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High—Efficiency Fusion Expression of Melittin in Escherichia coli
and Its Purification

ZHOU Lixian'? ZHANG Rongzhen™? LI Lihong'? XU Yan'?
(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China ; 2. Key Laboratory of Industrial
Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract. The preparation of melittin by biological method is a key technology for the large-scale
preparation of melittin. To achieve efficient expression of melittin, the melittin gene met coding
mature peptide and its promet containing the signal peptide, leader peptide and mature peptide were
chemically synthesized. The two genes were linked with the maltose binding protein gene mbp and
cloned into the vector pET15-b to construct the recombinant plasmid pET-MBP-MET and
pET-MBP-proMET. The recombinant plasmids were then transformed into Escherichia coli BL21
(DE3) and induced with 0.1 mmol/L IPTG. The fusion protein MBP-MET and MBP-proMET were
efficiently expressed in E. coli in soluble form treated overnight at 30 °C. The two soluble target
proteins were purified by two steps of Ni-affinity and Dextrin Sepharose HP affinity. The fusion
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proteins MBP-MET and MBP-proMET were obtained with an over 90% purity. About 20 mg of pure
protein was prepared by 1 L of recombinant E. coli culture. The inhibition experiments of bacteria by
MBP-MET and MBP-proMET were carried out. The obvious inhibition zone was observed in the
Oxford Cup antibacterial experiments. The minimum inhibitory concentrations of MBP-MET and

MBP-proMET were about 100 wg/mL and 140 pwg/mL, respectively. Highly efficient expression was

successfully achieved in this research. The function verification of melittin was confirmed, providing

an efficient and safe synthetic route for the biological preparation of melittin.

Keywords: melittin, Escherichia coli, maltose binding protein , high expression , purification
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AT A TR () e A R A 7] (Sangon) 75 i
kL pMD19-T: W H W TR (Ki%E) fARA A
(Takara) ; 714 & AT 5 . b <5 R0 A1 B A R
NEICXIDE

112 220 ANFER, FNE-L-D-HI
PFLBE IPTG: W4 H Sangon /A A ; PrimeStar® Max
(Premix) .rTaq DNA polymerase for PCR B il 14 Py 1]
fitt BamH 1 il Xho 1, T4 DNA % 4% DNA marker
A AR X 43 F BT & marker: W H Takara 23 7] ;
PCR W2l Ab iR & \DNA Jie Dot & . Bk il
FEAF & A Omega A F

1.1.3 £ &M% NitE (5 mL) Dextrin Sepharose
HP SEFIFHAE (1 mL), AKTA purifier 2 (4 5 4l {k
4t . B 2 [ GE Healthcare 22 F]

1.2 A&

121 PCR 31489t 5 &R A4 Dmitry S. Perekalin
SR S 1) e B IR LR Y A1) (AR S BRI )
HEAT B A AL G I promet FEH, IR
Y, L3R 1, RS9 PF1.PF2, 5] A His6 2
, FUESIY PR2 51 A Xho 1§ VI7 5 (FH T £k
FoR), LABTRL MBP3 itk it 519, bHiEnld
PF3,5°GIA Neo 1BV kL, T lF 514 PR2,

1.2.2  met.promet & B 5 mbp R B4 3 LItk

A Y promet FEP RN, B ¥%F PF1/PRI
PF2/PR1 £ PCR1 434 4% MET Jy Bt proMET J¢
Bt PCR 1R K .98 CHIAEYE 30 s, L 98 CAR
155,55 CiB & 15 5,72 CHE 20 s, #E4T 30 46
5,72 CAAIR 10 min; AR MBP3 ik, 1514
PF3 . PR2 #£17 PCR2 ¥} MBP Bt ., PCR £ 14i%
4:98 CHIAM: 30 s, LA 98 CAEM: 155,55 CiB &
15 5,72 CHEMH 1 min 10 s, #EFT 30 MEH,72 C
PR 10 min; L MET F B MBP R B4,
1%+ PF3/PR2 & SEff 4% MBP-MET K B¢, LA
proMET h B Al MBP R B Az, 5| ¥ % PF3/
PR2 & & St 1 MBP—proMET H Bf . PCR 414 i%
M .98 CHIALYE 30 s, LI 98 CAEME 15,55 Ci k
155,72 CHEfi 1 min 20 s, ¥E4T 10 MG, A5
Yy PF3 Fll PR2 #5547 20 DMEH, 72 CAAIE 10 min,
PCR 7T 1 g/dL By B AR &8 e v VKA, PCR 7
YaifkJ5 M T4 DNA 3% #5885 20K pMD19-T T
16 Ci%E4E 4 h, E4E WAL E. coli IM109 832 75
A, 100 pe/mL 2N % &R (Amp) itk LB P-4 i
T B T B, 4 A% SRR 2 BB B VR i R Tk B
Y%, R4y i A 44k pMD19T -MBP -MET il
pMD19T-MBP-proMET,

