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ABSTRACT

A computer program that can be implemented on IBM compatible microcomputers has been used to
interpret the '"H-n.m.r. spectra of a series of mucin-derived alditols, The program compares the chemical
shifts of resonances in the spectra of unknown oligosaccharides with those in a standard library constructed
from data in the literature. The program then compiles the identified sequences into possible structures,
which, together with a second component of the program from which the individual assignments of chemical
shifts can be made, facilitates ready access to the literature data for final confirmation of the structures.

INTRODUCTION

Several techniques in high-field 'H-n.m.r. spectroscopy are now available for
analysis of the structure of oligosaccharides, including 'H-'H correlated spectroscopy
(COSY)"™, multistep relayed correlation spectroscopy (RECSY)*, triple quantum
filtered spectroscopy (TQCOSY)’, 'H-detected C spectroscopy?, and homonuclear
Hartmann-Hahn spectroscopy (HOHAHA)’, which have led to a rapid increase in
chemical shift data that are now difficult to search manually. We have described'’ a
computer program designed to search a database of the chemical shifts of the 'H
resonances of oligosaccharides and provide possible assignments of structure of un-
known oligosaccharides by comparison with data derived from the literature. The use of
this computer program was described with examples of oligosaccharides obtained by
chemical or enzymic synthesis, from enzymic degradation of N-linked type chains, and
from human milk'. We now report an updated version of the program which has been
made more accessible by transfer to IBM PC compatible machines and improved to give
automatically complete assignments of structures.

The program is applicable to the complete range of oligosaccharides, including
those from O- and N-linked glycoproteins. The validation of this approach for analys-
ing the extensive data obtained from multiple oligosaccharides of mucin glycoproteins

*Dedicated to Professor Leslie Hough in the year of his 65th birthday.
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is described. The program has been used to compare data from the spectra of oligo-
saccharides from human foetal gastrointestinal mucins'"'"> with those in the literature
for oligosaccharides of gastrointestinal tract mucins of other species and bronchial and
ovarian cyst mucins of humans'*?’,

EXPERIMENTAL

The computer program used in earlier work'®!! has been rewritten in TURBO
PASCAL V5.0 (Borland International, CA, U.S.A\) and runs on an IBM Personal
Computer under MS DOS V4.00. Disc storage requirements are: program, 69 kbytes;
standard file, 135 kbytes; and a single data file, 0.5 kbyte.

The data from '"H-n.m.r. spectra for solutions in D,0 of unknown oligosaccha-
rides are entered into a data file as a series of resonance frequencies. The program
converts these data into p.p.m. relative to a standard signal from acetone at d 2.225 (at
22°) and then makes a comparison with those in the standard library. A series of
“standard sequences’ has been defined in oligosaccharides from mammalian glycopro-
teins and those obtained from mammalian sources as reducing oligosaccharides. The
linkage of each monosaccharide in the sequence is specified and the computer contains
data on the resonances attributable to some or all of the protons for the specified
monosaccharide in the series of standard sequences.

Data for the same oligosaccharide sequences in different oligosaccharides have
been compared and a tolerance limit of +0.03 p.p.m. for the majority of protons and
+0.005 p.p.m. for NAc resonances defined, within which it is possible to construct and
search a manageable library of sequences. The computer compares the information on
the standard sequences with the data in the unknown spectrum and produces a list of
those standard sequences in which there is a resonance in the spectrum within +0.03
p.p-.m. for protons in the sequence given to two decimal places in the library and within
=+ 0.005 p.p.m. for those given to three decimal places. The standard sequence nomen-
clature, described in the Results, has been retained from the earlier program'’, but the
system has now been-updated to compile possible structures from the list of standard
sequences identified in the unknown,

The number of possible structures can be restricted by including only core
initiator sequences that are likely to exist in the sample and by defining the probable
molecular size, which can be estimated in several ways. For example, the position of
elution in size-exclusion chromatography on Bio-Gel P-4 gives an approximate range of
sizes for an oligosaccharide based on glucose units which can now be indicated in the
program to provide assignments within that range. Additional information on size is
usually readily obtained also from the 'H-n.m.r. spectra, such as the number of signals
for anomeric protons and groups, and/or from m.s. (liquid secondary-ion m.s. of native
or methylated oligosaccharides'’'?).

