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Outline

Determine sites of Post Translational Modifications and changes in their
Levels

- Phosphorylation***

- Ubiquitination

- Palmitoylation ]» Poster Presentation (TuKiet Lam)

- 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 CK1A overexpressed mice to determine CK1A function in
striatal brain under in vivo conditions:

Yale/NIDA Neuroproteomics Research Center



Overall PTM Project Base

NIDA Neuroproteomics Protein Post-Translational Modification Identification & Profiling Core Participation
Protein Posttranslational Modifications
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. - Extensive Kalirin7 phosphorylation specific to drugs of abuse
Eipper, Bett X X .
pp Y phosphorylated by recombinant CaMKIl,
- -"familial amyotrophic lateral sclerosis(ALS)-linked SOD1 mutants are
Green, William X X abnormally palmitoylated”.
- SILAM - CK1A over-expressing mice vs WT mice
Greengard, Paul X
Kaczmarek, X Regulation of Slack channel proteins by phosphorylation sites
Leonard g P ¥ phosphory '
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
- Global Ubiquitination in brain
- 18 novel phosphorylation sites in the EF2 Kinase (EF2K)
- 4! i I PKA, pl | role i f
Nairn, Angus X X Methylation Ser499, a site regulated by , playes a causal role in turnover o
EF2K.
- Ser885 of LFC in striatal tissue is regulated by acute exposure to
cocaine.
Nestler, Eric X - in vitro phosphorylation of AFosB by CaMKII in the Nucleus Accumbens
Shell”
e . - nAChR-associated phosphoproteome in smokers vs. non-
Picciotto, Marina X R .
smoker subjects by IP of several proteins
- phosphorylation changes induced by chronic corticosterone
Taylor, Jane X exposure in adolescence, indicative of increased risk for
developing addictive behaviors.
Tomita, Susumu X - identify and c!uantitate phosphorylation levels of purified TARP g-8 from
rodent brain.




Phosphopeptide Enrichment - Necessary Step for
Differentially Determining Phosphorylation Sites

Jo'y

-Phosphorylation

MS Analysis Requires Phosphopeptide Enrichment

Ser/Thr phosphorylation — TiO, enrichment
Tyr phosphorylation — Phospho-Tyr Antibody

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

\



Locating sites of phosphorylation in

Kalirin-7

«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

ﬁ?moofteo me | s | SDS lysate from mouse residue score peptide sequence
okl prefrontal cortex or striatum 487 82.08 KALLDVLQRPLpSPGNSESLTATANYSK.A
Identification of Kalirin-7 as a Potential Post-Synaptic Density * 491 59.87 KALLDVLQRPLSPGNpSESLTATANYSK.A
Signaling Hub ) 493/495 56.12 KALLDVLQRPLSPGNSEpSLp TATANYSK.A
Drew D, Kiraly," Kathy L. Stome,” Chris M. Colangelo,” Tom Abbott, Yanping Wang,' Richard E Mains, Isolate Kal7 using
and Betey A : . Kal7 mAb beads 710 2831 R.pSAPPSLGEPTEARD
s Pkl ool Nekn (i f Conatia it 724 47.39 RSAPPSLGEPTEARDpSAVSNNK.T
i * 963 27.45 KAEALLQAGHpYDADAIRECAEK.V
Run SDS-PAGE, 1188 22.95 KLLIQLADpSFVEK.G
silver stain 1249 22.§ KDLELDIIPASLpSDRE
1520 53.17 KLLTpSELGVTEHVEGDPCK.F
el el e B | Excise Kal7 band (~190kDa) ] 1590 61.94 K.GALKEPIQLPKpTPAKL
swnaptic plastcty and behavor, stes phosphorylated when 1598 92.54 R.NNpSKRDGVEDGDSQGDGSSQPDTISIASR
1608 70.43 KRDGVEDGDpSQGDGSSQPDTISIASRT
[ Digest with trypsin I 1613 71.06 KRDGVEDGDSQGDGpSSQPDTISIASRT
: * 1614 57.92 RDGVEDGDSQGDGSpSQPDTISIASR.T
ER IORbID oA il : : 1618 59.31 RDGVEDGDSQGDGSSQPDpTISIASR.T
TiO, enrichment for 1620 65.83 RDGVEDGDSQGDGSSQPDTIpSIASR.T
phosphorylated peptides 1625/1626 63.93 RpTpSQNTVESDKDGNLVPRW
" 1629 54.98 R TSQNpTVESDKDGNLVPRW
Mass spec analysis of 1632 75.24 R TSQNTVEpSDKDGNLVPRW
enriched and ﬂow-through 1652 24,06 RWHLGPGDPFSpTYV.-
fractions (LC/MS/MS)

