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

ol i gosacchari de derivatives froma nixtfre of oligosaccharides and a
met hod of analyzing the structure of 10" ol i gosaccharides. The
invention also relates to novel oligosaccharide derivatives produced
by the process of the invention for preparing oligosaccharide
derivatives. BACKGROUND ART 151t BagcPgerntirapght that

ol i gosaccharides in glycoproteins have the functions, for exanple, of
retaining the stereo structure of the protein and acquiring

resi stance for preventing the protein from deconposing with

prot eases. |tPRACESSEEOR IDRODEEINCESBEARMHARN DIRIYATAVENASTRIBSTURE 20
gl ycoproteins participate in the phenonena of life such as
fertilization and ANAISSH® MRTHOR, ANQNIUGAR JHNTNS PEROVATAVIEer at i on,
intracel lular transport of proteins and control of physiol ogical
activi®y. The clarification of the relationship between the bondi ng
nol ecul es on the surface of 25 cells, glycoproteinaceous hornones and
like olig {{dE4EERd t he functions thereof has matured to the
concept of glycgﬁcience consortium Wile the functional research on

ol i gosacchar i des™faBrBPEREntTYFHe&R E618GERHC chiRFISFHh I9% sugar
transfera .00 j enes)_f.Qr..effecting biosynthesis of
ol i gosaccﬁg%p%g% h%sgjgggg?%%%g ngr&;%easeré&g‘ tngvgg %}:cé‘gearl vrgldytouyregéﬁirre
i nformati ofy s RBARLFGHRA! nd Ma A A e Qﬂﬁlgfzif\}\%f&é WM ure of
cooperation Wwth other proteins. 5 Fromthis viewpoint, 1t Is
necessary 410 ea@uahridest i onal iaRehysbs 8fso!+I0seChay hdgalt hrough
structural glycom cs procedures for capturing and anal yzing the
overal | pigliyyosaeichalrigesacehadt dess daredhepingyi thé hereeldss odndhe
ti ssues. The structural glycomcs in glycoscience functions to 10
conpr ehensinsEnt igmalfpzept fpa vl ng oslderisacictie ri de oger 1 vaniveschani sm
whi ch plays an inportant role in many phenonena of life, and this
function is an indispensable elenent in functional glycomcs. The
technical factors required of structural glycom cs are high

conpr ehenSFAFFESINDL AR 15 t hr oughput, high sensitivity and high

renens a ghput ool o o

P eserel’y anal y3angs PapE bl Fhedc BiarPaetinidhd Homa o |
tei i f - i ’ th | vizi .

Dl ¥ gosaceriihpro Bt fibe TAE Mo AU NIRSOLRhR AP S kel iy

and mass SRRCIRIRL’ ¥t B urd b s M@Cﬁ%%eﬁﬁsaﬁécggﬁ%i‘ﬁﬁénréﬁ%ﬂénce

ow ng to a dramatic advance in nass spectronetry (Nonpatent

Li teraturefch tpredentanf 8REOPrEXEiaNGRHC Cledbip65 L AG el DgH daagsheen
exclusively used for separating sialo oligosaccharides (Nonpatent

Li t er at ur eItb)has?re[clohpat baén Li¢eratad ehblt Bildgedactianateagrin

16: 103-115(2002) [Nonpatent Literature 2] Anal Biochem 206:

278- 287 1ycaoueganenpartietpa e elB|tiR phkaansae df ahife such as

21:121-125 1993)ngqngatent Literature 4] Chem Rev. 102:

321- 369( 2 tlyé tion 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



[ Nonpatent Literature 5] BiochimBiophys Acta. 705: 167- 173(1982)
However, the conprehensive anal ysis of oligosaccharides in cells and
ti ssues involves the problemof the versatility 5 in the nodification
of the nonreducing termnal of sialic gcid, fucose or the |Iike and

t he branching of the oligosaccharide, So that it is inpossible to
fully separate the oligosaccharides which are present conjointly and
to obtain a satisfactory result. Especially, the ion exchange 10

col um, WBi1§kr hasaiE SRR 16156885 akhaneh dd/nfrie@n, fBet ceRbytidls to
effect full separation but also requires desalting treatnent
subsequenbibsyhtitesEparfidldgopaockdui @ess aAnghdgay tthaneferasedtare also
practically useful. Accordingly, it has been earnestly desired to
provi de apiésesedd|byatdmathewinébhrngt tapadride pHrtfidipptanahyzhag t he
structure of oligosaccharides which is specific to particular cells
or tissuesungii¢ng orfilddeathgrughyencperatiomonidrs Pshatt proveime.
information as to such ol igosaccharides. An object of the present

i nvent$ onFreMt Bhps oA HBENns 1501 FoREFPRFALN N R IOPSBFEr AVRAEL apail
obt ai ning_ol | gosacchar.i.des froma._m xture thereof |ike those present
h el o et PEES e Bl G Bt PR SR e PORCPLLES

provi de nea or_an j the s ctu of each ol igosaccharide
Pompound Bepardref oy e TRosabliet B WP Bt RRTcRITET o1
provi de ngy L GosAGENA 08 1485 hyat §, v S RE . E
INVENTICN8 gé%ﬁ%épresent iﬁ%%nggongprovﬁ%%§£%%glggﬁlEﬁ?ﬁg;y

A process for pRepaim@taraldl HUPSERLEAr i 1dRIDsaEhYE FLOER Bdhs to

ol i gosaccharide m xture, the process being Characterized in that the
process Ceasppiresndheeist epel9tze( ahe Sol Mdahtutiarg da kiepeghi tien gr oup
into oligosaccharides of the mxture to obtain a m xture of

ol i gosacchechaelstervhiatli \wdsyysand {(bporrast irgld He obhyophevbtmenaleot
derivative mxture by serotonin affinity colum chronatography.

2. A procésfef rngridp ifRcAdonl L§osactrtsrrnsEr 1gepileaenteldescri bed
above wherein the step (b), is followed by the step (c) of conducting
normal phigB°EHrRirht Swi tTP%stee‘g'F“%laﬁiaFIBOEE ﬁ%ﬂmo'?e%rﬁfde

I . 3. f ' | i, harid
dor i vat i v HRSEVTHb A LGSR o are) REPRcoRhey EREREL Bt 15 by e
[ ; ;¢ L I | I id .
3 A bl nSHrBRSTRATD MU [ R A B e et e i n an

ol i gosacchari deryd @M&tu&%eo@@E??ési)@éH&iﬁ&%{ a6l ghigsgréfeidals t he
process conprises the steps 20 of {a) introducing a lipophilic group

i nto ol i gpgasehal v dasa Bfzdd &yl ybel engf oD atchafiddedr euef out from
ol i gosacchari de derivatives, (b) treating the oligosaccharide
derivative prateim witlser dilowresatht ninéyexid Lrand whematdgeaphy, and
(e) treating the resulting eluate by a mass spectronetric nethod.
255. A neBRadysinantly Ahgaecaridesr by origh retfgesanchat igeid
descri bed above wherein the step (b) is followed by the step (c) of

condut? i n§rReTARPITARIEE CIRlSnatsdr BpRT TRFEIREEHY dMSami nbhidl um or

am de colunné g 6. A?WEIQPd %fuanalé%in tge_agruc %thgg an . ce

ol i gosacchRAPFEES fA3% P HENBETE N arara TR e'sp 1 §Faé
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)



. Exanpl es

preceded by the step (d) of treating the resulting eluate with a

gl ycosi dase. 57. A nethod of analyzing the structure of an

ol i gosacchari de according to par. 4 wherein the nmass spectronetric
nmet hod conprise MALDI - TOF MS. 8., digosaccharide derivatives
of the fornmulae (1) to (6) given beIOM/ﬁMereln Rl is 2-caboxyphenyl,
3- car boxyphenyl, 10 4-carboxyphenyl, p-ethoxycarbonyl phenyl or
2-pyridyl, R2 is hydr oxyl, the group -Asn or the group -Asn-R2

wher ei n Asmdrgga%@nﬁse%@-gaa@rgr UBs 3 o2 1hS Biloﬁﬁ{,m@éae RS Y7

am de-type protective group, an C IS acet

cancer marggey(1@gkived from an ollgosaccharlde 15 derivative of one of
the formul ae (1) to (6). We have conducted intensive research
and treated ol i gegacehar tltke scdmprighiehediei Nhaa Yisiie@pbitl bTigo SaPchattides
t he ol i gosaccharides to obtain oligosaccharide derivatives, and

subj ecti ngirt relder audt tvesue®n afvalnetsy thel probiem cnmttdgy aphrga2Qlity
wherein serotonin having affinity for sialic acid serves as a |igand.
Conseqéentiry thge magdiéicauhen tdftthes ingngednirjog abermimade ofc sriaBac
separated fromsialo oligosaccharides by this treatnent, and that the
sialo oli Mcﬁ&FPH%sOEaFP%el%}%E‘pM &&er BranehingQf fdiosi al o,

disialo, trisialo g 5 tetrasial.,Q Q| osacc@ah%des ordin to t he
number of FiFAETE Fﬁl Bsi tRLrat it TRQSRIP T tHRer nf =P 5? When

the fract ff | hr onat h
cubj ectod T8 A CRPRRABLIAT ﬂlﬁhﬂé%&%ﬁ#ﬂ%ti%#% B2l Lol urm,
ol i gosacchgyides a""QhEQsﬁé@th ﬁ{sﬁﬁtt ' ”EQ[.’F{H&EHXQ‘} Stt'h‘éci eeﬁéﬁ‘a

obt ai ned as separated netic y. This es it p033| e to produce
a large quantiny, @hiehi 89S ae6 hasd e i@ sapsrAPl By SEUMAIUE. not onlye
have further found that when the ol i gosacchari de derivatives
separ at ed ffiflsate tf€atedfbhyl coafsg ians but adl eo gtamposicdasieshotang on
each derivative, subjecting the reaction m xture to chronat ography
usi ng an dmeagwentummbsequenanialdhsolsepartbion sptatddireandnsiubiecti ng
the resulting oligosaccharide derivative to mass spectronetry, the
structL”eaQﬁeﬁﬁfpgésaeéhB?@@ﬁ%P%%%Ylﬂ?%éﬁélyzed conprehensively with
hi gh precision. _Thus_{he present g@entlon has. been .acconpl i shed,

15The ollgosaccﬁSFPH@%n%ﬁ t He 31 §Bcﬁ3FPﬂ%t%¥%?%ﬁ%¥epot8epﬁggﬂd?rﬁ
th t | t | h t | ud
aspar 45 netiie BB it ehart dEP TR heou ﬁ%‘%ﬁ? ng 'ehe 100
ol i gosacc z'ug:‘%%% be'l %@&&{dl%%%c%ﬁ'& deg éélgs)e (i:oﬁz'od alr'trigﬁgar

ol i gosacchari type ol 1 gosacc arld fur

ol i gosaccftegmcé,e%rhaygggean @mm%&fdlfae&htaaheglmer@ Q'Jhe'SUCh as

ol i gosacchari de-li nked aspar agi ne. These ol i gosacchari des nmay
be those piEparigdrhytg thethealnfieitatdonFas exaspdie olliggesaechhatiddes
derived from 25 natural glycoproteins are in the formof a m xture of
ol i gosacchari dednwhbtéctaret rdmd griesedéfl inventidom ishécs pgavidesmeams at
the nonreducing termnal, preferable to use is a mxture of such
oI|go@&ccﬁaﬂid@@lVAﬁ§élbYe$%P%ﬁﬁﬁiﬁﬁ)ﬁm§e0b§al¥l%ﬁ oligprensdraides

m xture ingcludi ng .oli gosaccharides, having a sialic acid_residue,
oL R B R R aeE o f s T St B ER LN Rt nEAE R

- d df
fotuin, eggs. ”S%Hé*‘é“f*? SoIAG DT RofRo Rl Y PR WEns, ot

I'S especl a

desi rabl e 1:0,14s8 @/ tﬁ@sé‘éfﬂéfﬁxd@soﬁeéa‘c‘he@lf %;88&8@1&‘&:?{ dd | SRUnAr
cancer cells S|nce results of great Interest are then expectable.
Exanpl es dofeppirefrerr edfm xtures of natural

25 Still another object of the invention is to provide

novel oligosaccharide derivatives.

