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10 accordmg to the present invention can be exploited in a varety of ways,
including, but not limited to, (1) identification of complex carbohydrate drugs;
(i) identification of complex carbohydrate associated receptors or proteins as
potential new carbohydrate related targets for drug therapy; (iii) identification of
biologically-active complex ~carbohydrates; (iv) identification of specific

15  complex structural carbohydrate elements as potential new targets for drug
therapy, (v) identification of the active sites of known complex carbohydrate
structures (vi) identification of new glyco-markers in complex carbohydrate
structures; _and (vii) detection of antibodies formed against a cancer-related
glyco-epitope or other disease related glyco-antigens.

20 DRUG DISCOVERY

Modern pharmaceutxcal research and development was s instated with the
transxtlon from folklore based medicine to the discovery and isolation of
medicaments using modemn chemistry. Since the 1950s drug discovery focused
on testing large numbers of candidate compounds on a variety of animal models

25 inan effort to identify pharmaceutical active compounds. As such, discovery of
new drug candidates necessitated screening of diverse sources of compounds for
potential therapeutic activities. These sources included, for example, known
chemicals and drugs for which novel therapeutic activities were searched,
fermentation broths and compounds excreted and/or extracted from plant or

30 marine organisms, etc. (Granellin, 1992).
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In anr attenpt .tanortunately, due to the need for very highly skilled personnel and
dedicated and complex equipment, "rational drug design" has failed to provide
researchers with the drug design tool they had hoped for (Jacobs, 1994).
20 As such, in the early 1990’s, the leading biotechnology and
pharmaceutical firms turned to robotics and automation ‘in an attempt to
supplement the “rational drug design” approach.  Automation enabled a
"shotgun" approach to drug discovery, allowing for rapid screening of hundreds
of thousands of cdmpounds for desired biological activities. The new approat:h
25 incorporated (i) combinatorics as a source of novel compounds; (ii) genomics,
as a source of novel targets; and (iii) high throughput screening (HTS), as a
method to cross screen various compounds/targets. As a result, the "shotgun"
approach enabled researchers to disregard the technical hurdles associated with
the previous approach and to focus on issues such as, "what to make?" or "how

30 much diversity is required to produce a positive result?" (Hogan Jr., 1997).
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molecules; (ii) nucleic acids (DNA, RNA, etc.); (iii) peptides or proteins; and

20 (iv) carbohydrates.

The third category of combinatorial libraries relates to the method by
which the compounds or—targets are synthesized, such synthesis is typically
effected by: (i) in situ chemical synthesis (Borman, 1996); (3i) in vivo synthesis
via molecular cloning (Kenan, 1994); (iii) in vitro biosynthesis by purified

25  enzymes or extracts frorn microorganisms (Michels, 1998); and (iv) in silico by
dedicated computer algorithms (Sansom, 1997).

Combinatorial libraries typified by any of the above synthesis methods
can be further characterized by: (1) split or parallel modes of synthesis; (ii)
molecules size and complexity; (iii) technology of screening; and (iv) rank of

30  automation in preparation/screening.
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Combinatorial libraries can be synthesized of several types of primary
20 molecules, including, but not limited to, nucleic and amino acids and
carbohydrates. Due to their inherent single bond type complexity, synthesizing
nucleic and amino acid combinatorial libraries typically necessitates only one
type of synthesis reaction. On the other hand, due to their inherent bond type
cornplexity, synthesizing complex carbohydrate combinatorial libraries
25 necessitates a pluralitiz of distinct synthesis reactions.
Thus, the simplistic and repetition of both nucleic and amino acid
polymers, allows for a relative simple synthesis method for combinatorial
library of such constituents. On the other hand, since oligosaccharides are

structurally much more complex, combinatorial libraries of complex

30  carbohydrates are difficult to synthesize. As a result, the combinatorial
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approach ¢ ines i or t hogonal
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enables the determination, during synthesis, of the nature and location of the
library constituents. |
20 In comparison, libraries that are synthesized employing the "one bead-
one mqlecﬁle" approach, in which the diversity is created by a split-and-pool
synthesis, are screened by using probes conjugate"d to detectable moiety, e.g., a
fluorescent molecule or an enzyme, such that beads interacting with a labeled
probe can be identified, isolated and analyzed for composition (Schullek, 1997).
25 Since such séfecning methods are time consuming, tagged libraries
approach has evolved mainly for the use with libraries created by the split-and-
pool method. To accelerate the analysis of the isolated molecule of interest, the
tagged libraries approach combines library members synthesis with parallel
orthogonal synthesis of tagged building block standards (Janda, 1994; Chabala,

30 1995) or radio frequency tagged memory devices (Borman, 1996).
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20 Accordingly; new technologies for the miniaturization of the support
matrix have been proposed. Such technologies are divided into open and closed
vessel formats. The open vessel technology maintains compatibility with the
standard 96-well plates and follows a geomeltric series of N=nZ x 96, where N
is the number of wells, and n is an integer describing the possible packing

25 density of a rectiline-aar array. Following this reasoning, the balance point
between a microliter volume limitation and a suitable packing density is
achieved by a plate with 1536 wells (n=4) having a well volume of 1-2 pl.

Screening of larger arrays requires further reduction of well volume to
nanoliter amounts which further necessitates the use of the closed vessel format

30 to prevent evaporation. Using fabrication techmiques pioneered by the
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Preparation methods of combinatorial libraries of small chemically
synthesized organic molecules, such as nucleic acids (DNA, RNA and anti-
sense RNA), peptides and biomimetics of peptide, such as peptoids and semi
peptoids, etc., are now well established in the art and as such the technologies in

most of the above categories and divisions (see Table 1 below) have been

demonstrated.
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Combinatorial libraries categorization
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Small
chemical
molccules

Nucleic

Acids

Amino Acids

ates

Platform
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Chemical support
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Computer

+ o+ + 4

+ 4+ 4+

+ 4+ 4+ +

Synthesis

chemically synthesized
in vivo via'molecular
biclogy '

in vitro via enzymatic
synthesis

in silico via computer
algorithm

Mode of combinatorial

Split-and-pool
Parallel

Complexity

Low Molecular Weight
Oligomer (H.M.W.)
One bond at a time
Several bonds a time
One reaction type
Several reaction types
Linear oligomer

One Branch in molecule
Highly Branched
molecules

+

-+
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+
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Adigomer (HMW) One bond at a tinme Several bonds a tinme One reaction
type Several -reaction types Linear oligomer One Branch in nol ecul e

H ghly Branched nolecules + + + + + + + + 18 August 2003 VWDAOQUsI2AD2
Screeni ng met hods Isolation and analysis Encoded Spatially Addressable
Aut omat i on We)oomb4gzoparticles libraries Pre treatnment of gdi@yedagseds With
the screening assay Radio frequency tags b) Addressable arrays 96
wel | -based HTS-NT 8 TABLE 1 (Continued) + + + + + + + + ++ + %+ + +

TABLE 1 (Continued)

Screening methods

Isolation and analysis + + + +
Enceded + + + +
Spatially Addressable + + + -
Automation

.a) Microparticles

libraries

Pre treatment of the + + + +
beads with the screening '

assay

Radio frequency tags 4 + + -
b) Addressable arrays

96 well-based + + + _
HTS-NT . T4 + + -

legend: +: available; — non available.

In spite of the abundance of carbohydrates in nature and their important

5 role in many biological processes, highly diversified and complex carbohydrate

- - libraries have not been demonstrated (Borman, 1996). Moreo.ver, although solid

phase chemical synthesis of glycosidic bond products was proposed almost 30

years ago (Frechest, 1971, 1972, Guthrie, 1971), chemical synthesis of

carbohydrate combinatorial libraries has only been demonstrated in recent

10 years, and due to the limitations of chemical synthesis as further detailed

hereinunder, such libraries constitute rather simple arrays of soluble untagged
trisaccharide constituents.

Hindsgaul and co-workers demonstrated a ‘random glycosylation’

chemical approach fo IiBrary synthesis which involves coupling a protected

15 glycosyl donor'with a sugar acceptor containing 3-5 free hydroxyls, to produce

a mixture of 6 to 8 distinct carbohydrate products (Kanie, 1995). According to

this method, following a glycosylation step the protecting groups are removed,

and the coupled products are then separated from the startil;g monosaccharide

building blocks via reverse phase chromatography.



+ + + legend: +: available; -: non available. PCT/ILOO 00099 + In spite of
t he abundance of carbohydrates in nature and their inportant S5 role in
many bi ol ogi cal processes, highly diversified and conpl ex ¢aAbghstd®0aBe

| i brari es have not been denonstrated (Borman, 1996). Moreover, although
solid phaswoghemmzal synthesis of glycosidic bond productgMagydihssrosed

al nost 30 years ago (Frechest, 1971, 1972; Guthrie, 1971), chem cal

synt hesis of carbohydrate conbi natorisal |ibraries has onty been -
denonstrat ed i nBosuenindl @oyeankers asepobriddeat nidvehdti mokatdiars densheni cal
synt hesi s as tfhur.t her dethail d herei nunder, such libraries constitute-

rather si m3VBHET SRPTHHCNs o) 1ty eshist Hifg dermations &€ crestasaecifie nelypasidia s .

Hi ndsgaul 3pgasQ- : | atjon. chem cal
approach AL AEe: U5 SRRSERG PR shARUANy Dok Bhifilng ofC T

gl ycosyl ddresrhydiary] grenposacha diaehtpostectod bedeptorgyad-ephifaedy oudtsdwits, to

pr oduce 1 xture inct carbohydrate products (Kanie, 1995).

f 6 to.8 dj
Accor di ﬁg ?céiyff%yg8ﬂ%qrﬁ88f,orm$2|s I neg dsagriasisiey diealisapehgridenprogias ect i ng

: | f th
T i ng R inixca8 R GAE e AL BrBleh 160 BERTAICHAt (o aohy.

18 August SplBinDfear athprouiRCTERtIDGHRHNO8S vhs Bennsacsdl veieh Wodikfereat r epor t ed
a somewhat .nore, di reclggji(r:gimcal synt hesi s approach. To ensure the formation -

of regi osp8ERYL 1 §H¥fc arigs, (FRER centaimug 64y insaediazides-t dinallvettbet ed

di sacchari e : @}g [ ope.. free I o] eagh.. Each
prot ect ed g&%%ﬁ(%of&%e: g par%‘?e:%g r%aéﬁ%@ﬁw E%’gé&é‘ggl(g;oéé%'e g%%?nto form
32 def ilfed chionmtodraphyd@oconiNosd).sacchari de products were then mixed, a

deprotection pregedure was enpl oyed and the m xture was split into four
subgroups. Each“a¢miebspntiass of @ncombisateaialcatbohydrater hbrent ongosdid t o gi ve

U Loy Atk €2CReAAALAIN BY Enb nSAGENBICECRinkd HIdeY ) (| parPr O0UC S

wer e separ at Ious pr re of sl ze-ex t ogr aphy

(Boons, 199B) 5,700 i6dakckry M S isspedt DcabolbidnaE Hbraly GakReRydr ate | i brary
.on a solid su(?%or't was denpnstrated by Kahne and co-workers (Liang, 1996).
U S. Pat. t388°d - wsacoharidee I hislibais wes sprthesized-using Myadsplitant brary .

core ks 10gol A e, SLGACHESHO Y LR,
gl ycosyl dpolyneribousd xactiepfoes esrhploying glycosylation methods incorporating
- - anomeric sulfoxide as a glycosyl donor.

Chemical methods of preparing combinatorial carbohydrate libraries

were also described b}_f several other research groups (Rademann, 1996;

20 Rodebaugh, 1997; Liang 1997, reviewed by Kahne, 1997; Arya, 1997, WO
97/34623; WO 97/35202; WO 98/08799 ; WO 98/40410; and U.S. Pat. No.
5,780,603). The above methods disclose chemically prepared carbohydrate
libraries in which the carbohydrate constituents are attached to a non-sugar
moiety via a glycosidic bond, or alternatively carbohydrate constituents of low

25  structural complexit-y such as long uniform polyvalent chains or di-
tetrasaccharides with 0-1 branching.

More recently, a synthetic oligosaccharide-mimetic was demonstrated to
be capable of replacing the glycosidic bonds with amide bonds, thereby forming
“carbopeptoids" (Nicolaou, 1995) and "giycotides" (McDevitt, 1996), or with

30  phosphodiester bonds, thereby forming “carbonucleotides" -(Nicolaou, 1995).



pol ymer - bound acceptors enpl oyi ng gl ycosyl ati on nmet hods i ncor porating
anoneric sul foxide as a glycosyl donor. Chemi cal nethods of preparing
conbinatorial carbohydrate libraries were also described b8 Asgustr2fio3ot her
research grougs %Raderrann, 1996; 20 Rodebaugh, 1997; Liang 1997, revi ewed
by Kahne, 1999481y, 1997, WD 97/34623; WD 97/35202; WO $/rBit@tesy O
98/ 40410; and U. S. Pat. 5,780,603). The above nethods di scl ose

No.
chem cal ly @Leﬁ?%rﬁ? carb hﬁgrat,e lib¥aries in which the car bohydr at e
constituent's"q TaSpEatge-mipste fogay argsirettyraily aneregtamplek dhan bond, or

al t er nat i vgleyiow we | : . ruct ural conplexity

such as. | opr?lg uniﬂ?’m pﬁf%@é:?%ﬁ? E’%I%%?%%g?;og#pq nylé?lrcaéialé ?ﬁ%ﬁ?ﬁe@a{;& h 0-1

br anchi ng. nasaly vecwming compleyeirbeltyideated (fopeaania sed Bigirg®).i ¢ was

denonstrat ed tq%v be capabl e .qf repl aci n? t he gl ycosi di c bonds with am de

bonds, thereby 8?%1?1‘5{) G%&Pﬁ%‘e;@%?%" 238)c shemirally gsmythesiued” gbsecot i des”

(McDevig t, bul bloRks Wi aiﬂglig | r reby form ng

"car bonucl eoti des" - (N %12{0383, @%%mcﬁgéﬁurgﬁ%?g%é%gwﬁ%%fiﬂm

PCT/ | LOO/ 04eld¢ pkptasatehavidgimintesis evidefouh arthdgoral gBicbsidictiongs.ar e structural |y
arbohydrates, their conplexity

nore conpl ex -t eviously s hesi zed ¢
| evel igp far fpglﬂr%ot”%ht ¢ Oﬁﬁ%ﬂ‘#g{h‘?‘%c@@r ﬁﬁﬂ@dc@ﬁﬁmé%ifé’arhbmybﬁeat es (for

exanpl e, AtHekiged s - e . chem cal |y

synt hesi z??i core 5 %%m di ng %P‘g%ﬁgné\%ﬁ% ’?galﬁi | %a&iiﬁ?grg@?gwp@él y
renovabl e Gpristeydtatesgwithoadgh trank \of edtrhicaurple bopR& it afcb&BbIF g RhiugalW t h f our
ort hogl%nal I COSirgaiﬁﬁ onds, Althaough carbohydrate libraries of limted
conpl exi tf"ﬁ%%;“é‘ 58 Y&?P%h%ﬁ-z@@h}xib@n@}m grctenseihesinofreendetsn  a

conbi nat orgraducki br rbohydrates with a hi rank of
struct ur alp|rco I ex?{%m?égg%grglyﬁée?\%ﬁ%g éi‘fl(}ﬁg%rlr%ﬁ é’)%m@a%oﬁ%?sé%% (e.g.,
hi ghly br @auilistl syuthasis iamgsgachawhivht woeld kaghle RHRIWEREnInEUSE BEFPT €,

synt hesi zi nﬁ%ﬁb% Li braries using an addressable parallel synthesis
appr oach A N BHEE 08er RRIPGsatpediseusgedby thepripyart (ssastablaibnt s has

never beepbgygposed or discussed by the prior art (see Table | above). 15
This is possib due to the fact that chem cal synthesis nethods are still

mol ded3by the {fﬁ'asis iposdiblyeduectoi the fiut el Gheoidall 6 PABESS hicMbdE trat i es,
The. conpl BEISFOP ik dasel e Bketvermoip op lpaiecban GRiRERd, THERE(he onconpass
Tor e Uhan 4010 g ot | er e e rTUBHE 2 rBBRE Baioutyo B Bt e e, 100)
Synt hesi sthsreafi{noutn1 2a8) ayt waedichiited imptaeidonidasOyl] theoRRsbRAIneY Nt hesi s
met hod ut 515& brandhed lis%(l:rtlérg%f a hexamer oligbsaccharide, more than 1012 distinct
20 structural forms would be needed (Laine, 1994). Synthesis of such an array
would be impractical by a chemical synthesis method utilizing selective
protec_:tion—deprotection groups. In such a method the formation of mixtures of
anomers which disable or terminate directed carbohydrate specific chain
formation is unavoidable, and as such controlling the formation of such
25  anomeric centers generated during synthesis, is impossible.
In order to synthesize combinatorial libraries of complex carbohydrates
with high order of complexity and diversity one must seek alternative, non-
chemical, methods of synthesis.
Enzymes are high: fidelity biocatalists which are in prevalent use in the

30 synthesis of organic compounds. As such, enzymes can be employed in a



protection-deprotection groups. In such a nethod the formati on of m xtures
of anomers which disable or term nate directed carbohydrate specific chain
formation i s unavoi dable, and as such controlling the fornh8iAogusif2088ch 25
anoneric centers generated during synthesis, is inpossible. In order to
synthesi ze WoWp#sIst ori al libraries of conplex carbohydrat 3 Welddeddi 9
order of conplexity and diversity one nust seek alternative, non- 'chem cal,
met hods of synthesis. Enzynes are high fidelity biocatalists which are in

preval ent gg@ohydretsesynB@smymethedishioh avoRiRthe abOTP nbABSHe P SinStaGhns €NZYNES
can be errplng_‘)éed itnéﬂ 18 Au&tcﬁ]t 2003 WO 00/ 49412 PCT/ 1 LOOQ 00099 11
car bohydr a8 & {4 4$ Bripe efgdemisal 5yathssia gnethedsahBoeymetin byvbesis ofri t ati ons

i nher ent t giychEdir b&idsad; 1.6 nt I.S: . Enzymatjc nt hesi s
of gl ycos?gi%c bonds di s[%?lggéseHlﬁ%g%teﬁeraggﬁlcglﬁga%gg‘g@sé’lngc%/sl§}f ,tﬁé/and as
such, the empisyoyenbof cofymeey e symthdses 6 bérapkk cadbolSarbLxbaIRhRONY dr at es

abol i.-shes @_‘thedn ed for d(pg:Ot ected nononers and negates the probl ens
i nherent t ot H& ‘%’ic%ng“&F moRoEErss gty Nseeee the prehipmeiinberehtotk the| Gr out |

1998). Nat m@mp@{&yﬁsggypre&%&ﬁ?lg\flv i‘?é]ﬁ%gﬁigé&htsiﬁ%%vo bi osynt hesi s of

gl ycosi di ¢ bonds (see Tab Sic’co n divi sion segregates

these enzynes aNefordienplos fhwe typeoisf patyvay fdrlel aivo bidTihesiBdot he non 10
are responsi ble for the biosynthesis .

Lel oi r pat hway....Lel oi,r ,pat n S

of rms'? NE Yﬁ#ddlﬁfqounﬂﬁé%eiﬁ%ﬁﬁﬁi%ﬁﬂ%bam semmpgn, diyisior srgaegaesi n

manmal i an 85 nes]; ;] ] [ AN O . an.4 Nl tial, bi osynthesis
of a dlol i ctrillg?éepyr o%h%tggﬁ%#%ﬁggﬁ? g%t%@évi’ég{r"‘?b etl}yeﬁ?%’r ?r%%ﬁ:a I f‘}}? If’?fé'y |
endopl Es nikeclptpathwaym kefoir paihmag whzpnes NeAegionbipleeed bibsamedsergses. This

ol i gosacchari st .ure 15 undergoes further glucosylatiion and is then
transferr e‘BOVidjg' 3‘?1‘5 %f‘ﬁ%‘?ﬁ%&'é’&%ﬂ%t gheiher gbisoeenjugatess pamginmealiapsi dues of

a grow ng frsd 3 K&[{E - ).. PLi:gry.to transport. i.ntq the ol gi
appar at us S?QG%\) , ﬁg@g{ E%%ége aﬁ%@&ﬁo@@%ﬁaﬂnﬂ nsleelaqrbelg?yd@é?lsa ga rdé’h’g’%‘gd by

gl ycosi dagsgoplwsphayhbligowocieridpantecanadiafaini d@.enﬁggjagﬁlwﬁéﬁcm@pwcchari des
are then added Slegrlﬂfr&l' ally by 20 glycosyltransfrases in the GA "in a
process krABHOSE 824 iikeatydgiyeassl mansfsrses. Wi oligosasrhdrideesiniotarehe GA. by

t he adadi t i@ a8 N ccgtf&r' . sery ne, or, threonikne via.a glycosidic
bond and co_nf%ﬁ)ges bgm?ﬂe sec?ltﬁg%%lgl ag{éfdi t%l' ortPS  FANREISEC n XA d&g
(Kor nf el d,oligogByhar@opmostetdse an af espagheabsiiies 604 ?’kdwiﬂ td¥pBde ch4ihl | ze only

oot ol | GARSRHRE NHES. (%6 wasPeba! b v Cols spayebs (00athe gicose.
and some mannose residues are removed by glycosidases to reveal a core
pentasaccharide. Additional monosaccharides are then added sequentially by
20 glycosyltransfrases in the GA, in a process known as O-linked glycosylation,
which is initiated in the GA by the addition of a monosaccharide to serine or
threonine via a’ glycpsidic bond and continues by the sequential addition of
monosaccharides (Kornfeld, 1985). Glycosyltransferases of the Leloir pathway
utilize only eight nucleoside sugars as monosaccharide donors for the synthesis

25  of most oligosaccharides (see Table 3 below).



WD 00/ 49412 12 TABLE 2 Enzyne types used for in vitro synthesis of
gl ycosi di c bonds E ne typelLeavi ng groupRef erence Phosphoryl ase- O PO3Hassi d,
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- 0- RSchenkman, 1991 d ycosyl transferase-0-UDP; -O GDP; Hunez, 1980 -0-CWP 5
TABLE 3 GY88¥%% ansferases of the Leloir pathway PCT/ | lro@/i00a9@s
EnzymeDonor @ ucosyl transferaseUridi nedi ho hate-d ucose UDP-Q c

N- Act yl gl ucosami nyl transf eraseUr i di neth phosphat e- N-acet y] gl ucoseanirie
(UDP- G cNAc Gal actos | transfer asB4BLE Eedi ho hate- Gal ct ose ULDP- Gal)

N- Act yI gal ct osal#yme pes usedifpein vilr meithesisefiglyersidiabends gal ct oseani ne
(UDP- Gal NAc _Mannos | transferaseCuani di nedi has hat e- Mannose GDP- Man) Fucos
| t ransf er p&rz@rdypedi nedi Nasavhigieeprucose GDRefnaze G UCOr 01)i ¢ aci d

t ranser asgkipiplbinmedi hos ljadpe,d ucor oni C aqimehsik-1656CUA

Si al yi t r ap8fesidageCyt 0si neddpiresolat e- N- ac ¢iydsaeiggam ni C
10 _  The pbmsdwstsdise _pat hwadSeapl-o98 addi t i| seadmsaprmsacchari des,
ani oni ¢ of Slwaivirapsiegse sugan sO-UhE ehGae al so{Houwndsoi n manjal i an cel | s.

acid (CVP- NeuAc)
such as
A very

di verse p ddi 4+ nonasacchadi des- which ar¢ not utilized by
ei t her 5 pat hway (e.g., -rhammose and arabi nose; see Table 4 below) are al so
present” in m croorganisns, plants and invertebrates (Qhs, 1990; Mengling,

1998). 15 TABLE 4 Monosacchari de ToABEEd s only in ni croorgani snms and plants -
(G eeson, 1988) Monos&behslirdesferusesiof theliedsiopuganiysms Monosacchari de found

in mcroorgani sns,. and in Pl _ants, but not in animals]ants and in aninals

Enzyme Doaor

Glucosyliransferase Urnidinediphosphate-Glucose (UDP-Glc)

N-Actylglucosaminyltransferase Uridinediphosphate-N-acetylglucoseamine (UDP-

: GleNAc)

Gal_actosyltransferase Uridinediphosphate-Galctose (UDP-Gal)

N-Actylgalctosaminyltransferase Uridinediphosphate-N-acetylgalctoseamine (UDP-
GalNAc)

fonnosyluansferasc ) Guanidinediphosphate-Mannose (GDP-Man)

Futosyltransferase Guanidinediphosphate-Fucose (GDP-Fuc)

G.Iucoron ic acid transferase Uridinediphosphate-Glucoronic acid (UDP-GlcUA)

Sialyltransferase Cytosinediphosphate-N-acetylneuraminic acid (CMP-
NeuAc)

0 . . The non-Leloir pathway employs additional monosaccharides, such as
anionic or sulfated sugars which are also founds in mammalian cells. A very
diverse pool of yet additional monosaccharides which are not utilized by either
pathway (e.g., thamnose and arabinose; see Table 4 below) are also present in
microorganisms, plants and invertebrates (Oths, 1990; Mengling, 1998).

15

TABLE 4
Monosaccharide presents only in microorganisms and plants
' (Gleeson, 1988)

Monosaccharide found in microorganisms Monosaccharide found in microorganisms,

and in plants, but not in animals

plants and in animals

Arabinose Glucose
Apiose Galactose
Fructose Mannose
Galacturonic acid Fucose
Rharrmose Xylose

Aceric Acid (3-C-carboxy-5-deoxyl-xylose)

N-Acetylglucosamine

N-Acetylgalactosamine

Glucuronic acid
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Ace lva]actosamine G ucuronic acid 18 August 2003 WO 00/ 4948 Hugust .
PCT/ 1 LOQ' 00099 13 Two main strategies have been proposed for in vitro
enzyme cat®wowgdsizynt hesi s of ol igosaccharide. According g fhifodob’ St
strategy, glycosidases or glycosyl hydrolases are enployed in a reverse
hydrol ysis reaction (WD 87/05936; W3 98/40512; and U.S. Pat. No.

5,532, 147, Ni | ¥wormaibo8thtegics BBRGbeeh phépdsed ¥8O T vimhedSmaceasgidy to the
second strat | ycosyl transferases are_enployed in _a sequenti al

synt hesi ssmg%ogﬂﬁﬁ%sﬁcdl + hgemrdingriogihy firsysrategy, tglycasidghesydrel ds and

stereo- apHcheql i S i.fLeity, dj y t he eco strategy it
i s consi dglr}gd@?o e E’%gé \é?eefée}ﬁglg zLxgpl%olr %a}ce}?g‘!ﬁ%ag?d%@&f%ﬁac fBng" ©1992) . The
second st BA0EH36; Whi 88140351 22 uhié RES VRt yNdi 56305 547 Nifssbhel ogRiaal 199¢:art (see,
for exanp , 98; tt, 1997; Ichi kawa, 1997; Wng, 1996; U. S

Pat . Ng g‘fe%%%ngz;wéi“d a‘&@%ﬂ:?%@?ﬁ?"%“@i%i&lwsfﬁﬁaﬂﬁ w@sey achesi s of  a
very narr 088 ® ' '519%2 [ &ngin omp2 to 5 units
in size %P?Ict?zi ng é%c@lghg%ﬁ? ﬁ%@igl g dqiéefﬁ%}lé%’-efr?gr%?gtg%%g? ?ﬁc?ér% 7@ es formed
wi t h onl ytheQhighbyightshamdy skoess and Fegioselediive espetifiity Saisplays@ By hat i ons of

all four %PyBe% grf enz]¥nes (.s,ge Table 2 above)_ produces a conplex array of .
ol i gosaccHAPRYSTategy F g considered dadbe the preferrad aperoach MPrGds 1891;conmbi ned
met hods z i epy J [-Qhi € . t hesi g.were recorded.

Such net m@gbgﬁ)h&%&&g}ég@%?ﬂgﬁo fd'llrllg ?g%%“%ﬁ% pﬁf&%@?@&m@emra 20

gl ycoby| t ateke farsexafiplgabaut,08I98a ¥eatfd9; (chilehd, alogh wang! evgse) to

roduce I r range of oligosaccharide products (Herrnann, 1993;
ai | sson E£%3t°%'t§§§%942\3@9,‘g9 ?@%@@Dsy‘{i@g@@é@@dc@g thel symthesisuded in
conbi nat i i i ( 1.t rans-sialidagse fr.om Trypanosona
cruzi, Sczﬁg?l nl%a?]rotuﬁ%élg%b‘? Oﬁgﬁ%ég%?dgnﬁggc%ﬁ%gﬁ%%I1§°§é338%t91§ﬁs‘f‘er a sugar
1- phosphatize eilimng seveR of Afe HghiO-¢loig aidchobashaidOspaeies fenranibesnips early as

the 1950s, (Hassid, 1950) but this strategy was not further purSued.
Enzymat i co“émrf?bé'lgsb%’ﬁiscorrpl ex carbohydrates on solid support was first

15 In nature, the use in combinations of all four types of enzymes (see Table

2 above) produces a complex array of oligosaccharides. On the other hand, very
- -few descri;ﬁtions—of combined methods of enﬁmatic in vitro glycosidic bond
synthesis were recorded.
Such methods can incorporate, in combination, a glycosidase and a -
20 glycosyltransferase (B-galactosidase and a (2,6)sialyltransferase) to produce a
narrow range of oligqsaccharide products (Herrmann, 1993; Nilsson 1988).
Alternatively, a transglycosidase can also be used in combination with the
above enzymes (e.g.; trans-sialidase from Trypanosoma cruzi, Schenkman,
1991).- Utilization of phosphorylase to transfer a sugar I—phc;sphate donor to 2-
25 keto-sugars has also been described as early as the 1950s (Hassid, 1950) but this
strategy was not further pursued. ‘
Enzymatic synthesis of complex carbohydrates on solid support was first
proposed in the 1980s by Zehavi et al. (1983 and 1984). Zehavi and co-workers
attached a glycosyl umit to 4-hydroxymethyl-3-nitrobenzoate to create a

30 photolabile linker. This saccharide-linker was coupled to an amino
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synt hesi s _neth | icapl e for producing diverse and conplex 20
car bohydr 3?@%%2%&@&“6&%- cdhis slycepgniciyWrnicesated in boetivaly fHigkul t to

synt hesi zgjgMion [ =T - ible to employ the abpove described
prior ar? met h%gg%fgg%ﬁ( %ﬁigﬁ "'%‘Za%rﬁ%‘?"o g%?)?éehqrhsetg%s Fvﬁ%ht Pa/?ts'i’l{) m @HF ee aspects
of carbohyptached saedtiacidnainits ohahé peptideanain bixeEMaTiyedla Yvasedl® pegbggﬂsi vely

studi ed: gt")wéﬁ ecific.interference 25 with biosynthesis of Dbacterial

cel | -wal | '} ‘gl Pghesiog) a (glyoepeptifequda nankenaicr glyedsylgtiant of waor s

01 gosacchar oyl BBl pdiy 2 arE ol he PRI SRR KORIRL B8 o1 on e
infection and Tel datathadidiscovant ofitdean chBiohPikatcl@3Hed phaSACARREET S Of

car bohydr at e rrerﬂjeiql ngt,l g em stry and biochem stry 30 were studied using
cheni cal 1 #8€s L e dar f &hat of ot elassescopetdceles, IBhASQUStEinB003 WO

00/ 49412 This lag is mostly attributed to the unavailability of an efficient and
comprehensive synthesis method applicable for producing diverse and complex
20  carbohydrate species. Since complex carbohydrates are both difficult to
synthesize and to analyze, it is not feasible to employ the above described prior

art methods for such tasks. ‘
" Despite these limifations, three aspects of carbohydrate medicinal
chemistry and biochemistry were extensively studied: (i) specific interference
25  with biosynthesis of b_aictcrial cell-wall (Mengling, 1998); (ii), unique markers to
malignant tumors (Omtoft, 1995; Kobata, 1998); and (iii) participation of cell-
surface oligosaccharide markers in cell-to-cell communication, cell adhesion,

cell infection and cellular differentiation (Simon, 1996).
These aspects of carbohydrate medicinal chemistry and biochemistry

30 were studied using chemically synthesized complex carbohydrate species.



PCT/ 1 LOO 00099 15 Synthetic conpl ex carbohydrates have proven to be an
i nportant tool for the devel oping glyco-therapeutic field, but the
limtations inherent to the chem cal synthesis process andasgsst@0080-
di verse conbinatorial libraries produced thereof, inpedes significant
progress i nWHieg94izel d. 5 For exanpl e, the CarbBank dat abaﬁ@r,{Lg‘g%g;@x
Car bohydrate Structure Database-CCSD) includes 48,956 records (22,048
uni que structures) which were deriveth frompublished articles and were

conpi | ed byyatheticeompicx catholyelrates laye pioveh -tEdEphe kmfartar hyslr f ghdResear ch
Center ( ol 'Iihelsgiy Car boha/drgt %s argl %ro.uped according to their

conpl exi t y ot T B G650 %L RIEPERY S HFlds Busdiedyrarations iaherentcto the shemicathed

nmol ecul ar tHésid RScdsh alnga i G .:HIT)}(B i .4t 0.synt hesi ze using
pr esent daiﬁtrzhenj (?g(l%synt heé?ssgér}e?tqho%g&séi (é]dl’,ll‘ & ﬁé’}i?isqu St rgolragﬁ?‘%

repr esent i Hhgradigimiiedes siguificont, piogrese ichi¢ Aglds, of the nunber of sugar

r esi due§ prese in th(i Cfg% e@ﬁc&{aoh drates found in the CarbBank

dat abase. Al t hough“*fR!H/Ge Srarape abasriCornler bomahydrate Strcturee  dat abase
15 posses Dafbas®CESDSSindifes QN ¢ r i c synt hesis_of .such

conpl ex ~ carbohydr atgg r?as n%t been %)L?tr%ng%éﬁj%gl?@& %{%‘é"é‘,ﬁ%ﬁnw@é‘f}h cul ar

not in contese defivedy frarhr publish@l farficled tands ware coutpileer bg GRPOGBHRH When one
| i brary of such entities,

L ; ok by
hecosal t at A apToRret SHRHER (Garbhyaato Reepich Citcn (CEBEI o These

car bohydr a¢£5ch 18453, | LGal hesi t hods to
synt hesi ze conb)?ﬁ‘ri%tori a &?rerlagi)?g&g?%;é rggggﬁﬁ@ﬁgﬁ%F@% 'aﬁocfgglbaflate
entitids i% ¢ of pur anwisntare habhdrdemoldtale tfuchites tBatWardehMchi&BRUNi zed

need for, .and i.hl v¥oul d_.be highly advantageous to have, nethods for

synt hesi zi APOSHBeesyBtierige upinginassentaay: ehaspgldathesic andthedst drigade | i brari es
of subst am {94 htdshUe LEX gt I ity 18 . August 2003 16
SUMVARY OF THE IN\%NTI o@f%@%@&?ﬁ&‘%& ong’gﬂs Sopniages, ﬁgt}b‘“’r‘g%@%“tf? nvent i on
there i s pugel tsthes mesdni mati camphangdrbshyehstee fyeHBNLE thd TRABAn&ONDPr i Si ng
a pl uralit%it%f adgl&l ssabl gpn’ple ex car boh%drate structures, each of the
addr essabl € Cénpl o‘ﬁ‘b p el ther pemplegscagohygrates six taai databass dedi cat ed
| ocat in, @ 60k oS ' k nf.iguration. According to
anot her asﬁr?(gsct of the g?gg{é‘%ff Q?%*/Je}%% |%(r)%@%gtéﬁsgﬁg?séﬁggéﬂc}bc%g’ 8d of

pr oduci ng carbakrdratesstasi ot beerbéxtatsivdl pipraxoiopd, ) pastida@iydt &t SodtbRraT y, the

met hod col rlgi ng the steps of (a) providing a solid support of a platform
confi gurat’i gf‘f nd havi ng a plurality of

Difficulties are further compounded when one wishes to construct a

combinatorial library of such entities, necessitating parallel synthesis of a

20  multitude of complex carbohydrates. As such, using present day chemical

synthesis methqu to synthesize combinatorial arrays of addressable complex
carbohydrate entities is of a paramount challenge. ‘

There is thus a “}idely recognized need for, and it would be highly

advantageous to have, methods for synthesizing and screening complex

- 25 carbohydrate combinatorial librares of substantial structural complexity and

diversity.



| ocations; and (b) enzymatically synthesizing a plurality of conplex
carbohydrate structures, each of the plurality of conplex carbohydrate
structures being attached to at | east one dedi cated Iocatl Q%O?;Lsttéb%s
plurality of |ocations, thereby producing the addressable co natorral
conpl ex carbohydrate library. According to further features in preferred
enbodi ments of the invention described below attaching each of the

addr essa OKEH MTEONt ructures to the solid support is

effected by a |nlg§ Accor di ng to still further features in the descrlbed
pr ef erred e REdorone psnskkef ithe IArersat m"cptéa%tth%f\ﬁdscléfﬁﬂdgdcﬂjs coval ent

bonds. AcgisthAgabP f t [ SCri referred
enbodi ment s th P?nké%hligléxsg ecpg%[f Fe?otrﬁh?ﬁ/e QO&E%Slggnél S@I %6 of gn am no
acid, a peptide, a non-glycosylated protein, a lipid, a ceram de, dolicol

phosphate, a cyclodextrin an oligosaccharide a nDnosaccharide an aIkyI

chain and aC| Accor.di S urther features in th

descri bed” ‘@Feé gl(rérccé g‘%ﬂyﬁ’é’Fﬁ Emﬁc 1‘c’iaﬁlk%flrthefasc{df)e1ssagelcgﬁ % casko St%?ra east 20
Angst r om stictoms deumattaohesx atlldedicatddedatibe & alsobid suppoit heviglesplaifdaed preferred
enbodi nentoﬁﬁ%uet solid support is selected fromthe group consisting of
addr essabl uf t9- bl ock and a fl at platform 18 August 2003 17 According
to still furt h&ecotdireabd anisr asrped:théthd@&ecmt bﬁd}tbnﬁfe&rm pavidsboaiemenbs the flat

~platf t ' t | t
entr ane R Rl RSotabitg e SRR S b el RSP et cr 1 Dea

pref err edhe Heﬂa@ﬂ(mv@lrtgheom sippdri dferydtfate cmfﬁgmuaddfdeﬁsxﬁ@h plurallty of

m cr of abr;j ose reacti ha nt ed with
micro-fl t}%’%f? 'imadr{s? 'é““tllcc‘;’T [ﬁGS'ZgﬁﬁrPgué?ﬁy 8%"‘8?%% 5181%? ST Fensity of
4- 25 per eacfucafnla ;ﬁmphtgaﬁtmﬂ[ﬂﬁmqagaoaydrawktummasﬁamﬁ@aﬂdaﬁ)ﬁi toaniedst drerdedibd@edr di ng
to still h f re scribed i.nents. the solid
suppor t |lé&ég%§{the %“réF i {ﬁzﬁé{}onﬁﬁlﬁ% Hrogfj?l?%ren f%%%gﬁ cé)?bmégfl S
structur @3rb0hydrettehtphzw aI ity of addr essabl e corrpl ex carbohydrate structures

d t t
are arrange Ilpchr% %Qc? ﬁjﬁtﬁ&q‘?a%ﬂ'? ge%)rreg eﬁle cgmeuts of, tmnv?né{fng??sgr dgﬁg Ogr ment s

According to sti int e<sCt Poed’
t he sol i debwmasiing egclodf the &;Idt@sstab‘lncemsl@t emhodagidrﬁneemmlmes igreuplid eppst st i ng of

pol ystyr %F‘f@ct&f asﬁlkgtrked wi t h divinyl benzene, pol yethyl ene
gl ycol - ystyrene ock copol yner, polyam des, - polyacryl am de,
pol ynet hacryl am de, silica, glass, quartz, plastic and cellul ose.

According to still further features in the described preferred
embodiments the linker includes at least two contiguous covalent bonds.
According to still further features in the described preferred
embodiments the linker is selected from the group consisting'bf an amino acid,
a peptide, a non-g[ycosylatcd.protci.n, a lipid, a ceramide, dolicol phosphate, a
cyclodextrin, an oligosaccharide, a monosaccharide, an alkyl chain and a
nucleic acid. , '
According to still further features in the described preferred
embodiments the linker is of a length of at least 20 Angstrom.
According to still further features in the described preferred

embodiments the solid support is selected from the group consisting of

addressable multi-block and a flat platform.



