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Expression and identification of an antimicrobial peptide VIP
in Pichia pastoris
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Abstract:  With the sequence of the vasoactive intestinal peptiepeptide (VIP) from humans and according to the condon bias
of Pichia pastoris, we designed PCR primers of VIP and obtained the sequence of VIP by SOE-PCR. Then VIP gene was
cloned into Pichia pastoris secretory expression vector and the cell secretary system GS115-pPICZaA-vip was constructed.
The recombinant strain was induced by methanol for 96 hours, and we collected the supernatant and identified the VIP by mass
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spectrometry. The molecular weight of VIP was consistent with theoretical molecular weight. The final result showed that the
target peptide VIP was successfully expressed. The experimental investigations of agarose gel diffusion revealed that the
recombinant expression modified VIP had relatively strong antibacterial activity to E. coli ATCC25922 and S. aureus
ATCC25923. The minimal inhibitory concentration (MIC) of VIP to E. coli ATCC25922 and S. aureus ATCC25923 was
8 mmol/L and 16 mmol/L. Further cytotoxicity and hemolytic experiments indicated that recombinant VIP was non-toxic to
normal cells NCM460 and IPEC-J2, had little hemolysis activity to SD rat erythrocytes. Meanwhile, by transmission electron
microscopy, we found that VIP mainly inhibited bacteria by disrupting the cell membrane. These experiments established a

useful system for further studies, application and mass production of antimicrobial peptide VIP.

Keywords: antimicrobial peptide, gene cloning, Pichia pastoris, secretory expression, antibacterial activity
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A3k VIP #1254 : CACAGCGACGCCGT

ATTCACAGATAACTACACCAGACTAAGAAAA
CAAATGGCCGTAAAAAAGTACCTAAACAGCA

TCCTAAAC, TEJF5I M fin Xho 1 #i1 Xba T R
Tl A U0 T B 67 s FOR AP B RS L BRI R PN D) il
Xho I FUEE K 541 Z [R5 0 Kex2 B P07, LA
FEANA SR L RS T TAA, 51907 50550
* 1,

Horp, Frks14Fs PL MG HIFS P2 H )
ITHEFIZ R Xho 1 #1 Xba I BN &, (&
& PCR (Splice overlap extension PCR, SOE-PCR)
P3G vip FEH, RO SEPFIT . 94 “CAEYE 5 min;
94°C 30s, 60 °C 40, 72 °C 1 min, ¥ty 35 MEH;
72 CHEff 5 min. % PCR =¥l ve [ 2k A ioks
PUC19 [m]ifFHFREIVEADIRE Xho [ F1 Xba I #473X
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Table 1 Primers used in this study
Primer name Primer sequence (5'-3')

P1 TCTICTCGAGIAAGAGAGAG 54
GCTGAAGCTCACAGCGAC
GCCGTATTCACAGATAAC

P2 GCITCTAGATTAGTTTAGGA 53
TGCTGTTTAGGTACTTTTTT
ACGGCCATTTGTTTTCTTA

P3 AGCGACGCCGTATTCACAG 55
ATAACTACACCAGACTAAG
AAAACAAATGGCCGTAAA
AA

Note: Xho I and Xba [ restriction sites in frame.

Size (bp)
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S SE IR N, R D e R — 2 R R Atk A T
Jit, DAORIEAAR Y B 7 B LA L % . B 10 pL
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B0, BEARERT 50 mL FrEE YPM B R Rk
1155, & 24 h #MMHEE 5 mL, #5225 % 120 h,

HH VIP iaifh . 5 AR 28 7K
Mk BH 25 32 ek V2T AE A B CM- Sepharose
Fast flow, £ ]~} 1.6 cmx20 cm), i # 2 mL/min;
4 FEFEARFR 0.1 mol/L NaOH AbFi fH &5 <2 46
FE, W 2 mL/min; FHEE Ktz M
4 fEFEARFR 0.1 mol/L HCI Ab B FH B 138 # AT, I
2 mL/min; XEFoKpsE R P A 4 A
A A (20 mmol/L BFREE 2% M, pH 6.5)iE1 T
A, U 2 mL/ming R BV WBOMRE 5 A,
FH 0.45 pm UERESEA b8, A A 10 min 5
BAE, W 1 mL/ming SRR 22 PR BE AR R T,
H % 280 nm bBA MR IWIE; HT AR B )
(1 mol/L NaCl)HEATZe s B VBl , Ui g 280 nm
Qb iRy B ARSI . K SEAR R VIP S BT R 1 T
AR, GEa AR T T s, B Bradford
P E R AR TR AL VIP BV, BORR AT o %
E, HAMWARAE-20 CHIEAE, DIE G2 E g
VIP ¥ W 1) e L 1 o

