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PROTEOMIKA
2026

» Separacni metody, digesce a principy ID bilkovin pomoci MS (Petrak 12/10)
* Principy hmotnostni spektrometrie, instrumentace (Man 19/10)
 Hmotnostni spektrometrie v proteomice, analyza PTM (Man 26/10)

* ID proteinu, akvizice dat DDA, DIA, databaze, FDR (Talacko 2/11)

» Kvantifikace, isotopy, LFQ, cilena proteomika (Harant 9/11)

* Priprava vzorku, Designh experimentu, zpracovani dat....(Petrak 16/11)

» Proteomika membranovych proteinu, proteinové komplexy (Petrak 23/11)

& e 30/11/2026 prednaska neni  ----------==--mmmemmuu-

* Klinicka proteomika, plazma, biomarkery, specialni metody (Petrak 7/12)



ZNACENI A ZAKOTVOVANI
PROTEINU

Reaktivni skupiny bilkovin

-

A

-~

S/

Z‘

P ‘>'

sulfhydryl (-SH)

primarni amin (-NH2)

karboxyl (-COOH)
SN arbonyl sacharidu (-CHO)

.

T~

N




HYDROPHOBIC AMINO ACIDS
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Phenylalanine Tyrosine Tryptophan
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Cysteine
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Glycine
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(Pro or P)

HYDROPHILIC AMINO ACIDS
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Glutamate
(Glu or E)

Polar amino acids with uncharged R groups
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Vhodné reaktivni:

Cystein (-SH)

Lyzin (epsilon aminoskupina)
N’konec - (aminoskupina)
C’konec (karboxyl + Asp, Glu



Vazba Avidin (Streptavidin)-Biotin
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Streptavidin — biotin

Streptavidin
complex

Nejsilnejsi znama nekovalentni interakce
mezi proteinem a ligandem

Avidin (Streptavidin), tetramerni proteiny 50-70 kDa

Valeric Acid Side Chain

Biotin

Biotin
MW 2443




Maleimid

Molecule with
Sulfhydryl Groups

Biotin-BMCC Biotinylated Protein



http://upload.wikimedia.org/wikipedia/commons/f/f1/Maleimide.png

lodacetyl

(@)

| \,)1\ N /\/O\V/\O/\/
H

H 4 > PEG,- inertni spacer

8
HN NH
. v )
2NN N N NN AT TS NS . \/\‘S
ﬁl 0 :[)|A/\

Biotinylated Molecule




N’, epsilon aminoskupina Lys
N-hydroxysukcinimid (NHS)
sulfo N-hydroxysukcinimid (NHS)
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EDC
M.W. 191.70

crosslinker EDC aktivuje karboxylovou skupinu

(1-ethyl-3-(3-dimethylaminopropyl)karbodiimid)




ZNACENI A ZAKOTVOVANI
PROTEINU

Reaktivni skupiny bilkovin

modifications

sulfhydryl (-SH)
primarni amin (—-NH2)
karboxyl (-COOH)
karbonyl sacharidu (-CHO)




Glykopeptidy

hydrazid

O
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- CH/OH H ) i N~ )J\/\/\ HN-‘{
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Protein ! o) v S—
Nilo‘, - Biocytin Hydrazide
Oxidize

carbohydrate
groups with Glycc_"
periodate Protein ,
iodist dny \ NH; 0 HN—°
(jodistan sodny) NP PPND .
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Glyco- o H S~
Protein
Labeled Glycoprotein

Biotin Hydrazide bind to oxidized carbohydrates through the
hydrazide group (—NH-NH,), forming a hydrazone linkage.
Oxidation of glycoproteins generates reactive aldehydes that react
specifically with hydrazide groups.