According to still further features in the described preferred enbodinents
at least one of the plurality of addressable conpl ex carbohydrate
structures includes at |east two contiguous sacchari de uni 18 Anfust 2008g!l e
species. According to still further features in the described preferred
enbodi nents at | east one of the plurality of addressabl e conpl ex
carbohydrate structures includes ati’l east one_branch. According to still

further featurdesosding héo deldr ifssleerprisp@rasedin ethbodloseiead aprefa@Es: one of

the at |east one branch s, fornmed of i ' c . nchi ng
sacchari d& r‘ifupgt?& 80?%% Rg‘ﬁt%gns]tsi %Iecff%?tr%(jgg gag{?(ra s@‘?&%l{eﬁg ggsﬁacri bed

pr ef er r ednRehfeipiRa tSmaimbt@RshdandiRf the plurality of addressabl e conpl ex
carbohydrate structures includes at |least 5 saccharide units. 18 August

2003 18 Accordicarding e i tillf duthesr feelyrasr 8 ot ieserbed | pefermdef erred

area |t amescineRe R ety hmAgerie et e arok M A S d o 0TS

Accor di ng:]ésedstddton fcHaibBers shppleticaediwith hfcrideftisyedni3l eftrregdionembodi nent s
the plurality of addressabl e conpl ex carbohydrate structures are a

r epr esentckpinbarsi #rel prefangplnaafuz slensbnpf dx2T REDHEANATE Arescachchei ig to stil |
further ’fgﬁtureﬁﬁé{ggége delﬁcri bed preferred enbodinents the natural

conpl ex c* ‘BBE? SP'0&r i ved from a human source. Accor di ng to still

further featurggolding heo AR irkekkrPrhi@rdsedin emBOaIBbe t pRfditbdan sour ce
is selected fromthe group consisting of a tissue, cells and body fl uids.

Accor di ngnaodimpiits theiselbsupperttia rethip and fertiehs selrgrpiagdifiesdné cpa@lexenbodi ment s
the plurali,t f addressabl e,conpl car bahydrate structure a

repr es_entczﬁfl?%ﬁ €4 %tfﬂlﬁtﬁﬁ’@iéf Qgﬁg%ﬁééfﬁf_élcog@#ﬂ &rb@g?{%é%ydr ate.
Accor di Ngten¥&l aRNARRedaBPEAthR  sJaB&I ROETRHE thay @S eAmt &git& oS provi ded
a nethod of identifying a conplex carbohydrate capable of binding an

entity, tdmermet hod conprising the steps of (a) producing an addressabl e

conbi natori al conpl.ex carbohydrate library by (i) providin lid support
of a platfor mpbcﬁﬁ?(ilﬁ%_rg?i “Ha%ﬂl%‘cﬁayﬁeﬁtﬁmg pllnurtg'fai t(%s%rf‘ﬂ)ﬁddoc e?cg?]cg; and (ii)

enzymat i cahbodimuis Bsi ZiA0 s@pgdrlidlofty sabsteREPkElscted afrb@h il gtapst ruct ures,
each of the plurality of conplex carbohydrate structures being attached to

at | east comeistiegli ehtpsdystocat | ansolinkdde spithur divinyjbazenac @ohsHylencher eby
Prod Nl b8, SUBLaRRED S somtinasankal | ST Gcear PPNt Loy anc
\l/)vz tn gi tn getmﬁ?ﬁi&xfryarmdé%ﬁéaygﬁgs,tqhﬁfrt&(yl@ti@&nﬁ%éh@lmidr ate capable of
According to still further features in the described preferred
embodiments at least one of the plurality of addressable complex carbohydrate
structures includes at ]éast two contiguous saccharide units of a single species.
According to still further features in the described preferred embodiments at
least' one of the plurality of addressable complex carbohydrate structures
cludes at least one branch.
According to still further features in the described preferred
embodiments at least one of the at least one branch is formed of identical core
and branching saccharide units.
According to still further features in the described preferred
embodiments at least one of the plurality of addressable complex carbohydrate

structures includes at least 5 saccharide units.



According to further features in preferred enbodi nents of the invention
descri bed below, the entity is a candidate for a biologically active
material, the nmethod serves for identifying a conplex carb®hudusitz@08hi ch
is atarget for the candidate for a biologically active material. 18
August 2003 19 According to' still further features in the described
preferred enbodinents the entity is a ligand known to bind a specific

nat ural conplex carbohydrate and furtfer wherein the addressable-

conbi natori al céwpbeixng car befily dfigtleer| ifoitares 118 ané eRE&SBRLALORLQf domai ns
of the specificg.natural . conpl ex carbohydrate, the nethod sérves for .

i dent i fyi nGTRoSHReNF e Rigrakitn obeddressable srmipinx senbaltydbite dsucthes largand.
Accordi ng ok feat ures; in the descrjbed preferred enbodinents
_the enti tytria)sréileln%]gtoég%élgﬁ&érng’gfn%kg%{o%o TRl f?fgglgjfdrf‘te%not her aspect of the

present inventi Accodarge ics stilf OVirtlRd FediBilehOGn Ofhdli a%ﬁgisalgp%fgﬁ@gr der
characteri zglgpg%?ﬁa sgj{qf or _non-self conpl ex carbohydrate structures and
hith

elicitati off irdyralifbpleaddeessaide complex arsidhydratostpudtsiengre Mie st eps

of (a) pro i : conbi nat or i,al, - .conpl ex carbohydrate |ibrary
representin %%gtaglgﬁggiri‘%%gﬁ?@%lfwww (&Ob(g‘é'fif?&?ﬁ?dr ates by (i) providing a
solid support ofceorfingt f@r ntitbnfur@er afé@Reang, had n@e&%ﬁ%&”@*&f&&ed of

| ocati ons; agd 3 ii) enzymatically synthesizing a plurality conpl ex

car bohydr af®bed thes natugal cepraglex tverhohydratast yreodertmdpfrom adnhnaydr at e
structur esscgg{:é]g attached to at | east one dedicated |ocation of the
plurality of locations, thereby producing the addressabl e conbinatori al

conpl ex car bohkdtcatingl idor ol fpBef blcabast iPoafchegd SE‘%lf
conbi nat or i ah onpl ex carbohydrate library wth anti gﬂ%‘?ﬁs e%?/ded froma
I

pati ent suSBRedIBYIEthehymag sotree it scbactrek from thdigrompycongjetivey of etigupat t ern of

the | ocati gng L,¢h:the anti bodi es bind, such that by conparing the
pattern Wl“t%El g&lab%%é#fern characterizing a healthy individual, a

di agnosi s of thecairdiagdad istill oftBbnaRafireACHO! BleNWdsOrisdd '%e frer aspect
of the present_invention, there is provided a conplex carb rhy rate library

conpri si ngEPfitRentsithy phraléty mfladsresmblsotopaplax earbbhydratersesicerednrbai ng

attached =1 f ] addressabl e |1 ocation, of an.array, wherein each
of the pl 3Irre]a3 istélg}g%?l{ b%%%%ne]‘?( Og%tﬁ%gﬁ%? ﬂ?tgrai‘f’?lﬂ}lf](eﬂfrc gbqhé’d%%posed of at
lleast 2 and no Amoedihfeny2Andaee BajebOsr 48 bictent3RFBNRER i8brdvRfRal One
conpl ex car bo%%tr)gé‘e structure of the plurality of conplex ~carbohydrate

structured ¢ Kenttyieg aompleacsbhlydirate scahable ng tandinp gheersity,uct ur e
defined b h8n cat i t hereof on e array. .18 Augqust 2003
19a. Accor )étih%g to@cggértﬁﬁlzg% g}%flt %?%Ssoﬁ'o (E‘) BF%@@%@ %‘%ﬁ%ﬁﬁ?‘#@ﬁ%@mﬂ? i nvention

described bel ow, each of the plurality of conplex carbohydrate structures
i s coval efftmRiexaarhebyrisete tibratyty (i) providing a solid support of 2 platform configuration and

having a plurality o_f locations; and (ii) enzymaticaily synthesizing a plurality of complex
carbohydrate structures, each of the plurality of complex carbohydrate structures being attached
to at ieast one dedicated location of the plurality of locations, thereby producing the addressable
combinatorial complex carbohydrate library; and (b) screening the addressable combinatorial

complex carbohydrate library with the entity for identifying the complex carbohydrate capable
of binding the entity. |

According to further features in preferred embodiments of the invention
described below, the entity is a candidate for a biologically active material, the
method serves for identifying a complex carbohydrate which is a target for the

candidate for a biologically active material.



single solid support via a reducing end thereof. According to still further
features in the described preferred enbodi nents, each of the plurality of
conpl ex carbohydrate structures is attached to the single $®Augus@ppdrt via
a linker, the linker including an ethylenglycol derivative, at |east one
cyanuric chloride derivative and an anilino group. The present invention
successful | y addresses the shortconﬁpgs of the presently known
configurations vi di a i jal. c I b e
Iibraries-and’%%%ﬁgég kgrgﬁ%eﬁﬁgﬁgnggégﬁﬁrénan sggggﬁ%ﬁgaﬂ%g%%ggust 2003

WO 00/ 494¢krbdiirhiehis @Y @AEG%is20lig Bl oV SCBiAT h G éfic THhibRAMENES The

i nvention herein described, by way of exanple only, with reference to the
acconpanysasephydmate nael Twitesre weram Ghe addregsablsy sambinstorial . somsplex

~ car bohydr at pnosacchar| . [ fi diff.ere pes with
three br a%éﬁ?h%draﬁ%ﬁ]nbtq%y %hlgsre rc?rsr%ﬁ %%’ 3’ l? &(\ﬁ/\%@é d(gﬁwbéegeg ce%%tgtéélby t he

net hod of cdniisle c@PORydrafty € inethod aknes foeiddntiédhed speyifangomsiandfcal or
enzymati c_synthesis nmethods currently known in the art. This Figure shows
t he” nmonosthe drmaingevhighbindpthedigand. t he anoners (reactive centers) and bond

Lypes, as vellyaSchle B 206 PRl MednedO 1 Gu? deeRiSSCSea T ati st cal

study on the occurr ing I conplex carb te records

of the CCHhbétHingRRike eniiifi gtafldbase includes 48,956 records which were
derived from published articles and were conpiled py the Georgja

Uni versity Projeotditenipl sl caofishyatpaste oRabe apresent qanertioncdigse Bach slice

of the pie s represents, i.n_per.centage, the r of hranches
(0-26) boearrRng PREPAZE difisptiRe B EaRb AR Erad et il SB on Bon RGNS o
anal ysi s ysasplBe ch@onPdtatdSithentey HiRpdlkciBtidn @PAntibddies theks agaifidtsthegr am
representlngsfhe distribution, in percentages, of the nunher of sugar

resi dues pedodntoniprisite theonisbenf dal perdpsing s addmssalln qERbIntaHYBank
dat abase. Al t.hough, 44 %.of ..all the conpl ex, ca dr i 20 dat abase
Cosans” 6 B ot iy areS e S AL W HBhERIe! BakBn?h G2 20RSS

car bohydrat es has not been extensively practiced, in particular not in
cont ext GRPaSKrafes By (1) preyiding 4 splid sypposifa platiorm sendiepsation 4nd hayiagapelienzy mat i ¢

synt hesi sf REatiohe anCGIYBASNaANP YL BHE 2 BluFAligt wcemgﬁax EdrBeHyBrafe strhdtugich st ep,
(ER)y is listed (see Table 7 for detajls) and the

t he enzyng%i 2? reaction
added moROEE R YIS %tfﬁompl_eé CHEMREF LY UG SR IAEKE Sutiastoge drdidsent s
the sol i ghcstigandtie pRiA41By of¥BéaGibnst hereBPPBI@K AR NARYAbREmbBatbiATRBLplez €d and
the synthesis reaction ) , ,

carbohydrate library; and (b) reacting the addressable combinatorial complex carbohydrate

library with antibodies derived from a patient suspected of having the disorder to thereby

generate a pattern of the locations to which the antibodies bind, such that by comparing the

pattérn with a known pattern characterizing a healthy individual, a diagnosis of the disorder is

obtainable.

According to still another aspect of the present invention, there is provided a complex
carbohydrate library comprising a plurality of complex carbohydrate structures each being
attached at a specific and addressable location of an array, wherein each of the plurality of
complex carbohydrate structures is composed of at least 2 and no more than 20 saccharide units
and whereas at least one complex carbohydrate structure of the plurality of complex
carbohydrate structures is a branched complex carbohydrate having a single structure defined by

the addressable location thereof on the array.



occurs. FIG 5 depicts covalent imobilization of G cNAc to cyanuric
chloride 30 activated Covalink NH £ which imobilization 'constitutes a
first step in 18 August 2003 WO 00/49412 PCT/1L00100099 228 Asignstt3®gBs of a
conpl ex carbohydrate |ibrary according to the teachings of the present
invention. FIG 6 depicts covalent imobilization of G cNAc to NHS/ EDC
activated Coval i nk NH, which i mmobi I| g%lon constitutes a first stepin 5
synthesis of a conplex carbohydrate |itrary according to the teachings of
the present invention. FIG 7a is a graph depicting the binding of WAA to

PNP- Gl cNAC  CONRLRIhd!O rfr@¥efehiies ml-gr&b@édeembamen@ oPIhEfRRRRN AbscAbgience of
cyanuric chloride activation; binding was visualized via a WGA conj ugat ed

per oxi dastelers etdlirof Hemluralty efcomplen sarbelydratestistaieniscevalwdly pigishedtpthe 7h i s a

gr aph depéu%lot\!é&gdgﬁbﬁoﬁgfa%ci&dugﬂlg‘éﬁd’%%@f bl Qcki ng nmet hods On t he bi ndi ng “of
WEA t coupl ed to Coval i nk NH BI ates:; bindin was visualized

via a WGA conjdtgatdé tﬁ@ﬂb@@ﬁhﬁ§@“§§5 ip hetdsisribefaelpirgsan hoﬁ”rteﬁ’é caphy ofr Pt es

section. Afafl Grcofifpidskambolf AR stHRRIGE] Adcled & b Elﬁ'%lé'ﬁbifafsu vida [fakefNAC
coupled to cyanuric chloride activated Covalink ing was visualized

- via WGA fh‘tbﬁﬁ“{l@a@@dgmq*@l%bfcalr‘%eﬁé%“"&é’éE’FfitBWYFWTFHBIOEQ%%'IV%VGS"B@:?‘? on.

FIG 8a |;§u]§m%ﬁﬁgh depi cting WGA binding to BSA-d cNAc which coats the
Maxi sorb plates; binding was visualized via a WGA conj ugated peroxi dase 20
as further described in the Exanpl es section. FIG 8b is a graph depicting
the binding d r r 8 aad(frégggg ine sRértdondinggi b ethe of wash ‘
st eps enpl oyegﬁgI’ﬂr%%ﬂgh&esﬁhgﬂgsﬁg%%%egl cting the transfer of 3 D Gal act ose
to the pipadsently mkmbith i zewfiphations- 63- Prelidie a(zczarabmmoniahkmp §% verified
using ECorA 25 lectin bindin t he, en steps required
for the $prhohydiate loranes ymsime Od‘"t%ﬁ’iél?eé’f’fnﬁ U%FE‘{%%”%??E% described in -
Table 17 imobilized to a pl ate, outlini ng the organi zation of the

mcrotiter plate, the enzymatic reactions perfornmed at each step and the
| ectins/anti body binding assays. 1 8 August 2003 WO 00/49412 PCT/1L00/ 00099




22 FIG 10a is a graph depicting RCA120 binding follow ng i ncubation with
a 01,4 gal actosyltransferase reaction m xture (D7) (solid line) or
following a control reaction (hatched line). FIG | O is18Aggagi2003
depicting BS-1 binding follow ng incubation with a 5 al,3

gal act osyl tWahe#tzase reaction mixture (D3) (solid line) prrkh jng a
control reaction (hatched line). FIG 10c is a graph depicting bi ndi ng
follow ng incubation with a al,3 fugbsyltransferase VI reaction m xture
(B2) (sol iZRIBHMRESCRIPRIONGHMEHE RRAWINGS eacti on (hatched line). 10 FIG
Id is a graph icting, TM. binding,follow ng i pcubation with an a2,6
sial yl transfer ggg%%é‘t‘?ﬁgﬁm?ﬂ S dlléed?kﬁ)waé”ége?‘ﬁf@ erfa}y,gyith mifetengeng a contr ol
reaction (tbdiechemphiihg dihvagd, Whelcin:2 9r aph depicting TM. bi ndi ng
following incubation with a a2,3 sialyltransferase reaction mxture (A3)
(solid line) oFIfoll|iawi fegmalacoftcompladscarbalntdrae dfhbt efedsddchglde FI G 1OF

is a. i<CEing-Anti-sialyl Lewis. X | gM binding fol I ow
| ncabat o (i P S feft bute B beuehingnpeitie LBy BRPIESYi d | ne) or
fol | ow ng whictoet ol cffesaet bype (RARSHEEmE AR iF Ghrichl caflEM ] Sl enzymati c

reactions_perforned in each step of a -20 library erre 0 as library
2) synt hed¥ dnanehepteal| ecenzymalic syithgsia ssatlyedst tatentiypeltrywis @d tHeOaryeri fy the

efficienc f i oys enzymatic .steps., FIG 12 is a graph depicting the-
bi ndi ng o?h%&fﬁgge P solke RaRgeacchBHdR Ve NhRRer hepnemess Feastiic ous time

points fobhﬁwsygndmub?%ésoasweﬁlasﬁl Krado ;act osyl transferase reaction
m xture (D7). 25 DESCRIPTION OF THE FI;REI?%&ENBODI MENTS The present

inVﬁntclif)o][l i's OFIQ}&MEmQIUS hﬁtatismmhmﬂymﬁnh@bgcglmhee gﬂ?ﬁﬁﬂ? in%@d _011:_ _
.met hods synt.hesi s t hereof., | can_be used for (i) identification
of coenpl egérggfr&go%ng’éatﬁfwc}s P?iﬂ}g\%ﬁ idatadass. ofhst CESPpHatabasar bohydr at e
30 associ hichdies @8BBEAeS0rAE WG RleRSidsveR ti,ah: Qhydrate rel ated
targets for 18 August 2003 V\(l) 00/ 49412 P%W@&%%&%%@Iﬁ%§gm r‘ﬁ%ret her apy;

(iii) idefRmPiehby dhe Seotginllbgiersity PrajettiUenplerTlakolpat-fieRaeaicrs; (i V)

identificati.on pegi fic.conpl ex structural carbohydrate el ements as
pot ent i al é%%tgvp'gjgfr%(zt gﬁ?%‘rSb‘iﬁugptﬂi‘FeP§p§$‘°"(‘i‘/)rel’r&é"rﬂt§:fmc3%rP@fﬁagﬁ, thhe active

;: ;gglfof mkAbsN of GIRIcBEs Q@Q@Phﬁé@ﬁx"i‘ﬁlg i FHCEMhERX éa\fi)gh)jdgﬁgé iotfitﬁgt i on of new

database. Statistical analysis was performed using CarbBank 3.2.009,

FIG. 3 is a histogram representing the distribution, in percentages, of the
number of sugar residues presént in the complex carbohydrates found in the
CarbBank database. Although 44 % of all the complex carbohydrates in'the

20  database posses 6 or more residues, chemical or enzymatic synthesis of such
complex carbohydrates has not been extensively practiced, in particular not in
context of a library.

FIG. 4 is a table representing the stepwise enzymatic synthesis of the
complex carbohydrate structure of Figure 1. In each step, the enzymatic

25 reaction (ER) is listed (see Table 7 for details) and the added monosaccharide
unit is marked by a gray background. "S" represents the solid support onto
which the complex carbohydrate is immobilized and the synthesis reaction
OCCUTS.

FIG. 5 depicts covalent immobilization of GleNAc to cyanuric chloride

30  activated Covalink NH, which immobilization constitutes a first step in



5 markers ‘in conpl ex carbohydrate structures; and (vii) detection of

anti bodies forned against a cancer-rel ated .gl yco-marker or other disease
rel ated gl yco- . antigens. The principles and operation of th&Aagudti2gagori al
conpl ex carbohydrate libraries and the nmethods for the synthesis thereof
accordi ng twodsaogr esent 10 invention may be better underpg_trﬁ&cafméh
reference to the drawi ngs and acconpanying descriptions. Bé s pl ai ni ng
at | east one enbodi mrent of the inventdjon in detail, it is to be understood

that the i syueindsisoof & Sonplex! tarbslgfirtd libksry aRebidaa iPhel Qadig gt @il s of
construction and the arrangenent of the Conponents set forth in the 15
fol | owi ng PESEHUNEBAor il lustrated in the drawings. The invention is

capabl e of ot e :pEn r .of bein ractd r carrj out in

vari ous ways. %ﬁg}é, 8??&5,?% %%Yag%ltu%@?@%%@m’t h“;t %ﬁﬁgxﬁh%slgggg?@cand

t er mi nol ogactzafekoPedalids aVH, ixﬁhﬁzﬁrimrhb@ili@éﬁd?no%%nﬁftuféﬁ’sﬁrﬁx@f I8, gipd shoul d
not be %egar ed. as.limting. Enzynes for synthesis of conplex“carbohydrate
i brar i ®s: SYB§eseOlch somplerceashohyideate dibotry coepiling toathb dhactirass eofctherbi nat or i al

libraries ,Rc00hAlRg,4 0 the present invention is effected by
gl ycosyl transferases, gl ycosidases and transgl ycosi dases. These enzynes

can. be obt ai nédGi riams di grhph altbichiag! §:8ShiHginBJofd WEGAT 6 et GRLERE €S as
descri be herekﬁ be ow_pfg\ﬁmes derived fromnatural sources: To date, nore
AareRyali

than two %P Slatesdnibs pegscageyeroabstngearfsdanaseshloride

transgl ycogk ANy Ldases_active on a |arge nunber of substrates
and donors hgve Eé)en %%aé%gsl%\a}éfve‘iﬁﬁﬁgg%F?@Bﬁ?te‘iﬁ é‘%ﬁ‘iﬁw@éﬂ’&?e found in
marmal 10ansdesetities, in tid Brémplet béetiohnvertebrate cells and nicroorgani sms, (for

references see Palcic, 1994 and N lsson, 1996 which are incorporated by
reference as i f1Pulpys segraplodepictigy theeeffich pf vaSowsubiosking GAGhMD &/ 49412

PCTI | LOO/ ﬁgﬁp i e s: The cadi uences. of many

gl ycosyl tﬁgﬁgﬁgﬁés%s ar){!([;P q @%%?’@%@38@5‘3%88@%]‘3?@ es; SHifithe accept or
subst r at e vepsevistidlized Wioh WA RhjvehRdIREGHRRAn fu?t'ﬁ%%/ H%Qf%i t her eby
have been. characterized.: Tabl e bel ow | i sts sone of the clone

gl ycosyl t gplesssedom and t heir respective acceptor substrate specificity.
Enzymgg for whi ' i sequences .hav n c can be produced in
suf ficient quagﬁ?’t ?ée]g; a g@ﬁhg%g’tcgﬁ%gt?egﬁp@ggﬁﬁivﬁg% t‘bh%ﬁ‘_g‘&ﬁﬂ'fﬂﬁfg@ Si nce
nost of t gsmurenzhlorde aceoated CHRRRK INANSIRGAL AL WREES %] ‘Wﬁ for
functional i tJyLl eé%r ession is preferably effected in insect ce cul tures
(Tol d, 19§9WUzaRd F15Q5y further dgenritied in the Examples section.

FIG. 8a is a graph depicting WGA binding to BSA-GIcNAc which coats

the Maxisorb plates; binding was visualized via a WGA conjugated peroxidase
20 as further described in the Examples section.
FIG. 8b is a graph depicting the binding described in Figure 8a as a

function of the number of wash steps employed.
FIG. 8c is a graph depicting the transfer of B-D-Galactose to the plate
immobilized phenyl-B_—D—GlcNAc (22 atom linker) as verified using ECorA
25 lectin binding, |
FIG. S depicts the enzymatic steps required for the synthesis of a library
consisting of the structures described in Table 17 immobilized to a plate,
outlining the organization of the microtiter plate, the enzymatic reactions

performed at each step and the lectins/antibody binding assays.



10 in the case of soluble enzynes for which the catal ytic domain(s) have
been characterized, expression can be effected for the domain sequence
only,. providing it retains the catalytic activity and subssragest 2003
specificity of the holoenzyme (Vries, 1997). O her possible expression
systens forweeballe gl ycosyltransferases al so include segr f’&)‘i on from
mammal i ans tissue-cultures 15 (see for exanple U S. 5,032, EYE0008PEh i s
i ncorporated by reference as if fully, set forth herein). 20 TABLE 5

Partial |ist oFIG! pmeR DfM4s H%&ﬁﬁg‘Rt@tlaSﬁﬁdﬁgﬂkohHﬁkﬂg RCEERLE With

EnzymeAcceptor E. C Reference nunber
si al yl D- Gat Pdg1gadycteyBadinfaraseredctR. mﬁhmg (DIP solidr oy fr RSNl £5pi eet

1992, K 1995 | D-G1-[3(1,4)-D GlcNAc- R2. 4. 99. IG und

1990, t?gﬁgﬁé\,\@‘é&%‘i&ﬁ%ﬂ%%ﬁﬁﬁ@é | -1ar Laﬁmt o) 1993 22 g Jnamenn
lylD-Gal -0 Paul 1993,

;s/‘tléﬁ {992 az, 8(1;1(3% i(%@&%lﬁgh%%gégﬁgg@%%ﬁﬁﬁg@ﬁ%@é @‘isﬂtabfl arig@t uq ?ggsferase

al, 2 f&cosqlLDg%bto(sykﬁﬁsférake &9&@@%}&@&05 D3y poslielirdeH tQRWing DS al ,
fucosyl [D-Gal - (3(I, -D-d ¢cNAc-R2. 4. 1. 152Kudo- 1998 transferase 18 August

2003 - WD 66‘1%4&%0@@{ #tched Bo090 25 TABLE 5 (Continued) al, 6
ooyl 0 Mo 044005 SRy S NN ASR b S8 1 91
e DTSk e LS AT RO YD 1o 107
mannosy| Dewtrel agaction (hteher(line) - noneYi p 1994
10 FIG. 10d is a graph depicting TML binding following incubation with an
a2,6 sialyltransferase reaction mixture (A2) (solid line) or following a control
reaction (hatched line).
‘FIG. 10e is a graph depicting TML binding following incubation with a
2,3 sialyltransferase reaction mixture (A3) (solid line) or following a control
1‘5 reaction (hatched line).
FIG. 10f is a graph depicting Anti-sialyl Lewis X mouse IgM binding
‘ %ollf)wing incubation with fucosyltransferase VI reaction mixture (B2) (solid
line) or following a control reaction (hatched line).
FIG. 11 depicts the enzymatic reactions performed in each step of a
20  library (referred to as library 2) synthesis and the lectins binding assays that
were used to verify the efficiency of the various enzymatic steps.
FIG. 12 is a graph depicting the binding of RCA ;, to BSA-GIcNAc
bound to Maxisorb plates at various time points following incubation with a
1,4 galactosyltransferase reaction mixture (D7).
25

DESCRIPTION OF THE PREFERRED EM'BODIMENTS

The present invention is of combinatorial complex carbohydrate libraries
and of methods for the synthesis thereof, which can be used for (1) identification
of complex carbohydrate drugs; (ii) identification of complex carbohydrate

30 associated receptors or proteins as potential new carbohydrate related targets for



transferaseMan-R- al, 3 gal actosyl D-Gal -13(1,4)-D GlcNAc-R 2. 4. 1. 151J0zi asse
1989, transferaselLarsen 1989, Strahan 1995 131,4

gal act osyl D- G cNAc- R2. 4. 1. 38Masi bay and Qasba transf er ase1838ugyst 2003

N-[ L- Fuc- a(‘%, 2% D-Gl-R2.4.1. 40Yamanot o 1990, Acetyl gal act ose amin

| transf er asEO0%®4 N- [ D- NeuAC-a( 2, 3) ] D- Gal - 132. 4. 1. 92H daperhQdaedNagat a
Acetyl gal actose(1,4)-D d c-R1992 am nyl transf erase

N- Acet yl gal ac&)gseSer_I“r hr2.4.1. 41Meur®r 1995, aninyltransferaseHa en 1993
111, 3 gl ugﬁ}go BpyD(idt} jidentifivatiyn of Gilogitdlly-Ative-dmpldx tabkhyagrya 1998

transfer agi@?(lidént&claﬁan 60#?1%9%’;_0 %%%} %4@%;1%% %ﬁoh?yﬁ%aj ;5%38&%1 u;sz en, 1993

Acetyl gl ucose amn Iraans

R) 2. 4- 1. 1p@Bntalmev engd®93: dest HEGbYCOs aBithdatibang' LA
N- D- Man- rﬁéﬁl, 3)[ R ].D- man- pzézlf%l. by 0a iatiica lggg?ytﬁégtggtz%%%%séf. R2Pownal |
1992, am W 08Rlen athohydrate] Sonctupask )] ddeatification of new glyco-

tl, 4N = . - D- -1i 2.4, 1..145M 1998 Acetyl glucos(1,4)-R2
arnin Tt r aages i bl o lite S mipReTD  Ranosition of astbedies 1905
Acetyl gl ufooméed , ahinsp ammﬂ&rmggeﬁﬁarwgﬂ BP Sthek Q{isg'ggag?élﬁtfex irégfco@nd cloning

new enzynes. In addition to the presently avai nat u and -
reconbi na?ﬂngﬁPﬁcosyl transferase, the identification and isolation of novel

gl ycosyl tr anst: . ndertaken. .ycosyl transferases which are
useful " for conﬁ@%cbé@%%@d?é% M %’{(‘E‘Pf"“%ﬁ%éi@?@&%%s oliyse#iei f i ed and
i sol at ed librariescehd thy peshodshics 'the Qg aBRsik rlﬁereﬁ?%&ﬁ&inga{obﬂf%@%%? structures

typically. synthesized by these desired 10 gl ycosyltransfer S. Affinity
chr onat ogPEPHiPT &aynibgubeitari wideastopdrrwith | deerence to the drawings and

accompanying descriptions.

Before explaining at least one embodiment of the invention in detail, it is
to be understood that the invention is not limited in its application to the details
of construction and the arrangement of the components' set forth in the

15 following description or illustrated in the drawings. The invention is capable of
other embodiments or of being practiced or carried out in various ways. Also, it

- 1s to-be understood that the phraseology and terminology employed herein is for
the purpose of description and should not be regarded as limiting,

Enzymes for synthesis of complex carbohydrate libraries:

20 The enzymatic synthesis of complex: carbohydrate combinatorial libraries
according to the present invention is effected by glycosyltransferases,
glycosidases and transglycosidases. These eﬁzymcs can. be obtained from
different sources using different strategies as describe herein below.

Enzymes derived Jrom natural sources: To date, more than two

25 hundred different kinds of glycosyltransferases, transglycosidases and
glycosidases active on a large number of substrates and Honors have been
extensively characterized. These enzymes are found in mammalians cells,
plant cells, invertebrate cells and microorganisms, (for references see Palcic,

1994 and Nilsson, 1996 which are incorporated by reference as if fully set forth
30  herein).



1 8 August 2003 WD 00/49412 PCT/1LOO 00099 26 acceptor as a ligand are
well known in the art.and enable a sinple one-step separation of a desired
gl ycosyl transferase (see in this respect U S. Pat. No. 5, 288A68dst 2808ch i s
i ncorporated herein by reference). Once a glycosyltransferase is
identifiedwadosanl ated, it can be partially sequenced ang. /%mm& e
encodi ng therefor cloned. Technol ogies for cloning egcosyT ransterases
genes are wel | -established, and nmanyxsexanpl es and strategies for cloning
gl ycosyl transf Beamebigenes eagpnesVi eWdliei Neddify PricQhemtch (§pe,m%§; exanpl e,
Schachter,. 1994 and WD 95/ 02683, which are incorporated by reférence as if
fully set BRSPS Wrses. anflotragsslyeesidesobavepbesnseloned #udr theaebeptor

gl ycosyl t gghshgr i W thin the d Projein
dat abas es.5 W t % %ﬁ%ﬁ?gg :63 @g‘g‘éﬂf}@? arg‘fe%ﬁblg?mr?@@mﬁ\ﬁ’%ﬁ&%?@f %avseequence
data, seqheswcehapdciqimednTablechiilowaBtscdmdst tHe elbntallydob@trhalgRbidd cation of

new glgcog%(i':tﬂansferases. For exanpl e, 110 distinct ¢ and genes from
animal? vy 161, FefReet e Aogsptor evubairatofpseifigitnt eEnzyiesy fadwhich thent ai n t he

char act er ;§dihs sesiled u 7 .9f «the UDP . gl ycosyltransferase gene
Suoer f an b solelas Hit BEH PRARY oBh e"fipghtod TR Ia LBt Gnat ure
sequencesuung soniisl, raoombitkint DA | Behinigued! t K08 1963t ASiNthedeELoMAN; dat abases
| transferases. For exanple, three new

for novel Ell Z{COSé —or | ree :
ar abi nosylHPERs PRt dEenglafienal wapedifiepsions f fasd fimctiomelityp pkmestion sisquenced 20

genone of n\MG | rcul osl I8y S Nee 0 arison to

ar abi nosy].l)t raﬁ@?g&gg@&@%%&@g C%\Fié:mﬁkiegxg%ﬁ EQ%W?QWQ@%L g%/a‘%‘%ﬁn&b, 1998) .

Uti | i B ngin' thermayeref seldblki atyiys dbr Ghidhomhe V@t i BomERfy) R bde) modi fied
affiniti eé_agr altgr ed substrate donor or acceptor specificities could also
be enpl oyBHIHEIAGE. SFRTCHERR scagf beeeffented donphexdarasibobyqieateenlyzor exanpl e,
25 the sypbbgsis jof ohydrate structures conposed_of identical
repeat i ng%noﬁ%gg;égﬁg% ehﬁe)r(licgf’s%[)}glgn%%&vtl daf‘ﬁ iuﬁ)gggtgngp%%ﬁyopgptbei fic

ori ent at i mdoermymie Eéried)- rpw).a( Oth2) - posban: @g%,,egsio,pswgﬁ.@( for2dotihler €QUI res
the wuse gf an a-1,2 mannosyltransferase with an aCceptor speci ?i city to
a-1,2 resaltraprisrases wésor meludst segectionz fiom mamumalignsetisneeubtire€DP- Mannos e

and 33t AFRCR ) 3R, amobi iz ontq. a soli port, woul d
result i E@%B Aug&@?le%ggg%\’%(%"&%ﬂ&ﬂc} 5&?‘??%%%’0@@@3 ergnee %&Jﬁﬂ ntroll ed
pol ymer i zst fayth eeein).i on whi ch woul d create | ong pol ynmer chains of the
oligo-mannos [D-Man-a (1,2)Jn R In order to synthesize an

20 . TABLE 5
Partial list of cloned glycosyltransferases and their acceptors.
Enzyme '| Acceptor E.C Reference
. number
«2,3 sialyl D-Gal-B(1,3)-D-GalNAc-R 24994 Chang 1995,
transferase Gillespieet 1992,
i Kurgsawa 1995
B2,6 sialyt D-Gal-(1,4)-D-GlcNAc-R 2.4.99.| Grundmann 1990,
transferase Kurosawa 1994,
Hamamoto 1993
2,3 sialyl D-Gal-B(1,4)-D-GleMAc-R 2.4.99.6 Kitagawa and
transferase Paulson 1993,
Wen 1952
02,8 sialyl D-NewAC-0(2,3)-D-Gal-p-R 2.4.99.8 Nara 1994
transferase '
al,? fucosyl © | D-Gal-B-R 2.4.1.69 Larsen 1990,
transferase Hitoshi 1995
al,3 fucosyl [D-Gal-p(1,4)]-D-GleNAc-R 2.4.1.152 Kudo 1998
transferase




ol i go-mannose with a defined nunber of mannose units (three in the above
a controlled stepwi se process is required. The ability to control
5 undesired polynerization can be achieved by using a nodi 18 adggdty00sy|

exanpl e),

to |nnDb|I|zed accept or

donor, un|
Such a rngV O
GDP- Man
mannosi de

i noi ety of the CDP-
mannose noi ety 10 since the aﬁgﬁﬁﬁ

e gl ycosyltransferase with a nodi fi ed donor specificity.
zyrre woul d be enpl oyed for the additi @ormieoascmodi fied
D-mana( 1,2)-R The nodification of the

| B5 t hen prevent addi tion of the next
(Coptimyed) nanosi det r ansf er ase

is D man-

a(1,2)-R ;Tlnd pot—D—{mpdified man)-a(1,2)-D-man-a(1,.2)-R_Following this
reaction, | &h f“°é‘9('cess PFT‘P@“M?W’@I& donp¥4ighd t hdoemzipae | s washed out
and the mpGi¥SThg gr oup ¥ PFEHEFed, thereby enabl g;rigm'tlﬁ%é subsepuent repeat
of the saf Bt C§t Fh ptroH-ed-proees aﬁ%‘&e‘?@h{—t-nued until the
desired mgifgﬁfﬁ manne bm}fgc'ﬁrkr%#gg& &% arlf%ssenbl qu g(a the newly forned
car bohydr ke ket N S EbheRlazaLIE O Ty 71y I oupREan,; ge—a—chepi cal
residue attsaghed to the donor at any posjition, byt position 1.| This
nmodi fyi ngj gkloupoespian t hen-MaeaEBMEidMET Y rlebRVEd  PYi @k NEr an enzymatic or
chem cal sfepaieqn MidbRat t he nodi fving group fs. rel eased w t hout
i nposi ng pEFEYEterb t he) BEABlAXD-Gavdeshydr dt2a.1mml ecilofasse2839, Tabl € |6 bel ow
lists song "aﬁsfmf"he pres ent |y avai | abl e sadchari de fvoekedfigiong  gr oups,
cl assifieH 81'75% +heir hod-of renpval (Kunz 1997|Swuken S | s _ i nicor por at ed
by refere aé?“f’lf ful 9G’§'§%°Pf orth her ei rf244Pd re ?&éwe’e@a@q ted therein).
Addi ti ona Tosacchat be—usgd—as—rod ng—groups fand as
such, rerroﬁéﬁiam eof %ﬁ"cbugl’bg?f%‘éi} ed by &é]"ﬁg sp%ﬂ”‘f*’l‘%’ gﬂfycom dases that
will 25 hatwyaddeet the existing conpl ex |carbohydfate structurg (Peieto,
1995). 18 pwmgust 2003 MONINAPAFE GaFCl/ THYRAHP099 anl | abl e
sacchar i dieacempgliaioyd Ng gF @upsciek assified by their c] ggvage kunZ and
Schul t z, o9ftensirs refler ences cited thergin) 5 dpeavage princigled eavage
r eagent s Mot yiEagosgr oufpSekrdr ogenol ysi sH2/|Rabdiadi uhmbaeuzy] oxycarlbonyl
benzyl et jHEm ter netha  he 1 ether Acjdo] Neging99Trifl uorfjoacetic
acidtert- bﬂéﬂ’?sgrl;"gﬁr%’hr bon&?;‘j‘b?hﬁ@[-%’cﬁ}ﬁt er ff 2Zbutdy| eft KiegwH@s/ et her| tert-butyl
ester BL6 N- D-Gal-§(1,4)-D-GicNAc 2.4.1.150 Bierhuizen, 1993
Acetylglucose
aminyltransferase
| BLEN- D-GalNAc-B(3,1)-D-Gal( R) 2.4.1.102 Bicrhuizen 1992
Acetylglucos
aminyltransferase
Bl,2 N- D-Man-e«(1,3)[R §]D-man-f3 24.1.101 Kumar 1990,
Acetylglucos (LA¥RZ Pownall 1992,
aminyltransferase Sarkar 1991,
Fukada 1994
B1,4 N- D-Man-a(1,3)[R1]-D-Man-B 2.4.1.145 Minowa 1998
Acetylglucos {1,4)-R2
. aminylt_mnsfcrase
BI.2 N- D-Man-a(1,6)[R1]D-man-B 2.4.1.143 Tan 1995
Acetylglucos (1L,4rR2
aminyliransferase

5 presently available natural

Methods for identifying and cloning new enzymes: In addition to the

and recombinant

glycosyltransferase,

the

identification and isolation of novel glycosyltransferases can be undertaken.

