
SPECIFICATION PROCESS FOR PRODUCING ANTITHROMBIN III
COMPOSITION 5 TECHNICAL FILED The present invention
relates to a process for producing an antithrombin III
composition comprising an antithrombin III molecule
having complex type N- glycoside-linked sugar chains,
wherein the complex type N-glycoside-linked sugar
chains have a structure in which fucose is not bound
to N-acetylglucosamine in the  10 reducing end in the
sugar chains. BACKGROUND ART Thrombus formation
accompanies a danger of stopping blood flow. Since
cutoff of blood flow by the formation of thrombi
becomes a lethal factor, the living  15 body has
several mechanisms to control and regulate blood
coagulation. That is, direct inactivation of activated
coagulation factors by serine protease [The Thrombin;
Volume  I (Machovich R., ed.), pp. 1-21, CRC Press,
Boca Raton (1982)], a regulatory  mechanism based on
the degradation of factor V and factor VIII by
activated protein C  [Progress in Hemostasis and
Thrombosis, Volume 7 (Spaet T. H., ed.), pp. 25-54, 20
Grune & Stratton, New York (1984)] and an inhibitory
mechanism of activated  coagulation factors by various
serine protease inhibitors in blood. In addition, the
presence of a tissue factor inhibitor which inhibits
activation of factor VII in an  activated factor
X-dependent manner [Journal of Japanese Society on
Thrombosis and  Hemostasis, 2, 550 (1991)] has also
been found. The most important mechanism. 25 among
these is the inhibitory mechanism of activated
coagulation factors by various  serine protease
inhibitors in blood. Various serine protease
inhibitors are present in blood, and their amount
reaches 10% of the total plasma protein. It is known
that 4 inhibitors among these  inhibitors, namely
antithrombin III, al proteinase inhibitor, a2
macroglobulin and 30 heparin cofactor II, are
important in regulating blood coagulation. Among such
inhibitors, antithrombin III is particularly important
and occupies 70% of the  antithrombin activity in
plasma. Antithrombin III is a glycoprotein comprising
432 amino acids and having a  molecular weight of
approximately 59,000 to 65,000, and has three
disulfide bonds,  35 Cys8-Cys128, Cys2l-Cys95 and
Cys247-Cys430, in its molecule [Proc. Natl. Acad Sci,
USA, 80, 1845 (1983)]. By these bonds, a large loop
structure is formed on the C -1 terminal, and an
Arg393-Ser394 bond is present as the active center in
this loop  structure (Fig. 1). Human antithrombin III
has an isoelectric point of 5.11. N- 



Glycoside-linked sugar chains are added to 4
positions, the 96th, 135th, 155th and  192nd
asparagine residues counting from the N-terminus
(hereinafter referred to as 5 Asn96, Asn135, Asn155
and Asn192, respectively) of antithrombin III. The
antithrombin III in human plasma exists in two kinds
of isoforms, an a type having four  N-glycoside-linked
sugar chains and a (3 type having only three
N-glycoside-linked  sugar chains but not having a
sugar chain to the Asn135 [Pathophysiol. Haemost.
Thromb., 32, 143 (2002)], and in the antithrombin III
in human plasma, 90 to 95% is the  10 a type and the
remaining 5 to 10% is the 0 type. The complex type
N-glycoside-linked sugar chains added to antithrombin
III are constituted by N-acetylglucosamine, sialic
acid, galactose and mannose (Fig. 2).  One of the
characteristics of the antithrombin III distributing
in human plasma is that its  sugar chain structure is
free from the fucose modification. 15 Antithrombin III
has been developed as a blood coagulation inhibitor
and is  broadly used in the world for the treatment of
thrombosis based on congenital  antithrombin III
deficiency and multiple intravascular blood
coagulation syndrome  which accompanies reduction of
antithrombin III, Blood preparations such as
antithrombin III are produced by using pooled  20
human plasma samples as the raw material. In Japan,
the pooled plasma is prepared at  Plasma Fractionation
Center, Japanese Red Cross Society, by mixing plasma
samples of  approximately 5,000 to 10,000 volunteers
after completion of the 6 months of storage,  and
provided. In reality, in order to produce one lot of a
blood preparation such as a  dry concentrated human
blood coagulation factor VIII preparation, Cross.
Eight M 25 (Japanese Red Cross Society), several
batches of cryoprecipitates obtained from the
above-described pooled plasmas are necessary, and
plasma samples of approximately  80,000 volunteers are
used [Japanese Journal of Transfusion Medicine, 48, 27
(2002)]. The pooled plasma is produced by using blood
samples provided by blood  donors as the raw material,
and it has been reported that the human parvovirus
B19- 30 positive ratio in blood donors in Japan is
estimated to be 0.6 to 0.8% [Journal of Japan Society
of Blood Transfusion, 42, 231 (1996)]. Thus, it is
calculated that one lot  equivalent to the
above-described Cross Eight M is contaminated with
human  parvovirus B19-positive blood samples
corresponding to roughly 480 to 640 donors.  The human
parvovirus B19 is a small virus of 18 to 26 nm in
diameter without envelope, 35 and keeps its resistance
even after carrying out heat treatment at 60C for 30
minutes,  acid treatment at approximately pH 3,
chloroform treatment, surfactant treatment and -2 the
like [Science, 262, 114 (1993)], so that it cannot be
eliminated by general virus  



elimination methods. Accordingly, elimination of human
parvovirus B19 requires a  step for filtration through
an exclusively developed virus eliminating membrane
having  a pore size of several nanometers to several
ten nanometers. However, it is considered 5 that a
filtration step which uses such a small membrane pore
size, namely a nano- filtration step, is difficult to
be introduced into the production process of many
plasma  fractionation preparations [Japanese Journal
of Transfusion Medicine, 48, 27 (2002)].  It is
considered that human parvovirus B19 is the cause of
erythema infectiosum, and  generally shows only
transient cold-like symptoms in the case of healthy
persons 10 without anti-B19 antibody, but causes
chronic hemolytic anemia in some cases. Also,  it is
said that it sometimes induces serious acute pure red
cell aplasia in  immunodeficiency patients. In
addition, there is a report stating that pregnant
women  having no anti-B 19 antibody sometimes result
in miscarriage or the unborn babies cause  edema, and
15% of the intrauterine fetal death was positive
regarding the result of DNA 15 inspection of B19
[Lancet, 357, 1494 (2001)]. In the dry concentrated
human blood  coagulation factor VIII preparation,
Cross Eight M (Japanese Red Cross Society), a case  in
which a transient infection with human parvovirus B19
by the administration of this  preparation was
suspected was reported in September, 1997 [Journal of
Japanese  Society of Child Hematology, 11, 289
(1997)]. 20 A hepatitis B virus-negative, hepatitis C
virus-negative and human  immunodeficiency virus I and
11-negative pooled plasma is used as the production
material of antithrombin III blood preparations such
as Neuart (manufactured by  Mitsubishi Pharma
Corporation) and Anthrobin P (manufactured by Aventis
Boehring),  .but the presence or absence of human
parvovirus B19. in the raw material has. not been  25
confirmed. Although a virus inactivation treatment at
60C for 10 hours, namely  pasteurization, is carried
out in the production process of antithrombin III
blood  preparations, there are problems such that the
antithrombin III which is a protein is  denatured, and
AIDS virus, human parvovirus and prion which becomes
the cause of  30 mutation type Creutzfeldt-Jacob
disease cannot be completely removed. As described in
the above, the use of blood preparations has
disadvantages  in that there is a risk of viral
infection, and the risk cannot completely be excluded
by  the current techniques. Thus, an antithrombin III
preparation with improved safety is  in demand. 35
Accordingly, in order to provide human antithrombin
III without using  human plasma as the raw material,
its replacement with a recombinant has been -3 



considered. However, the activity of the recombinant
antithrombin III prepared by  using gene recombination
techniques is inferior to the activity of antithrombin
III  obtained from a natural material such as plasma.
This is because it is considered that  the sugar chain
structure to be added to the recombinant is different
from that of 5 antithrombin III prepared from plasma,
and specifically, it is assumed that since fucose  is
bound to the complex type N-glycoside-linked sugar
chains to be added to the  recombinant antithrombin
III, its affinity with heparin becomes low, and
therefore  sufficient anti-blood coagulation activity
cannot be obtained [Journal of Biological  Chemistry,
268, 17588 (1993), Biochemistry, 35, 8881 (1996)]. To
date, there are 10 reports on recombinant antithrombin
III produced by a baby hamster kidney-derived  BHK
cell [Journal of Biological Chemistry, 268, 17588
(1993), Biochemistry, 35, 8881  (1996)], a Chinese
hamster ovary-derived CHO cell (WO02/02793) or a
transgenic goat  (US 2003096974), but flicose is bound
to N-acetylglucosamine in the reducing end in  the
complex type N-glycoside-linked sugar chains binding
to the recombinant 15 antithrombin III in each of
these cases. The ratio of the complex type
N-glycoside- linked sugar chains to which fucose is
bound to the total complex type N-glycoside- linked
sugar chains in the produced recombinant antithrombin
III varies depending on  the host cell, but is
estimated to be from 39 to 95%. Attempts have been
made to  reduce the ratio of the sugar chain in which
fucose is bound to the complex type N 20
glycoside-linked sugar chains by various devices such
as improvement of the culturing  method, but it has
not been succeeded yet in producing a recombinant
antithrombin III  having a sugar chain structure
equivalent to that of the natural antithrombin III.
DISCLOSURE OF THE INVENTION 25 The present invention
relates to the following (1) to (24)`1 (1) A process
for producing an antithrombin III composition, which
comprises  culturing, in a medium, a transformant
obtained by introducing a DNA encoding  antithrombin
III into a host cell modified by gene recombination to
form and  accumulate, in the culture, an antithrombin
III composition comprising an antithrombin 30 111
molecule having complex type N-glycoside-linked sugar
chains, wherein the  complex type N-glycoside-linked
sugar chains have a structure in which fucose is not
bound to N-acetylglucosamine in the reducing end in
the sugar chains; and recovering  the antithrombin III
composition from the culture. (2) The process
according to (1), wherein the complex type
N-glycoside-linked  35 sugar chains have a structure
in which 1-position of fucose is not bound to
6-position of  N-acetylglucosamine in the reducing end
in the sugar chains. -4 



(3) The process according to (1) or (2), wherein the
host cell is a host cell in  which genome is modified
so as to have deleted activity of an enzyme relating
to  synthesis of an intracellular sugar nucleotide,
GDP-fucose, or an enzyme relating to the  modification
of a sugar chain in which 1-position of f icose is
bound to 6-position of N 5 acetylglucosamine in the
reducing end through a-bond in a complex type
N-glycoside- linked sugar chain. (4) The process
according to any one of (1) to (3), wherein the host
cell is a host  cell in which all of alleles on a
genome encoding an enzyme relating to synthesis of an
intracellular sugar nucleotide, GDP-fucose, or an
enzyme relating to the modification of 10 a sugar
chain in which 1-position of fucose is bound to
6-position of N- acetylglucosamine in the reducing end
through a-bond in a complex type N-glycoside- linked
sugar chain have been knocked out. (5) The process
according to (3) or (4), wherein the enzyme relating
to the  synthesis of an intracellular sugar
nucleotide, GDP-fucose is an enzyme selected from  15
the group consisting of GDP-mannose 4,6-dehydratase
(GMD) and GDP-4-keto-6- deoxy-D-mannose-3,5-epimerase
(Fx). (6) The process according to (5), wherein the
GDP-mannose 4,6-dehydratase is  a protein encoded by a
DNA selected from the group consisting of the
following (a) and  (b): 20 (a) a DNA comprising the
nucleotide sequence represented by SEQ ID NO:7;  (b) a
DNA which hybridizes with the DNA consisting of the
nucleotide  sequence represented by SEQ ID NO:7 under
stringent conditions and which encodes a  protein
having GDP-mannose 4,6-dehydratase activity. (7) The
process according to (5), wherein the GDP-mannose
46-dehydratase is  25 a protein selected from the
group consisting of (a), (b) and (c): (a) a protein
comprising the amino acid sequence represented by SEQ
ID NO:8;  (b) a protein consisting of an amino acid
sequence in which one or more amino  acid residue(s)
are deleted, substituted, inserted and/or added in the
amino acid  sequence represented by SEQ ID NO:8 and
having GDP-mannose 4,6-dehydratase  30 activity; (c) a
protein consisting of an amino acid sequence which has
80% or more  homology to the amino acid sequence
represented by SEQ ID NO:8 and having GDP- mannose
4,6-dehydratase activity. (8) The process according to
(5), wherein the GDP-4-keto-6-deoxy-D-mannose- 35
3,5-epimerase is a protein encoding a DNA selected
from the group consisting of the  following (a) and
(b): 



-5 (a) a DNA comprising the nucleotide sequence
represented by SEQ ID NO:9;  (b) a DNA which
hybridizes with the DNA consisting of the nucleotide
sequence represented by SEQ ID NO:9 under stringent
conditions and which encodes a  protein having
GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase activity. 5
(9) The process according to (5), wherein the
GDP-4-keto-6-deoxy-D-mannose- 3,5-epimerase is a
protein selected from the group consisting of (a), (b)
and (c): (a) a protein comprising the amino acid
sequence represented by SEQ ID  NO:10; (b) a protein
consisting of an amino acid sequence in which one or
more amino  10 acid residue(s) are deleted,
substituted, inserted and/or added in the amino acid
sequence represented by SEQ ID NO: 10 and having
GDP-4-keto-6-deoxy-D-mannose- 3,5-epimerase activity;
(c) a protein consisting of an amino acid sequence
which has 80% or more  homology to the amino acid
sequence represented by SEQ ID NO: 10 and having GDP-
15 4-keto-6-deoxy-D-mannose-3,5-epimerase activity.
(10) The process according to (3) or (4), wherein the
enzyme relating to the  modification of a sugar chain
in which 1-position of facose is bound to 6-position
of N- acetylglucosamine in the reducing end through
a-bond in a complex type N-glycoside- linked sugar
chain is al,6-fucosyltransferase. 20 (11) The process
according to (10), wherein the al,6-fucosyltransferase
is a  protein encoded by a DNA selected from the group
consisting of the following (a) to  (d): (a) a DNA
comprising the nucleotide sequence represented by SEQ
ID NO: 11;  (b) a DNA comprising the nucleotide
sequence represented by SEQ IDNO:12;  2.5 (c) a DNA
which hybridizes with a DNA consisting of the
nucleotide sequence represented by SEQ ID NO: 11 under
stringent conditions and which encodes a protein
having al,6-fucosyltransferase activity; (d) a DNA
which hybridizes with a DNA consisting of the
nucleotide sequence  represented by SEQ ID NO: 12
under stringent conditions and which encodes a protein
30 having a1,6-f icosyltransferase activity. (12) The
process according to (10), wherein the
al,6-fucosyltransferase is a  protein selected from
the group consisting of the following (a) to (f): (a)
a protein comprising the amino acid sequence
represented by SEQ ID  NO:13; 35 (b) a protein
comprising the amino acid sequence represented by SEQ
ID  



NO:14; -6 (c) a protein consisting of an amino acid
sequence in which one or more amino  acid residue(s)
are deleted, substituted, inserted and/or added in the
amino acid  sequence represented by SEQ ID NO: 13 and
having al,6-fucosyltransferase activity;  (d) a
protein consisting of an amino acid sequence in which
one or more amino 5 acid residue(s) are deleted,
substituted, inserted and/or added in the amino acid
sequence represented by SEQ ID NO: 14 and having
a1,6-fucosyltransferase activity; (e) a protein
consisting of an amino acid sequence having a homology
of 80%  or more with the amino acid sequence
represented by SEQ ID NO: 13 and having a1,6-
fucosyltransferase activity; 10 (f) a protein
consisting of an amino acid sequence having a homology
of 80%  or more with the amino acid sequence
represented by SEQ ID NO:14 and having al,6-
fucosyltransferase activity. (13) The process
according to any one of (1) to (4), wherein the
transformant is  FERM BP-08472, FERM BP-10083, FERM
BP-10084, FERM BP-10088 or FERM  15 BP-10089. (14) The
process according to any one of (1) to (12), wherein
the host cell is a  cell selected from the group
consisting of the following (a) to (j): (a) a CHO cell
derived from a Chinese hamster ovary tissue;  (b) a
rat myeloma cell line YB2/3HL.P2.G11.16Ag.20 cell;  20
(c) a mouse myeloma cell line NSO cell; (d) a mouse
myeloma cell line SP2/0-Ag14 cell; (e) a BHK cell
derived from a Syrian hamster kidney tissue;  (0 a
human leukemic cell line Namalwa cell; (g) an
embryonic stem cell;.  2S (h) a fertilized egg cell;
(i) a plant cell;  (j) yeast. (15) The process
according to any one of (1) to (14), wherein the
antithrombin III  composition has complex type
N-glycoside-linked sugar chains, and the complex type
30 N-glycoside-linked sugar chains have a structure in
which fucose is not bound to N- acetylglucosamine in
the reducing end in the sugar chains. (16) The process
according to any one of (1) to (15), wherein the
complex type  N-glycoside-linked sugar chains have a
structure in which 1-position of fucose is not  bound
to 6-position ofN-acetylglucosamine in the reducing
end in the sugar chains. 



35 (17) The process according to any one of (1) to
(16), wherein the antithrombin III  is a polypeptide
comprising the amino acid sequence represented by SEQ
ID NO:4. -7 (18) The process according to any one of
(1) to (17), wherein the antithrombin III  is a
polypeptide consisting of an amino acid sequence in
which one or more amino acid  residue(s) are deleted,
substituted, inserted and/or added in the amino acid
sequence  represented by SEQ ID NO:4 and having
heparin binding activity. 5 (19) The process according
to any one of (1) to (18), wherein the antithrombin
III  is a polypeptide consisting of an amino acid
sequence which has 80% or more  homology to the amino
acid sequence represented by SEQ ID NO:4 and having
heparin  binding activity. (20) The process according
to any one of (1) to (19), wherein the antithrombin
III  10 is a polypeptide encoded by a DNA selected
from the group consisting of the following  (a) and
(b): (a) a DNA comprising the nucleotide sequence
represented by SEQ ID NO: 1;  (b) a DNA which
hybridizes with the DNA consisting of the nucleotide
sequence represented by SEQ ID NO:I under stringent
conditions and which encodes a  15 protein having
heparin binding activity. (21) The process according
to any one of (1) to (20), wherein the antithrombin
III  is derived from a manurial. (22) An antithrombin
III composition which is obtained by the process
according  to any one of (1) to (21). 20 (23) A
medicament which comprises the antithrombin III
composition according  to (22) as an active
ingredient. (24) The medicament according to (23),
which is an agent for diagnosing,  preventing or
treating diseases accompanied with blood coagulation.
25 The present invention is described below in detail.
This application claims  the priority of Japanese
application No. 2003-350164 filed on October 9, 2003,
and the  entire contents of the specification and/or
the drawings of the patent application are
incorporated hereinto. The present invention relates
to a process for producing an antithrombin III  30
composition comprising a gene-recombinant antithrombin
III molecule having complex  type N-glycoside-linked
sugar chains, wherein the complex type
N-glycoside-linked  sugar chains have a structure in
which fucose is not bound to N-acetylglucosamine in
the reducing end in the sugar chains, and a medicament
comprising the antithrombin III  composition. 



-8 In the present invention, the antithrombin III
includes a protein encoded by  a DNA of the following
(a), (b), (c), (d), (e) or (f), a protein of the
following (g), (h), (i),  Q), (k), (1) or (o), and the
like: (a) a DNA comprising the nucleotide sequence
represented by SEQ ID NO: 1; 5 (b) a DNA comprising
the nucleotide sequence represented by SEQ ID NO:2;
(c) a DNA comprising the nucleotide sequence
represented by SEQ ID NO:3;  (d) a DNA which
hybridizes with the DNA consisting of the nucleotide
sequence represented by SEQ ID NO:1 under stringent
conditions and which encodes a  protein having heparin
binding activity; 10 (e) a DNA which hybridizes with
the DNA consisting of the nucleotide  sequence
represented by SEQ ID NO:2 under stringent conditions
and which encodes a  protein having heparin binding
activity; (1) a DNA which hybridizes with the DNA
consisting of the nucleotide  sequence represented by
SEQ ID NO:3 under stringent conditions and which
encodes a  15 protein having heparin binding activity;
(g) a protein comprising the amino acid sequence
represented by SEQ ID NO:4;  (h) a protein comprising
the amino acid sequence represented by SEQ ID NO:5;
(i) a protein comprising the amino acid sequence
represented by SEQ ID NO:6;  0) a protein consisting
of an amino acid sequence in which one or more amino
20 acid residue(s) are deleted, substituted, inserted
and/or added in the amino acid  sequence represented
by SEQ ID NO:4 and having heparin binding activity;
(k) a protein consisting of an amino acid sequence in
which one or more amino  acid residue(s) are deleted,
substituted, inserted and/or added in the amino acid
sequence represented by SEQ ID NO:5 and having heparin
binding activity; 25 (1) a protein consisting of an
amino acid sequence in which one or more amino  acid
residue(s) are deleted, substituted, inserted and/or
added in the amino acid  sequence represented by SEQ
ID NO:6 and having heparin binding activity; (m) a
protein consisting of an amino acid sequence which has
80% or more  homology to the amino acid sequence
represented by SEQ ID NO:4 and having heparin  30
binding activity; (n) a protein consisting of an amino
acid sequence which has 80% or more  homology to the
amino acid sequence represented by SEQ ID NO:5 and
having heparin  binding activity; (o) a protein
consisting of an amino acid sequence which has 80% or
more  35 homology to the amino acid sequence
represented by SEQ ID NO:6 and having heparin  



binding activity. -9 Also, the DNA encoding the amino
acid sequence of the antithrombin III  includes a DNA
comprising the nucleotide sequence represented by SEQ
ID NO:1, 2 or  3, a DNA which hybridizes with the DNA
consisting of the nucleotide sequence  represented by
SEQ ID NO:1, 2 or 3 under stringent conditions and
which encodes a  5 protein having heparin binding
activity. In the present invention, the DNA which
hybridizes under stringent  conditions refers to a DNA
which is obtained by colony hybridization, plaque
hybridization, Southern hybridization or the like
using, for example, a DNA comprising  the nucleotide
sequence represented by SEQ ID NO:1, 2 or 3 or a
fragment thereof as a 10 probe. A specific example of
such DNA is a DNA which can be identified by
performing hybridization at 65C in the presence of 0.7
to 1.0 M sodium chloride using  a filter with colony-
or plaque-derived DNA immobilized thereon, and then
washing the  filter at 65C with a 0.1 to 2-fold
concentration SSC solution (1-fold concentration SSC
solution: 150 mM sodium chloride and 15 mM sodium
citrate). Hybridization can be 15 carried out
according to the methods described in Molecular
Cloning, A Laboratory  Manual, Second Edition, Cold
Spring Harbor Laboratory Press (1989) (hereinafter
referred to as Molecular Cloning, Second Edition);
Current Protocols in Molecular  Biology, John Wiley &
Sons (1987-1997) (hereinafter referred to as Current
Protocols  in Molecular Biology); DNA Cloning 1: Core
Techniques, A Practical Approach, 20 Second Edition,
Oxford University (1995), etc. Specifically, the DNA
capable of  hybridization under stringent conditions
includes DNA having at least 60% or more  homology,
preferably 70% or more homology, more preferably 80%
or more homology,  further preferably 90% or more
homology, particularly preferably 95% or more
homology, most preferably 98% or more homology to the
nucleotide sequence  25 represented by SEQ ID NO. 1, 2
or 3. In the present invention, the protein consisting
of an amino acid sequence  wherein one or more amino
acid residue(s) are deleted, substituted, inserted
and/or  added in the amino acid sequence represented
by SEQ ID NO:4, 5 or 6 and having  activity
substantially similar to heparin binding activity is a
protein which can be 30 obtained, for example, by
introducing a site-directed mutation into a DNA
encoding a  protein consisting of the amino acid
sequence represented by SEQ ID NO:4, 5 or 6 by
site-directed mutagenesis described in Molecular
Cloning, Second Edition; Current  Protocols in
Molecular Biology; Nucleic Acids Research, 10, 6487
(1982); Proc. Natl.  Acad. Sci. USA, 79, 6409 (1982);
Gene, 34, 315 (1985); Nucleic Acids Research, 13, 



35 4431 (1985); Proc. Natl. Acad Sci. USA, 82, 488
(1985), etc. The number of amino  acid residues which
are deleted, substituted, inserted and/or added is one
or more, and is -10 not specifically limited, but it
is within the range where deletion, substitution or
addition  is possible by known methods such as the
above site-directed mutagenesis. The  suitable number
is 1 to dozens, preferably 1 to 20, more preferably 1
to 10, further  preferably 1 to 5. 5 The protein
consisting of an amino acid sequence which has 80% or
more  homology to the amino acid sequence represented
by SEQ ID NO:4, 5 or 6 and having  activity
substantially similar to heparin binding activity
includes a protein having at  least 80% or more
homology, preferably 85% or more homology, more
preferably 90%  or more homology, further preferably
95% or more homology, particularly preferably 10 97%
or more homology, most preferably 99% or more homology
to the protein  consisting of the amino acid sequence
represented by SEQ ID NO:4, 5 or 6, respectively,
calculated by using analysis software such as BLAST
[J. Mol. Biol., 215 403 (1990)] or  FASTA [Methods in
Enzymology, 183, 63 (1990)]. In the present invention,
the sugar chains in which fucose is not bound to the
15 N-acetylglucosamine in the reducing end in the
complex type N-glycoside-linked sugar  chains as used
herein means sugar chains in which fucose is not
substantially bound to  the N-acetylglucosamine in the
reducing end in the complex type N-glycoside-linked
sugar chains, preferably sugar chains in which the
content ratio of fucose bound to the
N-glycoside-linked sugar chains in the reducing end in
the complex type N-glycoside 20 linked sugar chains is
0%. The antithrombin III composition of the present
invention  specifically refers to a composition in
which fucose is not substantially detected when
subjected to the sugar chain analysis described in 4
below, and the content of fucose  which is not
substantially detected means that the content of
fucose is below the  detection limit. 25 It is known
that the N-glycoside-linked sugar chains bound to a
glyaoproteih  such as antithrombin III have various
structures, but have a basic common core structure
shown by the following structural formula (I):  Galfl
I -P- 4GIcNAc 0 1 "10- Man at I *Fucal  'Nk 4 6 6  j-
VACNAC a I -),- Wanfi 14- 4G)cNAc 0 1 _),_ 401MAc  3 



J:Ga1,6 I -Im- 4GIeNAc,8 1 -0- Man a I X In formula
(1), the sugar chain terminal which binds to
asparagine is called a  reducing end, and the opposite
side is called a non-reducing end. The
N-glycoside-linked sugar chain includes a high mannose
type in which  5 mannose alone binds to the
non-reducing end of the core structure; a complex type
in  which the non-reducing end of the core structure
has one or plurality of parallel  branches of
galactose-N-acetylglucosamine (hereinafter referred to
as Gal-Glc:NAc) and  the non-reducing end of
Gal-GIcNAc has a structure of sialic acid, bisecting
N- acetylglucosamine or the like; a hybrid type in
which the non-reducing end of the core 10 structure
comprises branches of both of the high mannose type
and complex type; and  the like. As amino acid
residues to which the N-glycoside-linked sugar chain
is  bound in the antithrombin III molecule, there are
four asparagine residues at positions  96, 135, 155
and 192 from the N-terminal. Examples include
antithrombin III (a type) 15 in which the
N-glycoside-liriked sugar chains are bound to -alt
asparagine residues,. and  antithrombin III (P type)
in which the N-glycoside-linked sugar chains are bound
to the  asparagine residues at positions 96, 155 and
192. The N-glycoside-linked sugar chains bound to
antithrombin III include the  above-described complex
type N-glycoside-linked sugar chains. 20 As the
complex type N-glycoside-linked sugar chains bound to
the  antithrombin III molecule, any sugar chain
comprising the core structure represented by  the
above-described structural formula (1). Accordingly,
there are a large number of  combinations in three or
four N-glycoside-linked sugar chains bound to
antithrombin III. Therefore, the antithrombin III
composition obtained by the process of the  25 present
invention may be a composition comprising an
antithrombin III molecule  having the same sugar chain
structure or a composition comprising antithrombin III
molecules having different sugar chain structures, so
long as the composition has -12 biological activity
qualitatively similar to that of natural antithrombin
III. The natural  antithrombin III means antithrombin
III derived from a natural material such as blood
plasma. Such an antithrombin III composition includes
an antithrombin III  5 composition comprising an
antithrombin III molecule having complex type N
glycoside-linked sugar chains, wherein the complex
type N-glycoside-linked sugar  chains have a structure
in which fucose is not bound to N-acetylglucosamine in
the  



reducing end in the sugar chains. The sugar chain in
which fucose is not bound to N-acetylglucosamine in
the  10 reducing end in the complex N-glycoside-linked
sugar chain may be any sugar chain, so  long as it is
a sugar chain in which 1-position of fucose is not
bound to 6-position of N- acetylglucosamine in the
reducing end through a-bond in the complex type N-
glycoside-linked sugar chain. The sugar chain
structure in the non-reducing end may  have diversity.
15 The sugar chain structure of the composition
comprising an antithrombin III  molecule having
complex type N-glycoside-linked sugar chains can be
determined by  releasing the sugar chains from the
antithrombin III molecules by known methods such  as
hydrazinolysis and enzyme digestion [Seibutsukagaku
Jikkenho (Biochemical  Experimentation Methods) 23 -
Totanpakushitsu Tosa Kenkyuho (Methods of Studies 20
on Glycoprotein Sugar Chains), Gakkai Shuppan Center,
edited by Reiko Takahashi  (1989)], labeling the
released sugar chains with a fluorescent substance or
radioisotope,  and separating the labeled sugar chains
by chromatography. Alternatively, the  released sugar
chains may be analyzed by the HPAED-PAD method [J.
Liq.  Chromatogr., 1577 (1983)] to determine it. 25 In
the process of the present invention, a host cell
modified by gene  recombination can be used. The host
cell modified by gene recombination means a host cell
in which  the property of the cell has been changed by
artificial gene recombination operation.  The
artificial gene recombination operation includes gene
disruption targeting a gene, 30 introduction of a
dominant-negative mutant of a gene encoding the
enzyme,  introduction of a mutation into the enzyme,
and inhibition of transcription or translation  of a
gene encoding the enzyme. Furthermore, a method in
which a gene-recombinant  cell is artificially
selected is also included in the artificial gene
recombination operation. The host cell in the present
invention includes yeast cells, animal cells,  35
insect cells, plant cells and the like. Examples of
the cells include those described in 2  below.
Specifically, preferred among animal cells are CHO
cell derived from Chinese -13 hamster ovary tissue,
rat myeloma cell line YB2/3HL.P2.G11.16Ag.20, mouse
myeloma cell line NSO, mouse myeloma cell line
SP2/0-Ag14, BHK cell derived from  Syrian hamster
kidney tissue, an antibody-producing hybridoma cell,
human leukemia  cell line Namalwa, an embryonic stem
cell, and a fertilized egg cell. 5 Examples of the
host cell include host cells having property of the
following  (a) or (b): 



