; hij ke3evL6" Tvl CHONDRO TI' N SYNTHASE 5 TECHNI CAL FI ELD The present
invention relates to (a) a vector having DNA encodi ng chondroitin synthase)

(b) a nmethod of producing chondroitin synthase, (c) a metho huiif iNg a
sacchari de chain having a repeating disaccharide unit of 10 il i WME(T
and (d) a probe for hybridization of chondroitin synthase. RO
Chondroitin sulfate) which is a kind of 15 gl ycosam nogl ycan (GA& exists

as a proteogl ycan on cell surfaléELahBIcR P -xtra cel lul ar '
Chondroitin sulfate draws attention because Chondroitin sulf gmmmm‘s““mm
important role in neural network formation in the devel opi ng nanmal | an
brain (Arch. Biochem Biophys. 374, 20 24-34 (2000); Trends d ycocé)%o?z,
d ycotechnol . 12, 321-349 (ZJOQYDROITEHONEXHTHASBuUl fate has a
strai ght -chai ned pol yner structure having a repeating di saccharide unit
having a glucuronic acid residue (A cUA) and an N 25 acetyl gal act osam ne
residue (GalNAc) . A serine residue in a core protein is coval ent-bonded
wi t h S5chdhBEBNIIGR s uF L EL® vi a4- saccharide structure
(4 cUA~i 1- 3Gl ~i 1- 3GalR1-4Xylal) 2 peculiar thereto (dycoproteins, ed.
Gott schal k, ATheEpsesiantt ScpeAnd iqew ¥bakes pe 48]1- 81V ecloye) havhiag
Bi ochemi stry of d ycoproteins and Proteogl ycans) ed.
DNA encoding chondroitin synthase, (b) a method of
producing chondroitin synthase, (c¢) a method of producing
a saccharide chain having a repeating disaccharide unit of
10 chondroitin, and (d) a probe for hybridization of

chondroitin synthase.

BACKGROUND ART
Chondroitin sulfate, which is a kind of
15 glycosaminoglycan (GAG), exXxists as a proteoglycan on cell
surfaces and in an extra cellular matrix. Chondroitin
sulfate draws attention because Chondroitin sulfate plays
an important role in neural network formation in the
developing mammalian brain (Arch. Biochem. Biophys. 374,
20 24-34 (2000); Trends Glycosci, Glycotechnol. 12, 321-349
(2000)) .

Chondroitin sulfate has a straight-chained polymer
structure having a repeating disaccharide unit having a
glucuronic acid residue (GlcUA) and an N-

25 acetylgalactosamine residue (GalNAc). A serine residue in
a core protein is covalent-bonded with chondroitin sulfate

via 4-saccharide structure (GlcUARLl-3GalPl-3GalRl-4Xylp1)



Lennarz, W J. (Plenum New York), pp. 267-371 (1980)). 5 GAGis

bi osynt hesi zed by sequentially transfepring saccharides from UDP-sugar to a
non-reduci ng end of a saccharide chain. It was found that (a) purification
of bovine serum gave a gl ycosyltransferase that involves in biosynthesis of
a repeating disaccharide unit of 10 heparin/heparan sulfate, and (b) cDNA
cloning revealed that a single protein of the glycosyltransferase catal yses

bot h trg@é@naa& repstbeds @f1 PMeapatiyd g Hegsad Negbedidhiga f i, cMAC) and
G cUA. the other hand, a glycosyltransferase that involved 15 in

bi osynt hegi §e9fi dihes & epaatd Nnavdivsaeahay | dgpunid g of sahongr e biyn sphéate has
not been cloned yet except the chondroitin synthase derived froma

bacteri i §dneliitd t r£NBM 24P 08433424428 n(R P } e oG 16 P hEANSS £rase |1
(A cAT-11) and Gal NAc transferase Il (GalNAcT-11) have been 20 purified

from avipgngartd,| age §J. B1dnukheMewr ™Rorkd39% 34403 (1997) (1L adg) from
bovi ne serum (Eur. J. Biochem 264, 461-467 (1999)). However, cDNA cloning

of those enzyg®s has visPeeneRard{OaNBy Wedgheaauseliy ktsadidféewlitng o
purify those enzynes to form honpbgeneity. 25 An object of the present

i nventi ofla k&htbd i Heomd)ume VeGRlr heyi BY nl\ pEARE itgy heran hogdroi tin
synt hase, 3 (b) a nethod of producing human chondroitin synthase, (c) a

nmet hod ofapeaduGidy ensaechart deaghaduhavicka @ (epeatu NPf desacad@r bde unit
of chondroitin, and (d) a probe for hybridization of human chondroitin
synthaseobine serum gave a glycosyltransferase that involves in
biosynthesis of a repeating disaccharide unit of
10 heparin/heparan sulfate, and (b) ¢cDNA cloning revealed that
a single protein of the glycosyltransferase catalyses both
transferase reactions of N-acetylglucosamine residue
(GlcNAc) and GlcUA.
On the other hand, a glycosyltransferase that involved
15 in biosynthesis of the repeating disaccharide unit of
chondroitin sulfate has not been cloned yet except the
chondroitin synthase derived from a bacterium (J. Biol.
Chem. 275, 24124-24129 (2000)). GlcUA transferase II
(GlcAT-II) and GalNAc transferase II (GalNAcT-II) have been
20 purified from avian cartilage (J. Biol. Chem. 272,
14399-14403 (1997)) and from bovine serum (Eur. J. Biochem.
264, 461-467 (1999)). However, cDNA cloning of those
enzymes has not been performed yet because it is difficult
to purify those enzymes to form homogeneity.

25 An object of the present invention is to provide (a)

a vector having DNA encoding human chondroitin synthase,



DI SCLOSURE OF | NVENTI ON By searching through a human cDNA dat abase,
inventors of the present invention sucgessfully found out a candi date DNA
encodi ng human chondroitin synthase. The inventors 10 acconplished the
present invention by actually expressing the candi date DNA and confirm ng
t hat the candi date DNA encodes finding human thondroitin synthase. The
present invention provides the follow ngs: (1) A vector tarring one of DNA

(a) , (b()bpra(;@étihédt e BYDd B i n@f HiaBNERBINHG &4 PE At 8y idysBY qabal ytic
activities ( a) d ( ,C ) , excluding a DNA encoding a protein at :

am no- agd ehepcqscbal@ﬂ Pido 40c803 hnNs8ERhd Pi a8 had n) hed)i PPN enGgpslh BY ny

protein having an am no acid sequence 20 from am no acid nunbers 47 to 802

in SEQ dikalEhaZiidd)ublA tdhatehbmdr &t Eingendngondit ipnpr Byl ighzes with
the DNA (a), the DNA conplenmentary with DNA (a), or DNA having part of a

nucl eot ifiep eaURRCEei ®h bite HIWafarnIndheibA coppkarmt ary with the DNA
(a); 25 (c) DNA encoding a protein having an am no acid sequence from am no

aci dsnunbers 47 to 802 in SEQ ID. NO:2, wherein 4 one or several am no
acids in the am no acid sequence are substituted, deleted, inserted, or

transpogiseneg¢urR®)oeatiwiNtranti vity that transferase Gal NAc from
UDP- Gal NAc to chondroitin;
By searching through a human cDNA database, inventors
of the present invention successfully found out a candidate
DNA encoding human chondroitin synthase. The inventors
10 accomplished the present invention by actually expressing
the candidate DNA and confirming that the candidate DNA

encodes finding human chondroitin synthase.

The present invention provides the followings:

(1) A vector carring one of DNA (a) , (b)) or (c)
15 the DNA (b) . or (c) encoding a protein having catalytic

activities (@) and () , excluding a DNA encoding a

brotein at amino-acid position #1 to 802 in SEQ. ID.

NO: 2):

(a) DNA encoding a protein having an amino acid sequence

20 from amino acid numbers 47 to 802 in SEQ. ID. NO: 2;

(b) DNA that, ina stringent condition, hybridizes with
the DNA (a), the DNA complementary with DNA (a), or DN2A
having part of a nucleotide sequence of the DNA (a) or the
DNA complementary with the DNA (a);

25 (c) DNA encoding a protein having an amino acid sequence

from amino acid numbers 47 to 802 in SEQ. ID. NO:2, wherein



5 (where UDP is uridine 5 diphosphate and Gal NAc is N acetyl gal act osam ne
residue), and (~) catalytic activity that transferase G cUA from UDP- G cUA
to chondroitin, (where UDP is uridine 5 di phosphate and A cUA i s gl ucuronic
10 acid residue) . (2) The vector as set forth (1), wherein: the DNA (a)
corresponds to nucl eotide nunbers 633 to 2900 in SEQ ID. NO 1. (3) The
vector as set forth in (1) or (2), wherein: 15 the proteins are sol uble.

(4) The orest o aeveata ehimbnaanyd ®nen ot helhmtiid A c i AbBiE: @Rlc BXARQSSI 0N
vector. (5) A transformant whose host is transfornmed by a vector having any

one of [Nfpéa)thads) detadNA (Bl oFcée) encodiagsgd £i pLehig: having
catalytic activities (a) and (~3) (a) DNA encoding a protein having an

anmno aci d segueneg thngn @i Ae taci te puebers Urahe @32 8 SEANAD. £ NOm 2;
(b) DNA that, in a stringent condition, hybridizes with the DNA (a), the

DNA conmpiepeghamp M td PhAn(@oi @6 nDNA 25 having part of a nucl eotide
sequence of the DNA (a) or the DNA conplenentary with the DNA (a); 5 (c)

DNA gncodiigra e eif Gavidih &nsadiith &6hHatequenae claram ko mci d
nunbers 47 to 802 in SEQ ID. NO:2, wherein one or several anmino acids in
t he am n:-e@eydgaaqienceanitie residue), and
(B) catalytic activity that transferase GlcUA from
UDP-G1lcUA to chondroitinm,
(where UDP is uridine 5'diphosphate and G1¢UA is glucuronic
10 acid residue).
(2) The vector as set forth (1), wherein:
the DNA (a) corresponds to nucleotide numbers 633 to
2900 in SEQ. ID. NO: 1.
(3) The vector as set forth in (1) or (2), wherein:
15 the proteins are soluble.
(4) The vector as set forth in any one of (1) to (3),
being én expression vector.
(5)Atransformantwhosehostistransformedbyaavector
having any one of DNA (a) to (c), the DNA (b) or (c¢) encoding
20 a protein having catalytic activities (o) and (R):
(a) DNA encoding a protein having an amino acid sequence
from amino acid numbers 47 to 802 in SEQ. ID. NO: 2;
({b) DNA that, ina stringent condition, hybridizes with
the DNA (a), the DNA complementary with DNA (a), or DNA

25 having part of a nucleotide sequence of the DNA (a) or the

DNA complementary with the DNA (a);



substituted, deleted, inserted, or transpositioned; 5 (a) catalytic
activity that transferase Gal NAc from EDP-Gal NAc to chondroitin; (where UDP
is uridine 5 di phosphate and Gal NAc is N acetyl gal act osam ne residue), (~i)
catalytic activity that transferase A cUA from 10 UDP-Ad cUA to chondroitin
(where UDP is uridine 5 di phosphate and A cUA is N glucuronic acid
residue). (6) The transformant as set forth in (5), wherein: the DNA (a)

encodes finding) fﬂm&%@@ﬁ%®pmfﬁ ﬂév@ﬁé)&ﬁ 20000 e SEQ e §RenNQ 1.

(7) The transformant as set forth in (5) or (6), wherein: the proteins are

sol ubl e.£ {8 AniBLhAG ifOH UHVLHET g €HoPPROL hi BrPYNEHASRO the Re PRliHhOd
conprising the steps of: growing a transformant set forth in any one of ( 5

) 10 ( Tohe:o@NdeRlal Ni @i hBe aGRQMWIr Dht R eSHMTAS€a £ @Mslcha, & £ BaSHrdTRNt
thus grown. 25 (9) A reagent for use in chondroitin synthesis, the reagent

having an, gBZYWR U @ ehR 1lded a Nasna AL 80 & Jt raf sIRAIENEB MK udi ng an
am no acid sequence (A) or (B) and has catalytic activities (a) and ((3)
(A) 8mno aci dypeguencs, 1 eMamiRg: 8¢ €ndWber§ndtdPase GalNAc from
UDP-GalNAc to chondroitin;
(where UDP is uridine 5’'diphosphate and GalNAc is N-
acetylgalactosamine residue),
(B) catalytic activity that transferase GlcUA from
10 UDP-GlcUA to chondroitin,
(where UDP is uridine 5'diphosphate and GlcUA is N-
glucuronic acid residue).
(6) The transformant as set forth in (5), wherein:
the DNA (a) encodes finding from nucleotide numbers
15 633 to 2900 in SEQ. ID. NO: 1.
(7) The transformant as set forth in (5) or (6),
wherein:
the proteins are soluble.
(8) A method for producing chondroitin synthase, the
20 method comprising the steps of:
growing a transformant set forth in any one of (5) to
(7); and
obtaining the chondroitin synthase from the
trnasformant thus grown.

25 (9) A reagent for use in chondroitin synthesis, the

reagent having an enzyme protein that has an amino acid



802 in SEQ ID. NO: 2; 5 (B) amno acid sequence fromam no acid nunbers 47
to 802 in SEQ ID. NO:2, wherein one og several amno acids in the am no
aci d sequence are substituted, deleted, inserted, or transpositioned. (a)
catalytic activity that transferase Gal NAc from 10 UDP- Gl NAc to
chondroitin, (where UDP is uridine 5 diphosphate, and Gal NAc is N
acetyl gal actosam ne residue); (~i) catalytic activity that transferase

A cUA frou UPRc@ GW-1ashendwidhinoladheseqldhds whidigie P phesphate
and A cUA 1s N glucuronic acid residue). (10) The reagent as set forth in

(9), whefglncatha £NZYMB RNl £f Deks &o) ubha. (@)1) Method for producing a
saccharide chain expressed 20 by Fornmula (3) , the nmethod conprising at

least the steppfafaHsi BE i@ RAPLEH cleO FGUH aGhi Wbt B G NAGnwlopar 4ang A
saccharide chain expressed by Formula (1) , the reagent set forth in (9) or

(10): Ggdd-Gal Mo R 1D, No{12;, 25 Gal NAc-d cUA-Gal NAc-R1" ' (3) , (where
A cUA and Gal NAc are as defined above, "-" indicates 7 a glycoside

linkage, Rl igppnamiRbt hafi FuPenceldlr o BhDRE hen ddmedMsépd 37 to
saccharide chain expressed by Formula (4), the nethod conprising at |east

the stem®; ¢aUSIERD arseagent: ! ayrwepeast méhod eUA &lpaLr amiaiyl acidgs
saccharide chain expressed by Fornmula (2) , the reagent
in the amino acid sequence are substituted, deleted,
inserted, or transpositioned.
(a) catalytic activity that transferase GalNAc from
10 UDP-GalNAc to chondroitin,
(where UDP is uridine 5°'diphosphate, and GalNAc is N-
acetylgalactosamine residue) ;
(B) catalytic activity that transferase GlcUA from
UDP-GlcUA to chondroitin,
15 (where UDP is uridine 5’'diphosphate and GlcUA is N-
glucuronic acid residue).
(10) The reagent as set forth in (9), wherein:
the enzyme protein is soluble.
(11) Method for producing a saccharide chain expressed
20 by Formula (3), the method comprising at least the step of
causing a reagent to contact with GalNAc donor and a
saccharide chain expressed by Formula (1), the reagent set
forth in (9) or (10):
GlcUA-GalNAc-R' """ (1),

25 GalNAc-GlcUA-GalNAc-R' "' (3),

(where GlcUA and GalNAc are as defined above, “-* indicates



set forth (9) or (10) GalNAc-G@ cUA-R2 " " ' (2) , A cUA-GINAc-A cUA-Rz "
(4), (where A cUA, GalNAc, and "-" areyas defined above, RZ is 10 an
arbitrary group). ( 13 ) A nethod for producing a saccharide chain sel ected
from sacchari de chai ns expressed by Fornulas (5) and (7) respectively, the
met hod conprising at |east the step of causing a reagent to contact with
Gal NAc donor, d cUA donor 15 and a saccharide chain expressed by Formul a