1 3519
Table 1 Primers
Gk 751 (5'—3")
PF1 CATCACCATCATCATCACGGCGGAGGCTCAATGGGTATCGGTGCTGTTCTGAAAGTTCTGACC
PF2 CATCACCATCATCATCACGGCGGAGGCTCAATGAAATTCCTGGTTAACGTTGCTCTGG
PR1 CCGCTCGAGTTAACCCTGCTGACGTTTACGTTTGATC (Xho T)
PF3 CATGCCATGGCATCCAAAATCGAAGAAGGTAAACTGGTAATCTGG (Nco 1)
PR2 GTGATGATGATGGTGATGCCCGGCACCGTCGCCGTTAATTAAAGTCTGC
T R £ 3 R A DD AL
T7 promoter

123 & 41 & 5 # 4k pET-MBP -MET #= pET -
MBP-proMET #j 3 FR 4 N YT Xho T F1 Neo
1 53590 WU V) 5 21 5 % 5ok, pMD19T-MBP-MET F1
pMD19T-MBP-proMET, By i Bl € i [0 e 4di A - Bt
MBP-MET 1 MBP-proMET, 43515 F A [ R i fif
XUEEY) Y 2R 3R pET15-b i 0% 8 , % 32 7 W e
b E. coli IM109 325401, i A 100 pg/mL Amp
PUIE LB V-, Pk IR T P il 5 SoR: 2R A7 00 e | P 1)
E B 18 5T KL 43 591 4w 44 & pET-MBP-MET Fil pET-
MBP-proMET, #4 &7 & &I WL A 1,

f RBS -  MBP  _ His, — MET/proMET —

MBP-Hisg 43 il & 76 MET Al proMET 9 N K%, ik ik
% B0 T TRT O R BRI 25 5 0 (RBS) R T7 Ja 8 F 421 .
B1 #Zm&H pET-MBP-MET ,pET-MBP-proMET
BRRHEREE
Fig. 1 Schematic representations of the tag—fused pET -
MBP-MET, pET-MBP-proMET constructs
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124 B&FamGFFRE Sl ifhES %
ik Jit # pET ~MBP —MET ,pET ~MBP —proMET %
E. coli BL21 (DE3) /&2 & I8 i T &£ 100 pg/mL
Amp ) LB W FE AR 3R 3 1,37 CH R i, HRHL
PG VR RN T 54 100 we/mL Amp 19 LB A9 A K:
Fderh 37 °C 200 r/min $R3%5 595 10 h 5, $RAKH
I3 1% B9 % 82 2100 mL 5B 6 /9 5 47 100 pg/mlL
Amp [ LB AR R 23,37 °C 200 r/min $R %
Wi I 2 ODgo 290 0.6 B, B INZLHE FE S 0.1 mmol/L
M5 9 5 8 B -D-B A2 FUBE H (IPTG) , T30 °C
200 r/min 5335 9% 16 h, 4 CF &0 U8 AR 20
J, 8 7 B A 0 1 TR R LT L A 4
SDS-PAGE loading buffer 7 # 10 min, H 9%SDS-
PAGE #4750 IE
1.2.5 @& % @ & MBP-MET #= MBP-proMET #)
e YU KRBATE E. coli BL21/pET-MBP-MET
E. coli BL21/pET-MBP-proMET 43 5 7E b i 4 {4 75
SRR IR G B 500 mL & B DA SO MRCBE TR AR A
50 mL Ni # 5 2% vh % A1 (20 mmol/L Tris—HCI,
pH 8.0, 150 mmol/L NaCl),4 °C & JE 21 3 B v )
12 000 r/min #.0> 30 min Y4 LI, £ 0.22 pm
LB B g 2248 AT Ni AR AT B AT, 92 o
# B1 (20 mmol/L. Tris—HCI, pH 8.0, 150 mmol/L
NaCl,500 mmol/L WK ) 2 P 3k 1t | 58 S D47 2k
R i e AR VERGHET T SDS-PAGE FLIKAI
V0725 Bl Ak IS R O R DB R 4, O 4 28 b i
A2 (20 mmol/L. Tris —HCI, pH 8.0, 200 mmol/L
NaCl), F#F Dextrin Sepharose HP 55 FWE fff A I
FHZE Ph W A2 VR A% 45 A BT, 22 4 i B2 (20 mmol/L
Tris—HCI, pH 8.0, 200 mmol/L. NaCl, 10 mmol/L. 7 #f
W) VEMEHARE A BT, VR, H 9% SDS-
PAGE H k4G I i 1 3k 51
1.2.6 ZZArEAEMRNE  HER E. coli BL21/
pET-MBP-MET 4 it i #F L 3% W& . 4lifk )5 MBP-
MET MBP-proMET il &5 % 1 . M E. coli JM109
TPFH - PRECR R & % 5 mL LB iR 8 57 3,
37 CHiF% 4 h, #3500 pL 7 = 50 mL LB 1%
FEHR P 37 CHiFR 2 h & ODg=0.5, i 5 51 81
20 mL LB 15 55 5 2 JE RS- i 7 Bk . IR 1 mL
PR A 200 mL A7 T 50 CHIBNE I 5 3L PR 4]
PRI 5 mL 2 ARl PR dE . T b2 R kB
&5 B I A B9 4R EHEAR (8 mm x 6 mm x 10 mm)

