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NMR-spectroscopy is a non-destruc-
tive, powerful technique for determin-
ing the primary structure of complex
carbohydrate chains. Even small
amounts of material can be analyzed,
provided that the carbohydrate struc-
tures under investigation do not have
several repeating units (polysaccha-
rides), and that reference 'H-NMR or
13C-NMR chemical shifts are avail-
able. These reference NMR data are
usually derived from a small collection
of in-house recorded spectra, and are
augmented with reference data from
literature. In particular, review articles
containing carbohydrate-NMR data
are in high demand for this type of
analysis. Unfortunately, articles in-
clude only a part of all the available
NMR data, and have to be inspected
manually. A fast and easy way to ana-
lyze carbohydrate NMR spectra is to
use the help of the database computer
program SUGABASE. This database
combines carbohydrate structures and
bibliographic data with 'tH-NMR and
3C-NMR chemical shifts.

The structures and bibliographic
data are taken predominantly from the
CCSD  (Complex  Carbohydrate
Structural Database), and are linked to
NMR data taken from literature. The
'H- and '3C-NMR database can be ex-
ported as an ASCII flat file. An exam-
ple of a tH-NMR record in this format
is presented in Figure 1. The NMR
tables and structures in the database are
grouped according to the type of car-
bohydrate chain, namely, N-linked,
O-linked, lactose-type (i.e. carbohy-
drate chains containing a lactose se-
quence) and polysaccharides (all the
rest). For each nucleus, all chemical
shifts are calibrated to the same refer-
ence. The 'H-NMR chemical shifts are
relative to acetone, resonating at 2.225
ppm, and the 13C-NMR chemical
shifts are relative to dioxane at 67.40
ppm. The main effort in building the
database has been focused on the ac-
cumu]ation/of 1H-NMR data from N-
f .
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H#: ©L-0501-002618
CC: CCsD:2618

SsC:

MHZ 400
Temp 300
Solv D20

Tl: Assignment of the 1H- and 13C-NMR Spectra of Eight Oligosaccharides
of the Lacto-N-tetraose and Neotetraose Series

AU: Strecker G; Wieruszeski J-M; Michalski J-C; Montreuil J

CT: Glycoconjugate J. (1989) 6: 67-83
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a-D-NeupSAc-(2-6) -B-D-Galp- (1-4)-B-D-GlepNAc-(1-3) -B-D-Galp-(1-4)-D-Glc

Residue Linkage

Proton PPM J Hz Note

D-Glec

H-la
H-1B
H-20

.218
.661
.574
.280
.826
.638
.637
.634
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Note a)Assignments may have to be interchanged.

Figure 1.

linked and O-linked structures. The
database currently contains 888 struc-
tures that are connected to 'H-NMR
data and 380 structures that are linked
to 13C-NMR chemical shifts. The pro-~
gram runs on [BM-compatible per-
sonal computers under MS-DOS and
requires 6 Mb disk space. Figure 2
shows an example of a SUGABASE
session on a PC. Recently, the program
has been transferred to Silicon
Graphics workstations. An example of
SUGABASE running in the X-Win-
dows environment on a workstation is
presented in Figure 3.

Essentially, the database program
implements two procedures for sear-
ching for data. The first procedure is
used to find carbohydrate structures
that match the NMR spectrum of an
unknown compound. The user selects
characteristic signals from the NMR
spectrum of this compound and con-
structs a search-profile. This search
profile consists of a list of chemical

shifts and some parameters to control
the range and sensitivity. The program
uses this search-profile to find mat-
ching structural elements (sub-struc-

- tures of carbohydrate structures) in the

database. After the search, the selected
carbohydrate structures are displayed
and the matching structural elements
are highlighted. The related NMR data
of these structures are also shown with
the matching chemical shifts high-
lighted.

The best approach for this type of
search is to start with a small number
of well-defined chemical shifts in or-
der to gain initial insight into the type
of structure under investigation. Sub-
sequently, the number of chemical
shifts can be increased to arrive at a
smaller number of matching struc-
tures, which, in turn, contain larger
matching structural elements. If the
database contains structures that are
present in the unknown compound,
the results of the search narrows down
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Figure 3.

to those structures. If there are no
completely-matching structures in the
database, the program presents a num-
ber of structures with highlighted
structural-elements. These elements
match parts of the unknown com-
pound. The highlighting of these
structural elements facilitates the rec-
ognition of the elements in the struc-
ture. To tune the search, the required
minimum percentage of matching
chemical shifts per structure for a hit
and the tolerated variation of the mat-
ching chemical shifts can be defined.
Moreover, an optional list of monosac-
charide residues can be used to restrict
the type of carbohydrate chains which
are considered in a search.

The second procedure to search the
database can be used to select all NMR
data available for a known structural
element. The user constructs a search
profile that contains a structural ele-
ment, and the program searches the
database for all structures containing

this sub-structure. These selected
structures are then presented in com-
bination with the related NMR data.
Because the NMR data of a structural
element are influenced by its sur-
roundings, NMR parameters often
give some information on that part of
the structure that embeds the structur-
al element.

The program can be acquired by
anonymous ftp. The internet address
of the ftp server is ‘ruucjl.chem.ruu.nl’
and the program can be found in the
directory ‘/pub/sugabase/msdos’. The
program will ask for a licence number
the first time itis activated. This licence
number can be obtained free of charge
for non-profit organizations. Com-
mercial organizations pay NLG 300.
For organizations that can not use ftp,
a copy of the program is available on
diskette.
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