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The Role of RNA secondary structure in the interaction
between IncRNA and SAFBI1
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(Department of Functional Genome, College of Life Science, Sichuan University, Chengdu 610064, China)

Abstract; To explore the role of RNA secondary structure in the interaction between RNA and SAFBI
protein, structure analysis and RNA footprinting analysis were adopted. It revealed that SAFBI binds to
a specific region of LINC-PINT-1 and the SAFBI binding region has a specific secondary structure. In
addition, subcloning of LINC-PINT-1 confirmed that subclones contained the 30 ~55 nt region could
maintain this secondary structure. Electrophoretic mobility shift assay(EMSA) found that this seconda-
ry structure was involved in the interaction between RNA and SAFBI. In this paper, software prediction
and necessary experimental verification have indicated that the interaction between LINC-PINT-1 and
SAFBI1 depends on the specific RNA secondary structure, which provides a powerful theoretical experi-
mental support for the study of the molecular mechanism of RNA-protein interaction.
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RNA GE#E I8 18 53 N I TR B 1 — 9 45
¥ K HE R G35 T 535 S5 AR TR E J 1 B PR B R 3
AE . RNA 1 £ M I RE 5 H A5 SRR AHIE , itk — 20
AR HIIAE . 0 T it RNA B4 H). BEE 7 149
SN A R Bk 22 AR Bt 5L DR S LT RE BN
SFE R s AT BN B K IR 4 9 RNA (long
noncoding RNA, IncRNA) F14& (4 JF /> —FE B
SRR F LR IIREE 1. RNA 85t xt 1
MATTAATE) RNA SRR A2 02011, T rRNAMY,
snRNAs™?, snoRNAs™, miRNAsM" } mRNAS,
H T X RNA BZ58 FZhBe i piF o8 2 o 2444
YIE B — > E )T ).

SAFBI (scaffold attachment factor B1)" 3
BT —AME T N uig i) SAF-box, Hr[a] X 3
£ —/~ RRM (RNA recognition region) Ll MN—>
NSL(nuclear localization signal) ,C ¥ EZ y—>
AIFE RS I S il 25 5 500 A S —Fh 2 Rk
F,SAFBI1 1] L4544 DNA 1 RNA, 25 RNA i
AN . 752 5 RNA ARS8 05 1, T
H & A RRM F&E A AR X 38 (Glu/Arg
rich domain and Gly rich domain), SAFB1 A~ {{ 7]
P55 RNA CSAH ¢ 89 8 EAH B AR AL 40 RNA
polymerase [l C A" fE R RNA 35 8] [HF 1Y
SRrp86 " 1 SLM-1%! 25, it 4}, Caroline Riv-
ers'* Elaine Hong"" 2§ A\ iF5E 2] SAFBI if
RE 45 RNA AHEAE . 5 Rl i), 3 45 ok ok
22 I STIE S IncRNA 75 il 14 % 28 L K g L 12
MR R P I EE M A 7E SAFBL 5
IncRNA FAETT &35 AE )24 RIRY AR S 58 b %
SAFBI1 5 IncRNA %55 77 IR T Lot BA &

AT I /TR SELEX(System-
atic Evolution of Ligands by Exponential Enrich-
ment) R il i 240w 48 SAFBL R 4 51
RNA, ¥ T —%%15 SAFB1 #4541 IncRNA,
Ho & —4%4% 7 LINCPINT (long intergenic
non-protein coding RNA, p53 induced transcript)
AR AS RNAL S 7858 RNA 5 SAFB1 /EH]
) RNA Z 2510 36l F AT LINCPINT 5
SAFBI &g M X A 4 &9 LINCPINT-1 35
B2 X Sl H] A ISR

2 MBFTIE

2.1 # #

2.1.1 EZFE Ak @mE  pcDNA3. 1(+)
JORL AR YR T invitrogen A, HH A SEHG % IR A7 AT
5 pMD19-T # & 3 I T TaKaRa /A #); E. coli
DHb5a B Bk i A 5250 % R 47 s HEK-293T R ¥ T
ATCC, A 250 5 SRAFE .

