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(2. BN R EAEDULERER  £E K21 90027)

# E: sMEEGBE T (Outer-membrane protease T, OmpT) & 24z F XKMAFH ML, A & &Y
HAMOEO KB, ALBEET LERREEES OmpT Fipsb ey 7k, FRAZOHBHTE
M. B RVAKHATE KB 20 DNA A 44K, PCR 4738 ompT A B, #4& £ pET28a (pET-ompT), 51\
& RE Asp85Ala, )3 & & 4: pET-ompT85. AR/ H AAt &40 #:461b\ BL21 (DE3), ¥ &
AT XK BRI, LG Ea 2Bk M, Fimads s % ¥ (Lipopolysaccharide, LPS)k
S & GBEE M, @it SDS-PAGE. #45%& G /KM KA A K KR A, THEE OmpT A%
SRR I IR 2B 6 Fo UL LB B, T OmpT REARN L LR shat., Bk R R KL
RIFT AR EQRGEEA Y EEEZE OmpT, ZE O AR TR KR EFE TN F
HAEA .
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Expression, refolding and characterization of
Escherichia coli outer membrane T and its mutant

LIU Xiao-Lu® HUI Chang-Ye! ZHAO Tie! PENG Liang® ZHANG Wen-Bing'
HUANG Sheng-He®> CAO Hong"
(1. Department of Microbiology, School of Public Health and Tropical Medicine, Southern Medical University, Guangzhou,

Guangdong 510515, China)
(2. Children’s Hospital Los Angeles, University of Southern California, Los Angeles, CA 90027, USA)

Abstract: OmpT, located in Escherichia coli (E. coli) outer membrane, is a protease that demonstrates
highly substrate specificity. In order to estalish the approaches for expression and refolding of mem-
brane protein OmpT, and examine the demonstrated protease activity of OmpT, the ompT gene was first
amplified by PCR and inserted into pET28a (pET-ompT) and introduced by Asp85Ala site-directed
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mutagenesis to generate mutant Asp85Ala (pET-ompT85). Then, the two recombinant plasmids were
transformed into BL21 (DE3), OmpT and the mutant were expressed in the form of inclusion bodies,
purified and refolded by N-Dodecyl-N,N-dimethyl-1-ammonio-3-propanesulphonate. The addition of
lipopolysaccharide (LPS) to the recombinant OmpT was critical to refold its protease activity in vitro.
Finally, the ability of the recombinant wide-type OmpT to hydrolyze protamine and rabbit muscle
creatine kinase (RMCK) was confirmed by SDS-PAGE, bacteria agglutination and growth curve in
contrast to the mutant. The results suggest that the desired recombinant OmpT was obtained, which
showed the significant protease activity in the protection of E. coli against protamine in vitro.

Keywords: Escherichia coli, OmpT, Mutant, Bioactivity

KIGHTF i SMNEE FIEE T (Outer-membrane pro-
tease T, OmpT)& L T RGHFFWAME, J& T 522 K
PETE omptin MR EE IR o IZ KR A48 REEHBIK
FRUY Pla 7h1 TR E A9 POtE 1 FC BB Y SopA,
EMZ 5806 . OmpT 4l 5K ompT 76 R I
TR G T M FEE 4% I DR 43 Ak o B R AR, R
SE M BUR P K AT T R B ARG I e,
ompT A /KAPIH AR, IRLF% %, A R T 40 1E
JREG I AETE RO S A AT 5T OmpT (4 20 A1 ¢
BLUEL, FRATXE OmpT K H fi s 8 iR AT T A Kk
SARINE

AT TERE T KIAFF B ompT £, ¥ ompT
IR T IR 314 ik A =458 C, MI&E
FIBIEHE GAC A8 GCC, fiyhi 10 Asp85 7E
H Ala, IR RIERGIIT OmpT KA
IRIG AR . AR IR T NI -NTA 2tk |
B MES R A WEPERY OmpT, 28748 1A 2 4 [ 42 M 4b
FRAIE B 72U 2 R 52, 2040 T BTG M, X
SEHERAAFST OmpT BT M 75 S 40 18 B0W Ir b 75 47
T TR