Imobilizace glykopeptidu/glykoproteintu na hydrazidovych kuli€kach
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peptidy
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SEPARACNI METODY

* CHROMATOGRAFIE
Gelova filtrace, SEC
lontoméniCova chromatografie
Afinitni chromatografie
Chromatografie v reverzni (obracené) fazi
HILIC (chromatografie hydrofilnich interakci)

« ELEKTROFOREZY



Liquid Chromatography (LC)

Liquid sample containing
proteins or peptides

Separation according to:
-molecular weight/ size
-charge

-hydrophobicity

-affinity

*Vzorek se rozdéluje mezi mobilni a stacionarni (pevnou) fazi




KAPALINOVA CHROMATOGRAFIE (LC)

* Atmosféricka Klesa : objem vzorku, prutok

*Nizkotlaka (FPLC, MPLC) a prumér kolony
*Vysokotlaka (HPLC) Roste: rychlost separace

MATRIX :

» kroslinkovany dextran (Sephadex)
» kroslinkovana celuloza (Sephacel)
» kroslinkovana agarosa (Sepharose)
» polyakrylamid (Sepahacryl)

* silica - kyselina ortokremicita

* polystyren a jiné synt. polymery



METODY Chromatografick¢ SEPRACE BIOMOLEKUL

VELIKOST G(_BlOVi’l ﬁltrflce
- (Size-exclusion chromatography)
AKTUALNI NABOJ =) Iontoménicova chromatografie
(lon exchange chromatography)
SPECIFICKE =) Afinitni chromatografie
INTERAKCE (Affinity chromatography)
HYDROEOBICITA ) Chromatografie v reverzni fazi

(Reverse phase chromatography)

HYDROFILNOST m)  Chromatografie hydrofilnich interakci
(Hydrophilic interaction LC)



GELOVA FILTRACE

SIZE-EXCLUSION CHROMATOGRAPHY
GEL-PERMEATION CHROMATOGRAPHY

Yolume Vo
O Yolume 1

(volume 3}

Large protein
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Castice se v porézni matrix rozdé€luji na zakladée velikosti

Protein misture is added

to calumn containing g~ Lze provadét za nativnich podminek !
cross-linked polymer, NS v s , v
Separacni rozmezi az do 1000-2 000 000 Da

Protein rolecules separate
by size; larger molequles
pass more freely, appearing
in the earlier fractions.

Vhodna pro proteiny a proteinove komplexy



ION EXCHANGE CHROMATOGRAPHY
IONTOMENICOVA CHROMATOGRAFIE

 D¢Eli na zaklad¢ aktualniho celkoveho naboje

[on exchange resing Charge Properties of Ion Exchangers

0

@ _ _ 4 o
—CH —NH Q Cly c\
- | OH

!

CATION
exchanger exchanger

Anex je pozitivné nabity

Katex je negativné nabity

Vhodna pro proteiny 1 peptidy



Funk¢ni skupiny 1ontoménictu

Anion exchangers Functional group

Diethylaminoethyl (DEAE) -0-CH3-CHy-NTH(CH,CHs)5

Quaternary aminoethyl (QAE) -0-CH3-CH;-N™(C5Hg)5-CH;-CHOH-CH,
CQuaternary ammonium (Q) -0-CH,-CHOH-CH,-0-CH,-CHOH-CH,-N*(CH3)4
Cation exchangers Functional group

Carboxymethyl (CM) -0-CH;,

Sulphopropyl (SP) -0-CH;-CHOH-CH5-0-CH;-CH,-CH55 04"

Methyl sulphonate (S) -0-CH,-CHOH-CH,-0-CH,-CHOH-CH, 504"




ANEX KATEX

ELUCE:

Zvysena iontova sila (snizeni ES interakci)
Zména pH = chromatofokusace




Key:
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Protein mixture
is added to
column containing
a polymer-bound
ligand gpecific
for protein of
interest, 1 2345
Unwanted
proteins
are washed
through
column

345678
Protein
of interest
is eluted by
ligand solution.

AFINITNI CHROMATOGRAFIE

Interakce proteinu/peptidu s

jeho specifickym ligandem
metabolit, kov, DNA,
protilatka.....

e jontova sila
e denaturacni Cinidlo
* volny ligand

Vhodna pro proteiny I peptidy




AFINITNI MATRIX

Aktivované matrice:
NHS Sepharose...... lze vazat za aminoskupinu (succinimid)

