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Protein MW determination by MS
(NOT= identification)

-for MW determination the protein needs to be
in solution without salts and detergents

-usually proteins are first purified with
RP chromatography before MW measurement




-MALDI TOF MS, linear mode
-accuracy is not as good with ESI MS

a0 - ¥ = Singly charged ion
2500 |
2000 |
1500 -
1000 | .
Doubly charged ion
500

8000 10000 12000 14000 16000 miz
02marras0’ 15SLin/pdata/1 tof Thu Nov 7 16:06:41 2002

Protein MW determination, ESI MS
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Protein MW calculation from ESI spectra

p=m/z
pP1=(M,+z,)/z;
pP,=[M,;+(z:-1)1/(z,-1)

p= a peak in the mass spectrum
m= total mass of an ion

z= total charge

M,= average mass of the protein

p=m/z
p1=(M+2,)/z,
po=[M;+(z,-1)1/(z,-1)

If p,=942.753 and p,=998.067

942.753 =(M,+z,)/z,
942.753z, = Mr+z;
941.753z, = M,

998.067 = (941.753z,+z,-1)/2,-1
998.0672,-997.067 = 942.753z,-1
(998.067-942.753)z, = 996.067
55.314z,= 996.067 => z,=18.0075

M, = 941.7/53z, = 16 951.6 Da




Q-TOF electrospray 20-N0V-2q|%2F11:10:58
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Deconvoluted electrospray mass spectrum of myoglobin

Protein identification by
mass spectrometry

eprotein of interest is cleaved into peptides
with a specific enzyme

epeptides are analyzed by MS (and MS/MS)

Protein identification methods:

ePeptide mass fingerprinting (PMF)
eldentification based on MS/MS data from one
or more peptides




Peptide mass fingerprint (PMF)

A mass spectrum of the peptide mixture resulting
from the digestion of a protein by an enzyme,
usually measured by MALDI-TOF

Identification based on peptide MW information only
Database search engines create theoretical PMFs for

all the proteins in the database and compare these to
the measured PMF from protein X

Protein identification based on MS/MS data
from one or more peptides

Database search engines create theoretical
peptide fragmentation patterns for all the
proteins in the database and compare these
to the measured MS/MS data




Protein identification by MS

Protein has to be digested into peptides

eDisulphide bridges need to be reduced and alkylated
before digestion

intact protein alkylated protein tryptic fragments from the protein

Reduction

= X
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N Trypsin  ——R
Alkylation —K

Protein digestion into peptides
before MS analysis

Digestion can be done in-solution or in-gel
The enzyme has to be as specific as possible
Trypsin is most commonly used enzyme:

-very specific, quite cheap

-cleaves peptide bond after lysines and arginines
-tryptic peptides are 'good’ for MS analysis
because they end up with basic amino acid
-works for both in-solution and in-gel digestion




Other enzymes:

-LysC, cleaves after lysines

-LysN, cleaves before lysines

-AspN, cleaves before aspartic acid residues
-V8 protease, cleaves peptide bonds
exclusively on the carbonyl side of aspartate
and glutamate residues

-possible to do double-digestions

Chemical cleavage:
Cyanogen bromide, cuts after methionines

Upregulated

In-gel digestion

Downregulated
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-works with low-femtomolar amounts of proteins

BUT:

-easy to contaminate samples with keratin

-the gel staining protocol needs to be

compatible with MS

-silver-staining: fixing with glutaraldehy cross-links
protein into gel matrix after which identification

is not possible




Peptide mass fingerprinting

-usually peptides need to be desalted and
concentrated before MALDI analysis

-> ZipTips, peptide elution directly onto MALDI
target plate
-MALDI matrix
included in the
elution solution

Peptide mass fingerprinting
MALDI, Positive ion reflector mode

Spot 29 Spot 30

e

-silver-stained spots from 2-DE gels, in-gel digestion+ZipTipping
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Peak picking parameters important in PMF
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Publicly available search engines for PMF

*Mascot
eProteinProspector/ MS-Fit
*PROWL/ ProFound
Aldente

Databases

Database

Ci +

EST

EST divisions of Genbank,
(currently EST_human, EST_mouse, EST_others)

MSDE

Comprehensive, non-identical protein database

MNCBInr

Comprehensive, non-identical protein database

SwissProt

High quality, curated protein database




PMF/ database search

MASCOT Peptide Mass Fingerprint

Your name |Tuu|a | Email ituu\a‘nyman@he\simki‘fi ‘

search title |dig 33 |

Database |_N(Z-E\I_mr v

Taxonomy | ................ Homo sapiens (hurman) V|
Enzyme |Trypsin ~| Allow upto |1 ¥ missed cleavages
Fixed

Variable [Guidstion (HW

modifications modifications Stion (M)

