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(57) ABSTRACT 

The present invention relates to simpli?ed synthesis, neW 
carbohydrate-based products and practical use of different 
carbohydrate-based products. Examples of these are 
(Gala1-3Gal), GlcNAc[31-3Gal, (X- or [3-glycosides thereof, 
Gal011-3Gal- containing tri-, or higher oligosaccharides, (X 
or [3-glycosides thereof, GlcNAc[31-3Gal containing tri-, 
tetra-, or higher oligosaccharides, and derivatives and/or (X 
or [3-glycosides thereof, Gal0t1-3GalGlcNAcB1-3Gal, (X- or 
[3-glycosides thereof, Galal-3Gal[31-4GlcNAc[31-3Gal[31 
4Glc, or other higher oligosaccharides containing the 
Gal011-3Gal-structure, (X- or [3-glycosides thereof, modi?ed 
carbohydrates, di-, tri-, oligo-, or polyfunctional products 
containing carbohydrate structures, and the use of the prod 
ucts for synthesis, af?nity puri?cation, diagnostic applica 
tions and therapy. 

8 Claims, 7 Drawing Sheets 
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Figure 1. 
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Figure 2. 
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?gure 3. 
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Figure 5. 
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Figure 7. 
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GALACTOPYRANOSIDES AND THEIR USE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a 371 of International Application No PCT/SE96/ 
01756, with an international ?ling date of Dec. 23, 1996, 
now abandoned with regard to the United States of America. 

The present invention relates to simpli?ed synthesis, 
carbohydrate-based products and practical use of different 
carbohydrate-based products. Examples hereof are (Galotl 
3Gal), GlcNAc[31-3Gal, ot- or [3-glycosides thereof, Galotl 
3Gal-containing tri- or higher oligosaccharides, ot- or 
[3-glycosides thereof, GlcNAc[31-3Gal containing tri-, tetra 
or higher oligosaccharides, and derivatives and/or ot- or 

[3-glycosides of any of these, Galot-l-3GalGlcNAc[31-3Gal, 
ot- or [3-glycosides thereof, Galot1-3Gal[31-4GlcNAc[31 
3Gal[31-4Glc or other higher oligosaccharides containing 
the Galot1-3Gal-structure, ot- or [3-glycosides thereof, modi 
?ed carbohydrates, di-, tri-, oligo- or polyfunctional prod 
ucts containing carbohydrate structures, and the use of the 
products for synthesis, affinity puri?cation, diagnostic appli 
cations and therapy. 

During the last years, there has been a great interest in 
synthesis and application of so-called biologically active 
carbohydrates, which are present in humans, animals and 
plants especially in the form of glycoproteins, glycolipids, 
proteoglycans and glycoaminoglycans, within for example 
diagnostics and therapeutics. Examples of these carbohy 
drates are blood group related substances, for instance 
substances of the type blood group A and blood group B 
determinants, with the structures GalNAcot1-3(Fucot1-2) 
Gal[3-, and Galot1-3(Fucot1-2)Gal[3-, respectively. During 
the last years there has been a great interest in, for example, 
carbohydrate structures containing Galot1-3Gal[3- since this 
type of structures has turned out to be of great importance in 
the binding of patogens causing infectious diseases in cattle 
(e.g. diarrhea), and as antigenic structures, e.g. different 
cancer cells express this epitope, and the Galot1-3Gal[31 
4GlcNAc-epitope is of interest for vaccination against dif 
ferent types of cancer. 

Also pig organs express the Galot1-3Gal[3-epitope and 
longer carbohydrate structures containing this structure. 
Therefore, during the last few years there has been a 
considerable interest in potential xenotransplantations in 
connection with the use of carbohydrate structures which 
contain, for example, Galot1-3Gal[3- and oligosaccharides 
which contain this structure, for example Galot1-3Gal[31 
4GlcNAc and Galotl-3Gal[31-4GlcNAc[31-3Gal[31-4Glc. 
This type of structures seems to be responsible for the 
primary antibody-mediated rejection response (hyperacute 
rejection; HAR) of transplanted pig organs to other species 
including humans. 

The same problem will arise in a human- to -human 
transplantation if the organ donor has a different blood group 
than the recipient. This limits the availability of suitable 
donor organs, especially for patients in acute conditions. 

In addition to the structures mentioned above, 
GlcNAc[31-3Gal and tri-, tetra- or higher oligosaccharides 
which contain this structure, such as e.g. Galotl 
3GlcNAc[31-3Gal[31-4Glc, are of interest as potential alter 
natives to antibiotics, because it is known that e.g. patho 
genic respiratory bacteria bind to the respiratory tract via 
such carbohydrate structures. The possibility of inhibiting 
infections with such structures, or with derivatives thereof, 
is of considerable interest. 
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2 
In addition to the therapeutic application there is a lot of 

interest in e.g. the above mentioned structures for the 
isolation or removal of cells, enzymes and proteins, employ 
ing e.g. affinity chromatography, where the structures are 
coupled to a separation material, such as agarose. It is very 
interesting to use such separation materials for isolation of 
proteins which have speci?city towards the structures, e.g., 
glycosyltransferases (which use the saccharide structures as 
acceptor substrates), lectins, antibodies, and other proteins. 

Also, the application of the structures as diagnostic 
reagents for determination of a cell (for example a patho 
genic bacteria), an enzyme, an antibody, another 
carbohydrate-bound protein, is of considerable interest. 

One example is the application in biosensors (e.g. 
BiaCore, Pharmacia). Here the carbohydrate structure can be 
bound to a surface, and the subsequent binding of a cell, an 
enzyme or a protein to the surface (with bound 
carbohydrate), results in an electric signal which is related to 
the degree of binding. As a result, both qualitative and 
quantitative measurements can be done. Another application 
is in ELISA (enzyme-linked immunosorbent assay). Here 
the carbohydrate structure can, e.g., be bound to microtiter 
wells on an ELISA-plate (e.g. via direct covalent binding to 
activated wells, for example from NUNC, Danmark), via a 
spacer molecule, or via conjugation to e.g. bovine serum 
albumin, which then can be bound to the microtiter wells. A 
sandwich-ELISA of the standard type can, for instance, then 
be carried out with such ELISA-plates, where the number of 
carbohydrate-speci?c cells, enzymes or proteins in a sample 
can be quanti?ed with any of the standard methods which 
are used in ELISA (e.g. application of samples to 
carbohydrate-modi?ed microtiter plates, followed by 
washing, application of enzyme-conjugate, e.g. peroxidase 
conjugated with carbohydrate, or antibody speci?c to the 
carbohydrate, followed by washing, addition of enzyme 
conjugate and substrate, followed by measurement of the 
absorbance in the mikrotiter wells. 

The main problem in the application of carbohydrates 
today, for example, in diagnostic applications, in down 
stream processing, for separation of cells, or proteins, or 
enzymes, in the vaccination against cancer, for speci?c 
removal of (xeno)antibodies from plasma in xenotransplan 
tation employing relevant carbohydrate determinants as 
affinity ligands, and/or for neutralisation of the antibodies 
via addition of soluble carbohydrates or derivatives thereof, 
and for application in the prevention of infectious diseases, 
is to produce the adequate carbohydrate structures or deriva 
tives thereof in pure form and in sufficient quantities. It is 
desirable to minimise the use of chemical methods, because 
they are cumbersome (e.g. multi-step synthesis) and result in 
side-reactions, resulting in the formation of for example 
mixtures of stereoisomers ((x/B-mixtures). Thus, it would be 
very attractive to ?nd a suitable method for the synthesis of 
the otl-3-linkage and the [31-3- linkage in the above men 
tioned structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts an example of a transglycosylation accord 
ing to the invention. 

FIG. 2 depicts an example of a glycosidase-catalyzed 
reaction according to the invention wherein RO=p 
nitrophenyl. 

FIG. 3 depicts an example of a glycosidase-catalyzed 
reaction according to the invention wherein R'O=p 
metoxyphenyl. 

FIG. 4 depicts an example of the production of Galotl 
3Gal by chemical methods. 
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FIG. 5 depicts an example of the production of Galotl 
3Gal[3-A by chemical methods. 

FIG. 6 depicts an example of changing Gal0t1-3Gal0t 
OPhNOZ-p to [3-glycosides. 

FIG. 7 depicts examples of glycosidase-catalyzed reac 
tions according to the invention. 

The present invention describes a simpli?ed synthesis of 
di- tri- and oligosaccharides, and glycosides and derivatives 
thereof, as for example (Gal0t1-3Gal), ot- or [3-glycosides 
thereof, trisaccharides of the type Gal0t1-3Gal[31-4GlcNAc 
and other Gal0t1-3Gal-containing trisaccharides, ot- or 
[3-glycosides thereof, Galotl-3Gal[31-4GlcNAc[31-3Gal, 0t 
or [3-glycosides thereof, Gal0t1-3Gal[31-4GlcNAc[31 
3Gal[31-4Glc or other higher oligosaccharides containing 
the Gal0t1-3Gal-structure, ot- or [3-glycosides thereof, and 
modi?ed carbohydrates containing (x1-3-bound 
galactopyranosyl-galactopyranose and modi?ed 
[3-glycosides thereof, GlcNAc[31-3Gal, derivative thereof, 
GlcNAc[31-3Gal containing tri-, tetra-, or higher 
oligosaccharides, as for example Gal[31-3GlcNAc[31-3Gal 
and Gal[31-3GlcNAc[31-3Gal[31-4Glc and derivatives and/or 
ot- or [3-glycosides thereof. 

The terms derivative or modi?ed carbohydrate mean 
structures Where one or more of the hydroxyl groups or the 
iNAc group in the saccharides are substituted With an 
organic or inorganic group. Examples of organic and inor 
ganic groups are given in the description beloW. 
One component in the method according to the invention 

relates to that a naturally existing glycosidase, (EC 3,2), or 
a chemically modi?ed, or a variant thereof modi?ed via 
recombinant technique, is used in, for example, a transgly 
cosylation reaction. BeloW are given examples of the use of 
eg ot-galactosidase for the production of the ot-glycoside 
Gal0t1-3Gal0t-OR, Where R is an aryl group, Which can be 
chemically transformed to the desired ?nal product. The ?rst 
reaction is carried out With a so-called transglycosylation 
reaction of the type shoWn in FIG. 1. 

In this reaction, ot-galactosidase is used as catalyst. 
According to the invention, another ot- or [3-endo- or exo 
glycosidase, such as ot- or [3-glycosidases of the type 
hexosaminidase, glucuronidase, xylosidase, mannosidase, 
sialidase, glucosaminidase, galactosaminidase, glucosidase 
(Where the name gives the donor the speci?city), can be 
used. Products of the folloWing type are obtained: 

Where i gives the binding position to the acceptor, and D is 
derived from the donor and A from the acceptor, the latter 
containing mono-, di-, or oligosaccharide substances. 

Gal0t1-3Gal0t-OR is a non-limiting example. Other non 
limiting examples are Gal[3-1-3Gal[3-OR, Gal[31 
3GlcNAc[3-OR, Gal[3-1-3GalNAc[3-OR, GalNac[31-3Gal[3 
OR, Man0t1-2Man0t-OR, etc, produced in the same Way as 
Gal0t1-3Gal0t-OR, but using another donor, acceptor, and 
glycosidase, but With the same type of acceptor aglycon (OR 
in these cases). 

For example, in the case Gal[31-3Gal[3-OR, a 
[3-galactoside is used as a donor, GalB-OR as acceptor and 
[3-galactosidase as enzyme. These are easily chosen by the 
expert and this does not limit the scope of the invention. 

