hd. dankd
Factor C cDNA @od 155 Pojenlial) appl 4fat lQRded.aR00L Q20 48L Gl OBotine
Cr FC 21 cDNA sequénce én?lfts detf ved ani r?g{% .aégﬁgldse ueﬁ%e are. shown_in

Fig. 8. Exanpl ezymogen forms are probably similar to those typical of

5 other LPS-binding proteins (Wright et al., 1986. J. Exp.

Med. 164, 1876-188; lLei et al., 1988. J. Immunol. 141,

996-1011; Tobias et al., 1989. J. Biol. Chem. 264,

10867-10871) . When either form of Factor C was

complexed to LPS strips and incubated with its

10 fluorometric substrate, the Factor C activity remained
detectable. This shows that Factor C has an endotoxin-
binding site which is unique from its serine protease
catalytic site. This endotoxin receptor site is also
capable of binding Me,SO, which concomitantly results in

15 its apparent inactivation.

Therefore, using a simple and unique protocol, two
forms of Factor C were simultaneously isolated from the
Carcinoscorpius amoebocyte lysate. This represents a
considerable advancement over earlier methods (Nakamura

20 et al., 1986. Eur. J. Biochem. 154, 511-521; Tokunaga
et al., 1987. Eur. J. Biochem. 167, 405-416) used to
isolate the two forms of Factor C from T. tridentatus.
Furthermore, incorporation of 5% Me,SO and 1 mM Na,EDTA
not only averted the endotoxin-induced activation of the

25 enzymes, but was instrumental in the isolation,
detection, and differentiation of one form of Factor C
from the other.

Thus, during the initial stages of amoebocyte
lysate preparation, Me,SO can be used as a reversible

30 inhibitor of endotoxin-induced Factor C activation. For
this purpose, Me,SO can be employed at a concentration of
from about 5% to about 30%, v/v. At the final step of
lysate preparation, this transient inactivation of
Factor C can be reversed by removal of Me,SO. This

35 method will help to overcome the deleterious effects of
the ubiquity of endotoxin, and ensures higher quality
lysate preparations. Of course, Factor C preparations



Variant Fornms of the CrFC Gene The Factor C cDNA sequence indicates the

exi stepce of at least two types of Factor CnRNA in C 10 r ot undi cauda.
The N-term nal sequences of CrFC 26 and CrFC 21 differed significantly.
Conmpari son of the sequences between C. rotundi cauda Factor C clones O FC 21
and CFC 26 with that of T. trldentat us FC 53) shows that CrFC 21 and
Tt FC 53 share precisely simlar hom)l% at the 5" end. Yet ,

the nobst not agg_,e S% tu g‘t?%c%ft het h%&\@nce o ggsbgt ngg%grteg fl;no éee t wo

speci es of horsesShoe cr Y an ex nucleotides at
the 5° end of tmen@elrca%‘ﬂ(emlg 9). Thus, CFC 21 was not nerely a

truncated species of COlse amAl, ﬁ’é‘é&@:@dc chnase dediNedihe@mia Lijlal Iy
di stinct species of mRNA that may be exactly identical to the one that gave

rise to the T. FW&%FG@F&&%’WGW“— FreRRE@hiATva ARF 1ACHsies CF308 t he

authenticityg of ambebzcytencagsageseyi 68 oEyOEG‘sﬁﬁg anogbdweytdgr tirer g bl ot
25 anal ysi s

unt ransl at ed re&P&ﬂ‘%%%E}%pjﬁg{%*rijng Y &ﬁ‘isf |Sro utal%% bgaof ftur% hSelr

contain a chelating agent such as EDTA, where the lysing

solution is pyrogen-free water, or any other solution

suitable for lysis, suspension, or storage. Me,SO can be

10 employed in a concentration of from about 5% to about

30%, v/v, preferably about 5%, v/v, and when present,

the chelating agent such as EDTA, Na,EDTA, EGTA, or any

other similarly acting chelating agent, can be employed

at a concentration of about imM. For long-term storage

15 of such protected lysates before use, the lysates thus

prepared can be lyophilized. These steps are useful for

long-term storage and maintenance of "~ industrial

quantities of amoebocyte lysates prior to and during

further treatment of the lysates, or during handling or

20 storage of any Factor C-containing solutions or

preparations prior to use to protect Factor C from

autoactivation and to maintain it in its zymogen form.

Me,SO and EDTA can subsequently be removed by desalting

through Sephadex G-25 or by any other chemical methods

25 of mneutralizing Me,SO and EDTA when the enriched lysate
is required, e.g., for LAL assay.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from

30 the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the
art are intended to be included within the scope of the
following claims. '



fl anked by Eco Rl and Nde |) as probe. The result in Fig. 7b clearly
denonskrates that the entire 5 end of CrFC 26 truly belongs to this
particul ar species of 30 Factor C nRNA. Thus, the existence of the two
types of C. rotundi cauda Factor C cDNA could be attributable to
differential splicing of the initial prinary transcript around its 5'
termnal. Exanple 5 - 35 Cbnﬁétational Anal ysis of the 5
Noncodi ng Regi on of,_ ungisual éo FC
untransl at ed sequeftes T R R RS P P Tt e e S
epi dermal growth factor, EGF (Scott et al., 1983. Science 221, 236-240), 5
oncogenes (Watt qet al 1933. e BR3, Lo _1?§ﬁ; shisdt ei ns
(Ingolia et al. ,1 198 .O'Nu%ﬁ A??g_gsRes?§9,l@%5%‘?€%4 ri.qn 'S invi teoglryqEte
specul ation thatl¥s@f¢ assay". Microbios Letts. 25:81-84.

vant Pub RACI1ONE

2. Ho, B. & Ding, J.L. (1985) "Comparison of

5 sensitivity of Tachypleus and Limulus amoebocyte lysate
in rapid detection of Gram negativé bacteria". Intl.
Congr. on Microbiol. in the 80’s, eds. G. Lim & B.H.
Nga, pp. 664-669.

3. Kim, J.C., Ding, J.L. & Ho, B. (1987) "Preparation
10 of active amoebocyte lysate from Tachypleus gigas and
Carcinoscorpius rotundicauda." BAbstract in Proc. Ann.

Sci. Meeting of the Singapore Soc. Microbiol. 10-11 Jan
1987, ed. Y.C. Chan, p. 21.

4. Ding, J.L., Kim, J.C. & Ho, B. (1988) "pPokeweed
is mitogen stimulates DNA synthesis in cultured amoebocytes
of Carcinoscorpius rotundicauda." Cytobios 55:147-154.

5. Kim, J.C., Ding, J.L. & Ho, B. (1988) "Endotoxin
activation of clotting proteins from Carcinoscorpius
rotundicauda amoebocyte lysate."” In: Advances _in

i 20 Biochem. & Biotechnol. in Asia and Oceania, eds. A.
Sipat, K. Ampon, R. Perumal, S. Aziz, and V.
Thambyrajah, Malaysia,'p. F1.

6. Navas III, M.A.A., Ding, J.L. & Ho, B. (1989)
"purification and characterisation of Factor C and
25 proclotting enzyme from amoebocyte lysate of
Carcinoscorpius rotundicauda". Abstract in Proc. 5Sth
FAOB Congr., 13—18.Aug. 1989, Seoul, S. Korea. p. 199.

7. Yeo, S.A., Ho, B. & Ding, J.L. {1989)
"Preservation of Factor C activity and removal of its
30 inhibitory factor from Carcinoscorpius_rotundicauda."



structures of the 5 noncoding region participate in the regul ated
expressi on of “t hese genes, including that of 10 Factor C. However, |ong
5' noncodi ng sequences in some MRNAs may have a del eterious effect (Kozak,
1983. Mcrobiol. Rev. 47, 1-45), especially if they contain secondary
structures which may deflect ribosonmes fromthe authentic initiation site
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noncodi ng sequence as in CrFC 21, where it may be translated nore
ekficiently. 30 Fi gures 10a and 10b show the secondary structure
predicted for the 5 ends of the nRNA of CrFC 21 and CrFC 26, respectively.
CrFC 21 exhibits a well-exposed AUG codon in a loop. In contrast, CFC 26,

with its 7 false start codons, shows nunmerous hairpin stens and 35 | oops,
and its real start codon appears |ess ggcessible to ribosone binding. From
conput ati onal anal ysis of the secondary 27 structures of CrFC 21 and 26,

it is clear that both clones cSHQWENCH wIdTINGaNni pul ated at their 5 ends
to give appropriate Factor C cDNAs for subcloning into Pichia pastoris
vector for overexpression of the 5 reconbi nant Factor C enzyne. The

r econbi n@nt GENBRAL CNEORMRTIONssed in a colorimetric assay for endot oxi n.

(i) APPLICANT: Ding, Jeak Ling
_ Ho, Bow
(i1) TITLE OF INVENTION: The Cloned Factor C cDNA of the
Singapore Horseshoe Crab, Carcinoscorpius
rotundicauda and Purification of Factor C Proenzyme

(iii) NUMBER OF SEQUENCES: 4

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Birch, Stewart, Kolasch & Birch
(B) STREET: 8110 Gatehouse Road, Suite 500 East
(C) CITY: Falls Church
(D) STATE: Virginia
(E) COUNTRY: USA
(F) ZIP: 22042

(v) COMPUTER READABLE FORM:
(A) MEDIUM 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/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 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: both
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO.



Exanpl e 6 Honol ogy Between the DNA Sequences of CrFC and Tt FC I n conpari ng
tphe cONAs of GrFC 26 and 21 with that 10 of TtFC (Fig. 11), the C

rot undi cauda gene was found to be |l onger by 716 nucl eotides at the 5 end,
and al so has an extra 64 amno acids upstreamfromthe starting net. The
start of honol ogy of both the DNA and am no acid sequences between the two
speci es was found at 15 nucl eotide pss8itions 785 for CrFC 26 and 42 for
CrFC 21, as conpared to position 69 for TtFC The honol ogous regi on

ext ends t hroligh tANTIheSENSE: ANQai |l of both genes, giving 97. 7% honol ogy
between CrFC 26 and TtFC. Most of the dissimlarities, however, were found
in the 3 20(Vi)uRBEHNAL SPURGE on, where a | ower percentage honol ogy of
86% was observed. PRIMGRGANISNF GarRciRPTEPERtes FREWREHC %%aCrFC and Tt FC
sequence fou d mnthln the ORF were due to base substitutions. In fact,

t hese subst it percei ved differences in the
restriction S|tes ri %ﬂréé%by {;strlctlon mapping (see Fig. 4),
for 9. 38

T

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GTATTTAATG TCTCAACGGT AAAGGTTTCA TTGTAGCTAA TATTTAACTT CCTCCCTGTG
60

CCCCARATCG CGAGTATGAC GTCAGTTAAG ACTTCGTATT TTAAGAGTTA AACACGAGCC
120

TTAAAGAGCG ATATTTTTTT TGTTAAACAC TTCCAACTTA ATACAATTGG CAAACTTTCA
180

AAAATAAAGT GGAAAAGGAG GTAAAAAAGA TGAAAAARAT 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 GTCTTAAGTT TAGTTGACAT AAAAACAAAA TTTGTAACAA CACACGGTAT
480

AAACTAAATA GCTTCAGATG 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

TIT CTT TIT GTIT TGT GAA AGT TCA GTIT 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 Cys Arg Trp Arg Val Phe Tyr Ser Phe Pro Phe Val

-~



I nstance, the absence of the BamH (GGATCC) site in TtFC, which in CFC 21
and 26 i$ |located 807 and 1550 bp, respectively, fromtheir 5 ends. This
was due to 30 the substitution of the first Gby T in TtFC The
converse is shown with the BamH site at bp 2431 of TtFC, in which the
second Cis substituted by a Tin the CGFC cDNAs. Simlarly, the Pst |I site
(CTGCAG of TtFC (at 1688 bp fromits ® end) was not found in CFC 35
because the first C was substituted by a T. Again, base substitution of C
by T was responsible for the | oss of 28 the third Hnd Ill site (AAGCTT)
in CrFC, 28hich in TtFC was | 8€ated 1725 bp from 8fe 5 end. Base 40
substltutlon al so occurred at 2361 and 3104 bp -of CrFC 21 and 26,

ubst | 1 4G ggg' " e Bl et G CRB Rl Tl PRRS raCC e G g Ak
N—glycoiyla ﬁT%!t%glm%galﬂehhieu Gln Cys Tyr His Tyr Ser Leu His Asn

45 50 ' 55

ACC TCA AAG TTC TAC TCT GTG AAT CCT GAC AAG CCA GAG TAC ATT CIT
784
Thr Ser Lys Phe Tyr Ser Val Asn Pro Asp Lys Pro Glu Tyr Ile Leu

60 65 70

TCA GGT TTA GTT CTA GGG CTA CTA GCC CAA AAA ATG CGC CCA GIT CAG
832 ' .
Ser Gly Leu Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln

75 80 85

TCC AAA.GGA GTA GAT CTA GGC TTG TGT GAT GAA ACG AGG TTC GAG TGT
880
Ser Lys Gly Val Asp Leu Gly Leu Cys Asp Glu Thr Arg Phe Glu Cys

90 95 100

AAG TGT GGC GAT CCA GGC TAT GTG TTC AAC ATT CCA GTG AAA CAA TGT
928

Lys Cys Gly Asp Pro Gly Tyr Val Phe Asn Ile Pro Val Lys Gln Cys

105 110 . 115 120

ACA TAC TTT TAT CGA TGG AGG CCG TAT TGT AAA CCA TGT GAT GAC CTG
976
Thr Tyr Phe Tyr Arg Trp Arg Pro Tyr Cys Lys Pro Cys Asp Asp Leu

125 130 135

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

140 145 150
GCT GGT CTT GAT AGT TGT GTT ACT TGT CCA CCT AAC AAA TAT GGT ACT

1072
Ala Gly Leu Asp Sexr Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr



CrFC'sequence Asn- Xaa- Ser/ Thr. Exanple 7 Structural Domai ns and Honol ogy

Caonpar igson of «CrFC Wth 10

structures of several

O her

Serine Proteases The secondary fol ding

bl ood clotting factors in the human coagul ati on

systemare usually identified by comobn domai ns derived from honol ogous
regions in the DNA sequence (Furie,

53: 505-518).
N-term nal,
prot eases |i

Typi cal |y,
and a catalytic domain at the C-termnal,
r ot undi cauda Fact or

ke C.

al |

His[err]-Asp[err}2®Ber[err] for 20
A hydropathy profile based on the formul a of

i s of M RO AR ot Ak Tof o s, A e am Qe gt ot e K™ "

for

pepti de 4J
shor t céﬁ?gn

AGG

185

Glu

GAA

Glu

TCA

Ser

Asn

ATG

¢ Ser

170

ACA GGA
1168
Thr Gly

ATT CTC
1216
Ile Leu

GTC AGA
1264

Val Arg

CCA GGG
1312
Pro Gly
235
GGA CAG
1360
Gly Gln

250

GTT TCA

- 1408

Met

265

ATG

Met

Val Ser

ATA GAA
1456
Ile Glu

S Tepe

CrFC 26 (see Fig. 11).

TGT

Cys

GCT

Ala

Lys Gly

205

AAT CCA

Asn Pro

220

TTC

Phe Lys

Trp

TCT

Ser

Gly

AGT

Serxr

CCA

Pro

GCT
Ala

GCA
Ala

190

TGT

Cys

CCA

Pro

CIT

Leu

AAC

Asn

Glu

270

ACT

Thr

TGT

CCT

Pro

GAT

Asp

AAG

Lys

B. and 15

C,
efRC

CGT GAC AGA TAT
Arg Asp Arg Tyr
195

CTT CTT CCA TCG
L.eu Leu Pro Ser

210

AAT CCC CAA ACT
Asn Pro Gln Thr

225

GGT ATG GCA

Gly Met Ala Arg

240

Furie,
t hese fa&bors have a signal

B. C. 1988. Cel
peptide at their
whi ch for serine

al so contain the catalytic triad,
21 and'His[err]JﬁEb

[err]-Ser[err]

G R SR e 33 gt ey Sy 1R Gyetadputi e
175 1

80

GAA GGG GTG CAC TGT

Glu Gly Val His Cys

200

TCT CAG GTT CAG
Agp Ser Gln Val Gln

215

GAC TAC AGC TGT

Asp Tyr Ser Cys
230

ATT

Ile

ATT AGC TGT CTC CCA

Ile Ser Cys Leu Pro

245

TTT CCA CCC
Phe Pro Pro

255

CAT GGG AAA

His Gly Lys

TTA CGG TTC

Leu Arg Phe

AAA TGT

Lys Cys

GTG AAT

Val Asn

275

TCA TGT

Cys

Ser

ATT CGA GAA TGT

Ile Arg Glu Cys

260

GCT CTT AGT GGT

Ala Leu Ser Gly

GAT AGT CCC TAC

Asp Ser Pro Tyx~

GCC
Ala

GAT
Asp
280

TAC



324- 385, 640-698 and 758-812), one |lectin-type domain (500-632), one

EGF- | i ke «domai-n (167-200), a cys-rich region (90-165), and one pro-rich
region (732-754). The 30 serine protease donain is found at positions
827-1083. No propeptide sequence, kringle domains (Park, C H and Tulinsky,
A. 1986. Biochem stry 25, 3977-3982), amno acid stacks, or finger domains
were found. By scanning the EMBL gene ®@ta bank, a honol ogy 35 search for
the serine protease catalytic donmain of GFC revealed that it is
structurally closest to I, 29 tridentatus ctor C, with 97.7% honvol ogy
in 777 overl appi ng nucl 013 des (Table I). TaBbP® | Percent age hom%9 gy
conpari son of the catalytic domain of C rotundi cauda Factor C with ot her

S Tone) A% SR TAATHA Qe Yol A Raci Bt OO Bo 100 aar
; _

% honol ogy overla
Leu Ile Gly Gln Glu Thr Leu Thr Cys Gln Gly Asn Gly Gln Trp Asn

300 305 310

GGA CAG ATA CCA CAA TGT AAG AAC TTA GTC TTC TGT CCT GAC CTG GAT

1552
Gly Gln Ile Pro Gln Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp

315 320 325

CCT GTA AAC CAT GCT GAA CAC AAG GTT AAA ATT GGT GTG GAA CAA AAA
1600
Pro Val Asn His Ala Glu His Lys Val Lys Ile Gly Val Glu Gln Lys

330 335 340

TAT GGT CAG TTT CCT CAA GGC ACT GAA GTG ACC TAT ACG TGT TCG GGT
1648
Tyr Gly Gln Phe Pro Gln Gly Thr Glu Val Thr Tyr Thr Cys Ser Gly

345 350 355 360

AARC TAC TTC TTG ATG GGT TTT GAC ACC TTA ARA TGT AAC CCT GAT GGG
1696
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 GTIT 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



Tachypl eus tridentatus Factor C 97.7 777 Onchor hynchus nyki ss

thronbin< 54.4 709 Ral tus norvegi cus thronbin 522 624 Rat
pr ot hr onbi n 52.2 624 Aci penser transnontanus thronbin
52. 8 623 Oryctolagus cumiculuis thronmbin 57.3 595 Mouse

pr ot hr onbi n 52.7
55.7 420 Quinea pig Factor IX
59.0 278 Fromthe overal
species, the O FCis structural

509 Human bl ood coagul ati on Factor VI
57 57.4 296 Human |iver hepsin
conparison with serine proteases from ot her
ly closest to 5 prot hronbi n and t hr onbi n.
Thi s findi ndr ees meII\Mtr1tr%i%reference of Fact8ROC for hydrolysis of
synthetic substrates of thronbin. Surprisingly, a human |iver hepsin

L g e I B i e

slightl
LR AL S s e
440

this seth
425

ATC CAT GGC AAG CTT CCA AAC TCT GGA GGA GCG GTG CAT GTT

1936
Ile His

GCC GCT

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

445 450 455

GGC CCC TAC AGT GAC CTG AAT GGG

Tyr

GTG AAC AAT TCG GAC TTT CTG GGT

1984

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

460 465 470

ATA AAA TCC TTG TCT CTIT GCC CGG AGT TTC CGA TTC GAT

2032
Lys Ser

ARG

Ile Glu Glu Leu Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp

475 480 485

TGT GGA TGG

Cys
500

GCA GGT AAA TCA CCT GAT

GTC AGT
2080

Val Ser

TAT TCC TCC ACA

Ser Ser Thr Ala Gly Lys Ser Gly .Pro Asp Gly Trp

490 495

AGA GCC

Arg Ala
520

GTG TAC TCA AAA CAG

Val Tyr

TTT GAG GTA GAG GTT ACA

2128
Glu Vval

GAC TGT

Phe Asp Glu Cys Val Thr Ser Lys Gin

505 515

GAA AGA GTG TGT ACC AAT ATG GCT GCT CGT CIT GCT

2176

GCT

Trp

GTG

Val

Glu Arg

CTG GAC
2224
Leu Asp

Ala Gln

525

AAA GAT

Lys Asp

GTA

Val

Val

ATT

Ile

Cys Thr

CCA AAT

Pro Asn

Asn Met

530

TCA TTG

Ser Leu

Ala

ACT
Thr

Ala Arg

GAG ACT

Glu Thr

Leu Ala

535

CTA CGA

Leu Arg



but instead has a transnenbrane domain, was neverthel ess shown to have
characieristies typical of trypsin. Based 15 on the primary structure of
CrFC, it was also found to be catalytically simlar to trypsin-type serine
30 protease, although structurally closer to thronbin. This nay be
expl ai ned by the Asp[err] (as opposed to .Ser) in CFC 26, anal ogous to
Asp[err] in trypsin (Hartley, B.S. 19788 Phil. Trans. R Soc. London, 257,
77-87), which 5 strongly suggests that CFC possesses a substrate
specificity simlar to that of trypsin. Exanple 8 Subcl oning of CrFC cDNAs
in Expression VectoP40The [err] Cr FC cDNA84%were further mani pgP8ted and 10
subcl oned into various plasmd vectors. Firstly, for easier manipulations

o 1 S 5o G SEHPAThCnEE" s S, LA 4 ol LT PR |

[err] gt
Gly Lys Gly Leu Thr Thr Thr Trp Ile Gly Leu His Arg Leu Asp Ala

555 560 565

GAG AAG CCC TTT ATT TGG GAG TTA ATG GAT CGT AGT AAT GTG GTIT CTG

2320

Lys Pro Val Leu

Glu Phe Ile Trp Glu Leu Met Asp Arg Ser Asn Val

570 575 580

GAT AAC CTA ACA TGG GCC TCT GGC GAA CCT GGA AAT GAA ACT

2368

Asn

585

Asn

Asp Asn

TGT GTA
2416
Cys Val

Leu

TAT

Thr

ATG
Met

605

Phe Trp

590

GAC ATC

Asp Ile

Ala Ser

CAA GAT

Gln Asp

Gly Glu

595

CAG TTG
Gln Leu

610

Pro Gly

TCT

Gln Ser

Asn

GTG

Val

Glu Thr
600

TGG AAA

Trp Lys
615

ACC AAG TCA TCA AGT TTT GCT ATG ATG GAT CTG

2464
Lys Ser

TGT TTT CAG CCC

Thr Phe Gln Pro Ser Ser Phe Ala Met Met Asp Leu

620 625 630

TCA GAC AGA AAT GCC AAA TGC GAT GAT CCT TCA CTG GAA AAT

2512

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

640 645

635

CAC GCC GAT GGG TTC TAT GCT GGT

2560
His aAla

ACA CAT GGA CAA AGT ATT

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

650 655 660

TCT ATA CAC TAC CTC AGT GGA ACT
2608

Ser Ile Arg

TCT AGG TAC

Tyr

AGC TGT

Cys

GAG GTT CTC

Ser Sexr Glu Val Leu His Tyr Leu Ser Gly Thr



(3448 bp) and 26 (4182 bp), each being flanked by nmulticloning sites: Eco
Rl and Not 1|)s were recloned into 15 pl asm d, pGEML1Zf(+) to give
pGEML1Zf (+)/ CrFC 21 and pGEML1Zf (+)/ CrFC 26, respectively. The
recloning strategy is outlined in ‘Figure 13. Secondl vy,
restriction digestions of the Factor Cinsert in reconbinant clone XCrFC 21
with Sal | and Not | yielded 20 a 5% kb fragnment which was then
subcloned into expression vector PpGEMEX-1 (Fig. 14). Thirdly,

di gestion of XCrFC 21 with Bgl Il and Eco RV resulted in a 3388 bp Factor C
insert @®Pch was subcl oned $7®0 pET 3b expressi®hf5vector pAR 3039 tH&®? was
previously 25 | ineari zed using BamH and Eco RV (Fig. 15). Fourthly,

o L B G R g
O o, el e i B Gk S R bR, oMk 88y Bek T pra G
igg:élg ?Efgetory (YEpsggt) and non-secr et orgg PEMBLYex4) expresgson

CGA TGT ATC AAA GTC ATC ACC TGC CAA AAC CCC CCT GTA CCA TCA TAT
2704
Arg Cys Ile Lys Val Ile Thr Cys Gln Asn Pro Pro Val Pro Ser Tyr

700 705 710

GGT TCT GTG GAA ATC AAA CCC CCA AGT CGG ACA AAC TCG ATA AGT CGT
2752 .
Gly Ser Val Glu Ile Lys Pro Pro Ser Arg Thr Asn Ser Ile Ser Arg

715 720 725

GTT GGG TCA CCT TTC TTG AGG TTG CCA CGG TTA CCC CTC CCA TTA GCC
2800
Val Gly Ser Pro Phe Leu Arg Leu Pro Arg Leu Pro Leu Pro Leu Ala

730 : 735 . 740

AGA GCA GCC AAA CCT CCT CCA AAA CCT AGA TCC TCA CAA CCC TCT ACT
2848

Arg Ala Ala Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr

745 750 755 760

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

GGG TCT CGA GCC ATT TAC ACG TGC GAG TCG AGA TAC TAC GAA CTA CTIT
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



16). The CrFC 21 and CrFC 26 were further excised fromtheir pGEML1Zf (+)
vector ;armd subkcloned into vectors 35 capabl e of transformng theminto

t he net hyl otrophic yeast, Pichia pastoris (Fig. 17). The superiority of

31 the P. pastoris systemlies in the AOX1 pronoter-driven expression of
the Pichia vectors, which would result in high I evels of expression of the
Cr FC cDNAs. The rational e behind theease of the yeast systemis that (a)
5 the gene under study is from a higher eukaryote whose product needs to be
post-translationally nodified, and (b) advantage will be taken of the
absence of endot™®& n in the yeast ho880to obtain the ina80Pve Factor C
proenzynme. 10 cDNAs AND PROTEINS FOR FACTOR C

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 Trp 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 lIle Sexr 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

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

875 880 885

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

905 910 915 920

TAC GAC CCC GGC AAT CTC AAC TTT GAC ATA GCC CTA ATT CA%NQ?G AAA

3376 -~
Tyr Asp Pro Gly Asn Leu Asn Phe Asp Ile Ala Leu Ile Gln Leu Lys



Each of the nucleic acid sequences and pol ypepti des di scl osed herein,
ki ol ogi eal | y functi onal
i nvention.

" as used herein,
pol ypepti des exhibiting the sane or simlar biological
aci d sequences éand pol ypepti des descri bed herein.

the nucleic acid sequences described herein can be altered by
or deletions to produce biol ogical

their

with the present
equi val ent s,

parti cul ar

For exanpl e,

nucl eic 20

base substitutions,

functional Iy equival ent #&eleic acids that e?8de proteins exhibi?
C enzymatic activity in endotoxin assays.