1) , t i get | NAc-R1" ' (1) ,
(U Lo e o n 0 41D wnliokpbiop o (1)

Gal NAc- (G(ﬂ#k@ﬁlNN&@t@d3#¥g?|@@b&ﬂc1ng(@:sggc®MFH@e dﬁhﬁ@'THEQEr

not less than 1, A cUA, Gl NAc, and "-" are as defined above, Rl is an

ar bi tr ary S OWBka bYA)F ArABLROY 4107 PRAdWE oA 88 $dagchal M sghect ed
from sacchari de chains expressed by Fornulas (6) and (8) respectively, the

met hod ¢onprd skpdodt cheasing he SE8B ft 2% CaYAIAL & & £8HCRY clud CPHhaet Wi th
Gal NAc donor, cUA donor and a sacchari de chain expressed by Formula (2) ,

the seagei a s8cedladndd h:Hé‘ll(xQQx&feéjs(@d pPRFMAeG @ £ UA)R2 the reddent
(Gal NAc-d cUA) n-Gal NAc-d cUA-Rz " ' (6),

A cUA- ( Gl NAEo B U9y GakNAQ-oGl cUA-Rz " ' (8), 5 (where n is an integer not
|l ess than 1, d cUA, Gl NAc, and

GalNAc-GlcUA-R®* "' (2),
GlcUA-GalNAc-GlcUA-R? """ (4),
(where GlcUA, GalNAc, and “-” are as defined above, R? is

10 an arbitrary group).
(13) Amethod for producing a saccharide chain selected
from saccharide chains expressed by Formulas (5) and (7)
respectively, the method comprising at least the step of
causing a reagent to contact with GalNAc donor, GlcUA donor
15 and a saccharide chain expressed by Formula (1), the reagent

set forth in Claim (9) or (10):

GlcUA-GalNAc-R'" """ (1),
(GlcUA-GalNAc)n-GlcUA-GalNAc-R'""° (5),
GalNAc- (GlcUA-GalNAc)n-GlcUA-GalNAc-R" """ (7),

20 (where n is an integer not less than 1, GlcUA, GalNAc, and

».n are as defined above, R!' is an arbitrary group).
(14) A method for producing a saccharide chain selected
from saccharide chains expressed by Formulas (6) and (8)
respectively, the method comprising at least the step of
25 causing a reagent to contact with GalNAc donor, GlcUA donor

and a saccharide chain expressed by Formula (2), the reagent



"-" are as defined above) Rz is an arbitrary group). (15) A probe for

hybri di zation, the probe containing a gucleotide equence from nucl eotide
nunbers 495 to 2900 in SEQ ID. NO 1, or a sequence conplenmentary with
part 10 of the nucl eotide sequence. BRI EF DESCRI PTI ON OF DRAW NGS Figure 1
illustrates conparison anong a putative am no acid sequence of human
chondroitin synthase (Human), and 15 am no aci d sequences of honol ogous

pr ot ei n@eg:f Forehedqans §y234233); @nd Drosoph.ila (AE003499). Those putative
am no aci d sequences were anal yzed by usi ng GENETYX- MAC (version 10)
conputer programafespesid el y, - theohl ack boxes indicate that three of them
have an identical amno acid, 20 and the gray boxes indicate that tw of

t hem have an (idengi eak 130 A0n aghd nalbechic@kengi i nes i(pdi cate gaps inserted
for attaining highest degree of matching. Surrounded by the rectangul ar

frames are padi¢i edchnaOEGPEIRS H0FRE Ra A PXPyRRtE that (gas preserved
is 25 indicated by underline. Three sites predicted N glycosylation sites

are garked WLhysiarafBikseger® dfd O €53 SRAWS 13 UENOUR, SELUGIAK & Qfigt he
human chondroitin synthase geneExon regions are indicated by the boxes .

The bl ack boxpg LRdiLot Enediadkb$eJURRCES IMEReds dher Whighe Doxes indicate
5 -and 3'-untransl ated sequences. 5 The translation initiation codon (ATG

and stop codqn §)TA0N)p A6 8 eSRAWN 1% Mekhiki z alEo Rl agk @y 98t abnltiaen { Adi cat es
introns. Figures 3(a;)) and 3(b) show results of identification of reaction

product g f i BYEAR € honde At F rymthace eldk { @achiu@ibe Fé JWHe Hc)1 9 b
reaction product of G cUA transferase collected froma Superdex peptide

col um was gitgested o chopdeei i BRsEubdfcld PmpBeglaicid oPi dash Jaet
reacti on product (black rectangle) that was not digested, the reaction
prodoct ol vick aucaledtibat swapuehgested by 15 chondroitinase AC- 11, and
the reaction product that was digested by (3-glucuroni dase, were applied
into the Superdex peptide colum. Radioactivity of elution fractions of
each (0.4mL each) was anal yzed. Arrows indicate elution positions of
saturat @R TEBaDES@ROUET{ AN GFCURAWIVGH NAc)) 20 or isolated A cUA (2,
[1'C dcUA
Figure 1 illustrates comparison among a putative amino

acid sequence of human chondroitin synthase (Human), and

15 amino acid sequences of homologous proteins of C. elegans
(T7T25233) and Drosophila (AE003499). Those putative amino
acid sequences were analyzed by using GENETYX-MAC (version
10) computer program. Respectively, the black boxes
indicate that three of them have an identical amino acid,

200 and the gray boxes indicate that two of them have an
identical amino acid. The broken lines indicate gaps
inserted for attaining highest degree of matching.
Surrounded by the rectangular frames are predicted
transmembrane domain. A DXD motif that was preserved 1is

25 indicated by underline. Three sites predicted N -

glycosylation sites are marked with star marks.



Figure 3(b): A reaction product of Gal NAc transferase collected froma

Superdex peptide colum was digested by chondroitinase ACIIl. The reaction
product (black rectangle) that was not digested, or the reaction product 25
(black circle) that was digested by chondroitinase AC-I1, was applied into

t he Superdex peptide colum. Radioactivity of elution fractions of each
(0.4nl each) was anal yzed. Arrows indicate elution positions of saturated

10 di sacchar pdgyde $ g%wsl 3CgkM¥e , s@ku SOl At ed G MNACh fiRanl 3H Gal NAc)

. Figure 4 shows a result of Northern blot analysis (a photographof
gel - el ecHUPS £ELs) s%tqmglgrféﬁb@x%mtﬂw@oésl Brd DHEBR4488USy the

Hybridi zation of RNAs derived Tromvarious human tissues was carried out by

usi ng pel&ss ofrrBopdR ikt bl SVt NRgec it dal Agbkalqhe #8B8 , 2wint heAL! |
Lane 3 1s skeletal muscle; Lane 4 is colon; Lane 5 is thynus Lane 6 is

spl een; thaNght ¢S Pl HeYind £88 LR 5S ldniers Lanerk@ sl d te@mbhuieiessine;
Lane 10 is placenta; Lane 11 is lung, and Lane 12 is | eukocyte in

periphenale Ri-aamk 1 BESE nMPE thER LHRRYS &lon OV 7 EHEa hNVENBIHON o Bieh Present

invention is described in detail belowwith 15 reference to an enbodi nment

of the LRIedhoWn G MELior 1ofe thEakhveaid i 08 of t4eCt D nef @i presant
invention is a vector carrying one of DNA (a) , (b) or (c) , excluding a

DNA encqdig¥p@sprotein at am no-acid position #1 to 802 in SEQ ID. NO: 2):
20 (a) DNA encoding a protein having an amno acid sequence from am no acid

nunbers 47 tei8Qrrés SEQ) bRa NQbP; shbw NS dDek, oifn idesd i AgeRition
condition, hybridizes with the DNA (a), the DNA conplenentary with DNA (a),

or DNA Bavifga §ahbnOfp Po dliekteots fiem S agueNe ec Abnidyeo DAn( @)y wthhBe 25 DNA

conplementary with the DNA (a); (c) DNA encoding a protein having an am no

aci o seguencei 6 homrarg ue agi(@d )nunbere adit 1On 802 ddu SEQo fl @1 NOA2, wherein
transferase collected from a Superdex peptide column was
digested by chondroitinase AC-II or B-glucuronidase. The
reaction product (black rectangle) that was not digested,
the reaction product (black circle) that was digested by

15 chondroitinase AC-II, and the reaction product that was

digested by f-glucuronidase, were applied into the Superdex
peptide column. Radioactivity of elution fractions of each
(0.4ml1 each) was analyzed. Arrows indicate elution

positions of saturated disaccharide (1, GlcUAR1l-3GalNAc),

20 or isolated GlcUA (2, ['‘ClGlcUA).
Figure 3(b): A reaction product of GalNAc transferase
collected from a Superdex peptide column was digested by
chondroitinase AC-II. The reaction product (black
rectangle) that was not digested, or the reaction product

25 {black circle) that was digested by chondroitinase AC-IT,
was applied into the Superdex peptide column. Radioactivity
of elution fractions of each (0.4ml each) was analyzed.

Arrows indicate elution positions of saturated



11 one or several amno acids in the amno acid sequence are substituted,
del eted, inserted, or transpositioned;gothe above DNA (b) or (c) encoding a
protein having catalytic activities ( ¢cx ) and ( ,Q) , 5 (a) catalytic
activity that transferase Gal NAc from UDP-Gal NAc to chondroitin; and ((3)
catalytic activity that transferase G cUA from UDP-A cUA to chondroitin.
Note that, the foregoing chondroitin is a polynmer made 10 of repeating

di sacchahii gec ghptrd 37 @ cUpl aHARGax IR 1 Ve condrdPLAh &hE Cohé ‘whose
non-redﬁqiﬂg%agﬁﬁi E? G cUA and one whose non-reducing end is Gal NAc. Thus,
it can be B&! “the transfer of GalNAc is performed with respect to
chondroitin having the non-reducing_end of d cUA, and 15 the transfer of

G cUA is perffordediewtt Ahodshettr @ dUdiroth HRF ARREAR R P he@RG-¥RHcilRy end
of GalNAc. As it will be_explained in the Exanples below, it was confirnmed
that a SR EPETESR AF i By CHE ST ABDRESF s IRhES IR BRPAH b S¥AR thddRber s
47 to 802 in SEQ ID.,NO 2, has 20 enzype activity of human_chondroitin
synt haseD 13 ha¥adedute8Uhat! WO T I dGRbP BN T A Ae T Hee8déda™ t he
am no-aci d sequence fromamno acid nunbers_1 to 46 in SEQ ID. NO 2. In
this vi &#THSESof UBNR nbt SEFR%IWA RgCa TIdRNnRE & &Y ShEbBFNE TR &nPho aci d
sequence fromamno acid nunbers 25 1 to 46 |s preferable.in that the use
of such TR LRIV EVHELRFEA BRRENLNSF I EF hRsyHRRSEsE 35 BERBFank_R&t at e.

Mor e 12 specjfically, a preferable vegtor has "DNA encoding the
ami no- ach o SetEAEETY G BRiL GG 4 Bonfntidh < ATOPG S0 1 he ' BNATGREF ni ng

no sequence for,encoding t am po-,aci.d, sequence from am no aci d nunbers 1
to 46". 14 ﬁafﬁrﬁpﬂf-eg% st#A§ grétsei]ﬁ"ﬂs,nggsi g‘e@sn?)oényhﬁrgﬁivserﬁ 'orﬂ'f‘rﬂf"ati on
of e \ that codes_for .the praotei 0t h nut ations,_ s as

subgpi tt?’l\lﬁ n ST gt’i%%?sitrllsngr’t ?’oanrfe alg%l Jtsrapﬁl'rs?)ggflg’lao’nq“o n?ﬁlg{]alrﬁs ot %8 d in

its am nQ acj e ne oc d t BE i reaction of the
created afbép}r"%flé%i %L&?nlsgdg%)gkcoeﬁcfégrq%urqo%g? brelr?afica??&??dammever, t here has
been known that sone of the naturally-existing proteins in which such

mut ati on occurs, have substantially equal physiol ogy and bi ol ogi cal

aCtiVit?é?ﬂﬂ%bﬁ?%@l&%ﬂh‘ﬂ&?ﬁ@ WhiC hrpgichyRgh?t § 9] has not occurred. The
of t

scope 1 e vector according to the present 1nvention includes such a
vector havi nFhhemNerhatneansden aspdescinihedtin dedigfbriemtowlwghbly in

te:rgg of s rgct ure tbct)Jtainse%%bos&%Qt in%l Ir% s%ﬁiel aztlrmi,enngerrrs of function. The
sa i s BT U FOF S Tasttwhere Suthta %a Pons 1SS it Péduced in the am no

20 acid sequefice vEctha ot ene ardvyéhetialdy. In this case, it is possible
to create a larger variety of nutant. For exanple, there has been known

that a proteifReeBared day peekact qmvéﬁéi%nsgﬁi_g;%)ecacocry_%g@w@nge&iéﬂ%%zgn an

am no acid sequence of human interleukin-2 ( has i nterl eukin-

act i vi tyhaS¢h eNG®) Sr4c) 143k 1uk984) d pNEUEALSS i nd RS S e ReamitRowr sidhat a
kind of proteln has a peptide domain that 13
position #1 to 802 in SEQ. ID. NO: 2):
20 (a) DNA encoding a protein having an amino acid sequence
from amino acid numbers 47 to 802 in SEQ. ID. NO: 2;
(b) DNA that, ina stringent condition, hybridizes with
the DNA (a), the DNA complementary with DNA (a), or DNA
having part of a nucleotide sequence of the DNA (a) or the
25 DNA complementary with the DNA (a);

(c) DNA encoding a protein having an amino acid sequence

from amino acid numbers 47 to 802 in SEQ. ID. NO:2, wherein



is not essential for its activity. Exanples of this peptide donmain nmay be a
signal peptide contained in an extracgljlularly secreted protein, or a pro
sequence of precursor of a protease etc . Mdst of such domains are renoved
of after 5 translation or upon conversion into an activated protein. Even

t hough these proteins have different primary structures, functions of those
proteins are equivalent finally. The foregoing DNA (b) and (c) is exanples
of DNA ejit®dbAgs sueh ar e N6. a&Q dEhei n SERENERAN S E! i @' udfn & Be,PNA (b)
refers to a condition for formng a specific hybrid and no ‘unspecific

hybrid. ueé el tu@ eBaeokteh, eindlert @ eoy arr £hopioRd A Lakeratory
Manual , Second Edition, Cold Spring Harbor Laboratory Press (1989) etc.).

