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Expression and purification of bovine SRY protein and its func-
tional characterization in vitro~
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Abstract The SRY gene was cloned from the bovine Bos taurus genome. The total coding region is 687 bps encoding a
peptide with 229 amino acid residues. Compared with the SRY genes from other species, including human, mouse and
pigs the amino acid sequence at the HMG region is highly conserved with 70% similarity. The bovine SRY gene was
cloned to EcoR 1 and Sal 1 sites of pET-28a ( + ) to construct an expression plasmid pET-28a-SRY. The expression
plasmid was transformed to E . coli BL21 (DE3), and induced by IPTG. SDS-PAGE analysis confirmed that the bovine
SRY peptide was highly expressed after 4h induction at 30°C . The product of expression was identified by Western-blot-
ting and the SRY protein was purified to homogeneity. Functional analysis using gel-shift experiments confirmed that
bovine SRY protein could bind with the promoter of Mullerian Inhibiting Substances (MIS) from bovine and human. In
contrast, no interaction was found between bovine SRY protein and the promoter region of MIS from mice [ Acta Zoolog-
ica Sinica 52 (6): 1082 —1087, 2006].
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BORS 1 MAFARIGE i 7 SR RS DL S SR AR AR
Brle RV ET B SRY R HAHKHE
RIfEME R B LR ER], A& 8D T/KF E
P AL E W I K . SRY HE PRI v Pk
S ME— B, W FLE PR R E R — A2 R IRH
IR, MonvE £ LD SRY HEPY 3R 2 AP
ZH5NAFh RS, 245812 KNEHE SRY
FLINAEN K 6 M (SRY, SOX9, MIS, WT-
1, SF-1, DAX-D Z5 TR PE h AR
JR A6 A B0 380 P9 1 N AR TR AR R R O Bk A
2, 200300 SRY H IR LI AL s h R4
VERIBORREIL, 50 M 0l T B ) L ARAE HIPL G 77 i
HHE TR SRY N K SRY H HFRABIT .

SRY (Sex-determining region on the Y chro-
mosome) = RUEN T FLAIY Y Gtk 5Pl
RAEBEA IR, ZBER A MR TSR H
FYoE TILS v R A . BEP AL XX A
H SRY H DA I A A 25 DUE 1 5% [R) 1 5% 29 A7 78
(Koopman et al.» 1991; Kamila et al., 1999);
SRY HEPRIIK S AR M 2 E — & R JE b5 [ 1 e e 50
PE 5 7 % (Patricia et al.» 2004; Mohammad et
al.» 2004). 1990 £, SRY KM AK Y G ik
A543 7 (Sinclair et al.» 19900, X J& 1455 KB
BifA R AT Y] - R 1) 52 KL € B F TDF (Testis
determining factor). SRY H A& T %A HMG &
(High mobility group) 475 454 T DNA J7 41 i
F— A2, ZWREIE SR T, & A
SOX (SRY-related high-mobility group box) &
(Pevny et al., 1998). HHI*F AN SRY %
DRI e FL B IR AR AR R B e 2, TR 2 SRY 5 A
MDIRERETE R B A 2, MWANE A SRY A2 H
HATH S 7 1005 1, e 8 BOd B b 4 SRY
LD A HAT M R J AEH] .

AWFFCE UK 2F 1 SRY K& R K W A 187 v 3
1%, JERH] His-tag W E T HER 73 2§ 24k 3143 1
PRI 2R SRY B2, JFE GIESEE SRY #
A4 RN MIS B3 7 FeaRs stk g5, HA
e 5 BN Mis B3l FRAEMBAEH . X—Fua R
Pk — B WA SRY R BRIE 0l & & o A T &
N A (R A (0 e ) B K

1 AR L

1.1 K
1.1.1 AR, Ak ik HEbEIE TR

FAE A 1 R E b4 oK) Il A vk B S
Y KW E . coli DHSa X E . coli BL21 (DE3)
T RAARA F] s pGEM-T ZFE 848 5 Promega
FE AN pET-28a (+ ) RIAZE AN T Novagen
AT,