JETEIN R B SRR R miz, DRI R A
S FEIE AT

M (53Tt ) =25 F- W W (0 x FHL ff B0 14K
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Frid i, LRI TA 1 L
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&: 010-64807509

(MH) R RE TR 5 PRI TEREHERN T MH R 4SS 37
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B =R EE 10 ming B = AR P AY IR
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Ji s WSCE R I 4R P 0.9% NaCl 4, 1000 r/min
B, bW, EE LR, HA LEAR
05 W5 BT A5 B 2140 M JF] 0.9% NaCl Fic il i 2% 41
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B0 5 min, WHC FISAE 545 nm R OGAE . 40
2 LI R R A
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1.2.10  VIP i & HL I

B 15 3% EXHBUA E. coli ATCC25922 il
S. aureus ATCC25923 #i ¢ 1 000 15, A ALY
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B0, 5% R R E R, A 4 CUKAR [
ERR . WEMEYI R, £ JEM-1230 A& G
B TSR T A28k

2 HR

21 HBHHERERIKE

it SOE-PCR ¥, LA 3 45144 M vip £
FPa o FH 1.29% B B0 A W U6 Jie v Tk A ARG, &%
WKl 1 fzs ,PCR 4 i BaX /NS HE{H. (122 bp)
FH—35,  PRER B T I e I
2.2 FIEHAEIME
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Fig. 1 Amplification of the target gene vip. M: DNA
marker; 1: target gene.
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Fig. 2 Recombinant plasmids PIC-vip were identified
by double enzyme digestion. M: DNA marker; 1: target
gene.
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B F 4 Tk PIC-VIP i i) o 5 A Hoak 4 3]
e oRmER: GS115 H, FREHUEE AR LE LN 4] DNA,
Pl 5’AOX1 Fl 3'AOX1 K5|¥), #1T PCR ¥ 3,
30 15 BN W R R UK TR AR A O, A AR AN
K 3 frn . PCR ¥4 K/NSHLS(E (613 bp)
— 3%, X R TR PIC-vip T4 3 5k
E# ) GS115 .
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Fig. 3 Plasmid integration was identified by whole-
genome PCR amplification. M: DNA marker; 1: target
gene.
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FBEHT VIP (BTRRE 1. Billgs iR, difb)s
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) MIC 435I1°4 8 umol/L 1 16 umol/L, MiE
ViBAEZH VIP X%f E. coli ATCC25922 F S. aureus
ATCC25923 HATREF BT AT
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Fig. 4 Identification of VIP by mass spectrometry.
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W EE G VIP & R R e R
BES M, AR 6 Fim. 45BN, T 24-96 h
WWHIN, FEEESEIEMER, VIP FRik
JHiga#; 96 h 5, HE S TR, vwi%
RE RS TR 78 24-28 CHEFEIN, VIP
FRIXEMERE NI &R EFHEE, iR
28 CI}, FEMREER I, VIP RikiE %FVt
oo LA FWRIELE 0.1%-0.7%5 I, BEEH
Bk BE R TH R, VIP kst B s, M
WS 0.7%H , Fifi 5 F s vk B 1) BT, VIP

Kb B TEER . 451 RV EHE GS115-PIC-
vip 7€ 28 C. 0.7%H ik & 454 N 55 96 h B
A1 13.37 mg/mL.

