WO 2012/ 118226PCT/ JP2012/ 055728 1 DESCRI PTI ON AN AGENT FOR MEASURI NG
ENDOTOXI N TECHNI CAL FI ELD [ 0001] The present invention relates to an
endot oxi wWeaswiiggéagent, a nmet hod for produci ng t he ne®€uOIPY2/HFER , and a
met hod for measuring endotoxin in a sanple. BACKGROUND ART [ 0002]

Endotoxin is a |ipopol ysaccharide exisfing on the outer nenbrane of the
cell wall of Gram negative bacteria, ahd known to be a strong pyrogen.
Further, it is known that even a snall anobunt of endotoxin causes various
di sease states due to bacterial |@; | Py ﬁuch as rel ease of inflammatory
cyt oki nes due to macrophage actlvatlon and I nducti on of endotoxin shock, in

addition to fever. Thgﬁehgﬁgﬂjqﬁ§§cﬁtg§ @HbﬁﬁQ@&géTaxﬁﬂ pharmaceutical s
ic

such as those for injection; water equi pnents; and the like is
inportant. Further, endotoxin is conS|dered to be the main cause of shock
in Gamnegative bact eri al i nfection, and hence, the presence or absence of
i nfecti ore@mdfonra ahrmaceuti cal effect can be judged by neasuring
endotoxin in the bl ood. [0003]

[0001]

The present invention relates to an endotoxin-
measuring agent, a method for producing the measuring

agent, and a method for measuring endotoxin in a sample.

BACKGROUND ART
[0002]

Endotoxin is a lipopolysaccharide existing on the
outer membrane of the cell wall of Gram-negative
bacteria, and known to be a strong pyrogen. Further, it
is known that even a small amount of endotoxin causes
various disease states due to bacterial infection, such
as release of inflammatory cytokines due to macrophage
activation and induction of endotoxin shock, in addition
to fever. Therefore, detection of endotoxin in
pharmaceuticals such as those for injection; water;
medical equipments; and the like is important. Further,
endotoxin is considered to be the main cause of shock in
Gram-negative bacterial infection, and hence, the
presence or absence of infection and/or a pharmaceutical
effect can be judged by measuring endotoxin in the blood.
[0003]

Further, it is known that infection of American

horseshoe crab (Limulus polyphemus) with Gram-negative



Further, it is known that infection of Anerican horseshoe crab (Linulus
pol yphenus) with G amnegative 2 bacteria causes intravascul ar
coagul at i\¥0,20/d822hi s phenonenon has been used for det e®CIrIR2032/0%¥Ot OXi Nn.
[ 0004] That is, a nmethod for nmeasuring endotoxin using a blood cell
extract of a horseshoe crab (horsesrwﬁ?crab anebocyte | ysate; hereinafter
also referred to as "lysate") is kno (e.g., Non-patent Docunent 1). This
method is called "linmulus test”, and uses a cascade reaction of various

orotel el s a0 0 i L veate, MU 2890 15 pauged b sontact ing o

endot oxin W S amo e cascadé reaction is

shown i@f&ﬂoménoho%oaﬁ]eb?en been Gt agdingrebrendotoxiheuitin the Iysate,

fact or existing in ysate is activated to produce active-type factor
C. This pgpbye-type factor C activates factor B existing in the |ysate, to
produce active-type factor B. This active-type factor B then activates a
proclotting BRAZYNE seXisStndighdéa Ebe hesaderihg pheduce: in chsti highg enzyne.

[ 0006] This clotting enzyme hydrol yzes a specific portion in the
coagul ogehoodl eellle eexisd ¢ tigoifnat e dsessitee Byaibhi orsaghbenogelb i s
produced, to cause coagul ation of the |ysate. Thus, by nmeasuring the

coagul atdmebeentei dry oft¢ hehbysang f tegor brpn redre toee dreisupéed.

"lysate") is known (e.g., Non-patent Document 1). This
method is called “limulus test”, and uses a cascade
reaction of various proteins existing in the lysate,
which reaction is caused by contacting of endotoxin with
the lysate. A schematic diagram of the cascade reaction
is shown in Fig. 1.

[0005]

Upon contacting of endotoxin with the lysate, factor
C existing in the lysate is activated to produce active-
type factor C. This active-type factor C activates
factor B existing in the lysate, to produce active-type
factor B. This active-type factor B then activates a
proclotting enzyme existing in the lysate, to produce a
clotting enzyme.

[0006]

This clotting enzyme hydrolyzes a specific portion in
the coagulogen molecule existing in the lysate. By this,
coagulin gel is produced, to cause coagulation of the
lysate. Thus, by measuring the coagulation reaction of
the lysate, endotoxin can be measured.

[0007]

Further, also by allowing a clotting enzyme to react



[ 0007] Further, also by allowing a clotting enzyne to react wth a
synthetic substrate to cause col or reaction, endotoxin can be neasured. For
exanpl e, WOPH11B22g enzyne reacts with a synthetic subsPCaiI@2012/055728
t but oxycar bonyl -1 eucyl - gl ycyl -argi nyl - pNA (Boc- Leu-d yArg-pNA) to hydrolyze
its am de bond, and thereby pNA is relgased. Thus, by prelimnarily
i ncluding the synthetic substrate in the reaction system endotoxin can be
gquantified by neasurenent of the absorbance (405 nm of the coloring

subst ance, (p\A) . [0QOR, . . EWELISr -4 Lol 3oknaun dhajot e egscade reaction

system can onsttucted using actor a proclotting
enzyne, Wighowene R ;ﬁé [exg(e)% E%]Q'Peldxsa}gg)rr?feﬁarﬂﬁﬁér)e%e dyseshge crab

(Non- pat ent Docunent her, a case wherein a reconbi nant

factor Gaeyrhyedfram a,Sont heagh vhd @i haupashea <riab Car ci noscor pi us
rotundi cauda; and a reconbi nant factor B and a reconbi nant proclotting

enzyme deftyedchrewr, Japanesge -garnsashoer ¢t a1 Facizy pl Bos- Leudaityat us; were
used to reconstruct the cascade reaction systemis known (Patent Docunent
1). [001®}g-pNA)Furt heydral gyst emsf amidd¢ ebbvnhg endbtoxeéneby gdAgi @
reconbi nant factor C derived from a Sout heast Asian horseshoe crab
Car ci noscot paasdr.ot Ghdiscaduia mpdlandusstirlal el phdvdiggcttshav s Hnsbeitvie t ype
factor Cto release a fluorescent substance is known (Patent Documnent
substrate in the reaction system, endotoxin can be
quantified by measurement of the absorbance (405 nm) of
the coloring substance (pNA).
[0008]
Further, it is known that the cascade reaction system
can be reconstructed using factor C, factor B, aﬁd a
proclotting enzyme, which were purified from lysate of a
Japanese horseshoe crab (Non-patent Document 2).
[0009]
Further, a case whereiﬁ a recombinant factor C
derived from a Southeast Asian horseshoe crab
Carcinoscorpius rotundicauda; and a recombinant factor B
and a recombinant proclotting enzyme derived from a
Japanese horseshoe crab Tachypleus tridentatus; were used
to reconstruct the cascade reaction system is known
(Patent Document 1).
[0010]
Further, a system for -detecting endotoxin by using a
recombinant factor C derived ffom a Southeast Asian
horseshoe crab Carcinoscorpius rotundicauda and a

substrate that reacts with active-type factor C to

release a fluorescent substance is known (Patent Document



4 2). This systemis commercially avail able as an endot oxi n detection
system (commerci al nanme: PyroGene (registered trademark); Lonza). [0011]
However, wo 20rx@as2260 use the |ysate, or the naturally oecuwnrrngossazs or C,
factor B, and proclotting enzyne prepared therefrom it is necessary to
capture horseshoe crabs and coll ect blpod therefrom Hence, in view of
conservation of biological resources of the like, it is difficult to supply
t hese conponents unlinmtedly. Therefore, a technique to easily and rapidly
produced?>reg%§nt for detection of endaqt.oxin at.a,low cost has been

{0

demande i S SyStﬁmwﬁﬁH?O?ﬂe55§§ %Mmﬁ%aél?gégmﬁﬁwﬁﬁ factor C
reconbi nan oggﬁﬁgre&%teaé‘@iéﬁcgi(}?'écs% t%%%rﬁrﬁ%?%ﬁ'a’lg r}%é/{reP%%Glé%eed’ any of

t he above-deéscri cases requ nore for the’neasurenent, and

a detect|pn,sepsi-tddidysddmbbg)ordey, of, 0. 001 EU nL has not been achieved
Ther ef or e, % technique to rapidly and highly sensitively neasure endotoxin

has been[geranded. PRI OR ART DOCUMENTS Pat ent Docurnents [0013]

However, in order to use the lysate, or the naturally
occurring factor C, factor B, and proclotting enzyme
prepared therefrom, it is necessary to capture horseshoe
crabs and collect blood therefrom. Hence, in view of
conservation of biological resources or the like, it is
.difficult to supply these components unlimitedly.
Therefore, a technique to easily and rapidly produce a
reagent for detection of endotoxin at a low cost has been
demanded.

[0012]

Further, in cases where a recombinant factor C,
recombinant factor B, and recombinant proclotfing enzyme
are used, any of the above-described cases requires 1
hour or more for the measurement, and a detection
sensitivity in the order of 0.001 EU/mL has not been
achieved. Therefore, a technique to rapidly and highly

sensitively measure endotoxin has been demanded.

PRIOR ART DOCUMENTS

Patent Documents

[0013]
[Patent Document 1] WO 2008/004674
[Patent Document 2] US 6,849,426 B

Non-patent Documents



[ Pat ent Docunent 1] WD 2008/ 004674 [ Patent Docunent 2] US 6, 849,426 B
Non- pat ent Docunents 5 [0014] [ Non- pat ent Docunent 1] Iwanaga S.,
Curr Opi rWORAMIaB2261993 Feb; 5(1): 74-82. [ Non- pat @6T/JEYIYAENILS 2]
Nakamura T. et al., J Biochem 1986 Mar; 99(3): 847-57. SUWARY OF THE

| NVENTI ON [ 0015] The present invqgtion ainms to provide a nethod for
rapidly and highly sensitively neasurinhg endotoxin. The present invention
al so ains to provide an endot oxi nmeasuring agent to be used in the nethod,
and a ne{@@g4ﬁor produci ng the agent. [0016] '

[Non-patent Document 1] Iwanaga S., Curr Opin
Immunol. 1993 Feb; 5(1): 74-82.
[Non-patent Document 2] Nakamura T. et al., J

Biochem. 1986 Mar; 99(3): 847-57.

SUMMARY OF THE INVENTION
[0015]

The present invention aims to provide a method for
rapidly and highly sensitively measuring endotoxin. The
present invention also aims to provide an endotoxin-
measuring agent to be used in the method, and a method
for producing the agent.

[0016]

The present inventors discovered that endotoxin can
be rapidly and highly sensitively measured by using a
recombinant factor C (His-tag free), recombinant factor B
and recombinant proclotting enzyme, which were derived
from a Japanese horseshoe crab Tachypleus tridentatus and
expressed using insect cells as a host, thereby
completing the present invention.

[0017]

That 1is, ﬁhe present invention is as follows..
[1]

An endotoxin-measuring agent comprising the proteins
(1) to (3) below, each of which is a recombinant protein
obtainable by being expressed using insect cells as a

host:



The present inventors discovered that endotoxin can be rapidly and highly
sensitively neasured by using a reconbinant factor C (Hi s-tag free),
reconbi naWo 2P E¢18226B and reconbi nant procl otti ng enzyne PCRHPZN20%YZ deri ved
from a Japanese horseshoe crab Tachypl eus tridentatus and expressed using

insect cells as a host, thereby conpleting the present invention. [0017]
That is, the present invention is as follows. [1] An

endot oxi n- neasuri ng agent conprising the proteins (1) to (3) below, each of
which is ar nbl nt, pro i nsect
cells as a hgf? E%Cté) % ?Qrgg de¥F82§¥% ﬁgéﬁggféﬁgﬂg

trident %#fchweaet&%ﬁ% %o gsdﬂs% W%ttvé1ai¥§stlt§ge er}ﬁé’r‘x‘@é'cgtatthtehet—

C-term nus actor B of a horses and (3) a
procl ot ti g epzyne of a horseshoe crab. [2]

(2) a factor B of a horseshoe crab; and

(3) a proclotting enzyme of a horseshoe crab.
[2]

The measuring agent according to [1], wherein said
factor B and said proclotting enzyme are derived from
Tachypleus tridentatus.

(3]

The measuring agent according to [1l] or [2], wherein
said factor C is the protein (A) or (B) below; said
factor B is the protein (C) or (D) below; and said
proclotting enzyme is the protein (E) or. (F) below:

(A) a protein comprising the amino acid sequence
shown in SEQ iD NO:2;

(B) a protein comprising the amino acid sequence
shown in SEQ ID NO:2 but which includes substitution,
deletion, insertion; or addition of one or several amino

. acid residues, which protein has factor C activity;

(C) a protein comprising the amino acid sequence
shown in SEQ ID NO:4;

(D) a protein comprising the amino acid sequence
shown in SEQ ID NO:4 but which includes substitution,
‘deletion, insertion, or addition of one or several amino
acid residues, which}protein has factor B activity;

(E) a protéin comprising the amino écid sequence

shown in SEQ ID NO:6;



The neasuring agent according to [1], wherein said factor B and said
proclotting enzyne are derived from Tachypl eus tridentatus. [ 3 ] The
measuri ngwagerw11ez2éording to [I] or [2], wherein said f&CTIP2@NS7the
protein (A or (B) below, said factor Bis the protein (C or (D) bel ow
and said proclotting enzyne is the pro}ein (E) or (F) bel ow (A a
protein conprising the am no acid sequence shown in SEQ | D NO 2; (B)
a protein conprising the ami no acid sequence shown in SEQ ID NO 2 but which

i ncl udes subg]t:;'? t gt ig?—’%\,ﬁ#]gl e%ggnriisqhzqgt‘;}g ,aﬂg%}%g%i[(%ii(}onile?&ugggeoz C;se\éer al

amno acid r due rotein ct or Vit

protein cogpri _sL!nn_%Etdne%ﬁr%@%aghQ Sﬁf’iu&{'cﬁnéfﬂgmé b § Puli@cdy, (D)

a protein conprising the amno acid sequence shown in SEQ I'D NO'4 but which
i ncl udesgsubst bhyt ii01be del 8h1 0B IRREIHE ] OR, 08r RRdid} 08 0k rane i several

am no acid residues, which protein has factor B activity; (BE) a
prot ei n £00Qr rsisAQUdE, afhNehapgirdteequense showl dit S ePzMAL; 7
activity.
[4] _

A method for producing the measuring agent according
to any one of [1l] to [3], the method comprising the steps
(A) to (C) below:

(A) a step of incorporating each of the DNAs (1) to
(3) below into a viral DNA: ‘

(1) a DNA encoding a factor C derived from
Tachypleus tridentatus, which factor C does not have His-
tag sequence at the C-terminus;

(2) a DNA encoding a factor B of a horseshoe
crab; and

(3) a DNA encoding a proclotting enzyme of a
horseshoe crab;

(B) a step of infecting insect cells with the virus
into which said each DNA was incorporated; and

(C) a step of allowing the insect cells infected with
said each virus to express the protein encoded by said
each DNA.

[5])

A method for producing the measuring agent according
to any one of [1l] to [3], the method comprising the steps
(A) to (C) below:

(A) a step of incorporating each of the DNAs (1) to



(F) a protein conprising the am no acid sequence shown in SEQ ID NO 6 but
whi ch includes substitution, deletion, insertion, or addition of one or
several aWwDr20124a08226r esi dues, whi ch protei n has procl ott PAE/JIBHAYNEBTECt i Vity.
[ 4] A nmet hod for producing the measuring agent according to any one of
[1] to [3], the nethod conprising the éteps (A) to (C) below (A a
step of incorporating each of the DNAs (1) to (3) belowinto a viral DNA
(1) a DNA encoding a factor C derived from Tachypl eus tridentatus, which

factor es_not have Hi s equence at the Cterm nus; (2) a
DNA enco&l‘gﬁ Be'ﬂ PRt % ¢ ofVéggoiseshoe crab; and (3) a DNA

encodi ng a procl Qtltl ng Wy@ﬁﬁ%lﬁgh%r sjgasg@%cbalg,erlved( ofa step of

i nfecting insect ceIIs wth the virus into i ch said each DNA was

i ncor porat gdi, ﬁ@@%s trl&g%t§t§%epdﬁléﬂl9$b9%rthﬁchﬂ§§cﬁo€ehﬁ%érﬁf§led
with said each virus to express the protein encoded by said each DNA. [ 5 ]

tag sequence at the C-terminus;

(2) a DNA encoding a factor B of a horseshoe
crab; and

(3) a DNA encoding a proclotting enzyme of a
horseshoe crab;

(B) a step of introducing the vector, into which said
each DNA was incorporated, into insect cells to
incorporate said each DNA into the chromosome of the
insect cells; and

(C) a step of allowing the insect cells, into which
said each DNA was incorporated, to express the protein
encoded by said each DNA.

[6]

The method according to [4] or [5], wherein said DNA
encoding factor C is the DNA (A) or (B) below; said DNA
encodihg factor B is the DNA (C) or (D) below; and said
DNA encoding proclotting enzyme is the DNA (E) or (F)
below:

(A) a DNA comprising the nucleotide sequence shown iﬁ
SEQ ID NO:l;

(B) a DNA which hybridizes with the complementary
sequence of the full length or a part of the nucleotide
.sequence shown in SEQ ID NO:1 under stringent conditions,
and encodes a protein having factor C activity.

(C) a DNA comprising the nucleotide sequence shown in



A nmet hod for producing the nmeasuring agent according to any one of [1] to

[3], the nethod conprising the steps (A) to (C below (A) a step of

i ncor por avongixzasirzcof the DNAs (1) to 8 (3) bel ow i nt opraTMeRIIOD55728
(1) a DNA encoding a factor C derived from Tachypl eus tridentatus, which
factor C does not have Hi s-tag sequencg at the C-term nus;

DNA encoding a factor B of a horseshoe’crab; and (3) a DNA
encodi ng a proclotting enzyne of a horseshoe crab;

(B) a step of

(2) a

i ntroducin Ehe vector, into which said each DNA was incorporated, into

i nsect c%@ S

cells;

each DNA was

PoNricorPori e said each DNA into the chronpsone of the insect

and (Phca(%Nﬁiwéfg?gﬁgg&y%gg%ﬁswfthn%(g éb(éé%m%ﬁ%gr Ich said

orporate press e protern enc
sequence of the full length or a part of the nucleotide

sequence shown in SEQ ID NO:3 or 8 under stringent
conditions, and encodes a protein having factor B

activity.