P e e RS\t AR08 ML
UL HReoet R et sars B bee Yy

gactor ] _
subst antiaF| ﬁ?@i&&
Fact or Crﬁfz V&1 h
practice 0 € presen

addi ti ons,

15

The

equi val ent s,
term
denotes nhucl eic acid sequences and

activity as the

"bi ol ogi cal ly

or

can be used i n accordance

functi onal

In addition,

cefé

rern

?%g 25

due to the

&SRB ng

H§Upty +

not

limte

nucl eoti de sequencesgggnprising all or paylsions of the Factorgdg cDNAs

GAC

Asp

ACa

Thr

ATC ACA ACA AGA GAA

3472
Ile Thr

955

GGT TGG
3520

Gly Trp
970

Thr Arg Glu

GGT TTG AAT

Gly Leu Asn

CAC TTG
His Leu

960
GAA AAC
Glu Asn

975

GTT

AAG

Lys

GAG GGA

Glu Gly

ACC TAT

Thr Tyr

AGC ACC

ACA TTA
Thr Leu

965

TCA GAG
Ser Glu

980

GCA
Ala

ACG

Thr

TGT

GAA GAG

GTG GTG

val Vval

ATT CAA

Ile Gln

GGG TAC

GCT GTG GCA GCC
3568

Ala Vval

CTA CCT GTT

Val Ala Ala Ser Thr Glu Glu Gly Tyr

1000

Gln Leu Pro Val Cys

985 990 995

GAA GCA CTG ACA GTA ACA GAG.AAC ATG TTC TGT GCA
3616
Glu Ala

ARG GAC TTA CCA

Lys Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala

1005 1010 1015

TAC AAG AAG GGA CGT TAT GAT GCC TGC AGT GGG GAC AGT GGA GGA

3664

Gly Tyr Lys Lys Gly Arg Asp Ala Cys Ser Gly Asp Ser Gly Gly

1020 1025 1030

CCT TTA GTG TCC CGT ACC GAA AGG CGG TGG GTC TTG

3712
Leu Val

TTT GCT GAT

Pro Phe Ala Asp Asp Ser Arg Thr Glu Arg Arg Trp Val Leu

1035 1040 1045

GAA GGG ATT GTC AGC TGG GGC TGT GGC AAG GCG AAC

3760
Gly Ile Val Ser Trp

AGT CCC AGT GGA

Glu Gly Ser Pro Ser Gly Cys Gly Lys Ala Asn



described herein which are altered by the substitution of different codons
t hat emcede a-physiologically 35 functionally equival ent am no acid
residue within the sequence, thus producing a silent change. Simlarly,
the Factor C proteins, or derivatives thereof, of the 32 present

I nvention include, but are not limted to, those containing all of the

am no aci d sequences substantially as @=scribed herein, including altered
sequences in which functionally equival ent am no acid residues are 5
substi t ut ed H0®0 r esi dues wi t hi n b sequence, resul t1A§0in a silent change.
For exanple, one or nore am no acid residues within the sequence can be
substituted with another am no acid of simlar olarlg¥ which acts as a

functi ofdC & \%ﬂGeﬁﬁc ﬂ'@ﬁjmrn@AiAnggTsﬁA@nﬁTgl T GTéh TGP TGSt AGH es

Iﬁ; glna g ngmﬁsrhl % G158 uen SRy, | %aiek)gct céuf QM Q};I%ernrrenbers of

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

TCCATTGGAG ACTGTTACCT TTTATTCTAC CTTTTTATAT TACTATGCAA GTATTTGGGA
4037

TATCTTCTAC ACATGAAAAT TCTGTCATTT TACCATAAAT TTGGTTTCTG GTGTGTGTGT
4097

TAAGTCCACCJKfHMHMHU“:GATGTANTHPTCAATAGTACIEHHUU!HUU\TATAGAACAA
4157

ATCTATTATA AAAAAAAAAA AAAAA
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



amno acid belongs. For exanmple, the nonpolar (hydrophobic) am no
a¢i ds 4 ncl ude- al ani ne, | eucine, isoleucine, valine, proline, phenylal anine,
trypt ophan 15 and net hi onine. The polar neutral am no acids include

gl yci ne, seri ne, t hr eoni ne, cyst ei ne, tyrosi ne, asparagine, and
gl ut am ne. The positively charged (basic) amno acids include
arginine, |lysine and histidine. The @segatively charged (acidic) am no
acids 20 i nclude aspartic acid and glutam c acid. The variants of Factor

C cDNAsCuadTyproids nByx ofee fwtiises AereiThs far dysofhesTymoSent Nada R
honol ogy, préferably nore than 8§§)honnlogy, and nost®$referably nore than
95% honol ogy, to the naturally 25 occurring Factor C cDNAs and proteins
di scussed herein. To determ ne this honology, two prqteins are_aligned so
as to obEgrReR iR o Gt gy I Som el Jed i oy reuabeb m nec
as the p duct of the number’®f matched anino adirds divi ded by the nber

of tot ap, g, )?%gﬁ%wp W9 2, iqse L od“ﬂi YA ngg %u189y95ﬂeﬁ°

i ncl ude he "prese

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

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

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

Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu Asp Ser Cys Val Thr

145 150 155 160

Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser Gly Glu Cys Gln Cys
165 170 175

Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly Ala Cys Ala Cys Arg
180 185 190

Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu Lys Gly Cys Pro Leu
195 200 205

Leu Pro Ser Asp Ser Gln Val Gln Glu Val Arg Asn Pro Pro Asp Asn
210 215 220

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

225 230 235 240

Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln Trp Ser Asn Phe Pro
245 250 255

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



i nvention are Factor C fragnents or derivatives thereof which are

o fferentially nodified during or after translation, e.g., by

gl ycosyl ati on, proteol ytic 35 cl eavage, etc. In addition, the

reconmbi nant Factor C-encodi ng nucl ei c aci d sequences of the present

I nvention may be 33 engineered so as to nodify processing or expression

of Factor C. For exanple, and not by W&y of limtation, a signal sequence
may be inserted upstream of Factor C encodi ng sequences_to permt secretion
of Fact BRe CSenfevs Agr ¥y Brg Tym Jve Rew 436 F4YoFlB ﬁltVan‘EbP?Pt'{}hr

Addi t i onal I%’f?oa gi ven Factor C #€8formor nutein ca nutated in vitro or
In vivo, to create and/or destroy translation, initiation, and/or

term nagi on,sequences r t@ create varj.atigns.in codi r agi. ons

and/ or ggr#nn%%%téiycgl &p@négﬁ’uélé(a n %Eﬁe rooggn Eys ﬂys%g

Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn His Ala Glu His Lys

Val

Glu

Thr

Cys
385

Asp

Gly

Glu

Asn

Phe
465

Leu

Lys

Tyr

Lys

vVal

Leu
370

val

Phe

Cys

Leu

Ser

450

Leu

Ala

Ser

Val

Ile
Thr
355

Lys

Lys

Leu

Ser

Ser

435

Gly

Gly

Arg

Gly

Thr
515

325

Gly Val Glu
340

Tyr Thr Cys
Cys Asn Pro

Val Ala Asp
390

Asp Asp Val
405

Leu Thr Ala
420

Ser Val Cys
Gly Ala Val

Ser Asp Leu
470

Ser Phe Arg
485

Cys Pro Asp
500

Ser Lys Gln

330

Gln Lys Tyr Gly Gln
345

Ser Gly Asn Tyr Phe
360 '

Asp Gly Ser Trp Ser
375

Arg Glu Val Asp Cys

_ 395

Gly Glu Pro Val Arg
410

Gly Thr Val Txrp Gly
425

Arg Ala Ala Ile His
440

His Val Val Asn Asn
455

Asn Gly Ile Lys Ser

475

Phe Asp Tyr Val Ser
490

Gly Trxp Phe Glu Val
505

Arg Ala Trp Glu Arg
520

335

Phe Pro Gln Gly Thr
350

Leu Met Gly Phe Asp
365

Gly Ser Gln Pro Ser
380

Asp Ser Lys Ala Val
400

Ile His Cys Pro Ala
415

Thr Ala Ile Tyr His
430

Ala Gly Lys Leu Pro
445

Gly Pro Tyr Ser Asp
460

Glu Glu Leu Lys Serxr
480

Ser Ser Thr Ala Gly
495

Asp Glu Asn Cys Val
510

Ala Gln Gly Val Cys
. 525



destroy preexisting ones, to facilitate further in vitro nodification. Any

techni que for ‘nutagenesis known in the art can be used, including, but not

limted to, in vitro site-directed nutagenesis (Hutchinson et al. 15

(1978) J. Biol. Chem 253:6551), use of TAB[err] linkers (Pharnacia), etc.

Expression Vectors For Factor C The vectors contenplated for use in the

present invention include those into wPch a DNA sequence as 20 di scussed

herein can be inserted, along wth any necessary operat.ional

el enent Fhrspen Mett 813 Ada RArgnlek AlasEyldmy \Agp I &S dVdintld e Brest

cell and repfBi®cated therein. Preéi¥tred vectors are tR8%e whose restriction

sites have been wel|l docunented and which 25 contain the operational

el ement referred required for jransgripti of th sequen

Cer tai nis*géb%&%”néﬁtls‘f%r o g%s%ﬂ? MY D Jias: din &5 o

contain e or nore of the sequences descri®ed herein. It is pfeferred

that allpiQf 39 rebMB$E A¥§HOL AsPPa EAMLy S PrdiBhe e TS 19 QY NO
565 570 575

Met Asp Arg

Glu
595

Ser Gly

Gln
610

Asp Leu

Ser Phe Ala

625
Pro

Asp Asp

Ser Ile Asp

His
675

Val Leu

Thr
690

Gly Trp

Gln
705

Asn Pro

Ser Arg Thr

Pro Arg Leu

Serxr
755

Pro Arg

Ser Asn Val Val Leu Asn Asp Asn
580 585

Pro Gly Asn Glu Thr Asn Cys Val
€00

Gln Ser Val Trp Lys Thr Lys Ser
615

Cys Met Met Asp Leu Ser Asp Arg
630 635

Gly Ser Leu Glu Asn Gly His Ala
645 650

Gly Phe Tyr Ala Gly Ser Ser Ile
660 665

Tyr Leu Ser Gly Thr Glu Thr Val
680

Ser Ala Pro Lys Pro Arg Cys Ile
695

Val
715

Pro Val Pro Ser Tyr Gly Ser
710 :
Asn Ser Ile
725

Ser Arg Val Gly Ser
730

Pro Leu Pro
740

Leu Ala Arg Ala Ala
745

Ser Gln Pro Ser Thr Val Asp Leu

760

Leu Thr Phe Trp Ala
590 ’

Tyr Met Asp Ile Gln
605

Cys Phe Gln Pro Ser
620

Asn Lys Ala Lys Cys

640

Thr Leu His Gly Gln
655

Arg Tyr Ser Cys Glu
670

Thr Cys Thr Thr Asn
685

Lys Val Ile Thr Cys
700

Glu Ile Lys Pro Pro
720

Pro Phe Leu Arg Leu
735

Lys Pro Pro Pro Lys
750

Ala Ser Lys Val Lys
765



characteristics:
sequences;

be capabl e of being present
possess a regul atabl e pronoter positioned so as to pronote transcription of
|-east one marker
coding for a selectable trait present & a portion of the plasm d separate

R R ors

t he gene of

fromthat where
sequencé €% Lu
capabl e of

vari ous operational

I :
ternina%ﬁgﬁsggg%%§ Tg%hggg

| east o

Ser Asn Gly
Ser

Gly Arg

Ile
835

Thr Glu

Ala Asp His

850

Glu
865

Lys Trp

Ala Glu Ile

Tyr Arg Asp

Ile
915

Leu Glu

Ile Ala

930

Asp

Val
945

Gln Pro

Lys Glu Gly

Asn Thr

Ala Thr

995

Ser

i nt erest;

he

(1) possesses a m ni nal
(2) be stably maintained and propagated in the desired host;
in the desired host;

in

(5) have

v

ressing the DNA s

el ement s.

Asn

Asp
820

Gly

Ile

Ile

Asp
900

His

Leu

Ile

Thr

Ser
280

Cys

Trp
805

Ser

Gln

Met

val

Asp
885

790

Ser

Pro

Trp

Trp

Thr
870

Pro

These "operati onal

s&1QNBehiMbhe Ry 48 Py ARPARY dRANgPNE

nunber of
hi gh copy nunber

34 at

ce wll_.be inserted:
&%%{sal CHReF ARy
equences of the preseﬁ? I nvention contain
can i nclude at

795

Gly Arg Pro Ala Ser
' 810

Arg Ser Pro Phe Ile
825

Pro Trp Gln Ala Gly
840

Phe Leu Gln Cys Gly
855

Ala Ala His Cys Val
: 875

Asn Gln Phe Lys Met
8390

Ser Arg Asp Asp Asp Tyr Val

Val

Ile

Cys

Leu
965

Glu

Glu

Asn

Gln

Leu
950

Ala

Thr

Glu

905

Pro Asn Tyr Asp Pro
920

Leu Lys Thr Pro Val
935

Pro Thr Asp Ile Thr

955

Val vVal Thr Gly Trp
970

Ile Gln Gln Ala val
985

Gly Tyr Lys Glu Ala
1000

# 4

el ement s"

host- organi sm

DNA sequence

800
Cys Ile Pro Val Cys
815

Trp Asn Gly Asn Ser
830

Ile Ser Arg Trp Leu
845

Gly Ser Leu Leu Asn
860

Thr Tyr Ser Ala Thr
880

Tyr Leu Gly Lys Tyr
895

Gln Val Arg Glu Ala
910

Gly Asn Leu Asn Phe
925

Thr Leu Thr Thr Arg
940

Thr Arg Glu His Leu

960

Gly Leu Asn Glu Asn
975

Leu Pro Val val Ala
990

Asp Leu Pro Leu Thr
1005

(4) 35



"operational elenments" may al so include one or nore of the follow ng: at
l.east jonre operator, at |east one | eader sequence for proteins to be
exported fromintracel lul ar space, at |east one gene for a regulator 15
protein, and any other DNA sequences necessary or preferred for
appropriate transcription and subsequent transl ation of the cloned Factor C
DNA. Certain of these operational elefdts may be present in each of the

R S ket Ao Bt S T 7 TR

I dentified Oadded to these v rs using nethods to those of

ordi nary skiII |n the art, such as those described by Sanbrook et al.

(1989) A 1@ 3PP detat:he H3CORdEALL! gy Col d
Spring orat%ry egu ators egypalbors serve o preygab

expresslon of the DNA sequence In the presence of certain environnmental 30

condi ti gR§ R, cld ARG RFSSEE v IRh @l LRy aNeENkal ser Trp Gly Ser
1045 - 1050 1055

Pro Ser Gly Cys Gly Lys Ala Asn Gln Tyr Gly Gly Phe Thr Lys Val
1060 1065 1070

Asn Val Phe Leu Sexr Trp Ile Arg Gln Phe Ile
1075 1080
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3448 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: both
(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 ' 5 10
GTT CTA GGG CTA CTA GCC CAA AAA ATG CGC CCA GTT CAG TCC AAA GGA
S8
Val Leu Gly Leu Leu Ala Gln Lys Met Arg Pro Val Gln Ser Lys Gly

15 20 25



conditions, wll allow transcription and subsequent expression of the
protei h coded+for by the Factor C DNA sequences. Regul atory segnents can be
inserted into the vector such that expression of the DNA sequence will not
35 occur, or will occur to a greatly reduced extent. Expression of the
desired protein is induced by addition - 35 of a substance to the

envi ronnent capabl e of causing express®®n of the DNA sequence after the
desired cell density has been reached. Pronoters 5 The ex reSS|on

vect or s Gl CAdo ST ﬁ;G& st &F %%%ﬁ%%&%%%s%

o o S i B R < 2o P %fg i e B o #er G"’fved

expressi on of th%Oreconblnant Fact or §gforns Transcabptlon
Term nat ors

GAT CCA GGC TAT GTG TTC AAC ATT CCA GTG AAA CAA TGT ACA TAC TIT
194 :
Asp Pro Gly Tyxr Val Phe Asn Ile Pro Val Lys Gln Cys Thr Tyr Phe

4s 50 | 55
TAT CGA TGG AGG CCG TAT TGT AAA CCA TGCT 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 CIT
290
Asp Ile Cys Pro Lys Tyr Lys Arg Cys Gln Glu Cys Lys Ala Gly Leu

80 85 7 90

GAT AGT TGT GTT ACT TGT CCA CCT AAC AAA TAT GGT ACT TGG TGT AGC
: 338 .
Asp Ser Cys Val Thr Cys Pro Pro Asn Lys Tyr Gly Thr Trp Cys Ser

95 100 105

GGT GAA TGT CAG TGT AAG AAT GGA GGT ATC TGT GAC CAG AGG ACA GGA
386

Gly Glu Cys Gln Cys Lys Asn Gly Gly Ile Cys Asp Gln Arg Thr Gly

110 115 120

GCT TGT GCA TGT CGT GAC AGA TAT GAA GGG GTG CAC TGT GAA ATT CTC
434

Ala Cys Ala Cys Arg Asp Arg Tyr Glu Gly Val His Cys Glu Ile Leu
125 130 135

AAA GGT TGT CCT CTT CTT CCA TCG GAT TCT CAG GTT CAG GAA GTC AGA
482 .

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

140 145 150 155



The transcription termnators contenplated herein serve to stabilize the
vector) * These sequences described by Rosenberg et al. (1979) Ann. Rev.
Genet. 13:319-353 can be used in the present invention. 15  Non-transl ated
Sequences It may al so be desirable to construct the 3" or 5 end of the
coding region to allow incorporation of 3 or 5 non-translated sequences
into the cDNA transcript. Included anpf§ these non-transl ated sequences are

those 20 . _which stabilize nRNA, as disclosed by Schnejssner_ et al.é&%§84)
3. Nl . ADICCA RCAGAE AT Ly At ATT RACHIAK AG Fal TR

Addi tionally > cadi ng for_an apprqpri.ate secretory |eader,(signa
eabenodBHA P Bh AP b ROPTORL AIE RS PRI R0 ol BBy,
by Watson, ME. in Nuclejg,Acids Res. 12:514543163, if the proteiy,is to be

excreted fromthe host cytoplasm The DNA for the | eader sequence nust be
in a position that allows the production of a fusion protein in which the

| eader 3frc AR6USREAAd SR Y@ YediBee Hac P Er€ @ it Yeea cac
578
Phe Lys Leu Lys Gly Met Ala Arg Ile Ser Cys Leu Pro Asn Gly Gln

175 180 185

TGG AGT AAC TTT CCA CCC AAA TGT ATT CGA GAA TGT GCC ATG GTT TCA
626

Trp Ser Asn Phe Pro Pro Lys Cys Ile Arg Glu Cys Ala Met Val Ser

190 195 200

TCT CCA GAA CAT GGG ARA GTG AAT GCT CTT AGT GGT GAT ATG ATA GAA
674

Ser Pro Glu His Gly Lys Val Asn Ala Leu Ser Gly Asp Met Ile Glu
205 210 215

GGG GCT ACT TTA CGG TTC TCA TGT GAT AGT CCC TAC TAC TTG ATT GGT
722

Gly Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Gly

220 225 230 235

CAA GAA ACA TTA ACC TGT CAG GGT AAT GGT CAG TGG AAT GGA CAG ATA
770

Gln Glu Thr Leu Thr Cys Gln Gly Asn Gly Gln Trp Asn Gly Gln Ile

240 245 250

CCA CAA TGT AAG AAC TTG GTC TTC TGT CCT GAC CTG GAT CCT GTA aAC
818

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

255 260 265

CAT GCT GAA CAC AAG GTT AAA ATT GGT GTG GAA CAA AAA TAT GGT CAG
866

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

270 275 280



joined to Factor C, i.e.,
si gnalss between the two DNA codi ng sequences.
the presence of an appropriate |eader sequence w ||
of the conpleted protein into the periplasnic space.
t he appropriate

host s,

Sacchar onyc

es,

of the protein through the cel

%PI ?&T%r m l’l. ors %‘%OOLHA'H ﬁ%%emt I on ter m l’llda:'.il(r)ll’%é

I n this
pr ot ei ns.

s 2

cont erfp'ﬂ{eeli’x%eﬁﬂh“ AY Rl @18 91t H‘ﬁzl "I%&Slfrﬁxl
as deScribed by Kohli, J7,

ei ther natu
synt heti c,

TTG
Léu
300

GGA

Gly

Asp

ATC

Ile

ACA
Thr

GCT
Ala

380

Gly

ral,
@diescrlbed by

ATG GGT
962
Met Gly

TTT GAC

Phe Asp

TCA CAG
1010
Ser Gln

CCA TCC

Pro Ser

320
AGT AAA

1058
Ser Lys

GCT GTA

Ala Val
335
CAC TGT

1106
His Cys

CCT
Pro Ala

350
GCC ATA

1154
Ala Ile

TAC
Tyr

His
365
GGC AAG

1202
Gly Lys

CTT CCA

Leu Pro

CCC TAC
1250
Pro Tyr

TCG GAC

Sexr Asp

400

ACC
Thx

305

Cys

GAC

Asp

GGC
Gly

Glu

Asn

385

TTT

Phe

there nust be no transcription or translation
36 I n sone species of
al l ow transport

In the case of sone
leade% sequence wi Il allow transport
menbr a % and into the extracellular medi um

290

TTA

Leu

GTT

Val

TTC

Phe

TGT

Cys

CTT
Leu

370

TCT

Ser

CTG

Leu Gly Ser Asp Leu Asn Gly Ile

AAA TGT AAC CCT
Lys Cys Asn Pro

310

ARAA GTG GCA GAC
Lys Val Ala Asp
325

TTG GAT GAT GTT
Leu Asp Asp Val

340

TCT TTG ACA GCT
Ser L.eu Thr Ala

355

TCC TCA GTG TGT

Ser Ser Val Cys

GGA GGA GCG GTG
Gly Gly Ala Val
390

GGT AGT GAC CTG

405

Q%EPE GEne

295

GAT

Asp

AGA

Arg

Gly

GGT

CGT
Arg

375

CAT

His

AAT

AéEh
182:

YTy ebe

GGG TCT TGG TCA
Gly Sexr Trp Ser

315

GAG GTC GAC TGT
Glu Val Asp Cys

330

GAA CCT GTC AGG
Glu Pro Val Arg

345

ACT GTG TGG GGT

Thr Val Trp Gly

360

GCA GCC ATC

Ala Ala Ile

GTT GTG AAC

Val Val Asn Asn

395

GGG ATA AAA TCG

Lys Ser

-~ 410

30- 439,

or



Pettersson,

Addi ti enal |y,

R F.

sel ect abl e mar ker,

causes expression of a selectable trait by the host cell.
drug resistance or other selectable mayker facilitates
the presence of such a sel ectabl e marker

e BT TTC R RTY GO IR Rid T
cul ture nedi um

gl ARy aHd Wdharhheraae|drgy

of

in the

transf or mant s.

Addi tional ly,

cid URd drTey YA o ke
m croorgani sfggd rom nul tiplying in the 25

(1983) Gene 24:15-27.
*the cloning vectors contenpl ated herein can contain a
such as a drug resistance marker or other.

of the tgrPE Msh e et Ireunatlad.

under conditions which require the

oper at i onal

ordi nary skill

Sanbr ook et

15

uced phenotype for survival.

Sel ect abl e Markers

mar ker whi ch
20 Such a
t he sel ection

A pure culture

The

el ement s1xB scussed hereln arg2o0outinely sel ectedd2ps t hose of

al .,

in the art 30
di scussed supra, and the teachings contai ned herein.

in light

of prior

l[iterature

I ncl udi ng

Cener al BCQAQMOGAQHK GlRe SETPMa G SGRe | TR AT AT KA IGG TTT GBCG IGFA n

(1983) Genesk34f | ey
Ser Ser Thr Ala Gly Lys Ser Gly Cys Pro Asp Gly Trp Phe Glu Val

GAC

Asp

Ala

460

Lys

TTA

Leu

TTT

Phe

CTa

Leu

430

GAG AAC
1394
Glu asn

445

CAA GGT
1442
Gln Gly

GAT GTA
1490
Asp Val

ACA ACC
1538
Thr Thr

ATT TGG
1586
Ile Trp

510
ACA TTC
1634
Thr Phe

525

& Sons,

GTG

Cys Val

GTG

Val Cys

ATT
Ile Pro

480

ACG
Thr Trp

495

GAG TTA

Glu

TGG GCC

Trp Ala

Leu:

New Yor k.

435

TAC GTT ACA

Tyr Val Thr

450

ACC AAT ATG

Thr Asn Met

465

TCG TTG

Asn Ser Leu

ATA GGA TTG

Ile Gly Leu

ATG GAT CGT

Met Asp Arg

- 515

TCT GGC GAA

Ser Gly Glu

530

TCA AAA CAG

Ser Lys Gln

GCT GCT CGT
Ala Ala Arg

470

ACT GAG ACT
Thr Glu Thr

485

CAC AGA CTA
His Arg Leu

500

AGT AAT GTG

Ser Asn Val

CCT GGA AAT

Pro Gly Asn

440

AGA GCC TGG GAA AGA

Arg Ala Trp Glu Arg

455

CTT GCT GTG CTG GAC

Leu Ala Val Leu Asp

475

CTA CGA GGG AAA GGG

Leu Arg Gly Lys Gly

490

GAT GCT GAG AAG CCC

Asp Ala Glu Lys Pro

505

GTT CTG AAT GAT AAC

Val Leu Asn Asp Asn

520

ACT AAC TGT GTA
Glu Thr Asn Cys Val

535



Vari ous exanpl es of suitable operational elenents nay be 35 found in the
vectors di scussed above, and nmay be gl eaned 37 via review of the
publ i cations di scussing the basic characteristics of the afarenentioned
vectors. Upon synthesis and isolation of all the necessary and desired
conponent parts, the vector can be assﬁfbled 5 by net hods generally known
to those of ordinary skill in the art. Assenbly of such vectors 1is
Wi t hin [ Ibhal h a S KARA bajRg
perforné@ﬁhggggagb ?ﬁe expé%%ngﬁ at'ion Eﬂﬁu??FpFe copres ofg#ﬁe Tl
sequenc Rsp' 238M6140nsp! BYANEEANGAATSERCYL1 A6EAMRIRYIRAY B! BkEONA
elenentg§ﬁay be sgsertes %ntopeac vector I'n such Egasg t he hgst cel
woul d pggguce greater anobunggsper vector of thegggsired form of Facggs C
The nunber of multiple copies of the DNA sequence which nay be inserted
into

TGT TTT CAG CCC TCA AGT TTIT 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 Val
605 610 615

ACT TGT ACA ACA AAT GGC ACA TGG AGT GCT CCT AAA CCT CGA TGT ATC
1922

Thr Cys Thr Thr Asn Gly Thr Trp Ser Ala Pro Lys Pro Arg Cys Ile

620 625 630 635

AAA GTC ATC ACC TGC CAA AAC CCC CCT GTA CCA TCA TAT GGT 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



15 the vector is limted only by the ability of the resultant vector, due
to itsg size, 10 be transferred into and replicated and transcribed in an
appropriate host cell. Host Cells 20 Vectors suitable for use in
various host cells are contenplated for use in the present invention.

Such host cells include, for exanple, i?'coli, yeasts such as Saccharomyces
cerevi si ae and Pi chi a pastoris, Baculovirus, and mamralian cells,

i ncl udi ARL:e ' Q§%¢ I I h a f
yeasts,g%geg%EGgighéggrs ingF%Ee g;ﬁT?aan ?Egyﬁgé ?%%hgcglgﬁghﬁcghgﬁgg
Transcr pphl 8hel €l R2HOLSUC PRPRYENPREN PHEOMea®Re T¥e A¥BaArg Rha maet or
and Sac 2. Transcriptional starf sites and 30 | eader peptides can be
obtai ned fromtlggoi nvertase, acid phogphatase, and Al phaggact or genes.
Useful selection markers are Ura 3, Leu 2, His 3, and Tap 1. In the case of
expression in mamualian cells, the DNA encoding the present forns of Factor
C shoul 8ARaCET CCT CCA AAA CCT AGA TCC TCA CAA CCC TCT ACT GTG GAC TTG

2114
Lys Pro Pro Pro Lys Pro Arg Ser Ser Gln Pro Ser Thr Val Asp Leu

685 690 695

GCT TCT AAA GTT AAA CTA CCT GAA GGT CAT TAC CGG GTA GGG TCT CGA
2162 '

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

700 705 710 715

GCC ATC TAC ACG TGC GAG TCG AGA TAC TAC GAA CTA CTT GGA TCT CAA
2210

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

720 725 ' 730

GGC AGA AGA TGT GAC TCT AAT GGA AAC TGG AGT GGT CGG CCA GCG AGC
2258 .