1.1.2 5 FAEY¥RA EX Tag BABE, PR
PEW VIS EcoR 1+ Sal 1 1 dANTPs ¥4 TaKaRa
AT BB B YITO 2 F12E7F; XGals
IPTG~ BT Sigma A#l; T, DNA EZ1 R
Promega 24 7 77 fiis DNA #E i 21 28 16 38 71 &1
FOR R BGAF EIE T R AR A F], 8 A Rk
FEE T QIAGEN 2 Fl; JBE AR, BREE Bk
t OXOID 2 F 4 7=; His 2 v BEPUiA I [ 46 5t
JRILI MBL 7=, =90 CGEPLR) N Santa cruz
NAE A, NCBEA Amersham A 7] 77 fl, Western
Blot ‘2 IR EHN Pierce 27 7% i o

1.2 Jii&

1.2.1 SRY By, e M — #4577
PR AL 50 B A e 9 2R I R 4] DNA. Wit —
XL E SRY HER 4 7 A5 P1: 5 -AGTAG-
GTTGATGGGTTT-3's  P2: 5 -TGATTAACA-
GAGGACCAG-3". PAZFJED 41 DNA A B, Pl
P2 A5, ¥ SRY K, PCR KW 4 1
94°C 5 min; 94C 30 s» 54C 30 s» 72C 1 min;
330 MiEEF; 72C 10 mine PCR =14 1% 3l
BESE UK AT I S, [T PCR 7= 9, % W™= )
DL 1 9% Bt P 458 Jss e Sk AST DU o

1.2.2 HBEER SRY ek [ PCR 79
F pGEM-T #AKTE T, EHRMAEH T, 160 &E#
1h G, 4C o %k, 8 EA R pGEM-T-
SRY. # ALk 4 B IEZ A E . coli DHSa 1#
W, fERA LB R Rk LRI R i, T
A Amp 1) LB WK IR ol s 95l i v
PCR XJ T 3R 453 10 K A 3 10 AT 8 s ) I 42 O
Fi, H Bstz T BEVI% 2. K PCR FIEE D) % e 340
BH Pk F) 81 9 326 28 A= 2 =

1.2.3 REFAEMWE B SRY FEF 75
WAk pET-28a ( +) I 2 v & A7 s % it 51 4,
SRY-E: 5-GCGGAATTCATGTTCAGAGTATTG-
AACG-3', SRY-S: 5'-GCGGTCGACTCAATATT
GAAAATAAGCAC-3" (RIZH 73 MY D LA
SR pGEM-T-SRY MR, SRY-E Fl SRY-S 475l
WEAT Y 8, PCR N 4F: 94C 5 mins 94T
30 s, 51C 30s, 72°C 1 mins 3£ 30 MAEM; 72C
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10 min. #fifk PCR 724, X 0B V1AL 200 4 36 4l
=R pET-28a (+) #AA Il EcoR 1« Sal
TXCEEYT, 19 A B A W e s i vk T i, AT
DNA EH#:M 16°CHEH 1 h G, 4CHmiEH. ik
B R KA E . coli BL21 (DE3) ™, #%
W= Ai ¥ LB (% 50 mg/L RIEE) BlEF
. 4 PCR Ml EcoR 1~ Sal I MEgDI% e, &
U BH P o B i A8 2B A W) HEAT S 9 93T o
1.2.4 SRY HHEHMFEFRIE

