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Bioinformatika ugy altalaban

adatbazisok felépitése

ezen adathalmazok statisztikai
analizise, matematikail értelmezése

szabalyszer(iségek meghatarozasa

szabalyok hasznositasa - predikciok pl.
funkciora, rokonsagra, eredetre,
szerkezetre stb.



Bioinformatika ugy altalaban

,0sszehordott” adatokbol épitkeziink
tobbnyire elmélet eleinte
a gyakorlati hasznositas majd a vegén jon

persze ez visszahat az elméletre



Mit lehet kiaknazni?

e genomialis adatbazisok

e feherje szekvencia adatbazisok
 fehéerje 3D szerkezeti adatbazisok
e stb, stb

Meghatarozo faktor:
Mennyire megbizhatbéak az adatok?



PROTEOMIKA

A sejt fehérjetartalmanak
kvalitativ és kvantitativ
jellemzeése

Mi van jelen? Mennyi? Milyen formaban?
Lokalizacié? Kdlcsonhatasok? Partnerek?



A proteomika kulonleges jellege

nagyon is gyakorlati tudomany

adatokat produkalunk, amit informatika
segitsegevel adatbazisokbdl értelmezink
bovitjuk/épitjik az adatbazisokat, ill. ]
adatbazisokat hozunk letre

uj bioinformatikai eszkdzoket fejlesztink ki
az eredmenyek alapjan



Problemak

e allando dinamikus valtozasok
e hatalmas mennyiségi kiulonbségek

 igen eltéro fizikai tulajdonsagok/ vagy
csak arnyalatnyi kilonbségek -
ugyanannak a gennek a termékeire



Még mindig ,,problémak”

Poszt-transzlaciés modositasok

1do-, faj-, allapot-, lokalizaci6- stb. -
fliggo

e permanens vs. dinamikus

e teljes vs. részleges

e jelentos vs. csekély méretvaltozas

e hidrofil

e hidroféb

Nem art érteni a biologiahoz!



Problemak

Mikor és hogyan veszink mintat?
Hogyan taroljuk a mintakat?
Hanyszor ismeteljik meg az analizist?

Milyen statisztikai modszereket
hasznalunk?



Lathatova tenni a komplexitast...
Frakcionalni kell !

1D-, 2D-, multidimenzios modszerek



Mi mindent kell meggondolni?

Mennyire univerzalis a modszer?
~elbontéasa?

Dinamikus tartomanya?
KOvethetosége?
Reprodukalhatdsaga?
Kvantitativ-e?




1D-SDS-PAGE

* Minden belemegy a gelbe, de
kicsi a felbontas.

* Varhatoan fehérje-elegyeket
kell analizalni.




2D-elfo

1. dimenzid: izoelektromos fokuszalas

— pl szerint - pH 3-10

DE

savas vagy bazikus feherjek NEM fokuszaldédnak
membran-fehérjék kicsapodnak

— 1onos detergens nem hasznalhato

2. dimenzid: SDS-PAGE
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Vannak 2D-gél adatbazisok is

e http://ca.expasy.org/ch2d/2d-index.html
—>Multi species

World-2DPAGE Portal;

SWISS-2DPAGE ;

SIENA-2DPAGE;

2-DE database at Max Planck Institute for
Infection Biology:;

2-DE maps at 1SPA,




Specialisabb adatok

@Toothprint (2-DE gels of dental tissues - University of Otago, Dunedin, New Zealand)
RatEnamel

@ JPLS Proteomics database at Ludwig Institute for Cancer Research, Melbourne, Australia

Human Breast carcinoma cell line,
Human Placenta,

Human Colorectal cell line
Mouse colonic crypts

@BALF 2D Database at Department of Biological Chemistry, University of Mons-Hainaut, Belgium

Human, Mouse Broncho-alveolar lavage fluid
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2D-elfo masképpen

1. dimenzio: 16 BAC-PAGE
(pozitiv ,,fej(” detergens)

2. dimenzid: SDS-PAGE

Minden belemegy a gélbe, de atlosan
frakcionalddik - kis felbontas



Specialis 2D elvalasztas

16-BAC

S
D Pros35 10/14 (71%) 33%
» S Prosa7 34/36 (94%) 63%
> Prosa6 12/12 (100%)42%
v Pros28.1  14/21 (66%) 54%
Pros29 19/23 (83%) 59%

- 9

e Prosp2 13/15 (86%) 42%
., GC12000  13/14 (93%) 35%
el ProsMAS  22/44 (50%) 56%
v - Pros25 12/15 (80%) 50%
> @ Prosp3 18/24 (75%) 53%
Pros26 6/15 (40%) 46%
Prosp5 11/12 (92%) 26%
GC17331  11/23 (47%) 46%
1(2)05070  15/19 (79%) 72%




Festés

e Commassie Brilliant Blue - kvanti
e Ezlst - érzékenyebb, de NEM kvanti

Trukkok:
e funkcios csoportra specifikus festés
e differencial festés
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2D-kromatografia/A

1. dimenzio: kation - ioncsere
2. dimenzio: forditott fazisu HPLC (savas pH)
Kbvetés: 215 nm-en — peptidkotes
280 nm-en — Tyr, Trp




2D-kromatografia/B

1. dimenzio: forditott fazisu HPLC, bazikus pH
2. dimenzio: forditott fazisu HPLC, savas pH
Kbvetés: 215 nm-en — peptidkotes
280 nm-en — Tyr, Trp



2D-kromatografia/C

Szamos variaci6 - gél-szdrés, kation- vagy anion-
csere, hidrofil kdlcsonhatason alapuld
kromatografia, affinitas-kromatografia stb.

Nyilvan semmi hidroféb nem ervenyesdil ilyen
kortulmenyek kozott...

Reprodukalhatosag degradalodik az oszlop
életkoraval



Ki is kell talalni mit is valogattunk szeét!

e Edman szekvenalas

— N-terminuson blokkolt fehérjékkel,
keverekkel nem megy

e Western-blot

— tudni kell, hogy mit keresiink, és kell j6
ellenanyag



alapotlet

 Egy bizonyos feherje adott specificitasu
enzimmel emésztve szekvencidjara jellemzé
hasitasi termekeket fog produkalni

* Ha a valésagos emesztmenyt az adatbazis ,,in-
silico” eredmenyeivel 0sszevetjlk azonositani

tudjuk a fehérjét

Az Gsszehasonlitas alapja csak valami biztosan
megjosolhaté és egyértelmdien
meghataroztatd tulajdonsag lehet:

TOMEG



0O5S5SY68 Protein S100-A7-like 2 MW: 11302

P01842 Ig lambda chain C regions MW: 11237

m/z

m/z (mi)

(Mi) 491.2096
990.2893 897.3697
703.3621 901.4812
807.3553 1194.637
990.5102 1243.556
1654.738 1248.615
1743.859 1384 62

1986.018 1385.625
2154.13 2201.124

Start

63
19

1

9
89
27
38
50
70

End Sequence

66 (K) DDNK(D)
26 (R) QYSGDDGR(M)
8 (-) MNIPLGEK(V)
18 (K) VMLDIVAMFER(Q)
101 (K) IMHGVAPCSGGSQ(-)
37 (R) MDMPGLVNLMK(E)
49 (K) ENFPNFLSGCEK(S)
61 (K) SDMDYLSNALEK(K)
88 (K) VNYSEFLSLLGDITIDHHK(I)




A tomegspektrometria elonyei

e alkalmazhato keverékekre
e blokkolt fehérjékre is

e kovalens modositasok azonosithatdak



Detektalasi érzékenyseg
Edman szekvenalas - kb. 1 pmdl - 10-12 mal
MS - kb. 5-50 fmdl - 5x 10> - 10-* mol

Western blot - kevesebb, mint 10-> mal

(TAbbnyire) ,,parcialis” informaciobol
azonositjuk a fehérjéket!