1 MER5E%
1.1 w8l

KIGAFE BL21 (DE3). FR ¥ B0 KW kT 8
CFTO073 (Uropathogenic Escherichia coli CFT073) .
JRA% IR AR pET28a AR ZEARAE; AL BT I
Y h A T Y TRA RAF A%, Pyrobest
DNA Ploymerase. FRifil?: N PIEE Nco I, EcoR I, T4
DNA Ligase, DNA Marker ¥l H TaKaRa 23 #); Ji
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BN G SR R EE I DNA TR £
L] DNA $EBGAH &340 A R AR AE LR
HRRA T LA LR % F (Rabbit muscle creatine
kinase, RMCK) . LPS. | — L fiff JL & 32 el W
Sigma A wl; H I Marker S A5 & W =K
AR ST

12 AHE

1.2.1 EHE ompT RYEEFNEHRRAIME: Rk
GenBank 227 19 R 1% 20 P K4 FF 5 CFT073 ompT
J¥51(Gene 1D: 004431), BEif¥ 514 T-F Ml T-R
(£ 1), FRIZLHSs A5 AM Nco 1, EcoR | iz
A, IOHLFEAR IR 4y R His AR g% F 5 . 2 I
CFTO73 M-S, LIFLHLNEARY 1 ompT,
PCR 4 /=Wy 28 it By B W Jee rRL VK 4 5, 647 e ol
Wezlifk )5, FH Nco | 1 EcoR | R il 14 P 1) 1l 34647 %L
4], @it T4 DNA Ligase & 423 [ FEZ 1 Neo |
F1 EcoR | AU V) i FRik #fk pET28a I, tyaE 4l
kL pET-ompT. K 84 ok % b 815 1% BL21
(DE3)., & RIFE R TFARIF L, PRHCH M sy
KR FRARBUTORL, 4T PCR FXU 1] 5 1 5 3262 )
M

F1 HBWERE ompT B #8547

Table 1 PCR primers of ompT
514 51951 (5'—3")
Primer name Primer sequence (5'—3’)

ACAACCATGGGCCATCATCATCATCATCAT
TCTACCGAGACTTTATCG

TMR CCGAATTCTTAAAATGTGTACTTAAGAC
MMF TCAGGCCTGGATGGATTCC
TMR CCGAATTCTTAAAATGTGTACTTAAGAC

TMF
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122 #HHE ompT8s U RXZLRMESRT: Hitk
T RS 1W) (3R 1) ML S S50 Y 5 78
BLsi, AL AL T ompT B G %+ 555 314 47, i
I BRIERS (A) . DLTEALFORE pET-ompT A#idR, M-F
1 M-R 514, AR 528 0 i WY A5 4 AR i ik
PR3] 5 RAL S W E AL FRL, v 4%~ pET-ompT85, LU
Z A TR R IR 15 51 85 (i ZIERR th Asp 245N Ala
) OmpT.

123 EHHEEBWMBFSRIE: Ko ILE E R
% pET-ompT Fl pET28a-ompT85 i E. coli BL21
(DE3)7E LB WG A A il fhat 7%, W H A 305
AR IREEE (LU N 50 g/L) Y LB §5 553 37 °C,
180 r/min 1537 3 h, HIA IPTG ZEZ ¥ & 1 mmol/L,
37°CiEF 4h,

