1 SPECI FI CATI ON PROCESS FOR PRODUCI NG SUGAR CHAI N DERI VATI VE, STRUCTURE
ANALYSI S METHOD, AND SUGAR CHAI N DERI VATI VE 5 TECHNI CAL FI ELD The present
invention relates to a process for preparing oligosaccharide derivatives
froma m xture of oligosaccharides andia nethod of analyzing the structure
of 10 oligosaccharides. The invention also relates to novel oligosaccharide
derivatives produced by the process of the invention for preparing

ol i gosacchari de derivatives. BACKGROUND ART 15 It has been thought that

ol i gosaccharides in gl ycoprotei nSPRAVEICABIONNCti ons, for exanple, of
retaining the stereo structure of the protein and acquiring resistance for
preventing the protein from deconposing with proteases. It has recently
been reveal ed that oligosaccharides in 20 glycoproteins participate in the
phenonena of PRPEESSUEARaBROPEBEING| SHEARNCHAINJPEREVARIVEAL | SERUCSTYREI

transm ssion, canceration, intracellular transport of proteins and control
of physi ol ogi cal aBNALYEYS NHEH@Par RRDcAVGEBR GHAINeDEREVATIVEshi p bet ween

t he bondi ng nol ecul es on the surface of 25 cells, glycoproteinaceous
hormohes and |ike oligosaccharides and the functions thereof has matured to
the concept of glycoscience consortium Wile the functional research on

ol i gosacclEHNERAIndS Hrlesent | y been conducted chiefly on 2 sugar
transferases (oligosaccharide genes) for effecting biosynthesis of

ol i gosacchar i déie RFFHEHr diSERtdsds e tfssdo pr S¥acRsd HfPrgenone
information and participate in the functions of |life through cooperation
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functional
oligosaccharides and a method of analyzing the structure of

10 oligosaccharides. The invention also relates to novel
oligosaccharide derivatives produced by the process of the

invention for preparing oligosaccharide derivatives.

BACKGROUND ART

15 It has been thought that oligosaccharides in
glycoproteins have the functions, for example, of retaining
the stereo structure of the protein and acquiring resistance
for preventing the protein from decomposing with proteases.
It has recently been revealed that oligosaccharides in

20 glycoproteins participate in the phenomena of life such as
fertilization and differentiation, signal transmission,
canceration, intracellular transport of proteins and control
of physiological activity. The clarification of the
relationship between the bonding molecules on the surface of

25 cells, glycoproteinaceous hormones and like oligosaccharides
and the functions thereof has matured to the concept of
glycoscience consortium. While the functional research on

oligosaccharides has presently been conducted chiefly on



anal ysis of oligosaccharides through structural glycomcs procedures for
capturing and anal yzing the overall picture of oligosaccharides devel oping
in the cells and tissues. The structural glycomcs in glycoscience functions
to 10 conprehensively anal yze the oli gosaccharide recognition mechani sm
whi ch plays an inportant role in many phenonena of |ife, and this function
is an indispensable elenent in functional glycomcs. The technical factors
required of structural glycom cs are high conprehensiveness, high 15

t hr oughpstugali ghrapefisirasest (ocdndgosaghhprédesgenesThéost efi¢eakéngf

ol i gosaccharides in glycoprotein is presently analyzed by |abeling

ol i gosacbhasyasbesis oft oligmsagcpastides . wsugay tlravséstesesmater fdisoand
thereafter analyzing the oligosaccharides by high performance liquid 20
chr omat ogreseyveRAPbR) gendmeads fopaetioneang PRBEricTRRSe pnotdss has becone
useful means owing to a dramatic_advance in nmass spectronetry (Nonpatent

Li t er at ufanctigeng) ofaad fanitbyougihc Rerperasiorn wékhorahegr RFRFSAAS -been
exclusively used for separating sialo oligosaccharides &hbnpatent
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mechanism which plays an important role in many phenomena of
life, and this function is an indispensable element in
functional glycomics. The technical factors required of
structural glycomics are high comprehensiveness, high

15 throughput, high sensitivity and high precision.

The structure of oligosaccharides in glycoprotein is

presently analyzed by labeling oligosaccharides cut out from
a protein with a fluorescent material and thereafter
analyzing the oligosaccharides by high performance liquid

20 chromatography (HPLC) and mass spectrometry (MS). This
process has become useful means owing to a dramatic advance
in mass spectrometry (Nonpatent Literature 1 to 4), and anion
exchange column chromatography has been exclusively used for
separating sialo oligosaccharides (Nonpatent Literature 5).

25 [Nonpatent Literature 1] Biomed Chromatogr. 16:103-115(2002)
[Nonpatent Literature 2] Anal Biochem. 206: 278-287(1992)
[Nonpatent Literature 3] Biochem Soc Trans. 21:121-125(1993)

[Nonpatent Literature 4] Chem Rev. 102: 321-369(2002)



10 colum, which has no specific separating function, not only fails to
effect full separation but also requires desalting treatnent subsequent to
the separation procedure, and is therefore not practically useful.
Accordingly, it has been earnestly desized to provide a 15 useful nethod
which is capable of fully analyzing the structure of oligosaccharides which
is specific to particular cells or tissues, wth consideration given to the
nonuni formty in the information as to such oligosacchari des. An object of

t he preseMNonpatenti @1 tiexattine @i @Gd ovkans Bi2phiyer Actdi.vi7dgal 116 7separ at i ng
and obtaining oligosaccharides froma mxture thereof |like those present in
cel | s or U7A3sQo8) Anot her object of the invention is to provide neans for
anal yzing the structure of each oligosacchari de conpound separated off. 25
Still another @bweverof thieecomperheosive tanptyvisleof noVefosdcghsatddari de
derivatives. D SCLOSURE OF THE I NVENTION 4 The present invention provides
the fol | awi mgllsl and priceess fiowodvegsartieg paoekdleng ofacdieaviedsaderliivat i ve
froman oligosaccharide m xture, the process being characterized in that

t he pPocdss tdenmadids aatd oit @fs tdfe pnrefiuaindodeamigad lofpedr@iliicc gr oup
into oligosaccharides of the m xture to obtain a m xture of oligosaccharide
derivati vsid, fngqe® an &g dg kehans itdes dramehiide @dr ithet i ve mixture by
serotonin _affinity colum chromatography. 2. A process for preparing an

ol i gosac EHa[EES a&éﬂe\ﬁatﬁ%etf@etsé&i BéEd 1HRORS WHEr &ion fiHd Ys tsepamits s
followed by the step (c), of conducting normal phase chromatography wth
use of arFB$hiddd IRaGERAGLAeH MR ICH &HRE PFesANSr GOBIQINGL Y g an

ol i gosaccharide derivative descri hed above wherein the step (¢) is preceded
obtain a satisfactory result. Especially, the ion exchange

10 column, which has no specific separating function, not only
fails to effect full separation but also requires desalting
treatment subsequent to the separation procedure, and is
therefore not practically useful.

Accordingly, it has been earnestly desired to provide a

15 useful method which is capable of fully analyzing the
structure of oligosaccharides which is specific to particular
cells or tissues, with consideration given to the
nonuniformity in the information as to such oligosaccharides.

An object of the present invention is to provide means

20 for individually separating and obtaining oligosaccharides

from a mixture thereof like those present in cells or tissues.

Another object of the invention is to provide means for
analyzing the structure of each oligosaccharide compound
separated off.

25 Still another object of the invention is to provide

novel oligosaccharide derivatives.

DISCLOSURE OF THE INVENTION



15 by the step (d) of treating the resulting eluate with a glycosidase. 4.
A nmet hod of analyzing the structure of an oligosaccharide in an

ol i gosaccharide m xture, the process being characterized in that the
process conprises the steps 20 of (a) i4ntroducing a |lipophilic group into

ol i gosaccharides of the mxture to obtain a m xture of oligosaccharide
derivatives, (b) treating the oligosaccharide derivative mxture by
serotonin affinity columm chromatography, and (e) treating the resulting

el uate by a netBespresenteinventethodro@bdés theefdbtowinagnal yzi ng the
structure of an oligosaccharide described above wherein the step (b) is
fol l owed by the.sheprocessf foonduepangnaoanmadl phasaccharodat ography with use
of an am no columm or amide colum. 5 6. A nmethod of analyzing the

st ruct ur desfivanivei josacehapldgodaschabédeaborbunber tha rhecesspbeingi s
preceded by the step (d) of treating the resulting eluate wth a

gl ycosi debarasteriaegefiRofihat &Hheal prPagsehecwprisedr hef saaPsoPtgdésdacchari de
according to par. 4 wherein the mass spectronetric nethod conprise

MALDI2 TORRREOA8C1npi gosAPERALILAE FEPPPatntescbigpRacrbrrifge 0f) the (6)

gi ven bel ow wherein R i s 2-caboxyphenyl ,  3-carboxyphenyl, 10,

4- car boxPBKEHYE, Ep- ePRBYcar BakyHBReAY| CoiI0SpgFhayE deRISrEVALdVERy| , t he
group -Asn or_the group -Asn-R3 wherein Asn is an asparagine group, R3is a
car banat 81fly §B) oF TERTAETt fPE OprigPERFriararsuderaNatAvei BIXERLH by, A
cancer marker deriv%g%%non1an ol i gosaccharide .15 derivative of one of the

f or nul ae SETPTPBLP6}H lﬁXvSO&BWBUEBESmFﬁPEH§P9¥'research and treated

ol i gosaccharidgs by introducing a hilic oup intp th ol i gosacchari des
; g1 948, e
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e
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10 derivative described above wherein the step (b) is followed
by the step (c¢) of conducting normal phase chromatography
with use of an amino column or amide column.

3. A process for preparing an oligosaccharide
derivative described above wherein the step (c¢) is preceded

15 Dby the step (d) of treating the resulting eluate with a
glycosidase.

4. A method of analyzing the structure of an
oligosaccharide in an oligosaccharide mixture, the process
being characterized in that the process comprises the steps

20 of (a) introducing a lipophilic group into oligosaccharides
of the mixture to obtain a mixture of oligosaccharide
derivatives, (b) treating the oligosaccharide derivative
mixture by serotonin affinity column chromatography, and (e)
treating the resulting eluate by a mass spectrometric method.

25 5. A method of analyzing the structure of an
oligosaccharide described above wherein the step (b) is
followed by the step (c¢) of conducting normal phase

chromatography with use of an amino column or amide column.



subjecting the derivatives to affinity colum chromatography 20 wherein
serotonin having affinity for sialic acid serves as a |igand. Consequently,
we have found that asialo oligosaccharides can be separated fromsialo

ol i gosaccharides by this treatnment, ardd that the sial o oligosaccharides can
be separated further into nonosialo, disialo, trisialo and 25 tetrasialo

ol i gosacchari des according to the nunber of sialic acid residues. W have
further found that when the fractions obtained by the affinity colum

chr omat ogr aphy6éar® msebhedtefl anabyzthgobhtogtaphiyuusi af am ani no col um or
am de colum, oligosaccharides which are different in branched structure
can be obilapereacgbazéger deedrivbedcabous| yheThin fhrRestep (possbble to
produce a |arge quantity of oligosaccharide of 5 single structure. W have
further P&6REIERabYWRBR EKEPol(AjoSacERartdrT HEF] V&ﬁpgééngeSéPéfﬁ@d off are
treated by causing a suitable glycosidase to act on each derivati ve,

subj ecti Mattha 9JL¥seEieAasSRi-xture to chromatography using an ami no col urm or
10 ami de columm for isolation and subjecting the resulting oligosaccharide
derivative to fas® BBERPAoREL AY2lYRENISERGCELFBCBETSI PHoRBcchari des can be
anal yzed cqnprehensively wth high precision, Thuys the present invention
has been°ié8€§ﬁﬁFP§ﬁé§? ?gc?ﬁ3189i§83866ha#iHQ@rSFntﬁQeoﬁﬁﬁﬁsaccharide

but | nel GBECSEBR EGFemEr RBd SBIPE 388 MALPIASe" PRl ycost de- i nked
ol gosacchar! dgs)on eLs R 481 agsasehatLogs (BLohisgnide i ked
o 902" LIS RELAG BhorATh R 0k L ARSIRLAGT 1. T Hneny.
10 4-carboxyphenyl, p-ethoxycarbonylphenyl or 2-pyridyl, R® is
hydroxyl, the group -Asn or the group -Asn-R?® wherein Asn is
an asparagine group, R’ is a carbamate-type or amide-type
protective group, and Ac is acetyl.
9. A cancer marker derived from an oligosaccharide
15 derivative of one of the formulae (1) to (6).

We have conducted intensive research and treated
oligosaccharides by introducing a liophilic group into the
oligosaccharides to obtain oligosaccharide derivatives, and
subjecting the derivatives to affinity column chromatography

20 wherein serotonin having affinity for sialic acid serves as a
ligand. Consequently, we have found that asialo
oligosaccharides can be separated from sialo oligosaccharides
by this treatment, and that the sialo oligosaccharides can be
separated further into monosialo, disialo, trisialo and

25 tetrasialo oligosaccharides according to the number of sialic
acid residues.

We have further found that when the fractions obtained

by the affinity column chromatography are subjected to



These ol i gosacchari des may be those prepared by a chem cal nethod. For
exanpl e ol i gosacchari des derived from 25 natural glycoproteins are in the
formof a m xture of oligosaccharides which are randomy deficient in the
sugar residue at the nonreducing termeal, preferable to use is a mxture
of such oligosaccharides. Also preferable to use is 7 an oligosaccharide
m xture including oligosaccharides having a sialic acid residue. Exanples
of m xtures of oligosaccharides are oligosaccharide m xtures derived from
nat ural chtremaébgrspbly uSiag anl kminbovphemdepirvenifiet abhpumaggs, or cells
and tissues of living bodies. It is especially desirable to use
ol i gosacohagpgascharided whoshcaneedififsxrant an byapehedebksuctimee results
of great interest are then expectabl e. Exanples of preferred m xtures of
natural $eNobpgebsaénadi aessgparphgdemgiienlpurdl, aFphy WRked it
ol i gosaccharide m xtures including sialo oligosaccharides are desirable. It
i s possi BPESi®lEsECaPKPRGRe 20 a5PRgENaRERLYI BE- OligREaCEEpH 88 AEs which is
prepared by obtaining a m xture 15 of glycoproteins and/ or glycopeptides
froma n&LHFaF F&TEFEHFSHy a known nethod, causing a protease or the like to
act on the mxture to_cut off peptide portions and_purifying the cut-off
FouBe bhab LE9BRatera

portions by chFSnBe8gr SprRGFt g b yeen Ehet PALPBR2EEREFNYSr i on

h l, . 20 It i I ible t i xt f.
ol | gosacERALVALL VaRI CRPPS2BBRaPRCISBS RERGLER DVnGotPiee SMLEERIPS in an
i ncubatign_nedi, n1uskng tlssues ob_%glys gt a IhﬁLngtbody&gg i ncubat ed
tissues gﬁyFﬁ§&§§F8d 8eFF§,°ncgﬁF i &ﬁﬁxa t& 8 68 284 ture to obtain
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10 amide column for isolation and subjecting the resulting
oligosaccharide derivative to mass spectrometry, the
structure of oligosaccharides can be analyzed comprehensively
with high precision. Thus the present invention has been
accomplished.

15 The oligosaccharides of the oligosaccharide mixture to
be used in the preparation process are not limited
particularly but include asparagine-linked oligosaccharides
(N-glycoside-linked oligosaccharides), mucin-type
oligosaccharides (O-glycoside-linked oligosaccharides), free-

20 type oligosaccharides and further oligosaccharides having an
amino acid attached thereto, such as oligosaccharide-linked
asparagine.