)
Carbamyl (N-term} o] Propionamide {C) bt
Protein mass | ‘kDa Peptide tol. + |50 ‘;ppm .
Mass values & mMH* OM.— COM-H- Maonoisotopic & Average O
Data file
842.4B2722918522 A
870.515149550309 =
1085.62503611115
QUETY |1 174.53680033073
1265,55776926680
1393.75672200038 o’
Decoy [] Report top iEUTO ¥ | hits
Start Search ..
www.matrixscience.com
MATRIA_’} J
fitivcis Mascot Search Results
User i Tuula
Email : tuula.nymanGhelsinki.fi
Search title 1odig 33
Databhase : HCBInr 20090912 (9680073 seyguences; 3307708198 residues)
Taxonomy : Homo sapiens {(human) (223942 segquences)
Timestamp 1 17 Sep 2009 at 07:28:13 GHMT
Top Score : 80 for gi|109096484, PREDICTED: tubulin, alpha, ubigquitous isoform 10 [Macaca mulatta]

Probability Based Mowse Score

Protem score 15 -10*Log(P), where P 15 the probability that the observed match is a random event.
Protein scores greater than 66 are significant (p<0.05).

N

Humber of Hits
o

50 75
Probability Based Mowse Score
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Concise Protein Suinmary Report

Caoncise Protein Summary v Help

Significance threshold p= 0.05 Maz mumber of hits [AUTO

[ Re-Search All ] [ Search Unmatched

1. gi| 109086454 Mass: 46797 Score: 80 Expect: 0.0022 Queries matched: 12
PREDICTED: tubulin, alpha, ubiguitous isoform 10 [Macaca wulattal
gi| 193786502 Mass: 46725 Score: 80 Expect: 0.0022 Queries matched: 12
unnawed protein product [Howo sapiens]
gi|193787715 Mass: 26525 Score: &0 Expect: 0.0022 Queries matched: 12
unnamed protein product [Homwo sapiens)
gi|34740335 Hass: 50804 Score: 76 Expect: 0.0052 (Queries matched: 12
tubulin, alpha 1B [Mus musculus]
gi|73996547 Hass: 46751 Score: 69 Expect: 0.02% Queries matched: 11
PREDICTED: similar to tubulin, alpha 1 isoform 9 [Canis familiaris]
gi| 108086516 Mass: 37707 Score: 66 Expect: 0.054 (Queries matched: 10
PREDICTED: alpha tubulin isoform 2 [Macaca mulatta]
gi[158259731 Mass: 50788 Score: 66 Expect: 0.055 (Queries matched: 11

unnamed protein product [Homo sapiens)

liiivert Mascot Search Results
Protein View

Match to: gi|193786502 Score: 80 Expect: 0.0022
unnamed protein product [Homo sapiens]

Nowinal mass (M ): 46725; Calculaced pI value: 4.99
NCEI BLAST search of gi|193786502 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Homo sapiens

Fixed modifications: Carbamidomethyl (C)

Varisble modifications: Oxidation (M),Phospho (ST),Phospho (¥)
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 24

Nuwber of mass values matched: 12

Sequence Coverage: 40%

Hatched peptides shown in Bold Red

1 MPSDETIGGG DDSFHIFFSE TGAGKHVPRA VEVDLEPTVI DEVRTGTYRQ
51 LFHPEQLITG KEDAAHWNYAR GHYTIGKEII DLVLDRIRKL ADQCTGLOGF
101 LVFHSFGGGT GSGFTSLLME RLSVDYGKES KLEFSIVPAP QUSTAVVEPY
151 NSILTTHTTL EHSDCAFMVD NEAIYDICRE WLDIERPTYT HLHRLISQIV
201 SSITASLRFD GALLNVDLTEF QTWNLVPYPRI HFPLATYAPY ISAEKAYHEQ
251 LSVAEITHAC FEPANQMVKC DPRHGKYMAC CLLYRGDVVP KDWMALRIATI
301 ETERSIQFVD WCETGFEVGI NYQPPTVWPG GDLAKVORLY CMLSNTTAIL
351 EAVARLDHEF DIMYAKRAFYV HWYVGEGMEE GEFSELREDIM ALLEKDYEEV
401 GVDSVEGEGG EEGEET
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[ Show predicted peptides also ]

Usually not many
® Residue Mumber O Increasing Mass O Decreasing Mass missed Cleavages

