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SPECIFICATION

a—-1,3-FUCOSYLTRANSFERASE

FIELD OF THE INVENTION

The present invention relates to a novel species of a-
1,3—fucosyltransferase,. a cDNa coding for the fucosyl-
transferase, a recombinant vector containing the cDNA as an
insert and a cell harboring the recombinant vector as Qéll as
method of producing same. The inyention further relates to a
method of producing carbohydrate chains using the fucosyl?
transferase and to a method of producing carbohydrate chains
through production of the fu;osyltrénsferase in transformed
cells. Still further, the invention relates to a method of
detecting the fucosyltransferase and a method of inhibiting the
production of the fucosyltransferése, both using DNA coding for
the a—1,3—fucosyltransferase of the invention. The a-l,B;
fucosyltransferase of the invention is useful, in particular,
in the production of carbohydrate chains having a useful-
physiological activity, for example sialyl Lewis x, and
modifications thereof. '

BACKGROUND ART

While proteins produced in prokaryotes, for example
Escherichia coli, have no carbohydréte chain, proteins and
lipids.prodﬁced in eukaryéfes,'such as yeast, fungi, plant
cells and animal cells, have a carbohydrate chain bound thereto

in many instances.

Carbohydrate chains bound to proteins in animal cells
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include N-glycoside bond type carbohydrate chains (also called
N-glycans) bound to an asparagine (Asn) residue in the protein
and O-glycoside bond type carbohydrate chains (also called O-
glycans) bound to a serine (Sef) or threonine (Thr) residue.
It has recently been reveaied that a certain kind of 1lipid
containing a carbohydrate chain is covalently bound to a number
of proteins and that those proteins are attached to the cell
membrane through the lipid. This carbohydrate chain-containing
lipid is called glycosyl phosphatidylinositol anchor.

Other carbohydrate chains, including
glycosaminoglycans, are . also present in animal cells.
Compounds comprising .a protein covalently . bound té a
glycosaminoglycan are called proteoglycans. The
glycosaminoglycans constituting the carbohydrate chains of
proteoglycans are similar in structure to O-glycans, which are
carbohydrate chains of glycoproteins, but differ chemically
therefrom. Glycosaminoglycans comprise repeéting disaccharide
units composed of glucosamine or galactosamine and a uronic
acid (except for keratan su;fate which has no uronic acid
residue) having sulfate residues covalently bound thereto
(except for hyaluronic acid which has no sulfété residue).

Further carbohydrate chains in animal cells are present
in substancés called glycoiipids. Sphingoglycolipids are one
type of glycolipid present in animal cells. Sphiﬁgoglycolipids
are éomposed of a carbohydrate, a long-chain fatty acid and

sphingosine, a long-chain base, covalently bound together.
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Glyceroglycolipids are composed of a carbohydrate chain and
glycerol covalently bound together.

Recent advances in molecular biology and cellular
bioclogy have made it possible to clarify the functions of
carbohydrate chains. To date, a variety of functions of
carbohydrate chains have been elucidated. First, carbohydrate
chains play an important role in the clearance of gl?coproteins
in blood. It is known that erythropoietin produced by
introducing the relevant gene into Escherichia coli retains
actiQity_ig;gi;;g but undergoes rapid clearance in vivo [Dordal

et al.: Endocrinology, 116, 2293 (1985) and Browne et al.: Cold

Spring Harbor Symposia on Quantitative Biology, 51, 693
(1986)]. It is known that while native human granulocyte-
macrophage colony sfimulating factor (hGM-CSF) has two
carbohydrate chains of the N%glycoside bond type, a reduction
in the number of carbohydrate chains results in a proportional
increase in the rate of clearance from rat plasma [Donahue et
al.: Cold Spring Harbor Sympoéia on Quantitative Biology, 51,
685 (1986)]. The rate of clearance and the sife of clearance
may vary or differ depending on the structure -of the
carbohydrate chain in question. Thus, it is knowh that hGM-CSF
having a sialic acid residue undergoes clearance in the kidney
while hGM—CéF lacking siaiic acid has an increased rate of
clearance and undergoes clearance in the liver. .Alphal—acid
glycoproteins differing in carbohydrate structure and

biosynthesized in the presence of various N-glycoside type
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carbohydrate chain biosynthesis inhibitors using a rat liver
primary culture system were studied with respect to their rate

of clearance from rat plasma and their rate of clearance from

rat perfusate. In both cases, the rate of clearance was

reduced in the order: high mannose type, carbohydrate chain—
deficient type, hjbrid type and compoéite type (natural type).
It is known that the clearance from blood of tissue-typé
plasminogen activator (t-PA), which is used as a thrombolytic
agent, 1is greatly' influenced by the structure of its
carbohydrate'chain.

It is known that carbohydrate chains give protease
resistance to proteins. For example, when the carbohydrate
formation on fibronectin is inhibited with tunicamycin, the

rate of degradation of intracellular carbohydrate chain-

deficient fibronectin increases. It is also known that

addition of a carbohydrate chain may result in increased heat
stability or freezing resistance.’ In the case of
erythrop01et1n and.ﬁ—lnterferon among others, the carbohydrate
chain is known to contribute to increased solublllty of the
protein.

Carbohydrate chains also serve to maintain protein
tertiary structure. It is known that when the membrane binding
protein of Qesicular stﬁma%itis virus is devoid of the two
naturally-occurring N—glycdside bond type carﬁohydrate chains,

transport of the protein to the cell surface is inhibited and

that when new carbohydrate chains are added to the protein, it
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is transported. It was revealed that, in that case,
intermolecular association of the protein through disulfide
bonding is induced following the elimination of carbohydrate
chains and, as a result, protein'transport is inhibited. When
carbohydrate chains are added, the association is inhibited and
the proper tertiary protein structure is maintained and protein
transport becomes possible. As regards the site of addition of
the new carbohydrate, it has been shown that there is a
considerable amount of flexibility. In contrast, it has also
been shown in certain instances that, depending on the site of
carbohydfate chain introduction, the transport of a protein
having a'naturallcarbohydrate chain or chains may be completely
inhibited. |

Examples are also known where a carbohydrate cbain
serves to mask an antigenic site of a polypeptide. In the case
of hGM-CSF, prolactin, interferon-v, Rauscher leukemia virus
gp70 and influenga hemagglutinin, experiments using a
polyclonal antibody or a monoclonal antibody directed to a
specific site on the peptide suggest that carbohydrate chains
of these proteins inhibit antibody binding. Cases are also
known where carbohydrate chains themselves are directly
involved in the expression of activity by a glycoprotein. For
instance, earbohydrates afé thought to be associated with the
expression of activity of such glycoprotein hormones as

luteinizing hormone, follicle stimulating hormone and chorionic

gonadotropin.

—
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Carbohydrate chains serve an important function in the

phenomenon of recognition between cells, between proteins or

between a cell and a protein. For example, it is known that
structurally different carbohydrate chains undergo.clearance.;g
vivo at different sites. It has recently been revealed that
the ligand of the protein ELAM-1 (also called E-selectin),
which 1s expressed specifically on vascular endothelial cells
during an inflammatory response and promotes adhesion to
neutrophils, is a carbthdrate chain called sialyl Lewis x
[NeuAca2-3Galfl-4 (Fucel-3)GlcNAc; where NeuAc: sialic acid;
Gal: galactose; Fuc: fucose; GlcNAc: N—-acetylglucosamine]. The
possible use of carbohydrate chains themselves or modifications
thereof as drués'or the like is thus suggested [Phillips et
al.: Science, 250, 1130 (1990); Goelz et al.: Trends in Glyco-
science énd Glycotechnology, 4, 14-24 (1992)). Like ELAM-1, L-
selectin, expressed in some T lymphocytes or néutrophils, and
GMP-140 (also called P-seléctin), expressed in platelets or on
éhe membrane surface of vascular endothelial 'qells upon
inflammatory stimulation, are associated with inflammatory
responses. It is suggested that their ligand may be a
carbohydrate chain analogous to sialyl Lewis x, the ELAM-1
ligand [Rosen et al.: Trends in . Glycoscience and
Glycotechndiogy, 4, 1-13 (1992); Larsen et al.: Trends in
Glycoscience and Glycotechnology, 4, 25-31 (1992); Aruffo et
al.: Trends in Glycoscience and Glycotechnology, 4, 146-151

(1992)]. ELAM-1, GMP-140 and L-selectin are structurally

This Sheet Has Been Repl - - 6 -

Hllllll TTIE



similar to one another and are collectively called selectins.

It has been suggested that, in cancer metastatis, as in
inflammatory responses, ELAM-1 and GMP—14O cause adhesion of
cancer cells to the vascular endothelium or aggregation of
cancer cells with platelets and thereby promote cancer

metastatis [Goelz et al.: Trends in Glycoscience and

Glycotechnology, 4, 14-24 (1992); Larsen et al.: Trends in

Glycoscience and Glycotechnology, 4, 25-31 (1992)). This is in
agreement with the finding that the level of expression of the
sialyl Lewis x carbohydrate chain is high in cancer cells that
are highly metastatic [Irimura et al.: Jikken Igaku
fExperiméntal Medicine), 6, 33-39 (1988)). ELAM-1 binds not
only to sialyl Lewis x but also to a carbohydrate chain called
sialyl Lewis a [NeuAca2-3Galfi1-3 (Fucul-4)GlcNAc)}. The binding
affinity'for‘sialyl‘Lewis a is somewhat stronger [Berg et al.:
Journal of Biological Chemistry, 266, 14869-14872 (1991);
Takada et al.: Biochemical and | Biophysical Research
Communications, 179, 713-719 (1991); Larkin et al.: Journal of
Biological Chenistry, 267, 13661-13668 (1992)]. The sialyl
Lewis a carbohydrate chain is also a carbohydrate chain antigen
expressed upon oncogenesis of cells and is reportedly
correlated with cancer metastatis [Kannagi and Takada: Jikken

Igaku (Experimental Medicine), 10, 96-107 (1992)].

Based on these findings, it is expected that the sialyl
Lewis x carbohydrate chain and sialyl Lewis a carbohydrate

chain or derivatives thereof might produce a strong anti-
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inflammatory effect through their binding to ELAM-1, L-selectin
or GMP-140 and,.further, might inhibit cancer metastatis.

In view of the above-mentioned mechanisms of
inflammatory xresponses and cancer metastatis, it may be
possible to suppress inflammatory responses or prevent cancer
metastatis by suppressing the expression of
glycosyltransferases which control the synthesis of ligand
carbohydrate chains recognizable by ELAM-1, L-selectin or GMP-
140. The antisense RNA/antisense DNA technigque [Tokuhisa:
Bioscience and Industry, 50, 322-326 (1992); Murakami: Kagaku
(Chemistry), 46, 681-684 (1991)]) and the triple helix technique
[Chubb and Hogan: Trends in Biotechnology, 10, 132-136 {(1892)]
are useful in suppressing the expression of a certain specific
gene. | For suppressing ~the expression of a specific
glycosyltransferase using the antisense RNA/DNA technique,
information is necessary about the gene or the base séque;ce of
the gene and therefore it 'is important to clone the gene

'encoding the specific glycosyltransferase and determine the
base sequence of same..

It is possible to diagnose an inflammatory disease by

detecting expression of a. specific glycosyltransferase in

inflammatory leukocytes. In addition, it is possible to

determine the metastatic potential of a tumor by determining
the expression of a specific glycosyltransferase in the tumor
cells. Useful for examining the expression of a specific

glycosyltransferase gene are the Northern hybridization
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technique [Sambrook, Fritsch and Maniatis; Molecular Cloning -

A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory

Press, 1989), which uses, as a probe, the gene radioactively
labeled, for example, and the polymerase chain reaction
(hereinafter, "“PCR") technique ([Innis et al.: PCR Protocols,
Academic Press, 1990]}. In applying these techniques; the
specific glycosyltransferase gene or knowledge of the base
seguence of the gené is required. From this viewpoint as well,

- it is important to clone the specific glycosyltransferase gene
and determine its base segquence.

JP-A-2-227075 discloses the possibility of improving
the properties of physiologically active proteins, such as
granulocyte colony stimulating factor (G-CSF) and prourokinase .
(pro~UK), by artificially introducing a carbohydrate chain into
the proteins using recombinant DNA technology.

As mentioned above, it is a very important problem from
an industrial viewpoint to modify the structure of the
carbohydrate chain of a glycoprotein or prepare a specific
carbohydrate chain or  a modification thefeof in large
quantities. |

There have been.marked advances in recent years in the
means for modifying carbohydrate chain structures. In
particular, it is now -possible' to structurally modify
carbohydrate chains using. highly specific enzymes
(exoglucosidases) that are capable of releasing carbohydrate

units bne by one from the end of the carbohydrate chain, or
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glycépeptidases or endo-glycosidases that are capable of
cleaving the site of binding to the peptide chain without
causing any change in either the peptide or carbohydfate
chains, and accordingly, to study biological roles of
carbohydrate chains in detail. The recent discovery of
endoglycdceramidases that are capable of <cleaving the
glycolipids at the site between the carbohydrate chain and the
ceramide [Ito and Yamagata: Journal of Biological Chenmistry,
262, 14278 (1986)) has not only made it easy té prepare
carbohydrate chains of glycolipids but has also promoted
investigations into functions of glycolipids, in particular
glycolipids occurring in cell surface layers. Further, it has
become possible to add new carbohydrate chains using
glycosyltransferases. Thus: for instance, sialic acid can be
added to a carbohydrate chain terminus using sialyltransferase

(Sabesan and Paulson: Journal of the American Chemical Society,

108, 2068 (1986)]. It is also possible, using various

" glycosyltransferases or glycosidése inhibitors, to modify

carbohydrate chains that are to be added [Allan et al.: Annual
Review of Biochemistfy,'gé, 497 (1987)). However, there is no
means available for producing glycosyltransferases for use in
synthesizing carbohydrate chains. It is desirable to produce
glycosyltransferases in large guantities by cloning
glycosyltransferases and causing efficient expression of
glycosyltransferases in host cells utilizing recombinant DNA

technology.
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As regards a-1,3- or a-1,4-fucosyltransferase species
possibly involved in the synthesis of the sialyl Lewis x or

sialyl Lewis a carbohydrate chain, the occurrence of five

" enzyme activities has so far been suggested [Mollicone et al.:

carbohydrate Research, 228, 265-276 (1992); Weston et al.:

Journal of Biological Chemistry, 267, 24575-24584 (1992) ).
'Among genes coding for a-1,3- or a-1,4—-fucosyltransferase, the
following four have reportedlf been iso}ated: a-1,3/1,4~-
fuéosyitransferase gene (hereinafter referred to as "Fuc-TIII"
for short) [Kukowska-Latallo et al.: Genes & Development, 4,
1288-1303 (1990)] directly involved in the synthesis of the
.Lewis blood type antigen carbohydrate chain; o-1,3-fucosyl-
transferase gene named EFLT (hereinafter, UFuc-TIV'") [Goelz et
al.: Cell, 63, 1349-1356 (1990)]; a-1,3—-fucosyltransferase gene
isclated by Weston et al. using the hybridization technigque
(hereinafter, "Fuc-TV") [Weston et al.: Journal of Biological -
Chemiétry,_ggl, 4152-4160 (1992)]; and a-1,3-fucosyltransferase
gene isolated by Weston et al. using the hybridization
technique (hereinafter, "Fuc-TVI") [Weston et al.: Journal of
Biological Chemistry, 267, 24575—24584-(1992)].

For the medical field, it is important to idgntify an
a-1,3-fucosyltransferase that is directly involved in the
synthesis of carbohydrate chéins related to sialyl Lewis x, the
ligand of ELAM-1 or GMP-140; in inflammatory leucocytes such as
granulocytes.

Among the above-mentioned four a-1,3-fucosyltransferase
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genes, Fuc-TIV by <itself 1is apparently incapable of
synthésizing the sialyl Lewis x carbohydrate chain, which is
the ligand of ELAM-1, or the sialyl Lewis a carbohydrate chain
[Lowe et al.: Journal of Biological Chemistry, 266, 17467-17477
(1991); Kumar et al.: Journal of Biological Chemistry, 266,
21777~-21783 (1991)j and an «-1,3-fucosyltransferase directly
involved in ELAM-1 ligand synthesis has not yet been ob?ained
from human granulocytic'or monocytic cells, for example the
human granulocytic cell line HL-60 reporfediy adhering to ELAM-~
1 {Lobb et al.: Journal of Immunology, 147, 124-129 (1991)].
In view of the foregoing, it is important to identify
and isolate an a-1,3-fucosyltransferase that is directly
involved in EﬁAM—l ligand synthesis from human granulocytic or

monocytic cells so that "~efficient in vitro or in vivo

production of carbohydrate ligands directly involved in in
vivo adhesion to ELAM-1 .can be carried out. It is also
impoftant from the standpoint of detection of o-1,3-
fucosyltransferase or inhibition of its production in sites of
inflammation by the polymerase chain reaction technique
utilizing DNA coding for the fucosyltransferase.

It is an object of the present iﬁvention.to provide a
novel a-1,3-fucosyltransferase species, a cDNA coding for the
fucosyltransferase and a vector containing the cDNA, with which
glycoproteins or glycolipids containing ligand carbohydrate
chains of selectins, such as ELAM-1, can be efficientiy

produced in animal cells, in particular Namalwa cells. Another

This Sheet Has Been Replaced

||I I ||I




object is to provide a DNA coding for the fucosyltransferase
useful in the treétment of diseases, such as inflammation, by
inhibiting the expression of the fucosyltransferase using, for
example, the above-mentioned anéisense RNA/DNA technique or in
the diagnosis of such diseases using, for example, the Northern
hybridization or PCR technique. |

DISCLOSURE OF THE INVENTION

The presgnt inventors constructed a cDNA library by
inserting cDNA, synthesized using mRNA extracted from the
monqcytic cell line THP-1 as a templéte, into an expression
cloning vector, introduced the cDNA library into cells,
isolated, from among the cells obtained, cells strongly
reactive with an antibody to the sialyl Lewis X cafbohydrate_
chain which is the ligand of ELAM-1, utilizing a fluorescence
activated cell sorter (hereinafter, "FACS") and thus cloned a
gene coding for o—-1,3—-fucosyltransferase. Further, they.
introduced the fucosyltransferase—encodiﬁg gene into Namalwa
cellé and caused expreséion thereof. The inventors found that
the gene expresses a novel a-1,3-fucosyltransferase species,
further 'that the amount of the sialyl Lewis X carbohydrate
chain on the cell surface increases and that the
fucosyltransferase .is localized in granulocytic cells or
monocytic cells that aré producing the sialyl Lewis X
carbohydrate chain. Based on these findings, the present
invention has now been completed. |

The present invention is described in detail as
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follows.

The present invention relates, in one embodiment, to a
novel a-1,3-fucosyltransferase species comprising the amino
acid sequence defined in SEQ ID NO:2. The invention further
relates to a cDNA coding for the fucosyltransferase, to a
fecombinant vector harboring the DNA. The a-1,3-fucosyl-
transferase of the present invention is a glycosyltransferase
having N-acetylglucosaminide fucosyltransferase éctivity that
is capable of adding fucose, in al -~ 3 linkage, to N-acetyl-
glucosamine contained in acceptor carbohydrate chains. The a-
1,3-fucosyltransferase of the present invention, when expressed
in Namalwa cells, has activity such that it increases the
amount of the sialyl Lewis x carbohydrate chain, which is the
ligand of ELAM-1.

cDNA sequences coding for the a-1,3-fucosyltransferase
of the present invention include (a) DNA comprising the base
sequence defined in SEQ ID NO:1; (b) DNA containing a base
sequence different from the base sequence defined in SEQ ID
NO:1, the difference being due to the availability of a
pluralify’ of codons for one amino acid or to spontaneous
mutation occurring in individual animals including human; and
(c) DNA derived from the DNA defined in (a) or (b) by mutation,
such as subétitution, deletkon or insertion mutation, that does
not cause loss of the a-1,3-fucosyltransferase activity, for

ekample, DNA homologous to the a-1,3-fucosyl-transferase-

encoding DNA defined in (a) or (b). Homologous DNA means a
K\
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DNA obtainable by the colony hybridization or plaque
hybridization technigue using a DNA containing the base
sequence defined in SEQ ID NO:1 as a probe and specifically
means a DNA identifiable by performing hybridization at 65°C in
the presence of 0.7-1.0 M NaCl using a filter with a colony- or
plaque-derived DNA fixed thereon and then washing the filter in

a 0.1-fold to 2-fold concentrated SSC solution (1-fold

concentrated SSC solution comprising 150 mM NaCl and 15 mM

sodium citrate) at 65°C. The hybridization procedure is
described in Molecular Cloning - A Laboratory Manual, 2nd
Edition, edited by Sambrook, Fritsch and Maniatis, Cold Spring
Harbér Léboratory'Press, 1989. The invention also relates to
a-1,3-fucosyltransferase species encoded by the DNAs defined
above in (a),-(b) and (c).

The following describes a method of produciné cDNA
coding for the o-1,3-fucosyltransferase of the present
invention, taking the cDNA defined above in (a) as an example.

A cDNA library is constructed by inserting cDNA
synthesized using mRNA extracted from the monﬁcytic cell line
THP-1 as a template into an expression .cloning wvector. This
cDNA library is iﬁtroduced into animal cells 6r insect cells,
then cells strongly reac£ing with én antibody against the
sialyl Lewis X carbohydr;te chain (ligand of ELAM-1) are
concentrated and isolated utilizing a FACS and the desired a-

1,3-fucosyltransferase-encoding cDNA is isolated from the

cells.
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Animal cells suitable for use in the above process can
be any cells provided that they are animal cells in which the
a-1,3-fucosyltransferase of the present invention is expressed.
Thus, for instance, the human monocytic cell line THP-1 (ATCC
TIB 202), human monocytic cell line U-937 (ATCC CRL 1593) or
human granulocytic cell line HL-60 (ATCC CCL 240) can be used.
The vector into which the cDﬁA synthesized using the mRNA
extracted from these cells as a template is to be inserted can
be any vector provided that it allows insertion thereinto and
expression of the cDNA. Thus, for instance, pAMoPRC3Sc or the
like can be used. The animal or insect cells into which the
cDNA library constructed using the vector are introduced can be
any cells provided that they allow introduction therein and
expressioh of the cDNA library. Thus, for instance, human
Namalwa cells [Hosoi et al.: Cytotechnology, 1, 151 (1988)] or
the 1like éan be used. In particular, a direct expression
cloning system using Namalwa cells as the host is advantageous
in that the efficiency of introduction of a cDNA library into
host Namalwa cells is very high and in that the plasmids (cDNA

- library) introduced can be maintained extrachromosomally in the
sysﬁeh and can be readily recovered from the cells obtained by
screening using a carbohydrate chain-specific antibody and a
FACS. Theréfore, this syséem is preferred. The an£i~sialyl
Lewis x-carbohydrate chain antibody to be used in the practice

of the invention can be any antibody provided that it reacts

with the sialyl Lewis x carbohydrate chain. Thus, for
-_—
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instance, KXM93, which is an anti-sialyl Lewis x- antibody

[Anticancer Research, 12, 27 (1992)) can be used. The animal

cells, after. introduction thereinto of the cDNA library, are
fluorescence-labeled using the anti-sialyl Lewis x antibody and
then cells showing increased binding to the antibody. are
separated and enriched using a FACS. From the cells thus
obtained, a plasmid or DNA fragment containing the cDNA coding:
for the a-1,3-fucosyltransferase of the present invention is
recovered using, for example; known metheds, e.g. the Hart
. method [Robert F. Margolskee et al.: Molecular and Cellular
Biology, 8, 2837 (1988)]). Plasmids of the invention containing

a cDNA coding for the enzyme include pUC119-TH21R. Escherichia

coli JM105/pUC119-TH21R, an Escherichia coli strain harboring
pUC119-TH21R, was depositéd on February 18, 1993, at the
National Institute for Bioscience and Human Technology, Agency
of Industrial Science énd Technology undexr the deposit number
FERM BP-4193.

The DNA defined above in (b) or (c) can be produced
using the well—knqwn recombinant DNA technology.[JP—A—2—227075;
‘Molecular Cloning - A Laboratory Manual, 2nd Edition, Cold
Spfing Harbof Laboratory Press, 1989; etc.], such as
hybridization techniques or methods of introducing mutations
into DNA, based on the a—i 3- fucosyltransferase-encodlng CDNA
obtained by the method described above. The a-1,3-fucosyl-

transferase-encoding cDNA of the present invention can also be

produced by chemical synthesis.
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The a-1,3-fucosyltransferase of the present invention
can be produced by constructing a recombinant vector by
inserting DNA coding for the a-1,3-fucosyltransferase of the
present invention as obtained, for example, by the method
described above, into an appropriate vector and in operable
linkage with a suitable promoter, introducing the recombinant
vector into host cells and cultivating the cells obtained. The
host cells to be used here can be any host cells suitable for
use in recombinant DNA technology, for example prokaryotic

‘cells, animal cells, yeasts, fungi and insect cells. An

exaﬁple of a suitable prokaryotic cell is Escherichia coli, CHO
cells (Chinese hamster cells), COS cells (Sminian cells).and
Namalwa cells (human cells) are examples of suitable animal
cells.

Vectors into which DNA coding for the o-1,3-fucosyl-
transferase of the present invention are inserted can be any
véctor provided that the vector allows insexrtion therein of the
fucosyltransferase-encoding DNA and expression of the DNA in
host cells. pAGE107 [JP-A-3-22979; Miyaji et al.: cCytotech-
nology, 3, 133 (1990)], pASj—B (JP-A-2-227075), pAMOERC3Sc, and
CDM8 [Brian Seed et al.: Nature, 329, 840 {1987)] are examples.
For the expression of the enzyme of the present invention in

Escherichia coli, a plasmid is preferably used. The foreign

DNA is insgfted into the plasmid so that it is operably linked -
to a promoter with potént transcription activity, for example

the trp promoter, and so that the distance between the Shine-

_—
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Dalgarno sequence (hereinafter, “SD sequence®) -and the

initiation codon is of an appropriate length(for example 6-18
bases). Plasmids pKYP10 (JP-A-58-110600), pLSAl [Miyaji et
al.: Agricultural and Biological Chemistry, 53, 277 (1989)] and

PGEL1 [Sekine et al.: Proceedings of the National Academy of

Sciences of the U.S.A., 82, 4306 (1985)) are specific examples.
- Recombinant DNA technigues to be used in the practice
of the invention include those described in JP—-A-2-227075 or

those described in Sambrook, Fritsch, Maniatis et al.:

Molecular Cloning - A Laboratory Manual, 2nd Edition, Cold

Spring Harbor Laboratory Press, 1989. A number of

commercially available kits can be used for mRNA isolation and

cDNA library construction. Known methods can be used for

introducing the DNA into animal cells. The electroporation
method [Miyaji et al.: Cytotechnology, 3, 133 (1990))}, the
calcium phosphate method (JP-A-2-227075) and the lipofection
method [(Philip L. Felgner et al.: Proceedings of-the National
Academy of Sciences of the U.S.A., 84, 7413 (1987}] are
examples. Transformant isolation and cuitivation can be

performed essentially according to the method described in JP-
A-2-227075 or JP-A-2-257891.

Suiﬁable methoas of producing the a-1,3-fucosyl-
transferase include the method of intracellular prodﬁction in
a ﬁost, the method of exfracellular production oxr the method'of
production on a host cell membrane external layer. The site of
production varies depending on the kind of host cell used and

—_—
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the form of the glycosyltransferase to be produced. - In cases
where animal éells are used as the host and a glycosyltrans-
ferase is produced in its native form, the enzyme is generally
produced within the host cells or on the host cell membrane
external layer and a portion of the enzyme produced is cleaved

with protease and secreted extracellularly. The gene

recombination technigue of Paulson et al. [C. Paulson et al.:

The Journal of Biological Chemistry, 264, 17619 (1989)] and Low
et al. (John B. Lowe et al. Proceedings of the National Academy

of Sciences of the U.S.A., 86, 8227 (1989); John B. Lowe et

al.: Genes & Development, 4, 1288 (1990)] can be used to cause
pfoductidn of the ‘enzyme in a form composed of a
glycosyltransferase portion containing the active site and a
signal peptide added thereto.

Production of the enzyme éan be increased by utilizing
a gene amplification system using the dihydrofolate reductase
gene, for example, as described in JP-A-2-227075.

Alpha-1,3-fucosyltransferase producéd in accordance
with the present invention can be purified.using ordinary
methods of purifyiné glycosyltransferases [J. Evan. Sadler et
al.: Methods of Enzymology, 83, 458]. When produced in
Escherichia coli, the enzyme can be efficiently purified by a
combinatioﬁ of the above méthod and the method described in JP-
A-63-267292. It is also possible to produce the enzyme of the

present invention in the form of a fusion protein and to purify

the same by affinity chromatography using a substance having

1
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affinity for the fused protein. For example, the enzyme of the
present invention can be produced fused with protein A. Such
a protein can be purified by affinity chromatography using

immunoglobulin G, essentially according to the method of Lowe

et al. [John B. Lowe et a;.: Proceedings of the National

Academy of Sciences of the U.S.A., 86, 8227 (198%); John B.

Lowe et al.: Genes & Development, 4, 1288 (1990). It is also

possible to purify the enzyme by affinity chromatography using

an antibody to the enzyme itself.

The fucosyltransferase activity can be determined

according to the known methods [J. Evan. Sadler et al.: Methods

in Enzymology, 83, 458; Naoyuki Taniguti et al.: Methods in

Enzymology, 179, 397].
Carbohydrate chains can be synthesized in vitro using
the a-1,3-fucosyltransferase of the present invention. For
example, GlcNAc in the lactosamine structure (Galf1-+4GlcNAc
structure) in glycoproteins, glycolipids or oligosaccharides
can be provided with fucose in ol - 3 linkage. Further, glyco-

proteins, glycolipids or oligosaccharides which serve as -

substrafes, when treated with the o-1,3-fucosyltransferase of

the present invention, can be modified for conversion of the

carbohydrate chain structure at the nonreducing end to the

sialyl Lewis x structure.