These oligosaccharides may be those prepared by a
chemical method. For example oligosaccharides derived from

25 natural glycoproteins are in the form of a mixture of
oligosaccharides which are randomly deficient in the sugar

residue at the nonreducing terminal, preferable to use is a

mixture of such oligosaccharides. Also preferable to use is



resulting fraction. It is further possible to use a mxture of free 8

ol i gosacchari des which is obtained by honogeni zi ng i ncubated tissues or

i ncubated cells, centrifuging the honbgenized m xture and collecting the

resulting supernatant. These oligosaccharides include neutral

ol i gosaccharides, i.e., high 5 mannose-type oligosaccharides or a w de

variety of sialo oligosaccharides and are therefore suitable for use in

preparing various oligosaccharides. A lipophilic group is introduced into

the ol igosatipaesadebarndehmigtiigesanchadidg olixgosacthavhtaesnhavih@ m xture

of oligosaccharide derivatives. The |ipophilic group is a substituent

capabl e af sidlssobeifgrespdde-or sol uble therein and to be forned by

reacting with a ring-opened al dehyde at the reducing termnal of the

ol i gosacchari dexamples t f t hextepes agf nebhdpoagelbapiees 1&rear boxyl group of

the ol igosaccharide-|inked asparagi ne. Exanples of such substituents are

t hose us@alpPpsaseharide mikgyrescearivaBefsomspahuzglomatgrigis such

4- car boxyphenyl am no _ group, ,p-ethoxycarbonyl phenyl am no group and

2-pyr5dyﬁ&nﬁhiksgrB@H}nanée§aﬁ§@iﬁG§Hﬁ§:fGggﬁseoﬁscééﬂEaﬁﬁ@etﬂ§ﬁée§r am de

20 type protective_ groups, _such as 9-fl uorenyl met hoxycarbonyl (Fnoc) group,

tert-but 8fyeavhBaAyPOEBeR) §Fouf, SBRASYRLILY AGFirahleyF8xYE€8r bonyl and

acetyl . Egese Iipgghtlic grou ) c%n be introduced into oli osaccE ri des by

a known RetHBEacPRersrsh| BeryVEdelromocansesaf pERYHReRyI SAPRETgFBUPS Froc

group or BOC group-.in view of ease of handli and the stability of the
Bt Brd s 58P0

ol i gosacEABFFdESEE tBeCbhtFREd 1N ERtSREcAlSe tTRE EXBFF fi-light
corresponds to a nercury Iig?t soyree. or éase Ié Q%afource. 9 For
exanpl 6, an anfHEWPHPToPY RFFURTTS AT BEFr 2har?

10 oligosaccharides are those given below, among which
oligosaccharide mixtures including sialo oligosaccharides are
desirable.

It is possible to use a mixture of oligosaccharide-
linked asparagines which is prepared by obtaining a mixture

15 of glycoproteins and/or glycopeptides from a natural material
by a known method, causing a protease or the like to act on
the mixture to cut off peptide portions and purifying the
cut-off portions by chromatography with use of a gel
filtration column or ion exchange column.

20 It is also possible to use a mixture of
oligosaccharides which is obtained by homogenizing tissues or
cells in an incubation medium using tissues or cells of a
living body or incubated tissues or incubated cells,
centrifuging the homogenized mixture to obtain a cell

25 membrane fraction, treating the fraction with 2-mercaptoethyl
alcohol and thereafter causing N-glycanase to act on the

resulting fraction.

It is further possible to use a mixture of free



by reacting 2-am nobenzoic acid with an oligosaccharide in the presence of
a reduci ng agent such as sodi um cyanoborohydride or (dinethylam no)borane.
5 Further for exanple, 9-fluorenyl nethyl-Nsuccinimdyl carbonate can be
reacted with oligosaccharide asparaginein the presence of sodium

hydr ogencar bonat e, whereby Fnoc group can be introduced into the
asparagi ne, as attached to the amno group of the asparagine in the manner
of carbamate. 10 The procedures descri bed above afford m xtures of

ol i gosaceRdgiogecgbanigesy e ivhyilisg obthiipeghiblyi bogogepizingr dagudatelder ei n.
The m xture of oligosaccharide derivatives obtained is subjected to

ser ot oni F1gENEs OF daicubatesr RdtSgr semEriduging sbsahamogeniAgdaffinity
col um wherein serotonin having affinity for sialic acid serves as a |ligand
i s used MEXtUEE $8FoCORLECANG fibey r@ﬁﬁ’éﬁé@@gﬁwn@&aﬁé-coﬁa%?ed in the
present invention. 20 The seraotonin affinity colum nay be prepared_ by

i mobi | | AlAGOSECELERI NS o 1R UG RepsTerli Q1199838 CEGF AR S /cdmPer chddy
avai |l abl e may be used. _An exag%!e,of comerci,al col.umm is LA-Serotonin

Col urm ( PPETRSE “6#PF- AL ISPCSPANESS, OTTRe WdOSaVATLEH Y QtdftPdRs f or
chromat ogr.aphy are suitably 25 determ ned. For e l e, |linear gradient
el ution %&ﬁgﬁéac %ﬁ&&gFéd a§§p§ ﬁgﬁrﬁéﬁﬁdtgﬁﬁgg59558§ﬁt1&é?ector at an

excitatign maveleng;h.o 5 arescent wavel ength of 425 nm and fl ow

rate of &SEAT MM, agﬁc?fuﬁgioaé_%?s@fﬁlﬁ?’lagl &se 10 conprising ul trapure water
o00, adueous 3okt befs SRR, ACShELBauThl TURUCRED! 0L} gosacchar de
residues 4in goalddhadli@eSa¢e el 49 i4da¥atla¥9%e Histure! Yedrtag gl al o
10 mixture of oligosaccharide derivatives.
The lipophilic group is a substituent capable of
dissolving lipids or soluble therein and to be formed by
reacting with a ring-opened aldehyde at the reducing terminal
of the oligosaccharide, or with the asparagineamino group or
15 carboxyl group of the oligosaccharide-linked asparagine.
Examples of such substituents are those usually useful as
fluorescent labels, such as 2-, 3- or 4-carboxyphenylamino
group, p-ethoxycarbonylphenylamino group and 2-pyridylamino
group, and substituents for use as carbamate-type or amide-
20 type protective groups, such as 9-fluorenylmethoxycarbonyl
(Fmoc) group, tert-butoxycarbonyl (BOC) group, benzyl, allyl,
allyloxycarbonyl and acetyl.
These lipophilic groups can be introduced into
oligosaccharides by a known method. Preferable to use is 2-
25 carboxyphenylamino group, Fmoc group or BOC group in view of
ease of handling and the stability of the oligosaccharide to

be obtained, and because the excitation light corresponds to

a mercury light source or laser light source.



ol i gosacchari de derivatives having no sialic acid residues, subsequently

el uted are nonosi al o oligosaccharide derivatives and thereafter eluted are
disialo derivatives. Thus eluates are separately obtained in proportion to
the increase in the 10 nunber of sialix acid residues. The oligosaccharide
derivatives thus separated by the serotonin affinity colum are treated by
normal phase HPLC wusing a pol yner-base am no colum or silica-base am de
colum, whereby the oligosaccharide derivatives can be separated from 15
one anot her nefFpruesaspye, The eeinpandital ghaivatiMeomanogyraphgpareflers to
a chromat ographi ¢ procedure wherein a polar solid phase of am no group,

am nopr oyl YRSGANGT 2 -aBipoReNge1gr 8¢ d ¥itkednaolimespicichpggdgatidrial . This
procedure i s characterized by the separation effected based 20 on the

di f f er en&d€ RrERENGEYPde S eUSLAGHATEDT SMChh@Ss§REILEM conponents to the
solid phase and npbi| e phase. Basically K this node of separation is based on
the hydr SYRPOPOTOEYEELE 8% JA1BrtHYLaEdReY PPEENEThi s node of chr omat ogr aphy
i s usabl e favorabl algo for the se a%ition of iso

rs of 25 . |
ol i go2acchari dESTRRGFNEOLi SKAEPAE d2aft HOREBYLREFBY 6 -NTRECCHRAREHY e i s

bl I f bl h at .Of i al I hari des which

e 1 At B T A B e TEOCE S o RSP GELEA TS FAEBORREr Base am no
I to.b d I d.by th dfilled with

Crati onalyt Mase R o eomionay FessrRErchele WSreB)lrre Sreliol - “base
I I [ ' i al

pol yrer gely Ieiig. Ale duaup A ached ieket g, Sepckeas 3 gger oi 2

col um is™us he "am no col um co I’y “avai or exanpl e,
Comer o) A ERAOYE e digolosfONa DRl R RARNE,

10 The procedures described above afford mixtures of
oligosaccharide derivatives having a lipophilic group
introduced therein.

The mixture of oligosaccharide derivatives obtained is
subjected to serotonin affinity column chromatography for

15 separation.

An affinity column wherein serotonin having affinity
for sialic acid serves as a ligand is used for the serotonin
affinity chromatography to be conducted in the present
invention.

20 The serotonin affinity column may be prepared by
immobilizing serotonin to a filler material, or a column
commercially available may be used. An example of commercial
column is LA-Serotonin Column (product of J-OIL MILLS, INC.).
The separation conditions for chromatography are suitably

25 determined. For example, linear gradient elution can be
conducted for separation using a fluorescent detector at an
excitation wavelength of 350 nm, fluorescent wavelength of

425 nm and flow rate of 0.5 ml/min, and using a mobile phase



10 The separation conditions for chromatography are suitably determ ned.

For exanple, linear gradient elution can be conducted for separation using
a fluorescent detector at an excitation wavel ength of 350 nm fl uorescent
wavel ength of 425 nmand flowrate of 1@ m/m n, and using a nobile phase 15
conprising acetonitrile containing acetic acid and aqueous solution
containing acetic acid and triethylam ne. The oligosaccharide structure of
the ol igosaccharide derivative thus obtained by isolation can be analyzed
by the gepPird&ingn vdtrgbyaesivasss and aasieoysesododony of2ammeaiym cosi dase
to be used can be a known one. Exanples of such enzynes usable are

si al i das@Ce§alt&ct osi dase, mannosi dase, N acetyl gl ucosani dase, fucosi dase,
etc. The mass Sﬁectronetr can_be conducted by a nmass spectroneter for

practicing a cORPeRiXEHER Rhofh1ARSECChsTridecBryAdREivesefABdPEThe

nmeasur ement na¥ preferably be conducte gy MALDI - TOF MS that .is used

especi al BfPPSR @§6§5@&H§}|&b th8a &L ﬁfrééé&ﬂcyé§ﬂé rgd IVes dfur e of
ollgosaccharl es is a usin spe | ycosi dase to act
on the ol GoSacdrnsAics ar%éﬁeﬁ@é V@FlWFéatlﬁbr?Ee iﬁﬁﬁgl ﬁ n*Xtare by norma
phase HPL usi --base_am no_col unm aor. SI|IC base am de

2ol um. eﬁa] ZansRehee) %altva%gw@ﬁa ik Bongdataty 6&% SRELASRI ¢ h
con5|derat| iV f SS .an haract Ei_St.i of .hydr.ol ase, and
repeatlng hﬁ §?ﬂ selu¥ﬁ§§%F% OSlagrou lgos?@n%@%& rgﬁFﬁH %lve

ol aosacehay e derpual e»i%tgata' e%lsﬁ]foh'd%r e (A OUSy, 0l Loggacghar i des

can be ar icial tained eaSily in Iarge quant’i ties: rpophilic

grOUp can, ke J %JE‘}‘é‘?:‘él o%t%‘l'i‘l i 0@ Won T el iR eRAMLe the

carboxypheny am no droup can
10 number of sialic acid re81dues.

The oligosaccharide derivatives thus separated by the
serotonin affinity column are treated by normal phase HPLC
using a polymer-base amino column or silica-base amide column,
whereby the oligosaccharide derivatives can be separated from

15 one another meticulously. The term “normal phase
chromatography” refers to a chromatographic procedure wherein
a polar solid phase of amino group, aminopropyl group or
acrylamide group is used as the filling material. This
procedure is characterized by the separation effected based

20 on the difference in the degree of distribution of the sample
components to the solid phase and mobile phase. Basically
this mode of separation is based on the hydrophilic
properties of oligosaccharides. This mode of chromatography
is usable favorably also for the separation of isomers of

25 oligosaccharides having sialic acid attached thereto. The
procedure is usable also favorably for the separation of
asialo oligosaccharides which are treated with a dilute acid

Or neuraminidase.



by reacting hydrogen peroxide with the oligosaccharide 15 derivative in
acetic acid at roomtenperature, whereby a free-type oligosaccharide can be
coll ected easily. Fnoc group is renovable by reacting norpholine with the

ol i gosacchari de derivative in N, Ndi netthyl f ormam de. BOC group is renovabl e
by reacting a weak acid with the 20 oligosaccharide derivative. In the case
where the oligosaccharide is oligosaccharide-linked asparagi ne, the
asparagi ne residue is renovable, for exanple, by reacting anhydrous

hydr azi ne w t hThehpodyperadpase anmdnoheodainetcadet yisedi mgyt lbe weacti on 25

m xture, or by refluxing the asparagine in a basic agqueous solution with
heat i ng ared unhie Regaaredadet yhet iusen kerd dadiliesh Wikl turskatdpaiary

ol i gosaccharides are very useful in_the field of 13 _devel oping

phar macemtiass sWhEeh efmBpLeest RePelyBRIrgoSHE€Bhaki RedYdiBYdsaflgPhpdr t he
synt hesi s of cancer vaccines. The aligosaccharide obtained may be subjected
to a comASRMVYTT Gfdni dRVITEh AN G D e wharedwyar 5
transferases and thereby nmade into a derivative wherein new sugar residues

are added®R&Feaf aolq%‘%lﬁériqﬂ’elw itthesaRhfel oprment of a novel vaccine.
Iivent | on havd BRadiirs SISl ¢ PHISTRLEAEY { SVRLLRatE Ehe SPPOSSaTENE | des
i IR W A S SRR BRI
An example of commercial amide column is TSK-GEL Amide-80
(product of TOSOH Corp.).

10 The separation conditions for chromatography are
suitably determined. For example, linear gradient elution can
be conducted for separation using a fluorescent detector at
an excitation wavelength of 350 nm, fluorescent wavelength of
425 nm and flow rate of 1 ml/min, and using a mobile phase

15 comprising acetonitrile containing acetic acid and aqueous
solution containing acetic acid and triethylamine.

The oligosaccharide structure of the oligosaccharide
derivative thus obtained by isolation can be analyzed by the
application of glycosidase and mass spectrometry.

20 The glycosidase to be used can be a known one. Examples
of such enzymes usable are sialidase, galactosidase,
mannosidase, N-acetylglucosamidase, fucosidase, etc.

The mass spectrometry can be conducted by a mass
spectrometer for practicing a conventional known mass

25 spectrometric method. The measurement may preferably be
conducted by MALDI-TOF MS that is used especially for
oligosaccharide analysis in recent years.

The structure of oligosaccharides is analyzed by



10

15

20

25

CH

-y HO NHAC ~ACHN HO HOY SOH (2) 14 HHHO -R g H NHAC
' OH
QH

causing a specified glycosidase to act on the oligosaccharide,
thereafter treating the reaction mixture by normal phase HPLC
using a polymer-base amino column or a silica-base amide
column, subjecting the resulting fraction to mass

spectrometry with consideration given to a loss of mass and
characteristics of hydrolase, and repeating these steps.

