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SRp38 ==& 7£ /) R #0 B 20 A P BY FRas A K
X GluR-B /NEE A] L BT Z AT AR
FEND FHRR K R Rk

(VBRI s s, B 2000325 25 O BB F 5T Be e A 24 5e BT, 3 2000325
LRI 2 BE 224 &, B 310015)

BE SR & ALERIA mRNA AR BT P R I SR . SRp38 1 — Rl i &k B AT #h 4 K 2B B 20 SR R E R SR
HE, BENS TS — L g 4 2N R T SR H L R (40 GIuR-B, Trk-C, NCAMLI 25) KT #& mRNA 7] A8 874 7] ik 7] LA 72
B 2554 M I RARAR 0 T AT 7 mRNA BIE: & . R Western blot DL G2 U A% 7 150F 58 T SRp38 A& A 14/ i
PRI R R8BS A1 i, S5 R oK, SRp38 FE (A/EAM K 1 ik AT ISR S ik, A0 . PIAZE . R 2 LA %
UM A R, MAEAMEZ R RIS, W Ar SRR SR K/ BRI A M HEAT S AR AT (R 45 R B, SRp38 B /M
FF - UMM Ak s, MR, BRI YL Ll RT-PCR 20 #F, ABIAE R28 4NHU -, SRp38 id F&ik Al LA ik
GluR-B /N[ Flip WAL 8T 8. 45 B4R SRp38 & (A nl eI ik 1A 45 /N B I JEE P4 i 44 mRINAL ] AR 8482 3k i 2 /) B P9 gt

il s e SR

XK§EiR  SRp38, ik mRNA WARBTHE:, WML, XUHANML, GluR-B /ML

FRHES Q7. R77

B AT BE D v RIWT T RN, HET R
70% 19 NI DR H8 A7 L B /8 mRNA "] 2285 3%. Il
Tl AT AR BY R R AT LUK HIT A mRNA (50 87k £
A& AR, JFRARILT IR ST
L H e se A O R A2, A mRNA
MBTHRAE “BIHRE AR hHATH, BIERES
1A B % snRNPs (small nuclear ribonucleoproteins)-
hnRNPs (hetero-geneous nuclear ribonucleo- proteins)
F1 SR(serine/arginine-rich) & [ A SLAH S 1, BYHZ:
HEHEIGARE TEAZ T, AEANF HI 0 A
(K120 53 317 RNA-RNA. RNA- 2 [0, &[5 -
ST A A F B3, i AT AR B e 1) X R AL 4
L0 Vv SR =2 v I 0 7S B O 105 Wi i 2 = T
mRNA _FRfE 17 51, 645 BY 45 19 i 5~ H1 40 1)
1 AT EAHS hnRNP 3 H KK, SR
B SR A RE A, EATAT LU R [ A AR
mRNA - ¥ B 42 14 5if 1 N6 5 45 5 O 5%
snRNP FIHABBI LA 7~ 5 RNA IRAHEAER, A
e F s A i BY 2 67 kRO ], B & AN TR Y
mRNA W77 LK H I 7967,

SR 12 2 5 Je DR B i 42 1 3 22 S Xy
B, HArAILE SR B H Tk 30 R, BATHS
A 2L R IE, BN 5G4 1~2 4> RBD (RNA
binding domain) Z5f93k, C ui £ ML Ser~ Arg
H AP RS 45 F sk, RBD 45 44 5 A] BL U
mRNA /741, i RS &5 Fsln] DA S8 A 0 - 22
JEAHEAEH] B2, EARANETEE (in vitro) R IMA
SR 4% [ A] LA #F /T & mRNA By #& (24T, 0
TRA2(transformer 2), ASF / SF2 (alternative spilcing
factor/splicing factor 2)2K [5509,

SRp38 J& —FPFriE KL SR 21, 1998 4E4F
B K 2% ) Yang 25 UWAE Xf TLS (translocated in
liposarcoma) &t [ FRIAF FU A, T8 ik P BE XU A% 52 56
Fe R T ZE AR, A4 TLS AHOCH] SR H
(TLS-associated SR protein, TASR). 1999 4FKomatsu

