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@ protei genome g proteome
lidsky gf| - 21000 human .~ ~ 1000000 human

protein-encoding genes / proteins

transcriptome

A - ~ 100000 human
@ Serky transcripts

nutnost
reakce | Increase in complexity

okamZiku

vba PCR

@ Siroké spektrum fyzikalné-chemickych vlastnosti

@ analyza komplexi
pro uplné pochopeni bunécnych procesit mnohdy nestaci prosta identifikace jednotlivych
proteinii, cca 80% je funkcnich jako soucdst komplexii


http://www.expasy.org/sprot/hpi/hpi_desc.html

Bi7050

Pecliva priprava vzorku — zakladni kamen uspéchu

(D

OQ zachovani pavodniho proteinového slozeni
zachovani modifikaci (napfr. inhibitory fosfataz)
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Keratiny !!! ;

from skin, hair, nails, wollen clothes .... EVERYWHERE
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Bi7050
Standardni 1-D postupy

JEDNODUCHE SMESI

1-D GE

yroteinu » P LC-MS/MS

1-D LC-MS/MS

shotgun proteomics

- [ s

proteolytickeé
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2-D GE

Separace
roteint

proteolytickeé

Bi7050
Klasické 2-D postupy

MALDI-MS
MALDI-MS/MS

proteolytické
LC-MS/MS

2-D LC-MS/MS

- s

on-line/off-line

LC-MALDI



Proteinovy extrakt faga — 2-D separace Bi7050

2-D GE/MALDI-MS

= 700 skvrn
= 20 proteintu




Bi7050

2-D LC
peptides

On-line (“MudPIT”)

frakcionace
step by step ﬁ
Off-line f(‘—\
1D - SCX uv ’ Peptide
LC fraction

fraction

MudPIT (multidimensional protein identification technology)
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Bi7050

.
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SWITCHOS™

UltiMate™

Fig. 1 Experimental set-up for 20 LC



2-D LC (peptides) s
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Fig. 2 Chromatograms of the digest mixture. Upper trace is the result of a separation without SCX. The next
chromatograms are the result of the 5, 50 and 100 mM fractions. (Not all fractions are shown)

Dionex application note



Prumér HPLC kolony vs citlivost Bi7050

Al smin

0.6 mm, 1F plSmin

1.0mm, 47 plSmm

4.8 mm. 1 mlf'mm

/A
i"‘f" .

Figure 5 Mass sensitivity benefit. Injection of the same sam -
phe amount on HPLEC columns with decreasing internal dil -

ameter. Stationary phase: ZORBAX® SB-C18; length: 150
mm; solvent: water /acetonitrile, 40760, flow rate: see dia -
gram, sampie: isocratic checxkout sampie; injection volume:

0.7 pl; third peak: biphenyl, 200 ng; temperature: 25 "C;
detection wavelength: 230 nm.

,,Sensitivity increases with a decrease in column diameter because the same sample
mass (amount) is eluted in a smaller volume. Therefore the concentration of the eluting
peak is higher and the detection signal is stronger. *

Amer. Lab., 2001, 33 (10), 26-38.



2-D LC
peptides
sorbenty
1-D: ionex 2-D: reverzni faze
IMAC (fosfoproteiny)

affinity (lectin — glyko)

On-line vs Off-line

automatizace flexibilita
optimalizace
kontinualni odbér frakci

Bi7050



LC —-MALDI Bi7050
(peptides)

nano LC (RP)

fraction

miatrix
addition

off-line

> -

Archivace







LC separace komplexnich proteinovych smési g

=

1D frakce

Ionex, SEC, ....

exp. ﬁ
Protein ‘(‘
1D frakce
RP 2D frakce

eXp. ﬁ
Protein
D (2D) HPLC

9)339P AYnap duzny




LC separace komplexnich proteinovych smési

Bi7050

Capillary LC
ey Monolithic Column
G — — ] —
Propac SAX i EDDSL[;m i.d.
L) 2.0 mm i.d. x 25 cm — xs%mm
proteins HPLC vials
a @
=
Intens. Toma g | Q
S
MS/MS S
=R
- 384 well plate
|
AR
Tryptic digestion S
] <~ =
F?M““l” g Capillary LC/MS \/l' B
. |l|| LIk RLL | __I . !I. < ; . K %
Protein identification Monolithic Column 200 pm i.d.x 50 mm

Figure 1: Multidimensional LC work flow.