DISCLCSURE OF THE INVENTION



10 ol igosaccharides are those given bel ow, anong which

ol i gosaccharide m xtures including sialo oligosaccharides are
desirabl e. It is possible to use a m xture of

ol i gosacchari del i nked asparagi nes which is prepared by obtaining a

m xture 15 of gl ycoproteins and/or glycopeptides froma natural
material by a known nethod, causing a protease or the like to act on
the m xture to cut off peptide portions and purifying the cut-off
portions by Chr’lQ@%ﬁ@%éﬁEYiMﬂréﬂtit&e @fovi @el thel EpaLé@INEOl UMM or ion
exchange colum. 20It is also possible to use a m xture of

ol i gosacchari des. whipebcessobbai preshbdyitprangeiigongcthssims or cel |l s
in an incubation nmediumusing tissues or cells of a |living body or

i ncubat eddert Sealelbverfriomc abavédgesdtcharialn mifkigreg the boooeshilashyg
m xture to obtain a cell 25 menbrane fraction, treating the fraction
with 2- nefkam e riaedhligohbRt ahlie t PEP QTS clomPaiSPAgtRe gF M e (2
act on the resulting fraction, It is further _possible to_use

m xture of PETREICHDY &?&EgﬁéFFd@s’O%iWq §1&§P§Pﬁ€8a5§dﬁ%n%€e‘}ﬂezi ng
i ncubated_tjssues or_.incubated cells,_centrifuging,the_ honmgeni zed

T xture aleFERTT Gt R e o BEBEET RO SR P N r et Agege T VALV,

ol i gosacc i i t i ry (PO oV

Tanmose- {SAE O qORErng, R bE1oGk AR d el Tpe (v m Rk Sy

ol i gosaccharhtesi ANtk e tihhehehah cirbhatdf - dfy Use i n preparing

vari ous ol igosacchari des. A lipophili€ group is introduced
into the ol i gosacehariodessi ot herapdgirrpcehalidesataharbdd o obtain a
10 m xture of oligosaccharide derivatives. The |ipophilic group is a
subst1@ uedertemable defscdiibsdl abaye| vpeusirorthsolstiele (bheigi fobhiwvaéd be
formed by reacting with a ring-opened al dehyde at the reducin

term nal BY the sHsrjdsdcOfarPaauching 1Prnte PASSEr 85F ABARPTARMDUP or
15 carboxyl group of the gligosaccharide-Iinked_asparagi ne. Exanpl es
of such sHBEgi‘E%rﬂ% afy @LHGsECHYNRI I9F d8efifl €a8U M uor escent | abel s,

h 2-, 3- or 4- b h | am . .
;9gthgiycarboan%ﬁ%ﬁ%%%ﬁgﬁggagg%ﬁgg%gg -%&f?ﬂﬁﬁgﬁFﬁ8h6¥Hai, and

substitue ; : a =t j.des 20 p iyve
AR N s T s e o e e
tert-put oxycanbomydp (B LIt eERL iRENENS  rédu M ingdlh ukexygaEROy! and
acetyl . These |1 pophilic groups can be introduced into

ol i gosacchaytdesddye a known net hod. Preferable to use is 2- 25

car boxyphenyl am no group, Fnoc group or HOC group in view of ease of
handl i ng and t he. St afsithiotly o6f atady plngodec citamicereoobeanbt ai ned, and
because the excitation |ight corresponds to a mercury |ight source or
| aser |ightigespedharigle in anFgligaaprlearide aiprodrdi £BF BEPFSRE i ve
can be prepared by react,ing 2-anj nobenzoic acid with an

ol i gosaccHgFP@ieC]PgFatcﬁt? ﬁE‘eE]Bf‘tat]F%oﬁl%‘?cf?fsaﬁgﬁ‘P%EEﬁ BRe s3fRMn
cyanobor ohydri de, or i et hyl ami nQ) bor ane. 5SFurt her .f.or _exanple

o711 S engEmithy 1 Reedicig ) ATPORhPEh AT iom Al PaaBpef s Caes

ol | gosacchar g ASAALADINE dRalACaPheRErs Of AAYdiEkcharide

hydr ogencar bonat e, whereby Fnoc group can be introduced into the
aspar agi ngeragapitv@shem)t @ relie iaf Ghe 9o Difoicdhigi@epaeagi-aeive the
manner of carbanmate. 10The procedures descri bed above afford m xtures
of 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.



ol i gosacchari de derivatives having a |ipophilic group introduced
therein. The m xture of oligosaccharide derivatives obtained is
subjected to serotonin affinity colum chronmat ography for 15
separation. An affinity colum rein serotonin having
affinity for sialic acid serves as a li'gand is used for the serotonin
affinity chromatography to be conducted in the present invention.
20The serotonin affinity colum may be prepared by inmmobili zi ng
serotonin to a §il4 afedRIEUrakna®yz8ng Ol kL GAIFRIEI 8| ¥navai | abl e
may be used. An exanple of commrercial colum is LA-Serotonin Colum
(product eflidethtchitids: dd¥criibefhabsepawhétein adrdistiegngcf ois
chromat ography are suitably 25 determ ned. For exanple, |inear

gradi ent pretedadchn bee ciregudided off ok res@pimat ilen nesrigiagf Eleakescent
detector at an excitatjon wavel ength of 350 nm fluorescent

wavel engt Wish a29lviegeai@Rrs9.ow rate of 0.5 ni/min, and using a nobile
phase 10 conprising ultrapure water and aqueous sol ution of amoni um
acetat®. The ni %t U} W P§odRELKEI Pt e T AGErES fAn@Be separ at ed

di th nm f siali id id i, th
o oosnoomilehasaEhreits Hacting, B8 ks Ardiara i 2h6i Fattacchari de

derivativ i i ali i . eSi _ uently eluted are
nonosiaIoggﬁ?gﬁéﬂggﬁgﬁﬁ%%h%%%?%%?Fégg g§§ﬁ¥6§#£§?§er eluted are
di si al o derivatVves: i it cBlavalies qar SvaLPA Al ¥ rebEBHAGTad (1) to
proportion to the increase in the 10 nunber of sialic acid residues.
The ol i gogagchareaebabsw Witdreds RAUSs SERAALEEHHBYYL he3 sedaidiighenyl,
affinity colum are treated by nornmal phase HPLC using a pol yner-base
am nolgol rrawbosipbhemy bage ediiccyceabonylpvrerelyr theyel dgbsaRThar i de
derivatives can be separated from 15 one anot her neticul ously. The
t erm " nor kydrpiude the awauwryrdsny orr sher grewp aAs-Riavereihifsn is
procedure wherein a polar solid phase of amino group, am nopropyl
group or & FFRATASIYT FIPUR KsetF & tHEFNAUS-hYPRaPEr 2B} de THRS
procedure_is chﬁracterized 9%%ége.se$arﬁt%on effected based 20 on the
di f f er enc @ HEEheY Qe e of ri-BufF8hYof the sanple conponents to
the solid phasega ggﬁg ) i.cal S tion

9 Qgropl%r?mBgﬁﬁg d??§b§@'f9§ﬁign oqgﬁgsg cﬁﬁgﬁﬁg

is based on the™h ic propertires of ol gosacchari des. I's node

of chigmatyes IRy veSotisaf & awar aBkyudhso(fpred hgyseparati on of
i sonmers of 25 oligosaccharides having sialic acid attached thereto.

The procedur e ige Usad ecldietkdvanabhyitorrddrstpanadt tesavéd asi al o
ol i gosaccharides which are treated with a dilute acid or

neur am ni @éddgosatd¢hThidem|byremtireasecangna todphil it greups édtorayhde a
colum prepared by the user and filled with a stationary phase which
conpri ses od igesgaeharidrem tos obdlayipi Ayl gaseotisd rivts degdvafiregel and
havi ng am no .group attached thereto, 5 whereas a comercial colunn is
usabl e.  SUPTRRELRG; Hoe RTIMRtEoRRerei &FFIMEVAI TABMR CETOMBEOSKARDY e,

hi _ Shod 2P- d f Sh ko KK ). A | e_of
come?Bi M RRFOE ERTORT T LrURTEEACRARHEY SECY HOHA 261 CTROIRtaT .3

