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Mutant of PSF effects on the prolification, migration and alternative splicing in Hela
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Abstract: PSF is an important tumor-suppressor protein in eukaryotic cells. In Hela cells, PSF gene is

mutant and leads to transform of its function. In order to clarify the function of PSF mutant (muPSF) in

Hela cells, muPSF was knocked down by designed siRNA. Through the cell growth, wound scratch as-

say and detecting alternative splicing (AS) of downstream genes by semiquantitative PCR. The results

showed that RNAi of muPSF expression could down regulate migration and proliferation of Hela cells,

and rescue

of muPSF had its ability to enhance the migration and proliferation. The study confirmed that

muPSF, in Hela cells, regulated the migration and proliferation by AS of downstream genes.
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95U Z AN F RN S5 T Al AE gy

22 T W WE R 25 5 B 1 BT HEAH OC [H 1 (polypyri-
midine tractbinding protein-associated splicing
factor, PSE)TEE AL P )" ZAFAE 258 — 1 Kk
PE mRNA GR35 40 OC 19 8 AL 18 E A% 20
o, PSF 5 ZFh B a6 sl AH G, 61 4n RNA 9 57 3,
o B 52 1 5 B PR 2H K% iR Ok A A A AR IE AN
I PSF EHEA 1 DNA 455 & 2 4~ RNA %5
&34, PSF i i3 H: DNA 25 &1 5 GAGES J5 sh F
55 IR GAGEGS ByHE 5%, S #4 igg # hl 25 11 Y
Yy fg. 75 %V g 4 j vh . PSF 5@ 5 el P AP o 0k
XYjEe. —J7 i, PSF R Rk S8 sk k.
£ MCF7 25 g an vt . 55— Jy 1 » 76 2 % Jib 95
A H i, PSE i 1d 5 K AR 4 8% RNA MALATI
(metastasis associated lung adenocarcinoma tran-
seript D854, 2S5 & A oA TS RE 25 &
GAGES6 3k ] i 2l 7 DX 30 £ 75 J5U 4 R OR 5%
S AR SR T L A S 0 M F 9 R A
FE A R Hela b, PSF LA K AEREERT
DNA 2555 8 58 E R FE PSFEAS T
T 2 S YT X 2 B O T FSE Hela 4119
AR R 5 PSF 8748 M OC L J PSF 5828 (A FE He-
la 408 A VR T AR SR RNA FHEHR 78 Hela
20 Jf0 P S 1 R muPSF 9 E A &L K Hela
A0 345 S AT BE ) s RN AR BF SR T T Hela
A0 Mg muPSE X F R i 5% 7 ) ] A2 BT 8 X
RS2, E— 25 i B¢ muPSE 78 Hela 40 0 b (4 4
FEAE .

2 MBRERE

2.1 SEIHFE

2.1 FBRHAKR.ABEA@BEHK  KBTHE
E. coliTsi ¥k DH5 o H] 7 5 40 Bk 0 % 5 47 K 5 Bk
pcDNA3. 1+ cloning vector [ T#J % PSF 113
REAAR s N DU AN R Hela | 7544 siIRNA J
PSF [ Rk 8004 NS 40 M 293T FH T 5a b IE
H PSF HEE T, FiR BB A 52 56 2 R A7
2.1.2 £ZX# siRNA oligo 1§ F I i & 5 Hl
255 R A BR 2\ 7). Lipofectamine™ 2000, Trizol,
ECL i#{7#] & . T4 DNA ligase, restriction endonu-
clease,RNase Inhibitor,reverse transcription kit,
dANTPs. 4l ffd 1% 72 3 MEM-high glucose . i 4 IfiL 1%
¥ B Thermo A )5 BURLAfL 2 UK & . 2%