CNBr Sepharose.....1ze vazat za aminoskupinu
EAH Sepharose .....Ize vazat za karboxyl
Thiol sepharose...... lze vazat za SH cysteinu

Matrice s afinitou pro IgG a nékteré dalsi 1g (nekovalentni)
Protein G Sepharose

Protein A Sepharose

Protein A, G magnetic beads

Matrice s afinitou pro glykoproteiny (nekovalentni)
ConA Sepharose



REVERZNI FAZE (REVERSE PHASE CHROMATOGRAPHY)

De¢leni na zaklad¢ interakce s hydrofobni matrici
(na zakladé¢ odlisné hydrofobicity peptidi/proteinti)

*Matrice a ligand.:
vysoce hydrofobni
alifatické ftetézce

h}'d_I ophobic D hvdrophobic proteins bind to
stationary phase

e — stationary phase
/
jl

*Vzorek je v hydrofilnim
rozpoustédle

\ &
\

hydrophillic protemns do not
‘ bind and wash out

*Eluce: gradientem
organického rozpoustédla

CHz-0OH CHz-CH,~-CHo—0H
Methanal Propanol

&
Sz C=M o \CH
Acetonitrile |2 |2
CHo =—CHo
Tetrahydrofuran




REVERZNI FAZE (REVERSE PHASE CHROMATOGRAPHY)

Déleni na zaklad¢ interakce s hydrofobni matrici
(na zaklad¢ odlisné hydrofobicity peptidi/proteini)

Matrice - nerozpustna, odolna organice a vysokému tlaku
— silica, polystyren...

Ligandy — hydrofobni alifatické retézce C2-C18, nebo jiné polymery

o

(A) —O—Si—CH,—CHj
I
CHz

cH

(B) —O—Si—CHy—CHz—CHz—CHy—CHp—CHy—CHz—CH

Chls C18

CHs
|
(C) —O0—Si—CHy—CHy—CHy—CH;—CHy—CHy—CHy—CHy—CHoy—CHy—CHy—CHy—CHy—CHo—CHy—CHo—CH,—CH,
|
CHs

Kompatibilita s MS! Vhodna pro proteiny 1 peptidy




HILIC — hydrophilic interaction liquid

chromatography
(chromatografie hydrofilnich interakci)

Deli analyty na zaklade polarnich interakci

Stacionarni faze — polarni, reten¢ni €as roste s polaritou analytu
Mobilni faze — organicke rozpoustedlo, eluce zvysujici se polaritou
(podilem vody a/nebo soli)

Komplexni proces - Podili se vice typu interakci a mechanismu separace

Polarni interakce OH skupiny na
peptidu s polarni skupinou
stacionarni faze

Vhodna pro proteiny 1 peptidy




HPLC podle priutoku

Vnitini prumér

' On-line MS

kolony Pritok
HPLC 20-100 pm 20-10000 nL/min
HPLC 103;11100 0.4-200 pL/min
HPLC 1',2,}?'1 50-1000 pL/min
HPLC 4&;’0 1.0 -10.0 mL/min




HPLC Macrotrap




Size Exclusion
Chromatography
Principles and Methods
18102218

lon Exchange
Chromatography
Principles and Methods
11000421

Hydrophobic Interaction
and Reversed Phase
Chromatography
Principles and Methods
11001269

Affinity Chromatography

Affinity Chromatography

wol 3 Spaciic Grougs of Biomalicules

@

Affinity Chromatography
Vol. 1: Antibodies
18103746

Affinity Chromatography
Vol. 2: Tagged Proteins
18114275

Affinity Chromatography
Vol. 3: Specific Groups of
Biomolecules

18102229




SEPARACNI METODY

* CHROMATOGRAFIE
Gelova filtrace, SEC
lontoméniCova chromatografie
Afinitni chromatografie
Chromatografie v reverzni (obracené) fazi
HILIC (chromatografie hydrofilnich interakci)

