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NI Bl P b %0 B BT T IR (DAN2) BE 98 5 4 i
BENR Z 05 (LPS) 456 | B X i == [R IR w7 2B 4
THIRLCRT, 72 28 30 v 48 5E I BT Ik (rAaCrus])
A e 2 R B RS 3 DT 49 T A R A S B e
PR A A FHAIL TR T S B g H B A 28 5 S,

JLYNVE KT UR (Penaeus vannamet) 42— Fh 4 it
B AT B R R e B R R X MR R T
K g T Xz —, BR 1 KB i Pt B
Hb, i BRERe A KN 2R, AR
T, FEER TR A b & B PR 2 I R TR A
TR RCR I HTR IKIO, H R, 56 T R PLAN T X HF BT
W KRBT 5T D A i A9 R R R 800 AH S
T AR %08 B RS PR N 2R OF
PRV HOG 0 Y5 B0 T (RVA R IR ) Y 40 T
PE AL

1 MBEF®
1.1 R EHSRH

S OHEERE (ATCC 27217) . KT
(ATCC 15224)  EI% M PE N (ATCC 17802) |
FEZFE MEAT B (ATCC 14579 ) 44 8 T 48 2 4 A
S TR I, FLNERT IR 3K [ AR d
ST KT, 5% W% (Nutrient broth, NB)
Wge sk AEE AN (Luria bertani, LB)¥E I3k,



F24% H5W T LG 2T IR AR PV-M7 2 & 25 do M IR B 69 39 3 & 183

Jb 5t 22 TR A R R A B ) 5 SR R B
D-F:FLML I B F  (2-Nitrophenyl-B—D—galactopy-
ranoside, ONPG) . —+ — % 3k K fiff ik 4 (Sodium
dodecyl sulfate, SDS). BLAELPNBE (Propidium io-
dide, PI), RN % KM . B34 4K, Sigma-
Aldrich (HE IR ) 23 w] o BB IR o R EEE e (i Ik
BHEATBR 2 )& 0, 205 T 99% .
12 BESNHE

BOXUN 57 20K ) 28 1K A, L i R ey
AW ASCES AR A BR2S W] 5 SW-CJ-2D i i TAE &
SN A B A PR B LRH-250F A= (L5 FR 4
A R A R R ZWY-100H £ 4 i
TR o , bR o B A A BR 2 7 5 H1650-W
B AL, 90 7 TS S 36 3 A T R AT PR
800TS FlbR{X , 3% [ BioTek X #5 47 B\ 7l ; Chiras-
can V100 [ — 3% 4L , % & Applied Photophysics
2 Fl H-7650 FAT A TR, HALmHEoR A
FRAT
1.3 RWHZE
1.3.1 FLAAEEXTHER Y R 5 i e S bt 1 1 47 11 7 8

3 U T4 B LN I 0 SR A T 20%  NaCl

R, HAR R 15 do KB 0 (10 000 r/min,
10 min) B _E 35 W, 80 0 B TR 28 550 (3 ku) 7E
4 °CF &0 (10 000 r/min,20 min), A 4 H B8 T
37 CHIHALE B, A C18 /INHE X i BE AT I
b, RS AR AR A0 A 83— T3 A
(UPLC-MS) " il AT 73t o HEAE BN 5.0 L 3L 3 AH]
A H 01%H RKEEW B NN, BT .
0~1 min,98% A ;1~55 min,98% A~70% A ;55~60
min,70% A~10% A, i 4c7F 2% Banu &
Tk BCE WS U 3.0 KV B A R E 300 C.
PR IE R, — A 40 HEE 70 000, 38
Fil 350~1 600 m/z; — 2434l 73 B 17 500, fie )
W45 2 1Y 5% B8 8 i MAXQUANT v1.6.5.0 5
PHAE uniprot 48 &R JLAHEXT AR (Penaeus vannamei)
HOH AT VL

PR L 2R W 0 JE 2 P T 2 5 1) 22 IK 1Y
YU 1, i APD3 (http : //aps.unme.edu/AP/) 1T
SR U P R fr BT K P R S A I-TASSER (https :
/lzhanggroup.org/I-TASSER/) 7 £k Iz 55 #& % 22 Ak 1)
S HESE R AT K TR A