10The sepanghihan e8RS LIANS , Ofwet REORRERERAPIN- @ R ial0
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



suitably determ ned. For exanple, |inear gradient elution can be
conducted for separation using a fluorescent detector at an
excitation wavel ength of 350 nm fluorescent wavel ength of 425 nm and
flowrate of 1 m/mn, and using a nobgle phase 15 conpri sing
acetonitrile containing acetic acid and aqueous sol uti on cont ai ni ng
acetic acid and triethyl am ne. The ol i gosaccharide structure of
the ol i gosaccharide derivative thus obtained by isolation can be

anal yzed bhréhigt *PRIgHEALIsARgOENJANEAS| EEBaraRd BRI GeSpETUROEL Y.
20The gl ycosi dase to be used can be a known one. Exanples of such
enzynmes usabyesavchatialasdabéchgatacivsieiess imabmescdadestructure
N-acet yl gl ucosam dase, fucosi dase, etc. The mass spectronetry
can be conduochecifipinednss spporabadtret forlqwsdati cTings anaka® divt i onal
known mass 25 spectronetric nmethod. The neasurenent may preferably be
conduct edPB§S MRt DI Lor@radscenat 1pE¥Ie saRrisidaciol Py 1eerabrhdbide HHari de
analysis in recent years. The structure of oligosaccharides is

anal yzd 5§n9§% RFHHTFSa specified gl ycosidase to act on the

ol i gosaccharid ere r | e ct.ion_m nor ma
phase HPLC usi ﬁ%e 21@6%] 3%?58as§gglﬁg%ﬁ%ol%ﬁé% %?lgaog:ié%’%%‘?%lg%%ﬂgerm de
col um, syhj I i f ty Cr&?@ﬁ ith
consi deratale%%g%ﬁ/l‘gené {L%ﬂg%laglsetsi g?fnéagg %frl)%%ﬁgliar c?’é‘?ﬂsz??cé 0 asLel
hydr ol aseg1388si&paatidGcthenceatBPSeriie: IelORRI et ghgUENES renpved
fromthe = oligosaccharide derivative obtained. In this way, various
ol i gosacchaattesn caixthereatti theoabt ygodplay nad ingsah yamind arajextd or
gquantities. The lipophilic group can be renoved by a conventi onal
knownloret hodde columFdiorei&wphion- and boxyjruiyicatrhrorgsolpinsan be
renoved by reacting hydrogen peroxide with the oligosaccharide 15
deri vat i veligoggeeharify deaivpbsntt EAPRI ST (ARECEARBLERY - athfee- t ype

ol i gosaccharide can be collected easily. Fnoc group_is renovabl e hy
Cencti ng ABFBREFT S it SrECOrRE o088 o DR HHaNyB Jamphetanstvely
N, N-di net h o m.de. . gr i enmyv. I aci d
W th the T8 Mo AERR GE der B VE PHREnE BbFRSsA MRS sl 0
ol i gosaccharbflsishad i gosaccharide-1inked asparagine, the asparagine
residue is renbvabl e, for exanple, by reacting anhydrous hydrazine

Wi th the asparagdelardshhehanities ofeind allin@shlehbenssdi wiwiAdre to

m xture, or by refluxing the asparagi ne in a basic aqueous sol ution
wi t h heat beguaad imerlesnfprepaxactphaprogesdheareanttd dimitgtiure. Such

ol i gosaccharides are very useful in the field of 13 devel oping

phar maceupigsiicsuldmoly dxdnpingludkesepatagremcldiiiiadded igpeagsearldesr
the synthesis_of cancer, vacci nes. The ol igosacchar,i de obtai ned may be
subjected(Pb9éY€€ﬁ&ﬁ¢ﬁﬁﬁqﬁ¢dopléHQﬁﬁESFaF%ékﬁﬁ«MW¥Q&ﬁdtVB§ctions with

5t f d t b i nt i vat | i
Ugar reSPUNROSH COTHIP 1 g ST JeshbbRES e S5 CREBAUB! ophEST
of a QBVGEX}S%CS!LE&SJJ&aSEJdé%t ung 202L¥ek "o MRS gkBChaving an

preparatio
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 terxrminal, preferable to use is a

mixture of such oligosaccharides. Also preferable to use is



process of the present invention have nade it possible for us 10 to
I sol ate the oligosaccharides of the fornmulae (1) to (6) given bel ow

whi ch have not been found in various cancer cells. 14 HO2: 404
HO'ONHACR HH. . . .. 4" . "c7... _.21; \lAc O H HCY-- Ha.,c)101....4Ac H
HCY.1../H HOHNHACH H OH Hok. NHO OH NH-R1 NHAcNHAc HO

an oligosaccharide mixture including oligosaccharides having
a sialic acid residue.

Examples of mixtures of oligosaccharides are
oligosaccharide mixtures derived from natural materials such

5 as milks, bovine-derived fetuin, eggs, or cells and tissues

of living bodies. It is especially desirable to use
oligosaccharides derived from cancer tissues or cancer cells
since results of great interest are then expectable.

Examples of preferred mixtures of natural

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

It 1s 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 1s 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 fractiomn.

It is further possible to use a mixture of free



HONHAc OH wherein Rl is 2-caboxyphenyl, 3-carboxyphenyl, 4-

car boxyphenyl , p-ethoxycarbonyl phenyl or 2-pyridyl, R2 is 5 hydroxyl,
the group -Asn or the group -Asn-R3 wherein Asn is an asparagi ne
group, R3 is a carbamate-type or anidegtype 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 monocl enaogatikdeddss wiiepaneedprhitdd Spe tidnoeeniyihgCcoguBesed 5
specific oligosaccharide in cancer cells, for use in detecting the

ol i gosacchaskdes byr aind¢ubaiea ogildsl, tevtmifuging the hegpgehézed
preparation of polyclonal antibody, the oligosaccharide or a hapten

t her eof i izorbeneedd wehlestgng &he oesplkingigiratdlaéemtar Breifound
(carrier) to serve as, 10 an antigen, which is used tq jnmmunol ogically
sensi ti ze O34 lFaAREFRA%IAGE dOctydse PeRbkRE Pl iFRAATELAFIGeSchicRen, RIS,
rabbit,_ cani ne, goat or_.bovi.ne, and bJ oo ollﬁcted from

! d i
e nalaRPBOBBTRTRE S LHHACEPaTLCBR: SF rF (GLSE JAEran gt BREMBody
15A hybri %9.1 o) aEgﬁafc c}éjéjta éf'%q: b¥h%98fﬁz’§' "tgbcire FEITRSE: ilgf
11% atéd to

ant i body- producing celTs an 6l ora cerf-straifis incu

produce a grapach Aake AL goaleRaksablien purified. 20 BRIEF
DESCRI PTI THE DRAW NGS. FIG 1 is an affinity columm

chr omat ogr am of » ol i ggsRaGRardepdesi vatty@scabtigiteednen Exanple 1.
FIG 2 are affinity columm chromatograns of oligosaccharide

deri vati ved igbtacoesrideExanplhe 21igbBh&hdr fhie ntilxtomet agr absadh &PLC
of oligosaccharide derivatives obtained in Exanple 3. FIG 4
are chpomaticgrassobf o HRIG asfchairigles dethurt iféesleri vati ves obtai ned in
Exanmple 3. 17 . FILG_ 5 are chromatograns of HPLC of

ol i gosacchari deTeriiRaRbidd coBEaMRedS| & taept capablepf; g are

chr o o9 AT 51 L Sl aosateha Lie 0o Yo veoy sk iy

deriVatiV%%a%%&ﬂbnﬁgtﬁrbE?%Hgﬂéié%ed 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.



FIG 8 is of oligosaccharide derivatives obtained in Exanple 4. FIG
9 is a chromatogram of HPLC of oligosaccharide 10 derivatives
obt ai ned i n Exanpl e 5. FIG 10 is an affinity colum

chromat ogram of ol i gosacchari de derivatjves obtained in Exanple 6.
FIG 11 is an affinity colum chronatodian1of ol i gosacchari de
derivatives obtained in Exanple 7. 15FIG 12 are chromatograns of
HPLC of ol igosaccharide derivatives obtained in Exanple 7. BEST MODE

OF CARRYI NG OUTrdHE £ N QN Bafiapgnger SXaadt 83 BXANBLesr&hered
gi ven bel ow. 20 However, the invention is not limted to the exanples

gi ven bel ay rExanphe 1-Sepesidnzwlcobcidmepteinmiefdasednhtiaei dhc

gl ycoprotein (AGP)] oligosaccharides by serotonin affinity

chr omat ogrtdpehprgséneengf od frimrninge agentesuvkdaAGddipmoduct of Si gma-
Al drich Japan) was dissolved in 50 gl of 20 nM phosphoric acid buffer
sol uti on (@EnpbeyohrAylye paselimethydamigo) doxiye was added to the
solution, and the mi xture was reacted at 18 37 C for 12 hours, The
resul t Png react FBREREXtkR% SHeEPd6i | @af Avoaery ngtdyy 13 NrshGeéninhdyl
centrifuged, ,and t he supernat ant Lected.. To, the collected,

h
super nat aft- " heS 2584537 199 1%4° gﬁ hg%ﬁag?a C?ﬁﬁ%ﬁ#ﬁa?%&?raﬁégﬁlﬁ?ng

2- am nobe i L 2: ; i j de.ea to
concent r atonLsPefet oL Mol TURHELEKINEIN O iRt Hhoh el
of sodi Um@gehat ent{ohhod®diie areeachbhPAgdhe 804 L ftQachedOVt. tiibe
reaction mxture was fractionated using a Sephadex LH 20 10 col um

(0.7 cm ianmino 30oGP) ofStiesuidpaaatiad Wht bhe e wFOwSrsahateon of
nmet hanol , the resulting fractions were neasured using a

spect A8phot onet Ehe (procrdires ddistached dbove Mbeld mi4Bh@esadf an
excitation wavel ength of 335 nm and fluorescent wavel ength of 410 nm
and the flddgesaennansde rdentivet ivest bavingse Wipeplvlliscgedups a

m xture of oligosaccharide derivatives. The m xture obtai ned
was subj edPEFORYCEEr BE®FEH af finity col utm chromat ography to obtain
separ at ed oIiQOﬁgccharide d iﬁatives.

separation by ti e a‘FJfthfﬁ]fey oA ﬁﬁOEﬁFS]ﬁg%Jo I iﬁg’%ﬁggt igg'ﬁ%l“%%(gfiszo
o L O, RS STUEDY MU LSRR T
25 Fl aw r &fe@arBtbofl /mn
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



Det ector: JASCO Mbdel FP-920 fluorescent detector Excitation

wavel engt h: 350 nm Fl uorescent wavel ength: 425 nm 19 Mobil e phase:
ul trapure water used as solution A, and 40 nM amoni um acet at e
aqueous solution as solution B G adi er&{o conditions: Linear gradient
el ution was conducted using 5% of solution B for 2 mnutes after the
sanple was 5 poured in and using the ammoni um acetate solution so
that the concentration thereof would be 30 nM 37 mnutes |ater and
subsequentbypADs 1 10 tHapureS wheéerand aqueous Ed2usaBR 69ONahhdroNgn as
above were used in the follow ng exanples for separation by serotonin
affinity gbevawsography. 10 Exanple 2 Separ ation of human cancer
cell -derived oligosaccharides by serotonine affinity chromatography
Cel | incubati orfheUsdctiige pficabigosrroharrd deuserivenaveadeadd® ci noma
15 cells ACHN, human |ung cancer cells A549, human gastric cancer,

cel I's MKNBSPaFRtefiratrazaiing FRphbeyRWabeY mih g ligsacideresigess in

resbaL o0, el el g L shen Lp RS BLezinee, o SUAR A 7

Si gma- Al drich_J contai ning. 10% 20 i . | f
serum (NGB} Opr BRI G e R 877 sl AP S AP B
heated at f i i f of . AS4 -

RN - 1640° 08 3 o e A oo o S,

UB37 and NKMEnetberist |8 RlBehrkhans iR qwrieravasieed asmbeled uddeisn
an 80% confluent state with an isotonic phosphoric acid buffer (PBS)

during cublkkvaéparaesld, tdama inedat adpadbpdit Korf dro Tha dntesawetin the
addition of trypsin, and the cells separated off were collected,
subsegiennbpbershedsintiv PBIdamesidaes hereafter subcul tured.