2.1.2 EZRA BERREY . BE ARG A
OXOID 7y #; DMEM & B B % 3£ ( Hyclone
SH30243. 01B) s i 4R il (GIBCO 10099-141) 5 75
R IR AV (Hyclone SV30010) ;0. 25%
[ (HyClone SH30042. 01B) ; Jith KB 7 &
PureLink® HiPure Plasmid Filter Purification
Kits ( Invitrogen K2100-17); # 44 #|: Lipo-
fectamine® 2000 Reagent(Invitrogen 11668-019) ;
ANTI-FLAG M2 Magnetic Beads ( SIGMA-
ALDRICH M8823-5 ML) ; FLAG® Peptide(SIG-
MA  F3290-25 MG) ; 85 F B4 7] : Protease in-
hibitor cocktail tablets (Roche 11 697 498 001);
rNTP (NEB # N0450L); T7 RNA Polymerase
(Thermo Fisher Scientific Inc EP0112); Thermo
scientific Ribolock RNase inhibitor(Thermo Fish-
er Scientific Inc E00381) ; RNA Probe Purification
Kit(Omega R6249-01) ; RNase A (Thermo Fisher
Scientific Inc AM2274) ; RNase T1(Thermo Fish-
er Scientific Inc AM2283); Pierce™ RNA 3" End
Biotinylation Kit (Thermo Fisher Scientific Inc
20160) ; Chemiluminescent Nucleic Acid Detection
Module Kit ( Thermo Fisher Scientific Inc
89880) ; Biotin-16-UTP (Roche 11388908910) ; U-
rea(SIGMA-ALDRICH U5378-500 G); T Vec-
tor pMD 19(TaKaRa 3271); PrimeSTAR® Max
DNA Polymerase(TaKaRa R045A) ; it IR
& (FOREGENE DE-02011) ; PCR F=#y i1k i8 7
£ (FOREGENE  DE-03011) ; HiAth Ak 231 5 3¢
WAL, 2ok B 2420 W) AR H Ol g p 4l

2.2 /i

2.2.1 wiITHBEZE KindENRE T
80 CAEME 5 min, BiJm 212 M = = I 1 A
A SAFBL HEFZE G AR T 25 CHEF 30 min,
M5 28 AR 22 B 30 min, I A RNase A 200 U #
RNase T1 200 U F 25 °C Jx i 10 min, JI A 5 X
SDS loading buffer & 1 X, £ R A )G T 95 ‘CHIl



% 44 EpA, 4. K4E% RNA 5 SAFBL A8 Z 4k it RNA — 2825 # 745

5 ming 200 VAEEHLIK 4 h. 55 #EAT RO
. i ] biotin-16-UTP 41l 5 MR E T LUK AT
B2y, i A Chemiluminescent Nucleic Acid
Detection Module Kit (Thermo Fisher Scientific
Inc 89880) HEATAL KO 2.

2.2.2 RNA RZEHH FARic/a iHE T 80 C
AEVE S A3 BES S8 BRI R IR A S A
SAFBl HHME AR T 25 CHEF 30 min, IA
RNase A/T1 #4530 RNA 5= 5G] 15 min. Bl
Ja A Precipitation/Inactivation Buffer 20 L., %
BEIRAIE —20 “CIHE 20 min. 4 °C 17 000 g &L
15 min, 5 EIEBIEMA 700 LRI TR —IK,
THETIE A 7 L, Gel Loading Buffer 11 . 7843
RAJJET 95 C 5 min, L 3 pl. T 8 mol/L
urea 870 WENIHEEICEENL 72 RNA Zilr. Ko
JE Y RNA R Bl 2 T AL BN 31 e e i
22 hh 32 B, B J5 i | Chemiluminescent Nucleic
Acid Detection Module Kit (Thermo Fisher Sci-
entific Inc 89880) AT )R LEfb = AL W32

2.2.3 RNAZMo4r AW FE RKintric)s i
PREF T 80 ‘CAEE 5 min, B 5 218 PRI 2 = A
P, imA 10X RSB(RAN Structure Buffer) & 1%,
FRACE 20 min, {15 T AN, USRS
f) RNase A 8¢ RNase T1 47 Y)#), % i i V)
15 min. /il A Precipitation/Inactivation Buffer
20 pL R BER 215 — 20 ‘CYLHE 20 min, T 4 °C
17 000 g &0 15 min. 7 FIWEWIE A 70% 2B
VW TR i — K. =S T RUTTE. A 7 pl, Gel
Loading Buffer 1[I, 1R 21 J5 T 95 C jin #&
5 min, ffiJEHL 3 uL T 8 mol/L urea 8% H Nk
JHE5E I 200 VI FE LUK 5 . K DR K4 B8 I Y
RNA R Bt o 2 15 AU N3 Je Je i 1, 5l
TS AMCIBOR: RNA [ %2 » £ {4 H Chemilumines-
cent Nucleic Acid Detection Module Kit (Thermo
Fisher Scientific Inc 89880)#F17J5 £L1k2: K& Wi

