
(54) Title: COMBINATORIAL COMPLEX CARBOHYDRATE LIBRARIES AND METHODS FOR
THE MANUFACTURE AND  USES THEREOF (57) Abstract A combinatorial complex
carbohydrate library is provided and including a plurality of addressable
complex carbohydrate structures. 18 August 2003 WO 00/49412 1
PCT/ILOO/00099 COMBINATORIAL COMPLEX CARBOHYDRATE LIBRARIES AND  METHODS
FOR THE MANUFACTURE AND USES THEREOF FIELD AND BACKGROUND OF THE INVENTION
5 The present invention relates to combinatorial complex carbohydrate
libraries and methods for the - manufacture and use thereof and, more
particularly, to such libraries prepared on a solid support via stepwise
enzymatic'  synthesis, to thereby provide a combinatorial array of complex
carbohydrate  structures. The combinatorial complex carbohydrate libraries
synthesized 10 according to the present invention can be exploited in a
variety of ways,  including, but not limited to, (i) identification of
complex carbohydrate drugs;  (ii) identification of complex carbohydrate
associated receptors or proteins as  potential new carbohydrate related
targets for drug therapy; (iii) identification of  biologically-active
complex carbohydrates; (iv) identification of specific 15 complex
structural carbohydrate elements as potential new targets for drug
therapy; (v) identification of the active sites of known complex
carbohydrate  structures; (vi) identification of new glyco-markers in
complex carbohydrate  



structures; and (vii) detection of antibodies formed against a cancer
related  glyco-epitope or other disease related glyco-antigens. 20 DR UG
DISCO VERY Modern pharmaceutical research and development was instated with
the  transition from folklore based medicine to the discovery and isolation
of  medicaments using modem chemistry. Since the 1950s drug discovery
focused  on testing large numbers of candidate compounds on a variety of
animal models 25 in an 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.
(GraneIlin, 1992). 18 August 2003 WO 00/49412 PCTIILOO/00099 2  During the
1970s' and 1980s, advances in the fields of biochemistry, molecular
biology, cellular biology and structural (and functional) biology have  led
to a better understanding of the biochemical and molecular processes
leading to the development and the progression of various diseases. This,
in 5 turn, has led to the development.of protein-based primary screening
assays,  which replaced the more cumbersome and time consuming methods of
screening for drug candidates in animal models (Nicholls, 1991). In
addition, advances in X-ray crystallography and computational  chemistry,
shed new light on the physical processes governing molecular  10
recognition and interaction events of receptors and their ligands, leading
to the development of what is known as the "rational drug design". approach
(Hendrickson, 1991). Understanding the three dimensional structure of
peptides and proteins,  and having the ability to manipulate such
structures both virtually through  15 molecular modeling and physically
through molecular cloning techniques led  researchers to the development of
new drug candidates.  Unfortunately, due to the need for very highly
skilled personnel and  dedicated and complex equipment, "rational drug
design" has failed to provide researchers with the drug design tool they
had hoped for (Jacobs, 1994). 20 As such, in the early 1990's, the leading
biotechnology and  pharmaceutical firms turned to robotics and automation
in an attempt to  



supplement the "rational drug design" approach. Automation enabled a
"shotgun" approach to drug discovery, allowing for rapid screening of
hundreds  of thousands of compounds for desired biological activities. The
new approach 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). 18 August
2003 WO 00/49412  PCT/IL00/00099 3  COMBINATORIAL LIBRARIES - In the search
for novel drug candidates, researchers looked to complement existing
natural compounds which have been extensively screened,  with a novel and
diversified group of molecules not found in nature. As such,  5
combinatorial libraries of newly synthesized novel compounds comprising
nucleic or amino acid sequences were synthesized and screened for potential
drug candidates. Combinatorial libraries of such novel compounds or of
novel targets can be  categorized into three main categories. 10 The first
category relates to the matrix or platform on which the library is
displayed and/or constructed (Blondelle, 1996). As such, combinatorial
libraries can be provided (i) on a surface of a chemical solid support,
such as  microparticles, beads or a flat platform; (ii) displayed by a
biological source  (e.g., bacteria or phage); and (iii) contained within a
solution. In addition, three 15 dimensional structures of various computer
generated combinatorial molecules  can be screened via computational
methods (Gaasterland, 1998). - Combinatorial libraries can be further
categorized according to the type 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); (ii) in vivo
synthesis  via molecular cloning (Kenan, 1994); (iii) in vitro biosynthesis
by purified 25 enzymes or extracts from 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. 18 August 2003 WO 00/49412
PCT/1L00100099 4  In the split - synthesis method, a combinatorial library
which is synthesized, for example, on the surface of microparticles or
beads, is divided  into groups in which a unique first synthesis building
block is attached to the  beads. Groups of beads are then combined and
separated to form new groups of 5 unique diversity, the next building block
is then added, and the process is  repeated until the desired complexity is
achieved. In the parallel synthesis  method each of the compounds of the
combinatorial library is synthesized  separately, in a solution or
immobilized to a matrix, requiring a unique and  independent synthesis
regimen for each of the compounds of the library. 10 The complexity of
molecules in a combinatorial library depends upon the  diversity of the
primary building blocks and possible combinations thereof.  Furthermore,
several additional parameters can also determine the complexity  of a
combinatorial library. These parameters include (i) the molecular size of
the  final synthesis product (e.g., oligomer or small chemical molecule);
(ii) the 15 number of bonds that are created in each synthesis step (e.g.,
one bond vs.  several specific bonds at a time); (iii) the number of
distinct synthesis steps  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
complexity, synthesizing complex carbohydrate combinatorial libraries 25
necessitates a plurality 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 18 August 2003 



WO 00/49412  PCT/ILUO/00099 5  carbohydrate libraries synthesized to date
are of a very low complexity and  typically include complex carbohydrate
molecules consisting of no more than  three building block constituents.
The evolution. of nucleic and amino acid combinatorial libraries, has  5
necessitated the utilization of screening techniques which capitalize on
the  unique nature of such libraries, such that rapid screening of
diversified libraries can be effected. For example, in order to identify
specific interactions between a "probe"  and a library constituent, a
library can be constructed such that the identity and  10 location of every
single constituent is known or controlled at the synthesis stage. Such
libraries are known as addressable libraries. By using the process of
photolithography, light-directed -- spatially addressable, parallel
synthesizable  libraries of peptides or oligonucleotides can be produced
(Ramsay, 1997). In  addition, microfabricated array of closed reaction
chambers with micro-fluid 15 systems are used for "Lab-on a chip"
oligonucleotides or chemical addressable  library synthesis, (U.S. Pat.
Nos. 5,643,738; 5,681,484; and 5,585,069, which  are incorporated herein be
reference). Using such an addressable technology  enables the
determination, during synthesis, of the nature and location of the  library
constituents. 20 In comparison, libraries that are synthesized employing
the "one bead- one molecule" approach, in which the diversity is created by
a split-and-pool  synthesis, are screened by using probes conjugated 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 screening 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). 18 August
2003 WO 00/49412  PCT/IL00/00099 6  In order to screen large arrays,
robotics and miniaturization equipment are utilized in high throughput
screening (HTS) assays. In the past, HTS assays  



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 number of independent molecules can be screened
relatively rapidly.  Presently, more integrative approaches to HTS are
developed and implemented.  These approaches are referred to as 'Ultra
Technologies' (UT,  ittampalam,  1997) or New Technologies' (NT, Burbaum ,
1997). Such HTS methodologies 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 are tested against
200 15 probes each year, this translates to 2x108 assays. If such assays
are employed at  a well volume of 100 ul each, containing 10 gl of the test
compound of an  approximal molecular weight of 500 g/mol, would require
roughly two million  microliter 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 geometric series of N=n2 x 96, where
N  is the number of wells, and n is an integer describing the possible
packing 25 density of a rectilinear array. Following this reasoning, the
balance point  between a microliter volume limitation and a suitable
Backing density is  achieved by a plate with 1536 wells (n=4) having a well
volume of 1-2 l. 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
techniques pioneered by the 18 August 2003 WO 00/49412 Small Nucleic Amino
Acids  chemical Acids molecules 7  semiconductor industry, synthesis and
analysis of nanoliter reaction volumes  can be effected, such that a single
four square-inch silicon wafer can support  105 separate synthesis and
bioassay reactions (Cheng, 1998).' Preparation methods of combinatorial
libraries of small chemically  5 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 I
below) have been  demonstrated. 10 TABLE 1  Combinatorial libraries
categorization Category Platform Solution  Chemical support  Biological
support  Computer  Synthesis chemically synthesized  in vivo via molecular
biology in vitro via enzymatic  synthesis in silica via computer  algorithm
Mode of combinatorial Split-and-pool  Parallel 'CTIIL00/00099 ates + + +  +
+ +  + + -}  + + + + + + + + + + + + + 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 + + + + + + + + 18 August 2003 WO 00/49412
Screening methods Isolation and analysis  Encoded Spatially Addressable
Automation .a) Microparticles  libraries Pre treatment of the  beads with
the screening  assay Radio frequency tags  b) Addressable arrays  96
well-based HTS-NT 8  TABLE 1 (Continued) + + +  + + +  + + + + + + + + 



+ + + legend: +: available; -: non available.  PCT/ILOOI00099 + In spite of
the abundance of carbohydrates in nature and their important  5 role in
many biological processes, highly diversified and complex carbohydrate
libraries have not been demonstrated (Borman, 1996). 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
approach to library 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
starting monosaccharide  building blocks via reverse phase chromatography.
18 August 2003 WO 00/49412 PCT/IL00/00099 9  Boons and co-workers reported
a somewhat more direct chemical synthesis approach. To ensure the formation
of regiospecific glycosidic  linkages, they synthesized ten protected
disaccharide acceptors containing one  free hydroxyl group each. Each
protected acceptor was separately reacted with 5 a glycosyl donor to form
32 defined disaccharides. The disaccharide products  were then mixed, a
deprotection procedure was employed and the mixture was  split into four
subgroups. Each subgroup was then reacted with a different  donor to give
four libraries, each containing 64 trisaccharides. Finally, the  products
were separated by a tedious procedure of size-exclusion  10 chromatography
(Boons, 1996). Chemical synthesis of a combinatorial carbohydrate library
on a solid  support was demonstrated by Kahne and co-workers (Liang, 1996).
U.S. Pat.  No. 5,700,916 teaches in this respect a carbohydrate library
consisting of 1300  tagged. di- and trisaccharide. This library was
synthesized using the split-and 15 pool approach by coupling 12 different
glycosyl donors to six different  



polymer-bound acceptors employing glycosylation methods incorporating
anomeric sulfoxide as a glycosyl donor. Chemical methods of preparing
combinatorial carbohydrate libraries  were also described by 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 complexity
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 "glycotides"
(McDevitt, 1996), or with 30 phosphodiester bonds, thereby forming
"carbonucleotides" -(Nicolaou, 1995). 18 August 2003 WO 00/49412
PCT/IL00/00099 10  Although these saccharide-mimetic forms are structurally
more complex than  previously synthesized carbohydrates, their complexity
level is far from that of  naturally occurring complex carbohydrates (for
example, see Figure 1). Wong and co-workers (Wong, 1998) chemically
synthesized core  5 building blocks with four different selectively
removable protecting groups, to  yield a pentasaccharide-mimetic with four
orthogonal glycosidic bonds. Although carbohydrate libraries of limited
complexity have been  synthesized using various chemical methods, a
combinatorial library of complex  carbohydrates with a high rank of
structural complexity resembling natural 10 complex carbohydrates (e.g.,
highly branched structures) has not yet been  produced. Furthermore,
synthesizing such libraries using an addressable  parallel synthesis
approach which would enable rapid screening of library  constituents has
never been proposed or discussed by the prior art (see Table I  above). 15
This is possibly due to the fact that chemical synthesis methods are still
molded by the classical selective protection/deprotection strategies,
making the  -length of the synthesized molecule the major contributor to
the complexity  thereof (Grout, 1998). It was calculated that to encompass
all the possible linear  and branched isomers of a hexamer oligosaccharide,
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  



protection-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 18 August 2003 WO 00/49412 PCT/ILOO/00099 11
carbohydrate synthesis method which avoids the above mentioned limitations
inherent to the prior art chemical synthesis methods. Enzymatic synthesis
of  glycosidic bonds displays high stereo- and regioselectivity, and as
such, the  employment of enzymes in the synthesis of complex carbohydrates
abolishes 5 the need for protected monomers and negates the problems
inherent to the  incorporation of such protected building blocks (Grout,
1998). Nature employs four types of enzymes for in vivo biosynthesis of
glycosidic bonds (see Table 2 below). The basic common division segregates
these enzymes according to the Leloir pathway (Leloir, 1971) and the non 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  mannosyl 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  (Komfeld, 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 0-linked glycosylation,  which is initiated in the GA by
the addition of a monosaccharide to serine or  threonine via a' glycosidic
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). 18 August 2003 



WO 00/49412 12  TABLE 2 Enzyme types used for in vitro synthesis of
glycosidic bonds E me typeLeaving groupReference Phosphorylase-O-PO3Hassid,
1950 Glycosidase-OR; For -OHNilsson, 1988 Transglycosidase-0-Sugar or -
-0-RSchenkman, 199I Glycosyltransferase-0-UDP; -O-GDP; Hunez, 1980 -0-CMP 5
TABLE 3  Glycosyltransferases of the Leloir pathway PCT/IL00/00099
EnzymeDonor GlucosyltransferaseUridinedi ho hate-Glucose UDP-Glc
N-ActylglucosaminyltransferaseUridinediphosphate-N-acety]glucoseamirie
(UDP- GIcNAc Galactos ltransferaseUridinedi ho hate-Galctose ULDP-Gal)
N-ActylgalctosaminyltransferaseUridinediphosphate-N-acetylgalctoseamine
(UDP- GaINAc Mannos ltransferaseGuanidinedi has hate-Mannose GDP-Man) Fucos
ltransferaseGuanidinedi hos hate-Fucose GDP-Fuc Glucoronic acid
transeraseUridinedi hos hate-Glucoronic acid P-G1cUA
SialyitransferaseCytosinediphosphate-N-acetylneuraminic acid (CMP- NeuAc)
10 _ 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 Monosaccharide presents only in microorganisms and plants
(Gleeson, 1988) Monosaccharide found in microorganisms Monosaccharide found
in microorganisms, and in PI ants, but not in animals]ants and in animals 



ArabinoseGlucose ApioseGalactose FructoseMannose Galacturonic acidFucose
RhamnoseX lase Aceric Acid 3-C-carbox -5-deox I-x loseN-Ace 1 lucosamine N
Ace lva]actosamine Glucuronic acid 18 August 2003 WO 00/49412
PCT/ILOO/00099 13  Two main strategies have been proposed for in vitro
enzyme catalyzed synthesis of oligosaccharide. According to the first
strategy, glycosidases or  glycosyl hydrolases are employed in a reverse
hydrolysis reaction (WO  87/05936; WO 98/40512; and U.S. Pat. No.
5,532,147, Nilsson, 1988 and 1996; 5 Watt, 1997), while according to the
second strategy, glycosyltransferases are  employed in a sequential
synthesis method (Nunez, 1980; Toone, 1989). Due to  the high yields and
stereo- and regioselective specificity displayed by the  second strategy it
is considered to be the preferred approach (David, 1991;  Wong, 1992). The
second strategy, which is extensively discussed in the prior 10 art (see,
for example, Grout, 1998; Watt, 1997; Ichikawa, 1997; Wong, 1996;  U.S.
Pat. No. 5,583,042; and WO 96/32492), was exploited for the synthesis of  a
very narrow range of oligosaccharide molecules, ranging from 2 to 5 units
in  size utilizing seven of the eight Leloir monosaccharide species formed
with only  0-1 branching bonds. 15 In nature, the use in combinations of
all four types of enzymes (see Table  2 above) produces a complex array of
oligosaccharides. On the other hand, very  -few descriptions-of combined
methods of enzymatic in vitro glycosidic bond  synthesis were recorded.
Such methods can incorporate, in combination, a glycosidase and a  20
glycosyltransferase (3-galactosidase and a (2,6)sialyltransferase) to
produce a  narrow range of oligosaccharide 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
1-phosphate 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 18 August 2003 WO 00/49412  PCT/IL00/00099 14  functionalized
water-compatible support, such as polyacrylamide-gel polymer  or polyvinyl
alcohol, via an amide linkage (Zehavi, 1984). The polymer-bound  glycoside
was then galactosylated using 1,4 galactosyltransferase. By combining
chemical synthesis steps along with an enzymatic sugar  5 chain elongation
steps, the solid-phase chemo-enzymatic synthesis of the Lewis  X
glycopetide antigen (Halcomb, 1994; Seitz, 1997), as well as synthesis of a
sialylated unodecasaccharide-aspargine conjugate in which the a-2,6 sialyl
residue was enzymatically added to a chemically synthesized decasaccharide
(Unverzagt, 1996) has been effected. In addition, enzymatic synthesis of a
10 sialylated Lewis X antigen has also. been accomplished on an activated
silica  support (Schuster, 1994). This glycopeptide was created in
relatively high  yields by three repetitive enzymatic glycosylation steps
which resulted in four  attached saccharide units on the peptide. An
excellent yield was also reported  for the synthesis of a glycopeptide via
enzymatic glycosylation of a 15 polyethyleneglycol-polyacrylamide copolymer
solid support (Meldal, 1994). To date, the discovery of new
carbohydrate-derived pharmaceutical  -agents still lags far behind that of
other classes of molecules, such as proteins.  This lag is mostly
attributed to the unavailability of an efficient and  comprehensive
synthesis method applicable for producing diverse and complex 20
carbohydrate species. Since complex carbohydrates are both difficult to
synthesize and to analyze, it is not feasible to employ the above described
prior  art methods for such tasks. Despite these limitations, three aspects
of carbohydrate medicinal  chemistry and biochemistry were extensively
studied: (i) specific interference  25 with biosynthesis of bacterial
cell-wall (Mengling, 1998); (ii), unique markers to malignant tumors
(Orntoft, 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. 18 August 2003 WO
00/49412 



PCT/ILOO/00099 15  Synthetic complex carbohydrates have proven to be an
important tool for the  developing glyco-therapeutic field, but the
limitations inherent to the chemical  synthesis process and as such to
diverse combinatorial libraries produced  thereof, impedes significant
progress in this field. 5 For example, the CarbBank database (Complex
Carbohydrate Structure  Database-CCSD) includes 48,956 records (22,048
unique structures) which  were derived from published articles and were
compiled by the Georgia  University project-Complex Carbohydrate Research
Center (CCRC). These  carbohydrates are grouped according to their
complexity in Figure 2. More than 10 58 % of the entries are branched
molecular structures that are practically  impossible to synthesize using
present day chemical synthesis methods. Figure  3 is a histogram
representing the distribution, in percentages, of the number of  sugar
residues present in the complex carbohydrates found in the CarbBank
database. Although 44 -0/o of all the complex carbohydrates in the database
15 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. 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 methods to
synthesize combinatorial arrays of addressable complex  carbohydrate
entities is of a paramount challenge. There is thus a widely recognized
need for, and it would be highly  advantageous to have, methods for
synthesizing and screening complex  25 carbohydrate combinatorial libraries
of substantial structural complexity and  diversity. 18 August 2003 16
SUMMARY OF THE INVENTION According to one aspect of the present invention
there is provided a  combinatorial complex carbohydrate library comprising
a plurality of addressable complex carbohydrate structures, each of the
addressable complex carbohydrate  structures being attached, at a dedicated
location, to a solid support having a platform  configuration. According to
another aspect of the present invention there is provided 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 (b) 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. According to further features in preferred
embodiments of the invention described  below attaching each of the
addressable complex carbohydrate structures to the solid support is
effected by a linker. According to still further features in the described
preferred  embodiments the linker includes at least two contiguous covalent
bonds. According to still further features in the described preferred
embodiments the linker is selected from the group consisting-of an amino
acid, a peptide, a non-glycosylated protein, 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. 18 August 2003 17  According
to still further 'features in the described preferred embodiments the flat
platform is selected from the group consisting of a  microtiterplate, a
membrane and a chip. According to still further features in the described
preferred  embodiments the microtiterplate is an addressable
microfabricated array of  closed reaction chambers supplemented with
micro-fluid systems. The reaction  chambers are preferably of a density of
4-25 per square cm, each having a  volume of 50-1000 nanoliter. According
to still further features in the described preferred  embodiments the solid
support is a chip and further wherein different complex  carbohydrate
structures of the plurality of addressable complex carbohydrate  structures
are arranged in patches spaced not more than 2.25 mm center to  center.
According to still further features in the described preferred  embodiments
the solid support is of a substance selected from the group  consisting of
polystyrene cross-linked with divinylbenzene, polyethylene
glycol-polystyrene block copolymer, polyamides, - polyacrylamide,
polymethacrylamide, silica, glass, quartz, plastic and cellulose. 