(a) a cell in which genome is modified so as to have
deleted activity of an  enzyme relating to the
synthesis of an intracellular sugar nucleotide,
GDP-fucose; (b) a cell in which genome is modified so
as to have deleted activity of an 10 enzyme relating
to the modification of a sugar chain in which
1-position of fucose is  bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond
in a  complex type N-glycoside-linked sugar chain.
Examples of the enzymes relating to the synthesis of
the intracellular sugar  nucleotide GDP-ficose include
GDP-mannose 4,6-dehydratase (GMD) and GDP-4- 15
keto-6-deoxy-D-mannose 3,5-epimerase (Fx). In the
present invention, examples of the GDP-mannose
4,6-dehydratase  include a protein encoded by a DNA of
the following (a) or (b), and a protein of the
following (c), (d) or (e): (a) a DNA comprising the
nucleotide sequence represented by SEQ ID NO:7;  20
(b) a DNA which hybridizes with DNA consisting of the
nucleotide sequence  represented by SEQ ID NO:7 under
stringent conditions and which encodes a protein
having GDP-mannose 4,6-dehydratase activity; (c) a
protein comprising the amino acid sequence represented
by SEQ ID NO:8;  (d) a protein consisting of an amino
acid sequence wherein one or more amino  25 acid
residue(s) ate deleted, substituted, inserted and/or
added in the amino acid sequence represented by SEQ ID
NO:8 and having GDP-mannose 4,6-dehydratase  activity;
(e) a protein consisting of an amino acid sequence
which has 80% or more  homology to the amino acid
sequence represented by SEQ ID NO:8 and having GDP- 30
mannose 4,6-dehydratase activity. In the present
invention, examples of the
GDP-4-keto-6-deoxy-D-mannose  3,5-epimerase include a
protein encoded by a DNA of the following (a) or (b),
and a  protein of the following (c), (d) or (e): (a) a
DNA comprising the nucleotide sequence represented by
SEQ ID NO:9; -14 (b) a DNA which hybridizes with DNA
consisting of the nucleotide sequence  represented by
SEQ ID NO:9 under stringent conditions and which
encodes a protein  having GDP-4-keto-6-deoxy-D-mannose
3,5-epimerase activity; (c) a protein comprising the
amino acid sequence represented by SEQ ID  5 NO:10;
(d) a protein consisting of an amino acid sequence
wherein one or more amino  



acid residue(s) are deleted, substituted, inserted
and/or added in the amino acid  sequence represented
by SEQ ID NO:10 and having
GDP-4-keto-6-deoxy-D-mannose  3,5-epimerase activity;
10 (e) a protein consisting of an amino acid sequence
which has 80% or more  homology to the amino acid
sequence represented by SEQ ID NO: 10 and having GDP-
4-keto-6-deoxy-D-mannose 3,5-epimerase activity. An
example of the enzyme relating to the modification of
a sugar chain in  which 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the  15
reducing end through a-bond in a complex type
N-glycoside-linked sugar chain is al,6-
fucosyltransferase. In the present invention, examples
of the al,6-fucosyltransferase include a  protein
encoded by a DNA of the following (a), (b), (c) or
(d), and a protein of the  following (e), (f), (g),
(h), (i) or U): 20 (a) a DNA comprising the nucleotide
sequence represented by SEQ ID NO: 11;  (b) a DNA
comprising the nucleotide sequence represented by SEQ
ID NO: 12;  (c) a DNA which hybridizes with DNA
consisting of the nucleotide sequence  represented by
SEQ ID NO: 11 under stringent conditions and which
encodes a protein  having al,6-fucosyltransferase
activity; 25 (d) a DNA which hybridizes with DNA
consisting of the nucleotide sequence"  represented by
SEQ ID NO: 12 under stringent conditions and which
encodes a protein  having a1,6-fucosyltransferase
activity; (e) a protein comprising the amino acid
sequence represented by SEQ ID  NO:13; 30 (f) a
protein comprising the amino acid sequence represented
by SEQ ID  NO:14; (g) a protein consisting of an amino
acid sequence wherein one or more amino  acid
residue(s) are deleted, substituted, inserted and/or
added in the amino acid  sequence represented by SEQ
ID NO: 13 and having a1,6-fucosyltransferase activity;
-15 (h) a protein consisting of an amino acid sequence
wherein one or more amino  acid residue(s) are
deleted, substituted, inserted and/or added in the
amino acid  sequence represented by SEQ ID NO:14 and
having a 1,6-fucosyltransferase activity; (i) a
protein consisting of an amino acid sequence which has
80% or more  5 homology to the amino acid sequence
represented by SEQ ID NO:13 and having a1,6-
fucosyltransferase activity; (j) a protein consisting
of an amino acid sequence which has 80% or more  



homology to the amino acid sequence represented by SEQ
ID NO:14 and having a1,6- fucosyltransferase activity.
10 The DNAs encoding the amino acid sequences of
GDP-mannose 4,6- dehydratase include a DNA comprising
the nucleotide sequence represented by SEQ ID  NO:7,
and a DNA which hybridizes with DNA consisting of the
nucleotide sequence  represented by SEQ ID NO:7 under
stringent conditions and which encodes a protein
having GDP-mannose 4,6-dehydratase activity. 15 The
DNAs encoding the amino acid sequences of
GDP-4-keto-6-deoxy-D- mannose 3,5-epimerase include a
DNA comprising the nucleotide sequence represented  by
SEQ ID NO:9, and a DNA which hybridizes with DNA
consisting of the nucleotide  sequence represented by
SEQ ID NO:9 under stringent conditions and which
encodes a  protein having GDP-4-keto-6-deoxy-D-mannose
3,5-epimerase activity. 20 The DNAs encoding the amino
acid sequences of al,6-fucosyltransferase  include a
DNA comprising the nucleotide sequence represented by
SEQ ID NO: 11 or  12, and a DNA which hybridizes with
DNA consisting of the nucleotide sequence  represented
by SEQ ID NO:11 or 12 under stringent conditions and
which encodes a  protein having
a1,6-fucosyltransferase activity. 25 In the present
invention, the DNA which hybridizes under stringent
conditions refers to a DNA which is obtained by colony
hybridization, plaque  hybridization, Southern
hybridization or the like using, for example, a DNA
consisting  of the nucleotide sequence represented by
SEQ ID NO:7, 9, 11 or 12 or a fragment  thereof as a
probe. A specific example of such DNA is a DNA which
can be identified 30 by performing hybridization at
65C in the presence of 0.7 to 1.0 M sodium chloride
using a filter with colony- or plaque-derived DNA
immobilized thereon, and then  washing the filter at
65C with a 0.1 to 2-fold concentration SSC solution
(1-fold  concentration SSC solution: 150 mM sodium
chloride and 15 mM sodium citrate).  Hybridization can
be carried out according to the methods described in
Molecular 35 Cloning, Second Edition; Current
Protocols in Molecular Biology; DNA Cloning 1:  Core
Techniques, A Practical Approach, Second Edition,
Oxford University (1995), etc. -16 Specifically, the
DNA capable of hybridization under stringent
conditions includes  DNA having at least 60% or more
homology, preferably 70% or more homology, more
preferably 80% or more homology, further preferably
90% or more homology,  particularly preferably 95% or
more homology, most preferably 98% or more homology  5
to the nucleotide sequence represented by SEQ ID NO:7,
9, 11 or 12. In the present invention, the protein
consisting of an amino acid sequence  



wherein one or more amino acid residue(s) are deleted,
substituted, inserted and/or  added in the amino acid
sequence represented by SEQ ID NO:8 and having GDP-
mannose 4,6-dehydratase activity, the protein
consisting of an amino acid sequence 10 wherein one or
more amino acid residue(s) are deleted, substituted,
inserted and/or  added in the amino acid sequence
represented by SEQ ID NO:10 and having GDP-4-
keto-6-deoxy-D-mannose 3,5-epimerase activity and the
protein consisting of an amino  acid sequence wherein
one or more amino acid residue(s) are deleted,
substituted,  inserted and/or added in the amino acid
sequence represented by SEQ ID NO: 13 or 14 15 and
having al,6-fucosyltransferase activity can be
obtained, for example, by  introducing a site-directed
mutation into DNA having the nucleotide sequence
represented by SEQ ID NO:8, 10, 13 or 14 by
site-directed mutagenesis described in  Molecular
Cloning, Second Edition; Current Protocols in
Molecular Biology; Nucleic  Acids Research, 10 6487
(1982); Proc. Natl. Acad. Sci. USA, 79, 6409 (1982);
Gene, 20 34, 315 (1985); Nucleic Acids Research, 13,
4431 (1985); Proc. Natl. Acad Sci. USA,  82, 488
(1985), etc. The number of amino acid residues which
are deleted, substituted,  inserted and/or added is
one or more and is not specifically limited, but it is
within the  range where deletion, substitution or
addition is possible by known methods such as the
above site-directed mutagenesis. The suitable number
is 1 to dozens, preferably 1 to  25 20, more
preferably 1 to 10, further preferably 1 to 5. Also,
the protein consisting of an amino acid sequence which
has 80% or  more homology to the amino acid sequence
represented by SEQ ID NO: 8, 10, 13 or 14  and having
GDP-mannose 4,6-dehydratase activity,
GDP-4-keto-6-deoxy-D-mannose  3,5-epimerase activity
or a1,6-ficosyltransferase activity includes a protein
having at 30 least 80% or more homology, preferably
85% or more homology, more preferably 90%  or more
homology, further preferably 95% or more homology,
particularly preferably  97% or more homology, most
preferably 99% or more homology to the amino acid
sequence represented by SEQ ID NO:8, 10, 13 or 14,
respectively, as calculated by  using analysis
software such as BLAST [J. Mol. Biol., 215, 403
(1990)] or FASTA  35 [Methods in Enzymology, 183, 63
(1990)]. - 17 Also, a transformant capable of
producing the antithrombin III composition  of the
present invention can be obtained by introducing a DNA
encoding the  antithrombin III molecule into a host
cell in which the above-described enzyme activity  is
deleted, i.e., a host cell in which genome is modified
so as to have deleted activity of 5 the enzyme
relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose, or  the enzyme relating to
modification of a sugar chain in which 1-position of
fucose is  



bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in a  complex type
N-glycoside-linked sugar chain. The modification of
the genome so as to have deleted activity of the
enzyme  10 relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose, or the
enzyme  relating to modification of a sugar chain in
which 1-position of fucose is bound to 6- position of
N-acetylglucosamine in the reducing end through a-bond
in a complex type  N-glycoside-linked sugar chain
refers to introduction of mutation into an expression
regulation region of a gene so as to delete the
expression of the enzyme or introduction 15 of
mutation in the amino acid sequence of a gene so as to
delete the function of the  enzyme. The "introduction
of mutation" refers to carrying out modification of
the  nucleotide sequence on the genome such as
deletion, substitution, insertion and/or  addition in
the nucleotide sequence. Complete inhibition of the
expression or function  of the thus modified genomic
gene refers to "knock out of the genomic gene". 20
Examples of the knocked out genomic gene include all
or a part of the target gene is  deleted from the
genome. The knocked out conditions can be obtained by
deleting the  gnomic region of an exon containing an
initiation codon of the target gene from the
chromosome. As the method for obtaining such cells,
any technique can be used, so long  25 as the genome
of interest can be modified. For example, the
following techniques can  be employed for deleting the
above enzyme activity: (a) gene disruption targeting
at a gene encoding the enzyme; (b) introduction of a
dominant-negative mutant of a gene encoding the
enzyme;  (c) introduction of a mutation into the
enzyme; 30 (d) inhibition of transcription or
translation of a gene encoding the enzyme; (e)
selection of a cell line resistant to a lectin which
recognizes a sugar chain  structure in which
1-position of fucose is bound to 6-position of
N-acetylglucosamine in  the reducing end through
a-bond in a complex type N-glycoside-linked sugar
chain. As the lectin which recognizes a sugar chain
structure in which 1-position of  35 fucose is bound
to 6-position of N-acetylglucosamine in the reducing
end through a- bond in a complex type
N-glycoside-linked sugar chain, any lectin can be
used, so long -18 as it is capable of recognizing the
sugar chain structure. Specific examples include
lentil lectin LCA (lentil agglutinin derived from Lens
culinaris), pea lectin PSA (pea  lectin derived from
Pisum sativum), broad bean lectin VPA (agglutinin
derived from  Vicia faba) and A leuria aurantia lectin
AAL (lectin derived from A leuria aurantia). 5 The
"cell resistant to a lectin" refers to a cell in which
growth is not  



inhibited by the presence of a lectin at an effective
concentration. The "effective  concentration" is a
concentration higher than the concentration that does
not allow the  normal growth of a cell prior to the
genome modification (hereinafter referred to also as
parent cell line), preferably equal to the
concentration that does not allow the normal 10 growth
of a cell prior to the genome modification, more
preferably 2 to 5 times, further  preferably 10 times,
most preferably 20 or more times the concentration
that does not  allow the normal growth of a cell prior
to the modification of the genomic gene. In the
present invention, the effective concentration of
lectin that does not  inhibit growth may be
appropriately determined according to each cell line.
It is  15 usually 10 gg/ml to 10 mg/ml, preferably 0.5
mg/ml to 2.0 mg/ml. The cell prior to the modification
of the genomic gene, i.e., the parent cell,  includes
a cell prior to the application of the technique for
the modification of the  genomic gene encoding the
enzyme relating to the synthesis of an intracellular
sugar  nucleotide, GDP-fucose, or the enzyme relating
to modification of a sugar chain in 20 which
1-position of fucose is bound to 6-position of
N-acetylglucosamine in the  reducing end through
a-bond in a complex type N-glycoside-linked sugar
chain. The  cell prior to the modification of the
genomic gene is not particularly limited, and
includes the following cells as preferred examples.
The parent cell of NSO cell prior to the modification
of the genomic gene  25 includes NSO cells described
in literatures such as BIO/TECHNOLOGY, 10. 169 (1992)
and Biotechnol. Bioeng., 73, 261 (2001). Furthermore,
it includes NSO cell line (RCB  0213) registered at
RIKEN Cell Bank, The Institute of Physical and
Chemical Research,  sub-cell lines obtained by
naturalizing these cell lines to various serum free
media, and  the like. 30 The parent cell of SP2/0-Ag14
cell prior to the modification of the genomic  gene
includes SP2/0-Ag14 cells described in literatures
such as J. Immunol., ]26, 317  (1981), Nature, 276,
269 (1978) and Human Antibodies andHybridotnas, 3, 129
(1992).  Furthermore, it includes SP2/0-Ag14 cell
(ATCC CRL-1581) registered at American  Type Culture
Collection (hereinafter referred to as ATCC), sub-cell
lines obtained by 35 naturalizing these cell lines to
various serum free media (ATCC CRL-1581.1), and the
like. -19 The parent cell of CHO cell derived from
Chinese hamster ovary tissue prior  to the
modification of the genomic gene includes CHO cells
described in literatures  such as Journal of
Experimental Medicine, 108, 945 (1958), Proc. Natl.
Acad Sci. USA,  60, 1275 (1968), Genetics, 55, 513
(1968), Chromosoma, 41, 129 (1973), Methods in  



5 Cell Science, 1. 88 115 (1996), Radiation Research,
148, 260 (1997), Proc. Natl. Acad  Sci. USA, 77, 4216
(1980), Proc. Natl. Acad Sci. USA, 60, 1275 (1968),
Cell, 6, 121  (1975), Molecular Cell Genetics,
Appendix I, II (p. 883-900) and Somatic Cell and
Molecular Genetics, 12, 555 (1986). Furthermore, it
includes cell line CHO-Kl  (ATCC CCL-61), cell line
CHO/dhfr- (ATCC CRL-9096) and cell line Pro-5 (ATCC 10
CRL-1781) registered at ATCC, sub-cell lines obtained
by naturalizing these cell lines  to various serum
free media, and the like. The parent cell of BHK cell
derived from Syrian hamster kidney tissue prior  to
the modification of the genomic gene includes BHK
cells described in literatures  such as Proc R Sac
Med, 56, 1062 (1963) and Nakae, 203, 1355 (1964).
Furthermore, it 15 includes cell line BHK-21 (ATCC
CCL-10) registered at ATCC, commercially  available
cell line CHO-S (Cat # 11619 of Life Technologies),
sub-cell lines obtained  by naturalizing these cell
lines to various serum free media, and the like. The
parent cell of a rat myeloma cell line
YB2/3HL.P2.Gil.I6Ag.20 cell  prior the modification of
the genomic gene includes cell lines established from
20 Y3/Agl.2.3 cell (ATCC CRL-1631). Specific examples
include YB2/3HL.P2.G11.16Ag.20 cell described in
literatures such as J. Cell. Biol., 93 576  (1982) and
Methods Enzymol., 73B, 1 (1981). Furthermore, it
includes  YB2/3HL.P2.G11.l6Ag.20 cell (ATCC CRL-1662)
registered at ATCC, sub-lines  obtained by
naturalizing these cell lines to various serum free
media, and the like. 25 The cell for producing the
antithrombin III of the present invention includes  a
cell line MS705 pKAN-ATIII 27 which is a transformant
in which a gene encoding  the antithrombin III is
introduced into a CHO cell in which a gene encoding
a1,6- fucosyltransferase is knocked out, a cell line
pKAN-ATIII AFMS705 obtained by  naturalizing, to a
serum-free medium, a transformant in which a gene
encoding the 30 antithrombin III is introduced into a
CHO cell in which a gene encoding al,6-
fucosyltransferase is knocked out, a cell line
pKAN-ATM GMDKO obtained by  naturalizing, to a serum
free medium, a transformant in which a gene encoding
the  antithrombin III is introduced into a CHO cell in
which a gene encoding GDP-mannose  4,6-dehydratase is
knocked out, and the like. 35 The cell line MS705
pKAN-ATIII 27 was deposited on September 9, 2003  and
the cell line pKAN-ATIII AFMS705 and the cell line
pKAN-ATIII GMDKO were -20 deposited on August 10, 2004
with International Patent Organism Depositary,
National  Institute of Advanced Industrial Science and
Technology, Central 6, 1-1, Higashi 1- 



chome, Tsukuba-shi, Ibaraki, Japan with accession Nos.
FERM BP-08472, FERM BP- 10088 and FERM BP-10083,
respectively. 5 Also, the cell capable of producing a
variant wherein the amino acid  sequence is
represented by SEQ ID NO:4 in which asparagine at
position 135 is  substituted with glutamine having
biological activity similar to that of the natural
antithrombin III composition of the present invention
(hereinafter referred to  antithrombin III variant),
includes a cell line pKAN-ATIIIN135Q AFMS705 obtained
10 by naturalizing, to a serum-free medium, a
transformant in which a gene encoding the
antithrombin III variant represented by SEQ ID NO:40
into a CHO cell in which a gene  encoding
al,6-ficosyltransferase is knocked out, and a cell
line pKAN-ATIII N135Q  GMDKO obtained by naturalizing,
to a serum-free medium, a transformant in which a
gene encoding the antithrombin III variant represented
by SEQ ID NO:40 into a CHO  15 cell in which a gene
encoding GDP-mannose, 4,6-dehydratase is knocked out.
The cell line pKAN-ATIIIN135Q AFMS705 and the cell
line KAN-ATIII  NI35Q GMDKO were deposited on August
10, 2004 with International Patent  Organism
Depositary, National Institute of Advanced Industrial
Science and  Technology, Central 6, 1-1, Higashi
1-chome, Tsukuba-shi, Ibaraki, Japan with  20
accession Nos. FERM BP-10089 and FERM BP-10084,
respectively. The antithrombin III composition having
biological activity similar to the  natural
antithrombin III can be produced by using the above
transformant. The fucose which is not bound to the
N-acetylglucosamine in the reducing  end in the
complex type N-glycoside-linked sugar chains in the
antithrombin III  25 composition means that fucose is
not substantially detected when subjected to the sugar
chain analysis described below. The content of fucose
which is not substantially  detected means that the
content of fucose is below the detection limit. The
biological activity of the antithrombin III includes
binding activity to  heparin, anti-blood coagulation
activity and the like. 30 The binding activity to
heparin and the anti-blood coagulation activity of the
antithrombin III composition can be measured by an in
vitro test such as known  antithrombin activity
measuring method or heparin cofactor activity
measuring method,  an in vivo test using a model
animal for disseminated intravascular coagulation
syndrome, or the like (The Second Series of
Pharmaceutical Research and Development, 35 Volume 20,
Blood Product, Ikuo Suzuki, ed., Hirokawa Publishing
Company, Tokyo,  Japan (1992); The Course of Medicine
(Igaku no Ayumi), 120, 1147 (1982); Japanese -21
Pharmacology and Therapeutics, 17, 5843 (1989); Clinic
and Research (Rinsyo to  



Kenkyu), 62, 3573 (1985); Clinic and Research (Rinsyo
to Kenkyu), 62, 3688, 1985;  Parmacometrics, 30, 589,
(1985). The process of the antithrombin III
composition of the present invention is  5 explained
in detail below. 1. Preparation of a host cell
producing the antithrombin III composition The host
cell used for producing the antithrombin III
composition can be  prepared by the following methods.
10 (1) Gene disruption targeting at a gene encoding an
enzyme The host cell used for the preparation of the
antithrombin III composition  can be prepared by a
gene disruption technique targeting a gene encoding an
enzyme  relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose or an enzyme 15 relating
to the modification of a sugar chain in which
1-position of f icose is bound to 6- position of
N-acetylglucosamine in the reducing end through a-bond
in a complex type  N-glycoside-linked sugar chain
(hereinafter referred to as enzymes relating to the
fucose  modification). Examples of the enzymes
relating to the synthesis of an intracellular  sugar
nucleotide, GDP-f icose include GDP-mannose
4,6-dehydratase (hereinafter 20 referred to as GMD)
and GDP-4-keto-6-deoxy-D-mannose 3,5-epimerase
(hereinafter  referred to as Fx). Examples of the
enzymes relating to the modification of a sugar  chain
in which 1-position of fucose is bound to 6-position
of N-acetylglucosamine in  the reducing end through
a-bond in a complex type N-glycoside-linked sugar
chain  include a1,6-fucosyltransferase and
a-L-fucosidase. 25 The gene as used herein includes
DNA and RNA. The method of gene disruption may be any
method capable of disrupting the  target gene encoding
the enzyme. Useful methods include the antisense
method, the  ribozyme method, the homologous
recombination method, the RNA-DNA  oligonucleotide
method (hereinafter referred to as the RDO method),
the RNA 30 interference method (hereinafter referred
to as the RNAi method), the method using a  retrovirus
and the method using a transposon. These methods are
specifically  described below. (a) Preparation of the
host cell for the production of the antithrombin III
composition of  the present invention by the antisense
method or the ribozyme method The host cell used for
the preparation of the antithrombin III composition
can be prepared by the antisense method or the
ribozyme method described in Cell  5 Technology, 12,
239 (1993); BIO/TECHNOLOGY, 17, 1097 (1999); Hum. Mol.
Genet., 5, 1083 (1995); Cell Technology, 13, 255
(1994); Proc. Natl. Acad. Sci. U.S.A., 96,  



1886 (1999); etc. targeting at a gene encoding the
enzymes relating to the fucose  modification, for
example, in the following manner. A cDNA or a genomic
DNA encoding the enzymes relating to the fucose  10
modification is prepared. The nucleotide sequence of
the prepared eDNA or genomic DNA is  determined. Based
on the determined DNA sequence, an antisense gene or a
ribozyme of  appropriate length is designed which
comprises a DNA fragment encoding the enzymes  15
relating to the f icose modification, non-translated
regions and introns. In order to express the antisense
gene or ribozyme in a cell, a recombinant  vector is
prepared by inserting a fragment or full-length of the
prepared DNA into a site  downstream of a promoter in
an appropriate expression vector. The recombinant
vector is introduced into a host cell suitable for the
20 expression vector to obtain a transformant. The
host cell used for the production of the antithrombin
III composition of  the present invention can be
obtained by selecting a transformant using, as a
marker, the  activity of the enzymes relating to the
fucose modification. The host cell used for the
production of the antithrombin III composition of the
present invention can also. be 25 obtained by
selecting a transformant using, as a marker, the sugar
chain structure of a  glycoprotein on the cell
membrane or the sugar chain structure of the produced
glycoprotein molecule. As the host cell used for the
production of the antithrombin III composition  of the
present invention, any yeast cell, animal cell, insect
cell, plant cell, or the like can  30 be used so long
as it has a target gene encoding the enzymes relating
to the fucose  modification. Examples of the host
cells include those described in 2 below. The
expression vectors that can be employed are those
capable of  autonomous replication or integration into
the chromosome in the above host cells and  comprising
a promoter at a position appropriate for the
transcription of the designed 35 antisense gene or
ribozyme. Examples of the expression vectors include
those  described in 2 below. -23 Introduction of a
gene into various host cells can be carried out by the
methods suitable for introducing a recombinant vector
into various host cells described  in 2 below.
Selection of a transformant using, as a marker, the
activity of the enzymes  5 relating to the fucose
modification can be carried out, for example, by the
following  



methods. Methods for selecting a transformant A cell
in which the activity of an enzyme relating to the
synthesis of the  10 enzymes relating to the fucose
modification is deleted can be selected by determining
the activity of the enzymes relating to the fucose
modification using biochemical  methods or genetic
engineering techniques described in Shin Seikagaku
Jikken Koza  (New Lectures on Experiments in
Biochemistry) 3 - Saccharides I, Glycoprotein (Tokyo
Kagaku Dojin), edited by The Japanese Biochemical
Society (1988); Cell Technology, 15 Extra Edition,
Experimental Protocol Series, Glycobiology
Experimental Protocol,  Glycoprotein, Glycolipid and
Proteoglycan (Shujunsha), edited by Naoyuki Taniguchi,
Akemi Suzuki, Kiyoshi Furukawa and Kazuyuki Sugawara
(1996); Molecular Cloning,  Second Edition; Current
Protocols in Molecular Biology; and the like. An
example of  the biochemical methods is a method in
which the enzyme activity is evaluated using an 20
enzyme-specific substrate. Examples of the genetic
engineering techniques include  Northern analysis and
RT-PCR in which the amount of mRNA for a gene encoding
the  enzyme is measured. Selection of a transformant
using, as a marker, the sugar chain structure of a
glycoprotein. on the cell membrane can be carried out,
for example, by the method  25 described. in 1(5)
below. Selection of a transformant using, -as a
marker, the sugar chain structure of a produced
glycoprotein molecule can be carried out, for example,
by  the methods described in 4 and 5 below.
Preparation of a cDNA encoding the enzymes relating to
the fucose  modification can be carried out, for
example, by the following method. 30 Preparation of
cDNA Total RNA or mRNA is prepared from various host
cell tissue or cell.  A cDNA library is prepared from
the total RNA or mRNA. Degenerative primers are
prepared based on the amino acid sequence of the  35
enzymes relating to the fucose modification, and a
gene fragment encoding the enzymes -24 relating to the
fucose modification is obtained by PCR using the
prepared cDNA library  as a template. A cDNA encoding
the enzymes relating to the fucose modification can be
obtained by screening the cDNA library using the
obtained gene fragment as a probe. 5 As the mRNA of a
human or non-human animal tissue or cell, commercially
available mRNA (for example, manufactured by Clontech)
may be use, or it may be  



prepared from a human or non-human animal tissue or
cell in the following manner. The methods for
preparing total RNA from a human or non-human animal
tissue or cell include the guanidine
thiocyanate-cesium trifluoroacetate method  10
[Methods in Enzymology, 154, 3 (1987)], the acidic
guanidine thiocyanate-phenol chloroform (AGPC) method
[Analytical Biochemistry, 162, 156 (1987);
Experimental  Medicine, 9, 1937 (1991)] and the like.
The methods for preparing mRNA as poly(A)RNA from the
total RNA  include the oligo (dT) immobilized
cellulose column method (Molecular Cloning,  15 Second
Edition). It is also possible to prepare mRNA by using
a commercially available kit  such as Fast Track mRNA
Isolation Kit (manufactured by Invitrogen) or Quick
Prep  m.RNA Purification Kit (manufactured by
Pharmacia). A cDNA library is prepared from the
obtained mRNA of a human or non- 20 human animal
tissue or cell. The methods for preparing the eDNA
library include the  methods described in Molecular
Cloning, Second Edition; Current Protocols in
Molecular Biology; A Laboratory Manual, 2nd Ed.
(1989); etc., and methods using  commercially
available kits such as Super-Script Plasmid System for
cDNA Synthesis  and Plasmid Cloning (manufactured by
Life Technologies) and ZAP-cDNA Synthesis  25 Kit
(manufactured by STRATAGENE). As the cloning vector
for preparing the eDNA library, any vectors, e.g.
phage vectors and plasmid vectors, can be used so long
as they are autonomously  replicable in Escherichia
coli K12. Examples of suitable vectors include ZAP
Express  [manufactured by STRATAGENE; Strategies, 5,
58 (1992)], pBluescript II SK(+) 30 [Nucleic Acids
Research, 17, 9494 (1989)], %ZAP II (manufactured by
STRATAGENE),  Xgt10, Xgtl1 [DNA Cloning, A Practical
Approach, 1, 49 (1985)], XTriplEx  (manufactured by
Clontech), A.ExCell (manufactured by Pharmacia),
pT7T318U  (manufactured by Pharmacia), pcD2 [Mol.
Cell. Biol., 3, 280 (1983)] and pUC18 [Gene,  33, 103
(1985)]. 35 Any microorganism can be used as the host
microorganism for preparing the  cDNA library, but
Escherichia coli is preferably used. Examples of
suitable host -25 microorganisms are Escherichia coli
XL1-Blue MRF' [manufactured by  STRATAGENE;
Strategies, 5, 81 (1992)], Escherichia coli C600
[Genetics, 39, 440  (1954)], Escherichia coli Y1088
[Science, 222, 778 (1983)], Escherichia coli Y1090
[Science, 222, 778 (1983)], Escherichia coli NM522 J.
Mol. Biol., X6, 1 (1983)], 5 Escherichia coil K802 [J.
Mol. Biol., 16, 118 (1966)] and Escherichia coil JM105



[Gene, 38, 275 (1985)]. The eDNA library may be used
as such in the following analysis.  Alternatively, in
order to efficiently obtain full-length cDNAs by
decreasing the ratio of  partial cDNAs, a cDNA library
prepared using the oligo-cap method developed by 10
Sugano, et at. [Gene, 138, 171 (1994); Gene, 200, 149
(1997); Protein, Nucleic Acid  and Enzyme, 41, 603
(1996); Experimental Medicine, 11, 2491 (1993); cDNA
Cloning  (Yodosha) (1996); Methods for Preparing Gene
Libraries (Yodosha) (1994)] may be  used in the
following analysis. A gene fragment encoding the
enzymes relating to the fucose modification  15 can be
obtained by preparing degenerative primers specific
for the nucleotide sequences  of the 5'-terminal and
3'-terminal which are presumed to encode the amino
acid  sequence of the enzyme relating to the fucose
modification and amplifying DNA by  PCR [PCR
Protocols, Academic Press (1990)] using the prepared
cDNA library as a  template. 20 It can be confirmed
that the obtained gene fragment is a DNA encoding the
enzymes relating to the fucose modification by
analyzing the nucleotide sequence by  generally
employed methods such as the dideoxy method of Sanger,
et al. [Proc. Natl.  Acact Sci. U.S.A., 74, 5463
(1977)] or by use of nucleotide sequencers such as ABI
PRISM 377 DNA Sequencer (manufactured by Applied
Biosystems). 25 A DNA encoding the enzymes relating to
the fucose modifications can be  obtained from the
cDNA or cDNA library synthesized from the mRNA
contained in a  human or non-human animal tissue or
cell by colony hybridization or plaque  hybridization
(Molecular Cloning, Second Edition) using the above
gene fragment as a  probe. 30 A eDNA encoding the
enzymes relating to the fucose modification can also
be obtained by amplification by PCR using the cDNA or
cDNA library synthesized  from the mRNA contained in a
human or non-human animal tissue or cell as a template
and using the primers used for obtaining the gene
fragment encoding the enzymes  relating to the fucose
modification. 35 The nucleotide sequence of the
obtained DNA encoding the enzymes  relating to the
fucose modification can be determined by generally
employed -26 sequencing methods such as the dideoxy
method of Sanger, et at [Proc. Natl. Acad Sci.
U.S.A., 74, 5463 (1977)] or by use of nucleotide
sequencers such as ABI PRISM 377  DNA Sequencer
(manufactured by Applied Biosystems). By carrying out
a search of nucleotide sequence databases such as
GenBank,  



5 EMBL or DDBJ using a homology search program such as
BLAST based on the  determined nucleotide sequence of
the eDNA, it can be confirmed that the obtained  DNA
is a gene encoding the enzymes relating to the fucose
modification among the  genes in the nucleotide
sequence database. Examples of the nucleotide
sequences of the genes encoding the enzyme  10
relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose obtained by  the above methods
include the nucleotide sequences represented by SEQ ID
NOs:7 and 9. Examples of the nucleotide sequences of
the genes encoding the enzyme  relating to the
modification of a sugar chain in which 1-position of
fucose is bound to 6 15 position of
N-acetylglucosamine in the reducing end through a-bond
in a complex type  N-glycoside-linked sugar chain
obtained by the above methods include the nucleotide
sequences represented by SEQ ID NOs:11 and 12. The
cDNA encoding the enzymes relating to the fucose
modification can  also be obtained by chemical
synthesis with a DNA synthesizer such as DNA  20
Synthesizer Model 392 (manufactured by Perkin Elmer)
utilizing the phosphoamidite  method based on the
determined nucleotide sequence of the DNA. Preparation
of a genomic DNA encoding the enzymes relating to the
fucose  modification can be carried out, for example,
by the following method. 25 Method for
preparinggenomic DNA The genomic DNA can be prepared
by known methods described in  Molecular Cloning,
Second Edition; Current Protocols in Molecular
Biology; etc. In  addition, the genomic DNA encoding
the enzymes relating to the fucose modification  can
be obtained by using a kit such as Genomic DNA Library
Screening System 30 (manufactured by Genome Systems)
or Universal GenomeWalker" Kits (manufactured  by
CLONTECH). The nucleotide sequence of the obtained DNA
encoding the enzyme relating  to the fucose
modification can be determined by generally employed
sequencing  methods such as the dideoxy method of
Sanger, et al. [Prot. Natl. Acad Sci. U.S.A., 74, 35
5463 (1977)] or by use of nucleotide sequencers such
as ABI PRISM 377 DNA  Sequencer (manufactured by
Applied Biosystems). -27 By carrying out a search of
nucleotide sequence databases such as GenBank,  EMBL
or DDBJ using a homology search program such as BLAST
based on the  determined nucleotide sequence of the
genomic DNA, it can be confirmed that the  obtained
DNA is a gene encoding the enzymes relating to the
fucose modification  