Start - End Observed Mriexpt) Mri{calc) ppm Miss Sequence
6 - 25 2007.8886 2006.8813 2006.8858 -2 0 K.TIGGGDDSFHIFFSETGAGK.H
30 - 44 1701.9195 1700.9122 1700.8985 8 0 R.AVFYDLEPTVIDEVR.T
50 - 61 1410.7704 1409.7631 1409.7667 -3 0 R.QLFHPEQLITGK.E
50 - 70 2415.1967 2414.1894 2414.1978 -3 1 R.QLFHPEQLITGKEDAANHYAR.G
76 - 86 1085.6250 1064.6176 1084.6128 5 0 K.EIIDLVIDR.I
181 - 154 1716.6900 1717.8827 1717.8747 5 0 R.HLDIERFTYITHLHR.L
230 - 245 1756.9569 1755.9517 1755.9559 -2 0 R.IHFPLATYAPVISAEK.RA
246 - 269 2766.2690 2765.2617 2765.2789 -6 0 K.AYHEQLSVAEITHACFEPAHQMVE.C Oxidation (M)
277 - 285 1265.5578 1264.3505 1264.5403 i 0 K.YMACCLLYR.G Oxidation (M)
305 - 317 1584.7560 1383.7487 1583.7443 3 0 R.SIQEVDWCPTGEK.V
316 - 335 1824.9830 1823.9757 1823.9782 -1 0 K.VGINYQPPTVVEGGDLAK.V
356 - 366 1396.6967 1395.6894 1395.6857 3 1 R.LDHEFDLMYAK.R Oxidacion (M)
Ho match to: G42.4527, §70.5151, 1174.5368, 1393.7567, 1616.7589, 1715.9463, 1778.9576, 1546.902z, 2029.8757,
= - -
Z 5
< . .
B0 e
w . . .
T
—T—T T T T T T T T T T T =
1000 1500 2000 2500
RMZ error 4 ppm Mass (Dad

-check for known contaminants
(these should be removed before search)

Mass accuracy critical =2
-possibility to do 2nd pass search

zzll

Max 4 missed cleavages allowed
Protein View

’Normal’ SearCh ? Match to: TEM2 BOVIN Score: 120 Expect: 5e-07 €
m aX 1 m iSSed CI eavag e Tropomyosin beta chain OS=Bos taurus GN=TPM2 PE=2 SV=1

Nominal mass (M,): 32931; Calculated pI value: 4.66

allowed oo Stast sescin of 1o SOVTN ssainer ot

Unformatted sequence string for pasting into other applications

/ Taxonomy: Bos taurus

Match to: TRM2 HUMAN Score: 61 Expect: 0.43 . iricact :

o oif Fixed modifications: Carbamidemethyl (C)
Tropomyosin beta chain OS=Fomo sapiens GN=TPM2 PE=1 SV=1 Variable modifications: Oxidation (M),Phospho (ST),Phospho (¥)
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 41
Number of mass values matched: 31
Sequence Coverage: 75%

Nominal mass (M): 32945; Calculated pI value: 4.66
NCBI BLAST search of IPM2 HUMAN against nr
Unformatted sequence string for pasting inte other applications

Taxonomy: Homo sapiens Matched peprides shown in Bold Red

Fixed modifications: Carbamidomethyl (C) 1 MDAIKKKMQM LKLDRENAID EDRCROLE EEQOALORRL
Variable modifications: Oxidation (M),Phospho (ST),Phospho (¥) 51 RGTEDEVERY SESVRDAQER LEQAERKATD AEADVASLNR RIQLVEEELD
Cleavage by Trypsin: cuts C-tesm side of KR unless next residue is P 101 FAQERLATAL QRLEEABKAA DESSRGMEVI MELQEMQLRE
Number of mass values searched: 41 151 ARHIAEDSDR KYEEVARKLV ILEGELERSE ERAEVAESKC GDLEEELKIV
Number of mass values matched: 13 201 TNNLKSLEAQ YEEEIRLLEE FAERSVAKLE
Sequence Coverage: 33% 251 KTIDDLEDEV YAQRMKYKAI SEELDNALND ITSL

Matched peptides shown in Bold Red

1 MPAIKKRMOM LKLDKENAID = EDRCKOLE EEQOALORAL Start - End  Observed  Mr(expt) Mr(ealc) Miss Sequence
51 KGTEDEVEKY SESVKEAQEK LEQAEKKATD AEADVASLNR RIQLVEEELD 5l et 2043 1567 2043 0a3e 3 IDRENAIDRASQAZADRK.Q
101 RAQERLATAL QRLEEAERRA DESERGMVI KDEEK MELQEMQLKE e R.CROLEEEQOALQR. K
151 AKHIAEDSDR KYEEVE ILEGELERSE GDLEEELKTV s R.QLEEEQRALOR. K
201 TNNLKSLEAQ ADKYSTXEDK ¥EEEIKLLEE KLKEAETRAE FAERSVAKLE K.KLEGTEDEVER.Y Phospho (ST)

251 KTIDDLEDEV YAQRMKYKAI SEELDNALND ITSL K. GTEDEVERYSESVEDAGERLEQAER. K
R.YSESVKDACER.L Prospho (ST); Eho
R.RATDAEADVASLNR.R
R.RATDAEADVASLNRR. T

K. SLEAQADKYS TIKHDKY M1 KLLERIC. L
K. YSTKEDKYSSSIKLLSEK. L nospno (S
KL EDKYSEL KLU L

K. EDKYSSELKLLSEK. L bnospno (x)
KL DKL KL LSEKLKEAR TR, A

KL TLDDLEDEVYAQK 1

Crueu
_uzsu
521U 1m3i.miEs 1Er.i1aw
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PEPTIDE MASS FINGERPRINTING