Other regioisomers are often obtained, such as for 
instance 1-2 and 1-6-bound products, but these can be 
separated from the desired 1-3-bound product using, for 
example, column chromatography (Sephadex G10 or G15, 
or C18 chromatography), before or after modi?cation of the 
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4 
product, or using enzymatic hydrolysis of the side-products 
With one, or tWo different, glycosidases Which have another 
regioselectivity than the enzyme used in the reaction above. 
As enzyme source use can be made of animal tissue, 

plants, or a micro-organism, e. g. in the production of Galotl - 
3Gal0t-OR, ot-galactosidase from coffee beans, or from for 
example Aspergillus oryzae, or from Aspergillus niger, 
Which contain high amounts of the enzyme. Other suitable 
enzyme sources, Which give a high amount of (x1-3-bound 
product, can also be chosen by the expert. The reaction can, 
for example, be carried out With modi?ed, or immobilised, 
or unmodi?ed enzyme, in buffered water (eg With a pH in 
the interval 4*8), or in a mixture of Water and organic 
solution, at a suitable temperature (eg in the interval 0 to 80 
degrees C.) and With suitable concentrations of substrate 
(eg in the interval 50 mM to 1 M) With a reaction time, 
Which is suitable to get optimal product concentration (the 
latter can be folloWed by eg HPLC). 
The reaction conditions and type of enzyme (type of 

modi?cation, such as chemical modi?cation, cross-linking, 
polyethylene glycol modi?ed, type of immobilisation, type 
of unmodi?ed enzyme, or type of modi?ed enzyme, and/or 
type of enzyme produced With recombinant, or genetic 
engineering technology) are chosen and produced by the 
expert and do not limit the scope of the invention. 
The degree of purity of the enzyme is not critical, e.g. 

freeze-dried enzyme preparations, obtained after homoge 
nisation of coffee beans, extraction With buffer, precipitation 
of the homogenate With ammonium sulphate (e.g. 50*70 % 
saturation), dialysis and freeze-drying, can be used. When 
required, the enzyme can be used in a less pure form than in 
the example above, or in a more pure form, eg as obtained 
after column chromatography based on size separation (eg 
of the above mentioned freeze-dried preparation using 
Sephadex® G75iWh1Ch removes major parts of discolora 
tion in the less puri?ed enzyme preparations). A further 
isolated enzyme preparation, obtained with eg affinity 
chromatography employing, e.g., a separation material 
Which contains an (ot-galactoside immobilised via a 
so-called spacer, can also be used according to the invention. 
This does not limit the invention. An immobilised enzyme is 
obtained by choosing, for example, tresyl-activated carrier 
(e.g. agarose or cellulose), N-hydroxysuccinimide-activated 
carrier, e.g. agarose (eg from Pharmacia, such as eg 
activated CM-Sepharose®, e.g. NHS-activated Sepharose® 
Fast FloW) or another method for immobilisation of eg the 
above mentioned freeze-dried enzyme preparation, or of the 
further isolated enzyme preparation. This is easily carried 
out by the expert and does not limit the application of the 
invention. the immobilised enzyme can be used in, e.g., a 
batch-Wise reaction or in a column (for continuous 
synthesis). Nothing of this Will limit the scope of the 
invention. 

A?inity chromatography With mono saccharides as a?inity 
ligands has been mentioned above as an example of a 
method for (partial) puri?cation of the enzyme. According to 
the invention, also carbohydrate-based af?nity ligands can 
be used Which contain the disaccharide sequence, or the 
glycosidic linkage, that the enzyme shall synthesise, or the 
carbohydrate ligand can contain the undesired carbohydrate 
sequence. This is used in order to make it possible to achieve 
af?nity separation of different iso-enzymes from the same 
enzyme source Which give different regioselectivity in the 
same synthesis. Thus many enzyme sources contain at least 
tWo different isoenzymes of eg ot-galactosidase and 
[3-galactosidase. In some cases it can be advantageous to 
separate these, in order to get, e.g., a higher selectivity in 
hydrolysis or in transglycosylation reactions using the 
enzymes. 
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When ot-galactosidase is used for synthesis of Gal[3l 
3Gal-R, one can obtain, e.g., Galotl-3GalB-Y, Where Y in 
this case is a group suitable for coupling to the separation 
material. Many possibilities for Y and the separation mate 
rial exist and do not limit the scope of the invention. Thus, 
for example, Galotl-3Galot-OPhNH2-p or Galotl-3Gal[3l 
4Glc[3-OPhNH2-p can be used as carbohydrate-based affin 
ity ligands for coupling to eg N-hydroxy-succinimide 
activated carboxyl groups on e. g. agarose or other separation 
materials. The resulting material can be used for isolation of, 
in this case, ot-galactosidase. The hydrolysis of the affinity 
ligand can be minimiZed by, e.g., using a loW temperature or 
a pH Which lies outside the pH-optima for the enZyme, such 
as pH 8 in the case of (ot-galactosidase from coffee beans. 

The enZyme can be eluted in many ways, eg non 
speci?cally With salts, or more speci?cally with eg galac 
tose or Gal0tl-3Gal. Another analogous example is 
[3-galactosidases, eg from bovine testes, Where it is possible 
to use eg Gal[3l-3GlcNAc-spacer as an af?nity ligand for 
isolation. An alternative to the above is to bind the glycosi 
dase in question to some type of af?nity material eg With 
immobilised monosaccharide glycoside as af?nity ligand, 
and then elute with eg the carbohydrate structure that Will 
be synthesised/hydrolysed With the enZyme. 

In the glycosidase reactions mentioned above, R=R' or R 
and R' can be different. Examples of this are given in FIG. 
2 (RO=p-nitrophenyl) and in FIG. 3 (R'O=p-metoxyphenyl) 
for the case ot-galactosidase. 

The product in the reactions above can then, according to 
the invention, be used to make the free saccharides from the 
produced glycosides. 

This Will be exempli?ed, as non-limiting examples, for 
the production of Gal0tl-3Gal or Gal0tl-3Gal[3-A, employ 
ing e.g. chemical methods according to eg the principles in 
FIGS. 4 and 5. In the reaction schemes in these Figures, it 
have been exempli?ed hoW the structures can be changed to 
Gal0tl-3Gal or Gal0tl-3GalB-A. The given examples of 
reagents should be regarded as non-limiting examples and 
other suitable reagents can be chosen by the expert. 
Examples of iX are iSEt, iSPh or iSPhMeip after 
further reaction With thioethanol, thiophenol or HSPhMe 
respectively. 

Further non-limiting examples of changing Galotl 
3Gal0t-OPhNO2-p to [3-glycosides and higher oligosaccha 
rides of disaccharides (symbolised With Galotl-3GalB-OR) 
via change of the (X-PhNHAC glycoside to the [3-SPhMe 
glycoside are given in FIG. 6. 

In reaction vi in FIG. 6, Ag-tri?ate has been mentioned 
but this reagent can be replaced by eg N-iodosuccinimide, 
or N-bromosuccinimide. Examples of A are mentioned 
beloW. 
As a more speci?c example, it can be mentioned that in 

the synthesis of trisaccharide derivatives, A is eg a 
monosaccharide derivative Which contains eg a 2-deoxy 
2-amino-D-glucopyranose-group, Which is protected eg at 
least in the 6-position with eg a benZoyl group (non 
limiting example), and in the l-position With a suitable 
organic group, such as eg (non-limiting examples) [3-bound 
iOCH2CH2PhNO2-p or iOPhNHiCOiR, Where 
iCOiR can be eg an organic group suitable for tempo 
rary protection of the NH-group, or can be a group Which, 
after chemical modi?cation, can be used for covalent bind 
ing to a protein, a peptide, a separation material or to a loW 
molecular organic or inorganic group. In these examples of 
A, the 2-amino-position can be modi?ed With an acetyl 
group or another acyl group containing substance, of Which 
the groups phthalimido- and trichloroethoxycarbonyl are 
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6 
non-limiting examples. In these examples of A, the protec 
tion groups can be removed With conventional chemical 
methods (and/or the nitro-group in the l-position is 
reduced), Whereupon the product can be used in the appli 
cations exempli?ed beloW. If only the 6-, 2- and l-positions 
are protected in the example above, both the [31-4 linkage 
(predominant in most cases) and the [31-3 linkage, betWeen 
the Gal0tl-3Gal and the 2-deoxy-2-amino-D-glucopyranose 
groups, are obtained. These tWo products can be separated, 
or a mixture of the products can be used in the applications 
beloW. 

In FIGS. 4 and 6, Pd/C is mentioned for reduction, but this 
can be replaced by other reduction reagents Which are more 
suitable for bulk synthesis. Non-limiting examples are 
Zn/HOAc, used eg after acetylation, Which gives amino 
compound, Which can be used for application according to 
the invention (see beloW), or Which can be acylated and used 
as ii or iii in FIGS. 4 and 6. 

Instead of production of the [3-SPhMe glycoside via 
Galal-3Gal0t-OPhNO2-p, according to the invention, e.g. 
Galotl-3Gal0t-SEt can be used for the same purpose as the 

[3-SPhMe glycoside in FIG. 6 Galotl-3Gal0t-SEt is obtained, 
eg via the same type of glycosidase-reaction mentioned in 
FIG. 2 but With Gala-SEt as acceptor and eg raf?nose or 
Gala-OPhNO2-p as donor. Also, Galotl-3Gal0t-OBn can be 
of interest for eg production of Gal l-3Gal, or of glycosides 
and higher oligosaccharides, or for direct use as inhibitor 
according to the description beloW. For production of 
Galotl-3Gal0t0t-OBn, Gala-OBn is used as acceptor instead 
of Gala-SEt. Also, Gal0tl-3Gal0t-OMe and other Galotl 
3Gal0t-glycosides, or Gal0tl-3Gal-containing saccharides 
made With enzymatic (e.g. With glycosidase according to 
FIG. 2 but With Gala-OMe or other glycoside as acceptor), 
and/or With chemical methods, can be of interest according 
to the invention, for eg direct use, according to the 
invention, as inhibitor, for analyses or in separation mate 
rials (see beloW). According to the invention, for some of 
these applications, eg saccharides of the type Galotl 
3Gal0t-R are useful in general, Where R is an O, N, C- or 
S-glycosidically bound organic group, such as a group 
Which contains, for example, one or more of the general 
groups aliphatic hydrocarbon, aromatic hydrocarbon 
(phenyl, etc), amino group, carboxyl group, ceramide group, 
sulphate group, amino acid, peptide, protein, 
monosaccharide, disaccharide, oligosaccharide, polymer, 
lipid, steroid, nucleic acid, nucleotide, or R can be an 
inorganic group. If R is an organic group, R can be eg an 
alkyl group, aliphatic group, aromatic group, saccharide, 
lipid, amino acid, peptide, protein, or contain groups from 
more than one of these groups. Examples of alkyl group are 
groups of the type i(CH2)nCH3, Where n is an integer larger 
than or equal to Zero, and preferably n is an integer in the 
interval 0*20. Non-limiting examples of R-saccharides, is 
N-acetyl-glucopyranose-group (GlcNAc-group, e.g. bound 
via the 4-position in GlcNAc), a glucopyranosyl group 
(Glc-group), another monosaccharide, a disaccharide con 
taining one or more of these groups or a derivative thereof, 
an oligosaccharide containing one or more of these groups 
or a derivative thereof, a polymer based on eg agarose, 
cellulose, polystyrene, polyacrylamide, polyvinylalcohol, 
polyetyleneglycol (see eg ShearWater polymers’ catalogue 
for non-limiting examples of polyethylene glycol deriva 
tives Which can be used, according to the invention, for 
production of mono-, di-, or multifunctional products,iin 
the latter case eg of the type tresyl-Star-PEG Where the 
carbohydrate can be bound eg via an amino group con 
taining spacer, Which is bound as aglycon to the sugar, see 
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further examples below), etc. Examples of amino acids are 
asparagine, serine, threonine, etc. Examples of peptides are 
peptide containing an asparagine, serine, and or threonine 
residue, etc, bound to the saccharideiThe same principles 
and methods according to the invention mentioned above, 
can also, according to the invention, be used for synthesis of 
other di-, tri- and oligosaccharides, and derivatives and 
analogues thereof, from the above mentioned Dotl-iAot-OR 
or Dotl-iAB-OR or DBI-iAB-OR, or DBl-iAot-OR type of 
compounds. 