(E) a DNA comprising the nucleotide sequence shown in

SEQ ID NO:5 or 9;

(F) a DNA which hybridizes with the complementary
sequence of the full length or a part of the nucleotide
sequence shown in SEQ ID NO:5 or 9 under stringent
conditions, and encodes a protein having proclotting
enzyme activity.

[7]

A method fof measuring endotoxin in a test sample,
the method comprising a step of mixing the measuring
agent according to any one of [1l] to [3] with the test
sample and a step of measuring progress of cascade
reaction.

[8]

The method according to [7], which comprises a step
of adding a substrate for detection of progress of
cascade reaction to a reaction system.

[9]

The method according to [8], which further comprises
a step of calculating the endotoxin level in the tesp
sample on the basis df reaction of said substrate.

(0018]

y sai“d each DNA.



[ 6] The nethod according to [4] or [5], wherein said DNA encodi ng
factor Cis the DNA (A or (B) below said DNA encoding factor B is the DNA
(O or (DyoRe1zsmg22and sai d DNA encodi ng procl otting enzpPGEJPYIZHHTBNA (E)

or (F) bel ow (A) a DNA conprising the nucleotide sequence shown in
SEQ I D NO 1; (B) a DNA which hqui di zes with the conpl enentary
sequence of the full length or a part t he nucl eoti de sequence shown in

SEQ I D NO 1 under stringent conditions, and encodes a protein having factor

C tivity. i Si t ti i 9
ST, 5y phel DA ST sng e auelaot e spgvepestoue 1
seduenceof higyhy I d/a0ot fuat anRald, odat hepguckeatidle, seqyegge shown in

SEQ ID NO 3 or er stringent conditions, and encodes a protein having
factor Begsbhyhbht of théBEprasBNA compehsipg,t e qucdeptbde sequence shown

in SEQID NOS5 or 9;
sensitivity in the order of 0.0005 EU/mL can be achieved
with only 30 minutes of measurement. Further, in the
present invention, the expressed recombinant factor C,
recombinant factor B, and.recombinant proclotting enzyme
can be used without purification, and hence, an
endotoxin-measuring agent comprising these recombinant

proteins can be simply and rapidly produced at a low

cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

[Fig. 1] Fig. 1 is a diagram showing the cascede
reaction system in a limulus test.

[Fig. 2] Fig. 2 is a diagram showing the structure of
the vector plZ/V5-His and the position of insertion of
each of the genes. The arrow in the upper part indicates
the position of insertion of the genes.

[Fig. 3] Fig. 3 is a photograph showing the expression
levels of various factor Cs.

[Fig. 4] Fig. 4 is a diagram showing the activities of
various factor Cs.

[Fig. 5] Fig. 5 is a photograph showing the stability
of the factor C expressed by the viral method.

[Fig. 6] Fig. 6 is a photograph ehowing the stability

of the factor C expressed by the stably expressing cell



(F) a DNA which hybridizes with the conplenentary sequence of the ful

| ength or a part of the nucl eotide sequence shown in SEQ ID NO 5 or 9 under
st ri ngentwoaA/11822as, and encodes a protein havi ng proclP6TUP2g2/e55738/e
activity. [ 7] A nmethod for nmeasuring endotoxin in a test sanple, the
met hod conprising a step of m xing th§1neasuring agent according to any one
of [1] to [3] with the test sanple and a step of neasuring progress of

cascade reaction. [ 8 ] The net hod according to [7], which conprises a
step of addlng a substrate for detection of progress of cascade reaction to
a reactlon system [ 9 ] The net hod according to [8], which further

CReP s T 07 Lot o T P S P RS0 Bt saml e on
treatment by hollow fiber membrane filtration on the
reactivities of the factors expressed by the viral
method.

[Fig. 8] Fig. 8 is a diagram showing the reactivity of
the endotoxin-measuring agent containing the factors
expressed by the viral method.

[Fig. 9] Fig. 9 is a diagram showing the reactivity of
the endotoxin-measuring agent containing the factors
expressed by the stably expressing cell line method. (a)
The reactivity at the endotoxin concentration of 0 to 0.1
EU/mL. (b) The reactivity at the endotoxin concentration
of 0 to 0.01 EU/mL.

[Fig. 10] Fig. 10 is a photograph showing the purities
and concentrations of the purified recombinant factor C
and the purified naturally-occuring factor C.

[Fig. 11] Fig. 11 is a calibration curve showing a
relationship between band intensities and amounts of BSA.
[Fig. 12] Fig. 12 is a diagram showing the activities
of the purified recombinant factor C and the purified

naturally-occuring factor C.

MODE FOR CARRYING OUT THE INVENTION
[0020]

In the present invention, a series of reactions
wherein endotoxin activates factor C to produce active-

type factor C; the active-type factor C activates factor



By the present invention, endotoxin can be rapidly and highly sensitively
neasured. For exanple, in one enbodi nent of the present invention, a

det ect i ofWO@ARY11B226ty in t he order of 0.0005 EU nlL can BETABMIIZVOFA28M t h
only 30 m nutes of measurenent. Further, in the present invention, the
expressed reconbi nant factor C, reconanant factor B, and reconbi nant
proclotting enzyne can be used w thout “purification, and hence, an

endot oxi n- neasuri ng agent conprising these reconbi nant proteins can be

DRAN N [ 601BF PED 1 oo ivPE F4TESE A7 S REA ng Y he- EhebaddSbact | on
SyStem | PaBebiMi ueid @8]« o LiLOp Bkt ulyS Ao (iR0ram shoutiag the siructure

of the vector / I's and the position of insertion of each of the
genes. TheoBERAY idh A6 UPRSY BRrtrd Mk cakesot ke pasd§&gneof insertion of

the genes. [Fig.” 3]Fig. 3 is a photograph show ng the expression | evels of
various fagterogs.. [Fig. 4]Fig. 4 is a diagramshow ng the activities of
[0021] |
(1) Endotoxin-measuring Agent of Present Invention

The endotoxin-measuring agent of the present
invention compriseg factor C, factor B, and a proclotting
enzyme. The factor C, factor B, and proclotting enzyme
comprised in the endotoxin-measuring agent of the present
invention may be hereinafter referred to as "factor C of
the present invention", "factor B of the present
invention" and "proclotting enzyme of the present
invention", respectively. Further, the factor‘C, factor
B, and proclotting enzyme may be collectively referred to
as "factors".

[0022]

All of the factor C of the present invention, factor
B of the present invention, and proclotting enzyme of the
present invention are recombinant proteins obtainable by
being expressed using insect cells as a host.

[0023]

The factor C of the-present invention is a factor C
derived from a Japanese horseshoe crab Tachypleus
tridentatus. The factor C of the present invention is
characterized in that it does not have a His-tag attached
at the C-terminus. Further, the factor C of the present

invention preferably does not have a V5-tag at the C-



various factor Cs. [Fig. 5]Fig. 5 is a photograph show ng the stability of
the factor C expressed by the viral nmethod. [Fig. 6]Fig. 6 is a photograph
show ng tWO 28t2ali8126ty of the factor C expressed by the SCATPYPIYATHTESSI ng
cell 11 method. [Fig. 7]Fig. 7 is a diagramshow ng the effect of
treatnment by holl ow fiber nenbrane fi I1t3ration on the reactivities of the
factors expressed by the viral nethod.

terminus. Further, the factor C of the present invention
more preferably does not have any peptide attached at the
C-terminus. Further, the factor C of the present
invention especially preferably does not have any peptide
attached at either terminus. An amino acid sequence of
the factor C of Tachypleus tridentatus is shown in SEQ ID
NO:2. A nucleotide sequence of the gene encoding the
factor C of Tachypleus tridentatus is shown in SEQ ID
NO:1.

[0024]

The factor C of the present invention may be a
variant of the protein having the amino acid segquence
shown in SEQ ID NO:2 as long as the variant has the
factor C activity.

[0025]

The “factor C activity” means an activity by which
factor C becomes active-type factor C in the presence of
endotoxin, to activate factor B. The fact that the
factor C of the present invention "has the factor C
activity" can be confirmed, for example, by using the
factor C of the présent invention in combination with a
suitable factor B and a suitable proclotting enzyme, and
detecting the progress of the cascade reaction in the
presence of endotoxin. More particularly, the protein of
SEQ ID NO:4 may be used as the suitable factor B, and the
protein of SEQ ID NO:6 may be used as the suitable
proclotting enzyme. The progress of the cascade reaction

can be measured using the later-mentioned substrate for



[Fig. 8]Fig. 8 is a diagramshowing the reactivity of the

endot oxi n- neasuri ng agent containing the factors expressed by the viral

met hod. [WD@1290i832¢. 9 is a di agram showi ng t he reacti viPCF/JB1012/he728

endot oxi n- neasuri ng agent containing the factors expressed by the stably
expressing cell line nethod. (a) The rgactivity at the endotoxin
concentration of 0 to 0.1 EU nL. (b) 'Fae reactivity at the endotoxin
concentration of 0 to 0.01 EUnlL. [Fig. 10]Fig. 10 is a photograph show ng
t he puri#ég ~and concentrations of the purified reconbinant factor C and

t he puri naturally occuring factor C. [Fig. 11]Fig. 11 is a calibration
curve sh '@g a rel ationship between band intensities and anounts of BSA
[Fig. 12]Fig. 12 is a diagramshowing the activities of the purified

reconbi nant fRet gh ANt the PHEl Hreddiat urabbyraestimag backor C. MODE FOR
CARRYI NG OUT THE | NVENTI ON

protein comprising the amino acid sequence shown in SEQ
ID NO:2 but which includes substitution, deletion,
insertion, or addition of one or several amino acid
residues as long as the factor C has the factor C
activity. The meaning of the term "one or several"”
varies depending on the positions of the amino acid
residues in the three-dimensional structure of the
protein and the types of the amino acid residues, and,
more particularly, the term means preferably 1 to 20,
more preferably 1 to 10, still more preferably 1 to 5,
especially preferably 1 to 3. The above-described
substitution, deletion, insertion, or addition of one or:
several amino acids is a conservative mutation that
maintains the normal function of the protein. A
representative example of the conservative mutation is a
conservative substitution. The conservative substitution
is, for example, a mutation wherein substitution takes
place mutually among Phe, Trp, and Tyr, if the
substitution site is an aromatic amino acid; among Leu,
Ile, and Val, if the substitution site is a hydrophobic
amino acid; between Gln and Asn, if the substitution site
is a polar amino acid; among Lys, Arg, and His, if the
substitution site is a basic amino acid; between Asp and
Glu, if the substitution site is an acidic amino acid;

and between Ser and Thr, if it the substitution site an



[ 0020] In the present invention, a series of reactions wherein

endot oxi n activates factor C to produce active-type factor C, the
active-t W0 20E(118226C acti vates factor 12 B to produce RETIIQLNIFE2E act or

B; and the active-type factor B activates a proclotting enzyne to produce a
clotting enzyne; may be referred to aqs"cascade reaction”. [0021] (1)

Endot oxi n- measuring Agent of Present Invention The endot oxi n- neasuri ng
agent of the present invention conprises factor C, factor B, and a

I ' . . | ) d I [
or oo o LgeenEuTs (e fackon B e of Buandegrachold g enayre

conpri se oXi n-measurin f e present 1nvention may be

herei naft epsrefgined d aassihackar & ddohberbhesey Jyepiiariond actor B

of the present invention® and "proclotting enzyne of the present
i nventi ofig1hgepestidadl i cFulhesude f@eteh 6r fact osr Brhanddqar ocl ot ting

enzyme may be collectively referred to as "factors”. [0022]

Ala, substitution of Gln, His, or Lys for Arg,
substitution of Glu, Gln, Lys, His, or Asp for Asn,
substitution of Asn, Glu, or Gln for Asp, substitution of
Ser or Ala for Cys, substitution of Asn, Glu, Lys, His,
Asp, or Arg for Gln, substitution of Gly, Asn, Gln, Lys,
or Asp for Glu, substitution of Pro for Gly, substitution
of Asn, Lys, Gln, Arg, or Tyr for His, substitution of
Leu, Met, Val, or Phe for Ile, substitution of Ile, Met,
Val, or Phe for Leu, substitution of Asn, Glu, Gln, His,
or Arg for Lys, substitution of Ile, Leu, Val, or Phe for
Met, substitution of Trp, Tyr, Met, Ile, or Leu for Phe,
substitution of Thr or Ala for Ser, substitution of Ser
or Ala for Thr, substitution of Phe or Tyr for Trp,
substitution of His, Phe, or Trp for Tyr, and
substitution of Met, Ile, or Leu for Val. Further; the
above-described substitution, deletion, insertion,
addition, inversion or the like may also include a
naturally occurring mutation due to difference in the
individual, strain, or species among the horseshoe crabs
from which the gene was derived.
[0027]

Further, the factor C of the present invention may be
a protein which has a homology or identity of not less
than 80%, preferably not less than 90%, more preferably

not less than 95%, still more preferably not less than



Al'l of the factor C of the present invention, factor B of the present

i nvention, and proclotting enzyne of the present invention are reconbi nant
prot ei ns WOR2812/dB326é by bei ng expressed using insect cel PETAB262HTEE8 [ 0023]
The factor C of the present invention is a factor C derived froma Japanese
hor seshoe crab Tachypl eus tridentatus1 The factor C of the present
invention is characterized in that it goes not have a H s-tag attached at
the C-termnus. Further, the factor C of the present invention preferably

does nOt nﬁ;ﬁ?ﬁggéfgﬁifu #Q%e%%bl oes ng%ggg tﬁgﬁfggg Eg R%Pt Of the

pr esent 1 omore privfers ave any peptide attac ed at the

Cterm EHrB@equrE%{ﬁStQEl (%ttac%eg%n%ddE/ thopgespecial ly

preferab y Uoes not  have any peptl at either term nus. An am no

aci d sequense: b4t he JAct ofc ke e&amfypI@@Sthrel gentiat usngshshewr i SEQ 1D
NG 2. A nucl eoti de sequence of the gene encoding the factor C of Tachypl eus

tridentaimsnbSashewsddqusEe:| Bhbdn Lin [90@41D NO:Zlheadi@chae €hef the
present invention may be a variant of the protein having the amino acid
sequencef sbibwn CnaSHEQWIXNO 2 as | ong as the variant has the factor C
activity. [0025]

[0028]

The gene encoding the factor C of the present
invention is.not particularly restricted as long as the
gene encodes the factor C of the present invention as
described above. The gene encoding the factor C of the
present invention may be a probe prepared based 6n a
known gene sequence, for example, a DNA which hybridizes
with the complementary sequence of the full length or a
part of the nucleotide sequence shown in SEQ ID NO:1
under stringent conditions and encodes a protein having
the factor C activity. The term "stringent conditions”
herein means conditions under which the so-called
specific hybfid is formed but a non-specific hybrid is
not formed. Examples of the conditions include
conditions under which highly homologous DNAs hybridize
to each other, for example, DNAs not less than 80%
homologous, preferably not less than 90% homologous, more
preferably not less than 95% homologous, still more
preferably not less than 97% homologous, especially
preferably not less than 99% homologous, hybridize to
each other, while DNAs less homologous than éhe above do

not hybridize to each other; and conditions under which

washing is carried out once, more preferably 2 or 3



The "factor C activity" neans an activity by which factor C becones
active-type factor Cin the presence of endotoxin, to activate factor B.
The fact wbhariZns2bact or C of the present invention "ha®CTH@2012e35628 C
activity" can be confirnmed, for exanple, by using the factor C of the
present invention in conbination with1 suitable factor B and a suitable
proclotting enzyne, and detecting the grogress of the cascade reaction in
t he presence of endotoxin. More particularly, the protein of SEQ ID NO 4
may be used as the suitable f r._B,. and e, protei SEQ I D NO 6 may be
used asuﬁlnnéegm fagblae Sparjg%l(g??lg%é%é:r??ylrr%p Eﬂt%g Sgén%reeﬂsagt‘g ®the cascade
reactio ushprg the er; Jgnbi gnre bs f 14
det ect i %&ﬁfggggﬁ‘aﬂ% e%ueé?agt'op é%%' t%lgappégen'%ﬁ've %lég%rr?%lybe a
protein goapri gi AG ddre, amhRopagid sIRAUENE L SPRWEF d ihPER RN 2 but which
i ncludes substitution, deletion, insertion, or addition of one or several
am no acj d1 xestduesaso ] pRgses;t he factore Cnbamalhevdsicing C activity. The
meani ng of the term"one or several" varies depending on the positions of
t he am noondidipes duesSounthbent hryee:idi hreasiional structure of the protein
and the types of the amno acid residues, and, nore particularly, the term
means preferably 1 to 20, nore preferably 1 to 10, still nore preferably 1
to 5, especially preferably 1 to 3. The above-described substitution,
del etion, inBeiEthen, drhadaprnbénasdiigre of §Beercaddnd nb akhés dedh &
conservative nutation that nmaintains the normal function of th rotein. A
repr eserRAEPIENx &M ef FLPReCcOisdrVatPTBSAitatiOF R 51 A cBAYeRfat i ve
substitution,. The conservati substitution, is, fo xampl e, a nmutation
wher oi n EOBSELEL SORR sRbat ol Bee Shitet Ty SRioRY 2516, FAF pBogRE Tyr . 11t he
substituf] ite i, .G [am acl d. . at Leu, e,..and val, if
t he subs%zi{?g %Sﬁ%siﬁ%eail}égéaggggsgp 'ob;&‘g}ean(‘%gg%llgg?%?llgglt V\?eéeljﬁ n and Asn, if
the substiiution S i pelar ] cig; LyS, 38691 Hs, if
the subsr?fitran at &1 g Pasie A 85 & ot hen aad H T 1T the
substit utbRAricke deSr @ caCi dige agne aGidchbdang bakwerititoer @ngrThihe if it
the substitution site an 15 .

present invention may be a variant of a DNA whose

combinations of the codons are optimized for expression
in insect cells.
(00301

The above description on variants of the gene and
protein may be applied similarly to the factor B and
proclotting enzyme of the present invention, and to the
genes encoding those.