124 BEREKBSGLIEN: ¥ IPTC HEFEHN™
¥ 8 000 r/min B.0>» 15 min WAE AR, A PBS &
HERR, TSR, B AR NITS s, 1595,
—3L80 ¥k, #AJS LA 10 000 r/min., 4 °C &.0> 15 min,
A3 L 1 FUTHEEAT 12% SDS-PAGE H Ik AG I
e A U BmAE RN E, BRENDIES &
A v B 2R T T M R0 B R P R A VR R A TR R U
e, Fn AR RA T buffer A (8 mol/L JRE,
50 mmol/L H &z, pH 8.3), 10 000 r/min, 4 °C &
O 15 min WdE B % EiEiEaE NiZ-NTA Bt
gifb. FIAMBEE ML, KaltEmEnRE S
2.5 g/L)ZE 12 i3] 320 mL £k 4 31.25 mmol/L
)t b SR LB SE AR A PBS YT, 4 °C BiFEad
WAENE . WU VEfE I P AT 12% SDS-PAGE
HL VKRS, BRSO 1/5 AFH Sxloading buffer
[250 mmol/L Tris-HCI (pH 6.8); 10% (W/V) SDS;
0.5% (W/V)JR B #% : 50% (V/V)H; 5% (WIV) B-%i
ZBE], —1r 100 °C &k 10 min, 74780, H5—10
NG PAE I H TR . AR RIS,
H42E 1 RAE buffer B (10 mmol/L + s FEff 5L Fit
S0, 20 mmol/L Tris-HCI, pH 7.5)H 55405 b £ 1%
R EER, P& AE®IMA 1 mg/L LPS T 4 °C
G P A AR 28 RS v, AR AT 5B LPS.
1.25 {KSNEEFEME: (1) FIJH SDS-PAGE J3#r

OmpT F H AR 1A By 7K fige 136 Pk o

RMCM JFHIA 5 &b slioxd it 22 3 W vl A oy
OmpT JiIEY), o EA~/Nr B, 1 OmpT A &
FEHI A 3 Ak ot B 2 Rl Ak i [ B, R
P OmpT X 45, FIFH RMCK K f#iE 431 OmpT
fitf 1% Pk . RMCK /K fi# 75 RMCK (1 g/L), OmpT
(0.1 g/L), OmpT %48 (0.1 g/L), DTT (1 mmol/L),
50 mmol/L Tris, pH 8.5, #&%J, 37 °C ¥ & 1 h. 534
B OmpT., OmpT AR 37 °C ¥ F 1 ho 7%
HUREEAT SDS-PAGE 4347 .

(2) OmpT K H AR R it ks B 4 . FORS 8 1
—FhHUE R, ATH OmpT /Kf#. 7850 pL 0.1 g/L
K5 2 T 2 B A 50 ul 0.5 g/L OmpT (fi44 Mk
4% 1)1 50 uL 0.5 g/mL OmpT 25K (fv 44 MBS
Y 2).

1 mL & TR B KB FTF A BL21 (DE3)ES L
% BWE, A 300 pL 0.1 mol/L PBS H & A&, Mt
50 pL BL21 (DE3)4rjlfmA 50 pL 9 0.1 mol/L
PBS, 0.05 g/L fa¥§ 11, IRGW 1 XIRGY 2, 1R,
SR TR R, S AR TR JOAREE, A
FIRIR S LR B YL 5 90 s, WK Mi o, 7EdmEE T
MEL

(3) MR ML MEE OmpT K ILIEAE XK
T BL21 (DE3) I P4 /R H] i i 15 F 1y BL21
(DE3)LAhEHr it ) LB 3 5E, 37 °C. 180 r/min 3%
F%, B AT HE AT B AE A I, 43 A faRS B
F.IREY 1 AREY 2, XEE AWK E N
0.01 g/L. HF@ 2 h BURE, ZehilgneE K iz,

2 HBRELH

21 ERF ompT kg, EHBK pET-ompT KUK
BRI FEHRAL pET-ompT85 £F

LA CFTO73 4 JE K4 it 44 (1) PCR 7=y ik
BB EE e fiL Tk, 7EZY 1 Kb A0 A7 35 M AT LAY 2517,
HEK ompT K/NMAFF(E 1A) . # 2 #Y BT kL
PET-ompT £ Nco | #1 EcoR | XY & wE 4T B g i
BBk S, 33K/ 1 kb F1 5 kb Y BE, 5
FUUIAEAF (K 1B). i — LA, S5 RuEW E A
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BRIk 3 . % pET-ompT 2878 5 M i 4
kL pET28-ompT85 17 PCR %5, X H =¥t 1T
TR I L UK A 2N 2 1 kb K/ B (1A,
[FIRE, W32 SR 3 V) J5 2E 17 S R M e I FL UK, 75
FNIHR/NL) 1 kb F15 kb (9 B, 5 HUHAAST (& 1B).
Mg R Eaw, I ATG IR 314 (iffi it A 28748
S C, {EB S AR T4 ikl pET-ompT85 A2 A3 .
2.2 FELHFRK pET-ompT FTikaik UK &K
g