In the enzymatic synthesis via e.g. the ot-galactosidase 
catalysed synthesis above, use is made as acceptor of any of 
Galot-R, or (6-R')Gal0t-R, or (6-R',2-R")Gal0t-R, Where R. 
R', and R" in this case symbolise an organic or inorganic 
group. Non-limiting examples of iR are an aliphatic or 
aromatic group, for instance iSEt, 4O(CH2)nCH3 (n=an 
integer betWeen e.g. 0 and 12), iO(CH2)nCOOR (R=H, or 
an aliphatic or an aromatic organic group; n=an integer 
betWeen e.g. 0 and 12), iOPh, iOCHZPh (4OBn), 
iOPhNOZ-p, iOPhOMe-p, to Gal bound Gic (e.g. lactose 
is used as acceptor), GlcNAc, GlcNTeocB-SEt or another 
saccharide, or a lipid, amino acid, peptide or a derivative 
thereof, for instance L-serine or L-threonine, or a derivative 
thereof, or a peptide containing any of these. Non-limiting 
examples of R' and R" in this connection is an inorganic or 
organic group. Non-limiting examples of this are sulphate, 
carboxyl and phosphate group, deoxy group (‘OH is 
replaced by iH), ester group (for instance benZoyl, acetyl), 
allyl-, benZyl- or p-methoxybenZyl group. 

The donor and acceptor substances above are commer 
cially available or are easy to get or can easily be synthesised 
by the expert and this does not limit the scope of the 
invention. 
R above can be mono-, di-, tri-, oligo-, or multi(poly) 

functional (see for example the above mentioned examples 
of R), or can be modi?ed to become di- tri-, oligo-, or 
multi-(polyfunctional), meaning that one, tWo, three or more 
saccharide-groups are glycosidically bound to a different or 
the same type of functional groups in R, e.g. products of for 
example the type (Galotl-3Galot-)niR or (n is an integer 
equal to or larger than 1) can be produced by the method 
according to the invention. This can be advantageous if 
products With high af?nity toWards, for instance, a 
gelabiose-binding protein (such as antibodies, in e.g. the 
xenoapplications). The production of such products does not 
limit the scope of the invention but can easily be carried out 
by an expert employing the method according to the inven 
tion. 
A in the Figures for producing Galotl-3GalB-A symbol 

ises an O-, N-, S-, or C-, [3- or ot-glycosidically bound 
substance, containing for example one or more of the 
general groups of aliphatic hydrocarbon, aromatic 
hydrocarbon, amino group, carboxyl group, sulphate group, 
amino acid, peptide, protein, monosaccharide, disaccharide, 
oligosaccharide, polymer, lipid, such as ceramide, steroid, 
nucleic acid, nucleotide. 

Non-limiting examples of A are a substance containing a 
[3-glycosidically bound N-acetyl-glucopyranose-group 
(GlcNAc-group, for example bound via the 4-position in 
GlcNAc), a glucopyranosyl group (Glc-group), another 
monosaccharide, a disaccharide containing some of these or 
a derivative thereof, an oligosaccharide containing one or 
some of these groups or a derivative thereof, a polymer 
based on e.g. agarose, cellulose, polystyrene, 
polyacrylamide, polyvinylalcohol, polyethylene glycol (see 
e.g. ShearWater polymers’ catalogue for non-limiting 
examples of polyethylene glycol derivatives Which can be 
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8 
used according to the invention for production of mono-, di-, 
or multifunctional products, in the latter case for example of 
the type tresyl-Star-PEG, Where the carbohydrate can be 
bound for example via an amino group containing spacer 
bound as aglycon to the sugar, see beloW), etc. Examples of 
amino acids in connection With A are asparagine, serine, 
threonine, etc. A can contain for example an alkyl group, 
such as (CH2)nCH3(n=(%l8, for example), or an aromatic 
group. See above for other non-limiting examples of A. 

In the case Where A contains the group GlcNAcB-R'" or 
GlcNAc[3l-3Gal, e.g. substances of the type Galotl-3Gal[3 l - 
4GlcNAc[3-R'", Galotl -3Gal[3 l -4GlcNAc[3 l -3Gal, Galotl 
3Gal[3 l -4GlcNAc[3 l -3Gal[3 l -4Glc, Galotl -3Gal [3 l - 
4GlcNAc[3 l -3Gal-R'", or Galotl -3Gal[3 l -4GlcNAc[3l 
3Gal[3l-4Glc-R'" Will be produced according to the 
invention. It is possible to use, for example, chemical and/or 
enZymatic reactions for producing GlcNAcB-R'", 
GlcNAc[3l-3Gal or GlcNAcB l -3Gal[3 l -4Glc, or a derivative 
thereof, Which can then be used as acceptor in the scheme 
above, With for example Gal0tl-3Gal[3SEt or Galotl 
3Gal[3SPh as donor (R'" above symbolises an ot- or [3-bound 
substance exempli?ed in the previous paragraphs). 
An example of such an enzymatic reaction in the use of 

a glycosidase (EC 3.2.) belonging to the subgroup N-acetyl 
[3-D-glucosaminidase (alternatively called 
[3-hexosaminidase) or a glycosyltransferase (EC 2.4) 
belonging to the subgroup of UDP-GlcNAc-depending 
N-acetyl-[3-D-glucosaminyltransferases Which are active 
With galactose, or galactoside, or galactosyl-saccharide as 
acceptor. 

In the case of glycosidase, the equilibrium reaction is used 
(non-activated donor) or preferably a kinetic reaction With 
donor of the type GlcNAcB-R, Where R is a glycosidically 
bound organic or inorganic group. Non-limiting examples of 
iR in this context are iOPh, iOPhNOz-p and 
4OPhOMe-p and [31-4 bound GlcNAc or chitobiose. As 
acceptor, use is made of galactose, or a derivative thereof as 

for example (but non-limiting), GalB-R or (6-R')Gal[3-R, or 
(6-R',2-R")Gal[3-R, Where R. R', and R" in this context 
symbolise an organic or inorganic group. Non-limiting 
examples of iR are an aliphatic or aromatic group, as for 
example iSEt, iO(CH2)nCH3 (n=an integer betWeen for 
example 0 and 12), iO(CH2)nCOOR (R=H, or an aliphatic 
or an aromatic organic group; n=an integer betWeen for 

example 0 and 12), iOPh, iOCHZPh (iOBn), 
iOPhNO2-p, 4OPhOMe-p, [3l-4-bound Glc or other 
saccharide, an amino acid, peptide or a derivative thereof, as 
for example L-serine or L-threonine, or a derivative thereof, 
or a peptide containing some of these. A non-limiting 
example of R' and R" in this context is an inorganic or 
organic group. Non-limiting examples hereof are sulphate-, 
carboxyl- and phosphate group, deoxy group (‘OH is 
replaced by iH), ester group (for example benZoyl, acetyl), 
allyl-, benZyl- or p-methoxy-benZyl group. 
The above mentioned donor and acceptor substances are 

commercially available or are easily synthesised by the 
expert and this does not limit the scope of the invention. 

The source of the glycosidase is chosen by the expert and 
does not limit the scope of the invention. A non-limiting 
example of suitable enZyme sources is N-acetyl-[3-D 
glucosaminidase (alternatively called [3-hexosaminidase) 
from Aspergillus oryZae or from Chamelea gallina. 

BeloW, non-limiting examples of glycosidase-catalysed 
enZyme reaction according to the invention are illustrated 
(all structures according to IUPAC-rules, sugar in 
D-pyranose con?guration): 
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a) 

GlcNacBl-3(6-Ac)Gal[5-SEt 

d) 

g) 
GIcNacB-OPhNOZ-p + HOR'” —> GlcNacB-OR' 

For the purpose of further clari?cation, see the illustration 
of the reactions b, d, f With molecular structures according 
to FIG. 7. 

In the glycosidase-reactions above, hydrolysis is obtained 
as a side reaction, partially of donor and partially of pro 
duced product. This is Well-knoWn to the expert and does not 
limit the scope of the invention. The reaction is folloWed by 
HPLC and/or TLC, and/or in the examples above, by mea 
surement of produced p-nitrophenol (abs 405), so that the 
reaction is stopped at the maximum product yield, using, for 
example, a brief heat treatment (for example in the interval 
704900 C. during 345 minutes), after Which the product is 
isolated. The isolated of the product can be achieved With 
one or several of the methods: extraction (for example using 
one or some of methylene chloride, ethyl acetate, butanol), 
precipitation, or chromatography (for example Sephadex®, 
or silica as the solid phase), using standard conditions, 
Which does not limit the scope of the invention. In the case 
Where another regioisomer is produced, eg in the ?rst 
reaction illustrated above, this regioisomer can be removed 
by, for example, chromatography, and/or by using a second 
enzymatic reaction With a hexosaminidase Which speci? 
cally hydrolyses this regioisomer. 
As an alternative to glycosidase can, as mentioned above, 

be used With UDP-GlcNAc as donor and Gal-substance as 
acceptor, for example of the type mentioned above for the 
hexosaminidase reactions. 

GlcNAc[3l-3Gal containing structures prepared as stated 
above can, in one embodiment of the invention, be used for 
producing derivatives of the mentioned structures or for 
chemical synthesis of for example GlcNAc[3l-3Gal[3l-4Glc 
(eg using peracetylated GlcNAc[3l-3Gal[3SEt as donor). 
Any of GlcNAc[3l-3Gal, GlcNAc[3l-3Gal[3l-4Glc or 
derivatives of GlcNAc[3l-3Gal or of GlcNAc[3l-3Gal[3l 
4Glc, can then be used as acceptor for [3-galactosidase 
catalysed reaction With lactose or GalB-R as donor (aglycon 
in this kinetic reaction is of the same type as mentioned 
above for kinetic reactions With galactosidase or 
hexosaminidase). Examples of such reactions are given 
beloW: 
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b) 
Lactose + GlcNAcBl-3(6—Ac)Gal[5-OBn m 

0) 
Lactose + GlcNAcBl-BGal?-OBn m 

d) 
Lactose + GlcNAcBl-3Gal[5—4Glc W 

An example of enZyme source is bovine testes, but other 
enZyme sources Which give the desired result can also be 
chosen by the expert and do not limit the scope of the 
invention. Before use, the enZyme can ?rst be partially 
puri?ed by using homogenisation, in for example sodium 
phosphate buffer, and precipitation With ammonium sul 
phate. The precipitate can then for example be dialysed 
against a suitable buffer and the enZyme preparation can then 
be immobilised according to What has been mentioned in 
other passages in the description. Isolation of the desired 
saccharide product can be done, for example, as has been 
mentioned above for the tWo other types of glycosidase 
catalysed reactions. 
The enZyme (of above mentioned types) can be immobi 

lised before use, Which facilitates: recovery and reuse of the 
enZyme, use in a column reactor (continuous synthesis). 
Non-limiting examples of immobilisation is the immobili 
sation to hyroxylgroup-containing materials (agarose, 
Sepharose®, cellulose, etc), Which have been activated With 
for example tresyl chloride (Which gives reactive tresylate 
esters Which react With amino groups in the enZyme and 
thereby a covalent linkage betWeen the enZyme and the 
material is produced). The immobilisation can carried out at, 
for example, room temperature and at a pH of, for example, 
6.5, 7, 7.5 or 8. The enZyme can also be modi?ed in other 
ways eg With chemicals (eg a cross-linker, or polyetylene 
glycol, PEG: for example tresyl- or NHS-activated PEG) or 
modi?ed via a recombinant technique. 
The enZyme, or the immobilised enZyme, or the modi?ed 

enZyme, can be used in the solvents Where it is active, 
preferably in buffered Water (as a non-limiting example 
often from pH 4, 4.5, 5 or 5.5 to 6, 6.5, 7, 7.5 or 8), or in a 
Water-organic solvent mixture (With the proper concentra 
tion and the type of solvent chosen by the expert), and at the 
proper temperature chosen by the expert (as non-limiting 
examples often from 4, 10, room temperature, 30 degrees 
Celsius to 35, 40, 45, 50, 55, 60, 65 70 or 80 degrees Celsius, 
the latter case especially When employing thermostable 
enZyme, or at high substrate concentrations). This does not 
limit the scope of the invention. The proper conditions are 
chosen by the expert. In the glycosidase-catalysed 
transglycosylation-reactions above, iF can also be chosen 
as aglycon in the donor and/or acceptor substance, meaning 
that F-glycosides can be obtained, Which can be used for 
further synthesis by the expert. 

