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While considerable advances have been made in genomic and proteomic

approaches to cancer research, few reports describe cancer glycomics. As an example,

genechips have been used to measure the expression of cellular glycosyltransferases
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chains in cancer-associated antigens. This has prompted the use of lectins to detect the
outer end glycosylation changes of tumor-associated glycoconjugates. The changes in
the activities of glycosyltransferases reflect the structures of glycans expressed by
cancer cells. Thus a knowledge of glycosytranferase activities in cancer cells can
reveal valuable information about the structures likely to be expressed by cancer cells

and allow the identification and selection of better carbohydrate epitopes for
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Sialic acids play an important role in a variety of biological processes, like cell-
cell communication, cell-substrate interaction, adhesion, maintenance of serum

glycoproteins in the circulation, and protein targeting. Cell surface sialic acid occurs
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monocytes and certain T-lymphocytes and plays a key role in the recruitment of

leukocytes. E- and P-selectin expressed on activated endothelial cells capture these
leukocytes through binding to sialyl Lewis x, allowing them to roll, which leads to
extravasation of leukocytes at inflammatory sites. Lymphocyte circulation is directed
by interaction between L-selectin on lymphocytes and the sulfated form of sialyl

Lewis x present on L-selectin receptors that are restricted to high endothelial venules.
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cancer. For gaining this knowledge, it is mandatory that specific and sensitive
acceptors should become available for measuring the level of various
glycosyltransferase activities in cancer sera, cancer cells and tumor tissues. The above
important aspect has prompted the development of well-defined acceptors for
measuring sialyltransferase and glycosyltransferase activities in presence of other

sialyl and glycosyltransferase activities in accordance with the present invention.
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higher concentration in the reaction mixture.
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ab&reonhcubated withabwheithows bt adtylhgxiosaminidase, F. Product of C above

. b-Naget.yl osanj ni dase...In all runs | utian .
e R SR a5 g B bt witn -
ac&%ﬂmx&aﬁﬁ&%se@ ﬁﬁ)?ﬁ duR2eBEiGh Fhs PetbMhdd/with (VSNDGRMAc after the
concentrations of acceptors containing nodified .
10®4dtaatioosy! residue linked bl,3 to a-Gal NAc. A
Accept or concentration versus enzyne activity for

R e USR5, € B e o
containing modified Galactosyl residue linked B1,3 to a-GalNAc. A. Acceptor
concentration versus enzyme activity for D-Fucf1,3(GlcNAcB1,6)GalNAca-O-Bn (e
—eo—ae), 4-0-MeGalB1,3GalNAca-O-Bn (0—0—o0), 4-FGalB1,3GalNAca-O-Bn (A
— A—A) and D-FucpB1,3GalNAco-O-Bn (0—O0—10). B. Lineweaver-Burke plot for
data in panel A. C. Acceptor concentration versus enzyme activity for
Galp1,3GalNAcpB1,3Gala-O-Me (0—0O—0), 3-0-SulfoGalp1,3GalNAcB1,3Gala-O-
Me (A—A—A), D-FucB1,3GalNAcB1,3Gala-O-Me (o—o0—o0) and 3-O-SulfoD-
Fucp1,3GalNAcP1,3Gala-O-Me (e—e—e). D. Lineweaver-Burke plot for data in

panel C. E. Acceptor concentration versus enzyme activity for



- A~ A and D Fuchl,3GI NAc a-O-Bn (D-D-D). B.
Li neweaver-Burke plot for data in panel A C. Acceptor
W@mc/@mmséati on versus enzyne activity for Gal bPCBEs0bBE40518
, 3Gl a-O M (D DD, BOSquoGaI , 3Gal NAc

| Fuf%f 2y %éﬁ&vﬁ\&&@ls@@?}%a@ﬁ PR ‘%A‘? 1T LB o),

Fu&ariGa 13Lgncent i éHlNS@oopbOan(@MﬂNeﬁAcm%aN@' (&—B6—0),

Accept fl on versus enzyme activity

3- @ME@@I@H,%@JNMG@(@ GMdﬂl—O@ﬁCl\lﬁbNe@\Bm 3 uM) (o—o—-0)
CVP- NeuAc: 5mV) 0- O- ), Fucal , 2Gal
ané a- @%@allﬁ)ﬁérww@lﬁﬁwﬁvﬁnm NGO 3@M) (Om—pp—m)F.

Lneeéj%—gye Cﬁ}g\ <ed):i%tg% Ma?n %ﬂe gE Sﬁl:i NAca- O- Bn

3- O MeGal bl , 3(6- Ol\/b)GaI NAC a- O Bn (CMP- NeuAc: 0.3m\) (
- -Fig 7 lshmsma\merfr&mdnmﬁ@hoof tompoatda 6; rat darfedgnientation of

ig. h f X .
compHib 7ac fof GPEESHEBOROH SONRPTRd ¢ Bhtetls B fomsttation. of
co&gm g i BB &1 wBad@e @Erﬁ& @IIP&brf?ﬁhcﬁPG@ESﬂMSlsﬁrhg‘ments are

ble VI under the sane D condition of
anfotagdentedmugdo dmmsrhamne @rqms@i by Pgnton anld@czs&i]@r(éZ)
proposed by Donon and Costello (42). Fig. 8 shows %S

Speﬁ%? b a4 eEGQRE@&HT@EEﬁ' BhoRREGE C[RHZH?Q at m/z

erlved rom conpound 6; B. co oun
604 derioethfioih Anebnipoundréy Bunemp@urid 23] &blcempbund7 gnd ®. compound
shg VB3 spectra of A Y2 ion at mz 917 derived
18ﬂ?3\|$$]§o%ound 6; B. Y3 ionor Y2 ionat mz 917
derived from conmpound 23 or conpound 7 and C. Y3 ion

at Flg 99%BodeNIYegpettinof AoWpoiondt iz D07 Tatvedl Mbm dongound 6;
10 shows_various potentjal conpetitiaon for glysosyl

B. afsdion 9r 15e iehamizatld desived Hgnbepmnrimd Bovecompygd @ BKdC- Ys
o AGHRANE: de%le?ffro%é&ﬁa% HAR iffrablieyd nventi on The

present i nven €S ‘an assoclation of signature
carbohydrate structures with individual cancers.
Vel FigidPishews aesiept betentish sompetition éort glpsasyl and gulfatraasferases

ne acti Vi d resul ts avail abl e using
acg n%%B%?Fﬁ% §(hﬂ@fh%%£8 The uni que acceptors, of
the present invention, for these enzymes can be used
in presence of aBuiefBesceiptioneof the Invention

The present invention enables an association of signature carbohydrate
structures with individual cancers.

Well-defined acceptors thus provide tools to examine enzyme activities that
extend results available using other experimental methods. The unique acceptors, of
the present invention, for these enzymes can be used in presence of another enzyme
that transfers sugar at other position of the acceptor. In accordance with the present
invention, it has thus been found that modified analogs of acceptors with fluoro or

methyl groups can be better and specific acceptors for transferase enzymes. For

example, we have observed that MeO-2Galf1—->3GIcNAcB1-O-Benzyl is a novel



that transfers sugar at other position of the

acceptor. In accordance with the present invention, it
wha®70kmes4 been found that nodified anal ogs of BCTER1006/640518

with fluoro or nethyl groups can be better and

. . y .
2ol L STRE SE RS bEmbllind fABELRRRS, OHAY TSIosifetpee STLI and
o2-sighyBenwydrasesacaviiieyel acceptor for STIV as this

conpound is not prone to a.2,3 sialyltransferase _
ST:TEW nyegtian teissinaluges ¢ mediods fas detgomining pubstratpy specific for a

' i i_ncl S.a hod f.or determ ni.n
el SREERE | POvh BceRa HPEF 1 4TB SPuriSing B Ehotbnsspiages and
sufftoamnstdngseg) THO nte@is intiuaes tBE s@pyspsy| transferases and

sul fotransferases. The nethod 1ncl udes the steps of:
2)a) selesiing agubstEaipde battested fasespeeificsn o sulpreanisfarases ynd for
o B 98 S8l B R RORGE L ing at s
on€ GRGMNA BRI sdcchaddd than ﬁla%r/erﬁecﬂdb%ﬁmd Wwak (8oL, detdhaillyl-O, or

may be substituted with MO, EtO, AUyI-O ‘or N3- and
Nat adrferminatigeiin -7 $sbih oeaOR. R GloN/Aal-ORMb=0Rale-O-R where R

is {FATERDL GNP B0 081 Kool ¥ carB! Q0 ueldR may e
sulsstibisced twithetedlop-OB, e @, alkyBHS O, 0memN@) kyl , - S08, or -NO

2 ; b) conbining the substrate separately with each
b) g1 yeaYininea ther stosgateosepaiataln twitth shelr aglycpsylianserasss or sulfo-

. of ' r_al. r..sul fo.mjet
skl 30 S0, B BAGLE UL A pSRE M Rl EATTABY, 0 o
sadcoharideg irp asjuscticdr withiaedohor Vb@peurid eorBE Phiticukar Bele), where

| abel ed, in a buffered aqueous sol ution of about pH of
the; 1816ty & tagioalsbeled.7in & buffasedrauroup selugian of ebowtaaHl of pbout 6 to

ol | | [ On m xtures at a tenperature of
abétﬁg:’]n ao%‘%?nét@a%{%ﬂglﬁgﬁ%éﬁo degrees Celcius for from

¢) aboicuting the igsibhdorahoktiret Qub thapsdturé bf GRst hbehttiR&o about
resul ting. incubation m xtures of each separate

40 degreps elchusfer Bpmeaboyt 3G mirusesrtanbpefaueheuss; react i on

r C hsl ] C i ' of substrate
D B als B TR e R T RS Rlo AR ol BB e or
suléeeansfeearfat eeagliyne produtt ngirdibs e chémivdl E@hbRALHE 0ASEbstrate
in transferring the particular noiety to the

and picplar &Ol%fﬁdg deferminspelfaciiyencne ob eadhctapemite slycosylsansferase

or lf'o(ﬁ%ﬁé’i}efars@ ﬂ‘?{rﬁﬂes?%gipg ft%ef’#ﬁ'ﬁi&ﬁ&%ﬂ?ifeﬁf t%scgee '§url)strate' and.

transterring ar nolety-to ermne

e) Wheddnegarmgphe teiffeutiedneg yLeryl dlyantRiaaseraE or sulfotransferase in
syl fotransferase acts to transfer the particul ar
tfa%%%mﬁ tﬁ%P@fﬁ’éu’@u Biety e dofeaping eheghes arparticular glycosyltranferase

or sulfotransferase acts to transfer the particular moiety to the substrate when the other

glycosyliransferases or sulfotransferases do not do so, thus determining whether the
substrate acts specifically with a particular glycosyltransferase or sulfotransferase.

The invention also includes a method for the specific detection of a specific
transferase for a specific moiety selected from sulfotransferases and

glycosyltransferases including the steps of:



gl ycosyl transferases or sulfotransferases do not do
so, thus determ ning whether the substrate acts
wap@cioiiosal |y with a particul ar gl ycosyltransf PCHES2006/040518
sul fotransferase. The invention also includes a nethod
a)f or s%fé@tl CISEESQlag@t 9& iki r!fontgé‘ ﬁi}ﬁféré#ec flohfna! LS Or penta
a sp e i C noil et ected from sul fotranstferases
sa(arhdngd: ycomyhﬁdsamftanﬁgea feaxt | on@i prg-teineinslt eqeshaideajhat may be

el ec n ubs rate_specific for, the transferase
substisied ith st e J0-paHYROS BE AN 0RO b > SCAINACO-OR,
— ah! ter a

@@a‘ﬂﬁ%?”%%sﬁ t%lt@@d B8 Wits e As BAF ARELH6H afkiths and is

all«t}é,r aryhatidogriaflyt 3R iy Be mstmrtaﬁwhth lﬁl(R -OH, lower alkyl, -SO5

(£)34d cNAC b-OR where R contains 1 to 12 carbon at ons
O'ant2i>s al kyl, aryl, azido or allyl and R may be

b)S Ub?&thMﬁrfgdth\é" shB P«ﬁé %th m IQVE@ 'be aldtod fcir tﬁ@p@ﬁﬁc Moheterase

nmbini ng t e substrat a sa
in cenguamcmomh hdos@aminfpionnd tfmthé pamselar momectw mractiiffemed aqueous

ono ound_ f he artl cuI ar noiety, in a
SO\%‘PPQ?%@" %IeéE%nB%%‘I 7OFP bation I LGt pH 7,
gto f&hﬂ&tg% 1B GHAMtBR kit hea 1k éﬁ}ﬁ;@@f I53¢h %ﬂﬁu 18 to about

i ncubat i m xture at atenpera e of from about
40tde g Celci( fde@‘omeabo@e% misutéoto dboanfoabbodrs3dhdr nut es

to about four hours nd d) testi the resultin ..
D} o TS oS rslEH HoPanuhminga HPB deRioBoRI IS Fgmarising a
chEREA] G@lhbl‘ﬁgﬂai BPEdHQHa@fanﬁ #ﬁﬁ‘&lﬁﬁ%@@ﬁr tBaHe'férn‘Hlll@fhe presence of

noi ety to determ ne the presence he particu
thdpansﬁlewia&sfarmetlhehe;ample Steps a) through d) are

s

nl W th dlfferent conc tion
S oD STPa R A remib e, DO CUHErgE 1CoRCirations of
suBRR fA&ernGAd 'tl{eeﬁuﬁlﬁluﬁ?&ﬂ'@eﬁﬁatw L %t r@?ﬁ d;%drtnﬁ%lmlze

conmbi nati1 on of substrate and parti cu ar noie
quetgtityr of nedainedi crumbicatiore f r sithstratei and oparabmlnedmmietyh and the’

uanti.ty .of thesecn‘lctransf i.n the saml e. .
detpfranetl, ERHBHR a5 boRiRtioDads CORElataL Wty deBEr af the specific

traﬁ%fa"sé i @8 sspRl (r) 4d cNAc bl (r) 6(MeO- 4Gal
(r)4)@@INAc a (r) OR MO Gal bl(r) 4d cNAc

bl(T)l@( Gaivbidtion) 3)alsd NAmchided GhR, @Galwhyl ( r JidCvelNAC  substrates

Gl GASNAR s DD AT (PTG o) PR Mo Calpl—

4(2%?'}\@[’81”56@51?11%)?@2\{3&% ;’/ﬂl OR; @h‘im&@l&%wﬁ—%@ 4Galpl—3)
GalNAcoa—O-R; and F- 4Ga1[31—->4GlcNAcB1——>6(GalB1——>3)GalNAca—>O R where
R contains 1 to 12 carbon atoms and is alkyl, aryl, azido, or allyl, that may be
substituted with halo, —OH, -SO;, or ~NO,.

Detailed Description of the Invention

In accordance with the invention it has been found that many of the substrates
used in the invention terminate in —3GalNAco-OR and many of the substrates used
in the invention also contain at least one of Galfl, DFucBl or an additional
—GlcNAcB1 where the Galf1l, DFucfl or additional —GlcNAcB1 may be substituted
with MeO-, EtO-, Allyl-O, or Nj;-. The transferase is commonly selected from

10



substituted with halo, -OH -SO3, or -NO 2. Detail ed
Description of the Invention In accordance with the

w0 poeidiosn it has been found that many of the PCT/US2006/040518
substrates used in the invention termnate in

: a se the

LIRS ANl LRAUIERaI Tl bl

acetylgatictudaininyd tahsférapds, ehdghlactobgiranifaasésal bI , DFucbI
or additional &r)GI cNAc bl may_ be substjtuted with
Meolhe gagybatigy Wpe@fu@r inghe méthad i paREbeiameahost 35 to about

405 PR rans?ﬁj ?, 17&& yl transf er ases,

fucosyl acetyl gl ucosam nyI

t r aThé subsese ndsChé W ok oligsaittivtldet cansdipidas@saindad3 to 5
al actosyl transferases. The incubation tenperature in
linf o MHABORS harides sqatemjng abmﬁm—@cmcﬁbéa@cha,@d@ﬂm dnay be

sul?%l&@?& (R)Y @OME@T‘ | yEt@)b owﬂ B 60 gr 3. olﬁf{‘gﬁh{rﬂttlﬁg Q?E)L»g%afNAca—OR

osacthari de onpoun alnn

wherenIRe i raihyzl$ar§d|”(ﬁrall.’j¢811100ﬁﬂl ahrough &baﬂbeﬁsitomﬁle;vhere R may be
saccharide that _may bhe substituted with

S“‘@t“@tegmlwa @08k -3gs, %n&IQz&nmfﬂahﬁrﬁ@nta#plsgat }qAatam@Rf Galpl,
| t
capgg%ﬁg?za#?nlvf\#er e IglkNg%gg %%%S?{l Cut téﬂ(P]lV\ll ]?El?ﬁﬁl o additional

—GUNAeHBay be sum@uﬁe@w@kthea)neEtO:pmlgl 0, 60 Nat. | east
one_of Gl bl_, DFucbl or an additi onal G cNAcbl wher e
t heMsgie pipecifioplle ghe grovaliromponad ey Nxciselepigg fem the group

coﬁéf?(ﬁ‘fg“ caqua thm FL%Meél 4(?’21199%35’ aWA a, ——»N%q{ MeO-

specl t he nove $%d fr
4GalH -gr d;Gm\Utxtﬂsll—st 6 (A RIF— Gl 4IN Ad G- WARD | Gzﬁ m@@@@rmpl_@@-

4Gl AN AGH oNAc TSR AN 358 b Gl o HOaINACE —O-

R SRR SMRRBIAGH S S lacpi o

GalNRpo-CeD R, @aamemwN@m@as)\l@em@a—@Rﬁn—mB1—>3Ga1NAcB1

chbl -O and Gal NAcbl 44 ¢
@lﬁ'r%ﬁhﬂs}i ﬁ Wé@b@ﬁ%ﬁ@%&ﬁ@ﬁ@@é?aﬁo -R.
t heTﬁé as%ggt?dft@n%jg)eélﬁ ﬂlfeyu%&é& ?rl{sﬁalgr ap%m %etra or penta
sacchari de conpound ai ni'ng At

saqeheride compainds aom:tbmmgj at tdast oﬁa)préaeerﬁmbﬁwat:(hhaeﬂevmaﬂﬁmay be
U RGP OsIR-0A Bl 91 NvAss (DR AHENBiR Sse-OR,
—3chR-dR %rQ@@}la{Iﬂ%{ﬁ@%ﬂeﬁ R contains 1 to 12 carbon atoms and is
alkyl, aryl or allyl and R may be substituted with halo, -OH, lower alkyl, -SOs, azido
or —-NO,. R is commonly aryl that may be substituted with ~OH, halo, or lower alkyl.
R is usually, allyl, benzyl, methyl, azido or nitrophenyl and most commonly benzyl.

The substrate usually contains at least one GaINAcB1 saccharide and most
commonly terminates in —3GalNAco-OR. The substrate also commonly contains at
least one of GalB1l, DFucl or an additional —GlcNAcB1 where the Gal1l, DFucpl
or additional —GIcNAcB1 may be substituted with MeO-, EtO-, Allyl-O, or Nj-.

The substrate, is most commonly unsubstituted, with the exception of

saccharide linkages, NAc groups and terminal groups. With the exception of
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al kyl, aryl or allyl and R may be substituted with

hal o, -OH, lower alkyl, -SO3, azido or -NO 2. Ris
w@enosiey4 aryl that nmay be substituted wth - GMCT/H82006/040518

or lower alkyl. Ris usually, allyl, benzyl, nethyl, '

sa&ﬁ%st r ankQ ésr chF e 1 2 EBE o 9&5&%112‘1 Qg@fcﬁ@%q-ﬁh Gre usually

ate y contains at |east one
unssttuad. de and nost conmonly termnates in

Gaél\{Aca— OR The substrate al so QPmmnI cont ai ns at
| calflGHBE Gire ERERIIC, SBPIRIEY OB Sbefna duPTi sl the (Qugesponding
SRR Frah TeraCE i, RO R, Bhof (b b B for DU s MarFerred
mageistrate, is nost commonly unsubstituted, with the
h d
i e R PR
—0- Rké%ﬁ@}?e&ﬁ@ sBlrase RFYGR) oﬁns?éfgéet rONAT G5NGEPkhe donor

are usually unsubstituted. "Foll ow ng are specific
compalmﬂ iexybﬂmsﬁé cidnophespbet Nategdneurhminic ecid (EMdsidliogcid).