The "stringenth € oxeblieOmNAS Yy d3e, (EPr SXaR AP i.ned by
carrying out hybridization aéHzZC in(apsolventkggn?%ﬁﬁ?ﬁgggggﬁggﬁﬁgﬁide,
4xSSC, 2Qn\ HEPES (/i 0} ¢ ile@Deahar dh'as sglution, and a sal mon sperm DNA
of 100ug/ m, and then washing at roomtenperature with 2XSSC and a 0.1~ SDS
sol usi on) and 0 sgguentdiad | ¥cvashitg eha%0'tG bR Gl SSL1ad: 3 Pod~ SDS
solution. The "several nunber of am no acids" of (c) refers to an

accept alglpee NGADERA cOft ANt RBNAG St £ A ; Ml td) such nutation that does not cause
catalytic activities (a) and ((3) occurs. 25 The catalytic activities (a)
and (~i) are (epl @i pedyltateracter iasamphat fiorafskleatal & Bade Of £ 800

am no-aci d residue, 14 the acceptable nunber is in a range of 4 to 40,

pr ef er alipp 461 0U20,t oTos ko pAefodradhy 4 to 10. Note that, DNA to be carried
by the vector of the present invention may have various nucl eoti de
sequences du@idie Thiegentiadio péggemnef ich Codeo i Hiis iisS ahpwavale £a5 § ¥
understood by a person skilled in the art. The catalytic activities (a) and
(i) l€anolfe memsatédob\d iss genbrali dssay inet kotl ¢ pevgl wensyd s L ansf erage. More
specifically, as explained in the Exanples below, 10 the catalytic activity
(a) canchembrsiutda by el wdekhodnesivigo s ramsirer r e dactiinon of d GalsNAG dwi 0
chondroitin by using a UDP N acetyl gal act osam ne (UDPGal NAc) as a donor,
wher eas afife g Wyobe aomi-vieueing card bes n@adred. bihasnetihod dising
transfer reaction of G cUA into chondroitin by using a 15 UDP-gl ucuronic
aci d (UPR1d ARt dshe wonBefeacedr Gadgiyc by phedldnmed hei phesernpe of t he
transfer activities as an index, it is easy for a person skilled in the art
to sel eéP &hIRBEPisdd dravipgt ittust iToom - deldatd bag emseraf ob} cdad and
transposition of one or_ some of am no acid residues, the 20 substitution,
del 8 i ohPe Ak RPERT 4hld €1 8Hdpdsi tPen feame AgWid subesaeiGtal taet eri orati on
inthe agtivity, Further, it is also possible to easily select DNA that
codes f§ inﬁ%fEFH RN 19 c 408 ViFR - aeGusingsesd (*f GRINAS®) , from
anong DNA thgt hﬁbrhﬂjzziunder the "stringent_ 25 condition". Note that
chondroitin P8 *Us¥ *er ?1?§R+ﬁ68§qxﬁq1%¥7 Exggples below, it was

confirmed that a protein containing the amino acid sequence
from amino acid numbers 47 to 802 in SEQ. ID. NO: 2, has
20 enzyme activity of human chondroitin synthase. It was
deduced that a transmembrane domain is included in the
amino-acid sequence from amino acid numbers 1 to 46 in SEQ.
ID. NO: 2. In this view, use of DNA not containing a sequence
for encoding the amino acid sequence from amino acid numbers
25 1 to 46 is preferable in that the use of such DNA enables

expression of chondroitin synthase in a soluble state. More



one whose non-reducing termnal is GcUA and (ii) one whose non-reducing
termnal is Gal NAc. Moreover, the protgin that the DNA (b) or the DNA (c)
codes for, further has the all of the following 5 characteristics in (y),
preferably. (Y) The follow ng acceptors substantially receive no
nmonosaccharide fromthe follow ng donors (in the bracket) .

Gal (31-3Gal ~i 1-4Xyl (UDP-d cUA) d cUA~31-3Gal ~i 1-3Gal1(31-4Xyl ~i 1- O Ser

(UDP- GakNA®i A0ca1ay t g opberedid b De( VR Gk NAG)s ' SHIREP e @D Wb 18¢
asi alomucin (UDP-Gal) G cNAc(31-3Gl1(31-4d cNAc(31-3Gal ~i 1-4d cNAc

(UDP- Gab}n iNS €a t hat s el ric & Ny poROaRdWld - & Dl HARS 18 1asacs g 2 dec pede of
A cUA~i 1-3Gal(31-3Gl ~i 1-4Xyl . 15 Further, the sheep submandubul ar

asi al ony@ian €oONtalAS i@l NACabdirSee b Thior NohBoldlalg tRet g f:06€4QIiNY
condition, Gal denotes a gal actose residue, Xyl denotes a xyl ose residue,

Ser dengieRfudn §81 R JrESAMUBo A dhAuadot €s1a tthrgeoni ne resi due, 20
respectively. The remaining synbols are all the sane as above. It is

prefgrabl e that na tid £1 0 -tehats ¢ Sn§oged feoin by 88 i GU TR riph 1 58
vector of the present invention is a water-soluble protein. This is because

the vat e 30l tdt €025 o Giieé npganerAl t ycdaes Ndr hene @ ridasAEMy@er
domain, and the water-soluble protein expressed is soluble to an
mutations, such as substitution, deletion, insertion, and
transposition of the amino acid in its amino acid seguence
may occur due to modification reaction of the created
10 protein inside a cell or during purification. However,
there has been known that some of the naturally-existing
proteins in which such mutation occurs, have substantially
equal physiology and biological activity to that of a
protein in which such mutation has not occurred. The scope
15 of the vector according to the present invention includes
such a vector havihg the DNA that encodes a protein that
is different slightly in terms of structure but is
substantially similar in terms of function. The same is true
for a case where such a mutations is introduced in the amino
20 acid sequence of the protein artificially. In this case,
it is possible to create a larger variety of mutant. For
example, there has been known that a protein prepared by
replacing, with serine, a cysteine residue in an amino acid
sequence of human interleukin-2 (IL-2), has interleukin-2
25 activity (Science, 224, 1431 (1984)). Further, there has

been known that a kind of protein has a peptide domain that



16 aqueous solvent etc., thus being easy to be purified. The DNA carried by
the vector of the present invention pneferably does not contain DNA

encodi ng the am no-acid sequence from am no-acid nunbers 1 to 46 in the
SEQ ID. 5 NO 2. Mst preferable encodes finding from nucl eoti de nunbers
633 to 2900 in the SEQ ID. NO 1. Further, it is further preferable that
this vector is an expression vector) since it is desirably used in the
produci ig metthed safn chabdf okt 1 nssyoathasey Thexamphed wifl khik be shesaei bed

| ater. For exanple, an expression vector having DNA encodi ng the am no-acid

sequenc@dnim afiiago-eci d Buhers gépttd BH2c 6RWA indédcamt aimi ag tihe
am no-aci d sequence fromamno acid nunbers 1 to 46) nmay be prepared with
the fol ket ngldbilvesbed et «<dp ¥ €pEN3t b@Na of r ONe goBhiIcNed bl dhes yect or
First, obtained is a cDNA clone (GenBank accessi on nunber AB023207)
speci fi ed as p'1d AAASR0'e ian. tMes HUGE praiei dodat alkase: e Thenoviya usi ngrt he
cDNA clone as a 20 tenplate, anplification is carried out through PCR
met hod wirtahed) a phionefo i &' p GCEERESBEAEEIHREECantactY v4 SEQ. bRotNQ n3))
containing a Xhol site) and 3'-priner (5 CCCTCGAGCAATCTTAAAGGAGICCTATGTA- 3
(SEQ | BveY0: ¢hpugdnttch es ag paxr odhwi nsi e U888 p fdavwnsh £ epm ifiHAyt he st op
codon. 25 The PCR nethod nay be carried out with Pfu pol ynerase
(Strat agemyctarésl,| ajutakibaraniaf UBA)sd oprd4 ediycsd esref equ¥va4dend for 30
seconds, 55 C for 30 seconds, and 72 C for 180 seconds in 5~ (v/v)
di met hylfsud by deThidoiomergoihg PBR nit hoalndny cal sics bex eaprliead OfItDNA a
general manner

encoding such proteins.

10 The "stringent condition" of the DNA (b) refers to a
condition for forming a specific hybrid and no unspecific
hybrid. (refer to Sambrook, J. et al., Molecular Cloning
A Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press (1989) etc.). The "stringent condition"

15 may be, for example, a condition obtained by carrying out
hybridization at 42°C in a solvent containing 50% formamide,
4x sSC, 50mM HEPES (pH7.0), 10*Denhardt's solution, and a
salmon sperm DNA of 100pg/ml, and then washing at room
temperature with 2xS8SC and a 0.1% SDS solution, and

20 sequentially washing at 50°C with 0.1xSSC and a 0.1% SDS
solution.

The "several number of amino acids" of (c) refers to
an acceptable number of amino acids in which such mutation
that does not cause catalytic activities (a) and (B) occurs.

25 The catalytic activities (a) and (B) are explained later.

For example, for a protein made of 800 amino-acid residue,



<B> Introduction of DNA fragnent into vector 5 The vector of the present

i nvention may be prepared by introducipng, into a well-known vector, the DNA
obtained in the foregoing manner. The vector into which the DNA is

i ntroduced may be sel ected from appropriate expression vectors(a phage 10
vector, a plasm d vector, or the like), which enable expression of the

i ntroduced DNA. The vector shoul d enabl e expression of the foregoi ng DNA
inside the hesdesehbs d Rtutnddi chst PR ¥eehorg Ofo £ he ¥ eseNtp ik BYIUA 9Dy S
transfected. Such a host-vector system nay be a conbination of a 15

mammal i an «Lldosualdas FrEO08ra81yon 3ld-1#46 cell, with an expression
vector for mammalian cells such as pd R201 (Kitagawa, H., and Paul son) J.

C. (1994) J. nBitd th&emn260o US4 AAD b, b PEM B2 d b 2WShitHe pSes &R
Nagata, S. (1990) Nucleic Acid Res. 18, 5322) , pCXN2 (Niwa, H , Yamanura,

K 20 andWMyezski mak Kd991)a@erwyd08ucid3: 20Q)e qudEs2 Fastgan Kodak) |
pCEM 8) pMEl 8S (Maruyanma et al . Med. Immunol. ( 20) 27(1990)) or pSVL

( Phag magiedy Bi @t ge) ot hgenese.c as@ahi nati oniaf mpwebbkorgadH yColi) with
en expression vector for prokaryotic cells, such as pTrcH s (produced by 25
| nbi t r ogem30s tookt by )a, pREEér Pdueed bynPhardmacs @, Biotec Inc. ) (
pTrc99 (produced by Pharmacia Biotec Inc. ) , pKK233-3 18 (produced by
Phar maci a Bi ¢heC dattalytic REALA BtiRr=0ducedahy Ripar rach ab Bi AkaG U red) .
pCH110 (produced by Pharmacia Biotec Inc.), pET (produced by Stratagene
Co.), pBADA psedeeced hysdabi weagesd Cooxr Ld Dy o spR¥Aahipreduced. by 5

I nbitrogen Co., Ltd.), or pSE420 (produced by Inbitrogen Co. , Ltd. ) . In
addition, thmohestpeelifhayilhe ,i asecekpdadisedyfAsSthe Exgnp3e HBRILJIWS,

whi ch are used with various correspondi ng vectors. Anong these, the

conbd natihenceft ad ymaimed c célvh tand P EEaBCB ei meamsir ¢d éfye malkee hdld ufsird der ,
the vector to introduce the DNA therein may be a vector constructed to
cause exprgssien néaatfigsn of rANG M inade ofiotle oprot iy aodedlghy Uik DNA
and a marker peptide. This type of vector is particularly preferable in the
case of Npwddyy hgadlaeride danipesyiilRGel NMd)clr s o IO rexpr esbed dnys tihiee vect or
of the present invention. The marker peptide may be a protein A sequence,
an i nsuFprtrasiyhir seduchkley KPS, cRM® eCBR AT eBdRlYi & Biewhad pectedn) |
or GST (glutathione S-transferase), for exanple. Fusing of such a marker
pept i detEG NS He Bt &°F A S@PueAcE G Y dHwd ndesycrongdmqahi iy poriv$ tagi én, and
fusing the marker peptide into an insulin signal_ sequence allows extra

cel 1l aPPEeG B FBROMIT A Chft (PR Pttt GHPet @9 DfIRA2YneAqGe¥Aéngdse of any
vectors, the processing may be carried out in a general_wa}t/_so as to all ow
bi ndi ngbé’f ciifee bEN BNADEN B Tae YRRt BF; TG SRMPEET fift DRAtARE tafe amct or
may be bonded t,oLge,t her aftgr treati ng Wi 5},}}1 a resftriction 19 endonucl ease
or the FPESHX and %S ft®Esh?y, 2 R UhEPRg S bt 7di b bRet ABtsEPCREIGRE More

speci fi c%l |y t@eODNAn (fCR %rsgqtmﬁné% obtaéhnlgg tfgr ough the f.oregoi ngr met hod
<A> i s BirgestRET Y RhSIE &R - HBPH SHusS 5f Ofhe TPAGMTHCAre®Bartial Iy
filled Wkg%sposition of one or some of amino acid residues, the
20 substitution, deletion, insertion, and transposition
causing no substantial deterioration in the activity.
Further, it is also possible to easily select DNA that codes
for a protein having catalytic activities of (o) and (B),
from among DNA that hybridize under the "stringent

25 condition".

Note that chondroitin for use herein includes both (i)



Kl enow fragnment (New Engl and Bi ol abs, Beverly, Mssachusetts), dCTP, and
dTTP. Further, the pG R201lprotA (J. Bijgl. Chem, 269, 1394-1401 (1994))
vector digested by BanH is also partially filled with dATP and dGIP. The
10 fragnents thus obtained were then subcloned into the pG R201prot A,
resulting in the fusion of the DNA encoded by the DNA created through the
nmet hod <A> with the insulin signal sequence and the protein A sequence

present oink LR LG - r A bhely teagiEnk 1 coatal duRY dRES({ ST ORe RV kN 15
sequence was inserted into the Xbal site of the expression vector pEF-BOS

(Nucl ei @ AC] He B8S 1)n ol & e PRZ22 a(119P0) b 1l¥eE €DY ODbt ai ning an expressi on

vector for expression of chondroitin synthase that is fused with an insulin

si gnal sequepes &hfled, PEBlLHT L SEHUERGE: tAfk (PNaTiBRSHer wan ﬁAthgl)
present invention A transformant of the present invention is a transtormant

where achetdsi sokl,ansf O RBE Mad henveqtior oF ttha presestyidyention
(i ncluding a vector contai ning DNA encoding a protein of amno acid

sequence Hfd o4k 8B taicd 8 28 nuabersrk s H92yi.n SEQ ID NO. 2). As used
herein, "host" may be of any kind, provided 20 that it can be reconbi ned

by a vector qfy)t enhPresenbwlitpd @8p tBvef ey @bk ¥ anfdiea N0§t riex dhge 0AE Whi ch
can make full use of the capabilities of DNA carried by a vector of the

present moieha & R a@i e rAEOTDi ANt o YEOAMd MonvbsChih the pamr A i s
reconbi ned. Exanples of the host include: aninmal cells; plant cells; and

m cr oor gagiap reb &a1phungugl bodpp -,c1WATOS cel | ( including COS - 1 cel |
and COS - 7 cell | ) ; and nore specifically, a manmalian cell including
3LL- HK 46Gaelusp - 8chilfpar m ¢kl paoldyylpiinsecseeel bpprensimaand grass 10
bacillus are included, for exanple. The host can be selected as appropriate
i n agcordance vt dhbbhe duelct or (VD Pt-lvea BNt i nvention. However, in the
case where the vector for use in the present invention is a vector based on
pEF- BCS,* &dre eax asmpbaanal wWet 1 aderisserll bmomia nfenmRl Giad )pr ef erabl y sel ect ed,
15 and a COS cell is nore preferably sel ected anong them Transformation of
t he host* By cAlAeRt oB Gafl Ahed Bl eddm B 1 ndEatlifoh- ¢ad cha peldDPrE@ 1y standard
nmet hods known in the art. For exanple, transformation can be perfornmed by

i ntroduci ng Negte/eehat i fthe thethaampymeidp la mei hed udksesig 20 a reagent for

transfection, (ii) DEAF-dextran method, (iii
tetrasaccharide made of GlcUAR1l-3GalPl-3Galpl-4Xyl.

15 Further, the sheep submandubular asialomucin contains
GalNAcal-0-Ser/Thr.

Note that, in the foregoing condition, Gal denotes a
galactose residue, Xyl denotes a xylose residue, Ser
denotes a serin residue, and Thr denotes a threonine residue,

20 respectively. The remaining symbols are all the same as
above.

