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Mass Spectrometry

Generation of Separation of the ions Detection of the
gas-phase ions based on their mass- lons
to-charge ( m/z)-values
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Peptide Mass Fingerprint (PMF)

Protein of Interest Database of known Sequences

...LIHGFYMNKPL...
...LVCDERTFGHG...

...HYIGFREWMKL...
...LIYTSARDEFW...

Theoretical
Digestion

)
679.52 1074.50
684.34 1087.56
A 842.50 1151.53

856.52 1194.60
864.48 1200.63
870.53 1240.62

1045.57 1246.57
1126.57 1275.63
1314.77 1323.68
1794.87 1353.73

=
Experimental \& /
Theoretical

Peptide Masses Database searching Peptide Masses
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Enzymes for PMF

Name Cleave Don't cleave N or C term
Trypsin KR P CTERM
Arg-C R P CTERM
Asp-N BD NTERM
Chymotrypsin | FYWLIVM P CTERM
CNBr M CTERM
Formic acid | D CTERM
Lys-C K P CTERM
Trypsin WwWw.matrixscience.com

High specificity
Peptides in a mass range compatible with MALDI

Small enzyme
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Digestion using trypsin
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Missed cleavage sites
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MALDI MS spectrum
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Isotope distribution

Isotopic distribution of different peptides at different m/z-values
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Peptide Mass Fingerprinting (PMF)

Cleaning up the spectrum and performing a
Mascot Search

LMQWMWM@*@MMM
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Common contaminants

Keratin '
Tryptic autodigest products (s42.51, 104556, 2211.10),‘,... E'
Matrix-clusters LM
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e
Recognizing your peptides

Amino acids

Gly 57.02147
Ala 71.03712
Ser 87.03203
Pro 97.05277
Val 99.06842
Thr 101.04768
Cys 103.00919
lle 113.08407
Leu 113.08407
Asn 114.04293
Asp 115.02695
GIn 128.05858
Lys 128.09497
Glu 129.04260
Met 131.04049
His 137.05891
Phe 147.06842
Arg 156.10112
Tyr 163.06333
Trp 186.07932

Average decimal:
110.051

onbod o bt b e saboad ke Jaee wh oboadtd e b ol e bl

BSA

788.4644

921.4807

975.4358

1001.5757
1009.4049
1013.4726
1162.6234
1174.5362
1346.5231
1360.6571
1361.4574
1384.6055
1385.5479
1398.6853
1478.7882
1495.6164
1510.8355
1517.7310
1665.7980
1821.8845
1848.8842
1887.9196
1954.9524

LVTDLTK
AEFVEVTK
NECFLSHK
LVVSTQTALA
QNCDQFEK
SHCIAEVEK
LVNELTEFAK

Enolase 2

744.4382
755.4654
799.3752
813.4960
824.3851
931.4498
1158.6033
1287.7034
1314.6040
1413.7762
1415.7144
1443.6531
1496.7987
1577.7937
1820.9156
1839.9149
1845.8580
1853.9847
1892.9165
1944.0251

IATAIEK

IEEELGDK
IGSEVYHNLK

1000 Da
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e
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Removal of contaminants

| Page se_\lection |
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Taking advantage of contaminants

842.42

25+

1267.6
1475.6
1638.7

Intensity

>

Identification
of
contaminants

L
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Removal of contaminants

18 1 1891.9
- 1319.6
| Contaminants
20370911
i 1475.7
1882.0
>
2 |
S 1307.6 170419
£ 2046.0
1403.7 2211.1 4 Tryptic auto digest
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Filtered and calibrated peak list — then what?

