Description

Novel Recombinant Factor C and Method for Producing

and Method for Measuring Endotoxin

Technical Field
[0001]

The present invention relates to a novel recombina
Factor C, to a method for producing the recombinant

and to a method for measuring endotoxin.

Background Art
[0002]

Endotoxin is a lipopolysaccharide which is present
the outer membrane of Gram-negative bacteria and is
a strong pyrogen. It is also known that even a ver
amount of endotoxin causes various pathological con
via bacterial infection. Such conditions include n
fever but also release of an inflammatory cytokine
concomitant with activation of macrophages, inducti
endotoxin shock, and the like. Therefore, detectio
endotoxin is essential in pharmaceutical products s
injection, water, medical devices, and the like. F
another aspect, endotoxin is a conceivable main cau
shock involved in an infection with a Gram-negative
Thus, the presence of infection and a therapeutic e

be determined through a blood endotoxin analysis.
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[0003]

Meanwhile, it has been known that the American

horseshoe crab ( Li mul us pol yphenus) undergoes blood clotting

when it is infected with a Gram-negative bacterium.
phenomenon has been conventionally employed for the
of endotoxin.

[0004]

Specifically, there is known a method for measurin
endotoxin by use of a hematocyte extract of a horse
(i.e. an amebocyte lysate of a horseshoe crab, here
also referred to simply as a lysate) (see, for exam
Patent Document 1). This method is called a "limul
which employs a cascade reaction of a variety of pr
present in the lysate, which reaction occurs via co
between endotoxin and the lysate. Fig. 1 shows the
the cascade reaction.

[0005]

When endotoxin comes into contact with the lysate,
Factor C, which is a serine protease zymogen presen
lysate, is activated to thereby form activated Fact
thus-formed activated Factor C activates Factor B p
the lysate, to thereby form activated Factor B. Th
formed activated Factor B activates Pro-clotting en
present in the lysate, to thereby form a correspond
Clotting enzyme.

[0006]

The Clotting enzyme hydrolyzes a specific site of
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coagulogen molecule present in the lysate, thereby
gel is formed, and thus the lysate is coagulated.
endotoxin can be measured through measuring the lys
coagulation reaction.

[0007]

Alternatively, endotoxin may also be measured thro
coloring reaction between the Clotting enzyme and a
substrate. For example, the Clotting enzyme acts o
butoxycarbonyl-leucyl-glycyl-arginyl-pNA (Boc-Leu-G
pNA), which is a synthetic substrate, to hydrolyze
bonds thereof, and thereby pNA is released. Thus,
synthetic substrate has been added to the reaction
endotoxin can be measured through measuring the abs
(at 405 nm) of the coloring substance (pNA).

[0008]

Furthermore, it is known that a cascade reaction s
can be reconstituted by use of Factor C, Factor B,
clotting enzyme, which are purified from a lysate o
Japanese horseshoe crab (Non-Patent Document 2).
[0009]

However, for using such a lysate, or Factor C, Fac
and Pro-clotting enzyme purified from the lysate, h
crabs must be caught and blood must be recovered th
Hence, from the viewpoint of protection of biologic
resources, difficulty is encountered in supply of s
ingredients in an inexhaustible manner. Under such

circumstances, there is demand for a technique that
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produce these ingredients by genetic engineering, t o thereby
reconstitute a cascade reaction system.
[0010]

For example, there is known a case where Factor C,

Factor B, and Pro-clotting enzyme were expressed in insect
cells as host cells, to thereby reconstitute a casc ade
reaction system (Patent Documents 1 and 2). Howeve r, it has
been reported that since the reconstituted system c ontains
sodium chloride, magnesium sulfate, or calcium chlo ride in
the reaction system, the cascade reaction is suppre ssed

(Patent Document 1).

[0011]

Alternatively, there is known a case of using mamm alian
cells as host cells, wherein Factor C derived from the
Singaporean horseshoe crab (Car ci noscor pi us rotundi cauda) was
expressed in COS-1, which is a cell line derived fr om African
green monkey kidney cells, as host cells. However, it has
been reported that when COS-1 was used as a host, t he
expressed Factor C was insoluble (Non-Patent Docume nts 3 and
4). That is, there has never been known a case whe re
functional Factor C is produced using mammalian cel Is as host
cells.

Prior Art Documents
Patent Documents
[0012]
Patent Document 1: WO 2008/004674, pamphlet



Patent Document 2: WO 2012/118226, pamphlet

Non-Patent Documents

[0013]

Non-Patent Document 1: Iwanaga S., Curr. Opin. Imm unol.
Feb; 5(1): 74-82 (1993)

Non-Patent Document 2: Nakamura T., et al ., J. Biochem.
Mar; 99(3): 847-57 (1986)

Non-Patent Document 3: Roopashree S. Dwarakanath, et
al ., Biotechnology letters 19(4): 357-361 (1997)

Non-Patent Document 4: Jing Wang, Bow Ho and Jeak L.
Ding, Biotechnology letters 23: 71-76 (2001)
Summary of the Invention
Problems to be Solved by the Invention
[0014]

An object of the present invention is to provide a
novel recombinant horseshoe crab Factor C, and a me thod for
producing the recombinant Factor C.
[0015]

Meanwhile, injections to be administered in vivo
generally contain a variety of salts (ions). In pr oduction
of such injections, detection of endotoxin is oblig ated by
the pharmacopoeia of the relevant country. Under s uch
circumstances, in an aspect, another object of the present
invention is to provide a reconstituted cascade rea ction
system which is not susceptible to reaction inhibit ion even

in the presence of a salt (ion).



Means for Solving the Problems
[0016]

The present inventors have found that a recombinan
horseshoe crab Factor C can be produced by use of h
or Chinese hamster cells as host cells, and that en
can be measured by use of the thus-produced recombi
Factor C while reaction inhibition in the presence
(ion) is mitigated. The present invention has been
accomplished on the basis of these findings.
[0017]

Accordingly, the present invention encompasses the
following modes.
[1]

A horseshoe crab Factor C having activity of Facto
[1.1.1]

The above-described Factor C, which contains siali
acid.
[1.1.2]

The above-described Factor C, which contains (
linked terminal sialic acid.
[1.1.3]

The above-described Factor C, which contains (
linked terminal sialic acid in a greater amount, as
with a native Factor C.
[1.1.4]

The above-described Factor C, which contains (
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linked terminal sialic acid in a greater amount, as compared
with a horseshoe crab Factor C expressed in Sf9 as a host
cell.
[1.1.5]

The above-described Factor C, which exhibits a hig her
reactivity in lectin blotting by use of Maacki a amurensi s

agglutinin, as compared with a native Factor C.

[1.1.6]

The above-described Factor C, which exhibits a hig her
reactivity in lectin blotting by use of Maacki a amurensi s
agglutinin, as compared with a horseshoe crab Facto rC

expressed in Sf9 as a host cell.

[1.2.1]

The above-described Factor C, which exhibits a res idual
activity of 10% or higher in the presence of 21 mM sodium
citrate.

[1.2.2]

The above-described Factor C, which exhibits a res idual
activity of 20% or higher in the presence of 21 mM sodium
citrate.

[1.2.3]

The above-described Factor C, which exhibits a res idual
activity of 25% or higher in the presence of 52 mM sodium
hydrogencarbonate.

[1.2.4]
The above-described Factor C, which exhibits a res idual

activity of 35% or higher in the presence of 52 mM sodium



hydrogencarbonate.
[1.2.5]

The above-described Factor C, which exhibits a res
activity of 25% or higher in the presence of 214 mM
chloride.

[1.2.6]

The above-described Factor C, which exhibits a res
activity of 35% or higher in the presence of 214 mM
chloride.

[1.2.7]

The above-described Factor C, which exhibits a res
activity of 15% or higher in the presence of 16 mM
Sulfate.

[1.2.8]

The above-described Factor C, which exhibits a res
activity of 25% or higher in the presence of 16 mM
sulfate.

[1.2.9]

The above-described Factor C, which exhibits a res
activity of 35% or higher in the presence of 2.5 mM
chloride.

[1.2.10]

The above-described Factor C, which exhibits a res
activity of 45% or higher in the presence of 2.5 mM
chloride.

[1.2.11]

The above-described Factor C, which exhibits a hig
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residual activity in the presence of 21 mM sodium ¢
compared with a horseshoe crab Factor C expressed i
host cell and/or a native Factor C.

[1.2.12]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 52 mM sodium
hydrogencarbonate, as compared with a horseshoe cra
expressed in Sf9 as a host cell and/or a native Fac
[1.2.13]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 214 mM sodium
as compared with a horseshoe crab Factor C expresse
as a host cell and/or a native Factor C.

[1.2.14]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 16 mM magnesiu
as compared with a horseshoe crab Factor C expresse
as a host cell and/or a native Factor C.

[1.2.15]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 2.5 mM calcium
as compared with a horseshoe crab Factor C expresse
as a host cell and/or a native Factor C.

[1.3.1]

The Factor C, which is a protein shown in the foll

(A), (B), (C), or (D):

(A) a protein comprising the amino acid sequence s

itrate, as

n Sf9 as a
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in SEQ ID NO: 2;

(B) a protein comprising the amino acid sequence s
in SEQ ID NO:2 but which includes substitution, del
insertion, or addition of one or several amino acid
and having activity of Factor C;

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

(D) a protein comprising the amino acid sequence s
in SEQ ID NO:4 but which includes substitution, del
insertion, or addition of one or several amino acid
and having activity of Factor C.

[1.3.2]

The Factor C, which is a protein shown in the foll
(A) or (B):

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

(B) a protein comprising the amino acid sequence s
in SEQ ID NO:2 but which includes substitution, del
insertion, or addition of one or several amino acid
and having activity of Factor C.

[1.4]

The above-described Factor C, which is a recombina

protein.

[1.5.1]

The above-described Factor C, which has a molecula

weight of 115 kDa to 140 kDa, as measured through S

under a non-reducing condition.
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[1.5.2]

The above-described Factor C, which has a molecula
weight of 115 kDa to 130 kDa, as measured through S
under a non-reducing condition.

[1.5.3]

The above-described Factor C, which has a molecula
weight of 120 kDa to 130 kDa, as measured through S
under a non-reducing condition.

[1.5.4]

The above-described Factor C, which has a molecula
weight of 120 kDa to 128 kDa, as measured through S
under a non-reducing condition.

[1.5.5]

The above-described Factor C, which has a molecula
weight of 127 kDa + 5 kDa, as measured through SDS-
a non-reducing condition.

[1.5.6]

The above-described Factor C, which has a molecula
weight of 128 kDa + 2 kDa, as measured through SDS-
a non-reducing condition.

[1.5.7]
The above-described Factor C, which has a molecula
weight of 127 kDa + 2 kDa, as measured through SDS-
a non-reducing condition.
[1.5.8]
The above-described Factor C, which has a molecula

weight of 126 kDa + 2 kDa, as measured through SDS-
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a non-reducing condition.
[1.5.9]

The above-described Factor C, which has a molecula
weight of 127 kDa + 1 kDa, as measured through SDS-
a non-reducing condition.
[1.6]

The above-described Factor C, which is water-solub
[1.7]

The above-described Factor C, which is a culture
supernatant containing Factor C.
[1.8]

The above-described Factor C, which has the follow
characteristics (1) to (3):

(1) having activity of Factor C;

(2) having a molecular weight of 115 kDa to 130 kD
measured through SDS-PAGE under a non-reducing cond

(3) exhibiting a residual activity of 10% or highe
the presence of 21 mM sodium citrate.
[2]

A method for producing a horseshoe crab Factor C,
method comprising expressing the horseshoe crab Fac
mammalian cell as a host cell.

[2.1.1]

The above-described method, wherein the mammalian

is a mammalian cell other than COS-1.

[2.1.2]

The above-described method, wherein the mammalian
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is a cell of a mammal selected from the group consi
primate and a rodent.
[2.1.3]

The above-described method, wherein the mammalian
is a primate cell.
[2.1.4]

The above-described method, wherein the mammalian
is a rodent cell.
[2.1.5]

The above-described method, wherein the mammalian
is a cell of a mammal selected from the group consi
primate and a rodent, other than monkey.
[2.1.6]

The above-described method, wherein the mammalian
is a Chinese hamster cell or a human cell.
[2.1.7]

The above-described method, wherein the mammalian
is a Chinese hamster cell.
[2.1.8]

The above-described method, wherein the mammalian
Is a human cell.
[2.1.9]

The above-described method, wherein the mammalian
is CHO or HEK.
[2.1.10]

The above-described method, wherein the mammalian

is CHO.
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[2.1.11]

The above-described method, wherein the mammalian cell
is HEK.
[2.1.12]

The above-described method, wherein the mammalian cell

iIs CHO DG44 or HEK293.

[2.1.13]

The above-described method, wherein the mammalian cell
is CHO DG44.
[2.1.14]

The above-described method, wherein the mammalian cell
is HEK293.
[2.2.1]

The above-described method, wherein the Factor C i sa
protein shown in the following (A), (B), (C), or (D ):

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

(B) a protein comprising the amino acid sequence s hown
in SEQ ID NO:2 but which includes substitution, del etion,
insertion, or addition of one or several amino acid residues,

and having activity of Factor C;

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

(D) a protein comprising the amino acid sequence s hown
in SEQ ID NO:4 but which includes substitution, del etion,
insertion, or addition of one or several amino acid residues,

and having activity of Factor C.
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[2.2.2]

The above-described method, wherein the Factor C i
protein shown in the following (A) or (B):

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

(B) a protein comprising the amino acid sequence s
in SEQ ID NO:2 but which includes substitution, del
insertion, or addition of one or several amino acid
and having activity of Factor C.

[3]

A horseshoe crab Factor C producible by the above-
described method.
[3.1]

The above-described Factor C, which has activity o
Factor C.

[3.2.1]

The above-described Factor C, which contains siali
acid.
[3.2.2]

The above-described Factor C, which contains (
linked terminal sialic acid.
[3.2.3]

The above-described Factor C, which contains (
linked terminal sialic acid in a greater amount, as
with a native Factor C.

[3.2.4]

The above-described Factor C, which contains (

Sa
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linked terminal sialic acid in a greater amount, as compared
with a horseshoe crab Factor C expressed in Sf9 as a host
cell.
[3.2.5]

The above-described Factor C, which exhibits a hig her
reactivity in lectin blotting by use of Maacki a amurensi s

agglutinin, as compared with a native Factor C.

