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Kvantifikace proteinu a MS
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: o, Y C7250
Kvantifikace proteinu pomoci MS

Pristupy:

x Absolutni kvantifikace
stanoveni koncentrace ve vzorku pomoci standardu o znamé
koncentraci

x Relativni kvantifikace
pomérné zhodnoceni zmény koncentrace proteinu ve srovnavanych
vzorcich

Metody: ” “

% s izotopicky odliSnymi znackami
stejné proteiny/peptidy jsou ve vzorcich odliSeny znackami o riizné
hmotnosti a takto mohou byt méfeny soucasné

¢ bez izotopického znaceni (label free)
metody absolutni a relativni kvantifikace zaloZené na statistickém
vyhodnoceni MS, resp. MS/MS dat
vyhodou je moznost srovnani neomezen¢ho poctu vzorkii a absence
derivatizacni reakce €1 izotopicky znacenych standardii



Metody relativni kvantifikace C7250

1

Proteinovy vzorek A Proteinovy vzorek B

O 2N wWhHOON®O O

" 100% | b

:111.0 112.8 114.6 116.4 118.2 120.0

Oddélena digesce vzorki

MCAT, alkylace .
iTRAQ, TMT

MMMWAM
| .
LC-MS -

LC-MS/MS sl StejnySpeptidy qsthigen kvantifikacniouadkay



Prehled kvantifikacnich metod

C7250

Quantitative proteomic profiling

2DE

I

'

Stable isotope labelling

Intensity-based quantitation

:

In vive labelling

!

.

In vitro labelling

EN/SN media

@ M-terminal
peptide

labelling

|
I I

p pli{'_h T Ac i‘l'.l-
[ o A““ )

IEII o L) I'E.“"dl h "l“
‘-I““j_ ae "L’

l ' Cys: ICAT

Esterificatio
n

T B

Incorporation
via protealvsis

Lys: MCAT

W. Yan, S.S. Chen, Briefings in functional genomics and proteomics 4 (1), 1-12, (2005)



C7250

Stable Isotope Labelling with Amino acids in Cell culture

(SILAC)
A B
@ Invivo
AA normal AA labeled

@ proteins are labeled by growing cells
in media containing isotopically labeled
amino acids
(e.g. ?H-Leu, 3C-Lys, 8C-Tyr,3C-Arg,
13C/5N-Arg)

l cell growing l

o d3 24hrs

Z

:

-
combining 2 do |

E |
digestion T ‘ | ‘

:i ] " |i| ‘
f Illl' |1- I|I1-:'|.JII|,|.II
[MS quantification] ;“%;Twm“ : iﬁ / - iu‘f‘"m

picture from Ong et al.: MCP 1(2002), 376






C7250
ICAT ... Isotope-Coded Affinity Tags

technology for protein expression analysis

v' improved quantitation of a wider range of proteins

v' overcomes limitations of 2-D gel method (e.g. membrane, low abundance proteins)

ICAT reagents
Heavy reagent: d8-ICAT (X = deuterium)
Light reagent: dO-ICAT (X = hydrogen)

H xX Xx H

Biotin Linker (heavy or light) ;'r;;?:lt-iizeg(?gﬁp

» tags specific for cysteine-containing peptides (reduction of sample complexity)

» casy automation of a procedure
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Credit: Dr. Ruedi Aebersold
Institute for Systems Biology, Seattle, WA
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C7250
Srovnani in-vivo a in vitro kvantifikacnich metod (SILAC vs ICAT)

SILAC ICAT Labeling
Cell cultures
State A State B State A State B
=] =] —) &—
Leu-d0 Leu-d3 ‘
\ ¥ | l
Optional protein Denature and Denature and
purification reduce proteins reduce proteins
! T
Combine and Chemical Chemical
digest with trypsin modification modification
|CAT-DO reagent  ICAT-D8 reagent
, < g
Quantitation by MS Combine and
digest with trypsin

Cation exchange column
to remove excess |ICAT reagent

Avidin column to isolate ICAT peptides;

from Ong et al.: MCP 1(2002), 376 Quantitation by MS
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Mass Coded Abundance Tagging (MCAT)