5 among the genes in the nucleotide sequence database.
The genomic DNA encoding the enzymes relating to the
fucose  modification can also be obtained by chemical
synthesis with a DNA synthesizer such  as DNA
Synthesizer Model 392 (manufactured by Perkin Elmer)
utilizing the  phosphoamidite method based on the
determined nucleotide sequence of the DNA. 10 Examples
of the nucleotide sequences of the genomic DNAs
encoding the  enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose  obtained
by the above methods include the nucleotide sequences
represented by SEQ ID  NOs:15, 16, 17 and 18. An
example of the nucleotide sequence of the genomic DNA
encoding the  15 enzyme relating to the modification
of a sugar chain in which 1-position of fucose is
bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in a  complex type
N-glycoside-linked sugar chain obtained by the above
methods is the  nucleotide sequence represented by SEQ
ID NO:19. The host cell used for the production of the
antithrombin III composition  20 can also be obtained
without using an expression vector by directly
introducing into a  host cell an antisense
oligonucleotide or ribozyme designed based on the
nucleotide  sequence encoding the enzymes relating to
the fucose modification. The antisense oligonucleotide
or ribozyme can be prepared by known  methods or by
using a DNA synthesizer. Specifically, based on the
sequence  25 information on an oligonucleotide having
a sequence corresponding to 5 to 150, preferably 5 to
60, more preferably 10 to 40 nucleotides in the
nucleotide sequence of  the cDNA or genomic DNA
encoding the enzymes relating to the fucose
modification,  an oligonucleotide corresponding to the
sequence complementary to the above  oligonucleotide
(antisense oligonucleotide) or a ribozyme comprising
the  30 oligonucleotide sequence can be synthesized.
The oligonucleotide includes oligo RNA and derivatives
of the  oligonucleotide (hereinafter referred to as
oligonucleotide derivatives). The oligonucleotide
derivatives include an oligonucleotide derivative
wherein the phosphodiester bond in the oligonucleotide
is converted to a  35 phosophorothioate bond, an
oligonucleotide derivative wherein the phosphodiester
bond in the oligonucleotide is converted to an N3'-P5'
phosphoamidate bond, an -28 oligonucleotide derivative
wherein the ribose-phosphodiester bond in the
oligonucleotide is converted to a peptide-nucleic acid
bond, an oligonucleotide  derivative wherein the
uracil in the oligonucleotide is substituted by C-5
propynyluracil,  



an oligonucleotide derivative wherein the uracil in
the oligonucleotide is substituted by 5 C-5
thiazolyluracil, an oligonucleotide derivative wherein
the cytosine in the  oligonucleotide is substituted by
C-5 propynylcytosine, an oligonucleotide derivative
wherein the cytosine in the oligonucleotide is
substituted by phenoxazine-modified  cytosine, an
oligonucleotide derivative wherein the ribose in the
oligonucleotide is  substituted by 2'-O-propylribose,
and an oligonucleotide derivative wherein the ribose
10 in the oligonucleotide is substituted by
2'-methoxyethoxyribose [Cell Technology, 16,  1463
(1997)]. (b) Preparation of the host cell for the
production of the antithrombin III composition by  the
homologous recombination method 15 The host cell used
for the production of the antithrombin III composition
can be prepared by modifying a target gene encoding
the enzymes relating to the fucose  modification on
the chromosome using the homologous recombination
method. Modification of the target gene on the
chromosome can be carried out by  using the methods
described in Manipulating the Mouse Embryo, A
Laboratory Manual,  20 Second Edition, Cold Spring
Harbor Laboratory Press (1994) (hereinafter referred
to as Manipulating the Mouse Embryo, A Laboratory
Manual); Gene Targeting, A Practical  Approach, IRL
Press at Oxford University Press (1993); Biomanual
Series 8, Gene  Targeting, Preparation of Mutant Mice
Using ES Cells, Yodosha (1995) (hereinafter  referred
to as Preparation of Mutant Mice Using ES Cells);
etc., for example, in the  25 following manner. A
genomic DNA encoding the enzymes relating to the
fucose modification  is prepared. Based on the
nucleotide sequence of the genomic DNA, a target
vector is  prepared for homologous recombination of a
target gene to be modified (e.g., the  30 structural
gene or promoter gene for the enzymes relating to the
fucose modification). The host cell used for the
production of the antithrombin III composition  can be
prepared by introducing the prepared target vector
into a host cell and selecting a  cell in which
homologous recombination generated between the target
gene on the  chromosome and the target vector. -29 As
the host cell, any yeast cell, animal cell, insect
cell, plant cell, or the like  can be used so long as
it has a target gene encoding the enzymes relating to
the fucose  modification. Examples of the host cells
include those described in 2 below. The genomic DNA
encoding the enzymes relating to the fucose  5
modification can be prepared by the methods for
preparing a genomic DNA described  



in the above 1 (1) (a) or the like. Examples of the
nucleotide sequences of the genomic DNAs encoding the
enzyme relating to the synthesis of the intracellular
sugar nucleotide GDP-fucose  obtained by the above
methods include the nucleotide sequences represented
by SEQ ID  10 NOs:15, 16, 17 and 18. An example of the
nucleotide sequence of the genomic DNA encoding the
enzyme relating to the modification of a sugar chain
in which 1-position of fucose is  bound to 6-position
of N-acetylglucosamine in the reducing end through
a-bond in a  complex type N-glycoside-linked sugar
chain obtained by the above methods is the  15
nucleotide sequence represented by SEQ ID NO: 19. The
target vector for use in the homologous recombination
of the target  gene on the chromosome can be prepared
according to the methods described in Gene  Targeting,
A Practical Approach, IRL Press at Oxford University
Press (1993);  Biomanual Series 8, Gene Targeting,
Preparation of Mutant Mice Using ES Cells; etc. 20 As
the target vector, either a replacement-type one or an
insertion-type one can be used.  Introduction of the
target vector into various host cells can be carried
out by  the methods suitable for introducing a
recombinant vector into various host cells  described
in 2 below. The methods for efficiently selecting a
homologous recombinant include  25 positive selection,
promoter selection, negative selection and polyA
selection described  in Gene Targeting, A Practical
Approach, IRL Press at Oxford University Press (1993);
Preparation of Mutant Mice Using ES Cells; etc. The
methods for selecting the  desired homologous
recombinant from the selected cell lines include
Southern  hybridization (Molecular Cloning, Second
Edition) and PCR [PCR Protocols,  30 Academic Press
(1990)] with the genomic DNA. (c) Preparation of the
host cell for the production of the antithrombin III
composition by  the RDO method The host cell used for
the production of the antithrombin III composition  35
can be prepared by the RDO method targeting a gene
encoding the enzymes relating to  the fucose
modification, for example, in the following manner.
-30 A cDNA or a genomic DNA encoding the enzyme
relating to the fucose  modification is prepared by
the methods described in the above 1 (1) (a). The
nucleotide sequence of the prepared cDNA or genomic
DNA is  determined. 5 Based on the determined DNA
sequence, an RDO construct of appropriate  



length which comprises a DNA encoding the enzymes
relating to the fucose  modification, non-translated
regions and introns is designed and synthesized. The
host cell used for the production of the antithrombin
III composition  can be obtained by introducing the
synthesized RDO into a host cell and then selecting a
10 transformant in which a mutation occurred in the
target enzyme, that is, the enzymes  relating to the
fucose modification. As the host cell, any yeast cell,
animal cell, insect cell, plant cell, or the like  can
be used so long as it has a target gene encoding the
enzymes relating to the fucose  modification. Examples
of the host cells include those described in 2 below.
15 Introduction of the RDO into various host cells can
be carried out by the  methods suitable for
introducing a recombinant vector into various host
cells described  in 2 below. The eDNA encoding the
enzymes relating to the fucose modification can be
prepared by the methods for preparing a cDNA described
in the above 1 (1) (a), or the  20 like. The genomic
DNA encoding the enzymes relating to the flicose
modification can be prepared by the methods for
preparing a genomic DNA described  in the above 1 (1)
(a) or the like. After DNA is cleaved with appropriate
restriction enzymes, the nucleotide  25 sequence of
the DNA can be determined by subcloning the DNA
fragments into a  plasmid such as pBluescript SK(-)
(manufactured by Stratagene), subjecting the clones
to the reaction generally used as a method for
analyzing a nucleotide sequence such as  the dideoxy
method of Sanger et a!. [Proc. Natl. Acad. Sci. USA,
74, 5463 (1977)] or  the like, and then analyzing the
clones by using an automatic nucleotide sequence 30
analyzer such as ABI PRISM 377 DNA Sequencer
(manufactured by Applied  Biosystems) or the like. The
RDO can be prepared by conventional methods or by
using a DNA synthesizer. The methods for selecting a
cell in which a mutation occurred by  35 introducing
the RDO into the host cell, in the gene encoding the
target enzyme, that is, the enzymes relating to the
fucose modification include the methods for directly
-31 detecting mutations in chromosomal genes described
in Molecular Cloning, Second  Edition; Current
Protocols in Molecular Biology; etc. For the selection
of the transformant, the following methods can also be
employed: the method using, as a marker, the activity
of the enzymes relating to the  



5 fucose modification described in the above 1 (1)
(a); the method using, as a marker, the sugar chain
structure of a glycoprotein on the cell membrane
described in 1 (5) below;  and the method using, as a
marker, the sugar chain structure of a produced
glycoprotein  molecule described in 4 and 5 below. The
construction of RDO can be designed according to the
descriptions in  10 Science, 273, 1386 (1996); Nature
Medicine, 4, 285 (1998); Hepatology, 25, 1462  (1997);
Gene Therapy, 5, 1960 (1999); J. Mol. Med., 75, 829
(1997); Proc. Natl. Acad  Sci. USA, 96, 8774 (1999);
Proc. Natl. Acad Sci. USA, 96, 8768 (1999); Nuc. Acids
Res., 27, 1323 (1999); Invest. Dermatol., 111, 1172
(1998); Nature Biotech., 16, 1343  (1998); Nature
Biotech., 18, 43 (2000); Nature Biotech., 18, 555
(2000); etc. 15 (d) Preparation of the host cell for
the production of the antithrombin III composition by
the RNAi method The host cell used for the production
of the antithrombin III composition  can be prepared
by the RNAi method targeting a gene encoding the
enzymes relating to  20 the fucose modification, for
example, in the following manner. A cDNA encoding the
enzymes relating to the fucose modification is
prepared by the methods described in the above 1 (1)
(a). The nucleotide sequence of the prepared cDNA is
determined. Based on the determined cDNA sequence, the
construction of an RNAi gene  25 of appropriate length
is designed which comprises a DNA encoding the enzymes
relating to the fucose modification, or non-translated
regions. In order to express the RNAi gene in a cell,
a recombinant vector is  prepared by inserting a
fragment or full-length of the prepared cDNA into a
site  downstream of a promoter in an appropriate
expression vector. 30 The recombinant vector is
introduced into a host cell suitable for the
expression vector to obtain a transformant. The host
cell used for the production of antithrombin III
composition can be  obtained by selecting a
transformant using, as a marker, the activity of the
enzymes  relating to the fucose modification, or the
sugar chain structure of a produced  35 glycoprotein
molecule or a glycoprotein on the cell membrane. -32
As the host cell, any yeast cell, animal cell, insect
cell, plant cell, or the like  can be used so long as
it has a gene encoding the target enzymes relating to
the fucose  modification. Examples of the host cells
include those described in 2 below. The expression
vectors capable of autonomous replication or
integration  



5 into the chromosome in the above host cells and
comprising a promoter at a position  appropriate for
the transcription of the designed RNAi gene can be
used. Examples of  the expression vectors include
those described in 2 below. Introduction of a gene
into various host cells can be carried out by the
methods suitable for introducing a recombinant vector
into various host cells described  10 in 2 below. The
methods for selecting the transformant using, as a
marker, the activity  of the enzymes relating to the
fucose modification include the methods described in
the  above 1 (1) (a). The methods for selecting the
transformant using, as a marker, the sugar  15 chain
structure of a glycoprotein on the cell membrane
include the method described in  1 (5). The methods
for selecting the transformant using, as a marker, the
sugar chain  structure of a produced glycoprotein
molecule include the methods described in 4 or 5
below. The cDNA encoding the enzymes relating to the
fucose modification can be  20 prepared by the methods
for preparing a cDNA described in the above 1 (1) (a)
or the  like. The host cell used for the production of
antithrombin III composition can  also be obtained
without using an expression vector by directly
introducing into a host  cell the siRNA (short
interfering RNA) gene designed based on the nucleotide
sequence  25 encoding the enzymes relating to the
fucose modification. The siRNA gene can be prepared by
known methods or by using a DNA  synthesizer. The
construction of siRNA gene can be designed according
to the  descriptions in Nature, 391, 806 (1998); Proc.
Natl. Acad Sci. USA, 95, 15502 (1998);  30 Nature, 395
854 (1998); Proc. Natl. Acad. Sci. USA, 96, 5049
(1999); Cell, 95, 1017 (1998); Proc. Natl. Acad Sci.
USA, 96, 1451 (1999); Proc. Natl. Acad Sci. USA, 95,
13959 (1998); Nature Cell Riot, 2, 70 (2000); or the
like. (e) Preparation of the host cell for the
production of the antithrombin III composition by  the
method using a transposon The host cell used for the
production of the antithrombin III composition  can be
prepared by using the transposon system described in
Nature Genet., 25, 35  5 (2000) or the like, and then
selecting a mutant using, as a marker, the activity of
the enzymes relating to the fucose modification, or
the sugar chain structure of a produced  glycoprotein
molecule or a glycoprotein on the cell membrane. The
transposon system is a system for inducing a mutation
by random  



insertion of an exogenous gene into the chromosome,
wherein usually an exogenous  10 gene inserted into a
transposon is used as a vector for inducing a mutation
and a transposase expression vector for randomly
inserting the gene into the chromosome is  introduced
into the cell at the same time. Any transposase can be
used so long as it is suitable for the sequence of the
transposon to be used. 15 As the exogenous gene, any
gene can be used so long as it can induce a  mutation
in the DNA of a host cell. As the host cell, any yeast
cell, animal cell, insect cell, plant cell, or the
like  can be used so long as it has a gene encoding
the target enzymes relating to the fucose
modification. Examples of the host cells include those
described in 2 below. 20 Introduction of the gene into
various host cells can be carried out by the methods
suitable for introducing a recombinant vector into
various host cells described in 2  below. The methods
for selecting the mutant using, as a marker, the
activity of the  enzymes relating to the fucose
modification include the methods described in the
above  25 1 (1) (a). The methods for selecting the
mutant using, as a marker, the sugar chain  structure
of a glycoprotein on the cell membrane include the
method described in 1 (5).  The methods for selecting
the mutant using, as a marker, the sugar chain
structure of a  produced glycoprotein molecule include
the methods described in 4 and 5 below. 30 (2)
Technique of introducing a dominant-negative mutant of
a gene encoding an enzyme  The host cell used for the
production of the antithrombin III composition can be
prepared by using the method of introducing a
dominant-negative mutant of a  target gene, i.e., a
gene encoding an enzyme relating to the fucose
modification.  35 Examples of the enzymes relating to
the synthesis of the intracellular sugar nucleotide
GDP-fucose include GMD and Fx. Examples of the enzymes
relating to the -34 modification of a sugar chain in
which 1-position of flicose is bound to 6-position of
N- acetylglucosamine in the reducing end through
a-bond in a complex type N-glycoside- linked sugar
chain include al,6-fucosyltransferase and
a-L-fucosidase. These enzymes have substrate
specificity and catalyze specific reactions.  5 By
disrupting the active center of such enzymes having
substrate specificity and  catalytic action, their
dominant-negative mutants can be prepared. Preparation
of a  dominant-negative mutant is described in detail
below, using for an example GMD  



among the target enzymes. As a result of the analysis
of the tertiary structure of GMD derived from  10
Escherichia coli, it has been revealed that four amino
acids (threonine at position 133,  glutamic acid at
position 135, tyrosine at position 157 and lysine at
position 161) have  an important function for the
enzyme activity (Structure, 8, 2, 2000). That is, the
mutants prepared by substituting the above four amino
acids with other amino acids  based on the tertiary
structure information all showed significantly
decreased enzyme 15 activity. On the other hand,
little change was observed in the ability of the
mutants to  bind to the GMD coenzyme NADP or the
substrate GDP-mannose. Accordingly, a
dominant-negative mutant can be prepared by
substituting the four amino acids which  are
responsible for the enzyme activity of GMD. On the
basis of the result of  preparation of a
dominant-negative mutant of GMD derived from
Escherichia colt, 20 dominant-negative mutants of
other GMDs can be prepared by performing homology
comparison and tertiary structure prediction using the
amino acid sequence information.  For example, in the
case of GMD derived from CHO cell (SEQ ID NO:8), a
dominant- negative mutant can be prepared by
substituting threonine at position 155, glutamic acid
at position 157, tyrosine at position 179 and lysine
at position 183 with other amino 25 acids, Preparation
of such a gene carrying introduced amino acid
substitutions can be  carried out by site-directed
mutagenesis described in Molecular Cloning, Second
Edition; Current Protocols in Molecular Biology; etc.
The host cell used for the production of the
antithrombin III composition  can be prepared
according to the method of gene introduction described
in Molecular  30 Cloning, Second Edition; Current
Protocols in Molecular Biology; Manipulating the Mouse
Embryo, Second Edition; etc. using a gene encoding a
dominant-negative mutant  of a target enzyme
(hereinafter abbreviated as dominant-negative mutant
gene) prepared  as above, for example, in the
following manner. A dominant-negative mutant gene
encoding the enzymes relating to the  35 fucose
modifications is prepared. -35 Based on the
full-length DNA of the prepared dominant-negative
mutant  gene, a DNA fragment of appropriate length
containing a region encoding the protein is  prepared
according to need. A recombinant vector is prepared by
inserting the DNA fragment or full- 5 length DNA into
a site downstream of a promoter in an appropriate
expression vector.  The recombinant vector is
introduced into a host cell suitable for the
expression vector to obtain a transformant. 



The host cell used for the production of the
antithrombin III composition  can be obtained by
selecting a transformant using, as a marker, the
activity of the  10 enzymes relating to the fucose
modification, or the sugar chain structure of a
produced  glycoprotein molecule or a glycoprotein on
the cell membrane. As the host cell, any yeast cell,
animal cell, insect cell, plant cell, or the like  can
be used so long as it has a gene encoding the target
enzymes relating to the fucose  modification. Examples
of the host cells include those described in 2 below.
15 The expression vectors capable of autonomous
replication or integration  into the chromosome in the
above host cells and comprising a promoter at a
position  appropriate for the transcription of the DNA
encoding the desired dominant-negative  mutant can be
used. Examples of the expression vectors include those
described in 2  below. 20 Introduction of a gene into
various host cells can be carried out by the  methods
suitable for introducing a recombinant vector into
various host cells described  in 2 below. The methods
for selecting the transformant using, as a marker, the
activity  of the-enzymes relating-to the fucose
modification include the- methods described in the  25
above 1 (1) (a). The methods for selecting the
transformant using, as a marker, the sugar  chain
structure of a glycoprotein on the cell membrane
include the method described in  1 (5) below. The
methods for selecting the transformant using, as a
marker, the sugar  chain structure of a produced
glycoprotein molecule include the methods described in
4  30 and 5 below. (3) Technique of introducing a
mutation into an enzyme The host cell used for the
production of the antithrombin III composition  can be
prepared by introducing a mutation into a gene
encoding the enzymes relating to  35 the fucose
modification, and then selecting a desired cell line
in which the mutation  generated in the enzyme. -36
Examples of the enzymes relating to the synthesis of
the intracellular sugar  nucleotide, GDP-fucose
include GMD and Fx. Examples of the enzymes relating
to  the modification of a sugar chain in which
1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond
in a complex type N 5 glycoside-linked sugar chain
include a1,6-fucosyltransferase and (x-L-fucosidase.
The methods for introducing a mutation into the
enzymes relating to the  fucose modification include:
1) a method in which a desired cell line is selected
from  



mutants obtained by subjecting a parent cell line to
mutagenesis or by spontaneous  mutation using, as a
marker, the activity of the enzymes relating to the f
icose 10 modification; 2) a method in which a desired
cell line is selected from mutants obtained  by
subjecting a parent cell line to mutagenesis or by
spontaneous mutation using, as a  marker, the sugar
chain structure of a produced glycoprotein molecule;
and 3) a method  in which a desired cell line is
selected from mutants obtained by subjecting a parent
cell  line to mutagenesis or by spontaneous mutation
using, as a marker, the sugar chain  15 structure of a
glycoprotein on the cell membrane. Mutagenesis may be
carried out by any method capable of inducing a point
mutation, a deletion mutation or a frameshift mutation
in DNA of a cell of a parent cell  line. Examples of
suitable methods include treatment with ethyl
nitrosourea,  20 nitrosoguanidine, benzopyrene or an
acridine dye and radiation treatment. Various
alkylating agents and carcinogens can be used as
mutagens. A mutagen is allowed to  act on a cell by
the methods described in Soshiki Baiyo no G#utsu
(Tissue Culture  Techniques), Third Edition (Asakura
Shoten), edited by The Japanese Tissue Culture
Association (1996); Nature Genet., 24, 314 (2000); or
the like. 25 Examples of the mutants generated by
spontaneous mutation include  spontaneous mutants
obtained by continuing subculture under usual cell
culture  conditions without any particular treatment
for mutagenesis. The methods for measuring the
activity of the enzymes relating to the fucose
modification include the methods described in the
above 1 (1) (a). The methods for  30 determining the
sugar chain structure of a produced glycoprotein
molecule include the methods described in 4 and 5
below. The methods for determining the sugar chain
structure of a glycoprotein on the cell membrane
include the method described in 1 (5). (4) Technique
of suppressing transcription or translation of a gene
encoding an enzyme  35 The host cell used for the
production of the antithrombin III composition of the
present invention can be prepared by suppressing
transcription or translation of a -37 target gene,
i.e., a gene encoding the enzymes relating to the
fucose modification using  the antisense RNA/DNA
technique [Bioscience and Industry, 50, 322 (1992);
Chemistry,  46, 681 (1991); Biotechnology, 9, 358
(1992); Trends in Biotechnology, 10, 87 (1992);
Trends in Biotechnology, 10, 152 (1992); Cell
Technology, 16, 1463 (1997)], the triple  5 helix
technique [Trends in Biotechnology, 10, 132 (1992)],
or the like. Examples of the enzymes relating to the
synthesis of the intracellular sugar  nucleotide
GDP-fucose include GMD and Fx. Examples of the enzymes
relating to the  



modification of a sugar chain in which 1-position of
fucose is bound to 6-position of N- acetylglucosamine
in the reducing end through a-bond in a complex type
N-glycoside- 10 linked sugar chain include al,6-f
icosyltransferase and a-L-fucosidase. (5) Technique of
selecting a cell line resistant to a lectin which
recognizes a sugar chain  structure in which
1-position of fucose is bound to 6-position of
N-acetylglucosamine in  the reducing end through
a-bond in a complex type N-glycoside-linked sugar
chain 15 The host cell used for the production of the
antithrombin III composition  can be prepared by
selecting a cell line resistant to a lectin which
recognizes a sugar  chain structure in which
1-position of fucose is bound to 6-position of N-
acetylglucosamine in the reducing end through a-bond
in a complex type N-glycoside- linked sugar chain. 20
The method of selection of a cell line resistant to a
lectin which recognizes a  sugar chain structure in
which 1-position of fucose is bound to 6-position of
N- acetylglucosamine in the reducing end through
a-bond in a complex type N-glycoside- linked sugar
chain can be carried out, for example, by the method
using a lectin  described in Somatic Cell Mol. Genet.,
12, 51 (1986), etc. 25 As the lectin, any lectin can
be used so long as it recognizes a sugar chain
structure in which 1-position of fucose is bound to
6-position ofN-acetylglucosamine in  the reducing end
through a-bond in a complex type N-glycoside-linked
sugar chain.  Specific examples include lentil lectin
LCA (lentil agglutinin derived from Lens  culinaris),
pea lectin PSA (pea lectin derived from Pisum
sativum), broad bean lectin 30 VFA (agglutinin derived
from Vicia faba) and Aleuria aurantia lectin AAL
(lectin  derived from Aleuria aurantia). Specifically,
the cell line of the present invention resistant to a
lectin which  recognizes a sugar chain structure in
which 1-position of fucose is bound to 6-position  of
N-acetylglucosamine in the reducing end through a-bond
in a complex type N 35 glycoside-linked sugar chain
can be selected by culturing cells in a medium
containing  the above lectin at a concentration of 1
gg/ml to 1 mg/ml for one day to 2 weeks, -38
preferably one day to one week, subculturing surviving
cells or picking up a colony and  transferring it into
a culture vessel, and subsequently continuing the
culturing using the  medium containing the lectin. 5
2. Process for producing the antithrombin III
composition of the present invention The antithrombin
III composition of the present invention can be
obtained  by expressing it in a host cell using the
methods described in Molecular Cloning,  Second
Edition; Current Protocols in Molecular Biology;
Antibodies, A Laboratory  



Manual, Cold Spring Harbor Laboratory, 1988
(hereinafter referred to as Antibodies); 10 Monoclonal
Antibodies: Principles and Practice, Third Edition,
Acad. Press, 1993  (hereinafter referred to as
Monoclonal Antibodies); Antibody Engineering, A
Practical  Approach, IRL Press at Oxford University
Press, 1996 (hereinafter referred to as  Antibody
Engineering); etc., for example, in the following
manner. A full-length cDNA encoding an antithrombin
III molecule is prepared, and  15 a DNA fragment of
appropriate length comprising a region encoding the
antithrombin  III molecule is prepared. A recombinant
vector is prepared by inserting the DNA fragment or
full- length cDNA into a site downstream of a promoter
in an appropriate expression vector.  The recombinant
vector is introduced into a host cell suitable for the
20 expression vector to obtain a transformant
producing the antithrombin III molecule. As the host
cell, any yeast cells, animal cells, insect cells,
plant cells, etc.  that are capable of expressing the
desired gene can be used. Also useful are cells
obtained by selecting cells in which the activity of
an  enzyme relating to the modification of an
N-glycoside-linked sugar chain bound to the  25
antithrombin III molecule, i.e., the enzymes relating
to the fucose modification, is deleted, or cells
obtained by various artificial techniques described in
the above 1. The expression vectors that can be
employed are those capable of  autonomous replication
or integration into the chromosome in the above host
cells and  comprising a promoter at a position
appropriate for the transcription of the DNA  30
encoding the desired antithrombin III molecule. The
cDNA can be prepared from a human or non-human animal
tissue or  cell according to the methods for preparing
a cDNA described in the above 1 (1) (a)  using, e.g.,
a probe or primers specific for the desired
antithrombin III molecule. When yeast is used as the
host cell, YEP13 (ATCC 37115), YEp24 (ATCC  35 37051),
YCp50 (ATCC 37419) or the like can be used as the
expression vector. -39 As the promoter, any promoters
capable of expressing in yeast strains can be  used.
Suitable promoters include promoters of genes of the
glycolytic pathway such as  hexokinase, PHO5 promoter,
PGK promoter, GAP promoter, ADH promoter, gal 1
promoter, gal 10 promoter, heat shock protein
promoter, MFal promoter and CUP 1  5 promoter.
Examples of suitable host cells are microorganisms
belonging to the genera  Saccharomyces,
Schizosaccharomyces, Kluyveromyces, Trichosporon and
Schwanniomyces, and specifically, Saccharomyces
cerevisiae, Schizosaccharomyces  



pombe, Kluyveromyces lactis, Trichosporon pullulans,
Schwanniomyces alluvius and  10 the like. Introduction
of the recombinant vector can be carried out by any of
the  methods for introducing DNA into yeast, for
example, electroporation [Methods  Enzymol., 194, 182
(1990)], the spheroplast method [Proc. Natl. Acact
Sci. USA, 84  1929 (1978)], the lithium acetate method
[J. Bacteriology, 153, 163 (1983)] and the  15 method
described in Proc. Natl. Acad Sci. USA, 75, 1929
(1978). When an animal cell is used as the host cell,
pcDNAI, pcDM8  (commercially available from Funakoshi
Co., Ltd.), pAGE107 [Japanese Published  Unexamined
Patent Application No. 22979/91; Cytotechnology, 3,
133 (1990)], pAS3-3  (Japanese Published Unexamined
Patent Application No. 227075/90), pCDM8 [Nature, 20
329, 840 (1987)], pcDNAJJAmp (manufactured by
Invitrogen Corp.), pREP4  (manufactured by Invitrogen
Corp.), pAGE103 [J. Biochemistry, 101, 1307 (1987)],
pAGE2 10, etc. can be used as the expression vector.
As the promoter, any promoters capable of expressing
in animal cells can be  used. Suitable promoters
include the promoter of IE (immediate early) gene of
25 cytomegalovirus (CMV), SV40 early promoter, the
promoter of a retroviius, metallothionein promoter,
heat shock promoter, SRa promoter, etc. The enhancer
of  IE gene of human CMV may be used in combination
with the promoter. Examples of suitable host cells are
human-derived Namalwa cells, monkey- derived COS
cells, Chinese hamster-derived CHO cells, BBT5637
(Japanese Published  30 Unexamined Patent Application
No. 299/88), rat myeloma cells, mouse myeloma cells,
cells derived from Syrian hamster kidney, embryonic
stem cells, fertilized egg cells and  the like.
Introduction of the recombinant vector can be carried
out by any of the  methods for introducing DNA into
animal cells, for example, electroporation 35
[Cytotechnology, 3, 133 (1990)], the calcium phosphate
method (Japanese Published  Unexamined Patent
Application No. 227075/90), lipofection [Proc. Natl.
Acad Sci. -40 USA, 84, 7413 (1987)], the injection
method (Manipulating the Mouse Embryo, A  Laboratory
Manual), the method using particle gun (gene gun)
(Japanese Patent Nos.  2606856 and 2517813), the
DEAE-dextran method [Biomanual Series 4 - Methods of
Gene Transfer, Expression and Analysis (Yodosha),
edited by Takashi Yokota and 5 Kenichi Arai (1994)]
and the virus vector method (Manipulating the Mouse
Embryo,  Second Edition). When an insect cell is used
as the host cell, the protein can be expressed by  



the methods described in Current Protocols in
Molecular Biology; Baculovirus  Expression Vectors, A
Laboratory Manual, W. H. Freeman and Company, New York
10 (1992); Bio/Technology, 6, 47 (1988) or the like.
That is, the recombinant vector and a baculovirus are
cotransfected into  insect cells to obtain a
recombinant virus in the culture supernatant of the
insect cells,  and then insect cells are infected with
the recombinant virus, whereby the protein can be
expressed. 15 The gene transfer vectors useful in this
method include pVL1392, pVL1393  and pBlueBacIll (both
manufactured by Invitrogen Corp.). An example of the
baculovirus is Autographa californica nuclear
polyhedrosis virus, which is a virus infecting insects
belonging to the family Barathra.  Examples of the
insect cells are Spodoptera frugiperda ovarian cells
Sf9 and 2 0 Sf21 [Current Protocols in Molecular
Biology; Baculovirus Expression Vectors, A  Laboratory
Manual, W. H. Freeman and Company, New York (1992)]
and Trichoplusia  ni ovarian cell High 5 (manufactured
by Invitrogen Corp.). Cotransfection of the above
recombinant vector and the above baculovirus  into
insect cells for the preparation of the recombinant
virus can be carried out by the  25 calcium phosphate
method (Japanese Published Unexamined Fatent
Application No. 227075/90), lipofection [Proc. Natl.
Acad Sci. USA, 84, 7413 (1987)] and the like.  When a
plant cell is used as the host cell, Ti plasmid,
tobacco mosaic virus  vector or the like can be used
as the expression vector. As the promoter, any
promoters capable of expressing in plant cells can be
30 used. Suitable promoters include 35S promoter of
cauliflower mosaic virus (CaMV),  rice actin 1
promoter, etc. Examples of suitable host cells are
cells of plants such as tobacco, potato,  tomato,
carrot, soybean, rape, alfalfa, rice, wheat, barley,
Physcomitrella patens and  Spirodela polyrhiza. 35
Introduction of the recombinant vector can be carried
out by any of the  methods for introducing DNA into
plant cells, for example, the method using -41
Agrobacterium (Japanese Published Unexamined Patent
Application Nos. 140885/84  and 70080/85, W094/00977),
electroporation (Japanese Published Unexamined Patent
Application No. 251887/85) and the method using
particle gun (gene gun) (Japanese  Patent Nos. 2606856
and 2517813). 5 Expression of the antibody gene can be
carried out not only by direct  expression but also by
secretory production, expression of a fusion protein
of the Fc  



region and another protein and the like according to
the methods described in Molecular  Cloning, Second
Edition and the like. When the gene is expressed in
yeast, an animal cell, an insect cell or a plant  10
cell carrying an introduced gene relating to the
synthesis of a sugar chain, an  antithrombin III
molecule to which a sugar or a sugar chain is added by
the introduced  gene can be obtained. The antithrombin
III composition can be produced by culturing the
transformant obtained as above in a medium, allowing
the antithrombin III molecules to  15 form and
accumulate in the culture, and recovering them from
the culture. Culturing of the transformant in a medium
can be carried out by conventional methods for
culturing the host cell. For the culturing of the
transformant obtained by using a eucaryote such as
yeast as the host, any of natural media and synthetic
media can be used insofar as it is a  20 medium
suitable for efficient culturing of the transformant
which contains carbon sources, nitrogen sources,
inorganic salts and the like which can be assimilated
by the  host used. As the carbon sources, any carbon
sources that can be assimilated by the  host can be
used. Examples of suitable carbon sources include
carbohydrates such as  25 glucose, fructose, sucrose,
molasses containing them, 'starch and starch
hydrolyzate; organic acids such as acetic acid and
propionic acid; and alcohols such as ethanol and
propanol. As the nitrogen sources, ammonia, ammonium
salts of organic or inorganic  acids such as ammonium
chloride, ammonium sulfate, ammonium acetate and  30
ammonium phosphate, and other nitrogen-containing
compounds can be used as well as peptone, meat
extract, yeast extract, corn steep liquor, casein
hydrolyzate, soybean cake,  soybean cake hydrolyzate,
and various fermented microbial cells and digested
products  thereof. Examples of the inorganic salts
include potassium dihydrogenphosphate,  35 dipotassium
hydrogenphosphate, magnesium phosphate, magnesium
sulfate, sodium chloride, ferrous sulfate, manganese
sulfate, copper sulfate and calcium carbonate. -42
Culturing is usually carried out under aerobic
conditions, for example, by  shaking culture or
submerged spinner culture under aeration. The
culturing  temperature is preferably 15 to 40C, and
the culturing period is usually 16 hours to 7  days.
The pH is maintained at 3.0 to 9.0 during the
culturing. The pH adjustment is 5 carried out by using
an organic or inorganic acid, an alkali solution,
urea, calcium  



carbonate, ammonia, etc. If necessary, antibiotics
such as ampicillin and tetracycline may be added to
the medium during the culturing. When a microorganism
transformed with a recombinant vector comprising  10
an inducible promoter is cultured, an inducer may be
added to the medium, if necessary.  For example, in
the case of a microorganism transformed with a
recombinant vector  comprising lac promoter,
isopropyl-[3-D-thiogalactopyranoside or the like may
be added  to the medium; and in the case of a
microorganism transformed with a recombinant  vector
comprising trp promoter, indoleacrylic acid or the
like may be added. 15 For the culturing of the
transformant obtained by using an animal cell as the
host cell, generally employed media such as RPMI1640
medium [The Journal of the  American Medical
Association, 199, 519 (1967)], Eagle's MEM [Science,
12,2 501  (1952)], Dulbecco's modified MEM [Virology,
8 396 (1959)], 199 medium  [Proceeding of the Society
for the Biological Medicine, 73, 1 (1950)] and
Whitten's 20 medium [Developmental Engineering
Experimentation Manual - Preparation of  Transgenic
Mice (Kodansha), edited by Motoya Katsuki (1987)],
media prepared by  adding fetal calf serum or the like
to these media, etc. can be used as the medium.
Culturing is usually carried out under conditions of
pH 6.0 to 8.0 at 30 to  40C for 1 to 7 days in the
presence of 5% C02 25 If necessary, antibiotics such
as kanamycin and penicillin may be added to  the
medium during the culturing. For the culturing of the
transformant obtained by using an insect cell as the
host cell, generally employed media such as TNM-FH
medium (manufactured by  Pharmingen, Inc.), Sf-900 H
SFM medium (manufactured by Life Technologies, Inc.),
30 ExCell 400 and ExCell 405 (manufactured by JRH
Biosciences, Inc.) and Grace's Insect  Medium [Nature,
195, 788 (1962)] can be used as the medium. Culturing
is usually carried out under conditions of pH 6.0 to
7.0 at 25 to  30C for 1 to 5 days. If necessary,
antibiotics such as gentamicin may be added to the
medium  35 during the culturing. -43 The transformant
obtained by using a plant cell as the host cell may be
cultured in the form of cells as such or after
differentiation into plant cells or plant  organs. For
the culturing of such transformant, generally employed
media such as  Murashige-Skoog (MS) medium and White
medium, media prepared by adding  phytohormones such
as auxin and cytokinin to these media, etc. can be
used as the  



medium. Culturing is usually carried out under
conditions of pH 5.0 to 9.0 at 20 to  40C for 3 to 60
days. If necessary, antibiotics such as kanamycin and
hygromycin may be added  10 to the medium during the
culturing. As described above, the antithrombin III
composition can be produced by  culturing, according
to a conventional culturing method, the transformant
derived from  a microorganism, an animal cell or a
plant cell and carrying an expression vector into
which DNA encoding the antithrombin III molecule has
been inserted, allowing the 15 antithrombin III
composition to form and accumulate, and recovering the
antithrombin  III composition from the culture. The
process of the antithrombin III composition includes a
method of  intracellular production by host cells, a
method of extracellular secretion by host cells  and a
method of production on outer membranes by host cells.
A desirable production 20 method can be adopted by
changing the kind of the host cells used or the
structure of the  antithrombin III molecule to be
produced. When the antithrombin III composition is
produced in host cells or on outer  membranes of host
cells, it is possible to force the antithrombin III
composition to be  secreted outside the host cells by
applying the method of Paulson, et al. [J. Biol.
Chem., 25 264, 17619 (1989)], the method of Lowe, et
at [Prot.-Natl. Aead Sci:-USA, 86, 8227  (1989); Genes
Develop., 4, 1288 (1990)], the methods described in
Japanese Published  Unexamined Patent Application No.
336963/93, W094/23021 or the like. That is, it is
possible to force the desired antithrombin III
molecule to be  secreted outside the host cells by
inserting DNA encoding the antithrombin III molecule
30 and DNA encoding a signal peptide suitable for the
expression of the antithrombin III molecule into an
expression vector, introducing the expression vector
into the host cells,  and then expressing the
antithrombin III molecule by use of recombinant DNA
techniques. It is also possible to increase the
production of the antithrombin III  35 composition by
utilizing a gene amplification system using a
dihydrofolate reductase -44 gene or the like according
to the method described in Japanese Published
Unexamined  Patent Application No. 227075/90. Further,
the antithrombin III composition can be produced using
an animal  having an introduced gene (non-human
transgenic animal) or a plant having an  5 introduced
gene (transgenic plant) constructed by
redifferentiation of animal or plant  



cells carrying the introduced gene. When the
transformant is an animal or plant, the antithrombin
III  composition can be produced by raising or
cultivating the animal or plant in a usual  manner,
allowing the antithrombin III composition to form and
accumulate therein, and  10 recovering the
antithrombin III composition from the animal or plant.
The method of preparing the antithrombin III
composition using an animal  can be carried out, for
example, by producing the desired antithrombin III
composition  in an animal constructed by introducing
the gene according to known methods  [American Journal
of Clinical Nutrition, 63, 639S (1996); American
Journal of Clinical  15 Nutrition, 63, 627S (1996);
Bio/Technology, 9, 830 (1991)]. In the case of an
animal, the antithrombin III composition can be
produced,  for example, by raising a non-human
transgenic animal carrying the introduced DNA
encoding the antithrombin III molecule, allowing the
antithrombin III composition to  form and accumulate
in the animal, and recovering the antithrombin III
composition 20 from the animal. The places where the
antithrombin III composition is formed and
accumulated include milk (Japanese Published
Unexamined Patent Application No.  309192/88), egg,
etc. of the animal. As the promoter in this process,
any promoters  capable of expressing in an animal can
be used. Preferred promoters include  mammary gland
cell-specific promoters such as a casein promoter, 0
casein promoter,  25 J3 lactoglobulin promoter and
whey dcidic protein promoter. The method of preparing
the antithrombin III composition using a plant can  be
carried out, for example, by culturing a transgenic
plant carrying the introduced  DNA encoding the
antithrombin III molecule according to known methods
[Soshiki  Baiyo (Tissue Culture), 20 (1994); Soshiki
Baiyo (Tissue Culture), 21 (1995); Trends in 30
Biotechnology, 15, 45 (1997)], allowing the
antithrombin III composition to form and  accumulate
in the plant, and recovering the antithrombin III
composition from the plant.  When the antithrombin III
composition produced by the transformant carrying the
introduced gene encoding the antithrombin III molecule
is expressed in a  soluble form in cells, the cells
are recovered by centrifugation after the completion
of  35 culturing and suspended in an aqueous buffer,
followed by disruption using a sonicator, French
press, Manton Gaulin homogenizer, Dynomill or the like
to obtain a cell-free -45 extract. A purified
preparation of the antithrombin III composition can be
obtained by  centrifuging the cell-free extract to
obtain the supernatant and then subjecting the
supernatant to ordinary means for isolating and
purifying enzymes, e.g., extraction with  a solvent,
salting-out with ammonium sulfate, etc., desalting,
precipitation with an 