LC —-MALDI Bi7050

(proteins)
(2 _D) LC From Capillary or
I I Mano LG
CE ,
- ratrix
=" addition

1. Depozice na MALDI target
2. Digesce na destiCce

off-line
—



nebo
IPG strip

Kombinace GE a HPLC separace Bi7050

proteins

peptides

-
<

slices

11 =

protein fractionation

»
»

nano 1-D LC

o i

Casto pouzivane pro analyzu proteinovych komplexti
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purified vacuoles

2D-Off-line (3D ?)

—
P
(PN

in-liquid P100 membrane
digestion fraction
2D-On-line o
2-D LC MS/M5S a1 1-D 505 PAGE

1-D 5D5 PAGE

cut gel into slices
and digest

¥

nano-LC MS/MS

from Carter et. al. The Plant Cell, 2004, 16, 3285-3303.
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2-DLC 1-0 505 PAGE
M5/M5S nano-LC M5/M5
(80) (267)

(3N

tonoplast fraction
(219)

Figure 2. Distributicn of ldentifiad Protains by Diffarant Maethods.

Cwvardap of the differant protan sats i shown, Numbes in parenthases
ndicata the total number of protains found by a particular mathad.

from Carter et. al. The Plant Cell, 2004, 16, 3285-3303.



Bi7050
Celkova analyza proteomu (screening)

Depletovana plazma 0. rozmér
(3500 — 9000 proteinti ??)

1. rozmér

20 frakeci

2. rozmer

1600 frakei

3/4. rozmér

oo frakel

from H. Wang, Molecular & Cellular Proteomics, 2005, 4, 618—625.
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Cilena analyza imunoafinitni frakcionace (Y (phos))

1.Cell Lysis

5 x 107 Hela cells
8M Urea + inhibitors
Sonication

Remove debris

5 mg of total protein

2.Protein digestion

Lys-C (8M urea, 4h)

Trypsin (2M urea, o/n)

3.Desalting

C18-SepPak
* Dimethyl labeling

Lyophylize

4. Immunoaffinty
purification

Resuspend in IAP buffer
and adjust to pH 7,4

PY99 anti-phosY Ab

Incubate o/n at 4°C

5.Washing and
elution

Wash with IAP buffer (x3)

Elute in 0.5% TFA (x2)

6.Desalting

C18 microcolumns

Lyophylize

7.High-resolution
LC-MS/MS

3 h RP gradient

Technical replicates

|

QL pPY|IGAVR

8.Data analysis

Identification

abundance

Site asignment

|.|||I‘ ;,||| |

9.Functional
analysis v
Kinase motifs 5EE§§§ gﬁ_g?g
-(.N
Signaling pathways .[. I.N
oee

from A.D. Zoumaro-Djayoon et al. / Methods 56 (2012) 268—274




Cilena analyza jednotlivych proteinu

Bi7050

Q1 ,,fix“
Parent mass @ CID Fragment mass e Q3 ,,fix“
/ = / '
2 // Cz o - |
’ *3>2 % l
@ / - : ! e
Q1 Q2 Q3

# kvadrupol Q1 1 Q3 jsou nastaveny na vybran¢ hodnoty m/z (prekurzoru a
vybraného fragmentu), zaznamenany jsou jen prekurzory, z kterych pfi
fragmentaci v kolizni cele Q2 vznika ureny fragment

# bchem analyzy lze sledovat vice reakci (MRM)

from K. Bluemlein et al. / Nature protocols 6 (2011) 859 —869
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Figure & Schematic representation of an on-line teo-dimensional HPLC system, Including an Integrated sample preparation step.
{Adapted from reference 10 with penmission.)

