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P1/7 . LSM102 LSM178 [k , 36/ 3K 1 ( Enterococ-
cus faecalis) LEFS2 ¥k , R ER I (Enterococcus fae-
cium ) LEFM1 . LEFM2 F ¥k , 1 & AN ST 5 (Acineto-
bacter baumannii) LAB11,1LAB12 . LABI13 B ¥k , 4
SRR A (Pseudomonas aeruginosa) LPA3 LPA4 .
LPAG &tk S @l % 1L 9K E (Vibrio parahaemolyticus)
LVP1.LVP78 [ bk th % # T 76 5 50 2 R AT 5 B {0
% BRI (Staphylococcus aureus)1.SA139 . 1.SA140
LSA141 LSA144 itk , 2£ M ER & (Enterococcus fae-
calis) ATCC51299 Wk , K & (Escherichia coli)
LEC32, LEC33 W #k & ¥ 1 [ W (Salmonella)
ATCC13076 . ATCC13311 T ¥ ok Ui T 5% [ 3 b 4
el

AT B RRAT FH LB VR AR K 35 5201 T 37 “CilkA7#
Gk, HININL.5% (m/ V) BRHGI LA 1A 8: 77
FETEAT BRLTR Vi 0 8 A A PR TR

2)30 mmol/L HEPES (pH=7.4) & #p i . i FH
1 mol/L HEPES £& #t#Z Fil 1 mol/L. HEPES sodium
salt 22 pPRIR R pH 2 7.4, 1 U8 BR RS H JC K B
#HwH .
12 BERERREDEEZSHT

W B K SEYT4 (RKQNWTEMCNRITDWD-
MGGKYRGLTIRKQSQSRESQC ) 5% FH [ k4 A&
A (B 5t GenScript 23 8] ) FFA8 FH e SR AR (233525 )
E KR 40085 R 90.60 %0 B G B W A IR IS T 4l K
i, A BT FE O 1 mg/mL R, — 80 CLRAF &
H o f# H] ProtParam (https://web. expasy. org/prot-
param/) 1 HeliQuest il 45 #% (http: //heliquest.ipmc.
cnrs. fr/ ) 43 51 500 W TRT K 17 25 g B R4 22 S 40
fdJH I-TASSERFEZ IRk 55 # (https : // zhanglab.ccmb.
med.umich.edu/I-TASSER/ ) 7l il i 12 ik it 25 44 .
1.3 BERKZREHRNE

g3 s E K (KRB ) [ 50% = 3 & B%
(TFE, #4005 A8 P B 1Y) it 7K B8 85 ) 1 30 mmol/L
SDS Jisg 5 CBEAELAf 171 F A A B 1) 28 R BE ) il 4%
200 pg/mL B BRI LA 22 76 AN ] 25 42 BRARIR S o
A bR BV W B T A L e L A IR A
ISR HAE E R T A AR AL, i Uy 100
nm/min, G 588 0.1 nm, 47 550 1 nm, H K
5 190~250 nm, BRI T $198 3 WO (A,
VLG AR S48 1 3 T T e 77 Fr) — 4544
1.4 MEKREEUE

22 J5 kA0 Euler 2RI i A B2, HREE

T PR R 19 SR B 43 551 45 Bl T 5 mL LB R 85 5 A
L 37 CF b 85 5% I e Lo B 1 0T Ak e 1 5 & 0
B (ODgoopy=0.5, 10° CFU/mL) . %5 .0 Ut 2 4H
B, 4 1 30 mmol/L HEPES 28 i & & IF M B &
10° CFU/mL. B _E 3R A 96 FLAR , I im A 100
pg/mL S5 AR LAY K, B 6 BE R A R R
HEPES Z¢ v . 37 ‘CHe i 5 9% 1 h J5 Wi BE O Ik A
LA B I b s 3R g i & 2 417
11, HA 33U O MR . P b 41 B T VR S0k
5 I WG BRT R ) % TR SR B At
1.5 HEERRERNENE

20 T Ab B RIS S0 1.4, 7 96 FLAR R B A4
PRFLK B (10° CFU/mL) #1100 pg/mL W ik, B
PEX IR R I A ZE A B HEPES 2 vl , '8 T 37 'CF
PR35 K 9% o 6 100 BoF ) ot W2 BB o7 9, 7 g 28 5 1
B S A T LA BN E S 85 11
WE 24T, A 3K, BEFHIME,
1.6 BEERKRERENE

