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Polysaccharide structure:

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

ringsize porf
Linkages position —4) or —6)
stereochemistry a- or [-
Sequence —4)Glc(—4)Gal(—
—4)Gal( :r4) 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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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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Typical 'H spectrum
O-antigen of E. coli 0113

reporter groups ring region reporter groups
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Typical 3C spectrum
O-antigen of E. coli 0113

ring region

ppm 160 140 120 100 80
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Polysaccharides have unique 1D-spectra
- 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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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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CASPER

(http://www.casper.organ.su.se/casper)

CASPER

CASPER

TitlelDe:dran
SOUI’CBIJ. Arr. Chem. Soc. 96 (1974) 8081-8087

Chemical shifts & '2C ¢ TH

Residue Linkage position 99.0 72.5 74.5 71.3 70.7 66.7
172 3456
[0Gm AFCOCOCF
[rone A OO
none 4 LRI I S A i
[rone A OO0
[rone -
none 4 LRI I S A i

|none v[ [N A I i Carrect by 5ubtracting|n ppm

MNumber of shifts - Required: IE Actual: IE Clear text area |

Minimum number of coupling constants of different magnitudes

small medium large
3 Jh 0 (<2Hz) [0 (27THZ) [0 (=THD)
en [0 (<169 Hz) [0 (=169 Hz)

Sawe form |As MIME Start simulation |
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CASPER

Fesidue Linkage position

1 2 34 5 6

| D-Glcp AF O™
|n|:|ne sl r-
|n|:|ne sl rKrc

Data from methylation analysis is used to limit the
number of structures generated.
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CASPER

CASPER

ECDE CASPER

Results of calculation

Fleaze cite as: Computerassisted shuclural analysiz of oligo- and polysacehandes: Ar extension of CASPER o mullibanched stuclumes
F. Stenutz, P-E. Jansson and . Widmalm; Camokydr Res 308019937 11-17;_FPubhed 9591437
URL: http fuwna. casper.argan.su.sefcaspear.himl

1. © =68 alDGlc{1-= |, error=065%ppm {0.11) . _
Simulated structures ranked by fit

2. O =BbDGIci1-= , error=1581ppm (2 64)
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CASPER

Simulated structure

_=8aDGIc1->

i 9890 7239 7432 7066 7128 66 90
->6jabClc(1-> 497 359 374 354 3.90 398 377
Assignment of 3¢ resonances

Experimental Simulated Exp-Sim Assignment

99.00 93.90 0.10 aDGle! - 1

7450 7432 018 aDGlc' - 3

7250 7239 011 aDGlc'- 2

7130 7128 002 aDGlc' - 5

7070 70 66 004 aDGlc' - 4

6670 66 90 -0.20 aDGlc' - 6

Error=0.65 ppm (0.11/shift), Systematic error=0.04 ppm, EMS error=0.13 ppm

Experimental structure

=B)aDGIc(1->

i 949.00 7250 7450 7070 71.30 56.70
->6jabGlc(1-> nd. nd. nd. nd nd. nd.  nd
JCAMP-farmat |
& M’J)%
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CASPER

Experimental Simulated Exp-=im Assignment
99 .00 98.90 0.10 aDGlc' - 1
74 50 7437 0.18 aDGlc' - 3
7250 72.39 0.11 aDGlc - 2
71.30 71.28 0.02 aDGIc - 5
70.70 7066 0.04 aDGIc - 4
66.70 66.90 020 aDGlc - 6
& W,
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Simulation of NMR

Title  |dextran

Source

Residue Linkage 'Reducing' end
1|2 =l D-Glep les = gl =
2)|a =||none =l ez = |residuet 7]
3)| = || none = = |residue1 =]
4}| a jl nane = | | residug 1 ¥)

A

4

4

5)a =||none =l o= |residuet 7]
6)| = =||none = ey = |residuet ¥
7)|a =||none =l ez x| |residue1 ¥

3¢ Chemical shifts

"4 Chemical shifts

95,0 72.5 74.5 71.3 70.7 66.7

Correct by subtracting ID ppm
CLEAR | Search SweetDB | Search ECDB

Correct by subtracting ID ppm
CLEAR | SearchSweetDE | Search ECDE

Sanve form |As MIME T

Start simulation |
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Chemical shift calculation

1) Start with monosaccharide ?ﬁ

m/ow
2) Add glycosylation shifts ?ﬁ O: \
3) Add steric corrections : \
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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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Line notation

Lewis A bDGal(-3)[aLFuc(-4)]bDGIcNAC

Dextran -6)aDGlc(-

http://www.casper.organ.su.se/casper/cgi-bin/In.cgi?structure
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E. coli O-antigens

Serogroup ol

Serotype OB KS4H10

Strain A12b (see CCUG 11311)
ECDE# o0

-r4)abGalllic (1-+3 ) bIMan(l1->4)bDMan (1->3) alGlelic (1->

Structure |
bDGleNAc (1->2)

_arbBank 34570

LinucsiD 9686

Structure code F4 1

Sugar components 2 Dilan, 2 DGlcMNAC, DGalNAC

Mon-sugar components

Comments Structure [1]

ldentical to

Cross-reacts with Escherichia coli O K2:H1, 06K 13:H1 [1]
4,81 4.01 3.84 3.75 3.57 3.87 3.73
4,92 4.14 4.01 3.69 4.158 3.84 3.78

1 5.24 4,29 4.09 4,09 4,31 3.77 3.77

H-MrIR 4,73 4.39 3.77 3.67 3.46 3.97 3.63
4.78 3.73 3.59 3.47 3.39 3.89 3.75
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Sum of 3C-spectra

170 150 130 110 90 70 50 30 10
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Sum of 'H-spectra
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Prediction of published 3C-NMR
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Error (ppm/resonance)
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Distribution of errors
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