[3.2.6]

The above-described Factor C, which exhibits a hig her
reactivity in lectin blotting by use of Maacki a amurensi s
agglutinin, as compared with a horseshoe crab Facto rC

expressed in Sf9 as a host cell.

[3.3.1]

The above-described Factor C, which exhibits a res idual
activity of 10% or higher in the presence of 21 mM sodium
citrate.

[3.3.2]

The above-described Factor C, which exhibits a res idual
activity of 20% or higher in the presence of 21 mM sodium
citrate.

[3.3.3]

The above-described Factor C, which exhibits a res idual
activity of 25% or higher in the presence of 52 mM sodium
hydrogencarbonate.

[3.3.4]
The above-described Factor C, which exhibits a res idual

activity of 35% or higher in the presence of 52 mM sodium
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hydrogencarbonate.
[3.3.5]

The above-described Factor C, which exhibits a res
activity of 25% or higher in the presence of 214 mM
chloride.

[3.3.6]

The above-described Factor C, which exhibits a res
activity of 35% or higher in the presence of 214 mM
chloride.

[3.3.7]

The above-described Factor C, which exhibits a res
activity of 15% or higher in the presence of 16 mM
Sulfate.

[3.3.8]

The above-described Factor C, which exhibits a res
activity of 25% or higher in the presence of 16 mM
sulfate.

[3.3.9]

The above-described Factor C, which exhibits a res
activity of 35% or higher in the presence of 2.5 mM
chloride.

[3.3.10]

The above-described Factor C, which exhibits a res
activity of 45% or higher in the presence of 2.5 mM
chloride.

[3.3.11]

The above-described Factor C, which exhibits a hig
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residual activity in the presence of 21 mM sodium ¢
compared with a horseshoe crab Factor C expressed i
host cell and/or a native Factor C.

[3.3.12]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 52 mM sodium
hydrogencarbonate, as compared with a horseshoe cra
expressed in Sf9 as a host cell and/or a native Fac
[3.3.13]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 214 mM sodium
as compared with a horseshoe crab Factor C expresse
as a host cell and/or a native Factor C.

[3.3.14]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 16 mM magnesiu
as compared with a horseshoe crab Factor C expresse
as a host cell and/or a native Factor C.

[3.3.15]

The above-described Factor C, which exhibits a hig
residual activity in the presence of 2.5 mM calcium
as compared with a horseshoe crab Factor C expresse
as a host cell and/or a native Factor C.

[3.4]

The above-described Factor C, which is a recombina

protein.

[3.5.1]

itrate, as

n Sf9 as a

her

b Factor C

tor C.
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The above-described Factor C, which has a molecula
weight of 115 kDa to 140 kDa, as measured through S
under a non-reducing condition.

[3.5.2]

The above-described Factor C, which has a molecula
weight of 115 kDa to 130 kDa, as measured through S
under a non-reducing condition.

[3.5.3]

The above-described Factor C, which has a molecula
weight of 120 kDa to 130 kDa, as measured through S
under a non-reducing condition.

[3.5.4]

The above-described Factor C, which has a molecula
weight of 120 kDa to 128 kDa, as measured through S
under a non-reducing condition.

[3.5.5]

The above-described Factor C, which has a molecula
weight of 127 kDa + 5 kDa, as measured through SDS-
a non-reducing condition.

[3.5.6]

The above-described Factor C, which has a molecula
weight of 128 kDa + 2 kDa, as measured through SDS-
a non-reducing condition.

[3.5.7]

The above-described Factor C, which has a molecula

weight of 127 kDa + 2 kDa, as measured through SDS-

a non-reducing condition.
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[3.5.8]

The above-described Factor C, which has a molecula
weight of 126 kDa + 2 kDa, as measured through SDS-
a non-reducing condition.
[3.5.9]

The above-described Factor C, which has a molecula
weight of 127 kDa + 1 kDa, as measured through SDS-
a non-reducing condition.
[3.6]

The above-described Factor C, which is water-solub
[3.7]

The above-described Factor C, which is a culture
supernatant containing Factor C.
[4]

An endotoxin assay agent containing the above-desc
Factor C.
[4.1]

The above-described assay agent, which further con
a horseshoe crab Factor B and a horseshoe crab Pro-
enzyme.
[4.2]

The above-described assay agent, wherein the Facto
is a protein shown in the following (E) or (F) and
clotting enzyme is a protein shown in the following
(H):

(E) a protein comprising the amino acid sequence s

in SEQ ID NO: 6;
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(F) a protein comprising the amino acid sequence s
in SEQ ID NO:6 but which includes substitution, del
insertion, or addition of one or several amino acid
and having activity of Factor B;

(G) a protein comprising the amino acid sequence s
in SEQ ID NO: 8;

(H) a protein comprising the amino acid sequence s
in SEQ ID NO:8 but which includes substitution, del
insertion, or addition of one or several amino acid
and having activity of Pro-clotting enzyme.

[3]

An endotoxin assay kit comprising the above-descri
assay agent.
[6]

A method for measuring endotoxin in a test specime
the method comprising a step of mixing the above-de
assay agent and the test specimen, and a step of me
the progress of a cascade reaction.

[6.1.1]

The above-described method, wherein the test speci
contains an ion.
[6.1.2]

The above-described method, wherein the test speci
contains a cation.

[6.1.3]
The above-described method, wherein the test speci

contains a metal ion.

hown
etion,
residues,
hown
hown
etion,
residues,
bed
n,
scribed
asuring
men
men
men



22

[6.1.4]

The above-described method, wherein the test speci
contains an alkali metal ion or an alkaline earth m
[6.1.5]

The above-described method, wherein the test speci
contains an alkali metal ion.

[6.1.6]

The above-described method, wherein the test speci
contains an alkaline earth metal ion.
[6.2.1]

The above-described method, wherein the test speci
contains one or more kinds of ions selected from th
consisting of sodium ion, potassium ion, calcium io
magnesium ion.

[6.2.2]

The above-described method, wherein the test speci
contains sodium ion.
[6.2.3]

The above-described method, wherein the test speci
contains potassium ion.
[6.2.4]

The above-described method, wherein the test speci
contains calcium ion.
[6.2.5]

The above-described method, wherein the test speci
contains magnesium ion.

6.3.1]
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The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 1 mM or higher, as a final concent
the reaction system after mixing the test specimen
assay agent.
[6.3.2]

The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 2 mM or higher, as a final concent
the reaction system after mixing the test specimen
assay agent.
[6.3.3]

The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 5 mM or higher, as a final concent
the reaction system after mixing the test specimen
assay agent.
[6.3.4]

The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 10 mM or higher, as a final concen
the reaction system after mixing the test specimen

assay agent.
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[6.3.5]

The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 20 mM or higher, as a final concen
the reaction system after mixing the test specimen
assay agent.
[6.3.6]

The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 50 mM or higher, as a final concen
the reaction system after mixing the test specimen
assay agent.
[6.3.7]

The above-described method, wherein the contained
amount of the ion in the test specimen is such an a
the concentration of the cation derived from the te
specimen becomes 100 mM or higher, as a final conce
in the reaction system after mixing the test specim
the assay agent.
[6.4]

The above-described method, wherein the test speci
IS an injection.
[6.5.1]

The above-described method, wherein the test speci

contains one or more kinds of salts selected from t
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consisting of sodium chloride, magnesium sulfate, s
hydrogencarbonate, sodium citrate, calcium chloride
potassium chloride, sodium iothalamate, calcium dis
edetate, and dihydrogen sodium phosphate.
[6.5.2]

The above-described method, wherein the test speci
contains sodium chloride.
[6.5.3]

The above-described method, wherein the test speci
contains magnesium sulfate.
[6.5.4]

The above-described method, wherein the test speci
contains sodium hydrogencarbonate.
[6.5.5]

The above-described method, wherein the test speci
contains sodium citrate.
[6.5.6]

The above-described method, wherein the test speci
contains calcium chloride.
[6.5.7]

The above-described method, wherein the test speci
contains potassium chloride.
[6.5.8]

The above-described method, wherein the test speci
contains sodium iothalamate.
[6.5.9]

The above-described method, wherein the test speci
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contains calcium disodium edetate.
[6.5.10]

The above-described method, wherein the test speci
contains dihydrogen sodium phosphate.
[6.6.1]

The above-described method, wherein the contained
amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 1 mM or higher, as a final concent
the reaction system after mixing the test specimen
assay agent.
[6.6.2]

The above-described method, wherein the contained
amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 2 mM or higher, as a final concent
the reaction system after mixing the test specimen
assay agent.
[6.6.3]

The above-described method, wherein the contained
amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 5 mM or higher, as a final concent
the reaction system after mixing the test specimen
assay agent.
[6.6.4]

The above-described method, wherein the contained
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amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 10 mM or higher, as a final concen
the reaction system after mixing the test specimen
assay agent.
[6.6.5]

The above-described method, wherein the contained
amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 20 mM or higher, as a final concen
the reaction system after mixing the test specimen
assay agent.
[6.6.6]

The above-described method, wherein the contained
amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 50 mM or higher, as a final concen
the reaction system after mixing the test specimen
assay agent.
[6.6.7]

The above-described method, wherein the contained
amount of the salt in the test specimen is such an
that the concentration of the salt derived from the
specimen becomes 100 mM or higher, as a final conce
in the reaction system after mixing the test specim
the assay agent.

[6.7]
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The above-described method, which further comprise sa
step of adding, to the reaction system, a substrate for
detecting the progress of the cascade reaction.

[6.8]

The above-described method, which further comprise sa

step of calculating the amount of endotoxin in the test

specimen.

Brief Description of the Drawings
[0018]
[Fig. 1] A chart showing a cascade reaction system of

the limulus test.

[Fig. 2] A photograph showing the results of weste rn
blotting of four types of Factor C (Sf9, CHO, HEK, and TAL)
derived from Japanese horseshoe crab ( Tachypl eus trident at us),

under non-reducing conditions.

[Fig. 3] A photograph (SDS-PAGE) showing the molec ular
weight of each of a native Factor C (TAL) derived f rom
Japanese horseshoe crab ( Tachypl eus tridentatus)anda

recombinant Factor C (CHO).
[Fig. 4] A scheme of measuring the activity of Fac tor C.
[Fig. 5] A chart showing a reconstituted cascade

reaction system.

[Fig. 6] A table and a graph showing the activity of
the four types of Factor C (Sf9, CHO, HEK, and TAL) derived
from Japanese horseshoe crab ( Tachypl eus trident at us).

[Fig. 7] A table and a graph showing the activity
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inhibition by injections of the four types of Facto r C (Sf9,
CHO, HEK, and TAL) derived from Japanese horseshoe crab
(Tachypl eus trident at us).

[Fig. 8] Alignment of Factor C of Tachypl eus
tri dent at us (TtFC) and Factor C of Car ci noscor pi us
r ot undi cauda (834CrID4) (continued to Fig. 9). Consensus
sequences which can undergo N-type sugar chain (N-I inked
sugar chain) modification are underlined.

[Fig. 9] Alignment of Factor C of Tachypl eus
tri dent at us (TtFC) and Factor C of Car ci noscor pi us
r ot undi cauda (834CrID4) (continued from Fig. 8). Consensus
sequences which can undergo N-type sugar chain (N-I inked
sugar chain) modification are underlined.

[Fig. 10] A schematic representation of reaction s ites
between Factor C and specific antibodies under redu cing and

non-reducing conditions.

[Fig. 11] A photograph (SDS-PAGE) showing the mol ecular
weight of the four types of purified Factor C deriv ed from
Japanese horseshoe crab ( Tachypl eus tridentat us).

[Fig. 12] A photograph (western blotting) showing the
molecular weight of the four types of purified Fact orC
derived from Japanese horseshoe crab ( Tachypl eus tridentatus).

[Fig. 13] A photograph (western blotting) showing the
results of removal of N-type sugar chain, by glycop eptidase F,
from the four types of purified Factor C derived fr om
Japanese horseshoe crab ( Tachypl eus trident at us).

[Fig. 14] (a) A photograph (lectin blotting) showi ng
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the results of detection of N-type sugar chain of t

types of purified Factor C derived from Japanese ho

he four

rseshoe

crab ( Tachypl eus trident at us); (b) a table showing the biding

specificity of lectin; and (c) a schematic represen tation of
N-type sugar chain structures of a recombinant Fact or C,
assumed by the experimental results and reports by documents.
Modes for Carrying Out the Invention
[0019]
(1) Factor C of the present invention

The Factor C of the present invention is a Factor C
derived from a horseshoe crab. The Factor C of the present
invention is a recombinant protein. The term "reco mbinant
protein” refers to a protein obtained through intro duction of
a gene encoding the protein into a host cell and he terologous
expression of the gene. The Factor C of the presen t
invention has activity of Factor C.
[0020]

Examples of the horseshoe crab include Tachypl eus
tri dent at us (Japanese horseshoe crab), Li mul us pol yphenus
(American horseshoe crab), Car ci noscor pi us rotundi cauda

(Southeast Asian (Singaporean) horseshoe crab), and

Tachypl eus gi gas (Southeast Asian horseshoe crab). Among

them, Tachypl eus tri dent at us (Japanese horseshoe crab) and

Car ci noscor pi us rotundi cauda (Southeast Asian (Singaporean)

horseshoe crab) are preferred as a Factor C source.

Furthermore, among them, Tachypl eus trident at us (Japanese
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horseshoe crab) is more preferred as a Factor C sou rce. The
amino acid sequence of the Factor C derived from Tachypl eus
tri dent at us is shown in SEQ ID NO: 2. The nucleotide

sequence of a gene encoding the Factor C derived from

Tachypl eus tridentat us is shownin SEQ ID NO: 1. The amino

acid sequence of the Factor C derived from Car ci noscor pi us
r ot undi cauda is shown in SEQ ID NO: 4. The nucleotide

sequence of a gene encoding the Factor C derived from

Car ci noscor pi us rotundi cauda is shown in SEQ ID NO: 3.