* LT AR R RMIT 42 (2006003) A E 5% B AR E} 2% FE 4 (30470383)
ZrOIH.
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S 7Y 9 PCR (degenerate PCR) (1) 75 7% M\ 43 AL 1)
P19 i i th o fEA3 2] TiZIER, fr s A ME R4
# K 1K ) SR # [ (neural salient SR protein,
NSSR). 2001 4, Cowper 25055 i % EST %# J4
') DNA FPAla R A4 5 SR FIRF sl 3L AT
W T IZEE, MR 5 ) 0 1 R K
/N {4 4 SRrp40. M £ 2002 4, Shin %504 ]
TRA2 S AMMOHIE, W S20 TixHER, ddh
SRp38. ik 4 FAS [l 42 A LI SR AR [ 18 i 5
DAL Z1 P AR IE 52 A A2 i) —BE R, H A — 2y
750 SRp38 FE[A. SRp38 H G4 #iff) SR #4454
Feal, EPN 3 1/ RBD g5#5k, C uify 3 4
RS & kR, WFITIESE SRp38 H A7 R HAh SR 2 A
FARIAE T, AT LA Y LD (1) AT /& mRNA 7] 4% 5§
. AR5 Il SR BE A ARIA]fF /&, Shin S50419%
IAEAT 2257 240 DL SHIR B INy, - 2R 10 1¥) SRp38
AT DL TR mRNA AR BYEZ (1) kA, AT AE £R
WA 2 2N E R BT, L AR SRS T {4
1 0 G T 547 5 T L AT R R ) A R

DA FRAIE 98 R L SRp38 A 1 32 B 43 71 /) B
SIN S QI DN R 2D AN R G g
0 5507, [ I AE AR B R G (W SR AL ) A R
1% U8, Fushimi S5 RBIF5T A I AE 7N BRUORH 199 g DA
iR A& b 2 45 SRp38 mRNA [ £ ik, HKT
SRp38 A [ 75N BRI I ik FRAIE 90 H AT e e 4
E. VEN—REER AR S Z, WL
SRp38 & [ 14 1 GEX) H il /& mRNA 1] 42 8y 452
JARM AR B e BAT 2 S, Bk, AP
Xf SRp38 & [FA7E /N B 90 r 1 20k DA % 43 A 1
BT TR,

1 MR57FZE

1.1 Western blot %7

B B AN B 53 EUR S g e 2 e 3 )
G5 20 )G B LL AN BRI S5 BT S A AT, TR B B
IRERIF AT RERTT I U, #IE AR, /N EURR
I 20 2R 22 KR B R AL AL BY I 73 B9 3Kk 43 . Western
blot [ EART LRI IR, i/t HeEd N
FE 5 AN & & 11 24 % W (50 mmol/L Tris-HCI,
pH 6.8, 150 mmol/NaCl, 1% Triton X-100, 1% NP-40,
10% PMSF), ek 410, 7E0K BISCE 20 min
DLEMR AN B, 25.00(13 000 r/min, 15 min), H{ I
WO SRR 2% R 22 vl (100 mmol/L
Tris-HCI, pH 6.8; 200 mmol/L DTT, 4 g/L SDS, 2 g/L

R, 20%H ), W2, 1007C /KHE &P 15 min,
Uk LA G, 4 10% SDS-PAGE 4 B & AR, I
R BEIRAT AL R b, Bl 5% MRk / TBS =
W 1 h, LA SRp38 idk (11 500 Fike,
ARSI JE) h—Hi, 4CHAEER, TBS ¥E3
G, MR VEBERR G (AP) b5 id I 5 Bt R 1eG
(1> 500, Sigma, St Louis, Missouri, USA)) —Hi, =
#4545 1h, TBS ¥t 3 &5 LL BCIP/NBT(5-bromo-
4-chloro-3-indolyl phosphate/nitroblue tetrazolium,
A R A=) 2 D) R S

1.2 GRRABLNFES

1.2 AL OK R D) % LKA A JI5E 4 Ji )
I ES.

T b3 T ) )RR T T 1R 4%
T RO B PR SR 2 PP IR P ] 3 20 min, AR5 41 & B 1)
PP AR RN TR TR 5 10% 20% F1 30% JEHE
(PVBEIR SR b % 2 h AT IROK AR BE. AR BRI
MM LIS, AR R R E T Y h
JE 14 pm, #&T TR EE O b, RNVETH
TR I 4% I OB 3h 2200V € 15 min.,