PCR mix.2 X qPCR mix,DNA marker Il + Fore-
gene A 1) ; PSF # A HTK M T Santa 24 1 ; f-actin
E AR T Proteintech 2 7l ; & [ Tl Y& marker
I F Bio-Rad 2\ #.
2.2 XWAHZE
2.2.1 Hela tg i3z~ & siRNA F# Hela 4ijifg
i S 10 % B 2R g ) MEM Bs 3% JEifE 17 8s 9%,
HMLE T 37°C.5% CO, (40 M 55 3% 46 9 15 5%,
siRNA %% 4t 2 IR Lipofectamine™ 2000 #% 44 iz
FNUEIE A5 HEAT 5 G Wk B Ol 100nM, I FHE Y )5
ASh YT AR 4t . siRNA JEHI 4T« siRNA IE S
5-TATGGAGAACCAGGAGAAGATAT-3"; siR-
NA & X 4. 5-CTTCTCCTGGTTCTCCAT-
AdTdT-3".
2.2.2 &% RT-PCR # @ muPSF # K-+ 4
Hela 4004 £ 2 BE 1K 51 80 % £ 47 I, Trizol Yt 4
FEHAN L S RNA. 3 1t 5@ 5 RT-PCR £ ] muPSF
AW SRR WS 3 i A Bractin, |2 B 4%
mFARR 20pL,94°C HiAE P 3min, 94°C 30s,55°C
30s,72°C15s (L 35 MEF). KT 519 an 3 1. PSF
R 7= ) K BE 216bp; Bractin & W 7 M) K OEE
240bp. 514 th 4t 5T BB FOL A W H R A R A F
A L.

F 1 PSFERKERNS Y

Tab.1 Primers for PSF transcription level

. I al
Name primer sequences(5-3")

PSF-detect sense AGCGATGTCGGTTGTTTGTTGGG

PSF-detect antisence CAAAGCGAACTCGAAGCTGTCTA
actin-detect sens CACGCATGGAGGGGCCGGACT-

B-actin-detect sense CATC
TAAAGACCTCTATGCCAACA-

CAGT

B-actin-detect antisence

2.2.3 JE% PSF(normal PSF, nPSF) & ® & #
PSF(mutant PSF, muPSF) B L £ % £ 1 A ¥4
ME 4 293T 4 HE 76 7S FL AR P A K % R IR R
80 %0 2247 B, Trizol Wit 4 #2 HU4H M &4 RNA Jf R H
BEHLT #3355 5 o cDNA. A NCBI # 48 )% h
nPSF & 1 CDS J¥ 31 % i1 51 ¥ I #4 g [a) 3L & 4%
nPSF £k # K, DLk siRNA X 4p 2 1 mR-
NA T, 513k 2 fros. 76 nPSF 1 N i i
AT Flag #5% H FAMERBE O WA, /544
Flag-nPSF JuAz. it 5t S RH L A4 Y HR A RS
H AT
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Tab. 2 Primers for PSF expression
Name primer sequences(5'-3")
PSF sense TAAGCTAGCGCCACCATGTCTCGG

GATCGGTTCGGAGT

TATCTCGAGCTAAAATCGGGGTT
TTTTG

PSF antisence

Bridee § 4 TACGGTGAGCCTGGTGAGGTTTT
ridge torwar TATCAACAAAGGC
CTCACCAGGCTCACCGTATTTAGC
AAATAGTCTTTTGAATTC

Bridge reverse

FIFH nPSF A1 [6 51 7. K [\ SC 2% 48 5] A

muPSF % ik J¥ 51l i, 8 muPSF (% N ¥ it A T
Flag b5 4. 3B TR A 4 4 Flag-muPSF Jii 4.
F b 5 BE R L A W H R A RS w2 A7 D
2.2.4 western-blotting # # muPSF & nPSF %
kK F  FlagmuPSF . Flag-nPSF f) %% 44 2 Mg
Lipofectamine™ 2000 % 44 iz 57 4d W7 45 i#F 47 5% 44
LYy 1250ng/mL, 3 T4 4y 5 48h i 4 41 .
24 Hela 40 i A5 1 % 335 2] 80 V6 42 47 B 4 41 g i
AR 100pL %W A 8% SDS-PAGE
i 2 [ 347 BB YK 9 B S F western-blotting € &
Kl , 82 5L N BE ] Bractin.
2.2.5 Helampo A kW& 112 FLR AN
Flt 1X10° 1 Hela 4, 12h J5 AT 7Y 905000 T
Y J5 Oh,6h,12h,24h 48h FE 17 40 M 3 £k, 454
B 1) A B 2 3 AT = A A R AL At
FOrvk R 0. 25 Y0 4 1k K 40 i MEM $5
I 5L T 2 Oy LA M B R i K Rk L 2 i 4
JiL A= K £k L 22 O X AR 2L S B9 ) 2 = [
FRY] — S50 4D /5% B2 ] <100 %.

