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Polysaccharide structure:

Components "type” Hex or HexNAc
relative configuration  Glc or Man
absolute configuration D- or L-

ringsize -p Or -f
Linkages position —4) or —6)
stereochemistry o- or [5-
Sequence —4)Glc(—4)Gal(—
—4)Gal( 14) Gle(—
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NMR can be used to perform all of
the steps in a structure determination

- except the determination of the
absolute configuration
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Many oligo- and polysaccharides contain
at least one sugar that occurs naturally
only in one configuration.

e.qg. D-Glc, D-GIcA, D-GIcNAc, D-GalNAc

The relative configuration of the other
residues can be determined by NMR.
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The interpretation of NMR spectra
becomes difficult if the polysaccharide -

- IS Irregular (or a mixture)
- contains many similar residues

- IS very large
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Every polysaccharide has a unique 1D-
NMR-spectrum -

I.e. all of the information about the
structure Is contained in a 1D-spectrum.

Most of the NMR-experiments are
performed to assign the resonances and
do not provide additional information
about the structure.
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NMR-experiments

Assignment of TH-resonances
H,"H-COSY, 'H,"H-TOCSY

Assignment of 13C-resonances
H,3C-HETCOR or HSQC

Sequence determination
NOESY (Short 'H,"H distances)
HMBC (3JgocH)
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Methods for the interpretation of
1D-spectra can save much time
and effort!
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Current approaches:

comparison with a database (SugaBase)
simple and accurate but limited to known
Structures or sub-structures.

comparison with simulated NMR spectra (CASPER)
requires information about the components and
linkages to limit the number of possible
structures.

Artificial Neural Networks (ANN)
current application are limited to a single class of
compounds.
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SugaBase

(http://www.boc.chem.uu.nl/sugabase/databases.html)
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Carbohydrate Structure

Help: [Geatch level] [Strict linkages] [Momenclature]

earch level: I Full Fesidue _:|
atrict inkage check: L

Carbobiydrate Stoucture:
b-L-Fucp-i(1-3)-a-D-Glcp-[(1-1) -Methvl
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C#: FP-0Z201-A00404
CC: CCED:a00404

MH= 75
Tenp 333
Solv D20

Original Reference:
Reference Walue
Correction Applied:

SugaBase

Acetone

FEesidue

Linkage Carbon PPHM

a-DI-Glep

b-L-Fucp

99,
.
g3,
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T2,
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Sweet-DB

CCECESCIENCES.DE

http://glycosciences.de hosts several tools
and databases for the carbohydrate chemist

Sweet-DB is an interface to CarbBank/SugaBase
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Search with NMR-data

MME Information £ Advanced Search

99.7 V0.3 83.5 69.7 TI.Z 61.3
104.0 71.8 V3I.T 72.1 T1.58 16.1

Peaks :

Tolerance : ID.S PP

| Search noww ]

Exarmple 1: Proton Search

Example 2: Carbon Search
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Search results

Searched for peaks (spectra view). Results: 1- 10 of 174

Structures | Cetails |

L
Spectrum matches gquery with 95.00%

I I I I I
150.0 1a0.0 140.0 120.0 106 .0 go.o a0

| [ | I T | Explore I |3D Co-ordinates

4oy 20,0 0.0

Structures | Cetails

L]
| ‘ apectrurm matches query with 94.00%

I I I I . Explore | [3D Co-ordinates
a0 4

0.0 20.0 0.0

I
180.0 160.0 140,10 120.0 1oy, gL

Structures | Cetails
L
I T | | | spectrum matches query with 92.00%
& W, . .
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Search results

Searched for nmr information. REesults: 1- 10 of 174

Spectra I Cetails I

structure matches query with 85.00%

b-L-Fucp-{1-3) +
1
b-D-Flcp-{1-1) -Methyl

LR

a-D-Manp-{1-2) +

| Explore | [SD Co-ardinates
& @, | |
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150.0 160.0 1d0.0 1z20.0

