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BRI ZE 4R ( spinal muscular atrophy, SMA) & —Fh & ik F
FF BRI T E AR BRIE M 2 WL BR8P
TR R R A A E K SMNT R, (B HEFEE K SMN2 £ 5k
BF7 L6l CBTHRESHEATE, HASENHEARE
B SMN 1, AREAM=2 KM SMN & A shee, FrLL, #im
SMN2 #h& 7 W8T HE HET#OA R AT AT . BRI B BETENLZE
ARREM T, R, SMN2 AR F 7 Y AT AR B B2 8 ¥ B 95 AR 48
NEE,

AR SGE ISP A RNA TR & T8 i SMN2 41 7 B9
R K 7 hnRNP U, [F A& & BT haRNP U #9 — 300 3
RE——n] R By RN, [FETE & e BRI SMN2 487 7 57
f, W SMN1 SME T 7 598, FHFARmN SMN2 ShEF 7 1 C F
T RN, WABF G KA EA K hoRNP U FEERSIN AL S
SMN2 $b 8+ 7 FIE ML N & F RNA, [HEFEKRNSL G SMN2
pre-mRNA, & IAE A 7 SXBEA MK T B i 8 & T 35 8 M ikl oo,
W5z A R AT, XBE/R hnRNP U 7] G838 13 K HH)
KA SMN2 4h 5 F 7 ] AR BT £,

N T AR FR AL, FRATEIA T KB vk
RNA 55 EAMNTERFIREZSHAERE T, NHALKY 340 4
A RNA G5B AR F ik SMN2 4h 87 7 BT EMHE E A,
#£FHHP5 hoRNPU AMHEERMER, BIIEZASAHS2EH53'H
B s 1R 5 A9 4 R AY BY B2 OE ¥ W F, 3% SF1, U2AF6S,
PUF60, U2AF35 1 CHERP (U2 E &Y ) 7€ SMN2 b &8.F 7 ]
YRR R I EME E A a, RITE LB RNP U 5
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AR /R hnRNP U Flix $e 40 1 %Y 59 13 3 (9 T i 2l i e {2
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Hitt, XS A By 228 AR fe , 41 30 B s 5T
A8 37 B MR e LRI 5 SIS MIRE S T .,
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B 45 a8 S — e n] AR By B s A B G, /R i%EE A AT Rk
BT WA EREREA., AR XELHRE TIZEAREM
B siRNA UTRR A0S S0 40 0 b A 5% 4, B8 i 2 Tl i A
PRAFZE QR E IR AT AR By A 25
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Abstract

Spinal muscular atrophy ( SMA ) is an autosomal recessive
neuromuscular disorder with high incidence, and it is the primary
genetic cause of infant mortality. The genetic cause of SMA is a
homozygous loss of SMN1. But its homologous gene SMN2 with a C-to-T
mutation on exon 7 generates truncated and unstable SMN protein
because of the low splicing efficiency of exon 7. Increasing SMN2 exon 7
splicing is considered to be a feasible and effective strategy to therapy
SMA. Thus, investigating the mechanism of SMN2 exon 7 splicing
regulation is of importance.

Using esiRNA silencing approach to identify SMN2 splicing
repressor among heterogeneous nuclear ribonucleoproteins, this study has
found the RNA-binding protein hnRNP U as a new RNA splicing factor
that represses SMN2 exon 7 splicing, together with the known SMN2
repressor hnRNP A1l and A2. However, unlike hnRNP Al and A2,
hnRNP U repression of SMN2 splicing is not associated with the C-to-T
mutation on exon 7, neither with any of the four known ISS elements in
the neighboring introns. We further show that the repression is not
associated with an altered transcription rate of the SMN2 gene either.
These results indicate that hnRNP U may repress splicing of the
alternative exon 7 of SMN2 pre-mRNA fhrough a mechanism different
from all the known ones.

hnRNP U has both RNA and protein interaction domains, but has
never been reported to associated with alternative splicing before. We

hypothesize that hnRNP U may regulate SMN2 splicing through an



Abstract

interaction with some other known splicing factor. This promoted us to
screen the other splicing factors that repress SMN2 splicing through about
340 putative human RNA binding protein genes including all the known
splicing factors. We obtained 8 other splicing repressors for SMN2
splicing, strikingly, 5 of them are constitutive splicing factors for the 3’
splice site selection, including SF1, U2AF65, PUF60, U2AF35 and
CHERP (a component of snRNP). We showed that hnRNP U interacts
with U2AF65, U2AF35 and SF1 through an RNA-dependent manner,
among which U2AF65 is the strongest one. These results strongly
indicate that hnRNP U may interact with these constitutive splicing
factors to affect the reorganization and selection of the constitutive 3’
splice site, and therefore inhibits the selection of the alternative 3’
splice site. Therefore, when this class of proteins is down-regulated, the
constitutive splice site becomes less competitive in interacting with their
common 5’ splice site. As a result, the alternative splice site becomes
relatively more competitive. -