« ELEKTROFOREZY, 2-DE



Elektroforéza

Z Z - naboj
n Viskozita
r Stokestv polomér Castice

Specifickd mobilita  u=
6nnr

Elektroforéza v roztoku

Elektroforéza v gelu

[zoelektricka fokusace




POLYAKRYLAMIDOVE GELY

1959 Raymond and Weintraub
Acrylamide Bis Polyacrylamide
CH,=CH + CH: CH —> — CH;— CH CHy— CH CHo= CH—
é=O C O C O C O C O
' ' NH, NH: M
i,

|
NH NH NH

£ £

C=0 ¢-0  ¢=0
— CHy— CH—CH,~ CH— CH,— CH —

Slozeni a ptiprava gelu:

 akrylamid (monomerni) NEUROTOXIN !

* bis-akrylamid (zesitovani polymeru) NEUROTOXIN !

» APS (peroxodisiran amonny, katalyzator, produkuje volné radikaly),
« TEMED (tetramethylethylendiamin, stabilizuje volné radikaly)

» pufra SDS

Celkova koncentrace akrylamidu a bis-akrylamidu uré¢uje KONCENTRACI (T) gelu v procentech (2-20 %o)
Pom¢ér bis-akrylamidu a akrylamidu POROZITU (C) gelu.




percentages
acrylamide

10%

Lammli gels tris-glycine

12%

14%

16% 4-12% 8-16% 4-20%
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66
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Figure 1.2. Run speed of MW markers in SDS gels.




SDS ELEKTROFOREZA
SDS-PAGE (Sodium Dodecyl Sulphate — PolyAcrylamide Gel Electrophoresis)

)

I
H3C_(CH2)11_O_ﬁ_O_Na+

O

*Bilkoviny se rozdéluji na zakladé jejich MW
«Zaporné nabité SDS tvori komplexy s bilkovinami a stini naboje proteinu (1,4g SDS :1g proteinu)
Komplex ma jednotkovy naboj na hmotnostni jednotku.

*VSechny komplexy jsou zaporné nabité a migruji k anodé




Dvojrozmeérna elektroforéza, 2-DE
(proteomika 1990-2010)



High Resolution Two-Dimensional Electrophoresis

of Proteins*
(Received for publication, September 5, 1974 )

Parrick H. O'FarreLcd

From the Department of Molecular, Cellular and Developmental Biology, University of Colorade, Bowlder,
Colorade 80302
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DVOJROZMERNA ELEKTROFOREZA (2-DE)

Rozdéluje proteiny nejdrive podle jejich naboje a
nasledné kolmo na smér puvodni migrace dle jejich MW
pH 4 pH 7

< »
< »

150 kDa

Jaterni homogenat,

1025 proteinovych
skvrn

10 kDa
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Redukce disulfidickych vazeb

Thiol-disulfidova vyména DTT s proteinem

Protein

.~ +SH SH
Protein™” g~ Protein™ HS™
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Alkylace cysteinu iodacetamidem

HEN -3 C}fs _)
W A \Protein

0

lodacetamid
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Karbamidometyl

FoN rotein
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Diferencni obrazova analyza

Vizualizace




Jaterni homogenat, preparativni nanaska 2 mg, barveni koloidni Coomassie Blue
1025 spotu
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identifikace pomoci MS

Vyfiznuti

vybranych skvrn

redukce/alkylace i

Vizualizace

"

,

i
~
-
"?
-~
Cl
)
o
-
«
-q
l
4
‘f;,-

-l ,_"’-:,'.'., . g . ' ! - +
-..‘.'j;-‘.*;.g [ B0 . ¥
" % 3 o g ,- "- '
- A

Ry i .
R =£ ; Ky’ =
PN PR 10 2o, tiudd o
.'.v>‘t- ...-') 3 Tt _-' f .._ ’ :f)‘ B

Diferencni obrazova analyza



IDENTIFIKACE PROTEINU

« digesce vzorku a extrakce peptidu z gelu

 principy identifikace proteinu pomoci MS
- peptidovy fingerprint
- fragmentace pomoci MS/MS