I
100.0

I
0.0

I
60,0

MHZ

Temperature

Sohent

Residue Linkage Carbon JFrom

b-D-Glep C-1 105 0
b-D-Glep C-2 74800003 0
b-D-Glcp C-3 80.500002 0
b-D-Glep C-4 #1.400002 0
b-D-Glcp C-5 76.5 1]
b-D-Glcp C-6 51599995 0
b-L-Fucp 3 -1 104 0
b-L-Fucp 3 C-2 72400002 0
b-L-Fucp 3 C-3 74 0
b-L-Fucp 3 C-4 72599995 1]
b-L-Fucp 3 -5 71.400002 0
b-L-Fucp 3 CB 16.6 0
a-D-Manp 2 C-1 99 5999595 0
a-D-Manp 2 C-2 71.199997 0
a-D-Manp 2 C-3 71 0
a-D-Manp 2 C-4 55199997 0
a-D-Manp 2 -5 #3.0999595 0
a-D-Manp 2 C-6 52 099935 0
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CASPER

(http://www.casper.organ.su.se)
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e Help using CASPER
¢ Sequence determination
Deterrmine the sequence of a poly- or oligo-saccharide from MME chemical shifts and the results of methylation and sugar analysis.
Exarmple 1 - 2 (1-=6] glucar
Example 2 - a Shigella LPS
» Structure sirnulation
Build a structure, simulate its =C- and ‘H-NMR spectra, and, optionally assign experimental spectra.
Example 1 - Assignment of the «C-spectrum of methyl b-cellobioside.
o Literature List of references.
» Guide to methylation analysis
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CASPER

Title |b-L—Fu cp-1-3)-a-0-Glop-{1-11-kathyl

Soutce IMagn. Fes Chem. (1993 31: 533-613

Residue Linkage 'Feducing' ennd

ljlaﬂ |D—GlchMe J |nDtI|nkedJ |n|:|ne j

zjlbj |L—Fuu:p J [1->3] m

Sjllaj |n|:|ne J l[ ]| IrESIdUE 1 J

4)|aj |n|:|ne j ||:1 >2]|_J |rea|due1_|

Sjlaﬂ |n|:|ne j ||:1 >2]| T |resn:iue 1 J
02 =

ﬁ)laj |n|:|ne j

Ve Chemical shifts
Q9.7 70.8 83.5 69.7 VZ.2 61.3 _ﬂ
B e B R .= TR 7 e T = = R P ot By

| _CLEAR |

Load shifts fru:uml Eladdra... |
Cotrect by subtracting ID ppm
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CASPER

Calculated shifts —

- - £
Bakat Ffairiat Stopp  Uppdatera  Startsida

Q @ 9 <o

Sok Favoiter  Media  Tidigare

@v »

E-post

Adress [{€] hip://www casper.organ.su se/casper/caibin/build.cal =] @oail ‘ Links *

b-L-Fucp-(1-3)-a-D-Glcp-(1-1)-Methyl

Simulated structure

bLFuc{1->3abGlcOMe

99 B6 7092 H3.65 £9.88 7231 B1.51 5582

4 86 365 385 361 367 377 3687 344
104 06 719 7381 72.14 71.88 16.16

460 357 368 3.78 3.82 1.29

->3)aDGIcOMe

bLFuci1->

Assignment of =C resonances

Experimental Simulated Exp-Sim Assignment
104.00 104.06 -0.06 bLFuc: \
93.70 99.86 -0.16 aDGlcOMe - 1
83.50 8365 -0.15 aDGlcOMe - 3
[ " 73.70 73s -0.11 blLFuc- 3
EX erlmental Shlfts 72.20 7231 011 aDGIeOMs - 5
p 7210 7214 -0.04 bLFue - 4
71.80 1.9 -0.11 blLFuc - 2
71.80 71.88 -0.08 blLFuc -5
70.80 7092 -0.12 aDGleOMe - 2
69.70 69.68 -0.18 aDGleOMe - 4
61.30 61.51 -0.21 aDGlcOMe - 8
16.10 16.16 -0.08 bLFue y
n—