In order to identify the RNA components through which hnRNP U
interacts with U2AF65 and other 3’ss splicing factors, this study used
CLIP-seq method to obtain the genome-wide hnRNP U binding sites. It
is shown that hnRNP U has no binding site in exon 7 and the adjacent
intronic regions, consistent with our data showing that the recombinant
hnRNP U does not bind these regions in vitro. However, we found that
hnRNP U strongly binds to SmBP-box of U2 snRNA, suggesting that
hnRNP U is a constitutive 3 splice site splicing factor. We propose that
hnRNP U may be recruited to the 3’ splice site through binding to U2
snRNA, where it interacts with U2AF65 and promotes the 3 splice site
selection.

CLIP-seq data show that hnRNP U binds to the GU-rich sequence
motifs, and the binding is strongly associated with some alternative
splicing events, which indicates that hnRNP U may be a general splicing
regulator. The transcriptome data have been obtained for the hnRNP U -
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Abstract

expressed and -silenced Hela cells, and we anticipate the global view of
the involvement of this protein in regulating of the alternative splicing in
Hela cells will be obtained after the data analysis is finished.

Key words: Alternative splicing, SMN2 exon 7, hnRNP U, snRNA
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1.1 AITHZFRENNS

1.1.1 #74K RNA T & 374

FEEZAEYT, H mRNA B4 A mRNA TEEN S
hnwg, BYEEERERNEF (intron) 13 fill poly (A) X =", H
By RBRIN & FIX —id B2 A 4 LR BY 5 ( consititutive splicing ) F1H]
AR By 4% (alternative splicing) RRER, 5 HAZ Y REERE KL B
ZMMBTFHR, —DEEEFLLZRARR I LT PHER,
WA AR AR R R RN R REN EEERXZ—, X
FEARWEZHEEZXEZ, B, A& 210908 F (exon) B
FH R 95% #8457 AT AR By #e5d 72 (Black 2003; Wahl, Will et
al., 2009) , FEZHMIAYIh, AIARBY AT = A R [R & H DA TN
g0 8 SN A o T e 7 N i 9 =X 7 k= 22 - 8

B R EI RS 5, WERETHEAK S NI
¥ E A (small nuclear ribonucleoprotein particles, snRNPs) Fl K &
4% B R P RV E RS B U BT e, PRl o A A0 A S 52
BBTHE AR, H P BRI 45 T snRNP U1 151 5° BIEAL 1,
SRJ5 SF1 (splicing factor 1) 454643V 55, ( branch point) ( Berglund,
Chua et al., 1997), U2AF (U2 auxiliary factor) &5 & £ W% BE 7 71
( polypyrimidine tract) F1 3’ By £ {i ¥5 ( Nelson and Green, 1989;
Zamore and Green, 1989) , X—#H2E A T ATP, MMIE AL
EZ &Y., ZJG, 7E U2 snRNP &4 SF1 5570 3 s 5 TR ATP
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#F1%E 3 ]

KR A &Y, MG, A E&YHH % U4/U6-US tri-snRNP &
AYNTIER B E&Y, F&id— R R BN A IS
R CEAY(E1-1),

Box 1| Splicing and spliceosome assembly

5'ss 3'ss 5'ss 3'ss
A i;a\G
Brnchpoint Polypyrimidine tract

E' complex

M Enorvdafidiion
Bp

? Exon definition

A complex

B complex
Intron definition ?

Rearrangement to C complex
and catalysis

B -1 B A AR B A B A g 2

— M, X FEIFEETF UL snRNA 5 5° 8807 S BCRT, SF1 454
SEMEER E REY . £ U2AF 5 Ikt U2AF65 Fl u2af3s 4) #
SR 3 B S ZENE X RS AG (i85, E' E8YaEREES
Y1, ATP AMK#Hi E Z A YBEIS XA U2snRNP B4t SF1 JFHE728 i ATP 4K i
BEARTIA A S A%, %, 55 U4/U6-US 3snRNP & & W) MM T 1 & 45 52
JERTIA mRNA BT i A WAL B Z A8, BSR4 — R 54810
FIEEAE , ALFE UL F1 U4 snRNP (443055, I5c )5 1B A AR T 1 10 07 JE 1k -c &
‘W,



