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Study on Gene Prokaryotic Expression of Ginkgo biloba Antimicrobial Peptide Protein and Antimicrobial
Activity of Its Recombinant Protein in vivo and in vitro

LIU Lei, HE Guangzhi, WANG Wenjia(Basic Medical College, Guizhou University of TCM, Guiyang 550025,
China)

ABSTRACT OBJECTIVE: To obtain Ginkgo biloba antimicrobial peptide (GBA) recombinant protein, and to investigate in vivo/
in vitro antimicrobial activity of the protein so as to provide experimental basis for solving bacterial resistance and large-scale
production of new plant-derived antimicrobial agents. METHODS: Based on gene technology, according to GBA gene sequence
(FJ 865399) published by Genebank, recombinant expression vector plasmid pET32a ( +)-GBA was constructed. Prokaryotic
expression of recombinant protein was conducted by Escherichia coli, and then the protein was purified and identified by gel
electrophoresis and Western blotting. Drug sensitivity of obtained recombinant protein to E. coli, Staphylococcus aureus,
Pseudomonas aeruginosa, Salmonella typhimurium were investigated by Kirby-Bauer test. The minimum antibacterial concentration
(MIC) and minimum bactericidal concentration (MBC) were determined by broth dilution method. The protective effects of
recombinant protein on S. aureus infection model mice were investigated. RESULTS: Target recombinant protein was expressed
successfully and purified (molecular weight of 32 kDa). The recombinant protein was moderately sensitive to S. aureus and low
sensitive to other three bacterias. MIC and MBC of the recombinant protein to S. aureus were (50.00 +5.00)mg/mL and(138.33 £
12.58)mg/mL, and MIC was significantly higher than those to other 3 kinds of bacterias (P<<0.05). High-dose of recombinant protein
(8.0 g/kg) could significantly reduce the S. aureus-induced mortality of mice (P<<0.05), and had similar protective effect as
positive drug penicillin. CONCLUSIONS: Obtained recombinant protein has obvious antimicrobial effects on S. aureus, inhibits E.
coli and P. aeruginosa to certain extent and shows poor inhibitive effect on S. typhimurium. High-dose of recombinant protein
shows significant protective effect for S. aureus infection model mice.
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URAE R 6 M 2 K, AR R IR 43 e FL s b 17
JK KA S PP R K PR ST K L R BT IR A
PO RN A B BT AR SRR, C A R I, P K
Xof BB EL A A P A B R BB R VE R REAE 0
Haa ™, FAEDU R Uk i b B2 8 T % &5z
SR ol Ere e

KEA A £ W2y Y 5, SR (Ginkgo
biloba Linn. ) 7E 38 [ FPAE Iy s A& A IR F &, HZG M
AP EME PR AT IC 8. IS UESE R A
P B R AT IR VR A I R A R A AT — o A
TEPEC (HARAS PRI A PR AR 2 SRR TR L 2%
P pHABSE R 2 ma 8K, HAETEII R B4 3 2% L 40 B8
TR I T DA i SR Ak B
BTV SRR AW & e RATE KR T 258
YIgEIE BCh AT RE , A 4 S50 VIR AR rh A B ik
—Fh PR, Ar 44 0 GNK2-1, F3F 52 Houk w8 Ik ]
D LA S P B A R 5 Sl DL DT AR A A~ gy
B AT BN PR K, X 4 8 A A BRI KA DL
N o N T AP S5 1A R B A —E miER . b
IRBIF S 322 DR A Ok v s A5 B AT I R
PR PR IK , (X — 2t B XA GO R S o 5 55
BORE N2 T2 B ER  TAAM R w15
alifbE AP EEAC. ST, AR B T A
FHARBATF KR HUR 2 IR, #L4% Genebank (https: //
www.ncbi.nlm.nih.gov ) HF 2 A 1 —Fh 5 A P B 16 14 AR 4R
5 YU B K (Ginkgo biloba antimicrobial peptide, GBA ) J&
K591 (45 : FI865399) , Xz bt il JIK iE 4 7 7 4 8 11 3%
ke g, PR DA K BT I )5 Rk R I A B 1, 5 48
JT A5 E 2 B 1 X I AR DL B0 TR AP TG PR, B A
AHT R R Bl 25 25T SR TR K 2 B 1 g RS AR AR
7 R R D BRI 2 () 2 — 25 T R R AL
AR TEAE ) T BT R TR R B S e S
1
1.1 4S8

