2005; 32 (3) EMUFESEYYNIEHE

Prog. Biochem. Biophys. . 275 -

THBEAFKEMER C2HERRE,
RIEREEMFIEE"

BRI KRR

FIR® %ER?

O E R BB N ZE W50, YRFH 1100165 27p ERFE B OmR 2eiF 78T, R 430071,
e E RLE BT A B, B3 100039)

FEE  FIH PCR HAR M &8 (645 2 BRI AU FE N 41 DNA g SEC2 4x KL A, PCR 7“4 5 pGEM-T #AK31%E 1,
N AE 92 5 HEAT W v, A 4 4% 3k A4 pET-28a-SEC2,  7E K W FF 1 BL21(DE3) H 36 ik pli 2 i 41 2
(rSEC2), 4lift, rSEC2 & [ HA I ALY A VAT O 7. Z5 R i) vie T SEC2 A IEB, I iF 5% AL A
L 717 bp, 4 239 MEIEMR, 5 GenBank HISGR 1) SEC2 Jl R R T4 58 45— 3L, SEC2 K% 5% GenBank
(Accession number: AY450554); F4 T SEC2 HJRIAH M pET-28a-SEC2, JH7E KW #T B BL21(DE3)H 15 31 =i 2L
AR, AT rSEC2 £ N2 S RUEMT Al 2 vk 4, 4ifb ¥ rSEC2 Sr (& 8 (RN AL I, JFREH 2L
SN AP AN AZ AN B B B vSEC2 T 40 J) I P/ A% 0 L PR A0t T 4 e 1) A KA S 2 1 sk 4
KBRS OHIATERE, W C2, TiRERIL, AW

FRNES Q78

4 Bt M 4 Bk W W 7 % (staphylococcal
enterotoxins, SEs) J& R4 EEPLIL, EAILT
U 40 i (antigen presenting cells, APCs) £
T, WARAGMENE &K MHC) KBRS, 7E
APCZ A5 T 40 M %2 #& VB HE JE i MHC 1l
-SE-TCRVB &%, £ 1~10 ng/L iR JE R, HIEE
HWCRHR /34T TCRVB JFHUI T 40 b s, i B
) E 2 N PN R o8 T R AR L = B g VAR 1}
FURIN, SEs W JbIRs 40 i £ 8 Bt Js AR i) 40 i
7 1F H (Sag-dependent cell-mediated T-cell-derived
cytotoxicity, SDCC), M1 /™ A4 & 4 1 HL I I8
IR R ER I v B A S 2 b T SEA
HISEB, 1% A =AM SEC W It —
R A FE R e 4 v B R, SECT A
SEC3 (LA 41 AT I8, 10 SEC2 HIEE P 7 41
WIANT BB, e IRl SEC2 1A BE D7 &1 0Bt
J8 C B fag s = WAL R) 1) ¢ R AT B .

SEC2 Bl e -l & N H TR, Pk FH B
B LT B AT R 2 ) 2B 7 R e o 771 v 2R A=
B Sr H L SEC2E. AP b T & A
HIZ R AR SEC2 K AL, M T SEC2 1Y
FARFARTF LI 7wk, JERT2E40TY) rSEC2
WA Y G ERAT O, i — 25T SEC2
MR G B A R BUR S B E T A

1 #MRI5F*

1.1 ##

111 40 Mo bk . 40 B TR AR S ik N 3L IR O A i
MCF-7 K5 T [FSF RS i C2 4
077 25 K AT PR R SR T BH P52 4 11 24 1 A PR
O\ (B AR S 0 0l65Z-1); K KT B E.coli
DH5a } E.coli BL21 (DE3) A S {4#47; pGEM-T
o B AR Promega 2 W 77 s pET-28a Rk H 1A
4 Novagen A ] 7™ .

