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Goals of Protein Profiling Core

 Improve and develop new protein profiling technologies to
identify proteins that play key roles and/or are biomarkers in
response to substance abuse

1. Use existing DIGE, MudPIT, ITRAQ, and SILAC pipelines
on larger number of samples.

o 2. Better Protein ldentification

« 3. More Accurate Protein Quantitation (replicates)

e 4. Faster Sample Turnaround

o 5. Verification of potential markers (Targeted Proteomics)



Discovery

Protein ID

& PTM

Phosphoprotein
Profiling

Al 'r: /\) i P
el A~ —’ Y

[ h
ITRAQ 2D-Protein SILAC
[ ICAT ][ DIGE }[ Separation
Quantitative I E—— — ‘
Proteomics : - ek B 1 - b
W | . : = [ |, ‘
(7] ] ' I
i’ﬂ ! ’ .‘H. L \ : % & e T = i~
MRM
Verification/ Targeted Proteomics
Validation e g
e il
Validation R i i e
Small Molecule & Bioanalytical
Med. Chem. MS Quantitation
' ' (small molecule)
Bioanalytical 20
Il
3) "
= x I




Growth of NIDA ITRAQ Protein Profiling Service
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ITRAQ® Reagents - 8plex
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ITRAQ® Reagents Workflow
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Workflow for ITRAQ Protein Profiling Analysis
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Yale Protein Expression Database (YPED):

Key Features

Web-based Client Built on Open-Source Platform
Web-based viewing of results

Data and Technology Integration

@' »J Data Upload from multiple technologies, integration of the
O results, enables data review

PR — Data Archive and Analysis

Intuitive Web interface for users to query, analyze and visualize
data

N : Allows comparison of results across samples

Public Repository and Data Preservation (Sept 2008)
+ W Stores and Exports data in industry standard format (MIAPE)
k - Chosen by Yale Digital Landscape as the best Yale scientific

database for development and beta testing

“YPED: a web-accessible database system for protein expression analysis.”
Shifman, M.A., Li, Y., Colangelo, C.M., Stone, K.L., Wu, T.L., Cheung, K.H., Miller, P.L., William
s, K.R. J Proteome Research 2007, 6(10), 4019-4024.



Postsynaptic Density (PSD)

Multi-protein complex organized into functional
assemblies

Site of synaptic plasticity

Receptor complexes localized by scaffold proteins, which
links to signaling molecules

Proteomic studies of the rodent PSD reveals diverse
classes of proteins (Li et al. 2004, Jordan et al.
2004, Yoshimura et al. 2002, Collins et al. 2005)

Large-scale changes to the PSD after drug exposure is
poorly studied




ITRAQ Workflow for Rat Brain PSD samples

Saline-treated Exposed: 30 mg/kg cocaine

Cortex Striatum Hippocampus Cortex Striatum Hippocampus

ITRAQ Analysis



ITrag Summary of PSD analysis

e Cortical PSD:

— 323 proteins identified
— 29 proteins l 63 proteinsT

e Striatal PSD:

— 560 proteins identified

— 57 proteins l 67 proteinsT
e Hippocampal PSD:

— 580 proteins identified
— 33 proteins l 45 proteinsT

Cortical Hippocampal

Striatal



YPED Data Results 8-plex ITRAQ on Cortical, Striatal, and

[& MRAGEplex Resuis - Mozl Firciox W o e 1

Hippocampal PSD from naive rats
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* Ippocampus
Total Sample ug 20765 pp p 1744
Info
Sample labeled ug 50 4119 Al113 50
Tissue Brain 409 Cortex Brain
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ITRAQ ProteinPilot False Discovery Rate
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8-plex ITRAQ on Cortical, Striatal, and Hippocampal PSD

from naive rats
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Upgraded Protein Identification and Quantitation Software

e Upgraded to MASCOT Cluster version 2.2
» Offers improved Phosphopeptide Identification
e Migrated MASCOT to an duo quadcore LINUX cluster
e This allows processing on 8 nodes, which was needed given the
additional data generated from the QSTAR Elite, LTQ-
Orbitrap, and 4000 QTRAP mass spectrometers

* ProteinPilot 2.0.1
* Protein Identification and Quantitation software
 Enables simultaneous identification and quantitation for
ICAT™ ITRAQ™, and SILAC™ reagents
» Performs Protein Grouping and Calculates False Discovery Rates

 Mascot Distiller — Quantitation Toolbox (SILAC)
 We were a beta test site for the MASCOT Distiller Quantitation
Toolbox and helped push development for SILAC based
guantitation



Targeted Proteomics Platform

» Utilizes Multiple Reaction Monitoring (MRM)

e Uses
— Utilizes information from MS based discovery

— Rapid develop of an assay to monitor protein
dynamics (eg. Expression changes or PTMs
in experimental systems)