1.1 AEHEREENE

ey, — AT 2E S B 19 BT BE Bk R B 2 B H: RNA
Feg) A R 4 A 7 3k R e g 9, RNA K AR O 14 ( cis-
regulatory elements ) {KH& H A B AT GE AT LA 43 A DU Ff . Ah BT $2
1455 KT ( exonic splicing enhancers, ESEs) . #M ¥ 5y 3358 A
(exonic splicing silencers, ESSs) . P& F By £ 3¥ i& [ F ( intronic
splicing enhancers, ISEs) 1 PN & F 5 #% £ 38 [l F (intronic splicing
silencers, 1SSs) ., B M T, SR (Ser-Arg) & H K % ( Tacke and
Manley 1999; Graveley, 2000; Long and Caceres, 2009) i i 2 45 &
ESE, Ti#A¥]—&E H (heterogeneous nuclear RNPs, hnRNPs) W45
4 ESS FI 1SS, M1, hnRNPs &4 —E LA RNA 454 451 A0
- A AHEAE 454938 ( Smith and Valcarcel 2000; Dreyfuss, Kim
et al., 2002) , AfTEAEXT ISE i T i A G HAt =F RNA
YER T AREETE 2, {HiLA hnRNP F, hnRNP H, neurooncological
ventral antigen 1 (NOVA1), NOVA2, FOX1 F1 FOX2 @it 454 ISE
A2 i Y 4% A9 # 3 (Hui, Hung et al., 2005; Ule, Stefani et al.,
2006; Mauger, Lin et al., 2008; Yeo, Coufal et al., 2009) ,

mRNA R AT A BT R SR (B 1-2) .

— RO, WIAE B HE AR A A TR BT U I R AN B A
WA, (B, BiA U 08 & 90 R 28 BY 8 ) e mT AR AR 7
SRR RS R P AR B, B2 AT DATE AP R TR 2 (Rl A A R 8
fbiX — 3 #2 (House and Lynch, 2006; Sharma, Kohlstaedt et al.,
2008) , [FET, A VFEZUETERI RNA (%5 K BT Ha R 14 2 R ERTE
—ji& 1 ( Batsche, Yaniv et al., 2006; de la Mata and Kornblihtt,
2006; Sims, Millhouse et al., 2007; Lin, Coutinho-Mansfield et al.,
2008), SR EHBIEHM A SHEAW 3° B4 &, TEF F YT
PRIEFEENER, B 5 - SERAKNTMY G HHE LR
PR EER L 7, T X £k PR (8] i AH B4 F U [ 4 1 A N SR R Y
Fik, HI, SR EMATERFM RNA I T EEAEA N R e
B[R 20 o F e T AN e S A AR W A i R S AR P A AR R AR T
f# & (Zhong, Wang et al., 2009) ,

B B Z B MA R R TR KRR FHYeT ] 22 8y 35t
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Intron retention Mutually exclusive exors
.
rd
: Y
Alternative 5” choices Combinatory exon selections
.... S ,.-—"\u.\ /‘,./""‘\
:\: E N LY
Alternative 3’ choices Alternative promoter and splicing
- T
) L) gD
Nt N
Exon inclusion/skipping Alternative splicing & polyadenylation
A

A 1-2 AIARBYEE 8 FhAN[R] Y BY TR X
WETRE, W25 098, A28 3° B4k SME T Yy AIBR . HHE
HEF SN F AT AR R e A MR TITHE, AR R S TR M RN X
FRERRALA

2 (Graveley, 2001) , T ffZH 50 A W] 28 BY B 75 ZHIE B -8
H, #H-RNA Hl RNA-RNA 2 [6] 5 2 M 2%, 2 0% 7 P Al 22
B0 R AR R R 5 e R A A/ 80 2 R Y BT 2 A 1 19
W A0 35 4 o #2511 ( Grabowski and Black, 2001; Park, Parisky et
al., 2004; Zhang, Lotti et al., 2008) . H i Af1iz i & 19 L5
k48 s B 22 0] 4% BY 32 55 4 ( Blencowe, 2006; Castle, Zhang et
al., 2008; Pan, Shai et al., 2008; Wang, Sandberg et al., 2008), i
un, fEE D% B 5% T Marie-Laure Yaspo B 5% /N4 2008 4F 7 A 7E
Science b & FW3C, F Mumina &8 &0 5 &t T ARE A B
HIMLAYRE SR, 43 513K15 8638919 il 7682230 4> 27-BAFERT () reads
(WFE) . Ho 50% & 2 — KR AR, Hrb 80% Z 15t
BFIX, 66%HZRIMFUI RAEMAEC N, 34% B i
AR X, JER BT 94241 BUHEEN A, Horb 4096 B R L
W, (R % B4 B Bk = T AR BY 4 B AR B A9 — Ff (Sultan,
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