According to the invention, the products Which are syn 
thesised as above can, after the expert has chosen the 
chemical modi?cation, be used as donor and acceptor sub 
stances to form, for example, products of the type Galotl 
3Gal[3l-4GlcNAc[3 l -3Gal, Galotl -3Gal[3 l -4GlcNAc[3 l - 
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3Gal[31-4Glc Galotl-3Gal[31-4GlcNAc[31-3Gal-R"', or 
Gal0t1-3Gal[31-4GlcNAc[31-3Gal[31-4Glc-R"' With for 
example peracetylated Gal0t1-3Gal[3-SEt as the donor. This 
reaction is carried out by the expert using chemical methods 
and does not limit the scope of the invention. 

For example, the disaccharide product GlcNAc[31-3(6,2 
Ac)Gal[3-OMe is benZoylated (for example With benZoyl 
chloride/pyridine) in the 6-position of the GlcNAc-unit, and 
is then reacted With peracetylated Gal0t1-3Gal[3-SEt in the 
presence of a suitable catalyst (for example Ag-tri?ate) in a 
suitable solvent (for example acetonitrile or 
dichloromethane). There is formed (2,3,4,6-Ac)Gal0t1-3(2, 
4,6-OAc)Gal[31-4(6-BZl)GlcNAc[31-3(6-,2-Ac) Gal[3-OMe 
(together With (2,3,4,6-Ac)Gal0t1-3(2,4,6-Ac)Gal [31-3(6 
BZl)GlcNAc[31-3(6-,2-Ac)Gal[3-OMe, Which can be sepa 
rated by chromatography, if desired). After removal of acetyl 
groups and benZoyl groups (for example With catalytic 
amount of sodium methoxide in methanol) one obtains after 
puri?cation (chromatography and/or precipitation) Galotl 
3Gal[31-4GlcNAc[31-3Gal[3-OMe. If desired, (2,3,4,6-Ac) 
Gal0t1-3(2,4,6-Ac)Gal[31-3(6-BZl)GlcNAc[31-3(6-,2-Ac) 
Gal[3-OMe can also be reacted in the same manner, and 
thereby one also obtains in the latter reaction Galotl 
3Gal[31-3GlcNAc[31-3Gal[3-OMe. Instead of 4OMe as the 
aglycon in these reactions, other aglycons can be used as 
mentioned above. A non-limiting example of this is 
[3OPhNO2-p Which has the useful property that it can be 
easily reduced to [3OPhNH2-p, Which is a suitable group for 
conjugation to other molecules (see beloW). 

The structures mentioned above can also according to the 
invention be synthesiZed by using a galactosyltransferase, 
[31-4galactosyltransferase, and add UDP-digalactoside 
(donor) to GlcNAc[31-3Gal-saccharide (acceptor substance) 
mentioned above: 

Where R is another saccharide, as for example glucose, or an 
aglycon as, for example, those exempli?ed above. UDP 
Galabiose can, for example, be synthesised With a chemical 
method, or an enzymatic method, from some of the enZy 
matically synthesised galabiose-structures (Gal0t1-3Gal 
structures) mentioned in the FIGS. 246. 

Sequential use of [3-galactosidase and ot-galactosidase 
can, according to the invention, also be used for synthesis of, 
for example, Gal0t1-3Gal[31-4GlcNR'[3-R or Gal0t1-3Gal[31 
3GlcNR'[3-R, in Which R is iOH or an O-, S-, or 
C-glycosidically bound aliphatic or aromatic aglycon, or 
another type of aglycon (see A in the description), and iR' 
is iHAc, Teoc (trichloroethoxy-carbonyl) or another 
organic or inorganic group. 

For example, in the ?rst step of the synthesis use can be 
made of [3-galactosidase, Which gives Gal[31-4GlcNR'[3-R 
(or Gal[31-3GlcNR'[3-R), from for example lactose, or a 
mono-, di-, or tri-nitrophenyl [3-galactopyranoside (or in 
general, in this case Gal[3-R", Where iR" is an aglycon 
selected from eg iF, or an aliphatic or aromatic organic 
group), as donor and GlcNR'B-R as acceptor. In a second 
synthetic step With for example ot-galactosidase, Galotl 
3Gal[31-4GlcNR'[3-R is obtained, from for example 
raf?nose, melibiose, or a mono-, di-, or tri-nitrophenyl 
ot-D-galactopyranoside (or in general, Galot-R", Where iR" 
is an aglycon selected from e.g., iF, or an organic group, 
Which can then be eg an alkyl or an aromatic group), as 
glycosyl donor and With the lactosamine derivative, 
obtained in the ?rst reaction step, as acceptor in the latter 
reaction. 
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The use of hydrophobic or charged lactosamine deriva 

tives as acceptor can in certain cases be of value to improve 
the separation of product and by-products during the isola 
tion of the trisaccharide product. In certain cases, it can be 
advantageous to employ more soluble derivatives of lac 
tosamine in the ot-galactosidase-reaction, in order to obtain 
a higher acceptor concentration (preferably higher than 
0.1M) and a higher product yield. In the latter situation, an 
amino- or carboxyl-group containing lactosamine 
derivative, Gal[31-4GlcNR'[3-R, can be used as acceptor in 
the (x-galactosidase-reaction. The lactosamine derivative, 
obtained in the [3-galactosidase-reaction, can be used 
directly after synthesis With [3-galactosidase, or after chemi 
cal transformation. 

Examples of [3-galactosidase are the enZymes from 
Bullera singularis or from Bacillus circulans for synthesis of 
Gal[31-4GlcNR'[3-R. Some of the ot-galactosidases men 
tioned above, or in general, ot-galactosidases Which give the 
(x1-3-linkage, are used in the preparation of the oligosac 
charide. 

Non-limiting examples of speci?c syntheses of trisaccha 
ride derivatives are: 

1. [3-Galactosidase from the yeast Bullera singularis cataly 
ses the folloWing reaction: 

2. ot-Galactosidase from coffee beans catalyses the folloW 
ing: 

(PNP=p-nitrophenol; GlcNHTeocB-SEt=ethyl 2-deoxy-2 
(2,2,2-trichloroethoxy-carbonylamino)-1-thio-[3-D 
glucopyranoside). 
The synthesis above is illustrated in the non-limiting 

example beloW: 
1. Gal[31-4GlcNHTeoc[3-SEt. 
Lactose (20 g) and acceptor (GlcNHTeocB-SEt; 

NHTeoc=NH4C(=O)iO4CH24CCl3; 10 g) Were dis 
solved in 400 ml 50 mM sodium acetate, pH 6.0 and yeast 
cells Were added (20 g). The reaction Was performed at 30° 
C. and at pH 6.0 With sloW agitation during three days. The 
product Was puri?ed by column chromatography (Sephadex 
G10; 4 liters; Water as eluent), Which gave unreacted accep 
tor (7.9 g) and product (2.8 g). NMR-data (13C; D20 
MeOD; 1:1): 685.28 (C-1), 57.39 (C-2), 74.80 (C-3), 79.67 
(C-4), 79.87 (C-5), 61.34 (C-6), 104.07 (C-1'), 72.08 (C-2'), 
73.78 (C-3'); 69.67 (C-4'), 76.45 (C-5'), 62.06 (C-6'); Teoc 
group: 157.03 (C=O), 75.26 (CH2), 96.31(CCl3). 
2. Galotl-3Gal[31-4GlcNHTeoc[3-SEt. 
Gala-OPhNOz-p (150 mg) and Gal[31-4GlcNHTeoc[3 

SEt (1.0 g) Were dissolved in 50 mM sodium phosphate, pH 
6.5, and enZyme from coffee bean (5 mg; partially puri?ed 
by grinding, extraction, ammonium sulphate precipitation, 
dialysis, Sephadex G75 chromatography, dialysis and 
freeZe-drying) Was added. The reaction Was alloWed to run 
at room temperature, donor Was added stepWise until about 
300 mM nitrophenol Was formed and about 10% of the 
acceptor had been converted to product (HPLC-analysis of 
the product mixture). The product Was puri?ed on Sephadex 
G15 (Water as eluent) after extraction of p-nitrophenol at pH 
44.5 With methylene chloride. NMR-data (13C; D20): 
685.09 (C-1), 57.25 (C-2), 74.77 (C-3), 78.15 (C-4), 79.64 
(C-5), 61.22 (C-6), 103.7 (C-1'), 70.51 (C-2'), 75.98 (C-3'), 
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65.75 (C-4'), 79.49 (C-5'), 61.8 (C-6'), 96.35 (C-1'), 69.10 
(C-2'), 70.20 (C-3'), 70.03 (C-4'), 71.75 (C-5'), 61.91(C-6'); 
Teoc-group: 157.5 (C=O), 75.2 (CH2), 95.81 (CCl3). 

In the latter reaction it is also possible, according to the 
invention, to simultaneously achieve preparative synthesis 
of Gal0t1-3Gal0t-OPhNO2-p and of Gal0t1-3Gal[31 
4GlcNHTeoc[3-SEt by employing, for example, a high con 
centration of the reagents in the second reaction above, by, 
for example, using a higher concentration than 0.5 M of the 
tWo substrates. This means that tWo interesting products 
(Which can be used or converted according to the invention) 
can be simultaneously synthesised in preparative amounts 
according to the latter variant of the invention. Separation of 
the products can be achieved using for example one or more 
steps (eg one or more of: extraction, chromatography With 
for example Sephadex and/or C18 silica, precipitation). 

Another non-limiting example is the following: 
1. [3-Galactosidase from Bullera singularis catalyses the 

following: 

2. ot-Galactosidase from coffee beans catalyses the folloW 
ing: 

(PNP=p-nitrophenol; GlcNHTeocB-OH=2-deoxy-2-(2,2,2 
trichloroethoxycarbonylamino)-[3-D-glucopyranose). 

The invention relates in this case to the above mentioned 
synthesis and to the above mentioned products obtained as 
above, or to a product derived therefrom (obtained after 
additional chemical or biochemical modi?cation of the 
above-mentioned trisaccharide derivative), or to another 
similar product obtained in a corresponding manner, as Well 
as to the use of such products, for example as a protein-, 
antibody-, or enZyme-inhibitor in soluble form or in immo 
bilised form, in a clinical or diagnostic application (eg in 
the xeno-application Which is mentioned in the present 
application). Non-limiting examples of tri-, tetra- and pen 
tasaccharides produced (by conventional organic-chemical 
techniques) from the above mentioned trisaccharide deriva 
tives (Gal0t1-3Gal[31-4GlcNHTeoc[3-OH and Galotl - 
3Gal[31-4GlcNHTeoc[3-SEt), are Gal0t1-3Gal0t1 
4GlcNHAc, Galotl -3Gal[31-4GlcNHAc[31-3Gal, Galotl - 
3Gal[31-4GlcNHAc[31-3Gal[31-4Glc, Gal0t1-3Gal[31 
4GlcNHAc[3-R', Gal0t1-3Gal[31-4GlcNHAc[31-3Gal-R', 
Galotl-3Gal[31-4GlcNHAc[31-3Gal[31-4Glc-R', Galotl - 

3Gal[31-4GlcNR[3-R', Galotl-3Gal[31-4GlcNR[31-3Gal-R', 
Gal0t1-3Gal[31-4-4GlcNHR[31-3Gal[31-4Glc-R', in Which R 
is an organic or inorganic group as exempli?ed in this 
application, and bound to the amino group in the glu 
cosamine part, and in Which R' is an ot- or [3-glycosidically 
bound organic or inorganic group as exempli?ed in this 
application (see also the examples of A Which are given in 
this application). 