» digesce trypsinem
» modifikace digestu vybrané¢ho vzorku (K)

GUANIDINATION OF LYSINE ia?
I
CzNH
|
MH ki
I I
GH4 \:'? —
| I A =42 Da
l.':H_‘ .
I |
CHy CH-
[ |
CHy DiZHy CH
| | pH1D |
HHACHA * MHpCbH HH c:H-IcI'. + CH O
Il
[ a
Lysins Oy b crinaa Homa arginifg

» smichani nemodif/modif v poméru 1:1
Cagney G., Emili A.: Nature Biotechnol 20 (2002), 163-170



C7250
MCAT

C PEPTIDE QUANTITATION

A Trypsin digestion Mo modification ]
- -
1:1
LC
Combining
& desalting
—
Madification with : MS —
Trypsin digestion fmethylisourea E 5| n
—'r —h'
"Im" 3 - Reconstruction of
N =NH ion chromatogram

Cagney G., Emili A.: Nature Biotechnol 20 (2002), 163-170



Helative abundance
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C7250
MCAT

Full M3 scan

AMESS = pomér piku = relativni abundance
21 Mz Units
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Cagney G., Emili A.: Nature Biotechnol 20 (2002), 163-170
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MCAT

derivatizace neni nikdy kompletni, operace se vzorkem
jen ...K peptidy
interni K 7777

vyuziti derivatizace pro de novo sequencing
b ionty nezmeneny, y ionty v dubletech (42 Da)

PEPTIDE SEQUENCING

YWYDLVEHWVAK

Mo modification T '

Tr:lllpEin k L | 1 :
digestion LC R '
—_— Combining o '

& desalting —_—

Madification with MS/MS | —® | K

O-methylisourea ESI ; 114
—_— r l

OCHy De novo

I identification of
amino acid sequence



Reduktivni alkylace - dimetylace

- lysin a N-terminus peptidu
- izotopicky znaéeny formaldehyd (D, 3C)

]

A

X X /Cng_
R—NH, X=HorD ~ R—N
NaBH;CN \Csz

Hsu et al., Anal.Chem. 2003



Reduktivni alkylace - dimetylace

Sample

Protein
purification

Lys-C
digestion l
H,N~M K HoN-
Labeling
JoFOU KCH,  gog@®0 KICDH:),  oedf@0 K(CHD,),  g0gi®K(CD:): g K(*CDy),
(CHa)lN | (CDH )N I (CHDLN (CD3)oN | (13CD}N |
3 _
Mix MS LC-MS/MS analysis
K(CH3)z #3
Y acnd # o .
(CHz)pN #4
e =T
(CDHouN (CD3)N
M'K(CHDZ);, s miz . e
(CHD,),N K(3CD3),
(*CDs) miz

Table 1 The combination of different isotopic reagents in the five-plex isotope dimethyl labeling method

Label

#1

#2 #3 4 #5
Formaldehyde isotope H,CO H,CO D,CO D,CO D,"CO
Cyanoborohydride isotope NaBH;CN NaBD;CN NaBH;CN NaBD;CN NaBD;CN
AMass (Da, one active site) 28.0313 30.0439 32.0564 34.0690 36.0757
AMass [Da, two active sites) 56.0626 60.0878 64.1128 68.1380 72.1514

Wu et al., Chem. Commun. 2014



Reduktivni alkylace - dimetylace

1+ 2+
2CD2H . 2cH3  2CD2H 213¢cD4
2CH3 27°CD3 2CDHo 2CD3
5.0x10" 2CDHE ECDE i’
= 2
W W
= =]
g 2
= = I
ool !I|'|1I I|_| I|‘ |J' — ol .., _ILI. I| I| ll _‘Il II!'JI']"' IJ
5 B0 i il ms a0 85 BBl 862 BEd BEE HGA B0 871 A4 BM
m/z miz
3+ 2CD2oH 4+ 2CD2H
2CDHz 213CD3 13
212CD
) 2CH3 2CD3 2CDH2 ZCD:;_E
5D 10" _ 2.:|:|3— —
.P;'.' ;‘?e.mw‘-
0 th
= =
2 2
0. Illl ITWan Il [ I|| 1 |.. |IIJ M ool 4 L | ! I]la.lln.lu
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miz miz

Fig. 2 Mass resolution of five-plex isotopically labeled peptides. MS
spectra of Lys-C digested peptides with different charge states (+1, +2,
+3and +4) (1:1:1:1:1 ratio).

