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Part 2. Mass spectrometry

Structure of glycoproteins/peptides
Determination of glycosylation site

Determination of glycan structure

On-line tools for the interpretation of NMR and MS-spectra
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Schematic illustration of standard protecme
analysis by 2DE-MS. Proteins are separated
by 20E. Stained spots are excised, subjected
to in-gel digestion with trypsin, and the
resulting peptides are separated by on-line
HPLC. An eluting peptide is ionized by ESI,
enters the mass spectrometer, and is
fragmented to collect sequence infarmation
(tandem mass spectrum). The spectrum from
the selected, ionized peptide is compared
with predicted tandem mass spectra that are
computer generated from a sequence
database to identify the protein. Unambiguous
protein identification is accomplished when
multiple peptides from the same protein are
matched. m/z, mass : charge ratio.



GlycoMod
www.expasy.org/tools/glycomod/

search Contact | Proteomwics |, .
— E— swiss-Prot
15 tools

iia ExPASy | Site
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GlycoMod

Useful for determining the glycosylation positions
In a protein.

You enter:
protein sequence, type of digest (used to get
peptides) and MS-data

You get:

possible glycopeptides — glycosylation positions —
and suggested glycan structures

On-line tools for the interpretation of NMR and MS-spectra



Enter a list of expenmental masses:

3290.
JZa6.
3250.
J2z5.

| K N o I i

Or upload a file, contaning one tmass per hine, from your computer:

Al mnass values are
C average or ® monoisotopic.

5 Mass tolerance: +- |0.2 Dalton |
rOwsE. .. |
Ton mode and adducts:
positive negative neutral
& [M+HE]T ¢ [M-HT
C Na or © KT  acetate or © trifluoreacetic acid 1]
C -::-thE:r:I mass:l C -::-thE:r:l mass:l
oA
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& protem sequence of a cwiss-Prot TrEMEL ID or AC:

TALYYCARRD GTYGNYFDYW GQGTTLTWAS —
ESQ3FPNVFP LVSCESPLSD ENLVAMGCLAL
EDFLPoTIZF TUNYQNNTEV IQGIRTFPTL
ETGGEYLATS OVLLAPESIL EGaDEYLWVCE
IHYGGENEDL HVFPFIPAVAEM NPHWVNVFVEF -

Enzyme: |Tryp5in -
ez |1 = |tissed cleavage sites (IWCH

Cwsteines treated with: | nothing (in reduced form) =

[ acrylamide adducts on cysteines [ methionines omxdized
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Peptides contaiming the motif "N-3-5/T/C (X not P)":

position #MC peptide mass [I] peptide modifications
1-10 0 1044 49883 SHPIMGTEFSAE
1-18 1 1728 24644 SHPMNGTFSAE GVASVCVE
User mass: 3266.2
Adduct ([M+H]): 1.00727
. . theoretical
SO || ATets structure type peptide peptide glvecopeptide  |mnod. Links
mass (Dalton) mass [M] sequence
mass
(Hex)y (HexlAc) 1.10
2220767 | -0.072  |(Deoxyhexose) (MeuGcly + hybndicomplex | 1044 495 SHPIGTESAR 2266273
(hlan)z(GleNAc)s
(Hex)z (HexllAc): 1-10
22207767 | -0.072  |(Meudc) (MHeuGe) + hybndicomplex | 1044 459 Si—IPNGTFSM{ 3266273 GlycosuteDE
(lan)z(GlcM A2
[
:'-.é M@%
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Oligosaccharide

Enter a list of experumental masses:

179
262
545
586
655
745
790

| Browse. . |

Cir upload a file, contatmng one mass per kne, from vour computer:

Al mass wvalues are

& average or O monoisotopic.

Idass tolerance: +- |1

|Dalt|:|n j

Ton mode and adducts:

positive

negative

nentral

O [T

® M-HT

O Water O EY

' acetate or © trifluoroacetic acid ]

' other: | mass:l ' other: | mass:l
" N-linked oligosaccharides & O-linked oligosaccharides
Form of N-linked oligosacchande: OR Form of O-linked cligosacchande:
I Free / FMGase released oligosaccharides j I Free oligosaccharides j
:'-.é M@%
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Correct structure is Hex;HexNAc,