Preparation of cell nmenbrane fraction Cells in 80% confluent state
for use in prepBis MpigassicrhasiBe afer Frafciviesn theiSe SEBRIaERRPY 1R t he

o bRl ey & Ry, 208 SR B S BhepRashEl,
165 corl s FBThE' ) BoLpeP B SE Nl I, bR B EERASBREE Al ol i,
0.5 M sucrasecsWast tbem added &ariRe ALXivCive) dhe e sHbhiAled Hidt €

was centrifuged at 3000 Tpm 4 C for 15 mnutes, and the supernatant
was t her eahkehn6théLGheth ANbueaRt. r ithgeadmi “horea1r phasd C to obtain
a precipitate as a cell nenbrane fraction. Separati on of

ol i gosaccharbdesofraphyherafedrs tenbr aheomdtodrapitiimmprocedure Addere i
the cell nmenbrane fraction (1 X 107 cells) were 40 al of 1% SDS

sol ution i pollagndothérplmseefapréarhgrouwp c ABINARF PYGoFEEHPr @Fi on of

1% and the m xture was thereafter heated, on a water ,bz-thh Boi ling at
100 C for asrylamide 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.



20 minutes for solubilization. The solution containing the nmenbrane
fraction was cooled to roomtenperature, NP-40 was added to a
concentration of 1% and phosphoric acid buffer (pH 7.5) was added to
the m xture to a final concentration of 120 mM Wth addition of 4 al
of N-glycanase F (2 units, 25 product 3t Roche Di agnostics), the

m xture was i ncubated at 37 C overnight and boiled on a water bath
boiling at 100 C for 5 mnutes, 95% et hanol was added to the m xture

to a final concemkr gbhyﬁeﬁiba?s‘é%an{i% 83Uk BY B XL4HE MRS beld
centrifuged at 15000 rpm 4 C, and the supernatant was treated in a

vacuum t o ebMies priepagbtiabp thé gnsac ehial ifdes edewl vrda f 8 idivirgel |
menbranes. In the sanme manner as in Exanple 1, 2-AA was introduced 5
into the cphapesawhhehi deeprisdd awvedlhmeser stolnias gfdliyvinylcalanhol-
chromat ography to obtain oligosaccharide fractions. FIG 2 shows the
resul t of Raggamsliyoerbgel hehavlgmaminc garoogr aphgche et ,
10Separati gn of cancer cell-derived oligosaccharides by normal phase
chr omatogrdfifEain@ SCPUetaial emsils usable.The cancer cell-derived

ol i gosacchari de,deri vative Sﬂ(}:or r espondi to 1.X,107 .cell.s) of eafh
fracti on obt ai %«5‘8 Fﬁllﬁﬁ’aﬁﬁ?}é R ’a‘fjsas]gil (&Y 332G g Ser £95 frpTRLe
acetic aci f f . 4 si gl | \ duct of

Mani ki n Pi'0 %ﬁggﬁ%&ﬁﬁg?f I%aémsoi%cf(%{it gﬁdbgﬁg’gn?%?%?é{ﬁ{m ‘reaction

at 37 C f ofp 24 IS of TREMMEACT 4 D e Wod uiAS 1 Rorsedomt AH0QCafgor 3
m nutes and centrifuged to obtain a supernatant. The resulting

super nat antpmmiactubjfecbedut cofer al phase 20 HPLC using an am de
colum to obtain oligosaccharide fractions. FIGS. 3 to 7 show the
resul ttoof separ TheonepyriiPléeh doondittiiomss fHor ohPbifa tCod taphy BSK- GEL

Ami de- 80 (TOSOH CORPORATI ON, Japan, 4.6 )< 250 mm) 25 Col umm

t enper at urguitedly Perprminsto Wsdelexpupdgo Hreny axadiepny fdhion can
Det ect or: JASCO Model. EP-920 fluorescent detector 22 Excitation
wavel engt e FHRMATECUSPESBERT X U} IgNF: 2433upRescent 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



Mobi | e 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 triethylam ne and used as solution B G adi ent
condi tions: Linear gradient elution wag,conducted using 30% of
solution B for 2 mnutes after the sanp?e was poured in so that the
amount of solution B would be 65%in 60 10 m nutes. d ycosi dase and
structural analysis by nass spectronetry The ol i gosacchari de
derivativeagkipgak 3pedefis@dylypilikda’ twasicdi n0kuedol ig@adbndfidd),
mMcitric acid buffer (pH 3.5), 1 Al of /3-gal actosidase (25 niJ,
product ofth8etkageakutddatdogy dHo reaktdpnwasxiadce byt aicdtdmals phabe OHPLC
and the m xture was reacted at 37 C for 24 hours. The reaction

m xt ure wasibgi hedohyma)paGe amidoncaltes and caintidaf-pgee avidel | ect
t he supernatant. The supernatant obtained was subjected to norma
phase HPLCC38MRg AWPHEF T Ahgmresaiterdi Frat ¥I9mda §dSswhi ch 20 was

anal yzed by MALDI - TOF MS.. As a .result, an, oligosaccharid a) was
obt ai n&d ﬁéﬁ&ﬁrﬁﬁétéﬁl‘é“’rlh SNSACET AL 1R8I GhYSR THR 1456 & cf’?é%?d%nd

deri [ ' di lLved in.20 Al_.of 2Q.mM citr] id
oot ust | vEnbBLGPRLELPE Y08 1 30EY bAa el Bl PO LS 2oL
Sei kagaku 25 Kogﬂgdfégoggiﬁ¥bfg?gggdﬁgdré&bé SYUthen, and the

m xture was reacte ours. The reaction m xture was

boi | ed atoi@@ogééehaﬁidéfugﬁﬁbdﬂyigcaﬂtaiﬁé@?dJ&ptﬁ9b|ﬁ&%,t$ﬁkious
supernat ant. The supernatant obtai ned was anal yzed in the 23 sane

manner as cdhouveacahdpidéfngan el agasddehal i deowiatingt ieaeilly) inhlahge
was 1906 in nol ecul ar wei ght. The ol i gosacchari de derivative
(b) was8 funehgitiesated with 0-gal act osi dase, consequently affording
an 5 oligosaccharide_derivative (c) which was 1582 in nol ecul ar

wei ght. The lipepbilie TR SfEabsdrERaYeE HeY pe Aoy ENfdoneheknown
ol i gosaccharide of the forrmula given below. HO H HOHNHA 10Sim |l arly,
t he oligogﬁgbﬁgride derivative of peak 35 was treated with

Vgal act osi dase, 8- vl hexani ni i -gal.ac i e,
wher eby the derF§5f$€%ﬁ%%% ?ﬁ%ﬁ%g?%?§58$ﬂgm%pﬁgéﬁgz hgﬁgd%go%gﬁﬁg§§
formul a gipyeneRBt oMy nédrogen pero¥iliBIwsSHhl &bl & INHHAR38S1aMALDI - TOF
M5 was conducted fof the derivatives of other peaks. Tables 1 to 5

show abi goracehativdeist4atiy e iconiespondt Sgpdtadie pPadegeshown S5 in
FIGS. 3 to 7. The nol ecul ar weights given in Tables 1 to 14 are those
(MN of cdreeuhgpewhbigosn&lmriniebeanobe acltectseditdaadigd to t he
reducing termnal of the oligosaccharide. The synbols resent the
foll owi ng. Gal : FEOogageeuse remeNALeNeoy ceedtiging awamhed ingawith the
D- mannose,

oligosaccharide derivative in N,N-dimethylformamide. BOC

group ls removable by reacting a weak acid with the

20 oligosaccharide derivative.

In the case where the cligosaccharide is
oligosaccharide-linked asparagine, the asparagine residue is
removable, for example, by reacting anhydrous hydrazine with
the asparagine and thereafter acetylating the reaction

25 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



10 Fuc: fucose, 2-AA: 2-am nobenzoic acid, NeuAc: sialic acid.

The ol i gosacchari de wherein 2-am nobenzoic acid is attached to the
reducing termnal thereof, for exanple, the structure of the

ol i gosacchari de portion represented by .the forrmula given bel ow will
be represented by -4GlLcNAc131- 15 4GLcNAc-2-AA. _ ate 0OH HOO OH NH
NHAc NHAC 25 MALDI - TOF M5 anal ysi s The devi ce used was Voyager
DE- PRO ( PE Bi osystens, Fram ngham MA). The neasurenent was conducted

in |inear/oegaldieq pRatREEcat i@ Acceber akimm &oldirge of 20 kV 5 and
grid voltage of 96.3%wth a delay tinme of 1000 nsec, |ens offset

1. 25 and |a@isiefosatichast By s (arérageful aser khef s¥nbResfs bd @ndprantity
of the sanple as dissolved in water was kneaded wth 0.5gL of 20

ng/ nL net healinesl.ut Tlon of ighmoeahiamideorpbaimed magc it DEBpctaddto ha
m xture was dried to 10 obtain a sanple for use in nmeasurement. 26
Tabl e 1 PesiN@gatiyprsefuchanrecal 1ozariveng eng regctions with sugar

Man, 61- 4GLcNAO- 4GlcNAc-2-AAh|\/arra/ . ) , .
5 transferases and thereby made intc a derivative wherein new

sugar residues are added to the coligosaccharide 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 isclate the oligosaccharides of the formulae (1) to (6)

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

NHAc

HQ HOOG y H
H o
o H

HOg1e H OH NHAc

(1)

H OH OH
H o _OH
H

NHAc
HQ HOOG yo H o b
H o
HO
e HM‘; S

(2)



2 1176 Manal\6 / Manfi/-4GLcNAO-4GIlcNAc-2-AA 3 6 Mana/l

Fuc al 3 1192

Man- Mana/\ 6 . 3 Manfl/-4GlcNAcfl/-4d cNAc-2- AA Manal 4 1379 Mana/ \
63 Man/ 3/ -4GlcNAc, 6/ - 4GlcNAc-2- AA /6 G cNAc-Mana/l Fuca/ 5 1395 Manal
\ 14 / 63 Man/ 3/
-4CGKkNAc/ 3/ -4G cNAc-2- AA (@Al, 6/-461cNAc- Mana/ . 6 1354 Man \

w A LN
e é&%&

NHAc NHAc
(3)
NHAC OH H
‘%/ NHAc
R‘—'@\- -;?‘-7\ OH
NHAc OH H ql% o
On CH
H OH
H R2
H H H
NHAc NHAe

(4)