The lipophilic group is removed from the
oligosaccharide derivative obtained. In this way, various
oligosaccharides can be artificially obtained easily in large
quantities.

The lipophilic group can be removed by a conventional known
method.

For example, 2-carboxyphenylamino group can be removed
by reacting hydrogen peroxide with the oligosaccharide
derivative in acetic acid at room temperature, whereby a
free-type oligosaccharide can be collected easily.

Fmoc group is removable by reacting morpholine with the
oligosaccharide derivative in N,N-dimethylformamide. BOC
group is removable by reacting a weak acid with the
oligosaccharide derivative.

In the case where the oligosaccharide is
oligosaccharide-linked asparagine, the asparagine residue is
removable, for example, by reacting anhydrous hydrazine with
the asparagine and thereafter acetylating the reaction
mixture, or by refluxing the asparagine in a basic aqueous
solution with heating and thereafter acetylating the reaction
mixture.

Such oligosaccharides are very useful in the field of

NH (1) HOOH OHHOO OH HH NHAC OHOHO

HHHO~1 ~(1H p H NHAc HO VH NHAc H H O OOH HO
OH O]~ ~lii2NFHR~ H NHAc NHAc H HO O HO H



Hd _CL HONHAc HO OH (3) H H HOHOB H NHAc HOB HCY~ NHAc OH H O 0 HO
o+~ ~~~/HO HC H NHAc OH HOB HNHAc HHOOH HOOHHOOH HH2 HHHH
NHAc NHAc HS HO HO- HNHAc H HOHd HQH HOC~i~ Her NHAc H Y OH (4) 15
NHOs HHOB NMAc HO ~0 M HOHO HO1GH HHO H HO O H NHAc -~H

developing pharmaceuticals. For example, these
oligosaccharides are useful for the synthesis of cancer
vaccines. The oligosaccharide obtained may be subjected to a
combination of chemical reactions and reactions with sugar
5 transferases and thereby made into a derivative wherein new
sugar residues are added to the oligosaccharide for the
development of a novel vaccine.
The structure analyzing method and the preparation
process of the present invention have made it possible for us
10 to isolate the oligosaccharides of the formulae (1) to (6)

given below which have not been found in various cancer cells.

H H OH
OH Nh—n!

H
H H
H o NHAc
HO
HO HOO HO H 0 o)
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o 1] HO%G HQ HO o O
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HHO ' OH NHAc HO HO H OH OO~~i ~V NHAc HO OH (6) wherein R is
2- caboxyphenyl , 3-carboxyphenyl, 4 carboxyphenyl, p-ethoxycarbonyl phenyl or
2-pyridyl, R2is 5 hydroxyl, the group -Asn or the group -Asn-R3 wherein Asn
is an asparagine group, R3 is a carbaiéte-type or am de-type protective
group, and Ac is acetyl. It is thought that these novel oligosaccharides
appear 16 specifically in cancer cells , and such oligosaccharides can be
utilized as cancer markers. For exanple, a polyclonal antibody or nonocl onal
anti body is prepareed which specificg ly recognizes a 5 specific
ol i gosaccharide in cancer cells, fge{yse in detecting the oligosaccharide
by an i nmunol ogical te i é%éﬁq%/9£§#hr f on of pol yclonal anti body,
the oligosaccharide OWE) =S HOEN Ner et H onPined with a protein or like
hi gh mol ecul ar conpound™(carrier) "o serve as 1p an antigen, which is used
§§§I

to i mmunol ogi cal |y seasitiaeaa HR ualmas| nouse, hanster, guinea pig,

chi cken, rat, rabbigs HBTNHRat B Do-Lpvi ne, and bl®bd is collected
fromthe Wﬁnna“ﬁﬁéégpb nolan ant | serum cont@FNely a pol ycl o antibody. 15
A hybr i dag@%‘( TSwebt ai ned by the fusion,for | ex o0

ant i body- d®ing cells and nmyel oma cell strain"-.'. pat ed <t g produce a

nonocl onal anti body, which is then purified. 2B HPERER; HAE THE
DRAWNGS. FIG 1 is an affinity, colunp-ch t ogiam of ol ¥gosaceathari de
derivatives obtained in ExanplQ%Eij;ggééﬁégggé;jgfinity col utm chr omat ogr ans
of H H%&/ o NHAC HG
HO%%/HO NHAc HO HR 0
HO OH
NHAc

HO" HO
H OH

(5)

HO
oo |
HO Hoa Q HO,D&\:é_ HO~,_ NHAC
HO” NHACc H ?—I%\O
HO> o HO
O/

HO HO H o) H NHAc
o%/ o OH
HO” HO NHAC H H%\
HO Hg’%&/e OH H ‘ OH
HO‘%/HO o OX~OH

NHAc

H OH H OH
H R?
H HO

H NHAc NHAc
HO HO,’:E ;? 0 0
HO”

H Ho’g g %"‘0 NHAC H

”U% HO NHAC HO

HO OH e o’%/

HO HO NHAC
HO OH

(6)

wherein R' is 2-caboxyphenyl, 3-carboxyphenyl, 4-
carboxyphenyl, p-ethoxycarbonylphenyl or 2-pyridyl, R?® is

5 hydroxyl, the group -Asn or the group -Asn-R’ wherein Asn is
an asparagine group, R’ is a carbamate-type or amide-type
protective group, and Ac is acetyl.

It is thought that these novel oligosaccharides appear



ol i gosacchari de derivatives obtained in Exanple 2. 25 FIG 3 are

chromat ograns of HPLC of oligosaccharide derivatives obtained in Exanple 3.
FIG 4 are chromatograns of HPLC of oligosaccharide derivatives obtained in
Exanple 3. 17 FIG 5 are chromatogranmdéof HPLC of oligosaccharide
derivatives obtained in Exanple 3. FIG 6 are chromatograns of HPLC of

ol i gosaccharide derivatives obtained in Exanple 3. 5 FIG 7 are

chromat ogranms of HPLC of ol igosaccharide derivatives obtained in Exanple 3.
FIG 8 i spefidlicgddacdharciedeedeciedds veangbisaiche@liigosergimpirddes FRG 9 is a
chronato%§?n1of HPLC of ol igosaccharide 10 derivatives obtained in Exanple
S. FIG 1§ 1A 280 % CRNESFUMITERTSmat ogr am of ol i gosacchari de
derivatives obtained in_Exanple_ 6. _ FIG 11.is an affinity colum
chronatogran1of°6lP@é?&&@ha@i881M€9P959i§8§1889¥iﬁédmpﬁo ghptle 7. 15 FIG
12 are chro to rans of HPLC of  ql osaccharl derivat,ives obtained in

Exanpl e 7 pﬁppéﬁﬁﬁ¢IN@ SPRE LN Wbﬁeﬁgﬁgﬂ@ﬁ@eaExanples and
Exanp#es are j.,ven wever, the Inéﬁqﬁuo is not limted to the
exanpf es lcb&%iﬁoséfg ré %@p&?&ﬁ%ﬁ1 RTs#SEmider i ved [ 1-aci di ¢

%L-,ya‘zw q&&ﬁg e e %O%iﬁ?w@n”gla%&'c%%ﬁeeﬁr S’l%;‘?‘%ﬁ?riﬁi‘y
N ol yoanase P C8tuSTEsETEBaRLY °%Rh8;h§8&>f% Spd eBraBPal’ Shs' The mixi ure
was reathqdﬂéaccharide or a hapten thereof is combined with a
protein or like high molecular compound (carrier) to serve as
10 an antigen, which is used to immunologically sensitize a
mammal, such as mouse, hamster, guinea pig, chicken, rat,
rabbit, canine, goat, sheep or bovine, and blood is collected
from the mammal to obtain an antiserum containing a
polyclonal antibody.
15 A hybridoma which is obtained by the fusion, for
example, of antibody-producing cells and myeloma cell strain
is incubated to produce a monoclonal antibody, which is then

purified.

20 BRIEF DESCRIPTION OF THE DRAWINGS.
FIG. 1 is an affinity column chromatogram of
oligosaccharide derivatives obtained in Example 1.
FIG. 2 are affinity column chromatograms of
oligosaccharide derivatives obtained in Example 2.
25 FIG. 3 are chromatograms of HPLC of oligosaccharide
derivatives obtained in Example 3.
FIG. 4 are chromatograms of HPLC of oligosaccharide

derivatives obtained in Example 3.



18 370 C for 12 hours. The resulting reaction mxture was boiled at 100 C
for 3 mnutes and centrifuged, and the supernatant was collected. To the
col | ected supernatant was added 100 ul of a 5 solution obtained by

di ssol vi ng 2-am nobenzoic acid (2-AA) 1and sodi um cyanoborohydri de each to a
concentration of 3%in a mxture (500 gl) of 2% of boric acid and 4% of
sodium acetate, followed by a reaction at 80 C for 1 hour. The reaction

m xture was fractionated using a Sephadex LH 20 10 columm (0.7 cm i.d., 30
cm as equilibFaGedSwara ghBosataguansasofoHBLConfoblihgohancharifie resul ting
fractions were neasured using a spectrophotoneter (product of Hitachi,

Ltd., MIgsLVELAyes) oktainedxent ExpoRlRavel ength of 335 nmand fl uorescent
wavel ength of 410 nm and the fluorescent 15 fraction eluted first was
col l ected as aF&Pxt braref chepngbegarenar PdeHBEFI 04t PY&gosTAEhATXEEr e obt ai ned
was subjected to serotonin affinity colum chromatography to obtain

separ at ederdVpgéyeEcRREPdBEdeiny EFATRIE BI-G 1 shows the result of 20
separation by the affinity colum chronatograghy. Condi tions for serotonin
affintty col unRi€hr dndESgFapRY2tesransa: CLAHBEFoPEnPhigBraRANREIBEX 150 mm
product aof J%pan Ol _MIls). Pump: JASCO_Mbdel PU-980 25 Flowrate: 0.5
m/min DEEELVEFIVERSEO RBAER EB. §%8™PlGorescent detector Excitation

wavel engt h: 35 m El uorescent wavel ength: 425.nm 19 Mbjle ase:

ul trapure water ~tdse , ueous
| Prficeh 48 G5 tiranoaceind dp fieridRkonpanoEacaPE &

solutiong§%m§qguhion B Gradient conditions: Linear gradient elution was

conducte P )

FIG. 9 is a chromatogram of HPLC of oligosaccharide
10 derivatives obtained in Example 5.
FIG. 10 is an affinity column chromatogram of
oligosaccharide derivatives obtained in Example 6.
FIG. 11 is an affinity column chromatogram of
oligosaccharide derivatives obtained in Example 7.
15 FIG. 12 are chromatograms of HPLC of oligosaccharide

derivatives obtained in Example 7.

BEST MODE OF CARRYING OUT THE INVENTION
Reference Examples and Examples are given below.
20 However, the invention is not limited to the examples given
below.
Example 1
Separation of human serum-derived [l-acidic glycoprotein
(AGP)] oligosaccharides by serotonin affinity chromatography
25 One mg of human serum-derived AGP (product of Sigma-
Aldrich Japan) was dissolved in 50 ¢ 1 of 20 mM phosphoric
acid buffer solution (pH 7.5), N-glycanase F (2 units, 4 (1)

was added to the solution, and the mixture was reacted at



using 5s of solution B for 2 mnutes after the sanple was 5 poured in and
usi ng the ammoni um acetate solution so that the concentration thereof would
be 30 MM 37 mnutes |ater and subsequently 40 nM 10 m nutes |later. The sane
conditions as above were used in the falBl ow ng exanples for separation by
serotonin affinity chromatography. 10 Exanple 2 Separation of human cancer
cell -derived oligosaccharides by serotonine affinity chronmatography Cel

i ncubation Used for incubation were human renal adenocarcinoma 15 cells
ACHN, human Cufigrcadckoucel | sTHS 49 sy gesd ot on cainceure ebd s BAMNUEd and
human cel |l |ynphocytic | ynphoma W937. Cells were incubated in cel

cul ti vat iagn 19i0sh€sfon 8hminpteseand oént%iOdgedt 8AdCthessugebDhvEMAnt

(Dul becco's Mdified Eagle Medium product of Sigma-Aldrich Japan)

cont ai ni Mgs10®BIA@ERIDovi ne serum [newborn cal f serum (NCS), product of
Sigma- Aldrich Japan] as inmmobilized by being heated at 50 C for 30 m nutes
i n advance for TRCHRNeagelAsggedngupsirng tRRM was4eddegr 880ctt bfoKigma- Al dri ch

Japan%ﬁcontaining 10%.0of NCS for U837 and MKN45. The cell s ot her than U937
vere WasHod Ud et nedt By SGRSOIVINTe it~ SEVRERCESRIZN Ca R Gisot(@n®®) phosphori ¢

acid buffer (PBS) during cultivatjon and then treated at, 37 C fqr ., 5

et eo 3 Sofit Gy anPhe sy e G Atk t R st ra oAt g dn

col |l ected, subsequent| mgihed with PBS and 20 _ thereafter subcul tured.
(%?énﬁ%

Pr epar at ifoM W& | eOfr 26t POnPRELFsafhdgddsicdnf PhefiPditBt e for use

in preparing a cell _nmenbrane fractiqn were cal l.ected_fromthe_incubator 5
1o ho' o Gt e 1M B Py TR A ndle. RaEREATWIOHE - P nd

Lorooer SShai i fudl 5 YRS o NP Bl 1aBlcront a1 19

10 column (0.7 cm, i.d., 30 cm) as equilibrated with a 50%
aqueous solution of methanol, the resulting fractions were
measured using a spectrophotometer (product of Hitachi, Ltd.,
Model F-4010) at an excitation wavelength of 335 nm and
fluorescent wavelength of 410 nm, and the fluorescent

15 fraction eluted first was collected as a mixture of
oligosaccharide derivatives.