[0031]

The factor B of tﬁe present invention is a factor B
derived from a horseshoe crab. Further, the proclotting
enzyme of the present invention is a proclotting enzyme
derived from a horseshoe crab. Examples of the horseshoe
crab include a Japanese horseshoe crab Tachypleus

tridentatus, American horseshoe crab Limulus polyphemus,

Southeast Asian horseshoe crab Carcinoscorpius



am no acid having a hydroxyl group. Exanples of substitutions considered as
conservative substitutions include, specifically, substitution of Ser or
Thr for AVO 2088226t ution of G n, H's, or Lys for Arg, ®20HIPMZD35628 of QG u,
Adn, Lys, H's, or Asp for Asn, substitution of Asn, GQu, or Gn for Asp,
substitution of Ser or Ala for Cys, syBstitution of Asn, G u, Lys, His,

Asp, or Arg for G n, substitution of y, Asn, dn, Lys, or Asp for Qu,
substitution of Pro for Gy, substitution of Asn, Lys, Gn, Arg, or Tyr for
H s, subst ’tJHtBIﬁ%ngg eUy Q/gtt V%ISt of s O%g Rgrs&s%o%up%ht ution of I1e,

Met, Val® LBl 3ubs |tut|on or Arg for

Lys, Subﬁsﬁlg}ﬂ% bello 4&s. L%e\@%ov@r e dor MRk g%?féf%b'iyon of Trp,

Tyr, Phe stitution o Ser,

substit ujd ppyeh %%ronpr ﬁh@ngoehmre rbsE Ehuti @ 0fs Phener J-g%brar‘fé%fe Tr p,
substitution of H's, Phe, of Trp for Tyr, and substitution o

Leu for }V@J:seEHbTethnaﬁ hea ahgpa=descs + bednsulsis.t ution, del etion,
insertion, addition, inversion or the Iike may also i ncl ude a naturally
occurrinpoosRati on due to difference in the indivi dual , strain, or species
anong the horseshoe crabs fromwhich the gene was deri ved. [0027]

Furt her, theAhacbordddfseheepresemtt ittvenfaohomraB Fnd protéioktilich has a
honol ogy or identity of not |ess than 80% preferably not |ess than 90%
more prete? bRy ofotTd @REO{ AHA F3%AN F2 FURDRE SprETRIALLY ABL I1dss than 16
97% especially preferably not Iess than 99%1;0 the full length of the

ani no ac‘i“asséqé@ﬁ’cés'ofr$%1E?6Fl@eésV dedSG Heet 486vEc TN exAnple F ¥ t he

full ngth of the am no S own i D NO 2, and. has the
factor - Catepvenyodiperie fatEhs Q%naenﬁnees&. U T 2L 06T ME GIE 1 ne
present paugntion, J S N0k pastl QULArd Y feshrigl ehas hoRg.as Lhe agne
encodes ¥ Retor The prese inventi on as escrl &d above. - 'The gene
encodi ng of the present invention nay be a probe prepared
based onr%Q ﬁ%&%kggﬁg sequence, for exanple, a DNA which hybridizes with
the conptegpenyary sequence of the full Iength or a part of the nucleotide
sequence shown in SEQ ID NO 1 under stringent conditions and encodes a
protein havi nget Fadtact B €fachievignesdhe faren'tsidn ngent beonadi ti ons”

herei n neans conditions under which the so-called specific hybrid is fornmed
but a nownaspeeitf iof hyte i facsomotB faof nedy Efambleesalodvéehdesomditddns i ncl ude
condi ti ons under which highly honol ogous DNAs hybri di ze to each other, for
exanpl e, hOKlas shote |@s3b s hafo80@xXadp! @goas Vapriafdy abf ythet pireds kthan 90%

honol ogous, nore preferably not |ess than 95% honol ogous, still nore
pref er ablgVhBe [tdss FIHRRO 92G4 Ko BHOUSS é@ﬁé’éﬁ aqr} yS‘g@eFQr ¥ naAS| ess

t han 99% honol ogous P bridize t ach ot her }1 t[}hm)l ogous
t han t hel8B8v&Sdd ot %9B?Fd|52é’ e’beacff’lrSPﬁélrt la[hvaer%hapt 8f's "Uhder whi ch
washi ng %g %arﬂéﬁﬁé%gvggcg, %h%&efq{ blgeneogﬁ%oglng the factor

B of the present invention is not particularly restricted

or

as long as the gene encodes the factor B of the present
invention as described above. The above description on
factor C is also applied mutatis mutandis to the variants
of the gene and protein.
[0034]

The “factor B activity” means an activity by which
factor B becomes active-type factor B in the presence of
active-type factor C, to change a proclotting enzyme into

its active form, a clotting enzyme. The fact that the



times, at a salt concentration and tenperature corresi 3onding to 60C,
1xSSC, and 0. 1% SDS; preferably 60C, 0.1xSSC, and 0.1% SDS; nore preferably
68C, 0. 1X88@0124r18220. 1% SDS; whi ch are normal washi ng coR@TUPNZ03¥i28S0ut her n

hybri di zati on. [0029] Furt her, the combinations of the codons in the
gene encoding the factor C of the preggnt invention may be nodified such
that the gene is optimzed for being eXpressed in insect cell. The

optim zation can be carried out using, for exanple, a generally available

contract sefyi.ce. [the geng. gneadi ng, Jdie. fagtap, G afnd he, prggent i nvent on

may be a varran ose conbi hat1 ons of the codons are optim zed

for expraeévgiteggw ié}:tsr?ckgecgbh§irﬂn%%0]bfor exlﬁ%l@o@yd?§95igpttik@ on

variants o gene and protein may be applied simlarly to the factor B

and proctottbpgpenay e Of pthgepresenteh IYEAL AN .cAWh A9t 1 Ba ganas £ncodi ng
t hose. [0031] The factor B of the present invention is a factor B

derived $¢onnBllorsesheoe crahd Burdlietablbeppoedladtimg enzyme ofaride
present invention is a proclotting enzyne derived froma horseshoe crab.
Exanpl esdet ethe nhportdes hoeograbsi rdl udee acd apanies e dwr seshoencrtdle Tachypl eus
tridentatus, American horseshoe crab Linulus pol yphenus, Southeast Asian
hor seshoeresabc€arcd sdotpkis - 1¥oret it theddazdd , SdthepsptAadinap £

hor seshoe crab Tachypl eus gigas. The above factors are preferably derived

from an®hg LRoJE FHorkeghee BE&Ks 2% Helgapaassd iforkeshes EralTachypl eus

tridentatus,
protein of SEQ ID NO:6 may be used as the suitable

proclotting enzyme. The progress of the cascade reaction
can be measured usiﬁg the later-mentioned substrate for
detection.

[0035]

The proclotting enzyme of the present invention may
bé a variant of the proclotting enzyme of any of the
above-described horseshoe crabs, for example, a variant
of the protein having the amino acid sequence shown in
SEQ ID NO:6, as long aé the proclotting enzyme of the
present invention has the proclotting enzyme activity.
Further, the gene encoding the proclotting enzyme of the
present invention is not particularly restricted as long
as the gene encodes the proclotting enzyme of the present
invention as described above. The above description on
factor C is also applied mutatis mutandis to the variants
of the gene and protein.

[0036]

The “proclotting énzyme activity” means an activity

by which a prbclotting enzyme 1is changed to a clotting

enzyme in the presence of active-type factor B, to react



[ 0032] Am no aci d sequences of the factor B and proclotting enzyne of
Tachypl eus tridentatus are shown in SEQ ID NGs:4 and 6, respectively.

Nucl eot i awOetds2es of the genes encodi ng the factor BPERUIPHYEIGELR i ng
enzynme of Tachypleus tridentatus are shown in SEQ ID NGs:3 and 5,
respectively. [0033] The factor % of the present invention may be a
variant of the factor B of any of the gbove-descri bed horseshoe crabs, for
exanple, a variant of the protein having the am no acid sequence shown in

00 A Ol IR R L R et quenticn g

factor B act gene encodi ng the the present

i nventi on, i @iogrtgpacrot G af | 3 ERSHN IGHied: ASrLORY A%1d M- BB “erfRdes, the

factor B of the present 1nvention as descri bed above. The above description
on factofo £ bgaabi@ ,apm i 86t Mt atl s utandtswtier v aqniages @ the gene
and protein. [0034] The "factor B activity" neans an activity by which
factor Bdesenmesaattliaterdéypeahactor Eiivibe poeseswet of i aat Beetype-f act or
C, to change a proclotting enzyne into its active form a clotting enzyne.
The factGihahAryheNALS d acé beaBeoNhe [hesefictnténtti arheé has the factor B
activity" can be confirned, for exanple, by using the factor B of the
present pneehbion nion csorphaacfonhe thrasenkt ablvenftacr "tagndhe suitabl e
proclotting enzyme, and detecting the progress of the cascade reaction in

t he preseneelettdmdotoxd Yine MBFEE 1ydrty cufar| e e fprighefn 6PTSEQ I D NO 2

may be used as the suitable factqr C,, and the protein of SEQ ID NO 6 may be
used as $HETBUPY ablYe Lb?b%‘?oﬁllen(jq‘éﬁz‘iﬂn%g ?ﬂéyﬁ‘reogfrés@]%fpfﬁge&fscade
react i on, can, be reasured using the JAler s Mt 4L spbstpate Loly detection.
[ 0035]

suitable factor B, and detecting the progress of the

cascade reaction in the presence of endotoxin. More

particularly, the protein of SEQ ID NO:2 may be used as

the suitable factor C, and the protein of SEQ ID NO:4 may

be used as the suitable factor B. The progress oflthe

cascade reaction can be measured using the later-

mentioned substrate for detection.

[0037]

To the factor B of the present invention and/or the
proclotting -enzyme of the present invention, an arbitrary
peptide or the like may be added as long as the factors
have the factor B activity and the proclotting enzyme
activity, respectively. Exémples of such a peptide
include tag sequences such as His-tag and V5-tag.
Similarly to the factor C of the present invention, the
factor B of the present invention and/or the proclotting
enzyme of the present invention to be employed may be any

of those wherein His-tag is not added to the C-terminus,

those wherein V5-tag is not added to the C-terminus,



The proclotting enzyne of the present invention may be a variant of the
proclotting enzyne of any of the above-descri bed horseshoe crabs, for

exanpl e, WOvaryuEaa26of the protein having the am no aci dPE€EHazMZ/BSE2owWn i n
SEQ ID NO 6, as long as the proclotting enzyne of the present invention has
the proclotting enzyne activity. Furt 8", t he gene encoding the proclotting
enzyne of the present invention is not particularly restricted as |ong as

t he gene encodes the proclotting enzyne of the present invention as

describ % ahove I 0 acto [ : i nutatis
nutandigg%%g%hghsg?ﬁéhﬁé o?g§§9deene gﬁ? péo?élﬁj&%é%3€%§ﬁlﬁag &

Proci otdjng sﬂay%%oasf‘é%éyelﬂemspaéb@faévatsya@aém@@ 8i Phad! ot ng
enzyne is changed to a clotting enzyne in the presence of active-type
factor BetRihBa8CHt 200 th the | ater-nentioned substrate for detection

The "activity to react with a substrate for detection" neans, for exanple,
an activigy3gp react with coagul ogen to cause coagul ation, and an activity
to react with Boc-Leud y-Arg-pNA to rel ease pNA. The fact that the
proclotting Eazyhe rof tthee qombseént tilmrente bnt hhasoden proel ohei wgrenzyne
activity" can be confirmed, for exanple, by using the clottlng enzynme of

t he presemtodnngnttihen fiac tonbBnatti dmevpheaesti tiablen therornd/ar he
suitable factor B, and detectln% the progress of the cascade reaction in
the presERe BNCORdOKDXIRE RBPE ﬁ&rtt%%l%wymet R privg PREELNEEQ I D NO: 2
may be used as the suitable factor nd_the protein of SEQ ID NO 4 may be
used as Jtrh%egﬁﬂpé?bln@}f Rt el iTre pgr (a?eEEaGf IR AT rléééaﬁ%n can be

measured_u g E éla r-nentlgne%é%g)tratenfor detef ion. Q%SEQS

the factof Em Fofhd 9 LBhEYi REEAE o Ant of “ERE Tproet ot t i g eREYRE of the
pr esent vepti b pept hg 14 y+heyadde | ong as
t he fact%fs ﬁ%vg& 4ﬂ¥€£t%$ééﬁégtﬁ@F%SE%ﬁgo%hg pggg?ﬂ?t}ﬁgNgngy%gﬁgctlV|ty

respectiyelyecoRkamRlteSopd SHChnad Repidle bﬁﬁhﬁqezetcﬁgféfo‘qgﬁﬁ%%%s%&h as
His-tag and V5-tag. Simlarly to the factor C of the present invention, the

factor BiefihBecpresentsinyentiden tiyl/miat Be BEQC! I tNOgs enzyRBmh dhe
present invention to be enployed may be any of those wherein H s-tag i s not
added t ocof heh€- DaRNittks, é¢hosdewherted o Mselagtiisionain agdedotfo StEge ID
C-term nus,

NO:6 and has comblnatlons of the codons optimized for

expression in insect cells include the DNA of SEQ ID

NO:9. Each of the gene encoding the factor B of the

present invention and/or the gene encoding the

proclotting enzyme of the present invention may be a

variant of a DNA whose combinations of the codons are

optimized for expression in insect cells.

[0039]

The endotoxin-measuring égent of the present

inveﬁtion may consist of the factor C of the present

invention, the factor B of the present invention, and the

proclotting enzyme of the present invention.

[0040]

The endotoxin-measuring agent of the present

invention may comprise a substrate for detection of the



21 those wherein no peptide is added to the Ctermnus at all, and those
wherein no peptide is added to either termnus at all. [0038] Furt her,
t he conbiwet20tdsaeb t he codons in the gene encodi ng t he PCAGPUN2/BS5GE8 t he
present invention and/or the gene encoding the proclotting enzyne of the
present invention nmay be nodified suclhsthat the gene(s) is/are optim zed
for being expressed in insect cells. anpl es of the DNA that encodes the
factor B of SEQ ID NO 4 and has conbinations of the codons optim zed for

expreSS| S ell s Lnglude & of E anpl es of the
DNA t hat %%oaeg %F\Ete Chr(lbc o%?%n% gfnza{}frte EB§ ghﬁopgg E;s conbi nati ons
of the codpbsLaRk, szfcﬂnefgrs%ert @%agebgse:%tfecpééé pckude the DNA of

SEQ I D NO 9. gene enc | ng t act or of the present

i nventi onS@Bglcggttehef@pn@eggngbmg the proclotting enzynme of the present
invention may be a variant of a DNA whose conbi nations of the codons are

optim zegdofor]expression in insect cells. [0039] The
endot oxi n- neasuri ng agent of the present invention nmay consist of the
factor C of Ekhemplesenif itiventubist dates fhct odeBeaft itdre pnedente i nvention,
and the proclotting enzyne of the present invention. [0040] The
endot oxi e agadagieng adare ¥ chetpréserft ¢owenlpogrmail tdonpr cdetd isubstrat e
for detection of the 22

enzyme, coagulation occurs to produce coagulin. The

progress of the coagulation reaction may be assayed by

measuring the turbidity of the reaction solution.

Coagulogen can be recovered from a horseshoe crab blood

cell extract (lysate). Also, because a nucleotide

sequence of the gene encoding coagulogen has been

clarified (Miyata, et al., PROTEIN, NUCLEIC ACID AND

ENZYME, Extra Edition, No. 29, pp. 30-43 (1986)),

coagulogen can be produced according to a conventional

method by genetic engineering.

[0042]

As the substrate for detection,‘a synthetic substrate
may also be used. The synthetic substrate is not
particularly restricted as long as the substrate has a
property suitable for detection, such as a property by
which catalytic reaction of a clotting enzyme causes
development of color or emission of fluorescence.
Examples of the synthetic substrate include substrates
represented by the general formula X-Y-Z (wherein X
represents a protecting group, Y represents a peptide,

and Z represents a dye bound to Y via an amide bond). In

cases where endotoxin exists in the reaction system,



progress of the cascade reaction. In the present invention, such a
substrate nmay be referred to as 'substrate for detection". [0041]

Exanpl es WO 201211812bst rate for detection include coagul ofERIPBIZ0FG2&ont act
of coagul ogen with a clotting enzyne, coagul ation occurs to produce
coagulin. The progress of the coagul a?i on reaction may be assayed by
nmeasuring the turbidity of the reacti ﬁ sol ution. Coagul ogen can be
recovered froma horseshoe crab blood cell extract (lysate). Al so, because

st LA pEaieIen Al hceacae el 0 ERBMI PER BRTRAT RIS 50
Pp. 30 i (&9§@)s)u1tcw%ﬁgeeag%%(ﬁég]péggycz%g,gﬁ%ﬂ@g tRed s50NY¥eNt i onal

t hod by genetic englneering. | e substrate for detection,

a synthetigysgbsticale yoynal 89 ke useteadBets¥ntdipt if, subshhale tis not
particularly restricted as long as the substrate has a property suitable

for detegéir@Nopmdcit asr acHIepeblry dwi ybiech edt dlyid e seantiean whea clotting
enzyme causes devel opnent of color or em ssion of fluorescence. Exanpl es of
t he syntpedtecsubst raat@up Nkl iide nsutbgtaat esuleprlesent £dr by tekle gerneral
formula X-Y-Z (wherein X represents a protecting group, Y represents a
pepti de, kmodnZpregreseing ardye oundept Ydeisaray dne deubsad)ly Iysedses
where endotoxin exists in the reaction system 23 catalytic reaction of a
cl otti ng ExeprbesweifcPush ya ePged eas 109 e%ﬁPthoflntcﬂél%sé%etr'eacti on,

cl eaves the am de bond between Y and Z, to release the dye Z, Ieadijtrjl% to

p

devel oprRRECEY CEARAN bE SRPERI R DI UBFBZLIHc ST MR- pritect¥fg 4r Xis
not particularly .restricted nd known_pr ot ectin up for, peptides ma
be sﬁi ta%?g Bééélc%ﬁaﬂﬁife§é8%rsl&2ﬁ$€' p?BEeg‘faiynté)eg?%%%R?Ecfauéiépet Ee g
t but b I b qn, T i t ticularl
oat 1) oy Shrel ool P A0fe LR PEBuB1THA ENE Cred Inder visiblo

light orea,fluar l‘[ﬁl\}é%\y(e-m@éﬁgg'e%sﬁ the dye Z iinfd 1dee PHRA

(para-nitroaniline), 7-met hoxycoumarin-4-acetic acid), DNP .
(2, 4-di nippeaniliint®an 2ndnBansylcdy es-nExabRRS Bia £ he-pepldede &Y i ncl ude

Leu-Ay-Arg (LER), IleJu-dy-Arg (IEGR) (SEQ ID NO 12), and Val -Pro-Arg
(VWPR). acid), DNP (2,4-dinitroaniline), and Dansyl dyes.
Examples of the peptidé Y include Leu-Gly-Arg (LGR), Ile-
Glu-Gly-Arg (IEGR) (SEQ ID NO:12), and Val-Pro-Arg (VER).
The released dye Z may be measured by a method selected
depending on the property of the dye.
[0043]

Further, the endotoxin-measuring agent of the present
invention may also comprise a component other than the
factors and the substrate for detection, as long as the
agent can be used for measurement of endotoxin. Such a
component is not particularly restricted, and may be
selected in consideration of preservability, ease of
handling, and stability of the factors and the substrate
for detection. The endotoxin-measuring agent of the

present invention may comprise, for example, a pH-

buffering agent and/or salt. Examples of the pH-



The rel eased dye Z nmay be neasured by a nethod sel ected dependi ng on the
property of the dye. [0043] Furt her, the endotoxi n-neasuring agent of
t he presewd 20rvasi2son nmay al so conpri se a conponent ot hecTiyhan2bisexd act or s
and the substrate for detection, as |long as the agent can be used for
measur enent of endotoxin. Such a conp@nent is not particularly restricted,
and nmay be selected in consideration preservability, ease of handling,
and stability of the factors and the substrate for detection. The

ondotoxifSPESSNTLNG agen o1 L Presenty LIYSIL] Q. o FPIDYL 50 o
bufferi toi ffer, ff A A
out o RS0 LGl ey EFES bular o AEB LT (6ol it sheand GTA

am des npy ghsanbe comprised, i pdidig &ndokpyi amr{%aesyrmgg agept f the
present 1nvention. [0044] The endot oxi n-measuring agent of the present

i nventi ofoMBY ikBed oM s edniiBth@ @ afdh shaihof eigehncbeding, Jrys&xanpl e,
a solid form liquid form and gel form For the fornulation, additives

nor mal | yi nsedtasrnf.ormul ati on carriers such as vehicl es; binders;

di sintegrants; lubricants; stabilizers; correctives; diluents; surfactants;
and sol ven0gd4idmy be used. The endot oxi n-nmeasuri ng agent of the present
invention may be used for measuring endotoxin as it is, or after being

di luted, dispbeseddadroxiinspEasdriinavaaeentphysitdlcogicasessline, buffer, or
the Ii ke, Needless to say, the resulting formnul ati on obtai ned by such

di | uti oniNUEBHEECS GRY P df 8EBNMHATE | SN EPsG iR W ¥REYsEGFE of t he

endot oxi p- neasuri ng ent of the present .inventiaon. [0Q4 In the

endot ox| hLAGHrSHg SOEntXSREife B cXeht i AVEAY OnLatHR fREFbr $7hd | he

other CoPRONERS M Xl e 380 BlTXLUISH a1 TRy SRR ALELY, Xty For
as formulation carriers such as vehicles; binders;
disintegrants; lubricants; stabilizers; correctives;
diluents; surfactants; and solvents may be used. The
endotoxin-measuring agent of the present invention may be
used for measuring endotoxin as it is, or after being
diluted, dispersed, or dissolved in water, physiological
saline, buffer, or the like. Needless to say, the
resulting formulation obtained by such dilution,
dispersion, or dissolution is also within the scope of
the endotoxin-measuring agent of the present inventiodn.
[0045]

In the endotoxin-measuring agent of the present
invention, the factors and the other components may exist
as a mixture(s) or may separately exist. For example,
the factors may be mixed at an arbitrary ratio to be
formulated, or may be separately formulated.