Man- Mana/\ 6 / 3 Man/ 3/ -4GKkNAc, 6/ -4GIlcNAc-2- AA Mana/ 7 1541 Mana/ \
63/ Man, 6/ - 4GKNAO- 4GLcNAc- 2- AA 6

Gal, 61-9G cNAc- vanal 1 Fuc al 8 1516 Man \ Man-Man al\6 /3

Man/ 3/ - AGKNAc, 6/ - 4GLcNAc- 2- AA Man- Manal _9 1582 GlcNAc- Mana/\ 6 3
Man/ 3/ - 4G1LcNAO- 4GlcNAc-2-AA /6 G cNAc-ﬂ‘/gnaII Fuca/ 10 1678 Man- Man \
Man- Mana/ \ 6

H
H H% gm:éﬁ- H NHAC
HJ&%’%/H NHAG %ég;ﬁ?\
H OH H
'
Y H Homéé_ HOw,_ NHAC
<%§§é£/ H
HO™ H NHAC H ?{%?\ OH
HO H%o CH H . oH
HﬁE&;%ym A 0
H OH H QH
OH
Hi N 1
y l-lo5 e r?c:évl AR

NHA¢ NHA¢
H H
HO™ Hi
H OH

(56)

(6)

wherein R' ig 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



/3 Man/ 31 -4GLcNAO- 4GlcNAc- 2- AA Man- Mana/ 11 1785 G cNAc \

GIlcNAc- Mana/\ 6 3 Manfl/-4GlcNAc, 6/ -4d cNAc- 2- AA GlcNAc- Mana//1 6 Fuc
al 27 Table 2 Peak No. MW Structure 12 1760 Gal fl/-4d cNAc- Mana/ \

/ 63 Man/ 3/ -4GKNAcf | /-4G cNAc- 2- AA Gal p{g 4G cNAc- Mance/ 13 1840 Man \
Man- Man- Mana/ \ 6 /3 Man/ 3/-4GLcNAO- 4d cNAc- 2- AA Man- Man- Mana/ 14

specifically in cancer cells , and such oligosaccharides can
be utilized as cancer markers.
For example, a polyclonal antibody or monoclonal
antibody is prepareed which specifically recognizes a
5 specific oligosaccharide in cancer cells, for use in
detecting the oligosaccharide by an immunological technique.
For the preparation of polyclonal antibody, the
oligosaccharide 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 derxivatives 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.



1906 Gali 31-4G cNAc-Mana/ \ /63 Manfl/-4GLc6NAc/ 3/ -4G cNAc- 2- AA
Gal/ 3/ -44d cNAc- Mana/ 1 Fuca/ 15 2002 Man- Man \ Man- Man- Mana/\6 .3
Manfl /-4GlcNAcfl /- 43 cNAc- 2- AA Man- Man- Mana/ 16 2052 3 | Fuca/
GW - 44d cNAc- Mana/ Gal N- 4G cNAc- Manct / 6 /3

ManA7- 4GKNACf f | 6- 4Gl cNAc- 2- AA 1 Fuca/ 17 2125 Gal, 61- 4G cNAC \
Gal fi/-4d cNAc-Mana/ \ /63 Manfl/-4GLcNAcfl | - 43 cNAc- 2- AA

10

15

20

25

FIG. 5 are chromatograms of HPLC of oligosaccharide
derivatives obtained in Example 3.

FIG. 6 are chromatograms of HPLC of oligosaccharide
derivatives obtained in Example 3.

FIG. 7 are chromatograms of HPLC of oligosaccharide
derivatives obtained in Example 3.

FIG. 8 is of oligosaccharide derivatives obtained in
Example 4.

FIG. 9 is a chromatogram of HPLC of oligosaccharide
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.

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.
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
One mg of human serum-derived AGP (product of Sigma-
Aldrich Japan) was dissolved in 50 g1 of 20 mM phesphoric
acid buffer solution {(pH 7.5), N-glycanase F {2 units, 4 pl)

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



Gal f1 1-4d cNAc- Mana/ 18 2116 G cNAc \ Galll/-4G cNAc- Mana/ \ 6

Mang/ - 4G cNAcf | / - 461cNAc- 2- AA 3 Gal 1 3/-4G cNAc- Mvana/ z41 | G cNAcce/
19 2636 Galfl1-4d cNAc \ Gl fl 1-461cNAc-Man al \ 6 / 3

Manf | /-4GLcNAcfl /-4G cNAc- 2- AA 6 Gal/ 31; 4G cNAc- Mana/ | / Fucal

Gal p- 43 cNAc 20 3001 Gal/ 3/-4GlcNAc- A6/ -4G cNAc \ Gl fl/-4d cNAc- Man
al \ 63

Man/ 3/ - 4AGKNAcp- 43 cNAc- 2- AA (al, 6/-4G cNAc-Man a//1 6 /Fuca/

37° ¢ for 12 hours. The resulting reaction mixture was boiled
at 100° ¢ for 3 minutes and centrifuged, and the supernatant
was collected.

To the collected supernatant was added 100 ©1 of a

5 solution obtained by dissolving 2-amincobenzoic acid (2-AA)
and sodium cyanoborohydride each to a concentration of 3% in
a mixture (500 ©1l) of 2% of boric acid and 4% of sodium
acetate, followed by a reaction at §0° ¢ for 1 hour. The
reaction mixture was fractionated using a Sephadex LH-20

10 column (0.7 cm, i.d., 20 cm) as equilibrated with a 50%
agqueocus 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
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Mobile phase: ultrapure water used as solution A, and 40 mM
ammonium acetate aqueous solution as solution B

Gradient conditions: Linear gradient elution was conducted
using 5% of solution B for 2 minutes after the sample was
poured in and using the ammonium acetate solution so that the
concentration therecf would be 30 mM 37 minutes later and
subsequently 40 mM 10 minutes later.

The same conditions as above were used in the following
examples for separation by serotonin affinity chromatography.
Example 2

Separation of human cancer cell-derived oligosaccharides by
serotonine affinity chromatography

Cell incubation

Used for incubation were human renal adenocarcinoma
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%
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 AS549 and using RPMI-1640
(product of Sigma-Aldrich Japan) containing 10% of NCS for
UB37 and MKN45. The cells other than U937 were washed as held
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
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thereafter subcultured.

Preparation of c¢ell membrane fraction

Cells in 80% confluent state for use in preparing a
cell membrane fraction were collected from the incubator
using a cell scraper. The cells collected were washed with
PBS and homogenized with a glass homogenizer in 10 mM Na,HPO,
(pH 7.5) containing 1% protease inhibitor to a concentration
of 1 X 10° cells/5 ml, 10 ml of 20 mM Tris-HC1 buffer (pH
7.5) containing 0.5 M sucrose was then added to the mixture,
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

fraction

Added to the cell membrane fraction (1 X 107 cells)
were 40 i1l of 1% SDS solution first and then 2-mercaptoethyl
alcohol toc a concentration of 1%, and the mixture was
thereafter heated on a water bath boiling at 100° C for 5
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 @l of N-glycanase F (2 units,
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
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centrifuged at 15000 rpm, 4° C, and the supernatant was
treated in a vacuum to dryness to obtain oligosaccharides
derived from the cell membranes.

In the same manner as in Example 1, 2-AA was introduced
into the oligosaccharides, followed by serotonin affinity
column chromatography to obtain oligosaccharide fractions.
FIG. 2 shows the result of separation by the column
chromatography.

Example 3
Separation of cancer cell-derived oligosaccharides by normal
phase chromatography and structural analysis

The cancer cell-derived oligosaccharide derivatives
{corresponding to 1 X 107 cells) of each fraction obtained in
Example 2 were dissolved in 20 g1 of 20 mM acetic acid buffer
(pH 5.0), 4 11 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
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 (TOSCH CORPORATION, Japan, 4.6 X 250
mm}

Column temperature: 40° C
Pump: JASCO Model PU-3580
Flow rate: 1 ml/min

Detector: JASCO Model FP-920 fluorescent detector
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Excitation wavelength: 350 nm

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 gl of 20 wM citric acid buffer (pH
3.5), 1 pl 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° ¢ 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
(2a) was obtained which was 2718 in molecular welght.
The oligosaccharide derivative (a) obtained was
dissolved in 20 p#1 of 20 mM citric acid buffer (pH 5.0), 1
1l 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° ¢ for 3 minutes and centrifuged to collect the

supernatant. The supernatant obtained was analyzed in the
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same manner as above, affording an cligosaccharide derivative
(b) which was 1906 in molecular weight.
The oligosaccharide derivative (b) was further treated
with B-galactosidase, consequently affording an
5 oligosaccharide derivative (¢) which was 1582 in molecular
weight.
These results revealed that the peak 31 was the

oligosaccharide of the formula given below.

10 Similarly, the ocligosaccharide derivative of peak 35

was treated with B -galactosidase, (-N-acetylhexaminidase and
then with f-galactosidase, whereby the derivative was found

to be the oligosaccharide of the formula given below.
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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
5 in FIGS. 3 to 7. The molecular weights given in Tables 1 to
14 are those (MW) of compounds wherein 2-amincbenzoic acid is
attached to the reducing terminal of the oligosaccharide. The
symbols resent the following.
Gal: D-galactose, GlcNAc: N-acetylglucosamine, Man: D-mannose,
10 Fuc: fucose, 2-AA: 2-aminocbenzoic 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 -4GlcNAcf1-

15 4GlcNAc-2-AA.