R 104 AR 1) 53 8 SR P AR T 1 T T A R
OB GITT, FIBCNRIRER, T 70% RS
Hi 30 s, R HITIA (2R BEER KIE UG, DIBRIR
BRI B, 2 BRI RTINS A i, 37°C
HAL 40 min, 4L 45 AR T Hank's W05 VEZL 2R,
RGBT F Ringer's W IMBEFE ., HEEBREWR
FIRALEN R, HE S min J5 40 SRR ER
TIUE & B MR IR, 30 min 5, MR BT,
TN 4% PP (] g V80 ] 5 440 ..

122 AEFRICHLF SN . K[ 2 L PR 19
UKD DLW B3 b2y B i A 9 e i,
IR SR S MR (PBS)VE 3 WA, T INE 5% 1 - 1ML
TR R G2 v, 4°C B XKD,
DLt SRp38 Fidk (11 250) F—Fi, LLL SRp38
PO TR B 145 G 5T SRp38 PL MM i 4y BHPEXT B X
Ty B AL S A, RN DL SR Bt SRp38 LAk
(1 : 250) LA B Pt PKC(protein kinase C) . 73 B T
A& (15000, Sigma, USA) 1EA—H1, 4C&ioid
%, PBSUE3 K. ARG, fE-HUEiGIN, X TR
UKD s H texas red fRIEI 9P Btk 1gG AT
Frids T2 B AL A M, K texas red
B W 9 9t = IgG LL K& FITC (Fluorescein
Isothiocyanate) {1k (1) 5 15 1gG JEAT XU E %t b
(M B E ) 4 10200, Jackson Immunoresearch
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Laboratories, USA), =ik 45+ 1 h f5, PBS Ik 3
W, I 40% HM PBS $ 4, HHOLILREAER
¥ % (TCS-NT, Leica, Germany) W %%, H {4 Il 3¢
#R[20].

1.3 HHRERERTHE LUK RT-PCR L

1.3.1  dNHEE 3R LA TR IR R I L . R28 4l ok
H ATCC, KM% 10%5 4 4 i i I {IKH DMEM
R R 8h 9%, EAZ LR IE SRp38 ¥ F kL pcDNA3.
1-his-myc-SRp38 LA GluR-B /N K] fi #g 2 4 iy e
IR R, 20 MY i W I % G R B Lipfectamine 2000
(Invitrogen) HE4T, #YT5kani N 400 LL 3x10% (1)
WA ) 12 AL MR IEARN . 24 h AT
geo xPTEEALANE, K 1.4 pg AR BUR DA
100 pl DMEM 5 77 2k, B 5J. 53 % W4 pl
Lipofectamine 2000 5 100 pl DMEM 35 7= 5L W] ¥R
A, HIREE Smin 5, KSR ARIERS S
Lipofectamine 2000 )55 7 H IR SR FT 4], H &
20 min, SRR OHBOZ N AN MU RE FR LI, 1
iz SEURES). 6 h ., e gRm, it
9~ 15 h WL g¢ el AL 4n .

1.3.2 RT-PCR %, F Trizol 742 5 4 Bk
MBS A% G4 (1) R28 4fl i b 42 5 RNA, K5, LA
Oligo-dT18 J 514, I M-MLV ¥ &% g2 i W] 15
TEORBEAT WAL S SN, ¥ P45 2 ) cDNA A 24 5
B3 4T PCR 3 #7. GIuR-B 51#1%%1): 1EW, T7
5 TAATACGACTCACTATAG 3', I, 5' CC-
CCTA AATTTTAACACTCT 3'; W 4% 1 & .
94°C 5min; 94°C 30's; 55C 30s; 72°C 40 s,
25~30 MiEF; 72°C Smin. PCR P##) M 1%35 i
PR Rk B, BB REMB(LEEHA
Al), SRJ5H Totallab FAFREAT 4% 47 5 B2 43 #1948
THEiR.