[0046]

The concentrations of the factors and the other



the factors may be mixed at an arbitrary ratio to be fornulated, or may be
separately fornul ated. [0046] The concentrations of the factors and the

ot her 25WOa@A1RON822s i n t he endot oxi n- measuri ng agent ofCTHE20I2/85EMH
invention are not particularly restricted, and preferably adjusted such
that the concentrations are within thgplater-nentioned preferred ranges
when endotoxin is neasured. The concentration of each of the factors in the
endot oxi n- neasuri ng agent of the present invention (in terns of the

| i bef i i . | i f | e,
et or o oRERAEEL D8N0 Ch s OORACLINA IMALAL 0% HEP L GATD GE Lhe 1O SXRIP! €
pref er abl y. abgut i%%e;}%mn ng‘lé%t partPey8adatoxids ARASHELNg aafgf}ﬂte of the

present 1 nvention nay be provid as an endot oxi'n-nmeasuring Kit.

endot oxi i SBASHLIRG dd fudSeBOEURA tirtdd aEh¥ Ee3ldd it ede 8snkorgeas the kit
contai ns the endotoxi nnmeasuri ng agent of the present invention. [0048] (2)
Met hod fwi t P adyeiend £elotaxhn<measip ngr dgepd afarRfesenhehnventi on
endotoxin is measured. The concentration of each of the
factors in the endotoxin-measuring agent of the present
invention (in terms of the solution prepared before
contacting with the test sample) 1is, for example,
preferably 20 to 100 pg/mL, more preferably 40 to 80
ug/mlL, especially preferably about 60 pg/mL.
[0047]

The endotoxin-measuring agent of the present
invention may be provided as an endotoxin-measuring kit.
The endotoxin-measuring kit is not particularly
restricted as long as the kit contains the endotoxin-
measuring agent of the present invention.

[0048]
(2) Method for Producing Endotoxin-measuring Agent of
Present Invention

The factors to be comprised in the endotoxin-
measuring agent of the present invention can be produced
by being expressed using insect cells as a host.

[0049]

The insect cells are not particularly restricted as
long as the cells can express the factors, and cells
normally used for expression of a heterologous protein
may be suitably used. Examples of such insect cells

include Sf9, Sf21, SF+, and High-Five. The insect cells



The factors to be conprised in the endotoxi nmeasuring agent of the present

i nvention can be produced by bei ng expressed using insect cells as a host.
[0049] WO2TRal1BNeect cells are not particularly restrPETIH22/035628y as t he
cells can express the factors, and cells nornmally used for expression of a
het er ol ogous protein may be suitably %%ed. Exanpl es of such insect cells

i nclude Sf9, Sf21, SF+, and High-Five”™ "The insect cells 26 are preferably
Sf9. [0050] The culture conditions under which the insect cells are
cultured are_n .t ly restricted as long as the insect cells can be
culturedaﬁ%d%¥8%ﬁg%§8'dﬁ%?%hs, and culture conditions normally used for
culturingj%gé?ct cells may be used after, if necessary, appropriately

nodi fied. For exanple, as a culture nmedium one normally used for culturing

insect cellsTRayche tised. c &Xamphes sofursieh aniedi WRd nchydetcerersi al ly
avai |l abl e serumfree nmedia for insect cells. Mre particularly, Sf900 I

medi um (d ¥¥i Enogeredratdenbtkearay el sul {yabky tusietk edhesculotnigratsd on nay
be carried out, for exanple, at 27C to 28C with shaking. [0051]
the insect cells can be cultured under the conditions,
and culture conditions normally used for culturing insect
cells may be used after, if necessary, appropriately
modified. For example, as a culture medium, one normally
used for culturing insect cells may be used. Examples of
such a medium include commercially available serum-free
media for insect cells. More particularly, Sf900 II
medium (Invitrogen) or the like may be suitably used.
The cultivation may be carried out, for example, at 27°C
to 28°C with shaking.
[0051]

The method for expressing the factors using insect
cells as a host is not particularly restricted as long as
the factors can be expressed thereby, and a method
normally used for, expression of a heterologous protein
can be suitably used. For example, each factor can be
expressed by infecting insect cells with a virus into
which a gene encoding the factor was incorporated (viral
method). Alternatively, each factor can be expressed by
introducing a vector, into which a gene encoding the
factor was incorporated, into insect cells, thereby
incorporating the gene into the chromosome of the host

(stably expressing cell line method).

[0052]



The nethod for expressing the factors using insect cells as a host is not
particularly restricted as long as the factors can be expressed thereby,
and a nmetWoQorRnRbly used for, expression of a heterol 8§dUB2032/635628 can be
suitably used. For exanple, each factor can be expressed by infecting
insect cells with a virus into which 3-0ene encodi ng the factor was

i ncorporated (viral nethod). Alternatively, each factor can be expressed by
i ntroducing a vector, into which a gene encoding the factor was
incorporgéfg liﬂ%%ﬂo ect cells, thereby incorporating the gene into the
chr onosone o? t he "host (stably expressing cell line nethod). [0052] 27

<Viral Methogipe Viru-ghg:déiskg SukQab8 Sk | Pi EAe W@lodret §Ood ks not

particularly restricte ong as insect cells can be infected with the

virus anghthechagharns <o becexpr essebifensbynsand a-¥iryscaer md |y used
for expression of a protein in insect cells can be suitably used. Exanples

of such an¥éedsd naltuder hacul evisr bhd Tiee bagukovis usan sbpr ekeratd sed

nucl eopol yhedrovirus (NPV). Exanples of the NPV include AcNPV ( Aut ographa
cal i fornicar&PBY) amdi BrNPVr(Bonbirmaiory WYY, £ohe ddRLesspref erfald y AcCNPV.
[ 0053] I ntroduction of the nucleic acid into the virus can be carried
out by aproheént iondnsethodeliier caranpt esuby albdivol wipds rlesemnbileati on
using a transfer vector. Exanples of the transfer vector jnclude pPSC8
(Prot ei rPScfBfiked) Vipgrast Baelppsvitaoye@Yiradd pYUPE3®RqPhay AfH§ed)S. The

transfer vector is preferabl PSC8. [ 0054] By infectin by a
conventi%ﬁ%ﬁeﬁé?&%inq?%%%PoiéﬁﬁéﬁﬂW%F%FV#NB¥)Pnt %ﬂﬁ&%@?hgfgéﬁﬁ encodi ng

cach 1 2o Y83 KIRCCRSIE Syt I5sein el Le: OB IL e b i
(Bombix mori NPV). The NPV is preferably AcNPV.
[0053]

Introduction of the nucleic acid into the virus can
be carried out by a conventional method, for example, by
homologous recombination using a transfer vector.
Examples of the transfer vector include pPSC8 (Protein
Sciences), pFastBac (Invitrogen), and pVL1393
(Pharmingen). The transfer vector is preferably pPSCS8.
[0054]

By infecting, by a conventional methbd, insect cells
with a virus into which the gene encoding each factor was
incorporated, insect cells that harbor the virus and
express the factor can be obtained.’

[0055]
<Stably Expressing Cell Line Method>

By incorporating the gene encoding each factor into
the chromosome of insect cells, a stably expressing cell
line, which stably expresses the fadtor, can be obtained.

The method of construction of the stably expressing cell



<Stably Expressing Cell Line Method> By incorporating the gene
encodi ng each factor into the chronosone of insect cells, a stably

expr essi Nyoee1211832ae, whi ch stably expresses the factor PCEAR2BYOTIRI ned.
The net hod of construction of the stably expressing cell 28 line is not
particularly restricted, and the consb?uction can be carried out by a
conventional nethod. For exanple, the stably expressing cell |ine can be
constructed using the plzZ/V5-H s vector (lInvitrogen) according to the

. {0056 I , [ | : h
manual . {0026} 0ot ﬁé%@’&ﬁﬁégltyﬁ,gee GXPI £58LNT G t?h%rﬁoﬁ%gﬁfé’acfc?rq suc

t hat the express ermnus to whic I'stag 1's not

at t achedca.f%eh%rarﬂfe pasep g’gerae KA A AEAG 1 Sidthde. expsessed wi thout

addi tion of any pepti is not restricted to His-tag at the
C-term nagagbithe tfr@:tﬁa&%gg%p%wﬁﬁ@; ngetel 1S nmy-He senstructed such

that no peptide is added. |
constructed using the pIZ/V5-His vector (Invitrogen)
according to the manual.
[0056]

In any case, the expressing cells are constructed
such that the expressed factor C has the C-terminus to
which Histag is not attached. Further, in cases where
each factor is to be expressed without addition of any
peptide, which is not restricted to His-tag at the C-
terminus of the factor C, the expressing cells may be
constructed such that no peptide is added.

[0057]

In any case, the factors may be expressed together by
a single type of expressing cells, or expressing cells
may be constructed for each factor to express the
respective factors separately.

[0058]

Whether or not each factor is expressed can be
confirmed by measuring the activity of the factor.
Whether or not each factor is expressed can also be
confirmed by measuring the amount of mRNA transcribed
from the gene encoding the factor, or by detecting the
factor by Western blotting using an antibody.

[0059]
Each expressed factor may be recovered as a solution

containing the factor, to be used as a component of the



In any case, the factors may be expressed together by a single type of
expressing cells, or expressing cells my be constructed for each factor to
express tWwe wespenti ve factors separately. [0058] Yoethar2/oss7mot each
factor is expressed can be confirmed by neasuring the activity of the
factor. \Wether or not each factor iséggpressed can al so be confirmed by
measuring the anount of nRNA transcrilfed fromthe gene encodi ng the factor,
or by detecting the factor by Western blotting using an anti body. [0059]
Each expre s d factor ¥ be recovere gaFa sol uti.on, contglnlng e factor
n

to be used“d Oél@orﬂfo%%‘h 189 eRE" 28 oRFRESTEs ut TRGadEM - of
pr esent g%egtlon sngé Q%éx¥%é¥g£nﬂa&h%ékié5¥ QEXm%%e;(H exanple
an

a culture ure super nat ext rac m’xture

ther cof . o ERelLAGLA: MRy herused Slddiekapbher w'ééf@t LQR QI thout,

pUI’I fi Catl on. In fesent i nventi on, an endot oxl n- neasuri ng agent havi ng

a suffi %?QEhYeh'tgﬂaﬁ@éforn@é‘@E ga the iy deduaeen dyrmskngrgeld culture
supernat ant contai ning each expressed factor as it is without purification

of the faetofickn icasesr Mettouwdaguf act oatisnt.0 e pué fpedsenhte
purification may be carried out, for exanple, by a known nethod used for
purifi cathoanafi cm,praxt ee ndoExanpl-escadusich agwetthddavhebude amoni um
sulfate precipitation, gel filtration chromatography, ion-exchange

chr omat ogr &fhyi emtdrophobh c pertferauiiod chnoke agraphyedard ey droxyapatite
chromat ography. I n cases where a tag such as His-tag is attached to each
factor, @hénPasedrl Yl BrE8 BEPSINF T At b§oartriidi ¥7J chr6haEFREhSedsi ng

affinity against the ta 006 In cases where each factor was
pr oduced %3 Ple AR ri h’gtﬂgﬁgoﬂ’#e RETHis F8 Hpoay é’réb‘??e %iaﬁitr?ét'ed.lnrhe
met hod of ellnlnatlon of n parti.c IarIy Bestricted, and the

el i ni nat FBR°Hay 56 a???%d Sﬁt Qbfyusjas c%%\c/)éﬁt P&‘F& Tt hol ®For example, the
virus I”B% P?f@%&rﬂ(@ efa L hpaugh A hol 1 gue fi ber, Td Lt at Lon menbrane, having a

pore s
method used for purification of a protein. Examples of
such a method include ammonium sulfate precipitation, gel
filtration chromatography, ion-exchange chromatography,
hydrophobic interaction chromatography, and
hydroxyapatite chromatography. 1In cases where a tag such
as His-tag is attached to each factor, the factor may
also be purified by affinity chromatography using
affinity against the tag.
[0060]

In cases where each factor was produced by the viral
method, the virus is preferably eliminated. The method
of elimination of the virus is not particularly
restricted, and the elimination may be carried out by a
conventional method. For example, the virus may be
eliminated through a hollow-fiber filtration membrane

having a pore size of 500 kDa.

[0061]



[0061] WO 2012/118226PCT1JP20121055728 30 (3) Method of Present Invention
for Measuring Endotoxin By m xi ng the endot oxi n-neasuri ng agent of the
present iwoeniyase2eith a test sanple, the cascade react ipomJproagesdss i n
cases where the test sanple contains endotoxin. By measuring the progress
of the cascade reaction, the endotokig in the test sanple can be neasured.
That is, the present invention provid 9 a nethod for nmeasuring endotoxin in
a test sanple, which nethod conprises a step of mxing the

dot oxi p- i t of th nt i ion with a_t le, and

o Step o MeReUPEhy The 7 S0P 6s I T BaSFAGE ARt 108 FREPERATer
ferred t " 1St dimeot" ). 10621 . Ln the f] mbodi ment ,

cach factor SOnBtFElT T ne ANaI T A HERLEi g Mot of T8 prasent

i nventi b, JBY,have : SN akped itrééﬁ‘eséﬁé%i,or’cr%’%%z?%’%éﬁ%m the beginning

of the step of m xing the endotoxi n-neasuring agent o e present

inventi ofe bt Nod AT cSAAP! €n ehsBY Pee sEJUARL italdty agdgdet @ty eact i on
system [0063] For exanple, the step of m xing the endotoxi nmeasuri ng

agent ofetdetpkesent Bynvesdd wnimgt hha tasdgsespl e fnah L arps & seet he
follow ng steps (A to (O:
reaction, the endotokin in the test sample can be
measured. That is, the present invention provides a
method for measuring endotoxin in a test sample, which
method comp;ises a step of mixing the endotoxin-measuring
agent of the present invention with a test sample, and a
step of measuring the progress of the cascade reaction
(hereinafter referred to as “first embodiment”).
[0062]

In the first embodiment, each factor comprised in the
endotoxin-measuring agent of the present invention may
have been contained in the reaction system from the
beginning of the step of mixing the endotoxin-measuring
agent of the present invention with a test sample, or may
be sequentially added to the reaction system.

[0063]

For example, the step of mixing the endotoxin-
measuring agent of the present invention with a test
sample may comprise the following steps (A) to (C):

(A) a step of adding the factor C of the present
invention to the reaction system;

(B) a step of adding the facfor B of the present

invention to the reaction system; and

(C) a step of adding the proclotting enzyme of the



(A) a step of adding the factor C of the present invention to the reaction

system (B) a step of adding the factor B of the present invention to
t he reactWororydszrm and (C) a step of addi ng thePpTJELALDINIZE enzyme
of the 31 present invention to the reaction system [0064] Steps (A

to (C) may be carried out separately, qartially at the same tine, or
totally at the sane tine. Steps (A tg (© may be carried out in an
arbitrary order. For exanple, Step (A) may be followed by Step (B), which

may the&%%s{eﬁlcl cm/%%n Y; Shep (Ghe [roeoagcst],ion Syége%{}e first enbodi nent, the

progres € Cascade reaction can be neasu addi ng a substrate for
detectio @4Fhe reacti on system and then neasuring the reaction of the
substrate (coloring, coagulation, or the like). The substrate for detection

may have _be_e@te?@t aigned d n(themp§agld ok SYsteMologdderbegipni ng of the
step of m xi ng the endotoxi n-measuring agent of the present invention with
a test sgaptealar nay thee addrd tanidie seatcbianlsysitent idar aget heinps ogress
or after conpletion of the step. The first enbodi ment, of course, includes
cases whetepshdrendat oiC n-megsbei mpmagesnd ofitt hey mreseEnbitmaenti on which
prelimnarily contains a substrate for detection is enpl oyed.

order. For example, Step (A) may be followed by Step

(B), which may then be followed by Step (C).

[0065]

In the first embodiment, the progress of the cascade

reaction can be measured by adding a substrate for

detection to the reaction system and then measuring the

reaction of the substrate (coloring, coagulation, or the

like). The substrate for detection may have been

contained in the reaction system from the beginning of

the step of mixing thebendotoxin—measuring agent of the

present invention with a fest sample, or may be added to

the reaction system during the progress or after

completion of the step. The first embodiment, of course,

includes cases where the endotoxin-measuring agent of the

present invention which preliminérily contains a

substrate for detection is employed.