By using DNA coding for the a-1,3-fucosyltransferase of
the present invention and causing simultaneous production of

the fucosyltransferase and a glycoprotein, glycolipid or
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oligosaccharide having a useful physiological ‘activity in
animal or insect cells which are producing a carbohydrate chain
to serve as an acceptor substrate of said fucosyltransferase,
it is possible to cause the a-1,3-fucosyltransferase produced
to act on the glycoprotein, glycolipid or oligosaccharide in

the cells to produce, in the cells, a glycoprotein, glycolipid

or oligosaccharide having a modified carbohydrate chain

structure.

Furthermore, it is also possible to excise, by known
enzymatic or chemical techniques, a part of the oligosaccharide
ffom the glycoprotein, glycolipid or oligosaccharide having a
modified carbohydrate chain structure as produced in the above
manner.

The DNA coding for the a-1,3-fucosyltransferase of the
present invention can be used not only to effect modification
of a carbohydrate chain of a protéin or glycolipid or to effect
efficient production of a specific carbohydrate chain, but also
to treat diseases, such as inflammation and canéer metastasis
utilizing, for example, antisense RNA/DNA technigues. Such bNA
can also be used in the diagnqsis' of such diseases, for
example, utilizing Northern hybridization or PCR technigues.

For instance, DNA coding for the a-1,3-fucosyl-
transferasé of the presen£ invention can be used to prevent
expression of the fucosyltransferase by antisense RNA/DNA
technology [Tokﬁhisa: Bioscience and Industry, 50, 322-326

(1992); Murakami: Kagaku (Chemistry), 46, 681-684 (1991);

‘\
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Miller: Biotechnology, 9, 358-362 (1992); Cohen: Trends in Bio-

technology, 10, 87-91 (1992); Agrawal: Trends in Biotechnology,
10, 152-158 (1992)) or triple helix techniques.[chubb and
Hogan: Trends in Biotechnology, 10, 132-136 (1992)]. More
specifically, based on a part of the base sequence of the DNA
coding for the a-1,3-fucosyltransferase of the present inven-
tion, preferably a base sequence of 10-50 bases in length as
.occurring in the translation initiation region, an oligo-
nucleotide can be designed and prepared and administered in
vivo, under conditions such that production of the fucosyl-
transferase is suppressed. The base sequence of_the synthetic
oligonucleotide can be one that is in complete agreement with
a part of the base sequence of the antisense strand of the
sequence of the present invention or one that is modified
without causing loss of its ability to inhibit the e#pression
of the fucosyltransferase. When the triple helix techniques is
employed, the base seguence of the synthetic oligonucleotide
can be designed based on the base sequence of both the sense
and antisense strands.

it is also possible to detect the production;of the a-
1,3-fucosyltransferase of the present invention using the
Northern hybrldlzatlon or PCR technlque. For detecting the
production of the a~1,3—%ucosyltransferase of the present
invention using the Northern hybridiiation or PCR techniqgue,

the DNA coding for the a-1,3-fucosyltransferase of the present

invention or a synthetic oligonucleotide synthesized based on
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the base sequence thereof can be used. Northern hybridization
and PCR technique can be carried out in a conventional manner

[Sambrook, Fritsch and Maniatis: Molecular Cloning - A

Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory

Press, 1989; Innis et al.: PCR protocols, Academic Press,

1990].
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a construction scheme for the plasmid

pPAGEL106.

Fig. 2 shows a construction scheme for the plasmid

pPASLB3-3-1.

Fig. 3 shows a construction scheme for the plasmid

PASLB3-3.

-Fig. 4 shows a construction scheme for the plasmid

pPASLBE3-3.

Fig. 5 shows a construction scheme for the plasnmid

PASLBC.

Fig. 6 shows a construction sche_me' for the plasnid
PASLBEC.

Fig. 7 shows a construction scheme for the plasmid
PASLBEC2.

Fiq. 8l shows a construction scheme for the plasmid
PAMOEC2.

Fig. 9 shows a construction scheme for the plasmid
PAMOEC3.

Fig. 10 shows a construction scheme for the plasmid

“‘“—-—~———_-______
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pPAMOERC3.

Fig. 11 shows a construction scheme for the plasmid

DAGE207.

Fig. 12 shows a construction scheme for the plasmid

PAGE207ScN.

Fig. 13 shows a construction scheme for the plasmid

pAMoC3Sc.

Fig. 14 shows a construction scheme for the plasmid

pPAMOERC3Sc.

Fig. 15 shows a construction scheme for the plasmid

pAMOPRC3ScC.

Fig. 16 shows a construction scheme for the plasmids
pUC119-TH21 and pUC119-TH21R.
| Fig. 17 shows the results of analysis on an EPICS Elite
flow cytometer (Coulter) following indirect immunofluorescent
staining. In the figure, daté a show the results obtained by
subjecting the XKJIJM-1 strain after introduction therein of
PAMOPRC3Sc (control plasmid) or pAMoPRTH21 (a-1,3-fucosyl-
transferase expression plasmid) to indirect immunofluorescent
staining using CSLEX1l, while data b show the results obtained
by subjecting the KJM-1 strain after introduction therein_of
PAMOPRC3Sc (control plaémid) or - pAMoPRTH21 (a-1,3-fucosyl-
transferase expression pla;mid) to indirect immunofluorescent
staining using KM93. 1In both cases, the results obtained by
subjecting the KJM-~1 strain after introduction therein of

PAMOPRC3Sc (control plasmid) to indirect immunofluorescent
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staining using normal mouse serum are shown as controls.

Fig. 18 shows a construction scheme for the plasmid

PAGE147.

Fig. 19 shows a construction scheme for the plasmid

DAGE247.

Fig. 20 shows a construction scheme for the plasmid

PAMNGhyg.

Fig. 21 shows a construction scheme for the plasmidl

pPAMOERSA.

Fig. 22 shows a construction scheme for the plasmid

DPAMOPRSA.

Fig. 23 shows a construction scheme for the plasmid

PUC119-WM17.

Fig. 24 shows a construction scheme for the plasmid

PAMOPRSAW17~31F.

Fig. 25 shows a construction scheme for the plasmids

pUC119-WM16 and pUC119-WM16R.

Fig. 26 shows a construction scheme for the plasmid

PAMOPRSAW1G.

Fig. 27 shows a construction scheme for the plasmids

pUC119-MAL4 and pUC119-MAL4R.

Fig. 28 shows a construction scheme for the plasmid

PAMOPRSAFTS.

Fig. 29 shows a construction scheme for the plasmid

PAMOPRSAT21.

Fig. 30 shows a construction scheme for the plasmid
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pUC119-ACT.

Fig. 31 shows a construction scheme for the plasmid

pUC119-ACTd.

Fig. 32 shows a construction scheme for the plasmid

pUC119-TH21d.

The symbols used in the figures respectively have the

following meanings:

dhfr :Dihydrofolate reductase gene

hG-CSF : Human granulocyte colony stimulating factor
gene |

bp - : Base pairs

kb ' :. Kilobase pairs

G418/Km : Transposon 5 (Tn 5)-derived G418/kanamycin
resistance gene

hyg : Hygromycin resistance gene

Ap : pBR322-derived ampicillin resistance gene
Tc : pBR322-derived tetfacycline resistance gene
Pl : pBR322-derived P1 promoter

Ptk : Herpes simplex virus (HSV) thymidine kinase

(tk) gene promoter
Sp.fRG ' : Rabbit £ globin gene splicing signal

A.fG Rabbit B globin gené poly(A) addition

signal
A.SE : Simian virus 40 (SV40) early gene poly(A)
addition signal
Herpes simplex virus (HSV) thymidine kinase
-_—
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(tk) gene poly(A) addition signal
Pse : Simian virus 40 (SV40) early gene promoter
Pmo : Moloney murine leukemia virus long terminal

repeat (LTR) promoter

HTLV-1 : Human T cell leukemia virus type-1 (HTLV-1)
gene

EBNA-1 : Epstein-Barr virus EBNA-1 gene

oriP : Epstein-Barr virus replication origin

ori : pUC119 replication origin

Lac’Z : Part of Escherichia coli B galactosidase
gene
IG ' : M13 phage DNA intergenic region

G-CSF der.: Human granulocyte colony stimulating factor
derivative gene
S : Gene portion coding for human granulocyte
colony stimulating factor signal peptide
A or ProA: Gene portion coding for binding region of

Staphylococcus aureus protein A to IgG

TH21 : a-1,3~Fucosyltransferase gene obtained from
THP-1 cells (full-length gene or active
region gene)

BEST MODES FOR CARRYING OUT THE INVENTION

Example 1
Cloning of a-1,3-fucosyltransferase cDNA from cells of human
monocytic cell line THP-1

1. Construction of direct expression cloning vectors
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pPAMOERC3Sc and pAMOPRC3Sc

PAMOERC3Sc was constructed according to steps (1) to
(14) described below.

(1) Construction of pAGEL106 (cf. Fig. 1)

A plasmid, pPAGEL106, having a promoter resulting from
fusion of the simian virus 40 (SV40) early gene promoter and
parts of the R and U5 regiéns of the long terminal repeat (LTR)
of the human T-cell leukemia virus type-1 (HTLV-1) was
constructed. A DNA fragment (BanII-Sau3A fragment (0.27 kb)]
containiné parts of the R and U5 regions was excised from
PATKO3 and inserted into pAGE106 between BglI-BamHI sites via
a synthetic linker. “

PAGE106 (JP-A-2-227075) (1 ug) waé dissolved in 30 gl
of a buffer comprising 10 mM Tris-HCl (pH 7.5), 6 mM MgCl,, 100
mM NaCl and 6 mM 2-mercaptoethanol (hereinafter, %“Y-100
buffet"), 10 units of §g;I (Takara Shuzo; unless otherwise
specified, the restriction enzymes mentioned hereinafter were
products of Takara Shuzb) and 10 units of BamHI were added and
the digestioh reaction was carried out at 37°C for 2 hours.
The reaction mixture.was subjected to agarose gel electro-
phoresis and a DNA fragment of about 4.9 kb was recovered. -

Sepgrately,'l pg of pATKO3 [Shimizu et al.: Proceedings
of the National Academy of Sciences of the U.S.A., 80, 3618
(1983)) was dissolved in 30 ul of Y-100 buffer, 10 units of
BanII was added and the digestion reaction was carried out at

37°Cc for 2 hours. The reaction mixture was subjected to
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agarose gel electrophoresis and a DNA fragment of about 0.4 kb
wes recovered. The DNA fragment recovered was dissolved in 30.
ul of Y-100 buffer, 10 units of Sau3AIl was added and the
digestion reaction was carried out at 37°C for 2 hours. The
reaction mixture was subjected to agarose gel electrophoresis
and a DNA fragment of about 0.27 kb was recovered.

Further, separately, the following DNA 1linker was
synthesized and used for linking the BglI and BanII cleavage
sites together. |

5/ - CGGGCT - 3’ (6 mer)
37 - GGAGC - 5’ (5 mer)

The 5 mer and 6 mer single-stranded DNAs for preparing
ehe DNA linker were synthesized using an Applied Biosystems
model 380A DNA synthesizer. - The DNA synthesized (0.2 pg each)

were dissolved in 40 gl of a buffer comprising 50 mM Tris-HCl

(pH 7.5), 10 mM MgCl,, 5mM dithiothreitol (hereinafter, DTT),

0.1 hM EDTA and 1 mM ATP (hereinafter, "T4 kinase buffer"),
units of Té'polynucleotide kinase (Takara Shu;o; hereinafter
the same shall apply) was added and the phosphorylation
reaction was carried out at 37°C for é hours.

The pAGE106-derived BglI-BamHI fragment (4.9 kb; 0.2
ug) and pATKO3-derived BanII-Sau3A fragment (0.27 kb; 0.01 #9)
respectivelf obtained as described above were dissolved in 30
#l of a buffer containing 66 mM Tris-HCl (pH 7.5), 6.6 mM

MgCl,, 10 mM DTT and 0.1 mM adenosine triphosphate

(hereinafter, ATP) (hereinafter, "T4 ligase buffer"), 0.01 pg
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of the DNA linker mentioned above and 175 units of T4 DNA
ligase (Takara Shuzo; hereinafter the same shall apply) were

added and the ligation reaction was carried out at 12°C for 16

hours.

The reaction mixture was used to transform Escherichia
coli HB10l1 [Bolivar et al: Gene, 2, 75 (1977)] by the method of
Cohen et al. [S. N. Cohen et al.: Proceedings of the National

Academy of Sciences of the U.S.A., 69, 2110 (1972))

(hereinafter, this method was used for transforming Escherichia
coli) and an ampicillin—resistaﬁt strein was obtained. From
this transformant, a plasmid was isolated by a known mefhod [H.
C._Birnbbim et al.: Nucleic Acids Research, 7, 1513 (1979)]
(hereinafter this method was used for plaemid_isolation). .This
plasmid was named pAGELlos-and its structure was identified by
digestion with restriction enzymes.

(2) Construction of pASLB3-3-1 (cf. Fig. 2)

A human granuloeyte colony stimulating factor (hé-CSF)
expression plasmid, pASLB3-3-1, having a promoter resulting
from fusion of the SV40 early gene promoter and parts of the R
and US regions of the long terminal repeat (LTR) of HTLV-1 was
constructed in the following manner.
| PAGEL106 (0.5 pug) obtained.in (1) was dissolved in 30
ul of a bufrer comprising io mM Tris—-HCl (pH 7.5), 6 mM MgCl,,
20 mM KCl and 6 mM 2-mercaptoethanol (hereinafter, "“K-20
buffer"), 10 units of Smal was added and the digestion reaction

was carried out at 37°C for 2 hours. After precipitation with
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ethanol,lthe precipitate was dissolved in 30 pxl of T4 ligase
buffer, 0.01 pg of a §g;1 linker (5’/-pGGTCGACC-3/; Takara
Shuzo) and 175 units of T4 DNA ligase were added and the

ligation reaction was carried out at 12°C for 16 hours. After

precipitation with ethanol, the precipitate was dissolved in 30

2zl of a buffer comprising 10 mM Tris-HCl (pH 7.5), 6 mM MgCl,,

175 mM NaCl and 6 mM 2-mercaptoetﬁanol (he;einafter, "y-175

buffer"), 10 units of Sall and 10 units of MluIl were added and

the digestion reaction wés carried out aﬁ 37°C for 2 hours.

The reaction mixture was subjected to agarose gel
electrophoresis and a DNA fragment of about 1.7 kb was

recovered.

Separately, 1 ug of pAS3-3 (JP-A-2-227075) was
dissolved in 30 pxl of Y¥Y-175 buffer, 10 units of Sall and 10
units of Mlul were added and the digestion reaction was carried
out at 37°C for 2 hours. The reaction mixture was subjected to
agarose gel electrophoresis and a DNA fragment of about 6.7 kb
was recovered. '

The pAGEL106-derived MluI-Sall fragmeht (1.7 kg; 0.1
pg) and pAS3-3-derived MluI-SalIl fragment (6.7 Kkb; 0.2 ug)
respectively obtained as described above were dissolved in 30
pl of T4 ligase buffer, 175 units of T4 DNA ligase was added
and the ligétion reaction Qas carried'aut at 12°C for 16 hours.
The reaction mixture was used to transform Escherichia coli
HB101 by the method of Cohen et al. and an ampicillin-resistant

strain was obtained. From this transformant, a plasmid was

- 32 - " This Sheet Has Been Replaced




isolated by a known method. This plasmid was named pASLB3-3-1

and its structure was identified by digestion with restriction

enzymnes.

" (3) Construction of pASLB3~3 (cf. Fig. 3)

For constructing a plasmid, pASLB3-3, by introducing
the ampicillin resistance gene into pASLB3-3-1, an ampicillin
resistance gene-containing DNA fragment [XhoI-MluI fragment
(7.26 kb)) of pAS3-3 was introduced into pASLB3-3-1 between the
XhoI and MluI sites.

pPASLB3-3-1 (1 ug) obtained in (2) was dissolved in 30
#l of a buffer comprising 10 mM Tris-HCl (pH 7.5), 6 mM MgCl,,
150 mM Nacl and 6 mM 2-mercaptoethanol (hereinafter, "Y-150
buffer"), 10 units of XhoI and 10 units of MluI and the
digestion reaction was carried out at 37°C for 2 hours. The
reaction mixture was subjectéd to ‘agarose gel electrophoresis
and a DNA fragmenf of.about 7.26 kb was recovered.

Separately, 1 ug of pAS3-3 (JP-A-2-227075) was
dissolved in 30 pl of ¥Y-150 buffer, 10 units.of XhoI and 10
units of Mlul were added and the digestion reaction was carried
out at 37?C'for 2 hours. The-reaction mixture was subjected to

agarose gel electrophoresis and a DNA fragment of about 2.58 kb

was recovered.

The pASLB3-3-~1-derived XhoI-Mlul fragment (7.26 kb; 0.2
#g) and pAS3-3-derived XhoI-Mlul fragment (2.58 kb; 0)1_yg)
were dissolved in 30 yi of T4 ligase buffer, 175 units of T4

DNA ligase was added and the ligation reaction was carried out
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at 12 °C for 16 hours. The reaction mixture was used to

transform Escherichia coli HB101l by the method of Cohen et al.

and an ampicillin-resistant strain was obtained. From this
transformant, a plasmid was isolated by a known method and its
structure was identified by digestion with restriction enzymes.

This plasmid was named pASLB3-3.

(4) Construction of pASLBE3-3 (cf. Fig. 4)

A plasmid, pASLBE3-3, was constructed in the manner
mentioned below by eliminating from pASLB3-3 the dihydrofolate

reductase (dhfr) expression unit and, instead, intfoducing

thereinto the replication origin (oriP) and the EBNA-1 gene

(acting trans on the oriP to induce replication) of the

Epstein-~Barr virus. The oriP and EBNA-1 genes used were those
excised from a plasmid p220.2 produced by incorporating a
multicloning site-containing SmaI-HaeIII fragment derived fronm
pUCl2 [Messing et al.: Methods in Enzymology, 101 20 (1983)]
ihto p201 [Bill Sugden et él.: Nature, 313, 812 (1985)] at the
NarI site thereof.

p220.2 (1 pg) was dissolved in 30 pul of ¥Y-100 buffer,
20 units of EcoRI was added and the digestion reaction was
carried out at 37°C for 2 hours. After precipitation with
ethanol, the precipitate was dissolved in 30 pul of DNA

polymerase i buffer (50 mM Tris-HCl (pH 7.5), 10 mM MgCl,, 0.1
mM  dATP (deoxyadenosine  triphosphate), 0.1 mM dCTP.
(deoxycytidine triphosphate), 0.1 mM dGTP (deoxyguanosine
triphosphate), 0.1 mM TTP (thymidine triphosphate)], 6 units of

—_—
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Escherichia coli-derived DNA polymerase I Klenow fragment was

added and the reaction was carried out at 37°C for 60 minutes
- to convert the S5/ cohesive end formed upon EcoRI digestion to
a blunt end. The reaction was terminated by extraction with
phenol. After extraction with.chloroform and precipitation
with ethanol, the precipitate was dissolved in 20 pl of T4
ligase buffer, 0.05 pug of an XhoI linker (5/-pCCTCGAGG-3‘;
Takara Shuzo) and 175 units of T4 DNA ligase were added and the
ligation reaction was carried out at 12°C for 16 hours. -After
precipitation with ethanol, the precipitate was dissolved in 30
pl of Y¥-100 buffer, 10 units of BamHI was added and the
After

digestion reaction was carried out at 37°C for 2 hours.

precipitation with ethanol, the precipitate was dissolved in 30

pl of DNA polymerase I buffer, 6 units of Escherichia coli-

.derived DNA polymerase I Klenow fragment was added and the
reaction was carried out at 37°C for 60 minutes to convert the
5/ cohesive end resulting from BamHI digestion to a blunt end.
The reaction was terminated by extraction with_phenol. After
extraction with chloroform and precipitation with ethanol, the
precipitate was dissolved in 30 pl of Y-100 buffer, 10 units of"
XhoI was added and the digestion reaction.was carried out at
37°C for 2 hours. The reaction mnixture was subjected to

-

agarose gel electrophoresis and a DNA fragment of about 4.9 kb

was recovered.
Separately, pASLB3-3 (1 pug) obtained in (3) was

dissolved in 30 pl of ¥-100 buffer, 20 units of XhoI was added

—_—
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 and the digestion reaction was carried out at 37°C for 2 hours.

After precipitation with ethanol, the precipitate was dissolved
in 30 pl of DNA poiymerase I buffer, 6 units of Eschérichia
gg;i—derived DNA polyﬁerase I Klenow fraément was added and the
reaction was carried out at 37°C for 60 minutes to convert the

5’ cohesive end resultiﬁg ffom_XhoI digestion to a blunt end.

. The reaction was terminated by extraction_with phenol. After

extraction with chloroform and precipitation with ethanol, the

- precipitate was dissolved in 30 ul of a buffer comprising 10 mM

Tris-HCl (pH 7.5); 6 mM MgCl, and 6 mM 2-mercaptoethanol

(hereinafter, "¥Y-0 bdffer"), 20 units of Kpnl was added and the

digestion reaction was carried out at 37°C for 2 hours. The
reéction mixture was subjected to agarose gél electrophoresis
and a DNA fragment of about 1.3 kb was recovered.

Further, separately, 1 ug of DAGE107 ([JP-A-3-22979;
Miyaji et al.i Cytotechnglogy, 3, 133 (1990)] was dissolved in
30 ¢l of Y-0 buffer, 20 units of Kpnl was added and the
digestion reaction was carried out at 37°C for 2 hours. Then,
NaCl was added to an NaCl concentration of 100 mM, 20 units of
XQQI%Was added.and the digestion reaction was further carried
out at 37°C for 2 hours. The reaction mixture was subjected to
agarose gel eiectrophoresis and a DNA fragment of about 6.0 kb
was recovered. | |

‘The p220.2-derived XhoI-BamHI (blunt end) fragmenf (4.9
kb} 0.2 pé), pASLB3-3-derived ZQQI(blunt end) -KpnI fragment

(1.3 kb; 0.1 pg) and pAGElO07-derived KpnlI-Xhol fragment (6.0
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kb; 0.2 ug) respectively obtained as described above were

dissolved in 30 pl of T4 ligasé buffer, 175 units of T4 DNA
ligase was added and the ligation reaction was carried out at

12°C for 16 hours. The reaction mixture was used to transform

Escherichia coli HB101l by the method of Cohen et al. and an
ampicillin-resistant 'strain was 'obtained. From this
transformant, a plasmid was isolated by.a known method. This
plasmid was named pASLBE3—3 and its structure was identified by
digestion with restriction enzymes}

(5) Construction of pASLBC (cf. Fig. 5)

A plasmid, pASLBC, was  constructed in the manner
described below by eliminating from pASLB3-3 the hG-CSF gene
and, instead, introducing thereinto a multicloning site. The
multicloning site was prépared using synthetic DNas.

pASLB3-3 (1 ug) obtained in (3) was dissolved in 30 gl

. of ¥Y-175 buffer, 20 units of Sall and 20 units of Mlul were

lédded and the digestion reaction was carried out’at 37°C for 2
hours. The reaction mixtﬁre was'subjected to agarose gel
electrophoresis and a DNA frégment of about 3.1 kb was
recovered. |
Separately, 1 yé of the same plasmid Qas dissolved in
30 pl of Y¥Y-0 buffer,. 20 units of KpnI was added and the
digestion reaction was carried out af 37°C for 2 hours. Then,
NaCl was added to an NacCl concentration of 150 mM, 20 units of
M;gi was added and“the digestion reaction was further carried

out at 37°C for 2 hours. The reaction mixture was subjected to

'\,
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agarbse gel eiectrophoresis and a DNA frag‘menf: of .about 6.0 kb
was recovered. | |
Further, separately, the DNA linker specified below was
sjnthesized as a linker for connecting the Sall cleavagé site
to the XpnI cleavage site. In this 1linker, ‘there are the
fpllowing restriction enzyme cleavagé sites incorporated:

HindIII, EcoRV, SfiI, Stul and NotI.

Sall HindIII EcoRV SfiI Stul S£fiI -Notl

. Kpnl
5’ |TCGACHAGCTTGATATCGGCCTGTAAGGCCTCAQTGGCCGCEGCCGCGGTAC| 3° (52 mer)
37 [GTTCGHACTNTAGCCGGACACTCCGGABTGACCGGCGCCGHCEE| 5° (44 mer)

The 52 mer (SEQ ID NO: 3) and 44 mer (SEQ ID NO: 4)
single-stranded DNAs of said DNA linker were respectively
synthesized ﬁsing an Applied Biosystems model 380A DNA
synthesizer; The thus—synthesiz_ed'DNAs (0.2 ug each) were
dissolved in '20 u#l of T4 kinase buffer, 30 units of T4
polynucleotide kinase (Takara Shuzo; hereinafter the same shall
apply) was added and the phoSphorylatioﬁ_,reaction was carriéd‘
'.out at 37°C for 2 hours. |
The SalI-Mlul fragment (3.1 kb; 0.1 ug) and KpnI-Mlul
fragment (5.0 kb; 0.2 ug) each derived from pASLB3-3 as
mentioned above were'.dissolved in 3.0 pl of T4 ligase buffer,
0.01 pg of the lDNA linker mentioned above and 175 units of T4
DNA ligase.' were addéd and the ligation reaction was carried out

at 12°C for 16 hours. The reaction mixture was used to

_—
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transform Escherichia co1i HB101l by thé method of Cohen et al.
and an ampicillin;resistant strain was obtained. From this
transformant, a piasmid was isolated by a knbwﬁ method. This
plasmid was named pASLBC and its structure was identified by
digéstion with restriction enzymes.
(6) Constfuctionlof PASLBEC (cf. Fig. 6).

A plasmid, pASLBEC, was constructed by eliminating from
PASLBC the dihydrofolate reductase (dhfr) expression unit aﬁd,
instead, introducing thereinto the oriP and EBNA-1 gene;

PASLBE3-3 (1 pg) obtained in (4) was dissolved in 30 ul
of Y-150 buffer, 20 units of M;gl.and 20 units of Xhol were
addéd and the digestion reaction was carrigd out at 37°C for 2
hours. The reactiﬁn'mixture was subjecﬁed'to agarose gel
electrophoresis and a DNA .fragment of about 1.3 kb was
recovered. | -

Separately, 1 ug of the same plasmid was dissolved .in
30 ul of Y¥Y-0 buffer, 20 units of KpnI was added and the

digestion reaction was carried out at 37°C for 2 hours. Then,

'NaCl was added to an NaCl concentration of 150 mM, 5 units of

M;gl'was added and, further, partial digestion was effected at
37°C for 20 minutes. The reaction mixture was subjected to
agarose gel electrqph@fesié and a DNA'fragment of about 9.6 kb
was isolated. |

Further, separately; pASLBC (1 yg) was dissolved in 30
pl of ¥-0 buffer, Zb units of Kpnl was added and the digestion

reaction was carried out at'37°c for 2 hours. Then, Nacl was
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added to an NacCl concéntration-of 100 mM, 20 units of -XhoI was

added and, further, the digestion reaction was carried out at

37°C for 2 hburs. The reaction mixture was subjected to

agarose gel electropﬁoresis and a DNA fragment of about 0.6 kb
~was isolated.

The MluI-XhoI fragment (1.3 kb; 0.2 pg) and KpnI-Mlul
fragment (9.6 kb; 0.2 yg) each derived'from pASLBE3-3 as
described above and the pASLBC-derived KpnI-Xhol fragment (0.6
kb; 0.05 ug) were dissolved in 30 pul éf T4.1igasé buffer, 175
units éf T4 DNA ligase was added and the ligation reaétion was

carried out at 12°C for 16 hours. The reaction mixture was

used to transform Escherichia coliIHBlol by the method of Cohen
et al. and an ampicillin-resistant strain was obtained. From-
this transformant) a plasmid was isolated by a known method.
This piaSmid was named PASLBEC and its étfucture was identified
by digestion with restriction-enzymes.

(7) Construction of pASLBECZ (cf. Fig. 7)

A plasmid, pASLBECZ, was constructed in the manner
mentioned below by introducing a BamHI linker into the.gggl
site in the multicloning site of pASLBEC. In pASBEC2, the StuI
site in the multicloning site is missing. _

PASLBEC (1 pug) obtained in (6). was dissolved 'in 30 ul
of Y¥Y-100 buffer, 5 units of'.§§gI .Qas added and partial
digestion was effeqted at 37°C for 20 minufes; The reaction
mixture was subjécted'to agarose gel eléctrophoresis and a DNA
fragment of about 11.5 kb was recovered. The DNA recovered was

/,/
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dissolﬁed in 30.u1 of T4 ligase buffer, 0.01 pug of a BamHI
linker (5’/-pCCGGATCCGG-37; Takara Shuzo) and 175 units of T4
DNA ligase were added and the ligation reaction-was.carried out
at 12°C for 16 hours. - Aftér precipitation with ethanol, the
precipitate was dissolved in 30 ul of Y-100 buffer, 20 units of
BamHI was addéd and the digestion reaction was carried out at
37°c for 2 hours. ' The reaction mixture was subjected to
agaroée"gel electrophoresis and é DNA fragment of about 11.5 kb
was.recovered; The DNA ffagment recovered was dissolved in 20
pl of T4 ligase buffer, 175 units of T4 DNA ligase was added

and the ligation reaction was carried_out at 12°C for 16 hours.