Neznamy diferencialne exprimovany protein ,XY" (20 kDa)

|

|dentifikace s vyuzitim hmotnostni spektrometrie



Identifikace bilkovin
pomoci hmotnostni spektrometrie




Neznamy diferencialne exprimovany protein ,XY" (20 kDa)

« Extrahovat intaktni protein z gelu je obtizné/nemozné
* Cely protein je nevhodny pro MS analyzu

Nastepeni specifickou endoproteazou primo v gelu




SPECIFICKE STEPENI BILKOVIN

Cil fragmentace:

Definované fragmentovat protein, aby jednotlivé peptidy byly dostatecne
malé na optimalni MS analyzu, ale zaroven poskytly dostatecnhou sekvencni
informaci
Optimum 6-20 AA, cca 800-2500 Da

Proteaza Misto sStépeni Poznamka

Trypsin_____lzalysArg  |nenasledujePro
_

e e

Glu-C (Proteaza V8) za Glu a Asp
Chemicka digesce __
CNBr  [Met = Jorganika, hydrofobniP.




TRYPSIN

MW 23 kDa
z kravského nebo praseciho pankreatu

stepi v mirné bazickém pH

*50 kDa protein cca 30 peptidu

* Pouziti v roztoku, na blotu, v gelu

Trypsin Stépi za Lys a Arg pokud nenasleduje Pro

nemocni

SSQIRQNYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREG
YERLLKMQNQRGGRALFQD IKKPAEDEWGKTPDAMKAAMALEKKLNQALLDLHAL
GSARTDPHLCDFLETHFLDEEVKL IKKMGDHLTNLHRLGGPEAG LGEYLFERLT LKHD




PRIPRAVA VZORKU Z GELU PRO IDENTIFIKACI POMOCI MS
IN-GEL DIGESTION

Vybér a vyriznuti spotu/PROTEINU

Ci KERATIN !

Dehydratace gelu (redukce, alkylace)

ACN, vakuum ?

/

Rehydratace v pufru s Trypsinem

ra

Acetonitril Digesce 37 °C C?

(ACN, MeCN)

* nesrazi proteiny/peptidy
* neabsorbuje v UV

* ma nizkou viskozitu

* kompatibilni s RP-LC

Cisténi a koncentrace \

Extrakce PEPTIDU (ACN)

\ MS analyza

a identifkace



VT Identifikace diferencialne
exprimovaného proteinu
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,In gel” nastepeni trypsinem (za Arg, LyS)

SSQIRQNYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLK
MQNQRGGRALFQD IKKPAEDEWGKTPDAMKAAMALEKKLNQALLDLHAL
GSARTDPHLCDFLETHFLDEEVKL IKKMGDHLTNLHRLGGPEAG LGEYLFERLT LKHD

.

Extrakce smési peptidu z gelu



In-gel stepeni trypsinem (za R a K)

LLK  (373.280)

LIK  (373.280)

LTLK  (474.328)

SSQIR  (590.327)

EGYER  (653.673)

MONQR  (676.319)

TPDAMK  (662.317)

ELAEEK  (718.361)

AAMALEK  (733.391)

KPAEDEWGK  (1059.510)
MGDHLTNLHR  (1079.54)
DDVALEGVSHFFR  (1491.722)
LNQALLDLHALGSAR  (1591.891)
LGGPEAGLGEYLFER  (1607.806)
TDPHLCDFLETHFLDEEVK  (2288.054)
ONYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDR  (3924.897)




Identifikace bilkovin
pomoci hmotnostni spektrometrie




Identifikace bilkovin pomoci hmotnostni spektrometrie (MS)

«  Stanoveni velmi presné hmotnosti peptidl nebo jejich fragment.

Pohyb nabité Castice ve vakuu, elektromagnetickém poli je funkci jeji
hmotnosti (m) a naboje (z).

* Hmotnostni spektrometr ¢astice ionizuje (pseudomolekularni ionty) a
separuje podle jejich m/z. Hmotnostni spektrum ukazuje zavislost
Cetnosti jednotlivych iontl na m/z.