Make a database dependent search:
Open the prefered search program
Choose the search database

Choose the search parameters

Protein
candidates

Start the search....... | -
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Mascot Interface

927.4719

960.5380

999.6130

1026.5727
1055.5372
1066.5641
1072.5767
1088.6055
1099.5488
1129.6679
1199.6724
1211.6559

1768.9441
1782.9171
1867.8418
1894.9684 —
1924.9995
1982.0834
2056.9854
2142.0594
2310.2216

2720.3082 1




Example of Mascot Search Result

Non-
significant

matches (|

T~

Sequence Coverage: 51%

1 MSEQLRQTFA NAKKENRNAL VTFMTAGYPT VKDTVPILKG FQDAEBIE
51 LGMPFSDPIA DGPTIQLSNT VALQNGVTLP QTLEMVSQARIEGVTVPIIL
101 MGYYNPILNY GEERIQDAA KAGANGFIIV DLPPEEALKY RNYINDNGLS
151 LIPLVAPSTT DER LELLSHI ADSFVYVVSR MGTTGVQSSV ASDLDELISR
201 VRKYTKOTPL AVGFGVSTRE HFQSVGSVAD GVVIGBK LCGDAPEGKR
251 YDVAKEYVQG ILNGAKHK/L SKDEFFAFQK ESLKSANVKKEILDEFDENH
301 KHPIRFGDFG GQYVPEALHA CIR.EKGFD EAVADPTFWE DFKSLYSYIG
351 RPSSLHKAER LTEHCQGAQI WLREDLNHT GSHKINALA QVLLAKRLGK

Si gn Ificant matcH 4o knvirETGAG QHGVATATAC AKGLTCTVF MGAEDVRRQA LNVMRILG

451 AKVIAVTNGT KTLRDATSEA FRFWVTNLKT TYYVVGSAIG PHPYPTLVR

551 LGVEAGGDGV DTIKHSATLT AGRPGVFHGV KTYVLQDSDG QVHDTHSVSA

p < 005 \ 501 FQSVIGKETK EQFAAMNNGK LPDAVVACVG GGSNSTGMFS PEH SVKL

601 GLDYPGVGPE LAYVEIGR\ QFIAATDAQA LLGFKLLSQL EGIIPALESS
651 HAVYGACELA KTMKPDQHLV INISGRGDKD VQSVAEVLPKGPKGWDLR

Results Lid 701 FEEDPSA

1. Mass: 76977 Score: 103

tryptophan synthetase; Trp5p [Saccharomyces cerevisia e]

Observed Mr(expt) Mr(calc) Delta Start End Miss Pefige

759.43 75842 75841 0.01 695- 700 0 IGWDER

830.45 829.44 829.44 -0.00 439- 445 0 QALNVFR 1 Pyro-glu (N-term Q)

847.47 846.47 846.47 -0.01 439- 44 5 0 QALNVFR

907.51 906.50 906.50 0.00 473- 479 0 FWVTNLK

1003.53 1002.52 1002.57 -0.05 438- 44 5 1 RQALNVFR

1031.46 1030.45 1030.48 -0.02 273- 28 0 0 DEFFAFQK

1267.72 1266.71 1266.77 -0.06 385- 39 6 0 INNALAQVLLAK

1319.64 1318.63 1318.69 -0.05 207- 21 9 0 DTPLAVGFGVSTR

1458.70 1457.69 1457.76 -0.07 269- 28 0 1 VLSKDEFFAFQK

148477 1483.76 1483.79 -0.02 677- 69 0 1 GDKDVQSVAEVLPK
éfgﬁﬁ 1582.74 1582.79 -0.05 361- 37 3 0 LTEHCQGAQIWLK

07.80 1606.79 1606.85 -0.05 344- 35 7 0 SLYSYIGRPSSLHK
1664.86 1663.85 1663.89 -0.05 620- 63 5 0 AQFIAATDAQALLGFK
1702.76 1701.76 1701.79 -0.03 423- 43 7 0 FGLTCTVFMGAEDVR




Example of Mascot Search Result

18

Intensity

1 MSEQLRQTFA NAKKENRL VTEMTAGYPT \IXTVPILKG FQDGGVDIIE
51 LGMPFSDPIA DGPTIQLSNT VALQNGVTLP QTLEMVSQAREGVTVPIIL
101 MGYYNPILNY GEERIQDAA KAGANGFIIV DLPPEEALKY RNYINDNGLS
151 LIPLVAPSTT DERLELLSHI ADSFVYVVSR MGTTGVQSSV ASDLDHER
201 VRKYTIDTPL AVGFGVSTRE HFQSVGSVAD GVVIGBK LCGDAPEGKR