1.3.2 oo R0 b v I

1.3.2.1 470 W1 K AR AR 410 17 e B (MICH) T 7 R
S AR B 7K TR E PV-MT7 X B I N 4
BOE AT IR . R AT B A AR 25 AT T Y MIC
H", ETE NB K=& T 37 CHi %R 6~12h &
X BCA: K T TC T K 3 ) s R TR R VR EE Dy 10°
CFU/mL, ¥ PV-M7 I JC T 7K #4786 BE 7 B (Jon 1
e N 7.8~1 000 pg/mL),50 pL # & 5 PV-M7
WRAF A BUR S 2 h B 20 L #4794, T 37 C
PR3 FR A0 P RE IR 24 h JE G R PR SEAT IR, B0
80% 4 B A 1 i PV M7 35 W 1 vk 5 MIC A,
1.3.2.2 BFREIA G w5 s i I E S
F ZHTRIE B J7 AW K A 2 IO G R Il
PEUR AW 5 PV-MT7 IRBA (W R B4 10° CFU/
mL,PV-M7 Ji ¥ N 15.6 pg/ml.) , Jo K AE N
Z5 XTI R A AL PR T 37 CCRE IR 2 AN IR AY [
1(0,1,2,3,4,5 h), B 20 pl %A, 85 9% MUCA
RiFe T 37 CH5 9% 24 h Je AT i 5 1150,
1.3.3 i wl IR B AL )

1.3.3.1 4 P8 4 M B8 i M e ) a2 9
JE 58 B VA ONPG 5 I M, B X6 528 4 0
4 il 3 1 BB BR VR T 2 700xg 50> 10 min, B
PRUTTE H PBS T3 3 W, 11 10 mL JCTE M9 FLk
B FHEER T 37 CHFHEE ODgom > 0.4, 1
A 100 pL. PV-M7 (& ik iR 1xMIC) #1 30
L ONPG (0.5 mg/mL) % 100 wL #7801k
Ay, 37 CHiF% 2h J5,170 /min Ji & 8 h, iC®H
OD.og, 1H , PBS 1F Ry 25 (4 X HR

1.3.32 4 PLERIIE 2% Pail S5 Jr
PEAT PGS B X6 04 300 A0 w0 ot 1 9K
B BE 2 ODegonn = 0.25 , K 21 1A 2 77 W (200 L)
ESERB PV-MT (AW Bl 1/2~2xMIC) IR &
JEREE 2h, SRIGHA 150 uL PI (& ¥ E 10
pmol/L) EEEEE 15 min, TEIA I KA 550 nm
RGN 570 nm B AN PT 2% Y650 5
1.333 BB TR (TEM) Z% Al-Mo-
hammadi 5E" 77 o 4 500 L XF AR DT EIE
I P IR R A SRR B PV -MT (4R 2
MIC),7E 37 CHi 9% 2 h, BEFREEH G T 2 700xgE
L 2 min, WCHE AR DTTE A PBS VB 3 . ]
2.5%% e[ E 12 h, ] £ BE(30%~100% ) it
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K, PRI AL BE 20 min J5 KRR 5L 7E 70 CF 24
h, 1485 70~90 nm YR A T4 R B RN £ 1R il
[IRASUNEPUE -3
1.3.4 YUKW R ME i CD bk
W5E PV-MT B ZREH, 350K PV-M7 % T
25 mmol/L. SDS F1 PBS v, i H i & ik i -y 0.2
mg/mL, B 200 wL £ 50mE] 1 mm A9 AL,
F A Chirascan V100 B — {0 %A 7 25 CF LA
100 nm/min #9335 3 B I 5, AN 190~280 nm 3% 2%
A 3 FE S G, 455 FBR SDS 25 FE W 1 5%
M) J BT 24 1H
1.4 HESZITE5 S

A B AT 3 I E U, W B
GraphPad Prism 8.3 #{Fi#E T4t 40#r, LV
(H AR fE2ZE R

2 HRE5SMH
21 MERBEN S iFiE
T A B ER W LA X ER Ny 1 2 IR &

BETR Fr ), ) TR o RCHRAR €0 1% — S5 3% 35 4SO 23
T E/NT 3000 u BT IR BESE AT I 46 L AN
1R SR 13 D2 IR B, TR S E I 2 Ik
i, RBOPIRKE R 15 ANESER, 4 TR T
728.5~2 233.1u, BAKMEIAG T 209%~58%EH
F i A0CFE -3 ~+2 S8