HE B TR S AT, A EEAR 2 i A i BB R
Y 100 pL E. coli BL21/pET-MBP-MET 4 g % i
7% W A4l 4k J5 MBP-MET .MBP-proMET fil 45 &
F1¥% (0.25 mg/mL), 100 L Amp (0.1 mg/mL)f#BH 1
YRR o5 EILEE K L T 37 CCHE R R A R
# 16~18 h, WA B FE TG L

1.2.7 b FE R (MIC) M 2 R R A B ik
Il 5 MBP-MET ,MBP-proMET Fili 45 & 4 Jit i) % I
MW ., TR E. coli IM109 W% 1 -
10° #BEZ 10° cfu/mL, H 100 wL @AW A U A
A, 23 JEBR RS 1) MBP-MET .MBP-proMET s
e 2 2 5 B VR JE 43 58 160,140,120,100,80 .60
40.20.10.5 pg/mL, RAK LM U B AR BN
A100 pL FiBefe A Bl . X IRZE A 100 L JE
Bk ,37 CIR 597 18~20 h Ja WAL 45 4L

LR

2.1 met.promet EE S mbp EE K 15

WERE K met . FHIUETEIK promer 542 2P HESE &
F1 mbp K £ PCR 4734 J5 73 5 3K 44 126,252
1152 bp W2t B, WIE 2, &8 45 159 5
MBP-MET #l MBP-proMET B, % PCR =¥ %
Z yi BE AR pMD19-T, I J3 45 R % B MBP-MET &
N A BEE#I % A pMD19-T #hfk

bp M 1 2 3
5000

3000
2 000
1500

1 000
750

500

proMET
MET

250
100
M: DNA marker;1, 2: MBP % PCR 7= 4#j; 3: proMET ¥ PCR
FEH); 4: MET 1) PCR 7= 4.
2 pET-MBP-MET %A # {h#g3

Fig. 2 Construction of pET-MBP-MET expression vector
2.2 EHARIEHE pET-MBP-MET . pET-MBP-
proMET ##&

X pMD19T-MBP-MET .,pET-MBP-proMET #/I
pET15-b 43 fdt H BR &l 1 N I Xho 15 Neo 1 3
A7 XU ) Ab 2R e [ R B R/ 1300 bp Y
MBP-MET 3 5 F Bt (1 400 bp ) MBP-proMET K
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LA S 600 bp 1 pET15-b 2% F B, f#i H T4 DNA
AR ROE | ST AL E. coli IM109, TER
YT T BRI A $ I TR HE AT I T 2
5E, 15%] 6 917 bp ) pET-MBP-MET £1 7 043 bpf¥)
pET-MBP-proMET,
23 ESHBEEARNBESRIE

