Research Papers [ iEaE iE

E%ﬂc% 54 4R R

,2‘._
P' } J 2010, 37(2): 161~166

Progress in Biochemistry and Biophysics

www.pibb.ac.cn

e IR Sl Es-38 A7 9GS 5\5'-3"] tau
SNEF 10 BRI 5y

Té‘]j] él 1, 3)*x ?—%éﬁ 1, 2)** Z;/&}éit{;_ 1, 2 é%‘ E\i: 1, 2) ;‘UJ ’E 1, 2) ##*
O B KT A M AT SRR, #il 226001; 2 Bl K AFEE A B AEML S 5 0 A S B E, Bl 226001
D IR EE AL AR, W 226007)

FE  TauSMEF 10 MARBTEG= & 3 M 456 v Bl 4 MG 456 7 B tau 5 (78 7R BR-tau Rl 4R-tau).  1E ' BE
AT, 3R-tau Fl 4R-tau [RJRIEAKCPAHIT, X LU T 4ER7 F % W) el 2. 9G8 &84 K7 SR & A K H
Rz, ZEZMSER YN, ST BERE M 52 B Ak = B AT . Bl IR S BV AR (GSK)-3B A2 MR N K R
FMEE, CARE R ESHIEN tau SMEF 10 8B 8. R rqu ZEFIRFFT T 9G8 (LA FI A0 HL R Fobf tau 4P T 10
ATAR BRI VE I LA & GSK-3B % 9G8 /13 [ tau M2 F 10 FIASBIREII M. 5 BoR, R 9G8 Il tau SMEF 10 3R
X, GSK-3B fEfRAN ] {1k 9GS HIBEM 4k, GSK-3B HJ LA#E 9G8 M K BUI 21 3% Fh UL BF (pull-down), $27-"E 12 8] 1] g A7 £EAH
OAEH, ERFRIAMMT, GSK-3p 5 9G8 ZFA N, FRIE GSK-3p il 9G8 4+ &+ 10 ATAST R fEH, A A

T 4R-tau f/=2E. X285 3 R GSK-3B 5417 9G8 4

KGR 9GS, WIS HEM 38(GSK-3p), tau, WIAZHTH:
ZRISEKS R7457, Q513

Tau ZAF(E T A0 EE M A CE A,
SLAW 2 e e (R E A 110 38 G FUER R T 1) 25
By, IR A AR I 6 B tau 78 44, iX 6
TP AR S At p P — R DM i 0, i I 0 AR f - 2
F1 10 7] 48 B $2 (alternative splicing) ifij 7= 2E 02,
AT 10 gL 5 R YPOE T taw A S A 3 A
oy, 4 ANE 45 A B8 B (three or four microtubule
binding repeats, 3R-tau &Y, 4R-tau)®. 4R-tau [t 3R-tau

FAT T RO 2 e Re g, (H AR T 25 ) g
@&@Gfﬁf R A2 Y B PHF &5 W, 76 I N,
3R-tau il 4R-tau 1] & IE LG R LY 1, (HAEHLE
17 5 B (0 A3 Bt U o 5 IR < AR £ G A
(frontotemporal dementia with Parkinsonism linked to
chromosome 17, FTDP-17) /5%, 2/DKIA 15
FlRAEAE tau R EISEAE G| tau FF 51 10 0]
BRI, PECEF M 3R-tau Al 4R-tau [ L
Bl RS, BEAh, 3R-taw/dR-tau b2 I8 WL T
707 (Pick disease, 3R-tau > 4R-tau). #ridEMZ Lk
J#RJ (progressive supranuclear palsy, 3R-tau <4R-tau)-
FLJEC 15995 48 (corticobasal degeneration, 3R-tau <4R-tau)
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DL i G 2545 fiE (Down syndrome, 3R-tau >4R-tau)
ST R, WET tau AP 10 IR TRATT
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Tau Ah %5~ 10 F AT A BT 4532 5 5 7o fF A fe =X
YEH By R L R4 2R, SR A
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()20 L P o S R 1 2 IR A e B R 402, B A
M 3B (glycogen synthase kinase-33, GSK-3p)ff
2P AR, B tau HE . BCREZE IR
P52 ] GSK-3B 7E Alzheimer’s disease (AD) ZUJi ik
Frple EEAE M. R A HHTUEY, GSK-38
WA B HE IR 1~ SC35, SEMIX tau 41 - 10 WJAR
BB A0, {HE, GSK-38 J2 15 i 17 9G8 X}
tau S 1 10 (B R AR WARIE. fEARIT, IR
IF9% T GSK-38 X} 9G8 B M 1k 1, i T
GSK-38 5 9G8 (A H.OC &K, Jf £ 40 g il &k
GSK-3B, 5% 7 HX 9G8 /% tau 47 10 AJ 4%
BYEZEIREm, &5 W oR GSK-38 #if 9G8 X tau 4b
2710 AR B,

