1 SPECI FI CATI ON THREE- BRANCHED SUGAR- CHAI N ASPARAG NE DERI VATI VES, THE

SUGAR- CHAI N ASPARAG NES, THE SUGAR CHAI NS, AND PROCESSES FOR PRODUCI NG

THESE 5 TECHNI CAL FI ELD The present inyention relates to 3-branched

aspar agi ne- |inked oligosaccharide derivatives, 3-branched aspar agi ne- | i nked

ol i gosacchari des, 3-branched oligosacchari des and processes for 10
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linked oligosaccharide derivatives, 3-branched asparagine-linked
oligosaccharides, 3-branched oligosaccharides and processes for

preparing such compounds.

BACKGROUND ART

In recent years, molecules of oligosaccharides have
attracted attention as third chain life molecules following nucleic
acids (DNA) and proteins. The human body is a huge cell society
comprising about 60 trillion cells, and the surfaces of all the
cells are covered with oligosaccharide molecules. For example, ABO
blood types are determined according to the difference of
oligosaccharides over the surfaces of cells.

Oligosaccharides function in connection with the recognition
of cells and interaction of cells and are key substances for the
establishment of the cell society. Disturbances in the cell
society lead, for example, to cancers, chronic diseases, infectious
diseases and aging.

For example, it is known that when cells cancerate, changes
occur in the structure of oligosaccharides. It is also known that
Vibrio cholerae, influenza virus, etc. ingress into cells and cause

infection by recognizing and attaching to a specific

proteins. The human body is a huge
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A i gosaccharides are nmuch nore conplex than DNA or proteins in structure
because of the diversity of arrangenents of nonosaccharides, nodes or sites
of |inkages, |lengths of chains, 5 nodes_of branches and overall structures
of higher order. Accordingly, biological information derived fromthe
structures thereof is nore diversified than is the case with DNA and
proteins. Although the inportance of research on oligosacchari des has been
recognizqﬂjggggcgﬁggyd%xity and variety of structures thereof have 10 del ayed
progress In"the research on oligosaccharides unli ke the studies on DNA and

proteins. E.  MyRLHoBad¢ s (ikesCREE mRAE md2Rl Kbfp1é:2NHan BRA8Bor MProtRéds 560)

et al. prepared a 2-branched asparagi ne-linked oligosaccharide from bovine

fetuin (havisheadeire edcaliyeopf ol Miverdhey dft idrira@gerentld JTydr azi ne
deconposition reaction to obtain a 2-branched oligosaccharide for use as the

st art i ng mrabeacdhariSiescembies ant e tebasf hi gikdoesi, cileygthidheofaphhiaat i on of
the ol igosaccharide derivatives obtained to pharmaceuticals invol ves
pr obl Bns masles oof Safastohebegnd sevenfaltlhetpossutsd icfy hogher totser .of hydrazi ne
becom ng 20 incorporated into the derivative. 3-Branched asparagine-linked
ol i gosacsaprdenaki.i Hiodeahedl tig fipamptépardrrivad bpecthefstmetpresent
invention is to provide _a 3- branched asparagi ne-linked oligosaccharide
deri vat i V&@ehRef eth MFE dAveFdeitdotiaRel antlifo GESUP1 bR Wb AEgPREtRENS -
nndifiedf@ﬁgh a?2§1IL oghilic péptective gro%&“ biotin gr up,or EITC gr oup
and o pAieBeush grhe, ABRRFFARCS (RS dEFEORET v SAIGOREr I IR GRSt RESFnvent | on
s to p”—"’r‘é'c%'gaiizé”d,br@ CQ&%@&&“@I %%”%Hé'é&?%fo'ts't%‘&é@&%‘sart'h%%xeo% RzPL anched
ol i gosaccharrde™ and processe or preparing these conpounds.
10 delayed progress in the research on oligosaccharides unlike the
studies on DNA and proteins.
E. Meinjohanns (J. Chem. Soc. Perkin Transl. 1998. pp. 549-
560) et al. prepared a 2-branched asparagine-linked oligosaccharide
from bovine fetuin (bovine-derived glycoprotein). They utilized a
15 hydrazine decomposition reaction to obtain a 2-branched
oligosaccharide for use as the starting material. Since hydrazine
has high toxicity, the application of the oligosaccharide
derivatives obtained to pharmaceuticals involves problems as to
safety because of the possibility of a trace of hydrazine becoming
20 incorporated into the derivative. 3-Branched asparagine-linked
oligosaccharides still remain to be prepared.
An object of the present invention is to provide a 3-
branched asparagine-linked oligosaccharide derivative wherein the
nitrogen of the amino group of asparagine is modified with a
25 lipophilic protective group, biotin group or FITC group and a
process for preparing the derivative.

Another object of the invention is to provide a 3-branched

asparagine-linked oligosaccharide, a 3-branched oligosaccharide and



DI SCLOSURE OF THE | NVENTI ON The present invention provides the follow ng
inventions. 5 1. A 3-branched asparagi ne-1inked ol i gosacchari de derivative
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DISCLOSURE OF THE INVENTION

The present invention provides the following inventions.
5 1. A 3-branched asparagine-linked oligosaccharide derivative
of the formula (1) wherein the nitrogen of amino group of
asparagine is modified with a lipophilic protective group, biotin
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wherein Q is a lipophilic protective group, biotin group or FITC
group.
2. A 3-branched asparagine-linked oligosaccharide derivative
which contains at least one fucose in N-acetylglucosamine on the
15 nonreducing terminal side of the asparagine-linked oligosaccharide

of the derivative.

3. A 3-branched asparagine-linked oligosaccharide obtained
by removing the lipophilic protective group, biotin group or FITC
group from the above 3-branched asparagine-linked oligosaccharide

20 derivative.

4. A 3-branched oligosaccharide obtained by removing the



15 nonreducing term nal side of the asparagi ne-linked oligosaccharide of
the derivative. 3. A 3-branched asparagi ne-linked oligosacchari de obt ai ned
by renoving the |ipophilic protective ggoup, biotin group or FITC group
fromthe above 3-branched asparagi ne-1inked oligosaccharide 20 derivative.
4. A 3-branched ol igosaccharide obtained by renoving the 4 asparagi ne

noi ety fromthe above 3-branched asparagine-1inked oligosaccharide. 5. A

nm cropl atey Q%Xiﬂge iRk E266 thengboet BepAhRMRA Qbﬁ&k&@irﬁ‘éi 13nikeanched

aspar agi ne- | i nked ol i gosaccharide. 5 6. An affinity colum having

i mobi | | zadgbbgsiarildee above biotinated 3-branched asparagi ne-Iinked

ol i gosacchari de. W& have devel oped processes for preparing 3-branched

aspar agi ne- | i nlsedaohi gogdeatkahadenglemmodtilvesd thdxeanchiad alaspar agi ne-1i nked
ol i gosacchari des and 3-branched ol i gosaccharides 10 by which various

i sol at ed b3obinatedkd @S‘paphg(ﬂ resfanakede - blikgsk addhashdehajaideat i ves can be
prepared easily in |ar quantities frombovine fetuin (a bovine-derived

gl ycoprot ei n), 6andn & %qkﬁy revern Npriagc hEFCoREbEAasyither FEaKERR above

ol i gosacchari de derivatives, 3-branched ragi ne-1inked oligosaccharides
and 3 15 BP5HERERS of- Pgsga&%%m%egmsra%%a -ogggaeeﬁal?wéﬂge deficient in

sugar residue S g§S|r re linked. The roces%ngf t? esen i nvention
for pr eparl ng %? ‘iéﬁ%&l’ggp% agef e | i ﬁﬁe%r%q’ glélga CR %é %erl vative Is
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10 by which various isolated 3-branched asparagine-linked
oligosaccharide derivatives can be prepared easily in large
quantities from bovine fetuin (a bovine-derived glycoprotein), and
further novel 3-branched asparagine-linked oligosaccharide
derivatives, 3-branched asparagine-linked oligosaccharides and 3-
15 branched oligosaccharides wherein oligosaccharides deficient in
sugar residue as desired are linked.
The process of the present invention for preparing a 3-
branched asparagine-linked oligosaccharide derivative 1is
principally characterized by introducing a lipophilic protective
20 group into (or bonding the group to) 3-branched asparagine-linked
oligosaccharides included, for example, among the asparagine-linked
oligosaccharides derived from a natural glycoprotein, preferably,
into those contained in a mixture of asparagine-linked
oligosaccharides to obtain a mixture of 3-branched asparagine-
25 linked oligosaccharide derivatives, and thereafter separating the
mixture into the individual 3-branched asparagine-linked

oligosaccharide derivatives. The term an "asparagine-linked

oligosaccharide" as used herein refers to an oligosaccharide having



ol i gosacchari des derived froma natural glycoprotein, preferably, into
those contained in a mxture of asparagine-linked oligosaccharides to
obtain a m xture of 3-branched asparagi pe 25 |inked ol i gosacchari de
derivatives, and thereafter separating the mxture into the individual
3-branched asparagi ne-1inked oligosaccharide derivatives. The term an
"asparagi ne-1inked oligosaccharide" as used herein refers to an

ol i gos acca@%ékgsiﬁ@vﬂi@l@:eé tREPH Ui PErindikadhe! REERT 001 fYHbliehatIged €T M
"ol i gosaccharides capable of linking to asparagine"” refers to a group of
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is attached by N-glucoside |inkage to the acid am no group 5 of asparagine
(Asn) i ndihgopatyipefitdedewbéraipnbiaeienyagtuaddantineapresent at a reducing