Gly Arg Arg Cys Asp Ser Asn Gly Asn Trp Ser Gly Arg Pro Ala Ser

735 740 _ 745

TGT ATT CCA GTT TGT GGA CGG TCA GAC TCT CCT CGT TCT CCT TTT ATC
2306 '

Cys Ile Pro Val Cys Gly Arg Ser Asp Ser Pro Arg Ser Pro Phe Ile

750 | 755 760

TGG AAT GGG AAT TCT ACA GAA ATA GGT CAG TGG CCG TGG 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



35 a sequence efficient at binding ribosones. Such a sequence is
descrifbed by Kozak in Nucl. Acids Res. 38 (1987) 15:8125-8132. The
Factor C-encoding fragnent can be inserted into an expression vector
containing a transcriptional pronoter and a transcriptional enhancer as
described by Guarente in Cell (1988) 5%'303-305 and 5 Kadonaga et al.
(1987) Cell 51:1079-1090. A regulatab'% pronoter as in the Pharmacia

bl asm dopySEcgaprRemisetnnl LARCARASHK AirclBRLY Rbr H09 Kee! PhcSHpM drdl o
possess a cggphet e polyadenylation Ssignal as described by Ausubel et al.
(1987) &iyCaerenbuPr.ehogghsala EQEGQHFailéovalBTﬁkoﬁla X kewi sSeysh@h1MRNA
transcri bed fromthe vector is properly processed. In order to select a
stable cell line that pgoguces Factor C as degsri bed herein, thegawpression
vector can carry the gene for a selectable marker such as a drug

ACC TAC TCT GCT ACT GCT GAG ATT ATT GAC CCC AAT CAG TTT AAA ATG
2498
Thr Tyr Ser Ala Thr Ala Glu Ile Ile Asp Pro Asn Gln Phe Lys Met

815 820 825

TAT CTG GGC AAG TAC TAC CGT GAT GAC AGT AGA GAC GAT GAC TAT GTA
2546 .
Tyr Leu Gly Lys Tyr Tyr Axg 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

880 885 8380

ACA AGA GAA CAC TTG AAG GAG GGA ACA TTA GCA GTG GTG ACA GGT TGG
2738

Thr Arg Glu His Leu Lys Glu Gly Thr Leu Ala Val Val Thr Gly Trp

895 900 805

GGT TTG AAT GAA AAC AAC ACC TAT TCA GAG ACG ATT CAA CAA GCT GTG
2786

Gly Leu Asn Glu Asn Asn Thr Tyr Ser Glu Thr Ile Gln Gln Ala Val

910 915 920



15 resistance marker or a conplenentary gene for a deficient cel
| + ne, buch as-a di hydrofol ate reductase (dhfr) gene for transform ng a dhfr

cell line, as described by Ausubel et al., supra. Alternatively, a separate
pl asm d carrying the sel ectable marker can be 20 cotransforned along with
t he expression vector. Vectors for mamgmlian cells can be introduced
therein by several techniques, I Nncl udi ng cal ci um phosphat e: DNA

COpr eci Rinhagian ChLERPARAL hBR, Ohah' BhRPLAS! caEUShBARG GAA GCA
Coprecig? agggaGTaigk% %SBC§S§1%§E Agﬁogg ate as escrigeg by Ausubel et
al ., supkd. pre {A® PhtfRinefigesBpdrnBYcyaYceh €xamehe. Tyect.gsscagdabast
cells contenplated for the heterol ogous expression of the Factor C cDNAs
di scl osed hepegi n include the use3yf the 30 T7 systexsin pGEMEXL,
pPET3b( pAR3039), and pGEML1Zf (+), and the GST systemin pGEX1, 2,3. The host
cells can be chosen from anong JMLO9, JMLO9( DE3) , DH5a,
HVS174( GEB) TrasSCAaCUGXBEA( GMAQATA 6AG ARGr ATSI TWCi WGP GAAaGERSTALCI BAGt he
host strai n2882 -

' Asp Leu Pro Leu Thr Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys

940 945 950 955

AAG GGA CGT TAT GAT GCC TGC AGT GGG GAC AGT GGA GGA CCT TTA GTG
2930
Lys Gly Arg Tyr Asp Ala Cys Ser Gly Asp Ser Gly Gly Pro Leu Val

960 . 965 970
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 GTIT 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 CTAAATATTT 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

TTCTGTCATT TTACCATAAA TTTGGTTTCT GGTCTGTGCT AAGTCCACCA GTAGAGAACG
3374 o



35

. Bac II1I;
, be E col i DH5a, JMLO9,
cells,
cIoning
nonkey *é%ﬁ%%g%hgT
The nDus robl ast 10

large T
Qmmrmxslgﬁgro

can be GS115, and usef ul
expression in-the Bacul ovirus system host
frugi perda SF9 and SF21;
pVvL1392; pVL 1393; and pAC360.

or TOP

cel l

Hpnl so be used. Exanple 9 Expression of Factor

the vectors can be pBlue Bac H s,

10F. 5

the vector for transfection can Be

/i@wl expr e%ﬁhgxggﬁar ge&ff{

| ine NIH3T3, which al so expresses the SV40
C cDNA

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1019 amino acids
(B) TYPE: amino acid

{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

The host for

vectors are pH L D2, pPIC 9, and pH L S1. For

39 cells can be Spodoptera

A, B, C pBlue

cl oni ng can

For expression in manmal i an
wherein all

initial

initial

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

Met Val Leu Ala Ser Phe Leu Val Ser Gly Leu Val Leu Gly Leu Leu

1

Ala Gln Lys

Glu
35

Cys Asp

Phe Asn Ile

50

Tyr Cys
65

Tyr Lys

Lys

Arg

Cys Pro Pro

Lys Asn Gly

115

Asp Arg
130

Iyr

Leu Pro Ser

145

5

Met
20

Thr Arg Phe

Pro Val Lys

Pro Cys Asp

70

Gln Glu
85

Cys

Asn
100

Lys Tyr
Gly Ile Cys
Gly Val

Glu

Ser Gln
150

Asp

10

25

Glu Cys Lys Cys Gly
40

Gln Cys Thr Tyr Phe
55

Asp Leu Glu Ala Lys
75

Cys Lys Ala Gly Leu

90

Gly Thr Trp Cys Ser
105

Asp Gln Arg Thr Gly
120

His Cys Glu Ile Leu
135

Val Gln Glu Val Arg
155

15

Arg Pro Val Gln Ser Lys Gly Val Asp Leu Gly Leu

30

Asp Pro Gly Tyr Val
45
Tyr Arg Trp Arg Pro
60

Asp Ile Cys Pro Lys
80

Asp Ser Cys Val Thr
95

Gly Glu Cys Gln Cys
110

Ala Cys Ala Cys Arg
125

Lys Gly Cys Pro Leu
140

Asn Pro Pro Asp Asn
160

anti‘gen.



The CrFC cDNAs subcloned into pGEML1Zf (+), 15 pGEMEX- 1, and pET 3b
were ¥ubjected to in vitro transcription and translation using
Promega transcription and translation system (TnT [err] coupled rabbit

t he

reticulocyte |lysate).
in their
reconbi nant DNA construct,
Y %hebi%wag
act or
denonstrate that the C)F
The pGEM | Zf (+) / Cr FC 26 fuII-Iength cDNA was not expressed,
81,80 PPbSEssicEy alad
pGEML

pr onot er

transla&&gp

non-f usi on

pronot ers.

possi bl Me#UA1ROAKESTNEIBe R
subcl ones 180f

whi ch | ack the 5
expressed, yielding faint bands of Factor

del eti on
- 9a,

C geng

g ik

CrFC

respective 20
vari abl e

vect
'9’? ates of

ol

cDNAs were su

26, viz.1880

g 4 R el o, L

C proteins.

The expression of the cDNA inserts was driven by T7
Using 2 [err]g each of the

transcription and
Ei@ or
oned I n frane W t thelr T7

(ceqe g0 PH@) Prohe

6a and Pxondye Cysaltd Bygc@luyCyg ABlaé Mét Val Ser Ser Pro Glu His Gly

Lys

Phe
225

Cys

Leu

Val

Glu

Thr
305

Cys

Asp

Gly

Glu

Asn
385

Val
210

Serx

Gln

Val

Lys

val

290

Leu

val

Phe

Cys

Leu

370

Ser

195

Asn Ala Leu | Ser

Ser Pro
230

Cys Asp

Gly Asn Gly Gln

245

Phe Cys

260

Pro Asp

Ile Val Glu

275

Gly
Tyr Thr Cys

Asn Pro
310

Lys Cys

Val Ala Asp

325

Lys

Leu Asp

340

Asp Val

Ser Leu Thr Ala

355

Ser Ser Val Cys

Gly Gly Ala Val
390

200

Gly Asp Met Ile Glu
215

Tyr Tyr Leu Ile Gly

235

Trp Asn Gly Gln Ile
250

Leu Asp Pro Val Asn
265

Gln Lys Tyr Gly Gln
280

Ser Gly Asn Tyr Phe
295

Asp Gly Ser Trp Ser

315

Arg Glu Val Asp Cys
330

Gly Glu Pro Val Arg
345

Gly Thr Val Trp Gly
360

Arg Ala Ala Ile His
375

His Val Val Asn Asn
395

205

Gly Ala Thr Leu Arg
220

Gln Glu Thr Leu Thr

240

Pro Gln Cys Lys Asn
255

His Ala Glu His Lys
270

Phe Pro Gln Gly Thr
285

Leu Met Gly Phe Asp
300

Gly Ser Gln Pro Ser

320

Asp Ser Lys Ala Val
335

Ile His Cys Pro Ala
350

Thr Ala Ile Tyr His
365

Ala Gly Lys Leu Pro
380

Gly Pro Tyr Ser Asp
400

Zf (+)/ C1p& 26-6a and
untransl ated regi on of CrFC 26, were better
Del eti on subcl ones

1



Exo Il

Exo Il nucl ease di
with Xba |

aliquots of the reactiort
a series of deletion nutants.

cubel ondes 1, A-57 Bakr RReC AU RS ho8

produce 10
of appr

Lys Ser Gly
435

Val Thr

450

Tyr

Thr
465

Asn Met

Ser Leu

Ile Gly Leu

Met Asp Arg

515

Ser Gly Glu

530

Asp Gln

545

Leu

Ser Phe Ala

Asp Asp Pro

Ser Ile Asp

595

Val Leu His

610

Gly Thr
625

Trp

nucl ease nutagenesis on the Eco R
whi ch pad been cloned into the unique Eco R
order to performthe

first digested with Not

gestion. 5

Cys Pro Asp

Ser Lys Gln

Ala Ala Arg

470
Thr Glu Thr
" 485

His
500

Arg Leu

Ser Asn Val

Pro Gly Asn

Gln Ser Val

550

Met Met
565

Cys

Gly Ser Leu

580

Gly Phe Tyr

Leu Ser

Tyr

Ser Ala Pro
€30

40 del eti on mut agenesi s,
and the recessed ends Klenowfilled with
[ err]-phosphorot hioate nucleotides to create a protected site resistant to
The cl®®e was t hen subsequently di gested

nucl ease di gestion

to create a sensitive site fromwhich Exo |11
coul d i Rhe dea Giiye Sg&l AePokemmAaR ALy Floaky® a$eF eQillbLﬁllhtL%D[Ié’fsr erand
xture were renove¥l@t 30-second inter#dPs to
Subcl ones cont ai ni ng del etions

P B R M ol

Gly Trp Phe Glu Val
440

Arg Ala Trp Glu Arg
455

Leu Ala Val Leu Asp

475

Leu Arg Gly Lys Gly
490

Asp Ala Glu Lys Pro
505

Val Leu Asn Asp Asn
520 '

Glu Thr Asn Cys Val
635

Trp Lys Thr Lys Ser

555

Asp Leu Ser Asp Arg
570

Glu Asn Gly His Ala
585

Ala Gly Ser Ser Ile
600

Gly Thr Glu Thr Val
615

Lys Pro Arg Cys lIle
635

fragment of 35
site of pGEML1Z (+).
t he reconbi nant cl ones was

Asp Glu Asn Cys Val
445

Ala Gln Gly Val Cys
460

Lys Asp Val Ile Pro
480

Leu Thr Thr Thr Trp
495

Phe Ile Trp Glu Leu
510

Leu Thr Phe Trp Ala
525

Tyr Met Asp Ile Gln
540

Cys Phe Gln Pro Ser
560

Asn Lys Ala Lys Cys
575

Thr Leu His Gly Gln
590

Arg Tyr Ser Cys Glu
605

Thr Cys Thr Thr Asn
620

Cys

Lys Val Ile Thr
i 640

Cr FC 26 cDNA
In



contain conplete deletions of the 5 wuntranslated DNA 15 sequence, and

al so partial deletions of the DNA sequence encoding the putative | eader
pepti de. Deletion subclone 9a starts at nucleotide position 721, while
subcl one 6a starts at nucl eotide position 762. Conplete deletion of the 5
untransl ated DNA sequence from both sublclones is 20 expected to rel ease
their expression fromthe control of af¥ translational signals which may be
encoded in the 5 untranslated sequence. Mani_pul.ati on.of the CrFC 26
sequencg’&FoAﬁpi ﬁfﬂa?5°g\§?§a%¥°a$?go?y‘f 1Ly a‘f% ‘Pﬁlia "c&&@n%‘lﬁ% By gé:Por e
expected to produce del etifon 25 subcl ones &M ch can be success ly
expressed, producing active Factor C On the other hand, the

pCEML1ZL( $) F&..-2 ub L= | t t | i

Ccpr oseSat ALY Fer fen oot £ 068 My UE Ol e PR PE T B0 ben e
ATG and Kozak consensus sequence belonging to the CrFC 21 cDNA i nsert
itself, which nmakes it nore conplete and transl atabl e. The 6a and 9a

construpks MegeLeQtPesi NeR Pyo theu ATL 226 ANWANS U s"Bro Baid@ro The ATG

675

Pro Arg Ser Ser Gln

690

Leu Pro Glu Gly His

705

Glu Ser Arg Tyr Tyr

725

Ser Asn Gly Asn Trp
740

Gly Arg Ser

755

Asp Ser

Glu Ile

770

Thr Gly Gln

Ala
785

Asp His Asn Met

-Glu Ile Val

805

Lys Trp

Ala Glu Ile Ile Asp

820

Arg Asp
835

Asp Ser

Glu His Val

850

Leu Ile

Ile Ala Leu Ile

865

Pro

Tyr
710

Glu

Ser

Pro

Trp

Trp
790

Thr

Pro

Arg

Asn

Gln
870

680

Ser Thr Val Asp Leu
695

Arg Val Gly Ser Arg
715

Leu Leu Gly Ser Gln
' 730

Gly Arg Pro Ala Ser
. 745

Arg Ser Pro Phe Ile
760

Pro Trp Gln Ala Gly
775

Phe Leu Gln Cys Gly
795

Ala Ala His Cys Val
810

i

Asn Gln Phe Lys Met
825

Asp Asp Asp Tyr Val
840

Pro Asn Tyr Asp Pro
855

Leu Lys Thr Pro Val
875

685

Ala Ser Lys Val Lys
700

Ala Ile Tyr Thr Cys

720

Gly Arg Arg Cys Asp
735

Cys Ile Pro Val Cys
750

Trp Asn Gly Asn Ser
765

Ile Ser Arg Trp Leu
780

Gly Ser Leu Leu Asn

800

Thr Tyr Ser Ala Thr
815

Tyr Leu Gly Lys Tyr
830

Gln Val Arg Glu Ala
845

Gly Asn Leu Asn Phe
860

Thr Leu Thr Thr Arg
880



in both cases was present in the nmulticloning site of 35 pCEML1Zf (+).
However,- in pGEMEX-1 vector, OCFC 21 (pCGEMEX-1/CrFC 21 construct) yielded
t he highest level of incorporation of [err]S-cys and a correspondingly nore
41 intense band of translated Factor C gene product. This may be due to the
fact that the fusion 260 am no acids code for the [err] genel O capsid
protein and is thus best transcribed waer its own [err] pronoter using the
5 <conpatible T7 RNA pol ynerase. This efficient expression of CrFC 21 was
al so ob¥edvedni RreETleCy® chen . Prhddhr Aapu|ile T Fhre AngaCluh#igr beunt

Cr FC cDNA reconbi nant cB8Res can be expressét?Qn heterol ogous sy88&ns,
dependi ng on the manner of insertion of the 10 cDNAs into appropriate

vect ors, Pur fICi\tIO of Fact or Pr me _Atte ts_L urlfy actor C
pr oenzy Thr Leu Ala Va T r Gly Trp Gly Le 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
930 235 940

Val Thr Glu Asn Met Phe Cys Ala Gly Tyr Lys Lys Gly Arg Tyr Asp
945 950 955 960

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

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

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

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



anoebocyte | ysates have often been hanpered by the ubi quitous endotoxin
which.activates the zynogen into an 15 active serine protease enzyne.
This results in poor yields as well as considerable | oss of enzymatic
activity. In order to inprove the purification procedure,

di et hyl sul f oxi de, Me2SO, and chel ati ng agents, such as EDTA, have been

I ncorporated in the 20 buffer solution 8d prevent the prenmature
activation of the cascade reaction during purification. This has led to a
si npl e and uni que procedure for concomtantly purifying two isoforns of
Factor C precursor enzynes, with a corresponding anelioration of their
total yields 25 and specific activities. The data presented infra show
that both the single- and doubl e-chain forms of the enzynme have endotoxin
receptors to which endotoxin binds to activate their catalytic sites. Data
presented infra al so show that these endotoxin-binding sites in Factor 30
C are conpetitively but reversibly occupied by Me2SO in the range of from
about 5% to about 30% when the latter is added during purification.

We claim:

1. An isolated, purified DNA molecule comprising a
nucleotide sequence that encodes a protein having the
same enzymatic activity as Factor C protein in assays
for Gram negative bacterial endotoxin.

S W N R

2. The DNA molecule of claim 1, wherein said Factor C
protein is a Carcinoscorpius rotundicauda Factor C

[\

3 protein.

1 3. The DNA molecule of claim 2, wherein said Factor C
2 protein has an amino acid sequence selected from the
3 group consisting of SEQ ID NO:2 and SEQ ID NO:4.

1 4. The DNA molecule of claim 3, having a nucleotide
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO:3.

w

5. A DNA molecule comprising a nucleotide sequence
selected from the group comnsisting of a nucleotide
sequence that hybridizes to said DNA molecule of claim
3 under salt and temperature conditions equivalent to 5x
SSC and 42°C and that codes on expression for a protein
that has the same enzymatic activity as Factor C protein
in assays for detecting Gram negative bacterial

O 26 0 d W R

endotoxin, a nucleotide sequence that is functionally

* c L M S *




Exanpl e 10 Preparation of Anpebocyte Lysate from C. rotundi cauda 35

Hor seshoe crabs were bl ed by cardi ac puncture as 42 previously described
by Jorgensen and Smith, 1973. Appl. M crobiol. 26, 43-48. Bl ood was

col lected into a sol ution of O. 125% N- et hyl mal ei m de/ 3% NaCl (w v) and
centrifuged at 150 x g for 30 mn at [err] Anmoebocytes 5 were washed with
3% NaCl and lysed overnight with pyrogen f82e water at [err] The |lysate was

| yophilized by freeze-dr | ng. Exapple 11 10 Purificatjon Si ngl e-
and Doubl e- Ghai #IUEY G@r%ﬁéy%@ rRéeruls; of éblaf’ﬁ“t:ﬁegﬁﬁr on
of Factor G0 s @Tedemdanys| pir ephet egenhblayas eddal .and 9% hatbi ardﬂam lomit | .

21, 805-813), e)é&%ge'jsq_%rf he2ddl trlx%']:eqn (€641 nas the same enzymatic
12 activity as Factor C protein in assays for detecting
13 Gram negative bacterial endotoxin, and a nucleotide
14 sequence that is functionally equivalent to said DNA
15 molecule of claim 3 in that it codes on expression for
16 a protein in which one or more amino acids has or have
17 been added, deleted, or substituted, but which has the
18 same enzymatic activity as Factor C protein in assays
19 for detecting Gram negative bacterial endotoxin.

1 6. The DNA molecule of claim 4, wherein said DNA
molecule has the nucleotide sequence of SEQ ID NO:1,
3 wherein nucleotides 1 to 568 have been deleted.

1 7. A recombinarit vector, comprising said DNA molecule
2 of claim 1.

1 8. The recombinant wvector of c¢laim 7, wherein said
2 Factor C protein is a Carcinoscorpius rotundicauda

Factor C protein.

9. The recombinant vector of claim 8, wherein said
Factor C protein has an amino acid sequence selected
from the group consisting of SEQ ID NO:2 and SEQ ID
NO:4.

B oW e

10. The recombinant vector of claim 9, wherein said DNA

N B

molecule has a nucleotide sequence selected from the
3 group consisting of SEQ ID NO:1 and SEQ ID NO:3.

e

\\||\||\ \\\I\\F||i\\ \\l\l | \Il\ .



15 preferably in an anpbunt of about 5% v/v, and a chelating
agent,:such as EDTA, preferably in an anmount of about 1 mM in the gel
filtration buffer. Freeze- dried Carcinoscorpius anpbebocyte |ysate (CAL)
containing 326 ng total protein was reconstituted in 4 m 20 pyr ogen-free
wat er before fractionation on Sepharose CL-6B (2.6x97cn) which was
previously equilibrated vm'th 0. 05 M Tris-H3, pH 8.0, containing 0.154 M

NaCl , 5% Me2SO gv/ v), and &l The flow rate was nta ned at 20
WTh The fiact Rons. 1 TBRERDI ARG .estar . GROPEISLEEAr Oy HAjeCUL
| yophilized2 EMpﬁrtie&ng-drmwdlédsatde osquetice reeciettied (fresh rtﬂne group

pyrogen-fre sal:t ed p. X in a
Bi oRad 10- §;r%ﬁ§%guln§ %f % l-I“n:#ree V\?a%eg@cg?é?%zﬁho%%lg %ggggéegglt i ng
ef f ect ed thé reﬁg\lél DyA mplsgu oft gdained wnderapplthangd: h@mpsaat:grefrom

the enzyme &r acbbﬁaitlonybgéﬁ)ﬁaﬂéhﬁn%y55&' Bder anhhﬁzbbnéhagtﬁét':é\saeé Cto
the subsequent affinity, colum. The desal ted enzyne fractions were

separately S§ubj OBt @EIPFSSQFPPMEPV 2nPEREESYr SPRY FﬁFoEBﬁ SapepgPEYMaEpRar ose

7 activity as Factor C protein in assays for detecting
8 Gram negative bacterial endotoxin, a nucleotide sequence
9 that is functionally equlvalent to said DNA molecule of
10 claim 3 due to the degeneracy of the genetlc code and
11 that codes on expression for a protein that has the same
12 enzymatic activity as Factor C protein in assays for
13 detecting Gram negative bacterial endotoxin, and a
14 nucleotide sequence that is functionally equivalent to
15 said DNA molecule of claim 3 in that it codes on
16 expression for a protein in which one or more amino
17 acids has or have been added, deleted, or substituted,

. 18 but which has the same enzymatic activity as Factor C
19 protein in assays for detectiri'g' Gram negative bacterial
20 endotoxin.

1 12. The recombinant vector of claim 7, wherein the
2 vector portion is a member selected from the group
3 consisting of Agt 22, pGEM 11Zf(+), pGEMEX-1, pET 3b,
4 YEpsec 1, pEMBLyex 4, pIC 9, and pHIL D2.

1 13. A host cell transformed with said recombinant
2 vector of claim 7.

1 ~14. The host cell of claim 13, wherein said host cell
2 is selected from the group consisting of bacteriophage
3 A, Baculovirus, E. coli, a mammalian cell, and a yeast.
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35 CL-6p colum (Ix11 cm at [err] using the Pharmacia FPLC system The
nobi | e phase tontained 0.02 M Tris-HO, pH 8.0, with 1 mM[err] Protein
[err] was eluted with *° 43 a linear gradient of 0-0.5 M NaCl at a flow
rate of 0.75 mM/mn and imediately. stored at [err] This step
essentially purified single-chain Factor C to apparent honogeneity, while
doubl e-chain Factor C was still 5 co-el i%ed wth proclotting enzyne
The fractions ntal h ubl e-chai n Factor  C.were oIe

concentr at ed togg voI gB% % ?%mpr %QﬁtﬂeprﬁﬁFFPHQT%%P ?lF?Wﬁtlon
in a Pharnmagi a ERkEEmStper @sx idA ol asm FakdRot0/A 6praseny ﬁmkd&élirs sfeicl , pH
8.0, contaigingg 0 2 h ph hLQ ne
fromgel fi trat%oé aP%ség%fég%?i %nggg?%ﬁnc ?%ﬁPﬁIQE e%cgggﬁgﬁs

presence of 45% #B280 Esﬁﬂpl aPE i kB i Hnfrys comgl tdqmsigin whigh

5 said DNA molecule is expressed, and recovering said

6 protein.

1 16. An isolated, purified protein molecule comprising
2 an amino acid sequence selected from the group
3 consisting of SEQ ID NO:2, SEQ ID NO:4, a protein
4 molecule comprising an amino acid sequence that is
S functionally equivalent to SEQ ID NO:2, in which one or
6 more amino acids has or have been added, deleted, or
7 substituted, but which has the same enzymatic activity
8 as Factor C protein in dssays for detecting Gram
9 negative bacterial endotoxin, and a protein molecule
10 comprising an amino acid sequence that is functionally
11 equivalent to SEQ ID NO:4, in which one or more amino
12 acids has or have been added, deleted, or substituted,
13 but which has the same enzymatic activity as Factor C
14 protein in assays for detecting Gram negative bacterial
15 endotoxin.

1 17. A process for purifying Factor C zymogens,
2 comprising the steps of:

3 (a) providing an amoebocyte lysate;

4 (b) fractionating said amoebocyte lysate of step
S (a) by affinity chromatography employing a buffer
6 containing dimethylsulfoxide and a chelating agent, and
7 pooling fractions for each peak;

8 (c) desalting said fractions of step (b) by gel
9 filtration chromatography, and pooling fractions for
10 each peak;

11 (d) fractionating said fractions of step (c) by
12 affinity chromatography, to obtain a fraction containing
13 purified single-chain Factor C and fractions containing
14 double-chain Factor C; .
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t he absence of [err] and EDTA, both Factor C and 15 proclotting enzyne
cé-eluted in tthe first peak with an apparent native nol ecul ar nass of 495
kDa (Fig. 19a). This confirnmed earlier observations (Wight and Jong, 1986.
J. Exp. Med. 164, 1876-1888) that the coagul ation enzymes, being

gl ycoprotein in nature, tend to aggregate %%_ in the absence of a
denat uri ng agent. The suspected single-c I n Factor C (band A, Fig. 20a)

was seen to,be coincide th t he err]. £1U1 of f eak
in Fig. 19a g HoweverEje p'f))‘ergfjr éﬁ%e s%‘ l{lflgﬁ\ﬁ%{ %11A£lrer e%}%%ﬁﬂsﬁ%ét?ﬁe
heavy chai n1ef t@e clottlng 25 enzyne (band B in Fig. 20a and band A in

Fig. 21) inpyied that gyt Oﬁﬁktﬁéiﬁl ‘EQaQ:@%%E‘&&%ge%afi'd 1fzja%8.5.i.on]s &¥
97, 1561-1574) occurre urlg& he ¢ ronatoggap Y, thus sugges i ng

that Factorl® colfl AepkabBingt AgH GrﬁéélPoF?F§°5b IreRteton ¢

was 30 als9 f%ﬂﬂoﬁ@@égﬂalﬁhﬁgtéoﬁbtémta nﬁd@ét@ﬁﬁa@mlﬁniqmﬁfﬁd
coagulogen and turely transforned to coagulin (band

C, Fig. 21) Tb %??%ﬁ%v%ﬁ?l?mfic bFénfiehe same chromat o-

(g) recoverlng said purified double-chain Factor
22 C.

18. The process of claim 17, wherein said fractionating
by affinity chromatography of step (b) comprises
chromatography through Sepharose CL-6B, using 0.05 M
Tris~-HCl, pH 8.0, <containing 0.154 M NaCl, 5%
dimethylsulfoxide (v/v), and 1 mM disodium
ethylenediaminetetraacetic acid as buffer.

A n e W =

19. The process of claim 17, wherein said desalting by

gel filtratién chrométography' of step (¢) comprises

chromatography through Sephadex G-25 using pyrogen-free
~ water as eluent.

TR SR

20. The process of claim 17, wherein said fractionating
by affinity chromatography of step (d) comprises
chromatography through heparin-Sepharose CL-6B, using
0.02 M Tris-HCl, pH 8.0, 1 mM disodium ethylenediamine-
tetraacetic acid as mobile phase, and a linear gradient
of 0-0.5 M NaCl as eluent.

AN N o W N

21. The process of claim 17, wherein said further
fractionating by gel filtration chromatography of step
(f) comprises chromatography through Superose ‘12, using
0.02 M Tris-HCl, pH 8.0, containing 1 mM disodium
ethylenediaminetetraacetic acid as mobile phase.

vk W N R
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graphic run was perfornmed in the presence of Me2SO and 35 EDTA as shown
in Fige *19b. = Under this condition, autoactivation was precluded and

. there was a substantial difference in the elution profile. A smal |
protein 44 peak, where both Factor C and proclotting enzyne were found
to be concentrated, appeared between the first two peaks of the previous
run. By SDS-PAGE anal ysis, single-chain Bictor C (band A, Fig. 20b) was

al so shown 5 t.q be re well -separated from oth cont amj nat i ng
proteins. Howeve?®: in epd?%’seé'r‘r’t:eafrrﬂr w@%@%ﬂ&%ﬁ chgh erbarﬁi”‘Eﬂgens'

si ngl e- chai 2 FacddtamprG sirdy e ssssps coxhi bit any activity. Instead,
anot her form of Factof,\C ;Hi- t | .for such activity
10  coinci ?ent Wi th ?ar)ac}[li?%%s 3 Br?§8£?b%'ﬁ%‘%?%§§%0%%%% 20Db) . Thi s
was attribdtable tolbkhefraebignating sryft ampabacyrespuesiteelof iR he
doubl e-chai 5 f or(@)ofpy affinity chromatography through Sepharose CL-6B,

6 using 0.05 M Tris-HCl, pH 8.0, containing 0.154 M NacCl,
5% dimethylsulfoxide (v/v), and 1 mM disodium ethylene-

diaminetetraacetic acid as buffer, and pooling fractions

0 ©0

for each peak;

10 {c) desalting said fractions of step (b) by gel
11 filtration chromatography through Sephadex G-25, using
12 pyrogen-free water as eluent, and pooling fractions for
13 each peak;

14 (d) fractionating said fractions of step (c) by
15 affinity chromatography through heparin-Sepharose CL-6B,
16 using 0.02 M Tris-HCl, pH 8.0, containing 1 mM disodium
17 ethylenediaminetetraacetic acid as mobile phase and a
18 linear gradient of 0-0.5 M NaCl as eluent, to obtain a
19 fraction containing purified single-chain Factor C and
20 fractions containing double-chain Factor C;

21 (e} recovering said purified single-chain Factor
22 C;
23 (£) further fractionating said fractions of step

24 (d) containing double-chain Factor C by gel filtration
25 chromatography through Superose 12, using 0.02 M Tris-
26 HCl, pH 8.0 containing 1 mM disodium ethylenediamine-
27 tetraacetic acid as mobile phase to obtain a fraction
28 containing purified double-chain Factor C; and

29 (g) recovering said purifiéd double-chain Factor
30 C.