2 T Ak BT VR R AR 41,47 b B R 40 1 (107
CFU/mL) 53 BIAE AR AN R B 53 W AN [R]
pH 28 w1 5 100 pg/mlL (4 W5 B I 52 7 (B3 76 A [
T RE R RN B B A, Ay i e R R EE Y
37°C) IR L ha B SO Wi B Jm 76 LA Tl
U AR SR IR TR B R R i A SR AR
) HEPES 2% #hifg . 301 & 2 4147, A 31K, I
FHIE
1.7  BEERCE IiE N E

HU1 mL 5 J& # C57BL/6 M /N BG4 1 T B
FENPLEEE T, 4 °CF LA 3 500 r/min 5.0 10 min, 3
b3 5 g PBS Wk 4% 2~3 YR LABR 25 i A A 2%
[T, 3545 100 % £L40M . K 2L PBS TR B 2 4 %0
(V/V) I W 100 pl 43 2% AN ] 250 8 v, mA
100 pLL AN 7] Jiz o e B 7% I 11 I, 4399 L PBS il 1%
(V/V) Triton X-100 1 BAPE XS A BHPE XS TR S
58T 37 CWEE 1 h, AR FHR-AWIAE4 CTF L3 500
r/min %.L> 10 min, W HC 150 pl b % 96 FLAR, F
FRASC 7 76 540 nm Ab RYWROGAE , 306 15 B 2 41717,
FE 3 BCEYIE . 620 15 X BE O #d
AT B 2 PP R JOAC F 3 IL  AE R I R O L 4k
R o
1.8 FEEFEXHHREFERT

1) 52 (Coriandrum sativum 1.) W) H &
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felb KA T o A B R KT BEAR S B 10
MR AE75% CEERIR 1 min J5 HICR KB
M, TR TC /K R 30 min. KR/ IV B I
£ HEPES 28 P rh 2 2 10 min J5 7 5% 2 01 B 9%
MLAP T 2 P 5 55 7 B AR SC 147 W E 10 pl
YR (10° CFU/mL) 3 F 0k R v Je 5 B 1 it 1
J& R B A 500 ng/mlL I K 24 FLAR
H1,37 ‘CI & 1 h)i , i HEPES 28 M vh e it H )5
R B BT, A 300 ul. HEPES 2% ih i Jf-F 185 2
SEAMEE . WL R E 96 LAk R RS
RS EIRAT T LA BB 1,37 CR s e fa it
B [T EEEE 24 FLAR A4S A Vs TR B B Al b I 7
LASHR ik 4. s & 6 41717, HAE 21K,
BOF1A .
1.9 HERMEME EMNREFEERN

{8 FH 2 em X 2 em (4 TG & SR A IS 7 A B A
AR T A B L $HRAR SC1 .47 BT iR kb FRAN B . BB
#5100 pl AbFH S A9 40 5 (10° CFU/mL) i A [
Bl b IO AN TR L he B AR N4
AT AR DX ok 77 o 45 R R A 10 7T AR (100 pg/mLL) | 35 Jin
R TUHEPES 22 o o B MR X BR, OF T2 T R
N1 he TR ANTA , G B R 2 100 IG5 S Al
sCRE R R 2 AR R A& 500 pl HEPES 22
SR rw = R L S R B s Roet T DN R UL e

B

B /R Polar/basic
A W PERR P Polar/acid
B RN L Polar/uncharged
O E# 1 Nonpolar

I SRR TR AR T LA AR -, 37 °C i
RS IR E 6 44T, A 2k, BCF
A
1.10  HIEHSH

f#i Fl GraphPad Prism (6.0 {0 #4748 1143 B -4
Pl G 56 5000 R BURE ¢ K 96 30647 434, P<<0.05 %
KA G L