T2 Ok pET-ompT LA IPTG if5 5 %3k 5, B
P RIANE S5 WRE i E1T 12% SDS-PAGE /34T,
VA RESLAE 37 KD 2247 B 4574 (K] 2, lane 2),
ompT M EEAFRL . FiF TG MRS I TR i
PR AL EE, BRIk R OmpT LIALiiAIE 71
TFUtsE

Ve 2 B AR (& 2, lane 3)iEff )G, 4t
Ni**-NTA 4lifb R R 2 E A (E 2, lane 4), 4
LG OmpT &Mk 1k, W E PR OmpT A
loading buffer 5, #2780 A2 ME(# 2, lane 5)

bp

2000 —

Ko RS PR FEAE S (B 2, lane B)AY4>r T-HE, 12%
SDS-PAGE HiJk 45 R A MR E 7 F N
37 kD, R& i EYER 1 F R AR T
/N, 2l 335 kD, FEARKRIE AR, pET-ompT85 (115
TR dife MRS B A R 3Gk TR
PET-ompT —E (&5 AR BR).

2.3 {KSMERIE N ZE

231 ¥ RMCK 5 OmpT BRERI{KS HR S0
B B T SDS-PAGE 4 #r ( 3), RMCK 7E4 43
kD Ab 3B a] AT 1 45 (lane 1); LA OmpT i & 5
43 kD Zb R WL, HILZ 20 kD A 1 %71, /NT 16
kD 4bF 2 4~ 457 (lane 2); 1fif OmpT S E 5 AL
WA R, 7EZY 20 kD 4R UL 1 & (lane 4), /NT
ompT B> 74 37 kD, OmpT #K ik, TiiZ s
5 lane 2 " &4 AHAF, U RMCK 5 OmpT 2 [H] i
B, PIE AR A OmpT RAKIEE 5, ¢
43 kD 137 kD &b £ 14547, 5 RMCK £ OmpT
SRR IS 3 F mAAAF, W RMCK L OmpT
S)ARMK % (lane 3).

5369

1 000

1 ompT #1 ompT85 B PCR ¥ 1 & R4 pET-ompT 15 52 B F4H Rk pET-ompT85 WEE L F
Fig. 1 Amplification of ompT and the mutant and the identification of recombinant plasmid pET-ompT and pET-ompT85
E: A: ompT fil ompT85 DNA PCR 7=#); M: DNA #5ifi4rF4; 1: ompT DNA PCR F=4J; 2: ompT85 DNA PCR 7=#). B: 41 FikL

pET-ompT il pET-ompT85 Y XA 4 & ; M: DNA FrifE/rF; 1: pET-ompT; 2: pET-ompT XX EGHI7=4); 3: pET-ompT85 XL U1 7= 44y ; 4

PET-ompT85.

Note: A: PCR amplification of ompT and ompT85. M: DNA Marker; 1: PCR product of ompT; 2: PCR product of ompT85. B: Identification of
recombinant plasmid pET-ompT and pET-ompT85 by double enzyme digestion with Nco | and EcoR I. M: DNA marker; 1: pET-ompT; 2:
pET-ompT after digestion; 3: pET-ompT85 after digestion; 4: pET-ompT85.
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B2 SMREB OmpT [FE#FRikH) SDS-PAGE 5347

Fig. 2 12% SDS-PAGE analysis of OmpT expression
M B EARES T 1. BL21 (DE3)/pET-ompT; 2: IPTG %55
J5 1 BL21 (DE3)/pET-ompT; 3: OmpT fWhik; 4: 4ifk/s
OmpT; 5: OmpT FEHr & (IN#k); 6: OmpT 43S CRIN#H).