It is preferable that a protein that is coded for by
the DNA carried by the vector of the present invention is
a water-soluble protein. This is because the water-soluble

25 protein generally does not have a transmembrane domain, and

the water-soluble protein expressed is soluble to an



el ectroporation nmethod, or (iv) other nmethods. The transformant of the
present invention obtained in such a ggnner can be used in applications
such as production of chondroitin synthase, as described later. 25 (3)

Met hod of Produci ng Chondroitin Synthase The met hod of producing
chondroitin synthase of the 21 present invention is characterized in that
a transformant of the present invention is grown to obtain chondroitin

synt hasg of e £ g oMk t Eapsforignt. b/ésm?eaawew bedAWNE Lefers to a
concept |nclud|ng 5 prollferatlon of a ce as a transformant of t he

present i nverticonnane aQfr fe &1y 00K 82t Wit 36 frang A oub R Phva L £ahure
i ncluding animal and insect into which a cell as a transformant of the

present phvedt 490yl S1dd¥ I REUCRGn FA hNeNa asnbeed A@r ehR. angi QYL R Jrpduct ™
refers to a 10 concept including a culture nmediumaiter the gromh of the

transf owgmte@éet he oY eselhol B\aN | PimbeuRerNat 4Nk 60f; A CHLL HEQ S%'tl on) )
a cul tur host cell, a secretion, and an ejection. Conditions of the

grové h feul tur eygei gmeﬁalrhwlee 16, 68RYd | £7n adh Of HERS A Fe 58li6G €d as
appropriate in accordance with a host to be used.” According to this

producthgaungggoda3ch9pdggbblqlﬁyaﬁgaggd n ypriqus. fprms can be produced in
accordance wth a transformant to be used
Further, it is further preferable that this vector is
an expression vector, since it is desirably used in the
producing method of chondroitin synthase. The method will
10 be described later.
For example, an expression vector having DNA encoding
the amino-acid sequence from amino-acid numbers 47 to 802
(DNA not containing the amino-acid sequence from amino-
acid numbers 1 to 46) may be prepared with the following
15 method.
<{A> Preparation of DNA combined with the vector
First, obtained is a cDNA clone (GenBank accession
number AB023207) specified as "KIAA0990" in the HUGE
protein database. Then, by using the c¢DNA clone as a
20 template, amplification is carried out through PCR method
withaS'-primer (5'-CCCTCGAGGGGCTGCCGGETCCGGGEC-3"' (SEQ. ID
NO: 3)) containing a XhoI site, and 3'-primer (5'-
CCCTCGAGCAATCTTAAAGGAGTCCTATGTA-3' (SEQ. ID. NO:4))
containing a XhoI site 138bp downstream from the stop codon.

25 The PCR method may be carried out with Pfu polymerase

(Stratagene, La Jolla, California, USA) for 34 cycles of



20 A sol uble chondroitin synthase is produced by, for exanple, growing a
transformant prepared by transformati did by the expression vector having DNA
encodi ng the am no aci d sequence fromam no acid nunbers 47 to 802 in SEQ
ID No. 2) as a vector of the present invention. 25 Further, an insoluble
(menbr ane- bi ndi ng) chondroitin synthase is produced by growi ng a
transformant prepared by 22 transformation by the expression vector

havi ng BMA "enchbsli ngot Be carid®, asbd "sequenceof semaad a9 aaidd 7munbersot to
802 in SEQID No. 2, as a vector of the present invention. Still further,
chondr oiitan sysdh@s el f Bed wiv)h dai ihe tRVREU PEPRide | Sawodseedthy geawi ng a
transformant prepared by transformati on by an expression vector constructed
SO as t meeXps@&sSmay falss onbpr @it niédseditvi i a rpgkerapeptdsiee rChondroitin
synt hase can be obtained fromthe growth 10 product by a well-known nethod
for protein &8 arttendad poni bifcdN®dNf ragpedudt Nd naro avéortmxof the
produced chondroitin synthase. For exanple, when chondroitin synthase is
prodaiced i n &hsolwdt eofrorofi selteepedsen e duheatr i ardimay (Isapprraianeédlsd of
a culture solution) , the obtained culture nediummy be directly used as
chondr obtyl i n3yd daséngRFurimtsesy ,a wednl ckhapdnmoivid it sy nt bAgeDNa pbadiioeddi n a
sol uble formsecreted in a cytoplasmor in an insoluble (nmenbrane-bound)
form exdtr ache ofoafegrhiomgr maminesynt hase can be perfornmed by any 20 one or
conbi nation of a nmethod using a nitrogen cavitation apparatus,

honogeni zat i @e gfassolveddst on whindt hoble DOA chsi dmtrosdoted stwekbe
extraction by cell honopgeni zati on using a nethod such as freezing and

t hawi ng smdtdotedadidsur fappracid vetgerxod e astioon V¢ epmat javebyag?25 t he
extracted product may be directly used as chondroitin synthase. 23 It is
al st0 poysidfier and Pricfepidl ¥eck-durt kar Puei Ly kehondybiitcin syabhase from
such cul ture nmedium and extracted product. Purification may be inconplete
puri fi caxRIe g pare af the il erefivse DPNFonpl Bhe peartrircahioord,d whiadhl emy 5
be selected as appropriate in accordance with (i) the intended use of
chondr oP®RF &Rt RAse L &h& EicineInenpi REA $pecide cppyhoskangllds dinto
purifyin%_nethod i nclude: any one or conbination of salting-out by ammoni um
sul phat ¥ i U stiEph&Te P orlt R P FRRED e dM TSR EGQD depdrrdpefiectrd.
dialysis; ultrafjltration; adsorption chromatography; on-exchange

chr omat o§Mthy®  AYStopHOBF 8 X c Fghae BgFaghyP © r Bv &b bRasd dthrofmeogr aphy:
| filtrati : | t] h t hy: affinit h t aphy; d
Or ekt r opraia T bl GE REChe oA ShprE L with EHENRA S | heLynt A 5
fused wi.th protein.A tq produce a fusion_protein, chondroitin synthase may
be puri Pred 4 hEF 5 L6 a115 R by o JIREBAFAGY GSPAG & Of i 6° pRESE Abhbi ned
ith | S m | wh iti th is f dwith Hs._t d
& fusi on AR AR T e R roR R AR Brake NaSoe S PRrdd SRy At

phase cggly't‘ln.efim%t)h TREeibs Phekelan Mgn §h°”§t§xﬂntﬂ;a%§§2t h§§e>5i1;9e97&’)sed

wth FL o produce”a fusion protein, chondrol ase rma purified
USI Ng. ansali & PhRseaCRERLNed Welsfh ANt i ERAT ARUWPDY St Lhalfider, fusion
with insulin 25 signal elimnates the need for 'extracting operation such as
cel o di gnPMiQEzaki, J. (1991) Gene 108, 193-200), PCMV-2 (Eastman
Kodak), pCEV18, pME18S (Maruyama et al. Med. Immunol., 20,
27(1990)) or pSVL (Pharmacia Biotec); otherwise, a
combination of a coliform (E. Coli) with en expression
vector for prokaryotic cells, such as pTrcHis (produced by

25 Inbitrogen Co., Ltd.), pGEX (produced by Pharmacia Biotec

Inc.), pTrc99 (produced by Pharmacia Biotec Inc.), pKK233-3



24 Production of the purified chondroitin synthase can be confirmed by
analyzing its am no acid sequence, proRerty, substrate specificity, and
others. (4) Reagent of the Present Invention 5 A reagent of the present
invention is a chondroitin-synthesizing reagent, an enzynme protein having
an am no acid sequence of (a) or (~3), the enzyne protein having catalytic
activities of (1) and (Il1): (A an am no acid sequence from am no acid

nurber s (pfoldu ¢ 04802 PRaSMQAc1® BNOtek 1R} .1 hepamizw acigroaquengeprof (A)
in which one or nore anmino acid is substituted, deleted, inserted, or

transfephedimd @) acatidtdd craet.iyvi tychhato t (ppslierase &gl MG Freeild
UDP- Gal NAc to chondroitin; and ((3) catalytic activity that transferase

G cUA f ga@ddd- EheUA t pehongnadidibedThe adt e tag &h seguencespphp( A) and
(B) are am no acid sequences respectively encoded by the DNA of (a) and

(c), 20(phicduaee desambedror«aonescti anad jh prswectorafutba present
i nvention. The am no acid sequences respectively encoded by the DNA of (a)

and 4 c) rana @t 6 gady cdescribed) ,(dr AWE{L) @roaheealpesgpibedbddn
connection with the vector of the present invention. 25 An enzyne protein

of the peesenttd nventn Gidsthen | itmd edd© ddpl ahdynee pi PEeict tre@m &M no
aci d nunmbers 47 25
yeast, or grass bacillus, which are used with various
corresponding vectors. Among these, the combination of a
mammal cell and pEF-BOS is most preferable.

10 Further, the vector to introduce the DNA therein may
be a vector constructed to cause expression of a fusion
protein made of the protein coded by the DNA and a marker
peptide. This type of vector is particularly preferable in
the case of purifying chondroitin synthase, which is

15 expressed by the vector of the present invention. The
marker peptide may be a protein A sequence, an insulin signal
sequence, His, FLAG, CBP (calmodulin binding protein), or
GST (glutathione S-transferase), for example. Fusing of
such a marker peptide to a protein A sequence allows easy

20 affinity purification, and fusing the marker peptide into
an insulin signal sequence allows extra cellular secretion
(into culture medium etc.) of enzyme.

In the case of any vectors, the processing may be
carried out in a general way so as to allow binding of the

25 DNA and the vector; for example, the DNA and the vector may

be bonded together after treating with a restriction



to 802 in SEQ ID. NO 2. The enzyne protein of the present invention nmay
be, for exanple, an enzyne protein frqmmam no acid nunbers 1 to 802 in SEQ
ID. NO 2. The reagent of the present inventionis a5
chondr oi ti n-synt hesi zi ng reagent, which nmakes use of effects of an enzyne
protein (chondroitin synthase) including an am no acid sequence of (A) or
(B) . The effects are an effect of transferring Gal NAc, and an effect of
transf efed dwn G eWA s 6 0o Fhe heeagerk , ofartdiei pr ey s £ A¥eNt iPDuhE iUsPdoin
order to synthesize chondroitin. In the present specification, to
"synt hegiizea chgndoithe" sics ok godaapt that covers extending a saccharide
chain of chondroitin by transferring and/or adding a saccharide to the
chondroi tin. Mdrdhepeeddeinda of yt, hecips ep@nt (PWRNEr@YmEnAot Jhhtiadd o that
of a particular form The reagent of the present invention may be in a
sol uti onHwsiyhatheoZerd®s hgomex Hé @ezR>dhised ifgd &t eAS blyonxth &8, t A8 4
activities of the chondroitin synthase are not influenced) another
conpenenth 20b é €hg.erpd Supportth aacEeptalarer asra peagenh 1169t £ helkidke)i Ry be
i ncl uded. (5) Method of Producing Saccharide Chain All met hods of producing
a sacchaldéeowh@iva Acent di(mgw CEA He aprdeSEnb 1abeentB ofe vty Ch use a reagent
of the present 25 invention, can be categorized into the follow ng four
types | maacscocHares v ) h &bt rad @A DfPsacchart erdothe BOUR 2 026 ¥ 8€apt Or
used. <1> Method of producing a saccharide chain expressed by the follow ng
formul a (33) Biohclakeng ,ak6l9eadt’ 2heldvap (afo dr) ngragta o @dgens t el bie
present invention into contact 5 with Gal NAc donor and a saccharide chain
express@hniyIt he fadldowagticrly af(l)l €d cAtGaldWCPRANAL)dAGTP. The
Gal NAc- d cUA- Gal NAc-R1 (3) <2> Method of producing a saccharide chain
explessdad admby tishe Hwot | olitrg fod nwea ¢ Hheni solludl agedt imast thiwe step of
bringing a reagent of the present invention into contact wwth d cUA donor
and a s®&ETHR? P derettsh n ekprddsay bint kb ef Ay ivpngofforthe aDFAR) encoded
Gal NAc-A cUA-Rz (2) 15 d cUA-Gal NAc-d cUA-R2 (4) <3> Method of producing a
sacchar ibe tdrRiliV A et e € & tdmaweh{ Bheoerd ddriiut asl th) taued iEAulin
including at | east the step_of bringing a reagent of the present invention
into coftiEttahi BRIGANGR ORA0ENReGPEA /ibRoR ) s 8AY e s cRKgSieder 2N chagn
expressed by the following formula (1) G cUA-Gal NAc-R1L (1) '
(G cUA- BRANRY n- GRAUALRRT NAE2RP ) eaP AR g uphEs NAS kol PUR el NAC- RL
(7) ,<4> Method of producing a_saccharide _chain selected 25 f romthe
f ol Fdwi AF FHTRELaY2E 6“)8‘%%%%’3? Bafo thgcKh@ hG e 10 bash et pEPSESS bpn
bringi ng & £ £2980 Yod MERLENL LUEHED MG, 202 (1950)),
thereby obtaining an expression vector for expression of
chondroitin synthase that is fused with an insulin signal
sequence and a protein A sequence.
20 (2) Transformant of the present invention
A transformant of the present invention is a
transformant where a host is transformed by the vector of
the present invention (including a vector containing DNA
encoding a protein of amino acid sequence from amino acid
25 numbers 1 to 802 in SEQ ID NO. 2).

As used herein, "host" may be of any kind, provided



contact with Gal NAc donor, d cUA donor) and a saccharide chain expressed by
the following fornmula (2) Gal NAc-d cUagRz (2)

(Gal NAc-d cUA) n- Gal NAc-d cUA-RZ (6) 5 d cUA-(Gal NAc-d cUA) n- Gal NAc- A cUA- R2
(8) As dcUA donor, nucleotide hypophosphoric acid-Gal NAc is preferable,
and UDP-Gal NAc is especially preferable. As @ cUA donor, nucl eotide
hypophosphoric acid-@ cUA is preferable, and UDP-A cUA is especially
preferablygs t 10t Tha nvaye 0f e c@RLACH B9 biyS 10V c@IRACI @ | ¥nld p £ €6 eprtovi ded
that respective nol ecul es of the chondroitin synthase, donor, and receptor

(sacchanigde ¢habR). e HEPEBNY i Hite CROERCE Wittt Qe aPRL RS dah GpAREAL €
enzyne reaction, the chondroitin synthase, donor, and receptor 15 being

incl udegyiim a,¢ea@entnef chbarpresentsi BYeMN D ba FOE ceXBPlE v ddiese bhree
types of nolecules may bring into contact with one another in a solution in

which thede 8 £eJen%0!ivBfen FRHNC HY | NUPHE oRIZYANEN EEIEd 088, i RANANIPL EhD
synt hase can be used in the formof imuvobilized enzynme 20 coupled with a

sui tgbl e kol dgnphase (Beads o Cnpd .amkanPRER dFe-dyPendeacCialc UsE8Y a
menbrane such as ultrafilter menbrane and dial ysis nenbrane may be used. As
in the peiies descisbeflan tVOQW 27 43d DY B eaci bANcean L @angaat ed by
coupling a receptor with a solid phase. Still further, 25 a bioreactor for
r epr odugiowy X syah Besozi ag) 1a (danaru any gbeosser dopet igd. cos2 Ige the; above
< 3 >and <4 >, Gl NAc donor and @ cUA donor do not always need to be
simul t age@IThyr br epeghti fi né @1aent actmavwminh 1d areagedl ahdihed prgsenty i axenti on
and the saccharide chain shown by the formula ( 1) or ( 2 ) , and these
donors mmycz1he al tenndtcety (B ou@lti) ptinsenttack 1Wi;t ea 9 €A Ofa tBe
present invention and the saccharide chain shown by the formula (1) or (2).
10 bacillus are included, for example. The host can be selected
as appropriate in accordance with the vector of the present
invention. However, in the case where the vector for use
in the present invention is a vector based on pEF-B0S, for
example, a cell derived from a mammal is preferably selected,
15 and a COS cell is more preferably selected among them.
Transformation of the host by a vector of the present
invention can be performed by standard methods known in the
art. For example, transformation can be performed by
introducing the vector into the host by (i) a method using
20 a reagent for transfection, (ii) DEAE-dextran method, (iii)
electroporation method, or (iv) other methods.
The transformant of the present invention obtained in
such a manner can be used in applications such as production
of chondroitin synthase, as described later.

25 (3) Method of Producing Chondroitin Synthase

The method of producing chondroitin synthase of the



Al t hough conditions for enzyne reaction are not |imted provided that
chondroitin synthase acts, enzyne 10 peaction at about neutral pHis
preferable, and enzyne reaction in a buffer having buffer action at about
neutral pHis nore preferable. Further, although a tenperature during
enzynme reaction is not especially limted provided that activity of
chondroitin synthase is held, about 30 to 15 40C (e.g. 37C) is exenplified.