1 23. A method for maintaining Factor C in its zymogen
2 form in a crude amoebocyte lysate, comprising lysing
3 amoebocytes in a solution comprising dimethylsulfoxide
4 and, optionally, a chelating agent.
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Factor C. Both peaks 2 and 3 in Fig. 19b were separately pool ed,
concenfrat ed, *and subjected to 15 desal ting through Sephadex G 25 using
pyrogen-free water as eluent. Wth the renoval of [err] the pooled first
peak fractions regained a considerable anobunt of Factor C activity,
contributing 30% of the total. This can be gxplained by earlier kinetic
studies (Navas et al., 20 1990. Biochem “I'ntl. 21, 805- 813) mhich showed
that [err] rgevergjbly a chain its
- endot oxi n rgcep %r Th? gltelt\ﬁ%tde%fslép%% Er:%f ewgggﬁgf‘e gh 3@' l{tx' %
found to be %ror oxregemcireg waterstage, as conpared to that in the

previ ous 25 purification. Flgure 22 shoms the elution profile of

si ngl e- chaln Factor C. this S|n | e- chaln Factor C was purified
365 7 o1 0t ot aprES et FIGARERGE ki LAy A ol VR A ETLEing, ¢ he

sane met hod, 2hOWEyﬁwhlliwuﬁgu&diﬂciy&atéﬁctor C still co-eluted with 30
proclotting enzyne. Thus, further purification performed by gel
filtration on Superose 12 using FPLC (Fig. 23) finally isolated the

doubl e-chai ML Fac2®r CA method for maintaining Factor C expressed by

2 transformed host cells grown in a culture wmedium in its
zymogen form, compr1s1ng contacting said Factor C with
dimethylsulfoxide and, optionally, a chelatlng agent,
and subsequently isolating said Factor C in the presence
of dimethylsulfoxide and, optionally, a chelating agent.

A Ut o W

27. The method of claim 26, wherein said Factor C is
accumulated intracellularly within said host cells, and
said contacting is performed by lysing said "host cells
in the presence of dimethylsulfoxide and, optionally, a

U1 > W N =

chelating agent.

28. The method of claim 26, wherein said Factor C is
secreted into said culture medium, and said contacting
is performed Dby | adding dimethylsulfoxide and,
optionally, a chelating agent to said culture wmedium

n & W N K

prior to isolating said Factor C.

29. A method for maintaining Factor C in its zymogen
form, comprising contacting said Factor C with
3 dimethylsulfoxide.
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gi ving 1520-fold purification (Table I111). 45 [err] 46 [ByTHIS Sk
non-reduci ng and reduci ng SDS- PAGE anal ysi s, the single-chai
remai ned as a single polypeptide with a cal cul ated apparent no
of 132 kDa (Fig. 24, lanes 2 and 4), while its double-chain form5 was
found to be conposed of a heavy (80 kDa) agg a light chain (52 kDa) when

ane 5). The nol eThi{ SheetiiassBeen Replaced

resol ved under
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reduci ng SDS- PAGE (Fig. 24,

reported here are slightly heavier than those reported for T.

(Nakanmura et al., 1986. Eur. J. Biochem 10 154, 511-521). ”“Mﬂ“"jmm“

effective sizes of their

10

15

20

Abstract

Full-length and deletion subclones of cDNAs for
Factor C of Carcinoscorpius rotundicauda are provided.
These c¢DNAs have been cloned into Agt 22 and pGEM
11Z2f(+) . Further manipulations of the 5’ and 3’ ends of
these cDNAs have been carried out, and these cDNAs have
been further subcloned into other expression vectors
such as pGEMEX-1, pET 3b, and the yeast shuttle vectors
YEpsec 1 and pEMBLyex 4, and pPIC 9 and pHIL D2. Also
provided are host cells transformed with expression
vectors containing DNA molecules encoding proteins
having Factor C-like enzymatic activity, methods of
producing such proteins, methods for purifying Factor C
zymogens, and methods for protecting Factor C zymogens
from autoactivation by Gram negative bacterial endotoxin
while the proenzyme is being purified and/or processed
from amoebocyte lysates or from recombinant clones, or
during storage or subsequent handling. This protection
is afforded by the addition of 5-30% Me,SO, which
reversih:ly inhibits the Factor C zymogen.
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conponent chains, it is apparent that the light chain of the ?é e Frem € v

Tfl A OEEN

r.ot undi cauda was heavier than that fromT. tridentatus. Bot
Factor C from C. rotundi cauda were found to possess properti tyn EBLAGED
15 serine proteases. In particular, both were irreversibly inhibited by

smal | anounts of DFP and PMSF. However, both forns of Factor C reacted
differently in the presence of Me2SQO Si ngl e-chain Factor C was highly
susceptible to Me2SO, being al nost conpletely inhibited 20 by 5% [err]
wher eas doubl e-chain Factor C activity was conpletely inhibited only at 30%
Me2SO (Fig. 25). Being nore susceptible to Me2SO, single-chain Factor C did
not exhibit any apparent activity during the initial gel filtration step,

where the Factor C assay was perfornmed 25 in the presence of 5%
Me2SO. This differenBodbtodmsitivity of the two forns of Factor Cto
[err] was instrunental inr| di&tinguishing the assay of one formfrom the
other, and in the finhl urification simltaneously, of the two forns
of Factor C. 30  Thus, 2SQA\ in the range of from about 5% to about 30%
Double-chain ingle-chain
Factor C {7;5' Factor C
Factor C 1-38-D-glucan
Factor B ' !
. v . .‘*\
Factor B ad \\\
\
)
Factor G
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To test the presence of endotoxin (LPS) binding sites on FicThiB S¢=if0 e wioN
[err]g aliquots of endotoxin were el ectrophoresed in duplifate |RERBAGED
pol yacryl am de gel s 47 containing SDS. One set was silver—starned
according to the nethod of Tsai and Frasch, 1982. Anal. Bi ochem 119,
115-119, while the other was electroblotted onto an | mmobil on PVDF nenbr ane
(MIllipore) using the same 5 procedure as described above. The
el ectrobl otted nenbrane contai ni ng endot oxi.n was bl ocked by incubating in
50 MM Tris-HC , pH 8.0, containing 0.2 MNaCd (TBS) with 30 ng/m BSA for
30 mn at [err] The nenbrane was cut into strips (LPS strips), and each
~strip was 10 separately incubated with slight agitation at [err] with
ARARA :

v/iv, can be used to inhibit Factor C. Exanple 12 Endotoxinﬁstndtngrﬁssay*33ﬂj

TTTTT Not I

Not [ primer adaptor
Y- AMYV reverse transcriptase
dNTPs
First Strand Synthesis ARAAR
ool il el ~lc—~TTTTT Not I
: DNA pol. 1
RNAsc H
'.’ DNA fligase
T4 DNA pol 1 -
dNTPs

Second Strand Synthesis ~ — oo e Fapenee e ARARA

TTTTT Not I
_.l._EaHUmumms
: . T4 DNA ligase
Ligation of Eco RI Adaptor .
' : AAAAA P~
[__ _p P TTTTT ._p —]
Eco RI Notl EcoRI
) Not I digestion
~"'7ﬂ?dpwdw&kkhmn
Not I digestion and '
Phosphorylation P . _ ARAAR
I s
Eco Rl Not I
Spin Column Chromatography
Ligation toAgt 22/ Eco RI/ Not 1 arms
Vector Ligation . dephosphorylated vector arms

L
rrrrr B sector ar

po

sectoram —] L]

-P-DNA Ligase

Recombinant
c¢DNA B recombinant cDNA ]Ill
Figure 2 This Sheet Has Been Replaced
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5 rrg each of purified single-chain and doubl e-chai n Factor gﬁégactl Qns, TEEEE=
The strips were then washed three tines for 5 min each with bﬁfﬂﬁec“ BEEN “
i ncubation for 3 h at [err] with rabbit anti-CAL anti serum Giz=tit-q

500-tinmes 15 in TBS containing 1 ng/m BSA. A control experinment was
carried out by incubating replicate LPS strips earlier treated with single-
or double-chain Factor Cwith pre-.imune rabbit seruminstead of rabbit
anti-CAL antiserum Subsequently, the strips were washed with 20 TBS,

foll owed by incubation for 1 h at [err] w th peroxi dase-conjugated goat
anti-rabbit 1gG (Zyned) in TBS wwth 1 ng/m BSA. After rinsing extensively,
the strips were stained with 60 [err] [err] and 60 ng chl oro- 1- napt hol
(Sigma) in 20% et hanol (v/v). 25 Fi gure 26 shows that LPS

el ectroblotted to an I mobil on nmenbrane was recogni zed by both the single-
and doubl e- chgjcpnd@ct or C. The single-chain Factor C showe E‘” her capacity

for binding to LPS as igpdicated by the stronger hybridigati o ignal (Fig
26B, | ane 1) 30 conp%ed to its doubl e-chain gounteré‘grt. Sirnce LPS and
26 . ' 4250
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Me2SO hind to the sane receptor on Factor C, this observation e $H%J§pegl “Qr\ BEEN

by the.cedarlier® finding of the higher susceptibility of singl e—J-chal nRE@gp\ggD

Cto Me2SO (Fig. 25), which conpletely but reversibly inhibit t-he S

activation of Factor C, causing steric hindrance which renders it

non-functional (Navas et al., 1990. Biochem Intl. 21, 805-813). Simlarly,

EDTA ch€rBE$ [err] which 48 renders it unavail able to act as co-factor

for the activation of Factor C (Dewanjess et al., 1990. J. Nucl. Md. 31,

234-245).  The endot oxhdiur eCEht g s issudsabh zynmogen forns ar gralfss ?f)ﬁn

simlar tyQ.fhose siypictain.afsa b, r L PSepbi/meinng pr ot ei ngvaf W PY T
Shtofin

1986. J. Exmincied Beilip4, et{al. nadi98g. IR | . o
096- 189°F [Tob} a%=aY bl .| {19 . 2645108 'en
ei t hes e PS e ed Wi th

its Factor C (C. rorundlcauda) 4162 bp
R ACrFC 21
Hpal/Hincll
HindHi Hinell Ssti{Sacl) oot Hipal/Hinell
Banlil/Clal|Ncol/Styl|{BamHI Hpal/Hincll Xbal s EooRY
Bgill BamHI HindIIl Ndel EcoRi co Notl
EcoRI ‘ l J l Xhol l l o
5" | ' i 3
Factor C (C. rotundicauda) 3448 bp
AFCS3
= Sall )
HindIl Ssti(Sacl)
Styl BamH] Pstl
Hindlll Hindlll EcoRl
. I | 1.
Factor C (7. lridenlatus) 2470 bp
AFC 41
Ssti{Sacl)
Pstl Pstl
| Hinan Kookl BamHI : No'.1
£ 1 [ [s
Factor C (7. ltridentalus) 2036 bp
] 1]
0 _ 1000 _ 2000 bp
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10 fluoronetric substrate,
This shows that Factor C has an endot oxi n-
fromits serine protease catalytic site.

the Factor C activity remai ned ¢
bi ndi ng site which

Thi s endotoxin rec

TS AblS. s CEAN

IS uﬁt:ﬁu&GED_

ptor srte rs

al so ca([g pbl e of binding [err] which concomtantly results |nH15 - ht
apparent inactivation. wisligr ef Be, usimg a si mpl e and uni que pro ';‘:%,nc"tv\o
forms of Factor C wel€ $idiysd USIy weal ated fromthexﬁarcﬂ’h‘b [OTTES
anmpebocyt e | ysate. hi rge.pﬁ. S’“ nS| de?'%fbl é"°é5‘§7’§ cenen Qadi | ier
met hods? 'T'\lakarrura 20 t . Bioche 54, 5}1 5 ]1 | &
To kunag ar~ ., 1987 T:UI‘ rBl ocn b/ 405- M@ngsp I Sol ateyt he
two for f Factor CfromT. trlden S‘bp)FUI’thG-l’—nCDJéiﬂlan[oQQ of 5%
[err] a nmM [err] not only averte e endoet-extifxazndeeesk@ctiwvat i on of
the 25 enzynmes, but was mstrurrent al e bembetion, detection,
and differentiation of one formof Fact8r—C*¥fbm t Feewtder Thus, duri ng
the initial stages of anpebocyte Iyséte p"F"éi)aratlon E[Ne ﬁ"v‘ban be used as a
reversibl e ¢ XoENT's—"—}
44— Exo7 ExoEN2'e——P
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[€rr] can be enployed at a concentration of from about 5% to § Bdgl HAS BEE
viv. At the final step of |ysate preparation, this transient actﬁ%@&ﬁQ§P
of Factor C can be reversed by renoval of [err] This 35 nethod Wi Tl

hel p to overcone the deleterious effects of the ubiquity of endotOX|n and
ensures hi i éﬁqw

pr epar atlo%ﬁuag?ﬁd %}1‘?0 aﬁg ?;E/‘B)eteg%n a sge%\gl:%?g(e:gtgeg In th| S
manner as wel | . For exanple, Factor C can be maintained in its zynogen form
in any type of preparation, including crude 5 anoebocyte |ysates, or by
| ysi ng anoebocytes in a solution conprising [err] This solution can
further contain a chelating agent such as EDTA, where the Lysing solution
is pyrogen-free water, or any other sol GCAYDTAATGTCTCAACGGTAAAGGTTT 28

30 inhibitor of endotoxin-induced Factor C activation. ForgTﬁTsEgurﬁOSEf“‘c
n

CATTGTAGCTAATATTTAACTTCC‘I‘CCCTGTGCCCCAAATCGCGAGTA’I_:QACGTCAGTTA 88

AGACTTCGTATTTTAAGAGT%AAACACGAGCC‘I;TAAAGAGCGATATTTTTTTTGTTAAAC 148
ACTTCCAACTTAATACAATTGGCAAACTTTCAAAAATAAAGTGGAAAAGGAGGTAAAAAA 208
G_A___TGAAAAAAATTCGCATACAA"}“AGAATACAATAAAA_EQTGTTGTCTTTACTGTCAACAC 268
'J.‘TACTGTTCGTTCGGTCACAGCTG?‘GAATCGGGGTGACTTTAE_GTTTGTAGTGGTCTTAA 328
AAACGGGTACTTGGTTGTTT%GAAAATTPTAAAACCTACAT_A_T_GATTCTCCTAAAATPTT 388
GTTTA%AAATTAGCACCATTTGCGACCTAAATCTTTTTTGTAGTCTTAAGTTTAGTTGAC 448
ATAAARACAAAATTTGTAACAACACACGGTATAAACTAAATAGCTTCAGATGGGTCGTAT 508
GACAAGGAA.AéTTTTAAATA_ATTATGAAAGTTTTTTTAAAATT%GACTAAGGTTTAGATT 568

ATGTGGGTGACATGCTTCGACACGTTTCTTTTTGTTTGTGAAAGTTCAGTTTTCTGTTTG 628
M wVvTCVPF DTV FL F V CE S SV F CL 20

TTGTGTGTGTGGAGGTTTGGTTTCTGTAGGTGGCGTGTTTTCTACAGTTTTCCATTCGTT 688
LCVW‘RFGFCRWRVFYSFPFV 40

AAGTCAACAGTTGT'1'TTATTACAGTGTTACCATTACTCTCTCCACAATACCTCAAAGTTC 748
K 8 T v vV L L C Y HY S L HNTS K F 60

TACTCTGTGAATCCTGACAAGCCAGAGTACATTCTITTCAGGTTTAGTTCTAGGGCTACTA 808
¥y S vV NP D XK P E Y I L S G L VL G L L 80

GCCCAAAAAATGCGCCCAGTTCAGTCCAAAGGAGTAGATCTAGGCTTGTGTGATGAAACG 868
A Q K M RP YV Q S X GV DLGULOCDET 100

AGGTTCGAGTGCTAAGTGTGGCGATCCAGGCTATGTGTTCAACATTCCAGTGAAACAATGT 928
RFECKCGDPGYVFNIPVKQC 120

L

ACATACTTTTATCGATGGAGGCCGTATTGTAAACCATGTGATGACCTGGAGGCTAAGGAT 988

T Y F YR WU RUP Y CEKUPOCOCDDL E A KD 140
ATTTCTCCAAAGTACAAACGATGTCAAGAGTGTAAGGCTGGTCTTGATAGTTGTGTTACT 1048
I ¢ P X ¥ K R €C Q ECK A G L D s c VvV rST 160
TGTCCACCTAACAAATATGGTACTTCGTGTAGCGGTGAATGTCAGTGTAAGAATGGAGGT 1108
C P P N K Y G T W OC S G EC Q C K N G G 180
Figure 6
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suitable for lysis, suspension, or storage. Me2SO can be 10 _enployed ina

cancenty ation of from about 5%to about 30% v/v, preferably U Vo oo
and when present, the chelating agent such as EDTA, Na2EDTA, E%S# l} A5 BEEN
other simlarly acting chelating agent, can be enployed at a -

of about 1nM For |ong-term storage 15 of such protected |ysates bef or e
use, the lysates thus prepared can be |yophilized. These steps are useful

hbehoc TETETaASEACAPRRFARER G I Lo PR o or FrRrA IR TG RECORTEERCTEE . a6
amoeboc at 44680y
duri ng zinﬂl i Bg @r %o T sforBge€ o GnyR ActRr gé-’éoni;ai ¥inH Sol ut S%Hs

T T T R

Cral izl | : . : ! .
Eillf ;2 éy.e I Qv t? n kel fg e%&ﬁ% scT|E g,élt W egglgis ou t@hgmsfﬁgr
SBY. p RvVepll g 9 phug dgscei bgd plig pOVKOUE b4b
same nay be varied 1n many ways. Such

ATGGCACGAATTAGCTGTCTCCCAAATGGACAGTGGAGTAACTTTCCACCCAAATGTATT 1348
M AR I S CL P NGOQWSDNU FUPUPI KT CI 260

CGAGAATGTGCCATGGTTTCATCTCCAGAACATGGGAAAGTGAATGCTCTTAGTGGTGAT 1408
R ECA MV 8 S P EHG XK YV NADL S G D 280

ATGATAGAAGGGGCTACTTTACGGTTCTCATGTGATAGTCCCTACTACTTGATTGGTCAA 1468
M I E G A TULRUVPF S CD S P Y YL I G Q 300

GAAACATTAACCTGTCAGGGTAATGGTCAGTGGAATGGACAGATACCACAATGTAAGAAC 1528
E T L T C Q G N G Q WNGOQTIUPOQT CI KN 320

TTAGTCTTCTGTCCTGACCTGGATCCTGTAAACCATGCTGAACACAAGGTTAAAATTGGT 1588
L vV F C P DL D P V N HAUEUHI KV K I G 34

GTGGAACAAAAATATGGTCAGTTTCCTCAAGGCACTGAAGTGACCTATACGTGTTCGGGT 1648
vV E Q0 K.Y G Q F P 0 GT E V T Y T C s G 360

AACTACTTCTTGATGGGTTTTGACACCTTAAAATGTAACCCTGATGGGTCTTGGTCAGGA 1708
N Y F L M GG F DTLXKCWDNUPUDG S W S G 380

TCACAGCCATCCTGTGTTAAAGTGGCAGACAGAGAGGTCGACTGTGACAGTAAAGCTGTA 1768
S Q P S CV KV A DREYVDCUD S K AV 400

GACTTCTTGGATGATGTTGGTGAACCTGTCAGGATCCACTGTCCTGCTGGCTGTTCTTTG 1828
D FL DDV G EU®PVRTIHUCGCPA AGTCSIUL 420

ACAGCTGGTACTGTGTGGGGTACAGCCATATACCATGAACTTTCCTCAGTGTGTCGTGCA 1888
T A GG TV WGTATIUYHETLS SV CRA 440

GCCATCCATGCTGGCAAGCTTCCAAACTCTGGAGGAGCGGTGCATGTTGTGAACAATGGC 1948
A I H A GG KL P NS G G AV HV V NNG 460

'CCCTACTCGGACTTTCTGGGTAGTGACCTGAATGGGATAAAATCCGAAGAGTTGAAGTCT 2008
P Y S b FL G 8 DL NGTII K SEETLIKS 480

CTTGCCCGGAGTTTCCGATTCCGATTATGTCAGTTCCTCCACAGCAGGTAAATCAGGATGT 2068
L A R S FRVF D Y V 8 8 8 T A G K s G C 500

CCTGATGGATGGTTTGAGGTAGACGAGAACTGTGTGTACGTTACATCAAAACAGAGAGCC 2128
P D GW P F E VD ENUGCV.Y VT 8 K Q R A 520
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variations are not to be regarded as a departure from 30 t prtd-fand... .
sdope ¢f the invention, and all such nodifications as would GTMbSHEESH%QBEEE]‘
one skilled in the art are intended to be included within the scomEPLACED ’
foll ow ng cl ai ns. 50 Rel evant Publications on C. rotundi O )
1. Ho, B. 1983) "An imgroved Li mul us annebocgte | ysat e_assay".

M cr obi BECERAAGAGOTECBACERCTOTCTACEARTATCCRTGEI GETCTYCETCTEEEEEGACAAA" 2188
"ConparWsof RBf & QsefsiVivFt yTof N TalhyBl efs BndlLidul ¥is GroBbokyte B#fate

102 B ey el

J.L. & ti%n 0 o? active anoebocytée Iysé?’e fro

Tachypl gigcGAPACCRBHGACT AL RAPECREREARCEOEYP AT PIERCACPRRATEEATCATRERC 2803

I GL HRL DAUEI KU©PVF I WEULMDR S 580

P
¥ f
\Vaanwy, <>

AATGTGGTTCTGAATGATAACCTAACATTCTGGGCC‘I'CTGGCGAACCTGGAAATGAAACT 2368
NVVLNDgLTFWASGEPGﬁET 600

AACTGTGTATATATGGACATCCAAGATCAGTTGCAGTCTGTGTGGAAAACCAAGTCATGT 2428
N C V. Y M DI QD QL Q S V WXKTIK s C 620

TTTCAGCCCTCAAGTTTTGCTTGCATGATGGATCTGTCAGACAGAAATAAAGCCAAATGC 2488
F Q P 8§ S F A CMMUDULSUDURWNI KA AIKSEC 640

GATGATCCTGGATCACTGGAAAATGGACACGCCACACTTCATGGACAAAGTATTGATGGG 2548
D D P G S L ENGHATTULHGUGQS I D G 660

TTCTATGCTGGTTCTTCTATAAGGTACAGCTGTGAGGTTCTCCACTACCTCAGTGGAACT 2608
F Y A6 8§ S I R Y S CE VL HYUIL s GG T 680

GAAACCGTAACTTGTACAACAAATGGCACATGGAGTGCTCCTAAACCTCGATGTATCAAA 2668
ETVTCTT%GTWSAPKPRCIK 700

GTCATCACCTGCCAAAACCCCCCTGTACCATCATA_TGGTTCTG‘I'GGAAATCAAACCCCCA 2728
VI T CQNU®P?PV P S Y G S V EI K P P 720

AGTCGGACAAACTCGATAAGTCGTGTTGGGTCACCTTTCTTGAGGTTGCCACGGTTACCC 2788
S R TN S I SRV G S P FLRLPRTULP 740

CTCCCATTAGCCAGAGCAGCCAAACCTCCTCCAAAACCTAGATCCTCACAACCCTCTACT 2848
LPLARAAKPPPKPR:SSQPST 760
GTGGACTTGGCTTC;I'AAAGTTAAACTACCTGAAGGTCATTACCGGGTAGGGTCTCGAGCC 2908
V DL A S KV KL P EGHY RV G S R A 780

ATTTACACGTGCGAGTCGAGATACTACGAACTACTTGGATCTCAAGGCAGAAGATGTGAC 2968
I ¥ T C E S R Y Y EL L GG S Q G R R CD 800

TCTAATGGAAACTGGAGTGGTCGGCCAGCGAGCTGTATTCCAGTTTGTGCGACGGTCAGAC 3028
SNGRWSGRPASCIPV.CGRSD 820

TCTCCTCGTTCTCCTTTTATCTGGAATGGGAATTCTACAGAAATAGGTCAGTGGCCGTGG 3088
SPRSPF‘IWNG%S-‘TEIGQWPW 840

CAGGCAGGAATCTCTAGATGGCTTGCAGACCACAATATGTGGTTTCTCCAGTGTGGAGGA 3148
Q A G I S RW UL ADUHWDNMWUP FULOQTCG G 860

TCTCTATTGAATGAGAAATGGATCGTCACTGCTGCCCACTGTGTCACCTACTCTGCTACT 3208
SLLNEKWIVTAAgCVTYSAT 880
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Sci. Meeting of the Singapore Soc. Mcrobiol. 10-11 Jan 198 —€d—*C
Chan, p' 21. 4' Ding, J.L., Kim J.C & Ho, B. (1988) " PkEWSeHIEE HAS BEEN
m togen stinul ates DNA synthesis in cultured anpebocytes of (arci nBERAGERS

rotundi cauda."” Cytobi os 55:147-154. 5. Kim J.C, Ding, J.LUT&Ho, B
(1988) "Endotoxin activation of cI otting -proteins from Carcinoscor pi us

rot undi %Gﬁwmﬁ@cim EPTTAAAATETATRENGEER R CFACELCCOTEOFEIEN 3868
Bi ot echng I Asigpantl Qeegpigp dwm A Spad, kKy Anpad, pRp Persoal ,
S. Aziz, and V. Thanbyrajah, Mlaysia, p. Fl1. 6. Navas 111, MA A,

D ng, JAGTAGAGACGATAACTATARNAAGIRAGACKEGCECETGAGABCCAIGHGARTICTAAE F3228r
Cand 2% pra@ml a@atimgyY anzyge Vv fRoE Andebd&yt® HI| Wate PofN 920
Car ci noscor pi us rotundi cauda". Abstract in Proc. 5th FAOB Congr., 13-18
Aug. 19SEACGRCCCCCACARRGRCAAGITTIGICATAGCCORAATTCAAQTGAAAAQTCCTGITACR I389),
J. L. (L9g®) Ppresdfvari dh & ctlor 2 deti¥it® dnd Kerdvd of i%s 30940

i nhi bi tOT‘f/ factor from Carci nos®rpius rotundi cauda."”
GACAACACGAGTCCAACCAATCTGTCTGCCTACTGACATCACAACAAGAGAACACTTG 3448

L T TR V Q P I ¢ L P TDI T TREUHL 260

AAGGAGGGAACATTAGCAGTGGTGACAGGTTGGGGTTTGAATGAAAACAACACCTATTCA 3508

KEGTLAVVTGWGLNE%NTYS 980

GAGACGATTCAACAAGCTGTGCTACCTGTTGTTGCAGCCAGCACCTGTGAAGAGGGGTAC- 3568
ETIOQQAV L P V V A A S TCEE G Y 1000 -

AAGGAAGCAGACTTACCACTGACAGTAACAGAGAACATGTTCTGTGCAGGTTACAAGAAG 3628
K E A DL PL TV TENMUVPFCAG Y K K 1020

GGACGTTATGATGCCTGCAGTGGGGACAGTGGAGGACCTTTAGTGTTTGCTGATGATTCC 3688
GRYDACSGD%GGPLVFADDS 1040

CGTACCGAAAGGCGGTGGGTCTTGGAAGGCATTGTCAGCTGGGGCAGTCCCAGTGGATGT 3748
R T E R R WV L E G I V 8 W G S P 8 GG C 1060

GGCAAGGCGAACCAGTACGGGGGCTTCACTAAAGTTAACGTTTTCCTGTCATGGATTAGG 3808
G K A N Q Y GG F T KV NV F L 8 W IR 1080

CAGTTCATTTGAAACTGATCTAAATATTTTAAGCATGGTTATAAACGTCTTGTTCCTATT 3868
Q F I < 1083

ATTGCTTTACTGGTTTAACCCATAAGAAGGTTAACGGGGTAAGGCACAAGGATCATTGIT 3928
TCTGTTTGTTTTTACAAATGGTTCTTTTAGTCAGTGAATGAGAATAGTATCCATTGGAGA 3988
CTGTTACCTTTTATTCTACCTTTTTATATTACTATGCAAGTATTTGGGATATCTTCTACA 4048
CATGAAAATTCTGTCATTTTACCATAAATTTGGTTTCTGGTGTGTGTGTTAAGTCCACCA 4108
CTAGAGAACGATGTAATTTTCAATAGTACATGAAATAAATATAGAACAAATCTATTATAA 4168

AAAAAAAAAAARAA | 4182
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51 Abstract in Intl. Synp. New Frontiers Food & Med. M cpnh#ﬁ%fr—SFﬁ§§EEW€r
B. 79.% & Navas IIl, MA A, Ding, J.L. & Ho, B N3P SHEET HAS EEN
"I nactivation of Factor C by dinmethyl sulfoxide inhibits}{5 coa%ﬁéﬁ’!a’%‘?%?i of

t he Carcinoscorpi us anpbebocyte |ysate". Biochem | nt | ==——Académ c

Press, Australia. 21(5):805-813. 9. 'Ho, B., Ki m J.C & Ding
J. L. (1993) "El ectrophoretic anal ysi s of endot oxi n-activated 10
gelation reaction .of Carcinoscorpius rotundi cauda anoebocyte |ysate".