Man( Ql-4) d cNac(al-4)d cNac as the core structure. The term an

"aspar agiteeminak etk cltitgobad dhar @8 udesiidat I rkageeter she el amino group
aspar agi ne-1inked oligosaccharide wherein a |ipophilic protective group is
at t ached afoageprasigiend ArBI e%@.t%ppﬂgpepmﬂoﬁpﬁ pPretetn sinduehdrchl hasr nul ae
of conpounds refers to ag acetam do group. As described above, the

ol i gosacRardifded) §aENaebPir ANFECNamEAF dhegF PR pTTUEtHTar e TRENTtREDr A1 of
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aspar agi ne-l1nked oligosaccharides, a mxture of 3-branched _
aspai agi Rerhitbked ddrgasascharddipodativadiaes thavnngcétani@ogeetipve 20 group

i ntroduced thereinto can be easily separated into individual 3-branched
aspar agi ne- | i nkeddes ¢gidss abave detlterdl\igbsseshduyi desk dewtived from a
natural glycoprotein are a mixture of oligosaccharides which are
randomly deficient in sugar residue at a nonreducing terminal. We
have unexpectedly found that by introducing a lipophilic protective
15 group into the 3-branched asparagine-linked oligosaccharides
included among the oligosaccharides derived from a natural
glycoprotein, more specifically, into those contained in a mixture
of asparagine-linked oligosaccharides, a mixture of 3-branched
asparagine-linked oligosaccharide derivatives having the protective
20 group introduced thereinto can be easily separated into individual
3-branched asparagine-linked oligosaccharide derivatives by a known
chromatographic procedure. Accordingly, 3-branched asparagine-
linked oligosaccharide derivatives of the present invention can be
prepared in large quantities.
25 Thus, individually separated 3-branched asparagine-linked
oligosaccharide derivatives can be derived from a mixture of

asparagine-linked oligosaccharides by introducing a lipophilic

protective group into 3-branched asparagine-lined oligosaccharides.



chr omat ogr aphi ¢ procedure. Accordingly, 3-branched asparagi ne- |inked

ol i gosacchari de derivatives of the present invention can be prepared in

| arge quantities. 25 Thus, individually.separated 3-branched

asparagi ne-1inked oligosaccharide derivatives can be derived froma m xture
of asparagine-linked oligosaccharides by introducing a |lipophilic
protective group into 3-branched asparagi ne-lined oligosaccharides. 6 This
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protective group inproves the overall solubility of the 3-branched

aspar agi nedophRketlc abipesacobagidle deprvats Vese idveralls, sof @si exanplfethko
result in a remarkable inprovenent in the 5 interaction between the

deri vat i vedrandhé¢dheasrenrensee phased ollipnséochdre desddrievoiadd yin dansequent |y
making it possible to separate the individual 3-branched asparagi ne-1inked
ol i gosacdivar edemplee i @t ingeylt bin semsimpiriebie dimpriovgneshi ¥y thee deri vati ves
fromthe difference in the structure of oligosaccharide. For exanple, Fnoc
gr oupSwhildtreractsom Retysshi Fhe dorveddves ﬁ?%dﬂ‘%ﬁ?t’%?%‘@*@%ﬁséoﬂﬁm{lh@
present _invention is extrenely high in selubjlity ip fats. Stated re
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Further according to the invention, it is possible to 20 reagily obtain
| ar geoquant it i eposHi 13-DHIBEbEE vs Rabag Beitdbikedo akegisagthariedestby
removi ng the protective group fromthe
invention is extremely high in solubility in fats. Stated more
specifically, the fluorenyl skeleton of Fmoc group has a structure
comprising two benzene rings linked to a 5-membered ring in the
center and having exceedingly high fat solubility, and exhibits
15 strong interaction, for example, with the octadecyl group of ODS
column which is one of reverse-phase columns, making it possible to
separate the 3-branched asparagine-linked oligosaccharide
derivatives which resemble in structure.
Further according to the invention, it is possible to
20 readily obtain large quantities of 3-branched asparagine-linked
oligosaccharides by removing the protective group from the
resulting 3-branched asparagine-linked oligosaccharide derivatives,
and also large quantities of 3-branched oligosaccharides by
removing the asparagine moiety from the 3-branched asparagine-
25 linked oligosaccharides obtained.
The present invention provides a process for preparing a 3-

branched asparagine-linked oligosaccharide derivative modified with

a lipophilic protective group, the process including:



resul ting 3-branched asparagi ne-1inked oligosaccharide derivatives, and

al so large quantities of 3-branched oligosaccharides by renoving the
asparagi ne noi ety fromthe 3-branched a§paragine 25 |linked ol i gosacchari des
obt ai ned. The present invention provides a process for preparing a 3-
branched asparagi ne-1inked oligosaccharide derivative nodified with a

| i pophilic protective group, the process including: 7 (a) the step of

i nt roduci(glg anki pophidd G nRLQES Y & grigaphim@ R ecPivalglfigstinkWoone

3-branched asparagine-1inked ol gosaccharides as contained in a mxture

thereof tH Qbt abis@ QrPrapehechaspaAdhiene | 114 ohigosacahariade derivative
m xture, and 5 (b) the step of subjecting to chromatography the 3-branched
aspar agi renltbnked 0l igasaechar tide«der itgabbvLinMaX Bubganthéd Mistataginebt ai ned
by hydrolyzing the 3-branched asparagi ne-1inked oligosaccharide derivative
or deri vatinked cbidaHavetiairhdé hier3-valyiaachiexttwasparadi ne- | i nked

ol i gosacchari de derivative mxture to 10 separate the derivative or

derivati vigs. tThestixtafr subdecting g cheonetegrindysthewd- Branchedhed
aspar agi ne-| i nked oligosaccharides and to be used in the step (a) is not
linited SF@ErpgeRsilinkedoPataatrqahardds AeXiAte VEORLAFRFAPT GndisFUAE | east
two ol i gosaccharides with asparagine |linked thereto, 15 Fqor exanple, the

m xture CRrapBEGMRY 3B’I‘Ftr8ilﬁizhlggo Jr PARNFREL 12SRRG 2941 ¢ gb¥k&har i des havi ng

aspat agi nes attached . thereto..Especi all useful is a
3F 5L dhdhen

One or aﬁllur gl It ar%.f e ri ive Oor erivatives co -
m xture CONPIFRAFAT oS AT R5s O BRHTET T HTEACS 23 Bhchehavi ng

aspar agi Rg ,athag h{%a&%gﬁnéegﬂ‘}ﬂ&? ol&?&g};&‘&% riH2€ gL L Al e %iing§§CgQari de”
as used hereinrefers to 20 at |east two J%S|reg nmonosacchari des bonded to
each; 9t NefepaPHED EhdTigerib gt Be IDIRREDEH: Aspar agi ne- | i nked
The mixture containing one or at least two 3-branched
asparagine-linked oligosaccharides and to be used in the step (a)
is not limited specifically insofar as it is a mixture containing
one or at least two oligosaccharides with asparagine linked thereto.
15 For example, the mixture can be one containing one or at least two
oligosaccharides having one or a plurality of asparagines attached
thereto. Especially useful is a mixture containing one or at least
two oligosaccharides each having asparagine attached to a reducing
terminal. The term an "oligosaccharide” as used herein refers to
20 at least two desired monosaccharides bonded to each other.
Such a mixture of 3-branched asparagine-linked
oligosaccharides can be obtained by preparing a mixture of
glycoproteins and/or glycopeptides derived, preferably, from a
natural material such as bovine fetuin, adding to the mixture a
25 protease such as pronase (product of Wako Pure Chemical Industries,
Ltd.) or Actinase-E (product of Kaken Pharmaceutical Co., Ltd.), or

a common enzyme such as carboxypeptidase or aminopeptidase to

effect a reaction under known conditions, cut off the peptide



ol i gosacchari des can be obtained by preparing a m xture of glycoproteins
and/ or gl ycopeptides derived, preferably, froma natural material such as
bovine fetuin, adding to the m xture a 25 protease such as pronase (product
of Wako Pure Chem cal Industries, Ltd.) or Actinase-E (product of Kaken
Phar maceutical Co., Ltd.), or a common enzyne such as carboxypepti dase or
am nopepti dase to effect a reaction under known conditions, cut off the

peptide §,.Rq6hi ORa &t ARt @i Pe et RAL i QRUIE XFAY & JeOh sUBRe AR {11 Xt Ur €.
Alternatively, the mxture can be obtal ned by renovi ng conponents ot her

than the ;asRanagivery,i Hredmoktgas acehdel §86afdQMyNech8achd Wbmg¥nkhidse by a
known nethod of purification, such as gel perneation 5 chromatography,

vari ous uherathgh afd Gsphosethe Sinksidngl ifesacdasaiipgkee, £ adm i e exelbange
colum, or high performance liquid chromatography (HPLC). Using the m xture
t hus obt aiixedranboly corkrewni mgtiBed ren phued £ i aspasragisnehl askeel damyesadohari des,
a |lipophilic protective group 10 is introduced into the 3-branched

aspar agi éviompkedraglivyoyaséhag | dapredngaspleic tirocednreThes rot doi ng gr oup
is not particularly Iimted, and there can be used, for instance, a

car bonat €X388&6 o?" AT EXFA3RIE HIVEEY | A HFBuPerEeER2RSe FrisBligr oup,

t - but yl oxycar bonyl (Boc roup, benzyl group, allyl group, 15
aIIonxyé%?HHﬁﬁ? t ud%PgF9a0etyl group. Fromthe viewpoint that the

resul ting 3-branched,_aspar.agi ne:link al i gosaccharide. deriyvative can be
medi at ol y usaTirg . FRe yatkes et astr ER Rtk e Rt v
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preferably "FnoC group. ~Frmoc group 20 is especiall fective en there
exi sig i nd harPbagasAGoRar tHE A br3dRed 84SdraARndl-akhkedCid, which is
c

rel ati ve unstabl e under aci di
oligosaccharides contained therein. The protecting group is not
particularly limited, and there can be used, for instance, a
carbonate-based or amide-based protecting group, such as Fmoc group,
t-butyloxycarbonyl (Boc) group, benzyl group, allyl group,

15 allyloxycarbonate group, or acetyl group. From the viewpoint that
the resulting 3-branched asparagine-linked oligosaccharide
derivative can be immediately used in the synthesis of a desired
glycopeptide, the above protecting group is preferably Fmoc group,
Boc group or the like, more preferably Fmoc group. The Fmoc group

20 is especially effective when there exists in the oligosaccharide a
sugar, such as sialic acid, which is relative unstable under acidic
conditions. The introduction of the protecting group may be carried
out according to a known process (for instance, Protecting Groups
in Organic Chemistry, John Wiley & Sons INC., New York 1991, ISBN

25 0-471-62301-6) .