2. {or Th Steih §reReR MEPGIBT-HoeT)op = oriaBdpearnEAce—
Ruﬁr%tsPé’élﬁc 'tﬁnﬁ@llag’é ishA1gINAEREer & IYHHSE@FI? Ly @ NOE gorrl;\)/omld

he specific transferase is Si transferas
is C(yii‘dlne‘oc’; rawmbnhbqaarﬂ@Nacetymﬁmaunmcmmd:(ﬁMEHsmé}cSwld)

"TRE Spatels 1S G CTHCR R e aPl oo aiipga— OR, the

spe@(@'t@hsi%}a%llm PubnsttBge quFST“ ) LR #LH886 ESmpound is

si al yl transferase [/11 (ST I/11) and the donor
Cy’fabnwé Umgnpghaspete diavetyhcunaminghasd é(EMPMiﬂ:lﬁt adidleur ami ni ¢

4 30 Troctbsate s &SP L i B e “shliftnga — O-R, the

spéci@%aﬁﬂ@ﬁ@e 1§ sl M&ns‘fé’rﬁ&sf/ﬁr &S 1Y AT theVHoARd cdllfound is

donor conpound 1S cytid
Cyttdm@rﬁ howpapleshete Y -ytatyjmmmmmc aeicl (CMB¢Rlisiaald)c aci d) .

5. 5 RAIBIRE GRPLpALTIac i e AT dapyaca— O
thet d’p@@ﬁ'&e&ﬁﬁ&rﬁs{e it oft SfTNhéétillﬁLﬁB%ntlﬁl?l ARPEra&OTRY rlﬁGNﬁFII) and

tidine-5 nonophospate- N acetyl heuram ni ¢ aci d
the sdmapoundds wdgime giplitkehaseiNstoeti glucasatad(URPIGINNA).

-6‘ 9 SR @@%@‘2@%}{%6)¢1F§ﬁ\§5iaé§%}ﬁtlr—a>‘55éams G—OR,

the(@ecﬁrc%sf@ra@nlg ({lhﬁl\ﬁ Rl@%%%%pﬂr%s%rh&' P€al1,4-GNTI) and

di phosphate N-acetyl gl ucos m ne
the donor compound is uridine diphosphate N-acetylglucosamme (UDP GlcNAc).

7. The substrate is Galfl—4GIcNAcPl—6(F-4Galpl—3)GalNAco— O-R, the
specific transferase is al,4 N-acetylglucosaminyl transferase II (al1,4-GNTII) and the
donor compound is uridine diphosphate N-acetylglucosamine (UDP-GlcNAc).

8. The substrate is F-4Galf1—4GlcNAcB1—6(Galfl—3)GalNAca— O-R, the
specific transferase is o1—4 N-acetylglucosaminyl transferase I (al1,4-GNTI) and the
donor compound is uridine diphosphate N-acetylglucosamine (UDP-GIcNAc).

9. The  substrate is  NeuAco2 —  3Galfl—4GlcNAcB1—6(MeO-
3Galfl—3)GalNAco — O-R, the specific transferase is the sulfotranserferase,
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6. The substrate is (MO 4Gl bl 4)d cNAcbl 6(Gal bl

3)&l NAca O R, the specific transferase is al,4
woOR@ece¥wbgl ucosam nyl transferase | (al, 4- GNTIPCHOS20061€40518

donor conpound is uridine di phosphate

Rewset ¥l ghuceaargrie (UPBa6 The.s
gdGaI bl 4G CNACH &(E- 4G S és)ﬂggl)r andh?z “125é25§2n140%nd is

R@Wé@%@lﬁ SphasphosylfateePARf)ucosanm nyl transferase

d.th
OlczllI p osphat'é ﬁ&%cgpy tgl 50@%@#%@%&5&1@\@@! (Iyggﬁiﬁ%z —
3)GAIP$3WANNKS o F-AGR blthed Gpebifiebhraf a1 b! 1s3)t@| M erase,

t he specific transferase is al 4 N-acet ucosam ny
galpptapesf @r ad@tnangfarasa BNTGRL-ar$anl ok El) d end r theo mpooin ctongpound  is

UDP- G cNA
3 B A B S PR B NIRRT S0 o7 4G anich! 6( MO
11.3Garks s@s@ateN/s\@al@rBAMmssnmAépsp%g@ﬁﬁ&fp@i%)@%lﬂ}ma_)o-

sul f ot ranserferase (Izjam:l 0ose 0 suiiotransierase

R, theaspesifis fransthrase el ,ﬂﬁeﬁmﬂtranxfmpe@ho(ansm FT I) and the donor

oo e AR Pty MR TDE Mkl unch ) cat b1

23@arwwbs@aa t GEIN L5 4 QA0 BTRER AR b 6(CAE1 — -
sulfotranserflesrase gal act ose sulf?raﬁ(sfe@asa??lNAw

-Rahe_spegfictteansferassria Otlk?eLdﬁanﬂylmﬁaydeh 601,2-L-FT II) and the

dorts BORBORER ASRERIAR: GrBRRSRR R CRp R 5 ool mncs

13.0R, Thehsutspeei it l@alemsiﬁrcaéNNcﬁlan@alNAcpl—>3)Ga1NAca—>o R,
qucos | t ransferase (al,2-L-FT I') and 't he
the cshepidignansfergsmirogil ﬁeLcﬁlpmﬁmfeeaSbucc(gé 3(IG]§IT)fambﬂ&:) donor

T O
14.L- fTieosybdtrabn sib eGll pe—ljéaq@maml_»gjr GAINARd_$ beRdQHé”s)pemﬁc

nmpound is guanosi ne di phosphate” fucose ( GDP
tranfgerasr«hlé %lmjs}g rhdeagesylgalacsetsming ta:am&yaseaw 8A¢b GalNAc-T)

TS AR e AT i
15. corffieusdstiate N0 BOE] ga mﬁbﬁl%?@ﬁﬁAﬁEOtNC@é%ec1ﬁc
14. The substrate is | bl A cNAcbl 6) Gal NAc R,

transfrzasg i @nf 4% N-eaiel glneesminyl mnsﬁeras@ (>dgleNWc-T) and the donor
cor B Ag A S AR SRS st EEC IR e

16. ( Ullﬂie@bﬁﬂﬁfté 18 2-O-MeGalB1—4GIcNAcB-O-benzyl, the specific transferase
is sialyl transferase IV (Gal3ST IV) and the donor compound is cytidine-5’
monophospate-N-acetylneuraminic acid (CMP-sialic acid).

17. The substrate is 4-O-MeGalB1—4GlcNAcB-O-benzyl, the specific transferase
is sialyl transferase IV (Gal3ST IV) and the domor compound is cytidine-5’
monophospate-N-acetylneuraminic acid (CMP-sialic acid).

18.  The substrate is D-FucBl—3GalNAcPl — 3Galo-O-methyl, the specific
transferase is sialyl transferase I/II (Gal3ST I/II) and the donor compound is cytidine-

5° monophospate-N-acetylneuraminic acid (CMP-sialic acid).
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15. The substrate is MeO 3Gl bl 3(d cNAchbl 6) Gal NAca

O R, the specific transferase is an aX N-acetyl
w@bkwcoswsinyl transferase (axXd cNAc-T) and t he PONUS2006/040518

compound i s uridine di phosphat e N-acetyl gl ucosam ne

19( UD'fhé;sgtNg%Le 1slf0 M%%} Aéﬁs-OZbeg %?lse I?]éec:lﬁc Fraﬁlsferase

enzyl, the sp eC| Ic tran
is tiayh f wamderadeV I(I(Ea I(S%BTI/[I\}’) amh dthiehelodonocongmpduns twidine-5°

R RN oo i QUESHIR LD 4. O NoGal b

204G ThAchs R RERDYD- Me%%l[ﬁ\—/)@@Gfdl\PA% @n&fn%?la%l?e np%ec?ﬁdfajcr%llsferase

transferase 1V ( and t dono
is cypalyHi tmmsﬁéram) ridﬂ)h(n%".bai/ﬂa Namt ethel menoantomymuadi ds  cytidine-5°

bl
mc%%/ﬁ }N%éﬁ%k%@gmz?f(@gpiﬁgii St R:arl:g? erase is
21si afryéd sﬁlis?tﬁ?ef ﬁrﬁWMe@a 5B 1(GAGRRIA - blﬂen%‘ld tljlé"%egﬁﬂ:o{ransferase

conmpound is cytidine-
is ey HowpsétreseN-I4E e (ST nELD anndi theadiodoy @dfmivali ¢s cytidine-5°

Th b Gal b 4G cNAS
moﬁlog‘%@%%ywﬁc?ew&%g%té’é%%ea@5‘?‘#@\4&5&/&&3@1 S>SI aICyI °
220 a’FEé QhRESte 1s!- O(-ﬁgda{[jll—M@ﬁ@I&{ﬁﬁ O a%?lh ‘fl%ﬁgi%%gﬁ {tSnsferase

cytidine-5 nonophospate- N-acet
is (SGNIPL stranisferasecildy . (&D I/IIIDleamin‘EhBr abeor scodpOuhGid bdytidine-5°

NAch-.0O ben t.he s ransferase is sialyl
mqnpg]ﬁ égéc?tﬁ'f’%uf@mlclalcﬁf@‘{g Sﬁi or conpound i s
c t . . . .
7l ety g AL T o
recthgilltthC PADa bfmﬂwﬂ aspebieos fhecpresant tinwamsibay Raestudiedi the Weceptor

spdslfinsnet sfirdsn ko i Bises | SL6r amNeS Bord 2(OFST and
a26 I ol éhoﬂférd&z 3@ T H8sed %tp?@s&aﬁe'c%ngergeﬂ{e%?’ fowards

cNAch- O benzy he specific 'transferase is sia
mlmmarogf%?l aé@rasadChalécﬁT [IG’dBDAGhNAd[Bé 4ol , @GMMO—Bn] and

I A IR SRR} Rie s edesregteg s b b s, sulo-

metHy I BN AusRL Qﬁﬁ‘éﬁfﬁﬁéﬁ@ § 1@éﬁ‘ﬁ|f3‘f1ﬁg thd 8#‘6(91[389(‘8? @ﬂetrospray ionization

recognition. her aspec the present
tanfemenass spectiad aaaluralus elddtolther dnco:cﬂélpirmal sptloddsi CTHel @tobofprecursor
cl oned si ansf e ases (STs).az2,3(NS

was, 31 §iejest aciraton 30 qt%lg% ST arbRSIOKE, hesebToy eahO)ST
sl P b e el ﬁfﬁ@iﬂ%ﬁ‘?@@?’e&'ﬂ%ﬁ% S 20
Me@PB5GIcandt and 4-OMeGalfl,4GlcNAc  were specific acceptors for
a2,3(N)ST. Other major findings in this study were: i) 02,3 sialylation of B1,3Gal in
mucin core 2 can proceed even after al,3fucosylation of B1,6-linked LacNAc; ii)
sialylation of B1,3 Gal must precede the sialylation of B1,4Gal for favorable
biosynthesis of mucin core 2 compounds; iii) 02,3 sialylation of 6-O-SulfoLacNAc
moiety in mucin core 2 (eg. GlyCAM-1) is facilitated when B1,3Gal has already been
a.2,3 sialylated; iv) a2,6(N)ST was absolutely specific for the p1,4 Gal in mucin core
2. Either al,3 fucosylation or 6-O-Sulfation of the GlcNAc moiety reduced the
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G obo [Gal bl, 3Gal NAc bl , 3Gl a-O Me] structures
containing sialyl-, fucosyl-, sulfo-, nethyl- or

wo baaneressubst i t uents by identifying the produRCBUB3N06/040518
el etrospray ionization tandem mass spectral analysis

actfiiye ialsatnn Sk BLCE iordieh Bab<FRBHOR §F 5rREAg oiety
a 1z T a ula 1o
abciﬂ%f_?{:deﬁ% eR léﬁg ﬁ‘é Cp'ﬂo@é_s Gkéiﬁl_iz%;ioi(l}so Ngjeoxséﬂ%ﬁah NSQGQ1 glG ] would not

affec?b@hMIaljd?tﬂom dﬂ\@%lb}GlcN@cc NACIYGER eccgge%,| ¥i)c 3- or 4-Fluoro
acceptors Qh

SubSRIaR! o5l Eepuliech M Y PAACEIPGE B, BaTIOT. O AQDST and
QZ%ﬁ\I)gTZW%E&a? Elgﬁ]ﬁlglq) &Y arbﬁfeaﬁﬁ Bﬁ‘b@éﬁNﬁ@&W/&?st 4 gg)oefacceptor for

1) tion of bl,

cloﬁéd3 GeBEONSTE, $ii YD ahdtRilaBbn l@lf B“l%alf ﬂ)’olifshétb tiebheceptor ability
bi osynthesi’s of mucin core 2 conpounds; iii) a2,3

tovedrdd )dZaﬁ(N)lTobu'ﬁ -ifrSadefl othac Aeptan| eﬁfqunny n@msrdecaiﬂje tpwards
f aci |

BTN ks IZN@ZC&i PR B0 D e e iy T cloned

o0 e oo ) B AP DGR ) s

the tEANBEI £ A AGhitNd GYobo%a@kb/dI@t Utilizafonhdf, @@&ilodkﬂcompounds such
addition'to 6-Osulfation of A cNAc noi ety abolished

as 3H@-salfoiGelp 1,3 GalN Acf 163G a2 -GMsiasl agceptpisnbyp eloned 0.2,3(0)ST and

2 A e 1 2 S s

I I I
R R (e (o

subdtiertedf1,3GRl. uor o or 4 OVE Gal bl BGaI NAc a was a good

2SR abike ShOATON RSt g ST Bt o

f
blfﬁ%}é{ﬁ% }f)cf?;\hxt'dgﬁ r‘bgg@ﬁo(ﬁj 2(521%1@53 ﬁﬁpf/dl%:illls)e(ﬁj 43&'11@{%@%? can recognize

manNGalPal seBckill aad $ighad leBtin (§0;| Sl@lvlrtmmsfeeasas ST attaddesialic acid to

T ) S T

al%lfor}tg%lg%ﬁlﬂ: heaFiohe shamkbone. Wilization of G 3
ounds such as 3°O sul fo-Gal bl, 3Gl NAc

bl , S@dcs anCdbhtraﬂ tactbe pnagmstybgf inhrowealellm( WpsHamily members,

W}E SEes. of theg:ﬁgséﬁlﬂ&gs @sp{o? %tﬁcr );}’%lﬂecgaagcq,rﬁ o(5-7). The

caﬂ%hﬁ&@e%@céﬁlﬁ@lpﬁ‘l@hﬁ oPglgi’éct?@gle&S N Azlb& 730 Beén identified
position 1m C3 substituted bl ,3Gl. Sralyl groups of

as O&ulA ca0jeiGaiR] 46Tt @eth)eteadlagfoy wgﬁ)hpkﬂghﬂésc {cid 25 aguedulator of
act as_binding targets for . i ses 5
imgaing Setl dgtesadion gg ]i% 1S4§v1 3 the, gﬁ Ctg@tnpzcgll activation

with polyclonal anti-IgM and interferon-y, leads to specific loss of 02,6 linked sialic
acid, and this creates access to costimulatory molecules for the cell surface (11).
Selectins are another family of sialic acid recognizing adhesion molecules,
containing amino terminal C-type lectin domains (12-15). They recognize sialyl
Lewis-x or sialyl Lewis-a motifs (16-18). Our studies confirmed the importance of

02,3 linked sialic acid and «1,3/4 linked fucose for selectin recognition of ligands,
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mammal i an selectin and Siglec lectins (3).
Sialyltransferases (STs) attach sialic acid to

wQ@adoaossse via a2,3 and a2,6 gl ycosidi c bonds, PErnusS1006/040518
Gal NAc via a2,6 |inkages and also formpolysialic acid

and it B e o L BE Sty SRS Sty pHAa G [ Yand P-
sel(e%tgﬁ? Eﬂnﬂirﬂﬁ' t0 %be%h%@ﬂafk@ (19). ERAYd d;sosaéhaﬂsﬁta%@ tk ¥6@Fibution of

e carbohydrate recognition notif of Siglec-2,
theSNgiAca?,3aalf |SIGHINACE- saquenbe ofi nivden torki 2 stragure in modulatmg

LSS s m Rl i0r oo iR S bl i
caﬂb%h?drﬁ%l LedubriceCMl El[%g ilﬁﬁco 1Hh‘fanf1e%lg %FaﬁﬂIAc %4&&1 o 6.*??GICNACB

activatio W|th onal antri - and I'n

(Ghiatks Lewisspethaf icouldoss asfa Bghnd for M edlestial (20). a@lsobonqmled to
this creates access to costinmulatory nol ecul es for the

N%lé\lcaZéﬁaﬂ%bé(F@cqlﬁ) el h-Mee Gdvherlaveixy afe found

GalbyRshf ABfisr I CRNARY ?@%ﬂ?\ﬁségﬁgﬁsﬁ‘@% DB e 5

folﬁ%ﬁ%‘nﬁﬁnt%f 8f 1l ad PSR 1e6tiR birkli Lewi s-a notifs
(16-18). Qur studies confirned he i mportance of a.2,3

i and'losusbfl ivee assiddvasiods adodifier] tisadobariflescassacceptors for studylng

I fol d.th
(1 RecHGHEES O o RGN e o0 b S LGRS of Ko AUp ARy e and a
clo%llg Zgﬂ"leﬁtﬁ tlzrfrééj bgﬂ?{lngllb?cl\f@é[%g?y Iﬂt\gévtv &}?ﬂe 1n¥1?0rﬂﬁ¥§of sialic

enons con on of e

acidersbiciads FSahidbus3bmldnal &eco‘gﬁﬁﬂﬁgﬁﬁ:n@ﬁleﬁﬂ ICWwB deeidedZo study in

structure in nodul ating L- and el ectin_ bi ndi ng

defaun@p.megtg:o;ubsnrampeylﬁm@sacpfs@r@mgkmal sialyrapgiorases and also

b h t I
R AT et R 5 eyriRRe e ot KA ETMETR0L segpence. A
vafiéy! 6k Aikinagord 2 hﬂ@r@loﬁ@ 'ba@d iﬁ_&l I%GETC' anﬁ%@:hds 'ﬁﬁd related simple
cofmpared to NeuAcaz, 3Gal bl , c al,?3)

str(l@umsyWens:emﬂszed) as weceptarn dncmdmm kga;mérrsa@taint@)th} (Stﬂ,lsyiatlon

se Bl 6é}n ‘ilfa;%ﬁ% G’s?‘llsft?)lf co?‘ng%l cgﬁggwg Hg:ﬁ;}cﬁd"{rﬁ% stugy a?so reveals

a rPoRz@l"é&%ﬁ'oYcldﬁ%d 43 %‘éoy.@él%r%%sf@&@é fd &ﬁal%ﬁ@‘%ﬁé‘%dcﬂﬁfemﬂéf sialic
acceptors for studying the specificities of a purified

acjdotoc amethdri pesitia? o8 Shaladeseny GalEIGHINAGanbty aon‘amin@ a C-3
cl oned a2,3ST utilizing Galbl,3/4d cNAc b- (21). In
SURSHENEIS! ¢ he i nportance of si alic acid residues in
vari ous biol ogical recognition phenonena, we deci ded
t o Fheldyrostated @asihorhdecelc daR) OLNEURStwat @rown in RPMI 1640
specificities of three clonal sial yI transferases and
supplemeniad (it 1Qvoafelal thoxiner serwm end pibjogics (perdelijn, streptomycin

and pa‘?ﬁﬁl‘[ot@ncfn? rB)Gﬁhg)ér’ g’o@?&%ﬁ Frcomnttadrs %y American Type Culture

Collection (Manassas, VA). The cells were homogenized with 0.1M Tris-Maleate

pH6.3 containing 2% Triton X-100 using a Dounce all glass hand-operated
homogenizer. The homogenate was centrifuged at 16,000g for 1 h at 4°C. Protein
concentration in supernatant was measured using the BCA assay (Pierce Biotech, Inc.,

Rockford, IL), with BSA as the standard. The supernatant was adjusted to Smg
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variety of nmucin core 2 and d obo based synthetic

conpounds and related sinple structures were utilized
wW@200a0¢empt ors in order to gain insight into theCT/US2006/040518

sialylation sequence in the biosynthesis of conpl ex

protgg{h?lg 23)// gqrsi(?ltg.g @llgflelge%g%%gy( %11&1%}# Cej%}r @%&'ﬁgﬁeg %{1&‘[ hen s?ored frozen
o SRCNE RS O RESER by A iRt Rupohbitce.
cm@&gimmﬁngfe@sé’g subst i tuent. The pr ostate carcinoma
cell Tine, LNCa grown _i é%% PlemsQ egﬁ
WI Rat TenFhinat 0186%%15@ @Wﬁ%ﬁrﬁnﬂ Tcg’e ¢ purchased irom

ol Bl AR B Pl Bl A s
Sun%iel ﬁﬁéph&y WoBNAEHAE wMi\)1 OﬂihQ)fCelllMs N&C & odglang dniffee pH6.0

IM Tri s- I\/BIeate/E) containing 2% Triton
conmlmﬁg 21%|'H1gola (Bodrh ead & PgﬁAaéle wa%llrb&@r gipegiments; a2,3(0)ST

and] QI DGONTZY s apRRARRA kSR ERR K HOE A tortft 100 ree

Heen on 1 n supernat ant
sithied 45 Hgatt 56%8% 8Y \@Eﬂ ai1eRed Bustt dbre use in the
moﬁm Ve;ﬁae%oéc{éf ord, © Wi th B‘%z@as the standard. The

expStipenn al(}mrhtalnqaetsadj thet ditited eBaypesowsiatatd by thel@hssys run in
t he necessary anount of extraction buffer and then
dupéllcé €ed frozen at -20C until use. | On aliquot of this

LodMBgrdised in assays run in duplicate. C oned
T h_%;‘s erases: Rat reconbi nant a2, 3(0O ST,

aZdT?t(el\Byﬁﬂaemobfa@va(aNmﬁpm tba,tr ahased a8 Re¢APEAE R et Brpsent

t t.h

sl e o o2 o SR s o
o0 HO“CF;QE&M&IE\C&&RMrét e ﬁ’diﬁél?f pﬁﬁuﬁ FRINAICB] BGaRMO-A

rlton 4 and 2% BSA 'and used in experi nents;

Gali2, KﬂﬂfoBbﬁﬁ?abE%MN) ST abg- FdlCB;lt%EﬁUéM@ﬁw teOrMead t 03-O-
s Febbo AL bl KFESUD BB PR AU Gato-

MeP %F Uﬁe cbrd Qhﬁetﬁ%‘&@ﬁéﬁ@_@t corltaifdily al)- MOt Soap drdde complex
Ut'ed enzymes were used in the assays run in

strubtoal unntsewﬂsjantplubhstmdaaiwmem é\ﬂassrﬁ@e@twﬁﬁéss pgalysis of many of
thefs SommpUStRTy DRATC bR BFRGrEA (36, P8y Ofyhilin core 2
tet VRGeS BhtaREELPIFOGBuS ﬁﬁg l%eﬁ'ré’%brﬁddgag obo H

precursor structure, nanely, | NAc bl , 3Gal
Madtbiblecular and natural acceptors:

Acrylamide copolymer of GalB1,3GalNAca-O-Al synthesized by the procedure
of Horejsi et .al. (26) and Fetuin triantennary asialo glycopeptide were available from
earlier studies of this laboratory (21, 27-29).

