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Growth since 2009

2010 — AB SCIEX 5500 QTRAP
1 S10 RR0296707-01, PI: C. Colangelo

2011 - AB SCIEX TripleTOF 5600
YSM+CTSA funding, 2012, R. Sherwin

2013- AB SCIEX 6500 QTRAP
(Pending) S10, PI: C. Colangelo

Yale/NIDA Neuroproteomics Research Center



~#Two Modes of Accurate Peptide Quantitation®*

MRM and SWATH

QTRAP® 5500 System
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Robison A.J et. al. (2013) Behavioral and Structural Responses to Chronic Cocaine Require
a Feedforward Loop Involving AFosB and Calcium/Calmodulin-Dependent Protein Kinase
Il in the Nucleus Accumbens Shell. J. Neurosci., 33(10)4295-4307

Yale/NIDA Neuroproteomics Research Center



2+ MRM Confirmation on MESW Mice Model
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Bordner, K.A. et. al. (2011) Functional genomic and proteomic analysis reveals disruption of myelin related genes
and translation in a mouse model of early life neglect. Front Psychiatry. 2:18.
Yale/NIDA Neuroproteomics Research Center
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“* Yale Targeted Proteomics Pipeline

Yale Protein

Expression

Database
(YPED)

1 Protein Identification

2. Spectral Library

3. MRM Transitions

4. Data Collection
SsMRM/SWATH

Multiquant — MRM
Skyline - MRM
Peakview — SWATH
Skyline - SWATH

1. Peak Integration
2. Data Metrics
3. Confidence Values

Yale/NIDA Neuroproteomics Research Center

R-scripts and
Matlab

1 Normalization

2. Cluster Dendrograms
3. PCA analysis

4. Correlation plots

5. Fold change analysis
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MRM and SWATH Assay Development ¢

b |
/

Pepﬂdes
MRM ASSAY
/ i \ ® o ¥ .®
MRM/SWATH assay via Enz. Digest- ®c O1filter o % | o3filter
YPED + Spectral Library Peptide library (1Da] | * A (1Da]

YPED: Yale Protein .- i e SWATH =

Expression Database LC-MS/MS-

Peptide = Spectral library
oo
~
\ Protein ID- / °‘

.
CPU to interpret ® o . }-’o ..'
. 0 Q1 filter cID o0
spectral library < [25Da] \@" 2.... ToF
analyzer
@ 10mda
e Protein 2 S
Q Protein 1 5L
Protein 3 Protein 3

WT mutant



peptide

peptide fragments

Peptides
LC-MRM assay via i Enz. Digest-
YPED + Spectral Library Peptide library

f \

YPED: Yale Protein LC-MS/MS-
Peptide = Spectral library

Expression Database

\ Protein ID-

CPU to interpret

spectral library
Yale/NIDA Neuroproteomics Research Center




YPED Spectral Library

Users 1,313
Datasets 15,142
Unique LC-MS Proteins 626,695
Distinct LC-MS Peptide Identifications 3,008,435
Organism B.Iast !BIast
Protein Count Peptide Count
E.Coli 3,970 41,760
Yeast 5,684 54,948
Rat 11,962 122,322
Mouse 20,059 214,905
Human 20,843 243,749

Yale/NIDA Neuroproteomics Research Center



Initial Project Goals for LC-MRM

.

Develop a robust, routine, 90 minute, scheduled LC-MRM assays to
relatively quantify 100 proteins with 3 peptides per protein and 5
transitions/peptide (1500 data points).

A typical LC-MRM assay details

Protein sample that will be used in “production mode”

D onmumber
poteins 109

3

s

s
4500
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= Benefits

= Tolerant to shifts in RT

= Improved cycle and dwell times

= Reduces irrelevant data (improves data quality)
= Improves data quality for low S:N compounds

= Features

= Variable windows
Window extension (timeslip)
MRM triggered MRM (XxMRM)
Group triggered IDA
Dwell weighting



Normal Scheduled MRM
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Scheduled MRM triggered MRM (xMRM)
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Total of 112 proteins