2 & R

2.1 SRp38 &R 7E/ MR KB A K #1000 BR p B Rk
AT BT SRp38 1) mRNA 7/ il R HR
WY HE R FE AE 3R 1A . Western blot 45 S22 05, |
SRp38 HLAA, TCIBAEAE/IN BRI K 35 2 A0 D) i 3%
Ky 2 4> 7 )5t B 4 38 ku () SRp38 A 4k Al
(Bl 1a), MHUARL RTINS, 2400 1 R (8
R ARZIH), BT SRp38 A5 [17E /N B i AT AL ) i
T RIA.
2.2 SRp38 ERE/NRMMERFHTRIED
I e 26 b 2 5%, FeATTHI$T SRp38

TR SRp38 71 /)y BRI JI5E v (1) 43 A 2B AT
TorAr, B 1o S/ BRI IR BT D) v f 5 586 I
WOCILIR BRI S R, 4R IR, SRp38 kil
77N BN R 5 K 41 B9 )2 (outer plexiform layer, OPL)
FIAN M JZ (inner plexiform, IPL) H, [A] 76 N #% )2
(inner nuclear layer, INL) PL /2 715 41 il /= (ganglion
cell layer, GCL) "B AT B WA, fE & P i
WS B 5 ¥y SRp38 £ LA BEAT IS I (9 10 )y
BAWEBIFHEE 5 (K o). fEKE 1bH, &n] L
B Ak W ¢ 51 SRp38 A 1 A8 XUR 41 i DA & 1 40 i
HRRIL.
(a/)l/l
ku

1 2

65—

45—
35—

Fig. 1 The expression and distribution of

SRp38 proteins in mouse retina
(a) Western blot images demonstrating the expression of SRp38 in
mouse retina and cerebrum. M: Marker; /: Retina; 2: Cerebrum . (b)
Confocal laser scanning images showing the distribution of SRp38 in the
OPL, IPL, INL and GCL. Bipolar cells (arrow) in the INL and ganglion
cells (arrowhead) in the GCL were indicated. (¢) Immunostaining with
pre-absorbed SRp38 antiserum (Control). (d) and (e) Confocal laser
scanning images showing the immunostainings of PKC (green) and
SRp38 (red), respectively, in cultured retina cells. (f) The overlapped
image of (d) and (e) showing the double-staining (yellowish). (g) The
Nomarski image of the cells shown in (d), (e) and (f). Scale bars: 10 pm.

2.3 SRp38 EB7E 5 B B9 W B% W AR 21 A b B9 3=
oy il

i HE— D E SRp38 A 1146 XUBK 41 Jfd 11 %
1K, EST B R LA B I e AE 55 3 B RAS
e AR IC AT - XURK 40 i 1 BT PKC 5 v FE 4T
AR Pt SRp38 BEAT T XUbr icd ¥ #0 J 5 56 73 7
iR, TR 5> B ALAE - BURK 41 i b A7 7 PKC
H1 SRp38 I HL[F ik, Jrh SRp38 M F T/ A e
Hafh. B 5ELL A0, Wkl 1d~ e .
2.4 SRp38 3 GluR-B /NEFE HIBTIZIFIE

FEAR N TE S 40 i GluR-B 3 PR 38 i 7T 2% 5
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Bl L= AN HY, B Flip WF (% exonl5)All
Flop Y. ! (¥ exonld), 7E &4k 55 7% 1 40 i o,
GluR-B /N3 (A DU 3ok m] 48 8 227 A= Flip 37 78 DA K%
Truncate (# %8, A% exonld L X exonl5) V7Y
(Pl 2020y, 38 5 7 A I Sk 5 1) R28 44 M v 1 1 3
Y SRp38 M EAZ KA TR LA & GIuR-B /NP,
K IL SRp38 Al LMEIE GluR-B /NEEKIf#) Flip V7 )
ByFE, 19D Truncate V2 1 7= 2B (1€13).

Flop

I

[13 1415 16| —[13] 16]

l

Flip

Fig. 2 Diagram of the alternative splicing of GluR-B

Truncate

minigene
In cultured cells, the production of alternative splicing was identified by
enzymatic digestion and proved to be Flip and truncate as previously

described! .
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Fig. 3 Effect of SRp38 on alternative splicing
of GluR-B minigene in R28 cells
(a) RT-PCR analysis showing the splicing of GluR-B minigene in R28
cells with over expressed SRp38 (pcDNA3.1-SRp38) or control plasmid
(pcDNA3.1-his-myc (-)). (b) Statistical analysis of the ratio of Flip to
truncate GluR-B represented by (a). Differences are considered to be
statistically significant when P < 0.01 as indicated by stars (*), n=3.