[0021]

The Factor C of the present invention may undergo N-
type sugar chain (N-linked sugar chain) modificatio n. The
term "N-type sugar chain" refers to a sugar chain w hich is
linked to an asparagine residue of a protein. In t he Factor
C derived from Tachypl eus tri dent at us and the Factor C
derived from Car ci noscor pi us rotundi cauda, the amino acid
residues which can undergo N-type sugar chain modif ication
are conserved. Figs. 8 and 9 show alignments and c onsensus
sequences (Asn-Xaa-Ser/Thr, wherein Xaa represents any amino

acid residue) which can undergo N-type sugar chain

modification of both types of Factor C. Thus, in p articular,
the Factor C derived from Car ci noscor pi us rotundi cauda is
thought to be a suitable Factor C as with the Facto rcC
derived from Tachypl eus tridentat us.
[0022]

The Factor C of the present invention may contain a

sialic acid. Examples of the sialic acid include N -
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acetylneuramic acid (Neu5Ac) and N-glycolylneuramic
(Neu5Gc). The expression "containing a sialic acid

to the state that a sialic acid is linked to the Fa

the present invention. The sialic acid may be link
Factor C directly or indirectly. In one case, a su
containing a sialic acid may be linked to Factor C,

the sialic acid may be indirectly linked to Factor

sialic acid may be, for example, an (
acid, more specifically, an (

acid. The term "( a-2,3)-linked sialic acid" refers to a
sialic acid linked to a sugar via (
The term (' a-2,3)-linked terminal sialic acid" refers to a
sialic acid which is linked to a sugar via (

linkage and which is located at a terminus of the s

An example of the sugar chain is an N-type sugar ch
linked sugar chain). The sialic acid may be added

C through, for example, expression of Factor C in a

which can add a sialic-acid-containing sugar chain

protein through modification after translation. Ex

such a host cell include mammalian cells. Sialic a
detected through, for example, sugar chain analysis

chain analysis may be carried out through a known t

For example, sugar chain analysis can be carried ou

lectin or a sugar-chain-recognizing antibody. Spec

for example, an ( a-2,3)-linked terminal sialic acid can be

specifically detected through lectin blotting using

amur ensi s agglutinin (MAM).
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[0023]

The Factor C of the present invention may contain

sialic acid in a greater amount, as compared with a

Factor C. The expression "containing sialic acid i

greater amount, as compared with a control Factor C

to the state that the amount of sialic acid linked
Factor C of the present invention is greater than t
of sialic acid linked to the control Factor C, in t

the amount by mole of sialic acid per molecule of F
For example, the amount of sialic acid linked to th
of the present invention may be 1.1 times or greate
times or greater, 1.3 times or greater, 1.5 times o
2.0 times or greater, 2.5 times or greater, or 3.0
greater than the amount of sialic acid linked to th
Factor C, in terms of the amount by mole of sialic
molecule of Factor C.

[0024]

Examples of the control Factor C include a recombi

Factor C expressed in insect cell Sf9, and a native

The expression "Factor C expressed in Sf9 as a host

refers to Factor C obtainable through expression of

encoding Factor C consisting of the same amino acid

as that of the Factor C of the present invention, i
host cell. The term "native Factor C" refers to Fa
isolated and purified from a horseshoe crab lysate.
native Factor C may be Factor C isolated and purifi

lysate of a horseshoe crab from which the Factor C

control
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present invention is derived. That is, specificall
example, when the Factor C of the present invention
recombinant Factor C of
thereof, the native Factor C may be Factor C isolat
purified from a lysate of
[0025]

Whether or not "the Factor C of the present invent
contains sialic acid in a greater amount, as compar
control Factor C" may be determined through compari
between the sialic acid amount of the Factor C of t
invention and that of the control Factor C. The am
sialic acid may be determined through, for example,
chain analysis. Sugar chain analysis may be carrie
through a known technique. For example, sugar chai
can be carried out by using lectin or a sugar-chain
recognizing antibody. Specifically, for example, a
linked terminal sialic acid can be specifically qua
through lectin blotting using
(MAM). It can be confirmed that the higher the rea
lectin blotting using MAM, the greater the amount o
2,3)-linked terminal sialic acid, and that is, the
amount of ( a-2,3)-linked terminal sialic acid the Factor C
contains. In other words, the Factor C of the pres
invention may exhibit higher reactivity, as compare
control Factor C, in lectin blotting using MAM. Th
expression "exhibit higher reactivity, as compared

control Factor C, in lectin blotting using MAM" ref

Tachypl eus tridentatus.
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state that, when the equiamount of the Factor C of
present invention and the control Factor C are subj
lectin blotting using MAM, the detection intensity
the extent of coloring) of the spot attributed to t

C of the present invention is higher than that of t
attributed to the control Factor C.

[0026]

The Factor C of the present invention may have no
tag added to the C-terminus. Also, the Factor C of
present invention may have no V5-tag added to the C
Also, the Factor C of the present invention may hav
peptide added to the C-terminus. Also, the Factor
present invention may have no peptide added to the
Also, the Factor C of the present invention may hav
peptide added to any of the N-terminus and the C-te
[0027]

So long as the Factor C of the present invention h
activity of Factor C, the Factor C may be a variant
the aforementioned horseshoe crab Factor C proteins
protein having the amino acid sequence shown in SEQ
or 4). Such a variant includes, for example, a hom
an artificially modified product of the aforementio
C. Notably, the amino acid sequence of the variant
necessarily found in an actual horseshoe crab. Tha
Factor C "of a horseshoe crab or derived from a hor
crab" includes a variant of Factor C found in a hor

crab and having an amino acid sequence which is not
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any horseshoe crab.
[0028]

The activity of Factor C refers to such an activit
that the Factor C is activated in the presence of e
to convert Factor B into activated Factor B. Wheth
Factor C of the present invention has activity of F
can be confirmed, for example, by combining the Fac
the present invention with a suitable Factor B and
Pro-clotting enzyme in the presence of endotoxin, a
detecting the progress of the cascade reaction. Sp
the protein of SEQ ID NO: 6 and the protein of SEQ
may be used as a suitable Factor B and a suitable P
clotting enzyme, respectively. The progress of the
reaction may be determined by use of the below-ment
substrate for detection.
[0029]

So long as the Factor C of the present invention h
activity of Factor C, the Factor C of the present i
may be a protein having the amino acid sequence of
mentioned Factor C such as the amino acid sequence
SEQ ID NO:2 or 4, but which includes substitution,
insertion, or addition of one or several amino acid
Although the meaning of the term "one or several" v
depending on the positions of the amino acid residu
three-dimensional structure of the protein and the
the amino acid residues, the term specifically refe

preferably 1 to 20, more preferably 1 to 10, still

y
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preferably 1 to 5, particularly preferably 1 to 3.
substitution, deletion, insertion, or addition of o
several amino acid residues is a conservative varia
the function of the protein is appropriately mainta
typical conservative variation is conservative subs
Conservative substitution is a variation among Phe,
Tyr, in the case where the substitution occurs at a
amino acid residue; a variation among Leu, lle, and
the case where the substitution occurs at a hydroph
acid residue; a variation between GIn and Asn, in t
where the substitution occurs at a polar amino acid
a variation among Lys, Arg, and His, in the case wh
substitution occurs at a basic amino acid residue;
variation between Asp and Glu, in the case where th
substitution occurs at an acidic amino acid residue
variation between Ser and Thr, in the case where th
substitution occurs at an amino acid residue having
hydroxyl group. Specific examples of the substitut
can be recognized as conservative substitution incl
substitution of Ala by Ser or Thr; a substitution o
GIn, His, or Lys; a substitution of Asn by Glu, GIn
or Asp; a substitution of Asp by Asn, Glu, or GIn;
substitution of Cys by Ser or Ala; a substitution o
Asn, Glu, Lys, His, Asp, or Arg; a substitution of
Asn, GIn, Lys, or Asp; a substitution of Gly by Pro
substitution of His by Asn, Lys, GIn, Arg, or Tyr;

substitution of lle by Leu, Met, Val, or Phe; a sub
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of Leu by lle, Met, Val, or Phe; a substitution of

Glu, GIn, His, or Arg; a substitution of Met by lle

or Phe; a substitution of Phe by Trp, Tyr, Met, lle

a substitution of Ser by Thr or Ala; a substitution

Ser or Ala; a substitution of Trp by Phe or Tyr; a
substitution of Tyr by His, Phe, or Trp; and a subs
of Val by Met, lle, or Leu. The aforementioned sub
deletion, insertion, addition, or the like of an am
residue(s) also encompasses naturally occurring var
such as those based on individual differences betwe
horseshoe crabs and the strain and species of the h
crabs, from which the gene is derived.

[0030]

The Factor C of the present invention may also be
protein which has a homology or identity of 80% or
preferably 90% or higher, more preferably 95% or hi
still more preferably 97% or higher, particularly p
99% or higher with respect to the entire amino acid
of Factor C (e.g., the entire amino acid sequence s
SEQ ID NO: 2 or 4) and which has activity of Factor
[0031]

The gene encoding the Factor C of the present inve
is not particularly limited, so long as the gene co
the aforementioned Factor C of the present inventio
gene encoding the Factor C of the present invention
DNA encoding a protein having activity of Factor C,

the DNA fragment is hybridized with a probe prepare
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known gene sequence, e.g., with the complementary s
the entirety or a part of the nucleotide sequence s

ID NO: 1 or 3, under stringent conditions. As used

the term "stringent conditions" generally refer to
conditions under which a specific hybrid is formed
specific hybrid is not formed. An example of such

is conditions under which DNAs having a high homolo
a homology of 80% or higher, preferably 90% or high
preferably 95% or higher, still more preferably 97%
particularly preferably 99% or higher, are hybridiz
each other, and DNAs having a homology lower than t
level are not hybridized with each other. Another

the conditions is conditions generally employed in
southern hybridization; i.e., washing once, prefera
times, at temperature and salt concentration corres
60°C, 1 xSSC, 0.1% SDS, preferably 60
more preferably 68 °C, 0.1 xSSC, 0.1% SDS.
[0032]

In the gene encoding the Factor C of the present

invention, any codon may be substituted by its equi
codon. For example, the codon combination of the g
encoding the Factor C of the present invention may
modified such that the codon combination is optimiz
expression in a mammalian cell. The optimization m
performed through employment of, for example, a con
contract service. Notably, the gene encoding the F

the present invention may be a variant of a DNA in
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codon combination is optimized for expression in a
cell.
[0033]

The above descriptions about the variants of genes
proteins may also be applied
Pro-clotting enzyme, and gene encoding the same.

[0034]

The Factor C of the present invention may have a
molecular weight of 115 kDa to 140 kDa, 115 kDa to
120 kDa to 130 kDa, or 120 kDa to 128 kDa, as measu
through SDS-PAGE under a non-reducing condition. A
Factor C of the present invention may have a molecu
of 127 kDa +5 kDa, 128 kDa +2 kDa, 127 kDa +2 kDa,
kDa, or 127 kDa =1 kDa, as measured through SDS-PAG
non-reducing condition. Also, the Factor C of the
invention may have a molecular weight of 128 kDa or
as measured through SDS-PAGE under a non-reducing ¢
[0035]

The Factor C of the present invention may have low
susceptibility to inhibition of activity by an ion.
expression "low susceptibility to inhibition of act
an ion" refers to the state that the Factor C of th
invention exhibits a high residual activity in the
of an ion, as compared with a control Factor C. Ex
the control Factor C include a recombinant Factor C
in insect cell Sf9 and a native Factor C. The mean

expression "exhibiting a high residual activity" is
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particularly limited, so long as the residual activ
Factor C of the present invention is higher than th
control Factor C. The expression "exhibiting a hig
activity" may refer to, for example, the state that
residual activity of the Factor C of the present in

1.1 times or higher, 1.2 times or higher, 1.3 times
1.5 times or higher, 2.0 times or higher, 2.5 times

or 3.0 times or higher than the residual activity o
control Factor C. Specific examples of "low suscep
to inhibition of activity by an ion" include such a

that the Factor C of the present invention exhibits
residual activity in the presence of 21 mM sodium ¢
compared with the control Factor C; such a property
Factor C of the present invention exhibits a higher
activity in the presence of 52 mM sodium hydrogenca
as compared with the control Factor C; such a prope
the Factor C of the present invention exhibits a hi
residual activity in the presence of 214 mM sodium
as compared with the control Factor C; such a prope
the Factor C of the present invention exhibits a hi
residual activity in the presence of 16 mM magnesiu
as compared with the control Factor C; and such ap
that the Factor C of the present invention exhibits
residual activity in the presence of 2.5 mM calcium
as compared with the control Factor C. Specific ex
"low susceptibility to inhibition of activity by an

further include such a property that the Factor C o
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present invention exhibits a residual activity of 1
higher or 20% or higher in the presence of 21 mM so
citrate, as compared with the control Factor C; suc
property that the Factor C of the present invention

a residual activity of 25% or higher or 35% or high
presence of 52 mM sodium hydrogencarbonate, as comp
the control Factor C; such a property that the Fact
the present invention exhibits a residual activity
higher or 35% or higher in the presence of 214 mM s
chloride, as compared with the control Factor C; su
property that the Factor C of the present invention

a residual activity of 15% or higher or 25% or high
presence of 16 mM magnesium sulfate, as compared wi
control Factor C; and such a property that the Fact
the present invention exhibits a residual activity
higher or 45% or higher in the presence of 2.5 mM ¢
chloride, as compared with the control Factor C. T

C of the present invention may have any one of the
properties singly or two or more of the above prope
combination. The "residual activity" is defined as
relative reactivity (%) observed for a measurement
(endotoxin concentration: 0.05 EU/mL) prepared by a
endotoxin to an ion-containing test specimen, with
the reactivity observed for another measurement spe
(endotoxin concentration: 0.05 EU/mL) prepared by a
endotoxin to injection water as 100%, in the assay

shown in Fig. 4.
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[0036]

The Factor C of the present invention may be water

soluble. As used herein, the term "water-soluble”

the state that, when the Factor C of the present in
expressed in an appropriate host cell, the thus-exp
Factor C is detected in a soluble fraction. The ex
"detected in a soluble fraction” may refer to the s

20% or more, 50% or more, 80% or more, 90% or more,
more of the expressed Factor C is detected in a sol
fraction.