3 peptides/proteins

5 transitions/peptide

Total number of transitions are 1697

Protein List

ADT1 AT1A3 ATPA ATPB BAIP2 BASP1 BEGIN BSN CI172 CLH CMC1

CMTD1 CNTN1 COX5A CTNA2 CTRO DLG2 DLG3 DLG4 DLGP1 DLGP2 DLGP3

DLGP4 DPYL2 DYN1 ERC2 FLOT2 GD1L1 GDAP1 GLPK GNAZ HSP/C

HXK1 IMMT IQEC1 IQEC2 KCC2A KCC2B KCC2D KCC2G KCD16 KIF2A LIPA2 LRRC7
M20M MBP MPCP MTCH1 MYH10 MYO5A MYPR NDUA7 NDUA8 NDUA9 NDUAC
NDUS1 NDUS2 NDUS3 NDUS7 NDUS8 NDUV1 NDUV2 NEUM NFL NFM NMDE2 NMDZ1
NRX1IANSF ODO1 ODP2 ODPB OPAl1 PHB PHB2 PKP4 PLEC PP1A QCR1 QCR2
RAB35 RIMS1 RL9 RPGF4 SEPT8 SFXN3 SHAN2 SHAN3 SHSA7 SPTA2 SPTB2 SRCN1
STX1ASTX1B STXB1 SYN2 SYNPO SYT1 TBA1B TBB2C TBB3 TBBS TENR TOM40
TOM70 VAOD1 VAPA VATB2 VDAC1 VDAC2 VISL1 VPP1




PSD1 PSD2 PSD3 PSD4 PSD5 PSD6

Jl, Targeted or Data-Independent Analysis

MRM Data Calibrate Retention Time and Schedule Transitions
Collection

Data Acquisition
1. MRM

2. SMRM

3.triggered MRM

Data Ana Peak Picking and Integration

Quality Assessment Analysis

Fold change analysis and Statistical Inference

Data Repository




TIC of PSD Cortex sample 1,2,3

eachintriplicate
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PSD Cortex 2

Log2 (peak area), cor =0.93 Log2 (peak area), cor =0.97 Log2 (peak area), cor =0.94
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Assay
Development

Data Analysis

MRM Data
Collection

Data Input
1. Spectral Libraries
2. NGS/Microarray
3. Discovery Proteomics
4. Literature/Hypothesis

Peptide and Transition Selection

Method Export

Calibrate Retention Time and Schedule Transitions
Data Acquisition
1. MRM

2. sMRM
3.triggered MRM

Peak Picking and Integration

Quality Assessment Analysis

Fold change analysis and Statistical Inference

Data Repository

Recursive
method
development

= Biostatistical
Tools



Trimmed Median

Before normalization
it gt ileaaas
g;_---ﬁﬁﬁQszzz------

After normalization
Ef:iﬁiﬁﬁiiiiiﬁiﬁiﬁ H
£, _—_lill =] ”.”E'EES---I--
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Trimmed median adjustment makes the median “expect mitochondrial proteins” equal across samples. The box plot
shows the overall distribution, including the mitochondrial proteins.
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Statistical Inference on Fold Change

for Rat Brain Cortex

Day 1 Day 2 Day 3 ——= Day Effect

> s

PSDl PSD2 PSDB PSD4 PSD5 PSD6

Technical

@a | %” %“ w@g %@” —-» Variation

Day 1 vs. Day 2
Day 2 vs. Day 3

Evidence: Day 1 and Day 3 Rat were Ultracentrifuged immediately
Day 2 Rats were left on ice for 5 hours prior to spinning in Ultracentrifuge




Mitochondrial Prot_el"'i'ns are > 4-fold greater in

PSD Cortex 2 vs. PSD Cortex 1

. log2(Peak.Area), PSD Cortex _

Protein  Transitio
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I COX5A 13
| | | | NDUAC 10
10 15 20 25 SFXN3 10
Bio1_Tech1 M20M ?
- NDUS7 8

Grey line is 45 degree, diagonal line.
Red dots indicate 218 transitions with over 4 fold-up in the second biological replicates

This could be due to sample preparation, but also could be due to mitochondrial fragmentation
which has been previous linked to (Knott et. al Nature Reviews 2008)