OH OH HOO
O OH
- NH
H HO

NHAc NHAc



\ (Galfl 1-4GlcNAc) 2- Gal/ 3/ -4GLcNAc- Mana/ \ 6 /3 Man/ 3/-4GLcNAcf 11- 4G
6kNAc- 2- AA Gal,0/-4G cNAc-Gl il I -461cNAc-M a na/ 1 / Fuc al

Gal/ 3/-4G cNAc 38 5191 (Gal/31-4GLlcNAc) 3- Gal/ 31-4GlcNAc \ (Gap/ -40
cNAc) 2- GaW 1 G cNAc-Man a/ \ 6 36 Manf 5/5 4G cNAcf | / - 4GLcNAc- 2- AA

Gal f1/-4GLcNAc- GaW 4G cNAc- Manai | / Fuca/

Gal p/ -4GLcNAc- GaW 4G cNAc 39 5556 (GaW 461cNAc) 3- Gal P/ -4GLcNAC \
(GaW -4GLlcNAc)2- &1/ 3/ -4d cNAc-Mau a/ \ 6 3

Manf | 1- 4GigNACkbF- ASLeNMCyZtAA 6 (Gl fl/ -4G cNAc) 2-Gal fi
-4G cNAc-Man a//1 [ Fucal Galin -4GLcNAc- Gal N-4G cNAc 40
The device 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 gL quantity of the sample as dissolved in water was
kneaded with 0.54L 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.
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le 5 A mxture of free-type

| ynphoma Jur kat 27

strain) in place of human gastric

cancer cells MKN45. In the sanme manmeblassin Exanple 1, 2-AA was

i nt r oduced—to—i-rt-othe+freetype—oH-gosaceharide—ure—obtatned
prepare a ?ﬁa;&t ux@yaf free-type oligosacgfigeifie derivatives, which has
fractionat dd by serlotonin col um chronatography to obtain free-type
ol i gosacchari de deri(Eat@i-vaAc)z-Galﬂ!-«fGlcEAc\gpf racti on obtai ned was
separ at ed| by nor nmal p?;?@ PLC, uUsi ide colum to obtain a
free-type| ol i gosacdha &é@?ﬁéaﬁ@%{'&%%'ﬁP%m for HPLC Col um:
TSK- GEL A :%e 8&8%10804 CORPORATI QON, Japan, 43613K312%NM1-4§(6#N6&P1M1
t enper at ur €-° 40 36 GRSIPGINASGIR MottalAc-Ras &80 Fl ow rate: 19m /min
Det ect or : | JASCQO Model FP-920 f u%{g{scent/ det ect or Exci t afres
wavel ength: 350 nm|5 Fl uor escerft®®fz %’Féﬁgt h: 425 nm Mobi | e phase:
acetonitrjle slolutijon containing 0.11 acetic acid and_serving as
sol uti on A and aqugd@slfseGlaNAQrGAEvGENAENg 0. 2% of acetic acid and
0.2% of tfiethylamin deidRg Shhl B 10 Gradient conditiong:
: . GalfI-4G 13 - .
Li near gradient el ut@gﬁnwas ccg’n cted usi na 3% of solution B for 2
minutes after thgisanple was poured in so thas™MeRd- -GN ey on
B woul d be @éonl n 60 KHalfr@kNAc-Galsl-4GleNAc-Manal . }
ucax
Galfl-4GleNAe
(Galﬂ]-4GlcNAc)3—Galﬂ]-4GlcNAc\
(GalfI-4GlcNAc),-Galjl-4GleNAc-Manal,
6
Manfl-4GlcNAcS/-4GlcNAc-2-A
37 4826 | , 3Manf pl-aGl A
alf7-4GleNAc-Galfl-4GleNAe-Mana! |
Fucal
Galfl-4GleNAc
(GalpI-4GleNAc);-Gal ] -4GlcNAc\
(Galpl-4GlcNAc);-Galf-4GIcNAe-Manal
28 5191 gManﬂ.’-4GlcNAcﬁI-4GIcNAc—2»AA
M| Gaygr-screnac-Galgr-4GIeNAe Manas” g
Fuca/
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3919998 | G a1pr-aGIeN A, Galfi-4CleNAc Manal §
Fuca!
GalfBl-4GleNAc-Galf/-4GleNAc
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40 | 2474 | GaprscrcNAeManal” ¢
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The free-type oligosaccharide derivatives obtained were 15 anal yzed
by the sane procedure as in Exanple 4 to determ ne the structure.
Tabl e 8 shows the oligosaccharide derivatives obtained. 37 Table 8
Peak No. Structure 1 Man \ Man- Man \ n- MNAC- 2- AA Mad/ 2 Nhn \

Man- Man \ Man- d eNAc- 2- AA / Man-=Man 3 Man-- Man \ Man- Man \
Man- A eNAc- 2- AA [/ Man- Man
Example 4

Free oligosaccharide 1 present in cells
Human gastric cancer cells MKN 45 were washed with PBS
and homogenized with a glass homogenizer in.lo mM NaHPO, (pH
5 7.5) containing 1% protease inhibitor to a concentration of 1
X 10% cells/5 ml, 10 ml of 20 mM Tris-HCl buffer (pH 7.5)
containing 0.5 M sucrose was then added to the mixture, the
resulting mixture was centrifuged at 3000 rpm, 4° ¢ 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



4 (Man-h Man \ Man- Man \ Man-d cNAc- 2- AA/ Man- Man 5 Man- Man \

Man- Man- Man \ Man- d eNAc- 2- AA /[  Man- Man- Man Exanpl e 6

A i gosaccharides of human cervical cancer cells 5Human cervi cal

cancer cells HelLa were incubated usingyPDVEM containing 10% of NCS

i mobi lized in advance by being heated at 50 C for 30 m nutes. In 80%
confluent state, the cells being incubated were washed with PBS and
then treated at 37 Cfor 5 mnutes with addition of a trypsin

sol uti on, ek@iandibhewsed lengenanaoedmwer e col | ected, washed with PBS
and thereafter subcultured. The sane procedures as in Exanple 2 were
repeat ed fFanotrhseceneperatlicnygtdf: 426ehih nmenbrane fraction 38 and
separation of oligosaccharides fromthe cell nenbrane fraction to

obt ai n anMobiigespeaser i aetrinittonid edeplveton repntadningegfr aresic|acide
same manner as in Exanple 1, 2-AA aws introduced into the m xture

fol | owed B}dsERBYHRY rARfFI NP5 Ac RRENATRRPSD P YU o8 §PRtaining 5%

ol i gosacchari de_derivative, fract.l 0WS thfugesulé

. , FIG_ 10
of separaffoR°Hy FHEct I"’Hﬁjn 3c%hr°(§n§??)8}:5¥ﬂ1§/ml%earﬁélu§|%§ as solution
ol i gosacchaLi;dg 0oLy fdd M6hd f 33He8D 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 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, fB-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 gl of 20 mM
20 citric acid buffer (pH 4.5), adding 2 (1 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.



nonosi al o ol i gosacchari de derivative fraction and disialo 10

ol i gosacchari de derivative fraction were treated with sialidase and
thereafter subjected to normal phase HPLC using an am no col um for
separation to obtain oligosaccharide dgpi vatives The same conditions
as in Exanple 4 were used for HPLC. 15The oligosaccharide derivatives
obtained were suitably treated with gl ycosi dase (sialidase,

a- mannosi dase, egal act osi dase, B-acetyl hexam ni dase, etc.), followed
by nornmal PphdsehHRsClBol $epachtdulan sieighthesabeyees@itddnsd ta no
colum. The fractions obtained were |yophilized and 20 thereafter
anal yzed biemvmlsl gt@enMselewdet ermine the structure of the

ol i gosacchari de derivati ves. Tables 9 to 12 show t he

ol i gosacchari de derivatives obtained. 39 Table 9 asialo

ol i gosacchari de derivative MNStructgse 13 \ Man-Mana/\fi / 3
Manf | / - 4AGKNAcf | / - 4GKNAc- 2- AA Man# 6 na/\,6 /3
Nhnfl/-4(§chwc/3/-4Gkhwc-2}ﬁA IVH n \ Man- Mana/\ 6
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/ 3 Mani 0/ -4GLcNAcf |/ -4CGkNAc- 2- AA Man- Mana/ 1760 Gal/ 31-4d cNAc- Mana/
\ 6 ,3 Manfl/-4GLcNAcfl/-4GLcNAc-2- AA Gl f 3/ -4ClcNAc- Manar 1840 Man \
Man- Man- Mana/\ 6 3 Manfi/-4GlLcNAcfl /- 4GkNAc- 2- AA Man- Man- Mana/ ./ 1906
Gal, 6/ -4G cNAc-Mana/ \ 6 /3 Man/ 3/-4G ¢NAcfl/-43 cNAc-2-AA 6

Gal N-4G cNAc- Mana/ 1 Fuca/ 2002 Man- Man \ Man- Man- Mana/ \ 36

Manf |/ -4GlcNAcf | /- 4G cNAc- 2- AA Man- Man- Mana/ ./ 40

Table &

MW Structure

3 Manpf/-4GIleNAc-2-AA
1321 NeuAc-Gal3/-4GIlcNAc-Manal ’
Mana/
~
1483 § Manfil-4GIcNAc-2-AA
NeuAc-Galf!-4GleNAc-Manai”
GleNAc-Mana/ N

1686 ® Manfi-4GIcNAC-2-AA
NeuAc-Galf!-4GleNAc-Manal”
NeuAc-Galfl-4GleNAc-Mana/ N
2140 gManﬂl -4GlcNAc-2-AA
NeuAc-Galfl-4GleNAc-Manal

GIcNAc
NeuAc-Galf/-4GlcNAc-Manal,

9343 § Manf/-4GleNAe-2-AA
| NeuAc-Galpl-4GleNAc-Manal”

NeuAc-Galfi-4GleNAc

Galg! -4GlcNAc\

2505 | (NeuAe—), Galﬁ]-4GlcNAc-ManaI\6

3 Manf7-4GleNAc-2-AA
Galfi-4GleNAc-Manai”

NeuAc-Galf/-4GleNAc

NeuAc-Galf!/-4GleNAc-Mana/
2795 g g
3 Manpf/-4GlcNAc-2-AA

NeuAc-GalB/-4GIlcNAc-Mana!”

r GlcNAc
\

Galf/-4GlcNAe-Manal,

6

2999 | (NenAc—); < 3Manfi/-4GlcNAc-2-AA

Galgi-4GleNAe-Manal
\_Galfl-4GlcNAc

(GalBl -4GlcNAc\

Galg! -4GlcNAc—Mana1\

3160 | (Neude—)s < § Mangi-4GIeNAc-2-AA

Galpl-4GleNAe-Manai”
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Tabl e 10 nonosi al o ol i gosacchari de derivative MN Structure 1686
NeuAc- Gal, 6/ - 4GlcNAc- Mana/ N 36 Manfl/-46kNAci g/ - 4GLcNAc- 2- AA Menai /

1889 NeuAc- Gal/ 3/ -4GLlcNAc- Mana/ \
.4 Mena/1l G cNAca/l 2051 NeuAc-

Gal/ 1144GLcNAc- Mana/ x 6

63 Manfl /-4GLcNAcfi/-4GLcNAc- 2- AA
3

Manfl 1- 4GKNAcf | / - 461cNAc- 2- AA GaW 4GlcNAc- Mana/ 2197 NeuAc-
Gal P/ -4GlcNAc-Mana/ \ 6 / 3 Manfl/-4GKNAcP/ - 4GLcNAc- 2- AA
6 6alfi 1-4GlcNAc- Mana/ 1l Fuca/ 2254 NeuAc-