FT T 40 B 200 A5 4 IR 0Ly 1 SR A A TR
A7, BH B BT LA o i L R B G A A LA
P, DT A #4400 BT T35 PR, DRI, T bR JEK R i £ 7
TE+2~+9 JEFL,  ELA B k2 Bl A H £y 209 56
(1R D1 1 7 N IR 0 NV S G R s T
MEFEMNMEZNER, —BIA NG KETE 30%~
60%31t5 FEl A 37T T JIR L AT S 3 1 400 B 05 Y, KT
S IE AT RO R 1, aod v K TR 2 e £ Ik
ORE (o NS vl T A it - RO CAR I A/ A g
MQKEITSLAPSTLKIK (7 4 & PV-MT7) B4 2 4>
Vi E LT B KR 37% , A4F G PRS0 R IR I R
RS B K 7 B i 2 1

1 BFRNANENTRESHRBLEE

Table 1 Identification of peptides from salt Penaeus vannamei
2 AR Veikdl 2FREh W Ay BN
PV-M1 SLSDEERMDALENQLKEAR 22331 -3 31
PV-M2 LVLEVAQHLGENTVR 1 676.9 0 46
PV-M3 VLSDIEEMQLQVER 1 687.8 -3 42
PV-M4 LAARLEEAELQIEQLNVK 2 066.1 -2 50
PV-M5 VNFTVEEIRELMDK 17219 -2 42
PV-M6 AFEKSPGKIEAEQFR 17358 0 33
PV-M7 MQKEITSLAPSTLKIK 1787.1 +2 37
PV-M8 LLLPGELAKHAVSEGTK 1761.9 +1 41
PV-M9 IVTAWESIQPFGYCR 1768.9 0 46
PV-M10 LLERAK 728.5 +1 50
PV-M11 TVTAMDVVYALK 1.309.7 0 58
PV-M12 DRWMNIGYEDDELK 1782.8 -3 28
PV-M13 NYSTEHFRLK 1293.6 +2 20

2.2 PV-M7 N EFEES
PV-M7 J2K 7 5 2 BN | B B 75 bR 2L R ik Bk
TR ZRO0F B 2 TG PR T (4 B A 4G K T e R 2 i
FETA) AR 22 IR TR (RIS M R AT )
B MIC {H5] T3 2 4, PV-M7 XJ & 2% [ FH M 5 30

PRI P A 0 T X 8 22 G ISP BT R e 5K 7
KIAFETE ) BIIDTEIE AR 58, MIC 535108 15.6 pe/
mL Fl 62.5 pg/mL, R~ F 8 R 0 == [C MR
(4 ¥ (0 R 28 BR TR | I 25 AR TR ) R 22 IR B
PRIV v K A1 7 ) 19 MIC R 250 e/
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mL F1 500 pg/mL, B B PH ARG A 4 o i
MIC ¥ 250 pg/mlL, FL R fE BR A 2068 45 == [C A
R (4 V8 €5 ) 26 BR TR 5 R ZF AT TR ) /9 MIC Dy
125 wg/mL Fl 62.5 wg/mlL, i X # 2% [FGBF 4 1 910 64
WEPEAR TS, G5 PV-M7 XF 55 2% [C B M Y
MGG TRLRAEER A R | RN H R
By B U BRSBTS R A R o — A0 R
] % 407 1 22 23 PV M7 X B ot A I 1 400 1
WPk S5 R AR 2 FoR 50 b 20 TR AR A T R
75 I B B 5 PV M7 A4 4R s Ta] B 38
M2 F W, 2 PV-M7 R IxMIC /EH] 5 h &, 40
BRI D T 99% , I HHA e FEARHE
PV-M7 X} #5 % BC B P B A9 300 B SR A T
PR PHME R RO B R AN . S b IF

e A PP IRES E A ) IS B RS M, bR
JIK Magainin, 0T LA R ) 45 2% G BA 4 B 1 L%
22 TGP 2 A T B RS, PV-MT 1Y i
FE A P ON 1] B T 2 G B M B 22 [
P T 200 P A B2 B 0 1 22 5 S B, 2 TG
P PR ELA TR B2, SR T 0 1 K A kA
45 22 QM T B A T R R B 2s ], 3R T4
PR RK 23 (B 25 R 1 A8 Ak, DA B4 8 0 B 1 . k4,
PV-M7 X &l % ifn A 98 R 1) MIC {EAR T 2 1 4 8
T i K AMPNT—6 (MIC = 1.25 mg/mL) F1Hi # Ak
SsNKLP27 (MIC = 169.7 pg/mL), % Bl PV-M7 H.
A R 2 TG M B0 T (G H 2 R P IR )
R Ll

®2 Bk PV-M7 3 4 Fh& iR 4 B0 B R I EE
Table 2 Antibacterial activity of peptide PV-M7 against four food—pathogenic bacteria

FZAHMHEE MIC/pg:mL™!