The reaction mixture was used to transform Escherichia coli

HBlbl by the method of Cohen et al. and an ampicillin-resistant

strain was obtéined. From this transformant, a plasmid was

iéolated by a known method. This plasmid was named pASLBEC2
and its structure was identified by digestion with restriction
. enzymes. |

(8) Construction of pAMOEC2 (cf. Fig. 8)

A plasmid, pAMoEC2, was .constructed in the manner
described below by replacing the promoter in pASLBEcz [promoter
resulting from fusion of the Sv40 early'gené proﬁoter and pérts
of the R and US régions of the long terminal repeat (LTR) of
- HTLV-1] with the.promoter.of LTR of the Moldney murine leukemia
virus. The promoter of Moloney murine leukemia virus LTR was
excised for use from the_blasmid Molp-1 [Akiﬂori IShimoto et

al.: Virology, 141, 30 (1985)].

il
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PASLBEC2 (1 ug) obtained in (7) was dissolQedfin 30 pd
of a buffer comprising 10 mM Tris-HCl (pH 7.5), 6 mM MgCl,, 50
mM KCl and 6 mM 2-mercap£oethanol (said buffer hereinafter
referred to as "K-50 buffer" for short), 20 units of ﬂiﬂdIII
and 20 units of AatII (Toyobo) Qere added and the digéstion,
reaction was carried out at 37°C for 2 hours. The reaction
mixture was subjected to agarose gel eiectrophoreéis and a DNA
fragment of about 4.8 kb was recovered.

Separately, 1 pug of fhe same plasmid'was dissolved in
30 1 of K-50 buffer, 20 units of AatII was added and the
digestion reaction was carried out at 37°C for 2 hours. Then,
.5 units of XhoI was added.and; further, paftial digestion was
effécted at 37°C for 20 minutes. The reaction mixture was
subjected to agarose gel.eléctrophoresis'and a bNA frégment of
about 6.1 kb was recovered. | |

Then, the linkéf shown 5elow wa§ synthesized as a
linker for connectihg the XhoI cleavage site to the Clal
| cleavage site;' |

5’ - TCGAGGACC - 3’ {9 mer)
3¢ ~ CCTGGGC - 5 (7 mer)

The 9 mer and 7 mer single-stranded DNAs for preparing
the ache DNA linker were synthesized using an Applied
- Biosystems model 380A DNA synthesizer. The DNA synthesized
(0.2 pug each) were_dissolved in 4o'yi of T4 kinasé buffer, 30
units of T4 'polynuéleotide kinése was added and thé

phosphorylation reaction was carried out at 37°C for 2 hours.
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Further, separately, 1 ug of Molp-1 [Akinori Ishimoto

et al.: Viroiogy, 141, 30 (1985)] was dissolved in 30 gl of Y-
50 buffer, 20 units of Clal was added and ﬁhe'digestion

reaction was carried out at 37°C for 2 hours. After
precipitation with ethanol, the precipitate waé dissolved in 30
ul of T4 ligase buffer, 0.01 ug of the DNA linker described
above and 175 units of T4 DNA liéase were added.and the
ligation reaction was carried out at 12°C for 16 hours. After
precipitation With_ethanol, the precipitate was dissolved in 30
pl of K-20 buffer, 20 units of Smal was added and_the digesﬁion
reaction was carried out at 37°C for 2 hours. The reaction
mixture was éubjecﬁed to agarose gel electrophoresis and a DNA
fragment of about 0.6 kb was recovered. The DNA fragment
recovered was dissolved in 30 pl of T4 ligase buffer, 0.03 ug
of a HindIII linker (5'-pCAAGCTTG-3’; Takara Shuzo) and 175
units of T4 DNA ligase were addéd and the ligation reaction was
carried out at 12°C for 16 hours. After precipitation with
ethanol, the prec1p1tate was dlssolved in 30 pl of a buffer
comprising 10 mM Tris-HCl (pH 7.5), 6 mM MgCl,, 50 mM NaCl and
6 mM z—mercapto-ethénol (said buffer hereinafter referred to as
"y—~50 bﬁffer" for short), 10 unitsiof HindIII was added and the
digestion reaction was carried out at 37°C for 2 hours. Then,
NaCl was added to an NaCl_concentrétion of 100 mM, 10 ﬁnits of
XhoI was added and the digestion reaction waé furthef carried
..out at 37°C for 2 hours. The reaction mixture was subjected to

. agarose gel electrophoresis and a DNA fragment of about 0.6 kb
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was recovered.

-The HindIII-AatII fragment (4.8 kb;.0.2 pg) and AatII-
Xhol fragment (6.1 kb;_o.z pg) each derived from pASLBEC2 as
described above and the'MOIp—l-derived HindIII-Xhol fragnent
(0.6 kKb; 0.05 ug) were dissolved in 30 ul of T4 ligase buffer,
175 units of T4 DNA ligase was added and the ligation reaction
was carried out at 12°C for 16 hours. The reaetibn mixture was

used to transform Escherichia coli HB101l by the method of Cohen

et al. and an ampicillin—resiStant strain was obtained. From
this transformant, a'plasmid was isolated by a known method.
This plasmid was named pAMoEcz and its structure was identified
by digestion with restriction enzymes. |
(9) Construction of pAMoEC3 (cf. Fig. 9)

| A plasmid, pAMOEC3, was constructed in the manner
described below by inserting, as a stuffer-DNA, a DNA fragment
[Q;gi—gngI fragment (2.5 kb)) 'centaining rhe tetracyline
resistance gene-of pBR3221in£o the BamHI site in the multi--
_ cloning site of pAMOEC2. - |

PAMOEC2 (1 pg) obtained in (8) was dissolved in 30 gl

of ¥-100 buffer,.zo units of BamHI was added and the digestion
reaction was carried out at 37°C for 2 hours. After
precipitation with.ethanol :the,precipitate was dissolved in'30
ul of DNA polymerase I buffer, 6 units of Escherichia coli—‘
derived DNA polymerase I Klenow fragment was added and the
reaction was carried out at 37°C for 60 minutes to convert the

5’ cohesive end resulting from BamHI digestion to a blunt end.
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The reaction mixture'waé Subjected to agarose gel- electro-
phoresis and a DNA fragment of about 11.5 kb was recovered.

Separately, 1 pug of pBR322 [Bolivar et al.: Gene, 2, 95
(1977)] was dissoived in 30'ul of Y-50 buffer, 20 uﬁits of Q;gl
and 20 unité of Pvull were added and the digestion reaction was
carried out at 37°C for 2 hours. The reaction mixture was
: subjected,fo agarose gel electrophoresis'and a DNA fragment of
about 2.5 kb was recovered. |

| The pAMoEC2-derived BamHI (blunt end) fragmeﬁf (11.5
kb; 0.1 pg) and pBR322-derived DraI-Pvull fragmenﬁ (2.5 kb; 0.2
" ug) respectively obtained as described above were dissolved in
30 pl of T4 ligase buffer, 175 units of T4 DNA ligase was added
and the ligation reaction was carried out at 12°C for 16 hours.
The reaction mixture was usSed to transform Bséhérichia coli
HBlbl'by the method of Cohen et al. and an ampicillin- and
tetracycline-resistant strain was obtained. From this
transformant, a plasmid was isolated by a known method. This
plasmid was named pAMoEC3 and its structure was identified by
digeétion with restriction enzymes. |
(10) Construction of pAMoERC3 (cf. Fig. 10)

A'plasmid, PAMOERC3, was constructed in the manner
described below by reversing the direction of the oriP and
EBNA-1 gene uhit in pAMoOEC3. |

pAMOEC3 (1 pg) obtained in (9) was dissolved in 30.y1
of ¥-100 buffer, 20 units of XholI was added and_fhe-digestion

reaction was carried out at 37°C for 2 hours. | Then, 30 ul of
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i M fris—Hcl (pH 8.0) and 1 unit of Escherichia coli-derived
alkaline phosphatase (Takara Shuzo) _were added and thé
dephosphorylation reaction was carried out af 37°C for 2 hours;
After'precipitation.with ethanbl,.the precipitate was dissolved
in 30 pl of a buffer comprising 10 mM Tris-HCl (pH 8.0) énd 1
mM EDTA (sodium ethylenedlamlnetetraacetate) (hereinafter, "TE
buffer") and subjected to agarose gel electrophoresls and a DNA
fragment of about 9.1 kb was recovered. '

Separately, 1 pg of the same plasmid was dissolved in
30 pl of Y-100 buffer, 20 units of Xhol was added and the
digestion reaction was.carried out at 37°C for 2 hours. The.
reaction mixture was subjécted to agafose gel electrophoresis
and a DNA fragment of about 4.9_kb was fecovered.

The pAMOEC3- derlved “XhoI fragment (9 1 kb; 0.1 pg) and
the XhoI fragment (4.9 kb; 0 2 ,ug) dt_arlved from the same
plasmid, respecﬁively. obt&ineq in the above manner, were
diséolved in 30 ul of T4 ligase_buffer, 175 unité of T4 DNA
ligase was added and the ligation reaction was carried out at
12°C for 16 hours. The reactioﬁ mixture was used to transform

Escherlchla coli HB101l by the method of Cohen et al. and an

amp1c1111n-re51stant straln was obtained. From this
transformant, a plaémid was isolaﬁed by a knowh method. This
plasmid was named pAMoﬁRCB and its structure was identified by
digestion with restrictioh enzymes.

(11) Construction éf pPAGE207 (cf. Fig. 11)

A plasmid, pAGE207, was constructed in the manner
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described below by replacing the G418 resistance- gene in
PAGE107 Qith the hygromycin (hyg) resistance gene. The hyg
resistance gene was excised for uSe'ffom-pZOI'[Bill Sugden et
al.: Nature, 313, 812 (1985)].

pAGElO? (JP-A~3-22979; 1 pg) was dissolved in 30 pl of
¥-50 buffer, 20 units of Clal was added and the digestion
reaction was carried out at 37°C for 2 hours. Then, NaCl was
added to an NaCl concentration of 150 mM, 20 units of MluI was
added and the digestion reaction was further carried but at
l37°¢ for 2 hours. The reaction mixture was subjected to
agarose gel electrophoresis and a DNA'fragment of about 4.6 kb
‘was recovered.

§201 (Bill Sugden et al.: Nature, 313, 812 (1985); 0.5
¢g] was dissolved in 30 gl of Y-50 buffer, 20 units of NarI
'(New England Biolabs) was added and the digestion reaction was
carried out at 37°C for 2 hours. After précipitation'with
ethanol, the 'précipitate was dissolved in 30 ul of DNA

polymerase I buffer, 6 units of Escherichia coli-derived DNA

polymerase I Klenow frégment was added and the reaction was
carried out at 37°C for Gozminutes to convert the 5’ cohesive
end formed upon NarI digestion to a blunt end. The reaction
was terminated by extraction with phenol. .After.extraction
with chloroform and precipitation with ethanol, the_precipitate
‘was dissolved in 20 ul of T4 ligase buffer, 0.05 yg of a ClaI
linker (5’ pCATCGATG 3/; Takara Shuzo) ;nd 175 units of T4 DNA

ligase were added and the ligation reaction was carried out at
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12°C for 16 hours. After precipitation with ethanol, the
precipitate was dissolved in 30 gl of Y-50 buffer, 10 units of
Clal was added and the digestion reactioh was carried out at
37°Cc for 2 hours. Then, NaCl was added to an Nacl
concentration of 150 mM,llo units of MlgI was added énd,
further, the digestion reaction was carried out at 37°C for 2
hours. The reaction mixtgre was subjected to agarose gel
electrophoresis and a DNA fragment of about 1.6 kb was
recovered. | |

The PAGE107-derived ClaI-Mlul fragment (4.6 kb; 0.2 ug)

and p20l-derived ClaI-MluI fragment (1.6 kb; 0.1 pug)

respectively obtained in the above manner were dissolved in 30

#l of T4 ligase buffer, 175 units of T4 DNA ligase was added
and the ligation reaction was carried out at 12°C for 16 hours.

The reaction mixture was used to transform Escherichia coli

HB101l by the method of Cohen et al. and an ampicillin-resistant
strain was obtained. Fr¢m this transformant, a plasmid was
isolated by a known method. This plasmid was named pAGEZO? and
- its structure was identified by digestion with restriction
enzymes.

(12) Construction of pAGE207ScN (cf. Fig. 12)°

For eliminating the SfiI-site-related sequence

occurring in the rabbit 8 globin gene, a plasmid, pAGE207ScN,

was constructed in the manner described below by inserting a
Scal linker into pAGE207 at the Ball site. In pAGE207ScN, the

number of Scal linkers inserted is unknown.
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PAGE207 (0.5 pg) obtained‘in (11) was dissolved'in 30
pl of Y-0 buffer, 10 units of Ball was added and the digestion
reaction was carried out at 37°C for 2 hours. ~After
precipitation Qith ethanol, the precipitate was dissolved in 20
1l of T4 ligase buffer, 0.01 ug of a §ggi iinker (S’pAAGTACTT
3/; Takara Shuzo) and.175 units of T4 DNA ligase were added and
the ligation reactionlwas carried out at 12°C for 16 hours.
The reaction mixture was used to transform Escherichia coli
'HB101 by the method of Cohen et al. and an ampicillin—resistant
strain was obtained. From this transformant, a plasmid was
isolated by a knewn method. This plasmid was naned PAGE207ScN
and its structure was identifiedlby digestion with restriction
enzymes.' |
(13) ~Construction of-pAﬁoCBSc (cf. Fig. 13)

For eliminating the . §§iI-site—related sequence
occurring in ﬁhe rabbit 8 globin gene in pAMoERC3, a plasmid,
PAMOERC3Sc, was constructed in the nanner'described below by
‘replacing the rabbit 8 globin gene in pAMoERCj'with the rabbit
f globin gene in pAGEZO?ScN no longer having thet sequence.in
- question. For convenience sake, pAMoC3Sc was first constructed
and then pAMOERC3Sc was constructed. While, in the above-
mentioned pAGE207ScN, the number of Scal linkers inserted for
eliminating the §i;I—Site—related seguence is unknown, in the
case of pAMoERC3Sc, the number of Scal sites inserted is
presumably 1, since pAGE207ScN was once cleaved with ScaI.

pAGEZO?ScN (1 pg) obtained in (12) was dissolved in 30
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pl of ¥-0 buffer, 20 units of KpnIl was added and the digestion
reaction was carried out at 37¢°C for 2 hours. Then, NaCl was
added to an NacCl concentratioﬁ of 1OO mM, 20 units of Scal was'
added and the digestion reaction was further carried out at
37°C fof 2 hours. The reaction mixture was subjected to agarése
gel eiectrophoresis and a DNA fragment of about 0.7 kb,was

recovered.

Separately, 1 ug of the same plasmid was dissolved in
30 pl of Y-lob buffer, 20 units of Scal and 20 units of Clal
were added and the digestion reaction was carried out at 37¢°C
for 2 hours. The reaction mixture was subjected to agarose gel
electrophoresis and a DNA_ fragment of abqyt 0.9 kb was

recovered.

Further, separately, 1 pg of pAMOERC3 obtained in (10)
was dissoived in 30 pl of ¥Y-0 buffer, 20 units of Kpnl was
added and the dlgestlon reactlon was carried out at 37°C for 2
hours. Then, NaCl was added to an Nacl concentration of 100
'mM, 20 units of XhoI was added and the digestion reactlon was
further carried out at 37°C for 2 hours. The reaction mixture
was subjected to agarose gel electrophoreéis and a DNA fragment
of about 3.2 kb was recovered. |

'T_hen, 1 pg of pAGE107 (JP-A-2-227075) was dissolved in
30 pl of ¥Y-100 buffer, 20 units of XhoI and 20 units of g;gi
were added and the digestion reaction as carried out at 37°C
for 2 hours. The reaction mixture was subjected to agarose gel

electrophoresis and a DNA fragment of about 4.3 kb was
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recovered.

The pAéEZO?ScN—derived KpnI-Scal fragment (0.7 kb; o.i
#g) , PAGE207ScN-derived ScaI-clal fragment (0.9 kb; 0.1 ug),
PAMOERC3~derived KXpnI-Xhol fragment (3.2 kb; 0.3 ug) and
PAGE107-derived zth—g;gI. fragment (4.3 kb; 0.3 pug)
respectively obtained as described above were diésolved in 30
gl of T4 ligase buffer, 175 units of T4 DNA ligase was added
and the ligation reaction was carried out at 12°C for 16 hours.
The reaction mixture waé ﬁsed to transform Escherichia coli
HBldl and an ampicillin-resistant strain was obtained. From
thié transformant, a plasmid was isoclated by a known method;
This lplésmid was . named pAMoC3Sc and its .structure was
identified by digestion with restriction enzymes.

(14) Construction of pAMoERC3Sc'(cf. Fig. 14)

PAMOERC3 (1 ug) obtained in (10) was dissolved in 30 ul
of ¥-0 buffer, 20 units of KpnI was added and the digestion
;eaction.was carried out at 37°C for 2 hours. ‘Then, NaCl was
added to an NaCl éoncentration of 150 mM, 20 units of Mlul was
added and the digestion reaction was further carried out at
37°C for 2 hours. The reaétion ﬁixture was subjected to
agarose gel electrophoresis and a DNA fragment of about 6.8 kb
was recovered. |

| Separately, 1 ug of the same plasmid was dissolved in
30 pul of Y-150 buffer, 20 units of XhoI and 20 units of MluIl
weré added and_thé digestion reaction was carried out at 37°C

for 2 hours. The reaction mixture was subjectéd to agarose gel

_—
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-electrophoresis and é DNA fragment 6f about i.3- kb was
recovered. . | | |
Further, separafely, 1 ug of pAMoCBSc was dissolvéd in
30 gl of Y-0 buffer, 20 units of KpnI was added and the
digestion reaction was cafried out at 37°C for 2 hours. Thén,
NaCl was added to an NaCl concentration of 100 mM, 20 units of
Xhol was added and the'digeétion reaction was further carried
out at 37°C for 2 hours. The reaction mixture was subjected to
agarose gel electrophoresis and a DNA fragment of about 5.9 kb
was recovered. | ) | |
. The pAMOERC3-derived KpnI-MluI fragment (6.8 kb; 0.2
4#9) , PAMOERC3-~derived XhoI-MluI fragment (1.3 kb; o.o_s pg) and
pAMoC3Sc-derived KpnI-XhoI fragment (5.9 kb; 0.2 ©g)
respectively obtained as described above were dissolved in 30
gl of T4 ligase buffer, 1?5 units of T4 DNA ligdse was added
and the.ligation reaction was carried out at 12°C for 16 hours.

"The reaction mixture was used to transform Escherichia coli

'HB101 by the methéd of Cohen et al. and an ampicilline-
resistant strain was obtained. From this transformant, a
plasmid was isolated by a known method. This plasmid was named
PAMOERC3Sc and its structure was identified by digestion'with.
restriction enzy@es. - .
pAMoERCBSc_has the long terminal repeat of Moloney
murine leukemia virus as- a promoter for heterologous gene
expression. Ité' design_ is such 'thati for efficient
.heterologous.gene expression, the heteroioéous gene inserted is
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| to be folio&ed'by the rabbit B globin gene'éplicing‘signal,
rabbit B globin gene poly A additioh signal and SV40 early géne
poly A.addition signal. Further, it has the G418 resistance
gene as a drug resistance marker for animal cells and the kana-
mycin resistance gene (same as the G418 resistance géne) and
.ampigillin :resistance gene as drug resisfance'_mérkers for

Escherichia coli.  Further, it has the replication origin .

(oriP) of the Epstein-Barr virus and the EBNA-1 gene acting

trans on the oriP to induce replication, so that it can retain

its plasmid state in Namalwaidells and many other cells except
for rodent cells, withdut being incorporated 1into the
chromosome. | |

¢cDNA 1library construction using pAMoER¢3Sc can be
realized by adding a SfiIl linker to both ends of cDNA and fhen
incorporating the additi6n product into §AM0ERC3SC at the Sfir
site.
(15) Constructihn of pAMoOPRC3Sc (cf. Fig. 15)

When cells expressing EBNA-1 by nature, for example
Namalwa éells, are used as the host, it is supposed that the
piasmia.pAMoERC3Sc introduced into such host, even if it were
_lackihg the EBNA-1 gene, could occur in the state of plasmid
without belng 1ncorporated 1nto the chromosome. Thereforé a
plasmid, pAMoPRCBSc, was constructed in the manner described
below by eliminatiﬁg the EBNA-l gene from pAMoERC3Sc. Like
-pAMOERCBSc, pAMoPRC3S¢ can be used as a di_rect expression

cloning vector.
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PAMOERC3Sc (2 ug) obtained in (14) was dissolved_in 30
gl of Y-50 buffer, 20 units_of_ﬂsiI (New England Biolabs) was
added and the digestion reaction was éarried out at 37°C for 2 -
hours. After precipitation with ethandl, the precipitate was
dissolved in 30 pl of DNA polymerase I buffer, 6 units of

Escherichia coli-derived DNA polymerase I Klenow fragment was

added and the reaction was carried out at 37°C for 60 minutes
“to convert the 3/ cohesive end formed upbn NsiI digestion to a
blunt end. The reaction was terminated by extraction with
phenol. After extraction with chloroform and precipitation
with ethanol, the precipitate was dissolved in_30.#l.0f.Yf100

buffer, 20 units of NotI was added and the digestion reaction

was carried out at 37°C for 2 hours. The reaction mixture was
subjected to agarose gei electrophoresis and a DNA fragment'of
about 8.1 kb was recovered. | | |
Separately, 2 ug of the same plasmid was dissolved in
30 1l of ¥Y-100 buffer, 20 units of XhoI was added and the
digestion reaction was carried out at 37°C for 2 hours. After

precipitation with ethanol, the precipitate was dissolved in 30

#l of DNA polymerase I buffer, 6 units of Escherichia coli-
lderived DNA polymerase I Klenow fragment was added and the
reactioﬁ was carried ouf at 37°C for 60 minutes to convert the
5/ cohesive end formed upon XhoI digestion tb.a blﬁnt end. The
réaction was terminated by extraction with phenol. After
extraction with cﬂlorofo:m and precipitation with ethanol, the

precipitate was dissolved in 30 pl of Y-100 buffer, 20 units of

_—
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NotI was added and the digestion reaction was carried out at
37°C for 2 hours. The reaction mixture was subjected to agérose
gel electrophoresis gnd a DNA fragment of about'3.2.kb was
recovered.. _ |

| The pAMoERC3Sc derlved N51I(b1unt end)-NotI fragment'
(8.1 kb; 0.1 ug) and XhoI(blunt end) ~NotI fragment (3.2 kb; 0.1
'pg) respectively obtained in the above manner were dissolved in
| 30 pl of T4 ligase bﬁffef, 175 units of T4 DNA iigase was added
and the llgatlon reactlon was carrled out at 12°C for 16 hours.
The reaction mixture was used to transform Bscherlchla coli
HB101 by the method of Cohen et al. and an ampicillin-resistant
strain was obtained. From this transformant, a plasmid was
isolated by a known method. This plasmid was named pAMoPRC3Sc
and its structure was.idéntified by digestion with restriction
enzymes.

2. Cioning of a—1,3—fucbsy1trénsferase CcDNA from cells

-of human monocytic cell liné THP-1

(1) Extraction of'mRNA from cells of human monocytic

cell line THP-1 '

Using the mRNA extraction kif-Fast Track (Invitrbgen;
article number K1593-02), about 30 xg of mRNA was obtained from
i x 108 THP-1 ¢ells (ATCC TIB 202). The reagents and procedure
_used were as described in the ménual attached to the kit. |
(2) CcDNA library_construction | |

Using GIBCO BRL‘s kit cDNA Synthesis System,.double—

stranded cDNA was synthesized, with oligo dT as a primer, from
-—ﬁ___;_;__________
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8 ug of the mRNA obtaiﬁed in the above manner...lOn-that
occasion, GIBCO BRL’S Super Script™ RNase H’-Reverse
.Transcriptasé was used as the reverse transcriptase in lieu of
Moloney murine 1leukemia virus (M-MLV) reverse transcriptase
- belonging to thé kit. Then, the cDNA was provided, on both
ehds, with the SfiI linker shown below and subjected to agarose
gel electrophoresis for fractionating the cDNA by Sizé. cDNA
fraéments not less than about 1.6 kb were thus recovered.
| 5 -~ CTTTAGAGCAC - 37 (11 mer)
3/ - GAAATCTC - 57 (8 mer)

The 11 mer (SEQ ID NO: 5) and 8 mer single—stranded-
DNAs of the SfiI linker were respectively synthesized using an
Applied Biosystems model 380A.;DNA syhthesizer. Each DNA
'Syntheéized (50 pg) was individually dissolved in 50 gl of T4
kinase buffer, 30 units of T4 polynucleotide kinase (Takara
Shuzo) was added and the phosphorylation reaction Qas carried
out at 37°C for 16 hours. The double—stranded chA synthesized
as described above and the phosphorylated linkers (4 pg of the
11 mer and 2.9 ug of the 8 mer) phosphorylated as described
above were dissolved in 45 ul of T4 ligase buffer, 1,050 units
of T4 DNA ligase was added and the ligation reaction was
carried out at.16°c for 16 hours. The reaction mixture was
subjected to agarose gel électrophoresis and cNDA fragments not
less than about 1.6 kb in size were recoveréd.'

Separately,.24 pg of the direct expression cloning

vector pAMOPRC3Sc obtained in 1-(15) was dissolved in 590 pl of
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¥Y-50 buffer, 80 units of Sfil was added and the aigéstion
reaction was carried out at 37°C for 16 hours. Then, a portion
(5 pl) 5f the reaction mixture was subjected to agarose gei
electrophoresis. Aftér confirmation, in thié manner, of
completion of the cleavége, 40 units of BamHI waé added and the
digestion reaction was carried out at 37°C for 2 hours to
quantitatively reduce the background (clones without any cDNA
insert) resulting from the éDNA library constructiqn. The
reaction mixture ' was  then subjected to agarose gel
électrophoresis and a DNA fragment of about 8.8 kb was
recovéred, |

 The pAMoPRC3Sc-deriQed Sfil fragment (8.8 Kkb; 2 ug)
obtained as described above and the cDNA purified in the above
manner were dissolved in 250 gl of T4 iigase'buffer, 2,000
units of T4 DNA ligase was added and the ligation reaction was
carried out at 16°C for 16 hours. Then, after addition of 5 ug
‘of transfer RNA.(tRNA), precipitation was effected by addition
of ethanol and the precipitate was dissolved in 20 pl of TE
buffer. = The reaction mixture was used. to transform
Escherichia coli LE392'[Méniatis et al. (editors): Molecular
Cloning, second edition,rcdld Spring Harbor Laboratory, 1989]
by electroporation ([William J. Dower et al.: Nucleic Acids
Research, 16, 6127 (1988)] and about 560,000 ampicillin-
resistant strains. |
(3) Cloning of a—1,3—fuéosyltfansferaée cDNA (THél)

' The 'ampicillin-resistant . strains (about 560,000
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strains; cDNA library) obtéined in the above manner were mixed
and plasmids were prepared using Qiagen’s plasmid preparation
kit.> plasmid < maxi kit (article number 41031). The plasmids
prepared were precipitated by addition of ethanol and.then
dissolved ih TE buffer to a concentration of 1 ug/ul.
| The above plasmid was introduced into Namalwa cells
conditioned in serum-free medium (KJM-1 strain) [Hbsoi et al.:
Cytotechnology, 1, 151 (1988)] by electroporation [Miyaji et
al.: Cytotechnology, 3, 133 (1990)]. Aftef,int:oduction of 4
- pg of plasmid per 1.6 x_lb6 cells, the cells were suspended in
8 ml df RPMI1640-ITPSGF medium [RPMI1640 medium supplemented.
‘with 1/40 volume of 7.5% NaHCO3, 3% of 200 mM Irglutamine.
solution (Gibco), O. 5% of a pen1c1llln—streptomyc1n solution
(Gibco; 5,000 units/ml penicillin, 5,000 ug/ml streptomycin),
N—Z—hydroxyethylpipefazine—N’-2—hydroxypropane-3—sulfonicacid
(HEPES) (10 mM), insulin (3 ug/ml), t:ansferrih (5 pg/ml),
sodium pYruvate (5 mM), sodium selenite (125 nM); gaiéctbsé (1
mg/ml) and Pluronic Fé68 (0.1%lw/v); Nissui Pharmaceutical] and
.cultured in a co, incubator at 37°C for 24 hours. Then, G418
(Gibco) was added to a concentration of 0.5 mg/ml and the
incubation was further céntinued for 7 days, whereby
transformants Qere obtained;_ The transformants obtained were
cultured in RPM11640-ITPSGF medium containing 0.5 mg/ml of G418
and then abdut 3 x 107 cells were subjected ”to indirect
immunofluorescent staining usiné an antibody against sialyl
Lewis X% carbﬁhydrate chéin, KM93 [Furuya et al.: Anticéncér
\
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Research, 12, 27 (1992)]. Specifically, the following
procedure was followed. | |

Abou-tls x 10’ cells were placed ih a 50-ml centrifugal
tube (2059 tube; .Falcoﬁ_) and the cells were collected .by
centrifugation (130 x g, 10 minutes). Then, the cells were
washed with 20 ml of phosphate-buffered saline (PBS) containing
0.1% sodium azide (A-PBS; 8 g/l NaCl, 0.2 g/l KCl, 1.15 g/l
Na,HPO, (anhydrous), 0.2 g/l KH2§O4, 0._1%'s'odium azide]. To the
cells collected was added 0.8 ml of KM93 (10 ,ug/;nl; dissolved
in A-PBS) for suspending the cells therein, and the reaction
was carried oﬁt at 4°C fbr 1 hours. The cells were rinsed with
two portions of A-PBS and, then, 320 ul of antimouse IgG
antibody/IgM antibody fluo’re’scence—l’abeled with fluores_cein.
isothiocyanate (FITC) (Kir_‘kégaad & Perry Laboratories; 16-fold
diluted with A-PBS) was added thereto for susp_ehdimj them
thefein, and the reaction was carried out at 4°C for 30
minutes. The cells were then rinsed with two portions of A-PBS
and suspended in 1 ml of A—PBIS_ and cells high in fluorescence
"intensity (highest 1%) were aseptiéally recovered using a
fluoreé’cence activated cell sorter (EPICS Elité Flow Cytometer;
Coulter). The cells._recoyer_e'd were cultured for multiplication
in"RPM11640—ITPSGF.med‘ium containing 0.5 mg/ml of G418. The
cells thus grown were repeatedly treated in the same manner _for
separating and concentrating _célls showing high fluorescence
intensity. In the second treatment, | cellé with high
fluorescehce intensity (highest 1%) were rec_ovefed ‘and, in the

\\
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third treatment, cells Qith high fluorescence intensity
(highest 20%) were recovered. As a fesult, cells with
increased fluorescence intensity, namely éells with increased
expression of sialyl Lewis x, could be obtained. These cells
wvere cultured in RPM11640—ITPSGF medium containing 0.5 mg/ml of
G418 and then the plasmid was recovered from about 5 x 106
cells by the Hart method [Robert F. Margolskee et al.:

Molecular and Cellular Biology, 8, 2837 (1988)]. The plasmid

recovered was introduced into Escherichia coli LE392 by.

electroporation. (William J. Dower e£ al.: Nucleic Acids
Research, 16, 6127 (1988)] and an ampicillin-resistant strain
was obtained. From that transformant, a plasmid was prepared
using Qiagen’s plasmid preparatipn kit and its structure was
studied by cleaving with various restriction enzymes. It was
found that the plasmid contains a cDNA of about 1.7 kb. This
plasmid was named pAMoPRTHZl and again introduced into £he
strain KJM-1 by the method described above. Indirect
immuﬁofluorescence staining using KM93 revealed that the level
of expreésion'of sialyl Lewis x was about- 10.times higher in
the strain KJIJM-1 harboring that plasmid as compared with the
strain KIJM-1 harboring the conirol plasmid (pAMbPRCBSc). The

above results indicate that cDNA is the cDNA coding for a-1,3-

fucosyltransferase participating in the production of sialyl

Lewis X.