UV-9008 AU 4h- 436 e BT (R ooHT{as A BRA
] ) ; PowerPac™ Basic % 2 I g B3, 3k {X . T100 Thermal
Cycle BRI B B 5 & B 4 2 v (PCR) Y ( 2 [#] Bio-Rad 24
] ) ; TDSA-WS UG K 75 5 2500 AL (I g 3 7 k24
A PR s CI-1D i TAE & (R 28 TR (U A%
A M2 E ) 5 Micro 21R B 5 # 2.0 L . ChemiDoc™
XRS+ 1 EE ikt 15 4% 41X ( 25 [# Thermo Fisher Scientific 2y
F]) s EL104 B HL V- [ M4 -6 R 24U (Rl ) A TR
NG
1.2 Zm5iH

T F A O pET32a(+)-GBA | TB B 55 3 [ 7 /- 4=
A (i) A R AT s M-H 35 57 58 O A il A 511
HIRATR]) ; 85242 (Amp) .DNA Marker , % 2152
W R250 (AU 2 ERHEA PR A | ;s mai o/ Nt il 5
RAEZ (AR TEYEARGR AR, #HS
00091512) ; PVDF i ( € [# Millipore /A ] ) ; 2 1 Marker
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(B RAEYH ARG RN A ; Gl His b2 £ il
Prik (iR A YR A BRA ] L 5 - SZB0053) 5 °F
PO ALY (HRP) bRic 1gG — Pt (AL A2 4
W AE AR A BRZS F] L Hib*5 : ZB-2301) 5 Ni-Agarose His
P& R 1 aifb 00 & (R iR E ) (BES a2 AR
H R A, S 00091512) 5 5 75 3 w5 AL 3L 17
(IPTG) \PHO311 41 & 41 itd 2 26 (2 BURA ) & LB B 557
FE B TR 5 K AEC R4 3 £ 000 & L —be i
TR H - SR TR s T e B Ji FEL Kk (SDIS-PAGE ) IRl [ A= T A9
AR ) ey A BR 2 w175 JL A a5 34 Sy 43 A 4 sl 5
6% H RIS , KA TG TR 218K
1.3 4

faHRE IR /N R, MEMEASF R T i 20~22 g, Il A FER
1 Z5 W AR BN Fl [ B A 77 A A e S : SCXK (i)
2017-0007]. Sy 1E FREE L BE (20 + 3)°C P8 JiF (55 +
5) % W 4 F R I N PEME SR 7 d S BT S st B, ) I
WIKE . ARLE BTG s AN
1.4 Bk

JBREZ R A KA R 5 R AE AR (i) A7 FRA F
AL K FT R (ATCC 35218) 4 v {0 3 25 BR 14 (ATCC
25923) . 4 AT 5 (ATCC 27853) Fl F {55 FE VD 1] [K
(CMCC 50115) BRI B 52 MM H R 25 KRB AR S0 e =
feft,
2 HiEk
2.1 BEAZEAMARSEE