3 & R

3.1 SAFBI Z&4&F LINC-PINT-1 {45 E X 15
T4 C# ) 9 RNA 2 LINC-PINT 5
SAFBI & A & 5 X B0 W Fa e, 38471 85 i 44 H
4 LINC-PINT-1. J T 5 UF SAFB1 5 LINC
PINT-1 () #1 B {E /i L J SAFBL 78 LINC
PINT-1 Ly i ATEE SAFBL fAAENG (0 T i3
7 RNA Bl Hr (B 1), LINC-PINT-1 %5

SAFBI 05 45 4, 3F A RNase A B RNase T1
HATHER A UI®], T SAFBL 45578 RNA |, AT
Y4 IX S b 5 23388 . RNase B, 774« R 57,
KRR AE AR TE T BT SAFBL (454 7= 4 10 4%
R R BB (B D). g5 0T LUk B SAFBL 454
PrE A F 30~55 nt XL B FHF Ll i
RNA ¥4 3" K ibric B4 %, b H RNA
marker F& /R IR/ NI RNA 3 KRB, 41
o £ b 1 () X 36 B LINC-PINT-1 () 20~
55 nt[X ik,

nt
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B 1 SAFBl %4 F LINCPINT-1 #9545 % X 3%
JEIAMIT SAFBL 72 LINC PINT-1 |1t &1 &, 1
rREELRAEARTE T H T 1T SAFBL 5478 RNA I Sy {4
PAEFT, k38 T RNase FOYIEITE BRY 25H7 D855 X 3]
Fig. 1 RNA footprinting assay of LINC-PINT-1
shows the region protected by SAFBI a-
gainst RNAse digestion

3.2 RNA Z#Ffl#0 RNA £54943 #7iE SE LINC-
PINT-1 BB E _REH

Bk Rk £ B IEPE 2R B RNA 58 A A B AE H
5 RNA 0y g5 AH, B TR LINC-PINT-
1 R EAFTENRRAE B 250 O HLAl i R 1) — 4%
45Ky 5 SAFBL AHEAE M, AT H] RNA Z 2045
PP 2 fE RNA structure X LINC-PINT-1 3
AT 5RO 25 5 & 3% RNA ) 1~80 nt il
80~123 nt JE P LB ST I ZE A L5 A&l 2a
. BT RZ2 80 RNA 450 i 3L T 9 &
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RNA Hf/N A e, i 52 s A RNA 7 & JL
- 5t S5k [ EAT o DRI ] RE 2 A A T 45 k) 5 5
BRatk ¥ (A 2%, FRATTKE LINC-PINT-1 1y 3" A it

SAFBI 54 X AA 5 RNA g5y T —smg —
atr, i 2b.2c Frs . Hop E 2b HdRiEng 1.2
1 AB 3505 RNase T1 F1 RNase A ()43
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S S I E— s
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- e dd‘f/
| '
2880t _ S il
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B2 LINCPINT-1 BA% 26 =B
a) RNA structure il i RNA 50, & b R [6] 368 32 7 45 A T3 /e A4~ )
SER KRR E M. A R S BRI A R T R 1 T R S ) B R L
TR B R IE 7 . b\e) RNA 58950 8F LINC-PINT-1 SZhril — 2454y, Forp B
9 1\2 F1 A\B XJ R C HF iRy R U0 o7
Fig. 2 Thespecial secondary structure of LINC-PINT-1

As is shown in the figure, 4 colors represent the 4 sequence motifsrespectively.

3.3 30~55 nt 2 LINC-PINT-1 #3545 E R4

IR X 1

F T #F— 8 E SAFB1 78 LINC-PINT-1
4G XBUE B 245 #%F T RNA 5 SAFBI 25
HIRFR, FATH LINCPINT-1 #4743 B 50
WS Pk A7 25 4 Tl 3R AT B B 30~
55 ntf Xk, He b — SRR Y 25 RS L S AR
RS EOREM N ER (B 3a.b) (ERER
B2 30~55 nt IE#f-2 SAFBL 454 X5, tniE 1 fr
7. Hor 1~80 nt A% Fi 2 &84 22 454, 81~
123 ntfl & J5 2043 25 0 24584, 1~50 nt /T LD
A ZE IR EE R ) 250 3 e A IR R A A T

BRI, i 3a.3b F7R, 1~60 nt AHXTF 1~
50 nt R TIEBEZEM T, IR 5 2K
RNA 1) 254 —3 5 30~55 nt {ULLREE T
/N — A ZE IR G L. A IV B A 5 A T 0
3a.b fli7R.
3.4 LINC-PINT-1 30~55 nt XX 9 —REH 2
SAFBI iR 3 M &R/ E

