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1. 516025 2. 516007

ethyl-N“-lauroyl-L—arginate hydrochloride LAE

minimum inhibitory concentration MIC

° LAE 2172 MIC
+1/16 MIC LAE 24 h 97.9% .
1h  ODy 0D 31.2 17.5 3h
84.1% o N 97.0%
92.5%  65.0%., LAE

Activity of Carvacrol and Ethyl-N“-lauroyl-L-arginate Hydrochloride Against Pseudomonas fluorescens
LI Wei-wei' CAI Tian—shu'® JI Xia> PAN Rui' HUANG Qing’ XIE Yan-hui'
1. Huizhou Health Sciences Polytechnic  Huizhou 516025 Guangdong China 2. Huizhou University
Huizhou 516007 Guangdong China
Abstract This study aimed to explore theactivity and mechanism of carvacrol combined with ethyl -N*—
lauroyl — L —arginate hydrochloride LAE against Pseudomonas fluorescens. Specifically the activity was
evaluated based on the minimum inhibitory concentration MIC  checkerboard microdilution assay and growth
curve analysis. The antibacterial mechanism was explored through protein and nucleotide leakage transmission
electron microscopy and electrophoresis of intracellular proteins. The quorum—sensing activity was evaluated
with the indexes of biofilm formation and swarming and swimming motility. The results showed that carvacrol
and LAE displayed synergic activity against P. fluorescens particularly the combination of carvacrol at 1/2 MIC
and LAE at 1/16 MIC which achieved the inhibition rate of 97.9% at 24 h. The above combination could
significantly enhance the permeability of cell membrane thus leading to the rapid leakage of proteins and
nucleic acids. As a result the ODyy and ODy, values were 31.2 and 17.5 folds higher at 1 h  respectively. At
3 h the intracellular electron density decreased and protein concentration declined by 84.1%  with bands of
proteins becoming obviously shallow or even disappearing. The inhibition rates of biofilm formation swarming
motility and swimming motility were 97.0%  92.5% and 65.0%  respectively. In conclusion the

combination of carvacrol and LAE can destroy P. fluorescens cells leading to leakage of intracellula
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substances and thus exerting strong inhibitory effect on the bacteria. Moreover the combination suppresses the

quorum-—sensing activity.
Key words carvacrol ethyl-N*~lauroyl-L.—arginate hydrochloride Pseudomonas fluorescens combination

antibacterial activity

. [J]-

2022 43 13 37-44.
LI Weiwei  CAI Tianshu JI Xia et al. Activity of Carvacrol and Ethyl-N*~lauroyl-L—arginate Hydrochloride Against Pseu—
domonas fluorescens|J]. Food Research and Development 2022 43 13 37-44.

Pseudomonas fluorescens N
LAE
m 2 13]
2] 1
o 1.1
N ATCC 13525
[410 5
N N 99.07%
B, =97%
Food and Drug Administration FDA Bradford N Marker,
generlly recognized as safe GRAS 9, N phosphate buffer saline PBS
N N N N N N 1%
@, N .96
1.2
M, YXQ-50SII
o HR60-11A2
ethyl-N*~lauroyl-L— HZQ-F160
arginate hydrochloride LAE Infinite M200 Pro
N N NanoQuant TECAN Nano-
B, Drop2000 JEM-1200EX
LAE JEOL GelDoc XR+
L- B, 2005 LAE Bio—Rad Eppendorf 5418R
FDA GRAS B, °
LAE N N 1.3
B, LAE 1.3.1
o LAE

minimum inhibitory concentration MIC ®I,

LAE 30 C.120 r/min
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16 h 6 000 r/min 10 min 5 6 000 r/min
5 10 min 1xPBS N

10" CFU/mL 5 ODg=1.0,

LAE 100 pLL 96 100 pL 0 172 MIC
LAE .1/16 MIC LAE.1/2 MIC +1/16 MIC LAE

8.000.4.000.2.000.
1.000.0.500.0.250.0.125.0.063 mg/mL. LAE
256.128.64.32.16.8.4.2 pg/mL,
100 pL o
600 nm