5 organic solvent, anion exchange chromatography using
resins such as diethylaminoethyl  (DEAE)-Sepharose and
DIAION BPA-75 (manufactured by Mitsubishi Chemical
Corporation), cation exchange chromatography using
resins such as S-Sepharose FF  (manufactured by
Pharmacia), hydrophobic chromatography using resins
such as butyl  Sepharose and phenyl Sepharose, gel
filtration using a molecular sieve, affinity 10
chromatography, chromatofocusing, and electrophoresis
such as isoelectric focusing,  alone or in
combination. Specific examples include a method using
immobilized  heparin affinity chromatography developed
by Miller-Anderson in 1974 (Thromb. res.,  5, 439
(1974); Zoku Seikagaku Jikken Koza (A Sequel to
Lectures on Experiments in  Biochemistry), 8, Blood,
the second volume, pp. 569-574 (Tokyo Kagaku Dojin),
edited  15 by Tokyo Kagaku Dojin (1985)). When the
antithrombin III composition is expressed as an
inclusion body in  cells, the cells are similarly
recovered and disrupted, followed by centrifugation to
recover the inclusion body of the antithrombin III
composition as a precipitate fraction.  The recovered
inclusion body of the antithrombin III composition is
solubilized with a 20 protein-denaturing agent. The
solubilized antibody solution is diluted or dialyzed,
whereby the antithrombin III composition is renatured
to have normal conformation.  Then, a purified
preparation of the antithrombin III composition can be
obtained by the  same isolation and purification steps
as described above. When the. antithrombin III
composition is extracellularly secreted, the  25
antithrombin III composition or its derivative can be
recovered in the culture  supernatant. That is, the
culture is treated by the same means as above, e.g.,
centrifugation, to obtain the culture supernatant. A
purified preparation of the  antithrombin III
composition can be obtained from the culture
supernatant by using the  same isolation and
purification methods as described above. 30 When the
host cell has already had an ability of expressing an
antithrombin  III molecule, a cell capable of
expressing the antithrombin III molecule is prepared
by  using the method of the above-described 1, the
cell is cultured, and an objective  antithrombin III
composition is purified from the culture to thereby
prepare the  antithrombin III composition. 35 -46 3.
Activity evaluation of antithrombin III composition
The anti-blood coagulation activity of the purified
antithrombin III  composition can be measured by an in
vitro test such as known antithrombin activity
measuring method or heparin cofactor activity
measuring method, an in vivo test using a 



5 disseminated intravascular coagulation (hereinafter
referred to DIC) morbid state model  animal (The
Second Series of Pharmaceutical Research and
Development, Volume 20,  Blood Product, Ikuo Suzuki,
ed., Hirokawa Publishing Company, Tokyo, Japan (1992);
The Course of Medicine (Igaku no Ayumi), 120, 1147
(1982); Japanese Pharmacology  and Therapeutics, 17,
5843 (1989); Clinic and Research (Rinsyo to Kenkyu),
62, 3573 10 (1985); Clinic and Research (Rinsyo to
Kenkyu), 62,3688 (1985); Parmacometrics, 30,  589
(1985) or the like. Specific examples are described
below. (1) Antithrombin activity measuring method A
purified antithrombin III composition and a substance
to be tested such as  15 defibrinated plasma are
serially diluted using 0.05 M Tris-HCl buffer, pH 8.3,
containing 0.15 M NaCl and 0.2% human serum albumin.
To 100 l of each of the diluted samples, 500 l of 7.5
U/ml thrombin  solution is added, and the reaction is
carried out at 37C for 10 minutes. Then, 2 ml of  a
substrate solution prepared by diluting the
thrombin-specific coloring substrate (HD 20
CHA-But-Arg-pNA) attached to Berichrome Antithrombin
III (manufactured by  Boehring Berge) to 0.25 M with a
diluent is added thereto, and the reaction is carried
out at 37C for 5 minutes. Thereafter, the reaction is
stopped by adding 0.5 ml of 50%  acetic acid. By
measuring absorbance in the reaction solution at 405
nm, a value is  25 obtained by subtracting the
absorbance of a reaction solution to which the
substance to  be tested at each dilution step was
added from the absorbance of a control reaction
solution to which antithrombin III as the substance to
be tested was not added. This  value as the amount of
inactivated thrombin is plotted as ordinate, and
dilution ratio of  the substance to be tested as
abscissa, on a semi-log graph paper. By linearly 30
approximating relationship between the amount of
inactivated thrombin and dilution  ratio of the
substance to be tested from the plotted measured
values and comparing it  with an approximate
expression obtained as a result of the measurement of
the purified  antithrombin III composition and
defibrinated plasma, the ratio of the purified
antithrombin III composition to the defibrinated
plasma can be calculated and its titer  35 can be
determined. -47 (2) Heparin cofactor activity
measuring method A purified antithrombin III
composition and a substance to be tested such as
defibrinated plasma are serially diluted using 0.05 M
Tris-HCI buffer, pH 8.3,  containing 0.15 M NaCl and
0.2% human serum albumin. 5 To 50 l of each of the
diluted samples, 1.0 ml of 0.3 unit thrombin solution



containing 2.5 U/ml heparin is added, and the reaction
is carried out at 37C for 5  minutes. Next, 100 l of
the substrate solution described in the
above-described 3(1)  adjusted to 2.0 mM is added
thereto, and the reaction is carried out at 37C for 2
minutes. Thereafter, the reaction is stopped by adding
0.5 ml of 50% acetic acid. 10 After completion of the
reaction, absorbance in the reaction mixture is
measured at 405 nm, and then titer of the purified
antithrombin III composition upon  defibrinated plasma
can be determined by the same method described in the
above- described 3(1). 15 (3) In vivo test using DIC
morbid state model animal Anti-blood coagulation
activity of the purified antithrombin III composition
in vivo can be examined using a rabbit acute DIC
morbid state model [Clinic and  Research (Rinsyo to
Kenkyu), 62, 3573 (1985)], a rat acute DIC morbid
state model  [Clinic and Research (Rinsyo to Kenkyu),
62, 3688 (1985)], a pregnant rabbit acute DIC  20
morbid state model [Parmacometrics, 30, 589 (1985)] or
the like. In addition, safety and therapeutic effect
of the antithrombin III composition  in human can also
be evaluated using an animal species model relatively
close to human,  such as Macacafascicularis. 25 4.
Analysis of sugar chains in the antithrombin III
composition The sugar chain structure of an
antithrombin III molecule expressed in  various cells
can be analyzed according to general methods of
analysis of the sugar  chain structure of
glycoproteins. For example, a sugar chain bound to an
antithrombin  III molecule consists of neutral sugars
such as galactose, mannose and fucose, amino 30 sugars
such as N-acetylglucosamine, and acidic sugars such as
sialic acid, and can be  analyzed by techniques such
as sugar composition analysis and sugar chain
structure  analysis using two-dimensional sugar chain
mapping. (1) Analysis of neutral and amino sugar
compositions The sugar chain composition of an
antithrombin III molecule can be  analyzed by carrying
out acid hydrolysis of sugar chains with
trifluoroacetic acid or the  like to release neutral
sugars or amino sugars and analyzing the composition
ratio. 5 Specifically, the analysis can be carried out
by a method using a  carbohydrate analysis system
(BioLC; product of Dionex). BioLC is a system for
analyzing the sugar composition by HPAEC-PAD (high
performance anion-exchange  chromatography-pulsed
amperometric detection) [J. Liq. Chromatogr., 6, 1577
(1983)]. The composition ratio can also be analyzed by
the fluorescence labeling  10 method using
2-aminopyridine. Specifically, the composition ratio
can be calculated  by fluorescence labeling an
acid-hydrolyzed sample by 2-aminopyridylation
according  



to a known method [Agric. Biol. Chem., 55 U1, 283-284
(1991)] and then analyzing the  composition by HPLC.
15 (2) Analysis of sugar chain structure The sugar
chain structure of an antithrombin III molecule can be
analyzed  by two-dimensional sugar chain mapping
[Anal. Biochem., 171, 73 (1988);  Seibutsukagaku
Jikkenho (Biochemical Experimentation Methods) 23 -
Totanpakushitsu  Tosa Kenkyuho (Methods of Studies on
Glycoprotein Sugar Chains), Gakkai Shuppan 20 Center,
edited by Reiko Takahashi (1989)]. The two-dimensional
sugar chain  mapping is a method of deducing a sugar
chain structure, for example, by plotting the
retention time or elution position of a sugar chain by
reversed phase chromatography as  the X axis and the
retention time or elution position of the sugar chain
by normal phase  chromatography as the Y axis, and
comparing them with the results, on known sugar  25
chains. Specifically, a sugar chain is released from
an antithrombin III molecule by  hydrazinolysis of the
antithrombin III composition and subjected to
fluorescence  labeling with 2-aminopyridine
(hereinafter referred to as PA) [J. Biochem., 95, 197
(1984)]. After being separated from an excess
PA-treating reagent by gel filtration, the 30 sugar
chain is subjected to reversed phase chromatography.
Then, each peak of the  sugar chain is subjected to
normal phase chromatography. The sugar chain structure
can be deduced by plotting the obtained results on a
two-dimensional sugar chain map  and comparing them
with the spots of a sugar chain standard (manufactured
by Takara  Shuzo Co., Ltd.) or those in the literature
[Anal. Biochem., 171, 73 (1988)]. -49 The structure
deduced by the two-dimensional sugar chain mapping can
be  confirmed by carrying out mass spectrometry, e.g.,
MALDI-TOF-MS, of each sugar  chain. 5 5. Immunoassay
for determining the sugar chain structure of an
antithrombin III  molecule An antithrombin III
composition consists of antithrombin III molecules
which are different in sugar chain structure. The
recombinant antithrombin III  composition of the
present invention, in which the ratio of sugar chains
having a 10 structure wherein fucose is bound to the
N-acetylglucosamine in the reducing end to all  the
complex type N-glycoside-linked sugar chains bound to
the Fc region is 0%, has a  high ADCC activity. Such
an antithrombin III composition can be identified
using the  method for analyzing the sugar chain
structure of an antithrombin III molecule  described
in the above 4. Further, it can also be identified by
immunoassays using  



15 lectins. Discrimination of the sugar chain
structure of an antithrombin III molecule  by
immunoassays using lectins can be made according to
the immunoassays such as  Western staining, RIA
(radioimmunoassay), VIA (viroimmunoassay), EIA
(enzymoimmunoassay), FIA (fluoroimmunoassay) and MIA
(metalloimmunoassay) 20 described in the literature
[Monoclonal Antibodies: Principles and Applications,
Wiley- Liss, Inc. (1995); Enzyme Immunoassay, 3rd Ed.,
Igaku Shoin (1987); Enzyme Antibody  Technique,
Revised Edition, Gakusai Kikaku (1985); etc.], for
example, in the following  manner. A lectin
recognizing the sugar chain structure of an
antithrombin III  25 molecule is labeled, and the
labeled lectin is subjected to reaction with a sample
antithrombin III composition, followed by measurement
of the amount of a complex of  the labeled lectin with
the antithrombin III molecule. Examples of lectins
useful for determining the sugar chain structure of an
antithrombin III molecule include WGA (wheat-germ
agglutinin derived from T.  30 vulgaris), ConA
(concanavalin A derived from C. ensiformis), RIC (a
toxin derived from R. communis), L-PHA
(leukoagglutinin derived from P. vulgaris), LCA
(lentil  agglutinin derived from L. culinaris), PSA
(pea lectin derived from P. sativum), AAL  (Aleuria
aurantia lectin), ACL (Amaranthus caudatus lectin),
BPL (Bauhinia purpurea  lectin), DSL (Datura
stramonium lectin), DBA (Dolichos biWorus agglutinin),
EBL 35 (elderberry balk lectin), ECL (Erythrina
cristagalli lectin), EEL (Euonymus europaeus  lectin),
GNL (Galanthus nivalis lectin), GSL (Gr4onia
simplicifolia lectin), HPA -50 (Helix pomatia
agglutinin), HHI. (Hippeastrum hybrid lectin),
Jacalin, LTL (Lotus  tetragonolobus lectin), LEL
(Lycopersicon esculentum lectin), MAL (Maackia
amurensis lectin), MPL (Maclura pomifera lectin), NPL
(Narcissus pseudonarcissus  lectin), PNA (peanut
agglutinin), E-PHA (Phaseolus vulgaris
erythroagglutinin), PTL 5 (Psophocarpus tetragonolobus
lectin), RCA (Ricinus communis agglutinin), STL
(Solanum tuberosum lectin), SJA (Sophora japonica
agglutinin), SBA (soybean  agglutinin), UEA ((lex
europaeus agglutinin), VVL (Vicia villosa lectin) and
WFA  (Wisteria floribunda agglutinin). It is preferred
to use lectins specifically recognizing a sugar chain
structure  10 wherein fucose is bound to the
N-acetylglucosamine in the reducing end in a complex
type N-glycoside-linked sugar chain. Examples of such
lectins include lentil lectin  LCA (lentil agglutinin
derived from Lens culinaris), pea lectin PSA (pea
lectin derived  from Pisum sativum), broad bean lectin
VFA (agglutinin derived from Vicia faba) and  



Aleuria aurantia lectin AAL (lectin derived from
Aleuria aurantia). 15 6. Utilization of the
antithrombin III composition Since the antithrombin
III composition obtained in the present invention has
high heparin binding activity equivalent to that of
the natural origin antithrombin III, it  is useful in
preventing and treating diseases which accompany blood
coagulation. 20 It is known that platelets are adhered
and coagulated in a region where  blood coagulation is
formed, such as a vascular endothelial tissue, to form
thrombi in  diseases which accompany blood
coagulation. Thrombus is formed by various causes
such as wound, arteriosclerosis and vascular
inflammation, and embolus is generated  when the
thrombi are-released and transferred by blood flow to
clog other blood vessels. 25 When an artery is
obstructed by thrombi or emboli, the perfusion region
downstream of  the obstructed area becomes an ischemic
state. Such various morbid states caused by  thrombi
are called thrombosis. Accordingly, the antithrombin
III composition of the  present invention is useful
also in preventing and treating thrombosis. Examples
of the thrombosis include cerebral infarction
(cerebrovascular  30 accidents), myocardial
infarction, appendicular arterial thromboembolism,
deep venous  thrombosis (thrombophlebitis), DIC,
antithrombin III defective disease, gestational
toxicosis and the like. Cerebral infarction
(cerebrovascular accidents) is a disease which
accompanies obstruction of blood vessels induced by
atherosclerosis lesions formed in  35 the main
cerebral arteries inside and outside of the skull.
Since cerebral blood vessels are rapidly obstructed by
thrombi, difficulty of moving such as hemiplegia and
neurotic -51 symptoms such as sensory disturbance of
one side, disturbance of visual field, aphasia  and
dysarthria appear relatively quickly. Kinds of the
cerebral infarction include  lacuna cerebral
infarction which is thrombosis of a relatively small
cerebral artery  generated by obstruction of arteriole
branched from the main cerebral artery, and 5
cardiogenic cerebral infarction which occurs due to
obstruction of cerebral blood vessel  by released
thrombi once formed in the heart caused by heart
diseases including  myocardial infarction, valvular
disease of heart such as mitral stenosis, articular
fibrillation and the like. Myocardial infarction is a
result of the necrosis of myocardial cells caused  10
by a blood flow disorder in a cardiac muscle of
perfusion region due to obstruction of  coronary
artery. Although there are patients having anginal
symptom such as chest  pain and thoracic compression
pain before onset of the disease, it suddenly onsets  



without prodromal symptom in most cases. Examples of
the appendicular arterial thromboembolism include  15
arteriosclerosis obliterans (ASO) which is an
obstructive lesion caused by  arteriosclerosis in the
legs and cause-unknown thromboangitis obliterans (TAO,
Burger  disease) which accompanies a vascular
inflammation that causes thrombotic obstruction  in
arteries and veins of the limbs. The deep venous
thrombosis (thrombophlebitis) is a thrombosis which is
20 generated by surgical operation, long-term lying in
bed, infection, pregnancy, blood  flow stagnation by
wound or the like or vein injury. This is apt to occur
in the left leg,  and its main symptom is a swelling,
but symptoms such as flushing of the skin, over-
swelling of veins and pain also occur. This is also
apt to occur by a long-term enplane,  and such a case
is particularly called economy class syndrome. 25 DIC
is a disease which occurs as a result of an ischemic
organ disorder  caused by the broad range
microthrombus formation in micro blood vessels due to
excess activation of the blood coagulation system in
the living body, and its basal  diseases include acute
leukemia, cancer, infectious disease, obstetric
disease, fluminant  hepatitis, aortic aneurysm,
cardiac aneurysm, giant hemangioma, diabetic coma, 30
intravascular hemolysis, operation, wound, burn wound,
plastic operation and the like.  Since its morbid
state greatly varies depending on the basal disease,
it is necessary to  carry out anticoagulation therapy
together with the treatment of basal disease. The
antithrombin III defective disease is a disease which
accompanies  quantitative reduction or qualitative
abnormality of antithrombin III. The quantitative  35
reduction or qualitative abnormality of antithrombin
III causes inhibition reduction upon activated blood
coagulation factors IX and X and thrombin and the like
and becomes a -52 cause of the onset of thrombosis.
The antithrombin III defective disease was found in
1965 as a congenital hereditary disease in Norwegian
families frequently generating  thrombosis. The
antithrombin III defective disease is found in several
percent of  patients having multiple or recurrent
thrombosis. In the patients of antithrombin III 5
defective disease, the onset frequency increases with
the age, and this disease is  generated in many cases
through pregnancy, infection, surgical operation,
wound,  taking of oral contraceptives and the like as
the start. Since thrombi are formed in  many cases in
leg deep veins, its onset is observed also in regions
of pulmonary  embolism, mesenteric vein, intracranial
artery and vein and the like. 10 The gestational
toxicosis is a disease which occurs during pregnancy,
and its  main symptoms are hypertension, proteinuria
and edema. A disease in which similar  



symptoms are observed even after delivery is called
secondary disease of gestational  toxicosis and
included in the gestational toxicosis in a broad
sense. Abnormality of the  coagulation fibrinolysis
system is related to the origin of gestational
toxicosis. 15 The antithrombin III composition can
also be administered to patients  before the onset of
diseases for the purpose of preventing formation of
thrombi.  Specific examples of such patients include
those patients having a possible danger of  causing
diseases such as vascular re-stricture after PTCA,
unstable angina, peripheral  artery obstruction,
transient cerebral ischemic attack, acute myocardial
infarction, non 2 0 Q wave myocardial infarction, DIC,
thrombosis complication due to heparin  thrombopenia,
acute pulmonary thromboembolism, deep vein thrombosis,
symptomatic  pulmonary embolism and antithrombin III
defective disease. A pharmaceutical composition
comprising the antithrombin III composition  of the
present invention may be administered alone as a
therapeutic agent. However; it  25 is preferably mixed
with one or more pharmaceutically acceptable carrier
and provided as a pharmaceutical preparation produced
by an arbitrary method well known in the  technical
field of pharmaceutics. It is desirable to administer
the pharmaceutical composition by the route that  is
most effective for the treatment. Suitable
administration routes include oral  30 administration
and parenteral administration such as intraoral
administration, intratracheal administration,
intrarectal administration, subcutaneous
administration,  intramuscular administration and
intravenous administration. In the case of an
antithrombin III preparation, intravenous
administration is preferable. The pharmaceutical
preparation may be in the form of spray, capsules,  35
tablets, granules, syrup, emulsion, suppository,
injection, ointment, tape, and the like. - 53  The
pharmaceutical preparations suitable for oral
administration include  emulsions, syrups, capsules,
tablets, powders and granules. Liquid preparations
such as emulsions and syrups can be prepared using, as
additives, water, sugars such as sucrose, sorbitol and
fructose, glycols such as  5 polyethylene glycol and
propylene glycol, oils such as sesame oil, olive oil
and soybean oil, antiseptics such as
p-hydroxybenzoates, flavors such as strawberry flavor
and  peppermint, and the like. Capsules, tablets,
powders, granules or the like can be prepared using,
as  additives, excipientssuch as lactose, glucose,
sucrose and mannitol, disintegrators such  10 as
starch and sodium alginate, lubricants such as
magnesium stearate and talc, binders such as polyvinyl
alcohol, hydroxypropyl cellulose and gelatin,
surfactants such as fatty  



acid esters, plasticizers such as glycerin, and the
like. The pharmaceutical preparations suitable for
parenteral administration  include injections,
suppositories and sprays. 15 Injections can be
prepared using carriers comprising a salt solution, a
glucose solution, or a mixture thereof or the like. It
is also possible to prepare powder  injections by
freeze-drying the antithrombin III composition
according to a conventional  method and adding sodium
chloride thereto. Suppositories can be prepared using
carriers such as cacao butter,  20 hydrogenated fat
and carboxylic acid. The antithrombin III composition
may be administered as such in the form  of spray, but
sprays may be prepared using carriers which do not
stimulate the oral or  airway mucous membrane of a
recipient and which can disperse the antithrombin III
composition as fine particles to facilitate absorption
thereof. 25 Suitable carriers include lactose and
glycerin. It is also possible to prepare  aerosols,
dry powders or the like according to the properties of
the antithrombin III  composition and the carriers
used. In preparing these parenteral preparations, the
above-mentioned additives for the oral preparations
may also be added. The dose and administration
frequency will vary depending on the desired  30
therapeutic effect, the administration route, the
period of treatment, the patient's age and  body
weight or the like. However, an appropriate daily dose
of the active ingredient  for an adult person is
generally 10 gg/kg to 20 mg/kg. Also, the anti-blood
coagulation activity of the antithrombin III
composition  can be examined by an in vitro test such
as antithrombin activity measuring method or  35
heparin cofactor activity measuring method, an in vivo
test using a DIC morbid state  model using an
experimental animal such as a rabbit, or the like. -54
The method for measuring antithrombin activity, the
method for measuring  heparin cofactor activity and
the DIC morbid state model test are carried out by
methods  described in literatures (The Second Series
of Pharmaceutical Research and  Development, Volume
20, Blood Product, Ikuo Suzuki, ed., Hirokawa
Publishing 5 Company, Tokyo, Japan (1992); The Course
of Medicine (Igaku no Ayumi), 120, 1147  (1982);
Japanese Pharmacology and Therapeutics, 17, 5843
(1989); Clinic and  Research (Rinsyo to Kenkyu), 62,
3573 (1985); Clinic and Research (Rinsyo to Kenkyu),
62, 3688 (1985); Parmacometrics, 30, 589 (1985) or the
like. The present invention is explained below in more
detail based on Examples;  10 however, Examples are
simple illustrations, and the scope of the present
invention is not  



limited thereto. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically shows a structure of human
antithrombin III. 15 Fig. 2 schematically shows
complex type N-glycoside-linked sugar chains  added to
human plasma-derived antithrombin M. Fig. 3 shows the
steps for constructing plasmid pKOFUT8Neo.  Fig. 4
shows the steps for constructing plasmid pBS-ATM.
Fig. 5 shows the steps for constructing plasmid
pKAN-ATIII. 20 Fig. 6 shows the steps for constructing
plasmid pKAN-ATIIIN135Q. Fig. 7 shows elution pattern
of antithrombin III by heparin affinity
chromatography. Fig 8 shows heparin cofactor activity
of antithrombin III. 25 BEST MODE FOR CARRYING OUT THE
INVENTION"  Example 1 Construction of CHO/DG44 cell
line in which both alleles of a1,6-fucosyltransferase
(FUT8) on the genome have been disrupted The CHOIDG44
cell line comprising the deletion of a genome region
for  30 both alleles of al,6-fucosyltransferase
(hereinafter also referred to as FUT8) including  the
translation initiation codons was constructed
according to the following steps. 1. Construction of
Chinese hamster FUT8 gene targeting vector plasmid
pKOFUT8Neo  comprising exon 2 35 Plasmid pKOFUT8Neo
was constructed in the following manner using
targeting vector plasmid pKOFUTBPuro of exon 2 of
Chinese hamster FUT8 gene - 55  constructed by the
method described in Example 13-1 of W002/31140, and
plasmid  pKOSelectNeo (manufactured by Lexicon). Using
16 units of a restriction enzyme Ascl (New England
Biolabs), 1.0 g  of plasmid pKOSelectNeo (manufactured
by Lexicon) was allowed to react at 37C for  5 2
hours. The reacting solution was subjected to agarose
gel electrophoresis, and approximately 1.6 Kb Ascl
fragment comprising the neomycin resistance gene
expression unit was recovered using QlAquick Gel
Extraction Kit (manufactured by  QIAGEN). Next, 1.0 gg
of plasmid pKOFUTSPuro was allowed to react at 37C for
2  10 hours by using 16 units of a restriction enzyme
Ascl (manufactured by New England  Biolabs). After the
digestion reaction, the end of the DNA fragment was
dephosphorylated with alkaline phosphatase derived
from Escherichia coil C15  



(manufactured by Takara Shuzo Co., Ltd.) according to
the attached instructions.  After the reaction, the
DNA fragment was recovered by phenol/chloroform
extraction  15 and ethanol precipitation. In the
presence Ligation High (manufactured by Toyobo Co.,
Ltd.), 0. 1 g  of the plasmid pKOSelectNeo-derived
Ascl fragment (approximately 1.6 Kb) and 0.1 g  of the
plasmid pKOFUTSPuro-derived Ascl fragment
(approximately 10.1 Kb) obtained  above were ligated,
and Escherichia coil DHSa (manufactured by Toyobo Co.,
Ltd.) 20 was transformed by using the resulting
recombinant plasmid DNA according to the  method of
Cohen, et al. [Proc. Natl. Acad Sci. U.S.A., 69, 2110
(1972)]. A plasmid  DNA was prepared from each
transformant and each nucleotide sequence was analyzed
by using BigDye Terminator Cycle Sequencing Ready
Reaction Kit v2.0 and DNA  Sequencer ABI PRISM 377
(manufactured by Applied Biosystems). The plasmid 25
pKOFUT8Neo having the objective nucleotide sequence
shown in Fig. 3 was obtained;  and was used as a
targeting vector for the preparation of FUT8
gene-knockout cell of  CHO cell. 2. Preparation of CHO
cell in which one copy of the FUT8 gene on the genome
has  30 been disrupted (1) Obtaining of a cell line in
which the targeting vector pKOFUT8Neo has been
introduced The Chinese hamster FUT8 genome region
targeting vector pKOFUT8Neo  constructed in Example
1-1 was introduced into Chinese hamster ovary-derived
35 CHO/DG44 cells deficient in the dihydrofolate
reductase gene (dhfr) [Somataic Cell  and Molecular
Genetics, 12, 555 (1986)] in the following manner. -56
After 280 g of plasmid pKOFUT8Neo was allowed to react
at 37C for 5  hours by adding 400 units of a
restriction enzyme Sall (manufactured by New England
Biolabs) for linearization, 4 gg of the linearized
pKOFUTSNeo was introduced into  1.6 x 106 CHO/DG44
cells by electroporation [Cytotechnology, 3, 133
(1990)]. The 5 resulting cells were suspended in
IMDM-dFBS (10)-HT(1) [IMDM medium  (manufactured by
Invitrogen) containing 10% dialysis FBS (Invitrogen)
and 1-fold  concentration HT supplement (manufactured
by Invitrogen)) and then inoculated into a  10-cm dish
for adherent cell culture (manufactured by Falcon).
After culturing in a  5% CO2 incubator at 37C for 24
hours, the medium was replaced with 10 ml of 10
IMDM-dFBS(10) (IMDM medium containing 10% dialysis
FBS) containing 600 g/ml  G418 (manufactured by
Nacalai Tesque, Inc.). Culturing was carried out in a
5% CO2  incubator at 37C for 15 days while the above
medium replacement was repeated every  



