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20 DRUG DISCOVERY

) Modern pharmaceutical research and development was instated with the
transition 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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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 compounds 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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difficult to sykPRbinaterial Aibrarigsecanl be, further cateponmdordcatdidBioMbgugpe 2003
of molecules represented in the library, which can include, (i) small chemical |
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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" employed; and (iv) the structural complexity of the final product (e.g., linear vs.

branched molecules).

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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t echni ques
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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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Mode of conbi nafwokddr tSmctdendagepnnlys, Rdbetd ehd nGhlab:OMiBRARARipaias + + + +

Eor }are utlhzed 1n h1gh+ﬂx;ou§h;utgc;ee;mg (%Ql" )lagsxalytsyhl_ 81\,(\:/ pl\f:sbtl eﬁ%ls igsax\sél ont
were basically upscaled laboratory assays. As such, and depending on the
diversity of the screened molecules, the adaptation of a relatively simple assay

5 to HTS involved miniaturization and automation of liquid handling, such that a
large n_umber oi_‘ independent molecules can be screened relatively rapidly. -
Presently, more integrative approaches to HTS are developed and implemente&.
These approacheé are referred to as 'Ultra Technologies' (UT, Sittampalam,
1997) or 'New Technologies' (NT, Burbaum, 1997). Such HTS methodologiés

10 vary between the split-and-pool or parallel synthesis methods. In the split-and-
pool synthesis method the microparticles are used both for synthesis and for
screening by pre treatment with assay reagents (Stinson, ..1998). Improving the
parallel synthesis methods necessitated additional miniaturization of the support
matrix (Cargill, 1997). For example, if 106 compounds aretested against 200

15 probes each year, this translates to 2x108 assays. If such assays are employed at
a well volume of 100 pl each, containing 10 pl of the test compound of an

" approximal molecular weight of 500 g/mol, would require roughly two million
microtiter plates of 96 wells, 20,000 liters of each target solution and 100 grams
of each of the compounds.

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



Aigoner (HMW) One bond at a time Several bonds a tine One reaction
type Several reaction types Linear oligomer One Branch in nol ecul e

Hi ghly Branched nolecules + + + + + + + + 18 August 2003 VWADQUst2002
Screening nethods |solation and analysis Encoded Spatially Addressable
Aut onat i on WaIYf4% oparticles libraries Pre treatment of rChaLoohemss with
the screening assay Radio frequency tags b) Addressable arrays 96
wel | -based HTS-NTL. 8 TABLE 1 (Continued) + + + + + + + + ++ + + + +

10

semiconductor indusfry, synthesis and analysis of nanoliter reaction volumes
can be effected, such that a single four square-inch silicon wafer can support
107 separate synthesis and bioassay reactions (Cheng, 1998)." |

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.

TABLE 1
Combinatorial libraries categorization

Category Small Nucleic Amino Acids
chemical Acids ates
molecules

Platform

Solution

Chemical support
Biological support
Computer

+ o+ + 4

+ 4+ + +

+ + 4+
|

Synthesis

chemically synthesized
in vive via'molecular
biology '

ir vitro via enzymatic ’ + + - + -
synthesis :
in silico via computer + + + -
algorithm

+
+
+ +
+

Mode of combinatorial

Split-and-pool T4 +
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

+ 1+ + +
+ 1+ 1+ + 4+
1+ o+

+ 1

+F L+t F
+ 4t




+ + + |l egend: +: available; -: non available. PCT/ILOO 00099 + In spite of
t he abundance -of carbohydrates in nature and their inportant 5 role in
many bi ol ogi cal processes, highly diversified and conpl ex d&rvghstdOase

| i brari es have not been denonstrated (Borman, 1996). Moreover, although
solid phaswoghdsiizal synthesis of glycosidic bond pr oductp%mm@@gposed
al nost 30 years ago (Frechest, 1971, 1972; Guthrie, 1971), chem cal

synt hesi s of carbohydrate conbl natoriml libraries has onl y been -
denonstrated in recent 10 yearFABLKI1¢Centiouéd)e | i mtations of chenical
synthesis as further detalled hereinunder, such librariefp constitute

rat her si nmpireniggepds of spl ubl e untagged trisaccharide cpnstituents.

Hi ndsgaul and co-workers fenonstrated a "random gl ycosyl afion'" chem cal
appr oach tg"tj"e:})"r"%ar“vs‘éynt hesi s*whi ch i nvbl ves couplfing a pfotécted 15

gl ycosyl Jl%ﬁly)léfd 2 sugar aﬁcept or co:bt ai ni ng 3*5 free hydifoxyls, to
produce a m xture O]P 8 distinct carbohydrate products (Rani e, 1995).
Accordi ng AGomdibd S et hod followi ng a glycosylation stepjthe protecting
groups are renoved, and [he coupled products are then separated fromthe
starting nmeseeditiari de puil di ng bl ocks via reverse phasge chromat ography.
18 August %988s WD 00/ 4941p PCT/1L00/ 00099 9 Boons and cofworkers reported
a somewhat nore direct chem cal synthesis approach. To ensure the fornmation
of regi osp?ﬂ?’i&ffg‘éf cosidjc *tinkages, they synthésized tn protected

di sacchari gé>dccept Im§ coptaining one free hydroxyl group each. Each

prot ect ed acceptor was separately reacted with 5 a glycosyl donor to form
32 defi nedrdicgacedatd des.} The. di saccharj de products were then mxed, a
deprotection procedure was enployed and the m xture was [split into four
subgroups. bBdehsBleggyoup Wwas then reacted with a different donor to give
four libraries, each cont@ining 64 trisaccharides. Finallly, the products
wer e separg W%Eiaf‘igl a tedl ous p’rocedure df si ze-exclusion (10 ehronat ography
(BOOI’]S "—‘"T_—QL'*: —————————————————— Ol 8- Cd onhinatorital car llQ:ﬁ%édLﬁI&:' i br ary
on a solid" ‘1.16p"’6?‘1fb"’vva§°"d?%‘ﬁstrat ed by Kahne and co-workers (Liang, 1996).
U S Pat. No. 5,700,916 teaches in this respect a carbohydrate library-.
consisting of 1 ol i | i brar

synt hesi zed u&ﬁg&)tl e&gg?ﬂbuﬁﬁ ac%{dcé@ﬁg&%{égacﬂ% c%‘ftqelr g }Z{ta‘\élaffer ent
gl ycosy5 dororis maoy dicdogichf mbedses, highly diversified and complcx carbohydrate

- libraries have not been demonstrated (Borman, 1996). Moreover, 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 apprqach 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.



pol ymer - bound acceptors enpl oyi ng gl ycosyl ati on met hods i ncor porati ng
anoneric sul foxide as a glycosyl donor. Chem cal methods of preparing
conbi natorial carbohydrate libraries were also described bh§Asigusr2@03ot her.
research groups (Rademann, 1996; 20 Rodebaugh, 1997; Liang 1997, revi ewed
by Kahne, 199apagaya, 1997, WO 97/34623; WO 97/ 35202; WO 908 40R0se VIO
98/ 40410; and U. S. Pat. No. 5,780,603). The above nethods di scl ose

chem cally prepared carbohydrate |ibraries in which the carbohydrate
constituents ar 8oans aahlecotworkenoremuigdr a sRhdihat vindr@ ditete oshesliical bond, or

alternativel y.carbohydrate constituents, of |ow 25 structural conplexity
such as | oﬁﬁ%{t&ﬁw o?ﬂ%?ﬂﬁ?‘yva  finspisa s formafion ofjegiospedifie i glaeosidieh 0- 1

br anchi ng. LGe Pl g A
ranchi ng. 1MREges! @E@@a}gﬂlﬁs&cﬁﬂiﬁ Ep é&ec?hls?ﬁ@@fgiﬁ@%&e%g?rg‘cggn" (Sin%\\’\?)fx% armi de

denonstrated to be capabl e of acl ng yCOSI

bonds, t hefeioyhydomxyl ggoup’ eamhb daeh postdsted edéepairams, scpRAbly acudtedokitieot i des”
(McDevi tt, 1%9%% I8r W th SOJ%h‘i%%god}ester_ bonds, thereby formng

" car bonticl 80t oEE dongy tedegs §l disagcharidles Thoolisapchapiemedyets

PCT/ 1 LOO/ 0QRS. h i de- G, .| .ar ructurally
nore conpl ex ?Hpaeﬂ mg!reteiilig%Qﬁ%@?ﬁﬁ%@%ﬁgigﬁg%?g? ggﬁ%% ?:’t(‘:])srrpl exity

| evel is faplif indenformsubgronpsat Each lsybgoupirwdsnthes aeptted veidh Rodiyidfeat es (for
exanpl e, see Figure 1%}1. m .and co-workers (Wng, 1998) chemically

synt hesi ze{°RYr & S5 Chtfur df 8“%‘%(5’6?(1% cptaring @t wisrechasdes. s diteally, ke y
removabl e ti r : 01yl el en har i de-m neti¢c with four
or t hogonal B{éﬁ}%%si ig{:egbo s.te(;kl Pﬁouaghg%cg? ohé‘g’?'g e icg?a%?eégxc&\lm?q mted
conpl exdt y chewetbprephy BounBeBowyd usi ng various cheni cal methods, a

conbinatorial Iiprary of conplex carbohydrates with a high rank of

structural conpb@%ricyl spatBess iofg ermbinatorizh cabehydntec iblaohptrasdid (e. g. |
hi ghly bra t .V een r qduced. Eur rguore,
synt hesi zin sgtc 5{ P%&%%ﬁ%te&lug? r%a%gﬁ aag A EPSeaﬂﬁlég’g‘I%ggb{ wﬁt 5is

approach whioch, 7009116 temdlal én KEPrebpsetrLEH oY dRite VR4 dbnsie@As b 13@Nt s has
. never been?%rgo(? sed or.discussed by the prior art (see Table | above). 15
This is pot&eH g‘l'cﬂi@ §aeaveridee tThishlprapnh wes sxnthesizadesing theespisandare stil |

| ded i 21 ‘ i tection.sty i es,
ok ng heP0%) SpARAUE Ry REUGAAG 16 PEALERE WNGREP bSO M ke RLor 1o
t he conpl epdlymeribhendofcdefionsit empld9H. diycospiation! aiekiadded iddodsorktthgenconpass

all the possible | if]ea and branched isonmers of a hexaner oligosaccharide,
mor e t han” 48PM°THR ! %&‘{GW%IWQPé'l demdr- forns woul d be needed (Laine, 1994).

Synthesi s of_SUCHeRRaPlt@iodsBY! Slefstinly R ABlafRHal P¥ar Bt Rl Rbrafi hEST S

method utilizing s tive
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).



protection-deprotection groups. In such a nethod the formati on of m xtures
of anoners which disable or ternm nate directed carbohydrate specific chain
formati on i s unavoi dable, and as such controlling the forna8iAogustf208ach 25
anoneric cepters generated during synthesis, is inpossible. In order to

synt hesi ze ‘X%Pr%?s’ﬂgt orial libraries of conplex carbohydrat esrméstoboshi gh
order of conplexity and diversity one nust seek alternative, non- chem cal,
nmet hods ofAZtént eﬂ?s. En%nﬁs are higl. fidelity biocatalists which are in
preval ent us&%t ace s PRt HEgicic dPrBy i PlenctemBy uners. complexdhan enzynes

can be enppeyrR@siybytht8i-649 - 1L 00099 11

car bohy_dpg%e ;ﬁ?\l{yhggi S et hﬁ%ﬁ%ﬁ%@ggﬁ)ﬁ%ﬁg};}g\% W% 8%‘3@?1?% tations
i nherent  tRatIREY wePwringreomplexiarbohyslyateh@sr exammileads Figpg yyrat i ¢ synt hesi s
of glycosidic 8nds dis Igﬁz hi gd1 stereg- and regi oselectivity, and as
such, the enpl oyient™ % ?@?ﬁ‘é% Mongne 1998 wbemically swrhtsisedc aotsohydr at es
abol i-shes &ildﬂfg BRERE: H8th Ruely .t he probl ens

i nherent to the i nc%rpqr at | oﬁ?%gﬁsucfggggl tgg{bgaﬂlgglﬁ%%?ﬁgg gfo.(ilé)ﬁ’sto(erout,
1998) . NatXifld appplaspechavide-mipmeis with four prtasgdmt glysosiiedbdatgsynt hesi s of

gl ycosi di ¢ ben see Tabl bel. ow), The basi ¢ commopn .di vi si on segregat es
t hese enzynes g@&%ﬁ”& nﬁa'%BﬁY%@teLé&é‘%‘Fespé’%hfﬁyte@Lé‘PmPFQXltYQMye abrgnt he non 10
Lel oi r patsyneigsizé®lidhs vRBALIVEN YRR i for .t he biosynthesis
of nost I\dl-y and O i n%gd gl ycogﬁ%ﬁel nsoc%hgcé@%@%@@é@?&ﬁf&ﬁ%@@ﬁ n

manmel i an caghpdiydrates With Alhiginkeok pdtdmeiurbin¢ohpRitg Yebdthbligd nRiupgy Nt hesi s
of a dl%l i cchol ){)yr%‘%ﬁg horyl ol i ggsaccharide internediate 1n the

endopl asni QmpleR <Ay @@t% oNghly branehedestypafimgeodps not gt flmenses. This
ol i gosacchasdudegst r. 5 s further .gl ucosyl ati and is then
tra}nsferrgjgévi a an o_= :éggosl{aetc#gﬁll%gg?’ afe erlgg%n ouﬁwga%a?cgg?ﬁé‘gﬂﬁsi dues of
a grow ng peesbcl denthisis napptécedil elhith $Q8R) enMbleOfapid sticBRMPOLE Lbpdp the Col gi

appar at us éGﬁ% thgégl ucoi)e ~and sone nannose_residues are renove y

gl ycosi daS8SSHBEHBPRBRevEr bgen Propeptchendiserssediby thginiior o fdecifabbshcchar i des
are then aggy). sequentially by 20 glycosyltransfrases in the GA in a
process known as O-linked glycosylation, which is initiated in the GA by
the addition ofhi impoeshiyoduerfodie vt Siedtichemidal syitheasneholsardstilg! ycosi di ¢
bond and %90? i eﬁ“@b t he sequential addition of nonosaccharides

(Kor nf el d, @%@j}f B srlgpitteapratestion/deprotection simtogieshmalinguthe | i ze onl y

ol ofGuRn e S SASER THIRARELNT o BTl B bR 20
thereof (Grout, 1998). It was calculated that to encompass all the possible linear -
and branched isomers of 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



WD 00/ 49412 12 TABLE 2 Enzyne types used for in vitro synthesis of

gl ycosidi c bonds E ne typelLeavi ng groupRef erence Phosphoryl ase- O PO3Hassi d,
1950 d ycosidase-OR;, For -OHNi | sson, 1988 Transgl ycosi dase1®A8gg=t2008 -

- 0- RSchenkman, 1991 d ycosyl transferase-0-UDP; -O GDP; Hunez, 1980 -0-CWP 5

TABLE 3 QYWOd%¥d4x ansferases of the Lel oir pathway PCT/IIT%E{,I%}%&
EnzymeDonor Q ucosyl transferaseUri di nedi ho hate-d ucose UDP-A ¢

N- Act yl gl ucosam nyl transf eraseUr i di nedi phosphate- N acety] gl ucosearmirie
(UDP- G cNegrbchydreteosynithassnmbthiod sehich divorldi thhabbad endaaibaéD SigildkibR: Gal )

N- Act yl gal ctosam nyl transf eraselri di nedi phosphat e- N-acet yl gal ct oseam ne
(UDP-~ Gal NARCR&H, ﬁ%ﬁi’? PFSB&F&%&%@HMP@W@@&E%& hEneymetimswshabrofan) Fucos

| onoor aoobpuaic bad oyl B BUAR° anGREUALE B & AR me
Si al yi t r anemploysw0y of snmadep o dphatehdsisac tothpRir @bdliydraed Sbdieh® NeuAc)
10 _.Thf n&g— Lel OL.r Era hv%y enpl oys addi ti onal nonosacchari des, such as

ani oni ¢ or TSRS K4 Gzﬁﬂ Monemeks and nggatey the) probiems inkérenintcdid s. A very
di ver se popkofforatRin Fadbh bR ed BN ' - Wh are not utilized by

ei ther pat h\/\g{/ (e.0., rhgrm%ést% angﬁggg%?%éo e; ué\glgggbabl e 4 below) are also
present in ni cris¥ryasinpieys fiantypeand bmwetdse rabe 3ikdObissyntd89; ofengl i ng,
1998). 15 'IiABLEdlA l\/bréoziae%;fu%%g resents only in mcroorganisnms and plants .
(A eeson, SYERAiRd0Rds ksekalabip2s - herbasie GpamMms divisiernsesegatesr i de f ound

in i cr 0or GaR SREmANSbdoRtiRy 8"thS LA gARhvdy" (BALTRY§I AL ARTpln ani mel s

10 Leloir pathway. Leloir pathway enzymes are responsible for the biosynthesis of
most N- and O-linked glycoproteins and other glycoconjugates in mammalian
systems. The N-linked pathway involves an initial biosynthesis of a dolichol
pyrophosphoryl oligosaccharide intermediate in the endoplasmic reticulum by
manmosyl and N-Acetylglucosyl transferases. This oligosaccharide structure

15 undergoes further glucosylation and is then transferred via an
oligosaccharidetransferase to an aspargine residues of a growing peptide chain

- - (Kornfeld, 1985). Prior to transport into the Golgi apparatus (GA), the glucose
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).



Ar abi nosed ucose Api oseGal act ose Fruct oseMannose (Gl acturoni ¢ aci dFucose
RhamoseX | ase Aceric Acid 3-C-carbox -5-deox |-x | oseN-Ace 1 |ucosam ne
Ace | va] actosami ne d ucuronic acid 18 August 2003 WO 00/ 4948 August 2003
PCT/ 1 LOQO' 00099 13 Two main strategies have been proposed for in vitro
enzyne cat al 2% nt hesi s of ol i gosaccharide. According treTib@ebiss st
strategy, glycosidases or glycosyl hydrolases are enployed in a reverse
hydrol ysis reaction (WO 87/05936; WJ28/40512; and U.S. Pat.  No.’
5,532,147, Nlsson 1988 and 1996TABLJ2t | 1997), while accor di ng to the
second strat egy: "@PWE&WFFF%@P‘M&E&SM#@S!@WM&Mbomdssequent| al

synt hesi s_met hod (Nunez, 1980; Toone, 1989). Due to the high yields and

st er eo- apkhzyregiresel ect | \;l;@_;__pﬂb.iﬂ city di §keyed by Theé] second strategy

N

it

i s consi detheghdysdbe t he preperred approach mtdavesd, 1991, Wong, 1992). The

second st p@egdse which ig-extrensbvel y di s¢ussediogn the grior 10 art (see,

for exanpl Bansgcesidese 1998 -Waietror-19987; | chi| kavdman @97 ; ng, 1996; U. S
Pat. No. BO!B8Sitgydreseand \\®-UBH:32A92), was | &l aisbed for |t he synthesis of

very nar rlew—+ange—of ol 4ds8MRharide ol edul es; rangingjfrom?2 to 5 units

a

in ﬁf utiIizing seven of the eight Leloir nonosaccharide species forned
with only

0-1 branching bonds. 15 In nature, the use in conbinations of

all four types of enzymes (see TabABLEX above) produces a conplex array of

ol i gosaccharides. On (heosplivensfornseds ofiite)Leloit puthakeiyCr i ptions-of combi ned
nethods of _enzymatjic in vitro glycosidic bond synthesis were recorded.

Such nett‘wi_:momnbi nation, a glycosidase and & 20
gl ycosyl tirGwsflemsfgee ( 3- gal act 03 Udéiseipi@adaaGi{cdse BJrptad) yl transferase) to

produce g V-itzuwrinivgetek ol i ¢osdictbiahadoy-peggiteksnid Mepr-mann,  1993;
Ni | sson 1)988). Alternatively |§iNAgnsgl ycosi dase can al so_be used in

conbi nat i ﬁ&%ﬂﬁﬁm—abw
cruzi, So e‘?fl%’rlf"éﬁmsam‘i@@ff‘m"u

lea
NG

aw.
i
1
U
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=

1- phOSph Lﬂfmﬁ{’gﬁ% t- o2 —25—keto—Sugars—has—al so--been—desct
ylttansferase = 0 T %mgup asphate;Mangose (GDPMam) « o 0 o
}Ehe 195.0 y ﬁSféfasclvau) quL Guamdm(& 1p sphate-Fucoss (G j’F 54 r\':‘ul:nr\r r e Je?:
nzymat| d IS FanllsC 0P S A RN L B TR oront ang DYty o+ ep first.
. | 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., rhamnose and arabinose; see Table 4 below) are also present in

microorganisms, plants and invertebrates (Oths, 1990; Mengling, 1998).
15

TABLE 4
Monosacckande 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

Yritingdiphosphpte-GaletospifdDPeGall| | dase from Jr ypanosona
?a‘f“i‘fé‘PP%’Fa‘ﬁfﬁ‘tss‘ﬁﬁtﬂOVm@e(UPb transfer a sugar

Sy o has—al-so-been descri-bed ag ear|y as



proposed in the 1980s by Zehavi et al. (1983 and 1984). Zehavi and
co-workers attached a glycosyl unit to 4-hydroxynethyl-3-njt robggwgt eto
create a 30 photolabile linker. This saccharide-linker was 6‘88‘1’ an .
am no 18 August 2003 WO 00/49412 PCT/1L00/ 00099 14 functionalized

wat er - conp@oidketisupport, such as pol yacryl am de-gel pol Y@y adifpesp©! YVi NYI
al cohol, via an am de |inkage (Zehavi, 1984). The pol yner-boun gl ycosi de
was then gal actosyl ated using 1,4 gailmactosyltransferase. By combi ning

chemi cal synt hEwosmsineimtegianiaw bdengropeseil et i vBMOaizynRe &yl ongat i on
steps, the stgl i.d-ghflse chenp-enzymatjc synthesis of the Lews™ X

gl ycopet i PEVRHYS bR IEP@F&&’E@ - 149eprdiyg; tozthe fiystyytrategy, \@ygosidesesyen hesi s of a
si al yl at ediidppge ri.des i:ne_coniugaie.in which.he.g-2 6 sialyl
resi due V\gg‘é eﬁgyﬁ%(tﬁ?gg%y&gdﬁg@%%&aﬂc e%glé}égglwdsrﬁir}tsﬁeg?afgar'o@ggsacchari de
( Unver zag87/03936 )WHeRR/#eel?; ehd ELS cRht. No. R68H,14QNilesq, Y IvRRia6d39oshesi s of a

10 sialyl | S antigen has_al so. been acconplished on an activated
sili cag sg‘}ﬁ’s{; rllt‘;s?isc‘ﬁ@‘? afcorqgg Ay thegecong stademshtglmeosyliransfeemsesearei n

rel ativel ¥mpiogbd ivh &d 51%9&%' ' SRR osyl ation steps
whi ch r esurfl?gg i ?1 fou#éng%ats cglggssacc da¢I-|i“§1§Z’uni tg% %’!r’ﬁ%ﬂgg@e%w 2. An

excel | ent thei bigh wablsatwb steemr hedl refioselédiioe Sapetifivil Sdighlaged bycaieept i de via
enzymati c I%{go?\%_ ati.on of .a._15 polyethyl enegl ycol - pol yacryl anm de copol yner.
sol i d supif’gP ENBicgY 1t 19 songidered tabe the Recterrast epriogclo(Dawid, 1991;

car bohydr degdame Leal 1.-aee Kl .. | ags,tag, behind that of
ot her cl a?tsoglg’ g?”r?bﬁlzacui ggﬂt?%%thégsw }B(rﬂg% e‘%‘g@%e&l’ flgcﬁlsgadil% Py

attri but eatt (wef frr axampdd,| Giwuk,i 19980 Wait) B07] wWhltkwAN097CHBNCIegs1 Ve

synt hesi h applicabl e faor producing diverse and conp ex_20
car bo hydf‘iﬁﬁ’@g i@?'egﬁ 83504 ang NP WBUS2Dowgsirxleitedafor thsosyimthisistafcul t t o

synt hesi zg I ot ad ible to enpl oy .t abave descri bed
prior ar t_vﬁtg?ﬁgﬁ?a ?‘(ﬁ;lrggZogé)#g%)%{scélé}%ﬁeré%fl%?@e?’%%ng i@?ﬁ éttf)% "5 r ee aspects
of car boryay etileimgesivenndithe €fllidbit ynoadsaddhaediaipesics YorhRuRvigXsRYSi vel y

st udi ed: 6# sgﬁcific interference 25 with biosynthesis of bacterial
cell-wal ™ JOR{l898) ; (ii), unique markers to malignant tunors

o} ~ 199%: 998). i ci pad | f |- surface
o Bom Cenar: dn neRRE e ud i Homiiitionl bl A B oSl n o sBE Tapte o101 2% oy

i nf ect i oré amdrepptddubara chrhplex afthy af bigoseSihaHAes. 108 Bl olifiamadaakpct s of
car bohydrat e, nedi'¢i nal ,chem stry and biochem stry 30 were studied using

cheni cal Iy ¥s§FEHRUPIScof eopmest Teethedshgtiprmmnasiseisi waro glgcosidjudon@003 WO
00/ 49412 gynthesis 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 unit to 4-hydroxymethyl-3-nitrobenzoate to create a

30 photolabile linker. This saccharide-linker was coupled to an amino



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 chemical synthesis process and8&sigest@9080

di verse conbinatorial libraries produced thereof, inpedes significant
progress i W@p/44R2iel d. 5 For exanple, the CarbBank dat abagg{deaimes €X

Car bohydrate Structure Database-CCSD) includes 48,956 records (22,048
uni que structures) which were derived from published articles and were
conpi | ed bynetinalizesd grater-aominasibls suppprtpjsedt aSpohyaeryifardeqdey poligerResear ch

Cent er C%?(B S car bohydr at e re ed accaordiing to their
conpl exi(ty i lﬁ%ragc%oil\}ﬂ? é‘xtaﬁﬁ ?g@l?agg (%gg"qt W‘anrﬁ'&eld@ Bén@*mlriched

mol ecul ar @{¢dsidelk @Sthth ahladioSylRiea Gkinsal ' j o synthesi ze using
pr esent dag?/ychem' cal sy%t ﬁesig% r?et Efgg?."k é?léitﬂrg%qﬁéh%ﬁg&hi st ogram

representing t Ry eombining chemicali synplesisestepyalong obith e @fic @hgarsugar

resi dues e 1.0: the coppl ex,.carbohydrates found in the CarbBank

dat abage. %?‘?‘hég%%a%gﬂ S-?@Fb&gfsoﬁﬁl‘lpﬁﬁ?ec BifpPymescsyRiesiacé e kewihe dat abase
15 posses % gycoplidt s Ehlodalls W09, S@ikz, 997 IPHs! GeiP KOLOGALSs 8F o SUCh
conpl ex carbohydrates has not been extensively practiced, in particular
not in cortadwetedf unedacataraliarideRispdrigingl tomjagats einf whidlethe QIPGUEIERA when one
W shes torgsgglfetruct .a comﬂ&'ng‘idgeri al I'hbrar of such entities,

necessi t athy paralfeérmaicaliyeaddeddo 4 chemigsllysynthesized deesspraheride

car bohydr @tagerzA%, 1998) his| ‘ t ga i cal synt hesi s. hods to
synt hesi zg_Uconbff%at qria)al apg%ygﬁg?g&ald regcggg%g} %glm%f Sy@&feﬁﬁ%‘? ate
entitils sialyted Fraviadduntigahhid slbgdeed hecamplisheAlsh an WGl L&eINi zed

need for, _and ] uld highly advantageous to have, methods for
synt hesi z{* %@Sé@\ﬁ‘@énEﬁ%)co%%glycgﬁsm@pbwm@m@ sordatietlprhigh | i brari es

of subst aRtdi&d ke | exl diversity., .18 st. 2003 16
SUMRRY OF THET EEVIEEN%%?}[“X% 8%?38?%%& g@@%e]a%"s“psgt&’s 8’)("%@5@?%2‘8@“{ nventi on
there is pkashiededccharidoniitnahdahé pbptéddTpAexcall iR elE 3t dlddPFepbyedOnpri si ng

a plurali addressabl e conpl ex carbohydrate structures, each of the
addressabltf%r g%?rp?yé%hisésr HdhypdrBhysopertideu ciiar euzysedtisg glycaspltidn of a dedi cat ed

| ocat i1on, pbRef ol J I r.,m__conf ti,an, According to
oot hor " aLog ety RaleLcSHRRRky ALY Sor g el Nupb B YRR 8L, g of
produci ng an alidrédsaliice dieotirpasOmedl cadoRy ekt ashRAY ghatfchitkapry, the

met hod conpr i, si t teps of (a) providing a solid support of a platform
confi gur a?geaﬁs %{ﬂg qué&epﬁgefgn%ﬂmt@&ioﬂ}er@ﬂasses ot molecules, such as proteins.

This lag is mostly atfributed 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.



| 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 | ocat il®Aughstt2063
plurality of |ocations, thereby producing the addressabl e conbi natori al
conpl ex caMsYlgeiate |ibrary. According to further featurgsriigeResf erred
enbodi nents of- the invention described below attaching each of the
addressabl e conpl ex carbohydrate strugtures to the solid support is

ef fect ed byyatheiipkemplexcembdiyalgatbo haté provenrtbher ad tapottas thel fopgnslescri bed
preferred g‘r;d?od;]rrew S tﬁhe | i nkgr igcl élges at | east two contiguous coval ent
bonds. Accaydi P S SO PPraPERY S EFLds Buk thedinstafions dnbrrert tothe chemicet r ed
enbodi ment sydrhésid ippk@ks 1 a5dS f h 18i sting-of an am no
acid, a pegﬁ de, a non§ gﬁﬁgcgéséﬁgll?ga %&g%sgi ﬁ?ﬂgﬁ%ﬁbﬁgﬁﬁoﬁ%@ gﬁ%Hg? dol i col
phosphat e, thgreadyimpedexsigntficasnprigrge siattdhificldde, a nonosacchari de, an al kyl
chain a§1d a nugleic acid ?%&o%di ng to still further features in the
descri bed pref erPed? o hetsbRank, datpbase Complex Cathodiydrate Strugturd east 20

Angstrom Paeehs0gst) skhides f4grddae FeJo?cf’st k‘%fl;éflé Qlﬁlgtﬂl% g&?c%ge%e'%ﬁ%}}e]gég; ed

enbodi ments the solid support 1S selected om t'he*group cofsi
addr essabl weypudeiivs] dokm apublishéd atrtiglbstandr werel @ofipdiedt b 088 Gdorghccor di ng

to still f . 'features i.n the descrihed preferred enbodi ments the flat

pl atform itsjhl'ts‘g%élgt B‘E?Jffcllf'cg‘raﬂnﬂlﬂﬁx (ﬁlacﬁ WSS ibg%ﬁeﬂ@hoge%{ef HEREDI t Shpseat e, a

nmenbr ane- aggbehyeld ; j s St ld . . res,in.the described

preferred e nbgﬁl?é #gs netmsécg?ﬁ&éﬁyg’l%g?%@f eﬂP pﬂl %{% g&%gﬁgln@ grgg@ges %‘b Morc Than

ni cr of Hbr i ¥atedofatheapniies ark dsechedamiol@nlae harieirss &h&t%x@”ﬁf&&ﬁé’aﬂg‘i th
e

mcro-fluid ,;#s%@ms. The reaction chanbers are preferably of a nsity of
4-25-per SHUEEPEOENC syatssize Yring Paesevbfaneheaicapyntizeis maetbdds: dfiguccor di ng
to still faiddaistdeahue LI gg%%' d. rred odi nents. the solid
support is a chisp ggnd fﬁlr%tsiﬂehrn%\t}/ﬁ%(rael n d&?’?’f gfég{cg%%ﬁ%sl’ gg%c%?rﬁ%‘ﬁ rate

st ruct ur esSugar rdsedysk ppredent yn dfie adaipkasedibehyeiaes qsukbibahy daaiBunkst r uct ur es

are arran i.n pagches. s d not nore than 2.25 mmcenter to center.
Accor di ngqﬁgabé?fer'l I‘&ﬁl?ﬂ”tgheﬁg e ethe romplex sbehydeatepietler datdbasenbodi ment s
the salsi d FdfR0s tor f I fr the gro consi sting of
pol ystyr er%?g Cross- Irﬁ%lgergﬁ\%ﬁ%%%h?@?c%ﬁgeeﬁg%ﬁ%f d 5’89%%33%9?85%[) complex

gl ycol - polopshahydratesthasalot be@oéstamsivel ppracticedlas partidd®lr e iy Laftdet

pol ymet h_a_%rl)[/tljrgrr?.de, silica, glass, quartz, plastic and cellul ose.

