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Number of Unique Peptides

Dulezita je presnost...

Cim vyssi presnost méreni, tim méné peptidl potiebujeme pro
bezchybnou identifikaci
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Conrads TP et al . Anal Chem 2002, 72: 3349.



———*'“' 4 : o Géma |
] ..‘} Vétiov 'd N . '.l.'l_'_-:_"—‘.L_’_'}.'fT.'-l.e | :
oinfl> ) (B Peptidove mapovani >
e pak = 14— :
iy ‘5 | MHranice AR \.
S ) YA

LRI UVILVS ST vnss

Pro-Found — Rockefeller University

MASCOT — Matrix Science - http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=PMF

MS-Fit — Protein Prospector,UCSF - http://prospector.ucsf.edu/prospector/mshome.htm

http://prowl.rockefeller.edu/prowl-cgi/profound.exe
http://hs2.proteome.ca/prowl/profound/control.html
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MASCOT Peptide Mass Fingerprint

Your name | | Email |

Search title | |

Database(s) |plants EST ~ Enzyme | Trypsin v|
Prokaryotes_EST
Rodents_EST Allow up to |1 ~ | missed cleavages

Vertebrates_EST

Taxonomy | All entries v|
Fixed |--- none selected --- Acetyl (K)
modifications g Acetyl (N-term)
- Acetyl (Protein N-term)
Amidated (C-term)
Amidated (Protein C-term)
Display all modifications [ Ammonia-loss (N-term C)
. Carbamidomethyl (C)
Variable |-— none selected -— - Carbamidomethyl (N-term)
modifications Carbamyl (K)
- Carbamyl {M-term)
Carboxymethyl (C)
Protein mass kDa Peptide tol. £ [1.2 || Da v|
Mass values @MHt OM, OM-H- Monoisotopic @ Average O
® Data file Soubor nevybran.
o Query
Decoy [ Report top [AUTO v | hits

Start Search ... Reset Form



SwissProt.2016.9.6
SwissProt.2016.9.6.random
SwissProt.2016.9.6.random.concat

Database

[+] User Protein Sequence

DNA Frame Translation N Term AA Limit |:|

HUMAN MOUSE

HUMAN RODENT
MODEL PLANTS
RODENT

ROACH LOCUST BEETLE

Taxonomy

Output|[HTML | Hits to file (] Name [lastres |

v| Max. Missed Cleavages

Digest | Trypsin

Biotin (MN-term)

Biotin-HPDP (C)
Constant | bisANS (K)
bisANS-sulfonates (K)
I (K

Carbamidomethyl (C)

||'i] Pre-Search Parameters

Start Search

Sample I[}icumment”
Display Graph [l

Maximum Reported Hit5|5 |

Sort By | Score Sort
Report Homologous Proteins | Interesting ~
Min. # peptides required to match (4

Report MOWSE Scores v Pfactor (0.4
monaoisatopic ~
ppm -~ |Sys Err (0

Masses are

Tol |20

Contaminant
Masses

Peptide N-terminal GIn to pyroGlu &

Oxidation of M
Protein N-terminus Acetylated
Acrylamide Modified Cys

Possible
Modifications

User Def Mod 1 | Acetyl (K)

User Def Mod 2 | Acetyl (K)

User Def Mod 3 | Acetyl (K)

User Def Mod 4 | Acetyl (K)

OR

Unknown Amino Acid [] Single Base Change [] Homology [
Max Mods - Min. # match with NO AA subs |1

Instrument | ESF-Q-TOF | Data Format | PP M/Z Charge

> |

Data Paste Area

5100
5220
4733
5317
4754
4885
4934
4308
4TEBS

g42.
856.
B64.
870.
940.
943.
8959.
970,
975.




Laboratory of Mass Spectrometry and Gaseous Ion Chemistry

¥

ProFound
ProteinInfo
PeptideMap
X! Tandem
X! Hunter

GFMDB

PROWL Home

Chait Lab

General
Sample ID | |

PROFOUND

Database | NCBI nr (2014-08-01)

Taxonomy | All taxa

Protein
Maes ° -|3000 |kDa
Protein pI |D |— ‘14 |

Expect
ol |
Z O show candidates

Masses
Average Masses:

Mass tolerance (average): +/-

Tolerance unit: @ Da O %% O ppm

Digestion
Allow missed cleavages
maximum
Enzyme | Trypsin ~|

For user-defined cleavage, click here.
Modifications

Complete
Modification(s) | 4-vinyl-pyridine (Cys)
Acrylamide {Cys)
Iodoacetamide (Cys)
Iodoacetic acid (Cys) v
Partial []1 Methionine
Modification oxidation

For more partial modifications, click
here.

Monoisotopic Masses:

Mass tolerance (monoisotopic): +/-

Charge state: ®@ M O MH+

| Identify Protein || Extra Settings =~ Example = Reset Form |




Peptidové mapovani — vliv parametru
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x10
784.3656

842.5097

869.3889

870.5407

936.4567

938.4214

941.6030

952.4515
1002.5619
1016.5771
1024.5436
1037.4020
1075.5534
1081.5163
1089.5689
1097.5338
1120.5630
1128.5281
1138.5850
1174.6306
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1297.6743
1308.6543
1331.7240
1453.7759
1961.0208
1971.0781

1002.56193 1+

1075.55350 1+

1138.58539 1+

1174.63113 1+
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1961.02712 1+
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Peptidové mapovani — vliv parametru
Probability Based Mowse Score

Protein score 15 -10%LoglF), where P 13 the probahility that the observed match 15 a random event.
Protein scores greater than 82 are significant (p<0.02).

Database NCBI
34 N S
= § % \ Taxonomy All taxa
T 10 N Missed Cleavages 0
I § % Fixed Mods 0
E \ "’ﬁ"‘ Variable Mods 0
5 § % Peptide tol 1000
Q Q E ] ] ] ] ] ] ] I.I 1
s L 125
Probability Bazed Mowse Scare
Concise Protein Summary Report
_ Concise Protein Summary Help
significance threshold p< |0.05 Ml number of hats |ALUTO
1. gi| 15900172 Ma=s=: 534156 Score: 122 Expect: ce-06 (ueries matched: 1:

DNA-directed BNAL polymerase subunit alpha [Streptococcus phneumnonhiae TIGRA]



Peptidové mapovani — vliv parametru
FProbability Based Mowse Score

Protein score 15 - 10%Log(eewhere P iz the probabality that the observed match 13 a random event.
Protein scores greater tha e significant (p<0.05).

“ S S Database SwissProt
= 10 § % Taxonomy All taxa
s § % Missed Cleavages 0
I § % Fixed Mods 0
_‘%5 § % Variable Mods 0
% % Peptide tol 1000
N
N
Q & E ] ] ] ] ] ] ] ] ] I.I 1
75 1000y 125
Probability Bazed Mowse Score
Concise Protein Smmmary Report
Concise Protein Surmmary Help
significance threshold p< |0.05 Ml number of hats |ALTO
1. FPOL STEFZ Mass: 34156 Score: 122 Expect: 53.1e-07 Queries matched: 12

DNA-directed BNAL polymerase subunit alpha O3=3LrepLocoCcCcus pheumnohise serotype 2



Peptidové mapovani — vliv parametru

FProbability Based Mowse Score

Protein score 15 -10%Log(P), where P 15 the probabiity that the observed match 12 a random event.
Protein scores greater than 6% are significant (p<0.02).

o

\

?