100 pL 30°C

24 h oD
MIC.,
1.3.2
LAE
o LAE

1/8 MIC.1/4 MIC.1/2 MIC.1 MIC.2 MIC.
§MIC, 96

50 pL

° 50 pL
LAE o 100 pL
10" CFU/mL

4 MIC

100 pLL
24 h

MIC,

tration index FICI

100 L
0Dy

° 30 C

fractional inhibitory concen—

o

HICI- Mic * MiC
FICI=<0.5 0.5<FICI=
1 1<FICI=<2 FICI>2
[9]O
1.3.3
[10] N
10’ CFU/mL
o 96
100 pL. 100 pL.
LAE 1/2 MIC .1/16 MIC
LAE. 172 MIC +1/16 MIC LAE, 100 L
100 plL o 30 C
24 h 2h ODgy
1.3.4

Cao M

30 °C.120 r/min
0.30.60.90.120.150.180 min

8 000 r/min 5 min
OD»y,  ODyy,
1.3.5
1/2 MIC
1/2 MIC +1/16 MIC LAE
30 C
6 000 r/min 10 min 1xPBS
1.0,
4°C 16 h,
1.3.6
2
ODg=1.0,
0.1/2 MIC
1/2 MIC +1/16 MIC LAE
5%
5 min

3 h,
4 C.

[11]

\1/16 MIC LAE

3h
ODgy
5%
IxPBS 3

o

1xPBS N
LAE
J1/16 MIC LAE,
30 C 3h
BCA ODss

100 C

- sodium dodecyl sulfate—

polyacrylamide gel electrophoresis SDS-PAGE

80 V. 120V 0.1%
30 min 3
1.3.7
[14]
30 C 16 h 6 000 r/min 10 min
ODg=1.0 0.2%
100 . LAE
0.1/2 MIC /16
MIC LAE.1/2 MIC +1/16 MIC LAE,
160 L 96 30 C 24 h, 96
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3 . 170 uL MIC 64 pg/mL.
0.1% 15 min 3 o LAE
180 pl. 33% 595 nm o
oD 2.1.2 LAE
1.3.8 LAE “ 7
o LAE
[15] 5 1 5
46 C
2 MIC 100
LAE o Imic 80
0.1/2 MIC .1/16 MIC LAE. 1/2 MIC % 2 mic o &
+1/I6MICLAE, 5 pL = laMIc h
30C  24h Vs e 40
1/16 MIC
’ 1/32 MIC 20
. o 0
1.4 R
. AT AT AT AT AT AT
3 GraphPad Prism Qq,@()‘o @C;@(;‘@@ @Q ®Q @Q
8.0 Student’s t RESNENSEN N
P<0.05  P<0.01 . AR Tl
1 LAE
2 Fig.1 Synergy of carvacrol and LAE against P. fluorescens
2.1 LAE 1
2.1.1 LAE MIC 0.250 mg/mL 1/2 MIC .LAE 4 pg/ml 1/16 MIC
LAE 24 h
1 100% FICI 1/2 MIC +1/
. LAE I6MICLAE  FICI  0.56
Table 1 Activity of carvacrol and LAE against P. fluorescens LAE
el ! AODw Lo, ! AODw
8.000 0 - [LAE 256 o - N [6]
4.000 0 - 128 0 - o LAE
2.000 0 - 64 0001 -
1.000 0 - 32 0557  + U8 AR
0.500  0.002 - 16 0687  + N
0250  0.120 + 8 0742+ LAE
0.125 0550 + 4 0758  +
0063 0600 + 2 0776 +
AOD=0Dgp 21-0Dgo 01, — + 81 mg/kg BW~
810 mg/kg BW DNA
1 =0.500 mg/mL
=l LAE
=0.500 mg/mL AODqy <0.05 0.5 mg/kg BWE!,
MIC  0.500 mg/mL. LAE