1.1.2 1AY=L RS NV EcoR T .
Xho 1 , Pyrobest DNA *R & W & DL2 000 .
DL15 000 DNA 731 it s b5 #E}) 4 TaKaRa 2w ™
s T4 DNA IE#:M, S AM K & RNase A ¥4
Promega /A \] 7= s B > - R bR AE N MBI
Fermentas 7~ i ; Ni-NTA 3= fl E A 44 81 H
Novagen 24w SEC2 AR S KI5 TV BH U & 2E9)
HIZ AN AT PR W5 bt SEC2 FriA K T [E 24
b A AR E T s PHA-P. 96k B 40 20 B
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AP-"EHU R BTIAA 2 NBT/BCIP & (43R 7 & 8 1 i
RIEHEYA T IRIEMGR S B b 4R A1k
FARERA T 5IYE R B TAY TREA A
56 DNA W H b 6 35 DR AR 4 8 ) 56 1
HoAd XTI Ay b4k,

1.2 7%

1.2.1 PCR ¥ 14 SEC2 K& [Al. 2 43 v €4 7 25 1K 1A
T LB AR IR 5L, WO gR, BOWERR. &
W RS9 oy )27 S B0 TR g ) LR DNA. B
&\ DNA AT PCR ¢34, §I4GFEF 4. 94°C
A3 PE 7 min, 94°C 1 min, 45C 1 min, 72°C
2min, 5 MEI, F94C 45s, 55C 45s, 72°C
2 min, 25 MEH, HJ5 72°C LA 10 min, 4°C
RAF.

1.2.2  H4 pGEM-T-SEC2 5tk [ %k . PCR 3 4
P 1.0%E Ta R RE R HL vk, e IRDBGR A & Rl
73 A R, 5 pGEM-T 7 [ #i4& Ll T4 DNA
TN 16 CHlEHE A, ¥4k E.coli DH5a J& 2 2%,
FEMUTORL DNA, 7750 Oy oo lE) (CGR —= ).
2t EcoR 1« Xho I XUV % %€ J5, Sanger ARui2X 11
EM . AT %) DNA PRI A A T8, 5
GenBank i 3% [ SEC2 & 117 #I X b6 ¥ IE 7 11
SEC2 DNA /7411 5% GenBank.

1.2.3 pET-28a-SEC2 KA AR g . 283 7 AIF 5K
)£ 47 1F 0 5 41 (1) pGEM-T-SEC2 Jii ¥ii DNA LA
EcoR T+ Xho I XUV, 28 1.0%35 Hi B g Jl Ha ik
Ji PR 5 £ R SEC2 F BE. LA T4 DNA % £ 1
RN R ) () pET-28a KIEH AL, #ik
E.coli BL21(DE3) A2 4541 i, $RIUTRL DNA, £
EcoR T« Xho 1 XU V) % 5 1E 4 84 va .

1.2.4 rSEC2 /£ ik, B M1k 7 & 4 i ki
pET-28a-SEC2 [ BL21(DE3) ¥ 14 % T-#i A& LB
WRAEETR, EWE AT T RIS, B OBUERF L,
T 20 mmol/L Tris-HCl pH 7.5 (220, Hi
Bt BN L, 1S ARRURH ) 2 b i R
TUVE. F3 M GHE 75 5 1) SO RE B 250 J 45 21 11 B3 AN
DUVEE AW, L 2x EREZ i 4 ¥, SDS-PAGE
HL YK o3 ATk =4,

1.2.5 rSEC2 j4lift. kil 75 5 il 4% 1) rSEC2 v %
PERIL BIE T 4CIRA7E % H. 283 Ni-NTA 612
ek, #HEE N, PR ATAE, RIS BRE, P
17 2% 7% (20 mmol/L Tirs-HCI, 0.5 mol/L NaCl
pH 7.9) ~V- i &2 3L 2k, i 2% i (20 mmol/L
Tirs-HC1, 0.5 mol/L NaCl, 20~300 mmol/L B ¥,

