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Request for MS Proteomic Analysis
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Biomolecules

Soft ionization techniques necessary

MALDI
ESI

Proteins
* |dentification — follow this presentation

e Characterisation - different presentation
* Quantification - different presentation



ldentification of proteins by Tandem MS
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Sample preparation

First question to be asked:
Is my Sample Buffer compatible with
* Enzymatic digestion ?
* LC separation ?
* nanospray (the most intolerant step — no detergent, very low salt
concentration) ?

Answer: YES Answer: NO

! !

Proceed with general digestion procedure Can we find a way how to make it work?



General Digestion Procedure

* Disolve in basic pH buffer (ammonium bicarbonate pH 8)
* Reduction of SS by Dithiothreitol

* Alkylation by lodoacetamide

e Add Trypsin in 1:50 — 1:200 ratio (enzyme:protein)

* 10 hours digestion (overnight)

* evaporation

*Disolve peptides in 0,1% Formic acid in water

*Ready to be analysed by LC-MS/MS

Similar procedure applied to gel band with the exception of destaining the gel, working
with limited volume of buffer and extraction of the peptides after digestion



When modification needed?

* My sample contains too much salt
* desalt the sample prior or after digestion by C18 (C4) SPE column
* My sample contains detergent
* do not bring it!
or we can try to apply
e detergent removal spin column
* on-filter digestion with the washing steps before — eFASP
* | am interested not only in soluble proteins — e.g. membrane proteome,
deep coverage of proteins
e consider on filter digestion with adding of detegent on purpose - eFASP



| need higher coverage of my protein

or

tryptic peptides does not work for me

* Digest with different protease than trypsin
* Chymotrypsin, AspN, GluC, LysC, Pepsin, ArgC

* Or chemicaly
e CNBr — cleave at Met



Different digestion conditions

* Digestion in presence of detergent
— Rapigest — acid labile detergent
— deoxycholic acid, sodium deoxycholate — can be removed by extraction by ethyl
acetate after digestion
* FASP - Filter Aided Sample Preparation procedure
— Start with 4% SDS buffer, disolve your proteins and place it on 10kDa filter unit
— Wash 3 times with 8M Urea, 3 times with Ammonium bicarbonate, filter
 eFASP — enhanced Filter Aided Sample Preparation procedure
— Similar to FASP with addition of deoxycholic acid for digest and removal by ethyl
acetate [62% Devxyenle acd |

| \
g Urea Q EEMEMEB P.l[-cylmi B Digest 6 Cullem\ E
—_—
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Filter
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ldeal digestion conditions of proteins

Unfold the protein/proteins of interest

Completely denatured protein to be digested yet do not affect
the proease itself

Use the minimum amount of protease to protein to prevent
partial digestion - autoproteolysis

Specific cleavage - cleave the proteins after every lysine and
arginine (valid for trypsin only) — if not miscleavages occur




|dentification of protein by Tandem MS
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Peptide fragmentation during CID

* Preferential breakage

b, b,

R,
r
NH-CH-COOH

Y3 ~ Y2 ~ Y1



MSMS scoring function

The comparison of theoretical and experimental MS/MS spectra is performed by
scoring function and the score (ideally complemented by p-value) is used to
recognize the correct peptide from the database. Reliable peptide identification
can be then considered for protein identification.
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MSMS scoring function

Score - dependent on the search engine

E-value - statistical expectation value

e expected number of peptides with score better or equal than observed score undre the
assumption that peptides are matching the experimental spectrum by random chance

e |nvariant under different scoring methods, clearer interpretation of goodness of match

e Correlation function — Sequest
* Shared fragment count and dot blot
— MASCOT, TANDEM, OMSSA, MaxQuant

* Empirically observed rules — SpectrumMill

e Statistically derived fragmentation frequencies — Phenyx

* sequence tag algorithm, allowing the degree of implication by an MS/MS spectrum
of each region of a database to be determined on a continuum — Paragon (Protein
Pilot)

Neither the best match nor a high search score (or low E-value) are reliable indicators of true
match — discriminating true from false is critical step

False discovery rate (FDR) analysis



Modifications

* Fixed modification

— Cystein alkylation by lodoacetamide - +57mu
* Variable

— Met oxidation

— Pyroglutamate (Nterminal Q,E)

— Deamidation (N,Q)

— Phophorylation (STY)

— etc.

The more modification allowed the more time and space taken
for search



Proteome complexity
Example: human

may be 21'000

genome proteome
~ 22’000 human ~ 1'000'000 human
protein-coding genes proteins

post-translational modifications

alternative splicing (ETMs)
alternative promoter usage
mRMNA editing
st transcriptome Not predictable at the
~ 100’000 human genome level |

transcripts

(Jensen O.N., Curr. Opin. Chem. Biol., 2004, 8, 33-41, PMID: 15036154).