Wu et al., Chem. Commun. 2014
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Quantitation
1ITRA
l Q iTRAQ™ Reagents
w DI I B -

16 18

115

@ isobaricke znacky (4, 8), pfednostné na Lys
@ oznacen¢ vzorky pii LC separaci a v MS stejné chovani
@ kvantifikace na zaklad¢ reporterovych iontli po MS/MS

|_|'|-'-_— il -l-'l--4.|--|-l-"I:I-"III.1E...'-.II 1:1:1:1

o
-
F

118
118
117

[11e 30 ]Pre+ pEPTIGE.

HPEPTIDE..
MEEPFTIDE. .

'-"'-IG+ FEPTIDE... AL

1na wlam .4 F] Tma
- / -Reponer-Balance-Peptide INTACT Fopfide fragmants EQUAL
N7H 38 |PRG+ PEPTIDE - 4 gamples identical mv - Reporter wns DIFFERENT

Applied Biosystems/Sciex



Applied Biosystems/Sciex

iTRAQ

Control sample

Test sample

!

!

Reduce, cysteine block,
and digest

Reduce, cysteine block,

!

and digest

Label with an
iTRACQ™ Reagent

Label with a different
iTRAQ™ Reagent

Combine the iTRAQ) Reagent-labeled
control and test sample digests into
one sample mixture

Clean up or (optionally) perform high-
resolution fractionation

Analyze the mixture by LC/MS/MS for
protein identification and quantitation

e .
e b E B B EER

1110

112.8

=
-
—

114.8 116.4
Mass (mJz)

C7250

1:5:2:10 Mixture

118.2

ERIE

120.0



C7250
iTRAQ
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C7250
iTRAQ

A = 1141

. ILESHDVIVPPEVR (m/z 1747.01)
) 151
] : 1 181
R }#
..: bE !'ibg bid T'H n |
I- 147T 1844

Masa (miz) !

B. 114.1 Spiked
Internal Standard
115.1 /
116.1
¥
1174
|
[
"LM lL—-f"J I Jl'h. .
1180 1138 1162 1188 11684 1200
Mass (miz)

Figure 8. Identification and Quantitation of iTRAG™ Reagent labeled peptide, ILESHOVIVPPEVR, from Carbamoyl-
phosphate synthetase, which is up-regulated in both Xm1A and UpflA mutants. Nustrated in panel A is the TOF MS
spectrum and the reporter ion region is expanded in panel B. The diagnostic reporter ions of 114.1, 1151, and 116.1 are
thosa for the Xrn1A, UpflA and wild-type 5 ceravisiae strains, respectively. The 117.1 peak is from a specific amount of
spiked-in synthetic peptide idenpently labelad with the iTRAQ Beagent 117,

Applied Biosystems/Sciex



TMT znaéky HR

Tandem Mass Tags

CELL CULTURE OR TISSUE

Proteins for TMT-based quantitation EXTRACTION OF PROTEINS \
analyses come from a variety of Proteins are extracted and g
sources and 2-6 samples can be denatured. \
compared in a single analysis.

i

ey

GENERATION OF PEPTIDES \Q\E{ \_,/"'E
COMBINE PEPTIDES Proteins are reduced, k‘_ﬁ’."f-- )

alkylated, and digested

Peptides are combined for simulta- EA5 peptides:

neous MS analysis. Peptides are, in 2
some cases, fractionated to reduce
complexity. o

TAGGING OF PEPTIDES

Peptides are reacted with
isobaric TMT reagents.

AUTOMATED DATA ANALYSIS

Proteins are identified using HCD
fragmentation spectra. Quantitation is

ANALYSIS BY LC-MS/MS performed at the MS/MS-level by
Intact peptides are analyzed by comparing the intensities of the TMT
LC-MS/MS on Orbitrap-based reporter ions. T

mass spectrometers. = PD

‘J\

from http.//planetorbitrap.com



TMT C7250

B. TMT10plex Reagents (TMT10)

: 126 Q‘:iﬁf.\irp
* Isobarické znacky (az 16-plex) . 0
e MS/MS 0 0 2 0 0 :
aN KN A e A, N (r\r(,”\,qz\)k N/ 12e
127 (r\’/ X 0 bﬂ f 0 ?