3. Base sequence determination of cDNA (TH21) coding

for «-1,3-fucosyltransferase
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(1) Insertlon into pUCl119 of cDNA (TH21) coding for-
o1, 3 fucosyltransferase (cf. Fig. 16)
- pPAMOPRTH21 (2 pg) was dissolved in-50 pi of ¥-0 buffer,'
30 units of SaclI was added and the digestion reaction was
cafried out at 37°C for 2 hours.  After precipitation with
ethanél, the _precipitate was dissolved in 30 pl of DNA
polymerase I buffer, 6 units of _Escherichia ggl;—derived DNA
polymerase I Klenow fragment was added and the reaction was
carried out at 37°C for 60 minutes to convert the 3’/ cohesive
end formed upon SacI digestion to a blunt end. The reaction
mixture was subjected to agéfose gel electrophoresis and a DNA
fragment of about 1.8 kb was recovered. | |
Separatély, 1 pg of pUC1l19 [Messing et al.: Methods in
Ehzymology, 153, 3 (1987)] was dissolved in 30 pl of.Y~100

buffer, 20 units of HinclI was added and the digestion reaction

was carried out at 37°C for 2 hours. The, 30 pl of 1 M Tris-

HCl (pH 8.b) and 1 unit of Escherichia coli-derived alkaline
phosphatase (Takara Shuzo) was added.and the dephoéphorylétion
reaction was carried out at 37°C for 2 hours. After
precipitation'with éthanol,'the precipitate Qas dissolved in 30
ul of TE buffer, the solution was subjected to agarose gel
electrophoresis. and a DNA fragment of about 3.16 kb was
recovered. |

The pAMoPR?Hzl—deriVed SacI (blunt end) fragment (1.8
kb; 0.05 pg) and pUC.119—deri_ved HincII fragment (3.16 kb; 0.05

#g) respectively obtained as described above were dissolved in
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.30 pl of T4 ligase pbuffer, 175 units of.T4 DNA'ligase and the
ligation reaction was carried out at 12°C for.ls hours. The
reaction mixture was used to transform Escherichia coli JM105
{Yanisch-Perron et al.: Gene, 33, 103 (1985)] by the method of
Cohen et al. and ampicillin—resistént strains were obtained.
Plasmids were isolated from these transformants by a known
method and the structure of each plasmid was identified by
digestion with restriction enzymes. Two plasmids differing in
‘the direction in puUC119 of the‘pAMoPRTHZl—dérived SacI (blunt
end) ffagment wére isolated and'named pUC119-TH21 and pUC119-
TH21R, respectivelyi
(2) Cbhstruction.of deletion-mutated piasmid for sequencing

pUC119-TH21 - ('2 ug) and pU¢119¥TH21R (2 ug) were
respectively dissolved in 30 pl of Y¥-0 buffer, 50 units of SacT
" was added and the digestion reaction was carried out at 37°C
for 16 hours. Then, NaCl was added to an NaCl concentration of
100 mM, 40 units of BamHl was added and the digestion reaction.
was further carried out at 37°C for 2 hours. = After
precipitation with ethanol,'each:precipitate was dissolved in
100 pl of ExoIII buffer (attached to Takara Shuzo’s deletion
.kit_for kiiosequencing). |

The pUC119-TH21-derived SacI-BamHI fragment and pUC119-
. TH21R-derived §ggI-§ggHI fragment respectively obtained as
described above were used to prepare'a total of 21 deletion-

- mutated plasmids using Takara Shuzo’s deletion kit for

kilosequencing. The reagents and procedure used were as
—_—
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descrlbed in the manual attached to the klt.

The deletion plasmlds obtalned in the above manner were'
segquenced u51ng an Applled Biosystems’ sequenc1ng kit (Taq
DyeDeoxyTM Terminator Cycle Sequencing Kit; articlé number
| 401113). The thus-determined base sequence is shown as SEQ.ID
NO:1). As a result, it was revealed that TH21 encodes a
protein composed of 342 amino acid residues. It was further
revealed +that said protein has structure common to
glycosyltransferases (GTs). Appareﬁtly, it has a structure_
such that it reaches out the N-terminal 13lamino acid residues
on the cytoplasm sidé, binds to the membrane by means of the
highly hydrophobic region.composed of the subsequent 24 amino
: ACid residues and exposes fhe remaining majority C-terﬁinal
portion (including  the ca{alytic_ site) to the Golgi body
inside. Ccmparison, from the amino acid sequence viewpoint,
with the known glycosyltransferases so. far structurally
identified revealed that it is 30% to 40% homologous with FuéT-
III, FucT-IV, FucT-V and FucT-VI. The following facts indicate
that TH21 codes for a novel a—l,3¥fucosyl£ransferase:" that
: when- TH21 is expressed in Namalwa cells, the exp;ession of
-sialyl Lewis x increases, that the protein ehcﬁded by TH21
shares homology.with fucdsyltransferases and that the protein
encoded by TH21 differs in amino acid sequence from the known
glycosyltransferases deécribed above.

'Example 2 |
Synthesis of sialyl Lewis.x_carbohydréte chain in KJM—i stgain

_ﬁ___________‘_____
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‘with fucosyltransferase expression plasmid introduced therein
The plasmids pAMoPRC3Sc (direct  expressidn clonihg
veétor; control) and PAMOPRTH21 (fucosyltransferase expression
plasmid) were prepared using Qiagen’s plasmid preparation kit
> plasmid < maxi kit (atticle number 41031). The plasmids
obtained were Precipitated.with ethanol and then disspl?ed in
TE buffer to a concentration of 1 #g/pl.. Both the plasmids
were then intrdduced ipto Namalwa KJM—i by electroporation
(Miyaji et al.:. Cytotechnology, 3, 133 (1990)]. = After
introduction of 4 pg of plasmid per 1.6x10% cells, the cells
were suspended in 8 ml of RPMI1640-ITPSGF medium and cultivated
in a €O, incubator at.37°c for 24 hours; Then, G418 (Gibqo)
was added.to a concentration of 0.5 mg/ml and cultivaﬁion was
continued for 7 days. Théreafter, 22 ml of RPMI1640-ITPSGF
Imedium (containing 0;5 mg/ml of G418) was added and cﬁlfivation'
was further conducted for 5 days. The thus-obtained
transformants were cultured -in RPMI1640-ITPSGF medium
containing 0.5 mg/ml of G418.' About _1x106 cells of each
éulture weré placed in a miﬁrotube (1.5'ml; Eppendorf) and
centfifuges (550 x g, 7 minutes). The thus-collected cells
were washed with 1 ml of 'phosphate-buffered  §aline (PBS)
containing 0.1% sodium.azide'[A—PBS; 8 g/l NacCcl, 0.2 g/l KcCl,
1.15 g/l Na,HPO; (anhydrous), 0.2 g/l KH2P04, 0.1% sodium
azide]. The cells. collectéd Qere subjected to indirect
imﬁunéfluorescence staining using a moﬁse aﬁtibody.of the class

IgM against ' sialyl ©Lewis x carbohydrate chain, CSLEX1
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[Fukushima et al.: Cancer Researqh, 44, 5279 (1984)1; and a
mouse ianﬁibody of the class 1IgM, KM93 [Furuya et al.:
.Anticancer'késearch, 12, 27'(1992)] for checking fhe expressién_
df siélYl Lewis x carbohydrate chain in these cells. To the
cells coilected was adde& 50 ul (10 pg/mi) of CSLEX1 or KM93
for suspending the cells and the reactién was carried out at
4°C for 1 hour. Then, the cells were washed with 3 portions of
A-PBS, 20 pl of an anti—méuse IgG antibody/IgM antibody
fluorescence-labeled with fluorescein isothiocyanate (TITC)
(Kirkegaad & Perry Laboratoriés; used after 16-fold dilution
with A-PBS) was added aﬁd-the reaction was carried out at 4°C_
for 30 minutes. The cells were washed with 3 portions of A-
_PBS, then again suspended in A~PBS and analyzed using an EPICS
Elite flow cytometer (Coultér). ' |

As a control, an experiment was carried out in the same
manner as mentioned above using a serum collected.from a normal
BALB/c mouse (used after 500-fold dilution with A-PBS) in iieu
of CSLEX1l or KM93.

The results thus obtalned are shown in Fig. 17. 1t is
'ev1dent that, for the KJIM-1 straln harboring the indirect
expression cloning veétor PAMOPRC3Sc .(controi- plasmid)
introduced therein, the fluoreScéﬁce.ihtensity of the cells
stained with CSLEX1l or KM93 is higher as compared with the
fluorescence intehsity'of.the control. This means that the
KJM-1 strain is originally capable.of expressing the sialyl
Lewis x carbohydrate chain. Further, it is evident that the

_\'_.\
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fluorescence intensity of the RJM—I strain harboring'pAMoPRTH21
(fucosyltransferase expression piaémid) as stained with CSLEX1
or KM93 is still higher than the fluorescence intensity of the
KIM-1 strain harboring PAMOPRC3Sc (control plasmid) as stained
with CSLEX1 or KM93. This indicates that the sialyl Lewis x
carbohydrate chain can be newly synthesized onlthe_carbohydrate 
chain of a glycoprotein or glycolipid on the cell surfacé by
causing intracellular expression 6f fucosy;transferase encoded
by TH21 and, further, that the sialyl Lewis x carbohydrate
chain can be synthesized as well on a glycqprotein secreted
from the cells .allowed to produce fucosyltransferase;
Thereforé} it is possible.to produce and cause to be secfeted
a useful lecoproteih.using'those cells that produqe fucosyl-
transferase and providé thHe glycoprotein produced with the
sialyl Lewis x carbohydrate chain and have same secreted. It
was also found out that since the sialyl Lewis x carbohydrate
chain can be synthesized, tﬁe fﬁcosyltransferasé encoded by
TH21 has a-1,3-fucosyltransferase activity. |
Example 3 |
Secréﬁpry production of a¥1,3—fucosyl—transferase (TH21) in
KJIM-1 cells
1. Construction of secretory expression vector pAMoPRSA
(1) Constfuction of'pAGE147 (cf. Fig. 18)

A plasmid, pAGE147, was constfucted in the manner
described below bf.replacing the SV40 early gene promoter of

pAGElO?h with the LTR promoter of the Moloney murine leukemia
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virus.

The plasmid pPMOL1 (JP-A-1-63394; 2 mg) was dissolved
“in 30 ml of Y-0 buffer; 20 units of Smal was added and the
digestion reaction was carried out at 30°C for 3 heurs. Then,
NaCl was added to a concentration of 50 mM, 20 units of Clal
was added and the digestion reaetion was carried out at 37°C
for 2 hours. The reaction mixture was subjected to agarose gel
electrophoresis and a DNA fragment (about 0.6 kb) cohtaining
the LTR promoter of the Moloney murine leukemia virus was
recovered

Separately, 25 plcomoles (pmoles) each of the two DNA
'liﬁkers synthesized in Example 1, section 1-(8) were dissolved
in 10 ml of T4 kinase buffer, 5 units of T4 DNA kinase was
added and the reaction was carried out at 37°C for 30 minutes
for the phosphorylation at the 5’ end. |

The pPMOLl-derived Clal-Smal fragment (0.6 kb; 0.65 mg)
and twe S’-phosphorylated synthetic DNAs (1 picomole each)
respectively obtained as described above and a HindIII linker
(5'-pCAAGCTTG—3’; Takara Shuzo; 1 picomole) were dissolved in
30 mi'qfrT4 ligase buffer, 200 units of T4 DNA ligase was added
and the ligation reaction was carried out at 125C for 16 hours.
The resulting DNA fragment was recovered by precipitation with
ethanol and dissolved in ¥Y-100 buffer, 10 units of HindIII and
10 units-ef KQQI were added and the digestion reaction was
carried out at 37°C for 2 hours. The reaction was_terﬁinated

by extraction with phenol and chloroform and the DNA fragment
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was recovered by precipitation with ethanol. o -

- Separately, 1 mg of pAGE107 (JP-A-3-22979; Miyaji et
al;: thotechnology, 3, 133 (1990)] was dissolved in 30 ml of
¥-100 buffer, 10 units of ﬂ;ngII and 10 units of XhoI were
added and the digestion reaction was carried out at 37°C for 2
hours. The reaction mixture wés subjegted to agarose gel
electrophoresis and a DNA fragment (about 6.0 kb) cﬁntaining
the G418 resistance gene and ampicillin_resistance gene was
recovered. _

The pAGElO?Qderived HindIII-XholI fragment (6.0 kb; 0.3
ng) and.pPMOLl-defiﬁed HindIII-XhoI fragment (0.6 kb; 0.01 mg)
respgctively obtained as déscribed above were dissolved in 20
ml of T4 ligase buffer; 200.uﬁits of T4 DNA ligase was added
apd the ligation reaction was carried out at 12°C for 16 hours.

The reaction mixture Qas used to transform Escherichia
coli ‘HB10O1 Sy the method of_Cohen et al..and_an ampicillin
resistant strain was obtained. A plasmid was isolated from
this transformant by a known method. This plasmid ﬁas named
pAGE147 and its structure Qés identified by digestion with
restriction enzymes.

(2) Constructlon of pAGE247 (cf Fig. 19)

A plasmld PAGE247, was constructed in the manner
described below by replacing the SV40 early gene promoter of
PAGE207 with the LTR promoter of the.Moloney murine leukemia

virus.

PAGE147 (2 mg) obtained in (1) was dissolved in 30 ml
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of ¥-100 buffer, 10 units of'ELQQIII and 10 units 6f-§ggI were
added and the digestion reaction was carried out at 37°C for 2
hours. The reaction mixture was subjected to agarose gel
electrophoresis and a DNA fragment (about 0.63 kb) containing
thelMoloney mu:ine leﬁkemialvixus LTR.promoter was recovered.

Separately, pAGE207 (2 mg) constructed in Example 1,-
section 1-(11) was dissolved in 30 ml of ¥-100 buffer, 10 units
of HindIII and 10 units of Xhol were added and the digestién
- reaction was carried out at 37°C for 2 hours. The reaction
mixture was subjected to agarose‘gel eiectrophdresis and a DNA
fragment (about 5.84 kb) containing the hygromycin resistance
gene and ampicillin resistance gene was recovered.

The pAGEl47-derived HindIII-XhoI fragment (0.63 kb;
0.05 mg) and pAGE207-derived HiﬂaIII“ZQQI fragment (5.84 kb;
0.1 mg) respectively obtained as.described above were diSsolved
in 30 pl of T4 ligase buffer, 100 units of T4 DNA ligase was

added and the ligation reaction was carried out at 12°C for 16

hours.

The reaction mixture was used to transform Escherichia
coli HB10O1 by.the method of Cohen et al. and an ampicillin—
resistant strain was obtained. A plasmid was isolated from
this transformant by a khown method. This plasmid.was named
PAGE247 and its structure was idehtified by digestion with
restriction enzymes. |
(3) Construction of pAMN6hyg (cf. Fig. 20)

An expression _plasmid, pAMN6hyqg, for a human
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granulocyte colony .stimulating factor derivative was
cbnstructed.with the Moloney murine leukemia virus LTR as a
promoﬁer gnd the hygromycih fesistance gene as a marker, as
followé. |

PAGE247 (2 mg) obtained as described above was
dissolved iﬁ 30 pl of ¥Y-50 buffer, 20 units of Clal was added
and the digestion reaction was Carried 6ut at 37°C for 2 hours.
Then, NaCl was added to a concentration of 175 mM, 20 units of
Sall was added and the digestion reaction was carried out at
37°C for 2 hours. The reaction mixture was subjected to
agarose gel elgctrophoresis and a DNA fragment (about 4.8 kb)
containing the Moloney murinelleukemia virus LTR promoter,
amﬁicillin resistance gene and hygromycin resistance gene was
recqvered.

Separately, the plasmid pASNG (2 mg) obtained by the
method disclosed in JP—A%2—227075 Qas dissolved in 30 ml of Y-
50 buffer, 20 units éf_ Clal was added and the.digestion
reaction was-car:ied out at 37°C for 2 hours. Then, NaCl was.
added to a concentration of 175 mM, 20 units of Sall énd 20
units of MluI were added and the digestion reaction was carried
out at 37°C for 2 hours. The reaction mixture was subjected to
agarose gel éléctrophoreSis and a DNA fragment (about 5.0 kb)
containing the human granulocyte colony stimulating factor
~ derivative gene was recovered. |
The pAGE24%—derived ClaI-Sall fragment (4.8 kb; 0.1 mg)

and pASN6-derived Clal-Sall fragment (5.0 kb; 0.1 mg)
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respectivély bbtained'as described above were dissolved in 20
ml of T4 ligase buffer, 200 units of T4 DNA llgase was added
and the llgatlon reactlon was carrled out at 12°C for 16 hours.

The reaction mixture was used to transform Escherichia

'ggli HB101 by the method bf Cohen et al. and an ampicillin-
resistant ;train was. obtained. A plasmid was isolated from
this-tfansformant by a known method. This plasmid was named
pAMNShyg and its structure was identified by digestion with
Irestriction ehzymes.

(4) Construction of pAMoERSA-(cf. Fig. 21)

A vector, pAMoERSA, for secretory expression of a-1,3;
fucosyltransferase in a form fused'fo the immunoglobulin G
(IgG) binding region of Staphylococcus aureus protein A was
constructed in the followirg manner.

pAMN6hyg (2 mg) obtained in (3) was dissolved in 30 ml
of ¥Y-50 buffer, 20 units of SnaBI was added and the digestion
reaction was carried out at 37°C for 2 hours. Then, NaCl was
added to a concentratioh of 100 mM, 20 units of XbaIl was added
and the digestion reaction_was carried out atl37°c for 2 hours.
The.teaction mixture was subjected to agarose gel electro-.
phorééis and a DNA fragment (about 0.33 kb) containing the
hﬁmah granulocyte colony stimulating factor signal sequenée was
réﬁovered.l _ | - |

" Separately, 2 mg of pPrAsl (Saito Et.al;:_Protein
Engineering, 2, 451 (.1989)]_ was dissolved in 30 ml of Y-S0

buffer, 20 units of ClaI was added and the digestion reaction
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was carried out at 37°C for 2 hours. After precipitation with
'ethanol, the precipitafe was dissolved in 30 ml of DNA
polyﬁerase X buffér, 6 units of Escherichia coli-derived DNA
polymerase I Klenow fragment was added and the reaction was.
carried out at 37°C'fof 60 minuteé to convert the 5/ cohesive
end formed upon ClaTl digestion-to a blunt end. The reaction
was terminatea by extraction with phenol. After extraction with
chloroform and precipitation with ethanol, the precipitate was
dissolved in 30 ml_of Y-100 buffer, 20 units of BamHI was added
and the digestion reaction waslcarried out at 37°C for 2 houré.
The reaction mixture was subjected to agarose gel electro-
'phoresis'and a DNA fragment (about 0.21 kb) containing the IgG
binding region of protein A was recovered.

Further, sepafately; 2 mg of pAMOERC3Sc obtained in
Example ‘1, section 1-(13) was dissolved in 30 pul .of ¥Y-100
buffer, 20 units of Xbal and 20 units of BamHI were added and
the digestion reaction was carried out at 37°C for 2 hours.
‘The reaction nmixture was subjectéd td agarose gel
electroéhoresis and a DNA fragment of about 12.1 kb was
recovered.

' The pAMNGhyg-derived,§gg8i-zgg1 fragment (0.33 kb; 0.05
mg), pPrASl-derived Clal (blunt end)—ggmHI fragment (0.21 kb;
0.05 mg) and pAMOERC3Sc-derived Xbal-BamHI fragment (12.1 kb;
0.1.mg) respectively obtained as described,abovelﬁere dissolved
in 30 ml of T4 ligase bﬁffer; 175 units of T4 DNA ligase was
added and the ligation reaction was carried out at 12°C for 16

-
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hours.

The reection mixtpre was used to transform Escherichia
coli HB10l1 by the method of Cohen et al. and an ampicillin--
resistant strain was obtained. A plasmid was isolated from
this transformant by a known method. This plaemid was named
 pAMOERSA and its structure was_identified'by digestion with
restriction enzymes.. |
(5) chstruction of pAMOPRSA (cf. Fig. 22)

A plasmid, pAMoPRSA, was constructed by eliminating the
EBNA-1 gene from pAMoERSA 'in the manner described below.
pAMoPRSA can be used as a secretory expression vector like
DAMOERSA .

.pAMeERSA (2 mg) was dissolved in 30
ml of a buffer comprising 10 mM Tris-HC1l (pH 7.5), 6 mM MgCl,,
.80 mM NaCl and 6 mM 2-mercaptoethanol (hereinafter referred to
as "Y-80 buffer"), 20 units of XbaI and 20 units ef Asp718
(Boehringer Mannheim) were added and the digestion reaction was
carried out at 37°C for 2 hours. The reaction mixture was sub-
jected to agarose gel electrophoresis and a DNA fragment of
about: 1.3 kb was recovered. | |

Separately, 2 mg of pAMOPRC3Sc was dlssolved in 30 ml
of Y-100 buffer, 20 units of XbaI and 20'units of Asp718 were
added and the digestion reaction was carried out at 37°C for 2
hours. The reaction mixture was subjected to agarose gel
' electrophoresie and a DNA _fragment of ebouf 8.5 kb was

recovered.
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The,pAMoERSA-derived_zggI-A§g718 fragment (1;3 kb;.0.0S
mg)'and pAMbPRC3Sc-derived'KQQI-AéQ?lS_fragment (8.5 kb; 0.1
mg) obtained as described above were diééolved in 30 ml of T4
‘ligase buffer, 175 units of T4 ﬁNA ligase was added and the
ligation reaction was carfied out at 12°C for.16 hours. The
feaction mixture was used to transform Escherichia coli HB101
by the method of Cohen et ai. and an ampicillin-resistant
strain was obtained} ' A plasmid was isolated from this
transformant by a known method. Thié plasmid was named
pAMOPRSA and its structure was identified by digestion with
restrictién enzymes.
2. Cloning of_a-2;3—sialyltransferase (WM17) cDNA from
WM266-4 cells (human ‘melanoma cell 1line) and secretory
production of «-2,3-sialyltransferase (WM17) |
(1) Cloning of a-2,3-sialytransferase (Wle) cDNA ‘from WM266-4
cells, i;e. human melanoma.cells |
(a) Testing of Némalwa cells for resistance against Ricinus
- communis lectin 120

The resistance of the KJM-1 strain against castor bean
lectin 120 was investigated by culturing the KJM-1 strain in
the presence of Ricinus communis lectin 120 in various
concentrations. Thus, cells of the KIM-1 strain were suspended
in .RPM11640-ITPS¢F medium at a cohcentration of 5 .x 104
cells/ml and the suspension was distributed in 200 ml portions
into wells of a 96-well microtiter plate. Thereto were added
various concentrations"of Ricinus - communis lectin 120
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(Seikagaku Corp.) in 1/100 volume portions and incubation was
pérférmed in a quincdbator at 37°C for 3 weeks. As a result,
the minimum concentration of Ricinus communis lectin 120
required for completely inhibiting the growth of the KJM-1

strain was found to be 50 ng/ml. With 4 x 10% XJM-1 strains

tested, any spontaneous appearance of Ricinus communis lectin

120-resistant strains could not be noted at that concentration.

(b) Isolation of mMRNA from WM266-4 cells, i.e. human melanoma

cells

About 30 mg of mRNA was obtained from 1 x 10% WM266-4
cells using Invitrogen’s mRNA extraction kit Fast Track

(articlé number K1593-02j. - (The reagents and procedure

actually used or followed were as described in the manual

" attached to the kit.)
(c) Construction of cDNA library

Starting from 8 mg of the mRNA obtained as described
above, double-stranded cDNA was synthesized using Invitrogen‘s
éDNA.synthesis kit The Librarian I, with random primers'as
primefé.l The double-stranded cDNA synthesized and the SfiIl
linker (4 mg of the 11 mer and 2.9 mg of the 8 mer) preparéd in
| “the same manﬁer.as in Example 1, secﬁion_z—(Z)_were dissolved
in 45 ml of T4 ligaég buffer, 1,050 units of T4 DNA ligase was
added and the ligation reaction was carried out at 16°C for 16
hours. ‘The reaction mixture was subjécted #o agarose gel
electrophorgsis and cDNA fragments not less than about 1.2 kb

’ R\
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in size were recovered.

Separately, 24 mg of the expression cloning Vector
pAMoPRCBSc was dissolved in 590 ml of Y-50 buffer 80 unlts of
SflI was added and the dlgestlon reaction was carrled out at
37°C for 16 hours. A 5-ml portion of the reaction mixture was
- subjected to agarose gel eleefrophoresis for confirming
completion of the cleavage. Thereafter, for decreasing the
propoftion.of clones lacking in cDNA, 40 units of BamHI was
added and the digestion reaction was further carried out at
37°Cc for 2 hours.' The reaction'miﬁtﬁre was subjected to
agaroee gel electrophoresis and a DNA fragmeht of about 8.8 kb
was recovered.

The pAMoPRCBSc-de:ived”giiI fragment (8.8.kb; 2 ng)
obtained as described above and the cDNA purified in the above
manner were dissolved in 250 ml of T4 ligase buffer, 2,000
units of T4 DNA ligase was added and the l;gation'reaction was
carried out at 16°C for 16 hours. Then, 5 mg of transfer RNA
(tRNA) was edded, ethanol was added fof causing precipitation

‘and the precipitate was dissolved in 20 ml of TE buffer. The

reaction mixture was used to transform Escherichia coli LE392
by eleetroporation and about 2 x 10° ampicillin-resistant
strains. |

(a) Cloning of a-2,3~sialyltransferaée'(WMl?) cDNA ufilizinq
resistance develo?ment against Ricinus.communis lectin 120

The about 2 x losampicillin-resistant strains obtained as

described above were mixed and plasmid preparation was
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performed using Qiagen;s #lasmid preparation kit > plasmid <
maxi kit (article number 41031). The plasmid obtained was
precipitaﬁed by addition of ethanol and dissolved in TE buffer
in a concentrétion of 1_m§/ml.

The above'plasmid:was introduced into the KIJM-1 strain
‘by éiectroporatioh [Miyaji et al.: Cytotechnology, 3, 133
(1990)]. After introduction of 4 mg of plasmid per 1.6 x 10°
cells, the cells were suspended in 8 ml of RPPIIlG_éO—ITPSGF
medium and cultured in a CO, incubator'at 37°C for 24 hours.
Then, G418 (Gibco) was added to a concentration of 0.5 mg/ml
and cultivation was cohtinued for 5 to 7 days; whereby
transformant strains were obtained. The transformant strains
obtained were suspénded in R?MI;640—ITPSGF mediun céntaining

Ricinus communis lectin 120 (50 ng/ml) to a concentration of 5§

x 10 cells/ml and the suspension was distributed in 200 ml
portions into wells of 96-well microtiter plates. Cultivation
was conducted in a CO, 'incﬁbator at 37°C for 4 weeks. A

Ricinus communis lectin 120-resistant strain was thus obtained.

The resistant sfrain was cultured and a plaémid Qas recovered
from abbut 5 x 106 ceils thereof by the Hart method [Robert F.
Margolskee et al.f Molecular and Cellular Biology, 8, 2837
(1988}]. The plasmid recovered was introduced into Escherichia
gg;;,LEjsz by electroporation [William j. Dower.et al.: Nucleic
Acids Research, 16, 6127 (1988)j and an ampicillin—resistan£
strain was obtained. From that trénsformant, alplasmid was
prepéred..using Qiageﬁ's 'plasmid preparation kit and its
- 77 - This Sheet Has Been R
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structure was investigated by cieaving with various restriction
enzymes. It was thus revealed that.it contains a cDNA'of abouf
1.9 kb. This plasmid was named pAMoPRWM17 and introduced again
into the KJM-1 strain by'the same method as'describea above,
whereupon the strain again developed resistance against Ricinus
communis lectin 120. It thus became apparent that this cDNA is
‘the gene causative of lectin resistence. The KJIJM-1 strain
harboring pAMoPRWMl? introduced therein cah grow in the

presence of Ricinus communis lectin 120 at a concentration as

high as 200 ng/ml
(2) Base sequence determination of a-2,3- 31alyl

transferase (WM17) cDNA

(a) Insertion of a-2,3-sialyltransferase (WM17) cDNA into

pUC119 (cf. Fig. 23)

| PAMOPRWM17 (1 mg) was dissolved in 30 ml of Y¥Y-100
buffer, 20 units of EQQRV and 20 units of Asp718 (Boehringer
Mannheim) were added and the digestion reaction was carried out
at 37°C for 2 hours. .The reaction mixture was subjected to
agarose gel electrophoresis and e DNA fragment of about 1.9 kb

was recovered.