I HAVE RESULTS :)

Protein ID from gel band
1D ELFO

How to understand the results?

@] proteinpiiot™

ﬂf\le Configure  Window Help

Workflow Tasks 1]
LC...

Spot-Based (MS only)...

Spot-Based (MS and MS/MS)...
Analysis Log...

Result...

Peptide Summary...
Protein Summary...

MGF Peaklist(s)...

Proteins Detected

Protein ID

Spectra

Summary Statistics

N |Unused| Tofal | % Cov | Accessio... Name Species Peptides(95%) | Biological Processes | Molecular Functions| PANTHERID
1| 13227 13227 75.0( jblirCatlo... | confirm Cterminus, putative OS=Jakub Benysek... [ IXOSC 166
2| 67.56| 57.56 61.9| cont|000... | pdb|1FNI_A| AChain A, Crystal Structure Of Por.... | Sus scrofa (contaminant) 66
3| 4208 4208 46.8| cont|000... | cra|nCP1812061| keratin 10(epidermalytc hype... | Home sapiens (contaminant) 25
4 3810 3810 45.8 | cont|000... | cra|hCP1609834 2| keratin 1 (epidermolyic hyp... | Homo sapiens (contaminant) )
5 25.88| 2588 20.6| cont|000... | gi|114938|sp|PO0722|BGAL_ECOLIBeta-galact... | Escherichia coli(contaminart) 15
[} 815 9.15 35.9| cont]000. gi[7441528|pir|| A5S068 beta-casein variantCnH... | Bos taurus (contaminant) 6
7 8.00 8.00 26.2| cont|000... | gil115646|5p|P02662|CAS1_BOVIN Alpha-S1c... | Bostaurus (contaminant) 5
8 70 n 14.4| cont|000... | spt|P48666| Keratin, typell cytoskeletal 6C (Cyt... | Home sapiens (contaminant) 4
9 401 40 43.6| cont|000... | spt|P81605| Dermeidin precursor(Preproteohysi... | Home sapiens (contaminant) 2

10 225 226 17.6| cont|000... | gi|27806963|refINP_T76953.1| casein alpha-S2.. | Bos taurus (contaminant) 2
1 200 200 25.8| cont|000... | gil27881412|ref[NP_T76719.1| casein kappa[Bo... | Bos taurus (contaminant) 1

Protein Group 1 - confirm C terminus, putative 08=Jakub Benysek GN=lscW_ISCW007008 PE=3 SV=1

Proteins in Group

Peptides in Group

N |Un||sed| Total ‘Amessio...‘ Name | Species | Con... V| Conf | Sequence 2 Modifications | Cleavages | AMass | PrecMW | z | Sc| Spectrum * | Type
1] 13227 132.27] ibIircatL... | confirm C terminus,... | X0SC | 200/ 99| AFTFYSKGVFYDPK 0.0001] 1654.76...) 2| 23[1.4.0.4914.4
200] 99| RHGLASDEDYGAY cleaved Y-... | -0.0047] 1367.55...] 2| 16[1.1.1.4665.4
200 99| AHGLASDEDY¥GAYLGODGT cleaved I-C... | 0.0004] 1950.85...] 3| 26[1.1.1.48702
200) 99| AHGLASDEDYGAYLGQDGI.. g@azrgamidomethyucl 0.0038| 2592.42...] 4| 27[1.4.4.47198
200] 99| ALANVGPVSVSIDAR cleaved A-. | -0.0003] 1382.74...] 2| 14[1.1.1.49333
200] 99| ALANVGPVSVSIDAAVE 00027 1609.90... 2] 16[1.1.1.49246
200] 99| APTHALPFPK -0.0055| 105457... 2| 15[ 1.4.1.4720.3
200) 99| ASDEDYGAY LGODGICEDTK F@i;rgamidomethylfcl cleaved L-... | 0.0083] 221382...] 3| 21[1.44.47272
200) 99| AVGYGTLOGEPYWLIK cleaved L-... | -0.0016] 1793.83...] 2| 24[1.1.1.49404 | Wwin..
200 99| AVLPDVTSFEFVR cleaved @-... | -0.0007| 1478.77...] 2| 13[1.1.1.49904 | Win...
200] 99| DGYVLISK cleaved N-... | 0.0002] 102454...] 2| 15[1.4.4.47083 | Win..
200/ 99| DNNCGVASQGTYVE LHEE gbamidometnyucl cleaved H-... | -0.0011| 203687...] 4| 19[1.4.4.45783 | Win...
200 99| DNNCGVASQGTYVE LHEEE gmMuomanyucl cleaved H-... | -0.0012] 2173.93...] 4| 19[1.1.1.45242