AL B Bk T FEHE R T 50 ml & R %
1) LB AR g, 37T #5988 AN 0.6. M
IPTG % 0.4 mmol/L ¥ F &k, T 30T K%,
B 1 hBUAE W, A 5 he URIFEMTLES E.
coli BL21 (DE3) % Bk pET-28a ( +) ] E.
coli BL21 (DE3) 5 h YEXEE . i 5 & i 1) e 3k
IR Ago? A 0.68, HUEEW 1.5 ml, 4°C &0
WS FI B I R P, RA, W S min,
12 000 r/min &0 2 min, MW EIE 15 pul 4T 10%
SDS-PAGE HLiK, 552l R250 e 0 I it .
1.2.5 SRY A Western blot #rll #1555 %
B ) 58 54T SDS-PAGE HLUK, SR 5 LL-T32
LR RANIR AT EE (NC), BB VE S H &
LY, FRER 1 Marker 2517 i (0 5 FH 08 40K 5 4%
BT, He5EARICEH Marker 7% 4501y, 4R
SIEVELBRINARLL, SRIGHKIRE 5% IR WK = ik
B 1 h, 5P-His %PURT 1 h, 5 HRP b2
PR IgGWE 1 h, LRGN, 5
J5 N DAB % 2
1.2.6 SRY FHEHM4if 30C REFHIFEH
pET-28a/SRY ) BL21 (DE3) W, &0, &
TRYFER A, UK EJBCE 30 min, S EEREESR
PR R VB3, 3O DT B IR A . FH S 1 1l
Ni-NTA SEAETAE, EAERO G FiEW, HE
VEMDE PR, T U MG g e e, Al 7= ) B R
R EH 12% SDS-PAGE HLKAS I -
1.2.7 MIS EREZ Iy 8 5 F50 00 HE
— i A AR BE S N RSN B LA
FPRIUE L DNA. 200 Bt =0 MIS A
BTG, FAE

MIS-Bovine-sense: 5 -CAGGCACGTTGGAAC-
AGAAGG-3’

MIS-bovine-antisens:
GGTCAAGTCA-3’

Mis-human-sense:

5 -CACTGCGAAGGT-

5-CACATCAGGCCCAGC-

¥ 52 %
TCT-3’

Mis-human-antisense: ~ 5'-CCAGTCCAAGTC-
TTCTCGG-3'

Mis-mouse-sense:  5'-AGGGAGATGGGAGCT-
ACTCA-3’

Mis-mouse-antisense: 5 -CAGGCACAAAGG-
TTCAGG-3’

S NS BUBIZERZH DNA b, b
RPN, §H MIS BEF B 37, Mis 3
TSN 4 162 bps A 201 bps 7N R
217 bpe PCR XN 45 AF: 94°C 5 min: 94C 30 s,
58C 30 s, 72°C 45 3£ 30 MEH; 72°C 10 min.
PCR 7148 1% S NE B B kAl s, [l PCR
P, AT R HIGE o
1.2.8 4 SRY S MIS ERMAMHEAEH R
A Ei& MIS (Mis) DNA A8, FIH PCR & M.
2532 P bR (0 8UEE DNA PREF . 755 BH i X 56 3%
Haqq et al. (1993) (K7 REAT, WEEREH 5 24
SRY FHAE FAIZMBEHE T : 10 mmol/L Tris-
HCl, pH 7.4; 50 mmol/L NaCl; 2 mmol/L MgCl;
0.5 mmol/L HRFEFWERE; 4% FIH M. VT
T poly (dI-dC) 40 pg/ml 2% R AE4: 5 2 4H B A
Mo W E RINAE 4C &4 FAT .

2 4 3

2.1 4 SRY FERH b 5 405 Hr

DA# A4 BE AL DNA AR, LA SRY 2 A K
Pl. P2 A5 AT PCR 1. PCR ¥ 3= ¥ 5
pGEM-T Vector ##, t@EA k. LL Bsez [
Y] pGEM-T-SRY i kL, 33— 4211 000 bp
TN B Kb % e o BH I 1) 417 EAT 00 43
Mo S5 RRBIPTIRIGH) SRY 7 HIAL 5 56 44 (1)
SR HELL, ZifihIX 687 AMSEAI R, i 229 4
AEER, HMG X 5H 79 Maikm (& 1), 5k
E 1 F 558 4 — 2 (Kato et al., 1995). 1)
SRY R HMG 415 A /NS J85 B K
T709% HFEREYE, AN EFE R HMG FPoILAANE
H— € W [RE A
2.2 RIKJIURLI R g e AL TR

DA% SRY-E« SRY-SH K& A SRY A
) DNA F Bt 5 pET-28a (+) Ll EcoR 1+ Sal
1 WD), 78 T, DNA BEBREER T, WiE
Y1 JF kL pET-28a/SRY. A4 EcoR 1~ Sal |
MBI RN 700 bp 1 SRY FA R B (K 2).