Table 7
MW Structure
NeuAc-Gals! -4GlcNAc\
NeuAc-Galfl-4GlcNAc-Mana/ N
3451 § Manpl-4GleNac-2-AA
NeuAc-Galg/-4GleNAc-Manai
NeuAc-Galfl-4GleNAe
NeuAc-Galf/-4GlcNAc-GalSi -4GlcNAc\
NeuAc-Galf/-4GleNAc-Mana/ N
3816 g Manf]-4GIcNAc-2-AA
NeuAc-GalBl-4GleNAc-Mana!”
NeuAc-Galf/-4GlcNAc
Example 5

A mixture of free-type oligosaccharides was obtained by

5 the same procedure as in Example 4 with the exceptlon 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

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

HPLC using an amide column to obtain a free-type

(TOSOH CORPORATION, Japan, 4.6 X 250

10

15
oligosaccharide derivative.
Conditions for HPLC
Column: TSK-GEL Amide-80
mm)

20 Column temperature: 40° C



GaW 4GlcNAc- Mana/ x 6 Manp/-4GkNAc/ 3/ -4GIcNAc-2-AA 1/ 3 4

Gal fi 1-4GLlcNAc-Mana/ 1 | d cNAca/ 2343 NeuAc- Ga0-4GlcNAc-Mana/ \ 6

3 Manfi/-4GIlcNAci | | -4GLcNAc- 2- AA 6 GaW 4GlcNAc- Mana/ 1 3Fucal/ | Fuca/
2400 NeuAc- Gal )61-461clslAc-Manal \ 63édknft/-4GLcNAc/ 1/ - 4GKNAc- 2- AA
/3 46 Gal/ 31-461cNAc- Mana/ 1 Fucal Il deNAcal 2546 NeuAc-
1Gl fl/-4GlcNAc- Mana/ \ 6

10

i5

Pump: JASCO Model PU-980
Flow rate: 1 ml/min
Detector: JASCO Model FP-9%20 fluorescent detector
Excitation wavelength: 3250 nm
Fluorescent wavelength: 425 nm
Mobile phase: acetonitrile solution containing 0.1% acetic
acid and serving as solution A and agqueous solution
containing 0.2% of acetic acid and 0.2% 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
minutes.

The free-type oligosaccharide derivatives obtained were
analyzed by the same procedure as in Example 4 to determine
the structure. Table 8 shows the oligosaccharide derivatives

obtained.



g Man/ 31-4GlcNAcp/ - 4GLcNAc- 2- AA / -- 46 Gake/ - 4GLcNAc- Mana/ i

Fuca/ GlcNAca/

Structure 2342 NeuAc- Gal -3 cNAc- Manal\ 63

Manfi 1- 4G cNAO/ - 43 eNAc- 2- AA NeuAc- Gal 5@ cNAc- Mana/ / 2545 (NeuAc-)2
Gal - d cNAc- Mana/ \ 6 Manfl/-4GlcNAc/ 3/ - 4GkNAc- 2- AA 3

3Fuca/

41 Table 11 disialo oligosaccharide derivative-1 MV

Gal - 3 eNAc- Mana/ x1 4 A cNAca/ 2691 (NeuAc-)2 Gal-A cNAc-Mana/ \ 6 /
3Nl anfil -4G cNAO1-4d eNAc- 2- AA 6

Table 8
Peak
Structure
No.
Man
}w
Man-Man
1 ? N
/Man-GlcNAc-Z-AA
Man
Man
\
9 Man—Man\
Man-GleNAc-2-AA
Man-Man
Man
\
Man-Man
3 Man— ~N
Man-GleNAc-2-AA
Man-Man
Man
\
Man-Man
4 (Man—), ™~
Man-GlcNAc-2-AA
Man-Man
Man—Man\
5 Man-Man-Man N
Man-GlcNAc-2-AA
Man-Man-Man
Example 6

Oligosaccharides of human cervical cancer cells

Human cervical cancer cells HelLa 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.

were repeated for the preparation of a cell membrane fraction

The same procedures as in Example 2



Gal - G cNAc- Mana/ 11 Focal G cNAca/ 2748 (NeuAc-)2 G cNAc \

Gal -3 cNAc-Mana/', .. 6 /3

M np/ - 4GLcNAci a/ - 4G cNAc- 2- AA Gal -G cNAc- Mana/1 | d eNAca/ 2894
(Neuitc -)2 AcNAc \ Gl -A cNAc-Mana/ Ngg/ 3

M nfl/-4GLcNAci al- 4G cNAc- 2- AA 6 Gal - G cNAc- Mana/ 11 Fuca/ d eNAca/
3056 (Neum )2 Gal -G cNAc- Mana/ \6 Gal - d cNAc- vana/ 11 /

Gal -G cNAcG cNAca/ , 3 Manfl/-4CGkNAci N-4d eNAc- 2- AA 6 |
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20

and separation of oligosaccharides from the cell membrane
fraction to obtain an oligosaccharide mixture derived from
¢ell membranes. In the same manner as in Example 1, 2-AA aws
introduced into the mixture, followed by serotonin affinity
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 disiale
oligosaccharide derivative fraction were treated with
sialidase and thereafter subjected to normal phase HPLC using
an amine column for separation to obtain oligosaccharide
derivatives The same conditions as in Example 4 were used for
HPLC.

The oligosaccharide derivatives obtained were suitably
treated with glycosidase (sialidase, @-mannosidase, 8-
galactosidase, 0 -acetylhexaminidase, etec.), 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
structure of the oligosaccharide derivatives.

Tables 9 to 12 show the oligosaccharide derivatives

obtained.
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Table 9

asialo oligosaccharide derivative

MW

Structure
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Table 10

monosialo oligosaccharide derivative
MW Structure
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/1 Fuca/ .Gal-G cNAcdA eNAca/ 5 Exanmple 7 A i gosacchari des of cancer
cell-specific antigen C098 Preparation of CD98-HC by i nmune

sedi nent ati on Protein A-Agarose (50 gl, product of

Si gma- Al drich Japan) was washed with 2QQgl of PBS. 50gl1 of PBS and 10
| ough() gl 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 mxture was washed wwth 1 m of PBS to renove the unadsorbed
conponent to obtain Agarose havi ng &ableCD®8 anti body i mmobilized

t hereon. To the agarose was added a nenbrane fraction (2 X 107 cells)
of HeLa cells 5 solubilized vvith 400 gl of 1% NP-40, and the m xture
was i ncubated overni ght at using a rotary shaker. The culture was
washed wi tHSEadP %lﬁﬁc?%@%ﬁ%d&ﬁlﬁﬁlﬂéﬁﬁonent was renoved,

fol | owed byy@enfriTugling. To the agargwuc&ﬁyé"ng anti - CDI98 ant i body

ra. . nf

i nmobi | i zegd—the R 't NX(FM u—of—a—10—9—trmixture—of
di ssoci at | 9,59 A f‘ig a'frc”\ HCL buffer pH 6.8/ 4.6% SDS, 20%

gl ycerin) mer capt oet hyl al gmﬂé?ﬂ’ 4ClBALAABINAC-TA4 boiled for 5
m nut es amnd cenf Ne GRNA and the supernatant was taken
as CDO8-HC and pubjecte ﬁ%ﬁl SDS pol yacryl am de gel

el ectrophoresis fecb ophoresi s device and power

source us dzf,\qlgre(qﬂ"‘b"d'&b s of Bi o Pad, 3”}?@%@6@4%&%@‘@5#'@%5
conducted|using| 7. 5% ge GaRGIcAGMfodT  (f 25 mM Tris, 198 nM gl yci ne
and 1% (wjv) SDS, at mA per sheet of for the fII’St 1 hour 20
and subseguenrtty—at 10 A—t-o—the— g idﬂ porton—of thegel-
Coonmassi e|Brilljant Blu (B[-@lcNAd’-’(gafo]ter SDS- PACGE, proteins were
stained ifp a so 40% (v/w) nef tic
Sl o 204 b e BaL | | LRy uéﬁ&%géck ﬁ%‘“’ﬁaff’)* 2850 “the
proteins were decol ored \ﬂ"{ﬁ AR eiof met hangl.,, ’acetl C aC| d and
water (4:1:5) Western Blot 44 GlcNAckh€ protein sarrpl e in the gel
resul ting[from SDSPAGE was_transferred onto the PVDF menbrane using
Seni-Dry Blotting Device (T8N Blot SD cell, product of BI O RAD).
Bef ore use, the &(FD@F r)re ammaddﬂmrsed |n nmet hanol for 60 5
seconds an er Er2ymersed in 4 [ ne, 20%
met hanol gﬁqg D) for 1|hour. The tra#‘lgMé’L%@?gﬁ%g' ith the
application of Voltage L&AFGIWARMang™ 2 constant current of 100 mA

After theftransfer, a bl ocking pr O%I‘Eﬁlma? was performed for the PVD
menbr ane (ISing PBS contgl ni ng 6 ,and

0. 05% Twegn 20/ PBS (5 nt) c‘é‘h‘ﬂ%ﬂ\nl ng 5 pg of anti _CD98 anti body was$
t hereaftet added to the|ggidelemad.p! | OWwed by a reaction overnight.