1 HMRFITTE

1.1 ##y

1.1.1 40k, COS-7. HEK293. HEK293T
F1 HeLa 41l ffu e H 5% [H ATCC & 7 ; pCDNA3/
GSK-3p H Vi ¥E 4 H 4 B Avila # 4% 5 W ;
pCEP4/9G8-HA HHEVE “Hefiffsike” LW 20t
FEHT IR0 T % B U rau DK pCU/SI9-SII0,
pCI/SI9-LI10 1 pCl/SI9-LI10-M14 1 5% [ 38k - i <
22 SR AR

1.1.2  Bufk. Bt GST Hifkhy bilgds A A9 2wl il
mis BT GSK-3B Hife k& [H Cell Signaling 2 7] /™
fis BT HA IR SEBEHUASY Sigma 2077 i B
ESUEER A Y/[L T ARTRIUE S5/ N =718 (L C R IR S
Jackson Immuno Research Laboratories 7~ ;.

1.1.3  HAWRFAF R GSK-3B 4 CalBiochem 2%
H 7% ih; Lipofectamine2000 4 Invitrogen /A &) 77 ii;
[y-"P]ATP 4 3% [# Biomedicals 24 7 7 df s i /1 1
W E AU DU ZEH AW AR RNA a0 &8
Qiagen A ] P7 s Wi XA & H Invitrogen 2
H); PrimeSTAR HS DNA X & 4 Takara A &) 7~
b B FRARRAH OGN M SE G FEAM I H Corning 24
H); 2R I Cocktail 18 H Roche 23 #; ECL
27 R GIRA A Pierce 28 H] 7 .

1.2 A%

121 sy, COS7. HEK293. HEK293T
1 HeLa 40 uR5 78405 10%JIA24F 10135 111 % $ DMEM
Btk B2 R¥e—IR. (ERG T —R, ¥4
MR F4E 12 LM L, H Lipofectamine 2000, %1
BH A5 1 5 1 e Qe Y pau H5 DR BRI 4% Y pCEP4/
9G8-HA 5 pCDNA3/GSK-3.

1.2.2  Tau M2 7 10 v AR BT A0 H] RNeasy
Mini Kit (QIAGEN) 4% & 15 B 15 45 1 32 1 41 Ja &
RNA. X 2 pg & RNA 4% QIAGEN i % ik 7l
Fr Ui W BEAT 4 — % cDNA & . A&
cDNA AT PCR 948 N, S sau FHE DRI IT)
W51, 5 GGTGTCCACTCCCAGTTCAA 3/,
5%, 5 CCCTGGTTTATGATGGATGTTGC-
CTAATGAG 3'. RN &M EN: 95C, 3 min;
95°C 30s, 60C 30s, 72°C 30s, 35 MEH; 72T
5min. PCR ] 1.5%B BEkiEe e sk 20 25, H
Molecular Imager system(Bio-Rad) #4753 47.

1.2.3 GST-9G8 &5 H A MR EMaith. M
UL pCEP4/9G8 A B B 47 31 [f] 9G8 cDNA ffi A &
pGEX-4T, BL-21 KJ#F#H IPTG #3435 5 h, 4l
PRI 208 7 I SRR ST (R 2 ) O DR B A IO H TR
(GSH)AZIR 1 B b R ER SR A 414k GST-9G8, H %
JEE1F (Western blot) 73 HT 45 12 .