.

Number of Hits

A,

Database
Taxonomy
Missed Cleavages
Fixed Mods
Variable Mods
Peptide tol

|
100

8]

|
125

Probability Bazed Mowse Score

Concise Protein Sumimmalry Report

Concise Frotein Summary

Help

Mlaz mumber of huts |AIUTO

significance threshold p< |0.05
1. FPOL 3TRPZ Has=s: 341806

Score:|] 123 Expect: Z2.5e-07

SwissProt
All taxa

1

0

0

1000

Jueries matched

DNA-directed FNAL polymmerase subunit alpha OZ3=3treptococcus phneumoniae SeroLype



Peptidové mapovani — vliv parametru
Probability Based Mowse Score

Protein score 15 -10¥Log(P), where P 15 the probabdity that the observed match 12 a random event.
Protein scores greater than 69 are sigmficant (p=0.02).

. Database SwissProt
: \
= Taxonomy All taxa
te Missed Cleavages 1
jr Fixed Mods C-Cam
5 %\\ Variable Mods ]
% ‘% \ Peptide tol 1000
N
3
'::' 1 h & ] ] ] ] ] ] ] ] II 1
d0 (4] an 100 120 140
Probability Bazed Mowse Score
Concise Protein Summary Report
_ Concise Protein Summary Help
significance threshold p= [0.05 Mlax mumber of hats [AUTO
1. FPOL 3TRP:Z Mas=s: 34243 Score:| 138 Expect: 7.9=-02 [Queries matnhed;ﬂ
DNi-directed BENL polvierase subunit™8Iphia O3=3treptococCcus phneunohiae SerotyhEe



Peptidové mapovani — vliv parametru

Probability Based Mowse Score

Protein score 15 -10¥Log(P), where P 15 the probabdity that the observed match 12 a random event.

Protein scores greater than 69 are sigmficant (p=0.02).

SwissProt

Il taxa

1

C-Cam

M-ox

Prot N-ter Ac
1000

E [ ]
§ L i it
L R
.
L
a1 R
I::I —_—— = = = - == == = = = il == = = = = = = = e e e e e e e = = = = = = - -
| | | | | | | | | | | | | 1
SO0 1000 1200 1400 1600 1500 2000
RMS ertor 213 ppm Masz (Da>
ae] 16 150
Probability Bazed Mowse Score
Concise Protein Summary Report
Farmat As | |C|:|n|::ise Protein Surmmary 7 Help
significance threshold p= [0.05 Mlax mumber of hits IAUTD

Fe-Search All | search Linmatched |

1. ERPDA STRPZ Mas=s: 34243 Score: | 156 Expect: 1.:-e-10

DNi-directed BENL polvierase subunit™STpH0A

. Queries matc!hed
3 O3=3LrepLocoCcouls phneumohiae Serotype



Peptidové mapovani — vliv parametru

Probability Based Mowse Score

Protem score 15 -10%Log(P), where P 15 the probabdlity that the observed match 12 a random event.

Protein scores greater than 69 are sigrnificant (p<0.05).

Database
Taxonomy

Fixed Mods
Variable Mods

MNumber of Hits

Peptide tol

| ! 1

] ]
160 200 240
Probability Bazed Mowse Score

|
120

Concise Protein Summary Report

_ Concise Pratein Summary Help
significance threshold p= [0.05 Ml rumber of huts |AUTO
1. FPOL STRP:S Mas=s: 34243 Score:| 241 Expect: 3.9e=-19

DNi-directed BNL polymmerase subunit™s

SwissProt
All taxa

Missed Cleavages 1

C-Cam

M-ox

Prot N-ter Ac
100

. Juerie=z matched:
ffTla O3=3Lreptococclls pheumoniae serotype



Peptidové mapovani — vliv parametru
Probability Based Mowse Score

Protemn score 13 - 10*Log{Prwhere P is the probabiity that the observed match 15 a random event.
Protemn scores greater the e significant (p<0.05).

(15 N\ Database S}le:sProt
e Taxonomy Firmicutes
% Missed Cleavages 1
gt Fixed Mods C-Cam
E Variable Mods M-ox
5 Prot N-ter Ac
Peptide tol 100
I:I ] ] ] ] ] ] ] ] ' 1
i 120 160 200y 240
Probability Based Mowse Zcore
Concise Protein Summary Eeport
_ Concise Protein Sumrmany Help
significance threshold p< |0.05 Mlax mumber of tuts |ALUTO
1. FPOL ZTRP: Mass: 34243 Score: 241 Expect: S5.1e-20 Q(Jueries matched: 15

IMi-directed BNA polyvmerase subunit alpha OZ3=3treptococculs pheumohise serotype 2



Peptidové mapovani — vliv parametru

Probability Based Mowse Score

Protemn score 18 - 10%Log(P), where P 1z the probabiity that the obzerved match 12 a random event.

Protemn scores greater than 61 are significant (p<0.02),

N

Number of Hits

0 Lale] 200
Probability Bazed Mowsze Score

Concise Protein Summary Report

Concise Protein Summany Help

significance threshold p< |0.05

34243

1. EFPOL STRFZ Mass:

Mlaz mumber of buts |AUTO

Database
Taxonomy
Missed Cleavages
Fixed Mods
Variable Mods

Peptide tol

Expect: Se-:21

SwissProt
Firmicutes

1

C-Cam

M-ox

Prot N-ter Ac
10

Jueries matched: 15

Snure:'
DNA-directed BNAL polyvmerase subunit =Ripha OS3=3treptococcus phneumohiae serotype 2



Peptidové mapovani — vliv parametru
Probability Based Mowse Score

Protemn score 13 -10%*Log(P), where P 1z the probabiity that the observed match 12 a random event.
Protein scores greater than 61 are sigraficant (p<=0.02).