For instance, when Fmoc group is used, an appropriate amount

of acetone is added to the mixture containing 3-branched

asparagine-linked oligosaccharides, 9-fluorenylmethyl-N-



conditions. The introduction of the protecting group may be carried out
according to a known process (for instance, Protecting Goups in Organic
Chem stry, John Wley & Sons |INC. , NEM/XOrk 1991, ISBN 25 0-471-62301-6).
For instance, when Fnoc group is used, an appropriate anount of acetone is
added to the m xture containing 3-branched asparagine-|inked

ol i gosaccharides, 9- fluorenylnethyl-N 9 succinimdyl carbonate and sodi um

hydr ogencaiRenahea@ &ritohleE afldeitRenpdfositdinsagtyedre and dher eaf ter
the resulting mxture 1is subjected to a binding reaction of Fnoc group to

an aspar agided tABF&ty adld d9sSo1vhEr ey ther &G JtdepPrean bihd Mikedweed into
the 5 asparagi ne noiety of the above 3-branched asparagi ne-1|inked

ol i gosacdharubgecAet Adddianyih@itder qarcad edus £ SFmes griohedtabay eassparagihar e of

3- branched asparagi ne-1inked oligosaccharide derivatives into which a

| i pophi | im»iertet @ct2nNdC griigrdby ikhér polbtc edtoup obh abereicht rbduthe 1metsailtiheng

m xture of 3-branched asparagi ne-linked oligosaccharide derivatives having
t he | Ppopisiveiragpretreditsitye ofr oy abdaver ddbeaechete eeparagine t Harkesubj ected to
known chr omat ogr aphy,  especially to fractionating chronmatography, to

separ at e ¥Hgosaerhafatdqres i ndivi dual | y. The separation of the derivatives by

15 chromat h be_done by suitabl ' i ng
chr ot ogr aphi CCHEERGY 7° CORLPRIETO Bf USHCRL R GHfitGgr ApHr e FetHods. For

i nstance, the rgsu&l, ta{rn .ilq‘ie)-(iyrg}?ecf)folﬁi_ggragg@agrdigdéﬁa%%gggg%} ésl ii@ll%%dwh'ch a

; ’q¥ancae
ollgosacc arl de eritvarlives I's puril ratiron colum

chr omat Og.ri%BB){iléé‘dpxt&%Gtﬁ?Hﬁi&cﬁfb By %Ek?&ddipéﬂc-ismﬁtg%éﬁm whi ch can be
used in HPLC Is preferably a reverse phase
10 The resulting mixture of 3-branched asparagine-linked
oligosaccharide derivatives having the lipophilic protective group
introduced thereinto is then subjected to known chromatography,
especially to fractionating chromatography, to separate the
derivatives individually. The separation of the derivatives by
15 chromatography can be done by suitably using a known single
chromatographic method or combination of such chromatographic
methods.
For instance, the resulting mixture of 3-branched
asparagine-linked oligosaccharide derivatives is purified by a gel
20 filtration column chromatography, and then purified by using HPLC.
The column which can be used in HPLC is preferably a reverse phase
column, for instance, ODS, phenyl-based, nitrile-based, or anion
exchange-based column, and concretely, a monoQ column manufactured
by Pharmacia, Iatro-beads column manufactured by Iatron can be
25 utilized. The separation conditions and the like may be adjusted by
referring to a known condition. According to the above procedures,

each of the desired 3-branched asparagine-linked oligosaccharide

derivatives can be obtained from the mixture of 3-branched



colum, for instance, ODS, phenyl-based, nitrile-based, or anion

exchange- based col um, and concretely, a nonoQ colum manufactured by

Phar maci a, | atro-beads col um manuf act r&d by latron can be 25 utilized. The
separation conditions and the |ike may be adjusted by referring to a known
condition. According to the above procedures, each of the desired
3-branched asparagi ne-linked oligosaccharide derivatives can be obtained

fron1theéﬂ%%&%ggngf1#§§$@a8§@§5g§ékh§y§ggrgg}{ggéﬂv%ged ol i gosacchari de

derivati ves. Br anc aspar agi ne-1inked ol i1 gosacchari de derivatives

having a desiredpsHfiakedNAigarabiHE k&R 1B80 9N A8 dcbYert vaRSI&S i Ng
sugars (e.g., fucose) to the various 3-branched 5 asparagi ne-Ilinked

ol i gosacchatingea dgsd Mald vagaphitaiined tahoverav ddn de gbysdsad tuyansf erase. For
exanpl e, transfer of fucose with a glycosyltransferase affords a 3-branched
aspar agi necahshkedinolsugasac¢hag | d€udeseyato viehehanairigua ddsiamethesiugar chai n
structure containing fucose. Further 3-branched asparagi ne-1inked 10

ol i goSaccsmerdeinerlinkedy esigesdaradddier dar svafdiveshab hasnedi@boves wibhda
different in node of |inkage can be obtained using different

gl ycosyl tHanep¥t et erneef udede Skambee usedris§ esnetl detressl Wy thvai | abl e
commercially, or one prepared by chem cal synthesis. 15 Exanples of fucose
transferé§é§°ﬁ¥éfﬂ19%ﬁé§aﬁﬁoggﬂﬁéﬁbFaprVra%ﬁﬁ%qzﬂ?Péreghﬂ%T%ﬁ 9%, those

natural ly occurrirg%. d tgose .y a%ngd de gpetic reco i.nation. A suitable
fucos t 1 SHSPEFaSETdls f57 SEr Bl LA AT dcROPEiied WHPRT (T HI 6 25F thERose to
be transfgrce ingﬁ‘al o%.es.pﬁrftir@reé‘gﬂ@érﬁcﬂ;% EEPE?%&H&Q%&%@SG. V 20 (human
reconbi nant, plasha-derived, seruntderived, mik-derived or |I|iver-derived)
whi chgi s AR gBRZYMRL fidle HEBDSL €I vdNBal/if9S@ed B dY sugar chain structures
and different in mode of linkage can be obtained using different
glycosyltransferases.
The fucose to be used is one generally available
commercially, or one prepared by chemical synthesis.
15 Examples of fucose transferases usable are those generally
available commercially, those naturally occurring and those
prepared by genetic recombination. A suitable fucos transferase
can be selected in accordance with the kind of fucose to be
transferred. A more specific example is Fucosyltransferase V
20 (human recombinant, plasma-derived, serum-derived, milk-derived or
liver-derived) which is an enzyme for transferring fucose to N-
acetylglucosamine on the nonreducing terminal of asparagine-linked
oligosaccharides. Alternatively, fucose can be transferred using
fucosidase and shifting equilibrium as by pH adjustment.
25 The present invention further provides a process for
preparing various isolated 3-branched asparagine-linked

oligosaccharides in large quantities. This process includes,

subsequently to the step of preparing 3-branched asparagine-linked



acetyl gl ucosam ne on the nonreducing term nal of asparagine-I|inked

ol i gosaccharides. Alternatively, fucose can be transferred using fucosidase
and shifting equilibriumas by pH adjusffﬁnt. 25 The present invention
further provides a process for prepari’ng various isolated 3-branched
asparagi ne-1inked oligosaccharides in large quantities. This process

i ncl udes, subsequently to the step of preparing 3-branched

aspar agi r@L1|g'o@,5@9h§91dé)|de§9§§€%rdrd%eg§(ré¥§$é§/eoforthgefbi/@&dl\éﬁgs oHockhe

foregoi ng process for preparing such derivative, the step of renoving the

protecti vigor @repRridPmidheqeesvhtivey Inbr apsheask %%ﬂ\%b@ﬂ? nend ighRlctive
ol i gosacchari de derivative or derivatives. 5 The renoval of the protecting

group fr ayadule f aspatiagirneeul kinged kanghsacedwdtdh ndelinréd ve can be carried
out in accordance wth a known process (for instance, see Protecting G oups
in O ganildgChentliride Jemmvetiey o& SemsvatiBres New York 1991, | SBN O-
471-62301-6). For instance, when the protecting group is Fnoc group, 10 the
Froc §roup can The remevel oy thedprgtemirisisobiraept bramhehe- agpanehite -
aspar agi ne-1inked, ol i gosaccharide derivative in N, N _di nmethyl formam de (DWF)
to carry lGakefihel tERAG AT ien 41 VRtRER CaakE C@&élﬁfﬂoﬁ‘btc’d'ha&?qréﬁﬁ%d by a
weak acid ter, the renoval of the.protecting group, a

reaction with
3-branché&t§sﬁa¥%@%@rf§eﬁﬁnk owsgtsgaech%?? Gy B (PR y ot al ned by
purifyi n%%%"ﬁ‘ﬁr gagtl 0” {7 XtHoﬁan' i1y r&og?ngrﬂ&essl\]% %91? V&4 OYSpy ¢.

chromato i és enp ?hg tration col'unm, an Ton eXchange col um

or the lijg. 35381 PELCARY % sehal awhgﬁefeﬂe%’ e%ftéﬁssgaféﬂp 1bé" f‘&t%%eam&%from

protecting group Is a enzy group, renova enzyl
the agpara@ BRoki fk&fh ahdpsas&hiidddey 8881 NAtiotphedinbecSaid ed out in

accordance wth a known process
branched asparagine-linked oligosaccharide derivative in N,N-
dimethylformamide (DMF) to carry out the reaction. On the other
hand, Boc group can be removed by a reaction with a weak acid.
After the removal of the protecting group, a 3-branched asparagine-
15 linked oligosaccharide may be properly obtained by purifying a
reaction mixture by a known process such as various
chromatographies employing a gel filtration column, an ion exchange
column or the like or a process of separation by HPLC as desired.
In case the protecting group is a benzyl group, the removal
20 of the benzyl group from the asparagine-linked oligosaccharide
derivative can be carried out in accordance with a known process
(for instance, see Protecting Groups in Organic Chemistry, John
Wiley & Sons INC., New York 1991, ISBN 0-471-62301-6).
The present invention provides an asparagine-linked
25 oligosaccharide wherein a 3-branched asparagine-linked
oligosaccharide has a biotinated or FITC-bonded amino group
nitrogen atom.

