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Protein arginine methyltransferase 1 methylates SF2/ASF at arginine
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ital Medical University, Beijing 100045, China; 2. Institute of Genetics and Developmental Biology, Chinese Academy of
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[ Abstract ] Objective: To investigate the arginine ( Arg ) sites in splicing factor 2/alternative splicing factor ( SF2/
ASF ) methylated by protein arginine methyltransferase 1 ( PRMT1 ). Methods: Wild-type and Argd3, Argd7, Argl09
mutant SF2/ASF plasmids were constructed, and GST-PRMT1, GST-SF2/ASF and arginine mutant GST-SF2/ASF fusion
proteins were induced and purified. Methylation activity of PRMT1 on wild-type or mutant SF2/ASF protein and methyla-
ted sites of SF2/ASF were examined by methylation assay. The effect of SF2/ASF methylation on its subcellular localiza-
tion was analyzed by immunofluorescence assay. Results: PRMTI induced methylation of SF2/ASF at arginine, and
PRMT1 did not methylate SF2/ASF when SF2/ASF was mutant at Argd3, Arg97 or Argl09, with Arg97 mutation showing
the most profound inhibitory effect. Methylation of SF2/ASF did not affect its subcellular localization. Conclusion: SF2/
ASF is a newly identified substrate of PRMT1; Arg93, Arg97 and Arg 109 are the three methylation sites in SF2/ASF,
and Arg97 is the main methylation site. Methylation of SF2/ASF does not affect its subcellular localization.
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SALBMIE . ASERAEETE PRMT1 X SF2/ASF 1)
I BEARABE A, 20 A e A SEA B i A5, DR AR
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1.1 EZREMAH

A SF2 421 ¢DNA( GenBank 5515 : BC010264 )
JJF Open Biosystems, pGEX-4T-1 Fl pEGFP-N2 #k A
4 H Amersham Biosciences( NJ,USA ). E. coli 15 EH
BI21( DE3 )4 H Novagen( UK ). 5|#JH Invitrogen Fl1
Jeas =1 AE YR A A A . F 4l DNA B A
Takara Biotechnology Co. Ltd, DMEM 1% & 3t fil Jii 2~
1L7E W F Hyclone 23 Hl, Lipofectamine 2000 4 H In-
vitrogen,” H-SAM (' Adenosyl-L{ methyl->"H ] methio-
nine ) 1 Amplify I H Amersham Biosciences. £ /i
NI cocktail 1 [ Roche 23 &, DNA ] 7 f A6 K
LB Jb 50 Rl 5t = 1A= W B 45 48 W R,
GST-PRMT1 T ZH Sk Fll U20S 40 it v [ B2 B it
155 % T A Ao BT SR s i = 4R 4t
1.2 R&XAe#E

DL PCR 973 SF2 FE(H, 5194605 EcoR 1 Fl Xho
[ BV 5. PCR =¥ H EcoR 1 Fl Xho 1 IHfb)5
§fi A pGEXAT-1 A4, A= B TR pGEX4T-1- SF2-
WT. ¥ Arg93/97/109 ¥ 5745 i A R, i i1 &
GEAR AN S B BT B ), 4 3 a1 28 AR AR pGEX4T-1-
SF2-R93K/ R97K/R93RI7K . &I &AL i Y
B G|, FERH Sac T A Xho T BEUIL 5, # H
pGEX-4T-1-SF2-R109K. FIH] EcoR 1 .Sac 1T #1 Xho
T fiE 147 5, #4 2 h — & A8 & pGEX4T-1-SF2-
RO3RI7R109K ( 5 1), B A wakeE 2 it DNA I

Fe, R 7B 2 EcoR 1 A1 Sal 1 #4L 1) pEGFP-N2
A&, DL A B R pEGFP-N2-SF2-WT/ R93K/
R97K/R109K/R93R97K/R93R97R109K .
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Tab.1 Primers of wild-type and mutant SF2