. Database SwissProt
2 S I
e Taxonomy Firmicutes
% Missed Cleavages 1
I Fixed Mods C-Cam
E Variable Mods M-ox
Prot N-ter Ac
Peptide tol 1
l::l ] ] ] | ] ] ] ] ] ] 1
1000y 200y
Probability Bazed Mowse Scare
Concise Protein Summary Eeport
_ Concise Protein Summany Help
significance threshold p< [0.05 Moz number of hits [AUTO
1. FPOL STRP:S Mass: 34243 Score: 249 Expect: Se-21 Q(ueries matched: 15

DNi-directed BNL polyvmerase subunit alpha 03=3treptococcus pheumoniae serotype 2



Peptidové mapovani — vliv parametru
Probability Based Mowse Score

Protemn score 18 - 10¥%Log{Prwipre P i the probabiity that the observed match 12 a random event.
Protein scores greater the - sigrificant (p<0.02).

i Database SwissProt
4 W T .
= axonomy S. penumoniae
% Missed Cleavages 1
I Fixed Mods C-Cam
E Variable Mods M-ox
Prot N-ter Ac
Peptide tol 1
Q ] ] ] ] ] ] ] ] ] ] ] 1
y oLy 200
Probability Based Mowze Zcore
Concise Protein Summary Eeport
_ Concise Protein Summany Help
significance threshold p< |0.05 Moz mumber of huts |ALUTO
1. FPOL STEF:S Mass: 34243 Score: 249 Expect: 4.5e-22 [(Jueries matched: 15

DNA-directed BNAL polyvmwerase subunit alpha O3=3treptococcus pheumoniase serotype 2



Peptidové mapovani — vliv parametru

Protein View

Match to: RPOA STRP2 Score: 249 Expect: 4.5e-22
DHA-directed RHA polymerase subunit alpha DS=Streptococcus pneumoniae serotype 2 (strain D39 f HCTC 7466) GH=rpolA PE=3 5V=1

Nominal mass (Mp): 34243 Calculated pl wvalue: 4.64
NCEI BLAST search of RPOL STRPZ against nr

Unformatted sequence string for pasting into other applications

Taxonomy: StrepLocofcus phneuwnonise

Fixed modifications: Carbamidomethyl (C)
Variasble modifications: Leetyl (Protein N-term) , Oxidation (M)
Cleawvage by Trypsin: cuts C-term side of KR unless next residue is P

MNuwber of mass values searched: 27

Sevance Coverage: 536 Unmatched masses:
Matched peptides shown in Bold Red 842.50 — Trypsin

1 HMIEFEEFNIT EIDEWNEDYGE FVIEPLERGY GTTLGHSLRE VLLASLPGLA H k
51 VTSINIDGWVL HEFDTVPGVE EDVMQIILHI KGIAVESYWVE DEKIIELDVE 870-54 - very tlny pea

101 GPAEVTAGDI LTDSDIEIVN PDHYLFTIGE G33LEATMTY HSGRGYVPAD

151 ENEFDHAFYG TLAVDSIYTP VTEVHY(VEF ARVGSHDGFD ELTLEILTNG 1016-57 - methylation of 1002.56
201 TIIPEDALGL SARILTEHLD LEFTHLTEIAK STEVMEEADT ESDDRILDET
s01 LIDLoLoLKD By SIS HEE 1024.54 — sodium adduct of 1002.56
_Show predicted peptides elso | 1089.57 - methylation of 1075.55

NSGHBSGEBRE O ovie Nobes ©hcrening Mass O Decressing Mo 1097.53 - sodium adduct of 1075.55

Start - End Dhserved Mri{expt) Mri{calc) ppm Miss Sequence 28 53 — H k
260 - 265 784.3656  783.3583  783.3585 -0 0 R.SYNCLK.R 11 . Very tlny pea
87 - 93 869.3889 868.3816  868.3814 0 0 K.SYVEDEK.I .
136 - 144 936.4567  935.4494  935.4495 -0 0 K.ATMTVHSGR.G 1188.65 -_— methyla'ﬂon of 1174_63
183 - 191 938.4214  937.4141  937.4141 -0 0 R.VGSHDGFDK.L
301 - 309 941.6030  940.5957  940.5957 0 0 K.LIDLGLGLK.D H
136 - 144 952.4515  951.4442  951.4444 -0 0 K.ATMTVHSGR.G Oxidation [M) 1308-65 - Very tlny peak
21 - 28 1002.5619 1001.5546 1001.5546 0 0 K.FVIEPLER.G
237 - 245 1037.4020 1036.3947 1036.3945 0 0 K.EADTESDDR.I
174 - 182 1075.5534 1074.5461 1074.5458 0 0  K.VHYQVEPAR.V
12 - 20 1081.5163 1080.5090 1080.5087 0 1 K.IDEWKDYGK.F
145 - 154 1120.5630 1119.5557 1119.5560 -0 1 R.GYVPADENKK.D
29 - 39 1138.5850 1137.5777 1137.5778 -0 0 R.GYGTTLGHSLR.R
250 - 259 1174.6306 1173.6233 1173.6241 -1 0 R.TIEELDLSVR.S
267 - 278 1297.6743 1296.6670 1296.6674 -0 0 R.AGINTVHDLTEK.S
71 - 81 1331.7240 1330.7167 1330.7166 0 0 R.EDVMQIILWIK.G Oxidation (M)
266 - 278 1453.7759 1452.7686 1452.7685 0 1 K.RAGIHTVHDLTEK.S
155 - 173 1961.0208 1960.0135 1960.0153 -1 0 K.DHAPVGILAVDSIYTPVTK.V
214 - 230 1971.0781 1970.0708 1970.0724 -1 0 R.ILTEHLDLFTHLTEIAK.S

Ho match te: 542.5097, 570.5407, 1016.5771, 1024.5436, 1085.5689, 1097.5338, 1125.5281, 1185.6459, 1308.6543 I

Error Cppmd

T T T T T T T T T T T T 1
=2l ikelel] 1200 ity tele] 1500 2000
RMS error 0 ppm Mazs (Da)



Peptidové mapovani — prezentace vysledku

Nutno uvést

e instrument a jeho nastaveni, typ kalibrace (interni, externi, post-kalibrace)

e program/algoritmus pouzity pro oznaceni pikd, dekonvoluci, vyhlazeni/korekce
e program a vSechny parametry pouzité pro identifikaci

e Skore (+limit), pokryti sekvence, pocet pouzitych/pfifazenych pik(

MALDI FT-ICR (Apollo Il Dual source Apex Qe 9.4T)
externi kalibrace na Bruker Peptide Mix
DataAnalysis 4.0, unprocessed, SNAP v 2.0

MASCOT v 2.2 — Swiss-Prot (verze/datum), S. pneumoniae, Trypsin, m.c. - 1, f.m. - C-Cam,
v.m. — Prot N-term acetylated + M-ox, p.t. 1ppm

Skore 249 (48 limit), pokryti sekvence 53%, 23/26 pika prifazeno

https://hupo.org/Guidelines
http://www.mcponline.org/sites/default/files/assets/pdfs/Guidelines/Proteomic_Checklist.pdf



Vyhody vysokého rozliseni

V4

Lepsi a rychlejsi identifikace proteinli — peptidové mapovani

Plektin — obrovsky protein z cytoskeletu (530kDa, 4900 AK, nékolik sestrihovych variant)