 Advantages
— High dynamic ranges (10°)
— Hundreds of samples

— Quantitation — Relative or Absolute (heavy
ABI 4000 QTRA_P and idiotypic peptides)
Waters NanoAcquity UPLC

CTS Clinical & Translational 'r,a“ Yale Center for

Science Awards W L . .
Translating Discoverles to Medical Practice o Clinical I nVGStlgatlon



Schematic of the ESI Triple Quadrupole MS System

In MRM Operation Mode
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— Highest specificity and sensitivity for detecting components in a complex mixture
— Largest linear dynamic range for quantitation

— Requires triple quadrupole MS capability

— Well accepted as the MS technique for quantitation (Pharmaceutical Industry)



Targeted Proteomics Workflow

A Peptide synthesis
/\\ /*/ €« HPLC purification

V Amino acid analysis

i Heavy
] Enzymatic idiotypic
mixture Digest 4
g peptide
LC-MRM
Mix Chromatogram
Ainchait DT+ 11302 {567 77 704 ) {Unknown]-OTRAPD7 0258 ndf fsampl. |
Area: 5.175e4, Height: 2343 333 AT 529 mir :
2001 Heavy Internal v
MRM 2 Standard
Analysis £ 10y
Q1 Q2 Q3 25 20 35 40 45 50 55 G0 G5 70 75
Time, min
OCD | . ® - | Rinshart D1 + - 11302 (558.5 / 704.4) (Unknown] - BTRAPO7-0258. wiff [sample 3] F
Area; 5.920e4, Height: 3041.190, RT: 5.25 min :
.. .0. (2 [y > 3000 4 :
) I ° D | Analyte . d
o 2004
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YPED Synthetic Peptide Database

@ Synthetic Peptide Search - Mozilla Firef
File Edit View History Bookmarks 1

o el

Synthetic Peptide Search

6 results found, displaying all results.
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Export options: CSV | Excel

@ Edit Synthetic Peptide - Mozilla Firefox

Eile Edit View History Bockmarks Tools Help
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& o 4
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L(13Ce6) §
WIL11613 (15N1)ES(PO4)FESLR 8 165 11613.xls
M+H mono M+2H mono M-+3H mono
1067 5224389 534 265157 356512713
MRM Transitions
Q1 Q3 CE DP
MSRT 218 534.265 7203675 32 80
AAA conc 35 534.265 849.4101 32 30
Protein ID NP_001012079 534.265 651.35 32 30
Protein Name Rho GEF2 LFC 534.265 504.28 32 %0
Opt Internal Std Conc(fm) 250
Organism -
Comment

[ Update Peptide Record ]

For questions or comments contact N
Updated 02 Dec 2008 14:48

For guestions or comments contact Mark Shifiman
Updated 02 Dec 2008 14:48
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y7-H3PO4
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MRM targeted Proteomics of Rho GEF LFC

Ser646 (WIL11613)

@ Calibration for WIL11E13 [534.3 / 849.4): v = 670.056033 » + -1199.33455 [r = 0.53432)
@ Calibration for WIL11613 [534.3 / 72004): v = 117300763 = + -2372.37216 |1 = 0.93604)

325 5 ser 646 534.3 / 720.4 (y6-H3POA4) Heavy internal standard peptide calibration curve

for the 534.3/849.4 and 534.3/720.4 MRM

transitions of ser 646 peptide L*ESpFESLR

(L* = Heavy Leucine Amino Acid (3C6, °N),
Sp = phosphoserine)
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. 2189 10000 +
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4000 4
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35004
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3000 4 53 4 + —
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1304 21.88 21.90
120 2501 :
1104 :
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50 : =
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] 70 B °
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Integration of MultiQuant Results in YPED

@ Superlser Menu - Mozilla Firefox
File Edit View History Bookmarks Tools

ap-
A 4

SuperUser Functions User: Chi

Q W‘ https:|

2 projects found, displaving all projects.

Project Name

iTRAQ Monkev Brain PSD
Cocaine PSD Mouse iTRAQ - Fall

2008

207 results found, displaying 21 to 30.[Fit|

Analvsis Type
DIGE
DIGE

DIGE

DIGE

Sample Name

DIGE GEL1053 inf]
DIGE GEL1016 inf]
DIGE GEL999 info

DIGE GEL997 info

TargetedProteomics 062708-LFC

DIGE DIGE GEL1002 inf
DIGE DIGE_GEL1001 inf
DIGE DIGE GEL1000 inf
DIGE DIGE GEL99S info
LCMS g}r_ﬂ“;\;‘“‘itgoﬂm"
Done