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.



According to still further features in the described preferred enbodinents
at least one of the plurality of addressable conplex carbohydrate
structures includes at | east two contiguous saccharide uni t1§A(?1f u@tz'ﬁ ggl e
species. According to still further features in the described prefer

enbodi nents at | east one of the plurality of addressabl e conpl ex

car bohydrate structures includes atid east one branch. According to still
further f8EMMARY OR FHEJRBERNDEONDr ef erred enbodi ments at | east one of
the at |east ope branch is formed of identical core  and branching
saccharide uni ?Offiresépdi’rrrgawcgpifrthe ﬂiﬁ‘?steﬁtei"‘feéﬂ%rtb@er i§ preeidgdser i bed

preferredco%mggbﬂgpt&r@leke%?}bggg&afgleas g&ﬁ%ﬁ% e ! geapqgm sa e conpl ex

carbohydrate structu I nc unl August
2003 18 According to still further features in the descri bed preferred
enbodi rrents t he pI ur ality of addr essabl e corrpl ex car bohydrate structures :
are a ese n |n carboh

Accor di ng dressap ch? hygﬁgt fjtruc res ea (gtl cfi‘PElF’é}/aF@%‘ygréWbodr ment s

t he plur adtnutmresbenamtraelmdadmlaeedncm@ll leoatnmartdoa)wndrsaipermh\rmgé plaamar e a
represent at uratlonC| udi ng natural conplex carbohydrates. According to still
further fea res’in the described preferred enbodinents the natural

conpl ex car boh&ro:bbairr%sto am@hederrpmtedthﬁpmm@:d%wrﬁﬁtheﬁe(mpmerded\smerﬁlddlﬁlg to still
~further fea ures human source

o ot ectBEPERn RIS bR BhES e Eyp SRR T FehaifiamBaye 1 ui do.
Accor di nght sje;stof {al) ptfowtiidgarsoﬁcbﬁppb’reﬁ' a phatfohe cadaniibieshdpaeihgs prebliedtbodi ment s
t he pl urall)% an ess ﬁ | ex car bo[ﬂg {]atelstr Clt ;&r s are a
representation o '°8 yg{/n S%e 3 phirali o1 PmpleE SABP I O at e.
Accor di ngattoofytlet plmahw héconaﬁqmtbobjdrathﬂrmmeaseahg mtti¢Bgal tb emnledsh@teeledisat@l ovi ded

t hod d h t
BTt od 1BLub S S0 o1 EATRL B S0 AE SiREDRN cgfrﬁaqagﬁgrdcagg@gsabl .
conbi nat oribahydcaseribrery. car bohydr at e I [ br ary by (i) providing a solid support

of a platfor m&c%&fdl]g% ﬁlﬁﬂ]gr}ea%ﬂ?s in gr rreg e?'rbgchmela%s oft the 1£¥e6lgﬂ9§c?580b2e§ and (1)

enzymatical ly synthési zin structures,
each of tﬂqewmttatﬂa’rgrdafyh wfftherﬂdrrpbsaklecamtd@hgedlrcay@atsBurmtrcsrtemebei:cmypam iached to
at | east cgi@&l gd location of the plurality of Iocations, thereby
pr oduci ng t e essabl e conbinatorial conplex carbohydrate |ibrary; and
(b) screening the addressabl e conbi natorial conplex carbohydrate |ibrary
with the entity for identifying the conplex carbohydrate capable of
bi nding the entity.

According to still further features in the described preferred

en‘rbodiments 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 further features in preferred enbodi ments of the invention
descri bed below, the entity is a candidate for a biologically active
material, the method serves for identifying a conplex carbhdhyudustt2008hi ch
is a target for the candidate for a biologically active material. 18
August 2003 19 According to' still further features in the described
preferred enbodiments the entity is!a ligand known to bind a_specific

nat ural conpl éxccortingoky detll e famlert tealess wherlBen doseribgddr prebummde

conbi nat ori.al..c | eX ar drate,li is.a r ] [ of donmi ns
of the spe&l?%l%lgﬁttﬁfz aflgt B%ﬁt% x'°c Cr‘%%%wﬁf‘e, “t ﬁ@%ﬁeg %OE %gr \ggéa f or
i denti f_yilﬂgr&itgw@;,fﬂﬁeﬁl@fﬁik%@fa chigle donmami ns which binds the |igand.
According to still further features in the described preferred enbodi nents

the entity isAccputiemt tal sl udurtherc deeturry tis sthe| |deserdbader Prgigsedt of the

present invention there.is. provided a t h %g%q i dissor der

char act erqn\}l%ogtnﬂ?r}ﬁ tggllfmcg?mﬁﬁﬂ%gelﬁfan 88 Issea%ijecgélﬁo ré;at%%dqsf r};c(%fﬁr es and
elicitat idl’éke@freﬁﬂﬁbhQﬂgfnﬁérstshg?ﬁnﬁﬁ&ﬂ%'&h nlif®- g sy o @0 Mife @hdtpnt he st eps

of (a) producing an addressabl e conbi natorial conplex carbohydrate |ibrary
r epr esentdhambetsearseprefasablioaf- & slesiboahedd Par BErAIEram.e8amyhgyile §rovi di ng a
solid suppert o tform configuration and having a plurality of '
| ocat i ons‘%?%ﬁoﬁ?@)leéﬁ%{qﬁc:al Iy synthesizing a plurality of conplex
carbohydrate HdcHfdidg %o sBRCHufhert NRatRld4r ainl tthe Of degorifdeXpefdrhahydr at e
structures being attached to at | east one dedicated |ocation of the

pl ur al i t yendfodiments ithunsolid sunpettyis prabdu eidh furties vaerieinsdifisrant cempisxat or i al

conpl ex carho raje |libr . and.(b) .reacti t he address

conbi nat ﬂ%%y%ﬁac%%b@%rﬁﬁl i‘%r%s qﬂ% C&H{R?%ﬁf‘%gﬁg‘her%eved froma
patient syspREtEHOhrAtdaNG bitendi SRESED ddrBaheR)l. 2 YRR edrgeraropat t ern of
the locations to which the antibodi'es bind, such that by conparing the

pattern wedntera known pattern characterizing a healthy individual, a

di agnosi s of the dj.sorder |. tainable. According 1o still t her aspect
of the pr esentchﬂUjé_ i &h, S{‘ﬁerﬁg < F3Vded a t@Srrp(%&:(r?becéar%rgﬁ%%%a_te library
conpri si Ngnisodinbhid! thkysdHd 6 ¥ oardehyaamiee sdbiuet #oLS tieaghoupei ng
attached at a specific and addressable | ocation of an array, wherein each

of the plensisting of podysipleex casblnkadr avith sdivirstbenasns.s PebRPIVLEY of at

| east 2 and_no re than,20,sacchari de unit and wher .qast one
conpl ex 'CQY%OEW%QFSI]% r $4%r e SIPHHEST,) urpaqﬁﬁl{}ﬁge? ’ coﬁ%ﬁéﬁﬁ%lzlgra%ohydr ate
struct ur gsolifcfhabtiyBAGRE icQTBla8X (Gafh) Plsticang cBBliosg a single structure
defined by the addressable [ocation thereof on the array. 18 August 2003

19a Accor di ng Agsording hée @it fndberi rfephuedser medthentsisarieat spisferdde i nventi on
descri bed l?(gedi%\év{ltggﬁg%sf {Sn% Hgt}glp%r%iiw e g&dr%s(?sa eeéon(%p Lp %Q%%B%r%teSt ructures

i s coval efit
structures includes at least 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.



single solid support via a reducing end thereof. According to still further
features in the described preferred enbodinents, each of the plurality of
conpl ex carbohydrate structures is attached to the single $®Rugust@ppdrt via
a linker, the linker including an ethylenglycol derivative, at |east one
cyanuric chloride derivative and an anilino group. The present invention
successfully addresses the shortcom ngs of the presently known
configurations by providing a conbi natgrial conplex carbohydrate-

l'i braries-and méchoelng oto t bigll r firetivzf dedtiFeg dRd (BET GBENHMId ef%'g st 2003
WO 00/ 49412 PCfgl | LOO.00099 20 BRI EF DESCRI-PTI ON OF THE DRAW N he

i nvention FEYQ W%%Qﬁﬂlé&li%yf%ﬁiyembl@xami@ Gubahydvite Stmethesence to the
o bonyd: af oAt BNl Golnslh it comptfy bR i ¢ Forant 1y

car bohydrate of, 14 nonosa€charl ‘different types with

 three branchi ngApoérdirg; hi SHIE ORRERXI tfyamreg\hiiﬁhtﬁ‘@nd&%ﬂggae%?l%pd’ t he
nmet hod of th Hresent invention cannot be effected by any em cal or
enzymatic QV‘E?P wands thermealineel adsnesssbla somplexreattvhydrate stridtines Bregair e shows

t he nonosag, Lee by nang, the anomer reactive centers) and bond
types, as mﬁ??{eg%ﬁfhggﬁﬁdaﬁéﬁfﬁ%ﬁ&W??c%ﬁ@(tesz represents a statistical
study on the ocAucordinge ®wf $fIRNARNRY FxntBe s ORRY eée's%ﬁfa@d’“%fgfgﬁ&i records
of the C@gwggéi%:)ase. The CCSD dat abase includes 48,956 reCords which were

derived fr the srtural| eompley oagroy dragaspateederinedt fremGeotighan
Uni versi ty Rrol ect - Conpl ex Carbohydrate Research Center-CCRC. Each slice
of the pie shown represents, in percentage, the 15 nunber of branches

(0-26) occurri ngcdordinge worgliexfe@ePORMAIras e Ofhet NG b atistical
anal ysi s vvasbg(ﬁrfor med_usi ng CarbBank 3. 2r 009. FICG §C§§é§ ﬂﬁg?%eg%tf am

r epr esent i HYOeHECRIsShe hymen spurce is gslactadnremydbe gmiiptdoasistingrbes tighiesugar
resi dues p&fﬂ%%ﬁbioﬁ W conpl ex carbohydrates found in the CarbBank
dat abase. Al though 44 %%f all the conpl ex carbohydrates in the 20 dat abase

posses 6 or norkcdeedinguas, sellenuefibr OfcafiEy "RBL | fieSYRLRESIE g{efé‘ﬁ-b%h conpl ex
car bohydr at eﬁ (?as not been extensively practiced, in particular not in
context of “BPeqipextsythe plugality of gddressablecconapiex sahbhydratchenstegdrse enzymat i ¢

synt hesi s . .carbohydrate structure of Figyre 1. In each step,
t he enzyrral?lﬁ Icésgkg%t@ie)gg (lﬁg%’gf ﬁ%ﬂlg%“ PP%F@H‘F#%@P?%M&@O? ®details) and the
added monosacchardotting i Yeti siothRr KGRcDOF e BFAYRHIAGKIAYA . is ML&BY esents

the solid SH@ ort%é)nt_o_ whi ch the conpl ex carbohydrate 1s | 1lized and
t he synt hes Ei}oéia 1dsntifying a complex carbohydrate capable of binding an entity,

the method comprising the steps of (a) producing an addressable combinatorial

complex carbohydrate library by (i) providing a solid support of a 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.



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 WD 00/49412 PCT/1L00100099 218 Aggusti2683s of a

conpl'ex carbohydrate |ibrary according to the teachings of the present

invention. FIG 6 depicts covalent inmobilization of @G cNAc to NHS/ EDC

activated Coval i nk NH, which i mobi Ili},zati on constitutes a first stepin 5
(A

synt hesi s of %&%Piﬂl%ﬁt&a%@?h fe Ltlﬂl:e%r yiaa%gr%cg&_é%g L‘I;}%fl r]achi ngs of

the present inven F a 1s a graph depicting g of WA to

PNP- G c NAgnbedithiphedhé en@gveld HfarddHapdvail @6 biid b hpegifiesennel osmplezence of
cyanuric chloride activation; binding was vjsualized vi_z% a Vﬁ& conj ugat ed
4 o RO

per oxi dastarbehydiate had fﬁﬂhﬂe%ﬁﬂé%dthpga@#ésﬁk]&nﬁpﬁ@l@é@? @ 7bis a

graph depi.ctin <effect of varli i d i ndi ng of
WA to GY %}l%q‘é’%% K2 sPesTirich, %%‘%%‘%ﬁsesw g‘lgngﬁ’c%hc \%\I/agglr%/ii sual i zed
via a Wedaplx galbely iefed tedmsgrod sefwek oL ideneifying hesperifict demailanpl es

section. 15 FIG_ 7c 1s a graph depicting the binding of WA to GlcNAc
coupl ed tthe deypamsrvhicl hings iiedigandi vat ed Coval i nk NH; bi ndi ng was vi sual i zed

via VEA -coniyastad, FLICas Tiihers dgasr edybn dg ik Rgect  on.

FIG 8a is a grap icti d Cc whi‘ch coats the

Maxi sor b gheddimenfRithelémby Yespotbsialdhged via a WGA conj ugat ed peroxi dase 20
as further described in the Exanples section. FIG 8b is a graph depicting
t he bindi ng desésording tonstili gamotheg aaspscta of ftha cpriesant oMVERET (REEr Sof wash

steps enplo .+ FI c.s a graph,depicting.the t r of 3-P» Gal act ose
to The' prEpbaet aapgie pedtaseRpE R R gk 25 L SRR S o Bop it U2, 7T 06
usi ng ECofenplée ch®ehidratdi techdes ddGlickadeRiof afitibbdeetiydragdiiststheps required
for the synthesis of"a library consisting of the structures described in

Tabl e 17 iathoBi ¢anymising the piept of (abprodusingy an Hsdesgaie 2apbirateralt he
ect i ns ettt A FYE 2B FERatARp Steh Fo o8Bt | E00/ oooso
carbohydrates by (i) providing a solid support of a platform configuration and having a plurality
of locations; and (ii) enzymatically synthesizing a plurality of complex carbohydrate structures,
each of the plurality of complex carbohydrate structures being attached to at least one dedicated
location of the plurality of locations, thereby producing the addressable combinatorial complex
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.



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 | b is18Aggast2003
depicting BS-1 binding follow ng incubation with a 5 al,3

gal actosyl transferase reaction mxture (D3) (solid Iine) or following a
control reaction (hatched line). FIG éOc is a graph depicting TGP bi ndi ng
foll owi ng incubation with a al,3 fucd d1transferase VI reaction mxture
(B2) (solid line) or followng a control reaction (hatched line). 10 FIG
1Cd is a graphsdepfifeith AfhEMeatfie DB pr&rerdQl dnf®WiiiR@nts BEMP &lvEARdn Wedchb@n a2, 6
sialyltransferase reaction m xture gAZ) ésol idline) or followng a control
react i on Reha, errbof thepliyalityrpigomploy cargohydegresHctiepis cPYAlRGtL Rtachida isg

fol I ow ng;i ééh@gﬁp?&tWatabecﬁcinégmd’sth%&{ yltransferase reaction nmixture (A3)
(solid I'ine) or follow n?ﬁ]a control 15 reaction (hatched line). FIG 1O

is a graph depheerding tagill fugtheyfeaturpsdpihe describersreelerad asbedintegts: sagh pioh§ ng

i ncubat i ofu Wi, B ErgRSIdattopRE fte SR irdllis fi@ael ke ShAb SR (R} WissOlirker, | | ne) or
following a control reaction (hatched line). FIG 11 depicts the enzymatic
- react i onshpépkeningading an ethdepeitcaliepyatiye, aplsait pps qyppiric BB &avetye28d 4 brary

2) synthegiigogRfpt he | ectins binding assays that were used to verify the
ef ficiency of the various enzymatic steps. FIG 12 is a graph depicting the
bi ndi ng of RCA120 to BSA-G cNAc bound to Maxisorb plates at various time

poi nts fol | owrig d ' ] D sNdrtdoniiageodshe r eact i.on

m xture (D7) W'ng %@%ﬁﬁw&gﬁ?gg&ﬁﬁ%ﬁﬁﬁwwl I\/El\_ﬂ'SgThe pr esent

i nvent i oprésentd§ koo nabieiguaktions mblye)providighyadr earabingiorial | €¥UPIgRd of

met hods for the synthesis thereof hi.ch ca e used for. (i) identification
of conpl é%@&ﬂ%ﬁ@%ﬂ%*@%@tﬁo& f%f%‘d@ﬁ@m@e@fﬁf Bﬁf%qe%%nr%l ex carbohydrate-
30 associ ated receptors or proteins as potential new carbohydrate rel ated
targets for 18 August 2003 WD 00/49412 PCT/1L00100099 23 drug therapy;
(tii) identification of biologically-active conplex carbohydrates; (iv)
identification of specific.conplex structural carbohydrate el enents as

potential new targets for drug therapy; (v) identification of the active
sites of known conpl ex-carbohydrate structures; (vi) identification of new

gl yco




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

anti bodies formed against a cancer-rel ated. gl yco-marker or other disease
rel ated gl yco- antigens. The principles and operation of tHheAugodtiaoaBori al
conpl ex carbohydrate libraries and the nmethods for the synthesis thereof
accordi ng t¥OWke4pr esent 10 invention nay be better undepstaqgedibd N
reference to the drawi ngs and acconpanying descriptions. Before expl aining
at | east qne enbodi nent of the inventdon in detail, it is to be understood
that the BREHDESCRIPRION IGETHEDRAWINGSppl i cation to the details of

construction al . rrangenent .of. t he conponents set forth in the 15
fol | owi ng desc??‘ﬁ?%ﬁﬁg? gFﬂ%fﬁqu‘é]?eéidhy Va8 cqranie Ry, wiferafereren i on i s
capabl e ofto tet dAbeompaDARE BRMiRgOWhefeipel Ng practiced or carried out in
vari ous ways. Also, it is to-be understood that the phraseol ogy and

t er mi nol ogy enplayéds efosinmla ef # mompldie cpbolpekateoff. Be sdnopidebari@nd shoul d
not becre ;i ting. Enz s for synthesis of conplex carbohydrate
i brar |5 es?’ﬁgg%?h@?ee H%f?eﬁﬁlaﬁ @_’pgsy ﬁ’f‘ﬁg‘ﬁrf ° B _ﬁwa BXOtsar BHHy apmpEXiBbi nat or i al
li brari es whedcedmbdeffécted BEHRIREEN of MY S inbsuthl ogﬁﬁ&%ebéﬁgected

gl ycosyl transferases, glycosidases and'transgl ycosi dases. €Se enzynes

can. be oB¥aWeehemiegh ordétizymatintsysthosic escthedsnoureintifycrexin & tat ggi es as
descri be e} el.ow. Enzynes deri.ved fromnatural sources: To date, nore -
Cronr e MR Ui R R SsalTotide Sypos EhL Bapt therwBToRs Bsactive
transgl ycoaitd@}@ﬁdbcﬂdiwﬁéﬂﬁ@%ﬂ%%lﬁﬁﬁéh%?&ng | arge nunber of substrates

i t zed.

and donors have been . exteéensively charac These enzynes are found in
manmafl? ans cel FKJ. 2 jspeasents alstasisticahwimdy ebrtht ecouelchse flkantian@ar @ani sms, (for

reference Pal ci,c 1994 and_Ni| n. 1996 which are incorporated b
ref er encets'%trg18 ll%f( 6’5??}9"‘?&? r?‘i?rrgsh Ofg%f’ ﬁ;osé? rﬁata%i@ A@ﬁs@cﬁ%éam%@m 49412y
PCTI | LOO/ B0RRs 24, 95Baeesral Rafth %Zé/%%ﬂ%%ﬁﬁ%@@%aﬁ@‘gg%g%%ﬁ e TENY

gl ycosyl transferases and transgl ycosi des and“the accept or
subst r at ec¥pRikd by ithy Gebrgiadmivérsith ErejectaBiihplantCrbalyytkstc RGeger t her eby

have beepa.Ghz riged. Table 5 below |lists sone of the cl oned
gl ycosyl t?g%?%@g acg'nﬁhctehBFFher BEH SRV deRIcs L o Bemsentags, dhspeci ficity.

Enzynts fmmbér 6h bidihes 00DBY GESHIRACHS (ad e QRAL LA, Pr oduced i
sufficient quantities ugi ngpst gﬁﬁagd rteﬂgoéﬁ]nﬁ%%tc te‘;'(l:tgéﬁl‘i%utgg Si nce
most of tPaakasenSiatistcal peajysis wappetformednsimt CabBenkB®didaocat i ons f or

functionality, .on i s referably effected in insect cell cultures

(Told, 1997: aIﬁ;XBrfgg istogram.rg FCSeTimE tLe distribution, in percentages, of the
number of sugar residues present 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



10 in the case of soluble enzynmes for which the catal ytic domain(s) have
been characterized, expression can be effected for the donai n sequence
only, - providing it retains the catalytic activity and sub$8Aatest 2003
specificity of the holoenzyme (Vries, 1997). O her possible expression

systens forwoaudhie glycosyltransferases also include se
manmmal i ans tissue-cultures 15 (see for exanple U S. 5, 032$§%L0%&m9£h S
i ncorporated by reference as if fullysy set forth herein). 20 TABLE 5

Partial |i s;mthﬁsxscd)medu@na&wubﬁymgflm%c&@ﬂlg hete REGERECEBthe

EnzynmeAcceptorE., C. Ref erence nunber a2,
sialyl D-Ga reé?"f“@‘)enWEalNAc R2. 4. 99. 4Chang 1995, transf eraseGi | | espi eet

1992, Kur osawa Sgh [ IDGal 1.4 1Gr undmann
1990, transfer aﬂslgiur oéaﬁaﬁg gJé Rl Wkgﬁ?ﬁ?tbgriégetjgé‘gc N

si al yl D- Gadcti¥ied4 CoRaiGiic NeW; Reméh%mﬁlfmlaaw caﬁalt&{eénéf&rsé\%gégﬁ hSO“ 1993,
Wen 19% S| aI | D- NeuAC. a(2,3)-D @&l - 8Nara 1994 transferase
al,2 f OSW‘%CQ%‘IO cpmplex caginbydsae libgap acccrrdmgf tor the abhchirsi of 1805 al |
fucosyl [ Ot(g);.@ge Qﬁ{zen -D-GA cNAc-R2. 4. 1. 152Kudo- 1998 transferase 18 August
2003. - WD 00149412 PCT/'1 LOO/ 00099 25 TABLE 5 (Continued) al,6

f ucosy! [ D- Man- (FIG1, 74) isDa Girapifatepitting. ﬂqetsﬁy@m%ow 8 1 psGRhese( 1, 4) ] -
D- GLcNAc- RUoz 6 Yanagl dani 1997 )
mannosyl DCGP gé{vfh Olategain the peostine @mbsamﬂ; off grastec ekleRMobbi ns 1990

oo DR R (i@ﬁyz%rzﬁioﬁg% WO S Gated plroxidale s Fitdher 2+ °
10 described in the Examples section.

'FIG. 7b is a graph depicting the effect of various blocking methods on
the binding of WGA to GIcNAc-COOH coupled to Covalink NH plates; binding
was visualized via a WGA conjugated peroxidase as further described in the
Examples section.

15 FIG. 7cis a graph depicting the binding of WGA to GlcNAc coupled to
cyanuric chloride activated Covalink NH; binding was visualized via WGA
- conjugated FITC as further described 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
unmoblhzed phenyl- B D-GIcNAc (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.



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 transferasel982uglst3003
N-[L-Fuc-a(l,2)] DGl-R2.4.1.40Yamanot o 1990, Acetyl gal actose am n

| transf er asgoe®dsath N-[ D- NeuAC-a(2,3)] D Gal - 132. 4. 1. 92Hi da|i>i 19940 Nagat a
Acetyl gal actose(1,4)-D d c-R1992 am nyl transf erase CTAL00/0099

N- Acet yl gal act oseSer | rhr2. 4. 1. 41Meur 1995, am nyl transferaseHa -en 1993

: &y
111, 3 gl ucor ongsyl BRI = 1(4d:.4) - (I ' 1998
transferaseXl - R 111, 63-%%%1%&2%1?1 19‘%13_&@?%%%9‘%@% %‘é@gégrﬁ%ﬁ\iﬁ?en, 1993
Acet yl gl ucoBbdagalartosyltamsfeeseaddh, Gl @INIid(Bae))or FoFeking a

R) 2. 4-1. 102Bi er hui zen, 1992 Acetyl gtucos amn |transferase 111,
N- D- Man- r &P ‘F‘g)ffﬁt}%(hﬁwgﬁéﬁae%. 101Kumar 1990, Acetyl gt ucos(1, 4). R2Pownal |

1992, ami nytt f L .
L2 an D e o TG PP ReRiopR apdRle PRt BRae forlavine jnaibgtion Witk 1. 4) - ro
arnin bt r anis¥ ephswsilithnfetsO-rddtion( niikicRDI (@ Bre)dorl fdikian al995

Acet yl gl ucosé]l, 4)-R2 amn ttransferase Methods for identifying and cl oning
new enzynméeRitifeagiignihetshecdlingle 5 presently avail able natural and

nbi nant g . identificati d.isol ati f |
o voaoyl o anor ERESH 5 4 3abh Wb D T Baia Efonare A net G e b cr are <

usef ul  f orI @0 ARJosylt@asBRBY drRidctibd hikdire $HO) ?&ﬁpﬂm@:&?ﬁ@d fRtd fied and

i sol ated fromcell téﬁes -whi ch posses the ‘Tconpl ex ydrate structures
t ypi cal | ycentralneantipn dhtfghedHdsd. desired 10 gl ycosyltransferases. Affinity

chrormgy ogr aphnyc?.%ﬁi i lzjteg%p\ﬂ ctie?)icet‘{lllgi'lrmtﬂili&iﬁg (%ollowing 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
B1,4 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



1 8 August 2003 WD 00/49412 PCT/1LOO 00099 26 acceptor as a ligand are
wel | known in the art and enable a sinple one-step separag%gn oftzaﬂéiesi red
gl ycosyl transferase (see in this respect U S. Pat. No. 5, 288763 rch is .
i ncorporated herein by reference). Once a glycosyltransferase is
identified ¥R8M%4® ated, it can be partially sequenced angeridigofsne
encodi ng therefor cloned. Technologies for cloning glycosyltransferases
genes are wel | -established, and many2exanples and strategies for cloning
gl ycosyl t ABigsterapye (4 identificationsof biodeRicaliyt-ttiverdomple tatbskpirakesr exanpl e,

Schacht er g : 102683, which are incorpqrated by reference as if
fully set Gy %3t8ﬁntﬁi§z‘rﬂg¥%&swc cotcﬂgllplleﬁ‘ﬁ&l’?ﬂl%‘ s‘@ﬁ&&é’ ¢ ﬂ@%@'ﬂs as |
gl ycosyl tpaﬂ&ﬁﬁairmeta&g@tblQ‘@ﬁ&@gﬂﬂéﬂa??;s(v)w;g&zﬁgbaﬁ%ﬁm %@%ep §i9etse<;fn

w p

dat abases, Wth the rapid accunul ationof rot e n sequence
data, seqkReWR complemrsstbohudmte gtiostusesn (VO idsatifibation toffienévelgglyéd-i cat i on of

I E I 110 distinct . cDNAs and. f
ity SachenS P LR car S AEHE Ao i ont 78 S auich ohiRioediant i n | he

char act er fetned dgaingnatdanCerSORMRNER coMharkhe oMfher Hi rase gene
super famly were identified (Ivagﬁlenzi ér,' 1897) .er bésé?%?%l %gyiﬁeognat-ure

sequences ®Adbtifs, one skilled in the art can screen relevant databases

for novel gly S... For.exanmpl.e, three new

ar abi nosyl tr ans% eé%@é%%%@gﬁ%?@q %ﬁ‘?i%&ﬁquﬁlﬁé’n&fg%FaéP@FW@équenced 20

genone oflitpdedband ¢hé wisthotderss Uhe Syathakia tﬁ%HP@E&)xﬁﬁg“;{opﬁl‘é I?‘%g%?'%ri son to
IS €,

ar abi &osy.l transferase genes from Mycobacteri um sneg 1998) .
UtiliZ ngd™enlippy may bedbettesduiderstpod cwithl evobude oo: thEndmmesgswiahtd modi fi ed

affinitieg : strate donor or acceptor specificities could al so
be empl oyeg%ﬁgéﬁhgéggsﬁﬁﬁggﬁss of certain conplex carbohydrates. For exanple,

25 the synt he@eforeloxphilfith@ut least RAB ARk ¥ Bl iheSnk AR, §f, | denti cal

repeat i nq gonosacchar-l de units connected In the same regio-specific
ori ent at 18P “edestopd thas the inveation)s- it Mmmiteal(it, i applioativnoto khe fetRils r €qui r es

the use @f - nposyl t ransfer W th an acceptor specificity to
a-1,2 'rradr%ng(g{eé.uﬁgﬂ%ﬁ?&? ngwt affgm%?g @%OFWOPW pﬁegs@ﬁbegbfth@ﬂ I\/gn-nose
and 30 t Hellewingpteserigionest-iBhskrad infhé amhh%é.zm ﬁ@%&i%%ghﬁlggpport, woul d

result in 18 AL{%%USt 2003 WD 00/ 49412 PCTI'1T0010009 uncontrol | ed
pol yner i 285 6MYodupenty or offrcite prectictdooraatreed @rign patignevaysc akagt of t he

ol i go- maRaRshe &&e%@thgg‘th%)pﬂ]ase%log and ge%rniﬁo(io@ Q&Bﬁ%é Reremn 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).



ol i go-mannose with a defined nunber of mannose units (three in the above
exanple), a controlled stepw se process is required. The ability to control
5 undesired polynerization can be achi eved by using a nodi fi8&dggsty2008yl|
donor, and a unique glycosyltransferase with a nodified donor specificity.
Such a nodvbeedsenzynme, woul d be enpl oyed for the additi ?ET/PLIooﬂaeg})di fied
GDP-Man to inmmobilized acceptor D-mana( 1,2)-R The nodifrcation of the
mannosi de noiety of the GDP-Man wi ld4 then prevent addition of the next
mannose noi et yRécprshinger t hazpaeept or The t BbdingranQgLeelet ansf er, is D man-
a(l,2)-R a{:Yd ngt D. (nmodified nman)-a(1,2)-D-man-a(l,2)-R Following this
react i on, BATGSAFpdurasestandngansglyichsides Hevrobeaneloned andz the dceept@shed out

and the npgidiyi o i t-her eby enablin e subsequent repeat
of the same Senze{;%aet ?igﬁgtog%'fwﬂ Iﬂl é%g%oﬁ?l?lgﬂeie 8%8%?%&%%?3 ﬁfﬂ’ d until the
desi red nhedrechagdctarinedoJebltS balbw distsaondy 6f 16 SRR @t doby1RahdtBragieWM v f or med
car boh drat(g To this.effect t he nodi fyi ng group can be a chem cal

resi due afthdRag respeete acreator subsimte speeificityn, Engmesosint wbichltheThi s

modi fyi NgcsHiRs ReqitctN Ry e jvely remved . by gither an.enzymatic or
cheni cal rqaltc-i on. (s:ucﬁ teﬁg‘f&t h@ﬁ% ??iﬁen%f%g% 4 gug":"éq“gé%‘@’élm%ﬁst hout .

i nposi ng wanggantardt reeombinahe ONAbeHNEliR! eSHBE 8R4t &f B8sel @bandd bel ow
lists some of the presently avai] able saccharide nodifying roups,

cl assi fi etPIBYCt RETt: tAnslabenals madifieations kior, fungwnalighi ekpression nisor por at ed

by ref er epe A9y Ly r r.ei., | refe es cited therein).
Addi t i onal mgnogngg%ﬂg?iﬂdéﬁggn&glcégu %g (ﬁgg]dlggﬂngﬁ?’f(ﬂ%sg g‘f%‘iﬁ%@"‘hnd as
such, 1¢ eniovtie dabepéofolable deyms @t @ﬂidhymusdaﬂgﬂ%pasinfairﬁs)%%%ﬂeﬂas es that
will 25 not affect the existing conplex carbohydrate structure (Peieto,