Separately, 1 mg of pUC119 [Messing et al.: Methods in
Eﬁzymclogy, 153, 3 (1987)] was dissolved in 30 ul of K-20
buffer, 26 units of §m§I was added and the digestion reactien
'was carried out at 37°C for 2 hours. Then, NaCl was added to

' an NaCl concentration of 100 mM, 20 units of Asp718 was added

and the digestion reaction was further carried out at 37°C for
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2 hours. The reaction mixture was subjected to agarose gel
electrophoresis and a DNA fragment of about. 3.16 kb was
recovered.

The pAMoPRWM17 derlved EcoRV—__g?lS fragment (1.9 kb;
0.2 ng) and pUCllQ-derived SmaI-Asp718 fragment (3.16 kb; 0.1
mg) obtained as described above were dissolved in 30 ul of T4
ligase buffer, l75lunits.bf T4 DNA ligase-was added and the
ligation reactibn was carried out at 12°C for 16 hours.

The reaction mikture was used to transform Escherichia
coli 101 by'the_methéd of_Coheh et al. and én ampiciliin—
resistant strain was obtained. A plasmid was isolated frdm
this transformant by a known method. This plasmid_was named
pUC119-WM17 and its structure was jdentified by digestion with
restriction enzymeé. . | |
(b) Construbtion of deletion-mutated plasmid for éequencing

pUCllQ—WMi? (2 m§5 obtained in (a) was dissolved in 30
'.ml of ¥Y-150 buffer, 20 units of QQQHI and 20 units of SphI were
added and the_digestion-reaétion was carried out at 37°C for 2
hours. After precipitation with ethanol, the precipitate was
dissolved. in 100 ml of ExoIII _bﬁffer (attachéd to 'fakara
Shuzo’s deletion kit for kilosequencing). Separately, 2 ﬁg of
the same plasmid was dissolved in 30 ml of ¥Y-0 buffer, 20 units
of SacI was added and the digestion reaction was carried out at
37°c for 2 houfs. Theﬁ, NaCl was ladded to an ' Nacl
concentration of 150 mM, 20 units of NotI was added and the

digestion reaction was further carried out at 37°C for 2 hours.
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After precipitation with ethanol, the‘preclpltate was dissolved
in 100 ml of exonuclease III buffer.

Starting with the_pUCllQ—WMl?—derived BamHI-SphI and
SacI-NotI fragments obteined as deecribed above, ecores of
deletion-mutated plasmids were produced for each fragment'using
Takara Shuzo’s deletion kit for kiloseqguencing. The reagents
and procedure actually employed were as described in the manual
attached to the kit.

The deletion-mutated plasmids obtained in the above
were sequenced using Applied Biosystems’ sequencing kit (Taq
DyeDeoxyTM Tefminator Cycle'Sequencing Kit (article number
401113). The base'sequence thus determined is shown as SEQ ID
NO:6. The 1742 base pairs (bp) is followed by poly A. This
base sequence indicates that this DNA codes for a protein
composed of 329 amino acid residues. It is evident froh the
amino acid sequence that thislprotein'has a structure common to
glycosyltransferases. Thus, the protein ie eupposedly cemposed
of the cytoplasmid_region (8 amino aeid residues) on the N-
' termlnal Slde, the subsequent membrane blndlng region (18 amino
acid residues) and the C-termlnal region (303 amino _ac1d'
residues) having catalytic actiVity.

(3) Secretory production of a-2,3-sialyltransferase (WM17)'in'
KIM-1 cells |
(a) Construction of blasmid pPAMOPRSAW17-31F for secretory
prodﬁcfion of'a—2,3—sialyltransferase (cf. Fig. 24)
Based on its priﬁary sequence, the a—-2,3-sialyl-
-
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transferase (WM17) cloned is supposed té be ;omposed of the
cytoplésmid region (8 amino acid residues) on the N-terminal
side, the subsequent membrane bindiné region (18 amino acid
residues) and the C-terminal region (303 amino acid residues)
having catalytic activity. Therefore, secretory production of
a-2,3-sialyltransferase was attempted by 'eliminating the
segment down to the membrane binding region of'the a-2,3-
sialyltransferase and inétead adding the signal sequence of
'human granulocyte colony stimulaﬁing factof and the IgG binding
region of Staghyiococcﬁs aufeus protein A. The gene segment
coding for the C—terminél regicn [from the 31st amino acié
(phenylalanine) residue to the 329th amino ac1d (phenylalanlne)
residue in SEQ ID NO:6) hav1ng the catalytic act1v1ty of a-2,3-
sialyltransferase was prepared by the PCR method and inserted
into thelsecretory productioﬁ vector pAMoPRSA constructed in
Example 1, seétion 1-(5).

As primers for PCR, the following th synthetic 'DNAs
[W17-A (31F) (44 mer; SEQ ID NO:7) and Wi7-C (36 mer; SEQ ID
NO:8) ] were synthesized-using én Applied Biosystems model 380A

DNA synthesizer.

W17-A (31F) (44 mer)
5/ CTCTCCGATATCTGTTTTATTTTCCCATCCCAGAGAAGAAGGAG 3’

W1l7-C (36mer)

57 GATTAAGGTACCAGGTCAGAAGGACGTGAGGTTCTT 37

,;——f*—’”—ﬂ*ﬂﬂ;’_;ﬂ'
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Since W17-A (31F) is designed for introduction therein
of an EcoRV site and W17—leor introductionltherein of an
Asp718 site, the DNA fragment amplified by PCR can be inserted,
after cleavage with EcoRV ahd A§g718, into pAMoPRSA between the
Stul and Asp718 sites. The PCR was carried out using Takara
Shuzo’s kit (GeneAmpTg DNA Amplification Reagent Kit with
.Ampli'l‘ag'm Recombinant..zgg_ DNA Polymerase) . The reacticn

fsolutioh Vas prepared according to the kit method and, using
- Perkin Elmer Cetus’ DNA Thermal Cycler (distributed by Takara
| Shuzo), the reaction steps'(94°c, 1 minute; 55°C, 1 minute;'ahd
72°C, 3 minutee) were repeated in a total of 30 cycles and then
the reactlon was further conducted at 72°C for 7 minutes. The_
plasmid pUC119—WM17 (1 ng) constructed in (2) (a) was used as
a template. After completion of the reaction, chloroform
extraction and ethanol precipitation. were pefformed. The
precipitate was dissolved in 30 ml of Y-100 buffer, 20 units of
-gggév and 20 units of Asp718 were added and the digestion
reaction was carried out at 37°C for 2 hours. The reaction
mixture was subjected to agarose gel electrophoreeis and a DNA
fragment of about 0.91 kb was recovered.

” Separately, 2 mg of PAMOPRSA was dissolved in 30 ml of
¥-100 bﬁffer, 20 units of Stul and 20 units of Asp718 were
added and the digestion reactlon was carrled out at 37°C for 2
hours. The reaction mixture was subjected to agarose gel

electrophoresis and a DNA fragment of about 9.06 kb was

recovered.
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The gggRVfA§g718 fragment (0.91 kb; 0.1 mg) derived
from the PCR-amplified DNA as described above and the pAMOPRSA-
derived StuI-Asp718 ffagment (92.06 kb; 0.1 mg) obtained as
described above were dissolved in 30 ml of T4 ligase buffer,
175 units of T4 DNA ligase was added and the ligation reaction
was carried out at 12°C.for.16 hours.

The reaction mixture was uéed to transform Escherichia
coli 101 by the method of;Cohen et al. and an ampicillin—
resistant strain was obtained. A plasmid was isolated from
“this transformantlby a known method. This plasmid was named
pAMbPRSAW17-31F and its structuré was identified by digestidn
with restriction enzymes.

(b) Seéretory production of a-2,3-sialyltransferase
(WM17) using Namalwa KJM-1 cells as a host

The plasmid pAMoPRSA (secretory production vector)
obtained in Example 1, section 1-(5) and the 'plasmid
pAMOPRSAW17-31F (plasmid for secretory pfoduction of a-2,3-
Siélyltransferase) constructed as described above'were.prepated
. using Qiagen’s plasmid preparatién kit (>plasmide < maxi kit;
article number 41031). After precipitation with ethanol, each
plasmid obtained was dissolved in TE buffer to a concentration
of 1 mg/ml._ Both the pléémids were then introduced into the
Namalwa KJIM-1 strain; by electroporatioh [Miyaji et al.:
Cytotéchnology, ;;'133 (1990)]. After introduétion.of 4 mg of
plasmid per 1.6 x 10° cells, the cells were suspended in 8 ml

of-RPM11640—ITPSGF medium and cultivated in a C02 incubator at
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37°Cc for 24 hours. Then, G418 (Gibco) was added to a
concehtration of 0.5 mg/ml and cultivation was further
continued for 7 to 14 days, whereby transformants were
obtained. The transformants.obtained wefe éuspended in 30 ml
of RPMI1640-ITPSGF medium containing 0.5 mg/ml of G418 to a
concentration of 1 x 10° cells/ml and cultivated in a’ Co,
incubator at 37°C fof 8 days. Then, cells were femoved by
centrifugation (160 x g, 10 minutes) and each supernatant was.
recovered and again subjected to centrifugation (1,500 x g, 10
minutes) and the supernatant was recovered. The culture super-
natants thus obtained were stored at -80°C until use. |

Since the 'a—2;3—siaiyltransfefase encoded by the
plasmid pAMoPRSAWl?—BlF'is expressed and secreted as a protein
fused with the IgG binding region of Staphvlococcus aureus
protein A, it can be readily purified.uéing IgG Sepharose.
Therefore, sodium azide was added to the culture supernatant
obtained as mentioned above to a final concentration of 0.1%,.
.then ‘100 ml of IgG Sepharose (Pharmacia) pfetreated in
accordance with the product manual was added ana the mixture
was stirred gently overnight at 4°C. Then, IgG Sepharose was
recovered by centrifugation (160 x g, 10 minutes) and washed
with three 1 ml portions‘of RPMI1640~ITPSGF medium and 5 ml
thereof was directly used for o-2,3-sialyltransferase activity
assaying.

For activity determination, the reaction was carried

out in 30 ml of an assay solution [0.1 M cacbdylic acid-HCl (pH
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6.5), 0.01 M MnCl,, 0.45% Triton X-100, 0.1 mM substrafe,
-above-described IgG Sepharose (5 ml), 5 mM CMP-sialic aciad
(with or without.additioh)] at 37°C for 2 hours and then the
activity was detérmined by identifying the'product by high
performance liquid chromatography (hereinafter referred to as
“"HPLC" for short). The following substrates were used: lacto-
N-neotetraose (Galbl-4GlcNAcbl-3Galbl-4Glc;  hereinafter,
"LNnT"), lacté-N—fetraose' (Ga151-3GlcNAcb1-3Galbi—4G1c;
hereinafter, "LNT"), lacto-N-fucopentaose III (Galbl-4(Fucal-
3)G1cNAcblf3—Galb1-4Gl¢; hereinafter; "LNFP-III") and lacto-N-
fucopentaose \' (Galbl-3GlcNAcbl-3Galbl-4 (Fucal-3)Glc;
hereinafter, "LNFP-V") [all obtained from Oxford Glycosystems)
each fluorescenée—labéled with aminopyridine. The_substrates
were fluorescence—labéled according to the cdnventional method
[Kondo et al.: Agricultural and Biological Chemistry, 54, .2169
(1990)]. For each'igG Sepharbse, the reaction was carried out
using the .aséay- solution containing _CMP-sialic acid
(cérbohydrate donor) and the assay solution without cMP-sialic
acid ahd.the peak appearing only with the CMP-sialic acid-
containing aésay solution as analyZed'by HPLC was regarded as
the product. After completion of the réacfion, the assay
solution was treated at.100°c'for 5 minutes aﬁd éentrifugéd at
10,000 x g for 10 minutes and 10 ml of the supernatant obtained
wés subjected fo HPLC. For HPLC, a TSK gel ODS-80 TM column
4.6 mm x 30 cm; To;oh Corp.) was used and eluﬁion was carried

~ out with 0.02 M acetate buffer (pH 4.0} at an elution
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temperature of 50°C at a flow rate of 1 ml/minute. The prodﬁct
was detected using a Shimadzhlmodel RF-535T fluorescence HPLC
monitor (excitation wavelength: 320 nm; emission:waveiength:
400 nm). The product was judged as idehtified.when the elution
time was identical with that of the standard carbohydrate chain
and when the substrate was regenerated upon sialidase treatment
‘'of the product. For quantitating thé product, aminopyridylated
lactose was used as the standard and thel fluorescence
intensities were compafed.

When the IgG Sebharose used was the one derived froﬁ
the culture-supernaﬁant of Namalwa cells hérboring pAMoPRSAW17~ 
31F introduced therein, a-2;3—sialyltransferase activity was
detected for all the carbohydrate chains used as substrates.
The rélative activities with the activity against LNnT.taken as
100 were 42, 32 and 8 against LNT; LNFP-V and LNFP-III,
respectively. 1In contrast, when the IgG Sepharbse used was the
one derived from the culture supernatant of Namalwa cells
harboring the vectbr pAMoPRéA introduced therein,  no such
activity was défected for any of the carbohydrate chains used
as suﬁstrates. The above results thus iﬁdicated-that a—2;3—
sialyltransferase can be produced and secrgted in the culture
supefnataﬁf as a protein fused tb thé IgGIbinding region of
Staphylococcus aureus protein A and that the fused protein can
be réadily recoveréd and purified using IgG Sepharose.

3. Cloning of a-2,3-sialyltransferase (WMiG) CDNA from WM266-4

cells (human melanoma cell line) and secretory production of a-
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2,3—sialyltransfefase (WM16)‘_
(1) Cloning of a-2,3-sialyltransferase (WM16) cDNA from WM266-
4 cells, namely humah melanoma cells
(a) Isolation of mRNA from WM266?4 cells, i.e. human melanoma
cells

About 30 mg of mMRNA was obtained from 1 x 10% WM266-4
cells'(ATCC CRL1676) using Invitroéen's mRNA extracation kit
Fast Track (article{ number K1593-02). The reagents and
procedure actually employed were as described in the manual
attached to the kit. |
(b) Construction of cDNA library

Based on 8 mg of the mRNA obtained in the above,
ddubie—strandéd cDNA synthesis was carried out.using Gibco
BRL’s cDNA synthesis'kit (cDNA Synthesis'SYStem), with oligo 4T
as the primer. On that occasion, another reverse transcriptase
of the same. company (Super Script™ .RNase H ~-reverse
-transcriptése) was used as the reverse transcriptase in lieu of
the reverse traﬁscriptase beionging to the kit (Moloney murine
leukemia virus (M-MLV) reverSe transcriptase). Then, the
double-stranded cDNA.synthesized and the Sfil linker (4 mg of
-the 11 mer.and 2.9 mg of the 8 mer) prepared in the same manner
as in Example 1, section 2-(2) were dissolved in 45 ml of T4
ligase buffer, 1,050 units of T4 DNA ligase'was added and the
ligation reaction'wés carried out at 16°C for 16 hours. The
reaction mixture was subjecﬁéd to agarose gel electrophoresis

and cDNA fragmehts not less than about 1.2 kb in size were
-
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'recoveféd.
Separately, 24 mg of the.expression cloning vector
PAMOPRC3Sc obtained in Example 1, secﬁion 1-(5) was dissolved
in 590 ml of Y—So buffer, 80 units of SflI was added and the,
digestion reactlon was carried out at 37°C for 16 hours For
confirming completion of the_cleavage, S ml_of the reaction
mikture was .subjected_ to agaroée gel electrophoresis.
" Thereafter, for redﬁcing'thé proportion of clones free of cDNA,
40 uﬁits of BamHI was added and the digestion reaction was
further carried out at 37°C for 2 hours. The reaction ﬁixture
was subjected to agarose gel electrophore51s and a DNA fragment
of about ‘8.8 kb was recovered. |
' The pAMoPRC3Sc-derived SfiI fragment (8.8 kb; 2 mg)
‘obtained as described above -and the cDNA purified in the above
manner were dissolved in 250 ml of T4 ligase buffer, 2,000
unifs of T4 DNA ligase was added and the iigation reaction was
carried out at 16°C for.ls_hours. Then,_S mg of transfer.RNA
(tRNA) was added and, after precipitation-with ethanol, the
precipitate was dissolvea in 20 ml of TE buffer. The reaction

mixture was used to transform Escherichia coli LE392 by

'electropbration and about 2.6 x 105 ampicillin-resistant
.stfains ﬁere obtained. _
(ci Cloning of a-2,3-sialyltransferase (WM16) cDNA
The about 2.6 x 10° ampicillin—reéistant strains
obtained in the abéve were mixed and plaémid preparation was

performed using Qiagen‘s plasmid preparation kit (>plasmid <
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maxi kit; article number 41031).  The plasmid obtained was
precipitated with ethanol and dissolved in TE buffer to a
concentration of 1 mg/ml. | |
The.abo#e-described'plasmid_was introduced into the
KJM-1 strain by électroporation; After introduction of 4 mg of
plasmid per 1.6 x 10% cells, the cells were suspended in 8 ml
of RPMI1640-ITPSGF medium and cultured in a CO, incubator at
37°C for 24 hours. Then, G418 (Gibco) was added to a
concentration of 0.5 lmg/ml and.'cultivation was further
continued for 7 days. Transformants were thuslobﬁéined. The
tfansformanfs obtained were suspended in RPM11640—ITPSGF'medium
contéining Ricinus communis leétin 120 (50 ng/ml) to a
concentration of 5 x 10% .cells/ml and the suspension was
distributed in 200 ml portions'intolwells of 96-well microtiter

plates.

Cultivation was conducted in a co, incubator at 37°C

for 4 weeks and a strain re51stant to Ricinus communis lectln
120 was obtained. The re51stant strain was cultured and then
a plasmid was recovered from about 5 x 10% cells thereof by the
Hart methoa.  The plasmid recovered was introduced into
Escherichia coli LE392 by electroporation and an ampicillin-
resistant strain was obtained. A plasmid was prepared from
that transformaht strain using Qiégen's.plasmid preparétion kiﬁ
and its structure was examined by cleaving with various
restriction enzymes. It was revealed that it contains a cDNA

of about 2.2 kb. The plasmid containing this cDNA was named
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IpAMoPRWMls and again introduced into the KJM-1 strain by the
same method as described above, whereupon the strain developed
resistance against Ricinus communis lectin 120. Therefore,
this CcDNA is apparehtly the DNA ‘coding for a-2,3-
sialyltransferase. ‘

(2) Base sequence determination of «-2,3-sialyltransferase

(WM16) CDNA
(a) Insertion of @—2,3—sia1y1transferase (WM16) cDNA into
puC119 (cf. Fig. 25) | |
PAMOPRWM16 (2 mg) obtained_ as described  above was
dissolvéd in 50 ml of Y-100 buffer, 30-unit$ of EcoRV and 30
units of Asp718 (Boehringer Mannheim) were added and the
| digestion reaction was carried out at 37°C for 2 houré. After
.precipitation with ethaﬁol, the precipitate was dissolved in 30
- ml of DNA polymerase I buffer, 6 units of Escherichia coli-
derived DNA.polymerase I Klenow fragment was added and the
reaction was carried out at 37°C for 60 minutes for converting
the 5¢ cohesive end resulting from Asp718 digestion to a blunt
end. The reaction mi#ture was subjected to agarose gel
electrophoresis .and .a DNA fragment of about 2.3 kb was
recovered. B |
Separately, 1 mg of pUC119 [Messing et al.: Methods in
Enzymology, 153, 3 {1987)]'was dissolved in 30 ml of - Y-100
buffer, 20 units of HincII was added and the digestion réaction
was carried out ét 37°C for 2 houfs_ Then, 30 ml of 1 M Tris-

HCl (pH 8.0) and 1 unit of Escherichia coli-derived aikaline
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phosphatase (Takara Shuzo) were added and the dephosphorylation
reaction was carried out at 37°C for 2 hours. After
precipitation with ethanol, the precipitate was dissolved in 30
ml of TE buffer and subjected to agarose gel electrdphoresis,
and a DNA fragment of about 3.16 kb was recovefed.

The pAMoPRWMl16-derived EcoRV-Asp718 (blunt end)

fragment (2.3 kb; 0.05 mg) and pUCli9-derived HincII fragment
(3.16 kb; 0.05 mg) obtained as described above were dissolved
in 30 ul of T4 ligase buffer, 175 units of T4 DNA ligase was
~added and the ligation reaction was carfied out at 12°cC fbr 16
hours. The reaction mixture was uéed to.transform Escherichia
coli HB101 by the method of Cohen et al. and. ampicillin-
resistant strains were obtained. Plasmid isolation was
performed.from the transformant strains by a known method. Two
plasmids differing in the difection of the pAMoPRWMlG—defived
EcoRV-Asp718 (blunt end) fragment were isolated. The
- respective plasmids were named pUCllQ—WMlG and pUC119-WM16R and
their structures were identified by digestion with restriction
enzymes. |
(b) ébnstruction of deletion;mﬁtated plasmids for seguencing
pUCllQ-WMlG (2 mg) and pUC119~WM16R (2°mg) obtained as
descrlbed above were dlssolved 1n 30 ml1 of Y-0 buffer, 50 unlts
of Xpnl was added and the digestion reaction was carried out at
37°C for 16 hou;s. Then;. NaCl was added to an NacCl
concentration of 100 mM, 40 units of NotI was added and the

digestion reaction was further carried out at 37°C for 2 hours.
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After precipitation with ethanol, the preéipitate was dissolved
in 100 ﬁl of exonuclease III buffer (attached to Takara Shuzo’s
deletion kit for kilosequencing). After precipitation with
ethanol, the precipitate waé,dissolved in 100 ml of exonuclease
III buffer. | _

Starting from the pUCllQQWMlséderived KQQI—QQEHI
fragment and pUc119;WM16R;derived KpnI-BamHI fragment obtained
as described above, scores'of'deletion-mutated plasmids were
produced for each fragment using Takara Shuzb;s deletion kit
for kilosequencing. The reagents and procedure actually-
employed were as described in the manual attached to the kit.

The deletion-mutated plasmids obtained in the above
were sequenced using Applied Biosystems’ sequencing kit (Taq
DyeDeoxy™ Terminator Cyclé Sequencing' Kit; article number
401113). The basé sequence thus determined is shown as SEQ ID

NO:9. As a result, it was revealed that the Ricinus communis

lectin 120 résiétance gene (WM1l6) codes for a protein composed
of 375 amino acid residues. Based on the amino acid sequeﬁce,
it was further revealed that this profein has a structure
common to glycosyltransferases. Thus, it appears that it
comprises the N-terminal cytoplasmic region (8 amino acid
residues), the subsequent membrane binding region (20 amino
acid residues) and the C-terminal region (347 amino- acid
residues) showing catalytic activity.

(3) Secretory production of a-2,3-sialyltransférése (WM16) in

KJM-i cells

* This Sheet Has Been Rep 92 -

[T




(a) Construction of plasmid@ pAMOPRSAW16 for secretory
production of a-2,3-sialyltransferase (cf. Fig. 26)

Based on its. primary séquence, the a-2,3-sialyl-
transferase (WM1s6) éloned is. composed of the N-terminal
cytoplasmié region (8 ﬁmino.acid residues); the subsequent
membrane binding region'(zo amino acid residues) and the C-
terminal region (347 amino acid residues) showing catalytic
activity. Therefore, secretory production of «a-2,3-
sialyltrahsferase'was attempted by éliminating'the segment down
to the membrane binding fegion of a-2,3-sialyltransferase and
instead adding the signal seéuence of human grgnglocyte colony
stimulating factor and the IgG binding region of Stéghylococcus
aureus protein A. The gene segmént coding for the C-terminal
region [from the 32nd amino acid (serine) residue to the 375th
amino_acid (isoleuciﬁe) résidue'in'SEQ ib NO:9) having the
catalytic aétivity of a-2,3—sialyitransferase was prepared by
the PCR method and inserted into the secretory expression
| Qector DPAMOPRSA constructed in Example 1, section 1-(5).

. As prlmers for PCR, the follow1ng two synthetic DNAs
[Wle-izg'(-_azL) (38 mer; SEQ 1D NO: 10) and W16-C (37 mer; SEQ ID
NO:ll)j.were synthe51zed u51ng an Applied Biosystems model 380A

DNA synthesizer.
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W1l6-A (32L) (38 mer)
57/ - CTCTGTAGGCCTTACTCCAGTGGGAGlGAGGACTCCAAT -~ 37

W1i6-C (37 mer)

50 - GACTCAGGTACCACTCAGATGCCACTGCTTAGATCAG — 3

Since W16-A(32L) is deeigned_fof introduction therein
of an Stul site and W16-C for introduction therein of an Asp718
site, the DNA fragment amplified by PCR caﬁ be inserted, after
cleavage with StuI and Asp718, inte pAMOPRSA between the StuTl
and Asp718 sites. The PCR was carried out using Takara Shazo’s
kit (GeneAmp™ DNA Ampiification Reagent Kit with AmpliTaq™
Recombinant Tag ﬁNA Pblymerasej. The reaction solution was
prepared according to the manual attached to the kit and, using
Perkin Elmer Cetus’ DNA Therhai Cycler (distributed by Takara
Shuze), the reaction steps (94°C, 1 minute; 55°C, 1 minute; and
72°C, 3 minutes) were repeated in a total of 30 cycles and then
the reaction was further conducted at 72°C for 7lminutes. The
plasmid pUC119-WM16 (1 ng’ was used as a template. After
completion of the reaction, chloroform extraction and ethanol
precipitation Qere performed and the precipitate was dissolved
in 30 ml of Y-100 buffer, 20 unite of StuI and 20 units of
Asp718 were added and the digestion reaction was_carried out at
37°C for 2 hours. The reaction mixture was subjected to
agarose gel electrophore51s and a DNA fragment of about 1.0 kb
was recovered. Separately, 2 mg of pAMoPRSA was dissolved in

30 ml of ¥-100 buffer, 20 units of StuIl and 20 units of Asp718
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were added and the digéstion reaction was carried out at 37°C
for 2 hours; The reaction mlxture was subjected to agarose gel
electrophoresis and a DNA fragment of about 9.06 kb was
recovered. | | '

~ The §th—A§Q718.fragment (1.0 kb; 0.1 mg) derived from
the DNA_émplified'by'PCR_as obtained in the above and the
pAMoPRSA-derived Stul-Asp718 fragment (9.06 .kb; 0.1 mg)
obtained as described above were dissolved in 30 ml of T4
ligase buffer, 175 units of T4 DNA ligasé was added ahd the

ligation reaction was carried out at 12°C for 16 hours. The

reactionlmixtﬁre was used to transform Escherichia coli HB101
by the method of Cohen et al. and an 'ampilcillin-resistar.'lt
strain was obtained. A plasmid was isolated from this
transformant strain by a known method.t This plasmid was named
PAMOPRSAW16 and its structure was identified by digestion with
restriction enzymes. |
(b) Secretory produqtion'of @-2,3-sialyltransferase (WM16)
using Namalwa KJM-1 cells as a host | | |

The plasmids pAMoPRSA (seqretory production vector) and
pAMOPRSAW16 (plasmid for secretory. production of a-2,3-
sialyltransferase)-obtainéd as described above were prepared
using Qiagen’s plasmid prepatatioh kit (>'p1asmid < maxi kit;
articlé number 41031). The plasmids prepared were precipitated .
‘with ethanol and then dissolved in TE buffer to a concentration
of 1 mg/mi{ Then, both the plasmids were introduced into the

Namalwa KJM-1 strain by electroporation [Miyaji et al.: Cyto-
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technology, 3, 133. (1990)).. After inﬁreduction of-4'mg-of
plasmid per 1.6 x 10% Cells,‘the cells were suspended in 8 ml
of RPMI1640-ITPSGF medium and cultured in a CO, incubator at
37°C for 24 hours. Then, G418 (Gibco): Qas added to a
concentration of 0.5 mg/ml and.cultivation was continued for 7
days. Thereafter, 22 ml of RPMI1640-ITPSGF medium (containing
0.5 mg/ml of G418) was added. and cultivation was further
‘continued fer S days. Transformants were thus obtained. .The
'transformants.obtained Qere suspended in 30 ml of RPMI1640-
ITPSGF medium cbntaining 0.5 mg/ml of G418 to e concentration
of 5 x 10° cells/ml and cultivated in a CO, incubator at 37°C
for 8 days. Then, cells were removed by centrifugation (160 X
g, 10 minutes) and each supernatant was recovered and again
centrifuged (1,500 x g, 10 minuteS) and the supernatant was re-
covered. The culture supernatants thus obtained were stored at
-80°C. untll use.