The mixture obtained was subjected to serotonin
affinity column chromatography to obtain separated
oligosaccharide derivatives. FIG. 1 shows the result of

20 separation by the affinity column chromatography.
Conditions for serotonin affinity column chromatography
Column: LA-Serotonin column (4.6 X 150 mm, product of Japan
0il Mills)
Pump: JASCO Model PU-980

25 Flow rate: 0.5 ml/min
Detector: JASCO Model FP-920 fluorescent detector
Excitation wavelength: 350 nm

Fluorescent wavelength: 425 nm



of 1 X 105 cells/5 mM, 10 mM of 20 mM Tris-HC1 buffer (pH 7.5) containing
0.5 M sucrose was then added to the m xture, 10 the resulting m xture was
centrifuged at 3000 rpm 4 C for 15 minutes, and the supernatant was
thereafter collected and centrifuged at 19000 rpm 4 Cto obtain a
precipitate as a cell nenbrane fraction. Separation of oligosaccharides
fromthe cell nenbrane 15 fraction Added to the cell nenbrane fraction (1 X
107 cells) were 40 ul of 1% SDS solution first and then 2-nercaptoet hyl

al cohol Mobadleopbeseratilomaptireyyasetd tkednist spdutdon Aherpedf #6r mMeat ed on
a water bath boiling at 100 C for 5 20 mnutes for solubilization. The

sol ut i onagEeNalNi Agethte AaHBPHAe SPRUELPONaRasodusied Bo room tenperature,
NP-40 was added to a concentration of 1% and_phosphoric acid buffer (pH
7.5) wasGaadaégntocprRdipiiengrelipearft ghadiepsc eatitapnoast copdugivedw t h
addition of 4 al of N canase F (2 units, 25 product of Roche

Di agnost H&3ng ﬁﬁeoﬁlﬁpgpélWQSBlﬁ@ﬁb&t@én&FeS3?f€e§véhﬁ|éﬁmpéﬁdwﬂﬁlIed on a
wat er bat h b0|I|n at. 100 C for 5 mnutes, 95% et hanol was added to the

m xt Ut e POUEeds Fﬁaﬁn{;ioﬁc?éﬁﬂr éinreoﬁmB‘Pn?B‘% aFﬁéaltgs §PLGdOR RPutBkashel
centrifuged at 150Q0 r % g Pﬂ EF super nat ant, was éreated i.n a vacuum
to dryneggnFSHGEPEFHnolgéG?S cHeMldede d8r Med 7r PORUERS LBEPTNEROr anes. In
t he sane nner introduced 5 into the
oligosac@ﬁg ﬂglﬁgﬁgﬁpﬂﬁ @éP8F8ﬁ|ﬁa§FFlnity col utm chr omat ogr aphy to
obtain oligosa harlde fractio shows the.resu o] aration b
t he colunngchrgﬁﬁtﬁawgpﬁ9n8 E%gﬂﬁl8S3GE8V§eBSF8tF8ﬁdo%n ghge%oiggw Bgrlvedy
ol i gosacghari 9e3 %, "QLual o tRAS &, REQIRLAILARRY 1 39d  SLEYELUL AL ARRLYST S
10 Example 2
Separation of human cancer cell-derived oligosaccharides by
serotonine affinity chromatography

Cell incubation

Used for incubation were human renal adenocarcinoma

15 cells ACHN, human lung cancer cells A549, human gastric
cancer cells MKN45 and human cell lymphocytic lymphoma U937.
Cells were incubated in cell cultivation dishes in the
presence of 5% CO, at 37° C, using DMEM (Dulbecco’s Modified
Eagle Medium, product of Sigma-Aldrich Japan) containing 10%

20 of bovine serum [newborn calf serum (NCS), product of Sigma-
Aldrich Japan] as immobilized by being heated at 50° C for 30
minutes in advance for ACHN and A549 and using RPMI-1640
(product of Sigma-Aldrich Japan) containing 10% of NCS for
U837 and MKN45. The cells other than U937 were washed as held

25 in an 80% confluent state with an isotonic phosphoric acid
buffer (PBS) during cultivation and then treated at 37° C for
5 minutes with addition of trypsin, and the cells separated

off were collected, subsequently washed with PBS and



The cancer cell-derived oligosaccharide derivatives (corresponding to 1 X
107 cells) of each fraction obtained in Exanple 2 were dissolved in 20 u

of 20 mM acetic acid buffer 15 (pH 5.0), 4 al of sialidase (2 mJ, product of
Marukin Bio) was added to the solutior0 and the m xture was reaction at

370 C for 24 hours. The reaction m xture was boiled at 1000 C for 3 m nutes
and centrifuged to obtain a supernatant. The resulting supernatant was

subj ected to normal phase 20 HPLC using an anide colunm to obtain

ol i gosacdmriedd tefy satiaaidur®dGS. 3 to 7 show the result of separation by
HPLC. Conditions for HPLC Colunn TSK- GEL Ami de- 80 ( TOSOH CORPORATI ON,
Japan, 4 BrepaxmyigmoDzedd] menhranse faaatdomo C  Punp: JASCO Model PU 980
Flowrate: 1 m/mn Eetector JASCO Model FP-920 fluorescent detector 22
Excitati on wav&edagt An 89§ enElusrésseatendesl gRGt AN BISPARINBLAl e phase:
acetonitrile solution containing 0.2% acetic _acid and servin as solution A
and aqueSifd s IERITERSS fEeftdion WFE PRlde et ifd Rt itdeand

triethyl am ne and ]géed as sol ut] on B E?adl t conditions: E gear radient
el ution WEofd & ed STSRA - 303? Sf cgdilGt FBALBCFEF YeRFnHpEEeaf WeF bt he

10 i nut 428 p%ﬂliﬁq A R PR ST an et SHERFD: The

ol i gosacc derlvatlve of_peak 31 derl from_ U937 was dis olved in 20
o o720 i oo Bt o Bl R s a Bt )

pr oduct of Se|>léa%g<ucelfl /og 10 “Iﬁdgfvgtg mqf OHéfebEP%u“%]H and the

m xture

7.5) containing 0.5 M sucrose was then added to the mixture,
10 the resulting mixture was centrifuged at 3000 rpm, 4° C for
15 minutes, and the supernatant was thereafter collected and

centrifuged at 19000 rpm, 4° C to obtain a precipitate as a
cell membrane fraction.

Separation of oligosaccharides from the cell membrane

15 fraction
Added to the cell membrane fraction (1 X 107 cells)

were 40 nl of 1% SDS solution first and then 2-mercaptoethyl
alcohol to a concentration of 1%, and the mixture was
thereafter heated on a water bath boiling at 100° C for 5

20 minutes for solubilization. The solution containing the
membrane fraction was cooled to room temperature, NP-40 was
added to a concentration of 1%, and phosphoric acid buffer
(pH 7.5) was added to the mixture to a final concentration of
20 mM. With addition of 4 4yl of N-glycanase F (2 units,

25 product of Roche Diagnostics), the mixture was incubated at
37° C overnight and boiled on a water bath boiling at 100° C
for 5 minutes, 95% ethanol was added to the mixture to a

final concentration of 75%, the resulting mixture was



was reacted at 37 C for 24 hours. The reaction m xture was boiled at 1000 C
for 3 mnutes and centrifuged to collect the supernatant. The supernat ant
obt ai ned was subjected to nornmal phase HPLC using an am de col um,
affording a fraction, which 20 was anakyzed by MALDI - TOF MS. As a result, an
ol i gosaccharide (a) was obtained which was 2718 in nol ecul ar wei ght. The

ol i gosacchari de derivative (a) obtained was dissolved in 20 ul of 20 nM
citric acid buffer (pH5.0), 1 ul of p-Nacetyl hexam nidase (10 nlJ, product
of Sei kagektr2FuedyatCasp0bt dpmpad “addesnd othéesspérhavmat anast he ni xt ure
was reacted at 370 C for 24 hours. The reaction mxture was boiled at 1000
C for 3 mirgated andac¥acuifiu§eddryness| &6t obkainsgpégpgagaharindessuper nat ant
obt ai ned was anal yzed in the_23 same manner as above, affording an

ol i gosacERaived depmyibpveellpmenbréne®as 1906 i n nol ecul ar wei ght. The

ol i gosacchari de derivative (b) was further treated wth /3-gal actosi dase,
consequent | y afPoFBEN§2BA BaBREYosHceRaFKaBPY.r Lvakide ¥BF hRFEAWE8D1582 in

nmol ecul ar, wei ght. _These resul.ts reveal.ed that the peak 31 was.the
ol i gosacch&Pi §BSoPLLALSAGF F&dﬁﬁveﬁogéPHﬁﬁ sgégggn;g REIMBINMAC  HL~yAC

HHO HochuHQ chromaﬁogggpﬁyN@écogtginNg%gggsgcggg§gaecﬁragtTogg. oH
FIG. 2 shows the result of separation by the column
chromatography.

Example 3
10 Separation of cancer cell-derived oligosaccharides by normal
phase chromatography and structural analysis
The cancer cell-derived oligosaccharide derivatives
(corresponding to 1 X 10’ cells) of each fraction obtained in
Example 2 were dissolved in 20 1 of 20 mM acetic acid buffer
15 (pH 5.0), 4 1l of sialidase (2 mU, product of Marukin Bio)
was added to the solution, and the mixture was reaction at
37° C for 24 hours. The reaction mixture was boiled at 100° C
for 3 minutes and centrifuged to obtain a supernatant.
The resulting supernatant was subjected to normal phase
20 HPLC using an amide column to obtain oligosaccharide
fractions. FIGS. 3 to 7 show the result of separation by HPLC.
Conditions for HPLC
Column: TSK-GEL Amide-80 (TOSOH CORPORATION, Japan, 4.6 X 250
mm)
25 Column temperature: 40° C
Pump: JASCO Model PU-980
Flow rate: 1 ml/min

Detector: JASCO Model FP-920 fluorescent detector



- HH Apti -VI- HNH H NHAc NHAc H H HO OH H NHAc H HO HO , HO H NHAc H
OH H 10 simlarly, the oligosaccharide derivative of peak 35 was treated
wi th Q gal act osi dase, /3-N-acetyl hexam nidase and then with

0- gal act osi dase, whereby the derivative2was found to be the oligosaccharide
of the fornmula given below 24 HHHOHOB NHAc HO HO HH H O HO OH HO HO
HO s HM H NHAc HQ HDO OHH NH ACH OH HC, NHAC 0O OH H OH N HOOC H H H O-

- HHNH ~~~ NHACHAt H  HOOHO NHMH H HOH HHH NHAC HO HM H OH nn
HO~HO NHExcEtat Usnnyavaleasdrh: hyBPonises, MALDI - TOF M5 was conducted for

the derivatives of other_ peaks. Tables 1 to 5 show
Fluorescent wavelength: 425 nm

Mobile phase: acetonitrile solution containing 0.2% acetic
acid and serving as solution A and aqueous solution
5 containing 0.1% of acetic acid and 0.1% of triethylamine and
used as solution B
Gradient conditions: Linear gradient elution was conducted
using 30% of solution B for 2 minutes after the sample was
poured in so that the amount of solution B would be 65% in 60
10 minutes.

Glycosidase and structural analysis by mass spectrometry

The oligosaccharide derivative of peak 31 derived from
U937 was dissolved in 20 (1l of 20 mM citric acid buffer (pH
3.5), 1 1l of B-galactosidase (25 mU, product of Seikagaku
15 Kogyo Co., Ltd) was added to the solution, and the mixture
was reacted at 37° C for 24 hours. The reaction mixture was
boiled at 100° C for 3 minutes and centrifuged to collect the
supernatant. The supernatant obtained was subjected to normal
phase HPLC using an amide column, affording a fraction, which
20 was analyzed by MALDI-TOF MS. As a result, an oligosaccharide
(a) was obtained which was 2718 in molecular weight.
The oligosaccharide derivative (a) obtained was
dissolved in 20 (1 of 20 mM citric acid buffer (pH 5.0), 1
w1l of B-N-acetylhexaminidase (10 mU, product of Seikagaku
25 Kogyo Co., Ltd) was added to the solution, and the mixture
was reacted at 37° C for 24 hours. The reaction mixture was
boiled at 100° C for 3 minutes and centrifuged to collect the

supernatant. The supernatant obtained was analyzed in the



ol i gosacchari de structures corresponding to the peaks shown 5 in FIGS. 3 to
7. The nol ecul ar weights given in Tables 1 to 14 are those (MN of
conpounds wherein 2-am nobenzoic acid is attached to the reducing term nal
of the oligosaccharide. The synbols rggent the follow ng. Gal: D gal actose,
GLcNAc: N-acetyl gl ucosam ne, Man: D-nmannose, 10 Fuc: fucose, 2-AA

2- am nobenzoi ¢ acid, NeuAc: sialic acid. The oligosaccharide wherein

2-am nobenzoic acid is attached to the reducing term nal thereof, for

exanpl e, shie mahheet bike abbviehe adglifogasagchar bdeégpehtcbartiapr asentad iy the
formula given below wll be represented by -43 cNAc(31 15 4GLlcNAc-2-AA. H
HOO H kHb3~whHAthNWas' HOOEHAG MdAeculazSweliBhbl.- TOF M5 anal ysis The devi ce
used was Voyager DE-PRO (PE Bi osystens, Fram ngham MA). The neasurenent
was conducted The bilhgashAnepatide demivadevat (Bh aasefaraheentyehtage of 20
kV 5 and grid voltage of 96.3% wth a delay tinme of 1000 nsec, |ens offset
1. 25 andwiaser( - gaeastbyidasé | ogenséagaent19faPf@Pdind &5 a L quantity of
the sanple as dissolved in water was kneaded with 0.5u L of 20 ng/nL

met hahiol cddlguisaarhafr i8e5 dediiknpdimey Henz eihd caciwds( DEBR, iandoflkeuddxt ure was
dried to 10 obtain a sanple for use in neasurenent. 26 Table 1 Peak MN
Struct ur ereight.

These results revealed that the peak 31 was the

oligosaccharide of the formula given below.

W e &

HQ H
HO” H
H OH
HQ
HO®
H
10 Similarly, the oligosaccharide derivative of peak 35

was treated with fB-galactosidase, [ -N-acetylhexaminidase and
then with f-galactosidase, whereby the derivative was found

to be the oligosaccharide of the formula given below.



No. Mana/\ 1 1029 63 Man/ 31-4d cNAc/ 31-4G cNAc-2- AA Manal Manal\ 2 1176 3
Man/ 31- 43 cNAc/ 31-4d cNAc- 2- AA Manal | Fuc al Man- Manal\ 3 1192

Man/ 31- 43 cNAc/ 31- 443 cNAc- 2- AA Manal Manal\ 4 1379 3

Man/ 31- 4G cNAc/ 31- 4G cNAc-2- AA - G eNAc-dvpnal 6 Fuc al  Man al 5 1395 3

Man/ 31- 43 cNAc/ 31-4G cNAc-2-AA G al/fl-4G cNAc-Man al Man 6 1354

Man- Manal\ 3 Man/f 1-4G cNAc, 61-4d cNAc-2- AA Mane/ Manal\ 7 1541 3

Man/ 31- 43 cNAc, 61- 4G cNAc-2- AA Gal/ 31-4G cNAc- Manal 6 Fuc al Man 8 1516
Man- Manal \ 3 Man/ 31-4Q cNAc, 61- 44 cNAc- 2- AA Man- Manal G cNAc- Manal\ 9 1582
3 Man/f1-4G cNAc/ f 1- 4G cNAc- 2- AA G'ﬁ c- Manal 6

10

15

H OH OH OH HOOG
H
H NH
H H
H NHAC HAc
H HO o
HO”
H HO OH” NHAC H
HO'E;%’ Hg:‘ ;NHAc H
H OH HQ g%éék/
H OH

Using suitable hydrolases, MALDI-TOF MS was conducted
for the derivatives of other peaks. Tables 1 to 5 show
oligosaccharide structures corresponding to the peaks shown
in FIGS. 3 to 7. The molecular weights given in Tables 1 to
14 are those (MW) of compounds wherein 2-aminobenzoic acid is
attached to the reducing terminal of the oligosaccharide. The
symbols resent the following.

Gal: D-galactose, GlcNAc: N-acetylglucosamine, Man: D-mannose,
Fuc: fucose, 2-AA: 2-aminobenzoic acid, NeuAc: sialic acid.

The oligosaccharide wherein 2-aminobenzoic acid is
attached to the reducing terminal thereof, for example, the
structure of the oligosaccharide portion represented by the

formula given below will be represented by -4GlcNAcf[1-

4GlcNAc-2-AA.

OH OH HOO
0 OH
~0 0 NH
HO HO

NHAc NHAc



1 Fuc al Man-Man 10 1678 Man- Manal\ 3 Man/ 3] -4G cNAc/f 1- 4G cNAc- 2- AA

Man- Manal G cNAc A cNAc-Manal\ 11 1785 3 Man/f7-4d cNAc/ 31- 4G cNAc- 2- AA

A cNAc-Manal / 6 Fuc al 27 Table 2 Peak MW Structure No.