1995). 18° ZESOGAPVAEF 10D/ g Do efifetyd (fon/tho0®enais suBhEE Gnbyai | abl e

sacchari id yi ouyns sified b hei.r. cl eavage. (Kunz and
Schul t z, q%gg%mgaﬁ{dqrgtg er g%cggéagﬁltceacqvﬁtgr épa)s@sﬁ%a%gﬁ:ﬁ i ﬁgi%Fed-eavage
reagent sNsdoénzymg (Videsp 1990).0006@k VisdssitR! Rapleailbn "8yRRHZY FR*ygaspony!

benzyl ether b nzg ester metho be 1 ether Acidolysis Trifluoroacetic
acidtert- H‘E‘W’&@F Eerasehalsor Bichide saerationr fropumamnea tiSnteuharest er t - but yl

ester : Q] I
15 (see for example U.S. 5,032,519, which is mncorporated by reference as if fully
set forth herein).
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,
: ) Kurgsawa 1995
B2,6 sialyt D-Gal-B(1,4)-D-GleNAc-R 2.4.99.1 Grundmann 1990,
transferase Kurosawa 1994,
: Hamamoto 1993
«2,3 sialyl D-Gal-f(1,4)-D-GleMAc-R 2.499.6 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-B(1,4)]-D-GlcNAc-R 2.4.1.152 Kudo 1998
transferase




net hox be

cl eavagepi peri di necar bonyl
cl eavageZzn/ acetic aci d2, 2, 2-

| ether

NaOwve/ MeCHO- ac

etyl

trichl or oet hoxcar bon |

Base pronot edMor phol i ne, 9-fl uor enyhvet hoxy
NH NH / MeOH Reducti ve
Oxi dat 1@ Auglst20ageCeri c

anmoni umTetYI;u,g) benzyl ether nitrate Metal conplex[(Ph, p)4Pd)/al lyl ester
catal yzed c 3 égdéz nucl eophi | e Phot ol ysi s -byO ni trobenzylkcEmaynambs C
cl eavagel i pase, esterase, al kyl and roteasealkox a Testers Thus, enzynes
havi ng nodi fi ed donor and/ or @gr}i%o specificities can be prepar ed using
the directed evol uti on approa fComfingeddent progress in the field of
protein e ny—exanples of enzynes with engi neered specificity
obt ai ned VP ¥P¥ect ed %ll“ﬁ‘tﬁ (¢hP-GeveBdesclives (f dMomenisens of Jhis 10 .
field see "ﬂslfe(':aﬁener 199 B4R 1998, which are |UPi~’e'¢‘r1[5%§|;at ed herein by
ref erence ected —ehZ R hi eved by
random SE]EI}@%eg I genel ‘Elﬂﬂ:NXc%]“,’J}D‘éicNX‘- réct ed ol E;gm d i rected
mut agenes Sl,ﬂrfannos;jlhe ge 1§-mﬂﬁa(ﬁlﬁfiﬁ§ke”coa' W oméro 199 by
sel ecti on| @est®er eeni ngifor clones exhibifting desijred specificity and
activity. | Eomaexginpl e, | Mai-1,50Mh-Q02) 15 WOrkRrS pe Wﬁma Seven younds of
DNA shuf f Liende=tea _changeMedie substrate  specificit
par ani t roa@ﬁzsﬁ}@%‘st er asB-oEd(a)-mowlc-Rant | Hizatiia su J&Taisatlﬁg ( I\/bor g, 1996).
Zhang and ‘E?B”Wfr kers performed directed gvol ution| bhseaisdoucosi dase from
gal act osi PNA-shuffling (Zhang, 1997) ShahSmird!9%o- wor kefrs 18 August
2003 WO Ooﬂggﬁf&‘ pcTi | | BeEtdo9 29 engi fédrdd an g@wmqba nugjl eot i de
speci fici hoT the—Ro Sar¢ H-HS—HY-oSHhRe se—{Shan, 11997) .
Paul son ah ﬁf@ﬁzr@w kers %F"?aélfzﬁgﬁdrvﬁjt ati o 247% t he EarR ¥ Panst dr ase
S-sialyl paoibnici@t al fers the kinetics qf the dopor and acceptor
substrat epigbatta, 199Bp.neacRaBab LR addngssep! € TZY 53, m,gmaymhem s of
conbi nat oy Acaigaeos| ex | carbabydrate |ibraries 1992
aminyltransferase
N-Acetylgalactose Ser/Thr 24.1.41 Meurer 1995,
aminyltransferase Hagen 1993
B1,3 glucoronesyl D-Gal-f3(1,3)-D-Gal-B(1,4)}-D- 2.4.1.135 Kitagawa 1998
transferase Xly-B-R
BL6N- D-Gal-(1,4)-D-GlcNAc 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-p 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

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

presently available natural

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

glycosyltransferzt_ses. Affinity chromatography techniques with an immobilized



. The follow ng sections detail a step by step enzymatic preparation of a
conbi natori al conpl ex carbohydrate library in accordance wth the teachings
of 10 the present invention. Enzymatic conbinatorial conpll@Augesti20Rgdrat e
i brary design: Enzymatic conbinatorial conplex carbohydrate library

desi gn i nclwoe®gsqrzaccording to the present invention, det&gmﬂ%i on of the
conpl ex carbohydrate constituents included within a specific Wary in
accordance with an envisaged 15 appkication thereof. Determ-nation of .the

conpl ex caochptoy ds at Bgarehier well kabwdad e i fnd eFitile %Xﬁﬂ%ieeo dGeprder to
utilize an enzi\;mat' c cqnbinatorial conplex _carbohydrate 'l '%r ar@ of the
present | YORREPBPlid desirehelypesyliransferase (sempn éhs 20speat BoSyBataiNes f unct i onal

L0, A D B S T 1 L

preferably derivatives or ifrca %s 8present in

human cel glycosgliraeferasq is iddntificd abd dWotatedjat bat bOPRRTIFRLGEMHCES am?er ived from
ot herrdssoutglces, such as specific¢c human cells or pathogens thereof, enables
the i dentfi c&FonBfodiRy elthetsfs esdonedir bohfeehnodegieshatfor urddning as 25

r ecept or i{evithase egul.es, . f tipni-ng .in vivo ‘as pat hogen receptors,
or invols%;éd Th cel fzﬁ?éo %ééIGF ?%c%ﬁi?%h%ﬁbc@gsé'ggnySic%FII“B y34 n order ta
utilize atratgisgnforictomingiylymiplitandferasmphss areaehbRedr Bt @l irtiraly of the
present i nveq.ti on f}groéqgnti fication o otential drugs, the conpl ex

car bohy dr(&e IeRisEre.gychaghter, | 1994 epd WO g?/@?@&hb’ﬂycliieresgmoﬂpemmbd simlar
or ‘identi felrhcRak bif £ bohydrates present in IS August 2003 WO
00/ 49412 PCT/1L00/ %%@gy%{%ﬁﬁ)hhﬁg&@él | s. Screening such a library with drug

candil@at es deAinvler possible\sBiico Yor Al FBlcodMarkyithielchfie@y1663.s enabl es the
identifi cah&o&obﬁéug candi dates which bind to one or nore o? t he conpl ex
car bohydrgtan 3¢ 484 Ryptein gatabasss.arWithshamenif exccwpelativn of lnebr ar y

accordi nN i.avention cont.ai ns oppl ex car.bohydr.ates
dedi cat ed flgra{(r‘ltH ﬁjé&ﬁg]:%glﬁﬁ%éﬁ %Oﬁeq&@ “%"'o‘i‘}é%“nt?r"&ge"g&%?w. use&lﬁort his case, a
library #fe ndentificzéich axdnmévexgloasshiianefepdses.di weF %ix;,%ﬁpyggi iy qisgREesents,

anong ot hﬁ%ﬁco | ex carbohydrate structures not found in nature, is
gener at e§ A9 506 frgm; animabr xegst cplarts rashddctbva, phbentpratkinbi ndi ng. of

10 pashogeimicRr aogan. . darived. nol ecules. Alternatively, s alibrary
is ther gaf ter s@ggge% ch{aﬁéaé: KT al SIEP%H’fengseﬂ*lerlﬁchef’?dﬁ?ea@?’i nflicting
nol ecul esl.ycosl')dtrhmh_eferaj;ef gedet duper Shingly dQREd NdenMileR| (’Mﬁcl@?ﬁi@? ggm)_l ex

car bohydpate, a library in accordance with the present invention

r epr esenttHE thepe siEnahige geduenegseor motifs, one skilled in the art can screen

relevant databases for novel glycosyltransferases. For example, 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



domai ns of the conpl ex carbohydrate is prepared. Screening this library for
15 binding or bioactivity enables one to identify the active site domains
of the known conplex carbohydrate. To detect antibodi es gehdughst@oagai nst,
for exanple, cancer-related glyco-epitopes (nmarkers), organ

transpl ant A #948| at ed gl yco-markers, or other gl yco- mesdgei sodehssb! 00d
serum a conplex carbohydrate library of specific 20 conbinations of
glyco-markers is prepared and screebied. For exanple, one specific library
can repr é8gpicophplled pobymerization redctivsy ewhich cwoddr creamdion grdymerThi s | i brary

is ther ea{lt.er cr.ee ed agai nst i bodi derived_from human serum to

i denti fy “tHE® 5 eé&?@lg‘)iﬁl ‘ ?’b[;g' "ééaf)jn'ﬁ-oﬁ’é osdernigr yndtestzBee gl yco-

ar ker s oRfo euriiBRe il 8 B dnith ArSlatids it QUAIPLS mEARGR! OF o7 gan
ydrate [ibra ic Co

transplantati on, a conpl ex carbo ry of* speci i nati ons of
car bohy dexameplehnd eostrolikd ktepwisesprocedsuisatequized. at Tien sbility tdi@ogiryico- mar ker s

normally agsoci;ated with such conditions is prepared and screened. 18
Augus% ZBﬁéeWé’@f%ﬂzfn%PP’i‘ bexdr ﬁ?ggEPSIHGI%@Pd@@WQSEI &aWbi nat ori al

conpl ex gad hohyidhatedyddsPkaniEsse g-ﬁfﬂ S%G&iﬁ?& tcﬁs%%%@o?ﬁ%ih}??tsh&?% are

envi saged and are-wwthin the bro scope o e presen i Avéntion as
cl ai med. FReEEGEI2ymepHoubkbd Ehbloyed fisttheaddidon oEMmedifisd GBR-Mya | ncl udes 5
eval uati on. of hﬂe requi red enzynmatic reactions (ERs), glycosyl donors and -

accept or & YRR centof Danan(d Qdil-e dhegnodifisatigmehthel mamsosislech conpl ex
bohyd I i th incl udes .optim zati
ona oy oAy Sk R, AR A w ek RRIch a3 B b Ik RBRAPRRERS i ven 1o

react® onsinté e atepRertatibisemanshiddadsBtass Q0 TrHah [ PR M hof PRSt ruct i on
further 10 includes determ nation of the specific order in which the ERs

shoul.d benedified sean)-a(d2)dyeran-EW,2)TR. dfedloting hthissyeatiiesiasyrexaedsi ons

enpl oyed KLk G sequ e of enz tjc regctions. (ERs) is, determ ned
for eac hogglﬁp%?%ﬁh%%(r&%%%%ﬁﬁg_ﬁeeenzt?m?s"? P{%ﬁ?{i oyang g WeAfying ZEeYP isFor  conpl ex
car bohy dreai@@d] fiatetyaafblnk ithe 8ibstqudiP Re oA Be iedsshd U z&ic% ERs

sequence_foll ows that of the nonosaccharide sequence such Ti near
non- br an&REdcantrolied ipresess nisacantioped swmtil 4bidesiredomumbeonfl srnmaebohydr at es

possessi structure and/ or repetitiye nosaccharide units
arr aﬁged@%&ggﬁggg?se_ bicedlhmt?/ Qﬁ%ﬂ?‘&&eﬁ’ﬂ‘ﬁg ﬁé’ghog‘y%ﬁaffce gdyis “sff?ﬁhl d be
desi gnedthenmbaifying ¢biusleen BV cRinitACrdsRiub WMaBReCYIATR! Gofd AYiadGSs the
rational for selecting particular ERs

p031t10n, but position 1. This modifying 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).



to provide an EMtailored for the synthesis of a distinct conplex

car bohydr a
Figure | a
an EMis d
car bohydr a
her ei nunde

te. The final
nd t he
e

te presé%t

r,

conpl ex carbohydrate

consideration is glven tO

i nventi on,

"structure is described by

design process is described by Figure 4 a8d&ugedti2807. Such
according to the present
in a 25 given library. As further detF&TIbe/ 00099
efficiency when practically

for each conpl ex

ef fecting each of the EIVB whi I e C'P‘@glégﬁtl ng a library according to the
present |nvent|o gd%% 49412 ndex
ext ensi onal! ) Wﬂf(gng,grﬂl&zg@a@g‘iedl@ their cleavage
D- Gal NAc- wwcimkzebﬁrwmﬂd Keferazes cii@l theraig) - 1, 4 D- Gl cNAC
a3D- Gl 1 n (‘ rNAJ - RCVP- NeuAC24. 90, 6 _AdabD Gal NAc- a - RCVP- NeuAC2. 4. 09. 3
ASeuAc-a 2| €lea q. 4) | 26kaGageNAGzenss - RCVH-MedifGag 4rédp. 7 A6a8ID- NeuAC- a
23 al - - RO\NByddegefdsid. 99. 8 AfagPalledide- U . 8 benzyloxycaxbony
D- NeuAC- ROVP- NeuAC( nodi fi ed) pone at a2D Gal- - RG[ﬂDr,JE}n .4.71. 89
62M Gal - 8([1, 4a3D- G cNAc- RGDP{ . - Fuc2. 4. 1. 152 63-|i¥Rp» lbsté- G cNAc-
1, 4a6D G cNAC- RGDP- L- Fuc?2. 4. 1. 68 a6D GLCNAc- RGDngﬂ &&g%t;] S cNac
i . 4a6D G cNAgadEP- - Fucnone t@ﬁ@ﬁ&@gcehc 245 G OV B Lo A L pre
67- GaF1l, 4a3D- G c- RCDP- L- FucnpagmBaaz- Gk- RGDP- - gﬂg fl a40- KNA
- RGDP- L- Fucnone B10a3D- G cNAEC 1/ - L- Fuenone é g: NAa 1.3 .
Gal - RCDP- Y- Fucnone 812a30-G rNAc- 1.8 al - RGDP- .}- 74D- G cN 14
| cNAc- BROPRRR a3 D- VaTTa] £ g1 anar 12 a4 VeI - 1.2
wan-Reggpﬂan%_B 1. 131 a3D Maf: g;e’c;chwc- 4 EF (Rﬁagéégggwhnnone
CS-Man-a 1. 3a60-Man - 1,4 D- 4@5 WRG9E- Mannong BOH00 i col
phosphate(iﬁhhhn2.4.1.83 NELNH,/MeOH
Reductive cleavage Zn/acetic acid 2,2,2-
_ trichloroethoxycarbonyl
Oxidative cleavage Ceric ammonium methoxybenzy! ether
_ nifrate
Met?l ctiimplex [(Ph,p),Pdo)/ allyl ester
catalyze - cleavage nucleophile
Photolysis ‘| hv O-nitrobenzyl
Ematic cleavage lipase, esterase, alkyl and
s o protease alkoxyalkylesters
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 galactosidase by DNA shuffling (Zhang, 1997). Shan and co-workers



Cra6D- Man-a 1. DAP- Mannone a3D- Man-al D RGOP- Mannone CRa40O- G cNAo-1. 4
RGDP- Mannone Cl4a3D-ol eo- 1,q D 31cNAc- 1-0GDP- Mannone

Di cerarri deUDP- Gal 2. 4-1.45 D26D-;al- 1,4 -D-Gl- 1,4 18 August 2003

D-d c-cerarni deUDP- Gal 24. 1. 154 03a3D- Gal 14 -G cNAc- R UDPGa(2.4.1.151

3D GBI - 1, AORU4942pyUDP- G al 2. 4. 1. 134 D53D- Gal NAc- P. UOP- Gap@dnboded® 06- Fuca
1. 2a3DGal - RUDP- Gal 2. 4. 1. 37 074D GkNAc- RUDP- Gat 2. 4. 1. 38 D84D- UDP- Gal

,24.1. 133 D4D %c- RUDP- Gal 2. 4. 1. 38 #1030 (31 cNAc- RUOP- Gal none

Dt 13D G cfigdrecied agy| unnghypraicaralsaedpsperificty o thel Reua | Sartdpre Gdtusone El 30

G )0y AP, 857 RDSE, ) D5k R DRI 40

Gal- 1,4 °D cceram

1, 2a3D- Gathe R GabfiAcE. F-sialfOmbbBahitl MtddDRhEAENYGE - F. thelddodol and

sphi ngosi neUDP- G.C2. 4.1,80 GlL 3D-Gal- 1,3 D-Gal- 1,4 Xl UDP-G cA2.4.1.135
H13Di al i2°SeRiPRpRbstrpiop(RabnASo8h. 1. 146 H26D- Gal - 1, 4

D- G cNACUDP- Gl cNAC2. 4. 1. 150 H33D-Gal 1,4 -D-G cNAc i R UDP-G cNAc2. 4. 1. 149
HAGal - 1 36D Gal NA . RUDP- G'cNAc2. 4. 1. 102 H53D Gal NAc RUDP- GKNAc2. 4. 1. 147

PCTI 1 Y, 001000B&ra®2! adikisable dhzpmitit dynthisis ofiborkthalobil u&t}&gaxt hei r donors,
acceptors and indexes 18 August 2003 WO 00/49412 PCT/1L00/ 00099 33 TABLE
7 (Continued) H8G cNAc- 1, 384cBthwAratRIBFIrgSCNAC 2. 4. 1- 148

The following sections detail a step by step enzymatic preparation of a
combinatorial complex carbohydrate library in accordance with the teachings of
10 the present invention.
Enzymatic combinatorial 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



H7’Man- a(l1 ,3a2D-Man-e 1,2 D-hMan- 1 2 D-ManUi )P-Q cfAc2.4-1.138
H82D4Aan-al 3 1 D-mar} 1,4 R2UDP-1CNAc24.1.101 H94Dwvan-a 13 1 Man 7 4
2UDP- GLcNAC24. 1. 145 H102Daul an-a 1,6 RL D-ma i 4UDP- G CNAC23 Algast2003
H316D-Marra 1,fi R7 -D-lvian- i.4UDP-G CNAc2,4.1.155 HI2kN 1 2 I CNAc- 1
64D- Man a 1WSUIBEMEECNAC' none Hl3an-a 1 3 an 1,64D-Man 1 pom oa00099
4UDP- G cNAc2.4.1. 144 H14kNAc i, 313814 - G eNAcUDP- GkNAcnhone H ?_j)-ga 1,4
kUDP- G ¢ none H16[ D1, 38D-Gal 1.4 - GeUbP-d t NAcnhone _

H174D G c NAEREUSRLEK Neerrerriag usi @ Ribrary 1wih RUDE- GindNAGR OB vadOf e NAO- 1

42C3- Man- ( PG ng H2O3D. Gal - 1.4 -G cNMJUDP- GkNAcnone

H218b- Gal ‘}r\?ﬁ%’)ﬁg gcg ﬁf‘grlmo%@: ﬁ%ﬂ%%ﬂ%ﬁ@ﬂhmﬁsnwz@em of. due- G

4UDP- Gk NAccandidlales ¥HiEh GldodAGe of Klore 68 BieGms 5 sycnone
31a3D- GL r{0B; Xyl none | 2a2A- WA 1.4 Bl Bt E%ﬁ’%ﬁﬁ%&%ﬂéﬁ%ﬁoﬁ 13a3D-
1,31 ru -%P%ﬁe' The first step in the synthesis of the conplex
carbohydrate s AN Figure 1 is effected, as shown in Figure 4, by
attachment of a fi résrtS e%lﬁfé %ﬁﬁa%l%?(‘f&,dent%ltm ¢ BivEgtainyention sopipinst (S) via

an appr oprdoatpdex carkeltydates Bedigated frtdhera ' ' | AW N second
step (D5, ,see.Table 7 and F?g;urpé 4rf or ggﬁgﬁtg?etﬁ#&?%@rﬂ%?%?cﬁé%% of the

S .
conpl ex cdPbBiy 8% @ Yhwwn afmmiguzes toinplesl varbohydratef éveisty whickal from
UDP- Gal t @ - (1, 3)-0al actosyl transferases (E.C. 2.4.1.122).
The third g‘tﬁggpé}tfgﬁfﬁ'@ée&ﬁgafgﬂ %df%ﬁla’ﬁaarépéwf%twwwrm% foynd imnathes, synt hesi s
of ‘the conplgereratedboBych at BomboW thdre S ' I the.utiligation of P
P o ool Whoshed 0 SR Biding of .,

(1,3) I}l— acetﬁ_jlé’gl ucosam nyl t ransf erase ) tra 15
acet yI'§I uPBLOERRS 8T gradagen rdanvebrncizciles t AltGalatix3ly | sddh @libidey & Then, a

| act ite h t _Figure.4), rather th
Pncose uniiebdnd SoRUAREo] RolefaI B EGhG OF pltier Gingampdatlictng motecnizs. |
X3( 1, 3) - f ucosyToidanifeaase: sifeRdmains Gvitiiinlg’@éo%ﬁ étog@%%a%g&%éﬂg,ta 2003 O

Gal -[3(1,%-(} CNAc-R rather than to the naked
00/ 49412 'brary i accordance with the present invention representing 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 related 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.



PCT/ 1L0O0/ 00099 34 Thus, in the fourth step (D7, see Table 7 and Figure 4
for details) in the synthesis of the conplex carbohydrate shown in Figure 1
gal actose is added to ' GlcNAc-R using the enzyne (3(1,4) 18August2003 .- :
gal actosyltransferase (E.C. 2.4.1.38). Following the fourth synthesis step
descri bed amsves/sedibe synthesis 5 process conplicates si ncemﬁlgﬁ g@lps%ct ose
units branch into two antennas (branches). Since the struc 2 t hese
antennas is identical at the branchimg point, yet different towards their
non-reduci ng erfddier eneyimitictdoaitinAsil\WosplexSoatb i Aae RERERS Melilldleg

si mul taneo&%:ﬁ%eforgshthe i dentical parts of thetwo antennas woul d not
enabl e t he* Suta SFRBIANODS Arhaviseged and aie wilkin thelbroad goeprecoftBe praseigach of t he
ant ennas. hbetRnQfs cldifeqsynt hesi s of the two unique portions of each of

t he antennas proceeds in an i ndependent stepwi se fashion. In any case, in

the exanpl e gi V@tyratie- mudiles YEMs)aeoRstRERiok® EMsdeh%H&é&o%P%Jlﬁéélt dbecause

this. gnt eeqfnﬁlaﬁequifr s fucosylation. |If the synthesis process wou
initiate wifhtRe oiCereayingd canzymatie geagtions i glyicosylt dortone adldsi r ed
branch coulc8egionh iave : } .ed. - Thus, the fifth step (H3, see
Table 7 and Ifiﬂgure 4 p%g?&dfahtjagja?és &ﬁ,\%ﬂ hfé}r%gfﬁpﬁ’&?isso of2PNEOERIEH| ex .
car bohydr #eobiiduge phafibganye EMs sonéthrtivs dutérBicRdes optimization

) d
(1,3)Nac | ycosam nyltransferase (E.C. 2.4.1.149) to {ransfer
acetyl gl ug’%és/%cg% _ﬁ%"‘iﬁ?ﬂﬁ?l{ﬁ[ﬂi{@ gqquiret FERmawitkpnsidyratbuNgiveRio 2iction t he si xt h

step (137 tinkgetehiRrfiue J e et ai | in the synthesis of the
conpl ex carbohydrate ' ?ﬁgwﬁéa %H‘Ffél‘&‘%gﬁi‘g"%?-ga Gepstpisfiph i Rirthggded to

G cNAdOR iralvdssaletrmimitipal efthosydcificadbenasiich BuCER2 should Bhaibfythe
sevent h stfgrpcv%Dngsjee Table 7 and Figure 4 for detail s‘i In the synthesis
of the conpléxc ohydrate shown in Figure 1, an additional 25 gal actose

(B C o T 1oy b oot Elns 0%l o praltid Selbemenet e 4 for
details) PREYMRSic ssactionsi(ERa) ishecenimkexfGacRonarAle, SHAMaAF gure 1,
br anchi ng -i?s Leffected . b sing P(1,6)N acetyl gl ucg?am' nnytMrﬂgnﬁ erase on
the Gal [Eﬁ’cﬁﬁ%@??&ﬂ %‘)"P{é{f’%- (Horagampley aghoRydratssphet hawebs tinaare. 18 .-
Bnd il gure g par ot sl LRECERAES llow U & disrpionsvsrtideydr at oo |

and Figure 4 for details)’in Tt esr's ey dr at es
shown i n F9eRee of swelolinesr towbrhclidiest@itires %@Vﬁféﬁw@”ﬁgﬁfﬁ afgt 1S

ef f ect ed 1, 3)fucopsyltransferase (E.C. 2.4.1.152
| o &anlg}g Cal%)oﬁlytﬁa%s possessing brargchcd structure(s) ar)ld/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 detaile_d hereinunder, consideration is given fo
efﬁciepcy when practically effecting each of the EMs while constructing a

library according to the present invention.



whi ch transfers fucos to GaI-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 ©8 Aubast2668ond

antenna Usiyigedddh( 1, 4) galactosyltransferase (E.C 2.4.1.38 ) on the
G cNAc -R acceptor substrate. In the eleventh step (A3, sBEINADP@ and
Figure 4 for details) in the 10 sy%hem s of the conpl ex carbohydrate

shown in Figure 1, a sialic acid 521 |s appendedtothe

Gal - P(1, 4) G cNAg orientation_ using an

a(2, 3) Si akyl :“_Ma,agﬁé’lm %h&p"ef” ﬁt(””cg“ﬁ"‘gg ﬁ@”tﬁ%{@f"ﬁ’s gudfrdengs see Table 7
and Fi gule_4-far details) i *1lffe BNt hesis of the §fpl ex cafBohyldrate
shown inEigure 1 effects furtiher|ocbbyetargati on of [dditesc ant €Ml USi Ng an
a(2, 8) Si gyht+ransterases—(EeCl 2 4 BJicNac pRgc anot ks NeuAC uni t
to the AC-al 23 —€at-R Stibgtr gt @M gRednRor Furt lttheat ongatiisem Jof this
ant enna eIl ES oiEHSE Ot Lo {25 B e 58y si-alyrrandlilieat og gt

O
o S danacly 3
speci ficlEy]to the NeUAC ate, & -Ned; RSy e é,cpw.ﬁ';'z':

Unfortungtelly, an enzynati cl.l @AC[hQRMsfoReiCT an el M&Rqré%'ﬁéd’l Tause
uncontrolstabl e polymeri zatipn |of [§Rdltd Pl € ST al 1.C acC leidNONET §, T gtjher than

t he req%nn of oply aisimgke siallc acl dlcmBR@Mer. AGhEAvi ng a
control | Bbie- EPletafl o migigl doseiak i ¢ aci d_noponepeira each zERastep

necessi t B c\r 1 e—of B AR RSk R o nodified d$PR’HFUCQDP(‘I npng | tly. As
AD-GlcNacp- (147 =~ 6 . ID g G i fi
such,  25[I I &Gk, OF using—GiP Neti -a5—a—doner—subsiPdls, i fied
enzyne [sNCERGEAL €5 a Todt YNy (DL gup-to—theghyca égi‘%ﬁ? The{Bt-edence of
this nopifying group prevept$ s HNwant ed pot ymer[zak omof fautti pl e
nmononersigeat sialic acid, SknGe tduS.fRZYME cannol ReRersd Si allC dcid to
t he acceptof—NeuAC(nodified) g thdive NeUAC- R I n t hsodiast St epawof {this ER
t he nodi E}tg—306—group—i-s—jreffovedonigiygagust 2003 (b0 007 48442
PCTI | LOQPOpFs—S6—Fhass—A s sealSFafte 7 anek Eilgure 4
for detakd S| TT the synthesfsiof THEHLERBIER carboh in Figure
1, the nedi{ied enzyme a( 2, 8}, PULYSHALY LT aisterasgase s—emfffyed al ong
with the [ fied donor —CNP- NeURG:ah6h.dEm s eikbkOT [eomen -
Neu. AC( Ffovenditaig (2 8) - NeUACER [oivevpli dieioely  gener ae@wi.N€ CONkEX
car bOhydcrut shown—i-A—Figure 1 Badbheni® bel ow out | | et he St epw $e
synt hesi [5,-of the—conptex—eargohypdrattishown | n Figawsn] as Lined in
Fl gure 46_9 9 3 D-Man-af1,0}-R GDP-Man nong
= -] 4 D-GlcNAC-H{1.4}R GDP-Man nong
c1o e |3 D-Man-{1,4)D-GleNAC-B(1-0HR GDP-Man nape
el B ceranide UDP-Gal 24145
D2 B i O-Gal- f(1.4)-D-Gal p(14}-D-Gle-ceramide  |UDP-Gal 2.4.1.154
D3 a s D-Gak{t,4}D-GlcNAC-R. UDP-Gal 2.4.1.151
24 3 ID-Gal-B{1,4)-D-Xly-p-P UDP-Gal 24,1134
(] g |8 D-GalNAC-R UDP-Gal 241122
08 |R-Fucaf1,2) a3 D-Gal-R UDP-Gal 2.4.1.57
07 g4 D-GlcNAC-R UDP-Gal 2.4.1.38
g: B |4 D-Xby-BP . |upPgGal . - 2.4.1,133
B__|4 DGIcR UDP-Gal 24.1.38
Dio p | D-GlcNAc-R UDP-Gal nane
bt 3 I3 Ibcichac psrcar UDP-Gal none
D12 4 D-GleNAc-§{1.8)-GalR UDP-Gal none
Ei . B Ia G-Gal{1,4}-D-Gat-{1,4- D-Glc-ceramide . |uDP-GaiAc 24179
2 |[D-NevACaz3)- S e 14 |D-capo 4)D-Glecemmige UDP-GalNAc 24,192
:j {LFuca(12)] a3 D-GalR UDP-GalNAG 2.4.1.40
SerThr UDP-GalNAc 2.4.1.41
F1 sphingosine UDP-Glc 2.4.1.80
il B3 O-Gal-p(1,3-D-Gal-p(1.4)-D-Xly-f—P UDP-GlcA 2.4.1.135
H1 1] 3 D-Gal-f(1.3}-D-GalNAcR UDP-GleNAC 2.4.1.146
H2 [ ) D-Gal-B(1.4)-D-GlcNAC UDP-GleNAC 2.4.1.150
H3 , (IR D-Gal-pi1.4)-D-GIcNAC-BI XIR. UDP-BleNAC 2.4.1.149
B {[Gal-p(1,3)] g s D-GalNAc-R UDP-GlcNAG 24.1.102
HS p_Is D-GalNAzR UDP-GlcNAC 24147




TABLE 8 EM First ERs sequence (the ERs details are shown in Table

i mobilized 7 and Figure 4): nonosaccharide. EM GalNAc-S D5, H, D7, H3,
D7, D3, H 14, B2, D7, A3, A6, A 7 ERs selection for providilédugusiesosed EM .
I's generated using a conputer algorithmtaking into account the conpl ex
car bohydr at¥O&¥#%tt ure and the available ERs. Such an al gotiitdd@ean
readily be programmed by one ordinarily 15 skilled in the art, based on the
donor-acceptor specificities of the ¥arious glycosyltransferases

gl ycosi dases and transgl ycosyl ak8BL&A(Centirueddut onat ed synt hesi s and
screeni ngr—Fhe—EMs—used _in the construction of a conbinatorial conplex

car bohydr e ‘?‘?“S‘r”‘%%' accordi-figlt o [t Rr esent | nventy ekecutled to

HY Man- . .
produce afgoybr at bri-at—conpiier: chﬁﬁ?rau}:mﬁmm 28138 Isol i d
i . ] I oy i A WPRGERAC ;o 124 11p1)
support Ufk N _aut oAt et t BT OO0, oot e i b0 el bi-o—tabtlve
conpl ex cawbonydrates Cross |,eaCt e, Ji@rib BN Of T [ILELGSt TSRS
execut ed, iaccording t o prefepréd énbadhRRnbSe ok T NE JubPERIAL T OTT, [oV]
aut omat ed 2 GEPEINATH ‘er gtnegit UCt Ural _char aeleend STT ChadT_jevery
single cofff m:;m ) & ofioMesgsncific | i brar lyore qnl titude
: 3 N . ) .
of uni quef.gy It TTesT St protocof S: /—.\.D = -SichjA @P-cias cr | by t he _
present i REEI Q0.3 € prefetaly1os E%:cd by—a—parpiars synt esi d net hod,
. . . 1.4)-D. N UDP-GlchAg -
wherein cpnastderation 1S prigf@ra Ve tuensuref @ finrekriager  of
steps exeputed. Consider, o «exX@m@h@r a 0bOLI CS SNHFLEM PErn ity -
paral | el ke_di st-ri blut jzon joeénd8 August 2003 HR 293 TRone
PCT/ 1L00/ §5OB9—3+—+eagent s B 1 m (oeamgamiceaont aj ner s. judraeidl S cRase, |a
m ni mal nyrber—of—steps—iaptigstat-each of the repment- cont genets i s
= 2ok consi-deraAtFE8A%d s gilen 10 a

detail ed 3 d!L -1'6 rumber—of z i . M S—€ehsSH
sequence ok ﬁm%g}fls STeps gt ﬁﬂi ensure—conp ﬁﬁ;g‘%’w%n hesi s
of all of[athE conpl €x car boNyoLal fs. AL Lll(f?&ﬁﬁmﬁ"ﬁ*éu.ﬂcﬁm' nunber
of tinmes jgach reagent contaijiel | pullaldlckhEGa,BendEdi Gk Ed at g n can be
readi |y déveloped by one ordinBriloyy@kickbed in the Hidxs [0 deShgn aut omat ed
i brary synthesis protocol which will conply with the above requirenents.

