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FE3-IRFENIR 2 —Fh KRR TCRE HEA ) 15 i
P B3 B B JB 7, A i IEIESE PLA XK
M P O157:H7 (Escherichia coli 0157:H7) 3%
W BK B (Enterococcus faecalis ) . &IV E 1L 9K & (Vib-
rio parahaemolyticus ) 55 A7 B (A TG PEO2 ) SR
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EE IR A

ARSCULEE O AT RO REFE N 52, I R FLIR
X /NI T MR B R B /N A TR B 3 Y A
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B2 -80 CIKFRAT s IR . LI, I
MR T A AR Ry A BR A R LB E IR R
LB & FR B 3G 95 4k . B s B bl g 1 AR M HOR A
FR A W] 3 W R 55 2% 0P (Phosphate  buffered saline,
PBS) | 45 i 55 1% W . BLAE P9 BE (Propidium iodide,
PI) WY WE #5441 (Acridine orange, AO) & —
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i, A REERARAR; Proeii K
A TA ) TR (i ) e A B ) 5 Bl e
ity (AKP) WK &, B st #4415 0 5 4 o
HEZH DNA $#2 UK 77 & (GeneRed #1R YL L, K
HRAE AR (A6 A BR A AL
1.2 NEHEE

SW-CJ-2FD #ik TAE R, 0 s 4L B 5 M %%
T S ARAT BRI A LDZX-50L- T #1570 5
RVK W, Bl ZBEI7 480 ; LRH-150 %Y
AAEE SR, Bl — 1A A PR F] ;MS105UD
RYHL T 00 BT R, S A A ) — A A R 2
Al THZ-D B 5 2 R IR % 2%, 5 N 35 5 5 56 =
W45 A B2 F] ;Sorvall Legend Micro21R 15 3K 1
=B O ML, 5 E Thermo Fisher 24 ] ;4 H sh 4 K
HH£R 2 BT 1L, 75 2% Bioscreen /Al ; Victor X3 %l fiff
R4, 3 [# Perkin Elmer 23 &) ; Accuri C6 Plus ¥
A ML AL, b ST A S A AR R A B A E]
UV2550 B AR WA et BTt T e AR A
B2\ F7000 28065360 BT, H A H a7 bRl 2
#t;GelDoc XR+4 A s BER KR R4, £ IE Bio-
Rad 24 #] ; TCS-SP5 11 ot 2 4 5 i B, 7 [ Bk
RAERABRAFA
1.3 Hi&
1.3.1 WEWR R4 I T -80 CYKAE
FERGFF R BUL R, R T LB R IR,
43 BIAE 28 CCHI 37 °C, 160 r/min #& K o Ik & 15 3%
12 h J& , R Tt LB A i h i 5 2
B FF B BOE KW, MR 2 Wk 10°~10°
CFU/mL, % H,
132 H/NIE W E (MIC) Hl /N 3% 1k
(MBC) B9 & R U P ¥ — A5 A R vk D o R
FLER X 7 FC A AP B A MIC, i 2R LR 2 ot 4 vk 1
43 % 4 10.000,5.000,2.500,1.250,0.625,0.313,
0.156,0.078 mg/mL, 3 BI7E 28 CHI 37 CH; 546
INHHE T FR 24 h O LEE45 R . LIRSS, e A
1) J5 I 5t vk B R R 2R FLAR 1) MIC, % JC I A=
KL R SR W 100 WL 346 T LB & 72 5l
Rige 5P Me b, o 4k A 28 CCFI 37 CHE 7748
W E IR 24 h, JCBEVE TP B ok BE R O R FL IR
i MBC,,

133 ERBITEARKMARNE BRI RE

WA B2 G FF TR o B, i A Uk i
g 1/2 MIC MIC .2 MIC, DA %8 00 25 FLIR (1) B T
S x HEAH i 4 A sh AR K il 245 B AE 28 CAll
37 CFHEEFE 24 h, BRI 1 h U5E ODgpn, 18, F2:
il 28 [ AT v AR R 4k

1.3.4 iU AR 43 i B 28 )CHi 37 “CHy
FEME RHFF R AW, T 4 000 r/min 2.0 10
min, B AR K B A 0.1 mol/L. PBS(pH =7.4)
W2 W, EE Bl B L WERR, FEH PBS
B BT ODsosn = 0.5, K5 28 FLAR 75 00 21 1 &
W, fd 2k B2l 0.1/2 MIC MIC 2
MIC, PAA S A LR 1Y T W R X BR 2], 4300 T 28
CHI 37 CHz 37 55 9% (160 r/min )24 h, Hl— & & 1)
Br SR WS R TR R 0.1 mol/L PBS
(pH = 7.4)%5 6k 2 Wm A 1 mL P 4 4 2 F
REHA, 784 CHEOEHE 30 min J5 A7
08 6 SCRG) T 240 e 98 155 B