Biochem & Mol. Biol. Intl., Acad. Press, Australia, 29(4):687-694. 10.
Ding, J.L., Navas, MA A & Ho, B. (1993) "Two forns of Fact or C
from the anoebocyt es of 15 Car ci noscor pi us r ot undi cauda: _
Purification and characterisation". Bi ochim et Biophys. Acta 1202:
149- 156.
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Ding, J.L., Sababathy, Tr, | B. (1993) "Mor nu.
chianges' i n Carci noscor pi us rotund|

ll
Bee“ cytes ang
their interaction" Cytobi 52 SEQUENCH LISTF
GENERAL | NFORMATI ON: (i) APPLI CANT: ng Ho, Bow ||) TITLE OF

during

'1r\a BEEN

k@&ﬂ

T

| NVENTI ON: The C oned_ Factor C cDNA of the Si ngapor e Hor seshoe Crab,

Car ci noscor pi us rotundi cauda and Purification of Factor

SERICA Seepeeatand Pryiferd Liled by CrRERTeNg. o

NUMBER

Stewart

(© dTY: Falls Church

GTGAAGGTAACTTAAGT

ATGGTCTTAGCCTCGTTTTTGGTGTCTGCTTTAGTTCTAGGGCTACTAGCCCAARAAATG
M v L. A S FLV S GG L VL G L L A Q K M

CGCCCAGTTCAGTCCAAAGGAGTAGATCTAGGCTTGTGTGATGAAACGAGGTTCGAGTGT
R PV Q S X GV DL 6L €C D E TRV FE C

AAGTGTGGCGATCCAGGCTATGTGTTCAACATTCCAGTGAAACAATGTACATACTTTTAT
K ¢ ¢ b P 6 Y V F NI PV XK QCT Y F Y

CGATGGAGGCCGTATTGTAAACCATGTGATGACCTGGAGGCTAAGGATATTTGTCCAAAG
R WRUP Y CX P CDDUIL EAI KDTITCU?PIK

TACAAACGATGTCAAGAGTGTAAGGCTGGTCTTGATAGTTGTGTTACTTGTCCACCTAAC
Yy X R C Q ECK A GLD S CV T CUP P N

AAATATGGTACTTGGTGTAGCGGTGAATGTCAGTGTAAGAATGGAGGTATCTGTGACCAG
K ¥ 6 T w C S G E C Q C K NG G I C D Q

-AGGACAGGAGCTTGTGCATGTCGTGACAGATATGAAGGGGTGCACTGTGAAATTCTCAAA

R T G A C A CRDURY EGV HCUETITILK

GGTTGTCCTCTTCTTCCATCGGATTCTCAGGTTCAGGAAGTCAGAAATCCACCAGATAAT
G C P L L P S DS Q V Q EV R NUPUP DN

CCCCAAACTATTGACTACAGCTGTTCACCAGGGTTCAAGCTTAAGGGTATGGCACGAATT
P 0O T ID Y S C S8 P G F KL K G MATRTI

AGCTGTCTCCCAAATGGACAGTGGAGTAACTTTCCACCCAAATGTATTCGAGAATGTGCC
S CL P NG QW S NUFUP P K CIIZRETCNA

ATGGTTTCATCTCCAGAACATGGGAAAGTGAATGCTCTTAGTGGTGATATGATAGAAGGG
M VvV 8 § P EH G K V NAL S G DMTIEG

. GCTACTTTACGGTTCTCATGTGATAGTCCCTACTACTTGATTGGTCAAGAAACATTAACC

A T L R F 8 CD S P Y ¥L I GQ ETILT

TGTCAGGGTAATGCTCAGTGCAATGGACAGATACCACAATCTAAGAACTTGGTCTTCTGT
C QGNGOQTWNGOQTIZPOT GCTEKTNTLUVTF.C

CCTGACCTGGATCCTGTAAACCATGCTGAACACAAGGTTAAAATTGGTGTGGAACAAAAA
P DL DP V NHAEUHI KUV KTIGVYV E Q K

TATGGTCAGTTTCCTCAAGGCACTGAAGTGACCTATACGTGTTCGGGTAACTACTTCTTG
Yy ¢ Q F P Q GTEV T Y TOCS GN Y F L

ATGGGTTTTGACACCTTAAAATGTAACCCTGATGGGTCTTGGTCAGGATCACAGCCATCC
M 6 F DT L K CNU®PDGS W S GG S Q P s

TGTGTTAAAGTGGCAGACAGAGAGGTCGACTGTGACAGTAAAGCTGTAGACTTCTTGGAT
cC v X v A D REV D CD S K AVYV D VF L D

Figure 8
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FORM (‘A) MEDI*'UM TYPE: Fl oppy di sk
OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D)
Version #1.25 (vi) CURRENT APPLI CATI ON DATA (A) APPLI CATI ON NUMBER: US (B)
FI LI NG DATE: (C) CLASSI FI CATION:* (viii) ATTORNEY/ AGENT | NFORVATI ON: (A)
NAME: EATETLGGAGAACCIGTGAGERATRAGIERCENRCTICOCTIARRHIE TG AGCTGAIACT 1097
REFEREMCENDOGKEE NEVBER: RL7d1- HO5C (iB) ATEECOVMENI GATITONA NFRORNMRTI ON64Q A)

TELEPHONE: (701")12 205- 8000 (B) TELEFAX: &70?8 205- 8050 (G8 TELEX: 248345
GTGTGGGGTACAGCCATATACCATGAACTTTCCTCAGTGTGTCGTGCAGCCATCCATGCT 1157

V W GG T A I Y HEIL S S V CRAATIHA 380

This Sheet Has Been Re laced
(D) STATE: Virginia (E) COUNTRY: us %ﬂ

GGCAAGCTTCCAAACTCTGGAGGAGCGGTGCATGTTGTGAACAATGGCCCCTACTCGGAC 1217
G K L P N S G G A V HV V N NGUP Y S D 400

TTTCTGGGTAGTGACCTGAATGGGATAAAATCGGAAGAGTTGAAGTCTCTTGCCCGGAGT 1277
F L G S DL NG I K S E ETL K S L A R S 420

TTCCGATTCGATTATGTCCGTTCCTCCACAGCAGGTAAATCAGGATGTCCTGATGGATGG 1337
F R F D Y V R S 8 T AGI K S G C P D G W 440

TTTGAGGTAGACGAGAACTGTGTGTACGTTACATCAAAACAGAGAGCQTGGGAAAGAGCT 1397
F E V D ENUCV Y VTS K QR AUWETRA 460

CAAGGTGTGTGTACCAATATGGCTGCTCGTCTTGCTGTGCTGGACAAAGATGTAATTCCA 1457
Q 6 v ¢ T N M AAURULAVV L D XD V I P 480

AATTCGTTGACTGAGACTCTACGAGGGAAAGGGTTAACAACCACGTGGATAGGATTGCAC 1517
N s L T ET L RGI KGUL T T T W I G L H 500

AGACTAGATGCTGAGAAGCCCTITATTTGGGAGTTAATGGATCGTAGTAATGTGGTTCTG 1577
R L D A E K P F I WEUILMDURSNUYVYVL 520

AATGATAACCTAACATTCTGGGCCTCTGGCGAACCTGGAAATGAAACTAACTGTGTATAT 1637

N D ‘g’ L T F W A S G E P @G '§> E T N C V Y 540

ATGGACATCCAAGATCAGTTGCAGTCTGTGTGGAAAACCAAGTCATGTTTITCAGCCCTCA 1697
M P I Q D QL Q S VWI KT K S CUV F QQ P S 560

AGTTTTGCTTGCATGATGGATCTGTCAGACAGAAATAAAGCCAAATGCGATGATCCTGGA 1757
S F A CMMUDUL S D RNI KA AI KTGCDDUP G 580

TCACTGGAAAATGGACACGCCACACTTCATGGACAAAGTATTGATGGGTTCTATGCTGGT 1817
S L ENGHATULU HGOGQS ID GV F Y A G 600

TCTTCTATAAGGTACAGCTGTGAGGTTCTCCACTACCTCAGTGGAACTGAAACCGTAACT 1877
S s I RY s C€C EVL HYU L S GTETVT 620

TGTACAACAAATGGCACATGGAGTGCTCCTAAACCTCGATGTATCAAAGTCATCACCTGC 1937
cC T T <§> G T W S A P XK P R CI KV I T C 640

CAAAACCCCCCTGTACCATCATATGGTTCTGTGGAAATCAAACCCCCAAGTCGGACAAAC 1997
Q N P PV P S ¥ G S V EI KPP S RTN 660

TCGATAAGTCGTGTTGGGTCACCTTTCTTGAGGTTGCCACGGTTACCCCTCCCATTAGCT 2057
S I S RV G S P FL RL P RULPULUPIULA 680

AGAGCAGCCAAACCTCCTCCAAAACCTAGATCCTCACAACCCTCTACTGTGGACTTGGCT 2117
R A A XK P P P K P EC:§ S Q P S T V DL A 700

TCTAAAGTTAAACTACCTGAAGGTCATTACCGGGTAGGGTCTCGAGCCATCTACACGTGC 2177
S K VX L P EGHYRVYVY G S ROATIY T C 720

GAGTCGAGATACTACGAACTACTTGGATCTCAAGGCAGAAGATGTGACTCTAATGGAAAC 2237
E S R Y Y EL LG S Q G R R CD S N G 1§. 740

Figure 8



(2) | NFORMATION FOR SEQ ID NO 1: (i) SEQUENCE CHARACTERI STI . ?
4182 hjase pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: si [jgléSEHEET HAS BEEN
TOPOLOGY: both (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: ||[NO__ REBLAGKD

ANTI - SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM Carci noscor prus

rotundi cauda (i x) FEATURE: (A) NAME/ KEY: CDS (B) LOCATION: 569..3817 (xi)
SEQUE%ﬂﬁﬁé@té&ééﬁhc%&t&Miccﬁﬁidm&d@@mméémﬁ@A 2297
TTGTAGETA TATTRAAETTACBCCETIGP V ¢ 6 R S D 8 P R S 760

CCTTTTATCTGGAATGGGAATTCTACAGAAATAGGTCAGTGGCCGTGGCAGGCAGGAATC 2357
P ﬁ-f[ W N G .g S T E I G Q W P W Q A G I 780

TCTAGATGGCTTGCAGACCACAATATCGTGGTTTCTCCAGTGTGGAGGATCTCTATTGAAT 2417
S R WL A DHNMWPFILQQTCGG S L L N 800

GAGAAATGGATCGTCACTGCTGCCCACTGTGTCACCTACTCTGCTACTGCTGAGATTATT 2477
E K W I V T A A é% cC v.T ¥ 8 A T A E I I 820

GACCCCAATCAGTTTAAAATGTATCTGGGCAAGTACTACCGTGATGACAGTAGAGACGAT 2537
D PN Q F KM YL G K Y Y RDD S R DD 840

GACTATGTACAAGTAAGAGAGGCTCTTGAGATCCACGTGAATCCTAACTACGACCCCGGC 2597
D ¥ VvV Q VR EAL EIHV NPNUYD P G 860

AATCTCAACTTTGACATAGCCCTAATTCAACTGAAAACTCCTGTTACTTTGACAACACGA 2657
N L N F é% I A L I QL KTUPV TIL T T R 880

GTCCAACCAATCTGTCTGCCTACTGACATCACAACAAGAGAACACTTGAAGGAGGGAACA 2717
Ve P I CLPTDTITTIREHHTULTIKESGT 900

TTAGCAGTGGTGACAGGTTGGGGTTTGAATGAAAACAACACCTATTCAGAGACGATTCAA 2777
L A VvV V T GG W G L N E '§> N T Y S E T I Q 920

CAAGCTGTGCTACCTGTTGTTGCAGCCAGCACCTGTGAAGAGGGGTACAAGGAAGCAGAC 2837
Q AV L PV V A A ST CEEG Y K E AD 940

TTACCACTGACAGTAACAGAGAACATGTTCTGTGCAGGTTACAAGAAGGGACGTTATGAT 2897
L L TV T EDNMVFCAG Y K K G R Y D 960

GCCTGCAGTGGGGACAGTGGAGGACCTTTAGTGTTTGCTGATGATTCCCGTACCGAAAGG 2957
A C S G D é; G G PL V F A D D S R T E R 280

CGGTGGGTCTTGGAAGGCATTGTCAGCTGGGGCAGTCCCAGTGGATGTGGCAAGGCGAAC 3017
R W VL E G I VS WG S P S G C G K AN 1000

CAGTACGGGGGCTTCACTAAAGTTAACGTTTTCCTGTCATGGATTAGGCAGTTCATTTGA 3077
Q ¥ ¢ 6 FT K VNV FL S WIURGQUPFTI < 1019

AACTGATCTAAATATTTTAAGCATGGTTATAAACGTCTTGTTTCCTATTATTGCTTTACT 3137
AGTTTAACCCATAAGAAGGTTAACTGGGTAAGGCACAAGGATCATTGTTTCTGTTTGTTT 3197
TTACAAATGGTTATTTTAGTCAGTGAATGAGAATAGTATCCATTGAAGACTGTTACCTTIT 3257
TATTCTACCTTTTTATATTACTATGTAAGTATTTGGGATATCTTCTACACATGAAAATTC 3317
TGTCATTTTACCATAAATTTGGTTTCTGGTGTGTGCTAAGTCCACCAGTAGAGAACGATG 3377
TAATTTTCACTAGCACATGAAATAAATATAGAACAAATCTATTATAAACTACCTTAAAAA 3437

AAAAAAAARAA 3448
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60 CCCCAAATCG CGAGTATGAC GICAGITAAG ACTTCGTATT TTAAGAGTTA AA m’ﬂZO-lAS FE:N
" TTAAAGAGCG ATATTTTTTT TGTTAAACAC TTCCAACTTA ATACAATTGG CAAACTETCA 18D ACED
AAAATAAAGT GGAAAAGGAG GTAAAAAAGA TGAAAAAAAT TCGCATACAA TAGAATACAA 4T =
TAAAATGTGT TGICTTTACT GITCAACACTT ACTGITCGIT CGGICACAGC TGIGAATCGG 300
GGTGACTTTA TGITTGTAGT GGTCTTAAAA ACGGGTACTT GGITGITTTG AAAATTTTAA 360
AACCTACATA TGATTCTCCT AAAATTTTGI TTATAAATTA GCACCATTTG CGACCTAAAT 420
CITTTTTTGTA GICTTAAGIT TAGITGACAT AAAAACAAAA TTTGTAACAA CACACGGTAT 480
AAACTAAATA GCTTCAGATG GGTCGTATGA CAAGGAAACT TTTAAATAAT TATGAAAGIT 540
TTTTTAAAAT TTGACTAAGG TTTAGATT ATG TGG GIG ACA TGC TTC GAC ACG 592 Met Trp

Val Thr Cys Phe Asp Thr H

Start of homolo

GTGAAGGTAACTTAAGTATGGTCTTAGCGTCGTTTTTGETS | TCTGETTTAGTT

1 CACGTTTAACGCGAACGTGGAAGAACTCTGAAGGTAACTTAAGTATGGTCTTAGCGTCGTTTTITGETG | TCTGGTTTAGTT

PCrFC26 717 ACCATTACTCTCTCCACAATACCTCAAAGTTCTACTCTGTGAATCCTGACAAGCCAGAGTACATTCTT | TCAGEGTTTAGTT
Figure 9
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5 TTT CTT TTT GIT TGT GAA AGT TCA GIT TTC T TG
GTG TG5 840 Phe Leu Phe Val Cys @ u Ser Ser Val Phe Qys Leu LE’G'SQ‘?%L?@L;%?SEN
10 15 20 AGG TTT GGT TTC|IGL A FEPGT

GIT TTC TAC AGI' TTT CCA TTC GIT 688 Arg Phe Ay Phe Cys Arg Trp Arg Val Phe
Tyr Ser Phe Pro Phe Val 54 25 30 35

40 AAG TCA ACA GIT GIT TTA TTA CAG TGT TAC CAT TAC TCT CTC CAC AAT 736 Lys
Ser Thr Val Val Leu Leu G@n Cys Tyr H's Tyr Ser Leu His Asn 45

50 55 ACC TCA AAG TTC TAC TCT GIG AAT CCT GAC AAG CCA GAG
TAC ATT CIT 784 Thr Ser Lys Phe Tyr Ser Val Asn Pro Asp Lys Pro Qu Tyr Ile
Leu

1 PN
Gl 3 §
U, L
G,
" 0
G, I
G, 10 U-a, 30

50

Figure 10a
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60

QCC CAA AAA ATG CGC
Lys Met Arg Pro Val
GTA GAT CTA GCC
Leu Gy Leu Cys
AAG TGT GGC GAT
Gy Asp Pro Ay

GGA
Asp
100
Cys
110
TAT
Lys
GCT
Lys

TG AAA CCA TGT
Pro Cys Asp Asp
AAG GAT ATT TGT

65 70 TCA GGI' TTA GIT
CCA GIT CAG 832 Ser Ay Leu val Leu Gy
Adn 75 80

TTG TG GAT GAA ACG A TTEAGTGER80

Tyrg Val$ Phe Asn ||
1157ye~

Leu 226

k'
-
o
3

£ 3 5
) o B -
“":b}' ”-47??"’-4-6-{'0 % e

“

Asp 31 Thr Arg Phe

GAT3AC CTG 976 Thr

CCA 38AG TAC AAA CGA ;
Asp Ile Cys Pro ;.‘L-ypg__f;fyr Lys Arg Cys
P’ - '
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345 350 355 AAC-FAC-TIC
TTG ATG GGT TTT GAC ACC TTA AAA TGT AAC CCT GAT GGG 1696 Asn TW::)%G_EH"GHAS BEEN
Met Ay Phe Asp Thr Leu Lys Cys Asn Pro Asp Ay 365 LA ED
375 TCT TGGTCAGGATCACAGCCATCCTGT GTTAAAGTGGCAGACRGA“‘G%G‘—M.
PRLLIR - =i S e S e B s e

385 \CGA : okcdtnadéoly AN A TiGhChACREIAGEOAK: s (Fadle
GAT Gg;r EAA g?gZ:Vg gAgpAOksiégpisgr:LgstFaxvgl TAEp%(P:g S:uggpm_c

Jul <

Val @) HP 398 vz wrepizac LXKTPVTLT CAC
TGTCCTGCTGGCTGTTCTQTGACAGCTGGTACT184OProVaI ArgIIeHlsQ/s
Pro AACR A 2792
IACAG G JCF 2765
e 5 - ¢ GAAAACAACA 3508
887 P T P I T T R E H L K E G T L A V VvV T 6 W E L N ENNUTZYS
887 » T D I T T R E E L K E G T L A V VvV T GGWG6 L NUEUNNTTY S
951?'!1)ITTRBHLKBGT&AVVTGWGLNE%NTYS
GAGHT ACARGCTGTGCTACCTGTTGTTGCAGCMNGCACCTGTGAAGAGGGGTACANGGAAGCAGACTTACCACTGACAGTARCA 2882
BAGACY CAACAAG G7G AC GTTG ¢ :o!“c' O GTGAAGAGGEGGSTACAAGGAAGSCAGE ANCCA t-.l~(‘ 2855
. GAGNCEATTCAACAAGCTGTGCTACCTGTTGTTGCAGCCRGCACCTGTGAAGAGGGETACAAGGAAGCAGACTTACCACTGACAGTAACA 3598
917 B M I 0 Q A V L P VvV V A A 8 T CZEUZEEG Y KE ADULUZPLTTYVT
9173IQQAVLP'VVAASTCEEG!KEADLPLTVT
881 E I Q Q AV L P V V A A S TCEUZEGYXU EADILUZPULTUVT
SACA ATG CTGTOCAGH ACAAG BAGACS c cle G GTCGGCE GTGGAGCACCATTAGTG G ATGA > 2972
GAGAACATGTTCTGTGCAGCGTTACAAGAAGGGALE ATG GCCTGCAGTGGGE GTCGAGG ..E’ BTG ¢ FATGA C 2945
GAGAACATCTTCTGTGCAGATTACAAGAAGGEACGTTATGATGCCTGCAGTGAGGACAGTGGAGGACUTY TG GCTGATGATTCC 3688
947 E N M P:-C A G ¥ K X G R Y D A CS GD 8 G & PL V F A DD S8
947 E N M P C A 6 ¥ X XK G R ¥ D ACS GD S GG G P L V F ADD 8
1011'!NMFCAG!KKGR!DACSGDéGGPI.VFADD8
CETACCGAAAGGCBCTGGET SGAAGGGH BTCAG BGGCCACTCCCAGTGES GTGG ; ; 3062
CGTACCGAAAGGCGGTGGE GG Sele GTCAG GGGA STCCCAGTGCGE GTGGC] NG Ch 3035
CGTACCGAMAGGCGEGTGGA 3G 3GA GTCAG GEGGECAGTCCCAGTGEA 3G AGECOG C -!cc:ct Ch 3778
977 R T B R R W vV L E G I V 8§ W G 8 P 8 6 C G KANOGOQYGGVF T
977 R T E R R W V L E 6 I V¥ 8 W G 8 P 8 6 C G KANGQYGG G ¥ T
1041 R T E R R W V L BE 6 I V 8 W G 8 P 8 6 C G K A N QY G G F T
3152
3125
3867
1007
1007
1071
3240
3218
3957
' 3330
/ 3297
4039
3418
3383
4127
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410 415 - 420 GIG TGG GGT ACA Tﬁfm,wﬁ ol i N
GAA CTF FCC'TEA GIG TGT CGT GCA 1888 Val Trp Gy Thr Ala Ile Jyr Higs e;_,quD =
Leu Ser Ser Val Cys Arg Ala 425 430 o
440 CCC ATGuEeAlyedCInd 3061045 pib Tt dLAr& forT EllatCBAsEPAUSOheGhEXCAT GTT 1936
Alalle Hs Ala @y Lys Leu Pro Asn Segiydgpphidig Al a 9al HMdzomhebigss

450 residue £59r ART " GECCCC TACT 1CG @C_TTT"CT G GGTAGT
GAC CTG AAT C{I‘%‘ﬁ984 \[%I‘ggksr@, §2§ Ay Pro Tyr Ser Asp.Phe Leu Gy Ser Asp
Leu Asn Ay 46G v 4.20 1.057465 470 *ATA AAA TCC GAA GAG

TTG AAG TCT CTR &CC C@G?@TlT‘F@CGA TTC GAT 2032 Il e- Ly§‘ ger Gu Qu Leu

Lys Ser Leu Al rg Se Phe Asp 475 « 480
485 TAT GTIC A GGTAAATCAGGATGTCCTGAIGGATGGZOSO
Tyr Val Ser Serg Ser Th-lb 'MaleoLys Ser Ay Cys Pro Asp Gly Trp

9 F 2.80 1.686
10 L 3.80 1.171 . *
11 F 2.80 1.229 . *
12 v 4.20 1.229 . *
13 C 2.50 0.986 - ¥
14 E -3.50 1.171 - *
15§ . -0.80 2.214 - *
16 S -0.80 2.686 - *
17 Vv 4.20 3.400 . *
18 F 2.80 2.671 - . *
19 C 2.50 1.629 . *
20 L 3.80 1.671 . *
21 L 3.80 1.071 - ¥
22 ¢ 2.50 0.929 .- %
23 V 4.20 0.929 . %
24 W -0.90 —0.314 * .
25 R -4.50 —0.314 * .
26 F 2.80 —0.314 * .
27 G -0.40 -0.114 * .
28 F 2.80 0.343 -*
29 C 2.50 —-0.243 * .
30 R -4.50 -0.714 * .
31 W -0.90 0.329 - %
32 R -4.50 0.229 *
33V 4.20 1.271 . *
34 F 2.80 1.271 - *
35 Y -1.30 0.314 -*
36 S -0.80 0.386 o %
37 .F © 2.80 0.400 -*
38 P -1.60 0.600 . *
39 F 2.80 1.429 . *
40 Vv 4.20 1.571 . *
41 K -3.90 1.514 . *
42 S -0.80 1.571 . *
43 T -0.70 2.043 . *
44 V 4.20 1.957 . *
45 V 4.20 0.900 - %
46 L 3.80 0.114 *
47 L 3.80 —-0.543 ' * .
48 Q -3.50 -0.543 * .
49 C 2.50 —-0.500 * .
50 Y -1.30 -1.357 _ * -

\ S1H -3.20 -1.271 * .
52 ¥ ~1.30 —-0.929 * -
53 8§ . =0.80 -1.300 : * .
54 L 3.80 ~0.786 * .
$5 H -3.20 -1.514 * -
56 N -3.50 -1.171 * .
57 T -0.70 -0.071 : *.
58 S -0.80 —0.471 * .
59 K -3.90 -0.586 . .

Figure 12
This Sheet Has Been Repla

(W

il

I



TAC GTT ACA TCA AAA CAG AGA GCC 2128 Phe G u Val Asp @ u Asn [
Val Thr Ser Lys G n Arg Ala 505 510 .
520 TGGGAAAGAGCTCAAGGTGTGTGTACCAATATGGCTGCTCGTCTTGCTZl?G
Trp Gu Arg Ala @ n Ay Val Cys -Thr Asn Met Ala Ala Arg Leu Ala 525

490 495 500 TTT GAG GTA GAC G@;"AA(: preiaeiciy

530 535 GIG CTG GAC AAA GAT GTA ATT CCA AAT TCA TTG ACT
GAG ACT C@%02224 Val Leu Asp s Asp VaI Pr.o n Ser Leu Thr Qu
Thr Leu grpm Rl Eco R oo 554;5 co Al T 55O i Aeee
TTA ACASRE (AP JOAC _ u
Thr Thr Th Trp IIe | 8 ; ACTFC 26
Eco Rt Nco | Eco Rl Not !
] | L
- ACIFC 21
Ncol/Notl
digest
Nco | Eco Rl Not |
{ | !
EcoRI-Ncol ‘EcoRI-Ncol
Nco | Eco Ri . Neo Eco R
Eco Ri Not i
Sfi | iy

pGEM11Zi(+)/

~ CrFC 26

Figure 13 o : _ -
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555
TTA
Met

580
Asn
590
GAT
Adn
ACC
Lys
625
TCA
Leu

. 560 565 GAG AAG CCC TTT CEGAG e s
ATG GAT 'CGT AGT AAT GIG GTT CTG 2320 G u Lys Pro Phe Ile ? p&“%}bh “EewAG BEEN
Asp Arg Ser Asn Val Val Leu 570 575 L. ‘3“*'1"‘"'*-0
AAT GAT AAC CTA ACA TTC TGG GCC TCT GGC GAA CCT GGA AAT GAA ACT 2368
Asp Asn Leu Thr Phe Trp Ala Ser Ay Gu Pro Ay Asn Qu Thr 585

595 600 AAC TGT GTA TAT ATG GAC ATC CAA
GCTONSQG AAA 2416 Asn Cys Val Tyr Met Asp Ile A n Asp

DHIRESINN605 EcoRl safi 610 Eco RI Not P15

CAG TTG CAG d4%
Leu G n Ser ¥aly

AAG qu T l% TTT @CT TGC ATG ATG GAT €TG 2464 Thr
Serw rgmoj:é e € er éﬁl Al a—¢
4

GAC AGA AAT AAA GRCHPGATT@8564) GAT CCT GGA

CTG GAA 2512 Ser AspNArg Asn Lys Ala Lys Cys Asp Asp Pro Ay Ser
G u Asn
lSal I/Not | digest
' Sa;ll Eco RI Not 1
{ |
Amp L i |
(2.4 kb)

Saf I/Not | digest

T7 promoters)

pGEMEX 1/CrFC 21 \
~6.4 kb

Figure 14
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CAR AGT-ATT GAT GGG TTC TAT GCT GGT 2560 G y Hs Ala Thr Leu H%S@*?i@"ﬂi\ > BEEN
Ser Ile Asp Ay Phe Tyr Ala Gy 650 655 | RAEPLACED

660 TCT TCT ATA AGG TAC AGC TGT GAG GIT CTC CAC TAC CTC AGT ACT 2608
Ser-Ser Ile Arg Tyr Ser Cys Qu Val Leu His Tyr Leu Ser Ay Thr 59 665

635 640 645 GGA CAC GCC A@] AT A=

670 675 680 GAA ACC GTA ACT TGT ACA ACA AAT
GCC ACA TGG AGT GCT CCT AAA CCT 2656 @ u Thr Val Thr Cys Thr Thr Asn Ay
Thr Trp Ser Ala Pro Lysy Pro 685 690 695

CGA TGI ATC AAA GIC AT@' ACC TGC CAA CCT GTA T 2704 Arg
Cyse& RyAsn é?%lgcg Val Pro ggé ?)%'A Ag

Nhe | — —1

Eco RV Eco RI Not |
- NCIFC 21 (3650 bp) ©

d10 promoter
Bg/ 1l

Bglli/EcoRV
digest

Bg/ i ' EcoRl Eco RV

(3388 bp)

BamHt/EcoRYV digest

Ligate

Bam Hi/Bg! |l Eco R!

biax

pET3b/CrFC21
' 7.6 kb

Figure 15
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700 . 705 710 GGI' TCT GIG gA@C% BEEN
CCA AGI CGG AEA AAC TCG ATA AGT CGT 2752 dy Ser Val Qu 11 Lys BeeL R

Ser Arg Thr Asn Ser Ile Ser Arg 715 720
725 GIT GGG TCA CCT TTC TTG AGG TTG CCA CGG TTA CCC CTC CCA TTA GCC 2800

Q) AGA @ec AAA @ CS
avzis S Pro I'—;g&_,gg,

a4
775 GGG T CGA GCC ATHusbAC ACX TGC GAG TCG A
vogun' @y Ser Arg Ala lle Tyr Thr

£°-3" Exo il Delation
mutagenesis

TAC GAA CTA
A u Leu Leu

Ligate
1. EcoRVrHindIl dlgoﬂ
2. End-fi4
3. Ligate
(h remove 3 SpM)

z..m :-onvmmu

XholfHindiil digeet SalifMindill digeet

1. SphifEcoftl digast ‘L
2. Ligate
1. Smal digest

Swmal  Ciat 2. Aeligate YEpsecl/

1. ApaifPetl digest or
Smat 2. Ugete pEMBLYex4]
ENT2
LeofVIHInd iy Smat

Salt
”‘ucm

1. Apai/tiott digest
2. Ligate

1. Smal/Psil digee!
2. Uigate
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780

GAC TCT-AAT SGA AAC TGG AGT GGT CGG 2992 Ay Ser

785 790 GGA TCT CAA

Ser Asn Ay Asn Trp Ser Ay Arg 60 795
805 CCA GCG AGC TGI ATT CCA GIT TGI GGA CGG TCA GAC TCT CCT CGI TCT 3040

Pro Ala Ser Cys Ile Pro Val
BamHI

815

Bg/l

1. Psti/Hindill Digest

2. Lgate Balll EcoRl
Pstl

EcoR! Notl
B =N

pTZ19R/PH

BamHI/Pstl Digest Bgill/Pstl Digest
Ligate

EcoRl -
Pstl

” BamH!/Bg/!l

Smal/Notl digest

N

PTZ19R/BN Lgate

TINRASAGA THAE &
Gn Gy Arjlg Arg MMBEEN

86

Q/s Gly Arg Ser Asp SegnaBro ANegtl Ser 810

Bgil

SnaBl and Notl
Digest

EcoRl

Smal/SnaBl

Bg/li

Figure 1l7a

BamHi/Bgl!l ‘L

pPIC9/CIFC26

( Pstl

Noti

Bl
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845
AAT
4du
870
H s
880
AGT
Arg
GTA
Arg
915
ATT
dn

850 855 CAG TGTI GGA TF([S'SG'EA T'FG

OE

GAG AAA .TGG ATC GIC ACT GCT GCC 3184 A n Cys Gy Ay Ser Leu RERLAGED

Lys Trp Ile Val Thr Ala Ala 860 865
CAC TGI GIC ACC TAC TCT GCT ACT GCT GAG ATT ATT Ca&HICC AAT CAG 3232
Cys Val Thr Tyr Ser Ala Thr Ala u lle Ile Asp Prg Asn G n 875

Asp Asp 8 R 95 GTA CAA
AGA GAGR AFERtac GTG AaT cCT M2 Va\ Gn val
Gu Ala Le e Hs Val Asn Pro Asn 9 910

GCC CTA

TAC GAC CCC GGEC AAT ¢
! Leu Ile

p Pro Ay Asn Leu
Notl

Notl

1. EcoRl Digest
2. Ligate

EcoRV Bg/Ml Pl pral

Nott

Bg/ll/EcoRV Digest Bg/ll/Pm/l Digest
Ligate

Pmit Pmil

pHIL D2/

CrFC21

Figure 17b This Sheet Has Been Replaced




61,925 . 930 935 ACT CCT GIT ACT TTG ACA ACA

_....-._-_.-_-.—.