Once an oligosaccharide of appropriate size has been identified by the program,
the chemical shifts can be assigned to the resonances of specific protons, using another
section of the program, and the shifts then compared with the data for that oligosaccha-
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ride in the literature to within +0.005 p.p.m., which is the normal laboratory-to-
laboratory variation for all proton resonances from identical oligosaccharides.

The spectra used in the present analysis and the approximate molecular size based
on elution from Bio-Gel P-4 are from the di- to hexa-saccharide-alditol fractions
described in refs. 11 and 12. The standard library comprises the literature references
noted in refs. 10 and 16-28.

TABLE I

List of standard sequences having all resonances in the library identified in the spectrum of the example

pentasaccharide

a-D-GlcpNAc-(1-4)-f-p-Galp-(1 —>4)-,B-D-G1cpNAc-(l\

6)
GalNAcol
)
f-D-Galp-(1

Number of chemical shifts in Standard sequence Sequence number
the library
6 HEXB3[HEXNB6JGALNOL 20
8 HEXB4GLCOL 90
5 HEXB4[DHEXA3]JGLCOL 100
8 HEXNB3GALOL 160
3 SAA3GALB4[DHEXA3JHEX/HEXN 191
3 SAA3GALB3[SAAO6JHEXN 193
3 HEXNA4GALB43 200
5 HEXNB3GALB43HEXNB/OL 210
3 HEXA3GALB4HEXN 211
2 HEXNB3GALB3[HEXNB6JHEXNOL 212
2 HEXNA4GALB3[HEXNB6JHEXNOL 213
6 DHEXA2GALB43HEXNB63[HEXB036/

HEXNBO036JHEXNOL 220
2 DHEXA2GALB3[HEXNB6[HEXNOL 243
3 HEXNB3GALB4HEX 250
4 HEXNB3GALB4HEXOL 260
4 HEXNB3[HEXNB6JGALB4HEXOL 261
2 HEXNB3GALB4[DHEXA3JHEXOL 262
2 HEXNB3[HEXNB6]GALB43HEXNB/OL 280
3 HEXB4/HEXNB4GLCNB4HEXN/OL 290
3 HEXB4AGLCNB6HEXB3JHEXNOL 302
3 HEXB4GLCNB6[HEXNB3JHEXNOL 304
7 DHEXA2[HEXNAO3JHEXB4GLCNB6 321
2 SAA6/DHEXA2HEXB4GLCNB2HEX 351
2 GLCNB4[HEXA3J[HEXA6JHEXB4 421
7 GALB643 430
3 GALB4[DHEXA3HEXN 431
2 GALB3[DHEXA4JHEXN 432
3 GLCNB6[HEXB3JHEXNOL 440
3 GLCNA4HEX 500
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TABLE II

Tllustration of the use of rules A-D (see Results) by the program to combine the standard sequences identified
in Table I to give possible structural assignments of structure for the pentasaccharide in Table I (the bold

italics show monosaccharides added to the chain on each iteration)