According to still further features in the described preferred  embodiments
at least one of the plurality of addressable complex carbohydrate
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  includes 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. 18 August
2003 18  According to still further features in the described preferred
embodiments the plurality of addressable complex carbohydrate structures
are a  representation including non-natural complex carbohydrates.
According to still further features in the described preferred  embodiments
the plurality of addressable complex carbohydrate structures are a
representation including natural complex carbohydrates. According to still
further features in the described preferred  embodiments the natural
complex carbohydrates are derived from a human  source. According to still
further features in the described preferred  embodiments the human source
is selected from the group consisting of a tissue,  cells and body fluids.
According to still further features in the described preferred  embodiments
the plurality of addressable complex carbohydrate structures are a
representation of domains of at least one natural complex carbohydrate.
According to yet another aspect of the present invention there is provided
a method of identifying 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 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) 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. 18
August 2003 19  According to' still further features in the described
preferred embodiments the entity is a ligand known to bind a specific
natural complex  carbohydrate and further wherein the addressable
combinatorial complex  carbohydrate library is a representation of domains
of the specific natural  complex carbohydrate, the method serves for
identifying a specific domain of  the domains which binds the ligand.
According to still further features in the described preferred  embodiments
the entity is a potential drug. According to still another aspect of the
present invention there is  provided a method of diagnosing a disorder
characterized by a self or non-self  complex carbohydrate structures and
elicitation of antibodies there against, the  method comprising 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 (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
pattern 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. 18 August 2003
19a According to further features in preferred embodiments of the invention
described  below, each of the plurality of complex carbohydrate structures
is covalently attached to the  



single solid support via a reducing end thereof. According to still further
features in the described preferred embodiments, each of the  plurality of
complex carbohydrate structures is attached to the single solid support via
a linker,  the linker including an ethylenglycol derivative, at least one
cyanuric chloride derivative and an  anilino group. The present invention
successfully addresses the shortcomings of the  presently known
configurations by providing a combinatorial complex  carbohydrate
libraries-and methods for their manufacture and screening. 18 August 2003
WO 00/49412 PCT/ILOO/00099 20  BRIEF DESCRIPTION OF THE DRAWINGS The
invention herein described, by way of example only, with reference  to the
accompanying drawings, wherein: FIG. I is a formula of a complex
carbohydrate of, 14 monosaccharide  5 units of five different types with
three branching points. This complexity,  which can be effected by the
method of the present invention cannot be effected  by any chemical or
enzymatic synthesis methods currently known in the art.  This Figure shows
the monosaccharide types by name, the anomers (reactive  centers) and bond
types, as well as the branching points. 10 FIG. 2 represents a statistical
study on the occurrence of branching in the  complex carbohydrate records
of the CCSD database. The CCSD database  includes 48,956 records which were
derived from published articles and were  compiled by the Georgia
University Project-Complex Carbohydrate Research  Center-CCRC. Each slice
of the pie shown represents, in percentage, the 15 number of branches
(0-26) occurring in the complex carbohydrates of the  database. Statistical
analysis was performed using CarbBank 3.2.009. FIG. 3 is a histogram
representing the distribution, in percentages, of the  number of sugar
residues 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  



occurs. FIG. 5 depicts covalent immobilization of GIcNAc to cyanuric
chloride  30 activated Covalink NH, which immobilization 'constitutes a
first step in 18 August 2003 WO 00/49412  PCT/IL00100099 22  synthesis of a
complex carbohydrate library according to the teachings of the  present
invention. FIG. 6 depicts covalent immobilization of  GlcNAc to NHS/EDC
activated Covalink NH, which immobilization constitutes a first step in  5
synthesis of a complex carbohydrate library according to the teachings of
the  present invention. FIG. 7a is a graph depicting the binding of WGA to
PNP-GIcNAc  coupled to Covalink NH plates in the presence or absence of
cyanuric chloride  activation; binding was visualized via a WGA conjugated
peroxidase as further  10 described in the Examples section. FIG. 7b is a
graph depicting the effect of various blQcking 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_ 7c is a graph depicting the binding of WGA to G1cNAc
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-GlcNAc 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 3-D-Galactose
to the plate  immobilized phenyl-(3-D-G1cNAc (22 atom linker) as verified
using ECorA  25 lectin binding. FIG. 9 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. 1 8 August 2003 WO 00/49412 PCT/IL00/00099



22  FIG. 10a is a graph depicting RCA120 binding following incubation with
a 01,4 galactosyltransferase reaction mixture (D7) (solid line) or
following a  control reaction (hatched line). FIG. I Ob is a graph
depicting BS-1 binding following incubation with a  5 a1,3
galactosyltransferase reaction mixture (D3) (solid line) or following a
control reaction (hatched line). FIG. 10c is a graph depicting TGP binding
following incubation with a  al,3 fucosyltransferase VI reaction mixture
(B2) (solid line) or following a control reaction (hatched line). 10 FIG.
IOd is a graph depicting TML binding following incubation with an  a2,6
sialyltransferase reaction mixture (A2) (solid line) or following a control
reaction (hatched line). FIG. lOe is a graph depicting TML binding
following incubation with a  a2,3 sialyltransferase reaction mixture (A3)
(solid line) or following a control  15 reaction (hatched line). FIG. 1Of
is a graph depicting Anti-sialyl Lewis X mouse IgM binding  following
incubation with fucosyltransferase VI reaction mixture (B2) (solid line) or
following a control reaction (hatched line). FIG. 1I 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 RCA120 to BSA-GIcNAc  bound to Maxisorb plates at various time
points following incubation with a  (31,4 galactosyltransferase reaction
mixture (D7). 25 DESCRIPTION OF THE PREFERRED EMBODIMENTS The present
invention is of combinatorial complex carbohydrate libraries  and of
methods for the synthesis thereof, which can be used for (i) identification
of complex carbohydrate drugs; (ii) identification of complex carbohydrate
30 associated receptors or proteins as potential new carbohydrate related
targets for 18 August 2003 WO 00/49412 PCT/IL00100099  23  drug therapy;
(iii) identification of biologically-active complex carbohydrates;  (iv)
identification of specific complex structural carbohydrate elements as
potential new targets for drug therapy; (v) identification of the active
sites of  known complex carbohydrate structures; (vi) identification of new
glyco 



5 markers in complex carbohydrate structures; and (vii) detection of
antibodies  formed against a cancer-related glyco-marker or other disease
related glyco- antigens. The principles and operation of the combinatorial
complex carbohydrate  libraries and the methods for the synthesis thereof
according to the present  10 invention may be better understood with
reference to the drawings and  accompanying descriptions. Before explaining
at least one embodiment of the invention in detail, it is  to be understood
that the invention is not limited in its application to the details  of
construction and the arrangement of the components set forth in the 15
following description or illustrated in the drawings. The invention is
capable of  other embodiments or of being practiced or carried out in
various ways. Also, it  is to-be understood that the phraseology and
terminology employed herein is for  the purpose of description and should
not be regarded as limiting. Enzymes for synthesis of complex carbohydrate
libraries: 20 The enzymatic synthesis of complex carbohydrate combinatorial
libraries  according to the present invention is effected by
glycosyltransferases,  glycosidases and transglycosidases. These enzymes
can. be obtained from  different sources using different strategies as
describe herein below. Enzymes derived from natural sources: To date, more
than two  25 hundred different kinds of glycosyltransferases,
transglycosidases and  glycosidases active on a large number of substrates
and donors 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). 18 August 2003 WO 00/49412
PCTIILO0/00099 24  Recombinant enzymes: The coding sequences of many
glycosyltransferases and transglycosides have been cloned, and the acceptor
substrate specificity of each of the recombinant enzymes encoded thereby
have  been characterized. Table 5 below lists some of the cloned
glycosyltransferases 5 and their respective acceptor substrate specificity.
Enzymes for which the  coding sequences have been cloned can be produced in
sufficient quantities  using standard recombinant DNA techniques. Since
most of these enzymes  require post translational modifications for
functionality, expression is  preferably effected in insect cell cultures
(Told, 1997; Tan, 1995). In addition, 



10 in the case of soluble enzymes for which the catalytic domain(s) have
been  characterized, expression can be effected for the domain sequence
only,  providing it retains the catalytic activity and substrate
specificity of the  holoenzyme (Vries, 1997). Other possible expression
systems for soluble  glycosyltransferases also include secretion from
mammalians tissue-cultures 15 (see for example U.S. 5,032,519, which is
incorporated by reference as if fully  set forth herein). 20 TABLE 5
Partial list of cloned glycosyltransferases and their acceptors.
EnzymeAcceptorE. C.Reference number a2,3
sialylD-Gal-0(1,3)-D-Ga1NAc-R2.4.99.4Chang 1995, transferaseGillespieet
1992, Kurosawa 1995 p2,6 sialylD-Ga1-[3(1,4)-D-G1cNAc-R2.4.99.1Grundmann
1990, transferaseKurosawa 1994, I-Iarnamoto 1993 a2,3
sialylD-GaI-0(I,4)-D-GlcNAc-R2.4.99-6Kitagawa and transferasePaulson 1993,
Wen 1992 a2,8 sialylD-NeuAC-a(2,3)-D-Ga1.. 3-R2.4.99.8Nara 1994 transferase
a1,2 fucosylD-Gal-(i-R2.4.1.69Larsen 1990, transferaseHitoshi 1995 al,3
fucosyl[D-Gal-(3(l,4))-D-GlcNAc-R2.4.1.152Kudo 1998 transferase 18 August
2003 -WO 00149412 PCT/IL00/00099 25  TABLE 5 (Continued) aI,6
fucosyl[D-Man-(3(1,4)-D-G1cNAc-(32.4.1.68Voynow 1991, transferase(1,4)]-
D-G1cNAc-RUozumi 1996, Yanagidani 1997 13 1,4
mannosylD-G1CNAc-X3(1,4)-D-G1cNAc-noneAlbright and transferaseRRobbins 1990
al,2 mannosylD-Man-cz(1,2)-Man-R2.4.1.131Romero 1997 transferase al,3
mannosylD-Man-a(1,2)-Man-a(1,2)-noneYip 1994 



transferaseMan-R- a1,3 galactosylD-Gal-13(1,4)-D-G1cNAc-R.2.4.1.151Joziasse
1989, transferaseLarsen 1989, Strahan 1995 131,4
galactosylD-GIcNAc-R2.4.1.38Masibay and Qasba transferase1989 a1,3
N-[L-Fuc-a(1,2)] D-Gal-R2.4.1.40Yamamoto 1990, Acetylgalactose amin
ltransferase (31,4 N-[D-NeuAC-a(2,3)]D-Gal-132.4.1.92Hidari 1994, Nagata
Acetylgalactose(1,4)-D-Glc-R1992 aminyltransferase
N-AcetylgalactoseSerlrhr2.4.1.41Meurer 1995, aminyltransferaseHa en 1993
111,3 glucoronosyID-Gal-11(1,3)-D-Gal-[1(1,4)-D-2.4.1.135Kitagawa 1998
transferaseXl - R 111,6 N-D-Gal-13(1,4)-D-G1cNAc2.4.1.150Bierhuizen, 1993
Acetylglucose amin lraansferase 131,6 N-D-Ga1NAc- (3,1)-D-Gat(
R)2.4-1.102Bierhuizen 1992 Acetylgtucos amin ltransferase 111,2
N-D-Man-ra(1,3)[Rl]D-man-p2.4.1.101Kumar 1990, Acetylgtucos(1,4).R2Pownall
1992, aminyttransferaseSarkar 1991, Fukada1994
t1,4N-D-Man-a(l,3)[RI]-D-Man-1i2.4.1.145Minowa 1998 Acetylglucos(1,4)-R2
arnin Itransferase 111,2 N-D-Man-a(I,6)[RI]D-man-j32.4.1.143Tan 1995
Acetylglucos(1,4)-R2 amin ttransferase Methods for identifying and cloning
new enzymes: In addition to the  5 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 glycosyltransferases. Affinity
chromatography techniques with an immobilized 



1 8 August 2003 WO 00/49412 PCT/ILOO/00099 26  acceptor as a ligand are
well known in the art and enable a simple one-step  separation of a desired
glycosyltransferase (see in this respect U.S. Pat. No. 5,288,637, which is
incorporated herein by reference). Once a  glycosyltransferase is
identified and isolated, it can be partially sequenced and  the gene
encoding therefor cloned. Technologies for cloning  glycosyltransferases
genes are well-established, and many examples and  strategies for cloning
glycosyltransferase genes are reviewed in the prior art (see, for example,
Schachter, 1994 and WO 95/02683, which are incorporated  by reference as if
fully set forth herein). 10 Another possible source for novel
glycosyltransferase sequences resides  within the DNA and Protein
databases. With the rapid accumulation of new  DNA and protein sequence
data, sequence alignment techniques can be used for  the identification of
new glycosyltransferases. For example, 110 distinct  cDNAs and genes from
animal, yeast, plants and bacteria, whose protein 15 products contain the
characteristic "signature sequence" of the UDP  glycosyltransferase gene
super family were identified (Mackenzie, 1997).  Using these signature
sequences or motifs, one skilled in the art can screen  relevant databases
for novel glycosyltransferases. For 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 complex carbohydrate structures composed of identical
repeating monosaccharide units connected in the same  regio-specific
orientation, such as, D-man-a(1,2)-D-Man-a(1,2 -D-man-a(1,2)-R, requires
the  use of an a-1,2 mannosyltransferase with an acceptor specificity to
a-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 18 August 2003 WO 00/49412 PCTIIL00100099  27  an uncontrolled
polymerization reaction which would create long polymer  chains of the
oligo-mannos  [D-Man-a (1,2)Jn R. In order to synthesize an  



oligo-mannose with a defined number of mannose units (three in the above
example), a controlled stepwise process is required. The ability to control
5 undesired polymerization can be achieved by using a modified glycosyl
donor,  and a unique glycosyltransferase with a modified donor specificity.
Such a  modified enzyme, would be employed for the addition of a modified
GDP-Man  to immobilized acceptor D-mana( 1,2)-R. The modification of the
mannoside  moiety of the GDP-Man will then prevent addition of the next
mannose moiety 10 since the acceptor to this manosidetransferase  is D-man-
a(1,2)-R and not D- (modified man)-a(1,2)-D-man-a(1,2)-R. Following this
reaction, any excess  of the modified donor and the enzyme is washed out
and the modifying group is  removed, thereby enabling the subsequent repeat
of the same enzymatic step.  This controlled process is continued until the
desired number of mannose 15 molecules are assembled into the newly formed
carbohydrate. To this effect,  the modifying group can be a chemical
residue attached to the donor at any  position, 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 complex carbohydrate structure (Peieto,
1995). 18 August 2003 WO 00/49412  PCT/IL00/00099 28  TABLE 6 Available
saccharide modifying groups classified by their cleavage  (Kunz and
Schultz, 1997; and references cited therein) 5 Cleavage principIeCleavage
reagentsModifying group HydrogenolysisH2/Palladium beuzyloxycarbonyl
benzyl ether benzy  ester metho  be 1 ether Acidolysis Trifluoroacetic
acidtert-butyloxycarbonyl formic acidtert-butyl ether HCI/ether tert-butyl
ester 



methox be l ether Base promotedMorpholine,9-fluorenyhvethoxy
cleavagepiperidinecarbonyl NaOMe/MeOHO-acetyl NH NH /MeOH Reductive
cleavageZn/acetic acid2,2,2- trichloroethoxcarbon I Oxidative cleavageCeric
ammoniummethoxybenzyl ether nitrate Metal complex[(Ph,p)4Pd)/allyl ester
catalyzed cleavage nucleophile Photolysis -byO-nitrobenzyl Enzymatic
cleavagelipase, esterase,alkyl and roteasealkox a Testers 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 incorporated 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 example, Moore and co 15 workers performed seven rounds of
DNA shuffling to change the substrate  specificity of
paranitrobenzyl-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 18 August
2003 WO 00/49412 PCTIILOO/00099 29  engineered an unnatural nucleotide
specificity for the Rous Sarcoma Virus  tyrosine kinase (Shan, 1997).
Paulson and co-workers performed mutation of  the sialyltransferase
S-sialyl motif that alters the kinetics of the donor and  acceptor
substrates (Datta, 1998). 5 Parallel addressable enzymatic synthesis of
combinatorial complex  carbohydrate libraries 



.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  constituents 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 carbohydrates  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 processes. 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 IS August 2003 WO
00/49412 PCT/IL00/00099 30  human cells. Screening such a library with drug
candidates derived from  various natural and synthetic sources, enables the
identification of drug  candidates which bind to one or more of the complex
carbohydrate structures of  the library. 5 Another specific library
according to the present invention contains  complex carbohydrates
dedicated for the identification of novel drug candidates.  In this case, a
library of maximized complex carbohydrate diversity which  represents,
among others, complex carbohydrate structures not found in nature,  is
generated. Such a library is thereafter screened for potential binding of
10 pathogens or pathogen derived molecules. Alternatively, such a library
is  thereafter screened for potential binding of other disease inflicting
molecules.  To identify active site domains within a known complex
carbohydrate, a library in accordance with the present invention
representing all of the possible  



domains of the complex 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
identify 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. 18
August 2003 WO 00/49412 PCTIILOO/00099 31  Other enzymatic combinatorial
complex carbohydrate libraries, dedicated at other applications are
envisaged and are within the broad scope of the present  invention as
claimed. Enzymatic modules (EMs) construction: EMs construction includes  5
evaluation of the required enzymatic reactions (ERs), glycosyl donors and
acceptors and enzymes that are required for the synthesis of each complex
carbohydrate of a library. EMs construction further includes optimization
and  process development of the required ERs with considerations given to
reaction  time, temperature and reagent concentrations. EMs construction
further 10 includes determination of the specific order in which the ERs
should be utilized  for every EM. To enable the synthesis reactions
employed, a specific sequence of  enzymatic reactions (ERs) is determined
for each complex carbohydrate  constituent of a given library. For complex
carbohydrates that have a linear 15 non-branched structure, the ERs
sequence follows that of the monosaccharide  sequence of such linear
non-branched structures in a stepwise fashion. For  complex carbohydrates
possessing branched structure(s) and/or repetitive  monosaccharide units
arranged in a linear assembly, unique synthesis processes  should be
designed employing unique EMs. 20 The following example provides the
rational for selecting particular ERs  



to provide an EM tailored for the synthesis of a distinct complex
carbohydrate.  The final complex carbohydrate 'structure is described by
Figure I and the  design process is described by Figure 4 and Table 7. Such
an EM is designed,  according to the present invention, for each complex
carbohydrate present in a 25 given library. As further detailed
hereinunder, consideration is given to  efficiency when practically
effecting each of the EMs while constructing a  library according to the
present invention. 18 August 2003 WO 00/49412 ndex
extensiona!)3Pos.acceptordonorE.C. i Ala3D-Gal 13
D-GaINAc-RCMP-NeuAC2,4.09.4 A2a6I CMP-NeuAC2.4.99. D-GaI- 1,4 D-GIcNAc
a3D-Gal 1 4 D-G cNAL-RCMP-NeuAC24.90.6 A4a6D-GaINAc- a -RCMP-NeuAC2.4.09.3
ASeuAc-a 2.3 -D-Ga1- 0(1.4)]a6D-GaINAC- a -RCMP-NeuAC2.4-99.7 A6a8D-NeuAC-a
23 al- -RCMP-NeuAC2-4.99.8 A7a8D-NeuAC-u .8
D-NeuAC-RCMP-NeuAC(modified)none ata2D-Ga1- -RGDP-L-Fuc2.4.1.89
62M-Gal-8(1,4a3D-GIcNAc-RGDP-.-Fuc2.4.1.152 63-Man- i.4 -GIcNAc-
1,4a6D-GIcNAC-RGDP-L-Fuc2.4.1.68 a6D-G1CNAc-RGDP-L#ucnone 85GlcNac-
i.4a6D-GIcNAc RGDP-L-Fucnone B6D-Ga1 i 34D-GICNAC-RGDP-L-FucLane
67-GaF1,4a3D-GIc-RGDP-L-Fucnone B8a3D-Gk-RGDP-L-Fucnone 89a4O-GkNAv
-RGDP-L-Fucnone B10a3D-GIcNAc- -RGOP-L-Fuenone Bita4D-GIcNAa 1.3
Gal-RGDP-L-Fucnone 812a3O-GIcNAc- 1.8 al-RGDP-.-Fucnone C74D-GfcN 14
IcNAc-RGDP-Mannone C2a3D-Mana(1.2)ana 1.2 an-RGDP-Mannone C3a2D-Man- 1.2
Man-RGDP-Man2.4.1.131 a3D-Man- 1,4 D-GIcNAc- 4 4 IcNAc-RGOP-Mannone
CS-Man-a 1.3a60-Man - 1,4 D-GIcNAc-RGDP-Mannone C6dolicol
phosphateGOP-Man2.4.1.83 