The term "biotination” refers to the formation of an amide



(for instance, see Protecting Goups in Oganic Chem stry, John Wley &
Sons INC., New York 1991, |SBN 0-471-62301-6). The present invention

provi des an asparagi ne-linked 25 olig ccharide wherein a 3-branched
asparagi ne-1inked oligosaccharide has @ biotinated or FITC bonded am no
group nitrogen atom The term "biotination" refers to the formation of an
am de 12 bond by the reaction of the am no group of 3-branched asparagi ne-

l'i nked 0'15%8399&%@&&%9 theagarhaxyl ?gswrbfofy,-B&%&ﬂeéva{%%rﬁa@in@- The

term"Fl onding," refers to the formaiion of 5 1sothioam bond by the

reaction 1@fhxkReoaddn @havpaefwiibrearc bedboasP yragbnes | bikesh olvigagagchari de
with the isothiocyanate group of fluorescein isothiocyanate (FITC). The

i nventi om)al so provides a process for preparing an asparagi ne-I|inked

ol i gosacchari de wherein a 3-branched asparagi ne- 10 |inked ol igosaccharide
has a bi oti nat @heotefh TEGIMhdeddany N0 mrfeus toi theodgenrmatdorm dhe process for
preparing a biotinated or FITC bonded asparagine-linked oligosaccharide can
be pract iised¢hipenidxdepdebybihe piegdatigni af dre Fovidengrewr RTQ -brenghtdo
group nitrogen of 15 asparagine in the 3-branched asparagi ne-1inked
oIigosacéﬁﬁ@Fé@ln?ébV%%%HOéégQE%ﬁﬁanééeaBbV%ﬁj¢héSBFg%??¥ﬂ44£? GFopRect

i nvention_can be effected by a known rocess. A biotinated 3-branched

aspar agi PPFﬁEE@FQﬂﬁ%ﬁ§§é88%%??Eﬁa(Eggﬁ be obtai ned, for exanple, by

di Ssol ving a 3yjhranched 20 aspar aginerdd nked oligosaceharlde in water
addi ng sodi um “bi"car onate o the 3ot uti on aﬁdlng &iﬁb?ﬁyf%ognanlde havi ng
D-(+)- asparagine-linked oligosaccharide wherein a 3-branched asparagine-
10 linked oligosaccharide has a biotinated or FITC-bonded amino group
nitrogen atom.

The process for preparing a biotinated or FITC-bonded
asparagine-linked oligosaccharide can be practiced, for example, by
biotinating or bonding to FITC the amino group nitrogen of

15 asparagine in the 3-branched asparagine-linked oligosaccharide
isolated as described above.

The biotination of the invention can be effected by a known
process. A biotinated 3-branched asparagine-linked oligosaccharide
can be obtained, for example, by dissolving a 3-branched

20 asparagine-linked oligosaccharide in water, adding sodium
bicarbonate to the solution, adding dimethylformamide having D- (+) -
biotinylsuccinimide dissolved therein to the mixture, reacting the
resulting mixture at room temperature for 20 minutes, and purifying
the reaction mixture by a gel permeation column or the like.

25 The present invention provides a microplate having a
biotinated 3-branched asparagine-linked oligosaccharide
immobilized thereto. The microplate can be produced by reacting a

biotinated 3-branched asparagine-linked oligosaccharide with an



bi oti nyl succi ni m de dissolved therein to the mxture, reacting the
resulting mxture at roomtenperature for 20 mnutes, and purifying the
reaction m xture by a gel perneation co ym or the like. 25 The present
invention provides a mcroplate having a biotinated 3-branched
aspar agi ne-1inked oligosaccharide inmmobilized thereto. The m croplate can
be produced by reacting a biotinated 3-branched asparagi ne-Ilinked

ol i gosaP%rdiﬁst%tﬂ%%ﬂéteayésﬂg.n,a_tp%dqhergplﬁite& §- GommPFOLHCL, Of Pierce)
commercially avallable.” The invention also provides an affinity colum
havi ng iggmbibiged thereto a biotinated 3-branched asparagi ne-linked 5

ol'i gosacchari de. The colum can be produced by reacting a biotinated

3- branched aspamzgiineeht dedlchb gosatddarande fiihhtwncolamindhaaieg affinity
colum commercially avail able. A 3-branched asparagi ne-1|i nked

ol i gosacchebdéized therdetodedbit¢tirktE@ dcboamiheyl tespthegimyehinked by a known
process, for exanple, 10 by dissolving the 3-branched asparagi ne-Ilinked

ol i goSaccHdgrdactmmiter , Theldlaigmaceabnke ArPeaiuhy bieantiiogate to t he
solution, adding_ fluorescein isothiocyanate to the m xture, reacting the
resul ti ngintirared at -heashednpEpatiagiecr dinkeh RIrigosaRaENpEHIT Witd 2Rhe
reacti on mxture such as by | permeation.colum. 15 The FI TC- bonded
3-branchéﬁ”ﬁ%ﬁéF%@i?ékﬁqlﬁweagﬁwwgé§ﬁgfﬁﬁF?h%y ?ﬁﬁ%ﬁaﬁéa‘by the invention is

useful for the regsearch on acceptors ,.of ccharides in . the_ livi y
(i Ssues and foft Chocroeast anrarto e LR BEaBbes o Sonrt Bt mhe

removal qf, Fhecaspas in@et[IPhSé yiJJe%@iBHebQ?r%%egrﬁge PHAIILQEmL1 Oked
ol i gosacchari de can be Carried out I n accordance wt a Known process. For
i nstagce,pyt Res3oby AF e 3SPAERMd¥easparagine-linked oligosaccharide in
water, adding acetone and sodium bicarbonate to the solution,
adding fluorescein isothiocyanate to the mixture, reacting the
resulting mixture at room temperature for 2 hours, and purifying
the reaction mixture such as by gel permeation column.
15 The FITC-bonded 3-branched asparagine-linked oligosaccharide
obtained by the invention is useful for the research on acceptors
of saccharides in the living body tissues and for the research on
the sugar bond specificity of lectin.
The removal of the asparagine moiety from the 3-branched
20 asparagine-linked oligosaccharide can be carried out in accordance
with a known process. For instance, the 3-branched asparagine-
linked oligosaccharide is reacted with anhydrous hydrazine and then
acetylated to remove the asparagine moiety, whereby 3-branched
oligosaccharide can be obtained. Also, 3-branched oligosaccharide
25 can be also obtained by refluxing the 3-branched asparagine-linked
oligosaccharide with heating in a basic aqueous solution and

thereafter acetylating the 3-branched asparagine-linked

oligosaccharide to remove the asparagine moiety. After the removal



| i nked ol i gosaccharide is reacted with anhydrous hydrazi ne and t hen
acetylated to renove the asparagi ne noi ety, whereby 3-branched

ol i gosaccharide can be obtained. Al so, J3rbranched oligosaccharide 25 can be
al so obtai ned by refluxing the 3-branched asparagi ne-1inked oligosaccharide
with heating in a basic aqueous solution and thereafter acetylating the
3-branched asparagi ne-linked oligosaccharide to renove the asparagi ne

moi ety. Afg @het REpd RIPVRI mddetPf de 235852 NG 1RTRI ﬁ[a%, bd h&u0ldig@sacchari de
may be purified ‘appropriately by a known process such as various

chr omat ogipprbbesat NP Iy aNgnéwl edrdddskr att®na £ AladiBus adht ik gEadRgescol um
or the like, and a separation process by HPLC as desired. 5 As described
above, acopildiyhggt® ddle fplesenion mednimnonantin eXchraoe hheol wsparaghae- | i nked
ol i gosacchari de derivative, the 3- branched asparagine-Iinked

ol i gosacdlidei dendral separathemretetessobygbBae cradedaréfer ei nafter these three
terns are collectively referred to as "oligosaccharide series" in sonme
case) Seach haviA$gdgsapikrSiabeyeol reeREticlatPdEhe tR RSN e 1BEAN BECTHr dfdr ed at
a | ow cost efficiently and in a Ia&ge anount .. The oligosaccharide series

of the i nivOREPEReGASRASAGIBEEHIked RLLARSRTRNAF ide d8TLYRphEnt tOF 3-

h ti F I I, f : I f
appl | cat FGRPEOSF PP SHA0ET DHHERH o0PoaragS =S a8nb0n {IAEHEarrs

[ ving by CORREena AR Eln ool SPRER TR (R pfepdieiiebPuen to

the humgnrhodysas, & Va6eiP6saSURIT1aR oL posacehabhdeci ) RIS hBgingrow h
of cancer. If the desired oligosaccharide series can be 20 produced

accon @i NGis@rbfeoi yealccalridd dt5uR@eskblsn te Preparedaat \WBAGWNeowki ch is
effective for treating cancer. The
efficiently and in a large amount.

The oligosaccharide series of the invention are very useful
in the field of development of pharmaceuticals. For example,
vaccines for cancers are an example of application to the

15 development of drugs. It is known that cells developing cancer
produce an oligosaccharide which is not found in the living body.
It is also known that when chemically prepared and given to the
human body as a vaccine, such an oligosaccharide inhibits the
growth of cancer. If the desired oligosaccharide series can be

20 produced according to the invention, it is possible to prepare a
vaccine which is effective for treating cancer. The
oligosaccharide series obtained by the invention can further be
made into derivatives by attaching novel sugar residues thereto
through combinations of chemical reactions and reactions of sugar

25 transferases for the preparation of novel vaccines.