6 39

¥ AR 4 SRY HARIAML SHA e % e 1085

AGTAGGTTGATGGGTITGGGCTGACTGCCAGGACGTATTGAGGGGAGGTATTGGGGGCGGAGAAATAA
ATATTTICACTGTATATATTGCACT AAGTCAGTCTGTGGTAAGAACAACTTATGAATAGCACCATAATITIT
AGAACGCTTACACCGCATATTACTTCCTCCCCTT T TAAACAGTGCGTATGCTTCTGCTAAACAGTGCAGT

1

33
157
53

217
277
337
115 -

397
133
457

577

1295 -
637
213 -

CGTATGCTTCTGCT TITCAGA GTATTGAAC GAC GAT GTT TAC AGT CC4A
M F R VL N D D v Y-8 P

GCTGTGGTA CAGCAA CAMA ACT ACTCTC GCT TIT AGGAAA GAC TCT TCCTTGTGC ACA GAC

CAGT CAT AGC GCA AAT GAT CAGTGTGAA AGG GGA GAL CAT GTT AGG GAGAGC AGZ CAG GAC

CAC GTC AAGCGA CCCATGAAC GCC TTCATT GTG TGG TCT CGT GAA CGA AGA CGA-AAG GTG
H- - ¥ K E P M N F F I % W . -3 R E--R--R--R E W

GCTCTAGAGAAT CCCAAL ATGAAA AACTCA GACATC AGC AAGCAGCTG GGA TAT GAG TGG

CAALAGGCTT ACA GAT GCT GAA AAGCGC CCA TITCTITGAG GAGGCA CAGAGA CTA CTA GCC

- ATA CAC CGA GAC AAL TACCCG GGC TAT AAL TAT CGA CCT CGT CGGAGA GCC-AAGAGGCCA

1 - H R D K ¥ P &3 ¥ K ¥ R P R R E 4 K R P
CAG A48 TCGCTT CCT GCA GAC TCT TCA-ATA CTATGC AACCCGATGCAT GTA GAGACA TTG
Q K s L P FY D -5 s 1 L - M P M - H W E - T - L

CCACCCC TTC ACA TAC AGG GAT GGT TGT GCC AAGACC ACA TAC TCA CAA ATGGAA AGC CALA
155 -
517
175

TTA AGC CGGTCA CAGTCC GTGATC ATA ACC AAT TCACTC CTGCAL ALAG GAGCAT CAC AGC

L.  R-§...Q §.%¥. ..I..1...T N § L. L. . Q K E H H g
AGCTGGACA AGC CTGGGEC CAC AAT AAGGTA ACATIGGCT ACA CGGATT TCGGCG GACTTT
s .. %W .. T % L. . & H ¥ ¥ % T L & T ® 1 5 & D F

CCCTGT AAC AALAGC TTA GAGCCT GGA CTT TCT TGT GCT TAT TTT CAA TATTGA CTTCCTTAC

K1 4 SRY 2 FIFH 5T
SRR P — ARG TN 1, S R 2 Hgmid M E R T, R0 HMG &, KIS i FRIZhsd .

Fig.1

Sequence analysis of bovine SRY gene

The first nucleotide of translational start codon is numbered 1 for the nucleotide sequence. The translated amino acid sequence is indi-

cated under the nucleotide sequence of the open reading frame. The HMG box is underlined, while the TGA stop codon is underlined.

kb

M1 > 2.3 SDS-PAGE 7 #T

BEH pET-28aC +) /SRY I LFEH E. coli
BL21 (DE3) 7E 30C £ 7%, n A IPTG £ 0.4
mmol /L S &1k, T AFE KA BCEE, L SDS-