Assay of sialyltransferases:

The incubation mixtures run in duplicate contained 0.1M NaCacodylate buffer
pH6.0, the acceptor (typically at 7.5mM, or as indicated in some experiments), CMP-
[9-°H] NeuAc (typically 0.2pci; 20puci/nmol or as indicated in some experiments) and
the enzyme in a total volume of 20pl. The control incubation mixtures contained

everything except the acceptor. Incubation was carried out for 2h at 37°C. The
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Gal bl , 3Gal NAc bl , 3Gal a- O Me; D- Fucb, |, 3Gal NAc bl , 3Gal

a-O Me; 3-0- SulfoGalbl, 3Gl NAc bl , 3Gal a- O Me and
WQ@2078ums6o- D- Fucbl , 3Gal NAc bl , 3Gal a- Ove and nRCT/DS2006/@40518

2 tetrasacchari des containing 4-0- Me group and conpl ex

enzg et e y?a(i%%ﬁweél SO APISt 3ol KO tder 7l and less
thall rsn%@tmd ilNe%AWé:bS&HizBH CHiRna3YEFLPIBS uSir@f eifef Dobwex-1-
core 2 te ras cchari des containing 3- group has been

FomepeyrSepePak2G) 8 oNBIHgOhBI ewasl applieth ¢ mamﬂ%\radm@lm pragluct from

G0 E A et el B PR paP iy &7t B Qupfcaty gy did no

va 'Bgrﬁ&te%ha{h tgj antennary asi al o gl ycopeptide were
l'able fromearlier studies of this |aboratory (21,

27-Die8 radiesstiye prodsictsl fomrmnehbalidend metyl gligpsidenps well as

ol RBHOB B0 RS CE GO T Bl G ey REL SOSHRY, (Bl REdAC-
1XBNEHE- @b@ qné§ﬁ SOt FEREY hdTRIMoSs: @i@mchgat%ﬂ miRMWAE was diluted
(typically 0 2nti; 20nti/nmol or as indicated in sone

withxjpemi mltﬁ:rsa)ndawdsetdhfér@ghymﬁ §-foraateoeclimid(l Pl lord pejme in a

el 555 Bl bR W A SER 281 R Uy o
waftr). STRCcolhBReRZy Whdhed thicRRPHET 081 v{rac@er"éfier Neddaryt 6f the sample

typi cal acceptor was linear for 2h and | ess than 30%
andOlVen [ebutaHjvithuo! ofs 1Mt NaClz St raghioastiaity gresphlyin wajeiapd 0.1M

R T

PrdHﬂlcfse ﬁﬁ&lﬁgtuﬂr?a‘l 3ioule Wes éﬂ ?Cd'nldbﬁ Bhehhy. LIEF00 atidtHation
for the duplicate runs d not vary by nore than 5%

cotitier. r ddhico®M walyss o\mrct@rrqcm e st taactmgl the bisak fefMy| Any

id [ d
ra&ce%&v nET o BSds A ogs (OO Ral: A g, OF some
% 10051883 Rvasiais® o ﬁférd&'re?orfdﬂig OB vdine offcMaNaOneluate.
m xture was diluted with wat er and passed

The hadioghiva@rodics freneswitethmnd/ar galylaedimediighycoside were also

Past t whi ch, had h
mepg T B B0 BB PORE RO RTRES: M 30 el v
coNRRfR8 FubNeCithi 3.0mll P TN fof ta@lile‘hhg L8drhyletf elitién of the
sanple and then eluted with 3.0m of 1M Nadl . The

radlmhtwacpmdwy pr sswpgtionn heitgermaded . hﬂf%ﬁdeeISHbftf%mg the
wer e arately using 3a70 scintillation
cofgmepdie HicElien

The radioactive products from benzylglycosides and monosialylated
benzylglycosides were measured by hydrophobic chromatography on Sep-Pak C18
cartridge (Waters, Milford, MA) and eluting the product with 3.0ml methanol (30).
The radioactivity was determined by liquid scintillation as above.

Radioactive sialylation products from sulfated benzylglycosides were
quantitated by fractionation of the reaction mixture on a BioGel P2 column, since
these products were not elutable from AG-1-Formate column even by 0.2M NaCl, and
they did not bind to Sep-Pak C18. For such work, a Biogel P2 column (Fine Mesh;
1.0x116.0cm) was used with 0.1M pyridine acetate pHS5.4 as the eluent at room
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Products International, Munt Prospect, IL) and a

Beckman LS6500 scintillation counter. The CPM val ues
wWoRNe/0¢64 ect ed by subtracting the bl ank CPM PeyUS2006/040518

radi oactivity present in the water eluate (as noticed

tenla}?r;e[r%tggepg%e?@ @%‘%: el hglfegragqf\)ﬂ%%\g%%)ra tﬁ/%%%gttﬁe hps% peak
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gl ycosi des were al so neasured by the above

waparoamid stoesd fnokgn he2@ICL farothirofayeh shpmatogfphyrdf&C) and other
columm was continued further with 3.0m of 0.2M Nad
CXPHINEMIBYi ng a conpl ete el ution of the radi oactive

TRMHGE chidnb@5d89ky:On bei ng made as before by
subtracting the correspondi ng bl ank val ues. The

r ad"ll"bé?cwwwrpc«b ducos SflicegebehiyH @5Ppws sewed a0Y20cm; Analtech,

R A S e

C}(&%m HHM,0 \%/4/'%%6?6‘956:@' e cbibr BoRptEids WrdrB located on
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thdyldit¢sqby dspsaiing |W1ﬂatsulcﬁmcaac1dbmv ethaﬁiddamhd]batvreg at 100°C. The

sialylation products fro | f dDb I
radigscaive PapRICERY ERP IRt B}é?@%ﬁgg Hsomn igtf sk s giica gl and
sozﬂhff%u{ne QUPﬁt aké)]l?e(;e l; np%a e&' B ell&[ﬁﬁ escﬁftf?ﬁﬂﬁ{l) counting.

not e rom orrra m even

FlhébréMaplabf thrci ¢ Ipﬁa‘esjwﬂs dt@ié abLmCth@]BroE’MaxMS Flﬁo(Eastman
such work, a Bi ogF P2 colum (Fine Mesh; 1.0x1

Ko,d@k))%ﬁﬁqr swmln&ﬂg@ WG platps whp%imaa%@)l&@@i)at e pH5. 4 as

fflyent fractions

c- first peak

OnIAacbdlh]!ihﬁ df@imﬂﬁd’éﬁ yolihy oﬂ\/&ﬁ:tlﬁiiﬂgbﬁ)@é €VectbyDathi Burtiagarhe, CA)
dryness, dissolved in 200nm of water and stored frozen

wagtemplopd ngng (1AM | Hpes pEHr o petitaigigphymiv (aClarito B{lMeMnClz

RS TEELE DR o g R PO GRS b

mABR]t eeh theN%‘iﬁfeld Wi 0. §'MGG&$NN¢3 Aftes it ¢0B fraction in the case of
| - propanol / NH 404/ H2O (v/v 12/2/5) ,and CHC13/ CH3OH H2O
WEW-agrase, pr waied abalaviose afiercthe dr” desgienntes the REA-I-agarose

anfiﬁﬁ\gf%%gﬁrqge hlzurﬁ{ blecl?]% ?%?{163 ?E@%ﬁéptfﬁﬁﬁlﬁegﬂéé H%.tﬁe Hahffacturer.

Fridtiodbeés waedend mabmderhyersmmpl ng 0.5cm wi dth segnents
of silica gel and soaking in 2.0mM water jn vials
Was speeigaliapalysis of gneamaticall vg;gbéﬁ_@ggmmgii

Reaction mixtures contained 0.3pmol acceptor, 0.2umol CMP-NeuAc, 1.0uCi
CMP [9-’H] NeuAc, 30ug BSA, 0.IM Na Cacodylate pH 6.0 and 20milliunit of the

cloned sialyltransferase in a total volume of 100ul and incubated for 18h at 37°C.
After incubation, the reaction mixture was diluted with 1.0ml water and then subjected
to column chromatography on a Biogel P, column (1.0x116.0 cm) as described above.
The first peak containing the radioactive product was collected, lyophilized to
dryness, dissolved in 200ul water and stored frozen at -20°C until mass spectral

analysis.
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Fl uor ography of the TLC plates was done at -700C using

Bi o- Max M5 Fi |l m (East man Kodak) after spraying the TLC
w@b@vmsend t h Enhance (Dupont). WGA-, PNA- and PCT/US2006/040518

RCA- | - agarose affinity chromatography: A colum of 5m
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R PR Bl LY. At B
desifit Theofedn@naltivht arapisthds ass 145 afdrobes® amd 0i2® 66r MS°. The
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than | /3rd the precursor mlz value. Al nonosial yated
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w@r@vossseasily to yield [MH ion in negativeP@DUs2006/040518
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shayats 4. ﬁ‘?ﬁg@fvﬂéénwgr el%ﬁ%régqn% aRUf 6rf MRCa §Ts, oh the
Othcegolg%df th 138 of: §¥10ra Qc%l& ;ﬁﬂ?%%@ I@RQ V@)tﬁh compared to

Sponding a I 0g r ese pro

Gal @1, A QN EIO A1 Maciéd @cde&éﬁ"@feﬁhyrdn@aﬁaemﬁmw dyeapdAco-

acceptors can distingui sh between the cl oned enzynes
O-AlTabl e L part A) The cl oned a2 3(N) ST and a2, 6(N) ST

? quw erF@%g %gocixf %tlonf, ﬁé L}ge%bg)g(m ?ﬁﬁ)c%aﬁdﬁg ‘Eg ggtgrmine if
ﬁ]ﬁ&a é%%%ﬁdré’ | &Mll Nyt NgchBELET VOB Qﬁat3b@§1‘:l)8'[‘d utilized

on t e ot her hand, showed hi gh

Ga3PESGIINAIPFOL AT arfdR Q- l\/IME’mIl[B\]AéchI\IAo%s mnpmrse(d 00@% and 90.1%
Gal bl , 4d cNAc b-O- Al and al so acted efficientl
actBed)b |b1,113 hadl omine low | Bfigdy Nawards3-R-MeGalpl, 4G1cNAc (8 7% active),

GalB1,3GIcNAcB-0-Al  (3.0%), 2-O-MeGalpl,3GlcNAc (3.7%) and 2-O-
MeGalp1,3GlcNAcB-O-Bn (0%). 02,3(0)ST exhibited either very low or negligible
activity with acceptors 2-O-MeGalB1,3GlcNAc (2.9%), 2-O-MeGalB1,4GlcNAc
(0.2%) and 3-O-MeGalB1,4GIcNAc(3.6%). 02,3(N)ST was the only enzyme that
acted efficiently to sialylate 2-O-MeGalf1,3GlcNAc (115.3%), suggesting that this

may be a unique acceptor for this enzyme. It also acted efficiently on
GalP1,3GlcNAcB-0-Al (123.1%) and 2-O-Me-GalB1,4GIlcNAc (60.0%).

The GloboH precursor Galp1,3GalNAcB1,3Gala-O-Me and its deoxy analog D-
FucP1,3GalNAcpB1,3-Gal-O-Me could be used to distinguish between the enzymes.
0.2,3(0)ST utilized both the GloboH precursor (120.8% active) and its deoxy analog
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on the core-2 tetrasacc an
lingjfed; g ﬁlerﬁop%tenrbo GabinpRs E%aﬁigc%@ﬁw%aj &ia&@g%t%fbupon
our above studies with disaccharides (Table
lat lal%ggergﬂﬁ a2, 3(N) ST and a2, 6(N) ST showed specificity

]D@ﬁ&ﬁﬁ,@.l%pédiﬁc Gaddpkord @ alditiguish detwbai sialyitransferases from LNCaP
tetrasaccharide while the sialyltransferases
and 0.2,3(0)ST
The sialyltransferase from LNCaP exhibited strict specificity for

GalB1,3GalNAco while 02,3(0)ST displayed broader specificity. This is evident upon

comparison of the two methylated tetrasaccharides, 3-O-
MeGalB1,4GIcNAcB1,6(Galp1,3)GalNAca-O-Bn  and  GalP1l,4GlcNAcB1,6(3-O-
MeGalB1,3)GalNAca-O-Bn. While the cloned enzyme was 100.0% and 49.6% active

respectively towards these acceptors, the LNCaP enzyme was 100.9% and 3.0% active
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from LNCaP preferred to act on the Gal bl, 3Gl NAc a
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activity (6 1%act|V| ty) towards 3-O MeGal bl , 4G cNAc

resppdtpieny; CERe T, R e LN S oty foviads CRUsbilRaca: is

alsbeé%ﬁéﬂcﬁg f htge e?ta!oﬂglqg ht%ah{s il dl‘é{\lgq’éﬁg Lagia?ﬁ-o-Me

es of i on | ut no

(1.3%d) @s icbinpharedfto Gal clbﬂecﬁaizlghlee(eaalzw)c Farthdhitesd twislemgynes differ
el aborated upon later in Results. Definin i fi

speci fic
in thedrepativnssines, gyhilei thy @ﬂ@wdtféltzmé mitdized )blothr &ﬁ&ﬁ&%@éca O-Al

and 7 b ot B PR E s ottty entnt

(1d.6%! aved 0broosdesspedeelyl), Gthé yLN@bJP Senzmevwd@mn pml efficient
compari son of the two met hyl at ed tetrasacchari

tovgards QuilftldGaNYGloeNASD (3464 %= chive)3 el clgnsd - e(mzmeamd the LNCaP

CIX oIGTRGEH ooy o e oS S T bobadlp vand | 1% active
NS LU 5T By S B

strEBfd nbhied tAé abNGBR AN AR chAMad GBorkcB0 [l aﬁab(M%) o tentrast
al so evident fromits negél gi bl e activi ty t owar ds

to thelishagar ef\the clined eatyree Grave 12Q-5%040 H9.Cohpared to the
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e nmucin coré structure as acceptors to the same

acedt 8Nbothkh2y 08 and $Hes OFudisaedtpeide Ianﬁbgs Jnardehe LOQABGalP1,3
enzyme was only 1/3 efficient towards Gal bl , 3Gal NAc
Gad(N@cNO(m 499deGa18) .3 ThaNAconOBenARealild t GalNAwaO-Bn;

affE¥Eobaseh ﬁcq—@%ééﬂﬁ@%ﬁe%ﬁ%%&&ﬁm iGifin along
B 2, AT S Bl AIPEIE, Zop pme

wifiDsdttie tof tAdEnBHaticnprodinits as tdls‘cassfeli enbﬁbiﬁ/i\@r Théset shﬁadles were
cl oned enzy from120.5%to 100.0%. In order

coa@#q‘c@ﬁb ah twp niiféregb@mm@r aencEprafions oV e ODESIVAG tb%ﬂ@dcloned
o2l Fhe A ST 5 AL Pl AT SRR e
Bner@(i Ggolgﬁe@raﬁﬁc;; 3;(%;% gﬁ%@aﬁ@gg&%ﬁ "\]/ﬂgle @ﬁb}fb"cg&ﬁy Q@MBbMpared to
G481, DBa BN A2 dB30)-BA-Jf Gelt oM\, hichiAe ahesadiation point for the maximum
activity. LNCaPa.2,3(0O)ST exhibited negligible activities towards these acceptors
(2.6% and 1.1% respectively). Hence, 3-O-MeGalB1,3GalNAca-O-Bn and 3-O-
MeGalB1,3(6-O-Me)GalNAca-O-Bn could be used as specific acceptors for the
cloned ¢:2,3(0)ST enzyme. In fact, the latter compound may be absolutely specific
for this enzyme since a2,6sialyltransferase acting on a-GalNAc cannot act on this

acceptor.

Biosynthesis of mucin core-2 based glycans
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Gal bl , 3(6- Owe) Gal NAc a- O Bn and
3-O- MGl bl , 3(6-0 M) Gal NAc a-O-Bn along with

w@00pi4B888l NAc a- O Bn (Table 11). Mass spect r oOBCDP§2006/040518
anal ysis was perfornmed with sone of the enzymatic
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this enzyne since a2, 6sialyltransferase acting on

ang dialteunaticamthsit minor pathivays forcdbe prme shRrb slprghiden Bagfexist in
thnﬁe‘ﬁ. n core-2 based gl vcansEnzyne specificity data of
% € present study (Table I, Part B) indicates the

Dbl engatnaned duis g1 al yl ation in the biosynthetic
pat hways of glycans such as PSG.-1, GalNAc Lew s-X,

G ySimaly fegeaylgtedemupial cosp-g| ased ighuoans with grmmpl sialyl Lewis x
oAU B S0P S1 BB PG oo OSRE R oy P ana -

selREI(I. Sherd anfatipmbi BaveQfisd dendiatrated tRaAZMOBSlatioh cahi®e the
concentration of the substrates in_the cell may dicate

last rsécpait fsnbiosyrthesisres elyeanhbomsnpe BiSHT--paBhviysOur enzymatic
o sl . el X
sl e b Tt BB RF B, PRI ERL TR O 7

sengirkt, ¥or fRukeigeat iR dialafeifoflGaPtesRIBhA Yeoceed even
al beit m nor pathways for the sane gl ycan el ongation

afteny ] gficesylation hBGbaN Ac refidueSIA suppart abf Gab lapokanswr observed

tha(%:g?e%lfi% éra%éio(z_%/ | kg)gwngffslx}? gg‘rgﬁgi[néptgase e %lo%/e(-:f rﬂ?uc\{\lq tdlhd not affect

o By S 24 DL OB CPAH DR At o
O-Murest33gibor Haaly AzB$ d(lemb33Gctlep 1tthal Galt 33GhINA@rRO-Me:
13@3%2@@%@@?&;@@%{@%@@? Ié 3%{)? ?ciw?argg th%I C)gg&hgc Lewis-x
containing mucin core 2 acceptor, albeit at a lower level (21.1% activity); Galp1,4
(Fucal,3)GIcNACcB1,6(Galp1,3)GalNAca-O-Me and
GalB1,4(Fucal,3)GIcNAcB1,6(NeuAca2,3Galf1,3) GalNAca-O-Bn served as
acceptors for a2,3(N)ST to a significant, albeit low level (19.0% and 27.1% active
respectively).

