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Applications of Quantitative Proteomics

Qualitative protein identification is NOT sufficient to describe a biological system

Detecting changes in proteomes

in space: cellular and tissue localization
in time: signaling cascades or turnover
sample perturbations:

«Comparison of normal and diseased tissue samples
Biomarker discovery
*Drug development
*Diagnostics
*Gene knockdowns or over expression
Inhibitors: eg antibodies or siRNA
«Growth factors/hormones

«Cell-cell interactions

*Drug treatment



Quantitative Proteomics Methodologies

2D gel electrophoresis

silver stain

Fluorescence Difference Gel Electrophoresis
Pro-Q Diamond

2,4-dinitrophenylhydrazine
Protein expression array analysis

Global epitope tagging

(Nature2003v425p737)

MS-based quantification methods

« Quantification

« H/D exchange — protein surface mapping
* Proteomics dynamics



Basic Classifications of MS Based Quantification

LCMSMS
Quantification
Stable Isotope Label-free
Labeling methods
Metabolic Survey MS]

SILAC Intensity based
In-vitro Spectral
1 TRAQ MRM counting




Label Free Quantification



Label Free Quantification
Spectral Counting

*Spectral counts (# of MSMS from a Protein) correlate with protein abundance well
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*Spectral counting dynamic range (single runs) is about two orders of magnitude

10 repeated analysis can reach 95% saturation level
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Label Free Quantification
Spectral Counting
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Label Free Quantification
Spectral Counting - Formula

Rsc: log2(protein ratio) measured from spectral counts
(MCP2005v4p1487)

Rsc = logs[(no + F)/(ny + )] + logo[(ty — ny + )/ (ts — no + 1)]

n,, n, - spectral counts for sample 1 and 2
t,, t, —total spectral count (sampling depth) for samples 1 and 2
f — correction factor 0.5 (Bioinformatics2004v20pi31)

NSAF: normalized spectral abundance factor
(PNAS2006v103p18928)

(SpC/L),

N .
D, (SpC/L),

SpC: total number of tandem MS spectra matching peptides from protein
L: protein length

(NSpC) k=



Label Free Quantification
Extracted lon Chromatogram Based Methods

In-Vitro Phosphorylation of BZR1 by BIN2 Kinase

E. coli expressed MBP-BZR1 as substrate

E. coli expressed GST-Bin2 as kinase

Phospho sample: BZR1+Bin2+ATP
Control sample: BZR1+Bin2

Goal: Estimate Stoichiometry of PTMs




Label Free Quantification
Extracted lon Chromatogram Based Methods
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Phospho Sample

Label Free Quantification

Extracted lon Chromatogram Based Methods

Control Sample
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m/z

Label Free Quantification

Extracted lon Chromatogram Based Methods

Phosphopeptides
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Label Free Quantification
Extracted lon Chromatogram Based Methods

Extracted lon Chromatogram and Integration

*Non-constant sampling rate

*Noisy signal m/z = 1225.63, z=4

*Initial peak parameters
Control Phospho
Ret. Time 40.85 40.81
(min)
100 | Peak Height 5.67X10% 1.86X10%
| : Peak Area | 2.26X10* | 7.14X103
i (min)
4 | .
Peak Width 0.319 0.346
3 |7 (min)
2 N R? 0.982 0.923
1 ";
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Label Free Quantification
Extracted lon Chromatogram Based Methods

LC Alignment of base-peak chromatograms:
*Dynamic Time Wrapping (similarity in chromatograms)
‘Use “landmark” ions (needs MSMS info)
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Phospho

Logl0(selected ion chromatogram peak area)
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Label Free Quantification

Extracted lon Chromatogram Based Methods

Stoichiometry of PTMs

7’1 peptide 10n pairs
Std Dev = 11.4%
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In vitro Phosphorylation
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Phospho

Logl0(selected ion chromatogram peak area)

Label Free Quantification
Extracted lon Chromatogram Based Methods

Stozchzometry of PTMs
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In Vltro Phosphorylation: BZR1 ARATH
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Stoichiometry of PTMs