C7a6D-Man-a 1.DGDP-Mannone a3D-Man-a1 D RGOP-Mannone CRa4O-GIcNAo-1.4
RGDP-Mannone C14a3D-oleo- 1,q D-31cNAc- 1-0GDP-Mannone
DicerarrideUDP-GaI2.4-1.45 D26D-;al- 1,4 -D-Gal- 1,4
D-Glc-cerarnideUDP-Gal24.1.154 03a3D-GaI 14 -GIcNAc-R.UDPGa(2.4.1.151
3D-G3l- 1,4 XI - -PUDP-Gial2.4.1.134 D53D-GaINAc-P.UOP-Gal24.1.122 06-Fuca
1.2a3DGal-RUDP-Gal2.4.1.37 074D-GkNAc-RUDP-Gat2.4.1.38 D84D-UDP-GaI
,24.1.133 D94D- Ic-RUDP-Gal2.4.1.38 0103O-(3IcNAc-RUOP-Galnone
Dt13D-GlcNAo- 1,3 al-2UOP-Galnone D124D-GIcNAo- 1.6 al-RUDP-GaInone El3O
Ga]{i,4}D Gai (1,4}D Glc ceramldeUOP-GaINAc2A.1.79 E2FD-NeuAC-a(Z3)]-4D
Gal- 1,4 -D GlcceramitleUDP-Ga1NAc2.4.1.92 E3Fucv
1,2a3D-Gal-RUDP-GaINAc2.4.1.40 E4SerlfhrUDP-GaINAC2.4.1.41 F1
sphingosineUDP-GIC2.4.1.80 G1 3D-Gal- 1,3 D-Gal- 1,4 XIUDP-GIcA2.4.1.135
H13Dial i,3 a1NAc-tUOP-G[cNAc2.4.1.146 H26D-Gal- 1,4
D-GIcNAcUDP-GIcNAc2.4.1.150 H33D-Gal 1,4 -D-GIcNAc i R.UDP-GIcNAc2.4.1.149
H4Gal- 1 36D-GaINA .RUDP-GIcNAc2.4.1.102 H53D GaINAc RUDP-GkNAc2.4.1.147
PCTIIY,00100099 32  TABLE 7 A partial list of ERs including their donors,
acceptors and indexes 18 August 2003 WO 00/49412  PCT/IL00/00099 33  TABLE
7 (Continued) H8GIcNAc- 1,38D-GaINAc-RUDP-GICNAC  2.4.1-148 



H7Man- a(1 ,3a2D-Man-e 1,2 D-hMan- 1 2 D-ManUi)P-GIcfAc2.4-1.138
H82D4Aan-a1 3 1 D-mar} 1,4 R2UDP-ICNAc24.1.101 H94DMan-a 13 1 Man 7 4
2UDP-G1cNAC24.1.145 H102Daulan-a 1,6 R1 D-ma i 4UDP-GICNAC24.1.143
H316D-Marra 1,fi R7 -D-lvian- i.4UDP-GfCNAc2,4.1.155 H12kN 1 2 ICNAc- 1
64D-Man a 1 6UDP-GIcNAc'none H13an-a 1 3 an 1,64D-Man 1
4UDP-GIcNAc2.4.1.144 H14kNAc i,313814 -GIeNAcUDP-GkNAcnone H153D-(a 1,4
kUDP-GIcNAonone H16[D1,38D-Gal 1.4 -GkUbP-GItNAcnone
H174D-GIcNAc-RUDP-GkNAcnone H184D.Mer-(1,0)RUDP-GIcNACnone H19-GIcNAo- 1
42C3-Man-(1.0)RUDP-GicNAcnone H2O3D.GaI- 1,4 -GIcNMUDP-GkNAcnone
H218b-Gal-RUDP-GcNlcnone H223D-Gal-RUDP-GIcNAcnone t23cHAcr 1.63D-G
4UDP-GkNAcnone 1124LD-GIIcNAc-.(KI ,63D-Gal-RUDP-G1cNAC 4,1 a -Fucnone
31a3D-G1 rUDP-Xylnone I2a2A-Marr 1,4 D-G1cNAC 1,4 IcNAc-RUDP-Xnone 13a3D-
1,3 I rUDP-Xylnone The first step in the synthesis of the complex
carbohydrate shown in  5 Figure 1 is effected, as shown in Figure 4, by
attachment of a first building block, GaINAc, onto a solid support (S) via
an appropriate linker which is  further described herein below. The second
step (D5, see Table 7 and Figure 4 for details) in the  synthesis of the
complex carbohydrate shown in Figure 1 involves transferring 10 Gal from
UDP-Gal to Ga1NAc-S by a f3(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 P
(1,3)N-acetylglucosaminyltransferase (E.C. 2.4.1.146) to transfer an  15
acetylglucoseamine group from UDP-G1cNAc to Gal-X3(1,3)-GaINAc-S. Then, a
galactose unit is added to the acceptor (see Figure 4), rather then  a
fucose unit because the specificity of the enzymes
X3(1,3)-fucosyltransferase  (E.C. 2.4.1.152) to the acceptor
Gal-[3(1,4)-GIcNAc-R rather than to the naked  GleNac. 18 August 2003 WO
00/49412 



PCT/1L00/00099 34  Thus, in the fourth step (D7, see Table 7 and Figure 4
for details) in the synthesis of the complex carbohydrate shown in Figure 1
galactose is added to  G1cNAc-R using the enzyme (3(1,4)
galactosyltransferase (E.C. 2.4.1.38).  Following the fourth synthesis step
described above, the synthesis 5 process complicates since the galactose
units branch into two antennas  (branches). Since the structure of these
antennas is identical at the branching  point, yet different towards their
non-reducing ends, an identical stepwise  synthesis process that
simultaneously forms the identical parts of the two  antennas would not
enable the subsequent synthesis of a unique reducing end 10 for each of the
antennas. Therefor, the synthesis of the two unique portions of  each of
the antennas proceeds in an independent stepwise fashion. In any case,  in
the example given, the- X3(1,3) branch has to be synthesized first because
this  antenna requires fucosylation. If the synthesis process would
initiate with the  other branch, directed 'fucosylation to the desired
branch could not have been  15 effected. Thus, the fifth step (H3, see
Table 7 and Figure 4 'for details) in the  -synthesis of the complex
carbohydrate shown in Figure I is effected using 0
(1,3)N-acetylglucosaminyltransferase (E.C. 2.4.1.149) to transfer
acetylglucosamine from UDP-GIcNAc to Gal-X3(1,4)-GIcNAc-R. 20 In the sixth
step (137, see Table 7 and Figure 4 for details) in the  synthesis of the
complex carbohydrate ' shown in Figure 1, a galactose unit is  added to
GIcNAc-R using a 0(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 complex carbohydrate shown in Figure 1, an additional  25 galactose
residue is added to Gal-a(1,4)-GlcNAc-R using a  (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,
branching is effected  by using P(1,6)N-acetylglucosaminyltransferase  on
the  Gal[GIcNAc-(3(1,3)]13  30 (1,4)- GlcNAc-R acceptor substrate. 18
August 2003 WO 00/49412  PCT/ILOO/00099 35  The ninth step (B2, see Table 7
and Figure 4 for details) in the synthesis of the complex carbohydrates
shown in Figure 1 involves two of the four  G1cNAc  monomers and is
effected by  a(1,3)fucosyltransferase (E.C. 2.4.1.152)  



which transfers fucos  to Gal-X3(1,4)-G1cNAc -R. 5 The tenth step (D7, see
Table 7 and Figure 4 for details) in the synthesis  of the complex
carbohydrate shown in Figure 1 effects further elongation of the  second
antenna using an P(1,4) galactosyltransferase (E.C. 2.4.1.38 ) on the
GIcNAc -R acceptor substrate. In the eleventh step (A3, see Table 7 and
Figure 4 for details) in the  10 synthesis of the complex carbohydrate
shown in Figure 1, a sialic acid monomer  is appended to the
Gal-P(1,4)GIcNAc-R of the antenna in an a(1,6) orientation  using an
a(2,3)Sialyltransferases (E.C. 2.4.99.6) The twelfth step (A6, see Table 7
and Figure 4 for details) in the  synthesis of the complex carbohydrate
shown in Figure 1 effects further  15 elongation of this antenna using an
a(2,8)Sialyltransferases (E.C. 2.4.99.8), thereby adding another NeuAC unit
to the NeuAC-a(2,3)-Gal-R substrate  acceptor. Further elongation of this
antenna requires the use of a (2,8)  polysialyltransferases with
specificity to the NeuAC-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 substrate, 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)-a(2,8)-NeuAC-R. In the last step of this ER
the modifying  30 group is removed. 18 August 2003 10 WO 00/49412
PCTIILOO/00099 36  Thus, in the final step (A7, see Table 7 and Figure 4
for details) in the synthesis of the complex carbohydrate shown in Figure
1, the modified enzyme  a(2,8) polysialyltransferasease is employed along
with the modified donor  CMP-NeuAC and the acceptor
Neu.AC(modified)-a(2,8)-NeuAC-R  to thereby  generate the complex
carbohydrate shown in Figure 1. Table 8 below outlines the stepwise
synthesis of the complex  carbohydrate shown in Figure 1, as outlined in
Figure 4. 



TABLE 8 EM First ERs sequence (the ERs details are shown in Table
immobilized 7 and Figure 4): monosaccharide  EM GaINAc-S D5, Hl, D7, H3,
D7, D3, H.14, B2, D7, A3, A6, A 7 ERs selection for providing a desired EM
is generated using a computer  algorithm taking into account the complex
carbohydrate structure and the  available ERs. Such an algorithm can
readily be programmed by one ordinarily 15 skilled in the art, based on the
donor-acceptor specificities of the various  glycosyltransferases
glycosidases and transglycosylases available. Automated 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, the 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 18 August 2003 WO 00/49412
PCT/1L00/00099 37  reagents from reagent containers. In this case, a
minimal number of steps  implies that each of the reagent containers is
detailed a minimal number of  times. Thus, consideration is given to a
sequence of synthesis steps that will  ensure completion of the synthesis
of all of the complex carbohydrates of the 5 library with a minimal number
of times each reagent container is detailed. A  dedicated algorithm can be
readily developed by one ordinarily skilled in the art  to design automated
library synthesis protocol which will comply with the  above requirements.
In fact, a similar algorithm has already been developed for  the parallel
addressable synthesis of oligonucleotides (Pease, 1994) and peptides 10
(Fodor, 1991) on microchips, both are incorporated by reference as if fully
set  forth herein). Technologies enabling automated high-throughput
parallel addressable  



synthesis have developed immensely in the past few years. Automated
synthesizers that can control and perform many different solid phase
synthesis 15 protocols at the same time are commonly available nowadays
(Rivero, 1997).  These technologies can be classified according to the type
of solid 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  polymeric pins; (v) synthesis on polymeric
sheets; and (vi) synthesis on a 25 microchip. For a comprehensive review of
these technologies and systems see  Cargil, 1997, which is incorporated 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. 1 8 August 2003 WO
00/49412  PCTIIL00/00099 38  Suitable binding groups include hydroxyls,
carbonyl, carboxyl, amines, halides,  thiols, esters, boronates, siloxy,
aza, oxo, oxiren, or any unsaturated group. Several solid matrix supports
are most suitable for generating  carbohydrate libraries according to the
present invention, such as, but not  5 limited to, polystyrene cross-linked
with divinylbenzene (Merrifield, 1963), polyethylene glycol-polystyrene
block copolymer (PEG-PS, Bayer, 1991),  polyamides (Dryland, 1986),
polyacrylarnide  (Ashardy, 1979),  polymethacrylamide (Hsiau, 1997) and
cellulose (Frank, 1988).  Microfabricated silicon-based arrays produced by
standard semi-conductor 10 processing techniques (Fodor, 1991; Sosnowski,
1997; Cheng, 1998, U.S. Pat.  Nos. 5,643,738; 5,681,484; and 5,585,069) may
also serve as a solid phase  support. Linking the first saccharide building
block to the solid phase support:  The first saccharide building block is
preferably covalently attached to the solid  15 phase matrix via a single
atom (e.g., the solid phase functional group) or a linker. The general
properties of a linker include: having bi-functional groups  enabling
attachment to both the solid support and to the initial building block,
and as such to define a structure (Atherton, 1989). Since enzyme
accessibility  



to the immobilized saccharides is of great importance, the linker length
and 20 flexibility are crucial for high yield. As such, linkers suitable
for synthesis  according to the present invention can include, for example,
amino acids,  peptides, non-glycosylated proteins, lipids, lipid A,
ceramides, dolicol  phosphates, cyclodextrins, oligosaccharides,
monosaccharides, alkyl chains,  nucleic acids, or other spacer molecules.
These linkers can be cleavable or non- 25 cleavable and be composed of
simple, complex, cyclic or branched entities. Library arrangement: The
preferred arrangement of the library  constituents according 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. 18 August 2003 WO
00/49412 PCT/IL00/00099 39  Alternatively, the library constituents can be
attached to polymer beads in  reaction chambers (opened or closed) and
arrayed on a two dimensional or a  three dimensional support. Any
arrangement that enables easy automatic  addressable operation of the EMs
collection may be used in accordance with the 5 present -invention.
Attention is preferably given to the spatial distribution of  complex
carbohydrates of a library to ensure shortest distances among most  similar
carbohydrates, so as to ensure efficiency of the automated synthesis
process. Microfluid systems can and are preferably employed (U.S. Pat. Nos.
5,643,738; 5,681,484; and 5,585,069). 10 .Automated library screening:
There are numerous screening  technologies and procedures currently
employed in the art that can be applied to  screen the complex carbohydrate
libraries of the present invention. For reviews  see Broach, 1996 and
Burbaum, 1997, which are incorporated by reference as if  fully set forth
herein. As such, technologies suitable for high-throughput 15 screening of
binding or bio-activities can be based on the following: (i)  radioactive
detection methods; (ii) fluorescence detection methods; (iii) ELISA  based
detection methods; and (iv) cell-based assay systems via reporter genes.
Radiolabeled probes that bind to complex carbohydrates of a given  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 (ii) 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 (HTRF, 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. 18 August 2003 WO 00/49412
PCTIIL00/00099 40  The bioactivity and binding capabilities of each of the
complex carbohydrates of a library according to the present invention can
be evaluated  by using cell based assay systems. Cell-based assay systems
for high- throughput screening have been extensively studied, and
guidelines for selecting 5 appropriate screening systems have been
introduced (Rose, 1996). Assay  systems using mammalians and insect cells,
as well as yeast and bacterial cells,  have been thoroughly described
(Broach, 1996; Rose, 1996; Suto, 1997). One of the most common methods for
detecting interactions between  molecules expressed in cells and ligands
capable of binding such cells is to  10 employ a reporter gene. This
involves splicing the transcriptional control elements of a target gene
with a coding sequence of a reporter gene into a vector  and introducing
the vector into a suitable cell line in order to establish a  detection
system that responds to modulation of the target, in this case by an
addressable library derived complex carbohydrate. Common examples of 15
reporter genes are enzymes such as alkaline phosphatase, chloramphenicol
acetyltransferase, firefly and bacterial luciferases, and f3-galactosidase.
Low  -levels of activity for these enzymes can be detected using
colorimetric,  chemiluminescent or bioluminescent detection methods. Non
enzymatic  reporter genes such as green, red shifted and blue fluorescent
protein (Phillips,  20 1997) can be employed as well. Thus, according to
one aspect of the present invention there is provided a  combinatorial
complex carbohydrate library. The combinatorial complex  carbohydrate
library according to the present invention includes a plurality of
addressable complex carbohydrate structures. 25 According to another 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 18 August 2003 WO 00/49412 PCT/IL00/00099 41  locations of a solid
support, resulting in an addressable combinatorial complex  carbohydrate
library. As used herein in the specification and in the claims section
below the  terms "addressable" and "addressed" refer to both location and
identity. Thus,  5 the location and identity (composition) of a complex
carbohydrate structure of a library according to the present invention are
both known in advance and that  carbohydrate structure is therefore
addressable. It is understood that the phrase  "a complex carbohydrate
structure" refers to a plurality of complex  carbohydrate molecules all
having the same structure and localized at a specific  10 and addressable
location on the solid support. The addressable complex carbohydrate
structures of a library according  to the present invention are preferably
attached to the solid support via a linker  (spacer). The linker according
to preferred embodiments of the invention  includes at least two contiguous
covalent bonds and it is of a length of at least 15 20 Angstroms. Suitable
linkers include, but are not limited to, an amino acid, a  peptide, a.
non-glycosylated protein, a lipid, a ceramide, dolicol phosphate, a
cyclodextrin, an oligosaccharide, a monosaccharide, an alkyl chain, and a
nucleic acid (e.g., an oligonucleotide). The solid support onto which
complex 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
example, within wells of a microliter 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 to a presently preferred embodiment of the invention 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 nun 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. 18 August 2003 WO 00/49412. PCT/TL00l00099 42  



The substance of which the solid support. is made can be, for example,
polysterene cross-linked with divinylbenzene, polyethylene
glycol-polystyrene  block copolymer, polyamides, polyacrylamide,
polymethacrylamide, cellulose,  glass, quartz, plastic or silica. 5
According to a preferred embodiment of the present invention at least  one,
preferably at least three, more preferably at least ten, more preferably,
at  least 100, more preferably at least 1000 of the plurality of
addressable complex  carbohydrate structures of a library of the present
invention includes at least  two, three, four or at least five or more
contiguous saccharide units of a single 10 species. As further detailed
hereinabove and resolved such a structure is not  trivial due to
uncontrolled polymerization. According to another preferred embodiment of
the present invention at  least one, preferably at least three, more
preferably at least ten, more preferably,  at least 100, more preferably at
least 1000 of the plurality of addressable 15 complex carbohydrate
structures of a library of the present invention includes at  least one,
two, three, four or at least five or more branches. According to yet
another preferred embodiment of the present invention  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 complex 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 18 August 2003 WO 00/49412 PCT/ILOO/00099
43  to the present invention can be a representation including non-natural
or natural  complex carbohydrates, e.g., which are derived from a human
source, such as  tissue, cells or body fluids of a human-being.
Alternatively, the plurality of  addressable complex carbohydrate
structures can be a representation of domains 5 (fragments) of at least one
natural complex carbohydrate. Such a library, as  



further detailed herein, can be employed to identify an active site of the
natural  complex carbohydrate. According to yet another aspect of the
present invention there is provided  a method of identifying a complex
carbohydrate capable of binding an entity.  10 The method according to this
aspect of the present invention is effected by providing an addressable
combinatorial complex carbohydrate library according  to any of the
embodiments herein described and screening the addressable  combinatorial
complex carbohydrate library with the entity for identifying the  complex
carbohydrate capable of binding the entity. 15 As further 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 complex 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, complex carbohydrate,
whereas the method serves in this 25 case for identifying a specific 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 18 August 2003 WO
00/49412  PCTIIL00/00099 44  an addressable combinatorial complex
carbohydrate library representing the self  and/or the non-self complex
carbohydrates by employing any of the methods  described herein for
synthesizing such a library. The addressable combinatorial  complex
carbohydrate library is thereafter reacted with antibodies derived from 5 a
patient suspected of having the disorder to thereby generate a pattern of
the  locations to which the antibodies bind, such that by comparing that
pattern with  a known pattern characterizing a healthy individual, a
diagnosis of the disorder  is obtainable. Disorders known to be associated
with production or introduction of self  10 and/or non-self complex
carbohydrate structures include, 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 screening specific  libraries generated 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 mapping  is screened
against a variety of labeled probes from sources such as, labeled  human
tissue homogenates, labeled receptors, labeled proteins encoded 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 complex carbohydrate of 30 the library. Following isolation and
characterization, these molecules can be 18 August 2003 WO 00/49412
PCTTILOOI000 99 45  tested further as potential candidates for drug therapy
or targets for drag  therapy. These strategies can also be employed to
identify new receptors,  lectins or any proteins or molecules that binds to
specific complex carbohydrate  constituents of the library. 5 To identify
lead compounds which bind a specific complex carbohydrate,  an enzymatic
combinatorial complex carbohydrate library composed of known  complex
carbohydrate structures of human cells or novel carbohydrate'  structures
generated from reduction mapping of normal and/or pathogenized  cells or
pathogens are screened against a diverse group of labeled molecules. 10 The
objective of this screening is to gain a clearer understanding of the
specific  interactions between the complex carbohydrate found in or on
these cells and  the respective ligand thereof. The isolated and
characterized ligands can then be  utilized as modulators of important
biological activities, such as cell-to-cell  communication, cell
recognition, cell development and tumor cell metastasis. 15 For the
identification of novel bio-active complex carbohydrates, a  



