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Synthesis of Bioactive Glycoconjugates Using the Transglycosylation Activity
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Kenji Yamamoto
Division of Integrated Life Science, Graduate School of Biostudies, Kyoto University

1. Introduction

Glycoconjugates such as glycoproteins and glycolipids
have structures in which proteins or lipids are conjugated
with oligosaccharide moieties, and are essential compo-
nents of biological organisms, including various organs of
animals, tissues of plants, and cell walls and membranes
of microorganisms. However, the exact roles of these
glycoconjugates were not clearly understood until recently.
This is mainly because it has been considered that these
oligosaccharide moieties might play a role only in main-
taining the structure of protein or lipid. However, since it
was found that the antigen specificity of human ABO type
blood is expressed in the oligosaccharide moiety of
glycoconjugate located on the membrane of the erythro-
cyte, it has gradually been recognized that the oligosac-
charide moieties indeed play important roles in various
biological phenomena such as cellular recognition, embryo-
genesis and differentiation of biological organisms and
oncogenesis. Significant progress has been particularly
made in this field in the last decade, resulting in the devel-
opment of a new terminology for oligosaccharide moieties
(sugar chain) as “the third chain” corresponding to nucleic
acids and proteins as the “first” and “second” chains,
respectively. Thus, research in this field to understand roles
and functions of glycoconjugates has recently been termed
“glycobiology” or “glycotechnology” being ranked with “gene
engineering” or “protein engineering”. In addition,
glycotechnology has now been recognized as a very
important target area in the post-genomic research.

One of the essential requirements in “glycotechnology”
is to develop a system by which a specific, desired
function can be added to a certain substance, by addition
of an oligosaccharide chain or modification of the attached
oligosaccharide chain. However, despite the fact that in
current genetic engineering and protein engineering, genes
and proteins can be easily “cut and pasted” or “replaced”
with the desired mutated ones, the technical skills in

glycotechnology, whose goals are aimed at addition or
modification of sugar chains, have not yet reached the
levels of those of “gene engineering” or “protein engineer-
ing”. Recently, attention has been paid to various
glycosyltransferase enzymes as tools to artificially add
oligosaccharide moieties onto the protein or lipid, and
genetic cloning of these enzymes has been actively
conducted. However, these enzymes can add only one
saccharide residue onto the receptor in the presence of
sugar nucleotide as the saccharide donor; this system
appears not to be suitable for the synthesis of complex
polysaccharides such as sugar chain.

By using the transglycosylation activity of microbial
endoglycosidase, we recently succeeded in adding
oligosaccharide moieties onto other compounds, which had
been thought impossible by conventional methods. In this
report, we introduce microbial endoglycosidases as a tool
for making “impossible” addition of sugar chain a reality
and describe the synthesis of bioactive glycoconjugates
using the transglycosylation activity of microbial
endoglycosidases.

2. Endo- B-N-acetylglucosaminidase

Unlike the exoglycosidases that hydrolyze oligosaccha-
rides and sugar chain in glycoconjugates at the
non-reducing end of saccharides moiety and release
monosaccharides, endoglycosidases exert their actions by
recognizing an internal structures of substrates and release
oligosaccharides.

Because of this property that endoglycosidases can
release oligosaccharide without causing damage to either
the oligosaccharide or protein/lipid moiety,
endoglycosidases have been shown to be a useful tool for
structural or functional analyses of various sugar chains

(Fig. 1).
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Fig. 1 Enzymatic action of Endo-p-N-acetylglucosaminidase.

Endoglycosidase was found by Muramatsu in 1971, who
demonstrated that there existed an enzyme that removed
the oligosaccharide moiety from murine immunoglobulin in
a cultured medium of Diplococcus pneumoniae .Y This
enzyme named endo-3-N-acetylglucosaminidase (Endo-[3-
GIcNAc-ase) acts on the N-glycoside linked oligosaccha-
ride moiety, which binds to an asparagine residue of the
protein, and cleaves the diacetylchitobiose linkage
(N-acetylglucosaminyl B-1,4 N-acetylglucosaminide;
GIcNAc-GIcNAc) between the protein and oligosaccharide
moiety, thus releasing oligosaccharides. Unlike the
peptide N-glycanase that releases oligosaccharide moieties
from protein at a site linked to the asparagine residue,
endoglycosidase is unique in its action that leaves one
N-acetylglucosamine residue bound to the protein (Fig 1).
Although endoglycosidase has been widely expressed not
only in microorganisms but also in animal and plant
tissues, the most well studied endoglycosidase is the one
derived from a microbial origin.

Asparagine-linked oligosaccharide moieties are gener-
ally divided into 3 groups; high-mannose type, hybrid type
and complex type. Microbial Endo-B-GIcNAc-ase acts
particularly on oligosaccharide moieties of the first two
types, the high-mannose type that is composed of
mannose oligomers, and hybrid type that has a combined
structure of oligosaccharide moieties of high-mannose and
complex types. Endoglycosidase H (Endo-H) derived from
Streptomyces plicatus 2 is the endoglycosidase that has
been most commonly used for the analyses of sugar chains
of glycoproteins in glycotechnology or cellular biology.
While this Endo-H responds very well to the high-mannose
type oligosaccharide moieties, it has no effect at all on
oligosaccharide moieties of the complex type, which are
widely expressed in almost all animal glycoproteins.
Different to the high-mannose type oligosaccharide
moieties, oligosaccharide moieties of the complex type
consist of various saccharides, including sialic acid (NeuAc),
Galactose (Gal), N-acetylglucosamine (GIcNAc) and
mannose (Man).