N-terminal

C-terminal

http://xtal.cicancer.org/research.html

MVAGMLMPRDQLRAIYEVLFREGVMVAKKDRRPRSLHPHVPGVTNLQVMRAMASLRARGLVRETFAWCHFYWYLTNEGIAHLRQ
YLHLPPEIVPASLQRVRRPVAMVMPARRTPHVQAVQGPLGSPPKRGPLPTEEQRVYRRKELEEVSPETPVVPATTQRTLARPGPE
PAPATDERDRVQKKTFTKWVNKHLIKAQRHISDLYEDLRDGHNLISLLEVLSGDSLPREKGRMRFHKLQNVQIALDYLRHRQVKLY
NIRNDDIADGNPKL TLGLIWTIILHFQISDIQVSGQSEDMTAKEKLLLWSQRMVEGYQGLRCDNFTSSWRDGRLFNAIIHRHKPLLIDM
NKVYRQTNLENLDQAFSVAERDLGVTRLLDPEDVDVPQPDEKSIITYVSSLYDAMPRVPDVQDGVRANELQLRWQEYRELVLLLLQ
WMRHHTAAFEERRFPSSFEEIEILWSQFLKFKEMELPAK EADKNRSKGIYQSLEGAVQAGQLKVPPGYHPLDVEKEWGKLHVAILE
REKQLRSEFERLECLQRIVTKLQMEAGLCEEQLNQADALLQSDVRLLAAGKVPQRAGEVERDLDKADSMIRLLFNDVQTLKDGRH
PQGEQMYRRVYRLHERLVAIRTEYNLRLKAGVAAPATQVAQVTLQSVQRRPELEDSTLRYLQDLLAWVEENQHRVDGAEWGVDL
PSVEAQLGSHRGLHQSIEEFRAKIERARSDEGQLSPATRGAYRDCLGRLDLQYAKLLNSSKARLRSLESLHSFVAAATKELMWLN
EKEEEEVGFDWSDRNTNMTAKKESYSALMRELELKEKKIKELQNAGDRLLREDHPARPTVESFQAALQTQWSWMLQLCCCIEAH
LKENAAYFQFFSDVREAEGQLQKLQEALRRKYSCDRSATVTRLEDLLQDAQDEK EQLNEYKGHLSGLAKRAKAVVQLKPRHPAH
PMRGRLPLLAVCDYKQVEVTVHKGDECQLVGPAQPSHWKVL SSSGSEAAVPSVCFLVPPPNQEAQEAVTRLEAQHQALVTLWH
QLHVDMKSLLAWQSLRRDVQLIRSWSLATFRTLKPEEQRQALHSLELHYQAFLRDSQDAGGFGPEDRLMAEREYGSCSHHYQQL
LQSLEQGAQEESRCQRCISELKDIRLQLEACETRTVHRLRLPLDKEPARECAQRIAEQQKAQAEVEGLGKGVARLSAEAEKVLALP
EPSPAAPTLRSELELTLGKLEQVRSLSAIYLEKLKTISLVIRGTQGAEEVLRAHEEQLKEAQAVPATLPELEATKASLKKLRAQAEA
QQPTFDALRDELRGAQEVGERLQQRHGERDVEVERWRERVAQLLERWQAVLAQTDVRQRELEQLGRQLRYYRESADPLGAWL
QDARRRQEQIQAMPLADSQAVREQLRQEQALLEEIERHGEKVEECQRFAKQYINAIKDYELQLVTYKAQLEPVASPAKKPKVQSG
SESVIQEYVDLRTHYSELTTLTSQYIKFISETLRRMEEEERLAEQQRAEERERLAEVEAALEKQRQLAEAHAQAKAQAEREAKELQ
QRMQEEVVRREEAAVDAQQQKRSIQEEL QQLRQSSEAEIQAKARQAEAAERSRLRIEEEIRVVRLQLEATERQRGGAEGELQALR
ARAEEAEAQKRQAQEEAERLRRQVQDESQRKRQAEVELASRVKAEAEAAREKQRALQALEELRLQAEEAERRLRQAEVERARQ
VQVALETAQRSAEAELQSKRASFAEK TAQLERSLQEEHVAVAQLREEAERRAQQQAEAERAREEAERELERWQLKANEALRLRL
QAEEVAQQKSLAQAEAEKQKEEAEREARRRGKAEEQAVRQRELAEQEL EKQRQLAEGTAQQRLAAEQELIRLRAETEQGEQQR
QLLEEELARLQREAAAATQKRQELEAELAKVRAEMEVLLASKARAEEESRSTSEK SKQRLEAEAGRFRELAEEAARLRALAEEAK
RQRQLAEEDAARQRAEAERVLAEKLAAIGEATRLKTEAEIALKEK EAENERLRRLAEDEAFQRRRLEEQAAQHKADIEERLAQLR
KASDSELERQKGLVEDTLRQRRQVEEEILALKASFEKAAAGKAELELELGRIRSNAEDTLRSKEQAELEAARQRQLAAEEERRRR
EAEERVQK SLAAEEEAARQRKAALEEVERLKAKVEEARRLRERAEQESARQLQLAQEAAQKRLQAEEKAHAFAVQQKEQELQQ
TLQQEQSVLDQLRGEAEAARRAAEEAEEARVQAEREAAQSRRQVEEAERLKQSAEEQAQARAQAQAAAEKLRKEAEQEAARR
AQAEQAALRQKQAADAEMEKHK KFAEQTLRQKAQVEQEL TTLRLQLEETDHQKNLLDEELQRLKAEATEAARQRSQVEEELFSV
RVQMEELSKLKARIEAENRALILRDKDNTQRFLQEEAEKMKQVAEEAARL SVAAQEAARLRQLAEEDLAQQRALAEKMLKEKMQ
AVQEATRLKAEAELLQQQKELAQEQARRLQEDKEQMAQQLAEETQGFQRTLEAERQRQLEMSAEAERLKLRVAEMSRAQARAE
EDAQRFRKQAEEIGEKLHRTELATQEKVTLVQTLEIQRQQSDHDAERLREAIAEL EREKEKLQQEAKLLQLKSEEMQTVQQEQLLQ
ETQALQQSFLSEKDSLLQRERFIEQEKAKLEQLFQDEVAKAQQLREEQQRQQQQMEQERQRLVASMEEARRRQHEAEEGVRRK
QEELQQLEQQRRQQEELLAEENQRLREQLQLLEEQHRAALAHSEEVTASQVAATKTLPNGRDALDGPAAEAEPEHSFDGLRRKV
SAQRLQEAGILSAEELQRLAQGHTTVDEL ARREDVRHYLQGRSSIAGLLLKATNEKLSVYAALQRQLLSPGTALILLEAQAASGFLL
DPVRNRRLTVNEAVKEGVVGPELHHKLLSAERAVTGYKDPYTGQQISLFQAMQKGLIVREHGIRLLEAQIATGGVIDPVHSHRVPVD
VAYRRGYFDEEMNRVLADPSDDTKGFFDPNTHENLTYLQLLERCVEDPETGLCLLPLTDKAAKGGELVYTDSEARDVFEKATVSAP
FGKFQGKTVTIWEIINSEYFTAEQRRDLLRQFRTGRITVEKIIKIIITVVEEQEQK GRLCFEGLRSLVPAAELLESRVIDRELYQQLQRGE
RSVRDVAEVDTVRRALRGANVIAGVWLEEAGQKLSIYNALKKDLLPSDMAVALLEAQAGTGHIIDPATSARLTVDEAVRAGLVGPE
FHEKLLSAEKAVTGYRDPYTGQSVSLFQALKKGLIPREQGLRLLDAQLSTGGIVDPSK SHRVPLDVACARGCLDEETSRAL SAPRA
DAKAYSDPSTGEPATYGELQQRCRPDQLTGLSLLPLSEKAARARQEEL YSELQARETFEKTPVEVPVGGFKGRTVTVWELISSEYF
TAEQRQELLRQFRTGKVTVEKVIKILITIVEEVETLRQERLSFSGLRAPVPASELLASGVL SRAQFEQLKDGKTTVKDLSELGSVRTLL
QGSGCLAGIYLEDTKEKVSIYEAMRRGLLRATTAALLLEAQAATGFLVDPVRNQRLYVHEAVKAGVVGPELHEQLLSAEKAVTGYR
DPYSGSTISLFQAMQKGLVLRQHGIRLLEAQIATGGIIDPVHSHRVPVDVAYQRGYFSEEMNRVLADPSDDTKGFFDPNTHENLTYR
QLLERCVEDPETGLRLLPLKGAEKAEVVETTQVYTEEETRRAFEETQIDIPGGGSHGGSTMSLWEVMQSDLIPEEQRAQLMADFQA
GRVTKERMIINIIEIEKTEIIRQQGLASYDYVRRRLTAEDLFEARIISLETYNLLREGTRSLREALEAESAWCYLYGTGSVAGVYLPGSR
QTLSIYQALKKGLLSAEVARLLLEAQAATGFLLDPVKGERLTVDEAVRKGLVGPELHDRLLSAERAVTGYRDPYTEQTISLFQAMKK
ELIPTEEALRLLDAQLATGGIVDPRLGFHLPLEVAYQRGYLNKDTHDQLSEPSEVRSYVDPSTDERLSYTQLLRRCRRDDGTGQLLL
PLSDARKLTFRGLRKQITMEELVRSQVMDEATALQLREGLTSIEEVTKNLQKFLEGTSCIAGVFVDATKERLSVYQAMKKGIIRPGTA
FELLEAQAATGYVIDPIKGLKLTVEEAVRMGIVGPEFKDKLLSAERAVTGYKDPYSGKLISLFQAMKKGLILKDHGIRLLEAQIATGGII
DPEESHRLPVEVAYKRGLFDEEMNEILTDPSDDTKGFFDPNTEENLTYLQLMERCITDPQTGLCLLPLKEKKRERKTSSKSSVRKRR
VVIVDPETGKEMSVYEAYRKGLIDHQTYLEL SEQECEWEEITISSSDGVVK SMIIDRRSGRQYDIDDAIAKNLIDRSALDQYRAGTLSIT
EFADMLSGNAGGFRSRSSSVGSSSSYPISPAVSRTQLASWSDPTEETGPVAGILDTETLEKVSITEAMHRNLVDNITGQRLLEAQAC
TGGIIDPSTGERFPVTDAVNKGLVDKIMVDRINLAQKAFCGFEDPRTK TKMSAAQALKKGWLYYEAGQRFLEVQYLTGGLIEPDTPG
RVPLDEALQRGTVDARTAQKLRDVGAYSKYLTCPKTKLKISYKDALDRSMVEEGTGLRLLEAAAQSTKGYYSPYSVSGSGSTAGS
RTGSRTGSRAGSRRGSFDATGSGFSMTFSSSSYSSSGYGRRYASGSSASLGGPESAVA
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Vyhody vysokého rozlisen