‘quick and easy’

requires

— a very spesific enzyme

— optimized digestion+ desalting protocols

— internal/close external calibration of MALDI
spectra

works only for proteins which are already
in the databases as protein sequences

not suitable for complex protein mixtures

Protein identification based on MS/MS data
from one or more peptides

-MALDI-TOF/TOF or nanoLC-ESI-MS/MS analysis

-suitable for (complex) protein mixtures,
especially when combined with LC separation
of peptides before MS/MS

13



Tandem mass spectrometry scan types

lon
source MS1 CID MS2
A '®_ @' I [
Pl o®
. I gl ® > o%e |
Production | o S e - - e iae®™ ‘
scanning —————— —= Fixed — — Scanning i m/z
B T
'@, (I -
Precursor ion 1 <:..| 1 o-. - -3 o:.. lege®
scanning @& <=1 I= ) s | .
& =Scanning = == Fixed = m/z
G '®_ @' ! ® @ © |
Neutralloss | g | | = @ @ @
scanning ® =1 1= ) ®—-@®° | @ )
———— =Scanning = =Scanning = Time
D ) D' I P ]
Multiple ion 1 g 1| [ J P ® 3 e log ® ®
monitoring '@ <= | | ® “a® i .
————> —= Fixed —™ —— Fixed —™ Time
350
300
MS scan:
12
The ions are first separated E saamte
according to their m/z ratios 5
| 100 4912208517448
4202049 7892
5EIl 590.2884
ol .M|1 & “ﬂ "
200 250 300 350 400 450 500 550 BOO 650 700 750 8OO 850 900 950 1000
MS/MS scan: TOF product 745,4
Peptides with certain m/z-ratio are 7 o H 1 L L P
selected and fragmented inside the § - | H l
mass analyzer, and the m/z-ratios of the | % - fi 4
fragment ions are measured 2 j l l w4 il
E n‘{‘ 4 ‘1 a1 «3?<m‘
m/z, amu
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Peptide Fragmentation Nomenclature

Peptides do not fragment sequentially, the fragmentation
events are somewhat random.

The most common peptide fragments observed in low
energy collisions are a, b and y ions. The b ions appear to
extend from the amino terminus (N-terminus), and y ions
appear to extend from the carboxyl terminus (C-terminus).

Protein identification with MALDI-TOF/TOF

-first, PMF with MALDI-TOF
-next, selected precursor ions can be fragmented
(TOF/TOF analysis)

-MALDI produces singly charged parent ions
— product ion spectra not as easy to interpret
as in ESI-MS/MS

-database search with both PMF and MS/MS

information

15



MALDI-TOF/TOF fragment ion spectra
from parent ion m/z 1952
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: One or more peptide mass values associated
with information such as partial or ambiguous sequence strings,
amino acid composition information, MS/MS fragment ion masses, etc.

I o

ivés) Mascot Search Results

ssee GNesECI FE=1 5V-1
Probability Based Mowse Score

Tons score is -10*Log(P), where P s the probabilty that the observed match i a random event

Prote

Peptide Summary Report
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ch Results:Peptide view - Windows Intrnet Exlorer e
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fiéiines Mascot Search Results
Peptide View

MS/MS Fragmentation of YNINCIDADFMVRPPK
Foundin SEC]_VEAST, Protein in SEC1 Of cerevisiae GN=SEC1 PE=1 SV=1

Match to Query 1: 1951.862724 from(1952.870000,14)
Datafile DATA TXT

Click mouse within plot area to zoom in by factor of two about that point

O, _Pltfiom | [100 to [1900 Da _Fullrange

8 . L
5 g
g b -
il
8|3 5
8 El 5 8
f =l 8 & 3%
| T O i L |
0 " w0 | a0 a0 o 10 s

Monoisotopic mass of neatral peptide Mr(calc): 1851.9284
Fixed modifications: amidomechyl (C

Ions Score: 81 Expeo
Matches (Bold Red): 33/258 fragment ions using 30 most intense peaks

# | Immon. a a* a? b b B0 d  [Seq| v w W y i P |#

1/136.0757 136.0757 164.0706] ¥ 16

2| 87.0553| 250.1186| 233.0921 278.1135| 261.0870] N [1730.8353|1729.8400| 1789.8724{1772.8458/1771.8618 15|

3| 86.0964] 363.2027| 346.1761 391.1976| 3741710 T [1617.7512(1630.7716[1644.7873[1675.8295|1638.80291657.8189 14

4| 87.0553| 477.2456| 460.2191 505.2405| 488.2140] N [1503.7083|1502.7130| 1562.7454|1545.7188|1544.7348 13

5[133.0430| 6372763 6202497 6652712 6482446, C [1343.6776[1342.6824] [1448.7025(1431.6759|1430.6919 12

6| 86.0964| 7503603 7333338 7783552] 7613287, T [1230.5936(1243.6140(1257.6296|1288.6718[1271.6453 12706613 11

7| 83.0303| 8653873 8483607 8473767 593 3822( 8763556/ 8753716} D (111556661114 5714 1175.5878/1158.5612 77210/ -
fbone [T T (@ owemer [Fiowe -,
Bistart| 11 [EX T0..| 38 | Y ifthakutos. PG -pamt | i @2 [« % ssean