In fact, a sirifeafirstisggr irt ke hashaly epee Q&gﬁleﬂed@gg 5 & %gOWhhtﬁ' Sar allgel
ase, and pepti des

addr essabl.e seygt.h%%@s_ of ol j gonucl eotides (Pe
(Fodor> 1 S fHerisenrh showm im Figuse i4a dur gltachtedt lof ar Biseberdiegas if ful |y
t fort | T ' N t ted hj.gh-th hput
Sorall ol Dlelel GhiNac 1GRONPLOM Sprol () 08 AP R lifle PHRRYEP
: further described herein below., ' ' .

et
&
3

w

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.



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

synt hesi zers that can control and perform many different solid phase
synthesis 15 protocols at the sane tine are commonly avai |l &#®RegusiRa03ys
(Rivero, 1997). These technol ogies can be classified according to the type
of solid pheE@edMdsgubstrate that is utilized for the synthegj ans of
the introduction and renoval of reagents, and the desi gn%?mfoh’g&?ggcti on

- chanbers. Technol ogi es enabl i ng aut @aat ed hi gh-throughput solid phase

parall el 20 shinshasths foarth bepBesed Tatile JamdaFigren it depfIsPLERRN!
i nvention, g_luch 0glotﬁchnol ge%i es, i.nclude, for exanple, (i) opehed reactor

systens (@GS b ERTPGHfrbRhy st slavpn in Bigpre {igajactdsodeaddedaot or syst ens

or sem - chReEL:- e q. . |lab-on-chip); (iiji) reaction block
systens; (iV) sg/{ﬁt%h Si geo?? %gﬁy@&a?acdt%slyﬂgﬁm 3ses(§rﬁ'hé ils—zfﬁn pol yneric
sheets; and (\HoJlosymg hthsi foucth syrifest GfepC AbRIIbERT atbvEO TRE ehgafskiye review of
t hese 5t.echnol ogi es and systens see  Cargil, 1997, whi ch 1s”i ncor porated by
r ef er enc P SEF £ CIPlSPIeSe Sincey the walastose uily ibganshasmsos bppoxtttendBhe | ibrari es

accor di ngbtachdds B j [ [ referably.synthesjzed on a solid
. phase suggc_)_rf @%%ﬁﬁﬂfeﬁ@\éﬁ% S? Q%u?%ﬂper?ﬂas @8%?% %E‘M@@ Beth a
sui t abl e Fouc tebtaffergnoupwinds thein dhdiGredu6igerfddPRAT tdendcd ﬁggk@h L 2003 WO
u

00/ 49412 P%I.I LOO/ 002312 38 Suitabl e bindi'ng groups incl ydr oxyl s,
car bony! SYREFHdBFPCesintiae simylianeensdy forms dhe  idesticat partbosfottat ese si | oxy,

aza, OXOgpRRhhe saturated group. Several .solid matri x supports
are nost sui tabJIL;'rt‘am olrlég%nr?g?éa |ensélggecqél?gtoﬂ§@?e§{3e° ?HF%&“F&‘?%%PW ng to the

presdfit ifoveachidithe atehnas , Tk foR Ohe sButhedls beehe! ro ﬁﬂgﬁfgé{&i‘éﬁ gross-|inked
wi th divin Igg zene (Merrifield, 1963), polyethylene dlycol -poPystyr ene

bl ock coff‘B% © @pfeanasspropggdsrin angndgpenderdisiepriistefskibny Tandy ca@86) |

pol yacryk j dy, . | ynet hacryl am de (Hsiau, 1997) and

cel i ul os?{@r%ﬁA%%i %bnﬁ](iﬁii’%‘?ﬁgégéﬁhgisw izashidet begarsg/ thir oduced by
st andar d astena eayites fefostRtiBh 0T B NGt ' . 1,. Sosnowski ,
1997, Cheg]%, 1998, U. S.osg’atl. NOS . %964%%%%%%%@?3@&?%‘%%&%85,069) may
al so ser 5 drancho dirgetad fucosyletipnde tthe Hesitedrioratdte child siot Savcbadr de bui | di ng

bl ockst oefageg0l i d phase support: The first saccharide building block is
preferably covalently attached to the solid 15 phase matrix via a single

atom (e.g., tHeussahé difphaep (HINGEd TRBle PraaUPFicAfe 2 'i{o'} WBhis) d,oener al
properties of ~a |inker include: having bi-funCtional groups " enabling

at t achmeMmikesinet he srmplok icdrtwhygatd sloveh 0 Figiee i Inlst éfdotdidial py bl ock,
g(r:]geg:i EI ,g&gce%giu%gsa%ﬁgftr%%g e;a%e( At Ee(r:t OHZ%?BI%)S’) S tgce gglfsyé_ge |
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.



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@éaugfsizoegzanpl e,
am no acidqg% ﬁ@gﬁides, non- gl ycosyl ated proteins, lipids, lipid A

cer am des, P phosphat es, cycl odextrins, oli gosacchBET/E&8/00099
nonosacchari des, al kyl chains, nucleic acids, or other spacer nolecul es.

Th l'i nk . abl n-, 25 cl | d b osed of
simpl e, QO%Fé‘xﬁ?’*‘é@%S?ége@?fﬁ?iﬁﬁiﬂs?%mfw%_sff?vr? A1) TR HERRBAL . The
pr ef er r ecbfathe acvgmpientcagiobiyifutdsl SHonY in FeoSE { URRS ﬁé?&eréﬁﬂﬁ ket he present

1
invention is in an array synthesized on a solid phase support 1 n various
geonet r i Clebifemareintrayiodiseffatatbas(l, 3 )mosyitmsietaagh.Girz.aysisayul ti. | ayer
arrays, thr.ee dinensi onal ar s (e.qg., stacked 30 mcrotiters), and arrays
whi ch ar é’hHF Bf"é‘{%ﬁ%‘?‘?sgﬁ%gﬁi‘gé:4)d§§‘2¥i‘5&cone shapes. 18 August 2003 WO
00/ 49412 PCT/ HhQQ4RRARS (BY t . t o] gnstituents can be
attached to pol yner beads i’ﬁég ?@g‘%?ia@}éqﬁ arr?b‘qgﬁ)g df%ﬁ@%ﬁt%grsyﬁ 8§%d) and
arrayed ©&hthe eamplex parbohpdrate showa in Figire 1diffeensfuethad clst@ARIntof (Y
arrangenent t.hat enabl.es easi automati ¢ addressabl e operation of the EMs

col | ect i SFERdAEM3sksing an Jd4) galrstosyltransherase KEgE.e Qoht 381 howhé on.

Attenti O(I}]&NAQI}@B@d’e?wr)éu&l;&é%’l to the spatial distribution of conplex
carbohydrates of a fibrary to ensure shortest distances anobng nost simlar

carbohydrat esin e esvémh erpulAs, akt i TibRNTYardl Fighte AR TRIAR) 3;g1esi S
procg&s. Mtgrofltu'hd systens can _and are preferably enpl oyed%?l . S. Pat. Nos.
5, 6437 738MtBeRql tag gompley ogriwisdmgoshowroin, Rigersnip asiklci dsidmynamerceni ng:

There arg QS I i techngl Qqj es and procedures currently

enpl oyed i th E‘g ar tﬁghaﬁ'%égg)@g%gﬁioggﬁ? gntcuRs wedn phbOLomgntaioncar bohydr at e
| i brari easing ah b€2 BySIsI§RtankfRYRERL 100 259_395 views see Broach, 1996 and

Bur baum 1997, whi re i.ncorporated by feference as if fully set forth

ch a
herein. As subhe tweldtinslep oiAds =i Talk &7 fand Fﬁggfvuhf@ugé"twae fh5itwcr eeni ng of
bi ndi ng i0-aetiyities.can be hased on the follow ng: (i radi oactive
det ecti o%;nnﬂgétsﬁogg;ﬂlgi ?3m§-1%o°ra§ e fhowa: ih ¥ IE'EFhéd%f;%’C(tﬁ it%lyfhELl SA based
det etii ogl tladsf tg@hdntd 5 t ens Vi Lt er genes.
Radi ol abef)g% pr obes t%gﬁén%%n%éo agg&n%?g 2)%%2@?&8%%%@?%% g\él'tgfi‘g'ggigﬁfen library
can be déewbyeaddifpranedermiNeyAQyust S6i thei Neahicoa(P5oshikt yuAgss@y (SPA, 20

Cook, 19396?2>.t The main advantages to SPA are that (i) it does not require
renoval Of ¥P&e radiol abel ed nol ecul es;: and (ii) it is readily autonmated.

Addi tional matheds, eisHSRAS o ff r ence can al so be enpl oyed.either via
direct fluorescence de elco?li S glﬂgagﬁ%%ar eSERRTY ytﬁFaB%‘T e U*’oﬁ%)rml ecul e or,
for polysialyltransferases with specificity to the NewuAC-a(2,8)-NeuAC-R substrate

20 acceptor. Unfortunately, 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

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



exanple, by either the . Honbgenous Ti ne-Resol ved Fl uorescence (HTRF, 25
Mat his, 1995) or the Fluorescence Pol arizati on Assay (PFA) technol ogies
(Checovi ch, 1995). The nain advantages of these latter tech®alggst@808ie in
the ability to use "m x and nmeasure" protocols wi thout the addition of
further coNpIOPEAts ng steps. In addition, many variations pgfat Hfooee
Enzynme- Li nked | mmunosor bent Assays (ELI SA) detection nethod can al so be
enpl oyed with 30 accordance to this3snvention. 18 August 2003 WO 00/ 49412
PCTI | L0/ 00099 Thys, mHtbe inohstep A7y senTableridamb Fizupadi for idemitsofn @ach of - t he

conplex ¢ drat.es of .a |ibrary according to the present invention can
be eval ua?sgg%lg%lg oﬁg}fenc mRley cqRalydrate s 9""3)}%%&3%‘.’1 Imedified epgang, syst ens
for high- d¢br 1 i hav e LNely. studied, ,and

gui del i nes (f bg(r}ugﬁe‘cg ;&ﬁagﬁ%?%sg%srco%r ig[gtrag@s%gr éﬁe)ﬁ? ﬁ"é“@yté? e?%gg'ﬁ%ged%’é’én

i nt r oduceCNIRINeyAC 398)the Ascepior NytsAEfTRodifitA0a(TR8YINEL RO ABAhbRspCt cel |'s,

as well_ a east . and b%%teri | .cells, have been thoroughly descri bed

S -
( Br oach, ﬁgé%r:a *rBE somplegparbglydrate gwpn indfigwistl. t he most conmon met hods f or
det ecting i ntemgpfel @64 . C -eXP, d i | s and |i gands
capabl e of binding such cerﬁgﬂllngg%h% %h&’?&%{o{ﬁ?er%gpo t e7¢ g¥ ﬁexrhi s
i nvol ves spthiobydgte sheownriafgure 0t homalinediit Fighreed. ement s of a target gene
with a codi ng sequence of a reporter gene into a vector and introducing

the vector into a suitable cell line in order to establish a detection"
system.t hat responds to nodul ati dhB}E8he target, in this case by an

addr esSabfe—brary—derived conplex carhohydrate. Common_exanpl es of 15
reporter pEMes erfé'“eqzymes S UidARs sequeadel(tht BRe dpthidsqrh sliiceaein Tableor affpheni col
acetyl trahsfer asér‘ﬁ’:)mf’i’- e, | imred): | uciferases, and f3-gallact osi dase.
LOW -._| ev i‘-‘.ﬁ Uf ('G'p acc A—4 : _._._-—72:_._-57.,_,_; ................... L i §

col Orln,.etfl_c,l, _é.h_éw Hano .'mgmllni'di el O] hods. Non

enzymatic reporter genes such as gfeén, red shifted and bl ue fl uorescent
protein (Phill}Rsgele N _he;eml d.as well,. Thus, according to
one aspect of { hes%se%ﬂgﬁ%gﬁﬁg%nd%%g?ﬁﬁés EPAHRSE SIPE 4 EHBPHEE or i al

conpl ex calgbotydriakiag| ints arcyounththec osthplat cirbayk@aPiRicture a5k gr ate -

i brary accor di to,the present inventjon includes a plurality of

addr essabf‘éal%g% %‘é‘a‘o"ﬁh%?ﬁ‘t}@ cany gadily be prozwammedrhyi ong ardinanbt her aspect
of thespreagBed ihKeNdA OfdBESE 1 V] d _of . produci ng an

addr essabl e_conbi na?gcﬁ’i al coérrgldé?( d@%%%%}%gtrogt%}%ﬁﬁ}egr?f %ﬁlé’aﬂ@l’ od
accor di nggbeosyiransfepes glyabsidhes pné s@ntelycosshséivailsbef f ected by

enzymatical ly 3xpt hesjzing a plurality of conplex carbohydrate structures,
omated synthesis and screening: The EMs used in the construction

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



each of which is attached to at | east one addressed |ocation of a plurality

of 18 August 2003 WD 00/49412 PCT/1L00/ 00099 41 |I|ocations of a solid

support, resulting in an addressabl e conbi natori al conpl ex18 dagisit»pds at e

library. As used herein in the specification and in the clains section

bel ow t he wenemasi2addr essabl e” and "addressed" refer to b EJP io(afaa)%' on and

identity. Thus, 5 the location and identity (conpositi oniil 1 | ex

carbohydrate structure of a library sgccording to the present invention are

bot h knomteagentacﬁ;m qeagudd doRfiners aTRORKIEREE aSnidiflal rn%nib%r téfeigé]m e

addr essab| e. i s understood that the phrase "a conmpl ex car ydr at e

st ruct ur e™Mp é?sethét garhaohther E‘IBE@I}I m@mlléﬂet&bdmh}ldnmlmm‘tbamﬂ es all

having th r and |l ocaljzed at a speci addr essabl e

| ocati on glr?%tgggh?%)’l &?iltswcgaugptls BIYRA "9 PRAlEnEy 8 & ?Sé§< S'@B? 37’6! at e

st ruct ur esnsafe eothplatie bfal&‘e:@_ghﬂhék% of A1 LRfhPESR coreferably

attached 1o the, l())I id suri)port via a |linker (sglz?%e%) (ﬂi?ﬁkzﬁfk giglr accordi ng

to pret er FFaRHE anmbge of Hnss teaohn reaganl caivsinat isl detgitedt WA cont i guous

coval ent ngt h,of .at |eas 5,2 ons. Suitable
e Reiiy P B By ok pripa s b o #ge.

i nkers include, ut are no a.

non- gl ycowytedigd aptoatatéd libearl | Yhathesid 181261 %m}ij%IC@émgl?EﬁzPﬂﬂat d
y ai n and a

cyclodextrin, an.oligosaccharide, a nonosaccharide
nucl ei ¢ a®loye (f%q‘b‘-'eme&ﬁ dnife@ny giribar etporithim hes elotady Iseppleveloped forwhi ch

vent | orPa | SESMILEER HoRandeaith PRI b rdides; Doads, or

a flato pl @otior, m99ﬂ16n aflSHoeEpAbSh %&fr@@ﬁfoﬂte& %}?\Irefere&%aa@% By ' anged, for
exanpl e, eﬁ\gﬂi‘hln wells of a mcroliter plate. ternatlve a

mcrotit deein)y nenbrane or a chi p (e.g., silicone chi p) serve as the
flat platform RQrL accordi ng 1.0,t esent veption.
According to g% girulleogggg ? na]?lgge??@ﬁl ﬁbﬁlﬁpﬁgﬂ"gﬁ?‘ltt%aha ?Séﬁbltahe- solid

support isynthesisi pmndedémﬁ&r eRmeatIP! BX trARh Yo, al &, st 1 %ft&ﬁﬁ?do‘c the
plurality of addressable conplex carbohydrate structur es are forned in

pat ches Spatssizessdhatrasnecontrahamd perforam many rdlffcuenamitdmhas(acsgnthemst 0 center)

h th d d | t 20
i 71 oFond S905 3 2o shin® g5 B coaphany B JHG e YeRp i haied. J99 Tk quar o
cent i net él’hesé.&eﬁmglt%ﬁesZGﬁB b\é\QIQ%HeQi‘lllgcorm/ -0 @ARIr4%lid phase

-substrate that is utilized for the synthesis, the means of the introduction and

removal of reagents, and the design of the reaction chambers.
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.



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 block copol ymer, pol yani des, pol yacryl 3&{ggust 2003

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

Accor di ng twoaopses erred enbodi nent of the present invent iP%‘i‘nEonba?é‘St one,
preferably at |least three, nore preferably at | east ten, nore prefterably,
at least 100, nore preferably at |emst 1000 of the plurality of

addr essabsitelepingling grups hylirdet ey dsdxylis eartRayD amboki D hafiNesOhalldes, Present

i nvention i.nlgl%ges bat | east., two, three, four or at | east tive or nore
cont i guou TR BeLonstes, siloxy, azas Prey| axiren, ennsyiuwnsatupsted gouper  det ai | ed

her ei nabove an ol a ructure j of . ivial due to

uncontrol | ed %?‘gfﬁﬁrisgggi on. ic%‘%&&?%g%eo 451?1)8 héé'rlta%freeffglfrg?}]emdi nment of

t he preseparbp i Bprasits acemdingone thep pafsefittiventibn| Qamht ad, henotTor €
preferiblg at'ngI east tfn, nor e ?re%fra_bly‘ . at least 100, nore preferably at
| east 1000789t Re BoIXSFaIene grass-Tinkest dgdniidnylbenasng| @dercdiclshb \ASBAt e

st ruct ur egolkthdlehk DEREY]- r t.d i b udes at. . l.east one,
two, thr eg, 9f ogr orélgtmlféga{?ttﬁ??%eﬁggpnco#g br an@ﬁ%%&%mgs}’?ﬂ nl&gtlg yet

anot her ppelyanidsd enffulandnt 98d)he pobaentlathitieent (Ashardi | e@Fh),one, two,
three or at, | east Bj%hu of hhe brar&@hes are formed of identical "core and

br anchi ngp%lm e + SHs1ag, £ J9PRbr g ai sellglaser elrabkye 1988).20 resol ved
such a st iGbBbeiched NSlicdd i Vd-al eci i+f. the ennas t ached to each
of the branchggﬁg?t??e}mlic%ﬂggéggh%?%eﬁtﬁu %/d cﬁ nﬁ:&dtg%%ﬁ?mﬁﬁ@ﬁuﬁﬁ’ﬁg to still
furthéd fegcessy tecliniqudsqFddag 1DDEASqEnewekil 2d97;e0kadi 199g SUAL pheast one,

pr ef erabI% at_,h%tfﬁﬁ te{r&g nor e gref erably at least ten, nore preferably,
at |eas 108> %Bra B L%4 and 3.683069)0wBy also serwe pisua asalidyplufse 25
addressabgu?pgg_rrpl ex carbohydrate structures includes at |east 4 preferably
at least 5 nore preferably at least 7, nore preferably at |east 9, nore

preferably at Linkingttht §irsreucerqidd biitdihy btdck 0tk soBd F%&eeszg{ ferably at
east or nore

| east 15,20 50 a l.east, 30, . nore preferably at

sacchar i d’éhetﬂfsf §?°°¥[}%‘&f§n‘diﬂﬁl§1g0b10?1f 3 HrﬁfeéawEeowg;tYya@tarchcd trethedelidi led .. -
her ei TUINGgHage ix 39 Bl i O{; ddr.e | e coppl ex car bohydrate

st ruct urggfof 2 11 brar yﬂgggo&rtgl ne'g?’sﬂ‘ﬁué"aﬁdfp%sﬁﬁ“aﬁf&%ﬂ PBA7 1 LOO 00099
43 to tHinksr.eJbatgenerabptopenties afi allinkar ixedides daviki mrﬁxhamnuﬂ%ﬂﬂp@on- nat ur al
or natural . ﬁr?”gl eﬁg%agbogégr gt es, e.g., whjich are derived froma human
sour ce, <Shaping attgchmen to hethy the selid)sppport apdyte e initial harding iblegk,

Al t er nat iandlag,subl @ Bhfikedh Lty e I rboh at e
structures can be a repr esen%tg{ei(oAn oﬁgégg?)hsgﬁg?fﬁéggn%ﬁ?cﬁ%g@ at | east one
nat ur al deripe exunebilivelly shoettazide Sic bf gréait lifrpoytan@§ 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.



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 hAHOe8@EPBx .
car bohydrate capable of binding an entity. 10 The method according to this
aspect of tWeop#dtent invention is effected by providing peraReeRssabl e
conbi natori al conpl ex carbohydrate library according to any of the
enbodi ments herein described and scr&ening the addressabl e conbi natori al
conpl ex carisangtanels ethiei hraryy constituentse canbiet attziched itdgnilirbyi bgadshin  conpl ex

bohyd le of bindjing the entity. 15 As further lified
Per ef mundar e TR (Bai B tletd) A sTAed oar tHACHBEIHRIAL REcbi nat or | al
conpl ex camizehdidicationk! Bigiovt. 30607 GfighfiediNfhat REMSE ) MERRLEN- - FOr
n Bl ogi ca F)f/ ac

exanple, the entity can be a candidate for a I've material,
such as a2ddsgsablmencaetion afdhs Ebt dollecticn may be asedoin asyordhsde with did gi n. | n

this case ac di.ng.to t.his, aspect aqf the, vention serves 20

for i dgnt P%é}??l%%yag@%l CBQ?%%?@&??@W@??% tq ghcaslfaélla jstiyptionn@f candi dat e

for the bomphg cabbhydsbd ve aNBbAH & endiré 8hHA sk Ve ccc):}%| Qg}ogl%ynh%(tncan be a
y :

| i gand known_ to bind a specitic natural conplex car this -
case, t he SHEATewbOlydrates moi aratcoensaire ebiigitrey cfitizohytdmated tynthiealsy can be a

represent at | of r: ins _of the specifi tural, conplex carbohydrate,
wher eas t%lédc(ra}%f hféddglségl?‘@;?sfwst?ﬁ“s ar@e@%éfag?y F@B&ﬂﬁegyﬂfﬁ% RatsNesi fic domain
of the dosm48:738h5681aBMdMdINSR dg@and to thereby identify the active site

of the natural conplex carbohydraté. According to still another aspect of
the pRBsent i ndutwrased « Hidreryi sscrpmangdeTherenetieodmaheduagnesien@ga di sor der

h terj . sel -sel f I caJ bohydr at t t d
Cl ot tat 1 SEER7IOKisd ot pfieediiik PlrengsRuloreria (RS GoF he SBBlg Lo (i s

aspect of sérbeh e o i i; el st 2003 WO
00/ 49412 “BCT | Coo D000 A oo HErPies BEHFbreknb b B Srto i

car bohydr 8geeBroapl,a996 meg rslean, 1§97 hehishlate ineaghoadted b réforneehd ifconpl ex

car bohydr gtgs by.e oyi.ng any of th t hods. described herein for

synt hesi z?‘ﬂ@' gﬁcﬁorg}):h‘%ef%r ygs ﬁ\‘&;"a ﬁ%&g%ﬁ Supabig; foit ighdhroughprsl ex ..

car bohydr gdreerih®r ¥ Yinkdfot BENSEEL " i t khodi deri-yed from5 a
pati ent suspect_ée)d ofmha\‘;zit ng ltﬁﬁgaﬁlg(&)éreg%{?e%o\qaﬁ%r g)gyh%egéel?%fleg‘a(%attern of .
the | ocatddinestive delectien mithodsit(iih fdbrescdica detestioh mdiaddspgliip BISAI ng t hat

0 agnosi o2 8RS RieCRPBeliBes Td U PalRaniduoar yiieins KhoHT B9be associ at ed
Loy ccact Sl o g o Al L g o
library can be detected, for example, by a Scintillation Proximity 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.



tunorogenesi s, netastasis, - pregnancy, vascul ar di sease, heart disease,
neur odegener ati ve di sease, autoi mmune di sease and organ transpl ant.ati on.
Neur odegener ati ve di seases include, but are not linited to)SPHE¥st#E83" s
di sease, Al zheiner's disease, basal ganglia degenerative di seases,

not oneur on WP 8EKdEs, 15 Scrapi e, spongyform encephal opat hyc@4go00009
Creut zf el dt - Jakob' s di sease, infertility, allergies, enbryogenesis,
apopt osi s and neurodegenerative disofeders. Qutlined bel ow are sone

strat egi es enplby deosiivity sud ebiniding sppabilitics of i &urchr oésthgevemplerd by t he

T
met hod ac ng to the.present invention. Thuys, in order to identify
conpl ex cg% Pt é’% 33%?)?&”%?%%&9&&‘8@&?“@6“‘&“8%i°ﬁ§ be|cyalupted and/ or
drug tar gby Susing) GIIZDHIBA | &34y YySRARI NAALbAkd CUIR) SYsreh! Bhydrat es array
conposed of known conpl ex carbdhydrate structures” from hunman <ells or
novel car Boeyghpyt ecreenizghavedseny exiensivelyt sfudied, redipoidebmesfapglswingi S scr eened
agai nst a, %iﬁtt}{ S%fr | abel eq Br bes from soyrc s(@uchnlgg | abel ed human
ti ssue” hoPY AT SITRHE SHITIaY dig b rieen| mfFaruceds (Ress) H98hc od®aY by EST 25
col | ecti onsterhaihehaRRATAS AN inREAUAE w0 Fodlt 3R Borlddplogid o5, | abel ed
cells "fromeither human tissues, pathogens or Sol utions containing
m xt ur es bave beghdhaseugily desonibad (Boatyd 9960 Robey1AAGH Sies9990ur ces or from
pat hogeni c cel Se o 'Ege obj, ective of s%gh scyeening is to identify the
| abel ed ol ecuPs% of MBFH9RE COmpRRRe MARAGS JoE dlelesTipg duterstiens BFW@eR peci f i cal | y
to a conphelecoRtapydiat & o ish AW chSshtik on and
characterization, '? hese ml‘gésﬁ%é({shgaaé]dsb%a%%leA%%@M §O%J§hv%hlgdlfj§412
PCTTI L0 @oployoa g8portassga. f (i énvadeespslieintg #ie tanstirpaivesl éaitrollr ug t her apy

or targetg.for. drag. therapy, These strategies can al so_be enployed to

i denti fy %gwg?tgggggggg{]genpg%ﬁ heodps _a?‘ﬂ}l%‘%eo‘t% TFBOT §7OF EHARSSCORat binds to
speci 1 ¢ SpliRotushEoRY dictdiCint ANSLIINEREE e LN SrbdDIAEKabIRNTR | dentify

| ead conpounds which bind a specific conplex car ohyérate, an enzymatic
conbi nat ofdtegtioporypleax that ndsphydy &t mollulatian wf derpogedinthik saarby aonpl ex

car bohydr a.e_st,uct.ures of. human cells géycprovel car bohydrate' structures

gener at ed® SSRaBIE dikrpn, et CAGPER e a9/ SropReRoFemPIEdof cel I's or
pat hopgensrepberS sémRNad @&@H&g’ t div r a |l es. 10 The
obj ective gf trhlgs screeni-ng issut%g %Salgrrllégn%I@g?%@ftatfh’dgggl?%nn@?hg&gf t he

speci fi ¢ acehflwanséirasen firbily \wadrbactesiat dugifeesses; aadopydiataidagsind.dwr or on
these cell s .an t he ri_speqc]ti ve ligand thereof. The isol ated and

char act eiFygn 95 GSHY dah thesen eramiss can Aed dgiecieddusing osdommetiopor t ant

bi ol 0gi cadhepfikuMhédeEst oS UGH : -1 0 g{myni | Q .
recogniti or?, cel | deve|°§p9&"§%‘?§‘g§§£%tu%§c%§é Im?'}e ast ag\i%sd. elil%yl‘li'g{rléthe
i denti fi capder gehenewdl ashgreergatd viified mpd dluecAndrebusdt pictsn (Bhillips,

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



conpl ex carbohydrate library, according to the present invention, is
prepared conposed of a diverse- array of conplex carbohydrate structures,
i ncl uding such structures not normally found in nature. ThB4ugushR08g: -~
carbohydrate library is then screened against cell-based assay systens, or
agai nst def megbidbsagan or 20 nicrobial | abel ed target nol ecules, such as
lectins or receptors. Such screening |eads to the identi fiCAWR8f new
conpl ex carbohydrate based drug candidates. Alternatively, such screening

|eads to dbmionslefibistlid aupgut, absulifll MRS RIAERASI AohMbinfYTR! SHrfay DOy r at e
Such di seas%? ;@g@lﬁ ed conpl ex carbohydrate can be used to it

ant i bodi e$? - IARY-ant i bodi es can thereafter be used to identify 25
and isolate a g| F We rboring.the disease associ.ated. carbohydrate,
to thereby iderﬁ%lll&g g h%%e\?\l/ll%}g?ee?p Cﬁgt‘%‘bﬁ%‘g‘%@o@?’é"t‘%ﬁc@w{wel%ﬂledi sease. To
identify semmcliddessible ol direwd" eéfeﬂw%thqesa@ﬂo%nﬁghmg%dﬁ%g?’ a

[ [ co ‘of all the

| brar¥ according to the_ present invention is prepare 0S€
e

possi b PR angridautily deormpositiqm of a soimplexcoripiladratastodiydrofiae.  As such,
30 t hese i t then he screened with a | abel ed receptor
whi ch 15 AR BeL BRI B FAS DR Bt G500 80HB In AGH IR PSS ( he

conpl ex caatbohydin@tstructues isckhB@fss GAdROEBIN S isThgiPios Y h%[}fiﬁcjssfei city to’
each of the domajn fragnents can then be assessed to enaf)fe e isolation

of the dondi FOPPEYmEAtEOlYdrate) astrictue'ar refasplexa cphisalitydrodt eompraponsi bl e

per f or med e Rarar aepies b e i and bl icomeree.

car boh§dr andaddreszaldpicratipaion$he éﬂlﬂsﬂf)ﬁﬁﬁnt i nvention al so enabl es nappi ng
of antibodi es ggainst self or non-self glyco-markers found in the bl ood
serum of a pat Méneddrpssablgcdemplex eashpliysiate atruotuyedr aft  libidoy atqordiagor di ng t o

the prese i i 1.5 synthesized 10,to. ipclu a diverse array of glyco
mar kgr s p{rbte%lgﬁ%‘gsi%%{ ?‘%gﬁ% no%rg pggfe@ﬁfyo?t}aﬁhe(gﬁ% ﬁ‘gr‘?f’ﬂg'ﬁﬁp%oq Vﬁr%k‘}l(qrsyt heng Y
screened @patent Tiabahker ReRr&ingf oSHEIRANEIMBOG RS E)f" gﬂé iiehtBAt 1 ent and a

resul ti ngi&gf%gr ated anti body profile can be inplenente as a
pr e- di agnBSHdes eblsestiigio cuntigeousarnralsnybondsramdsipisaof @léngth cbarlasstbi ity

Speci {4 ¢ I g tigens,can, al so be.used for the identification
15 of isnewﬂg:]@%gt-rﬁhasr'kggg&g%ﬁ%%%ﬁchld%ah%ﬁ? “85?’6‘?%&5%@& apingpgidades or or gan
transpl anpa:(ﬁldaﬁg, xﬁu@y@isyﬁ@dawegﬁna HpIRYS cahfidEe r&g?gpﬁ]g&ﬁggtgi pg to the

e a

present i n\{éar{%tl on agai nst | abs ed serum anti bodies fro i Verse
popul at i oSN, A 9higgsasehstride e aomonosticskaited anndikyl dhain, cad 4 hen be

Combar =4 e b8 oL fugfla 2l PoPuLa Lo, T come s
response to a Tdiesesi® sapure oats wascls Eemplex carbohydrate structures 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.