1.2.4 GSK-3B X%J 9G8 [MMAAM R 1k . AN [H] ¥4 &
) 4] GSK-38 (0.5~ 16 arbitrary unit) £F % J% 2 if
(50 mmol/L Tris-HCI, pH 7.4, 10 mmol/L B- %7 3
4, 10 mmol/L MgCl,, 0.2 mmol/L[*?P]-y-ATP)
H1, 5 0.2 g/L GST-9G8 5 GST < Y 30 min, %AV
;W4 SDS-PAGE 7r & )5, M % B IKseiE o,
% Ji ] Phospho-Image #5:ll [FI7 ZBE 1B .

1.2.5 GST-pull down. 3§ K fsUiN 4123 FH 22 v il
(50 mmol/L Tris-HCI, pH 7.4, 8.5%#H#, 50 mmol/L
NaF, 1 mmol/L Na;VO,, 50 nmol/L [X| [ /i (okadaic
acid, OA), 0.1% Triton X-100, 2 mmol/L EDTA,
1 mmol/L PMSF, 10 mg/L #4& (E#Kk, 10 mg/L %
I AIREIE AN 10 mg/L B 8 (A B 2B AT HL
BATH, 15000 g B0 10 min, L3755 A i A
GSH- BEfIFpHERER EVENLK) GST-9G8 W E, 7Ly
Ve lRei GBI G, H 2xE A0 EAEE iR
DEB S AT )5 BN S

1.2.6 HEABRIEENE . HE 4 SDS-PAGE
AYES G, It H S PVDF B b, ARG H 5%/ g
Ay E ] 30 min, —PUERFE LK, L5 0.5%
Tween 20 [ TBS(TBST)¥E o, 5 BRI A A4
BEbRIC I — P e A 2 h, R4 TBST YLk )a,
F ECL A2 At 6 4 F i W 45 5 Al

1.2.7 RIS R — R AE 24 FL
FEM A P NE T HeLa 418, H Lipofactamine 2000
P W] T A 4 pcDNA3/GSK-3B 1 pCEP4/9G8-HA.
48 h J5 Fl PBS YL 4l M, 4% 2% 5 F g = 3 1
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30 min. [ 5 45 5 H PBS UEi%, AT 02% AN, 45 4R-tau [RIEHIIN. A0 5 i Yeix

Triton X-100 [f] 10% L1 £ 103, 37°C &0 2 h. 4K
JA M —Pi(F anti-HA 1 : 1 000, ## anti-GSK-38
1:1000)4CHEFLRA. VeEREEH—HT, MA
AH N 11 29%¢ 6 — $T(TRITC-conjugated goat anti-rabbit
IgG 1 FITC-conjugated goat anti-mouse IgG, 1 @ 200)
HFE 2 h. ERPVELERGGINIOC P25,
TN k%S4 kL 5 mg/L Hoechst 33342 X M. 15 min.
PBS P4, A 15 wl ek 7, w5 haank
Jr, SLBIF Leica TCS-SP2 Mot L2848 Wi 45
o, 4C {347

2 & R

2.1 9G8 iFFRIEHANF tau SN EF 10 BIZRETD

T 320 1 B 9G8 Xt tau bR 10 W] AR BY
BOVET, FeAiT4E COST Al HEK293 4iiffurh, Jt#:
B 9G8 ST pau FEK. ST 3 PSR rau
FENBEA tau M E T 9, 10, 11 FIEBANE T 9
110 (SI9-SI110) 5% 4= K (1) 11 4k & 1+ 10 (SI9-LI10)
(&l la). M14 KoR{ENT T 10 28 14 A75CEE i i
WEIE C JEAL Ay i R ig T, 3X Mo W, F- FTDP-17

a
@ SI9-S110
Inclusion of exon10
Exclusion of exon10
SI9-LI10 .
Inclusion of exon10
Exclusion of exon10
(b)