1.3.5 BVEBERREF (AKP) I E  B— & AE 28
CHEFEME R FF R B, T 4 000 r/min &0 10
min, WA TR K B A 0.1 mol/L. PBS(pH =7.4)
WY 2 W, EE BB L WERR, FEH PBS
B, BT ODsosn = 0.5, K5 R FLAR 70 21 1 &
W, fd 2 T R B D 0.1/2 MIC MIC 2
MIC, & T 28 CHig ¥ ¥ 57 (160 r/min) . 7351 T 24
h Fl 48 h B — 7 5t (35 92 B DU AR, K TR
A1 0.1 mol/L. PBS(pH = 7.4)¥5 ¥ 2 WU , FH#A
T R ASC e e T A ol P e 8 R il (AKCP) iR &
D52 B R AKP 75 04,

1.3.6 4B Bt il ATk S % 1.3.5
WY, ET 28 CIRG K 4% (160 r/min )24 h, HL—
JE B IR SRS DR AR, K AR 0.1 mol/L
PBS(pH = 7.4)5 ¥k 2 5 , i 250 pl. — R %¢
R - (2 mg/mL) PEA7 Y05 B & 15
min, F} PBS W5 Ve JF B85, 78O I KRR 3T ik
K358 297 nm 1 527 nm B, i F15E 650060t
JE T S PR EE

1.3.7 BRI ATAL IS 1.3.5 55
%, BT 28 CHR ¥ 5 5% (160 1v/min)24 h F1 48 h,
B WA LV WO R A oy ek THAE 260 nm T
ME oD {HM,
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Tk, BT 28 CIRFGH R (160 r/min)24 h F1 48
h, B0 L R AN 66 BT AE 280 nm
s oD fH,

1.3.9 HEMEERBEIK AT S% 135 Wk,
BT 28 CIR% 15 97 (160 r/min )24 h, i 1 40 5
K41 DNA $2BUL ) & #2HL DNA, i#£17 DNA Biifig
R I LYK (100 V.60 min ) , BE S RS £ 4830 IEOT
0T

1.3.10 i@shfg Il o I 28 IS FF 1
12 B RE y , Be AR IR 1 97 3 (10 o/L B R .5
of L ALEN S o/L BTN 5 o/L HHH) , I8 K FL IR
WD, AR E N 0.1/2 MIC,
MIC .2 MIC, 3 2 L B B 2 T 3 32 B IR 1 Al
FMm AL FE 28 CREFRAE N B R 3% 24 h,
E AT HCE 1 AR

1.3.11 AP BOE e B 1 mL & AR 5
R R FLER (0,172 MIC MIC .2 MIC) i B & i
£ 1.5 mL B8 RS G 28 CHi R A6 N i e
Fr4% 48 h Il 72 h FERURAR G F2 56 0.1 mol/L. PBS
(pH = 7.4) 7% 2 ¥, T K48 30 min, A 1
o/l 45 SRR W {6 15 min, PBS 35 1% 2 K, &5,
i 33% 0K & TR Vs e i 4 26 AR W RS 1 I 245 i 4%
FHBEAR G S ODsgs A0 (4 W BEN,

1.3.12 BOBHRERMEMWLE B 1 mL &R
J R e AR FLIR (0,172 MIC MIC .2 MIC) i) 78 &
W T R PR SR ML IR A5 7E 28 CH;
FRA N FE R SR 72 h, SRR IR 3L ,0.1 mol/
L PBS(pH = 7.4)% ¥k 2 %k, Jo i K44 30 min,
A 1 mL 2.5%/)% 1 4 °CF E % 30 min, A1
mL 0.1 mg/mL 1) AO Y0 i = ik ik S F T Y
30 min, W 5 Jekt PBS ko f L2 T A
LIPS TR B R il O 3 R A

HEATIREE (K K 488 nm , BELITIE 6 F K 515
nm)178

1.3.13 7 F%# M Protein Data Bank (http://
www.resb. org/) T # DNA 1 = ¢ 45 4 (ID.
3CLC), FEXTHEHTAT DNA HIARFL R JEAT i AL 3
ffi A T B AutoGrid4, AutoDock4 #1 MGL tool
1.5.6 #E47 2 FL IR A1 DNA AH 5 AE FH I 43 F X 2
i S 18 FH PyMol 45 3Ly g I 4y i