351 RPSSLHIER LTEHCOGAQI WLREDLNHT GSHKINALA OVLLAKRLGK
1319.6 401 KNVIAETGAG QHGVATATAC AKGLTCTVF MGAEDVRROA LNVMRILG
451 WVTNLKT TYYVVGSAIG PHPYPTLVR
501 NNGK LPDAVVACVG GGSNSTGMFS PFENELS
Contaminants 551 V DTRHSATLT AGRPGVFHGV KTYVLQDSDG QVHDTHSVSA
20 YPGVGPE LAYVEIGR. QFIAATDAQA LLGFKLLSQL EGIIPALESS

HAVYGACELA KMKPDQHLV INISGRGDKD VQSVAEVLPKGPKGWDLR
701 FEEDPSA

1475.7
188%.0

1307.6 1708|9
2046.0

1403.7 2211.1 4 Tryptic auto digest

842.50 11488747

[En

Q

81

<3234810:9>




Protein mixtures

Peak List

—

842.5096

927.4719

960.5380

999.6130

1026.5727
1045.5727
1055.5372
1066.5641
1072.5767
1080.5885
1088.6055
1099.5488
1129.6679
1197.6623
1199.6724
1211.6559

1768.9441
1782.9171
1867.8418
1894.9684
1904.0302
1924.9995
1982.0834
2045.0459
2056.9854
2142.0594
2211.0996
2310.2216
2720.3082
2807.2930
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Protein mixtures

e



]
Protein mixtures

1361.76

1290.69

25 1

Annexin VI

— 1592.99

1242.68
—450-74 1446.78

Ly

Description: Human

\\Hermes\prgroup\Karin\Andrea!\Spot # IT '23 20.9.01 b23753al.massml (11:20 11/02/01)
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Protein mixtures
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Protein mixtures
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\\Hermes\prgroup\Karin\Andrea\Spot # IT 2023 20.9.01 b23753al.massml (11:20 11/02/01)

Description: Human




Why not 100% Sequence Coverage?

1 MSEQLRQTFA NAKKENRNAL VTFMTAGYPT VKDTVPILKG FODGIBY/D

51 LGMPFSDPIA DGPTIQLSNT VALONGVTLP QTLEMVSOQAREGVTVPIL  [~5900 Da
101 MGYYNPILNY GEERIQDAA KAGANGFIIV DLPPEEALKY RNYINDNGLS
151 LIPLVAPSTT DERLELLSHI ADSFVYVVSR MGTTGVQSSV ASDLDELISR
201 VRKYTKOTPL AVGFGVSTRE HFQSVGSVAD GVVIGBKT LCGDAPEGKR
251 YDVAKEYVQG ILNGAKHK. SKDEFFAFQK ESLKSANVKKEILDEFDENH | ~500 Da.
301 KHPIRFGDFG GQYVPEALHA CIELEKGFD EAVADPTFWE DFKSLYSYIG
351 RPSSLHWER LTEHCQGAQI WLREDLNHT GSHKINALA QVLLAKRLGK
401 KNVIAETGAG QHGVATATAC AFGLTCTVF MGAEDVRRQA LNVMRILG
451 AKVIAVTNGT KTLRDATSEA FREWVTNLKT TYYVVGSAIG PHPYPTLVR
501 FQSVIGKETK EQFAAMNNGK LPDAVVACVG GGSNSTGMFS PFENBIS
551 LGVEAGGDGV DTRHSATLT AGRPGVFHGV KTYVLQDSDG QVHDTHSVSA
601 GLDYPGVGPE LAYVEIGR\ QFIAATDAQA LLGFKLLSQL EGIIPALESS
651 HAVYGACELA RMKPDQHLV INISGRGDKD VQSVAEVLPKGPKGWDLR
701 FEEDPSA

Limited MALDI monoisotopic mass range

Suppression effects
preferential ionization of some components at the expence of others

Post-translational modifications
Loss of peptides during sample preparation — micro-columns
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Outline

Peptide Mass Fingerprinting (PMF)

Manual interpretation, examples of true and
false positives



]
Manual evaluation — what to look for..

