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Abstract: The outer membrane proteases T ( OmpT') of Escherichia coli is a surface membrane protein with serine
protease activity. When OmpT could degrade antimicrobial peptide, it was used to screen and reconstruct novel
antimicrobial peptide, which provided new idea for developing antimicrobial peptides of OmpT. In this paper, a pair
of primers was designed according to OmpT sequence of E. coli, and a 954 bp sequence was obtained by PCR from
E. coli K12 genome, which had 99.99% similarity with the opened sequence. Then the gene was cloned into the
prokaryotic expression vector pET28a to construct the recombinant expression plasmid pET28a-OmpT. A specific
molecular weight of about 36 kDa of OmpT protein that has biological activity was expressed in E. coli BL21 after
induced by IPTG. With the present of antimicrobial peptide (AMP) LI37, growth of E. coli pET28a was inhibited
while the growth of E. coli pET28a-OmpT was not affected after OmpT protein was induced. Current results indicated
that OmpT could increase the resistance of E. coli to the AMP.
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HEFREHEAMAE AR AENEA "R
B REBIRE TS ARFEEE, W E. coli
tHi) OmpT A1 OmpP '™, B I U] FE B ( Sal-
monella enterica) F ) PgtE ZA", BUEIR RS
(Yersinia pestis) F i) Pla T H rel LA KRR
( Erwinia pyrifoliae) ¥ i) PlaA 25 H LA K30 RER
B ( Shigella flexneri) ¥4 SopA "', OmpT &
HZ 5WRER R . DNA 371 2" P ik
MRS R FERANE BB G R R
s,

OmpT B Hr 7 U #1 Bk 6% 3 26 5 49 6B
71, LD ERE H (B Z ) MBI M E A kB i
X REE (REK) K 1ETH BN —F
BB — A TS M £ Bk . B i, OmpT
BETHTETEYEIR, B, KRASHIHE K
Y P EERRN 2B T HA SRS R
T8 ERBEYR B A, HHELURG R &R
P, XB SR BRI YR KR E T
BRASMAMBI, NFERX—XEE, FZH
M LAEE B TR RS RiE; 75k, BT
SEREAEY LR B PMET YRR G
geafidk, BT LGB A H R AR AR
FIF OmpT FEEHE GRFEEIZEAE EEMR T AN L
Tl MK A5 8 BB AR, [ ) S A e i T R
INE B RIBER IR, A BHEXT OmpT &
HEEHEAT SO 3235 LIt — B PR LT BE, X
ST R (B HAAE W) 2 K ) BB B A PR B E
RAFHEAD . ARSI A E. coli OmpT FEMFHT
B AR S S e A B BB AR, AR T R $i
BIHL B IR PP 31 SR AR B B

1 #B5FZE

1.1 ##

1.1.1 8 HAK 5 HF ££XH] Tag DNA
&7 ANTPs., PR ] ¥ P9 I 8 EcoR T 1 Xho 1 .,
DNA Marker.,5-1R-4-G-3-W5| kL ZL I H (X-gal) -
FRE-B-D-IA BT (IPTG) . EAXEFER
(Amp) ¥ty B TakaRa /3 6] ; RNaseA | i 75 B B
(DTT) .+ ke E B B2 4% (SDS) | 7% Y L 786 Bt 58l
(PMSF) \H UL PR M B . TEMED, = ¥ H &2
i % (Tris) ) § Promega 2\ H] ; 7 [ 24 pEASY-
T1 Simple., iz i/ & P 3 32 BUL A & BEIe b BE

J&& DNA 2tk [Bliids0 & T4 DNA #3E9 W B
IR eK & 2 ] (Transgene ) ; AR BERL 13 IR
% HER.Z "M WM (EDTA) 7k LR AH
BRAE 34 g [ 7 4B 48] s R B4k pET28a 2y
FREWERT ;5| YA BB E RN B B4
TAYTREARIER.