~—B3{HEXNB6JGALNOL
—A4GALB3HEXNB6]GALNOL
GLCNA4GALB3[HEXNB6]GALNOL
—B4GLCNB6{GLCNA4GALB3}GALNOL
—A4GALB4GLCNB6{GLCNA4GALB3}GALNOL
GLCNA4GALB4GLCNB6{GLCNA4GALB3}GALNOL
TOO MANY SACCHARIDES IN CHAIN
—B3GALBAGLCNB6{GLCNA4GALB3}GALNOL
—A3GALBAGLCNB6{GLCNA4GALB3}GALNOL
—A2GALB4GLCNB6{GLCNA4GALB3}GALNOL
—B3{HEXNB6]GALB4GLCNB6{GLCNA4GALB3}GALNOL
GALBAGLCNB6{GLCNA4GALB3}GALNOL
GALB4GLCNB6{GLCNA4GALB3}GALNOL
—B4GLCNB6{GLCNA4GALB3}GALNOL
—A2GALB4GLCNB6{GLCNA4GALB3}GALNOL
—B4GLCNB6{GLCNA4GALB3}GALNOL
GLCNB6{GLCNA4GALB3}GALNOL
STRUCTURE NOT IN SIZE RANGE
—B3GALB3[HEXNB6]GALNOL
—A4GALB3[HEXNB6JGALNOL
GLCNA4GALB3[HEXNB6]JGALNOL
—B4GLCNB6{GLCNA4GALB3}GALNOL
~—A4GALBAGLCNB6{GLCNA4GALB3} GALNOL
GLCNA4GALB4GLCNB6{GLCNA4GALB3}GALNOL
TOO MANY SACCHARIDES IN CHAIN
—B3GALB4GLCNB6{GLCNA4GALB3}GALNOL
—A3GALB4GLCNB6{GLCNA4GALB3}GALNOL
—A2GALB4GLCNB6{GLCNA4GALB3}GALNOL
—B3{HEXNB6]GALB4GLCNB6{GLCNA4GALB3}GALNOL
GALB4GLCNB6{GLCNA4GALB3}GALNOL
STRUCTURE ALREADY IDENTIFIED
—B4GLCNB6{GLCNA4GALB3}GALNOL
~—-A2GALB4AGLCNB6{GLCNA4GALB3}GALNOL
—B4GLCNB6{GLCNA4GALB3}GALNOL
GLCNB6{GLCNA4GALB3}GALNOL
STRUCTURE NOT IN SIZE RANGE
—A2GALB3HEXNB6]GALNOL
GALB3[HEXNB6GALNOL
—B4GLCNB6{GALB3}GALNOL
—A4GALB4GLCNB6{GALB3}GALNOL
GLCNA4GALBAGLCNB6{GALB3}GALNOL
GLCNA4GALB4GLCNB6{GALB3}GALNOL
—B3GALB4GLCNB6{GALB3}GALNOL
—A3GALB4GLCNB6{GALB3}GALNOL
—A2GALB4GLCNB6{GALB3}GALNOL
—B3/HEXNB6JGALBAGLCNB6{GALB3}GALNOL
GALBAGLCNB6{GALB3}GALNOL

321
220
321
440

212
213

300
200
500

210
211
220
280
430

321
220
321

243
430
302
200
500

210
211
220
280
430

=
&
&
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TABLEII

STRUCTURE NOT IN SIZE RANGE

—B4GLCNB6{GALB3}GALNOL 321 D
—-A2GALB4GLCNB6{GALB3}GALNOL 220 D
~—B4GLCNB6{GALB3}GALNOL 321 D
GLCNB6{GALB3}GALNOL 40 B
STRUCTURE NOT IN SIZE RANGE
—B4GLCOL 90
—A4GALB4GLCOL 200 A4
GLCNA4GALB4AGLCOL 500 B
STRUCTURE NOT IN SIZE RANGE
~-B3GALBAGLCOL 260 D
~—B3HEXNB6]GALBAGLCOL 261 D
GALBAGLCOL 430 B
STRUCTURE NOT IN SIZE RANGE
—B4{DHEXAJ]GLCOL 100
~—A4GALB4DHEXA3]GLCOL 200 4
GLCNA4GALB4[DHEXA3]GLCOL 500 D
—B3GALB4DHEXA3]JGLCOL 262 D
GALB4[DHEXA3]GLCOL 430 D
—B3GALOL 160

Good structures, 2; residue chain-length, 5; time taken, 20 s.

RESULTS

Tables I and II demonstrate the working of the program to give possible assign-
ments of structure based on comparison of the standard sequences in the library with the
spectral data for the pentasaccharide'

a-D-GlcpNAc-(1—+4)-§-D-Galp-(1 »4) ﬂ-D-GlcpNAc-(l\
6)
GalNAcol
3)
p-p-Galp-(1”

In order to identify this oligosaccharide, the program has to find chemical shift
matches for the following three groups of “‘standard sequences™:

chain initiators, e.g., HEXB3[HEXNB6]GALNOL;

chain extenders, e.g., HEXB4GLCNB6HEXB3JHEXNOL and HEX-
NA4GALB43;

chain terminators, e.g., GALB643 and GLCNA4HEX.

Taking each of the chain initiator standard sequences, the program works
systematically through all of the remaining standard sequences, as indicated in Table 11,
by applying the following rules: 4, a matching standard sequence is found; or B, a valid
structure is identified with a chain-terminating sequence; or C, the constructed chain
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TABLE 111

The structures identified by the program from the spectra of a series of mucin-derived oligosaccharide-
alditols (the structures underlined have been confirmed as the major oligosaccharides present by reference to
the original data used in the standard library and additional structural methods'*?)