Wien thgre dén @ SHPehancen fiog dRgraaddgi aeti Yint ¥ noft chaiwl Rk Fiok rsymt hase,
t hat substance may be added. For exanple, it is preferable that Mz' or

ot her sylgstineepe¥iseint t DgokheIiof [ eaGidOdMnt ke OPNaba deist arBed as
appropriate by a person skilled in the art 20 in accordance wth a reagent

used of gh/ha 14 @8Rt onVEERE | gRovWet aERWHo Phadenors and receptors, and
other reaction conditions. Isolation of choidroitin froma reaction

product, andakhgslidkgelledGess' $R6whe "Pelff et bYa Idenh ek kRewm et hod. 25
Chondroitin sulfate can be produced by using a reagent of the present

invent i g Jichpadaeiildnm syndhase) tnged hetans2owhbhtsdf ot nanphraser For
exanple, in the above nmethod of producing a saccharide chain (method of

produci agveondsai &ind .o f t ai @iR0SSoPLantiGHr 0deea £hondr giddwrrubffate by
causing sulfate 5 donor (3'-phosphoadenosi ne 5'-phosphosul fate (PAPS), or
the |ikekdarexesintagetines ahimaquldmd romskertaset® whinght aneeusi ya perform

generation of chondroitin and transfer of sulfuric acid. In the sanme manner
as descai hathmbpvemasid fof r ahsf ey pesenmmy hevaaed cas i smabidda@dcerdzynme
Further, as used herein, "growth product" refers to a

10 concept including a culture medium after the growth of the
transformant of the present invention (supernatant of a
culture solution), a cultured host cell, a secretion, and
an ejection.

Conditions of the growth (culture medium, culture

15 «condition, and others) are selected as appropriate in
accordance with a host to be used.

According to this production method, chondroitin
synthase in various forms can be produced in accordance with
a transformant to be used.

20 A soluble chondroitin synthase is produced by, for
example, growing a transformant prepared by transformation
by the expression vector having DNA encoding the amino acid
sequence from amino acid numbers 47 to 802 in SEQ ID No.
2, as a vector of the present invention.

25 Further, an insoluble (membrane-binding) chondroitin

synthase is produced by growing a transformant prepared by



10 conbined with a suitable solid phase (beads, etc. ) , and a

menbr ane-type reactor using a nenbrangpsuch as ultrafilter nmenbrane and
di al ysi s menbrane nmay be used for continuous reactions. At this nonment, a
bi oreactor for reproducing (synthesizing) a sulfate donor may be used
together. 15 Also, chondroitin can be produced by directly generating
chondroitin in a host transfornmed by a vector of the present invention

(transf eram £ Ofmbte i yebhel BRI onREE BBE, h &R BN BnsWd At e can
be directly produced 20 in a host by introducing a vector of the present

i nvent i eR eannh CABAaeN@d é\gu sHkleot o f eMmaASH | ¢ 0aanhe e rand GISd f19
chondroitin synthase and sul fotransferase to sinultaneously express in the

host (tiansfmy mapt nof. the peesente & Byentd ONt hBCIpud $1ign € DA ok odiohg, 25
sul fotransferase). Sulfotransferase (or cDNA encodi ng sul fotransferase)

30 used heresmimay beraheanzydRohlato 1 ¢ anskemsiea sdl frurd €aagiid o 0a
chondroitin (or cDNA encodi ng sul fotransferase) and can be sel ected as

approprmairk & opeblid del 1 s kpewd el ey idr ewtagdancer whislt dhgahype of a
desired sulfuric acid. 5 Further, two or nore types of sulfotransferases

each hapire® sar €df ber etan & aoshert Posi biyoraf e gphfeyd Loacivd d ©6 r CDNAS
encodi ng the sul fotransferases) may be used together. As an exanpl e of
sul f ot r abafsarmset edhardrans t t 66ePp3d 6 ot safisfsaraseptdt Rl fuLbamwi 245(28),
21075-21080 10 (2000)) can be given, but the present invention is not
limtedat madtksyr aegptmider enzyne can be al so used
Chondroitin synthase can be obtained from the growth
10 product by a well-known method for protein extraction and
purification, depending on a form of the produced
chondroitin synthase.
For example, when chondroitin synthase is produced in
a soluble form secreted in a culture medium (supernatant
15 of a culture solution), the obtained culture medium may be
directly used as chondroitin synthase. Further, when
chondroitin synthase is produced in a soluble form secreted
in a cytoplasm or in an insoluble (membrane-bound) form,
extraction of chondroitin synthase can be performed by any
20 one or combination of a method using a nitrogen cavitation
apparatus, homogenization, glass beads mill method,
sonication, osmotic shock, extraction by cell
homogenization using a method such as freezing and thawing
method, and surface-active agent extraction. Alternatively,

25 the extracted product may be directly used as chondroitin

synthase.



(6) Probe of the Present Invention A probe of the present invention is a
probe for hybridization having a nucl egti desequence from nucl eotide 15
nunbers 495 to 2900, nore preferably 633 to 2900, in SEQ ID No: 1, or
havi ng a conpl enentary sequence partially in the sane nucl eoti de sequence.
A probe of the present invention can be obtained by generating

ol i gonucl eoti de having a nucl eoti de sequence 20 from nucl eoti de nunbers 495

to 2900, norg prief e pHbYp633 tkpl 29904 b&éﬁé}wluo tob £ QF AR ML A £y

conpl ementary sequence partially in the same nucleotide sequence an

I abel i ng 1idy $r 0k kdANUGheatd £le s b sau@ﬁréaﬁtﬁwetﬂl@hq npan'a\/@&' ?J@{EB” (e.

g. radio isotope). 25 The length of oligonucleotide is selecte

approprbaicfa@@een@lu%ppca@wﬁIr99§ 8fe MYDELRRAGE ONpUSiNG; ca B o3 Probe of
the present invention. A probe of the present invention is expected to be a

uset Ul ol {051 eKaILHG b1 Oh9% S0 G D% of ¢ SHANIA | vk sUbTRLG Thi s

i's because chondroitin sulfate 5 w dely expresses and plays an I npor

rol esi NpnYe i betWes a #SAEGIAIY i 4 Bed il al B o Hliah PEORS drS £OPSIc ?l,eer ed to be
useful for assessment of a connection between gene and di sease. [ EXAMPLES]

The pregeiled Q¥@NLISQN d 6 maﬁd&wihcapnmd&éeﬂ etk 10; bl Q\Hébeke

reference to exanples. [Exanple 1] (1) In Silico Coning of Novel Human

A ycosyltranghryasei My, examples of purifying method include:
any one or combination of salting-out by ammonium sulphate,
sodium sulphate, or the like; centrifugal separation;

10 dialysis; ultrafiltration; adsorption chromatography;
on-exchange chromatography; hydrophobic chromatography;
reverse phase chromatography; gel filtration; gel
permeation chromatography; affinity chromatography; and
electrophoretic migration.

15 For example, when chondroitin synthase is fused with
protein A to produce a fusion protein, chondroitin synthase
may be purified simply by affinity chromatography using a
solid phase combined with IgG. Similarly, when chondroitin
synthase is fused with His to produce a fusion protein,

20 chondroitin synthase may be purified using a solid phase
combined with magnetic nickel. When chondroitin synthase
is fused with FLAG to produce a fusion protein, chondroitin
synthase may be purified using a solid phase combined with
anti-FLAG antibody. Still further, fusion with insulin

25 signal eliminates the need for extracting operation such

as cell disruption.



Screeni ng of HUGE protein database at Kazusa DNA 15 Research Institute (in
Chi ba Prefecture; http://ww. kazusa. opgj p/ huge/) was conducted by the
keywords "one transnmenbrane domai n" and "gal actosyltransferase famly". As
aresult of this, one clone (KIAA0990; GenBankTM accessi on nunber AB023207)
was 20 identified. An analysis O a nucleotide sequence of this clone
reveal ed that this clone includes (i) a 5 -untranslated regi on of 494bp,
(i) a singl g eRAINf£adi RE feRdepak 124068 &R d'8o f @ n2 s%F:QESg%échh§92

amno acids with three potential N-glycosylation sites (marked wt

asteriskg &OnFliGmed by2@ndNd Aihd)i @s AmiNbIANSH A & LRGN abPYY 1.7 kb
with a presunptive pol yadenyl ation signal. The nucl eoti de sequence 32 and

an am nguaG - $E4URRER: dedused f ronut Be saw® . are shown in SEQ 1D NO 1,
whereas only the am no acid sequence is shown in SEQ ID. NO: 2. The clone

was acquyynec £ gankazsar PhApReseas eh1sJdstibyate. Northern bl ot analysis
showed that the nRNA corresponding to the clone was about 5.0 kb in length

in va@rious hpngiedd ssHes f( s9fe Bya@Rleéh 2) i nvetpgeshi 1G that the cDNA was.
approximately full-length. The deduced am no aci d sequence corresponded to

a 91, 728nhla o Y peRt-isden t Re 8Q 2ANLSirdLfe hkaNShadh HPmienp bRl nSiviEn g
confornmed to the Kozak consensus sequence for initration (Nucleic AcldsRes.
12, 857a872n(ik9843 b} dand qlle hBef Ib3E(§f 0B rcadN, exhst @G APt ga@af 1 AN
initiation ATG codon allocated thereto. A Kyte-Doolittle hydropathy

anal ysi fahindtatBilgiti d5at2d.vil®bed32 A 1882) hni®@veat ¢d one proni nent

hydr ophobi ¢ segnent of 17 amino acid residues in the NHZ-term nal region,
predicting thah ke aprioi@idichassaqtuaecé | £ FbanamHy anei 80pahe®r s\hith is
typical in many CGol gi |ocalized glycosyltransferases having been cl oned
unti¢ tedaydxseen?2BHE.g.11) NoDatapase searches reveal ed that the am no
acid sequence was) at its amno termnal, slightly honol ogous to hunan core
1 UDP- Gal : Gal(BAcahle~-RinidrdGalc id aresfeense OEeriBank iMvhdads Simn oximere
AF155582), while the amino acid 25 sequence was, at the carboxyl term nal,
sl i ght | gmharm| @gbds itso subatan uiBRl GaleletNdd ~i 1R(B3dy de@al dr ansferase ||
33 (GenBankTM accessi on nunber AB024434). d ycosyltransferases being

honol ogbaensof ¢ heedni no acid are characterized in that the connection
patterns of saccharide chains are often preserved, even though 5 different
menbers are $pecidadeatytdicf fagehv idondrisa br trecept or 8 sEBIGGEhW AT Bixophys.
Acta 1254, 35-53 (1999)). Thus, the features of the am no acid sequence to
be Ehcol®d -Siyydifed a PoIBABICILtYN t haft& he i dentified gene product coul d

have activities of both the (31,3-d cUA
(B) catalytic activity that transferase GlcUA from

UDP-GlcUA to chondroitin.
The amino acid sequences of (A) and (B) are amino acid
sequences respectively encoded by the DNA of (a) and (c),
20 which are described in connection with the vector of the
present invention. The amino acid sequences respectively
encoded by the DNA of (a) and (c¢) are already described.
() and (B) are already described in connection with the
vector of the present invention.
25 An enzyme protein of the present invention is not

limited to the enzyme protein from amino acid numbers 47



10 transferase (A cAT-11) and (31, 4-Gl NAc transferase (Gl NAcT-11).

Furt hernore, a honol ogue of the identipsed hunan gene was found in the
Caenor habditis el egans genone or Drosophila genonme. Fig. 1 illustrates that
to what extent the protein sequences respectively derived fromhuman) C 15
el egans, and Drosophila are honol ogous to each other. The human protein
sequence shares 36 honol ogies with the sequence of the C. elegans, and 42
horol ogi % wioth ithg ERpquancen®f 4 herbeosapRided pridesent Bree nky ghaidisnall
include DDD at the amno termnal and DVD at the carboxyl 20 termnal (cf.

Fig. 1))ibRerebyohehag sensideredaap i cgw%rnvzeﬁnpwa%lf W £ dr$i A gund
in nmost glycosyltransferases (Proc. Natl. Acad. Sci. U S A 95, 7945 7950

(1998)). akn pdghhber st 0 the alaeveinas@at.a pasensearch of the 25 Human
Genone Project identified a genonme sequence (accessi on nunber NT010274. 3)

identical wthntchersbgeat o BBt panede s DNA saonenes. Gnparison of the
cDNA and genone sequences reveal ed the genom c structure and chronosonal

| ocalg zatheh dfoi Bengeien t bR igaNey Spaagy Vel dhikh mAdelha,gedbRy region
t hereof was divided into three discrete 5 exons as shown in Fig. 2. The

intron/ ex@E dast benad odh ovme@ theo EIAAG rehenanrd el e Ehankess by conserved
sequences. This gene is located on the human chronbsone nunber 15. (2)

Const r uctiin@ wd i AgPhAsdminbnabudi B@ JAVN EBCOHLI N8) ao Noyeh .Sehiebke fects
G ycosyltransferase 10 A cDNA of a G ycosyltransferase that | acked 46 am no

aci d reshdeesamt e FE2cN t@f Mt paln T OAY i higS AWVRA gl YOSy htr & €rase mas
anplified by PCR Specifically, with a KI AAO990 cDNA as a tenpl ate,
anplifi catriaors f@srdarnr icdcoat using (a) a 5 -priner (5 15
CCCTCGAGGGEECTGCCEETCCEEEC- 3" (SEQ ID. NO 3)) including an Xhol site and
(b) B 3" -printhe( ¥'e a5 CGACCAAECH TRMGBAGILCEATGIO 3 s (OEQ4d KR oNlieA))

i ncluding a Xhol site |ocated 138 by downstream fromthe stop codon. The
PCR was tar sivack lnes iwiet e hifnd poliyrer askn 20heSpratseenesPecifitatiad a4,
California) for 34 cycles of 94 C for 30 seconds, 55 C for 30 seconds,
and 72 €of drsyBbhsedamrischangry i idi’ ndtshyd sahfterdet hFtie RGRepsoduct was
then digested with the Xhol. Then, at both termnals of its fragnent, the
PCP pr oda#&tt axedi para ﬁaquharltliedchptlm «f eploon 23 o abndry  t(News Erglrdmy

Bi ol abs Inc., Beverly, Massachusetts) , a dCTP, and a dTTP. A pG R201protA
(J. B|O|and/or adding a saccharide to the chondroitin.

15 The reagent of the present invention is not limited
to that of a particular form. The reagent of the present
invention may be in a solution form, a frozen form, or a
freeze-dried form. As long as the activities of the
chondroitin synthase are not influenced, another component

20 (e.g. a support acceptable as a reagent, or the like) may
be included.