High throughput
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Grad ket HPLC
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Resirictad-aooess-media column

Gradient

Gradient

e

S

ki

. Fraction collectar

LA detechor

Bi7050



Bi7050

+ Miniaturizace - chip technologie
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MS CHARAKTERIZ ACE MODIFIK ACI
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N-terminus C-terminus

y- ion serie
+
®

b- ion serie

+
+
+

eoss

\b)
Y3
Y4




Bi7050

Fragmentace peptidi — CID vs ETD
b, y C z

C-terminus (z- serie)

ETD

N-terminus (c-serie)
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Pro¢ analyza modifikaci proteinu?

‘)

Moznosti MS pri analyze modifikaci
» Druh
» Misto
> Urovei (




Druhy modifikaci:

» mutace (zaména AMK)

> chemické

» posttranslacni

~

Uziteény prehled modifikaci:
DeltaMass
ExPASYy -

Bi7050


http://www.abrf.org/index.cfm/dm.home
http://www.expasy.ch/

Bi7050

» Chemickeé* modifikace:

0 zamérné modifikace (karbamidometylace Cys, N —terminal acetylace,
PSD derivatizace, kvantifikacni znacky aj.)

O nechténé modifikace (oxidace Met, deamidace N > D pri purifikaci,
adukty farmak)




Common Posttranslational Modifications Bi7050

Methylation = +14.0269 Formylation +28.0104
Acetylation ~ +42.0373 Lipoic acid +188.3147
Amines Farnesylation +204.3556 Myristoylation +210.3598

(K/N-terminus) Biotinylation = +226.2994 Palmitoylation +238.4136

Stearoylation +266.4674  Geranylgeranylation +272.4741

Acids & amides PYyroglutamic acid (Q) -17.0306 Deamidation (Q/N) +0.9847

(E/D/Q/N) Carboxylation (E/D)  +44.0098

Hydroxyl groups ; :
+ +
(S/T/Y) Phosphorylation 79.9799  Sulphation 80.0642
Pentoses +132.1161 Deoxyhexoses +146.1430
Carbohydrates Hexosamines +161.1577 Hexoses +162.1424
(S/T/N)

N-acetylhexosamines +203.1950 Sialic acid K291%2579

Dalsi detaily:


http://web.indstate.edu/thcme/mwking/protein-modifications.html
http://web.indstate.edu/thcme/mwking/protein-modifications.html
http://web.indstate.edu/thcme/mwking/protein-modifications.html

Bi7050

MS CHARAKTERIZACE MUTACI



Bi7050
Potvrzeni vymény AMK na peptidové arovni

Protein: Zm-p60 (pozice 186)

wild type 179 - 203 NWLTFNEPQTFTSFSYGTGVFAPGR 2824

E186Q Q 2823
peptide mass difference: - 1 Da

| In-gel digesce
f MALDI-TOF MS
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Bi7050
Identifikace vymény AMK na aminokyselinové urovni

Protein ve dvou variantach v jednom spotu na 2-D gelu

Vstupni informace:
Zména hmotnosti tryptického peptidu: —14 Da

DEEELOKENVKNTASLTGKITLSVTQSKPETGEVIGVFESIQPSDTDLGAKVPKDVKIQG

MALDI-MS potvrzeni zmény hmotnosti daného peptidu (2 proteazy)
MALDI-PSD  nejednoznacné vysledky

LC-MSMS nalezena mutace D/E v pozici 210

DEEELOKENVKNTASLTGKITLSVTQ EVIGVFESIQPSDTDLGAKVPKDVKIQG




»Modif* - detail MS/MS spektra
X 9450 +MS2(997 4), 32.6min (#887)
300 - E:
200 - D 956.4 /
100 — -14
hy: ol
m/z
Ion by LSVTQSKP D/E
»INemodif* — detail MS/MS spektra
+MS2(1004.0), 32.1min (#878)
300 —; E
200 —: 951.7
- 9335 “ 970.6
100 - \
0 i 1
92|0 9 m/z
m/z

Intens. _

400 -
300 -
200 -

100 -

Intens. ~

300 -

100 -

Bi7050
MSMS peptidu LSVTQSKPXTGEVIGVFES, MW 2006.0 (1992.0)

EIC chromatogram

»~Modif* m/z 956

MS?2 (997.4, 2+)

