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C7250

Pecliva priprava vzorku — zakladni kamen uspéchu

Q zachovani puvodniho proteinového slozeni
O zachovani modifikaci (napf. inhibitory fosfataz)
odstranéni kontaminant rusicich koncovou MS
analyzu



C7250

@ 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

proteoforms

@ 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




Frakcionace/separace C7250

cil — zjednoduSeni extrémné komplexni smési
oddélit specifickou skupinu proteini/peptidi (napt. fosfopeptidy)

Zékladni duvod pro zjednoduSeni smési — ziskani kompletnéjsi informace

nutnost kombinovat rizné techniky — vicerozmérna separace
volba vhodné kombinace pro dany experiment
(dalSim rozmérem separace milze byt 1 zvolena MS koncovka)

:M . | ~ 100 peptid(

1000 peptid

Pfima LC-MS/MS analyza

~ 105 peptid

Skenovaci rychlost
Casova limitace

nezméreno



C7250

Metody frakcionace/separace

elektroforetické techniky:

# 1soelektricka fokusace (v gelu, v roztoku)
# SDS PAGE
# 2D gelova elektroforéza (DIGE)

# kapilarni elektroforéza imunoprecipitace

chromatografické techniky:

# kapalinova chromatografie
- reverzni faze

- iontomenic
£ off—l.ine - molekulové sito
# on-line - afinitni (IMAC, MOAC, protilatka)

- HILIC (hydrophilic interaction chromatography)



C7250
Standardni 1-D postupy

(JEDNODUCHE) SMESI
1-D GE

Separ.ace proteolytické MALDI-MS/MS
proteint Xt LC-MS/MS

1-D LC-MS/MS

shotgun proteomics

proteolytickeé naStépenych

Separace
] DLC i ] )

MS s vysokym rozliSenim
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Iden. — S majoritnich
proteintu
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2-D GE

Separace
proteint

proteolytickeé

C7250

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



; C7250
Proteinovy extrakt faga — 2-D separace

2-D GE/MALDI-MS

= 700 skvrn
= 20 proteintu




C7250

2-D LC
peptides

On-line (“MudPIT”)

1D - SCX 2D - RP
frakcionace
step by step
Off-line
1D - SCX UV
LC fraction

fraction

MudPIT (multidimensional protein identification technology)




2-D LC
peptides
ionex / RP
FAMOS Injection vahe
S
3
¢ laading sohent gradient
30 pLfmin 200 nLfmiln

Bilod-50C
LD pm .o 2 15 mm

RP Trap column C18
300 pm d. x & mm

C7250

N

.
Vs Qﬂy

/ =

Mano column CIEPR
TS pm id. 2 15 an

SWITCHOS™

UltiMate™

Fig. 1 Experimental set-up for 20 LC



C7250
2-D LC (peptides)

mAL

O
<

30 4 1D-RP A
20 ig\/\
10 - y
3 Y
30 2D-RP, frakce 5 mM B
o J M
10 3
E . e TN PR —
30 3 2D-RP, frakce 50 mM C
20 3
1 Y W W
o —
30 2D-RP, frakce 100 mM D
20 3
10 R TRV TS W
0 | | . | 1‘{} | . | | 2|£} | | | | 3:0 | Tlime lein]l

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



pH 3.0

2-D LC (peptides) C7250
RP-RP

stejna stacionarni faze — jin¢ pH

Ortogonalita separace

pH 10.7

www.ace-hplc.com



C7250
Characterization of proteome and phosphoproteome of HEK293 cells

cooperation with Assoc. Prof. Bryja group, FS MU
S

l

lysis
SDT buffer [SDS+DTT+Tris]

FASP
pH 10
H
reversed phase
TMT labeling

SPL — ,scheduled precursor list* analysis enables repeated analysis of sample with
exclusion of already identified peptides in previous analysis 16



C7250

LC-separation of the digested sample in 1D (high pH)
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C7250

direct analysis
w/o and with SPL
LC-MS/MS (pH 3)

(Orbitrap Elite)

l Number of identified peptides

Data processing

number of identified peptides

whole sample (no SPL)  whole sample (+ SPL) fractions 9-23 fractions 1-30

18



Number of identified proteins

all 1 pep 2pep M3pep 4 pep 5+ pep
I

Fractionation
» three fold increase in number of identified proteins

* higher sequence coverage for most proteins
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whole sample (no SPL) " whole sample (+ SPL) i fractions 9-23 i fractions 1-30