In 1982, Elder and Alexander identified a new type of
Endo-B-GlcNAc-ase (Endo-F) that acted on the complex
type oligosaccharide moieties in culture media of Flavobac-
terium meningosepticum > Endo-F is comprised of 3
isozymes with different substrate specificities. Endo-F1, a
primary component of Endo-F, is an isozyme that acts on
only the high-mannose type oligosaccharide moieties, ¥
while the other two, Endo-F2 and Endo-F3, act on the high-
mannose and complex types oligosaccharide moieties.®
Similarly, we also identified another Endo-B-GIcNAc-ase
that acted on the complex type oligosaccharide moieties in
culture media of Mucor hiemalis isolated from soil, and
termed this Endo-B-GlcNAc-ase as Endo-M after its
source.® Endo-M has a wide spectrum of substrate speci-
ficity and acts on all types of oligosaccharide moieties with
high-mannose, hybrid and complex types. Moreover, Endo-
M has a unique specificity different from the conventional
microbial endoglycosidases, that it has an action on sialo-
complex type oligosaccharide moieties with sialic acid at
their non-reducing ends.”®

3. Transglycosylation Activity of Endoglycosidase

Many glycosidases possess hydrolytic activity that
hydrolyzes glyosidic linkages as well as transglycosylation
activity that transfers the released saccharide moieties onto
compounds containing hydroxyl groups. The
transglycosylation reaction has been considered to be a
specific reaction in the hydrolysis of saccharides. In other
words, hydrolysis of glycosidase is a reaction in which a
saccharide moiety released from the substrate is transferred
to water. On the other hand, transglycosylation activity is
a reaction in which the released saccharide is transferred
to a compound with a hydroxyl group instead of to water.”
Transglycosylation activity of exoglycosidase has been
widely utilized for enzymatic synthesis of various
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oligosaccharides, whereas little is known regarding
transglycosylation activity of endoglycosidase. However,
if endoglycosidase also possesses transglycosylation
activity, it can be considered that endoglycosidase can
release saccharide moieties from glycoproteins or
glycolipids and transfer them onto compounds with hydroxyl
groups. Thus, it is quite possible to add saccharide
moieties to various compounds, and this, in turn, means
that we can take advantage of transglycosylation activity
of endoglycosidase as a means of glycosylation.

Hydrolysis of Endoglycosidase:

Oligosaccharide-protein (glycoprotein) + HOH
--> Oligosaccharide-OH + protein

Transglycosylation reaction of Endoglycosidase:

Oligosaccharide-protein (glycoprotein) + R-OH
--> Oligosaccharide-O-R + protein

Transglycosylation activity of endoglycosidase was first
found in Endo-F by Trimble et alin 1986.1? They found
that, when Endo-F acted on the high-mannose type
oligosaccharide linked to an asparagine residue (GP-V),
which was obtained from hen egg white and had a
structure of MansGIcNAC,Asn, it released the oligosaccha-
ride, and the released oligosaccharide was further trans-
ferred to the glycerol that was added in the Endo-F
enzyme preparation as a stabilizer. Later, Takegawa et al

NeuAc—GaI—GIcNAc—Man\ '

Man-GIcNACTGICNAC-ASN-Peptide g

NeuAc-Gal-GIcNAc-Man :
(Glycopeptide)

GIcNAc-Asn—R

(Oligosaccharide acceptor)

Y

NeuAc—GaI-GIcNAc-Man\

Transglycosylation

also demonstrated that Endo-B-GlcNAc-ase of Arthrobacter
protophormiae (Endo-A) had transglycosylation activity.'?
Endo-A is an endoglycosidase that acts only on the high-
mannose type oligosaccharide chain. They found that,
when glycopeptide was hydrolyzed by Endo-A in the
presence of GIcNAc or glucose, the released oligosaccha-
ride moiety after hydrolysis was further transferred and
added onto the monosaccharide, resulting in increased
hydrolysis. Thus, it was found that this Endo-A also had
transglycosylation activity.

We also found that Endo-M has transglycosylation
activity.'? When Endo-M acted on glycopeptide from
human serum transferrin that possessed complex type
bi-antennary oligosaccharide, saccharide moieties were
released. In addition, the released saccharide moieties
were further transferred and added to the GIcNAc residue
of the acceptor, in the presence of GIcNAc or appropriate
acceptor including GIcNAc residue (Fig. 2).

4. Chemo-Enzymatic Synthesis of Bioactive
Glycopeptide

Endo-M can transfer the oligosaccharide moiety from
glycopeptide to not only GIcNAc but also 4-L-asparatyl-
glycosylamine, which has the structure of GIcNAc linked to
the asparagine residue (GIcNAc-Asn), and its derivatives.
That is, when GIcNAc is bound to the asparagine residue
of a peptide or protein, the oligosaccharide moiety will be
transferred and added to the peptide or protein by Endo-
M, resulting in the synthesis of glycopeptide or glycopro-
tein. The addition of oligosaccharide moiety can prevent
degradation of the protein by degradative enzymes,
stabilize it and induce additional functions on the protein.

NeuAc—GaI—GIcNAc—Man\
Man-GIcNAc
NeuAc-Gal-GIcNAc-Man

+
GIcNAc-Asn-Peptide

Hydrolysis

Man-GlcNAc—GICNAc-Asn—R  + GIcNAc-Asn-Peptide

NeuAc-Gal-GlcNAc-Man”
(Transglycosylation product)

Fig. 2 Enzymatic action of Endo-B-N-acetylglucosaminidase from Mucor hiemalis (Endo-M).
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NeuAc-Gal-GIcNAc-Man
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(Transglycosylation product)

Fmoc-Asp-O'Bu: Fmoc-aspartic acid a-t-butyl ester, Et,P: triethylphosphine

Fig. 3. Strategy of chemo-enzymatic synthesis of glycopeptide.

