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Determine sites of Post Translational Modifications and changes in their 
Levels 

- Phosphorylation*** 
- Ubiquitination  
- Palmitoylation 
- Glycosylation 

 
New Methods Recently Used at Yale/NIDA Neuroproteomics Center 
 
- Pulsed SILAC (Nairn Lab: Shari Wiseman) 

- Look at differential protein expression rates with or without treatment 
 

- SILAM - Stable Isotope Labeling of Amino acids in Mammals (or Mice) 
  Alexandre Stipanovich, Angus Nairn and Paul Greengard 

- A novel tool by which to quantitatively compare proteomes from tissue 
- Look at both the protein expression and phosphorylation changes 
- WT  and CK1Δ  overexpressed mice to determine CK1Δ function in 

striatal brain under in vivo conditions: 

Poster Presentation (TuKiet Lam) 
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NIDA Neuroproteomics Protein Post-Translational Modification Identification & Profiling Core Participation 

Investigator  

Protein Posttranslational Modifications  

Project Description 

Ph
os

ph
or

yl
at

io
n 

 

U
bi

qu
iti

ny
la

tio
n 

 

Pa
lm

ito
yl

at
io

n 
 

G
ly

co
sy

la
tio

n 
 

O
th

er
s 

 

Eipper, Betty X     X   - Extensive Kalirin7 phosphorylation specific to drugs of abuse 
phosphorylated by recombinant CaMKII, 

Green, William  X   X     -”familial amyotrophic lateral sclerosis(ALS)-linked SOD1 mutants are 
abnormally palmitoylated”.   

Greengard, Paul X          - SILAM -  CK1Δ over-expressing mice vs WT mice  

Kaczmarek, 
Leonard 

X         - Regulation of Slack channel proteins by phosphorylation sites.   

Lombroso, Paul  X X       - Phosphorylation sites of STEP treated by DHPG of SK-SY5Y cells.   

Morabito, Maria  X X       - Ubiquitination of the PSD-95 protein  

Nairn, Angus  X X     Methylation 

- Global Ubiquitination in brain  
- 18 novel phosphorylation sites in the EF2 Kinase (EF2K) 
- Ser499, a site regulated by PKA, playes a causal role in turnover of 

EF2K.  
- Ser885 of LFC in striatal tissue is regulated by acute exposure to 

cocaine.  

Nestler, Eric X         
-  in vitro phosphorylation of ∆FosB by CaMKII in the Nucleus Accumbens 

Shell” 

Picciotto, Marina X         
-  nAChR-associated phosphoproteome in smokers vs. non-

smoker subjects by IP of several proteins 

Taylor, Jane  X         
-  phosphorylation changes induced by chronic corticosterone 

exposure in adolescence, indicative of increased risk for 
developing addictive behaviors. 

Tomita, Susumu X         
- identify and quantitate phosphorylation levels of purified  TARP g-8 from 

rodent brain. 



-Phosphorylation 
MS Analysis Requires Phosphopeptide Enrichment 
 
Ser/Thr phosphorylation – TiO2 enrichment 
Tyr phosphorylation – Phospho-Tyr Antibody S,T,Y  - H3PO4 

NIDA Investigators utilizing 
PTM Core for phosphorylation: 
 

Eipper, Betty   
DeCamilli, Pietro 
Green, William    
Greengard, Paul 
Kaczmarek, Leonard 
Lombroso, Paul    
Morabito, Maria    
Nairn, Angus  
Nestler, Eric 
Picciotto, Marina 
Sathyanesan, Samuel 
Taylor, Jane  
Tomita Susumu 



RIPA 

Yale NIDA Proteomics Center 

•Kalirin-7 participates in the formation and maintenance of dendritic spines 
•Kal7 has long been implicated in long term potentiation, fear memories, and 
addiction like behaviors 

Kal7-Work flow Phosphopeptides Identified 

NIDA Investigator: Betty Eipper – More this afternoon 



Yale/NIDA Neuroproteomics Research Center 

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG--- 
-Ubiquitination 

K 

-Palmitoylation 

C 

Immunoaffinity motif: K- ε –Gly-Gly  

NIDA Investigators: 
Paul Lombroso 
Maria Morabito 
Angus Nairn 

NIDA Investigators: 
Bill Green 

Please See Tu Lam’s Poster for more detail 

http://en.wikipedia.org/wiki/File:Palmitic_acid.svg
http://en.wikipedia.org/wiki/File:Ubiquitin_cartoon-2-.png
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Fractionation: SCX, pI separations 
using OFFGEL or Protein Forest dPc 