V4

TOF ICR

1Ten

i 1781.942 (-0.001 Da) [3244-3258] rDPYTGOSVSLFOAL KK.q

1782792 (-0.001 Da) [4610-4627] k.G SPY SWVEE5GE5TAGSR
1783.815 (0.0 Da) [2744-2761] r AALAHSEEVTASOWVAATK L
1734892 (-0.004 Da) [1387-1382] r.QEQIAAMPLADSOANVH.
1788848 (0.0 Da) [3575-3590] r DPY SGSTISLFQAMGK. g [1xOxidation]

(-0.001 Da) [2130-2139] k. SLAAEEEAAR G
(-0.0 Da} [1534-1541] L MQEEVVRR
(0.0 Da} [3620-3628] rVPVDVAYQR.g

‘;
]

| 1

(0.0 Da} [697-706] r. GLHOSIEEFR.a
(-0.0 Da) [651-660] r.RPELEDSTLR.y

iii 10486511 (-0.001 Da) [2130-2139] k. SLAAEEEAAR q
fii 1046541 (-0.0 Da) [1534-1541] r MQEEVWVRRA.e
fii 1048562 (-0.0 Da) [3620-3628] r VPVDVAYQR.g

sl

'.ALe syt s innh

0.001 Da) [3244-3259] rOPYTGQSVSLFOALKK g

0.001 Da) [4610-4627] k.GY Y SPYSVYSGSGSTAGSR.

.0 Da) [2744-2761] r AALAHSEEVTASOVAATI L

0.004 Da) [1387-1382] r.QEQIQAMPLADSQAVR &

.0 Da) [3575-3590] r.DPY SGSTISLFQAMQK. g [1xOxidation]

Prifrazeno 384 peptidu
Pokryti 67%

IPLL WP & R

------ Lii 1941.101 (-0.001 Da) [3424-3439] KILMWVEEVETLRQER.I

L 1940.957 (-0.0 Da) [1366-1382] r.ROEQIQANPLADSQAVR e



Identifikace proteinu ve smési

EETSLINVCPWK VNMGGHDSIYTLR
TYSHEEDK EWQIDSLAEIR IQPLPMNVSA

Intensity

m/z



Identifikace proteinu ve smési
- separace a MS/MS

Separace — LC+schopnosti MS

Intensity

MS

MS/MS

(CID)

time

MS
MS/MS
(CID)
Ms ‘
MS/MS
(aID)

v ]

MS/MS
(CID)




Shotgun proteomics —
Analyza proteinovych smeési

Rychlost skenovani, nastaveni MS-MS/MS cyklu, dynamicka
exkluze, paralelni analyza a detekce

Jeden MS sken nasledovany danym poétem MS/MS nebo variabilnim poétem
(s limitem na cely duty cycle).
Napf. za 1 sec lze stihnout MS a 40MS/MS (skenovaci rychlost 40Hz).
Vybrany jsou aktualné nejintenzivnéjsi piky



Shotgun proteomics —
Analyza proteinovych smeési
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Shotgun proteomics —
Analyza proteinovych smeési
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Hybridni MS — vyhoda soucasné analyzy na vice mistech.