complex carbohydrate library, according to the present invention, is
prepared  composed of a diverse- array of complex carbohydrate structures,
including such  structures not normally found in nature. This complex
carbohydrate library is  then screened against cell-based assay systems, or
against defined human or 20 microbial labeled target molecules, such as
lectins or receptors. Such screening  leads to the identification of new
complex carbohydrate based drug candidates.  Alternatively, such screening
leads to the- identification of a disease associated  complex carbohydrate.
Such disease associated complex carbohydrate can be  used to elicit
antibodies thereto, the antibodies can thereafter be used to identify 25
and isolate a glycoprotein harboring the disease associated carbohydrate,
to  thereby identify new protein and genes associated with that disease. To
identify an active site of a known or novel complex carbohydrate, a
library according to the present invention is prepared composed of all the
possible domain fragments of this particular complex carbohydrate. As such,
30 these domain fragments can then be screened with a labeled receptor
which 18 August 2003 WO 00/49412 PCT/ILOO/00099 46  normally binds the
complex carbohydrate including such domains. The binding  specificity to
each of the domain fragments can then be assessed to enable the  isolation
of the domain fragment of a particular complex carbohydrate  responsible
for the binding activity, Le., the active site. This objective can be 5
performed in parallel for a number of well characterized complex
carbohydrate - receptor pairs. The present invention also enables mapping
of antibodies against self or  non-self glyco-markers found in the blood
serum of a patient. As such, a  complex carbohydrate library according to
the present invention is synthesized 10 to include a diverse array of glyco
markers present in the blood serum of a  patient. This library is then
screened against labeled pools of serum antibodies  from this patient and a
resulting generated antibody profile can be implemented  as a
pre-diagnostic tool for cancer and organ transplantation compatibility.
Specific arrays of glyco-antigens can also be used for the identification
15 of new glyco-markers related to cancer, cardiovascular diseases or organ
transplantation. Such glyco-antigen arrays are screened according to the
present  invention against labeled serum antibodies from a diverse
population. The  antibody profile of a diseased individual can then be
compared with the profile  of the healthy population. This comparison
produces a unique profile of 20 antibodies associated with the immune
response to a disease state and as such, a 



particular complex carbohydrate reacting with an antibody of the unique
profile  turns into a diagnostic marker for that particular disease.
Additional objects, advantages, and novel features of the present  25
invention will become- apparent to one ordinarily skilled in the art upon
examination of the following examples, which are not intended to be
limiting.  Additionally, each of the various embodiments and aspects of the
present  invention as delineated hereinabove and as claimed in the claims
section below  finds experimental support in the following examples. .30 18
August 2003 WO 00149412 PCT/M00/00099 47  EXAMPLES Reference is now made to
the following examples, which together with  the above descriptions,
illustrate the invention in a non limiting fashion. 5 The following
examples detail the structure of complex carbohydrates  synthesized using a
collection of specifically selected enzymes. Generally, the  nomenclature
used herein and the laboratory procedures in biochemistry  described below
are those well known and commonly employed in the art. As  such, it 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 normal. cells. Furthermore,
alterations in glycosylation pathways can lead to the 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 are significant for the diagnosis and
treatment of  30 malignant cells. Potential markers can be any specific
epitopes presented by the 18 August 2003 WO 00/49412 PCT/IL00/00099 48
tumor cells, such as, peptides, glycopeptides, glycolipids or any
combinations  thereof. These unique epitopes can be specifically identified
by monoclonal  antibodies and as such unique glycosylation patterns were
and are intensively  investigated as potential tumor markers for cancer
immunotherapy and  5 diagnostics (Ronin, 1998). The present invention
enables 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 10 isolation of new drug
candidates by identifying molecules that bind specifically  and uniquely to
complex carbohydrate structures associated with a tumorous conditions.
EXAMPLE 1 15 Lung cancer is a disease of almost epidemic proportion.
Approximately  157,000 new cases causing 142,000 deaths were recorded in
1990 (Faber,  1991). Squamous Lung Carcinoma (SLC) which is of the
Non-Small Cell Lung  Cancer (NSCLC) type, accounts for approximately 35 %
of all lung cancers. It  is closely correlated with -smoking and diagnosed
most frequently in males. 20 Squamous carcinoma originates in the central
or hilar region of the lung and  may cavitate when found in a peripheral
location. It is classified as a severe and  malignant form of cancer.
Although poorly differentiated, SLC displays unique  complex carbohydrate
antigens associated with both membrane bound  glycoproteins and
mucine--like molecules which are released into circulatory  25 system and
serve as serum markers (Martensson, 1988). The following tables describe
the components and enzyme modules  (EMs) necessary for the synthesis of a
complex carbohydrate library for  screening and isolation of chemical
compounds, proteins or other molecules  which specifically bind SLC
markers. Such molecules may serve as potential 18 August 2003 WO 00/49412
PCT/II.AO/00099 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 system
(marked Al, A2,  5 A3, AS, A9 and A10), all the possible fragments derived
from such SLC carbohydrate chains (associated with Al, A2, A3, AS, A9 and
AlO by al, a2,  a3, a8, a8 and alO, respectively), normal blood antigens
(marked A4, AS, A6,  A7, Al I and A12) and all possible normal blood
antigen fragments derived  therefrom (associated with A4, A5, A6, A7, All
and A12 by a4, a5, a6, a7, a1I  10 and a12, respectively). TABLE 9
SourceCarboh dratesEM Alp-n-uatp-{144}1 SLC-D-GLcytUC-(L461~  I I
a-L-atiCP-(L43}~ ~-D-Galp-[Li41-D-G1c -D-Galp-[1+3j-a-b-6lcptrD~c-(1~3}1 A2
-A-D-Ga1P- 2 (1441 SLCA-D-GLcpzuc-(1461  I (X-L-rucp-(14311 a-c-Ga1p-(144}
-p-c31c a-L -rucp - (14411 1  S-D-GLcpMc-(1+31J S-D-&11p- (1-43)
A3a-L-rucp-[14a}i3 SLCa -b -G1cprL~c- [ 143} -~ -p -Gale- (144} 1 a -D
-Galp- (143} i I ..  ~-D-G1cp1AC-4fi1~ 



I I  a-t-r.cp-(1431j jI-D-1341p-(1441-1)-Glc $-D-Gale-(143}-~-D-GLcpNM
-(1431) A44 Norma[ blood HID-L-r cp-{142} -D-Galp-(143}-p-D-GLcpN
c-(1431-~-D-Gale-(1441- -p-Glcp-(141? CuCaatdo antigen- A5 Normal5 blood
HI[a-t-pv@-(1421 $-b-Gasp-(144} p-a-BLcp uc- la3  (
}-~'D-6alp-(144}--p-GLCp-[141}-Cazanlda anti en 18 August 2003 WO 00/49412
PCTIIL00100099 50  TABLE 9 (Continued) A6;a7D:--rtnep- (1.4) Normal i
Lewis aD-al CpHAC-(1.3)-A-D-aeLP-(144) - -D-alcp- (lyL! -curaaidu 6 J
antigen$_D_aaip-{1+3) A7a-L-rUCp- (1"4) 17 Normal Lewis b$-D-biCplSAC-(1.31
$-D-aalp-(1"4) $-D-Dlcp-(l+iF-evrenido antigena-L-ruCp- (142) -$ -D-ISalP-
(3"3! ASa-L"~UCp-(14411 SLC$"D-GlcPmc-(1Y3)-$-D-04 lp-(1-4? 1
~-O-aa1p-(1.3)J D-sic a-L-MCP- (1.3) J A9$-D-aalp-(1.3)
fi-D-alcpNAC-(1+3)-$-D-aalp-(1+419 C 



I SL -D-al CilNAC-(1.31- -D-Ga 1p-(1.4)-11-ale ' a-L-rucp-(lti3)J Al0
S$-D-61cpbMC-(1.31-$-D-aaLp-(1441,10 D-s alp- i.3 J  ( 1 P-D-alcpTlac-(1+3)
-Fi-D-aelp-(1+4) -D-Gic a-L-F11Cp-(1"3)J All$-p-aalp t1"4), Normal)11 Lewis
x.$-D-alcpMc-(1+3)-A-D-6alp-(1+4)-A-D-61cp-(1~L)-CoraaLda antigena-L'-rUCp-
(1"3) i A124'I.-rUCp- (1.2) -0-D-aaLp-(1.4)7 NormalI12 Lewis
x$-D-6LcpNxc-(143)-$-D-Galp- (1.4)-{i-o-alcp-(141)-Coremldv
antigena-L-tUcp-(143(J TABLE 10 SourceCarboh drates sub &a entsEM al;a2;a3;
0-0-04lp-(144)-n-Dic13 a8a9a14 asa-L-rUCp-(l.3)-D G1c14 al;a2;a3; a4;a6;a7;
$-D-6alp-(143)-f-D-61cpWAC-(1415 a8-0-00 a1;a2;a3;
-D-6ai1.(144)-$-D-a1CpNAC-(L.16 a9al O al' ;a3$-D-a1CpxAC-(t4s)-$-D-bale
(1417 al;a2;a3; a4;a5;a6;18 a7;a8;a9; al0;all;-D-a1cpNAC-(1.3) -p-Delp-(1.
a12 a4;a5a7a-L-rucp-(i.2)-$-D-GaIp-(1"19 a2;a3;a6,a-L-ItteP (144)
$-D-alc0WUc-(1.20 a7a8a10 al;a2;a3; a9;a10;a-L-rUCp- (1.3)-P-D-alcpMc-(1.21



allal2 al;a2;a3~-D-aLCpt+AC-(1.61 $ D-Galp-(L"a1-a-oLe22 18 August 2003 WO
00/49412 51  TABLE 10 (Continued) PCT/ILOO/00099 al;a2;a3; p-D-D1cD Q
c-(L.31 -p-D-G4Lp-(1+4F -D-GLc23 a9a10 al;a2;a3;  a4;a6;a7; -n-Galp-(1+31 $
-a-GLCpNAC-(L.3}-}i D [salp-(2+24 a8a9;aI0 al;a2;
a3p-D-Gaip-(L*4)-$---G1cpNKc-(1-.61-f-D-Galp-(1*25 5;a9;alO;a
P-D-aa1p-(L44)-4-D-Glcpb.c-(1y3)26 I i a12 al;a2;
a3a-L-MCP-(1.3)-p-D-GLcpNAC-(1+6)-p-D-GaLp-(1-.27 a2;a3;a6; U-L->
cp-(La4)-~ D-GlcpNAc-(7*3) -D-on1p-(1+28 a7a8 a4;a7a-L-7ucp-(]r2)
-D-Ga1P-(1+3) ~-D-Gtcpt~c-(1+29 a51%-L-tucp- (142? -4-n-Ga1P-(L*4) -p
-D-GicpNkc- (1~30 a9;a10; a-L-rucp-(1*3) $ -D-GLcpNAC-(1*3)-(3-D-Galp-(1*31
al l;a12 a9;alOa-L-rucp-(1+3]-4-D-GlcpHAc-(L+3)32 a2a-L-tucp-(1+4)
-D-GLcpi4iC-(L+3) $_D o 1p-(1+4) D-LC33 al;a2;a3;
a-1--7,1cp-(1+3)-0-D-G1cpNAC-(1.6)-p-D-Ga1p-(L+4)-D-GLC34 a9;
a10P-n-34Ip-(1+4) $-,D-1cWMc- (1+3) $-D-a&p- (1+4) -D-GLc35 al;a2;a3-D-Galp
-(1+4} $ -D-GlcpTUC-(1*6!-p-D-G419-(1*a!-D-G1C36 al;a2;a3; -D-G1cpNPc-(1+31
-A-D-alp-(1c41-o-ale37 a8 a4;a7a-L-iu.p-(1+21 -$3 -
-Ga1p-SL+3)$'D-a1Cp}p~e-(1*3){i-D-Delp-i1"38 a5;al2a-L-1 p-(1+2) $
-D-alp-(1.4) -D-Gtcpw. -(1+3) -D-pl 39 



p-(1+ a9;aLQ-D-1ap-up-(1+3) $ -D-Dale-(L+4) $ -D-G pNAC-(1.3
l-~-D-GAlp-(1+40 a9.a10A-D-GlepMc-(1.3)- -o-atlp-[1+4) -j3-D-GdIp-(L-4j
-D-GIG41 a3-D-G1cpNAC-(1+3, -p-D-GaLp- (1-.4)
$-D-GLcpNAC-(1-16)-p-D-rdLp-(144) -D-G1e42 a3a-L-sucp-(L+4]
-D-a1cPNAC-(1+3)-$3-n eclp-(1.4) (3-D-GtcpNAC-(L*6(- -D-anLp-(1*43 a3$3-D
G&1p-(1+3) -D-alcplfAC-f1+3) $ -D-6alp-(1+4) $ -D aLcpNAC-f1+6] $
---aalp-il+44 a9;alO-D-Gaip-(1+3)$-D-LcPHAC-(1+3)$-b-alp-(1+41 $-D-GlC3}
lc-(1+3)$ D-G 1p-(1+45 830-D-Galp-(1+3) $ -D-GicpNKC-(1+3)-p-n-a.Lp- (1.4(
$ -0-alcpNAC-(1.6)-$3-D-a Lp- (L*4)-0-G1C46 al0see below47
a3G-L-race-(1+4)-$3-D-6LcpNAC-(1+3)-(i-D-artlp- (1.4)-$3-p-GLcpNAC-(L*6) $
-D-4 1p- (1+4)-0-6Lc48 a9. 1$-D-a41p-(1+a)-$3-n-alcpnAC-(1.3) -p -n-Galp-
(1*4 49 ) $ ---G1cpNAC-(1+31 $ -D-Galp-(1+4]-D-o1c a8$3-D-aa1p-(,1+4], 50
D-Glc al;a2;a3; $3-D-aa1P-(1+4),  9;al0;all; 1 51 a12p---GLCpNAC-(1*
n-L-rucp-(1+3}J al;a2;a3$3 --P1cpt-~c-(l+sli52 a2;a6;a7; a-L-rucp-(144), 53
a8;al0(3-n-alcpNAC-(1+ p-D-GLapNAC-11.6),  1  a2p -D-Galp- (L. 54 I
D:-L-lucp-(1.4)-$3-D-GLcpUAC-(1+3)~ 



* a-L-t,isp-(1+4)- -D-G1cpNAC-(1+3)- -p-Galp-(1-.4)-$3-p-GLepN?C-(1;3)-
-D-tsalp-(1*4)-D-Glc 18 August 2003 WO 00/49412 PCTIIL00/00099 52 TABLE 10
(Continued) 9;aIO;al1;  a12 a12 a2;a3;a6;  a7;a8;alO a a3;a9;a 10 al;a2;a3
al;a2;a3 al;a2;a3 aI;a2;a3 a 1;a2;a3 al;a2;a3 al;a2;a3. al;a2;a3 a1;a2;a3
al;a2;a3 P-n-~Lp-11.411  P-A-clcpeuc-t1.3] $-a-caip-(L.  a-L-rucpv(1.313
a-L-~L',-E1+21-P-n-aa17-(1.411  P-n-31CpN,c-(1. a-L-lucp-(1'311
G-L-nc'R-11.4 J 1  P-D-G1cpNAC-(1+3J-P-D-aaLp-(1-*  -U-ae1p-(I+3F1
a-L-ruCp-(L+411  I  P-D-GLCptntc-(1+ G-L-rucp-(1wZ) - ' P (1.3(
P-D-Glcpimc-(1.3) - -0-aalp-(1.4)1  P-e-clcpNAC-(1. Q-L-IUCp-(L31J 



P-D-OLCpNAC- (1.61,  P-D-4416-(1.41-D-aic  P-D-a1 ~~-(1~3rf a-L-VULp-[1.31
-P-nDLL)-C-(1.61  P'D-a4Lp-(1 P-D-4LC6NAC-(1.313 P-D-Ga1p-11.411
-D-G1cpNY.c-(1.6) - -n-aaLp- (X- I t!-L-rucp-(L.3FJ P-n-G1cpNAC-(1.+611  f
P-D-aa1P-(1.  VD-Ge1P-1;31 P-P-a1cpN c-(1.31! P-n-Ga1p-(1+qJl
P-D-61cpnAC-(i.+6J--p-GeLp-(1.  (X-L-rDCp-(1+313 P-D-rLCpwwC-114611
P-D-6.1p-(1.41-a-aic P-13-Ga1P-(1431-P-6-alcptkc-(1+3) 3 P-n-aaLp-(1+417
P-D-GICPNAC-(1+6) -P-n-aalp-(L.4) -D-6Lc  I at-L'_c6 (L,3) J a-L
-lucp-{1.31- -D-GLCpNAC-(1.61i -D-Gulp-(1.4) -D-G1c  r -D-GLcpMc- (14313
P-b-aalp- (1441 -P-D-GLCpRkc-(1.611 P-D-aaLp- (1.4)-n-a1C
P-D-a1CpNAC-(1+313 Ct-L-rucp- (L.3) -P-D-GLCpuAC-(14611  P-D-6aLp- (1.
P-D-D41p-(L+3]-P-D-G1aPGDtc-(1+3) 3 55 56 57 



58 60 59 61 62 63 64 65 66 67 68 69 al;a2 P-D-aaip-(1.41-P-a-OLGPMc-(1.6)1
70  P-D-anlp-(1. P -n -Ga1P- (1.3 I  1 ~^D-GicpxllC- 11.31 3 18 August 2003
WO 00/49412 PCI'/ILOO/00099 53 TABLE 10 (Continued) a2a-D-GLCpNAC-(1+61,7I
a-D-Oa1p-(144)-D-D1c a-t-yucp-(L.4)-a-D-G1cpNAC-(1.3)1 a2;aS;
a9G-L-rucp-(1'4)1 72 ( -D-b1c kc -(143)-a-D-6aip-(144)-b-G1c - a P-~1P
fly3)J a2a-D-Glcpxwc-(146), 73 E G-L-N~-(1+411 a-D-Galp-(1.  I I
-a-GLCpNAC-{143)1 



a-D-Galp-(Lr7)J a2a-D-Galp-(1"4)-0-b-GLcpD2Ac-(1+6)5 74 r ~-a-Delp-r1~
6-L-r p-(1.4M $-b-Glcpsasc-(L.3) a2a-L-Rice-(1~3)--D-GicpNAC-(146)175
a-D-Ga1p-(1 a-t-rU cP-I1.41 -D-G1cpNAC-(1+311 a80
-D-(Fasp-(1.-3)-O-D-GLcpNAc-(i+3) $ -D-Ga1p-(144),76 D-Glc }
F-L-r'ucp-(1.3)1 a8OC-L-rUcp- (1.4) $ -b-GLCpNAC-11+3(-0-D-Ga1p-(1+4)177
a-D1C G-t-TUCp-(1.3)1 ' aI2a-L-rucp-{1+2! -a-Delp-(144),78
a-D-GLC~lwc-(1.3) $-bbalp- (i. C-L-rUCp-(1.3}1 a9;al00-D -GlcpNAC-(L43) a-D
Dalp-(1+4)179 I  a-D-GLCpzAC-(1431 ~-D-Galp-(1+ G-L-r cp- (1.3)1  - a9;
a10LP- (..4),80 a-D-D1cpNAC-(1.3)-0-b-Ge1p-(144)-b-o1c C-L-rucp-(1.3)1
a7G-L-rucp-(L44), 8I I 0-D-G1cpNAC-(143) -a-b-G67.p-(14 a-L-rucp-(1.2) --P
-D-Gdlp- (143) alOa-L-31cp-(1.4),82 a-D-GLcpN c-(1.3)-Q -b-DeLp-(L.4)
$-a-Giq V.C-(1+ }  



