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Overview of the Neuroproteomics Cores Synergy 
Protein Profiling and Identification, Biophysics, and Phosphoinositide Analysis Core 
Protein Post-Translational Modification Identification & Profiling Core (PTM-core) 
Targeted Proteomics Core 
Bioinformatics and Biostatistics Core (BBC) 
The synergy propels the Center forward in  
going from Discovery to verification/validation of biomarkers of drug 
addiction. 

Projects overview 
complex proteome analyses 

Human cerebellum 
Choroid plexus 

Protein Profiling  
iTRAQ  
DIGE  
Label Free Quantitation 
(LFQ) 
SILAC/SILAM 
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Pilot Project: Rob Kitchen 

RIPA buffer 
0.1%SDS, 0.1% 
Triton X100, 
0.01%deoxycholate 

Probe sonication; 
Chloroform/MEOH  

ppt 

Complex 
protein 
mixture 

Lys C/tryptic 
digestion in 1% 
RapiGest™ SF 
Surfactant 

20 SCX fractions 
collected offline 

Each cation fraction is 
analyzed by LC MS/MS 
analysis on the LTQ 
Orbitrap Elite and AB 
5600 TripleTOF® 

# Distinct 
Proteins 
Identified 

Total # ID with Sig. 
Mascot Score 

4,403 

Total #ID with ≥2 Sig. 
peptides* 

3,374 

Swissprotein database, homo sapiens taxonomy 
Protein Score threshold 56, *1% FDR 

Toward Improved Label-free Quantification of 
MS/MS Spectra Using Predicted Proteomes 
Based on Second-generation RNA Sequencing 
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Pilot Project: Sam Sathyanesan 

CP has been implicated as a target 
site for brain drug delivery* 
By mapping the Rat CP proteome, we 
hoped to gain insight on the CP 
function 
 over 1,400 proteins were identified 
with ≥2 Significantly identified peptides 
(Mascot protein score = 32)  

The molecular functions 
associated with various proteins 
of the CP proteome indicate that 
it is a blood–cerebrospinal fluid 
(CSF) barrier that exhibits high 
levels of metabolic activity. 

*Duncan et. al, Pharm Res 2005;22:1011-1037 

Development of Cerebrospinal Fluid Markers 
for Neuropsychiatric Disorders 



DIGE iTRAQ SILAC Label Free 
Quantitation 

labeling chemical chemical metabolic None 

Quantitation protein peptide peptide Peptide 

# of samples 
compared 

2 with 1 internal 
standard 

8 2…… Unlimited # 

Sample 
amount 

50-100µg 25-50µg ? 1µg 

Sample type Any (cells, tissue, 
biological fluids…) 

Any (cells, tissue, 
biological fluids…) 

Cells only Any (cells, tissue, 
biological 
fluids…) 

PTM analysis Yes difficult yes Yes with 
fractionation 

challenges Very acidic, basic, 
large or small MW 
proteins may be lost 

Labeling efficiency 
and buffer 
composition 

Only 
suitable for 
cells 

Data analysis 

Commonly utilized Protein Profiling Techniques 

DIGE=2D differential gel electrophoresis                                           SILAC=stable isotopic labeling by amino acids in cell culture 
iTRAQ=isobaric tags for relative quantitation 



4 or 8 
Mass m/z is identical 

In all tags 

Mix MS 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1197.61 

iTRAQ® Reagents 

S1 S2 S3 S4 

S5 S6 S7 S8 

+ 113 

114 

115 

116 

117 

118 

119 

121 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

MS/MS reveals the reporter ions 

ProteinPilot (v4.5)  
Quantitation and 
Loading into YPED 

AB SCIEX 5600 
TripleTof® 

4 or 8 plex 

Isobaric Tag 
Total mass = 145(4plex) and 305 (8plex) 

Reporter Balance NHS 
(Mass = 114 thru 117 (4 plex) 
113-121 (skips 120) 8 plex 

(Mass 28-31 (4 plex)  
Mass 184-192 skips 185 (8 plex) 

Protein Reactive  
Group 

Digested separately 
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Neuronal Nicotinic acetylcholine receptors 
containing α4 and β2 subunits are the principal 
receptors in the mammalian central nervous 
system that bind nicotine with high affinity 
 

These receptors are involved in nicotine 
dependence, mood disorders, 
neurodegeneration and neuroprotection 
 

GOAL: use iTRAQ to understand their 
protein:protein interactions 

 

Pilot Project: Tristan McClure-Begley 

Experiment 
 

Mouse alpha4 WT and KO plus 
(1)  or minus (2) amine-reactive 
crosslinker prior to an IP 
 

4 plex  
WT1=114      KO1=116 
WT2=115      KO2=117 

:  

Background 

Defining the nAChR Interactome 
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4 or 8 

Manuscript in preparation 

ProteinPilot ™Report 
 

Identified peptide 

 
Only the WT 114 and 116 
Have reporter ions – the 
KO (115 and 117)was not 
visible 
 
 
 