CGA GTC CAA CCA ATC TGT CTG CCT ACT 3424 Thr Pro Val Thr Leu
Val G@n Pro Ile Cys Leu Pro Thr 940 945 | THIS ASBEEN,
' 950 GAC ATC ACA ACA AGA GAA CAC TTG AAG GAG GGA ACA TTA GCA 3 1Ehﬁ959
Asp Ile Thr Thr Arg Qu H's Leu Lys Qu Gy 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 Ay Trp Ay Leu Asn A u Asn Asn Thr Tyr Ser du.

Thr Ile G n 970 975 980 CAA GCT GTIG CTA

CCT GIT GIT GCA GCC AGC ACC TGI GAA GAG GG TAC 3568 GlnnoAIa Val Leu Pro

Val Val Ala Ala Ser Thr Cys GIuGIu-—GIyTE‘%L o
O [ ‘EL_
b4 w o o
@ ey ~ ~
o © T —
~ s ::
& w i e .-
< 8 x = = N
S 3o 55 bm @e W
— ) o W
e} 3w LR ) - n
2 3¢ Q% Q8 Q= dzs 2
1A
L z-
2@
) kA
3 xeﬁ Pty T
R e )
PUEEN e )
- ’ K. eV
g g =
]
WO W [}
~ ~
O 'S a
@ & W -
s o 5 ~ =
o > < "l’
@ < T
w0 b — [
o N K‘, L8]
] = b= P
B W ge °a
3L al Q= 4=
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. / | TH‘S SHEET | s [al=dhats )
985 990 995 . REP 5"GAA GCA
GACWACA GAG AAC ATG TTC TGT Gt ys Qu Ala Asp
Leu €u Thr Val Thr du Asn Met Phe Cys Ala 1005 1010
—T015 GGT TAC AAG AAG GGA CGT TAT GAT GCC: TGC AGT GGG GAC AGT GGA GGA 3664

Ay Tyr Lys Lys Ay Arg Tyr Asp Ala Cys Ser Ay Asp Ser Ay dy 1020

. ., 1025 . 1030 CCT TTA GIG TTT GCT GAT GAT TCC CGI ACC GAA AGG
” CGG TGG GIC TTG 3712 Pro Leu Val Phe Ala Asp Asp Ser Arg Thr Au Arg Arg
Trp Val Leu 1035 1040 1045 GAA GGG ATT GIC

AGC TGG GGC AGT CCC AGT GGA TGT GGC AAG GCG AAC 3760 Gu Ay Ile Vval Ser
Trp Ay Ser Pro Ser Ay Cys Gy Lys Ala Asn 62
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1050 1055 1060 CAG TAC GGG GGC =
GFT AAC G&TT TTC CTG TCA TGG ATT AGG 3808 G n Tyr Gy Gy Phe T?i'F“SLS,;éEEiTaJﬁAS BEEN
Asn Val Phe Leu Ser Trp Ile Arg 1065 1070 LAGER

1080 CAG TTC ATT TGAAACTGAT CTAAATATTT TAAGCATGGT TATAAACGT C 3857 G n Phe
Il e TTGTTCCTAT TATTGCTTTA CTGGTTTAAC CCATAAGAAG GTTAACGGGEG TAAGGCACAA 3917
GGATCATTGT TTCTGTTTGI TTTTACAAAT GGTTCTTTTA GTCAGTGAAT GAGAATAGTA 3977
TCCATTGGAG ACTGITACCT TTTATTCTAC CTTTTTATAT TACTATGCAA GTATTTGGEGA 4037
TATCTTCTAC ACATGAAAAT TCTGICATTT TACCATAAAT TTGGITTCTG GIGTGIGIGT .4097
TAAGTCCACC ACTAGAGAAC GATGTAATTT TCAATAGITAC ATGAAATAAA TATAGAACAA 4157
ATCTATTATA AAAAAAAAA AAAAA 4182
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(2) | NFORMATION FOR SEQ I D NO: 2: (i) SEQUENCE CHARACTERI STI G

1083’ ami no acids (B) TYPE: anino acid (D) TOPOLOGY: |inear (i i} = S BEEN

TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: Met Tril \Val "Fif-

postam—

e ——t )

Phe Asp Thr Phe Leu Phe Val Cys dQu Ser Ser 1 ' 5
10 15 Val Phe Cys Leu Leu Cys Val Trp Arg Phe Gy Phe Cys
Arg Trp Arg 20 25

30 Val Phe Tyr Ser Phe
Pro Phe Val Lys Ser Thr Val Val Leu Leu A n 35 40

45 63 Cys Tyr H's Tyr Ser Leu His Asn Thr Ser Lys Phe Tyr Ser Val Asn 50

55 60 Pro Asp Lys Pro Qu Tyr Ile Leu Ser Gy Leu Val -Leu
Ay -Leu Leu .
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65

Met ~Ar-g -Pro Val

95 Cys Asp Gu Thr Arg Phe Au Cys Lys Cys Ay Asp Pro Gy

105
Arg
Pro
135
Ser
160
170
Cys
du
200
Pro
Ile

Trp
Cys

Cys
Cys

Al a
Ay

Pro
Asp
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75
Asp Leu Ay Leu 85

70
dn Ser

Lys dy Val

110 Phe Asn Ile Pro Val Lys G n Cys Th

Arg Pro 115 120 125 Tyr Cys Lys
Asp Asp Leu Au Ala Lys Asp Ile Cys Pro Lys 130 :
140 Tyr Lys Arg Cys G n Qu Cys Lys Ala Ay Leu Asp
Val Thr 145 150 155
Pro Pro Asn Lys Tyr Ay Thr Trp Cys Ser Ay Qu Cys @n Cys 165
175 Lys Asn Ay Ay Ile Cys Asp A n Arg Thr Ay Al a
Cys Arg .180 185 190 Asp Arg Tyr
Val Hs Cys Gu Ile Leu Lys Ay Cys Pro Leu 195
205 Leu Pro Ser Asp Ser Gn Val Gdn du Val Arg Asn
Asp Asn 210 215 220 Pro @ n Thr
Tyr Ser Cys Ser Pro Ay Phe Lys Leu Lys Ay
L-132 kDa
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e Ser~ Gys

Hs Gy
Ser Gy

Thr Leu
Ay A@n

Val Asn
Lys Ile

Phe Asp
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260
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Trp
Hi s
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Proclotting Activity (OD40g /100ul 710min) (e—e—s)

230

Pro Asn Ay A@n Trp Ser Asn Phe Pro 245 THISSHE‘ET HAS BEEN
255 Pro Lys Cys Ile Arg Gu Cys Ala MeJ] Val REpLAsE
265

Met Ile GQu Gy Ala Thr Leu Arg 275

285 64 Phe Ser Cys Asp Ser Pro Tyr Tyr Leu Ile Qy
290 295 300 Cys dn
Asn Ay An Ile Pro A n Cys Lys Asn 305

315 320 Leu Val Phe Cys Pro Asp Leu
Ala Qu H s Lys 325 330

235

Val Gu @n Lys Tyr Ay Gn Phe Pro Gn Ay Thr 340
350 Gu Val Thr Tyr Thr Cys Ser Ay Asn Tyr Phe Leu
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Ser’
Cys

Pro
Ay

Lys
Al a
Phe

Tyr
Lys

360

Trp'Ser Ay Ser Gn Pro Ser 370

Val Lys Val Ala Asp Arg G u Val
395

Val Arg Ile Hs Cys Pro Ala 405

Cys Ser Leu Thr Ala dy Thr Val

430 du Leu Ser Ser Val
Leu Pro 435 440

Leu Lys Cys

400 Asp Phe Leu Asp

375

THIS SHEET HAS BEEN
Asp Cys Asp Ser Lys Alla Val REBBACED

p var &y
410

Trp Ay Thr Ala Ile Tyr H's 420
Cys Arg Ala Ala lle Hs Ala

445 Asn Ser Gy

Val H's Val Val Asn Asn Ay Pro Tyr Ser Asp 450

Leu Ay Ser Asp Leu Asn Ay Ile Lys Ser

475
Val Ser Ser Ser Thr Ala Ay 485

Ser Ay Cys Pro Asp Gy Trp Phe du Val
510 Tyr Val Thr Ser

Val Cys
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94000 eme TP
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Figure 24

GQu Qu Leu Lys Ser 465
480 Leu Ala Arg Ser

Phe Arg Phe
490

Asp A u Asn Cys Val 500
Lys Gn Arg Ala Trp Gu Arg Ala

5 kDa
=132
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515
Leu
540
550
Al a
575
585
Met
Adn
615
Lys
640

.,AI -a .Valn.

Asn Ser

A u Lys
Met Asp

Asp Ile
Ser Val

Ala Lys
Asp Asp

Ceu
Leu

Pro
Arg

dn
Trp

Cys
Pro

520

525 65 Thr Asn

Asp Lys Asp Val Ile Pro 530 BIS SHEET HAS BEEN
Thr Au Thr Leu Arg Ay Lys @y Leu Thr Thr {Thr Tﬁp"E&‘éED
555 560 Ile Ay Leu HIS Arg-Leu ASp
Phe Ille Trp A u Leu 565 570
Ser Asn Val Val Leu Asn Asp Asn Leu Thr Phe Trp Al a 580
590 Ser Ay Qu Pro Gy Asn Au Thr Asn Cys Val Tyr
595 600 605 Asp G n Leu
Lys Thr Lys Ser Cys Phe @ n Pro Ser 610
620 Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn
625 630 635
Gy Ser Leu Qu Asn Ay H's Ala Thr Leu Hs Ay Gn

Factor C Actlvity
(Ex380-Emg4¢0/100 ul/15 min)

@ Singlechain

O Double-chain
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0
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645

670
680
Val

Pro
715
Phe
Pro
745
Ser
du

‘Sei;

Val

Il e
Val

Leu
Leu

Lys

‘Ser ‘Il e

Leu Hi s

Thr Cys
Pro Ser

Arg Leu
Pro Leu

Val Lys
Hs Tyr

© 650 655 Ser Ile Asp A vr _Ala_
Arg Tyr Ser Cys G u 660 663] THIS SHEET HAS BEEN
Tyr Leu Ser Ay Thr G@u Thr Val Thr Cys Thr |jThr AfEsf AsEp

685 Ay Thr Trp S¢r Ala Pro Lys Pro Arg:

——

690 _ 695 700 A n Asn Pro

Tyr Ay Ser Val Qu Ile Lys Pro Pro 705 710
720 Ser Arg Thr Asn Ser Ile Ser Arg Val Ay Ser Pro

725 730 @ - 735 Pro Arg Leu

Ala Arg Ala Ala Lys Pro Pro Pro Lys 740

750 Pro Arg.Ser Ser @ n Pro Ser Thr Val Asp Leu Ala
755 760 765 66 Leu Pro
Arg Val Ay Ser Arg Ala Ile Tyr Thr Cys
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770 ’ 775
- Leu Ay Ser*d@n Ay Arg Arg Cys Asp 784 THIS SHEET HAS BEEN
795 " 800 Ser Asn Ay n Tr pnsp[_,q@_: rg
Ile Pro Val Cys 805 815 '
Asp Ser Pro AYg Ser Pro Phe IIe Trp Asn Ay Asn Ser 820

REPLACEMENT SHEET

Sf\nlaay?% g‘%m -

825 '!t 830ThrGluIIeGIy[GInTerroTrpGInAIaGIyIIe
Ser Arg Trp Leu 835 840f . 845 Ala Asp His
Asn Met Trp Phe Leu An Cys Ay Ay Ser Leu Leu Asn 850

855 860 G u Lys Trp Ile Val Thr Ala Ala His Cys Val Thr
Tyr Ser Ala Thr 865 : 870 875

880 Ala Qu.lle Ile Asp Pro Asn A n Phe ])ys Met Tyr Leu Gy Lys Tyr 885
890 | 895 Tyr Arg Asp A Ser Arg Asp Asp Asp Tyr Val Gn
Val Arg Gu Ala 900 905 910 Leu Gu lle
His Val Asn Pro Asn Tyr Asp Pro G yABSKRACT Asn Phe 915

920 925 Asp Ile Ala Leu Ile @n Leu Lys Thr Pro Val Thr

Leu Thr Thr Arg _
The cloned factor C ¢cDNA of the Singapore horseshoe crab, Carcinoscorpius

rotundicauda and purification of ‘factor C proenzyme are described. Full length and
deletion subclones of cDNAs for Factor C of Carcinoscorpius rotundicauda are provided.
These cDNAs have been cloned into xgt 22 ahd pGEM 11Zf(+) (Fig. 2). Further
manipulations of the 5° and 3’ ends of thesé cDNAs have been carried out, and thése
cDNAs have been 'further subcloned into other expression vectors such as pGEMEX-1,
pET 3b, and the yeast shuttle vectors YEpsec 1 and pEMBLyex 4, and pPIC 9 and pHIL
D2. Also provided are host cells transformed with expression vectors containing DNA
molecules encoding proteins having Factor C-like enzymatic activity, methods of
producing such proteins, methods for purifying Factor C zymogens, and methods for
protecting Factor C zymogens from autoactivation by Gram negative bacterial endotoxin
while the proenzyme is being purified and/or processed from amoebocyte lysates or from
recombinant clones, or during storage or subsequent handling. This protection is afforded
by the addition of 5-30% Me, SO, which inhibits the Factor C zymogen.
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. 930 _

' Thi A5p. Ile
955 '
Leu Asn Qu
Ser GQu Thr

985
Leu Pro Leu
Thr A u Asn
1015
Al a Asp Asp
1040 Arg Th
1050
- Phe Thr Lys

Double-chain ) \\ Smgle-cham

, 935 940 Val A n Pro | :@ys—i-en::?r:@-:—.—_—:
Jhr Thr Arg Qu Hi s Leu 945 950! REFLACE =T
960 Lys Gu Gy Thr Leu Ala Val Val Thi Qy Ti_fz%
Asn 965 970 9;45 Asn 1996..

Ile Gn Gn Ala Val Leu Pro.Val Val Ala 980
990 Ala Ser Thr Q/S’Gu GQu dy Tyr Lys Au Ala Asp
Thr 995 1000 1005 67 Val
Met Phe Cys Ala Ay Tyr Lys Lys Gy Arg Tyr Asp 1010
1020 Ala Cys Ser Gy Asp Ser Ay Ay Pro Leu Val Phe
Ser 1025 1030 1035
r du Arg Arg Trp Val Leu Qu Gy Ile Val Ser Trp Ay Ser 1045

10ﬁdg{dgm§er Gy Cys Ay Lys Ala Asn @dn Tyr dy Ay
Val

Factor C Factor C

Factor C i-38 -D‘-glucan

Factor B

Figure 1
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1060 1065 _ 1070 Asn Val Phe LiSer—Irpire——
Ar'y A n Phe Ile 1075 1080 (2) | NFORMATI ON FORj SEO-I'BENGME SHEET
(i) ‘SEQUENCE CHARACTERI STICS: (A) LENGTH: 3448 base pairs (O%"TYPQETW
acid (C) STRANDEDNESS: single (D) TOPOLOGY: both (ii) MOLECULEXPYPE ¢

(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (vi) ORI G NAL SOURCE. (A)
ORGANI SM Car ci noscor pi us rotundi cauda (2x) FEATURE: (A) NAME/ KEY:.CDS (B)
LOCATI ON:  18..3074 (xi) SEQUENCE DESCRI PTION. SEQ I D NO 3: GITGAAGGTAA
CTTAAGT ATG GIC TTA GCG TCG TTT TTG GIG TCT GGT TTA 50

ARRRAA

TTITIT Not I
Not I primer adaptor
B AMV reverse transcriptase
dNTPs
First Strand Synthesis AAAAR
—f: — et~ TTTTT Not I
DNA pol.1
RNAsc H
‘.’ DNA figase
T4 DNA pol I -
dNTPs '

Second Strand Synthesis =~ ——FpeveeFeemee e g ARRAA

TTTIT Not I
..' Eco RI adaptors
: - T4 DNA ligase _
Ligation of Eco RI Adaptor )
' o AAAAA P
L P e | TTTTT ._p ]
EcoRI Notl EcoRI
) ._Not 1 digestion

T4 Polynucieotide Kinase
Not I digestion and ' S
Phosphorylation P | . ARRAR

' : | m-_p
Eco RI _' : Not1
&mﬂhhmncgmmmmnﬂw
Ligation toAgt 22/ Eco RI/ Not { arms
Vector Ligation _ - dephosphorylated vector arms
.‘.'s:&m.a_na‘_j L ' . 'i'MI’IA'téI‘A-L_}_.__vcg_or_a;m
: |  P5-DNA Ligsse
Recombinant .
cDNA ' ~ recombinant cDNA -
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Met Val Leu Ala Ser Phe Leu Val Ser Ay Leu 1 5:':"":::7"

Leu @y Leu'Leu Ala Gn Lys Met Arg Pro Val G n Ser Lys Gy ;15 N
20 25 68 GTA GAT CTA GGC TTG TGT GAT GAAALE: chéﬁﬁ%m

GAG TGT AAG TGTI G&C 146 Val Asp Leu Ay Leu Cys Asp Qu Thr Arg Phe GQGu CyS
Lys Cys Gy 30 35 3 40 GAT CCA GCGC TAT GIG
TTC AAC ATT CCA GIG AAA CAA TGT ACA TAC TTT 194 Asp Pro Ay Tyr Val Phe Asn
Ile Pro Val Lys @ n Cys Thr Tyr Phe 45 - 50

55 TAT CGA TGG AGG CCG TAT TGI AAA CCA TGT GAT GAC CTG GAG CCT AAG 242

Aclohe no., , . MW (bp)
5 3 :
26 . wﬁi
3150 . = 4250
27 é—’emm" 3600
2500
ﬁ ) EE ,N
68 2250 3350
N .
s *@mﬂ 3100
36 Wﬁt 3100
N
7 : é:--g;:---iézzzazzf- /3026
. ) £ N
53 _ ‘i-;;;—--izaazazz{_ 277s
39 . . ﬁi—-—-—-—-égzzzouN 2775
1 w"‘ 2700
’ N
76 . Mm 2645
1548
15 di---égzzzanN 2200
1100
9 ’E—'WN 2200
1100 :
3 N -
35 _ ‘-—-ézmsw 2000
. | u
38 é-;?o-ém 2000
/E . )
63 T/N 2000
45 /&
o 1100
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Tyr. Arg.Trp Arg
65

Pro Tyr Cys Lys Pro Cys Asp Asp Leu Gu Al a Lys* O e
TAC: ARATCEN™

. . 70 75 GAT ATT TGT CCA
TGT GCAA GAG TGT AAG GCT GGT CTT 290 Asp lle QIS Pro Lys Tyr Arg
GQu Cs Lys Ala Ay Leu 80 W@o‘%ﬂﬁc}m

TGT GTT ACT TGI CCA CCT AAC AAA TAT GGT ACT TGG TGT AGC 338 Asp Ser Cys Val
Thr r.Q Pro Asn Lys Tyr @y Thr Trp 8ys Ser 95 100
105

G u Cys Gln Q/s
115

TGT GAMRET CTe‘ﬂgéf'j:l 1g5tat r\+=ef"
B

GT CAG TGT AAG AAT GGA GGT -‘ATC TGT GAC CAG AGG ACA GGA 386 dy
Lys Asn A%y Ile

%s Asp G n Arg Thr G Vipdikfinen
Higdify e

&P CGT GAC AGA TAT GAA, fsh/&ké CAC
A¥rgi/AEpt Ar g Ty;:cog‘tr'G

gill Ndel

Figure 4

& V | 1ddbiy Cys QA u
Il e ghit! 1251 et amHl J.Zg“ Xnat 35 A}AA GGI FI@'&:CTT
- CTT GCA GAA [GTE AGa heo | ..
Factor C (C. rolund:cauda) 4182 bp
- ACrFC21
) . Sall . ‘Hpal/Hincll

HindIIL Hinell Sst(Sacl) Hpal/Hincll

Banlll/Clalincol/Styl}(BamH1 Hpal/Hincll Xbar FsY )

Belti Hindlll Ndel EcoRI EcoRV
BamH1 Xhol Notl

EcoRI :
oL ! { | ' i l I is-

Factor C (C. rotundicauda) 3448 bp
ARC'S3
b Sall )
Hindlil Ssu(Sacl)
Styl BamHI1 Pt
HindIll Hindlil EcoRI
s‘ l l l 3.
Factor C (T. tidentatus) 2470 bp
AFCA41
Ssti(Saci)
Pstl Pstl
‘BindIit HooRl eI No-I
5 ! I J s
Factor C (T Uridentatus) 2036 bp
{ 1 A
0 1000 2000 bp
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Lys Gly Cys Pro Leu Leu Pro Ser Asp Ser Adn Val Gn du Val Ar.g 140
45

1 150 155 69 AAT CCA ﬁA‘é E&E

CAA ACE ATT GAC TAC AGC TGT TCA CCA GGG 530 Asn Pro Pro Asp fém@?r_ __________________ HA%
Ile Asp Tyr Ser Cys Ser Pro Gy 160 165 e o
170 TTC,AAG CTT AAG GGTI ATG GCA CGA ATT AGC TGT CTC CCA AAT GGA CAG 578 Phe
Lys Leu(?ys Gy Mt A g A ‘g |#8 Ser Cusal®U Pro Asn Gy G n 1fseenct

180 GFAC TTT CCA CCC AAA TGLATT Wicl

GCC ATG GTT TCA 626 Trp ' Rlr@ur l"ﬁro L yget Oypityot| gt rg Glu AL@ Met

Val Ser$80 1 [ 20p T
AAA GTG ARSI o714 o WT26(SPE)
wize 4182 b € Exot EmEnN—-*'
- ¢ P} €—0Ex02  ExoEN2¢—
’ B3 poense——
4——oExo04 ExoENA 4——
4—ExoS M EN,
€——Ex06 ExoENT' e
4——Exo? ExoEN2's—P
: o Exo8 ExoENS'e——P
€——Exo8 EX0EN4" +——)
€ Bol0 Ex0ENS e—P
44— Exo11
. 4——Exo12
4———Exa13
4— Exol14
€Exol*
*———P Exo2
*e——PExo3*
*———09Exo4d*
+———-ExoS*
*+——p Ex06*
+———PExo?7
*———p Exo8*
P Exo09'
+———p-Exo10°
o——p Exott’
*———PExot2"
——PExo1s"
*————PExol4’

®)

salt Hpal/Hincll

Bam#i! Pstl Hpalll-uncll
Hlndlll ‘ Ndet Xhol EooRl
BamH{ | i

] l

5 - CrFC21 3
— - (3448 bp) ﬁ__*.___,
 e—P -—p *~—>

Hindit

cCtag | NoolU/Sty

&ooRli

Ik

.
44—
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Ser—Pr;o Gu Hs dy Lys Val Asn Ala Leu Ser Ay Asp Met Ile @—‘-Uﬂ-205
210 215 GGG GCT ACT TTA CGG TTC TCA TGT GAT;; AGF: TAC &
TAC TTG'ATT “GGT 722 Gy Ala Thr Leu Arg Phe Ser Cys Asp Ser Pro Ty

lle Gy 220 225 230 . Date ..\..
GAA ACA TTA ACC TGT CAG GGT AAT GGI' CAG TGg AAT GGACAGATA%‘B:%—G—u—-Pﬁ-F————-

520 con Can T astei€Acld Selhincd B 430 Protelh Rollel BICTEC26 DNA 24

G@n Cys Lys Asn Leu Val Phe Cys Pro Asp Leu Asp Pro Val Asn 255

260 265 CAT GCT GAA CAC AAG GIT AAA ATT GGTI GIG GAA CAA
AAA TAT GGT CAG 866 His Ala Qu His Lys Val Lys Ile Ay \“/‘al GQu dn Lys Tyr
Ay d@n 270 275 GTATTTAATGTCPOAACGGTAAAGGTTT 28

CATTGTAGCTAATATTTAACTTCCTCCCTGTGCCCCAAATCGCGAGTATGACGTCAGTTA 88

AGACTTCGTAT‘ITTAAGAGT;AAACACGAGCCTTAAAGAGCGATATTTTTT‘I‘TGTTAAAC 148
ACTTCCAACTTAATACAATTGGCAAACTTTCAAAAATAAAGTGGAAAAGGAGGTAAAARA 208
G_lLr_GAAAAAAAT'rCGCATACAA'*EAGAMACAATAAAA_T_QTGMGTCMACTGTCAACAC 268
PTACTGTTCETTCCGTCACAGCTGIGAATCCGGGTGACTTTATGTTTGTAGTGGTCTTAR 328
AAACGGGTACTTGGTTGTTTTGAAAATTTTAAAACCTACATATGATTCTCCTAARATTTT 388
GTTTATAAATTAGCACCATTTGOGACCTAAATCTTTTTTGTAGTCTTAAGTTTAGTTCAC 448
ATAAAAACAAAATTTGTAACAACACACGGTATAAACTAAATAGCTTCAGATGGGTCGTAT 508
GACAAGGAAA@MAAATAAMATGAAAGTTTMTAAMTT%GACTAAGGTMAGATT 568