AR 225 R O SCHRY ™, A3 R AR (i)
A BRZS F R AE A TR ) ey A B vl A g 7 4 o
i pET32a(+)-GBA K YIS e , H- k47 8 41 ks i
Ak | B 5 A 6 R A 2R 1 P s Al R S
2.1.1 FEAFRAE SIS E AR Genebank H1/>
A1 1 GBA JE 51 (475 : FI1865399) (1 ORF (FF i [l i AE )
J¥ %1 7 Bt (405 bp) , 2K FH Primer Premier 5.0 4% i1
U BRI P T BamH 1T Xho TR B A5 09 541
FIFH PCR AR 1, 28 1.5% BN B e i B K BT Wi PCR
7). K FH BamH 11 Xho 1] PCR 7 1) il 36 35 2 A4
pET32a(+) ik, [MICEEY) ™, BU5 pL 28 1% B Ig Ak
HERE LTk A S R WD) T AR 3 R R BERV/INS H b A BE
— 35, sl b EEY) ), FiE R T4 DNA 4R H
1) 35 PR 27 5 1) 9 [ 2 pET32a (+) Ji KL (9 BamH 11
Xho 137 55, , 3fAS H UL TR
2.1.2 T FRFEAL KB BT BE 2.1 1R
T A J5OR A o v R R  Ab B1 B2 S K A I BL21
(DE3) W #k o s B2 B AL T bR , 4280 2 5 A 100 ng/mL
Amp (%) TB 35 725 (DU T AR & Amp B3 57, T
37 CEAF FRIER SR 12~16 ho XF 15 95 FT 1580 1 V& ik
AT HEDR | B 235 SR UE S Ay B A 0 TR PR Ak S 1
PRI 20 R, % AL B 3R IR A K HT I Rosetta gami
b FARJE PR IR R T 2 R AR I BGE L
AP E S 100 pg/mL Amp ., 15 pg/mL £ALE E .34 pg/mL
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TEAREE R A LB RE SRS, F 37 CEIE B IR E XA K
1, PRI 7 A 7 35 DRI P, A s A5 A B o

2.1.3 BAEMAMEE  PREC2.1.27 TR 2 LR R
WESERAL I B BB, R 25 Amp B LB B5 5538, & F
100 mL 35358, T 37 °CF Lk 220 r/min 3% K 8 55 oF
o B IR 52 BRI TR, 12 1% (AR FL B2 Rh 2= 5 Amp
19 LB 53R 35, T 37 °CF L 220 r/min 38 4 55 35 2 %4
KA mE, A& He B 1 mmol/L #9135 5 7 IPTG, 1E
3T CTFIBFFHEALKEIh, KRIBFEEME LS5 000
r/min 50> 5 min, YWEEVTTE , LABS IR £: 9% vk (pHT7.4) &
B TR, A (MR 400 W, 8% . 60 kHz) Zb R 2 40
JL A 4, P LA 12 000 r/min 5.0 30 min, B I FITTTE
5347 SDS-PAGE 43175 R , A& 1 FEAFAE T
LU , R TS HARE A AR R A7

2.1.4 HEATRAMEES 4L BC2.1.37 50 F i ik
DUTE , 2K PHO3 11 41 B4 41 A B 2K 11 R BGAR) & 4R B
HEMA . HEARBOE TEIsh, 3 U ERER
TR, B MESE R R IO, 7E 4 “CTF LA 13 000 t/min
20 15 min, BOITIE 584 i T 7 8 mol/L JR K 1Y Bin-
ding buffer ', FEKCR FH 2 MW AT VE L, B 5 #3443
W BUEVEIG B B3, R FH Ni-Agarose His 125 25 [
afi i B A didk . B Ak s R A E R T
I

2.1.5 difb mAE A FRANE 21470 R4l
b5 EAL B L, 0 TG P 2508 Al BT R R 0.4 g/mL
VAT , LS B AN pH S 7.0~7.2, % 1 SDS-PAGE
HEAT 485 FE A K RIS ] Western blotting 125 , K 21
PR PR IR 58 5 i A —HT el His-tag HT4A&(1:3 000)
FHUHRHRPFRIC 1gG i (1:3 000) BEA I E , SR R A
ABC Y i 0350 G A 7 8 60 sy, 42008 A -y 2 1o
EAHEADTH

22 BEHEAMERIMIEEREER

2.2.1 EHEAXTAFE WAFERMHREEE S
25 SCHR RO L R R AR Y RGE S AR S
GRS, 2. 1,470 F iR aifb AR, I 78
PR BB B VR S 0.4 g/mL (VAL , ¥ 6 mm [FJE &
PEVEAR F 76 IZ 8 WO IR0 2 b, ME T 2y St i &
FH 5 575 )3 LA G B A H R 7K 3 70 90 4 i)t 9 4 %o B 416
o BUOKRMFT B 48 08 A BRI S M RT 12 A LA 9
UPT TR TR B AR , 1R 0 T o BEPE MY LB Bifig 85 952 |, F
3T CTHIE G, PRI EE &, A EH R K, IR
57,43 5x10"~5x10° CFU/mL AU B &R . B E b B2,
3SR T M-H S 3R AR, A AR 2 7 FE A 2R
FIZGE8AC AL R BT BB 4G A, T 37 C R 1557 16 hlim,
DA TR EAR . H0 P T BT 25 U < 41 AT e
HEAE>20 mm F L EERIUR, 15~20 mm 0 U,
10~14 mm 4P EEREURL, >0~<<10 mm W% UL,
0 mm # R TCRURME, BRI T 3K,