Protein identification using nanoLC-MS/MS

-50-75 um i.d. RP-columns, 200 nl/min
—— no need to split the effluent before MS

-DDA= data dependent analysis, can be fully
automated

-suitable for complex protein mixtures,
possibility to identify hundreds of proteins in
one run

17



DDA =Data Dependent Acquisition
(IDA =Information Dependent Acquisition)

-fully automated experiment, first MS scan
followed by two or more product ion scans

-the acquisition software is set to choose
certain types of ions for fragmentation and
to use ’suitable’ collision energy for this ion

-in ESI tryptic peptides have usually 2-4 charges

| €0t vow acaire Toos Exgre widow Seret b

lae [% B8 |22 ¢ oo vose 51| @vime =l [oe % @m= = 1
ol e e dl=xzzoslcl DDA experiment
———————zid

W5 | Advanced 5 | Swich Cte] nclode/Evclude IDA Advenced |

I~ Dynaic Background Sublact
¥ Automaiio Collion Eneigy
IV Automalic MS/MS Accumiat

Hich Sped I Hioh Qually

Fragment ntensiy Mulipier: 20

Masimum Accumation: 2500000 Seconds

I Vo TR s B D\ S——
Switch Criteria

Forions greater than: 400.000 miz
Forions smaller than: 1400.000 mfz

With charge state: 204

Which exceseds 10 counts
Exclude former target ions: For. B0 seconds
Switch after 1 spectra

Wass Defect Filter MNo

lons Tolerance: 50.000 mDa

Exp 1 = TOF MS
Exp 2 = Product ion scan from parent |
Exp 3 = Product ion scan from parent Il
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TIC = total ion current
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Search engines for (LC-)MS/MS data

-Mascot, Sequest, OMSSA etc

-the programs take the fragment ion spectrum of
a peptide as input and score it against theoretical
fragmentation patterns constructed for peptides
from the searched database.

-in practise the user is often limited to use
those search engines which accept the
data format from the mass spec used

-mzXML is a open data format for storage and
exchange of mass spec data

-raw, proprietary file formats from most vendors
can be converted to the open mzXML format

JMATRIX
FSerENeE

/ Mascot Search Results

Select Summary Report

FomatAs | Seiect Summary (protein hits) ] B
Significance thresholdp< B0 Max mumber of hits liTo
Standard scoring © MudPTT scoring © Joms scoeorexpect cutof 8 Showsubsets|f
Show pop-ips © Suppress pop-ups ©  Sortumassigned Decressing Scere ¥ Require bold red &
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14541 Mascot Search Results

Protein View

Match to; BMB6I9ILISA AT dcoro: 83
Lamin-A OS=Rattus norvegicus Gitana PE=] SVel

T4s64;

lon scores from individual
MS/MS spectra

PPe  Miss Sequence
0 0 R.SGACASSTFLPTR.I
P

Protein identification from complex mixtures
using nanoLC-MS/MS

-produces huge amounts of raw data

-requires efficient data processing tools
-different database search programs can produce
different results from the same raw data

-false discovery rate estimation
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Comparative proteome cataloging of
Lactobacillus rhamnosus strains GG and Lc705

-in-depth proteome analysis of two Lactobacillus rhamnosus
strains, the well-known probiotic strain GG and the dairy strain

Lc705

-GeLC-MS/MS: proteins are separated using SDS_PAGE and
identified using nanoLC-MS/MS

-to maximize the number of identifications, all data sets were
searched against the target databases using two search
engines, Mascot and Paragon

$991|S 9Z-GZ OJUl N3 Ssue

+ In-gel tryptic digestion

|
L

0-40% ACN in 0.1% formic acid (in 50 min) 0-40% ACN in 0.1% formic acid (in 120 min)

Data base search Data base search
lM| l Py l M l Py
Mascot Paragon Mascot Paragon
p<0.05; score >30 p<0.05; score >1.3 p<0.05; score >30 p<0.05; score >1.3
__/
—

Data analyses

Savijoki et al, JPR 2011
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Data analyses

Database Searches

Protein Pilot (Mascot & Paragon)

Compid-analyses

Compilation of Mascot and Paragon-results

¢ Compid analyses ——
LGG LC705

M+ M, M+P, P+Py M+Py M+ My M+P, P+Py My+Py

i

25 1497 233 17 1570 229
19 1320 123 24 1353 132
24 1315 248 23 1354 257
26 1537 164 16 1595 170
- M
' VYT
Number of all IDs : 1748 Number of all IDs : 1795
IDs repeated = 2-times : 1748 IDs repeated = 2-times : 1766

Single protein IDs : 29

IDs in common between LGG and LCT(B

~

131 1617 178

LGG LCI0S Savijoki et al, JPR 2011

Natri et al, JPR 2010
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Comparison of protein ID results from
the same raw data with different
search engines

= ProlCAT SP2
sSpectrum Mill
sSequest

Moulder et al, Proteomics. 2005;5:2748-60.