pH 7.9) BHRESE MG, WOARVEMLE, K46, BrEhiH LA
SDS- K NIkt I Fi ik (SDS-PAGE) T4l .
1.2.6 rSEC2 & [ i B AWl 43 70 % 155 = Jia 1)
A 2 B A A A 4li4k 5 ) rSEC2 2 1 LA SDS-PAGE
B, TRV R IR AT I, 2% MR 2R
WA, LAAebt SEC2 Hiidhk. AP- EHIR UMK X
ALFE, NBT/BCIP & (435 & 0 (6.
1.2.7 rSEC2 il 3ok i ifin 5> % 41 1 3 B S 56 L
IE B NS MBS, %5 BERR L O vE o 3 Ak
JE I BANAZ 40 M. T & 10 % /N4 L3 1Y) RPMI-1640
FE IR W R an ek B, L 1x10° / LN 96 FLAR
H, 3l SEC2 Al Al rSEC2 LAAS IR E i
%40, DL BSA 1E R FIPEXT I, PHA-P {F 4y BHPEXT
W BERE 3 AL AR R 96 b, A
50 wl/ FLIY MTT . 48428595 4 h, 1000 r/min &
OSCEEZR L, N\ DMSO 120 pl/ 4L, ¥ f# 15 min
Jii s BEARAX 1L 570 nm 0 5 5L AW A
1.2.8 rSEC2 ik o I A A% 40 i A4 4 g S 565
W A0 i AN AZ 41 L LA 2%10% FLIn %) 96 FLAR
£4L 100 wl, Kf MCF-7 4L LL 1x10% LA 4L,
SEC2A54HE it F1 rSEC2 43l AAN [FJA FE I N % £L. 7]
15 25 6 B AL (500 RPMI 1640) /983 41 i o 1
FL 2 PBMC ASJEREHAL (5 S50 FL45 &= 1) PBMC
Al rSEC2). [AIFE 732 L BSA 2y I 1 o 1 5 4% 4L,
R =S AR IR 36 h, A
50 wl/ LAY MTT . 4822 559% 4 h, 1000 r/min &
OSCEEZE I, I\ DMSO 120 pl/ 4L, %% 15 min
J5 . BEARAX L 570 nm I 5E &L AIOGAE.

198 % (tumor growth inhibition/%)=100-[( 3£ %
FL-PBMC AR JEREJBCAL )/ (e 4 Ji o L2251 0] B
FL)]x100.

2 & R

2.1 SEC2 £F &) PCR ¥ 12

H W M JG SEC2 4x 3 K 41 (f) 41 3
GenBank {\{ it 5% T SEC2 [1J £ 1 J5iJ¥ ¥/ 1fi JC DNA
JP51, #HHE GenBank ISR I¥) SEC 284> & A
JiU B AT SECT & SEC3 [ DNA 741, B&it T L
~El¥. L5 P1, 5 GAA TTC GAG AGT
CAA CCA GAC CCT A 3'; Fiisl¥ P2, 5' CTC
GAG TTA TCC ATT CTT TGT TGT A 3'; FiZk T
NI EE DI, v, IR IR,
P13 X B SEC2 (1) Bk S S X, 4
720 bp. SEC2 ] PCR 3= 4) 25 1% Bkt e i
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Fig.1 PCR amplification of sec2 gene from
Staphylococcus aureus genomic DNA

I1: PCR products of sec2; 2: DL2000 DNA marker.

2.2 E4H pGEM-T-SEC2 FhipyiE

¥ A I PCR =45 pGEM-T e[ 4 4
R JERE WAL E.coli DH5o S 32 24, HEI TR
7 ki DNA, £ EcoR 1 . Xho I XUBE) % &
(Kl 2).

Fig.2 Verification of positive clone with pPGEM-T-SEC2 by
double RE digestion
1: DL2000 DNA marker; 2,3: result of double RE digestion of positive
clone with pPGEM-T-SEC2; 4: DL15 000 DNA marker.

ML) 1 A 1) 5 20 50k 28 Sanger AR St £ 117220
Jr. U437 DNA P s A rdl e 5
GenBank (%1 SEC2 & /7 4Ixf Lk, 4 sea—
. ¥ 1E i () SEC2 DNA J¥ 41 % 5% GenBank,
Accession number: AY450554.
2.3 pET-28a-SEC2 Rk HIKAYHiE

H EcoR 1T . Xho | N\ & H IEH#IEHMW
pGEM-T-SEC2 Jit ki DNA 4] N SEC2 4= 3 A /¢
Bt, R FFEXEE D)) pET-28a JiUkE DNA & #,
B EEAY, E.coli BL21(DE3) &2 A4 i, 425X

YT iR DNA, 4 EcoR 1. Xho I M) % &
IERfE A B (] 3).

Fig.3 Verification of positive clone with pET-28a-SEC2 by
double RE digestion
1: DL 15000 DNA marker; 2,3: Result of double RE digestion of
positive clone with pET-28a-SEC2; 4: DL2000 DNA marker.