Reporter ions 
the ratios of proteins 
associated with 
Neuronal Nicotinic 
acetylcholine receptors 
are decreased in KO 



DIGE Protein Profiling and Protein Identification 
Workflow 

  
Cy5 

Cy3 
Decyder 
Software 
Analysis 

Protein spots 
differentially 
regulated are 
robotically picked 
and digested with 
trypsin 

AB 4800 MALDI-
Tof/Tof   

Protein identification 
is based on a 
Mascot search using 
a combined peptide 
mass fingerprint and 
MS/MS database 
search (AB GPS 
Explorer) 

Typhoon 9410 Image 

SNAP-25b 
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Utilized DIGE & iTRAQ protein profiling 
techniques 
located 22 proteins that are selectively 
decreased in CSPα knockout synapses  
includes two that bind to the CSPα 
chaperone, SNAP-25 and GTPase 
dynamin 1.  
DIGE proved to be effective in 
determining the proteins that were 
changing expression between the WT 
and KO (13 gels used) 

WT Cy3 CSPαKO 
Cy5 

Merge 

Pilot Project: Sreeganga Chandra  Phosphoinositides, Synaptic Signaling, Drug 
Addiction, and Neurodegeneration 



RIPA 

Yale NIDA NeuroProteomics Center 

Control 

Experiment 

Cells, 
Tissue, 

Biological  
Fluids 

Biological 
Technical 
replicates 

Sample  
Processing 

Ab, 
Depletion, 

Protein 
Forest, 

OFFGEL 
etc. 

Enzymatic 
Digestion 

Samples are  
Block 
Randomized 
& run with 3 
technical 
replicates 

RT: 0.00 - 120.00
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30.1427.758.46
104.80

110.9880.0664.88 70.71 104.4789.09 111.2961.1555.1344.01 111.6840.8734.0228.188.46 16.49
104.82

110.8964.70 104.5970.66 79.57 80.4864.2157.07 111.3652.9143.4638.6630.568.55 23.724.02
104.71

69.73 75.7463.70 79.58 110.8356.09 86.94 94.1150.9546.68 111.3439.30
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5.66E9
TIC  MS 
OT10-0536

LC-MS 

Performed using Non Linear Dynamics Progenesis 
LC-MS software 
The runs are aligned 
Normalized 
Comparisons are based on the relative intensities of 
extracted ion chromatograms of complex samples 
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Pilot Project: Mary Torregrossa 
Identification of Proteins that are Differentially 
Activated by Drug Cue Memory Extinction and 
Reconsolidation in the Amygdala and Nucleus 
Accumbens using Phosphoproteomics 

Experiment:  compared control vs extinction 
or reconsolidation of memories associated 
with cocaine self-administration in rats.  

ATP Synthase subunit beta 
Shows up regulation 
In the reconsolidation 
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see the Taylor progress report) compared extinction or reconsolidation of memories associated 
with cocaine self-administration in rats.  

The Montage view  can be used to verify a peptide change 
This shows one peptide: 
 m/z=594.3253,  triply charged,  mass MH+= 1780.954  
 Sequence identified : IMNVIGEPIDERGPIK           
 Peptide score:45.6  
 Fold change = 1.03e+4  
 

Control Extinction Reconsolidation 
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W. Andy Tao, Purdue University 

protein profiling: Allows one to find 
differences in sample spectra very 
quickly using a small amount of 
material. When those differences are 
noted, one may proceed to identify 
and purify larger amounts of material 
using other types of array. This 
material can then be used to 
characterize the protein and assays 
can be developed for research or 
diagnostic purposes. 

 
(http://www.genomicglossaries.com/co
ntent/ex_bio.asp) 



BBC 
Mark Shifman 

 Kei Cheung 
 Can Bruce 
 Lisa Chung 
 
 Investigators 
 Rob Kitchen 
 Sam Sathyanesan 
 Sreeganga Chandra 
 Mary Torregrossa  

Keck Facility 
Ken Williams 
Terence Wu 
Mary LoPresti 
Jean Kanyo 
Chris Colangelo 
Erol Gulcicek 
Tom Abbott  
TuKiet Lam 
Ted Voss 
Kathrin Wilczak 
Kathy Stone 

 


	Yale/NIDA Neuroproteomics Center
	Outline
	Proteomic Discovery� to Verification / Validation
	Protein Identification: Mapping the human cerebellum proteome
	Mapping of the Rat Choroid Plexus (CP) Proteome
	Protein Profiling 
	Multiplex protein Quantitation �using iTRAQ®  4 and 8plex
	iTRAQ Analysis: WT vs neuronal nicotinic acetylcholine receptor Knockout 
	iTRAQ Results:  1 peptide from the identified Neurofilament medium polypeptide protein
	Slide Number 10
	Proteomic Analysis for identification of Cysteine string protein α (CSPα) protein clients
	Label Free Quantitation (LFQ)
	LFQ Analysis on Sample Set LF12-033
	3D Montage View of an ATP synthase subunit beta peptide
	Slide Number 15
	Acknowledgements