[0037]

(2) Method for producing the Factor C of the presen

invention

The Factor C of the present invention may be produ

through, for example, expression in a mammalian cel
host. That is, the present invention provides a me
producing a horseshoe crab Factor C, the method com
expressing the horseshoe crab Factor C in a mammali
a host cell. This method may also be referred to a
production method of the present invention.” The F
producible through production method of the present
is an embodiment of the Factor C of the present inv
[0038]

The mammalian cell is not particularly limited, so
as the cell can functionally express a horseshoe cr
C. The term "functional expression" refers to the

the expressed Factor C exhibits activity of Factor
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Specifically, the mammalian cell may be a cell othe
COS-1 cell. The mammalian cell is preferably a cel
mammal selected from the group consisting of a rode
primate. Examples of the rodent include, but are n
particularly limited to, Chinese hamster, hamster,
and guinea pig. Of these, Chinese hamster is prefe
Examples of the Chinese hamster cell include Chines
ovary (CHO) cell line. Examples of CHO include CHO
CHO K1. Examples of the primate include, but are n
particularly limited to, human, monkey, and chimpan
primate may be a primate other than monkey. Of the
is preferred. Examples of the human cell include h
embryo kidney (HEK) cell line. Examples of HEK inc
HEK293.
[0039]

When the mammalian cell retains a gene encoding Fa
C, the cell can express Factor C. The gene encodin
may be retained in the mammalian cell, such that it
expressed under the control of a promoter which fun
the cell. In the mammalian cell, the gene encoding
for example, may be present on a vector such as a p
which undergoes autonomous replication outside a ch
or may be introduced to a chromosome. The techniqu
introducing the gene encoding Factor C into a mamma
is not particularly limited. Examples of the vecto
undergoes autonomous replication outside a chromoso

pCA7 (Makoto Takeda,

et al ., J.Viol. 79(22): 14346-54
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(2005)). Alternatively, the gene encoding Factor C
introduced to a chromosome of a mammalian cell by u
Neo Vector (product of Promega). The mammalian cel
retain one copy of, or two or more copies of the ge
encoding Factor C.

[0040]

The culture conditions under which a mammalian cel
cultured are not particularly limited, so long as t
mammalian cell can proliferate. Conditions general
employed in culturing mammalian cells may be employ
appropriate modification has been performed, if nee
culture medium which is generally employed in cultu
mammalian cells may be employed as the culture medi
invention. Specifically, an RPMI 1640 medium (prod
Sigma) or a DMEM medium (product of Sigma) may be u
Culturing can be performed, for example, as static
36°C to 38 °C under feeding of 5% CO 2.

[0041]

Whether or not Factor C has been functionally expr
can be confirmed by measuring activity of Factor C.
Expression of Factor C may also be confirmed by mea
amount of mMRNA formed via transcription of a gene e
Factor C, or detecting Factor C through western blo
use of an antibody.

[0042]
The expressed Factor C can be recovered as a solut
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endotoxin assay agent of the present invention. Th
containing Factor C may be, for example, a culture
culture supernatant, a disrupted cell extract, a mi
thereof, or the like. Factor C may be used after b
purified to a desired extent, or may be used withou
purification. In the present invention, even when
culture supernatant containing expressed Factor C i
it is without any purification, satisfactory endoto
performance can be attained. Purification of Facto
performed through, for example, a known protein pur
technique. Examples of such a technique include am
sulfate precipitation, gel filtration chromatograph
exchange chromatography, hydrophobic interaction
chromatography, hydroxyapatite chromatography, and
In the case where a tag such as His-tag has been ad
Factor C, the Factor C may be purified through affi
chromatography based on affinity to the tag. A sol
containing Factor C may be used after being filtere
of a filter. For example, a 0.22-
the filter.

[0043]

(3) Endotoxin assay agent of the present invention

The Factor C of the present invention may be used

endotoxin assay. That is, the present invention pr
endotoxin assay agent containing the Factor C of th
invention. This endotoxin assay agent may also be

to as an "endotoxin assay agent of the present inve

e solution
broth, a
xture
eing

t any

a cell

s used as
Xin assay
r C may be
ification
monium

y, ion

so forth.
ded to
nity
ution

d by means

pum filter can be used as

in
ovides an
e present
referred

ntion."



47

The endotoxin assay agent of the present invention
further contain a factor or factors other than Fact
depending on the mode of endotoxin assay.

[0044]

For example, the Factor C of the present invention
be used in combination with Factor B and Pro-clotti
for endotoxin assay. In other words, an embodiment
endotoxin assay agent of the present invention is a
endotoxin assay agent containing the Factor C of th
invention, Factor B, and Pro-clotting enzyme. In't
endotoxin can be measured by detecting Clotting enz
is the final product of the cascade reaction. The
and the Pro-clotting enzyme contained in the embodi
the endotoxin assay agent of the present invention
be referred to as the "Factor B of the present inve
the "Pro-clotting enzyme of the present invention”,
respectively.

[0045]

Alternatively, endotoxin can be measured by detect
an intermediate stage of the cascade reaction. In
it is sufficient that the endotoxin assay agent of
present invention contains a factor or factors invo
from the start of the cascade reaction to the relev
intermediate stage. Specifically, for example, whe
endotoxin is measured by detecting the activated Fa
which is an intermediate of the cascade reaction, i

sufficient that the endotoxin assay agent of the pr
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invention contains Factor C.

[0046]

The Factor B of the present invention is a Factor B
derived from a horseshoe crab. The Pro-clotting en zyme of
the present invention is a Pro-clotting enzyme deri ved from a
horseshoe crab. Examples of the horseshoe crab inc lude
Tachypl eus trident at us (Japanese horseshoe crab), Li mul us
pol yphenus (American horseshoe crab), Car ci noscor pi us

r ot undi cauda (Southeast Asian (Singaporean) horseshoe crab),
and Tachypl eus gi gas (Southeast Asian horseshoe crab). Among

them, Tachypl eus tri dent at us (Japanese horseshoe crab) is

preferred as a source of Factor B and Pro-clotting enzyme.
[0047]

The amino acid sequence of the Factor B of Tachypl eus
tri dent at us and that of the Pro-clotting enzyme of Tachypl eus

tri dent at us are shown in SEQ ID NOs: 6 and 8, respectively.

The nucleotide sequence of a gene encoding the Fact or B of
Tachypl eus trident at us and that of a gene encoding the Pro-

clotting enzyme of Tachypl eus trident at us are shown in SEQ ID

NOs: 5 and 7, respectively.

[0048]

The Factor B of the present invention may be a var iant
of any of the aforementioned horseshoe crab Factor B proteins
(e.g., a protein having the amino acid sequence sho wn in SEQ
ID NO: 6), so long as the variant has activity of F actor B.
Such a variant includes, for example, a homologue a nd an

artificially modified product of the aforementioned Factor B.



49

The gene encoding the Factor B of the present inven
not particularly limited, so long as the gene codes
Factor B of the present invention. The above descr
about the variants of Factor C and the gene encodin
may also be applied
Factor B and the gene encoding Factor B.
[0049]

The activity of Factor B refers to such an activit
that the Factor B is activated in the presence of a
Factor C to convert Pro-clotting enzyme into the ac
form thereof, i.e. the corresponding Clotting enzym
Whether "the Factor B of the present invention has
of Factor B" can be confirmed, for example, by comb
Factor B of the present invention with a suitable F
and a suitable Pro-clotting enzyme in the presence
endotoxin, and detecting the progress of the cascad
Specifically, the protein of SEQ ID NO: 2 and the p
SEQ ID NO: 8 may be used as a suitable Factor C and
suitable Pro-clotting enzyme, respectively. The pr
the cascade reaction may be determined by use of th
mentioned substrate for detection.
[0050]

The Pro-clotting enzyme of the present invention m
a variant of any of the aforementioned horseshoe cr
clotting enzymes (e.g., a protein having the amino
sequence shown in SEQ ID NO: 8), so long as the var
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for example, a homologue and an artificially modifi ed product
of the aforementioned Pro-clotting enzyme. The gen e encoding
the Pro-clotting enzyme of the present invention is not
particularly limited, so long as the gene codes for the Pro-
clotting enzyme of the present invention. The abov e
descriptions about the variants of Factor C and the gene
encoding Factor C may also be applied mut ati s mut andi s to the
variants of Pro-clotting enzyme and the gene encodi ng Pro-
clotting enzyme.

[0051]

The activity of Pro-clotting enzyme is such an act ivity
that the Pro-clotting enzyme is converted into the activated
form thereof, i.e. the corresponding Clotting enzym e, in the
presence of activated Factor B, to react with the b elow-
mentioned substrate for detection. The activity of reacting
with the detection substrate refers to, for example , an
activity of reacting with a coagulogen to induce co agulation,
or an activity of reacting with the below-described substrate
represented by X-Y-Z (wherein X represents a protec tion group,
Y represents a peptide, and Z represents a dye link edtoY
via amide bond), to thereby release dye Z (e.g., an activity
of reacting with Boc-Leu-Gly-Arg-pNA, to thereby re lease pNA).
Whether "the Pro-clotting enzyme of the present inv ention has
the activity of Pro-clotting enzyme" can be confirm ed, for
example, by combining the Pro-clotting enzyme of th e present
invention with a suitable Factor C and a suitable F actor B in
the presence of endotoxin, and detecting the progre ss of the
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cascade reaction. Specifically, the protein of SEQ
and the protein of SEQ ID NO: 6 may be used as a su
Factor C and a suitable Factor B, respectively. Th

of the cascade reaction may be measured by use of t
mentioned substrate for detection.

[0052]

So long as the Factor B of the present invention a
the Pro-clotting enzyme of the present invention ha
of Factor B and activity of Pro-clotting enzyme, re
the Factor B of the present invention and/or the Pr
enzyme of the present invention may have any peptid
like added thereto. Examples of such a peptide inc
sequences such as His-tag and V5-tag. Similar to F
the present invention, the Factor B of the present
and/or the Pro-clotting enzyme of the present inven
have no His-tag added to the C-terminus; may have n
added to the C-terminus; may have no peptide added
terminus; may have no peptide added to the N-termin
have no peptide added to any of the N-terminus and
terminus.

[0053]

In the gene encoding the Factor B of the present
invention and/or the gene encoding the Pro-clotting
the present invention, any codon may be substituted
equivalent codon. For example, the codon combinati
gene encoding the Factor B of the present invention
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invention may be modified such that the codon combi
optimized for expression in a host cell. An exampl
which code for Factor B of SEQ ID NO: 6 and whose ¢
combination is optimized for expression in an insec

a DNA of SEQ ID NO: 9. Notably, the gene encoding
B of the present invention and/or the gene encoding
clotting enzyme of the present invention may be a v

a DNA in which the codon combination is optimized f
expression in a host cell.

[0054]

The Factor B of the present invention and the Pro-
clotting enzyme of the present invention may each b
protein or a recombinant protein.

[0055]

A native Factor B and a native Pro-clotting enzyme
each be obtained from the hematocyte extract of the
aforementioned various horseshoe crabs. These fact
used after being purified to a desired extent. Pur
may be performed through, for example, a known tech
(Nakamura T. et al ., J. Biochem. 1986 Mar; 99(3): 847-57).
[0056]

The recombinant Factor B and the recombinant Pro-
clotting enzyme may each be obtained through expres
host cell. The host cell is not particularly limit
long as a factor of interest can be expressed. For
a host cell generally employed for heterologous pro

expression may be used. Examples of the host cell
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insect cells, animal cells, plant cells, yeast cell s, and
bacterial cells. Among them, an eukaryotic cell is preferred
from the viewpoint of modification after translatio n.
Specifically, an insect cell and an animal cell are more
preferred.

[0057]

Examples of the animal cells include mammalian cel Is.

In the case where an animal cell such as a mammalia n cell is
used, the above descriptions about production of th e Factor C

of the present invention may also be applied mutatis nutandi s
to production of the Factor B and the Pro-clotting enzyme.
[0058]

Examples of the insect cells include Sf9, Sf21, SF +,
and High-Five. Of these, Sf9 is preferred as the i nsect cell.
[0059]

The technique for expressing a factor of interest in an
insect cell as a host is not particularly limited, so long as
the factor can be expressed. For example, techniqu es
generally employed for heterologous protein express ion may be
suitably used. For example, a factor of interest ¢ an be
expressed by infecting an insect cell with a virus into which
a gene encoding the factor has been incorporated (t he
technique being called a "virus method"). Also, fo r example,
a factor of interest can be expressed by incorporat ing into
an insect cell a vector into which a gene encoding the factor
has been incorporated, to thereby incorporate the g ene into a

chromosome of the host cell (the technique being ca lled a
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"stably expressing cell line method").
[0060]
<Virus method>

The virus employed in the virus method is not
particularly limited, so long as an insect cell can
infected with the virus, to thereby express a facto
interest. A virus generally employed for protein e
in insect cells may be suitably used. Examples of
viruses include Baculovirus. Baculovirus is prefer

Nucleopolyhedrovirus (NPV). Examples of NPV includ

be

r of
Xpression
such
ably

e

Aut ogr apha cal i f or ni ca NPV (AcNPV) and Bonbyx nori NPV

(BMNPV). NPV is preferably ACNPV.
[0061]

Incorporation of a nucleic acid into a virus may b
performed through a conventional method. For examp
incorporation of a nucleic acid into a virus may be
through homologous recombination by use of a transf
Examples of the transfer vector include pPSC8 (prod
Protein Sciences), pFastBac (product of Life techno
corporation), and pVL1393 (product of Pharmingen).
them, pPSC8 is a preferable transfer vector.

[0062]

An insect cell can be infected, through a conventi
technique, with the virus into which a gene encodin
of interest has been incorporated, to thereby obtai
insect cell which retain the virus and express the

[0063]
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<Stably expressing cell line method>

Through incorporation of a gene encoding a factor
interest into a chromosome of an insect cell, a sta
expressing cell line which stably expresses the fac
established. The method of establishing the stably
expressing cell line is not particularly limited, a
conventional technique may be employed. For exampl
stably expressing cell line can be established by u
V5 (product of Life Technologies Corporation), acco
user's instruction attached thereto.

[0064]

The conditions under which an insect cell is cultu
are not particularly limited, so long as the insect
proliferate. Conditions generally employed in cult
insect cells may be employed, after appropriate mod
has been performed, if needed. A culture medium wh
generally employed in culturing insect cells may be
as the culture medium in the invention. Examples o
culture medium include a commercially available ser
medium for culturing insect cells. Specifically, a
serum-free medium (product of Life Technologies Cor

or the like may be suitably used. Culturing can be

for example, as shaking culture at 27 °Cto 28

[0065]
Whether or not a factor of interest has been expre
can be confirmed by measuring activity of the facto
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measuring the amount of mMRNA formed via transcripti on of a
gene encoding the factor, or detecting the factor t hrough
western blotting by use of an antibody.