3 to 4 days to obtain G418-resistant clones. 15 (2)
Confirmation of homologous recombination by genomic
PCR Confirmation of the homologous recombination in
the G418-resistant clones  obtained in the above (1)
was carried out by genomic PCR in the following
manner. The G418-resistant clones on a 96-well plate
were subjected to  trypsinization, and a 2-fold volume
of a frozen medium (20% DMSO, 40% fetal calf  20 serum
and 40% IMDM) was added to each well to suspend the
cells. One half of the cell suspension in each well
was inoculated into a flat-bottomed 96-well plate for
adherent cells (manufactured by Asahi Techno Glass) to
prepare a replica plate, while  the other half was
stored by cryopreservation as a master plate. The
neomycin-resistant clones on the replica plate were
cultured using  25 IMDM-dFBS(IO) containing 600 g/ml
G418 for one week, followed by recovery of  cells. The
genomic DNA of each clone was prepared from the
recovered cells  according to a known method
[Analytical Biochemistry, 201, 331 (1992)] and then
dissolved overnight in 30 p1 of TE-RNase buffer (pH
8.0) (10 mmoU1 Tris-HCI, I  mmolll EDTA, 200 gg/ml
RNase A). 30 Primers used in the genomic PCR were
designed as follows. Primers  which bind to the
sequence of a part exceeding a targeting vector
homologous region  (SEQ ID NO:20 or 21) and primers
which bind to the sequence within the vector (SEQ  ID
NO:22 or 23) in the PUTS genome region obtained by the
method described in  Example 12 of WO03/31140 (SEQ ID
NO: 13) were prepared. The following 35 polymerase
chain reaction (PCR) was carried out by using them.
Specifically, a  reaction mixture [25 l; DNA
polymerase ExTaq (manufactured by Takara Shuzo Co.,
-57 Ltd.), ExTaq buffer (manufactured by Takara Shuzo
Co., Ltd.), 0.2 mmol/l dNTPs, 0.5  mol/l each of the
above gene-specific primers (forward primer: SEQ ID
NO:20 or 21;  reverse primer: SEQ ID NO:22 or 23)]
containing 10 l of each genomic DNA solution  prepared
above was prepared, and PCR was carried out, after
heating at 94C for 3 5 minutes, by cycles, one cycle
consisting of reaction at 94C for one minute, reaction
at  60C for one minute and reaction at 72C for 2
minutes. After the PCR, the reaction mixture was
subjected to 0.8% (w/v) agarose gel  electrophoresis,
and cell lines with which a specific amplification
(approximately 1.7  Kb) containing a boundary part of
the CHO cell genomic region and the target vector  10
homologous region was observed were determined to be
positive clones. (3) Confirmation of homologous
recombination by genomic Southern blotting
Confirmation of the homologous recombination in the
positive clones 



obtained in the above (2) was carried out by Southern
blotting in the following manner.  15 From the master
plates stored by cryopreservation in the above (2), a
96- well plate containing the positive clones found in
(2) was selected. After the plate was  allowed to
stand at 5% CO2 and 37C for 10 minutes, the cells in
the wells  corresponding to the positive clones were
inoculated into a flat-bottomed 24-well plate  for
adherent cells (manufactured by Greiner). After
culturing using IMDM-dFBS(10) 20 containing at a
concentration of 600 g/ml for one week, the cells were
inoculated into  a flat-bottomed 6-well plate for
adherent cells (Greiner). The genomic DNA of each
clone was prepared from the recovered cells from the
plate according to a known  method [Nucleic Acids
Research, 3, 2303 (1976)] and then dissolved overnight
in 150  l of TE-RNase buffer (pH 8:0). (10 mmol/l
Tris-HCI, 1 mmol/l EDTA, 200 lig/ml  25 RNase A). The
genomic DNA prepared above (12 g) was digested with 25
units of a  restriction enzyme BamHI (manufactured by
New England Biolabs) at 37C overnight.  A DNA fragment
was recovered by ethanol precipitation from the
reaction mixture.  The recovered fragment was
dissolved in 20 sl of TE buffer (pH 8.0) (10 mmol/l
Tris 30 HCI, 1 mmol/l EDTA) and then subjected to 0.6%
(w/v) agarose gel electrophoresis.  After the
electrophoresis, the genomic DNA was transferred to a
nylon membrane  according to a known method [Proc.
Natl. Acad. Sci. USA, 76 3683 (1979)], followed  by
heat treatment of the nylon membrane at 80C for 2
hours for immobilization. Separately, a probe used in
the Southern blotting was prepared in the  35
following manner. Firstly, PCR was carried out as
follows by using primers which  bind to the sequence
of a part exceeding the targeting vector homologous
region (SEQ -58 ID NOs:24 and 25) in the FUT8 genome
region (SEQ ID NO:13) obtained by the  method
described in Example 12 of W002/3 1 1 40. That is, 20
l of a reaction mixture  [DNA polymerase ExTaq
(manufactured by Takara Shuzo Co., Ltd.), ExTaq buffer
(manufactured by Takara Shuzo Co., Ltd.), 0.2 mmol/l
dNTPs, 0.5 .tmol/l each of the 5 above gene-specific
primers (SEQ ID NOs:24 and 25)] containing 4.0 ng of
plasmid  pFUT8fgE2-2 described in Example 12 of
W002/31140 was prepared, and PCR was  carried out,
after heating at 94C for one minute, by 25 cycles, one
cycle consisting of  reaction at 94C for 30 seconds,
reaction at 55C for 30 seconds and reaction at 74C
for one minute. After the PCR, the reaction mixture
was subjected to 1.75% (w/v) 10 agarose gel
electrophoresis, and approximately 230 bp probe DNA
fragment was  purified. Then, 5 tl of the obtained
probe DNA solution was subjected to  radiolabeling
using [a-32?] dCTP 1.75 MBq and Megaprime DNA
Labelling system,  



dCTP (manufactured by Amersham Pharmacia Biotech).
Hybridization was carried out in the following manner.
The above nylon  15 membrane was put into a roller
bottle and 15 ml of a hybridization solution [5 x
SSPE,  50 x Denhaldt's solution, 0.5% (w/v) SDS, 100
g/ml salmon sperm DNA] was added  thereto.
Prehybridization was carried out at 65C for 3 hours.
Then, the 32P-labeled  probe DNA was heat-denatured
and put into the bottle, followed by heating at 65C
overnight. 20 After the hybridization, the nylon
membrane was immersed in 50 ml of  2 x SSC-0.1% (w/v)
SDS and heated at 65C for 15 minutes. After a washing
step  was repeated twice, the nylon membrane was
immersed in 50 ml of 0.2 x SSC-0.1%  (w/v) SDS and
heated at 65C for 15 minutes. After washing, the nylon
membrane  was exposed to an X-ray film at -80C for
development. 25 The genomic DNAs of the parent cell
line CHO/DG44 and the 50-10-104  cell line, which is
the positive clone obtained in the above (2) were
analyzed according  to the present method. In the
CHO/DG44 cell line, only approximately 25.5 Kb
fragment derived from the wild-type FUT8 allele was
detected. On the other hand, in  the positive clone,
i.e. 50-10-104 cell line, approximately 20.0 Kb
fragment specific to 30 the allele which underwent
homologous recombination was detected in addition to
approximately 25.5 Kb fragment derived from the
wild-type FUT8 allele. The  quantitative ratio of
these two kinds of fragments was 1:1, whereby it was
confirmed  that the 50-10-104 cell line was a
hemi-knockout clone wherein one copy of the FUT8
allele was disrupted. 35 -59 3. Preparation of
CHO/DG44 cell line in which the FUTS gene on the
genome has been  double-knocked out (1) Obtaining of a
cell line in which targeting vector pKOFUT8Puro has
been  introduced 5 In order to disrupt the other FUT8
allele in the FUT8 gene-hemi-knockout  clone obtained
in Example 1-2(2), the Chinese hamster FUT8 gene exon
2 targeting  vector plasmid pKOFUT8Puro constructed by
the method described in Example 13-1 of  W002/31140
was introduced into the clone in the following manner.
After 440 g of plasmid pKOFUT8Puro was allowed to
react at 37C for 5  10 hours by adding 800 units of a
restriction enzyme Sall (manufactured by New England
Biolabs) for linearization, 4 g of the linearized
pKOFUT8Puro was introduced into  1.6 x 106 cells of
the FUT8 gene-hemi-knockout clone by electroporation  



[Cytotechnology, 3, 133 (1990)]. The resulting cells
were suspended in IMDM- dFBS(10)-HT(1) and then
inoculated into a 10-cm dish for adherent cell culture
15 (manufactured by Falcon). After culturing in a 5%
CO2 incubator at 37C for 24 hours,  the medium was
replaced with 10 ml of IMDM-dFBS(10)-HT(1) containing
15 g/ml  puromycin (manufactured by SIGMA). Culturing
was carried out at 5% CO2 for 15 days while the above
medium  replacement was repeated every 7 days to
obtain puromycin-resistant clones. 20 (2) Confirmation
of homologous recombination by genomic Southern
blotting  Confirmation of the homologous recombination
in the drug-resistant clones obtained in the above (1)
was carried out by genomic Southern blotting in the
following  manner. 25 A culture supernatant was
removed- from a 10-cm"dish: in which the
puromycin-resistant clones were expressed, 7 ml of a
phosphate buffer was poured, and  the dish was moved
under a stereoscopic microscope. Next, colonies were
ripped off  and sucked by using PIPETMAN (manufactured
by ORSON) and were collected in a  round-bottomed
96-well plate (manufactured by Falcon). After
trypsinizaton, each 30 clone was inoculated into a
flat-bottomed 96-well plate for adherent cells
(manufactured  by Asahi Techno Glass), followed by
culturing using IMDM-dFBS(10)-HT(1)  containing 15
g/ml puromycin (manufactured by SIGMA) for one week.
After the culturing, each clone on the above plate was
subjected to  trypsinization and the resulting cells
were inoculated into a flat-bottomed 24-well plate  35
for adherent cells (manufactured by Greiner). After
culturing using IMDM-dFBS(10) HT(1) containing 15 g/ml
puromycin (manufactured by SIGMA) for one week, the
-60 cells were inoculated into a flat-bottomed 6-well
plate for adherent cells (manufactured  by Greiner).
The genomic DNA of each clone was prepared from the
plate according  to a known method [Nucleic Acids
Research, 3, 2303 (1976)] and then dissolved
overnight in 150 l of TE-RNase buffer (pH 8.0). 5 The
genomic DNA prepared above (12 g) was digested with 25
units of a  restriction enzyme BamH1 (manufactured by
New England Biolabs) at 37C overnight  for digestion
reaction, and a DNA fragment recovered by ethanol
precipitation was  dissolved in 20 pal of TE buffer
(pH 8.0) and then subjected to 0.6% (w/v) agarose gel
electrophoresis. After the electrophoresis, the
genomic DNA was transferred to a 10 nylon membrane
according to a known method [Proc. Natl. Acad. Sci.
USA, 76, 3683  (1979)], followed by heat treatment of
the nylon membrane at 80C for 2 hours.  



Separately, a probe used in the Southern blotting was
prepared in the following manner. First, the following
PCR was carried out by using primers which  bind to
the sequence of a part exceeding the targeting vector
homologous region in the  15 FUT8 genomic region (SEQ
ID NOs:26 and 27) in the FUTS genomic region. That is,
20 pal of a reaction mixture [DNA polymerase ExTaq
(manufactured by Takara Shuzo  Co., Ltd.), ExTaq
buffer (manufactured by Takara Shuzo Co., Ltd.), 0.2
mmol/l dNTPs,  0.5 mol/l each of the above
gene-specific primers (SEQ ID NOs:26 and 27)]
containing 4.0 ng of the plasmid pFUT8fgE2-2
constructed by the method described in 20 Example 12
of W002/31140 was prepared, and PCR was carried out,
after heating at  94C for one minute, by 25 cycles,
one cycle consisting of reaction at 94C for 30
seconds, reaction at 55C for 30 seconds and reaction
at 74C for one minute. After  the PCR, the reaction
mixture was subjected to 1.75% (w/v) agarose gel
electrophoresis,  and approximately 230 bp probe DNA
fragment was purified. Then, 5 l of the 25 obtained
probe DNA solution was subjected to radiolabeling
using [a-32P] dCTP 1.75  MBq and Megaprime DNA
Labelling system, dCTP (manufactured by Amersham
Pharmacia Biotech). Hybridization was carried out in
the following manner. The above nylon  membrane was
put into a roller bottle and 15 ml of a hybridization
solution [5 x SSPE,  30 50 x Denhaldt's solution, 0.5%
(w/v) SDS, 100 4g/ml salmon sperm DNA] was added
thereto. Prehybridization was carried out at 65C for 3
hours. Then, the 32P-labeled  probe DNA was
heat-denatured and put into the bottle, followed by
heating at 65C  overnight. After the hybridization,
the nylon membrane was immersed in 50 ml of  35 2x
SSC-0.1% (w/v) SDS and heated at 65C for 15 minutes.
After this washing step  was repeated twice, the nylon
membrane was immersed in 50 ml of 0.2 x SSC-0.1% -61
(w/v) SDS and heated at 65C for 15 minutes. After
washing, the nylon membrane  was exposed to an X-ray
film at -80C for development. The genomic DNA of the
WK704 cell line, which is one of the puromycin-
resistant clones obtained from the 50-10-104 cell line
according to the method described  5 in the above (1),
was analyzed according to the present method. In the
WK704 cell line, approximately 25.5 Kb fragment
derived from the wild-type FUT8 allele was  eliminated
and only approximately 20.0 Kb fragment specific to
the allele which  underwent homologous recombination
was detected. From this result, it was  confirmed that
the WK704 cell line was a clone wherein both FUT8
alleles were  10 disrupted. 



4. Removal of the drug resistance genes from FUT8
gene-double-knockout cells  (1) Introduction of Cre
recombinase expression vector Into
FUT8-double-knockout clone obtained in the above 3 of
Example 1,  15 the Cre recombinase expression vector
pBS185 (manufactured by Life Technologies)  was
introduced in the following manner. After 4 pg of
plasmid pBS185 was introduced into 1.6 x 106 cells by
electroporation [Cytotechnology, 3, 133 (1990)], the
resulting cells were suspended in  10 ml of
IMDM-dFBS(10)-HT(l) and the suspension was diluted
20000-fold with the 20 same medium. The diluted
suspension was inoculated into seven 10-cm dishes for
adherent cell culture (manufactured by Falcon),
followed by culturing in 5% CO2 at  37C for 10 days to
form colonies. (2) Obtaining of a cell line in which
the Cre recombinase expression vector has been  25
introduced Arbitrary clones were collected from
colonies obtained by gene introduction  into
FUT8-double-knockout clones prepared in the above 3 of
Example 1 in the  following manner. First, a culture
supernatant was removed from a 10-cm dish, 7 ml  of a
phosphate buffer was poured, and the dish was moved
under a stereoscopic 30 microscope. Next, colonies
were ripped off and sucked using PIPETMAN
(manufactured by GILSON) and were collected in a
round-bottomed 96-well plate  (manufactured by
Falcon). After trypsinization, each clone was
inoculated into a flat- bottomed 96-well plate for
adherent cells (manufactured by Iwaki Glass), followed
by  culturing using IMDM-dFBS(10)-HT(1) for one week.
35 After the culturing, each clone on the above plate
was subjected to  trypsinization, and a 2-fold volume
of a frozen medium (20% DMSO, 40% fetal calf -62 serum
and 40% IMDM) was mixed therewith. One half thereof
was inoculated into a  flat-bottomed 96-well plate for
adherent cells (manufactured by Iwaki Glass) to
prepare  a replica plate, while the other half was
stored by cryopreservation as a master plate. The
replica plate was cultured using IMDM-dFBS(l0)-HT(1)
containing  5 600 sg/ml G418 and 15 g/ml puromycin for
7 days. Positive clones in which the  drug resistance
genes on both alleles between loxP sequences has been
removed by the  expression of Cre recombinase die in
the presence of G418 and puromycin. The  positive
clones were selected according to this negative
selection method. 10 (3) Confirmation of removal of
the drug resistance genes by genomic Southern blotting
Confirmation of the removal of the drug resistance
genes in the positive clones collected in the above
(2) was carried out by genomic Southern blotting in
the  



following manner. From the master plates stored by
cryopreservation in the above (2), a 96- 15 well plate
containing the above positive clones was selected.
After the plate was  allowed to stand at 5% CO2 and
37C for 10 minutes, the cells in the wells
corresponding to the above clones were inoculated into
a flat-bottomed 24-well plate for  adherent cells
(manufactured by Greiner). After culturing using IMDM
(manufactured  by Invitrogen) to which 10% fetal
bovine serum (manufactured by Invitrogen) and 1 x 20
concentration HT supplement (manufactured by
Invitrogen) had been added for one  week, the cells
were inoculated into a flat-bottomed 6-well plate for
adherent cells  (manufactured by Greiner). The genomic
DNA of each clone was prepared from the  plate
according to a known method [Nucleic Acids Research,
3, 2303 (1976)] and then  dissolved overnight in 150
tl of TE-RNase buffer (pH 8.0). 25 The genomic DNA
prepared above (12 g) was digested with 20 units of a
restriction enzyme NheI (New England Biolabs) at 37C
overnight. A DNA fragment  recovered from the reaction
mixture by ethanol precipitation was dissolved in 20 l
of  TE buffer (pH 8.0) and then subjected to 0.6%
(w/v) agarose gel electrophoresis.  After the
electrophoresis, the genomic DNA was transferred to a
nylon membrane 30 according to a known method [Proc.
Nall. Acad Sci. USA, 76, 3683 (1979)], followed  by
heat treatment of the nylon membrane at 80C for 2
hours for immobilization.  Separately, a probe used in
the Southern blotting was prepared in the following
manner. Next, the following PCR was carried out by
using primers which  bind to the sequence of a part
exceeding the targeting vector homologous region in
the  35 FUT8 genomic region (SEQ ID NOs:26 and 27).
That is, a reaction mixture [20 l; DNA polymerase
ExTaq (manufactured by Takara Shuzo Co., Ltd.), ExTaq
buffer -63 (manufactured by Takara Shuzo Co., Ltd.),
0.2 mmol/l dNTPs, 0.5 moUl each of the  above
gene-specific primers (SEQ ID NOs:26 and 27)]
containing 4.0 ng of the plasmid  pFUT8fgE2-2
described in Example 12 of W002/31140 as a template
was prepared,  and PCR was carried out, after heating
at 94C for one minute, by 25 cycles, one cycle 5
consisting of reaction at 94C for 30 seconds, reaction
at 55C for 30 seconds and  reaction at 74C for one
minute. After the PCR, the reaction mixture was
subjected to  1.75% (w/v) agarose gel electrophoresis,
and approximately 230 bp probe DNA  fragment was
purified. Then, 5 41 of the obtained probe DNA
solution was subjected  to radiolabeling using
[a.-32P] dCTP 1.75 MBq and Megaprime DNA Labelling
system,  10 dCTP (manufactured by Amersham Pharmacia
Biotech). Hybridization was carried out in the
following manner. The above nylon  



membrane was put into a roller bottle and 15 ml of a
hybridization solution [5 x SSPE,  50 x Denhaldt's
solution, 0.5% (w/v) SDS, 100 g/ml salmon sperm DNA]
was added  thereto. Prehybridization was carried out
at 65C for 3 hours. Then, the 32P-labeled 15 probe DNA
was heat-denatured and put into the bottle, followed
by heating at 65C  overnight. After the hybridization,
the nylon membrane was immersed in 50 ml of  2 x
SSC-0.1% (w/v) SDS and heated at 65C for 15 minutes.
After this washing step  was repeated twice, the nylon
membrane was immersed in 50 ml of 0.2 x SSC-0.1% 20
(w/v) SDS and heated at 65C for 15 minutes. After
washing, the nylon membrane  was exposed to an X-ray
film at -80C for development. By the above-described
treatment with the restriction enzyme NheI,
approximately 8.0 Kb DNA fragment was derived from the
wild-type FUTB allele.  Also, by the similar treatment
with the restriction enzyme, approximately 9.5 Kb DNA
25 fragment was obtained from the allele which
underwent homologous recombination  with the targeting
vector. Furthermore, by the similar treatment,
approximately 8.0 Kb  DNA fragment was derived when
the neomycin resistance gene (approximately 1.6 Kb)
and the puromycin resistance gene (approximately 1.5
Kb) were removed from the  allele which underwent
homologous recombination. 30 The genomic DNAs of the
parent cell line CHO/DG44, the 50-10-104 cell  line
described in the above item 2, the WK704 cell line
described in the above item 3,  and the 4-5-C3 cell
line, which is one of the drug-sensitive clones
obtained from the  WK704 cell line by the method
described in the above (2), were analyzed according to
the present method. In the CHO/DG44 cell line, only
approximately 8.0 Kb DNA 35 fragment derived from the
wild-type FUT8 allele was detected. In the 50-10-104
cell  line and the WK704 cell line, approximately 9.5
Kb DNA fragment derived from the -64 allele which
underwent homologous recombination was observed. On
the other hand,  in the 4-5-C3 cell line, only
approximately 8.0 Kb DNA fragment resulting from the
removal of the neomycin resistance gene (approximately
1.6 Kb) and the puromycin  resistance gene
(approximately 1.5 Kb) from the allele which underwent
homologous 5 recombination was detected. From the
above results, it was confirmed that the drug
resistance genes had been removed by Cre recombinase
in the 4-5-C3 cell line. Besides the 4-5-C3 cell line,
plural FUT8 gene-double-knockout clones in  which the
drug-resistance gene had been removed (hereinafter
referred to as FUT8  gene-double-knockout cells) were
obtained. 10 



Example 2 Expression of recombinant antithrombin III
by FUT8 gene-double-knockout cell: An FUT8
gene-double-knockout cell line which expresses a
recombinant  antithrombin III was prepared by the
method shown below. 15 1. Polymerase chain reaction
(PCR) The following PCR was carried out by preparing
two primers (SEQ ID  NOs:28 and 29) from a sequence of
human antithrombin III gene (UniGene: Hs.75599).  That
is, 20 l of a reaction mixture consisting of
Pyrobest(r) DNA polymerase 20 (manufactured by Takara
Bio), 10 x Pyrobest(r) buffer, 0.2 mmol/l dNTP mixture
and  0.5 mol/l of the above-described gene-specific
primers (SEQ ID NOs:28 and 29),  containing a human
liver-derived cDNA (manufactured by Invitrogen) as the
template,  was prepared, and PCR was carried out,
after heating at 94C for one minute, by 30  cycles,
one cycle consisting of reaction at 94C for 30
seconds, reaction at 55C for one 25 minute and
reaction at 74C for 2 minutes. After the PCR, the
reaction mixture was  subjected to 1.5% (w/v) agarose
gel electrophoresis to confirm that a DNA fragment
containing a human antithrombin III gene of
approximately 1,400 bp was specifically  amplified. 30
2. Preparation of plasmid pBS-ATIII Phenol/chloroform
extraction treatment and ethanol precipitation were
carried out on the PCR product prepared in the above
1, and the thus recovered purified  DNA fragment was
dissolved in 17 l of sterile water. Next, 20 l of a
reaction  mixture was prepared by adding 10 units of a
restriction enzyme EcoRI (manufactured 35 by Takara
Bio), 10 units of BamHI (manufactured by Takara Bio)
and 2 l of 10 x H  buffer (manufactured by Takara Bio)
to the solution, and the digestion reaction was -65
carried out at 37C for 16 hours. Next, 3 g of a
plasmid pBluescript II KS(+)  (manufactured by
Stratagene) was dissolved in 17.5 l of sterile water.
Next, 20 l of  a reaction mixture was prepared by
adding 10 units of EcoRI and 2 p1 of 10 x H buffer  to
the solution, and the digestion reaction was carried
out at 37C for 16 hours. After 5 the reaction,
phenol/chloroform extraction treatment and ethanol
precipitation were  carried out, and the thus
recovered plasmid was dissolved in 17.5 gl of sterile
water.  Next, 20 W of a reaction mixture was further
prepared by adding 10 units of BamHI and  2 l of 10 x
K buffer to the solution, and the digestion reaction
was carried out at 37C  for 16 hours. The PCR product
fragment (EcoRI-BamFH) containing human 10
antithrombin III gene and the pBluescript II KS(+)
fragment (EcoRI-BamHl), both  



obtained in the above, were subjected to 1.5% (w/v)
agarose gel electrophoresis, and  respective DNA
fragments of approximately 1.4 kb and 3.0 kb were
purified using  QlAquick Gel Extraction Kit
(manufactured by QIAGEN). Next, 20 ng of the purified
PCR product fragment (EcoRI-B=111) and 80 ng of the
purified pBluescript II KS(+) 15 fragment
(EcoRI-BamHI) were ligated in the presence of Ligation
High (manufactured  by Toyobo Co., Ltd.), and an
Escherichia coli strain DHSa (manufactured by Toyobo
Co., Ltd.) was transformed using the thus obtained
recombinant plasmid DNA.  Plasmid DNA was prepared
from each transformant, and its nucleotide sequence
was  analyzed using BigDye Terminator Cycle Sequencing
Ready Reaction Kit v2.0 20 (manufactured by Applied
Biosystems) and a DNA sequencer ABI PRISM 377
(manufactured by Applied Biosystems). Asa result, a
plasmid pBS-ATIII containing a  gene sequence of a
full translation region of human antithrombin III was
obtained  (Fig. 4). 25 3. Preparation of plasmid
pKAN-ATIII In 17 41 of sterile water, 3 4g of the
pBS-ATIII prepared in the above was  dissolved, and 10
units of EcoRI (manufactured by Takara Bio), 10 units
of BamHI  (manufactured by Takara Bio) and 2 l of 10 x
H buffer were added thereto to obtain 20  l of a
reaction mixture, and the digestion reaction was
carried out at 37C for 16 hours. 30 Next, 3 g of a
plasmid pKANTEX93 (W097/103 54) was dissolved in 17.5
l of sterile water. Next, 20 l of a reaction mixture
was prepared by adding 10 units  of EcoRI and 2 pl of
10 x H buffer to the solution, and the digestion
reaction was  carried out at 37C for 16 hours. After
the reaction, phenol/chloroform extraction  treatment
and ethanol precipitation were carried out, and the
thus recovered plasmid 35 was dissolved in 17.5 l of
sterile water. Next, 20 pl of a reaction mixture was
further  prepared by adding 10 units ofBamHl and 2 gi
of 10 x K buffer to the solution, and the -66
digestion reaction was carried out at 37C for 16
hours. The pBS-ATIII fragment  (EcoRI-BamHI) and
pKANTEX93 fragment (EcoRI-BamHI), both obtained in the
above, were subjected to 1.5% (w/v) agarose gel
electrophoresis, and respective DNA  fragments of
approximately 1.4 kb and 9.0 kb were purified using
QlAquick Gel 5 Extraction Kit (manufactured by
QIAGEN). Next, 50 ng of the purified pBS-ATIII
fragment (EcoRI-BamHI) and 30 ng of the purified
pKANTEX93 fragment (EcoRI- BamHI) were ligated in the
presence of Ligation High (manufactured by Toyobo Co.,
Ltd.), and the E. coli strain DHSct (manufactured by
Toyobo Co., Ltd.) was transformed  using the thus
obtained recombinant plasmid DNA. Plasmid DNA was
prepared from 10 each transformant, and its nucleotide
sequence was analyzed using BigDye Terminator  



Cycle Sequencing Ready Reaction Kit v2.0 and the DNA
sequencer ABI PRISM 377  (manufactured by Applied
Biosystems). As a result, a plasmid pKAN-ATIII for
animal cell expression containing a gene sequence of a
full translation region of human  antithrombin III was
obtained (Fig. 5). 15 4. Stable introduction of human
antithrombin III expression plasmid into CHO/DG44
cell line in which genomic FUTB gene was
double-knocked out Transformants were prepared by
stably introducing the plasmid pKAN- ATIII prepared in
the above item into the CHO/DG44 cell line in which
the FUTB gene  20 was double-knocked out prepared in
Example 1. Gene introduction of the plasmid pKAN-ATIII
was carried out by the following procedure in
accordance with the  electroporation [Cytotechnology,
3, 133 (1990)]. First, 100 g of the plasmid pKAN-
ATIII was linearized by preparing 600 pl of a reaction
mixture containing 60 l of  NEBuffer 3 (manufactured
by New England Biolabs) and.120 unites of a
restriction 25 enzyme MluI (manufactured by New
England Biolabs) and the digestion reaction was
carried out at 37C for 5 hours. After the reaction,
the reaction mixture was purified  by
phenol/chloroform extraction treatment and ethanol
precipitation to thereby recover  the linear plasmid.
Next, one cell line among the CHO/DG44 cell clones in
which the  FUTB gene was double-knocked out prepared
in Example 1 was suspended in a K-PBS 30 buffer (137
mmol/l KCI, 2.7 mmol/l NaCl, 8.1 mmol/l Na2BPO4, 1.5
mmol/l KH2PO4,  4.0 mmoVi MgC12) to prepare a
suspension of 8 x 107 cells/mi. After 200 l of the
cell  suspension (1.6 x 106 cells) was mixed with 9 4g
of the above-described linear plasmid,  a full volume
of the cell-DNA mixture was transferred into Gene
Pulser Cuvette (2 mm  in inter-electrode distance,
manufactured by BIO-RAD), and gene introduction was 35
carried out using an electroporation device Gene
Pulser II (manufactured by BIO-RAD)  under conditions
of 350 V in pulse voltage and 250 pF in electric
capacity. After -67 carrying out the gene introduction
on 4 cuvettes in the same manner, the cell suspension
was suspended in 120 ml of IMDM medium (manufactured
by Life Technology)  supplemented with 10% fetal
bovine serum (manufactured by Life Technology) and 50
g/ml gentamicin (manufactured by Nacalai Tesque) and
inoculated at 100 l/well into 5 96-well 12 plates for
adherent cells (manufactured by Greiner). The
culturing was  carried out in a CO2 incubator
(manufactured by TABAI) under conditions of 5% CO2
and 37C. 5. Obtaining of 500 nM MTX-resistant cell
line 10 The cells into which the pKAN-ATIII was stably
introduced obtained in the  



above item were cultured for 6 days, and then the
culture supernatants were discarded  and the IMDM
medium supplemented with 10% dialyzed fetal bovine
serum, 50 g/ml  gentamicin and 50 nM methotrexate
(MTX) (manufactured by SIGMA) was dispensed  at 100
RI/well. The culturing was continued for 9 days while
repeating this medium 15 exchanging work at an
interval of 3 to 4 days. Next, the culturing was
continued for  18 days while repeating the medium
exchanging work using the IMDM medium  supplemented
with 10% dialyzed fetal bovine serum, 50 g/ml
gentamicin and 200 nM  MTX at an interval of 3 to 4
days, and the finally formed colonies were inoculated
into  a 24 well plate (manufactured by SIGMA).
Subsequently, the culturing was continued 20 for 19
days while repeating the medium exchanging work using
the 1MDM medium  supplemented with 10% dialyzed fetal
bovine serum, 50 g/ml gentamicin and 500 nM  MTX at an
interval of 3 to 4 days, optionally expanding the
culture, thereby obtaining  transformants resistant to
500 nM MTX. 25 6. Selection of cell line highly
producing antithrombin III From each of the several
500 nm MTX-resistant cell lines obtained in the  above
item, 1.5 x 106 cells were collected, suspended in 5
ml of the IMDM medium  supplemented with 10% dialyzed
fetal bovine serum, 50 gg/ml gentamicin and 500 nM
MTX, and then cultured by inoculating into a tissue
culture flask (culturing area 25 cm2, 30 manufactured
by Greiner). Three days after the culturing, the
culture supernatant was  recovered, and the amount of
human antithrombin III contained in the supernatant
was  measured using ELISA for antithrombin (ATIII) kit
(manufactured by Affinity  Biological). The method was
carried out in accordance with the instructions
attached  to the kit, and a commercially available
human plasma-derived antithrombin III 35 (manufactured
by SIGMA) was used as the standard preparation. Among
the several  500 nM MTX-resistant cell lines, it was
confirmed that human antithrombin III is -68 expressed
in a concentration of 304 pg/ml in the culture
supernatant of a cell line  MS705 pKAN-ATIII 27. The
cell line MS705 pKAN-ATIII 27 was deposited on
September 9, 2003, as FERM BP-08472 in International
Patent Organism Depositary,  National Institute of
Advanced Industrial Science and Technology (Central 6,
1-1,  5 Higashi 1-chome, Tsukuba-shi, Ibaraki, Japan).
Example 3 Expression of recombinant antithrombin III
by CHO/DG44 cell: 1. Introduction of human
antithrombin III expression plasmid into CHO/DG44 cell
line  10 First, 100 g of the plasmid pKAN-ATIII
prepared in Example 2-3 was  linearized by preparing
600 pl of a reaction mixture containing 60 p1 of
NEBuffer 3  



(manufactured by New England Biolabs) and 120 units of
a restriction enzyme MIuI  (manufactured by New
England Biolabs) and the digestion reaction was
carried out at  37C for 5 hours. After the reaction,
the reaction mixture was purified by 15
phenol/chloroform extraction treatment and ethanol
precipitation to thereby recover the  linear plasmid.
Next, a CHO/DG44 cell line [Proc. Natl. Acad Sci. USA,
72,4216 (1980)]  was suspended in K-PBS buffer (137
mmol/l KCI, 2.7 mmolll NaCl, 8.1 mmol/l  Na2HPO4, 1.5
mmol/l KH2PO4, 4.0 mmol/l MgCl2) to give a density of
8 x 107 cells/ml. 20 Next, 200 l of the cell
suspension (1.6 x 106 cells) was mixed with 9 gg of
the above- described linear plasmid, a full volume of
the cell-DNA mixture was transferred into  Gene Pulser
Cuvette (2 mm in inter-electrode distance,
manufactured by BIO-RAD),  and gene introduction was
carried out using an electroporation device Gene
Pulser  (manufactured by BIO-RAD) under conditions of
350 Vin pulse voltage and 250 F in 25 electric
capacity. The electroporation was carried out -in
accordance with a reference  [Cytotechnology, 1, 133
(1990)]. After the gene introduction, the cell
suspension was  suspended in 30 ml of IMDM medium
(manufactured by Life Technologies)  supplemented with
10% fetal bovine serum (manufactured by Life
Technologies) and  50 g/ml of gentamicin (manufactured
by Nacalai Tesque) and inoculated at 100 30 l/well
into 96-well 3 plates for adherent cells (manufactured
by Greiner). The  culturing was carried out under
conditions of 5% CO2 and 37C. 2. Obtaining of
MTX-resistant cell line The pKAN-ATHI-introduced cells
obtained in the above were cultured for 6  35 days,
and then the culture supernatants were discarded and
the IMDM medium  supplemented with 10% dialyzed fetal
bovine serum, 50 g/ml gentamicin and 50 nM -69
methotrexate (MTX) (manufactured by SIGMA) was
dispensed at 100 p1/well. The  culturing was continued
for 9 days while repeating this medium exchanging work
at an  interval of 3 to 4 days. Next, the culturing
was continued for 18 days while repeating  the medium
exchanging work using the IMDM medium supplemented
with 10% 5 dialyzed fetal bovine serum, 50 g/ml
gentamicin and 200 nM MTX at an interval of 3  to 4
days, and the finally formed colonies were inoculated
into a 24 well plate  (manufactured by Greiner).
Subsequently, the culturing was continued for 19 days
while repeating the medium exchanging work using the
1MDM medium supplemented  with 10% dialyzed fetal
bovine serum, 50 sg/ml gentamicin and 500 nM MTX at an
10 interval of 3 to 4 days, optionally expanding the
culture, thereby obtaining  transformants resistant to
500 nM MTX. 