Time min]

EIC chromatogram
~Nemodif*
m/z 970 MS2 (1004.4, 2+)
3(;5I :31|.E; :?>1|.5; I .I?>2|0I = :'32|5I ¥ :33|OI T|me [m|n

Rt (min)



Bi7050

LC-MSMS methylace, potvrzeni D v pozici 210
po derivatizaci vymeéna H za CH3 na karboxy skupiné

4. A = 14 Da/skupinu

Y3
VTQSKPX*TGE*VIG*
Y g nederiv m/z 787.2 pro D
A=42Da

Y g methyl  m/z829.3 pro D
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MSMS peptidu VTQSKPXTGEVIG pred a po methylaci

[Abs. Int.]
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| |
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4501 \

| 42 Da
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MS CHARAKTERIZACE MODIFIKACI
»»@HEM[@KE “



Bi7050
MALDI-MS spektrum digestu pired a po modifikaci

vytez spektra
nemodifikovany peptid (vy D )
2060
162 Da
e ——— R ———
Peptid + X
2222

. u’ Il \| H‘ ‘NH(W 1 I “ j'l \‘v | ' ‘ il l ‘ 'M |
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Bi7050

MALDI-MS spektrum — Oxidace Met

12805 5 1.9
_—

(vytez spektra)

Sample prep artefact

(Sypro Ruby)
16 Da

e —————

127 4 oihd
e

1256

1261

T T T T T T T T
1266 1271 1276 m/z



Bi7050

Vysledek identifikace proteinu (Mascot)

1. @i|15803837 Mass: 13532 Score: 487 Queries matched: 5
50S ribosomal protein L14 [Escherichia coli O157:H7]

Observed Mr(expt) Mr(calc) Delta Miss Score

939.45

947.44

947.45

955.45

1876.89

1892.87

1892.88

1908.89

1876.88

1892.87

1892.87

1908.87

(125)
159
(147)

(118)

Peptide

MIQEQTMLNVADNSGAR
MIQEQ!’MI\,NVADNSGAR + Oxidation (M)
! MIPEQTMLNVADNSGAR + Oxidation (M)

IpEQ(’MI,NVADNSGAR + 2 Oxidation (M)

Jen cast tykajici se modifikovaného peptidu
(Petra P. Vz. 3, 080821)



LC-MS/MS Bi7050

Intens.
x106

EIC:
] m/z 939.5 (2+)
5- m/z 947 .4 (2+)
] m/z 955.4 (2+)

1x Ox
1x Ox

j 2x Ox }

T T T T T T T T T T
12 14 16 18 20 22 24 Time [min]

—— EIC 839.5 +All MS, Smoothed (2.22,1,GA) ——EIC 947.5 +All MS, Smoothed (2.22,1,GA) ——EIC 955.4 +All MS, Smoothed (2.22,1,GA) |
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Bi7050

b
Yio0

MIQ

by — M{IQEQTM,LN Yio— LNVADNSGAR

y11 — M.LNVADNSGAR
Posuny v m/z vybranych fragmenti pro jednotlivé pripady M,

bez 10x 10x 2O0Ox
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Bi7050

LC-MSMS spectrum (vyiez spektra)
Potrzeni modifikace na Cys ... YC*AR

Intens.

x104 S -

25 C + modifikace y%é 49?23

3000 =

A
A

1.00 _: y3

349.3

2000 = mOdiﬁkace
0.75 _ C

A
v

A
v

285.4

268.1 315.3 i

050 _ y
- 2 314fo 522.2

1000 = 2855

025 _ 200}4 2457 3849 468478.5

lli LA ,,.llh‘ll bl
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Histon H3, lokalizace acetylace (in-vitro)

MALDI-MS digestu (detail spektra)

5340

Ac

~
A

/

5382

Non-acetylated fragment

&

Fragment with

Bi7050

one E-Ac

5200 ' 5400

——
s’ FFAiEs0




Cis  Bi7050

C13
ARTKQTARKSTGG

Histon H3, lokalizace acetylace K(14)

MALDI-ISD MS (detail spektra) PR
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