1.1.2 4k ARILBATREFER LB BE
et BERHEEY) S o/ L, IRER H AR 10 g/L, NaCl
10 g/L,pH 7.0, HHIIA 13 ¢/L Brig#y By LB
iz 8258

1.2 F&
1.2.1  514pikdt DORRGAF B 2 B A 404
EcoGene( http://ecogene. org/ ) H 2115 8| OmpT
FHEMFEF, 3EF H Vector NTI Advance™ 11 %
HERT1Y

E# 5 ¥ (5 —3’) P1: GAATTCATGCG-
GGCGAAACTTCTG ( T RI £k 4 5 EcoR 1 B 4]
LR s

T34 (5’ —>3") P2; CTCGAGGGCGTTCT-
TAAAATGTGT (T RIZAE N Xho T BEUIALA) o
1.2.2 KMAHARSAE DNA SRR BL1.5
ml & fk (DHSa) ¥ 574 T — K & EP B,
12 000 r/min, B.0> 1 min, 3 F 3, IWEFH K,

A 400 pL Z4E % (40 mmol/L Tris-BEHR,
20 mmol/L E§ER4H,1 mmol/L EDTA,1% SDS pH
7.8)BE,BEF37C/K®E 1 h, imA 200 pL 5
mol/L NaCl ¥, 1B 55,13 000 t/min B .0 15
min, B EFR, AR HRFAR, R —K.
AR K B 1710 R FRES BR 4 (3
mol/L,pH 8.0), —20°C{&4F 1h 5 13 000 1/min
B0 15 min, 37 B3R, DLl 70% ZBRGERIR , B
TERTHRE, BT 20 uL KPREF,
1.2.3 BHRBENRR CERRNSF FXBIT
WEFL AEAR, L PL/P2 5|18 3% OmpT F R
RBIARZR (20 wL) 30°F :ddH,0 15.4 pL, 47 0.3
wL,P1 1 P2 (20 pmol/L) £ 0.5 pL,dNTPs(2.5
mmol/L, & Mg’ )1.0 L, 10 x PCR buffer 2. 0
wL,Tag DNA RAE(S U/L)0.3 pL, RMZ&PH
4:95°C 5 min;94°C 30 5,55°C 30 5,72°C 1 min,
30 MEH ;72°C & f# 10 min;4°C{RFF. PCR =)
T 1% HUIRIEBERL TP Ik

PCR =¥ ] DNA B 81050 & B,
FrafER Ak, #g# pEASY-T1 Simple-OmpT &7,
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&AL E. coli DHS o, ZEHL AR L HEATHE L 3RS
1 , PRI P M TE R 7
1.2.4 EBErHEELSBEGHE  H EcoRIF Xhol
¥ Hg4]] pEASY-T1 Simple-OmpT &k, ¥ B B9 A Bt
Bl fE T e B R R A # ik pET28a 1) EcoR 1 1
Xho 1 i g Z. 18], ¥ 3 B 4 3 ik [ A pET28a-
OmpT, 544k E. coli B121 (DE3) RZAMM, &R
AL TK K PCROIUEG I E 5 % B4 T o
1.2.5 FREHHFRE BUFEHRNESH
ik AL pET28a-OmpT FIZ= #fk pET28a 43 7%
HFk78 £H E. coli BL21(DE3 ) RAZZ4 N, Bk
BURAANEAL TR T & 50 mg/L RIRE R (Kan)
LB MR ks 75 2, 3T C IR G 3 5 2 ODgy A
0.6 ~0.8,MA IPTG ZE4¥KE X 0.6 mmol/L, 4%
Sr¥Es 4 h )5, B0 1 mL E#,13 000 r/min B0 2
min, 3 13, DA 30 wL WEKEFSFEE, MA
ERTREY 2 x Buffer, # K ¥ 5 min, FF53 8 B vk
5 min J§ , 3£1T 12. 5% SDS-PAGE Z#f
1.2.6 REEHHTERAL HHAAREK
IPTG 3| & (0. 05 mmol/L, 0. 15 mmol/L, 0. 3
mmol/L.0. 4 mmol/L.0. 6 mmol/L) . 3% 55 & pH
(5.0,6.0.7.0.8.0.9.0) flESFIEEE (15T,
25C \30°C \37°C) #ATE B W i Rk KAWL
o WRFESFREWAHE, BEBEBRE, T 4C
15 000 r/min B.[> 30 min, BUBY 2K _E B HIULLE,
AbFJE X H 4T 12. 5% SDS-PAGE 43177, fF 523K
REHEM A,
1.2.7 #FAZXNZEFERGARL LL3T
(APD ID: AP00310) AN RA BB A EEN
TR FHUB K, JF )% : LLGDFFRK-
SKEKIGKEFKRIVQRIKDFLRNLVPRTES, H 3 B
PRI 2%, W7 BEXS A [ 1 9 R B8 A 2R AS R B9 1
DL, EAMABIZEM . OmpT & AREAE
UM LL37 By RK fii g8, (2R B AW E M,
B AT L B OmpT 25 FBE 5 LL37 WM EAEA
SRR K A FEE B8 1 OmpT B4 ¥iE
78 |4 iR pET28a-OmpT F E. coli B121
TG & IPTG {3 TR &3k OmpT FHEE, 4
ME&FKEL OmpT EHMBHEB T IMARER
L137 J5 , & R FF S AR A SR ma W B B B P
FERA R OmpT & A, JP6F LL37 H iy
RK U)W, L137 REREE M HE RBIFEAKR
S0 75 0 5 B B R P A TR B R TE S Y OmpT 8§