ATGTGGCTGACATCCTTCGACACGTTTCTTTTTCTITCTCARAGTTCAGTTTTICIGTTTG 628
M W Vv ©*T ¢C F D T F'L F V €¢C E S 8V F C L 20

TTGTGTGTGTGGAGGTTIGGTTTCTGTAGGTGGCGTGTITTTCTACAGTTTTCCATTCGIT 688
LCVW‘RFGFCRWRVFYSFPFV 40

AAGTCAACAGTTGTTTTAT'I"ACAGTGTTACCATTACTCTCTCCACAATACCTCAAAGTTC 748
XK 8 ¢ V VvV L L.Q ¢ ¥ HY S L HNTT S K F 60

TACTCTGTGAATCCTGACAAGCCAGAGTACATTCTTTCAGGTTTAGTTCTAGGGCTACTA 808
¥ S VRN P DX P EY IL S G LV LG UL L 80

GCCCAAAAAA_TGOGCCCAGTTCAGT_CCAAAGGAGTAGATCTAGGCTTGTGTGATGAAACG 868
A Q XM R P V Q S K GGV DL 6L C D E T 100

AGGTTCGAGTGTAAGTGTCGCGATCCAGGCTATGTGTTCAACATTCCAGTGARACAATGT 928
R F ECK CGDUPG Y V F NI P V KOJQQOZC 120

ACATACTTTTATCGATGGAGGCCGTATTGTAAACCATGTGATGACCTGGAGGCTAAGGAT 988
T YF Y RWRUP Y CKUPCD DL E A KD 140

ATTTGTCCAAAGTACAAACGATGTCAAGAGTGTAAGGCTGCTCTTGATAGTTGTGTTIACT 1048
ICPKYKRCQECKAGLDSCVT 160

TG'].‘CCACCTAACAAATATGGTACTTGGTGTAGCGGTGAATGTCAGTGTAAGAATGGAGGT 1108
C P PN K Y G T WOCSGET CG QT CI KNG G 180

Figure 6



70 TTT

Prio
290

CAA GGC ACT GAA GTG ACC TAT ACG TGT TCG GGT AAC TWTCTI'C oA ==

an Gly Thr A u Val Thr Tyr Thr Cys Ser Ay Asn Tyr Phe 285~

L - . 295 TTG ATG GGI' TTT GAC ACC TTA AAA' T AAF O%@\E‘é m

GGG TCT TGG TCA 962 Leu Met Ay Phe Asp Thr Leu Lys Cys Asn. P_r.a

Trp
TCA
Adn
325
GAA
Pro
GCT

Ser

300 305 310

EAF e T ] ..,,.
# B
PR 1..:%... Frd

315 GEA

CAG CCA TCC TGT GIT AAA GIG GCA GAC AGA GAG GTC GAC TGT 1010 Gy Ser
Pro Ser Cys Val Lys Val Ala Asp Arg Au Val Asp Cys 320

' ATCTGTGACCAGRECAGBAGAACTIGAA K ITEcHIACAGATA TICEBGCEFCIE@GRLTIGAT U6 GGT

CCT GTE AGG 203B RspTS& Ry ARa WaR MpRPhE RuCAsP ASp©val ¥ G u

Val

CCACCAGATAATCCCCAAACTATTGACTACAGCTGTTCACCAGGGTTCAAGCTTAAGGGT
P P DNP QT IODYVY S CS P GVF KL K G

AEGGCACGAATTAGCTGTCTCCCAAATGGACAGTGGAGTAACTTTCCACCCAAATGTATT'

M A R I S CL P N G Q WS UNUVPFUPUPIKTCI

. CGAGAATGTGCCATGGTTTCATCTCCAGARCATGGGAAAGTGAATGCTCTTAGTGGTGAT

R ECA MV S S PEHGI KUVYVNATL S G D

AEGA1%GAAGGGGCTACTTTACGGTTCTCATGTGATAGTCCCTACTACTTGATTGGTCAA
M * E 6 A TLURVF S CD s P Y Y L I G Q

GARACATTAACCTGTCAGGGTAATGGTCAGTGGAATGGACAGATACCACAATGTAAGAAC
ETL T C Q G'N G Q WNGOQTIUP Q C K N

TTAGTCTTCTGTCCTGACCTGGATCCTGTAAACCATGCTGAACACAAGGTTARAATTGGT
L VvV F ¢ P DL D PV N HAZEWHI KUV X I G

GTGGAACAARAATATGGTCAGTTTCCTCAAGGCACTGAAGTGACCTATACGTGCTTCGGGT
vV E Q¢ K.¥ G Q F P Q T EV T Y T C S G

ARCTACTTCITGATGGGTITTGACACCTTARAATGTAACCCTGATGGGTCTTGGTCAGGA
N ¥ F L MG F DTUL X CNUPUDG S W S G

TCACAGCCATCCTGTGTTAAAGTGGCAGACAGAGAGGTCGACTGTGACAGTAAAGCTGTA
S ¢ P s C V XKV A DUREUVYVDOCD S K AV

GACTTCTTGGATGATGTTGGTGAACCTGTCAGGATCCACTGTCCTGCTGGCTGTICITTG
D F L DDV GGEP V RIHCPAGT CS L

ACAGCTGGTACTGTGTGGGGTACAGCCATATACCATGAACTTTCCTCAGTGTGTCGTGCA
T A G T V WG T ATIUVYHEILS S YV C R A

GCCATCCATGCTGGCAAGCTTCCAAACTCTGGAGGAGCGCGTGCATGTTGTGAACAATGGC
A I H A G KL P NS GG AV HV V RN G

CCCTACTCGGACTTTCTGGGTAGTGACCTGAATGGGATAAAATCCGARGAGTTGAAGTCT
P Y S PF LGS DLINUGTII KSEETILIKS

CTTGCCOGGAGTTTCCGATTCGATTATGTCAGTTCCTCCACAGCAGGTAAATCAGGATGT
L AR S FRFD Y V S 8§ T2aA G K § ¢ ¢C

CCTGATGGATGGTTTGAGGTAGACGAGAACTGTGTGTACGTTACATCAAAACAGAGAGCC
P D GWUPF E VD EDNCV.Y VT S K QURRABA
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‘Ile Hs Cys Pro Ala Ay Cys Ser Leu Thr Ala Ay Thr Val Trp G.

355,

360 ACA GCC ATA TAC CAT GAA CTT TCC TCﬁ\ GTG

GCA GCC ATC CAT 1154 Thr Ala Ile Tyr H's Qu Leu Ser Ser Valu
Ala Ile Hs 365 ' 370 375 CCL=GE6
CCA AAC TCT GGA GGA GCG GIG CAT GIT GIG AAC AAT 1202 Ala Gy Lys Leu Pro
Asn Ser Ay Ay Ala Val His Val Val Asn Asn 380

390

ATA AAA TCG 1250 (EG&&A)

Lys Ser 40

)Z.-*ﬁ5ﬁ._

;_a” t\""

oA 2 B

J‘

,,,,,

385

395 GEC CCC TAC TCG GAC TTT CTG GGI' AGT GAC CTG AAT GG

R
TCT CTT GCCCGGAGT TTCCGATTC GAT TAT GIC CGT 1

GATGTAATTCCAAHTTCATTGACTGAGACTCTACGAGGGAAAGGGTTAACAACCACGTGG
b v I PNS LT EOTULRGIXKG-LTT T W

ATAGGATTGCACAGACTAGATGCTGAGAAGCCCTTTATT TGGGAGTTAATGGATCGTAGT
I 6 L H R L D A E KUPVF I WEULMDR S

AATGTGGTTCTGAATGATAACCTAACATTCTGGGCCTCTGGCGAACCTGGAAATGAAACT
N VvV vV L N D g. L T F W A S G E P G g' E T

AACTGTGTATATATGGACATCCAAGATCAGTTGCAGTCTGTGTGGAAAACCAAGTCATGT
N ¢ vV Y M DI QD QL Q S V W KTK s C

TTTCAGCCCTCAAGTTTTGCTTGCATGATGGATCTGTCAGACAGAAATARAGCCAAATGC
F O P S 8§ F ACMMDILSUDU RNI KM AIZKC

GATGATCCTGGATCACTGGAAAATGGACACGCCACACTTCATGGACAAAGTATTGATGGG
D D P G S L ENGHA ATULUHSGWQS I D G

TTCTATGCTGGTTCTTCTATAAGGTACAGCTGTGAGGTTCTCCACTACCTCAGTGGAACT
F ¥ A G § $S$ I R ¥ S8 C EV L H Y L S G T

GAAACCGTAACTTGTACAACAAATGGCACAIGGAGTGCTCCTAAACCTCGATGTATCAAA
ET VT C T T E; G T W S A P K P R C I K

GTCATCACCTGCCAAAACCCCCCTGTACCATCATATGGTTCTGTGGAAARTCARACCCCCA
vVIiTOCCQDNWPZPV?P S Y GS V ETIIKUPFP

AGTCGGACARACTCGATAAGT CGTGTTGGGTCACCTTTCTTGAGGTTGCCACGGTTACCC
S RTN S I $s R V G S P F L RILUPIRIULP

CICCCATTAGCCAGAGCAGCCAAACCTCCTCCAAAACCTAGATCCTCACAACCCTCTACT

L P L A R A A XK P P P K P R_S s P S T
; 2 Q

GITGGACTTGGCTTCTARAGTTARACTACCTGAAGGTCATTACCGGGTAGGGTCTCGAGCC
VD L A S KV KL P EGHYRYV G S R A

AETTACACGTGCGAGTGGAGATACTACGAACTACTfGGATCTCAAGGCAGAAGATGTGAC
I ¥ T CE s R Y Y EL LGS Q G R ROCD

TCTAATGGAAACTGGAGTGGTCCGGCCAGCGAGCTGTATTCCAGTTTGTGGACGGTCAGAC
S N G g’ W 8§ G R P A S CI PV CGRS D

TCTCCTCGTTCTCCTTTTATCTGGAATGCGAATTCTACAGARATAGGTCAGTGGCCGTGG
S P R S P Ei.; W N G -g» S T E I G Q W P W

CAGGCAGGAATCICTAGATGGCTTGCAGACCACAATATGTGGTTTCTCCAGTGTGGAGGA
Q A G I §S RW L A D HNMUWUPF L Q C G G

TCICTATTGAATGAGAAATGGATCGTCACTGCTGCCCACTGTGTCACCTACTCTGCTACT
S L L N E K W I V T A A Eg C VT Y §S A T
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GAu Gu Leu
.420 - ¢

TGG TTT GAG
Phe 3 u Val
GIG TAC GIT
Tyr Val Thr
455 GCT CAA
Ala dn dy
465

ACT GAG ACT
A u Tht Leu

Lys Ser Leu Ala Arg Ser Phe Arg Phe Asp Tyr Val [Rig.d

Ag o dResmry sHEET

425 TCC TCC ACA GCA GGT AAA TCA GGA TG1*|'; CCT%AE]?EA
GTA 1346 Ser Ser Thr Ala Gy Lys Ser Ay Cys ProjfAsp 4 ¥ FEB.
430 435 440 GAGLGAG.. EGL—igi::
ACA TCA AAA CAG AGA GCC TGG GAA AGA 1394 Asp G u Asn Cys Val
Ser Lys A n Arg Ala Trp G u Arg 445 450
GGTI GTG TGT ACC AAT ATG GCT GCT CGI' CTT GCT GIG CTG GAC 1442
Val Cys Thr Asn Met Ala Ala Arg Leu Ala Val Leu Asp 460

470 475 AAA GAT GTA ATT CCA AAT TCG TTG
CTA CGA GGG AAA GGG 1490 Lys Asp Vval Ile Pro Asn Ser Leu Thr
Arg Ay Lys Gy 480 485 490

TTA ACA:ACC ACG TGG ATA GGA TTG CAC AGA CTA GAT GCT GAG AAG CCC 1538

e N R

9. :
GCTGAGATTATTGACCCCAATCAGTTTAARATGTATCTGGGCAAGTACTACCGTGATGAC
A E I I D P N Q F KM Y LG X Y Y RDD

AGTAGAGACGATGACTATGTACAAGTAAGAGAGGCTCTTGAGATCCACGTGAATCCTAAC
S R D DD Y VvV Q VR EALETIHVNUDPN

TACGACCCCGGCAATCTCAACTTTGACATAGCCCTAATTCAACTGAAAACTCCTGTTACT
Y D P G N L N F’*é; I AL I Q L K T P VT

TTGACAACACGAGTCCAACCAATCIGTCTGCCTACTGACATCACAACAAGAGAACACTTG
L T T R vV Q0 P I CL P TDITTTTREUH L

AAGGAGGGAACATTAGCAGTGGTGACAGGTTGGGGTTTGAATGAAAACAACACCTATTCA
K E G T L A V V T G W G L N E g’ N T ¥ s

GAGACGATTCAACAAGCTGTGCTACCTGTTGTTGCAGCCAGCACCTGTGAAGAGGGGTAC -

ET I Q QA VL PV V AASTCETEGY

AAGGAAGCAGACTTACCACTGACAGTAACAGAGAACATGTTCTGTGCAGGTTACAAGAAG
X E A DL P L TV T EWNMT FTCDLAG Y KK

GGACGTTATGATGCCTGCAGTGGGGACAGTGGAGGACCTTTAGTGTTTGCTGATGATTCC
G R Y D A C S G D é; G G P L V F A DD S

-CGTACCGAAAGGCGGTGGGTCTTGGAAGGGAITGTCAGCTGGGGCAGTCCCAGTGGATGT

R T ERIRWUYV L E G I V S WG S P S G C

GGCAAGGCGAACCAGTACGGGGGCTTCACTAAAGTTAACGTTTTCCTGTCATGGATTAGG
G K AN Q ¥ G G F T KV NV F L S W IR

CAGTTCATTTGAAACTGATCTARATATTTTAAGCATGCTTATAAACGTCTTGTTCCTATT
Q F I < 1083

ATTGCTTTACTGGTTTAACCCATAAGAAGGTTAACGGGGTAAGGCACAAGGATCATTCTT
TCTIGTTTGTTTITACAAATGGTTCTTTTAGT CAGTGAATGAGAATAGTATCCATTGGAGA
CIGTTACCTTTTATTCTACCTTTTTATATTACTATGCAAGTATTTGCGGATATCTTCTACA
CATGAAAATTCTGTCATTTTACCATEAATTTGGTTTCTGGTGTGTGTGTTAAGTCCACCA
CTAGAGAACGATGTAATTTTCAAfAGTACATGAAATAAAEATAGAACAAATCTATTATAA
ABARAARAARAAAA
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Leu Thr Thr Thr Trp Ile Gy Leu His Arg Leu Asp Ala G u Lys %495,....., g ,
500 505 TTT ATT TGG GAG TTA ATG GAT CGI AGT bT“f‘“ EET |
CTG MAT GAT AAC 1586 Phe Ile Trp G u Leu Met Asp Arg Ser Asn Mal_ Vi

Asn Asp Asn 510 515 520 CTALX%A:Iicgaaakiilt;J
GCC TCT GGC GAA CCT GGA AAT GAA ACT AAC TGT GTA 1634 Leu Thr Phe Trp Al a '
Ser Ay u Pro Ay Asn Qu Thr Asn Cys“)al 525 530

535 72 TAT ATG GAC ATC CAA GAT CAG TTG CAG TCT GIG TGG AAA ACC AAG TCA

1682 Tyr Met Asp Ile A n Asp Gn Leu A n Ser Val Trp Lys Thr Lys Ser 540

545 550 555 TGT TTT CAG CCC TCA AGT TTT GCT
TGC ATG ATG GAT CTG TCA GAC AGA 1730

i-xOrigin

g
| —=<4.0 kNt

C abeumea G bt atm e m

(a) ' (b)

Figure 7



-565

Ser

I
Cys Phe A n Pro Ser Ser Phe Ala Cys Met Met Asp Leu Ser Aspf;Aér‘g
570 AAT AAA GCC AAA TGC GAT GAT CCT GGA TCA
AAT GGA CAC GCC 1778 Asn Lys Ala Lys Cys Asp Asp Pro Ay Sep P&a:
Ay His Ala 575 580 585 A TT
CAA AGT ATT GAT GGG TTC TAT GCT GGT TCT TCT ATA 1826 Thr
Il Asp Gy Phe Tyr Ala Ay Ser Ser |le 590

595

Leu Hi s Gly A@n

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

610
CCT GGA

Arg Q/s Ile

Arg Tyr Ser Cys Qu Val Leu His Tyr Leu Ser Ay Thr Au Thr Val

605

615 ACT TGT ACA ACA WAT GGC ACA TGG AGT GCT CCT AAA

F1A8%Rcil Sefiendd b3l Fitefh Lodit t RgRcatiapRae Lys Pro

GTCATCACCTGCCAAAACCCCCCT GIA CCA TCA TAT GGI' TCT GIG 1970

GTGAAGGTAACTTAAGT

AEGGTCTTA&CGTCGTTTTTGGTGTCTGGTTTAGTTCTAGGGCTACTAGCCCAAAAAATG
M V L A S FL VS 6L YV L GL L A Q KM

OGCCCAGTTCAGTCCARAAGGAGTAGATCTAGGCTTGTGTGATGARACGAGGTTCGAGTGT
R PV Q S K G VDLGULCDETRFEC

AAGTGTGGCGATCCAGGCTATGTGTTCAACATTCCAGTGAAACAATGTACATACTTTTAT
K ¢ 6 D P ¢ ¥YVFNTIUPVI KOJQCOCTYF X

CGATGGAGGCCGTATTGTAAACCATGTGATGACCTGGAGGCTAAGGATATITGTCCAARG
R WR P Y C K P CDDULEAI KDTITCZPK

TACAAACGATGTCAAGAGTGTAAGGCTGCTCTTGATAGTTGTGTTACTTGTCCACCTAAC
Y X R CQ ECEXAGLD S CV T CUP P N

ARATATGGTACTTGGTGTAGCGGTGAATGTCAGTGTAAGAATGGAGGTATCTGTGACCAG
K Y6 T WOCS G E C Q CKNGG I CDQ

" AGGACAGGAGCTTGTGCATGTCGTGACAGATATGAAGGGGTGCACTGTGARAATTCTCAAA

R T GGA CACRDRYEGV HTCETI L K

GGTTGfCCTCTTCTTCCATCGGATTCTCAGGTTCAGGAAGTCAGAAATCCACCAGAEEAI
G ¢C P L L P S DS Q V Q EV R NUP P DN

CCCCAARCTATTGACTACAGCTGTTCACCAGGGTTCAAGCTTAAGGGTATGGCACGAATT
P Q T I DY 8 C S P G F KL XK G M A R I

AGCTGTCTCCCAAATGGACAGTGGAGTAACTTTCCACCCAAATGTATTCGAGAATGTGCC
S CL P NG QW SNV FUPPKCTIUZREC2A2

ATGGTTTCATCTCCAGAACATGGGAAAGTGAATGCTCTTAGTCGTGATATGATAGAAGGG
M V S S P EHGI K VN ALSGDMMTIEG
GCTACTTTACébTTCTCATGTGATAGTCCCTACTACTTGAETGGTCAAGAAACATTAACC
A T LRV FSOCDSUPYYULIGOQE ETTZLT

_ TGTCAGGGTAATGGTCAGTGGAATGGACAGAIACCACAATGTAAGAACTTGGTCT&&TGT

CQGNGQWNGQIPQCKNLVF,C

CCTGACCTGGATCCTGTAAACCATGCTGAACACAAGGTTAAAATTGGTGT&GhACAAAAA
P DL DPV NHAEUHIZKTYI KTIGTYVE QK

TATGGTCAGTTTCCTCAAGGCACTGAAGTGACCTATACGTGTTCGGGTAACTACTTCTTG
Y 6 Q F P Q G T EV T Y T CS GDN Y FL

ATGGGTTTTGACACCTTAAAATGTAACCCTGATGGGTCTTGGTCAGGATCACAGCCATCC
M 6 F DTLIXOCNZPUDTG G SW S GG s Q P s

TGTCTTAAAGTGGCAGACAGAGAGGTCGACTGTGACAGTARAGCTGTAGACTTCTTGGAT
€C V X VA DREVYVDCD S K&aVvVDVF UL D

Figure 8
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RN

Lys VaI Ile Thr Cys G n Asn Pro Pro Val Pro Ser Tyr Ay Ser % ST AVR

645 650 GAA ATC AAA CCC CCA AGT CGG ACA AACH TEG ATA M@ SHEST
CGI GIT GGGTCA 2018.Ju Ile Lys Pro Pro Ser Arg Thr Asn Ser:lle Ser Ang 1995,
Val @y Ser 655 660 | 665 1R TIC G

AGG TTG CCA CGG TTA CCC CTC CCA TTA GCT AGA GCA GCC 2066 Pro Phe Leu Arg

Leu Pro Ag Le %ﬁﬁ%ﬁ%%ﬁ%@ et AR,

Lys Pro Pro Pro L ro Ar% Ser Ser An Pro Ser Thr Val E Leu 685

690 @Eﬁc?Ac;Jg@G

GTA GGG TCT CGX 2‘16?

GGCAAGCTTCCAARACTCTGGAGGAGCGGTGCATGTTGTGAACAATGGCCCCTACTCGGAC 1217
¢ K L P N S G G AV HYV YV NDNGUP Y S D 400

Y H VCRAA

TTTCTGCGGTAGTGACCTGAATGGGATAAAATCGGAAGAGTTGAAGTCTCTTGCCCGGAGT 1277
F L G §S DLNGTIZKSETETLIKS STLATRS 420

".[‘TCCGATTCGAT'I‘ATGTCCGTTCCTCCACAGCAGGTAAATCAGGATGTCCTGATGGATGG 1337
F R F D Y V R § S T A G X S G C P D G W 440

TTTGAGGTAGACGAGAACTGTGTGTACGTTACATCAAAACAGAGAGCCTGGGARAGAGCT 1397
F E V D E N CV Y VT S X QR A W ER A 460

CAAGGTGTGTGTACCAATATGGCTGCTCGTCTTGCTGTGCTGGACAAAGATGTARATTCCA 1457
Q G VvV ¢ T N M A ARULAUYVYLDI XKDV X P 480

AATTCGTTGACTGAGACTCTACGAGGGAAAGGGTTAACAACCACGTGGATAGGATTGCAC 1517
N 8 L T E T L R G X GG L T TTWI GG L H . 500

AGACTAGATGCTGAGAAGCCCTTTATTTGGGAGTTAATGGATCGTAGTAATGTGGTTICTG 1577
R L DA EKPVF I W EL MDUR S NV V L 520

AATGATAACCTAACATTCTGGGCCTCTGGCGAACCTGGAAATGARACTAACTGTGTATAT 1637
ND%LTFWASGEPG%ETNCVY 540

ATGGACATCCAAGATCAGTTGCAGTCTG_TGTGGMCCAAGTCATG‘I‘TT‘I‘CAGCCCTCA 1697
M D I Q D Qg L Q § V W X T XK S C F @ P S 560

AGTTTTGCTTGCATGATGGATCTGTCAGACAGAAATAAAGCCAARTGCGATGATCCTGGA 1757
S FACMMDILSDURNIEKAIKTCDUDUPG 580

TCACTGGAAAATGGACACGCCACACTTCATGGACAAAGTATTGATGGGTTCTATGCTGGT 1817
S L ENGHATTULHGOQS I DGV F Y A G 600

TCITCTATAAGGTACAGCTGTGAGGTTCTCCACTACCTCAGTGGAACTGARACCGTAACT 1877
'S§ 8 T RY §$ C EVLHYUL S GGTETVT 620

TGTACAACAAATGGCACATGGAGTGC‘I‘CC‘I‘AAACCTCGA‘I‘G‘I‘ATCAAAGTCATCACCTGC 1937
CTTgGTWSA-PKPRCIKVITC 6490

CAAAACCCCCCTGTACCATCATATGGTTCIGTGGARATCARACCCCCAAGTCGGACAAAC 1997
Q N P PV P S Y G SV ETI KPP S R TN 660

TCGATAAGTCGTGTTGGGTCACCTTTCTTGAGGTTGCCACGGTTACCCCTCCCATTAGCT 2057
S ¥ 8 RV G S P F L RL P RIULUPIULUPULA 680

AGAGCAGCCAAACCI‘CCTCCAAAACCTAGATCCTCACAACCCTCTACTGTGGACT‘I‘GGCT 2117
RAAKPPPKPR:SSQPSTVDLA 700

TCTAAAGTTARACTACCTGAAGGTCATTACCGGGTAGGGTCTCGAGCCATCTACACGTGC 2177
S XK VXKLPEGHYRYVGSRATITYTC 72

GAGTCGAGATACTACGAACTACTTGGATCTCAAGGCAGARGATGTGACTCTAATGGAAAC 2237
ESRYY_ELLGSQGRR-CDSNG% 740

Figure 8



Ala Ser Lys Val Lys Leu Pro Qu @y H's Tyr Arg Val Ay Ser |jARGRZOO: 007 &

.705 - - 710 715 GCC ATC TAC ACGHTGC GAG TCG AGA
TAC TAC GAA CTA CTT GGA TCT CAA 2210 Ala Ile Tyr Thr Cys G iy See : Al gZTE/EBIS%
Tyr Au Leu Leu Gy Ser G n 720 725 R O e

GCC AGA AGA TGT GAC TCT AAT GGA AAC TGG AGT GGTI CGG CCA GCG AGC 2258 dy
Arg Arg Cys Asp Ser Asn Ay Asn Trp Ser Gy Arg Pro Ala Ser 735

740 . 745 TGT ATT CCA GIT TGTI GGA CGG TCA GAC TCT CCT CGr

TCT CCTIiTTT ATC 2306 Cys Ile Pro Val Cys Ay Arg Ser Asp Ser Pro Arg Ser

Pro Phe Ile 750 ' 755 _ 760 TGG AAT GGG AAT

TCT ACA GAA ATA GGT CAG TGG CCG TGG CAG GCA GGA 2354 Trp Asn Ay Asn Ser

Thr Qu lle Ay An Trp Pro Trp G n Ala Ay 1865 770

775 ATC TCT AfsabSbctdckcchéodatierethrrtbetriioréélecttdadatectbErdéTircaGA2 249 2
W S G R P A S CIUPVCGRSD S PR S 760

CCTTTTATCTGGAA‘I‘GGGAATTCTACAGAAATAGGTCAGTGGCCGTGGCAGGCAGGAATC 2357
PF_‘..IWNGESTEI-GQWPWQAGI 780

TCTAGATGGCTTGCAGACCACAATATGTGGTTI‘CTCCAGTGTGGAGGATCTCTATTGAAT 2417
S R WL A D HNMWUPFIULOQTCGG S L L N 800

GAGAAATGGATCGTCACTGCTGCCCACTGTGTCACCTACTCTGCTACTGCTGAGATTATT 2477
EKWIVTAASCVTYSATAEII 820

GACCCCAATCAGTTTAAAATGTATCTGGGCAAGTACTACCGTGATGACAGTAGAGACGAT 2537
D P N Q F XK MY L G K Y Y RDD S R DD 840

GACTATGTACAAGTAAGAGAGGCTCTTGAGATCCACGTGAATCCTAACTACGACCCCGGC 2597
D ¥ V. Q vV R E A L E I HV N P N Y D P G 860

AATCTCAACTTTGACATAGCCCTAATTCAACTGAAAACTCCTGTTAC‘fTTGACAACACGA 2657
NLNFBIALIQLKTPVTLTTR 880

GTCCAACCAATCTGTCTGCCTACTGACATCACAACAAGAGAACACTTGAAGGAGGGAACA 2717
vV .Q P I CL P TDITTREUHULI KEG T 900

TI‘AGCAGTGGTGACAGGTTGGGGTTTGAATGAAAACAACACCTATTCAGAGACGATTCAA 2777
LAVVTGWGLNEgN_TYSETIQ 920

CAAGCTGTGCTACCTGTTGTTGCAGCCAGCACCTGTGAAGAGGGGTACAAGGAAGCAGAC 2837
T e L Q AV L. PV V A A S T CZEETGUY K E A D 940

TTACCACTGACAGTAACAGAGAACATGTTCTGTGCAGGTTACAAGAAGGGACGTTATGAT 2897
L P L. T vV T E N M F C A G Y K K GG R Y D 960

G.CC'I'GC.AGTGGGGACAGTGGAGGACCT'I'I‘AGTGTTTGCTGATGATTCCCGTACCGAAAGG 2957
ACSGDgGGPLVF'ADDSRTER 980

CGGTGGGTCTTGGAAGGGATTGTCAGCTGGGGCAGTCCCAGTGGATGTGGCAAGGCGAAC 3017
R WV L EG I V S WG S P S G C G KA N 1000

CAGTACGGGGGCTTCACTAAAGTTAACGTPTTCCTGTCATGGATTAGGCAGTTCATTTGA 3077
Q Y G GG F T XK V NV FL S W IROQTF I < 1019

ARCTGATCTARATATTTTAAGCATGCCTTATARAACCTCTTGTTTCCTATTATTGCTTTACT 3137
AGTTTAACCCATAAGAAGGTTAACTGGGTAAGGCACAAGGATCATTGTTTCTGTTTGTTT 3197
TTACAAATGGTTATTTTAGTCAGTGAATGAGAATAGTATCCATTGAAGACTGTTACCTTT 3257
TATTCTACCTTTTTATATTACTATGTAAGTATTTGGGATATCTTCTACACATGARAATTC 3317
TGTCA‘I‘TTTACCATAAATTTGG‘-I‘TTCTGGTGTGfGC‘i‘AAGTCCACCAGTAGAGAACGATG 3377
TAA‘I‘TTT.GACTAGCACATGAAATAAATATAGAACAAATCTA‘I‘I‘ATAAACTACC‘I‘TAAAAA 3437
AADAADRDARA 3448
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Ile. Ser Arg Trp Leu Ala Asp H's Asn Met Trp Phe Leu G n Cys

785 . . 790 795 74 GGA TCT
AAA TGG ATC GIC ACT GCT GCC CAC TGT GIC 2450 Gy Ser Leu Le
Trp Ile Val Thr Ala Ala H's Cys Val 800 805

810 ACC TAC TCT GCT ACT GCT GAG ATT ATT GAC CCC AAT CAG TTT

Thr Tyr Ser Ala Thr Ala Gu lle Ile Asp Pdo Asn G n 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 Gy Lys Tyr Tyr Arg Asp Asp Ser Arg Asp Asp

Asp Tyr Val 830

GCT CTT GAG ATC CAC GTG AAT C@& AAG, TAR GAC CCC 2594
= Et B Et
(=]
£ | 888
<2 EHEHH
D™ BHEHEH
- | 888
t | B85
-~ OO
v HEEH

O O]
080
@@g

GTGAAGG?AACTTAAGTAQGGTCT&AGCGTCGTTTTT
TGAAGGQAACTEAAG!ATGGTCTIAGCGTCGTTTTT
Pigure 9

C .
7 ACCAIQACTCTCTCCACAAIACCTCAAAGTTCTACICTGTGAATCCTGACAAGCCAGAGTA

1 CACGTTTAACGCGAACGTGGAAGAACT!

-1

PCrPC21
PFC53
pchCZS_ 71

835 840 CAA GTA AGA GAG



G.n-Val. AAig Gu Ala Leu Gu lle His Val Asn Pro Asn Tyr Asp R

850 : . 855 GGC AAT CTC AAC TTT GAC ATA GCC CTA A BEOAACCTG, ANAE T
ACT CCT GIT 2642 Gy Asn Leu Asn Phe Asp Ile Ala Leu Ile @n jLeu Ly

Pro Val 860 865 870 Date : b%%ﬁ&"ﬂ%
TTG ACA ACA CGA GTC CAA CCA ATC TGT CTG CCT ACT GAC ATC ACA 2688=Fhr—teg————

Thr Thr Arg Val @n Pro Ile Cys Leu Pro THr Asp Ile Thr 880

885 890 ACA AGA GAA CAC TTG AAG GAG GGA ACA TTA GCA GIG
GTG ACA GGT TGG 2738 Thr Arg Qu H's Leu Lys AQu Gy Thr Leu Ala Val Val
Thr Ay Trp 895 900 905 GGT TTG AAT GAA
AAC AAC ACC TAT TCA GAG ACG ATT CAA CAA CGCT GIG 2786 Ay Leu Asn du Asn
Asn Thr Tyr Ser Au Thr Ile dn @ r;oAIa Val 910 915
920 ) o
< K
o, v, P
“a ¢
A 7
<. ik
G\u§ IJ.O ,0‘3\;‘ '30 -5
“R=~C -G =0~
RESUp AN
a “o-g”? 40 U®

$0
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75 CTA OCT GIT GIT GCA GCC AGC ACC-TGT GAA GAG GGG TAC AAG GIA TCA 2834 Leu .~

Pro val Val Ala Ala Ser Thr Cys Gu Gu Gy Tyr Lys Au Ala 92% -
930 935 GAC TTA CCA CTG ACA GTA ACA GAG AAC éa§°TT€2T‘F§B 1996 !
GCA GGT TAC AAG 2882 Asp Leu Pro Leu Thr Val Thr A u Asn Met TOURAL T
Gy Tyr Lys 940 945 950 955

AAG GBA'CGT TAT GAT GCC TGC AGT GGG GACTAGT GGA GGA CCT TTA GIG 2930 Lys
Ay Arg Tyr Asp Ala Cys Ser Gy Asp Ser Gy Gy Pro Leu Val 960

965 970 TTT GCT GAT GAf—F€E: ACCGAA GG CGG TGG GIC
TTG GAA GGG ATT 2978 Phe Ala Asp Asp Seff A Thr Gu Argifjvg Trp Val Leu
GQu dy Ile 975 I 980 : 3 i { 985 i5TC AGC TGG G&C
AGT CCC AGI GGA TGT GCE»A&G GCG AAC CAG:T GG 3026 :
:‘-E ;3 : :
<z :
5% :
Dk o hd
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3 o :
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Pro Ser Ay Cys Ay Lys Ala Asn A n Tyr if

Ser .Trp Ay Ser

Val.