pCISI9-SI10  pCI/SI9-LI10 pCI/SI9-LI10-M14

Tau  Mock 9G8 Mock 9G8 Mock 9G8 Mock 9G8 Mock 9G8
exon 10

Inclusion
Exclusion

COS7 HEK293 COS7  HEK293 COS7

Fig. 1 9G8 suppresses the inclusion of tau exon 10

(a) Schematic diagram of mini-zau genes pCl/SI9-SI10 and pCI/SI9-LI10.
Exon (E) 10 is alternative spliced. SI9, SI10 and LI10 represent partial
intron 9, partial intron 10 and full length intron 10, respectively. (b) 9G8
suppressed the inclusion of tau E10. pCEP4 (mock) or pCEP4/9G8 was
transfected together with mini-tau gene into HEK293 or COS7 cells.
After 48 h, the cells were collected and lysed for total RNA extraction.
Tau exon 10 splicing products were analyzed by RT-PCR.

3 M au AT LR B COST 5k HEK293 41l i,
48 h J5, FHELE RNA, H] RT-PCR ¥l tau 4 &1
10 [nl AR B4z, 455 WoR, 78 COS7 A HEK293 4
i, tau S0 10 AT AR BYRE ) B AN [ i fith 7K
P, COST 4l f ik R A AT tau 4+ 10 1K % i
(Kl 1b). BRI tau THORHIE RIE COST 4H i rh
XA 10 PR BYE 2, FATTUEEE] SI9-SI10
AT SI9-LIT0 S HLAHALM AN 2 7 i i 7K, {H M14
() 578 W] e BN Ah 1 10 A4 i (& 1b). i Fik
9G8, JLJELE COS7 i& /& HEK293 4ilfig, fhak &
FAASTEN I e DM, 9GS #AN [ RE FE #4017 tau
AN 10 FIgmit( 1b). X FRMEIVE R 4E COST 41
i) 2 v HL L pCI-SI9/SI10 B HEK293 rr 4k g
pCI-SI9/LI10-M14 5} H] (K 1b).
2.2 GSK-3BFERIMEIL 9GS HITAER 1L

h TR GSK-3B iRk 9G8, FATH 4l
1L 1) GST-9G8 1 GST, LA [y-2P]-ATP Jy fit 44 i
Yy, HE GSK-3p @it GST-9G8 1 GST.
iR W, GST-9G8 nl # GSK-3B Wik (K 2a),

(@) GSK-3@(arbitrary unit)
0 8.0 16.0

1.0 2.

Coomassie blue staining

2P incorporation(PLS)

5 10 15 20
GSK-3p/arbitrary unit

Fig. 2 GSK-3f3 phosphorylates 9G8 in vitro
GST-9G8 was incubated with the indicated concentrations of GSK-3(3 at
30C for 30 min, and the reaction products were separated by SDS-
PAGE. Incorporation of P into GST-9G8 was detected by Phospho-

image (a) and the quantifications are shown in (b).
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{2 GST MIAREHE BRI, HiB A3 GST-9GS8 il
I B S AR A (I 2b)s A
1 GSK-3B [AFAE, BT BB A (K 22). X4
45 FHIE I GSK-3B 7EAARSM AT LLAT b B 2 4k 9GS8.
T4, GSK-3B A S p iR 1b (K] 2a).
2.3 GSK-385 9G8 B FEEHEEIER

FATA T GST-pull down | & BF 5% 9G8 5
GSK-3 Z A EAE. 25 EBoR, GST-9G8 nJ
PUKF GSK-38 M K Bl Fii 41 28 ik 32 ¥ 7P ¢ % (pull
down), {H GST AHEKEUCF(Kl 3a), XFE7R 9G8
H GSK-3p fA{EAH HAEH . A THF9T GSK-3p 5
9GS FE4N M N I EAr, FRATTERE HeLa 40 o 31k
GSK-3B Fl4i7 HA FrZ5 10 9GS, 4R J5 H 4% 7 (1 4t