3. Selection of cell line highly producing
antithrombin III From each of the several 500 nm
MTX-resistant cell lines obtained in the  15 above
item, 1.0 x 106 cells were collected, suspended in 5
ml of the IMDM medium  supplemented with 101/o
dialyzed fetal bovine serum, 50 sg/ml gentamicin and
500 nM  MTX, and then cultured by inoculating into a
tissue culture flask. Three days after the  culturing,
the culture supernatant was recovered, and the amount
of recombinant  antithrombin III contained in the
supernatant was measured using ELISA for 20
antithrombin (ATIII) kit (manufactured by Affinity
Biological), and a highly producing  cell line was
selected from the result. The method was carried out
in accordance with  the instructions attached to the
ELISA kit, and a human plasma-derived preparation
Neuart (manufactured by Mitsubishi Pharma Corporation)
was used as the standard  preparation. A transformant
in which accumulation of recombinant human 25
antithrombin III was found in its culture supernatant
was named pKAN-ATIII DG44. Example 4 Purification of
recombinant antithrombin III and analysis of sugar
chain structure:  1. Naturalization to serum-free
medium 30 The recombinant antithrombin III-expressing
FUTB gene-double-knockout  cell line and recombinant
antithrombin III-expressing CHO/DG44 cell line
prepared in  Examples 2 and 3 were naturalized to a
serum-free medium by the following method.  Each cell
line was suspended in 15 ml of EX-CELL 302 medium
(manufactured by  JRH) supplemented with 4 mM of
L-glutamine (manufactured by Invitrogen), 50 .tg/ml 35
of gentamicin and 500 nM of MTX (hereinafter referred
to as serum-free medium) to  give a density of 5 x 105
cells/ml and inoculated into a 125 ml-conical flask to
carry out -70 a batch culturing. The culturing was
carried out at 35C and at a rotation speed of 90  to
100 rpm, and when sub-culturing was carried out, the
air in the conical flask was  replaced by blowing air
containing 5% CO2 onto the medium surface, in a volume
of 4- fold or more of the culture vessel volume. Three
days thereafter, the medium was 5 exchanged, and
sub-culturing was carried out with 5 x 105 cells/ml on
the 6th day.  Thereafter, the sub-culturing was
repeated at an interval of 3 to 4 days for 2 weeks to
naturalize the cells to the serum-free medium. By this
culturing, a transformant  pKAN-ATIII AFMS705 derived
from the FUTB gene-double-knockout cell line and
having the ability to grow in the serum-free medium
and a transformant pKAN-ATM 10 AFDG44 derived from the
CHO/DG44 cell line and having the ability to grow in
the  serum-free medium were obtained. Each of the thus
obtained cell lines was suspended  in 15 ml of the
serum-free medium to give a density of 3.0 x 105
cells/ml and cultured  



by inoculating into a 125 ml flask. Three days after
the culturing, the culture  supernatant was recovered,
and the amount of recombinant antithrombin III
contained in 15 the supernatant was measured using
ELISA for antithrombin (ATIII) kit (manufactured  by
Affinity Biological) to confirm that the recombinant
antithrombin III was expressed  by both of the
transformants in almost the same concentration, namely
18 gg/ml in the  culture supernatant of pKAN-ATIII
AFMS705 and 28 pg/ml in the culture supernatant  of
pKAN-ATIII AFDG44. In this connection, the cell line
pKAN-ATIII AFMS705 20 was deposited as a cell line
name pKAN-ATIII AFMS705 on August 10, 2004, as  FERM
BP-10088 in International Patent Organism Depositary,
National Institute of  Advanced Industrial Science and
Technology (Central 6, 1-1, Higashi 1-chome,
Tsukuba-shi, Ibaraki, Japan). 25 2. Obtaining of
culture supernatant containing recombinant
antithrombin III Each of the cell lines pKAN-ATIII
AFMS705 and pKAN-ATIII AFDG44  obtained in the above
as two serum-free-naturalized cell lines was suspended
in 450 ml  of the serum-free medium to give a density
of 3x105 cells/ml and inoculated into a 2  liter
capacity roller bottle (manufactured by Becton
Dickinson), and the air in the 30 conical flask was
replaced by blowing air containing 5% CO2 onto the
medium surface,  in a volume of 4-fold or more of the
culture vessel volume. The culturing was carried  out
at 35C and at a rotation speed of 5 to 10 rpm, and
37.5 ml of a feed medium and  1.8 nil of 50% glucose
solution were added thereto on the 5th day of the
culturing for  the purpose of supplementing for
consumed nutrient substances such as amino acids. 35
The feed medium is a medium comprising amino acids
(L-alanine 0.22 g/l, L-arginine  monohydrochloride
0.74 g/l, L-asparagine monohydrate 0.22 g/l,
L-aspartic acid 0.26 -71 g/l, L-cystine
dihydrochloride 0.80 g/l, L-glutamic acid 0.66 g/l,
L-glutamine 7.3 g/l,  glycine 0.26 g/l, L-histidine
monohydrochloride dihydrate 0.37 g/l, L-isoleucine
0.92 g/l,  L-leucine 0.92 g/l, L-lysine
monohydrochloride 1.29 gll, L-methionine 0.26 g/l, L-
phenylalanine 0.58 g/l, L-proline 0.35 g/l, L-serine
0.37 g/l, L-threonine 0.84 g/l, L 5 tryptophan 0.14
g/l, L-tyrosine disodium dihydrate 0.92 g/l and
L-valine 0.83 g/l),  vitamins (d-biotin 0.0001 g/l,
calcium D-pantothenate 0.035 g/l, choline chloride
0.035  g/l, folic acid 0.035 g/l, myo-inositol 0.063
g/l, niacin amide 0.035 g/l, pyridoxal  hydrochloride
0.035 g/l, riboflavin 0.0035 g/1, thiamine
hydrochloride 0.035 g/1 and  cyanocobalamin 0.0001
g/1), recombinant human insulin 0.31 g/1 (manufactured
by 10 JRH), ethanolamine 0.025 g/1 (manufactured by
Sigma-Aldrich), 2-mercaptoehtanol  0.0098 g/l
(manufactured by Sigma-Aldrich), a soybean hydrolysate
HY-SOY 8 g/l  (manufactured by Quest International),
sodium selenite 16.8 g/1 (manufactured by  



Sigma-Aldrich), cholesterol lipid concentrated
solution 2 mI/1 (250 x aqueous solution,  manufactured
by Invitrogen) and ferric ethylenediaminetetraacetate
sodium salt 0.05 g/l 15 (manufactured by
Sigma-Aldrich). In and after the feeding, air
replacement by  aeration was carried out every day
until completion of the culturing. By keeping 80%  or
more of the survival ratio, the culturing was carried
out for 9 to 10 days. After  completion of the
culturing, the amount of recombinant human
antithrombin in the  culture supernatant was measured
using ELISA for antithrombin (ATM) kit 20
(manufactured by Affinity Biological). As a result, it
was confirmed that the  recombinant antithrombin III
is contained in the culture supernatants of pKAN-ATIII
AFMS705 and pKAN-ATIII AFDG44 in respective
concentrations of 68 .tg/ml and 87  g/ml. Hereinafter,
the recombinant antithrombin III produced by
pKAN-ATIII  AFMS705 is referred to as ATIII MS705, and
the recombinant antithrombin III  25 produced by
pKAN-ATIII AFDG44 as ATIII DG44, respectively: 3.
Purification of recombinant antithrombin III
Recombinant antithrombin III was purified in the
following manner from  the culture supernatant
containing recombinant antithrombin III, obtained in
the above  30 item, in accordance with the method
described in a reference [Meth. Enzymol., 222, 525,
1993]. A portion of the culture supernatant containing
recombinant antithrombin III  obtained in the above
item, corresponding to approximately 250 mg of the
recombinant  antithrombin III, was applied to a
heparin column (Heparin Sepharose 6 Fast Flow, 250
ml, manufactured by Amersham Bioscience) which had
been equilibrated with a buffer 35 solution consisting
of 50 mM Tris, 14 mM citric acid and 0.15 M NaCl (pH
7.4).  Subsequently, the heparin column was washed
with 10 CV of the equilibration buffer, -72 and then
the recombinant antithrombin III was eluted using a
linear gradient elution  method (12 CV) up to 3 M NaC1
concentration. The equipment used was Hiload
Chromatography System (manufactured by Amersham
Bioscience), the flow rate was  21 ml/min, and the
recombinant human antithrombin III elution fractions
were 5 fractionated at 50 ml. When the amount of human
antithrombin III in each fraction  was measured using
ELISA for antithrombin(ATIII) kit (manufactured by
Affinity  Biological), roughly dividing three peaks
were observed in the elution pattern as shown  in Fig.
7, and ATIII MS705 and ATIII DG44 showed different
elution patterns. In the  following, these are called
peak (1) fraction, peak (2) fraction and peak (3)
fraction in 10 that order starting from the most
quickly eluted fraction. It has been reported that
plurality of peaks were found when antithrombin III
was purified by heparin affinity  chromatography in
the following literatures [e.g., J. Biol. Chem., 268,
17588 (1993),  



Biochem. J, 286, 793 (1992), J. Biot. Chem., 264,
21153 (1989), etc.]. In addition,  when elution
pattern of Neuart was examined, its elution was
observed limiting to the 15 peak (2) fraction. Each of
the main peak fractions corresponding to ATIII MS705
peak (2) fraction and peak (3) fraction, and ATIII
DG44 peak (1) fraction and peak (2)  fraction was
desalted with 5 mM sodium phosphate buffer (pH 7.4) by
a dia-filtration  method using Pericon XL
(manufactured by Millipore) and Biomax 10
(manufactured  by Millipore). Each of the thus
desalted peak fractions was applied to DEAF 20
Sepharose Fast Flow Column (manufactured by Amersham,
480 ml) and adsorbed  thereto. Subsequently, the
column was washed with 12 CV of 20 mM sodium
phosphate buffer (pH 7.4), and then the recombinant
antithrombin III was eluted at a  flow rate of 40
ml/min using a linear gradient elution method (8.6 CV)
up to 1.0 M  NaCI concentration. The elution pattern
was measured by its absorbance (A280 nm). 25 Next, the
elution fractions containing recombinant antithrombin
III were combined, and  the buffer solution was
replaced by PBS by a dia-filtration method using
Pericon XL  (manufactured by Millipore) and Biomax 10
(manufactured by Millipore), thereby  preparing
samples for evaluation. By measuring absorbance (A280
nm) of the samples  for evaluation, the protein
concentration was calculated based on A280 nm 1.0 =
0.64 30 mg/ml. In addition, determination using ELISA
for antithrombin(ATIII) kit  (manufactured by Affinity
Biological) was also carried out to confirm that the
concentration was identical by the absorbance method
and the ELISA method. Also,  reduction SDS-PAGE was
carried out using PAGEL SPG520L (manufactured by
Atto).  In the electrophoresis, 2 Vg of recombinant
antithrombin III reduced with 2 35 mercaptoethanol was
used, and the staining was carried out by CBB
staining. As a -73 result, bands other than the ATIII
band of approximately 60 kD in molecular weight  were
not confirmed in all of the samples for evaluation. 4.
Composition analysis of recombinant antithrombin III
neutral sugar and amino sugar  5 The compositions of
neutral sugar and amino sugar were analyzed on the
samples for evaluation obtained in Example 4-3. Each
of the recombinant  antithrombin III evaluation
samples was hydrolyzed at 100C for 2 hours in the
presence of 4.0 moll trifluoroacetic acid to release
neutral sugars and amino sugars from  the protein. The
thus released sugars were analyzed using DX-500 sugar
analyzer 10 (manufactured by Dionex) with reference to
the method described in the literature of  Michael
Weitzhandler et al. [Analytical Biochemistry, 241,
128-134 (1996)] and  DIONEX Application Note 92 (The
Determination of Sugars in Molasses by High-
Performance Anion Exchange with Pulsed Amperometric
Detection). It is known that  



the sugar chain structure of human plasma-derived
antithrombin III is a complex type 15 double-strand
sugar chain which does not contain fucose [Arch.
Biochem. Biophys., 203,  458 (1980)] (Fig. 2). In the
analysis of the results of neutral sugar and amino
sugar  composition analysis, compositional ratios of
respective monosaccharide components  (fucose,
galactose and mannose) were calculated by regarding
the compositional ratio of  N-acetylglucosamine as 4.
As a result of the analysis, fucose was detected in
the sugar 20 chain components of ATIII DG44, while the
fucose content in the sugar chain  components of ATIII
MS705 was the detection limit or less, similar to the
case of  Neuart which is a human plasma-derived
antithrombin III. In addition, based on the
compositional ratios of respective monosaccharide
components, it was suggested that  the main sugar
chain structure of all samples is not a high mannose
type or hybrid type  25 but a complex type
double-strand sugar chain. 5. Hydroxyapatite
chromatography analysis The a type and (3 type
compositional ratio of the samples for evaluation
obtained in Example 4-3 was analyzed by hydroxyapatite
chromatography, with  30 reference to the method of
Goran Karlsson and Stefan Winge [Protein Expression
and Purification, 28, 196-201 (2003)]. As a result,
similar to the case of the human  plasma-derived
Neuart, the a type was mainly contained in the ATIII
MS705 peak (2)  fraction and ATIII DG44 peak (1)
fraction. Also, the a type and R type were  contained
in the ATIII DG44 peak (2) fraction at almost the same
ratio. Results of the 35 neutral sugar and amino sugar
analysis and hydroxyapatite chromatography analysis
are  summarized in Table 1. -74 Table 1 Sugar chain
structureFucoseMain molecular type ATIII MS705 peak
(2)complex type double-strand-a ATIII MS705 peak
(3)complex type double-strand-(3 ATIII DG44 peak
(1)complex type double-strand+a ATIII DG44 peak
(2)complex type double-strand+a & [3 Neuartcomplex
type double-strand-a Since ATIII DG44 contained fucose
in the sugar chain, its sugar chain  5 structure was
different from that of the human plasma-derived
antithrombin III. On the other hand, it was found that
sugar chain structures of the ATIII MS705 peak (2)
fraction and ATIII MS705 peak (3) fraction are sugar
chain structures close to the  human plasma-derived a
type and [i type antithrombin III, respectively. In
addition, it  was able to separate the a type and Q
type of ATIII MS705 by a heparin affinity-aided 



10 purification method as reported in a reference [J.
Biol. Chem., 268 17588 (1993)] on  human
plasma-derived antithrombin III. However, it was not
able to separate the  ATIII DG44 peak (2) fraction
when the same purification was carried out. Based on
the above, it was revealed that the ATIII MS705 has
properties equivalent to those of  the human
plasma-derived antithrombin III. 15 Example 5
Comparison of biological activities of purified
recombinant antithrombin III samples:  1. Measurement
of heparin dissociation constant Since the
three-dimensional structure of antithrombin III
molecule changes  20 by the binding of antithrombin
III with heparin, the heparin dissociation constant
can be  measured making use of the change in
fluorescence intensity of the tryptophan residue
constituting the antithrombin III protein. The
following equation 1) is formed between  the
antithrombin III concentration and the thrombin
concentration (Meth. Enzymol., 222,  525, 1993). 25
Equation 1) AF &Finax [AT]o+ n [H]o +Kd-{([ATJ0+n [f]o
+Kd)2-4n [AT]o [HJo}12  X F0 F0 2 [ATJo  30 AF: change
in quantity of fluorescence -75 5 AFmax: maximum
change in quantity of fluorescence FO: fluorescence
intensity at the time of no heparin addition  [AT]o:
antithrombin III concentration [H]o: heparin
concentration  Kd: dissociation constant  n:
stoichiometry The heparin dissociation constant of
each of the heparin affinity-fractionated  samples for
antithrombin III evaluation use obtained in Example
4-3 was measured by 10 the following method. First, a
buffer solution (pH 7.4) comprising 20 mM Na2HPO4,
0.1 M NaC1, 0.1 mM EDTA2H2O and 0.1% PEG 6000 was
prepared. This buffer  solution was used in diluting
the samples. From 0 to 20 equivalents of heparin
(manufactured by SIGMA) was added to 50 nM of
antithrombin III, and the  fluorescence intensity of
each solution was measured at an excitation wavelength
of 280 



15 rim and a fluorescence wavelength of 340 run. The
dissociation constant was analyzed  by an analyzing
software GraphPad prism 4 (manufactured by Graphpad)
using the  equation 1). Results of the measurement of
heparin dissociation constant (Kd value,  unit nM) of
samples for evaluation obtained in Example 4-3 are
shown in Table 2.  The binding strength of ATIII to
heparin becomes strong as the Kd value becomes small.
20 Thus, the ATIII MS705 peak (3) fraction showed the
largest binding strength, followed  by the ATIII MS705
peak (2) fraction and the ATIII DG44 peak (2)
fraction, and the  ATIII DG44 peak (1) fraction showed
the weakest binding strength. Table 2 25 Kd (tM) ATIII
MS705 peak (2)9.87  1.09 ATIII MS705 peak (3)3.06
0.07 ATIII DG44 peak (1)59.71  2.11 ATIII DG44 peak
(2)9.84  0.97 Neuart20.09+3.60 2. Measurement of
heparin cofactor activity It is known that thrombin
inhibition rate of antithrombin III considerably
increases in the presence of heparin. Also, the
binding reaction of thrombin with  antithrombin III
occurs at a molar ratio of 1:1, and they mutually lose
their activities 30 after the reaction, so that
antithrombin reaction of the antithrombin completes
within a -76 markedly short period of time in the
presence of heparin. The heparin cofactor activity  is
represented by the residual thrombin activity at the
time of the completion of the  antithrombin reaction,
or in other words, the heparin cofactor activity can
measure the  amount of the activated antithrombin III
at the time of the completion of the 5 antithrombin
reaction [Zoku Iyakuhin No Kaihatsu (A Sequel to
Medicines, Continued),  20, 185 (1992)]. In order to
measure the heparin cofactor activity, a buffer
solution (pH 8.3)  consisting of 0.15 M NaCl, 0.05 M
Tris-HCI and 0.2% albumin was firstly prepared.  This
buffer solution was used in diluting samples and
preparing an enzyme solution. 10 To an antithrombin
III solution, 1.0 ml of an enzyme solution comprising
2.5 units/ml  of thrombin (manufactured by Enzyme
Research Laboratories) and 0.6 unit/ml of  heparin
(manufactured by SIGMA) was added, followed by
reaction at 37C for 5  minutes. Subsequently, 100 l of
2.0 mM S-2238 (manufactured by Daiichi Pure
Chemicals) as a specific substrate of thrombin was
added thereto and allowed to 



15 develop color for 2 minutes, and then the reaction
was stopped with 50% acetic acid.  The residual
thrombin activity was calculated from the absorbance
(A405 nm) of p- nitroaniline formed by the degradation
of S-2238 in the reaction mixture. In this case,
antithrombin III was used in the measurement by
diluting it within the range of 0.15 to 4  gg/ml.
Neuart was used as the standard substance for the
preparation of a calibration 20 curve, and the heparin
cofactor activity was calculated as the activity
(unit/ml) per unit  volume (liquid volume). The
heparin cofactor activity in each of the samples for
evaluation obtained in Example 4-3 was measured, and
the obtained activity values  were expressed by the
activity (unit/g) per unit mass, with the results
shown in Fig. 8.  The peak fraction (2) of ATIII MS705
and peak fraction (3) of ATIII MS705 showed 25 similar
activity to that of the human plasma-derived
preparation Neuart (manufactured  by Mitsubishi Pharma
Corporation), but the ATIII DG44 peak fraction (1) and
ATIII  DG44 peak fraction (2) showed lower values than
that of Neuart. 3. Measurement of thrombin inhibition
secondary rate constant in the absence of  30 heparin
The thrombin inhibition secondary rate constant was
measured in  accordance with a reference (J. Biol.
Chem., 277, 24460 (2002)). Thrombin inhibition
reaction of ATIII in the absence of heparin can be
considered by approximating to a pseudo-primary
reaction under conditions in which  35 antithrombin
III is present in an excess amount based on the amount
of thrombin, so that  the following equation 2) is
formed. -77 Equation 2) 5 ln[T]t = -kobs*t + ln[T]o
[T]t: thrombin concentration after t hour  [T]o:
initial concentration of thrombin  kobs:
pseudo-primary rate constant t: time Equation 3) 10
kobs = k[AT] k: secondary rate constant [AT]:
antithrombin III concentration Accordingly, in order
to measure the thrombin inhibition secondary rate  15
constant, a buffer solution (pH 7.4) comprising 20 mM
Na2HPO4, 0.1 M NaCl, 0.1 mM EDTA2H2O and 0.1% PEG 8000
was firstly prepared. This buffer solution was used  



in diluting samples and preparing an enzyme solution.
An enzyme solution  comprising 100 nM antithrombin III
and 10 nM thrombin was prepared and allowed to  react
at 25C for a period of I to 40 minutes. At each
period, 100 1 of 0.15 mM S 20 2238 (manufactured by
Daiichi Pure Chemicals) as a specific substrate of
thrombin was  added thereto, and the absorbance (A405
nm) for approximately 2 minutes was  measured. The
residual thrombin concentration was calculated from
the change in  absorbance at each period, and the
pseudo-primary rate constant was calculated using  the
above-described equation 2). In addition, thrombin
inhibition secondary rate 25 constant (unit/M/second)
in the absence of heparin was calculated using the
above- described formula 3). The secondary rate
constant of the samples for evaluation  obtained in
Example 4-3 is shown in Table 3. S.D. represents
standard deviation.  Regarding the thrombin inhibition
secondary rate constant in the absence of heparin, the
ATIII DG44 peak (1) fraction showed a slightly low
value, but all of the other samples 30 for evaluation
showed similar activity to that of the human
plasma-derived antithrombin  III Neuart. Table 3
Secondary rate constant (- hep) /M/secS.D. ATIII MS705
peak (2)8.5E + 031.9 E + 02 ATIII MS705 peak (3)8.8E +
033.7 E + 02 ATIII DG44 peak (1)7.7E + 031.8 E + 02
ATIII DG44 peak (2)8.6E + 031.6 E + 02 Neuart8.2E +
038.8E + 01 4. Measurement of thrombin inhibition
secondary rate constant in the presence of  heparin 5
The thrombin inhibition secondary rate constant of the
samples for  evaluation obtained in Example 4-3, in
the presence of heparin, was measured by the
following method in accordance with a reference
[Biochem. J., 286, 793 (1992)].  Firstly, a buffer
solution (pH 7.4) comprising 20 mM Na2HPO4, 0.1 M
NaCl, 0. 1 mM  EDTA2H2O and 0.1% PEG 8000 was
prepared. This buffer solution was used in 10 diluting
samples and preparing an enzyme solution. An enzyme
solution comprising  0.5 to 1 nM of thrombin and 5 to
25 pM of heparin (manufactured by SIGMA) was  added to
100 nM of antithrombin III, followed by reaction at
25C for 1 to 30 minutes,  and then 100 l of 0.15 mM
S-2238 (manufactured by Daiichi Pure Chemicals) as a
specific substrate of thrombin was added thereto, and
the absorbance (A405 nm) for 15 approximately 2
minutes was measured. The residual thrombin
concentration was  



calculated from the change in absorbance at each
period, and the pseudo-primary rate  constant was
calculated using the above-described equation 2). In
addition, the  thrombin inhibition secondary rate
constant in the presence of heparin-was calculated
using the following equation 4). 20 Equation 4) kb. =
k * [g]o* [AT]o + k * AT  Kd+ [AT]o "`.r [ ]o 25 30
kobs: pseudo-primary rate constant  k: secondary rate
constant  [H]o: concentration of heparin Kd: heparin
dissociation constant  [AT]o: antithrombin III
concentration "t: secondary rate constant in the
absence of heparin -79 The thrombin inhibition
secondary rate constant (unit/M/sec) of the samples
for evaluation obtained in Example 4-3, in the
presence of heparin, was measured, with  the results
shown in Table 4. Regarding the numerical values, for
example, 2.5 E + 07 5 means 2.5x10. Also, S.D. means
standard deviation. Regarding the secondary rate
constant, the peak (2) fraction of ATIII MS705 and
peak (3) fraction of ATIII MS705  showed similar
activity to that of Neuart, but the ATIII DG44 peak
(1) fraction showed  a considerably low value, and the
ATIII DG44 peak (2) fraction also showed a slightly
lower value. Based on this result, it was found that a
fraction having low antithrombin 10 activity in the
presence of heparin is contained in the recombinant
antithrombin III  produced by using the CHO/DG44 cell
line. On the other hand, it was found that a  fraction
mainly showing similar activity to that of the human
plasma-derived  antithrombin III is obtained from the
recombinant antithrombin III produced by using  the
FUT8 gene-double-knockout cell line. 15 Table 4
Secondary rate constant (+ hep) /M/secS.D. ATIII MS705
peak (2)2.5E + 071.6E + 06 ATIII MS705 peak (3)2.6E +
078.7E + 05 



ATIII DG44peak(1)8.7E+061.1E+04 ATIII DG44 peak
(2)2.0E + 078.1E + 05 Neuart2.3E + 072.9E + 05 Asa
result of the analyses in Examples 4 and 5, it was
shown that the  recombinant antithrombin III produced
by the FLITS gene-double-knockout cell line is a 20
protein having similar properties to those of the
human plasma-derived antithrombin III,  in terms of
the sugar chain structures and biological activities,
in comparison with the  recombinant antithrombin III
produced by the CHO/DG44 cell line. From this result,
it was shown that the recombinant antithrombin III
produced by the FUT8 gene-double- knockout cell line
is suitable as a substitute for the human
plasma-derived antithrombin  25 III. Example 6
Expression of amino acid-modified recombinant
antithrombin III in FUT8 gene-double- knockout cell:
An FUT8 gene-double-knockout cell capable of
expressing a mutation type  5 human antithrombin III
(hereinafter referred to as "ATIIIN135Q"), in which
asparagine  residue at the 135th position counting
from the N-terminal of mature type human  antithrombin
III was substituted with a glutamine residue, was
prepared by the method  shown below. In this
connection, since the ATHIN135Q composition has 3
addition  sites for N-binding type sugar chains, all
of the expressed recombinant antithrombin III  10
become the 0-type. 1. Preparation of plasmid
pBS-ATIIIN135Q Firstly, two oligo DNA primers for
site-directed mutagenesis (SEQ ID  NOs:30 and 31) for
replacing the 167th asparagine residue counting from
the N- 15 terminal to a glutamine residue were
prepared for the antithrombin III gene sequence
(UniGene: Hs.75599, SEQ IDNO:1). Using the pBS-ATIII
prepared in Example 2-2  as the template,
site-directed mutagenesis was applied to the
antithrombin III cDNA  sequence using the
above-described primers and Quick Change(r)
Site-Directed  Mutagenesis Kit (manufactured by
STRATAGENE). The method was carried out in 20
accordance with the manual attached to the kit.
Plasmid DNA samples were prepared  from the thus
obtained transformants using QIAprep(r) Spin Miniprep
Kit  (manufactured by QIAGEN), and their nucleotide
sequences were analyzed using  BigDye Terminator Cycle
Sequencing Ready Reaction Kit v2.0 (manufactured by
Applied Biosystems) and a DNA sequencer ABI PRISM377
(manufactured by Applied 25 Biosystems). Asa result, a
plasmid pBS-ATIIIN135Q comprising a cDNA sequence  of
a full translation region of a mutation type
antithrombin III (ATMN135Q) was  



obtained (Fig. 6). 2. Preparation of expression vector
pKAN-ATIIIN135Q 30 In 17 l of sterile water, 3 g of
the pBS-ATIIMN135Q prepared in the  above was
dissolved, 10 units of EcoRI (manufactured by Takara
Bio), 10 units of  BamHI (manufactured by Takara Bio)
and 2 pl of 10 x H buffer were added thereto to
prepare 20 l of a reaction mixture, and then the
digestion reaction was carried out at  37C for 16
hours. Next, 3 gg of a plasmid pKANTEX93 (described in
W097/10354) 35 was dissolved in 17.5 l of sterile
water. By adding 10 units of EcoRI and 2t of 10 x  H
buffer to the solution, 20 l of a reaction mixture was
prepared to carry out the -81 digestion reaction at
37C for 16 hours. After the reaction,
phenol/chloroform  extraction treatment and ethanol
precipitation were carried out, and the recovered
plasmid was dissolved in 17.5 l of sterile water. By
further adding 10 units of BamHI  and 2 l of 10 x K
buffer to the solution, 20 pl of a reaction mixture
was prepared to 5 carry out the digestion reaction at
37C for 16 hours. The pBS-ATIIIN135Q fragment
(EcoRI-BamHI) and pKANTEX93 fragment (EcoRI-BamHI)
obtained in the above  were subjected to 1.5% (w/v)
agarose gel electrophoresis, and approximately 1.4 kbp
and 9.0 kbp of DNA fragments were respectively
purified using QlAquick Gel  Extraction Kit
(manufactured by QIAGEN). Next, 2O1 of a reaction
mixture 10 containing 50 ng of the purified
pBS-ATIIIN135Q fragment (EcoRI-BamHI), 30 ng of  the
purified pKANTEX93 fragment (EcoRI-BamfH) and Ligation
High (manufactured  by Toyobo Co., Ltd.) was prepared,
and the ligation reaction was carried out at 16C for
16 hours. Using the thus obtained plasmid DNA, an E.
coil strain DH5a  (manufactured by Toyobo Co., Ltd.)
was transformed. By preparing a plasmid DNA 15 from
the resulting transformant using QIAprep(r) Spin
Miniprep Kit (manufactured by  QIAGEN), a mutation
type AT antithrombin III expression plasmid for animal
cell,  pKAN-ATIIIN135Q, was obtained (Fig. 6). 3.
Introduction of ATIlIN135Q expression plasmid into
FUT8 gene-double-knockout  20 cell The plasmid
pKAN-ATIIIN135Q prepared in Example 6-2 was stably
introduced into the FUT8 gene-double-knockout cell
prepared in Example 1. The gene  introduction was
carried out by the following procedure in accordance
with the  electroporation method [Cytotechnology, 3,
133 (1990)].. Firstly, 30 g of the plasmid 25
pKAN-ATIIIN135Q was linearized by preparing 200 -l of
a reaction mixture  containing 20 l of NEBuffer 3
(manufactured by New England Biolabs) and 100 unites
of a restriction enzyme MluI (manufactured by New
England Biolabs) and the digestion  



reaction was carried out at 37C for 16 hours. After
the reaction, the reaction mixture  was purified by
phenol/chloroform extraction treatment and ethanol
precipitation to 30 thereby recover the linear
plasmid. Next, the FUT8 gene-double-knockout cell
obtained in Example I was suspended in a K-PBS buffer
(137 mmol/l KCI, 2.7 mmoUl  NaCl, 8.1 mmol/l Na2HPO4,
1.5 mmol/l KH2PO4, 4.0 mmol/l MgC12) to prepare a
suspension of 8x I07 cells/mi. After 200 l of the cell
suspension (1.6x106 cells) was  mixed with 9 g of the
above described linear plasmid, a full volume of the
cell-DNA 35 mixture was transferred into Gene Pulser
Cuvette (2 mm in inter-electrode distance,
manufactured by BIO-RAD), and gene introduction was
carried out using an -82 electroporation device Gene
Pulser II (manufactured by BIO-RAD) under conditions
of  350 V in pulse voltage and 250 uF in electric
capacity. After carrying out the gene  introduction,
the cell suspension was suspended in 30 ml of IMDM
medium  (manufactured by Life Technologies)
supplemented with 10% (v/v) fetal bovine serum 5
(manufactured by Life Technologies) and 50 tg/ml of
gentamicin (manufactured by  Nacalai Tesque) and
inoculated at 100 l/well into 96-well 3 plates for
adherent cells  (manufactured by Greiner). The
culturing was carried out under conditions of 5% CO2
and 37C. 10 4. Obtaining of MTX-resistant cell line
The pKAN-ATIHN13SQ-introduced cells obtained in the
above item were  cultured for 6 days, and then the
culture supernatants were discarded and the IMDM
medium supplemented with 10% dialyzed fetal bovine
serum, 50 g/ml gentamicin and  50 nM methotrexate
(MTX) (manufactured by SIGMA) was dispensed at 100
RI/well. 15 The culturing was continued for 9 days
while repeating this medium exchanging work  at an
interval of 3 to 4 days. Next, the culturing was
continued for 18 days while  repeating the medium
exchanging work using the IMDM medium supplemented
with  10% dialyzed fetal bovine serum, 50 g/ml
gentamicin and 200 nM MTX at an interval  of 3 to 4
days, and the finally formed colonies were inoculated
into a 24 well plate 20 (manufactured by SIGMA).
Subsequently, the culturing was continued for 19 days
while repeating the medium exchanging work using the
IMDM medium supplemented  with 10% dialyzed fetal
bovine serum, 50 g/ml gentamicin and 500 nM MTX at an
interval of 3 to 4 days, optionally expanding the
process, thereby obtaining  transformants resistant to
500 nM MTX. 25 S. Selection of cell line highly
producing ATIIIN135Q From each of the several 500 nm
MTX-resistant cell lines obtained in the  