Gal / 31-43 cNAc-Man al 12 1760 3 Manl 128GkNAcl 1- 43 cNAc- 2- AA

Gal / 31- 43 cNAc- Manal  Man 13 1840 Man- Man- Manal\ 3

Man, 61- 443 cNAc/ 31-4d cNAc- 2- AA  Man- Man- Manal Gal / 31-4d3 cNAc-M an al 14 1906
3 Man/ 31- 4G cNAcl 1- 4G cNAc- 2- AA Gal, 61-4G cNAc- Manal | Fuc al Man-Man 15
2002 MaMALRA-TRFaMS 3ngBNAS3$- 4G cNAc, 61- 4G cNAc- 2- AA  Man- Man- Manal

Gal (31-4Gd cNAc- Ma n al 3 Man(31-4G cNAc/ 31-4G cNAc-2- AA 16 2052
Gal / 31- 4G cNAGLRRASVACcE used was Voyager DE-PRO (PE Biosystems,

Framingham, MA). The measurement was conducted in
linear/negative ion mode at an acceleration voltage of 20 kV

5 and grid voltage of 96.3% with a delay time of 1000 nsec,
lens offset 1.25 and laser intensity (nitrogen laser) of 2700.
A 0.5 #L quantity of the sample as dissolved in water was
kneaded with 0.5u4L of 20 mg/mL methanol solution of 2,5-
dihydroxybenzoic acid (DHB), and the mixture was dried to

10 obtain a sample for use in measurement.



3 Fucal | Fuc al &Gll1l31-4G3 cNAc\ 17 2125 Gl /31-4G cNAc- vanal\ 3

Man/ 31- 44 cNAc/ 31-4d cNAc-2- AA @Gl |l 1- 4G cNAc- Manhal @ cNAc\ G

al / 31-4G cNAc- Man al 18 2116 3Manl/-4d cNAcl 1- 4G cNAc- 2- AA

Gal/ 31-4G cNAc-Man al 4 AcNAc | | @&Rb/31-4G cNAc (al /31-4G cNAc- van al\ 19
2636 3Man/ 31-4G cNAc/ 31-4G cNAc- 2- AA Gal (31-4G cNAc- vanal | Fuc al

Gal/ 31-4G@ cNA ¢ G al/31-4G@ cNAc-G al / 31-43 cNAc\  Gal / 31-4GF cNAc-Man al \ 20
3001 Man(31-4d cNAcl 1-4G cNAc-2-AA Gal/31-4G cNAc-Manal ' | Fuc al
Gal / 31-4G cNA ¢ 28 Table 3 Peak MEadtleucdture No. Man-Man al 21 1557 3

Man, Ol - 41’;;1' NAcH 11+ 4G cNAC-2-AA—Gal H=4GcNAc=—ven—al—GcNAc=ManaltY— 22 1598

3 Man/ i 2 CNA - 4G cNAC- 2- AA Structure
Manal N
1 [1029 g Man//-4GleNAcf1-4GleNAc-2-AA
Manal d
Manal \6
9 1176 3Manpl-4GleNAcSI-4GleNAc-2-AA
/ 6
Manal I
Fucal
Man-Mana/ N
3 | 1192 § Man/3I-4GIeNACSI-1GleNAc-2-AA
Mana!”
Mana]\6
4 1379 3Man/f/-4GlcNAcS1-4GleNAc-2-AA
GlcNAc-Manal d ?
Fucal
Mana/ N
) 1395 g Manpi-4GleNAcfl-4GleNAc-2-AA
Galfi-4GleNAc-Manal”

Man
\

Man-Manal
6 | 1354 Y
3 Manpi-4GlcNAcSI-4GlcNAc-2-AA
/

Manal
Mana/ \6
7 1541 3 Manpi-4GlcNAc¢f1-4GleNAc-2-AA
Galpi-4GlcNAe-Manad ¢
Fucal
Man
M \M 1
an-Man«.
8§ | 1516 N
3 Manfi-4GleNAcSl-4GlcNAc-2-AA
Man-Mana/ d
GlcNAc-Manal N
9 1582 g Manf/-4GleNAcfS1-4GleNAc-2-AA
7 6
GlcNAc-Mana/ |
Fucal
Man-Man\
Man-Mana/
10 | 1678 g
3 Manpi-4GleNAcfS1-4GleNAc-2-AA
Man-Manal d
GleNAc
\
GleNAc-Mana/
11 | 1785 N6
3 Manpi-4GleNAcf1-4GlcNAc-2-AA
GleNAc-Manal” 6

|
Fucal




Gal/il -4G cNAc-Man al G cNAc- vanal\ 23 1743 3

Man/i 1- 43 cNAc, 61-4d cNAc- 2- AA @&l, 81-4G cNAc- Manal 6 Fucal

Gl /i 1-4d cNAc\ Gal / 31-44d cNAc- Manal \ 24 2270

3van/ il -4G cNAc/i |l -4G3 cNAc-2-AA @Gl /ib34d cNAc- Manal / | Fucal

Gal/i1-4G cNAc\ G al/il-4Gd cNAc-Man al 25 2417 63

Man/il-43 cNAc/ il -43 cNAc-2-AA @Gl /1 1-43 cNAc-Manal / 1 3 Fucal Fucal

Gl /31-4d cNAc @Gl /i 1-4G cNAc- Manal 26 2491 63

ManQl- 4G cNAc/ i | -4d cNAc- 2- AA Gal /1 Tralllec MAC- Man al  Gal / 11- 4G cNA ¢ Fuca]

3 @&l, 81-4G-cNAc—27-2563 Gal61-4GLeNAc-—Manral\—3
Nan/31-4GJP:Mc,g@,4G cNAC-2-AA Gal/i1- pﬁ@ Manal / 6 3 Fuca] 1 |Fuc al
Gl /i 1-4d §blAc al /1 1-4d cNAc- Man al gﬁ\r/gn, f 4G cNAc/ | | - 4Q cNAc- 2- AA
Galpl-4GleNAc-Manal N

12 | 1760 gManﬂ]-4GlcNAcﬂ1-4GlcNAc-2—AA

Galpl-4GlcNAc-Manal
Man

\
Man-Man-Mana/ N

g Manpi-4GleNAcfi-4GlcNAc-2-AA
Man-Man-Mana/ g
Galpi-4GlcNAc-Manal N
14 1906 g Manpi-4GlcNAcfl-4GleNAc-2-AA
’ 6
Galpi-4GleNAc-Manal

13 | 1840

|
Fucal

Man-Man\
Man-Man-Mana/ N

g Manpi-4GlcNAcf1-4GleNAc-2-AA

Man-Man-Mana/ d
Galpi-4GlcNAc-Manal N

g Manpfi-4GlcNAcfl-4GleNAc-2-AA
6

15 | 2002

16 | 2052 | GalpI-4GleNAe-Manas” |
3 Fucal

|
Fucal
Galpl -4GlcNAc\

Galpg/-4GlcNAc-Mana! N

17 | 2125 6
3 ManpI-4GleNAc/I-4GleNAc-2-AA
Galpi-4GleNAc-Manal”
GlcNAc\
Galpl-4GlcNAc-Manal,
18 | 2116 § Manpi-4GIcNACpI-4GIcNAC-2-AA

Galpl-4GleNAc-Manal

GlcNAcal

Galpl -4GlcNAc\
Galpl-4GleNAc-Mana/ N

19 | 2636 gManﬂ]-4GlcNAcﬂ1-4G%cNAc-2—AA

GalBi-4GleNAc-Manai” ]
Fucal
Galpgi-4GlecNAc

Galpi-4GleNAc-Galgl -4GlcNAc\

Galpji-4GleNAc-Mana/ N

20 | 3001 gManﬂ]-4GlcNAcﬂ1-4G:$cNAc-2-AA

GalBi-4GleNAc-Manal” i
Fucal
Galpgl-4GleNAc




28 2782 Gal,81-4G cNAc-Manal/ 6 Fuc al @Gal,61-4FcNAc 3 1 Fucal 1 29
Table 4 Peak MW Structure No. Fuca! 1 3 Gl,81-43cNAc Gal (31-4CI cNAc- M
ana! 29 2928 63 Man/ 31-4CI cNAc/ 31-4G 1 cNAc- 2- AA Gl / 31- 44 cNAc- Manal |
Fuca! @Gal/31-4GcNAc 3 1 Fuca! Galk31-4d cNAc-Gal (31-4d cNAC

Gal/ 31-4d cNAc- Man al 3 Man, 81-4d cNAc/ 31-4d cNAc- 2- AA 30 3147

Gal / 31-4d cNAc-Manal' | Fuc al @l (3l-4G@cNAc 3 1 Fuc al Cal,6]-4G 1 cN
Ac-G al/31-4 Ac N Ac

Table 3
Peak
No MW Structure
Man-Mana/ N
21 | 1557 gManﬂ]-4GlcNAcﬂ1-4GlcNAc-2—AA
GalBl-4GleNAc-Manal”
GlcNAc-Mana/ N
22 | 1598 gManﬂ]-4GlcNAcﬂ1-4GlcNAc-2—AA
Galpl-4GlcNAc-Manal g
GlcNAc-Manal N
23 1743 6 Manpi-4GleNAcfI-4GleNAc-2-AA
s 3 6
Galpl-4GleNAc-Manal |
Fucal
Galgl -4GlcNAc\
Galpl-4GleNAc-Manal N
24 | 2270

g ManpI-4GlcNAcS1-4GleNAc-2-AA
6

Galpl-4GleNAc-Manal” i
Fucal

Galpl -4GlcNAc\
Galf1-4GleNAc-Manal N

25 | 2417 gManﬂl-4GlcNAcﬂ1-4G?NAc-2-AA

Galgl-4GleNAc-Manal” .
3 Fucal

|
Fucal
Galpl-4GleNAc

Galpl-4GleNAc-Manal N
9% | 9491 § Man/iI-4GIeNAC/I-4GIeNAc-2-AA
Galpi-4GleNAc-Manal”

Galpl-4GleNAc
Fue a{

3
Galfl-4GleN Ac\
Galpfl-4GleNAc-Mana/ N

27 | 2563 .
3Manp/-4GleNAc/f! -4G%cNAc-2—AA

Galfl-4GleNAc-Manal” ,
3 Fucal

|
Fucal
Galpl-4GleN Ac\

Galpl-4GlcNAc-Manal N
(_53 Mangi-4GleNAcfl-4GleNAc-2-AA
6

28 | 2782 | GalpI-4GleNAc-Manal” |
Fucal
Galpji-4GleNAc

]
Fucal




Gal , 81 -4G cNAc- Gal (31-4G cNAc-van al \ 31 3366 h3Mman/Jl -4GkNAc/ i 1-4d
NAc- 2- AA (Gal/31-4G cNAc-Marta! | Fuc al @Gl/il-4GcNAc Man Cal/31-4G lc
NAc- Man al 3 2 1921 3 Man(31-4G cNAc/il-4G cNAc-2-AA @Gl (31-4CI cNAc- Mart a!
/ | Fucal Calffl-4d cNAc-Man al 3 Manf2f9l- 4GKNAcf J- 4G cNAc- 2- AA 33 2109
Gal /3!-4d cNAc- Manal / 6 Fuca] ClicNAcal (G al(il-43dcNAc)2-Gl/3!'-4G cN Act
Gal/il-43d cN Ac-Gal / 31- 4G cNAc- Marta! 34 3731 3ManQLl- 4G cNAc/ 3/ - 4G cNAc- 2-
Gal / 31-4d cNAc-Manal* | Fuc al Calffl-4G cNAc 30 Table 5 Peak MWV
Structure No. (Gal)61 4GI cNAc)2 GaITahldGlcNAc Gal , 61 -43 ¢ NAc- Gal/ 31-4G

MNLA

ICNAC' IVB.IIPQI J ‘-i-U?G OIVU.III OJ. ’-l-\J CITNAL, UI ’-l-\J L,I\II"\L, L I"\
B Nﬂ(

Gal 131- 4G NBgy /|31- 4G cNAc- Manal /' 6  fygatyreGal/ 3/ - 4G cNAC
(Gal / 31- 4AGNAC) 2- Gal / 31- 4G cNAc\  (Gal / 31- 4G cNAc) 2- G al / 31- 4G cNAct Man al\

Fuc 0:1I

3
Galpgl! -4GlcNAc\
Galpl- 4GlcNAc-Mana1

29 | 2928 3Manﬂ1 -4GIeNAcpI- 4GlcNAc-2-AA

Galgl -4GleNAc-Manal”
Fuc aI
GalpI-4GleNAc

3
!

Fucal
GalpI-4GlecNAc-Galg! -4GlcNAc\

Galpl-4GleNAc-Mana! N

6 Manpg/-4GlcNAcfI-4GlcNAc-2-AA
/3 6
30 | 3147 Galpl-4GleNAc-Mana/ I
Fucal
Galpl-4GleNAc
3
|
Fucal

Galfl-4GleNAc-Gal5I-4GleN Ac\
Galfl-4GleNAc-GalBl-4GleNAc-Man aI

31 | 3366 3Manﬂ1 -4GleNAcpI- 4GlcNAc-2 AA
Galﬂ1-4GlcNAc-ManaI

Fuc aI
Galp/-4GlcNAc

Man

\
Galpjl-4GleNAc-Manal N

32 | 1921 gManﬂ1-4GlcNAcﬂ1-4G(IScNAc-2-AA

Galpl-4GleNAc-Manal :
Fucal

Galpl-4GlecNAc-Manal N

g Manpg!/-4GlcNAcSl-4GlcNAc-2-AA
6

33 1 2109 | Gaipr-sGIeNAc-Manas”

|
Fucal
GleNAcal
(GalBl-4GlcNAc),-GalBI-4GIcN Ac\

Galpl-4GleNAc-GalSl-4GleNAc-Manal

3Manﬂ1 -4GlcNAcSI-4GleNAc-2-AA|
6

Fuc aI

34 | 3731 Galfl-4GlcNAc-Manal”

Galpfl-4GleNAc




36 4461 3Man, 6l -4d cNAc/ 31-4d cNAc-2-A Gal / 31- 44 cNAc- Gal / 31- 43 cNAc- Manal ™
6 Fucal Gal/3/-4G@ cNAc ((Gal)61-4G cNAc) 3-G alQl-4d cNAc\

(Gal/31-4d cNAc) 2- Gal / 31- 4G cNAc- M an al 37 4826

3Man/ 31- 4G cNAc/ 31-4G eNAc- 7~ Gal /!'1-3G cNAc- Gal / 11- 43 cNAc- Manal | Fuca]
Gal / 31-4d cNAc (Gal )61-4G cNAc) 3-Gal /1 1-4d cNAc\ (G al /3l

-4d cNAc) 2- Gal / 31-4G | cNAc- Man al\ 38 5191 3Man/ 31-4d cNAc/ 31-4G NAc- 2-

Gal / 31-4d cNAc- Gal / 31-4d cNAc-Mama/ |1 Fuc al GalQl-4d cNAc- GalQl-4d ¢cN Ac
(Gal / 31-4d cNAc)3 Gal/ 31- 44 cNAc\ ('E@kbl@lS 44 cNAc)2 Gal/ 31- 4d cNAc- Manal