(@)
Rat brain GST-9G8 GST
extract Pull down by
WB:
- =- Anti-GSK-3p
Anti-GST
(®) Anti-GSK-3B Anti-HA

Merge Hoechst

Fig. 3 9GS interacts with GSK-33
(a) GSK-3B was pulled-down from rat brain extract by GST-9GS8.
GST-9G8 or GST coupled onto glutathione-Sepharose beads was
incubated with rat brain extract. After washing, the bound proteins were
subjected to Western blots by using anti-GST and anti-GSK-38,
respectively. (b) 9G8 was co-localized with GSK-33. HA-9G8 and
GSK-38 were co-transfected into HeLa cells. After 48 h transfection, the
cells were fixed and immunostained by monoclonal anti-HA and
polyclonal anti- GSK-3, followed by TRITC conjugated anti-rabbit IgG
(red) and FITC conjugated anti-mouse IgG (green), respectively.

Hoechst (blue) was used for nuclear staining.

GSK-38 K Ht HA [PuiA, XX Ledi o gbAT T )%
A fde e gett, HILIR AR WRBE M E e A 140 i N i)
SEAL. SRR, 9G8 L E AL 4 R T,
GSK-3@ WI7E 40 i A% A 4 i S b 3545 73 A (8] 3b),
Al GSK-3@ 2 [a) 47 3L £, XA GSK-38 14
9GS 1T HERCR Pl fiE.
2.4 GSK-3p#iHl 9G8 3 tau M BF 10 AI T BT
BI1ER

1T 9GS IR 1 A1 Dy e ey 5 52 B R Ak TR 4%
TEAR SN GSK-3B AT IR 1K 9GS, DAk, FAT1HE Il
GSK-3B n g5 M1 9G8 X tau #h 1 1 10 n]4X By Bz
IR, TSR AR, FAT7E HEK293T 41 il
OB 1qu FE A pCI/SIO-LIT0 B pCI/SI9- SI10 &
pCEP4/9G8 DL J% pcDNA3/GSK-3p Jt % ik, HHH
RT-PCR 2l T tau #1557 10 (A48 4E. 450K
W, W FRIE GSK-3B 59 T 9G8 X tau b 1~ 10
b3, JF HBE%E GSK-3@ WL i, XAk
YRR N B (& 4).

(@ 9G8

0.1pg 02pg
GSK-3B8 GSK-3pB

Mock 0
tau exon 10

Inclusion
Exclusion

Ratio of

inclusion/exclusion ~ 0-69 0.51 0.75 0.77

(b)

Inclusion
Exclusion

Ratio of
inclusion/exclusion  3.11 2.38 2.87 3.14

Fig. 4 GSK-3p inhibits 9G8-regulated
tau exon 10 exclusion
Mini-tau gene pCI-SI9-LI10 (a) or pCI-SI9-SI10 (b) was co-transfected
with pCEP4/9G8 and pcDNA3/GSK-3@ or their empty vectors into
HEK?293 cells. The total RNA was extracted after 48 h transfection and
subjected to measurement of tau exon 10 splicing by RT-PCR. The ratio

indicated was mean value from two independent experiments.

3 it i

Tau 4h 51 10 FF) AT AR BT 42 32 0 3o A A X
YERPR ALY, SR & K P F 2 8y A 1
S5, BATRIEIBIE I, 3R 1
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ASF (alternative splicing factor) ¢ #f tau 4} & 7 10
#ik, DyrklA BifR1k ASF, FHHIILXAME T 10
ifich (L HEFE U, 9G8 AT ASF & SR 45 1A I %,
. 5 ASF FI/ERAE &, 9G8 MIIFIEISM &1 10 1)
G, fEARWEII, ATRIH 3 Bl e 908 AR
A, FEAS A ) 4l B R A58 T 9GS X tau 451 10
(PRI ASBYEE, I 9GS FANIRIFE A Hu A A M 27 10
PRIk,