2 FHRE5HMH

SEYT4 #4447
FS 4 mE B IR LPSEYT A9 %5 4 2H (GenBank:
MHI181876.1) , i & H & 7 37 4~ & R 1Y W5 1 Ik
SEYT4, I-TASSER it gh /s SEY T4 2 14
K IR I - IR FELER (F1A) , I FRim 2 4.5
ku, 4+ oy A -4, BRI S5 HL A5 R 9.69, B K FEEL N
0.109, B 7K J1%E 4 0.166, SEYT4 42 14> 3% 18 jiE
(K 1B),SEYT4 R &R & mie £ & (13.50%) , H
WA Z M (10.80%6 ) o o FH B — (2 3 o0 W 1
K SEY T4 7E 41 g 48 K PR35 | 570 7K JEE R 5% Rl 67 H, £
AR RS PR 55 v A 45 M R TE 45 RN IR 1C iR, FE K 38
Birp, WER K SEY T4 (19 25 4 2 B AL G e X (HA7E
L 7K B B 85E n £7 ERL fuf ) RS ERS5E v , SEY T4 Y 5] —
R AE 192 nm BT A 1 45 153547 , 78 208 nm Al 222
nm [ 523 14 gy, Uil SEY T4 78 RL I 2 Fh
PR 14 5 LAY 1 o BBUHEZE A
"'/k%l}i SEYT4-water
—= A7 AL P B BEER S SEYT4-30 mmol/L SDS
- i KR ES SEYT4-50% TFE
50%10°
40 % 10°
30x10°
20%10°
10%x10°
0
-10x10°
-20% 10°

30 10° L I I I I 1
190 200 210 220 230 240 250

P /mm Wavelength

2.1

i 1 72 6

E 1 SEYT4HIZEH4HE
Fig.1 Characterization of SEYT4
ASEYT4 AL T Structural prediction of SEYT4;B.SEY T4 (e 5e & Spiral wheel diagram of SEYT4;C. SEY T4 7E A [R] ¥855 H

I — 4 3% & Circular dichrograms of SEY T4 in different environments.

2.2 SEYT4WIREIL

W 2A BT 7R, SEY T4 X K £ 808 >4 [ PH 40
A B AO A TR S PE X T 4 B4 8 (4 2 Bk
(LSA139, LSA140, LSA141 FI LSA144) , W B Jik

SEYT47E 1 h N2 ] A K29 99.99 %0 ; X T4 fE Bk
B LW K SEYT4 7E 1 h N i £ 1 5% K 29 80.00% 5
XoF T2 BR TR R R M K A, W TR IR SEY T4 [FI AR A R
U AR TR ME 7 1 h R ] R K29 99.99 % 6
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W 2B i 7s , SEY T4 BEA BN K 2R 4 1K
14 240 B - s T Ik SEY T4 RE 84 0 2 S Sh AT I8 K
Ji7 T B A0 R 3 0 3 B a2 24 99.99 %6 5 ] K R 4 IR

I AE 1 h N 2 2% K29 95.00% 5 X FIb 1T I
B, MER K SEYT4A £ 1 h Wi £ 1l R K
95.00% -

= WEE K SEY T4

120p == Xf I® Control
<
= 100
=
.z 80
z
A Z w0
&
£ 40
ST
= THN A Hn i
0 P1/7 LSM102 LSM178 LSA139 LSA140 LSAl141 LSA144 LEFM1 LEFM2 LEFSI LEFS2
MR B B (0B 4 BT P 7825 B 7825
Streptococcus Staphylococcus aureus Enterococcus  Enterococcus
suis faecium faecalis
2 I A B Gram-positive bacteria
120 == X % Control —= WK SEYT4
k>
E
E
L
B 4
=
1 1 1 II-.-l 1 1 1 l';| 1

LPA4 LPA6 LEC32 LEC33 ATCC- ATCC-

LVPI LVP78

LABI1 LABI12 LABI3 LPA3
13076 13311
% A B i 2 (L B TR KIGF B I G I R B
Acinetobacter Pseudomonas Escherichia Salmonella Vibrio
baumannii aeruginosa coli parahaemolyticus

B2 [CBHME ST Gram-negative bacteria
B2 SEYTAXFE=[RPAMEME (A)FE=KAEMAE(B)KREIER
Fig.2 Bactericidal effect of SEYT4 against Gram-positive bacteria (A) and Gram-negative bacteria(B)