User Interface
- Scatter Plot, Extracted IC, Peptide ID Page

File Edit View Inset Tools Window Help File Edit View Insert Tools Window Help
lpDsda xa 2/ 2po DEE&E& YA A/ 22D
L]
x 10
2.5 T T T T T
y=0.95359% +0 27388 : 29HQFHTPATIPECDESDSSTVDSGHWISFQK258 .
. 07QSMASFNYPFYAVSAPASPTHR228| | ol i
651 . I
Peak Area |
F6072106/F6072108/Q8S307 [ 15¢ 7
6f . Il
|
{JOISNSCPVTPPVSSPTSK18 | 1r 1
K5 _ |l
e JGEPNNNMSSTFFPFLR]ST++ | ol |
2 QEVTPYSSQNOSPLSSAFQSPIPS Q\.-'SPSS.»:: j
II r i L e e
X207QSM(0)ASFNYPFYAVSAPASPTHR228 4+ | s 36 37 33 39 40 41
450 [ M42GEPNNNM(0)SSTFFPFLR167++ - |
23HQFHTPATIPECDESDSSTVDSGHWISFUKZ258+++ i E- Mascot Search Results: Peptide View - Mozilla Firefox
al 17IHDVGM(o)EDLELTLGNGK333++ i || File Edit View History Bookmarks Tools Help
| - f/:I http:// F?_v-i vu Google R
ﬂf;FAQQQPFSASM\JPTSPTFNLVKPAPQQMSPNTAAFQHGQSSEFsz_ c a = 1o - JClo| ocos |
3_5 1 1 1 1 1 1
35 4 45 5 55 6 65 7 .
MATRIX &
{scizvess WMlascot Search Results =
e ———
s T — e
, — , Peptide View
File Edit View Web Window Help
D@ | & B2 @ o« | 8| ? |cumentDirectory:] MS/MS Fragmentation of QSMASFNYPFYAVSAPASPTHR
Workspace o | x|| [Eommena naew Found in BZR1 ARATH, (Q8S307) BRASSINAZOLE-RESISTANT 1 protein (BIN2
| SUBSTRATE 2 protein)
Current Directory A x| 0.5630 =
ﬁJ }_I Command History — cuyl | 4 « | 1 ’ '
E&d}' Done

17




Stoichiometry of PTMs

BRASSINAZOLE-RESISTANT 1 protein (BZR1)

10 20

Extent of Phosphorylation
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S, T, and Y are conformed assignments
in this experiment
and = are tentative assignment
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Label Free Quantification
Extracted lon Chromatogram Based Methods

Data Processing Workflow

[ Peak Extract } [ Integration }

A 4

Survey Scans

.Raw File

R IDed
| M52 Scans | Ton Chrom.
| Peptide/ | Quantitation
Protein ID Results
DataBase A[R C , }
Search un Comparison
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JProteomeRes2008v7p51
Proteomics2008v8p731