Another type of trisaccharide product are lactose 
derivatives, Gal0t1-3Gal[31-4Glc-R, of the above 
trisaccharides, Which can be produced according to above 
(Without [3-galactosidase) from, for example, raf?nose, 
melibiose, or a nitrophenyl ot-D-galactopyranoside (or in 
general Gala-R", in Which iR" is an aglycon, such as eg 
iF or an organic group) With lactose-R as acceptor, in 
Which R is for example [3-bound iSPhMe, 4OPhOMe, 
iOBn or iOPhNOZ-p. This trisaccharide product can be 
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14 
used directly or be converted to the desired product With 
standard chemical or enZymatic method. 
An additional and other type of trisaccharide derivative is 

Gal0t1-3Gal0t1-3Gal-R, Which can be obtained according to 
the invention by for example (non-limiting example) a 
reaction betWeen GalG-OPhNOZ-P as donor and Galotl 
3Gal0t-OPhNO2-p as acceptor and With ot-galactosidase as 
catalyst. 
The puri?cation of the enZymatically produced products 

above is achieved by for example extraction With, for 
example, nitrophenol, concentration and, if possible, selec 
tive precipitation of reactant, by-product and/or product, 
and/or by chromatography, employing for example, one or 
more columns containing any of, for example, the separation 
materials silica, Sephadex®, Biogel, C18-silica, active 
carbon/Celite, ion-exchanger and, if suitable, precipitation 
of the product. The advantage of Sephadex or some other 
material With hydrophobic surfaces, is that separation of 
regioisomers can be achieved. 

The invention relates in this case to a speci?c variant of 
the method in connection With phenyl-, methoxyphenyl, 
mono-, di-, or trinitrophenyl glycosides as donor in 
glycosidase-catalysed synthesis, that is the use of at least one 
of the folloWing: one extraction step to remove phenol, 
methoxyphenol, or nitrophenol, after the glycosidase 
catalysed reaction step, concentration and precipitation of 
substrate and/or of product, extraction for removal of prod 
uct and substrate from the Water-phase, column chromatog 
raphy With Sephadex, Biogel, reversed phase silica, active 
carbon/Celite, ion-exchanger, and Where appropriate, pre 
cipitation of the product. 
The choice of ot-galactosidase Which gives the 0t1-3 

regioisomer/the desired product yield, is made by the expert 
and does not limit the scope of the invention. Further 
conditions for the glycosidase-catalysed reactions above 
(pH, solvent, temperature, substrate concentrations4often 
above 0.1M concentration of acceptor, etc) are chosen by the 
expert and do not limit the scope of the invention. 
When the trisaccharides above are formed, other trisac 

charide derivatives than the otl-3-bound regioisomer are 
often also formed (in addition to for example hydrolysed 
donor), as for example the (x1 -6-bound regioisomer, and this 
and other desired regioisomers can, if desired, be hydrolysed 
With one or more ot-galactosidases With hydrolytic speci?c 
ity toWards the undesired regioisomers. An alternative 
according to the invention is to use a 6'-modi?ed derivative 
(i.e. modi?ed in the 6-position of the galactosyl group) of 
Gal[31-4GlcNR'[3-R or of lactose-R above, to avoid the 
eventual formation of the otl-6-regioisomer. A non-limiting 
example of such a modi?cation is modi?cation of the 
mentioned galactosyl-position With an acetyl group. 

Glycosidases present in Nature, or glycosidases Which 
have been cloned, or modi?ed (recombinant) glycosidases 
Which have at least about 70% correspondence With the 
primary amino acid sequence With glycosidases in Nature, 
can be used in one or more of the enZymatic reactions Which 
have been mentioned above. This does not limit the scope of 
the invention, and can be of interest to achieve a higher 
regioselectivity, and/or a higher temperature stability, a 
higher operational stability, a higher activity or stability in 
organic solvent, a higher operational stability, and/or a 
higher yield (less hydrolysis). The latter can, for example, be 
achieved by employing an enzyme Which has a higher ratio 
betWeen transglycosylation reaction and hydrolysis reaction, 
or Which has been modi?ed speci?cally (by chemical or 
recombinant technology) in order to minimise the hydrolytic 
reaction. The manner of achieving this does not limit the 



US RE39,245 E 
15 

scope of the invention and can be achieved by that eg at 
least one of the acid/base groups, Which take part in the 
catalysis in the enZyme’s active site, or some other group in 
the enzyme has been modi?ed, substituted With an inert 
amino acid group, or has been excluded from the amino acid 
sequence. 
The trisaccharides above can be converted to other sub 

stances and can be used for example in the xeno-application 
and in the other applications according to the description. 

The glycosidically bound aglycon of the above mentioned 
products, speci?ed as A or R above, can be mono-, di-, tri-, 
oligo-, or multi(poly)functional (see for example the 
examples of A mentioned in this application), meaning that 
one, tWo, three or more saccharide groups are glycosidically 
bound to different or the same type of functional groups in 
A, i.e. products of for example the type (Galotl-3Gal[3-)n-A, 
(Galotl -3Gal0t-)n -A, (Galotl -3Gal[3 l -4GlcNAc[3-)n-A, 
(G810. l -3Gal [3 l -4GlCNAC(X-)n-A, (Galotl -3Gal[3 l - 
4GlcNR[3-)n -A, (Galotl -3Gal[3 l -4GlCNR(X-)n-A, or 
(GlcNAcB l -3Gal[3-)n-A, or (GalB l -3GlcNAc[3 l -3Gal[3-)n 
A (n is an integer equal to or larger than 1) can be produced 
by the method according to the invention. 

This can be an advantage if products With high af?nity to, 
for example, a galabiose-binding protein or to, for example, 
GlcNAc[3l-3Gal[3-binding bacteria are desired. The produc 
tion of such products does not limit the scope of the 
invention, but is carried out in a straightforward manner by 
the expert. A in for example (GlcNAcBl-3GalB-)n-A and 
(GalBl-3GlcNAc[3l-3Gal[3-)n-A can be of the same types as 
have been mentioned above for A in the description. 
As non-limiting examples, the oligosaccharide 

derivatives mentioned above can be used for synthesis of 
bifunctional products, via e.g. coupling of the saccharide 
derivative With a cross-linker, such as for example DSG 
(disuccinimidyl glutarate) or DSS (disuccinimidyl suberate), 
Which gives a bifunctional derivative, or With acryloyl 
chloride, after Which the resulting conjugate can be poly 
merised (oligomerised) by standard methods, Which gives 
oligofunctional products. The products can also be conju 
gated to, for example, a protein, such as human or bovine 
serum albumin, in order to produce neoglycoproteins. In the 
case Where the oligosaccharide derivative is conjugated to 
acryloylchloride, one obtains for example products of the 
type saccharide-RiNH4C(=O)iCH=CH2, Which can 
be co-polymerised With for example acrylamide, using for 
example ammonium persulfate and TEMED as catalysts. 
The product can then be puri?ed With for example Biogel® 
or Sephadex®, and moreover, if desired, can be derivatised 
With diethylamine or hydraZine (see for example Jakoby et 
al., editors, Methods EnZymology, Volume 34) in order to 
introduce amino groups, and the polymer can then, if 
desired, for example, be coupled covalently to NUNC 
Covalink® ELISA-plates, to NHS-activated agarose or to 
some of the other separation materials, Which are mentioned 
in this description. These products are used analogously as 
other structures mentioned in this application, for analyses, 
separation, or inhibition. Non-limiting examples of saccha 
ride are Gal0t—, Galotl-3Gal, blood group B, GalNAcot-, 
GalNAcotl -3Gal, GalNAcotl -3Gal5l-4GlcNAc, and blood 
group A saccharide. Non-limiting examples of R are glyco 
sidically bound aglycon of the type iPh, and other aglycons 
mentioned above. 

Manotl-6(Man0tl-3)Man-R is another non-limiting 
example of oligosaccharide Which can be used as a ‘bridge’ 
to form bi-, or oligofunctional galabiose-compounds (R is a 
glycosidically bound organic or inorganic group, and Where 
R can be some of the examples of glycosidically bound R or 
A mentioned in this application). 
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In this respect, bifunctional derivatives can, as a non 

limiting example, be produced by, for example, selective 
oxidation of the tWo 6-OH groups in the 
Manotl-6(Manotl-3)-unit in the trimannoside above, to cor 
responding 6-C(H)=O (i.e. aldehyde groups in 6-position) 
Which then can react With amino-group-containing aglycons 
in the above mentioned galabiose derivatives. The resulting 
Schiff bases (iN=CHi) can then be reduced to stable 
iNHiCHzi linkages (With the help of for example 
sodium cyanoborohydride) betWeen one or more-of above 
mentioned saccharides and Man0tl-6(Man0tl-3)Man-R. 
This procedure results in a conjugate of the type: 

Saccharide-spacer-NH — (C6H2)—M3.H(1l— 6 

Man-R 

Non-limiting examples of Saccharide-spacer are one or 
some of Galotl-3Galot-OPhi, Galotl-3Galot-OEtPhi, 
Galot l -3Gal[3 l -4GlcNAc[3-OPhi, Galot l -3Gal[3 l - 
4GlcNAc[3OEtPhi, and Galotl-3Gal[3l-4Glc[3OEtPhi. In 
this Way one obtains an advantageous orientation of the 
galabiose units is obtained, similar to the situation in vivo. 
More saccharide-spacer-NH-units can be linked to the tri 
mannoside by further oxidation of secondary hydroxyl 
groups in the trimannoside. An alternative Way of producing 
the above, is to use glycosyltransferases for modi?cation of 
the trimannoside, folloWed by for example galactosyltrans 
ferase for bindning of for example the galabiose unit. 
Non-limiting examples of another type of molecule Which 
can be used for a similar purpose, are meta-, or orto 
dialdehyde, or dicarboxyl derivatives of benZene, Which in 
a Way similar to the above give a mutual orientation of the 
Saccharide-spacer-units relative to each other, via formation 
of Schilf base and subsequent reduction. 

Peptide has also been mentioned above, Which for 
example can contain one or more of serine, threonine, 
asparagine, lysine, glutamic acid, etc, to Which the saccha 
ride is directly glycosidically bound, or is bound via an 
amino- or a carboxyl-group-containing spacer. 
The method according to the invention can also be used 

for producing products modi?ed in one or more of the 
hydroxyl groups in the saccharides Which have been men 
tioned above, (for example saccharides containing Galotl 
3Gal, Galotl-3Gal[3l-4GlcNAc[3- or GlcNAc[3l-3Galot-), or 
as modi?ed in the Gal0tl-3Gal-part or GlcNAcBl-3Gal0t 
part of Gal0tl-3Gal0t-A, or of GlcNAc[3l-3Gal[3-A, or 
Gal[3l-3GlcNAc[3l-3Gat[3-A, respectively. This can be of 
interest to obtain products With modi?ed and desired prop 
er‘ties. BeloW Gal0tl-3Gal related products are preferentially 
exempli?ed, but the same methods can be applied to 
GlcNAc [3 l -3 Gal[3 -containing products. 