[0066]

As long as the cascade reaction pfoceeds in cases

where endotoxin is contained in the test substance, the

factor B and the proclotting enzyme of the present

invention themselves may not necessarily contact with the

test sample. That is, another embodiment of the method

of the present invention for measuring -endotoxin



[ 0066] As long as the cascade reaction proceeds in cases where
endotoxin is contained in the test substance, the factor B and the

procl ot t iWQ 2812M8360f t he present invention thensel ves REFJRWN2/ABCESSsarily
contact with the test sanple. That is, another enbodi nent of the nethod of
the present invention for neasuring egﬁot oxin 32 (hereinafter referred to
as "second enbodinent") is a nethod f nmeasuring endotoxin in a test
substance, which nmethod conprises Steps (A to (D) bel ow. (A) a step

of m xi ngyLbe factar Gofcthepresens Lovennion wdd dohes sam e

r ;
(B) a st mX|ngr the present 1nvention'with the factor

C after fheygixicng g%b%{f@iiha SheR oxin in GOk A SIER 9L 2l NG 1 ey

proclotting enzyne e présent invention with the factor B after the
m xi ng thetgoh kdmpelss; 8bfdps (a) () apst ep1@fw Measuring the progress of

t he cascade reaction. [0067]

(A) a step of mixing the factor C of the present
invention with a test sample;

(B) a step of mixing the factor B of the present
invention with the factor C after the mixing thereof in
Step A;

(C) a step of mixing the proclotting enzyme of the
present invention with the factor B after the mixing
thereof in Step B; and

(D) a step of measuring the progress of the cascade
reaction.

[0067]

In the second embodiment, Steps (A) to (D) may
proceed separately, partially at the same time, or
totally at the same time. For example, after beginning
Step A, the factor B and/or proclotting enzyme may be
added to the reaction system during the progress or after
completion of the step. Alternatively, after beginning
Step B, the proclotting enzyme may be added to the
reaction system during the progress or after completion
of the step. Alternatively, all the 3 factors may be
contained in the reaction system from the beginning of
Step A. Alternatively, for example, the factor C after
the contacting in Step A may be recovered to be used in

' Step B, and the factor B after the contacting in Step B

may be recovered to be used in Step C.



In the second enbodi nent, Steps (A to (D) may proceed separately,
partially at the sane tinme, or totally at the sanme tinme. For exanple, after
begi nni ngvener/1as226he factor B and/ or proclotting enzymeCkay20adozdzied t o
the reaction systemduring the progress or after conpletion of the step.

Al ternatively, after beginning Step B, gt he proclotting enzynme nay be added
to the reaction systemduring the progress or after conpletion of the step.
Alternatively, all the 3 factors may be contained in the reaction system
fromthe @@gbﬁni ng of Step A. Alternatively, for exanple, the factor C
after thLJ contacting in Step A may be recovered to be used in Step B, and
the factor Braftek the &oatasbbRdridhiSt epnd pRyfedecorerad o heased in
Step C. 33 [0068] In the second enbodi nent”, the progress of the

cascade reactiom WRY e MBasuued b pddiagng suksisateater rdetection to the
reacti on system and then neasuring reaction of the substrate (coloring,

coagul atd@becehionhed i Keg . r&dhetswhstd v eemoandetacdn one gBY rigiccont ai ned in
the reaction systemfromthe beginning of Step A, or may be added to the
reacti onrsysténmndwi nth¢ heupsagress prohdbréngconpmajw bat dbneacir sthep.
[ 0069] The nethod of the present invention for measuring endotoxin may
conpri sel aket her Taebistrsmtyratepfas Kdeig siohemaysdadecoribeined piroceeds in
cases where the test sanple contains endotoxin. For_ exanple, the nethod of
the preseft rReeHivh §0¢taBaddidThd ehdoeeirR gy TonpErBela St%eph®df adding
a substrate for detection to the reactijon aﬁsttiglrra or a step of mxing a

[

cl ot ti ngPenZ§RErtsudes b§athe CCasthtiesTe VitH BTSERESSat?F for

detecti on. FurtherEj foroexalgplee,cht hse et hod of the present invention for
measuri ny’ BRGoCSRIET TP loRpr P86 St @D  of cal cul ating the endotoxin |evel

in the t%bG%ﬁrrpl e on the basis of reaction of the substrate for detection.
[ 0070] the nmethod of the present invention for nmeasuring endotoxin,

the reactionrhys plefiRi@bly eakr ibed Ut | Pn3BNRAUSPUS, SOhYERL SULN as wat er
or a buffer. [0071] .

endotoxin may comprise another arbitrary step as long as
the cascade reaction proceeds in cases where the test
sample contains endotoxin. For example, the method of
the present invention for measuring endotoxin may
comprise a step of adding a substrate for detection to
the reaction system, or. a step of mixing a clotting
enzyme produced by the cascade reaction with a substrate
for detection. Further, for example, the method of the
present invention for measuring endotoxin may comprise a
step of calculating the endotoxin level in the test
sample on the basis of reaction of the substrate for
detection.
(0070]

In the method of the present invention for measuring
endofoxin, the reaction is preferably carried out in an
agqueous solvent such as water or a buffer.

[0071]



34 In the nmethod of the present invention for measuring endotoxin, the
concentration of each factor in the reaction solution is not particularly
restrict edOagiyasg6as t he cascade reaction proceeds i n CEIIB204L6FE28
endotoxin is contained in the test sanple, and nmay be set appropriately
depending on the property of the fact%ﬁ and/or the like. For exanple, the
concentration of each factor is usuall’y 10 to 50 pg/nL, preferably 20 to 40
pg/ m., nore preferably about 30 pg/nL, in terns of the final concentration.

[0072] i{% Lhe F%H;}%ido%)ft DR LA dré"EngiE}tein%J £ JPARULING sqndot oxi n,

the concentrati on o e substrate-for ction in the reaction sof ution

s not parbbedharly niestebstedcasding @s Lhencastadereacthen proceeds in

cases where endotoxin is contained in the test sanple, and rmay be set

appropriatgkyidependingi &R tBenpopaltyi efilbhe suhsd¥ At eckar detesigon
and/or the like. For exanple, in cases where the substrate for detection is

a synt heiscthubstasaiaie t heaconecentgrdcoadsef ihhesadhstwhateef endtet@eihon i s
usually 0.001 mMMto 100 mM preferably 0.01 nMto 10 nM in terns of the
final cobhseabnatiiored [X078he test rmamylepbedidrerdy lhdeseéacti on system nmay
contain an arbitrary conponent(s) other than the endotoxin-neasuring agent
in the fapsropmiadietentdepenHandactiorishe nprpeegdcomit erbedifmetor subst rat e
for detection, and test sample, as long as the cascade reaction proceeds in
cases 3520AEPE EhdotlodfP- i sERBnEERARd 9 the fesresdmiteloropfegafil e, the

(Do pH DERFEPENG STt Pl e CHERES Wof Por  TRES AP LY, 2816 Bl fer . and
CTi W oSGPRR B S AP St o7 A LR Bk e ot oneo
final concentration.
[0072]

In the method of the present invention for measuring
endotoxin, the concentration of the substrate for
detection in the reaction solution is not particularly
restricted as long as the cascade reaction proceeds in
cases where endotoxin is contained in the test sample,
and may be set appropriately depending on the property of
the substrate for detection and/or the like. For |
example, in cases where the substrate for detection is a
synthetic substrate, the concentration of the substrate
for detection is usually 0.001 mM to 100 mM, preferably
0.01 mM to 10 mM, in terms of the final concentration.

[0073]

In any embodiment, the reaction system may contain an
arbitrary component (s) other than the endotoxin-measuring
agent in the first embodiment or the faétors in the
second embodiment, substrate for detection, and test

sample, as long as the cascade reaction proceeds in cases



The pH of the reaction solution is not particularly restricted as |ong as
the cascade reaction proceeds in cases where endotoxin is contained in the
test sanpWve20mdsitay be set appropriately dependi ng on Ph#&Jp2apesr8 of each
factor.. For exanple, the pH of the reaction solution is usually 5 to 10,
preferably 7 to 8.5. [0075] The r%action tenperature i s not
particularly restricted as | ong as thg cascade reaction proceeds in cases
where endotoxin is contained in the test sanple, and may be set -

approprlﬁgglg de gl Qbﬂﬁhon thgngrqﬁgiay%ﬁzggggg Egpt %g? gtlon

tenperaturé rs, or exXxanptl e, "usua pre to 50C. For

exanpl e, ;;Qﬁgﬁggcteh% 1 £DEL LU ;;/sm% ) og%tt%gn\erét%ﬁebu&%@n The

reaction ti not partricu arI restric e set appropriately

dependi g?@ﬂtcaﬂ@/tdror@aﬁﬂch BRakpe eRr Qﬁerﬁweome%ffffeaﬁ@@ §P€rﬁthe _
reaction tenperature. The reaction tinme is, for exanple, usually 5 m nutes

to 1 36iheundeptefrrabbysibrm IMEISESbLIﬂféE, mradtseou Fo& r exampl &TA he
reaction tinme may be 30 minutes. [0077] I n any enbodi nent, during the
process wideeaahigen bufitetestOsgaplie, sfacteantss andhotdweratoopohents may be
additionally added, individually or in an arbitrary conbination, to the
reacti oresyysrem kitazeesonpodents desy heyadded dte omeetained ampltral ity of

times, or nay be added continuously. Constant conditions may be
reaction system.

[0074]

The pH of the reaction solution is not particuiarly
restricted as long as the cascade reaction proceeds in
cases where endotoxin is contained in the test sample,
and may be set appropriately depending on the property'of
each factor. For example, the pH of the reaction
solution is usually 5 to 10, preferably 7 to 8.5.

[0075]

The reaction temperature is not particularly
restricted as long as the cascade reaction proceeds in
cases where endotoxin is contained in the test sample,
and may be set appropriately depending on the property of
each factor. The reaction temperature is, for example,
usually 10°C to 80°C, preferably 20°C to 50°C. For
example, the reaction temperature may be room
temperature.

[0076]

The reaction time is not particularly restricted, and
may be set appropriately depending on conditions such as
the property of each factor and the reaction temperature.

The reaction time is, for example, usually 5 minutes to 1



enpl oyed fromthe beginning of the reaction to the end of the reaction, or
condi tions may be changed during the process of reaction. [0078] By
measur i ngvpearyiigareof t he substrate for detection (col oPCRgP2dYATGE&L i on
or the like), the progress of the cascade reaction due to existence of
endot oxi n can be neasured, and hence ?Se endotoxin in the test substance
can be neasured. The reaction of the bstrate for detection (coloring,
coagul ation, or the like) may be nmeasured by a nethod dependi ng on the

substrate for d%tg%%&ﬁg%fn?goM§ght%g%E$lq45 i#at%e eslﬂ@?rgxéggéfyn

Hour e .
measur enent - of Pan oXimis carrie uanti vely, an en

standar d. sanple phose CORCERLIALOnd Sukagwasmy be used to obtain a
n

correlation data between the otoxin level and the degree of reaction of
the substgeye for detection (degree of coloring, coagulation, or the like),
and, endotoxin 37 existing in the test sanple may be quantified on the
basis of thergorhel alnisyy tatat , TAQrGord et wéi prodaiss ey beactaorgxanpl e, a
calibration curve. The quantification nmay be carried out either by the
Ki neti c tnie¢hodsar saynd e, efidcpoirst, retdodt hp@0&@mponenThembgstoesanpl e to
be subjected to the neasurenent of endotoxin is not particularly
restri ctaddiandnexdnplatdeder éoldiiniclwalel yedircdln vt e rbphaemeceut i cal s,
i nfusi on sol utions, blood greparatLons, medi cal equi pnents, nedi cal
appar at useBb ipasieti cst o f bbfs TaRE Wekier ayes elenv TREHfe M ATPIBARPLSs (e. g.,
airs, riversb and soils), biolo%jqal conﬁonents (e.ﬁ.,_bloods, body fl uids,
and ti sSUR¥)Pengdded 13¢ 0RRGRr Phg 18t R &f h4T 3rtddamS naht MFrot &M@ hucl ei ¢
aci ds, and carbohydrates. The test, sanple may he. subjected to the
neasureﬁ@ﬁpaaﬁeéhdﬁ¥b By S 'Xing?qiqaﬁﬁs?%6?15%Q§%§§ﬁ¥i%8 the test
Sa”p'? qgn'& L2 O eﬁ%ﬁaﬁégﬂkﬁ%ﬁﬁ"gﬁ %ng&@%%éqoﬁhgot%ﬁ% %ﬁﬂPlgf'n a
reaction s?s? m L

the reaction, or conditions may be changed during the

process of reaction.

[0078]

By measuring reaction of the substrate for detection

(coloring, coagulation, or the 1like), the progress of the

cascade reaction due to existence of endotoxin can be

measured, and hence the endotoxin in the test substance

can be measured. The reaction of the substrate for

detection (coloring, coagulation, or the like) may be

measured by a method depending 'on the substrate for

detection employed.

[0079]

In cases where the measurement of endotoxin 1is

carried out quantitatively, an endotoxin standard sample

whose concentration is known may be used to obtain a

correlation data between the endotoxin level and the

degree of reaction of the substrate for detection (degree

of coloring, coagulation, or the like), and, endotoxin



[ 0081] The present invention will now be described by way of Exanples
nore particularly. However, these are nerely exanples of the present

i nvent i orlvoant/tiBz6scope of the present invention i s noPCTURIZHSZE t hese.
[ 0082] Exanple 1: Production of Endotoxin-neasuring Agent of 38 Present

I nvention (1-1) Method Using Virus (hgzei nafter referred to as "viral

nmet hod") In the present Exanpl e, reconbi nant bacul ovirus into which
t he gene encodi ng each of factor C, factor B, and a proclotting enzyne was

ncornorat SSARS SRCLD SR SRS (PR Chel B iaci o bR oAt
basis of the correlation data. The correlation data may
be, for example, a calibration curve. The quantification
may be carried out either by the kinetic method or by the
end point method.
[0080]

The test sample to be subjected to the measurement of
endotoxin is not particularly restricted, and examples
thereof include medical water, pharmaceuticals, infusion
solutions, blood preparations, medical equipments,
medical apparatuses, cosmetics, foods and beverages,
environmental samples (e.g., airs, riVers, and soils),
bioclogical components (e.g., bloods, body fluids, and
tissues), naturally occurring proteins, recombinant
proteins, nucleic acids, and carbohydrates. The test
sample may be subjected to the measurement of endotoxin
by mixing, dispersing, or dissolving the test sample as
it is or an extract or washing solution of the test

sample in a reaction system.

EXAMPLES
[0081]

The present invention will now be described by way of
Examples more particularly. However, these are merely
examples of the present invention, and the scope of the
present invention is not limited to these.

[0082]

Example 1: Production of Endotoxin-measuring Agent of



(1-1-1) Preparation of Reconbi nant Bacul ovirus As a DNA encodi ng

H s-tag-attached factor C (Hi s-tagattached factor C gene), the DNA of SEQ

| D NO 7 v 201148329 synt hesi zed usi ng a general |y avai | bTgPAADFELR
service (TAKARA BIOINC.). The .H s-tag-attached factor Cis the factor C of
a Japanese horseshoe crab shown in Sﬁg ID NO 2 wherein a 6xH s-tag is
attached to the C-term nus. The DNA g i nserted between the recognition
sites of restriction enzynes Nrul and Smal of a transfer vector pPSC38
(ProteinPchgn%e§%ﬁrtq:ob$ain a vector for reconbination. Using the vector

for reconbination, the ¥fs-tag-attached factor C gene was incorporated into

a bacul oyqr t pat r k i . +[-0084]

Furt her, Y%s?ﬁg@%’ggﬁdnefsﬁgﬁégﬁ%’( S%@%i%%@%g??ﬂ%@%f%%ﬁﬁé% %% not ag- R- Bam
(SEQ I D Nex 13), mang,ddvey above-descri bed DNA encoding the H s-tag-attached
factor C as a tenplate, PCR was carried out to prepare a DNA encodi ng

factor C whergi anthe rikd eot Edenpaquencer ependiing rithera 391 bivsriiag sequence
at the 3 -end was renoved (Hi s-tag-free factor C gene). The DNA encodes the
Japaneseihbosediod artad dantoenCocshioven ¢acBEQLl BdNGE @r @herfeiotaw B s tag
is attached at the CGtermnus. Also for the H s-tag-free factor C gene, a
reconbi nand bapulopdirtusi nasepreper ek Hylnherpame reed hods as séelsdrd bed above
[ 0085] As a DNA encoding factor B (factor B gene), the DNA of SEQ ID
NO 8 wase¥BraFky themthrsteéditsiimg ecgenet ably aa\ﬁgiarab%d@mmdm service
(TAKARA BIO INC.). The DNA encodes 't he Japanese horseshoe crab factor B
shown | MSEBPFBHINOM M sYBag thEeOPY FntiCtHESConbi nati ons of its codons are

optinizeg 58% expression in insect cells. Also for the factor B gene, a
r ecombi naAY °Bacul ovirus was prepared by the sane nethod as descri bed above.

ng‘(’:"g"e.r’ (ib?—R‘[?Siptri%%‘aPigiLBﬁeri %é&héi‘ﬁﬁﬂﬁs%%c" J%\?{ru s between the
gnition sites of restrrction enzynes Pstl an pnT. [0086]

As a DNA encoding His-tag-attached factor C (His-tag-
attached factor C gene), the DNA of SEQ ID NO:7 was
totally synthesized using a generally available contract
service (TAKARA BIO INC.). The His-tag-attached factor C
is the factor C of a Japanese horseshoe crab shown in SEQ
ID NO:2 wherein a 6xHis-tag is attached to the C-
terminus. The DNA was inserted between the recognition
sites of restriction enzymes Nrul and Smal of a transfer
vector pPSC8 (Protein Sciences), to obtain a vector for
recombination. Using the vector for recombination, the
His-tag—-attached factor C gene was incorporated into a
baculovirus AcNPV, to prepare a recombinant baculovirus.
[0084]

Further, using a primer FC-N-Pst (SEQ ID NO:10) and a
primer FC-notag-R-Bam (SEQ ID NO:11), and the above-
described DNA encoding the His—tag—atfached factor C as a

template, PCR was carried out to prepare a DNA encoding

factor C wherein the nucleotide sequence encoding the



As a DNA encoding the proclotting enzyme (proclotting enzynme gene), the DNA
of SEQID NG9 was totally synthesized using a generally avail able contract
servi ce (WOKARA1BI2© | NC.). The DNA encodes the Japaneserphunissmboss7zy ab
proclotting enzyne shown in SEQID NO 6 (Hi s-tag free), and the

conbi nations of its codons are optiniééd for expression in insect cells.
Also for the proclotting enzyne gene, reconbi nant bacul ovi rus was
prepared by the sane nethod as descri bed above. However, 40 the position

th PSC8 b th t t
Cestr oth b ERZy MR SAT a1 T ”?gglrfenéve%c T s

Cel 15 (S CELI D) gty Peconbi pagt Bacul o¥i [43 sapacd(. cells Lhavagen)

wer e i nocu dl um at e reconol nant

bacul ovi £ gy, 8o i he f 56 DA @wdmngha hitrd A0 AhBCREd ey o5 C vas

i ntroduced, was a e nedlun1 to infedt the cells with t virus. As

the nedi é‘HtB@herheatSftgné:etLﬁerﬁflm |1 Al uph € R ogen) 2 §UpRliTent ed
with antibiotics (antibiotics- antlfungal agents (x100); Invitrogen) (flnal

concentrasceBr X Jgdre L) awas coged.naie pubtilphiiciiy whsi plregtarand (4l ) of
the virus was set to 1.0. Thereafter, the obtained cells were cultured at
28C for dBehesanme wdthstakbsndes[ddd8d abov8i.mlarly, Sf9 cells were
infected with the virus into which the DNA encoding the His-tag-free factor
C was i ntPBdaded.