Relativni Intenzita

m/z

Presné hmotnosti peptidd, nebo jejich fragmentu jsou porovnavany s
vypocétenymi hmotnostmi vSech (teoretickych) peptidi nebo fragmentt,
které jsou pritomny v proteinovych a genovych databazich.



MASS ANALYZER TIME OF ELIGHT (TOF)

Linear TOF

Flight path Detector
lon source 4

MALSELALVR (985 Da)+1 m/z

WLQESRRSRKLILFIVFLA (2038 Da)+1

LDNMLLTVVVPIIPSYLYSIKHEKNATEIQTARPVHTST (3145 Da)+1

v




Identifikace bilkovin pomoci hmotnostni spektrometrie (MS)

Peptidové mapovani (Peptidovy fingerprinting)
na zakladé zméreni presnych hmotnosti peptidl vzniklych
Stépenim specifickou endoproteazou



Adad s cihd Identifikace diferencialné
i exprimovaného proteinu
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,In gel” nastepeni trypsinem (za Arg, Lys)

SSQIRQNYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREG
YERLLKMQNQRGGRALFQD IKKPAEDEWGKTPDAMKAAMALEKKLNQALLDLHAL
GSARTDPHLCDFLETHFLDEEVKL IKKMGDHLTNLHRLGGPEAG LGEYLFERLT LKHD

@ Extrakce smési peptidu z gelu



Peptidové mapovani (Peptidovy fingerprinting)

LLK  (373.280)

LIK  (373.280)

LTLK  (474.328)

SSQIR  (590.327)

EGYER  (653.673)

MQNQR  (676.319)

TPDAMK  (662.317)

ELAEEK  (718.361)

AAMALEK  (733.391)

KPAEDEWGK  (1059.510)
MGDHLTNLHR  (1079.54)
DDVALEGVSHFFR  (1491.722)
LNQALLDLHALGSAR  (1591.891)
LGGPEAGLGEYLFER  (1607.806)
TDPHLCDFLETHFLDEEVK  (2288.054)
QNYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDR  (3924.897)
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(3924.897)
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MALDI-TOF MS

Presné hmotnosti

peptidu
1059.5  Porovnani s
14917  databazemi [1059.5111 (KIKPAEDFWGK (T)
{e618 1491.7232 (R)DDVALEGVSHFFR (E) L-Eerritin
' 1607.8069 (R)LGGPEAGLGEYLFER (L)
10078 [2359.0916 (R)TDPHLCDFLETHFLDEEVK (L)
2287.0

SSQIRQNYSTDVEAAVNSLVNLYLOQASYTYLSLGFYFDRDDVALEGVSHEFER

ELAEEKREG

YERLLKMQNQRGGRALFQD IKKPAEDEWGKTPDAMKAAMALEKKLNQALLDLHAL

GSARIDPHLCDFLETHFLDEEVKL IKKMGDHLTNLHRLGGPEAG LGEYLFER LTLKHD




Co kdyz mame ve vzorku smés proteinu?



Identifikace bilkovin pomoci hmotnostni spektrometrie

Fragmentace peptidu/sekvenovani (MS/MS)

na zakladé zméreni pfesnych hmotnosti fragmentu peptidu.
Peptid nejsnaze fragmentuje v peptidické vazbe. Je tak ziskana
(CasteCna) aminokyselinova sekvence v daném peptidu.



Fragmentace peptidu

N\ % N\

R, R, R, R,

I l I i S-P-A-F-D-S-I-M-A-E-T-L-K
NH,-CH-COfNH-CH-CO{NH-CH-CO{NH-CH-CO,H

MH* = 1410.6

N-konec C-konec
N4 . 2}

y3 Y2 Y1
b-ions* y-ions*
88.1 e PAFDSIMAETLK 1323.6
185.2 T e AFDSTMAETLK 1226.4
256.3 SPA -s=remssrasssaes FDSTMAETLK 1155.4
403.5 SPAF ---s===mrsrmrssas DSIMAETLK 1008.2
518.5 SPAFD - =r==rswrmmmss SIMAETLK 893.1
605.6 SPAFDS -=r=rmess IMAETLK 806.0
718.8 SPAFDS I == MAETLK 692.3
850.0 SPAFDSIM AETLK 561.7
921.1 SPAFDSTMA 7 ETLK 490.6
1050.2 SPAFDSTMAE -7 TLK 361.5
1151.3 SPAFDSIMAET - LK 260.4
) 1264 .4 SPAFDSTMAETT, -~~~ K 147.2