Fig, BA 2 #f LL37 i RK Y10, W 15
R REE MR LL37,

2 R

2.1 OmpT EHFE K PCR #i

PCR =¥y 2: 1% BAS¥EBERE LIk , 15 B R/
#5950 bp AW BL, 5T OmpT K/ (954
bp) —E(El 1),

bp
2000

954 bp 1000
750

500

250
100

B1 OmpT EEH PCR FIEMAKER
Fig.1 Electrophoretic result of PCR products.
1~2: PCR 2#J; 3: DNA marker DL2000.
1 ~2: PCR product; 3; DNA marker DL2000.

2.2 BHEEBEKFIINE

¥ PCR =¥yl J5 % T 5L 3 ik pEASY-
T1 Simple H1,%%4k E. coli DH50, %2 PCR FIEFT) %
RN, GREW: Ty %8 ompT ER F B
4Kk 954 bp, 4ih5 317 NEER, A EERLE
FETFNLIEES T, S RBITEERAREE
EcoGene 2132 OmpT ZEEH K HBRF S
A 99.9% BRI, F 1 M EBREZE, M
B B — P BERRE
2.3 BARBRMOLE

B B IE# B pEASY-T1 Simple-OmpT Ji R0
%2 EcoR | F1 Xho | WV G W E Z IR REIR
P pET28a |-, Hy# T 419 7 R pET28a-OmpT,
¥4k E. coli BI21(DE3) BR324 M , £ ROk HE Uk
K PCR F1lg 1] % 5 i %18 B FH M g (A 2,
El3),

2.4 FEF=HEIE T

TR % 12.5% SDS-PAGE &, v] B &3
EFFTE 36 kDa EHAKF—HEBEAW, A
Quantity One AT RABEARZEA S H
HEEHER 24. 6% , /NS HHIZ R, T
B = TR A B BRI B T AR &R
W, W% E R h A (E 4) o
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bp
2000

1000
750
500
250
100

954 bp

B2 pET28a-OmpT Yy PCR £ELE R
Fig.2 PCR product of OmpT from pET28a-OmpT.
1: OmpT; 2: DNA marker DI2000.

53kb

954 bp

B3 pET28a-OmpT MERLIEE LR
Fig.3 Identification of pET28a-OmpT by restriction
enzyme digestion.

1; pET28a-OmpT Jii4i4% EcoR 1 /Xho 1T XL E§Y]; 2: ADNA/Hind
Il + EcoR I Marker.

1; Plasmid pET28a-OmpT digested by EcoR [ /Xho I ; 2: ADNA/
HindIl + EcoR [ Marker.

kDa
96.0
67.0
45.0 36 kDa

30.0

20.1

144

B4 OmpT EAMESRIE
Fig.4 Expression of OmpT from recombinant
plasmid pET28a-OmpT.

M. (&5 BATHEE B i ; 1: pET28a/E. coli BL21 (DE3) T #k, %
5;2.:pET28a-OmpT/E. coli BL21(DE3) ik, K% 5 ;3 : pET28a-
Omp1/E. coli BL21 (DE3 ) Bitk, 2

M Protein marker; 1:Strain pET28a/E. coli BL21(DE3) ,induced;
2 : Strain pET28a-OmpT/E. coli BL21 ( DE3 ), uninduced; 3 Strain
pET28a-OmpT/E. coli BL21(DE3) ,induced.