Protein Sequence Coverage - confirm C terminus, putative O5=Jakub Benysek GN=IscW_|SCW007008 PE=3 SV=1

IISVQLI RSQELPEWGDVYRVEGVLYLPYAEIREPFT
TLLGSHFDRYELIYHGFSRRPLPSSVFDITHLINETCR)FPGPGAEHLALHSPMAE FM!
IDCSWNQGNNGCDGGEDFR AHGLASDEDYGAYLGODGICHDTR

NYINVTDRESLORALANVGEVSVSIDAAVRAF TFY SHGVFYDPR

GMVQTIQVAPDAEGGRSEAPYGANYKIAYMPDRETWOPRRT CELVNGT INNTVP LQAVLPDVT SFEFVROESCHEGT TAVDEPAER?
\APTNALPFPRDRFSSDLEDYIDWRLYGAVTFVRDQAVCGSCHWSFGTVGELEAALL
AVGYGTLOGEPYWLIRNSWSTYWGNDGYVLISQRDNNCGVASQGTYVELHHERHE

FQLAVTNEERVSKYTLWVSE!
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Protein Group 1 - confirm C terminus, putative 0S=Jakub Benysek GN=IscW |SCW007008 PE=3 SV-=1

Protein Sequence Coverage - confirm C terminus, putative 05=Jakub Benysek GN=IscW 1SCW007008 PE=3 SV=1
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TLLGSEE‘DK‘EELI‘fHGE'SRRPLE'SSWDITELINETCRQFPGE’GAEELFLLHSPI-EEF’MZ" : HMHSAFDRFREDHSRD
DCSHNOGNNGCDGGEDFR AHGLASDEDYGAYLGODGICHDTR
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% Cov (95)

% Cov, % Cov (50), and % Cov
(95)
% Cov (50), and % Cov (95)

Proteing in Group Peptides in Group
N |Unused| Total |Accessio... Name Species Con..."| Conf © Sequence | Modffications ' | Cleavages | AMass | PrecMW | z | Sc| Spectum /| Type
1) 13227 13227 jiCatL... | confirm C terminus,... | IXOSC 2000 99| AFTFYSNGVFYDPK 0001 | 165476...) 2| 73] 14049144 | Win..,
2000 99| AHGLASDEDYGAY cleaved Y-... | -0.0047| 136755 2| 16| 14046654 | Win..,
N |Unused| Tofal | % Cov |Accessio... Name Species Peptides(35%) | Bi 200 99| AHGLASDEDYGAYLGODGI cleaved |-C... | 00004 1950.85... 3| 26| 14148702 | Win...
1| 13227) 13227) 760} jbliCato... | confirm C terminus, putative OS=Jakub Benysek...| [X0SC 166 200 3 AHGLASDEDYGAYLGUDGL.. g;gammmﬂhﬂci 00038 29012 4\ ) 14141103 | ...
2| 5756\ 5756 61.9|cont000... |pdb|tFNI_A|AChainA, Crystal Structure Of Por... | Sus scrofa(contaminar 66 200\ 99| ALANVGPVSVSIDAA cleaved A-... | 00003 138274...) 2| 14|14.4.40333 | Win.
3| 4205 4205) 46.8|cont000... | cralhCP1812051| keratin 10(epidermolyfc hype... | Homo sapiens (contaminand 25 200 99| ALANVGPVSVS IDARVE L0027 | 160330, 2| 16| 11143245 | Win..
4| 10| 3%.10| 453| cont000... | cralnCP1B9834 2| kerafin 1 (gpidermolyiichyp... | Homo sapiens (contaminant) p, 200 %] APTNALPERK s R e e
2000 99| ASDEDYGAYLGODGICHDTK | Carbamidomethyl(C) | cleaved L-... | 0.0039] 221392.. 3| 2114447272 | Win..
5| 2565 2596 208 cont.. | g[114538sp|PO0T22BRAL ECOLI Bets-galat. | Escherichiacoli (continant 15 e '
6| 915 945| 359| contj000... | qi[7441526pir|/ARA0RA bets-casein variantCrH... | Bos taurus (contaminant B 200 9/ AVGHGTLOGEPTHLIK cleaved L-.. | D0013| 73333, 2 2414443404 Win..
7| s00| s00| 262 contn.. | gfi15626]sp|PO2RE2ICAST BOVIN Alpha-St<... | Bostaurus (contamingr : H0) | LIVTSTERR cne Q... | 07| HRTT.| 2) 6] L4 | Win..
. . — 200 99| DGYWVLISIK cleaved N-... | 00002( 102454...) 2| 16| 14447083 | Win..,
8 701 TA1|  144| cont|000... | spt|P48665| Keratin, typell cytoskeletal 6C (Cyt... | Homa sapiens (contaminant] 4 20| 99| DNRCCVASIGTIVELEEE | CabamidomettylC) | cleaved o, | 00011| 2160T.. 4| 18| 14445763 | Wi,
9 401 401 438|cont|000... | spt|P&1605| Dermcidin precursor(Preproteolysi... | Homa sapiens (contaminant] Z o
, , — 200 99| DNNCGVASQGTYVELHERH | Carbemidomethyl[C) | cleaved H-.. | -00012| 27383... 4| 19/ 1444542 | Win..
10 225 225 176|cont000... |qi[27506963|reflNP_776353.1| casein alpha-22... | Bos taurus (contaminant) Z il
1 200] 200| 258|cont000... |qi[27581412|reflNP_776719.1 casein kappa[Bo... | Bos taurus (contaminant) 1