P. Mann a P. Novak, AVCR







PROTEIN IDENTIFICATION BY TANDEM MASS SPECTROMETRY

(MS/MS)
MS1 MS2
zdroj

ES| Kolizni cela

Bézné analyzatory:
TOF

guadrupole

ion trap

orbital ion trap
FT-ICR



MS1 MS2

lontovy

; Analyzator 2 EEBLEIGCIN]]
zdroj

ESI . ;
Kolizni cela
MW peptidu m/z jeho fragmentt
A LGGPEAGLGEYLFER
LGGPEAGLGEYLFE...R . N

LGGPEAGLGEYLF...ER
LGGPEAGLGEYL...FER
1607.096 LGGPEAGLGEY...LFER
LGGPEAGLGE...YLFER ‘

>

}
/

Identifikace peptidu LGGPEAGLGEYLFER
a proteinu (L-FERRITIN)



Identification of protein in databases from MS data

GENES, ORFs

l In silico translation

Gene/Protein identification
PROTEINS

In silico digestion with trypsin (-R/-K)

PEPTIDES

theoretical MWs of peptides MS data

MWs of peptides and

their fragments
FRAGMENTS

theoretical MWs of peptide fragments



pMass Spectrum ]

Intens.
fau] 109.922 e
#104 =g Peptide Sunmary Report
1.21
Format As I | Peptide Summary | Help
Sigraficance threshold p< o5 Max. number of hits [20
Standard scoring * MudPIT sconng © Ions score cut-off 5 Show sub-sets [
1.01 166.914 Show pop-ups * Suppress pop-ups  Sort unassigned | Decreasing Score | Require bold red ™
Select All ] Select None ] Search Selected I ™ Fivor tolersme
1. gi]|226159 Mass: 2020 Score: 43 Queries matched: 1
comp lewent C3£
0.81 [~ Check to include this hit in error tolerant search
Query  Observed Mr{expt) Mr(calc) Delta Miss Score Expect Rank Peptide
v 1 1865.0070 1863.9997 1863.9955 0.0042 0 43 1.4 1 - _.SSKITHRIHWESASLL.R
0.6 Proteins matching the same set of peptides:
gi|89057120 Mass: 44901 Score: 41 Queries matched: 1
PREDICTED: =imilar to Complement C3 precursor [Homo sapiens)
276.909 gi|78101268 Mass: 112869 Score: 37 Queries matched: 1
T Chain B, Huwan Conplement Component C3
0.4+ 196.8955 377.941
Sliagal
626170
436.908 :
491,083
=~ —-—1 18\.7e 1865.001
895.422
0.24 T
1015.488 1347.591
1218569 —
1419.999
im0 " 2000 T




., . Smés peptidu MS
Jediny protein e R S (e Tt T I

PMF
(5-50 peptidi) ( )
MS/MS
(fragmentace)
Smés peptidu 1

- z mnoha protginu — chromatograficka
(300-10°peptida)

Separace



Current proteomic workflow

< LC-MS/MS

\

proteins

Mass spectrometry

Micro or nano-LC

1D or 2D Peptide/protein

identification and quantification



RP-LC



RP-LC



RP-LC




RP-LC




RP-LC




RP-LC

MS




RP-LC

MS (1410.6)