¥ 2% 1k B KL pET -MBP -MET # A E. coli
BL21, #k BB 1 9% 155 9%, #F 0.1 mmol/L TPTG .30 °C
AT RIS I, B 100 mL 8557 5 fg 0k
0.6 g MBI, FEIF SRR S B0 I FIST,
4T SDS-PAGE $ ik, &5 R Al 3 fron, BIE W]
DLARXT 23 F i it 46 200( ULFE 3(a)) F1 50 800 ( WLIA]
3 (b)) Wy, 43l 5 Rl & i MBP-MET Al
MBP-proMET it K /hN—2, H g Hbr 55k
W B R TUUVE . 2B A UKk AR AL oA, Vs TR A
H A 4 o5 4 40 M 8 10 15%, ui A& & H R
MBP-MET 7 5 2 K #F 18 v 32 22 DL AT i o 4 1 o
e 3Rk

M

97 200—
66 400 —w—

44300—

M 1 2 3 4
97 200 — s
66 400 — —

44300 — W —

29 000 —

20100—
14300—
(b) E. coli BL21 / pET-MBP-proMET#15"#)

M: & A A X2 F i Marker (Low); 1: 35 50105 2: 5 %5
30 B0 5 N RV 40 B0 IS DLTE.
B 3 E. coli BL21/pET-MBP-MET.E. coli BL21/pET -
MBP-proMET % i% 7= #) SDS-PAGE
Fig. 3 SDS -PAGE analysis of expression products of
E. coli BL21/pET-MBP-MET and E. coli BL21/
pET-MBP-proMET

2.4 FAEBRMBP-MET #1 MBP-proMET 4t

KA SREBEWMELAR E coli BL21/pET -
MBP-MET # E. coli BL21/pET-MBP-proMET 43 51|
B R, N AZE P A1 (20 mmol/L Tris —
HCI, pH 8.0, 150 mmol/L NaCl) £ )5 & kA%
BLIERE , B0 05 M FIE W4 0.22 wm AL 8 B
U8 F NI FE 25 B B A 24k 49 90 FH 5 30 mmol/L
WK1 100 mmol/L BRI 2 ik B1 VeI, 4540
DS 3 B 0 WSO AR VR 64T SDS - PAGE
PRI 25 HE UL 4, 30 mmol/L 1K MR 6 I K 2 2%
15,100 mmol/L WM 3% 5 B H A5 2 11 5T JL T 42 38
VEME T ok . (R4t Ni bk sE AR alifb s i) B bR A
il R CIP S W 2 U B s 2 1 A AP N b 2 T B P
b T B R R VR 45, O T i 92 v A2(20
mmol/L. Tris — HCI, pH 8.0, 200 mmol/L. NaCl), I+
T Dextrin Sepharose HP 2 AW B4 |, 122 vh ik
A2 PR B U, LA 10 mmol/L 2 24 1 2% P i
B2 PEME H AR 15, SDS-PAGE 258 WLIK 5, &5t
JB L K AR AL 53 BT SDS-PAGE 25 5 | fe 245 31| 4li Jif
ik 90% 1 & PR FE i W TE5E BT BT DA
alifb A3 5] 20 mg A AT B SR T

2 3 4 M
s — 97 200
— 66400

=

— 44 300

S s — 20 000

S — 20 100

W — 14 300

Il| ‘

(a) Nif:2li{k MBP-METZ%

3 —  F
g .

— 4 .
&='"9-

- — 20100
—

o
(b) NiF:4E {LMBP-proMET% -
M: & A A X2 7 i i Marker (Low); 1: “FAFZ2 op A1 Pk,
2: 30 mmol/L BRMEBEEE; 3, 4: 100 mmol/L BRI L.
B4 FiEZEABR MBP-MET . MBP-proMET #J Ni #+ 41
Fig. 4 Purification of fusion protein MBP -MET and
MBP-proMET with Ni column

W — 14300
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(a) Dextrin Sepharose HP#li{t MBP-MET%45 %t

M 1 2 3 4 5
97200 — =
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14300 — we
(b) Dextrin Sepharose HPZ{i{t MBP-proMET%4 i