Second, regarding the sequence of sialylation, our results suggest that
sialylation of B1,3-linked Gal must precede the sialylation of p1,4 linked Gal for
favorable biosynthesis of mucin core 2 backbone compounds. This proposition is

supported by the following lines of evidence: i) Sialylation of P1,3-linked Gal in
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studi es provide additional insight into the
bi osynt hesis of such nmucins. First, our results

waggestess hat a2, 3 sialylation of Gal resi due P@IUS2006/040518
proceed even after al, 3fucosylation of G cNAc residue.
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cofe 2 (dhsA%nande %Cg th&bse &%ﬁ@lczidtl‘éﬂdf) FTBN (ortpssibly FTIIL, FTV or
conpari son of 4(6-0- Sul fo)d cNAchl, 6$Gal
FIBID) fi))ﬂﬂwwl\dayaa&&(@bﬁ"beﬂnﬂlahéﬁ\l)@ (Fig. 2). GalNAc-Lewis x type
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usi ng the acceptor NeuAca2, 3Gal bl , 4@ cNAc bl , 6( Gl

BIGBTAM-NAC a- O Me, the a2, 3 sialylation of

lga{rg]lefé?g%lsgm i rml et oeg ﬁnaﬁ@)\é‘é&@%&ﬁé&%ﬁﬁ%@ﬁo& not act
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formfromnucin core 2 tetrasaccharide by the

T}ﬁsequmtts ahata6sildatior pegeds@ SiGalactosdiragfyrase a@sdty. jn core-2

mucins. Building upon this observation, in the current work, we examined the action

of sialyltransferases on an array of 6-O-sulfated structures to determine the potential
biosynthetic pathway that leads to formation of sulfated core-2 structures. First, we
observed that 02,3(N)ST acted more efficiently on the sialylated sulfated mucin core 2
compound GalP1,4(6-0O-Sulfo)GIcNAcB1,6(NeuAca2,3Galp1,3)GalNAca-O-Me
(50.8% active) compared to GalP1,4(6-O-Sulfo)GlcNAcf1,6(Galf1,3) GalNAca-O-
Me (28.1% active). Also, this 3'Sialyl,6-O-Sulfo Lewis x determinant dramatically
decreased the activity of clonal ¢2,3(0)ST down to 7.4%. These observations support
the proposition that, like PSGL-1, 2,3 sialylation of 6-O-SulfoLacNAc moiety in
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act onthé bote Pmubi Since 3-O-sulfo Galp1,4 GIoNAGBL,6 (Galp],3)GalNAco-O-
Bn was only 70.3% active. Our previous study indicated that sialylated core-2
acceptor, namely NeuAco2,3GalB1,3(GIcNAcB1,6)GalNAca-O-Bn, can act as an
acceptor for GIcNAc:6-O-sulfotransferase (40). Thus, as an alternate scheme (not
shown in Fig. 2), it may be possible that ¢2,3(0)ST action may precede 6-O-sulfation
of GIcNAc in the GlyCAM-1 biosynthetic pathway.

C. Siglec licands
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G cNAcbl, 6(Gal bl, 3) Gl NAc a-, involves the sequenti al
action of G cNAc:6-0- Sulfo-T, pl,4Gl-T, a2, 3(0O ST,

wW@20030KpSI and finally FTVI1 (Fig. 2). The si abgl/a810061040518
steps in this reaction schene were validated by
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a1;33) AoV abhefordsbepAgaz, 3Gal bl, 3) Gal NAca- O Me was

Mucin Core 2 based compounds as acceptors for sialyltransferases

We examined the action of the sialyltransferases on modified core-2 structures
where key hydroxyl groups were replaced with either O-methyl or fluoro substituents
(Table III). We observed that the cloned a.2,3(O)ST utilized all acceptors including
GalB1,4GIcNAcB1,6(3-FGalB1,3)GalNAca-O-Bn,  Galfl,4  GlcNAcB1,6(3-O-
MeGalB1,3)GalNAco-O-Bn and Galf1,4 GlcNAcB1,6(4-O-MeGalp1,3)GalNAca.-O-
Bn exhibiting 77.2%, 49.6% and 101.3% activity respectively. On the other hand,
LNCaPa?2,3(0)ST acted only on GalB1,4GlcNAcB1,6(4-O-MeGalf1,3)GalNAca-O-
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0% active. This suggests that action of a2,3(0O ST

cannot be followed by a2,6(N) ST action in the case of
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this acceptor. On the contrary, 3-O Methyl, 3-Fluoro
compyng 7 (58 §thf§t1‘if%tlﬁfison Brusc4tOimethylation | of [Bilicinked Gal
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oTERIEIEHAS SIS Spon oo
Wihes the activity of cloned 0.2,3(0)ST was measured at varying concentration of
GalB1,4GIcNAcB1,6(GalB1,3)GalNAco-O-Bn and GalB1,4GIlcNAcB1,6(4-O-
MeGalB1,3)GalNAca-O-Bn separately (Fig. 3C), the former compound was found as
a slightly better acceptor at the standard incubation conditions. At a higher
concentration of the donor CMP-NeuAc in the reaction mixture, the efficiency
difference between these two acceptors was highly pronounced. On the contrary,

LNCaPa2,3(0)ST (Fig. 3D) utilized the latter compound more efficiently as an
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acceptor at another position: either at the CG3
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The sialylated products from all these acceptors except 3-O-
SulfoGalp1,3(GlcNAcB1,6)GalNAca-O-Bn exhibited binding to WGA-agarose via
GlcNAc (Fig. 5A, B, C and D). This indicates that 3-O-Sulfo group on f1,3-linked

Gal in mucin core 2 trisaccharide abolishes the binding of WGA to $1,6 linked

GIcNAc of mucin core 2. After digestion of these radioactive products with B-N-
acetylhexosaminidase (Jack bean), the resulting radioactive compounds did not bind
to WGA-agarose due to the absence of GlcNAc (Fig. 5E, F and G). Overall, this set of
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Gal may not be the target of sialylation. In order to gain evidence in support of this
contention, we also examined D-Fucf1,3GalNAco-O-Bn; D-
Fucp1,3(GlcNAcB1,6)GalNAca-O-Bn; D-FucP1,3GalNAcB1,3Galo-O-Me;
Galpl,3GalNAcp1,3Gala-O-Me and 3-O-SulfoD-FucBl,3GalNAcB1,3Gala-O-Me as
acceptors for the cloned 02,3(0)ST (Fig. 6A and Fig. 6C). Both D-
Fucfl,3GalNAca-O-Bn and D-FucBl1,3(GlcNAcB1,6)GalNAc-O-Bn at 0.75mM
concentration were found to be 100% efficient as acceptors as compared to 3-O-
MeGalp1,4GlcNAcB1,6(Galp1,3)GalNAco-O-Bn.  Further, [9-°H] sialyl compound
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A measurement of the clonal a2,3(O)ST activity at varying concentration of

various acceptors followed by a determination of Km and Vmax values by
Lineweaver-Burke plot (see Fig. 6 and Table V) indicated that the Globo backbone
compounds GalB1,3GalNAcB1,3Gala-O-Me; 3-O-SulfoGalf1,3GalNAcB1,3Gala-O-
Me; D-FucPl,3GalNAcB1,3Galo-O-Me; the T-hapten compounds 4-O-
MeGalB1,3GalNAca-O-Bn; 4-FGalB1,3GalNAco-O-Bn and D-Fucf1,3GalNAca-O-
Bn and the mucin core 2 compounds D-Fucf1,3(GIcNAcp1,6)GalNAca-O-Bn and
Fucal,2Galf1,3(GlcNAcB1,6)GalNAca-O-Bn exhibited Km values (mM) in the range
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concentration of G obo H anal ogs, we found (Fig. 6C)
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nmeasurenent of the clonal a2,3(O ST activity at
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formation of a lactone bond between two primary hydroxyl groups of Gal and
GIlcNAc in the GalB1,4GlcNAc linkage of the branched mucin core 2 tetrasaccharide
based on the mechanism reported by Ulrik et. al. (43) The spectrum of compound 7

(Fig. 8C) is distinct from the spectra of compounds 6, 18 and 23 indicating a different
sialyl linkage and thus likely representing either 02,2 or 02,4 linkage of sialic acid.
MS? spectra of the Y ions representing sulfated branched mucin core 2
structures are shown in Fig. 9. The B, ion at m/z 444 shown in Figure 9A confirms
that the sulfate group of 6 is on the B1,4 linked Gal of the mucin core-2
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feasible by utilizing this enzyne. ESI-MS/ M" anal ysis
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| ect ti . g
e R eT O T e T s SO P T 23 1 LB OB AT inicate that
th@ﬁﬂfa@@ grfadf c@ﬁﬁ)oﬁﬁ@wwaﬂé 18.ard on 4% 682G Jiw i3GRINAC in the
ferent sialyl |inkages (siaa2,3, siaaz,?2/

tetmsmaﬁﬁe arhy farmatidraeta la@mn@d@ndazvassa.lm@rtﬂrm@dw the Y, ion at

FJES l ac%‘fﬁg% 8%)? COFP}DO%C} Ey gtén Corﬁggg? 9(% %ngh is different

frozh ﬁfe%ﬁrebﬁﬁhdﬁr% #hlla2mt 758 an Pl 80D MGUglide\vA ampien and
doubly charged quadruply sodiated ions [ M 2H+4Na] 2+ at

mz 650 in positive node(Table VI). MS2 spectra of

nol ecul ar species at mz 604 derived fromthe four

i somers are shown in Figure 8. The fragnentations
identified in Figures 8 and 9 were shown in Figure 7
by using established Donon-Costell o nonencl ature (42).
The gl ycosi di c cl eavage between sialyl group and
branched nucin core-2 yielded Bions (Bion or Bi ion)
representing sialyl group and Y ions (Y 2 ion or Y3
ion) representing the sulfated branched nucin core-2
tetrasaccharides. As seen, the ratios of Bion to Y
ions are significantly different anong the different
i nkages (see Fig. 8). The sanme CID patterns are seen
in Figure 8A and 8B indicating that conmpound 6 and 23
shared a comon |inkage, which is distinct from
conmpound 7 and 18. Based on the enzynmatic studies this
is likely an a2,3 linkage. The Y3 ion from conpound 18
is at mz 913 which is significantly different from
the corresponding ions at mlz 917 from conpound 6 and
23. This difference in nolecular wei ght could be
attributed.to the formation of a | actone bond between
two primary hydroxyl groups of Gal and G cNAc in the
Gl bl ,4d cNAc |inkage of the branched nucin core 2
tetrasacchari de based on the mechani smreported by
Urik et. al. (43) The spectrum of conpound 7 (Fig.
8C) is distinct fromthe spectra of conpounds 6, 18
and 23 indicating a different sialyl |inkage and thus
likely representing either a2,2 or a2,4 |inkage of
sialic acid. M3 spectra of the Y ions representing
sul fated branched nmucin core 2 structures are shown in
Fig. 9. The B2 ion at mz 444 shown in Figure 9A
confirns
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that the sulfate group of 6 is on the bl,4 Iinked Gal
of the nmucin core-2tetrasaccharide. Simlarly, the Y1l

WO ong/0et6541 z of 552 in Figures 9B and 9C i ndi cCBEBEUS1086/040518
the sulfate group of compound 23, 7 and 18 are on the

Gal ..pf Galbl,3GalNAc in_th et
For BT GTPROT PGl B claed dRe SAbRFIrec oo femman
smﬁ&ré&%ﬁe Hofn ﬁgstﬁ’t@dcaﬁﬂeﬂ eeln allne”LNC%@Jhst b%@fﬂ%%ﬁﬂﬁ’orka By

hown in Figurée 9C, whi is different fromthe
deﬁnmg éhqaspmfmgtyu ofrihese emzyzmamr andmmay of sthydrEtegmpeptglA based

on 3 p3R3 st AIEPS SEetirR el Riafive AnioP PR eerlori i £of b ped to
cha’%@t@h% BachPHCREsC Sidynlek B8 aldedfieh afixiReBf gpgﬁéﬂﬁ%ferﬁ%s ii)

defining the specificity of these enzynes r-an array
De@dirlbrapcugmtyed baechendcd pribimayb dwe ¢an rheatirte theo pmthesinef the ligands

fohele i R S Al b SRR TE TRRGP R ik

Gdt %@&‘or@&xltn%ﬁ Bhy % Bé(:ﬁ&yi*oir "tl?en%tf%hacﬁfec%néd' &2 @R§f8’[‘ BRovided

potential bi ochemcal pathways that can Iead to
thes§+it proestion lofs at substituge otiser flom Sdicea:cud ns and Sigl ecs

nd || [ ) Fj[r %post hat the- . J Brf of f%lE 3

act b?ﬁkr?f k& %r?zhﬁfeo)pg forIH&PV tﬂ@i@s t Qﬁhcﬂ?e ps‘iﬂ&ftfa%@ferases

has a substit nt ot an si a ic acid
expmrrtednn rhe olsertvadnusasptoGhemb-eneymatid stadies axﬁ a ak&nm@t al. (44)

Si | transfer ases O hers investigators have perfor med
id ‘%&Fyies with tA8YsialyltraRef erases ex@Rfi¥fdd in the namely

;ﬁn FINRE-O-R! UFh&S ﬂate 1&le’R@harid

G"‘gw’ﬂgfbﬁ" 45 gg%%?% %gmgnﬁa one 0lpr oduct, nanely e

ac@pltd:ﬂ wéGimehbatedlat B7NE wAh €2, rﬁGaédmlmh'ﬁ)@la&ﬂ(O@SD ROn the other
when the tetrasacchari de acceptor

b
hang,oigeyiidentiicd thaabpee simEHaN cazlpsp éﬁ‘%cu 3:%&1}@3 reppound

the d th |yl d
(020 ard i SORUPY compund (Rbon i 11 B0t ne el

NduARo2 3iIGapF mi@rcNAd]Ba;@GmBlme)Gm&coaGaRbl 4557%NAC when  the
bl , 6( Gal bI 3)&l NAc a-O R 57% when t
tetrasaecheride AAcDHS veas degbaied i %w@dﬁwcambm@ o2-8EN)Sdt at pH

45 oy SRl 15 el i e oo 8¢ RecBhbinans

a2/ RROD! ﬁtth@?etl%ﬁé‘@cﬁahd@‘ﬁéeé'thﬁvda@‘iﬂ@%é@@fa@bHd$4 at 37°C for 18
acceptor was i ncubat ed 7.4 at 370C for 18 h. In

h. dn chedert v campeae e@uo dindfrigs dv11ﬂg$ha&ﬁt1hv¢shgsters we also éxtended the
i nvestigators, we als xte e reaction
resgiion B Iyl ?Wl&%ﬁn%ﬁ?@ 3670 Rt oo Aptiglcpetimentl

R

O-Bn and utilized all three rat recombinant enzymes 02,3(N)ST, a2,6(N)ST and
2,3(0)ST. The [9-°H] sialyl products arising from the tetrasaccharide acceptor were

isolated using the Sep-Pak C18 cartridge. PNA-agarose affinity chromatography of
the radioactive products showed that 92%, 93% and 0% of the radioactivity
respectively were specifically bound to the column, indicating the identity of the
bound products as [9-°H]NeuAcc2,3GalBl,4GlcNAcB1,6(Galf1,3)GalNAca-O-Bn
and [9-H] NeuAco2,6Galpl,4GIcNAcB1,6(Gal1,3)GalNAco-O-Bn in case of
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O Bn and utilized all three rat reconbi nant enzynes

a2,3 (N)ST, a2,6(N)ST and a2, 3(O ST. The [9-3H sialyl
w@e@doetss4 ari sing fromthe tetrasacchari de accRQr/u82006/040518

were isolated using the Sep-Pak C 8 cartridge.

MR O o0 AR I TAPAORSA

‘HiNedAoa B Gulf]y3)GaBYkcd-OBhyn veeof 8pS¢O)S T.alrityn BOUOGIsd1Gbilized
XSGk AL $a35taERb 205 St i3 IS e opify ap(ilent from the
o e 3 OB v

0-82. 6((wtso%)and6am AGESADRI, fEe0IdeGal, BIGHINAE c{$20%) and
GalpL S NAET-GrAY B0 esrall] GiTe s drein persemnt wbcgpher data

in Clﬁlmlaﬁlré orhai frk cﬁﬁ?@ﬂ%@%z ]p§§e96€r st ¥l h¥ridtie® \tb 96 Mation in

fromthe activit ovmng acceptors:

1n®b€11¢1’b@1dhtﬁqn$(ﬁebm the stifical , 3) Gal I\IAC a- OBn
(-100. O0 ... Gal bl , 4 6(3 ?l\/bGaI b, 13) Gal NAc
na s |than g of B1.3-

linké‘dSGlaIS are in agreemsnt W|th other data in
“Titerature, and sone differences observed may be
attThd:)ut edclonalar i at2 ,O(O)SA | ncubat | on awivei t i onsith 3-O-

MG e S L e B GeEbon o her (WIS 3 of  end
Gagi 1 @GICN'AUE)Q QSL{ é@ab? 9}%]]\1%9% @&?Tﬁga@/ ?Ctb@’e wWist Mamost

1ne(cm0@ 0% tcamtd@al bl GeamlgmNmQB@anmo MeGall.79%)., 3) Gal NAC When

BT BB R ED By s o e, 100% of the
1‘““’?%%‘5(?93?1 @alﬁs@?%t E50 o B pRACE ARG Rdbating dhas

smbﬂam;bnf U’W@gamd%&mdhmrﬁiﬁ-linkﬁi&ﬁdl rngoieh_slat This suggests two
ation t ace on the bl,3 -
Siflies™ O 02 GBS might S8 5 i d fiobed GAlvRgm ere is a C-3

blo%k %hybﬁgllﬁﬂ(emmtmcﬁ%u‘l‘wgn h@c még}ldtfb%‘%ﬂaﬁlkgf_%fc@ O%l%h?& other

is a CG3 block on bl;3-I
positien yi ﬁﬂ;3ehnkfdyGa]akm1qW alneomiar Koﬂn)lotehé]esmpsssiblhnes we used

bl , 3-1 rder 0. expl or these
i i 1 foacsBeri it ctaliing i er&&p%stéum e BLAalked Gal moiety
d r Sty _
S B4 e N AT ) S, o
agaresedaffinitpchramatography andPy sl sialiMBad qaodises before and after B-N-

acetyl hexosaminidase treatment and also employing RCA-agarose affinity

chromatography on [9-°H] sialyl products from mucin core 2 tetrasaccharide
acceptors, we demonstrate unequivocally that sialylation took place on a different
position of 3-O-substituted f1,3-linked Gal. Since both 3-O-Sulfo D-
Fucfl,3GalNAcB1,3Galo-O-Me  and  3-O-SulfoGalp1,3GalNAcp1,3Gala-O-Me
served as acceptors with almost same efficiency for the clonal ¢2,3(0)ST, the C-6
position in C-3 blocked B1,3-linked Gal is unlikely to be the site for sialylation. It is
possible that one of the remaining hydroxyl groups (C-2 or C-4) is the site of action of
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affinity chromatography on [9-3H sialylated products
before and after b-Nacetyl hexosam ni dase treat nent

waow7akses enpl oyi ng RCA-agarose affinity chr onetDyszpéIg40518
on [9-3H] sialyl products frommnucin core 2

t-etrasacchari de ept or we deno t
thla ng&éfm?o?i Ve KODEPR0 P HiF OB JROb BT tefh, the occurrence of
iafchenenl hpshrl Nf%}%ang cﬁhﬁy%t@dléﬁl%hme FlobulikRblated from
Ga . Since both 3 f o DFuc
boyin€al paeind, 3Gatthe) MVe-SatfdGal OIEBL,BGadEAlc b B13GalxNEGal—>GlcP

comfiifie TBhEgeH TEOTHY KLPGVA I Kty €1 i il e BRFEF A Sulfo-
GelB gORA G AR ol R RV A oHBIASIERY 0 OF (e

PredwRtioh aﬂndsmltmmhbﬁé@@mslg(l&lﬁn@mgo 4) is the site of
action ofthis enzyne. However, Kobata and his grou

(46DuF bwh@@wat P csiatiphesiEses meNanaleavles that mayast Augfiicient

b BSCAT AR P08 SEACILRE LG, B Rahgeled o )

as$tssedCitle sthlodidal sgectficllychf cley Siglele fhaily ety raepovdl emtuitivalent
occur in rat kidney (47). In fact, the sequence
plagfogm fepmpgising |, bicinKatedh sigosigwbaugdodeus isFeR@Yidingplkaline

phgg%g,? éiﬂ géﬁl gga{th)Hw%{J glgi: rg) ﬁ? g g&%ﬁﬁl\%@@ﬁbﬁé&%@hh@&ﬁ binding

to Wﬂ%ﬁldwmbﬂfbd |I-E80ﬁtﬁmtngﬁﬁ$ﬁme®ﬁ GGalpf, ﬂG@dN’Aldi They observed
inhibitors of Siglec binding to its |igand. 15
thatethgral was clitdlt 1>cgrrelglqnxtbe@teea| the (450 yala @%@@é "{hﬁeabl ity of the
c i
TR SRl Ly AL AT pets M9k o una

in $hebi@@ind@ssayanacthe Iengthsd)ﬁ‘ tapspacietlamm edrkilfluasce the interaction of a
phosphat ase conjugate. Human Siglecs 2,3,7,8,9 and 10
SI%&Shd%sqq@én@l yiHh i gen Siglera Ir‘i]gsl?’tﬂ@ oftfhessi piffalls, daese guhors came

upP’ 9AG H COE&?A [2%619 '\ﬁffd*ﬁg t@ﬁf’é" NeuA%ﬁ%{EsE@ﬁﬁ AINAcg-O-Thr,

observe ere was corre ron between t
Ndl@ﬁﬁz\aa}alll[@m @alN AdweOabDhd afid/ NeuAlch2, 3Gatf1e3 (diedAng2 6N Aca-

probe to bind to i mmobilized Siglec chineras.
O-Jhs @rq é%(ﬁqohalt%é 0gp rfaldn@w@?sg%fyntt thap Nw@w@&&qﬁﬂ&aﬁg hr in
f
GPRAGL SR SMIRY WA SRR & LA B now gpoears e

follb@ i mudih @bles2 bidedenpotidy may alse bel potsitikl iahibitors for Siglec 4
remar kabl e findi ng that NeuAcaZ2, 6(

and e othen SEdes. Bt al3CaNRARC s oot S s AP 6)GalNAco-:

N D e A R encaz, scal N NAw

N@A@umc;alm Bmumowm@aﬂma@mmo@m) bi ndi ng. BaseGaiMAco-;

our studie Goears t he
NeuAca,o2 3Ga1[31 3(6 O Sulfo) INAco-; NeuAco2,3Galp1,3(3-0O-
SulfoGalf1,4GlcNAcB1,6)GalNAca-; NeuAco2,3GalB1,3[Galp1,4(6-O-
Sulfo)GlcNAcB1,6]GalNAca- and NeuAca2,3Galp1,3(6-0O-

SulfoGalB1,4GlcNAcB1,6) GalNAca. In fact, blixt et. al. (50) have recently reported
that NeuAca2,6GalP1,4(6-O-Sulfo)GIcNAcB- is far better than the corresponding
non-sulfated structure in binding to human CD22.
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foll ow ng nmucin core-2 based conpounds may al so be
potential inhibitors for Siglec 4 and perhaps ot her
W($'2(g)l7,®4:76b4 ndi ng al so: NeuAca2, 3Gal bl , 3( G cNAc PCT/US2006/040518
, 6) Gal NAc a-; NeuAcaZ2, 3Gl bl
Ne h .