OLIGOSACCHARIDE 1

GALB3GALNOL 3854 Da
Good structures, 1; residue chain-length, 2-3; time taken, 3 s.

OLIGOSACCHARIDE 2

GLCNB3GALNOL 426.4 Da

Good structures, 1; residue chain-length, 2—4; time taken, 3 s.
OLIGOSACCHARIDE 3

GLCNB6{GALB3}GALNOL 588.6 Da

Good structures, 1; residue chain-length, 3—4; time taken, 3 s.

OLIGOSACCHARIDE 4

GLCNB3GALB4GLCNB3GALNOL 791.8 Da
GALB4GLCNB3GALNOL 588.6 Da
GLCNB3GALB3GLCNB3GALNOL 791.8 Da
GALB3GLCNB3GALNOL 588.6 Da
GLCNB3GALB4GLCOL 547.6 Da
GLCNB3GALB3GLCNOL 588.6 Da

Good structures, 6; residue chain-length, 3—4; time taken, 9 s.
OLIGOSACCHARIDE 5

GALB4GLCNB6{GALB3}GALNOL 750.8 Da

Good structures, 1; residue chain-length, 4-5; time taken, 4 s.

OLIGOSACCHARIDE 6

GLCNB3GALB3GLCNB3GALB3GALB3GALNOL 954.0 Da
GALB3GLCNB3GALB3GALNOL 750.8 Da
GLCNB3GALB4GLCNB3GALB3GALNOL 954.0 Da
GALB4GLCNB3GALB3GALNOL 750.8 Da
GLCNB3GALB3GLCNB3GALB4GLCOL 913.0 Da
GALB3GLCNB3GALB4GLCOL 709.8 Da
GLCNB3GALB4GLCNB3GALB4GLCOL 913.0 Da
GALB4GLCNB3GALB4GLCOL 709.8 Da

Good structures, 8; residue chain-length, 4-5; time taken, 56 s.
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OLIGOSACCHARIDE 7

GALB4GLCNB6{FUCA2GALB3}GALNOL
FUCA2GALB4GLCNB6{GALB3}GALNOL
GALB4GLCNB6{GALB3}GALNOL
GALB4GLCNB6{GALB4GL.CNB3}GALNOL
GALB4GLCNB6{GLCNB3}GALB4GLCNOL
GLCNB4GLCNB4GLCNB4GLCNB4GLCNOL
GALB4GLCNB4GLCNB4GLCNB4GLCNOL
GLCNB4GLCNB4GLCNB4GLCNOL
GALB4GLCNB4GLCNB4GLCNOL

Good structures, 9; residue chain-length, 4-5; time taken, 113 s,

OLIGOSACCHARIDE 8

GALB4GLCNB6{FUCA2GALB3}GALNOL
GALBAGLCNB4GLCNB4GLCNB4GLCNOL
GALB4GLCNB4GLCNB4GLCNOL

Good structures, 3: residue chain-length, 4-5; time taken, 10 s.

OLIGOSACCHARIDE 9

GLCNB3GALB3GLCNB3GALB4GLCNB3GALNOL
GALB3GLCNB3GALB4GLCNB3IGALNOL
GLCNB3GALB4GLCNB3GALB4GLCNB3GALNOL
GALB4GLCNB3GALB4GLCNB3GALNOL

Good structures, 4: residue chain-length, 5-6; time taken, 5s.

OLIGOSACCHARIDE 10

GALB4GLCNB6{GALB3GLCNB3}GALNOL
GALB4GLCNB6{GALB4GLCNB3}GALNOL

Good structures, 2; residue chain-length, 5-6; time taken, 32 s.

OLIGOSACCHARIDE 11

GLCNB6{GLCNB3GALB3GLCNB3GALB3}GALNOL
GALB4GLCNB6{GALB3GLCNB3GALB3}GALNOL
GLCNB6{GALB3GLCNB3GALB3}GALNOL
GLCNB6{GLCNB3GALB4GLCNB3GALB3}GALNOL
GALB4GLCNB6{GALB4AGLCNB3GALB3}GALNOL
GLCNB6{GALB4GLCNB3GALB3}GALNOL
GLCNB3GALB4GLCNB6{GLCNB3GALB3}GALNOL
GALB4GLCNB6{GLCNB3GALB3}GALNOL
GALB3GLCNB3GALB4GLCNB6{GALB3}GALNOL
GALBAGLCNB3GALB4GLCNB6{GALB3}GALNOL
GLCNB3GALB4GLCNB6{GALB3}GALNOL
GALB3GLCNB3GALB3GLCNB3GALB4GLCOL
GALB4GLCNB3GALB3GLCNB3GALB4GLCOL
GLCNB3GALB3GLCNB3GALB4GLCOL