[0066]

The expressed factor can be recovered as a solutio n
containing the factor, and can be used as a compone nt of the
endotoxin assay agent of the present invention. Th e solution
containing the factor may be, for example, a cultur e broth, a
culture supernatant, a disrupted cell extract, a mi xture
thereof, or the like. The factor may be used after being
purified to a desired extent, or may be used withou t any
purification. In the present invention, even when a cell
culture supernatant containing the expressed factor Is used
as it is without any purification, satisfactory end otoxin
assay performance can be attained. Purification of the
factor may be performed through, for example, a kno wn protein
purification technique. Examples of such a techniq ue include
ammonium sulfate precipitation, gel filtration chro matography,
ion exchange chromatography, hydrophobic interactio n
chromatography, hydroxyapatite chromatography, and so forth.
In the case where a tag such as His-tag has been ad ded to the
factor, the factor may be purified through affinity
chromatography based on affinity to the tag. A sol ution
containing the factor may be used after being filte red by
means of a filter. For example, a 0.22- pum filter can be used

as the filter.

[0067]
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In the case each factor is produced through the vi
method, the virus is preferably removed. The metho
removing virus is not particularly limited, and a
conventional technique may be employed. For exampl
virus may be removed by means of a hollow fiber fil
membrane having a pore size of 500 kDa.

[0068]

In the present invention, the Factor C of the pres
invention, the Factor B of the present invention, a
Pro-clotting enzyme of the present invention may be
separately expressed in individually established ex
cells.

[0069]

The endotoxin assay agent of the present invention
contain, for example, only the Factor C of the pres
invention. Alternatively, the agent may contain, f
only the Factor C of the present invention, the Fac
the present invention, and the Pro-clotting enzyme
present invention.

[0070]

The endotoxin assay agent of the present invention
further contain a substrate for detecting the progr
cascade reaction. As used herein, such a substrate
referred to as a detection substrate.

[0071]
Examples of the detection substrate include coagul
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enzyme, which is the final product of the cascade r
When coagulogen comes into contact with Clotting en
coagulated product, coagulin, is formed. The progr
coagulation reaction can be determined by measuring
turbidity of the reaction mixture. Coagulogen can
recovered from a hematocyte extract of a horseshoe
lysate). Since the nucleotide sequence of the gene
coagulogen has been determined (Miyata
acid Enzyme, extra issue, No. 29; p. 30-43; 1986),
can also be produced genetically according to a con
technique.
[0072]

The detection substrate may be a synthetic substra
The synthetic substrate is not particularly limited
as it has a property suitable for detection of the
reaction. Examples of the "property suitable for d
of the cascade reaction" include a property for det
presence of Clotting enzyme and a property for dete
intermediate stage of the cascade reaction. Exampl
"property for detecting the presence of Clotting en
include a property of coloring by catalytic reactio
Clotting enzyme and a property of generating fluore
catalytic reaction with the Clotting enzyme. Examp
"property for detecting an intermediate stage of th
reaction” include a property of coloring by catalyt
reaction of a cascade reaction intermediate such as

Factor C and a property of generating fluorescence
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catalytic reaction of a cascade reaction intermedia
activated Factor C. Examples of the synthetic subs
include a substrate represented by formula X-Y-Z (w
represents a protection group, Y represents a pepti
represents a dye linked to Y via amide bond). When
is present in the reaction system, an amide linkage
cleaved by the catalytic reaction of Clotting enzym
intermediate, which is yielded by the cascade react
release the dye Z, whereby coloring occurs or fluor
generated. The protective group X is not particula
limited, and a known protective group for peptide m
suitably used. Examples of such a protective group
t-butoxycarbonyl group and a benzoyl group. The dy
particularly limited, and it may be a dye detectabl
visible light or may be a fluorescent dye. Examples
dye Z include p-nitroaniline (pNA), 7-methoxycoumar
acetic acid (MCA), 2,4-dinitroaniline (DNP), and Da
Examples of the peptide Y include Leu-Gly-Arg (LGR)
Gly-Arg (IEGR) (SEQ ID NO: 10), Val-Pro-Arg (VPR),
Pro-Arg (DPR). A synthetic substrate which reacts
Clotting enzyme or the intermediate may be appropri
selected as the synthetic substrate in accordance w
mode of endotoxin assay. For example, from the vie
substrate specificity, a substrate comprising LGR a

Y can be suitably used for detecting the Clotting e

a substrate comprising VPR or DPR as peptide Y can
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dye Z may be determined through a technique in acco
with the property of the target dye.
[0073]

The endotoxin assay agent of the present invention
further contain an additional component other than
relevant factors and a detection substrate, so long
assay agent can be used for endotoxin assay. The a
component is not particularly limited, and it may b
in consideration of storage stability, handling eas
stability of the factors and detection substrate, a
forth.

[0074]

The endotoxin assay agent of the present invention
be formulated into any preparation such as solid, |
gel. In the formulation process, additives such as
excipient, a binder, a disintegrant, a lubricant, a
flavor/corrigent, a diluent, and a solvent, which a
generally used in formulation, may be used. The en
assay agent of the present invention as is may be u
endotoxin assay. Alternatively, the assay agent ma
for endotoxin assay after being diluted with or dis
dissolved in water, physiological saline, buffer, e
Needless to say, the endotoxin assay agent of the p
invention also encompasses such diluted, dispersed,
or similarly processed form of the agent.
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the factors and other components may be present as a mixture

or present separately. For example, the factors ma y be mixed
at any proportions in formulation, or individual fa ctors may
be formulated separately.

[0076]

The concentrations of the factors and other compon ents
contained in the endotoxin assay agent of the prese nt
invention are not particularly limited. However, e ach
concentration is preferably adjusted so as to fall within the
below-mentioned suitable concentration range for as saying
endotoxin. The concentration of each factor in the endotoxin
assay agent of the present invention (as a solution prepared
before contact with a test specimen) may be, for ex ample, 5
to 200 pg/mL, and is preferably 20 to 100 pg/mL, more
preferably 40 to 80 png/mL, particularly preferably about 60
pug/mL. Also, the concentration of each factor in th e
endotoxin assay agent of the present invention may be
adjusted in accordance with the method of producing the
factor. When Factor C is produced with a rodent ce Ilas a
host, the concentration of Factor C in the endotoxi n assay
agent of the present invention (as a solution prepa red before
contact with a test specimen) can also be, for exam ple, 5 to

200 pg/mL, 10 to 50 pg/mL, or 15 to 40

is produced with a primate cell as a host, the conc
of Factor C in the endotoxin assay agent of the pre
invention (as a solution prepared before contact wi

specimen) can also be, for example, 5 to 200

pg/mL. When Factor C

entration
sent

th a test

pg/mL, 50 to 150
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pg/mL, or 80 to 120 pg/mL. The above-exemplified
concentrations may be calculated, for example, on t
assumption that all the protein species present in
filtrate of a culture supernatant which has been ob
through expression of a factor of interest via the
exemplified technique consists of the factor of int
[0077]

The endotoxin assay agent of the present invention
be provided as an endotoxin assay kit. The endotox
kit is not particularly limited, so long as the kit
the endotoxin assay agent of the present invention.
endotoxin assay kit may further comprise, for examp
more elements selected from an endotoxin standard,
container (e.g., a tube or a microplate), an instru
the like.
[0078]

(4) Endotoxin assay method of the present invention

When a test specimen contains endotoxin, the casca

reaction proceeds by mixing the endotoxin assay age
present invention with the test specimen. Through
the progress of the cascade reaction, endotoxin con
the test specimen can be measured. That is, the pr
invention provides a method for measuring endotoxin
in a test specimen, the method comprising a step of
the endotoxin assay agent of the present invention
test specimen, and a step of measuring the progress

cascade reaction. The method is also referred to a
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"endotoxin assay method of the present invention.”
[0079]

In an embodiment of the endotoxin assay method of
present invention (hereinafter may be referred to a
"first embodiment”), all the factors are mixed with
specimen. In the first embodiment, the factors con
endotoxin assay agent of the present invention may
contained in the reaction system from the start of
of mixing the endotoxin assay agent of the present
with the test specimen, or may be successively adde
reaction system.

[0080]

For example, the step of mixing the endotoxin assa
agent of the present invention with the test specim
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 Factor B of the present
invention to the reaction system; and

(C) a step of adding the Pro-clotting enzyme to th
reaction system.

[0081]

The steps (A) to (C) may be performed separately,
partially simultaneously, or totally simultaneously
steps (A) to (C) may be performed in any order. Fo
the step (B) may be performed after the step (A), a

step (C) may be performed after the step (B).
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[0082]

In the first embodiment, the progress of the casca de
reaction can be measured by adding a detection subs trate to
the reaction system and measuring the response (col oring,
coagulation, etc.) of the substrate. The detection substrate
may be contained in the reaction system from the st art of the
step of mixing the endotoxin assay agent of the pre sent
invention with the test specimen, or may be added t o the
reaction system during the progress of the step or after

completion of the step. Needless to say, the first
embodiment also encompasses an endotoxin assay meth od
employing the endotoxin assay agent of the present invention

which contains a detection substrate in advance.

[0083]

In the endotoxin assay method of the present inven tion,
so long as the cascade reaction proceeds when the t est
specimen contains endotoxin, the Factor B and the P ro-
clotting enzyme of the present invention per se are not need
to be in contact with the test specimen. That is, another
embodiment of the endotoxin assay method of the pre sent
invention (hereinafter may be referred to as a "sec ond
embodiment”) is a method for measuring endotoxin pr esentin a
test specimen, the method comprising the following steps (A)
to (D):

(A) a step of mixing the Factor C of the present
invention with the test specimen;

(B) a step of mixing the Factor B of the present



65

invention with the Factor C after mixing of step (A

(C) a step of mixing the Pro-clotting enzyme of th
present invention with the Factor B after mixing of
and

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

[0084]

In the second embodiment, the steps (A) to (D) may
performed separately, partially simultaneously, or
simultaneously. For example, step A may be initiat
then the Factor B and the Pro-clotting enzyme may b
the reaction system during the progress of the step
after completion of step A. Also, step B may be in
and then the Pro-clotting enzyme may be added to th
system during the progress of the step B or after c
of step B. Alternatively, all three factors may be
incorporated into the reaction system from the star
A. Still alternatively, the Factor C after the con
step A may be recovered and used in step B, or the
after the contact of step B may be recovered and us
C.

[0085]

In the second embodiment, the progress of the casc
may be measured by adding a detection substrate to
reaction system and measuring the response (colorin
coagulation, etc.) of the substrate. The detection
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step A, or may be added to the reaction system duri
progress of any step or after completion of any ste
[0086]

Alternatively, endotoxin can be measured by detect
an intermediate stage of the cascade reaction. Spe
endotoxin can be measured by detecting activated Fa
which is an intermediate of the cascade reaction.
still another embodiment of the endotoxin assay met
present invention (hereinafter may be referred to a
embodiment”) may be a method for measuring endotoxi
in a test specimen, the method comprising a step of
the Factor C of the present invention with the test
and a step of detecting activated Factor C. In the
embodiment, the activated Factor C can be detected
a detection substrate to the reaction system and me
the response (coloring, etc.) of the substrate. Th
detection substrate may be contained in the reactio
from the start of the step of mixing the Factor C o
present invention with a test specimen, or may be a
the reaction system during the progress of the step
completion of the step.

[0087]

The endotoxin assay method of the present inventio
long as the cascade reaction proceeds when the test
contains endotoxin, may further comprise any other
step. For example, the endotoxin assay method of t

invention may comprise a step of adding a detection

ng the
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That is,
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to the reaction system, or a step of mixing Clottin

or an intermediate, which was yielded by the cascad
with the detection substrate. Also, for example, t
endotoxin assay method of the present invention may
a step of calculating the endotoxin level of the te
specimen based on the reaction of the detection sub
[0088]

In the endotoxin assay method of the present inven
reaction is preferably carried out in an aqueous me
as water or a buffer.

[0089]

In the assay method of the present invention, the
concentration of each factor in the reaction mixtur
particularly limited, so long as the cascade reacti
proceeds when the test specimen contains endotoxin.
concentration of each factor may be appropriately t
accordance with properties of the factor and so for
example, the concentration of each factor, as a fin
concentration, may be, for example, 2.5 to 100
preferably 10 to 50

particularly preferably about 30

concentration of each factor in the reaction mixtur
adjusted in accordance with the method of producing
factor. When Factor C is produced with a rodent ce
host, the concentration of Factor C in the reaction

as a final concentration, may also be, for example,

100 pg/mL, 5to 25 pg/mL, or 7.5 to 20

pg/mL, more preferably 20 to 40

pg/mL. Also, the
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is produced with a primate cell as a host, the conc

of Factor C in the reaction mixture, as a final con

may also be, for example, 2.5 to 100 pg/mL, 25to 75
or 40 to 60 pg/mL. The above-exemplified concentrations may
be calculated, for example, on the assumption that

protein species present in the filtrate of a cultur

supernatant which has been obtained through express

factor of interest via the above-exemplified techni

consists of the factor of interest.

[0090]

In the assay method of the present invention, the
concentration of the detection substrate in the rea
mixture is not particularly limited, so long as the
reaction proceeds when the test specimen contains e
The concentration of the detection substrate may be
appropriately tuned in accordance with properties o
detection substrate and so forth. In the case wher
detection substrate is a synthetic substrate, the
concentration of the detection substrate is, for ex
generally 0.001 mM to 100 mM, preferably 0.01 mM to
a final concentration.

[0091]

In any embodiment, so long as the cascade reaction
proceeds when the test specimen contains endotoxin,
reaction system may further contain any other arbit
component, in addition to the factors, the detectio

substrate, and the test specimen.
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[0092]

The pH of the reaction mixture is not particularly
limited, so long as the cascade reaction proceeds w
test specimen contains endotoxin. The pH of the re
mixture may be appropriately tuned in accordance wi
properties of the factors. The pH of the reaction
for example, generally 5 to 10, preferably 7 to 8.5
[0093]

The reaction temperature is not particularly limit
so long as the cascade reaction proceeds when the t
specimen contains endotoxin. The reaction temperat
appropriately tuned in accordance with properties o

factors. The reaction temperature is, for example,

10°Cto 80 °C, preferably 20 °Cto 50 °C. For example, the

reaction temperature may be 37 °C.
[0094]

The reaction time is not particularly limited. Th
reaction time may be appropriately tuned in accorda
various conditions such as properties of the factor
reaction temperature. The reaction time is, for ex
generally 5 minutes to 2 hours, preferably 15 minut
minutes. The reaction time may be, for example, 30
to 40 minutes.