2.5 FREFYHITEIET R R E Wi T
A AR IPTG 77| & |8k 57 2 pH Mi%EF
FRIBWEHETEATEERBRGH ML, BR

OmpT 25 1 45 KER 53 3R LA B A7 1E

pET28a/E. coli B121(DE3) Bk X} FREEHE,
& OmpT EEGRFERIFE KR, W0 SA R, EHA
KB PEI IPTG 545 3 A R0 40 B9 1E 4
Ko T H TG 78 8 5 19 5] i 55 ¥k B R 50
wg/mLE) LL37 B R7EA K 2 h JFE N LL37 (40
BIh 5K TR) , KA KIS S B8 B B3l

pET28a-OmpT/E. coli B1.21 ( DE3) B #R 7 —
ERFMTIRE—EEN OmpT FHEE, W0
& SBAT 7N , 2 B bk T 1R 78 B B B[R] B 5 hm LL37
ERTEAR 2 h 55 LL37 (WE & ki) ,
HARKHAZIIRM

A pET28a/E.coli BL21(DE3)
1.4 — —& Induced-LL37

—4— Induced+LL37
~ 121 o LL37+
~ § 10 *CK
g g os
& § 0.6
M e 04
G]
0.2
) Y Y I
123456789101112
Bt H (h)
Cultivation time (h)
B pET28a-OmpT/E.coli BL21(DE3)
1.2 — —= Induced-LL37
—4— Induced+LL37
~ 10| - LL37+
28 gl *CK
OQ .
809’ 0.6
55
5145 0.4
G]

0.2
0

1 11 1 1 1 1 11 1 ]
1234567 89101112
HiFr fH(h)

Cultivation time (h)

Bl 5 LL37 X1 E 4 pET28a/E. coli BL21(DE3) F1
pET28a-OmpT/E. coli BL21( DE3) <B4
Fig.5 Effects of L137 on the growth of pET28a/E. coli
BL21(DE3) and pET28a-OmpT/E. coli BL21(DE3).

LLI37 + . ZEBMZ 5 , B MA LL37 (50 pg/mL) ;CK: XFEHEA
BUEFTALTE, BRA IR IPTG 3370, AN LL37; Induced-LI37: 72
KREFFELEK 1 h 5EHM PTG 2/ (0. 1 mmol/L) , A
LL37 ;Induced + LL37 : ZE X BT HE 4 K 1 h j[5E 0 IPTG % 557
(0.1 mmol/L) ,i#S 1 h JFEINA LL37(50 pg/mL)

LI37 + ; Add LL37(50 pg/mL) immediately after inoculating; CK:
Didn’t add IPTG, didn’t add LL37; Induced-LI37.: Add IPTG(O0. 1
mmol/L) when E. coli BL21 (DE3) grew 1 h, didn’t add LL37;
Induced + LI37; Add IPTG (0. 1 mmol/L) when E. coli BI21
(DE3) grew 1 h, add LI37(50 pg/mL) when E. coli BL21(DE3)

was induced 1 h.
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A, AT #EW Y pET28a-OmpT/E. coli BIL21
(DE3) =4 T RA &Y OnpT FHEE, 75
WEAMKERTHEMK LI37 RET REE
AL, KB E MRS R ERAERRE, HAH
F pET28a-OmpT/E. coli BL21(DE3) £ %A IPTG
FEMBRT, b BFEEHRAKARKE
g mFRs DRI OmpT & EH 8, A IPTG B
fin LL37 #) &tk pET28a-OmpT/E. coli BI21(DE3)
B IR Z B

3 g

ARSI EERE T OmpT R LK
35, 5K 2 HHEIEE EcoGene H OmpT
HAKBZHERFIIRE 9. 9% ¥ F I, H—
0 3 3% 3K B Ak pET28a-OmpT, % 4k & E. coli
BI21(DE3) 47 R Rk, B HIMG N
LBk LL37 B 5 8, IESE H R A EHBHAEY
i,