MS-alapu Proteomika

Forditott bioinformatika:

merési adatok + adatbazisok +
algoritmusok — bioldgiai eredmenyek

A megbizhato kiértékeléshez ismerni kell
az analitikai moédszert!!!



Tomegspektrometria

lonization
Source

1 N O

e lonokat mérink (m/z)

p

e V2SS ANalySEr

™ £
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Signal Computer

Detector

£10 500 5001000
MiZ

Spectra

Matrix Assisted Laser Desorption lonization

Electrospray lonization - tObbsz6rosen toltott ionok
e Nagy vakuumban

e guadrupole, Time-of-Flight, ioncsapda

MS

— MH* adatok

MS-MS (CID, CAD, HCD, PSD, ETD ...)— szekvencia info



Sample i
{ introduction ]ﬁ[ N EoysEE H Masanah/aer }

{(a) Linear ion trap {b) 3I|J ion trap

(1)
Electrospray
ionization End caps electrode

(c) Triple quadrupole

HPLC

lon Prac. C, Cell LIT
(d) Fourier transform ICR ——
Supar conducting —
magnet
| W)
(e) Reflector TOF ‘ Digitizer I

Mass spectrum
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TOmegmereés pontossaga

0.1 Da mérési hiba egész jo 2 kDa-nal,
DE katasztrofalis egy kismolekulanal

Relativ értéket adjunk meg!
part per million



Milyen pontosan tudunk mérni?

belso standarddal 20 ppm-en belil
+ 0.02 Da @ 1000

kiilso standarddal 200 ppm-en belll
+ 0.2 Da @ 1000

Intakt fehérjékre 0.1%-on beldl
+ 10 Da @ 10 000

Ezt tudja az SzBK MALDI keszuleke



Milyen pontosan tudunk mérni?

Van olyan masina, ami kiilso kalibraciéval is
2 ppm-en belldl mér,

Azaz a hiba <0.002 Da @m/z 1000

Elég ez?



Mennyire kellene pontosan mérni
a peptideket ?

MH" =1296.4 = 0.3 ppm

e 4 kilonb6zd elemi osszetétel

e 646 kulonb6zb aminosav-0sszetétel
e 12622670280 kulonb0zo szekvencia

lle/Leu ThrVal/SerLeu GlyGlu/AlaAsp



Azért lehet csak tomegekbaol is
azonositani...

Ez az an. Peptide Mass Fingerprint - alapu
azonositas

Nyilvan akkor, ha a fehérje-frakcionalas
jol miikoédik: mondjuk, van egy 2D géliink



Minta-elokészités

Legyen a fehérje hozzaférheto a hasitasra:

— denaturalas
— diszulfid-hidak bontasa

Emeésztés / kémial hasitas



Specifikus hasitasok

e tripszin - Lys| Arg |

pH kb. 7.5 - 8

 CNBr (+75 %-0s TFA) - Met |



A tomegspektrometria tobbnyire
tripszint hasznal

 Minimum egy bazikus aminosav/peptid
e Es tudjuk, hogy hol van (C-terminus)

e Megbizhato

e Olcso



Megtortent az emésztes...Jon az
analizis!

Mondjuk, MALDI
MS-meres frakcionalatlan elegyben
— eqgy jellemzé (?) MH* sorozat
| MS-Fit
Peptide Mass Fingerprint - alapu
fehérjeazonositas

Mi lehet a baj?

— aspecifikus hasitas, kovalens modositas,
szennyezes stb.
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PMF lekereso programok

ProteinProspector MS-Fit
Mascot

Aldente

ProFound



l%: University of California, San Francisco | About UGSF | Search UCSF | UGSF Medical Center

ProteinProspector

ProteinProspector Asia Pacific

v4.27.1

ctor Tools

Database S€arch Programs

MS-Fit MS-Tag MS-Homology MS-Bridge

MS-Fit Upload MS-S5eq MS-Pattern MS-NonSpecific

Proteomics tools for mining sequence databases
in conjunction with Mass Spgstrometry experiments.

ProteinProspector London

This server uses the IBM AIX
version of Protein Prospector

Administration/Help

Administering ProteinProspector
User's Manual
FAQ

Buqg Listing
ProteinProspector Revision History

Peptide / Protein MS Utility Programs

MS-Digest MS-Product

MS-Isotope MS-Comp

Database Management

DB-5tat

ProteinProspector Automation Guidance

Useful Tables

* Mutation Mass Shifts
s Dipeptide Masses
s Trypsin Autolysis Products

Publications
Useful Links

Questions/comments email: ppadmin@cgl.ucsf.edu




M S_Fit (hy Peter Baker and Karl Clauser) Instructions

A peptide mass fingerprinting tool from the TTTEF Iass Spectrometry Facility that thes to fit a user's mass spectrometry data to a protein sequence in an exis
suggest the identity of the user's protemn. The S mput data should be generated by analyzing the peptides produced by the enzymatic digestion of a user's pre

ProteinProspector Home | WS-Tag MMS-Seq |MS-Pattern | MS-Bridge |MS-Fit at TCSF (San Francisco)

MS-Digest MS-Product |MS-Comp | DBE-Stat | WS-Homology MS-Isotope
Datahase: [{RIS=]JMyRyRIK | DN A Frame translation: |3 j
Search Hits: I From: |msf|t j Filename: ||EISUES1 'I Digest: ITWF'Si” j

Cutput Type: [HTHL =| Save Hits to file: [~ Filename: |lastres1 = MMax. # of missed cleavaces: |1
save HIts Zes.
=] Cys modified by: | acrylamide

- N term: |HydrugenJ C term: IFree Acid vI

Accession Numbers:

Species: |A|| j

Species Codes:

.| Names:
| <]
WIW of Protein: (from 1000 Da to [100000 Da) All I
Protein pI: (from 3.0 to 100 JAlI &
Fossihle
Mode (default Frl_l.lz'lrl H Tl—'rrrllrlll Acetylated
MMaximum Reported Hits: |5 ode (default) Acrylaride Modified Cys =]
Sample ID (comment): [Magic Bullet digest User Defined Modification 1:
Sort By: ISI:DrE Sor ,I IF"hn:usphu:urj,.fIatiDn of 5. T and* vI
Nin. # peptides required to match: |4— | OR
Report MOWSE Scores: ¥ Pfactor: IIII.-’-I Homology Mode (select any mode hut identity)
Chem Score: ™ et Ox Factor: |1 a Search mode: ||dent|t3,.f =

Min. # matches with NO AA substitutions: |1_




Chem Score: [~ Met Ox Factor: [1.0 Search mode: |icentity | |
Iin. # matches with NO AA substitutions: I'l—

Instrument: |MALDFTOF =]

Peptide masses are: Imunuisutnpicj )
Contaminant Masses:
Mass Tolerance: +- |5|:| IF'F'm =

Systematic Error: ID -
Data Format: | PF h/Z Charge =
Display Graphs:

=

Data Paste Area

676.3718 a
g825.4571
1017.5370
1026. 5964
1040.6121
1105. 2550
1196.713z2
1215.5796
1243 . 5887
1255. 6538
1260.5928 o
1266. 6281
1276. 5836
1288, 6094
1305. 6310
13838.6975 =]

{ther peptide-mass fingerprinting servers:

Peptide Search |Mascut |PruFuund |PEptIdent |MultiIdent |MassSearl:h |MDWSE |PEpMapper

Prediction of potential protein post-translational modifications and single amino acid substitutions:
Findvod




WIS-Fit search selects 2284 entries (results displayed for top 5 matches).