EIEA‘—‘

VIP Kk & e,

B 5 =4 VIP X E. coli ¥ S. aureus BIHI &35 14
Fig. 5 Antibacterial activity of recombinant VIP against
E. coli and S. aureus. O: YPM medium; ®: induced
supernatant of empty plasmid; ®: cellulase buffer; @:
induced supernatant of recombinant GS115-PIC-vip; ®,
®: purified VIP.
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20 5 A X250 5 T -5 % BRI 14 F MIC R
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YHAEREE R BN, AT AR . N SR
Zosififl, IEFXTIRAL S. aureus ATCC25923 FLEk
B, REDGH, M55 M MIC #RE
VIP Zb3 2 J5 1Y S. aureus ATCC25923 JLF-F AF|
SEEEIOAMAR, 20 R R 41 ™ E AR T
INZS DDA, AH ST [ 4 . BERATE MIC YREERY VIP
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M B AR BRI i 2
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Fig. 6 Optimization of fermentation parameters.
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s 0L ONCM460  WIPEC-I2 10001
s lool 80.0 |
‘5 80 S
2 0 = i
= sl 2 60.0
2 50 =l
g 40 2 400 -
€ 30F 2
Z 20t
T ok 20.0 -
&) o U
0.625 125 25 3 10 15 20 - - - . . . \
Peptides (umol/L) 0 5 10 15 2‘0 25 30 35 4.(')
Peptides (umol/L)
& 7 VIP 3t NCM460 #1 IPEC-J2 T5iE X B 1 8 VIP Xt SD KR 4140 i i& I 5% 1 53 #7
Fig. 7 Effect of VIP on the survial rate of NCM460 and Fig. 8 Analysis of erythrocyte hemolytic activity of
IPEC-J2. VIP on SD rats.

E. coli 25922

Control VIP
S. aureus 25923

'.;'o""

Lgeres

Control

9 VIP X} E. coli ATCC25922 #0 S. aureus ATCC25923 By3nE#l#Hl (1xMIC, 2 h, 30 000x)
Fig. 9 Antimicrobial mechanism of VIP on E. coli ATCC25922 and S. aureus ATCC25923 (1xMIC, 2 h, 30 000x).

3 Wik PR AR B A G TG YE TR I3 S A 1%
A LA R L 51830 ARG ADRIARAFUED] T A
B — K BRI 20k . B TR/ g BB VIP XS IEH 4i il NCM460 Fil IPEC-02 A H A
B L . R B G M . T”#fh M ﬁ%ﬂ@?ﬁm@ﬂﬂﬁ%ﬁﬂﬂ%T,ﬁ\Eﬁz
A Bals AUV S R BUR S FTE MO AN A IR P A T B R 75 Al T I R
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A F e P 1 AT ARBFSE4S SR B R 5-40 pmol/L
19 VIP X SD K Bl i ik i J 1 21 40 i X5 oK e A
MING, £ VIP XF SD K L 40 M B4 1 1M is
Mo ABFIE LB B AP IR VIP 2203 2o %
200 A A 0L S A TR IR T PR 20 T . AR S
B, B VA KRS TR AIL ) = 5 Ao L R A
5 4 M N R4 AH B AT AR A B, iR
G EMZERRE BUE IR R R b A ZOT
R E RS, f TR R R R R, b
A RURAS B S, TR I R R e, A
FRER TR RS m  wa, A s
KA A iE Y] . e R 56 [E FDA JAZE A GRAS
(Generally recognized as safe) 44, Ml kb
IR EETE B S RS YT AR AT A 0 FH B2 T R4
SRR Bk RE HAT B S B . s A
BEN ., REESEEEZMA, T ZHTINEE
EIE SIS

A5 AR Al B R T B 5 R 1 Al P A AR
UK VIP JE[R P41, i i 58 o e B TR R38R
GixF NBUR AR VIP #F1 7RIk 5r s aif, mahts
@7 FIKEAR pPICZaA-vip. E it HL L A
kL pPICZaA-vip #& 4 F| B JR e B GS115 JEPH 4H
b & 0.5%MHEE SIS, ABURIK VIP 15 LLI%
ko 28 C. 0.7%MEESET 96 h A F i KME
13.37 mg/mL. i & BRI aifl, Slifh =1 n %
S, R A5 R ORI R TR 5 AT
PR VIP K/NoE 4 —30, R ABLAERR VIP 2
GYUFRIR . IR AU IR VIP (A HT 1 1 1 52
K F W, X RBHFTE E. coli ATCC25922 Fl4: # (4
HiZGERTE S. aureus ATCC25923 345 BH & (41
YER o ASem Riest 17 HARER KT i Al
G WO R BRI AT LB VR S, X T AP
BK VIP (5T B 38 B 04T B R A 52 <

ABIFSE R R AR RE R AR R S8 ) 43 W 3R A
THAEYEHABUEK VIP, X5 &
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FAFHEAT TG, A VIP BETT K A 7 R R
BT RIS T AR R 2 W) 585 T i
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