OmpT 7 H By Y11 /A5 Omptin KR HALE H
FEAL, X AR BE T AL 0] 258 — D R R A TR I
FRA, AR Arg(R) , i3 BEARST , T X AR EE M RLAL
] A SR — R R B, TR Lys(K) ,
Gly(G) B Val(V) ™™, it OmpT 2 A7 LA
FRrER IR A W EEI M AKNER, I
TTRNA A", IR0 7T A REAR 5 A I 25 B
Y SEIPTE K, AR A o Stefan R
OmpT W] LAZE R BN # e BE 1) Mg™* 3538 A R
BRED,BERE FRE T HRE SRR, X
B OmpT FEMFHLE KR THEERTE E. coli B4}
EARAE AT L R A BR 1 HEAT™ o OmpT
FEMPIHEK LL37 MR E R 245 R AR
i ,/H R Galva'n %' Pl & Guina ™ W 5
OmpT [F]—ZK R PetE 1 Pla 25 13 BB FE AR ST
BAK LI37,

BT R AR S B I s AR LL37 B 7 8k,
AT MR B 4 A R R A TR R R B P
e, BETIHIET B AR AR R A OmpT EHE B R
BHEYEE. ERERBR OmnpT X5 H ik
LI37 BARMEMIER. WRX—RIIRNEETRE
BRI, LR R B T BOR X K TR
2t FTLL, OmpT X 2 ik 8% i) 5 S M B VIR A
Gl 25 32 PO N e Uk e 30 LS

ARSI A OmpT FEPRAER BN BI7E KB
FREFPRREERE T RAEYE R OmpT &H
W, BE—i W] LR AR I BY U0 e B 5
e, VIR SR 5 & FOR IS A TE R 2 K, N 4
JRPTE TR R B K, SRS H AL T S X LA
AR A A M/ NI E AR R . RAEARIA
BHERT —RIIEAFHEFRBRANIEIRZE pH,
FHREE FHIAER, B RFAHE AL
PR UABBIERGE. T PRastTa
BRI R, UIRSNRG KB RE &Y
&R OmpT & HEE, BRRALHY &5 OmpT 724
Vi Rk B EZEA

& % x W
[1] Brandenburg K, Garidel P, Schromm A B, et al.. Investiga-

tion into the interaction of the bacterial protease OmpT with
outer membrane lipids and biological activity of OmpT ; lipopo-
lysaccharide complexes[ J]. Eur. Biophys. J. ,2005,34(1):
28 -41.

[2] Rawlings N D, Barrett A J. Families of serine peptidases[ J].
Meth. Enzymol. ,1994,244 .19 - 61.

[3] Hritonenko V, Stathopoulos C. Omptin proteins:an expanding
family of outer membrane proteases in Gram-negative Enter-
obacteriaceae[ J]. Mol. Membr. Biol. ,2007,24(5 -6) :395
- 406.

[4] Kaufmann A, Stiethof Y D, Henning U. New outer membrane-
associated protease of Escherichia coli K-12[ J]. J. Bacteriol. ,
1994,176(2) :359 - 367.

[5] YuG Q, Hong J S. Identification and nucleotide sequence of
the activator gene of the externally induced phosphoglycerate
transport system of Salmonella typhimurium[J]. Gene, 1986,
45(1) .51 -57.

[6] Sodeinde O A, Goguen J D. Nucleotide sequence of the plas-
minogen activator gene of Yersinia pestis: relationship to ompT
of Escherichia coli and gene E of Salmonella typhimurium[J].
Infect. Immun. , 1989, 57(5) :1517 - 1523.

[7] Egile C, d'Hauteville H Parsot C, et al.. SopA, the outer
membrane protease responsible for polar localization of IcsA in
Shigella flexneri[ J]. Mol. Microbiol. , 1997,23 (5) : 1063
-1073.

[8] HuiCY, GuoY, He QS, et al.. Escherichia coli outer mem-
brane protease OmpT confers resistance to urinary cationic
peptides[ J]. Microbiol. Immunol. ,2010,54(8) :452 —459.

[9] Sedliadkova M, Masek F, Slezadarikovaa V, et al. . The effect
of the OmpT protease on excision repair in UV-irradiated Esche-
richia coli[ J]. J. Photochem. Photobiol. B,1997,41(3) ;245
—-248.