O\ pET-28a (1) SEC2 L[N, {ERIA N H 25t
i T 6 MLARM i bR%s, RS BB S
RN AT i atiAk.

24 rSEC2 ZEERIFIEFAL

O3 W E I S IPTG 2R 1E . i SRS
SHBLRE, itk rSEC2 3K IA 4. SDS-PAGE
KB B, rSEC2 & 1M BRI &M # IPTG
(R 189 B 3G i, {H 4 IPTG W FE KT 1.0 mmol/L
I, H T HT A R R i A fSEC2 AR
M ANGEAF 2 78 /0 IR AT 2, T DA PR IR 14
(R IA 1ok, 1.0 mmol/L IPTG ¥ & nf LATS 3]
BT E A RIA R (E 4).

/1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

Fig.4 Effect of IPTG concentration on soluble expression
of rSEC2 (induced at 30°C for 4 h)
1, 3, 5, 7: the soluble expression of rSEC2 induced with 0.2, 0.6, 1.0
and 1.5 mmol/L IPTG; 2, 4, 6, 8: the inclusion expression of rSEC2
induced with 0.2, 0.6, 1.0 and 1.5 mmol/L IPTG; 9: protein molecular
mass marker (116, 66, 45, 35, 25, 18.4 and 14.4 ku from the top band );
10: induced BL21(DE3) with plasmid pET-28a; //: BL21(DE3) with
positive plasmid without induction; 7/2~15: total protein expression of
rSEC2 induced with 0.2, 0.6, 1.0 and 1.5mmol/L IPTG.
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SN 4 h LU 30°C (115 S B mT LA 7S 3
rSEC2 ik, 423 or, LRk ESHE
REA SRR 30% L, Bl tds b ankik
H190% LL (Kl 5, & 6).
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Fig.5 Effect of inducing duration on soluble expression of
rSEC2 (induced at 30°C with 1.0 mmol/L IPTG)

1~4: total protein expression of rSEC2 induced for 2, 3, 4, 5 h; 5: protein

molecular mass marker (116, 66, 45, 35, 25, 18.4 and 14.4 ku from the

top band ); 6: induced BL21(DE3) with plasmid pET-28a; 7: BL21

(DE3) with positive plasmid without induction; 8, 10, 12, 14: the

soluble expression of rSEC2 induced for 2, 3, 4, 5h; 9, 11, 13, 15: the

inclusion expression of rSEC2 induced for 2, 3, 4, 5 h.

Fig.6 Effect of inducing temperature on soluble expression
of rSEC2 (induced with 1.0 mmol/L IPTG for 4 h)
1,2: total protein expression of rSEC2 induced at 30°C and 37°C; 3:
induced BL21(DE3) with plasmid pET-28a; 4: protein molecular mass
marker (116, 66, 45, 35, 25, 18.4 and 14.4 ku from the top band ); 5,7:
the soluble expression of rSEC2 induced at 30°C and 37 °C; 6,8: the
inclusion expression of rSEC2 induced at 30°C and 37°C.

IR 15 3 R IE B AT P 2 Ni-NTA SEf1Z
Wraralifh, 4itbr=# % SDS-PAGE 7 &, % il
SCM RN, BRI 4,  UF B Al LA H Uk 4l
(K 7).

2.5 rSEC2 RYEH REPIR4EN

755 440 i & R g 46 S 1 rSEC2 BE
ZEER B EN AT, W AR R Al = )
H i A rSEC2 (K 8).

o —35

S — 25

il — 18
. —14

Fig.7 Purification of rSEC2 by Ni-NTA

I: purified rSEC2; 2: protein molecular mass marker.

1 2 3 ku
. a9

e 9

. . —46
W,W,%%~31
o

Fig.8 Western blotting of rSEC2
1: purified rSEC2; 2: total protein of bacterial
protein;3: prestained protein molecular mass marker.

2.6 rSEC2 Rl RE M B A i% 20 pa G 5E S I0

LL PHA-P R B, BSA g PEXT I, Xt
a4k I 45 1 tSEC2 M 3& PEREAT A I, 45 R R
rSEC2 7E 20 pg/L ¥ J& i BRI AT {35 M) 4 A 1 2
ANZANM P3G 5E, FLAG S SEC2 btk i o i 35 7%
SE(P>0.05)(1K 9).
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PBMC proliferation A 5

Fig.9 Proliferation of PBMC by rSEC2
[J: rSEC2; M: SEC2 standard.