[0095]

In any embodiment, the test specimen, the factors,

other components may be further added singly or in

combination to the reaction system during the cours
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reaction. These components may be added once or a
of times, or in a continuous manner. The reaction
may be constant from the start to the end of the re
may be varied in the course of the reaction.

[0096]

The progress of the cascade reaction attributable
the presence of endotoxin can be measured by measur
response (coloring, coagulation, etc.) of the detec
substrate, whereby endotoxin in the test specimen ¢
measured. The response (coloring, coagulation, etc
detection substrate may be measured through a techn
accordance with the property of the detection subst
employed.

[0097]

In the case of quantitatively measuring endotoxin,
correlation data between endotoxin level and the ex
response (coloring, coagulation, etc.) of the detec
substrate are obtained by use of an endotoxin stand
with known concentration, and then the amount of en
present in the specimen can be quantitatively deter
the basis of the obtained correlation data. The co
data is, for example, a calibration curve. The qua
may be carried out through a kinetic method or an e
method.

[0098]
The test specimen which can be subjected to endoto

assay is not particularly limited. Examples of the
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include water for medical use, pharmaceutical produ
infusion solutions, blood products, medical apparat
medical instruments, cosmetics, foods and beverages
environmental specimens (e.g., air, river water, an
biological specimens (e.g., blood, body fluid, and
native proteins, recombinant proteins, nucleic acid
saccharides. The test specimen may be, for example
injection. An injection refers to an agent that ca
administered to the biological body via injection.
injection is not necessarily fluid during commercia
distribution, and may be a lyophilized product. Th
specimen itself, or an extract or wash liquid there
mixed, dispersed, or dissolved in the reaction syst
thereby be subjected to endotoxin assay.

[0099]

As described above, the Factor C of the present
invention may have low susceptibility to inhibition
activity by an ion. Thus, in an embodiment of the
invention, endotoxin present in a test specimen con
ion can be suitably measured.

[0100]

In other words, the test specimen of the invention
be a test specimen containing an ion. The expressi
"containing an ion" refers to the state that the te
specimen contains a substance which is presentin t
an ion during endotoxin assay. That is, "ion" refe

the present invention may be species which are pres
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uses,

d soil),
tissue),
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inherently in an ionized form in the test specimen,
species which are present inherently in a salt form
test specimen but are ionized during endotoxin assa
type of ions is not particularly limited. An examp

ion is a cation, and an example of the cation is a
Examples of the metal ion include an alkali metal i
alkaline earth metal ion. Specific examples of the
metal ion and the alkaline earth metal ion include
potassium ion, calcium ion, and magnesium ion. The
amount of the ion in the test specimen may be such
that, for example, the concentration of the cation

from the test specimen becomes 1 mM or higher, 2 mM
5 mM or higher, 10 mM or higher, 20 mM or higher, 5
higher, or 100 mM or higher, as a final concentrati
reaction system after mixing the test specimen with
endotoxin assay agent. Specific examples of the sa
sodium chloride, magnesium sulfate, sodium hydrogen
sodium citrate, calcium chloride, potassium chlorid
iothalamate, calcium disodium edetate, and dihydrog
phosphate. The contained amount of the salt in the
specimen may be such an amount that, for example, t
concentration of the salt derived from the test spe
becomes 1 mM or higher, 2 mM or higher, 5 mM or hig
or higher, 20 mM or higher, 50 mM or higher, or 100
higher, as a final concentration in the reaction sy
mixing the test specimen with the endotoxin assay a

test specimen may contain one kind of ion (or salt)

or may be
in the
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more kinds of ions (or salts).

Examples
[0101]

The present invention will next be described more
particularly by way of examples. However, these ar
examples of the present invention, and the scope of
present invention is not limited to these.

[0102]
1. Preparation of Factor C proteins
(1) Expression of Factor C in insect cells (Sf9)

In this section, Factor C was prepared by use of i

cell Sf9 as a host in the following manner.

[0103]

A DNA encoding Factor C of Japanese horseshoe crab
Tachypl eus trident at us, was inserted between the

recognition site and the M ul recognition site of plZ-V5

(product of Life Technologies Corporation), which i

for expression in insect cells, to thereby construc

C expression plasmid. The nucleotide sequence of t
shown in SEQ ID NO: 1, and the amino acid sequence
C encoded by the DNA is shown in SEQ ID NO: 2 (the
applies throughout the Example).

[0104]

The Factor C expression plasmid was introduced int

cultured Sf9 cells through transfection by use of C

reagent (product of Life Technologies Corporation).

e merely

the

nsect

EcoRV

s a vector
t a Factor
he DNA is
of Factor

same

0
elfectin
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cells were statically cultured at 28 °C in an Sf900 IIl serum-

free medium (product of Life Technologies Corporati on)
containing 300 to 600 pg/mL Zeocin (product of Life

Technologies Corporation), whereby Sf9 strains into which the
genome the expression plasmid had been incorporated were
selected.

[0105]

Candidates for Sf9 in which the Factor C gene had been
stably expressed were isolated through the cloning cylinder
technique, and a plurality of Sf9 cell lines was cl oned. The
thus-obtained clones were individually cultured, to thereby
obtain culture supernatants. Secretion of the reco mbinant
Factor C protein in each culture supernatant was co nfirmed
through western blotting by use of an anti-Factor C antibody
(2C12 antibody; Yoshiki Miura, et al ., J. Biochem. 112: 476-

481 (1992)). Also, activity of Factor C (property of being
activated by endotoxin) in the culture supernatant was
confirmed through activity measurement by use of a synthetic
substrate Boc-LGR-pNA. Notably, the procedure of a ctivity
measurement is described in "4. Activity measuremen t" below
(the same applies throughout the Example). Based o n the
results of western blotting and activity measuremen t, an Sf9

cell line highly expressing Factor C was selected.
[0106]

The Sf9 cell line highly expressing Factor C was
suspension-cultured (28 °C) in an Sf900 Il medium containing

1x penicillin/streptomycin (product of Life Technolog ies
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Corporation) and 50 pg/mL Zeocin to a later phase of the
logarithmic growth phase (6 to 8
culture was centrifuged (3,000 xg, 30 minutes, 4
thereby recover a culture supernatant. The superna

filtered through a 0.22- pum filter, and the thus-recovered

fraction (i.e. filtrate) was employed as recombinan
(Sf9).

[0107]

(2) Expression of Factor C in mammalian cells (CHO

In this section, Factor C was prepared by use of C
DG44, which is a Chinese hamster ovary cell line, a
through the following procedure.

[0108]

A DNA encoding Factor C of Japanese horseshoe crab
Tachypl eus trident at us, was inserted between the
recognition site and the Xbal recognition site of pCl-neo
(product of Promega), which is a vector for express
mammalian cells, to thereby construct a Factor C ex
plasmid. A kozak sequence (GCCACC) was added just
start codon of Factor C.

[0109]

The Factor C expression plasmid and a dhfr express
plasmid were incorporated into cultured CHO DG44 ce
through simultaneous transfection using a lipofecti
(Lipofectamine LTX) (product of Life Technologies

Corporation). The CHO DG44 cells were statically ¢

37°C under feeding of 5% CO

2 in an RPMI 1640 medium (5%

x10° cells/mL). Then, the
°C), to

tant was

t Factor C
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dialyzed serum, containing 1 x penicillin/streptomycin)
(product of Sigma) added with 1 mg/mL Geneticin (pr

Life Technologies Corporation), whereby CHO DG44 st

which the genome the expression plasmids had been
incorporated were selected.

[0110]

Fifteen days after the simultaneous transfection,
(methotrexate) (product of Wako Pure Chemical Indus
Ltd.) was added to the culture medium. The MTX con
was elevated stepwise from 50 nM to 5,000 nM over t
months, and CHO DG44 cell lines highly expressing F
were selected as polyclones. Effective amplificati
incorporated Factor C gene by virtue of MTX was con
detecting Factor C in a culture supernatant through
blotting using a 2C12 antibody, and quantitating th
transcriptional amount of mMRNA of Factor C through
PCR.

[0111]

The group of polyclonal CHO DG44 cell lines highly
expressing Factor C was diluted by the medium to ob
cell concentration of 0.5 cells/well, and the dilut
inoculated to a 96-well plate. From about 10 to 20
after inoculation, the formed cell colonies were su
subjected to expansion culture, whereby CHO DG44 ce
highly expressing Factor C were cloned. The transc
amount of mMRNA of Factor C was confirmed through re

PCR. The amount of Factor C protein secreted to th

oduct of

rains into

MTX

tries,
centration
hree

actor C
on of the
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e
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was confirmed through western blotting using a 2C12 antibody.
The Factor C activity (property of being activated by
endotoxin) in the culture supernatant was confirmed through
activity measurement using a synthetic substrate Bo c-LGR-pNA.
Based on these results, a monoclonal CHO DG44 cell line
highly expressing Factor C was selected.
[0112]

The CHO DG44 cell line highly expressing Factor C
(monoclonal) was conditioned in a serum-free comple te
synthetic medium containing 5 MM MTX and thus floated. The
cell line was grown at 37 °C under feeding of 5% CO 2toa
later phase of the logarithmic growth phase. The t hus-
obtained floating culture broth was centrifuged (3, 000 xg, 30
minutes, 4  °C), to thereby recover a culture supernatant. The
supernatant was filtered through a 0.22- pum filter, and the
thus-recovered fraction (i.e. filtrate) was employe d as
recombinant Factor C (CHO).
[0113]
(3) Expression of Factor C in mammalian cells (HEK2 93)

In this section, Factor C was prepared by use of H EK293,
which is a human embryo kidney cell line, as a host through
the following procedure.

[0114]
A DNA encoding Factor C of a Japanese horseshoe cr ab,
Tachypl eus trident at us, was inserted between the EcoRl

recognition site and the Xhol recognition site of pCA7

(Makoto Takeda, et al ., J.Viol. 79 (22): 14346-54 (2005)),
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which is a vector for expression in mammalian cells , to
thereby construct a Factor C expression plasmid. A kozak
sequence (GCCACC) was added just before the start ¢ odon of
Factor C.
[0115]

The Factor C expression plasmid was incorporated i nto

cultured HEK293 cells through transfection using

polyethylenimine (product of Sigma) (Hashiguti et al .,
Expression of Recombinant Protein Using Cultured Hu man Cells
-Standard Protocol by 293-type cells-, PSSJ Archive s, 1, e017
(2008),

http://lwww.pssj.jp/archives/Protocol/Expression/293 ~01/293 01
_01.html). HEK293 cells were statically cultured i n a DMEM

medium (containing 10% fetal bovine serum and 2mM L -

glutamine) (product of Sigma) at 37 °C under feeding of 5% CO 2

without replacement of the medium. Four days after

transfection, the culture broth was recovered, and was
centrifuged (3,300 xg, 30 minutes, 4 °C), to thereby recover a
culture supernatant. The supernatant was filtered through a

0.22- um filter, and the thus-recovered fraction (i.e.

filtrate) was employed as recombinant Factor C (HEK ).
[0116]
(4) Preparation of native Factor C (derived from am ebocyte of

Tachypl eus trident at us)
A fraction containing Factor B and Factor C was
recovered from an amebocyte extract of Japanese hor seshoe

crab, Tachypl eus tri dent at us, through column chromatography
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by use of dextran sulfate resin (Takanori Nakamura, et al.,
Eur. J. Biochem. 154: 511-521 (1986)). The fractio n (5 mL)
was subjected to gel filtration by means of a colum n( 2.2
cm x 97 cm) filled with Sepharose CL6B gel (product of GE
Healthcare). Gel filtration was performed under al most the
same conditions as employed in a known technique (J eak Ling
Ding and Bow Ho, US 5,712,144; Jeak L. Ding, et al ., Biochem.
Biophys. Acta 1202: 149-156). The flow rate was ad justed to
15 mL/h, and 50 mM Tris buffer (pH 8.0) containing 154 mM
NaCl, 1 mM EDTA, and 5% DMSO was employed as a solv ent.
[0117]

Gel filtration eluted fractions (3.7 mL/tube, 150

tubes) were subjected to SDS-PAGE followed by CBB s taining
and western blotting using a 2C12 antibody, and act ivity
measurement using a synthetic substrate Boc-LGR-pNA , Whereby
fractions containing Factor C protein were identifi ed. These
fractions containing the purified Factor C protein were

employed as native Factor C (TAL).

[0118]

2. Preparation of recombinant Factor B and recombin ant Pro-
clotting enzyme

A DNA encoding Factor B of Japanese horseshoe crab :

Tachypl eus trident at us, was inserted between the EcoRV
recognition site and the M ul recognition site of plZ-V5

(product of Life Technologies Corporation), which i S a vector
for expression in insect cells, to thereby construc t a Factor

B expression plasmid. The nucleotide sequence of t he DNA is
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shown in SEQ ID NO: 9, and the amino acid sequence of Factor
B encoded by the DNA is shown in SEQ ID NO: 6. Not ably, the
nucleotide sequence shown in SEQ ID NO: 9 is a nucl eotide

sequence optimized for expression in insect cells.
[0119]

A DNA encoding Pro-clotting enzyme of Japanese

horseshoe crab, Tachypl eus trident at us, was inserted between

the EcoRV recognition site and the M ul recognition site of

plZ-V5 (product of Life Technologies Corporation), which is a
vector for expression in insect cells, to thereby c onstruct a
Pro-clotting enzyme expression plasmid. The nucleo tide
sequence of the DNA is shown in SEQ ID NO: 7, and t he amino
acid sequence of Pro-clotting enzyme encoded by the DNA is

shown in SEQ ID NO: 8.
[0120]

Through the same method as employed in the case of

Factor C, the expression plasmids were each incorpo rated into
Sf9 cells, high-expression clones were selected, an d culture
supernatants thereof were prepared. The culture su pernatants
were individually filtered through a 0.22- pum filter, and the
obtained fractions (i.e. filtrates) were employed a sa
recombinant Factor B and a recombinant Pro-clotting enzyme.
Recovery of the factors was confirmed through weste rn

blotting employing an antibody specific to each fac tor and

activity measurement.
[0121]

3. Comparison of molecular weights of Factor C prot eins (1)
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The molecular weights of the above-prepared four t
of Factor C proteins were compared with one another
SDS-PAGE and western blotting.