Accordingly, we attempted to add an oligosaccharide
moiety to a bioactive peptide using Endo-M. The chemo-
enzymatic method is shown in Fig 3.® The first step of
the strategy is a chemical synthesis of glycosylasparagine,
a material for the synthesis of N-acetylglucosaminylpeptide,
which is a peptide attached to GIcNAc at the asparagine
resisdue. That is, Fmoc (9-fluorenylmethyloxycarbonyl) -
Asn-GIcNAc is synthesized using an azide form of GIcNAc
and Fmoc-aspartate butyl ester as starting materials.*®
In the second step, solid phase synthesis of peptide is
carried out by the Fmoc method using the Fmoc-Asn-
GIcNAc as a material that can be substituted for Fmoc-
Asn, and N-acetylglucosaminylpeptide will be synthesized.
In the third step, glycopeptide is synthesized by transfer-
ring the oligosaccharide moiety from its donor to
N-acetylglucosaminylpeptide by the transglycosylation
activity of Endo-M. We have successfully synthesized many
bioactive glycopeptides by this chemo-enzymatic method.

Peptide-T is a peptide composed of 8 amino acids
(ASTTTNYT), which is considered to be an agent for the
treatment of AIDS since it has been shown to inhibit bind-
ing of HIV to cell receptors.'® In order to stabilize
peptide-T and prevent its degradation by degradative

enzymes, we attempted to add an oligosaccharide to
peptide-T by the transglycosylation activity of Endo-M
according to the strategy described above. First, we
synthesized N-acetylglucosaminyl peptide-T, which was
made by adding GIcNAc to the asparagine residue of
peptide-T. Then, using human serum transferrin
glycopeptide with sialo complex type oligosaccharide
moiety as a donor and N-acetylglucosaminyl peptide-T as
a receptor of the oligosaccharide moiety, respectively,
peptide-T bound to the sialo complex oligosaccharide
moiety was enzymatically synthesized, and isolated by
HPLC.'®

In order to prevent degradation by degradative enzymes
such as peptidases, peptide-T was conventionally
modified by linking it to glucose or lactose at the serine or
threonine residue of peptide-T.1” When the peptide-T linked
to the sialo-complex type of oligosaccharide moiety was
examined for its stability by assessing its protease-induced
degradation, it was demonstrated that the sialo-complex
type glycosylated peptide T was significantly more stable

than native peptide-T and N-acetylglucosaminyl peptide-
T.10
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Fig. 4. Procedure for synthesizing calcitonin glycopeptide.

Calcitonin is a bioactive peptide, which plays a role in
inhibition of calcium release from bone as a calcium
regulating hormone, and has been shown to be effective
for the treatment of osteoporosis. Consisting of 32 amino
acids, calcitonin has an asparagine residue at position 3
from the N-terminus. We introduced a GIcNAc at this
asparagine residue to synthesize a new peptide, to which
a sialo-complex oligosaccharide moiety was then added
by Endo-M transglycosylation activity, and obtained a
glycopeptide of calcitonin.’® A summary of the
procedure for the chemo-enzymatic synthesis is shown in
Fig.4. First, the following two compounds were separately
synthesized by solid phase synthesis: the first compound
was Fmoc derivative of an N-terminal 1-10 fragment,
including the asparagine residue at position 3, that is

Fmoc peptide (CSNLSTCVLG) attached by a thioester
segment, and the second one was Boc derivative of an
amide form of the remaining C-terminal 11-32 fragment in
calcitonin (KLSQELHKLQTYPRTDVGAGTP). These two
compounds were applied to thioester condensation to
yield N-acetylglucosaminyl calcitonin. Using Endo-M
transglycosylation activity, the sialo-complex type oligosac-
charide moiety of human serum transferrin glycopeptide
was added to the obtained N-acetylglucosaminyl
calcitonin. When in vitro bioactivity of the synthesized
glycopeptide calcitonin was assessed by inhibition of
formation of actin ring in osteoclasts, the bioactivity of the
glycopeptide was well remaied although it was slightly
reduced compared to that of native calcitonin.'®



5. Chemo-enzymatic Synthesis of Bioactive
Glycopeptide with Glutamine-linked Oligo-
saccharide

It is well known that in nature an N-glycoside-linked
oligosaccharide of a glycoprotein or glycopeptide is bound
to the asparagine residue of a consensus tri-peptide
sequence, -Asn-X-Thr/Ser-. The chemo-enzymatic
synthetic method using transglycosylation activity of Endo-
M, however, enables us to attach oligosaccharides to any
peptides with any sequences, so long as the peptide has
an asparagine residue. This property has been consid-
ered to be the best advantage for this chemo-enzymatic
synthetic method. However, there exist peptides without
the asparagine residues.