Comparison of the ID results
with different search engines

a) Pro ICAT (544) b) Pro ICAT (111/328)

Spectrum Mill (269) SEQUEST (484)  Spectrum Mill (54/146) SEQUEST (81/318

a)Peptide identifications, b) Proteins identifications with two or more

peptides given as a proportion of all protein identifications.

24



False discovery rate (FDR) estimation

FDR = FP/(TP+FP)

TP= true positive matches
FP =false positive matches

Previously: search the raw data first against the 'normal’ database
and then against the decoy database
-> calculate FDR based on these

NOW the preferred method:

One search against a database in which the target and decoy
sequences have been concatenated. This means that you will
only record a false positive when a match from the decoy
sequences is better than any match from the target sequences.

Elias, J. E., et al, Nature Methods 2 667-675 (2005).

Now you’re protein is identified
What else can we find in the data?

Protein fragmentation
-protein separation by SDS-PAGE/2-DE
followed by in-gel digestion and MS analysis
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Cytokeratin-18 is cleaved during viral infection,
and fragments localize onto mitochondria

A

Mitochondrial protemes Mitochondria Cytoplasm
C";'Im‘ C tplCVSVEMCV C t-pl:C VSVEMCV
— .- - g -_" - -y Cytokeratin 18
¥ o - — «—fragment
' B cCytokeratin 18 mito-YFP Overlay

Control

10h t-pl:C

TVIASCOT STALCIT IKCSUITS. FIOCIT VIew Tage I 01

#eaie ) Mascot Search Results

Protein View

: PO5783|KLC18_HUMAN 5

Match to: B 927
Keratin, type I cytoskeletal 18 O

lomo sapiens GN-KRT18 PE-1 SV-2

Nominal mass (M): 48029; Calculate
NCBI BLAST search
o ratted o=

Cleavage by T
Sequence C

KR unless next residue is P

101 LETENRRLES KIREHLEKKG PQVRDWSHYF KIT

Based on 2-DE and MS data:
151 VLQIDNARLA ADDFRVKYET ELAMROSVEN DIHGLRKVID DTNITRLQLE .
sy = N-terminal fragment of the

251 DIRAQYDELA RKNREELDKY WSQQIEESTT VVTTQSAEVG AAETTLTELR

301 ENSLREVEAR ME: .LHLESEL - B -
351 VKLEAETATY RRLLEDGEDF NLGDALDSSN identified protein
401 SMOTIQRTTT ETNDTEVLRE

Show predicted pepides also

SoriPepiidesBY | @ Residue Number C Increasing Mass C Decreasing Mass

start - End Observed  Mr(expt) Mr(calc) Delta Miss Sequence
7-14 488.2270 974.4394 974.4458  -0.0063 0 R.STFSTNVR.S
7-14 488.2307  974.4468  974.4458 0.0010 0
7-14 488.2311  974.4476  974.4458 0.0018 0
7-14 488.2316  974.4486  974.4458 0.0028 0
7T-14 488.2481 974.4816  974.4458 0.0358 0
15 - 45 952.1442 2853.4109 2853.4005 0.0103 0 I (ZIons
56 - 81 765.0267 2292.0581 2292.0838  -0.0257 0 2 oxida
56 - 81 765.0359 2292.0858 2292.0838 0.0020 0 2
56 - 90 846.6393 3382.5279 3382.5552  -0.0272 1 LNDR..L
56 - 90 1128.5232 3382.5479 3382.5552  -0.0073 £ SINDR.L
o1 - 97 419.1995  836.3845 836.4392  -0.0547 0
o1 - 97 419.2254 836.4362 836.4392  -0.0030 0
o1 - 97 419.2257 836.4368 836.4392  -0.0024 0
oL - 97 419.2261 836.4377 836.4392  -0.0015 0
100 - 107 502.7557 1003.4969 1003.5046  -0.0077 1
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Post-translational modifications

AN Mascot Search Results

= TAP-tag purification of protein complexes,
B L i "™ on-beads digestion with double enzyme,
Pized modifications Carbamidomechyl (C)

Vaxisble modifisatices - Ouidsticn () Phosphe (ST), Phespho (¥}
Hone:

first LysC 2h, then trypsin o/n

sian (Baler's jeart)  e—

5 amvitesminasics provein nusG - Zscherichia celi (sssaim KT

aviziae (Bakes's yease
charsmyses sesevizise (Bakes's yeass

sapreas
sevein L3 - Sacchazemyee

avisian (Baker's yeavs

‘EccE_pRorn 5 1-cea cmens - ——
EFLA PLAYE Eiongavion facver i-alphs - ciparem (ivolate KL / Thailand
EEIG_CLOAR Promasie 2 sigma-t fazsor-p ny pepridase -
Select Summary Report
FomatAs | Seect Sammary iorcren s ] Eelp