SRR QL N5 R

X} HE4H : siRNA-NC;

muPSF @ik 4 : siRNA-muPSF;

muPSF [A] & 2. siRNA-muPSF + Flag-
muPSF;

nPSF 1 it B i [l 52 % R4 - siRNA-muPSF
+Flag-nPSF;

nPSF & 33k 4 : Flag-nPSF.

2.2.6 mpXLER 166 fLARPHEAN 1X10° 1y
Hela 40 /1, 12h J5 #E47 % 9% . 7350 g« siRNA-NC,
siRNA-muPSF . siRNA-muPSF + Flag -muPSF,
siIRNA-muPSF+ Flag-nPSF, Flag -nPSF. 7F 5% 4
J& 24h, AR A IR B 800 A 47 A 200l TG

PR SK7E 6 FLARUIC T4 B4R AE 40 )2 R AT R . H
PBS ¥ ¥E =W, iIn A JE il i MEM $5 5% 5 4k 22 35
F2 .16 Oh 2 24h BOAHIC SERDR GO0, 40 M 7% % =
(24h RJE 55 B /0h KR 5% &) X100 %,
2.2.7 RNA TZHF#EBXeg4nl 4 Hela 40
Az K B R 3] 8006 22 4 I A Trizol W4k & RNA
FF R FHBEAL S 9380 55 5% A cDNAL AR 4 AH 5 SCHk i
BB U] AR BT 2k W 5| 9. an 3k 3 B, A
rPCR X AJ A5 85 4298 2000 S48 47 K0 %6 H Brac-
tin fE NS HER. RO &F T AR R 10pL,94°C
A8 3min, 94°C 30s,55°C 30s,72°C 30s (3t 30 4~
PEER ). A 3 K 42 45 : CCR6, MCL1, WDHD1 K&
CASPASE2,

®3 WEHBERARNIY

Tab. 3 Primers for alternative splicing detection

. I al
Name primer sequences(5-3")

CCR6 sense CCAAAGTCACCAGAGGGAAA

CCR6 antisense CTGGCTTAGGAATGGGATCA
MCLI1 sense AGACCTTACGACGGGTTGG
MCLI antisense ACATTCCTGATGCCACCTTC
WDHDI sense TCTTGTGGATCCTCAGTGGC
WDHD antisense CATCATCATCCAAGTCTTCCC
CASPASEZ2 sense TTGCACAGTTACCTGCACACC

CASPASE2 antisense ~ GGTTCTTTCCATCTTGTTGGTC

3 ZBWHER

3.1 muPSFEREKERRIXEKFEHERE
Pl Hela #i s cDNA SCHEAE Rt , 8 i PCR
IO P 46 52 - Hela 40 b i muPSF 4 £t ) 52
HEFF %1 685bp-861bp fft 2k (& 1. A). western-blo-
ting ¥ muPSF 3 ik, muPSF 7£ Hela 4f fft
HA B R NFREKTF(E 1.B).
3.2 siRNA X muPSF %% 57K T i 8 i
siRNA-muPSF %% Z¢ + 3¢ 7 Hela 40 g
muPSF 4% 5 7K F-. siRNA-NC fE H f7 %} BB . 4%
R (& 2) 5% — ) RNA T )5 48h. siRNA-
muPSF 415 siRNA-NC 4l b , muPSF %% 5% 7K
T8 81. 9%, 3iF Bl siRNA-muPSF 4 &% & Ik T
muPSF £ ik.
3.3 muPSF X} Hela G5 K EHB 6 W B
FIA siRNA-muPSF T i muPSF % % ik /K F
(& 3. A). 45 B rp 7R, siRNA-muPSF #41 5 siRNA-
NC ZHAH LY . 20 Jf 34 51 B8 71 F B, 78 48h py 4l 520
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31.6% (1A 3. B). 40 M T B BE J1 F [, 24h B il 23 5%
P15, SIRNA-NC 4] 40 it i £ % fy 44. 4%, siRNA-