As a DNA encoding factor B (factor B gene), the DNA
of SEQ ID NO:8 was totally synthesized using a generally
available contract service (TAKARA BIO INC.). The DNA
encodes the Japanese horseshoe crab factor B shown in SEQ
ID NO:4 (His-tag free), and the combinations of its
codons are optimized for expression in insect cells.

Also for the factor B gene, a recombinant baculovirus was
prepared by the same method as described above. However,
the position of insertion in the pPSC8 vector was between
the recognition sites of réstriction enzymes Pstl and
KpnI.

[0086]

As a DNA encoding the proclotting enzyme (proclotting
enzyme gene), the DNA of SEQ ID NO:9 was totally
synthesized using a generally available contract service
(TAKARA BIO INC.). The DNA encodes the Japanese
horseshoe crab proclotting enzyme shown in SEQ ID NO:6
(His-tag free), and the combinations of its codons are
optimized for expression in insect cells. Also for the
proclotting enzyme gene, a recombinant baculovirus was

prepared by the same method as described above. However,



[ 0089] Further, Sf9 cells were infected also with each of the virus to
whi ch the DNA encoding the factor B was introduced and the virus to which

t he DNA ewoadizigsizhe procl otting enzyne was introduced. PCHIPHEZO5SE2ses, MO
was set to 0.5, and the culturing tinme was 72 hours. [0090] 41 (1-1-3)
Recovery of Solution of Expressed Recggbinant Protein Each of the
culture broths obtained after the abo culturing was centrifuged at 4C at
3000xg for 30 mnutes to obtain the supernatant, which was then stored at -

206 0BH gbd - oot T g gl s g

Protein : ron he superna _ een stored frozen
R e R R S L Tl
suction,gangdrthe solution which had passed through the filter was
recovered. Each recovered supernatant was applied to a hollow fi ber
filtrati pmogembrane having a pore size of 500 kDa (pol yether sul fone hol | ow
fi ber nmenbrane; Spectrum Labs) and filtered using the Kros Fl ow TFF punp
filtrati oh-3y8) emn(feect onnvEabs)s.edEache Sdbut(iSa® W Lhs hadipassed t hrough
t he menbrane was recovered. [0092]
Recombinant Baculovirus
Sf9 cells (Novagen) wefe inoculated in a medium at
1.5x10% cells/mL, and the recombinant baculovirus, into
which the DNA encoding the His-tag-attached factor C was
introduced, was added to the medium, to infect the cells
with the virus. As the medium for the Sf9 cells, S£900
IT medium (Invitrogen) supplemented with antibiotics
(antibiotics-antifungal agents (x100); Invitrogen) (final
concentration, x1) (1 L) was used. The multiplicity of
infection (MOI) of the virus was set to 1.0. Thereafter,
the obtained cells were cultured at 28°C for 48 hours
with shaking.
[0088]
Similarly, Sf9 cells were infected with the virus
into which the DNA encoding the His-tag-free factor C was
introduced.
[0089]
Further, Sf9 cells were infected also with each of
the virus to which the DNA encoding the factor B was
introduced and the virus to which the DNA encoding the
proclotting enzyme was introduced. In these cases, MOI

was set to 0.5, and the culturing time was 72 hours.

[0090]



(1-1-5) Preparation of Reagent At 4C, 560 nmL of each sol ution obtained
in the above (1-1-4) (wherein factor C, factor B, or proclotting enzyne is
cont ai nedy0 20@41183260f distilled water, 126 nlL of 6.66 nRCAGEAAYESEA uti on
of a synthetic substrate (Boc-Leu-dy-Arg-pNA) (final concentration, 0.3
mV) and 560 nL of 15% aqueous dextranq}gl ution (final 42 concentration,
3% were m xed together. This m xture s aliquoted in 5 nL-volunes into
vials and freeze-dried, to provide the endotoxin-neasuring agent 1. [0093]

1-2) Meth i Pl df£h f I f bl
((axpr)eSS| 1gogeﬁl F.gné"’%m d’é §5%@§ tner%g éggggnt%r gché?oggéngéﬁe )F,/‘I’ICOdI ng
each of ﬂﬂﬁtéf‘ﬁtor C, factor B, and proclotting enzynme was i ncorporated

c

into the ronosonme of insect cells to construct a stably expressing .cell
line, and eaghcfagkor neasdhenr exBressed.cihei 8BY RIfAUCT figeaBbove

endot oxi nmeasuring agent. [0094] (1-2-1) Preparation and Cultivation of
Stably Bxpressing Geld ddmerifuged at 4°C at 3000xg for 30 minutes

to obtain the supernatant, which was then stored at -
go°cC.
[0091]
(1-1-4) Removal of Impurities and Viruses from
Recombinant Protein Solution

Each of the supernatants which had been stofed frozen
as described above was thawed, and applied to a filter
having a pore size of 0.1 um (Cup Filter (Millipore)).
Filtration was carried out with suction, and the solution
which had passed through the filter was recovered. Each
recovered supernatant was applied to a hollow fiber
filtration membrane having a pore size of 500 kDa
(polyether sulfone hollow fiber membrane; Spectrum Labs)
and filtered using the Kros Flow TFF pump filtration
system (Spectrum Labs). Each solution which had passed
through the membrane was recovered.
[0092]
(1-1-5) Preparation of Reagent

At 4°C, 560 mL of each solution obtained in the above
(1-1-4) (wherein factor C, factor B, or proclotting
enzyme is contained), 134 mL of distilled water, 126 mL
of 6.66 mM aqueous solution of a synthetic substrate
(Boc-Leu-Gly~-Arg-pNA) (final concentration, 0.3 mM) and

560 mL of 15% aqueous dextran solution (final



Each of the His-tag-free factor C gene, factor B gene (SEQ ID NO 8), and
proclotting enzyne gene (SEQ ID NO 9) used in the above-descri bed viral
met hod waso0i2atyiasazéed into SfF9 cells (lInvitrogen) usingPCRIPHIZONEZR or Kit
(I'nvitrogen). [0095] More particularly, each of the DNAs was firstly
i ncor porated between the EcoRV and M recognition sites in a vector

pl Z/V5-Hi s conprised in the kit, and the resulting each vector was m xed
with Cellfectin conprised in the kit, followed by introduction of the

vector i pio 59, cell5. The pasil %qxogcg pogeRrall oniafy the Dhes e

pl Z/ V5- ’keaesownln 't he regron i

by a thlgﬁg{lsggds%ws LLbg1taRd N g vgfsga%mopn@r@é ,bhe DS vas

i ncor porate the nmediumftor the Sf9 ce Sf900 Il medium

(1nvi trogesy i EPRATRIH &S ¥kt h- al@tdéaiﬁﬂlgsa aRti hbi oti cs-antifungal agents
(x100); 1Tnvitrogen) (final concentration, xI[) and Zeocin antibiotic

(I'nvitrogeny3(final concentration, 50 pg/ m.) was used. The density of the
t hus obtained cell line, into whi ch each DNA was i ntroduced, was adj usted
to 6x105(Tebk) sMeithod )Us imghelasdiivin (laedeihe feeld sa o erediletruresd b 28C
for 96 hours wi th shaking. [0096] It should be noted that, although a
H s tag aeqliehedliys st e peddi wedilz/Mon g methlod"of the above descri bed
DNAs have a stop codon, so that all of the factor C, factor B, and
proclotting ERzZYRE A% it eB5eBPHhGUtIAE PGP BT 22 EhgO T 03T

(1-2-2) Recover)é of Sol ut i on of Reconbi nant Protein, Renoval of Inpurities,
and Prep%?%FPSn Eﬁﬁ“ and proclotting enzyme was

incorporated into the chromosome of insect cells to
construct a stably expressing cell line, and each factor
was then expressed, thereby producing an endotoxin-
measuring agent. \

[0094]

(1-2-1) Preparation and Cultivation of Stably Expressing
Cell Line

Each of the His-tag-free factor C gene, factor B gene
(SEQ ID NO:8), and proclotting enzyme gene (SEQ ID NO:9)
used in the above-described viral method was introduced
into Sf9 cells (Invitrogen) using the plZ vector kit
(Invitrogen).

[0095]

More particularly, each of the DNAs was firstly
incorporated between the EchV and Mlul recognition sites
in a vector pIZ/V5-His comprised in the kit, and the
resulting each vector was mixed with Cellfectin comprised
in the kit, followed by introduction of the vector into
Sf9 cells. The position of incorporation of the DNAs in

pIZ/V5-His, and the like are shown in Fig. 2. 1In the



Each culture broth obtained after the above-described culturing was
processed in the sane manner as described in "(1-1-3) Recovery of Solution
of ExpresWOQRIR&EdBi nant Protein”, "(1-1-4) Renoval of PEPUIPRXIRZE72d

Vi ruses from Reconbi nant Protein Solution"” and "(1-1-5) Preparation of
Reagent” for the viral nethod. However,, the process of filtration using a
hol | ow fi ber filtration nenbrane in "(‘?—1-4) Renmoval of Inpurities and
Viruses from Reconbi nant Protein Solution” was not carried out. The 44

t hus obt ai ned neasur.i ent .pr.oVvi as.the endo i p- uring agent
2. [Oogﬁeﬁgﬂpﬁgdﬂzca%o%g? ig\év%zlnl&]? haegﬁgﬁe 8Pw%xpa{r]£eisttélg§ E’ngg‘lsnns (2-1)
Conpar i of ,Expr, [ Level@f Jraed 05, € 5 expgesshonchevel was
conpar e?g%né't%é“_ |sc?r?%g ¥_eg %actor Csaobtlgicr?ery%/ t‘ﬁe viral nethod and
the stably,express nﬂieceébljbe%getg]@@go@n@ﬂhﬁle'dis:rﬁag@hbacﬁ&%é@pt or C

obt ai ned by the viral nethod. g The expression | evel was

eval uat egh; by1saeRliaty Widh Anbivd.otircd5(phtobildie SO shtomueiaiespondi ng
to the one after the filtration and before the preparation of the reagent
in Exanpdgedtand x3uly) )ect Ingithegeanpl efli sall uticorerttor &t 26%, pollyacaryd ani de
gel el ectrophoresis (under non-reducing conditions) in the presence of SDS
and t henZ¢ocYastert bl @t 1 ¢ ndIoyiing ererant i( ffiaetlorca @@t bady of2C1X)

obtai ned from Prof. Shun-ichiro Kawabata, Departnent of Biology, G aduate
School ofg&olénves, usardhu Uneveesstyy dD1og thus mtaisaft §edde shown
in Fig. 3. The results indicate that the expression |levels aof the

Hi s-tag-#+B8/f A86r "Cs! Gler 83FEweNA &S t hBEERFMERT onW R BV eSS i tO°
Vest orn BT 601 REEG7 % vich) s GPEd U " e BB CPEmETE L and” ot he vl ume
ratio Ofcgfgﬂred at 28°C for 96 hours with shaking.
[0096]
It should be noted that, although a His tag sequence
is contained in pIZ/V5-His, all of the above described
DNAs have a stop codon, so that all of the factor C,
factor B, and proclotting enzyme are expressed without
addition-of His-tag.
[0097]
(1-2-2) Recovery of Solution of Recombinant Protein,
Removal of Impurities, and Preparation of Reagent
Each culture broth obtained after the above-described

culturing was processed in the same manner as described

in "(1-1-3) Recovery of Solution of Expressed Recombinant
Protein”™, " (1-1-4) Removal of Impurities and Viruses from
Recombinant Protein Solution" and " (1-1-5) Preparation of

Reagent"” for the viral method. However, the process of
filtration using a hollow fiber filtration membrane in
"(1-1-4) Removal of Impurities and Viruses from

Recombinant Protein Solution" was not carried out. The



solution with which equal concentrations of the factor Cs are attained was
cal cul ated on the basis of relative 45 values of the neasured intensities.
The vol umeoratiznspas 50 as for the His-tag free factor E©cuhpziimessiisy t he
viral nmethod, 17 as for the His-tag free factor C obtained by the stably
expressing cell line nmethod, and 7 as [for the Hi s-tag-attached factor C
obt ai ned by the viral nethod. [0101] -2) Conparison of Activity of Factor
C The proclotting enzynme-activating capacity of each of the factor C

| ut i di ed, usi ] | t of f C. [0102 Mo
par i cul P Vg, OBhEH "B1 URes P 2L BT AorBa 1 REEOr 4 Aof it FOR obt ai ned by

the vira (0, 7 5 + H s-tag-free factor C solution obtained
PPt danod e fhoaad el 3

by the vir nmet ho ag-free factor C solution obtained by
t he stabwogéﬁ)ressi ng cell line nmethod (1.7 pL) was placed in a well of a
96-wel | plate. Thereafter, the factor B-containing solution (5 pL) and the

procl ot tEQng"ﬂéy@.‘ G B PE NG sSQlNY 110 (BiRE) o3btmigeds athep i fhdtration
through the 0.1 pmfilter in (1-1-4) in the viral nethod in Exanple 1, and
Boc- Leu- G y1 A gopigh f ¢ bl oEoREeHgad i Of, 1L.8v31MYf Hai&BokHCE (pH 8.0) (final
concentration, 100 mM, and 50 pL of endotoxin (product nane "USP-Reference
St andar d EndDhexiexb fddSP: ROE) gvedmwer i @abhyaaeal laabdreg f tben Beiskagaku

Bi obusi ness Corporation) (sanple concentration: 0, 0.05, or 0.5 EU nL) were
added tofraehfwsltosuch ohatinkd tut atheovame li matieodebhdbédane 100 plL,

and m xed together, foll owed , _
stably expressing cell line method, and the His-tag-

attached factor C obtained by the viral method.
[0099]

The expression level was evaluated by sampling 0.5,
1.5, 5, or 15 pL of the solution corresponding to the one
after the filtration and before the preparation of the
reagent in Example 1 and subjecting the sampled solutions
to 5-20% polyacrylamide gel electrophoresis (under non-
reducing conditions) in the presence of SDS and then to
Western blotting using an anti-factor C antibody (2C1l2,
obtained from Prof. Shun-ichiro Kawabata, Department of
Biology, Graduate School of Sciences, Kyushu University).
[0100]

The fesults are shown in Fig. 3. The results
indicate that the expression levels of the His-tag-free
factor Cs were lower than the expression level of the
His-tag-attached factor C. Further, the intensities of
the bands on the Western blot in Fig. 3 were measured
using a densitometer, and, the volume ratio of each
solution with which equal concentrations of the factor Cs

are attained was calculated on the basis of relative



46 by incubation at 37C for 3 hours, during which the absorbance at 405 rim
was neasured with time. As a negative control, distilled water was used.
The rate W0 201¢r8Re6e i n the absorbance (the absorbance ®RAAPE12/8356)8
reflects the proclotting enzyne-activating capacity. The term"EU' neans
the "endotoxin unit", which is a unit segepresenting the anmount of endotoxin
(this al so applies herei nafter). [010§F The results are shown in Fig.
4. In Fig. 4 "DW neans distilled water; "Virus + His tag (x1)" neans the

H.s- tag egf %%%Qqn §8£QE 9%€¥H§q fgsby %gg %bﬁﬂ Egegb(tag pL);

"Virus + means the sane so utron x1)"

means t@%*@ E%& firge 4Ac10p Cf%@éﬂféEEQPté'B%@é%hé@eby'Eﬁ%'V%ﬁ@ﬁ and
"Stable Sf9 hb tag (x1)" neans the Hs-tag free factor C Sol ution obtained

by the siabhyaexpressd ngoeethel HAg BIJN0Hreb0E84tor ¢ ABtaihesuidy
activation of the proclotting enzyne was not observed or hardly observed in
t he Hi s-tlag- at baaRed fmecs ©f i KgSeleltli ani weonhakhiokly tdred egquak &raurtheof
factor C (0.7 pL), and even in the solution containing about 7 tines the
anmount dii$acbtgraCtE@Geiptd . £ Ontolme Cotdizra haad, biyhetd svinglf mee featt or C
showed a remarkabl e proclotting enzynme-activating capacity irrespective of
whet her (81043 obtained by the viral nmethod or by the stably expressing

cell line nethod. 47 [0105 From the_above results, it was shown that
a reconbl fafl FLEPST IC DI @ uﬁétéﬁﬁﬂééseﬁ ﬁﬁ?ﬁéﬂ%‘hddltlon of His-tag
sequence has_a nmuch stronger roclottln yne- activatin ga aC|ty han a
recombi nant TAEt BFOE %%%ge BRHIEs: QSmQﬁRﬁF%ﬁYrP ence.
Furt her S sho t hat, each of the e r ssed rotel n be used
mnthout'%%?lfaggtlon ??ﬁ%ﬁeonéaﬁgﬁMﬁﬁ%ﬁﬁ g pr&fp enis % ?mﬂ%? 't he
cul ture SHPELRRLANG,

[0102]

More particularly, each of the His-tag-attached
factor C solution obtained by the viral method (0.7 pL or
5 uL), His-tag-free factor C solution obtained by the
viral method (5 plL), and His-tag-free factor C solution
obtained by the stably expressing cell line method (1.7
pL) was placed in a well of a 96-well plate. Thereafter,
the factor B-containing solution (5 plL) and the.
proclotting enzyme-containing solution (5 pL) obtained
after the filtration through the 0.1 pum filter in (1-1-4)
in the viral method in Example 1, and Boc-Leu-Gly-Arg-pNA
(final concentration, 0.3 mM), Tris-HCl (pH 8.0) (final
concentration, 100 mM), and 50 pL of endotoxin (product
name “USP-Reference Standard Endotoxin” (USP-RSE} ;
commercially'available from Seikagaku Biobusiness
Corporation) (sample concentration: 0, 0.05, or 0.5
EU/mL) were added to each well such that the total volume

in theée well became 100 pL, and mixed together, followed



[0106] (2-3) Conparison of Stability of Expressed Factor C (2-3-1)
Stability of Factor C Expressed by Viral Method In the step of

cul t uri ngwWoRe1Niigazs- i nfected cells at 28C wi th shaki ng PETJR2012/235728 t he
viral nethod in Exanple 1, the supernatant was recovered after 48 hours, 72
hours, and 96 hours of cultivation, angd each recovered supernatant was

subj ected to 5-20% pol yacryl am de gel €l ectrophoresis (under non-reduci ng
conditions) in the presence of SDS, followed by evaluation of the remaining

anount qof Ehgc£%%kg&ngépy ygsgg%guphytﬁ$gg ush%gjéﬂftﬁgighf@%kfr C anti body

(212, I's "the sanme as the one used a bve , sanpling and
anal ysi s, SbEosmRY alel yo Gapki 9%30%9,;;&%?8 %3 n@nner for the supernatant

obt ai ned ing a protease inhibitor eupeptin at a final concentration

of 0.5 pgéghrivRersiration A atsaifiiinal wopsentual iye®f Orepghlk) dro the
culture broth after 24 hours of the infection with the virus. 48 [0107]

The resulhisrabgeshomtiie Fbgorbanks a(fesuhbsorbarase sbhungkhatatide fact or
C expressed by the viral nethod was deconposed with tinme during the
cul tivatrefileEtrt hdrg ptowdstshown drimymeesonposattion odptke thact heC al so
occurred to sone extent in the case where the protease inhibitor was added.
[0108] terB-2FUSt atidns ytbe FaodmtxBxpradsdd bihSthbly Bxprndssi ng Cel |
Li ne Met hod

representing the amount of endotoxin (this also applies

hereinafter).

