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sulfoxide, DMSO) ; BEWE 5 | VT J5 L IE A= W H AR I
MAERAR,; FRARIOCEIR LK GHEN A
(FITC—conA), 3 [E Sigma 2\ 7 ;6 Rt 45 B
(10:1 i A TR ELY M R 10:1 4 4R FE 32 L By
AR 10:1 T F B AR 10:1 A S B A
10:1 Fff $EHU R R (1001 ORI A ) Ok
8T R AL R S IR By K (2 98% ) , 7 Bt I
YR A RAF
12 UHB{5EHF

MULTISKAN GO 1510 fi#rf¥, 2€[E Thermo
23 ) BPC-150F A=Ak E 9548, bl — 1R = U
A R VITEK 2 Compact 4= H Zh 024 91 % 5E
G, g R (h EDABRA A BX 519060
5%, H A Olympus 24l .
1.3 Ak
1.3.1 WHREE WHRETRE 2R E . JEEU
SR SAALBHA Y, FH 16S DNA ZEATHAHE, 5]

¥ (27F) :5' ~AGAGTTTGATCCTGGCTCAG-3" ; F
U519 (1492R) :5'-GGTTACCTTGTTACGACTT-
3" AN B DNA A i 47 5 & il 55 =X 5
(Polymerase chain reaction, PCR)¥ 34! PCR ¥~
BB KN 195 CHIAEPE 5 min, 95 CAEE 30 5,52
Cil ’k 305,72 CHEMH 90 s, T H 30 PMEH,72 C
PRI 5 min®21 PCR 7= ¥ 36 46 R BE PR 3, I ) 445
JL7E NCBI ™ 35 #£ 17 Blast ext, Bl MEGAS #f4f
PR Gk B R,

1.3.2  BRIEARIEHE SRS S AR & AR
30 CFE IR T is 5% 24 h 19 #k 2 28 B ER
K, Ik B AL £ 0.50~0.63 22 FK B 1) B
W, 75 GN R L, AL 42 Fh ic i 4 i) T B 100
plo ¥ GN F& T# R & 1,30 CEF 24 h, H
VITEK 2 Compact 4% H 3 53 B & 48 32 L GN
AR K AR, AR TR R I Rl R A 1 4 SR
GN RBY#Ii /A an 1 s,

#1 GNIREIES
Table 1 Distribution of carbon source on GN plate
1 2 3 4 5 6

A APPA AGLTp BXYL SAC SUCT CMT
B ADO dGlu BAlap dTAG NAGA BGUR
C PyrA GGT ProA dTRE AGAL 0129R
D IARL OFF LIP CIT PHOS GGAA
E dCEL BGLU PLE MINT GlyA IMLTa
F BGAL dMAL TyrA 5KG oDbC ELLM
G H2S Dman URE ILATk LDC ITATa
H BNAG dMNE dSOR AGLU [HISa

AR A BRI AR B AR S A FR L VITEK 2 B e

1.3.3  AWe B e s A KRR T80 CIY
RN TE 8-4 ff ik , B2 AP TR 1 TSB W 4
R 16 (36 = 1)C R 5% 24 h 164k K &0
2 IEfE 10 h DL B E B FIB AN E (OD) N
600 nm ZbFiBEZE 0.5, 96 fLEGEAR AR T A 195
L TSB Kigidk, ARG IR M AR 5 L BB TR
ZghRAR AL BB 6 AT LA X TR
30 CHAF T bR EGEAR ARG 5% 24 h W B s A AL
VA V7 U T JC T A BRER K TS ki B 3 I
B AR WL 200 L FH B A BE AL f #8815 min
52, W O T R v A A T WU B

4k H

WP R 1 g/ml B 45 &b 55 BERR B 3 i 200 wL fin A
FAL e 8 5 min, BSOS PO K R Z
PR bR AR, A R N AR AR T LN
A 200 pL 33% 1% , ARG ODgss [P

