ldentification of TARP Phosphorylation
Sites and Their Significance in the Brain

Susumu Tomita @ SHM BE17

Department of Cellular and Molecular Physiology

NIDA Neuroproteomics Center , December 13, 2008




NMDA @ Avea TARPS

receptor ‘ receptor ‘ ‘ r
\ I

PSD
Ca?" Na* Na*

ransmembrane AMPAR Regulatory Protegg

(y-2/stargazin, y-3, y-4, y-8 and y-5, y-7)




Loss of AMPAR In hippocampus of TARP/y-8 KOs

GluR1staining in y8 KO

Rouach N. et al. (2005) Nat. Neurosci.




TARP/Stargazin is phosphorylated in brain
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CaMKIl and PKC are involved
In stargazin phosphorylation in neurons
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Amino acid sequence of stargazin cytoplasmic domain

DRHKQLRATA RATDYLOQASA ITRIPSYRYR
YOQRRSRSSSR STEPSHSRDA SPVGVKGENT
LPSTEISMYT LSRDPLKAAT TPTATYNSDR
DNSFLQVHNC IQKDSKDSLH ADTANRRTTPV

Phosphorylate recombinant proteins in Vvitro

Digest by trypsin
Fraction by HPLC
MASS-spec




Both CaMKIl and PKC directly phosphorylate
stargazin cytoplasmic domain in vitro

PKC

Coomassie
Brilliant
Blue




Cerenkov count (cpm)

Fraction (#)

715.2638 Da, corresponding to residues 223-227
with one phosphorylation site (IPpSYR)




Radio Edman sequencing
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Schematic diagram of
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M Cerenkov count (cpm)
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Alternative approach with 2D gel

DRHKQLRATA RATDYLQASA ITRIPSYRYR
YOQRRSRSSSR STEPSHSRDA SPVGVKGENT
LPSTEISMYT LSRDPLKAAT TPTATYNSDR
DNSFLQVHNC IQKDSKDSLH ADTANRRTTPV

Purified recombinant STG-mut

In vitro phosphorylation by CaMKIl and PKC
TPCK-Trypsin: K-X; R-X

2D gel (1st Electrophoresis, 2nd PLC)
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Chromatography

PKC phosphorylation sites
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CaMKII

Chromatography

CaMKIl

CaMKII phosphorylation sites

wild type S9A (s123456789) -I1PS.YR- -S:R - -S3S4SsR -
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DRHKQLRATA RATDYLQASA ITRIPSYRYR
YQORRS:R S:SsR STEPSHS:RDA S:PVGVKGFENT
LPSTEISMYT LSRDPLKAAT TPTATYNSDR
DNSFLQVHNC TIQKDSKDSLH ADTANRRTTPV

Genetic mouse model
Electrophysiological analysis
Isolation of P-specific binding proteins

AMPA receptor TARPs NMDA receptor
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Stargazin phosphorylation in cerebro-cortical neurons

Phospho amino acid analysis

Chromatography
Chromatography
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Nine serine residues in stargazin are phosphorylated.
Wild type
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Phospho-mimic stargazin (S9D) enhances the AMPA EPSCs

nomm. current

Infected, lapmpa (PA)
Infected, lAMPA (pA)

50 100 50
Control, Iappa (PA) Control, lappa (PA)

Tomita et al




Phosphorylation of stargazin is necessary for LTP
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Generate P-specific antibodies

SEQUENCE

PROJECT NAME

PROJECT#

TRIP(P-S)YRYR - C

PHOSPHO STARGAZIN ( S22 8) PKC sITE

AB1543 5

TRIPSYRYR -C

STARGAZIN ( S22 8) PKC siTE CONT ROL

AB1543 5

RRSR(P-S)S(P-S)RSTE - C

PHOSPHO STARGAZIN (S239/241)CAMKII

AB15436-1

RRSRSS(P-S)RSTE - C

PHOSPHO STARGAZIN (S241 ) CAMKII

AB15436-3

RRSR(P-S)SSRSTE - C

PHOSPHO STARGAZIN ( S239) CAMKII

AB15436-2

RRSRS(P-S)SRSTE - C

PHOSPHO STARGAZIN (S240)PKC/CAMKII

AB15438-8

RRSRSSSRSTE - C

STARGAZIN (S239/240/241 ) CAMKII-CONTROL

AB15436

YQRRSRSSSRSTE - C

STARGAZIN (S237/239/240/241 ) PKC/CAMKII -
UNMODIFIED CONTROL

AB15438

RDA(P-S)PVGVK - C

PHOSPHO STARGAZIN (S253)OTHER KINASE

AB15437

RDAS PVGVK - C

PHOSPOSTARGAZIN (S253) OTHER KINASE-CONTROL

AB15437

YQRR(PS)R(PS)SSRSTE - C

STARGAZIN (S237/239) PKC/CAMKII

AB15438-2

YQRR(PS)RS(PS)SR STE - C

STARGAZIN (S237/240) PKC/CAMKII

AB15438-3

YQRR(PS)RSS(PS)R STE - C

STARGAZIN (S237/241) PKC/CAMKII

AB15438-4

YQRRSR(PS) (PS)SR STE - C

STARGAZIN (§239/240) PKC/CAMKII

AB15438-5

YQRRSRS(PS) (PS)R STE - C

STARGAZIN (S240/241) PKC/CAMKII

AB15438-6

YQRR(PS)RSSSRSTE - C

STARGAZIN (S237) PKC/CAMKII

AB15438-7




PEPS68
Rabbit #868
YQRR(p-

YORRip-5RSS(p-SIRSTE - €

| .

PEPSTO
Rabbit #
YORASR{p-SHp-SISASTE - C

*For each blot from left to right: 1000ng, 100ng, 10ng, 1ng, 0.1ng, 0.

*All primaries are Exsang samples.

PEP559

PEP550

2107

PEP559 PEPSED PEPS!

Rabbit #8477 Rabbit #8469

RRS JRSTE-C RASR{p

5/24/07

613/07

8/207

PEI
Rabbit #8695

8r7/07

PEP565 PEP!
Rabbit #8479 Rabbit #E

SIR{p-SISSRSTE - C
PEPST

PEPSS8
Rabbit #8675
RRSR{p-515(p-SIRSTE - €

8/20/07

Kwang Kim




Dot blotting with P- & non-P peptides

1000 100 10 1 0.1 0.01 ng

Phospho-peptides O O O Q Q Q
Non-Phospho-peptides O Q O Q O O
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O sites x (Aor D) =29=512

NMDA induces dephosphorylation of stargazin

S
$ NMDA 20 uM
¢ o0 5 10 20 30 60 min

in| e G 00
Stargazin | * = walh odd <

Tomita et al (2005)