L1}

MOWSE #/23(%0) o % hIean Data

Mlasses Err Tol
Ncore Cov TIC Index #

MMatched ppm ppm
11.378eH08 17(73) 61.073.9 -3.07 12.0 130345
21.341eH08 17 (73) 57.0 739 -3.07 120 1335906
3 1.086eH07 15(65) 53.0652 -2.41 122 879310
4 1226 4 (177 79.0174 -334 158 863716
5 1169 4 (17 760174 -334 158 456337

130345 xxx xx|. x x|
1335906 x x|x|x/x . |x|x|.
879310 xxxxx.xx|.
868726 |.|.|.|.|.|.|.].
456837 ||| ||, .]. |-

XL XL . (X

XL XL . (X

XA XXX (X

XA XXX (X

B Al o (PR U N o - PR PR S S

MS-Digest Protein MW

(Da)pl

28432/5.6

30277/5.7
30272/5.8

3312/10.4
3475/10.2

Data Set 1 Results

Results Summary

Accession # Npecies

BOS=CATTLE, FEIESIATN-HOLSTEIN

245563  MALE CATVES AGED 2-4 WEEES,
PEFTIDE, 247 A&
113988 EBOVIN
27806311 M UNREADABLE
913734 CAULIFLOWER MOSAIC VIETTS
913729  CAULIFLOWER MOSATC VIETTS

Protein Wame

apolipoprotemn &

Apolipoproten |
2| 27806311 |ref]
apolipoprotetn &
aphid transmissic

aphid transmissic



Detailed Resulis

1. 17723 matches (73%0).
Acc. #: 245563 Species: BOS=CATTLE, FRIESIAN-HOLSTEIN MALE CATVES AGED 2-4 WEEE S, FEFTIDE, 247 A4 Name: apolpoprotem A
Index: 150345 MW: 28432 Dapl: 5.6

Submitted Memed gy Modiications Start End (0ot 0% 40ee

676.3718 €76.3630 13 83 88 0 (K)ETASLE (Q)

8254571 8254583 -14 159 165 0  (R)AHVETILR (Q)
1017.5370 1017.5369 0.079 124 132 0  (K)VAPLGEEFR (E)
1026.5964 1026.5948 1.6 146 154 0  (K)LSPLAQELR (D)
1040.6121 1040.6104 16 211219 0  (R)AKPVLEDLE (Q)
11967132 11967254 -10 220230 0  (RQGLLPVLESLE (V)
1218.5796 1218.5755 34 188 199 0  (K)EGGGSLAEYHAK (A)
12556538 1255.6574 -2.9 18 28 0  (R)DFATVYVEAIK (D)
12605928 1260.6013 -6.8 112121 0  (K)WHEEVEIYR (Q)
1266.6281 1266.6370 -7.0 102111 0  (K)VOPYLDEFOK ()
1288.6094 1288.6174  -6.2 pyroGlu 166 176 0  (R)QQLAPYSDDLE(Q)
1305.6310 1305.6439 -9.9 166 176 0  (RYQOLAPYSDDLE (Q)
13886975 1388.6963 .88 112121 1  (K)KWHEEVEIYR (Q)
1398 6305 1398.6905 -7.2 33 45 0  (RDYVAQFEASALGK (Q)
1482 8101 1482.8208 -7.2 16 28 1 (RVEDFATVYVEAIK (D)
1576.8138 1576.8223 -54 51 64 0  (RLLDNWDTLASTLSE (V)
2188.0850 2188.1039 -8.6 65 82 1  (R)VREQLGPVTQEFWDNLEK (E)

Click link below to search for cysteine linked fragments.
& unmatched masses:

Click link below to do a non-specific cleavage search.
& unratched masses:




Parameters

Database: NCBInr.10.21.2003

Index Mumber: 130345

Considered modifications: | Peptide N-terminal Gln to pyroGlu | Oxidation of M | Protein N-terminus Acetylated |
Digest Tzed: Trypsin

Ilax # Missed Cleavages: 1

Peptide I tertrutis: Hydrogen
Peptide C termunus: Free Acid
Cysteine Modification: acrylamide
Instrument Name: MALDI-TOF
Iliritrum Digest Fragment Mass: S00
Ilzezitmum Dhgest Fragment Mass: 4000
lirutrum Digest Fragment Length: 5

Index Mumber; 130345

Acc. #: 245063 Species: BOS=CATILE, FEIESTAN-HOLSTEIN MALE CATVES AGED 2-4 "WEEE R, PEPTIDE, 247 A4 Name: apolpoprotem A
pl of Protein: 5.6

Frotein MW 28432

Amine Acid Compositon: A24 D17 E27 F6 G10 HS 14 K22 1.34 M1 N4 P8 ()22 R16 514 T7 V15 W5 Y6

1 11 21 31 41 51 61 71
RHFWQQDDPQ SSWDEVKDFA TVYVEAIKDS GRDYVAQFEA SALGKQLNLEK LLDHWDTLAS TLSKVRE(QLG P¥TQEFWDHL
51 o1 101 111 121 131 141 151
EKETASLRQE MHEDLEEVK(Q EVQPYLDEF ) KKWHEEVEIY ROEVAPLGEE FREGLRQKV(Q ELQDKLSPLA QELRDRARAH
161 171 181 191 201 211 221 231
WETLRQQLAP YSDDLRQRLT ARLEALKEGG GSLAEYHAKL SEQLELLGEE AKPVLEDLRQ GLLPVLESLK VSILAAIDEL
241

SKKLNAQ

The matched peptides cover 61% (1527247 AL's) of the protem.



Nagy Ferenc, SzBK

Intensity

109269 1176.72 Putative splicing factor Prp8, MW ~275 kDa
88% fit, 44% sequence coverage
2500 —
— Peptide Mass Fingerprint
2000 — »,Cegunk” reklamja az SzBK-ban
1497.87
842.68
1500 — \864.64 12682.45
120
1392.62 T
80 —
1529.83 T
1797.98 _
1000 — \ 07
e
2681 /2685
500 — 2061.22
1889.04
2951.56
O —
1000 1500 2000 2500 3000

m/z




Nem mindig egyseges am a minta!

MALDI-TOF MS, frakcionalas nélkl

¥4 3% 3 kiilénbdz6 komponens

000

2000 E“/V\*\/:? g
W
| eyl S
it T Bt
ond | el N A
4000 1200 1400 1600 1200 2000 2200 2400 2600 2200

Num Unmatched Masses: 26
Search for disulfide linked peptides.

Do a non-specific cleavage search.
<Search for another component, >




Azaz szekvenalni muszjj

 a PMF-alapu azonositast meg kell
erositeni

MIERT??? - lasd elébb és késébb is...

e a,vad tanyja”: az MS-MS kisérlet
eredmenye



Miért kell még szekvencia info?

Kovalens modositasok
1zoformak
Splice variants

Es ha nincs bent az adatbazisban?



Hogyan tegylnk szert a
szilkseges informaciora?

Feladat:
— meghatarozni a komponensek tomeget

— egyet fizikailag elkuloniteni
— ,,Szetverni”

Mdszeres megoldas: tandem
tomegspektrometria, ionkapu, ioncsapda

Fragmentalas: post-source decay (PSD),
Utkozeses aktivalas (C1D/CAD/HCD),

elektron-befogas (ECD/ETD)



Peptid fragmentacio

b, b, b .
of o o o [
I I i T
NHz-(;JH-C-NH-(;.:H-C-NH-(;.:H-C-NH-(FH-C-OH
R{ R R3 Ry
N-Terminal 'y, Y, y,  C-Terminal

(88) 185 300 463 619  b,=X gyOksuly +1
Ser-Pro-Asp-Tyr-Arg
(637) 550 453 338 175 Yy; =X gyOksuly + 19

A fragmentacio modszer- és készilék-fiiggo!