1000 GEC TTC ACT AAA GIT AAC GIT TTC

995

Phe Leu Ser
1015 T

Asn Val

Lys Val
1010

AGG CAG TTC-AIT 3074 Ay Phe Thr-
Il e 1005

d n Phe

CTAAATATTT TAAGCATGGT TATAAACGTC TTGTTTCCTA TTATTGCTTT: 3134 ACTAGITTAA

CCCATAAGAA GGITAACTGG GTAAGGCACA AGGATCATTL TTTCTGITTG 3194 TTTTTACAAA

TGGTTATTTT AGICAGT

76

MND €2FC EDNASTCTA
GAAAA 3314 TTCTGTCATT

AL ep il SS oA

8ro

CCTTTTTATA TTACTATGTA

TTACCATAAA TTTGGTTTCT GGIGIGIGCT AAGICCACCA GTAGAGAACG 3374

CxFC26

ATARAAACAARATTTGTAACAACACACGGTATARMCTAMAT AGCT TCAGATGGGTCGTATGACARGGARACTTITAAATARTTATGRANG 538
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195.

220
230
Asn
255
265
Pro

Hi s
Leu

AN eane e rae e L e L

Ile Qu

Ser Cys

dn
Val

Pr @2 1AIP
Al as1Gryr

917
917
981

947
847
1011

$77
977
1041

1007
1007
1071

| re08 Abysisvale Asrrz
ey @ .FEB.1998 0

Ay Ala Thr

Pro dn Cys Lys Asn 245

Phe Cys Pro Asp Leu
270

Gu Gn Lys

T T R B H

ﬁqﬁ Yol *’Tr:p:d :

ACCTTTIRTGT T TT TATTCTACCTTTTTATATTAG
FCTACCTTTTTATATTAC
TTCTACCTTETTATATTAC

~ oWl

Asp Pro 281 Asn Hs Ala Gu H s Lys 260
lle G VaI T

\ﬁa 5 Thr

3418

2972
2945
3688

3062
3038
3778

3182
3125
3867

3240
3218
3957

3330
3297
4039

3418
3383
4127



355 360 Bl o mm T
AIaAlaIIeHlsAIaGIyLysLeuPro37é ”‘A"*“H“!—H

380 Asn Ser Gy Gy Ala Val His Val Val| Asn AinZCFE/BIm PRgyS
390 395 l| © ke tell Qy el “Asp Let
Asn Jy Ile Lys Ser u GQu Leu Lys Ser 405 410

415 Leu  Al'a Arg Ser Phe Arg Phe Asp Tyr2Val Arg Ser Ser Thr Ala Gy 420
425 430 Lys Ser Ay Cys Pro Asp Ay Trp Phe GQu Val Asp
A u Asn Oyeerdgés 438 values plotted are 4#4@ that base plus the nef56T Yr Val Thr

Ser Lys Gn Arg Al a Arg Al a @vArehjlie  Cys® 4sByarophobic 455
460 Thr Asi YL A a ‘%(]Aré Al'a Val Teu Asp Lys. Asp Val Ile Pro 465
470 2 W 4020 o0.529 480 Asn Ser. eu Thr A u Thr Leu Arg
Ay Lys Ay Lgu¥Thr Tgl-rZOThil -q% - X
5 C 2.50 1. 500 - *
6 F 2.80 1.743 - *
7D -3.50 1.700 - *
87T -0.70 1.700 - *
9 F 2.80 1.686 - *
10 L 3.80 1.171 - *
11 F 2.80 1.229 . *
12 Vv 4.20 1.229 . * .
i3 C 2.50 0.986 - *
j4 E -3.50 1.171 - *
18 s -0.80 2.214 - *
16 s ~-0.80 2.686 - *
i7 Vv 4.20 3.400 - *
18 F 2.80 2.671 - - *
19 C 2.50 1.629 - *
20 L 3.80 1.671 : . *
21 L 3.80 1.071 ", - *
22 C 2.50 0.929 - *
23 V 4.20 0.929 - *
24 W -0.90 —-0.314 * .
25 R -4.50 -0.314 *
26 F 2.80 -0.314 *
27 G —0.40 —-0.114 *
28 F 2.80 0.343 -.%
29 C 2.50 -0.243 *
30 R —4.50 -0.714 * .
31 W -0.90 0.329 %
32 R -4.50 0.229 *
33V 4.20 1.271 : - *
34 F 2.80 1.271 ' . *
35 Y -1.30 O0.314 . %
36 S -0.80 0.386 %
37 .F ' 2.80 0.400 %
38 P -1.60 0.600 . *
39 F 2.80 1.429 - *
40 V 4.20 1.571 - *
41 K -3.90 1.514 . *
42 S -0.80 1.571 - *
43 T -0.70 2.043 - *
44 V 4.20 1.957 - *
45 V 4.20 0.900 . %
46 L 3.80 0.114 *
47 L 3.80 -0.543 ' . *
48 Q -3.50 -0.543 *-
49 C 2.50 -0.500 : *
S0 Y -1.30 -1.397 * -
\ S1 H ~3.20 -1.271 * -
52 ¥ -1.30 -0.929 : * -
$3 & -0.80 -1.300 . * -
S4 L 3.80 -0.786 * -
55 H -3.20 -1.514 _ * ' -
S6 N -3.50 -1.171 * -
$7 T -0.70 -0.071 *,
58 S —-0.80 —-0.471 *
59 K -3.90 -0.586 * -

Figure 12



.i485
AFa
510
520
Met
Adn
555
Al a
Ser
590
600
Cys
Ser
635

490 | M oeAQE e Ty s Eed| Hi
Gu Lys Pro Phe Ile Trp G u Leu 500
Met Asp.A.g Ser Asn Val Val Leu A;ngﬁgp Mﬁf@umﬁr

525 Ser Ay Qu RBese AsF—ao T Asn cys VaI Tyr
Asp Ile A n 530 . 535 . 540 Asp A n Leu
Ser Val Trp Lys Thr Lys Ser Cys Phe G22 Pro Ser 545 550

560 Ser Phe Ala Cys Met Met Asp Leu Ser Asp Arg Asn Lys
W:Qt Eco Ri NcoE|75 Asp E&sp Rpr oNtmly

G n 580 |

' b!Sét‘ I A-g—TFy+—Set S G U 59
Leu Ser Gy THC (E(Eu hr Val Thr

Lys
Leu
Ser

&)

Thr 620 Ay Thr Trp
P {
Ala ffo LyseRrge le '—ggEVQJ, Il e\ Thr EQ(%: 6&351 Eco Al Net 630
-—ﬁ : .
' ACIFC 21
Ncol/Notl
digest
- v )
lNcollNotl digest ‘ Noo | Eco R Not i
v L i _
EcoRl Ncol Eco Ri Nco 1 — - —1

pEE 21/
EcoRI-Ncol

'pEE 26/

EcoRl-Ncol

Ncol EcoRl

pGEM11Zi(+)/

CtFC 26

Figure 13



79 Gln Asn Pro Pro Val Pro Ser Tyr d

-650

Phe,
Pr o

680
Ser
Ay
715
Arg
Asn
745
Asn
Ay

Leu Arg Leu, 660
‘Pro Leu Ala Arg Ala Ala Lys P

Leu

Lys
H s

Arg

Tr'p.

Ay
dn

655 Ser Arg Thr

685 Pro Arg Ser Ser An Pro Ser Thr Val Asp Leu Al a

Val Lys 690 695 23 700 Leu Pro Qu
Tyr Arg Val Gy Ser Arg Ala Ile Tyr Thr Cys 705 710
720 dty Ser Arg Tyr Tyr Gu Leu Leu Gy a y

Cys Asp 7?§ﬂ” 'S?nd u 730 AL Sall 73%” &r Asqﬁg y
Ser Ay Ar : C% Ile Pro_Val Cys-740

T7 gene 10595 ‘,Hm er Asp Ser—Pro /-\["_gcber E%@ p$e lle Trp
A3 lprSeiister 760 1@ g Aulle
Trp Pro Ile Ser Arg Trp Leu

‘ sal {/Not | digest
v

saft EcoRl  Notl
1 ‘ —

Amp (2.4 Kkb)

pGEMEX 1
3995 bp

saf I/Not I digest

Hind Wl

ﬁ J7 terminator

pGEMEX 1/CrFC 21
~6.4 kb

ofi Amp

Figure 14



770" 775 780 Ala Asp His Asn

Leu Gl n Cy-s Gy Gy Ser Leu Leu Asn 785 790
795 800 Au Lys Trp Ile Val Thr Ala Ala H s &l
Tyr Ser Ala Thr 805 810 _ 815 Al a GI ulle =
Ile Asp Pro Asn G n Phe Lys Met Tyr Leu Ay Lys Tyr 820 mmzs
825 830 Tyr Arg Asp Asp Ser 2¢g Asp Asp Asp TJiyPENRACEMRIT S8
Val Arg Qu Ala 835 840 845 Leu G'J? lFEB
His Val Asn Pro Asn Tyr Asp Pro Gy Asn Leu Asn Phe 850 Date :.....&. 150, BSG
855 8605_spIIeAIaLeuIIeGInLeuLysThr
Leu Thr Thr Arg gﬁ,ﬁ_" 870 gco mI 8E&o Ri Eco RV
880 80 Val Gn |eQ/S€‘ERJR\PI’OThI’ Asp Ile Thr Thr Afg A u Hys Leu

Nhel . 2
885 5 Nhe 1 -#EE:@IZEL—EEEEEUEI%#Q

Val Thr Ay Trp S
$10 promoter

R Eco RI Not 1

ACIFC 21 (3650 bp)

Bglll/EcoRV
digest

Baf | Eco RI £co RV

(3388 bp)

BamHI/EcoRYV digest

-Ligate

pET3b/CrFC21
7.6 kb

Figure 15



900
-@Gn Am A a

925 Al a _Ser .

935
Ay Arg Tyr
960 Al a Cys
970

Ser Trp ©

1000
1015

2ol BTas

905

Val Leu Pro Val

<. Semel digeat
Qomat  Chat 2. Raligate

‘Val

Ala 91

Figure 16
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1 1. An isolated, purified DNA nol eclil REFCADEHAEHNTIRHNEETD W)?%E
-sequence 1 hat .encodes a protein having fhe 3 1§ Cti PEPY E/N
Factor C protein in assays 4 for Gam r[HgtatL!z?th enmdot BT TF 1= =<
2. The DNA nol ecul e of claim1, wherei - protein is a

Car ci noscor pi us rotundi cauda Factor C3 pr2g ei n. 1 sadkl Net'DNA nol ecul e

of claim 2,53 ' P mpwtein has an anino_3ci
sel ect ed frsam 1' :

4- The DI\IA L)

detecting

1. Psti/Hindill Digest |
2. Ligate Bgtt EcoRl

SnaBl and Notl

Digest
BamHi/Pstt Digest | Bgili/Pstl Digest
Ligate
EcoRl
“ BamH{/Bgill
T~ Hindtt '
o ~ Smal/Notl digest
pTZ19R/BN igate
EcoRl

gamH/Bgiit ™
/ pstl ol

_Smal/SnaBl

pPICQ/CIFC26

8glit 8gitt

Figure 17a



8 ., endgotoxin, a nucleotide sequence th ugqphﬁnq L 111 FE
1111111112111111 82 9 equivalent to s 5{%“““ “ecul e%ﬁ‘ cl ¢

the. 10 - degeneracy of the genetic codequncL th&th?EBeMn 11_ Xpres:

for- a protein that has the sanme enzymatiig.-L2— aciiy Factor C protern -
I n assays for detecting 13 G amnegative bacterlal endotoxin, and a

nucl eotide 14 sequence that is functiona equi val ent EeeRlsai d DNA 15

nol ecule of claim3 in that it codes on expée55|on for a proteln in
whi ch one or nore , ' acids has. or have 17 :
substituted, but [ Mihe 18 sanme enzymati ¢Zactivity as Factor C
protein in gss@ dﬁPBbtlng Gram negati y i endotoxin. 1
6. The DNA nol e
nucl eoti de sequen
been del et ed.

Notl

1. EcoRl Digest
2. Ligate:

Bglll/EcoRV Digest Bg/ll/Pmil Digest

CrFC21

. Figure 17b



8: _The reconbi nant vector of claim7, wherein said 2 Factg
Car ci hoscot pi us rotundi cauda 3 Factor C protein. 1 9. €[/ ]
vector of claim8, wherein said 2 Factor C protein has an amno acid

sequence sel ected 3 fromthe group cqpsisting of SEQ | D Ng=Z=arF=SEQ=FB4——
NO 4. 1 10. The reconbi nant vector of ciii m 9, wherein sai dif BRRLACEMENT SHEET
nol ecul e has a nucl eoti de sequence selected fromthe 3 grou§ consi gt n‘gEé)f
SEQ ID NO 1 and SEQ I D NO 3. 83 1 11. A reconbinant viedes:.....4.FEB 1998
conprising a DNA nolecule 2  conprising a nucl eoti dg, sequence set ected
fromthe group 3 consisting of a nuckeotide sequen@ that hybridizes to 4
said DNA nol ecule of claim3 undgr sal‘lu: and tenperature
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5. conditions equivalent to 5x SSC and [err] and that code FE ——I
~expression for a protein that has the same enzymatic 7 a._m
‘Cprotéin’in assays for detecting 8 G am negative bacteri alt” e ndoRER; : ~ Al

nucl eoti de sequence 9 that is functionally equivalent to Said DNA

nmol'ecule of 10 claim3 due to the degeneracy of the genetijp=tcetde-and-ti. . .
t hat codes on expression for a protein 4%at has the sane 12 PEREROBMICOIT SHEST -
activity as Factor C protein in assays for 13 -detecting Giam negalir%q: 189
bacterial endotoxin, and a 14 nucl eoti de sequence that i g} Datect.i. l.I.E.@ ..........
equi valent to 15 said DNA nol ecule of claim3 in that it codes oI =i
expression for-a protein in which one or nore amno 17 aci ds has or have
been added, del eted, or substituted, 18 but which has the sanme enzymatic
activity as Factor C 19 protein in assays for detecting G am negative
bacterial 20 endotoxin. 1 12. The reconbi hant vector of claim?7,

wherein the 2 vector portion is a nenber selected fromthe group 3
consisting of [err]gt 22, pGEM 11zZf (+), pGEMEX-1l, pET 3b, 4 YEpsec 1,
pEMBLyex 4, plC 9, and pH L D2.

N_x =

100+ 20- -300

0.75+
0.50+

0.25-

0.00-

1.00+
0.75+

Q.50

Proclotting Activity (ODgps /100 ul /10 min)
Factor C Activity (Ex3go-Emggo /100 ul /15 min)
(--. seflascffnne )

0.25-

X 00- - g
0.00- O 20 40 60 g0 100

Fraction no. (5 ml/fraction)

Figure 19



1. . 13,, A host cell transforned with said reconbinant 2 veqg
7. 1 {14. The host cell of claim 13, wherein said host cell Z
sel ected from't He "group consisting of bacteriophage 3 X, Badg

col, a mammualian cell, and a yeast. 84 1 15. A nethod o

proteiin having the sane 2 enzymatic actiggity as Factor C protein in _
assays for 3 G am negative bacterial endotoxin, conprising e H R 4 T SHEET
sai d host cell of claim13 under conditions_ in which 5 said! nol ecule™

is expressed, and recovering said 6 protein. 1 16. An iSO!}qja?Q, _____ ] ZFEB 1996
A .

purifiied protein nolecule conprising 2 an amno acid se
sel ected from the group 3 consisting of SEQID NO 2, SEQID NG 4, a
proteiin 4 nol ecule conprising an am no acid sequence that is 5

functi onal I('y qui valent to SEQ ID NO 2, in which one or

. a

[l .
29 '

819 2021 222324252627 28293031

S s @ it i —CA Factor C, 132 kDa
—ﬂwqd

- ) ";: 'T P A
= £ B M_E:ité&,
- »” | 58 - F. i
_ . j =8 Clotting enzyme, 35 kDa

E

—

- b

v e em o e e e am t—

1

(b) ' —

-
E4
X 22 24 2628 30 31 3233 34 35 36 3738 39 40 41424344
REDUE LS e kDa — _ .
) _i " @ T —
94 ".-" >0 6O @8 ow o o - —lC Heavy_chain
: e e o g = : : Factor C, 80kD:
67— _ ETzug® :
2 - -z —~<O Light-chaia
43P~ A o N Factor C, 52 kDz
* *x & © ) .
30 Wk E ot R ’
& -— ok ‘b._—._.: ;

Figure 20



6 nore am no acids has or have been added, deleted, or 7
Put - whi ch has the sane enzymatic activity 8 as Factor C pr
assays for detecting Gam9 negative bacterial endotoxin, @#ng gressyY
mol ecul e 10 . conprising an amino acid sequence that is functionalTy IT -
equival ent” to SEQ ID NO 4, in which one or nore amino 12 acids_has or .
have been added, deleted, or substituted, 13 but which hasijt EpISAEEMENT SHEET

enzymatic activity as Factor C 14 protein igy assays for dgtecting G am :
negative bacterial 15 endotoxin. 1 17.

A process foll gupif i AGFER..1996.
Factor C zynobgens, 2 conprising the steps of: 3 ( Oy
anoebocyte |ysate; 4 (b) fractionating said anbebocyte |ysate of

step 5 (a) by affinity chromatography enploying a buffer 6
cont ai ni ng di net hyl sul foxi de and a chel ating agent, and 7 pooling
fractions for each peak; 8 (c) desalting said fractions of step (b)
by gel 9 filtration chromatography, and pooling fractions for 10

each
peak;

LMW 1 2 3 4 5 6 17
94000__ - _,,sg_-_-__—:ﬂﬂw-;
67000— —* - =
43000— == R i e 4

~A
30 000 — ——
- d.—-“—-“
20 100— —— — =B
. — ~<C
14 400 — o

Figure 21




11 (d) fractionating said fractions of step (c) by ER==gF=fm3$¥

-chr.omat ogr aphy, to obtain a fraction containing 13 pur i fi 3" p

Factor, C and.fractions containing 14 double-chain Factor @ FlLe

(e)” recovering said purified single-chain Factor 16 C, 17 ™)

further fractionating said fractions of step 18 (d) cont aiging

doubl e-chain Factor C by gel filtration 19 32 chronat ogr aphy|| tREFUNCEMENT SHEET

fraction containing purified 20 doubl e-chain Factor C;, ang 21 -
cehe:. ol R FEE 9%, |

Ul

recovering said purified double-chain Factor 22 C 1 18
claim17, wherein said fractionating 2 by affinity chro

step (b) conprises 3 chromat ogr aphy t hrough Sepharose CL-6B, using 0.05
M4 Tris-HCO, pH 8.0, containing 0.154 M Nad, 5% -

<

£ ~2.0
ZE 4 s =100
W 4 — —
S T s 1

-~ s {
< 3 / ¢

o 7 x Lo
8 9 Il t = —-10 8

~. 200 / » H0.25 — I
L o 2 ‘ $ =3
Q <O P i O Q
S = s 1! Q o

E A /\ )

{ /BB
! 3 et ol g Lo
L x 25 30 35

Fraction no. (1 mtl / traction)

Figure 22



5. . di et hyl sul f oxi de (v/iv), and 1 mM  di sodium 6 :
et hyt enedi am-netetraacetic acid as buffer. 1 19. The proces ' HASBEE
17, wherein said desalting by 2 gel filtration chromatographiy_ D/|
(c) conprises 3 chr omat ogr aphy t hrough Sephadex G 25 using pyrogén-free & —=

water as eluent. 1  20. The process of ¢Jaim 17, wherein said
fractionating 2 by affinity chromat og%aphy of step (dg Fg‘qu_FR;JE rRHEET
P M Tri §-
oot | 2 FEB 1996

chr omat ogr aphy t hrough hepari n- Sepharose CL-6B, using 4 0.
pH 8.0, 1 nMdisodiumethylenediamine- 5 tetraacetic acid gspypbilé & 'V W
phase, and a linear gradient 6 of 0-0.5 M NaCd as eluent. 1 21 The
process of claim17, wherein said further 2 fractionating by gel

filtration chromatography of step 3 (f) conprises chronmat ography through
Superose 12, using 4 0.02 M'Tris-HO, pH 8.0, containing 1 nmM di sodium 5

et hyl enedi am netetraacetic aci d1 as rml%i | e phase.
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-conpri~sing the steps of: 3 (a) providing an anpebocyie
(B) .fractipnating said anpebocyte |ysate of step 5 (a) byl

86 1 22. A process for purifying Factor C zyrmgensiHZJ’t
chr omaf ography t hrough Sepharose CL-6B, 6 using 0.05 M Tri s- H_CI' “pH 8 0

containing 0.154 MNad, 7 5% dinethyl sul foxide (v/v), and= A =
ethylene- 8 dianinetetraacetic acid as Pyffer, and pool i nq RERCACEBMENY SHEET -
for each peak; 10 | (c) desalting sai d fractions of st p (b) i)y ﬁ

11 filtration chromatography through Sephadex G 25, using {{Date:. LT 31996

pyrogen-free water as eluent, and pooling fractions for 13
(d) fractionating said fractions of step (c) by 15 affinity

chromat ogr aphy t hrough hepari n- Sepharose CL-6B, 16 using 0.02 M Tris-HJ ,
pH 8.0, containing 1 nmM di sodi um 17 et hyl enedi am netetraacetic acid as
nobi | e phase and a 18 | i near gradient of 0-0.5 M NaCl as eluent, to
obtain a 19 fraction containing purified single-chain Factor C and

4 5 kDa
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20 fractions containing doubl e-chain Factor C 21
-sai-d-purified single-chain Factor 22 C 23 (f) furty
fractionating said fractions of step 24 (d) containing douk
Factor C by gel filtration 25 chr omat ogr aphy t hrough Super ing
0.02 MTris- 26 HCl, pH 8.0 containin gﬁl andlsodlun1ethy|eﬁgpigmgﬁgﬂrgﬁtET
tetraacetic acid as nDblle phase to obt&?’n a fraction 28 ontarn

purified doubl e-chain Factor C, and 29 _ (g) recovering agld&ﬁﬁalm
doubl e-chain Factor 30 C 1 23. A nethod for nmaintainin

its zynogen 2 formin a crude anoebocyte |ysate, conprising lysing 3
anoebocytes in a solution conprising dinethylsul foxide 4 and, optionally,

a chel ating agent. 87 1 24. The nethod of claim 23, wherein said
solution is .

@ Single<chain

O Double-chain

Factor C Activity
(Ex380-Em4g0/100 ul/15 min)

% Me2SO

Figure 25



=

2 pyrogen- free water. 1 25. The nmethod of claim }
) conpri'sing™2  lyophilizing said |ysate. 1 26. A net hod
“Fattor” C expressed by 2 transforned host cells grown in at
inits 3 zynogen form conprising contacting said Factor C mnth 4
di met hyl sul f oxi de and, optionally, a cg%latlng agent, 5 an = -
isolating said Factor Cin the presenc of di et hyl sul f leBL@QEMENTSHtET -
optionally; a chelating agent. 1 27. The nethod of clai m{i26, wh ;
said Factor Cis 2 accurul ated intracellularly within sai ﬁ@tgt‘ jeil&B l% i
and 3 said contacting is perfornmed by |ysing said host celt+s4=—5FtHe—=
presence of dinethyl sul foxide and, optionally, a 5 chelating agent. 1
28. The nethod of claim 26, wher ei n said Factor Cis 2 secreted into
said culture nedium and said econtacting 3 is perforned by addi ng
di et hyl sul f oxi de and, 4 optionally, a chelating agent to said culture
medium5 prior to isolating said Factor C. 1 29. A nethod for
mai ntai ning Factor Cin its zynogen

Figure 26



2 form “conprising cbntacting said Factor C wth 3
di met hyl sul f oxi de. : - .
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THE CLONED FACTOR C ¢DNA OF THE SINGAPORE HORSESHOE CRAB,
CARCINOSCORPIUS ROTUNDICAUDA AND PURIFICATION OF FACTOR C
| PROENZYME

The cloned factor C cDNA of the Singapore horseshoe .crab, Carcinoscorpius
rotundicauda and purification of factor C proenzyme are described. Full length and
deletion subclones of cDNAs for Factor C of Carcinoscorpius rotundicauda are provided.
These cDNAs have been cloned into Agt 22 and pGEM 11Zf(+). Further manipulations of

- the 5° and 3° ends of these cDNAs have been carried out, and these cDNAs have been
further subcloned into other expressic;h vectors such as pPGEMEX-1, pET 3b, and the yeast
shuttle vectors YEpsec 1 and pEMBLyéx 4, and pPIC 9 and pHIL D2. Also provided are
host cells transformed with expreééion vectors containing DNA molecules encoding
prdteins having Factor C-like enzymatic activity, methods of producing such proteins,
methods for purifying Factor C zymogens, and méthods for protecting Factor C zymogens '
from autoactivation by Gram negétive bacterial endotoxin while the hroenzyme is being .
purified and/or processed from amoébocyte'iysates or from recombinant clones, or during
storage or subsequent handling. This protection is affordgd by the addition of 5-30%
Me,SO, which inhibits the Factor C zymogen. (Fig. 2 is to be published.)