(5) Method of Producing Saccharide Chain
All methods of producing a saccharide chain according
to the present invention, which use a reagent of the present

25 invention, can be categorized into the following four types

in accordance with substrates of saccharide donor and



35 Chem 269, 1394-1401 (1994) ) vector digested with BanH was al so
partially filled with a dATP and a dGI§. The obtai ned fragnent was

subcl oned into the pE R201protA, so that the novel glycosyltransferase was
fused with the insulin signal 5 sequence and the protein A sequence which
were carried in the vector. An Nnhel fragnent including the above-nenti oned
fusion protein sequence was inserted into the Xbal site of the expression
vector pERB£Nyglsi c Acids Res. 18, 5322 (1990)), whereby an expression
pl asm d was obtai ned. 10 This expression plasm d encodes a protein in which

the first 46.ani pR acddso of ptbeiud ¥eesy! thanx{ £F 28R ichd £p! agpd M ddga
cl eavabl e insulin signal sequence and a protein A IgG binding domain. In

ot her V\B?d%het he EXOh ea%Y @b Jh@sa1 d39ncades: daseldibl € rdeudr eintd i syPt hase
fused with a 15 cl eavable insulin signal sequence and a protein A (3)

Expresspen 8 nd itV el a 3 4bé £+ @ ¥ aas bl ash er 85 €2 nand R ich s ay
t hereof By using FUGENE (Trademark) 6 (Roche Mol ecul ar Bi ochem cal s Co.,

Toky) , wak Y B$&EO08oRlAS il (£ 9a 82 hdQ MRS Ehansf 6iere bR & CQGd cell
on a 100mm pl ate, in accordance with a manual of the manufacture. On the
second day ifdwimghe ovmansd eghijon, 1nl of an incubation liquid was collected
and i ncubated together with 10,L of |gGSepharose (Anmersham Pharmaci a

Bi ot ech) at 4Qcurc®#ngakow®. 25 Beads of the |1 gG Sepharose was col |l ected
by centrifugation, and then washed with an assay buffer. After that, the
beads 36 wenae NMsuspendedtd wap -&ssay bufiter of the sanme kind as the
assay buffer. The beads were used for assaying Gal NAc transferase, G cUA
transferase, <andMehédansf praserc fhat ai sacaHaisedepkdiLim oLplelsadedn t he
i ncubation liquid was 5 absorbed by | gG Sepharose so as to renove

gl ynosybir amsf erceseswiingt e doncubatiton liimul ddifhler t Dye aiIskng htehe wnzy e
bound beads as an enzyne source) glycosyltransferase activity of the fused
pr ot ei notthat imasi thmwunad eaay ¢ e dfadse wase assdayédwirt hivariotis ceaaptor 10
substrates and donor substrates. As a receptor for Gal NAc transferase, a
pol yner w87 GXIcUy) domachoamld ot sa,cchat hdentsdrodol el ewwel, bor the

A cUA~i 1-3Gal ~i 1- 3Gl ~i 1-4Xyl ~i 1-0-Ser (1 nnol) was used. Moreover, as a

r ecept of ofidrov@ swAfiorans¥@r 42¢, the pol ymer 15 (167,(..g) of chondroitin or
Gal ~i 1-3Gal ~i 1-4Xy1(3 (1 nmol) was used. As a receptor of Gal transferase,
sheep subman@eBd 2 - @&FHAoRIci n (3001.g) of2)

G cNAc(31-3Gal1~31-4d cNAc(313@&l ~i 1-4d cNAc (1 nnol) was used. Assay of

Gal NAc transfécdde GasNR&r G leUduR with a ffXture of, in 30,i L in 20
total, 1 QUL of the resuspended beads, the receptor substrate, 8.57,c.cM
UDP- [3H] Gal NA¢ Me®po%k 9d5 REMYUCIHE v RESCHFTERS FRac D, s bR 2,
and 171, u. M of sodium salt of ATP %J. Bi.ochem 117, 1083-1087 (1995)).
Assay of T@L (A S rEkt FASY FPELRTS| 2 AREA7) ¢ 38 SIteLREr ¢t 33t hesi s

of tetrasacehari de fot Lf1e JLnkage 100100 o3 STl g9 QUL With g mxture

contact with GalNAc donor, GlcUA donor, and a saccharide

20 chain expressed by the following formula (1)

GlcUA-GalNAc-R' (1)
(GlcUA-GalNAc)n-GlcUA-GalNAc-R? (5)
GalNAc- (GlcUA-GalNAc)n-GlcUA-GalNAc-R! (7)

<4> Method of producing a saccharide chain selected
25 from the following formulas (6)and(8), including at least

the step of bringing a reagent of the present invention into



37 10/L of the resuspended beads, |nnmol Gal (31-3Gal ~i 1-4Xyl, 14.3,1.1, M
UDP- [1'C/A@ cUA (1.46 X 105 dpm) , 50nmp MES buffer, pH6.5, and 2mM Mhd 2
(FEBS lett. 459, 415-420 (1999)). In assay of G cAT-11, 10.L of the
resuspended beads, 167g 5 g of the polynmer of chondroitin, 14 . 3 ~G M UDP-
[19C] G cUA ( 1 . 46 105 dpm, 50mM sodi um acetic acid buffer, pH 5.6, and
| OrM MhC 2 were included in 30,0L in total (d ycobiology 7, 905-911 (1997)

) . Assayoaftaed #iensternasec asned fictdcout ddra Hind W esdéchadi 30 ~1.
Lintotal, 10 ,ct L of the re suspended 10 beads, the receptor substrate)

60, UM UDPhali3H &b r £5.53% %08 hddn) o 1 DORMAESE Buffuara pbfy6.5) | OM Mhd 2,
and 171 ,c.GM of sodiumsalt of ATP. Reaction m xtures were incubated at
370C for one baumadrr@duohs rthat had been radi ol abel ed was (3gparated from
UDP- [3H Gal NAc, UDP- [1'C] dcUA) or 15 UDP- [3H Gal, by gel filtration
using a syringeaQaawmc packgd V4 hnaephedeyaGr25 (super fineg) , a superdex
peptide colum) or a Pasteur pipette colum containing Dowex 1-X8
(P04 ype, 1001400 nesé1NRico-dRasiu Aahored orhesk 1kokyokr?(J. Bi ochgmy 117,
1083-1087 (1995); J. Biol. Chem 273, 20 6615-6618 (1998); FEBS Lett. 459,
415-420 (1999 & yoabiehedy, Aud05091he h9PHh &L PeelH b Vi . caINH37
(1997) ). The thus coll ected | abel ed products were quantified by liquid
scintill asi @rspPeeabeeGomnd Nob® tdwl Nhke idibss patcas B bhe 14 kgpwer e
obtained 25 as follows. UDP- [U-1'C] AcUA (285.2 nCi/mol) , UDP[3H Gal NAc
(10 G/ mol) medcUdRa [ddfda| (db1GEdtHak) hweiod ho S8hpurichasedd f amudEN
Life Science Products Inc. Unlabel ed UDP-Q cUA,
UDP- Gal NAs apdidiR: Cabwer,eclr @i updf-rahe Sagis hnpadieilliy HaedartyBlieve
prepared by chem cally desul furizing chondroitin sulfuric acid A derived
from® whal e Thet Waaged f wasnmachasgd ifs ano Seleiskegaka 1Tor 1 i g Taky) .
Honogeneity purified Hepatopancreas ~iglucuroni dase (EC3.2.1.31) (Conp.
Bi ochem pPhydsidgd BBBL 3655B69tAVI8THo]) edarliegdofr arheAnt hbhariei € f neshwat er
appl e snail) was provided from Tokyo Internal Organ Co. Ltd. 10 (Tokyo)
Gal ~i | - 3Rty 1daae ki rihG prewariedrf ricra drhaNdwey haSohweate
(University of Chicago). The purified athronbonodulin (Bi ochem Biophys.
Res. Coupfipugitl iypg- 2P {AOOOY | tha® e ovhaéd e oo Darnehia Phaenavewd i cal
15 Co. Ltd (Tokyo) and included the tetrasaccharide
(G cUA~i 1€8GEE-F1 - 3Ehe~ichan@IPitin BPpPthafen 9920133728433 734 £993))
for the |inkage region. N-acetyl chondroitin (A cUA(31-3Gal NAc) and
G cNAc~3Re3891 3Ry ¢RAC 181 238829 90 P ENBR awY &5 RRLEY 1pVvaa Bhanfr §@my . K
20 Yoshi da (Sei kagaku Corp.). Linkage tetrasacchari de-serine _
(G cUA( 39% 38R1(%1- BBEFS; 1&%@&(%1’(3%?)5 MG g e A a1 289 irss 71 1 1996) )
was Ki ndlg %r ovi ded _from Dr. TthOgawa (Ph%s'h)cal, and, Chem,cal Research
Institut2®P88iGank! PPeP8S A PS5 difedh SUbHEAR™D U Br VALIGH ol ¥ n ks
obt ai ned b% treatciin sheecp submandi bul ar mucin w tth siali dﬁse derjved 39
8 ed. 0.

b
from Art hf 5B ET u?«ggframoerh%l’("ﬁlgélaﬁ AP FEOGuE FRE S 1RTGE 0) CROPHEF JhBép
b d i n_havi b . i to . h f Tett ti
ond B g ERARE BrBe kb B8 Bl RS oFEC AL IHmoh TTLARE, ehavme T
T | deH . i edf Al h Ph i
(" agererio, 5 e | 06 OL10cal vamygssuenl edly 4 A sham Fhpr el o

Bi ot'ech (Up dén esul ts were shown in Act 1 vRPPed wer e

det ect edy WA J1e. POLUTEL a0fe LHONATOL U RS, URRTAS L 08 LEGERLPY 200

UDP-d ¢ was used as onor. ot her hand,

acti vi t vy ups et ected ashan, L e PLRBL JHALRLOL SUNS ake s, Haed. g pne of

UDP- d cUA, UDP- Gal NAc an was used as t onor. actrvities
| ncl udeda getiraid £ wd do B ATy, CuEille 1L ALeS &b i Y
bi osynt hesi s of chondroiti n)qsu ate), (b eé’ei %l{&c on-ca g’ec}{‘eP]—;ted
by coupling a receptor with a solid phase. Still further,
25 a bioreactor for reproducing (synthesizing) a donor may be

used together.



15 transferase |I) (c) core 1 UDP-Gal: Gl NAc a-R ~i 1,3-Gl transferase, and
(d) UDP-Gal:d cNAc ~i-R ~ 1,4-Gl trapgferase. @ycosyltransferaseactivity
wasnotdetected in an affinity purification product that was a sanple
prepared as a control by transfecting pEF-BOS. Those 20 results clearly
show t hat expressed proteins were @ cUA/ Gal NAc transferases having a high
specificity for the polynmer of chondroitin. As described above, chondroitin

(the polymer rgf cgRORGIRI IdD)> idich Udes , 088 1WA & WH: I £AHCERNG URIdHNGE 1S 25
G cUA and one whose non-reducing termnal is Gal NAc. It can be said that

the tragsfestof1 FavNAcekd £8bd R HhHPRAMRIdE M v BP-WERSE 1 A eFUCd O
termnal is AcUA, and the transfer of A cUA is for the chondroitin whose

non-r edygichg at @l t i &1 Gah BAS r e BABLE iln VERER TR 23R é G J ¥ B RECEPTOR
(DONOR) ACTIVITY 3) (prmol/m nediumtine) Chondroitin (UDP-A cUA) 5.2

Gal ~i | - 3gRliBkHfowd KPFhE c&hhulld Ghondoitdn, (F-GabNAChchdrdbhay
A cUA(31-3Gal ~i 1-3Gal ~i 1-4Xy1(3-O Ser (UDP-Gal NAc) ND a- thronbonodulin

( UDRy GahAg) N Sheep ySiHymingitbuk ar A oh 08Ul b i(dWDRr GebdglRt of the
G cNAC(31-3Gal(31-4d cNAc(31-3Ga1(31-4d cNAc (UDP-Gal) ND ND: Not Detected

(<0.1 ppeldgdn edhwddd 1®) dadl)eK&- shrcHdpraduldit i ACkHBEh by the
tetrasaccharide |inkage d cUA~I 1-3G1(31-3Gl ~i 1-4Xyl (J. Biol. Chem 273,
3372833¥34n{ulP98)X 1) 2r Shgep submandi bul ar asi al omucin had a | arge nunber
of Gal NAc C~ 1-O Ser/ Thr residues. 20 3) Each value is an average of the

measures takgn tinbiyl coaeReents frepeshapie. r &4 tlidant s tecatd on of
Enzymatic Reaction Products |solation of products of Gal NAc transferase

reacti onizf wdd Ghedhrildedst Raas e K €adtriodnt i m Nsyhitt e § Be apa yEEnelyme
chondroitin was used as the receptor, was carried out by
10 reaction at about neutral pH is preferable, and enzyme
reaction in a buffer having buffer action at about neutral
PH is more preferable. Further, although a temperature
during enzyme reaction is not especially limited provided
that activity of chondroitin synthase is held, about 30 to
15 40°C (e.g. 37°C) is exemplified. When there is a substance
for increasing activity of chondroitin synthase, that
substance may be added. For example, it is preferable that
Mn?' or other substance exists together. A reaction time can
be determined as appropriate by a person skilled in the art
20 in accordance with a reagent used of the present invention,
the amount of donors and receptors, and other reaction
conditions. Isolation of choidroitin from a reaction
product, and the like process can be performed by the well
known method.

25 Chondroitin sulfate can be produced by using a reagent

of the present invention (chondroitin synthase) together



41 using gel filtration using a superdex peptide colum that had been
equilibrated with 0.25m NH4HCO3/ 7- propgnol . Wth radi oactivity peak pool ed,
the radi oactivity peak containing each enzynatic reaction was evaporated to
5 dryness. The thus isol ated products (about 120,u g) of Gal NAc transferase
reaction was digested, at 370C for one night, in a reaction liquid of 30, 0L
by using 100 ml U of Chondroitinase AC- 11 (EC4.2.2.5)(Sei kagaku Corp.

(Tokyo) yyidef | yed roream s £ Bralkact er aurescens) the reaction liquid 10

cont ai ni ng 50mMM sodi um acetic acid buffer, at pH 6. 0. Degree of digestion
thereof was evwal uatgdp1The fhusniesld €d RrasESoffalrtad8@ld &) of G cUA
transferase reaction was digested for one night at 370Cin 30,c.. L of 50
MM sodi yRACes +¢aacict iU f et BbaPHe R roe@itany RO DOrBtiWia) , it is
chondroitinase 15 AC-Il, or in 30 (~ L of 0. ObMsodiumcitric acid buffer,
at pHA. Bo LOT Bk NE B REHLE Ot hcIrdih HE W eNIsEASEs t B 19 SE 4 0B iIO@WAl Ba ©& each
enzyne were anal yzed by using the sane superdex peptide colum. An analysis
resubt @borde psodgtss Phoblae fd£1Ae26 tIrenskphasfut eaeld onpAssshowdi n
Figure 3 (a) . The | abel ed products were conpletely digested by

(3- gl ucgmeni dage) or: £ hoRdE @i tidpseh A Wi t Peaks Akt £a abFRIVLsleal oposi ti ons
of free [14C A cUA or free [1'C]d cUA~i 1-3Gal NAc. This result suggests that
the G cWAmeBt dneoius Iy apetrdomed ¢§eneald¥ACoR5 otthadhextisioad s bhe
non-reduci ng term nal of the polyner of chondroitin, and caused the d cUA
resi due tirad ©f 8r~b - Sul f4 borgk hg . WL hht Gel MAme Arnramakyassdeesdibe8 t he
products of the Gal NAc transferase reaction is shown in Figure 3 (b) . The
| abel ed apraotkict sSuMEbe reanPf erals\e diagedtedu bgdchendmdidb hhseeACemdymeA Peak
was observed at a position of free [3H Gal NAc. This result suggests that

t hel@al N esedueiitdh tar ansifeabed solGdWhabat (dsded atct.He, nomdraduci ng
termnal of the polyner of chondroitin, and caused the Gal NAc residue to
form (3iremipondeng ywid re@ cUAr Toisgnaupembeargdich as UDtwad iflouad t hat
the proteins thus identified were chondroitin synthase that had both the
acti vi t hesnlof aGecARd A igidy Gas NAeTbinan ¢ EraMpbe 2jseAl domnes ehalinpawai | abl e
human 12-1lane nmultiple 15 tissue Northern blot (C ontech) nenbrane was used
for anafpAstigaseadtt | Bhés momeny. of P borpaddmy afed RP nadugdpld ed.
The menbrane was probed with a gel-purified and radiol abeled (>1 x 109
CWﬂ~:CdFMﬁF@EﬁBZGWﬂkH6i?Pﬁfate donor may be used together.

15 Also, chondroitin can be produced by directly
generating chondroitin in a host transformed by a vector
of the present invention (transformant of the present
invention).

Further, chondroitin sulfate can be directly produced

20 in a host by introducing a vector of the present invention
and cDNA encoding sulfotransferase into a host, and causing
chondroitin synthase and sulfotransferase to
simultaneously express in the host (transformant of the
present invention including c¢DNA encoding

25 sulfotransferase).