Note: M: Protein maker; 1: Cell lysate of BL21 (DE3)/pET-ompT;
2: BL21 (DE3)/pET-ompT induced with IPTG; 3: Isolated inclusion
bodies of OmpT; 4: The purified protein; 5: The refolding OmpT
(boiled); 6: The refolding OmpT (Not boiled).

2.3.2 $E#: BL21 (DE3)A ks A5 R AT
DUYN TR AE T VR, AR T OULEE AT I 41 1A kA 2R
4 (E 4B), il A PBS B X} R4l BL21 (DE3) &/~
B B KA EF RS (& 4A); IMARS
Y 10 BL21 (DE3) A HR A UL 41 B A AT S 77, 7E 9l
BN LA WAL S IE R, s ¥ 51 4C); T
ANBEY 2 19 BL21 (DE3)[a)RE W40 1 i A 5 4E
(Kl 4D),

et

4 KB E BL21I DE3)RMAEHEER. BEW 1 IBEEY 2 RHIMTSUE
Fig. 4 The observation of E. coli BL21 (DE3) and the addition of protamine, mixture 1, mixture 2 to BL21 (DE3)
11 A E. coli BL21 (DE3); B: BL21 (DE3)J A fi ki % 11; C: BL21 (DE3)/iIN AR 1; D: BL21 (DE3)IN ARES Y 2.

Note: A: E. coli BL21 (DE3); B: Addition of protamine to BL21 (DE3); C: Addition of mixture 1 to BL21 (DE3); D: Addition of mixture 2 to
BL21 (DE3).

kD M 1 2 3 4 5

1=
50—
" &
25—
— —
16 —
—
—

B 3 4MERER OmpT RERLTAKE RMCK H
SDS-PAGE 4> #ft

Fig. 3 12% SDS-PAGE analysis of RMCK hydrolyzed by
OmpT and its mutant

HE: M EPARMES T i 10 RMCK; 20 5 OmpT I & J5 1
RMCK; 3: 5 OmpT %28 &7 H ) RMCK; 4: OmpT 37 °C Hj
% 1 h; 5: OmpT 27481k 37 °C HMEE 1 h.

Note: M: Protein marker; 1: RMCK; 2: RMCK hydrolyzed by

OmpT; 3: RMCK hydrolyzed by OmpT mutant; 4: OmpT incubated
in 37 °C for 1 h; 5: OmpT mutant incubated in 37 °C for 1 h.

233 HK#isk: InAMKEEA)S, BL21 (DE3)TE
6 h LIRTAYAE KA 6], 6 h ZZ 8K E A K, Bk
REIRFIE R A KIKF . IMAS OmpT & 1y faks &
HJ5, BL2l W AERKIFRZ BB Zm, mmAS
OmpT AN & ks & 5, BL21 A K [FIAE
Z B4 H (K 5),
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L — Blank
1.6 | —#—Protamine
—V—Mixture 1
1.4 —¥— Mixture 2
1.2
8@ 1.0
0.8
0.6
0.4
0.2
4 6 8 10 12
t(h)

5 KM E BL21 (DE3)URAAMABHEER. B
EY1FREY 2 FEREKH%KE

Fig.5 The growth curve of BL21 (DE3) and the addition of
protamine, mixture 1, mixture 2 to BL21 (DE3)

i —m=: BL21 (DE3); =w= BL21 (DE3)5fufsEHILMFE;
= BL21 (DE3)5iRA% 1 L FEEE; ——: BL21 (DE3)5iRA
Y2 LREIEE.

Note: —m—: BL21 (DE3); —%: BL21 (DE3) culturing with pro-

tamine; —0—: BL21 (DE3) culturing with mixture 1; —#: BL21
(DE3) culturing with mixture 2.