Glycosyltransferases which are useful for complex carbohydrate library

synthesis, can be identified and isolated from cell types -which posses the

complex carbohydrate structures typically synthesized by these desired

10

glycosyltransfereses. Affinity chromatography techniques with an immobilized



met hox be | ether Base pronotedMorpholine, 9-fl uorenyhvet hoxy

cl eavagepi peri di necar bonyl NaOwve/ MeOHO acetyl NH NH / MeOH Reducti ve

cl eavagezZn/ acetic acid2,2,2- trichloroethoxcarbon | Oxi datil%éuglst08geCeri c
ammoni ummet hoxybenzyl ether nitrate Metal conplex[(Ph,p)4Pd)/allyl ester

catal yzed oveswsge nucl eophile Photolysis -byOnit robenzyl,qlléﬂ@&&g%i C
cl eavagel i pase, esterase, al kyl and roteaseal kox a Testers us, Zynes

havi ng nodi fi ed donor and/ or acceptqee specificities can -be prepared using

the di r ecacedptor ab ut ligandaper welt knoWhtif thBrt SEEBEaHE AR bﬁb-sﬂege field of
protein engi neering, ,mny exanples of enzymes wi th engi heered pecificity
obt ai ned SFPARHPR ¥t 4ot ghyreiyltmsterasesised e dhi¢ respece Ui S vBatoNd hi s 10

field seesorfgighner 1 LR97: ' 98. which are incorporated herein by
reference). A di’r evg?%g er\ﬁorﬁﬁﬁgﬁragﬁjdgaﬁergﬁyﬁ% srﬁgecf?lﬁegi ty Y¥eachi eved by
random seglyersyltainsfreaseriatdentifiod ané dobiedliit 66t B pﬁfﬁaﬁytsegﬁl%;{ce& %ﬁ(ﬁib

ol 'owed" by

nmut agesnes' s of the gene or_genes encoding the enzyne,
sel ect” ort™®r &dFeefMtRyRpr theteresclored.bi t | Agchnwdogied Jpecidlémngy and

acti vity. oiFQsvReaasml- r d._cq rkers perforned seven rounds of
DNA shuf 1 fné?t 0 chazﬁgsél\%%eegs% s?vr%gteéab}sq%}ee RamiRaa:ii Samples “and

par ani t r cirategyds- fos todoEisg gﬂp:oaylﬁayﬁbraaé\gbmsoiﬂecqesmwiﬁt fe(fRerft 1996).
Zhang and( co-workers performed directed evol ution of a fucosidase from .
gal act osi ﬁ%?sé"fb??‘aﬂwic»_sﬁihﬂﬁh%gl9??@&6@4’(&%@3683%’&11@&1:& moopordtat s 18 August
2003 WO Ié%&%eag%bgggpggg%e ) engi neered an unnatural nucl eotide

specificify for the ar comg’ Vi‘fus tyrosine kinase (Shan, 1997).

Paul dén and cdanatck eossible sborcator ﬁﬂ%ﬁﬁiy@ﬂsfﬂﬁans‘fé}ﬁseséeahé’ﬂcfeﬁ Jesihey ase
S-sial yl tif tgﬁl& alters the kinetics of the donor "and acceptor
substr at d8MibdRG DNA ggd) Proteipdatabases. dithdbe atpid asoumniatioe ofyetshesi s of

combi nat m&lanﬁm%eqﬁ@:{&%}ég Eé%;tueeml:é a %%He%% techniques can be used for

the identification of new glycosyltransferases. For example, 110 distinct
c¢DNAs and genes from apimal, yeast, plants and bacteria, whose protein

15 products contain the characteristic "signature sequence” of the UDP

glycosyltransferase gene super family were identified (Mackenzie, 1997).

Using these signature sequences or motifs; one skilled in the art can screen

relevant databases for novel glycosyltransferases. For ex-ample, three new

arabinosyltransferase genes were identified in the completely sequenced

20 genome of Mycobacterium tuberculosis via sequence homology comparison to

arabinosyltransferase genes from Mycobacterium smegmatis {Cole, 1998).

Utilizing “enzymes modified by directed evolution: Enzymes with

modified affinities or altered substrate donor or acceptor specificities could also

be employed in the synthesis of certain complex carbohydrates. For example,

25 the synthesis of comf)lex carbohydrate structures composed of identical

repeating monosacchariae units connected in the same regio-specific

orientation, such as, D-man—a( 1,2)-D-Man-a(1,2)-D-man-o(1,2)-R, requires the

use of an a-1,2 mannosyltransferase with an acceptor specificity to o-1,2

mannose. Employing the native enzyme in the presence of GDP-Mannose and

30 the acceptor D-man-a(1,2)-R immobilized onto a solid support, would result in



. The following sections detail a step by step enzynmatic preparation of a
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or involved in ce to cell recognition processe m°l'arly, 'in order to
utili ze  mwdditedenzyine, wonbl bacoplogkd famnht edditionbahyaiifit® GDBMuny of the
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tign f
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i brary ainowy] ticzay eRRRhEC SRR 3bRad Y S Ldifc Wihrhuid g esents,

among others, conpl ex carbohydrate structures no 0 In nature, 1is
gener at edhisSeRirodled progesy isscantionedifungit the rdesired Huebepatfemiimdsebi ndi ng . of

10 pat ho r t.ho dxgeri ed noJ ecul es. Alternatiyely, such a library
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r epr esenPeSHEPTRIbRE pesitiere 1 pddés mbdifying group can then be selectively removed

by either an enzymatic or chemical reaction, such that the modifying group is

released without imposing damage to the complex carbohydrate molecule.

20 Table 6 below lists some of the presently available saccharide modifying

groups, classified by their method of removal (Kunz, 1997, which is

incorporated by reference as if fully set forth herein, and references cited

therein). Additional monosaccharide can also be used as modifying groups and

as such, removal thereof can be effected by using specific glycosidases that will

25  not affect the existing coﬁplex carbohydrate structure (Peieto, 1995).



domai ns of the conplex carbohydrate is prepared. Screening this library for
15 binding or bioactivity enables one to identify the active site donains
of the known conplex carbohydrate. To detect antibodi es gédéwugugd®08gai nst,
for exarrple ﬁngﬁ# related glyco-epitopes (markers), organ

transpl ant at| on refated gl yco-markers, or other gl yco- marHEEAE009B| ood
serum a conplex carbohydrate library of specific 20 conbi nations of

gl yco- markers |s prepared and scrf‘eg For exanple, one specific library
can repr esent o ma,r kers Pal cancer conditions. This libr ary
i s thereafterd ‘g@@ il eod W%ﬂ#ﬁlﬂﬁﬁmﬁﬂﬂm’mﬂﬁﬁ serum to-
identify the pres Wtﬂlﬁoﬂ?%’s agd aefesancencitat therdin) of these gl yco-
markers. 25_To map glyco-markers related to, for exanple, cancer or organ
transpl ant pEleaypgeprineiphi ex cAChoivggirangenits br ar \| Mbdifyiag kfgup Conbinat i ons of
car bohydr atdydregdnelysiswhi ch all el,Fallsdieddr al var i JtdefRfioRkarbBg 19T yCO- ar ker s
normal |y associated with such conditions is prepphpgdemed screened. 118
August 2008 WO 00/49412 PCTI|LOQ 00099 31 O herpepfd ¥Rt i ¢ combi natori al
conpl ex carbohydrate librarigs, dedicated at otihgln@RpldGRlhRNS are

envi saged jasedalygs Wi-t hi n° Thél BRAA oseRPEi®dT [ NE %gﬁggbégcdﬂsb\ﬁ qu OTT| as

clai med. Bnzymatic nodul es ( EMghilRpstruction: guctron ingl udes 5
eval uation of the required ehgyiRgLC reactions |(} t— cosyl don¢grs and
acceptors [and enzynmes that afe required for the oH) ggqlzyl f each ronpl ex
car bohydr at@,s0hrothotddd™ aT Y- £V o%éﬁéfihé uctTonm—fut Lgllﬁtl A s GPL. M zat i on
and  procesgedspel opnent of the Eedurred ERs wift b%é %Y1 ons given to
reaction fjtine, tenperature g concent|r’ s. EMs construction
further 1Q includes determ ng spemﬂc?fy in which the ERs
I SyAt hec- s—reactiong

ShOU|’d be TVl T Rapre |.||\.

enpl oyed, lﬂégkﬁ%‘ﬁﬂ%?‘eaﬁ €quencp z F“’f’“&ﬁ‘?@mt. c rea@ﬁy%ns ERs) i sIdet br i ned
for each |lyun atb censt —uent—of Conp| ex
car bohydrct 5 qﬁﬁ’ﬁflaﬁ‘?\% a | i hESHC 2pmopiyn by anchet&l%}thﬁhﬂtﬂmle?ﬂwf he ERs

sequence fﬁ%ﬂwvs—%ﬁa%—ef—i—he—ﬂﬁﬁﬁsaeehaﬂ de séquence of such_ |inehr
non- br ancHedetsltcomplenr es i n al gPigp fashl on. Igpj;l estePPl ex car bohydr at es

possessi ng cbﬂalmmhﬁehvsger ucturpe i aInP repeti i ve nonosaccharide|units
ar ranged | l] i Aear aoauml uc ?Rp ?n S_\Ilnf hﬂQl q rocesses shoul d e

3 .
desi gned ¢+ hpt"ly Ko unigue EMERY 20 The fol |ow ngo Havnaylor ovi des the
rational f &nzﬁé‘fté"éﬂqaﬁ@epartl Clinasg, egterase, alkyl and
s ' protease alkoxyalkylesters

¢

%w

UJ-

Thus, enzymes having modified donor and/or acceptor specificities can
be prepared using the directed evolution approach. With the recent progress in
the field of protein engineering, many examples of enzymes with engineered
specificity obtained via directed evolution were described (for reviews of this

10 field see: Kuchner, 1997; Harris, 1998, which are incomporated herein by
reference). A directed evolution of an enzyme specificity is achieved by
random sequential generation of region directed or site directed mutagenesis of
the gene or genes encoding the enzyme, followed by selection or screening for
clones exhibiting desired specificity and activity. For exampie, Moore and co-

15 workers performed seven rounds of DNA shuffling to change the substrate
specificity of paranitrobeénzyl-esterase to a novel antibiotic substrate (Moore,
1996). Zhang and co-workers performed directed evolution of a fucosidase

from galactoeidase by DNA shuffling (Zhang, 1997). Shan and co-workers



to provide an EMtailored for the synthesis of a distinct conplex
carbohydrate. The final conplex carbohydrate 'structure is described by
Figure | and the design process is described by Figure 4 a@éugadtl2003. Such
an EMis designed, according to the present invention, for each conpl ex
car bohydr att® ¥W4¢@nt in a 25 given library. As further depeiiiasiososs

her ei nunder, consideration is given to efficiency when practically

ef fecting each of the EMs while cons®ructin |l i brary according to the
present i TREEHT anl‘ﬁﬂ)&ag“alsmu@@%dwmﬁmm%@ thteRous Sarcoma Virus

ext ensi ong!
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a 14¢ BEseRtNAYention. 4 D- G cNAc- RGDP- Mannone Cédol i col
phosphat eGOD ')@J}}m%n% %%mbmatarml complex carbohydrate library design:

Enzymatic combinatorial complex carbohydrate library design includes,

according to the present invention, determination of the complex carbohydrate

cofistituents included within a specific library in accordance with an envisaged
15 application thereof,

Determination of the complex carbohydrate members included within a

For example, in order to utilize an enzymatic combinatorial complex
carbohydrate library of the present invention for identification of complex
20 carbohydrates functional as drug targets, the complex carbohydrate members of
the library are preferably derivatives or modificants of complex carbohydratés
present in human cells. Screening such a library against other molecules
derived from other sources, such as specific human cells or pathogens thereof,
enables the identification of novel complex carbohydrates that function as
25 receptors for these molecules, functioning in vivo as pathogen receptors, or
involved in cell to cell recognition pfocesses.
Similarly, in order to utilize an enzymatic combinatorial complex
carbohydrate library of the present invention for identification of potential
drugs, the complex carbohydrate members of the library are preferably

30 synthesized similar or identical to natural complex carbohydrates present in
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7 ( Cont i nJBd‘;!‘iSHS’@% Rakibragy 3% Dnesiniel RuDPle® GxBGhydiaé. divadly whicl;
represents, among others, complex carbohydrate structures not found in nature,
is generated. Such a library is thereafter screened for potential binding of
10 pathogens or pathogen derived molecules. Alternatively, such a library is
thereafter screened for potential binding of other disease inflicting molecules.

To identify active site domains within a known complex carbohydrate, al
library in accordance with the present invention rcpresenﬁng all of the possible
domains of the compi'ex carbohydrate is prepared. Screening this library for

15 binding or bioactivity enables one to identify the active site domains of the
known complex carbohydrate,

-~ - To detect antibodies generated against, for example, cancer-related
glyco-epitopes (markers)', organ transplantation related glyco-markers, or other
glyco-markers in blood 'serum, a complex carbohydrate library of specific

20  combinations of glyco-markers is prepared and screened. For example, one
specific library can represent the glyco-markers of several cancer conditions.
This library is thereafter screened against antibodies derived from human serum
to ideptiﬁr the presence of antibodies against one or more of these glyco-
markers.

25 To map glyco-markers re]_ated to, for example, cancer or organ
transplantation, a complex carbohydrate library of specific combinations of
carbohydrate members which are structural variations of the glyco-markers

normally associated with such conditions is prepared and screened.
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an appr opracaéorlsi AP e h [ sgri be erei n bel ow.. The second
step (D5, seeIﬂ Tabl e 7H%ﬁ%&FfHaEra§J H&#dg%dd%? t?‘ h‘gl @gn?%’@@% of the

conpl ex captohydrais of 8fimaryi rErHs g:unﬁ:nﬂchbﬁ\'fﬁﬁﬁﬁ‘smﬁfuﬁgssBﬁﬁr?gﬂ%o&gagil 1f 182}

UDP- Gal t f3(1,3)-gal actosyl transferases

The third &%%ﬁ&%@é@tﬁﬁﬁ% requid ERsgwith consideratensagive) to redctien synt hesi s
of ‘the comeext e re 1l olves the utilization of P
(1, 3)N—ace geﬁ%{)eg%%%gy??rgngwgélgc? Eg%msz 4E%1E8?SWUPFa F an 15

acet ylt§l ud idetergrimaijonfafahe $#aRHHEle¥oeint WhichlhoBR1 sBouIFaL TS Then, a
gal act oseg n|t @é{gdded to the acceptor (see Figure 4), rather en a
fucose un| BECA the specificity of the enzynes

S e I b el BbnE o el et 2009 vo
00/ 49412 enzymatic reactions (ERs) is determined for each complex carbohydrate
constituent of a given library. For complex carbohydrates that have a linear
15 mnon-branched structure, the ERs sequence follows that of the monosaccharide
sequence of such Iine_ar non-branched structures in a stepwise fashion. For
- complex carbohydrates possessing branched structure(s) and/or repetitive
monosaccharide units arranged in a linear assembly, unique synthesis processes

should be designed employing unique EMs.

20 The following example provides the rational for selecting particular ERs
to provide an EM tailored for the synthesis of a distinct complex carbohydrate.
The final complex carbohydrate structure is described by Figure 1 and the
design process is described by Figure 4 and Table 7. Such an EM is designed,
according to the present invention; for each complex carbohydrate present in a
25 given library. As further detailed hereinunder, consideration is given fto
efﬁciepcy when practically effecting each of the EMs while constructing a

library according to the present invention.
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B3 lFuew(12) a |3 |pger UDP-GaiNAc 2.4.1.40
E4 SenThr UDP-GalNAc 24.1.41
F1 sphingosine UDP-Gle 2.4.1.80
<Al B 13 O-Gal-p(1.31-D-Gal-p{1 4)1-D-Kly-f—p UDP-GicA 2.4.1.135
Hi B 3 D-Gal-f{1.3}-D-GalNAcR UDP-GIcNAG 2.4.1.146
H2 g _Is D-Gal-f{1.4}D-GIcNAC UDP-GleNAC 2.4,1.150
H3 - B__13 D-Gakp{1.4)-D-GleNAc-B(1.X)R. UDP-GleNAG 24.1.148
e {[Gakp(1,3) p__le  IDcamacr UDP-GlcNAG 24.4.102
HS p_ I3 D-GalNAc-R UDP-GlcNAC 2.4.1.147




which transfers fucos to Gal-X3(1,4)-GlcNAc -R 5 The tenth step (D7, see
Table 7 and Figure 4 for details) in the synthesis of the conplex
carbohydrate shown in Figure 1 effects further elongation 68 Aubest29esond
antenna using an P(1,4) gal actosyltransferase (E C. 2.4.1.38 ) on the

G cNAc -R a¥B&M#%8E substrate. In the eleventh step (A3, seerdiabdbsey and
Figure 4 for details) in the 10 synthesis of the conpl ex carbohydrate
shown in Figure 1, a sialic acid nondher is appended to the-

Gal - P(1, 4) G cNAc-R of the antenhABLE afCentingd)ori entation using an

a(2,3)Si alytransferases (E. C 2. 4,99 .6) The twelfth step (A6, see Table 7
and Fi gur f‘éé‘f (EeNaebae o | &) i nlot e leSpwelesis of the chopseex car pebwdr at e
shown in %gm“éa"i“—aiéf-f-eﬁ—s—f—u et “%@“@%ﬁ@%ﬁﬁﬁ'@h—w—ﬁﬁﬁ%&mfnn eI ng an
a( 2, 8) Si alyTTransterases— s 5 T bl e Dy e anet REANGUAC Uni t
to the NewrCia(2, 3)-Gal - R SURST atﬁ,an_c@,g,ﬁ@upmggmzn—ur Rl ELongatonqf this
antenna rgguires the use_of 62, GomanaRORYSLALYEL T ANSEERAES W Ll 156

speci fici }‘j‘? ff‘?f'ﬂ.‘*t@lémaw(? )« 1fk substrate  2Rorae@ept 0T [oore

Unf or t unag j et h _such an enpserevaM | | pause
uncont r ol [{#b rdéek'b'“&*?"ﬁ’hcu Fzat i hiraomne | g | | WoreevMoner simat fer t han .
the requffe JuL O Ot —onf yja gl G oot e —ae-aHBRERer . AR evi ng a
control | apl-ej addi tion of & Sk € |dld C_acT dTomonef i, each—FR—step
necessi tajpesithe use of an_eRzZyne pMkfira nodi 11 €0 GO sPeCT T, tY. - As
such, 25 s ' - MeuM@-rgira _donor substli@kén. t Ni S|,0dijfi ed
enzyne i HEefpoerates—a nodiflyi Bg (preosy canuengk: The pBres¢nce of
this nod j;y ng—grotp—prevents the-=e wanted pol yoer | [poaGiten  of titpl e
nmononer s (BT [l by act o, st g‘n,ﬁ enzZye cannot E}zf@ﬁ!&—siwa-Lm_ax:iq to
the accept@r jpNabAR MDA FTed)= (Zggjml\leu#\b- R—the-t3s L:“ste““‘-’{ff {his ER
the nodifiying 30 Qroup i1 s TeNRVERg. i AUgUSt 2003 ﬁ;_‘y £

PCTII LOO'@00P9 36 Thus, in [fhR Tlohak: St Adest® |Joiidl € 7 ar rgure 4
for det ai[l§c\ n-the synt hesils bBf Ppheogerplsex car bohyideal € showm,ml n| Figure

1, the nDdlfled enzynme a(2,8) polysialyltransferasease is enployed along

wi th the nodi fTImdﬁ o rstep irCHRe- MNaulisisantl thehorBfIeR RdaPhohydrate shown in
Neu. A ifie 8).- NeuAC-R_ to thereby generatée the conpl ex

car bohi dr 588 dW? eﬁteﬁh auskown imdiguse &, bl eftechutent nés fitse belldipgi se
synt hesi spig tBENGQIPLAY 2 SAEPIUHALS %{‘aoa“# abDroprty fnfter ?ucﬁ““ ined in

Fi gure 4.
further described herein below.
The second step (D5, see Table 7 and Figure 4 for details) in the
synthesis of the complex carbohydrate shown in Figure 1 involves transferring
10 Gal from UDP-Gal to GalNAc-S by a B(1,3)-galactosyltransferases (E.C.
2.4.1.122).
The third step (H1; see Table 7 and Figure 4 for details) in the synthesis
of the complex carbohydrate shown in Figure 1 involves the utilization of B
(1,3)N-acetylglucosaminyltransferase  (E.C. 2.4.1.146) to transfer an
15 acetylglucoseamine group from UDP-GIcNAc to Gal-B(1,3)-GalNAc-S.
Then, a galactose unit is added to the acceptor (see Figure 4), rather then
a fucose unit because the specificity of the enzymes B(1,3)-fucosyliransferase

(B.C. 2.4.1.152) to the acceptor Gal-B( 1,4)-GlcNAc-R rather than to the naked
GlcNac.



TABLE 8 EM Fi.rst ERs sequence (the ERs details are shown in Table

i mobilized 7 and Figure 4): nonosaccharide. EM Gal NAc-S D5, H, D7, H3,

D7, D3, H. 14, B2, D7, A3, A6, A 7 ERs selection for providi®dugusd@dDded EM
is generated using a conputer algorithmtaking into account the conpl ex
car bohydr atwo 84t ure and the available ERs. Such an al ge*/%ﬁowgaoggn_
readily be programmed by one ordinarily 15 skilled in the art, based on the
- donor-acceptor specificities of the adarious glycosyltransferases

gl ycosi dases akfuist imathe gbytlo seh qB9's sqvpadial 4d ARG MR RS and
screeni ng; _The. %Pused in the construction__of a conbinatorial conplex
b iﬁ"o‘i

car bohydrare™ T § CORPE AP e ate shqy b Rigure hgstuciasn inaddeddtecut ed t o

produce aGRMAY-RalHJ rbohvdeate. .| i brar bound to a solid
support using autor_rgttgg “ g’cﬁ%@é@@%a @é%sé’gf:ﬁnﬁ&r?sff@cfénggf Sgi o- active
conpl ex car bofpliowtngs the ofmrtheanithosts sRpa dpsceided Odbdvel 8RS Shnitssid! SO
executse.d, according.to preferred enbodi nents.of the inventron, via

aut onalt edTOTEE nAYTERRACsTIfInC; fice galsetose r waitsubagnchh dmtac teo | atterems of every

si ngl e cQBRInBHes).2%Bi r ific library dicifates a nmultitude
. of- uni que synt ﬁgsﬁgﬁ%?%%gﬁsogsﬁhsﬁ%ﬁ?e%f‘ﬁselﬁ ﬁdﬁP‘é‘Fﬁlé‘é%&é‘@Pi’}B% by the
present intEnticbnlificrent powdes abby geredatag dsa RaiRhEEl Y liggsi s met hod,

wherei n consi deration @2 preferablytgi ven to ehsure a mni nunber of
deipt s

st eps ex&CUYEYS REBASS fapltangqusiy | fermg tholidentical pasts eofi fier tvé t i ng

aral | el i { bRt i of 18 August 2003. WO 0Q/ 49412
IgCT / 1L00/ag%%%g§g@m(ﬁggﬂg§1atuseb@? os%gﬁe@élalétnﬁy“g%ﬁ{sa‘? & HRIQUE Tegyping gpde, g

m ni fdl donteeh offths te@anas. mﬁdr@ﬁr,tthakl?ﬁgsﬁs of tHeerd SRGEborkiont grners is

det ai | ed ahm' . mal nunber of tines. s, considerati'on'is given to a
sequence “Bf %6 REkngas pyssedsta anvindependent stepwismfaskibnoin afiy tie, synt hesi s
of all of,% ag b tes of the 5 library with a mnimal nunber
of tines eaﬂgﬁe)%gﬁégpegb%%%gﬁ %Faélchg’f’élt? 8 e%%‘?ﬂy Bt Berasy®¥s t hm can be
readi |y dewehopagiioy faRRyREGhNAL tHosyhiidslsathobds WG A ihitiale Qi AN, aUt Ot ed
l'ibrary synthesis protocol which wil'l conply wth the “above requirenments.
In fact, °HCEPRAIchy dupeted iftensylation 46 e dssitvdebradey ebuipamt have bedie par al | el

addr ¢ssapfrecisynt hesi s of oligonucl eotides (Pease, 1994) and peptides 10
(Fodor, 1991) on mcrochips, both are incorporated by reference as if fully

set forth heTkign)the Tethep QU3¢ Se&Tabld NhndUERNRS @dfopicggilgffrpﬂ%hpm
paral | el addressable
synthesis of the complex carbohydrate shown in Figure 1 is effected using B
(1,3)N-acetylglucosaminyltransferase (EC. 24.1.149) to  transfer
acetylglucosamine from UDP-GlcNAc to Gal- B(1,4)-GlcNAc-R.

20 In the sixth step (D7, see Table 7 and Figure 4 for details) in the
synthesjs of the complex carbohydrate shown in Figure 1, a galactose unit is
added to GlcNAc-R using a f( 1,4)galactosyltransferase (E.C. 2.4.1.38).

In the seventh step (D3, see Table 7 and Figure 4 for details) in the
synthesis of the .comﬁ}éx carbohydrate shown in Figure 1, an additional

25 galactose residue is added to Gal-0(1,4)-GlcNAc-R  using o
(1,3)galactosyltransferase (E.C.2.4.1.151).

In the eighth step (H14, see Table 7 and Figure 4 for details) in the
synthesis of the complex carbohydrate shown in Figure 1, br;mching is effected
by using B(1,6)N-acetylglucosaminyliransferase on the Gal[GIcNAc-B(1,3)]8

30 (1,4)-GleNAc-R acceptor substrate.



synt hesi s have devel oped i Mmensely in the past few years. Autonated

synt hesi zers that can control and performmany different solid phase
synthesis 15 protocols at the sane tine are commonly avai |l &®hegusi@adays _
(Rivero, 1%9%@6/49 {Ehese technol ogi es can be classified according to the type
of solid pha Mbstrate that is utilized for the synt heBCHILOpMAWSeans of
the introduction and renoval of reaﬁnts, and the design of the reaction

kot S R R A L e TR R
| nvent i orof Baciomples hagddgtintes St Figkreek AibITes G APRRCKhyE eaCt Of
C

systens (e.g., conventional mcrotiterplates); (il osed reactor systens
or seni - (FleNéw merermers and yseffented ey g(1,3 Mfadwspltrenibese (Ejd.i;).cmelas:z?i on bl ock

systens; _(4.V) .S hesi s on lymeric pins; (v) synthesis on polyneric
sheet s; iﬁHd% ngsqlgrﬁﬁ?‘%git%(}@ﬂgd@s(} &&ni p. For a conprehensive review of
t hese st echnol qygkes:RER te gl 1997 {ch.,is incorporated by
reference as if fully gZ(PS]f oﬂﬁﬁggeﬁgﬁﬂb‘ggﬁ %gp te%‘gj EhtBS&W‘Beﬁe l'ibraries
accor di n@fths eaneplpx eabohydmiesshbivarin Figurpriedfsablytheydbhesionas (e a sol id

phase suggort. As such, the first building block is provided with a
sui t abl e PGt FHTRNR Ying, an 1. 4h isalaciogy kaasferase (Bor 12.4.1.38 Yogabe 2003 WO

00/ 49412(;1&@%1;@95}{69&9%3[,;&% Sui t abl e bi ndi ng groups include hydroxyls,
car bonyl, carboxyl, "am nes, Hal i des, thiols, esters, boronates, siloxy,

aza, oxo, oxilethe devanly steps@{3)rsb erhbly Udhd BRYES Al fob Uekis el "tliaé( supports
are npst fﬂlﬂét able for generati ng carbohydrate libraries according to the
preseht FARGHY ohthe spmplexcarholydrtn shosvr inFigens I, @, sigbiol agkt mwaomercr oss- | i nked

W th divj I f 1963)..,., pol yet hyl ene gl ycol - pol ystyrene

bl ock. co%o?ﬂfgnggrga( %EE‘E;& @?‘%Lﬁgﬁ’%"f@g%%f ﬂ“geil pA Hledn ?ﬂ%ﬁ%@l}mma),

pol yacr ylsingte(2,6f5 lti'ja\‘lsfe}a%Z%E_c_ @A_gggwacryl ani de (Hsiau, 1997) and
cellul ose (Frank, 1988). .Mcrofabricated’ silicon-based arrays produced by

st andaz:ﬁ sem T hweldthosten O(Af;, owesEitlg 7 eolnFiguss 4( Eﬁd@étai1@9%1th§osnom;<i ,
1997; 998,.,.U. S, Pat. s., 5,643, 738; 5,681,484; and 5, 585,069) may
al so ser%e aeggsaggotfl?dcoﬁ%% °a§"t\|P31yE}F ¢ shope fy Higerer i r effectaderhen de bui l.di ng
bl ocks t oclbhgatival bfl (HbAREers) ; % har i i Lgi.ng bl ock is
preferably covalently att agﬂg%{% gnt%Q‘?@%hhﬁl&aﬁ%&%ﬁ%{ssgﬁﬁaﬁéég\ﬁa a single
at om ( e. §erebyhadding i abofieasNedAQCLAIONa! tHer NERACOk(23)-GHKR' subbh§iegener al

propertiges.of a |linker include: having bi-functional groups enabling

at t achment X8 bot h t he solid support and to the initial. building block,

25, e, Furthe | A8l N1 WS AAIBASY ' Quird %R uSl "GP LBHT

polysialyltransferases with specificity to the NewuAC-a(2,8)-NeuAC-R substrate
20 acceptor. Unfortur_lately, an enzymatic reaction with such an enzyme will cause
uncontrollable polymerization of multiple sialic acid monomers rather than the
required addition of only a single sialic acid monomer. Achieving a
controllable addition of a single sialic acid monomer in each ER step
necessitates the use of an enzyme with a modified donor specificity. As such,
25 instead of using CMP-NeuAC as a donor subsirate, this modified enzyme

incorporates a modifying group to the glycan end. The presence of this

modifying group prevents the unwanted polymerization of multiple monomers

of sialic acid, since this enzyme cannot append sialic acid to the acceptor

NenAC(modified)-c(2,8)-NeuAC-R. In the last step of this ER the modifying
30 group is removed,



to the immobilized saccharides is of great inportance, the linker |length

and 20 flexibility are crucial for high yield. As such, linkers suitable
for synthesis according to the present invention can incl t@éugfisti208xanpl e,
am no acids, peptides, non-glycosylated proteins, lipids, lipid A

ceram des, WBIMEHI2 phosphates, cycl odextrins, oligosacchagriEsieonss
nonosacchari des, al kyl chains, nucleic acids, or other spacer nolecul es.
These |inkers can be cleavable or nondé 25 cleavable and be conposed of

sinpl e, conpl exhugyial the fmal btepr{dfedeceFebleiZand Figuranyfoadenilgeiiemt: The:
preferred nt _of .the |ibrar constituents according to the present
i nventi on % s{}%§9§n fr %pl%ﬁ?rh@?f% sBAwY In Eaqure) 1 pthgdrodifipd 8rzymear vari ous
geomet ri ¢ d(@I8yspaPdlalyydddtcSaseSUCH a5y &;@9 ' ' | arrays, multi. |ayer
arrays, thr(_ee |rrgn5|!yonal a?sfays (_g‘.%é’.‘, st%lgl}%d gféq?ngclpgéllﬁ%ér@cﬂora'nd arrays
whi ch ar e @VEpNayed aod thphesdpaal Neli AR Enadifiedne(258)aNesaCI8 Hugdeghby 2003 VWO
00/ 49412 PCT/ |1 LO /0009&639 Al ternatively, the library constituents can be
attachéd t&6"¢8 Fopplex carhphydeate shogrn wHiEwsrls (opened or cl osed) and
arrayed on a twghdi nenghppal hr ' Lonal ort. An
arrangement that enables eaggﬂiglﬁ oﬂ{rrf?t isc‘%“g%j%?sg%'slt,%eﬁ}seo p eat?%ﬂéS the EMs
col | ect i orarphydmteushesniin Rigengdanaalined m Figee. present -invention.
Attention is preferably given to the spatial distrihution of conplex
carbohydrates of a library to ensure shortest distances anong nost sim’lar
car bogédr ates, so as to ensure eff4®lifeficy of the automated synthesis

proce ‘ : ns can and are preferably enployed (U.S. Pat. Nos.
5, 643, 738| 4, 68 f&ﬁé};_ and 5, 38%s &6&)ce (the ERAdtoitpdre shdvithindlaplescr éeni ng:
There are numsrcdm‘§m é"rzéli ng | tadifigiredl:es and procedures currently

enpl oyed e apice o ~be gonlied to screen t rar bohydr at e
Librariests AINACR ot + v Bk D7.d, DY, D Higek2 Rl d3 Mbfich 1996 and

Bur baum 1997, which are incorporai ed by efrnce as if fully set forth

herein. As suc [ Sui t.a hi.gh- t hr qughput 15 screeni ng of
bi ndi ng or bi,o?Ia{f:t%i@l\Q/?ﬁH e%gggﬁwgﬁeﬁgbaagée%eégﬁflH%%?%Efrfug%"%ﬂ% 4 FSMPYEY oact i ve
det ect i onalgetitodsizkifigi nté | acosen cthec eordpler CtdrbshymRABOstaictirei ind hd SA based
detection maf i)g%%%a d_(iv) cell-based assay systens via reporter genes.
Radi ol abef'&d ﬁg X gﬂl&h anyplgerithg euasedity baprsigameddy ot ardigiaibh | i brary

can besdeti@pt@dn theraeX € 10t ] tiQn.Proxi m Assay (SPA, 20
Cook, 19_9_'6? . The mai %agé\%%t%ng?s{e ?gﬁgP%édaeHeO?tgﬁgfnf%t}esi {R’El%eegaﬁgxi(s require
removal oglytessdiranstiradealpbioed dams aaditaasglanstylasés availabls. r eadi |y aut omat ed.
Addi ti onal netggo%s, %gcgéas,_ fl uorescence can al so _be enployed either via
direct fl uor esCEREWILeDEER et ScTeeningi cErccRMsyused e thedcanstmetioml ecul e or,

for of a combinatorial complex carbohydrate library according to the present

invention are executed to produce a combinatorial complex carbohydrate library

20 bound to a solid support using automated technology. Screening to identify bio-

active complex carbohydrates cross reactive to a‘ probe of interest. is also

executed, according to preferred embodiments of the invention, via automated
technology.

The different structural characteristics of every single complex

25  carbohydrate of a specific library dictates a multitude of unique synthesis

protocols. As such, th_e libraries described by the present invention are

preferably generated by a parallel synthesis method, wherein consideration is

preferably given to ensure a minimal number of steps executed. Consider, for

example, a robotics system permitting parallel addressable distribution of



exanple, by either the . Honbgenous Ti ne-Resol ved Fl uorescence (HTRF, 25
Mat his, 1995) or the Fluorescence Pol arization Assay (PFA) technol ogies
(Checovi ch, 1995). The mmin advantages of these |atter tech®duggst@90Bie in
the ability to use "m x and neasure" protocols w thout the addition of
further comphigaia ng steps. In addition, many vari ations Bfr Eﬂraﬁm

Enzynme- Li nked | mmunosor bent Assays (ELI SA) detection net ﬁod"ca 2 so be
enpl oyed with 30 accordance to thisyinvention. 18 August 2003 WO 00/ 49412
PCTI | LOO/ £268fs 4Bom Teapdat @aftainrd.y 18NMidtAdi AImEARAPIdulies Hfofieach of the
conpl ex carhohydrates of a library according to the present invention can
be eval ua%r%ﬂle%tgahgaqhgowq Tdggend doandaingrs dy sletalsd 2Catihinvd setnizessafy syst ens

for hi-gh- o] ni ng have, been extensively.studi ed, and

gui del | netsfltnP "g()'r q%g?’géc%n?’%g nglgrgb‘f)ej"i tgtaes%%‘FB‘é%Pﬁmg%‘%ﬁ@Pﬁi%ﬁé "b‘@en

i nt r oduceehs@ROSENPIEASIH of S S@ithessy/ st SINof WS Bsin m&mﬁs@ fpgect cells,
as wel | aljsl yeast and . bacterial cells, have begg t horoughl'y (c)i{ag%ri bed

(Broach, 1986 Wihskminiggd numbep of 1987 eaclonengent ¢ddaimesis duaitadn Aet hods f or

det ecti nggd j t N+l ecul expressed.in.cells and |igands
capabl e o?é%a%ﬁgbsuch?%e%%_aﬁhyng e %ﬁg}%‘?‘%framfig%g‘t‘ﬁ?é gehearttthi s

i nvol ves wpdesigmgutoneatéd &bty i Phitebial profebl Whisl SPENESmAly Fihafget gene
with a cocLl ng sequence of a reporter gene into a vector ~“and introducing
t he vect ofPOVRTeAAeTIsIEsaIndaeies pimilanelgonitlon des alreadysheminldeséloped flet ect i on

t t ti f t L t., | i b
Sar csan s PREHEORR TR Bl SR FonbOiEab i dPtise L R SaRIY of 15
reporier Fedes 190t) e z)io@Ehipy ChbtR Srdirtigorste® BY TRRM RS S J??‘!]}W g‘{;g heni col

acetyltrapnsferase, firefly and bacterial luciferases, an ct osi dase.
Low .- | eviert& hsreimket j vi ty for these enzynes can be detected using

colorinetric, Ll.um nescent or bi,o].um nescent detecti nmet_.hods. Non

enzymati c re[;%:(ré egrn)%lg?lee g‘ilﬁfghalggn@&ggﬁ,gmrt U ﬁ?‘ftt%aﬁ dacgﬂ%r“éal?IPuorescent

protein (s$HhnitekispBave A6vdigSen) i&ﬁfén?&yeﬁph%/%sta%%{egéaés.m%ﬁm gegrding to
e co

one aspect Qqf t heéﬁr gsent invention there i's provi a I nat ori al
conpl ex cXPBGHgersdhat qanmoatyl anthperfonbimeay ofiffetent soljdl phasecanthesiydr at e.

|'i braygy i present invention.includes a plurali of

addr essaa g&%glrsr_p etéé)(sz{g{r%gé‘ﬁ@ed?rgtcémgf’?lﬁg_tqﬁﬂ%meZ’S)Wﬂgé-‘bgr W% dgé_%)ot her aspect
of the prEssattechmobspiésObar DRI SladsHidd a¥idigRgato MR Bk oF RIA0MEsE0 an

addr essabl ¢ conbj natorjal conplex carbohydrate library. The nmethod

accor di nFUpPgrainithat 48 pidiged for the gyndwsist thenmeats ofi thes indfddectied andy
ez et | GehbValDEPRERL? oA o Al et PR 27 DOV ate st ructures,

Technologies enabling automated high-throughput solid phase parallel

20  synthesis can be used in accordance with the present invention. Such
technologies include, for example, (i) opened reactor systems (e.g.,
conventional microtiterplates); (ii) closed reactor systems or semi-closed reactor
systems (e.g., lab-on-chip); (iii) reaction block systems; (iv) synthesis on
polymer_ic pihs; (v) synthesis on polymeric sheets; and (vi) synthesis on a

25 microchip. Fora comﬁrehensive review of these technologies and systems see
Cargil, 1997, which is incorpoi"ated by reference as if fully set forth herein.