Sulfotransferase (or cDNA encoding sulfotransferase)



synt hase-specific fragment corresponding to nucl eoti des 20 631-1469 of the
KI AA0O990 cDNA (GenBankTM accessi on numger AB023207). As a result, a single
band of up to 5.0 kb was denonstrated for all human tissues, at least in
this analysis(Fig.4). The degree of the expression of the 25 chondroitin
synt hase gene which is prevalent in human tissues varied with the types of
human tissues. Notably, 43 a particularly strong expression of the mRNA

was obsgrved 4o Lhg Rla%cmt &n ez $HRS @§§é ON5 sPDSEE VT EQ Lihe Splgeno | ung,
and peripheral bl ood | éukocytes were al so strong but not as nuch as that of

the pl agefardRics o QY koS OIS g5s1A Ak PRESH\ALd 98) thak €RaNgEOi tin
sul fate proteoglycans are distributed at the surfaces of many cells and in

the extraceldulbal Jm@idpXr8hraldost sabl ti5sUas1 1 NOVSTR! Aln APREISCABL LI TY 10
Provided are (a) a vector having DNA encodi ng human chondroitin synthase,

(b) a mathagh @f nRROdHCE RO e, sB0REr Qi thBsIWase1 £(S)i @ FBlilgod of

produci ng a saccharide chain having a repeating disaccharide unit of

chongroi tin, pand K4} atRORS WY rBYRYLEZ A 4 %ptohméérg@%@r@ Ehn
synt hase. 44 CLATMS 1 A vector tarring one of DNA (a) , (b) or (c), the

DNA (D) n@v {£9 §n&9@'f%g'éhtpr9£§hgflb€'zwﬂk9sEﬁtl@nytdﬂ suBELiMid 851 & fok and (
a ) ( excluding a DNA encoding a protein at am no-acid position #1 to 802

in SEQ cipja N@ndaihd)t P eneedinth af Bratsd 41) oy B 2B ATk SChdr
sequence from am no acid nunbers 47 to 802 in SEQ ID. NO 2; (b) DNA t hat ,

in a stringents condekiarpl dIybEi dizeso wibh s & Hee PNA e a rbhe IR o -
conplenentary with DNA (a), or DNA having part of a nucl eotide sequence of
the DNAs)f®trbi@ferase (J. Biol. Chem., 275(28), 21075-21080
10 (2000)) can be given, but the present invention is not
limited to this, and other enzyme can be also used.
(6) Probe of the Present Invention
A probe of the present invention is a probe for
hybridization having a nucleotide sequence from nucleotide
15 numbers 495 to 2900, more preferably 633 to 2900, in SEQ
ID No: 1, or having a complementary seguence partially in
the same nucleotide sequence.
A probe of the present invention can be obtained by
generating oligonucleotide having a nucleotide seguence
20 from nucleotide numbers 495 to 2900, more preferably 633
to 2900, in SEQ ID No: 1, or having a complementary sequence
partially in the same nucleotide sequence and labeling this
oligonucleotide with a marker suitable for hybridization
(e.g. radio isotope).
25 The length of oligonucleotide is selected as

appropriate depending on conditions of hybridization using




DNA conmpl enmentary with the DNA (a); (c) DNA encoding a protein having an
am no acid sequence fromamno acid nggbers 47 to 802 in SEQ ID. NO:2
wherein 15 one or several amino acids in the am no acid sequence are
substituted, deleted, inserted, or transpositioned; (a) catalytic activity
that transferase Gal NAc from UDP- Gal NAc to chondroitin; (where UDP is
uridi ne 5" di phosphate, and Gal NAc is N 20 acetyl gal actosam ne residue), and

([3) catalytdge agti Wiy ﬁ?@%éﬂ@”@ﬁ@%%%ﬁ&%CUAfr0”1UDp*30Lm to
chondroitin, (where UDP i1s uridine 5 diphosphate and GcUA is N glucuronlc

aci d resuduek padife dPeLhRChHYe f8n e nhUd Di b PAidRde WA &idpe 45 the
DNA (a) encodes finding fromnucl eotide nunbers 633 to 2900 in SEQ I'D. NO:

1. 3. The o4aff OLodS SESr f Bkblhiidk £ abMoh 9§ 1 da1WNEILER DN Proteins are
soluble. 4. The vector as set forth in any one of Clainms 1 to 3, being an

eXpr essoR NeFb Ot 4 nl1 Q11 £ Ac bl ansf 4 "BYt pwhaesss @%ﬁm@ #d A0S HOERAM Dy a
vector having any one of DNA (a) to (c) , the DNA (b) or (c) encoding a

protei nyhad NP 63 P ¥Ek& ARHIY1L18Sak ImPHdtahad r6d)e PNAEAGOML By Sr Ot ein

havi ng an amno acid sequence
especially in a brain. This probe is considered to be useful

for assessment of a connection between gene and disease,
[EXAMPLES]
The present invention is more specifically described
10 below with reference to examples.
[Example 1]
(1) In Silico Cloning of Novel Human
Glycosyltransferase cDNA
Screening of HUGE protein database at Kazusa DNA
15 Research Institute (in Chiba Prefecture;
http://www.kazusa.or.jp/huge/) was conducted by the
keywords “one transmembrane domain” and
"galactosyltransferase family”. As a result of this, one
clone (KIAAO0990; GenBankTM accession number AB023207) was
20 identified. An analysis of a nucleotide sequence of this clone
revealed that this clone includes (i) a 5’'-untranslated
region of 494bp, (ii) a single open reading frame of 2406bp
coding for a protein of 802 amino acids with three potential
N-glycosylation sites (marked with asterisks in Fig. 1),
25 and (iii) a 3'-untranslated region of about 1.7 kb with a

presumptive polyadenylation signal. The nucleotide Ssequence



fromamno acid nunbers 47 to 802 in SEQ ID. NO 2; 15 (b) DNA that, in a
stringent condition, hybridizes with ghe DNA (a), the DNA conpl enentary
with DNA (a), or DNA having part of a nucleotide sequence of the DNA (a) or
the DNA conplenmentary with the DNA (a); (c) DNA encoding a protein having
an am no acid sequence 20 fromam no acid nunbers 47 to 802 in SEQ ID.
NO: 2, wherein one or several amno acids in the amno acid sequence are

subst it ghedandahaiesl,a é Dgestgdene td8AERRY tH R hé A afdt Al ish phi Vity
that transferase Gal NAc from UDP- Gal NAc to chondroitin; 25 (where UDP is

uridineid’ disghosinateo : and RENAG J SN pceh¥l galidd Qsai NS ve)is 46
(~3) catalytic activity that transferase from UDP-d cUA to chondroitin,

(where BURBwrS i diepe Siwli pRosphate and A cUA is N glucuronic acid
residue). 5 6. The transformant as set forth in Caimb5, wherein: the DNA

(a) encodes #hadiduhh&OWaRUH €Q i ¢ NUMPEHS K& 48 BRA0 REsSERcY D. NO: 1.
10 7. The transformant as set forth in Claim5 or 6, wherein: the proteins

are 50l ghlsa i Sat & Mu1ochéon BresuchAg 1600NET Bhbiwe $YPhRAs@n & hgrid met hod

corrpr_i sing the steps of:
corresponding to the clone was about 5.0 kb in length in
various human tissues (see Example 2), suggesting that the
cDNA was approximately full-length. The deduced amino acid
sequence corresponded to a 91,728-Da polypeptide. A

10 predicted translation initiation site conformed to the

Kozak consensus sequence for initiation (Nucleic Acids Res.
12, 857-872 (1984)), and an in-frame stop codon existed
upstream of an initiation ATG codon allocated thereto.

A Kyte-Doolittle hydropathy analysis (J. Mol. Biol.

15 157, 105-132 (1982)) revealed one prominent hydrophobic
segment of 17 amino acid residues in the NH,-terminal region,
predicting that the protein has a type II transmembrane
topology which is typical in many Golgi 1localized
glycosyltransferases having been cloned until today (see

20 Fig. 1).

Database searches revealed that the amino acid
sequence was, at its amino terminal, slightly homologous
to human core 1 UDP-Gal:GalNAco-RP1l,3-Gal transferase
(GenBankTM accession number AF155582), while the amino acid

25 sequence was, at the carboxyl terminal, slightly homologous

to a human UDP-Gal:GlcNAcP-RPf1l,4-Gal transferase II



growing a transformant set forth in any one of Clainms 5 to 7 ; and
obt ai ning the chondroitin synthase frﬁ§1the trnasformant thus grown. 20 9.
A reagent for use in chondroitin synthesis, the reagent having an enzyne
protein that has an am no acid sequence including an am no acid sequence
(A) or (B) and has catalytic activities (a) and (a) 25 (A) amno acid
sequence fromam no acid nunbers 47 to 802 in SEQ. I D. NO: 2; 47 (B)

am no_aci.d SEaUPRES 2LAID ATLAC AG) M BUTRRTS #7440 802 in SEQ 1D ND:2,

wher ei n one or ‘several am no aCI S In am no aci d sequence are

substi tuted. de] eLed. dAISPLLET, (s ALNRRSIJd 0080 x o5 (A £RLAEE e o

activity hat ransierase to chondroitin,

is uri d%,@%yfclﬂpggiewze angd @aJA\I@eth% N ﬁgxftq%éc Qg%gféecug\% due) ;

((3) ca c activity that tra rase cUA rom1

chondro e d d a o L ucur oni ¢
aci d reg%guga@‘{i‘gé #e lrﬂeéagg!riiﬁlt :ﬁg? ?R}rﬁé’{]@%ﬁ Wy Ehedhddg gl uou 15'

in d'aim9, wherein the

enzyre 859 f;eom %lm U Fs ;%e ns%ﬁ@%@q%f 08 ﬂﬁ%&{&gg %@ﬁ&lherbsie chai n

expresse conprising at e step of

causi ng, cegﬁgcgp ?1% f‘rﬁt ‘ﬁ'tclbl%‘ENA%@@é‘Oiz@Qd a3 2058acChgs belg chain
expressed. by Formu , the reagent set
Thus, the features of the amino acid sequence to be

encoded suggested a possibility that the identified gene
product could have activities of both the {31,3-GlcUA

10 transferase (GlcAT-II) and (f1,4-GalNAc transferase
(GalNAcT-II). Furthermore, a homologue of the identified
human gene was found in the Caenorhabditis elegans genome
or Drosophila genome. Fig. 1 illustrates that to what extent
the protein sequences respectively derived from human, C.

15 elegans, and Drosophila are homologous to each other. The
human protein sequence shares 36 homologies with the
sequence of the C. elegans, and 42 homologies with the
sequence of the Drosophila. These three proteins all
include DDD at the amino terminal and DVD at the carboxyl

20 terminal (cf. Fig. 1), thereby being considered as a
conserved DXD motif which is found in most
glycosyltransferases (Proc. Natl. Acad. Sci. U.S.A. 95,
7945-7950 (1998)).

In addition to the above, a data base search of the

25 Human Genome Project identified a genome sequence

(accession number NT010274.3) identical with the above-



forth in daim9 or 10: A cUA-Gl NAc-RL " ' (1), Gal NAc-d cUA-Gal NAc-R1"
(3) , (where AcUA and Gal NAc are as dgfined above, "-" indicates 25 a

gl ycoside linkage, Rl is an arbitrary group). 48 12 . A nethod for
produci ng a saccharide chain expressed by Formula (4) ( the nethod
conprising at |east the step of causing a reagent to contact with G cUA
donor and a saccharide chain expressed by Fornmula (2) ( the reagent set 5

Tort h i ne%’tai d&D&&F%MCQ Syé‘mg%rlsoaeég)t eGEEH% g%.ld\l%(érgﬁyp" RZ "

(4), where and are as I ne ove, R2 i's an

arbl tr Ly Qrolibd %vleBalé\an%@o%érpégpeogwl{\gger%a% r&ﬁ%&%ﬁé&@fl ect ed

from sa8cifaride®&nains expressed “by rmul as respective

met hod orlprl sin 93;_1% gn%‘t EP £ eC gtésd g a;‘%ag)qpértgocqgg; aF%)nW t h

Gal NAc d&iTdr ﬁa donor a sacch e chain expressed rmul a

(1), th re%sgée %gc %\gcﬁrrf\lztﬂﬁi%@ Epg)% YivPaed EHQO%}WGR&ISCL(&%E’

(GI cUA- &

= N?Ae %;éﬁagfkgég)d;\}ﬁépﬁ@' Nﬁ&‘eFintrog?/)ex%g SIEES R d ¥ AN dpLager

and are as fined above, Rl Is an
armtra%%é%%%ﬁGruleandwereflankedbycmnservedsequences.Th1s

gene is located on the human chromosome number 15.
(2) Construction of a Plasmid Including DNA Encoding
a Novel Soluble Glycosyltransferase

10 A CDNA of a Glycosyltransferase that lacked 46 amino
acid residues at its N-terminal from this novel
glycosyltransferase was amplified by PCR. Specifically,
with a KIAA0990 cDNA as a template, amplification was
carried out using (a) a 5'-primer (5°'-

15 CCCTCGAGGGGCTGCCGGTCCGGGC-3' (SEQ. ID. NO: 3)) dincluding
an XhoI site and (b) a 3'-primer (5°'-
CCCTCGAGCAATCTTAAAGGAGTCCTATGTA-3' (SEQ. ID. NO: 4))
including a XhoI site located 138 bp downstream from the
stop codon. The PCR was carried out with Pfu polymerase

20 (Stratagene Co., La Jolla, California) for 34 cycles of 94°C
for 30 seconds, 55°C for 30 seconds, and 72°C for 180 seconds
in 5(v/v) dimethyl sulfoxide. The PCR-product was then
digested with the XhoI. Then, at both terminals of its
fragment, the PCP product was partially filled with Klenow

25 Fragment (New England Biolabs Inc., Beverly,

Massachusetts), a dCTP, and a ATTP. A pGIR201lprotA (J. Biol.



14. A nmethod for producing a saccharide chain selected from sacchari de
chai ns expressed by Fornulas (6) and G8) 25 respectively, the nethod
conprising at |east the step of causing a reagent to contact with Gal NAc
donor, @ cUA donor 49 and a saccharide chain expressed by Formula (2) ,
the reagent set forth in daim9 or 10: GlINAc-G cUA-Rz ' " ' (2) ,

(Gal NAc-d cUA)n-Gal NAc-A cUA-RZ " ' (6), 5 A cUA- (Gl NAc-d cUA)

n- Gal NAG@ & Uiy ¢, "1394821401( \cfsﬂa@rsea M) i @R oiNhegWs 104  £6R ﬁ.mﬂxlwa@ CcUA,
Gal NAc, and -~~ are as defined above, R2 i's an arbitrary group). 15,

probe f%rl dwhtd At 2atign.f 1 1Le B PP nC@NhaITe rkgnéoa 3 gipl et d%b’%‘é&'ﬁ@@e from
nucl eotide nunbers 495 to 2900 in SEQ ID. NO 1, or a sequence

conpl emat od ¥ e Wikt by aRAIh 1 1 A8 N4 Gl et wle ﬁ@(ilRQrU:fprotA so tha
. A@E. AS. AS AS Ay. Af . Af. Af. ASI . ASe. ALS. AsS. As@ AsS. AsS A'f. As, A A@DAS AsS

. ALS% Asy, 9“1'~AJ§/ 1-tA n £8 SrA3 Alvahf fﬁs%d%ﬁ}ﬁfth%slﬁ%%fﬁa@‘ 1&'§a€~5 AS. A
@A{@A{f AhSY hS. A U@s$, a>Tc! Y- <pH-

_} Xspi ds@&@&ﬁekcah@altq@d G4 6akeal cAa]sre&}@ah%J{ o ical cak el eal:cad 8] ¢al cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca!
the vector. An NheI fragment including the above-mentioned

fusion protein sequence was inserted into the Xbal site of
the expression vector pEF-B0S (Nucleic Acids Res. 18, 5322
(1990)), whereby an expression plasmid was obtained.

10 This expression plasmid encodes a protein in which the
first 46 amino acids of the glycosyltransferase is replaced
with a cleavable insulin signal sequence and a protein A
IgG-binding domain. In other words, the expression plasmid
encodes a soluble chondroitin synthase fused with a

15 cleavable insulin signal sequence and a protein A.