HoN

ON|

C |

OH
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ProteinProspector Tools

Database Search Programs

MS-Fit MS-Tag MS-Homology MS-Bridge

MS-Fit Upload MS-Seq MS-Pattern MS-NonSpecific

Proteomics tools for mining sequence databases
in conjunction with Mass Spectrometry experiments.

ProteinProspector L ondon

This server uses the IBM AIX
version of Protein Prospector

Administration/Help

Administering ProteinProspector
User's Manual
FAQ

Bug Listing
ProteinProspector Revision History

Peptide / Protein MS Utility Programs

MS-Digest MS-Product

MS-Isotope MS5-Comp

Database Management

DB-5tat

ProteinProspector Automation Guidance

Useful Tables

* Mutation Mass Shifts
# Dipeptide Masses
* Trypsin Autolysis Products

Publications
Useful Links

Questions/comments email: ppadmin@cgl.ucsf.edu




SHREK - Elméleti ESI-CID spektrum - MS product

60.0444 130.0863 |y,-NH, | 268.1404 | RE-H,0 |381.1993 | b, 482.2470 | a,
70.0651 138.0662 | H 269.1244 | RE-NH, | 3952150 | HRE-28 4922314 | b,-H,0
84.0808 147.1128 |y, 276.1554 |y, 399.2099 | b,+H,0 4932154 | b,-NH,
87.0917 179.0927 | a,H,0 | 277.1408 | HR-NH, | 405.1993 | HRE-H,O 510.2419 | b,
100.0869 197.1033 | a, 286.1510 | RE 406.1833 | HRE-NH, 528.2525 | b,+H,0
101.1073 207.0877 | b,H,0 |2941673 | HR 4142459 | y,-H,0 551.3049 | y,-H,0
102.0550 225.0982 | b, 335.1938 | a,H,0 4152300 | y,-NH, 552.2889 | y,-NH,
110.0713 258.1448 |y,-H,0 | 336.1779 | a-NH, 423.2099 | HRE 569.3154 |y,
112.0869 258.1561 | RE-28 | 3532044 | a, 432.2565 |y, 638.3369 | MH-H,0
126.0913 259.1288 |y,NH, | 363.1888 | b,-H,0 464.2364 | a,-H,0 639.3209 | MH-NH,
129.1022 266.1724 | HR-28 | 364.1728 | b,-NH, 465.2205 | a,-NH, 656.3474 | MH




SHREK - elméleti ECD fragmensek

131.0946 z 242.1253 353.2050 a 416.2383 z 527.2690 c

197.1039 a 260.1372  z 398.2264 482.2476 a 553.2972 2

Elmeleti ,,spektrum”:
— lehetséges fragmensek, egyenlo intenzitassal



Es egy val6sagos spektrum

Arg 175.11 Asn Gly Val
- - y Ala -
300 GL 1
val GC*TS-28
950 \Y, 171.07 - - Y, 36314
[2) 72.07 b 274.19 y
S 200 a, 2 5
8 T 159.10 187.10 1°6-H,0 TSGLD 516.31
150 74.05 228.09 47419
5 \ b,-H,O y SGLDS-28-H,0
— 100 270.15 30717 3 414.20
C*  141.09 210.08 N TN 34028 4
50 11802 T : AN 396.19 459.27
100 200 300 400 500 600
m/z
120 —
] Y-
1004  Ser 70243 precursor ion
o — Yo g32.02(2+4) Ser
% . y Thr
o _ Gly 710 Gly
60 y
@) . Leu ] *
c ] oe 4—»987 58 CyS Th r
9 40 — y6 y15 y -~
. 9
1615.40 930,55 Y11 Yi2 y
7 . . 14
20 730.91(2+) 1074.66 1175.76 Y13 Yis
i l l l 1320.75 1377.74 1478.77
i Lmll-x Jul l “ '-I-..ul.n...liL.LLl. 1 - ) . k N
O 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 |
600 800 1000 1200 1400

m/z

(186)TGCTSGI/LDSVGNAVR




Mihez kezdink a valosagos
MS/MS adatokkal?



MS-Tag Simple py Karl Clauser and Peter Baker) Instructions

& stripped down WE-Tag input fore frow the TCSE Ilass Spectrometiy Facility for peopls whao barely knoar the difference between a b-ion and a y-ion (and arve vot afvaid to adwat ity If son don
rnonoisotopic and average masses, please consult ywour local rmass spectrometrist before using this prograrn. Mote: This formm nses exactly the samme I5-Tag prograrm as the other HTIVL forms, it's
parareters are not available.

|ProteinProspector Home | MS-Fit |MS-Pattern |MS-Seq | MS-Bridge |MS-Tag at UCSF (San Francisco)

MS-T
| MS Digest | MS-Product | MS-Comp |DB-Stat |MS-Homology | MS Tsotope M- Tag
ioest: | T i -
Da’ta]]ase:lNCB|ﬂr.1|:|.21.E|:||:|3 jwm MI rypsin J
Search Hits: I_ From: I =it j Filename: Im hax. # of missed cle 'H |1_
. . . Cys modified by: | acrylamide j
Species: I-"""\” j

Protein MW: (from |1000 4o [100000 Da)sn

Parent tolerance: +- |100  [ppm =]
F_mwﬂ-lwm

Maximum Reported Hits: |25

Display Graphs: [ Allowed Fragmeni-Ton types (specific io insirument type selecied)
F. ni-ion T Instrument; | MALDFTOF =]
Nhssesm:imD”DiSDtDpiC -] AA Composition (hased on immonium and related ions)
| Mass (W/z) |CMIEE (z) is caleulated awtomatically
1040.6121 a| | |Sample ID (comment): |e"-"~p|:| A-11040 AKPWVLEDLR
0.1
TZ2.1
g4.1
g6.1
g7.1
102.1
11z.1 , . , i
MS-MS eredményekkel is lehet keresgélni!
175.14
127.08
200,06




18 Tons nsed in search: TOL10, 72,10, 84.10, 86.10, £7.10, 102.10, 112.10, 169.14, 175.14, 197.08, 200.06, 280.42, 238.21, 310.45, 358.01, 403.01, 554.11, $83.71 (+i- 1500.00 ppm)

Ivlax # Unrnatched Ions = 1

i MH* MHH q
Rank Unmaiched g{mmd Calculated Frror o> Digest
EYUETICE Index &
Tons (Da)  (ppm)
1 0 (OAKPVLEDLE (Q) 10406104 L6 130345
1 0 (EAEPYLEDLE ()  1040.6104 l.b 879310
1 0 (FOAEPVYLEDLE (Q)  1040.6104 1.6 1335906
# MH* MH* q
Rank Unmaiched g{mmd Caloulated Frror o> Digest
BYUETICE Index &
lons (Da)  (ppm)
1 1} (OAEKPYLEDLE (Q) 1040.6104 Lo 130345
1 0 (FAEPYLEDLE ()  1040.6104 l.b 879310
1 0 (AEPYLEDLE (Q)  1040.6104 L& 1335906

Protein MW
(Daypl

28432756

J0272/5.8

30277757

Protein NTW
(Daypl

28432056

J0272/5.8

3027757

Result Summary

Accession #

Species

BOS=CATTLE, FRIESIAW-HOLSTEIN LIALE CAT VES

245563 LGED 2-4WEEES, FEPTIDE, 247 & 8

27806311 M THEEATABLE

113088 BOVIN
Detailed Resulis
Accession # Species
245563 BOS=CATTLE, FRIESIAN-HOLSTEIN MALE CALVES

LGED 2-4WEEKS, PEFTIDE, 247 &4
27806311 M UNEEADARLE

113088 BOVIN

Fragment Ion (miz) | 70.10 |72.10 |84.10 |86.10 | 87.10 | 102.10 [112.10 |159.14 175.14 |197.08 200.06 | 280.42

B PV-28 |71

1124 |35

P
Ton Type a0 | K L R E
Delta ppm R 250 |23 35 2o 436
490
Fragment Ion (m/z) 288.21 310.45 358.01 403.01 |554.11 | 883.71
EDL
Ton Type w2 PVL |423  ¥3  PVLED hgtHzO
Delta ppm 22 (%4 [LED |547 311|904
473

3-1THz
06

BV 2

117 |-249  |-300

Protein Mame

apolipoprotein £

gl 2780631 1 ref]
&1 [Boa tanmms]

L& polipoprotein

Protein Mame

apolipoprotein £

| 2720631 1 ref]t
&1 [Bos taurms]

& polipoprotein

Flggetlen

PMF és MS-MS azonositas az

igazi!