In this Way, products Which have a higher af?nity to a 
protein, for example an antibody to the Galotl-3Gal 
structure, or Which have increased stability toWards 
hydrolysis, or alternatively, Which have increased half life in 
vivo, can be obtained. In this situation, eg an enZyme can 
be used. Non limiting examples are the use of lipase or 
protease, for example, for the acetylation of one or more of 
the hydroxyl groups in Gal0tl-3Gal-containing, or 
GlcNAc[3l-3Gal[3-containing structures, oxidoreductase for 
speci?c oxidation of hydroxyl group(s). In this situation, an 
enZymatic modi?cation technology is used Which is selected 
by the expert, and this does not limit the scope of the 
invention. 
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Alternatively, chemical modi?cation can be used for 
speci?c modi?cation of one or more of the hydroxyl groups 
in Galotl-3Gal-containing-, or in GlcNAc[3l-3Gal[3 
containing structures (modi?ed with eg carboxyl groupsi 
via oxidation, or With amino groups, With other inorganic 
groups, With organic ester groups, With alkyl groups, or With 
aromatic groups), and in glucosamine-containing structures, 
such as Galotl-3Gal[3l-4GlcNAc[3-, it can be of interest, 
instead of a iNHAc group, to produce and use products 
With another group, for example of the type R4C(O)i 
NHi, RiNH2i, SO3iNH, Where R is an aliphatic, for 
example of the type 4CH3(CH2)M Where n is an integer in 
the interval P20, or is an aromatic group (mono-, di- or 
oligocyclic, example benZoyl), or is an amino acid (amide 
bound via its ot-carboxyl or via a side-chain carboxyl group) 
or peptide containing group. In this situation, currently 
available chemical modi?cation techniques are used and this 
does not limit the scope of the invention. 

Glycosidically bound A can be used as spacer for linkage 
to another substance, for example When A contains a car 
boxyl group or an amino group. Examples of this are 

iO(CH2)6COOH, or iOPhNH2 or iO(CH2)2PhNH2. In 
this Way, products suitable for, for example, column chro 
matography can be obtained, e.g., by coupling of Galotl 
3Gal[3-A or GlcNAc[3l-3Gal0t-A to, for example, activated 
agarose or cellulose. Examples of such products Which are 
suitable for immobilisation of, for example, Galotl -3Gal[3-A 
products, Gal0tl-3Gal0t-A products, or Galotl-3Gal[3l 
4GlcNAc[3-A, Galotl -3Gal[3 l -4Glc[3-A, GlcNAc[3 l - 
3Gal[3-A or Gal[3l-3GlcNAc[3 l -3Gal[3-A products, obtained 
by the method according to the invention, are activated 
agarose (e.g. Sepharose® from Pharmacia), COOH 
cellulose (from eg Whatman), material for perfusion 
chromatography, eg from Pharmacia, Perceptive and Bio 
sepra. Microspheres, magnetic or non-magnetic, can be 
activated by the expert in order to immobilise the product 
obtained according to the invention. An example is Dyno 
beads® from Dyno. The expert can easily make such an 
immobilisation and this does not limit the scope of the 
invention. When A consists of a hydrophobic molecule, for 
example of the type O(CH2)nCH3(n=0*l8 for example), or 
ceramide, the product can for example be used for produc 
tion of injectable liposomes. 

Examples of using of soluble mono-, di-, oligo- or poly 
functional Galotl -3Gal-containing products according to the 
invention are in inhibition studies, inhibition in vivo of the 
hyperacute rejection-reaction in human beings, of, for 
example, xenotransplants from pig (kidney, liver, heart, for 
etc.) via binding to the antibodies (directed toWards Galotl 
3Gal) of the patient, by injection into the patient of soluble 
mono-, di-, oligo- or polyfunctional products according to 
the invention. In xenotransplantation, an initial reaction 
betWeen the patient’s antibodies directed to the Galotl -3Gal 
antigen (Which is on the endothelium of the donor organ) 
take place, Which leads to activation of the complement 
system of the patient. 
As non-limiting speci?c examples of soluble di-, and 

trisaccharides Which can be of interest for injection and 
inhibition of antibodies in the xenoapplication according to 
the invention, and in previous parts, mention can be made of 
for example Gal0tl-3Gal, Galotl-3Gal0t-OMe, Galotl 
3Gal0t-OEt, Gal0tl-3Gal[3l-4GlcNAc, saccharide isomers, 
regioisomers and derivatives thereof, such as those regioi 
somers and derivatives thereof Which can be obtained by 
synthesis according to the invention. Speci?c non-limiting 
examples of this concerning disaccharides and disaccharide 
derivatives are Galotl-ZGal, Gala-6Gal, Gal0tl-3Gal0t 
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OMe, Gal0tl-3Gal0t-OEt, Galotl-3Gal0t-O(CH2)nCH3 
(Where n=an integer Which is larger than or equal to Zero, 
and preferably n=an integer in the interval 0*20), Galotl 
3Gal0tOPhNH2, Galotl -3Gal0tOPhNO2, Galotl 
3Gal0tOPhNHAc, Galotl -2Gal0tOPhNH2, Galotl - 
6Gal0tOPhNH2, Galal-3Gal[3O(CH2)2PhNH2, Galotl 
3Gal[3O(CH2)2PhNO2, Galotl-3Gal[3O(CH2)2PhNHAc, 
Galotl -2Gal[3O(CH2)2PhNH2, Gal0t1-6Gal[3O(CH2)2 
PhNH2. 

Other non-limiting examples are Galotl -3Gal0t-R, Galotl - 
3Gal0t-R, Galotl -2Gal[3 l -4GlcNAc[3-R, Galotl -6Gal[3l 
4GlcNAc[3-R, Galotl -3 Gal [3 l -4GlcNAc [3 -R, Galotl - 
3Gal[3l-4GlcNR'[3-R, Where R' for example is of the type 
R"iC(O)i, or 803*, or R"i, Where R"i is an aliphatic 
group bound to the amino group in the glucosamine residue, 
for example of the type CH3(CH2)n, Where n is an integer in 
the interval l*20, or is an aromatic group, mono-, di- or 
oligocyclic, for example benZoyl, or is an amino acid 
(amide-bound via its ot-carboxyl or via a side chain carboxyl 
group) or a peptide-containing group or another organic 
group, Where R is an O-, N-, C- or S-glycosidically bound 
organic group, such as a group containing for example one 
or more of the general groups aliphatic hydrocarbon, aro 
matic hydrocarbon, amino group, carboxyl group, ceramide 
group, sulphate group, amino acid, peptide, protein, 
monosaccharide, disaccharide, oligosaccharide, polymer, 
lipid, steroid, nucloic acid, nucleotide, or R can be an 
inorganic group. In the case of an organic group, R can 
consist of for example an alkyl group, aliphatic group, 
aromatic group, saccharide, lipid. As non-limiting examples 
of Galotl-3Gal0t-R, Galotl-3Gal0t-Oceramide, Galotl 
3Gal0tOPhNH(6-CO)-galactosyl-ceramide, Galotl - 

3GalotOPhNH(6'-CO)-galactosyl-ceramide, or Galotl - 

3GalotOPhNH(6-CO)-glucosyl-ceramide may be 
mentioned. As non-limiting examples of Galotl-3Gal[3-R, 
Galot l -3Gal[3-Oceramide, Galot l -3Gal[3OPhNH(6-CO) 
galactosyl-ceramide, Galotl -3Gal[3OPhNH(6'-CO)-lactosyl 
ceramide, or Galotl-3Gal[3OPhNH(6-CO)-glucosyl 
ceramide may be mentioned. As non-limiting examples of 
Galotl -3Gal[3 l -4GlcNAc[3-R, Galotl -3Gal[3 l -4GlcNAc[3 
Oceramide, Galotl -3Gal[3 l -4GlcNAc[3-OPhNH(6-CO) 
galactosyl-ceramide, Galotl -3Gal [3 l -4GlcNAc[3-OPhNH 
(6'-CO)-lactosyl-ceramide, or Galotl-3Gal[3l-4GlcNAc[3 
OPhNH(6-CO)-glucosyl-ceramide, amino acid, peptide, 
protein or a group from more than one of these groups, may 
be mentioned. Examples of alkyl groups are groups of the 
type i(CH2)nCH3, Where n=an integer Which is larger than 
or equal to Zero, and preferably n=an integer in the interval 
0*20. Non-limiting examples in the case R=saccharides are: 
N-acetyl-glucopyranosyl group (GlcNAc -group), for 
example bound via the 4-position in GlcNAc, or a similar 
bound GlcNAc-group in Which instead of a iNHAc group, 
another group is used, for example of the type RiC(O)i 
NHi, RiNHzi, SO3iNH, Where R is an aliphatic 
group, for example of the type CH3(CH2)n, Where n is an 
integer in the interval l*20, or Where R is an aromatic group, 
mono-, di- or oligocyclic, for example benZoyl, or is an 
amino acid (amide-bound via its ot-carboxyl group or via a 
side-chain carboxyl group) or Where R is a peptide 
containing group), a glucopyranosyl group (Glc-group), 
another monosaccharide, a disaccharide containing any of 
these or a derivative thereof, an oligosaccharide containing 
one or more of these groups or a derivative thereof, a 

polymer based on eg a peptide chain, such as polylysine or 
a polymer containing one or more of the amino acids 
asparagine, glutaminic acid, serine, threonine, glycine, etc, 
an oligosaccharide for example of the types Which have been 
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mentioned above, polysaccharide such as agarose or 
cellulose, polystyrene, polyacrylamide, polyvinylalcohol, 
polyethylene glycol (see eg ShearWater polymers’ cata 
logue With non-limiting examples of polyethylene glycol 
derivatives, Which can be usediaccording to the 
inventionifor production of mono-, di-, or multi-functional 
products,iin the latter case, for example of the type tresyl 
Star-PEG, in Which the carbohydrate can be bound, for 
example via an amino group containing spacer bound as 
aglycon to the sugar), etc. Examples of amino acids are 
asparagine, serine, threonine, etc. 

Other speci?c non-limiting examples according to the 
invention concerning trisaccharides and trisaccharide 
derivatives for injection are Galal-ZGalBl-iGlcNAc, 
Galotl-6Gal[3l-iGlcNAc, Galotl -3Gal[3 l -iGlcNAc, Galotl - 
2Gal[3l-iGlcNAc[3OPhNH2, Galotl-6Gal[3l 
iGlcNAcBOPhNH2 Galotl-3Gal[3l-iGlcNAc[3O(CH2)2 
PhNH2, Galotl-2Gal[3l-iGlcNAcBO(CH2)2PhNH2, Galotl 
6Gal[3l-iGlcNAc [3OPhN H2, Gal0tl-3Gal[3l 
iGIcNAcBOPhNHZ, Galotl -2Gal[3l-iGlcNAcBOPhNH2, 
Gal0tl-6Gal[3l-iGlcNAc[3OPhNH2, (in Which i represents 
one of the integers 3, 4, or 6), Galotl-ZGalBB-iGlcNR, 
Galotl -6Gal[3 l -iGlcNR, Galotl -3Gal[3 l -iGlcNR, Galotl - 
2Gal[3l-iGlcNRBOPhNH2, Gal0tl-6Gal[3l 
iGIcNRBOPhNHZ, Galot l -3Gal[3 l -GlcNR[3O(CH2)2 
PhNH2, Galotl-2Gal[3l-iGlcNR[3O(CH2)2PhNH2, Galotl 
6Gal[3l-iGlcNRBOPhNH2, Gal0tl-3Gal[3l 
iGlcNRBOPhNH2, Galotl-2Gal[3l-iGlcNR[3OPhNH2, 
Galotl-6Gal[3l-iGlcNR[3OPhNH2, (in Which i represents 
one of the integers 3, 4, or 6, and in Which R is an inorganic 
or organic aliphatic or aromatic group, eg as exempli?ed on 
the preceding page, bound to the amino group on the 
glucose-amino group, i.e. for example Where instead of a 
iNHAc group another group is used, for example of the 
type R4C(O)iNHi, RiNHi, SO3iNH, Where R is an 
aliphatic group, for example of the type CH3(CH2)n, Where 
n is an integer in the interval l*20, or is an aromatic group, 
mono-, di- or oligocyclic, for example benZoyl, or is an 
amino acid (amide-bound via its ot-carboxyl or via a side 
chain carboxyl group) or a peptide-containing group. 