Label Free Quantification
Extracted lon Chromatogram Based Methods

Table 1. Overview of LC-MS alignment software for proteomics solutions

Software Supplier { Databasze/ availability Functionality — website reference
name author environment
PLGS IdentityE Waters Corp PLGS commercial £ hibarsl Dt /e waters. com/ [15, 16, B8,
Expression 4]
Infermatics
SIEVE Thermo Scientific  BioWorks commercial  phyvbars.l http: www.the mo.c om/
DeCyderMs GE Healthcare commercial  fhibyvars!  hitpiwww.gelifesciences.com/ [50]
Rosetta Elucidator Rosetta Biosoft- commercial ~ fhibyvarsl  http/www.rosettabio.com/products/elucidator/default htm
ware
MS-Xelerator MaMetrix commercial — fLibars, Dt/ n smetric. com
MassView surroMed custom flibarsl [61-63]
MetAlign WUR free foracad. plbas www.metalign.wur.nl [33]
MzMine VTT Finland open source  fhyar http:imzmine sourceforge.netindex shtm [42,43]
MSight sle open source  fhiv.(al hittp:/fwnwnw, expasy.org/MSight! [64]
MS Inspect CPL {Fhere) CPAS open source  fhyvarild) http://protecmicsfherc.or/CPL/msins pe ct.html [41, 65]
Spechrray ISE /SPC TRP open source  fhivars hitp:/'tools.protecmecenter.org/Spechray.php [44]
PePPer BROAD MIT Genepattem  open source  h.ars) http:ffwww. broad.mit.edu/cancersoftware/genepattem/dese/  [60, 6]
proteamics. html
VIPER PNHL PRISM open source  fhibyarsld  hitpiherpol.govisoftware [57, 67]
OpeaMs Berlin Saarland  TOPP open source  (fhibvarsld waww.openis. de [68-70]
Tubingen Univ.
SuperHirn IMSE 2ETH Corra open source  fibvars hitp:/‘tools.protecmecenter.org/SuperHim.php [53]
CPM {continows Listgarten/Emili ~ MatLab free for acad. l,a Dttt o toronto edul~jenn/GR Y [62]
profile modals)
Xalign Purdue Univ Xmass upon request ifhlias Zhanglot&Epyrdue edy [71]
Fischer etal. ETH not described h.a bttoetpecple inf ethes, ch hefischal [48]
CRAWDAD Washington Univ upon request  fliars.).d Littpeprote ome, gs washingtonedu/software'c rawdad
CHAMS Inst Pasteur, Paris web server  has Dot pasteyrfrrecherchefynites Biolsvs/chamsindechtm [51, 72]
OB WARP Univ. Texas open source  a,rl Ditpeibicinformaticsjcmb utexas e du/obi-warp' [73]
LCMSWARP PRINL PRISM open source  h.a http:/iincrrpnl.gov/sof tware [74]
LCMS2D Albert Einstein huttocfwey o gecom vy edulabsan gellab) 75, T6]
College of
Medicine
PETAL CPL (Fhore) CPAS DpEen soOUrce 4 http:/peiwang.fhere.ong/research-project.itml [77.78]

p'f: peak/feature detection; h/l: high/low resolution; i: de-isotoping; b: batch processing; v: LCMS 2-D visualization; a: alignment; r: result
visualization; s: statistical analysis; I: link MS to MS/MS; d: results database
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Label Free Quantification
Extracted lon Chromatogram Based Method - OpenMS

/ i~ Isotope distribution modeling: wavelet
s |/ ARVARNE
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$ / L . Applicaton
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' File and DB Visualization Data Analysis
g / e | input/output reduction  algorithms
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S/ CGAL || GSL :Xerces! Qt |llibSVYM
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BMCBioinformatics2008v9p163



Label Free Quantification
Extracted lon Chromatogram Based Method

Experimental

Consistency in sample collection and processing
LC and MS stability

Replicate analysis
JProteomeRes2006v5p277

Data Prcessing

*Data format
-Data visualization
*Normalization
Mass recalibration
LC retention time alignment
Abundance normalization
-Data quality assessment
*Result analysis
Difference detection
Multivariate analysis

T
-8 -4 2 o] 2 4 G 4 2 0 2 4

Log(Peptide abundance)

Log(Replicate peptide ratio)
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Stable Isotope Labeling

23



Proteomics2008v8p4873

Experimental Strategies

Introduction of Controls in Stable Isotope Labeling

Cells or
tissue

Purificationor +
fractionation 1

Protein

Peptides

MS
sample

Spiked peptides

ot
, S —
EEPS.