While for example, erythropoietin (EPO) which is a
glycoprotein is used as a drug for treating anemia because of the

ability thereof to proliferate erythrocytes, it has been found that



ol i gosacchari de series obtained by the invention can further be mnmade into
derivatives by attaching novel sugar residues thereto through conbinations
of chem cal reactions and reactions of gar 25 transferases for the
preparation of novel vaccines. While foor exanple, erythropoietin (EPO
which is a glycoprotein is used as a drug for treating anem a because of
the ability thereof to proliferate erythrocytes, it has been found that 15

EPO fai | 5900 ¢8XD5 bid B&hLY LY MENNANERTINEP: I&O%qeggéée&%ﬂ%d%nded
t hereto. Thus, proteins 1 nclude those exhibiting physiological activity

when haviggrako0l ig0sacEhatd iR hapdade thasst exnsp:ithad ftysiologossibl e to
prepare a protein in a large quantity by an E. coli 5 expression system

whi ch i s ddtdapabl whaf Haetdgngn obligesacehari de odndledt hrepstd cist, thad it
subsequent |y introduci ng an oligosaccharide prepared by the invention and
havi ng a idegiosetlbke¢ riectipreparatd fivdeipr b ed nlfryge gaasthyy the gor &.ecnlio
exhibit a physiological activity. Alternatively, a novel glycoprotein

havi n§ noveirephyeh oisfiegakhich et ilvicepabhn bl bopetingspregrnrdhariddactag
3-branched ollgosaccharldes prepared by the invention and having various
structuré@q ﬁF@ %Fﬁm§¥¥b6ubﬁ%ﬁ%ﬁqf1YF&PFH%??R&Q¥ 28| PgdeaRRIAIATAES present in

nat ur al rote| S can be,rep d with 3:-branched oI| osacchar] des
brepar ed G SAVEBC e Aty TG YRS (VIS SRS P DU OR RE0 Ghey t o

the glyc%pr% ?In U%%E%lngstﬁﬁ %%ﬂbH%“% f%%hlqﬂ@ %glggﬁé%|° i 193%%§99 !de

present in ycoprotelns ranche Sbt arned t he

I nventi on I [ C. H Wng,
e eS8 PN B o g s S SRt

gl yCopr OtRith vi Byt sRaR syt hés Brdt 252t )t SbaieasANNLIasENENdO-M SO as to
permt only one
oligosaccharides prepared by the invention and having various
structures into a desired protein.
Furthermore, oligosaccharides present in natural
glycoproteins can be replaced with 3-branched oligosaccharides

15 prepared by the invention to thereby give novel physiological
activity to the glycoprotein. Useful as a technique for replacing
the oligosaccharide present in glycoproteins by the 3-branched
oligosaccharide obtained by the invention is, for example, the
process disclosed in P. Sears and C.H. Wong, Science, 2001, vol.

20 291, pp. 2344-2350. With this process, the glycoprotein is treated
with [3-N-acetylglucosaminidase (Endo-M) so as to permit only one
N-acetylglucosamine moiety to remain bonded to the asparagine
moiety on the surface of the glycoprotein. Subsequently, a desired
3-branched oligosaccharide obtained by the invention is bonded to

25 the N-acetylglucosamine moiety using (3 -N-acetylglucosaminidase
(Endo-M). It is also possible to prepare a glycoprotein having N-

acetylglucosamine moiety utilizing an E. coli expression system and

using tRNA having N-acetylglucosamine bonded thereto, and to



N-acetyl gl ucosam ne noiety to remain bonded to the asparagine npoiety on the
surface of the glycoprotein. Subsequently, a desired 3-branched

ol i gosacchari de obtai ned by the |nventllo{1 is bonded to 25 the

N acetyl gl ucosam ne noi ety using R Nacetyl gl ucosam ni dase (Endo-M . It is
al so possible to prepare a glycoprotein having N- acetyl gl ucosam ne noi ety
utilizing an E. coli expression systemand using tRNA having

N acet yl rPgQ,q t he d t
desired gélﬁ\rgaggé I gosggc%a(?%%egg{i albgr’;g%é@ea%gol? ?ﬁé&?%aﬂ?é %g)\bl%ﬁ{l ?gn into

the gl ycopicok8kAgWd NtHeS@nobn EN6l0-iMeoPrasesiydbpridteiSRi 0h He/ GIPEAEBLAS as
t herapeutic drugs involves the problemthat the gl ycoprotein adm nistered
is 5 metabolizedeabnalj gihea alse becqussprMderifkahs Ctirtiaheusicedbwed from
t he oligosaccharide termnal of the glycoprotein in vivo, the glycoprotein
i s net abdnivoédes noteel ipatobll ymi bhathetHe wéycopootain sdmisasbered here is a need
to give the glycoprotein in a considerable anmount. It is therefore possible
to cohtr gietehelized af ambiabotratsmbEgauget ween isdiadg chadyd aigl nemogedr Eage t he
dose of glycoprotein to be given by preparing an oligosaccharide according
to the irenelégosaciharidpateEmingld akhithh JLvEHEPtednt 18 oV fehpée
i ncorporated therejn at its tereg nal, .and j nt rodﬁﬁl n%{t he ol i gosaccharl de
Efigo?

into the 9¥GAPEALTHR F JFVEBDt 11 r"r“WIeflﬁaEl%Jé' of* er5 BRETCMDE OF
CARRYI NG _QUT TH I I\JI:VENTI aOVnére present jnv téoonro 'em decscrl g gﬁa th
ref er encd FE"t he 01 I'SwengCekanpides® SUE T8RO 88 § SH1ESE 78R A%l es

Exa”p' € ]ﬁ_{n%‘an et tnléléﬂ%e?c&”éagg% ie"‘@é g s iV@r‘i’e %h%p}ﬂﬁ{é’o&%én?r
in P , was t hereafter ed to the
10 in the living body and to decrease the dose of glycoprotein to be
given by preparing an oligosaccharide according to the invention,
with sialic acid which is difficult to remove incorporated therein

at its terminal, and introducing the oligosaccharide into the

contemplated glycoprotein with use of Endo-M.

15
BEST MODE OF CARRYING OUT THE INVENTION
The present invention will be described with reference to
the following examples, but is not limited to these examples.
Example 1
20 Fetuin (1 g, Sigma Corp.) was dissolved in phosphate buffer

(7.0 in pH, 40 ml), and NaN, (10 mg) was thereafter added to the
solution. To the mixture was added Orientase ONS (HBI Enzymes Inc,
1.5 g), and the resulting mixture was allowed to stand at 50 C for
about 12 hours. The completion of reaction was confirmed by TLC,

25 and the reaction mixture was thereafter filtered with cerite. The
filtrate was concentrated, and the concentrate was purified by gel
permeation column chromatography (Sephadex G-25, 2.5 X 100 cm, H,0).

The fraction containing the desired oligosaccharide was collected,



solution. To the m xture was added Oientase ONS (HBI Enzynes Inc, 1.5 Qg),

and the resulting m xture was allowed to stand at 50 C for about 12 hours.

The conpl etion of reaction was confirnmed by TLC, 25 and the reaction m xture
was thereafter filtered with cerite. Th filtrate was concentrated, and the
concentrate was purified by gel perneation colum chromatography (Sephadex

G 25, 2.5 x 100 cm H20O. The fraction containing the desired

ol i gosacchard.de - ¥asq Cald etgqggdf%&gze cant 1y efeandel e d (Reagydri ed. To

the resulting residue were ad yrochloric

aci d- cal cidyBuehb s | ft9) mfef efackd ut wems(ﬂy&dmowc 28i a1 0a 1278 mNahBo £ 18 M)
to obtain a solution. To the solution was added Actinase E (163 ng), and

the 5 m xdufferwaslaticwed .coistsnd Fo0m148aheunan, Wi b enddeiteg obliecked for pH
at intervals of 12 hours. After the conpletion of reaction was confirmned by
TLC, the sdattibon moxtheesohastifan twaedddedhAceindss E t(hé3f myl r admed wase
concentrated, and the concentrate was purified by gel perneation colum

chr omét ogriagtly e ( Seplridewet- 26, stargl Xor088chpudd) wHiQp. bFhes felestkiesh for

contai ning the desired oligosaccharide was collected, concentrated and then
freeze- drite@t Fotere e g?nbomf%si Yleendd e ¢aBE 1 abi epvIGCregsit 41 0¥ s and
the m xture was allowed to stand at 80C for 1 hour and_then neutralized.

The reactBFiTREEtRY fas tESnE%’i‘ﬁtrJé’tneﬂuxﬁﬂﬁe t VRS (,fdllr(?@ﬁ?ﬁia‘fjetl}/\é'serﬂﬁrevfl ed by
| 15 h hadex 2 H20
The Tractiitn FeORFarni g ERBCRRaT A r‘ﬂ?‘i&é@é&%&e SHEEA s gl by
concent L1 Uongr- oLy The CooHAing op gk 4o iokyed i

Di mstlby' f}pérramrﬂ@ ELIL@IdN REnEADET{PUnd Faot ¥ed aﬂ%ro%becwgﬁdé hen added to
the m xture, followed by reaction at room tenperature

collected, concentrated and then freeze-dried. To the resulting
residue was added 40 mM HC1l solution, and the mixture was allowed
to stand at 80°C for 1 hour and then neutralized. The reaction
mixture was concentrated, and the concentrate was purified by gel

15 permeation column chromatography (Sephadex G-25, 2.5 X 100 cm, H,0).
The fraction containing the desired oligosaccharides was collected,
concentrated and then freeze-dried. The resulting residue was
dissolved in water, and sodium bicarbonate was added to the
solution.

20 Dimethylformamide containing Fmoc-0Su dissolved therein was
then added to the mixture, followed by reaction at room temperature
for 1 hour. After the disappearance of the material was confirmed
by TLC (isopropanol:1 M ammonium acetate aqueous solution = 3:2),
the reaction mixture was concentrated using an evaporator. The

25 residue was purified by gel permeation column ( f 20 mm X 300 mm,
Sephadex G-25, water). The fraction containing the desired
oligosaccharide was collected, concentrated and freeze-dried. The

resulting residue was purified by a HPLC fractionating column (YMC-



for 1 hour. After the disappearance of the material was confirmed by TLC

(i sopropanol :1 M amoni um acet ate aqueous solution = 3:2), the reaction

m xture was concentrated using an evapayat or . The 25 residue was purified by
gel permeation colum ( f 20 mm X 300 mm Sephadex G 25, water) . The
fraction containing the desired oligosaccharide was collected, concentrated
and freeze-dried. The resulting residue was purifi ed by a HPLC

fraction c@gFeQIHer Y 01:_1,% %PZQCkZORX&ZQO\CIRF S‘}% ﬁcnglg}g_r%(u% .mm AN 25

mV AcON m/mn engt'h™2 eak of the
main  fragliggn ﬁlytrﬂd/naa,wauépélgtmﬁmeaf hRy . WaseCpbdecdedhecpnegNt rated and
then desalted by an ODS col um. The product was freeze-dried 5 to coll ect

t he resulftrakgidn bénnetiedsoni gosear dnetred et é1. wh o010 edRed mad)en twhitell was

t hen di ssolved in 50 nM of cacodylic acid buffer (6.0 in pH, 250 m), and
bovi ne semdmtabbudesal(tB8APy lamy)Dhvasluhen Thededodect heassdiretrendriled t he

m xture were added CMP-sialic acid (3.9 ng, 6.1 mmol es) and al kali ne
phosphat dse cpllatt I8 wesusyind ( dyanchedrebidasasghar kder €l Wag9st Pr d2d
uniformy. Finally, a2,6- sialyltransferase (CALBI OCHEM Inc., 100 ml) was
added t o ™19&e) ni Wiifite wagnghem Jr%}l"ﬂdngnn?%“ﬁ’% ©efngacatybiefaid SREABrat 370