Vysoce presna M prekurzoru (intaktniho peptidu) a méné rozliSena a presna MS/MS spektra

= MS/MS ANALYSIS

. 0T

-1 - ___5.
In =

SCIENTIFIC



TIMS + qTOF

e s e O

>® @

® ° 1 —

Parallel accumulation TIMS s

RRRRII |\|H\HHHHHHHHHH\HHH!HHHHHHHHHIHHHHHHIHIHIHHIIH

M/\

TIMS — trapped ion mobility mass spectrometry — separace iontovou
mobilitou ,dle tvaru/velikosti“. Fokusace iontd = lepSi S/N, vétsi citlivost.
Postupné uvolfiovani

Paralelni akumulace iontt/iontova mobilita a nasledna fragmentace —
PASEF — za 1sec = 10x TIMS separace, z kazdé az 12 MS/MS = 120Hz!

DalSi dimenze pro identifikaci — Rt z LC, m/z z qTOF a t,

TIMS Quadrupole ciD Spectrum Scan Time

Al = o . @ M =» w0

ol

TIMS:
MS/MS



Nové pristupy = MS®©
DIA — Data Independent Acquisition

MSe — cyklické prepinani mezi normalnim MS skenem a MSMS skenem kde je fragmentovano vse
najednou — potrebujeme vysokou presnost, rozliseni a velmi dobrou chromatografii (UPLC).
MSMS spektriim nerozumime - data jsou dodatecné rozklicovana — fragmentové ionty prirazeny
prekurzoriim.

Rychlejsi, vétsi dynamicky rozsah, vétsi citlivost (odpadad ztrata pfi izolaci)

Waters




Peptidové sekvenovani / identifikace na zakladé MS/MS
spekter

Tt

Search Settings

¥

Chimeric Spectrum Search
.h JL .LLMA | || | ||

+ JLRLTN

EEEEEEESEEIIEEIEEEEEEEEEEEERREREnY

..... ——— —————————
1
1
b | :
1
: Spectrum sequences Scores
1
- MALWMR 220
MS2 Spectra Filtered Spectra : | e 51
EALYLVCGER 105 povrirersr i 1
—_— | | LLFLLR 11 1
GIVEQCCTSICR 13
LEGSLAKR 23
1 EAEDLOY o7
> Protein A 1
MALWMRLLPLLRLLALWGPDPAA 1 .
' Result Files
> Protein B | Peptide-Spectrum Matches
AFVNOHLOGSHLVKEALYLVOGERG 1
FFYTPKTREAEDLOY :
< ProtainC heneal oo —— !
QVELGGGPGAGSLOPLKLEGSLOK
RGIVECCCTSICRSLYGLENYCN

Sequence Database Theoretical Spectra
A

Multi-Stage Search

T T T T T T T e

Search Engine




Programy pro interpretaci MS/MS spekter

MASCOT (Matrix Science) — error tolerant search
http://www.matrixscience.com/cgi/search_form.pl?PFORMVER=2&SEARCH=MIS

Peaks Studio (Bioinformatics Solutions) — de novo sequencing
http://www.bioinfor.com/peaks-studio/

IXTANDEM - open source

http://www.thegpm.org/tandem/

MaxQuant (Andromeda) - freely available

http://www.coxdocs.org/doku.php?id=:maxquant:start

MS-GF+ - freely available
https.//omics.pnl.gov/software/ms-gf

OMSSA - freely available
SEQUEST - Scripps, ThermoFisher Scientific
Protein Pilot — ABI Sciex

MassLynx — Waters

Free-access combined under GALAXY (ELIXIR)
https://usegalaxy.eu/
https://galaxy-dev.metacentrum.cz/galaxy/



MASCOT MS/MS lons Search

Your name | | Email |

Search title | |

Database(s) |contaminants (AA) Amino acid (AA)
MA T — MCBIprot (AA) > cRAP
SwissProt
< Nucleic acid (NA)
IVI S M S Environmental_EST
Fungi_EST
Human_EST
Invertebrates EST
Mammals_EST
Mus_EST
Taxonomy | ............ Mammalia (mammals) v|
Enzyme |Tr}rpsin v| Allowup to |1 ~|missed cleavages
Quantitation |Nnne v|
Fixed |Carbamidomethyl (M-term) Acetyl (K)
modifications i Acetyl (N-term)
- Amidated (C-term)
Amidated (Protein C-term)
Ammaonia-loss (M-term C)
Display all modifications [ Carbamidomethyl! (C)
] Carbamyl (K)
Variable | Acetyl (Protein N-term) Carbamyl (N-term)
modifications | Oxidation (M) i Carboxymethyl (C)
= Cation:Ma (C-term)
Cation:Ma (DE)
Peptide tol. £ |10 |lppm ~| #13c|o ~| MS/MStol £ [10 |[ppm |
Peptide charge [2+ v] Monoisotopic © Average O
Prochdzet... | Soubor nevybran.
|Mascnt generic v| Precursor m/z
| ESFFTICR v| Error tolerant []




MASCOT — MS/MS

W% MASCOT Search Results

User : guest
E-mail : guest@localhost
MS data file : transporters-tryp.mgf

Database

Taxonomy : Bacteria (Eubacteria) (233,223 sequences)
Timestamp : 23 Oct 2018 at 20:47:55 GMT

Re-search =~ @ All O Non-significant O Unassigned =f[help]

Mot what you expected? Try fthe peptide summary.

P search parameters

¥Score distribution

Number of Matches

0 40 30 120 1660 200
Peptide Score

Peptide score distribution. Ions score is —101og(P), where P is the
probability that the observed match is a random event.

There are 58 peptide matches above identity threshold and 65
matches above homology threshold for 799 queries. Histogram
score range is {0, 190). On average, individual ions scores > 23
(beyond green shading) indicate identity or extensive homology
(p<0.05).

Export

: SwissProt_ID 2017_09 (555,594 sequences; 199,016,217 residues)

As |XML v

35
30
25
20
15
10

Number of Hits

I |-'|'-| I- I I T FI 1

I
0 25 00

<

T I T T ?EII::|
Protein Score
[Deprecated] Protein score distribution. Score distribution for
family members in the first 50 proteins. Protein scores are derived

from ions scores as a non-probabilistic basis for ranking protein
families.