A proteomika ,,Achilles sarka”?

Elmeleti azaz megjosolt ,,adatokon”
alapulé azonositas



Lehet spektrum-konyvtarhoz
hasonlitani iIs

 De csak ugyanolyan készulékkel felvett
adatokkal mikodik jol



aprmDB current contains 1 7158 entries for vriC o T IS S
Tour result 1s compared against the best spectra awvailable.

Example of Spectrum not Matched in

cos(HY = 1.0 is the best possible match,
cos(H) = 0.0 15 the worst pos=sible match.

hy IIC'D-N eD=-T -1 &85 5 - K

Library Search
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¥
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1007 73
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Elegansabb az on-line LC-MS/MS

A nanoHPLC oszloprol minden megy a
tomegspektrométerbe (250 nL/min)

un. ,,adatfiiggo” adatgydjtés

1) MS mérés

2) Komputer kivalasztja a legintenzivebb
lont

3) MS-MS méres



Sle Edit Wiew Tools Explore BioTools BioExplore Window Script Help

2

E§|J‘E E|ﬂﬁi“ExplnreMnde j

JJlj IDefa

[

FFLE LG EHSES

=
¥

|om X =D ||4&

G esmpERAALEBAFREDARAIREHBERE LM O ESELNEE T

from LIT28 12 wiff

hax. 4.8ef

MS + MS-MS combined total ion currer

TE0.494

523.21
3828 57 OF : 73288 e
a5 - 36T 95597 . £13.81. 72300 A5T.34 sq7.48
3.0e5 4
2.0e5 4
1.0e5
III.I:I’| T T T T T T T T T T T T T T T T T T T T T T
2 4 =] 2 10 12 14 16 12 20 bl § 24 26 28 20 32 34 26 22 40 42 44
Time, min
F ME: Experiment 1, 20.552 min from LIOTZE12 it bl azx. 2815.0 co
3G1660HM 96529267 0e-004, t0=-2 4462310053 32336320e+001 I\/I S
2015 583.3055
S16.2019
2000 615|451 B2
1000 415 2411 475.8191 2205114
227127 : TE6.9293
~ l ,_,,439.?5‘5? l t
u} T N — T ! by T T — T T L T . T T T L T
250 400 450 G000 5450 500 G50 oo 740 200 250 Qa0 250 1000 1050
m/fz, amu
F Product (615.8% Experiment 2, 20,603 min from LIOT2812 wiff hlax. 1624.0 co
3G1660HM 965292670 .-004, 10=-3 446232100523836320+001
1251245 M S - M S
1500 4 26 0624
2131307
4000 10185425
s009 _q2.0584 201.03p3 B0 2006 802 4873
7200037 260 2240 a7 2937 71549423 217 5044
I:I T T | . T | | T T L T II + T II. | II T l = T Il l T T T T | T I. v T T
100 150 200 260 =200 260 400 4450 500 &40 G500 G50 Faa 780 200 2580 Q0o 50 1000 1050 1100

m/z, amu




Lekeresés csak MS-MS adatokkal

,SCript” — az osszes MS-MS adatok
megfelelo formaba rendezve

az egyes spektrumokkal fliggetien
lekeresés

az eredményeket viszont feherjenkent
0sszegezzuk




LC/MS/MS lekereso programok

e ProteinProspector Batch-Tag
e Mascot

e Sequest

e« OMSSA

e SpectrumMill

e .....6S még sokan masok



Database Search Parameters

 Enzyme specificity considered

o # of missed cleavages permitted

« Fixed modification(s) (residue specificity)
« Variable modifications (residue specificity)
 Mass tolerance for precursor ions

e Mass tolerance for fragment ions

Search engines work by:

1. Determining a list of potential peptides from a database that can
be formed by the specified parameters and have the correct
precursor mass.

2. Determining scores for the matches of the fragment peaks to each
of these peptides.

 Changing search parameters will change the number of the potential
hits.

* For software using probabilities or Expectation values (E-values) for
scoring, it will change the scores.



JUATEIX! Mascot Search Results

User : kati

Email : folklicgl.ucsf.edu
: d:\PE Sciex Data\Projects\MALDI\Data\L4012605.wiff : EFMH2? mouse =mall
: C:Z\Temp\ma=s156. tmp
: HCEInxr 20040120 (1607648 sequences; 528631616 residues)
26 Jan 2004 at 21:12:06 GMT

Search title
MS data file
Databa=ze
Time=tamp :
Significant hits: ogi] 2136983
i 457366
gi] 12505321
i 415694
gi] 1351908
gi] 3319897
gi] 51653
gi] 136429
gi] 16754622
gi ] 191765
gi 125138
gi] 113582
i 67548
gi] 2355072
gi] 320925
i 13541048
gi] 29135112

Probabhility Based Mowse Score

Ig gamma heavy chain constant region - rabhit {(fragment)

Ig gamma H-chain C-region [Oryctolagus cuniculus]

Seclir protein [Mus musculus]

serum albumin precursor [validated] - bovine

Serum albumin precursor (Allergen Fel d 2)

albumin [Canis familiaris]

unnamed protein product [Mus musculus]

Tryp=in precursor

immunoglobulin heavy chain constant region [Sylvilagus cunicularis]
alpha-fetoprotein

Ig kappa-B4 chain C region

Serum albumin precursor

tryp=in (EC 3.4.21.4) ITI precursor - rat

trypsinogen 7 [Mus musculus]

hypothetical protein (Rv2744c region) - Mycobacterium tuberculosis
Glycozsidase [Thermoplasma wolcanium]

O0RF116 [Psewdomonas phage phikZ]

Acore 18 -10*Log P, where P is the probability that the observed mateh iz a random event.
Individual ions scores > 43 indicate identity or extensive homology (p<0.05).

23

- of Hits

20



gil=2136983
Ig gamma heawvy chain constant region - rabbit [(fragment)

Ma=s:

20734

Score:

292

Peptides matched: 9

[T Check to include this hit in error tolerant search

Query Ob=erved Mri{expt) Mr{calc) Delta Miss Score Expect Rank FPeptide
v 13 384.713 T67.44 T67.42 0.02 0 26 3.1 1 GQPFLEPE
v 17 405. 711 09,52 809.49 0.03 0 29 1 1 TARFMIER
v 20 419. 11 837.53 837.50 0.03 0 31 0.68 1 ARLPAPTEK
v 37 460. 76 919. 50 919.46 0.04 0 24 11 1 VYTHGPPR
v 64 601. 84 1201. 66 1201.61 0.05 0 64 0.0009 1 LSVPTSEWMR
v a5 541. 29 1620. 84 1620.79 0.05 1 19 23 1 VYTHMGPPREFLSS5R
v i 545. 67 1633. 938 1633. 89 0.08 0 (43} 0.047 1 VWSTLPIAHODWLE
v a7 g§1%. 00 1633.99 1633. 89 0.10 0 46 0.021 1 VVWSTLPIAHODHWLER
v gl 932,51 1863.01 186289 0.11 0 53 0.0087 1 TTPAVLDSDGSYFLYSE
gl | 457366 Mas=s: 35540 Score: 288 Peptides matched: 2

Ig gamma H-chain C-region [Oryctolagus cuniculus]

[T Check to include this hit in error tolerant search

Query
W 10

(g vt g
[l L0 I YO Co R [ O [ Y C i [

Obhserved Mriexpt)

353.