Substance P is a bioactive neurotransmitter peptide that
causes certain physiological actions such as reducing blood
pressure. This peptide consists of 11 amino acids
(RPKPQQFFGLM) but has no asparagine residue in its
sequence. In nature, this peptide will never be able to get
bound to a N-glycoside linked oligosaccharide, and this
means that it is impossible to biosynthesize a glycopeptide
of substance P even by genetic engineering. On the other
hand, Endo-M can also add oligosaccharide to GIcNAc-
GIn as well as GIcNAc-Asn. Accordingly, we attempted to
create a new, non-naturally occurring, glycopeptide of sub-
stance P with a glutamine-linked oligosaccharide, based

OAc
(@] CH
AcO 2

]
NHAc Fmoc-NH-CH-COOBu

GIcNAc

BU3P
—_—
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on the fact that substance P has a couple of glutamine
residues as its components. Thus, we first synthesized a
peptide linked to GIcNAc at the glutamine residue, to which
we added a sialo-complex type bi-antennary oligosaccha-
ride of the glycopeptide obtained from hen egg yolk, using
transglycosylation activity of Endo-M. That is, we success-
fully chemo-enzymatically synthesized two different
glycopepetides of substance P with oligosaccharides at the
two-glutamine residues of position 5 and 6 from N-
terminus.?? (Fig 5) We then examined the bioactivity of
these glycopeptides as assessed by measurement of the
contractile response of longitudinal muscles of guinea pig
ileum, and found that the glycosylated substance P at
GIn-5 possessed a bioactivity almost equivalent to that of
native substance P, while the bioactivity of the glycosylated
substance P at GIn-6 was markedly reduced. Since it has
been shown that the region of substance P essential for its
bioactivity is located in the C-terminus, the data suggested
that introduction of the oligosaccharide at the glutamine
residue of position 6, closer to the C-terminus, might have
caused structural hindrance, which in turn might have
reduced its bioactivity. Moreover, substance P is generally
degraded by angiotensin-converting enzyme (ACE), one
of the dipeptidylcarboxypeptidases. However, neither
glycz‘,gsylated form of substance P was degraded by ACE at
all.

OH
o)
HO
HO NH
NHAc CO
e
il
Fmoc-NH-CH-COOH
GIcNAc

I [
Arg-Pro-Lys-Pro-GIn®-GIn8-Phe-Phe-Gly-Leu-Met-NH,  Arg-Pro-Lys-Pro-GIn®-GIn6-Phe-Phe-Gly-Leu-Met-NH,

NeuAc-Gal-GIcNAc-Man N

/ NeuAc-Gal-GlcNAc-Man”

Asn-GIcNAc J

Man-GIcNAc-GIcl;lAc
I

NeuAc-Gal-GlcNAc-Man

Endo-M

4

\ Asn-GIcNAc
\
Man-GlcNAc-GIcNAc

NeuAc-Gal-GIcNAc-Man

NeuAc-Gal-GIcNAc-Man
Man-GlcNAc-GIcNAc
NeuAc-Gal-GlcNAc-Man

Arg-Pro-Lys-Pro-GIn®-GIn6-Phe-Phe-Gly-Leu-Met-NH,

Arg-Pro-Lys-Pro-GIn®-GIn8-Phe-Phe-Gly-Leu-Met-NH,

Fig. 5. Procedure for synthesizing glycosylated Substance P containing glutamine-linked oligosaccharide.
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We also synthesized a-mating factor
(WHWLQLKPGQPMY) of yeast that was glycosylated at
the glutamine residues. This peptide is a hormone-like
substance secreted by yeast (Saccharomyces cerevisiae).
This a-mating factor is degraded by yeast-secreted
proteases and inactivated. Accordingly, we synthesized
two glycosylated a-mating factors linked to the sialo
complex type bi-antennary oligosaccharide by Endo-M
transglycosylation activity, and examined their bioactivity
as assessed by a growth arrest assay using a protease-
deficiency mutant strain of the yeast a-mating type. It was
found that the glycosylated a-mating factor bound to the
sialo oligosaccharide at the glutamine residue of position 5
from the N-terminus markedly reduced its bioactivity
compared to that of the native one, while the glycosylated
a-mating factor bound to the asialo oligosaccharide
maintained its bioactivity, similar to that of native a-mating
factor. The latter has a structure in which sialic acid
located at the terminus of the oligosaccharide was removed
by sialidase. Thus, it was suggested that sialic acid might
inhibit binding between a-mating factor and yeast. On the
other hand, it was demonstrated that N-acetylglucosaminyl
a-mating factor, which was linked to GIcNAc at the

6. Synthesis of Infection Inhibitor against
Influenza Viruses

It is well known that human influenza is an infectious
disease mediated via viruses, which repeatedly infects
many people every year. It is also well known that the
viruses that cause influenza can recognize the sialic acid
located at the termini of oligosaccharides of glycoprotein
or glycolipid in the plasma membrane of host cells, and
infect them. Amongst them, A type virus recognizes the a-
2,6-linked sialic acid and binds to its receptor, hemaggluti-
nin (erythrocyte coagulation factor). We focused on the
fact that a complex type bi-antennary oligosaccharide of
the glycopeptide extracted from hen egg yolk has a-2,6-
linked sialic acid at the non-reducing end, and investigated
the possibility that we could suppress viral infection on host
cells by binding the oligosaccharides of the glycopeptide
to viruses. In addition, since it has been shown that
saccharide polymers generally exhibit a better effect per
mole unit than corresponding monomers, the so-called
“multivalent effect”,?? it was postulated that sialo-
saccharide polymers might be effective compounds as
inhibitors of viral infection. Accordingly, we chose chitosan

. . . . . . . 21 . . . .
glutamine residue, rather increased its bioactivity.*” as a base oligosaccharide polymer, and first, synthesized
Chemical Modification
NeubAc-Gal-GIcNAc-Man
Man-GIcNAc-GIcNAc-Asn-Peptide OH
Neu5Ac-Gal-GlcNAc-Man Ho/&/
HO o—< >—CHO
Sialoglycopeptide (SGP)

NHAc

Endo-M p-Formylphenyl-B-GIcNAc
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Fig. 6. Chemo-enzymatic synthesis of multivalent sialo-oligosaccharides conjugated with chitosan.