897.0Da
897.0 Da
750.8 Da
954.0 Da
954.0 Da
1036.0 Da
995.0 Da
8328 Da
791.8 Da

897.0 Da
995.0 Da
791.8 Da

1157.2 Da
954.0 Da

1157.2 Da

954.0 Da

954.0 Da
954.0 Da

1157.2 Da
1116.2 Da
954.0 Da
1157.2 Da
1116.2 Da
954.0 Da
1157.2 Da
954.0 Da
1116.2 Da
1116.2 Da
954.0 Da
1075.2 Da
1075.2 Da
913.0 Da
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TABLE III

GALB3GLCNB3GALB4GLCNB3GALB4GLCOL 1075.2 Da
GALB4GLCNB3GALB4GLCNB3GALB4GLCOL 1075.2 Da
GLCNB3GALB4GLCNB3GALB4GLCOL 913.0Da
GALB3GLCNB3GALB3GLCNB3GALB3GLCNOL 1116.2Da
GALB4GLCNB3GALB3GLCNB3GALB3GLCNOL 1116.2Da
GLCNB3GALB3GLCNB3GALB3GLCNOL 954.0 Da
GALB3GLCNB3GALB4GLCNB3GALB3GLCNOL 1116.2 Da
GALB4GLCNB3GALB4GLCNB3GALB3GLCNOL 1116.2 Da
GLCNB3GALB4GLCNB3GALB3GLCNOL 954.0 Da

Good structures, 23; residue chain-length, 5-6; time taken, 263 s.
OLIGOSACCHARIDE 12

GLCNA4GALB4GLCNB6{GLCNA4GALB3}GALNOL 1157.2Da

Good structures, 1; residue chain-length, 5-6; time taken, 13 s.

OLIGOSACCHARIDE 13

GALB4GLCNB6{GALB3GLCNB3GALB3}GALNOL 1116.2Da
GLCNB6{GALB3GLCNB3GALB3}GALNOL 954.0 Da

GALB3GLCNB3GALB4GLCNB6{GALB3}GALNOL 1116.2 Da
GALB3GLCNB3GALB3GLCNB3GALB4GLCOL 1075.2 Da

Good structures, 4; residue chain-length, 5-6; time taken, 76 s.
OLIGOSACCHARIDE 14

GLCNA4GALB4GLCNB6{GLCNA4GALB3}GALNOL 1157.2Da
GLCNA4GALB4GLCNB6{FUCA2GALB3}GALNOL 1100.2 Da

Good structures, 2; residue chain-length, 5-6; time taken, 20 s.

becomes longer than the definable number of saccharide residues; or D, no matching
standard sequence is found.

The presence of oligosaccharides suggested by the program can be substantiated
by reference to the literature that gives the original spectral data for the suggested
oligosaccharide(s). In addition to identifying structures for which data have been
published, the program can construct likely structures from compatible sequences. This
capability is illustrated by the results of the analysis of the pentasaccharide noted above,
in that data for this oligosaccharide itself are not in the literature but only those for
related oligosaccharides (Tables I-11I).

Table I1I shows the structures derived by the computerised interpretation from
the spectra of a series of mucin-derived di- to hexa-saccharide-alditol fractions. The
structure(s) underlined are those which were proved subsequently to be the major
oligosaccharides present'™'2. This series illustrates the wide variety of structures of
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mucin-type oligosaccharides that can be assigned by the program. Those identified in
Tables II and III are a particular subset based on four different core regions, namely,
f-0-Galp-(1-=3)-GalNAcol, f-D-GlcpNAc~(1-3)-GalNAcol, p-b-Galp-(1-3)[-D-
GlcpNAc-(1-6)]-GalNAcol, and B-D-GlcpNAc-(1-»3)[8-D-GlcpNAc-(1—+6)]-Gal-
NAcol, that have g-p-Galp-(1—-3/4) or f-p-Galp-(1—3/4)-8-D-GlcpNAc-(1 —3) back-
bones, with or without a-D-GlcpNAc-(1—-4) or a-L-Fucp-(1—-2) peripheral regions
linked to B-D-Galp-(1—3)-GalNAcol or f-D-Galp-(1-—+4)--D-GlcpNAc-(1—-6)-Gal-
NAcol.