(i-D-Ga1p-(143}~ a3;a9;ai0a-D-Oalp-(143)-(-b-Dlcpruc-(L+3) $-D-Delp-
(1+4)l83 -D-G1cpNAC-(14 a-t-rUcp-(143!1 al;a2;
a3a-L--Cp-(143)-0-P-GLCpNAc-(146)184 -n-Oalp-(1.4)-D-61c
-11-Gale-(1.3)-{4-D-G1cpNAC-(1.3)1 al;a2;a313-D-Delp-(1.4)
{S-D-DLcpNAC-(x.6}185 -D-Da1P-I144J-D-GLc a-D-Ga1p-(113)-S-n-G1cpNAc-(143)1
18 August 2003 WO 00/49412 54 TABLE 10 (Continued) a1;a2;a3 al;a2;a3 a2 a2
a2 a2 a2 a2 a3;al0 a3 a3 a3 a9;al0 -D-6.1p-(144!i  -D-Glcpruc-(1.6)7
a-L-ruCp-(1.31.1 P-b-5a1p-(L.4)-3)-GLC 13-D-61cpN7C -(1.3)J jS-D-GeIP-(1;
4)1  A-D-GICPNAC-(1.6) a-L-rucp-(1.3)J 13-D-Galp-(1. I
-A-Galp-(1+3)-A-D-G1cpNAC-(143).1 )3-D-GLcPw c-(1.6)1  a-L-rucp- (1-4),
~-D-Ga1P-(14M-D-GLc  



j3-D-5LcpNAC-(1.3)1 -D-Ga1p-(1.311 -D-Gasp- (1.41 ^p -D -G1cpNr,c- (1.6} 7
~-D-Ralp-(1.4)-D-GLc  a-L-I77 cp-{1.4) $ -D-R1cpNAC-{L 3)J
a-L-rucp-(L.3)-0-D-G1Cp Ac-(i.6)z  (3-n-Gatp-(1.4)-D-GLc a-1-rucP-(1.4)-
-D-G1cpnAc-(L43)J a-L-rucp-(1.3) -n-G1cpNAc-(L.6)7 4-L -311cp - {1.4) 7 13
-D-Gulp - (1. I  -D-Glcp}AC-(1.3)1  3-D-Gatp-(L.3)J
-D-RaLP-(1.4)-(i-D-GLcpNAC-(L.6)7  a-L-ruCp^(1.9)7 45-D-Ga1P-(1. I
-D-GLCpNAC-(L.3)J  ~-n-GnLp-(1.3}J (i-D-Ga1p-(t.4h  -D-RLCpWc -(1.6}7 f
D-L-rucp- (1.3)J $ -13-Ga1p-(1.  a-L-rucp- (1.4 ) -13-G-Gtcpw,c-(1.3)1
a-L-rucp-(1.4)7 I  -D-G1cpNAC-(1.3)-$-D-Gasp-(1.4)7  A-D-Gaip-(1.3 J
a-L-rucp-(1.4)-t  ~-a-G1cpNAC-(143)13-D-641p-(L.4)-f
-D-GicpNAc-(1.6)---D-Ga1p-(1.  (3-A-Gate-(1.3)1 fl-D-Ga1p-(143)-
-D-GLCpl1AC-ILy3)-)-D-Galp-(1.4}J -A-G1cpw c-(1.6) -Is-a-asip-(1.
a-L-rucp-(1.3)1 a-L-rucp-(1.4)-(ti-A-G1cpNAC-(1.3)-~-D-Galp-(i-4(
-D-GLCpNAC-(146)-g-D-Galp - (1. a-L-SUCp-(143).1
P-D-G1CPMC-(143)-$-D-G&Lp-(144)7 



I  -R-G1CpNAC-(1.3)- -A-Galp-{1.4)-D-Gtc  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 WO 00/49412 55 TABLE
10 (Continued) a9;alO a2 i3-D-Gaip-(1+3]- -D-alcpN c-i1+3] - -P-Galp-[1+4}i
_ t (3-D .GLC?NAC- (1+3] -~ ~D-Ga1p- (1+  a-L-~cp- (143] J
a-L-TUCp-(1,3)-$-D-G1cpN1C- fla61y  a-L-rucp-(144)1 j3-1;-Gd1p-(144)-D-GLc
-D-G1cpNkC-(143(J  -D-Galp-(143)J a2 a2 a10 a3 a3 a3 a3 a3 



P-D-Gasp-(144) - -b-DLcpNAC-(1-.6)1  a-L-rUCp-(144]1 13-0-Gale-(144]-D-a1C
-D-G1cpNAC-cl a)l  P-13-1541p-(143]4 )i-n-Gaip-(1x4]1  p-D-G1cpNAC-(146)1 I
1  a-L-rucp-(143)4 $-P-GaLp-(144) -D-61c  1 a-L-rUCp-(144) -
-D-G1cpNAC-(La3)J a-L-rucp-(L44) --D-G1CpNAC- (143) -$-D-D6Lp- (14411
-0-a1cpNAC-(1+3)--P-D-G,aip-(1+4) -D-Glc a-L-sucp- (L43) J a-L-rucp-(144)1
)S-D-GicpUAC-(1431 - -D-Galp-(144)-P-D-GLCpNAC-(146)-P-D-G41p-(i.4)-0-Gic
-D-Galp-(lti3)J -D-aa1p-(143)- -D-GicpNAC-(L-3)-(i-D-Ga1p-(144]1 [
13-D-01cprAC-(1-.61 -0-D-Galp-(1+4]-D-GLC  a-L-rucp-(143)J
a-L-ry1Cp-(144)-ji-b-G1CpNAC-(143) --D-I41)- (144),
11-1)-GLCpNAC-[1-6)-ji-13-GaLp-(144)-b-a1C I  a-L-rucp-(143)J a-L
-rucp^(144)1 -D-Gulp -(144)1  D-a4&(- (143 ! ) ~- )
$-O-GLCpNAC-{146)-(3-D-Gaip-(14 1  a-L-Rice- (1..3)4.. a-L-rycp-(14Q)~
-D-GLCpNAC-(143]-ji-D-Gaip-(144)- -D-GlcpWc-(146)1 I (  ji-b-Ga1p-(143)4
ji-D-a41p-(14  -D-G1cpNAC-(143)1 -D-a1cpNAC-(143} $ -D-Gaip-[144)
-D-GLcpNAC-[146)1 ( I  a-L-rucp-(143(1 p-D-Ga1p-(14 



O-D-Galp-(143)-A-D-GLCpNAC-fL43)J
)S-D-Ga1p-(143}-0-D-GLcPNAC-(1+3}-ji-D-Gaip-(14)1 1  $-D-uLCpNAC-(146)1 ,
a-L-1ucp-(14314 (i-D-141p-(14 S-A-GLCpNAC~(143]J a-L-rucp-(144)-$ -a-GlcpN
-(143.)-j)-D-aalp-(1"~4]1  $-D-GLcpNAC-(146), I I a-L-rUCp-(l43)J
a-P-Gatp-(14  PCTIILOO/00099 99 100 101 102 103 104 105 106 107 108 109 110
111 P-D-GLCpWAC-(L43)J 18 August 2003 WO 00/49412 56  TABLE 10 (Continued)
al0 0 a3 a3 a3 0 a3 a-L-rucp- (1+41 - -D-G1cpPAC-{lti3} - -D-Ga1p -(is4 



]-$-D-G1CpNAC-(Ly611  -b-Galp-IL-.  p -D-odLP- (131 -~ 1) -GICPNAC-(1431.2
a-L-iutp-(1441  -D-Glc it . c- (1. 31 -$ -D-Ga lp- (1a41 -D-GaiP-(143}J I
-~-D-G1CpNl~c-(131-~-a-Gale-(L4  a-~.-ivcp-IL4}}J a P-(143) A-D-GL NA  I  L
a-L-iuCp-fi-x417  (S-D-G1cPDAC-(1-.31 -D-Gaip-f14411 a-L-IVCp- (144),
a-D-OLcpHTC-(L+31 $ -n-Ga1p-(L+4}- -n-GlcpNAC-(1-.Eh B-D-an! n-l1sa. J
-a-GLCptmtc-(1-. )-~-D-Gale-{L-.4Y, -D-GLcp c-IL-.6Y7  a-L-iucp-(L-.3YJ
13-D-bdjp-I1+41-n-Glc  -n-GaiP-(1431-)3-D-Glcptac- (L3) J -D -Ga1p-(1.31'$
-D-DiCpt-UC-{x+3}- D-Daip-(1-.417  -D-GLcpNAC-(1-.617  1 E  a-L-Fucp-(1+3)
.2 13 -D-Galp-(1+4) -D-aLc 13-b-G1cpNAC-{14S1J  a-L-sucp-{X44) .
.D-GLcptuAC- (143} -{i-n-sale- (144Y7 1  (3-D-GicpNAc-(1- 617 I I
a-L-lucp- (1-3) J -D-4aip-(1-.4) -D-G1c p-u-uaap-11+aj -D-GiC  -D-GiCPNkC-
(1.3P j3-D-GLCPNAC-(1431) a(-L-rucp-(1-.4) - -D-G1cpMAc-(L+31-13-D-GaiP-
(1-.4) - -D-G1CpNAC-(1+6) 1  -D-Galp- (X44) -D-Glc A-D-Galp-(1431
3-D-GLcpNAC-(143).2 



a3 a3 a3 $-D-Gicpw c-(1-.31 -~-D-na1p_(144Y1  S-D-Ga1p- (1+3) J J3
-D-G1CpmC- (1+6} 7  1 I  a-L-FUCp-(L43) J -D-Ga LP-(L' P-D-G1cpNAC-(143}J
a-L-FUcp-(X44)7 - I -GlcpNAc- 4.31 --P -D-GaJp- (144) -1S-D-D1cpNAC- (Lx 61
-D^GaiP-1143 J r -D-Galp-(1+  )3-D-Ga1p-(143Y-{i-D-GLCpNnc-(1431)
a-L-YCCp-f144)- -D-G1cpN7,c-(1431- -D-Gelp-(L+417  U-D-G1cpNAC-(1"617
a-L-IDCp-(1431) ~-D-Galp-(l4 U-D-Daip-(1+31 - -D-GlcpN, c-(1+31-'
~-n-Galp-{1~3)- -D-G1CpGDlc-(143}-13-D-cal p-{14417  -D-Glcpw~c-(1461,  t I
a-L-t,iCp-(1431J -D-Ga1p-(L.  -D-G41p-(1-.3} -~-D-Gi[.pw c- (143}J {  P c W
-P-D-040-11+41-D-GLc 112 113 114 115 116 117 118 119 120 



121 122 123 18 August 2003 WO 00/49412 57  TABLE 10 (Continued)
PCT/IL00/00099 a-L-fncp-(1,417'124 P -D-GLcpNP c- (1w3} -p-D-a41p- (L-'4)T
I I  l -D-GaLp -11.3) J $ -D-cslcpnwc- (1.6) ~ G-L-rucp-(L+S)J
$-D-Gale-(t-, -D-Dlc -D-G1cpN c-(Li311 a3a-L-PUCp-(7w41 {i `D-G1cpnac-(1+3}
~-u-Gelp-11.41j125 (i-D-GLCpeNC-(1.6)-  I a-L-IUCp-(1-3)1 -D-Galp-(11 41
-D-GLc [3-D-Galp-(I.3) f~-D-GICpXjw-(L-3)1 0P-33-aa1p-(143) -
-D-G1epMhc-(1~3)-A-p-Galp-(1.4),126 p-D-GlcpMc-{L6)I a-L-rasp-(Lw3)1 13
-D-GaLp-(1+4)-D-Glc -4-aa1p-(1.3)- -b-Glcpw.c-(1.3}~ a3U-L-rUCp-(144)1127
-D-G1CpNXG- {1-.3)-11 -D-6dlp- (1.4) - -3) -GLCprO.C-(L.611 -D-GaLp-(1.3)1
(i-D-Gatp-{14)-D-Glc -D-GaLp-(1.3) -D-G1cpW.c-(1+3)1 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 EMFirst _ERs sequence
Immobilized(the ERs details are found in Table 7): monosaccharide
1Glc-SD9,H15,DIO,H16,D7,B2 2Glc-SD9,H15,DIO,B6,H16,D7,B2 



3Glc-SD9,H15,DIO,H16,D7,B2,H20,DIO,B6 4GIc-SD9,H15,DIO,Bl Gle-SD9,H15,D7,BI
6Gle-SD9,HI5,DIOB6 Gic-SD9,HI5,DIO,B6,DI 8Glc-SD9,HI5,DIO,B6,B7
9Glc-SD9,H15,D7,H3,B2,D1O 10Gle-SD9,HI5,D7,H3,B2,DIO B6
11Glc-SD9,II15,D7,B2 12'Gle-SD9,HI5,D7,B2,BI 13,Glc-SD9 14Glc-S,B8
15G1cNAc-SD10 18 August 2003 WO 00/49412 58 TABLE 11 (Continued)
16G1cNAc-SID 7 17Gal-SH21 18.Gal-SH22 19Gal-SBI 20GIcNAc-SB9 21GIcNAc-SBIO
22Gal-SD9,H21 23Gal-SD9,H22 24Gal-SH22,DI0 25Gal-SH21,D7 26Gal-SH22,D7
27Gal-SH21,B10 .28Gal-SH22,B9 29G1cNAc-SDI0,B1 30GIcNAc-SD7 B1 31Gal-S
-H22,B10 32Glc-SD9 H22,B20 33Glc-SD9,H22,B9 34Glc-SD9,1121,BI0
35Gac-SD9,H22,D7 36Glc-SD9,H21,D7 37Glc-SD9 22,D10 



38Gal-sH22,D10,B1 39Gal-SH22,D7,B1 40Gal-SH22,D7,H3 41GIo-SD9,H15,D7,H3
42Glc-SD9,H21,D 7,H3 43Gal-SH21,D7,H3,B9 44Gal-SH21,D7,H3,D10
45Gal-SH22,D7,H3,DI0 46Glc-SD9,H21,D7,H3,D10 47Glc-SD9,H22,D7,H3,B9
48Glc-SD9,H21,D7,H3,B9 49Glc-SD9,H22,D7,H3,DI0 50Glc-SD9,B7 51G1cNAc-SD7,B2
52Gal-SH21,H23 PCT/ILOO/00099 18 August 2003 GlcNAc-S 0.10 B6 Gal-S
H21,J123,BI1  Gal-S H22,D7,B2 G1cNAc-S D7,B2,BI  Gal-S H22,DI0,B6 GicNAc-S
D10,B6,B1 G1cNAc-S D7,B2,H22  Ole-S D9 H2I H23 Gal-S H21,H23,B12 Gal-S
H21,D7,B2  Gal-S H21,H23,DI1 Gal-S H21,D7,B2 Glc-S D9,H2I,H23,DI1  GIC-S
D9,H21,D7,B2  GIC-S D9, H21,H23,B12 GIC-S D9,H21,H23,DI2  l-S
H2I,H23,B12,DII. Gal-S H21,H23,DII,D12  GIC-S D9,H21,H23,B11 D9,H22,D1I,B6
H21,H23,D11,B6  H21,H23,D12,B11 



H21,H23,BI1,B12  4)9,B7,H22,D1I  D9,B7,H22,B11  H22,D7,B2,B1  H22,D7,H3,B2
D9,H22,D7,B2  H22,D11,B6,BI  010,H3,DII,B6  D7,B2,H3,D11
D9,H21,H23,D11,B12 WO 00/49412 59 TABLE 11 (Continued) Gle-S
D9,H21,H23,DII,DI2 Glc-S D9,H21,H23,D12,B2  Gal-S HZI,H23,DI2,B2 D11  Glc-S
D9,H2I,H23,D11,B6  Glc-S D9,H21,H23,DI2,BII PCT/ILOO/00099 18 August 2003
WO 00/49412 60 TABLE 11 (Continued) 90Glc-SD9,H21,H23,B11,B12 91Gal-S
-H21,H23,BI2,DIO,B6 92Gal-SH21,H23,D12,DIO,B6 93Gal-SH21,H23,Bll,D7,B2
94G1cNAc-SD7,B2,H3,DIO,B6 95Gal-SH21,D12,H3,DIO,B6 96Gal-SH21,Dl2,B2,H3,D10
97Gal-SH21,D12,B2,H3,B9 98Glc-SD9,HI5,D7,B2,H22 99Gal-SH22,D7,B2,H22,D1O
100Glc-SD9,H21 H23,B12,DII,B6 101Glc-SD9,H21,H23,DI2,DII,B6
102Glc-SD9,H21,H23,D12,B2,BI1 103Glc-SD9,H22,D7,B2,H22,BI1
104Gle-SD9J12l,D7,H3,D10 B6 105Glc-SD9,H21,D7,B2,H22,Dll 



106Glc-SD9,H21,D7,B2,H22,Bll 147Gal-SH21,D7,B2,H22,DI1,B6
108Gal-SH21,D12,H22,D11,B6,H23 109Gal-SH21,H23,D12,B2 D11 20
110Gal-SH21,D12,H20,B2,DI1,H23 111Gal-SH21,D12,H20,B2 BII,H23
112Gal-SH21,D12,H2O,B9,H23,D11 113Gal-SH22,D7,B2,H22,D11,B6 114Glc-SD9,H21
D7,B2,H22,DIIB6 115Gle-SD9,H21,D12,H22,D11,B6,H23
116Glc-SD9,H21,H23,D12,B2,H3,D11 117Glc-SD9,H21,D12,B2,H3,Dll,H23 118Gle-S
- -D9,H21,DI2,B2,H3,BI1,H23 119Glc-SD9,H21,D12,H3,BII,H23,DII
120Gal-SH21,D12,B2,H3,D11,B6,H23 121Gal-SH21,Dl2,H3,DJI,B6,H23,DI1
122Gal-SH2I,D12,B2,H3,B9,H23,D11 123Gal-SH21,D12,B2,H3,D11,H23 D11
124Glc-SD9,H21,D12,B2,H3,D11,B6,H23 125Glc-S -D9,H21,D12,B2,H3,D11B6,H23
PCT/IL00/00099 18 August 2003 WO 00149412 61  TABLE 11 (Continued) 126 127
Glc-S Gla-S D9, H21,D12,B2,H3,D11,H23,D11 D9, H21,D12,H3,D11 B6,H23,DYX
PCTRL00/00099 EXAMPLE 2 5 . Human chorionic gonadotropin (hCG) is a
glycoprotein hormone  produced by the trophoblast cells of the placenta.
High levels of hCG are  detected in blood and urine samples taken from
patients of a variety of  trophoblastic diseases. As such, urinary and
serum hCG levels have been  employed as useful markers for the diagnosis
and prognosis of trophoblastic 10 diseases, as well as being markers for
pregnancy. A study comparing the  



complex carbohydrates released from hCGs purified from the urine of
pregnant  women with those purified from urine taken from patients with
trophoblastic  disease revealed the existence of several alteration in the
sugar chains of hCGs  .purified from the latter (Mizuochi, 1983;
Endo,.1987). 15 Tables 12-14 present the components and EMs necessary to
synthesize a  complex carbohydrate library for screening and isolating
molecules that  specifically bind to the abnormal hCG markers or to their
subfragments. Tables  12-13 list complex carbohydrates structures
incorporated into an hCG specific  arrays. Such structures include abnormal
sugar chains represented in the hCGs 20 present in malignant trophoblastic
diseases (marked B5, B6, B7 and B8), all the  possible fragmented sugar
chains of such hCGs present in malignant  trophoblastic diseases
(associated with B5, B6, B7 and B8 by b5, b6, b7 and b8,  respectively),
normal sugar chains as typically found in the hCGs present in the  urine of
pregnant women (marked B 1, B2, B3 and B4) and all of their possible 25
fragments (associated with B1, B2, B3 and B4 by b1, b2, b3 and b4,
respectively). Table 14 presents the collection of EMs required for the
synthesis  of the complex carbohydrates of Tables 12-13. 18 August 2003 WO
00/49412 62  TABLE 12 PC1Y1100/00099 SourceCarbohydratePM Bl;
a-L-nic-i14s)1I b5 P-D-Ga1p-(1-,4)-.-D-(i1cpN4c-(1+2r-CS-D-xanp-(1.6}i
Normal a-D-neap- _ a-D-glcpxac 2 B2;
-n-Gale-tia4)--D-GLcpNac-(1-2)-a-D-xenp-(143)i (1-+4} - -D-oIcpNAC- (144}
-D-aa1p-(L+4(- -D-Gicpxne-[1+2}- -D-fr4np-(1.6)1 bl;b5;b6 1 Normal.
a-1-xanp-i1+4}- -D-GLcpN~,c-(1a4)-~ -D-G1cpNeo -D-oaip^(1-.4)
-D-G1tpNac-(142)-z-D-nanp-(143)J B3;a-D-xanp-(L46)1 - bl 