Likely/unlikely missed cleavage sites



Digestion using trypsin

00000000
COCOCO0
NOOOOCO000 ° 00000000(C
0000000000000
NOOOOCOO0OOO00OCO0
1 0000000000000
0000000

Missed cleavage sites
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Missed cleavages

Only missed cleavages of one of the following kind are
highly likely to be observed (relative to other sites):

R/KXXXXXXXR/K
XXXXXXXR/KR/K
XR/IKXXXXXXR/K
XXXXE/DR/KXxxxxXR/K

XXXXE/DXR/KxxxxXR/K
XXXXR/KE/DxxxxR/K

XXXXR/KXE/DxxxxXR/K

Basic or acidic residue close to the cleavage site in question
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Manual evaluation — what to look for..

Likely/unlikely missed cleavage sites

Partial modifications

000000000000 “(g......@
M
OCOCOOOOOOOO® GOCO0OOOAO

M ox pPS
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Manual evaluation — what to look for..

Likely/unlikely missed cleavage sites
Partial modifications
Mass accuracy

Intensity of the peaks (Arg vs. Lys)
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A classical example
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Peptide Mass Fingerprinting (PMF)

When MS Is not enough...



Example of a false positive

00T'TTcc
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Example 2 — a false positive




Example 2 — a false positive

N

e

MSMS needed
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Outline

Protein Identification using MALDI and LC-ESI MSMS

Mass Spectrometry (MSMS) and Sample
preparation for MSMS

Manual interpretation

Mascot Search

LC-ESI MS/MS, example of validation
Trick: derivatisation of peptides (MALDI)
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Tandem Mass Spectrometry

Collision Cell
_ Fragmentation '
Precursor ion ) fi Separatlon_ °f
Of I10Ns fragments ions

selection

—

ION MASS  maaal | MASS
SOURCE  BANALYZER m ANALYZeR| PETECTOR

Protein ID <=




When MSMS Is needed...

Protein of Interest

Protein ID

i
(e
CID f*{}‘ 1
j.& - | MSMS

Wy, L
ol s

<l L]
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MS of a peptide mixture

Jens A



MSMS of a peptide?*

(collision energy 10 eV)

899.013

I

Jens Andersen



MSMS of a peptide?*
(collision energy 15 eV)

Jens Anc




MSMS of a peptide?*

(collision energy 18 eV)

Jens An
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Peptide fragmentation

Roepstorff and Fohiman, 1984
Biemann, 1988
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Identification of the peptide

LLOQVVEEPQALAAFLR

Jens Andersen
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Protein Identification using MALDI and LC-ESI MSMS

Manual interpretation



Manual Interpretation

4700 MS/MS Precursor 1844.93 Spec #1 MC=>NFO0.7[BP =

120.1, 29008]

Mass (m/z)

 120.0661
100 2 9E-
90"
80"
70-
86.0839 115
60-
> 201.0683
G 1035.3602
[
§ 50, 84l0678 b A761
S 1225.3296
40-
301 417.1365
113.0822 4351365 620.2520 1053.3120
1150|3596
20-
235.0809 1297.4041
102.¢ 30
1497.4641
1044} I
151 1.15115305;?114970 735[2722 1110.33 27.0258
: 836.189949.2646
0 d dxh WWWWLW
\ ‘ \ ‘ ‘ ‘
69.0 444.6 820.2 1195.8 1571.4 1947.0



Monoisotopic

Glycine Gly G 57.02147
Alanine Ala A 71.03712
Serine Ser S 87.03203
Proline Pro P 97.05277
Valine Val V 99.06842
Threonine Thr T 101.04768
Cysteine Cys C 103.00919
Isoleucine lle I 113.08407
Leucine Leu L 113.08407
Asparagine Asn N 114.04293
Aspartic Acid Asp D