Gene Primer sequence

SF2-WT 5'Primer: CGGAATTCATGTCGGGAGGTG

GTGTGATT

3'Primer: CCCTCGAGTTATGTACGAGAG
CGAGATCTGC

5'Primer: CCTCGAAGCGGCAAAGGAA
CAGGCCGAG

3'Primer: CTCGGCCTGTTCCTTTGCCGC
TTCGAGG

5'Primer: CGTGGAACAGGCAAAGGCG
GCGGCGGG

3'Primer: CCCGCCGCCGCCTTTGCCTGT
TCCACG

5'Primer: GCGGAGCTCCCAAAGGTCGC
TATGGCC

5'Primer: CGAAGCGGCAAAGGAACA
GGCAAAGGCGGCGGCGG

3'Primer: CCGCCGCCGCCTTTGCCTGTTC
CTTTGCCGCTTCG

SF2-R93K

SF2-R97K

SF2-R109K

SF2-R93R97K

1.3 GST A& kb G X MATRA T oy ik fesifl
pGEX-4T-1-SF2-WT/R93K/RI7K/ R109K/R93RI7TK/
R93R97RI09K Al GST-PRMTI, DA K X B& J ki
pGEX-AT-1 #4k it BI21( DE3 ), #4bF1E54 100
mg/L 2 FEZE LB EFEHE P ALK 12 h, # 1: 100 fin
A 500 ml % 100 mg/L 2 F8 K LB Kigrrph, 4
Dgoik 0.5 BF, A TPTG( £ 4k £ 0. 5 mmol/L ),
16 CHEE 20 h, % Tl & & A5k GST £k,
4 °C,2000 xg B0 15 min WHEAM., 20 ml VK
415 % (1 x PBS,300 mmol/L NaCl,pH 7.4 )#
AN, 2%, 4 °C,10 000 x g 250 30 min Y&
£ BVEC AT ) AR LRSI I cocktail o
afifk, GST FpZEfl & A AT #5320 ml [
THAA 1 ml GST Beads,4 C454 2 h, IREWIMA
GST #E -+, 24 28 v vh e 2 G250 AAE €A, 4R
Ja 4 B &4 210,30 .50 mmol/L 38 JF RIS Bt H ik
[ ZLAH R IR 2L 1 . SDS-PAGE 23T =41 41
1.4 &P EAem PRMTL 2+ SF2/ASF # W A AL154h
FESCEk T T A R GST AR Rl 8 A b4 T
FH AL 52 55, Histone 14 BHPEXT R, GST 15y B
TR, #ifk %) GST-PRMT1 5 pGEX-4T-1-SF2-WT/
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R93K/R97K/R109K/R93R97K/R93R97R109K Fill &
H 1,82 pg Histone/ GST. 2 wl *H-SAM,30 C 3k
WEE 1 ho SDS-PAGE 73 EiJa, % Sl e ig g, I
0= 2T, A Amplify 203 1 h, T8, 86
1.5 E4MEsF U208 @i

LRI 24 oK U20S 4iHEfE4t,500 pl/fLaFh
T 24 FLAH AR A 8 50% ~ 60% B iEF TR,
2R Lipofectamine 2000 P, % 0.3 we i L 5
Yo A 2 K. H53% 24 h JERGRANNG .
1.6 %95 %A FIEIIL SF2/ASF # I 4m g, € A5

Yt 24 h 5 4% PFA %I [E E 40 B 10 min,
PBS %t 3 K, £ K 10 min, & 0.5% TritonX-100 ]
PBS %7815 10 min, f127%AE DAPI 23 A I,
W T Z2 AR, B R, 5 i s igE
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LIRS
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SE2-W 41

2 7 R
2.1 SF2/ASF #= PRMT1 £ K WA P 64 A FF 4tk
H T AERIGHFH 5N SF2/ASF, L ik 4 Fh
Al BESE IRl 2R IR IA R N 2R IS % BE( Dy
0.2 ~0.5).IPTG ¥ (0.3 ~0.5 mmol/L ) S & i}
[E]( 3 ~20 h) JRJE(20 ~37 C ), &JakmihEik
St AR Dy, =0.5,0. 5 mmol/L IPTG, 37 °C
WEE 3 h; k)5 16 CWEF 20 h, IPTG i T )5,
SF2/ASFLL N St A GST Fn25 0y fil & 2 1 9 I =
FIRC B TA ). P27 20 M 28 M v vl s 3 o v A —
FE AR BRI B[R R SR A, Gk T stk
pGEX4T-1-SF2-R93K/R97K/R109K/RI3RI7K/
R93R97 R109K( & 1B )FI GST-PRMT1( £ 1C ).
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E1 XBHFEREN GST mEREEANG4K
Fig.1 Purification of GST fusion protein from E. coli
A: pGEX4T-1-SF2-WT. M: Marker; 1: Without IPTG induction; 2: IPTG induction; 3: Soluble fraction after IPTG induction;
4: Insoluble fraction after IPTG induction. B: Wild-type and mutant SF2/ASF protein. M: Marker; 1: pGEX4T-1-SF2-WT;
2: pGEX4T-1-SF2-R93K; 3: pGEX-4T-1-SF2-R97K; 4: pGEX-4T-1-SF2-R109K; 5: pGEX-4T-1-SF2-R93R97K;
6: pGEX-4T-1-SF2-R93R97R109K. C: Purified GST-PRMT1 protein. M: Marker; 1: GST-PRMT1