p-Formylphenyl B-GIcNAc. We then transferred sialo-
oligosaccharide moieties of the hen egg yolk glycopeptide
to this p-Formylphenyl B-GIcNAc as a receptor of the
oligosaccharide moiety by the transglycosylation activity
of Endo-M. Next, this oligosaccharide conjugates were
added to chitosan as a multipolymer by reduced amination,
resulting in the synthesis of multivalent sialo-oligosaccha-
ride conjugated polymer with chitosan (Fig 6). When the
binding inhibition activity of influenza virus of this synthetic
high mass molecule compound was examined, the
multivalent sialo-oligosaccharide conjugated polymer with
chitosan was 300-times more potent in its inhibitory effects
than Fetuin, a glycoprotein that possesses sialo-
oligosaccharide moieties with a similar structure. Since
both chitosan and hen egg yolk-derived glycopeptide are
harmless to the human body, and materials for their
synthesis are abundant in our resources, this multivalent
sialo-oligosaccharide conjugated polymer with chitosan has
been thought to be very promising as an agent for the
treatment of influenza virus infection with industrial mass
production in the future.

7. Preparation of Monoclonal Antibody against
the Oligosaccharides of Glycoprotein

Since monoclonal antibodies against oligosaccharide
chains of glycolipids can be easily prepared using the
glycolipids itself as an antigen, a relatively large number of
antibodies have been developed. However, it is often
difficult to develop monoclonal antibodies against oligosac-
charides of glycoprotein because of potent antigenecity of
their protein molecules. It is well known that oligosaccha-
rides on the surface membranes of cancer cells can be
oncogenetically mutated. Therefore, many monoclonal
antibodies against oncogenetically mutated oligosaccha-
rides of glycolipid have been developed and used for
diagnosis of cancer. Furthermore, it has been shown that
oligosaccharide moieties of glycoproteins can also be
oncogenetically mutated. For instance, it has been reported
that oligosaccharides of a-fetoprotein, a glycoprotein
detected in the serum of patients with hepatoma, were
oncogenetically mutated.?® Therefore, it has gradually
been recognized that oligosaccharides of glycoproteins may
play an essential role as a cancer marker, and it is urgently
required to efficiently develop antibodies against
oligosaccharide moieties of glycoproteins. Accordingly, we
developed a chimeric glycolipid by using transglycosylation
activity of Endo-M, and added an oligosaccharide moiety
of glycoprotein to a synthetic lipid with weak antigenecity.
Thus, we have developed an efficient method to prepare
monoclonal antibodies against oligosaccharide moieties of
glycoproteins. That is, complex type bi-antennary
oligosaccharides from hen egg yolk-derived glycopeptide
were used as a donor of oligosaccharides, and using
transglycosylation activity of Endo-M, the complex type
bi-antennary oligosaccharides were transferred and added
to p-Formylphenyl B-GIcNAc. Next, L-a-phosphatidyl
ethanolamine dimyristoyl residues were added to this
p-Formylphenyl B-GIcNAc with the complex type
bi-antennary oligosaccharides by reductive amination
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reaction. Then, a monoclonal antibody was successfully
developed by immunizing the obtained product as an
antigen in BALB/c mice. The developed monoclonal
antibody can specifically recognize the complex type
bi-antennary oligosaccharide that contains a-2,6-linked
sialic acid at the non-reducing end of the oligosaccharide
of the glycopeptide. Therefore, this monoclonal antibody
did not respond to asialo-oligosaccharides or high-
mannose type oligosaccharides at all. Moreover, it had no
response against saccharide moieties of glycolipids.

8. Summary

Endoglycosidases have been widely used as tools for
structural or functional analyses of oligosaccharides.
However, it has never been attempted to use these
enzymes as tools for the synthesis of new compounds by
using the specific activity of these endoglycosidases.
As reported here, various applications of endoglycosidases
can be explored, and will be possibly developed for mass
production of synthetic compounds in the near future. Endo-
M is almost the only enzyme that can add any oligosac-
charide moieties to proteins or peptides, and is currently
commercially available from Tokyo Chemical Industry.
Thus, it is highly expected that the use of Endo-M will
significantly expand in the future. Moreover, Endo-M has
been considered to be a tool for “remodeling” of
naturally occurring saccharides into saccharides
specifically modified for our own purposes. For instances,
human-derived glycoprotein produced by recombinant
yeast has high level of high-mannose type oligosaccha-
ride moieties instead of its native complex type oligosac-
charide moieties. This oligosaccharide moiety of the
recombinant glycoprotein can be modified to its original type
of oligosaccharide moiety, a human compatible complex
type oligosaccharide moiety. 2 Thus, massive supply of
the enzyme is essential as the use of endoglycosidase ex-
pands. It is highly expected that exploration of better
endoglycosidases that possess more defined functions and
to identify the genes of corresponding endoglycosidases
by cloning will occur.

Acknowledgement

The current study was conducted in the Department of
Food Science and Technology , Faculty of Agriculture, Kyoto
University, and Division of Integrated Life Science,
Graduate School of Kyoto University. | am deeply grateful
to Emeritus Professor Tatsurokuro Tochikura, Emeritus
Professor Hidehiko Kumagai and other people who
supported this work. In addition, | would like to thank Drs.
Katsuji Haneda, Toshiyuki Inazu and Mamoru Mizuno of
The Noguchi Institute for their supports in synthesis of
glycopeptides.




T CINLANL
number 125

References

11)
12)
13)

14)
15)

T. Muramatsu, J. Biol. Chem., 246, 5535 (1971).

A. L. Tarentino, F. Maley, J. Biol. Chem., 249, 811 (1974).
J. H. Elder, S. Alexander, Proc. Natl. Acad. Sci. USA, 79,
4540 (1982).