Siguificance thresbold p- 055 Max. maber of bits fOTO
Standard scoring © MudPIT scoring # lons score or expect cut-o#f o Show subsets B
Showpop-ups # Suppress pop-ups ©  Sort unsssignad Deereasing Seare Require boid red ®

Y Mascot Search Results

Protein View

Mazzh ze: KINZ_YEAST 3core: 791
Serine/threonine-protein kinase KIN2 - Saccharemyces cerevisiae (Baker's yeast)

Nominal mass (M ): 128601:; Calculated pI value: 9.43

NCBI BLAST search of against
Unformatted ssguence ssring for pasting intc other applicaticns

T e B ces cerswisize

Fixed modificavions: Carbamidomethyl (C)
Variable modifications: Owidasion (M),Phospho (ST),Fhospho (Y)
Cleavage by Trypsin: cuts C-term side of KR unless nexc residue is 7
Sequence Coverage: 33%

Matched peptides shown in Bold Hed

1
51
101

MPNPNTADYL

151 s

201
251
301
351
401
451
501
551
601
651
701
751
801
8s1
301
351
Lool
1051
1101

LFEYVSGEAL
TENTMIS33G
GPEVDIWIFG
ISLLTRMIVV
DSQVLKEMYR
SSSLNNNYLK
IYALVSEMVA

DI

VNPNFRTSEG
PPADIKQGHE
GKVELVKERQ
EKEIARDKRT

IVLYVLVCGE
DPLRRATLEN
LEFIDDIEDT
STAQQTLIGN

GSLSPTPEAF
QRAQRQNDAZ
TREICVIKIV
VREASLGQIL
KEHHARETAR
RIFDYREQLE
VEFDDENSSI
VVEBPWMNRG FKAPSYVP
RRSLIRLVIE KEYIQLSQEY
HIT:

RKLAKLORRQ
KEVVPNPGIF

ALALOAQAQD RQQQUQVALG
QVFAIGTSGT SNNTNISNKP

TIPEQAETSF
EXNTIGGIFR
HSRPISDYIP
PALPQNAELI
YLIVPKGRXL
GEANKERYNP
SKAPPGSMPS
FREVEGGFIC
SYHSTAS3AS
GNQSNGTIGE
ERFFIKFEIR

TSRKSSDINT
RISQSGOSCE
SARRYPSYVE
VQKQRQKLLQ
HPSARAKSVG
VSSKFSTVPE
IDYPKSMFLE
VQQRFSIETA
RNSIIKRQGS
LSSMILDYVQ
IVKVRIVGLA

B R s

ELNGVLESTE VEVSGEYQOR
FTRQQEPLPE REFPTYMSKS
HSVDVEQKER KNTTIAPRIR
ENLDKLQIND NDNENVEAVY
HARRESLKFT REPIFAALPP
DSTTYSNDIN NRLTSVYSQE
GFFSVQITS IVRANI
AVEVITTTGV GLDSGXAMDL
YKAGONNIZL TPLATNTHOR
QQDDILTTSR AQNINNVNGY
GVEFKKVSGS TWLYKELASY

LRMMGKQEGP

0 THRRSLGDWE

QESLESFKNE

NEFTM
ANNIVERDLE
PELLEAQPYT
DYPSHELSIEY
WRVELTPEMI
WDKLSNAKGL
PTLAYEPLLS
TKVALNNNSP
FLEVMVEEEL
SASFVVGEZEQ
NEISIXVERS
SVSQEQNSDL
DGINNDNSDE
SIMININGEL
LTZKQILEEA
ISVLTRMNID
QNSLDIQLSS
NMSSIPMIPNY
TEQINTSGIK