(QconCAT:
Spiked Q-proteins)

Chemical modification

PR ——— | hamceas

1===1

| |

1===1

Metabolic labeling
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Absolute Quantification (AQUA) with Internal Standard Peptides

PNAS2003v100p6940

Stage 1: AQUA peptide development
o

(— Protein Quantification Phosphoprotein Quantification
H,
M@on
. S IS e e il 3
ﬂTﬂ ! — “IP"’. w“m —_ H{p&]IEIUI ]
[Assr.. | — 'f """“" ‘:: - ...mps::a-n-.. I
L —ee Ll
. ...L-J “I ll Jl - .ll-h - JﬁlJ b JJI ll 1. - _1.
m/'z miz
l — LC-SRM — l
K Time Time
( Biological sample = —
s 3
SDS-PAGE
Cell lysate (protein) !m*
Trypsinize |
Cell lysate (peptides) (=
LC-SRM / Absolute Cuantifiation:
g PITIaeS.  = (Phosphopeptide,,,.)/
g | Prosnopepuce 1s _...A | (Phosphopeptide 1S,,)
i S Peptde  (Peptidesuc)i(Peptide IS uc)
\\ - Paptide 1S5
Chromatographic Retention Time
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QconCAT

Tryptic standard peptides from artificial proteins

a — b fm':s:fd
— Bl M

B—
.
=

_— g g “ QCAT protein
—‘ Artificial protein
[N N BN B DN ‘."1- COntalnlng

Assembly of signature O peplides into QCAT protein

2 concatenated tryptic Q peptides

T3 iS-
o 17 and his-tag
o f H b P K FC TR U JC # o9 @
S & «‘Dﬁ@ & @h@@ & @‘b ST e & S ST

T1TTB T4 Ts Ta Tr Ta Te TI0oTI1 Ti2 Ti3 Ti4 Ti5 Ti6 TI7 T8 T Tao T Tz TTE-!- Tas
T2

T23
To T
1,381.78 1,790.84
3,
Tig
T& 1,749.76
1,282.75 Too
Ts 1,824.94
117771 125 TI7
1,408.70 176800 a T19
T1z2 1,804.88
1,442 69

1,000 1050 1100 1,450 1200 1250 1,300 1,350 1400 1450 1,500 1,550 1600 1,650 1700 1,750 1,800 1,850 1,800 1950

NatMethods2005v2p587
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Stable Isotope Chemical Labeling

'TJHz ii
C|3H2 : (T':OOH
N terminus ?Hz ‘?’H (|3H2 C terminus
) | H ?Hz ?HEO (-l‘sz
i, iil.
HQN—C H N—C H N—C N—C—COOH
H H H H H H

i. Sulfhydryl group—directed (cysteine)
ii. Amine-directed (amino terminus and e-amino group of lysine)
iii. Carboxyl-directed (carboxyl terminus, aspartic and glutamic acid)
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stable isotope chemical labeling
dimethyl labeling of e-amine

«Can be performed (a) in-solution, (b) online with LC-MS or (c) on-column(SepPak)
2 carbons and 6 hydrogens for labeling — in principle
«Quantification in MS or survey scan level

jl\
H ZCHE ¢ ¢ #
R—NH, ——— FI—I'\I\ b
NEIBHECN CHS LN-LGEYGFQNALIVR H,N-TCVADESHAGCEK
Amyz = 2.01 Amz=4.03 AmzZz=4.02
756.43 760.33
O 100 5 768.28
)]\ 754.42 | 7eg 44 90 4 764.36
,CHD, 3 80-
R—NH, ————— R—N_ g 70-
NEBHECN CHDE 5 60 -
O 50+
0 2 40+
Il = 30+
13
,C. 13 & 20-
© D e o L M|
R—NH, — > Rp—N | p 0 li |, I
NaBD.CMN . T 1 1 1 = e
3 3c Da 754 Th6 758 760 760 65 770
mz m/z

NatProtocol2009v4p484 28



*Perform in dry condition (sample, glassware, etc)

stable isotope chemical labeling

Methyl esterification of carboxyl groups

if a peptide has 10 Es or Ds and single site labeling efficiency is 99%,
only 90% of peptide is fully labeled