[0122]

Firstly, each Factor C in an amount shown in Fig.
subjected to SDS-PAGE under a non-reducing conditio
employing a 5 to 20% gradient gel. In Fig. 2, Sf9,

HEK denote the Factor C expressed in Sf9 cells, CHO
cells, and HEK293 cells, respectively, and TAL refe
native Factor C (hereinafter the same applies). No
Factor C is cleaved into an H chain and an L chain
reducing conditions. In the present Example, SDS-P
carried out under a non-reducing condition in order
compare the molecular weights of Factor C in an int

[0123]

After SDS-PAGE, proteins were transferred to a PVD

membrane (product of Bio RAD) by means of a semi-dr
The PVDF membrane was recovered and blocked with 5%
and then sequentially treated with a primary antibo
antibody) and a secondary antibody (HRP-labeled ant
goat antibody) (product of Dako). Bands attributed
C were made to emit light with a detection reagent,
SuperSignal West Dura (product of Thermo Scientific
light emission was recorded by a CCD camera.
[0124]

The four types of Factor C were found to have diff

molecular weights, and the molecular weight was the
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in the case of CHO, followed by TAL, HEK, and Sf9 i
descending order (Fig. 2).
[0125]

Regarding Singaporean horseshoe crab,
r ot undi cauda, it has been reported that all of the native
Factor C protein purified from an amebocyte extract
recombinant Factor C proteins produced in insect ce
and S2, and in African green monkey kidney cell lin
a host cell have the same molecular weight of 132 k
Ling Ding and Bow Ho, US 5,712,144, and Jeak L. Din
Biochem. Biophys. Acta 1202: 149-156 (1993) (for na
Factor C protein); Jing Wang,
36363-72 (2002) (for Sf9 and S2); and Roopashree S.

Dwarakanath, et al ., Biotechnology letters 19(4): 357-361

(1997) (for COS-1)).
[0126]

Thus, among the above-prepared four types of Facto
the molecular weight of each of CHO and TAL was cor
measured. Firstly, recombinant Factor C (CHO) was
in a manner similar to that employed in the case of
Factor C (TAL). Then, electrophoresis (15% gel, LM
kit (product of GE Healthcare)) was performed under
conditions as employed in a known technique (Jeak L
and Bow Ho, US 5,712,144, and Jeak L. Ding, et al.,
Biophys. Acta 1202: 149-156), and the molecular wei
each Factor C was then determined through Ferguson

As a result, recombinant Factor C (CHO) was found t

n the
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molecular weight of 126 kDa, and native Factor C (T AL) was
found to have a molecular weight of 123 kDa (Fig. 3 ). Thus,
native Factor C (TAL) and recombinant Factor C (CHO ) derived
from Japanese horseshoe crab, Tachypl eus trident at us, were
found to have a molecular weight smaller than that of the

Factor C derived from Singaporean horseshoe crab,
Car ci noscor pi us rotundi cauda (132 kDa).
[0127]

The difference in molecular weight among the above -

prepared four types of Factor C is conceived to be attributed
to the difference in post-translation modification (sugar
chain modification) depending on the type of host ¢ ells
employed. For example, it has been known that sial ic acid is
linked to the N-type sugar chain after translation in
mammalian cells, whereby a recombinant protein prod uced in
mammalian cells has dimensions larger than those of a
recombinant protein produced in insect cells (Rober tL.
Harrison and Donald L. Jarvis, Methods in Molecular Biology
338: 341-356 (2007)). This supports the results of the

present Example (Fig. 2).
[0128]

4. Activity measurement

Each of the above-prepared four types of Factor C was
combined with other factors, and activity measureme nt was
carried out through the following procedure. Fig. 4 shows

the scheme of activity measurement.

[0129]
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As shown in Fig. 4, common materials other than Fa ctor
C (a recombinant Factor B, a recombinant Pro-clotti ng enzyme,
a synthetic substrate Boc-LGR-pNA, and Tris buffer) were
mixed together, to thereby prepare a common liquid mixture.
To the common liquid mixture, Factor C in an amount specified
in Fig. 6 was added, and the total volume was adjus ted to 50
uL. The thus-obtained mixture was mixed with 50 pL of a
specimen (water containing United States Pharmacopo eia
standard endotoxin (USP-RSE) (product of Seikagaku
corporation)), and the resultant mixture was heated at37 °C
for 30 minutes. In this assay system, Factor C is activated
by endotoxin, to thereby form activated Factor C; F actor B is
activated by the activated Factor C, to thereby for m
activated Factor B; Pro-clotting enzyme was activat ed by the
activated Factor B, to thereby form a corresponding Clotting
enzyme; and the Clotting enzyme cleaves a synthetic substrate
Boc-LGR-pNA, whereby p-nitroaniline is released (Fi g. 5).

The change in absorbance (A 405 nm) attributed to f ormation
of p-nitroaniline was measured in a time-dependent manner,
and the absorbance change rate per unit time (mAbs/ min) was
calculated and employed as Factor C activity. The

Measurement was conducted thrice for each sample.

[0130]

In the above assay system, the final concentration of
each factor was as follows: recombinant Factor B 30 pg/mL,
recombinant Pro-clotting enzyme 30 pg/mL, recombinant Factor
C (Sf9) 11.3 pg/mL, recombinant Factor C (CHO) 12 pg/mL,
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recombinant Factor C (HEK) 51.5 pg/mL, and Factor C (TAL)

0.25 pg/mL. The above-exemplified concentrations (except for
the case of TAL) were calculated, on the assumption that all
the protein species present in the sample (i.e. fil trate)
prepared through expression of a factor of interest consisted
of the factor of interest. The Factor C (TAL) conc entration

was measured after purification of Factor C (TAL).
[0131]

As a result, reconstituted systems each exhibiting

almost equivalent activity were successfully consti tuted for
the four types of Factor C (Fig. 6). In each recon stituted
system, the activity was increased with an increase in
endotoxin concentration (0.05 and 0.1 EU/mL) of a s pecimen.
[0132]

The recombinant Factor C derived from Car ci noscor pi us

r ot undi cauda and produced in mammalian cell COS-1 (132 kDa)

is reported to be recovered in an insoluble fractio n
(Roopashree S. Dwarakanath, et al ., Biotechnology letters
19(4): 357-361 (1997); and Jing Wang, Bow Ho and Je ak L. Ding,

Biotechnology letters 23: 71-76 (2001)). Also, the
recombinant Factor C derived from Car ci noscor pi us

r ot undi cauda and produced in insect cell S2 (132 kDa) is

reported to exhibit no protease activity in respons e to
endotoxin (Jing Wang, et al ., J. Biol. Chem. 277(39): 36363-
72 (2002)). Lack of activity of the latter Factor C

(produced in S2) is thought to be attributed to the

difference in sugar chain structure from the native Factor C
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derived from Car ci noscor pi us rotundi cauda and the recombinant
Factor C produced in insect cell Sf9, due to differ ence in

reactivity to lectin.

[0133]

Meanwhile, in the present Example, it was found th at
the recombinant Factor C derived from Tachypl eus tridentatus
(Sf9, CHO, and HEK) exhibited an endotoxin-dependen t activity,
even though the molecular weight thereof differs fr om that of
native Factor C (TAL); i.e., even though the sugar chain
structure thereof differs from that of native Facto r C (TAL).
[0134]

5. Inhibition of activity by injection

Endotoxin is a strong immune reaction-inducing

substance. Thus, when an injection contaminated wi th
endotoxin is administered to the body, a grave side effect
occurs. Therefore, in production of injections, de tection of
endotoxin by use of a limulus amebocyte lysate reag entis
obligated by the pharmacopoeia of the relevant coun try, to

thereby confirm no endotoxin contamination.

[0135]

Thus, the above-prepared four types of Factor C we re
compared in terms of reactivity to endotoxin in var ious
injections.

[0136]

As a control specimen, injection water containing
endotoxin (endotoxin concentration: 0.05 EU/mL) was used.

Measurement specimens used were as follows: 4-fold dilute of
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10 w/v% sodium chloride injection (10% sodium chlor
injection, product of Otsuka Pharmaceutical Co., Lt
fold dilute of 0.5 M magnesium sulfate injection (M
corrective injection 1 mEg/mL, product of Otsuka
Pharmaceutical Co. Ltd.); undiluted solution of phy
saline (Otsuka isotonic sodium chloride solution, p
Otsuka Pharmaceutical Co., Ltd.); 8-fold dilute of
sodium hydrogencarbonate injection (Meylon injectio
product of Otsuka Pharmaceutical Co., Ltd.); 8-fold
10 w/v% sodium citrate injection (sodium citrate in
for transfusion, product of Fuso Pharmaceutical Ind
Ltd.); 100-fold dilute of 0.5 M calcium chloride in

(Ca chloride corrective injection 1 mEqg/mL, product
Pharmaceutical Co., Ltd.); undiluted solution of Ri
solution (Ringer's solution "Fuso", product of Fuso
Pharmaceutical Industries, Ltd.); and 16-fold dilut
sodium iothalamate injection (Conray 400 injection,
of Daiichi Sankyo Co., Ltd.), each spiked with endo
(endotoxin concentration: 0.05 EU/mL). When the me
specimen was 8-fold dilute of 10 w/v% sodium citrat

injection, the final sodium citrate concentration w

21 mM. When the measurement specimen was 8-fold di

w/v% sodium hydrogencarbonate injection, the final

hydrogencarbonate concentration was about 52 mM. W

measurement specimen was 4-fold dilute of 10 w/v% s

chloride injection, the final sodium chloride conce

was about 214 mM. When the measurement specimen wa
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undiluted solution of physiological saline, the fin
chloride concentration was about 77 mM. When the m
specimen was 16-fold dilute of 0.5 M magnesium sulf

injection, the final magnesium sulfate concentratio

about 16 mM. When the measurement specimen was 100

dilute of 0.5 M calcium chloride injection, the fin
chloride concentration was about 2.5 mM. Activity

C was measured through the procedure shown in Fig.
residual activity was defined as a relative reactiv

for endotoxin in an injection specimen, with respec
reactivity for endotoxin in the corresponding contr
specimen as 100%. The measurement was carried out
for each injection specimen.

[0137]

Fig. 7 shows the results. When a typical injectio
employed as a measurement specimen, reaction with e
was inhibited, as compared with the case in which i
water was used. The degree of inhibition varied in
accordance with the type of injection and the type
for expressing Factor C. Recombinant Factor C (CHO
recombinant Factor C (HEK) showed a tendency to hav
susceptibility to reaction inhibition to all the te
injections, as compared with native Factor C (TAL).
Particularly, recombinant Factor C (CHO) exhibited
highest residual activity in many cases. In contra
recombinant Factor C (Sf9) was most susceptible to

inhibition in many injections (7 injections except

al sodium
easurement
ate

n was
-fold

al calcium
of Factor
4. A
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four times

n was
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6).
[0138]

The test results indicate that Factor C expressed
mammalian cells can have low susceptibility to acti
inhibition by ions. Such a property is particularl
advantageous for detection of endotoxin contaminati
production of injections.

[0139]
6. Preparation of L chain-specific Factor C protein

A Factor C protein is known to be present as a sin
chain (Full chain) under non-reducing conditions, a
cleaved into two chains (H chain and L chain) under
conditions. The anti-Factor C monoclonal antibody
antibody) is reported to recognize the Full chain a
chain (Yoshiki Miura,
Thus, a peptide antigen present in the L chain was
A rabbit was immunized with the peptide antigen thr
conventional method, whereby a polyclonal antibody
recognize the L chain and the Full chain (FCL antib
produced (Fig. 10).

[0140]

7. Purification of recombinant Factor C proteins

According to the method employed in "(4) Preparati

native Factor C (derived from
Preparation of Factor C proteins”, three types of r

Factor C proteins were purified from culture supern

mammalian cells (CHO DG44, and HEK293) and insect ¢

vity

onin

antibody
gle
nd to be
reducing
(2C12
nd the H

et al ., J. Biochem. 112: 476-481(1992)).

produced.
ough a
which can

ody) was

on of

Tachypl eus tridentat us)" of "1.

ecombinant
atants of

ells (Sf9).
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Briefly, each supernatant (100 to 300 mL) was subje
column chromatography by use of dextran sulfate res
elution fractions containing the corresponding reco
Factor C were isolated through gel filtration. Pur
of the recombinant Factor C proteins was confirmed
SDS-PAGE and CBB staining, western blotting employi
2C12 antibody, and activity measurement.
[0141]
8. Comparison of molecular weights of Factor C prot
The molecular weights of the above-purified four t
of Factor C proteins were compared again with one a
through SDS-PAGE and western blotting.
[0142]
The four types of purified Factor C proteins, deri

from a native horseshoe crab (TAL), a culture super

CHO DG44 (CHO), a culture supernatant of HEK293 (HE

culture supernatant of Sf9 (Sf9), were applied to a

gel (15% gel) for SDS-PAGE, and subjected to CBB st
(Fig. 11). Each of the four types of purified Fact
proteins presented as a single chain (Full chain) u
reducing conditions, and was cleaved into two chain
and L chain) under reducing conditions. After tran

the PVDF membrane, western blotting was performed b
the 2C12 antibody and the FCL antibody (Fig. 12).
relation to antibody recognition sites (Fig. 10), t
antibody specifically recognized the Full chain and

chain, and the FCL antibody specifically recognized

cted to
in, and
mbinant
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through
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chain and the L chain. The CBB-stained bands shown
11 were identified to bands derived from Factor C.
molecular weight of Factor C, CHO had the largest m
weight; TAL and HEK had almost the same molecular w
Sf9 has the smallest molecular weight, in all cases

Full chain under non-reducing conditions and of the

and L chain under reducing conditions.