C%i Gia@f@&% alsq act\efﬁmentlv on the

: ) F ; , 4G CINAY
Gl&d) mu)r NeuAca a2 3@l bl , 3(6 OSuI f 0) Gal NAC a-
NeuAc a2, 3Gl bl , 3( 3- osul foGal bl, 4@ cNAchl 6%
NeuEegEraws| amldathptﬁmt@tm%wet catl, LNGRE eihdd-FT exhibited 4 fold

argre SRR O s M1 PRIE GRE a(ite 0 6 N it 1 3-linked

Gdlauennsdneoid ¢ tewpacdiagide (atl); the same enzyme also utilized the Globo
uAcaz2, 6Gal bl , 4(6-0O Sul fo)d cNAc b- is far better
bapkRer e CBFIBESONA! g HOh I SUNARNE GUFGEMe o | nand  D-

h t e
Flﬁgggpﬁg\l‘&%l %@Q;(%Rﬁcﬁ% eﬁt i Sg@% c@fee{l w(;‘ gb ed that
GdE%@esmmlaptferasEa(r}hBST 2, wehﬁ:b Lelxmbtth abeqifiony a“bIeLa@NAe rType 2

cell LNCaP al, 2-L-FT exhl bited 4 fold greater activit
strgiiig s 1acks [offikisrtlicam d8e chipber éHuﬁiarqSt §%Bet Emewmg these

| bk I r g, c
b ftidtly di I B O by TR i e I CPST S B8 equa
ef¢ienmt wned aeAbl anB @t NAlbb SnfEadra- Gal , A INBBE,3ldaloa-O-Me.
Subsequent | y

3Gal NAcbl , 3Gal a-O f tl
Thiye, Ws@gw&r% A PhosPLCgics) SUF BEPA G Bptefliflsgont cgpmps amodifying
tefﬂphglhﬁ £1hinRE ? a1 B éffi%ietnYIK IngEQﬁé\l%mTﬂﬁﬁilz}q%%f 34180 the

Cts efficiently on t obo struct

GlEhd)bmdengethese observations, in the present st udy, we
; I\I)ST acted W|th equ I ef ficienc

A(AL )f from liver and

I a- O I\/b Thus we di scovereda phyS| oI ogi cal
p_mC‘%‘l"rel ation that different enzymes nodi fying term nal
, A1 olveed Galmmblem shlyitcinefetdsys ubmthanE— Shand &r$d sialyl motifs

(S%'é) dH"? i'r wgé lrﬁrﬁpft‘%ﬁ%e%’gwglgg&?gé Idic’EPrt @Nﬁ?n%ﬂelAfco(S 6) while
S P PR AA MG popt b e85, FSARE oy e

exé&3ﬂ55150m Vitrembtif & thieydataiptid provess lmkicrmn been bdentified. theazume-

donor_  CVP- e S tif partl ci pat ed
Kawpgughi st rﬂ'f I«@gcﬁ gse%t#{] diaﬁofd’%\rf@u ptio?a pije aypsidue for all
smﬁﬁ?r)msfgﬁ%s.

Three genes were identified to encode for human sialyltransferases ST-4a, b

and c, which catalyze 02,3 sialylation of Galp1,3GalNAca-. Each enzyme followed a
distinct pattern of tissue specific expression (59). The level of ST-4a mRNA was
relatively similar in most tissues examined except for brain and skeletal muscle which
show little and strong expression, respectively (59). ST-4b was identified only in liver
and, surprisingly, was not detectable in HepG,; ST-4c was most strongly expressed in
heart, placenta, testis and ovary. Prostate tissue also predominantly contain ST-4c
(57). In the context of our study, it is possible that the human counterpart for rat liver

recombinant 02,3(0O)ST is ST-4b, and based on the tissue of origin the
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exact role for VS- notif in the catalytic process had

not been identified. Kitazunme- Kawaguchi et al (60)
waeeggesteed that His could be a catal ytic resi deer/i/82006/040518

all sialyltransferases. Three genes were identified to

PSSR REs WPt AL PPN, L o b o
wlicdledr schyardiffabh@nndthe aipsdssioat ofpS8Tietrangetipts B&ween liver and

speci fic expressi olq (B9). The level of ST-4a nRNA was .
Pr?g?tﬁt fafe pGCaUnhifon dhe (iference iix he dniicats sebptiate: sprcifigities of

biRkOaaRc muscl e which show little and strong
enegpr esgﬁlgtr%,%%reégg%%%t ively (59). ST-4b was identified

Bmtymitiv dtidiey withdynthetigadcehiogd yan ssasplantnid@heeitidiabldctin and
;. ST-4c was nost strongly expressed in heart,
& H@SStestis and ovary. Prostate tissue also
pr eQOR} fAGE Y e%gfgsﬁbﬁ‘.o -Il_nﬁﬁﬁ\(s%} '(12',% ahd %LZ%ongﬁ)ft&arﬁ%erases has
our study, It 1S possible that the human tounterpart

betomnotedtin rataad huecanismsn(60,6621,) Oy Sler] the Skprdssioand mRNA does
ed on the ti.ssue of origin he%i_ %IA,yItransferases
else Witel

ba .
nof AGKAYSr oSS W 4@%@%@ 1ehyia, tum, capnef; fyayppredict
r,;SHC
o 20sTAROL T Yl S ELSRE Byl DECEAPEERSAEN o Phorma
me cadhtmiter ddfivéend i thf 8T6Gek Ii or (STBGant T, | matisinpu pddnt aleetins as

.specificities of enzymes fromthese sources. Epzymati.c
h@gﬁmn@gaﬁvmrwssyﬁw hed gell @ﬁ%eo%P@C@]&rPX@WﬂoérPérf{;f erent linkages
oSSR AR AR DS A B ol chnges
celi txperbpacains ghras egudtases e enariond Gekuien of alefiededt miceaThe present

' t he expr.essi pn of NMRNA doe

tj ssue 60, 61). However .
st W Gl 0 BEVHA SHIBRF ORI Ol ey i cpis S g pesi Hoities

i n . :
o TSRS B SALSL 1LY AR i Bion o
thohistodogratataiobeimeddusing lectie hind artibodynproB&Gad tHe tisues of normal

T3Gal |, by usin l ant | ectins as histochem,cal

ang r E%%féﬁoutrﬁafﬁef Sufdet ot elyrpevlapasiomse aglipitesusing @t array of
cafliohy SR apo phs S aan Mo, SERMICAR, Hefbine, 3l HoloBfo data that i
bectraimgewailable dioin varpe:s dggethf-oughglityasaanysst r uct ures in

various, tissue f deficient mce. The present study

was h_é\BTdér 6 to5F B wothaps 2 ?‘{F?ﬂm& hiEoTSRRfIeR drom the pattern
of ! %%ds?l@ﬂa@fe%é@satcﬁ@ftﬁs,sﬁg Hrbd Slablif& Ble le.v?lf Ogeacﬁgitifnaf lﬁf various

sial yl transterases. SUChrI nformati on w
enfymesrmathie rfgiuucell hhesr AR 615at,i BV fMDAe MB-28 bland \WMA&L A followed

by?q%%{pgildlgge%ir?g%éqer%di ig laaqﬂe ?P.t iTlﬁg ?gvePsr c?tb t?lg cgrri)othggrate structures
likely to arise from these enzyme activities are presented in Table III. Miiller &
Hanisch [2002] found that NeuAca2,3Galp1,3GalNAco- units constituted the major
structure of MFP6 proteins expressed in T47D (68.6%), MDA-MB-231 (65.5%) and
ZR-75-1 (86.1%). The present invention also shows that «2,3-Sia-TI or TII was the

most dominant enzyme as compared to 02,3-sia-TIV in all these cell lines. They also
observed in MCF-7 that sialylated carbohydrate chains comprise only 5.2% of the O-

glycan chains.
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and knockout m ce. Studies of glycosyltransferase
activity using an array of carbohydrate acceptors can

w@bk@o/oewapl enent genom ¢ and proteom ¢ data the€T/US2006/040518
becom' ng avail able from various high-throughput
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th&toﬂ&ﬁﬂ %Qrtﬁé% 1ﬁ<h€at€ AORrHIGEST Gak1 LewRE Henc8dT618203)9.5180 and
hat the biosynthesis of polylactosanne chain is

SWdli@ccﬁldd okpss sialyhbewisGslalyl Lewis™ and sialyl T-hapten.

We compared a breast tumor with colon tumor for glycosyltransferase activities
(see Table V). The colon tumor in comparison to the breast tumor had 18-fold al,3-
FT activity. The a1,4-FT activity in breast tumor was comparatively negligible; but
there was a significant level of al,2-FT activity. These FT activities, thus, mirrored
the O-glycan chains from MUC]1 fusion protein of MCF-7 reported by Muller and
Hanisch. In contrast to the presence of Galfl,4GlcNAc utilizing Gal:3-O-

Sulfotransferase in MCF-7, ZR-75-1 and DU4475, the other Sulfo-T specific for
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| evel of al,6-FT activity indicating the prese
acivite @fpemnered 16 Pwssyfedk einfly yRORIENS Bt hhigh ) %Vel of

oSG B 9 Pt o
cofiRkgMt afkbs kémd@sin dondiaciagithiy dawe td dad bieuasipntindseast ghmor. As

si al yl Lewi sx and sialyl Lew sa. Ancrod was, al so
compiredziadthascolen Hupeperseinenarthabiragt fumemeRecimg ghved a high

% LIRS PlREAL e I B, 9E0B B8P0 o

GANGAcsp 13 Gdl-Tadtaptien. We conpared a breast turmr Wi th
colon tunor for glycosyltransferase activities (see

Tablorir Yhalydifef g@lcgﬁyﬁr&m&aé,éhc@l@ﬁﬁ@ i & @BldnCuiroe tibsueasde Table
tunmor had”18-fol'd al,3- FT activity. The al, 4-FT

IVadndicated a patmr@@étﬁlt:@ﬂyhranﬁf@gmowpams iake o #aag) af ioere cancer

t her e n| ficant
ool el presEns i1 EPneosph Loy By dpl o e gt G S cumor
spgaﬁieﬁ§ ad FeARuMLvith YeiodifieFeat &ddeptks MTZblE:EIII@ rit B@bame evident
Mul | er and Hani sch. In contrast to the presence of

thagal GlobadlasedAcaeseplorsi mgnely : Galfd.AGaNAsRESeRiEO-Ms and D-
47 h
N e L AT A

G%Fﬁ AN R6h-DNR1 hAd CRIR-OBY T8 tumolVRAMBE 43krtieeS the doathncy of
75 and in a nunber of breast tunor ecinens in an
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.dnterestin onote htt ' I
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Further, it is quite interesting to note that while the breast tumor tissue akin to
breast cancer cell lines was almost devoid of FTVI activity, the colon tumor tissue
contained a significant level of this activity thus resembling the colon cancer cell lines.
It appears that N-glycans with 3-Fucosyl Chitobiose core could be a signature

carbohydrate structure associated with colon cancer.
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nanmel y Gal bl , 3Gal NAc 3Gl a-O Me_and

cojn MONAES%!CS Ickish- @tw@naﬁ@l%wwﬁsr@cesﬂ@r SalfHaAG1cNACB-
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Fyr e& SheoRredaminancy off 02,7 {03 Sdnactiéyol brgawrand ealge cancer cells
t 0 S r
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elmtgatlom ir thesssxdlsi Bireshicivial possiitity seams &6 exiktihtdvarian ciindes cells,
uite interesti n to note that while the breast tunor
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cont ai ned a“si gn svel S ac I Vi
glyease iidlply] irhiatecieting d&rgiﬁcrosyhﬂahsfeta@e sctivlity suoeaa! For example,

ST BB R T
LRSS SNBSSl AR, oyl oAt dac

ach1a5l' yin beadftor@gbycand havihy exndéd goréOk EEI%E@M uhe1998ale?, Le®
anal al yaﬁal NQ acti vi t?g) i.n breast and col on cancer cell
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exy(sgggg fo%g@m@ﬁ@%%g% Bi%\{ng(gﬁsi bGoaIE?,%kgsoBSrt of sulfomucin
[Yamachika et al., 1997]. A decrease of this epitope in colon cancer is reported
whereas the expression of sulfo Lewis” is not altered [Yamachika et al., 1997]. Thus,
in accordance with the invention, activities and specificity of the chain terminating
enzymes such as fucosyl-, N-acetylgalactosaminyl, sialyl- and sulfotransferases from
cancer cells and tissues along with a knowledge of oligosaccharide biosynthesis would
help to determine and select the carbohydrate epitopes present at the outer ends of

known as well as unidentified cancer-associated antigens for immunological targeting.
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free supernatant was stored frozen at —20°C until use. Aliquots of 10uL from this
extract were used in assays run in duplicates. Glycosyltransferase activity in cell
lysate was determined by mixing the lysates with acceptor and radiolabeled donor
(monosaccharide) under the reaction conditions detailed below, followed by

separation of un-reacted donor from the radioactive product using anionic or
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reactions took 2h and required a mixture containing 100mM Tris-maleate (pH 7.2),
5mM Mg Acetate, 5SmM ATP, 10mM NaF, 10mM BAL, 7.5mM acceptor, 0.5uCi of
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of the cloned sialyltr n§f';_er ases and LNCaP cel |

=

5 Bap, BI(TC% Sk Sialyltransfergse activity (9% Acceptor
§(7.5 & vned d oned d LNCaP a2, 3(N)ST a2,6(NS
S §<x2,3(O ST a2,3(0 S

y quantitating the [“C] sialylated products from ®a

171718, 2022 pass spectroscopy analysis of these reaction products was perforgeg

100% represents *: 29520 CPM; : 43500 CPM; °: 40560 CPM and % 30930 CRM1

Galp1,4(6-O-Sulfo)GIcNAcB1,6(NeuAca2,3Galp 1,3)GalNAca-O-Me

Galp1,4(6-O-
Sulfo)(Fuco1,3)GlcNACB1,6(NeuAca2,3Galp1,3)GalNAca-O-Me

NeuAca2,3GalB1,4(6-O-Sulfo)(Fucat,3)GlcNAcB1,6(Galp1,3)

GalB1,4(6-O-Sulfo)GIcNAcB1,6(Gal1,3)GalNAca-O-Bn
GalB 1,4(6-O-Sulfo)GIcNAcB1,6(Gal1,3)GalNAca-O-Me
GalNAca-0O-Me
3-O-SulfoGalP1,4GIcNACcB1,6(GaiB1,3)GalNAca-O-Bn
Galp1,4GIcNAcf1,6(3-O-SulfoGalp 1,3)GalNAca-0-Bn

6-O-SulfoGIcNAcB1,6(Galp1,3)GalNAca-O-Bn

Acceptor (7.5mM)

® These values were cbtained b
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T T PART A Gal bl, 4G cNAc b-O Al 100.0 100.0" 4.7 0.5
Gal bi ,3Gal NAc a-0-Al 24.1 0.2 112.0 34.4 Gal bi

WO 4@@7oMess4 bl, 3Gal bl, 4G cNAc b-O-Bn 8.7 Gal bi , BCTASIAE040518
bl, 6) Ga! NAca-0- Al 120.5 1 60.4 Gal b1, 3G cNAc
bl,3Gal b-O-Me 37.2 1.4 2-O MeGal bl,4G cNAc 60.0 90.1
0.2 3-O-MeGal bl,4GcNAc 1.4 8.7 3.6 Gal bl, 34 cNAc
b-O- Al 123.1 3.0 42.1 3.7 2-OMeGal bl, 3G cNAc 115.3
3.7 2.9 2-O-MeGal bl,3d cNAc b-O-Bn 0 Gal bi , 3Gal NAc
bl,3Gala-O Me 106.8 20 1.1 120.8 2 34.3
D- Fucbl, 3Gal NAc bl,3Gala-O-Me 3.1 2.5 115.6 3 9.6
Fetuin triantennary asi alageqp (100nD) 66.1
Gal bl . SGal NAccc- OAI/AA‘CP'Tl 7 PART B:

ng) 1.
Unique sgiyl_ %}%4@ %l_\lAC %J;(g)%@l B i BT ?%lr Fmga 'rggqgﬁcan measure
6.1 4.4 106" HVidp F’c{@é‘ z@‘ﬁfbeal

U_:‘L,J)\JSUI\V'\LQ \J‘DII UJO UI I‘EI-UUJU\JJ.IUT

, 4( Fuggdeptdrd CNAC bl, 6( Gal b1, 3) Gal éiéﬁﬂragsfwas@%cgw?y(%’)
133. 4 Gal bl, 4(Fucal, 3) A cNAQcBté(DigemMme2, 3Gl Acceptor (7.5mM)
b1, 3) Gal NAca- O-Bn 27.1 3 1CQ>nbkquca2Laé‘a|b bl, AGicwbd\C  LNCaP

b1, 6( Gal b1, 3) Gal NAca- 0- Mea85(Bsb. 1 Gaa,bMSTbl oc23(O)ST a2,3(0)ST
,4(Fucal, 3)d cNAc bl, 6(Gl bl, 3) Gal NAca-0-Me 134.9 :

GaIB‘l,SGaLN]Ac&N:leptor (7.5mv) d oned0@ bned Cl A& LNCaR00.0° 100.0
<x2,3(N) ST a2,6(N S a2, 3(@)GSTCBM 3((39)4@ GPM) SU4IEEECEMNC (30600 CPM)
3-0- MeGalB13@ I8AFE-O-B) Gal NAca- O Bn 4@.-&9 101.8 16.5
40MeGa'@éﬁ6§l é@%rsuu f o) @ cNAc bﬂ gg:al bi, 3)"69& NAca- (OBA° 188.7
4-F-Galp1, @@al&iéo Bm 4(6- O Sul f o) ad 102.3 105.1
Galp1,3(6-g4V Ogi | NAca- O Me Qg g 21 30. h192 107.3" 189.4
3-0O-MeGalp1, 3(6 O Me GalNAca-O-Bn ND ND