Solid phase support: The libraries according to the present invention are
preferably synthesized on a solid phase support. As such, the first building
block is provided with a suitable functional group for binding such a support.



each of which is attached to at |east one addressed location of a plurality
of 18 August 2003 WO 00/49412 PCT/1L00/00099 41 |ocations of a solid
support, resulting in an addressabl e combinatorial conpl ex18AdgusRPEBat e

i brary. As used herein in the specification and in the clains section

bel ow t he werinvgs4iaddr essabl e” and "addressed"” refer to b‘i”hl?ﬁxlo%%ﬁon and
identity. Thus, 5 the location and identity (conposition) of a conplex
carbohydrate structure of a library mccording to the present .invention are
bot h knowduitable birsting gangs ifvhide Inardgiy daftionys lchthok I, @nigest RAIREOr €

addr essablﬂle. It isbunder sto_&}d that the phrase "a conpl ex carbohydrate

st ruct ur e PPl SFES, GTORALES, FILAXY} §230 PXQRHEBKOT 3 unsaiytited gronpl ecul es al |

acat on on tne ooy oKl Cndf: | QRRLE (e BrCPREhbleC fol ottt R o
oottt b ol BuncTanRglo U ERSCRY RoRtion RN Kb e
to prefer i‘ tegntﬁoci’lob@mr?ﬂgfm@ﬁginﬁﬁﬁé?ﬁﬂl @iviny} éllli)més&\éwilfl@h‘stlm cont i guogs
coval ent papg&ymgu%ﬁcbppaﬁstﬁehgmgﬁ( %)Pgé#eqaﬁ;‘gég,go]aéng;sItol‘rg%trlr}s:ae,Sui t abl e

l'i nkers include, but are not"limte am'no-acrd,”*4 a.

non- gl ycoB9lyamises pr disilenda | 1986), a pobraaryilgaidedol (&fdardihospleghy, a

cycl odextriln ‘an olki“gﬁsacc_ari de,., a_monosaccharide, an alkyl chain, and a

nucl ei ¢ aRYEHAgYamide | (Hyave| J9P7)e)andrhecellylase’ s (bsakst ~ di988).whi ch

conpl ex cRE&EMLEE CSHEAG S a i r rding t he present
R e bt s rletd B2 R st Pt ekes;

invention are attached can inclu sSab beads, or
a fl al0 pl protessing THmigur@sdad (18911 Susapaski| ¢DeF Okengb@ods @Reparr anged, for

exanpl e, Wi thj S mcroliter plate. Alternatively, a

mi crot i te&BT'a%@‘f‘ﬁ%réﬂgéh%%‘*;cﬁrndaié%% emgy alsg serveras a:hi;qi% plmsve as the
flat platfgppusol id support according to the present invention. 25 -
According to a presently preferred enbodi nent of the invention the- solid

support is a dHnfingrtde firsf sucekdiridobiilding G2 RUDWRE 3bBI PhESEhtppes: Of the
plurality. ‘..oé ?ddrﬁss | e, conpl ex carbohydrate structures arfe forned in
pat ches spaced: S46ta tdipgbloclots praferabin apwientbnattashed tclatselidt o cent er)

G 1 or ot o e via " Sgfl fom) Q. B BCLPIFE b fER b e L quare.
cent i met dinke1.8 Tha@estraRpRPeifies 0024kt indhde: ThbRiz00 08 cfbAal groups
-enabling attachment to both the solid support and to the initial building block,
and as such to define a structure (Atherton, 1989). Since enzyme accessibility
to the immobilized saccharides is of great importance, the linker length and
20 flexibility are crucial for high yield. As such, linkers suitable for synthesis

according to the present invention can include, for example, amino acids,
peptides, non-glycosylated proteins, lipids, lipid A, ceramides, dolicol
phosphates, cyclodextiins, oligosaccharides, monosaccharides, alkyl chains,
nucleic acids, or other spacer molecules. These linkers can be cleavable or non-
25  cleavable and be comptssed of simple, complex, cyclic or branched entities.

Library arrangement: The preferred arrangement of the library
constitue;nts éccording to the present invention is in an array synthesized on a
solid phase support in various geometric forms and layouts, such as: two
dimensional arrays, multi layer arrays, three dimensional arrays (e.g., stacked

30 microtiters), and arrays which are displayed on spherical disks or cone shapes.



The substance of which the solid support. is nmade can be, for exanple,

pol ysterene cross-linked with divinyl benzene, polyethyl ene

gl ycol - pol ystyrene bl ock copol ymer, pol yam des, pol yacryl A8f\dgust 2003

pol ynet hacryl am de, cellul ose, glass, quartz, plastic or silica. 5

Accor di ng t\WWO4U/MHeX erred enbodi nent of the present inventp&fndbuodesrst one,
preferably at |least three, nore preferably at | east ten, nore preferably,
at least 100, nore preferably at | e2st 1000 of the plurality of

addr essablAdteBatiiedy tlllj'léalti'thmlt'yy6,1*19mti1116$li;sr vt beeattashed tb i fwlgoyr dEadshin present

i nvention_inel ud t least ,twd, three, four or at |least five or nore
conti guousr&%glgié{h%‘?f@grsuﬁ’lpﬂedo?sﬂglo§‘?‘ﬁj'in AERyEd 08 2 EVO Amengienad ordet aj | ed
her ei nabo kreandinicasiohMeShisED S} IaEhbE Rert S0 bnaBlbd W) SlHSLAR:

rred enbodi nent of

uncontrol | ed polynerizati'on. According to another prefe
t he presedfdieasabln ersmatian of thaEMsmodiectpmethay hbhseddin dceashndehwitle themor e

f bl . , . f ly,. at | t 100, norg f bl t
Peast Joo5mabnt flehiE oy W ffadtisvetto dhnpustl disioiparot e 0
struct ur esomiplex barbolyarated of RELRLAS & bndudd GRLHQR HdgH4E6S, g mb§ASt one,

, .

two, three, four or at least five or nore branches. Accor g to yet .
anot her pFENT @abeydortesent asofo thwirpeéiaercyi off dret muomated $yatisdsisone, two,

t hree or St x: r.of the branches ar rmed, of identical core and

br anchi ngagoaégg'afrv{lé%%ﬂ}‘ﬁ)f@%enﬁscm i Hi%@%fb eamplaved (MyenRataNgs-20 resol ved
such a st 56BIm3e; 5,53p,qg4;tgﬂd\g’§g5,(@9_eci ally if the antennas attached to each
of the branches differ in saccharide units conposition. According to still
furthdP featurdytomated t Hibrawys csdrbmdngpr efTberee daree ninadérvant Schkeningast one,

Bl eae. 1B5holSFRS Bpd PEREANGS i RS STBTH Mde Ehansicar e rpRierozs
addr essabkgeapthiel @l &Qba}%fdg%t@}iﬁﬁam%?&%?ré&ﬁ{ fudl. F&ARYichsPT of erabl y

at least 5, nore preferabl east 7, re preferably at [east 9, nore
pr ef er abl §eeaBroarinddO6 pod Busbaingrlope, abick asd incenwiatd®by refeenps & @1 abl y at

RO U T L T A
her ! o ool S k08B0 COTRL B SOOI ) 0000
43 to t headinastes deteptianmietods; i) fleomscape diseotiat methddRc (il ERFSAON- nat ur al
o 128" S SOURL A ERERILALSE 0,0 o L CH BLS et Ve 1 om o humen
NS el R s NS RIS DOVER? |
natural chpBResatbe Betegtedafos exBuple, by lai SmmtillatioaProximity Assay (SPA,
20 Cook, 1996). The main advantages to SPA are that (i) it does not require
removal of free radiolabeled molecules; and (i) it is readily automated.
Additional methods, such as, fluorescence can also be employed either via
direct fluorescence detection of a fluorescently labeled bound molecule or, for
example, by either the-Homogenous Time-Resolved Fluorescence (HTIRF,
25 Mathis, 1995) or the,- Fluorescence Polarization Assay (PFA) technologies
(Checovich, 1995). The main advantages of these latter technologies lie in the
ability to use “mix and measure” protocols without the addition of further
complicating steps. In addition, many variations of the Enzyme-Linked
Immunosorbent Assays (ELISA) detection method can also be employed with

30 accordance to this invention.



further detailed herein, can be enployed to identify an active site of the
natural conpl ex carbohydrate. According to.yet another aspect of .the
present invention there is provided a nethod of identifyi E%A&QB%@BP%X'

car bohydrate capable of binding an entity. 10 The method according to this
aspect of tWedp#drent invention is effected by providi ng afyRdsessabl e
conbi natorial conplex carbohydrate Iibrary according to any of the

enbodi nents herein described and scr4eni ng the addressable conbinatori al
conpl ex car boh¥hie deieadtiviiyampd whinHingheapatilities bbredcHenfi fhyi bgmplee conpl ex

car bohydr bl e.of...binding the entity. 15 As further exenplified
her ei nﬁnd éx;%ogﬁ@gtgﬂf’fﬁ)lbé% aﬁégrgé‘lﬁjtot © PETSERN I%YP““HH&P%%&BP]@?T%ani nat ori al
conpl.ex cpybedingr @lilendst®r A6¥y aGERAEI NCARLIRE ass eﬁ@f&}rrsi [Pglg::ﬂ%éhon" For

exanple, the entity can be a candidate for a biologically ve material,
such as athgeughipsbsmieatanghakerticon éxtensinely shaliad; ahd guidslimdsifot sefectingi gi n. | n

this case t hod according to this aspect aof .the i ntion serves 20
for i dgnt F‘é@f?%‘g%% S(%%f’”&(_mé%‘r’ %Mfa e@“vﬂ‘i‘fg@au‘fé Sy g‘gé -orAfsﬁké candi dat e
for the bjsedrRoidiag mandRiliang aHRERELAI1s Als @& a ¥¥££ dnd h%ﬁ?ﬂ%bﬁ&?{ can be a

l'i gand known to bind a specific natur al  conpl ex “car rate. this
case, t hehatgdress etypechly dedsiihad Bicath,dORH] BosedOB6 o ALS97).i brary can be a

repr esent at i on~0f ins., of the specific patural., conpl ex carbohydrate,
whgr eas the ne ﬂ%gggg?ﬂ\%%gt icﬁnil%‘?rb“?%‘(@léstlé’r F%Fecpﬁ%ﬁ?ﬁefafgpﬁ@‘; Betwiseni fiy‘c domai n
of the don®lidesleshixptesBd @S céilieald UaRthst @agaﬁl@eéfegﬁﬁdjn%? chferk g getive site

of the natural conplex carbohydrate. According to s anot her aspect of
t he ptesefmplofivetepertert gance Riis prwliadesplzinge theo tranfcriptiagalosintgl a di sor der

characterj self or non-self.. conpl ex carbohydrate structures and
elicitati %lﬁ‘%g?t%ﬁ?i 86 sae it ac F@Fﬂeﬁ@a HEPARTHRSAC ML ErEFRE to this
aspect Of arideniUdasip! the Vel fifo |25 SBIIRE kel e B Q¥idll ROCHBhifHONSt 2003 VIO

00/ 49412 PCT] I LO0/ 00099 44 an addressable COﬂ‘&K nat orial conpl ex
car bohy dréatectioniryaten thaprespends tegmblielatieh fof thn thrget, irhthin easest®l in conpl ex

car bohydr aj-es | oying a of .t he hods described herein for

syn';) h?éidﬂ csf%éﬁe@%ﬁ}%ldﬁ’gwd%ﬂ@P%dP%gggﬂﬁéfecorﬁﬂfﬁ&ﬂ%r?ﬁ‘mpl%ﬁﬁl gxf .

car bo r S r ; i e rom5 a
Rpértdr PEREYare eﬂz@ﬁfc@asfuﬂéi ass{) rﬁg&&fﬁ? J)'M[o%ﬁehra% ] Q%kﬁ'g]%}gﬁfc'oy

pati ent suspected of havi-ng the e y generate a pattern of
the | ocatcetysanséerade, dhreftpendiiacteord] dscifeiasds, sidcp-gahatoshisseompad i ng t hat
pattern %tq %_eknown Efat ttﬁrn characterizing a heal thy individual, a '
di agnosi s°01S t fe 20186 dar these gpavARSsaBie. bepdsiseivd, YsiRE osMloERelE, associ at ed
W t h prodsHehiiRkhi Lnt rod j . NQR-.se | ex
car bohydrat e sﬁlﬁisfc Ellr&eg i)i %&%fdt?gge&%ﬂtts %aeregnélgtl%l@?{r% 'edq\tr]]%r,? Jnfzﬂ%g%

reporter genes such as green, red shifted and blue fluorescent protein (Phillips,

20 1997) can be employed as well.

Thus, according to one aspect of the present invention there is provided a
combinatorial complex carbohydrate library. The combinatorial complex
carbohydrate library according to the present invention includes a plurality of
addressable complex carbohydrate structures.

25 According to an'other aspect of the present invention there is provided a
method of producing an addressable combinatorial complex carbohydrate
library. The method according to this aspect of the present invention is effected
by enzymatically synthesizing a plurality of complex carbohydrate structures,

each of which is attached to at least one addressed location of a plurality of



t unorogenesi s, netastasis, - pregnancy, vascul ar di sease, heart disease,
neur odegener ati ve di sease, autoi mune di sease and organ transpl antati on.
Neur odegener ati ve _di seases include, but are not linmited to]8PagustZO0R" s
di sease, Al zheiner's disease, basal ganglia degenerative di seases,

not oneur on sves@asas, 15 Scrapi e, spongyform encephal opat hy and

Creut zf el dt - Jakob' s disease, infertility, allergies, enbryogeieess
apoptosi s and neurodegenerative di sofders. Qutlined bel ow are sone

strat egi edoentiphoped solid Isepsait, eedultitty PACAddrEssable Rofib; ofgﬁ%ﬁﬂ%&d by the
met hod according to_ the present invention. Thus, in order to rdentify
conpl ex c&?@&h%&‘?&@@@eeptors, associ ated 20 proteins, lectins and/or

drug targets, anp.g combi natorial ,conpl ex carhohydrates array

conposed of known g‘(})?rlp| ex?rggﬂf%s 37%51’)’3{’]@ §?¢ it ther elaims sseiion below &l | s or

novel car bamsdirddessblaicindragdgendr &edid 5@16&@169%(—1%9&&? rﬁlusi s screened

agai nst5 a variet ofdl | abel ed probes from sources such as, fabel€d hunman
hoﬂbeg{@ R

tissue Rafinsand, idpairty doqrapespion of alcatnplexdcapbaltydiats semamaed aby EST 25
collectio r rhi nant. pratei ns,, phage di.splay libraries, |abeled
cells fr E)Er%ﬁme ta'll Egarrgﬁxgrrtg’?\tﬁ i é%%‘é%‘f‘%‘ﬁt%ﬂ& r@%b?ﬂ%‘ﬁ? du pgkancesmddhati ng _
m xt ur es ofirbohpdrefeetiuptus & fherdire GUHRSEsable0 N AR &th P Ut ﬁ%g({h?&%% or from
pat hogeni ¢ cells The objective of such screening is to 1dentity the

| abel ed mot eEPRIEX  Cathohyidraten hrimstmeht tefme dtas oar phsalithi off kbmglespeci f i cal |y

to a conpl Q the librar Fol | ow jsolation and
characteri ?g?lﬁ%ﬁ?@t g%gﬁlﬁ%ﬁig%f%% caﬁ?nﬁe‘%}%hﬁﬁ Gﬁ‘i SOGEB%%{ B BoFifigs12
PCTTI LOO Ma&ﬁe%%leﬂ@&ﬁ@doﬁﬂhéi&fd@§¥&@tenti al candidates for drug therapy

or targets for_drag, therapy. These strategies can al so be enployed to
identify new r%ﬁ‘%ﬁﬁ@,ﬂblelC@ml-’llmcarbolafdyatprstrueﬁur@ aff a tibtaey ut@sdingat binds to

specific I rate gnstituen ft library. 5 To identify
| ead conpoungéﬁ %‘a{e}:ﬁﬁxﬁgﬁ% %rc§) 5%%@?3[0&%%4 g‘k&féPBgﬁyﬁ?% ¥ia a hpkegnzymat i ¢

conbi nat ofspaderk orffiieefinker bedtydinat® picRAANYY i BoRARREL Bﬁ tgélq}i%nﬁ&?”p' ex

car bohydrate structures of human cells or novel carbohydrate structures

gener at edff rlsasttvorcontigpouscavilenpbomds zaddt v obaldmadeot atddastcel | s or
pat hogens,@r ngg: i-nst a diverse group of |abel ed nol ecules. 10 The
obj ec?fvezﬁﬁ%g%(gsrﬁgcs‘g%%g éﬁllig“qiéeé's P}fﬂﬁlgr ﬁut:frg paghmited fianaminapsig, #f t he
speci fi ¢ pdptides acionqgigcdaplasieprotdie &@i@t&,%ﬁ@ﬁ@&@%ﬁ%ﬁ@&é@&j% or on

an

these cells d .the respective ligand thereof. The isofat
char act er RISl okigpsacpharidoe a monpsagekhrite, mndalkyt ehsinpfandmpor t an
bi ol ogi calypgt LMtk 6S. h_a |{-to-cell comunication, cell '
recognition, ce?ﬁlPt(%[gvg %%%%%ﬁeéﬁ@e*umr cell nmetastasis. 15 For the
i dentificatiofhef selil 8hpptird-oatd wtkciE QBRIpR% 6AbBRRYHALED s of a

20 library according to the present invention are attached can include addressable

microparticles or beads, or a flat platform. The addressable microparticles or

beads are arranged, for éxample, within wells of a microtiter plate.
Alternatively, a microtiterplate, a membrane or a chip (e.g., silicone chip) serve
as the flat platform solid support according to the present invention.

25 'According toa p-rcsently preferred embodiment of the 'invcntion the-solid
support is a chip and different complex carbohydrate structures of the plurality
of addressable complex carbohydrate structures are formed in patches spaced
not more than 2.25 mm from one another (center to center) over the surface of
the chip, thereby providing a density of at least 20 different addressable

-30  complex carbohydrate structures per square centimeter.



conpl ex carbohydrate |ibrary, according to the present invention, is
prepared conposed of a diverse- array of conplex carbohydrate structures,
i ncluding such structures not normally found in nature. TH}AugesigPex =~
car bohydr atg, bl RLary is then screened against cell-based assay systems, or
agai nst defi neé human or 20 microbial |abeled target nol eBGFESIUIh as

| ectins or receptors. Such screeni ng,, | eads to the identification of new
conpl ex carbo . . Alternativ ,_Sugh screening
| eads to the- W%%%%}?S{?%gﬁ% o‘ﬁﬁlgg ﬂgeagﬁiséejgispg%gslgdﬁcget%a& é’%?ﬂ%?’é@?’éﬁ’r bohydr at e.
Such di sepslysssooiratsehinkednpitkdiciayibeiesie abelye@plche gl PolydtyPdreCi t

ant i bodi ef) tgereto, the antjbodies can thereafter be used to'identify 25
and i sol aPck cgPO BT Ry midss.ialyaseylamides pelympthassdamide extllolostohydr at e,
to therepmsd ﬁﬂﬁifﬂas%‘%rgﬁi&ei n and genes associated with that disease. To
identify an active site of a known or novel conplex carbohydrate, a

li brar§ accor dhogpriingt toea prefseed einbwéinidn®ofithe Prepar B cpPASRdstof all the
possi bl e domai'n. fragnents of this particul ar. conpl ex carbohydrate. As such,
30 these Mf?f%@g ﬁEpﬂa%t @15‘??, fan Prefembheahnlsastier.imard prs&iraldy,rsscept or

Compl ex oot hosar AL PHRe i R S 0% B B SopaiRite stmolefi i 1yt o

each of t¢émbduynimite stmatments adibratyheNtheepresie S60htiba iRMaRbLat 1agst | Sol ation
of the dommin fragnent of a particul ar conpl ex carbohydrate responsible

for the bMRYItRGCatN ¥F @ leapielive ehmore eoutiguans sacclrride whijsefta singlean be 5
per f ofgredgjcRicpar |, _characterized conple
spedicRa As Iﬁﬁjthérq%tﬁlc %Hg?%{éaboofve%d ref(ﬂ\‘/r (ﬁﬁm aﬁﬁ—gﬁmﬁenngb? s mappi ng

carbohydrate - receptor pairs present
of anti bouivéad dagas nstorselled polynieRatal.f gl yco-markers found in the bl ood
| ex carbohydrate library according to

serum of a patjent. As such, a co& x ) _
the present iﬁmqhﬁﬁ tp anglhet praferred embodignent of Gl preselitvisventioaratay of gl yco

mar kers py i ' r tient. JThis library.is then
scr eened ggﬁ?’%&’tﬁﬂl&gﬁg%k %%%Itgn%gmgg%%rr%}lfeé%a}?Sggefgsten’f?%m‘?ﬁ?%ﬁ’ati ent and a
resul ti ngatglensr d® dmard iphefeablr af ildagt Q800 e ﬂﬁp%ﬁﬁﬁﬂjr&if adtfesdable

i r cancer and organ transplantation corr‘géti bility..
it

pre-d*sagnostic tool f C ) on
Speci Pl ¢ @IS CeFPolydrats-simeiugs e adiirary efdhe praseridnyentiontieclidisrati f i cat i on

15 of newegHi ¥wao- t anc rdi ovascul ar di seases or organ
transpl ant at i on’.tq%[ﬁgﬁéeélféﬁjo(-ﬁfg |a%tg%&eaé}r1§§/fseb% ecq‘g%r eened according to the

present i nverdcondingas yet arlotigipectered embainhdi & € HicOsht dnwlini6r S€
popul at i Oi%il The anti bod rofile of a diseased individual can then be

conpar ed i ' Che tﬂ‘f"@i’ﬂi‘q‘% o?@f leapiefore &f ts brsophgsaare darmerho&identigshr i son
Po0uces oot Seclafl 0] HuttoSRLA ol d
resolved such a structure is not trivial especially if the antennas attached to each
of the branches differ in saccharide units composition.
According to still further features .in the described preferred
embodiments at least one, preferably at least three, more preferably at least ten,
more preferably, at leas 100, more preferably at least 1000, of the plurality of
25  addressable éomplex carbohydrate structures includes at least 4 preferably at
least 5, more preferably at least 7, more preferably at least 9, more preferably at
least 10, more preferably at least 12, more preferably at least 15, 20, 25 or at
least 30, more preferably at least 50 or more saccharide units.

Depending on its intended use, as further detailed hereinunder, the

30  plurality of addressable complex carbohydrate structures of a library according



particul ar conpl ex carbohydrate reacting with an anti body of the uni que
profile turns into a diagnostic marker for that particul ar di sease.

Addi tional objects, advantages, and novel features of the }¥A&uauat2008 -
invention will becone- apparent to one ordinarily skilled in the art upon
exam nat i orw@po/4sHe -f ol | om ng exanpl es, which are not int eF@ﬁﬂ.ﬂB}@ﬂﬂPﬁ
limting. Additionally, each of the various enbodi nents and aspects of the
present invention as delineated hersai nabove and as clainmed in the clains
secti on btd b présentismventimy canehet Atepsespp@tivn inclidife hohhawinbraxar es. . 30 18
August 2003 VP 00 4%4&% PCT/ MDO/ 00099 47 = EXAMPLES Reference i s now nade to
the fol | o"Hg eéf&%% ¥ErateR P8h Whigh ok Aeriy edhirorna humgn souwsc puobtdsons,

i1l ustrat gsdubecdlRVeNt¢ i ik f i The, fallow ng

exanpl es det ail the gdt)(gpug%ﬂt?fgoﬁ(;?ﬁgyﬁg}%iﬂ%afg%%ag&gpgghe ?g}ﬁ%ﬁté's‘#zed using a
col | ect i onddsessaple somiptexl dagbalyldets siehotinzy omsbe SeqiRestntationtdflomagkeNC! at ur e
used h;re{ an%kshhqeﬁr#t borat ory procedures in _biochem stry described bel ow
are those {g@"fe 0 APt CBRTBAITY ermpisy carbahydrate.aSuch aslibeagsas it wil | be

appr o0 2 e aatbindel o BOCSYDRAH AP LSS, SR DR, Dl el o

w th ease by one ordinarily s n vie i ndi ngs
t hat sugatomplex darbshydragl ycoproteins play an inportant role in the control

of cellular fupct i(i‘oln ?nd cel | ul ar recotgni tion, investigation_ of
car bohydr at e FOFOTTBH G Fet3apther awreetar the presentrinvention thgednprovidedi gnnent  of

. i fi . ft,.. 15 1995).
SOME CONPA EietleRT meéﬁ‘ﬁgﬁlg ?/ ﬁ:gﬁp%ggp%afrﬁ%éﬂe Cca%lg %rtsolnﬁ]c@gg %ﬁ Se[tnhg() )

Dramati c changes in glyc el nstoccur ery

car ci Honellf-miedrast accotdisg)to thisi aspect! bR ther picsant mveltmnorSeffattéd By

bi osynt hesi s.,.. path s..., For exanpl e, blocking the glycosylation

bi osynt he%rpgldb’ﬁpﬂ\%‘ig%@ééﬂ% copbingiprinl epmpbarerydiydete Bbrany aceosdinghi ch ar e
typi cal | yof i iAERY! ] l..cells. Furihernore,

a?/!to erati )(;tr?s&i_wlnggltg%osy o'ai% I on g%f%f&\gifgag%#%%gcgegnpﬁemﬁt ?4*%35?1? Bn of

al t er nat ecopaltihataial sumex cambohydrste litwagh twixthithe chftymairi i@gntiyingete conpl ex

car bohydrat.e.structures not normally present in or on cells. "Such
regul ati o(i?n?ﬂ]c’bﬁ}'ﬁ %FFFEW‘%‘P%%&WP?WCMI can often be attributed to

Ol Yoot ot ef ns ot et cheiEtneriRulhE, Ay SRS ERRIRIAE IS G0! W bas s or
abnor mal a9drrasdbde wimtinatorialc ebinplex whitohydatavitesryl Bedoiding eRtBst asis and
i ny_a_si On.p%se%p Ew%xlljtrirc?nr. grl el.x%mip?et, ?hehgr?[{t; rclzg.n be a candidate for a biologically
active material, such as a drug candidate derived from a natural or synthetic
origin. In this case the method according to this aspect of the invention serves
- 20 for identifying a comple){ carbohydrate which is a target for the candidate for
the biologically active material. Alternatively, the entity can be a ligand known
to bind a specific natural complex carbohydrate. In this case, the addressable ~
combinatorial complex carbohydrate library can be a representation of domains
of the specific natural éorhplex carbohydrate, whereas the method serves in this
25  case for identifying a sﬁeciﬁc domain of the domains which binds the ligand to
thereby identify the active site of the .natural complex carbohydrate.
' According to still another aspect of the present invention there is
provided a method of diagnosing a disorder characterized By self or non-self
complex carbohydrate structures and elicitation of antibodies there against. The

30 method according to this aspect of the present invention is effected by providing



ti ssues (Kobata, 1998). Tunor markers are significant for the diagnosis and
treatment of 30 malignant cells. Potential markers can be any specific

epi topes presented by the 18 August 2003 WD 00/ 49412 PCT/ | [®6Lge8$9038
tumor cells, such as, peptides, glycopeptides, glycolipids or any

conbi nati on¥C ®HMeof . These uni que epitopes can be speci ficgafdopabogdentified
by nmonocl onal antibodies and as such uni que gl ycosyl ati on patterns were
and are inte ivel¥ i nvestigated as4potential tunmor markers for cancer

i munot her sble combigatesial eempls hrbohy&e8) librAtyerepresamtiiy thovent i on

enabl es t R at,only for i not her a or di agnostics but
QPR o Rl B e B bRy dfaleS by cIoving Woontheametiodh nat or | al

al so as potential targéets

array i ncldssiritgdthetdin TorsynthSpifigf ush 4 X THedd Xﬂé‘&&ﬁ?&%g,\%ﬁr l’oJISd

nor mal car boh){drate structures would enable 10 1solation ©

candi dat eSSBS easeovdrate libsre éuthersafibmreabled dvidpawtifodbal deyive@fi@nuni quel y to
conpl ex carbeRydna r " associated with a tunorous conditions.
EXAVPLE 1ﬂ 15 Lung gcrf‘&s’:%r"??lt%y‘élgﬁ?‘%gﬁédeéfto gﬁ‘%@f EEHTHE A Batisn 9bitks on.

Appr oxi madelagiond (Awhioh themtihagns baad SLaDmhi By 008 %@% ragorded in
1990 (Faber 1991). Squanous Lung éarpi nc_)rray(SLB p@ﬁ%@)fvﬁﬁhe

Non- Smal | aé@wnmm%m ehgreciprizinsaihe ity individuad curdtagnégs ofiper dixerdat el y 35 %
of all lupgowizngses. It 1is closely correlated with -smoking and di agnosed,
nost frequently 1n males. 20 Squanous carci noma originates in the central

or hilar regi obisotderfiendwingd B BssoBREASHM bRIGECHBES: fnt%‘ fetidh &&gﬁl' pher al
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serve as semodegeaektvs (ibdacé,casonimud®B88easd NGd Wi bl gs descri be
t he conpogg%aﬁand enzyme nodul es ?EI\/B) ﬁgcessa%é%or&}%ﬁ@g%%ﬁ?lﬁesi s of a
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conpl ex StV iditeassp ingnde, du eeniotdimitetl tos Partihom'safissabg i cal
markor . SupE R b e il el SRR et B e manerod deeem 00/ 49412
PCT/ 115 AGP@8p09spéagyform encephalopathy and Creutzfeldt-Jakob's disease, infertility,
allergies, embryogenesis, apoptosis and neurodegenerative disorders.
-~ - Outlined below are some strategies employed while écreening ‘specific
libraries -gene'rated by the method according to the present invention.
Thus, in order to identify complex carbohydrate receptors, associated
20 proteins, lectins and/or drug targets, an enzymatically combinatorial complex
carbohydrates array composed of known complex carbohydrate structures from
human cells or novel carbohydrate structures generated from reduction maﬁping
is screened against a variety of labeled probes from sources such as, labeled
human tissue homogenates, labeled receptors, labeled proteins encode(i by EST
25 collections, labeled recombinant proteins, phage display libraries, labeled cells
from either human tissues, pathogens or solutions containing mixtures of
labeled protein molecules from human tissue sources or from pathogenic cells.
The objective of such screening is to identify the labeled molecules from the
above mentioned sources which bind specifically to a compléx carbohydrate of

30 the library. Following isolation and characterization, these molecules can be



new drug candi dates or drugs useful for the prevention of squanous | ung
cancer netastasis. Tables 9-10 present conpl ex carbohydrates of abnornal
structures of SLC carbohydrate chains released into the cil®éubast@oP3system
(marked Al, o042 A3, AS, A9 and Al10), all the possible fragnents derived
from such SLC car bohydrate chains.(associated with A, A2PCAALO0RNNI A9 and
AlO by al, a2, a3, a8, a8 and al O rgspectively), normal bl ood antigens

(mar ked A4 , : . I ossi bl e norgmal, bl ood

antigen ?ftggﬁfn?éﬁ%fe??&géﬁq%&e 9@%1 (fggguc?é#% p%vicfrhlaﬁ&e?sﬂtg‘?dﬂég, A7, All
and Al12 bytherdpy aSThe6, sterfegiesl ban 2Bod etbloyetle@PRIchiiRe ¥y - ref4fibis, 9

Sour ceCar or}. drat esEM Al p-n-uat p-{144}1 SLC D GLcyt UC- (L461~ | i ,
a- L- at i CP-‘PEHP$)OL any Brefgins of molacnfgshat bimlsdg|speqific 3pmaldy @rghydpte- (1~3}1 A2

-A-D- GalP:cogI?t{tgxétﬁ;?ﬁ%h%ﬁl}%r?_cpz?c- (1461 | (X-L-r ucp- ( 14:9,11 a- c- Galp- (144}
p-c31c a-L -rucp 1 S-DGcpM-(1+31J S-D&l1p- (1-43)
A3a- L- rsucp- [ 14d)piiderdifFdcadronpbpdd which [biddt8bpecific $ompiek earbolittitel @ - D
-Gl p- (143} i | ... ~-D-GlcplAC4fil~ .
© an enzymatic combinatorial complex carbohydrate library composed of known
- complex carbohydrate structures of human cells or novel carbohydrate’
structures generated from reduction mapping of normal and/or pathogenized
_ cells or pathogens are screened against a diverse group of labeled molecules.
10 The objective of this screening is to gain a clearer understanding of the specific
interactions between the complex carbohydrate found in or on these cells and
the respective ligand thereof. The isolated and characterized ligands can then be
utitized as modulators of important biological activities, such as cell-to-cell
communication, cell recognition, cell development aﬂd tumor cell metastasis.
15 For the identification of novel bio-active complex carbohydrates, a
complex carbohydrate library, according to the present invention, is prepared
. composed of a diverse array of complex carbohydrate structures, including such
structures not normally found in nature. This complex carbohydrate library is
then screened against cell-based assay systems, or against defined human or
20 microbial labeled target molecules, such as lectins or receptors. Such screening
leads to the identification of new complex carbohydrate based drug candidates.
A_ltemaﬁvely, such screening leads to the identification of a disease associated
complex carbohydrate. Such disease associated complex carbohydrate can be
used to elicit antibodies thereto, the antibodies can thereafter be used to identify
25  and isolate a glycoprotein harboring the disease associated carbohydrate, to
thereby identify new protein and genes associated with that disease. |
"To idenﬁfy an active site of a known or novel complex carbohydrate, a
library according to the present invention is prepared composed of all the

possible domain fragments of this particular complex carbohydrate. As such,

30  these domain fragments can then be screened with a labeled receptor which
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fi-D-al CQM%T@TGrﬁhQ‘bﬁﬁiiﬁ’g' ALY LE, the active site. This objective can be
5 performed in parallel for a number of well characterized complex carbohydrate -
receptor pairs, '

The present invention also enables mapping of antibodies against self or
non-self glyco-markers found in the blood serum of a patient. As such, a -
complex carbohydrate library according to the present invention is synthesized

10 to include a diverse array of glyco markers present in the blood serum of a
patient. This library is then screened against labeled pools of serum antibodies
from this patient and a resulting generated antibody profile can be implemented
as a pre-diagnostic tool for cancer and organ transplantation compatibility.

Specific arrays of glyco-antigens can also be used for the identification
15 of new glyco-markers related to cancer, cardiovascular diseases or organ
transplantation. Such glyco-antigen arrays are screened according to the present
-invention against labeled serum antibodies from a diverse population.  ‘The
antibody profile of a diseased individual can then be compared with the profile
of the healthy population. This comparison produces a unique profile of

20  antibodies associated with the immune response to a disease state and as such, a
particular complex carbohydrate reacting with an antibody of the unique profile

turns into a diagnostic marker for that particular disease.

Additional objects, advantages, and novel features of the present

25 invention will become- apparent to one ordinarily skilled in the art upon
examination of the following examples, which are not intended to be limiting.
Additionally, each of the various embodiments and aspects of the present
invention as delineated hereinabove and as claimed in the claims section below

finds experimental support in the following examples.
30 ' '
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-5 The following examples detail the structure of complex carbohydrates
synthesized using a collection of specifically selected enzymes. Generally, ﬁ1e
nonienclature used herein and the laboratory proce!dures in biochemistry
described below are those well known and commonly employed in the art. As
such, 1t will be appreciated that the following synthesis procedures could be

10 practiced with ease by one ordinarily skilled in the art.

In view of the findings that sugar residues of glycoproteins play an
important role in the control of cellular function and cellular recognition,
investigation of carbohydrate function in pathological states has led to the
assignment of some complex carbohydrates as tumor specific markers (Orntoft,

15 1995). Dramatic changes in glycosylation of proteins occur in almost every
carcinoma (Hakomori, 1989), which often reflects changes in the biosynthesis '
pathways. : :

For example, blocking the glycosylation biosynthesis pathway leads to
an overproduction of structures which are typically found in small amounts in

20 mormal cells. Furthermore, alterations in glycosylation pathways can lead to .thc
utilization of alternate pathways which, in turn, lead to the formation of new
complex carbohydrate structures not normally present in or on cells, Such
regulation of glycosylation pathways in the cell can often be attributed to
glycosyltransferase activities.

25 The altered carbohydrate structures of glycoproteins of various tumor
tissues are considered to be the basis for abnormal behavior of tumor cells,
which behavior includes metastasis and invasion of the tumor cells into healthy
tissues (Kobata, 1998),

Tumor markers dre significant for the diagnosis and treatment of

30 malignant cells. Potential markers can be any specific epitopes presented by the
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- Galp- SL+ D. CE 81 H) D-Del p-i 1"38 ab5; al 2a-L {+

D alp (1 (B_ﬁaa &f a E;_eﬂpo gsgpotentlal targets for drug therapy To

this end, a combmatonal array including both Tumor Specific Complex

Carbohydrates (TSCC) and normal carbohydrate structures would enable

10 isolation of new drug candidates by identifying molecules that bind specifically

and uniquely to complex carbohydrate structures associated with a tumorous

conditions.