1.3.14  Geitortr B b EE 3 I, R
HI SPSS 18.0 #:1T ANOVA 4341 ,P < 0.05 Ky 22 5
% . R Excel Fl Origin 2019b %% b 8 %5 4
GESISEN

2 HRE5HH
21 FILEXE KRBT EM G FENE
MIC 2 VP4 W B i fE 0 i E 28 b 2 —
A 1 RTINSO R B ANk
F 1.25 mg/mL B, AFEFEFFIEET 96 fLik 1y
TR, P 2R FL IR A 8 G AT 1 9 MIC
9 1.25 mg/mL, 4R LR iR B2 1.25 mg/mlL
W, AkZE7E LB & FR IR B 7 AP i 3% 24 h 1
A7 A BRI, T2 R TE 2 2.5 mg/mlL 1
Tow AR, a2 MBC R 2.5 mg/mL, 45523
B, AR o A R ) 2 L TR ] 41 o T A T Y
A, AR o v PO A SCHR A E R FL IR
xR FFE 0157 :HT(E. coli 0157:H7) 52618
i B (Pseudomonas  fluorescens ) | 4> ¥ {0 % £k
W (Staphylococcus aureus ) F1 .38 2% B K¢ T (Liste-
ria monocytogenes) ] MIC 43l J& 1.25,1.25,1.5
1 2.5 mg/mL, 156 2R L0 8 G A T A 400 1 3%
P T4 B (O A BR A AN IR T, TS R
W kE i 0157 : HT 175 ' Al B T B AR AH ]

F1 TREBETHFRIABNERBFERN MIC UELR

Table 1 Measure results of MIC of phenyllactic acid for E. hormaechei at different temperatures
K AL 2 R/ (mg/mL)
XA A
10.000 5.000 2.500 1.250 0.625 0.313 0.156 0.078
MIC(28 C) — — — — + + + +
MIC (37 °C) — — — — + + + +

TE 7 RN UGB A R S 2R "R A ] A K

22 FIBMERBTEREKIDEER
Tl A 0 A I 2k R A S R AR ) K B I

B2k, 28 CHE 7 T & R FF A AR K il 2]
A 1a), AR E P X A E KRBT S h i
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Fig.1 Effects of phenyllactic acid on the growth curves of E. hormaechei

2.3 FILEXTE KA B 4 B 20 B A T A %2 N
WAL BE (PT) R L Z5 o 58 T SR 464 1) 4 i X
DNA #4750 |58 528 3t =2 20 i 4SORS: ) 5 L /% o 2
[ A o i MR T i 52, X2 i LY 4 4 IX
B AR TR AL (22 ) CRIE T AR ) (6
T A B FIdn e di st (22 b)), i & 2 nl g0 fE
28 CH FEIR B R 57 24 h, X (1/2 MIC MIC |
2 MIC 20 1 480 B A7 35 22 55 0 8 94.6% ,93.7%
90.2% ,81.8%, 7E 37 CH;3: F, X 12 MIC,
MIC .2 MIC ) 480 Ml A7 1% 253 3 93.3%,88.7%,
90.0%,80.1%, FHZFLER 1/2 MIC 1l MIC &b 2
AN 3 T EAN R T RIRBE W AE 2 MIC Ab B
B 20 B IR AR 4 Bk F) 11.4% A0 11.8% , Ui W &
J VR FE T A AR FLR 2 B 1 AN MR AT FE 28
CHI 37 CHE 77T 1 A FLER X 1 19 A K il 4 Fn 4
LR T A B 22 5 PR LA 28 CC ok B 3R A
HEAT R FI BT AL A 5T
24 FIBWMERBHEAREHNTZEENI MW
21 R R 200 R O A B R A A, HLoE

BUAgER AR ERAERTEXREZE, WETFE
P T W J5 1% S PO R R R il (AKP ) o T4
LR R 00 B 2 ] 24 200 L RE A7 P B AKP 23 it e
1) 41 TR 41 R A0 T i R P R AR,
TS 20 i BE SRR PR R AR A K] 3a W] AT, AKP
it 3% 1 Bt A HsF [ RIS 2L IO A R ) A T i
W/ (P<0.05),1F 48 h,2 MIC Bff&EZE AL, 4558
T, RIRAE—EFE LR T E R EY
YN HERE, I H A2 AR A ) R R L R o v A
S