muPSF % 15. 0% (& 3. C). muPSF [ % 5%k Hela
YA A K TR LR L AR R BE T R .

A B
661  GGCCCGGGCCTAAGTACGCCTGGCGGCCACCCCAAGCCGCCGCATCGAGGCGGCGGGGAG
ARNARRRRRA AN
661  GGCCCOOGCCTANGTACOCCTOOC, v vne e nnse e enneeeansesvnnneennsess Actn R
721  CCCCGCGGCGGGCCGCCAGCACCACCCGCCCTACCACCAGCAGCATCACCAGGGGCCCCCG
L2
PSF n——
781  CCCGGLGGEGCCCGGCGGCCECAGCGAGGAGAAGATCTCGGACTCGGAGGGGTTTAAAGCC
BB i iiei i iieedsea i s ess et ca bty
841  AMATTIGTCTCTCTIGAGGAGGCCTGGAGAGAAMAACTTACACACAGCGATGTCGGTTGTTT
FECERREEEETEER R R e e e e e e e
- CCTGGAGAGAALACTTACACACAGCGATGTCGGTTGTTT
B 1 Hela e muPSF A B KPR EKEKPFGET
A, Rt HE SRS HXT s B, muPSF 33k & 4
Fig. 1 muPSF in Hela cells
A. Deletion of reading frame; B. Detection of muPSF by western blotting
12 1 A B
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Fig. 2  Transcription level of muPSF mRNA in ER W EGC mA R R 2 T

Hela cells by qRT-PCR

3.4 muPSF [@££1%

% muPSF @ % 9 Hela 40 g f &5 32 ik
muPSF, W4 2 i D) & i [0 &2 4% &L . LA nPSF £ Ry
Xf B, muPSF (1) [o] & f# 5 Hela 40§ A= 4 38 B2
e, 40 M A% B8 1 b FF. nPSFE 7 f A% 240 0 i
Fe R X AT RE A B B R g, (R 76l Hela 48
JfL bRy LR A B S TR (R 4,5). 1]
A&t T muPSF 1 R MK 5 B040 i 0% A8 B i B AR
nPSF [ 55 2% 3k %F I 8% A8 #2040 i 30 R A
B .

Fig. 3 muPSF effects on migration and prolifera-
tion of Hela cells. A. Detection of muPSF
down-regulation; B. Cell growth curve.
C. Cell scratch assay. The scale is 0. 2um

3.5 muPSF X} Hela Afa £ K R TR BEXERET
T ERXNREE

FIIF > 2 1 PCR K I 25 20 40 i A= K SaF # AH
I HE A RS AR 5 2 A iy 2 (Bl 6). muPSE 1Y
R AT A5 T 9 25 D] A AT A8 B 42 e A AR 3R ik AR B
# muPSF f4[n] & 1 7] 52 . nPSF 7 & A% 41 fg v %
WA 7658 Hela 4000, 3R — & S 8007
L XM A, X AT B J&2 T nPSF 5
muPSF 155 4 5 3019,
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Actin D G = GED GNP 2
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PSF
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BfiE Ch)

A 4 muPSF & & 5% 5 %t 4m i 38 75 48 h 69 % oh
A. muPSF [ 52 75 FKCF A0 B, 401 A 4 il 2k
Fig.4 Rescue of muPSF effects on proliferation of Hela cells
A. Detection of muPSF rescue; B. Cell growth curve

Oh 24h
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siRNA-PSF
+Flag-muPSF

siRNA-NC
+Flag-nPSF

siRNA-PSF e
+Flag-nPSF

B 5 muPSF w £ 5 3 5t 40 e iE 4% 48 49 % m
Fig. 5 Rescue of muPSF effects on migration of Hela cells
The scale is 0. 2pm