M: & 5 AH X 43 F 5 i Marker  (Low); 1: Ni #:4lifb J5 e 45
W 2, 3: 2% v A2 % 4, 5: 10 mmol/L 22 2R .
B 5 ®B&%EBKR MBP-MET MBP-proMET #J Dextrin
Sepharose HP 4t
Fig. 5 Purification of fusion protein MBP -MET and
MBP-proMET with Dextrin Sepharose HP

2.5 HEHENZE MBP-MET #1 MBP-proMET
HIiE

I 3k 2 PR S 0 A il 2R 1 BT MBP-MET #il
MBP-proMET (& 1% ¥ . &L 6 FT %, 5 9] 44 %
WA I, 2l 4k )5 i) MBP-MET il MBP—proMET 4 %}
RIGHFFEA WA H HOR . 28005 MBP-MET Y
PTE B E AR R 9.2 mm(ULIE 6(a)) ,MBP-proMET f#
I E EHZE R 8.8 mm(ULE 6(b)), MBP-MET (14l
PSR [ MBP-proMET 4f . 7] fE H1 T+l & &5 1 BT Y
AT 43 F 5 L 3K B 25 M b Ak A 2%, 9F HL 3K
IR A i e A e LR 7S [R) S5 A 1 B A ST
A 1) P00 AR 25 A R T i A P bR A 3 A
L 5 00 57 BB AR X 0 A= R DN
2.6 MBP-MET #1 MBP-proMET &) & 1 # & i%
E

Tl 2t R 1k ) WS [ 5T S VA B2 MBP-MEET Al
MBP-proMET 19 4fi 1k J5 4 F1 L XF E. coli JM109 1Y
TR R ) HRZH A A T A K 8 R RO R B

240 TR A R A B R AL R ) 2 ) R R R E D MIC,
BT A A0 A T Sy PR HIR UL 5% R i B A TR ik
DUVEB R M B . 3R 2 WA MBP-MET Xf E. coli
JM109 ) MIC 4 100 pg/mL,MBP—proMET X E. coli
JM109 5 MIC 4 140 pg/mL,

(b) MBP-proMET {311 4
1: ARG TR fe L8 2: 2lifb s il & 2 0 3: ddHL0; 4: Amp.
E 6 #&EHBKR MBP-MET .MBP-proMET 3t E. coli
JM109 BN E ZR
Fig. 6 Antibacterial activity of fusion protein MBP-MET
and MBP-proMET on E. coli JM109
*x2 WEHREENE MBP-MET MBP-proMET X X i7
B # MIC
Table 2 Determination of the MIC of MBP-MET and
MBP -proMET against E. coli by microdilution
method
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d: A
IR

W KA — R LA PUE PLR PR A I
PR FVEPE R TR PERK, B2 BT O6TE, B
T B OGS 200 R EL A — Y SO | 0 B I R A%
YR EAZA Y PMELL R IR

ARG 38 i T A 0 T RS e T AR O T
B FRIR SR AT SFPE R R 5~12 17 2 AR 5 AT
R 4~21 (i A HE IR I v B 4k pET32-a I+, 7F
E.coli BL21(DE3) "h il & 3k 44 & Ik MT, 15 H 5
R 7= 22 AT A, 5K 2 WIS P e Ik (3~14) 5
e DU B(13~27) 444, 16 [ 07 18 58 R 9 B (Pichia
pasioris ) i o H FE15 5 283815 Mel — MytB 225
JK, B3 UEAT 25 7 W I A B A3 BT, B R A5 B ek
FEPRT KA AT A | 4 B A BRI AU T G A
ELAT IR M R 52 56 O ok X 25k = gk A7 ali 4k
a3 pai e 4k, Bk S A K 38 24~72 h, 5 55
&K, W0t 582998 i SOE-PCR 7 A i £ 51 11 41
M E 4 2K (IL-4R) FEEHIIR scFv 5 8 5 Ik
(MLT)JE K ¥ EE BT TL-4R B4 B 1A % 122 6 1 Ik 1
4 iR pET-32a—-scFv-MLT, % A E.coli BL21
(DE3) Wi 333k, scFv-MLT il & 8 1 35 DL
AT 3Rk

T 2 W 7 UK SCIRHRGE v, b 48 B A b
H KGR (GST) A 5516 35 IK 3 41 3R 3k v I A 4
Z (0 GST 134 Jin it 2 MK vl V5 65k B AP e —
JriBIR A 5% ) AR e i IR (melittin) B PR 471 2 1]
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