3 b2 ; -D-Xanp-(1a4)---D-G1cpNAC-(144)-f3-D-G1cp Normal P-D-Ga1p-(L-'4)
-A-D-o1cpN4c-(1-*Z -*t-D-flap-(xy3}J B4;a-L-ruc-{E46J14 bl;b5;b7
a-tr-xabp-t146)1P-n-RlcpNnc Normal . a-n-xanp-iL-.4J-P-D-GicpNxc-(144)J
J3-A-Galp-(144)-$-D-GLCpNae-(1+2)-n-A-Manp-(ly3)J B5 a-L-)~lC- (146)15
AbnormalA-A-Ga1p- (L*4}-D-GLCpN4C- (Iy2 } -a-D-FIa1k}M1- (la6)1 -D-G1CpNeC
}--D-G1 Nac- J  -D-6 1p-E144 cp (144)1 a-n-x(onp- (144)'$ -D-G1cpNnc-
(L-*4)1  1 -D-xaap-{143}J  -D-Ga1p-(l-i4) -~-D-G1cpNac-(L+2)J
B6S-D-Gaip-(144}- -D-G1CpNac-(142-a-D-xan  -(146) Abnor p6 l ma-A-6a1p-
(144) -p-II-G1cpNac-(i-4)1 a-D-xanp-(L+4) -P -D-GLCpNAC-(1~4)-13 -D-G1CpNaC
I I  a-n-xanp-(143)J  -D -Gale- (144 )-$-D-GLCpNaC-tly2) B7; a-L-rac-
(1-'6)17 b5 Abnormala-D-xenp-(146)1 ~-A-G1cpNac 



-D-Galp-(1-+4)-$-D-G1cpNnc-(1,41i a-D-~7aap-(ly4}- -D-G1cpNAC-(1-*4JJ  I I
a-D-?IDp-(1+3)J  -D-Gasp-(144)- -D-GLcpNac-(1r2)- a-D-Man  B8;-  146 b5 g
b6 ( 8 b7) -D-Gal  ; -  ;1  i p  (  Abnormal44)-j  -D-GLcpNpC-(144(1
a-D-x4np-(1.4)-$-D-GLcpNAC-(1-+4)-{3-D-G1cpNac  I I a-D-Manp- (143( J
g-D-iia1p-Ef44) -~-D-G1cpNac- (142) TABLE 13 SourceCarbohydrate sub fra
eatsBM 



bl;b4;b5;a-L-ruc-(1-46)-p-D-G1Cpxac9 b7 bl;b2;b3;10 b4;b5;b6;
-A-G1epNAC-(144} J3-D-Glcperen b7b8 bl;b2;b3;11 b4;b5;b6;
n-D-xanp-(1441-Pin-GGcpNAC-(L+4)-)3-D-G1cpN6C 1)7b8 1 8 August 2003 WO
00149412 PCTIILO0/00099 63  TABLE 13 (Continued) bl;b2;b3;12 b4;b5;b6;
a-D-xaap-(1.6)-a-D-na p-(1+41-R-D-GLcp2D.c-{144)-$-D-G1cpNGC b7;b8 bl;b2;
b3;13 b4;b5;b6;Ct-b-xanp-(1.43)-a-D-x.np-(144) 4
-D-GLCPmc-(144)-p-D-G1cpNac b7b8 b1;b2;b5;-D-GicpNac- (1-r2) -a-D-xanp-
(1-6) -a-D- P- (144) -p -D-G1 cpaAc- 01141 -P -D-G1CpNac14 b6 bl;b2;b3;15
b4;b5;b6;
p-D-G1cpNac-(142)-a-D-hanp-(1-.3}-a-D-xenp-(ir4)-p-D-63.cp3rf,c-(1+4)
-Ji-D-Glcpxac b7b8 b5;b6;b7;A-D-G1cpNac-(144)- -I)-xanp-(1-.)
a-D-2wnp-(1~4)-R-D-GicpNAC-(1-.4) -R -D-GLcpNac16 b8 bl;b2;b5;R-D-Gulp-
(1W) -(i-D-GlcpMac- (1421 it-D )leap- (1-6) G-D-p-(1-4 ) -{S -D-Glc- (1-4
17 Pw. 1 n-GlcpNao b6 bl;b2;b3;18 b4;b5;b6;A-D-Ga1p-(144) -R -b-G1cpNec-
[14Z)-a-D-i p- (1.3)-M-D-Maap- (1-M D-G1 NAC-  ) ~- (1-4) D-DLcpNar b7;b8
b5;b6;b7;R-D-6alp-(744)-A-D-G1cpWac-(1+4)-a-D-Xenp- (L-3) -a-D-vuap-(744 19
)-13-D-D1cpNAC-(1.+41-)3-n-GlcpNUC b$ 



b5;b6;b7;R-b-GlcpxaC-(14120 b8 a-D-xanp-{14 R-D-G1cpNaC-(1+21) bl;b4;b5;21
b7R-D-D1CpN4C I  -D-G1cpNAC-(L~4)J bS;b6;b7;9-D-Galp-(144)-
-D-61cpN&c-(I+4)22 b8 tt-b-xmp- (14 R-D-Glcpxec-(142)) bS;b6;b7;R-D-GLc N
c-(1+a)23 b8n rs-D-x  np-(L+ D-Gal  R- P-(1+4)-R-a-GLcpHec-(i+2)J bl;b4;b5;
a-L-1uc-(1+61124 b7{i -n-GicpNac a-D-xan P- (144)-D-G1CpTwC- (144) J b5;b6;
b7;0 -n-13asp-1144)-R-D-0IcpNac-(L~4)125 b8 G-D-xaap-(14 -n-Ga1P-(144
-$-D-Glcpuac-(3.42)J b5;b6;b7;u-D-xanP- (i+6) ,26 bS- R-n-GLcpNec-(L+4)t
G-D-xaaP-(),+  1 I  G-D-rt4np-(143)) R-n-GlcpNac-(1421) b5;b6;b7;
-n-GlcpNnc-is44}i27 b8a-D-llaap-(143} -it-a-xnnp-{14 R
-D-Gale-(144)$-n-GicpNac-11421) 



b5;b6;b7;a-n-zlenp f146)y28 b8a-D-x(r)p-{14- p-D-Galp-(744)$-n-Glcptaea-U-
4)- a-D-xenp-(1431J bl;b4;b5;29 b7R-D-G].cpNac
a-D-xagp-(L+61~-n'xmP-(1441-R-D-GLcpNAC-(1441) 18 August 2003 WO 00/49412
PCT/IL00/00099 64  TABLE 13 (Continued) bl;b4;b5;n-L-11-uc-(146)130 W{
P-a-Gicpuac [3-a--faap-(1+3) -tt-D-Raup-(1+4) - -D-GICA7AC-(1-.4)J b5;b6;
b7;P`D:Gaip-(1.4)-P-a-GicpNac- (1-4)1 -31 b8  -D-tia1P- (144} -D-GLcWac-
(1-.2)J b5;b6P-D-GLcpNac- (1.2) -a-D-Mmp- (. 6)i32 P-D-G1cPNac-(L.4)1
a-D-Mmp-(l. -a-Mnnp-(143)J -D-GLCptiac- (1.2 } J b5;b6;b7;
a-D-M4np-(1-.6)733 b8P-D-G1cpNac-(1-.4)1 a-b-)t flp-(1. i 1  a-a-Mang-
(l.3)J -D-Galp-(xi4)--a-GLcpNac-[1+Z}J b l ;b2;b5;P -D-GLCpNnc- (1.+2)
-a-D-nmp- (1"6)134 b6I  a-p-nanp- (14 P`D G41p-I144)-P-D-GLCpiac- (144)
-a-D-Manp- (13) bl;b4;b5;a-L-ruC-[146)135 b7A-n-GIcpNnc
P-D-DicpxaC-(142)--U-b-Maap- (1.3)-a-D-nanp- (1*4) -11 -D-SCpSU.c- (144) -1
bl;b5(L-.6)136 



P-D-Glcpxec P-D-GLcpNac-(142)-a-n-Kane-(1+6) a-b-lsanp- (1.4) - -P-GicpN.c-
(1.4)] b5;b6;b7;a-i.-rtic- [1.6)37 b8[  P-D-GLCpNar {
-D-51cpN4C-(144)-a-D-nanp-(143) -a-D-nanp- (1.4)-A-3) -GLcpMc-(1+4)-; b 1;
b5a-L-TUC- (146)138 P-D-GLcpN4c
P-D-Dalp-(x44)-P-D-GLcpNac-(1-+2)--n-nanp-(146)-U-D-nanp-(144)-$-D-GLcpNac-
(1-.4)1 bl;b4;b5;a-L-rnc-(146)739 b7I  P-II-GLcpNac
P-D-GaLP-1144)-$-n-GLcpNac-(L-2) -a-11-r[anp-[143)-U-D-nanp-(144)-fS
-D-GLCPNxc- (144)J b5a-L-TUC-(x46)140 ' P-D-GicpNac $-D-Ga1p-(1-4).- -0
-GLcpNac-(1-4)-a-D-nanp-[143)-a-D-nanp-(144) --P -D-GlcPNAc- (144) b5;b6;
b7;a-D-nanp-(146)141 bgP-b-Galp-(L44) -ft -D~GLcpNnc-[L+a)1 a-a-MAP-(i4 -
-D-1sanA-(243)J P-D-Delp-(1.4)-P-D-GLcpNac-(142)J b5;b6P
a-wtp-(1.41-P-D-Glcpxac-(L.2) ti-D-Meap-(1*6)142 A-D-GLcpuac-(1.4)7
a-D-Mabp- (14 I I  a-n-nanp-(1.3fJ - E  -D-G1CpN4c-(L+2)J bS;
b6P-D-Glcptiee-(142)-a-D-Keep-(146)143 -D-GLcpNac-(144)1 a-D-Mang-(14 I
a-P-) 4np- (143) ~ -D-Gasp-(1.4) - -D-OlcpNac-(1-2)J 1 8 August 2003 



WO 00/49412 65  TABLE 13 (Continued) PCT1IL00100099 b5;b6;b7;
(3-D-aalp-(1-r4) - -D-DLCPNac- (1-4rT44 b8{ a-D-M mP-(1"3) -C(-D-xanP-
(is41 '~`a-GicPN1~c- (L~ Ij-D-aa1p-[1s4) -P -0 -GICPNdC- (L42) bl;b2;b5;
6-D-6a-Lp-(144)- -D-13lcpliac-(1.2)---D-Manp-(146)T -45 b6 a-D-I[enp- (14
-D-asEP-(144)-$-a-alepxac-(144}-0-n-n=p-(1+3P b5;
b6P-D-0iCpHac-(L+2)-c-D-Maap-(1ye}T46 -D-6alp-(144}--D-61cpNeC-[1.4)T
CC-D-ynnp-{14  I 1  G-D-Mang- (1-r3 } J -P-G ip-(L-i4? - -D-DLcpNec-(1.2)1
b5;b6~-B-[caip-(1+4) ~-D-DLCpNeC-[1+2) a-D-H p {1+6)T47
-D-6a.1.p"(L-~4)"$-D-G1cpST6C-(1-F4)l CL-ID -M4MP (1-r a-D-NnssP-(143)1
-D~8lcpxec-(L+2}~ b5;b6-n-Gn1P (1+4? 'D-G1cpNec-(i.2j-a-D-xenp-{1.6)148
A-D-GicpN4c-(144}l a-D-Ifaap-(1.3)' -n-Ga1p-(1+4)--D-aicpNeC-(1a2 r1 bl;b2;
b5;A-D-Galp-C-4)-P-n-astpNac- (1r2) U-D-M=P- I1-61149 b6
a-D-xenp-(1+4}-S-a-01cpNAc-(1y  -4a1  ~-D
p-(1.4)-$-D-a1CpNac-(1+4}-(x-n-xmP-(1+3)1 b5;
b6(i-n-6a1p-(1+4)--A-D-GicpNac- (i42)-a-D-nanP- (1+6)T50
-D-tia1P-(2.+4)-A-D-61cpNac-(1-4) a-n-M*hp-(1+  ' a-D-Heap-(L 3)J 



-a-Oalp-{i+4} -n-D1FpNaC-(1+2)1 5 Table 14 includes a list of the EMs
required for the synthesis of the  complex carbohydrate collection
described in Tables 12-13. TABLE 14 EMFirst immobilized ERs sequence
monosaccharide(ERs details describe in Table 7) 1GI Nae-S -H17,CI,C4
H8,C5,HI0,D7,B3 2Gl Nac-SHI 7,CI,C4,H8,C5,H1O,D7 3GI Nac-SH17,CI,C4,H8,C5
D7,H1 0 4Glc Nac-SHI7,CI C4,H8,C5,D7,HIO,D7,B3 5Glc
Nac-SH17,CI,C4,H8,H9,CS,HIO,D7,B3 6Glc Nac-SH17,CI C4,H8,H9 C5,HIO,D7 7Gl
Nac-SH17,C1,C4,H8,H9,C5,D7,B3 8Glc Nac-SH17,CI,C4,H8,H9,CS,D7 7,63 9Gl
Nac-SB4 18 August 2003 WO 00/49412 PCT/IL00/00099 66  TABLE 14 (Continued)
10Glc Nac-SH17 11Glc Nac-SHI 7, Cl 12G1c Nac-SH17,CI,C7
13GlcpNac-SHI7,Cl,C4 14GlcpNac-SH17,CI,C7,H1O 15Gl Nac-SH17,CI,C4,H8
16GlcpNac-SH17,CI,C4,H9 17GlcpNac-SH17,CI,C7,HlO D7 18Glc
Nac-SHI7,CI,C4,H8,D7 19GlcpNac-SHI7,CI,C4,H9,D7 20D-Man-a-(1,0)-SH18,H19
21GlcpNac-SHI7,B5 22D-Man-a-(1,0)-SH18,D7,HI9 23D-Man-a-(1,0)-SHI8,H19,D7
24Gl Nac-SHI 7, CI,B3 25D-Man-a-(I,0)-SHI8,H19,D7
26D-Man-a-(1,0)-SC8,H8,H9,C7 27D-Man-a-(1,0)-SC8,H8,D7,H9 



28D-Man-a-(1,0)-SC8,H8,D7,C7 29Glc Nac-SHI7,CI,C7,B3 30GlcpNac-SHI
7,CI,C4,B3 31D-Man-a- 1,0 -SC8,H8,H9,D7 32D-Man-a- (1,q)-SC8,H8,H9,C7,HIO
33D-Man-a- 1,0 -SC8,H8,D7,H9,C7 34D-Man-a- 1,0 -SC8,H8,D7,C7,HIO
35GlcpNac-SHI 7,CI,C4,H8,B3 36Glc Nac-SHI7,CI,C7,HIO,B3
37GlcpNac-SHI7,Cl,C8,H9,B3 38GlcpNac-SHI 7,CI,C4,H8,B3,D7 39GlcpNac-S
-HI7,CI,C7,HIO B3,D7 40GlcpNac-SHI 7,CI,C8,H9,B3,D7 41D-Man-a- 1,0
-SC8,H8,H9,C7,D7 42D-Man-a- 1,0 -SC7,HIO,D7,H8,H9 43D-Man-a- 1,0
-SC8,H8,D7,H9,C7,HIO 44D-GIc Nac- - 1,0 -SC9,CIO,H8,H9,D7 45D-Man-a- 1,0
-SC7,H8,CS,HIO,D7 18 August 2003 WO 00/49412 67  TABLE 14 (Continued)
FCT/IL00/00099 46D-Man-a.- (1,0)-SC7,H8,H9,D7,C8,H10 47D-Man-a-
(1,0)-SC7,H9,C8,H10,D7,C8 48D-Man-a- (1,2)-SC7,H8,C8,H1O,D7,H8 49D-GIc Nac-
- 1,0 -SC9, C10,H8,C5,H10,D7 50D-Man-a- 1,0 -SC7,H8,H9,C8,H10,D7 5 EXAMPLE
3 During the latter half of the century it has been demonstrated 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 decorated with
branched points of constant length. Table 15 summerizes partial examples of
such unique structures. 15 TABLE 15 



SourceCommonActivityMonosaccharidcConfigurationReference namecontent
NothogeniaXylomannanantiviralxylose-mannose1,3-linked mannose (98
%)Matulewicz, 1978 fasrigiatasulfated in position 2 and 6 with single stubs
of I,2-x lose AgurdhiellaGalactanantiviralgalactose1,3-linked D- and
L-galactoseRees, 1965 tenerasulfatewith 3,6-anhydro-D- and L-galactose with
half ester sulfate EckloniceFucoidanand coagulantfucosea-1,2-linked units
of L-fucose-Nishino, 1989 kurome4-sulfate with branching or second sulfate
unit in position 3 SoccharomycesGlucanantiglucose0-1,3-D-glucose with
13-1,6-D-Konis, 1976; cerevisinZ mosantumorglucose branchesMisaki, 1968
MycobacreriumLAMevoking TNFarabinose-a-I,6-D-mannose core with aChattel ee,
1998; bovisand othermannose-1,2-D-mannose branchesNigou, 1997
cytokineselongate with linear a-1 5 D arabinose chain
AlcaligenesCrudlanantiglucoseLinear 13-1,3-D-glucoseSasaki, 1978 aecalis
var.tumor ChemicalAra-antiarabinose-P-1,3-13-glucose withMatuzaki, 1986
synthesisCrudlantumorglucosea-1,5-D-arabinose linked at position 4 _or 6 18
August 2003 WO 00/49412 68 PCT/IL00/00099 Viscosity studies as well as
X-ray analysis suggested that possible helical  and triple helical
structures are responsible for the abovementioned activities  (Misaki,
1997). However, further studies demonstrated that fragments derived 5 from
partial hydrolysis of these complex carbohydrates also posses some
therapeutic activities (Misaki, 1980). As such, the present invention can
be utilized to' screen combinatorial  oligosaccharide libraries which
include short oligomers derived from the  complex carbohydrates listed
above. Such fragments can, for example, include 10 one or two repeating
monosaccharide units attached therebetween through one  or two types of
glycosidic bonds. Such fragments can also include moderate  branching, when
required. 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 P(I,3)D-glucose and
P(1,6)D-glucose branches. Each of the  oligomers 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. 18 August 2003 WO 00/49412 69 PCT/ILOO/00099
~-n-G1cp-(1~s)7  -D-Glcp-(1+3)-~3-D-Glcp'-(1 r3)-~-D-Gicp  J
-D-Glop-(1-.3)-~-n-G1cp-(1-+3)-)i-D-Gicp-(l-r3)J 2 -D-Glcp-(L- -1 D-Glc
-D-Glop- (l--6) 1A -D-Glop- (1-6)~ I3-D-G1Cp-(1-+3) -p-D-G1cp  E E
)i-D-Gicp- (1yg)J -D-G1Cp- (1--3) ( 2 , 4 3 ) EXAMPLE 5 The following
example represents synthesized complex carbohydrates  5 consisting of a
backbone of j3(1,3)D-glucose units and a(1,5)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. a
D-Ares-(1-51-a-D-Arel-(I-5)-a-D-Arai-{1-.411 1 2 a-D-Ares- (i-.5}1
)i-D-Glop- (1 3) -D-G1cp- (1.31 -P -D-Gicp- (1+3) -li-D-Glop  -b-Gicp
-{ly3}- -D-Glrp-(1-*31J a-D-Araf-(1,s) I  -a-10-Arai-(1-.5) ac-n-~ref-(lysl
n-n-Arai-(142)j (S-D-Glcp-(1+31-A-D-Gl I  cp-(L-.3)j  P-D-61cp-(1-.3) -
-D-GLcp-IL431 - -D-Gicp-41-.31 -P-D-G1Cp-(143), 



g-D-Glcp-(1-.3)-P-D-Glcp-(1-.3)-a-D-Glop-(1-.31 -13-D-Glcp a-D-Arat-(1-.51)
a-D-Araf-(144)  n p-D-Glcp-ti-3)-0-D-slop-(1-.3) - -D-G1cp-(1-.31Z -D-Glop
-D-G1cp-(1-.11- -D-Glcp-{3H3)- -D-Gicp-(L*31~ ( J
a-n-Arai-(1.51-a-D-Ara[-(1-.2)j 18 August 2003 1 n 10 WO 00/49412
PCT/1LOQ/00099 70  EXAMPLE 6 The following example represents synthesized
complex carbohydrates  consisting of a(1,2)linked a-L-fucose or
a-L-fucose-4-sulfate with branching or  secondary sulfate units positioned
at position 3. Each of the oligomers shown  below includes 6 saccharide
monomers. It will be appreciated that an oligomer  consisting of 2 to 20
units or more can also be synthesized by the method of the  present
invention. " Sulfate- (4+4) -a-L-Thep- (142) -a-L-Fucp- (143)1 a-L-rucp-
it-~2) -ac-L-FUCp- li-~2) -a-L-FUCp-14- Ot -suX f to  Sulfdto- (044)
-a-L-FUCp- (1-*2) J Su1fete-f0 X41 [t-L-FUtp-(142)-a-L-F p-(14211  1
a-L-Fucp- (4-,01 -Sulfate (  Sulfdto- (O44) -a-L-FUCp- tl-2) -a-L-FUCp-
(LIZ) -a-L-FUCp- (1.+2) J Sulfate- 1044) -a-L-FUCp- (142) -a-L-FUCp-
(142)-1  1  sulfato-(O-44)l a-1-FUCp-(440)-sulfate ( I  a-L-Fucp- (1-2?
-CC-L-FUCp- 1142)J  I Sulfate- (044) -G-L-rucp- (1-,21J EXAMPLE 7 The
following example represents, synthesized complex carbohydrates  15
consisting of (1,3) linked a-D-mannose or a-D-mannose sulfated positioned
at  position 2 and/or 6, and including P(1,2)xylose stubs. Each of the
oligomers  shown below includes 5 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. 18 August 2003 WO 00/49412 71 I Sulfate-
(Oy6)~ a-D-Mang- (1-r3 ) -a-33-Ma=p- (1-.3)  Sulfate-(O-r2}1
a-D-Manp-(1-x31 Sulfate- (W2 )1 2 Sulfate-1D-6}1
a-)3-Manp-{1-+3)-a-D-Manp-(1~3)1 Su3 fate-(O4Z)1 A-33-Manp-(1-r3)7
Suifato-(Q-2)J a-D-Manp-(6-ID -Sulfate  a-D-xy1p- (1-.2)1 Sulfate- (O-#6)-E
I  n a-D-Manp-{1-.3)-a-n-Manp-(1-a3)-1 I I  a-D-Xylp-(1-.2)-J
a-D-Manp-(1)3}1 I I  Sulfate-(O~2)1 a-D-Manp-(5-.0}-sulfate a-D-xylp-
fl-.2)J PCTIIL00/00099 EXAMPLE 8 The following example represents
synthesized complex carbohydrates  5 consisting of a(1,5)D-arabinose and
a(1,2)D-mannose units with a core of a-D- arabinose unit connected to the
(x-D-arabinose unit at position 2 or to the a-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. 2 1 a-D-)leap-f1+2} -t-D-)lenp-t1,2}~-D-1rnEf1+2)~-D-amE-(1,5)
a-D-xraE-{S+5} a-D-eraE-(1,5)aD)lenp-(1,2) it-D-)lenp-(1,5) 4-n-AreE
n-D)enp-(1,2)-a-D-lwtp-(1,2)-P-D-1raf-(1,2)-a-D-eraf-(1,5)--Deraf-f1,5}-tt-
D-iraf-(1*51- -D-Ira f-(1,2)-a n-)leap-(1+5)-aD-AZdf 10
"axaap-{1+z}ix-a-Harry-(1,2)-O-p-Graf-(1,2) -a-eraf-(1+51 ri-a-Araft3+5).
D-Arst-(1,5}-a-a-eraf-(115)-u-D-kraf-(1+5)-a-D-xr^E 1 8 August 2003 WO
00/49412 PCT/IL00/00099 72  EXAMPLE 9 