Since the proteln encoded by the plasmld pAMOPRSAW16 is
- produced and secreted as.a,protein fused to the IgG binding
region of protein A, it can be readily purified using IgG
Sepharose. Therefore, = sodium azide' was added to each
.supernatant obtained in the above to a final concentratlon of
'0.1%, 100 ml of 1gG Sepharose (Pharmacia) pretreated in
accordance with the manual attached thereto and the mixture was
stirred gently overnight at 4°cC. Then, igG Sepharose was
recovered by centfifugation (1§O'x g, 10 minutes) and washed

~with three 1-ml portions of a buffer comprising 50 mM Tris-HCl
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(pH 7.6), 150 mM sodium chloride and 0.05% Tween.zo. -Then, the
protein adsorbed on IgG Sepharose was eluted with 100 ml of 0.5
M acetic acid (adjusted to pH 3.4 with ammonium acetate) and
IgG Sepharose was removedi_by centrifugation (166 Xx g, 10
minutes).. The eluate was adjusted to pH 7.0 by adding 2 M
Tris-HC1 (pH 8.0) and water was added to make a final volume of
1 ml. Using 5 ml of_the eluate prepared in that ménner, its
sialyltransferase activity was determined. |
_For activity determination, the reactioh.was carried
ouﬁ in 30 ml of an assay soiution [0.1 M cacedylic acid-
hydrochloric acid (pH 6.$), 0.01 M manganese chloride, 0.45%
Triton X-100, 0.1 mM Substrate, eluate described abové (5 ml),
5 mM CMP-sialic acid'(with'or without addition)) at 37°C.fdr 30
minutes and then product identificatioﬁ.was performed by HPLC.
The substrates used were LNnT, LNT and LNFP-V (all available
from Oxford Glyco—systems) each fluorescence-labeled with
aminopyridine. The substrates were fluorescence-labeled by the
conventional method [Kondo et al.: Agricultural and Biological
Chemistry, 54, 2169 (1990)]. For each IgG SepharoSe, the
reaction was carried out using the assay solution containing
_éMP—sialic acid (carbohydrate donor) and the assay solution
'free of CMP-sialic acié and the peak appearing only with the
CMP-sialic acid-containihg assay solution as analyied'by HPLC
ﬁas regarded as the product. After completion of the reaction,
the assay solution was treatéd.at 100°Cc for S5 minutes and

cehtrifuged at 10,000 x g for 10 minutes and a 10 ml portion of
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the supernatant obtained was subjected to HPLC. For HPLC, a
 TSKX gel ODS-80 TM column (4.6 mm X 30 cm, Tosoh Corp.) was used
and elution was carried out with 0.02 M acetate buffer (pH 4.0)
at an elution temperature of 50°C and a flow rate of 1
ml/minute. For product deteCtion,'a Shimadzu model RF—53$T
fluorescence HPLC monitor was used (excitaticn wavelength: 320
nm; emission wavelength: 400 nm). The product was judged as
identified when the elution time was identical with that of the
standard carbohydrate chain and when the substrate was
regenerated upon sialidase treatment of the product. For
quantitating the product, aminopyridylated.lactose_was used as
.the standard and fluorescence intensity comparison was made.
When the IgG Sepharose used was the one derived from
the culture supernatant of Namalwa cells harboring pAMoPRSAW16
introduced therein, d—2,3—sialyltransferase activity  was
detected for all the carbohydrate chains used'as substrates.
' The relative activities with the activity against LNT taken as
100 were 98 and 4.against LNFP-V and LNnT, respectively. On
the contrary, when the IgG Sepharose used was the one derived
from the culture supernataht of Namalwa cells harboring the
vector pAMOPRSA introduced .thereiﬁ, no .such activity &as'
detected for any of the carbohydrate'chains'used as substrates.
The above results iﬁdicated that a-2,3-sialyltrans-
ferase can be produced "and secreted into the culture
supernatant in the.form of a protein fused to the IgG binding
region of Staghylococcus aureus protein A and that the
This Sheet Has Been
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secretion product can be readily recovered and purified_usingH
.IgG Sepharose. | _ | _ |
4. Cloning of a—1,34fucosyl£ransferase (Fuc—TVI).cDNA from
SW1116 cells (human'rectal cancer cell line) and construction
'of Fuc-TVI expression plasmid |
(1) clonlng of o-1,3- fucosyltransferase (Fuc—TVI) CDNA from
SW1116 cells (human rectal cancer cell line)
(a) Testlng of KJM—l straln harboring expression vector
PAMOPRC3Sc introduced therein for resistance agalnst Maacia
gmg;gggis lectin I

| The KJM-1 strain harboring the expression vector
lpAMoPRCBSC obtained in Example 1,_secti6n 1-(15) was cultured
in the pfesence of -Maacia .a.murensis_ lectin I (hereinaftér_
referred to 'as “MAL—I"; ‘product of ngtor) in various
concentrafions and tested for resistance against MAL-I. Thus,
cells of the KJIM-1 stréin were suspendéd in RPMI1640-ITPSGF
medium to a concehtration of 5 x 10% cells/ml éhd the
suspension was diétribﬁted in 200 gl portion into wells of a
‘96-well microtiter plate. -Thereto were added. various
concentraiions of MAL-I in -1/100 .volume portions .and
cultivation was performed in a co, incubator at 37°C for 3
weeks. As a result, the minimum concentration of MAL-I as.
fequired for complete inhibition of the growth of the KJM-1
strain was found to be 10 mg/ml. With 4 x 10® KIM-1 straiﬁs

tested, any spontaneous appearanée of MAL-I-resistant strains

-was not observed.
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(b) 1Isolation of mRNA from SW1116 ceils
About 30 mg of mRNA was obtained from 1 x 108 swilie
éells (ATCC C¢L223) using Iﬁvitrogen's mRNA extractién kit Faét
Tract (article number K1593~02). The reagents and procedure

actually employed were those described in the manual attached

to the kit. |
(c) Construction of cDNA library

.Using 8 mg of the mRNA obtained in the abové manner, a
cDNA library was construéted'in the same manner as in Example.
1, section 2-(2) 'and about 4.8 x 10° ampicillin-resistant
strains were obtaiend.

(d) Cloning of_a-l,Bffucosfltransferase.(Fuc¥TVI) CDNA

The about 4.8 x 10° ampicillin-resistant strains (cDNA
library) obtainéd as described above were mixed and plasmid
pféparation.was perférmed using Qiééen’s plasmid preparation
kit (>plasmid< maxi kit; articie number 41b31)._ The plasmid'
obtained was precipitated'with ethandl and dissolved in TE
buffer to a concentration of 1 mg/ml.

The above-described ﬁlasmid was introduced into KIM-1
strain by electroporation. After introduction of 4 mg of
plasmid'pef 1.6 x 105.celis, the.celis were suspended in 8 ml
of RPMI1640-ITPSGF medium and cultured in a CO, incubator at
37°C for 24 hours. ' Then, G418 (Gibco) was' added to a
concentration of 6.5 mg/ml and cultivation .was further
continued for 7 days, whereby transformants were obtained.. The
transformants obtained were suspended iﬁ RPMI1640-ITPSGF medium

-
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~ containing MAL-I (10 mg/ml) and G418 (0.5 mg/ml) " to a
concentration of 5 x 10% cells/ml and the suspension was
distributed in 205 ml portions into wells.of 96-well microtiter
_plates. |

After 3 weeks of incubation in a'COz_incubator at 37°C,
a_ﬁAL-I—resistant strain was obtainedfl After incubation of the
resistant strain, a plasmia was recovered from'about 5 x 10°
cells thereof by the Hart method. The plasmid recovered was

introduced into Escherichia coli LE392 by electroporation and

an ampicillin-resistant 'stfain was obtained. Plasmid
preparation was perforﬁed from thét transformant using Qiagen’s
plasmid preparation kit'ahd the structure of the plasmid was
examined by cleaving with vafioué restriction enzymes,
whereupon it was found that the plasmid contains a cDNA of
about 2.1 kb. The plasmid containing this cDNA was named
PAMOPRMAL4 and again introduced into the KJM-1 strain by the
same method as described above, whereupon thelstrain developed
resistance against MAL-I, proving that said cDNA is the gene
' (MAL-I resistance gene) pro?iding the KJM-1 strain with
resisfance against MAL-I. |

(2) Base sequence determination of a-1,3?fuc§syltransferase

(Fuc—TVI) CDNA

(a) Insertion of a-1,3-fucosyltransferase (Fuc—TVI) cDNA into

pUCllQ (cf. Fig. 27)
. pAMOPRMAL4 (2 mg) was dissolved in 50 ml of Y-0 buffer,

30 units of SacI was added and the digestion reaction was
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carried out at 37°C for 2 hours. Then, NaCl was added to an
NaCl concentration of 150 mM, 20 units of ECoRV was added and
the digestion reaction'was_forther carried out at 37°C for 2
hours. After precipitation with ethanoi, the precipitate was
dissolved in 30 ml of DﬁA polyﬁerase I buffer, 6 units of

Escherichia coli-derived DNA polYmerase I Klenow fragment and

the reaction was carried out at 37°C for 60 minutes to convert
. the 3’ cohesive end formed upon SacIl digestion to a blunt end.
The reaction mixture was subjected +to agarose gel

electrophoresis and a DNA fragment of about 2.1 kb was

recovered.
Separately, pUC119 (1 mg) was dissolved in 30 ml of Y-

100 buffer, 20 units of HincII was added and the dlgestlon

'reaction_was carrled out at- 37°C for 2 hours. Then, 30 ml of

1M Tris—HCl (pH 8.0) and 1 unit of Escherichia coli-derived
alkaline phosphatase (Takara Shuzo) were added and the
dephosphorylation reaction was carried out at 37°C for 2 hours.
After'precipitation with ethanol, the precipitate was dissolved
.in 30 ml of TE buffer and subjected.to agarose gel electro-
phoresis and a DNA fragmeht of about 3.16 kb was recovered.
The pAMoPRMAL4-der1ved SacI (blunt end) -EcoRV fragment

(2.1 kb 0.05 mg) and pUCil9-derived HincII fragment (3.16 kxb;

0.05 mg) obtained as mentioned above were-dissolved in 30 ml of
T4 llgase buffer, 175 units of T4 DNA ligase was added and the

ligation reaction was: carrled out at 12°C for 16 hours.

The reaction mixture was used to transform Escherichia

\ '
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coli JM105 by the method of Céhen et'_al'. and ampicillin-
resistant strains were obtained. Plasmids were isoclated from
these transformant strains by a known method.and the structures
thereof were identified by digesﬁion'with restriction enzymes.
Two plasmids differing in'the direction of the PAMOPRMAL4 -
derived SacI (blunt end)-EcoRV fragment inserted into pUC119
were isolated. The plasmids were named pUC119-MAL4 and pUCl119-
MAL4R, respectively{ “
(b) Construction of deletion—mutated plasmids for sequencing
pUC119-MAL4 (2 mg) and pUC119MAL4R (2 mg) were
respectively dissolved in 30 ml of Y¥-0 buffer, 50 units of SacI
was added and the digestion reaction was carried out at 37°C
for 16 hours. Then, NaCl was added to an NaCl concentration of
100 mM, 40 units of.zggl was added and the digestion reaction
was further carried out at 37°C for 2 hours. After
precipitation with ethanol, each precipitate was dissolved in
100 ml of exonuclease III buffer (attéched to Takara Shuzo;s
deletion kit for kiloseqﬁencing). _

Starting from the pUC119-MAL4-derived SacI-Xbal
fragment and pUCllé-MAL4R—derived SacI-Xbal fragment obtained
in the above mannér, a total of 18 deletion-mutated plasmids
were prepared using' Takara Sﬁuzo;s deletion kit for
kiiosequencing.' The reagents and procedure actﬁally employed
were as described in the ménual attached to the kit. The base
sequences of the deletion. plasmids thus ‘obtained were
defermined ﬁsing Applied Biosystems’ éequegcing kit (Tag

_—
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DyeDeoxy™ .Terminator Cycle Suguencing K_it;_ article number
1 401113). As a result, it was revealed that the MAL-I
.resistance gene codes foi‘ a known a-1,3—fucbsyltrénsferéée
(Fuc-TVI) but not for the a—l,j-fucosyltransferase (THZIJ of
the present invention. | -

(35_ Secretory production of Fuc;TVI in KJM~-1 cells

(a) .~ Construction of plasmid pAMoPRSAFT6é for secretory
expreésion of Fuc-TVI (cf. Fig. 28)

_ -Based on its primary sequence, the thus-cloned Fuc-TVI
is supposed to be composed of the ﬁ—terminal cyloplasmic region
(14 amino acid residues), the subsequent membrane binding
region (20 amino acid residues) and the C;terminal region (325

_amiﬁo acid re'sidués) having cat;lytic activity. Thergfore, an
attempt was made to cause sécretory.expression_of Fuc-TVI by
deleting the segmeht down to the membrane binding region of
Fuc-TVI and instead adding the sj.gnal sequénce, of human
granulocyte colony stimulating factor -and the IgG binding
regidn of Staphvlococcus aureus protein A. The gene segment
coding for the C-terminal region [from the 40th amino acid
(aspartic acid) residue to the 359th amino acid (threonine)
residue] having the catalytié activity of Fuc-TVI was pi-epared
by _.the PCR method and inserted into the secretory expression
vector IpAMoPRSA constructed in Example 1, section 1—(5-) .

| The following two synthetic DNAs [F6-N (36émer; SEQ ID
-N0:12) and Fé6-C (37 mer; SEQ ID NO:13)] were synthesized és
primers for PCR using an Applied Biosystems model 380A DNA

\.
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synthesizer.

F6-N (34 mer)
5/ - CTCTCGGATATCCCACTGTGTACCCTAATGGGTC - 37

F6-C (37 mer)
5/ - GTAGACGCGGCCGCTCAGGTGAACCAAGCCGCTATG - 3/

Since F6-N (34 .mer) is designed for introduction
ﬁherein bf an EQQRV site and Fé6-C (37 mer) for introduction
therein of an NotTI site, the DNA fragment ahplified by PCR can
be inserted, after cleavage with EcoRV and NotI, into pAMoPRSA
between the Stul and NotI sites. The PCR was carried out using
Takara Shuzo’s ]'ci't:.(GeneAmpTM DNA”Amplification Reagent Kit
with AmpliTaqu-Recombinant'Taq DNA Polfﬁerase). The reaction
splution was prepared accordiné to the manual attached to the
kit and, using 'Perkin Elmer Cetus’ DNA Thermal Cycler
(distributed by Takara Shuzo), the reaction steps (94°C, 1
minute; 65°C, 1 minuté; and 72°C 3_mindtés) were repeated in a
‘total of 20 cycles, and thén the reaction was further conducted
at 72°C for 7 minutes. The plasmid pUC119-MAL4 (70 ngj was
' used as a template. After completibn of the reaction, chloro-
form extraction and ethanol precipitation were perfgrmed and
the precipitate was dissolved in 30 ml of Y-80 buffer, 20 uniﬁs
of-gggﬁv and 20 units of NotI were added and the digestion
reaction was carried out at 37°C for 2 hours. The reaction
mixture-was.subjected to agarose gel electrophoresis and a DNA

~___h_‘_;_?~______‘
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fragment of about 0 97 kb was recovered.

_ Separately, 2 mg of pAMoPRSA was dissolved in 30 ml of
Y-100 buffer, 20 units of Stul was added and the digestion
:eaction was carried out at 37°C for 2 hours. Then, NacCl was
édded to a concentration of 150 mM, 20 units of NotI was added
and the digestion reaction was carried out at 37°C for 2 hours.
The reaction mixture was subjected to égarose gel
lectrophoresis and a  DNA fragment of - about 9.06 kb was
- recovered. _ |

The EcoRV-NotI fragment (0.97 kb; 0.1 mg) derived from
the PC'R—am.plified DNA and £he pAMOPRSA-derived StuI-NotI
fragment‘(Q.Os kXb; 0.1 mg), obﬁaiﬁed in the above manner, were
dissolved in 30 ml of T4lligase buffef, 175 units of T4 DNA
ligase was added and the ligation reaction was carried out at
12°C for 16 hours. The reaction mixture was used to transform
Eschérichia ég;i HB101 by the method of Cohen et al. and an
ampiciilin—resistant strain was obtained. A plasmid was
‘isolated from this transformant strain by the known method.
This plasmid was  named. pAMOPRSAFT6 and its structure wés
identified by digestion with restriétion enzymes. |
- 5, Sécretory production of a-1,3-fucosyltransferase (TH21) in
KJIJM-1 cells

(1) Constrﬁction of plaSmid pAMéPRSAT21  for secretory
expression of a—l,3—fuqosy1transferea5e (TH21) (cf. Fig. 29)

Based on its primary sequence, the thus-cloned a—1,3%

_fﬁcosyltransferase (THZi) is compdsed‘ of the N-terminal
| -
- 106 - This Sheet Has Been Rep

A



cytoélasmic region (14 amino acid residues), the subsequent
'ﬁembrane binding region (19 amins acid'residueS).and the c-
terminal region (509 amino acid residues) having catalytic
_activity. Therefbre, an attempt was made to cause secrétory
-expfession.of'the novel a—1;3—fucosyltransfe:ase species (TH21)
.by deleting the cytoplasmic and membrane binding'regibns and
instead adding the signai sequence of human granulocyte colony
stimulating factor and the IgG binding fegion of Staphylococcus
aureus protein A. The gene portion coding fsr the C-terminal
region (in SEQ ID NO: 1 or SEQ ID Nb:2, from the 39th amino
acid (glycine) residue to the 342nd amino ‘acid (alanine)

residuej'was excised from pUC119-TH21 and inserted_into the
secr_etory Fuc-TVI expression plasmid pAro_PRSAFT6 sonstructsd in
section 4 in place of the Fuc-TVI-encoding region to construct
a plasmid, pAMOPRSAT21. pAMoPRSATZ1 is sapabie of secfetory
production of a fused protein cbmposed of the_IgG binding
regisn of protein A and the'a-1,3~fucosyltransferase segment

ffrom.the 39th amino acid (glycine) residue to the 342nd amino

acid (alanine) residue), with the Fuc-TVI-derived 15 amino acid

residues [from the 40th amino acid (aspartic acid) residue to

the 54th amino acid (threonine) residue] inserted therebetween.

First, the region coding for the signal sequence of
human granulocyte colony stimulating factor, the IgG binding
'region of protein A and the Fuc-TVI-derived 15 amino acids
[from the 40th amino acid (aspartic acid) residue to the 54th

-
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amino aéid (threonine) residue] was prepared by PCR using
'pAMoPRSA?TS as a template. The folloﬁing'two synthetic DNAs
[Mo-1 (36 mer; SEQ ID NO:14) and F6-F (31 mer; SEQ ID NO:15)]
‘were éynthesized as primers for PCR using an Applied Biosystems

model 380A DNA synthesizer.

Mo-1 (24 mer)
5/ — CGCCAGTCCTCCGATTGACTGAGT - 3¢
F6-F (31 mer)

5’l— CCATGGTACCTGTGCTGTCTGGGAAGCGGGA - 37

F6-F (31 mér) has a construction causing introduction
of an Asp718 site. Therefore, the DNA fragment amplified by
PCR was cleaved with HindIITI and A§g718. The PCR was carried
out using Takara Shuzo’s kit (GeneAmp™ DNA Amplif_ication
Reagent Kit with AmpliTaqTM Recombinant Taqg DNA Polymerase).
The reaction solution was prepared as'described in the manual
attached to the'kit. The reaction steps (945C, 1 mihuﬁe; 65°C,
1 minute; and 72°C, 3 minutes) were repeated in a total of 20
cycles using Perkin Elmer Cetus’ DNA Thermal Cylcer (dis-
tributed by Takara Shuzo) and the reaction was further
_conducted.at 72°C for 7 minutes. The plasmid pAMOPRSAFT6 (70
ng) was used as a template. After completion of the reaction,
chlordformxextraction.and.ethanol precipitation were perfbrmed.
The precipitate was diésolved in 30 ml of Y-80 buffer, 20 units
of.A§g7lé Qas added and the digestion reaction was carried out
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at 37°C for 2 hours. Then, 5 units of HindIII was added and
partial digeétion'ﬁas effected at 37°C for 10 minutes. The
reaction'mixturelwas_subjected to agarose gel electrophoresis
and a DNA fragment of about 0.4 kb was recovered.

Separately, 2 mg of pUCliQ—Tﬂzliwas dissolved in 30 ml
of Y—lob buffer, 20 units of TagIl was added and the digestion
lreaction was carrled out ‘at 37°Cc for 2 hours. After
prec1p1tatlon with ethanol the precipitate was dissolved in 30
ml of DNA polymerase I buffer, 6 units of Escherichia coli-
derived DNA polymerase I Klenow fragment was added and the
reaction was carried out at 37°C for 60 minutes to.convert the
57 cohesive end resulting from TagI digestiod to a blunt end.
The reaction was terminated by extracfion with phenol andg,
'after chloreform extractiod and ethanol precipitation, the
precipitate was dissolved in.30:ml of Y-80 buffer, 20 units of
A§g718.wae added and the digestion reaetion was carried out at
37°C for 2 hours. The reaction mixture was subjected to
agarose gel electrophoresis and a DﬁA fragment of about 1.0 kb
was recovered.

_ Further, separately, 2 mg of pAMoOPRC3Sc was_disselved
in 30 ml of ¥Y-150 buffer, 20 units of NotI was'added and the
digestion reaction was carried out at 37°C for 2 hours. After
pre01p1tat10n with ethanol, the prec1p1tate was dissolved in 30
ml of DNA polymerase I buffer, 6 unlts of Escherlchla coli-
- derived DNA polymerase I Klenow fragment was added and the
reaction was carried out at 37°C for 60 minutes to convert the
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57 coheéive end resulting froﬁ NotI digestion to a biunt end.
The reaction was_terminated by extraction with phenol and,
after chloroform extraction and ethanol pfecipitation, the
precipitate was diSSOlved in 30 ml of Y-80 buffer, 20 units of
HindIII was added and the digestion reaction was cafried'out at
37°c for 2 hours. The reaction mixture was subjected to
agarose gel electrophorésié and a DNA fragment of about 8.7 kb
was recovered.

The HindIII-Asp718 fragment (0.4 kb; 0.05 mg) derived

from the PCR-amplified DNA, the pUC119-TH21-derived Asp718-TagI
(blunt end) fragment (1.0 Xb; 0.1 mg) and the pAMOPRC3Sc-
derived HindIII-NotI (blunt end) fragment (8.7 kb} 0.2 mg),
obtained as described above, were aissolved in 30 ml of T4
ligése buffer, 175 units of T4 DNA ligase was added and the
ligation reaction was carried out at 12°C for 16 hours. The

reaction mixture was used to transform Eschefiéhia coli HB10O1

by.the method of Cohen et al. and an ampicillin¥resistant
strain was obtained. A plasmid was isolated .frbm this
transformant strain by a known method. This plasmid was named
PAMOPRSAT21 angd its struéture was identified by digestion with
restriction enzymes. - |
(2) Secretory production of a—l,3-fucosyltransferase.(TH21)
and Fuc-TVI using Naﬁalwa KIM-1 cells as host

In a parallel run, Fuc-TVI was prepared and used as a
'control, since Fuc-TVI is a known :speciés ‘of a-1,3-
fuchyltfansferase. o |
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The plasmids pAMOPRSA (secretory production-vector),
pAMOPRSAT21 ([plasmid for seéretdry expression _of' a-1,3-
fucosyltransferase (TH21)] and 'pAMoPRSAFTG (plasmid for
secretory production of Fuc-TVI), obtained as desc:ibed above,
were prepared using Qiagen's plasmid preparation kit (>pla$mid
< maxi kit; article number 41031). anh plasmid'obtaihed was
prec1p1tated w1th ethanol, then dissolved in TE buffer to a
concentratlon of 1 mg/ml and introduced into Namalwa KIM-1
cells by electroporation. After introduction of 4 mg of
plasmid per 1.6 X 106_cells, the cells Qere suépénded in 8 ml .
of RPMI1640—ITPSGF medium and cultured in a co, incubator at
37°C for 24 _hours. ' Then, G418 (Gibco) was .added to a
concenfratioﬁ of 0.5 mg/ml and cultiﬁation was further -
continued for 7 days. Theri, 22 ml of RPMI1640-ITPSGF medium
(containing 0.5 mg/ml of G418) was added and cultivation was
further contiﬁued for 5 days to give transformants. The
transformant strains thus obtainedlwere each suspended, to a
concentration of 5 x 104 cells/ml, in 30 ml of RPMI1640-ITPSGF
medium cohtaining 0.5 mg/ml of G418 and cultured'in a CoO,
incubator at 37°C for 8 days. Theﬁ, cells wefe'removed by
centrifugation (160 x'g, 10 minutes). Each supernatant was
recovered and again'centrifuged (1,500 x g, 10 minutes) and the
supernatant ﬁas fecovered. _The supernafants thus obtained were
‘stored at ~80°C until use. |

The a¥1,§—fucosyltransferase épecies (TH21) encoded by
the plasmid pAMOPRSAT21 and Fuc-TVI encoded by the plasmid

-
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pAMOPRSAFT6 are expressed each as a fused protein with the IgG
binding region of prétein A and thérefore can be readily
purified using IgG-Sepharose. Thus, sodium azide was added to
each supernafant obtained in the above manner to a final
conceritration of O.i%, - 10 ml of. IgG-'-.Sepharose (Pharmacia)
pretreated as described in the ?roduct manual was added and the
'migture was stirred gently overnight at 4°C. The IgG-Sepharose
was then.recovered by centrifugation (160 x g, 10 fni_nutes),
washed with three 1-ml porti_ons of RPMI1640-ITPSGF medium”and_
suspended in 10 ml of RPMI1640-ITPSGF medium. A 5-ml portion
of each IgG-Sephérose' suspension thus obtained was éubjécted to
fucosyitfansfefase activity detefminatj_.on.

For activity. determination, the reaction was. carried
out in 30 ml of an assay solution [0.1 M cacodylic acid-
hydrochl_oric acid (pH 6.8), 25 mM manganese chloride, 10 mM L-
fucose, 5 mM ATP, 0.1 ™M substrate, above-mentioned IgG-
Sepharose (5 ml), 1.5 mM GDP-fucose (with or without addition)])
at 37°C for 2 hours and then product identification was
performed by high performance liquid chromatography (HPLC).
The following substrates were used after fluorescénce_ labelling
with an.linopyrid'ine: Lacto-N-neotetraose (Galbl-4GlcNAcbl-
3Galbl-4Glc; hereinafter, "I'.NnT")', lac':to—ﬁ—tetr'aose (Galbi-
3GlcNAcbl-3Galbl-4Glc; h'e'reinaf_ter, WLNT®), sialyllacﬁo—_b_{—.
‘tetraose a: hereihéftér, "LSTa")',. lacto—y_—fucopéntaos_e I
(Fu‘cal—ZGa1b1-3GlcNAcb1—3Ga1b1-—4G1c: hereinafter, ""LNFP_-I")',
'lacto—ﬁ—-fucopentabse Iz (Gal’bl--.3 (Fucal-4)GlcNAcbl-3Galbl-4Glc;

-
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hereinafter, "“LNFP-II‘ _
4(Fuca1—3)GlcNAcb:f3z:;)' 1act0fﬂ—fucbpentaose' IIT -(Galbl
" lacto-N-fucopentaose V b1f4Glc; hereinafter, Y“LNFP-III") and
hereinafter, "I'JNFP_ V"(Galbl—BGlCNACb1-3Ga1b1'4(Fuca1—3)Gl '
Glycosystems). The sub ! (all  available  from Oxfoc;
conventional method ]<strates were fluorescence-labeled b t:
cemistry, 5 { éndo et al.: Agrlcultural and B F e
_ . 2169 . (1990)]. rurther oy iological
! using LNnT

—

(WM17) prepared in secti
(NeuAcaz—3Galbl—4Glc::tlon 2 above, sialyllacto-N-neotetrao
INnT") fluorescence-1 :bl"3Galb1—4Glc; hereinafter, "sial ie
use as a substrate asfled with aminopyridine was prep.ared 3fzo_
. . 3 . r
(NeuAca2-3Galbl-3G1lcRA 1?11arly, sialyllacto-N-fucopentaose v
"sialyl_LNfP_v" :c l-3Galb1-4(Fuca1-3)Glc} herei
prepared for | :luoresqenqe.labeled with aminoby"dnafter'l..
use a pyridin

Labeled with aminos a;SEPStrate by using LNFP-V fluoresc:nwas
with the s:ecretol.ypy:ldlne és a substrate and treaiing the. s:e—
o 3 above. For 2,3fs;alyltransferase (WM16) ﬁrepafea Tel
. weing _the as:acn sgbstrate, the reaction was Carriiz

(CaerhYdrate'donor) a :y _s?lution containing  GDP-fuco
The peak appearing ) : the aésay solution free of GDP—fucosse
solution as analyZEd_z)y with thg ;DPffudose-containing asse.
After -coﬁpletj¥“1 "~ Y HPLC.was regarded as the produc£ pe :Y
treated at 100°C f§r sth% reaction, the assay solﬁti;n i .
0,000 x g N j minutes . and subjected.to centrifu _as
' minutes), and a 10-ml ‘portio ugation
' n of the

_*__,ﬂf——f—~——;-~—
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supernatant obtained was szjECted to HPLC. .For HPLC, ' a TSK
gel bDS-SOTM_column (4.6 imn'x.30 cm; Tosoh).was used and
elution was carried out with 0.02 M ammonium acetate buffer (pH
4.0) at an elution temperature of 30°C and a flow rate of 1
ml/minute. For product detection, a Shimadzﬁ model Rf-SjsT
fluorescence HPLC monitor was used (excitation wavelength: 320
nm; emission wavelength: 400 nm). Agreement in elution tiﬁe'
with the standérd carbbhydrate chain was used as an index for
product identification. The following were used as standards:
LNFP-I, LNFP-II, LNFP-III and LNFP-V, each fluorescence- labeled
with aminopyridine, as well as sialyllacto-N-fucopentaose III
(NeuAca2-3Galbl-4 (Fucal-3)GlcNAcbl-3Galbl-4-Glc; sialyl-LNFP-
III) preparediby'réacting sialyl-LNnT fluorescence-labeled with
aminopyridine, used as a substrate, with the secretory. Fuc-TVI
enzjme. For product quantitatidn, aminopyridylated lactose was
used as a standard and fluorescene inteﬁsity comparison was
nade.