2.2.2  FEAER PN AR DLAN R ) e /NI TR R B (MIC)
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R AMEA B E (MBC)E 2 B SCHR 340, R
R BRI AT I E o BL“2.1.47 300 F i f5 i fk s 41 &
1, 7 96 FLAR 1R M-H & (A 85 77 545 LU %, L
A“2.2. 17N 4 PB4 0.01 mL, 1 R 45 2540 [A] it
BB AP AR AS [) 5 6 P 1) = 4 B P
WALVE oS AR IR . S 2H MM AE 37 CH53: 18 h i,
K AN 6B HAE 550 nm AR E WO . LA
B SRR IR AR A OB 5 28 o R
FU B B 3. 25 S5 T 0 IO 1) e v 29 0 TR A R iz EE AL B
P b 45 40 B B MICH" ., 55 W B4 25 4 15 33 0.01
mL % LB ;7R 34, T37 C R REFE 18 h i, LA
TCATAR] T 7 A X6 I 1) i AE 24 0 Wk P8 A b i 21 B 1
X IR AN A MBC!™ , BERIEEREEATIE 31K .

2.2.3  FEALER 1N 4 B €00 28 BR D B L AR R /N B R
PHERZE S WIPRARSIMI R 5450, LI i A A Bk
B X4, 2 SR 90 7 /N BUAY 100 9% S5
#HE (100%MLD) . B4 B (5 8 2 BR 1A, 76 M-H -4l
T 37 CHEFE 6 h, BRI IE &, BFEE , in A A BEER 7K i A%
el 248 10x10° 5% 10° . 2.5x 10°AN/mL 1Y BB , SR 5 4%
£} 100 mL FH 2RI ABELE 5 mg, 147, BUEERE /N 30
HBEALA A 3 40, AR 40 10 H, 43 BINE I 5 1ok S et
B AN [ e B T Ak (0.5 mL/ M) o B HOWE/INERE T 1%
L, B R 4 v (0 A BR BT /N BRI 100 9% MLD 2424 10
10°4~/mL?",

Z: WSOk 0 SR A R 0 4 v (R A BRI
AR N PR E T . BUINR 60 H BEHILAY A28 A
X HR AL A0 TR X B AL BRI 25 4 (8 25, 0.98 g/kg™)
FIEEZH AR UG )4 (2.0.,4.0.,8.0 g/kg, Z: R FHE
2 e DR ) 4 SR e, rh Ei A B ) R R S P
PRSI IR 25 8 ) , A1 10 H o & 4/NREE
SRS 16 h, SR B AR 259 (20 mL/kg, R &R
ol T AL AR 13 LA BRER KL ) | 2 P % FECZE R 24 7 o)
PELH /N B E B SRR A BRER K B H LR, SR 2y T
do 7E55 7T RZ5245 30 min )& , Bias (AT AL A1, oA &4
7N R s 3 v i 249 8 10%10°4/mL (Bl 1009% MLD, Lk
A IR K C R ) A9 4 2 €5 3 4 BR A R (0.5 mL/H) , 4%
SREGZG R H TIR,ELES do IEFFCSHIEYE 5 d NI
FRBETAB O , ABE T 3 P X 45 2 €00 ) 20 3K T S e A
AU/ PRI PR, SErE A 31K,

23 FItFEFIE

K SPSS 13.0 3 A% B A 148110 br o THECEE
AL LGB R, AL R R 56 5 i TRk DA
YtsFon, AR BRI 2208, P<0.05 AZ5A
GeitEE L.