By DA - 3d o A TG T AF 5 mRNA R
R PR B H2 . Gao Z5EUYE COST 4 rh w58 T
9G8 X tau HM w1+ 10 WIARBYE M RE M, ABATTR IR,
9G8 14l pCI/SI9-LI10 #h &7 10 Igwht, {HAR
Wi pCI/SI9-LI10-M14 h4h 41~ 10 [ gwhd, ATk
A 9GS THILAEH S tau T 10 3 57 %y 11935 70 Bk
Fegh A NI tau 4051 10 BYHE, 4hE 1 10
(F+14 {7 L mEmE C 41T 9G8 (4 Ak i E 2.
I COS7 4 Muf3 BIAHLM &5 K. H2, Ui
HEK293 41 AT ATy, AT R I 9GS W]t 11
HIILAM B 10 Mgwhs, 4878 9G8 AN— i 7 Z24h ik
T 10 [F+14 {7 famzne C (4 1b).

FEAFAIHE, tau 4ME T 10 FIASBYEE R
RURTA], 9GS Xf A8 1 10 AIAR BT BE (¥ 32 fie J1th
SIS, {5 COST 4iffirt, 9G8 Ml &b 2+ 10
Zifid i) g I LA HEK293 41 b 55, XAl Rg T
COS7 4l fg b I &1 2 10 Gwhth (1) BY 2 K 135 )
s, 4h, 9GS #ikl SI9-SI10 1 A& 1 10 4ifY
[ fE 7 Eb 7] SI9-LI10 w4k & 1 10 2 it 54 .
SI9-SI10 Lt SI9-LI10 /b T N & ¥ 10 ¥ ] v B,
JG BT REIRES T 9G8 X AT 10 Zwfith friFil.

GSK-3B 1E 0 T HH tau & (1, & #AL tau
| ALE LA SRR e, GSK-3B & & R 1
SRR S, e AL S/TP Hh 22 5 I B T 2 R Bk
SR, 9GS /T A 6 MEUKIT I, AL
T RS ikyls, & GSK-3p WEAE BRI 5. )
Ah, GSK-3B X ey i (1) B IR A 75 ZEAE JL R
94 A 227 R B IR Z R ) 19 1R A (Ser/ ThrXXpSer/
pThr). . H KIWF 5T 7~, SRPK. CLK1/2. DyrklA
ST IO B R L SR FR (110 RS 45 8k, 1
WA TR AR BT B Thagre s PRk, 740
W, BT 9GS 4b TR R A, HEN GSK-3p i
1k 9G8 WAV IFIVE F AT REE B 28 . fE AT,
AR I GSK-3p WEER 1L 9GS, I 5% Wi ‘& 1 17 (1)
tau A1 10 AIARBTRE. 2T RAR BRI AL S A
R FHE— DI

2 % x M
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GSK-3 Modulates 9G8-mediated Alternative Splicing of Tau Exon 10°

DING Shao-Hong"*", YIN Xiao-Min"?", SHI Jian-Hua'?, QIAN Wei'?, LIU FET"2""

(" Jiangsu Key Laboratory of Neuroregeneration, Nantong University, Nantong 226001, China;
2 Department of Biochemistry and Molecular Biology, Medical School, Nantong University, Nantong 226001, China;
9 School of Public Health, Nantong University, Nantong 226007, China)

Abstract Alternative splicing of tau exon 10 generates tau isoforms with 3 or 4 microtubule-binding repeats. In
normal adult human brain, approximately equal levels of 3R-tau and 4R-tau are expressed, which is required for
maintaining normal brain functions. 9G8, one member of SR protein family, is involved in the splicing of many
genes. The function of 9G8 is highly regulated by the phosphorylation. It was reported that GSK-3 regulates the
alternative splicing of tau exon 10. Mini-tau gene were used to study the regulation of 9G8 on tau exon 10 splicing
and the effect of GSK-3B on 9G8-mediated tau exon 10 splicing. It was found that 9G8 inhibited the inclusion of
tau exon 10. GSK-3B phosphorylated 9G8 in vitro and interacted with 9G8. Overexpression of GSK-3 inhibited
9G8-mediated tau exon 10 inclusion.
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