2.3 SEYT4WIEEZNZF

W B 1) 2K TR 8l ) 24 5 R B W TR IKAE 2 min
P REE R 4 B (A A BR T /024 99.99 %6, HZE 1 h N
25 W5 DA IR ALh 3 ) A TR AR DL R, R BRTTE MK T R
I (L 3A) 5 %ot T 2 A Bl AT B, Wik BT Ik SEY T4 7 20
min FIBEA K2 99.99% , [RIFETE 1 h PEOREE R 4F 1 4%

PR (K 3B) .
120
2 -1 z by
E 100 hit I ® hd hd
Z sof
A & 60F
N - XM Control -® EEFEJK SEYT4
% 40}
Jitad
T 20
&

HODCOET——
0 5 10 15 20 25 30 35 40 45 50 55 60
I [B]/min Time

24 BE HRREMPHX SEYT4 X EHFMHD
A

Wik B Ik SEY T4 ZEA [ i )& (4 °C .25 CAI 37 °C)
Y EARENEE, 1D 10° CFU/mL 1) 4 85 ()
255 R TR R 6 = AN B A B ) T B A 2 241 99.99 %4 .
M A SEYTAERET, DL T A W52 21 40 1
B b (K 4A F14B) .

120

-o- XfM® Control -® BEFNIKSEYT4

195 %/% Survival rate

0 L L —_——0
0 5 10 15 20 25 30 35 40 45 50 55 60
I [A])/min Time

3 SEYTAXM&EGEHERE(A)MESAHHFE(B)HRENHE
Fig.3 Bactericidal kinetics of SEYT4 of Staphylococcus aureus (A) and Acinetobacter baumannii (B)
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TEA [F] ¥ B2 1Y) NaCLys Wi o, b8 ik SEY'T4 1Y
A B P2 B8 0 . 78 50 mmol/L NaCli i,
WK SEY T4 B K 5 B €085 49 BRI D824 99.99 %4,
REHF 0 2 A BHAT BRI/ 24 90.00 %6 5 1H 24 NaCl ik
JE e 50 mmol/L B, B TR K SEY T4 X 4 v (7] 4
BRTAT 119 % BT 1 58 A B B0, X 6 S AN Sl T TR e
2] 3 K25 60.00% (- 4C F14D) .

FEATR pH T, W B Ik SEY T4 XF 43 9 {08 45 £k
I LSA140( [& 4E) Ffif) & AN ) #1 7 LAB12 (5] 4F)

== X} it Control

== X it Control

B % T R AN A < 78 pH="5 Fll pH=6 I} , SEY T4 %}
S AR EREILT KA EEN, 7 pH=7~10},
SEY T4 REHF 4 (00 3 2 BR TR0 /0 24 99.99 6 3 % T
SRR, 7E pH=5 i, SEYT4 JL-F LA HAEH ,
16 pH=7 1 pH=8 i} , SEY T4 fig ¥ 40 B ik /> 2
99.99% , £ pH=6 ,pH=9 fll pH=10 i} , SEY T4 1]
W A DRI 24 99.00 %6 o B AT, 2 IR AE T RN 5
Bl SR A T AR ROR B 4T

== X} I/ Control

. = WK SEYT4 » 120p = FETEJIK SEYT4 ¢ 1200 = MEAMKSEYT4
- 2 <
o E 100 T: 100k
= <
E E 80 ; SOH
= £
A g C £ 6 E @ 60

S S 40 & gop
% " i 20H
\_E HE 20 H;E
& . . ! £ o9 Lo

4 25 37 0 50 100 150 200 250 300

IRJE/C Temperature NaCl/(mmol/L)

== X} I/ Control == X} I Control == X} I’ Control
. = WER K SEYT4 o 120r o SR SEYT4 v g — WEKSEYT4
: E
= E — 100
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E ; E 80

B & D % 60 F @ 6

& S £
tg s 20 gz 20
& . . . ' L oo

4 25 37 0 50 100 150 200 250 300 5.6 7 8 9 10

IR E/°C Temperature NaCl/(mmol/L) pH

B4 SEYTAZEAREIRE(A.B) . #HiKE (C.D)EpH (E.F) THE&HEBHEKHE(A.C.E)
SR E(B.D . FMREER
Fig.4 Bactericidal effect of SEYT4 against Staphylococcus aureus (A, C, E)
and Acinetobacter baumannii (B, D, F) at different temperatures (A, B),
salt concentrations (C, D) and pH (E, F)