Glutamine Gln Q 128705858
Lysine Lys K 128.09497
Glutamic Acid Glu E 129.04260
Methionine Met M 131.04049
Histidine His H 137.05891
Phenylalanine Phe F 147.06842
Arginine Arg R 156.10112
Tyrosine Tyr Y 163.06333
Tryptophan Trp W 186.07932



.|
Manual Interpretation

4700 MS/MS Precursor 1844.93 Spec #1 MC=>NF0.7[BP = 120.1, 29008]

120.0661

100 2.9E-
90-
80
70-
86,0839 D
)
60-
> 201.0683
% 1035.3602
§ 50 B84.0678 702 $761
[
S 1225.3296
401
348.1187 907.2828
201 417.1365
173.0822 4351365 0202520 1053'311212,0 3506
201 235.08020 AL 1297.4041
. 1497.4641
095
. 4(3)1.1511530;3114970 7352722 1110.33 8
' : 836.189949.2446
u‘ﬂ il " LL
4446 820.2 1195.8 1571.4 1947.0

Mass (m/z)
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Manual Interpretation

4700 MS/MS Precursor 1844.93 Spec #1 MC=>NF0.7[BP = 120.1, 29008]

120.0661

1007 2 9E+
90-
80 128
70-
86,0839 D
60-
> 201.0683
% 1035.3602
[
% 50 84,0678 702 $761
S 1225.3296
401
348.1187 2828
301 417.1365
1130822 4351365  620.2520 1053.3120
11503596
20-
235'0802 011 1297.4041
: 1497.4641
095
) 4(3)1.1511530;3114970 735[2722 1110.33 8
i jE : 836.189949.2446
UMWJAUAAWW i L LL
4446 820.2 1195.8 1571.4 1947.0

Mass (m/z)



Monoisotopic

Glycine Gly G 57.02147
Alanine Ala A 71.03712
Serine Ser S 87.03203
Proline Pro P 97.05277
Valine Val V 99.06842
Threonine Thr T 101.04768
Cysteine Cys C 103.00919
Isoleucine lle I 146’”? 113.08407
Leucine Leu L 113.08407
Asparagine Asn N 114.04293
Aspartic Acid Asp D 115,02695
Glutamine Gln Q
Lysine Lys K
Glutamic Acid Glu E 129.04260
Methionine Met M 131.04049
Histidine His H 137.05891
Phenylalanine Phe F 147.06842
Arginine Arg R 156.10112
Tyrosine Tyr Y 163.06333
Tryptophan Trp W 186.07932
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Manual Interpretation

4700 MS/MS Precursor 1844.93 Spec #1 MC=>NF0.7[BP = 120.1, 29008]

120.0661

1007 2 9E+
90-
801 Q/K
70-
86,0839 D
60-
> 201.0683
% 1035.3602
§ 50 84,0678 262 b761
c
S 1225.3296
401
348.1187 2828
301 417.1365
1130822 4351365  620.2520 1053.3120
11503596
20-
235'0802 011 1297.4041
: 1497.4641
095
) 4(3)1.1511530;3114970 %35 0722 1110.33 8
i jE : 836.189949.2446
UMWJAUAAWW i L LL
4446 820.2 1195.8 1571.4 1947.0

Mass (m/z)



Monoisotopic
71.I !llz

Glycine Gly G

Alanine Ala A

Serine Ser S 87.03203
Proline Pro P 97.05277
Valine Val V 99.06842
Threonine Thr T 101.04768
Cysteine Cys C 103.00919
Isoleucine lle I 113.08407
Leucine Leu L 113.08407
Asparagine Asn N 114.04293
Aspartic Acid Asp D 115.02695
Glutamine Gln Q 128.05858
Lysine Lys K 128.09497
Glutamic Acid Glu E 129.04260
Methionine Met M 131.04049
Histidine His H 137.05891
Phenylalanine Phe F 147.06842
Arginine Arg R 156.10112
Tyrosine Tyr Y 163.06333
Tryptophan Trp W 186.07932



Manual Interpretation

% Intensity

1007

901

80

701

607

50

407

30

20

86

84

4700 MS/MS Precursor 1844.93 Spec #1 MC=>NFO0.7[BP =

120.0661
0839
201.0683
0678
348.1187
417.1365
173.0822 435.1365
235.0809
30.1182
95
on.1511°30-18
11 574
y