EXAMPLE 1

15 Lung cancer is a disease of almost epidemic proportion. Approximately
157,000 new cases causing 142,000 deaths were recorded in 1990 (Faber,
.1991). Squamdus Lung Carcinoma (SLC) which is of the Non-Small Cell Lung
Cancer (NSCLC) type, accounts for approximately 35 % of all lung cancers. It
is closely correlated with smoking and diagnosed most frequently in males.
20  Squamous carcinoma originates in the central or hilar region of the lung and
may cavitate when found in a peripheral location. It is classified as a severe and
malignant form of cancer. Although poorly differentiated, SLC displays unique
COmpr?x carbohydrate antigens associated with both membrane bound
glycoproteins and mucine-like molecules which are released into circulatory

25  system and serve as serum markers (Martensson, 1988).
The following tables describe the components and enzyme modules
(EMs) necessary for the synthesis of a complex carbohydrate library for
screening and isolation of chemical compounds, proteins or other molecules

which specifically bind SLC markers. Such molecules may serve as potential
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SLC carbohydrate chains released into the circulatory system (marked Al, A2,
5 A3, A8, A9 and A10Q), all the possible fragments derived from such SLC
carbohydrate chains (associated with A1, A2, A3, A8, A9 and A10 by al, a2,
a3, a8, a8 and al0, respectively), normal blood antigens (marked Ad, AS, A6,
A7, All and A12) and all possible no'rmal blood antigen fragments derived
therefrom (associated with A4, A5, A6, A7, A1l and A12 by a4, a5, a6, a7, all

10 and al2, respectively). -
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23 B-D-Galp-{1+3] ~f-D-GLcpMAC {1+3] P -D-Galp-(1~4)q 110
]S-B-ulchpHAc—(l-iGl 1.
d=L=-Fucp- [I+3}$ p-Droalp-{is
. B-p-GLopNAG~ {143}
a3 . a-L-Facp-(1+4} -p ~D~GLCPNAC- (143} P -p-calp={l+d)4 111
B-b-GLopRAC- {146]4
o-L-Fucp- [1+3)d ﬁ—D—Gilp— {1+
B=p-ElopMAC= (L43)J

(1.6} 7

13



| -R GICPNAC-(1.3)- -A-Galp-{1.4)-D-Gc a-L-Ilicp-(L.3)J PCT/IL40/ 00099
86 87 88 89 90 91 92 93 94 95 96 97 98 18 August 2003 WD 00/ 49412 55 TABLE
10 (Continued) a9;al O a2 i.3-D-Gai p-(1+3]- -D-al cpN c-i 1+3] 18 Aufustabes [ 1+4}.i
_t (3-D.G.C?NAC- (1+3] -~ ~D-Galp- (1+ a-L-~cp- (143] J

a- L- TUCp- ( 1 vd) eodied2 GLcpNLC- fl ably a-L-rucp-(144)1 j3-1;-Cdlp-(144)-D Gc
-D- GlcpNKC- (143(J -D-Gal p-(143)J a2 a2 a10 a3 a3 a3 a3 adFCTL0/00S

56
TABLE 10 (Contigued)

a3 G-L-Fucp- (1+4) - ~D-GLCDNAC- (13} B -D-Galp~(i+4]) -P-D-GLCpHAE— (146) 112
p-b-Galp-{1+

. B-D-Galp-[1+1) -f ~D-6LCPNAG~ [1+3} )
al0 O-L=Fucp - {1+4},

P ‘ i13

£ -p-GlopMac- [1+43) B-D-Galp-{1+d),

]

D - 1
B Calp-{1-+3} ‘B=D-GlcpNac-— (143} B -D-Galp-[1s

G-L-Fucp~{1+3}d
a3 o-L-Fucp- (1+4) ] L .
114

|
B-D-Gleprac- (1+3} ~B-D-0alp-(1+4])4

I
~DuGalp= 3
B alp=(1+3) B-D-GlepHAac- (1+6) B-d-galp-(1+4] ~D-0Glc

Q-L-tucp-(1-+3}! .
33 a-L-Tacp- [1-04)-2 !
115

B-D-GlopMAac- {13] B -0-Galp- (1+4) - D-GlcpNac- {1+6}

B-B-oalp- {1ea)d ! .
p-{ } B«p-Galp- {1+4} -D-Glc

- B-n-Glcprac- (L+a}t
P-D-Glopaac- [1+3) B-D-Galp- (244}, 116

i
BeD-Glcp¥ac= {1260y

I
@-L-rucp- (L+3}4 P-v-calp-{i+4) ~p-Glc

) B -D-Galp-(1+2) B =D-clcprac~ (1+3}J
a3 $-D-Galp- (1+3) - -D-cleprnc~ (143} -D-Galp- (144} 117

|
ﬂ—n-m.cpmc—(:.-ash

- 1
G~L-Fucp- {1+3) 4 B-D-Galp~{1+4) -D-6le

3 = B-D=ClcpMAc—{1+3}7
~L-Fucp-{t+4) -8 ~B-GLepNAC- (143} -B-D—Galp— (L+4) 118

B-D-olcplag- (146},

B~L-Fucp- (1+3}J B ~D-Gslp-{1l+4} -D-Glc

3 — p-D-GLopNAC-(1+3]4
L-Fucp- {1+44) 8 -D-Glc:pm?c- {123} -p-D-Galp- (3+4) {5 ~-D-GLCPNAG - (1+6) 1 119

[
p-D-Galp-(L+4) -D-Gle

B-D-Galp-(1+3) B -d-Glcpihc- {1+3)4

a3 @-L-Fucp- (1+4]4 :
. i 120
s-n-u:.cpmc— (1+3) B -p-calp-{1+4}4
o ]
B-D-Galp- (1+3}} ) B-D-GloptAc- (1+6),
I
G-L-Fucp~=(1-+3}4 P-p-Galp- (it~

}

B -D~GLopNAGC- {143}
al G-L-Fucp-(1+4)q -

‘ 121

1
B~p-cleprac-{1+3] B -D-Galp- [1+4) -B-D-0lepNAG- (146) 4

-b-galp- 4 !
B alp- {143} B-p-Galp- {1+

o p-D-Galp=-{1+3} -B-D-GlopNAG-(1+3}4
E-L-¥ucp= {1+4) -B -D-GLopNAG~ (143) ~B-D-Galp- (L4}, 122

B ~D~GLoplAC« [1-+6) 1

G~L-Fucp- (1+3)4 B-D-Gakp- (3=

= B-D-galp-(1+3) 4 -D-GLcpNAc- (1+3)4
P-D-Galp-(1+3) B -D-cleprtice (193] -B-p-Galp-(1+4)y 123

I
p-D-clLopHAc- [1+6],

|
G~L-Fucp- [1+3}) p-o-calp-(i+

P-D-tatp~ (143} B -D-GLlopMAC- [1+3})



P-D Gasp- (144) - -b-DLcpNAGC-(1-.6)1 a-L-rUCp-(144]1 13-0-Gal e- (144]-D-alC
-D-GLCcpNAG-cl a)l ~ P-13-1541p-(143]4.)i-n-Gaip-(1x4]1 p-D GLcpNAC- (146)1 |
1 a-L-rucp-(143)4 $-P-GalLp-(144) -D-61c 1 a-L-rUCp-(144)18 August 2003
- D- GLcpNAC- éﬁ@ﬁ;lza L-rucp- (L44) --D GLCPNAG- (143) -$-D DbLp- (14411
- 0- alcpNAC- -P-D-G ai p-(1+4) -D-Ac a-L-sucp- (L43) FCRILWO0PEY- (144)1
)S-D- G CpUAC- (1431 - -D- Gal p- (144) - P- D- GLCPNAC- ( 146) - P- D- G41p- (i ..4)-0-G C
-D-Gal p-(1ti3)J -D-aalp-(143)- -D G cpNAC (L-3)-(i-D Galp-(144]1 [
13- D- 01cpr AC- (1-.61 -0-D-Gal p- (1+4] -D-GLC a- L-rucp- (143)J
a-L-ry1Cp- (144)-ji-b- GLCPNAC- (143) --D-141)- (144),
11- 1) - GLCPNAC-[ 1-6) - i - 13- GaLp- (144)-b-alC | a-L-rucp-(143)J a-L
-rucpr(144)1 -D-Qulp -(144)1 D-ad&(- (143 ! ) ~-
$- O GLCpNAC-{146)-(3-D-Gaip-(14 1 57a-L-Rice- (1..-3)4.. a-L-rycp-(14Q)~
- D- GLCpNAC- (143] -j i - D- Gai p- ((iJZM}LElb(@D&B%d)( 146)1 1 ( ji-b-Galp-(143)4

' )

Jl'D'a41F (14 %n%ﬂl\lm (1/1’2\_1 =) a|g_p]NA‘ ‘ |43} $ D-—_CGai p-['l
124
-D G.cpNﬁCg [146)%1 ( |, gl J(}JQQ-,,(M];Af%(J- p- D- Galp- (14
p-n-au.p-u-s)J' . B-p- slcpmc-u-oeh
a-L~Fucp-(L-+3)J p-D-Galp~(1+4) -D-glc
B-b-glcpNac- (l-oalJI
a3 G-L-Tucp- (1+4) B ~D-GLCpNAC- (L+3} -f ~D-Galp- {1+d]y 125
<3 -D—B;.cpw\c— (1+6)+
a-L-rucp - [1+3} p-n—mlu.p— (1-+4) -u-Glc
B~D-Galp={1+3) -s-n-slcpum-u.-oa}}
a3 B~D-Golp- (1+3) -f -D-BLCpNAC~ {1+3) f=p=galp=(1+4)y 126
B-n-GlcpMAc- {1+6)4
A-L-Fucp- U.-':H} ﬁ-—n-mlllp- {1+4) -B-Glc

p-b-salp-(1+3) B -p-GlocpMAac- {143}
a3 U-L-Fucp~(1+4)4 127

B-D-GLCpNAG-{1+3) P-D-Galp-(1+4]) A -D-GLcpMAC~ (146}

p-p-calp- (L33 B-D-Galp-{1+4) -D-Glc

B-D-Galp- (1+3) B -D-Glcphac— [1+3) 4

5 Table 11 includes a list of the EMs required for the synthesis of the
complex carbohydrate collection described in Tables 9-10

TABLE 11
I EM Fist - | ERs sequence
Immobilized {the ERs details are found in Table 7):
monosaccharide
! Gle-S D9,HI5,D10,H16,D7,B2
2 Gle-S DY,H15D10,B6,H16D7,B2
3 Gle-S " | b9,H15,D10,H16,D7,B2,H20,D10,B6
4 Gic-S D9,HI5,D10,B1
3 Gle-S D9,HI5,D7,B1
6 Gle-S D9,HIS,DI10,B6
’ Gle-S | - | p9,H15,D10,B6,DI
8 Glc-S D9,HI5,D10,B6,B7
? Gle-S D9,HIS,D7,H3,B2,D10
10 1G-S D9,HI5,D7,H3,B2,D10,B6
1 Gle-S D9,H15,D7,B2
2 1G-S D9,H15,D7,B2,B1
B 1Gles D9
14 Gle-S, _ | B8
15 GlcNAc-S D10




O D- Gal p- (143) - A- D- GLCpNAG- f L43) J ,
)S- D Galp- (143}-0-D GLCPNAG- (1+3}-ji-D-Gaip-(14)1 1 $-D uLCpNAC (146)1 ,

a- L- lucp- (14314 (i-D-141p-(14 S-A- GLCpNAC~(143]J a- L-rucp-(8Adyus$2083 G cpN
-(143.)-j)-D-aal p-(1"~4]1 $-D GLcpNAG (146), | | a-L-rUCp-(I143)J

a- P- Gat p- (1¥© $LOO 00099 99 100 101 102 103 104 105 1G&TADNedd8 109 110
111 P-D GLCpWAC- (L43)J 18 August 2003 WO 00/ 49412 56 TABLE 10 (Conti nued)

al0 0 a3 a3 a3 0 a3 a-L-rucp- (1+41 - -D- GlcpPAC-{Iti3} - -D@&@lp -(is4

58

TABLE 11 (Continued)
16 GlcNAc-S D7
17 Gal-§ 21
1B | Gals H22
19 Gal-S BI
20 . | GIeNAc-S B9
21 GlcNAc-S B10
22 Gal-S | D9, H21
3 Gal-S D9,H22
24 Gal-S H22,D10
25 Gal-§ H21,D7
26 Gal-S H22,D7
27 Gal-S H21,B10
28 Gal-S H22.B9
d GleNAc-S " | b16,BI
30 GleNAc-S D7,BI
3t Gal-§ - H22,B10
2 |dles _ D9,H22,B10
33 Gle-S D9,H22,B9
h Gle-S D9,H21,BI0
3 Gle-8 D9.H22,D7
3% | Gles D9,H21,D7
37 Gle-S DS9,H22,D10
38 Gal-S H22,D10,B1
39 Gal-§ H22,D7,B1
40 Gal-$ - VH22.D7.H3
4 Gle-S D9.H15,D7,H3
2 1 Gle-S | D9,H21,D7.H3
43 Gal-S - H21,D7,H3,B9
“ Gal-§ . | g21,07,83,.D10
4 Gal-S H22,D7,H3,D10
% | Gic-s D9,H21,D7,H3,D10
47 Gle-S D9,H22,D7,H3,B9
48 Gle-S D9,H21,D7,H3,B9
49 Gle-S ° " | p9,EH22,p7,H3,DI0
30 | Gle-s DY,B7
St | GleNAc-S D7,B2
2 Gal-§ H21,H23




D- GLCPNAC- (Ly611 -b-Galp-1L-. p -D-odLP- (131 -~ 1) -G CPNAC (1431.2
|utp (1441 -D-dc it . c- (1. 31 -$%$ -DG Ip- (lad4l -D Gi P-(1143}J |
DGlOpNI ~Cc-(131-~-a-Gale- (L4 a-~.-ivcp-1L4}}J a P-(143)8 Aubusti2obd - |
L-iuCp-fi-x417 (S D GLcPDAC (1-.31 -D Gai p-f14411 a-L-1VCp-- (144)

a- DO_cpHT(W()ﬂW@ﬂﬁS -n-Galp- (L+4}- -n-d cpNAC- (1-. Eh B'Df(‘?mﬂﬂo;
-a-GCptntc-(1-. )-~-D-Gle-{L-.4Y, -D-G.cp c-I1L-.6Y7 I 'ucp- 3YJ
13-D-bdj p-11+41-n-A ¢ -n-Gi P—(1431 )3-D-dcptac- (L3) J -D - Galp (1.31 $
-D-Di Cpt - UG- {x+3}- D-Daip-(1-.417 -D-G.cpNAC-(1-.617 1 E a-L-Fucp-(1+3)
.2 13 -D-Gl p-(1+4) -D-aLc 13-b-GLcpNAC-{14S1J a-L-sucp-{X44)
.D-GA.cptuAC (143} -{i-n-sale- (144Y7 1 (3-D-GcpNAc-(1- 617 1 1
a-L-lucp- (1-3) J -D-4aip-(1-.4) -D Glc p-u-uaap-1ll+aj -DDA C -D-G CPNKC
(1.3P j 3- DGLCPNAC—(1431) a( - L- ruc -(1 4) - -D GlcpMAc- (L+31-13-D Gai P-
(1-.4) - -D GLCpNAC- (1+6) -D-dc A D Gal p- (1431
3-D—GLCpNAC—(143).2 JTABPE??(@ontgnue | '

Q)'Q)'_'

53 GlkNAc-S | Dl1o,Bé
54 Gal-S H21,H23,B11
55 | Gal-S | H22.D7,B2
56 GlcNAc-S D7,B2,BI1
37 | Gal-s : H22,D10,B6
58 GlcNAc-S D10,B6,B1
59 GleNAc-S D7,B2,A22
60 Gle-S D9,H21,H23
61 Gal-S H21,H?23,B12
62 Gal-S H21,D7,B2
63 Gal-S H21,H23.D11
_ 64 _ | Gals H21,D7,B2
65 1 Gle-S D9,H21,H23.D11
66 Gle-S D9, H21,D7,B2
67 Gle-S D9, H21,H23,B12
68 Gle-S _° - | D9.H21,H23,DI2
¢ | Gals ~ \ B21,H23,B12,D11.
70 Gal-S H21,H23,D11,D12
71 Gle-S D9,H21,H23,B11
72 Gle-8 D9,H22,D11,B6
73 Gal-S H21,H23,D11,B6
[ Gal-§ H21,H?23,D12,B11
73 Gal-S " | H2I,H23,B11,B12
76 Gle-S D9,B7,H22,D11
7 Glec-S . D9,B7,H22,B11
B 1Gals H22,D7,B2,B1
| Gals H22.D7,H3,B2
80 Gle-§ D9,H22.D7,B2
81 Gal-8 H22,D11,B6,B1
82 GlcNAc-S DI0,H3,DI1,B6
8 |GlNAcS | p7.B2H3.DII
8 1Gle-s D9,H21 H?23,D11,B12
85 Gle-§ D9,H21,H23,D11,D12
8  lgkcs | p9,H21,H23,D12,82
87 | Gals H21,H23,D12,82 D11
8 |Glcs DY,H21H23,D11,B6
89 Gle-S. D9,H21,723,D12,B11




a3 a3 a3 $-DGcpw c-(1-.31 -~-D-nalp_(144Y1 S-D Glp- (1+3) J J3
-D-GLCpnC- (1+6} 7 1 | |
a-L-FUcp- (X44)7 - | -AcpNAc- 4.31 --P -D-Galp- (144) -1S- 13 BigyNAGe3 (Lx 61

-DrGai P-1143 J r -D-Gal p- (1+

a-L- FUCp- (L43) J -D-Ga LP-(L'

) 3- D- Galp- (143Y-{i - D- GLCpNnc- ( 1431)

a- L- YCCp- f 1Y% G1cpN7, c- (1431- - D Gel p- (L+417 U D- GlephiGokdkis 17

a- L- | DCp- (1431)

~-n-@Gl p-{1~-3)- -D-GLCp&D c-(143}-13-D-cal
a-L-t,iCp-(1431J -D Galp- (L.

~-D-Gal p- (1 4 U D- Daip-(1+31 -
p- {14417

-D-dcpN, c-(1+31-'

-D-d cpw-c- (1461,

-DALp-(1-.3} -~-DG[.pwec- (143}J {
-P-D-040-11+41-D-G.c 112 113 114 115 116 117 118 119 120 '

60

TABLE 11 (Continued)

.20

Gle-S D9,H21,H23,B11,B12

3 Gal-S H21,H23,B12,D10,B6
2 | Gals H21,H23,D12,D10,B6
% | Gals H21,H23,B11,D7,B2
94 GlcNAc-S D7,B2,H3,D10,B6
93 Gal-S H21,D12,H3,D10,B6
96 Gal-S H21,D12,B2,H3,D10
97 Gal-S E21,D12,B2,H3,B9
98 Gle-S D9,HI5.D7,B2,H22
99 Gal-S H22,D7,B2,H22,D10
160 Gle-S D9,H21,H23,812,D11,86
101 Glc-S D39,H21,H23,D12,DI1,B6
102 Glc-§ D9,H21,H23.D12,82,B11
103 Glc-S D9,H22.D7,B2,H22,B11
104 Gle-S D9,H21,D7,H3,D10,B6
105 Glc-S D9,H21,D7,B2,H22,D11
106 Glc-S D9,H21,D7,B2,H22,B11

~ 107 Gal-S H21,D7,B2H22,DI1,B6
108 Gal-S H21,DI12,H22,D11,B6,H23
109 Gal-S H21,H23,D12,B2.D11,H20
110 Gal-S H21,DI12,H20,82,D11,H23
11 Gal-8 H21,D12,H20,B2,B11,H23
12| Gal-s | H21,D12,H20,89,H23,D11
113 Gal-S H22,D7,B2,H22,D11,B6
14 1 Gles D9,H21,D7,B2,H22,D11,B6
115 Gle-S D9,H21,D12,H22,D11,B6,H23
116 Gle-S D9,H21,H23,D12,B2,H3,D11
17 1 Gic-s D9,H21,D12,B2,H3,D11,H23
118 Gle-S D9,H21,D12,B2,H3,B11,H23
119 Gle-S D9,H21,DI12,H3,B]11,H23,D11
120 Gal-S H21,D12,B2,H3,D11,B6,H23
121 Gal-S H21,D12,H3,D11,B6,H23,D11
12 Gal-S H21,D12,B2,H3,B9,H23,D11
123 1 Gals H21,D12,B2,H3,D11,H23,D11
124 Gle-S D9,H21,D12,B2,H3,D11,B6,H23
125 Glc-S D9,H21,D12,B2,H3,D11,B6,H23

P- D- GLcpNAG- (143} J

t
P c

I
w



121 122 123 18 August 2003 WO 00/ 49412 57 TABLE 10 (Conti nued)
PCT/ | LOO/ 00099 a-L-fncp-(1,417 124 P -D-GL.cpNP c- (1w} -p-D-adlp- (L-' 4)T
| 1 1 -D-GalLp -11.3) J $ -D-cslcpnwe- (1. 6) ~ G L-rucp- ( L#&pygust 2003 \
$-D-Gle-(t-, -D-Dic -DGlcpN c-(Li 311 a3a-L-PUCp-(7w41 {i "D Glcpnac-(1+3}
~-u- Gel p- 11WODpA%B (i - D GLCpeNC-(1.6)- | a-L-1UCp-(1-3) lpcPuGabded 11 41
-DGAc [3-D&Ip-(1.3) f~~-DACpXjw (L-3)1 OP-33-aalp-(143) -

- D GlepMhc- (1~3) - A-p-Gal p- (1. 4), 126 p-D-d cpM-{L6)I a-L-rasp-(Lw3)1 13-
-D-GlLp-(1+4)-DAc -4-aalp-(1.3)- -b-Acpw.c-(1.3}~ a3U L-rUCp-(144) 1127
-D-GLCpNXG- {1-.3)-11 -D-6dlp- (1.4) - -3) -ALCprO. G (L.611 -D-GaLp-(1.3)1
(i-DGatp-{14)-Ddc -D&@Lp-(1.3) -DGlcpWec-(1+3)1 5 Table -11 includes a
list of the EMs required for the synthesis of the conplex carbohydrate
~collection described in Tables 9-1f TABLE 11 EMFirst _ERs sequence

| mobi | i zed(the ERs detail SIABgEfl%g@&ﬂnmeajabl e 7): nonosaccharide
1d c- SD9, H15, DI O, H16, D7, B2 2d c- SD9, H15, DI'O, B6, H16, D7, B2

126 | Gle-8 D9, H21,D12,B2,H3,D11,H23,D11
127 Gle-8 D9, H21,D12,H3,D11,B6,H23,D11
EXAMPLE 2
5 Human chorionic gonadotropin (hCG) is a glycoprotein hormone

produced by the trophoblast cells of the placenta. High levels of hCG are
detected in blood and urine samples taken from patients of a variety of
trophoblastic diseases. - As such, urinary and serum hCG levels have been
employed as useful markers for the diagnosis and prognosis of trophoblastic

10 diseases, as well as being markers for pregnancy. A study comparing the
complex carbohydrates released from hCGs purified from the urine of pregnant
women with those purified from urine taken from patients with trophoblastic
discase revealed the existence of several alteration in the sugar chains of hCGs

__purified from the latter (Mizuochi, 1983; Endo, 1987).

15 Tables 12-14 present the components and EMs necessary to synthesize a
complex carbohydrate library for screening and isolating molecules that
specifically bind to the abnormal hCG markers or to their subfragments. Tables
12-13 list complex carbohydrates structures incorporated into an hCG specific
arrays. Such structures include abnormal sugar chains represented in the hCGs

20 present in malignant trophoblastic diseases (marked B35, B6, B7 and'BS), all the
possible fragmented sugar chains of such hCGs present in malignant
trophoblastic disea_ses (associated with BS, B6, B7 and B8 by b5, b6, b7 and b8,
respectively), normal sugar chains as typicalljl found in the- hCGs present in the

* urine of pregnant women (marked B1, B2, B3 and B4) and all of th;?.ir possible

25 fragments (associated with Bi, B2, B3 and B4 by bl, b2, b3 and b4,
tespectively). Table 14 presents the collection of EMs required for the synthesis
of the complex carbohydrates of Tables 12-13.



3@ c- SD9, H15, DI O, H16, D7, B2, H20, DI O, B6 4G c- SD9, H15, DI O, Bl G e- SD9, H15, D7, Bl
6G e-SD9. H 5, DIOB6 G c-SD9, H 5, DI O B6, DI 8Q c- SD9, HI 5, DI O, B6, B7

9G c- SD9, H15, D7, H3, B2, DLO 10G e- SD9, HI 5, D7, H3, B2, DI O B6 18 August 2003

11Q c- SD9, dindh B2 12' G e-SD9, HI 5. D7, B2, Bl 13, G c- SD9 14Q c- S, B8
15GLcNAc- SDIO™8" August 2003 WD 00/ 49412 58 TABLE 11 ( Cormdnimenijoss
16GLCcNAC-SI D 7 17Gal - SH21 18. Gal - SH22 19Gal - SBI 20G cNAc- SB9 21G cNAc- SBI O
22Gal - SD9, H21 23Gal - SD9, H22 24Gal - SH22, DI 0 25Gal - SH21, D7 26Gal - SH22, D7
27Gal - SH21, B10 . 28Gal - SH22, B9 29GLcNAc- SDI 0, BL 30G cNAc- SD7 Bl 31Gal - S
_H22, BLO 32Q c- SD9 H22, B20 33d c- SD9, H22, B9 344 c- SD9, 1121, BI 0

35Gac- SD9, H22, D7 36G c- SD9, H21, D7 37G c- SD9 22, D10
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TABLE 12
Source Carbohydrate EM
stl; . G-L-Fuc-{1+6}, 1
Notrmal B-p-Galp- (144} -p-D-@GLtpNac- (142} <L-D-Manp~ [1—-6}} R B —D—G.;[.cpnac
G-D-Manp- (14} P ~D-GLcpRAG- (1+4) 4
P-D-Galp-{1+4) fi-b-GLepNac- (1+2) -&-D-Manp- [1+3)4
B2; P-D-6alp-{1+4} -f-D-GLcpNac- [L+2} ~G-D-Manp - {16} 1 7
bl;b5;be ) 4 I
No. . @-p-Manp - {144} -B ~D-GLlcpNAC-(1+4) -} -D~GlcpNac
f-b-Galp-(1+4) -f-D-GlepNac- {1+2) -G-D-Manp- [2+3)]
B3; G~D-Manp- (146} 3
bi;b2 I
Normal u-n-n?np-(l-od} ~B-D-GlcpMac- [1+44] B -D-8lep)
P-D-Galp-(1+4) B-D-GlopNac-{1+2} ~t=D-Manp- {143}
B4; @
H ~L-Fuc-{1+6}
bl;b5;b7 : i :
No . G=p-Manp- {1—!6)-‘ p—n-s_}.cpNac
U-D-Manp-{Ll-+4} -p ~-p-GLcpMie- {1+4)
B-D-Galp-({1+4) -f -D-GLlopNac- {142} -0-D-Manp - [1+3}]
B5
G-L-Fuc~{1-+6
Abnormal )] ’
B-p-Galp-(1+4) B-p-GlepNac~ (142} -a-D-Manp- (1+6) B -D-GlcpNac
. I
B-p-Galp-(1+5) -f -p-clopNac-{1+4)4 G-p=Manp- (1+4) - ~D-GLCPNAGC- u.-’-nj
[
G-D-Manp- {143}
P-D-Galp-{1+4) -f -D-GlcpNacs - (1+2)d
B6 B-D-Galp-(1+4) -B-D-GLcpNec- (1+2) <x-D-Manp~ {1+6}¢ 6
Abnormal
P-p-Galp-{1+4) f-D-GlcpNac- {L=4}, @-D-Manp-{1+4} -f ~D-GLepNAG~ (1+44) -f -D~GlcpNac
[
G-D-Manp=-(1+3}J
I
P-D-Galp~ {144} -f-D-GlcpNac— {i+2)4
B7;
M G-L-Fuc— {1-+6}
oo o ’
Abao G-D-Manp- {1+6]4 P-p-GlcpNac
p-D-Balp- (1-+4) -B-D-GlopNac- (i+4}7  da-D-Manp- (144} -B-D-GLcpNAC- (1+4)d
I
| O-D-Manp-{1-+3)]
|
B-p-Galp- (1+4) - -p-Glcpiac- {12}
Bg; ’ t-D-Manp- (146} . 8
b5;b6;b7 B-D-Galp-[1+4 :
Abnormal p=-{ ! $=D~GlcpNac~ (1-44}} a-D-Manp= (1+4} B -D=GlopNAac- (1+4) B -D-GlopNac
a~-p-Manp- {1+3} 4
P-D-Galp-{i+4} -B-D-GlcpNac- [142) 4
TABLE 13
Source Carbohydrate sub fragments EM
BLbbS; | @-i-ruc- (146} -B-b-sleprac 9
bi;b2;b3; 10
b4;b35:b6; B-D-Glepaic- [144) -5 -D-BlepNac
b7;b8 :
bl;b2;b3; . 11
E-;;:g;bﬁ; @-D-Manp~(1+4) -B “D-Glopiac- (L+4) B ~D-GLlopNac
2




38Gal - sH22, D10, B1 39Gal - SH22, D7, Bl 40Gal - SH22, D7, H3 41G o- SD9, H15, D7, H3
42d c- SD9, H21, D 7, H3 43Gal - SH21, D7, H3, B9 44Gal - SH21, D7, H3, D10

45Gal - SH22, D7, H3, DI 0 46Q c- SD9, H21. D7. H3, D10 47Q c- SD9, H22]1®Ausiat BO03

48G c- SD9, K21 D7. H3, B9 494 c- SD9, H22, D7, H3, DI 0 50Q c- SD9, B7 51GLcNAc- SD7, B2
52Gal - SH21 M4/ | LOO 00099 18 August 2003 G cNAC- S 0. k-TRBooigdbseS
H21,J123,BI1 Gal-S H22, D7, B2 GLcNAc-S D7, B2, Bl Gal-S H22, DI 0, B G cNAc- S
D10, B6, Bl GlcNAc-S D7, B2, H22 O e-S D9 H2I H23 Gal -S H21, H23, B12' Gal-S
H21.D7.B2 Gal-S H21,H23.DI 1 Gal-S H21,D7,B2 Gc-S D9, H2l, H23, DIl G C S
D9, H21.D7, B2 G CS D9, H21, H23,B12 GG S D9, H21, H23,DI2 |-S

H2l , H23, B12, DI | . Gal-S H21, H23,DiI, D12 G C S D9, H21, H23, B11 D9, H22, D1l , B6
H21, H23. D11, B6 H21, H23, D12, B11
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TABLE 13 (Continued)

bl;b2;b3; 12
g4;b5;b6; G-D-Hanp- (1+6] -0-D-Hanp- (144} B ~D-GLCPNAC- {144} B -D-GlcpNac

7:b8
bi:b2:b3; ; ) T 113
bd;bS5;b6; | w-D-Manp-(243) a-D-Menp-{144) PB-D-GLopc- (144} P -D-GlepNac :
b7;b8 )
gé;b2;b5; §-D-GlcpNac-[142) -a-b-Manp- [1+6} ~C-D-Manp- (144} -§ ~D-GLCPRAC- (144} -8-D-GlepNac 14
b1;b2;b3; 15
:4;1)5;{;6; | P-DB-GlcpNac-{1+2) -G-D-Manp- (143} -Gi-D~Hanp - [1-+4} -B ~D-GLCPNAC- {1+4} - -p-tlcpNac

7:b8 . » :
Es;bsib'?; B-D-BlepNac- (144) -0-D-Manp- [143) ~Z~D-Mahp—(1+4) ~P -D-GLCPNAG- (1+4) B ~D-6LopNac 16

3 ‘
bLb2;bS; | p-p-velp-(144) p-D-GicpMac- (192] -a-D-Manp- (1+6] <t—Dranp- {2+4} 5 ~D-GLeprc- {124} -B-D-0Lepnac] 17
bl;b2;b3; 18
:;;:g;bﬁ; B-p-Batp- [144) -P-D-CLepNac=- [1+2] -H-D-Manp- [1+43] ~0-D-Manp- (1+4) 3 ~D-CLEpNAG- (1-+4} B -D-5lcpHas

; )

gg;bﬁ;lﬂ; B-D-Galp~{1+4] -B-D-elcpNace [1+4) -G-D-Manp- (143} -¢-D-Banp- {144} -B-D-Glcprinc- (4+4] —p-n-cleprec] 19
b5;b6;b7; P -D-gLipNac-—(1sd)q 20
b8 I

G-D-Manp= {1+

ﬁ-n-olcpnac—u-ozﬂl .
bI;b4;bs; G-L-Fuc- [1+6] 21
b7 '

B-p-bloprNac

|
B-D-GlcpNAC- (L+4))

b5;b6;bT; P-p-Balp~(144) B-D-slopNac- [1+4) 22
b8 ﬂ—b—ruilnp- -+

p-D-slcpNac- tt-ozi-}
b5;b6;bT; B-D-olopNac-{1s4], 23
b8 u—n—mlmp- £

1
B-D-Galp~(1+4) -B-I-GlopNac- {142}/

bi;b4;bs; Q-L-Yuc-{1+6]q 24
|
. b7 P -p-GlcpNac
. . !
O-D-Manp- (344} P -D-GlepNac- (144}
b5;b6;b7; B-D-Balp~ [1+4] -B-D-tLeprac—(1-+4)4 25
b8 ! :
3 Q-p-Naap- {1+
}
B-D-Galp-(1+4} B -p-GlcpNac- (1+2}7
b5;b6;b7; BDRenp- fL45iy 26
b8 B-D-GlcpHac-(1+4)7  G-D-Manp-(i+
[ 1
U-Drpanp~ {143}
P -D-GlopNac~ [t+2)d
b5 ;b6;b7; ] P-b-Glcprac~ (l.-M)-i 27
b8 Q-D-rshp- (143} ~G-D-Manp- {1+ '
P-D=Galp- (1-+4} B-D-GLepHag- {1+2])
b5;b6;b7; Q-D-Manp- u.-sa} 28
ba S=D-kmmp=[1+ ’ *
[}
X P -D-0alp~ (1-+4) B-D-BLepNac~{144) -G-D-Manp- {143}
bl;bd:b3; a-l.-ruc-u.-osl} 29
b7 B-b-GlcpHac

|
G-D-Hanp~-(1-+6} -G-D-Hanp = {144} B ~D~-OLcpNAG- (1+4]4




H21, H23, Bl 1, B12 4)9, B7, H22, D11 D9, B7, H22, B11 H22, D7, B2, B1 H22, D7, H3, B2
D9, H22, D7, B2 H22, D11, B6, Bl 010,H3,DI|,B6 D7, B2, H3, D11

D9, H21, H23, D11, B12 WD 00/ 49412 59 TABLE 11 (Continued) G el&August2003

D9, H21, HZBW%ﬁmgég dc-S D9, H21, H23,D12,B2 Gal -S HZI,H23,Dl 2,B2 D11 dc-S
D9, H2I , H23, : A c-S D9, H21, H23, DI 2, BI | PCT/ | LOO 00098CTIR.00%0g2sst 2003
WO 00/ 49412 60 TABLE 11 (Continued) 90d c-SD9, H21, H23, B11, B12 91Gal - S

-H21, H23, Bl 2, DI O, B6 92Gal - SH21, H23, D12, DI O, B6 93@Gal - SH21, H23, Bl |, D7, B2
94GlcNAc- SD7, B2, H3, DI O, B6 95Gal - SH21, D12, H3, DI O, B6 96Gal - SH21, DI 2, B2, H3, D10
97Cal - SH21, D12, B2, H3, B9 984 c- SD9, HI 5, D7, B2, H22 99Gal - SH22, D7, B2, H22, D10
100G c- SD9, H21 H23, B12,Di |, B6 101d c-SD9, H21, H23, Dl 2, DI | , B6

102d c- SD9, H21, H23, D12, B2, Bl 1 1034 c- SD9, H22, D7, B2, H22, Bl 1

104d e- SD9J12l, D7, H3, D10 B6 105d &4 SD9, H21, D7, B2, H22, DI |

TABLE 13 (Continued)
bl;b4;b5; - t-L-Tuc- (1-+46)4 30
b7 "B-p-si
B-D-GlcpNac
. G-Pp-Manp- [143) ~A=-D~Ranp- (1+4) B ~D-GLCPNAC- (1+4) ]
b5;b6;b7; f-p-oalp-{1+4) -} -D-GLlcpRac= (1+4]4 T 3]
b8

d-p-manp- (143} -A-D-Hanp- {1+

p-D-Galp- (144} B-D-BlepHac- [1»2) 4 .
b5:b6 | B-»-siepnsc-i1azya-p-manp- (376} : 32

B-D-GlopMac-{1+4}y C-D-Manp=- {1+
!
G-D-Manp- {1-+3}4
1
P-D-Glopiac={1+2}d
b5:b6:b7; G-D-Nanp- “-"‘”} 33

b3 p-B-clepNac-{1+4)7  G-D-Manp-(i+
I

H
®-D-Manp- [1+3)4

B-D-Galp=-[1+4) B -D-GLcpRac— (142}
b1:b2;b5; P-p-GlcpNac- {142] ~G-D-Banp- (146}, 34

b6 x-D-Manp- {1+

B-D-Galp- {144} - -D-GlcpNac= {1+4) -0-D -Hanp- (1-+3) 4

bl;b4;b5; GeLoruc- {1+6)q 35
I
b7 P-p~olcpRec
P-D-GlcpNac—{1+2) x—-D-Manp-{1+3 ) ~U-D-Manp- {144} - -B-GLepMAC— (1+4)3
bi;bs G-L-Fuc- {1+6} 36
|
p-0-8lcprac
P -D-8lcpNac- (142) -G~D-Manp- (1+6) ~A-D-Manp- {1-+4] -f-D-GlepNAc- (1+4) -{
b5;b6;b7; GrL-Tuc= [1+6] 37
I
b8 B -D-GlcpMac

P -D-BlepNac—(144) ~G-D-Manp - [143) -G -D-Hanp- {1+4] -f =D -0LepHAG = {1+4}d
bibs A~L-Fuc- (1+6] 38
3
p-p-olcpHac

]
B-D-Balp- [1+4) - -p-GlopiNac- {142} ~G-D-Manp- (146} <&—-D-Manp- [1-+4) - ~D-GlcpHAc- (144}

blb4;b5; a-L-Fuc- {L+6)y 39
b7 I
. p-p-BlopNac

p-D-Galp~{144) - -D-GlcpNas— [1+2) ~O-p-ranp- (1+3) G~D-Manp= [1+4) ~f-D-ClcpMac- (144} 4
b5 E=L=Fuc-{l+6}q - 40

p-r-6icpRac
]

. f-D-Galp-(1+4) -f -D-GLcpNac- {144 -G—D-Manp - {143} -G-D-Menp- [1+4) B -D-GlcpNAc- (144) 4
b5;b6;b7; ®-D-Manp- (14614 41

|
bg B=p-calp- (1+4} ~f -DrGlopNace {1434 a-D-Ranp- {1+

1 i
c-g-manp- {143} 4

B-p-Galp-{1l+4} -3 -D-GLcpNac-(1+2)¢
b5;b6 p-p-calp-{1+4) P-p-GlepNac— [1+42) -t-D-Hanp - (1+6}1 42

p-D-GlopNac-(1+4) GrD-panp-[i+
]
@~b-nanp={1+3}J

P-D-GlcpMNac-(1+2)F
b5;b6 B~D-GlepNac-{1-+2) ~K-DManp - (1+46) 43

p-p-slepNac-{1+4)q d-p-Manp~[i+

| |
G-p-Hanp- (143}

P-b-calp-{1+4} -p -p-OlepNac- (142}



106G c- SD9, H21, D7, B2, H22, Bl | 147CGal - SH21, D7, B2, H22, DI 1, B6

108Gal - SH21, D12, H22, D11, B6, H23 109Gal - SH21, H23, D12, B2 D11 20

110Gal - SH21, D12, H20, B2, DI 1, H23 111Gal - SH21, D12, H20, B2 BI |, H2August 2003
112Gal - SHZé[(P@éyJE%O, B9, H23, D11 113Gal - SH22, D7, B2, H22, D11, B6 114G c- SD9, H21
D7, B2, H22, 5d e- SD9, H21, D12, H22, D11, B6, H23 ' PCTAL00/00099

1164 c- SD9, H21, H23, D12, B2, H3, D11 1174 c- SD9, H21, D12, B2, H3, DI | , H23 1184 e- S
-D9, H21, DI 2, B2, H3, Bl 1, H23 119@G c- SD9, H21, D12, H3, Bl | , H23, DI |

120Gl - SH21, D12, B2, H3, D11, B6, H23 121Gal - SH21, DI 2, H3, DJI, B6, H23, DI 1

122Gal - SH21, D12, B2, H3, B9, H23, D11 123Gl - SH21, D12, B2, H3, D11, H23 D11

124G c- SD9, H21, D12, B2, H3, D11, B6, H23 125d c- S - D9, H21, D12, B2, H3, D11B6, H23
PCT/ 1 LO0/ 00099 18 August 2003 WO 00149412 61 TABLE 11 (Continued) 126 127
dc-S da-S D9, H21,D12, B2, H3, D116+H23, D11 D9, H21, D12, H3, D11 B6, H23, DYX

PCTRLOO/ 00099 EXAMPLE 2 5 .

TABLE 13Kcertbrved) gonadotropin (hCG is a

gl ycopro etn—hagrnpone nroduced h\/ the t rﬂnhnhl ast cells of the Dl acent a.
. \Slbé'b ﬂ&éﬂlp [1-+4} -B- d-u cpNac. [1+
Hi gh | ev Wi are 2EEY i n bl ood ?Q,d urll ne sanpl es t akleh from
. . DG, ~+
pati ents of a. Mariety of Mt_qfﬂggho:'ﬁf S il §eéﬂse "”“ﬁél such, uri rfary and
serum hQRikeRelS: mvm..ufsmhm,w.mh,u,y,,t;,u,p_q{gshuat:| tH—rarkers fu- the—gtapgnosi s
and proghd@si s af trophoblastic 10 di se_a,ﬁg,s,h as well as being marlzers for
pregnancly. A st|udye.conPan Gt 18 --omemp- oo} '
bS;bG B-p-GlopNac— {142} ~G~D-Hanp - (146} 46
B-D-0alp-(1+4} B -D-BlcpHac-{1+4]7 G-D-pmanp- {1+
t-D-Manp-{l+3)3
p~p-Galp-(1+4) -B-D-GLlcpNac- (i.-oz'.l-‘
b5;b6 B-D-alp-(1+4] - -D-CLrPRac— (1+2) -G-D-Hanp~ {1+6] 47
B-D-calp«-[i+4) ~f-D-Glcpiag- {144}, a—n-nlnn- {1+
G-D-panp- 31-.3).}
P-p-BlopNac—(1+2)4
b5;bo B-2-calp-{1+4} P-D~GLepNac- (1+2] -G-D-Hanp- {1+6}y a8
p-D-clcprac=(1+4] G-D-Manp- {1+
u-h—hlnp-;l—-:ﬂ-" _‘
B-D-Galp-{1+4) -B-D-slcpNac—(1+2}]
bl;b2;b5; B-D~oalp- (1+4) -B-D-0ltpNac- (1+2) -K-D-Manp- (1+6} 49
b6 G-p-~Hanp- {144} H -D-GLophac- {1+
P-D-galp~ {1+4) B -D-Olepiac- (1+4} -G-D-Manp- (1+3) 4
b5;b6 p-D-Galp-{1+4) B -D-5lcpNac- [142) ~R-D-Hanp - (1+6) 50
P-D-2alp- (1+4] B -D-Glcpiac~ {1+4]) a=D-Manp- {1+
’ u—n-n.lsnp— (1.-3)J'
B-D-Galp-(1+4} -B-p-plepiac—(1+2}d
5 Table 14 includes a list of the EMs required for the synthesis of the

complex carbohydrate collection described in Tables 12-13.