2.5 SEYT4AXIMMEMEZE S

SEY T4 4 4 i 5 45 1 o, A [R5 vk i
R T K (3.125~100 pg/mL) B AR 2 35 /)N L2120
MY SE R M, B SEY T4 X /NI 22 20 (8 5)
26 SEYT4EEXLWREIEAR

TE 37 ‘CAMT , BT 4 ¥ B2 o 500 pg/mL 1
SEYT4AHIFEZRM H 1 h5 , WAL R Z 5 e 32 A
I 1Y 4 (5 2 K A R 2 S Sl A TR A B L e D 2
80.00%6 (&l 6A) , T Y 4 Y Hh 4 BT 11 250 o 0 ] o 2> 24
85.00%~99.00% (1 6B) . ML UL, SEY T4 g%
A R BRI TS e O T
2.7 SEYT4ZERmEfME EMRAEIER

FERADL A SRR fl v b WE T K SEY T4 e £ 1]
TH R 2 99.00%6 LA 1) 4 9 €0 7 44 2K 1R 6 2 K B

= [H X IR Positive control
= [HPEXT IR Negative control
Tr - K SEY T4

WIEALOD.,..,

3125 6250

12500 25.000 50.000 100.000

JR R (e g/mL)

Concentration
5 SEYT4RyiFMiEME
Fig. 5 The hemolytic activity of SEYT4
FIE (R T7A) , ERE, SEY T4 e J5e 122 fi v L (1 40 78
WA S 35 Y A% TR AR | g 22 T A R AR e 24
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z 80F

z

e gl P<0.000 1
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J\_H—‘ 0 TS,
EEOHERE WEAYTE
Staphylococcus  Acinetobacter

aureus baumannii
/M Bacteria

120 ez % IR Control = FEFE K SEYT4

B

05 %/% Survival rate
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/A [
SEOHERE e
Staphylococcus  Acinetobacter

aureus baumannii

AT Bacteria

6 SEYT4ZEFEZRM E(A)MEEKRP(B)MNEHBAEKAMBERHTENREER

Fig. 6 Bactericidal effect of SEYT4 against Staphylococcus aureus and Acinetobacter baumannii on

coriander leaves (A) and in washing buffer (B)

Xt R Control

£ 1200 = mgHEk SEYT4
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— 100p
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= 80

=

A @ 60f

S 4op
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AT Bacteria

&= if 1/ Control
= K SEYT4

120
100]
ok P<0.000 1
60

40,

20

P<0.000 1
O Mt MMRE W8 RHFE

Staphylococcus — Acinetobacter
aureus baumannii

M Bacteria

5% /% Survival rate

7 SEYT4XTEERMEME (A FEREME(B) L& BB HAKEMESAHTENREIER

Fig. 7 Bactericidal effect of SEYT4 against Staphylococcus aureus and Acinetobacter baumannii on plastic

contact surfaces (A) and silicone contact surfaces (B)

99.99% (K 7B) . F W SEY T4 Rk —Fh FEAE (14 78
B0, FH T 0 B SRR R R 5 A5 £ ot 2 Mo 2 1T 1 ) 4
B0 R 7 BR T AN B = R S
3 3 i

Wik Ik SEY T4 & 28 4 Fir A 98 25 NP T TG TR
W P AR LPSEY'T o i % th 1 2% 06 PE R 45 09 Bt &
R R s B D et o o 1 7 N - O N | s
7R B IR SEY T4 AT i 85078 b i B A: K W A 4
ARTEREJITE 90.00%~99.99 % , Hih (3 451 2 & 5 vk
o JirL TR R TBCAH O , SR HZ IR AR B R . AE IR
(A 3 2RI, SEY T4 REGE e ik 15 e 4 #5 (0
PR 2 K R R 6 2 S AT R, 28 RS TR Y e A
SEY T4 & A [a] i & T A5 0/ 15 3T 99.99 26 19 2% 16 i
P, T AT LA RO 1k T A v 4
75 BR B AN 68 R Bl FT B A0 58 TS YL 5 1R 3 i Y pH
T, SEY T4 {45 , (F A 55 R 1k P15 L7 P e
il 5 24 Ak vk B K T 50 mmol/L i, SEY T4 £x 2k
G, X AE—E R LR T SEY T4 76 f il P 21 5% A
FARIREE TR . AT BEE SR I T AR S R A