[0103]

The results are shown in Fig. 4. In Fig. 4, "DW"

means distilled water; "Virus + His tag (x1)" means the

His-tag-attached factor C solution obtained by the viral

method (0.7 ulL); "Virus + His tag (x7)" means the same

solution (5 uL); "Virus No tag (x1)" means the His-tag

free factor C solution obtained by the viral method; and

"Stable Sf9 No tag (x1)" means the His-tag free factor C

solution obtained by the stably expressing cell line

method.

[0104]

As a result, activation of the proclotting enzyme was

not observed or hardly observed in the His-tag-attached

factor C solution containing the equal amount of factor C

(0.7 uL), and even in the solution containing about 7

times the amount of factor C (5 upL). On the other hand,

the His-tag-free factor C showed a remarkable proclotting

enzyme-activating capacity irrespective of whether it was

obtained by the viral method or by the stably expressing

cell line method.



Simlarly, in the step of culturing the stably expressing cell line at 28C
with shaking in (1-2-1) in the stably expressing cell line nmethod in
Exanpl e IWOt2hE/d832er nat ant was recovered after 72 hour s PCIIPHANT728120
hours, 144 hours, and 168 hours of cultivation, and each recovered
supernat ant was subjected to 5-20% pol yacr yl am de gel el ectrophoresis
(under non-reducing conditions) in thg’ presence of SDS, followed by

eval uation of the remai ni ng anount of the factor C by Western blotting

usi ng thﬁof\@%l-fact or C antibody (2C12, which is the sane as the one used
above). Fur r, the supernatant obtained after 48 hours of cultivation by

the viral maE‘P&q e ﬁ]bS&I@pPEEEQtS[,OJiq,g]W%S sh-glz'ﬁ'lb epantg are shown in

Fig. 6. As a result, e factor C expressed by the stably expressing cell

l'ine method,hgs nagte beeh: decenpeseddine thepabsenrce of t RoRtoLeRse: i gy bi tor
even after 168 hours of cultivation. 49 By this, it was shown that use of

the stabde gxpresy nk:gedhcki Rasnet had-igapt ppavyet glesompesihigon of factor
C. [0110] (2-4) Study on Wether Treatnent by Hol |l ow Fi ber Menbrane
FiltratienziseNeegssartying cahetiter tient aeakentbbyamt hbébkawd ider
filtration nenbrane in (1-1-4) in the viral nmethod is necessary was

st udi ed.mébengleachxmsot us¢dnws dlplestt et oneoffi Hirsattioh shAoegice.he hol | ow
fiber menbrane in (1-1-4) and each solution sanpled after filtration

t her et hrBughhed /| dits)Wasm ghownghatheezaheodf theereearee fAeEh® raisdibance
(the absorbance change rate) was neasured in the sane manner as in the
above (2229, LBy Usfd Myt ERABE oRiNT LEUSHR RSB / t dNa HiShat L bRcURETR iTo of 0 or
0.05 EUnL. [0111] The results are shown in Fig. 7. ln Fig. 7,

Punti e P ERT Pyt PoHaNEeH 3 1Dt SRt Red URE IR RBF ow £ ber

menbr ane ﬁlbgﬁl dge without being filtered. In the cases where each sol ution
sanpl ed 5 er‘filtration through the hollow fiber nenbrane was used, the

degree of-asti j 0, h Lot z t
g PELL \g];%mg%}léoﬁ sfpgca%b%&/ln{yg gn ggﬁ%é@%%%r e

concentration ot oxi n was (rn er words, the blank val ue
upon endp 0%in)MBAHY ENEAY WES HadWor andekpatk sised afy excebheMetrasal t was

obtained. By contorast, it was revealed that, in the cases where each
sol ution sanphedhbkefsayep fokt catlican itry otigh tvhe uelilrofe &t ber ceanly ane
("before filtration" or "unfiltered solution") was used, the degree of
acti vat i 28°of wtidh prlockongimg (1-1-2) in the viral method in
Example 1, the supernatant was recovered after 48 hours,
72 hours, and 96 hours of cultivatioh, and each recovered
supernatant was subjected to 5-20% polyacrylamide gel
electrophoresis (under non-reducing conditions) in the
presence of SDS, followed by evaluation of the remaining
amount of the factor C by Western blotting using the
anti-factor C antibody (2C12, which is the same as the
one used above). Further, sampling and analysis were
separately carried out in the same manner for the
supernatant obtained by adding a protease inhibitor
(leupeptin at a final concentration of 0.5 pg/mL +
pepstatin A at a final concentration of 0.7 pg/mL) to the

culture broth after 24 hours of the infection with the

virus.



50 enzyme was high even in the cases of 0 EU nL of endotoxin, which |eads
to a high bl ank val ue upon endot oxi n nmeasurenent. [0112] By contrast,
by the stwbl2912éip226ssi ng cel |l |ine method, the degree ofPCRAIPRN2D3GE2B of t he
proclotting enzyne in the case of 0 EU nL of endotoxin (the blank val ue
upon endot oxi n nmeasurenment) was kept hﬁw even w thout such a process of
filtration through the hollow fiber fiTtration nenbrane (Fig. 4). [0113]
Fromthese results, it was shown that, while filtration through a hol | ow

fiber fif&f@%ﬁon menbrane i s indispensable in cases where the viral nethod
is used, such'filtration is not necessary in cases where the stably

expressing oghl e 1L hoge | Snsged 1 d Odid] EX.anRgea?’:ré\@@fy,re?%ntwa%f
ndot oxi n Usi ng Endot oxi nMeasuri ng Agent Present Invention (3-1)
Measur enghd ¥sk Rg +Endat oxh Ar BRASUI N #9688 by the viral method was
decomposed with time during the cultivation. Further, it
was shown that decomposition of the factor C also
occurred to some extent in the case where the protease
inhibitor was added.
[0108]
(2-3-2) Stability of Factor C Expressed by Stably
Expressing Cell Line Method
Similarly, in the step of culturing the stably
expressing cell line at 28°C with shaking in (1-2-1) in
the stably expressing cell line method in Example 1, the
'supernatant was recovered after 72 hours, 96 hours, 120
hours, 144 hours, and 168 hours of cultivation, and each
recovered supernatant was subjected to 5-20%
polyacrylamide gel electrophoresis (under non-reducing
conditions) in the presence of SDS, followed by
evaluation of the remaining amount of the factor C by
Western blotting using the anti-factor C antibody (2Cl2,
which i1s the same as the one used above). Further, the
supernatant obtained .after 48 hours of cultivation by the
viral method was also applied.
[0109]
The results are shown in Fig. 6. As a result, the
factor C expressed by the stably expressing cell ‘line
method has not been decomposed in the absence of a

protease inhibitor even after 168 hours of cultivation.



To the endot oxi n-neasuring agent 1 (freeze-dried product), 3.3 nL of 100 mM
Tris buffer (pH 8.0) was added, to dissolve the agent. In this solution,

t he prot ewo20rmaensrati on of each of the cul ture supernatanpPmi1g/0ssrz ni ng
the factor C, factor B, and proclotting enzyne was about 60 pg/ni.

Into each well of a 96-well mcrotiter plate, 50 pL of an endotoxin
solution at a concentration of 0, 0.088 51 0.01, or 0.1 EU nL was

al i quoted, and 50 pL of the endotoxin-neasuring agent solution prepared by
di ssolving the agent was added to the each well, followed by m xing the
resul ti ngyntRigre ltTHeasi fhara wat Hepei AEubdced tab B7 Cekpr <3 M dut es,

and the engﬁtoxin concentration was neasured according to the reaction rate
met hod i REWhi cH & SHRVT baABe P& ARILE nAF GREPRSASuUr ¥ ft AaGH®F during the
incubatiﬁﬁ 1§? this reaction solution, the protein concentration of each of
the cul thré upernatants containing the factor C, factor B, and proclotting

enzyne “@§T§?O%%u [%M h kR%%SHreatm Q% b S%tfﬁ &eF§B%%nMé%gq 1o 8. AS
sow1taﬁ he Y4

ne
a result, it was I n cases ere Ctors expresse Yy t he

viral mephod ang Jised; kbec.absorpance change rate linearly increases within
the range of 0.001 to 0.10 EU ni as the concentrati on of endotoxin

i ncreases. [QA46he(3-2e MeasSHERRRH U451 NOhENAQLOX saBas Yl ERG tAQaNt 2
To the endot oxi n-neasuring agent 2 (freeze-dried product), 3.3 nL of 100 mV

Hepes buhéebrepd 7Arb) (Was-added, the di sselveetiie agent neka stshirsy sehstion,
the protein concentration of each of the culture supernatants containing -
t he factetu@ielact OisiBg ariclpr sollatttiiony samay redwae fabout £ 50t pgiiiion
through the hollow fiber membrane in (1-1-4) and each
solution sampled after filtration therethrough (3 lots)
in (1-1-4), the rate of increase in the absorbance (the
absorbance change rate) was measured in the same manner
as in the above (2-2), by adding endotoxin (USP-RSE) to a
final concentration of 0 or 0.05 EU/mL. |
[0111]

The results are shown in Fig. 7. 1In Fig. 7,
"unfiltered solution" means a solution remained in the
hollow fiber membrane cartridge without being filtered.
In the cases where each solution sampled after filtration
through the hollow fiber membrane was used, the degree of
activation of the proclotting enzyme was low when the
concentration of endotoxiﬁ was 0 EU/mL (in other words,
the blank value upon endotoxin measurement was low), and
that is, an excellent result was obtained. By contorast,
it was revealed that, in the cases where each solution
sampled before filtration through the hollow fiber

membrane ("before filtration”" or "unfiltered solution")

was used, the degree of activation of the proclotting



Into each well of a 96-well mcrotiter plate, 50 pL of an endotoxin
solution at a concentration of 0, 0.0005, 0.001, 0.005, 0.01, or 0.1 EUnL
was al i quuoed12/|dsa2650 pL 52 of the endot oxi n- neasuri ng PEGIRA2013/635028 on
prepared by dissolving the agent was added to the each well, followed by
m xing the resulting m xture. The m xtuyre was then incubated at 37C for 30
m nutes, and the endotoxin concentrati was neasured according to the
reaction rate nethod in which the absorbance at 405 nm was neasured wth
time during the incubation. In this reaction sol ution, thE protein

n

concent r@tF¥RCofagadht O EKENcdit frite stpefRaldnts EOMRLi Rtng the factor C
factor B n r.ocl ottin nzyne was_abou pg/ mL..[0117 The
results %?gogﬁ%\fw?’i nw}ﬁcég S.eaésg &% eaéﬁrlli'?gi gqﬁé‘g( sHowh®t HEP™ i n cases where

t he fact r.es tably expressing cell nmethod are used, the
absor ban%%agﬁ)é%glgl ?Tg?d‘aeg%(f%ggpﬁy increases within the range of 0.0005 to 0.1

EU mL as phepgoncentration of endotoxin increases. [0118] Based on the
above results, with either of the endotoxin-nmeasuring agents,

quantificatigp ebrendpi®xi Byatna GAnasenyrakpee sefifly 0041 EUiatkanvas possi bl e
within 30 m nutes. Further, with the endotoxi n-neasuring agent 2, endotoxin

at a coneenhbpat,i ahofddg 0085 cEUaHL Wast abhe offo the: neasul ed tiridhi n 30

m nutes. Thus, it was shown that the endotoxin-neasuring agents of the
present énvgnei dm ertedl easer efr dpikl /and sénsndoks sguant thiec atlizork of

endot oxi n conpared to the conventional nethods (by which the neasurenent

t akes novaluss uppan endobpxiandadrwurRnestiomasenst®t viey el 001 EU
has not been 53 achieved). Further, it was shown that, in either case, the
expr essell FREUSr $tHh dePH8EE SForCTa frehstRtAgraddniowsht kB¢ &l 1#¥ hout
purlflca%iggk filtration membrane (Fig. 4).

[0113]

From these results, it was shown that, while
filtration through a hollow fiber filtration membrane is
indispensable in cases where the Viralvmethod is used,
such filtration is not necessary in cases where the
stably expressing cell line method is used.

[0114]

Example 3: Measurement of Endotoxin Using Endotoxin-
Measuring Agent of Present Invention

(3-1) Measurement Using Endotoxin-measuring Agent 1

To the endotoxin-measuring agent 1 (freeze-dried
product), 3.3 mL of 100 mM Tris buffer (pH 8.0} was
added, to dissolve the»agent. In this solution, the
protein concentration of each of the culture supernatants
containing the factor C, factor B,.and proclotting enzyme
was about 60 pg/mL.

Into each well of a 96-well microtiter plate, 50 uL

of an endotoxin solution at a concentration of 0, 0.001,



[0119] Exanmple 4: Difference in Activity between Reconbi nant Factor C
Protein and Naturally Gccurring Factor C Protein (4-1) Purification of
Reconbi naWo 2PE¢t18226C Protein and Naturally COccurring Fa@CENIPRIFPHIZE n

By covalently bonding 2 ng of the anti-factor C anti body (2C12, which is
the sane as the one used above) to segHarose colum ImM (GE Heal thcare), 2
factor-C anti body col ums were prepared. The preparation was carried out
according to the nmethod described in the attached instructions. To 76 nL of
culture (;s(u(?er nat ar&t conlﬁTgriPni ng re onbi nant factor. C protein derived by the
stably ekp?essPhgcdi 1IEhEtholafhat VP preparfed B the SAnkNFrocess as
described in the above '(l-2- 22; Recovery of Reconbi nant, Pr atei n", .an_equal
amount  of “20" R ISHC btF P e IE 8??955 EORPaPRiITRG M R IH I orii e and
2 nmM EDT, ed t ' e.th ul rn t I \/

subj ect i%g\?%ggggsSqlatslon%é%lg{j.uiclgo%ht%o %ynéeﬁoﬁggﬁé %té)?tnlo?y(icgaiﬁwﬁgd{/i%%l ums.

Simlarl t ; act r e a a qual
anount o?h%ogﬁ%g%ﬁiﬁ-{é?{%ﬁg%%f (gﬁESF}%)@%aY%%ngh%lrﬁﬂolgbﬁlﬁ%%ﬁgﬁl %rt?‘de and

2 mM EDT#y nasradded o glitate bhe exid ashdoteklionwed hyestbhectinmng.dde
resulting dilution to the other of the factor-C antibody colums. The both
col ums mes sunashed selendi abl yha the 20t tbneaeh OfmEOhe¥ Tni sthidd HCL
buffer (pH 8.0) containing 200 nM or 450 mM sodi um chl ori de, and el ution
was t hentlcar abed routn ar tdt 500 MVingl waE shenbasheed pHth S)iméntorarlg 5 nl t ube
in which 0.025 nL of 1M Trizma base (Sigma) was prelimnarily placed, 1 nL
of each Ehet edctibadtion. walsh cohiecredctiion esatntilea pHlod Phetelat ed
solution to neutral. [0120] (4-2) Conparison of Concentration between
Puri fi ed FeeBRbBIFR&HCTAME Nad tifallfy [ uF F L R T Raci e X PF BRESNS The
eluted fractions of the purjfied reconbinanpt and naturally_ occurring factor
C pr ot ei P her 8106 Ets et? £6°%efar dctc"’lcoEOByBF)- 36 F1% ?§¥éﬁ19d§rbze\f €

hor es Ou&urgq)er n%lli‘reduci ng conditions) in the presence of SDS. In
this process, "purifi ed' oV e serum al bumi n (=BSA) whose concentration is
known waﬁoﬂg? subj ected to separation on the sanme gel as sanples for
concentration reference (Fig. 10). The intensities of BSA bands on the gel
stai ned wit hyfeorassile Pratéi aabuhl uey werg, quant hi ed \iddn @, depsienet er,
and plotted against the concentrations O the BSA protein, to prepare a
cal i bratswowgutwet(Fith ddsesBasedoOnliderband isnteansiésesdobyt henpurified
factor C proteins and the calibration curve, the concentrations of the-
purifiedviasiome€Chprdterasusede apm cddsarbdnchs charesel tatiet was reveal ed
that, as for the purified sanples, the naturally occurring factor C protein
had aboutidegirdys itvercodpeenwighiion die t hengecorfbithah@ 1l f det Or. 1© prot ei n.
[0121]

el ectrophoresis

EU/mL as the concentration of endotoxin increases.
[0116]
(3-2) Measurement Using Endotoxin-measuring Agent 2

To the endotoxin-measuring agent 2 (freeze-dried
product), 3.3 mL of 100 mM Hepes buffer (pH 7.6) was
added, to dissolve the agent. 1In this solution, the
protein concentration of each of the culture supernatants
containing the factor C, factor B, and proclotting enzyﬁe
was about 60 pg/mL.