*Help to increase charge states (better sensitivity)

decrease acidic groups (better fragmentation)

improve phosphopeptide enrichment

*Quantification in MS or survey scan level

V4
—c\/ N CH,0H
OH
O
V4
_C\ + CD3OH
OH

JProteomeRes2009v8p1431

—

_>

OCHj

OCDj

63,79

TRIpSICPSLR

30 Eamu

LS Tt

64,30

—

G06%1

67,31

G450

— il TH2
A5 30
[

G832

(Charge state) x (Mass difference)

= number of modilicalions

3

[2h % (3}
= I madifications

1
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Isotope coded affinity tag (ICAT)

Purify peptides by streptavidin beads
*Only labels cysteines

*The tag is too large for MS

*Difficult to elude peptides

. Heavy reagent: do-ICAT (X=deuterium)
|CAT Reagents: 8
e Light reagent: dj-ICAT  (X=hydrogen)

|
HN N NH
X
H X X 0 H
O O

S Nx/N\}/ ~ o7 \H\/N\H/\I

X X

@) X X @)
Affinity group Labeled linker Reactive group

Current Opinion in Biotechnology

CurOpinionBiotechnol2000v11p396
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Isotope coded affinity tag (ICAT)

227 (236) amu

Affinity Tag , _
(Biotin) Acid Cleavage Site (C1oH17N303) [

Isotope Coded Tag

Heavy: 9 x 13C (236 amu)
Light: 9 x 12C (227 amu)

*Acid cleavable linker facilitates release
*Heavy and light carbon allows for co-eluting peptides
*The structure is not disclosed

Early usage: AnalChem2006v78p4543
http://www.absciex.com/LITERATURE/cms_040324.pdf
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metal-coded affinity tag (MeCAT)

e . - 0]
()}_\N/_\E/b@rm\ﬂ/\/b
-Labeling group: cysteines E”\_M/ 0 0

O
-Metals used: 159Tb 165Ho 169Tm and 175Lu j}j
9] H

*Detection limit: 100amole | L
| Il 1|

metal coding spacer thiol-specific labeling
LABELING MIXING SEPARATION ABSOLUTE-QUANTIFICATION / IDENTIFICATION
é“‘ FIA/ICP MS
& 100 —
> S : : ] H—
& M1-MeCAT = Dissolving mie-
“H - H L
— i
. & I SDS-PAGE/2D-PAGE . ;A'\i ¢ (min]
& & & ;
& ¥ 0 5
3 M2-MeCAT & &
B > LC/ESI MALDI MSn
Proteolysis mp»

-~ . &
100 '\_/3_,1%' NH,-CDEWQ-COOH
'C‘f?-

I‘ l‘||| tll | ‘II m]l'z
0 200 300 400 500

MCP2007v6p1907 32




Isobaric Tags for Relative and Absolute Quantitation (iTRAQ)

r N\

Isobaric Tag
Total mass = 145
A N Amine specific peptide
Reporter Group mass 1 reactive group (NHS)
114 -117 (Retains Charge) 1 o

|

I

|

A
| 0\ H
(\N N K\N/\[( "\ PEPTIDE
N\) ° N\) ©

Sy -

Balance Group
Mass 31-28 (Neutral loss)

\

114 NHS + PEPTIDE )

b
115 NHS + PEPTIDE | Mix NH'FEPTIDE MS/MS
30 |-.NH-PEPTIDE plelelT!ilplE
>—' m -NH-PEPTIDE—>
MS -NH-PEPTIDE &

116 29 [ NHS + PEPTIDE

Reporter-Balance-Peptide INTACT -Peptide fragments EQUAL
- 4 samples identical m/z -Reporter ions DIFFERENT

17 m NHS + PEPTIDE J

MolCelProteomics2004v3p1154
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Isobaric Tags for Relative and Absolute Quantitation (iTRAQ)