39 5556 phant 4G chNAc 344G A2 (GaiOt=4GciVac) 2= GatQt=4G—ciNAc=\Manal " 6
Fucal & P{ @(1 MEW:\IAC Gal / 31- 4G cNAc Gal§t3dc diecNAc- Man al \ 3
Man/fl -4 NAC/ 31- 4G cNAc-2- AA 40 2474 Gal/31-4d cNA - anal” 6 Fuc gl

Gal /31-4JI cNA: G c NAGapI-8lcNAcy,2Glple4GlcNAcce ol | gosaccharide 1 present|in
cells Hupan gastric¢ %gre washed with PBS and
hormpgeni zed with a g@é}eﬁ%lﬁ@g Tl%%( l41?51‘“1 a'fﬁ(/t\ 2HPO4 (pH 5 7.5) coptai ni ng

1% pr ot eas§5i 1%&1) f or to a concentration of 1 3Man,81 -4GleNAcpI- 4G!$cNAc-2-AA

Galfl-4GleNAc-Galgl - 4GleNAe-Manal”
Fuc al
Galp-4GleNAc

(Galpi-4GleNAc),-Galpl-4 GlcNAc\

(Galpi-4GlcNAc),-Galfl-4GleNAce-Manal N

g Manpgl-4GleNAcS1-4GlcNAc-2-AA
6

36 | 4461 Galfl-4GleNAc-GalS31-4GlcNAc-Manal ’ I
Fucal
GalpI-4GleNAc
(Galpi-4GlcNAc);-Gal gl -4GlcNAc\
(Galpgi-4GlcNAc),-Galpi-4GleNAc-Mana/ N
37 4896 g Manp/-4GIcNAcg! -4GlcNAc-2-AA1
Galpl-4GlcNAc-Galpl-4GleNAc-Manal 6
Fucal
Galpi-4GleNAc
(GalpI-4GleNAc);-Galpi -4GlcNAc\
(Galpl-4GlcNAc),-Galpl-4GlcNAc-Man a]
38 | 5191 3 Manﬂ] 4GlecNAcSI-4GlcNAc-2-AA;
Galp-4GleNAc-GalBl-4GleNAc-Manal” ¢
Fuc al
Galpi-4GlcNAc-Galpl-4GlecNAce
(Galpl-4GlcNAc);-Galpi-4 GlcNAc\
(Galpi-4GlcNAc),-Galgi- 4GlcNAc—Mana]
Manﬂ] 4GIcNAcSI-4GlcNAc-2-AA|
39 | 5556 /3 6

(GalpI-4GlcNAc),-Galf1-4GlcNAc-Man al”
Fuc al
Galf1-4GleNAc-Galfl-4GleNAc

Galpjl-4GlcNAc-Manal N

§ Manf3i-4GIeNACAI-4GlcNAc-2-AA
6

40| 2474 | Gapr-4GIcNAC-Manal” |
’ Fucal
Galpi-4GleNAe  GleNAcal




X 108 cells/5 M, 10 M of 20 nM Tris-HCL buffer (pH 7.5) containing 0.5 M
sucrose was then added to the m xture, the resulting m xture was
centrifuged at 3000 rpm 4 C for 15 mnutes, and the supernatant was
thereafter collected and 10 centrifugediat 19000 rpm 4 C. The resulting
supernatant was treated in a vacuumto dryness to obtain a free-type

ol i gosaccharide m xture. In the sane nmanner as in Exanple 1, 2-AA was
introduced into the oligosaccharide mxture to obtain a m xture of free- 15
type ol i gesapdkarni des, which was fractionated by serotonin affinity colum
chromat ography to obtain free-type oligosaccharide derivatives. FIG 8
shows the Freealolbfosapaharide byprésentfimicgllsol uim chromat ogr aphy. Each
fraction obtained was separated 20 by nornmal phase HPLC using an_am no

col um to obt aHumanf gagtrigpeaBFegosaeeRaMKNe4Bevevat waehedowdihi BBS f or
HPLC Col um: Asahi Shodex NH2P-50 4E (Showa Denko, Tokyo, Japan, 4.6 X 250
m) 25 céndmhomegsaigedr @ithoacalpgsp honegenipsge inpUoosy NeLBRPs afRdH 1
m/mn Detector: JASCO Model FP-920 fl uorescent detector 32 Excitation
wavel 2ngt’h5) 350TER1LPLGEr dSc BACLRAPE RGLRL LAY LRNPMEITICENSRESAOTadt dnitril e
sol ution containing 2% acetic acid and serving as solution A and aqueous
sol uti on *tohPaiFRIg A2mL of0 deletqfe 2HtieM M%gé@f Wyt femy(Rii heéland used as
solution B G adient cQn jtions: Linear gradient eIut%pn was conducted using
30% of S GERPORIB G- 22 MHGEESSaPes: THRE S5050e FRat NeBUPEHTFn £6% hat the

anmount of solutiion B would be 95% in 80 mnutes. Solutiq@n_B was mai ntai ned
in an anﬁﬁﬁpl5ﬂn§5ﬂﬁﬁgpre was centrifuged at 3000 rpm, 4 C for 15

minutes, and the supernatant was thereafter collected and
10 centrifuged at 19000 rpm, 4° C. The resulting supernatant was
treated in a vacuum to dryness to obtain a free-type
oligosaccharide mixture.
In the same manner as in Example 1, 2-AA was introduced
into the oligosaccharide mixture to obtain a mixture of free-
15 type oligosaccharides, which was fractionated by serotonin
affinity column chromatography to obtain free-type
oligosaccharide derivatives.
FIG. 8 shows the result of separation by the affinity
column chromatography. Each fraction obtained was separated
20 by normal phase HPLC using an amino column to obtain a free-
type oligosaccharide derivative.
Conditions for HPLC
Column: Asahi Shodex NH2P-50 4E (Showa Denko, Tokyo, Japan,
4.6 X 250 mm)
25 Column temperature: 50° C
Pump: JASCO Model PU-980
Flow rate: 1 ml/min

Detector: JASCO Model FP-920 fluorescent detector



10 100 m nutes. The free-type oligosacchari de derivative obtai ned was
suitably treated with gl ycosi dase (sialidase, a-mannosi dase,

a- gal act osi dase, R-acetyl hexam ni dase, etc.), followed by normal phase HPLC
for separation using the above-nentioned 15 am no columm. The fractions
obtained were |yophilized and analyzed by MALDI -TOF M5 to determ ne the
structure of the oligosaccharide derivative. The treatnment with

a- mannosi dase i s conducted by dissolving the oligosaccharide derivative in
20 [L1 ofEx2G taior0 weivierlieqgddi:d 35%f ey (pH 4.5), adding 2 ul of

a- mannosi dase (10 mM product of Sei kagaku Kogyo Co., Ltd.), reacting the

m xture FluPrescesmt 2avied@gthsoi425n@m he reaction mixture at 1000 C for 3
m nutes, centrifuging the m xture and collecting the supernatant. The

t r eat menMakiitle P& ss:hecappiridirddes spdivd ipn Nd@g 7% Reedite agdher as
in the foregoing exanple. . Tables 6 and 7 show the ol i gosacchar,i de

derivati SHEFIIRG 2S5 B WHOR & 1256s ARSI ES 1Gbiem iGeNEaENd$I Snd 7 are
novel conpounds., For exanp] e, saccharide derivative No. 33 1 which is

1395 i 0 SEREAC S Gn s Fie e TGRS SRS MAeR G S ISR T O
HOO Hé%%%ﬁéng*ggnd;ggggg%:LJHJ;% ggggfigé*gldﬂﬂ%%'wéé %@%%ud@% HO
using 30% of solution B for 2 minutes after the sample was
poured in so that the amount of solution B would be 95% in 80
minutes. Solution B was maintained in an amount of 95% for
10 100 minutes.
The free-type oligosaccharide derivative obtained was
suitably treated with glycosidase (sialidase, «-mannosidase,
B -galactosidase, B-acetylhexaminidase, etc.), followed by
normal phase HPLC for separation using the above-mentioned
15 amino column. The fractions obtained were lyophilized and
analyzed by MALDI-TOF MS to determine the structure of the
oligosaccharide derivative.
The treatment with @ -mannosidase is conducted by
dissolving the oligosaccharide derivative in 20 ¢l of 20 mM
20 citric acid buffer (pH 4.5), adding 2 ¢l of «@-mannosidase
(10 mM, product of Seikagaku Kogyo Co., Ltd.), reacting the
mixture at 37° C for 24 hours, boiling the reaction mixture at
100° C for 3 minutes, centrifuging the mixture and collecting
the supernatant. The treatment with the other hydrolases were
25 conducted in the same manner as in the foregoing example.
Tables 6 and 7 show the oligosaccharide derivatives obtained.
The free oligosaccharides given in Tables 6 and 7 are

novel compounds. For example, oligosaccharide derivative No.



34 Table 6 MW Structure 3 Man(31-4CI cNAc-2-AA 1321

NeuAc- Gal , 61-4d cNAc- Mana/ Manal\ 1483 3 Man(il-4d cNAc- 2- AA

NeuAc- Gal / 31- 43 cNAc- M an al G cNAC- Manal 1686 3 Man/ 31-4d cNAc- 2- AA
NeuAc- G al / 31- 4G cNAc- Man al NeuAc- G aBB31-4G I c NAc-Man al 2140 3
Man(31- 4G cNAc- 2- AA NeuAc- Gal (31-4G cNAc- Man al G cNAc

NeuAc- Gal / 31-4d cNAc- M an al 2343 3 Man/ 31- 4G cNAc- 2- AA

NeuAc- Gal f| -4G cNAc- Man al NeuAc-Gal (31-4G cNA ¢ | Gal 614CIcNAc_ r 2505
( NeuAr j 2 ICahd ehGIeNA3RENdN GolecNHREr3MelGhENAG- Zepresented Dy #blecNAc- Man al
NeuAc- Gal (31-4G cN Ac\ 2795 \6 3 Mani | -4GlcNAc-2 AA "

NeuAc- GalferTudg GUXENVPLAOM- GIcNAc C al ,61-4G 1c N Ac-Ma n al 2999
(NeuAc-)3 3 Man/ 31-4G cNAc-2- AA @Gl / 1l - 4d cNAc- Man al

HO&J&/ O
H H

NHAc

H 0
HO
HO HOOC Ho H 0
HOw- " S%OHH NHA



Gal ,81-4G cNA ¢ &@1/31-4G cNAc G alffl-43 ¢ NAc- Manal\ 3160 (NeuAc )3
3Man(31-4G cNAc-2-AA " Gal (31-4C I cNAc- Mana] | GaW-4G cNAc 35 Table 7 MWV
Structure NeuAc-Gl/il -4G cNAc\ NeuAc-Galll-4d cNAc- Manal 3451 3

Mandl- 4GlcNAc- 2- AA NeuAc- Gal | 1- 4G cNAG4Manal NeuAc- Gal /31-4G cNA ¢

NeuAc- Gal / 31- 4G cNAc- Gal , 61- 4G cNAc NeuAc- Gal , 61- 4G cNAc- Man al 3816 3

Man/ 31- 43 cNAc- 2- AA NeuAc- Gal , 01- 4G cNAc- Man al NeuAc- GalQl-4G cNA ¢
Exanple 5 A mixture of free-type oligosaccharides was obtained by 5 the
same procedure as in Exanple 4 with Taéklexgeption of using human T cell

| ynphoma gurkat—27 (ot gosaccharide=—rntroduced celt—strarn)—npl ace of
human gast MW cancer cells MKN4A5. [{ruebiréane nanner as in Exanple 1, 2-AA
was i ntrogucedt—10—ntothefree=typPg okt coharde—mxture—obfained to
prepare a| Xt ure of free-type oli géIglaagﬁcﬁhg;rl‘?%g\eckf erivatives, whig¢ch was
fractiona by NewAGHA-1EIEMM MM H hr anmt ography to obtain free-fype

ol i gosaccharide derivatives EMM¥raction obtai ned was separated|by nor nal
phase 15| HRY| usi ng an ani de col un@&hﬂﬂl@&ﬂl&im-mlﬂee-type

NeuAc-Galp/-4GleNAc-Manal”

GleNAc-Mana/ N
1686 gManﬂ1-4GIcNAc-2-AA
NeuAc-Galfl-4GleNAc-Manal”
NeuAc-Galf/-4GlcNAc-Manal N
2140 § Manpi-4GIcNAc-2-AA
NeuAc-Galp/-4GlcNAc-Manal”

GlcNAc

\

NeuAc-Galf/-4GlcNAc-Mana/ N

2343 g Manp/-4GlcNAc-2-AA
NeuAc-Galp/-4GleNAc-Manal”

NeuAc-Galf/-4GleNAc

Galpg! -4GlcNAc\

Galpl -4GlcNAc-Mana1\
§ ManB/-4GIcNAc-2-AA
Galpl-4GleNAc-Manal~

2505 (NeuAc—),

NeuAc-Galgl -4GlcNAc\

NeuAc-Galp/-4GleNAce-Mana!
2795 / N
3 ManpI-4GlcNAc-2-AA

NeuAc-Galf/-4GlcNAc-Mana/ ’

GlcNAc¢

Galpl -4GleNAc-Manal,
2999 | (NeuAc—), 6 Manl-4GleNAc-2-AA
Galpl-4GlcNAc-Manal

GalpI-4GleNAc

/Galﬂ1-4GlcNAc\

Galpl-4GleNAc-Manal N

3160 | (NeuAc—); < gManﬂ1-4GlcNAc-2-AA

Galpl-4GleNAc-Manal”

\_Galpl-4GlcNAc




ol i gosacchari de derivative. Conditions for HPLC Col utm: TSK-GEL Am de-80
(TOSOH CORPORATI QN, Japan, 4.6 X 250 mm 20 Columm tenperature: 400 C 36
Punp: JASCO Mbdel PU-980 Flow rate: 1 m/mn Detector: JASCO Model FP-920
fluorescent detector Excitation wavel @agth: 350 nm 5 Fl uorescent

wavel engt h: 425 nm Mbil e phase: acetonitrile solution containing O 1&
acetic acid and serving as solution A and aqueous solution containing 0.2%
of acetic acid and 0.2% of triethylam ne and used as solution B 10 G adi ent
condi tions: Linear gradient elution Taslechducted using 30% of solution B

for 2 m nut af ter—the sanpte was g T so that—the—anounty of sol ution
B woul d bl;@& C‘@iﬁe_gl_l_ggsaccr@u_de_deL vatives

obt ai ned were %%rﬁﬂ'@/z"&?l‘ﬁy the sane procedure as in Exanple 4| to

determ nel the ggmc@dwemlgﬁamma,&$mm the oli gosaccharl de deriyatives
ﬁ/g;a:vgﬁd'z?‘@n?-ﬁ/glne 8 Peak Struct 3M mmw%m Sl Man- Mangy Man- Q cNAc- 2- AA
NeuAc-Galg!- 4GleNAc-Manal”

NeuAc-Galp/-4GlecNAc
NeuAc-Galfs/-4GleNAc-Galfs! -4GlcNAc\

NeuAc-Galp/-4GleNAc-Mana/ N

3816 § Manfl-4GlcNAc-2-AA
NeuAc-Galpl-4GleNAc-Manai”

NeuAc-Galfi-4GleNAc

Example 5
A mixture of free-type oligosaccharides was obtained by
5 the same procedure as in Example 4 with the exception of
using human T cell lymphoma Jurkat 27 (oligosaccharide-
introduced cell strain) in place of human gastric cancer
cells MKN45.
In the same manner as in Example 1, 2-AA was introduced
10 into the free-type oligosaccharide mixture obtained to
prepare a mixture of free-type oligosaccharide derivatives,
which was fractionated by serotonin column chromatography to
obtain free-type oligosaccharide derivatives
Each fraction obtained was separated by normal phase
15 HPLC using an amide column to obtain a free-type
oligosaccharide derivative.
Conditions for HPLC
Column: TSK-GEL Amide-80 (TOSOH CORPORATION, Japan, 4.6 X 250
mm)