FRAE b3 i T 25 R, FRATT & B R A A X
LINCPINT-1 (A s rh, 242 F& 30~55 nt
X4, LINC-PINT-1 5 SAFBI %54 X5 — 2%
G 52 KRB IR — B0 e 2 W 25k
W% HEER R TR R ER X T RNA 5
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SAFBI 254 i 221 AT 3R W 5o B 43 il iR
AP SR I bR e 5 i R G R SE B R IE S
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AAE T Im (E 4.
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B3 30~55nt K32 LINCPINT-1 %447 =
R LEM AT R,

a) LINCPINT-1 Wi 5 /R & Bl b) LINCPINT-1
W B R AE A T 45 Herf 1~80 nt,1~60 nt,30~55 nt
r R ZR AR R I DX I A A B A 0 — B RN AR L
AeFEJFAT LLS 4514,
Fig. 3 30~55 nt iscore region of the LINC-PINT-1
secondary structure

4 7 it

AR RNA Z R 5 I il 1438 5 Wat-
son-Crick, Hoogsteen, sugar-edge = fl#& S 4l i
XS, IF HAZ 21 2 &R 520, 41 RBPs (RN-
ABinding Proteins) . 43+ 7415 (chaperone) , RNA
polymerase [ JIE A B | B8 -V B LR E A5 14 55
TEMRAMNE S 1) RNA 0152 5 3 SRR ST 19 9048
FI] s BARANRE SE 4 A0 i N Y PR B (H 3R AT
SR 5 R IR B LRy 22 vh R B RSB
(RNA Structure Buffer) , M 8¢5 AN [5) B 35 B 1
TS 2 I ) — R R ) S B[R] RNA 40 2%
) B AR A P AR | ¥ 36T MFE (minimizing free
energy) JE. JRAEFL BRI LI KTz s H
HRERZ 5 RNA Z R L5 TP L% VAR G IR 2R
BHRERTESL . B AN 25 1 B 5 RNA B9 A B4R AL it
b IR ARSI DL B, RNA H 310 3h )24, R
AL & RSP R B h Gin vitro) L Z2 7

2#FL 1~80 nt
SAFBI - + - +

. <€Sample hole

Complex —>

Free probe —>

1~50 nt 1~60 nt 30~50 nt 81~123 nt

SAFBI - + - + - + - +
-

Complex —>

Free probe—>

B 4 LINCPINT-1 & %% RNA 5 SAFBI &4k
shABEAE A
RNA 5 SAFBL # s 89 &4k 4 B A7 2.
Fig.4 LINCPINT-1 subclones interact with SAFBI
in vitro
As is shown in the figure, black arrows represent the

free probe and complex of RNA and SAFBI.

AR B0 A2 Ak LRI R 4 Bl o x5 B
TR A5 SR AS AT HE. XT38 X FoAS AT E 9 Ji PRI AR
FIRE BT A A v T S RNA A AR
FHIR SAFBL 1E R — A~ Z 4549 37 8 1) 4l B R =
gL WOAMAE, RNA 5 EHAXN T
RNA =45 BA B & 2R s e —Has
FSEAE .

5 2RI, RNA J7 51 F 25 0 £ ek Ak 1 i £
SEMEL H BUA B9 RNA 2045 4 1500 4% 24 A A
Rfam Z5/DRAE % & RNA Z5H7E -6 E 4~
75 TSRS 30 AH ] HAB AR A S 8L, Bl RNA
FP A A B T 1 AT S 25 B SRR Ak
B X8 A TN 1 2 SR e S SR 5

3 Ik OB A% IR Wi Y RNA 2544 43 Bt (RNA
structure analysis) A] DIEN] RNA ) SZBRE548 . A
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TR AR BY A 36 E R4 T ) 25 5. RNase AL T1,
U2 EHIRe A BaE RNA PR s EAT V1),
SRAG 2] E) ks RNA 19 RNase, {H 2 17) %) XU 4
RNA (1) RNase 2| HFi 1k R A& T —F SRR T
Naja oxiana T HJ RNase V1, i T A4 R
ME— B BB A5 L B AR AT 3938 8 RNase O
Ty AU R AR ST RE R FIARAT RNA 2%
SER I AR S R HE T RNA AR 904544

T RNA 854 (T8 18 il >4 43 F P9 i
FEFECXT s PRI FRATTX LINC-PINT-1 i 1 — R 51119
Bk, H BB e R R AR AN TS
MWK A B R 5. S5 R AP 2 £ s
RNA H2ed5 50~60 nt KIS BE 5 A B —
LR T FLRE 30~55 nt,1~60 nt,1~80 nt 3
REE 7 A I 2 as5H, (B 3 ab). BRJE I
RNA H Bt SAFBI B H KT R I K45 8 Wow
AT RNA 5 SAFBL AHZ5 G i H 284,
XA 25 W R 7 5 5 Z R A i e [F A T
RNA 5 SAFBI1 iR IF45 4.
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