C7250
Prumér HPLC kolony vs citlivost

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.
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Kapilarni a nano kolony

# ZvySeni citlivosti
# Limitni mnoZzstvi vzorku
# Snizeni spotieby rozpoustédel

Table 27. Sensitivity Increase

4.6 1000 1
1.0 40 21
0.5 10 85
0.3 3 235
0.1 0.5 2100
0.075 0.3 3760

'For same sample mass
www.ace-hplc.com



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

affinity (lectin — glyko)

2-D: reverzni faze

On-line vs Off-line

automatizace

flexibilita
optimalizace
kontinualni odbér frakci

C7250



C7250
LC -MALDI

(peptides)

nano LC (RP)

fraction

miatrix
addition

off-line

> -

Archivace







C7250
LC separace komplexnich proteinovych smési

=

1D frakce

Ionex, SEC, ....

g2 ﬁ h
Protein "
1D frakce '
rotein
RP 2D frakce

exp. ﬁ
Protein
2D frakce D . >D(2D) HPL> -

39Y939p AYynJap uzny




LC separace komplexnich proteinovych smési

C7250

Figure 1: Multidimensional LC work flow.

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
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nebo
IPG strip

C7250

Kombinace GE a HPLC separace

proteins

peptides

-
<

slices

11 =

protein fractionation

»
»

nano 1-D LC

o




C7250

-
# L]

purnf‘ed vacuoles

1 2 3 2D-Off-line (3D ?)
mw Wt
in-liquid == ' P100 membrane
digestion 4 :_— p— fraction
2D-On-line ] -
2-D LC MS/MS I 1-D SDS PAGE
1-D 505 PAGE

cut gel into slices
and digest

¥

nano-LC MS/MS

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



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.

C7250

from Carter et. al. The Plant Cell, 2004, 16, 3285-3303.
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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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A draft map of the human proteome
Min-Sik Kim et al., Nature 509, 575-581 (2014) doi:10.1038/nature13302
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Cilena analyza imunoafinitni frakcionace (Y (phos))

C7250

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

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

C7250
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High throughput C7250

Parallel operation

Figure & Schematic representation of an on-line teo-dimensional HPLC system, Including an Integrated sample preparation step.
{Adapted from reference 10 with penmission.)

T

Grad ket HPLC
workskation

Resirictad-aooess-media column

Gradient

e

ki

| N detector

. Fraction collectar




High throughput C7250

Reduction of chromatographic run

a) b)

Low pressure pumps

=
A
ﬁxﬁ“ -
iR
c) Eluted from tip @ 5% argan! ’/__: =1

near gradient front 2 2% or

Storage kop with
diluted gradient

Eluted from tip @ 30% organic. Now
Late in gradient velume & 155 organie

S Length m

High Pressure pump

Minutes Minutes pL/min S| EVOSEP
3 18 2.0
5 22 15 U
ONE
12 24 12
21 3,0 1.0
45 30 06

Table 1: E One Methods. *Methods not final 0
R T S from Evosep technical note



Method details

Samples per Day

Column

Packing material

MS method length

MS2 resolution

M52 injection time

High throughput C7250

Reduction of chromatographic run
Evosep One + Exploris 480

300 200 100 60 30
4Aecmx150pm demx150ppm 8cmx150pum 8B8emx 150 pm 15 cm x 150 pm

1.9 ym beads 1.9 pm beads 1.5 ym beads 1.5 pm beads 1.9 pm beads

3.2 min 4.6 min 11.5 min 21 min 44 min
7500 7500 15,000 15,000 15,000
11 ms 11 ms 22 ms 22 ms 22 ms

Number of identified peptides and proteins per method

Peptides

JOK

20K

10K

DEIDID

EDEDEDID

T T T T I | T |
3035
: : l l 24316 K| l : :
| | | | | | |
| | | | | | |
I I l K| : :
I I | E I | '
[ [ I ‘D [ I
| | |
l | 2ok |
| | U
! 6404 939
3314 1K
0
300 200 100 60 30 300 200 100 60 30
SPD SPD SPD SPD SPD SPD SPD SPD SPD SPD

from Evosep technical note
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+ Miniaturizace - chip technologie




Konec III. cast