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 ti onal objects, advantages, and novel features of the Pp3Augut2003
invention W #,ngﬁorre- apparent to one ordinarily skilled in the art upon
exanm nation of the follow ng exanples, which are not inteREEELHEPM

limting. Additionally, each of the42vari ous enbodi nents and -aspects of the

present i nveniyj | R e_and, as cl aiyred i-n.the cl ains
section bel owwr%‘li@%é%%a_elgge({i m%ﬁ%ygﬂgdp%(a?tﬁstrﬂaedef %ﬁ'ﬁc%‘?m RgSXanRlel es. . 30 18
August 2006lyiereng lotogsiniRd Wik (i iaPid8nAne, irfee RRY R PORBLyréheNOW Made to
the foll ogi' nﬂ ex&r}rfg_lwtgas, whi ch E{g%(’at her w t the above descriptions,

i || ustrat 89€CK&P 1 1y #Ridss, Rodyacrripmideg pplysrstiasrylemidee deBinloseri ng

exanpl es gﬁg@iqhaﬁfl%ﬂ&tﬁlblbﬁtsﬁfcg of conpl ex carbohydrates synthesized using a
coll ection of specifically selected enzymes. Generally, the nonenclature

used herei n andictdrdingatoon prefeyedembodinieas of thd ipessBaTinytation sleRasi bed bel ow
are those V\ell'%tlé% a&d C%menly enployed in the art. As such, it will be
appr eci at 8>t at aplotisry mare Prefsrablprioleastipmsmersuprefanebly, 18 practi ced
W t h easelelhy @oe ' ' ' ' L. | i ew.qf the findings

t hat sugar resi ag%gggfﬁﬁgﬁatiﬁro%ﬁ%%sgﬁ%d g{%@%&%aﬁltyn%igarcfdéwa 8|°%mPlﬁxt he control

of cel | ul earbéhylrste aruatesc of b Uitasryr €€ AgNpresedd invdnfvg Shéldads ANeads
car bohydrate function in_pathological states has led to the assignnent of

sone conpek TEEPHIONY OF 4t leasbive omprore pentigupes pecchenide wdrsrafof singles 1995) .

Dr amaig C €Sa 4 t] rot.ei.ns occur in _al nost every

car ci }1% naéi}r(&%{a%g'o n%ér ?ur%% gcg?%ﬂe%qegﬂnﬁéotvg (i e F@X?(g SeFhh GEECHTE et

bi osynt hewivsal dupad hueyrsrollefpolymeaizatién. bl ocki ng the gl ycosyl ati on

bi osynt hesi s Pécth\/\@y | eads to an overproduction of structures which are
typical |y fourféCIoRtBEdr 12ngthst prefenred embodimamtiof thepresentHovertionraor e,

al terati oggstl ) ' S ead, to the utilizatjon of
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at least one, two, three or at least four of the branches are formed of identical
core and branching saccharide units. As further detailed hereinabove and
20 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



ti ssues (Kobata, 1998). Tunor nmarkers are significant for the diagnosis and
treatnent of 30 nmalignant cells. Potential nmarkers can be any specific
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tunor cells, such as, peptides, glycopeptides, glycolipids or any

combi nat i ongo0 ow4serzeof . These uni que epitopes can be speci bi-galebyaobslentified
by nmonocl onal antibodies and as such uni que gl ycosyl ati on patterns were
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PCT/ 115 AQ' 0009 #%her exemplified hereinunder, any entity can be used to screen an
addressable combinatorial complex carbohydrate library -according to the
-present invention. For example, the entity can 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



new drug candi dates or drugs useful for the prevention of squanous |ung
cancer netastasis. Tables 9-10 present conplex carbohydrates of abnornal
structures of SLC carbohydrate chains fel eased into the cil®éupest@fdP3system

(marked A, A2, 5 A3, AS, A9 and Al10), all the possible fragnments derived
from such SH@®W4Mibhydrate chains (associated with Al, A2pARLodidhesA9 and
AlO by al, a2, a3, a8, a8 and al O respectively), normal bl ood antigens
(mar ked A4, , A7, Al I and A12j and all possible nornal bl ood
antigen fr 82 %P?W@Waquﬁbﬁ@ﬁpbmcéﬂ?@bmiamlédaw tepreAdntindbihe A6if A7, Al
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locations _to which the antibodies bind, such that by comparing that pattern with
a known pattern phamcterizing a healthy indiviéual, a diagnosis of the' disorder
is obtainable.
Disorders known fo be associated with production or infroduction of self
10 and/or non-self complex carbohydrate structures inchude, but are not limited to,
tumorogenesis, metastasis, - pregnancy, vascular disease, heart disease,
neurodegenerative disease, autoimmune disease and organ transplantation.
Neurodegenerative diseases include, but are not limited to, Parkinson's disease,
Alzheimer's disease, basal ganglia degenerative diseases, motoneuron diseases,
15 Scrapie, spongyform 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
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To identify lead compounds which bind a specific complex carbohydrate,

© an enzymatic combinatorial complex carbohydrate library composed of known

10

15

complex carbohydrate structures of human cells or mnovel carbohydrate’
structures generated from reduction mapping of normal and/or pathogenized
cells or pathogens are screened against a diverse group of labeled molecules.
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 and tumor cell metastasis.
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

20

25

30

structures not normally found in nature. This complex carbohydrate library is
then screened against cell-based assay systems, or against defined human or
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
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,

these domain fragments can then be screened with a labeled receptor which
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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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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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D: - L- 1 ucp- (1. 44hesPreseat dpumbioplesdibles to use tumor markers not only for

immunotherapy or diagnostics but also as potential targets for drug therapy. To
this end, a combinatorial array including both Tumor Specific Complex
Carbohydrates (TSCC) and normal carbohydrate structures would enable
isolation of new drug candidates by identifying molecules that bind specifically

and uniquely to complex carbohydrate structures associated with a tumorous

conditions.

EXAMPLE 1
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.
Squamous carcinéma 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
complex carbohydrate antigens associated with both membrane bound
glycopfoteins and mucine-like molecules which are released into circulatory
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

53
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49
new drug candidates or drugs useful for the prevention of squamous lung cancer

metastasis.
Tables 9-10 present complex carbohydrates of abnormal structures of
SLC carbohydrate chains released into the circulatory S)'rstem (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 A4, A5, A6,
A7, All and A12) and all possible normal 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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antigen ) Galp~{1+3}
A7 Q-L-Fucp- (1+4) 7
Normal :
Lowisb F-D-M.cpmc- [1+3) f-D-Calp~- (144) ~B~D=Clch~ {141} ~Coranide
agtiven a—f.-rucp- (142) -f -D-Balp~ (143} )
AR G-L~Tucp=(1+4)4 B .
SLC L | :
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Al0 «-L-Fucp={i+a7, 2l 10
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TABLE 10
Source Carbohydrates sub fragments EM
al:a2;a3; B-D-Galp- (144} -D-61c 13
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a4;a5;26; ;
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al2
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a7:a8:al0 -
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2%;a10; C-L-Tucp={1+3) S -p-Glopirc~ {1+
all:gl2
al;a2:a3 B-D-GlepNac- (1+6) B -D-calp- (1+4) -B-cle 22
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2%al0 .
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a2 : G-l =Fucp- (144} P-p-GLepNAC— (143} B -D-Galp- (144} -b-Ole 33
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a9 B-D—Galp-(1+3) - -D-GLCPNAC (1+3] -f -B-talp- (144} - —D-GLCPNAGC- (143} - ~b-Balp- (L+4] ~O-6Lc 49
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a-D-Gl p-(Lr7)J a2a-D-Gl p-(1"4)-0-b-G.cpD2Ac-(1+6)5 74 r ~-a-Del p-rl~
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a7G L-rucp-(L44), 81 | 0-D GLcpNAC-(143) -a-b-G&7.p-(14 a-L-rucp-(1.2) --P
-D- &l p- (143) al Ca-L-31cp-(1.4),82 a-D-GcpN c-(1.3)-Q -b-DeLp-(L.4)

$-a-Gq V.C(1+} '
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al2 I 55
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a-L-Fucp={1+3)+F - -

a12‘ G-L-Fucp-{1+2) - -D-Oaln- [L+d]q . 56
p-D-cleprac-({1+

a-L-Tucp- |1+3)J| -

. 32;33;36; G~L-Fucp- (144},

aT;a8;al0 B—D-Gf.cpmc—(l-ta] -f-D-Galp-[1+ | 7

B~B-Galp-{1+3}3
a7 B-L-Fucp- {14414
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P-D-GlecprAc~-(1+

B-L-Fucp-{142) f-D-aalp- (1+3}3
a3;af;a10 B-D-8lopaRe- (1+3] B -b-calp- (1d)y - %

1
B-r-GlopNAC~{ls

I
G-L-Tucp- (1+3)4
al:;a2;a3 P~D-GLepHAC- (1+6)4 60

B-p-calp-(1-+4) ~p-tsLc

B-D-OlcpNac- (143} d
al;a2;a3 G-L-¥ucp~(1+3) - -D-G1CpRAG- {1+6] 1

B-n-calp-(L+

B -B-alepamc- [13)
al;a2;a3 P-D-Galp—{1+4)
- . | ‘ o 62

g —B-G:.i:pmc- {1+6} P -DuGalp-(1+

G-L-Tucp-{1+3}J
al;a2;a3 B-n-BlopMAc- [1+6} - 63

I
f-n—Calp-{1+

B-D-Galp={1+3] B -D-G.l.cpm:-(l-;” i
al;a2;a3 B-B-Galp- (L+4], 7

B-D-0loprac- (1+6) 43 -0-Galp- {1+

x-L-Tucp- (1_7-3;J
al;aZ:al B-p-GlopMAc- (146} 65
B-D-Galp~{1+d) -p-0lc

B-B-Galp- (143} -B-b-0LlcpNAc~ (Le3) ) i
al;a2;a3 B-n-Galp-{1+43,

i 66
5-D~G:cpmc-u.-v6) -B-B-Galp- {1+4) -D-BLc

A-L-Fucp- {1+3}4 .
al;aZ;a3 G-L-fuep- (1+3) P -D-GLepRAC- (196) e

1
BvD-Galp~(1+4} -D-ale

B-D-GlepMac- (143}
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al;a2;al &-L-Yucp- {143} -B-D~GLcpNAC~ (196) ¢ &
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B-D-Galp- (143} B -D-Glepmc- (13}
alja2 B-D-Galp~(1+4) f -D-cLcpRhc- [1+6]4 70

p-D-Balp-{1+

i B-n-Galp-[1+3} B ~D-GLepHAG- {1+3)4
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a3;a%;a1Q | B-0-caln-(1+3) B-b-clopHac~(1+3) B-D-Galp- (L+diq 83

B -o=GLopNAC- {14

i
a-L-sucp-{1+3)
al;a2;a3 Q-L-Mutp- (143) - -P-GLophhc- (146} 84
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1 3-D-Gatp-(L.3)] PCL/IL00/00099

a-L-ruCpr(1.9)7 45-D GaiP-(1. 1
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) P-p-olepiac- (1+46),
G-L-Yucp- {14334 BrD=Balp-(1-+4) -D~Glc
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1
p-D-gelp-{i+4) -D-BLc
S-L-Fucp- {1-+4} B ~D-GlcpMAC-[1L+3} 4
a2 @-L-Tucp-{1+3] -f-D-GLCANAG- [1+6) 90
I
B -D-talp- (L+4) ~D-Gle
S~L-Fucp={1-+4) 4 -p-Glopic= (1+3}]
2l &L -Tucp=(1+3} —a-n-ol.cpmc-u.-sh 91
i
GeL-Fucp-~{1+4) B-D-Galp=-{(14
B rB-GlopMhc- (1+3) )
.. B-U-Galp-(Le3)J
a? B-b~Galp-~ (14} P -D-GLopNAC {1611 92
“-L-Fucp- (.'L-_n-i p-D-Galp-{1+
B ~D-BLcpMAG-(L+3) 4
P-DeBalp-(143)J
a2 B-D-Balp-(1+4)
b
| 93
B-D-GLepiac-{1+6}
: 1
Q-L-Fuch- (1+3)4 f-bD~Galp-{1-+
. i
&~L-¥ucp- {1+4) B -D-GLoprac- (1-+3) 4
33;310 S-L=Fucp~ {1+4) -
! 94
B-p-Glopmac-(1+43) -f -D-Galp- {1+4)4
B-D-Galp-{1+3)J p-n-s:l.cpmc- i1
o-L-Fucp- {L+3}4
al G-L-Fucp- (E+3] 7 95
ﬁ-b-olcp}:&c- {143) B -D-Galp= (L+4) B-D-GLcpMAc- (1+6] B-B-Galp-{1+
B-n-Galp-{1+3)]
_ a3 B-D-Galp- (1431 PB-v-Glepmnc- (143} P-D-Galp- (Led}q 96
!
B -n—si.cpmc- (L+6) P-D-Galp=(1+
G-L-Fucp- [1+334
al %-L-TUCP - {1+4] -p-D-GLCPNAC- {143] B -D-Galp- (144) o7
1
B -D-G.:.Cpmc- {146} ~B-D-Galp~[i+
GL-Fucp-{1+3)d
a%ai0 B-D-0LopiAG- {1+3) B-D-Galp- (14414 k 98
P =n-clepMAc—{L+3) =Bup-Galp-{1+4) -D-Glc
S-L-Fucp- [1+334

(1.6} 7

13



| -RGLCPNAC-(1.3)- -A-Glp-{1.4)-DGc a-L-llicp-(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 i3-D Gaip-(1+3]- -D-al cpN c-i 1+3] 18 AuBudtalop3[ 1+4} i
_t (3-D.G.C?NAC- (1+3] -~ ~D-Galp- (1+ a-L-~cp-. (143] J

a- L- TUCp- ( wv@ye/®4D> GlcpNLIC- flably a-L-rucp-(144)1 j3-1; '%%6150]06194) -D-Gc
-D-GlcpNKG-(143(J -D- Gl p-(143)J a2 a2 al0 a3 a3 a3 a3 ag

55
TABLE 10 (Continued)

a%;ald B-D-Galp- (143} -A-D-GlopNac- {1+3] P ~b-Galp-[{144)q 35
l .
P-D-GlepMac- [1+43) B~p-Galp- [1+

- B-L—Tucp-{1+3)d .
az G-L-Fuch-{1+3) fi =D-BlcpMhc- {146}y 100
i

& =L=Rucp=-{1+4)q _p-n-wlp-(l—uﬂ -n-glgo
P-p-Glepric— (1433

. B-b-Galp-{1+3}J

aZ P-D-Galp-{led] $-p-siopnc- (L6 101

G-L-Tucp- {1+4), §-D-galp-{1+4} -D-Glc

1
B -D-Glophihe - (L+33d

B-p-calp-{1+3}4

- a2 B-n-galp-(1+4
3} 102
B-D-GClepHAC~ [L+6)
. 3 )
S-L-Fucp- (1+3} f-p-galp-(1+4) -b—6Lc

C-L-fucp-(1+44) -p -D-GLcpMAC - {L+3) 4
alg G-L-Fucp-{l+4} -f -D~GLepNAG- (143} B -D-Balp~ (144}, 103
|

p-p-oicprac- (1+3] -p-D-Galp- (1+4) -D-G1lc

G=L=yucp- (1+3)4
a3 G-L~Fucp-[t+4
{ )'i 104

P-D-Glepiae— {1+3) f-D-Galp~(1+4) -f -D-CLCpNAC- (146} -f-D~Galp~-(1+4) -0-Gic

: B-D-galp-(1+3])d
ad B-D-Galp-{1+3) $-D-0LlepNAC [1+3) f-D-Galp-(1+4), - 105
P -D-BLcpMAC- {1+46] - ~D-Galp—(1+4} «D-GLc

G-L-Fucp-{1-+3}J
23 G-L-Tucp- [L+4} - B -GLepNAG~ {1+3) ~B~D-GaLE— (1+4]¢ 106

| .
f-R-BlopMAC- {1+46) f~D-Galp~ {1+4} -b-GLe

5 G-L~-Fucp-{1+3}]
QeL-TuGp- (1+4}¢
l 107

B-D-GlepNace (1+3} - -D-Galp - (1+4} 7

B-D-oalp-{1+3}/ P -D-GLCpNAG= (146) -f -D-Calp-[1+

o - o-L=Fucp-{1-+3}-
~L=Tucp-(1+4}
: 108

B-D-6LepiAc- (143) - -D-Galp- (1+4) B -D-Glopiac- {146}

B-D-calp- (143} ﬁ—D-Bllp-(lﬂ
P -D-clcphae- (l.dal-!
a3 B-D-olopRac= (143} “f ~D-Balp- (194)q 100
. i B-D-GLepNAG-[1+6) 4
G-L-Tucp-{1+3)! B-D-Gilp-(l—o

B-D-Galp-{1+3} -A -D-GLcpNAC- (13} )
a3 P-D-Galp-{1+3) B-D-GLopMA G- (1+3] P -D-Galp- (1+a]4 110

|
P -D~CLlepNAC- {146)y
d=L=-Fucp- [I+3}$ B-D-salp-{i+s

. B-p-gLlophnc-{1s33]
a3 ) @-L~Facp-{1l+4) -p~D~GLCPNAC- [1+3} P -D-calp=(1+4)4 111

B-b-GLopRAC- {146]4
I

o-L-Fucp- [1+3)d p-D-Galp-{1+

{
B =p-GiicpNAC= (L43)



P-D- Gasp- (144) - -b-DLcpNAG(1-.6)1 a-L-rUCp-(144]1 13-0-Gal e-(144]-D-alC
-D-GLcpNAG-cl a)l P-13-1541p-(143]4 )i-n-Gaip-(1x4]1 p-D GLcpNAC (146)1 |
1 a-L-rucp-(143)4 $-P-GalLp-(144) -D-61c 1 a-L-rUCp-(144)18 August 2003 _
-D- GLcpNAC- (La3)J a-L-rucp-(L44) --D GLCpNAC- (143) -$-D-D6Lp- (14411

- 0- alcpNAC- (orddeesi- D- G ai p-(1+4) -D-Ad ¢ a-L-sucp- (L43) J a-L-rucp-(144)1
)S-D- G cpUAC- (1431 - -D Gal p- (144) - P- D- GLCpNAC- ( 146) - P- D- ZARJLPY/008%- 0- G ¢
-D-Galp-(1ti3)J -D-aalp-(143)- -D-G cpNAC (L-3)-(i-D Galp-(144]1 [
13-D-01cprAC-(1-.61 -0-D-Gal p-(1+4] -D-GLC a-L-rucp-(143)J
a-L-rylCp-(144)-ji-b-GLCpNAC- (143) --D-141)- (144),

11-1) - GLCPNAC-[1-6) -ji - 13- GaLp- (144)-b-alC | a-L-rucp-(143)J a-L
-rucp®(144)1 -D-Qulp -(144)1 D-ad4&(- (143! ) ~-

$-O GLCpNAC-{146)-(3-D-Gaip-(14 1 a-L-Rice- (1..3)4.. a-L-rycp-(14Q ~

~ -D GLCPNAG- (143] -ji - D- Gai p-%144)- SBD-d cpWe-(146)1 | ( ji-b-Galp-(143)4
ji-D-adlp-(14 -D GlcpNAC ( TABLE IGontiprels- ( 1431 $ - D- Gai p- [ 144)

- — a4 40N1 [ L ~ _ { 14’2( 1 _ .
D- GLepNACE T#46T ot wbnaheds ‘iﬁu-hr-ﬁ—n-ﬁalp—-rmmir-g-n%?c%rgc—t(‘mjéﬁ 112

i
B-b-Galp-{1+

B-D-Balp- (343} -B -D-GLCpHAG [1+3) )

al0 O-L=Fucp-{1+4),
P ‘ i13
£ -p-GlopMac- [1+43) B-D-Galp-{1+d),
. _ ]
B-D-Galp- {14331 'ﬁ-n-olcpmc—(l-v3)-5—1:—551.11-(1"
B-L-Fusp-{1+3}d
a3 rz-—:l.-l'ucp—(l-uh L )
: 114
B-D-Gleprac- (1+3} ~B-D-0alp-(1+4])4
- _ I
B-~D-galp {1-+3)4 ﬁ-n—cﬂ.c-pmc-(l-c&)—ﬂ—n-ulp-ll—ﬂl-n-ol.::
S-L-fucp-(1-+3}1
a3 C-L-Fucp- (Lwdfy el
115

B-D-GlopMAac- {13] B -0-Galp- (1+4) - D-GlcpNac- {1+6}
B - 4 ! .
P-D-salp- {143) B-D-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
- b
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},
i
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 R i
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}
fa3 G-L-Fucp-(l+4)q -
! ‘ 121
B~p-cleprac-{1+3] B -D-Galp- [1+4) -B-D-0lepNAG- (146) 4
p-p-calp-{1+3}d ﬁ—D-Gllp-{l-
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-(L+3}74 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})



O D- Gal p- (143) - A-D- GLCpNAC- f L43) J , ,

)S-D Galp- (143}-0-D GLcPNAC- (1+3}-ji-D-Gip-(14)1 1 $-D uLCpNAC-(146)1 ,

a- L- tucp- (14314 (i-D 141p-(14 S-A- GLCpNAC~(143]J a-L-rucp-(dAdyust2083d cpN
-(143.)-j) - oﬁ@&ﬁz( 1"~4]11 $-D GLcpNAC-(146), | | a-L-r -(143)J
a-P-Gatp-(1 | LOO' 00099 99 100 101 102 103 104 105 186TAEPP04098 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

57
TABLE 10 (Centinued)

a3 G-L-Tucp- il—ﬂﬂ-:' B 124
B-D-GlcpMAG—- (143} -f-D=-Calp=(1+4)q
P-D=galp=-(1+3}] . B-D-GlepMAc~[1+46)y
a-L~Fucp-(L-+3)J p-D-Galp~(1+4) -D-glc

1
B-p-glepNhc- (143}
a3 G-L-Tucp- (1+4) B ~D-GLCpNAC- (L+3} -f ~D-Galp- {1+d]y 125

!
P -D-GLopHAC- (1+6)+
1
a-L-rucp - [1+3} p-D-Galp- (1+4) -v-6lc

]
B-D-Galp={1+3) =B ~D=-GLepNAC={h+3}]
al B~D-Galp- (1+43) -f -D-BLCPMAC~ {1+3] -R=D=Galp=(1+4)4 126

B-n-GlcpMAc- {1+6)4
1

t
A-L-Fucp- {A+3}d p-bp-salp-(1+4} -D~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




]-$-D GLCPpNAC- (Ly611 -b-Galp-IL-. p -DodLP- (131 -~ 1) -G CPNAC- (1431.2
a-L-iutp-(1441 -D-Gc it . c- (1. 31 -%$ -D-Ga Ip- (lad4l -D Gai P-(143}J |
-~-D-GLCpN ~c- (131-~-a-Gale- (L4 a-~.-ivcp-1L4}}J a P-(143)8 AudusBROOA |
a-L-iuCp-fi-x417 (S-D GLcPDAC (1-.31 -D- Gaip-f14411 a-L-1VCp- (144),

a- D- OLcpHTCYAM4HIZ - n- Galp- (L+4}- -n-d cpNAC- (1-. Eh B- D armodedma. J
-a-GCptntc-(1-. )-~-D-Gle-{L-.4Y, -DGcp c-IL-.6Y7 a-L-iucp-(L-.3YJ
13-D-bdj p-11+41-n-A ¢ -n-Gi P—(1431-)3-DG cptac- (L3) J -D-Glp-(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-Gal 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) -DGlc p-u-uaap-1ll+aj -DGAG C -D G CPNKC
(1.3P j 3- DGLCPNAC—(1431) a( - L- rucpg(1-.4) - -D GlcpMAc- (L+31-13-D Gai P-
(1-.4) - -D GLCpNAGC (1+6) TAB{EﬁE(k]annéMjl) -Ddc A-D Gl p-(1431

3- DGchNAC- (143).2

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-S H22,B10
2 |dles _ D9,H22,B10
33 Gle-S D9,H22,B9
34 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




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-FScpp-(X44)7 - | -G cpNAc- 4.31 --P -D-GaJp- (144) -1S- 8 RLe@a0s3(Lx 61
) 3-D- Galp- (143Y-{i - D- GLCpNnc- (1431)

-D*Gai P-1143 J r -D-Gal p- (1+

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

a- L- YCCOp- f Mapens4- GLcpN7, c- (1431- - D- Gel p- (L+417

a-L- 1 DCp- (1431) ~-D-Gal p- (1 4 U-D-Daip-(1+31 - -D-d cpN, c-

~-n-@Gl p-{1~-3)- -D-GLCp&D c-(143}-13-D-cal

a-L-t,i Cp-(1431J -D Galp- (L.

-D-A1p-(1-.3} -~-DG[.pwec-

p- {14417

U—DGl{;

@ﬁ%&ﬂm& 17

-D-d cpw-c- (1461,
(143} J {

- P-D-040-11+41-D-G.c 112 113 114 115 116 117 118 119 120

59

TABLE 11 (Centinued)

GleNAc-S D10,B6

54 Gal-S H21,H23,B11

35 Gal-§ 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,H23,BI12

62 Gal-S H21,D7,B2

63 Gal-S H21,H23.D11

64 Gal-S 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 H21,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,H23,811,B12
76 Gle-S D9,B7,H22,D11

7 Gle-§ D9,B7,H22,B11

B 1Gals H22,D7,B2,B1

| Gals H22.D7,H3,B2

80 Glc-S D9,H22.D7,B2

81 Gal-8 H22,D11,B6,B1

82 GlcNAc-S DI0,H3,DI1,B6

8 " | GIcNAc-S D7,B2,H3,D11

8 1Gle-s D9,H21 H?23,D11,B12
85 Gle-§ D9,H21,H23,D11,D12
8  lgkcs D9,H21,H23,D12,B2
87 | Gals H21,H23,D12,82 D11
8 |Glcs DY,H21H23,D11,B6
89 Gle-S. D9,H21,723,D12,B11

P- D- GLcpNAC- (143} J

t
P c

I
w



121 122 123 18 August 2003 WD 00/49412 57 TABLE 10 (Conti nued)

PCT/ 1 LO0/ 00099 a-L-fncp-(1,417' 124 P -D-GcpNP c- (1w3} -p-D-adlp-- (L-'4)T
l I 1 -DGlp -11.3) J $ -D-cslcpnwe- (1.6) ~ G L-rucp- (L+8Shdgust 2003 '
$-D-Gle-(t-, -D-Dic -D GlcpN c-(Li 311 a3a-L-PUCp-(7w41 {i "D Glcpnac-(1+3}
~ u-Gel p- 11VRIP498 (i -D- GLCpeNG-(1.6)- | a-L-1UCp- (1-3) 1rcBuGabged 11 41
-D-Gc [3-D @Gl p-(1.3) f~~-D A CpXjw (L-3)1 OP-33-aalp-(143) -

-D- GlepMnc- (1~3)-A-p-Gl p-(1.4),126 p-D-A cpM-{L6)I a-L-rasp-(Lw3)1 13
-D-GlLp-(1+4)-D-GA c -4-aalp-(1.3)- -b-dcpw.c-(1.3}~ a3U L-rUCp-(144) 1127
-D-GICpNXG {1-.3)-11 -D-6dl p- (1.4) - -3) -GLCprO. C(L.611 -D-GaLp-(1.3)1
(i-DGatp-{14)-Ddc -D&ELp-(1.3) -DGlcpWec-(1+3)1 5 Table -11 includes a
list of the EMs required for the synthesis of the conplex carbohydrate
coll ection described in Tables 9-16 TABLE 11 EMFirst _ERs sequence

| mobi | i zed(t he ERs det ai | STABEE i b(Cahtinned}abl e 7): nonosacchari de

1d c-SDO, H15, DI Q H16, D7, B2 2d c- SD9, H15, DI O, B6, H16, D7, B2 -

50 Glc-8 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
1 |Gles D9,H21,D7,B2,H22,B11

107 | Galg " | H21,D7,B2,H22,D11,B6

108 Gal-S H21,DI12,H22,D11,B6,H23

109 Gal-S H21,H23,D12,B2.D11,H20

110 Gal-S . { H21,D12,H20,B2,D11,H?3

11 Gal-8 H21,D12,H20,B2,B11,H23

12 | Gals | H21,D12,H20,89,H23,D11

3 1 Gals " | H22,07,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

U7 1Gie-s - D9,H21,D12,B2,H3,D11,H23

118 Gle-S ~ | D9,H21,DI2B2,H3,BILEH23

119 Glc-S | D9,H21,D12,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 " | p9,H21,D12,B2,H3,D11,B6,H23




3d c- SD9, H15, DI O, H16, D7, B2, H20, DI O, B6 44 c- SD9, H15, DI O, Bl

d e- SD9, H15, D7, Bl

6Q e-SD9, H' 5, DI OB6 G c-SD9, HI 5, Dl O, B6, DI 8G c-SD9, HI 5, DI O, B6, B7

9@ c-'SD9, H15, D7, H3, B2, D10 10d e- SD9, HI 5, D7, H3, B2, DI O B6

18 August 2003

11G ¢-SD9, 1115, D7, B2 12' A e-SD9, HI 5, D7, B2, Bl 13, G c- SD9 14d c- S, BS
15GLcNAC- SDYO 0/@4Rugust 2003 WO 00/ 49412 58 TABLE 11 ( Conpifri®ehhooss
16GLcNAC-SID 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, B10 324 c-SD9 H22, B20 33G c- SD9, H22, B9 34d c- SD9, 1121, BI 0

35Gac- SDO, H22, D7 36d c- SD9, H21, D7 37d c- SDO 22, D10

10

15

20

25

61
TABLE 11 (Continued)

126 Gle-S D9, H21,D12,B2,H3,D11,H23,D11

127 Gle-8 D9, H21,D12,H3,D11,B6,H23,D11

EXAMPLE 2

.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
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).

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
present in malignant trophoblastic diseases (marked BS, 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 their possible

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.