Peptide Confidence|Included in Percent Coverage
CIZ o mch
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LV
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1
2
3
4
4
5
]
il
7
7
a8
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11
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13

Unused Total

138.47
115.17
72.54
57.12
0
52.39
50.79
0
48.69
0
45.77
42,23
40.46
39.98
39.25
36.2

YCov Y Cov(50) %Cov(95)
138.47 65.05 61.08
115.17 74.683 72.98
72.54 29.4 29.4
57.12 20.29 20.29
57.12 20.89 20.29
52.39 48.58 45.17
50.79 69.81 69.06
50.79 69.81 69.06 63.0.
43.69 43.04 43,04 43.0:
48.69 43.04 43.04
45.77 35.98 30.22
42,23 39.66 33.02
40.45 75.08 73.13

39.98 44.12 40.74
39.25 88.97 88.97
36.2 12.41 11.26

Protein summary

43.0400014 tr|FINAM7|FINAM7 BOVIN
29.8299998 tr|FIN1I6|FIN1I6_BOVIN
32.6400012 tr|E1B726 |E1B726_BOVIN
65.9300029 sp|P13384|IBP2_BOVIN
39.4499987 sp|P01044|KNG1_BOVIN
88.9699996 sp|P02081|HBBF_BOVIN
10.8599998 tr| E1BHO6| E1BHO6_BOVIN

Accession

58.7400019 sp|Q28085|CFAH_BOVIN
72.9799986 sp|P02769 | ALEU_BOVIN
29.3199986 tr|FIN3AL|FIN3AL BOVIN
20.2900007 tr|G3X7AS5|G3X7AS_BOVIN
20.2900007 sp|Q2UVX4|CO3_BOVIN
42.75999396 sp| Q23443 | TRFE_BOVIN
63.0200028 tr|VG6F9A2 | VEFIA2 BOVIN

Mame

Complement factor H O5=Bos taurus GM=CFH PE=1 5v=3
Serum albumin O5=Bos taurus GN=ALB PE=1 5v=4
Thrombospondin-1 05=Bos taurus GN=THBS51 PE=4 5V=1
Complement C3 05=Bos taurus GN=C3 PE=4 SVW=1
Complement C3 05=Bos taurus GN=C3 PE=1 SW=2
Serotransferrin OS=Bos taurus GN=TF PE=2 5V=1
Apolipoprotein A-1 preproprotein O5=Bos taurus GN=APOAL PE=4 5V=1
Apolipoprotein A-1 05=Bos taurus GN=APOA1 PE=1 SV=3
Complement factor | 05=Bos taurus GN=CFI PE=2 5V=1
Uncharacterized protein 05=Bos taurus GN=CFI PE=3 5V=2
Gelsolin 05=Bos taurus GN=GSN PE=4 5V=1
Plasminogen O5=Bos taurus GN=PLG PE=3 SVv=2
Insulin-like growth factor-binding protein 2 05=Bos taurus GN=IGFBEP2 PE BOVIN
Kininogen-1 0O5=Bos taurus GM=KMNG1 PE=1 5V=1
Hemoglobin fetal subunit beta 05S=Bos taurus PE=1 SVW=1
Uncharacterized protein O5=Bos taurus GN=C44A PE=4 5V=2