Into each well of a 96-well microtiter plate, 50 uL
of an endotoxin solution at a concentration of 0, 0.0005,

0.001, 0.005, 0.01, or 0.1 EU/mL was aliquoted, and 50 uL



55 (4-3) Conparison of Activity between Purified Reconmbi nant and Naturally
Cccurring Factor C Proteins A conpari son of the activity was made
usi ng t hevpup14i1826r econbi nant and natural ly occurring PEEUIBR01ZOIHTZA ei ns.
In this conparison, the protein concentration was equal i zed between the
purified factor Cs based on the results of (4-2). Into each well of a
96-well mcrotiter plate, 50 pL of anv#ndotoxin solution at a concentration
of 0, 0.05, 0.1, or 0.5 EUnL was aliquoted. Reagents and culture

supernata ts, were added, to the each well such _that 50 mM Tris buffer (pH

8.0), 0.2 phPALSPAIFIE TREESHIETT ASFRAT 861y AAN p%%@ﬁﬁg&f %ﬁﬂ of
cul ture er atant contalnln t he t fact.or n onbi nant
o T hESRRuRY i I e IS ERe iR il ufa i FATed
Tl ARl A
e B T R T FY 8

vol une was a i on of water i njection.” The

reacti 0nl§9h55‘t%’31 Was weeb%%d Rt miffuf s, 39n@ ﬁ&aswaego&% anal ysi s was

carried out according to the reaction rate’ metho I ch the absorbance

at 405 ngpmesniRasurad whshmbbER yEH i Decbhaingculati g, rEQE23lon ratds a
result, it was revealed that the purified reconbinant factor C protein had

about tvmeehbhelzmctwh/ict}y dhet e spubdned aat una Inm ocgsr e ufraat or C
protein (Fig. 12). The above results suggest that the reconbinant factor C
has a higheh $pes fdwrawgi vhey intarbd heonat ukal Ehiscawaecngohactor C. 56

solution, the protein concentration of each of the

culture superﬂatants containing the factor C, factor B,

and proclotting enzyme was about 30 pg/mL.

[0117]

The results are shown in Fig. 9. As a result, it was
shown that, in cases where the factors expressed byvthe
stably expressing cell method are used, the absorbance
change rate linearly increases within the range of 0.0005
to 0.1 EU/mL as the concentration of endotoxin increases.
[0118]

Based on the above fesults, with either of the
endotoxin-measuring agents, gquantification of endotoxin
at a concentration of 0.001 EU/mL was possible within 30
minutes. Further, with the endotoxin-measuring agent 2,
endotoxin at a concentration of 0.0005 EU/mL was able to
be measured within 30 minutes. Thus, it was shown that
the endotoxin-measuring agents of the present invention
enable more rapid and sensitive quantification of
endotoxin compared to the conventional methods (by which

the measurement takes not less than 1 hour, and the

detection sensitivity of 0.001 EU/mL has not been



| NDUSTRI AL APPLI CABI LI TY [0123] By the present invention, endotoxin
can be rapidly and highly sensitively neasured. Further, by the present

i nvent i orlvO20128182260xi n- neasuri ng agent can be sinply aRE@TARMIADPIS7P¥ oduced
at a low cost. Therefore, the present invention can be extrenely
effectively used for detection of endqQtoxin. [0124] DESCRI PTI ON OF SEQUENCE
LI STI NG SEQ I D NO 1DNA sequence of factor C gene of Japanese horseshoe crab
SEQ I D NO 2Am no acid sequence of factor C of Japanese horseshoe crab SEQ

| D NO 3DNA se uence of factor ene of Japanese
achieg Further, E%gwas show that, in either case,

the expressed factors can be used for a measuring agent
as they are without purification.
[0119]
Example 4: Difference in Activity between Recombinant
Factor C Protein and Naturally Occurring Factor C Protein
(4-1) Purification of Recombinant Factor C Protein and
Naturally Occurring Factor C Protein

By covalently bonding 2 mg of the anti-factor C
antibody (2Cl12, which is the same as the one used above)
to sepharose column 1lml (GE Healthcare), 2 factor-C
antibody columns were prepared. The preparation was
carried out according to the method described in the
attached instructions. To 76 mL of culture supernatant
containing recombinant factor C protein derived by the
stably expressing cell method that was prepared by the
same process as described in the above " (1-2-2) Recovery
of Recombinant Protein", an equal amouht of 20 mM Tris-
HC1l buffer (pH 8.0) containing 2 M sodium chloride and 2
mM EDTA was added to dilute the culture supernatant,
followed by subjecting the resulting dilution to one of
the factor-C antibody columns. Similarly, to 76 mL of an
extract of horseshoce crab blood ceils, an equal amount of
20 mM Tris-HC1l buffer (pH 8.0) containing 2 M sodium
chloride and 2 mM EDTA was added to dilute the extract,
followed by subjecting the resulting dilution to the
other of the factor-C antibody columns. The both columns

were washed sequentially with 20 mL each of 20 mM Tris-



hor seshoe crab SEQ I D NO 4Am no acid sequence of factor B of Japanese
hor seshoe crab SEQ | D NO 5DNA sequence of proclotting enzyne gene of
Japanese wonsesheraecrab SEQ | D NO 6Am no aci d sequence etCTpezaboistrzang
enzynme of Japanese horseshoe crab SEQ I D NO 7DNA sequence of

Hi s-tag-
whose

attached factor C gene SEQ | DsuQ 8DNA sequence of factor B gene

HC1 buffer (pH 8.0) containing 200 mM or 450 mM sodium
chloride, and elution was then carried out with 50 mM
glycine buffer (pH 2.5). Into a 1.5 mL tube in which
0.025 mL of 1M Trizma base (Sigma) was preliminarily
placed, 1 mL of each eluted fraction was collected, to
return the pH of the eluted solution to neutral.
[0120] i}
(4-2) Comparison of Concentration between Purified
Recombinant and Naturally Occurring Factor C Proteins

The eluted fractions of the purified recombinant and
naturally occurring factor C proteins were subjected to
separation by 5-20% polyacrylamide gel electrophoresis
(under non-reducing conditions) in the presence of SDS.
In this process, purified bovine serum albumin (=BSA)
whose concentration is known was also subjected to
separation on the same gel as samples for concentration
reference (Fig. 10). The intensities of BSA bands on the
gel stained with Coomassie brilliant blue were quantified
with a densitometer, and plotted against the
concentrations of the BSA protein, to prepare a
calibration curve (Fig. 11). Based on the band
intensities of the purified factor C proteins and the
calibration curve, the concentrations of the purified
factor C proteins were approximated. As a result, it was
revealed that, as for the purified samples, the naturally
occurring factor C protein had about 4 times the
concentration of the recombinant factor C protein.

[0121]



codons are optim zed for expression in insect cells SEQ ID NO 9DNA sequence
of proclotting enzyne gene WD 2012/118226PCT1JP20121055728 57 whose codons
are opti nveed1d1as22expression in insect cells SEQ | D NO POPAP2ER/035G28
preparation of Hi s-tag-free factor C gene SEQ I D NO 11Primer for
preparation of H s-tag-free factor C %%ne SEQ I D NO 12Pepti de sequence

(4-3) Comparison of Activity between Purified Recombinant
and Naturally Occurring Factor C Proteins

A comparison of the activity was made using the
purified recombinant and naturally occurring factor C
proteins. 1In this comparison, the protein concentration
was equalized between the purified factor Cs based on the
results of (4—2). Into each well of a 96-well microtiter
plate, 50 pL of an endotoxin solution at a concentration
of 0, 0.05, 0.1, or 0.5 EU/mL was aliquoted. Reagents
and culture supernatants were added to the each well such
that 50 mM Tris buffer (pH 8.0), 0.2 pg/mL purified
factor C protein, 30 pg/mL protein of each of culture
supernatants containing the recombinant factor B and
recombinant proclotting enzyme, and 0.3 mM of the
synthetic substrate Boc-Leu-Gly-Arg-pNA were contained in
the reaction solution, whose total volume was adjusted to
100 ulL by addition of water for injection. The reaction
solution was incubated at 37°C for 30 minutes, and the
analysis was carried oﬁt according to the reaction rate
method in which the absorbance at 405 nm was measured
with time during the incubation.

[0122]

As a result, it was revealed that the purified
recombinant factor C protein had about twice the activity
of the purified naturally occurring factor C protein
(Fig. 12). The above results suggest that the
recombinant factor C has a higﬂer specific activity than

the naturally occurring factor C.



WO 2012/ 118226PCT1JP20121055728 58 CLAI M5 1. An endot oxi n-measuri ng agent
conprising the proteins (1) to (3) below, each of which is a reconbi nant
prot ei n oNO2RAIBR6bY bei ng expressed using insect cell $CATPZIYOTIT28

(1) a factor C derived from Tachypl eus tridentatus, which factor C does not
have Hi s-tag sequence at the C—terning%é (2) a factor B of a

hor seshoe crab; and (3) a procl ing enzyne of a horseshoe crab. 2.
The neasuring agent according to claiml1l, wherein said factor B and said
proclotting enzyne are derived from Tachypleus tridentatus. 3.. The
measuring agent according to claiml or 2, wherein said factor Cis the

Bnd e o SPRRRBTA dTRRRRIETee Drotein (B or (B below oo
[0123]

By the present invention, endotoxin can be rapidly
and highly sensitively measured. Further, by the present
invention, an endotoxin-measuring agent can be simply and
rapidly produced at a low cost. Therefore, the present
invention can be extremely effectively used for detection
of endotoxin.

[0124]

DESCRIPTION OF SEQUENCE LISTING

SEQ ID NO:1 DNA sequence of factor C gene of Japanese
horseshoe crab

SEQ ID NO:2 Amino acid sequence of factor C of
Japanese horseshoe crab

SEQ ID NO:3 DNA sequence of factor B gene of Japanese
horseshoe crab

SEQ ID NO:4 Amino acid sequence of factor B of
Japanese horseshoe crab

SEQ ID NO:5 DNA sequence of proclotting enzyme gene
of Japanese horseshoe crab

SEQ ID NO:6 Amino acid sequence of proclotting enzyme

of Japanese horseshoe crab

SEQ ID NO:7 DNA sequence of His-tag-attached factor C
gene
SEQ ID NO:8 DNA sequence of factor B gene whose

codons are optimized for expression in insect cells

SEQ ID NO:9 DNA sequence of proclotting enzyme gene



(A) a protein conprising the am no acid sequence shown in SEQ ID NO 2;

(B) a protein conprising the am no acid sequence shown in SEQ I D NO 2 but
whi ch i ncWOder/dgsazsti tuti on, deletion, insertion, or ad@CTiJemwi1dNssGre or
several am no acid residues, which protein has factor C activity; (O
a protein conprising the amno acid s 3uence shown in SEQ ID NO 4; 59

(D) a protein conprising the anino aci®d sequence shown in SEQ I D NO 4 but
whi ch includes substitution, deletion, insertion, or addition of one or
sever al ‘%rr]n no aci d residues, which protein has factor B activi ty; (E)

a_pr ot ei A EBRpFPSM tHeS afPhoTdESH skelieREBISRSHPT N SEPPBNO B3 L 1S

(F) a pr |ng he am oamdseuenceso SEQ.1 D NO 6 but
whi ch i n%#@dgg g]gig qst ut i ornlmedlél E?Foﬁreprf’sre %13h, © \{ﬁ(ﬁﬂ%?%ﬁ 5Fone or
sever al ﬁ%gg a%l eél dues, which protein has proclotting enzyne activity.
4. A et or pro duci ng the measuri ng agent accor ding to any one of

claim 1st§ 3p e et ho%ﬁ%@flfb t&%%@@f({é t@u(s@tQ Lowe e D(Nﬁ? a

step of 1 ncorporating each o e ow into a viral
factor C gene

SEQ ID NO:12 Peptide sequence



(1) a DNA encoding a factor C derived from Tachypl eus tridentat us,
C does not have His-tag sequence at the C-term nus;

DNA encodwfigor/figz2bor B of a horseshoe crab; and PCT/IPHBY/0FHTBNA
encodi ng a proclotting enzyne of a horseshoe crab;

f act or

infecting insect cells with the virus _into which said each DNA was

i ncor por at ed; and (C a step of M owi ng the insect cells infected

with said each virus to express the protein encoded by said WO

2012/ 118226PCT1JP20121055728 60 each_DNA. 5. A nethod for producing the

measuring agent according to any onel&f M ains 1 to 3, the method

conprising the steps (A to (C bel ow (A) a step of incorporating

each of the DNAs (1) to (3) belowinto a vector:

1. An endotoxin-measuring agent comprising the proteins
(1) to (3) below, each of which is a recombinant protein
obtainable by being expressed using insect cells as a
host:

(1) a factor C derived from Tachypleus tridentatus,
which factor C does not have His-tag sequence at the C-
terminus;

(2) a factor B of a horseshoe crab; and

(3) a proclotting enzyme of a horseshoe crab.

2. The measuring agent according to claim 1, wherein
said factor B and said proclotting enzyme are derived

from Tachypleus tridentatus.

3.. The measuring agent according to claim 1 or 2,
wherein said factor C is the protein (A) or (B) below;
said factor B is the protein (C) or (D) below; and said
proclotting enzyme is the protein (E) or (F) below:

(A) a protein comprising the amino acid sequence
shown in SEQ ID NO:2;

(B) a protein comprising the amino acid sequenée
shown in SEQ ID NO:2 but which includes substitution,
deletion, insertion, or addition of one or several amino
acid residues, which_protein has factor C activity:

(C) a protein comprising the amino acid sequence

shown in SEQ ID NO:4;

(B) a step of

whi ch
(2) a



(1) a DNA encoding a factor C derived from Tachypl eus tridentatus, which

factor C does not have His-tag sequence at the C-term nus; (2) a
DNA encodwogoe/fiszsor B of a horseshoe crab; and PCT/JP103)/055723NA
encoding a proclotting enzynme of a horseshoe crab; (B) a step of

i ntroducing the vector, into which said each DNA was incorporated, into
insect cells t incorporate said each BRA into the chronosone of the insect
cells; and (C a step of allowing the insect cells, into which said
each DNA was incorporated, to express the protein encoded by sai d each DNA.
6. The net hodDéc@oﬁﬁQibe%@ ePRPHM1f Igrg Stheherdine g od DRAJEREGE ng factor C

is the DNA (A) .or bel ow, said DNA encoding factor Bis the DNA (C) or
(D) bel o%&lo‘éﬂ&idlé?alsdE eN@oél Ry oroet 68t LRG LPRAES RRSEREUBNEOYE) or (F)

bel ow. (A a, DNA conpri sj ngthe nuc gotldesqence shown in_ 61 SEQID
NO. 1: letlon, insertidn, or a £ion © ne or several amino

acid residues, which protein has factor B activity;

(E) a protein comprising the amino acid sequence
shown in SEQ ID NO:6;

(F) a protein comprising the amino acid sequence
shown in SEQ ID NO:6 but which includes substitution,.
deletion, insertion, or addition of one or several amino
acid residues, which protein has proclotting enzyme

activity.

4. A method for producing the measuring agent according
to any one of claims 1 to 3, the method comprising the
steps (A) to (C) below:

(A) a step of incorporating each of the DNAs (1) to
(3) below into a wviral DNA:

(1) a DNA encoding a factor C derived from
Tachypleus tridentatus, which factor C does not have His-
tag sequence at the C-terminus;

(2) a DNA encoding a factor B of a horseshoe
crab; and

(3) a DNA encoding a proclotting enzyme of a
horseshoe crab;

(B) a step of infecting insect cells with the virus
‘into which said each DNA was incorporated; and
(C) a step of allowing the insect cells infected with

said each virus to express the protein encoded by said



(B) a DNA which hybridizes with the conpl enentary sequence of the ful

| ength or a part of the nucl eotide sequence shown in SEQ ID NO 1 under

st ri ngentwoap/11B22as, and encodes a protein having fact @8TIP2dLNDINTLYy.

(C a DNA conprising the nucl eotide sequence shown in SEQ ID NGO 3 or 8;

(D) a DNA which hybridizes with the ¢ | ementary sequence of the ful

|l ength or a part of the nucleotide'se%ggnce shown in SEQ I D NO 3 or 8 under
stringent conditions, and encodes a protein having factor B activity.

(E) a DNA conmprising the nucleotide sequence shown in SEQID NGO 5 or 9;

(F) a EWE@%B?BHAhybridizes with the conpl enentary sequence of the ful

| ength or a part of the nucl eotide sequence shown in SEQ ID NO5 or 9 under
stringent conditions, and encodes a protein having proclotting enzyne

actiVItys  Ta PGERENPEdor, pEASUNIN0 SNIOLOXLN. T P Jesl, saplc, ihe method

conprising a stép o e “Mmedsur i g agent “accordi| 0 ‘any o
Cascade ToaztVoR™® B The METhed ‘Secot d g 18 a8 e D hhT R oy ses a
step of addihpg (a)subkstr@f epkobwdet ection of progress of WO

2012/ 118226PCT1JP20121055728 62

(A) a step of incorporating each of the DNAs (1) to
(3) below into a vector;

(1) a DNA encoding a factor C derived from
Tachypleus tridentatus, which factor C does not have His-
tag sequence at the C-terminus;

(2) a DNA enching a factor B of a horseshoe
crab; and

(3) a DNA encoding a proclotting enzyme of a
horseshoe crab;

(B) a step of introducing the vector, into which said
each DNA was incorporated, into insect cells to
incorporate said each DNA into the chromosome of the
insect cells; and

(C) a step of allowing the insect cells, into which

said each DNA was incorporated, to express the protein

encoded by said each DNA.

6. The method according to claim 4 or 5, wherein said

DNA encoding factor C is the DNA (A) or (B) below; said
DNA encoding factor B is the DNA (C) or (D) below; and

said DNA encoding proclotting enzyme is the DNA (E) or

(F) below:

(A) a DNA comprising the nucleotide sequence shown in



cascade reaction to a reaction system 9. The nethod according to claim S8,
whi ch further conprises a step of calculating the endotoxin |evel in the
test sanpWe 20r/tiBR6basi s of reaction of said substrate. PCT/JP2012/055728

61

SEQ ID NO:1;

(B) a DNA which hybridizes with the complementary
sequence of the full length or a part of the nucleotide
sequence shown in SEQ ID NO:1 under stringent conditions,
and encodes a protein having factor C activity.

(C) a DNA comprising the nucleotide sequence shown in
SEQ ID NO:3 or 8;

(D) a DNA which hybridizes with the complementary
sequence of the full length or a part of the nucleotide
sequence shown in SEQ ID NO:3 or 8 under stringent
conditions, and encodes a protein having factor B
activity.

(E) a DNA comprising the nucleotide sequence shown in
SEQ ID NO:5 or 9;

(F) a DNA which hybridizes with the complementary
sequence of the full length or a part of the nucleotide
sequence shown in SEQ ID NO:5 or 9 under stringent
conditions, and encodes a protein having proclotting

enzyme activity.

7. A method for measuring endotoxin in a test sample,
the method comprising a step bf mixing the measuring
agent according to any one of claims 1 to 3 with the test
sample and a step of measuring progress of cascade

reaction.

8. The method according to claim 7, which comprises a

step of adding a substrate for detection of progress of



WO 2012/118226 PCT/JP2012/055728
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cascade reaction to a reaction system.

9. The method according to claim 8, which further
comprises a step of calculating the endotoxin level in
the test sample on the basis of reaction of said

substrate.