For IgG-Sepharose samples derived from ﬁulture
supernatants of Namalwa cells-harboring PAMOPRSAT21 introduced
therein, a-1,3-fucosyltransferasé activity was detectedlonly
when sialyl-LNnT was used as the éubstrate. Specifically, 3.2
picoﬁoles of sialyl-LNFPfIIi was synthesized per.hour using the
Quantity of secretory enzyme produced in 1 ml of medium, with
sialyl-LNnT as the substréte. Oon the contrary, for IgG
Sepharose samples dérived from.éulture_supernatants of Namalwa

cells hafboring pAMOPRSA introduced therein, no activity was
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detected with any substrate.

The above results indicate that a-1,3-fucosyl-
transferase (TH21) can be produced and secreted in the culture
supernatant as a protein fused to the IgG binding region of

Staphyvlococcus -aureus protein A and that the secretion product

can be readily recovered and purified using IgG-Sepharose.
Example 4 |
Quantitation of a-1,3-fucosyltransferase (THZl)'transcription
product by PCR and study of expression levels in various cells

| The «-1,3-fucosyltransferase (TH21) transcription
- product was quantitated by guantitative PCR in the conveﬂtiohal
manner [Gilliland et al.: ffoceedings of the National Academy
of Sciences of the U.S.A., 87, 2725 (1990)]. The B-actin
transcription product, which is considered to be expressed at
approximately the same level in.all cells, was simultaneously
guantitated to correct differences in the ‘quantity of mRNA
among cells and differences in the efficiency of conversion,
due to reverse transcriptase, from mRNA to single-stranded cDNA
among samples. Thus, the quantity of a—1,3;fucosyltransferasé
(THZl) transcription product fpr each cell speciés'or cell line
was expressed as a relative valqe with.the quantity of B—actin_
transcription product being taken as 100;
(1) Cloning of B-actin cDNA |

The f-actin CDNA was .prepared by PCR ‘using, as ‘a

template, single-stranded cDNA synthesized from total RNA of U-

937 cells (human monocytic cell 1line) ~using reverse
*\._
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transcriptase. The total RNA of U-937 cells was prepared by
the conventional method [ChirgWiﬁ et al.: Biochemistry, 18,
5294 (1977)]._ Singie—stranded cDNA synthesis from the total
RNA was performed usin§ the kit SuperscriptTB Preamplification
System (BRL). The following two synthetic DNAs [Ac-N (40 mer;
SEQ ID NO:;G) and Ac-C (40 mer; SEQ ID NO:17)], that were used
as primers  for PCR, were synthesized using an Applied

Biosystems model 380A DNA synthesizer.

Ac-N (40 mer)
5/ - AAGTATAAGCTTCCATGGATGATGATATCGCCGCGCTCGT ~ 37
Ac-C (40 mer)

5/ - ATTTAAGGTACCGAAGCATTTGCGGTGGACGATGGAGGGG - 3/

.Since Ac-N (40 mer) is constructed to give a HindIII
site and Ac-C (40 mer) to give an A§g71$ site, the DNA'fragment
.-amplified by PCR cén be inserted, after cleavage with HindIII
and A§§718, into pUC119 between the HindIII and Asp718 sites.
The PCR was performed using Takara Shuzo’s kit (GeneAmp™ DNA
Amplification Reagent kit with AmpliTag™ Recombinant Tag DNA
Polymerase). The reaction solution was prepa:ed according to
the ménﬁal attached to the kit. The reaction steps (94°C, 30
seconds; 65°C, 1 minute; and 72°C, 3 minutes) were performed in
a total of 20 cycles using Perkin Elmer Cetus’ DNA Thermal
Cycler (distributed by Takara Shuzo) and then the reaction.was

further conducted at 72°C for 7 minutes. The single-stranded

This Sheet Has Been Rep

s TS




cDNA (about 200 ng) synthesized from the total RNA‘of'U-QB?
cells using reverse transcriptase was used as the template.
After completion of the reaction, chloroform extraction and
- ethanol precipitaﬁidn were performed and the precipitate was
dissolved in 30 ml of Y-80 buffer and, after addition of 20
units of HindIIIX and 20 units of A§Q718, the digestion reéctidn.
was carried éut at 37°C for 2 hours. The reaction mixfure was -
subjected to agarose gel electrophoresis and a DNA fragment of
abouﬁ 1.2 kb was recovered.

Separately, 1 mg of pUCl119 was dissolved in 30 ml of Y-
100 buffer, 20 units of HindIII and 20 units of Asp718 were
added and'the'digestion_reéction was carried out at 37°C for 2
'hours. Then, agarose gel electfophoresis was peffofmed and a
DNA fragment of about 3.1 kb Qas recovered. |

The HindIII-Asg?lslfragment (1.2 kb; 0.05 mg) derived.

from the PCR~amplified DNA and the pUCll9-derived HindIII-
lA§Q718 fragment (3;1 kb; 0.1 mg), obtained as described above,
were dissolved in 30 ml of T4 ligase buffer, 175 units of T4
DNA ligase was added and the ligation reaction was carried_out
at 12¢C for 16 hours. |

_Tﬁe reaction mixture was used to transform Escherichia
_g_%i. HB10l1 by the method c.I)f ‘Cohen et al. and ampicillin-—
resistant strains were obtainéd.l Plasmids were isolated from
these transformant strains by alknown:method. A plasmid Qas
named pUC119-ACT and its sfructure was identified.by digeétion

with restriction enzymes.
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(2). Construction of plasmid pUC119-ACTd having déletion
mutation within 6-actih_cDNA ' |
| pUC119-ACT (2 mg) constructed in (1) was dissolved in
_ 36 ml of Y-50 buffer, 20 units of Eco01091 was -added and the
digestion reaction was carried out at 37°C for 2 hours. After
precipitation with ethanol, the precipitate was diesolved in 30
ml of bNA polymerase I buffer, 6 units of Egggg;lggig coli-
derived DNA polymetase I Klenow fragment was added and the
reaction was carried out. at 37°C for 60.minutes to convert the
5’ cohesive end resulting from Eco01091 digestion to a blunt
'end; The reaction was terminated by extraction with-phenol
and, after chloroform extraction and'etﬁanol precipitation, tﬁe
-precipitate.was dissolved in 30 ml of Y-80 buffer, 20 units of
| HindIII was added and the digestion reaction was carried out et
37°C farlz hours. The reaction mixture was subjected to
agarose gel electrophoresis end a DNA fragment of abput 0.3 kb
was recovered. . .
Separately, 2 ug of'pUC119-ACT was dissolved in 30 ml
of Y-100 buffer, 20 units of BsStEII was added and the digestion
reaction was carried .out .at 60°C for 2 hours.  After

precipitation with ethanol, the precipitate was dissolved in 30

" ml of DNA polymerase I buffer, 6 units of,Escherichia cqli-
derived DNA polymerase I.KIenow fragﬁent was added and the
reaction was carried out at 37°C for 60 minutes to convert the
5¢ cohesive end resulting from BstEII diéestidn to a blunt end.
The reaction was terminated by extraetion.with phenol and,
_\
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after chloroform extraction and ethanol precipitation, the
precipitate was dissélved in 30 ml of Y-80 buffer, 20 units of
HindIIIX was added and the digestion reaction waslcarfied out at
37°C for 2 hours. The reaqtion mixturé was - subjected to
agarose gel eléctrophoresis énd a DNA fragment of about 3.8 kb

was recovered.

The pUC119-ACT-derived Eco001091 (blunt end)-HindIII
fragment (0.3 kg; 0.1 mg) and pUCllQ-ACT~aeriVed BstEIX (blunt
end) -HindIII fragment (3.8 kb;'o.z mg) obtained as described
above were dissolved in 30 ml of T4 1igase buffer, 175 units of
T4 DNA ligase was added and the ligation reaction was carried
out at 12°C for 16 hours. The reéction mixture was used to

transform Escherichia coli HB101l by the method of Cohen et al.

and an ampicillin-resistant 'strain was obtained. A plasmid was
 isolated from this transformant by a known method. This
. plasmid was named'pUCIiQ-ACTd and its structure was identified
by digestion with restriction enzymes.
'(3) Construction of plasmid pUC119-TH21d having'.deletion.
mutation within a-l,3—fdcos&1tran$ferase cDNA (TH21)
pUC119-TH21 (2 ng), cpnstructed'in Example 2, section
3-(1), was dissolved in'30-mi of Y-0 buffer, 20 units of Apal
and 20 units of ﬂggI were added and the digéstion reéctioh was
- carried out at 375C for 2 hours. After précipitation with
ethanol, the precipitate was dissolved in 30 ﬁl of DNA
polymerase I buffer, 6 ﬁhits of Escherichia gg;;-derived DNA

polymerase I Klenow'fragmeﬁt was added and the reaction was
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carried out at 37°C for 60 minutes to convert.the 3’/: cohesive
end fesulting from AQ_I digestion to a blunt end. The reactien
was terminated by extraction with phenol. After chloroform
‘extraction and ethanol precipitation, ‘the pfecipitate was
‘dissolved in 30 ml ef Y-80 buffer, 20 units of HindIII was
- added and the digestion reaction was carried out at 37°C for 2
hours. The reectiOn mixture was subjected to agarose gel
electrophoresis 'and a DNA fragment of about 0.6 kb was
recoVered.

Separately, 2mg of pUC119-TH21 was dissolved in 30 ml
‘of a buffer compfising 10 mM Tris-HCl (pH.7.5), 6 mM MgCl,, 200
mM NaCl and 6 mM 2-mercaptoethanol (said buffer hereinafter
referred to as "Y-200 buffer'), 20 units of BstXI was added and
the digestion reaction was carried out at 37°C for 2 hours.

After precipitation with ethanol, the precipitate was dissolved

in 30 ml of DNA polymerase I buffer, 6 units of Escherichia
coli-derived DNA polymerase I Klenow fragment was added and the
reaction was carried out at 37°C for 60 minutes to convert the
3’ cohesive end resulting from §§§XI'digestion to a blunt end.
The reaction was terminated by extraction with phenol ang,
after chlorofbrmr extrectiOn and ethanel. precipitation, the
precipitete was dissolved:in 30 ml of Y-80 buffer, 20 units of
HindIII was added and the digeetion reaction was carried out at
37°C for 2 hours. The reaction mixtﬁre was subjected to

agarose gel electrophoresis and a DNA fragment of about 4.1 kb

was recovered.
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The pUC119-TH2l-derived Apal (blunt end)-HindIII
fragment (0;6 kg; 0.1 mg) and pUCilg-TH21—derived §§§XI.(blunt__
end)—ﬂingII fragment (4.1 kg; 0.2 mg) obtained as deséribed
above were diésolved in 30Im1 of T4 ligase buffer, 175 units of
.T4 DNA ligase was added and the ligation reaction was'§arriéd

out at 12°C for 16 hours. The:reaction mixture was used to

" transform Escherichia coli HB101l by the method of Cohen et al.
and an ampicillin-resistant'stréin was obtained. .A plaéﬁid was
isolatéd from this transformant strain by a known method. This
plasmid was named pUC119-TH21d and its structure was identified
by digestion with restriction enzymes. |
.(4) Quantitation of - a—-1,3-fucosyltransferase (TH21)
transcription product in varioﬁs cells and cell 1lines by
qﬁantitative PCR
(a) Synthesis of éingle—sﬁranded cDNAs (for use as templates
in quahtitative PCR) from various cells and cell lines =

The following cell lines were used: KIJM-1 cells, WM266-
4 cells (ATCC CRL 1676), THP-1 cells (ATCC TIB 202), HL-60
cells (ATCC CCL 240), U-937 cells (ATCC CCL 1593), Colo205
cells. (ATCC CCL 222), LS180 cells (ATCC CL 187), SW11llé cells
(ATCC CCL 233), Jurkat cells, KATO III cells (ATCC HTB'103),
Capan-1 cells (ATCC HTB 79), PC-3 cells (ATCC CRL 1435), SK—N-
MC cells (ATCC HTB 10), PC-9 cells, HeLa cells (Japan Cancer
Reseérch Resources Bank CCL 2) and human umbilical vascular
endotheliél cells kHUVEC; ATCC CRL 1730). |

Further, polymorphonuclear leukocytes and mononuclear .
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leukocytes were respectively isolated from healthy - adult
peripheral blood using Nycomed Pharma’s kit PolymorphprepT
The mononuclear leukocyte#'bbtained were further separated into
monocytes and lymphocytes by the conventional method [Gonawa et
al.: Journal 6f Immunology, 130, 706 (1983)].

For each cell species, the total RNA was prepared by
the conventional method [Chirgwin et al.: Biochemistry, ;g,
5294 (1877)]. Single—stranded.cDNA synthesis from the total
RNA was performed using BRL’S 'kit_' (Superscript™
Preamplification System). Singlefstranded cDNA was synthesized
from 5 mg (in the case of cell lines) or 1 ﬁg (in the case of
hemocytes) of total RNA, and the cDNA was used as the template
.for PCR after 50-fold or 10-fold dilution with _Water,
respeétiﬁely. | |
(b) Prepafation of 'staﬁdard and infernal control for
quantitative PCR
| pUC119-TH21 aﬁd pUC119-TH21d were cleaved with
restriction enzymes capable of excising each cDNA portion to
convert the same to a linear DNA and the linear DNAs thus
obtained were used as a'standard and ‘an ihternal controi,
respecfively, for a—l,3—fucdsyltransferase._ (TH21)
transcription product quantitation. Thus, pUCllQ;THZI and
pUC119-TH21d (2 mg eéch). were dissolved in 40 ml of Y-80
buffer, 20 units of HindIII énd 20 units of XbaI were addéd and
the digestion reacfion wés carried out at 37°C for 2 hours. A

portion (5 ml) of each reaction mixture was subjected to
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agérose gel electrophoresis and, after confirmation of complete
cleavage, the reaction mixture was stepwise diluted, for use,
with water containing 1 mg/ml of yeast transfer RNA.

Separately, pUC119-ACT and pUC119-ACTd weré cieaved
with restriqtion enzymes suited fof excising the cDNA pdrtion
to convert the same to a linear DNA and the liﬁear DNAé thus
obtained were used as a standard and an internal control,
respectively, for fB-actin transcription'produCt quantitation.
Thus; pUC119~ACT and pUC119-ACTd (2 mg each) were respectively
dissolved in 40 ml of ¥Y-80 buffer, 20 units of HindIII and 20
units of Asp718 were édded and the digestion reactiqn was
carried out at 37°cC fbr 2 hours. A portion (5 ml) of each
reaction mixfure was subjected to agarose gel electrophoresis
~and, after confirmation of complete cleavage, the reaction
mixture was stepwise diluted, for use, with water céntaihing 1
mg/ml of yeast transfer RNA.:
(c) Quantitation of . a-1,3-fucosyltransferase (TH21)
transcription product by quantitative PCR

First, the PCR was carried out in the presence of 10 fg
of the internal controll(gingII— and XbaI-cleaved pUCl1l19-
TH21d) prepared in (b), with the single-stranded cDNA prepafed
in (a) from each cell épecies or cell line being used as the
template. ‘The followihg two synthetic DNAs [T21—2 (23 mer; SEQ
ID NO: 18) and T21- 4 (24 mer; SEQ ID NO:19)] were synthe51zed
for use as primers for PCR, using an Applied Blosystems model

380A DNA synthesizer.

This Sheet Has Been Replaced

- 123 -




T21-2 (23 mer)
57 - CACCTCCGAGGCATCTTCAACTG - 3¢
T21-4 (24 mer)

5/ - CGTTGGTATCGGCTCTCATTCATG - 3’

The PCR was carried out using Takara Shuzo’s kit
(GeﬁeAmpTM ' DNA Amplification Reégent Kit with AmpliTaqTM
Recombinant Tag DNA Polymefasej. The reactibn solution (40 ml)
was prepared as described in the manual of the kit. On that
occasion, dimethyl sulfoxide was added to a final concentration
of 5%. The reaction solution (39 ml) containing all reagents
except for Tag DNA polymerase_was treated at 97°C,for_5 minutes
using Perkin Elmer Ceﬁus’ DNA Thermal Cycler (distributed by
Takara Shuzo) and then quenched in ice.” To the reaction
mixture was added 1 ml of 5-fold diluted Tagq DNA polymerase and
the reaction steps (94°C,130.seconds} 65°C, 1 minute; and 72°C,
2 minutes) Qere-conducted in a total of 30 cycles using Perkin
Elmer Cetus’ DNA Thermal Cycler.-_A portion (15 ml) of the
reaction mixture was subjected to agarose gel electrophoresis
- and the pattern of amplified DNA fragments was recorded
photographically. Then, the negative film was scanned by means
of a Shimadzu model CS-900 densitometer for determining the
amdunﬁ of amplified DNA fragments. .A calibration curve was
prepared by carrying out the PCR in the same manner using the
standard (g;ndIII- and zggl—éleaved pUC119-TH21) prepared in

(b) .as the template in lieu of the single-stranded cDNAs
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derived from various céll-spedies or cell lines. ; The DNA
fragment derived from the a-1,3-fucosyltransferase (TH21)
transcrlptlon product and from the standard is 497 bp in size,
while the DNA fragment derived from the internal control is 336
bp in size. The amount (number of moles) of the a-1,3-
fucosyltransferase (TH21)'transcription product was calculated
based on the quantitative proportions between both the DNA
fraéments. | |
| For more precise quantita'l':ion.'of the transcription
product, the same PCR was fepeated with each sample using the
internal standard in an amount close to the gquantity of.
transcription product as detefmined'in thé above manner. The
number of cycles of PCR was varied according to the amount of
internal cdntrol. | |

In quantitéting the B-actin transcriﬁtion product as
well, the PCR was performed in two sfeps. On this:occasion,
the HindIII- and Asp718-cleaved pUC119-ACTd prepared in (b) was
used as the internal cdntrol.and the HindIII- and_é§g718¥
cleaved pUC119-ACT prepared in (b) as the standard. Thé
followihg.two'synthetid DNAs [Ac-1 (24 mer; SEQ ID NO:20) and
Ac-3 (24 mer; SEQ ID NO:21)] were synthesized, for use as
primers for PCR, using aanpplied Biosystems model 380A DNA

synthesizer.

Ac-1 (24 mer)

5/ - GATATCGCCGCGCTCGTCGTCGAC - 37
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Ac-3 (24 mer)
57 ~ CAGGAAGGAAGGCTGGAAGAGTGC - 3¢

The first PCR was.carried out in 17 cycles using 10 pg
of tﬁe internal control. 1In the case of f-actin, dimethyl
sulfoxide was not added to the PCR reaction mixture.

'The amount of the a-1,3-fucosyltransferase (TH21)
transcription prodﬁct was finally determined as a zelative_
value with the amounﬁ of B-actin transcriptioh product taken as

"100. The results thus obtained are shown in Table 1.
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Table 1

Amount of transcription

cells _ product
THP-1 | 0.20
HL-60 : 0.82
U-937 - o 1 0.59
KIM-1 - | < 0.01
Jurkat < 0.01
WM266-4 . o | < 0.01
Colo205 | < 0.01.
 Ls180 . - 0.03
SW1116 < 0.01
KATOIII ' ) < 0.01
Capan-1 < b.ol_
Pc}3 | ' < 0.01
SK-N-MC - < 0.01
PC—9 - : < 0.01
HeLa | - < 0.01
HUVEC | | < 0.01
Polymorphonuclear leukocytes 0.77
Monocytes . ' 0.06_
Lymphocytes N ‘ 0.08

| As shown in Table 1, the «-1,3-fucosyltransferase

(TH21) was found to have been expressed specifically in
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monocytic/granulocytic cell lines (THP-1 cells, HL-60-cells, U-
937 cells) and peripheral leukocytes (in particular
polymorphonuclear leukocytes). Based on the fact that the
novei a-i,3-fucosyltransférase is expressed specifically in
leukocyte cells and that it can synthesiée the sialyl Lewis x

carbohydrate chain in vitro as well as in vivo, it was proved

that it is involved in the synthesis of thelcarbOhydréte chain

'ligahd of selectin in leukocytes.

‘The above results revealed that the a-1,3-fucosyl-
transferase (TH21l) transcription product can be quantitated by

gquantitative PCR.

Industrial Appiicabilitv

The present invention provides a-l,-3—fucosyltransferasé

useful in the production of  carbohydrate chains having useful

physiological activity, for example sialyl Lewis x, and

modifications thereof.
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Sequence Listing
SEQ ID NO: 1
LENGTH: 1701
TYPE: nucleic acid
STRANDEDNESS: double
MOLECULE TYPE: cDNA to mRNA
ORIGINAL SOURCE:
ORGANISM: Homo sapiens
STRAIN: THP-1 cell
CELL TYPE: monocytic cell

SEQUENCE DESCRIPTION:

AAGGAGCACA GTTCCAGGCG GGGCTGAGCT AGGGCGTAGC TGTGATTTCA GGGGCACCTC

TGGCGGCTGC CGTGATTTGA GAATCTCGGG.TCTCTTGGCT_GACTGATCCT GGGAGACTGT

GG ATG AAT AAT GCT GGG CAC GGC CCC ACC CGG AGG CTG CGA GGC TTG

Met Asn Asn Ala Gly His Gly Pro Thr Arg Arg Leu Arg Gly L

1 5

GGG GTC CTG GCC GGG GTG GCT
Gly Val Leu Ala Gly Val Ala
20

CTG CTG GGG TCA GCC CCT CGG
Leu Leu Gly Ser Ala Pro Arg

ACC ATC CTT GTC TGG CAC TGG
Thr Ile Leu Val Trp His Trp
50

CCC AGC GAC'ACC TGC ACC CGC
Pro Ser Asp Thr Cys Thr Arg
65 . 70

GCC AAC CGA AGC CTG CTG GCC

Ala Asn Arg Ser Leu Leu Ala
80 ' : 85
_—
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CTG
Leu

GGT
Gly

cccC
Pro
55

TAC
Tyr

AGC

Ser

CTC
Leu

ACC
Thr
40

TTC
Phe

GGC
Gly
GCC
Ala

GCT
Ala
25

CCG
Pro

ACT
Thr

ATC
Ile

GAC
Asp

- 129

10

GCC
Ala

GCA
Ala

GAC
Asp

GCC
Ala

GCC
Ala
a0

CTC
Leu

ccce
Pro

CAG
G1ln

CcGC
Arg
75

GTG
val

TGG
Trp

CAG
Gln

CcCccC
Pro
60

TGC
Cys

GTC
vVal

CcTC
Leu

ccc

Pro
45

cca
Pro

CAC

His

TTC

Phe

CTG
Leu
30

ACG
Thr

GAG
Glu

CTG
Leu

CAC
His

eu
15

TGG
Trp

ATC

Ile

CTG
Leu

AGT
Ser

CAC
His
95

60

120

167

215

263

311

359

407



cGe
Arg

cGa
Arg

CAC
His

CGG
Arg

TGG
Trp
160

GTG
vVal

CAG
Gln

CGG
Arg

TTC
Phe

Lys
240

GGG
Gly

GTG

Val

ACT
Thr

GAG
Glu

GGG
Gly

GGC
Gly

cGC
Arg
145

GGG
Gly

GTC
val

CTG
Leu

CCA
Pro

TAC
TYr
225

TTC
Phe

ccce
Pro

CAT
His

GGC
Gly

CTG

Leu

CAG
Gln

CTC
Leu
130

GAC
Asp

cccC
Pro

AGC
Ser

GCG
Ala

CTG
Leu
210
CTG
Leu

TGG
Trp

CcCcA
Pro

GTG
Val

ATG
Met
290

CAG
Gln

cccC
Pro
115

AGC
Ser

TCG
Ser

TCG
Ser

AAC
Asn

CCT
Pro
1985

TGC
Cys

TCC
Ser

CGC

arg

CGG
Arg

GAT
Asp
275

AAT

Asn

ACC
Thr
100

TGG
Trp

CAC
His

GAC
Asp

CCA
Pro

TTC
Phe
180
CAT
His

GCC
Ala

TTT
Phe

AAC
Asn

GCC
Ala
260

GAC
Asp

GAG
Glu
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CGG

‘Arg

GTG
vVal

CTC
Leu

ATC
Ile

cCG
Pro
165

CAG
Gln

CTG
Leu

AGC
Ser

GAG
Glu

GCA
Ala
245

ACC
Thr

TTT
Phe

AGC
Ser

CGG
Axrg

TGG
Trp

CGA
Arg

TTT
Phe
150

CTG
Leu

GAG
Glu

CGG
Arg

TGC
Cys

AAC
Asn
230

CTG

Leu

TAT
Tyr

GGC

Gly

CGA
Arg

TCC

Ser

GCC
Ala

GGC

Gly
135

GTG
Val

cca
Pro

CGG
Arg

GTG
Val

CTG
Leu
215

TCT
Ser

GTG
Val

GAG
Glu

TCA
Ser

TAC
Tyr
295

CAC
His

TCC

Ser
120

ATC
Ile

ccce
Pro

GCC
Ala

CAG
Gln

GAT
Asp

CTG
Leu
105

ATG
Met

TTC
Phe

TAT

TYyr

AAG
Lys

CTG
-Leu
185

GTC
Val

200"

GTG.

Val

CAG
Gln

GCT
Ala

GCC
Ala

GCC
Ala

280

CARA
Gln

cce
Pro

CcacC
His

GGC
Gly

TTC
Phe
265
CGA
Arg

CGC
Arg

cccC
Pro

GAG
Glu

AAC
Asn

GGC
Gly

AGC
Ser

170

CGT
Arg

TTT
Phe

ACC
Thr

cGe
Arg

ACT
Thr
250

GTG
Val

GAG
Glu

TTC
Phe

- 130 -

CTG
Leu

TCT

_Ser

TGG
Trp

CGC
Axrg
155

AGG
Arg

GCC
Ala

GGC
cly.

GTG
Val

GAC
Asp
235

GTG
Val

ccG
Pro

CTG
Leu

TP

Phe

GCC
Ala

cCcT

Pro

GTG
val
140

CTG
Leu

GTG

Val

AGG
aArg

CGT
Arg

GCC
Ala
220
TAC
Tyr

CCA
Pro

GCT
Ala

GCG
Ala

GCC
Ala

300

CAG
Gln

AGC
Ser
125

CTG
Leu

GAG
Glu

GCC
Ala

CTG
Leu

GCC
Ala
205

CAG
Gln

ATT

"Ile

GTG
Val

GAC
Asp

GCT
Ala
285

TGG
Trp

CGG
Arg
110

CAC
His

AGC
Ser

ccc
Pro

GCC
Ala

TAC
Tyr
190

AAT
Asn

TAC
Tyr

ACG
Thr

GTG
vVal

GCC
Ala
270
TTC
Phe

CGT
Arg

CCG
Pro
ACC
Thr

TAC

Tyr

CAC
His

TGG
Trp
175

CGG
Arg

GGA
Gly

els
Arg

GAG
Glu

CTG
Leu
255

TTC
Phe

cTC

Leu

GAC
Asp

455

- 503

551
599
647
695
743
791
839 .
887
935
983

1031



cTC
Leu
305

AGG
Arg

TGT
Cys

ATC
Ile
320

GAG
Glu

CTT
Leu
- TGGAAGGGCT
GGCTAACGGG
TGGAGCATGC
GGAGGGGAAA
. CTGGCTGGAA
TTGTGGGGGC
AGACACAGGC
GCGGGGCCCA
GGTGGACAAT
SEQ ID NO:
LENGTH:

TYPE:

STRANDEDNESS:

CGC GTG
Arg Val

GAC CGC
Asp Arg

GCGT TGG
Gly Trp

342

CGA

TAC
Tyr

CTG
Arg Leu

cca
Pro

TTC.
Phe
310

Thr

CTA
Leu

CAC
His

325

Phe
340

GGGTGTCGAA
AGGCTGGGCA
AGAGGAGGTG
GGCTGCCGAG
GAGGGTGAAA
CAAACCTGGG
ACGGGTCCCT
GGAGACCACG
AAACGTCTGA

2

amino acid

linear

TTT CAG
Gln

TGA
TER

Gee.
Ala

342

ATCAAACCAC
CAGAGGTCAG
AGAGTGGGAG
GACCCTCCCC
GGCAGGGCCC
ACCCCGAGCT
GCCACGTCCA
GGGAGCARAC

GCAGTGAAAA

MOLECULE TYPE: protein

ORIGINAL SOURCE:

ORGANISM: Homo sapiéns

STRAIN: THP-1 cell

CELL TYPE: monocytic cell

SEQUENCE DESCRIPTION:

This Sheet Has Been Replaced
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il

11

ACC GAC TGG CGG
Asp Trp Arg

CCC CGC AGC

Pro Arg Ser

330

éAGGCATCCG
GAAGCAGGGG
GGAGGTAACG
ACCCTGAACA
TTGGGGCTGG
TCCTCGGTAG

TAGTTCTGAG

CAGCTTGTTC

AAAAAAAAAA

- 131 -

GAA CGT TTC TGT GCC
Glu Arg Phe Cys Ala

315

CAA GTC TAT GAG GAC
Gln Val Tyr Glu Asp

GCCCTTACCG
TGGGGGGTGC
GGTGCCTGCT
AATCTTGGGT
cGeGCACceee
CAGAGGCCCT
GTCCCTGTGT

TGGGCTCAGG

335

GATCCGCTGG CCGGGGGAGG TGGGTGTGGG

GCAAGCAGCG
AGGTGGGCAC

GCGGCAGACG

GGGTGAAGGC

AGCCTGAAGT
GTGGTCCCCG
GTAGGCTGGG

GAGGGAGGGC

1079

1127

1181

1241
1301
1361
1421

1481

1541

1601

1661

1701



Met
Gly
Trp
Thr
Pro
Cys
vVal
Pro
Met

Ile

Val

Leu
Gln
His
Cys
Leu

Phe

Asn
Val
Leu
Ile
G;u
His
Val
Leu
Glu
Phe
Pro
Pro
Glu
Leu
Ala
Ser

Trp

Asn

Leu

Leu

Thr

Leu

Len

Phe

Ala

S_er

Asn

TYyr

Ala

.Arg

Arg
Ser
Phe

Arg

Ala

Ala

Gly

Ile

Pro

Ser

His

Gln

‘Pro

Trp
Gly
Lys
Gln
Val
Cys
Glu

Asn

'Gly

Gly
20

Ser

35

Leu
50

Ser
65

Ala
80

His
85

Arg
110

Ser
125

val
140

Arg
155

Ser

His
Val
Ala
Val
Asp
Asn
Arg
Pro
His
Leu

Leu

Arg

170

Leu
185

Asp

200

Leu
215

Asn
230

Ala
245
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Arg

val

Val

Ser

Leu

Gly

Ala

Pro

Trp

Thr

Arg

Glu

Arg

Thr
Ser
Glu
Val
Ala
one
Pro
Gln

vVal

Pro

Leu
Arg
His
Cys
Ser
Leu
Gly
His
Tyr
Prd
Ala

Arg

‘Gly

Thr
His

Ala

Thr Arg Arg Leu

Leu
Gly
Trp
Thr
Leu
Gln
Gln

Gly

10

Ala

25

Thr
40

Pro
55

Arg

70

Leu
85

Thr
100

Pro
115

Leu

. 130

Arg Arg

His
Ala
Leu
Arg
Val
Arg

Gly

145

Trp
160

Trp
175

Tyr

190

‘Ala

205

Ala
220

Asp

235

Thr
250

Ala
Pro
Phe
Tyxr
Ala
Arg
Trp
Ser
AsSp
cly
val
Afg
Asn
Gln
Tyxr

vVal

- 132 -

Leu

Ala

Thr

Gly

Ser
Arg
Val
His
Ser
Pro
val
Gln
Gly
Tyxr
Ile

Pro

Arg
Trp
Pro
Asp
Ile
Ala
Ser
Trp
Leu
Asp
Ser
Ser
Leu

Aré

Arg.