Complex  
mixture 

Tryptic 
digest 

Each fraction is analyzed 
by LC MS/MS analysis on 
the LTQ Orbitrap Mascot database searches 

for protein identification 

Standard 
SILAC labeling 

Peptide Quantitation- 
Mascot Quantitation 
Tool Box 

Arginine [U-13 C6 , 15N4]  
 Lys [U-13C6] 

YPED 

Mix samples 1:1 



Control Treated 

t0=0 

t1 

t2 

t3 

L H 
Control Treated Control Treated 

ttreatment 

L H L H 

Mix 

Mix at t2 

Mix at t1 

at t3 

Angus Nairn Lab: 
Shari Wiesman 
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Project with Greengard and Nairn Labs 
 
- Study the role of CK1δ: 

 
- a kinase found to influence dopamine signaling and sensitivity 

to amphetamine when overexpressed in the mouse forebrain  
 
(Zhou et al. Proc Natl Acad Sci U S A. 2010 107:4401-6. “Forebrain overexpression of 
CK1delta leads to down-regulation of dopamine receptors and altered locomotor activity 
reminiscent of ADHD”) 
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SILAM is an in vivo proteomics approach permitting quantitative 
determination of protein patterns of mouse organs. 

Lys(6)-”heavy”-Mouse Diet  Normal Mouse Diet 
Overexpressed Group  Control Group 

Isolate organ  Isolate organ  

Prepare organ lysates Prepare organ lysates 

Proteome Mix (1:1) 

Proceed with 1D SDS Page – 10 bands  
 

Mass Spectrometric Analysis 

3/4 1/4 



Mice 8-10 weeks 

Mouse Chow with  
Lys [U-13C6] 

Normalize protein in lysate 

Breed 3 generations for 
>99% incorporation  
(Brain requires longer 
incorporation time than 
most other organs) 

Tissue Extraction 
Isolate mouse striatum 

Mouse generation based on:  
Kruger et. al., “SILAC Mouse for Quantitative Proteomics 
Uncovers Kindlin-3 as an Essential Factor for Red Blood 
Cell Function, Cell, (134), 353-364 

http://images.google.com/url?sa=i&rct=j&q=mouse&source=images&cd=&cad=rja&docid=JDTaskBa9-hINM&tbnid=nJh_DOgExNfORM:&ved=0CAUQjRw&url=http://www.hotdog.hu/Kanime&ei=kW15UeHjEuaa0QGN7YFY&bvm=bv.45645796,d.dmQ&psig=AFQjCNGQDEUs9uVzGujlx-jNBb2xJ8Xfrw&ust=1366998797114330
http://images.google.com/url?sa=i&rct=j&q=mouse&source=images&cd=&cad=rja&docid=JDTaskBa9-hINM&tbnid=nJh_DOgExNfORM:&ved=0CAUQjRw&url=http://www.hotdog.hu/Kanime&ei=kW15UeHjEuaa0QGN7YFY&bvm=bv.45645796,d.dmQ&psig=AFQjCNGQDEUs9uVzGujlx-jNBb2xJ8Xfrw&ust=1366998797114330
http://images.google.com/url?sa=i&rct=j&q=mouse&source=images&cd=&cad=rja&docid=JDTaskBa9-hINM&tbnid=nJh_DOgExNfORM:&ved=0CAUQjRw&url=http://www.hotdog.hu/Kanime&ei=kW15UeHjEuaa0QGN7YFY&bvm=bv.45645796,d.dmQ&psig=AFQjCNGQDEUs9uVzGujlx-jNBb2xJ8Xfrw&ust=1366998797114330
http://images.google.com/url?sa=i&rct=j&q=mouse&source=images&cd=&cad=rja&docid=JDTaskBa9-hINM&tbnid=nJh_DOgExNfORM:&ved=0CAUQjRw&url=http://www.hotdog.hu/Kanime&ei=kW15UeHjEuaa0QGN7YFY&bvm=bv.45645796,d.dmQ&psig=AFQjCNGQDEUs9uVzGujlx-jNBb2xJ8Xfrw&ust=1366998797114330
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Synaptojanin

Pleckstrin homology 
domain-containing 
family A member

Exp 5A 
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- Phosphorylation of Kal 7 as Potential PSD Signaling Hub  

 
- Reduced Cdk5 activity promotes PSD-95 ubiquitination 
 
-  New Methods Recently Used at Yale/NIDA Neuroproteomics Center 
 
     Pulsed SILAC  
      A new quantitative technique for looking at PTM and expression level 

differences 
 

     SILAM - Stable Isotope Labeling of Amino acids in Mammals (Mice): 
quantitatively compare proteomes from forebrain of WT (light) and CK1Δ 
(heavy) overexpressed mice to determine CK1Δ function under in vivo 
conditions: 
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