38Gal -sH22, D10, B1 39Gal - SH22, D7, B1 40Gal - SH22, D7, H3 41d o- SD9, H15, D7, H3
423 c- SD9, H21, D 7, H3 43@&al - SH21, D7, H3, B9 44Gal - SH21, D7, H3, D10

45@Gal - SH22, D7, H3, DI 0 46d c- SD9, H21, D7, H3, D10 47Q c- SD9, H221®Rudisst BBO3

48d c- SD9, %@P% H3, B9 49G c- SD9, H22, D7, H3, DI 0 50d c- SD9, B7 51GlcNAc- SD7, B2
52@Gal - SH21, /1 Lo 00099 18 August 2003 d cNAc-S 0. IXC1BB00EabS
H21,J123,Bl1 Gal-S H22,D7,B2 GlcNAc-S D7,B2,BI @Gl -S H22,D 0,B6 G cNAc-S
D10, B6, B1 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,DI1 Gal-S H21,D7,B2 A c-S D9,H2I,H23,DI1 A CS
D9, H21,D7,B2 G CS D9, H21,H23,B12 G CGS D9, H21,H23,DI2 [|-S

H2l , H23,B12, DI I. Gal-S H21,H23,DII1,D12 G C S DO, H21, H23, B11 D9, H22, D1l , B6

H21, H23, D11, B6 H21, H23, D12, B11
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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
B-p-Belp- {134} -f-D-clepiac- (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 ]
Normal u-n-mlmp- (14} -B -D-BLepNAC- [1+4) 5 -D~5Lep)
B-D-Galp—(1+4) $-D-GlopNac- {142} ~t~D-Manp- {1+3}J
B4.
. o-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-Fug=~{1+6
Abnormal T )] ’
B-p-Galp-(1+4) B-p-GlepNac~ (142} -a-D-Manp- (1+6) B -D-GlepNac
. 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
B B-D-Galp-{1+4) -B-D-GLcpNac- {1+2) -G-D-Manp- [1+6}q 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
7 P~-D-Galp- {144} - -D-GlcpNac-{1+2))
M G-L-Fuc—{1+6
b - e—{ J~I| 7
Abao 1 G-D-Manp- {1+6]4 P-p-GlcpNac
p-D-Balp- (1-+4) -B-D-GlopNac- (1+4)y  G-D-Manp-(1-+4} -B-D-BlcpAc~ (1+4)4
I
| O-D-Manp-{1-+3)]
B-p-Galp- (1+4) - -p-Glcpiac- {12}
B§; ’ a-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
E_l7;b4;b5 i | @-t-ruc-[1+6} B -D-GLeprac 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




H21, H23, BI 1, B12 4)9, B7, H22, DLl D9, B7, H22, BL1 H22, D7, B2, Bl H22, D7, H3, B2
D9, H22, D7, B2 H22, D11, B6, BI 010, H3, DI |, B6 D7, B2, H3, D11

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

D9, H21, H23. DI | . DI 2 G c-S D9, H21, H23, D12, B2 Gal-S Hzl, H23, Dl 2, B2 D11 G c-S
D9, H2I , H23MOPM82 G c-S Do, H2l, H23, DI 2, Bl I PCT/ | LOQ' 0009@-rhBoohdesdst 2003
WO 00/ 49412 60 TABLE 11 (Continued) 90G c-SD9, H21, H23, B11, B12 91Gal -S
-H21, H23, Bl 2, DI O, B6 92Gal - SH21, H23, D12, DI O, B6 93Gal - 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
97Gal - SH21, D12, B2, H3, B9 98G c- SD9, HI 5, D7, B2, H22 99Gal - SH22, D7, B2, H22, D1O
100G c- SD9, H21 H23, B12, DI |, B6 101G c- SD9, H21, H23, DI 2, DI | , B6

102G c- SD9, H21, H23, D12, B2, BI 1 103G c- SD9, H22, D7, B2, H22, Bl 1

104G e- SD9J12I , D7, H3, D10 B6 105G s SD9, H21, D7, B2, H22, DI |

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
b4;b5;b6; G-D-Manp- (1-+3) -G-D-Manp- {1+4} P-D-GLCPNAC- (144} ~B ~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} - -D-GlcpNac

7:b8 . » :
Es;bs;b’l; B-D-8lcpRac- {1+4) -0-D-Manp- [143) ~@~D-Manp- {1+4) ~B -D-GLcpNAC- (1+4} -B~D-GLopiac 16

3 ‘

b1;b2;b5; P-D-Galp- (1+4) -B-D~GlcpNacs (1421 -A-D-Manp- (1+6] -G—b-Manp- (1-+4) -f-D-tLopNAc- {1+4} -B-D-6lcpnae] 17

bl;b2;b3; 18
:;;:g;bﬁ; p-p-6alp-[1+4) -B-D-CLCpNAE- [1+2) -E-D-manp- [1+3] <-D-Manp- {1-+4) -B ~D-0LepRAC- {1+4} - -D-BlopHas

: .
23;55;57; B-D-Galp~[1+4] -D-OlepNece (144) -G-D-Manp- (143} -0-D-Manp- {154} -B-D-6lcparc- (154] b -b-olepec] 19
b5;b6;b7; P -D-gLipNac-—(1sd)q 20
b8 I

G-D-Manp= {1+

|
B-D-glepiac- {1+2) 4

bl;b4;b5; G-L-Fuc- [1+6}, - 71
b7 B-n-bicp}uc
p-D-clcprac- u.-m)Jl
b5;b6;b7; P-p-Balp~(144) B-D-slopNac- [1+4) 22
bs ﬂ—b—ruilnp- 1+
|

P-p-slepNac-(1+2)d
b5;b6;bT; B-D-GLCpNac- {1+4] 23
b8 u—n—mlmp- (421

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




106d c- SD9, H21, D7, B2, H22, Bl | 147Gal - 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 | , H2Bugust 2003
112Gal -SHZEf(P@ég‘?%O, B9, H23, D11 113Gal - SH22, D7, B2, H22, D11, B6 114d c- SD9, H21
D7, B2, H22, 53 e- SD9, H21, D12, H22, D11, B6, H23 PCT/IL00/00099

1164 c- SD9, H21, H23, D12, B2, H3, D11 117d c- SD9, H21, D12, B2, H3, DI | , H23 118G e- S
- -D9, H21, DI 2, B2, H3, Bl 1, H23 119d c- SD9, H21, D12, H3, BI | , H23, DI |

120Gal - 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 123Gal - SH21, D12, B2, H3, D11, H23 D11

1244 c- SD9, H21, D12, B2, H3, D11, B6, H23 125d c- S - D9, H21, D12, B2, H3, D11B6, H23
PCT/ 1 LOO/ 00099 18 August 2003 WO 00149412 61 TABLE 11 (Continued) 126 127
G c-S da-S D9, H21,D12, B2, H3, D115H23, D11 D9, H21, D12, H3, D11 B6, H23, DYX
PCTRLO0/ 00099 EXAMPLE 2 5 . TREE B&ertrmed) gonadot ropi n (hCQ) is a

gl ycopro kl.bhs.. RBREe mnﬂ-med_b.y_t_he__utg,nnhnhl ast cells of the placenta.
Hi gh | evel;5s 'of [hCG are detected i bl ood and urine sanples take! 1rom

patientsjof a vaLlety.9f.,..rop ngg_lﬂgps&fc cf’seases As such url nary}and

ser um hCGsh&WeT |- d’-i:aﬂemn@amcpgﬁu;p.h,qyeu as- usefut——markers—for—the—gdiagnosi s
and progh@sis gf trophobl asti Gl.0i.523585. as vveII as being nafke s for
pregnancy. A stiudys.6eapahisig.t 0!

b5:b6 | B-»-siepnsc-i1ezya-p-manp- (376} : 32

B-D-GlopMac-{1+4}y C-D-Manp=- {1+
!
G-D-Manp- {1-+3}4

p—n-clcpmc-(j_-'z;}
b5;b6:b7; ®-Z-Manp- 11-6:} 13

b3 B-B-OlepNac-{1+44)7  GrbD-yanp- (i
I

H
&-D-Hanp- {1+3)3

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
B-D-GlcpNac—{1+2)4&-D-Hanp- {1+3) —u-D-Manp-(1+4} -B-B-TlcpNac— (144)3
bi;bs G-L-Fuc- {1+6} 36
|
p-0-8lcprac
B -D-OlcpNac- {142) ~G-D-Manp~ (1+6) -t ~b-Manp- {1+4] 5 -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
1
p-D-Glcprac
k
P-D-Galp- [1+44) -B -B-Glopiac— {12} ~-G-D-Manp- [1+46} -G-D-Manp- [1+4) B ~B-6LCpNAC- (144}
blb4;b5; O-L-Fuc- [1+6)q 39

;
b7 . p-p-BlopNac
|

P -D-Galp-{144) - -n-GlcpNac— [1+2) ~G-D-Manp- (1+3] <A-D-Manp- [1+4] -B-D-GLeprac (A4} 4
b5 G-L-xuc- [L+61q -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;bé B~D-GlepNac-{1-+2) ~K-DManp - (1+46) 43

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

| |
G-D-Hanp- (143}

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



conpl ex carbohydrates released fromhCGs purified fromthe urine of
pregnant wonmen with those purified fromurine taken frompatients with
trophobl asti ¢ di sease reveal ed the exi stence of several all®évgust@d08n the
sugar chai 0 f9$gGs .purified fromthe latter (M zuochi, 1983;

Endo, . 1987)". é‘;‘ bl es 12-14 present the conponents and BMEIhex@s®ary to
synt heS| ze a conplex carbohydrate library for_screening and isol ating

mol ecul es that specifically bind to the abnormal hCG markers or to their
subfragments. Tables 12-13 list conplex carbohydrates structures
incorporated into an hCG specific arrays. Such structures include abnormal
sugar chains represented in the hCGs 20 present in malignant trophoblastic
di seases (nmarked B5, B6, B7 and B8), all the possible fragnmented sugar
chai ns of such hCGs present in nmaki gnant trophoblastic di seases
(associated with B5, B6, B7 BABLEg3{Gowftnuels, b7 and b8, respectively),
normal s Lﬂﬁl’ r\l"::lﬂnl?c . .\J,{p:_ (';2| ly found in the hCGs pr esent in _the uri ne of
pr egnant %bme'n Crarked" B T "B B3 and B4) and all of their postb|e 25
fragmentp (assqqgiated w -tnfll %]E'::zgﬁm T BA?-%D—GJ.BTc-ubZ b3 and |b4,

respect i (ke | batLE ot e et et heGod Hect Fon—of—EMs—F-equire fof the
synt hesi b6 of tihe conpl ex carbohydrat gg.laf ,.Jabl es 12-13. 18 Audust] 2003 WO
00/ 49412} 62 TABLE.]2.£¢1¥1100(.00099, 304 ceCar bohydr at ePM Bl ;
a- L-ni c-|1#6) 11} b5 P*BD*GaEp= 2="#)-~nD- (T ICPNAC- (J.+ZI‘-L,’b—L)—Xan 261} 6}i
Normal af D- neap-#-<«g B gircpracs- B2 mp~u+ _
-n-Gal e-tia4)--D G.cpNac- (1- 2)a-naem£9u)@enp (143)i (1-+4} - -D-olcgNAG (144}
-D-aalp-{L+4(- -ﬂma@mﬂeﬂw&*ﬂw’ D-frdnp-(1.6)1 bl;b5;b6 1 Norimal}
a- 1- xanp} P44} 4 P B e RE " T TR TP 2= rGlcpNeo - D- oai pA(1-. 4) |47
- D- Glt pNac- ( 142) - z-"Bmanp ¢ 1Ay ‘B3 a“‘DE“’?d’a‘Hp (L46)1 - bl

mnp!

p=p-8lcpNac-(1+2)d
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+
'l .
O-b-nanp-[1-+3}

B-p-calp-{1+4) -B-D-glepNac—[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) P-b-clepHac- (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+

1 |
o-D-Maup- (13}

B-D-Galp-{1+4} -B-n-plepNac-{1+2}d

5 Table 14 includes a list of the EMs requiréd 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



3 b2 ; -D Xanp-(l1la4)---D GlcpNAC- (144)-f3-D-Glcp Normal P-D- Galp-(L-'4)
-A-D-olcpMNdc-(1-*Z -*t-D-flap-(xy3}J B4;a-L-ruc-{E46J14 bl ; b5; b7 ‘
a-tr-xabp-t146) 1P-n- R cpNnc Nornal . a-n- xanlp |;_ . 4]- P—EG%@W&%&?)SJ
J3-A-G&lp D G_.CpNae- (1+2) - n- A-Manp-(1y3)J B5 a- ~| C

Abnor mal A—X’J&Cl;@fgﬁz(uq D GLCpMC (ly2 } -a-D Flalk}M- ‘)@Tﬁh9°10009€> GLCpNeC
}--D-GL Nac- -D-6 1p-E144 cp (144T}1 a-n-x(onp- (144)'$ -D GlcpNnc- .

(L-*4)1 1 Dxaap {143}J -D Lé%nti:ftie?lg)lcgbl\jﬁg;(b;z?‘]na A- 6alp-

(144)  prprOropee—treth (wu b—{(L-+4)—P—DGLOPNAC {14 - 13 - D- GLCPNGC.
| | a-n-Manp-( N\ac'SD Gale- ( fﬂ}\ $- DGLCDNaC-tIVZ) B7:| a- L-rac-
(1-' 6) 17115 Abn ¢ GigpNae B xenp- ( 146) &17ch- GLcpNac
12 GlepNac-S { HI7,CL,C7
13 GlcpNac-$ H17,C1,C4
14 GlcpNac-S H17,C1,C7HI0
15 GlepNac-S H17,C1,C4,H8
16 GlcpNac-S H17,C1,C4,H9
17 GlepNac-S H17,C1,C7,H10,D7
18 GlcpNac-S H17,C1,C4,H8,D7
19 GlepNac-S H17,C1,C4,H9,D7
20 | D-Man-a<(1,0)-S HI18,H19
21 GlcpNac-S HI7 B5
22 D-Man-a-(1,0)-S H18,D7,HI9
23 | D-Man-a-(1,0)-S HI18,H19,D7
24 GlcpNac-S H17,C1,B3
25 D-Man-o-(1,0)-S HI8,HI9D7
26 D-Man-a-(1,0)-S 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,HS8,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-0.-(1,0)-S C8,H8,D7,C7.HI10
35 GlepNac-S H17,C1,C4,H8,B3
36 | GlepNac-S HI7,C1,C7,H10,B3
37 GlepNac-S HI7,C1,C8,H9,B3
38 GicpNac-S H17,C1,C4,H8,B3,D7
39 GlcpNac-S - H17,C1,C7,H10,B3,D7
40 GlepNac-S H17,C1,C8,H9,B3,D7
41 D-Man-¢-(1,0)-S C38,H8,HY9,C7,D7
42 D-Man-a-(1,0)-S C7,H10,D7,H8,HY
43 D-Man-a-(1,0)-S C8,H8,D7,H9,C7,HIO
a4 D-GlepNac-B-(1,0)-S | €9,C10,H8,H9,D7
45 D-Man-0-(1,0)-S C7,H8,C8,H10,D7




-D Gal p-(1- +4) - $- D- GlcpNnc- (1, 41i a-D ~7aap- (1 y4}- -D GlcpNAC- (1-*4J3J

a-D-?1 Dp-(1+3)J -D-Gasp-(144)- -D G.cpNac-(1r2)- a-D-Man B8;- 146 b5g

b6 ( 8 b7) -D-Gl ; - ;1 i p ( Abnornal44)-] -D&cp%@%ﬁi?@%
a- D- x4np- ( L,4).:.5-D- GLCpNAC- (1- +4) - {3-D- GlcpNac | | a-D Manp-
g-D-iialp- é%O%S‘%“-l?- D GlcpNac- (142) TABLE 13 Sour ceCar boRFAAEL&088L fra
eat sBM _ 67
TABLE 14 (Continued)

46 D-Man-a~(1,0)-S C7,H8,H9,D7,C8,HI0

47 D-Man-o-(1,0)-S C7,HY,C8,H10,D7,C8

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

49 D-GlepNac-8-(1,0)-S C9,C10,H8,C5,H10,D7

50 D-Man-a-(1,0)-S C7,H8,H9,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




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- G&cpNAG- (L+4) - ) 3- D- GlLcpN6C 1) 7b8 1 8 Aug&;AUgmago:v\p
00149412 PGJ o 00099 63 TABLE 13 (Continued) bl;b2;b3;12 b4; b5; b63 .
a- D- xaap- (1. %k ¥ na p-(1+41-R-D- GL.cp2D. c-{144) - $- D- GLc pNG3LAw/0s bl ; 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- ngnp?
(1-6) -a-D- P- (144) -p -D-GL cpaAc- 01141 -P -D-GlCpNacl4 b6 bl ; b2; b3; 15
b4: b5; b6; Viscosity studies as well as X-ray analysis suggested that tgosmble helical

3rf 1+4
%505 HAATRTod 8Bttt (b i
2 1\% 2unp- gwg D7 e Rigud) soolfcs Ak EROALE Sl Bl O BRGS0 1 P,
17 PW 1 frod ppitiad Ih)@lrdzibrsmoﬂameia dofipiéx marb%hgbdﬁee;bpaké%sseﬁsoﬁemwNeC-

-MDGL NAG~ ) ~- (1-4) D DLcpNar b7; b8
l[aézﬁs g7D eﬁ’éﬁﬁg‘ba%?ﬁ‘&ﬁs?ﬁ%q%l c- (1+4) - a- D- Xenp- (L 3) ~a-D-vuap- (744 19

) - 13- D- D1cpNAGAL Suctft khd Prdield HRDHorP®an be utilized to” screen combinatorial

oligosaccharide libraries which include short oligomers derived from the
complex carbohydrates listed above. Such fragments can, for example, include
10 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

EXAMPLE 4
20 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.



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- (| +4) 22 b8 tt-b-xnp- (14 R-D-d cpxec-(142)) bS; bSAUgus200&8 ¢ N
c-(1+a) 23 bBP8osspal X np-(L+ DGl R P-(1+4)-R-a- G.cpHec- |+2 J bl ; b4; b5;
a-L-luc- (1+61124 b7{i -n-G cpNac a-D-xan P- (144)- DGle YO0R%° J b5; b6;
b7;0 -n-13asp-1144)-R-D- 0l cpNac- (L~4)d25 b8 G D-xaap-(14 -n- GalP-(144
-$-D-d cpuac-(3.42)J b5; b6; b7; u-D xanP- (i+6) ,26 bS- R-n-G.cpNec-(L+4)t
GDxaaP-(),+ 11 GDrt4np-(143)) R-n- GIcpNac (1421) b5;b6; b7;

-n-d cpNnc-is44}i 27 b8a-D-11 aap- (&t%'ilcn-lﬂt*ﬂa xnnp-{14 R

-D- Gal e- (144) $- n- G cpNac- 11421) B-p-clcp- {243) -B-P-Glcp- (143} -B-D-6lep
ﬁ—D—Glcp—{143)—B—D~Glcp-tl43)—E—D—Glcp—(l43)J

B-D-Glep- (1+6)4

2  B-p-Glcp-{1+6), ﬁ-D—GJI.cp
. i |
ﬁ—D—G]i.cp- {1+3) -p-D-Blcp-(1+3) B -D-Glep- (13)4

B-p~Glcp-{1+3)4

B-D-Glep- {1+6)4
n B-D-Glcp- (126)4 ﬁ-n—Glcp-(143}-§—D—Glcp
ﬂ-D—Gicp—(lqalj
B:n—slcp-(1+3;—ﬁ-n-slcp—(les)J

_ 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.

U-p-hraf-[1+5] -Q~D-Axel~ (1+45) -G~D-Araf - {1+4] ¢
1
1 t-p-Araf- u-oshl B-p-tlep-[1+3) B -D-Glcp- (1+43) B -D-Glep- (143} B -D-Glop
: I
p-p-GLep-{1+43} -P-D-Glcp~- {143} 3
B -p-tlep- (L+3} -p-D-Glop- (143}
B~D-lcp-{1+3} B ~D-GLep- {1+3] -B-D-Glcp- [1+3) “B~D-GLep = {143},
i
2 . B-D-Glep-(1+3) -B-D-Glcp- (1+3] -B-D-Glcp-({1+3} -B -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 B —D—G.;.cp- {123} - ~p-6Llcp~ (143) ~P-D-GLlcp- (143} B-p-clep
. ) I |
P-D-Glop-[1+1) -p-D-Glep-{3+3) B—p-Glcp- (1+3)4 B-p-Glcp- (1+3}]

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



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' xnP- (1441- R- D- GL.cpNAGC- (1441) 18 August 20D8ug\Bt@0029412
PCT/ | LOO/ 0%9@ 64, TABLE 13 (Continued) bl;b4;b5;n-L-11-uc-(146) 130 W

P- a- G cpuac a--faap (1+3) -tt-D- Raup- (1+4) - - D G CA7TRET(L00/00998 p5: b6;
b7; P D Gai p-(1.4)-P-a-G cpNac- (1- 4) 31 b8 -D-tialP- (144} -D G.cWac-
(1-.2)J Db5: b6P—DG_cpNac- (1.2) (. 6)i32 P-D GlcPNac- (L. 4)1
a-D- M- (1. -a- Mhnp- (143)J - D GLCHETAES (61 2} J b5; b6; b7

a- D- Mdnp- (1-. GIHeBI{olhﬂﬁng}e(ila gerlrdsents) ﬂyrﬁhé%ﬁeﬂ édrgpl(ﬂl— carbdhydfids Mang-
(1.3)J -D Gal p- (xi 4)--a-G.c Nac-[1+Z}J 61 :b2: b5: CpRinG- (1. +2)

- a- D- nnp- C?@lmgyi%hﬂ)lln&eémﬁbﬁpcos(sm @L@mm—mm wﬁhmrﬁiﬂnm (144)

_P?DDDNgBEaé’%@fﬁ%f%b&%ﬁé’osmﬁ ec%%tlﬁ%l 5 B%A%Q*O%tﬁgfﬁg%@mm- (144) -1

bl ; b5(4&- . BgldRGncludes 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} .
n Sulface- (O+d)4 a—L-F:u:p-M—,O) -sSulface V
C‘—L-Plflt.‘p— {1-+2) ~G-L-Fucp- ll—!Z)JI
sulfatoe-(0+4) G-L-Fucp- (1—-2}J|

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

oligomer consisting of 3 to 20 units or more can also be synthesized by the

method of the present invention.



P- D- d cpxec P-D- GLcpNac-(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 G.CpNar

-D-51cpN4C- (144) - a- D-nanp- (143) -a-D-nanp- (1.4)-A-3) -Gcp®Pugust2003 b 1;
b5a- L- TUC whbé694188 P- D- GLcpMNc

P- D- Dal p- (x44) - P- D- GL.cpNac- ( 1- +2) - - n- nanp- ( 146) - U- D- nanpXCTAY2899%). GLcpNac-
(1-.4)1 bl; b4; b5;a-L-rnc-(146) 739 b4 P-11-G.cpNac o

P-D- GaLP- 1144) - $-n- GL.cpNac- (L-2) -a-11-r[anp-[143)-U D nanp-(144)-fS

- D- GLCPNxc- %1f4ﬁ).‘] Dp5a-L-TUC-(x46) 140 ' P-D-G cpNac $-D- Galp-(1-4).- -0

- GLcpNac- (1- 278" B°Ranp- [ 143) - a- D- nanp- (144) --P -D-Q cPNAc- (144) b5; b6;
b7; a- D- nahp- ( 146)“1%5;n1bg‘Fmbb®bvpu€3I>_w44) -ft -D~G.cpNnc-[L+a)l a-a- MAP-(i 4 -

- D 1sanA- ( 248)sdesReBrDel p- (1. 4) - 2 ReGcpNac- (142) J b5; b6P

a-wtp-(1.41-P-D-d cpxac- (L.2), tl:,0rMeapd (1*6) 142 A-D-G.cpuac-(1.4)7
a-D-Mabp- (141 |1 a-n- nahpn-z%yip. %fzg} NQ p| S’Ef@lf’fﬁm%- (L+2)J bS;

b6P- D- G cpt i e {142),- a- D- Keep- ( FAEY T4 D- GLcpNac- (144) 1 a- D- Mang- (14 |
a-P-) 4np2- (143) ~ -iD-Gasp-(1.4) - -D-AcpNac-(1-2)J 1 8 August 2003

G-D-Manp~-{1+3) U -D-Manp- {123]4

) |
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
11 u—n-nlnp— {143} -a-p-Manp- [143)4
a-.n—xylp- {12} E—D-H:np— {143},
Sulfate- [042}-! a-n-n;np- (6+0} -sulfatse

G-P-kyLp- 192)1
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

2 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 §-2-Earp-{112) & D -Manp -{1+2) - D -Araf-(1+2) @ -D-Azaf~ (15} 4 -D-Araf {115} -0 -D-hrat - {175} ~I-D-Araf-{115) ¢ -D-Araf-(1+5) G-D-AraE

10



WD 00/ 49412 65 TABLE 13 (Continued) PCT1l L0O0100099 b5; b6; b7;

(3-D-aal p-(1-r4) - -D-DLCPNac- (1-4rT44 b8{ a-D-M nP-(1"3) -C(-D xanP-
(is41 '~ a-G cPNl~c- (L~ |j-D-aalp-[1s4) -P -0 -G CPNdC- (1&8ygust 2603 b5;

6- D- 6a- Lp- 6fdlsq1z D- 13l cpliac- (1. 2)---D Manp-(146) T -45 bp%ﬁLE%,JoLg%”p' (14

- D- asEP- (144) - $- a- al epxac- (144} - 0- n- n=p- ( 1+3P b5; :

b6P- D- 0i CpHac- (L+2)-c- D- Maap- (1ye} T4 - D-6al p-(144}--D-61cpNeC-[1.4)T .
CC-D-ynnp-{14 | 1 GD Mng- (EXAMPPES-Gip-(L-i4? - -D-DLcpNec-(1.2)1
b5; b6~- B- [ cai p- ( 1+4%o ~-D-DLCpNeG-[ 1+2) a-D-H p {1+6) T47

-D- 6a. 1. p" ( L- “Bye $lpvdag p376dly( Iepﬁés)ehts&ydﬂ&sizwdl\d(%mﬂzlex mrgahmm?-l ( éi‘i’ﬁ é

- D~8l cpxec- (L+2} ~ .b5;: hG-n- Gn1P (1+47? ' D- GlcpNec- (i . 2] -a- D xenp-{1.

A-D- G Epl\E&P- tsl’ﬁéﬁ O’al’%q?na 1qs¢ ang o-1,3-Igxmamnege; lm#aah%wrpglﬁz rl bl;b2;
b5; A-D- =G4 - ast ~14lr2) P- -61149 b6 .

a-D- Xeng?%d]?_‘i 4 ﬁs?lgl}?glfg% '@2{?%}&1@&_1561&0%%%5 fo it 1D%2a880se unit at
p- (1. 4) - SpdaitbcONag- ol 14 -d-D-Rrafibbe( Liit) 4t Ay position, _The complex
b6(i-n-6alp-(1+4)--A-D-G cpNac- (i42)-a-D-nanP- (1+6)T50

- D-ti alP-¢azbalydrate plgi @ 1brdapchrednBP-ambibse whigh Ds Hemsitionked 3tJ

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. 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.

&-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



-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 collection
described in Tables 12-13. TABLE 14 EMFirst i mobilized ER SEHGHRREES

nonosacch details describe in Table 7) 13 Nae-S -HL7,C,C4
H8, C5, HI Oag?d(ﬁé Nac-SH 7, Cl, C4 H8, C5, H1O D7 34 Nac-PSHmIZQO(ﬂDQM, H8, C5

D7.HL 0 4G ¢ Nac-SHI 7, Gl C4, H8, C5, HICN)aD7SB35Gc & HO D 7d
Na- s 7 E@nﬁ%m@%%@%@a rdsifasdmpliciagiopd B broim 63 90
Nac- SB4 Jmmugrasaagaﬁ@tabm 442 PRI | LOQL g@pggmﬁp @bﬁéﬁ%ﬂ%aﬁ Cont i nued)

10d ¢ Nac 7 11d ¢ ‘Nac-SHI 7, 12Glc Nac-SH17, Cl,
13d cpNaé”é‘l%’FS’G Eorty - c pretan Shiom CEn@risi CedaslioddakesHIFITO , C4, HS

16G cpNa ) 170 cpNac- SHL7, O, C7, H O D7 18G ¢
Nac- SHI 7%@%%’8@%@’%\& SH 7, Cl, C4, H9, D7 20D- Man- a- (1, 0) - SH18, H19
21G cpNac- SH Gebral Maebiiats2 P65 018 Ehohatd Qué‘é?p%‘saoimoﬂraﬁ*' 8, HL9, D7
24G Nacé§HI 7. Cl,B3 25D Man-a- (i, ) SHI 8, HLO

26D- Man- 45181057 688); il SHe SCmM InsK6T BH(7L5 (3igBe3-589 )7 0HFM NaCl;
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



28D Man-a-(1,0)-SC8, H8, D7, C7 29G ¢ Nac-SH 7, Cl, C7, B3 30d cpNac- SHI
7,C,C4,B3 31D Man-a- 1,0 -SC8, H3, H9, D7 32D Man-a- (1,q)-SC8, H8, H9, C7, H O
33D-Man-a- 1,0 -SC8, H8, D7, H9, C7 34D-Man-a- 1,0 -SC8, H8, D7, &rAnmet 2003 -
35G cpNac-gH Z‘%ﬂg C4, H8,.B3 36@ ¢ Nac-SH 7,Cl, C7, H O B3

37d cpNac- 0? , C8, H9, B3 384 cpNac-SH 7, C, C4, H8, B3, DACIg0mMac- S

-H 7,C,C7,H O B3, D7 40d cpNac-SH 7,Cl, C8, H9, B3, D7 41D Man-a- 1,0

- SC8, Hs, 7 4 —a-. 1.0 +SC7 H.O D7, H8, H9 43D Man-a-. 1,0 '
_SC8, H8, @Hﬁg“ %rﬁ%@%ge%‘&wﬁﬁc?f a-’“‘i‘j"(‘j‘% ?@g?'m? ﬂgv@g S%@E@I\Rin- a- 1,0
- SC7, H8, CS) RPB] B 31 8CAag u%u@%lm&ggﬂaﬁgo&%he Té&kkibn @i@%?_ﬂgnued)

FCT/ | LOO/ 00099 46D- Man-a. - (1, 0)-SC7, B8, H9, D7,’C8, H10 47
(1, 0) - SC7EePmVes apd Chowelbs wasDwikhrodahreeltiays it 268, |08 IS T th#8ast9D- Gl ¢ Nac-

- 1,0 -S C10, C5,.H1Q, D7 50D-Man-g- 1 - SC7, H8, H9, C8, H10, D7 5 EXAMPLE
3 Duri _ngc\%ﬁsgl ?Dé]tsggf;‘g ﬁ’gla?]%o’?m’t“ﬁ@ $08kt uﬁ?‘“_’ Fﬁ%ﬁawa%wlﬁceémﬁs@&%a that nany
bact ers al % NaNgaBigad SPEEah Kl ﬁﬁ%agﬁ&faWag orB@SRCF T ét'll;s%l tent
anti-coagul ant, anti-throfrbotic, anti-cardiovascul ar "an 2R unor

activiti exnzypyetie Fegktion097). It was al so found that a general structural

pattern is conppn all of these 10 conpl ex carbohydrates. Mst of these
conpl ex car bo[%%rai@s“il'rﬂ’fl o enith MEFS (%Mép%?@%@, AOnogéot B§A de units

comect s o0k L0 PSCL (HAPRNS eI IR SE 0
such uni qialidochent urE 4435 BABLES1Smilliunits/ml © of recombinant «l1,3 :

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 pl 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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synt hesi ggl%?%nprgl ucosea- 1, 5- D-arabi nose |inked at poSition 4 or 6 18
August 208%FIdoxGe; 2.5 gulimplar JIPBlodAG §Calbiockemt 670163), 28 75! | as

X-ray an | ssipl.e helical.. and triple helical

str u%:/t ur %ﬂgﬁlﬁﬁgﬁﬁgﬂflé%#a plﬁ}]ogp}é %fgﬁe%tni“ Hgldtsgﬂlt Pf/?"?‘i‘) gl saki |
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partial hydrolysis of these conplex carbohydrates al so posses sone
t her apeutfrocadeflvidesd Scl. WISAKYol. 2080) 40613 ehpHthe apr eddedttoiavient i on can

be utili , i ol oL de | . whi ch
el e sl B & PEEREPS SRET ROLHN patn isbRE0 s CREM b oty feod0 11 st ed
above. Sugdurd. I BIIRMhE ifcBatib thE XA L mikil Hqgrn&aﬁecp{ﬁ?d f?lrer&f\{fﬁ arr§ peating

nmonosaccharide units attached t herebet ween through one or two types of
gl ycosi divasheddbree Sirots fitighehid of aMBSTs che kel wash rdsiE@ie of Br pnchi ng, when

b1 sl PPBIFaPahoud B LESH istepioge PIBCRBRIGATS NaNs GigmoStaoeh, ant i
and the plate are stored at 4 °C for subsequent enzymatic reactions.