B ds B H, CCR6 5 48 i i # AH ¢ , WDHD1
541 DNA & #1416, MCL2 & CASPASE? 5
0 j 98 TR DG, Hoh CASPASE2 JEP B AT I 1275
P 59 42 0 IR AR 5 22 i A O SCilk — B
AE I muPSF 1£ Hela 40§, 55 £ 3 v i
20 J 344 B A RS B At R A G 1% B PR A T AR B B2
PR A G

4 i iR

20 i 114 28 G A S B TG R G  J 4n o #
RE 7 A b T 3 A P b R 2 i Y T S 3 ERRAE
UL S A P e A 45 T I A W PR BIL R Y R

B 6 Helafwjo ¥ LB TEH Y X g &L

Fig. 6 Alternative splicing detection in Hela cells
A2 TR A0 M S A R 22 R TR R K 22 bR 45 5 5K
S [ 1 T A 45 28, - n] 728 B 4 st e e — AP R B2 A
F. A e 20 B 5 0 R A0 AR L T R B B
20 R 3 R A R TR A 20 b BT R g R
E A A5 o D Bl DAL R 0 e R DAL PR O T A B
R BIF 58 0 T 98 200 P A7 3 T A S

1E A549 Z0Jifd b . 3 i 5 K 18 RBMS, 5 5
caspase2 N c-FLIP 45 & 12 M 5 3L R f9 7] A8 55 2 T8
UL S Xof Jie e 200 i 1) 3 % 14 B RE ) A — S R A
HiAE S MCF7 4i v, ) %% s 4L 5 43 47
RIT 12 A5 AR A K A0 iz 3 A OC i R IR
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AT R AR Y R B O, T AR B 0T T Y
SR A bR AR - ST AT AR B 3 5 AT 12 KT A 6
(o H5 0

PSF 1 h— A H B A 87 2 o0k, bk 7 A% &l
LIS RNA M HZ56 40 38 515 2 55 #5288 ¢ I 5 41
HAEH. PTB J& X 6 A1 3¢ 85 (1 rf 5 22 () — F, 76
293T 4ifgrh . PTB fE & NA K F £S5 T a4
BRI AR PSE 8 5 5 8 1k 2 8] B A A B AR
L IEST AR A4 PSF 3% 5 snRNP U5 45
4,2 5%] snRNP U5 I RAER M i F v, [V
PSF it 52 5 01 4 55 42 1) £ A 4 115 RNA A B AR
. MALATL {8k 43 F ifg 248 W BE SR 2 (1 59 £2
TS5 R AR gy 4 b Al i AR 5T UE B MAL-
AT1 %t Hela 4 g 0 3% 58 K B 6 A % W 2 )
St R, AR B PSE fE Hela 40 g v 59 /5 H
HA I X

ARFFGE IR T T 76 Hela 40 i 5 45 ) PSF 7%
P12 1 iR A B 0 A E AR L 38 A B AR
muPSF 7£ Hela 4l il w1 2 35 7T DL 61 20 i 1 3%
S AAERSAE L X — Th 6 5 I % 9 PSF & (2 1]
AR Y. Hela 40 g b ) PSF 25 1 DNA 45 & ik
(k2 , S8 PSF & [ %t T 00 48 B 42 1 8 32 1 B
N S R S N R v
muPSF &L R AT, caspase2 [ 7] 4 By 2 JE X 5
KSR NAE AS49 20 i v ik RBMS 5 2
W45 5 T B /. 1 32 B0 g R R R B
BERYWESEHT B A BESE — J5 1 PSF % 45K B
IR o8 48 4t T — 258 i B B Sy afE — 2B BiE 5
PSF 2 5 0] 45 55 $7 1 72 (9 L 25 52 T LAk 59 —
D51 51X Hela 40 i vh 9822 1) PSF 0] DL Ry B £ 9
IR YT SR A BT 1R 12
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