[10] Stumpe S, Schmid R, Stephens D L, et al.. Identification of
OmpT as the protease that hydrolyzes the antimicrobial peptide
protamine before it enters growing cells of Escherichia coli[ J].



58 E R AR R 13%

J. Bacteriol. ,1998,180(15) ;4002 — 4006.

[11] Grodberg J, Dunn JJ. OmpT encodes the Escherichia coli outer
membrane protease that cleaves T7 RNA polymerase during
purification[ J]. J. Bacteriol. ,1988,170(3) ;1245 —1253.

[12] Leytus SP, Bowles L K, Konisky J, et al. . Activation of plas-
minogen to plasmin by a protease associated with the outer
membrane of Escherichia coli [ J]. Proc. Natl. Acad. Seci.
USA,1981,78(3) ;1485 — 1489.

[13] Baaden M, Sansom M S. OmpT: molecular dynamics simula-
tions of an outer membrane enzyme[ J]. Biophys. J. ,2004,87
(5) 2942 —2953.

[14] Vandeputte-Rutten L, Kramer R A, Kroon J, et al.. Crystal
structure of the outer membrane protease OmpT from Escherichi-
a coli suggests a novel catalytic site[ J]. EMBO. J. ,2001,20
(18) ;5033 - 5039.

[15] MoRfE, ZMIE, TAE. LM N A X ERRIE[T].
A E SR 2007,7(1) :86 -90.

[16] Durr U H, Sudheendra U S, Ramamoorthy A. LL-37, the only
human member of the cathelicidin family of antimicrobial pep-
tides[ J]. Biochim. Biophys. Acta, 2006, 1758 (9) : 1408

—1425.

[17] ¥ &, #hFEr, RESC RIFREGLE K CAPI18/LI3T MBFR
HERE[T]. EFRPEIR A ,2006,26(9) ;701 —712.

(18] £ ¥, Bk, R, 5. LA IE VLR KT R
[J]. BrEg M ( A AR ,2007,21(1) 48 - 52.

[19] EKAR. HLHRK LL-37 TR #R(T]. BB ERE,
2007,30(1) :47 - 51.

[20] McCarter J D, Stephens D, Shoemaker K, et al.. Substrate
specificity of the Escherichia coli outer membrane protease
OmpT[J]. J. Bacteriol. , 2004,186(17) :5919 - 5925.

[21] B% 18, P EH. R B, %5 AR RARIT]. &
M58 ], 2008 35 (11) 11786 — 1790.

[22] GalvaGn E M, Lasaro M A, Schifferli D M. Capsular antigen
fraction 1 and Pla modulate the susceptibility of Yersinia pestis
to pulmonary antimicrobial peptides such as cathelicidin[ J].
Infect. Tmmun. , 2008 ,76(4) : 1456 — 1464.

[23] Guina T, YiE C , Wang H, et al.. A PhoP-Regulated outer
membrane protease of Salmonella enterica serovar typhimurium
promotes resistance to alpha-Helical antimicrobial peptides[ J].
7. Bacteriol. 2000,182( 14) ;4077 —4086.

2011 THE 57 B HUBBH ALK

mMPEGBREESf EEE T RS E I, BN
K FEFAME R (ATN) 70 87 “2011 7 7 A4 86
REFFEHABER2WNE T 2011 £5 A 20 ~
R AELEAF, 2ABRTHLERREM
PRIE 36 78 77 T oy [ B M A R o R I BB T 3
Bo 2R BATERHMEH FEHER . FE
IRRAXERNES, HBANFEAFE K
HEAZ EPHEASE EBEIASY AEHE
TAFBRETIVWAFEFRNIE, £HT
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PR B BN LK FE AR R R R
% Ben Wang #3% M AF T ERBRAEL L
FREB K Fulong HBEEAREL LT RZW 54
FHERRE, KBRS ABRFAAR ER
Vi A DLRCE L R A RA RS s

— SWAR:
EHRAPERRFR; LRI AF
A AL B A S R 4R W (ATN)

AR P RECT) EEEE R

— RIUEE MR

201145 f20~22 €, LiEHEK
E\%WW*E:

AR ARREARE, F2RERE, 4
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