TMT Reagent Generic Chemical Structure 0 0 ¢ : ] 0 ‘
s===HCD a 128N 'N\;)\N/.\-/!\D.-"I N\/y\;q/.\)\a,w 128C
0 0 H 0 - H |
QJ:-':JLNA\)\U’D : 0 : 0
' H
ETO 0 D 0 0 ] !
S 120N 'H\JLNA\_)\ﬂ,D \)L,\,J\\Q se
Mass Mass  NH; Reactive k 0 H 0

Reporter  MNormalizer  Group

lysine labeling 3y q\im/\iup q\iw’\iﬂb 130
a H 0 ’ " 0

.- 0
0 0
13 Q’I)\N/\/J\G;D
H
» Cysteine-reactive mass tags (6-plex) <

quantitation of the relative abundance of cysteine modifications, such as S-
nitrosylation, oxidation and disulfide bonds

* Carbonyl-reactive mass tags (6-plex)
glycan, steroids, or oxidized proteins quantification Thermo Fischer Scientific
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Treat
Sample 2 Samples

& Isolate
Sample 3 @ Proteins
Sample 4 e
Sample 5 @
Sample 6§ Cmme=)
Sample 7
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Sample 9
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Reduce,
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Tryphic
Digest

Label
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C7250

Combing Fracuonate,
— % Clean Up,
Parform
\ LC-MS/MS
Analysis

Data Analysis &
Quantitation
using Proteome

Discoverer Software

Thermo Fischer Scientific



C7250
T™T

- MS Selection MS/MS Quantitation
1 . o o
NC NG
o0 o0
NC NC
oa oo
J._ ]
l VR o i |FE T s (R12 m'lrz
T Tio . T w T T
mz
131.1381
1261277 "
100 5
a5 3
oy 3 1271246 130.1409
Reagents contain different numbers and 127.1308 _t
combinations of 13C and 15N isotopes in the mass g ™
reporter. The different isotopes result in a 10-plex set B 1284281 129.1876
of tags that have mass differences in the reporter that < = e -
can be detected using high resolution Orbitrap MS £ » T |
instruments. iy
20 g
et \ |
l312..'3.“\ 12‘Iﬁ.l'\l I‘Z:ﬁﬁ 12'?n 12‘75 12:5.I'.| 1285 12a.0 129.5 1!\:3!1 130, 131.0 13‘1.5

Thermo Fischer Scientific



EASI-tag S

Easily Abstractable Sulfoxide-based Isobaric tag

a b 531.7304
o 100 BE MS
- 8 80 5322414
&80 z=2 232.74189

( 0 ! 0 i % 2D AA

5316 S531.8 5320 5322 5324 5326 5328
Peptide-coupled

O e 0 100 reporter ions LRy ioh MS/MS
0 M 0
N 5 N N
I H
O o o
0
o 200 300 400 500 600 700 800
o j{\* . o 2 462'393 531.7393
\v (=3t N * \N gigg z=2
" H
O 0 0 E &0 453__‘22?5
o € 404 482725 %2
320 z=2
e 2 = 3 1) SOOI . KN — { AT
Meutralloss  MS-cleavable Equalizer  Amine-reactive 4626 4630 4634 46838 5318 532 7 532 6
group Site group group miz

(a) Molecular structures of the triplex version of EASI-tag. The isobaric labeling reagents are composed in a
modular way of four functional groups and feature a central sulfoxide moiety, which introduces an asymmetric,
low-energy cleavage site (zig-zag lines indicate fragmentation site). The stable-isotope labeled positions of the
neutral loss and equalizer group for multiplexing are indicated by asterisks. Standard labeling protocols can be
applied to couple peptides via the amine-reactive moiety.