The following example represents synthesized complex carbohydrates
consisting of a-1,5-D-arabinose and a-1,2-D-mannose units attached to a
single  core P-D-arabinose unit, which is connected to the a-D-arabinose
unit at 5 position 2 or to the a-D-mannose unit at any position. The
complex  carbohydrate also include a branched R-D-arabinose which is
positioned at  position 3. The branch antenna includes, as a major
oligomer, a single core P- D-arabinose unit connected to a-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. 1 2 a-D'Ma+ry (1.21 -a-P-Wp-t1.2) -)4
a-ar.(-(1+2) 6-n-llr.t-r1,91) -a -.r.1 -(1.2) -Sl-a-.r.!  (1+5) --P -.r.=-
[l.~) -4P -2r.! -(1+5) -2-D-lr.f  (I.5) .D a -.r.f
-n-)+.PPf1.2)-a-n-xar~-[1+21$n-Jr.f-t1+21 a-a-.r.L-Is+3)+ D-2
-I1.21a-a-14aP-t1+2)'d D-AY.[-(1+2)C-D. r.f-(22)) P-a -Yr.l (1.5)ab
vraf-r1-5)-2-P-wr.e-I1+1)-6.2 $ ( -(5.5)- -P ae[-(1+])-5aAr.[  -D -1s.aD'
(1+2) ~-n-x.~ - r 1.21 4-b ar.f -11.21 -a -a -aYd 2-D-r.Pp-(1.2) -2-a
-u.Pp-(1+2) -g D-ar.f -r1.2(  a ~r.f -[1,511 y.
6n--r.L-(I.s(V-D-.r.[-(1+2)-D-.r.f-(1+2)s-n-2
p-(1.5)-2-b-lr.1-11.2).21)^1ra!  n -a -a.~(1, 21 ~-n a.aD
-11,21-B-n-Ar.f-{],2) c-n-ira!(S.3Y COMPLEX CARBOHYDRATE LIBRAR Y SYNTHESIS
15 The following examples describe in detail experiments demonstrating
sequential enzymatic synthesis of complex carbohydrates libraries according
to  the teachings of the present invention. Materials and Methods 20
Abbreviations used below: BSA - Bovine Serum Albumin; GIcNAc -
N-acetylglucoseamine; PNP-GlcNAc - p-nitrophenyl-N-acetyl-3-D-GlcNAc;
GIcNAc-COOH - 2-(2-carboxyethylthio)-ethyl 2-(3-D-GIcNAc; NHS - N-
hydroxysuceinimide; EDC - 1-Ethyl-3-(3 dimethylaminopropyl)-carbodiimide;
O.D. - Optical Density; WGA - Wheat Germ Agglutinin; RCA120 - lectin from
18 August 2003 WO 00/49412 PCTIIL.00100099 73  Ricinus communis; BS-1 -
Lectin from Bandeiraea Simplicifolia; TGP - Lectin  from Tereagonolobus
purpureas; TML - Lectin from Tritrichomonas  



mobilensis; ECorA - Lectin from Erythrina corallodendron; FITC
Fluoresceine-iso-thi o-cyanate. 5 General materials: PBS - 0.1M phosphate
buffer pH 7.5 ,0.15M NaCl  (Sigma S-7653); TBS - 50 mM Tris/HCl pH 7.5
(Sigma T-6791), 0.15M NaCl;  TBST - TBS, 0.05 % Tween 20 (Sigma P-9416); -
High ionic strength  washing buffer- PBS , 2M NaCl, 60 millimolar MgSO4;
0.05 % Tween 20. A  peroxidase substrate -solution was prepared by mixing
in water 0 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 R-9187). Covalink NH was obtained from NUNC
(Cat.  No. 478042). Optical density and fluorescence were measured using a
multi- label counter VICTOR2 (Wallac OY, Finland). All microliter plate
incubations 15 were performed at controlled shaking speed and 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 rd of 50 mM
MOPS (SIGMA M-9027), 10 mg/ml BSA  20 (SIGMA A-7030), 20 mM MnCI2 (SIGMA
M-9522), 0.5 mg/ml UDP-Gal  (Calbiochem 670111) and 20 milliunits/nil of
recombinant X31,4  galactosyltransferase (Calbiochem 345650) at pH 7.4 were
added to each well  of a microtiter 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 replaced with TBS
0.2 % NaN3 (Sigma S-8032)  and the plate was stored at 4 C for subsequent
enzymatic reactions. A2: 100 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 1 8 August 2003 WO 00/49412 PCT/IL00100099 74  pH 7.4 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 l of TBST, the last  wash consisting
of a 15 minutes soak. The TEST was replaced with TBS 0.2 5 % NaN3 (Sigma.
5-8032) and the plate was stored at 4 9C for subsequent  enzymatic
reactions. B2: 100 l of 50 mM MOPS (SIGMA M-9027), 10 mg/nil BSA  



(SIGMA A-7030) , 20 mM MnCI2 (SIGMA M-9522), 0.5 mg/ml GDP-Fuc  (Calbiochem
371443) and 5 milliunits/ml of recombinant al,3 10 fucosyltransferase
(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 l of TBST, the last wash consisting of a 15  minutes
soak. The TBST was replaced with TBS 0.2 % NaN3 (Sigma S-8032)  15 and the
plate was stored at 4 C for subsequent enzymatic reactions. D3: 100 l of
100 mM sodium cacodylate buffer (SIGMA C-4945), 10  mg/ml BSA (SIGMA
A-7030), 20 mM MnCl2 (SIGMA M-9522), 0.5 mg/ml  UDP-Gal (Calbiochem 670111)
and 5 milliunits/ml of recombinant al,3  galactosyltransferase (Calbiochem
345648) at pH 6.5 were added to each well 20 of a microliter 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 gl of TBST, the last wash consisting of a 15  minutes soak. The TBST
was replaced with TBS 0.2 % NaN3 (Sigma S-8032)  and the plate was stored
at 4 C for subsequent enzymatic reactions. 25 A3: 100 1 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/ml of Recombinant
a2,6-(N)-sialyltransferase (Calbiochem  566222) at pH 6.0 were added to
each well of a microliter plate and the plate  was shaken at 50 RPM at 37 C
for 4 hours. Following incubation, the reaction 30 mixture was removed and
the wells were washed three times with 200 l of 1 8 August 2003 WO 00/49412
PCTIILOO100099 75  TEST, the last wash consisting of a 15 minutes soak. The
TBST was replaced  with TBS 0.2 %o NaN3 (Sigma S-8032) and the plate was
stored at 4 C for  subsequent enzymatic reactions. H3: 100 l of 50
mM.sodium cacodylate buffer (SIGMA C-4945), 20  5 mM MnCl2 (SIGMA M-9522)
10 mg/ml BSA (SIGMA A-7030), 5 %  dimethylsulfoxide, 0.5 millimolar
UDP-GlcNAc (CalbiochEm 670107), 0.75  millimolar of adenosine three
phosphate and 5 milliunits/ml of recombinant  (31,3 N
acetylglucoseaminyl-transferase (prepared as described in Zhou et al.,
Proc. Natl. Acad. Sci. USA Vol. 96 pp. 406-411) at pH 7.0 are added to each
10 well of a microtiter plate and the plate is shaken at 50 RPM at 37 C for
10  hours. Following incubation, the reaction mixture is removed and the
wells are  washed three times with 200 l of TBST, the last wash consisting
of a 15  



minutes soak. The TBST is replaced with TBS 0.2 % NaN3 (Sigma S-8032)  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 when the enzymatic  reactions
are performed in Covalink NH plates including a covalently coupled
monosaccharide. Lectin/antibody binding assays: 20 WGA: 100 l of 5 g/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  MnCl2 and of CaC12. The- wells
were washed 3 times with 200 p1 TBST, with a  last wash consisting of a 15
minutes soak. To detect the peroxidase labeled 25 WGA, .100 i1 of fresh
peroxidase substrate solution was added, and an hour  later the O.D. of the
solution (at 450 nm) was determined. RCAI20: 100 p1 of 10 pg/ml RCA120
lectin conjugated to peroxidase  (SIGMA L-2758 , 11 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 30 millimolar each of MnCl2 and CaC12. The wells
were washed three times with 18 August 2003 WO 00/49412 PCTnLOO/00099 76
200 p1 TBST with a last wash consisting of a 15 minutes soak. 100 pl of
fresh  peroxidase substrate solution was added, and an hour later the O.D.
of the  solution (at 450 nm) was determined. TGP: 100 p1 of 20 pg/ml TGP
lectin conjugated to peroxidase (SIGMA  5 L-1508, 10 peroxidase units per
mg protein) was added to the plates and  incubated for one hour at 25 C in
TBS containing 1 % BSA and 10 millimolar  of MnCl2 and of CaC12. The wells
were washed three times with 200 gl TEST  with a last wash consisting of a
15 minutes soak. 100 p1 of fresh peroxidase  substrate solution was added,
and an hour later the O.D. of the solution (at 450  10 rim) was determined.
BS X: 100 p1 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 I  %
BSA and 10 millimolar of MnCI2 and of CaCI2. The wells were washed three
times with 200 p1 TBST with a last wash consisting of a 15 minutes soak, 15
following which, 100 p1 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 l TBST with a last wash consisting of a 15
minutes soak. 100 1 of fresh peroxidase substrate solution was added, and
an  20 hour later the O.D. of the solution (at 450 rim) was determined.
TML: 100 pi 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 I %
BSA. The wells were washed 3 times with 200 pl TBST with a  last wash
consisting of a 15 minutes soak, following which, 100 p1 of TBS 25
containing I % 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 I hour at 25 C. The wells were washed 3 times with 200 p1
TBST with a  last wash consisting of a 15 minutes soak. 100 l of fresh
peroxidase substrate WO 00/49412 18 August 2003  PCT/IIMO/00099 77
solution was added, and an hour later the O.D. of the solution (at 450 nm)
was  determined. Anti-Sialyl Lewis X: 100 l of 10 p.g/ml anti-Sialyl Lewis
X IgM from  mouse (Calbiochem 565953) was added to the plates and incubated
for 1 hour at  5 25 C in TBS containing 1 % BSA. The wells were washed 3
times with 200 l TEST with a last wash consisting of a 15 minutes soak,
following which, a  solution of TBS containing 1 %- BSA and 100 l of 5 g/ml
goat anti-mouse  1gM conjugated to biotin (SIGMA b-9265) was added to the
plates and  incubated for one hour at 25 C. The wells were washed 3 times
with 200 ml 10 TBST with a last wash consisting of a 15 minutes soak,
followed by incubation  with 100 ml of TBS containing 1 % BSA and 5 gg/ml
avidin conjugated to  peroxidase (SIGMA A-3151, 40 peroxidase units per mg
protein) for 1 hour at  25 C. The wells were washed three times with 200 p1
TBST with a last wash  consisting of a 15 minutes soak. 100 l of fresh
peroxidase substrate solution 15 was added, and an hour later the O.D. of
the solution (at 450 nm) was  determined. ECorA: 100 l of 20 gg/ml 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 MnC12
and of CaCl2. The wells were 20 washed three times with 200 1 TBST with a
last wash consisting of a 15  minutes soak, following which, 100 Al of TBS
containing 1 % BSA and 5 p.g/mI  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 



25 minutes soak. 100 l of fresh peroxidase substrate solution was added,
and an  hour later the O.D. 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. WO 00/49412
78  EXAMPLE 10 18 August 2003  PCTIIL00/00099 Acceptor immobilization - the
first step While reducing the present invention to practice several methods
for  monosaccharide acceptor immobilization to microtiter plates were
perfected.  5 The Monosaccharide acceptors were bound to a microtiter plate
surface via a linker and lectins or antibodies directed against the complex
carbohydrates  synthesized were utilized to measure binding efficiency as
is further described  hereinabove. Plate immobilization of the first
monosaccharide acceptor building block  10 was performed by either (i)
adsorption of neoglycoprotein BSA-GlcNAc (3-D- GlcNAc conjugated to BSA) to
the surface of a microliter plate; or (ii) 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 according
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: Adsorption of
GlcNAc conjugated to BSA to Maxisorb plates: A solution of 0.1 M Na2CO3 pH
9.6, including 0-3000 ng of BSA- GIcNAc (prepared as' described by Monsigny
et al., Biol. Cell, 51,187 1984)  was aliquoted in 100 l 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 l of 0.1 M Na2CO3  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 



1 8 August 2003  WO 00149412 PCT/IL00/00099 79  G1cNAc solution was
replaced with TBS buffer/0.2 % NaN3 BSA 1 % and the  plate was stored at 4
C. The adsorption of BSA-G1cNAc was verified peroxidase conjugated  WGA as
described hereinabove. 5 Results: The surface area of a single 66 kDa BSA
molecule (approximately 50  nm2) is covered with approximately 25 GIcNAc
groups. On a Maxisorb surface  which is fully coated with BSA-GIcNAc, the
average distance between adjacent  GIcNAc groups is approximately 1.0 nm
and the diameter of the lectin's 10 carbohydrate recognition site is about
2 nm. Thus, in order to prevent steric  interference between adjacently
bound lectins or between bound lectin and other  monosaccharides, the
density of the immobilized monosaccharides should not  exceed 1014 per
cm2_. Since in this case, the immobilized monosaccharide forms  a part of a
bound protein molecule which is approximately 5 nm in diameter, the 15
monosaccharide groups are positioned approximately 5 nanometers above the
plate surface and thus are available for enzymatic elongation by the
glycosyltransferase. Figure 8a describes a saturation curve for BSA-GIcNAc
bound to a Maxisorb microtiter plate. Following BSA-GIcNAc binding, plates
were washed with TBST, a  20 buffer that contains a medium ionic strength
detergent (0.15 M NaCl), in order  to remove non-specifically bound
lectins. This wash step does not remove the  bound BSA and. thus allows
sequential enzymatic reactions. As shown in  Figure 8b, the bound BSA was
stable throughout 12 extensive washing cycles.  Following each wash step,
the amount of BSA-GIcNAc (starting at 200 ng/well)  25 was measured by WGA
lectin binding as described above. Covalent immobilization of G1cNAc 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
P-D-GlcNAc (with a 30 single elongation cycles) or to NHS/EDC activated
CovaLink NH are shown in WO 00/49412 18 August 2003  PCT/ILOO/00099 80
Figures 7a-b. The density of the amino groups on the Covalink NH surface is
14 per cm2 



10 and the average distance between the GlcNAc groups is I urn  which is
sufficient for lectin binding. Following incubation with reaction  mixture
D7 (P 1,4 galactosyltransferase, described in Figure 8c), the transfer of 5
P-D-galactose to the plate immobilized phenyl-#3-D-GlcNAc (22 atom linker)
is  verified using ECorA lectin binding assay as described above. The
transfer of  (3-D-galactose to the plate immobilized P-D-G1cNAc (NHS/EDC
activated plate  with a 20 atom linker) was not detected. This might be due
to differences in  linker length. 10 The above described covalent
immobilization methods enable the use of  a very high ionic strength buffer
(e.g., 6 M Guanidine HCl or 100 mM NaOH)  in subsequent washing steps thus
allowing accurate "in situ" verification of each  enzymatic step utilized
by the process. The removal of nonspecifically bound molecules is crucial
for accurate  15 library synthesis. Since glycosyltransferases are
glycoproteins with complex  carbohydrates presented on their outer surface,
nonspecific adsorption of the  enzyme may interfere with, or generate
errors in, the synthesis. Lectins and  antibodies are also glycoproteins
and as such non-specific binding 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  synthesis 'of complex
carbohydrates. Instead, synthesis reactions performed  according to the
present invention utilized BSA as a blocking agent since it is
non-glycosylated. As shown by Figure 7b, while chemical blocking agents 25
interfered with lectin binding, blocking with BSA enabled specific lectin
binding while substantially reducing non-specific binding. During practice,
it  was realized that since cyanuric chloride activated amino groups
hydrolyze  spontaneously in water there is no need for further blocking
when using this  plate coupling procedure. 18 August 2003 WO 00/49422
PCTIILOO/00099 81  EXAMPLE 11 Library synthesis High yield is critical to
an iterative solid phase enzymatic synthesis.  Since glycosyltransferases
catalyze the transfer of a sugar moiety from an  5 activated nucleotide
phosphate sugar donor to an appropriate acceptor, degradation of the
phosphodiester energetic bond of the nucleotide sugar is  irreversible. As
such, there is no theoretical obstacle hindering the completion  of the
synthesis reactions. Preferably, the nucleotide sugar concentration of the



reaction should be approximately 10 to 20 fold higher than a Km value of
the 10 enzyme to the donor, which ranges from several to several hundred
millimolars. In a single microliter plate well which contains approximately
100  l of solution, 0.2. nanomoles of well-bound saccharide groups are
available for  the enzymatic reaction. As such, a nucleotide sugar
concentration equal to or  greater than I millimolar is sufficient. 15
Materials and methods: NHS/EDC activation and coupling of /D-GIcNAc: 50 l
aliquots of a  2- (2-carboxyethylthio)--ethyl 2-(3-D-GIcNAc (NNI SS-01-003)
solution were  dispensed onto CovaLink NH strips and the strips were
incubated in wells  containing 50 I of a solution including 3 mg/ml of
1-Ethyl-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/*ater (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 ml of acetone was  30
added, while stirring, to 45 ml of 0.1 M phosphate buffer. An aliquot (200
l) WO 00/49412 18 August 2003  PCT/IL00700099 82  of this solution was
quickly added (within 2 minutes) to each well of a Covalink  NH plate. The
plate was incubated at room temperature for 5 minutes following  which the
solution was discarded and the plate washed three. times with double
distilled water and dried at 50 C for 30 minutes. 5 Amino linker elongation
cycle: 100 gl of a 1,8-diamino 3,6 (MERCK  8181.16) solution (3 ml in 50 ml
0.1 M carbonate buffer pH 9.6) or 1,8  diaminooctane (ALDRICH D2, 240-1)
solution (100 mg per ml 0.1 M  carbonate buffer pH 9.6) was added to each
well of a cyanuric chloride  activated plate. The wells were sealed and the
plate was incubated at 25 C for 10 12 hours. Following incubation, the
wells were washed four times with water  and the plate was cyanuric
chloride activated as described above. An elongation  cycle of 1,8-diamino
3,6 dioxaoctane was repeated until the desired linker  length was achieved.