S-P-A-F-D-S-I-M-A-E-T-L-K

MH* = 1410.6

b-ions* y-ions*
3 T R PAFDSIMAETLK  1323.6
185.2 e AFDSIMAETLK 1226.4
256.3 SPA -==rsrmemssrsasasssseg FDSTMAETLK 1155.4
403.5 SPAF -=emmsamssssses DSTMAETLK 1008.2
518.5 SPARD) ~~-rsmemmrsrmesmrsss SIMAETLK 893.1
605.6 SPAEDS ~==srsemssrsananssrsss IMAETLK 806.0
718.8 SPAFDSI - s==mmmmsemmnssrse MAETLK 692 .3
850.0  SPAFDSIM - AETLK 561.7
921.1 SPAFDSIMA ETLK 490.6
1050.2 SPAFDSIMAE = TLK 361.5
157 3 SPAFDSITMAET LK 260.4
1264.4  SPAFDSIMAETL K 147.2
1472 260.4 3615 4906 5185 605.0 718.8 8500 1050.2 11513

921,1

1264.4 1410.6



S-P-A-F-D-S-I-M-A-E-T-L-K

MH* = 1410.6

1472 260.4 3615 4906

b-ions* y-ions*
88.1 L R PAFDSIMAETLK 1323.6
185.2 e AFDSIMAETLK 1226.4
256.3 SPA -=rsrssmssrssnasssseg FDSTMAETLK 1155.4
403.5 SPAF -s=mmamsssmsss DSTMAETLK 1008.2
518.5 SPABRLD) ~~-rsmemmrsrmesmrsss SIMAETLK 893.1
605.6 SPAFEDS ==sremsmrsamenssrsss IMAETLK 806.0
718.8 SPAFDSI - ==mmmsmmmnssrse MAETLK 692 .3
850.0  SPAFDSIM - AETLK 561.7
921.1 SPAEDS TMA ~=-s=srssmsmeanssssms ETLK 490.6
1050.2 SPAFDSITMAE === TLK 361.5
1151.3  SPAFDSIMAET IK  260.4
1264 .4 SPAFDSIMAETL K 147.2
| A E T
M
L
K
518,5 605.0 718.8 850.0 1050.2 1151,3

921,1

1264.4 1410.6



S-P-A-F-D-S-I-M-A-E-T-L-K

MH* = 1410.6

b-ions* y-ions*

B8 1 Hoeeremes PAFDSIMAETLK 1323.6
.2 B AFDSIMAETLK 1226.4
PEE.T Bk FDSIMAETLK 1155.4
403,83 BPAF s DSIMAETLK 1008.2
5188 BEAED - SIMAETLK 893.1
605.6  SPAFDS - IMAETLK 806.0
T18.8 BPAEDSI — oo MAETLK 692.3
850.0  SPAFDSIM AETLK 561.7
921.1  SPAFDSIMA = ETLK 490.6
1050.2  SPAFDSIMAE -~ TLK 361.5
1151.3  SPAFDSIMAET - LK 260.4
1264.4  SPAFDSIMAETT, - K 147 .2

K | A E T
M
T L
K
L E
518,5 605.0 718.8 850.0 1050.2 1151,3

1472 260.4 3615 4906

921,1

1264.4 1410.6



RP-LC

ESI

e

MS1 (1410.6)

MS/MS Mass ¢ spectrometer



RP-LC
=] MS1 MS2




RP-LC
—_ MS 1 (2950.46)




RP-LC
— MS 1 (2950.46)

ESI




RP-LC
MS (2950.46) MS2

ESI




RP-LC

ESI




RP-LC

ESI

Collision cell



LC-MS/MS
MS1 MS2
MS1 MS2 MS1 MS2

MS1 MS2

MS1 MS2




LC-MS/MS

The masses of the peptides
and their fragments are
compared with theoretical
masses of all peptides and
their fragments present in
gene/protein databases

LC-MS/MS




Identification of protein in databases from MS data

GENES, ORFs

l In silico translation

Gene/Protein identification
PROTEINS

In silico digestion with trypsin (-R/-K)

PEPTIDES

theoretical MWs of peptides MS data

MWs of peptides and

their fragments
FRAGMENTS

theoretical MWs of peptide fragments
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