ND Not determined
' Mass spectroscopy analy31s of these reaction products was performed in Table VI and suppiemental
data
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17 Gal bi ,4(6-0 Sul fo)d cNAc bl, 6( NeuAcaz2, 3Gl

b1, 3) Gal NAca-0-Me 50.8 0.9 Gal b1,4(6-0- 1.7 0
w70y 16Fuc al, 3) G cNAc bl, 6( NeuAcaz, 3Gal PCT/US2006/040518
b1, 3) Gal NAca- O Me NeuAca2, 3Gai bl, 4(6- O Sul f o) (Fuc
al, 3)d cNAc bl,6(Glbl,3) 7.4 Gal NAca- O Me
3-0 Sul foGal bl, 4d cNAcbl, 6( Gai b1, 3) Gal NAca- O Bn
70.3'e,6 Gl bi ,4d cNAc bl, 6(3-0 Sul foGal
b1, 3) Gal NAca-0-Bn 127.4'e, 18 33.1 e, 7 100% represents
a: 29520 CPM D:. 43500 CPM c: 40560 CPM and d: 30930
CPM e: These val ues were obtained by quantitating the
[ 14C] sialylated productgyfegm fracti onati on of the
reaction m xture on a Biogel P2 colum 1-7, 17-18,
20-22 . 333 Spe c troscO py analysis of these reaction
products was perforned in Table VI and suppl enent al
dat a Pighylsansferaps Aetivitips 4owards MoeintPpre? bared ComRUAIST
results in identification of specific acceptors that

neasur ; a2, 3(0) ST a8i°i“9‘i’§ ‘Y'tfﬁ"ﬁf?éa Aé%'é'ﬁ'é% of
y

'[V;“sc'"M??"élzénglf O4R mes Acceptor“ BYI t ¥t BF ao@-340) Tn WCaPO;Z 3(0)ST

- | ,- ' 0005 5 ) 4P0.0°
“C’)'eB‘ff'm&F%g@cLﬁ’g?%E@%@ﬁ%ﬁ&%oog 180)0 100. o( )100 02(?1(2950

Ga'm“eg%gg 90 CPM (43600 M= (30604 OGZPI\/D 34gsMeGal 3.0

MeGalp1 na-0-B p 70.4 2.6 101.8 15.5 OI\/bGaI

4-0- NAc aOBn 1046912]41510@@918&‘64F6alg71
MeGalmbélcﬁ@ahl‘é‘bGalQT OdamaLQ4. 6 10 44.8 1023 10 105.1

O-Bn 1,3(6-O Me) Gal NAc a-O-Bn 107.6 11 119.2 107.3 11
GalB14Gﬂ:&9cpﬂ4 R4-0-MeGal bl, 3(6- O10k) Gal NAces O Bn 5.9 1.1 ND@2.0
MeGalp1 BIGaMxcaMdBndet ermi ned 8' 11 : Mass spectroscopy
3-FGalp1ataNps 56(GRIpT REExiNAcaact | ofl.pr oduct §.2vas pettR@'fred in91.5
O-Bn  Table M and suppl enent al dat aTable 1]1

gaéBMGSNAFMIQ@ ﬁﬁsfﬁémﬁ\?@l%@tlw t T%5"t owar®® Mici n e 2 1.7
n

4-FGalp1 4GIcNAcB1 BngaIB'I 3)GaiNAca- 27 7.9 102.1 ND
0-Bn

ND: Not determlned

100% represents 30440CPM; b. 38140 CPM; % 39200 CPM and % 30100 CPM

12:19.25: Mass spectroscopy analysis of these reaction products was performed in Table VI and
supplemental data
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Cloned Sialyltransferase Activities Micin Core 2
Conmpound a2, 6(N) ST a2,3(N) ST az2,3(0O ST

WO DGaRaBsB8(O) ST [7.5mMM % % % % 3-0- 6L 4 5 108CDTS2006020518
MeGal b1, 43 cNAc bil, 6(Gal bl, 3) Gal NAca- O Bn
Gal b1, 4@ cNAcb1, 6(3-O 100. 0a 100.0b 49.6 3.0 MeGal
b1, 3) Gal NAca-O-Bn 4-0- 12.6 99.8 103.0 97.1 MeGal bi
, 4d cNAc bl, 6( Gl b1, 3) Gal NAca- O Bn
Gal b1, 4@ cNAcb1, 6(4-0- 101.3 100.6 101.3 112.0 M=Gal
b1, 3) Gal NAca- O Bn 3- FGal 1§3 cNAcbl, 6( Gal b1, 3) Gal NAc
a- 11.3 7.2 102.9 12 91. n
Gal bl, 4G cNAcbl, 6(3- FGal bl, 3)Gal NAca- 77.7 19 96.9 25

" Tyrdqde gialgaﬁGn 6t G@th cbrb. 2Has6d\Osim Poluin@é GRlcidntd 3R Bed)BIAC
a- 2.7 7.9 102.1 ND O Bn ND: Not determ ned 100%

represepdunda: 30440CPM b: 38140 CPM cSial3BrosfeGRR and
d: 3BBOMICPM 12, 19, 25. | ]ass spectroscopy anggty8y 4%)

of —these TeactTonm products was performed n Tabl e Vi ;
GalpaR®IeNAsP! BxveitAer-QiAf aTabl e |V Uni que si al yl at i18h0 9860 CPM)
3-O-Mefealpl, HGIIADE 1R SalNAseryBlinds by O oned a2, 3( O 3%
FUCO@@@EMﬁ@'QﬂQﬂB%@WﬁW -B8e [7.5nM activity (>4
3-0-8o6alp A QNS hY), GNAGoABE- O Al a 100. 0 (29860 P 1

data

3- O MGl bl, 3(Gd cNAcbl, 6) Gal NAca- O Bnb 24.7

® The [9-*H] sialylated product was quantitated by BioGel P, Column Chromatography

b Sep-Pak C18 fractionation procedure .
': Mass spectroscopy analysis of this reaction product was performed in Table Vi and supplemental
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Fucal, 2Gal b1, 3(d cNAcbl, 6) Gal NAca- O-Bnb 45. 4
3-0 Sul foGal bl, 3(d cNAcbl, 6) Gal NAca-O Bna 54.7 a The

wQ 2003107684 al yl at ed product was quantitated by BIDGS1006240518

Col utm Chr omat ogr aphy b Sep-Pak C18 fractionation
procedure 1: Mass spectroscopy analysis of this
reacti on product was perforned in Table VI and

suppl enental dataTabl e V D scerning the unique
catalytic abilities of the cloned a2, 3(0 ST by
utilizing an array of syynihgjic conpounds containing
nodi fied term nal bl, 3-Gractosyl residue as

DiscermWﬁﬁ{u& cafaBiiB Abiness M cIDieadA( (OB TBY) utiliging ai\kyray of synthetic

upiE® kofithinig ribdiial teanikil @ @3:Galictéal ebjddEak léceptors.
bl,3Gla-O M 0.12 ii) 3-0O Sul foGl bl, 3Ga| NAC

laXaVa¥sel

A

25113283 #416+11 ) D Fucly

bl FBMRLWIRE 0. 56 i v) 3-0-Sul f oD Fuc TP NeuAc(‘lSOuM) "
bl 3Gal NAch1, 3Gal a- O Me 2.00 14 1873 624KB) MM, pYmpax(pmolih)

c)

4 OI\/E‘GaI b1, 3Gal NAca-O-Bn 0.13 1250 ii)

G'Ob OBn 0.25 1442 iii) o1 1293
”) 3_ F UH q-3 al@rb e2l 15 1250 c) Mucin Cor1ez52: 13
416

iy D-FucB1,3GalNAcB1,3Gala-O-Me 0.56 “ 1873
iv) 3-O-SulfoD-FucB1,3GalNAcB1,3Gala-O-Me g 2.00 624
T-hapten:

i) 4-O-MeGalB1,3GalNAca-O-Bn 0.13 1250
iy 4-FGalg1,3GalNAca-O-Bn 0.25 " 1442
iy D-Fucf1,3GalNAca-O-Bn 0.21 1250
Mucin Core 2: "

i) D-FucP1,3(GlcNAcB1.6)GalNAca-0-Bn 0.28 1562
ii) Fuca1,2GalR1,3(GlcNAcB1,6)GalNAca-O-Bn 1.82 197

8 The reaction mixtures (20ul) contained 0.2uCi CMP[9- -*HINeuAc in 150uM CMP-NeuAc
® Mass spectroscopy analysis of these reaction products was performed in Table VI and supplemental
data S4 (Table V1) is the synthetic acceptors that yields product '*
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i) D Fucbl, 3(d cNAc bl.6) Gal NAca-O-Bn 0.28 16 1562 ii)
Fucai ,2Gl bl, 3(d cNAc bl, 6) Gal NAca-O-Bn 1.82 197 a
wab@7/0em6t i on m xtures (20m ) contai ned 0. 2nCi PCT/US2006/040518
CVP[ 9- 3H] NeuAc in 150mM CWVP- NeuAc 13 16 - Mass
spectroscopy analysis of these reaction products was
perfornmed in Table VI and supplenental data. S4 (Table
VI) is the synthetic acceptors that yields product
14Tabl e VI Mass spectral analysis of enzymatically
sialylated acceptors 3 [} El%, b1, 3Gal NAc bl, 3Gal a- O e
GM[Miv i-W T .t a2, '3 6 835.2 Q Q H+2Naf: NeuAc
879.2 4 Gal bi ,43cNAc bl ,6(Gl bl ,3)G&l NAc a-O Bn

[M [MH ": t a2,3 6 3 1129.4 1 9 H+2Naf: | | -71.
"1l Neuwhss $pecdrabarmlysisdf SukyndEicalN sialpldied acQgitors
bl,3)&GINAc a-O A G[M IIWI/IIUPI 2" . | a2,3 143

997.9 4 p 2H+4Na] 2+ : NeuAc 544 .0 6 3-O SulfoGal_

bl,4d cNAc bl,6(Gal bl,3)GINAC a- T MVI-—O RROUN (m/z)
Compoung M 2H] 2" Oligosggchariges g 1 2H+4Na ielgl Nega ixg ~ Positive
“No. 650 3 7 Gal bi 4G cNA i ~

q2l4 b 604.1 G AQ Q o 916.0
2 Galp1,3GalNAcB1,3Gala-O-Me . M-
N ug,3 138 8503 PPl HeoNg]
NeuAc ’ 8?'\4/'1.7
3 D-FucB1,3GalNAcB1,3Gala-O-Me e -
N azﬁ,3 160 8352  DEHL HioNa]
NeuAc ‘ 8{7{3.2
4 GalB1,4GlcNAC B1,6(GalB1,3)GalNAca-O-Bn - -
. 1 02,3 63 11294 g“f;] S He2Na]
NeuAc ) 1173.5
5 8-O-SulfoGIcNAC B1,6 (Galg1,3)GalNAca-O-Al s [M-
Y a2,3 143 997.9 [nggzgé © oH+4Na®
NeuAc ' 544.0
6 3-0-SulfoGalB1,4GlcNAc B1,6(Galp1,3)GalNAco- . -
O-Bn 145 40104 MR oiaNaP
1 02,3 604.1 550.3
NeuAc )
7 Galp1,4GIcNAc B1,6(3-O-SulfoGalp1,3)GalNAca- )
0-Bn M pigq  IM2HP: ZH,% o
1 a2,2/4° . 604.1 :
649.9
NeuAc
8 GalB1,3GalNAca-O-Bn ur
T ag,3 146 7043 DO
NeuAc
9 4-0-MeGalp1,3GalNAca-0O-Bn IM-H:
1 02,3 140 7787 S0E
NeuAc
10 4-F-Galp1,3GalNAca-O-Bn 124 . [M-
1 ag,3 7662 OEHL HeoNar
NeuAc ' 813.4
11 Galp1,3(6-0-Me)GalNAca-0-Bn ,
1 02,3 147 "
e 7787 OPL eoNar
u : 823.3
A
C
12 3-F-Galp1,4GIcNAc B1,6(GalB1,3)GalNAca-O-Bn [M-H
1 02,3 94  1131.4 '
NeuAc 1129.4
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NeuAc 8 Gal bl,3GlINAc a-O-Bn JliWw/li- Upij". . T
a2,3 146 764.3 763.4 NeuAc 9 4-O MeGal bl , 3Gal NAc
w@2@7BmepM Hl -: t a2,3 140 778.7 777.6 NeuAc. 1BCHUF20G&040518
bl ,3GlINAc a-OBn 124 GJi U-. [M a2,3 [IVI- pJ .
766.2 7R/ H+2Na] + : | OL.Q) NeuAc 813.4 1 1 Gl bi
,3(6-O-Me)@&INAC a-O-Bn't a2,3 117 [Me [MH : 778.7
H+2Na] + : 7775U8233AC123FGaI bl ,4G cNAc bl

R/ f‘a| In1 Q\ f"gl I\I/\r~ a NP -t ..a9 -r n
a—<o oIl U ClL O \J IVM I VV IJ I .
c°mpouncgl3}: » Nouigy b1 2% AGRAPOUNd Ol | GoGRRRNGes Yi el
No. (nmol) MW Found (m/z)
. Positive
Negativ
e mode Mode
13 3-0-SulfoGalp1, 3GaINAcB1 3Galo-O-Me [M-2HP
1 a2,2/4° 13 931.2 463 9'
NeuAc )
14 (3-O-Sulfo)D-Fucp1, 3GalNAc(31 3Gala-O-Me [M-2HP
1 02,2/4° 17 915.2 455.2 )
NeuAc ’
15 D-FucB1,3GalNAca-O-Bn [M-H:
1 02,3 114 7487 747 6'
NeuAc )
16 D-FucB1,3(GlcNAcB1,6)GalNAca-O-Bn [M-H
1 02,3 A 118 9513 049 7‘
NeuAc )
17 GalB1,4(6-0O-Suifo)GIcNAc , M-
B1,6(Galp1,3)GalNAca-O-Me 87 1134.0 [M-2H]*: 2H+4Na]>:
1 02,6 566.8 611.9
NeuAc ’
18 GalB1,4GlIcNAc $1,6(3-O-SulfoGalB1,3)GalNAca-
O-Bn 121 12104 M-2HE 2H+[I4\1/ll\-la]+'
1 62,6 ‘ 604.3 649.6 '
- NeuAc )
19 GalB1,4GlcNAc B1,6(3-F-GalB1,3)GalNAca-O-Bn [M-HT"
1 a2,6 69 11314 1128 9
NeuAc '
20 Galp1,3GalNAcB1,3Gala-O-Me ' M-HT:  [M-H+2Na]":
193 175 8503 Tg490 895.0
21 GalB1,4(6-0O-Sulfo)GicNAc , M-
B1,6(Gal1,3)GalNAca-O-Me 129 1134.0 [M-2H]™: 2H+4Na]?:
1 02,3 ' 567.2 611.3 |
NeuAc '
22 GalB1,4(6-0O-Sulfo)GIcNAc
B1,6(GalB1,3)GalNAca-O-Me 159 1423.0 [M-3H]:
1 a2,3 1 02,3 ’ 472.2
NeuAc NeuAc
23 Gal1,4GIcNAc B1,6(3-O-SulfoGalB1,3)GalNAca- \ M-
0-Bn 146 [M-2H]": ¥,
+a2,3 1210.1 603.4 2H6~I-:ng5a] :
NeuAc )
24 40MeGalf1,4GIcNAca-O-Bn [M-H"
1 02,3 174  778.7 777 3‘
NeuAc )
25 Galp1,4GIcNAc B1,6(3-F-GalB1,3)GalNAca-O-Bn [M-HJ:
1 02,3 117 11314 11303‘,
NeuAc )
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No. (nnol) MW Found (nmfz) Neengoadtiev PMbsoi dtieve 13

3-0O Sul foGal bl, 3Gl NAc bl,3Gla-OMe t a2, 2/4b 13
w@3b7a476M4 2H 2" . NeuAc 463.9 14 (3- O Sul f 0) DPELITS2006/040518

bl, 3Gl NAc bl,3Gla-OMe t a2,2/4b 17 915.2 [M2H 2"

: NeuAc 455.2 15 D Fuc bl, 3Gl NAca-0-Bn t a2,3 114

748.7 [MH ": 747.6 NeuAc 16 D Fuc bl, 3(d cNAc

bl,6)Gl NAc a-O-Bn t a2,3 118 951.3 [MH ": 949.7

NeuAC 1 _4(6-0- Sul f .
st GOSN [ won 27 11000 itiar

t a2, 6 566. .9 NeuAc 18 @Gl bi ,4d cNAc '
s2 Jo@ Bk lH o beﬁwA% GadAc a- [MD>- Bn [M h.2- .
3 21pa§3 HeaKal 4 %12 6 604.3 649. 6geniAcMelGal bi
. 4G cNARebrl 6(3- F- Gal bl,3)Gal Nac a- O Bn [ M HPP™ ¢
S3 ﬂF@BGQGém&BmGﬂa’ZSI\B& NeuAc 20 Gal b1l, 3£} NAQV- HT: [M-H+2Na]"
bl, 3Gal a- O Me 542.2 565.8

S4  (3-0-Sulfo)D-Fucp1,3GalNAcB1,3Gala-O-Me 6030  IM-HT:  [M-H+2Nal"
: 621.6 667.8

2 NeuAc denotes the sialic acid that was added to specific acceptors by the action of cloned
sialyltransferases: a2,3(0)ST (Samples 1-16), a2,6(N)ST (Samples 17- 19) and a2,3(N)ST (Samples 20-
25) $1-84 are chemically synthesized compounds

® Sialylation may take place at either the C-2 or C-4 position of Gal in the GalB1,3GalNac residue of the
core-2 structure

® Yield was calculated from the percentage of radioactivity incorporated into the acceptor from 200nmol

of
CMP-[9-°H]NeuAc taken in the reaction mixture
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[MH

NeuAc 2 1 Gal bi

[MH+2Na] + t a2,3 175 850.3 849.0 895.0

,4(6-0-SulfO G cNAC [M Dbl, 6(Gal

wWh203pEsENAC a- O Me 129 1134.0 [ M 2H] 2H+4Na] PGT/UB2006/040518

a2,3 567.2 611.3 NeuAc 22 Gl bi

b1, 6( Gal

| 2-

bl,3)Gal NAc a-O Me 159 [M3H |' 3-.
a2,3 t 2,3 472.2 NeuAc NeuAc 23 Gal bi
b1, 6(3-0- Sul f oGal

, 4(6-0-Sul f O G cNAc
1423.0 t
, 43 cNAC

bl,3)Gal NAc a- [MO- Bn 146 [ M 2H]

. 1210.1 2H+4Na] +:, T "2, 3 603.4 649.5 NeuAc 24
AOMeGal bl,4d cNAc a- LEMIED -t a2,3 174 778.7
NeuAc 777.3 25 Gal bi

b1, 3) Gal
1130. 3S ’IAQ’"

, 43 cNAc bl, 6(3-F-Gal

%og u@@ fcIr M’sebun thEe edzyfRcdincatcbr celt ik - 4 NeUuAc
“B°8UTT oGal &al NAca- O NP 875. 8 [ M 2Hf :

t a2,6 437.1 NeuAc S2 33 [MH+2Na] +:

Enzyme

Sialyltransferase
02,3-Sia-TI or T1I
(ST3:Galp1,3GalNAc)

02,3-Sia-TIV

(ST3: Galp1,4GIcNAc)
02,6-Sia-TI ,
(ST6:Galp1,4GIcNAC)
02,3-Sia-TIV

Gal-/GalNAc-transferase
B-GlcNAc:p1,4-Gal-T
B-GlcNAc:p1,4-GalNAc-T
a-GalNAc:f1,3-Gal-T

Fucosyltransferase
al,2-Fuc-T
al,3-Fuc-T
ol,4-Fuc-T

Fuc-TVI

- Fuce-TVII

al,6-Fuc-T

Sulfotransferase
Gal3-0-Sulfo-T, or Ts
Gal3-0-Sulfo-T,
GleNAc6-0O-Sulfo-T

Acceptor used for measuring
the enzyme activity

3-0-MeGalp1,4GlcNAcp1,6(Galpl,3)GalNAca-O-Bn

GalB1,4GlcNAcB1,6(3-0-MeGaif1,3)GalNAca-O-Bn
2-0-MeGalp1,3GlcNAcB-O-Bn

3-0-MeGalp1,3(GlcNAcp1,6)GalNAco-O-Bn
3-0-MeGalB1,3(GIcNAcf1,6)GalNAca-O-Bn
4-F-GlcNAcp1,6GalNAca-O-Bn

Galp-0O-Bn

2-0-MeGalpl,4GIlcNAc
2-0-MeGalf1,3GlcNAc

Fetuin triantennary asialo glycopeptide

Ancrod

GIcNAcP1,4GIcNAcB-O-Bn

Fetuin triantennary sialo glycopeptide

Fetuin triantennary asialo agalacto glycopeptide

Galp1,4GIcNAcB1,6(3-0-MeGalpl,3)GalNAce-O-Bn
3-0-MeGalp1,4GIcNAcB1,6(Galp1,3) GalNAca-O-Bn
3-0-MeGalp1,3(GlcNAcp1,6)GalNAca-O-Bn
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TABLE VIII