Thr

Val

Gly
Leu
Gln
Gln
Ala
Asp
His
Ala
Arg
Ile
Pro
Asn
Ala

Pro

Phe

Glu

vVal

Leu -

15

Leu
30

Pro'
45

Pro
60

Arg
75

Ala
S0

Leu
105

Ser

120

Gly
135
Phe
150

Pro
165

Phe
180

Pro
195

Leu
210

TYyr
225
Lys
240

Leu
255



- Gly

Phe

Phe

Trp

Arg

Gln

SEQ

LENGTH:

TYPE:

Pro Pro Arg Ala

Val.His ﬁal
Leu Thr Gly
Arg Asp Arg
Phe Cys Ala
vVal Tyr Glu

ID NO:

52

3

260

Asp
275

Met
290

Leu
305
Ile
320

Asp
335

nucleic acid

Thr

'Asp

Asn

Arg

cys

Leu

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE:

SEQUENCE DESCRIPTION:.

TYyx

Phe
G;u
vVal
Asp

Glu

Glu

Gly

Ser

Arg

Arg

Gly

Ala
Ser
Arg

Leu

Tyr

Trp

other nucleic acid,

Phe
265

Ala
280

Tyr
295

Phe
310

Pro
325

Phe
340

Val

Arg

Gln

Thr.

His

Gln

Pro Ala Asp

Glu
Arg
Asé
Leq

Ala
342

Leu
Phe
Trp

Pro

synthetic DNA

Ala
Phe
Arg

Arg

Ala
270

Ala
285

Ala

300

Glu
315

Ser
330

TCGACAAGCT TGATATCGGC CTGTGAGGCC TCACTGGCCG CGGCCGCGGT AC

SEQ ID NO: 4
"LENGTH:

TYPE:

44

nucleic acid

STRANDEDNESS: double

TOPOLOGY :

MOLECULE TYPE:

linear

SEQUENCE DESCRIPTION:

other nucleic acid,

synthetic DNA

GTTCGAACTA TAGCCGGACA CTCCGGAGTG ACCGGCGCCG GCGC
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SEQ ID NO: 5
LENGTH: 11
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear |
MOLECULE_TYPE: other nucleic acid,
SEQUENCE DESCRIPTION:
CTTTAGAGCA'C
SEQ ID NO: 6
LENGTH: 1766
TYPE: nucleic acid.
STRANDEDNESS: double
MOLECULE TYPE: cDNA to mRNA
ORIGINAL SOURCE:
ORGANISM: Homo sapiens
STRAIN: WM266-4 cell
CELL TYPE: melanoma

SEQUENCE.DESCRIPTION:_

synthetic DNA

CGGTCAGGTC CAGCACTTGG GAGCTGACTG TGCTGGAGGT

CCTGTGTGCA GGAGTCGCAA GGTCGCTGAG CAGGACCCAA

GACAGGCTTT GCGGGGTCCG

AGGTGGCCCG AGGCAGCCGG

GATGACAGCT CTCCCCAGGA ATCCTGCTGC CTGCTGAGAA AC ATG GTC AGC AAG

TCC CGC TGG AAG CTC CTG GCC ATG TTG GCT CTG
Ser Arg Trp Lys Leu Leu Ala Met Leu Ala Leu

5 10

15

" GTG TGG TAT TCC ATC TCC CGG GAA GAC AGT TTT
Val Trp Tyr Ser Ile Ser Arg Glu Asp Ser Phe Tyr Phe Pro Ile Pro

25
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30
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Met Val Ser Lys
1

GTC CTG GTC GTC ATG
Val Leu Val Vval Met

20
TAT TTT CCC ATC CCA

35

11

60
120
174

222

270



GAG
Glu

AAG
Lys

GAG
Glu

GGG
Gly
85

AGC
Ser

- GTG
val

GCC
Ala

GCT
Ala

TAC
TYyTr
165

ACA
Thr

GAG
Glu

CAG
Gln

AAC

Asn

AAG
Lys

CTC
Leu

GAT
Asp
70

ACC
Thr

TCC
Ser

GTC

val

ATC
Ile

GGC
Gly
150
CCT
Pro

CTC
Leu

ACC
Thr

CCT
Pro

ccc
Pro
230

AAG

Lys

TTT
Phe
55

‘TAT

TYTr

AAG
Lys

TCC
Ser

GTG
vVal

AAC
Asn
135

TAT
Tyr

GAA
Glu

CTC-

Leu

ATC
Ile

cce
Pro
215

TTC
Phe

GAG
Glu
40

GGC
Gly

TTC
Phe

GGG
Gly
ATC
Ile

GGG

Gly
120

AAG
Lys

GAG
Glu

TCT
Ser

GTC
Val

CTG
Leu
200

CTC
Leu

TTC
Phe

cCcG
Pro

AAC
Asn

TGG
Trp

AGT
Ser

CccceC
Pro
105

AAC

Asn

TAC
Tyr

GGT
Gly

GCC
Ala

CTG
Leu

TGC
Cys

TAC
TYXr

GTC
Val

GAG
Glu
90

AAG

Lys

GGG
Gly

GAT
Asp

GAC
Asp

CAC
His
170

GTA
Val

185 -

AGT
Ser

ATC
Ile

ATG
Met

GAT
Asp

TGG
Trp

GAG
Glu

-—
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CcTC
Leu

TCC.

Ser

AAG
Lys
75

GAT
Asp

AAC
Asn

CAC
His

GTG
val

GTG

val

155
TTC
Phe

GCT
Ala

AAG
Lys

GAT

Asp

ATT

Ile

235"

CAG
Gln

CGG
Arg
60

ACG

Thr

CTG
Leu

ATC
Ile

CGG
Arg

GTC
val
140

GGC
Gly

GAC
Asp

TTC
P_he

AAG
Lys

GTC
val
220

GCA
Ala

GGT
Gly
45

GAT
Asp

cca
Pro

CTC
Leu

CAG
Gln

CTG
Leu
125

ATC

Ile

TCC
Ser

cccC
Pro

AAG
Lys

CGG
Arg
205
AAT

Asn

GCT
Ala

GAG
Glu

CAG
Gln

TCT
Ser

cTC
Leu

AGC
Ser
110
CGG
Arg

AGA

Arg

AAG
Lys

Lys

GCA
Ala

190

GTG
Val

ccT
Pro

GAC
Asp

GCA
Ala

cce
Pro

GCT
Ala

CGG
Arg
95

CTC
Leu
'AAC
Asn

TTG
Leu

ACC
Thr

GTA
Val
175
ATG
Met

CGA
Arg

Lys

Lys

135 -

GAG
Glu

ATC
Ile

TAC
Tyr
80

GTG
vVal

AGG
Arg

AGC
Ser

AAC

Asn

ACC
Thr
160

GAA

Glu

GAC

Asp

AAG
Lys

CAG
Gln

CTG
Leu

. 240

AGC
Ser

TTC
Phe
65

GAG
Glu

CTA
Leu

TGC
cys

TCA

‘Ser

AAT

Asn
145

ATG

Met

AAC
Asn

TTC
Phe

GGT
Gly

ATT
Ile
225

CTG
Leu

AAG
Lys
50

CTG

Leu.

CTG
Le_u

GCC

Ala

CGC
Arg

CTG
Leu

130

GCC
Ala

CGT
Arg

AAC
Asn

CAC
His

TTC
Phe
210

CGG
Arg

AGC
Ser

GCC
Ala

CGG
Arg

ccce
Pro

ATC
Ile

CGC
Arg
115

GGA
Gly

CCA
Pro

CTC
Leu

CCA
Pro

TGG
Trp
195

TGG

Trp

ATT
Ile

CTG
Leu

TCT

Ser

CTT
Leu

TAT
Tyr

AcCcC
Thr
100

TGT
Cys

GAT
Asp
GTG
vVal

TTC

Phe

GAC

Asp
180

ATT

Ile

Lys

CTC
Leu

cca

Pro

318 .

366
414
462

510
558

606
654
702
75'0

798

846

894
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AAG

ACG

ATG CAA CAG CCA CGG AAG ATT AAG CAG CCC ACC GGC CTG TTG
Met Gln Gln Pro Arg Lys Ile Lys Gln Lys Pro Thr Thr Gly Leu Leu
245 250 255 260
GCC ATC ACG CTG GCC CTC CAC CTC TGT GAC TTG GTG CAC ATT GCC GGC
Ala Ile Thr Leu Ala Leu His Leu Cys Asp Leu Val His Ile Ala Gly
265 -270 275
TTT GGC TAC CCA GAC GCC TAC AAC AAG AAG CAG ACC ATT CAC TAC TAT
Phe Gly Tyr Pro Asp Ala Tyr Asn Lys Lys Gln Thr Ile His Tyr Tyr
280 285 ' 290
GAG CAG ATC ACG CTC AAG TCC ATG GCG GGG TCA GGC CAT AAT GTC TCC
Glu Gln Ile Thr Leu Lys Ser Met Ala Gly Ser Gly His Asn Val Ser
295 300 : : 305
CAA GAG GCC CTG GCC ATT AAG CGG ATG CTG GAG ATG GGA GCT ATC AAG
Gln Glu Ala Leu Ala Ile Lys Arg Met Leu Glu Met Gly Ala Ile Lys
' 310 : 315 320 '

AAC CTC ACG TCC TTC TGA CCTGGGCAAG AGCTCTAGCC TGTCGGTTGC

Asn Leu Thr Ser Phe TER ' ' : ' '

325 329

CTACTCTGCT GTCTGGGTGA CCCCCATGCG TGGCTGTGGG GGTGGCTGGT GCCAGTATGA
CCCACTTGGA CTCACCCCCT CTTGGGGAGG GAGTTCTGGG CCTGGCCAGG TCTGAGATGA
GGCCATGCCC CTGGCTGCTC TTATGGAGCC GAGATCCAGT CAGGGTGGGG GCGCTGGAGC
CGTGGGAGCC CGGCCAGGGC AGGGGGCTCG TCGCTGTGGC ACCCCCTCTC TGCCAGCACC
AAGAGATTAT TTAATGGGCT ATTTAATTAA GGGGTAGGAA GGTGCTGTGG GCTGGTCCCA
CACATCCAGG AAAGAGGCCA GTAGAGAATT CTGCCCACTT TTTATAAAAA CTTACAGCGA
TGGCCCCACC AAGGCCTAGA CACGGLACTG GCCTCCCAGG AGGGCAGGGG CATTGGGAAT
GGGTGGGTGC CCTCCAGAGA GGGGCTGCTA CCTCCCAGCA GGCATGGGAA GAGCACTGGT
"GTGGGGGTTC CACCGAGAAG GGGACCTCAT CTAGAAAAGA GGTTACAAAC CTACCATTAA
ACTATTTTTC CTAAAACGGA AAAAAAAAAA AAAAAAAAAA AAAA

SEQ ID NO: 7
" LENGTH: 44

TYPE: nucleic acid -

STRANDEDNESS: double

- 136 -
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990
1038
1086
1134 

1182

11242

1302

1362

1422

1482

1542

1602

1662

1722

1766



TOPOLOGY : linear
MOLECULE TYPE: other nucleic écid, synthetic DNA
SEQUENCE DESCRIPTION: | |
CTCTCCGATA TCTGTTTTAT TTTCCCATCC CAGAGAAGAA GGAG
SEQ ID NO: 8 |
LENGTH: 36_
TYPE: nucleic acid
STRANDEDNESS: doublé
TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION:
GATTAAGGTA CCAGGTCAGA.AGGACGTGAG GTTCTT
SEQ ID NO: 9 -
LENGTH: 2232
TYPE: nucleic acid
STRANDEDNESS: - double
MOLECULE TYPE: cDNA to mRNA
ORIGINAL SOURCE: |
ORGANISM: Homo sapiens
STRAIN: WM263—4 cell
CELL TYPE: melanoma

SEQUENCE DESCRIPTION:
CGCGTTGTGG GCTCCCGCCG GGGTCCCCCG CGGCTGTCGC CGCCGCCTAC GCCGCTGCCT

CCGCCTTCCT GCCCCGCGTC GGGCCGGGCG CCACCTCCCC CCTGCCTCCC TCTCCGCTGT

GGTCATTTAG GAAATCGTAA ATCATGTGAA G ATG GGA CTC TTG GTA TTT GTG
Met Gly Leu Leu Val Phe Val

1 5
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CGC
Arg

TAT

Tyr

AAT
Asn
40

GAG
Glu

GCT
Ala

CCT
Pro

AAG
Lys

ATC
Ile
- 120

ATC
Ile

TTG
Len

GTT
Val

GTG
Val

GGC
Gly
200

AAT
Asn

TAT
Tyr
25

TCA
Ser

TAT
TYyxr

GAA
Glu

GGC
Gly

CCA
Pro
105

CGG
Arg

Lys

GAC
Asp

cTT
Leu

GTG
Val
185

AGC
Ser

CTG
Leu
10

TCT
Ser

GTG
Val

GAT
Asp

TTA
Leu

TAT
Tyr
g0

GCA
Ala

GAG
Glu

GCC
Ala

AGC
Ser

GCC
Ala
170

AGA
Arg

Lys

CTG
Leu

GCG
Ala

GTT
Val

CGG
Arg

GCC
Ala
75

GCT
Ala

ccc
Pro

TTC
Phe
ATC
Ile

CTC

Leu
155

AAC

Asn

CTG
Leu

ACG
Thr

CTA
Leu

TGG
Trp

cTT
Leu

TTG
Leu
60

ACC
Thr

TCA
Ser

ATG
Met

GTG
Val

TTG
Leu
140

CGC

Arg

AAG
Lys

AAT
Asn

ACA
Thr
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GCC
Ala

AAG
Lys

TCC
Ser
45

GGC
Gly

AAG
Lys

GCC
Ala

TTC
Phe

cCcG
Pro
125

TCA
Ser

TGC
cys

TCT
‘Ser

TCA
Ser

CTG
Leu
205

CTC
Leu

CTA
Leu
30

TTT
Phe

T™TC
Phe

TAC
Tyr

TTG
Leu

CTG
Leu
110

ccT
Pro

GTC
Val

CGC
Arg

CTG
Leu

GCA
Ala
19(_)

CGC
Arg

TGC
Cys

15

cac

His

GAC
Asp

CTC
Leu

GCA
Ala

ATG

Met
95

GAT
Asp

TTT
Phe

ACC
Thr

cGe
Arg

GGG

-Gly

175
cca
Pro

ATC
Ile

cTC
Leu

TTA
Leu

TCC

Ser

CTG
Leu

AAC

Asn

80

ACG
Thr

GAC

Asp )

GGG

Gly

Lys

TGC

cys.

160

TCA
Ser

GTG
V_a 1

ACC

Thr

TTT
Phe

CcTC
Len

GCT
Ala

AAT
Asn
65

TTT
Phe

GCC
Ala

TCC
Ser

ATC
Ile

GAG
Glu
145

ATC
Ile

CGA
Arg

Lys

TAC
Tyr

CTG
Leu

CAG
Gln

GGA
Gly
50

CTG

‘Leu

TCA
Ser

ATC
Ile

TTT
Phe

GTA
Val

TGG
Trp
35

CAA
Gln

GAC
Asp

GAG
Glu

TTC

Phe

CGC
Arg

© 115

Lys
130

TAC

Tyr
ATC
Ile

ATT
Ile

-GGC

Gly

ccc
Pro
210

- 138 -

GGT
Gly

cGe
Arg

GTG
Val

GAC
Asp

TTT

Phe.

195

GAG
Glu

CTG
Leu
20

GAG
Glu

ACA
Thr

TCT
Ser

GGA
Gly

Ccce
Pro
100

AAG
Lys

CAA
Gln

CTG
Leu

GGC
Gly

‘GAC

Asp

. 180

GAG
Glu

GGC
Gly

GGA
Gly

GAG
Glu

CTA
Leu

Lys

GCT
Ala
85

CGG
Arg

TGG
Trp

GAC
Asp

ACC
Thr

AAT
Asn
165

TAT
Tyr

AAG
Lys

GCC
Ala

TTT
Phe

GAC
Asp

GGC
Gly

- CTG

Leu
70

TGC
Cys

TTC
Phe

GCT
Ala

AAT
Asn

ccT
Pro

150

GGA
Gly

GAC
Asp

GAC
Asp

ATG
Met

TTG

Leu

TCC
Ser

TCA
Ser
55

CCcT
Pro

AAG
Lys

TCC
Ser

AGA

Arg

CTG
Leu
135

GCC
Ala

GGC
Gly

ATT
Ile

GTG
val

CAG
Gln
215

220
268
316

364

412

460

508

556

604 -

652

700

- 748

796



CGG
Arg

Lys

GTG
val

AAG
Lys

GCC
Ala
- 280

CGG
Arg

CAC
His

ACA
Thr

ATC
Ile

CGG
Axrg
360

TGA
TER

CCAGCACCAC CTACACAGGA
GGCAGCAAGG CCTTGGTGGA
CCAGCACTéA GCCTCATTCA
TGTGCCCAGC AGGCCCAGCA

ATCACTTCTC CARTCAGTGT

CcCcT
Pro

TGG
Trp

AGT
Ser

GAG
Glu
265
GCC
Ala

GGG
Gly

GGC
Gly

cee
Pro
AARA
Lys
345

AAG

Lys

GAG

Glu

CAG
Gln

GCA
Ala
250

ccc
Pro

TTC

Phe

AAC
Asn

TGT
Cys

AAC
Asn
330

GAG

Glu

CTG
Leu

CAG
Gln

GAC
Asp
235

TCG
Ser

CCT

Pro

ACC
Thr

ATC

Ile

GAC
Asp
315

GCA
Ala

TCC
Ser

GTG

Va]_. .

TAC
TYyr
220

TTT
Phe

GAT
Asp

GAG
Glu

cTC
Leu

ccT

Pro
300

GAG

Glu

cccC
Pro

TGG
Trp

AAA
Lys

GAG
Glu

AAG
Lys

GGC
Gly

ATT
Ile

ATT
Ile
285

ACC
Thr

GTG
Val

CTG
Leu

ACG
Thr

GCT
Ala
365

CGC
Arg

TGG
Trp

‘TTC

Phe

CGa
Arg
270
GGC
Gly

CTT
Leu

GCA
Ala

CAC
His

CAC
His
350

CGC
Arg

GAT
Asp

TTG
Leu

TGG
Trp
255

ATC

Ile

CTG
Leu

GGC

Gly

GTC
vVal

TAC
Tyr
335

AAT .
Asn

GTC
val

TCT CTC TTT GTC CTC GCC GGC TTC
Ser Leu Phe Val Leu Ala Gly Phe
225 230 '

AAA TAC ATC GTC TAC AAG GAG AGA
Lys Tyr Ile Val Tyr Lys Glu Arg
240 245

AAA TCT GTG GCC ACT CGA GTG CCC
Lys Ser Val Ala Thr Arg Val Pro
260 -

CTC AAC CCA TAT TTC ATC CAG GAG

Leu Asn Pro Tyr Phe Ile Gln Glu
275

CCC TTC AAC AAT GGC CTC ATG GGC

Pro Phe Asn Asn Gly Leu Met Gly

290 295

AGT GTG GCA GTG ACC ATG GCA CTA
Sexr Val Ala Val Thr Met Ala leu
305 - 310 -

GCA GGA TTT GGC TAT GAC ATG AGC
Ala Gly Phe Gly Tyr Asp Met Ser
320 325

TAT GAG ACC GTT CGC ATG GCA GCC
Tyr Glu Thr Val Arg Met Ala Ala
340 '

ATC CAG CGA GAG AAA GAG TTT CTG
Ile Gln Arg Glu Lys Glu Phe Leu
355 -

ATC ACT GAT CTA AGC AGT GGC ATC
Ile Thr Asp Leu Ser Ser Gly Ile
370 375

GTGGGCCCAG CACATGGCCA TAGAGGCCCA GGCACCACCA GGAGCAGCAG
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GTCTTCAGAC CCAGAGAAGG ACGGTGCCAA GGGCCCCAGG
.GCAGCCAGAG CTGTGCCTGC TCAGCAGCCA GTCTCAGAGA
GCATGGGTCC TTGATGCCAG AGGGéCAGCA GGCTCCTGGC
TGCAGGTGGT GGGACACTGG GCAGCAAGGC TGCTGCCGGA

TTGGTGTATT ATCATTTTGT GAATTTGGGT AGGGGGGAGG
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1036
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1228
1276

1329

1389

1449

1509
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GTAGGGATAA
AGGAAGAGGC
GGAGTGCCAG
AGCCAGCCCC
CCCACTCACC
CAAGACCGCC
TCCGCCTGCT
CCCGGACTCA
GGTTCTGCCT
GCAGCCGTCC
AAA

'SEQ ID NO:
38

LENGTH:

TYPE:

STRANDEDNESS:

nucleic

TTTATTTTTA
CCACTAGAGG
GACCAGCCTG
CTCCAGCTCA
AGCCCTAGCT
CCAGGGCTAT
GG¢AAGAGCT
CCAACTTGCC
TTAGCCTGGA

CAGGCCACCC
10

acid

double

TOPOLOGY: linear

MOLECULE TYPE:

SEQUENCE DESCRIPTION:

AATAAGGTTG
GCCCATCAGG

TACCTTGCTG

TGACACTGTT

GTCCCATGGG
AGCAGAAAGA
CCCCTCCACA
ACATGTTCTA
CCAAAGGGAA

CCATGGAAGC

other nucleic acid,

GAGATGTCAA
CAGTGTTACC
TGGGGCTACA
TGéCCTTTCT
GAAAccéTGG
ACTTTAAAGC
GCTGCAGCTG
GGTTTCAGCA
GTGAGGCCCA

AATAAAGCTC

CTCTGTAGGC CTTACTCCAG TGGGAGGAGG ACTCCAAT

SEQ ID NO:
LENGTH: 37
TYPE:

11

nucleic acid

STRANDEDNESS: double

TOPOLOGY:

- MOLECULE TYPE:

linear

SEQUENCE DESCRIPTION:

Thls bheet Has Been Replaced
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other nucleic acid,

- 140 -

GTTGGGTTCA
TGTTAGCTCC
GéATGGTGGG
TGGGGAGAAG
AGCCATCCCT
TCAGGAGGGT
ATCCATAGGA
ACAAGACTGC
AGGAGCTTAC

TTCCCTGTAA

synthetic DNA

synthetic DNA

CTTGCCATGC
CTGTGGGGCA
CAGGATCTCA
GCGGGGTATT
TCGGAGCCAA
GACGCCCAGC
CTACCGCAGG
CAGGTGGTTG
CCAAGCTGTG

AAAAAAAAAA

- 1689

1749
1809
1869
1929
1989
2049

2109
2169
2229

2232

38



GACTCAGGTA CCACTCAGAT GCCACTGCTT AGATCAG

SEQ ID Noﬁ 12 N

LENGTﬁ: 34

TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: o -
CTCTCGGATA TCCCACTGTG TACCCTAATG GGTC

SEQ ID NO: 13

LENGTH: 36

TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linearxr _

MOLECULE TYPE: pther nucleic. acid, synthetic DNA
SEQUENCE DESCRIPTION: | | |
GTAGACGCGG CCGCTCAGGT GAACCAAGCC GCTATG

SEQ ID NO: 14

LENGTH: 24

TYPE: nucleic acid

STRANDEDNESS:.double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION: |

" CGCCAGTCCT CCGATTGACT GAGT
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SEQ ID NO: 15

LENGTH: 31

TYPE: ndcleic.acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic aéid, synthetic DNA
SEQUENCE DESCRIPTION: | | |
CCATGGTACC TGTGCTGTCT GGGAAGCGGG A

SEQ ID NO:

LENGTH: 40

TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA

SEQUENCE DESCRIPTION:

AAGTATAAGC TTCCATGGAT GATGATATCG CCGCGCTCGT
SEQ ID NO: 17 | |
LENGTH: 40

TYPE: nucleic acid

STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthétic DNA
SEQUENCE DESCRIPTION: |
ATTTAAGGTA CCGAAGCATT TGCGGTGGAC GATGGAGGGG
SEQ ID NO: 18 ; o

LENGTH: 23

_—
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TYPE: nucleic acid
STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid,

SEQUENCE DESCRIPTION:
CACCTCCGAG GCATCTTCAA CTG
SEQ ID NO: 19

LENGTH: 24

TYPE: nucleic acid
STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid,

' SEQUENCE DESCRIPTION:
CGTTGGTATC GGCTCTCATT CATG
SEQ ID NO: 20
LENGTH: 24
TYPE:.nucleic_acid
STRANDEDNESS: double

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid,

SEQUENCE DESCRIPTION:
GATATCGCCG CGCTCGTCGT CGAC
SEQ ID NO: 21

LENGTH: 24

TYPE: nucleic acid
'STRANDEDNESS: double

-
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TOPOLOGY: linear
 MOLECULE TYPE: other nucleic acid, synthetic DNA
SEQUENCE DESCRIPTION:

CAGGAAGGAA GGCTGGAAGA GTGC
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wWhat is claimed is:

1. An isolated species_of a-l 3—fucosyltransferase
which comprlses the amlno acid sequence deflned in SEQ ID NO: 2.

2. A cDNA codlng for the a- 1 3- fucosyltransferase of
Claim 1 or a DNA sequence homologous thereto.

3. A cDNA which comprises the base sequence defined in
SEQ ID NO:1.

| 4. A recombinant vector comprising, as an insert, a

cDNA sequénce coding for the o-1,3-fucosyltransferase of Claim
1. |

5. A recombinant vector comprising, as an insert, a
cDNA sequence comprising the base seéuehce defined in SEQ ID
NO:1 or a DNA sequence homologous thereto.

6. A method of producing the cDNA of Claim 2 Qh_ich
comprises: constructing a cDNA library by inserting cDﬁA
synthesized using mRNA extracted from animal cells as a
template into an expression cloning vector; introducing said
cDNA library into Cells;'éelecting from said cells strongly
reactive with 'an anti-sialyl Lewis x carbohydrate chain
antibody; and isolatiﬁg . a cDNA' coding for &-1,3-

' fuCosyltransferase from the cells selected..

7. A method of'producing the recombinant vector of -
Ciaim 4 or S which_oomprises cohstructihg a cDNA library by
inserting cDNA synthesized using mRNA extracted from.animal
cells as a templaté into an expreésion 'cloning " vector,
intfoducing said cDNA.library into cells, iéolating a CcDNA

- _
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coding for a-1,3—fuc0591transferase from the cells,' and
introducing said cDNA into a_vectof at a site downstream from
the promoter. | |

8. The plasmid pUCl_lQ-THZlR.

9. A cell harboring the recombinant vector of Claim 4
or 5; |

10. A method of bonding N—acetylglucosamine contained in
a carbohydrate chain of a glycoprotein or glycolipid to a
fucose fesidue in 1,3 linkage using the cell of Claim 9.

11. A method of-introduding the sialyl.Lewis x structure
onto a cérbohjdrate chain of a glycoprotein or'giycolipid usipg
the cell of Claim 9.

12. A method of bonding N-acetylglucosamine contained in
a carbohydrate chain of a glycoprotein or glycblipid to a
fucose residue in al,3 .linkage using fhe a—1;3—fucosy1-
transferase of Claim 1. |

13. A ﬁethod of introducing the sialyl Lewis x structure
onto a carbohydrate chain'of a glycoprotein or glycolipid using
the a-1,3-fucosyltransferase of Claim 1.

14. A method of detecting the a—1,3-fucosyltrénsferaée of
Claim 1 by the hybridizatibn technique using the cDNA of Claim
.. _

15. A method of detecting ﬁhe a-1,3;fucosyltransfefaSe bf
Claim 1 by the '?olymerase chéin reaction ﬁsing. the baée
sequence defined in SEQ ID NO:1. |

16. A method of inhibiting the production of a-1,3-
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fucosyltransferase of Claim 1 using an oligqnucleotide-prepared
based on the base seguence defined. in SEQ ID NO:1.

17. An Escherichia coli strain harboring the recombinant
vector of Claim 4 or 5. . |

18. Escherichia coli JM105/pUC119-TH21R (FERM BP-4193).
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