20 Column temperature: 40° C



Man- 3 cNAc- 2- AA Ma-Man' Man 3 Man- Man- Man Man- G cNAc- 2- AA Man- Man Man 4
(Man-)2 z Man-d cNAc-2- AA Man-Man Man- Man 5 Man- Man- Mangy Man- G cNAc- 2- AA
Man- Man- Man/ Exanpl e 6 O igosaccharides of human cervical cancer cells 5
Human cervi cal cancer cells HeLa were BfAcubated using DVMEM containing 10%
of NCS i mmbilized in advance by being heated at 500 C for 30 mnutes. In
80% confluent state, the <cells being incubated were washed with PBS and
then treated at 37 Cfor 5 minutes with addition of a trypsin solution, 10
and the &amps s&p3catMadeerBUcdBlected, washed with PBS and thereafter
subcul tured. The sanme procedures as in Exanple 2 were repeated for the
preparatﬁ%@waaéeCeﬂlm&émﬁpane fraction 38 and separation of

ol i gosaccharides fromthe cell nmenbrane fraction to obtain an
ol i gosacEREECEETH PO NerRledPrPeh fdorreserprafesSCrR™ he same manner as

i n Exanpl e 2-AA aws _introduced into the mxture, followed by serotonin
affln|tyE§¢&ﬁﬁ$&€?o&?¥ﬁﬁﬁnﬂﬁ%ob@élnnwllgosaccharlde derivative fractions.
FIG 10 shows the result _of r%tlon by the columm chromat ography. The
asi ald off @8§§58ﬁ§Fl&@V@&FP9 ‘v&%Pr % i on, nonosial o ol i gosacchari de

derivati f.raction and disialo
%Fb le phase: aceton%trlle solution containing 0.1% acetic

acid and serving as solution A and aqueous solution
containing 0.2% of acetic acid and 0.2% of triethylamine and
used as solution B
10 Gradient conditions: Linear gradient elution was conducted
using 30% of solution B for 2 minutes after the sample was
poured in so that the amount of solution B would be 65% in 60
minutes.
The free-type oligosaccharide derivatives obtained were
15 analyzed by the same procedure as in Example 4 to determine
the structure. Table 8 shows the oligosaccharide derivatives

obtained.



10 ol i gosaccharide derivative fraction were treated with sialidase and

thereafter subjected to normal phase HPLC using an am no columm for

separation to obtain oligosaccharide derivatives The sane conditions as in

Exanple 4 were used for HPLC 15 The g8I7i gosacchari de derivatives obtai ned

were suitably treated with glycosidase (sialidase, a-mannosi dase, Q

gal act osi dase, Q acetyl hexam ni dase, etc.), followed by normal phase HPLC

for separation using the above-nentioned am no columm. The fractions

obt ai ned were |yophilized and 20 thefaaieed anal yzed by MALDI -TOF MBS to

determ ne %Q troucture of the ol igosaccharide derivati ves. Tables 9 to 12

show t he plj ggsacchari de derivaftmesur@ebtained. 39 Table 9 asialo

ol i gosacchaN(?-de derivative MNStructure Mn \ 1354 Man- Manal\ 3

Man/ 3/ - 4@ cNAc/ 3BManQd cNAc- 2- AA Manal Man 1516 Man- Manal\ 3

Man/ 3/ - 4@ cNAc/ S%faﬁ}ga%NAC_z_AA Man- Man al " Man-Man 1678 Man- Mana/\ 3

Man/ 31- 43 cNAc/ B1- CNAc-2- AA Man- Manal Gal @ -4G | cNAc- Manal 176 3

Man/ 31- 4G cNAc/31-4(3ctwﬁmﬁchﬁéﬁLAA
Man

Man

Man-Man
2 2 N
Man-GlcNAc-2-AA

Man-Man
Man
\
Man-Man
3 Man— AN
Man-GlcNAc-2-AA
Man-Man
Man
\
Man-Man
4 (Man—), AN
Man-GlcNA¢-2-AA
Man-Man
Man-Man\
5 Man-Man-Man N
Man-GleNAc-2-AA
Man-Man-Man
Example 6

Oligosaccharides of human cervical cancer cells

5 Human cervical cancer cells Hela were incubated using

DMEM containing 10% of NCS immobilized in advance by being
heated at 50° C for 30 minutes. In 80% confluent state, the
cells being incubated were washed with PBS and then treated

at 37° C for 5 minutes with addition of a trypsin solution,

10 and the cells separated were collected, washed with PBS and
thereafter subcultured. The same procedures as in Example 2

were repeated for the preparation of a cell membrane fraction



0 GalQl-4d cNAc- vanal Man 1840 Man- Man- Manal\ 3

Man/ 31- 4GkKNAc/ 31- 4d cNAc- 2- AA  Man- Man- Manal 1906 Gal / 3/ 443 cNAC- Manal \6
Man31- 4GcNAc31- 4GLNAc- 2- AA 3 Gal/31-4G cNAc-Manal | Fuca/ Man- Man 2002
Man- Man- Manal \ 3 Man/ 31-4d cNAc/ 3/ - 43 8RIAc- 2- AA  Man- Man-Manal 5 40 Table
10 nonosi al o ol i gosaccharide derivative MNStructure NeuAc-G

al/i1-43d cNAc-M an al 1686 3 Man, 61-4G cNAcQL-4Cl cNAc-2- AA Mahal NeuAc-G
alJ31-4d cNAc- Man al 3 Man/ 31-4Cl cNAc, 61-4d cNAc-2- AA 1889 Mana!' 4 d cNAc
2051 NeuA®d GgpalraGioNAcfVeddlgosaNghazldes EMaoY 3he4 Ced NAmebEANE

al, 61-4GlcNAc-Man al G al/Il -4G cNAc-Mahal 2197 NeuAc-

6Man/ 31- fCaeNAen to40bERAE AnARL 1g9sacghryidecramAtrpnsigr iyed from

cell membranes. In the same manner as in Example 1, 2-AA aws
introduced into the mixture, followed by serotonin affinity
5 chromatography to obtain oligosaccharide derivative fractions.
FIG. 10 shows the result of separation by the column
chromatography.
The asialo oligosaccharide derivative fraction,
monosialo oligosaccharide derivative fraction and disialo

10 oligosaccharide derivative fraction were treated with
sialidase and thereafter subjected to normal phase HPLC using
an amino column for separation to obtain oligosaccharide
derivatives The same conditions as in Example 4 were used for
HPLC.

15 The oligosaccharide derivatives obtained were suitably
treated with glycosidase (sialidase, «-mannosidase, f-
galactosidase, [ -acetylhexaminidase, etc.), followed by
normal phase HPLC for separation using the above-mentioned
amino column. The fractions obtained were lyophilized and

20 thereafter analyzed by MALDI-TOF MS to determine the
structure of the oligosaccharide derivatives.

Tables 9 to 12 show the oligosaccharide derivatives

obtained.



Fucal G al/ll-4d CNAc-Mahal Z 254 NeuAc- 6 ManJ31-4d cNAc/ 31-4d cNAc- 2- AA
Gal , 61-4CIcNAc-Man al 13 4 GcNAc 1 GalQl-4d CNAc- Mahal NeuAc-

6Man/ 31- 4G cNAc, 61- 43 NAc-2- AA 2343 Gl / 31-43 cNAc- vanal 13 6 3 Fucal |
Fucal G al/il-4Cl cNAc-Mahal N 24~~ NedAc- Man/ 3l -4d cNAc/ 31-4d cNAc- 2- AA |
Gal , 61- 4C1cNAc- Manal 4 6 Fucal G cNAca] Gall 1-4d cNAc- Man al NeuAc- 6

Man/ 31- 43 cNAc/ 31- 43 cNAc- 2- AA 2546 Gal/ 31-4G cNAc-Manal 4 6 3 Fucal Fuca]
G cNAcal 5 41 Table 11 disialo oligosaccharide derivative-1 MN Structure
NeuAc- Gal - Gl cNAc- Man al 2342 3 Man/ 31al3k% cNAc/ 31- 4G cNAc-2-AA N e uAc-Gal -G
lc N Ac-Man al Gal -G cNAc- Manal\ 2545 ( NeuAc-) 2

3Man/ 31- 4G cNAcQL- 43 cNAc- 2- AA @Gl - d cNAc- Manal ~

asialo oligosaccharide derivative

MW Structure

Man

\
1354 Man-ManaI\

§ Man/31-4GIcNACAI-1GleNAc-2-AA

Manal/
Man

1516 Man-Manal N

g ManpI-4GlcNAcSI-4GleNAc-2-AA

Man-Mana/ d
Man-Man
\

1678 Man-Manal\

‘; Manp/-4GleNAcfI-4GlcNAc-2-AA
Man-Mana/ ’
Galpjl-4GlcNAc-Mana! N
1760 gManﬂl-4GlcNAcﬂ1-4GlcNAc-2-AA

Galpl-4GleNAc-Mana!”

Man\
1840 Man-Man-Mana/ N

g Manpl-4GleNAcpI-4GlcNAc-2-AA
Man-Man-Mana/ ’
Galpjl-4GleNAc-Mana! N
6
Manp/-4GlcNAcfl-4GlcNAc-2-AA
1906 3 p

Galpl-4GleNAc-Manal~ ,
Fucal

Man-Man
\

92009 Man-Man-Mana/ N

g Manp!/-4GleNAcfSI-4GlcNAc-2-AA
Man-Man-Mana! g




GcNAc | 1 @Gl-GcNAc-Manal\ 2691 (NeuAc-)2 Man/ 31-4d cNAc/ 3/ -4Q cNAc- 2- AA
34 @Gl-AdcNAc-Manal | Fucal GcNAcal G cNAc @Gl-AcNAc- vanal, 2748
(NeuAc-)2 3 Man/ 31-4G cNAc/ 31-4G cNAc-2- AA Gl - d cNAc- Manal G cNAc ||

G cNAc @Gl -d cNAc-Manal 2894 (NeuAc- %2 3Man) 9l - 4d cNAc/ 31-43 NAc-2-AA
4 6 @Gl-dcNAc-Manal Fuc al G cNA 1 cal Gal-QAd cNAc- Manal \

Manl 1- 43 cNAc/ 31- 4G cNAc- 2- AA 3056 (NeuAc-)2 @Gl -d cNAc- Mahal 4 | Fuca]

Gal -G cNA ? A cNAcal A cNAc-Gl-Ad cNAc GAG cNAc- vahal 3113 (NeuAc-)2 6 3
Man/ 31- 4GKNAc/ 3/ - 4G cNAc- 2- AA  Gal - BebARclifManal 4 GcNAc | 1 5

monosialo oligosaccharide derivative
MW Structure
NeuAc-Galpi-4GlcNAc-Mana/ N

1686 gManﬂ]-4GlcNAcﬂ1-4GlcNAc-2-AA

Mana/ ’
NeuAc-Galfi-4GleNAc-Mana/ N

¥ Manfii-4GIeNAI-4GleNAe-2-AA

1889 Mana/ ’
GleNAcal
fGalﬂ1-4GlcNAc-Mana1\
9051 | NeuAc— < § Man/iI-4GIeNACfI-4GIeNAc-2-AA
| GalfI-4GleNAc-Manal”~
(Galpi-4GleNAc-Manal
2197 | NeuAe— - § Mangi-4GleNAcAI-4GlcNAc-2-AA
| Galpl-4GleNAc-Manal~ ¢
Fucal
[ Galpl-4GleNAe-Manal
gg5q | NewAe™ 3 § Manfsi-4GleNAcAI-4GleNAe-2-AA
| GalfI-4GicNAc-Manal”~

GleNAcx!
Galfl-4GleNAc-Mana/ N
paay | NewAe § Man/3I-4GIcNACpI-4GIcNAe-2-AA
Galpl-4GleNAc-Manal” ¢
_|3 Fucal
Fucal
Galfl-4GlcNAc-Mana! N
2400 | Nevae— § Man/3I-4GIcNACpI-4GleNAc-2-AA
Galpl-4GleNAc-Manal~ ¢
Fucal
GleNAcal
Galf-4GleNAe-Manal,_
ysap | N § MangI-4GlcNACpI-4GleNAc-2-AA
Galpi-4GlcNAc-Mana/ 4 (15
3 Fucal
! GleNAcal

Fucal




42 Table 12 disialo oligosaccharide derivative-2 MNStructure

G cNAc- Gal -d cNAc Gal - 3 cNAo- vanal\ 3259 (NeuAc-)z 6 3

Man/11- 4G cNACQL- 43 cNAc-2- AA Ga[-d cNAc- Manal ~ 6 Fucal G cNAcal

G cNAc- Gal -G cNAc @Gl -d cNAovanal\ 6 43405 (NeuAC-)y

ManQ - 43 cNAc, 61- 43 cNAc-2- AA Gal -d cNAc-Manal 3 4 6 3 Fuca] Fucal

G cNAcal G cNAc-Gal -A cNAc 3421 (NeuAC- )z Gal -d cNAc- Manal \ 6

Man/ 31- 4G cNAcQ - 4Ad cNAc-2-AA 13 6 Gal-A cNAc-Manal i Fuca] @Gal-d cNAc
G cNAc- Gal -G cNAc  Gal - G cNAc- Manal Ta®d24 1INeuAc-) z

3Man, 61- 4G cNACQ -4G cNAc-2-AA Ga[-G@ cNA - anal i 6 Fuca] Gal-GkNAc

G cNAcal 5 Exanple 7 A igosaccharides of cancer cell-specific antigen CD98

Preparation of CD98-HC by inmmune sedi nentation
disialo oligosaccharide derivative-1

MW Structure
NeuAc-Gal-GlcNAc-Manal/ N

2342 gManﬂ1-4GlcNAcﬂ1-4GlcNAc-2-AA
NeuAc-Gal-GleNAc-Manal”

Gal-GlcNAc-Mana/ N

9545 (NeuAc—), g ManpS/-4GlcNAcpI-4GlcNAc-2-AA
Gal-GlcNAc-Manal/ d

GlcNAca!