3 it it

AFF 5 UE S B0 45 A0 0 A PN 1 A 22 A 202 i
mRNA R AR R A i o i A2 e —2, )
Wi 2 R IR 2 ARG AR B I R, o
BLFG 55 5 i A% 38 AH OC 1) 2 A&, a0 45 2R 32 AR
GABA (Gamma-aminobutyric acid) 52 /&2 &5, L&

DGR I ZE D e 5L R AN Arrestin™!, 55950 AH oK
FR) 5 D] n K S Jgg 40 i) i P (Lats1,  large tumor
suppressor gene)®. APC gz filiifil 3E K (Adenomatous
polyposis coli tumor suppressor)? &5, iX SEFL A A
[Fi) BNV R ] B LAWY I ) e B LA S Dl g b R
THER . AR FZERHTK mRNA 0] 28 85 H2 1 45 1A
5 SR AT REAE AW D R i A AN [ e R B 42
R r=AE, BRI, FST SR AR I AEAR Y i 3Rk
VRPN T T A0 09 JBE e 52 2 RO S L 1 231 B
PARANZAE 5 (A 355 B2 R A

H B ¢ SR A 7R AR W i o 3R 428 1 ik o
/b, A Gabut 2529 18 i 3k K B 180 R IR AT
R PR gk 7 L R, B52 Al dASF/SF2
(Drosophila alternative spilcing factor/splicing factor 2)
AUAG DR MR E R 7, R, B52 AlLLg]
HEE G 2RI ISR 07, RN 53 g R 22 4 1)
K. Snow ZEPVA P SFRSS/SRp40 (1) 1.8 kb Fl
3.3 kb PID mRNA P2 7E N 4 R0 JE rp A7 AE 3R
iE, P 1.8 kb ML RS R IX B, (HBE— ATk
A A D0 55 2 0 i v A (RS S AN i, BEAR
AR A AT, HURAHEG, AR SRR R B,
SRp38 11 75 /> B W9 i o 11 2 38 B AT IX Il s
PE, Bl EBAESNNE . W) WIERLK
WAL=, MAEAMZ = AT, X AikE
fIEZ2 B SRp38 4 [ 1 B = 22 5 L W i v i 2245
AEIEA G, T SBOGIIRIERA K, BIASMZ)Z
FLEDURLAN L B 40 S AL i =, XDlgk
BURIE ] LGS S A AL A5 5. AR5
ALY bl 4 R LLE H, SRp38 Axid B
PR 3= G0 0 2 2R A FE XU 240 B A 15 40 i, HoAR il
TENAR . BRI SEAEHAT . AR TGS BA KK
74 a2 5 AE/E SRp38 KA WA fF ik — b I
iE. I PKC LK. SRp38 HikXUbsic 23 25 5557 (1)
PR, 45 RAESE, 767 B IR I ALAT - UK
i i SRp38 M IA A FHPE,  H IR IE 4 A 1l
Ay BRI SE, AR A Rk — 3L
KA LA 2 E HES P b AT, Ab T EHEEW
P, EESIGIRZAR G TR, IR
Gl R ML, RS S0 L 4
TIHAT, Ak, SRp38 fEIL Rk il e H AT 2L
AR B T Re.

AT FRIAE ST UE S SRp38 A LI 15 1R 22 KL Al 1)
W& mRNA °] 42 87 H2, 41 E1A (adenoviral early
region 1A). B-Globin. HIV-TAT. IgM %005,
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HAMI /L, SRp38 BEMG I TV ZAEM A Rtk &
1K) 3 DALY RS AR BY B, 45 Tl Komatsu 55 022 I
SRp38 1] LA %} /N i GluR-B (glutamate receptor
subunit B) % [A] (¥ i 42 BYHE M 1 /1. AT L
X HE A ISR F) R28 4 M AT SL e g, AESE T
EAL 4 e, SRp38 AT LR Y GluR-B /ML [A]
) af A% BT $% . GluR-B /& i 4 3% i AMPA
(alphaamino-3-hydroxy-5-methyl-4-isoxazole-propionic
acid) SZARM LI, H AT C 2 R I AL M B
M. XA AN, oSG A 4y
A, HIRATKIL SRp38 7ERL M I r i) 73 A B A
—H. BT AMPASZARAE AR AP 28 R SIS 5 A%
T RE VLT ) R S A T 1 R EE T
e, SRp38 17 W] ki i % GluR-B 1) A 48 BY £ 1)
EANITRE LT A o= N ERE L A PO &N i
AR I AMPA AR Gy A 3 Ak
GluR-A. GluR-C. GIuR-D %5 1 §E 4% 3 1T Flip/Flop
(AT BYEE, SRp38 J& a1 I AR B et HAT
T e 7 2k — 2 R