Jad.
405,
419,
426.
4a0.
g601.
541.
232,

T1

3
X
X
23
Fis
g4
29
il

I,

e,
gos.
g37.

&30,
al9.

1z01
laz0
1563

40

a4
a3z
53
473
a0
B
.54
.0l

Mr{calc)

T0%.

TeT.
gog.
g37.
&30,
219,
1zZ0l.
laz0.
lagz.

38

47
49
a0
42
4
Gl
9
g9

Delta Miss Score Expect Rank FPeptide

O oo o = O oo &

.02

02
.03
.03
.03
IE
05
.05
11

o, oo @ O oo

28 3.9
26 3.1
29 1
31 0.63
11 25
a4 11
64 0.00029
12 23
53 0.0037

e = T S T

TEPSVR

GQPLEPE
TARFFLE

ALPAPIEE

DTLMISR + Oxidation (M}
VYTHGEFR

LEVPTSEWQE
VYTHGPPREELSSE
TTPAVLDSDGSTFLYSE



W17
20
W 37
W 54
W 15
26
W 12

403.
419.
460.
601.
941.
545.
G14.
932.

11
X
16
&4
29
67
oo
51

&09.
&31.
919.
1201.
1620.
1633.
1633.
1863.

32
53
30
(173
(i
95
99
01

&09.
&37.
919.
1201.
1620.
1633.
1633.
1862.

49
50
46
61
19
&9
&9
&9

.03
.03
.04
.05
.03
.08
.10
.11

0 29 1
0 31 0.68
0 24 11
0 64 0.0009
1 19 23
0 {43} 0.047
0 46 0.021
0 53 0.0087

e

TARPPLE
ALFAPTEE
YYTMGPEFR
LEVPTSETMR

YYTHMGPFREEL S5R
VSTLPIAHODWLE
YWSTLFIAHODTLR
TTPAVLD SDGSYFLYSE

Top scoring peptide matches to query 51

i | 4 (Elution from: 21.41 to 21.41 period: 0 experiment: 1 cycles: 1 )
Ig g| Score greater than 28 indicates howology
[~ Chec Jcore greater than 45 :i_.ndicates :i_.dentit}_*
Status bar shows 211 khits for this peptide
Query ccore  Delta Hit Protein Peptide
¥ 14 53.0 n.11 1+ gi| 2136983 TTPAVLDADGAYFLYSE
13 12.5 -0.04 LAPIGVFFLILFNMFE
17 1ll.0 -0.09 IGAGARTGAGSVVLIDVELR
21 9.5 n.0s5 QLEVMDDFIEFYIDE
"2 27 .5 n.09 QLAEVFDESTIDYAPR lation (M)
3] g.2 n.0z CIHIIVECANVLVAPE
E: 7.1 0.04 Q¥GFVEVONTNLVEVE
;E 6.9 0.16 MANLSTNANEASSDFAE
E] L.8 0.0& NEQVDSLYGVNTNNFSE | vap
] 5.7 n.19 IATHMATEADDGAYSCE
gillZ2305321 Mas=: 56014 Score: 246 Peptides matched: 5

Seclir protein [Mus musculus]

[T Check to include this hit in error tolerant search

Query
2
5

i

LURCUREUCY

Obzerved

325.
455.
356.
383,

19
23
80
36

Mr {expt)

648
908.

37
44

1111.59

116d&.

10

Mr{calc)

6.
90&.

36
40

1111.54

1168.

(17

Delta Miss Score Expect Rank Peptide

0.01
0.04
0.0%
0.04

0 45 0.12
0 34 0,48
0 36 0.51
0 19 0.024

T

IFDVR
LATCSSDR
LERHSDTYER.
HGGOTL TADLE



Peptide View

LISMWVEE Fragmentation of TTPAVLDSDGSYFLYSK
Found in gi|2136983, [z gamima heavy chain constant region - rabbit (fragment)

Iatch to Query 21: 1863.00758% from(P32 511070 24
Elation from: 21 41 to 21 41 period: 0 experiment: | cycles: 1
From data file CAT empinas] 56 trgp

Click monse within plot area to zootm in by factor of two about that point
Cir, Flotfrom | |0 to [1700 Da

+
+
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|
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| S5 % 8 I oz g q
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0 200 L Yulu] (STil4] a0 1000 1200 1400 1600

Monoisotopic mas=s of neutral peptide Mr{calc): 1362.85%9
Fixed modifications: Carbamidomethyl (C)
Tons Score: 53 Expect: 0.00387



Monoisotopic mass of neutral peptide Mr{calc): 1l562.89

Fixed modifications: Carbamidomethyl (C)

Ions Score: 53 Expect: 0.0037

Matches (Bold Red): 20/128 fragment ions using 6l most intense peaks

# a 4t ] ptt Seq. ¥ v ¥t et H
1| 7406 3753 10205| 5153 T 17
2 17511 85806 |203.10(10205) T | 176285 88193 174583 87344 16
3| 2721a|l3652| 30016 (15052 P (1661 81 83141 |1644 7% B22H0 15
4| 34320 17210137119 (186,10 A | 156475 TELES 154773 77437 14
S 4227 (22184 | 47026 23563 | WV (149372 \T4T 36 |147669 | 7352513
6| J3535 (27512 | 58334 20218 | L |1394.65 | 69723 |1377 62| 62051 112
T ET03E 33569 |6PB 3T (4060 | D (128156 64129 126454 63277 11
8 FITAL(ETREL) TESA0 39321 8 |116654 | 323.77|114951 ) 37526110
0 BT244 (436 72| 90043 145072 D (107950 54026 106248 53174 9
10| 92046 (46525 | 95745 470231 G | 96448 | 48474 24745 47423 8
11 101649 |505.75 | 1044 45 | 5322.75| & Q0746 | 45423 59043 44574 7
121117955 |5300 28 |1207 55 (604228 | ¥ | 82042 41072 B03.40) 40220 6
13 (1326 62 [6E351 135462 6Tl | F | 65736 | 32015 64033 32067 | 5
14 143971 (72036 |14a7 70 |734.35| L | 51029 25565 | 493327 24714 4
15160277 |201 29 1630 76 (81520 ¥ | 39721 19911 38018 19059 3
16 1629 20 (24540 171720 (25940 5 | 234.14 | 11758 21712 10906 2
17 K 14711 7406 13009 6355 1




Iy gamma heavy chain constant region - rabbhit {(fragment)
Found in search of C:h\Temp'wmaslio. tup

Nominal mass (M ): 20734; Calculated pl walue: 7.94

HNCEI EBLAST szearch of gil|z2l36985 against nr
Tnformatted secquence string for pasting into other applications

Taxononmy: Dryctolaqus cuniculus
Links to retriewe other entries containing this secquence from NCEI Entrez:
qi|l65110 from Oryctolacus cuniculus

Fixed modifications: Carbamidomethyl (C)

WVariable modifications: Oxidation (M) ,Pyro-glu (N-term Q)

Cleawvage by Trypsin: cuts C-term side of ER unless next residue iz P
gedquence Coverage: 42%