R. B. Trimble, A. L. Tarentino, J. Biol. Chem., 266, 1646 (1991).
T. H. Plummer, A. L. Tarentino, Glycobiology, 1, 257 (1991).
S. Kadowaki, K. Yamamoto, M. Fujisaki, K. Izumi, T. Tochikura,
T. Yokoyama, Agric. Biol. Chem., 54, 97 (1990).

K. Yamamoto, S. Kadowaki, M. Fujisaki, H. Kumagai, T.
Tochikura, Biosci. Biotech. Biochem., 58, 72 (1994).

K. Yamamoto, J. Biochem., 116, 229 (1994).

J. Edelman, Adv. Enzymol., 17, 189 (1956).

R. B. Trimble, P. H. Atkinson, A. L. Tarentino, T. H. Plummer,
F. Maley, K. B. Tomer, J. Biol. Chem., 261, 12000 (1986).
K. Takegawa, S. Yamaguchi, A. Kondo, H. lwamoto, M.
Nakoshi, I. Kato, S. Iwahara, Biochem. Int., 24, 849 (1991).
K.Yamamoto, S. Kadowaki, J. Watanabe, H. Kumagai,
Biochem. Biophys. Res. Commun., 203, 244 (1994).
K,Yamamoto, J. Biosci. Bioeng., 92, 493 (2001).

T. Inazu, K. Kobayashi, Synlett, 869 (1993).

C. B. Pert, J. M. Hill, R. M. Berman, W. G. Robey, L. O. Arthur,
F. W. Ruscetti, W. L. Farrar, Proc. Natl. Acad. Sci. USA, 83,
9254 (1986).

Introduction of the authors

16)
17)

18)

19)

20)

21)

22)
23)

24)

K. Yamamoto, K. Fujimori, K. Haneda, M. Mizuno, T. Inazu,
H. Kumagai, Carbohyd. Res., 305, 415 (1998).

M. Marastoni, S. Spisani, R. Tomatis, Arzneim. Forch. /Drug
Res., 44, 984 (1994).

M. Mizuno, K. Haneda, R. Iguchi, I. Muramoto, T. Kawakami,
S. Aimoto, K. Yamamoto, T. Inazu, J. Am. Chem. Soc., 121,
284 (1999).

K. Haneda, T. Inazu, M. Mizuno, R. Iguchi, K. Yamamoto, H.
Kumagai, S. Aimoto, H. Suzuki, T. Noda, Bioorg. Med. Chem.
Lett., 8, 1303 (1998).

K. Haneda, T. Inazu, M. Mizuno, R. Iguchi, H. Tanabe, K.
Fujimori, K. Yamamoto, H. Kumagai, K. Tsumori, E. Munekata,
Biochim. Biophys. Acta, 1526, 242 (2001).

I. Saskiawan, M. Mizuno, T. Inazu, K. Haneda, S. Harashima,
H. Kumagai, K. Yamamoto, Arch. Biochem. Biophys., 406,
127 (2002).

G. B. Sigal, M. Mammen, G. Dahmann, G. M. Whitesides, J.
Am. Chem. Soc., 118, 3739 (1996).

K. Yamashita, K. Taketa, S. Nishi, K. Fukushima, T. Ohkura,
Cancer Res., 53, 2970 (1993).

K. Fujita, K. Yamamoto, Kagaku To Seibutsu, 41, 244 (2003).

Kenji Yamamoto : Professor, Division of Integrated Life Science, Graduate School of Biostudies, Kyoto University.

Professional Experience:
1976 Ph.D. Kyoto University, Graduate School of Agriculture, Division of Food Science and Technology.

1976-1991 Research Associate, Kyoto University, Faculty of Agriculture, Department of Food Science and Technology.
1980 Jun -1981 Sep Visiting Scientist, Tulane University, New Orleans, LA, USA.

1991-1997 Associate Professor, Kyoto University, Faculty of Agriculture, Department of Food Science and Technology.
1997-1999 Associate Professor, Kyoto University, Graduate School of Agriculture, Division of Applied Life Sciences.
1999-present Professor, Kyoto University, Graduate School of Biostudies, Division of Integrated Life Science.

Awards:
1987 Outstanding Scientist Award in the field of Agricultural Chemistry
2004 Arima Kei Memorial Award, Bio-Industry Association

Expertise and Speciality:
Applied Microbiology, Glycobiology, Applied Enzymology

TClI's Related Compoumd

Endo-M (= endo-B-N-Acetylglucosaminidase)

(Received September, 2006)

100 munits* [A1651]

Recombinant: from Mucor hiemalis expressed in Candida boidinii [Purity: single band by SDS-PAGE (85KDa)]

* One unit will catalyze the release of 1pmol of Fmoc-Asn(GIcNAc) from Fmoc-Asn[(NeuAc-Gal-GIcNAc-Man),-Man-GIcNAc,]-OH

per min. at pH 6.0 at 37 °C.