Q/K

G

620.252

14
1970

792.2761

7352722

o A“..AA}L ol

)

07.2828

836.189949.2(¢
MM”M

1035.3602

1225.3296

1053.3120
1150.83596

1297.4041

EEN

120.1, 29008]

1497.4641

2.9EH

%210258

0
69.0

444.6

820.2

Mass (m/z)

1571.4

1947.0



.|
Manual Interpretation

4700 MS/MS Precursor 1844.93 Spec #1 MC=>NFO0.7[BP = 120.1, 29008]
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4700 MS/MS Precursor 1844.93 Spec #1 MC=>NFO0.7[BP = 120.1, 29008]

120.0661
1007 2.9E-
4700 MS/MS Precursor 1844.93 Spec #1 MC=>NF0.7[BP = 120.1, 29008]

907 2.9E+4

807 86.0839

707 g6.0839

60’ 102.0426
"%‘ [40513 ‘ L X ‘ '\miogeg ‘ ) | ]L
g 507140678 7922761 "
c
N3 12253796

407 /

348.1187 907.28
30- 417.1365 /28
620.2520 1053.3120
3.0822 435.1365
// 11503596
20
my/c 235.080 ;O o 1297.4041
' : 1497.4641
104,41 o -
4/051 of.1511,.230-1614 7352722 27.0258
| H1 574.1970 836.189949.244
G d k Alu WWMJW MMM[M
4 T T T T T |
69.0 444.6 820.2 1195.8 1571.4 1947.0

Mass (m/z)



]
lmmonium Ions,

% Intensity
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80
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residue
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87.09 N or R M
88.04 D M
100.09 R m
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102.06 E M
104.05 M M
110.07 H M
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136.08 Y M
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V.H. Wysocki et al. J. Methods (2005) 211-222
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4700 MS/MS Precursor 1844.93 Spec #1 MC=>NFO0.7[BP = 120.1, 29008]
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Protein Identification using MALDI and LC-ESI MSMS

Mascot Search
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Mascot Interface
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Mascot Search Results

AN

Peptide from
Calmodulin




Mascot Search Results

EAFSLFDKDGDGTITTK

O O
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Outline

Protein Identification using MALDI and LC-ESI MSMS

LC-ESI MS/MS, example of validation



LC-MSMS - investigation of isobaric peptides

MS/MS

MS/MS

RFTIQEDEEMTK IPFDGE(pS)AVSIALK



Validation of MSMS data




Validation of MSMS data




Validation of MSMS data




Validation of MSMS data




Validation of MSMS data

#R =3

#protons = 2 SDPAGPPGPPRRSR_

#R > #protons



Validation of MSMS data
SDPAGPPGPPRRSR




Validation of MSMS data

SOPAGPPGHPRRSR
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Outline

Protein Identification using MALDI and LC-ESI MSMS

Trick: derivatisation of peptides (MALDI)
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SPITC-derivatization, an N-terminal Sulfonation

4-sulfophenyl-
isothiocyanate
(SPITC), pH 8.6

Marakov et al, J. Mass Spectrom. (2003) 38; 373-377
Wang et al., Rapid.Commun. Mass. Spectrom (2004), 18(1); 96-102



Derivatization of peptides
The peptide needs a

net-charge of +1 in
/ order to be detected

SPITC
CID/PSD

SPITC
Neutral b-ion Positively charged y-ion

Easy interpretable fragment ion spectra



Example of SPITC derivatization
MS/MS Fragmentation of NYELPDGQVITIGAER =

10.00 - y
10 _SPITC 1774

Fragaria x ananassa

) Ya 1774
+ SPITC
Ye
Vs Y7 Ve 1989
Ys Yis
Yoy, yg Y10 215 Da
y9 yll y13 y14
0 ‘ e .
2000 Karin Hjerng

500 m/z
MALDI-TOF/TOF spectra obtained at Applied Biosystems 4700 Proteomics Analyzer
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