I E — CTRPOEER (FDA) 5658 B ml
DA J2 e 290 b 55 S S M R AR Ak, LA T A0 R A 4
MR AE SO FDA R 8 e h gk @ ueotik &
Y, MY0HERE SRR, AT LU 40 RIS FDA
PEG, 2 4 A T 2 0% IR, FDA 23 DA 4 I P 3
L, TEvE R )Y il 3b Fras, 172 MIC MIC
2 MIC Ab 32 %8 08 B AH 5 T % IR 4 I 25 AR (P
<0.05), H 2R ZL R o it v 2 B ey |, 9 O B T B R
JERK . 2 MIC 4190600 B 2 2 X FZH Y 172 4%,
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& & g g
g PuC Q2-UR) g PzuC Q2-UR) g Pur Q2-UR] g P GZ-UR
1.1% 22% 1.2% 23% 1.1 % 44% 11.4% 46%
g « & g g
R 3 Rz R g R g
g RTg g < g
o 24 Bog B o 21 RO g
n ¢ - 9 n 2 n °
E7o I &an Ean Tan _
& SO, B 3 B 3
N — N — N — N —
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& P Sh g R e g R e 8 et §5
R §] X 3] X 3 X g
' g ® g ® g ' g
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Fig.2 Effects of phenyllactic acid on apoptosis of E. hormaechei
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B, R 3e ATAL AE P 260 nm A LSO (E
Bifi 2 2R LR A B T et v B i R, LB
Ab PHRB (] AE T IE M, AE 48 h, 28 2 MIC R FLIR
b 3 RO B IR B e e, 2R AL BT 1.6 £,
e W R L 2 b 385 BORE [C W FT 181 R 2 1 it D o

—~ 24r [ 24n
2 : I 4sh
=20}
{f *
A5
= ;; 1.6F
e
B4 12r
PN
3
<z 0.8+
3
s 04|
(=W
% 00
' it B8 1/2 MIC MIC 2 MIC
2090
Group

(a)AKP 3

& 3d mI AT, MIC 2K FLER 41 7 I K 280 nm 4b (1) i
HMOGAE B TR IR (P < 0.05), ELFE % b B
I [ A2 < T I8 250G, U W R L R Ak 3R R [R
Jo A R 2 1 BT i D o (B E EYJE 1/2 MIC 4
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Fig.3 Effect of phenyllactic acid on cell structure integrity of E. hormaechet

2.5 FILETEKBEFE DNA BN

I 240 JfL RS AR AL A o, 0 00 R R0 L T
Wi 2411 i P9 R e 1T 7 AE BB BE T, An il DNA
RNA FVEE FH BT A, B 08 Hw i N 2B )6 i /2
Aol A 5 5 TR B R R K B A3 R 2 B
T T R FLIR A EE [ FF 0 5 P 41 DNA ) #8811
FH o B da Ry B WHBE S R Uk 45 5 50T IRZHAH L
172 MIC 1 MIC 40 DNA 457 ¢ AR AR5 /N 1 2
MIC Fy &5 52 BE L IH 2k o 45 SRR W] IR T fat vk 2
1) 4 LR A 22 G AT 1 DNA S 18 7 4855, JLT
AWM DNA & i, WARBIR DNA B 58
VR, SR WA R LR T VR T L T
P DNA & 8 FEAIR 33 25 T HI0 M P 35k A1 19 2 S 0
BE, B2 A AN Y IE F A BRI AR L T 4R S B Y

X 12 MIC MIC 2 MIC

Marker

5000 bp .
3000 bp B
2000 bp

1000 bp R
750 bp
500 bp
250 bp ‘—

100 bp e

(a)DNA B5U5 Bl 35 11 P 9k

SRR WIORFLIR 5 WS BRI ] 5 PR A il g A= 2=
WikE G (L. monocytogenes )DNA 454, T &L
A 1R A AN B T 4R SR ST IE K
PR ZLIR 0T LA R 2 e (B S L 18 (P, fluorescens )
H DNA 254, 55T 45 L AL, Ui BH DNA Al fig
SEORFLIR AN A Y F 2 ez — & 4b 7k rdE
) 19 Jmy B ORI n] DL Y R FLIR T DL S DNA 1
Jit N R4 L S ISR 1 6 N2, BEEE 43 5Ih 2.0,
2.3,2.3,2.3,2.6,2.7, 455 fig H-14.48 kJ/mol (-3.46
kcal/mol), F K FZLER 5 DNA f7 46 #H B AE H .
Fang 5% A ZLIR 5 @ LK i DNA 1 g 1
W& 1 5 IEE RS TR B 7 A~ S5, 4545 BB -21.46 kJ/mol
(=5.13 keal/mol ) , 5 A 5T 25 S AHL