This Endo-M was merchandised as the fruition of NEDO project under licenses from patent-holding companies of

Takara Bio Inc. and Kirin Brewery Co., LTD.
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SUGAR AMINO ACID

~
A1614 N*-(2-Acetamido-2-deoxy- B-D-glucopyranosyl)-
N°-(tert-butoxycarbonyl)-L-asparagine (1) 100mg
b9
Boc;: \é)]\OH Peptide Synthesis
B O ——
HO Q Y
HO NH
NHAc
1

GIcNAC (oligosaccharides)-GlcNAc-GIeNAC
Endo-M (Transglycosylation)
(Amino acid)m|| Asn || (Amino acid)n , - [(Amino acid)m] Asn [(Amino acid)n]
» @ /\'

4

oligosaccharides GIcNAc-GIcl}lAc GIcl}IAc complex glycopeptides

[ Peptide ] [ Peptide ]

3
oligosaccharides | = high-mannnose, hybrid, and complex-type

The sugar amino acitlis a glycoamino acid in whicR-acetylD-glucosamine is linked to the
asparagine by aN-glycosidic linkage, and can be used for the synthesis of asparagine linked glyco-
proteins or glycopeptides. For instance, whas reacted with a peptide supported on silica gel,
followed by transglycosylation with galactose or sialic acid using glycosyltransferase, its oligosac-
charides can be elongat@d.Moreover, this glycoamino acid is also used for the “Chemo-Enzymatic
Method”, by which the complex glycopeptidés synthesized by transglycosylation of an oligosac-
charide of the natur&-linked glycopeptid® to anN-acetylD-glucosamine moiety of the glycopep-
tide 2, using Endo-M’

References
1) Preparation of asparagine-containing glycopeptides
K. Haneda, T. Inazu, K. Yamamoto, H. Kumagai, Y. Nakahara, A. KoBatdohydr. Res1996 292 61.
2) Synthesis of glycopeptides and oligosaccharides
M. Schuster, P. Wang, J. C. Paulson, C.-H. Wdngm. Chem. Sqc1994 116, 1135.
3) Chemo-enzymatic synthesis of bioactive complex glycopeptides
a) M. Mizuno, K. Haneda, R. Iguchi, I. Muramoto, T. Kawakami, S. Aimoto. K. Yamamoto, T. lhakm. Chem.
Soc, 1999 121, 284.
b) K. Haneda, T. Inazu, K. Yamamo®ioscience & Industry2002 60, 159.
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INOSITOLS

-

&

~N
| 0040 myo-Inositol 500g 1 0632 1D-chiro-Inositol ~ 200mg
259 10633 1L-chiro-Inositol 200mg
| 0628 epi-Inositol 200mg 10634 1L-epi-2-Inosose  200mg
| 0629 allo-Inositol 25mg Q0069 (-)-vibo-Quercitol ~ 200mg
1 0630 muco -Inositol 100mg Q0070 (+)-epi-Quercitol 200mg
1 0631 scyllo -Inositol 200mg Q0071 (+)-proto-Quercitol  100mg
Ho ¢ M o O HO o § o

OH OH HO HO
HO o § HO 1o © M ho Ho 7"

HO
1D-chiro-Inositol 1L-chiro-Inositol 1L-epi-2-Inosose (-)-vibo-Quercitol (+)-epi-Quercitol (+)-proto—Quer§:

Inositol is categorized as a vitamin-like compound and has various functions in animals and plants, and
has been shown to be one of important bioactive compounds significantly involved in cell proliferation and

oncogenesid) There are a total of 9 stereoisomers for inositol, and among thgminositol has been
most investigated.

It is well known that phosphorylatedyoinositol plays an important role as a secondary messenger ir
intracellular signal transductich.myelInositol 1,4,5-trisphosphate has been shown to increase intracellu
lar calcium concentrations, whifayainositol 1,3,4,5-tetraphosphate has been shown to stimulate calcium
uptake from extracellular fluid through the plasma membrane. Although many polyphosphangated
inositols have recently been discoverd, the amount of these compounds present in nature is too smal

and

so isolation and purification are difficult. Because of this, it still remains undefined how these compounds

exert their bioactivity.
On the other hand, there are several reports demonstrating certain causal relationshipsgiween

inositol concentrations in the brain and diseases. Concentrations of inositol in the brain are elevated in

patients with Down’s syndrome and Alzheimer’s Disease. Moreover, it has been proposed that the ac

ion

mechanism of lithium, an agent well known for the treatment of bipolar disorders, is caused by depleting

inositol from its intracellular storage.

Recently, accumulating evidence has revealed that several stereoisomers othwsotimmsitol are
present in the body, and their bioactivities have been vigorously investi@atﬁmbse isomers are
expecteS)d to have important physiological activities as the analogs, agonists or antaganigis of
inositol.

We have developed 7 inositol stereoisomers, 1 inosose, an oxidized form, and 3 quercitols in reduced

forms. All are now are commercially available and are the highest quality reagents. Please try them
your research.
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NOVEL & EFFICIENT GLYCOSYL DONORS

~
T1991 2,3/4,6-Tetra- O-benzoyl- a-D-glucopyranosyl  p-Trifluoromethyl-

benzylthio- N-(p-trifluoromethylphenyl)formimidate (1a) 1g 200mg
T1999 2,3,4,6-Tetra- O-benzyl- a-D-glucopyranosyl  p-Trifluoromethyl-

benzylthio- N-(p-trifluoromethylphenyl)formimidate (1b) 1g 200mg

OBz OBn
Bzg/&o 0: BnO/O&O:
z Bn

N CF N CF

BzO </ O : Bno |y @ ’

(@] o‘_<

S—CHZOCFs s—cm@—ca

la 1b

Recently, it has been revealed that oligosaccharides are an important factor in the many areas of life
processes, such as embryonic growth, differentiation, senescence, immuno system and carcinogenesis. In
recognition of the importance of oligosaccharides in bio systems, many have pursued to understand the
mechanism of how oligosaccharides play a role in life processes, which requires the need to elucidate the
functions of oligosaccharides, as well as the structures and activity relationship. To study the relationship
between structures and activity of the oligosaccharides, it is necessary to synthesize oligosaccharides|with
defind structure so as to evaluate their activity. In the synthesis of oligosaccharides, glycosylation, protec-
tion and deprotection processes are repeated for every glycosidic linkage formed. Thus, in order to form
oligosaccharides effectively, the glycosyl donor and acceptor, as well as the protecting reagents are vitally
important. For this reason, there is much research activity in finding glycosyl donors and acceptors with
suitable properties.