C for 36 haurs. The rea ion t.erm nated when the starting material
al most  di SafpdBrf i Shea? Vi1 ﬁ?ﬁ‘flﬁrael%nbgpﬂﬁ 15 “Wgniwtaﬁvélaelby

HPLC, and t.h |on re,wa ilier an 1Iter The
filtrate \ﬁéisgcgﬁgtgﬁ rszft’tltla1 %% rér ugggtrﬁl)&u%%arvfteitr é?(%dr%ererHMI:p %%er eadfter
purlfled X S 5-A, 20 X
250 mm A%%mﬁjwl ' o{ﬁﬁﬁ%g ?%ﬂé@%lk%g/lggnpﬂ/ %&r%t% B %‘qa%)e ‘%%%74 nm .
The dgsi red %hgor@gﬁrmsdmméf@m@ LgosACE hAli f@%mws %llwa@@y' Ng3leninutes.
The “fraction was collected, desalted by an ODS col umm, concentrated and
sialyltransferase (CALBIOCHEM Inc., 100 ml) was added to the

mixture, and the resulting mixture was allowed to stand at 37° C

for 36 hours. The reaction was terminated when the starting
material almost disappeared while the reaction mixture was being

15 monitow¥ed by HPLC, and the reaction mixture was filtered with a
membrane filter. The filtrate was concentrated to reduce the
quantity thereof and thereafter purified by a HPLC fractionating
column (YMC-Pack R&D ODS, D-ODS-5-A, 20 X 250 mm, AN/25 mM AcONH,
buffer = 18/82, 7.5 ml/min., wavelength: 274 nm). The desired 3-

20 branched trisialooligosaccharide was eluted in 11 minutes. The
fraction was collected, desalted by an ODS column, concentrated and

freeze-dried to obtain 250 mg of the desired product (18.5%).



freeze-dried to obtain 250 ng of the desired product (18.5%. 19 O OOC HO
HOHp HOL N9 HOWM4OI N h1HAc H3C OH HO CH O O HOHO COON O OH OH H HOBO
/OOHH OON\NH H3C OHHO HOXa.Oto O HcOIll COOH 17. 'O G o HOOC
NHACHO HOO~-H~' ~H*QO'Oy/ O H C~N HO HO itNHAc 3 O The structure of the
above oligosaccharide is shown bel ow NeuAc: sialic acid, Gl: D gal actose,
GLcNAc: N-acetyl glucosam ne, Man: D-nmannose, Asn: asparagine 5 NeuAc a 2- -
6Gal 13 1- -4G cNAcydbd- -2Man a 1 NeuAca2- 6GalR1- 4GLcNAC131N

6Man131- 4GLCcNACHHHOAGLENAS:  Asn-Froc  4Man a 1.141 2 NeuAca2-
131-4d cNAc 01. Léu- ' t aNfRé the resulting conpound

follows. 'HH D2 ¢i0D=4. 81)
HQ\ o
° 00
HQHO  GOOH on won, Y
H-C HSWO'OHO %0 HO HQ ég"l?ééngwNH
3“1 HO HO%O_& Q o NHAc NHAco CcooH
0 o NHAcHO
, Hooc vt 5
Ho 9 oH 0. Fo0/
HOIV: l?ok\;eofﬁo NHAc
0

The structure of the above oligosaccharide is shown below.
NeuAc: sialic acid, Gal: D-galactose, GlcNAc: N-acetylglucosamine,

Man: D-mannose, Asn: asparagdine

NeuAc a2 6Gal B8 1=-4G1cNAc B 1=2Man a I

6
NeuAc @ 2-6Gal B 1--4GIcNAC B I 3Man B 1= 4Gl cNAc B 1= 4Gl cNAc>Asn-Fmoc

4
2Man<11’(

NeuAc e 2-=6Gal 8 1=4GIcNAc 8 17

The 'H-NMR data for the resulting compound are as follows.
'H NMR (400MHz, D,0, 30C, HOD=4.81)
d 7.90(d, 2H, Fmoc), 7.70(d, 2H, Fmoc), 7.50(dd, 2H, Fmoc), 7.42(d4d,
10 2H, Fmoc), 5.11(s, 1H, Mand4-H1l), 4.97(d, 1H, GlcNAcl-H1), 4.91 (s,
1H, Man4'-H-1), 4.75(s, 1H), 4.45-4.60(m), 4.42(bd, 3H), 4.33(1H,
Fmoc), 4.20(m, 3H), 4.09(bs), 4.10(m, 2H), 2.60-2.80(m, 4H, Asn-bCH,
NeuAc7,7',7"-H3eq), 2.40-2.60(m, 1H, Asn-bCH), 2.11, 2.08, 2.05,
2.01, 1.86(each s, Ac), 1.77(ddd, 3H, NeuAc7,7',7"-H3ax)
15 Example 2

The compound prepared in Example 1 was dissolved, in an

amount of 2 nmoles, in about 10 [t1 of Tris-hydrochloric acid



d 7.90(d, 2H, Fnoc), 7.70(d, 2H, Fnoc), 7.50(dd, 2H, Fnoc), 7.42(dd, 10 2H,
Frmoc), 5.11(s, 1H, Man4-Hl), 4.97(d, 1H, GlcNAcl-H1), 4.91(s, 1H,
Man4' -H 1), 4.75(s, 1H), 4.45-4.60(m, 6,61042(bd, 3H), 4.33(1H, Fnoc),
4.20(m 3H), 4.09(bs), 4.10(m 2H), 2.80(m 4H, Asn-bCH,
NeuAc7,7',7"-H3eq), 2.40-2.60(m 1H, Asn bCH, 2.11, 2.08, 2.05, 2.01,
1.86(each s, Ac), 1.77(ddd, 3H, NeuAc7,7',7"-H3ax) 15 Exanple 2 The conpound

prepar ed Bxfff@fa”pﬂoe tiaewléélmfcﬁplw\é%@ ai8e M 0 ARRIALS Of £ ¥R @S cei An@bout 10
/tl of Tris-hydrochloric acid 20 buffer. To the solution were added 200

nmol es ofo GDRuf be OBE-@d trAnbf ekh WuBamyht rénsianase) V {funae mixture
reconbinant), and the mxture was allowed to stand at 370 C for about 2

hours forwascaglowed thetah@agti PN O £our£obomas 2dihbukedf o thea2@ibhl ofhe
ultrapure water and 5 thereafter subjected to capillary el ectrophoresis
(fused sitdacaiiosapittarey waSOdimted witB802¢m: lboffeltrak@envhter satbrate, 8.3
in pH 100 nmM heptane sul fonate, applied voltage 27 kV, tenp. 250 C, 214
rim Por Sepgratebrouly esedi hoac@lﬁfléﬁé’héﬁe%%w iefés| silica

ol i gosacchar.i de derivative cont ai ni n% fucose, 10 Fuc a 1X NeuAc a 2- 6Gl O

1-- 4Gl cN&P1AL13ry . AR 11¢- NethECm2Pufsenr HAQ I CRAS - Baratavaf-3 0403 cNAC
/3 1-4GlcNAc--Asn-Fnoc 4Nan a |/ 2_ NeuAc 2--66a| i3 1--4G.cNAc 31 Fuc a
110, FucdY9 7 Repigne, spligegfe g aprligg ERBAEa‘-’F?J? SNentegmm- 25 C, 214

nm) for separation to obtain a 3-branched asparagine-linked
oligosaccharide derivative containing fucose.

10
Fuc a 1\
3

NeuAc a2=>6Gal B 1-4GIcNAc B 1= 2Man a In
6

NeuAc a2 6Gal B 1-=-4GlcNAc B Iy 3Man B 17 4G1cNAc B 1= 4Gl cNAc>Asn-Fmoc

4
Man « 1/

/2
NeuAc a 2= 6Gal 8 1‘>4G1%NAC B1

Fucal’

Fuc a I
NeuAc a2 6Gal 8 1—>4G1§NAC B 1= 2Man a I
NeuAc a 2= 6Gal 8 1-4GlcNAc 8 1\4 gMan B 1=4GIcNAc B 1= 4Gl cNAc>Asn-Fmoc
2Mana "

NeuAc @ 2= 6Gal B 1-4G1cNAc B 17

NeuAc @ 2= 6Gal B 1=-4GIcNAc B 1 2Man a I\
6
NeuAc a2-=6Gal B 1-=4Gl1cNAc B Iy 3Man B 1= 4GIcNAc B 174Gl cNAc=>Asn-Fmoc
4
Man « 1/
/2
NeuAc a2=>6Gal 8 1‘>4G1(§NAC B1
Fuc a 1/

Example 3 (biotination)

15 First, 240 4L of N,N-dimethylformamide and 160 UL of

morpholine were added to the asparagine-linked oligosaccharide Fmoc



NeuAca2-'-6Gal 01--4GlcNAc/ 3k 6Man131--4Ad cNAc/ 31-'-4G cNAc--Asn-Fnoc 4 3
Man a 1 2 NeuAc a 2- -6Gl R 1-4G cNAc p | NeuAc a 2-- 6Gal [3 1--43 cNAc
[3 1- -2Man a 1\ NeuAc a2-'-6Gal/31--4GNAcl 31\ 4

Manl131- - 4G cNAcl 31--4d cNAc- - - Asn- Fnoc na 11013 2 NeuAc a 2- -6G1 13
1-4d cNAc 13 1 3 Fuc a | Exanple 3 (biotination) 15 First, 240 /LL of