15 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:

20 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

25 WGA, 100 pt 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

30  millimolar each of MnCl, and CaCl,. The wells were washed three times with



cardi ovascul ar and anti-tunor agents. 15 EXAMPLE 4 20 The fol |l om ng exanpl e
represents synt hesi zed conpl ex carbohydrates including P(l, 3)D glucose and
P(1, 6) D-gl ucose branches. Each of the oligoners shown incl udé8 Algostrangar s.
It will be appreciated that an oligoner consisting of 2 to 30 units or
nore can al so be synthesized by the nethod of the present invention as
descri bed her eM@eoaginugust 2003 WO 00/ 49412 69 PCT/ | LOO 00092ravee/e0009
~-n-Glcp-(1~s)7 -D-Acp-(1+3)-~3-DAcp'-(1 r3)-~-DGcp J
-D-G@op-(1-.3)-~n-Glcp-(1-+3)-)i-D-Gcpr(1-r3)J 2 -D-Acp-(L- -1 DAc
-D-Qdop- (I- WABEY Glépa lgst weih-corgisbnGoEa- (S rd)tes goak: B¢ pl oEfiesh
)i-D-Gcp- (1 J.-D - (1--3 2 ..4 3 ). EXAMPLE 5 The foll ow ng
exanpl e repr %&?%asgﬁ%%%t?f@@n@%r%?seﬁd% 5oy dews 'lz_atSr Bn 6Bt phdhef a
backbone of js3{uliod)ht BoUuaRFRadidsiaf a(l, 5) D-arabi nose branches, which
are positioned at any desired location along the backbone. Each of the

ol i gomers shown bdidy i16@plidE20 1g/niohGPdecsin donjugatdd theperaidase(SREIEA t hat an
ol i goner nore can al so be synthesized by

t he net ho Ogi—?%@ég}(g;g%ﬂxti&%égﬁgqgg)& r%tg protein) was added to the plates and
® AL (1 ke o Blusy 5 chbyngy % B f b
-{1y3}- - D GofpMEQla3d bf Call A Blie (S ete wasdredGhe dimdslwith 20864 TBIE! - (1 ysl
n-n-Arai-(142)j (S-D-dcp-(1+31-A-DGE | cp-(L-.3)] P-D61lcp-(1-.3) -
- D- GLcp- | L43with aastj wgshaconsigting pf B- 51 @paytest 8)ak. 100 ul of fresh peroxidase
substrate solution was added, and an hour later the O.D. of the solution (at 450
10 nm) was determined.
BS-I: 106- pl of 20 pg/ml BS-I conjugated to biotin (SIGMA L-3759)
was added to the plates and incubated for 1 hour at 25 °C in TBS containing [
% 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, P
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



g-D-dcp-(1-.3)-P-DAcp-(1-.3)-a-DAdop-(1-.31 -13-DAcp a-D-Arat-(1-.51)
a-D-Araf-(144) n p-DQcp-ti-3)-0-D-slop-(1-.3) - -DGlcp-(1-.31Z -DAop
-D-Glcp-(1-.11- -Ddcp-{3H3)- -DGcp-(L*31~ ( J 18 August 2003 '
a-n- Arai - (WodasiaP Aral - (1-.2)j 18 August 2003 1 n 10 WO 00/ 49412

PCT/ 1LOQ 00099 70 EXAMPLE 6 The fol | owi ng exanpl e repr esenEO0UMBhesi zed
conpl ex carbohydrates consisting of a(1,2)Iinked a-L-fucose or

ompl ex car b | . Lfucose or”
2t posi 11 on 3 Encheared BnoERREOt Dy GLEFOTER YRt (A AIANERS | co

at position 3. Each he ol i gomers shown acchar i de
nmononer s. @etesgpiped-be appreciated that an ol i gomer consisting of 2 to 20

vent fon. + Sttt s X0 of 6p.10 ) w0t StaiPLEpuis X4sh bt - r ucp-
2 o R i bl k)
a- L- Fucp- I%-COn TBRuldoatatnifig 194| BSIAD-THeG#dlls warelwinden-3 tilned withezdg FUCP-
(LIZ2) -a-L-FUCp-, (1. +2) J Sul fate- 1044) -a-L-FUCp- (142) -a-L-FUCp-
(142)-1 1M t%g?a%h & dpst #yash consisting of 4410) minpitgsasosk( fdllovdng whidp-a ( 1- 27
ol | o ng SYANIT & TS CEAPEE LymBSA mld oD elrbammimensers
t posi (1 an-s Ahegeed ot O E R Sy PRy e FRBE B e
ol i gorer s ingikated frelome lione hti2BSCS Flac ohlls intbee WaBKRED Simdstwith 2b0 kel -
apprecjat e'PBé?%xt/ithaQ 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.



ol i goner consisting of 3:to 20 units or nore can also be synthesized by the
nmet hod of the present invention. 18 August 2003 WD 00/49412 71 | Sul fate-
(Oy6) ~ a- s{1-r3 ) -a-33-Ma=p- (1-.3) Sulfate- (O r28lAugust 2003

a- D- Manp- %%%4§{” fate- (W2 )1 2 Sulfate-1D-6}1 - PCT/IL00/00099

a-) 3- Manp-{1-+3)-a-D-Manp- (1~3) 1 Su3 fate-(04Z)1 A 33-Manp-(1-r3)7 )
Suifato-(Q 2)J a-D Manp-(6-1D % AaD-xylp- (1-.2)1 Sulfate- (O #6)-E
|  n-a-D Manp-{1-.3)-a-n-Manp-(I-a3)- Ef a-D Xyl p-(1-.2)-J
a-D-Manp-(1)3}1 | | Suléprrhniobllization Vakdfikeseep) - sul fate a- D-xyl p-
fl-.2)Jd PCTII L [000%%_EXANPLE 8 The foll ow ng exanpl e represents
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a(1, 2)b ' ] . of a- r.ahi ng upi.t connecied to the
(D ar s ROSECHRGE St AgRbGiagliof 18 RRARY Bhfer Bete BRACTE “2ny

~ posi ti%n. TiEabonofaccharidel agep®rs wehobsulietooanib@iiudesiaR susReshad hde
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units or e Rdnlegiing op @nfhedine shrseled gaimst the crowler cabehydretent
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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-



The foll ow ng exanpl e represents synthesized conpl ex carbohydrat es
consisting of a-1,5-D arabinose and a-1, 2-D-nannose units attached to a
single core P-D-arabinose unit, which is connected to the aADa{glﬂj nose
unit at 5 position 2 or to the a-D nmannose unit at any p03| é

conpl ex cagheduei:ate al so include a branched R-D-arabi ngge whis (% i's
positioned at position 3. The branch antenna includes, as a maj i

oligoner, a single core P- D-arabinosgyunit connected to a-D-arabinose at

position 2 QlcNA: SlRisRwasRlakd uamrmgfyuwegm *'E%{N OiBsiA¢ oplahgeper s shown
bel ow i ncludes 14 saccharigdé 10 nononers. be appreci ated that an

ol i goner coplgtegrfasmg)redaizflt&?o units or m)re can al so be synt hesi zed by

th thod of t i + 1..21 P- 1.2) -
bar e (142) 6. rihel popiftiony D eﬁ%mw% 2vE Fpnbed Tngtovidise” fopurted 5

[l.~) -4P -RIGA as ﬁéstﬁbedﬁer@inlaﬁowfe (r. .Da-.r.f
-n-)+.PPf1.2)-a-n-xar~-[1+21%$n-Jr. f - t1+21 a-a-.r.L-1s+3)+ D-2

-11. 21a-3- 14aP- tesglis:d D AY. [ - (1+2)c- . r.f-(22)) P-a -Yr.l (1.5)ab

(12" o2 e st il dr Fsingl! G b BEANGREYE horpgiiatey) B 575 0
- u. Pp- ( 1+2)nm%3 :Dc@fcréd with a ﬁroxﬁnatélyfzﬁﬂt}lb ups. On a Maxisorb surface

6n--r.L- ( l. ‘(] (1+2 c&b\
p- (1. 5) - 2- bwhichis fpilyz:pa@;d_)wmh BSA-GI C—,éh&t‘(v:eragzﬁistarmed)emen adjacent

-11, 21- B-n- RB DRATE.LI B R Y SYNTHESI S
15 The foPIM"{ g?ﬁ%ﬁﬁégapbré(g‘d‘%?tﬁé’ i ﬁO\/P épﬁi@b{ep FAmRLeT: Qf rsati ng
sequent il @MBOHYBLAE r&BhINBAIsiteQf A6} G, C%Qé)hﬁq{réérel%nﬂg‘ep&ﬁ”s't according

to the teachi.ngs of the present invention. Materials a Met h s 20
Abbr evi at i opterigmage betwean agigcentlyBmund decSps unbauvbmbmundﬁbaNPmdother

G oac. CRoHTOTSR 3Gy s, deRgh tof BF B honsveqtoRgiies gld ngy

hydr oxysucedxebed fF? pfm*. $inkd mydus%aéétﬁé HE%JSIMI:%H ﬁQB&s‘%@&H&dE%{»&Qd' i mide;
OD. - Optical Density; WGA - Wieat GErm Agglutinin ectin from

18 August 0P8t ¥z bomndaterirpadlebule 00EG0BIPpRBimMAely Nom iv cdiameters theBS- 1 -
Lectin {5r om Bandei 1,282 Si i cifal.i tin fromTe eag%nol obus

par pur chs: TRERECTEAF AR EB A PPOHP R AR Ay  nanometns abore

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 medinm 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



nobi | ensis; ECorA - Lectin fromErythrina corall odendron; FITC

Fl uorescei ne-i so-thi o-cyanate. 5 General materials: PBS - 0.1M phosphate
buffer pH 7.5 ,0.15M Nad  (Sigma S-7653); TBS - 50 mM Tri 4d kudpbods 5
(Sigma Tvﬁ;&)}‘qb 0. 15M Nadl; "~ TBST - TBS, '0.05 % Tween 20 ?ﬁ% rra P-9416); -
Hi gh ionic strength washi ng buffer- PBS , 2M NaC, 60 BT Pgﬁr MySO4;
0.05 % Tween 20. A peroxidase subgfrate -soI ution was prepared by m xing

in waterg wﬁﬂgenyﬁce j W a Hydrogen
per oxi delilr 4 ng Mégggat 69&91%6?%8 &HI%QCQ il ngrug%ar ed from SI GVA
FAST pelﬂoxpcrasn sud»she amagc disRut Sttweddothel GIINAH gv@psabtiainaed from NUNC

(Cat. 47804 al nsj.t fl uorescence were neasured using a
mul ti - eh I Stfficisnt OC%E?@ Mlﬁl cwlo‘ﬁf]ﬁl igguhation) withi Ao er pl at e

i ncubatl enperature
usi ng o e P B B e e e TR W R Bl o T o

Shaker / IpaDuisdctdse tRAYBlateAmatsiatphenl- gmcm@g D2 Btont-fhke 8850001) .

General enzymatic reaction mxes and conditions R s): D7: 100 rd of 50 mM
MOPS ( SIvenmedusiog BCordoleptit hindBgrassap ag Qbmhed\ab@‘aﬁ The a2 (S| GVA
M 9522),

r econbi MARTS t5 (/’S? tOg?ﬂ gﬁd?@%%éﬁi&@kﬁ&&ﬁﬁ@g %gﬂ‘g%gbi’%gelct;{%n;l 4Of/vere

added t gigagOWRbin lifferpwik Gﬁbfhbfe%dfﬂrﬁfs% @bémﬁq%a&ﬂ?f SeSpaken at 50

RPM at 37 C for "3 hours. oW ng |ncuba e reac I'on m xture was
rermvedlmkelrlbhghwel | s were 25 washed three times with 200 pl of TBST, the
| ast; wash co ﬁél ng, of 5 m nut es sqQak. The TBST was replaced with TBS
0.2 % Nan3 ( o%e desepye %ﬂ‘i’élepﬁémﬂoéi @afipr mefhnds ¢nable shausenef subsequent

L A e i B o 13

m || i unin sihstqmernt ms}nng;suepmﬂmaallaw{d‘g)acsmatqﬁm saRStaifiadoh Gabiu}pc hem 566218)
at ‘1 8 Au ust . 2003 \q%ggfgélz PCT/ 1L00100099 74 .pH 7.4 were added to each
wel | of © %Ifcost?ft‘é‘i‘ FH0%EE pl ate was shaken at 50 RPM at 37 C for

4 h Fol d and th
wel s ver o vachedre A BhLRRifcaly uoRRR mh Pl ot Ror BERUES 200 T et i ng
of dSlSlﬁbiaaytsgsﬂssan( Sifhbxe ghicbdylwarss feragdsaare dlyddphotdBS Witl2 confifiddaN3 ( St gna.

5-8032) al’ll)d Tgl ate s stored at 4 90 for sub eq nt enz matic
react i off&P (PTFseaiccagn A eReT CENesen nonsRes A

enzyme may interfere with, or generate errors in, the synthesm. 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 wat_er there is no need for further blocking when using this

plate coupling procedure.



(SIGVA A-7030) , 20 MM WMnCl 2 (SIGVA M 9522), 0.5 ng/m CDP-Fuc (Cal bi ochem
371443) and 5 mlliunits/m of reconbinant al,3 10 fucosyltransferase

(Cal bi ochem 344323) at pH 7.2 were added to each well of a1gAugIsbLOOR -

pl ate angfdifoesd at € was shaken at 50 RPM at 37 C for 4 hours. Follow ng

i ncubati o, the reaction mixture was removed and the wEFFALREPES washed
three times with- 200 | of TBST, §he |ast wash consisting of a 15 mnutes
soak. The TBST was repl aced \@%‘Jﬂ\mq,ﬂ % NaN3 (Sigma S-8032) 15 and the
pl ate was stored at 4 C for subsequent enzymatic reactions. D3: 100 | of
100 mM sodi um cacodyl at e bufL#rafySyalitesic- 4945), 10 ng/m BSA (SI GVA

A-7030), 20 MaCL 2 (S, M 9522), 0.5 ng/nml  UDP-Gal (Cal bi ochem 670111
and 5 Lmil]ﬁyw} 1%%"(“%@%%&?%3%8, @Ei‘dgghﬁétWFlﬁﬁ;@e%Ieogcgrbi ochem)
345648Kikle phcSuuRiSaaddathiiA BA°Halt of & Slg MLREPIHAGI,p! ale and the

pl ate was shaken at 50 RPMat” 37 C fo hour ng incubation, the
reaét i aativated unuslectide r phaspbatcamagarhdona Its wer spprupsdiedaddepre, ti mes with

200 gl of ST, e | ast sh consisting of a 15 m nutes soak. The TBST
was r eﬁlgg@g%% Pﬁ %Eﬁ%?@\g&eﬂﬁmnfrﬁwgg‘gﬁs@? mgktidpSuganie was st or ed
at 4.Cj S | [ A3 of .50 nmM sodi um
cac odylng?{aerﬁ?i‘ 2%?%%@%%%%5 e§l%?8£1 %%Hgggﬁézrﬁl%%ﬁpﬁ% , 0.5 ng/m .
CVP- Ne @A the Satlizsis abatiodS 3PRrablanthemuel dokitiel Big a8 cohc @kraRes efgignant

az, 6-(|\$-§i al yl transf erase (g?l bi oche){‘? 566222) at_pH 6.0 were added to
each wetdcHgR S}émfjrii APPFEImaiely &0 a0t ield pigherthapasKshvatemofithes0 RPM at 37 C
forpd 0 1 i I r {on, 3 1 X{ yre renoved and
t e Cnel T e B KR Iy | MR s o E56R1 oo St 1B Vo 00/ 40412

PCTI | LEGIDOGeS. 75 a st mitibtitek phite weH lwlidolnsbrthing gpeoxinablynigout es soak. The
TBST was replaced wth TBS 0.2 % NaN3 (Sigma S-8032) and the plate was
st or ed Hhef golution, 0.2 seneseclercelt welhbowed saccharidst grongs amivaildide Forof 50

nM sodi I f S| GV, C-4945 20 nM MhCl S| GVA M 9522
10 ot HCHEARREY RiRal S s P Bk doReo e OB Lol 8 o ar
UDP- G ghdater (ke binditinfotarGy 0d@élent. 0. 75 mllinmol ar of adenosine thre

phgosphate apd 5 milliunits/m of reconmbinant (31,3 N o
acé?yl gl uco@@é‘?ﬂ‘?@#’-“(f"&f@fd& ase (prepared as described in Zhou et al:,

o N R SRl VL S B OB B B Rited Lo et
15| DO <O EmOLeNDeLL Bl B4 S5 LA g SR o0t e
of a 18ispensed onto 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)



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 reagtion mxture is omtted and the wash steps are 1®aufestredsusi ng
hi gh ioni c"S%P@M4t h buffer instead of TBST when the enzy®&ITEO0OPMACE | ons
are perforned in Covalink NH plates including a covalently coupl| ed

nonosacchard. de. ctin/ antibod i ndfhg. assays:. 20 1001 of 5 g/mM WGEA
lectin con?tlutglgtsgial vi)aérqb%kgﬁg%de?éfv _zﬂyg'gé%,tofﬂﬁ‘vggpc?}iaﬁ%vé‘%ﬂhi ts per ny,
protein) VRH @steedht pldd®aplirhiBite@BfroohleHhRERE e BF 5 hnilRRE f@lowARe C i N TBS
containing'l % BSA and 10 mllinmolar of MO 2 and of CaCl2. The- wells

wer e washedhhitheredutign wap dBcpded BST thogplate washed shreadistesowitls detbing of a 15
m nutes soak.. To detect.the peroxidase |abeled 25 WG, .100 il of fresh

per oxi daseé}%tﬂﬂ)eéit‘?’ ?rearéiﬁrl?gi%ﬁsmgs‘l‘”ég@%{mtﬁﬁd an hour later the O D. of the
sol uti (at 4 : . 1] ] X ] 120 -
| ect i-nq;onj uga’?ﬁ’é&?gdggfgéﬁggé@ %(?“g‘iemag‘}%%q”%@%mgﬁe"r %’)%i @g@? its per ng
protei n) valslafdectution t(Bempliat 8 mhid ivceddedrte barffel gIW.6Rlr 268C in TBS

contai ning,.1 % BSA and 10 30 nillinolar each of Mhd 2 and CaCl2. The wells
ver e was hediamHogetans fad BRI 1892.4340d0 2smdationn (H00 498 1perPaitn 0AOMO0099 76

200 pl1 TB 1 i i f 1 1 t k., 1Q0 pl f
Frosh’ portbt BulBS b0 SPAChANA I Shaf et B 3t Guond? Pl%0 o
of the solctihted pladd. FROwWM wé?ésélfédeéﬂaitﬂégla%%'s ifBafRd 2hs520 R/ N TGP

| ectin conjugated to peroxidase (SIGVA 5 , 10 peroxidase units per
my pr otle n{)2 s.affaBewing inhebaticas te wells werecuhsied dofintimenavitiowateat 25 C in

TBS cont ai nij % BSA and .10 m.linolar., o Cl.2.and of Cl2. The wells
were was he@dﬁﬁ? é‘@é??ﬁe@’%‘?%g@%d@?mﬁ%‘? as\deﬁ%%dlaggi’e'wgé‘ﬁ%&ﬂép%ti ng of a
15 m nut escysRAkf 1983@iaﬂﬁn%f3,é rcﬁéﬂo@ﬁﬁé’xsk&a%(egttéﬂg%ﬂaf?g ?ﬁk#a'm@was added,

and an hour later the O D. of the solution was determ ned.

BS X: 100 lpustbiwas@clgved. BS-1 conjugated to bi otin (SIGVA L-3759) was
added to the plates. and_.incubated for 1 hour at 25 C.in TIBS containing I %
BSA and 10 ni | [Go%BfEg of Ndel dfrscaepnosaseharygs \bwildense daghed three

(1 7es 19 LRI EBSL LR, 30 ask (oS RALIDONE! BT AES, S0k 15
conj ugat edleseribper aboveas®hd SbMAnA- Jdbddurd Gvapentiliiedame effadtt Bnlieg: 4y prot ei n)
was added { o donoRtins 60 Tog/ml Sogm dithionite in 0.1M aodiam carbonae was | © "er e
added to each well of rows B-H of the plate. A 200 ul aliquot of a second
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 dissplved 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



washed three times with 200 | TBST with a | ast wash consisting of a 15

m nutes soak. 100 1 of fresh peroxi dase substrate sol ution was added, and
an 20 hour later the O D. of the solution (at 450 rim vva$8gz{gg@gt@b@§d;

TML: 100 pPH%382pg/m TML conjugated to biotin (Cal bi ocheraLodt@IB03) was
added to the plates and incubated for 1 hour at 25 Cin TBS containing | %
BSA. The wells were washed 3 tines \ﬁ{th 200 pl TBST with a |ast wash

consi sti ra§ feflows:n E0Gyithat ssrefwaief peesidase (§1 B3390 159 nsfoxigse25

contai ning.-J. % Ldi,n, cpprugat.ed t r.oxi dase .(SI GVA A-
3151, 40 “%“é*ﬁ&)f‘.’f ?ﬁgla‘ﬂ%?fgpgfﬁ @66‘?‘& %fﬁ%xggmggﬁg@ V??‘t R’éePBTeﬁt‘ s and
i ncubat edrB$Drindludliagr1teinilfimotar JMRmER) hsd WEKROMKAS AncutiatdE®m Mchh 200 pl
TBST with a last wash consisting of a 15 m nutes soak. 100 | of fresh

per oxi dasecls#st rafa onohoor. 4B well8waregwathed 0ldge tRGE/ WiItVZP®QDBIgh77

solution .was added, and an.hour |later the O.D. of the solytion (at 450 nm
vas - dot ARSI ER YRR SRRy D o lgowRppomistptcpta 1 AdTIBSal yi Levi
X 1gMfr NORS$ ' d I d i ncubated
For 1 hooiky g S5 L ThOLIRRMARe Irtled SGH BER Mhpl B RhGRaRRl (10013
times w tsmb@€he bolTEST wiak titdeal dndsin hoas hataramsD $1.ian g 50 hnpwadmishaudds soak,

following which, a solution of TBS containing 1 % BSA and 100 | of 5 g/ m
goat anti HofEC copiveatsd] Wkt eowrs e $ha H-1-$ilcNA chwhite Sjovakisk Afided to t he

pl ates angd._j : e_hour 25 C, |l s were washed 3 tines

with Zoons%‘pglwg?fag\? %@a‘gﬁpsag m%\é&s@%gonﬁg} S{“ﬂﬁe gﬁmﬁf’sﬁmﬁ‘i &8  soak,

fol | oed thyrefroginad measurad (5R0HAH. M- of TBS containing 1 % BSA and 5 gg/ m

avidin conjugated to peroxidase (SI GVA A-3151, 40 peroxidase units per ngy

protein) for Wrawsferring o812 gdlitosnab lcevalently asnkFDGeNAvi me30 wi th 200 pil
TBST with a | ast consisting aof a 15 mnutes soak. 100 | of fresh

per oxi dag¥ @é@%—\"ﬂ%})&Pﬂﬁ%@I@W‘%é&z andriden G632 (Sigmee) 2e O D. of

t he sol uty 1 refs LM ECor A
conj ugat e ty‘ﬁlb@%@gﬁﬁ@’d@%%ﬁ?h é@ﬂ%g‘?ﬁé’ §?%12‘32%§%d i ncubat ed
for 1 howo ahilidmife/hh of BS reebmbaiaft Ml 4 gkbBAyadsbehstl (Cd1pRLRgm Of MC12

and of CaCl 2. The wells were 20 washed three tines with 200 1 TBST with a
| ast WasB466hQ) weiengddstl ta ekBh wrilhof e platoalonpled| withifeh-Gleleks. The Al of TBS

aa15r, dpgertorgeduia ReMpal 37 C ekl Vb auti AEOS 8 B at o5 anc
I ncubat ededdionImfk@ite wis rémobed dMEMABKEISE wiR WadiR Bl e iith&Swith 788 Wi th 200
pl TBST with a | ast wash consisting of a 15
' 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.



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 apove described binding assays were perforned on t®xagesibtbys -
coupl ed moNEAEMAri de acceptors, such as the case with GSIALPINH pl at es,
the TBS i ncubation solution was replaced with TBST and the wash steps were

30 perforned u 'ng hi gh_ i qni c,stre}}?%"h buffer instead of TBST. WO 00/49412
78 EXAMPLE 10Mf4 ‘Ki&’éﬁ%é{‘e Fiyeetics »E oG rbystasy/transkeniss: ( Dol Falidat i on - the

first st il | A% ' | Qo 7 i L, pethod
for " monobldies TS UEHERC bR Rl NER MG RCD SPHE N o O

per f ect edexceptidh ehdvinabia afas DA REEENIHD bS PIELEalaedBdirthAsferatd ¢t i ter plate
surface via a |linker and | ectins or antibodies directed agai nst the conpl ex

car bohydr atiézed. s sodidi phase epnsistadt ¢f Masisottoplatsasoated witid3 pg/vedlf oti ency as
her ei nabove. Pl ate .i bi | qQf the first

oo B R e A e R agathde stk risthat By ey (i)

adsor pt i oféaRe OV HLRI tBeBRAIRL AR 1B Pt ?ih‘i%@_aﬁ@%&i:‘?ﬂfd to BSA) to

the surface of a mcroliter plate; or (ii) covalent inmpo I zat on using
an appr oppf BCA 4o wiksoneas@uodadsalescribeduboié.zat i on was  perforned. using either
cyanuric chlorjde,activation (Figure 5), or NHS/ EDC activation (Figure 6)
of Covali nk Nl$ﬁ“£$es. The use of cyanuric chloride 15 activation enabl ed

linker el ongatR@@u@fob@aaseatwl%iéreaaaﬁgﬁgﬁrg%&tg@éﬂN@. %ﬂmg%w@@ind&,‘éfé e. The

presence of the immmobilized nonosac ( measured accordi ng
t o | eé?i nthat adbhd phaiermgasiioh isabiwar thamp ugmidphdso requtionx i Akasevar ikl TC.

Bi ndi ng s quantitated using either colorjmetric or _fluqrescent signal
detect | O\Ifl\? ﬁg\/\ﬁ’zlyﬂ’ Fd{ﬁ“é%r ?gﬂi‘ﬁ"%e Netler paranals Pikaurd daleNAgsor pti on of
A cNAC cop:Hg o) ' ’ ' of P.1 Na2CO3 pH -
9.6, incl E%#%?%q%lgo%@ﬁg ,%%a%%ﬁs?%rag f\&%ﬁ% S‘rﬁ%eﬁg?@ghééﬁa?%%sa& F%uéd%lby Monsi gny
et al., Btahpletselas,cohibalddl/tol §F#Adxinvidly drieGiuahee it akdD bombicties i NtO

wells of a Maxisorb mcrotiter plate 25 (NUNC Cat. No. 469914) and the
pl at e wasSARCIRESER inggolutiqn. f Bhergoreydaashierp maximpg yiekduBatmdhiunitshe sol uti on

was r Xﬁﬁﬁgﬁﬁﬂgﬁ%‘gp&a@ﬁ %z%%%?%lgH 9.6 including 1 % BSA was added

to eac S 1 ncéuba for an additional 2 hours in
order to bl ocKNndestpdecpidsghoiendiiDy, OMP GDF) Rehitk Wit REmEiE gk Or

ect ”S) é(?WItllg n%\gllegﬁc?cuglfgi(r: gfe g)?—i)ll'o%\{lm;:tggofbtlhgs%kéng%nagig ?ea%goAns. It was
observed that these by-products inhibit glycosyltransferase 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 leﬁgth, 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.



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 ads i on _of BSA- GLcNAc was verified peroxi dase cofg pgati®®@oo¥GA as
descri bed ﬁ&e(ﬂedl“(r%gﬁove. 5 Results: The surface area of a s?‘%%l‘@ "§8°%Da BSA
nol ecul e (approximately 50 nnR) is cqver ed with approximtely 25 G cNAc
groups. On a Maxisorb surface V\@}&@mg |y coated with BSA-A cNAc, the
aver age di stance between adjacen roups is approximately 1.0 nm
and the diameter of the lectin's 1@imapbphydrate recognition site is about
2 nm Thus, in order to prevent steric interference between adjacently
bound | ectins dfigwE: helescribseibe kaomaticastdporamired fondwasythesitef a t he

density ofy: i i npsacechari des uld. not, .exceed 14 per

cn2_. Si nc%ﬁ?ﬁf % HI S %gs? éﬁ%t{%cﬁ]%%qswéeecgmriaﬁg%g‘gw})ﬁgeﬁ g? ?rﬁ’}a(%%t part of a
bound p ot eittiniig eeUbfa¥atibn I6f @RPLAKINErepted tHEN dyfHaBiB®ic8étiodshe 15
nonosacchari de groups are positioned approximately 5 nanoneters above the

pl at e sur fREETEIRE 2t B siercand the legsing/apbpodyipding iassags.oFgeh engymmyict he
gl ycosyl tr f.er FLaure 8a descrjbes .,a.safuration curve fo SA- G cNAc
bound to a&%gi?s%?ﬁie% %gag?s?taercoﬁﬁgfé;b%o tflﬁl?/\n 3 A—‘@n cH i?fiﬂc g, plates

wer e washegucdtide 5Bk, a 20 buffer that contains a nediumionic strength

detergent (0.15 M NaC), in order to renmove non-specifically bound
|l ectins. This vashifereabsa®denapmatiemeetionshilesdsthgddnRiseibhereinghoee)al | ows

sequenjd al z L c.r-eactd ons.. As shown in iqure .8b, the bound BSA was
tabl o1t nr BETRATrB dF AL ROP EEPrBAEs biteuthe Bt s EeBRt Rish st ep,

t he amountthefprédeht imveniis. (BHATAUIATAbw 280critd/ inRlelall the FaMBss fBARIHsed by VGA
| ectin binding as descri bed above. Coval ent inmobilization of GLcNAc to

Coval i nk N#d epsnpgsientsasiligedin endentraginsrato thichbery.n KabliH Gunimdrdzeaddi t i onal

atons in g subsequent. el ongation cycl,e wa erf d.as, shgwn in Figure

5. °B ndi na Pz bRy Balhons y g e RPeriti T DR THE TSN of wea (o

P- D- G cNActhe whiymatiRioghled (BMved, andRdr dBcrsiedl i8 Bxafipldsol D ERSmpRL | vat ed

CovaLi nk NH are shown in 00/49412 18 August 2003 PCI/|LOO 00099 80~

Fi gur el 7acasbolmdeatele pghatyresf formedarando the olgstinentibedy Coindingnlastdyssur f ace i s

14 per cn®
P

erformed for each strip, while Table 18 describes the lectins/antibodies binding
assays that were used to verify the complex carbohydrate structure 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




10 and the average di stance between the G cNAc groups is | urn which is
sufficient for lectin binding. Follow ng incubation with reaction m xture
D7 (P 1,4 %&@Lﬂiyltransferase, described in Figure 8c), t&auhliansber of 5
P- D- gal act ose he plate i mobilized phenyl - #3- D- G cNAFCTAR004WEM | | nker)
is verified using ECorA |lectin binding assay as descri bed above. The
transfer of (3-D-galactose to th .}n’m)bilized P- D- GLcNAc ( NHS/ EDC
activated plate vvlth a 20 atom i 5 %s not detected. This might be due

to differepses ol ker | nrnfh H ahove descrijibed coval en
i mobi | i 3 anl & a very high-f r engt urter

bi | ‘Lr‘g’ét;ffm B8R ab| ¢ Sttierefeemby hi gpLeptisffingbody h buf f
(e.g., 6[M quantdine HF™8¥ 100 mM NaOH) i n subsequeRPiHEtng $teps thus
| | i @ %ag i u". \ | C \Al UI \,uuh & t | d
by the p gi@;ﬁmiﬁvl i %;V,,&‘ ‘Ei%%% salypound it Seitos ‘FUC[VUL'ZS'