Ji4h, FATULHT I WF T A I SRp38 ] LA
25 22 40 B U M 1Y Trk-C (tropomyosin-related
kinase C) & [A LA &2 NCAMLI (neural cell adhesion
molecule L1) .« CREB %% Z& [X] B $20% 21, NCAMLI
HE DA A 22 93 5 LA RO o 22 48 Jf A 1R A
H, AEAnZan i sk b, w] DU s ph 28140 i
[ o 22 0 5 T A4 i il 2 G 1) B2 HE A M A ) T
E,  HEAE A I I G 5 40 L v A7 AE IR E. T
Trk-C 22— K5 MZ TG Mo AR G IR 32 A
LD, LEAN I 5 23 A 3 0 i DA A TG K S A i
B2, CREB {EXUR A A7 0 A, AERL IR
SRp38 #& 75 1] LLI#E Trk-C. NCAMLI Ll & CREB
SEBEDR R AT A4 mRNA 7] A By 42 DL LY L6 H
B RATIEAERE— IR

gi Lprik, FATHIWFFT AR SRp38 - H AL/
LIRS 2 AR IR LR 4 22
ThRIE, FIE AN T EAFE R AN, 54l
5, LEXUHR 4 i SRp38 71 4H i (1) B fde . B
R . LB LR, JRATIE R IA AR
W YR 1 R28 i, SRp38 A LA Y GluR-B
ANFEPRI AR BT 2. A5 05¢0R, SRp38 1E/) AR I
JEEH R e PR AR B e, HIL A BT RE R g
i % GluR-B. NCAML1. CREB UL & Trk-C
SRR AT A mRNA 7] AR BTk S B
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The Expression of SRp38 Gene in Mouse Retina and It’s Regulation
of Alternative Splicing of GluR-B Minigene’

PENG Zheng-Yu", Lee Shu-Chen®, ZHANG Wei®, CHEN Xian-Hua" ™

("State Key Laboratory of Medical Neurobiology, Fudan University, Shanghai 200032, China; ? Institute of Neurobiology and Institute of Brain
Science, Fudan University, Shanghai 200032, China; ¥ Department of Pharmaceutic, City College of Zhejiang University, Hangzhou 310015, China)

Abstract SR proteins play important roles in regulating alternative pre-mRNA splicing. As a newly discovered
neural and reproductive tissue specific SR protein, SRp38 regulates the alternative splicing of several genes
important for neural function, such as GluR-B, Trk-C and NCAMLI. It also acts as a splicing inhibitor during
mitosis or stress response in order to prevent wrong splicing. The expression of SRp38 in mouse retina was
investigated by Western blot and immunohistochemistry (IHC) analyses. The result shows that the expression of
SRp38 proteins in mouse retina is region-specific, with extensive distribution in the outer and inner plexiform
layers, inner nuclear layer and ganglion cell layer, but no expression in outer nuclear layer. Double staining of
isolated retina cells with anti-SRp38 and anti-Trk-C antibodies showed that SRp38 is localized in the dendrites,
somata and axon terminals of rod-bipolar cells. By transient co-transmission of over-expressed SRp38 plasmid and
RT-PCR analyses, the further results showed that overexpressed SRp38 could promote the splicing of the Flip
isoform of GluR-B minegene in R28 cells. The result suggests that SRp38 may play important roles in the retinal

function, possibly via regulating the neural-specific alternative splicing of genes as GluR-B.

Key words SRp38, alternative pre-mRNA splicing, retina, bipolar cell, GluR-B minigene
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