above item, 1.Ox106 cells were collected, suspended in
5 ml of the IMDM medium  supplemented with 10%
dialyzed fetal bovine serum, 50 g/ml gentamicin and
500 nM 30 MTX, and then cultured by inoculating into a
tissue culture flask (manufactured by  Greiner). Three
days after the culturing, the culture supernatant was
recovered, and  the amount of ATIIIN135Q contained in
the supernatant was measured using ELISA for
antithrombin (ATIII) kit (manufactured by Affinity
Biological), to select a highly  producing cell line.
The method was carried out in accordance with the
manual 35 attached to the ELISA kit, and Neuart
(manufactured by Mitsubishi Pharma  Corporation) was
used as the standard preparation. - 83  6.
Naturalization to serum-free medium The
ATIIIN135Q-expressing FUT8 gene-double-knockout cell
line  prepared in the above item was naturalized to a
serum-free medium in the same manner  5 as in Example
4-1. The cell line was suspended in 15 ml of the
serum-free medium described in Example 4-1 to give a
density of 5x 105 cells/ml and inoculated into a 125
ml-conical flask (manufactured by Corning) to carry
out batch culturing. The  culturing was carried out at
35C and at a rotation speed of 90 to 100 rpm, and when
sub-culturing was carried out, the air in the conical
flask was replaced by blowing air 10 containing 5% CO2
onto the medium surface, in a volume of 4-folds or
more of the  culture vessel volume. The medium was
exchanged 3 days thereafter, and sub- culturing was
carried out at an inoculation density of 5x105
cells/ml on the 6th day.  Thereafter, the
sub-culturing was repeated at an interval of 3 to 4
days for 2 weeks to  neutralize the cells to the
serum-free medium. By this culturing, a cell line pKAN
15 ATIIIN135Q AFMS705 which can grow in the serum-free
medium and does not cause  aggregation was obtained.
The thus obtained cell line was suspended in 15 ml of
the  serum-free medium to give a density of 3.Ox 105
cells/ml and cultured by inoculating  into a 125 ml
capacity flask. Three days after the culturing, the
culture supernatant  was recovered, and the amount of
recombinant antithrombin III contained in the 20
supernatant was measured using ELISA for antithrombin
(ATIII) kit (manufactured by  Affinity Biological) to
confirm that it was expressed in a concentration of 6
g/ml in the  culture supernatant. In this connection,
the cell line pKAN-ATIIIN135Q AFMS705  was deposited
as a cell line name pKAN-ATIIIN135Q AFMS705 on August
10, 2004,  as FERM BP-10089 in International Patent
Organism Depositary, National Institute of 25 Advanced
Industrial Science and Technology (Central 6, I-1,
Higashi 1-chome,  Tsukuba-shi, Ibaraki, Japan).
Thereafter, a mutation type recombinant antithrombin
III having a complex  



type sugar chain in which fucose is not bound to
N-acetylglucosamine in the reducing  end was obtained
by the method described in Example 4, and it was
confirmed that the 30 number of the complex type
N-glycoside-linked sugar chains was three. In
addition,  as a result of measuring biological
activities of the antithrombin III by the method
described in Example 5, it was confirmed that the
heparin dissociation constant is  significantly
smaller and that the heparin cofactor activity and the
thrombin inhibition  secondary rate constant are
significantly higher, than those of the mutation type
35 recombinant antithrombin III expressed by the
CHO/DG44 cell: -84 Example 7 Obtaining of cell line
which does not express gene of an enzyme capable of
catalyzing  dehydrogenation to convert GDP-mannose
into GDP-4-keto,6-deoxy-GDP-mannose: 1. Obtaining of
lectin-resistant CHO/DG44 cell line 5 The CHO/DG44
cell (Proc. Natl. Acad. Sci. USA, 77 4216 (1980)) was
cultured in an IIVIDM-FBS(10)-HT(1) medium [IMDM
medium (manufactured by  Invitrogen) containing 10%
fetal bovine serum (FBS) (manufactured by Invitrogen)
and  I x concentration of HT supplement (manufactured
by Invitrogen)] using a 75 cmz flask  for adherent
culture (manufactured by Greiner), and allowed to
proliferate until reaching 10 just before the
confluent stage. After washing the cells with 5 ml of
Dulbecco PBS  (hereinafter referred to as PBS)
(manufactured by Invitrogen), 1.5 ml of 0.05% trypsin
(manufactured by Invitrogen) diluted with PBS was
added thereto and the cells were  allowed to stand at
37C for 5 minutes to peal off them from the culture
container  bottom. The pealed cells were recovered by
a centrifugation operation generally 15 carried out in
cell culturing and suspended to give a density of 1 x
105 cells/ml by adding  the IMDM-FBS(10)-HT(1) medium,
and then 0.1 ltg/mI of an alkylation agent, MNNG
(manufactured by SIGMA), was added or not added
thereto. After allowing the cells  to stand at 37C for
3 days in a CO2 incubator (manufactured by TABAI), the
culture  supernatant was discarded, and the cells were
washed, peeled off, recovered and 20 suspended in the
IMDM-FBS(l0)-HT(1) medium, in the similar manner as
described  above, and then inoculated into a 96-well
plate for adherent culture (manufactured by  Asahi
Techno Glass) at a density of 1,000 cells/well. To
each well, 1 mg/ml of Lens  culinaris agglutinin
(hereinafter referred to as LCA, manufactured by
Vector) was  added as. a. final concentration in the
medium. After culturing at 37C for 2 weeks in a 25 CO2
incubator, the thus formed colonies were obtained as
lectin-resistant CHO/DG44  cell lines. 2.
Determination of GDP-mannose 4,6-dehydratase mRNA of
the obtained lectin- 



resistant CHO/DG44 cell lines 30 The expressed amount
of GDP-mannose 4,6-dehydratase as an enzyme  capable
of catalyzing dehydrogenation to convert GDP-mannose
into GDP-4-keto,6- deoxy-GDP-mannose in each of the
lectin-resistant CHO/DG44 cell lines obtained in  the
above item was analyzed in the following manner using
RT-PCR method. (1) Preparation of RNA from
lectin-resistant CHO/DG44 cell line and preparation of
single-stranded cDNA RNA samples were prepared
respectively from lx 107 cells of the parent cell
line CHO/DG44 cell and each of the lectin-resistant
CHO/DG44 cell lines obtained in  5 item I of this
Example, using RNeasy Protect Mini Kit (manufactured
by QIAGEN) in accordance with the instructions
attached thereto. Subsequently, single-stranded  cDNA
was synthesized from 5 p.g of each RNA in 20 41 of a
reaction mixture using  SUPER SCRIPT First-Strand
synthesis system for RT-PCR (manufactured by
Invitrogen) in accordance with the instructions
attached thereto. 10 (2) Analysis of expression
quantity of (3-actin gene using RT-PCR In order to
verify quality of each of the respective cell
line-derived single- stranded cDNA samples prepared in
the above item (1), amplification of R-actin cDNA  by
PCR was examined in the following manner. 15 After 20
l of a reaction mixture [1 x EX Taq Buffer
(manufactured by  Takara Shuzo), 0.2 mM of dNTPs, 0.5
unit of EX Taq polymerise (manufactured by  Takara
Shuzo) and 0.5 pM of the synthetic oligo DNA primers
of SEQ ID NOs:32 and  33] containing, as the template,
0.5 pl of each of the respective cell line-derived
single- stranded cDNA samples prepared in the above
(1) was prepared, the reaction mixture 20 was heated
at 94C for 5 minutes and then 14 cycles of the
reaction, one cycle  consisting of reaction at 94C for
one minute and reaction at 68C for 2 minutes, were
carried out using DNA Thermal Cycler 480 (manufactured
by Perkin Elmer). After 10  pl of the resulting PCR
reaction mixture was subjected to agarose
electrophoresis, the  DNA fragments were stained using
Cyber Green (manufactured by BMA), and then the 25
amount of the expected DNA fragment of approximately
800 bp was measured using  Fluor Imager SI
(manufactured by Molecular Dynamics). As a result, it
was able to  detect the expression of R-actin at a
similar level by using every cell line-derived single-
stranded cDNA. 30 (3) Analysis of the expressed amount
of GDP-mannose 4,6-dehydratase gene using RT- PCT
method Next, the expressed amount of GDP-mannose
4,6-dehydratase gene in the  



respective lectin-resistant CHO/DG44 cell lines
obtained in the above item (1) was  analyzed. In order
to amplify cDNA of GDP-mannose 4,6-dehydratase gene by
PCR, 35 a synthetic oligo DNA primer of 26 mer having
the nucleotide sequence represented by  SEQ ID NO:34
and a synthetic oligo DNA primer of 28 mer having the
nucleotide -86 sequence represented by SEQ ID NO:35
were prepared from the cDNA sequence of  CHO
cell-derived GDP-mannose 4,6-dehydratase represented
by SEQ ID NO:38.  Subsequently, 20 l of a reaction
mixture [ 1 x EX Taq Buffer (manufactured by Takara
Shuzo), 0.2 mM of dNTP mixture, 0.5 unit of EX Taq
polymerase (manufactured by 5 Takara Shuzo) and 0.5 M
of the synthetic oligo DNA primers of SEQ ID NOs:34
and  35] containing, as the template, 0.5 l of each of
the respective cell line-derived single- stranded cDNA
samples prepared in the above item (1) was prepared,
the reaction  mixture was heated at 94C for 5 minutes,
and then 30 cycles of the reaction, one cycle
consisting of reaction at 94C for one minute and
reaction at 68C for 2 minutes, were 10 carried out by
using DNA Thermal Cycler 480 (manufactured by Perkin
Elmer). After  10 pl of the resulting PCR reaction
mixture was subjected to agarose electrophoresis,  the
DNA fragments were stained using Cyber Green
(manufactured by BMA), and then  amount of the
expected DNA fragment of approximately 430 bp was
measured using  Fluor Imager SI (manufactured by
Molecular Dynamics). As a result, it was 15 confirmed
that a cell line in which expression of GDP-mannose
4,6-dehydratase gene is  not observed is present in
the obtained lectin-resistant CHO/DG44 cell lines. The
cell  line in which no expression of GDP-mannose
4,6-dehydratase gene was observed was  named cell line
CHO SM. In this connection, when resistance of the
thus obtained cell  line CHO SM to various species of
lectin was examined, the cell line CHO SM showed 20 a
resistance also to a lectin which recognizes the same
sugar chain structure as the sugar  chain structure
which is recognized by LCA, namely other lectin which
recognizes a  sugar chain structure in which
1-position of fucose is bound to 6-position of N-
acetylglucosamine residue in the reducing end through
a-bond in the N-glycoside- linked sugar chain.
Specifically, it showed resistance to a medium
supplemented with 25 1 mg/ml in -final concentration
of Pisum sativum agglutinin (hereinafter referred to
as  PSA, manufactured by Vector) or to a medium
supplemented with 1 mg/ml in final  concentration of
Aleuria aurantia lectin (hereinafter referred to as
AAL, manufactured  by Vector). 30 3. Genomic analysis
of cell line in which the gene of an enzyme capable of
catalyzing  dehydrogenation to convert GDP-mannose
into GDP-4-keto,6-deoxy-GDP-mannose is  not expressed 



Using a T75 flask for adherent culture (manufactured
by Greiner), each of  CHO/DG44 cell and the CHO SM
cell line obtained in the above was cultured in  35
IMDM-FBS(10)-HT(1) medium until it reached just before
the confluent stage, and then genomic DNA was prepared
in accordance with the method described in a
literature -87 [Nucleic Acid Research, 3, 2303
(1976)], and the thus obtained genomic DNA was
dissolved overnight in 300 l of TE-RNase buffer
solution (pH 8.0) [10 mmol/1 Tris- HCI, 1 mmol/l EDTA,
200 gg/l RNase A]. After 12 pg of the genomic DNA
prepared  in the above was digested with three
different restriction enzymes EcoPJ (manufactured 5 by
Takara Shuzo), Hindul (manufactured by Takara Shuzo)
and BglII (manufactured by  Takara Shuzo),
respectively, the DNA fragments were recovered using
the ethanol  precipitation method and then dissolved
in 20 l of TE buffer (pH 8.0) [10 mmolll Tris- HCI, 1
mmol/l EDTA] and subjected to 0.8% (w/v) agarose gel
electrophoresis. After  the electrophoresis, the
genomic DNA fragments were transferred onto a nylon 10
membrane in accordance with the method described in a
literature [Proc. Natl. Acad Sci.  USA, 76 3683
(1979)]. After the transfer, heat treatment of the
nylon membrane was  carried out at 80C for 2 hours.
Next, in order to examine the quality of the genomic
DNA transferred onto the nylon membrane, Southern
hybridization was carried out  using, as the probe,
a1,6-facosyltransferase (FUT8) gene which is
considered to be 15 present uniformly in the genome of
every cell line. The probe for detecting the FUTS
gene was prepared in the following manner. Firstly, 10
g of a plasmid mfFUT8- pCR2.1 containing mouse FUT8
cDNA as described in Example 11 of W002/31140,  was
dissolved in 50 l of M buffer (manufactured by Takara
Shuzo), digested overnight  with a restriction enzyme
HinduI (manufactured by Takara Shuzo), and then the 20
reaction mixture was replaced with H buffer
(manufactured by Takara Shuzo) and  digestion reaction
with a restriction enzyme EcoRI (manufactured by
Takara Shuzo)  was further carried out overnight.
After completion of the reaction, the reaction
mixture was subjected to 2% agarose electrophoresis,
and an EcoRl-HindIII fragment of  156 bp containing
exon 2 of FUT8 gene was purified. A 25 ng portion of
the thus 25 obtained DNA fragment was
radiation-labeled using 1.75 MBq of [d-32P]dCTP and
Megaprime DNA labeling system, dCTP (manufactured by
Amersham Bioscience).  Next, hybridization was carried
out in the following manner. Firstly, the above-
described nylon membrane was sealed in a roller
bottle, and pre-hybridization was  carried out at 65C
for 3 hours by adding 15 ml of a hybridization
solution [4 x SSPE, 5 30 x Denhaldt's solution, 0.5%
(w/v) SDS, 0.1 mg/ml sermon sperm DNA]. Next, the
32P-labeled probe DNA was denatured with heat, charged
into the bottle and heated  



overnight at 65C. After the hybridization, the nylon
membrane was soaked in 50 ml  of 2 x SSC-0.1% (w/v)
SDS and heated at 65C for 15 minutes. After repeating
the  above washing step twice, the nylon membrane was
soaked in 50 ml of 0.2 x SSC-0.1% 35 (w/v) SDS and
heated at 65C for 15 minutes. After washing, the nylon
membrane  was exposed to an X-ray film at 80C two
nights for development. After the -88 development, the
nylon membrane was boiled in a stripping solution [1%
SDS, 0.1 x  SSC] to release the probe and again
subjected to hybridization with different probe.  By
the above-described method, a fragment specific to
exon 2 of FUT8 gene was  detected in the genomic DNA
of each of the cell line CHO/DG44 and cell line CHO
SM. 5 Based on the above results, it was shown that
the genomic DNA samples transferred  onto the nylon
membrane, derived from the cell line CHO SM and cell
line CHO/DG44,  have the identical quality. On the
other hand, a probe specific to exon 5 of GMD gene was
prepared in  the following manner. Firstly, oligo DNA
primers (SEQ ID NOs:36 and 37) which  10 specifically
bind to the exon 5 were designed based on a
conventionally known human GMD genomic DNA sequence
(NCBI accession No. NT-034880). The region
corresponds to a region of the nucleotide number 346
to the nucleotide number 538 of  the human GMD cDNA
sequence represented by SEQ ID NO:39. Next, polymerase
chain reaction (PCR) was carried out by preparing 100
l of a reaction mixture [ExTaq 15 buffer (manufactured
by Takara Shuzo), 0.2 mmol/l of dNTPs and 2.5 [tmol/l
of the  above-described gene-specific primers (SEQ ID
NOs:36 and 37)] containing 10 ng of  the plasmid
pAGE249GMD described in Example 15 of WO02/31140. The
PCR was  carried out by heating at 94C for 5 minutes
and 30 cycles, one cycle consisting of  reaction at
94C for one minute, reaction at 58C for 2 minutes and
reaction at 72C for 20 3 minutes. After the PCR, the
reaction mixture was subjected to 2% agarose
electrophoresis, and a DNA fragment of approximately
200 bp was purified. Next, 25  ng of the thus obtained
DNA fragment was radiation-labeled using 1.75 MBq of
[a- 32P]dCTP and Megaprime DNA labeling system, dCTP
(manufactured by Amersham  Bioscience). Using the
probe, hybridization was carried out on the
above-described 25 nylon membrane. As a result, -a
fragment specific to exon 5 of GMD gene was found  in
the genomic DNA derived from the CHO/DG44 cell, while
a fragment specific to  exon 5 of GMD gene was not
detected in the genomic DNA derived from the cell line
CHO SM. Based on the above results, it was shown that
the cell line CHO SM is a  GMD-knockout cell in which
at least an exon 5-containing region among the GMD- 3
0 encoding genomic region was deleted. 



Example 8 Expression of recombinant antithrombin III
in cell line CHO SM:  1. Introduction of ATIH
expression plasmid into cell line CHO SM 35 The
plasmid pKAN-ATIII prepared in Example 2-3 was stably
introduced  into the cell line CHO SM prepared in
Example 7. The gene introduction was carried -89 out
by the following procedure in accordance with the
conventionally known  electroporation method
[Cytotechnology, 3, 133 (1990)]. Firstly, 30 g of the
plasmid  pKAN-ATIII was linearized by preparing 200 l
of a reaction mixture containing 20 pl  of NEBuffer 3
(manufactured by New England Biolabs) and 100 units of
a restriction 5 enzyme Mlul (manufactured by New
England Biolabs) and digesting at 37C for 16  hours.
After the reaction, the reaction mixture was purified
by phenol/chloroform  extraction treatment and ethanol
precipitation to thereby recover the linear plasmid.
Next, the cell line CHO SM obtained in Example 7 was
suspended in a K-PBS buffer  (137 mmol/l KCI, 2.7
mmolll NaCI, 8.1 mmoUl Na2HPO4, 1.5 mmol/l KH2PO4, 4.0
10 mmoi/l MgCl2) to prepare a suspension of 8x107
cells/ml. After 200 p1 of the cell  suspension (1.6x
106 cells) was mixed with 9 g of the above-described
linear plasmid, a  full volume of the cell-DNA mixture
was transferred into Gene Pulser Cuvette (2 mm in
inter-electrode distance, manufactured by BIO-RAD),
and gene introduction was carried  out using an
electroporation device Gene Pulser (manufactured by
BIO-RAD) under 15 conditions of 350 V in pulse voltage
and 250 gF in electric capacity. After carrying  out
the gene introduction, the cell suspension was
suspended in 30 ml of IMDM  medium (manufactured by
Life Technologies) supplemented with 10% fetal bovine
serum (manufactured by Life Technologies) and 50 g/ml
of gentamicin (manufactured  by Nacalai Tesque) and
inoculated at 100 l/well into 96-well 3 plates for
adherent cells 20 (manufactured by Greiner). The
culturing was carried out under conditions of 5% CO2
and 37C. 2. Obtaining of MTX-resistant cell line The
pKAN-ATIII-introduced cells obtained in the above were
cultured for 6  25 days, and then the culture
supernatants were discarded and the IMDM medium
supplemented with 10% dialyzed fetal bovine serum, 50
}tg/ml gentamicin and 50 nM  MTX (manufactured by
SIGMA) was dispensed at 100 l/well. The culturing was
continued for 9 days while repeating this medium
exchanging work at an interval of 3 to  4 days. Next,
the culturing was continued for 18 days while
repeating the medium 30 exchanging work using the IMDM
medium supplemented with 10% dialyzed fetal  bovine
serum, 50 pg/nil gentamicin and 200 nM MTX at an
interval of 3 to 4 days, and  



the finally formed colonies were inoculated into a 24
well plate (manufactured by  SIGMA). Subsequently, the
culturing was continued for 19 days while repeating
the  medium exchanging work using the IMDM medium
supplemented with 10% dialyzed 35 fetal bovine serum,
50 g/ml gentamicin and 500 nM MTX at an interval of 3
to 4 days,  optionally expanding the process to
thereby obtain cell lines resistant to 500 nM MTX. -90
3. Selection of cell line highly producing
antithrombin III From each of the several 500 nm
MTX-resistant cell lines obtained in the  above item,
1.0 x 106 cells were collected, suspended in 5 ml of
the IMDM medium  5 supplemented with 10% dialyzed
fetal bovine serum, 50 g/ml gentamicin and 500 nM MTX,
and then cultured by inoculating into a T25 flask.
Three days after the culturing,  the culture
supernatant was recovered, and the amount of ATIII
contained in the  supernatant was measured using ELISA
for antithrombin (ATIII) kit (manufactured by
Affinity Biological). As a result, it was confirmed
that the recombinant human 10 antithrombin III is
expressed in the culture supernatant at a
concentration of 513 ng/ml,  and this transformant was
named cell line pKAN-ATIII 1 GMDKO. Thereafter, a
recombinant antithrombin III having a sugar chain in
which  fucose is not bound to N-acetylglucosamine in
the reducing end was obtained by the  method described
in Example 4. In addition, by measuring biological
activities of the 15 antithrombin III by the method
described in Example 5, it was confirmed that the
recombinant antithrombin expressed in the GMD knockout
cell has significantly smaller  heparin dissociation
constant and significantly higher heparin cofactor
activity and  thrombin inhibition secondary rate
constant, than the recombinant antithrombin III
expressed in the CHO/DG44 cell. 20 Example 9
Expression of amino acid-modified recombinant
antithrombin III in cell line CHO SM:  1. Introduction
ofATIIINI35Q expression plasmid into cell line CHO SM
The plasmid pKAN-ATIIIN135Q prepared in Example 6-2
was introduced  25 into the cell line CHO-SM prepared
in Example 7. The gene introduction was carried  out
by the following procedure in accordance with the
conventionally known  electroporation method
[Cytotechnology, 3, 133 (1990)]. Firstly, 30 g of the
plasmid  pKAN-ATIIIN135Q was linearized by preparing
200 l of a reaction mixture  containing 20 l of
NEBuffer 3 (manufactured by New England Biolabs) and
100 unites 30 of a restriction enzyme MIuI
(manufactured by New England Biolabs) and digesting at
37C for 16 hours. After the reaction, the reaction
mixture was purified by  



phenol/chloroform extraction treatment and ethanol
precipitation to thereby recover the  linear plasmid.
Next, the cell line CHO SM obtained in Example 7 was
suspended in a  K-PBS buffer (137 mmol/l KCI, 2.7
mmol/l NaCl, 8.1 mmol/l Na2HPO4, 1.5 mmol/l 35 KH2PO4,
4.0 mmo/l MgC12) to prepare a suspension of 8 x 107
cells/ml. After 200.tl  of the cell suspension (1.6 x
106 cells) was mixed with 9 g of the above-described
-91 linear plasmid, a full volume of the cell-DNA
mixture was transferred into Gene Pulser  Cuvette (2
mm in inter-electrode distance, manufactured by
BIO-RAD), and gene  introduction was carried out using
an electroporation device Gene Pulser (manufactured
by BIO-RAD) under conditions of 350 V in pulse voltage
and 250 jiF in electric 5 capacity. After carrying out
the gene introduction, the cell suspension was
suspended  in 30 ml of IMDM medium (manufactured by
Life Technologies) supplemented with  10% fetal bovine
serum (manufactured by Life Technologies) and 50 tg/ml
of  gentamicin (manufactured by Nacalai Tesque) and
inoculated at 100 l/well into 3  plates of 96-wells
for adherent cells (manufactured by Greiner). The
culturing was  10 carried out under conditions of 5%
CO2 and 37C. 2. Obtaining of MTX-resistant cell line
The pKAN-ATIIIN135Q-introduced cells obtained in the
above item were  cultured for 6 days, and then the
culture supernatants were discarded and the IMDM  15
medium supplemented with 10% dialyzed fetal bovine
serum, 50 p.g/ml gentamicin and 50 nM MTX
(manufactured by SIGMA) was dispensed at 100 l/well.
The culturing  was continued for 9 days while
repeating this medium exchanging work at an interval
of  3 to 4 days. Next, the culturing was continued for
18 days while repeating the medium  exchanging work
using the IMDM medium supplemented with 10% dialyzed
fetal 20 bovine serum, 50 pg/ml gentamicin and 200 nM
MTX at an interval of 3 to 4 days, and  the finally
formed colonies were inoculated into a 24 well plate
(manufactured by  Greiner). Subsequently, the
culturing was continued for 19 days while repeating
the  medium exchanging work using the 1MDM medium
supplemented with 10% dialyzed  fetal bovine serum, 50
g/ml gentamicin and 500 nM MTX at an interval of 3 to
4 days, 25 optionally expanding the process to thereby
obtain cell lines resistant to 500 nM MTX. 3.
Selection of cell line highly producing ATIIIN135Q
From each of the several 500 nm MTX-resistant cell
lines obtained in the  above item, 1.0 x 106 cells
were collected, suspended in 5 ml of the IMDM medium
30 supplemented with 10% dialyzed fetal bovine serum,
50 gg/ml gentamicin and 500 nM MTX, and then cultured
by inoculating into a T25 flask. Three days after the
culture  supernatant was recovered, and the amount of
ATIIIN135Q contained in the supernatant  



was measured using ELISA for antithrombin (ATHI) kit
(manufactured by Affinity  Biological), to establish a
highly producing cell line. The method was carried out
in 35 accordance with the manual attached hereto, and
Neuart (manufactured by Mitsubishi  Pharma
Corporation) was used as the standard preparation.. As
a result, it was -92 confirmed that antithrombin III
is expressed in the culture supernatant of the thus
obtained antithrombin III expressing cell line, at a
concentration of 45.4 ng/ml, and this  transformant
was named cell line pKAN-ATIIIN135Q GMDKO. Thereafter,
a mutation type recombinant antithrombin III having a
sugar  5 chain in which fucose is not bound to
N-acetylglucosamine in the reducing end was  obtained
by the method described in Example 4, and it was
confirmed that the number  of the N-linked type sugar
chains was three. In addition, by measuring the
biological  activity of the antithrombin III by the
method described in Example 5, it was confirmed  that
the mutation type recombinant antithrombin III
expressed in the GMDKO cell has 10 significantly
smaller heparin dissociation constant and
significantly higher heparin  cofactor activity and
thrombin inhibition secondary rate constant, than the
mutation type  recombinant antithrombin III expressed
in the CHO/DG44 cell. Example 10 15 Expression of
recombinant antithrombin III in yeast: Although many
kinds of yeast are known, yeasts belonging to the
genus  Pichia and the genus Saccharomyces can be
exemplified as typical yeasts frequently  used as the
hosts for expressing recombinant proteins. In general,
it is known that the  principal structure of N-linked
type sugar chains to be added to the recombinant 20
proteins expressed by these yeasts is a high mannose
type sugar chain which has 2 N- acetylglucosamine
residues in the core residue of the reducing end, and
has 9 to several  tens of mannose residues and a few
to over 10 mannose 6-phosphate residues in the
branched region in the non-reducing end (Yeast, 19,
1191 (2002)). In addition, a high  mannose type sugar
chain having such a structure is often called hyper
mannose type  25 sugar chain. In Examples described
below, firstly described are preparation methods of
Pichia strains and Saccharomyces strains capable of
expressing an antithrombin III to  which a hybrid type
sugar chain, having an intermediate structure of high
mannose type  sugar chain and complex type sugar
chain, is mainly added as the N-linked type sugar  30
chain. 1. Preparation of a Pichia yeast strain in
which genomic PNO 1 enzyme gene is  disrupted 



Using genomic DNA of a Pichia yeast strain, such as
Pichia pastoris strain  35 GTS 115 (manufactured by
Invitrogen) as the template, a full sequence of the
translation region of PNO 1 (phosphomannosylation of
N-linked oligosaccharides 1) -93 gene (GenBank
accession number: AB099514) of the Pichia yeast is
amplified by PCR.  The thus amplified PNO 1 gene
sequence of approximately 3,200 bp, after replacing
its  5'-terminal half sequence by a yeast-derived
orotidine-5'-phosphate decarboxylase  (URA 3) gene
(GenBank accession number: AF321098), is inserted into
a vector such 5 as pCR2. I -TOPO vector (manufactured
by Invitrogen) to prepare a plasmid for PNO I  gene
disruption use. Next, 100 .xg of this plasmid is
linearized by using a restriction  enzyme, and then
stably introduced into the Pichia yeast such as GTS
115 by the  electroporation method described in Pichia
Expression Kit (manufactured by  Invitrogen). Next,
the gene-introduced yeast is cultured at room
temperature using 10 uracil-deleted YPD medium
(manufactured by Invitrogen), and genomic DNA is
extracted from each of the grown colonies.
Subsequently, by amplifying the sequence  of yeast PNO
1 locus by PCR using this genomic DNA as the template,
a yeast clone in  which the PNO 1 locus is disrupted
by homologous recombination is selected. By the  above
method, the principal structure of N-linked type sugar
chain expressed by the 15 Pichia yeast can be modified
into a high mannose type sugar chain which has 2 N-
acetylglucosamine residues in the core residue of the
reducing end, and has a structure  in which 9 to
several tens of mannose residues are bound to the
non-reducing end. 2. Preparation of a Pichia yeast
strain in which genomic a-1,6-mannosyltransferase  20
gene is disrupted Using genomic DNA of a Pichia yeast
strain, such as Pichia pastoris strain  X-33
(manufactured by Invitrogen) as the template,
a-1,6-mannosyltransferase (OCH 1)  gene (GenBank
accession number: AF540063) of the Pichia yeast is
amplified by PCR.  The thus amplified OCH 1 gene
sequence of approximately 2,800 bp, after
replacing.its 25 5'-terminal half sequence by a
yeast-derived orotidine-5'-phosphate decarboxylase
(URA 3) gene (GenBank accession number: AF321098), is
inserted into a vector such  as pCR2.1-TOPO vector
(manufactured by Invitrogen) to prepare a vector for
disruption  of OCH I gene. Next, 100 g of this vector
is linearized by using a restriction enzyme  SfiI
(manufactured by New England Biolabs), and then stably
introduced into a Pichia 30 strain, such as the PNO 1
gene-disrupted strain described in the above item or
Pichia  pastoris strain JC308, by the electroporation
method described in Pichia Expression Kit
(manufactured by Invitrogen). Next, the
gene-introduced yeast is cultured at room  temperature
using uracil-deleted YPD medium (manufactured by
Invitrogen), and  



genomic DNA is extracted from each of the grown
colonies. Subsequently, by 35 amplifying the sequence
of yeast OCH 1 locus by PCR using this genomic DNA as
the  template, a yeast clone strain in which the OCH 1
locus is disrupted by homologous -94 recombination is
selected. By the above method, the principal structure
of N-linked  type sugar chain expressed by the Pichia
yeast can be modified into a Man8 type high  mannose
type sugar chain which has 2 N-acetylglucosamine
residues in the core part of  the reducing end, and
has a structure in which 8 mannose residues are bound
to the non- 5 reducing end. 3. Preparation of Pichia
yeast strain into which recombinant chimeric a-1,2-
mannosidase gene is introduced Total RNA is extracted
from a round worm (Caenorhabditis elegans) using  10
RNeasy Mini Kit (manufactured by QIAGEN), and then
first-strand cDNA is prepared  using this RNA as the
template and using Superscript first-strand cDNA
synthesis kit  (manufactured by Invitrogen). Next, by
carrying out PCR using this cDNA as the  template and
using specific primers and KOD polymerase
(manufactured by Toyobo  Co., Ltd.), a cDNA encoding
the active domain of round worm a-1,2-mannosidase 15
(GenBank accession number: NM-073594) is specifically
amplified. The thus  amplified cDNA, after ligating a
cDNA sequence encoding the leader peptide of a yeast
a-mannosidase (MNS 1) gene (GenBank accession number:
M63598) to its 5'-terminal,  is inserted into a vector
such as expression vector pPICZ for yeast
(manufactured by  Invitrogen) to thereby prepare a
vector for expressing a-1,2-mannosidase in the yeast
20 endoplasmic reticulum. Next, this vector is stably
introduced by electroporation into  the
above-described Pichia yeast strain in which both of
the PNO I gene and OCH 1  gene are disrupted by
homologous recombination. The yeast after the gene
introduction is cultured at room temperature using YPD
medium (manufactured by  Invitrogen)_lacking uracil
and containing zeosine (manufactured by Invitrogen),
and 25 total RNA is extracted from each of the grown
colonies. Next a yeast clone strain in  which
expression of the recombinant chimeric
a-1,2-mannosidase is found is selected  by PCR using a
first-strand cDNA prepared from this total RNA as the
template. By  the above method, the principal
structure of N-linked type sugar chain expressed by
the  Pichia yeast can be modified into a Man5 type
high mannose type sugar chain which 30 has 2
N-acetylglucosamine residues in the core residue of
the reducing end, and has a  structure in which 5
mannose residues are bound to the non-reducing end. 4.
Preparation of Pichia yeast strain into which a
recombinant UDP-N- acetylglucosamine transporter gene
is introduced 



35 Total RNA is extracted from a yeast (Kluyveromyces
laths) using RNeasy  Mini Kit (manufactured by
QIAGEN), and then cDNA is prepared using this RNA as
-95 the template and using Superscript TM first-strand
eDNA synthesis kit (manufactured by  Invitrogen).
Next, by carrying out PCR using this cDNA as the
template and using  specific primers and KOD
polymerase (manufactured by Toyobo Co., Ltd.), a cDNA
encoding a full translation region of yeast
UDP-N-acetylglucosamine transporter 5 (GenBank
accession number: AF106080) is specifically amplified.
Next, the thus  amplified cDNA of approximately 3,700
bp is inserted between restriction enzymes  EcoRI
cleavage site and NotI cleavage site positioned at the
downstream of the alcohol  oxygenase promoter sequence
of a vector such as an expression vector pPIC3.5K for
yeast (manufactured by Invitrogen) to thereby prepare
a vector which expresses UDP 10 N-acetylglucosamine
transporter in the yeast Golgi body. Next, this vector
is stably  introduced by electroporation into the
a-1,2-mannosidase gene-introduced Pichia yeast  strain
described in the above item. The yeast after the gene
introduction is cultured at  room temperature using
YPD medium containing an agent G418 (manufactured by
Nacalai Tesque), and total RNA is extracted from each
of the grown colonies. 15 Thereafter, a yeast clone
strain in which expression of recombinant UDP-N-
acetylglucosamine transporter is found is selected by
PCR using eDNA prepared from  this total RNA as the
template. 5. Preparation of Pichia yeast strain into
which recombinant chimeric N- 20
acetylglucosaminyltransferase-I gene is introduced By
carrying out PCR using a human liver cDNA
(manufactured by  Clontech) as the template and using
specific primers and KOD polymerase  (manufactured by
Toyobo Co., Ltd.), a cDNA encoding the active domain
of N- acetylglucosaminyltransferase-I (GenBank
accession number: M55621) is specifically 25
amplified. The thus amplified eDNA, after ligating a
cDNA sequence encoding the  leader peptide of a yeast
mannosyltransferase (MNN 9) gene (GenBank accession
number: L23752) to its 5'-terminal, is inserted
between restriction enzymes KpnI  cleavage site and
Xbal cleavage site positioned at the downstream of the
alcohol  dehydrogenase promoter sequence of a vector
such as an expression vector pAUR123 30 for yeast
(manufactured by Takara Bio), to thereby prepare a
vector which expresses N-
acetylglucosaminyltransferase-I in the yeast Golgi
body. Next, this vector is  introduced into the
UDP-N-acetylglucosamine transporter gene-introduced
Pichia yeast  strain described in the above, by the
lithium acetate method described in the manual
attached to the expression vector pAUR123. The yeast
after the gene introduction is 