In recent years, the glucose derivatiyavith thioformimidate as the leaving group, was developed by
Mukaiyama and his co-workets.This reagent is a glycosyl donor with high reactivity and stability.

OBn OH OBn
BnO 0 RO 0 BnO Q
BnO R'O X BnO (0]
BnO '
o NR R'O BnO o
Acceptor (1.0 eq) R'O
R=p-CF3Ph Y > R'O X

SCH5R TfOH (5 mol%), MS 5A (3 g/mmol), A
Solvent R'O
1b
1 0,
Entry Acceptor Yield % (a/B)
' X ‘BuOMe  EtCN

1 Benzoyl EtS  95(98/11) 98 (2/98)
2 Benzyl F  97(87/13) 81(2/98)

Mukaiyama and his group reportéd is activated with catalytic amount of TfOH in the presence of
MS5A and reacts with a glycosyl acceptor to provide a disaccharide in quantitative yield. Furthermore, by
choosing the appropriate solvents, they obtamedr 3-glycosides. The glycosyl acceptors with a fluo-
rine atom at 1-position, as well as the ethylthio group were also used and the resulting disaccharides can
also be used as glycosyl donors. Protic acid such as TfOH and Lewis acid suglk B5®@Ean be used
as the activating agents for glycosylation with Moreover, thiophilic reagents are also compatiftleis
a white crystalline solid and is attractive because it is easily handled and high reactivity.
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2002, 746; H. Chiba, T. Mukaiyam&hem. Lett.2003 32, 172; H. Chiba, S. Funasaka, T. Mukaiyaiall. Chem. Soc. Jpn.
2003 76, 1629; Tokyo Kasei Kogyo, Jpn Kokai Tokkyo Koho 2003 3352883

TCI has various types of glycosyl derivatives on the market. We are pleased to make these reagents available for your
needs in the research of oligosaccharides and related studies. For more information, please refer to “TCI Catalog”,
“REAGENTS FOR GLYCO-CHEMISTRY AND BIOLOGY"” and “Reagent Guide”.

These reagents were merchandised as the fruition of NEDO project. We shall put together further efforts in
merchandising effective glycosyl donors and acceptors, and continue to serve the needs of our customers.
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L-FUCOSE SPECIFIC LECTIN

-

L0169 Lectin, Fucose specific from Aspergillus oryzae
(HA : 3.9 pg/ml) (5 mg/ml, PBS pH 6.5) Iml

Lectins recognize oligosaccharides and specifically well reversibly binded ones. Thus, lectins are
widely utilized in cell biology related fields such as blood-type studies and binding studies of oligosaccha-
rides to cancer cell surfaces, and many other important studiestins are widely distributed in nature
and found from almost all types of living beings organisms like plants, microorganisms, fungus, inverte-
brates, vertebrates and viruses.

The product introduced today is a new-type of lectin isolated Aspergillus oryzaén Japanese
sake fermentation. This lectin has proven to have a strong affinity tawabse according to the results
of hemagglutination inhibition assdy.The fucose bonding position shows the highest binding for
oligosaccharides are the ones containinguc al1,6 andal1,2. Fucosyl residuesl,3 andal,4 also
possess the specificity. The molecular weight-6ficose specific lectin subunit, a dimeric substance,
showed 35,000 (Fig. 1). This lectin shows 26% similarity to lectin isolatedAtenria aurantig?) and its
substrate specificity is also thought to be relatively similar.

Generally, lectins have been applied for the detection and the analysis of complex-type oligosac¢ha-
rides as they can specifically recognize oligosaccharides. Especially, the ones with fucose typically possess
physiological properties. Therefore, these lectins are often used for such purposes. For example, fucosijlated
oligosaccharides are known to participate in the life processes such as embryonic growth, differentiation,
cell recognition, canceration, and inflammation. Wherivo transformations of the fucose to oligosac-
charides take place, such reactions are recognized as important indications of the antigen epitopes for the
Lewis blood-type and cancer related carbohydrate antfjeRseAspergillus oryzaducose specific lectin
is not only utilized as an analyzing tool for the sugar-binding specificity of complex-type oligosaccharides,
but it is highly applicable for a wide spectrum of studies on oligosaccharides.

ML
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L

A2

| -

300
Fig.1 SDS-PAGE

01
L 1 0.25 [mg/ml] x 5 pul
CBB dyeing

] | pure grade : single band
Gel : Gradient 10-20
subunit Mr : 35000
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This lectin was merchandized under the technical tie-up with GEKKEIKAN SAKE COMPANY, LTD.
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a-HOMONOJIRIMYCIN

(" )
H1144 oa-Homonojirimycin (1) 10mg
OH
HO NH
HO
HO
OH

o-Homonojirimycin () is an aza-sugar, whose oxygen atom within the monosaccharide ring is replaced
with an imino moiety; it has been shown to significantly affect sugar chain procéssiivg. 1 is an
excellent glycosidase inhibitor. The mechanism for its inhibition has been explained as that a glutamic acid
or asparagine residue of the glycosidase forms an ionic bond with an imino moiety of the aZa-sugar.
Moreover,1 is also used as a leading compound of effective agents for the treatment of Fabry disease
(disease causing a glyco sphingolipid lysosomal storage disorder), which is caused by an active enzyme
deficiency (i-galactosidase A9.

References
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