HSHEEAE S W —7

BAREBETOHN

B EFOERIELEZ LSBT -S> TH
THWV, BEIAFEEROEZERE L. RIDH
CT7ILTFE REBBOKBEEHSFAICET
5, WHREANhBDFATEZ—ILIEEIIREICELY S
BIRC 6 ERBEEHRT 5, 19HiCFEZ DOFE
EREORDICHVERD VA ) T —22 O~
WD 7= MRS Ch - e Bt P ERAS L
feo ThbB. PEEZ—IIEKPFTFEEL DK
FPRMEFHIEFEETIIENPYUBRERIN-DOTH -
oo TIN e Tayov—H/—NILEEZELE
DI DFIBOFEEDZ ETH B,
MBERENF D& 5 LEEDEEN T H 3 1EH
THDZEPALPICINTHL S FHIEHIZEBEL.
PESHDLEE L REEENBAS DS > T E 1=, Fa DR
BRI 22 TOMIBISERET E > TV DB, 1012
EOEENIES LRI haHEHIE. 80 TSHM
ICBAEDFEEEZ TV, ZOMIBLERIRAL
I, BB OBEREY RO L 5 ICKFERDEED
RItA (KBEE) 28BET5 e EAROD—DT
BB, TOM. 1) PEEEE—MHNICEDZ &,
2) MBERICICEWIIREMRETR TS &P
RUXTLFF RKRRYNRTF R EDREKIEEED

18
(Z

=
=
=

Structural glycomics research

Background and aim

The chemistry of optically active carbohydrates is the
basis of organic chemistry. Carbohydrates carry several
stereogenic hydroxyl groups and a carbonyl function.
This class of molecules forms intramolecular acetals or
ketals resulting in five- or six-membered ring structures.
In the 19th century, sugar itself was an important com-
modity, the quality control of which was vital in that era.
A polarimeter was the high technology equipment for this
purpose. Mutarotation of carbohydrates was a significant
scientific discovery and earned Emil Fischer a Novel
Prize 60 years later.

Evidences of involvement of glycans in many biologi-
cal phenomena created further problems. Such problems
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include 1) method of reconstruction of biologically
important glycans, 2) investigation directed towards gly-
can-based pharmaceuticals, and 3) microanalytical meth-
ods for structural investigation. Problem 1 has been over-
come after about 30 years of effort by researchers, how-
ever, problems 2 and 3 remained to be addressed. One of
the major issues in the second problem is that ‘a drug can-
didate’suffers from glycosidases that exist in the blood
stream. Our aim is to find a seed from a combinatorial
oligosaccharide library, however, we do not have any
convincing evidence for this challenge did. An issue in the
third problem is the lack of a known method that can be
used in the systematic elucidation of structurally isomeric
oligosaccharides. We are currently attempting to find
answers to these problems.
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Approach

The word “library” implies a collection, but a library in
chemistry is a combinatorial library that is synthesized by
condensing a small number of reagents in combinations
defined by a small set of reactions where more than two
parameters are used by definition. We believe this con-
cept is what we should apply to the field of carbohydrate
chemistry. However, there has been a missing link
between the methods available in oligosaccharide synthe-
sis and library synthesis. We hoped that a library showing
a potential would make the situation different. In an ordi-
nary case, the combinatorial chemistry is followed by the
high-throughput screening to find drug candidates, but it
seemed impossible from the beginning because a synthet-
ic method itself was not available. We considered various
options and then decided to extract structural information
instead of finding some functional molecules from a
library. In this way, all the precious molecules become
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[Fig. 1] Concept of extracting structural information
from a combinatorial library.
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equally important, otherwise some will be discarded. This
is also convincing in the current demands in the structural
elucidation of glycans. This type of investigation had nev-
er been attempted in any field of science, and was expect-
ed to hold infinite value (at least in our vision but more
precisely it should be said that no one knows the value of
our investigation, but at the same time no one can deny the
value.). Mass spectrometry analyzes mass to charge ratio
of ions generated by any method. We decided to use a
combination of electrospray ionization, known as one of
the most mild ionization methods, and quadrupole ion-
trap (QIT) mass spectrometry (MS). The selection of
QIT-MS enables multi-stage collision-induced dissocia-
tion that is advantageous in obtaining as much structural
information as possible. We further envisioned utilizing
energy-resolved mass spectrometry (ERMS), which pro-
vides an activation-energy related factor, in distinguishing
structural isomers of oligosaccharides.
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[Fig. 2] List of synthesized oligosaccharides.
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Achievements

We developed an efficient method that enabled synthe-
sis of a combinatorial oligosaccharide library. The
method consists of 1) a method we named as the station-
ary solid-phase reaction (SSPR), 2) the orthogonal glyco-
sylation protocol, and 3) solid-phase extraction. Using the
method, we succeeded at synthesizing a combinatorial
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library with 1,000 members. Because the synthetic
method does not require mechanical mixing, it is expect-
ed to be used in a small synthesizer [1].

The synthesized oligosaccharides were then subjected
to ERMS to extract the structural information. We found
general phenomena reflecting the individual anomers of
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[Fig. 3] ERMS of a series of disaccharides.
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Remarks

We believe that the concepts and program of our
research have been successful after 5 years of continuous
efforts. To use a military analogy, our current position is
in the middle of the battlefield of science, rather than in
the goal area. Science is often understood in terms of the
hierarchy of basic research, application, and further R&D
leading to a business opportunity. This does not necessar-
ily mean that one has to follow this hierarchy. I have been
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involved so far in the basic part of science, and I will con-
tinue as in the past. I am satisfied with what I do and the
way I have contributed to society, though my achieve-
ment might not be a great feat. As a matter of speaking,
the world consists of many such small individuals. Most
people, including myself, will contribute to the founda-
tion of society through one's business dreaming that one
day more people-friendly principles will replace current
economics. Friendship that grows during the period is the
most important aspect of all.



