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In Sox2 3'Untranslated Region

MA Li', KONG Qing-hua'?, ZHAO Shu-hua'?, WEI Yun-hu'*, MAO Bing-yu""

(1. State Key Laboratory of Genetic Resources and Evolution, Kunming Institute of Zoology, the Chinese Academy of Sciences,
Kunming 650223, China; 2. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The transcription factor Sox2 is one of the earliest determinants of the neural system in vertebrate and
plays crucial roles in stem cell maintenance. Through bioinformatical analysis, we found that the 3'untranslated regions
(3'UTR) of vertebrate Sox2 mRNAs (especially the 300 bases at the most 3' end) are highly conserved and contain four
conserved AU rich fragments. Through reporter gene analysis, we evaluated the effects of the Sox2 full length 3'UTR and
the conserved fragments on gene expression in Xenopus laevis embryos and cultured cells. The results showed that the
conserved fragment 2 from the 3'UTR of Xenoups laevis Sox2 was able to increase the reporter gene expression
significantly, indicating the possibility that the expression level of Sox2 might be regulated post-transcriptionally through
its 3'UTR.
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B, R LFRIUTR, 2580 UG §T i A1
Wi & B 5 (Boyl et al, 2001).

xRN TSo 2 TV R IHMERARE
EZLRT T, WEAAHESIY) IR E R R
B2 R G0 S SE R 2 ——(Mizuseki et al, 1998;
Kishi et al, 2000; Sasai, 2001). 5 H FSox2 3k Al
[F) 3% 38 2 46 JR M JF Ui I 18 T & 40 IR 2
(Mizuseki et al, 1998). 7EH KA L R IR B,
SOX27E A 28 | Je v iy B 308 T AE 48 Al i 1
B B A5 F 54T T (Episkopou, 2005). Sox2 ) £ ik 7K
P THAEH D et e B E . Sox2 4% A AN
BRI EAR LR KT, HREAKE ST, T
MBS, HEVEARTE )RR, UL T IR AKE )
2P (Avilion et al, 2003; Kelberman et al, 2006).
Taranova et al(2006)F4 % T — 41 Sox2 3 Pkl 5] 2 1Y
SR SER AN, R Sox2 [l R IA RAL T IE R
TP RI40% T, 255 1B AW 9 RSS4 26 i 1A 4t Ja 11 234
S RVINIR BRAE (R 2E 15 ] Sox2 3 1K 71 = 6 40 kY
I Ao 28 T A 40 PRI I A e B OC . FEN
%5, SOX2I A4 A5 548 55 TG K /N HIR W 1 A 2 A 5 1)
(Kelberman et al, 2006). &4 5% K-F[#ifI#2 41, Sox2
(25 7K P8R 32 FImiRNA (3, (HA R T4 8
miRNA IE I HLH], miRNA R B8 2 38 52 5 Sox2 )
i X 4545 T e 3 mRNA ) [ /# (Tay et al, 2008).

W AEE BT, BATKINAE G
Sox2 mRNA 3'UTRHE{E4B RS R <7 B & T AU
XK, $E/RSox2(MRIA T BESZ B G s . fEA
WG, BAiTE S8 v bE T AEYIIE (Xenopus laevis)
Sox2IE PRI AP FFEMIT, AR5 76 A F Y TCE it Fi
293T4H g AT I 1 Sox2 4k K 3 AR R B IX 4 K S AN
TRAF BN RS JE R R IR I g . 45 R B 7R Sox2
3'UTR ] SR 15 FE R [ R0 K7, el 2 b
PRAT B2 n] B 35 4 Rt S R R R IA KR, R
Sox2[¥I3'UTR 1] it 2 5 oo 5% J 4%

1 #RFAEE

1.1 ESTHUIRES

AR Sox2 iR 41 L % 43 At 1l 13 Clustal A1
BLSATHE/ 758 . & WFhSox2 5L K1 (1) 7 47115 53 3l
e #GHE I (Xenopus tropicalis), NM_213704;
A, NM 205188; 417, X96997; [,NM_011443;
BEhfh, NM_213118; A, NM_003106. FE#JK
I (Xenopus laevis) [1Sox2 3" 4= K /7 51| 7E GenBank

HAEAT, A BEIRAT AR TUE 301 I Jifi cDNA ST
P TIX LR, AT TR e As 3
GenBank, J¥41%5 4GQ292559.
1.2 FRkiE