Sl

113

Isobaric Tag
Total mass = 305
A
': N
| ] O
[ N I
| i
| q
:/N . '\N Amine specific peptide
I I [ reactive group (NHS)
I Reporter Group 1
I Mass 113 -121 I Balance Group!
| (Retains Charge) 1 Mass 192-184 ,
Skip 120 ! skip185
N NP )06
Y Y
13": 13.;_; 13¢
j [ j 130 13(; ] 13(; ] 150 CHMN"HSC
e 13(3 e 13 1! I
15” \HN \EN \HN C“Nﬁnj C\wm.-rmc
C C 13C 13.3 13;|3
114 115 116 117 118 119 121

MolCelProteomics2008v7p853 34



Tandem Mass Tag (TMT)

6 Channels
0
0 0
N\)I\ /\)l\
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H
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Mass Reporter | Mass Normalizer 0o
v
Cleavable Protein
Linker Reactive
Group

http://www.piercenet.com/Objects/View.cfm?type=Page&ID=B60171CD-5056-8A76-4E36-958F5C186495#tmtstruct 35



MS Instrumentation

for iITRAQ

ITRAQ was initially introduced on Q-TOF type instruments

*MS3 in ion traps

(http://www.thermo.com/eThermo/CMA/PDFs/Various/File_27402.pdf)

-PQD for detecting fragment ions on ion traps

(MCP2008v7p1702)

*HCD for detection on Orbitraps
LTQ Velos Oritrap

*ETD (or combined with CID) can

generate reporter ions
(AnalChem2009v8101693)

o

< <o

; N
I/\n 7 ] BALancE [7 Y
N i

" " P
IS0 JO
5 channels 0 channels 8 channels
10?'/1208 1 1?;/1Z 21

0.2 -

a=0, opérating line

“1/3 Rule”

\
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Jonathan Trinidad

Intensity (Counts)

200

ITRAQ

Both quantification and identification info is contained in MSMS

Peptide fragment ions contain isobaric tags
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Quantification with TMT

130.1409

126 1275 127.1309 128.1342 12.1376 =1 131 1380
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5
E||||||||||||||||||||||||||||||||||||||||||||||||||
124 125 126 127 128 129 130 131 132 133
miz
£91.4554
1 z=1
214 1181
=7 4592':'?125 1061 5634

E. Coli digest
Quantifiable peptides
*74% (40nQ)
*81% (80nQ)
Quantification Errors
«20% (40nQ)
*15% (80nQ)

Terry Zhang

‘ 2=l 11906075 1326732 16593857
1 _
|'I A I s | l l I I - M ' 2—_?‘ A 2:?

L L L L LU L L
1000 1200 1400 1600

miz

Mass Spectrometer: Thermo Scientific LTQ Orbitrap Velos
MS Resolution: 60000

MS2 Resolution: 7500

MS AGC target: 1e6

MS/MS AGC target: 5e4

Exclusion mass tolerance: 10 ppm

Injection Time FTMS/MS: 200 ms

Full MS mass range: 400—-1400 m/z

MS/MS Mass range: 100—2000 m/z

Isolation 1.2 Da

MS/MS Events: Full MS in Orbitrap followed by top ten data
dependent HCD MS/MS

CE for HCD: 45%
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Cell lysates
+/— inhibitor

Inhibitor concentration

4 4
Voo

NatBiotech2007v25p994

Targets Kinobead  Extraction,
+/— inhibitor binding elution,
digestion
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IiTRAQ

Quantification of Phosphorylation Levels
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Kinobeads: ~1000 kinase inhibitors

iTRAQ
labeling

iTRAQ-114 |

iTRAQ-115

iTRAQ-116

iTRAQ-117

(http://www.cellzome.com/files/kinobeads.pdf)
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iITRAQ
Phosphorylation Levels and Signaling Pathways

EGFR pathways: Different receptor level in U87MG glioblastoma cell lines

H SH

Serum Starve for 24h

N o
Cell Lysis
Protein Digestion Fold Change:
Sample Fractionation
x<1.00 H
iTRAQ labeling 1.00<x<1.50 @
+ 1.50<x<2.00 D
— _/ 200<x<3.00 O
g 3.00 < x 5|
Mix
Peptide IP & IMAC
? P v187
! T185 /Y187
LC MS/MS Y204
T202/Y204