'S PET-28(+) PAGE M5E w2 SRY (1ML, %RE
25 Wl IPTG %3 1 h RIAT W3] SRY FEPI R RIL (18
3, &N 5), B4 h RIEEIL g (&3, &
8), EH MR SRY FHEA G B EHEW
SRY gene 26% . HABSFELN 33 kD, 5 SRY &
H—8, X4 E.coli BL21 (DE3) (& 3, 4kl
/€2 kL pET-28a-SRY 1Y) % 5 1) M2 kL pET-28a ( +) 1 E.coli BL21
M: DNA 5 FJR bl 1: pET-28a (+) BUKII EcoR | A (DE3) (K3, 47 2) BIRIizdm A&k,
Sal 1 B§ D) )7 Bts 2: pET-28a/SRY T ELIE TR EcoR 1 2.4 SRY 1 Western-blotting 77 11 4
Sal | RGP BL DA His #7258 1k 4 b 3 10 Western B8 4 7
Fig.2 Restriction identification of expression vector Ty 2 IPTG 5 S 10 4 T 41 35 3k 24k pET-28a /
pET-28a/SRY

SRY (1118 14 2 fift 1) BE 13 PU-His L HURF 57 E S,

M: DNA marker. 1: Plasmid pET-28a ( + ) digested by EcoR |

and Sa/ | . 2: Recombinant plasmid pET-28a/SRY digested by Eé/\] 33 kD %%Iﬂiﬁ%% (lgl 45 %% 2), ﬁﬁé’é
EcoR 1 and Sal 1 . [FIRES 3 B B 8UA pET-28a (+ ) IHEAZLAED)

WG RN (B 4, Z%at 1D, BB BTRIE R Rl & iR
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KD M 1 2 3 456 7 8 9 NTA SEFZATAE B, DKM 2% ol e e, 58 N I
W s IS WL VR W Ak Ak 7= ), W] BUE B — 4% 3 W )
9 : w. ' SRY 4k, &k 33 kD (E5, &
7 - Do X i Bl g SR A E AT ai Ak T s — kR
6 SRY #H .
53_’- - - kD M 1 2

97—

66—

__SRY 53— —
protein

K3 W TE SRY %1 DS-PAGE 7 Ht .
M: R TR 1 VS BL21 (DE3) BibRFT T 36 - SRY
PEREA; 20 S pET-28a (+ )JFURLI BL21(DE3) Hitk protein
AR R G 3-9: A pET-28a/SRY AL 1 BL21
(DE3) WA MFES 04 0.5+ 1+ 20 3+ 4. 5 h T PEAL 24—
E=

Fig.3  Expression of bovine SRY in E. coli

M: Protein marker. 1: Total proteins of E.coli BL21 (DE3). 2:

K5 A SRY & A2
M: EEFS TRARME; 1 44k SRY & H; 2: S5 Hk

Total ptoteins of E.coli BL21 (DE3) containing plasmid pET-28a BIEA.
(+). 3 9: Total ptoteins of E.coli BL21 (DE3) containing Fig.5 Identification of purified bovine recombinant SRY
plasmid pET-28a/SRY induced at 0, 0.5, 1, 2, 3, 4, and 5 h re- protein
spectively. M: Protein marker. 1: SRY protein purified. 2: Total proteins of

E.coli BL21 (DE3) transformed with pET-28a/SRY.

2.6 ‘I SRY F=15H MIS 2K E 31 AR ILAEH
KB B A 40 52 T 4 SRY B EH 5 MIS
JEENF A TLAE T, RV A1) SRY 5 (45 4F 8-
AN MIS JAsh T E, sk E T W R 45 4%
wo(E 6, 42, 3), HURMKHETFE4M
SRY HEHAMERE, R WBIPH LA & (B e,
il 4. XL R U SRY A 54 K&
NI MIS B 8 TERIMERIES A& (AR K

) Mis Ja 81 KA AR
/4 41 SRY ] Western blot 73 H 3 1 W
M: ARG TR 1 &R pET-28a (+ ) KJHHF B
BL21 (DE3): 2: 4 JE K pET-28a/SRY 11 K Jf #f # BL21 SRY FERAEALE H o s A+ o0 kg, Sk
(DE3), AP EAH K SF1 (Steroidogenic factor 1, Nicolas
Fig.4 Western blot analysis of recombinant SRY etal.» 2003) A1 WT1 (Wilm’s tumor gene 1, An-