KELNL

Iu
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Stare End Observed Mr(expt) Mr (cale) ppm Miss
866.4372 1730.8598 1730.8376 13 0 M _PNPNTADYLVNPNFR.T (Ions = 82)
774.8776 1547.7406 1547.7216 12 ® K.GGSLSPTPEAMDTR.V | < )
833.4293 1664 8441 1664.8152 1s 0 R.NDQCQAPLMPPADIK.Q (Ions 1
447.2544 692.4942 892 4767 20 0 K.QESLPSFK.N (lons scoze
487.2387 972.4629 972 4430 21 ¢ K.QESLPSPK.N Phospho (ST) (loms score §)
495.2514 988.4883 988 .4825 6 ©® K.NESEILER.Q (Ioms score 635)
427.8084 1200.6435 1280.6004 27 ¢ K.NVVERPWMMNR.G
452.2459 $02.4773 902 4610 18 0 K.APSYVENR.V
TE5.4454 1568.9843 1560.8484 23 2 R. ]
507.9303 1520.7631 1520.7471 15 1 R.
B801.3818 1600.7431 1600.7408 L] 0 K
663.3760 1324.7375 1324.7211 1z o R.
700.8656 1415.7166 1415.7078 1] 0 K.VALNNNSPDIMTK.M (lons scoze
716.8680 1431.7215 13 0 K.VALNNNSPDIMTK.M Oxidation (M)
513.2744 1536.8014 L] 0 K.LTIPEQANTSPTSR.K (Ioms score 2
T24.3667 1446.7189 (] 0 K.STPVPVSGEYOQR.5 (Ions score 37
634.3262 1266.6370 14 0 R.SASPVVGEREQEK.N (Iona acoxe 44)
423.2242 1266.6507 24 0 R.SASPVVGEHQEK.N (Ions score 58)
674.3103 13466061 14 0 R._SASPVVGEEQEK N Fhospho (ST) (Iona acore 81)
439.2546 B76.4946 15 e K
S561.7996 1121.5847 12 o R
$09.6109 1522.8110 22 1 R
491.7939 981.5732 13 0 K
969.5486 1977.00826 15 e K.
1032.1285 3093.3637 3 1 x
699.3609 1396.7073 -1 °
459.2582 916.5018 17 o K
680.3405 1358.6664 ] 0 K.APPGSMPSIDYPFK.S
688.3393 1374.6640 1 0 K.APPGSMPSIDYPK.S
18 0 R.BNTISVLTR.M (I
26 1 K.RGQNNIPLTPLATNTEQR.N (Ions score
28 1 K.RGONNIPLTPLATNTECR.N (Ions score
10 0 R.AQNINNVNGOTEQTNTSGIK.E (Ioms scoze 127)
L} o K.FEIAIVK.V Icas Ie
15 e R
534.2873 1066.5600 1s o K.
460.7756 935.5367 4 e K.
i
y KIN2 phosphopeptide
e A
F = b
- g & = &
N = =
2 & 4 0
a Be & P .
- Tio8
E: & Ha I '
g A = :
& owl il = '
il 2 3 :
B % ERE] :
[ #: a3 1

Monoisotopic mass of neutral

Fixed modifi

Variable modifica
s3 : ospho

cations:

# b b* [ b? b fSeq| ¥ s : yatr ad il s
1| 88.0393 700287 35.5180] S

2] 159.0764] 80.0415] 141.0639] 71.0366] A [1162.5851]581.7962 1144.5745[5

3] 228.0979[114.5526 210.0873[105.5473] S [1091.5480[546.2776] 1073 5374[537.2724]10
4] 325.1506[163.0790] 307.1401]154.0737] P |1022.5265]511.7669|1005.5000 1004.5160]502.7616] 9
5] 424.2191]212.6132] 406.2085]203.6079] V | 925.4738]463.2405| 908.4472]|454.7272] 907.4632{454.2352| 8
6] 523.2875[262.1474) 505.2769]253.1421] v | 826.4054[413.7063 | 809.3788]405.1930] 508.3948]404.7010] 7
7| 580.3089|290.6581 562.2984]281.6528| G | 727.3369]364.1721] 710.3104]355.6588| 709.3264]355.1668] 6
8] 709.3515[355.1794] 691.3410]346.1741] E | 6703155335 6614] 653.2889[327.1481 652.3049[326.6561] §
9] 846.4104]423.7089| 828.3999[414.7036] H | 541.2729|271.1401| 524.2463]|262.6268] 523.2623[262.1348| 4
10] 974 4690]487.7381| 957 4425]479.2249| 956.4584{478.7329| Q | 404.2140|202.6106| 387.1874|194.0974]| 386.2034{193.6053| 3
11[1103.5116 1086.4851|543.7462]1085.5010[543.2542] E | 276.1554]138.5813] 259.1288]130.0681| 258.1448[129.5761] 2
12 K | 147.1128] 74.0600] 130.0863| 655468 1
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De novo sequencing

De novo =peptide sequencing performed without
prior knowledge of the amino acid sequence

-if enough material is available classical Edman
degradation is still a vey good method

-partial peptide sequencing is possible based
on MS/MS data

Ys RE b4l

N R
: : ~C-

=lolx|
=18]x|
18] x|
Sequence. #]_Score [ Jant rob | Prob ()] Calcltedttw ] || Observed MW 11935590 charge state: 1
RONLTOAPHK T s 11936040 W 030 o 0750
AONLLTOAPHQ 1 1193.5676 (+) C rylamide (+) Methionine Sufoxide (+) Carboxymethylcysteine (+-)
Kl |
1005
123 ! G
100 - 143
v
v
68835
01 12
3
227
v
0621
ad
32| A
[
41421
b 7342
- wist e
9929 579, e
a5
5260
73708 | e o 128933
il bl \Jm‘.wm \AM‘. 7% Lk “9“5‘1 10852 Lignsesrsse T 129939
100 150 200 20 300 | 30 400 450 S0 550 600 50 700 | 750 G0 G0 90 90

1000 1050 1100 1150 1200 1250 1300
Ready. i
Hstart]|| (2] @ 3 || Fmsetyr -cerainr-os. | [Erepsea- 597051 AT s
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