Coupling of ,&D-GleNAc (first monosaccharide building block):  15 GlcNAc
monosaccharide molecules were linked to the activated plates  described
above. The following procedure was utilized to effect linking: a  solution
containing 60 mg/ml sodium dithionite in 0.1 M sodium carbonate was  added
to each well of rows B-H of the plate. A 200 l aliquot of a second
solution containing 20 mg of p-nitrophenyI-N-acetyl-p-D-GlcNAc (Calbiochem
20 Cat. No. 487052) and 200 mg of sodium dithionite (Fluka Cat. No. 71700)
which were dissolved 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
l/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 1&D-G1cNAc: The presence of
covalently bound P-D-GlcNAc was verified by binding of WGA conjugated to
30 peroxidase or fluoresceine-iso-thio-cyanate (FITC). Detection was
performed WO 00/49412 18 August 2003  PCT/IL05/00099 83  as follows: 100 I
of 5 g/ml of peroxidase (SIGMA L-3892, 150 peroxidase  units per mg
protein) or FITC (SIGMA L-4895) conjugated WGA prepared in  TBST including
10 millimolar of MnC12 and of CaC12 was incubated in each  well at 25 C for
one hour. The wells were washed three times with 200 it high  ionic
strength washing solution, with the last wash consisting of a 15 minutes
soak. To develop the peroxidase labeled WGA, 100 l of fresh peroxidase
substrate solution was added and an hour later an O.D. at 450 nn-1 was
measured.  The FITC conjugated WGA bound to the P-D-G1cNAc-white Covalink
NH  strips (NUNC 453690) was excited (485 nm) and the fluorescence emission
10 therefrom was measured (520 nm). Transferring ofi1,4galactose to
covalently bound,&D-GlcNAc: 100  p1 of 50 mM MOPS pH 7.4 (SIGMA M-9027),
0.2 % Triton CF 32 (Sigma), 20  mM MnC12 (SIGMA M-9522), 0.5 mg/ml UDP-Gal
(Calbiochem 670111) and  20 milliunits/ml of a recombinant
X31,4-galactosyltransferase (Calbiochem 15 345650) were added to each well
of a plate coupled with P-D-GlcNAc. The  plate was shaken at 50 RPM at 37 C
for 12 hours. Following incubation the  reaction mixture was removed and
the wells were washed three times with 200  pl of high ionic strength
washing buffer, the last wash consisting of a 15  



minutes soak. The transfer of X31,4-galactose was detected via biotin
conjugated 20 lectin (Erythourina corallodenron ECorA) as follows: an
aliquot including of  20 g/ml ECorA conjugated to biotin (SIGMA L-0893, 5
moles of biotin per  mole protein) prepared in TEST including 10 millimolar
of MnC12 and of CaC12  was added to each well and the plate was incubated
for one hour at 25 C. The  wells were washed 3 times with 200 l of high
ionic strength washing buffer, 25 the last wash consisting of a 15 minutes
soak. Following incubation with 100 ml  of avidin conjugated to peroxidase
(5 pg/ml in TBST) the wells were washed 3  times with 200 l of high ionic
strength washing buffer, the last wash consisting  of a 15 minutes soak. To
detect binding, 100 gl of fresh peroxidase substrate  solution was added
and an hour later, an O.D. at 450 nm was measured. 18 August 2003  WO
0.0/49412 PCT/ILOO/00099 84  Measuring the kinetics of X1,4
Galactosyltransferase (D7) in solid phase. The enzymatic reaction mixture
is as described for D7 with the  exception that in this case 3.9
milliunits/ml of X31,4-Galactosyltransferase were  utilized. The solid
phase consisted of Maxisorb plates coated with 3 gg/well of 5 BSA-G]cNAc.
The enzyme mixture was added to each well at 10 minutes  intervals. The
wells were then washed with TBST three times and the binding  of RCA120 was
measured as described 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 galactose to 0.5 nanomole of bound GIcNAc  using 0.5 mU of
(3-1,4 galactosyltransferase takes approximately an hour to  complete, as
compared to approximately one minute it takes to complete the  same
reaction in solution. Therefore, to achieve maximum yield, 0.5 milliunits
15 of each enzyme were employed for 3-4 hours. Nucleotide phosphates (UDP,
CMP, GDP) which result from the break  down of nucleotide sugar are
by-products of these enzymatic reactions. 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 length,
flexibility of the complex carbohydrate, immobilization of  carbohydrate
groups 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. WO 00/49412 85  EXAMPLE 12 PC 8 2003 Library 1 Figure 9 describes
the enzymatic steps required for the synthesis of a  library consisting of
the structures described in Table 17 immobilized to a plate,  5 outlining
the organization of the microliter plate, the enzymatic reactions performed
at each step and the lectins/antibody binding assays. Each enzymatic  step
is verified against a control strip which does not contain the added
nucleotide sugar. A different set of enzymatic reactions (described in
detail hereinabove)  .10 were performed in each strip in accordance with
the procedures developed by  the present invention. The Tables below
describe in detail the various reactions  and components utilized in order
to generate this library. Table 16 summarizes  the enzymatic reactions used
to synthesize the first library, Table 17 describes  the enzymatic modules
(EM's, further described in Examples 1-9), the complex 15 carbohydrate
structures formed and the lectin/antibody binding assays  performed for
each strip, while Table 18 describes the lectins/antibodies binding  assays
that were used to verify the complex carbohydrate structure formed
following each enzymatic step.  20 TABLE 16 25 Enzymatic reactions utilized
in the synthesis of the first library (donors,
indexextensionaJPos.acceptordonorEn me Cat. No.E.C. A2a3D-GaI- 1,4
D-G1cNAc-RCMP-NeuACCalbiochem 566212.4.99.6 A3a6D-GaI- 1,4
-D-G1cNAc_RCMP-NeuACCalbiochem 566222.4.99.1 B2D-Gal-
1,4a3-D-G1cNAc-RGDP-L-FucCalbiochem 344322.4.1.152 D3a3D-Gal- 1,4
D-G1cNAc-RUDP-GalCalbiochemn 345642.4.1.151 D74-G1cNAc-RUDP-GalCalbiochem
345652.4.1.38 acceptors and indexes WO 00/49412 86  TABLE 17  



EMs List 18 August 2003  PCT/ILOO/00099 EMFirst Immobilized ERs Structure
FormulaLectin/Antibody MonosaccharidesequenceBinding Assays IG1cNAc-SD7Gal
1,4 GIcNAc-SRCA120 + 2G1cNAc-SD7,A2NeuAC a 2,3 Gal. 1,4 GicNAc-STML+,
RCA120 - 3GIcNAc-SD7,43NeuAC a 2,6 Gal 1,4 GIcNAc-STML+, RCA120 - 4GIcNAc-S
.D7,D3Gal a 1,3 Gal 1,4 G1cNAc-SBS I+ , RCA120 - 5GIcNAc-SD7.B2Gal 1,4 uc a
1,3 GlcNAc-STGP+ 6GIcNAc-SD7,A2,B2NeuAC a 2,3 Gal (3 1,4 (Fuca
1,3)G1cNAIgMAnti-Siatyl Lewis X+ - NameType of SpecificityCat.
No.SourceLabeling Molecule WGALectorGIcNAcSigma L-3892Tritcum vul
arilPeroxidasefFlTC RCA 120Lectin-GaISigma L-2758Ricinus communisPeroxidase
BSILectina-Gal, a-GaINASi ma L-3759Bandeiraca Sim lice oliaBiotin
TGPLectina-FucSigma L-15082erea onolobus purpureasPeroxidase
TMLLectinSialic acidCalbio. 431803Tritrichomonas mobilensisBiotin
Anti-Sialyl IgMSialyl Lewis XCalbio. 565953MouseGoat anti mouse Lewis
X/Peroxidase Results:  Figures 1 Oa-f describe the lectins/antibodies
binding assays performed on each strip following each enzymatic reaction.
The increase in binding of  10 RCA120 (Figure 1Oa) indicates transfer of
J3-D-Galactose to G1cNAc and  formation of a stable P-1,4 glycosidic bond.
The efficiency of the second  enzymatic step was verified via an increase
in BS-I binding (Figure 1Ob) which  is indicative of a transfer of
a-D-Galactose to Gal P-1,4 G1cNAc and formation  of stable a-1,3 glycosidic
bond therebetween. The increase in TGP binding 15 (Figure 1Oc) is
indicative of a transfer of a-L-fucose to Gal P-1,4 G1cNAc 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 lOd-e an. increasd in TML binding indicates a transfer of a-D-NeuAC
to Gal P-1,4 G1cNAc forming a stable a-2,6 - 2,3 glycosidic bond 20
therebetween. The increase in anti sialyl Lewis X IgM binding (Figure 10f) 



TABLE 18  Lectin/Antibody binding assays WO 00/49412 18 Au ust 2003
PCT/IL00100099 . 87 _  indicates a transfer of a-L-fucose to NeuAC a-2,3
Gal R-1,4 G1cNAc forming  a stable a-1,3 glycosidic and generating Sialyl
Lewis X antigen composed of four different monosaccharides. 5 EXAMPLE 13
Library 2 The following library exemplifies the ability of the synthesis
method of  the present invention to synthesize poly N-acetyllactose amine
type II chain of  different lengths. Figure I1 describes the organization
of the microliter plate, 10 the enzymatic reactions to be performed in each
step and the lectins binding  assays that can be used to verify the
efficiency of the various enzymatic steps.  Each enzymatic step is verified
against a control strip which does not contain  the added nucleotide sugar.
Each strip is subjected to a different set of  enzymatic reactions
(Enzymatic Module -EM) which are performed according  15 to the procedures
developed by the present invention. Table 19 describe the enzymatic
reaction mixes and conditions  (described in detail hereinabove) that are
used for synthesis of Poly N- 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. RCA120 binding
assay is performed after each  enzymatic step as described above to
evaluate the addition of Galactose  (RCA120 binding) or GIcNAc
(disappearance of RCA120 binding) to the  elongating poly
N-acetyllactoseaminide chain. 25 TABLE 19 A list of Enzymatic Reactions
used for synthesis of Poly N- acetyllactoseaminide library(donors,
acceptors and indexes) index extensionoclPos.acceptordonorEnzymes Cat.
No.E.C. D74D-G1cNAc-RUDP-GalCalbiochem 3456502.4.1.38
H33D-Gal-f3(1,4)-D-UDP-G1cNAcZhou et al., GIcNAc-RProc. Natl. Acad. Sci.
USA Vol. 96 pp. 406-4 WO 00/49412 88  TABLE 20 



EM List 18 August 2003 PCTIIL00700099 EMERs sequenceStructure FormulaRCA
120 Binding Assays ID7,H3GIcNAc 1,3 Gal 1,4 GlcNAc-SRCA120- 2D7,H3,D7Gal
1,4 GcNAc 1,3 Gal 1,4 G1cNAc-SRCA120 + 3D7,H3,D7,H3GlcNAc p 1,3 Gal p 1,4
GlcNAc 0 1,3 Gal R 1,4RCA120 - GIcNAc-S 4D7,H3,D7,H3,D7Gal p 1,4 GlcNAc p
1,3 Gal (3 1,4 GlcNAc p 1,3 GalRCA120 + 1,4 GlcNAc-S
5D7,H3,D7,H3,D7,H3GlcNAc p 1,3 Gal p 1,4 GlcNAc l3 1,3 Gal 0 1,4RCA120 -
G1cNAc 1,3 Gal 1,4 GlcNAc-S 6D7,H3,D7,H3,D7,H3,D7Gal l3 1,4 GlcNAc 13 1,3
Gal 0 1,4 G1eNAc p 1,3 GalRCA120+ 1,4 GIcNAc 1,3 Gal 1,4 GlcNAc-S EXAMPLE
14  5 Library 3 The following library exemplifies the ability of the
synthesis method of  the present invention to synthesize poly
N-acetyllactose amine type 11 chain of  different lengths and
modifications. This library include oligosaccharide  structures with two
branches. The first monosaccharide is bound to the surface 10 via BSA.
Table 21 describes the enzymatic. reactions that are utilized for the
synthesis, while Table 22 describes the enzymatic modules (EM's) utilized
and  the complex carbohydrate structures formed thereby. To verify the
accuracy of  the sequential 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
indexextensionalpPos.acceptordonorEnzymes Cat. No.E.C.
D74D-GlcNAc-RUDP-GalCalbiochem 3456502.4.1.38 A2a3D-Gal- l,4
-D-GIcNAc-RCMP-NeuACCalbiochem 5662182.4.99.6 B2D-Gal-
1,4a3D-GlcNAc-RGDP-L-FucCalbiochem 3443232.4.1.152
H303D-Gal-0(1,4)-D-GlcNAc-RUDP-GlcNAcZhou et al., Proc. Natl.  Acad. Sci.
USA Vol. 96pp. 406-411 WO 00/49412 



89  TABLE 22 EM List 18 August 2003  PCTIILOO/00099 EMERs sequenceStructure
Formula ID7,H3,D7,B2Gal 1,4 uc a 1,3) GlcNAc 1,3 Gal 1,4 (Fuc a 1,3)
G1cNAc-S 2D7,H3,D7,A2,B2NeuAC a 2,3 Gal 1,4 Fuc a 1,3) GIcNAc 1,3 Gal 1,4
Fuc a 1,3) GJcNAc-S 5 Thus, the present invention provides an efficient and
accurate method for  a solid phase synthesis of complex carbohydrates of
branched or unbranched  structures. Although the invention has been
described in conjunction with specific  10 embodiments thereof, it is
evident that many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is intended  to
embrace all such alternatives, modifications and variations that fall
within the  spirit and broad scope of the appended claims. 18 August 2003
WO 00/49412 REFERENCES 90 PCTIIL00/00099 1. Arya, P. and Ben, R.N. (1997)
Angew. Chem. Int. Ed. Engl. 36 1280- 1282. 2. Ashardy, E., Atherton, E.,
Gait, M_J. Lee, K. and Sheppard, R.C. (1979)  J. Chem_ Soc. Chem. Commun.
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of claim g, wherein said  closed reaction chambers are arranged at a
density of 4-25 per square cm, 10. The combinatorial complex carbohydrate
library of claim S, 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  solid support is a chip and further
wherein different complex carbohydrate strictures  of said plurality of
addressable complex carbohydrate structures are arrange in patches  spaced
not more than 2.25 mm from one 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 ofpolystereae
cross- linked with divinylbenzene, polyethylene glycol-polystyrene block
copolymer,  polyamides, polyacrylarnide, polymethacrylamide, silica, glass,
quartz, plastic and  cellulose. 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 contiguous sace
aride units of a single species. 18 August 2003 103  14. The combinatorial
complex carbohydrate libraryof claim 1, wherein at least one of said
plurality of addressable complex carbohydrate structures includes at  least
one branch. 15. The combinatorial complex carbohydrate library of claim 14,
wherein at  -least : one of said at least one branch is formed of identical
core and branching  saccharide units. 16. The combinatorial complex
carbohydrate library of claim 1, wherein at  least one of said plurality of
addressable complex carbohydrate structures includes at  least 4 saccharide
units. IT 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 library of claim 1, wherein at  least cue 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 saceharide units. 20.
The combinatorial complex carbohydrate library of claim 1, wherein said  -
plurality of addressable complex carbohydrate structures are a
representation including  non-natural complex carbohydrates. 18 August 2003
104  21- The combinatorial complex carbohydrate library of claim 1, wherein
said plurality of addressable complex carbohydrate structures are a
representation including  natural complex carbohydrates. 22. The
combinatorial complex carbohydrate library of claim 21, wherein  said
natural complex carbohydrates are derived from a human source. 23. The
combinatorial complex carbohydrate library of claim 22, wherein  said human
source is selected from the group consisting of a tissue, cells and body
fluids. 24. The combinatorial complex carbohydrate library of claim 1,
wherein said  plurality of addressable complex carbohydrate structures are
a representation of  domains of at least one natural complex carbohydrate.
25. The combinatorial complex carbohydrate library of claim 24, wherein
said at least one natural 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 (b) enzymatically synthesizing a plurality of complex
carbohydrate  structures, each of said plurality of complex carbohydrate
structures  being attached to at least one dedeicated location of said
plurality of  locations, thereby producing the addressable combinatorial
complex  carbohydrate library. 18 August 2003 Jos  27. The method claim 26,
wherein attaching each of said plurality of complex carbohydrate structures
to said solid support is effected by a linker. 28. The method of claim 27,
wherein said linker includes at least two  contiguous covalent bonds. 29.
The method of claim 27, wherein said linker is selected from the group  



consisting of an amino acid, a peptide, a nun-glycosylated protein, a
lipid, a ceramide,  dolicol phosphate, a cyclodextrin, an oligosaccharide,
a monosaccharide, an alkyl  chain and a nucleic acid. 30. The method of
claim,27, wherein said linker is of a length of at least 20  Angstrom. 31.
The method of claim 261, 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  nun 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. 18 August 2003 106  3S,
The method of claim 34, wherein said closed reaction chambers are  arranged
at a density of 4-25 per square cm. 36.' The method of claim 34, wherein
each of said closed reaction chambers  is of 50-1000 nanoliter in volume.
37. The method of claim 26, wherein said solid support is of a substance
selected from the group consisting of polysterene cross-linked with
divinylbenzene,  polyethylene glycol-polystyrene block copolymer,
polyamides, polyacrylamide,  polymethacrylamide, silica, glass, quartz,
plastic and cellulose. 3S. The method of claim 26, wherein at least one of
said plurality of  complex carbohydrate structures includes at least two
contiguous saccharide units of a  single species. 39. The method of claim
26, wherein at least one of said plurality of  complex carbohydrate
structures includes at least one branch. .40. The method of claim 39,
wherein at least one of said at least one branch  is formed of identical
core and branching saccharide units. 41. The method of claim 26, wherein at
least one of said plurality of  complex carbohydrate structures includes at
least 4 saccharide units. 42. The method of claim 26, wherein at least one
of said plurality of  Complex carbohydrate structures includes at least 5
saccharide units. 18 August 2003 107  43. The method of claim 26, wherein
at least one of said plurality of 



complex carbohydrate structures includes at least 6 saccharide units. 44.
The method of claim 26, wherein at least one of said plurality of  complex
Carbohydrate structures includes at least 7 saccharide units. 45. The
method of claim 26, wherein said plurality of complex carbohydrate
structures are a representation including non-natural complex
carbohydrates. 46. The method of claim 26, wherein said plurality of
complex carbohydrate  struuctures are a representation including natural
complex carbohydrates. 47. The method of claim 46, wherein said natural
complex carbohydrates are  associated with a condition selected from the
group consisting of tumorogenesis,  metastasis, pregnancy, vascular
disease, heart disease, neurodegenerative disease,  autoimmune disease,
infertility, allergies, embriogenesis, apoptosis neurodegenerative
disorders and organ transplantation. 48. The method of claim 46, wherein
said natural complex carbohydrates are  derived from a human soiree. 49.
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  carbohydrate. 1
8 August 2003 108  51. The method of claim 50, wherein said at least one
natural complex  carbohydrate is derived from a human source. 52. A method
of identifying 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 of locations; and (ii)
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 carbohydrate library; and
(b) screening said addressable combinatorial complex carbohydrate library
with the entity for identifying the complex carbohydrate, capable of
binding the entity. 53. The method of claim 52, wherein said entity is
selected from the group  consisting of proteins encoded by an EST library,
and proteins extracted 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 a Iigand
known to bind a  specific natural complex carbohydrate, and further wherein
said addressable 18 August 2003 109  combinatorial complex carbohydrate
library is a representation of domains of said  specific natural complex
carbohydrate, the method serves for identifying a specific  domain of said
domains which binds said ligand. 56. A method of diagnosing a disorder by
self or non-self complex  carbohydrate structures and elicitation of
antibodies thereagainst, the method  comprising 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 (ii)
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 carbohydrate library; and
(b) reacting said addressable combinatorial complex carbohydrate library
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 pattern with a known pattern
characterizing a healthy individual, a diagnosis of said disorder is
obtainable. 18 August 2003 110 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. 