M: Protein marker. 1: E.coli BL21 (DE3) containing plasmid war and Grady, 2001) m‘u]%‘ SRY %E@Eiﬂ%
pET-28a( + ). 2: E.coli BL21(DE3) containing plasmid pET- éﬁ%, Jﬂjﬁl‘ SRY X‘]LE'ET'%‘E%U *H%E@%ﬂjﬁ-’ﬁ

s RO EAER, W AR (Androgen receptor) (Xin
Hrf 2 HIMNE. etal., 2001) Al MIS (Haqq et al.» 1993). MIS
2.5 SRY J=Haifbgi | REANMBERWAERKEFZIEN— R, 2EKT

K TR BB AW AEDIhEE, AT E Sertoli 4l r= A 1155 Wb B ¥R, 51 R M ¥ IR
FZENT R840 74 SRY THHE A, A H Ni- (Mullerian duct) FJEAL. B EEKE b 1 & F R
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__SRY-MIS promoter
complex

K6 7 SRY®EHE MIS (Mis) 4%

L R4 2: 4 MIS ST 3: A MISIHE) T 4: B Mis
JABIT

Fig.6  Bovine SRY protein binds with Mis promoter re-
gions

Gel-retardation experiment was performed with bovine SRY protein
and Mis promoters from bovine (lane 2); human (lane 3) and mice
(lane 4). Lane 1 represents the bovine Mis probe only as a negative

control.

0] 1) 76 S A e, 3 28 7 AR METE S () 9 AR R S5 4
BFERIONE . FE. FESUYERTT. EfTLsh
Yy, MIS (3 4% AMH “ Anti-mullerian hor-
mone”) FGLE2ALAM W, 55 SEA P [R5 | 5 IG
IR AL Ty BE 1k M P AR B R R 1 (Jossos
1995). AT FUESE MIS FE R (1 30k 5 PR
RITE AT BV LR, Mis R b i /s i
WG W] K B T BOMEYE /N BRI I 2% B CRY 8 IGAE),
SRY LT MIS FE DR ) 238 52w 1 0 B R 8
OA M7~ SRY RKIAZ G, SOX9 JTih
Fik, WG 2 M AR E MK R S MIS
TG W ARAEAR N SRY &5 HAEAFH T Mis %
PRI 5 L 5 22 (1) S0 UE 5K

ARSI v B T W52 SRY & DR 8 11 1 4 A
FEA, FEAE R B P RAS = AR, SRAISERZ
MR IRAG T ¥ — P SRY & 11, ks
SRY HEHE LS 48K MIS 5 1 )5 81 24T
AN G, (AARRS R Mis FEIER, X i B
A SRY K5 AW HA B = AR . 4005
Mri i, 4+ SRY & 15 AW BA w1,
FIR R 2B B R SERVMAS BN HMG &
H70% W—3E, 17E HMG LA 5 R sF
P, N Sry S EIE SR I E B AR P
W. SRY %t P (9 i b (Whitfield et al.,
1993), fE HMG X 38k 2 &1 i /b [R] 95 14 7T fig ) e 7

SRY TEMEG P 2 A1 I HoAth D e i b4k, W AE RS
TRAFMB RIS, 2F SRY A5 A MIS 3K
(855 HER R TR R & T B8 A 28U
WA ADNRI Mis ERF 3 FARES 10
SRY HE A4 A, U HMG J7 5 LLAMGR o 5 45
PEREA — R R, AL % IELE LA AR
' SRY H 5 DNA 7¢ T4 A ek, Lo oE
SRY HHAME G TATMBF L XKML SRY
FEAWE AN MIS B8 FAHEAER, X Fhg;
BRI AEAR A S MIS BN I &k, Jf ik
TS PR R B — P (R SRR U S . FRATTI 5K
b 2 WAE I A% AR ) K W 1T v R IA 1K) SRY £
AIAYEE, XA — DT ILAR N A A2
Y)eE DR Al T A
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