NIDA Investigator: Betty Eipper — More this afternoon

Yale NIDA Proteomics Center



~%74 Phosphopeptide Enrichment - Necessary Step for
Differentially Determining Phosphorylation Sites

Ly

-Ubiquitination

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG---

\ )
Yz
) - N-terminus
L oy == Lysine
b =
P

*Lysine 48

Immunoaffinity motif: K- ¢ —Gly-Gly

-Palmitoylation

I

Please See Tu Lam’s Poster for more detall

Yale/NIDA Neuroproteomics Research Center

NIDA Investigators:
Paul Lombroso
Maria Morabito
Angus Nairn

NIDA Investigators:
Bill Green


http://en.wikipedia.org/wiki/File:Palmitic_acid.svg
http://en.wikipedia.org/wiki/File:Ubiquitin_cartoon-2-.png

Reduced Cdkd5 activity promotes PSD-95 ubiquitination

Cyclin-Dependent Kinase 5 Regulates PSD-95 Ubiquitination
in Neurons

Michael ]. Bianchetta,' TuKiet T. Lam,” Stephen N. Jones,' and Maria A. Morabito'
Department of Cell Biology, University of Massachusetts Medical School, Worcester, Massachusetts 01655 and *W. M. Keck Foundation Biotechnology
Resource Laboratory, Yale University, New Haven, Connecticut 06511
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Stable isotope labeling with amino acids in cell culture

(SILAC) Sample processing using Analysis and the
Mascot Quantitation tool box

Standard
SILAC labeling Mix samples 1:1
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Arginine [U-13 C,, 15N4] Complex Tryptic Fractionation: SCX, pl separations
. . using OFFGEL or Protein Forest dPc
Lys [U-13C,] mixture digest
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Each fraction is analyzed

e e ateogt i by LC MS/MS analysis on
Peptide Quantitation- Mascot database searches .
- .. e the LTQ Orbitrap
Mascot Quantitation for protein identification
Tool Box
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Use of “"Pulsed SILAC” to determine Differential

Protein Expression Rates
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SILAC Mouse - Studies of CK1delta ,@‘

overexpression in forebrain -,,

Project with Greengard and Nairn Labs

- Study the role of CK15:

- 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
CK1ldelta leads to down-regulation of dopamine receptors and altered locomotor activity
reminiscent of ADHD")




SILAM - Stable Isotope Labeling of Mammals @i

(or SILAC Mouse) 1

SILAM is an in vivo proteomics approach permitting quantitative _
determination of protein patterns of mouse organs.

14 Qverexpressed Group Control Group 3/4
Normal Mouse Diet Lys(6)-" heavy”-Mouse Diet
Isolate organ Isolate organ
Prepare organ lysates Prepare organ lysates

\ Proteome Mix (1:1) /

Proceed with 1D SDS Page — 10 bands

!

Mass Spectrometric Analysis

Yale NIDA Neuroproteomics Center



SILAM - Stable Isotope Labeling of Mammals
(or SILAC Mouse)

Breed 3 generations for

o/ 3 .
Mouse Chow with >99% incorporation

(Brain requires longer —

13
Lys [U- C6] incorporation time than
most other organs)

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

3333

Mice 8-10 weeks

|

Tissue Extraction
Isolate mouse striatum

|

Normalize protein in lysate


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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Conclusion

- 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):
guantitatively compare proteomes from forebrain of WT (light) and CK1A
(heavy) overexpressed mice to determine CK1A function under in vivo
conditions:

Yale/NIDA Neuroproteomics Research Center
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