2.2 PRMTI1 ¥ 34k SF2/ASF

SHIFSE SF2/ASF & 75 8 PRMT1 1 IS ) 8 11,
AR FEHE AR B T B v 4l b SR 1Y) SF2/ASF AR
H AL SV I, 5 PRMTL DL A H-SAM 2 [] 59
Ho ZR(K2)BR,PRMTL % SF2/ASF FE 3 1 B
WIEEE . A, AW AR E T f# 5 — PRMTs
KGR GL PRMTS J2 1525 T SF2/ASF i H &A1&
Mii , SEI S5 W 7R, PRMTS % SF2/ASF G B i 11 il
T, XSt RN, SF2/ASF J&— N i PRMTI
P .

2.3 SF2/ASF # Arg97 & PRMTI #) %7 K416
A &,

J T LA E SF2/ASF # PRMTI &4 i 4
RIRNI A, K SF2/ASF A Arg93 .97 109 ZEAFIAE
H PRI ESC S . 255 ( B/ 3 ) 7R, PRMTI X}
Histone FIHFA: 1 SF2/ASF ¥4 3 81 3 B f 1) B 34k

YEF . T4 Arg97 278 J5 , SF2/ASF 1y H 340 75
R 5 55 e X R 19 2, Arg93 109 43l 28 A I
SF2/ASF WU BRSS9 FE L Arg97 58781/, 2HiX
3 A A RS 5, SF2/ASFE ity Y LAk 18 1 35 A 11
g, A N, SF2/ASF ) Arg93.97. 109 K
PRMT1 H A (07 i, Forh, Arg97 J2 ol 221
B A
2.4 WHRALTRFHww SF2/ASF £ 28 i A &A%
LRI, SK2/ASF /)8 11 5T 7% S A 1 v 52
M AR P E 5, S TR PRMIT 34L&
Xt SK2/ ASF 4 PN S 57 19 52 W), B 93 ¢ D' S 9 R
25 SF2/ASF W ANfE . 455 Bl 4) BoR, SF2/
ASF BPHETRUR 22 D) SR S5 40 5 A i d v , > A
T 5 B A 5 R AR S5, SF2/ ASF i PN 28 137 A
KA RAME, 48R4, PRMTT B9 346 &1 T
N5 SF2/ ASF 20 i N RE 67 o
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Fig.2 PRMT1 induced methylation of SF2/ASF in vitro
A': Purified proteins used in activity assay. M: Marker;
1: GST-PRMT1; 2: GST-PRMTS5 + GST-SF2/ASF;
3: GST-PRMTI + GST-SF2/ASF; 4: GST-SF2/ASF +
Histone. B: PRMTI1 induced methylation of SF2/ASF
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Fig.3 Methylated arginine sites in SF2/ASF by PRMT1
A': Purified PRMT1, wild-type and mutant SF2/ASF protein used
in activity assay. M: Marker; 1: GST-PRMTI1 + GST; 2: GST-
PRMTT1 + Histone; 3: GST-PRMT1 + GST-SF2-WT; 4: GST-
PRMT1 + GST-SF2-R93K; 5: GST-PRMT1 + GST-SF2-R97K;
6: GST-PRMTI1 + GST-SF2-R109K; 7: GST-PRMT!1 + GST-SF2-
R93RI7K; 8: GST-PRMT1 + GST-SF2-R93R97R109K.

B: Methylated arginine sites in SF2/ASF by PRMT1

B4 PRMTI 3% SF2/ASF K5 SE R E L&
AN H LB E L x 400 )
Fig.4 Methylation of arginine in SF2/ASF by PRMT1
did not affect its subcellular localization( x 400 )
A: GFP-SF2-WT; B: GFP-SF2-R97K;
C: GFP-SF2-R93R97K; D: GFP-SF2-R93R97R109K
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