SwissProt_ID Decov False discovery rate

Peptide matches above identity threshold 58 1 1.72%
Peptide matches above homology or identity threshold 65 1 1.54 %



Protein Family Summary

Filter

Significance threshold p<
Ions score or expect cut-off
Show Percolator scores

Preferred taxonomy

MASCOT - MS/MS

0.05 Max. number of families AUTO ef[help]
i Dendrograms cut at 0

|

|AI| entries |v|

» Decoy search summary (reversed protein sequences)

J Proteins (16) || Report Builder || Unassigned (711)

Protein families 1-10 (out of 16)

Find

FKEP-type peptidyl-prolyl cis-trans isomerase SlyD OS=Escherichia coli (strain K12) GN=slyD PE=1 SV=1

Cytochrome bo(3) ubiquinol oxidase subunit 2 OS=Escherichia coli (strain K12) GN=cyoA PE=1 S5V=1

Bifunctional polymyxin resistance protein ArnA OS=Escherichia coli (strain K12 / MC4100 / BW2352) GN=arnA PE=3 SV=1

Cytochrome bo(2) ubigquinol oxidase subunit 1 OS=Escherichia coli (strain K12) GN=cyoB PE=1 SV=1

Alkyl hydroperoxide reductase subunit F OS=Escherichia coli (strain K12) GN=ahpF PE=1 Sv=2

Undecaprenyl-phosphate 4-deoxy-4-formamido-L-arabinose transferase OS=Escherichia coli (strain K12 / MC4100 / BW2952) GN=arnC PE=3 SV=1
UDP-N-acetylmuramate--L-alanyl-gamma-D-glutamyl-meso-2,6-diaminoheptandioate ligase OS=Escherichia coli (strain K12) GN=mpl PE=1 SV=23
UPFD304 protein YfbU OS=Escherichia coli (strain K12 / MC4100 / BW2952) GN=yfbU PE=3 SvV=1

Galactitol 1-phosphate 5-dehydrogenase OS=Escherichia coli (strain K12) GN=gatD PE=1 SV=1

per page 1 Expand all Collapse all
| Accession ~ ” contains v |

b1 SLYD_ECOLI 860
b2 CYOA_ECOLI 368
| ] ARNA_ECOBW 351
b4 CYOB_ECOLI 219
Ps AHPF_ECOLI 181
|25 ARNC_ECOBW 73
b7 MPL_ECOLI [3:]
bs YFBU_ECOBW 56
bo GATD_ECOLI 43
| ST1) YAIC_ECOLI 42

per page 1 Expand all

Sec translocon accessory complex subunit YajC OS=Escherichia coli (strain K12) GN=yajC PE=1 SV=1

Collapse all




MASCOT — MS/MS

i SLYD_ECOLI 860 FKBP-type peptidyl-prolyl cis-trans isomerase SlyD OS=Escherichia coli (strain K12) GN=slyD PE=1 SV=1

Score Mass Matches Sequences emPAI
1.1 A'SLYD_ECOLI 860 20840 15 (11) 6 (6) 1.06 FKBP-type peptidyl-prolyl cis-trans isomerase SlyD OS=Escherichia coli (strain K12) GN=slyD PE=1 Sv=1

» 3 samesets of SLYD_ECOLI

w15 peptide matches (6 non-duplicate, 9 duplicate)
Auto-fit to window

Query Dupe.-s Observed Mr(expt) Mr (calc) ppm M Score Expect Rank U Peptide
=540 pq 523.8035 1045.5924 1045.5920 0.330 40 0.00018 pq U K.FNVEVVAIR.E
529 p1 631.8589 1261.7033 1261.7030 0.19 0 64 1.9e-006 P31 U K.DLVVSLAYQVR.T
#666 798.3819 1594.7492 1594.7484 0.49 0 85 1e-008 P21 U K.DVFMGVDELQVGMR.F
=730 '1 T782.0330 2343.0772 2343.0768 0.200 45 0.00016 )1 U K.FDVAVGANDAYGQYDENLVQR.V
#7811 '4 965.2306 3856.8934 3856.8942 -0.21 0 190 2.2e-019 ’1 U R.FLAETDQGPVPVEITAVEDDHVVVDGNHMLAGONLK.F
=796 }2 1095.5272 6567.1195 6567.1266 -1.101 16 0.026 ’1 U R.TEDGVLVDESPVSAPLDYLHGHGSLISGLETALEGHEVGDEFDVAVGANDAYGQYDENLVOR.V
» 1 subset or intersection (1 subset protein in total)
2 CYOA_ECOLI 368 Cytochrome bo(3) ubiquinol oxidase subunit 2 OS=Escherichia coli (strain K12) GN=cyoA PE=1 SV=1

Score Mass Matches Sequences emPAI
2.1 ACYOA_ECOLI 368 34889 9 (8) 5(5) 0.44 Cytochrome bo(2) ubiguinel oxidase subunit 2 OS=Escherichia coli (strain K12) GN=cyoA PE=1 SV=1
» 1 sameset of CYOA ECOLI

w9 peptide matches (7 non-duplicate, 2 duplicate)
Auto-fit to window

Query Dupes Observed Mr(expt) Mr (calc) ppm M Score Expect Rank U Peptide

Ae58 763.8765 1525.7384 1525.7381 0.180 62 1.7e-006 P1 U R.LGSQIYAMAGMOTR,L

=659 509.5871 1525.7393 1525.7381 0.82 0 10 1.1 ’1 U R.LGSQIYAMAGMQTR.L

#6685 799.9036 1597.7926 1597.7923 0.21 0 99 5.3e-010 ’1 U K.VTSNSVMNSFFIPR.L

=740 bl 923.7779 2768.3119 2768.3116 0.11 0 62 1.7e-006 ’1 U R.LHLIANEPGTYDGISASYSGPGFSGMK.F
=#758 1024.5150 3070.5230 3070.5287 -1.86 1 133 2.7e-013 ’1 U K.LAAPSEYNQVEYFSNVKPDLFADVINK.F
#2762 P1 632.0428 3155.1775 3155.1783  -0.27 0 29  0.0012 P1 U K.SMDMTQPECEHSAHEGMEGMDMSHAESAH.
#763 789.8017 3155.1777 3155.1783  -0.200 20 0.01 P1 U K.SMDMTQPEGEHSAHEGMEGMDMSHAESAH. -



MASCOT — MS/MS

DLVVSLAYQVR

=
100 - = -
i P% — 12047
80 :—L.De-"?
K3 i = L
3 = = [ 30046 5
o 60 = - 3
a N B )
ﬁ 1 - 6.0e+5 g‘
5 7] g o ?
® ] = [ 4.0e46
] & _ -
=] = 2 [ 2005
0 1 T T T T T T T T T T T T T T T : 0.0e+0
400 600 800 1000
m/z
N @y B
@ @ @ & éjjzzs.w |to[1134.6
Label all possible matches O  Label matches used for scoring ®
Monoisotopic mass of neutral peptide Mr(calc): 1261.7030
Ions Score: 64 Expect: 1.8%e-006
Matches : 7/92 fragment ions using 7 most intense peaks (help)
# b b b* | b | B b [Seq.| ¥ ¥ LA I i ¥ O
1| 116.0342| 58.5207 98.0237| 49.5155| D 11
2| 229.1183(115.0628 211.1077]|106.0575) L |1147.6834(574.3453|1130.6568|565.8320{1129.6728|565.3400|10
3| 328.1867|164.5970 310.1761|155.5917| V |1034.5993(517.8033|1017.5728]509.2900{1016.5887|508.7980| 9
4| 427.2551|214.1312 409.2445(205.1259| V | 935.5309]|468.2691| 918.5043(459.7558| 917.5203|459.2638| 8
5| 514.2871(257.6472 496.2766(248.6419| S | 836.4625|418.7349| 819.4359(410.2216| 818.4519|409.72%96| 7
6| 627.3712(314.1892 609.3606|305.1840| L | 749.4305|375.2189| 732.4039|366.7056 6
7| 698.4083|349.7078 680.3978|340.7025] A | 636.3464|318.6768| 619.3198|310.1636 5
§| 861.4716(431.2395 843.4611(422.2342| Y | 565.3093|283.1583| 548.2827|274.6450 4
9| 989.5302(495.2688| 972.5037[486.7555| 971.5197(486.2635| Q | 402.2459)|201.6266| 385.2194|193.1133 3
10/1088.5986(544.8030|1071.5721|536.2897|1070.5881(535.7977| V | 274.1874(137.5973| 257.1608(129.0840 2
11 R | 175.1190| 88.0631| 158.0924| 79.5498 1




Validace identifikaci z LC-MS/MS ?