Species

BOVIN
BOVIN
BOVIN
BOVIN
BOVIN
BOVIN

BOVIN

BOVIN
BOVIN
BOVIN
BOVIN
BOVIN

BOVIN
BOVIN
BOVIN

~~__ To understand the meanlng of the values in each column — see file ,,Understandlng ProteilPilot results

=

[ T T T T T S T T S B S S Sy

Unused Tu:utal

138.47
138.47
138.47
138.47
138.47
138.47
138.47
13847
138.47
138.47
138.47
138.47
138.47
138.47
138.47
138.47
138.47
138.47
138.47

138.47
138.47
138.47
138.47
138.47
13847
138.47
13847
138.47
13847
138.47
138.47
138.47
138.47
13847
138.47
13847
138.47
13847

%EDuLHEJ Accesslu:uns

Mames

58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H 0%
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q2B08B5|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q2B085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q2B0B5|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF
58.74 sp|Q28085|CFAH_Complement factor H OF

I::::n I:::unf Sequem:e

2
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I".-1|:||:I|f||:a1:||:|ns Eleavages
8 AACYERECSIPEN Carbamidomethyl(C)@3 missed R-Ef
99 CAAGFEYGOR Carbamidomethyl{C)@1

8o CAAGFEYGQRGI Carbamidomethyl(C)@1 missed R-G
99 CAWEKPCSYPVIK Carbamidomethyl(C)@1; Carbamido
88 CLEACVISEETME Carbamidomethyl(C)@1; Carbamido
99 CLSYYOLDGENT Carbamidomethyl(C)@1; No Carbam
99 ELSWE[LDGSNT Earbamldnmethyut]@l missed K-54

- e = |

- Peptide summary | mssedse

L; Carbamido
EE DGEWWFVER
89 DVSCGMPPOVE! Carbamidomethyl|C) @4
S8 DVECGNPPOVEI Carbamidomethyl(C)@4 missed K-5i
9% EAFTMIGPR
99 ECDTNGWTNDI Carbamidomethyl{C)@2; Carbamido
9% ECSIPEMDPYLMN: Carbamidomethyl(C)@2
99 ECSIPEMDPYLM: Carbamidomethyl(C)@2 missed R-K{
88 EIHKEEYAHMEY Carbamidomethyl(C)@1 missed K-Eid
9% ENYLIODAEEIV( Carbamidomethyl(C)@13

u:II".-1ass

0.0084231

-0.0016263

0.0131677
0.0035561

-0.0012348
-0.0056549

0.0035744

-0.0023965
-0.0088924
-0.0010667
-0.0053974

0.0105139
0.0218775

-0.0006555

0.005699

-0.0017454

0.0127102
0.0117548
0.0045467

Prec I".-1'."I.-'

2704.18066
1157.45084
193285889
1507.73523
1596.69324
2004.92346
227708081
1101.48901
1400.64185

854 42526
524476501
211902222
2334.16064
1020.50568
214895142
1953.85852
2603.21606
2486.14063
172281812

Prec m/z

902 4008
5787527
645.2936
503.5857
799.3539
1005 469
760.0342
551.7518
701.3282
478.221%
463.2455

707.348
584 5474
511.2601
1075.483
9779365
£51.8113
£22.5424
862 4163

2704.171%
1157.4524
1932.8458
1507.7316
1556.6946
2004 9285
22770769
1101.4513
1400.6506

854.4303
524 48175
2119.0117
2334.1387
1020.5062
2148.9456
1955.8601
26035.2036
2486.1284
1722 8135

Theor MW ThEu:urm.-‘z

902.397943
579753479
645.2859246
503.584473
799.354553

1005.4715
760.052898

551.75293
701.3532642
478222443
463.248138
707.344482
584541931
511.260406

1075.4801
977837317
651.B08167
622.559368
862414001

Thenrz

L I N e I O N Ot I I I S Y

TIr‘I‘IE
59.7061
296776
31.7044
37.5638
50.8485
63.9677
50.7217
33.3058
27.8532

34.608
490778
40.3115
33.1735
44 6736
73.3B95
67.0893
50.0623
30.4653
78.3B75

262 BEY
614.16
24158

1146.02

109.317

305.692

243165

2543 88

68.4562

335.071

1766.07

4269.1%

198.603

5102.33

390.096
42573

205.264

689.999

320.892

Peptides(95

82
60
40
30
30
27
20
26
20
26
25
22
24
21
23
20
22

AA

PrE cursol Precursorl

59.7217
29.7972
31.5844
37.5432
50.921%
£3.9945
50.8243
33.4654
278164

34.487
49 0828
40.2151
33.3243
443713
73.2872

67.209
50.1657
30.5798
784445