TABLE 14
EM First immobilized ERs sequence _
monosaccharide (ERs details describe in Table 7)
1 GlcpNac-S H17,C1,C4,H8,C5,H10,D7,B3
2 GlcpNac-8 H17,C1,C4,HS8,C5,H10,D7
3 GlcpNac-S Hi7,Cl,C4H8,C5, D7 H10
4 GlcpNac-§ HI7,C1,C4,HS,C5D7,H10.D7 B3
5 GlcpNac-S HI17,C1,C4,H8,H9,C5,H10,D7,B3
6 GlepNac-S H17,C1,C4,H8,HS,C5H10,D7
7 GlcpNac-S H17,C1,C4,H8,H9,C5,D7,B3
8 GlepNac-S H17,C1,C4,H8,H9,C5,D7,B3
9 GlcpNac-S B4



conpl ex carbohydrates released fromhCGs purified fromthe urine of

pregnant wonen with those purified fromurine taken frompatients with
trophobl astic di sease reveal ed the existence of several ald&ugust@d03n the
sugar chai %&491} .purified fromthe latter (M zuochi, 1983;
Endo, . 1987) E9%4bl es 12- 14 present the conmponents and ﬂVﬁ"ﬂh@@@@gary to
synt heS| ze a conpl ex carbohydrate I brary for screening and isolating .
nol ecul es that specifically E@ EEP r hCG narkers or to their
subfragrrents Tables 12-13 Ilbg‘fﬂgclz‘tgprr%)‘f 0'@ gﬂﬂdr ates structures _ :
i ncor por@ted—Tnto—an—hEs-speet- af-Fays—Ssueh-struet ures—incl ude abnor mal
sugar ch n(BkeoMaE-Sd in the hl(iﬂ?'zo present in_nmlignant] trophoblastic
di seases| (Inar ked GRpNaB8, B7 and BBHI?&]{I the possible fragnented sugar
chai ns afyssuch 1@@‘@Ngggsent In » trophobl asti C diseases
(associ atgd Wt GﬁbN B, 66— b7 —and—b8- elspecti vel y),
nor mal Stgar—eharAb—as *\mi G iln the wurine of
pr egnant men ﬁiﬂpklé@}SB 1, B2, BSHAT;CI’I BHHHENd al | of their possi bl e 25
fragment|sis(asso¢GaptEew th Bl, B2 gP3caey Bt by bl, b2, b3 and b4,
respect ifvy Iy) [ presents [t Col ron of EMs—r-eqtn-red for the
synt hesi a% of—t mpcgglﬁé.ém ear boh"ﬁgz:‘ 26%%5{"9"" es—12-13-—18 jAugust 2003 WO
00/ 49412 12 T ABGHephigc- BC1Y1100/ OOOEW,%Ml)ohvdrat ePM BlJ;
a- L-ni c-|i1B4s) 11 | BEpRadSGalp- (1-, 4)H170r,Comppiic- (1+2r - CS- D- Xanp- (1. 6} i
Nor el a-II} neapt Grenfa gl cpxac y '
“n- Gal e-ftrady== *Qp(,a{)%x’ (32— SI7CLCAHORT | CoNAC- (144}
- D-aalp-K IZIO-LM N e $1+?1- S - - h5: 1 INor mal .
a-1- xanp-211+4} - GIDp&a::SN~ c- (1a4) -HI17ZB5 GlcpNeo - D-oai p~(1-.4)
- D- GLt pNae- ( 142) baviix-aqnpy-£143) J qgjga,p%gnp-(L%)l - Dbl

23 © | D-Man-o-(1,0)-8 H18,H19,D7

24 GlepNac-S HI17,C1,B3

25 D-Man-0-(1,0)-S HI18,HI9,D7

26 D-Man-a~(1,0)-8 C8,H8,H9,C7

27 D-Man-a~(1,0)-S C8,H8,D7,HY

28 D-Man-a-(1,0)-S C8,H8,D7,C7

29 GlcpNac-S H17,C1,C7,.B3

30 GicpNac-S H17,C1,C4,B3

31 D-Man-o-(1,0)-S C8,H8,H9,D7

32 D-Man-0-(1,0)-S C8,HS,H9,C7,H10

33 D-Man-c-(1,0)-S C8,H38,D7,HY,C7

34 D-Man-a-(1,0)-S C8,H8,D7,C7,HI0

35 GlepNac-S H17,C1,C4,H8,B3

36 GlepNac-S HI17,C1,C7,H10,B3

37 GlepNac-S HI17,C1,C8,H9,B3

38 GlcpNac-S H17,C1,C4,H8,B3,D7

39 GlcpNac-§ - H17,C1,C7,H10,B3,D7

40 GlcpNac-S H17,C1,C8,H9,B3,D7

41 D-Man-o-(1,0)-S C38,H8,HY9,C7,D7

42 D-Man-a-(1,0)-S C7,HI10.D7,H8 HY

43 D-Man-a-(1,0)-S C8,H8,D7,H9,C7,HIO

a4 D-GlepNac-B-(1,0)-S C9,C10,H8,HI,D7

45 D-Man-0-(1,0)-S C7,H8,C8,H10,D7




3 b2 ; -D Xanp-(1la4)---D GlcpNAC- (144)-f3-D- Glcp Normal P-D- Galp-(L-'4)
-A-D-olcpMc-(1-*Z -*t-D-fl ap- (xy3}J B4; a-L-ruc-{E46J14 bl ; b5; b7 _
a-tr-xabp-t146) 1P-n-R cpNnc Nornmal . a-n-xanp-i L-.4J-P—DG%@W@QQ%)J
J3- A- Gal p- kﬂocé%wﬁzDG_OpNae-(HZ)-n-A- Manp-(1y3)J B5 a-L-)~I G (146)15

Abnor mal A- (L*4}-D- GLCpN4C- (ly2 } -a-D Flalk} M- FOTABYA00H- GLCpNeC
}--D-GL Nac- J -D-6 1p-El44 cp (14 1 a-n-x(onp- (144)'$ -D GlcpNnc- .
(L-*4)1 1 -D xaap-{143}J - @#tm GlcpNac- (L+2) J

BGS—DGalp (144} - - D GlCpNac- ( “(e 6) Abnor p6 | ma- A-6alp-

(144) - pit—GtepNae—(i—4)-t—a—bx nnf'm D-GLGPNAC-{1=4) - 13 - D- GLCpNaC
| 1 a-n-Xanp-( ﬁ’éM@ﬂ-Oﬂ-(DO)-SSaI e- (1Q74H¥:I@MGE.@MaC-tIy2) B7;| a- L-rac-
(1-'6) 17 495 Abnbpimhdelds 5£8P- (146)d7 o tsGEpREs

48 D-Man-a-(1,0)-S C7,H8,C8,H10,D7,H8

49 D-GlepNac-B-(1,0)-S C9,C10,H8,C5,H10,D7

50 D-Man-a-(1,0)-S C7,H8,HY,C8,H10,D7
5 ' EXAMPLE 3

During the latter half of the century it has been demounstrated that many
bacterial, fungal and plant polysaccharides posses anti-viral, anti-coagulant,
anti-thrombotic, anti-cardiovascular and anti-tumor activities (Witczak, 1997).
It was also found that a general structural pattern is common to all of these

10 complex carbohydrates. Most of these complex carbohydrates include one or
two repeating monosaccharide units connected with one or two types of
glycosidic bonds and d_ecbrated with branched Apoints of constant length.

Table 15 summerizes partial examples of such unique structures.

15 - ' TABLE 15

Source Common Activity Monosaccharide Configuration Reference
| name content
Nothogenia Xylomannan antiviral xylose-mannose 1,3-linked mannose (98 %) Maltuvtewicz, 1978
Jastigiata sulfated in position 2 and 6
with single stubs of B-1,2-xylose
Agardhiella Galactan antiviral galactose 1,3-linked D- and L-galactose Rees, 1965
+ lenera " | sulfate . with 3,6-anhydro-D- and
) L-galactose with haif ester
sulfale
Ecklonica Fucoidan anti coagulant | fucose a-1,2-linked units of L-fecose- Nishino, 1989
kureme ' 4-sulfate with branching or
] second sulfate unit in position 3
Saccharomyces | Glucan anti glucose #-1,3-D-glucose with p-1,6-D- Konis, 1976,
cerevisfa (Zymosan) fumor ' glucose branches Misaki, 1968
Mycobacterium | LAM evoking TNF | arabinose- ct-1,6-D-mannose core with o Chatterjee, 1998;
bovis and other MAnnose _ -1,2-D-mannose branches Nigou, 1997
cytokines clongate with linear
o-1,5-D-arabinose chain
Alcaligenes Crudlan anti glucose Linear p-1,3-D-glucose Sasaki, 1978
faecalfs var, turnor
Chemical Ara- anti arabinose- p-1,3-D-glucose with Matozoki, 1986
synthesis Crudlan turmor glucose a-1,5-D-arabinose linked at

position 4 or 6
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1- +4) - $- D- GlcpNnc- (1, 41i a-D ~7aap- (1 y4}- -D GlcpNAGC (1-*43J |

(1+3)J -DGasp(144)- -D-G.cpNac-(1r2)- a-D- Man BS; -

146 b5 g

) -DD@l ; - ;1 i p ( Abnormald44)-j -D GcphNpBugust2003

4 GLCcpNAC- (1-+4)-{3-D-GlcpNac | | a-D Manp- (143( J
(goéf]f“%‘"?DchpNac- (142) TABLE 13 Sour ceCar boRaiviaomoosseb fra

68

Viscosity studies as well as X-ray analysis suggested that possible helical
and triple helical structures are responsible for the abovémentioned activities
(Misaki,‘ 1997). However, further studies demonstrated that fragments derived
from partial hydrolysis of these complex carbohydrates also posses some
therapeutic activities (Misaki, 1980).

As such, the present invention can be utilized to screen combinatorial
oligosaccharide libraries which include short oligomers derived from the
complex carbohydrates listed above. Such fragments can, for example, include
one or two repeating monosaccharide units attached therebetween through one

or two types of glycosidic bonds. Such fragments can alsc include moderate

. branching, when requifed. Such combinatorial arrays of polysaccharides can be

utilized for the isolation of new anti-viral, anti-coagulant, anti—thrombotic, anti-

- cardiovascular and anti-tumor agents.

15

20

EXAMPLE 4
The following example represents synthesized complex carbohydrates
including B(1,3)D-glucose and P(1,6)D-glucose branches. Fach of the
oligorhers shown includes 7 monomers. It will be appreciated that an oligomer
consisting of 2 to 30 units or more can also be synthesized by the method of the

present invention as described herein.



bl ; b4; b5; a- L-ruc- (1-46) - p- D- GLCpxac9 b7 bl ; b2;b3; 10 b4; b5; b6;

-A- GlepNAC- (144} J3-D-d cperen b7b8 bl ; b2; b3; 11 b4; b5; b6;

n- D- xanp- ( 1441- Pi n- GGcpNAC- (L+4) -) 3- DGlcpNGC 1)7b8 1 8 Au@&@\uglzsj@goﬂ\o
00149412 PGyb 499200099 63 TABLE 13 (Continued) bl; b2;b3;12 b4; b5; b6;
a-D-xaap- (1. 6)-a- D-na p- (1+41- R D- GLcp2D. c- { 144) - $- D- GLc pREZALBYRY b : b2:
b3; 13 b4; b5; b6; Ct - b-xanp- (1. 43)-a-D %, Np-(144) 4

-D G.CPnt- (144) - p- D- GlcpNac b7b8 bl; b2 b5; - D- G cpNac- (1-r2) -a-D xanp-
(1-6) -a-D P- (144) -p - DGl cpaAc- 01141 -P -D-GlCpNacl4 b6 bl ; b2; b3; 15
b4; b5; b6; p-p-clep- ll*ﬁh

p- D- GlcpNak- (142) a D hanp-(1-.3}-a- ngugps-lg Ay _DQ;l (19»9)35fn’ &q( 1+4)
-Ji-D-d cpxac %*3"‘%}1pz A-D- Glc Nac-(144)- - anp- (1

a- D- 2wnp- (1~4 CLAy®- ”F?l""D-“GE’cpNac16 b8 bl ; b2; b5 R- D Qul p-
(1w -(i-bD-d cpMac- (1421 it-D )l eap- (A=26rccGupesp-(1-4 ) {S DAc- (1-4
17 Pw. 1 n"-GmgNa@ b@e;bl b2; b3; 18 b4; b5; b6; A—;D,,Qé;pp (144) -R -b-GlcpNec-
[14Z)-a-D-i p- £ ) ~- (1-4) D-DLcpNar b7; b8
b5; b6; b7; R—DGaIbp 74%%!\@%%15"%@%(31’ i Gl”obgén (L- 3) -a-D-vuap- (744 19
) - 13- D-chpNAFCD i‘“’+&13’$3 n- @ cpNUC b$ ~

B-p-Glep-{1+6)4
n B-D-Glcp- (126)4 ﬁ-n—sjl.cp-(l—»a; -B-p-Gicp
|3-D—G]!.cp— (1431J
p-D-Glep- [1+3) -B -D-Glcp- (1—»3)-!

_ EXAMPLE 5
The following exémple represents synthesized complex carbohydrates
5 consisting of a backbone of B(1,3)D-glucose units and of1,5)D-arabinose
branches, which are _positioned at any desired location along the backbone.
Each of the oligomers shown below includes 12 monomers. It will be
. appreciated that an oligomer consisting of 2 to 40 units or- more can also be

synthesized by the method of the present invention.
E—D"-Al‘.’;lf- f1+5] -a-D-Araf- (145} -G~D-hraf-{1+4]} 1
1 u—.D—Aru:— u-.shl ﬁ-n-ﬁl:cp— [1+3) B -D-Glcp-(1+3) -B-D-Glcp- [1+3) B -D-Blcp
B-p-Gicp-{1+3} -P-D-Glep~- {143} F
B -p-tlep- (L+3} -p-D-Glop- (143}
B~-D-8Lcp-{1+3} B ~D-Gkop- {1+3} -B-D-Blcp- (143} -B-D-GLcp- {143},
2 . B-D—Gil.cp- {1+43) B -D-Glcp- {1+3) -B-D-Glcp~ {1+3} - -D-Glep

]
U-D-ATdL~ (L45) E-D-Araf- {1+8) -G-D=Ax4 - (145) ~-A-D-~arafl- {1+2)]

G-D-ATal- [146) G-D-Araf-(1+4)q
i t
1 ﬁ—n-&.}.cp-(l—va} ~B-D-&lcp- (143) ~f-D-Glcp- (143} B-p-clep
i
P-D-Glep- (1+41) -B-D-Glep-{3+3) B-p-Glcp- (1+3)4 B-p-Glep- tJ.-oa)Jl

G-D-Araf-(1+5) 0-D-Araf-(21+2)J



b5; b6; b7; R-b- A cpxaC (14120 b8 a- D xanp-{14 R D GlcpNaC-(1+21) bl ; b4; b5; 21
b7R-D- DICpNAC | - D GLcpNAC- (L~4)J bS; b6; b7; 9- D- Gal p- (144) -
-D-61cpN&c- (1+4)22 b8 tt-b-xnp- (14 R-D d cpxec-(142)) bS; bbAbFysR200%55 c N
c-(1+a)23 =D-x np-(L+ DGl R P-(1+4)-R-a-G.cpHec-(i+2)J bl ; b4; b5;
a- L- 1uc- ( 1523{}’{;5‘34‘%}7“ -n-G cpNac a-D-xan P- (144)-D Gle'F’\ﬁ@glL?“M@ﬁ J Db5; b6;
b7;0 -n-13asp-1144)-R- D 0l cpNac- ( L~4_)0125 b8 G D xaap-(14 -n-GlP- (144
-$-D d cpuac-(3.42)J b5;b6; b7, UWELE( +6) ,26 bS- R-n-G.cpNec-(L+4)t
GDxaaP-(),+ 11 GDrtdnp-(1 -n-d cpNac- (1421) b5; b6; b7;
-n- G cpNnc- i s4Thé 2qlldvEag Rxabpdp répkdsthts bjntResiit@PcdrlfieR carbohydrates
-D-Gal e-(144)%$-n-G C{)Nag:- 11421) ' :

consisting of a(1,2)linked o-L-fucose or o-L-fucose-4-sulfate with branching or

secondary sulfate units positioned at position 3. Each of the oligomers shown
5  below includes 6 saccharide monomers. It will be appreciated that an oligomer
consisting of 2 to 20 units or more can also be synthesized by the method of the

present imvention.

sulraps— (0+4) -G-L-Fucp- (142} ~U~L~Fucp- (1+3) 7
- |
1 a-L~Fucp- {1+2) ~B-L-Fucp-{1+2} ~ti-L-Fucp - (4+0} -Sulfate
I
sulfate~- (0+4) -G-L-Fucp- (12}

sulfate- ((44) -G-L-Fucp- (142} -G-L-Fucp- {142},

f
2 ] G~L-Fucp-{4-+0) -sulfats

[
Sulfato-{0+4) ~-L-Fucp- {142} ~g~L~Fucp- {142} -G-L-Fucp- [1+2}J

Sulfete- (0+4) ~a-L-Fucp- (142} -O-L-Fucp- {142} .
t R 2.
n Sulfato-(0+4), o-L-Fucp-(4+0) -Sulfato
i |
G~-L-Fucp-{1+2} ~Gt-L-Fucp- {1+2)

|
sulfate-(0+4) G-L-Fucp- {12}

10

EXAMPLE 7
- The following example represents synthesized complex carbohydrates
15 consisting of (1,3) linked a-D-mannose or o-D-mannose sulfated positioned at
position 2 and/or 6, and including B(1,2)xylose stubs. Each of the oligomers
shown below includes § saccharide monomers. It will be appreciated that an
ohigomer consisting of 3 to 20 units or more can also be synthesized by the

method of the present invention.



b5; b6; b7; a-n-zl enp f146)y28 b8a-D x(r)p-{14- p-D Gl p-(744) $-n-d cpt aea- U-
4)- a-D xenp-(1431J bl ; b4; b5;29 b7R-D-G . cpNac -
a- D-xagp- (L+61~-n' an-(1441 R-D- GLcpNAC- (1441) 18 August 209Augest@0039412
PCT/ | LOO/ OR9Q99:4614; TABLE 13 (Continued) bl ; b4;b5;n-L-11-uc-(146)130 W
P-a-G cpuac [3-a--faap- (1+3) -tt-D Raup-(1+4) - -D G CA7TAETERLMHY hs5: he:
b7; P D:. Gai p-(1.4)-P-a-G cpNac- (1-4)4d -31 b8 -D-tialP- (144} -D G.cWac-
(1-.2)J b5;b6P-D G.cpNac- (1.2) -a-D-Mwp- (. 6)i32 P-D GlcPNac-(L.4)1
aDMTp( s I\/hnp(143)J-DGLOpt|ac- (1.2 } J b5;b6; b7;
a- D- Minp- ( 1- “5773%°H8P- D-GlcpNac- (1-.4)1 a-b-)t flp-(1. i 1 a-a-Mang-
(1.3)J -0 Gl p- ()ﬁ“ltﬁ'wn“&-*fﬂ}fcrpmaeu[»al-rl-Z}J b |l ;b2;b5 P -D GLCpNnc- (1.+2)
-a-D-nnp- ( 1463%3d2361  a- p- nancpn-m.tn;—lh_,ﬁ.lD G41p- | 144) - P- D- GLCpi ac- (144)
-a- D-Manp- (13) bl; b4; b5; - - 135 brA-n- G cpNnc
P-D-chpxaC-(142)--U-b Na%‘”L"L" A4 gf} 2, °’fi§2f) -11 -D-SCpSU.c- (144) -1
b5( L- 6) 1:;3.@.“9 (ms}-, Sulfate-{0+2)d

2 [« &5 !]—Henp-—{l—rii) ~U-D-Manp- (1+3)q
) ! !
Sulfate- (0s2)d . G-D-Manp- {123 )4
: i !
sulface-(0+2})  d-p-Manp- (640} -Sulfate

G=D-Xylp- (12}

's.ulfat.n- {0+6} 4
Ti u—n-nlnp— {143} -a-b-Manp- (1+3)4
a-.n—xylp- {12} E—D-H:np— {143},
Sulfatn—[o-»Z}-} a-n-ninp-(s-oo) -sulfatse
U-P~Xylp- (1—»2)j

EXAMPLE 8 |
The following example represents synthesized complex carbohydrates
5 consisting of a(1,5)D-arabinose and o(1,2)D-mannose units with a core of c-D-
arabinose unit connected to the o-D-arabinose unit at position 2 or to the o-D-
mannose unit at any position. Each of the oligomers shown below includes 9

saccharide monomers. It will be appreciated that an oligomer consisting of 2 to

70 units or more can also be synthesized by the method of the present invention.

1 G-D-Hanp - (142} - -¥anp - {112} -} -D -Arat -{1+2) -@-D -Araf - (115} -€-D-AraE {145} -C-D-Araf- {115) D Hanp-{1+2) -C-D-MaAnp~ (1+5) L-D-Araf

U-D-kanp - [1+2) -0 -Hanp- (112) B -D-Araf ~(1v2) @D -Arak-(145) T-D-kraf~{1+5} tL-D-araf- {1+5) -G -D-kral- {142} -0 -D -Mapp - (145} -0 -D-Azafl

n -n4 - D
@-o-Ranp {112} -D-Manp -{1+2) B D -Araf-(1+2) - -Azal- (15} -€-D-Araf -{1+5} D -Arak-{1v5) ~X-D-Araf-{115) ¢ -D -Araf-(1+5) -D-AvaE

10



P- D- d cpxec P-D- GicpNac-(142)-a-n-Kane-(1+6) a-b-lsanp- (1.4) - -P-GcpN. c-
(1.4)] b5;b6;b7;a-i.-rtic- [1.6)37 b8 P-D GCpNar {

-D-51cpN4C- (144) - a- D- nanp- (143) -a-D-nanp- (1.4)-A-3) -G.cphbugustzpo3 b 1;
b5a- L- TUC wigl@p@pshs38 P- D- GL.cpN4c P 0/000

P- D- Dal p- (x44) - P- D- G:cpNac- ( 1- +2) - - n- nanp- ( 146) - U- D- nanp- (Cfﬂ!rﬁ Q0B G.cpNac-
(1-.4)1 bl; b4; b5;a-L-rnc-(146) 739 b7% P-11-G.cpNac :
P-D- GaLP- 1144) - $- n- GL.cpNac- ( L- 2)gxaniprEleanp- [ 143) - U- D-nanp- (144) -f S

-D- GLCPNxc- (144)J b5a-L-TUC- (x46) 140 ' P-D-G cpNac $-D Galp-(1-4).- -0

- GLcpNac- ( 1- 4) The felivaripg [ekaBiplca rdpresan(s- Q)&Me)sizchbon@I@E G:Eﬂb%yd(aﬂe@.él\% Pb(5; 26; '
b7; a- D- nanp- ( 146) 141 - b-Gal p-(L44) -ft -D~-GcpNnc-[L+a)l a-a- - (14 -

- D 1sanA- ‘(‘%&%}l’ﬁg )ﬁ% &bg%;a(ai:%s_e pr LrREpanneaoy Ity pitaghed 20 a single

a-w p- (1. &l B P -Eap - () -(1* é_bZ “-_D(%% uac-(1.4)7

2 D hbp: AP FRIERE e Syl SR ) DR o e

b6P- D-5G cpdsiitér (21432) toa-tht KeePrlahA6del 43it- B @agPPBStiér. 44 ThedcbnpRRY- (14 |

a-P-) 4np- (143) ~ -D-Gasp-(1.4) - -D-AcpNac-(1-2)J 1 8 August 2003
carbohydrate also include a branched B-D-arabinose which is positioned at
position 3. The branch antenna includes, as a major oligomer, a singli:' core B-
D-arabinose unit connected to o-D-arabinose at position 2 or to a-D-mannose at
any position. Each of the oligomers shown below includes 14 saccharide

10 monomers. Jt will be appreciated that an oligomer consisting of 2 to 70 units or

more can also be synthesized by the method of the present invention.

&-D-Manp r {172} -C -0 -Maxp ~{i+2) P D -Arat-{1~2) -G-D-Aral “[125)y
1

G-P-ATAL -[273) ~U-D-ATal {175} *G-D-Araf-{1+3) C-P-Araf-{3~5) A -D-Arsf~[1v5) 0 D -arak

1 G -D-3axp - (1Y 2} -U-D -HAnp - [1+2) -} "D -Araf- (12} G -D-hrol - la-a!"l
O -D-Manp - (1+2) “C-D *Hagp = {1+ 2} -f -D-AraL-(1+2) D caraf -{343)y . . ’ - o
B'D'lll'-f.-llvb) o paraf+{1~3) -G-D-Araf-[1v1) -2 -D -Harp -{2+3} 0 -Draval- (113} w-Dr-Araf
2 . T-D-Hanp - (1+2) -@-D-Haup -[1+2) B Dedraf-{1~-2) —u—n-a\nz-‘:na:}
-
.
G0 KaAp-{1n2) -0 -0 -xanp - {1~2} P D -Araf-[1e2) sz - -Araf-{1+5)y
L3] -urm.:-u-:; B-D-hraf-{1+3} ti-D-hraf=(1+2) G -Dnanp = (1v3} -0 -Aral+ (1+3} *0-D rarat
1

]
©-D-danp (242} ®-D-Hanp -11+2} -B -D-Araf -{1+2) -C-D-braf - [Sv 3}

COMPLEX CARBOHYDRATE LIBRARY SYNTHESIS
15
The following examples describe in detail experiments demonstrating
sequential enzymatic synﬁesis of complex carbohydrates libraries according to
the teachings of the present invention,
Materials and Methods
20 Abbreviations used below: BSA - Bovine Serum Albumin; GlcNAc -
N-acetylglucoseamine; PNP-GIcNAc - p-nitrophenyl-N-acetyl-B-D-GlcNAc;
GlcNAc-COOH - 2—(2—carboxyethylthio)—ethyl 2-B-—D-GlcNAc; NHS - N-
hydrdxysuccinimide; EDC - 1-Ethyl-3-(3dimethylaminopropyl)-carbodiimide;
O.D. - Optical Density; WGA - Wheat Germ Agglutinin; RCA120 - lectin from



WD 00/49412 65 TABLE 13 (Continued) PCT1lL00100099 b5; b6; b7;
(3-D-aal p-(1-r4) - -D-DLCPNac- (1-4rT44 b8{ a-D-M nP-(1"3) -C(-DtéggsP-
(is41 '~ a-G cPNl~c- (L~ Ij-D-aalp-[1s4) -P -0 -G CPNdC- (1812945 b5;

4
D 6a-L -D13I cpliac-(1.2)---D-Manp-(146) T -45 b6 a-D-1[enp- (1
-DasEP—(plﬁi’}%)ﬁga al epxac- (144} -0- n-n=p- ( 1+3P b5; 'PCT/ILOD/00099
b6P- D- 0i CpHac- (L+2) - c- D- Maap- (1ye}T4_}§ D6al p (144} --D-61cpNeC-[1.4) T

- 1 - -D-DLcpNec-(1.2)1
05 bol Bkihls chrhynlS: BERD Sechisioh, ?”‘éf"”lt‘iefli %&qﬁmﬁ@ (S
- y FArhc!

-gg?céxﬁqﬂ(l q?g}}i@g?’%gﬁﬁ an Ph?gﬂg 'D&?SOMN(EO J?n?—f&?en%g 1.6) 148

A-D- G cprli IQF&}IE(&O@Ifa&Scm §pm - AnGhrips ( torb)lod@debmpNaTd 1a2 r1 bl ; b2;

b5; A- D- t (1r2) U-D MeP- 11-61149 b6
a- Dxenpc)i}?‘gD %C%gsue-]s%f%gl\(& - iy -4al ~-D
p-(1.48)-$- Dac@pwn(awﬁ&zs(mxnﬁmlph%}p%a@buffer le 75|_5015M NaCl

I AR SR e G
- TBST - TBS, 0.05 % Tween 20 (Szgma P-9416); High ionic strength
washing buffer- PBS , 2M NaCl, 60 millimolar MgSO0y; 0.05 % Tween 20. A
peroxidase substrate ‘solution was prepared by 'mixing in water O-
10 Phenylenediamine Dihydrochloride, 0.4 mg/ml, Urea Hydrogen peroxide, 0.4
mg/ml, Phosphate-Citrate Buffer, 0.05M (prepared from SIGMA FAST
peroxidase substrate kit P-9187). Covalink NH was obtained from NUNC (Cat.
No. 478042). Optical density and fluorescence were measured using a multi-
- label counter VICTOR? (Wallac QY, Finland). All microtiter plate incubations
15 were performed at controlled shaking speed aﬁd temperature using a microtiter |
plate incubator obtained from Anthos Thermostar Shaker/Incubator, Rosys
Anthos GmbH Salzburg Austria (Cat. No. 8850001).
General enzymatic reaction mixes and conditions (ER’s):
D7: 100 wWl of 50 mM MOPS (SIGMA M-9027), 10 mg/ml BSA
20 (SIGMA A-7030), 20 mM MnCl, (SIGMA M-9522), 0.5 mg/ml UDP-Gal
(Calbiochem 670111) and 20 milliunits/ml of recombinant p1,4
galactosyltransferase (Calbiochem 345650) at pH 7.4 were added to each well
of a micrdtiter plate and the plate was shaken at 50 RPM at 37 °C for 3 hours.
Following incubation, the reaction mixture’ was removed and the wells were
25  washed three times with 200 pl of TBST, the last wash consisting of a 15
minutes soak. The TBST was replacéd with TBS 0.2 % NaN3 (Sigma S-8032)
and the plate was stored at 4 °C for subsequent enzymatic reactlons
A2: 100 p.l of 50 mM MOPS (SIGMA M-9027), 10 mg/ml BSA
(SIGMA A-7030), 0.5 mg/ml CMP-NeuAC (Calbiochem 233263), and 5
30 milliunits/ml of recombinant a2,3 (N)-sialyltransferase (Calbiochem 566218) at



-a- Cal p-{i +4} -n-DlFpNaC-(1+2)1 5 Table 14 includes a list of the EMs
required for the synthesis of the conplex carbohydrate coll ection
described in Tables 12-13. TABLE 14 EMFirst immobilized ER$S Augusszee3

rmnosacchag}_?ci@%%?gEI detail.s describe in Table 7) 1@ Nae-S -H17,Cl,C4
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Nac- S 7, P 7% e pRoeo Byhieh & g risipiie st pleiarass hekerates Je |
Nac- SB4 180 RPy@iat 326036 ye W&é%&?ovﬁ%/lih&%ﬁ%%@ 168 tiof Alkbnrd 45 Cont i nued).

10d ¢ Nac-SH17 113 c Nac-SH 7, O 12Glc Nac- SHi7, G, C/ _
13d cpNacresived @nd die wallh woNawaSid ahee, tidesHith DG L INSCTISBIE 7thellase4, H8

164 cpNac- SE17. Cl ..C4, H9 17d cpNac-SH17 Cl, C/, H O D7 184 ¢
Nac- SHI 7, Pl RS UES °i§é115c’ﬁ esigpk. Thed BT was popinoed with TBSH)-2 SHL8, H19

216 o, RSO b By S s 200 M ol . HL9
26D- Van- aSizymehc s@gtieiss. H9, C7 27D- Man- a- (1, 0) - SC8, H8, D7, HO
'B2: 100 I of 50 mM MOPS (SIGMA M-9027), 10 mg/ml BSA
(SIGMA A-7030) , 20 mM MnCl, (SIGMA M-9522), 0.5 mg/ml GDP-Fuc
(Calbiochem 371443) and 5 milliunits'm! - of recombinant al,3
10 fucosyliransferase (Calbiochem 344323) at pH 7.2 were added to each well of a
microtiter plate and the plate was shaken at 50 RPM at 37 °C for 4 hours.
' Following incubation,.the reaction mixture was removed and the wells were
washed three times with 200 pul of TBST, the last wash consisting of a 15
minutes soak. The TBST was replaced with TBS 0.2 % NaN, (Sigma S-8032)

15 and the plate was stored at 4 °C for subsequent enzymatic reactions.

D3: 100 pl of 100 mM sodium cacodylate buffer (SIGMA C-4945), 10
mg/m} BSA (SIGMA A-7030), 20 mM MnCl, (SIGMA M-9522), 0.5 mg/ml
UDP-Gal (Calbi-ochem 670111) and 5 milliunits/m! of recombinant al,3
galactosyltransferase (Calbiochem 345648) at pH 6.5 were added to each well

20  of a microtiter plate and the plate was shaken at 50 RPM at 37 °C for 4 hours.
Following incubation, the reaction mixture was removed and the wells were
washed three times with 200 pl of TBST, the last wash consisting' of a 15
minutes soak. The TBST was replaced with TBS 0.2 % NaN; (Sigma S-8032)
and the plate was stored at 4 °C for subsequent enzymatic reactions.

25 A3: 100 pl of 50 mM sodium cacodylate buffer (SIGMA C-4945), 10
mg/ml BSA (SIGMA A-7030), 0.5 mg/ml CMP-NeuAC (Calbiochem 233263)
and 5 milliunits/m! of Recombinant a2,6-(N)-sialyltransferase (Calbiochem
566222) at pH 6.0 were added to each well of a microtiter plate and the plate
was shaken at 50 RPM at 37 °C for 4 hours. Following incu’t;ation, the reaction

30 mixture was rgmoved and the wells were washed three times with 200 pl of
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well of a microtiter plate and the plate is shaken at 50 RPM at 37 °C for 10
hours. Following incubation, the reaction mixture is removed and the wells are
washed three times with 200 pl of TBST, the last wash consisting of a 15
minutes soak. The TBST is replaced with TBS 0.2 % NaN; (Sigma S-8032)
and the plate are stored at 4 °C for subsequent enzymatic reactions.

The BSA of the reaction mixture is omitted and the wash steps are
performed using high ionic strength buffer instead of TBST whex the enzymatic

reactions are performed in Covalink NH plates including a covalently coupled

monosaccharide,

Lectin/antibody binding assays:

WGA: 100 plof 5 ng/ml WGA lectin conjugated to peroxidase (SIGMA
L-3892, 150 peroxidase units per mg protein) was added to the plates and
incubated for 1 hour at 25 °C in TBS containing 1 % BSA and 10 millimolar of
MnCl, and of CaCl,. The wells were washed 3 times with 200 ul TBST, with a
last wash consisting of a 15 minutes soak. To detect the peroxidase labeled
WGA, 100 pl of fresh-peroxidase substrate solution was added, and an hour
later the O.D. of the solution (at 450 nm) was determined.

RCAI20: 100 ul of 10 pg/ml RCA120 lectin conjugated to peroxidase
(SIGMA L~2758-, 11 pelzoxidase units per mg protein) was added to the plates
and incubated for 1 hour at 25 °C in TBS containing 1 % BSA and 10
millimolar each of MnCl, and CaCl,. The wells were washed three times with
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t her apeuti c a¥ith ¢ilastakashmangisting 068005 mAsutesisonk. 1106 1or e fmth pevorithkon can
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% BSA and 10 millimolar of MnCl, and of CaCl,. The wells were washed three
times with 200 pf TBST with a last wash consisting of a 15 minutes soak,

15 following which, 100 pi of TBS containing 1 % BSA and 5 pg/ml avidin
conjugated to peroxidase (SIGMA A-3151, 40 peroxidase units per mg protein)
was added to the plates and incubated for 1 hour at 25 °C. The wells were
washed three times with 200 pl TBST with a last wash consisting of a 15
minutes soak. 100 pl of fresh peroxidase substrate solution was added, and an

20 hour later the O.D. of the solution (at 450 nm) was determined.

TML: 100 pl of 20 pg/ml TML conjugated to biotin (Calbiochem
431803) was added to the plates and incubated for 1 hour at 25 °C in TBS
containing 1 % BSA. The wells were washed 3 times with 200 pi TBST with a
last wash consisting of a 15 minutes soak, following which, 100 pl of TBS

25  containing 1 % BSA and 5 pug/ml avidin conjugated to peroxidase (SIGMA A-
3151, 40 peroxidase units per mg protein) was added to the plates and incubated
for 1 hour at 25 °C. The wells were washed 3 times with 200 pl TBST with a

last wash consisting of a 15 minutes soak. 100 pi of fresh peroxidase substrate



cardi ovascul ar and anti-tunor agents. 15 EXAMPLE 4 20 The fol |l om ng exanpl e
represents synthesized conpl ex carbohydrates including P(l,3)D glucose and
P(1, 6) D-gl ucose branches. Each of the oligoners shown i ncl&idegust2f@honers.
It will bewaRpuegiated that an oligomer consisting of 2 to 30 units or '
more can al so be synthesized by the nmethod of the: presen‘f THHUH%n as
descri bed herein. 18 August 2003 WO 0f/49412 69 PCT/1LOJ 00099

~-n- Glcp- (@:ﬂﬁﬁc? DOad
_D-d op- (1. 3)-—n- c"'ﬁ)aﬁ‘?*’?’”"’“ﬁ%@‘%%’f% %SO}U‘E@G@%?("L@ Y bdc
-D-d op- (ﬁete@)qu\ D-dop- (1-6)~ I3-D-GlCp-(1-+3) -p-D-Glcp E E

)i-D G cp- (1ng EXAMPLE 5 The fol | owi ng
exanpl e repres 1 W%%F d}géh‘glogﬂOdﬁ%ﬁyﬁﬁa‘%lﬁkh‘m%ﬂg%ﬁm‘g of a
backbone ofyoh r ranches, which
are positi or?gd @?@%%?ﬁ%&%&%?% meéﬁ?ﬁ%a%dgg%%gergef 1%5)(‘:’5 {(s)f t he

ol i goneT s %‘fno@nnﬂ“é?rS)wonnmhuges%JRSHDﬁmwslls WereMvhdheB® tiRRPHAGH Z00ed that an
ol i goner c t|n of 2 to 40 units or nore can al so be synthesized by

t he met hod“ ]l;ewgip adasttwashconsiptipg ofia 15 minutes soak, following which, a

P L AR T SO o T o,
(1930 il e 3 spoo, lladigt o oS- &) (10
- D- GLcp- | Liagubated fprcenc;honﬂat 23 °CP- ThékeHs (\\h#éB)vashed 3 times with 200 ml : :
10 TBST with a last wash consisting of a 15 minutes soak, followed by incubation
with 100 ml of TBS containing 1 % BSA and 5 pg/ml avi&in conjugated to
pexoxidase (SIGMA A-3151, 40 peroxidase units per mg protein) for 1 hour at
25 °C. The wells were washed three times with 200 ul TBST with a last wash
consisting of a 15 minutes soak. 100 pl of fresh peroxidase substrate solution . ..
15 was added, and an hour later the O.D. of the solution (at 450 nm) was
determined. '
ECord: 100 ul of 20 pg/m! ECorA conjugated to biotin (SIGMA L-
0893) were added to the plates and incubated for 1 hour at 25 °C in TBS
containing 1 % BSA and 10 millimolar of MnCl, and of CaCl,. The wells were
20  washed three times.with 200 pl TBST with a last wash consisting of a 15
minutes soak, following which, 100 p! of TBS containing 1 % BSA and 5 pg/ml
avidin conjugated to peroxidase (SIGMA A-3151, 40 peroxidase units per mg
protein) was added to the plates and incubated for 1 hour at 25 °C. The wells
were washed three tim'es with 200 pl TBST with a last wash consisting of a 15
25  minutes soak. 100 pl of fresh peroxidase substrate solution was added, and an
hour later the OD of the solution (at 450 nm) was determined.
When the above described binding assays were performed on covalently
coupled monosaccharide acceptors, such as the case with Covalink NH plates,
the TBS incubation solution was replaced with TBST and the wash steps were
30 performed using high ionic strength buffer instead of TBST.
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PCT/ 1LOQ 00099 70 EXAMPLE 6 The folLow ng exanple represents synthesized

conpl ex carbohydrates consisti ( )I'inked a-L-fucose or
a-L-fucose-4-sulfate with brancﬁ?{r‘%{%ﬁ’égﬁcondary sul fate -units positioned

at position 3. Each of A&epmirigeivbilization\Wihe i oipi ncl udes 6 saccharide
nononers. |t %l be appreci ated that an oligomer consisting of 2 to 20
units or nore Yane dpdusing the, presenti wantign therantich sevenrl nisthodsr fesent
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a- L-Fucp- .(4-,021 - Syl fate g Sulfdto- (O44) -a-L-FUCp- tl-2) -a-L-FUCp-
(LI1Z) -a- iukep@Epd legtinspr antihediay direglgd sgaingt (thegemplex) s@hohydraterUCp-

(L) o e B IR o syl (1

f ol | owi nchesesinghive. r epr esents, synt hesi zed conpl ex carbohydrates 15
consi sting of (]1, 3) linked a-D nannose or a-D nmannose sul fated positioned

at position Flaipinmobdizatier of thel firat mgnesasclryidy laoeeptent tikdinghlobk of t he
g:oioggf(pf;fvé%éﬁgﬁmgﬁ b tnRE Y A8Sorpti R F Dy pra BE R Gl Al (p.p2°
GleNAc conjugated to BSA) to the surface of a microtiter plate; or (if) covalent
immobilization using an appropriate linker. Covalent immobilization was
performed using either cyanuric chloride activation (Figure 5), or NHS/EDC
activation (Figure 6) of CovaLink NH plates. The use of cyanuric chloride
15 activation enabled linker elongation of about 1.5 nanometer in each elongation
cycle.  The presence of the immobilized monosaccharide (GlcNAc) was
measured accofding to lectin binding using WGA lectin conjugated to
peroxidase or FITC. Binding was quantitated using either colorimetric or
fluorescent signal detection as shown in Figures 7a-c.
20 . Materials and methods:
Adserption of GlcNAc conjugated to BSA to Maxisorb plates:
A solution of 0.1 M Na,CO; pH 9.6, including 0-3000 ng of BSA-
GleNAc (prepared as' described by Monsigny et al., Biol. Cell, 51,187 1984)
was aliquoted in 100 pl aliquots into: wells of a Maxisorb microtiter plate
25  (NUNC Cat, No. 469914) and the plate was incubated at 4 °C for 16 hours.
~ Following incubation, the solution was removed and 200 pl of 0.1 M Na,CO,
pH 9.6 including 1 % BSA was added to each well and the plate was incubated
for an additional 2 hours in order to block nonspecific binding of proteins (such

as enzymes or lectins) to the well surface. Following blocking, the BSA-



ol i gonmer consisting of 3 to 20 units or nore can al so be synthesized by the
nmet hod of the present invention. 18 August 2003 WD 00/49412 71 | Sul fate-
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units or? m)re cdi’fFSa{f%o be synthesized by the nethod of the present

t L2 2 D-1rnEf 1+2 1,5
A Dowr o (v} B WrAEE ptedtivaln S 1B Beaholeru Geodaiey A e
n- D) enp- (1, rah)as Eb\}dﬂ&d)w(tﬂuag roRnﬂttéLl aﬁs-((;lbhmcgh ser@ﬁa(h&mé%a:b@aff?é f1,5}-tt-
Diraf-(1*51- -D-lra f-(1, eap- (1+5) - AZdf 10

" axaap- { 1+z¥hichas Rdlyropated with B)Sb AtAq 1h@aver@eehmno(ebemam adjacAniaf t 3+5) .
B L S A B RSla BoideP PP 10
10  carbohydrate recognition site is about 2 nm. Thus, in order to prevent steric
interference between adjacently bound lectins or between bound lectin and other
monosaccharides, the density of the immobilized monosaccharides should not
exceed 10" per em’. Since in this case, the immobilized monosaccharide forms
a part of a bound protein molecule which is approximately 5 nm in diameter, the
15 monosaccharide groups are positioned approximately 5 nanometers above the
plate surface and thus are available for enzymatic elongation by the
glycosyltransferase. Figure 8a describes a saturation curve for BSA-GIcNAc
bound to a Maxisorb microtiter plate.