F 2K MR E MIC/pug:mL™!

R Y2/ KA e B EREARA W HE AT
PV-M7 15.6 62.5 >500 >500
B EEM 500 500 250 250
T 32 0 A 250 250 250 250
FUB kR & 500 500 125 62.5

%A
1/4xMIC
12xMIC
—&— IxMIC
¥ 2xMIC
@ 4xMIC

S
-
-

Colony forming unit/lg(CFU-mL™)

IF ]
Time/h

PFLEAK PV-M7 33 Bl 7 i 1% 30 5 89
R 18] 2% 49 3h 0 5 Bl 2%
Fig.1 Time-kill kinetics of antimicrobia peptide PV-M7

B 1

against Vibrio parahaemolyticus

2.3 PV-M7 &7 M % 58 & 8 51 & L6
2.3.1  PV-M7 X 40 Jfa Jb5:i i M i 52 ONPG fig
% e 240 D PN B B LW T KA s 2 1) R i
FEOR Ty | IO 3o I A 2 I AR 2R v A — i R R Ty

(OD g0 T8 ) BRI T J5z BT T K X 441 T 200 i 5 308 35 1k
P2 P& 2a SR, 40 S 3 A B BT B IR
R E RIS IR i, ONPG 7 PV-M7 /EF 1 h
PR HUK A B S TR X S B 1 B R A
2 1 45 R — 30, RUIBUAE L PV-M7 76 1 h Wk
R A R IR 6 o P1 YL} BE 76 4 A B4 il IR 1
oL T HE AL SR ES G, ik, wlExs Pl
YE T I ) I 5 2 A KA 5 A0 G P IR 1 R
Kl 2b iR, 5% EA . PV-M7 4 BG4I PL 2¢
AR5 WE I, X R W0 TR BRBIR T 240 I R 1)
SEREME, Y PV-MT i B 2xMIC B 240 fi s
PR RE L ek,

RS R R PV-M7 R LA 3 B 0 %
P I BT A0 Y R 3 A 1 A ISR B O kAT LA
AR = [RBAME TR A IR 20 )2 i Mg & 1,
AT 240 B A e TR FR U, X R AR IR ) R RS S5 4R
TR R 1 25 3% 5 SO0 I RS R RE SRT S 5 A
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SRR NN R R AR T I w7 A SR G
240 T 200 2 T AN SRS I B, 5 A R A
PRSI A R B A R ST A A R
U I H DL AR 7 HES ) 2 R 141 XA A

0.8
0.7F
_ 0.6
S
= 05F
o - ZH
0.4 8- 12xMIC
—A— 1xXMIC
0.3 —¥— 2xMIC
0. 1 1 1 1 1
0 1 2 3 4 5
I 8]
Time/h
(a)ONPG il 2 ffd 153 375 1

20 MR AR T E T, s IROR SR A R i T
TEJFE R 5 RS AR 5T A EORT HE PN, X SR L, 225
A 20 Pl A S B B AR A B T BN R

150
B
]
L 100
.=
e
R 3 — %A
KR g S0fF —— 12xMIC
= —— 1xMIC
S — 2xMIC
=
0 1 1 1
550 600 650 700
Bk
Wave length/nm
(b)PT VTl 4 A 184 30 2% 1

2 PLER PV-M7 4 & i 3 & 40 B B 5 i 14 50 5% 1
Fig.2 Effects of antibacterial peptide PV-M7 on membrane permeability of Vibrio parahaemolyticus

232 PV-M7 X 20 ja 5 8 i 25 A iy sz e
TEM WL%E PV-M7 X &Il ¥ i 14 5 GR7 200 fifo F5E e 1k 225
PR A&l 3 fT s, I PBS A B A% I afi P 5K
AT 40 0 S5 235 B S M S T, A0 B P 2 ) e 5
H% (K 3a), S5xF A1 EL, 24 2xMIC ) PV-M7
YRR 2 b J 200 10 o 285 88 A IR, 00 R g it 7
¥ (Fl 3b), X i — RS PV-MT 1 F T 4 fifd s
Je, 3E AT O A A R M, SN N R
o o8 200 i S A IR 5 A, DA R A B
233 AR PV-M7 B 45724k H
FHIR A% 5 PV-M7 7 PBS ¥ I A 81 20
JEEEE W (SDS W) N 9 — 45 7254k, &l 4a F
/N, PV-M7 &bF PBS 1K & i, 4 200 nm it ix
7 I — 7 W AT A A TG R0 A i %) R A TR A 0
24 PV-M7 4b T SDS AR i, K 190 nm Ak B
IEA — A0 IE R 200 nm A1 220 nm AL BT 7H P
Ab 67 T AT I | TR o — R R A TR M 0 |
PV-M7 £ 2 AR A B T 2540 K A
Bedt, AN R KT EAE AR F I-TASSER Xf
JIK PV=M7 1) 3D 25 47 A8 b s FLE A a-
2 ELE R