FH PCR BEARY M 3'UTR XA KL F
B BEAMYIN SRS RS 1. B B
H] QIAquick Gel Purification Kit (Qiagen) Ji[F[ii 4l
. e A s (9O B F(EGFP)I 9L 3
it (luciferase) i & Ak A ) SOk 2 & - (pCS2-EGFP,
pCS2-luc), FHAFIFREFEFIZGHEZ J5. RNA @
ARSI S5
1.3 RRRRIRIMEZRR R BRUEST

SEI ) AR AR P TUE I [ 56 [ Nasco 24 7] .
A PTG 1 44 A 52 K FHIE i 55 97 4% B Gawantka
(1995)R 1) 5 L0 AT o AR YIS IR R 8 (1 I3
% Nieuwkoop & Faber (1967) Fritiiffr)kHfie. 4
S SR £ i SR R KT DNA (Spg/mL), RER
& Snle SRS S IR G 77 2 e 2 B
I, # T Leica MZ16 fiftifl 5 MLk 5 0 A
(AR R TR IR, GE— AN[R] SEEG 20 1R RE OGN TR
14 RAEMIREERSH

293T i M (1) % G 1E 96 FLAR P kAT, RRfLiE G
30 ng EFFAT Sox2 3'UTR JF41 (K15 22 B 5 L A
(R, RN 3 ng [f) pRL-TK JJURLAE R N 2 .
A 3 NER, # YL )5 36 h A] Dual-Luciferase®
Reporter Assay System (Promega) il 4% 4 41 Ji i) XL
PR BTG IRIE . ROCEMIE @S Fluoroscan
ascent FL (Thermo Labsystems)%¢ Y 7 HTAHEAT . 48
B DLV (bR fE 25 (SD)K I o ¢ G R IR IR 1
FHOS 5 BT ) 22 A B R R T 2 AT R 3, &%
SEIGALADN PO RAL M BMEHAT 2 t IS, P 1H
KH Bonferroni £ IiF. BTGtk R
2.8.1 Hiilo

2 & R
2.1 Sox2 3'UTR BYRFHES T R EX RS EF XK
ey 0EA G

SIiBUR RO AE IV NN N R TTE O
ANER S B AR RN (R Sox2 3 IR 1 81 3047 AE A5
R, FATRKIEHES)P)Sox2 mRNAJK3'UTR
AR, Rl e H3 AR I Z1300bp. YT A
T U F1Sox2 mRNA— M 490%. TR
JIIE A A5 A4, T RES A W /N Sox2 36 R 5 L. AT
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DX SR IE 2 T 80%

J T HFFESox2 3'UTRXFSox2 mRNAFE & P
SLRIPERCR I, AT e S v b T AR, /)

BURT A ISox2 L R R3'UTR (SIFEHI L&) Tk
HIEN G A RGBS L FIpCS-GL3 %A, it
R 293 TN ML, AT TN T X34 F 1) 4K 3'UTR
X R DR AR T B R PR R IR s, PR 38 22
I3 M 4l A3 B % A W) A7 A0 0 2 5 (Fs 5= 13.086,
P=0.002). Z B4R W, ASIE TSR
WMAMAEREZ7EL), BWHAM3 UTR

R 1 T Sox23'UTR B AR FERBAESETASIY

Tab.1 Primer sequences for cloning Sox 2 3'UTR different fragments

Fi Bt 4% Fragment name

5|¥17 %) Primer sequence (5' to 3")

7K FE Product length (bp)

F 5’GGGTCCGGATAAAGATCTAATACTGAAGGAACTTTTATATCC 3”
R 5’GGGTCTAGACAGATTTCATATTTCAAAAATTTA3’
F 5>GGGAGATCTGGGAACTTGTATAGAACGAC3’

Xenopus laevis Sox2 3' UTR

1018

811

365

205

100

123

143

El-4 R 5’GGGTCTAGACAGATTTCATATTTCAAAAATTTA3’
F 5’"GGGAGATCTGGCCACTAGGATTCCAACAT3’

E2-4 R 5’GGGTCTAGACAGATTTCATATTTCAAAAATTTA3’
F 5’GGGAGATCTTTCTCTTATCTCATTTTCAGTAG3’