35 cultured at room temperature using YPD medium
containing an agent aurobrassidin A  (manufactured by
Takara Bio), and total RNA is extracted from each of
the grown -96 colonies. Next, a yeast clone strain in
which expression of the recombinant N-
acetylglucosaminyltransferase-I is found is selected
by PCR using a cDNA prepared  from this total RNA as
the template. By the above method, the principal
structure of  N-linked type sugar chain expressed by
the Pichia yeast can be modified into a hybrid 5 type
sugar chain having a structure in which one
N-acetylglucosamine residue is added  to the
non-reducing end of a Mans type high mannose type
sugar chain which has 2 N- acetylglucosamine residues
in the core residue of the reducing end, and has 5
mannose  residues bound to the non-reducing end. Thus,
preparation methods of Pichia yeast strains which
mainly express a  10 hybrid type sugar chain, namely
an intermediate structure of high mannose type sugar
chain and complex type sugar chain, as the N-linked
type sugar chain have been  described. In addition to
the above-described Pichia strains, yeasts belonging
to the  genus Saccharomyces can be exemplified as the
yeast frequently used as the host for  expressing
recombinant proteins. Preparation methods of a
Saccharomyces yeast 15 strain which mainly expresses a
hybrid type sugar chain as the N-linked type sugar
chain are described below. 6. Preparation of
Saccharomyces yeast strain in which a- 1,
6-mannosyltransferase gene  and
a-1,3-mannosyltransferase gene on the genome are
disrupted 20 In accordance with the method of Nakayama
et al. (EMBO Journal, 11,  2511 (1992)), a yeast clone
in which the OCH I locus is disrupted by homologous
recombination is selected. Haploid cells are induced
in accordance with the method of  Sherman et al.
(Methods in Enzymology, 194, 21 (1991)) from the
Saccharomyces yeast  strain in which the OCH 1 gene
locus is disrupted, and then mixed with haploid. cells
of 25 a mutant yeast strain LB1-10B in which the
a-1,3-mannosyltransferase (MINN 1) gene  is disrupted
(University of California), followed by culturing
under nitrogen-deficient  conditions to form diploid
zygotes. Next, the thus obtained zygotes are cultured
at  room temperature using YPD medium lacking uracil
and leucine, and genomic DNA is  extracted from each
of the grown colonies. Subsequently, a yeast clone
strain in which 30 both of the OCH 1 gene locus and
MNN 1 gene locus are disrupted is selected by
respectively amplifying sequence of the yeast OCH 1
locus (GenBank accession  number: AF540063) and
sequence of the MNN 1 locus (GenBank accession number:
AF540063L23753) through PCR using this genomic DNA as
the template. By the  above method, the principal
structure of N-linked type sugar chain expressed by
the 



35 Saccharomyces yeast can be modified into a Man8
type high mannose type sugar chain -97 which has 2
N-acetylglucosamine residues in the core residue of
the reducing end, and  has a structure in which 8
mannose residues are bound to the non-reducing end. 7.
Preparation of Saccharomyces yeast strain into which
recombinant chimeric a-1,2- 5 mannosidase gene is
introduced Total RNA is extracted from a fungus
(Aspergillus saitoi) using RNeasy  Mini Kit
(manufactured by QIAGEN), and then cDNA is prepared
using this RNA as  the template and using
SuperscriptTM first-strand cDNA synthesis kit
(manufactured by  Invitrogen). Next, by carrying out
PCR using this cDNA as the template and using 10
specific primers and KOD polymerase (manufactured by
Toyobo Co., Ltd.), a cDNA  encoding the full
translation region of fungal a-1,2-mannosidase
(GenBank accession  number: D49827) is specifically
amplified. After ligating a yeast endoplasmic
reticulum-specific signal peptide (EMBO Journal, 7,
913 (1988)), namely a cDNA  sequence encoding
histidine-aspartic acid-glutamic acid-leucine and a
translation 15 termination codon, to the 3'-terminal
of the thus amplified cDNA of approximately  1,500 bp,
from which its translation termination codon have been
eliminated, is inserted  into a vector such as
expression vector pPICZ for yeast (manufactured by
Invitrogen) or  the like, to thereby prepare a vector
for expressing a-1,2-mannosidase in the yeast
endoplasmic reticulum. Next, this vector is stably
introduced by electroporation into 20 the
above-described Saccharomyces yeast strain in which
the a-1,6- mannosyltransferase gene and the
a-1,3-mannosyltransferase gene are disrupted. The
yeast after the gene introduction is cultured at room
temperature using YPD medium  (manufactured by
Invitrogen) lacking uracil and containing zeosine
(manufactured by  Invitrogen), and total RNA is
extracted from each of the grown colonies. 25
Subsequently, a yeast clone strain in which expression
of the recombinant chimeric a- 1,2-mannosidase is
found is selected by PCR using a cDNA prepared from
this total  RNA as the template. By the above method,
the principal structure of N-linked type  sugar chain
expressed by the Saccharomyces yeast can be modified
into a Mans type  high mannose type sugar chain which
has 2 N-acetylglucosamine residues in the core 30
residue of the reducing end, and has a structure in
which 5 mannose residues are bound  to the
non-reducing end. 8. Preparation of Saccharomyces
yeast strain into which a recombinant UDP-N-
acetylglucosamine transporter gene is introduced 35
Total RNA is extracted from a yeast (Kluyveromyces
lactis) using RNeasy  Mini Kit (manufactured by
QIAGEN), and then cDNA is prepared using this RNA as 



-98 the template and using Superscript first-strand
eDNA synthesis kit (manufactured by  Invitrogen).
Next, by carrying out PCR using this cDNA as the
template and using  specific primers and KOD
polymerase (manufactured by Toyobo Co., Ltd.), a eDNA
encoding a full translation region of yeast
UDP-N-acetylglucosamine transporter 5 (GenBank
accession number: AF106080) is specifically amplified.
Next, the thus  amplified cDNA of approximately 3,700
bp is inserted between restriction enzymes  EcoRI
cleavage site and NotI cleavage site positioned at the
downstream of the alcohol  oxygenase promoter sequence
of a vector such as an expression vector pPIC3.5K for
yeast (manufactured by Invitrogen), to thereby prepare
a vector which expresses UDP 10 N-acetylglucosamine
transporter in the yeast Golgi body. Next, this vector
is stably  introduced by electroporation into the
a-1,2-mannosidase gene-introduced  Saccharomyces
strain described in the above item. The yeast after
the gene  introduction is cultured at room temperature
using YPD medium containing an agent  G418
(manufactured by Nacalai Tesque), and total RNA is
extracted from each of the 15 grown colonies.
Thereafter, a yeast clone strain in which expression
of recombinant  UDP-N-acetylglucosamine transporter is
found is selected by PCR using eDNA  prepared from
this total RNA as the template. 9. Preparation of
Saccharomyces yeast strain into which recombinant
chimeric N- 20 acetylglucosaminyltransferase-I gene is
introduced By carrying out PCR using a human liver
cDNA (manufactured by  Clontech) as the template and
using specific primers and KOD polymerase
(manufactured by Toyobo Co., Ltd.), a eDNA encoding
the active domain of N-
acetylglucosaminyltransferase-I (GenBank accession
number: M55621) is specifically 25 amplified. The thus
amplified cDNA, after ligating a eDNA sequence
encoding the  leader peptide of a yeast
mannosyltransferase (MNN 9) gene (GenBank accession
number: L23752) to its 5'-terminal, is inserted
between restriction enzymes KpnI  cleavage site and
Xbal cleavage site positioned at the downstream of the
alcohol  dehydrogenase promoter sequence of a vector
such as an expression vector pAUR123 30 for yeast
(manufactured by Takara Bio), to thereby prepare a
vector which expresses N-
acetylglucosaminyltransferase-I in the yeast Golgi
body. Next, this vector is  introduced into the
UDP-N-acetylglucosamine transporter gene-introduced
Saccharomyces yeast strain described in the above
item, by the lithium acetate method  described in the
manual attached to the expression vector pAUR123. The
yeast after 35 the gene introduction is cultured at
room temperature using YPD medium containing an  agent
aurobrassidin A (manufactured by Takara Bio), and
total RNA is extracted from 



-99 each of the grown colonies. Next, a yeast clone
strain in which expression of the  recombinant
N-acetylglucosaminyltransferase-I is found is selected
by PCR using a  cDNA prepared from this total RNA as
the template. By the above method, the  principal
structure of N-linked type sugar chain expressed by
the Saccharomyces yeast 5 can be modified into a
hybrid type sugar chain having a structure in which
one N- acetylglucosamine residue is added to the
non-reducing end of a Man5 type high  mannose type
sugar chain which has 2 N-acetylglucosamine residues
in the core residue  of the reducing end, and has 5
mannose residues bound to the non-reducing end. Thus,
preparation methods of Pichia yeast strains or
Saccharomyces yeast  10 strains which mainly express a
hybrid type sugar chain in which one N-
acetylglucosamine residue is added to the non-reducing
end of a Man5 type high  mannose type sugar chain, as
the N-linked type sugar chain have been described. The
preparation methods of a recombinant human
antithrombin III mainly having a hybrid  type sugar
chain as the N-linked type sugar chain are described
below. 15 10. Preparation of recombinant human
antithrombin III expression vector In accordance with
the method of Yamauchi et al. (Bioscience,
Biotechnology and Biochemistry, 56, 600 (1992)), a
cDNA encoding the full length  mature type human
antithrombin III is specifically amplified by PCR
using a human 20 liver cDNA (manufactured by Clontech)
as the template and KOD polymerase  (manufactured by
Toyobo Co., Ltd.) as the enzyme for amplification.
Thereafter, the  thus obtained cDNA is inserted
between restriction enzymes ClaI cleavage site and
Xbal cleavage site positioned at the downstream of the
alcohol oxygenase promoter  sequence of a vector such
as an expression vector pPIC6a for yeast (manufactured
by 25 Invitrogen), to thereby prepare a vector
pPIC6a/hATIII which expresses and secretes  the mature
type human antithrombin III. 11. Preparation of yeast
strain into which recombinant human antithrombin III
gene is  introduced 30 A linearized vector is prepared
from 100 g of the vector pPIC60/hATIII  which
expresses and secretes the mature type human
antithrombin III described in the  above, by digesting
inside of the HIS4 gene with a restriction enzyme Sall
(manufactured by New England Biolabs) and subjecting
the resulting fragments to  phenol/chloroform
extraction and ethanol precipitation. Next, in
accordance with the 35 method of Mochizuki et al.
(Protein Expression and Purification, 23, 55 (2001)),
this  linearized antithrombin III expression vector is
introduced by the lithium acetate 



- 100  method into the Pichia yeast strain capable of
expressing mainly a hybrid type sugar  chain as the
N-linked type sugar chain described in the
above-described item 5 of this  Example or the
Saccharomyces yeast strain capable of expressing
mainly a hybrid type  sugar chain as the N-linked type
sugar chain described in the above 9 of this Example.
5 The yeast after the gene introduction is cultured at
room temperature using YPD  medium (manufactured by
Invitrogen) containing an agent blasticidin
(manufactured by  Invitrogen) to obtain
blasticidin-resistant colonies. Next, each of the
blasticidin- resistant colonies is inoculated into
liquid YPD medium (manufactured by Invitrogen)  to
carry out batch culturing at 30C for 24 hours or more.
The culture supernatant 10 obtained after the
culturing is analyzed using a human plasma-derived
antithrombin III  medical preparation Neuart
(manufactured by Mitsubishi Pharma Corporation) or the
like as the standard substance and using Human
Antithrombin III ELISA Kit  (manufactured by Affinity
Biologicals). By this analysis, it is possible to
detect the  recombinant human antithrombin III
contained in culture supernatant and to measure its 15
concentration, This recombinant antithrombin III
having a hybrid type sugar chain  which does not
contain fucose as the N-linked type sugar chain,
secreted into the yeast  culture supernatant, can be
purified by the method described in Example 4. In
addition,  the sugar chain structure of the purified
antithrombin III protein can be analyzed by the
method described in Example 4. 20 Thus, it has been
described that a recombinant human antithrombin III
mainly having a hybrid type sugar chain which does not
contain fucose as the N-linked  type sugar chain can
be prepared by using, as the host, a Pichia yeast
strain which  mainly expresses a hybrid type sugar
chain in which one N-acetylglucosamine residue is
added to the non-reducing end of a Man5 type high
mannose type sugar chain, as the N 25 linked type
sugar chain, or a Saccharomyces yeast strain modified
in the same manner.  Next, methods for preparing yeast
strains expressing a recombinant human antithrombin
III mainly having a complex type double-strand sugar
chain as the N-linked type sugar  chain which does not
contain fucose, using this yeast strain expressing a
recombinant  human antithrombin III mainly having a
hybrid type sugar chain as the N-linked type  30 sugar
chain are described below. 12. Preparation of yeast
strain into which a recombinant chimeric a-mannosidase
11  gene is introduced By carrying out PCR using a
cDNA derived from a human tissue, for  35 example,
derived from the liver (manufactured by Clontech) as
the template and using  specific primers and KOD
polymerase (manufactured by Toyobo Co., Ltd.), a cDNA 



- 101  encoding the active domain of a-mannosidase II
(GenBank accession number: U31520)  is specifically
amplified. The thus amplified cDNA, after ligating a
cDNA sequence  encoding the leader peptide of a yeast
mannosyltransferase (MNN 9) gene (GenBank  accession
number: L23752) to its 5'-terminal, is inserted into
downstream of the 5 promoter sequence of an expression
vector for yeast, to thereby prepare a vector which
expresses a-mannosidase II in the yeast Golgi body.
Next, this vector is stably  introduced into the yeast
strain described in the above item 11 of this Example,
which  expresses a recombinant human antithrombin III
mainly having a hybrid type sugar  chain as the
N-linked type sugar chain. A clone of the yeast after
the gene introduction 10 is selected based on its
auxotrophy and drug resistance, and then expression of
the  chimeric a-mannosidase II is confirmed by RT-PCR.
13. Preparation of yeast strain into which recombinant
chimeric N- acetylglucosaminyltransferase-II gene is
introduced 15 By carrying out PCR using a cDNA derived
from a human tissue, for  example, derived from the
liver (manufactured by Clontech) as the template and
using  specific primers and KOD polymerase
(manufactured by Toyobo Co., Ltd.), a cDNA  encoding
the active domain of
N-acetylglucosaminyltransferase-II (GenBank accession
number: U15128) is specifically amplified. The thus
amplified cDNA, after ligating a 20 cDNA sequence
encoding the leader peptide of a yeast
mannosyltransferase (MNN 9)  gene (GenBank accession
number: L23752) to its 5'-terminal, is inserted into
downstream of the promoter sequence of an expression
vector for yeast, to thereby  prepare a vector which
expresses N-acetylglucosaminyltransferase-H in the
yeast Golgi  body. Next, this vector is stably
introduced into the yeast strain described in the
above 25 item in which a chimeric a-mannosidase II
have been stably introduced into a yeast  strain
expressing a recombinant human antithrombin III mainly
having a hybrid type  sugar chain as the N-linked type
sugar chain. A clone of the yeast after the gene
introduction is selected based on its auxotrophy and
drug resistance, and then  expression of the chimeric
N-acetylglucosaminyltransferase-II is confirmed by
RT-PCR. 30 By the above method, the principal
structure of N-linked type sugar chain possessed by
the gene recombinant antithrombin III expressed by the
yeast strain into which the  chimeric
N-acetylglucosaminyltransferase-II is stably
introduced can be modified into a  complex type
double-strand sugar chain which does not contain
fucose, having two N- acetylglucosamine residues in
the core region of the reducing end and having a
structure 35 in which three mannose residues are bound
to its non-reducing end through a bi - 102  



branched structure, and one N-acetylglucosamine
residue is added to each of the two  non-reducing
termini. 14. Preparation of yeast strain into which a
recombinant UDP-galactose transporter gene  5 is
introduced By carrying out PCR using a cDNA derived
from a human tissue, for  example, derived from the
liver (manufactured by Clontech) as the template and
using  specific primers and KOD polymerase
(manufactured by Toyobo Co., Ltd.), a cDNA  encoding
the full translation region of UDP-galactose
transporter (GenBank accession 10 number: AB042425) is
specifically amplified. The thus amplified cDNA is
inserted  into downstream of the promoter sequence of
an expression vector for yeast, to thereby  prepare a
vector which expresses UDP-galactose transporter in
the yeast Golgi body.  Next, this vector is stably
introduced into the yeast strain described in the
above, which  expresses a recombinant human
antithrombin III mainly having an immature complex 15
type biantennary sugar chain. A clone of the yeast
after the gene introduction is  selected based on its
auxotrophy and drug resistance, and then expression of
the UDP- galactose transporter is confirmed by RT-PCR.
15. Preparation of yeast strain into which recombinant
chimeric 0-1,4- 20 galactosyltransferase gene is
introduced By carrying out PCR using a cDNA derived
from a human tissue, for  example, derived from the
liver (manufactured by Clontech) as the template and
using  specific primers and KOD polymerase
(manufactured by Toyobo Co., Ltd.), a cDNA  encoding
R-1,4-galactosyltransferase (GenBank accession number:
- M22921) is 25 specifically amplified. The thus
amplified cDNA, after ligating a cDNA sequence
encoding the leader peptide of a yeast
mannosyltransferase (MNN 9) gene (GenBank  accession
number: L23752) to its 5'-terminal, is inserted into
downstream of the  promoter sequence of an expression
vector for yeast, to thereby prepare a vector which
expresses 0-1,4-galactosyltransferase in the yeast
Golgi body. Next, this vector is 30 stably introduced
into the yeast strain described in the above item in
which a chimeric  0-1,4-galactosyltransferase has been
stably introduced into a yeast strain expressing a
recombinant human antithrombin III mainly having an
immature complex type  biantennary sugar chain as the
N-linked type sugar chain. A clone of the yeast after
the gene introduction is selected based on its
auxotrophy and drug resistance, and then 35 expression
of the chimeric 0-1,4-galactosyltransferase is
confirmed by RT-PCR. By  the above method, the
principal structure of N-linked type sugar chain
possessed by the -103 gene recombinant antithrombin
III expressed by the yeast strain into which the
chimeric  



0-1,4-galactosyltransferase is introduced can be
modified into an immature complex  type double-strand
sugar chain having two N-acetylglucosamine residues in
the core  region of the reducing end and having a
structure in which three mannose residues are 5 bound
to its non-reducing end through a bi-branched
structure, and one N- acetylglucosamine residue is
added to each of the two non-reducing termini. 16.
Preparation of yeast strain into which a recombinant
CMP-sialic acid transporter  gene is introduced 10 By
carrying out PCR using a cDNA derived from a human
tissue, for  example, derived from the liver
(manufactured by Clontech) as the template and using
specific primers and KOD polymerase (manufactured by
Toyobo Co., Ltd.), a cDNA  encoding the full
translation region of CMP-sialic acid transporter
(GenBank accession  number: D87969) is specifically
amplified. The thus amplified cDNA is inserted into 15
downstream of the promoter sequence of an expression
vector for yeast, to thereby  prepare a vector which
expresses CMP-sialic acid transporter in the yeast
Golgi body.  Next, this vector is stably introduced
into the yeast strain described in the above-
described item, which expresses a recombinant human
antithrombin III mainly having  an immature
biantennary sugar chain as the N-linked type sugar
chain. A clone of the 20 yeast after the gene
introduction is selected based on its auxotrophy and
drug resistance,  and then expression of the
CMP-sialic acid transporter is confirmed by RT-PCR.
17. Preparation of yeast strain into which recombinant
chimeric sialyltransferase gene is  introduced 25 By
carrying out PCR using a cDNA derived from a human
tissue, for"  example, derived from the liver
(manufactured by Clontech) as the template and using
specific primers and KOD polymerase (manufactured by
Toyobo Co., Ltd.), a cDNA  encoding the active domain
of a2,3-sialyltransferase (GenBank accession number:
L23768) or a2,6-sialyltransferase (GenBank accession
number: X62822) is specifically 30 amplified. The thus
amplified cDNA, after ligating a cDNA sequence
encoding the  leader peptide of a yeast
mannosyltransferase (MNN 9) gene (GenBank accession
number: L23752) to its 5'-terminal, is inserted into
downstream of the promoter  sequence of an expression
vector for yeast, to thereby prepare a vector which
expresses  sialyltransferase in the yeast Golgi body.
Next, this vector is stably introduced into the 35
yeast strain described in the above item in which a
chimeric sialyltransferase has been  stably introduced
into a yeast strain expressing a recombinant human
antithrombin III - 104  mainly having an immature
complex type double-strand sugar chain as the N-linked
type sugar chain. A clone of the yeast after the gene
introduction is selected based on  



its auxotrophy and drug resistance, and then
expression of the chimeric sialyltransferase  is
confirmed by RT-PCR. By the above method, the
principal structure of N-linked 5 type sugar chain
possessed by the gene recombinant antithrombin III
expressed by the  yeast strain into which the chimeric
sialyltransferase is stably integrated can be
modified into a mature complex type biantennary sugar
chain having two N- acetylglucosamine residues in the
core region of the reducing end and having a structure
in which three mannose residues are bound to its
non-reducing end through a bi 10 branched structure,
and one N-acetylglucosamine residue, one galactose
residue and one  sialic acid are respectively added to
each of the two non-reducing termini. 18. Preparation
of recombinant antithrombin III protein using yeast
The yeast strain expressing a recombinant antithrombin
III mainly having a  15 complex type double-strand
sugar chain in which no fucose residue is bound to the
reducing end and sialic acid is added to the
non-reducing end, prepared in the above  item, is
inoculated into liquid YPD medium (manufactured by
Invitrogen) and subjected  to batch culturing at 30C
for 24 hours or more to secret the recombinant
antithrombin  III into the culture supernatant. The
culture supernatant obtained after the culturing is 20
analyzed by Human Antithrombin III ELISA Kit
(manufactured by Affinity  Biologicals) using a human
plasma-derived antithrombin III Neuart (manufactured
by  Mitsubishi Pharma Corporation) or the like as the
standard substance. By this analysis,  it is able to
detect recombinant antithrombin III contained in the
culture supernatant and  to measure its concentration.
In addition, the recombinant antithrombin III mainly
25 having a complex type biantennary sugar chain as
the N-linked sugar chain which does  not contain
fucose, secreted into this yeast culture supernatant
can be purified by the  method described in Example 4.
Also, the sugar chain structure of the purified
antithrombin III protein can be analyzed by the method
described in Example 4. Thus, it is shown that a
recombinant antithrombin III mainly having a  30
complex type sugar chain as the N-glycoside-linked
sugar chain which does not contain  fucose can be
prepared by preparing a yeast strain expressing a
recombinant  antithrombin III mainly having a complex
type sugar chain as the N-glycoside-linked  sugar
chain which does not contain fucose, and culturing the
yeast. In this connection,  the antithrombin III
expressed by the yeast in this Example is a protein
having 35 equivalent biological activities in
comparison with those of the antithrombin III -105
expressed by the FUT8 double knockout cell and the
antithrombin III derived from  human plasma.
INDUSTRIAL APPLICABILITY 



5 The present invention provides a process for
producing an antithrombin III  composition comprising
an antithrombin III molecule having complex type N-
glycoside-linked sugar chains, wherein the complex
type N-glycoside-linked sugar  chains have a structure
in which fucose is not bound to N-acetylglucosamine in
the  reducing end in the sugar chains. 10 Free Text of
Sequence Listing: SEQ ID NO:20 - Explanation for
synthetic sequence : Synthetic DNA  SEQ ID NO:21 -
Explanation for synthetic sequence : Synthetic DNA
SEQ ID NO:22 - Explanation for synthetic sequence :
Synthetic DNA 15 SEQ ID NO:23 - Explanation for
synthetic sequence : Synthetic DNA  SEQ ID NO:24 -
Explanation for synthetic sequence : Synthetic DNA
SEQ ID NO:25 - Explanation for synthetic sequence :
Synthetic DNA  SEQ ID NO:26 - Explanation for
synthetic sequence : Synthetic DNA  SEQ ID NO:27 -
Explanation for synthetic sequence : Synthetic DNA 20
SEQ ID NO:28 - Explanation for synthetic sequence :
Synthetic DNA  SEQ ID NO:29 - Explanation for
synthetic sequence : Synthetic DNA  SEQ ID NO:30
-Explanation for synthetic sequence : Synthetic DNA
SEQ ID NO:31 - Explanation for synthetic sequence :
Synthetic DNA  SEQ ID NO:32 - Explanation for
synthetic sequence : Synthetic DNA 25 SEQ ID NO:33 -
Explanation for synthetic sequence : Synthetic DNA
SEQ ID NO:34 - Explanation for synthetic sequence :
Synthetic DNA  SEQ ID NO:35 - Explanation for
synthetic sequence : Synthetic DNA  SEQ ID NO:36 -
Explanation for synthetic sequence : Synthetic DNA
SEQ ID NO:37 - Explanation for synthetic sequence :
Synthetic DNA CLAIMS 1. A process for producing an
antithrombin III composition, which  comprises
culturing, in a medium, a transformant obtained by
introducing a DNA  encoding antithrombin III into a
host cell modified by gene recombination to form and
accumulate, in the culture, an antithrombin III
composition comprising an antithrombin  III molecule
having complex type N-glycoside-linked sugar chains,
wherein the  complex type N-glycoside-linked sugar
chains have a structure in which fucose is not  bound
to N-acetylglucosamine in the reducing end in the
sugar chains; and recovering  the antithrombin III
composition from the culture. 2. The process according
to claim 1, wherein the complex type N-
glycoside-linked sugar chains have a structure in
which 1-position of fucose is not  



bound to 6-position of N-acetylglucosamine in the
reducing end in the sugar chains. 3. The process
according to claim 1 or 2, wherein the host cell is a
host cell  in which genome is modified so as to have
deleted activity of an enzyme relating to  synthesis
of an intracellular sugar nucleotide, GDP-fucose, or
an enzyme relating to the  modification of a sugar
chain in which 1-position of fucose is bound to
6-position of N- acetylglucosamine in the reducing end
through a-bond in a complex type N-glycoside- linked
sugar chain. 4. The process according to any one of
claims 1 to 3, wherein the host cell  is a host cell
in which all of alleles on a genome encoding an enzyme
relating. to  synthesis of an intracellular sugar
nucleotide, GDP-fucose, or an enzyme relating to the
modification of a sugar chain in which 1-position of
fucose is bound to 6-position of N- acetylglucosamine
in the reducing end through a-bond in a complex type
N-glycoside- linked sugar chain have been knocked out.
5. The process according to claim 3 or 4, wherein the
enzyme relating to the  synthesis of an intracellular
sugar nucleotide, GDP-fucose is an enzyme selected
from  the group consisting of GDP-mannose
4,6-dehydratase (GMD) and GDP-4-keto-6-
deoxy-D-mannose-3,5-epimerase (Fx). - 107  6. The
process according to claim 5, wherein the GDP-mannose
4,6- dehydratase is a protein encoded by a DNA
selected from the group consisting of the  following
(a) and (b): (a) a DNA comprising the nucleotide
sequence represented by SEQ ID NO:7;  (b) a DNA which
hybridizes with the DNA consisting of the nucleotide
sequence represented by SEQ ID NO:7 under stringent
conditions and which encodes a  protein having
GDP-mannose 4,6-dehydratase activity. 7. The process
according to claim 5, wherein the GDP-mannose 4,6-
dehydratase is a protein selected from the group
consisting of (a), (b) and (c): (a) a protein
comprising the amino acid sequence represented by SEQ
ID NO:8;  (b) a protein consisting of an amino acid
sequence in which one or more amino  acid residue(s)
are deleted, substituted, inserted and/or added in the
amino acid  sequence represented by SEQ ID NO:8 and
having GDP-mannose 4,6-dehydratase  activity; (c) a
protein consisting of an amino acid sequence which has
80% or more  homology to the amino acid sequence
represented by SEQ ID NO:8 and having GDP- mannose
4,6-dehydratase activity. 8. The process according to
claim 5, wherein the GDP-4-keto-6-deoxy-D- 



mannose-3,5-epimerase is a protein encoding a DNA
selected from the group consisting  of the following
(a) and (b): (a) a DNA comprising the nucleotide
sequence represented by SEQ ID NO:9;  (b) a DNA which
hybridizes with the DNA consisting of the nucleotide
sequence represented by SEQ ID NO:9 under stringent
conditions and which encodes a  protein having
GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase activity.
9. The process according to claim 5, wherein the
GDP-4-keto-6-deoxy-D- mannose-3,5-epimerase is a
protein selected from the group consisting of (a), (b)
and  (c): (a) a protein comprising the amino acid
sequence represented by SEQ ID  NO:10; (b) a protein
consisting of an amino acid sequence in which one or
more amino  acid residue(s) are deleted, substituted,
inserted and/or added in the amino acid  sequence
represented by SEQ ID NO: 10 and having
GDP-4-keto-6-deoxy-D-mannose- 3,5-epimerase activity;
- 108  (c) a protein consisting of an amino acid
sequence which has 80% or more  homology to the amino
acid sequence represented by SEQ ID NO: 10 and having
GDP- 4-keto-6-deoxy-D-mannose-3,5-epimerase activity.
10. The process according to claim 3 or 4, wherein the
enzyme relating to  the modification of a sugar chain
in which 1-position of fucose is bound to 6-position
of  N-acetylglucosamine in the reducing end through
a-bond in a complex type N- glycoside-linked sugar
chain is a1,6-fucosyltransferase. 11. The process
according to claim 10, wherein the
al,6-fucosyltransferase  is a protein encoded by a DNA
selected from the group consisting of the following
(a)  to (d): (a) a DNA comprising the nucleotide
sequence represented by SEQ ID NO: 11;  (b) a DNA
comprising the nucleotide sequence represented by SEQ
ID NO: 12;  (c) a DNA which hybridizes with a DNA
consisting of the nucleotide sequence  represented by
SEQ ID NO: 11 under stringent conditions and which
encodes a protein  having al,6-fucosyltransferase
activity; (d) a DNA which hybridizes with a DNA
consisting of the nucleotide sequence  represented by
SEQ ID NO: 12 under stringent conditions and which
encodes a protein  having al,6-fucosyltransferase
activity. 12. The process according to claim 10,
wherein the a1,6-fucosyltransferase  is a protein
selected from the group consisting of the following
(a) to (f): 



(a) a protein comprising the amino acid sequence
represented by SEQ ID NO:13;  (b) NO: 14; (c) a
protein comprising the amino acid sequence represented
by SEQ ID a protein consisting of an amino acid
sequence in which one or more amino acid residue(s)
are deleted, substituted, inserted and/or added in the
amino acid  sequence represented by SEQ ID NO: 13 and
having a 1, 6-fucosyltransferase activity; (d) a
protein consisting of an amino acid sequence in which
one or more amino  acid residue(s) are deleted,
substituted, inserted and/or added in the amino acid
sequence represented by SEQ ID NO: 14 and having a 1,
6-fucosyltransferase activity; (e) a protein
consisting of an amino acid sequence having a homology
of 80%  or more with the amino acid sequence
represented by SEQ ID NO: 13 and having cc 1,6-
fucosyltransferase activity; -109 (f) a protein
consisting of an amino acid sequence having a homology
of 80%  or more with the amino acid sequence
represented by SEQ ID NO: 14 and having (x1,6-
fucosyltransferase activity. 13. The process according
to any one of claims 1 to 4, wherein the  transformant
is FERM BP-08472, FERM BP-10083, FERM BP-10084, FERM
BP- 10088 or FERM BP-10089. 14. The process according
to any one of claims 1 to 12, wherein the host  cell
is a cell selected from the group consisting of the
following (a) to 0): a CHO cell derived from a Chinese
hamster ovary tissue;  a rat myeloma cell line
YB2/3HL.P2.G11.16Ag.20 cell;  a mouse myeloma cell
line NSO cell; a mouse myeloma cell line SP2/0-Agl4
cell; a BHK cell derived from a Syrian hamster kidney
tissue;  a human leukemic cell line Namalwa cell; an
embryonic stem cell;  a fertilized egg cell; a plant
cell;  yeast. 15. The process according to any one of
claims 1 to 14, wherein the  antithrombin III
composition has complex type N-glycoside-linked sugar
chains, and  



the complex type N-glycoside-linked sugar chains have
a structure in which fucose is  not bound to
N-acetylglucosamine in the reducing end in the sugar
chains. 16. The process according to any one of claims
1 to 15, wherein the  complex type N-glycoside-linked
sugar chains have a structure in which 1-position of
fucose is not bound to 6-position of
N-acetylglucosamine in the reducing end in the  sugar
chains. 17. The process according to any one of claims
1 to 16, wherein the  antithrombin III is a
polypeptide comprising the amino acid sequence
represented by  SEQ ID NO:4. - 110  18. The process
according to any one of claims 1 to 17, wherein the
antithrombin III is a polypeptide consisting of an
amino acid sequence in which one or  more amino acid
residue(s) are deleted, substituted, inserted and/or
added in the amino  acid sequence represented by SEQ
ID NO:4 and having heparin binding activity. 19. The
process according to any one of claims 1 to 18,
wherein the  antithrombin III is a polypeptide
consisting of an amino acid sequence which has 80%  or
more homology to the amino acid sequence represented
by SEQ ID NO:4 and having  heparin binding activity.
20. The process according to any one of claims 1 to
19, wherein the  antithrombin III is a polypeptide
encoded by a DNA selected from the group consisting
of the following (a) and (b): (a) a DNA comprising the
nucleotide sequence represented by SEQ ID NO:1;  (b) a
DNA which hybridizes with the DNA consisting of the
nucleotide  sequence represented by SEQ ID NO:1 under
stringent conditions and which encodes a  protein
having heparin binding activity. 21. The process
according to any one of claims 1 to 20, wherein the
antithrombin III is derived from a mammal. 22. An
antithrombin III composition which is obtained by the
process  according to any one of claims 1 to 21. 23. A
medicament which comprises the antithrombin III
composition  according to claim 22 as an active
ingredient. 24. The medicament according to claim 23,
which is an agent for  diagnosing, preventing or
treating diseases accompanied with blood coagulation. 