1.3.4 FHWIREY S EY B EIER 2%
Andreia ZE PRI K 35 2 7k R R R
s o 1 ) 5 g /N B B VR (MIIC) B 195 plL
FH TSB X5 5% JE # B 1Y A [A] 5T 4 v B (50,25,
12.50,6.25,3.13,1.56,0.78,0.39,0.20,0.10,0.05,

0.00 mg/mL) {146 ) $2 Y U A 31 96 Lk 7%
G, 5 1~7 £1 50 Rl 5 Wl ODgon=0.5 ) 1 %
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W5 8 ATANIETA MBS I IR, 7E 30 CHE IR 4%
P 8537 24 h, SR 5 AR UL F U, 32 HH AR BH i
KT A AL, X R A 4 4R B 4 o e e
YR MIC., [R1Es, 452 B8 1.3.3 5 )5 6 00 5 A W i A
FETT BN R | B 2 BUR 56 B8 2817 ik 18 4347

ﬁp%u%z(%)ZMXIOO
0D X} HE

1.3.5 A 90 $2 U 0 A Wy ok S (R s PR AE L 7
96 LA AH it i) TSB 55 3 58 K515 2 M 14 8—4
B NTFIEFR 24 b WIS R AR L P 85 R W FL AR
FHTCH A KEE, B 3K, K 195 uL H
TSB % 7% H: 5 B 19 A8 [a) T £ v B2 (50,25, 12.50),
6.25,3.13,1.56,0.78,0.39,0.20,0.10,0.05,0.00 mg/
mL) AR B AR O A E) 96 FLARA% 91, 30 CHE
F% 24 h %8R 1.3.3 50 5 0 AR W ek B ORIt
TR R 3 B i 22 BBORE DG B8 HiE 1R AT A5 4 A

?%EI%%%(%):%XlOO
ROy

1.3.6  AEY WA e K L —20 96
UM RS FR I sT 2s, FJC TR B R +h % vl s W o
VeALAR 3 W, mE AT I B B AE O 10% MTT %
W5 TSB B 323 IR 1:9 IRA A, BfLn
A 200 L AW ,37 ChEH IR 4 h JFHUE 5%
TR, FH G R W T 46 2 o Vs e LA 3 R A
200 wL. —H AL (Dimethyl sulfoxide, DMSO)
8 10 min, 5145 & W F B 5050 5 i o FH B AU
FE K 490 nm Ak AR A

1.3.7 BOCHERERI B MBI K W
AR 12 W it , ] PBS W Bk 3~5 min, EH 3 K,
A 2.5%)0% —HEFRE 2 h [BE 5, PBS 2 UG Uk

3K BB R 2K 5y, 50 we/mlL B FITC—
conA I INFEIE A T, 76 4 CROLSM T
30 min, ] PBS & i Tt s v M 3 B T
LeicaTCS SP5 i GIL A BB, 7E 488 nm
BOR P S5 R IR LS
1.4 HIERE

X H Microsoft Excel B4 #E17 840G AL #1 . X7
A W9l IBM SPSS Statistics 20 74 ANO-
VA B 7 & I3 T ER R AR v Uk 3l
e ISR A ar b, 22 57 B 3K P<0.05, 54
FHEE bR 22 320K

2 #ERERH
21 AHAPREBREEENLEE

ERTIRE R T AR, BRI 8-4 KA
588 2E ) DI BB LB 72 K a2 B ML TR HE AT 168
rDNA T, K 005 45 5 7 51 #F GenBank £ 4 1
HIEAT Blast K3, 28 FLX e MRS 28 235 1% rp i B 35
IR B AR R 999% LA I i ML R R % , SR EL Neigh-
bour—Joining J5 15 H 2R 58 & A SRR, 45 R an &
1 7R o DA B 45 SRR 2 ) AR 255 4017, 1%
15 BRI T 5 4 PR 1 PP103 25 B A M B R (Pseu-
domonas pp.) W B PEE IR R i — 20 X%
HEAT AR AR AL S 5 >R AT VITEK 2 Compact 4= H
NEY S RGE AT T, X RGO EAR A
J N 25 S 5 T bR B AR AT R, NI
RO WA R R R ZE AR B R, S R
OYHT, I E A B 8—4 v AN AN B (4
F2HIR).