565.8 S4 (3-O Sul fo)D Fuc bl, 3Gal NAcbl, 3Gal a- O e
[MH": [MH2Na] +: 623.0 621.6 667.8 a NeuAc denotes

W bh@794mbi ¢ acid that was added to specific acke€pUs2086/040518

by the action of cloned sialyltransferases: a2,3(0O ST
(Sanpl es 1-16), a2,6(N) ST (Sanpl esgl7-19) and

a2, 3(N), ST (Sanpl es 20- 25). S1- S@%ire chenmical ly

synt hegi Zed. ¢onpounds b «Hieal yl at iR gray take: plage at
elthEd S Z or T4 BdBEITBn off €& in the

Gal b | Nac residue of the core-2 structure c Yield
was cal cul ated fromthe percentage of radioactivity

i ncorporgted into the acceptor frégm 200nnol  of

CWP- [ 92 3H) NeuAc taken in the rea%mon m xt ur eTABLE
VII: ceptors used for agsayi ng enzynesgi N2 gancer
cel | éagnes %z’yms ccept@P\ %é’ed f%lg’q;ﬁeasurl ngy the
enzymegacftivity Sialyltransf er ase a2,3-Sia-Tl orTllI

3-O Me@Gal bl , 4d cNAc bl , 6( Gal , 3) Gal NAc a- O Bn

(ST3:Gal bl |, 3Gal NAC) a2,3-3ia-T|vs T3: Gal bl , 4@ cNAc)

Gal bl , 4G cNAC bl , 6(3-O MeGal bl, 32l NAc a- O Bn
a2, 6-8ha-[Tls £976: Gal bl « 4@ CNAC) a5 3-Sia-TIy =
2-0 1@ |b|“3@ cNAe sbo O 8k B4 - / GBIMNAC- t r ansTer ase
B-dc bI ,4-Gl-T 3-O MeGal bl , 3(d cNAc bl , 6) Gal NAc
éOBn b-GCNAC bl 4GaINACT30l\/EGaIbI 3(GICNAC
Bl , 6)GaINAcaOBnaGaINAc bl', 3-&ak-T

4- F-a cNAcbl , 6Gal NAc a- O Bn Fucos@lggransferase
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TABLE IX

al,2-Fuc-T Gal b-O-Bn al, 3-Fuc-T 2-O MeGal bl , 43 cNAc

al ,4-Fuc-T 2-O Me@Gl bl ,3G cNAc Fetuin triantennary
wa@sioaleret ycopept i de Ancrod Fuc-TVI Gd cNAcbl , 4B T/NBRD06/040518

b-O Bn Fuc-TVII Fetuin triantennary sial o glycopeptide

al ,6-Fuc-T Fetuin triantennary asial o agal acto

gl ycopepti de Sul fotransferase Gal 3-O-Sul fo-T2 orT 3

Gal bl , 4G cNAc bl, 6(3-O0 MeGal bl, 3)Gal NAc a- O Bn

Gal 3-O Sul fo-T4 3-O MeGal bl , 4d cNAc bl, 6(Gal bl, 3)

Gal NAca- O-Bn G cNAc6-O Sul fo-T

3-0O I'bl, 3( A cNAcbl, 6) Gal NAca- O- BnTABLE VI I |
Sial§, Fucosyl-o b-@lBclosyle, & x ¥ o o
b- N-Aget yl gal act osam nyl - and

A ycgn: 8- O Sul fo-Transferase activities in breast
cancer Cell lines. Activity: Incorporation of
r adi c%l ve sugar or [35S] sulfate [CPMklI O J catal yzed

by I rotei®h of ot BetcePl exPrct® NS Rot Pet ermi ned
- MCF-7 T47D ZR-75-1 NDA- MDA- MDAMB- 231

DU44N5 120 MB4355 4<3§/L 43541 GC6 ORI .

Si al gt§ anst ef ases: a2, 3 O)ST 126.5 105. 2 86 8 368.1

8.7 197.8 257.4 171.6 159.1 a2,3(N)ST 10.6 9.4 4.2

12.3.2.9 183263184;77a2 6(M)ST Q3486 74.1

0 0 6.8 56.0564. ¥ Budos¥l tT aNsFerdsés: Caf, &~ L- FT 0. 4

2.9i2803469040001al3LFT30548140.6

105. 8 4 205850050 xal xd-d-ETD. B F 1°0+5+156. 5

255. % 15000F'?VI0040301902500

al , 65L-®T 631><2><3§2¢Q 127 3 612 61L4 2@5 496. 6
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Fet TA- Asi al oGP 200.1 195.1 N D ND 221.6 105.4 96.1
99.9 103.8 FetTA-SialoGP 0 O NDND 31.7 9.6 000

wa\nwrodess 0 ND N D 33.8 41.3 00 0
bGal / Gal NAc- Tr ansf erases: d cNAc:

bl ,4Gal -T

PCT/US2006/040518

494. 4(100. 0) 284.9(100.0) 358.1 552.7 155.5(100. 0)
260. 7(100. 0) 80. 1(100.0) 400. 1(100. 0) 295. 8( 100. 0)
G cNAc: bl , 4Gal NAc- T 152. 1(30.8) 13.4(4.7) ND ND
103.3(66.4) 33.1(12.7) 34.7(43.3) 86.2(21.5) 65.7
%£22.2) aGal NAc: bl,3Gal-T 28.8 23.3 30.6 36.3 47.4

35.6 1lgl 45.3 43.6 dvcan-. Sul fotransferases

|,3@INAC a-: 3-O-Sulfp-T 1.2 3.4 0.3 2.1 51.8

TR TCEY

§2.6.28.1 Galbl, 4G cNAc b: 3-O-Sulfo-T 0.2
Y 1194581 2033 93 8.5 0.8 G.cNAC: 6- O=Sulf 02T
=0.i20.2°0.1 0 p 2TABLE | X & cgmparison of the
gfSleach potenti al si gnat ur escaFbohydrat e
g?%anong several cancer cel § | Enes.
r'a

te Structural Unit Breast Cancer Cell Lines

7

8

Lol on Cancler Cell Lines Ovarian Cancer Hepatic Cancer
Li nes| Cell Line 3A-MB- MCF-7 T47D ZR-75-1 DU4675

MB- MDA-435/ MDA-435/ SWL 116 SW626 PA-1 23J.
LCC6MDRL i) 6-Fucosyl Chitobiose core 5X 3X

" 5X 5X 2X 4X 4X 4X 4X 4X 4X 4X 4X 3X ii) 3-Fucosyl
igsel core OTTOTOTOOO9X 16X XOOOiii)

TABLE X

§ O O-6X 10% 4@x@ © O 13X 9X 4X X 0 0dVv)e &

E al 2X 72X 4AXBRXGHTO 9X X &X 3X 3X T v)

8 T-hapten 4X 3X 3X 12X T & $X 6X 6X X 3X 3X

g @(@%3'-SulfoLeV\/isxOXO)E.’l&X@OOOTlOX

BX X0 U vii) 3-Sialyl Lewisx ThTTTOTOO

DT EBTHOI bii) BE-Sratylobenissa D00 T WRTH &

DT BTOOLOIX) T-haptef TTTTT RTTTOOOX X

T x) B -Sgfo T-hapten 00 0O 0 7X GyXHX 4X T 5X 3X T
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xi) 3 -Sialyl LacNAc OOOOOOXXXTTTOOX

xii) 6'-Sialyl LacNAc OO O X OOX X XT OOOOS5X
woirp4ieeni s b OO OO X OOOOTTTT T O XPUY/URNG/E40518

y OOOOXOOOOTTTTT Oa - x denotes the

| owest concentration that was considered as 1-fold

when a conparison of a particular structure was nade

anong all the cancer cel | TABLEXI st ydied here. b-T

Sialyl-, Fucosyl[ %%%h?to&yﬁ%}ﬁ%&%l&%@%ﬁgﬁi %@ G%M—O-@Sltfogfrmsﬂ%ge-raéwﬁﬁs X three different tissues.

Activity: IncorpgraNin'Qﬁ elashB s Qi SGIYAte [Cﬂﬁglo ] catalyzed by 1mg protein of the tissue extract.
d ycan: 3- O Sul ransferase activities of colon

c@NZAME ovari an cancer, | eot.em EMOR hepatmnmnva
cell lines Activity: lncor 6o
WBSS] sul fate [CPMkI O'3] catal yzed by I
pretEéPiTof the cell extract. BREFYME COLON CANCE

OVER(ART CANCER HEPATI C CANCER %&0205 LS180 sw
SVBPEVRA. Hep&2 Sial vlt r ansf é <x2,3(0O sT!

%%bséiltgjgg % 0 5.0 185.7 a2,3(N)ST 3.5 7. 4 7.5 1. 3 1 3
ST 4.2 0 0 0 0 362.8 Fucosyl transferases

ga dsfT 3.8 5.5 3.4 2.7 0.98€ al,3-L-FT 267.43

25y GR1p

22GaNA®RS-A1 86. 7 11.8 al , 464-FT 319.0 210. 85.89. 4
2411)@3a[[31 SGONEPYBGAGD-M8 180. 3 114812.3 0.8 0 9 \ 137
a,i§-D-FEePl, 3B EPBHCIP0BL3. 9 438898443.5 292.0 16.2
Fel FA-F2-aIMsGRIBRYAICNAC399. 7 199409 165. 4 148. 9 39.385
Féﬂﬂ@w@aﬂﬁ7 2 251.2 61.1 0 0 43.6 Ancrod 77. ¢

a'?%b;@CWC@I %)Gaﬁp e Gal NAc- Tr&hsf erases: G cNARS

6(100. 0) 503. 00.0) 478.2(100.,0)
1%%%?@@%‘05 xgéﬁgcﬁ% o0 A 48

B-Gal/GalNAc-Transferases:

a) p-GIcNAc:B1,4Gal-T 421.0(100.0%) 403.4(100.0%)
b) B-GlcNAc:p1,4GalNAc-T 85.3(20.3%) 153.2(38.0%)
a-GalNAc:p1,3Gal-T 102.2(24.3%) 38.6(9.6%)

a and b by using Other Acceptors:
i) GIcNAcp1,6Mana-0O-Al: a. 493.4(100.0%) 443.6(100.0%)
b. 54.5(11.0%) 99.2(22.4%)
ii) GlcNAcB1,2Manf1,6Glcp-O-Al:
a. 2777 70.5
b. 25.6 57.9
_iii) GIcNAcp1,3Galp-O-Me: a. 2479 338.5
. b. 20.9 60.9
iv) GIcNAcp1,4GlcNAcB-O-Bn: a. 307.6 436.7
b. 189 57.8
Glycan:Sulfotransferases:
Galp1,3GalNAca-:3-O-Sulfo-T 40.1 60.2 "
Galp1,4GlcNAcB-:3-O-Sulfo-T 181.2 5.0
GlcNAc:6-0-Sulfo-T 52.8 69.8
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pl, 4Gal-T G cNAc: 27.6(9.3) 73.0(32.2) 171.5(34.1)

142.8(29.9) 75.5(40.4) 148.1(31.0) bl,4Gl NAc-T
wW@2@alodss4 31.5 ' 23.7 62.2 65.4 29.5 146. 3 bl PGzER2006/040518

d vcan: Sul fotransferases: Galbl,3Gl NAc a-: 1.3 33.4

17.3 2.5 0.8 ND 3-O-Sulfo-T. Gal bl ,4d cNAc b-: 6.4

216.0 92.5 15.7°0 ND 3-O-Sulfo-T GcNAc: 6-O-Sul fo-T

able XIL. Ava i cceptors atic leis redis 4T HSIO xll_'
Table XIL. vl 2ot cEeobt PR RSl Pt GHE Sl
progress. Bold&d sﬂgﬁrﬁésg&u@'d&“té s@téIfﬁl%ﬁ{aﬁ&&as@%tio}{]tt ies in three

e

different tissues. Activity: Incorporation of
Compound I @di oact i Veagi@ay or [_358] ) su! f at e [ CP\WKkI O 3] Enzyme,
1 Cadap MERINNG 1-TEhviEb SERBIL Bhak G SogSUe extract T SR Yt
2 QN 3- L6l GAYE OB T LI, Sulfo T-2,3
3 ' YIS IR LT FGES GalfT563) SAURA -9 O\ SR T-4
1 B3 Gaipd - AGIRA ST (G105 dan Reg- WO S VI tTansterasess je 13
5 AT G 15 4GIoN Alep 1 SEMe T2 BB L £8aRack_SoB ) St —bt53§ OaYGNT T
6 q-MeOlaGABT SndicR LT 1 e &1 35 S A T ONT 1
7 Gafp IMAGINATHC, Qfuai | SGRNAL R SBR T O VE 070 IO gy b GNT I
8 & P-4Galg1 BAGKNAEAY SR GaT o el Ky Sop 0 7 0V I A 2r b G T
9 INEIARD 3 GHB I aGIRA BT 0 B T3 N ACE 0B © ' [°Gal-6-Sulfo T 1
10 +MD-3GalB1-4GIcNACB 1 >6(NeuAcoz—3)Galp—>3GalNAca—OB Gal-6-Sulfo T I
11 GalB1->4MeO-3GIcNACB1->6(GalNAcB1—3)GalNAca—OB a(1,2)- L-FT I
12* GalNAcB1—-4(MeO-3GlcNAC)B1—6(GalB1->3)GalNAca—>OB 0(1,2) -L-FT II
13 SE-6Galf1—-4GlcNAcB1—-6(GalNAcl—>3) GalNAco—~OB o(1,2)-L-FT 1 for
i Galp1—4 GIcNAc
14 SE-6GalNAc1—>4GIcNAcB1-6(SE-6 Gall—>3)GalNAca—>OB a(1,2) L-FT II
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al,4-L-FT: 2-O-MeGal bl,3@ cNAc 727.5 4.6 FTVI:d cNAc
bl ,4d cNAC b-O-Bn 139.1 0.3 b-Gal/ Gal NAc- Tr ansf er ases:

w@oosn@esNAC: bl ,4Gal -T 421. 0(100. 0% 403. 4( 10BCDUE200§/040518

b-d cNAc: bl ,4Gal NAc-T 85.3(20.3% 153.2(38.0%

a-Gal NAc: bl ,3Gl-T 102.2(24.3% 38.6(9.6% a and b
by using Other Acceptors: i) G cNAc bl,6Man a-O Al : a.
493.4(100.0% 443.6(100.0% b. 54.5(11.0% 99.2(22.4%

Abbrevidtiohs (beiNReeiR hyedVEBlIRYs: 63 ¢ b-O- Al 1 a. 277.7 70.5 b.

AA/CP:

25.6 57.9 iii) AcNAc bl,3GIl b-OM: a. 247.9 338.5
b. 20.9 60.9 iy bl 43 cNAc b-O-Bn: a. 307.6
436.7 b. 18.9 g?f.r)gar&[&\%cccé) :O%(mef’otransferases:

Gal bl , 3Gl NAc a-:3-0O-Sulfo-T 40.1 60.2 Gal bl , 4d cNAC

Al b-:S-OSquo-TAi 1.2 5.0 GcNAc: 6-O Sul fo-T 52.8
69. 8Table XlI1I. Availability of Novel Acceptors for
Enzymatic Studies. [" t hesi s of conpound in progress.

BAL " Bol ded sugar r ?ﬁﬁ%é@?@mt& site of

B gl ycosyl transferase action]. Com ound Acceptor Enz

n meAbbr evi at i onSeU&Rd herein are as fol | ows: AA/ CP;
Acryl am de Copol yner; Al Al ly! BAL British

BSA: anti-Lew site BoviBenaym &#8AninBovi ne serum al bumi n;

CPM Counts per minute

FetTA Fetuin triantannery

FT Fucosyltransferase

GlyCAM-1: Glycosylation-dependent cell adhesion molecule-1;

Globo backbone GalP1,3GalNAcB1,3Gala-

GP Glycopeptide molecule-1;

LacNAc: GalP1,4GlcNAc;

LacNAc type 1 Galp1,3GIcNAc

LacNAc type 2 Galp1,4GlcNAc

Lewis® Galp1,3(Fucal,4)GIcNAc

Lewis® Fucal,2Galp1,3(Fucal,4)GlcNAc

Lewis® GalB1,4(Fucal,3)GlcNAc

Lewis’ Fucal,2GalB1,4(Fucal,3)GlcNAc

Me Methyl

94
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CPM Counts per mnute FetTA Fetuin triantannery FT
Fucosyl transferase A yCAM 1: {d ycosyl ati on- dependent
wa@edor/oadbhe G obo backbone Gal bl |, 3Gal NAcbl, 3GapPEF/ USH06/040518
G ycopeptide nol ecule- 1; LacNAc: Gl bl , 43 cNAc;
LacNAc type 1 Gal bl ,3G cNAc LacNAc type 2 @Gl bl
, 4G cNAc Lewi sa @Gl bl , 3(Fucal,4)d cNAc Lew sb
Fucal , 2Gl bl , 3(Fuc al,4)d cNAc Lew s" ~
Gal bl, 4(Fucal, 3) d cNAc Lewi sy Fucal ,2Gl bl ,4(Fuca
, 3) @ cNAc Me Met hyl 94PAPS 3' - phospho adenosi ne,
Sr- phosphosul fate PNA: Peanut agglutinin; PSG-I:
pAPS P-selectin gl yy—%ﬁé%@'aﬁeﬂdsﬂl@nﬁ -phosgReAil R Ci nus
comuni s agglutinin; RM Reaction mxture; Siglec:
Sialic acid-binding lectin of the inmunogl obulin super
PNA: famly; ST: Sighyhitdognehss ase; T-hapten: Gal bl
, 3Gl NAca-; TLC Th| n | ayer chromatography; WGA: \Weat
gern1agg|ut|n|n What is clainmed is: 1. A nethod for
PSGL-1: determi ni ng sunsdléciinedycopRatibilizahdl; a transferase
enzyne selected from t%e group consi sting of
gl ycosyl transferases and sul fotransferases conpri sing:

RCA: @) selecting &RisibstémhRnistgbRtinksted for specificity
for sul fotransferases and

RM: Reaction mixture;

Siglec: Sialic acid-binding lectin of the immunoglobulin super family;
ST: Sialyltransferase;

T-hapten: | Galp1,3GalNAca-;

TLC: Thin layer chromatography;

WGA: Wheat germ agglutinin.
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for glycosyltransferases, fromtri, tetra or penta
sacchari de conpounds contai ning at | east one

W@ eQo@oeMAL bl saccharide that nay be substit ut eBCTHIS1006/040518
MO, EtO, Allyl-O or N3- and termnating in
(H1x3Gal NAca- OR, (r)3d cNAcb-OR or (r)3Gala-O R where R
igehﬁl?aksﬁl%lnlgfiﬁT', azido or allyl all of 1 through 8
carbon atons where R may be substituted with hal o,
-OH, -SC3, or - N ; b) conbining the substrate
sbpar ab engthod €01 eefenmigingcwibsiratesspecdficafy otransferase enzyme

sul,fo-transferase in .a.series, for transfer, of

o Socted SRR BRNE AP Reht S5 oo BlapborRa S Slutapptgmmses
i&@@ﬂgﬂ@cti on with a donor conpound for the

particul ar noiety, where the noiety is radio |abeled,

i # a begledingd aloieaaso belastaddhr sfeciisititfopsulfftranpisrasesand

te a rmdncubat i m_xtures: ¢) incubatin
¢ o BBk r G P 1 e PR secShari i dBisgifes
1&ori@inAipOAtt ledd oheJ-ERENBRP T istchhitle tHa® FhADBY buBklituted with
m nutes to about four hours; d) testing the resulting

i Nelbat | BiPwi fllyk-&s of ebeh avdpéarmirating in —3GalNAco-OR,

SRR 3Gt ol B T 00 SR Ao 1

athelowkl 8 EabbR ko Wwhete ROmER be siibstieuted el nalgness -80,, or —
each separate glycosyltransferase or sulfotransferase
i NGeransferring the particular noiety to the