@ View Targeted Proteomic
File Edit Miew History

& -c

View Targeted Pr

24 Samples found, dis|
[First/Prev] 1,2, 3
Sample Name
Stipanovich D1 enriche:
Stipanovich D1+NMDA4
Stipanovich NMDA eny]
Stipanovich control F.T
Stipanovich D1+NMDA4
Stipanovich NMDA en1]
Stipanovich D1+NMD/
Stipanovich D1+NMDA4

Sg_g' anovich control enna
Stipanovich D1 enriche:

View All Samples

For questions or commey
Updated 02 Dec 2008 1

Done

@ Targeted Proteomics Results - Mozilla Firefox
File Edit View History Bookmarks Teols Help

& -c

Targeted Proteomics for Sample: Stipanovich D1 enriched 1, 54.348 fmole/ul heavy 3

24 results found, displaying 1 to 20.
[First/Prev] 1, 2 [Next/Last]

Q w‘ https://yped.med.yale.edu:8443/yp_results/GetTargProtResults.do?sample_name=Stipanovich+DL+enriche 17 = | |®¥P~| Yohoo Search

Protein Sequence Component Calc Area Corrected Quality IS
Name Conc Ratio Area Quality
GLSS(PO4)LSLAK WIL11612-LIGHT (478.3/ 17.135 0.0674 38662.37 0.5261 0.974 235.7797
418.3)
GLSS(PO4)LSLAK WIL11612-LIGHT (478.3/ 2.4293 0.0217 3061.3367 0.8942 0.9963 36.2655
698.3)
GLSS(PO4)LSLAK WIL11612-LIGHT (478.3/ -0.4163 0.0016 1283.8067 1 0.9852 24.2559
687.4)
GLSS(PO4)LSLAK WIL11612-LIGHT (478.3 / -0.3801 0.0016 148.1333 0.9838 2.5409
600.4)
LES(PO4)FESLR WIL11613-LIGHT (530.8/ -0.2487 0.0116 3925.4133 0.5058 0.9774 24.3446
504.3)
LES(PO4)FESLR WIL11613-LIGHT (530.8 / 2.7274 0.0234 3382.305 0.988 0.9798 31.3957
651.3)
LES(PO4)FESLR WIL11613-LIGHT (530.8/ -0.7578 0.003 938.1633 0.9858 19.3226
849.4) E
LES(PO4)FESLR WIL11613-LIGHT (530.8/ 1.2241 0.0128 65814.0433 1 0.9853 84.6551
720.4)
LES{PO4)FESLR WIL11613-LIGHT (530.8 / -0.2042 0.0127 4279.2095 0.6303 0.9774 26.4839
504.3 (2))
EAQELGS(PO4)PEDR WIL11614-LIGHT (655.8 / 6.0253 0.0214 10961.705 0.9933 0.981 126.2977
642.3)
EAQELGS(PO4)PEDR WIL11614-LIGHT (655.8/ 6.5598 0.0102 345.6367 1 5.6486
853.3)
EAQELGS(PO4)PEDR WIL11614-LIGHT (655.8 / 8.1802 0.027 4435.6933 1 0.9824 59.4719
755.4)
EAQELGS(PO4)PEDR WIL11614-LIGHT (655.8/ 9.1024 0.036%9 2024.455 1 0.994 30.8258
740.3)
QILSQSTDS(PO4)LNMR WIL11615-LIGHT (794.9/ 10.4225 0.027 296.25 0.7659 0.9026 8.2763
932.3)
QILSQSTDS(PO4)LNMR WIL11615-LIGHT (754.9/ 0.0262 0.0027 98.7517 0.2308 0.9736 2.5523
1019.4)
QILSQSTDS(PO4)LNMR WIL11615-LIGHT (794.9/ 3.3001 0.013 355.0133 1 7.3327
1234.5)
QILSQSTDS(PO4)LNMR WIL11615-LIGHT (794.9 / 0.7234 0.0048 691.275 0.9798 7.5804
831.3)
QILSQSTDS(PO4)LNMR WIL11615-LIGHT (794.9 / 3.8708 0.0173 296.2617 1 0.9607 5.2416
921.4)
QILSQSTDS(PO4)LNMR WIL11615-LIGHT (794.9/ 7.5797 0.0214 148.1333 0.92 2.5342 S
834.4)
S(PO4)LPAGDALYLSFNPPQPSR  WIL11616-LIGHT (1055.5 0.3239 3481.0617 1 1 38.4795
/ 1142.5)
Done yped.med.yale.edu:8443 '} “ MNow: Clear, 40° F Wed: 44 F m | Thu: d48°F Y




Small Molecule Bioanalytical Chemistry

Plasma levels of Lipitor in Mouse Plasma
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Yi T, Rao DA, Tang PC, Wang Y, Cuchara LA, Bothwell AL, Colangelo
API1 5000 CM, Tellides G, Pober JS, Lorber MI. Transplantation. 2008 Sep
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