(b) Mass spectra of an EASI-tag-labeled yeast peptide mixed in a ratio of 1:3:10. HCD fragmentation of the doubly
charged precursor ion abstracts the neutral loss group and yields the peptide-coupled reporter ion cluster.

bioRxiv preprint first posted online Nov. 27, 2017, doi: http.//dx.doi.org/10.1101/225649



Abundance

Abundance

EASI-tag S

Easily Abstractable Sulfoxide-based Isobaric tag

MS

14 Th

Isolation
window

~

08Th
—

0. h offset

Lo ]
o0
T-—I

Isolation
window

Lo

Abundance

Abundance

210.2323
MS/MS 100 2=2
@ measured ratio
e 80 1:36:14
T B0 508 750 o 500, 7302
é 40 z=1 = -y z=2_.__. _
20 _. 508 A‘ .
1 Nl a
D 1 1 1 I 1 1 L L] ) L] | | | I 'r L] L I I I 1 1
508.8 509.2 5096 5100 5104
e miz
Emn- T e
5 801 o
: % 607 | "1  EASl-tag-zero
I "_E 20 u TMTzero
| | - | T |
| i x & H |
' o Fultet-oswB A
ik 0 10 12 14 16 18 20 22 24 26 28 30 32 34

MNCE

(¢) Co-isolation of the natural isotope cluster in a standard isolation window centered on the precursor ion (upper
panel) convolutes the relative abundance of peptide coupled reporter ions. An asymmetric isolation window (lower
panel) that suppresses the signal from adjacent isotope peaks and enables direct quantification of reporter ions.

(d) The precursor mass information is retained in the peptide-coupled reporter ions for EASI-tag labeled peptides.
Colored peaks indicate the peptide-coupled reporter ions from an identified yeast peptide in a two proteome
experiment (mixing ratios: 1:3:10 for yeast & 1:1:1 for human). Grey peaks are peptide-coupled reporter ions from a

co-isolated peptide.

(e) EASI-tag- and TMT-labeled HeLa peptides were fragmented with normalized collision energies between 10 and
34. (N = 17,565 precursors for EASI-tag & 20,610 for TMT)

bioRxiv preprint first posted online Nov. 27, 2017, doi: http.//dx.doi.org/10.1101/225649
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C7250
Label — free pristup

* bez znacek
» vzorky métfeny jednotlivé
* moznost srovnani ,,neomezen¢ho* poctu vzorkl

Identifikace na zdkladé MS/MS dat, pfifazeni identity jednotlivym signalim

' vypocet poméra

‘ . normalizace ) g -
] T imputace chybgjicich hodnot jednotlivych proteini
' mezi vzorky
LC-MS/MS odstranéni Sumu
detekce piki/adoli l
vypocet intenzity/plochy statistické testovani
jednotlivych pikl
]
signifikantni zmény
V proteomu
kriticke kroky:

* normalizace dat
* 1mputace chybéjicich hodnot (DIA — redukce poc¢tu chybéjicich hodnot)
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Label — free pristup

Volcano plot with selected categories

visualization thresholds: logFC 1, P 0.01
|
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C7250
Absolutni kvantifikace AQUA

VPOVSTPTLVEVSR

> AQUA Peptide Selection Select an optimal tryptic peptide and stable
isotope amino acid from the sequence of %@Q@\/
your protein of interest
> Order selected peptidy Optimize LC-MS/MS separation protocol
labeled (15N, 13C) for quantitation e
» Adding labeled peptide to protein b
mix

> Digest
> Analyze by LC-MS/MS to quantitate ‘
protein of interest

jen pro vybrany protein |




Absolutni kvantifikace

C7250

AQUA peptidy

syntéza
izotopicky oznacenych
proteotypickych peptidul

pfidani znamého mnozstvi
do vzorku

digesce

MS analyza

QconCAT

konstrukce umélého genu
sloZzeného z

proteotypickych peptidi az
20 proteinu

exprese v E.coli na
znaceném mediu

purifikace umélého proteinu

pridani znamého mnozstvi
do vzorku

digesce

MS analyza

PSAQ

exprese
izotopicky oznaceného
proteinu (s tagem pro
purifikaci)
purifikace proteinu

pfidani znamého mnozstvi
do vzorku

digesce

MS analyza

Rivers at al., MCP 6, 1416 (2007)