N, N-di met hyl formam de and 160 /1L of norpholine were added to the

aspar agi Qeorddfuhﬁd algl%%aqﬁhgimﬁﬂ%e%mm%@gpeyn&l@qtaaat@%d LAa Berpl e 1

per /Lmole o atter the mxture was reacted at roomtenperature

in an ar gaxktateosphereactedhet cosgl aldmpRratur€aiai ia@dh angsn Cotdgprmraehy TLC
(devel oper solvent used: 1 M anmonium acetate:isopropanol =8:5), and the
react i on Thericeinpl etivas cfookedt iwr twaisceonéii emed hy the 1éacdliaqrenmisoiluyeatwas
added diethyl ether in 10 tinmes the amount of the m xture, foll owed by
stirring Jysed:15 Miammaes umaade take prsepirpbane - &dpar aniingheweagdsionfi | t er ed
off. The residue obtained was dissolved in water, and the solution was
evapobPat ai*aurg5@as \Wac eddui £ oirowagert. o ttheuspect i MHEtRESUYRS ng

resi due was further e orated. This procedure was repeated three_tines.
The resulatqdﬁ é%?%ﬂe%g? pb?ljf‘? éi:?'“l%? gBF a‘E?Hrtfm‘?fcﬁp‘én‘&’c’btd’r’%?phfoéé%ﬁ%dex
G 25, H2 g obt al an . aspar a i he- d rtlhed ol i, sta%char ai det havi nd Fnoc
group de OT.S &F]éhng inuctes, an e prec1 1 separa 1ng ou was

filtered off. The residue obtained was dissolved in water, and the
solution was evaporated at 35°C. With addition of 3 mL of toluene,

10 the resulting residue was further evaporated. This procedure was
repeated three times. The resulting residue was purified by gel
column chromatography (Sephadex G-25, H,0) to obtain an asparagine-
linked oligosaccharaide having Fmoc group deprotected.

The above compound (6 mg, 2.58 (moles) was dissolved in

15 water (300 (1), and sodium bicarbonate (2.1 mg, 24.9 Umoles) was
added to the solution. A solution of D-(+)-biotinylsuccinimide
(4.2 mg, 12.3 Umoles) in dimethylformamide (300 (£1) was added to
the mixture, followed by reaction at room temperature for 20
minutes. The disappearance of the starting material was confirmed

20 by TLC (isopropanol:1M ammonium acetate aqueous solution=3:2), and
the reaction mixture was concentrated using an evaporator. The
residue was purified with a gel column chromatography (Sephadex G-
25, water), affording the following biotinated 3-branched

asparagine-linked oligosaccharide derivative (6.2 mg, 94%).



The above conmpound (6 ng, 2.58 /Lnoles) was dissolved in 15 water (300 /i1l),
and sodi um bi carbonate (2.1 ng, 24.9 /Lnoles) was added to the solution. A
solution of D (+) -biotinylsuccinim dez (4.2 ng, 12.3 /Lnoles) in

di met hyl f ormam de (300 /11) was added to the mxture, followed by reaction
at roomtenperature for 20 mnutes. The di sappearance of the starting
material was confirmed 20 by TLC (isopropanol: | M anmni um acetate aqueous
sol uti on=3: 2) ang*ooph% eactl on m xture was concentrated using an

evapor at or. urNIHM ed with a gel colum chronatography

( Sephadex GHg ﬂ' the foll ow ng biotinated 3-branched
aspar agi ne- l'i nkigd ol | gosacc djerl vatl ve (6.2 ng, 94% . 22 HOOC HO
HO-H ~O AJ~r. N cHSC~pC]—IFO POHoHOO HO H% O NN- ng=“d NH
G,, OCH O kS cértC-THO Hp O p bﬂ;lAcO@OHOOCONHAcHO HO OH
HO-p iOON MHOHO I 1--2Man
a 1\ NeuA@carFH n( - GI NA otin
4Man a 1r 0 HOOC AcHO COOH
HO Hoe o 0O
0‘?;9} NHAc
H3c~rf
NeuAc a 2> 6Gal B 1==4G1cNAc B 1= 2Man a I
NeuAc a2 6Gal B 1-4GIcNAc B I\ gMan B 1= 4G1cNAc B 1= 4Gl cNAc>Asn-Biotin

4
Manal’(
/2
NeuAc a2 6Gal B8 1=4GlcNAc B 1

Example 4 (FITC bonding)
An asparagine-linked oligosaccharide having Fmoc group
5 deprotected was obtained in the same manner as in Example 3. The
above compound (1.4 mg, 0.60 Umol) was dissolved in 70 (1 of
purified water, and 70 UL of acetone and NaHCO;(0.76 mg, 9 Umoles)
were added thereto and stirred at room temperature. Fluorescein
isothiocyanate (FITC, 0.95 mg, 2.4 mmoles, product of Sigma Corp.)
10 was added to the solution and the mixture was stirred for about 2
hours. After 2 hours, the completion of the reaction was confirmed
by TLC, acetone was removed at a reduced pressure and the remaining
aqueous solution was purified by gel column chromatography
(Sephadex G-25, H,0) to collect desired fraction. The fraction was
15 concentrated and purified by HPLC (YMC-pack ODS-AM, SH-343-5AM, 20
X 250 mm, AN/25 mM AcONH, buffer=10/90, 7.5 ml/min., wave length:

274 nm). The fraction obtained was concentrated and desalted by gel



2 NeuAc a 2--6Gal 13 1--4G cNAc 13 | Exanple 4 (FITC bondi ng) .An
aspar agi ne-1i nked ol i gosacchari de having Fnoc group 5 deprotected was
obtained in the sanme manner as in Exa 3. The above conmpound (1.4 ny,
0.60 /.enol) was dissolved in 70 91 of “"purified water, and 70 /1.L of
acetone and NaHCO3(0.76 ng, 9 ![noles) were added thereto and stirred at
roomterrperature Fl uorescei n isot hi ocyanate (FITC, 0.95 ng, 2.4 mol es,
pr oduct t e ut was
stirred fo outlq%qaq:ho)grgﬂlghil),a ter ogrggI QJ)colﬁg ??%#%f ﬂt?ﬁl)egtrgéla(}\lct| on
was conf |vfa@dolb¥cﬂ-é£, c*BebADEa VB a!’rﬁ”ﬁ!‘@ézéidlalé'de@bCSﬂt@heS@iHe and the
remai ni ng aqueous solution was purified by gel columm chromatography

( Sephadexd®12Fing2udrescelihedt (HiEsi-beddédnct imanchkd &spetdgimenasdnkédd
concentrated and purified by HPLC ( YMC-pack ODS-AM SH 343-5AM 20 X 250
mm AN 25 Llilyose OGNk inlef der+t@t DG (2..3 mb/ nTh.5% wdedd) ength: 274 nm). The
fraction obtai ned was concentrated and desalted by gel 23 colum

chromat ogr aphy (Sephadex G 25, H20O) . The desired fraction was coll ected,
concentrated and fib&eze-dried to obtain the follow ng fluoresceined

(FI TG bonded) 8e0y a asparagi ne-1inked oligosaccharide derivative (1.2
ng, 73.5% yikiaj:dﬂ'ﬁ Ob%gegﬁwm H HO Po NHHAc H3C~ HO OHFfHO ' 0 O 00
0 1 H OH

N 0
0 W?oéL\ s N
HOHO COOH OH ﬁ’ @
ko] A % O
0 HO
Hsc‘nNHHO H wﬁ‘“‘/ ‘Z.Q( NHAc NHAco COOH O on
o

K% on Moo O
§=o y:
:O‘ri_ﬁo}o 210>""NHAC
HyC 7 VO HO> "OH
o

NeuAc a2 6Gal 8 1=-4G1cNAc B 1= 2Man @ I

NeuAc a2 6Gal B 1-=4Gl1cNAc B I\ 6ManB 17 4G1cNAc B 124Gl cNAc>Asn-FITC
4Manozl’(3

NeuAc @ 2= 6Gal 8 1-=4G1cNAc 8 17

Example 5 (Preparation of microplate)

10 The biotinated asparagine-linked oligosaccharide of Example
3 in an amount of 100 /[tg (corresponding to about 10 times the
biotin bonding ability) was dissolved in distilled water to obtain
1000 11 solution. The solution thus adjusted was placed into the
wells of 96-well BD BioCoat Streptavidin (product of BD Bioscience

15 Corp. for bioassay, bonding ability: 5 ng/well) in an amount of 10
11/well, and the wells were washed with distilled water three
times to prepare a microplate. The bonding yield of the biotinated

oligosaccharide was at least 95%. The fixation rate was calculated



SN/ O HHOCONOCOHOHH ~ THNHH OOHO0O HOH- ON Il I NHI OH H3C- HO
HO O 0 ONHAc NHACO COON | / O 0 HOOCO NHAc HO HO HO OH HO 0 O OOSi eNHAc

H3C HO ~H O NeuAc a 2--6Gal R 1- -4d c J3 1--Nan a I-,,, NeuAc a2--Vial
13 1- -4GcNAc L Iy 6 3Man O I--4G cNAC 1--43 cNAc- -Asn-FITC 4Man a 11 2
NeuAc a2--6Gal /3 |- -4GLlcNAc R Ix Exanple 5 (Preparation of mcroplate) 10

The bioti nated asparagi ne-linked oligosaccharide of Exanple 3 in an anount

of 100 JlgofCORE ESRANAItRIoE o PRRIME cLBat i 8 Srdri@ niRhobh pikandi ng ability) was
dissolved in distilled water to obtain 1000 JL1 solution. The solution thus
adj ust ed ewamppé ased i (Hrephhetioveldfs adfiAbGewedd1udid) Bi oCoat Streptavi din
(product of BD Bi oscience 15 Corp. for bioassay, bonding ability: 5 ng/well)
in an anount oRvi@inidddtweel beadad(pdmluwtl b Hetacviasioédware hEnb Stedriad wat er
three tinmes to prepare a mcroplate. The bonding yield of the biotinated

ol i gosac€rar i Hed wvaxkMiP LumdyidignDevheophnaet iMirnogphenes kallduliated 24 from
the quantity of oligosaccharide remaining unfixed. Exanple 6 (Preparation

of af$i nifpuebl b0 A} anf- QA% @Lhbaasitprest #EPasRIHE akiiikedof t war e

Engi neerin Co., Ltd., xMAP LunAvi di n Devel o nt Mcrospheres 1 ml) in an
9 ol?gosaccharide o% Example 3 were stirr dﬁ?n the foré)of a slurr%,

and the beads were filtered off and washed. Washing was done using
distilled water in an amount twice the volume of the beads, three
‘times on filter paper. Fixation was confirmed from the amount of
10 remaining biotinated oligosaccharide collected by washing.
Subsequently, 10 ml of beads having the biotinated asparagine-
linked oligosaccharide fixed thereto and 30 ml of distilled water
were packed in the form of a slurry into an open chromatographic
glass column (20 mm in diameter, 300 mm in length) to produce an

15 affinity column.