4 i SO 7iC O-‘_ dt e B [+ 4

for acculaty gk "7 A T ReplCy 5 Bl ?f4 IR AR fjnf Be
9l yeopr ofRT GIMAL Y. O~ TeLia Dl £ FaILes ot e PR G gt pr surface,

nonspeci fisC [XAFACRT T 0N B gl 116 6712 Mu'i'%)’GldNA griere VHF 2y efrerat e
errors | M [ERNAVRT NEYIS, alB el BT §11h T BBl Fp R gl Cop! Ot el ns
and as stych {non-speci fji ¢ bi ndi ng thér eo nmay 1'éad tpyLRagcu ufat efstructural

predi ction. The standard bl ocki ng agent 20 comonly used T n enzy tic
reactions, is nonfat mlk. Since nonfat mlk contains nany glycoconjugated
proteins it is not suitable for enlzrl i synt hesi s 'of conpl ex

car bohydrates. |Instead, synthesis cti'ons performed according to the
present’ iaventign ut il zed tlen d]’é‘ HEASAgN:_since it _is

non- gl yco%’?i’"at ed Tymsef sihweeficly Fi cj—‘e‘r‘éﬂ 7b, Mmisike cheni cal bEsedking adents 25
interfere t-h Molqﬁtﬂ Bipdi ng- hl oclkinag i th BSA N QI’\PPI ficllectin

bi ndi ng W :GEAA S llffu‘a;nt IG.I‘FI\AG _'r_grll rsfgmiﬂagﬂ‘_ Qz}i. mPigerifi ndj n1Per®l'ﬂﬂ$fﬁHC racti ce,

- RCA120 - g, |BGal ) m,gﬁ.s;gmalfms igh it ed. hRSreridaser oy

It V\B.SI I 1T7Z2°C It o Ir S

hydr ol yz‘,m”épunt %’ﬁgi%uo':‘f’i’r?'@ﬂw Siepn LS 09, | Bapdsirgea Splicialias | Biottay | odk i ng

when US| rgebti-s—| T Ate-Eeinti-ng | HEBLEAE, Te{ﬁﬁiﬂ%ﬁé’(—‘—gﬂmmzz

PCTI | LOOH005,7 8%~ EXANEL £ b SRR Sy Respoole pbilopi LB, et ileal - t o
. 2 1S

an iterafpMgsolli cfdphase enzynatii c syn{gﬁ gsis.” Si nce gI y % ’P‘?fffsferases

catal yze thé transter of a sugar noi ety frommram 5 activ: ted ||u1,i eot i de

phosphat e sugag.ggror to an appropriate acceptor, degradation of the

phosphodi ester energetic bond of the nucleotide sugar is irreversible. As

such, there i sFigordsH®arfalesaitle thbidcdal/antibodite biiding heagopifghieddn of the

synt hesi s rei]act ?sl Preferably, the nuc|eotide sugar concentration of the
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)



reaction should be approximately 10 to 20 fold higher than a Kmval ue of

the 10 enzyne to the donor, which ranges from several to several hundred

m | il arg, A/«{lmﬁ single mcroliter plate well which cont ai®sugpprogs nat el y

100 | of $3PUPIBNn, 0.2. nanonoles of well-bound saccharPHIVHEYs are

avai l abl e for the enzymatic reactign. As such, a nucleotide sugar

concentrati.on _equal to or _g eaterﬁ |l Li rjs,sufficient. 15

Mat eri al énﬁﬁﬁeﬁgt{%a@ oﬁll%/lE%EO%?ctPi vﬂﬁn%ﬁ'ghoé@gﬁhﬁ ﬁlf © ;@“@%NAC: 50 |

al i quots .- : t Wo)ass : - SS- 01- 003)

sol ution ﬁt‘r“ge %Fé%%ﬁgg%&g)r%@ %éé%ﬁ?%l?ﬂ% gﬁf%?%ﬁge?ﬁghﬁgﬁ ‘fd;;lls}% wer e

i ncubat edoundiffeldns maonteaiharide, 50 | of a solution including 3 ng/m of

1- Et hyl -3 20 (3di et hyl am nopropyl)-carbodiinm de (EDC) (Sigma E-7750) and 3

ng/ M of N-hydroxysuccinimde (NHS) (Sigma H 7377). The wells were seal ed

~and the plates were shaken at @Qﬁmaﬁ 37 Cfor 24 hours. The wells were
washed three tinmes with distillTed water and the unreacted am no groups in

the wells were blocked for 2 houkisramp 2300 M of a solution containing 25

met hanol / acet i ¢canhydrj de/ *ater (85/.10/5 V/V/V,_ respectively). Follow ng
four washes Hgﬁ?‘gtnﬂ,lﬁgmmiﬁﬁ%ﬂm 2Rkl Qfethe sypthegis mdhethet | ncubat ed

for 12 h AE [ i ' Lnc ‘ ip PBS.
Cyanuri ng%?{)ers%% elgv%é{alh\c}g{% #ﬁ%ﬁﬁ% g@?&?ia\gﬁy@%ﬁ?& Anr%hglgq{ée ?r%él(?@ H(izlyanuri c

chl ori de diffemni lehgth€atFigiie.11Caehabys theswginiedionnof3heimiefotiaagilame was 30
added, whjle stirring, .to 45 m of 0.1 M phosphate buffer. An aliquot (200
1) wo%o/the £1zymagicarrgaiiensoiods redormedonrersbotersend die agtins bu1ding on was

L S A S D b R P T

pl ate was room ténperature tor mn er?&' whi ch the

sol uti on ek dizgwaticledpdndetifiel RkALR Meshed sty edicht deBoticbhtagpubl e
distilled water and dried at 50 C for, 30 mnutes. 5 Am no |inker el ongation

cycl e: 10be qidded nucleotideisuaemno Brch fineRsSKsubgerged 16)2 sififerentopet(8f i in 50 n

0.1 M car f.f - h an: I .D2, 240-1)
sol ution e?%glggﬁ%péggirlgﬂrﬁ M" g}ia?«%%%é]?lgf)%ﬂ]?@?%ﬁ?xﬁgr&@h\%?g%én&d to each
vel | 16f  aotlyaproceduresdevtioged bpaie pradendirpeatien. The wel I's were seal ed-and the

pl ate was incubated at 25_C for 10 12 hours. Foll ow ng incubation, the
vel |'s were wadRBE flgurdessiihes the t snzyEnalie reasHoR hB1piSataBInESnEaRr i ¢

56 di oxAareana 1 el Rt G o R ard LBl P bsis B A 0 G eved.
acetyllactoseamine library in accordance with the teachings of the present
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




Coupling of ,&D d eNAc (first nonosaccharide building block): 15 G cNAc
nmonosacchari de nol ecul es were linked to the activated plates described
above. They@ldsonhng procedure was utilized to effect Ilnkilﬂhgu @st 2608 ut i on
containing 60 nmy/mM sodiumdithionite in 0.1 M sodi um car5dfA5t%® %8s added
to each well of rows B-H of the platg. A 200 | aliquot of a second

sol ution containing 20 ng of p- nif—[t egy! - N-acetyl - p- D-A cNAc (Cal bi ochem
20 Cat. No. 487052) and 200 rrg o] |5\}m dithionite (Fluka Cat. No. 71700)

V\h|Ch V\Blmblm& \éEc III U | C‘F IC ul Otl Iled wa*ﬂ" ah fltrnfnrl tO a pH
of 7.5 using 3 of 0.1 N so I'um carbonate (pH 9.6) was s%zt"m Ly diluted
two follds flromrows Ato H The wells were seal ed and i ngu éés A [room

. tenperatjur e J[azgBni ght . Fol I GeNAGE 1,7 GHIpAd AiliacisNE Wel 1 S WeT[Goli@g1ed 1) our
times 252w tip7dizmbl e di stillcad iwalidiac g dalein GiiAs W T N Tedy@Rol (200

1/ well),| % he viaBpdEIWash | Glavdt ;g3 &a185 4010NAL 3,3 S08KL AT T JID4g #Iper at ur e.
The net hanoll was di scardedGicindSt he plates were air dried and stored at 4
C. Bindijfy ¢PMBR7FEDZoval ¢ReliBy.+CEIBE B3 TRID GNP 1Bhe:l prleante of
coval ent." l‘nl‘ﬁlnrl P-D-G cNACBWASINA+S f | ed by binding of WGA conj ugatéd to
30 per oXi da<?’5’?Df’lﬂﬁ’87'g§cel NpehLl Grld-I¢ydihde B LE [GaiMO)4  Det|d&i®¥n was -
performed V\D 00/ 49412 18 ALGERES 200 Cl;/lLOS/ 00099 83 as follows] 100 I -

of 5 gl Mz ol % . SNAESD_peroxi dase unilts—por ng
prot ei n)| or FI'?I? (’g?ﬁ : gc ﬁjﬁéﬁ%ﬂi%‘@f@%gpe%ﬂ f Rc’ﬁ 2t i ntl uding
10 mi |l limol-ar of WVACIZ2 and of CaCiZ was i ncubatedtneach —wet—at—25 C for

one hour. The wells were vvashedE%{%rﬁ_F Efﬁ with 200 it high ionic
Y\ %\'t . . .

strength washi ng solution, with sh consisting of a 15 m nutes
soak. 3To devel op the perOX| dase |pbehgd WGA, 100 | of fresh peroxidase

substrate sol gtthﬁofn ded and an hour later an O.D. at 450 nn-1 was
neasur ed. ?&0‘6’8}% aetkempiiss thigahility plethp_spoibesismpethed o€ Coval i nk

NH t
10 ther é??%%%’? BB g FRoFaE pBS oy 1Mo al bl HOGRREEECT .o °°' "
coval ent |diffoeohdeithd anHIAmOdﬂfDﬁnomsl oTh0libiMIRGupé &1@3&&%% M 9@27)

0.2 %Tr| Q\g 20 mM MiC12 (SI GVA M 9522). 0.5 ng/m UDP- Gal
(Cal bi oc C%“i%fﬂl%‘? raﬂ?besm The first momasaceharideris bowad knthe surface

X31, 4rogalvagtoesy | trhelRsiera '%?ﬁ’ O each wel | |
of a plate coupled with P%Wé Wc]ré?%?)g?vi% a\ﬁﬁﬁlé%%dﬁ? " RPM at 37 C
for 12 h(mrngleSlFOWhMa@cQﬁahbaihesmhet a&mmahmdaﬂesmﬁmu;p atifiged athroved and
the wells, were Breetlmes wi th 200 of high ionic strength

washi ng B¢ f:grpp ohyfirajgstpciyag f@ﬁeﬁgth%‘?b}a ?L%Veﬂfy the accuracy of

the st_:quentlal 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




m nut es soak. The transfer of X31, 4-gal actose was detected via biotin
conjugated 20 lectin (Erythourina corallodenron ECorA) as follows: an

al i quot inghyehag of 20 g/m ECor A conjugated to biotin (8 SMudt20893; 5
nmol es of biotin per nole protein) prepared in TEST incl GHIHefOPOP% | | i nol ar
of MiC12 and of CaCl2 was added to gach well and the plate was incubated
for one hour at 25 C. The wellim washed 3 tines with 200 | of high
ionic strength washing buffer, %235t wash consi sti ng of a 15 m nutes
soak. Followi ng incubation with EM I+ of avidin conjugated to peroxi dase
(5 pg/ m | ¥ |EBSPuceche \Wiuttge Buarmga washed 3 tinmes with 200 T of high Joni
strengt hf waghi ng buffey, the |last wash consisting of a 15 m nutes spak. To

det ect by ndijng, gl Fesn T dase subsirate _Sorutiorr ded
and an hggu 2 %Hggl%%g peup L (e D GlNas BT L Gall) TAGEC o d) BivAes 0003 |
0. 0/ 49412-pEF P BASEHNpubG o 2 4 RGN A 1,3 Gal §f1.4 YBue 4 1,3) GleNAC-S

Gal actosyltransferase (D7) in solid pae. The enzynmatic reaction m xture
is as described for D7 with the exception that in this case 3.9

mlliugits/ m B ' |transferase.were. utiljzed e solid
phase consi st e'g{ugf , kﬁé?ss%%%%ﬁ%eﬁsmgﬁf &Y e@ﬁ?%fpﬂﬁf’%ﬁc rﬁ?thBJ A- G cNAC.
The enzyne sojid tphase mh@iid@idcdrgpleﬂ%rmbﬂra@és IObEhBMELS: uhBLRENR S The
wells were then washed with TBST three tines and the binding of RCA120 was

nmeasur ed H&CYEERr | bed above. . Results: Results obtained while reducing
the present invention to practice indicate 10 that a solid phase reaction
is slower than a liquid phase reaction. As shown in Figure 12, enzymatic
transfer of gahhisdughetht onvnBoRRAOBBEE d¥criBOd R cGitNison WGl MU of
(3-1,4 gal actgsyl transferase takes approxi mately  an hour to~ conplete, as
conpal®d tBPdipcal thatcef.yit dnevideny thet i manya kkematiivesp mpidifientione andane

reaction in. i Therefore, taachieve maximumyjeld, . 0.5 mlliunits
15 of eaéﬁﬂgﬁgéﬁghag$%pe %&§gﬁ$?§PH§-Hlﬁ§ﬁ¥%. Wﬁ%&%éb$&ésﬂﬁﬁ§ﬁﬁates ( UDP
CVP,  GDP)towdniltirhice #ibsilch afteRtit&e nivosmdatiodo W Slrifient aok 'f&l?\éﬁﬂigﬁfheaf e

by- products of these enzymatic reactions. It was observed that these --

by- pr oduciPirty 4 Bspad sgiope of thetappendedrcdaimsact i vity. As such, an addition of
a phosphatase to degrade the rel eased nucl eoti de phosphate(s) can 20
substantially increase the rate of the solid phase reaction. Linker |ength,
flexibility of the conplex carbohydrate, imobilization of carbohydrate
groups and steric hindrance are also inportant factors effecting synthesis
ef ficiency. As uncovered by experinentation conducted as part of the
present study, a neoglycoprotein coated Maxi sorb surface can be efficiently
25 utilized to inmmmobilize the first nonosaccharide, obtain the

gl ycosyl transf erase



enzymatic reaction and avoid steric hindrance problens. An el ongated

coval ent |inker based- on cyanuric acid and p -Nitro phenyl enables
coupling of the first nonosaccharide to a 2-8 nanoneter [fi8fkgust2008

avoi ding steric hindrance when the first nonosaccharide is covalently
bound to t MO &W4Pfiace and 30 obtain the glycosyltransfer asanesvgeat i C
reaction. WD 00/49412 85 EXAMPLE 12 PC 8 2003 Library 1 Figure 9 describes
the enzymatic steps required for thesynthesis of a |ibrary consisting of
t he struc#ﬁﬂgﬁﬁagg EPibed in Table 17 immobilized to a plate, 5 outlining
the organization of the mcroliter plate, the enzymatic reactions perforned
at each step and the lectins/antibody binding assays. Each enzymatic step

is verifiad agaiyasP. and BehIRIN.S{19DP) Wakah dpes. hat KONk hes@dded
nucl eotide sugar. A differ ‘ent set of enzymatic reactions (described in

detail herei na‘c?&? .10 were performed in each stri p in accordance with

52205’{829??32%%’.%?‘5' B SR L Bl TR0 S O

to generate thIfhbmbr&aabyChE:azbkﬁnnlrﬁuﬁ.UmﬂE?eS the enzymatic reactions used
to synthesize the first library, Table 17 describes the enzymatic nodul es

(EM s, fupPt herAteder, Bed 4“!‘%1 Bheppards R;LCQ) (1983 vorflidx ph&ec peratey dr at e

structures for d tin/lant C di ng assays perfornmed for
each strip, e‘?l b‘?é P‘lﬁ?ﬁ’%c s ﬁ g%r%}i ns/ anti bodi es binding assays

t hat were4useoBa*y@r\Erqlf991)t,m@ge¢,pr@),@pg &ar mghys, g@tm $ifysgure formed
foll ow ng each enzymatic step. 20 TABLE 16 25 Enzymatic reactions utilized

in the syft heBHEbiM: he. fandstan| dasr Bijgdend BhoHs, (1983) Eur. J. Biochem.
i-ndexext ensi on%épﬁégccept ordonorEn ne Cat. No.E.C. A2a3D-@&l- 1,4
D- GLcNAc- RCVP- | bi ochem 566212.4.99.6 A3a6D-Gl- 1,4

- D- GlcNAc 6ROVIBibiuAeEaMaF O 0 566G 2 2l Bkudia %Dg@b?,) G'enes Dev 7
1, 4a3- D- GLcNAc- RGDP- L- FucCal bi ochem 344322. 4.1, 152 D3a3D Ga 1,4

D- GLcNAc- RUDP-AG88+478 bi ocherm 345642. 4. 1. 151 D74- GlcNAc- RUDP— Gal Cal bi ochem
345652. 4. Ji.' 38 ﬁgﬁﬁpéen,r f/l.la.nanci lggcucﬁ?m&%f 1%16'2 ]‘?atl. Jébc\z%l.'%'cz. USA
89 9326-9330.
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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 GMC%%%
RCA120 - 3G cNAc- SD7, 43NeuAC a 2,6 Gal 1,4 G cNAc- STM.+, 96> cNAc- S
.D7,D3Gal a 1,3 Gal 1,4 GIcNAc-SBS |+ , RCA120 - 5G cNAc-SD7.B2Gal 1,4 uc a
1,3 Gcmﬁ%ﬂ%&%% 6G cNAC- SD7, A2, B2NeuAC a 2,3 @Gl (3 1,4 (Fuca

1, 3) Glc f_Siatyl Lewis X+ - NameType of Speci fi CCE{E8g{00099

No. Sour ceLabeI ing Mol ecule V\GALectE%aG cNAcSi gma L-3892Tritcum vul

BS1 Loct 1 oar oo & st R BE. G2 o R T bl PLR G QS 2" ' oo

TGPLect i na- FurBbiglabodatclp082er ea onol obus pur pur easPer oxi dase
TM.LectinSialjc CI dCaI bi 0. 431803Tritrichononas nobil ensi sBiotin

 Anti-Sidfyl FeeihadiE anddgbl McAI¥ 73 Cist 598Nk Biolah 67-Thouse Lewi s
- X/ 'Per oxijgasecias t % nggb%uéeachp% Bi %Ziﬁ?t heciNgsh ectins/anti bodi es
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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.



100 166. Yamanoto, F., Marken, J., Tsuji, T_, Wiite, T., Causen, H and
Hakorori, S. (1990) JBC 265 1146-1151. 167. Yan, L.Y., Sm' t h, D.F. and
Cumm ngs, R D., (1994) Anal. Biochem 223 111-118. 168. ghga%bg
Uozum , N., lhara, Y., Myoshi, E., Yamaguchi, N_and Tanl gu (1997)
J. Biochem 121626=632. 169. Yip, C L., Wlch, S K.,. Klebl, F., Glbert,
T., Seide, |I.P., Gant, F.J., Ohara, P.J. and I\/acKay, V.L. (1994) Proc.

Nat|. Acad. Sci. USA 91 .2723-2727. 3}§0. Zehavi U. and Herchrnan, M

(1984) Carbo Res. 128 160. 171. Zehavi, U., Sadeh, S and Her chrran M
(1983) Car bol‘fi,:dr Tl@§ombmtoﬁal c&ﬁﬂexhﬂ@hﬁdratcﬂﬁiﬁ%ﬂ ér%é/ g
Rl ce gﬁ Drakef P%‘?d El bei n, (1997) JBC 272 31340- 3134’7 hang,
wROner spid plyrshine el addressablg complex cabohydriiee structAmadincBdes ab) S. A
,94 450%&%@ %@tjgust 2003 101 WHAT IS CLAIMED I'S: I. A conbinatori al
- conpl ex carboh 1 e library conprising a plurality of addressable conpl ex

" carbohydrate stri ctures, each of said addressable conplex carbohydrate
structures being attached, at a dedicated |ocation, to a solid support

having a_pl a6t or MRORhMARYia Gomblex! BELEAPRMRABILA br SR PX %rgﬁ,ggdfate

library of claim1, wherein attaching eac
car bohYenstitanes of umidirgsleast oaé brasth ds foHRRerdf Ed"enﬁ%ﬁ‘ébg@ a%%i Bra!nhﬂﬁl

The conbi natorial conpl ex carbohydrate library of claim erein's
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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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conbi nat ori al conpl ex carbohydrate library of claiml1l, wherein said solid

support, i's d2.a SIS LANMASHECtaRplROMLBR ALR BLERUSIElY V&?L ghyster eae

cross- linked with divinyl benzene, ™ pol yet ene g | ™-"p0

copol yrﬁmdnatpmly:amplmscamohy@atqslm defieed BOhY ABuRRG SouAdE de, silica, gI ass,
quartz, plastic and cellulose. 13. The conbi natori al corrpl ex car bohydr at e
l'ibrary of claim1, wherein at |east One of said plurality of addressable
conpl ex car ghydrﬁ]:e stf)uctur es includes at |east two contiguous sace

ari'de units S gpRbustenial sco CN@@@'PII}ZU@@ libary of claim 2 neherelor i al

conmpl ex f cI wherein at |east one of said

pl Ural i ‘?ﬁ @%%P@t‘%a |%‘ %@ %FQF%IS@PM’@ % Hasne, wella pwd bedy | east
one brm 15. The conbi natori al corrpl ex carbohydrate library of claim 14,
wherein at -least : one of said at | east one branch is fornmed of identi cal

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 e2donpThe mmﬁ:n#tpdaht@nple&uﬂtbﬁlg&lﬁt@ﬁb@ﬁg&;@auﬂ ¢odhettis %ghar i de

units. T The gonbl nat ori al conpl ex carbohydrate |i1brary of ' claiml
wher ei R “é%ht}"l ehsaddsassable samplen wathohydrate Mahuteeacomfe@m@mlbqﬁydrat e
east 5 saccharide units, 18, The conbinatori al

iz);r;fteg @éﬁdﬁfg?eségﬁw@@l Smple% casbohydrée.ei n at | east cue of said

plurality of addressabl e conpl ex carbohydrate structures includes at

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.



| east 6 saccharide units, 19. The conbinatorial conpl ex carbohydrate
library of claiml1l, wherein at |east one of said plurality of addressabl e
conpl ex carbohydrate structures includes at |east 7 sacehghi, gﬁst%bﬁs

The conbi natorial conplex carbohydrate library of claiml, rein said -
plurality of addressabl e conpl ex carbohydrate structures are a
representation including non-natural conplex carbohydrates. 18 August 2003
104 21- The conbinatorial conplex capfohydrate library of claim1, wherein
said plural I%)%/; of'ﬂ(;lddr essabl e conpl ex Carbohydrate structures are a
representati i "thednethodn elafina R 6C onldrein biiyd

conbi natori al caonpl ex carbohydrate |i brarycabﬁ? cl ai Er??éZl%f d H\ﬁ'ahfg (9f

nat ura|cw¥§x@ﬁﬂu&wdmt9mcmmaubmmmmmwm}wmer 23. The
conbi natorial conpl ex carbohydrate library of claim22, wherein said human

- source is selected fromthe group consisting of a ti ssue, cells and body

unerein aai #oopl Y rRhed 8 PR 2R RGN Faioe ke juties ot eatiofes ar e

a_repr epafibabhPloflemPypasns of at |east one natural conpl ex car bohydrat e.
25. The conbi natorial conpl ex carbohydrate i br ary of claim24, wherein
said at |east one natural conplex carbohydrate is derived froma human
source. 26, A nethod of producing an addressabl e conbi natorial conplex

car bohydr at @9 i brFreymettvd oftlaird 270 vihidreinngid akss Boseled ii)o Ry 'ggc?
solid-support of a platformconfiguration and having a pl ura ity~o

| ocat i 6ABSISERE of BY aeningrgid, cepdpidey ambasilyeosylated protein, aylisil, & CEREde,
car bOhéPL‘ 1e structures, each_of said plurality of conplex car bohydrate
st r.uct BUPsRIake, & klpdesinin, meligosarchaddei samonosasshatide, an allyld

pl ural ig oafJ ; ions, thereby producing the addressabl e conbinatori al
conpl exh car %@@@%Feaqq ‘brary. 18 August 2003 Jos 27. The nethod cl ai m 26,
wherein attachi ng each of said plurality of conplex carbohydrate structures
to said solid support is. effected by a linker. 28. The nmethod of claim 27,

wher ei n sai 80) i NHBE bl Yl maﬁhextemmaqaﬂeeswﬁaga@m 98&‘9% p29

The nmethod of claim27, wherein said linker is selecte Fe gro
Angstrom.

31.  The method of claim 26, wherein 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.



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. %_INE &t Bg of
claim27, wherein said |linker is of a length of at |east 3 g\ngs rom 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 flat _platformis selected fromthe group
consisting of a mcrotiterplate, a nenbrane and a chip. 33. The nethod of
claim 26, wsei Mhelmeolll of Sl4RACI, thefeif Mol Hchellirdablibn MGHRLD or

adj acent locations of said plurality of |ocations are spaced no nore % han
2,25 rArmegedat endenaity ofidr25 et sqitue ot hod of c¢l ai m 32, wherein said
mcrotiterplate is an addressable mcrofabricated array of closed reaction

. chanbers supplenmented with mcro-fluid systens. 18 August 2003 106 3S,

" The net hod cl ajym 34 eLein id clqgsed reactjon chanbers are arranged
at a densi t?f{ Y ﬁ@s%@%ﬁt&#@?ﬁr Vé@?@mﬂaeh@%t%hd@se@r%ﬂcﬁpmhmw@i n
each of; [ : [ anbers is of 50-1000 nanoliter in vol une.

37. Th?ﬁ?ﬁﬂ@?‘%@?ﬁh@éﬁ%ﬂwﬁ% ein said solid support is of a substance

sel ected fromthe group consisting of polysterene cross-linked with

di vi nyl benzene, pol yethyl ene gl ycol -pol ystyrene bl ock copol yner,

pol yani'des, 3Jol y&ltiey et of chiiiny DB} tveredh B Solich ishipSért i8FSH suldtahde

pl asti-c and cel lul ose. 3S. The nethod of claim 26, erein at Feast one of

sai'd pisglegtad; froot the ghyipesorsisthiphpfl patysterenel crossdinkiedcvithiediviitylbesshe | WO

contiguo Sq!,ﬁ cchari de. un'its of a single species. 39. The nethod of claim

26,- wh&olerrdlene o ghycobpelystrsss dblackr ziopejymaer, polyamides;arpmiyyaiyhmdde,

structurgﬁﬁitgcl uiies. t .&-east one branih., . 40, h‘f met hod of clai m 39,

wher ei HCREEaEY Cof! lg%ig]a%qp%tpmwﬁoqes formed of identical

core and branching saccharide units. 41. The nethod of claim 26, wherein at
| east one of said plurality of conplex carbohydrate structures includes at
| east 4 sacgRari U : t | g i 4 one

~of said pl u?al i t;tqlgf megzondpﬁ%‘xdgﬁb%%yg@gfégﬁsﬁ ﬁégtglur%gg %c ungslaltgtthZjZ{st 5

sacchacomplencarbohfdratugrrinn?d QX1 atd@ast The ooatigocudéacehadide Aits whar ei n
at least one of said plurality of
smgle 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.



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, 452008€
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 areyg representation including natural
conpl ex carbohydrates. 47. The nmethod of claim46, wherein said natural
conpl ex car Behydriesnethed of strim6d whérbim at daghitt o ¢Fekaat ﬁﬁz:&lh?nbi‘he
group cansi,stin f tunorogenesis, . nmetastasis, pregnancy, vascula

di seas &OMPACH P@Pﬁ&%&f} ﬂﬁé"&ﬂ%ﬁ@é@@‘ﬁéﬁ%ﬂi kastd sasabazide wnitni mune di sease,

infertility, allergies, enbriogenesis, apoptosis neurodegenerative

- disorders and organ transplantation. 48. The nethod of claim46, wherein

The method of cl i A orer AREC28) frhdietn 46 feast MRl of RS ARFURF 0

The nmet hod of cl ai m 48, erel n sal human s i

group compiext carpolydratd dtfifiteres %ﬂilhée@dﬂe&@@ysafz&hﬂrﬁﬁ- - The method of
claim 26, -wherein said plurality of conplex carbo yoFra € structures are a

representati on of domains of at |east one natural conplex carbohydrate. 1
8 August 2003 108 51. The nethod of claim50, wherein said at |east one
natural conffex Thamaethpdoficlims26enhereih faidphaalityneficanplegecarbéhydhatget hod
of .identif ingra CO]R%| ex garbohydrate capable of binding an entity, the
metho %8 TEPRESEitaien grclading nogauatired camplardearbeldratesonbi nat or i al
conpl ex carbohydrate library by., (i) providing a solid support of a

pl atform configuration and having a plurality of locations; and (ii)

enzymati caldg, syThE@sdiBode | f C hydr at structurés,
each of said plurality of ggﬁ%ng@gglﬁ%gﬁysﬁtgwrﬁ%@%@& Ydritsched

to at dtamstresns: deshresdrestidwirtudiie abnsA chmmlek balH ocations, thereby
produci ng the addf?ssabl e conbinatori al cglrrlf)ll e@gﬁgg%%gfate library; and

(b) screening said addressabl e conbi natorial conpl ex carbohydrate |ibrary
wth the entity for identifying the conplex carbohydrate, capable of
bi ndi ng t hé*%ent i e methodreclaun e wiieraih skid maurabbemplax cabdhydhics are S

sel ect g far th&‘ roup,..consj sti of proteins encoded by an EST library,

and pr% ag t%ﬁ'e% agt%(HPdﬁﬁl%Sgiq%t{]%ﬁqm 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.



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 qgghgggg%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 domai nggof said specific natural conplex
car bohydrate, the_method serves for identifying a specific domain of said
domai ns whi chl-bi nbize gasthod | afarldimsH), whestihadidfat deagnoss nangallicogiples by
self or _non-self .c I%r car pohydrate structures and elicitation of

anti bo 'ﬁuﬁg?géﬁggaEQ,ﬁpﬁba #OUEEnpri sing the steps of (a) producing
an addressabl e conbi natorial conplex carbohydrate library representing the

. self or non-self conplex carbohydrates by: (i) providing a solid support of

a platform fi guratd ! I at.i,ons., .and (ii)
enzymat i cal @r‘lsy%ﬁr@%@ﬁ?@%@%ﬁ?@%gﬁ@%&% E%R&M?ﬁebmglﬁgbm ures,
each ofentity, dh@irietledd Eomphising Tt Siepsaf:bohydrate structures being attached
to at | east one dedicated |ocation of said plurality of |ocations, thereby
produci ng t i@ adgredwdtt an addrbssablco comibinomnile sompldxo bubohyardté ; and
(b) reacting said addressabl e conbi natorial conpl ex carbohydrate |ibrfary
with antibodies &tived froma patient suspected of having the disorder to

t her eby generate patter.n, of said |ocations to which said antibodies
bi nd, such that &Y coRpaYiiga Ei&fiji}!ﬂﬁoétr FpleHosmGoalizusiieand having a

] h that 89 coRpaFiFii &3 u Binoerof wplottomiGeaEpeilartnd havi
Gbal nabl o 18 Auguet PIBBHDIEToE e Bl el bohyarate | brary

nabl e. 18 August ‘ _ |
i1 hched ot a spo 11 AT SARIANK Y BhEaid) of Kol fs “ERHuREAcch

of said plurality of seasmi@x EaROUTY dard Slatdligt erémhglép%?gggfﬂ%tﬁgt

| east 2 and no nore than 20 saccharide units and whereas at

conpl ex carbohydrat e stuciutesrtwing adathedpbut dd-st pne tledicatad loxatiat bbkaidr at e
-structures is a branched conpl ex carbohydrate having a single structure
defined by said addr eBRHARY | ¢fc alacationsiertberebyn prafdcingr ahe s8idresnableonpl ex

car bohydrate library 831‘1’1%1111%1'{5{}1 7(:’0::1\'\1:’33:2gér%oﬁ?&r@téjfibrsa%;dan% urality of

(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

source.

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



conpl ex carbohydrate structures is covalently attached to said single solid
support via a reducing end thereof. 59. The conpl ex carbohydrate library

of claim57, wherein each of said plurality of conplex CQQQ@EMQ@@@g
structures is attached to said single solid support via a lin sai d
|'i nker including an ethyl englycol derivative, at |east one cyanuric

chloride derivative and an anilino group.
109

combinatorial complex carbohydrate library is a representation of domains of said
specific natural complex carbohydrate, the method serves for identifying a sp;eciﬂc
domain of said domains which binds said ligand.

. 36. A method of diagnosing a disorder by self or non-self complex
carbdhydrate structures and elicitation of antibodies thereagainst, the method
. éompﬂsing the steps of:
| (a)  producing an addressable combinatorial complex carbohydrate library
representing the self or non-self complex carbohydrates by:
(i)  providing a solid support of a platform configuration and having a
| plurality of locations; and
(i)  enzymatically synthesizing a plurality of complex carbohydrate
structures, each of said plurality of complex carbohydrate
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,
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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.