Phosphopeptide ID
& Quantitation

PNAS2007v104p12867 40



Organel ks
factionation

Westemn blot

Trypsinization
and labeling

Poaling

MSMS
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NatProtocols2006v1p1778

Frincipal component 2

Knowen ER marker
Known Golgi marker

ITRAQ
localization of organelle proteins by isotope tagging (LOPIT)

Principal component analysis (PCA)

Reduction of dimensions

vacuolar membrane

mitochondria_plastids

PM

Principal component 1
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PNAS2007v104p12867
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Relative Quantitation
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Freeware: http://rana.lbl.gov/EisenSoftware.htm

Quantification
Data Analysis — Clustering Analysis
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MCP2008v7p684
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Proteolytic 80 Labeling

2'°0 Theoretical 1:3.3 mixture
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] .
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AnalChem2001v73p2836

Trypsin introduces a mixture of
one and two 180 incorporated
peptides

LysN incorporates a single 180 at
high pH

JProteomeRes2005v4p507
MCP2005v4p1550

Electrophoresis1996v17p945

HaN-R
9 e 9
R —C —NH-R +HO- L - R_C-0
. a

1
1
Lo W
# 18
o]

OH
i 1
18 ' \\
(8]

,
0 — H' B
R—C— OH |+ HO—

Figure 2. Mechanism of trypsin-catalyzed incorporation of '*O into
proteolytic fragments. One atom of '*0 is introduced by the reaction
leading to cleavage of the peptide bond. A second '*0O atom is intro-
duced by repeated binding/hydrolysis cycles with the proteolytic pep-
tide fragment as a pscudosubstrate.
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Metabolic Stable Isotope Labeling

A Stable Isotope Labeling with Amino Acids in Cell Culture
MCP2002v1p376
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Metabolic Stable Isotope Labeling
Stable Isotope Labeling by Amino Acids in Cell Culture (SILAC)

EGF (min) EGF (min)
) 1 10 ! "o 5 20 !
) ) ) Myosin regulatory light polypeptide 9 (GNFNYVEFTR)
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\ / - Lll.h -.|lJ‘L.Il .' ~ I._I _LllJll._"th.
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o 40 1 A0 4
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v g E‘
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l 15 - * 101
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g L g |,
1 -'"li"u"'u 1 ) J‘ IEim 1_1-*r'-.|*-r-l-ﬁ- M LA I
419 421 423 425 419 421 423 425
miz miz

NatBiotechnol2004v22p1139
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Multiple Reaction Monitoring(MRM)

Term coined by Cooks et al in 1978
(AnalChem1978v50p2017)

Used by pharmaceutical industry for years
Drug metabolites analysis

Performance improved by introduction of Qtrap instruments
(DDTtarget2004v3pS31)

Modern instruments have MRM dwell time of Smsec
Sensitivity of <1fmole
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Multiple Reaction Monitoring(MRM)

information-dependent acquisition (IDA) to MRM Transitions

¥ b
Total lon Chromatogram (TIC) iTRAQ ® GSTAENAEpPYLR i MS/MS
bE !
bﬁ
590.3 Y,
"4 lm % Yo
¢ Wy R W 58 100 300 500 700 900
y m/z
MS N 478.90 iITRAQ labels be Vs
11541
Precursor ion A 116.1 590.3
4783 47957 1141 — 660.3
479.?0 _— 6613
479 480 '
) A
g b oo 114 115|116 117 591 661
400 500 ., 600 700 ;
Parameters to build MRM Acquisition Method
Protein Peptide pY | Elution | Prec. | Frag. | CE | Time lon
Order lon lon V) (ms)
EGFR | GSTAENAEpYLR | 1173 15 4789 | 5903 | 27 30 b5
EGFR GSTAENAEpYLR | 1173 15 4789 | 6603 27 30 y4
EGFR | GSTAENAEpYLR | 1173 19 4789 | 1141 41 30 iTRAQ
EGFR | GSTAENAEpYLR | 1173 15 4789 | 1151 41 30 iTRAQ
EGFR | GSTAENAEpYLR | 1173 16 4789 | 1161 41 30 iTRAQ
EGFR | GSTAENAEpYLR | 1173 15 4789 | 1171 | 41 30 iTRAQ