E34 R 5’GGGTCTAGACAGATTTCATATTTCAAAAATTTA3’
F 5’ GGGAGATCTGAACTAATCCAACCCTAATAA3’

o R 5’GGGTCTAGACAGATTTCATATTTCAAAAATTTA3’
F 5’GGGAGATCTTTCTCTTATCTCATTTTCAGTAG3’

E3 R 5’GGGTCTAGATTAGGGTTGGATTAGTTCAT3’
F 5’GGGAGATCTGGCCACTAGGATTCCAACAT3’

k2 R 5’GGGTCTAGATAAGCACGATAAATTTACAG3’

El F 5>GGGAGATCTGGGAACTTGTATAGAACGAC3’

525

R 5’GGGTCTAGAGATGTTTCCGTTGCTTTCTTGT3’

F 5’GGGGGATCCGAACTGGAGAAGGGGAGAGATT3’
R 5’CTCGGCAGCCTGATTCCAATAA3’

F 5’GGGGGATCCTTCACATGTCCCAGCACTAC3’

Mouse Sox2 3'UTR

960

1175

FEHIAT LB 2R i S FE R Rk . AR (1) 4>
F3UTRA R i K5 DA 1) 238 A 99 1) AR AR 4
SR
2.2 3EMITEESOX2 3'UTRARE K B AR &R
ESe: Al
AR T AR TS RN ) Sox2 3'UTRIF41,
R 44 Bsch sy (B 2D, selandah
FBE1 (1476~1555bp) J B 2(1848~1901bp). J

Human Sox2 3'UTR
R 5’GGGTCTAGATCAAACTGTGCATAATGGAG3’
a
160
120 ab
b

3
=z 80F b

40

Control Xenopus Mouse Human

+Sox2 3’-UTR
BT ARSI Sox2 42K 3'UTR % 98 K
A HE R IL IR S
Fig. 1 The effects of Sox2 3'UTR of Xenopus laevis,
mouse and human on the expression of the
luciferase reporter gene
A Sox2 He[A 4K 3'UTR W LU 258 il i ZE AR RIA . AE BN
BRIAR IR, ORI L2 1) B AT 234 22 57 (P<0.05)
The Sox2 3'UTR of human improves the expression of reporter gene
significantly. The different words above bars indicate significance among
different groups (P<0.05).
RLU: A%} )G A (relative light unit).

Bt 3(1934~1992bp) Al 1 Bt 4(2046~2120bp), H:H J
B2 M4 o RSy A T b TR IR B
Xt B R AR (s, FRATT 3 il v B T A AN ]
F B 3UTRFA (B 2), 2 T B 14,
Bt 2-4, FB34FRBATHG I 1), I¥s 5
B IR 7 A1 N B A 4 (. 58 N B 1 iR 05 JE DR RN 98 0 3%
Mg BE DR Ak o AR JE 2 il EAT IR i R A e
WS & A0 758 I H 1 TR 8 T8 B 55 RS I 20 D't 32 T 1
BT, W GFPIIERIE (B 3A) WTLLEH, HE
2-4 PR B 4wl R )48 i S SR R R IA . B T 2



636 )7/ B | 30 %

W), B34 W] AR S IR i GFPI AR IA BT MBI R (] 3B). BRI Ty 2200 T
MR B 1-4 A4 3UTRATHR I RIER W] KRB AR AR B 2% 2253 (Fs 1= 9.618, P<0.001). %
WA, BATRE D BN T AR B aots mR AR R, K 3SUTREA

172 1107 El E2 E3 E4

| — ORE ) e | & £

— ORE } 5'UTR+ORF
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s e  OF
—— -
— Y
4 =
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Fig. 2 Illustration of different fragments of Sox2 3'UTR used in the reporter gene assay

+GFP-Sox2-3"UTR
GFP DNA Full length El-4
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Bright field
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Control Full length E1-4 E2-4
+Sox2 3°-UTR
K 3 Sox2 3'UTR MI/RIi I BOHIR i o4t 45 LK 2. 1 S
Fig. 3 The effects of different fragments of Sox2 3'UTR to the reporter genes’ expression

A: Sox2 3'UTR FIANIF v BO RAMESTHIE R GFP FRIL MM, Fr Bt 2~4 R B 4 W DL RS2 midf 5 25 BRI 8 B: Sox2 3'UTR Y
ANTF F BOWS S AR S R NG 90 BB PR R R, B 2~4 W DAW] B4R S O R PRI Rk . AT EARRI T RERAR IR, RN R4 1 H
B FE R (P<0.05).