SHD oL b ine BRI RAPLHEE, OSSRl

t afshredsféag e paidsi gt ahngel @fFYa tparttalLr fivessyl or sulfo
whet her a particul ar glycosyltranferase or

sty r tnof Bacagharidler dn toonivnahient evith e dpagn cempaynd for the
ér?l&(la{ di %v%%?et frRt r%o}'%(e?% :ralg]cg% g%bge:f%ds ég adguﬁfglied fisiueous

gt ycosyl transf erases or s

ssolufidiiist dbeuepMiofabent\wWetabeit 1, he ferbipbiiRnagikdures;
specifically with a particular glycosyltransferase or

se) f otineubetiag dhepingubatioa mixturesiato? tevmneratine ofifsom abput 18 to

j j - 3.~ Th t hod
DU 7 8 CHLRL Y hBibbd ) Mg Sibait fot o Eaer
odle oftedtlobl the Drat@hingOr imabadii t ndR@kes( " b8 ek bl separate
where the Gal bl , DFucbl or additional -(r)d cNAchI

nidy coyltsmsirasey pe dsuliotangfeiase  for @eactinl proauct ogonygising a
chemical combination of substrate and particular moiety to determine
effectiveness of each separate glycosyltransferase or sulfotransferase in
transferring the particular moiety to the substrate; and.

e) comparing the effectiveness of each glycosyltransferase or
sulfotransferase in transferring the particular moiety to determine whether a
particular glycosyltranferase or sulfotransferase acts to transfer the particular
moiety to the substrate when the other glycosyltransferases or sulfotransferases
do not do so, thus determining whether the substrate acts specifically with a

particular glycosyltransferase or sulfotransferase.
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4. The method of claim 1l where the transferase is a

gl ycosyl transferase selected fromthe group consisting
w@boogiogdeyd t r ansf erases, fucosyltransferases, PCT/US2006/040518

N-acetyl gl ucosam nyl transferases,

gt actiey e of EPuEds b B SURTER s Bimales G

tOp. i ncubation tenperature is about 35 to about 4Q0C.
6. The nethod of claim 1l where the incubation
t%npeﬂ%heunethbé ofblaim 23wbege ﬂae subsﬁﬁ%sb tortainket least one of

B¢ PofBl 8F mofidioRy PRl el oSt HeoTEILy gy o
satlditdnapNSGRNSSBI Wb@édb@@ﬁ]yédt\fzﬁllﬂﬁ/ﬁ&}-a?&® CAIRALO SoN -,
f4 sel ecti n a substrate specific for f he transferase

om tltie, mg danfocrlalme At whergcthh drandkerase np ualysosyliransferase

?ecgeélnfgoxgms %fule {g?@lgat V\ﬁ?l%ﬁst]%gdft éyn@a%lsiﬁqasgf (r:ésd ?tra}{ig%rases,
alﬂdlcé@[%é&hﬂnﬁﬁd itfhnfe}adea N&@@ty@galaceds)lﬁlﬁg}l atraﬁrsférssres and

(r)3d where R contains 1 to 12 carbon atoms
agpdadtesydirangferasgs.yl or allyl and R may be substituted

R L B R R o R R e R

f £Hout heeCspeci fic transferase in conjunction vvi th a
donor conpound for the particular noiety, in

b ]1: erldy mefhedokclaion dtwhsre die laﬁ@mlmpmr@ewum aboy377C.
e undd iBRERE A Aol HiSich) of AHRBIAS abrass for

speallmumopé@y degeresfiréal g UsroliPrcohsiingabo @hlf&@aﬂﬁfauée@md
to about four hours; and testing the resulting

i glveasaliranafomisgs comBPHERST eact i on product conprising a
:_:&I}em Callec%gag? Ie$ %%tréltg ﬁgmﬁg kfgrl {h%ttFal ?fé?a},?@ %f(}rrh ‘frli” %Frgror penta

|ety m ne t e presence O partitcu

t daaétnirRle @DMpoindshednsanpk @t &astldie pfeltélrﬁﬂnalfsa@d}ﬁhﬁb that may
where the substrate contains at | east one G cNAcbl

stic shbtitaed githTeeGret HEP-of ARYLLP.moy wher @nd higrminating in
Su%alﬁ}%‘éat(ﬁi LIGT A o d R %Gahﬁﬁ%Ac[%R where R contains 1 to 12

carbon atoms and is alkyl, aryl or allyl and R may be substituted with halo, -
OH, lower alkyl, -SOs, azido or -NO; ;

b) combining the substrate with a sample to be tested for the specific
transferase in conjunction with a donor compound for the particular moiety, in
a buffered aqueous solution of about pH 6 to about pH 7, to form an incubation
mixture;

c) incubating the incubation mixture at a temperature of from about 18 to
about 40 degrees Celcius for from about 30 minutes to about four hours; and

d) testing the resulting incubation mixture for reaction product comprising
a chemical combination of substrate and particular moiety to determine the

presence of the particular transferase in the sample.
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10. The nethod of claim8 where the substrate, with

t he exception of saccharide and term nal I|inkages, is
wap®asies4 ut ed. 11. The met hod of claim 7 wherRCT/H82006/040518
substrate al so contains at | east one of Gal bl , DFuchbl

an addi t i.onal -G | where th | bl .DFuchl or
it G PIeRRRRE ERE s bBE e (et fopipimdf Teas?”one
EGIONAP1 bcHarider N3- . 12. The nethod of claim1l 1
where, with the exception of saccharide |inkages, the

Gl bl Thepreibpd of claawdi wheteathe enbstiatshierminates in —3GalNAco-
ubtituted. 13. The nmethod of claim7 where the
i hcubation tenperature is fromabout 35 to about 4Q0C.

1. Thheneieltnd of ctdial 8 Berohie esubbgate N euthatiie0Bxception of
tenperature i s about 370C. 15. The nethod of claim?7

wirerharisie apd teryningl liskegesais vapebstifetht ed with different
cpnce Heai%xétﬂga 0 fcla?rgbﬂvh@leeché guﬁjsﬁja r;{ﬂ&go&tyiﬁs T HabHle of
concentration of substrate require 0 nmaximze

qGalft ) DFuofl @bptal akiitiGelbbGAN AR Divietd e @atB1amiFucpl or
particul ar _noi eéB\{ and the detern ned mni mum

castdetionatl at GleNAB ] apay kg snbstdtuigds witlhy YaQ-i tiOofARHEO, or Ni-.

speci fi f j nqt a .16 h .
cFai iR IS E 23ad 111, WRRCTOE g e BB R Gt e
Qihkahed, the Galpll ppBucfHl diyddditibhal HEcNBIcP 0 dredfinsabadured/
where Ris allyl, benzyl, nethyl, azido or

I
ntd-r oﬂﬁ@ﬂ}lﬁho‘iélf claia hhpsdhe Ancubation tenyeestare; ig drom about
%%‘E:%i%kﬁtid"@t rate is Gl bl 4G cNAcbl 6( MO 3Gal bl
| 'NAC

a OR the specific transferase is sialyl

t ransfRicafethbdof 8dink V3 waietk thb énclibaidin eaipeiting is sbout 37°C.
cytidine- 5 nonophospate-Nacetyl neuramnjc acid .
('Bvp- slibg) methad o) clainy 7 whereriienva) iroghidh are vargaged math
S, : e C . .
3@%*%%3&%9%]5%51}5%3 %{F [ cb td?%rré ﬁ (g r ﬂg@gﬁ%néﬁéﬁg{;cﬁcemratmn

t sfosnbéteataseuired ko (SXintité fharmity of bigtatied oombiarion o sulstrate
cytidi ne-5 npnophospat e- Nacety| neuram nic acid
(dastigylaemgietyynd e deframpadigmigrmgoRcaRtratippds sopplated

fﬁ@ﬁ?&%@ﬁ}/ :ogth%as&nééiﬁéﬁaﬁé\ﬂé%% ifhE sl 3) Gal NAca O-R
16. The method of claim 7 where R is aryl that may be substituted with —
OH, halo, or lower alkyl.

17.  The method of claim 7 where R is allyl, benzyl, methyl, azido or
nitrophenyl.
18. The method of claim 7 where the specific substrate is

Galp1—4GIcNAcBl—6(MeO-3Galpl—3)GalNAca—O-R,  the  specific
transferase is sialyl transferase IV (ST IV) and the donor compound is cytidine-
5’ monophospate-Nacetylneuraminic acid (CMP-sialic acid).

19. The method of claim 7 where the specific substrate is MeO-

Galpf1—4GIcNAcB1—6(Galpl—3)GalNAco—O-R, the specific transferase is
sialyl transferase I/Il (ST I/II) and the donor compound is cytidine-5’

monophospate-Nacetylneuraminic acid (CMP-sialic acid).
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transferase is sialyl transferase IV (ST IV) and the
donor conpound is cytidine- 5

wOorRnopkmesspat e- Nacet yl neuram ni ¢ acid ( CMP- si al PCT/E8100§/040518
21. The nethod of claim7 where the substrate is F-

3 IbI 43 cNAcbI, 6( IbI GlNAca,O- R, the specific .
ansfl¥faseMpliod; 5 ?lﬁ‘ﬁ%ferasewlhfﬂiel ( Fq%s\t.rg d 8
t(ﬁlﬁ fonehcral PWFB%a@[}’IU»QI)GhQN@ca—»O the specific

m)nophospate acetylnéuramnic acid (CMP-sialic
doandferasg s sialyd tramfhmsle BY (ST &Y hard thdprornt ¢mnmmbét1$ eteline-

is Galbl 4d c MeO-.4Ga) th

B R AN T o e T A
trjansfgpasendiod al oft- Gl ) ANdyhéte danor Geseaendid s F-
uri di ne di phosphate N acetyl gl ucosam ne (UDP-Qd cNAc) .
ZGalfThe408¢NAdp b 66Galb -3 ) anY Acah©-Bu ke rspeafic strz(rw&@se

4CGal. €] I 3 I th
0F ¥y b R arefese yTralST B, e ASR s0hnp i IF Sk
(rﬁbncfbh@ﬂaté-l\ﬁﬁ&t}'}lﬂﬁlr%ﬁﬁé aGQONINGaliSadif). di ne

di phosphate N-acetyl gl ucosam ne (UDP-G cNAc). 24. The

a2t hod'hef cinafhed7 wfer eclaime subst Mdmem i sth@al bpubstrate  is

Clfibratusihe e BleACaRlr e GEbtr i R - aribber apgeific

| thankRlrast- ISV 4 )Na%@%rlglﬁ&)sﬂﬁﬂgﬂ t%m%e duI% gnt@pmg and the

di phosphate R acetyl gl ucosari ne (U
ndsinlo dompomidas mﬁhnmbp}msplmaée Numtylglmeosamlﬁe (UEBICEJICNAC)
I bI

?ﬁans ’reasﬁl dal OE) G?aé’&’ef ? I gWIF}aSIE?s aﬁ?ens (Ig&lf%tr&f?sf &% adMg0-
A, OSR Ufhie CHp@@lﬁg 6trans£erase

(gha1ft GGl 6k 1L BE(CHIFOL 3 ROATRALR!

di phosphate N-acet yI gl ucosam ne (UDP- Gl cNAC) .
et hbd MN-acdtgighcpsamhisyk transfesasost r tled-GNNeumedi2the donor

Soamrnd 5 FAAER Bietbaiie N TG PRI Gle o)
gad actigse 6msiHofiot ranst ghase 17 (Galierd- Suld oThlbsaam s

the donor conpound is 3' phosphoadenosi ne )
%@BI@S&QIQEAICB&{-@(E%&I@S}IHZ)S INAeome@Hbd of th¢ ai m specific

V¥l{r1ans erase Ss aulbé? N—ace%ylgﬁlcosamlnyl transferase II (a1,4-GNTII) and the
donor compound is uridine diphosphate N-acetylglucosamine (UDP-GIcNAC).
25. The method of claim 7 where the substrate 1is F-
4Galf1—4GlcNAcB1—6(Galfl—3)GalNAca—O-R, the specific transferase
is al—4 N-acetylglucosaminyl transferase I (al1,4-GNTI) and the donor
compound is uridine diphosphate N-acetylglucosamine (UDP-GIcNAC).

26. The method of «claim 7 where the  substrate is

NeuAca2—3Galf1—4GIcNAcB1—6(MeO-3Galfl—3)GalNAco—O-R, the
specific transferase is the sulfotranserferase, galactose 6 sulfotransferase I (Gal-
6-SulfoTI) and the donor compound is 3’phosphoadenosine 5’phosphosulfate
(PAPS).

27. The method of claim 7 where the substrate is MeO-
3Galp1—4GlcNAcB1—6(NeuAca2—3)Galp1—3GalNAca—O-R, the specific
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3Gl bl 4d cNAcbl 6(NeuAca2 3)Gal bl 3Gal NAca O R, the
specifictransferase is the sul fotranserferase,

w@2i0aoswse 6 sul fotransferase Il (Gl -6- Sul f ofCT/PS2NE040518
t he donor conmpound is 3' phosphoadenosi ne

P R ey e N TR
Esﬁﬁymcetﬂd fheCad MR niPotnd tih e’ }I%R);éﬁhcﬁdd%nédﬁ@é‘ sgﬁroaglﬁ)shﬁate

al, 2 L-fucosyltransferase | L-FT 1) an
C{BMIS)con'pound i S guanosi ne d| phosphat e fucose

st Mo e Hadthimy ety EnAL s P E-4MeO-
NN P@—Q’(@alNﬁ@BlsﬂgwaﬁN@xchf—%Hi ekias &speéifial trdnsferase is

Lfucosyltransferase |1 (al,2-L-FT 11) and the donor

ad@oﬁgrfdcqsslt@maf@wﬁ nk dicpAdsgHatly andcdae dogpp-qomnesey . is
30. The cl ai the substrate is
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SzigeCI fI'h‘é el 6f @ﬁa@mi 3 wilers the fsub@gid tis aRaNalcBser4(MeO-
(al,3 -L-FT) and the donor conﬁound I S _guanosi ne

oB@ihNé\phlék@ﬁGai&éeﬁ()@@lNAm thgspecifie tipsleege ay ol,2 L-

P, o Tl e IChT A oS, dide” bR BPYEP f Bhanosine

Nhﬁ Eﬁéteg@é@gt(gm@yge)transfer ase (bl 3 A Gal NAc-T)
e donor conpound is uridine di phosphate

g3ﬂ actTchgam methodDP- ¢fal Nleim 35 THéereet h@lv: of Seshpip 7 1s

SIS BRSSPSR D! g speite

Nraeir¥de 19l SOBFudnsylttansesker asg3 (ARG @rfdﬂmeﬂ)onambmp@nd
donor conpound is uridine dlghos hat e

Ns@@@nqsummpb@ahatﬁefmm@ﬁﬁ@? 33. The nethod of

A s RS SD Rt B nd St RREIALLATGINAGRI-6)

tG@M@M@eRI We(pRBAE thavyfepdd 1§ PB—d@WD N-ﬁ@émbgmdctb&mmyl
cytidi ne-5 nonophospat e- Nacet yl neuram nic aci d
(mfmw l(ﬁl-a>m3d)/4 GaINAhE) Mé@p ofoner [HOMPPURHe e UEIdEe

é‘lgﬁospﬁ até gaf’actosamme (UDP-GalNAc).

32. The method of claim 7 where the substrate is MeO-
3GalB1—3(GlcNAcp1—6)GalNAca—O-R, the specific transferase is an X
N-acetyl glucosminyl transferase (0XGlcNAc-T) and the donor compound is
uridine diphosphate N-acetylglucosamine (UDP-GIcNAc).

33. The method of claim 7 where the substrate is 2-O-
MeGalp1—4GlcNAcB-O-benzyl, the specific transferase is sialyl transferase
IV (Gal3ST 1IV) and the donor compound is cytidine-5’ monophospate-N-
acetylneuraminic acid (CMP-sialic acid).

34, The method of claim 7 where the substrate is 4-O-
MeGalp1—4GIcNAcB-O-benzyl, the specific transferase is sialyl transferase
IV (Gal3ST IV) and the donor compound is cytidine-5° monophospate-N-

acetylneuraminic acid (CMP-sialic acid).
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MeGal bl 4d cNAcb- O benzyl, the specific transferase is

sialyl transferase IV (Gal 3ST |1V) and the donor
w@ooopoumssd i s cyti di ne-5" nonophospat e- Nacet yl nBCF/E83006/¢40518

acid (CwP-sialic acid).35. The nmethod of claim7 where
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e SR £ Pethod, ey gt LT aEe, kSR T ' -
(ﬁ&%@%@ﬂﬂ&cﬁ@«%@ﬂ@-(ﬁﬁféﬂfym ahpouptific Gxidfeane-®' sialyl

nmonophospat e- N-acetyl neuramnic acid (CMP-sialic ,
deanglerasge VITheGaiat holllyf ard aibgn Aongiercompeund ulss toyéidme-5
is 2-0- bl (r) 43 cNAch-. Al specific

e Rme bR PE RIS MBI 1) and
t3ge damer eRRAUNGSi Scleihi d7 newhere the substrate is  2-O-
nonophospat e- Nacet yl neuram nic_acid (CVvP-sialic acid).

3vieGaiid —n‘é@wwgcheawh thenpracfia Hanease insialylsiranserase
MEESSE S Al AT o8 Ao s BEEARLS; LEBRAIBSAREN-

CREFMBIEarhiRiCid (CH-Galigaid@phospat e- Nacet yl neur anmi ni ¢
acid (CW-sialic acid). 38. The nethod of claim?7
wHer e §hge @mgbad atof i elaim O\ Gayvhere the substrate is  2-O-

M- ARG VS oA Wl RO S e
R o oA LN e S e
viirerdnauaminibacid eMPrsalic @i®Gal bl 4d cNAcb- O benzyl ,

t speci fic +transfer | S+ Si t panst /.11

(%ﬁ I;ajl%le) g}%ﬁ (%cﬁe Oéon‘gl?lﬁ%orr%ounhgljies (E:}%ti 5?%52%% IL 2-0-

MIBCRIPASPAGRINYPROV ALY 8iS Bhe2ifis trdn{f&NRe 3¢ alalyl t2dristErase
An ol i gosaccharide conpound conprising 3 to 5

40,
| Ak e nipib e Mt idoaer comtpapnd niy sytidisersi wamophospate-N-

( . i . sy be substituted with
I\écﬁil&e%@ A%@?@A Pgsrqalkga-?ctl(ghd termnating in

(39. 3GAYAC ndliddrvheyte Rains af kywher@r Ykheor sabdtite alik 08-O-
1 through 8 carbon atonms where R may be substituted

weHalfdodGleidch-Qdmnzyy thewepepifim gransfpiepeds sohtlaraiskgase
al%IrIl) éai T\{A@g lean\%lf1 él}céglcﬂwr clglr:ﬁ‘f)%%d Ofs @{Ilticﬂgg—'St ! r?lgf%phospate-N-
acetylneuraminic acid (CMP-sialic acid).

40. An oligosaccharide compound comprising 3 to 5 linked
monosaccharides containing at least one —GIcNAcP1 saccharide that may be
substituted with MeO-, EtO-, Allyl-O, or N;3- and terminating in
—3GalNAco-OR where R is alkyl, aryl or allyl all of 1 through 8 carbon
atoms where R may be substituted with halo, -OH, -SO;, or -NO; and further
containing at least one of Galp1, DFucf1 or an additional —GIlcNAcB1 where
the GalP1, DFucf1 or additional —GIlcNAcB1 may be substituted with MeO-,
EtO-, Allyl-O, or Nj-.

41.  The compound of claim 40 selected from the group consisting of
Galp1—4GIlcNAcBl—6(MeO-4Galpf1—3)GalNAca—O-R; MeO-
4GalBf1—4GlcNAcp1— 6(Galpl—3)GalNAca—O-R;
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the Gal bl , DFucbl or additional (r)d cNAcbl may be
substituted with MO, EtO, Alyl-O or N3- . 41. The

w@ eovposmesd of cl ai m 40 sel ected fromthe group PCT/US2006/040518
consi sting of Gal bl(r)4d cNAc

Rabhrt @@%&ﬁﬂb%ﬁ@ TR AT bi (1) 3) R8NP OB e Gal bl

b
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2" o BB UEL PP p URER IEAB B S0Ne0> aCal b1
A3zl MAeampbitid ﬂh@a@@a@a etiEidAnbbtrsié Got blspedifialgNAosyl or

O R Galbl 43 cNAcbl 6(F-4Gl bl 3) Gal NAca O R, and F-
419&11‘% ltran@e@w\c@zyg(eeaaatﬂ sebetzatouain® Rlaeksy dram the  group

aZ| gﬁhﬂ%r a# ilj%l ha%e%a@@gs sﬁg&jﬁq’ t§1 uGt%e[%(;lyVmﬂ(iaﬁﬁélcg,_’O'R’

-1280-G8BB— or - NO AGIcNAcBl— 6(Galpl1—3)GalNAco—O-R;
Galpl1—4GlcNAcB1—6(F-4Galpl—3) GalNAco—O-R; and F-
4Galp1—4GIcNAcB1—6(Galfl—3)GalNAca—O-R where R contains 1 to 12
carbon atoms and is alkyl, aryl, azido, or allyl, that may be substituted with
halo, —OH, -SO3, or —NO,.
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