(b)) A FLF 5 DNA B9 T X4

B4 XIB5ERETEDNAWHEEER
Fig.4 Interaction of phenyllactic acid with E. hormaechei DNA
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26 IILETE KT E S SR R0 e
440 32 30 1 1 P I R 0 B B N
WEE TR, IS S ek T R =
SO I I 0 RS R ITAIE, TR o E | b
BRI M, P S R TR T v LR A 27 c
I ) 7 G 0 AT S PR 12 f . 8 A -
ik A L AL B 1072 £ I 04 1 B A BEY
1y 1 AT B (P < 0.05) , HL Bt %5 2 7L I I it éz
G R 0 B R, L X oL : :
G HF 619 BEAE i 1 LA S R (A RVIMIC g MG 2MC
I 2 T A0V E SR ) 1 1t 25 Croup

HI, ANBEAE P B B ARG 461 A= 4 1) T
B B A
2.7 ZFFILERXTEE K RAH B A 9 4 AR A HD H104E

A= ) P A AT 1 AR AP I, W A
A e B 20 T AT T T A 2R R B ) L
M DR A o A 0 PR A TR B 28 DG F ST R
Kl 6 ] LLE H,1/2 MIC 8 3L A4k P41 5 X) BE 40
HH AR 9 1) T Bk S 35 A A (P<0.05) , 1T 72
h AW A il % = T 48 h, K] I BT
FEORFLIR AL PR S AT T A e TE UAE i i . 7
2t MIC 5 2 MIC R FLRR AN | AR Y8k B
JE 32 3] 3 ZUAM ] 72 h A Wi A i S 48 h
T2, R E T ILT %A LY
FETE B, 25 L, AR W S A4 TR it 5 s i) 22 TE A OGO
F, ORFLIR X AT B 1 A2 ) Bl BB TE A Ao
HAMEIVER 5 Jiang SR 0 5% 45 S AH AL
28 HMAHEBEAMEMEUREYHIE

L5 A 30 40 S 1) 45 W) et 1 i R LR 1) 10 61
AEYIEEAVE B OCE 2 OB YR X TE A W
BB B 05 A0 AT Y £, At CLSM UL AR A 1 Bk
e AR, TR T 2 X R 4 5 L R Adh B 7 K
Jo TR A 0 e B ) 30T R A B s AR RS, R

(a) M R 4H

ARG R R R AR 22 57 1 3 (P<0.05)
BS5 ¥ABMNERBHREHEEINEIN
Fig.5 Effects of phenyllactic acid on swarming

motility of E. hormaechei
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Fig.6  Effects of phenyllactic acid on biofilm formation

of E. hormaechei
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Fig.7 Confocal laser scanning microscopy of the biofilm
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Inhibitory Effects of Phenyllactic Acid on Enterobacter hormaechei and Its Biofilm
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Abstract Objective: The inhibitory effects of phenyllactic acid on Enterobacter hormaechei and its biofilm was explored.
Method: The inhibitory effect of PLA on E. hormaechei and its biofilm was assessed through various experimental tech-
niques, including measurement of minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC), growth curve, flow cytometry, alkaline phosphatase (AKP) activity, cell membrane integrity, DNA content,
motility test, biofilm formation and confocal laser scanning microscopy observation. Results: The MIC and MBC of PLA
to E. hormaechei was 1.25 mg/ml. and 2.5 mg/ml., respectively, which could completely inhibit the growth of E. hor-
maechei. Flow cytometry results showed that 1/2 MIC and MIC phenyllactic acid could not cause apoptosis and necrosis,
while 2 MIC PLA could cause cell death. The lag phase of growth curve of E. hormaechei cultured at 28 C was nearly
I h longer than that at 37 °C, but the maximum biomass of E. hormaechei was not affected, and the apoptosis rate was
not significantly different. PLA damaged the structural integrity of cells, resulting in decreased intracellular AKP activity
and leakage of nucleic acids and proteins. 2 MIC PLA could significantly reduce the content of bacterial DNA. PLA
treatment resulted in decreased motor capacity and biofilm production of E. hormaechei. Conclusion: PLA had a strong
inhibitory effect on E. hormaechei and its biofilm.
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