Gal-GlcNAc-Mana/ N

9691 (NeuAc—), gManﬂ]-4GlcNAcﬂ1-4GlcNAc-2-AA
6

Gal-GleNAc-Manal” ,
Fucal

GleNAcal
GlcNAc\
Gal-GlcNAc-Manal N
2748 | (NewAe: 6
3 Manpl-4GlcNAcSl-4GlcNAc-2-AA
Gal-GlcNAc-Manal”
GlcNAcal
GlcNAc\
Gal-GlcNAc-Mana/ N
2 8 9 4 (N euAc _) 2 6
3 ManpS]-4GlcNAcSl-4GlcNAc-2-AA
Gal-GlcNAc-Mana/ d ?
Fucal
GleNAcal
( Gal-GleNAe-Manal,

6
Manp/-4GlcNAcSl-4GleNAc-2-AA
— 3
3096 | (NewAe™): Y o) GleNAe Manas” ¢

/ Fucal

\_Gal-GlcNAc  GlcNAca/
fGlcNAc-Gal-GlcNAc\

Gal-GlcNAc-Mana/ N

3 1 1 3 (NeuAc _)2 6
3 Manpl-4GlcNAcpSl-4GlcNAc-2-AA
Gal-GleNAc-Manal”
GlcNAcal




Protein A-Agarose (50 /11, product of Sigma-Aldrich Japan) was washed with
20011 of PBS- 50/L1 of PBS and 10 log g/10 /11 of anti-CD 98 anti body were
added to the agarose, and the m xture was reacted at roomtenperature for
60 43 mnutes. The resation m xture wd® washed with 1 m of PBS to renove
t he unadsor bed conponent to obtain Agarose having anti-CD98 anti body

i mobi lized thereon. To the agarose was added a nenbrane fraction (2 X 107
cells) of HeLa cells 5 solubilized with 400 ul of 1% NP-40, and the m xture
was incubated overnight at 40 C usiTa§lg A8t ary shaker. The culture was
washed with 1 m of PBS, the unadsorbed conponent was renoved, followed by
centrifuging. To the agarose having anti-CDO8 anti body i mmbilized thereon
was added 20 U of a 10 9:1 mi xture of dissociation solution (250 niV

Tri s- HC1 BEFAPC P9I SECEIEHIGES ASFFHAGILYEeri n) and 2- ner capt oet hyl al cohol

the m xtqr 5 boiled for 5 m nutes rifuged at 15000 1 and the
supernat"‘]gvygz taken—as—Cb9s—Hec—and ?Eg?g??gdf tg PACGE—15—SBS o
pol yacryl am de| gel el edcicieptacasiaiathe gel el ectrophoresi s device and power
source used were products of Bio Rad. The el ectrophoresis was conduct ed
using 7.5%gel | aqgagpuf fer dFaHSENMManes, 198 nM gl ycine and 106 (W v)
SDS, at b 9par sheet lof gel for the fiI’S?Mﬂnﬂl@ﬂlcNZ@ﬂ]&lﬂcmm&quenﬂy at 10
MA to the | ower side partion @fi.ciiicnfly” Cdomassie Brilléi ant Bl ue sftaining
After SDS- PAGE| proteins were stained 1n a golution oiuuAOOG (v/w t hanol ,
10% (v/w) acet|c acid/0.2% Coonmassi e 25GIENAdo i ant Bl ue R-250. One hojur
| ater, the proteins wer lﬂgqu¥ [ & with a mxture of nethanol, acetjic acid
and watef (4:1:5) West|cPNASGR-GleNAc
Gal-GlcNAc-Mana/
(NeuAc—), \6
3405 3Manf-4GlcNAcI-4GIeNAc-2-AA
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3 Fucal
Fuc aII GleNAcal
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Gal—GlcNAc—ManaI\
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Gal-GleNAc-Manai” ¢
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L Gal-GIcNA¢
’GlcNAc—Gal—GlcNAc\
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5 Example 7
Oligosaccharides of cancer cell-specific antigen CD98

Preparation of CD98-HC by immune sedimentation

Protein A-Agarose (50 u1l, product of Sigma-Aldrich
Japan) was washed with 20041 of PBS. 5011 of PBS and

10 104g/10 1l of anti-CD 98 antibody were added to the agarose,

and the mixture was reacted at room temperature for 60



44 The protein sanple in the gel resulting from SDS- PAGE was transferred
onto the PVDF nenbrane using Sem -Dry Blotting Device (Trans-Blot SD cell,
product of BIO RAD). Before use, the PVDF nenbrane was i nmmersed in nethano
for 60 5 seconds and thereafter imersd® in 48 MM Tris, 39 nMglycine, 20%
met hanol (pH 9.0) for 1 hour. The transfer was conducted wth the
application of voltage for 1 hour at a constant current of 100 mA. After
the transfer, a blocking procedure was perfornmed for the PVDFE menbrane

usi ng PRIVidVHIES ni Ageswese tepNNTAICKIEnYag. U8%Pderdt20l aAdof. 5% TReen

20/ PBS (5 m) containing 5 pg of anti-CD98 anti body was thereafter added to
t he menbrEfROve cﬂh%mdﬁpr@ﬁmmm%m Rtais tAganqse hasgddtd on, the
PVDF nmenbrane was washed four tinmes with PBS (20 m ) containing 0.05% Tween
20. Subse?cﬂFe‘n’[ql%Paac?dB'dlthﬁX REmMaP kel Asih i SgoTs MTothG 85%  PrRE S0/ PBS

m xture containing 5 gl of HRP-labeled Protein A followed by a reaction
for 1 hAfdedrie TR FREOIERRE QB %eﬁ BhEBLEBLr of | HeERvFehlPBS (20 m)
contalnln 0..05% Tween, 20. To rane were then added 20nl of 0.0031%
hydr ogen %&%W%m&%ﬂ%@ lrrﬁ’|f2(}°T|I‘]|P 40c1 2pgs o PIFTUFepMPESand
containin 0 05% AB (3, 3- diam rLobennzl drine tetrahydrochloride) for color
devel op zﬁﬁﬁrQﬁ t?%n mf%HSNPQ]9c§ﬁ§§§YA§¥é#eEands:Q%re

I d b
;ﬁ8°322.2re°31&b%%r%3% SR i e g ik S B Rkt Ty
ddi |1 f
30 mi nut 6218 o Tyl TR AT e e AR TR = g, o
t t f T f 2 t
of N g yf;%f‘h‘iseé%% %t‘)ﬁ R s E e R I I

C ang %!E%ﬂ?&%'cﬂ@%ﬂ@é@cf&ﬁi&wsoﬁ}@f&guq%wm e 18X HAChuder

PH 6.8/4.6% SDS, 20% glycerin) and 2-mercaptoethyl alcohol,
the mixture was boiled for 5 minutes and centrifuged at 15000
rpm, and the supernatant was taken as CD98-HC and subjected
to PAGE.

15 SDS polyacrylamide gel electrophoresis

The gel electrophoresis device and power source used
were products of Bio Rad. The electrophoresis was conducted
using 7.5% gel and a buffer of 25 mM Tris, 198 mM glycine and
1% (w/v) SDS, at 5 mA per sheet of gel for the first 1 hour

20 and subsequently at 10 mA to the lower side portion of the
gel.

Coomassie Brilliant Blue staining

After SDS-PAGE, proteins were stained in a solution of
40% (v/w) methanol, 10% (v/w) acetic acid/0.2% Coomassie
25 Brilliant Blue R-250. One hour later, the proteins were
decolored with a mixture of methanol, acetic acid and water
(4:1:5)

Western Blot



coll ected, 200 ul of water was added thereto, the mxture was 5 stirred for
30 m nutes, and an oligosaccharide m xture was obtained fromthe gel. In
the manner as in Exanple 1, 2-AA was introduced into the oligosaccharide
m xture thus obtained, and the resultifAg mxture was treated by serotonin
affinity colum 10 chromat ography to collect fractions of oligosaccharides.
FIG 11 shows the result of separation by the colum chromatography. The
monosi al o ol i gosacchari de derivative fraction and the disialo

ol i gosacchari dEh@eProheinespmatei 6 bheapAbdraereting frewt EBSwWPRREs| al i dase
and thereafter treated by nornal %hase HPLC using an am no_columm to obtain
oI|gosac@ﬁ&rFéénsééFFﬁgtPV@@ thie PYRFe "EBRYAREOHS 1RY SEMEXRAY e 4 were used
for HPLC__FI G, 12_shows the resuli of se ar tion by HPLC. The

ol i gosacBARLFEBIABPVH&LI vESTIBE AP HRE Tre® |t%£@9uc%0°¥r%59eﬁA9)th

gl ycosi das si al i das mannosi dase al act osi dase
C}acetylﬁ@%&%ﬁn?ﬁ&setggtﬁv?F W&W 58G ﬁg- g@?ﬁﬁﬁe hé?emﬁﬁﬁénpérfgépépatlon
yopie | | $65°0G g’éﬁexﬁsﬁsﬁ?ﬁﬁﬁ%&% LGP, T RS o J0e Y, ANELPRe 25
ol gosaceRd e a%%ll%ipﬁvé obOE helolis | A FER VTN o
Gl e Rochie i A
Man/ 31- 4%h%¥é%k3%f4§%wAﬁAg'Aﬁfter the transfer, a blocking procedure

was performed for the PVDF membrane using PBS containing 5%

10 skim milk and 0.05% Tween 20, and 0.05% Tween 20/PBS (5 ml)
containing 5 ug of anti-CD98 antibody was thereafter added to
the membrane, followed by a reaction overnight. After the
reaction, the PVDF membrane was washed four times with PBS
(20 ml) containing 0.05% Tween 20. Subsequently added to the

15 membrane was 5 ml of 0.05% Tween 20/PBS mixture containing 5
11 of HRP-labeled Protein A, followed by a reaction for 1
hour. The PVDF membrane was then washed four times with PBS
(20 ml) containing 0.05% Tween 20. To the membrane were then
added 20ml of 0.0031% hydrogen peroxide solution (100 mM

20 Tris-HC1l buffer 7.5 in pH) and containing 0.05% DAB (3,3-
diaminobennzidrine tetrahydrochloride) for color development.

Intragel digestion with N-glycanase

After bands were recognized by CBB staining, the
discolored solution was replaced by water, and desired bands
25 were cut out and placed into an Eppendorf tube. With addition
of 100 1l of acetonitrile, the tube was then allowed to stand

for 30 minutes to thereby remove water from the gel. After

the removal of the acetonitrile, 100 gl of Trsi-HC1l buffer



Gal / 31- 4d cNAe- Manal 6 Fuca] | Gal/31-4G CNAc- Man al NeuAc- 3

Man/ 31- 4G cNAc/ 11- 4G cNAc-2-AA |11 2343 @l /31-44d cNAc- Manal 6 3 Fuca] |
Fuca/ @Gal, 6l -4GlcNAc- Manal |V 2400 NeuAc- 3Man/i 1-4d cNAc/i 1- 4GkNAc- 2- AA
Gal / 31-4d cNAc- Manal i 6 Fucal] GlcNAm/ @Gal/1-43 cNAc V 2562 NeuAc-

Gal / 31- 443 cNAc- Manal 3 Man/ 31-4Gd cNAc/ 37- 43 cNAc- 2- AA &l , 61 - 4G cNAc- vanal
6 Fuca] | Gal/31-4d cNAc\ Gal)61-4d cNAc-Manal\ VI 2781 NeuAc-

Man/ 31- 43 cNAc/ 31- 4G cNAc-2-AA Gal /i 1-44d cNAc- Manal  Gal, 61-4G cNA

Gal /i / - 4G TNAE PHeAT@ lcardtagicndvehainitay|of 2071 warese F was placed

Man/ 31 - 43 cNAc/ 31- 4GlcNAc- 2- AA Gal/ 31-4G cNAc- Manal " 6 Fuc al

Gal / 31- 43 CNAee ATixtTens ewals) Mecubanwdtorinight Nt 37° €, and

oligosaccharides were cut out. Subsequently, the extract was
collected, 200 Ul of water was added thereto, the mixture was

5 stirred for 30 minutes, and an oligosaccharide mixture was
obtained from the gel.

In the manner as in Example 1, 2-AA was introduced into
the oligosaccharide mixture thus obtained, and the resulting
mixture was treated by serotonin affinity column

10 chromatography to collect fractions of oligosaccharides.

FIG. 11 shows the result of separation by the column
chromatography.

The monosialo oligosaccharide derivative fraction and
the disialo oligosaccharide derivative fraction obtained were

15 treated with sialidase and thereafter treated by normal phase
HPLC using an amino column to obtain oligosaccharide
derivatives. The same conditions as in Example 4 were used
for HPLC. FIG. 12 shows the result of separation by HPLC.

The oligosaccharide derivatives obtained were suitably

20 treated with glycosidase (sialidase, @ -mannosidase, f-
galactosidase, [ -acetylhexaminidase, etc.), followed by
normal phase HPLC for separation using the above-mentioned
amino column. The fractions obtained were lyophilized and
thereafter analyzed by MALDI-TOF MS to determine the

25 structure of the oligosaccharide derivatives.

Tables 13 and 14 show the oligosaccharide derivatives

obtained.
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5 A igosaccharide m xtures in cells and tissues can be neticulously
separated and the structure of oligosaccharides 48 can be conprehensively
anal yzed by the processes of the invention. This serves to explore the

ol i gosaccharides and functions thereaf7 which still remain to be clarified.
The invention is therefore expected to contribute a great deal to 5 the
research on oligosaccharides in the future. 49 CLAIMS 1. digosaccharide
derivatives of the formulae (1), (3) to (6) HOHOH HOO OO OH NHR HOO
HO NHAc HO O HO HO HOOC HO HOB QTakbleH1@ ~ HO, -,- O 0 HO NHAc AcHN HO H

=_IOI PV W I T WY o WY YO 1 7 W N _lHOI

Moo U\

H (1) HeH oB—
HO- ~n H(I;}\\Jé@j(OMW@ NHAC HO-~try/ ~- Oy' NHAG ghiH@ O OOH HO OH OH
0.
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INDUSTRIAL APPLICABILITY
5 Oligosaccharide mixtures in cells and tissues can be

meticulously separated and the structure of oligosaccharides



HOOOHOHO HOO S-OHNH-R 0 HO\ HOH NHAC NHAC HO .~ ~, HO O HO CH
HOO HOYyY OH NHAC HO HO' HO NHAC HO OH (3) 50 HOHO HO ,p _p 0 HO NHAC
H-\HO NHOHAC OH HO OO HO OH HO| HO.~-n 'HO p HOp 0 HO NH Ac HO--yc OH

OHOOOH HOOHHOO OH OHOH HOiOmM H R O HO HO NHAC NHAC HO\\..~~ nn
HOO~00O 0 HHOOHNHAC HO HO-~ HO- ,p HH ~ H

can be comprehensively analyzed by the processes of the
invention. This serves to explore the oligosaccharides and
functions thereof which still remain to be clarified. The
invention is therefore expected to contribute a great deal to

5 the research on oligosaccharides in the future.
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(3)

HAC HO OH (4) HO HO HO pHOp 0 HO NHAC O ~V O HO HO NHAC OH HO O O
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CLAIMS
1. Oligosaccharide derivatives of the formulae (1), (3) to
(6)
H OH OH
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O,OHONHAC \ ' -~/ OH HOy HO
H O OHHOO OHOH Ho _, \HO HOACHOCOH. oil COHO
OO~H HOO HOHO HOHOs NHAC NHAC ,~ n O0 OHOs YYHOO OO0 OH
HO HO HO O HO HO NHAC HO HO HO OH HO, ~ k..~ 10- NHAC HO OH ( 6 )
wherein Rl is 2-cab(xyphenyl, 3-carboxyphenyl, 4-carboxyphenyl,
p- et hoxycar bonyl phenyl or 2-pyridyl, R2 is hydroxyl, the group Asn or the
group -Asn-R3 wherein Asn is an asparagi ne group, R3 is a carbanmate-type or
am de-type protective group, add Ac is acetyl. 2. A cancer marker derived

"' OH HO NHAC OH HO
HO O O HO O~

from an ollgosaccharhg iye of onngf the formulae (1) to (6). H OH
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(6)

wherein R' is 2-caboxyphenyl, 3-carboxyphenyl, 4-carboxyphenyl,

p-ethoxycarbonylphenyl or 2-pyridyl, R® is hydroxyl, the group
-Asn or the group -Asn-R® wherein Asn is an asparagine group,
R® is a carbamate-type or amide-type protective group, and Ac

is acetyl.

2. A cancer marker derived from an oligosaccharide

derivative of one of the formulae (1) to (6).
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