The amino groups in the aglycon groups in the speci?c 
examples above can be modi?ed With. for example a mono-, 
di-, tri-, or oligofunctional organic or inorganic group, i.e. in 
general saccharide-aglycon-NHCOiR, of Which as non 
limiting examples of COiR, mention can be made of: 
(6',6"CO)-modi?ed trimannoside (Which has been men 
tioned above), other CO-modi?ed oligosaccharide, lipid for 
example 6-CO-galactosyl-ceramide or 6'-CO-lactosyl 
ceramide, or 6-CO-glucosylceramide as non-limiting 
examples, COi(CH 2)nCH3 group (n is an integer in for 
example the interval l*20), such as stearyl, butyryl, 
propionyl, acetyl (in the latter case in for example Galotl 
3Gal0tOPhNHAc, Galot l -3Gal[3 l -3GlcNAc[3OPhNHAc, 
Galotl-3Gal[3l-3GlcNAc[3O(CH2)2PhNHAc, and in Galotl - 
3Gal[3l-4GlcNAc[3O(CH2)2PhNHAc), an amino acid or 
amino acid derivative, a cross-linker, eg of the type 
iCOi(CH2)n4COi (i.e. the di- or trisaccharide deriva 
tive is bivalently bound together With a cross-linker; n is an 
integer, preferably in the range 0*l8), 4COi(CH2)ni 
COOH (i.e. this type of derivative ends With a carboxyl 
group; n is an integer preferably in the range (L18), iCOi 
(CH2)niNH2 (i.e. this type of derivative ends With an 
amino group; n is an integer, preferrably in the range (L18). 
The amino groups mentioned here can also be modi?ed With 
one or more of the other di-, oligo-, or polyfunctional 
reagents Which have been mentioned above, see above 
examples of PEG, oligosaccharides, peptides, and thereby 
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20 
di-, oligo- or polyfunctional soluble trisaccharide derivatives 
can be obtained (cf. the description concerning for example 
A above). 

Non-limiting examples of soluble tetrasaccharides and 
pentasaccharides Which can be of interest for the xenoap 
plication is eg Galotl-3Gal[3l-4GlcNAc[3l-3Gal, Galotl 
3Gal[3 l -4GlcNAc[3 l -3Gal[3 l -4Glc, Galotl -3Gal [3 l - 
4GlcNR[3l-3Gal, Galotl-3Gal[3l-4GlcNR[3'l'-3Gal[3l-4Glc, 
regioisomers and derivatives thereof, such as the 
regioisomers, analogues and mono-, di-, oligo- or polyfunc 
tional derivatives Which can be obtained by the synthetic 
method according to the invention and Which have been 
described above. Other non-limiting examples are analogous 
tetra- and pentasaccharide structures as above, but Which 
contain Gal0tl-2Gal[3l-iGlcNR, Gal0tl-6Gal[3l-iGlcNR, 
Gal0tl-3Gal[3l-iGlcNR (Where R is bound to N in glu 
cosamine; R has been exempli?ed above) and structures 
Which, for example, contain the aglycons Which have been 
described above. 

According to the invention, additional examples of com 
pounds for injection are saccharide glycosides and deriva 
tives as above Which contain at least one reactive group, eg 
in the aglycon part or bound via the amino group on the 
glucosamine part of, for example, a trisaccharide of the type 
Gal0tl-3Gal[3l-4GlcNR. This reactive group can be used 
according to the invention to react with eg xeno-reactive 
antibodies. Speci?city is obtained due to the fact that the 
carbohydrate part binds to the antibody and this facilitates 
the reactive group preferably reacting With groups close to 
the speci?c binding site of the antibody, causing a strong 
inhibition of the antibody’s antigen-binding ability. The 
literature is extensive on this type of so-called affinity 
labelling as Well as on reactive groups in connection 
thereWith, and this does not limit the scope of the invention. 
The galabiose-antibodies that are to be inhibited in the 

plasma of the patient eg in xenotransplantation, are of a 
heterogeneous nature; some bind relatively strongly and 
speci?cally to galabiose, other antibodies bind in a relatively 
Weaker manner to the galabiose structures and better to 
trisaccharides and trisaccharide derivatives. According to 
the present invention, a mixture of galabiose-containing di-, 
tri-, or higher oligosaccharides or glycosides thereof can be 
useful to inject, eg because the less complex disaccharide 
and/or disaccharide derivative can be used to inhibit a 
substantial part of the galabiose- antibodies in the blood of 
the patient, and then injected ,trisaccharide and/ or trisaccha 
ride derivative can be used for inhibition of the antibodies in 
the blood of the patient, Which preferably bind to trisaccha 
ride and/or trisaccharide derivatives. 
The same applies to the stereo- and regioisomers, e.g. 

some of the antibodies in the plasma of the patient Which 
have speci?city toWards stereoisomeric digalactosides of the 
type Galotl-3Gal0t- and other antibodies speci?c to 
regioisomers, such as Gal0tl-6Gal and Galotl-3Gal[3l 
3GlcNAc. These antibodies in the plasma of the patient can 
bind to di- and trisaccharide structures present on a trans 
planted pig organ and cause an acute rejection response. 
According to the invention, a mixture, not only of di- and 
trisaccharide(derivative), but also of stereo- and/or of regioi 
somers can therefore be injected in the blood of the patient 
to inhibit the rejection reaction of a pig organ transplanted 
to a human. 

As a non-limiting example of a mixture of regioisomers 
Which can be of interest for use in the xenoapplication, 
mention can be made of a 3/2 mixture of the tWo trisaccha 

ride derivatives Galotl -3Gal[3l-4GlcNAc[3O(CH2)2 
PhNHAc and Galotl -3Gal[3 l -3GlcNAc[3O(CH2)2PhNHAc 
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Which have been shown to considerably decrease the bind 
ing of human antibodies (from pooled plasma and from 
blood group 0 plasma) to pig cells and also inhibits the 
subsequent lysis of the cells (at a total concentration of the 
trisaccharide-derivative mixture in the interval 2.5 mg to 0.1 
mg per milliliter human plasma). 

Such a mixture of trisaccharide regioisomers can be 
obtained according to the invention after, for example, 
chemical synthesis With for example Gal0tl-3Gal[3SPh as 
donor and With 6-BenZoylGlcNAc[3O(CH2)2PhNO2-p as 
acceptor folloWed by conventional chemical modi?cation 
(see the description for further information on the synthesis). 
As non-limiting examples of disaccharide and trisaccharide 
mixture for injection mention can be made of injection of 
one or more of the beloW mentioned mixtures: Galotl 

3Gal[3 l -4GlcNAc [3O(CH2)2PhNHAc and Galotl - 
3Gal0tOMe or Galotl-3Gal[3 l -4GlcNAc[3O(CH2)2PhNHAc 
and Galotl-3Gal0t-OEt or Gal0tl-3Gal[3l-4GlcPO(CH2)2 
PhNHAc and Galotl-3Galot-OPhNH2-p or Galotl-3Gal[3l 
4GlcNAc[3OR and Galotl-3Gal0t-OR' or (Galotl-3Gal[3l 
4GlcNAc[3)n-A and (Galotl-3Galot)n-A', Where A, A', R and 
R' are chosen from some of the above mentioned examples 
of mono-, di-, oligo-, or polyfunctional A or R, and Where n 
is an integer for example=l, or 2 (bifunctional saccharide), 
or n is for example in the interval 3*l0, and Galotl-3Gal[3l 
4Glc[3O(CH2)2PhNHAc and Gal0tl-3Gal0t-OMe or Galotl 
3Gal[3l-4Glc[3O(CH2)2PhNHAc and Galotl-3Gal0t-OEt or 
Galotl-3Gal[3l-4Glc[3O(CH2)2PhNHAc and Galotl-3Gal0t 
OPhNHZ-p or Galotl-3Gal[3l-4Glc[3OR and Gal[3l-3Gal0t 
OR' or (Galotl -3Gal[3 l -4Glc[3)n-A and (Galotl -3Gal0t)n-A', 
Where A, A', R and R' are chosen from some of the above 
mentioned examples of mono-, di-, oligo-, or polyfunctional 
A or R and Where n is an integer for example=l, or 2 
(bifunctional saccharide), or n is for example in the interval 
3*l0, and Galotl-3Gal[3l-4GlcNAc[3OPhNH2 and Galotl 
3Gal0t-OMe or Galotl-3Gal[3l-4GlcNAc[3OPhNH2 and 
Galotl -3Gal0t-OEt or Galotl -3Gal[3 l -4GlcNAc[3OPhNH2 
and Galotl -3Gal0t-OPhNH2-p and Galotl -3Gal[3 l - 
4GlcNAc[3OPhNHR and Gal0tl-3Gal0t-OMe or Galotl 
3Gal[3l-4GlcNAc[3OPhNHR and Galotl-3Gal0t-OEt or 
Galotl -3Gal[3l-4GlcNAc[3OPhNHR and Galotl-3Gal0t 
OPhNHZ-p or Gal0tl-3Gal[3l-4GlcNAc[3R and Galotl 
3Gal0t-R' or (Galotl-3Gal[3l-4GlcNAc[3)n-A and (Galotl 
3G2llO.)n-A', Where A, A', R and R' are chosen from some of 
the above mentioned examples of mono-, di-, oligo-, or 
polyfunctional A or R. and Where n is an integer for 
example=l, or 2 (bifunctional saccharide), or n is for 
example in the interval 3*l0, and Galotl-3Gal[3l 
4GlcNR[3OPhNH2 and Galotl -3Gal0t-OMe or Galotl 
3Gal[3l-4GlcNR[3OPhNH2 and Galotl-3Gal0t-OEt or 
Galotl -3Gal [3 l -4GlcNR[3OPhNH2 and Galotl -3Gal[3 
OPhNHZ-p or (Galotl-3Gal[3l-4GlcNR[3OPhNH-)n-A and 
(Galotl-3Galot)n-A', Where A, A', R, R' and R" are chosen 
from some of the above mentioned examples of mono-, di-, 
oligo-, or polyfunctional A or R. and Where n is an integer 
for example=l, or 2 (bifunctional saccharide), or n is for 
example in the interval 3*l0, and Galotl-3Gal[3l 
4GlcNR[3OPhNHR' and Gal0tl-3Gal0t-OMe or Galotl - 

3Gall3l-4GlcNRI3UPhNHR' and Galotl-3Galot-0Et or 
Galotl -3Gal[3 l -4GlcNR[3OPhNHR' and Galotl -3Gal0t 
OPhNH2-p or Gal0tl-3Gal[3l-4GlcNR[3-R' and Galotl 
3Gal0t-R" or (Galotl-3Gal[3l-4GlcNR[3)n-A and (Galotl 
3G2llO.)n-A', Where A, A', R, R' and R" are chosen from some 
of the above mentioned examples of mono-, di-, oligo-, or 
polyfunctional A or R, and Where n is an integer for 
example=l, or 2 (bifunctional saccharide), or n is for 
example in the interval 3*l0. 
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The above mentioned examples of mixtures av di-, tri-, 

tetra-, and/or pentasaccharide glycosides are also of interest 
for coupling to separation material for use in an affinity 
column (affinity chromatography) for the puri?cation, or for 
the removal of, for example, antibodies from the plasma of 
patients before and/or after a transplantation of, for example, 
a pig organ to a patient. 