User mass: 209

Adduct ([M-H] ): -1.00739

Derivative mass (Free reducing end): 18.01528

glveoform mass Amass (Dalton) structure Links
291 829 0163 (Deoxvhexose)q (MNeuGo)
H91 829 0163 (Hex) (Deoxvhexose)s (Meulch
292,817 _0.824 ||en)s ety | GlycoSuite DB
92 Ba7 -0 864 (Hex) (Deoxvhexose)s

LR
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...but It takes some deduction to
arrive at the solution

User mass: 586

Adduct ([M-H] ): -1.00739
Derivative mass (Free reducing end): 18.01528

glvcoformn mass Amass (Dalton) stiucture Links
68 532 0.46 (Hex) (HexMAc): Glycosuite DR

User mass: 748

Adduct ([M-H] ): -1.00739
Derivative mass (Free reducing end): 18.01528

glvcoformn mass Amass (Dalton) stiucture Links
FE0ETS 0217 (Hex)z (HexlMAc)z Glycosuite DB

730715 0277 |(Deox3rhexose]5

A
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Glyco-search-MS

glycosciences.de

A database of calculated MS fragments of
oligosaccharides in SweetDB

Determination of oligosaccharide structure is
easier than in GlycoMod

Beware! There are few structures in the
database!
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Fragmentation

On-line tools for the interpretation of NMR and MS-spectra
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FAB-MS/MS
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FiG. 3. Negative ion CID spectrum of the free core heptasaccharide obtained from
N-linked glycans. Glycosidic bond cleavages (Y and B ions) as well as ring cleavages (A
and X) occur in this molecule. Charge is not preferentially retained on either terminus as
demonstrated by the formation of both A/B and X/Y product ions. In addition, more than
one bond appears to cleave in the same molecule to form ions such as the one at mlz 586,
which involves two ¥ rearrangement losses of both mannose termini.
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MS Information | Glyco-Search-MS

Tolerance

ESl-lon
Other ESl-lon
Derivatisation

Masstype

179
2 a2
545
586
G688
Peaks : |748
790
gl
909

Sl1000 mDa

L H- j

Da

- | none

Methylation/Acetylation : [none -]

: © monoisotopic @ average mass

[ Search now J

&
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Searched for ms information. Results: 1 -10 of 10

| Glycofragment

o
&'2

Score: 35

Total Mass: m1 WG [ Bplore
1405 2866 HexNACE; Details

Score; 35 m m (BLcooagment
Total Mass: m1 md [ Explore
1967 4291 HexNAcl: Details

Score 35 New JHex e
Total Mass: | NeuAchlll Hex __Explore
1967 4291 HexMNACE; Details
2
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Structure for LinucslID 23947

a-D-MNanp-(1-2) —a-D-Hanp- (1-6) +

a-D-Manp—-(1-6) +
| |
a-D-Manp-(1-2) —a-D-Mafp-(1-3) + a-D-Manp-i(1-4) -b-D-GlocpNic—-(1-4) -kb-D-GlopMic
|
a-D-Manp-11-2) —a-D-Manp- (1-) —a-D-Hanp-(1-3) +

Composition for LinucsID 23947

Theoretical masspeaks for LinucsID 23947

Total Mass: 1882 6446 M[+]: 1883 6525 M[MNa+]: 19056336 M[k+]:

1921.7426

Mass in amu lon Linkage-Path

163 0606 Bi6)-lan 443 2 2
Bi{3)-lan 4.4, 6 3, 2
Bi{1)-lan 4.4, 6.6, 2

179 0556 C(6)-lon 4.4 3 272
C3)-lon 446 3 2
[ R P A A == 9
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Input

a-D-Manp-il-6)+
|
a-D-Manp-(1l-4)-a-D-ElcNac-(1-4) —-a-D-cElcHNac
Saccharide: |
a—-D-Manp-(1-3)+
lon: |H- ~| use |monoisotopic mass |
Mass of other lon |
Adducts:
Clear |
Number of =
Saccharides
Output: View as Structure | ViewBy-lons | ViewB.CY.Z-ons | ViewAlllons | ResetForm
& @,
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Conclusion

Many of the tools are difficult to use
- bad interfaces, lack of manuals

Some will/can not give appropriate answers
- technical limitations
- sometimes limitations in the experiments

They are useful if used the right way
- they often give useful hints

If you can’t get them to solve a problem within ca 30
min you are probably attempting the impossible

On-line tools for the interpretation of NMR and MS-spectra
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