Fang 1 - 1 LAE
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° 12 MIC +1/16 MIC LAE
213 LAE a 025 nwc 1/16 MIC LAE
0.20
LAE z 0I5
Q
2, S 0.10
1.0 0.05
08 1/2 MIC +1/16 MIC LAE 0
. 172 MIC
1/16 MIC LAE 0 30 60 90 120 150 180
g 0.6 /min
8 x
0.4 b 0.25 1/2 MIC +1/16 MIC LAE
1/2 MIC 1/16 MIC LAE
0.2 . 0.20 ok
0 g 0.15
0 2 4 6 8 1012 14 16 18 20 22 24 S
/h S 0.10
24 h * P<0.05 ** 0.05
P<0.01 . 0
2 LAE 0 30 60 90 120 150 180
Fig.2 Effect of carvacrol and LAE on the growth of P. fluorescens fmin
a b 1h ik
2 4h P<0.01 .
24 h 0Dy 3 LAE
0.795 1/2 MIC N
1/16 MIC LAE 24 h ODgy 0.394 Fig.3 Effect of the combination of carvacrol and LAE on release of
0.646 1/2 MIC +1/16 MIC LAE intracellular proteins and nucleic acids from P. fluorescens
° 24 h 1/2 MIC +1/16 MIC LAE
172 MIC 56.3% P<0.05 1/16 MIC
LAE 24.1% P>0.05 1/2 MIC +1/16
MIC LAE 97.9% P<0.01 . °
LAE N
2.2 LAE 2 LAE
2.2.1 LAE
[ISJO
221 222 LAE
- LAE
3, LAE 4,
3 1/16 MIC LAE 4
0D, 0D . 1/2 MIC 1/16
P>0.05 1/2 MIC 1/2 MIC +1/ MIC LAE
16 MIC LAE 1h - 1/2 MIC +1/16 MIC LAE
° 172 MIC +1/16 MIC
LAE 5 1ol
ODy, ODy, 1h 31.2
17.5  P<0.01 ° - LAE
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a. 3h b.1/2MIC +1/16 MIC LAE 3h ¢.1/2 MIC 3h d.1/16 MICLAE 3h .
4 50 000x
Fig.4 Transmission electron micrographs of P. fluorescens 50 000x
B, 0.01 1/2 MIC 32.1% P<0.01
LAE 1/16 MIC LAE P>0.05 .
o SDS-PAGE
2.2.3 LAE 5b A
LAE 5, 1/2 MIC +1/16 MIC LAE
5000 4
a
135.35.25kDa 17 kDa B .
=
E 4000 1/2 MIC +1/16
o0
=
<~ 3000 o MIC LAE
LAE
2 000
1000 ok °
—4— [12I\ [10] [13]
0
A B C D
2.3 LAE
b Marker A B C D
180 kDa
135 kDa
100 kDa
75 kDa 23
63 kDa o
45 kDa
35 kDa 131 LAE
25 kDa 6.
3
17 kDa
b. SDS-PAGE Marker. A. 2
B.1/2 MIC +1/16 MIC LAE C.1/2 MIC D.1/16 éﬁ
MIC LAE o P<0.01 . R **
5 LAE
SDS-PAGE 0 .
Fig.5 Effect of carvacrol combined with LAE on intracellular A B C D
protein content and SDS-PAGE profile of P. fluorescens
A. B.1/2 MIC +1/16 MIC LAE C.1/2 MIC D.1/16
5 MIC LAE ok P<0.01 .
6 LAE
1/2 MIC +1/16 MIC LAE

Fig.6 Effect of the combination of carvacrol and LAE onbiofilm—
84.1% P< forming ability of P. fluorescens



2022 7

43 13
43 —
6 1/2 MIC +1/16 (24
MIC LAE.1/2 MIC 1716 MIC LAE 24 h 2.4 LAE
97.0% P<
0.01 .61.5% P<0.01 3.9% P>0.05 .
LAE N
5 [14] I25]O
1, LAE
DNA ° 7 8.
7 8 1/2 MIC +
a
b
a b 1~4 172 MIC +1/16 MIC LAE.1/2 MIC \1/16 MIC LAE.
7 LAE
Fig.7 Effect of the combination of carvacrol and LAE on swarming and swimming of P. fluorescens
600 3
LAE
2 400 MIC 0.500 mg/mL. 64 pg/ml,
= 172 MIC +1/16 MIC LAE
200 FICI 0.56
. 172 MIC +1/16 MIC LAE
0
A B C D
° LAE
A. B.1/2 MIC +1/16 MIC LAE C.1/2 MIC
D.1/16 MIC LAE N
8 LAE A A
Fig.8 Effect of the combination of carvacrol and LAE on area of ©
the motility zone of P. fluorescens LAE D

1/16 MIC LAE

92.5% 65.0%. LAE

13|
o
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