Chuter—

DL ESegG s BRI, EA TR A OmpT Al
B E IR G, X B KA 8 1 & RMCK
HARGR A K R AE Sy o 1 OmpT AR (A 3 2% 1 i
.
3 Wig

OmpT Hy 10 Z5 I PATHY B R 248 1M i =5
AR S5 44, X OmpT il i 1 52 i 5 K Y = SE R v
FoFHTis, 550 Asp83, Asp85, Asp210 il
His 212 (LI 6 Ky € BR), S ABE i 6 o rhe i 5 4L
HRU, Xt ompT iGN IR N Glu27,
Asp97, Asp208 FiI His101 (JLIK 6 ik (Ek), *f
OmpT & PEFZ A TR & Z [k Ser99 (W&l 6
H g (A BR), Asp83-Asp85 Fll Asp210-His 212 LLJ#i %}
T XA T35 1 O VA R T R G A o AR SR iR
Asp83 Fll His 212 Z [ —17K 45>+, Asp83-Asp85
AT BRI A 07, T R AR SO K fifk &y W 14 ik
B BRI AN, Asp83-Asp85 R B I ] LA E

membrane
—

6 KEHHENMEEAMETHEMHN=HE
Fig. 6 The three-dimensional crystal structure of E. coli OmpT
TE: SMEALE WL LR, AL RS T A E KRR OmpT BT (FHBRE 3R), #6853 3R LPS BB 45 G0 a1, &l B gk 90 B &l
A. [ Cly OmpT i& AL, P B HEE BT . W (/IR SIUSR LA Asp83, Asp85, Asp210 FiI His 212; # (A /N kUK Ser99; 8 (B/)
BRAYHIFCFE Glu27, Asp97, Asp208 Fil His101. 7<[ElH PyMol {4 4R 4% OmpT #£ X G4k T B %514 I (PDB 1D 1178) 1.
Note: The position of the outer membrane is showed by yellow lines. The catalytic residues (spheres representation) are located at the top of
protease OmpT, and the blue-colored residues show the putative LPS-binding site. The orientation of B is rotated 90'with respect to A. C is
active site of OmpT. Orientation vertical to B. The hotpink spheres show Asp83, Asp85, Asp210 and His 212 respectively; the orange sphere
shows Ser99; the yellow spheres show Glu27, Asp97, Asp208 and His101 respectively. The figure was generated using x-ray structure of

OmpT (PDB ID 1178) with program PyMol.
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SIS HR B AR 1 v e AR B AR Sz X OmpT Asp85
HEAT R A, R R AR A R N &R o A5
Wi 2 A T B, SR K ff TS A e AR

OmpT & { BNAMEE, Bk ENRTMZ . BT
ompT H P FIELE RO v LR, L& Y
R A0 B B NIRYIK R, AR Faifh. FHit
ARSI AT Y B B Wi 2 bR A S KR 4y, A
OmpT DU IE KB R IL, i Hak nl DLy B
ompT 5 H A [ AMERR B, X AR 7 ik A B
ETHBEIITRAEE., AR, T4 5
PEFE Triton X-100 1. e B FEH SRy %
TG PER, 255K & & R OmpT J& &
F1, Bk PESR, FEKE R 455 BRI DUTE - 1 7E R M
PEFRTIE PR, e 08 35 352 06l Ay L 1 i A
U, WERRHAEDE B H AR AT R ST BB K P
St A TR B

P SCHRARGE, PrEEA A LPS ) OmpT A fig
PASEHEE, LPS A51HE OmpT S5 Ay I Wiy, %
BB LPS XHRSMKR S OmpT i o 28 e d s,
LPS iy 2% [ R A A0 40 fif B 2 B 53, #h AR JBi AL
ZmAiESMiE . LPS 5 AN R B LA S B
R 5, XK F I BE S LPS MNGLVE A
%, EHAE ARG LM, hT ompT M4z
By ) YRS, P SE A A R LT B0 R A, A SR AR X A
R OmpT fE7E B PE S X HA A L A B A
IKfAVE T o BRLIGAED, OmpT 5 LPS 454 5 A &k &
it % P, A O A AR T S B BB E . OmpT
Hr LPS 25405 LI 6 rf i i a4y o

5 Kramer RA 0 7) OmpT Fikaifb &M
LA, ARBFFEAI pET R ILRS, fEH4l
EEPIA His @il A%, R 1K NiZ-NTA
I T alife, (HRRAE R ma.
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