HMatched peptides shown in Bold Red

1 EDDFEVQFTW YINNEQVETR RPPFLREQQFN STIFVVSTLP IAHODWLRGE
51 EFECEVHNER LPAPIEETI? FARGOPLEPE VYTHGFFREE LESRSVILTC
101 MINGFYP3DI 3SVEWEENGELZ EDNYTETTPAY LDSDGSYFLY SELSYEPTSEW
151 QRGDVFTCIV MHEALINHYT QESIIRSPGE

show predicted peptides also

=ort Peptides By & Residue Number © Increasing Mass ¢ Decreasing Mass

S5tart - End Obhzerved Mri{expt) Mr{calc}) Delta Miss Sequence

19 - 25 405. 1 809,52 509.49 0.03 0 TARFPLE (Ions score 29)

35 - 438 945.67 1633.98 1633.89 0.08 0 WVWSTLPTAHODWLE (Ions score 43)

35 - 438 §18.00 1633.99 1633.89 0.10 0 WVWSTLPTAHODWLE (Ions score da)

60 - 671 419.11 837.53 §37.50 0.03 0 ALPAPTEE (Ions sScore 31)

T4 - &0 364.73 T67.44 T67.42 0.02 0 GIPLEPE (Ions score Ea)

81 - &3 460. T 919.50 919.46 0.04 0 VYTMGPFR (Ions score Z4)

61 - 94 241.29% 1620.84 1620.79 0.03 1 VYTHMGPPREELSSR (Ions score 19)
126 - 142 932.51 1863.01 1862.89 0.11 0 TTPAVLDSDGSYFLYSE (Ions sScore 53)
143 - 152 601.83F 1201.66 1201.61 0.03 0 LSVPTSEWOR (Ions score Gd)




Vannak am ,,k0z0s” peptidek

Homologia fajok kozott
Fehérje-csaladok

I zoformak

Véletlen egyezeés



Sample Gene Acc.No. Protein Protein Unigue  Coverage
MW Peptides

1 At3g02090 Q42290 mitochondrial-processing peptidase 59 32 55.00%
beta subunit, (MPP beta)
At3g16480 004308 mitochondrial-processing peptidase 54 12 3.00%
alpha subunit 2, (MPP alpha-2)
At2907727 P42792 Cytochrome b (MTCYB) (COB) 44.5 1b 3.30%
(CYTB)
2 At1g51980 Q92zU25 mitochondrial-processing peptidase 54¢ 24 40.40%

alpha subunit 1 (MPP Alpha-1)

At3g16480 004308 mitochondrial-processing peptidase 54¢ 16.40%
alpha subunit 2, (MPP alpha-2)

At5g40810 QOWNJ4 Cytochrome c1 (CYC1-2) 33 6 20.80%
4 At5g13430 QILYRS3 Ubiquinol--cytochrome-c reductase 26 6 22.10%
(REISKE subunit)
5 At4g32470 Q9SUUS5 Ubiquinol-cytochrome C reductase 14.5d 5 49.20%
complex 14 kDa protein
At5g25450 Q3E953 Ubiquinol-cytochrome C reductase 14.6¢ 19(2) 18.00%

complex 14 kDa protein




1 Acc. #: QUWWE] Species: ARATH Name: Hypothetical prote;

Protein AIWW: 33326 2 Protein pl: 5 7

|N|1m Unigque |% Cov |Best Disc Score

24 411 325

| M+H [ miz [z Da | Peptide | S |Score Score Diff Disc Score |# in DB
[£72.7927 [436.9000 [2[0.14 [VEIAELAK 351245 [119 1.95 2
[97.2727 [449.1400[2[042 [DIADETSK 345263 |16.6 [2.47 3
003.8927 [452.4500(2[0.19 [SVDOLTLK 344(251 9.7 .71 2
|915_392'; |45sz aznn b n 10 Erwnvacer bai g lei [1 54 [y

9526727 47
[963.1527 [48
975.0927 a8
[1028.8327 51
[1120.0727 [56
[1136.1127 [56
[1148.3054 38
1198.1927 [39
[1462.9127 [73
[1626.1727 81
16420327 [82
[1732.1727 86

Protein MW: 54053 9 Protein pl: 6.0

1-1 Ace. #: 004308 Species: ARATHName] 122 = 220 =2 22 22 28 2 20 0 2 2 8 o a s

|Nnm Unigue |% Cov |Best Disc Score

9

164 [271

| M+H

| m/z |;| Da

| Peptide

| s |Scure |Scure Diff |]]isc Score |# in DB

1897.2727

[449.1400 [2 [0.42

IDIADETSK

345 263

16.6

12.20

19631527

4820800 20 33

laILTYGER

367 [22.8

1132

182

974 8754

3256300 [3[0.10

IKPVDQFLK

339 [25.2

7.7

122

1975.0927

488 0500 [2 [-0.20 [MIAAEDIGR

341205

1113

161

1028.8327[514.9200 [2 [0.18 [SQYVGGDER

332236

152

2.04

11499927

5755000 |2 0.20

SAIL mNLESR

362 [20.0

11.9

1.68

1462.9127 [731.9600 [2 [0.100 [EIEAIGGNTSASASR  [334 [30.7

213

2.71

17321727 [866.5900 [2 [0.17 [NPAFLDWEVNEELR [402 [241

138

189

1861.4654 [621.1600 [3 [0.51 [NPAFLDWEVNEELRK

390 16.5

38

0.79

1861 4634 |62

[1986.4927 [993 7500 [2[0.20 [VAEPLTSDLPNVPPQLAPK

1389281 21.0

2.95

2

[2251.1054 [751.0400 3 [0.30 [AALTSLDmPLQGVSLPPPLADK [401[232 [9.1

165

2




Parameters

= g ] F1 11 1.2 N1 E1 82 ml

Peptide N terminus: Hydrogen

Peptide C terminus: Free Acid

Constant Modification Amidomethyl Cysteine

[nstrument Name: LCQ

Ion Tvpes Considered: a, b, b-INH3, b-H20, bp2, bp2-NH3, bp2-H20, bp2-HAPO4, bp2-SOCH4, v, v-NH3, v-H20, vp2, vp2-NH3, vp2-H20, vp2-HIPO4, vp2-S0(

All fragment ion masses below are calculated as: monoisotopic masses

100 ¥e
¥r
> ¥
¥s
501
¥
¥
. :r"y+2 -bg+2
B | il
I] - T T T T 1 T T | T T T T T T || T T
250 300 350 400 450 500 550 600 650 00 750 800 850 900 950
Mass (muz)

ilﬂjilil Al Mass ¥ Ser [T

Imm [ Int
Max Intensity: 47039

Num Matched: 14

Num Peals: 21

Percent Unmatched: 33.3



Schistosoma mansoni proteomikaja
G. Knudsen, J.H McKerrow, UCSF

* kb. 200 millié ember fert6zédik évente, béron
keresztul, fertdzott vizben

* Atmeneti hordozo — Biomphalaria glabrata

* Kulcs a fertozéshez:
a cercaria altal kivalasztott enzim-keverék



Egyszerd, jol ismert keverékkel van
dolgunk...

a csigabol kibujt féereg-novendékeket jol
lemossuk

bor-lipidekkel meginditjuk a kivalasztast
a fehérje-oldatot bekoncentraljuk

1D SDS-PAGE feherje-frakcionalasra
gélben emeésztés tripszinnel

LC/MS/MS analizis

Eksigent/Famous - 75 mm 1D PepMap column; 300 nL/min flow;
water/ACN/0.1% HCOOH mobile phase, gradient elution,

QSTAR; 1 sec MS/3 sec CID,; single charged and dynamic exclusion



Mit talaltunk?

cercaria felszini feherjéeket

cercaria elasztazt és glikolitikus
enzimeket

csiga immunvalasz-feherjéket
fotoszintézisben résztvevo fehérjéket

marha szérum albumint



Honnan jott mindez?

a cercaria kilsejéral
ez az igazl! - a kivalasztott feherjek
az atmeneti hordozobol

a salatabol, amit a csigak ettek - éheztessiuk
oket?

a laborbol mindenttt - lehet, hogy takaritani
kellene?