3 R
3.1 BEHARMHELETEER

Xof H 2 5 R 25 BamH 11 Xho AT A , Hop™
Y122 1 % BERE R I s L 16 250~500 bp kb4 B i 4%
iy (UL LSk Ak ), 5 TR A H iYL R R B (405
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bp) K/MEIL , R WK 3RAT B AR FOR, UL 1
(U - FE 4R IA B0k HL Uk (&l e b7 2540 2 U0 i adA Ry
Be, FOr s i B

2000 bp
1000 bp

750 bp

500 bp

250 bp

100 bp
M 1

I : M. DNA Marker; 128 BamH T Xho 1A Y i) S 241 ik
Note: M.DNA Marker; 1. recombinant plasmid digested by BamH 1
and Xho 1

1 pET32a(+)-GBA EAH A WEGYI & E ik E
Fig 1 Double enzyme digestion identification electro-
phoresis of pET32a(+)- GBA recombinant plas-
mid
32 EAEAMEEHER
A5 AL 1 (LR A B ) 42 SDS-PAGE HL
VK Fl Western blotting 25 43 H: 38 38 8 11 A% JBE [l i 2,
FUS 78, 7RI 35 kDa 204 H B— 2 W R i 457 (LI 2
Ak AL ), 5 TR N P 41 Sk 74 (14.5 kDa) Fll
pET32a FHREEFRIKE A9 7+ (17 kDa) Z Fll (£ 32
kDa)4ZiT , WM EN S AAR A E A, LK 2.

116.0 kDa
T
66.2kDa —

45.0 kDa

35.0 kDa

25.0 kDa

18.4 kDa —’i u

14.4 kDa
M 1 2
TE: MR 1T Marker; 1. 335811 (SDS-PAGE 13145 ) ; 2. 6 i [l
11 (Western blotting K45 )
Note: M. protein marker; 1. expressed protein (by SDS-PAGE) ; 2.

recovered protein by transfer membrane (by Western blotting)
E2 BWMEBLERKE
Fig 2 Electrophoresis of purpose protein identifica-
tion
33 HAZAXMAMELAENAYERERNLER
2 B 10 4 (0 A R R A b R X R
R ERMEAT TR A BRDTFE VD 1) FR R P O IR k. A 2R
FI0F 4 R AT B2 o R LS 1.
34 EAEAX4MERMEEMICFIMBCIELSR
LR 0 4 9 (04 2 BR A Y MIC 2 5 % T 3L
fb 3FNARTA , 22 A GE T2 L (P<<0.05) , &7s Hoxf 4
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O AT BRI RIS MR U . SR X 4 R L
20T MIC F1 MBC f5E 25 R W3R 2 (i - “ e AR AR R
JEAR R R R A LI A AR A ) -
®1 BARAMIMERAHENBHEIKBER (X,
n=3)
Tab 1 Drug sensitivity test results degree of recombi-
nant protein to 4 kinds of common bacteria

(x+s,n=3)
BEFP JIHIE A%, mm U
SRR 11.38 £0.63 W
BERRFFEA 6.04+0.26 IR
KIGFFE 7.52+0.55 IR
R TEVD ] TR 4.01+0.74 kR

®2 FEAZAXN4TEILMEE MICF MBC EL
R(x+ts,n=3,mg/mL)

Tab 2 Determination results MIC and MBC of recom-

binant protein to 4 kinds of common bacteria
(xts,n=3,mg/mL)

PR MIC MBC
SO R 50.00 £ 5.00 138.33+12.58
GEMAT IR 201.67+7.64* .
KIGFF# 121.67 +10.41* -

eSS 245.00+5.00* -
T HAeEOREERE L, P<0.05; “~" 3R R BT

Note: vs. Staphylococcus aureus, *P<<0.05;“~" means no steriliza-

tion effect
35 BHAZANMESHEBEEKEIBUVNRIE TR

523 0 R He g, A B2 /N BB TR i 2
L, i85 100% , 258 G278 L (P<0.01) ; 541 %)
W ZH Lo g, BEE 259 4 RN 81 40 26 1 e 0 e 4 /N RAE T %
PIR ERAL, ZR A5 X (P<0.05), HAHA
(]2 K TG4 L (P>0.05) ; T # 20 & 1 AR
H/NRIET- RS AME N A L EZ R LG22 2 X
(P>0.05), #41/NRIET R IR 3,

x3 HSHNMRETEEE (n=10)