Obrovské objemy dat, nemoznost manualni validace

Statistickeé pristupy

Decoy databaze — prohledani proti nesmyslné datbazi (invertovana nebo
zprehazené poradi AK,...)

Kolik procent dobrych identifikaci ziskam v ,,nesmysIné“ databazi — FDR
(False Discovery Rate) FDR =FP / (FP + TP) FP — false positive, TP — true
postive

Searched against decoy database

Informace ze napr. méné nez 1% je Spatnég, ale
ne co konkrétné je Spatné

Searched against true database

/

I;"‘ "‘.‘. T
/ 99 hits

Observed top hits

.

—

T hit

Score



Post-Translacni Modifikace
11l zmena MW !

Fosforylace (+80 Da)
Glykosylace (+162,203,146 Da)
S-S mustky (-2 Da)

Deamidace (+1 Da)

Gin -> pyro-Glu (-17 Da)
Oxidace (+16 Da)

Acetylace (+42 Da)

Acylace (+238 Da)

Ztrata N-konc.Met (-131 Da)
Zkraceni proteinu (??? Da)



CID/CAD, IRMPD...

... fragmentuji peptid v peptidové vazbé, ALE - jsou-li pfitomny
post-translacni modifikace, dojde predevsim k jejich fragmentaci

Leu-Ala-Pro-Ser-Thr-Pro-Asp-Gln-Val-Arg

Ala-Leu-Asn-Gly-Ser-Leu-Pro-Tyr-Lys



Electron Capture/Transfer Dissociation (ECD/ETD)
UVPD

Zachyt elektronu nebo jeho prenos, fragmentace UV laserem, c a z ionty

Preferencni stépeni peptidové vazby, jsou zachovany labilni skupiny modifikaci
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Fosforylace

Signalizace, regulace proteinové aktivity, lokalizace,
interakce. ..

S (90%), T (10%), Y (0.05%),. . ... H,K,D,E,C
P skupina = 80 Da (PO,)
Nizka stechiometrie

P-peptidy se hire ionizuji, ztraceji P pfi MSMS (CID)

Fosforylace — cile...

1. Identifikace/nabohaceni fosfopeptidti
2. Lokalizace fosforylace
3. Kvantifikace fosforylaci



Selektivni vychytani fosfopeptidli pomoci chromatografie
IMAC - Immobilized Metal lon Affinity Chromatography

Eluce NH,OH (nutna neutralizace), pridavek
DHB, nebo vyuziti kys. fosforecné a

esterifikace (potize s deamidaci...)

vazba za velmi nizkého pH (pKa Asp, Glu -
3.6, 4.2 vs. pKa fosfatu — 2.1)

IDA (iminodiacetic acid)
NTA (nitrilo-triacetic acid)

e lonty - Ga®, Fe3*

acetonitrilu

e Odsoleni na RP
Nespecificka vazba COOH

nebo

Ni-NTA medium



Obohaceni fosfopeptidu pomoci TiO,

HPLC syringy

Digesce v gelu

[ LC capillary

Zachyceni P-peptidii na TiO, mikrokolonce
kyselé prostredi a pridavek DHB blokuje
nespecifické interakce

C, membrane sheet GELoader tip

Eluce P-peptidl (pH 10.5)

Adaptor
TiO. in made from a
Okyseleni a purifikace na RP acetonitrile °“l‘ P100 tip
. , s --l - - ——
Eluce matrici DHB primo na MALDI desku e T

Plastic syringe
MuzZe pevnéji vazat vicenasobné fosforylované peptidy

Packed TiO,
micro column
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Obohaceni fosfopeptidu pomoci TiO,
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Identifikace P-peptidu pomoci MS

e pY [MH-80]*, pS,pT [MH-98]*
e Neutralni ztrata (pS, pT: 98, 49, 33)

e P-peptidy spousténé MS? (MS? — je-li ztrata P -> MS? na hlavnim
piku v MS?)

e Prekurzorovy sken +ni méd (pY m/z 216.043)

e Prekurzorovy sken -ni mod(pS, pT, pY: m/z 79)



Identifikace P-peptidii pomoci MS
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= FullMS CAD MS? (M+3H)*

(M+3H-98)**

i The loss of phosphoric acid (-98 Da) is
characteristic of phosphopeptides in CAD
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Glykosylace

e Mnoho dulezitych funkci: stabilizace struktury, dobré
poskladani, ochrana pred degradaci, interakce ligand-receptor,
targeting, modulace aktivity

e N-glykosylace
na sekvenci: NXT/S/C — v b-strukturach nebo smyckach
sacharid: vétveny, 3 typy: mannosovy, komplexni, hybridni
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N-glykosylace

1. Charakterizace sacharidovych struktur+urceni heterogenity

2. Nalezeni mist glykosylace

3. Prirazeni struktur na jednotliva glykosylacni mista

Deglykosylace:

PNGasa F — N->D (vyuziti H,'80), manosové, hybridni i komplexni, ale

ne 1-3 Fuc (rostliny) — PNGase A

Endo H — (zlGistava kotevni HexNAc — snadna modifikace pro
vyhledavaci program), manosové a hybridni oligosacharidy
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Urcéeni struktury glykanu

Stépeni proteinu na (glyko-)-peptidy a pfima analyza

CH,OH
HO J,J —0 Nomenklatura

Domon-Costello (1998)

OH

J vy KO

C, '*’-".-5..3 C. =5 B, G,

MS “vidi“ hmotnosti — nerozlisi napt. Glc a Man - Hex (162 Da), dHex (146 Da), HexNAc (203 Da), Sia
(291 Da),...

V MS stopé hledame diference odpovidajici sacharidiim (napft. 162, 81, 54 pro Hexosu)

V MS/MS hledame oxoniové ionty — fragmenty glykanu (366, 528, 690)



Analyza glykopeptidu

Selektivni stopa pro oxoniové ionty — fragmenty sacharidové casti glykopeptidu

LC-MS stopa
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MSMS (CID) glykopeptidu

Fragmentace glykopeptidu — rozpad sacharidové struktury
Sekvence peptidu odvoditelna diky pouziti specifické proteasy

(a) MS2, m/z: 1480.8 [Pep-m +2H]2* (b) MS2, m/z: 1202.2 [Pep = +2H]2*
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MSMS (CID vs ETD) glykopeptidu
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