Uj, hatasosabb izolalasi médszer— az
elasztaz-aktivitas 40x-esere nott!



bioinformatika = bio + informatika

 Nem szabad elfelejtenlnk, hogy
biologial mintakkal dolgozunk!

e és kémiailag is aktiv vegyuletekkel!

e Az algoritmus lehet tokéletes, csak a
biologiai rendszer nem viselkedik!



“Kémiai szennyezések” - izelito

-34 Da (-H,S) - Cys

-17 Da (ciklizacidé) - N-terminalis GIn, carbamidometil Cys
+1 Da (amid hidrolizise) GIn, Asn

+14 Da (Me) - Glu, (Asp)

+16 Da (“O”) - Cys, Trp, Met

+32 Da (O,) - Cys, Trp, Met

+43 Da (NH,-CO-) - N-terminus, Lys

+48 Da (O3) - Cys

+57 Da (-CH,CONH,) - N-terminus, Met, His, Asp, Lys

+71 Da (-CH,-CH,-CONH, = akrilamid) - Cys



Kovalens modositasok detektalasa

e szerencses esetben taladlhatunk poszt-
transzlacios modositasokat automatizalt
MS-MS analizissel

e lekereso programok lehetové teszik a
kovalens modositasok kdvetéset



MASCOT MS/MS lons Search

Your name | Email |

Search title |C:HF‘E Sciex Data\ProjectshAPI Instrument,DatahL40728 12 wiff © Sm CS

Database |MSDB =l
Taxonomy |2l entries =1
Enzyme |Tr1.rr:|5ir'| ;l Allows up to Il "I missed cleavages

_ Fixed [ap old_ICATdO (C) il Variable [sp old_1caTdo () i’
modifications |ap old_1caTdB (C) modifications |ap old_1caTde (C)
hd

Soetyl (K] Scetyl (K]
Scetyl (M-term) _| / Acetyl E:N-termjl

Arnide [C-term) Arnide [C-term)

Protein mass I kDg ICatT [

Peptide tol. £+ |2.0 loa =] MS/MS tol. + 0.8 loa =]
Peptide charge |E+ ;l Monoisotopic * Average ©
Data file [1\LOCALS~1\Temp\mas23.tmp Browse.. |
Data format |Mascot generic x| Precursor I— myz
Instrument |Default =l
Overview [ Reporttop |20 =) hits
| Start Search ... | Reset Form |

Tul sok variacios lehetoség
rengeteg félreértelmezést okozhat !



Van azert kiskapu



Kiskapu 1

Unanticipated Modifications with
ProteinProspector!

1. Search data with strict parameters

2. Search data again, but against only confidently identified
proteins

[_—_] Mass Modifications
Enable [ | Range (I}a) -100 to 100 Defect 0.00045 | All On | | Al Off |

N e ey I I I O B O
ACDEF 6 H T K LMNZPOQDRSTVWY

The search speed is fast enough to analyze large datasets:
A search of 58,000 spectra considering any mass shift between
—~100Da and +200 Da on 100 proteins
completed overnight on a dual processor computer.



Results output

m/z z |Da Peptide Expect
895.9686 |2 |0.0053 K(26.0125)AALEQDLAFWYGPR 1.7e-9
882.9565 |2 |-4.9e-4 KAALEQDLAFWYGPR 2.7e-9
1147.5895 |2 | -9.9e-4 LVMASLYHIYVALEEEIER 4.2e-9
984.5237 |3 |-1.9e-4 IAQK(57.0274)ALDLPSSGEGLAFFTFPNIASATK | 9.3e-9
884.9588 |2 |8.1e-4 KAALEQDLAFW((4.0019)YGPR 2.2e-8
909.4724 |3 |0.34 DGFKLVMASLYHIYVALEEEIER 4.2e-8
1227.6336 | 2 | 0.0024 ALDLPSSGEGLAFFTFPNIASATK 6.0e-8
890.9590 |2 |-0.0019 KAALEQDLAFW(16.0077)YGPR 6.4e-8
898.9534 |2 |-0.011 KAALEQDLAFW/(32.0154)YGPR 1.4e-7
834.9070 |2 |-0.010 AALEQDLAFW(32.0154)YGPR 1.4e-7
818.9078 |2 |-0.0017 AALEQDLAFWYGPR 1.7e-7




Mostly the “usual suspects”

* Metal Adducts (+22, +38, +53)

* Oxidation and dioxidation of Trp (+16, +32)
* Trp oxidation to kynurenin (+4)

* Propionamide-modified Cys (+71)

* Deamidation of Asn (+1)

* lodination of Tyr (+126)

* Side-chain loss of Cys (Cys->Dha)

* Carbamidomethylation of Met (+57)



Enzyme Catalyzed Rearrangement Reaction

RMAMNDVETAALIVGGHTFGK*3

+ ¥
100 by 0t Yr

bg

+2
I by-Hy O bt
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i b0 :"lbu . P
Sl | = [ i [ ~ FF . M el ‘
100 200 3l]l] 5l] 600 s ".:]l:j ) 800 000 1000 1100 1200 1300
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100 200 3l]l] S00 a0 Ton 00 onn 1000 1100
hass (muUzE)

Lippincott, J. et al. (1997) Anal. Biochem. 252 p.314-325.



Spectral pairs: outline

Pre-processing

i Clustering: combine multiple spectra from the same peptide

Protein identification

v

a.

b.
C.
d

Find spectral pairs - spectra from peptide pairs.

Use spectral pairs to deconvolve prefix/suffix masses.
Generate a small set of long tags from deconvolved spectra.
Perform text search of protein sequences.

Identification of modifications

a.

b.

Single: non-amino acid mass differences between spectral
pairs
Multiple: chains of spectral pairs

Kiskapu 2, Pavel Pevzner, UCSD



Preprocessing: clustering

Combines Bandeira et al.’04 and Ben-Dor et al.’99 with
some scoring improvements.

el H | l @ L |.|.‘ IJ I L ‘.|.| L
Cluster consensus spectrum
.||..|||.I. A
signal
b tellit lai t
b Ll L v satelite wnexplaned o
#masses 9.5 9.3 20.1 35.3 0.27  Single
i bl L _ _ spectra
% intensity  28% 28% 19% 25%
| I | # masses 9.5 9.4 10.4 13.7 0.69  Cluster
||II Illl || Il |h| IJl Il || ||II Illl COnSenSuS
e % intensity  37% 36% 13% 14% spectra
o |,| Lodln i H e b J.| i / Selection of relevant masses — averages over all single
spectra and cluster consensus spectra



Modifications on cataractous lens

Location Modification  Putative annotation
Mass _
ST -18 gehydgation Table 1: Rediscovered all
Q -17 eamidation T . .
W P cross-linking modifications previously
H 14 methylation identified by blind database
M,W 16 oxidation . .
S.H 28 double methylation search except deamidation
N-term 42 acetylation on N/Q (+1 Da)_
N-term 43 carbamylation
K,non-terminal 43 carbamylation
W 44 carboxylation
R 55 unknown
K 58 carboxymethylation
K 72 carboxyethylation
Table 2: Identified 6 new modification events
Location  Modification Type Putative annotation Comment
mass
M -48 Chem. artifact loss of methane sulfenic acid reported on same site
W 4 PTM kynurenine reported in cataractous lenses
S 30/73 unknown unknown
W 32 PTM formylkynurenine reported in cataractous lenses
N-term 57 unknown carboxyamidomethylation possible chem.artifact
N-term 229/271 unknown unknown