(3) Expression of a novel soluble Glycosyltransferase, and
Enzymatic Assay thereof

By using FuGENE (Trademark) 6 (Roche Molecular
Biochemicals Co., Tokyo), an expression plasmid (6.7 U g)

20 was transfected into a COS-1 cell on a 100mm plate, in
accordance with a manual of the manufacture. On the second
day from the transfection, 1ml of an incubation liquid was
collected and incubated together with 104 L of IgG-
Sepharose (Amersham Pharmacia Biotech) at 40C for one hour.

25 Beads of the IgG-Sepharose was collected by centrifugation,

and then washed with an assay buffer. After that, the beads
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10@8Z" 10%&' () - 6310%& ()-9 410%a& ()-210%& ()- &010%a& () - =sOdEYNC
& "10%0% Ko - 89S AQUOK () -¥rCy (FEBS lett. 459, 415-420 (1999)).In
109 () - &S10%@&' () - Y" 10%@&' () - @ s10%& ()-ONB _=YNC!' N s$10%&' () -
Ss$10%R'agsa v f BEOWR CATE#TQY@0 &' 1} ) o RLAN@R' £ P s&SH &L 0) PRAMEYNTEY 1
@ $10%@&' () -
Y( 1OS6@& o p£YEHOY@EL ¢ he&ySHIDUEREA -1 &HML O U@ § Y+ mRADBER* (O Wb\~ (T2l 10@
10@10@ 7F" 10%@&' () - &0$10%@ & ()- 1 &0$10%g 9& ()-)!'y&0$10%& ()-&3.z
109%@8 ()X\ 10 p difm) >! s00B198@&'u -dcetic acid buffer, pH 5.6, and
"10%& ()- @ 10%& ()-L10%& ()-310%& ()-f 10%& ()-p I M ! dETI >!
10Y" 10%98 ¢l - 02 R Wezd0%g&'l(yd&al' 10%88 L) MHYg&t@l , lGlycobiology
10%ge& ()-!'!11<"\"u""dETI>! 103(10%& () - S&

7, 905-911(1997)) . Assay of Gal transferase was carried out

with amixtureof, in304 L in total, 104 L of the resuspended

10 beads, the receptor substrate, 604 M UDP-[’H]Gal (5.30
X 105 dpm), 50mM MES buffer, pH 6.5, 10mM MnCl,, and 171
UM of sodium salt of ATP. Reaction mixtures were incubated
at 370C for one hour. Products that had been radiolabeled
was separated from UDP- [*H]GalNAc, UDP-[!'"C]GlcUA, or

15 UDP-FH]Gal,bygelfiltrationusingiasyringecolumnpacked
with Sephadex G-25 (super fine), a superdex peptide column,
or a Pasteur pipette column containing Dowex 1-X8 (P042-
type, 100-400 mesh, Bio-Rad Laboratories, Tokyo) (J.
Biochem. 117, 1083-1087 (1995); J. Biol. Chem. 273,

20 6615-6618 (1998); FEBS Lett. 459, 415-420 (1999) ;
Glycobiology 7, 905-911 (1997); Glycobiology 7, 531-537
(1997)). The thus collected labeled products were
quantified by liquid scintillation spectroscopy.

Note that the substrates and the like were obtained

25 as follows. UDP-[U-'*C]GlcUA (285.2 mCi/mmol), UDP-

[*H]GalNAc (10 Ci/mmol) and UDP-[’H]Gal (15 Ci/mmol) were
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, #1080 & Wha I  0%h& t1) t d d 86 2twdle’ abh B4 halddd &t frlom "dORd &al@aku Corp.
UA0%T& ()-"109T& ()-L! 109%& ()-19" 1098$& () - @3T333384dEr S4

410%&' ()r2k $8YT & HImSHENQAWRE phr iEQ%& frpaSopancreas p-
1090& ()-*$10%& () - &4 _4444445k5 =!

L3 0% ¢ ) r bnli e % £ &3()2 151998 (Jcowd®T B@Tchem. Physiol. 868,
10T&8m 109F&' () - 610%T&' () - kK556n7789wWU3_=! yL3nPd 0% - & () - 11 L3nPd0%@e® ()- 1! L

3WW10%iH%5)539t(h@M%U}Wﬁéﬁ1&de3ﬁ%ﬁD%ﬁxﬁuilaﬂlé (freshwater apple
L3nPd0% ] & ()-19":#:$: % (::4;<rS1'N %0%& () -
3$10%&(@néﬁ$10%ﬂ¥%ﬁﬁoﬁi@%ﬁ(ﬁroﬁO&%kyo Internal Organ Co. Ltd.
10 (Tokyo) .
GalPfl-3Galpl-4Xyl was kindly provided from Dx. Nancy
B. Schwartz (University of Chicago). The purified o-
thrombomodulin (Biochem. Biophys. Res. Coummn. 171,
729-737 (1990)) was provided from Daiichi Pharmaceutical
15 Co. Ltd (Tokyo) and included the tetrasaccharide
(GlcUAPR1-3GalPfl-3Galpfl-4Xyl) (J. Biol. Chem. 273,
33728-33734 (1998)) for the linkage region. N-acetyl
chondroitin (GlcUAP1l-3GalNAc) and GlcNAcfl-3GalPpl-
4G1cNAcf1l-3GalPl-4GlcNAc was kindly provided from Dr. K.
20 Yoshida (Seikagaku Corp.). Linkage tetrasaccharide-serine
(G1lcUAR1-3GalPl1-3Galpl-4XylPl-0-Ser) (Liebigs Ann.
1239-1257 (1996)) was kindly provided from Dr. T. Ogawa
(Physical and Chemical Research Institute, Saitama
Prefecture).

25 Sheep submandibular asialomucin was obtained by

treating sheep submandibular mucin with sialidase derived
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Biochem. Biophys. 124, 45-50 (1968)). Superdex (Trademark)

prepared

5 peptide HR10/30 column was supplied from Amersham Pharmacia
Biotech (Uppsala, Sweden).

Results were shown in Table 1. Activities were detected
when the polymer of chondroitin was used as the receptor
and UDP-GlcUA or UDP-G1NAc was used as the donor. On the

10 other hand, no activity was detected when the other receptor
substrate was used and one of UDP-GlcUA, UDP-GalNAc and
UDP-Gal was used as the donor. Such activities included
activities of (a) GlcAT-I (which relates to initiation of
biosynthesis of chondroitin sulfate), (b) GalNAc

15 transferase I, (c) core 1 UDP-Gal:GalNAc o-R p 1,3-Gal
transferase, and (d) UDP-Gal:GlcNAc [(f-R P 1,4-Gal
transferase. Glycosyltransferase activity was not detected
in an affinity purification product that was a sample
prepared as a control by transfecting pEF-BOS. Those

20 results clearly show that expressed proteins were
GlcUA/GalNAc transferases having a high specificity for the
polymer of chondroitin.

As described above, chondroitin (the polymer of
chondroitin) includes one whose non-reducing terminal is

25 GlcUA and one whose non-reducing terminal is GalNAc. It can

be said that the transfer of GalNAc is for the chondroitin
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5 RECEPTOR (DONOR) ACTIVITY 3)

(pmol/ml medium/time)

Chondroitin (UDP-GlcUA) 5.2
GalPl-3GalPl-4Xyl (UDP-GlcUA) ND
Chondroitin (UDP-GalNAc) 1.4

10 GlcUAR1-3GalpPl-3Galfl-4Xylp-O0-Ser (UDP-GalNAc) ND
o- thrombomodulin (UDP-GalNAc) ND
Sheep submandubular asialomucin (UDP-Gal) ND
GlcNAcfl1-3Galf1-4GlcNAcP1-3GalPpl1-4G1lcNAc (UDP-Gal) ND
ND: Not Detected (<0.1 pmol/ml medium/time)

15 1) @& - thrombomodulin included tetrasaccharide linkage
GlcUApPl-3GalPl-3GalPl-4Xyl (J. Biol. Chem. 273, 33728-
33734 (1998)).

2) Sheep submandibular asialomucin had a large number of
GalNAc & 1-0-Ser/Thr residues.
20 3) Each value is an average of the measures taken in two

independents experiments.

(4) Identification of Enzymatic Reaction Products
Isolation of products of GalNAc transferase reaction
25 or GlcUA transferase reaction, in which the polymer of

chondroitin was used as the receptor, was carried out by
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derived from Arthrobacter aurescens, the reaction liguid
10 containing 50mM sodium acetic acid buffer, at pH 6.0. Degree
of digestion thereof was evaluated. The thus isolated
products (about 1804 g) of GlcUA transferase reaction was
digested for one night at 370C in 304 L of 50 mM sodiumacetic
acid buffer, at pH6.0, containing 100 mIU of chondroitinase
15 AC-II, or in 304 L of 0.05M sodium citric acid buffer, at
pH4 .5, containing 22mIU of PB-glucuronidase. Digestion
products of each enzyme were analyzed by using the same
superdex peptide column.
An analysis result of the products of the GlcUA
20 transferase reaction is shown in Figure 3 (a). The labeled
products were completely digested by B-glucuronidase or
chondroitinase AC-II. Peaks were observed at positions of
free [''C)GlcUA or free ['*C]GlcUAB1-3GalNAc. This result
suggests that the GlcUA residue is transferred to GalNAc

25 that existed at the non-reducing terminal of the polymer

" of chondroitin, and caused the GlcUA residue to form R1-3
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This result suggests that the GalNAc residue is transferred
to GlcUA that existed at the non-reducing terminal of the
polymer of chondroitin, and caused the GalNAc residue to
form Pfl-4 bonding with GlcUA. To sum up the resuits, it
10 was found that the proteins thus identified were
chondroitin synthase that had both the activities of
GlcAT-II and GalNAcT-II.
[Example 2]
A commercially-available human 12-lane multiple
15 tissue Northern blot (Clontech) membrane was used for
analysis. To each lane, 14 g of a polyadenylated RNA was
applied. The membrane was probed with a gel-purified and
radiolabeled (>1 x 102 cpm/Lg) 0.84 kb chondroitin-
synthase-specific fragment corresponding to nucleotides
20 631-1469 of the KIAA0990 cDNA (GenBankTM accession number
AB023207) .
As a result, a single band of up to 5.0 kb was
demonstrated for all human tissues, at least in this
analysis(Fig.4). The degree of the expression of the

25 chondroitin synthase gene which is prevalent in human

tissues varied with the types of human tissues. Notably,
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saccharide chain having a repeating disaccharide unit of
chondroitin, and (d) a probe for hybridization of human

15 chondroitin synthase.
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the DNA (b) or (c) encoding a protein having catalytic
5 activities (@) and () , excluding a DNA encoding a protein
at amino-acid position #1 to 802 in SEQ. ID. NO: 2):
(a) DNA encoding a protein having an amino acid sequence
from amino acid numbers 47 to 802 in SEQ. ID. NO: 2;
(b) DNA that, ina stringent condition, hybridizes with
10 the DNA (a), the DNA complementary with DNA (a), or DNA
having pért of a nucleotide sequence of the DNA (a) or the
DNA complementary with the DNA (a);
(c) DNA encoding a protein having an amino acid sequence
from amino acid numbers 47 to 802 in SEQ. ID. NO:2, wherein
15 one or several amino acids in the amino acid sequence are
substituted, deleted, inserted, or transpositioned;
(x) catalytic activity that transferase GalNAc from
UDP-GalNAc to chondroitin;
(where UDP is uridine 5'diphosphate, and GalNAc is N-
20 acetylgalactosamine residue), and
(B) catalytic activity that transferase GlcUA from
UDP-GlcUA to chondroitin,
(where UDP is uridine 5'diphosphate and GlcUA is N-
glucuronic acid residue).

25

2. The vector as set forth in Claim 1, wherein:
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3. The vector as set forth in Claim 1 or 2, wherein

5 the proteins are soluble.

4. The vector as set forth in any one of Claims 1 to

3, being an expression vector.

10 5. A transformant whose host is transformed by a vector
having any one of DNA (a) to (c), the DNA (b) or (c) encoding
a protein having catalytic activities (o) and (B):

(a) DNA encoding a protein having an amino acid sequence
from amino acid numbers 47 to 802 in SEQ. ID. NO: 2;

15 (b) DNA that, in a stringent condition, hybridizes with
the DNA (a), the DNA complementary with DNA (a), or DNA
having part of a nucleotide sequence of the DNA (a) or the
DNA complementary with the DNA (a);

(c) DNA encoding a protein having an amino acid sequence

20 from amino acid numbers 47 to 802 in SEQ. ID. NO:2, wherein
one or several amino acids in the amino acid seguence are
substituted, deleted, inserted, or transpositioned;

() catalytic activity that transferase GalNAc from
UDP-GalNAc to chondroitin;
25 {where UDP is uridine 5’'diphosphate, and GalNAc¢c is N-

acetylgalactosamine residue),
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the proteins are soluble.

8. A method for producing chondroitin synthase, the
15 method comprising the steps of:
growing a transformant set forth in any one of Claims
S to 7; and
obtaining the chondroitin synthase from the

trnasformant thus grown.

20
8. A reagent for use in chondroitin synthesis, the
reagent having an enzyme protein that has an amino acid
sequence including an amino acid sequence (A) or (B) and
has catalytic activities (o) and (R)
25 (A) amino acid sequence from amino acid numbers 47 to

802 in SEQ. ID. NO: 2;
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10 UDP-GlcUA to chondroitin,

({where UDP is uridine 5'diphosphate and G1lcUA is glucuronic

acid residue) .

10. The reagent as set forth in Claim 9, wherein the

15 enzyme protein is soluble.

11. Amethod for producing a saccharide chain expressed
by Formula (3), the method comprising at least the step of
causing a reagent to contact with GalNAc donor and a

20 saccharide chain expressed by Formula (1), the reagent set

forth in Claim 9 or 10:

GlcUA-GalNAc-R' "' (1),
GalNAc-GlcUA-GalNAc-R'" "' (3),
{where GlcUA and GalNAc are as defined above, “-” indicates

25 a glycoside linkage, R' is an arbitrary group).
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by Formula (4), the method comprising at least the step of
causing a reagent to contact with GlcUA donor and a
saccharide chain expressed by Formula (2), the reagent set

5 forth in Claim 9 or 10:

GalNAc-GlcUA-R® "' (2),
GlcUA-GalNAc-GlcUA-R® "' (4),
(where GlcUA, GalNAc, and “-“ are as defined above, R? is

an arbitrary group) .
10
13. A method for producing a saccharide chain selected
from saccharide chains expressed by Formulas (5) and (7)
respectively, the method comprising at least the step of
causing a reagent to contact with GalNAc donor, GlcUA donor
15 and a saccharide chain expressed by Formula (1), the reagent

set forth in Claim 9 or 10:

GlcUA-GalNAc-R'' " (1),
(GlcUA-GalNAc)n-GlcUA-GalNAc-R'" "' (5),
GalNAc- (GlcUA-GalNAc)n-GlcUA-GalNAc-R*" "' (7)),

20 (where n is an integer not less than 1, GlcUA, GalNAc, and

“.» are as defined above, R' is an arbitrary group).

14, A method for producing a saccharide chain selected
from saccharide chains expressed by Formulas (6) and (8)
25 respectively, the method comprising at least the step of

causing a reagent to contact with GalNAc donor, GlcUA donor
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and a saccharide chain expressed by Formula (2), the reagent
set forth in Claim 9 or 10:
GalNAc-GlcUA-R® "' (2),
(GalNAc-GlcUA)n-GalNAc-GlcUA-R®> """ (6),
5 GlcUA- (GalNAc-GlcUA)n-GalNAc-GlcUA-R? "' (8),
(where n is an integer not less than 1, GlcUA, GalNAc, and

“.» are as defined above, R’ is an arbitrary group).

15. A probe for hybridization, the probe containing
10 a nucleotide sequence from nucleotide numbers 495 to 2900
in SEQ. ID. NO: 1, or a sequence complementary with part

of the nucleotide sequence.