In this mucin series, there were two additional spectra of oligosaccharides in the
di- and tri-saccharide size range for which the program gave no possible structures and
one further spectrum of a hexasaccharide which gave no structures that had a GalNAcol
core. The major oligosaccharides in these fractions were shown subsequently, by
additional n.m.r. spectral assignment®® and structural analysis methods involving
m.s.'""2, to be structures based on GaIN Acol-containing cores but with novel sequences
for which previous literature data had not been published. Two of these sequences were
the di- and tri-saccharides® a-pD-GalpNAc-(1-3)-GalNAcol and f-p-Galp-(1-4)-
GlecpNAc-(1—-6)-GalNAcol that have a novel monosaccharide or linkage at GaINAcol.
The third oligosaccharide, shown to be the hexasaccharide” g-p-Galp-(1—4)-g-D-
GlcpNAc-(1-6)-p-D-Galp-(1 - 3)[6-D-Galp-(1 »4)--D-GlcpNAc-(1-6)]-GalNAcol,
has a novel backbone linkage, namely, §-D-GlcpNAc-(1-6)-f-D-Galp.

In addition to the specificity of the program for distinguishing novel oligosaccha-
rides, it can be seen that, although the standard database includes other mono-
saccharides besides those commonly found in O-linked-type chains of mucins, these are
excluded by the search of the data from the oligosaccharidesin the present study. On the
other hand, the computer analysis of the spectra of oligosaccharides from N-linked
glycoprotein chains® gives assignments based on the typical «-D-Manp-(1-6)[a-D-
Manp-(1-3)]-f-pD-Manp-(1 —+4)-8-D-GlcpNAc sequence, and spectra from sialylated
compounds, for example, are given correct structural assignments'®®.

DISCUSSION

The identification of individual oligosaccharides from the large number of pos-
sible structures in mammalian glycoconjugates is an increasingly important task as
more structures are identified and the roles of their specific sequences in biological
systems are recognised. When enough material is available (~ 50 ug or more), 'H-n.m.r.
analysis is an important first-line procedure which has the advantage of providing
complete information on structure, identifying novel sequences, and giving insights into
conformation*'"?*2 without degradation of the material. Where practicable, a com-
bined approach to the assignment of structure, including chemical, enzymic, chroma-
tographic, mass-spectrometric, and n.m.r. analysis, is essential’', Newer methods of
analysis involving specific degradation and direct t.l.c.—m.s. are also available which
complement the existing techniques®**, The present study demonstrates the extent of
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information to be obtained from 'H-n.m.r. spectroscopy alone and the use of computer-
assisted analysis of the spectra.

The results show that the program can give readily a first line of evidence for the
structures of oligosaccharides which can be checked by reference to the primary source
of information used to construct the database, i.e., as far as possible all of the 'H-n.m.r.
data for oligosaccharides from mammalian glycoproteins quoted in the literature. The
method chosen for cross-referencing the literature data involves the use of the Carb-
Bank CCSD program®. Thus, the possible structures given by the computer search of
the '"H-n.m.r. data can be identified by CarbBank and the literature reference for the
'H-n.m.r. data of the oligosaccharides obtained in this way. Because the program for the
interpretation of 'H-n.m.r. data includes a parameter to assign each peak, the chemical
shift data for each monosaccharide in the sequence can be obtained and checked against
the literature data at + 0.005 p.p.m. (the laboratory-to-laboratory variation) in order to
provide a unique assignment.

From the computer-assisted interpretation of 'H-n.m.r. spectra so far carried out,
it has been found that, using a +0.03-0.005 p.p.m. tolerance limit, the program can
identify many different oligosaccharides and distinguish between closely related struc-
tures. This facility is a useful first step in the determination of structure by 'H-n.m.r.
spectroscopy for workers familiar or unfamiliar with spectra interpretation. Other
computerised approaches to 'H- and '*C-n.m.r. analysis**”’ and large databases of 'H-
and “C-n.m.r. data?®*® offer different approaches to the interpretation of spectra. The
present approach has the advantage of readily giving comparisons of the chemical shift
data of related oligosaccharides that are important in considerations of both structure
and conformation.
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