Followmng BSA-GIcNAc binding, plates were washed with TBST, a

20  buffer that contains a medium ionic strength detergent (0.15 M NaCl), in order
to remove non-specifically bound lectins. This wash step does not remove the
bound BSA and- thus allows sequential enzymatic reactions. As shown in
Figure 8b, the bound BSA was stable throughout 12 extensive washing cycles.
Following each wash step, the amount of BSA-GlcNAc (starting at 200 ng/well)

25  was measured by WGA lectin binding as described above.

Covalent immobilization of GlcNAc to Covalink NH, as well as the
elongation of Covalink ‘NH with 13 additional atoms in each subsequent
elongation cycle was performed as shown in Figure 5. Binding results for
cyanuric chloride mediated immobilization of WGA to B-D-GlcNAc (with a

30  single elongation cycles) or to NHS/EDC activated CovaLink NH are shown in
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to the t f r ods 20

Abbr evi at i ohs useggbé{egg}hp@g%?% §6V| ne égge)dr}% (gluéﬁain@ %Mjh%%ﬁh

N- acet ylimy kuhse@mtrmaehm?hﬂépﬁ}mméhowmg- avctmaeptie gid? terbfvativh o842 CNAC;
G ¢NAc- COOH - arg%xythylthlo) ethyl 2-(3-D-A cNAc; NHS - N
hydr oxy§B@€P?ﬁ°rﬁt “t‘ CRFPRAFS-3- (3 di met hyl ami nopr opyl ) - car bodi i m de;

?SDAu;gugt) oo \%ﬂ S8 P i RRS s S Gueg fteleiaf ok e O 11O
Lectlsn fiboary Banthesisae®ing ghlcosylfrasferaseEGire -gly@pirdteins fwidmcdmiphagonol obus
pur pur ©% ’boh%iates pert(gstelntned]c 519 nt?le-{rr I(){[]tre}' %E%Q‘cén%%nspemﬁc adsorption of the
enzyme may interfere with, or generate errors in, the synthesis. Lectins and
antibodies are also glycoproteins and as such non-specific bindfng thereof may
lead to inaccurate structural prediction. The  standard  blocking  agent
20 commonly used in enzymatic reactions, is nonfat milk. Since nonfat milk
contains many glycoconjugated proteins it is not suitable for enzymatic
éynthesis ‘of complex carbohydrates. Instead, synthesis reactions performéd
according to the present invention utilized BSA as a blocking agent since it is
non-glycosylated. As shown by Figure 7b, while chemical blocking agents
25 interfered with lectin binding, blocking with BSA enabled specific lectin
binding while substantially reducing non-specific binding. During practice, it
was realized that since cyanuric chloride activated amino groups hydrolyze

spontaneously in water there is no need for further blocking when using this

plate coupling procedure.



nobi | ensis; ECorA - Lectin fromErythrina corall odendron; FITC

Fl uorescei ne-iso-thi o-cyanate. 5 CGeneral materials: PBS - 0.1M phosphate
buffer pH 7.5 ,0.15M NaCl (Sigma S-7653); TBS - 50 nM Tri t4 AGhuspblods 5
(Sigma Toidhdars O- 15M Nadl ;  TBST - TBS, 0.05 % Tween 20 1(‘Si ﬁ&a - 9416); -
High ionic strength washing buffer- PBS , 2M Nad, 60FhF49908%r Mmysos;

0.05 % Tween 20. A peroxidase supstrate -solution was prepared by m xing
in water 0 10 Phenyl enedi am A qghl oride, 0.4 nmg/m, Urea Hydrogen

peroxide, 0.4 ng/m, Phosphate-Ctrate Buffer, 0.05M (prepared from Sl GVA
FAST peroxi dase substrate kid#brdy3p@ihesisCoval i nk NH was obtai ned from NUNC

(Cat. No. 4178042). .Opti.cal density, and _fluorescence were neasured using a
mul ti - Iabel.%hé'bm‘%%rm \‘/’F&?%R‘? twndferdtvegelidephasy enzymatic sypthesisi t er pl ate

i ncubatgjgues ShsRe4d Qréggaqy R0, P@%! nd tenperature
using a m c%%té?%ﬁgt? SpI atee incu%ta%]ger o%ét}éél ﬁgéis r mnlﬁﬁfeli)f’gg%fﬁe@mstar '
ShaRer /artealedt wicleolids y phosphstho sugarb Hosal 2buamg dupsopride (GigdeptoNo. 8850001) .

General, enzymati¢c reagtion m xes and conditions (ER s): D7: 100 rd of 50 nmM
MOPS (§F@9ﬁx‘m”98§1‘?? P %Hﬂgﬁwt%eﬁﬂgw anék the Zsépptide sugan Mhel 2 (SI GVA

M 9522 )preddrsib R0/ : I e -1 % O.mbllLiunits/nil of
reconbirrl{(zaantr X31,}§1g Sdggfgjc?t?éolssyrhc?%ﬁ}se? g%‘a@gpd}%a%?%c tr%%ﬁ?gﬂ%ﬁ}onat pH 7.4 were
added tof theagymtheeisireactibns. Pieferablyt the muickiotidasegar tenindhationvas tighaken at 50

RPM at 37..C fﬁr ]'6@1 hours.. Fol | ow n%‘ghpcubati on, the reaction m xture was

r emov e §e3SHER Shelddie appRximately 10 de 8ol highex thapa Rint ¥alwoof e of TBST, the
| ag i Sitd ] e e IB replaced with TBS
0. Zb%wﬁg rﬁ%g?g%aé @ggéz%h@ng% gﬁogfggém%{]st%r eég"éf{’?fi’“&‘,&fe r subsequent
enzy mamniitlimelact ifonsingd® midoitet phite 51 MOESHt4iRE SHFroMe) 10010 my/ . BSA
(SIGVA A-7030),, 0.5 nop/m_ CMP- NeuAC ( Cal bi ochem 233263), and 5 30

mi |1 ub Epelption. G amamaleme! well-boung sascharjde: granes e aveilqlbalfdi ochem 566218)

t 18 2 00, 412 PCTL I 0100099 74 H 7.4 dded t h
fel | a0 M il POASIAE aiioorde SR Con iy Ctlalgfring ot 37 & fov

4 hour greakalthawi pilinRtatigbifBiient. he reaction m xture was renoved and the
wells were washed three tines with 200 | of TBST, the last wash consisting
of 1 15 mi nifagariadyend mefodyEST was repl aced with TBS 0.2 5 % NaN3 ( Si gna.

Feact one.  EOTEBG potRen ffRens o BN cTuas Ty 0 W o Rior fpoa
2~(2-carboxyethylthio}-ethyl 2-8—D~GlcNAc (NNI $S-01-003) solution were
dispensed omnto CovaLink NH strips and the strips were incubated in wells
containing 50 ul of a solution including 3 mg/ml of 1-Bthyl-3-

20 (3dimethylaminopropyl)-carbodiimide (EDC) (Sigma E-7750) and 3 mg/ml of
N-hydroxysuccinimide (NHS) (Sigma H-7377). The wells were sealed and the
plates were shaken at 50 RPM at 37 °C for 24 hours. The wells were washed
three times with distilled water and the unreacted amino groups in the wells
were blocked for 2 hours in 300 ml of a solution containing

25 methanol/aceticanhydride/water (85/10/5 V/V/V, respectively). Following four
washes with distilled water the plates were air dried and incubated for 12 hours
with a blocking solution which included 1 % BSA in PBS.

Cyanuric chloride activation: A solution containing 48 mg of
cyanuric chloride {Aldrich, Cat. No. C95501) dissolved in 3 mi of acetone was

30  added, while stirring, to 45 ml of 0.1 M phosphate buffer. An aliquot (200 pi)



(SIGVA A-7030) , 20 nM MaCl2 (SIGVA M9522), 0.5 ng/nm GDP-Fuc (Cal bi ochem
371443) and 5 mlliunits/mM of reconbinant al,3 10 fucosyltransferase-

(Cal bi ochem 344323) at pH 7.2 were added to each wel | of a18m;9u31t200§r
plate and Y34 e was shaken at 50 RPM at 37 C for 4 h&GAELOMPIP| owi ng

i ncubati on, the reaction mxture was rermved and the well s were, washed
three tines th: 200 | of

h
e ol R Qb b Rl Bt i RER R e S adipints Tt o

pl ate was NHaI&E. The Hlde Has uﬁupaeau%bnﬁeméb%&m 8 00 | of
100 nmM sodi u%ﬂcacodeﬁate buffer (SI GVA C 4945 £ %lh%%go}%n%%

A- 7030), zahwmthmwlqtzqrswa\/ﬁwmrgw 2id tle: ]Saﬂe:gmsﬂled (37,25 @alles(\ﬁalh Idouidbem 670111)
and 5 mll ts/ of gal act osyl transferase (Cal bi ochem
345648) atclhf)tiﬂi5 W%&@@&ng%étaﬁﬁé'ﬂm@o of a microliter plate and the
pl ate was shak%g,to 1985:eFEM, 311‘;5,]9%%; Or 4 Epg{gl 8- Eﬂl-nﬁﬁ’d"@%g Mmél on, the -

reacti on m xture was rem)ve and wer &’ ed ’th S Wth

200 gl of FIBITG) sbletibayB mdsh s@rml ss)tn g &fbéhald buffen I8 spak.1,§he TBST
was replaéad wth TBS Q..2 % NaN3 ma S-8032) and the plate was stored
at 4 C fordanpoesaan (AL DBIH | B2¢ é@t donsolutim A300 pog peromlsd.IniM sodi um

O NouaC R, ohidie Bl W, added B e R P DD eictnkide T
a2, 6- (N) - Scgikated paite | eraseté G}%}@ée%fé@iee[ﬁd tﬁ@g%%@haéﬁndaﬁa@d%%he fgded to

each well of a mcroliter plate and the te was shaken at 50 RPM at 37 C
for 4 Hour& heuss.| Eﬂllﬂ‘glngnmmbimmonﬂlet\ndlsrwamtwaﬂheadom Hites evittewateenoved and

POT1 1 oon GHESEe BER ity SRR Babiidn desPiteg A0pve 4B STINER soak  Tha
TBST was rcﬁ@teaaﬂci 8-Waklind B YicalBrahd Ngas( ?e;@aed%rﬁﬁ% 108( thﬁ}x&gat e vas

stored at C for  subsequént enzymatic reactions. H3:
mM sodi umléegitbd%sﬂsa@@emﬁfer (SIGVA C-4945), 20 5 mM wMhd 2 (SI GVA M 9522)

10 mg/ M BSA ( 30Q) % di et hyl sul foxide, 0.5 mllinplar
UDP- G cNAC (Ca%tl?@/@ /%%bﬁic Ndc 7€firsti monasgreharide aﬁuwasa ndoely ee -

X oo ' hl%t N @I&g”'é %+Ad5%gh5l?er argfe;fef {lﬁg Owgl-éq qﬂltkeg( ?c;l' Beac?%at% CP late% al .‘

acet yl gl ucoseam nyl -trans prepared as descri ,

Proc. Nat|desauzd. atoe. TISA MddwingGprppedudd Gvablifilizd oHeffed kuldngdsled to each
10 wel | of EJCH mcrotiter Bl ate and the plate. is_shaken at 50 RPM at 37 C for
10  hour s. ORGP SRIGYPIRA E B%E/Fﬁﬁc’d’ﬂlﬁbd“]@%‘t“’r BhOAM sodimmy carb@ai’ Was and t he

uel ;slgread\a@@te@gagmﬁ SIS it 300 phacd! ATBFE- it RSl Y20 g0NS1 SUI g

solution containing 20 mg of p-nitrophenyl-N-acetyl-B-D-GlcNAc (Calbiochem

20 Cat. No. 487052) and 200 mg of sodium dithionite (Fluka Cat. No. 71700)

| which were disselved in 6 ml of double distilled water and titrated to a pH of

7.5 using 3 ml of 0.1 M sodium carbonate (pH 9.6) was serially diluted two

folds from rows A to H. The wells were sealed and incubated at room

temperature overnight. Following incubation, the wells were washed four times

25  with double distilled water and then three with methanol (200 pl/well), the third

wash including a 15 minutes soak at room temperature. The methanol was
discarded, and the plates were air dried and stored at 4 °C.

Binding of WGA to covalently coupled fD-GIcNAc: The presence of

covalently bound B-D-GlcNAc was verified by binding of WGA conjugated to

30 peroxidase or fluoresceine-iso-thio-cyanate (FITC). Detection was performed



m nutes soak. The TBST is replaced with TBS 0.2 % NaN3 (Si gna S-8032) and
the plate are stored at 4 C for subsequent enzymatic reactions. 15 The BSA
of the reaction mxture is omtted and the wash steps are 19a[sPBH3USI Ng
hi gh ioni cY%8fJEh buffer instead of TBST when the enzynecTmobsoescti ons
are performed in Covalink NH plates including a coval ently coupl ed

nmonosaccharjde. Lectin/antibody bindng assays: 20 WGA: 100 | of 5 g/mM WGA
l ectin coHj f@Ba‘t"éHIQQ)Hbéfé)di&fﬁ%@fmwsel_(slﬁ\é@, L13%P2% dbBxicteridasgni t s per ny

pr ot ei n) . [ ated f.or our at .25 Cin TBS
cont ai ni nlgﬂ% F&?%ﬁ&p%nﬂkggr r?ni‘lla(? f%@gg‘ %T%E/gff HugHgd c‘)’% G&EPE?T@?HB- wel s
wer e wasHEBSB ihtlodiagvid milkiaidbldlofMRAT], whd bf Tadlaslas aSIbaG@NS &chng of a 15

m nutes soak. To,detect the peroxidase |abel ed 25 WGA, . 100 i1 of fresh

per oxi daseclsafst rafa onelhour. ofhevasllawdesdwasied thuee tiowss witla2@0 pt ighO D. of the
solution .(at 450 s determ ned. | 20:, 100.pl1 of . 1Q_pg/mM RCA120

| ecti. colgﬂlﬁgs egﬁﬁl‘tn% : %ﬁ‘ﬁﬂté%ré W@SF}@%L QS}BSOQS’#Tgp‘é@%Qﬁd@@Bteﬁni ts per ny
pr ot ei n) ] t Qﬁkﬂe. at f . Cin TBS
cont ai ni ngé’@% gggggvgﬁ% %pg%&%&?? ilrm adr Qg‘gc 1?? %g%egﬁgieééq%g The well's

wer e was haalistraie edutiomess adddd b8 aAlgus 1at@GH30 N0 2085 @ Al ZaPHEaduedd 00099 76
200 p1 TBST with a | ast wash consisting of a 15 m nutes soak. 100 pl of

fresh petisxkHes €oBiygated W& A obaurd i s BdadddgNAenwhiin Gryatink ANEr the O D,
f th Ut | i d. 5. 100 pl of 20 /m TGP
Ioecti ﬁ cﬁ%wg%@gw a\é\%sﬁ(cgle%%;ng@eE{lqg%,ﬂufﬁesﬁgchg?rﬂﬁi?gggni ts per

Ny pri eithgrefom wai@edaduged (5e0pk@t es and incubated for one hour at 25 Cin
TBS cont ai ni n%l % BSA and 10 nmillimolar of MO 2 and of CaCl2. The wells
wer e washed t Hirersferrnirgsofyii i gadartefe (FESTulenilyt boind AN-GlelNHecobdd sting of a

15 m nutga i‘%@k 00 .pl of fresh peroxidase osub_strate sol ution was added,
and an hdtreiPat oD, 7-HESIOMAMANZ7H -7 & Triten CEP2 (Sigmadaz0det er ni ned.

BS X 10%{%11 2 / B coRj Q- i o1 | 759) was
added to t el\g{ca{f sleg‘g?hl/iﬁ%wig%’t@g r#ﬂ%/?:ﬂ%ﬁ%%ﬁ?ﬁa(t@aggo%%h] 1 5’% aining Il %
BSA and 10 millinieimal off a MiGbAband: i1, £aeldtosfitanyeldss PedIBiosRshed t-hree

times with 200 pl TBST with a | ast wash consisting of a 15 m nutes soak, 15
fol | oMi nPArAP@hwereoaddsd tofeatiBSvatlonf aiphitagotphsl BSith $rD-Glcdiiarl Thwi di n

e agaed s TRET Rl oL RAM Hbabareridrhoto SR IGT S B el s wer o

reaction mixture was removed and the wells were washed three times with 200

pl of high ionic strength washing buffer, the last wash consisting of a 15
minutes soak. The transfer of f1,4-galactose was detected via biotin conjugated

20  lectin (Erythourina corallodenron ECorA) as follows: an aliquot including of
20 pg/ml ECorA conjugated to biotin (SIGMA L-0893, 5 moles of biotin per
mole protein) prepared in TBST including 10 millimolar of MnCl, and of CaCl,

was added to each \'Jvell and the plate was incubated for one hour at 25 °C. The
wells were washed 3 ﬁmés with 200 ]-.11 of high lonic strength washing buffer,

. 25  the last wash consisting of a 15 minutes soak. Following incubation with 100 m}
of avidin conjugated to peroxidase (5 pg/m! in TBST) the wells were washed 3
times with 200 pl of high ionic strength washing buffer, the last wash consisting

of a 15 minutes soak. To detect binding, 100 pl of fresh peroxidase substrate

solution was added and an hour later, an O.D. at 450 nm was measured.



washed three times with 200 | TBST with a | ast wash consisting of a 15

m nutes soak. 100 1 of fresh peroxi dase substrate solution was added, and
an 20 hour | ater the O D. of the solution (at 450 rim mmdeglﬁtaowd

TM.: 100 pi" 004282 pg/mi TM. conjugated to biotin (Cal bi ocHEHMBLBO3) was
added to the plates and incubated for 1 hour at 25 Cin TBS containing I %
BSA. The wel |'s re vvasl{23‘3t|mes % h 200 TBST with a |ast wash

consi sting of Xegspring thesingur oft £l FOM‘WWVQI% 6P7df'"TB§I‘525

cont ai i ket B R0 Mool ALRON UL BT B e S OV A

3151, 40 erOX| dase u was a ates and

i ncubat edexdeptioh thaun ﬂa{ts caés @9 rﬁhﬁuwxlns o1 &-BalS BiRsy1RahdfBRSe Wetdh 200 pl
TBST with a |ast wash consisting of a 15 m nutes soak. 100 | of fresh

per oxi dasutiizsigst The solid@ross aguisredi &f Magisetb piaes coaec’r/mm\u@mpoﬁ?

- sol uti d an hour.later th of t sol tlon (at 450 nm
was gt em@%&h ?ﬂ%leme LBiHELE aﬁ(ﬂgd‘l% g‘? epgh ﬁ‘"g}' n{nim‘%?sal yl Lewis
X 1 M 11 Ofterias eTHGALIR WERRLD ARSI withSTIdiF el Gniclenflé Siagfyl | noubat ed

for 1 hour at 5 25 Cin TBS containing 1 % BSA. T l's were shed 3

times witpf ROB. 3o WESTeasutdd & deagibedaboveonsi sting of a 15 m nutes soak, _
follow ng whic éu?t solution of TBS containing 1 % BSA and 100 | of 5 g/m
goat anti-nou JM conj ugated to biotin (SIGVA b-9265) was added to the

plates and i neethdk d 3 times
with 200 Ml 10 TBST%\ﬁ}a?I%rdamgeslt&g%%% ﬁrg %ﬂﬂﬁ\% ‘gﬁh ké?i%én&n%i?gg%s oak,

fol | oed that arsoh@@hameawmslsﬁﬁveﬂthmi aTiSidpdsaireaation] 26 Sodvaird 5 gg/ m .
avidin co dt erox GVA A-3151, 40 p oxi dase_units per ngy
prot ei n) ?{%1“9 tlﬁ’o er?ﬁég‘%@ltqsg todh 2 DERYRLIS Q@ H?%’é tGleddeni th 200 p1
TBST with, S 100, | of fresh '
per oxi daseﬁrsléjg}?t rr}zii\? e&s fﬂgﬁ%hogﬁmu%és%a%éégk %{?p%}? ¥e|’1 Y% lé?urt Re oD of

t he sol ut camplea aé&ﬁrﬂm}ed/\@sappiﬁ@{aml?&ﬂme meeird\it LRes ko 0bmaRtdten ECor A
conjugated to bigtin (SIGVA L- 0893) were added to the BI ates and i ncubat ed

for 1 houfamf Tepstien jmsofufton. cbhgrafore.fg achiny ggmxinamaelds P45 mblivmitsof MC12
and ofs Cal} 2. ‘g c? g}géﬁyg&)f&@sjggﬁshree times with 200 1 TBST with a

| ast vvash consi sting o m nut es "séak, follow ng which, 100 Al of TBS

contai ning 1 %&Séotidedplosphgé{UDRY OMP, GOF) ugiaitle desult peROKE Gask (S| GVA
A- 3151, 48 ‘ggr?m dase_units per ng protein) was added to the plates and
i ncubat ed9? nHelgptide sugar ere WpnRragerisof theseeenmatie reastiens. t ltvgas wi th 200

pl TBST Wil @dl tﬁéttthgk%scj}lﬁrgaﬁéts? frliht gfycgs};léansferase activity. As such, an

addition of a phosphatase to degrade the released nucleotide phosphate(s) can
20  substantially increase the rate of the solid phase reaction.

Linker length, flexibility of the complex carbohydrate, immobilization of
carbohydrate groﬁps and steric hindrance are also important factors effecting
synthesis efficiency. As uncovered by experimentation conducted as part of the
present study, a neoglycoprotein coated Maxisorb surface can be efficiently

25  utilized to immobilize the first monosaccharide, obtain the glycosyltransferase
enzymatic reaction and avoid steric hindrance problems. An elongated
covalent linker based on cyanuric acid and p-Nitro phenyl enables coupling of
the first monosaccharide to a 2-8 nanometer linker thus avoiding steric
hindrance when the first monosaccharide is covalently bound to the surface and

30  obtain the glycosyltransferase enzymatic reaction.



25 mnutes soak. 100 | of fresh peroxi dase substrate solution was added,
and an hour later the O D. of the solution (at 450 nn) was determ ned.
When the a cri bed binding assays were performed on ¢®waheiittbys -
coupl ed rmﬁgds/go@gﬁzri de acceptors, such as the case with C"%R/T&LS%?@ONH pl at es,
the TBS i ncubation solution was repl ged wi th TBST and the wash steps were
30 performed using high ionic stw@b%gger i nstead of TBST. WO 00/49412
78 EXAMPLE 10 18 August 2003 P ] 99 Acceptor immobilization - the
first step Wiile reducing the presggraipyention to practice several nethods
for nonosaccharide acceptor imobilization to mcrotiter plates were
perfected. 5 THEWNHCsietrarhbeengaeai seps wauareddondhe synthesicobui t er pl ate

surface vi i hker. | ectins or antipodi L rect ed. agai nst .t he conpl ex
car bohydr a ergr)} é%%lggi%gg]c‘f Si(/E\r/éJFe o} éﬁ%@%‘%‘?ﬁ%ﬁﬁ%ﬁﬁ&eﬁ% 8Pia\t%i ency as
is furtherowttistp tedordaaiAtieaavte Blialotitdrpriy, |the adriz9malt fehrdds St
nonosacchari de acceptor building block 10 was perfornmed by either (i)

?ﬁsor pt :c onp?if(]’cfﬁé’éd‘_lt yedpiten %Tﬂ*itlhBt i /@W%@inﬂin.g;a@m_ E@dﬁ W_Ct 0 BSA) to
e surfacg,of: roliter plate: or.(ij,) .covalent _inmobjlizati.on usin
an appr opr%a[e Ry ﬁﬁﬁég L%térgsél £n°’-"ﬁﬂhﬁﬁ?ﬁf.i“§%‘f}f oq\‘/?emott (boé‘li‘?lﬂr'li]?ﬁda ng eit hgr

cyanuric chioddtidie sagid vation (Figure 5), or NHS/ EDC activation (Figure 6)
of Covalink NH gl ates. The use of cyanuric chloride 15 activation enabled
| i nker el ongat idrliGereabeniof Engymatiomactens tdesadieddnoletpdl heminabyed)e. The

he | i.lized hari de . NA d di
Co T eottn Betsare TRy Ao TRR: B eORPoR S §rorbal B eAeeey o 7o

Bi ndi ng vethe guésht ntbRtbnl STRITRIé 0w AeSiritdah [defilahe vhHOR RAGEHs Si gnal
detection as shown in Figures 7a-c. 20 Materials and nethods: Adsorption of

G cNAc conjudyearerpneptsBtilized invendes by gensraie ds librasy| Teblorl cofun@marizdsNa2C0O3 pH
9.6, incluging. 0-3000 f BSA- Gl cNA d as! i bed by Monsi
ot i b O et eallo s Vihesity PR ABEISISEAY 124’ meo. O
vel|'s of ahbexkanat foghles (BRPs, Fhiahd dacritVdNe Hrainpidior-o1GR9ddhpRRd t he

plate was incubated at 4 Cfor 16 hours. "Foll ow ng incubation,” the sol ution
was rehovedfraghydpde btredtues 1 fommd2 o8 thed &cénjangbedyi ngindingy BS#eyeas added

to each well ~and .t:he ate i b d for.a ddi tional 2 hours in

order to SEgEmed é%rp%agijf%r@’ W&iﬁéyﬁoﬁ g?SSPE?Sn@e ?@?}BHI antiho Wﬂ@?gor

llectins) tasijretharlvbers Wst@as- verdl | 0¥ ddehfib0 Chitdllydibie stBRAure formed
following each enzyniatic step.

20
_ TABLE 16
25 Enzymatic reactions utilized in the synthesis of the first ibrary (donors,
acceptors and indexes)

index |extension |o/B [Pos. |acceptor doner Enzyme Cat. No, |E.C,
A2 o 13 D-Gal-f(1,4)-D-GicNAc-R _ICMP-NeuACjCalbipchem 56621}2.4.99.6
A3 o |6 D-Gal-(1,4)-D-GlcNAc-R |CMP-NeuACiCalbiochem 56622;2.4.99.1
B2 |D-Gal-B(1,4]a [3- |D-GicNAc-R GDP-L-Fuc _|Calbiochem 34432{2.4.1.152
D3 o 3 D-Gal-$(1,4)-D-GlcNAc-R |UDP-Gal Calbiochem 34564{2.4.1.151
D7 B_ |4 Pp-GleNAc-R UDP-Gal Calbiochem 34565{2.4.1.38




1 8 August 2003 WO 00149412 PCT/1L00/00099 79 GlcNAc sol ution was
replaced with TBS buffer/0.2 % NaN3 BSA 1 % and the plate was stored at 4
C. The adsw 004%13 of BSA-GLcNAc was verified peroxi dase congagaig®@oo¥NGA as
descri bed Mereinabove. 5 Results: The surface area of a JFCAGLW0EEI kDa BSA
nmol ecul e (approxi mately 50 an) |s 6 vered with approximately 25 G cNAc
groups. On a Maxisorb surface i IIy coated with BSA-G cNAc, the
aver age di stance between adj acent groups is approximately 1.0 nm
and the di %Ete of—the lectin's 1(‘;" ﬁf\h\/drafp rec nition site is about
2 nm Thi& F&F” h*PZ‘ch‘R‘Preve ﬁf‘”cg’f‘*«?f"i“l‘,‘h i nt er f er ence|bseintetivdad] acent | y
bound | egtirfs onosacbaP ef “E)“(Sfjrd lectin and ot her nonpSAtHYtes| the

density ¢ HigE o0t |1ﬁ:u b s W,H\ ges—shott-e—ner—exceed—1014 per
cn_. Sifge |d,|zNL znsa CaASE At 1S Nc'?‘l _J?A_ ﬁﬂécﬁxo w..?a'f‘g 2"’*'%_ part of a
bound pr §EerTERRLETTt o FALSCHT [ivs, GRBT Sl T Sk o Pt he 15
nonosac char TENIERUPS (96 £p 05 TSl APPSR @t ety 57} A0 hbove the
pl at e sunkades@Adst NUS i av @lallﬁqw(ﬁmhqr3)§émuguub e Y#-M_atluu By t he

gl ycosyl tgansgi&aase. Hi TP RDRICT T B 1 7 : BSA- 3 cNAC
bound tola Naxisorb m c%ziggt er epI at'e. Fgl Il gaﬁ\g%)% NXC&&E&%EHP I hg, plates

were washed with TBST, a 20 buffer that contains a-mediumionic strength
detergent (0.15 M NaCl), in order to renove non-specifically bound

| ectins. This wash step does  not Af%@ t he bound BSA and. thus allows
sequentsi al enzymatic reactions. 118i n Figure 8b, the bound BSA was

st abl et boughout .12 ext nnall‘*’(i HIMLasSaVSEo| | owi ng each wash st ep,
the anoupt™8f BYA ; ' i| 15t e 200I feyrwel |) 25 whbabamasured by WGA
| ectin biading-as—destlri-bed— above. LomohiLization of GICNAC to
Coval i nk A as—el $in SleNas —el giigEe P2 o Tricym suilsarix ' NH_yWPerdxidas®/FAd t i onal
at onms i negeh—st ﬁﬁ%‘ﬁu FeGal g nﬁJi‘mL‘zgﬁgl Risjps commrinnr ppd! Bsoxidsann ifn Fi gur e
5. Bi ndi ngopesutts for 0-Gal, G GRIYAL Sigzn 13 5% Bepdeirage SHOiialig) Biowat { on df WGA to
P-D- G cNAg, fwitt ot P eg.'a??l—%—-e-l—f f g L4 f"”fe"'go”bfb“s”‘mwﬁwsésm at ed
Coval i nk e samp [ehpem e ﬁbﬁ“ii O3 ko mobllenes] BB 90000 80
Figures VaaR.x e N(’ir‘ens lyy oﬁ‘w}s%e anm r?o groups on the Covh e:rjﬂ;ﬁﬁﬁscs rface is

14 per cn®
Results:

. Figures 10a-f describe the lectins/antibodies binding assays performed on

cach strip following each enzymatic reaction. The increase in binding of

10 RCA;y (Figure 10a) indicates transfer of B-D-Galactose to GlcNAc and
formation of a stable B-1,4 glycosidic bond. The efficiency of the second
enzymatic step was verified via an increase in BS-I binding (Figure 10b) which

is indicative of a transfer of a-D-Galactose to Gal B-1,4 GlcNAc and formation

of stable a-1,3 glycosidic bond therebetween. The increase in TGP binding

15 (Figure 10c) is indicative of a transfer of a-L-fucose to Gal B-1,4 GlecNAc and
formation of a stable a-1,3 glycosidic bond therebetween. The branched
oligosaccharide formed by this reaction is a Lewis X antigen. As shown by
Figures 10d-e an increase in TML binding indicates a transfer of o-D-NeuAC

to Gal B-1,4 GlcNAc forming a stable a-2,6 - 2,3 glycosidic bond

20  therebetween. The ncrease in anti sialyl Lewis X IgM binding (Figure 10f)



10 and the average distance between the G cNAc groups is | urn whichis
sufficient for lectin binding. Follow ng incubation with reaction m xture

D7 (P 1,4 t osyl transferase, described in Figure 8c), t1dhauguarsbisr of 5
P- D- gall act‘gélé&f%ﬁt he plate immobilized phenyl -#3-D-d cNAf:CY“L‘Q“’ Bm |i nker)
is verified using ECorA |lectin bi ngl; ng assay as described above. The

e Rliat s Nk & 35T P b T Ao R Bk e o £
to differegems 413 P&rggﬁﬁiclﬁ?ﬁg%eﬂcraﬂigégg%yﬁﬁg%% #ﬂﬁ%ﬁ%@%@d S

i mobi | i zation nmeth enabl e e us a very ionrc strength buffer
(e.g., 6 fvhGGliffieicoti neotdShcoharid®0 nM NaOH) i n subsequent washing steps thus
al l owi ng accurate "in situ" verification of each enzymatic step utilized
by the process. The renoval of nonspecifically bound nol ecules is crucial

- for agcurate 15 library synt he%k%l\gﬁﬁclg gl ycosyl transferases are
gl ycoproteins with conpl ex carbohydrates presented on their outer surface,

nonspeci-fic adsorption of the enzpreyay interfere with, or generate
errors in, the synthesis, Lectins_and _antjbodies are also glycoproteins
and as such nﬁh@éﬁﬁ%‘r’w&c‘%ﬁw&wﬂlﬁéwﬁrmfy of eggyp e?’ﬁé‘&‘ﬁﬁ%‘é’% structural
predi cti Qe piREnShANERE I 1 ﬁ' ¥ i matic
reactions, ¢ Ps n*on#lat m ﬂEQ&%@E‘%gﬁgR@%]ﬁgiac%ﬁlﬁag%%n aF#gﬁé;glné}lag{]é%oconj ugat ed
pr ot ei ns diffeiest leagthsuiRigt d 1f desceibey thet drganisativhhefSths miofotitaplhe)x
car boh d-rtﬁt es. Instead, synthesis reactions perfornmed according to the

[

pres & SABYTRRTI TR onstogaperdormeag) ickachpteryand thg feeling binding
- gl . Ei : j ' l.acki ts 25
ot ert or AR i catibe3gl o Weidy @Y koo, b 8 SRASIE BB HHRY, S0P CLY |

bi ndi ng \Blichensyibatiasiepds virifietlugding neshtePeaiy Whidd dssnht cBhfaing practi ce,
it was realized that since cyanuric chloride activated am no groups
hydr ol yzdhe added anelegtily sugarnathacht sepeis sibiestetodel 7 liffergnt Beir obl ocki ng

P 1 oo 088 T 1R A0 MRS U i OB R 1010, 1

an i tier atto i motédirghdselopsd yytie sresenbinvestign. Si nce gl ycosyl transf er ases
catal yze the transfer of a sugar noiety froman 5 activated nucleotide
phosphat e sugdreb@orddr descriis dbpr Gymatic FasBpR omixefe gRAJEPRYHORT t he

Such 't napaeribed 1R HER Chotoltbdloy Fy AHE,REL, £F SfRsis, 86 By G5 iR
synt hesi saicelgladtomamind ey ail Yccokdimicueitle ahe deachigr of ARe gntdeat | on of the
invention. Table 20 describes the Enzymatic Modules (EM’s) and the complex
20  carbohydrate structures. RCA;,, binding assay is performed after each
enzymatic step as described above to evaluate the addition of Galactose
(RCAy binding) or GlcNAc (disappearance of RCA,, binding) to the

elongating i)oly N-acetyllactoseaminide chain.

25 TABLE 19
A list of Enzymatic Reactions used for synthesis of Poly N-
acetyllactoseaminide library(donors, acceptors and indexes)

index |extension |o/B |Pos. |acceptor donor Enzymes Cat. No. E.C.
D7 B 4 D-GicNAc-R UDP-Gal Calbiochem 345650 2.4.1.38
H3 T E D-Gal-B(1,4)-D- UDP-GlcNAc|Zhou ef al.,
GlcNAc-R . Proc. Natl. Acad. Sci. USA
Vol. 96 pp. 406-411




reaction should be approximately 10 to 20 fold higher than a Km val ue of
the 10 enzyme 'to the donor, which ranges from several to several hundred

m | 1inol ar §yq deestzSi Ngl e microliter plate well which cont ai$iuaugh 2683 mat el y
100 | of solution, 0.2. nanonol es of well-bound sacchar i*¢d 59852 are
avail able for the enzymatic reactiqggp. As such, a nucleotide sugar
concentration equal to or. greatgiagfpng mllinolar is sufficient. 15

Mat eri al s and rret hods: NHS/ EDC ac %g, on and coupling of /D G cNAc: 50 |

. t
al i quots (Z2=carboxyethyt il ethy—2—3-b-G-eNAe—LANNI _SS-01- 003)
sol ution 1!5\/i:dllere |u§?)censed o] ?Eud@,%v nk NH strips and the stlf éngy\/gre
i ncubat ed | vveI |s contaimping 50 I of a solution including r‘éj ﬁg/srﬁs of
. 1-Ethyl -2 2 yl am NGRNADY [ Rt dg. 7 750) and 3
mg/ m  of|2 I\deﬂwysucm ni_MNcae 1NRRAC b B8 GXBp T didal)s The Viald4320%eT €| seal ed
~and the | Yl giedizness shakencaabpi,:z BEMIAGINA: £15 @l 45 houNScqIfi€ Welll s were
washed fthrde tines with di&thNht-2d water and the unreactedq am no groups in

t he wel I WY 3B HEREd for Ga B GicNAR A 1.3@B! hil4 @N2a pIS| Gl | drkGaoift+al nij ng 25
met hanol } ac\fbl canhydeide/ * aBAGINAY3Q/5 \/\/V,__respectivelly), Foll oW ng
four wdshes \KP?’W’@?’?F’WI e 1G %‘?13( qe B 1SRG (bR Sabt k4 dr | deKCARE-i nclibat ed
for 12 hours w th a bl ocki r’hv@ch i ncluded 1 %|BSA i n PB§.