INDUSTRIAL APPLICABILITY
The present invention provides 3-branched asparagine-linked
oligosaccharide derivatives, as isolated and useful in the field of
20 developing pharmaceutical products, in large quantities with much
greater ease than the prior art. In addition to these derivatives,
the invention further provides isolated 3-branched asparagine-
linked oligosaccharides and 3-branched oligosaccharides in large
quantities with much greater ease than conventionally.
25 Utilizing the specificity of biotin-avidin bond, the
invention further provides an oligosaccharide microchip easily
merely by reacting a plurality of biotinated oligosaccharides on an

avidinated microplate, whereby protens can be clarified which have



5 anount of 10 m and 30 ng of biotinated asparagi ne-1inked oligosaccharide
of Exanple 3 were stirred in the formof a slurry, and the beads were
filtered off and washed. Washing was dgne using distilled water in an
amount twi ce the volume of the beads, three tinmes on filter paper. Fixation
was confirmed fromthe anount of 10 renmining biotinated oligosaccharide
col l ected by washi ng. Subsequently, 10 m of beads having the biotinated
aspar agi g1} ¢ pked b%aggéa&cé&rdﬂqcf b%fzgogarzﬁrh%trqd@nd 30 ml of distilled
water were packed in the formof a slurry into an open chromat ographic
gl ass colum (20 sraémn td agBlete 200 puwiiEn & eswdifilcoppbodiee aan 15
affinity colum. | NDUSTRI AL APPLI CABI LI TY The present invention provides
3- br anchedeaspir agioténbia& edl i guishgobacidariddodérdvatd vieiskedasoi 8ol at ed and
useful in the field of 20 devel opi ng pharnmaceuti cal products, in |arge
quantiti evsidindteduci fgnehy erolamye Bhdna tinextpirieorontaining addbtdtorint o t hese
derivatives, the invention further provides isolated 3-branched asparagi ne-
| i nked ohﬁg@%@dﬁﬁéﬂﬁﬂe§°a%EPQ%ﬂﬂQQﬁéMeHOQﬁ|Rﬁﬁ%§€0hé@?tﬂﬁ$QQ1 large quantities
wi th nuch_greater ease than conventionally. 25 Utilizing the specificity of
bi ot i n- aft AFASHERRT 10Rels | RRASAG GHrPﬁg?rﬁﬂe POV esWRRr A jb&ateRiFede
nlcrochlg eaS|Iy mer el y by. rﬁ % |ng a plurality of biotinated
ol i gosacCREFFHRLY SA™ BYitiHACES ni cropl ate, whereby protens can be
clarified whi C? 8%0 Qb' éé% %TR%”?lhﬁe@ &H;%'SEEShQin&O%%Cc%%V 'fade In

e an y a specl I ed

order to isola puri rotern ¢ biotina

ol i gosacghatige; jenkeBAeds ﬂfsdeffullxﬁgrtQh@rkes%‘éhrghnéﬁ %@cc@c t'o%t ygcolum, and a
m xture containing a protein 5 having ability to specifically bond to the

bi otimat @dccharides in the living body tissues and for the research on the

sugar bond specificity of lectin.



ol i gosaccharide is passed through the colum, whereby the desired protein
only can be isolated. The FI TC bonded asparagi ne-linked oligosacchari de
obtained by the invention is useful f the research on acceptors of 10
saccharides in the living body tissues and for the research on the sugar
bond specificity of lectin. 26 CLAIMS 1. A 3-branched asparagi ne-1inked
ol i gosacchari de derivative of the formula (1) wherein the nitrogen of am no
group of asparagine is nodified wth-gyfpgoophilic protective group, biotin
group or FITC group 5 HO HOOC nHO HN g0 O }~~p~v.NHHAc H3C HO OHPro 8 O
OO HOHO COONOfOH ~-O,H HNi-- OHHOH QHOH-~-~ _Asn-Q FIH' ~-OO0 O
NHAc' TNHAc O HOOOCCC NHACHO HO HO OH HO OO0 _rieY H' O O NHAc H3Cx HO
1. A 3-branched asparagine-linked oligosaccharide derivative

of the formula (1) wherein the nitrogen of amino group of
asparagine is modified with a lipophilic protective group, biotin
group or FITC group

Ho'0%% Ho

HO
o R g oy

0]
HOHO COOH
Ho’% H é@‘l% Asn-Q
0
HsCT'NHHo &&ﬁ?)& 0 NHAc NHACc
o 0 NHAc HO
HOOC
HoHo OH Hq%éﬁi/o
HOW: HJ§5k949 NHAc
H3C~nf HO
o

wherein Q is a lipophilic protective group, biotin group or FITC
group.

2. A 3-branched asparagine-linked oligosaccharide derivative
according to claim 1 which contains at least one fucose in N-
acetylglucosamine on the nonreducing terminal side of the 3-
branched asparagine-linked oligosaccharide of the derivative.

3. A 3-branched asparagine-linked oligosaccharide derivative
according to claim 1 or 2 wherein the lipophilic protective group
is an Fmoc group.

4. A 3-branched asparagine-linked oligosaccharide obtained
by removing the lipophilic protective group, biotin group or FITC
group from the 3-branched asparagine-linked oligosaccharide

derivative of claim 1 or 2.



O wherein Qis a lipophilic protective group, biotin group or FITC group.
2. A 3-branched asparagi ne-linked oligosaccharide derivative according to
claim1 which contains at |east one fu e in N acetyl glucosanm ne on the
nonreduci ng term nal side of the 3- branched asparagi ne-|inked

ol i gosaccharide of the derivative. 3. A 3-branched asparagi ne-|inked

ol i gosacchari de derivative according to claiml or 2 wherein the lipophilic

protective group ai s g fIRG 919YPsadkndt13ePEBRLRG 23PRERAGL(Es | dnked

ol i gosacchari de obtained by renbving the lipophilic protective group,
biotin greuRregifé ToicdhOoupoh ! €HB tsher3nbredcinhragpacagimesd i nked

ol i gosacchari de derivative of claiml1 or 2. 27 5. A 3-branched

ol i gosacchagbdecatimiqredfbylaamori ng t he asparagi ne noiety fromthe
3-branched asparagi ne-1inked oligosaccharide of claim4. 6. A process for
preparing a 3-BraAchedcespdoagpbnepdtiticeéd 3obrgoskast kaphdeg tee i Viatkede havi ng
a lipophilic protective group introduced thereinto, the process being

char act erdligdsaechawitdet deripebies haviasbueebipaphid)ict heoseep visf graupoduci ng a
| i pophilic protective group into one or_at |east two 3-branched

aspar agi Hetrpareed otiegedaEe hariei@Fosssschatng fddrrAtariisd ume thRér EbE to
obtain a 3-branched asparagi ne- |inked oligosaccharide derivative m xture,
and (b) PRECEERp ML jfecting to chromatography the 3-branched 10

aspar agi ey | i pkegh gl igosaceharide, deriNathye JIXLILE: Ofc 4Hu HhE, QRLal ned

by hy roﬂyﬁlng the 53-%r anch@ asﬁ%raglﬁe-vln ed
or at least two 3-branched asparagine-linked oligosaccharides as
contained in a mixture thereof to obtain a 3-branched asparagine-
linked oligosaccharide derivative mixture, and
(b) the step of subjecting to chromatography the 3-branched

10 asparagine-linked oligosaccharide derivative mixture or a mixture

obtained by hydrolyzing the 3-branched asparagine-linked
oligosaccharide derivative or derivatives contained in the 3-
branched asparagine-linked oligosaccharide derivative mixture to
separate the derivative or derivatives.

7. A process for preparing a 3-branched asparagine-linked
oligosaccharide derivative modified with a biotin group
characterized by biotinating a 3-branched asparagine-linked
oligosaccharide.

8. A process for preparing a 3-branched asparagine-linked
oligosaccharide derivative modified with an FITC group
characterized by bonding FITC to a 3-branched asparagine-linked
oligosaccharide.

9. A process for preparing a 3-branched asparagine-linked
oligosaccharide characterized by removing a lipophilic protective

group, biotin group or FITC group from a 3-branched asparagine-



ol i gosacchari de derivative or derivatives contained in the 3- branched
aspar agi ne-1inked ol i gosaccharide derivative mxture to separate the
derivative or derivatives. 7. A process %or preparing a 3-branched
asparagi ne-1inked oligosaccharide deri%%tive modified with a biotin group
characterized by biotinating a 3-branched asparagi ne-I|inked

ol i gosaccharide. 8. A process for preparing a 3-branched asparagi ne-1|inked

oI|gosaccfgggé%eOggéb%ggdﬁg;l dilipdhmith an FITC group characterized by

bonding FITC to a ranched asparagi ne-1inked oligosaccharide. 9. A
process for prengariangracdsraichedpaspry agisnerhhpked onldszazaaghags de
characterized by renoving a |Ip0phI|IC protective group, biotin group or

FI TC gr oughdraeitei dedrmnahadvaspad aginaeid8 mbiaked roh gosasedacidle
derivative. 10. A process for preparing a 3-branched ol i gosacchari de

char act erazgedragyne eninkeny cdsdpasagiheerimi@i.ety from a 3- branched
aspar agi ne-1inked oligosaccharide. 11. A microplate having i mobilized

t hereto a bi ot illat @dm3cropkatchddvasgaimuplnid-izedk tlevdtiqges bdobanated of- cl ai m
1 or 2. 12. An affinity colum having i mobilized thereto a biotinated

3- br anche&raaspafagfprrddimeed ik e dddosacrhar ble Gfaickpim brop 2.

12. An affinity column having immobilized thereto a
biotinated 3-branched asparagine-linked oligosaccharide of claim 1

or 2.