Such an affinity column can, for example, contain a 
mixture of, for example, the above mentioned types of 
saccharides Which have been immobilised via a spacer to a 
separation material, or different immobilised saccharides 
can be used in separate columns Which can be used in series. 
When used in connection With xenotransplantation, the 

use of products according to the invention is not limited to 
the use of organs present in Nature. In order to minimise the 
rejection reaction in connection With xenotransplantation, it 
is useful according to the invention to inject the patient With 
a combination of soluble mono-, di-, oligo- or polyfunc 
tional products according to the invention in connection With 
and after xenotransplantation of so-called transgenic organs 
obtained from recombinant (transgenic) pigs. In such organs 
the expression of for example the Gal0tl-3Gal epitope has 
been reduced (employing for example the introduction of the 
Gal (x(l-2)fucosyltransferase gene for expression of G810. 
(l-2)?.1cosyltransferase, Which gives synthesis of the blood 
group H epitope Which does not cause rejection), and/or the 
organs have been equipped With genes for expression of eg 
protein(s) With the ability to inhibit that part of the patient’s 
rejection reaction Which is mediated by his or hers comple 
ment system. Examples hereof are genes for expression of 
CD59 and so-called decay accelerating factor. Examples of 
references of the above types of transgenic organs/cells from 
pig are described in Nature Medicine, volume 1, pages 
12484250 and pages l26lil267. 
The amount of injected soluble products in the applica 

tions above is often decided by the expert for every single 
product and does not limit the scope of the invention. 
Examples of relevant amounts of injected substance per litre 
of plasma are from 5 mg, or from 10 mg, or from 20 mg, or 
from 40 mg, or from 100 mg to 10 g, or to 5 g, or to 2 g, or 
to l g, or to 0.5 g, or to 0.2 g. The higher amount applies to 
eg non-toxic products, or to products of loWer activity per 
unit, While the loWer amount applies to eg products Which 
have higher activity. 

Examples of the use of soluble mono-, di-, oligo-, or 
polyfunctional GlcNAcBl-3Gal[3-containing products or 
Gal[3l-3GlcNAc[3l-3Gal[3-containing products according to 
the invention are for inhibition studies, for inhibition in vivo 
of for example infections in the respiratory tract. 
An example of using non-soluble Galotl -3Gal-containing 

products produced according to the invention, is to use them 
eg as separation products for separation from the plasma of 
the patient of a large part of the above mentioned antibodies, 
so that it is possible to minimise the rejection reaction in, for 
example, xenotransplantation of natural existing organs or in 
xenotransplantation of organs from recombinant animals 
according to, for example, the non-limiting examples above. 

Non-limiting examples of such non-soluble separation 
products obtained according to the invention are Galotl 
3Gal[3-A covalently bound to agarose (eg after reaction 
betWeen Galotl-3GalB-A and tresyl-activated agarose or 
N-hydroxysuccinimide-activated carboxyl-agarose or 
carboxyl-cellulose), or covalently bound to other materials, 
such as for cellulose. A contains a spacer; non-limiting 
examples of this are iO(CH2)6NH2, or as a preferred type 
of spacer according to the invention, 4OPhNH2 With a 
reactive group for covalent coupling, see above. The choice 
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of spacer, activated agarose, or cellulose and the production 
of covalent bound products can simply be made by the 
expert and do not limit the scope of the invention. Examples 
of distributors of agarose, cellulose and other suitable sepa 
ration materials are Sepharose® from Pharmacia (cross 
linked, CL, or not cross-linked), COOHi cellulose (from 
eg Whatman), material for perfusion chromatography, eg 
from Pharmacia, Perceptive Biosystems and Biosepra. More 
speci?c non-limiting examples of separation products pro 
duced and used according to the invention based on agarose 
or cellulose are Galotl -3Gal0t-O(CH2)2PhNHCO- 
Sepharose®, Galotl-3Gala-O(CH2)2PhNHCO--Cellulose, 
Galotl -3Gala-OPhNHCO--Sepharose®, Galotl -3Gal0t 
OPhNHCO--Cellulose, Galotl -3Gal[3 l -4GlcNAc[3 
OPhNHCO--Sepharose® and Galotl -3Gal[3 l -4GlcNAc[3 
OPhNHCO--Cellulose, Galotl -3Gal[3 l -4GlcNAc[3 l - 
3Gal[3OPhNHCO--Sepharose® and Galotl -3Gal[3 l - 

4GlcNAc[3 l -3Gal[3OPhNHCO--Cellulose. Galotl -3Gal[3 l - 
4GlcNAc[3-O(CH2)2PhNHCO--Sepharose® and Galotl - 

3Gal[3 l -4GlcNAc[3-O(CH2)2PhNHCO--Cellulose. Galotl - 
3Gal[3l-4GlcNAc[3 l -3Gal[3 l -4Glc [3OPhNHCO- 
Sepharose® and Galotl -3 Gal[3 l -4GlcNAc[3 l -3Gal[3 l - 
4Glc[3OPhNHCO--Cellulose. Galotl -3Gal[3l-4GlcNAc[3 l - 
3Gal[3O(CH2)2PhNHCO--Sepharose® and Galotl-3Gal[3l 
4GlcNAc[3 l -3Gal[3O(CH2)2PhNHCO--Cellulose. Galot l - 
3Gal[3 l -4GlcNAc[3l -3Gal[3 l -4Glc[3O(CH2)2PhNHCO- 
Sepharose® and Galotl -3 Gal[3 l -4GlcNAc[3 l -3Gal[3 l - 
4Glc[3O(CH2)2PhNHCO--Cellulose. GlcNAc[3-O(CH2)2 
PhNHCO--Sepharose® and GlcNAc[3-O(CHz)2PhNHCO- 
Cellulose. GlcNAc [3 l -3 Gal [3O(CH2)2PhNHCO- 
Sepharose® and GlcNAcB l -3Gal[3O(CH2)2PhNHCO- 
Cellulose. GalB l -3GlcNAc [3 l -3Gal[3O(CH2)2PhNHCO- 
Sepharose® and Gal [3 l -3GlcNAc[3 l -3 Gal [3O(CH2)2 
PhNHCO--Cellulose. Gal[3 l -3GlcNAc[3 l -3Gal[3l-4Glc[3O 
(CH2)2PhNHCO--Sepharose® and Gal[3 l -3GlcNAc[3 l - 
3Gal[3l-4Glc[3O(CH2)2PhNHCO--Cellulose. 
CO--Cellulose or CO--Sepharose (agarose), or 

CO-Cellulose or CO-Sepharose, means that cellulose or 
Sepharose has been modi?ed With a carboxyl group con 
taining substance, Which then is activated in the carboxyl 
group with eg N-hydroxysuccinimide and is used for 
coupling of the carbohydrate substances above. 

Non-limiting examples of commercially available agarose 
material, to Which saccharide-containing ligands can be 
coupled according to the invention, are material of the type 
CM-Sepharose® Fast FloW and NHS-activated Sepharose® 
Fast FloW. 

The latter is used in a preferred variant of the invention in 
the products Which are mentioned above. The latter material 
or support (NHS-activated Sepharose-FF®; e.g. available 
from Pharmacia) can be used directly for coupling (i.e. 
Without preceding activation) of amino acid group contain 
ing saccharides according to the invention. A preferred 
variant of the invention is given as a non-limiting example 
beloW: It is reacted, under sterile conditions, n g of 
saccharide-spacer (e.g. Gal0tl-3Gal0t-OPhNH2 or Galotl - 
3Gal[3l-4GlcNAc[3-OPhNH2; Where n is, for example, an 
integer or another number in the interval l*20, and typical 
non-limiting examples are n=either of 5, 8, l0, l2, 15 or 20) 
per kg gel Weight of NHS-activated Sepharose-FF® at pH 
7.5 or pH 8.0, in a non-limiting typical example, in buffer 
(for example 0.1 M sodium phosphate as non-limiting 
example), during 2 hours or during 20 hours and in the 
example at room temperature. The materials is Washed on a 
glass-?lter or under other sterile conditions with buffer and 
is treated With, for example, Tris-HCl buffer in order to react 
the remaining reactive groups. 
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The CM-variant can also be used but requires preceding 

activation. 
Instead of cellulose or agarose, other support materials 

can be used, Which have been mentioned above eg 
POROS® 20, POROS® 50 Which are activated eg with 
epoxy groups or by another activation method, for coupling 
of above mentioned ligands. 

Also a combination of tWo or more immobilised carbo 
hydrates on one and the same support, or a mixture of tWo 
or more of the above mentioned supports, can be used, 
packed in one column or in tWo separate columns (Where the 
columns can contain the same or different amounts of 

immobilised saccharide), for separation from blood of eg 
antibodies against the Galotl-3Gal-epitope. Non-limiting 
examples of this are immobilisation of the disaccharide 
derivatives Gal0tl-3Gal0t-OPhNH2 and Galotl-3Gal[3l 
4GlcNAc[3-O(CH2)2PhNH2 on for example DSC-activated 
(activated With Di-N-succimidyl carbonate) COOH 
Sepharose or COOH-Cellulose, or immobilisation on eg 
POROS® 50 activated eg with epoxy groups or by another 
activation method. 

Also monosaccharide-derivatives of the type Galot 
spacer, Where spacer symbolises an O-, S- or 
C-glycosidically bound organic molecule suitable for cova 
lent binding to a separation material, can be of interest to 
bind to the separation material of above mentioned type for 
removal of a part of or a majority of antibodies against 
Galotl-3Gal-epitope. Non-limiting examples of such sepa 
ration material are Gala-OPhNHCO--Sepharose® and 
Galot-O(CH2)2PhNHCO--Sepharose®. 

Examples of advantages of such combinations of different 
mono-, di-, tri- and or higher saccharides immobilised in one 
or in different columns, are that it is possible to use eg the 
immobilised mono- and/or disaccharide ligand for removal 
(eg from a patient’s blood) of the majority of the 
antibodies, and the immobilised trisaccharide ligand and/or 
an immobilised higher oligosaccharide can be used (in a 
smaller amount than had been the case if the higher oli 
gosaccharide had been used alone) for removal of the 
remaining antibodies (e.g. antibodies With loWer binding 
ability toWards the disaccharide ligand than toWards the 
trisaccharide ligand and/or toWards the higher oligosaccha 
ride ligand). In this Way tWo purposes can be achieved: on 
one hand a more complete removal of the antibodies in 
question and on the other hand a minimisation of the use of 
trisaccharide ligands or higher oligosaccharide ligands, 
Which are considerably more expensive to produce (also 
according to the present invention) than the disaccharide 
ligands. 
As mentioned above, di-, tri-o oligo- or multimeric sac 

charide ligands can also be produced and be immobilised to 
separation materials (for example of above mentioned type) 
for removal of antibodies toWards Galotl-3Gal-epitope. In 
this Way, a higher affinity betWeen antibody and separation 
material may be achieved. This can in turn make it possible 
to achieve a more complete removal of antibodies 
(especially of such antibodies as have speci?city, but have a 
loWer affinity to the monofunctional, di-, tri-, or higher 
oligosaccharide ligands, When compared With other antibod 
ies toWards the Galotl-3Gal-epitope). A non-limiting 
example of such oligomeric ligands is human serum albumin 
(HSA) conjugated With, for example, Galotl-3Gal0t 
OPhNH2 and/ or With Galotl -3Gal[3l-4GalcNAc[3-OPhNH2, 
and/or With Gal0tl-3Gal[3l-4GlcNAc[3-O(CH2)2PhNH2 
used as a non-limiting example. employing for example a 
carbodiimide reaction for the conjugation reaction, or a 
cross-linker, for example of the type BS (bis-sulfo 