Tab 3 Comparison of mortality of mice in each group

(n=10)

25 %) i, o/kg T, R SRR, %
25 FIXT R 0 0
Eiilsspapiitaty 10 100**
FHE 25120 0.98 4 40"
AR IR 2.0 9 90
EAE AR 4.0 8 80
AR R A 8.0 5 50°

T 52 IR LA, P<<0.01; S ANE X B4 AR, "P<0.05

Note: vs. blank control group, ** P<<0.01; vs. bacteria control
group, "P<<0.05

4 Wit

TEF R A E R A IC . WU
(AR H ) R HARAAT - LI 458 Wik 77>
i1l AR R R TR 2 USRI
(AR RV B R, SIFRFR A R G55 AR R
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Z IR, FIIRYT SEPVIR FLIS O s N LR
15 ARV R VB R R A AE . BRI AT A
WESE AR NS A7 RO AR B AR A NS VR 205 L 1
RIR R EAE MY EY R, BA R PG O
i I/ B L TG AB DR T B S AR BT R
AT EE S, O IE BoR  mA T S A PR
JH, Gl DDLU Ao B AR A AR B RNA, i 2 3 57
S S A 32 Rk Al A A5 B LA o A TR A EC TR VE g
PEZE 5 15 7 TR A B BT IR IE ] Grk2-1 564k HH
JICRI P I BB 53 R L mT B A 4 A DL R B o
AT WS IESE , BE P K5 2k 0 AR B R 2
3 3 7 AT PR T Y R £ 558 -5 A A R T 7 R
f B E A R 5 45 6 T, 55 40 P O A A A T AR
1 JSE S P T DA 200 R A 4 B ] £ FL 7 X
S IE BT A IR BE L R T i 9, T EAZ A A L
P IC R SR AR AN 1 B 24 R R 2 — . BT
B K AP BE T GRRCHE AR5 e A R R, R ]
T MBI A4 A RS, I =2 —1
PP PR RS, A 2 T & R SR,
FARBUTR KA 43 B B OUBAR =7 , Te ik i LAtk
5% B AR (5 F 7 K, i 1 FH DNA 4 B AR IF L fae
PER R R BRTE T SR RS EE A N T
TR RRZR T B S T R P, A gl N T A GBA
LR FEA 8 Hod A pET32a(+) ik HUA G F-LLR BT
I TAE SR, P THEAE N (T2 32 kDa) .
X% 2 8 A ARSI 25 B0 B0 A MIC/MBC N 2 i
S, T 4 €04 25 Bk B 1AM R SR B X KA AT
TR MR B — 5 WA E 6 BR A F€ V0 1] FQ T 411
Wl RS9 s A/ N RUAR N S B0 25 R BN XA R
25 24 i S 25 (1K 4 €0 4 R TR IR S 0 /N B
TR, HE5PiAERERRMBCR L ER LFI 4R
St AR T A A A 2N R AR FEAS B
o 25 R EBU IR KD B AL 3 B i S A0 2 A
o5 | R PR 463 717 #4550 200 L P 180 AS T A B0t e o
A T35 P R 2 3 P B A AR RS2 i, LT TR A A0
B RFL I RE 7 S S 0T K v B AR B pH (A
ST TR] I A T A K SR AR A I A5 21 2K 1 X
AN TG AR A S DRSO AT I AN TR] | e 70 0 25 2 % 4
B ER TR BN BT PRV P B 5k 1y S PR T 7
AMFFE H 2 R A, 0 R 7o B A X
2% PR BAPE S BEPE B D HIAE BT IS . R, TP
JR AT TR T35 2 5 K201 R 2 (B S5 44 28 DD AR G, IR A K
(BT TR K R AR TR K L SR — G P — 3, (25 () 4544
HIASAHHE] , PRSP T REAFAE 22 5% s AR I A7AE mT 5 e
6 AR A A AR TSP I AR IR, 5
SERFSE T, A TR 2H 00 % GBA K R 5% ) BLA% 2638 B
EA, 5 RIGF B E TR EALE A LR A R
SRYUTR B 06 e T HOA 5 TR B, SR FH B 2 R 380k
AT R A8 AR F IR S 4 8 RIS
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