After thetr gt G¥enA PVDF nenbr an V\ges%\g%ﬁl]&%éf our t%Arrgs with PBS
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[
Fucai
 Gal-GlcNAc  GleNAca/

fGlcNAc-Gal—GlcNAc\

Gal-GlcNAc-Mana/ N

NeuAc—), 4
3113 | ¢ )2 gManﬂ]-4GlcNAcﬂI—4GlcNAc-2—AA

Gal-GleNAce-Man o/ g
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15 menbrane was 5 m of 0.05% Tween 20/ PBS m xture containing 5 41
of HRP-labeled Protein A, followed by a reaction for 1 hour. The PVDF
menbr ane was then washed four tinmes with PBS (20 m ) containing

0. 059s Tween 20. To the nmenbrane were 4then added 20mlL of 0.0031%
hydr ogen peroxi de solution (100 mM 20 Tris-HCL buffer 7.5 in pH) and
contai ning 0.05% DAB (3, 3- di am nobennzidrine tetrahydrochl oride) for
col or devel opnent. Intragel digestion with N-glycanase After bands
were recogni zed by CBB staining, theakliescd ored solution was repl aced
by water, and desired bands 25 were cut out and placed into an
Eppendorf tube. Wth addi ti on of 100 41 of acetonitrile, the tube was
then allowed to stand for m nutes to thereby renove water fromthe
gel . Aftefiphal ?e?lwsacﬂ”c}laﬁéd&cé?BhYﬁW%' 100 41 of Trsi-HCl buffer
45 7.5 mfwrd contarning Z units of A pl¢canase F was placed in

t he m xt upFe—was—nctbated—overnight—at—37—€C,—and otTgosaccharides
were cut put. SJubsequen GlyNAct(heGbNAc act was collected, 200 u.1l of
wat er was| added thereto, the 5 stirred for 30 m nut es,
and an ol %2 @cqhmcdg mxtur(gnl\%/%gAgb’V\@% d fromthe gel.

t he mannef i iln Exanple 1, 2-AA was |ntr@ Wil of e el 4 NAc-2-AA

ol i gosacchari dg m xture thus @bﬂb:NAeM,ancdnd he resul t| ng m xture was

treated by serdtonin affinity col umm 10 chr rratograp K¥refo col | ect
fracti onsiof—oll gncahhharl des— Fl G—1 1 tha raocill+ ~Af can~y at on

olluvvg CIIC T OCOoul T Scpudarat

by the co|l um dhronmat og @Brhwc-cal-clcNAc The nonosi al o ol i gosacchari de
derivative fradtion and|the d‘%"? gk&f %osacchari de derivative
fraction pbtai neﬁﬂ;empg 5 treE | i dase and thereafter
treated by 38% nal phasSe| HPLC using an ani gMaeﬂP@rhNAF@ Ap-A-AA

ol i gosacchari de derivat|ves. Gheidasdasandifions as in anple 4 w
used for HPLC. |[FIG 12 shows the ¥esult of pseparati ofwyy HPLC. The
ol i gosacchari de derivatives obhained WESDAsHi t ably 20 treated with
gl ycosi dase (sijal i dase, n e, 8- gal act osi dase,

8- acet yl hexam nji dase, a‘“@ ?a%ll&\%éd by normal phase HPLC for
separatioh using the ab ve- neG#iGiNdd-Manizhp col um. The fractions
obt ai ned 4§1I y@gmcl_ijz d and thereafter Zngh Zﬁﬂcmﬁm@l;{ﬁ% MS 1o
det er m ne he 25 structure of ~f,he 0l ihaQ charl de derivatives.
Tabl es 13 and 14 show t he oligosaccharide derivativeswht ai ned. 46
Tabl e 13 Peak No. MW St xuct ur@alGl 1 Galfl/-4A cNAc- Mana/ \ NeuAc-6

1%

re

”GlcNAc—Gal—GlcNAc\
Gal—GIcNAc—Mana]\
3624 | (NewAc—), < § Man/3i-4GIcNACI-4GIcNAC-2-AA
Gal-GleNAc-Manal” | 6
| Fuced!
Y Gal-GlcNAe  GleNAcal

5 Example 7
Oligosaccharides of cancer cell-specific antigen CD98

Preparation of CD98-HC by immune sedimentation

Protein A-Agarose (50 41, product of Sigma-Aldrich
Japan) was washed with 2004¢1 of PBS. 5041 of PBS and
10 10uxg/10 pl of anti-CD 98 antibody were added to the agarose,

and the mixture was reacted at room temperature for 60



j!/ , Man, 61-4GlcNAcfit-4GLcNAc-2- AA (a1, 6/ -4GlcNAc- Mana/ |1 2197
NeuAc- Gl fi/-4GLcNAc-Mana/ \ / 63 Manfl/-461cNAc, 67-4GLcNAc- 2- AA 6
Gal, 61-4d cNAc- Mana/ | Fucal HE 2343 NeuAc- Gal, (3/-4G cNAc-Mana/ \ 6
, 3 Manfl/-4GLcNAcf I /-4CGkNAc-2- AA 6 Gal,fzl-4611cNAc- Manal i 3Fucal i
Fuca/ 1V 2400 NeuAc- (al,51-4G cNAc-Manal \ 6

Manf | 1- 4G cNAcfl 1- 46kNAc-2-AA / 3 4 /-4GLcNAc-Mana/l Galfi 6

minutes. The resation mixture was washed with 1 ml of PBS to
remove the unadsorbed component to obtain Agarose having
anti-CD98 antibody immobilized thereon. To the agarose was
added a membrane fraction (2 X 10’ cells) of Hela cells

5 solubilized with 400 i1 of 1% NP-40, and the mixture was
incubated overnight at 4° C using a rotary shaker. The
culture was washed with 1 ml of PBS, the unadsorbed component
was removed, followed by centrifuging. To the agarose having
anti-CD98 antibody immobilized thereon was added 20 ul of a

10 9:1 mixture of dissociation solution (250 mM Tris-HCl buffer
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 8SDS polvacrylamide 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) 8SDS, at 5 mA per sheet of gel for the first 1 hour

20 and subsequently at 10 mA to the lower side portion cof 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



Fucal 1 G cNAca/ V 2562 NeuAc- A6/ -4 cNAc \ @(al, 6/-4G eNAc- Mana/ \
, 63 Manfl/-4G cNAcfif -4GlcNAc-2-AA 6 Gal, 61-4G cNAc- Mana/ 1 Fucal/ VI
2781 NeuAc- (Al, 61-4GlcNAc \ Galfi/-4G cNAc-Manal \ 6 / 3
Manfl/-4GLlcNAcfil -4GLcNAc-2-AA Gal fl /443 cNAc- Mana/ Gal f11-4G cNAZ
VIl 2927 Nell Ac- Galfi/-4GlcNAc \ Galfl/-4GlcNAc-Mana/ \ 6
The protein sample in the gel resulting from SDS-PAGE
was transferred onto the PVDF membrane using Semi-Dry
Blotting Device (Trans-Blot SD cell, product of BIO-RAD).
Before use, the PVDF membrane was immersed in methanol for 60
5 sgeconds and thereafter immersed in 48 mM Tris, 39 mM glycine,
20% methanol (pH 9.0} for 1 hour. The transfer was conducted
with the application of voltage for 1 hour at a constant
current of 100 mA. After 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 2¢0. Subsequently added to the
15 membrane was 5 ml of 0.05% Tween 20/PBS mixture containing 5
t1 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-HCl 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 i1 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 pl of Trsi-HC1 buffer



.6 3 Manfl/ -4GLcNAcifi -4GlcNAc-2-AA @Gl fl/-4GLcNAc- Manal/ i
[ Fuca) Galfll-4GlcNAc 47 Table 14 Peak N o. MN Structure |11 2342
NeuAc- Gal, 8/ -44 cNAc- Man al \ /63 Manfl/-4GkNAO/ - 4GLcNAc- 2- AA
NeuAc- GaW 4GlcNAc- Mana/ | X 2488 NeuAc-{@W 4GlcNAc- Mana/ \ /63
Man/ 3/ - 461cNAcf f | - 4GLcNAc- 2- AA 6 NeuAc- Gal N-461cNAc- Mana/i Fuca/ X
2545 (NeuAc-)2 Gl fl 1-4d cNAc-Mana/ \ 6 ManB/-4GLcNAc/ 31- 4GLcNAc- 2- AA
/ 3 4 Gak67-4GLcNAc- Mana/}

7.5 in pH and containing 2 units of N-glycanase F was placed

in, the mixture was incubated overnight at 37° C, and
oligosaccharides were cut out. Subsequently, the extract was
collected, 200 41 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, -
galactosidase, f3-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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Table 13

Peak

MW Structure
No.
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X N 3275 (NeuAc-)2 G eNAc-Glfl/-4GcNAc \ Gl fi/-4G cNAc- Manat \ 6 ,
3 Man/ 3/ -44 cNAO/ - 4C1cNAc- 2- AA Gal f1/-4GlcNAc- vand /
Ga0-4d cNAc | NDUSTRI AL APPLI CABI LI TY 5Q i gosaccharide m xtures in
cells and tissues can be neticul ously geparated and the structure of
ol i gosacchari des 48 can be conprehensively anal yzed 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 contribut eTablgrdat deal to 5 the research on
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INDUSTRIAL APPLICABILITY
5 Oligosaccharide mixtures in cells and tissues can be

meticulously separated and the structure of oligosaccharides
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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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(6) wherein Rl
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wherein R' is 2-caboxyphenyl, 3-carboxyphenyl, 4-carboxyphenyl,
p-ethoxycarbonylphenyl or 2-pyridyl, R? is hydreoxyl, 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 {&).
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3.7 An oligosaccharide derivative selected fromthe group consisting
of 3 Manl1314GlcNAc- R4, NeuAc- Gal P1- 4GlcNAc- Manal d eNAc- Manal

NeuAc- Gal/ 31-4GlcNAc- Manal 56 -continued A eNAc Gal31l-4d eNAc- Manal
\6 3 Gal f31-4GlcNAc- Manal Gal f314GLlcNA5 (NeuAc-)3 Ma. 41-4GlcNAc- R4,

3 Manl1l31-4GlcNAc- R4,

3. An oligosaccharide derivative selected from the group
consisting of:

Manc]
\ ’ -
3 Manp1-4GlcNAc-RY,

NeuAc-Galp1-4GlcNAc-Manal
GlecNAc-Manal

6
3 Manp1-4GlcNAc-RY,

/
NeuAc-Galp1-4GleNAc-Manal
NeuAc-Galp1-4GleNAc-Manal

\

6
3 ManB1-4GlcNAc-R4,
NeuAc-Galp1-4GlcNAc-Manal
GicNAc
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6
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(" Galp1-4GIcNAc
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NeuAc-Galp1-4GlcNAc

NeuAc-Galp1-4GlcNAc-Manal
6 4
3 ManB1-4GleNAc-R?,

NeuAc-GalPp1-4GlcNAc-Manal
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NeuAc- Gal f 31- 4GlcNAc- Galf 31- 4GLcNA Neugc- Gal f 31- 4GlcNAc- Manal \6 3
NeuAc- Gal131- 4GlcNAc- Manal NeuAc- Gal f 31-4GLcNA/ wherei nAc is acetyl
and R4 is 2-carboxyphenyl, 3-carboxyphenyl, 4-carboxyphenyl,

p- et hoxycar bonyl phenyl , 2-pyri dylonkiysiedxy!l ., Asn, or Asn-R 5; wherein
Asn is asparagine, and B is a_carbamate-type or am de-type
protective group. GlcNAc

Galp1-4GlcNAc-Manal

(NCU.AC-) 3 6
< 3 Manp1-4GlcNAc-R4,
GalP1-4GleNAc-Manal

\.Galfil ~4GlcNAc/

4 Gal[31-4GlcNAc\

Galp1-4GleNAc-Manol
(NeuAc-); 6
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NeuAc-Galpl-4GlcNAc-Mano.1
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wherein Ac is acetyl and R* is 2-carboxyphenyl, 3-carbox-
yphenyl, 4-carboxyphenyl, p-ethoxycarbonylphenyl,
2-pyridyl, hydroxyl, Asn, or Asn-R>; wherein Asn is
asparagine, and R is a carbamate-type or amide-type
protective group.