[0143]

In order to more precisely compare the molecular
weights of the four types of purified Factor C,
electrophoresis (15% gel, LMW marker (product of GE
Healthcare)) was performed under the same condition
employed in a known technique (Jeak Ling Ding and B
5,712,144; and Jeak L. Ding,
1202: 149-156), followed by CBB staining, and the m
weights were then determined through Ferguson plott
[0144]

Table 1 shows the results. Under non-reducing
conditions, TAL had a molecular weight of 124 kDa,
almost equivalent to 123 kDa reported by the refere
molecular weight of CHO was higher, 128 kDa, and th
was 124 kDa, which is equivalent to that of TAL. T
molecular weight of Sf9 was 109 kDa, which is small
that of TAL. As a result, when recombinant Factor
expressed in insect cells (Sf9), the molecular weig
was found to be smaller than that of native Factor

whereas when recombinant Factor C was expressed in

in Fig.
Regarding
olecular
eight; and
of the

H-chain

S as

ow Ho, US

et al ., Biochem. Biophys. Acta
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cells (CHO, HEK), the molecular weight thereof was found to
be equivalent to or larger than that of native Fact or C (TAL).
This tendency was also confirmed in the case of the H chain

or the L chain under reducing conditions.
[0145]
The molecular weight of native Factor C derived fr om

Car ci noscor pi us rotundi cauda (Singaporean horseshoe crab) and

that of recombinant Factor C thereof obtained via g ene
expression in insect cells have been reported to be the same
value, 132 kDa, under non-reducing conditions. The four
types of purified Factor C derived from Tachypl eus

tri dent at us (Japanese horseshoe crab) and obtained in the
present Example were found to have a molecular weig ht smaller

than 132 kDa (Table 1).
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[0146]
[Table 1]
Species of Mol. wt. (kDa)
horseshoe crab Source Full H L Reference
Tachypleus Natural
tridentatus lysate 124 85 42 | Present Example
Tachypleus | o pGaa | 128 | 88 | 43 | Present Example
tridentatus
Tachypleus | ooz | 124 | 85 | 42 | Present Example
tridentatus
?Chy pleus Sf9 109 75 39 | Present Example
tridentatus
Tachvoleus Natural Takanori Nakamura, et al,
Jiicdravd yeate 123 | 80 | 43 |Eur J. Biochem.
154: 511-521 (1986)
Carcinoscorpius | Natural Jeak L. Ding, et al,
rotundicauda lvsate 132 80 52 | Biochem. Biophys. Acta
y 1202: 149-156 (1993)
. .| Sf9 Jing Wang, et al.,
%A’Zﬁ;ﬁfg"s (+baculo | 132 dg‘t’a dg‘t’a 3. Biol. Chem.
virus) 277 (39): 36363-72 (2002)
Carcinoscorpius No No ng_ Wang, et a,
rotundicauda 52 132 data | data J. Biol. Chem.
277 (39): 36363-72 (2002)
[0147]

9. Confirmation of N-type sugar chain modification

The genes employed in the present Example for

expressing the recombinant Factor C were sequences all

derived from

plasmids were designed so that no tag was added to
terminus of each sequence. Therefore, the translat
acid sequences of the four types of Factor C obtain

present Example are thought to be the same one. In

Tachypl eus trident at us, and the expression

any
ed amino
ed in the

addition,
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the partial sequences of the N-terminal amino acid

of the recombinant Factor C (HEK, Sf9) were determi
These amino acid sequences are identical to the seq
the native Factor C of

the reference (data not shown).
[0148]

Generally, the molecular weight of protein is thou
to vary considerably by modification after translat
addition, it has also been reported that the struct
N-type sugar chain added to protein through modific
after translation differs between the case of insec
and the case of mammalian cells. Thus, in order to
whether the above-observed difference in molecular
among the purified Factor C proteins is attributed
difference in N-type sugar chain structure, the Fac
proteins each were treated with glycopeptidase F.
enzyme is known to cleave and remove an N-type suga
added to protein. Therefore, when the purified Fac
proteins have the same molecular weight after treat
the enzyme, N-type sugar chain is conceived to indu
difference in molecular weight among the Factor C p
[0149]

According to an attached instruction, each purifie
Factor C protein (1
F (product of Takara) under modification conditions

presence of SDS and a reducing agent. The thus-tre

samples were separated through SDS-PAGE, and then a

residues
ned.

uence of

Tachypl eus trident at us, reported by

ght
ion. In
ure of an
ation
t cells
confirm
weight
to the
tor C
This
r chain
tor C
ment with
ce the

roteins.

Hg) was treated with 1 mU glycopeptidase

in the
ated

nalyzed



95

through western blotting. Fig. 13 shows the result
cases of the four types of Factor C, the molecular

H chain decreased by the glycopeptidase treatment a
the same value. By contrast, although the molecula
of L chain decreased after the glycopeptidase treat
all cases of the four types of Factor C, the molecu
became the same value only in the cases of CHO, HEK
Specifically, among four types of L chains, the L ¢

the Factor C derived from Sf9 was found to have a m
weight larger than that of the other three cases, a
glycopeptidase treatment. Therefore, in the L chai
Factor C derived from Sf9, a certain modification o
N-type sugar chain modification was conceived to oc
translation.

[0150]

Thus, the aforementioned analysis indicates that t
difference in mode of N-type sugar chain after tran
plays a main role in providing the difference in mo
weight of Factor C.

[0151]
10. Analysis of N-type sugar chain of Factor C

In N-type sugar chain modification of a protein in
mammalian cells, sugar molecules are stepwise added
asparagine residue of the protein, and eventually,
chain containing terminal sialic acid (i.e., comple
formed. In contrast, in insect cells, sialic acid

generally added, and a sugar chain having a mannose
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weight of
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(i.e., paucimannose-type) is formed (Robert L. Harr ison and
Donald L. Jarvis, Methods in Molecular Biology 338: 341-356
(2007)). In order to confirm the difference in N-t ype sugar
chain structure among the four types of purified Fa ctor C
proteins, lectin blotting was performed by use of v arious
lectins such as terminal sialic acid-specific lecti ns (e.g.,
Maacki a anmur ensi s agglutinin (MAM) and Sanmbucus si ebol di ana

agglutinin (SSA)).

[0152]

Dilution series (100, 25, and 6 ng) samples of eac h of
the four types of purified Factor C and bovine fetu in protein
as a positive control were dot-blotted onto a nitro cellulose
membrane, and the membrane was blocked with 3% BSA. Then,
the membrane was sequentially reacted with biotin-| abeled
lectin (product of J-Oil Mills, Inc.) and streptavi din-
labeled HRP (product of Thermo Scientific). Light emission
attributed to decomposition of the HRP substrate (p roduct of
Thermo Scientific) was detected. Instead of lectin ,a2Cl12
anti-Factor C antibody was used as a control, to th ereby
confirm that the same amounts of four types of Fact or C were
blotted.

[0153]

Fig. 14(a) shows the results of lectin blotting, a nd

Fig. 14(b) shows the binding specificity of lectins employed.

Lens cul i nari s agglutinin (LCA) (fucose-specific lectin) and
Canaval i a ensi f or m s agglutinin (Con A) (bi-antenna-type,

high-mannose-type, and complex-type sugar chain-spe cific



97

lectin) were bonded to all the samples; i.e., four types of
Factor C and fetuin. In contrast, MAM (( a-2,3)-linked

terminal sialic acid-specific lectin) was strongly bonded to
CHO and less strongly bonded to HEK. TAL and fetui n have
almost the same weak reactivity, but did not react with Sf9.

SSA (( a-2,6)-linked terminal sialic acid-specific lectin)
reacted with HEK, TAL, and fetuin, but did not reac t with CHO
and Sf9.
[0154]
The above analysis indicates that the N-type sugar
chain of recombinant Factor C expressed in mammalia n cells

(CHO and HEK) contains ( a-2,3)-linked terminal sialic acid,

and that the N-type sugar chain of recombinant Fact orC
expressed in insect cells (Sf9) contains no ( a-2,3)-linked
terminal sialic acid. Fig. 14(c) shows schematic s tructures
of the N-type sugar chain of recombinant Factor C, estimated
by the results of the above experiments and reports by the
reference. The results of the above experiments su pport that
the difference in mode of N-type sugar chain modifi cation
after translation is mainly attributed to the diffe rence in

molecular weight of Factor C.

Industrial Applicability
[0155]
According to the present invention, a recombinant
horseshoe crab Factor C can be efficiently produced . Inan

embodiment of the present invention, endotoxin pres entina
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test specimen containing an ion can be measured, wh
inhibition of reaction is reduced.

[0156]

Sequence listing

SEQ ID NO: 1: DNA sequence of the Factor C gene of
horseshoe crab

SEQ ID NO: 2: Amino acid sequence of the Factor C o
horseshoe crab

SEQ ID NO: 3: DNA sequence of the Factor C gene of
Asian (Singaporean) horseshoe crab

SEQ ID NO: 4: Amino acid sequence of the Factor C o
Southeast Asian (Singaporean) horseshoe crab

SEQ ID NO: 5: DNA sequence of the Factor B gene of
horseshoe crab

SEQ ID NO: 6: Amino acid sequence of the Factor B o
horseshoe crab

SEQ ID NO: 7: DNA sequence of the Pro-clotting enzy
Japanese horseshoe crab

SEQ ID NO: 8: Amino acid sequence of the Pro-clotti
of Japanese horseshoe crab

SEQ ID NO: 9: DNA sequence of a Factor B gene of Ja
horseshoe crab, the gene having a codon optimized f
expression in insect cells

SEQ ID NO: 10: Peptide sequence

ile

Japanese

f Japanese

Southeast

Japanese

f Japanese

me gene of

ng enzyme

panese

or
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Claims

1. A method for imparting a salt ion resistance for a horseshoe

crab Factor C, the method comprising:

recombinantly expressing and secreting the horseshoe crab
Factor C into a culture broth or a culture supernatant using a
mammalian cell as a host cell, and

recovering the recombinant horseshoe crab Factor C secreted
from the mammalian cell,

wherein the horseshoe crab Factor C recombinantly expressed
and secreted using the mammalian cell contains (a-2,3)-1linked
terminal sialic acid in a greater amount, as compared with a
corresponding horseshoe crab Factor C expressed using a Sf9 insect
cell as a host cell,

wherein the mammalian cell is a Chinese hamster ovary (CHO)
cell or a human embryonic kidney (HEK) cell, and

wherein the horseshoe crab Factor C recombinantly expressed
and secreted into a culture broth or a culture supernatant using
the mammalian cell is a protein selected from the following (A),
(B), (C), or (D):

(A) a protein comprising the amino acid sequence of Factor C of
Tachypleus tridentatus, wherein the protein has no peptide added
to the N-terminus of Factor C of Tachypleus tridentatus, and
wherein the protein has activity of Factor C;

(B) a protein comprising the amino acid sequence of Factor C of
Limulus polyphemus, wherein the protein has no peptide added to
the N-terminus of Factor C of Limulus polyphemus, and wherein the
protein has activity of Factor C;

(C) a protein comprising the amino acid sequence of Factor C of
Carcinoscorpius rotundicauda, wherein the protein has no peptide
added to the N-terminus of Factor C of Carcinoscorpius
rotundicauda, and wherein the protein has activity of Factor C;

(D) a protein comprising the amino acid sequence of Factor C of
Tachypleus gigas, wherein the protein has no peptide added to the
N-terminus of Factor C of Tachypleus gigas, and wherein the

protein has activity of Factor C.

2. The method according to claim 1, wherein the salt ion is
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selected from the group consisting of sodium ion, potassium ion,

calcium ion, and magnesium ion.

3. The method according to claim 1, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 21 mM
sodium citrate as compared with a corresponding horseshoe crab

Factor C expressed in a Sf9 insect cell as a host cell.

4. The method according to claim 1, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 52 mM
sodium hydrogencarbonate as compared with a corresponding
horseshoe crab Factor C expressed in a Sf9 insect cell as a host

cell.

5. The method according to claim 1, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 214
mM sodium chloride as compared with a corresponding horseshoe crab

Factor C expressed in a Sf9 insect cell as a host cell.

6. The method according to claim 1, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 16 mM
magnesium sulfate as compared with a corresponding horseshoe crab

Factor C expressed in a Sf9 insect cell as a host cell.

7. The method according to claim 1, wherein the protein comprises
the amino acid sequence of Factor C of Tachypleus tridentatus,

Limulus polyphemus, or Carcinoscorpius rotundicauda.

8. A method for producing an endotoxin assay agent comprising a
horseshoe crab Factor C, the method comprising:
recombinantly expressing and secreting the horseshoe crab
Factor C into a culture broth or a culture supernatant using a
mammalian cell as a host <cell, recovering the recombinant

horseshoe crab Factor C secreted from the mammalian cell, and
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producing an endotoxin assay agent comprising the
recombinant horseshoe crab Factor C, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using the mammalian
cell contains (a-2,3)-linked terminal sialic acid in a greater
amount, as compared with a corresponding horseshoe crab Factor C
expressed using a Sf9 insect cell as a host cell,

wherein the mammalian cell is a Chinese hamster ovary (CHO)
cell or a human embryonic kidney (HEK) cell, and

wherein the horseshoe crab Factor C recombinantly expressed
and secreted into a culture broth or a culture supernatant using
the mammalian cell is a protein selected from the following (A),
(B), (C), or (D):

(A) a protein comprising the amino acid sequence of Factor C of
Tachypleus tridentatus, wherein the protein has no peptide added
to the N-terminus of Factor C of Tachypleus tridentatus, and
wherein the protein has activity of Factor C;

(B) a protein comprising the amino acid sequence of Factor C of
Limulus polyphemus, wherein the protein has no peptide added to
the N-terminus of Factor C of Limulus polyphemus, and wherein the
protein has activity of Factor C;

(C) a protein comprising the amino acid sequence of Factor C of
Carcinoscorpius rotundicauda, wherein the protein has no peptide
added to the N-terminus of Factor C of Carcinoscorpius
rotundicauda, and wherein the protein has activity of Factor C;

(D) a protein comprising the amino acid sequence of Factor C of
Tachypleus gigas, wherein the protein has no peptide added to the
N-terminus of Factor C of Tachypleus gigas, and wherein the

protein has activity of Factor C.

9. The method according to claim 8, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 21 mM
sodium citrate as compared with a corresponding horseshoe crab

Factor C expressed in a Sf9 insect cell as a host cell.

10. The method according to claim 8, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian

cell exhibits a higher residual activity in the presence of 52 mM
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sodium hydrogencarbonate as compared with a corresponding
horseshoe crab Factor C expressed in a Sf9 insect cell as a host

cell.

11. The method according to claim 8, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 214
mM sodium chloride as compared with a corresponding horseshoe crab

Factor C expressed in a Sf9 insect cell as a host cell.

12. The method according to claim 8, wherein the horseshoe crab
Factor C recombinantly expressed and secreted using a mammalian
cell exhibits a higher residual activity in the presence of 16 mM
magnesium sulfate as compared with a corresponding horseshoe crab

Factor C expressed in a Sf9 insect cell as a host cell.

13. The method according to claim 8, wherein the protein
comprises the amino acid sequence of Factor C of Tachypleus

tridentatus, Limulus polyphemus, or Carcinoscorpius rotundicauda.