T BR AT eha L O I Y IR R AR AR A I 10 X
FOR A TR ARTE A N g R
W% DR AR R A T e A e L A2 1 o B 311
PEACTR WS 14 A Ji | LA S KB ) i s g e , A T 22
J5 ¥ T LA > e 38 4 v B ) 28 ) Ak 2 v o, LU
S W T A i e v g g P IS

W AT I AE S22 B A= 7 o v A 5 25 e 4
P T30 A v R UK S A A AR B AT DA
PR T2 S v 08 ) o ARBESE b e i e 4
R WET K SEY T4 A 2400 i 7L 301/ B4 48
Mo Ak, Al e R PR 2 IR R 25 ) K 4
e — A EHETR bR . AR R PR K CPF-C1
Jo R R 3 128 pg/mL B R IR B A0 &R R
SR BN 5 ST RS W K SEY T4
YR Bk DA — DDA e 4k

G WO R AR T A B TR RR I AT B AR R L
Y BUR T 2 A 7E T B T4 D27 E B o T
FBEA IR A R DARS TR SEENEAR
Wik . TEARMS A iRl SEY T4 ik W]
S P AR IE B e B WS BRI R L AR Y
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[F7] I, B VR 145 T T 247 99.00 %6 1Y 4 T TR 1%, R I
I T Ve Ak aed AR v 58 ST Y 11 XSS 5 7 F2 fh T A A o
SEY T4 g1 bk & fb 3 ik i 124 99.99% A4 , 3%
AF I3 TR JORAE £ T8 v B AR i R Y . 4R
1755 25 TR B0 A L, W5 TRT R 7 7 S v i) % T g 0 A
Xof R AR, 4 I T i 2 pR W TR K 5 e 2R 1T AR
2 i 5 v 4 A R R 2 S ) O ) A7 A S B TR
JRAE B SR B i AR B e A TR

25 TR, W T BK SEY T4 7] A5 &k il £ o T
% TP SO TR I 28 LTS Y, A B B — R R n T
R SR B R o AS BIF S AE $ v B B TR YR 11 [R]
B, AR B e A AR L T —FB B B AR
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Elimination effect of SEYT4 on common pathogenic
bacteria in food chain

YANG Tian',ZHANG Yue®,ZOU Geng"*,ZHOU Yang’, SONG Zhiyong*, WU Renwei"?, LI Jinquan'*

1.College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.National Key Laboratory of Agricultural Microbiology, Wuhan 430070, China

Abstract In order to explore the application prospect of phage-derived peptide in food processing
chain, SEYT4, a novel phage-derived peptide containing 37 amino acids was selected as the research ob-
ject and its structural characteristics were analyzed. The common pathogenic bacteria in food processing
chain were selected to carry out bactericidal tests under different temperature, salinity and pH to determine
the bactericidal spectrum, bactericidal efficiency and bactericidal characteristics of SEYT4. The safety of
SEY T4 was evaluated in C57BL./6 female mice, and the efficacy of SEY T4 in removing pathogenic bacte-
ria from the food chain was investigated by simulating pathogen contamination in leafy vegetables and kitch-
enware. The results showed that: SEYT4 contained a hairpin shaped double a-helical structure with a mo-
lecular mass of about 4.5 ku and a theoretical isoelectric point of 9.69. It could eliminate most of the highly
toxic and drug-resistant Gram-positive and Gram-negative bacteria with a bactericidal rate as high as
99.99%. It had high activity at different temperatures, and the bactericidal effect was better in neutral and
weak alkaline environment but inactivated in high salt environment. There was no hemolysis effect on mice
erythrocytes. In the artificial pollution model of coriander, pathogenic bacteria in leaves and washing buffer
could be removed about 90.00% , and more than 99.00% of pathogenic bacteria on food contact surface
could be removed. The results showed that bacteriophage peptide SEYT4 was a novel antimicrobial peptide
with good bactericidal effect and high safety, which could effectively prevent and control the pathogenic bac-
teria contaminated in food chain and was expected to be a practical disinfectant in food processing chain.

Keywords foodborne bacteria; pathogenic bacteria; phage-derived peptide; food processing chain;

disinfectant
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