Qg S R TR T T i B r A

added, whiTe stirring, O 4% ’m Of Bu’L M ptosp hate—bufferl—An—at gtot (200
) WD 00/49412 18 August 2003 099 82 of this solution was
qui ckly added (within 2 m nut esﬁ%g’%}ﬁe\e of a-Covalink NH plate. The

pl at e Svas i ncubated at room t enpeLbrays f or 5 m nutes follow ng which the
sol uti on was g[lr,hsga ded d the pl ate washed three. tinmes wi th double
distilled wat O‘HP} rgrfy esplifisp thpabiyuelcthe synihgsip andthork of eI ongat i on

01 M car o oy puforeioAgh i BobP it Db\ Bt B 0. 1)

sol uti on diffe@nhgenuths rdndOmbndaﬁatlisbon'ﬁhﬁ hbifatye rinplidd®. @)gdé@@haﬂa!@d to each
well of a ﬁanurlc chl r|de actiyvated plate. The wells were sealed and the

pl ate wa R iy tEe Q@C@Sf oThel@rSi?Oﬁ@W@arFl?I is bpppdytla Bewba®fon, the
[ |
wel | sionerga washedabrur tde&@fbeg\‘éﬁ %gﬁ:'ﬁ r%@%% a? a2 Gt 1;{/@(%1 fYapuric

chloride activated as descri be onga Ion cl'e of "1, 8-di am no
3, 6 di oxa&yuthesie, whbide Telle 22aitsetitics Ithd brezysiesicrechiléniEN ’s) Iuﬁlig&dlamﬁs achi eved.

the complex carbohydrate structures formed thereby. To verify the accuracy of

7

the st_:c;uential enzymatic synthesis, the oligosaccharide bound to the well is
released using a protease and subjected to analysis using HPLC, methylation

15 analysis or MALD-TOF-MS (Rudd, P. M. Dwek, R. A. (1997) Current Opinion
in biotechnology 8 488-497).

TABLE 21
Enzymatic reactions utilized in the synthesis of library 3

index lextension  [o/B [Pos. facceptor donor Enzymes Cat. No. E.C.
D7 B |4 [Pp-GIkNAc-R UDP-Gal Calbiochem 345650  [2.4.1.38
A2 o |3 |D-Gal-p(1,4)-D-GlcNAc-R [CMP-NeuAC |Calbiochem 566218  |2.4.99.6
B2  D-Gal-B(1.4)je I3 ID-GlcNAcR GDP-L-Fuc  |Calbiochem 344323  |2.4.1.152
H3 B 13  ID-Gal-B(1,4)-D-GlcNAc-R |UDP-GlcNAc |Zhou et al., Proc. Natl.

Acad. Sci. USA Vol. 96

pp. 406-411




Coupling of ,& d eNAc (first nonosaccharide building block): 15 G cNAc
nmonosacchari de nol ecul es were linked to the activated plates described
above. Thewg,gblngyg ng procedure was utilized to effect |inki®h§ugast26808uti on
containing 60 ng/mM sodiumdithionite in 0.1 M sodi um caFb&#ei0E008as added
to each well of rows B-H of the platg. A 200 | aliquot of a second

sol ution containing 20 ng of p- gﬁ@gﬁ enyl - N-acetyl - p-D-d cNAc (Cal bi ochem
20 Cat. No. 487052) and 200 ng i“/m dithionite (Fluka Cat. No. 71700)
which were dissolved in 6 m of d&E#Mddlis distilled water and titrated to a pH
of 7.5 E¥MrdRSsepencef [Stketivk Bodhilum car bonate (pH 9.6) was serially | ut ed
two folds ffromrows Ato H The wells were seal ed and i ncubated at yoom

Eieggrgtsu%e”%_gmfgﬁ_é—g :E@ g, L SRRar o TiTe vﬁﬁ%ﬂ%ﬁﬁ#ggr
| /wel 1), ke L Ens ’Agﬂffmé?‘?"f*%erlé&ﬂr@glf‘l*‘ 3 13) GleiiA ) BA14 (oo g3} @ehrersalt ur e.

The met hanol was discarded, and the plat es were air dried and stored at 4
C. Binding of WAA to coval ently coupl ed 1&D GlcNAc: The presence of

coval eantly bo P ' verified hby. bindi of WGA conj.ugated to
30 per%xi das.euigglsf F‘t?&)?ee%cel Hé\ﬁ?c’sflo?rf) Hdgg' 895%%“8%‘%&5%63‘?&5@?@@?#89{ was .
per f or neda WaliO @hd@AdhAtHRis oetshpl2 QarbdRGaatds 05K RAB3r uabraholdsows: 100 |
of 5g/m ofqgﬁeroxi dase (SIGVA L-3892, 150 peroxidase units per ng

pr ot ei n) Hrucpiree (SI GVA L-4895) conjugated WGA prepared in TBST incl uding
10 mlIlimolar of MiCl2 and of CaCl2 was incubated in each well at 25 C for
one hour. The wells were washed three tinmes with 200 it high ionic

strengt h washiAighcughithe diventibh haé Beed a8dcritRs i eomahedd %l spRcikR M nutes
soak._ To devel op the peroxidase |abeled WGA, 10071 of fresh peroxi dase
subst 1%t ecrabedimeals thersohdiydel cuidgnt thatonany attemativesOnivdificatith amd- 1 was
measured.,, . j.u e bound.to the P- cNAc- whi f e Coval i nk
NH stri p‘gar%ﬁ%{vﬂgg%%ar%ﬁéo &?\é%gﬁc#gggxem a Iﬁgq%’f’ s i ce eni ssion
10 t her ef toammiwace dlEaRH8EmaB2EL, MBificdAS hS Viionk &Hm%&@@ﬁ%ﬁ&% to
coval ent|y bound, &- G cNAc: 100 pl of 50 mM MOPS pH 7.4 (Sl M 9027),
0.2 %Triﬁtpéw@bsgaqgogmft,he@@pem%dwm. (SIGVA M 9522), 0.5 nmg/ml UDP- Gal
(Cal bi ochem 670111) and 20 mlliunits/m of a reconbi nant

X31, 4- gal act osyl transferase (Cal bi ochem 15 345650) were added to each well
of a plate coupled with P-D-A cNAc. The plate was shaken at 50 RPM at 37 C
for 12 hours. Follow ng incubation the reaction m xture was renoved and

the wells were washed three tines with 200 pl of high ionic strength
washi ng buffer, the | ast wash consisting of a 15 :



m nut es soak. The transfer of X31, 4-gal actose was detected via biotin
conjugated 20 lectin (Erythourina corallodenron ECorA) as follows: an
aliquot including of 20 g/m ECorA conjugated to biotin (18lABg&s{2@893, 5
nol es of biotin per nole protein) prepared in TEST including 10 mllinolar
of MhCl2 aMd @¥f94€aCl2 was added to each well and the pl atEanemedsacubat ed
for one hour at 25 C. The wells were washed 3 tinmes with 200 | of high
ionic str%h washi ng buffer, 25 th# |ast wash consisting of a 15 m nutes
soak. Fol RSAERENGESbation with 100 Ml of avidin conjugated to peroxi dase
(5 pg/m in TBST) the wells were washed 3 tines with 200 | of high ionic
strength washing buffer, the |last wash consisting of a 15 mnutes soak. To
det ect bi ndi ngAryk0D. ghd BenfR@&N(100TPMREAS ECRURS AL BRIUBEqRgyas added
and an hour later, an O D. at 450 nmwas neasured. 18 August 2003 WO

0.0/ 49412 PCT/143&0 00099 84 Measuring the kinetics of X1,4

Gal act osyhtran LN SOkI e. Jhe mat i [ Lon m xture
o ac desdt o RERSE Rk 16k T e, Kt SRR RESTTHIG"
mlliunits/ M DIChG] e Gillhest Comkliangirnase were utilized. The solid

phase consisted of Mixisorb plates coated with 3 gg/well of 5 BSA-G cNAc.
The enzyng- ni xbbeEomaE. adindd Shepraadh Rae! | (&98ﬁh)oumsgmﬂ' ephasenpeptidel s. The .

wells were th ne i th TBST thr tiyres .and the binding of RCA120 was
B aisudor itghd), TR UGy

measured as descri oV suP Its obtained while reducing

the presedl i rBBREIRN1991PAAS. CEREAIIAAEY. 1311 R159! i d phase reaction
is slower than a liquid phase reaction. As shown in Figure 12, enzymatic
transfer &f gdi€ERoe ko wdsanadeonbijedesf Dholind(18B3NEer. si Bigckend mU of
(3-1,4 gal act og\élltlg_aépsfer ase takes approximtely an hour to conplete, as
conpared to approxindtely one mnute it takes to conplete the sane

reaction ion sabigibudien, VB! Mistcd, MLQ. Qi RM@ATENE, "UBDY) Blofles Bep 71111 units
15 of each enzyne were enpl oyecf for 3-4 hours. Nucl eotide phosphates (UDP,

CWP, GDP) whi A98r®Bult fromthe break down of nucleotide sugar are

by- products ofg: e mati € . eactjo 1, wa bseryed .t t hese
by-produc?’s in 1%%:%?2%61 13%%‘3 4?%9%5@3%)&" %t .atgs’?%‘ﬁ?éhsfjc"a%éddi tion of
a phosphat ase 89@3degriade t he rel eased nucl eoti de phosphate(s) can 20
substantially increase the rate of the solid phase reaction. Linker |ength,

f1exibilidy ofBlendelleofyhi eanddiousbropdR 2t e(19PENBIBTIEGHAd0W-6F. car bohydr at e

t ef | knd I ' fact ffecti t hesi
011101 ency: - AS e C by B e AR ool a BB e p e B the

present study,Engln8D8yspgypt ein coated Maxi sorb surface can be efficiently

25 utilized to immbilize the first nonosaccharide, obtain the
gl ycosyl t i&nsfRarmsa, S. (1996) C&EN 12 29-54.

I1. Bosio, A, B'quek, E., Le Beau, M.M., Fernald, A.A. and Stoffel, W.
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11221.
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enzymatic reaction and avoid steric hindrance problens. An el ongated

coval ent linker based- on cyanuric acid and p -Nitro phenyl enables
coupling of the first nobnosaccharide to a 2-8 nanoneter Hégﬁe&tE@ﬁs
avoiding steric hindrance when the first nonosaccharide i S cavil |y
bound to the surface and 30 obtain the glycosyltransferase enzymatic
reaction“KM%hQH%49412 85 EXAMPLE 12 PC 8 2003 Library 1 Figure 9 describes
the enzymatic steps required for the synthesis of a | iP6M&H8)/08%8hsi sting of
the structures described in Table 17 immobilized to a plate, 5 outlining

the organri zagl f e, i&erz p . z InC actions perforned
at eachqs%f egtg%gelgh%q?e%ﬁ jr\?é,)? étn(tf'i t%:odg/@%?“flf %@’%&?@B’@éﬁ%}%mu cC step
is verified kghomnabomatgpntrol strip which does not contain the added

nucl eoti de sugar, A different set of enzgratic reactions (described in

- detail Herei haBILT- anddchbd- §EP9DiGist DriredebererBiop 167ddeor dance with
- Lhe proggaur ety 3lPAGo DY Cul MOk CBRILHDY 3 PR30 The Tables bel ow

describe I n deta e var’lous reactions conponents utilized in order
to generi&t e Charg,| MoLar ¥ddylall.E., 18heowsymdB z esand Heawgnkymat{ie9s)eact i ons used
to synthesize, the fir | ibrary, Table 17 describes the enzymatic nodul es
(EM's, furth chﬂg’?@?giy%ﬁlg}l“#%xanpl es 1-9), the conplex 15 carbohydrate

structungs fopikdieand Egggh]g&t]@ﬁagg@%gﬁgﬁ{,%ﬂ;&%@?sei§§_emgi eperformad for

each strip, while Table 18 describ anti bodi es binding assays

t hat wei2d. usécheng, Y.eBhéldon, e Lcownl €, UAbgOAY di@he:, 31 OYC o fOr med '
foll ow ng e&gh enzymatic step. 20 TABLE 16 25 Enzynatic reactions utilized
in the synt heeia M. @pd Q' Compell, I B (2§99 d¥tioPlotechnol. 16 541-546.

o o1 s e e S B GRR, R SARRIE T G T e AR,
- D- GLcNAc_RGBBrdNey SOZ31 Bighnéiem B66G3%. 9., Iarty, BCE. Gadrd, Tekaia

. F.,
1, 4a3-D- Glc%g:- ch: L- FucCal bi ochem 344322. 4. 1. 152 D3a3D- Gal - 1, 4
D- GlcNAc- RUDPRUSSFaKbi Bathermn B349¥ey1y D., {Anllipgworthc lacCrume, 8al Cal bi ochem

345652. 4. 1. 38,6 80! B W, FAAGSE ST VEe s 841 Rnfif, N ABboyd s,
: Homsby, T., Jagels, K. and Barrell, B.G. (1998) Nature 393 537-44.
23.  Datta, A.K,, Sinha, A. and Paulson, J.C. (1998) JBC 273 9608-9614.
24, David, S., Auge, C. and Gautheron, C. (1991) Adv. Carbohydr. Chem.
Biochem.. 49 175-237.
25.  Douglas, R.H., Ballou, C.E. (1982) Biochemistry 21 1561-1570.
26.  Drews, J. (1996) Drug Infor. J. 30 97-108.
27.  Drews, J. (1996) Nat. Biotechnol. 14 1516-1518.
28. ' Dryland, A. and Sheppard, R.C. (1986)J. Chem. Soc., Perkin Trans. 1
125-137.
29, | Endo, T., Nishimura, R., Kawano, T., M,-M. and Kobata, A. (1987)
. Cancer Res. 47 5242-5245.
30. Faber, L.P. (199 1:) in Clinical Oncocology, Holleb, AL, (eds), American
cancer society, pp.195-210.
31. Fodor, S.P.A, Read, J.L., Pirrung, M.C., Stryer, Lu, A.T.L. and Selas,
D. (1991) Science 251 767-773.
32. Frank, R. and Doring, R. (1988) Tetrahedron Lett. 19 6031-6040.
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EMs List 18 August 2003 PCT/1LOQ 00099 EMFirst |Inmobilized ERs Structure
For mul aLecti n/ Anti body Monosacchari desequenceBi ndi ng Assays | GLcNAc- SD7Gal
1,4 A cNAc- SRCA120 + 2GLcNAc- SD7, A2NeuAC a 2,3 Gl . 1,4 G&%§§%a
RCA120 - 3G cNAc- SD7, 43NeuAC a 2,6 Gal 1,4 G cNAc- STM.+, g° CNAc- S
.D7,D3Gal a 1,3 Gal 1,4 GIcNAc-SBS |+ , RCA120 - 5G cNAc-SD7.B2Gal 1,4 uc a
1,3 G cN®e@RE&P* 6G cNAc- SD7, A2, B2ZNeuAC a 2,3 Gl (3 lpérAfoeedbos

1, 3) GIcNAI gMAnti - Si atyl Lewis X+ - NameType of SpecificityCat.

No. Sour ceLabel i ng Mol ecul e WGALect9r G cNAcSi gma L-3892Trit cum vul

ari | Per 8% dd¥esiEstt EMRCand Schueoth, £~ GAP Bl (). L48i7 58Rinci Sors & a@dduni sPer oxi dase
BSI Lect i na- g)%l , a-Gl NASI ma L-3759Bandeiraca Simlice oliaBiotin

TGPLect i na- FUCSI gnma L- 15082er ea onol obus pur pur easPer oxi dase

TM.Lect BASi atrbchest j 8EahR sbhuél%i@@?mmgi BASREDLI) RRSAGBI otin
- Anti-Sialyl 1gMNsial i(l Lew s XCal bi 0.” 565953MbuseGoat anti nouse Lewis
* X/ 'Per oxPfas & urdkaya, & andiRath,ds (1988) Biodkawer 70227 Fil3-58%:t i ns/ ant i bodi es

bi ndi ngzass rf or ch,.strip,f i each enzymatic reaction.
The i nc?gas?%ﬁgaﬁﬁgiﬂgﬁggﬁ ﬁ‘% %@‘f@%’g{ﬁ%hfg6%) i ndi cates transfer of
J3- D- GaB&ct asitledpie, VG NEImMASI antiQrai®iohON, f (@93] ablpgoiP-dnef,. Ghyposi di ¢ bond.

The effi ci'enCﬁ of the second enzymatic step was verified via an increase
in BS-1 bindilB84EHPHre 10) which is indicative of a transfer of

-D- Gal agt . - d,f ti f ,s¢tapl -1,3 gl i di
I A S e T A B ST
indicative efisa Wanai® ©G.aKlephUs0S& dundaH. P'a%d4bwﬁ3_§ﬁg formation

e

of a stable a-1 Béﬁl cosi di ¢ bond t herebetween. The brané
ol i.gosacchalBlaskw doy),ohi 8-Feaction i's a Lewis X antigen. As shown by
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3. The combinatorial complex carbohydrate library of claim 2, wherein said
linker inchides at least two contiguous covalent bonds.

q, The combinatorial complex carbohydrate library of claim 2, wherein said
linker is selected from the group censisting of an amino acid, a peptide, a non-
glycosylated protein, a lipid, a2 ceramide, dolicol phosphate, a cyclodexfrin, an

oligosaecharide, a monosaccharide, an alkyl chain and a nucleic acid.

5. The combinatorial complex carbohydrate library of claim 2, wherein said
linker is of a length of at least 20 Angstrom.

6. The combinatorial complex carbohydrate library of claim 1, wherein said

solid support is selected from the group consisting of addressable multi-block and a
flat platform.
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10.  The combinatorial complex carbohydrate library of claim 8, wherein

each of said closed reaction chambers is of 50-1000 nanoliter in volume.

11.  The combinatorial complex carbohydrate library of claim 1, wherein said
salid support is a chip and further wherein different complex carbohydrate structures

of said plurality of addressable complex carbohydrate structures are arrange in patches

spaced not more than 2.25 mm from ane another center to center:

12.  The combinatorial complex carbohydrate library of claim 1, wherein said
solid support is of a substance selected from the group consisting of polysterene cross-
linked - with divinylbcnz_ene, polyethylene glycol-polystyrene block copolymer,
polyamides, polyacrylamide, polymethacrylamide, silica, glass, quartz, plastic and

celluiose,

13.  The combinatorial complex carbohydrate library of claim 1, wherein at
least one of said plurality of addressable complex carbohydrate structures includes at

least two contiguons saccharide units of a single species.
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least 4 saccharide units.

17.  The combinatorial complex carbohydrate library of claim 1, wherein at

least one of said plurality of addressable complex carbohydrate structures includes at
least 5 saccharide units,

18.  The combinatorial complex carbohydrate Hbrary of claim 1, wherein at

least one of said plurality of addressable complex carbohydrate structures includes at
least 6 saccharide units. |

19.  The combinatorial complex carbohydrate library of claim 1, wherein at

least one of said plurality of addressable complex carbohydrate structures includes at
least 7 saccharide units.

20.  The combinaiorial complex carbohydrate library of claim 1, wherein said
- plurality of addressable complex carbohydrate structures are a representation including
non-naturagl complex carbohydrates.
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94 450 ﬁé&g ust, 2003 101 WHAT IS CLAIMED I'S: 1. A conbinatori al
- conpl e;‘n car Sﬁ@“@%’g&’ﬁf"&f@? tonprising a plurality of addressable conpl ex
~carbohydrate strictures, each of said addressabl e conpl ex carbohydrate
structures being attached, at a dedicated |ocation, to a solid support

havi ng a pl &3.or Miie® abhmiuabHMN corfinlek! i ' L ex,f£ar bohydrate
library of claim1, wher eiagbh%t ?%%R}e%g&ggw%sgpﬁadﬁéﬁggﬁb?g E’Bﬁﬁ/‘%x

car bohyéidmaiusal comtplere sarbohgdiiatt:s 30k derived B & hufadfdoasted by a linker. 3.

The conbinatorial conplex carbohydrate library of claim?2, wherein said

| i nker "i ncludes at |east two contiguous coval ent bonds 4. The conbi natori al
conpl ex carhghydragte library of claim2, wherein said linker is selected

fromthe grédp c cemRaiarial cumples cazbehydratgelibiady ofaclaim 22 whereid at ed

pr ot ei Qe L.Pi cer ami de ol icol phosphate, a.cyclodextrin, an

D1 gos gl Soufbe il B0 shin' B Bl P om o 1 asuru el Gdobaty 5.
The comRigatori al conpl ex carbohydrate library of claim2, wherein said
linker -is of a length of at |east 20 Angstrom 6. The, conbi natori al
conpl ex carbohydrate library of claiml1l, wherein said solid support i
selected fromthe group consisting of addressable multi-block and a f
pl at form 184Auglde cpdfifinatorial complex carbohydrate library of claim 1, wherein said

S
| at

plurality of addressable complex carbohydrate structures are a representation of

domains of at least one natural complex carbohydraté.

25.  The combinatorial complex carbohydrate library of claim 24, wherein

said at least one natoral complex carbohydrate is derived from a human source.

26. A method of producing an addressable combinatorial complex

carbohydrate library, the method comprising the steps of:

(a) providing a solid support of a platform configuration and having a
plurality of locations; and _

L)) enzymaticaliy synthesizing a plurality of complex carbohydrate
strucfures, each of said plurality of complex carbohydrate structures
being attached to at least one dedeicated Iocation of sajd plurality of
locations, thereby producing the addressable combinatorial complex

carbohydrate library.



102 7. The conbinatorial conplex carbohydrate library of claim®6, wherein
said flat platformis selected fromthe group consisting of a
mcrotiterplate, a menbrane and a chip. S. The conbi nat ogjal X
carbohydrate library of claim7, wherein said mcroti terg?g\tugglgsiﬂégﬁ
addressabl e m crofabricated array of closed reaction charmers suppl enented
wth mcro-fluid systens. 9. he conbinatorial conplex carbohydrate library
of claimg, wherein said closed reactjon chanbers are arranged at a
density of éfrg‘S p'le}rl square cm 10. The conbi natorial conpl ex carbohydrate
i brary of i m "Hhe whetheidn cladimc 60 fwhéteth r i anh | § cof
50- 1000 nanoliter in volume. 11. The conbi ?&ﬁ%ﬁﬁgl é%f)l‘lrrp eiﬁgaﬁg%h%}r ilfe

| i br ar ycosmplex garhohydwte sthietuses t saibsolil syppoeris effeciedty 2 liaker.f ur t her
wherein different conplex carbohydrate strictures of said plurality of

- addressabl e conpl ex carbohydrate structures are arrange in patches spaced

not nmore th 2. e, anot.her center to..center: 12. The

conbi nat or i gs'cozn%%%thgg]o%(ﬂ%hﬁi BYREE G, faid r Inglpdesioh leastdtweol i d
suppor toohﬁgﬁbusac&b@é}t%% sel ected fromthe group consisting of pol ystereae
cross- linked with divi nyF'benzene, pol yet hyl ene gl ycol - pol ystyrene bl ock

copol ymer, pol yani des, pol yacryl arni de, pol ymet hacryl ami de, silica, glass,
quartz, plastic and cellulose. 13. The conbi natorial conplex carbohydrate

library of @ai mThe mistitod of elwim| 2% sthefbia ifd siaker B sb1adkd Yedh ROYEGRsab! ©
conpl ex carbohydrate structures includes at |east two contiguous~sace

ari'de @angisting of aniamine asjh @ peptidega Mwgeyc@gbied poteind a 1igid, & eeRinmdkor i al
conpl eﬁp aéfogédrate | i braryof claim1, wherein at |east one of said
pl ur al i}\‘c PHEHILG of e A ligeyanchedde; pumoposschatidedes akyl | east

one br . . combi natorial conpl ex carbohydrate library of claim 14,
wher ei %ﬂéﬁmﬁ%ﬂg{l&:c%ﬂ% of said at |east one branch is forned of identical
core and branching saccharide units. 16. The conbi natorial conpl ex

carbohydrate library of claim1, wherein at |east one of said plurality of

addr essabl e300npiTpe rﬁ@ﬁlbﬂmfcalﬂh?%?} WHEHeiH %dilﬁﬁdeﬂﬁ'@%f Qtlen%nﬁ%?ltaati‘}%&?%har I de

units. |I'T The conbi natorial conplex carbohydrate |1brary

wher ei Angstroineast one of said plurality of addressable conpl ex carbohydrate
structures includes at |east 5 saccharide units, 18, The conbinatori al
conpl ex carbohydrate library of claiml1l, wherein at |east cue of said

lurality of,addressable,c |.ex_car pohydrate structures includes at
P y gl. ‘The Taethod GF caim 2& wgere¥n said solid support is selected from the

group consisting of addressable multi-block and a flat platform.

32. The method of claim 31, wherein said flat platform is selected from the

group consisting of a microtiterplate, a membrane and a chip.

33, The method of claim 26, wherein said solid support is a chip and further
Wherein adjacent locations of said plurality of locations are spaced no more than 2.25

mm from one another.

34.  The method of claim 32, wherein said microtiterplate is an addressable
microfabricated array of closed reaction chambers supplemented with micro-fluid

systems.



| east 6 saccharide units, 19. The conbinatorial conpl ex carbohydrate
library of claiml1l, wherein at |east one of said plurality of addressable
conpl ex carbohydrate structures includes at |east 7 sacel?gr iu Sst%iogs. 20.
The conbi natorial conplex carbohydrate library of claiml, \ﬁn reimsad -
plurality of addressabl e conpl ex carbohydrate structures are a
representation including non-natural conplex carbohydrates. 18 August 2003
104 21- The conbi natorial conpl ex caq&ohydrate library of claim1, wherein
said plurality of addressabl e conpl ex Carbohydrate structures are a
represent ati® i nThedhadiodnst by ) i t 22

conbi natori al conpl ex car b(r)ﬁ/drag?egfmg?;ﬁﬁﬂgggﬁﬁazﬁkﬁr%ﬁgﬁ%ﬁi%e

nat ur al ateasiged e iy plided eperaqaagkasrhyved from a human source. 23. The
conbi natori al conpl ex carbohydrate library of claim?22, wherein said hunman

.. source is selected fromthe group consisting of a tissue, cells and body

" fluids. 24. [The inatorial. conplex carbohydrate |ibrary of claim1l,
wher ei n sai dgé:'pl %@#°€m5§abﬁ@r@8ﬁﬁ%ﬂf@§%@w stastionrabembess are
a represgps Lf@%oﬁi@&%i%@ﬁ at | east one natural conplex carbohydrate.

25. The conbinatorral conp ‘arbohydrate library of claim 24, wherein
said at | east one natural conplex carbohydrate is derived froma human
source. 26, A nethod of producing an addressabl e conbi natorial conpl ex

car bohydr at &7L1 b Py metlw] nichith 26/ RhiriinGaldSoltd SBEpAHE if A PLNUslhad 2
solid <su§port of a platformconfiguration and havinga plurality o

| ocat i SRkctednEroph yhe grovpaconsdsting of polystirens grassylinked| with divimab@izmxe,

car boh&%@tﬁ str%gs each of said plurality of conplex carbohydrate

st f-uct HeRtg Rbshrene blasks capalyraerd e polaatides c palyarrylansde.d
plurality of, |locatjons.. thereb rodyci ng the addressabl e conbi natori al
conpl ePOY%%?tBBWEqEE{d% Wlﬁ%ﬁﬁ%s’ é%&%ﬁ@@%@&ew $€27. The method cl ai m 26,
wherein attachi ng each of said plurality of conplex carbohydrate structures
to said solid support is effected by a |inker. 28. The nethod of claim 27,

wher ei n sai dgli nkgfe LRhIHSTF Ahith 86! in CaANid gd 29.
- The nethod of claim 27, wherei %1“ sal d ﬁhn er ?cs ggf%?’?egp}é?%%@‘ﬁ%ﬁ r?)jlfp
complex carbohydrate structures includes at least two contiguous saccharide units of a

single species.

39. The method of claim 26, wherein at least one of said plurality of

complex carbohydrate structures includes at least one branch.

-40.  The method of claim 39, wherein at least one of said at least one branch

is formed of identical core and branching saccharide units.

‘41.  The method of claim 26, wherein at least one of said plurality of

complex carbohydrate structures includes at least 4 saccharide units.

42.  The method of claim 26, wherein at least one of said plurality of

complex carbohydrate structures includes at least 5 saccharide units.



consisting of an am no acid, a peptide, a nun-glycosylated protein, a
lipid, a ceramde, dolicol phosphate, a cyclodextrin, an oligosaccharide,
a nonosaccharide, an alkyl chain and a nucleic acid. 30. g of
claim27, wherein said |linker is of a length of at |east 3 ﬂngstrom 31.
The nethod of claim 261, wherein said solid support is selected fromthe
group consisting of addressable nulti-block and a flat platform 32. The
met hod of claim 31, wherein said flatyglatformis selected fromthe group
consisting of. a mcrotiterplate, a menbrane and a chip. 33. The rret hod of
claim 26, wfekei r{ﬂﬁamethodldf@lmpm% iwherenhiap lamd éne td'feémd\'\ﬁ

adj acent cat i said plurality of |ocations are spaced ho nofe than
2,25 ﬁﬁﬁlﬁ%ﬁ‘i‘%ﬁ’g ‘g‘ﬁ‘&ﬁéﬁl ctures inqlpdesat least Gsaccharide @fits. wher ei n sai d

rri crotiterplate is an addressable mcrofabricated array of closed reaction

- chanbers supplenmented with mcro-fluid systens. 18 August 2003 106 3S,

~ The nethod gl cl am@ 3emddSeLAinehg. %’ﬁé@% Elﬁg%ﬁton ch %? S@?%lr'ﬁim éanged

at a density of 4-25 per square cm 3

each otompied:mrbs&pummﬁuc@ﬁregmdmgéﬁtle&ﬁfsaé&a}ﬂfé% noliter in volure.
37. The nethod of claim 26, wherein said solid support is of a substance

sel ected fromthe group consisting of polysterene cross-linked with
d|V|nbeenzene gBglyethylene gl ycol - pol ystyrene bl ock copol yner,
pol y

pol yani des, 4 yrethrd of clainl IGpvherein sadiphealisi of canplxagsbolyditeZ

pl astl G %nl_cel | ul ose. 3S. The nethod of claim 26, \/\herel n at |east one of
sai'd eﬁﬁmﬁﬁm%ﬁ?ﬂ%?“’&&?%%?ﬁﬁ@ﬂ@%%@@@?@ﬂw@hﬂhﬁmt | east two
conti guous saccharide units of a single species. 39. The nethod of claim
26, wherein at |least one of said plurality of conplex carbohydrate

structures 4@cl UTRS ndthd &S 1@]?& : f cl.ai.m 39, |
wherei n at | east one of sa?glag%e% glrllleag E%M‘P’%?P@E%Fb%&m cal
cor e astrichures et @ gepresanaiotimctiiihs nathdal ciSpIBR L RUILlrALAI M 26, wherein at
| east one of said plurality of conplex car ohydr ate structures includes at

| east 4 sacchari de un| ts. 42. The method of claim 26, wherein at | east one
of said pluralit Conpl ex carbohydrate structures includes at |least 5
sacchari de Ui ts qmeﬂ@@@fclaowémherﬁa saithmatwead booipbix cirbohydiftesaber ei n

at le ai
%%Eocqgt%d withh cpncf'] {mn sei/ec%ad from the group consisting of tumorogenesis,
metastasis, pregnancy, vascular disease, heart disease, neurodegenerative disease,
autoiinmune disease, infertility, allergies, embriogenesis, apoptosis, neurodegenerative

disorders and organ transplantation.

48.  The method of claim 46, wherein said natural complex carbohydrates are

derived from 2 human source.

48, The method_ of claim 48, wherein said human source is selected from the

group consisting of a tissue, cells and body fluids.

50.  The method of claim 26, wherein said plurality of complex carbohydrate

structures are a representation of domains of at least one natural complex
carbphydrate.



conpl ex carbohydrate structures includes at |east 6 saccharide units. 44.
The nmet hod of claim 26, wherein at | east one of said plurality of conplex
Car bohydrate structures includes at |east 7 saccharide unigs, . 4920868¢€
met hod of claim 26, wherein said plurality of conplex car bohygr ate
structures are a representation including non-natural conplex
carbohydrates. 46. The nethod of claim 26, wherein said plurality of
conpl ex carbohydrate struuctures areig representation including natural
conpl ex carbohydrates. 47. The method of claim 46, wherein said natural
conpl ex car bbhydriiesnethed ofselainal®dwhitdin ssaid i lehstnose naokal cohgpied he
group consi,sti ng ,of t.urH) ogenesi s, netastasis, pregnancy, vascul ar

di seasé€” it$ dedye f’f@ HHUYPEASPHECve di sease, autoi mmune di sease,
infertility, allergies, enbriogenesis, apoptosis neurodegenerative

. disorders and organ transplantation. 48. The nethod of claim46, wherein

sai d naturalggco tﬁs,ﬁg r i hyman .sai ree. 49.
The nmethod o c%ﬁqﬁ%?‘g\%ﬁg?g’ﬁn S %cﬁa‘l@gﬁi g%lﬁ)%@&ﬂﬁgé %% theing;an
group mﬁg},sﬁémﬂgﬁdemﬁbﬁﬁﬂg,ﬂl@gdeb§oﬁnd body fluids. 50- The nethod of
claim 26, ‘wherein said plurality of conplex carbohydrate structures are a

represent at (@ oprethmig anoaddresdabis combinaiaiisll 8ompREP babohydide Niaat e. 1
8 August 2003 108 51. The nethod of claim50, wherein said at |east "one
nat ural conpl ex Y¥arbohydrate is derived froma human source. 52. A nethod

of .identifying a_ gonplex .carbohydrate capable of binding an entity, the
met hod conpri si néﬁt hePE‘E"ﬁé‘a{;fl&ﬁS 15{5 '%laﬁﬁmm@@mw awhbavingari al

conpl ex carbohydrate |ibr I roviding a solid support of a

pl atf orm confi gurati oﬁhgﬁ@{yyh%%ﬁ%ﬁ%és’ éﬁ]@r ality of locations; and (ii)
enzymati cal |y synpiesi 5%5' g}g a%,u i %‘Zﬂé r ctures,
each of said pl u@éri t)lf/: %%crrp e@g’]ﬂér 0 cﬁ g)?ggj aﬁés% %gc({ag‘gglgkﬁéﬁhﬁﬁgched
to at |east one dedi cafregiut@Catdch off s8R Chluki] abftd‘mﬁgl Blh &g&a her eby
produci ng the addressabl e conbinatori al (C:iz)rrpl ig( car boh d%?gt e |l rar%; and
(b) screening sai d addirastusds wing attachetddoistleasb opé dedicatdddoyai@i of kailr ar y

-Wwth'the entity for ident i,fyin&tg the conpl ex carbohydrate, capable of
bi ndi ng the entity. 5Blurahly nef nlgatiens| themeby, mundveing shed addrésssbles

selected fromthe grou consi.sti ng ,of o} ei. ns coded by an EST library,
and proteins extract eﬁgmpmt%f’fﬁé:f)ﬂ'ﬂﬂf’x Cgr%"i'}'drate ibrary; and
(b)  screening said addressable combinatorial complex carbohydrate library
with the entity for identifying the complex carbohydrate capable of

binding the entity.

53, The method of claim 52, wherein said entity is selected from the group
consisting of proteins encoded by anp EST library, and proteins exfracted from a natural
spurce,

54.  The method of claim 52, wherein the -entity is a candidate for a
biologically active material, the method serves for identifying a complex carbohydrate

which is a target for said candidate for a biologically active material.

55,  The method of claim 52, wherein the entity is 2 ligand known to bind a
specific natural complex carbohydrate and further wherein said addressable



source, 54. The nethod of claim52, wherein the entity is a candidate for a
biologically active material, the nethod serves for identifying a conpl ex
carbohydrate which is a target for said candidate for a tq'ggl,_@gép@bhy
active material. 55, The nethod of claim52, wherein the entity is a ligand
known to bind a specific natural conplex carbohydrate, and further wherein
sai d addressabl e 18 August 2003 109 conbinatorial conplex carbohydrate
library is a representation of donai n!sf of said specific natural conplex
car bohydrate, the nmethod serves for i 3ntifyi ng a specific domain of said
donmai ngowthi L b i : gnngt 1 0S¢ -dj ser by
sel f or norfﬁstgﬁ?pggﬁl e}g chi(':th;h oh;}gggbtre st rgg%‘gfgesgﬂﬂgﬁgﬂeﬁ @?F%E&oﬁ?ggﬂ

ant i bodpesificheaterd aonsplex tdaebatnidiae, tieormthed Berviel of i8aRIfHingd @) spREACi Ng
an addr essabl e conbi natori al conplex carbohydrate library “representing the
- sel f odomsin eEraiddomaiax widelbbinddsaiddigamt. (i) providing a solid support of
“a platformconfiguration and having a plurality of locations; and (ii)
enzymatically synthesizing a plurality of conplex carbohydrate structures,

each of sai @gpl ural | f | ex carbohydrate, structures being attached
to at Ieastgghe ddgdénc%ﬁ\@d q%gg%%%ﬁngf as§¥58r8$l byapely obrnqnsselfi eptaplesher eby

pr oduci dgessaRise oni.fAatar i ¢ I drate |ibrary: and
(b) reg%?iqhg&gagigd add?ltegsssa Peréggﬁ#natgti%gﬁ%l g@é%g%ﬂﬁ‘;dﬁ}ﬂem ary

wi th ashmprdingsthédetdpeed: from a patient suspected of having the disorder to
t hereby generate a pattern of said |locations to which said anti bodies

bi nd, such €#at psoduoingaanngidressdbieatombinareridl mxh)fal&wncﬁbbhj?dx@tc library
characterizing a healthy individual, a diagnosis of said disorder is

obtai nabl e. 18 Afprescntipgthe seif synomselficpmplexearbohydnatesdyt:i br ary
conprising a plutality of, .conpl ex carbohydrate structures each being
attached at a spbji fiﬁf‘ﬁﬂﬁm&%ﬁ&werﬁC{#faaﬁqaﬁﬁr%ﬁoaﬁgmmmmaeach

of said plurality OfHﬁRE@%e&JSE‘.{tEo%QV%é&“e structures i s conposed of at
an

| east 2 and no nore t sacchart units and whereas at | east one

conpl ex car bohydyiat e %%w }mggés' 7 i rate

st ?Ectures IS g B?tanche C()tirgf’:)!i131 )ngcar bgzrﬁ%%?gdrﬁgt\#égcg%%f%%?&g@hga%%re

defined by said addrestswdtines) oesthi @f i gﬂMfy saf ch@ﬁlg@*. cﬁﬁ{oh}_ﬁf‘atc@()”p' ex
Ity”o

carbohydrate library of claim57, wherein each of said plura
: structures being attached to at least one dedicated location of said

plurality of locations, .thereby producing the addressable
combinatorial complex cafbohydratc library; and

(b)  reacting said addressable combinatorial complex carbohydrate Iibrary

with antibodies derived from a patient suspected of having the disorder

to thereby generate a pattern of said locations to which said antibodies

bind, such that by comparing said patten with a known pattern

characterizing a healthy individpal, a diagnosis of said disorder is

obtainable,



conpl ex carbohydrate structures is covalently attached to said single solid
support via a reducing end thereof. 59. The conpl ex carbohydrate library

of claimb57, wherein each of said plurality of conplex ¢ r _
structures is attached to said single solid support via aquggégzﬁﬁgid
| i nker including an ethyl englycol derivative, at |east one cyanuric
chloride derivative and an anilino gn?gp.

57. A complex carbohydrate library comprising a plurality of complex carbohydrate
structures each being attached at a specific and addressable location of an array, wherein each of
said plurality of complex carbohydrate structures is composed of at least 2 and no more than 20
saccharide units and whereas at least one complex carbohydrate structure of said plurality of
complex carbohydrate structures is a branched complex carbohydrate having a single structure

defined by said addressable location thereof on said array.

58. The complex carbohydrate library of claim 57, wherein each of said plurality of
complex carbohydrate structures is covalently attached to said single solid support via a reducing

end thereof.

59. The complex carbohydrate library of claim 57, wherein each of said plurality of
complex carbohydrate structures is attached to said single solid support via a linker, said linker

including an ethylenglycol derivative, at least one cyanuric chloride derivative and an anilino

group.