PUHE KA PBS 4 2 19 9045 438 # LA G
Gl 3, MAE SDS K F T B IR Y S ECE
IS FT T, 3 A8 T A O 5% B AH B AR

A
A
-

(b)PV-M7 4b i) I35 12 9K B

Ca) A b B4 1 35t 8 5K
3 EIEMmMMEIEN TEM B &
Fig.3 TEM images of Vibrio parahaemolyticus

TR A A, HE A R ST T B RE 45 0 1 2k
B, K PV M7 — P B S50 R R — B R
MQKEITSL, 3% Bz )7 51 v i) 48 82 Bk e | 7 2 11 1 24
SR A A L ) S SR B R  SEE
i P15 SR TR 2 EL A AR A T i K N 1 B R 7
SDS WIS T, A5 A Ak M Bk D 1 S L R O A
SUBRE Al A AR AR i K I ) SR TR AR LR AR
11745 M AT B T8 B o SR8, PR, AT DUHE TS PV -
M7 755 40 R 40 0 IS 5 A 42 ik S, JHC — R 4 4 4
P JC 4 1l 45 44 5 78 A - B2 TE 45 49 (&1 Sb) , X b
SER SR E PV-M7 5 405 40 BB AR 45 4, A
B0 T 200 T 2, e % S B A T ST T,
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s
M g 200 220 240 260 280
< ) 1 1
S 1‘

W 5 X
g —e— PBS (10 mM, pH 7.2)
i E -10- ~' = SDS (25 mM)
= ash
WK
=20~ Wave length/nm

(a)PV-M7 76 77 e #0246 45

TG ith

Random coil

a-43iE
a-Helical

(b)PV-MT7 ) 3D &5 i A5

4 BKPV-M7 M4
Fig.4 Secondary structure of peptide PV-M7

3 it

ARAIF 5T MR J5it PLAA T2 6T B v 0 3 75 31— >
RIHUE K PV-M7 (MQKEITSLAPSTLKIK ) , H: % &l
AN 9 MIC {58 15.6 pg/mL, 1E1E 406
5 h JG BEAR K 99% 1 RIS il M IR . B i Ik PV -
M7 238 5k 38 Jinn 240 Pt R5E 388 37 P 1 DA 20 i BEE S
PESR S B I M . BLAh, BUER K PV-M7 7E
PBS VT 2 B0 TC RN s 25 b, L 2 ok 4 TR
£ RS D) 2 A8 B e WRTHE 25 4, 3K — 45 g e 4 ]
DAGR i L 55 20 B B 00 25 6, 2 L R 0 AT 3 P 1Y)
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Antibacterial Activity of Salted Penaeus vannamei Antimicrobial Peptide PV-M7

against Vibrio parahaemolyticus
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Abstract Antimicrobial peptides are novel biological preservatives in the food industry, and salted fermented foods are
one of the sources of antimicrobial peptides (AMPs). In this study, ultra—performance liquid chromatography—mass spec-
trometry (UPLC-MS) was used to identify small molecule peptide sequences from salted Penaeus vannamet, and potential
antimicrobial peptides were analyzed and screened by bioinformatics. Antibacterial activity and mechanism of AMPs a-
gainst Vibrio parahaemolyticus were evaluated by minimum inhibitory concentration, time—kill curve, cell membrane per-
meability, and circular dichroism. The results showed that the minimum inhibitory concentration of the novel AMP (PV—
M7) from salted Penaeus vannamei was 15.6 wg/mL against Vibrio parahaemolyticus, and the antibacterial activity was
exerted within 1 h. After PV-M7 acted on Vibrio parahaemolyticus, it could increase the permeability of the cell mem-
brane, leak the macromolecular substances (nucleic acid, protein) in the cell, at the same time, the surface of the cell
membrane was blurred, and the density of the cytoplasm decreased. When PV-M7 contacts the cell membrane, its sec-
ondary structure changed from random coil to a-helical, this structural transformation was the key mechanism of its an-
tibacterial activity.

Keywords Penaeus vannamei; Vibrio parahaemolyticus; antimicrobial peptide; structure shifts; antibacterial mechanism