2.7 rSEC2 HiESMNE M A 148 Bk SN 8 SR 16

DL BSA b B X, rSEC2 Wi 1) 4 ) i #
AN A0 T A S A R Al B ) AR, R S
SEC2 ArifE it G {2 3 22 (P > 0.05)(1#] 10).
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¢—¢:BSA; B—M: SEC2 standard; A—A: rSEC2.

Waei 5 C 2 s 2 5 R IR K — 2K,

m/ng
Fig.10 Anti-tumor activity of rSEC2 by activating PBMC

11y
AT 73§ 1 B SRR L5 4 38 25 1) SR IR B AH K 1.

m_vﬁ VLU === VOO0 <<= <<= OVL =< <<
1o j# - E@ V= VOV === OO0 e OV e <<
N .zﬂ SOV OVL <<=< <<< e e OO0 OVO
@ ok .E,m o e OO0 <=<< <<< <<< COO e
m =~ SEB OO0 BVY e e e < <<=
n ﬁu}x O EM o << <<< <<< = OUC e 000
= Ew .I.Z.\. GOV L= OO0 e OV e OOG <<< L]
\) = N Tm e e oo SHe oo O oo Oe S0 2R S5S2 EER S=5s 53ER =SS
1 .\A_b ~ E iy R wwee 228 2850 SR8 S58 R[RKB RBRES 283 $LE RRR BIRE 288 888 =R
oW R
I | I | I | (75} mmwm »rlfﬂ _HE
=) =3 =) = =) =) o 7
& v F & a = - M ﬁ =
o— — \\
0/,/UOTIIQIYUI )MOIS [[90 JoWN ], m Aﬂ = Em
%4
n n B E TR



. 280 - EMLFESEYYERHRE

Prog. Biochem. Biophys. 2005; 32 (3)

PLA= )% A+ DNAstar 7341 C B4 )l7 85 2% — W4
B I AR DS A0 )[R s (R 1), SEC2 A
SEC3 1y Al dge i, 2 11307 1) 4D 9050 428 AR 356 [
J7 51 P [ 5P AH — 25

Table 1 Homology of SEC1, SEC2 and SEC3

%
SEC1-SEC2 SEC1-SEC3 SEC2-SEC3
Protein 97.1 96.2 98.3
DNA 972 97.1 99.3

A S K 5 v B &2 pGEM-T %44, TV 78
B % pET-28a FRIL MM 515, AEW TSI YR EED)
KL SCAMUAS D8 53 A8 DGR B S, PCR e WK
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AR SEC2 1 239 NEAIERA L, 4 FIEY
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Gene Cloning, Soluble Expression and Bioactivity
Analysis of Staphylococcal Enterotoxin C2°

XU Ming-Kai'?, ZHANG Cheng-Gang"”, ZHOU Ya-Feng?, ZHANG Xian-En?
("Institute of Applied Ecology, The Chinese Academy of Sciences, Shenyang 110016, China;
2Wuhan Institute of Virology, The Chinese Academy of Sciences, Wuhan 430071, China;
dGraduate School of The Chinese Academy of Sciences, Beijing 100039, China)

Abstract The sec2 gene was cloned from the genomic DNA of Staphylococcus aureus by PCR and ligated with
the pGEM-T vector and confirmed by DNA sequencing. The expression vector pET-28a-SEC2 was constructed to
express rSEC2 protein in E.coli. Puried rfSEC2 protein was taken to bioactivity analysis. The cloned sec2 gene
contains 717 nucleotides coding 239 amino acids which was accordance with that reported in GenBank. Cloned
sec2 sequence was submitted to GenBank and the Accession number is AY450554. Soluble rSEC2 protein could
be expressed effectively in BL21(DE3) and puried by Ni-NTA. Western blotting, PBMC proliferation assay and in
vitro anti-tumor assay revealed that rSEC2 has the function of native SEC2. It was concluded that the whole sec2
gene was cloned and expressed in E.coli. Puried rSEC2 protein was proved to have the equivalent function of
native SEC2.
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