| Systematic error=-0.12 ppm, RMS error=0.13 ppm

Experimental structure

bLFuc{1->3)aDGlcOMe: =

9570 700 B350 6970 7220 6130 nd
+3)aDGIc0Me "

n.d n.d n.d n.d n.d n.d n.d n.d
bLFuc(i-> WEIAnEIdEI ?WnEdEI ?Sn?'dtl ?EanEI ?1nEdEI WEn1dEI
ks [ [ [ e 7
& @, | .
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CASPER

b-L-Fucp-(1-3)-a-D-Glcp-(1-1)-Methyl

Simulated structure

bLFuc(1-=3alizlcOMe
99 .5k 092 H53.65 B9.55 T b1.51 5552

-=AalGlcOke

pRinEs 486 385 385 361 367 377 387
bLFus(1-> 104.06 71.91 73.81 7214 71.88 16.16

4 B 357 .68 376 3.82 1.29
& @iy
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Chemical shift calculation

1) Start with monosaccharide tﬁ

2) Add glycosylation shifts ?ﬁ
moo o

=)

w mo/om

3) Add steric corrections : \

& q‘aﬁv.% . .
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Glycosylation shifts

OCH,
oH OH
HO < HO
HO o J
- OH
BDGlc (1> 6.45 -1.07 -0.18 -0.20 0.12 -0.19

—4) aDG1lcOMe -0.27 -0.25 -1.51 9.20 -1.36 -0.60

OH
(o)
HO
HO (o]
[ o
OH OH

fDFuc (1> 6.85 -1.05 -0.13 -0.24 0.18 -0.23
—4) aDRhaOMe -0.30 -0.66 -1.23 10.19 -1.35 -0.07

OCHs
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Sequence determination

1) Start with all possible components
2) Generate all topologies and sequences

3) Calculate spectra and compare with
experimental data
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CASPER

Title |Dextran

Components
Source |J. Arm. Chem. Soc. 96 (1974) 8081-8087

& ~—

linkage positions

Chermj T
Burce of chemical shifts & text area |2
99.0 72.5 74.5 71.3 70.7 66.7 =]

Chemical shifts /<

Load shifts fram | Bladdra.. |
Caorrect by subtracting IU ppm
Mumber of shifts - Required: IB Actual: IB_ Cleartext area |

Minimum number of coupli t magnitudes

Additional restrictions ————

[0 (<169 Hay [0 ¢

[ «hy [0 e7ng
Sawve form | w
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CASPER

Residue Linkage position

1 2 3 % H B

D-Glcp i I CZ F A A B ™
hone | S 5 5 (8 8 ) O I

hone | O

hone N 0000 0E

hone N BB EEE

none N GRTRY AT RS R

Chemical shits & =C © H
Soutce of chemical shits & text area O file
Q.0 2.5 4.5 1.3 V0.7 66.7 ﬂ
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Best fitting structures

1. Structure 1,error=0.65 (0.11)
-=R1alGlcfl-=

2. Structure 2 ermar=15.81 (2.64)
-=E1b0G (-2

CASPER

Structure 1
-=B)aDGlc(1-»

Simulated structure

95.90 72.39 74.32 70.66
Bkl 497 3.59 3.74 3.54
& o, . .
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Main weakness of CASPER -
- requires data from chemical analyses
to limit the number of structures that are
simulated.

An Opportunity for ANN:s?
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Caveats

It is assumed that the conformation in the PS is the
same as in the disaccharide or trisaccharide fragments

In order to have transferable glycosylation shifts it is
also assumed that the monosaccharides are rigid.

Extending the set of disaccharide and trisaccharide
fragments used in the calculations may reduce these
problems - but they are inherent to the approach.
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