Brun et al., MCP 6, 2139 (2007)




C7250

Absolutni kvantifikace
Stable Isotope Standards and Capture by Anti-Peptide Antibodies
(SISCAPA)

Irmmuncalfinity depletion (s-12
highast abundant protains) [ref 64, 65)

{ref 44,55,9¢)

Immunaaffinity depletion « 51 SCAFR

fractionation (ref 65)

Immaunaaffinity depletion « %X

Table 1. Plasma Protein Targets

pe/mil

4= targeted proteing (ref 111)

Swiss-Prot  protein normal range
accession  mass concentration
protein identity no. (daltons) in human serum
interleukin-6 (IL-6) P05231 23718 <10 pg/mL
hemopexin (hx) P02790 51 676 0.5—1.15 mg/mL
o —antichymotrypsin (AAC) PO1011 47 650 0.3—-0.6 mg/mL

tumor necrosis factor-o. (TNF-or) P01375

25 644 <10 pg/mL

._l Direct anabysts (ref 64)

Immunoaffinity enrichment of

4 | N-glycopeptide enrichment

{ref 53)

S. Pan, J. Proteome Res., 8, 787 (2009)

N.L. Anderson, J. Proteome Res., 3, 235 (2004)
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Cilena MS/MS analyza vybranych proteinu
relativni /absolutni kvantifikace
multiple reaction monitoring (MRM)

screening — vybér kandidatniho proteinu

In-solution
digestion

c-“h\%) W

LC-MS/MS — MRM mode

v

-3

Protein mixture

Q1

Peptides

Q2

Q3

(

] |

J

(

5
RN

/' 'v “v'

.ﬁ‘— [ v v

\U‘: _,.

Intensity

] [

J

(

Peptide
Selection

Fragmentation

Fragment
Selection

http://www.srmatlas.org



C7250
Multiplex Immuno-Liquid Chromatography—Mass Spectrometry—

Parallel Reaction Monitoring (LC—MS—PRM)
Quantitation of immune markers CD8A, CD4, LAG3, PD1, PD-L1, and PD-L2
in Frozen Human Tissues

H/L
Yintercept | -0.003547
Slope 0.2994

1 10 100
LAG3 (ng/mg protein)

MW (kDa) monitored peptide parent m/z fragment m/z HCD energy LLOQ (ng/mg total protein)

57.4 FVWSSLDTPSQR 711.85 990.48 (y9), 588.31 (yS) 23

Zhang et al., J. Proteome Res. 2018, 17, 3932—3940



C7250
Accurate MS-based Rab10 Phosphorylation Stoichiometry

Karayel et al., Mol Cell Proteomics (2020) 19(9) 1546—1560

assay to measure increased phospho Rab levels using synthetic stable isotope-labeled analogues for both
phosphorylated and non-phosphorylated tryptic peptides surrounding Rab10-Thr73
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Limit of detection (LOD) of SIL Rab10-pThr73 tryptic peptide (FHpTITTSY YR) with various acquisition methods; full MS, SIM, mxSIM and PRM.



Air Out Airin H 4 :
Absolute Quantification of over 1800 C7250
—— Yeast Proteins
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Fic. 1. Schematic overview of QconCAT-based quantification of the yeast proteome using SIL-SRM methodology. The experimental
workflow is depicted in schematic form, showing how chemostat grown yeast samples are extracted, using four biological replicates, for
analysis. These samples were combined with designer QconCAT proteins, containing surrogate quantotypic peptides, expressed in a
stable-isotope labeled media. SRM assays, designed using a digest of the expressed QconCATs to generate Q-peptides, were then used to
quantify the parent proteins. Mixtures of purified QconCAT and yeast proteins were mixed at four concentrations (one of which contained yeast
but no QconCAT) and analyzed by SRM-MS to yield SRM chromatogram peak groups for both light (endogenous yeast) and heavy (Q-)
peptides. Subsequent quality control by signal:noise cutoffs and mProphet FDR (estimated from decoy transitions) yielded peptide-level copies
per cell values, which were then integrated to the protein level for a final quantification. Lawless C., MCP 15, 1309—1322, 2016.
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