A: The effects of different fragments of Sox2 3'UTR on the GFP expression in microinjected embryos. The fragment 2-4 and fragment 4 can

improve the GFP expression significantly; B: The effects of different fragments of Sox2 3'UTR on the luciferase expression in microinjected
embryos. The fragment 2-4 can improve the luciferase expression significantly. The different words above bars indicate significance among
different groups (P<0.05).
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Sox2 LK 3" AREHTFIX SR AT IO Rk BRI A R TR A T 637

Al BRI A A E W3 2 5, WAL B B
2~4 HA W& 25, (RS oA % %A 7 72(K] 3B).
AL B 2~4 v B R ORI R L . SO FE
fiff s FE AN (R 45 SR GFP AP ) 46 AR — 2L
HTRINGX 4 AR BOSHIREER-, i
Sox2 3'UTRH A% i ol 1o v b T
B, B2 AUFBE3 (BIMFsI g D 3K E
ENA AT GFPRIZEO G =R & B Bk, AR5
TH 3 JVR B S N 41 B e Y IR 22 GFP [ 38 155 L S e
RN O R IR . SRR, M S
ng/pLi% A7 GFPHi 75 55 Kl (M DNA 5 75 J2 2F B 88 5¢
eI (K& 4A), 42 K:Sox2 3'UTRZ %GR IAFHNT
TXRAA IS, HIEAME. miEfA B 2
M B4 ARG 76 B E. 5oh, %
HABOFA B3 N4 GFPR I B A T 5942 mifH

SRR . SOUEM A4 RE BN =
FEIF BT R I A S A ) A7 A 535 72 57t (Fs,12=10.154,
P<0.001). ZEtRIWL R YR, RE2BRT SR
4 LREERN, SHMSAIGFEREER (B
4B). WL B 2 AT AR O SR S R
FIA, B 4 T B s R R R AR (R RO TR
HERELET, XE5CGFPRIEMLRIEAR . K
TR 4 AN BIREER, X TT
293TAH i ) Jeil s o 25 IR 28 PR IR 35 07 22 40 AT R I
25 S0 2 R) A7 A 3 3 25 7 (F5.10=5.211, P=0.009) . %
TR R BoR B 2 5 B3 A K IUTRAFAE
WEZER (40 25 Bk, Wid X GFPAIDE G 5=
Pt PR ol 55 DR VR i R 2 G 4 i 1R ek 43 A
TEBA P B 2 W] 3 (R sl 2 S R R Rk K, T
B 4 nr i i

GFP-Sox2-3'UTR

GFP DNA Full length

o . - - - . .

Bright field [SY¥ _ "\ "

160
120 p

80

RLU

a0t

Control Full length E1 E2 E3 E4

+Sox2 3'-UTR

Control Full length E1 E2 E3 E4

+Sox2 3'-UTR

Kl 4 Sox2 3'UTR [IAN[R] F BO i ik PRI 234 1 5 i)
Fig. 4 The effects of different fragments of Sox2 3'UTR to the reporter genes’ expression
A: Sox2 3'UTR FIANTA J1 B R Re gt NG b GFP 4R 5 ZE R R s, v Be 2 Ry B 4 v LU B3R il 2L Rl &34 B: Sox2 3'UTR
PRI P Bk S S R NG ¢ ' AR 5 JE RIS, B 2 T DL SRR R iR SO R I C: Sox2 3'UTR fAS[RI T BUAE 293T 4i
HE R PG R AR S AL R LA MR, B 2 AT B 4 R RER SRR, HE R A B (P>0.05). H EARTEIFRN, XoR

AN 2 [0 HAT 3% 2 7(P<0.05)

A: The effects of different fragments of Sox2 3'UTR on the GFP reporter expression in Xenopus laevis embryos. The fragment 2 and fragment 4 can

improve the GFP expression significantly; B: The effects of different fragments of Sox2 3'UTR on the luciferase reporter expression in X. laevis

embryos. The fragment 2 can improve the luciferase activity significantly at injected embryos; C: The effects of different fragments of Sox2 3'UTR

on the luciferase reporter expression in 293T cell. Fragments 2 and 4 can improve the expression of the reporter gene, but not significant statistically

(P>0.05). The different words above bars indicate significance among different groups (P<0.05).
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