PNAS2007v104p5860
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Multiple Reaction Monitoring(MRM)

Specificity of MRM Transitions — Fragment lon Coelution

a EGFR pY 1173 b N-WASP pY 256
1.1€6| 478.9 — 590.3 4.1e5| 478.9 — 590.3 6.0e3 697.9 — 715.3 |1.9e3 697.9 —715.3
bg ion bg ion by ion b4 ion
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2 min 16 min

2.0e4
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2.0e4

. 697.9— 117.1|56e3| | «  697.9 — 117.1
4 min 32 min

PNAS2007v104p5860
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Hydrogen/Deuterium Exchange
Study of High Order Protein Structures

Immature HIV Mature

Gag (55 kDa)
MA CA p2 NC pl1 p6

A.G. Marshall 49



Hydrogen/Deuterium Exchange
Study of High Order Protein Structures
D
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Hydrogen/Deuterium Exchange
Study of High Order Protein Structures

Peptic Peptides Cover 95% of CA Primary AA Sequence

1
PIVQNLQGQM VHQAISPRTL NAWVKVVEEK AFSPEVIPMF SALSEGATPQ

51
DLNTMLNTVG GHQAAMQMLK ETINEEAAEW DRLHPVHAGP IAPGQMREPR

101
GSDIAGTTST LQEQIGWMTH NPPIPVGEIY KRWIILGLNK IVRMYSPTSI

151
LDIRQGPKEP FRDYVDRFYK TLRAEQASQE VKNWMTETLL VQNANPDCKT

201 231
ILKALGPGAT LEEMMTACQG VGGPGHKARV L

A.G. Marshall
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A.G. Marshall

Hydrogen/Deuterium Exchange
Study of High Order Protein Structures

H/D Y169-L189
Exchange Assembled CA Monomer CA
Period (min)

0

843 846 849
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Hydrogen/Deuterium Exchange
Study of High Order Protein Structures

Centroid Bottom of Helix lll Protected upon Assembly
Mass CA

1498 \\\\
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A.G. Marshall



Hydrogen/Deuterium Exchange
Study of High Order Protein Structures

Helices VI and VII Not Protected upon Assembly
Centroid

Mass
1941 -

19397 O Assembled CA
1938 -
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1936 -
1935 -
1934 -

1 10 100 1000
Time (min)

A.G. Marshall



Hydrogen/Deuterium Exchange
Study of High Order Protein Structures

H/D by Topdown Analysis

AnalChem2009v81p7892
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Dynamic Proteomics
Study Protein Turnover on A Proteomic Scale

vy Amino acids
e T Degradation Synthesis Transcriptome
Influenced by:
Influenced by: _ [mMRNA]
Status of protein pool [Protein], Rate of initiation
Rate of elongation

Rate of commitment

Activity of degradative apparatus FunctionalGenomicsProteomics2005v3p382
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Dynamic SILAC

S=

Dynamic Proteomics
Experimental Strategies

medium changed to
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Dynamic Proteomics
Dynamic SILAC

Chicken fed with stable isotope labeled valine
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Dynamic Proteomics
SILAC Mouse
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Dynamic Proteomics
Water Labeling

incorporation of 2H or 180 into plasma albumin
by bolus injection
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Conclusions

Label free quantification was originated and is still driven by biomarker discovery
*Absolute quantification is possible with spiked-in or QconCAT calibrant peptides
*SILAC allows mixing at protein level

*iTRAQ has been widely used for studying signaling pathways

*Dynamics of a proteome can be probed by metabolic labeling
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