Mitochondrial Proteins are > 4-fold greater in both PSD f@i

Cortex 2 and 3 compared to PSD Cortex 1

PSD2 PSD3

Red dots indicate
218 transitions
with over 4 fold-up

3 in the second and
) third biological
e replicates

1|l] 1|5 2IG 2|5 ‘1ID 1|5 Z‘ID 2I5
PSD1 PSD1
PSD4 PSD5 PSD6

PSD1 PsSD1 PSD1



Bar Charts for Data Visualization

Signhal/Noise Fold-Change

Sakaue_Cortex PSD_2 : Average categorized S/N
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xMRM and SWATH Correlation between

Biological Replicates
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%% Mitochondrial Proteins are also > 4-fold greater "'5‘*-“?

Ly

in PSD Cortex 2 vs. PSD Cortex 1
L

log2(Peak.Area), PSD Cortex, SWATH
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vtrs. SWATH - Mitochondriai'Proteins are > 4-fold greater

7% in both PSD Cortex 2 and 3 compared to PSD Cortex 1

PSD2 PSD3

20
20

g o 8 o -
7] o v
o o
2 4 2 4
a
o
L]
T T
5 5
PSD6
< 1 & &
2 w Sm_ 82_
» v w - e
o o o
o
9_. E_.o 9—.
T T T T T T T T T
5 10 15 20 5 10 15 20 5




PSD2

PSD2

25

20

15

o
—

15 20 25

10

NMDZ1_MOUSE
sMRM, PSD 1 vs. PSD2

NMDE2_MQUSE
sMRM, PSD 1 vs. PSD2

PSD1

PSD2

PSD2

SWATH, PSD1 vs. PSD2

SWATH, PSD1 vs. PSD2

IRESAALAIGATH FAGITR SCT GG
n_ I I I I I I |
a4z T I La I
) -
5 —aa -z
a4
1 2 3 4 2 1 1 2 3 4 5
DDFHHLSWVPR. FORPNDFSPPER HSQLSDLYGK
54
" . . I
I I I I I I o
288 -ame 30m 200 335 -330 g
-7
5 .
487 152
524
82 -a.a7
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5




N
|
|

I

-

=

a

o

o

o

15

10

Shift in the plot
Is the 3-3.5 fold
o 4 sensitivity
between the two
systems

I I | I
10 15 20 25

log2(MRM_1_2)

Correlation
Between
SWATH and
sMRM is
0.90

Red line is 45
degree,
diagonal line



- T8AT60
- 9¥6T0d
- 9v80.4
- 62TNSO
- 8IS

- GH48AED
- 274190
- INLVYA
- /¥162d
- 8NOV¥a
- /74714
- £€2€Td
- 9ANE8D
- T7OSLO
- G9GeZd
- 6zdzea
- 0EAV9D
- 004080
- 9dCHED
- 6£0S5L0
- 65HE8D
- GLGMOH
- 166880
- EMMHLO
- 1S6TTd
- 966AED
- T6VMOH
- OvXT4
- 670dSO
- 8d4zea
- G/021d
- 68M08O
- T4H990D
- £T47¢ed
- ZATY9D
- evozed
- 0Ad4890
- 8sAHzd
- ¥£26Td
- EMANZE

84 additional proteins
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Up-regulated Proteins
(with confidence >0.8 and 5 or more peptides)
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1L # Conclusions and Current NIDA Projects

Conclusions

» Developed a pipeline to translate discovery data, collect, assess, and
guantitate both SWATH and MRM data.

* Fold-change Correlation between SWATH and MRM in our Rat PSD
Cortex Samples and virtually identical fold-change measurements in our
samples (0.90 correlation)

* For our Rat PSD Cortex Comparison we were able to quantitating 84
additional up-regulated proteins by expanding our assay with SWATH

NIDA Research Projects

 Small Scale Targeted MRM — Biederer (SynCam), Nairn (LFC)

» Global Targeted Proteome Assays — Nairn (PSD and Mitochondria),
Hemby (PSD)

« SWATH Assays — Nairn (Mitochondria), Eipper (Kal-7 Phosphorylation),
Chandra (CSF)

Yale/NIDA Neuroproteomics Research Center
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