61 I KT7678851:21-1414_{R B Rk F38 16S B ARNAR R &5 /751

KF317876.1:33-1426_{R £ FAEE#k ex6 16S #ZHEARNAL E &5 /551

| KT7678851:21-1414_{R ¥ B Ei#k F37 16S ZBARNAR R B4 /55

KJ726618.1:6-1397_KEf8{R $ MM Bk OTC1 165 ZAMIARNAL E #5453

KF152314.1:31-1424_{B % faB 4k PP103 16S A2 BEARNAZL F 285 F31

84

FN650723.1:38-1431_{R S fEE 4k R-37260 16S ZHEARNAZ F #5751

AB685668.1:38-1431_{BR B Bi#k JICM_5461 16S BMAERNAL B X85 /751

HE979863.1:10-1403_{R S M B @itk KK-21-4 16S £ZPEARNAZ B #5 /F51

KF153216.1:32-1425_{R ¥ BB PP109 16S ZHE{ARNAZL B 85 FF5)

CP017687.1:3895431-3896824 1425 {45 3 B Bi#k AUO44 © 2K

FJ999660.1:30-1423 {5 § B #i#k HWO08 16S oS {ARNAR E 285> 751

KP745571.1:2-1395_{R S FAE B #k 2K 16S 2 BE{ARNAZEE RS FF5)
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Fig.1 Phylogenetic tree made by Pseudomonas sp. 8—4 based on 16S rDNA gene sequences
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Table 2 Analysis of carbon source metabolism fingerprint of Pseudomonas luteus in chilled meat

A I 2 AR ZR AR I 2 AR ZR A ALK B B AR ZR
APPA - IARL - SUCT +
H2S - dGLU + PHOS -
BGLU - dMNE + LDC -
ProA + TyrA + BGUR -
SAC - CIT + IMLTa +
ILATk + NAGA - dTRE -
GlyA (-) [HISa - 5KG -
029R + ELLM - dSOR -
ADO - dCEL + PLE -
BNAG - GGT + BAlap -
dMAL + BXYL - dMAN -
LIP - URE - OFF +
dTAG - MNT - AGLTp -
AGLU - AGAL - BGAL -
ODC - CMT + PyrA +

GGAA - ILATa -
B R REBEME TR 85%

22 HYEINYNXEBRAREEYHENID
#1E A

P 2 R o i MR B (1) 6 AR 4 4 B X v
B {15 B BT A 4 4 N (L A S ), R )
Yy iR FEAE 50~3.13 mg/mL 5 BB, A= 49l s
BE S AT A AR B B o VR A OE A O
£ 3.13~0.20 mg/mlL JiT 5 i FE 38 BBl > 25 4 Bk A 4K
{E AR DX JB] , AH P 3 B B i vk /T 0.20 mg/
ml B 2B P IR 500 N 0 | A AR AR SR HUY)

0551

AT

L SHERID)
() T S
BB
045 0 i B
T g LC]

0.40
0.35
0.30
0.25

A W I KUAE (ODgssn)

Biofilm determination value (ODgssum)

0.20
0.15
0.10

50.00 25.00 12.50 6.25 3.13 1.56 0.78 0.39 0.20 0.10 0.05 0.00

FEL ) £ By I Ak vk 32

Plant extract mass concentration/mg-mL™”

() B B IDUYI P T A4 0 4 /1 i i

U B A DG, AR B O MR R B
ik, WA SMAERIYAENT ST 3.13
me/mL A% ¥ B M5 BB B A A w0 ) AR
FH 0004 FH B o 2t v B R AR M a0 55 . 3% 3 R 6
PRI XTI B A MR 1) MIC DU 2558, T4 .
PREE iy | 5% I 2 JBCH 0 3 v A B B TS B A
VR o 3 2 S 4 B 6 v B B T A MG Ay
25 mg/mL, 45 AE £ U R 1 B R BRI TR 1) MIC
H 12,5 mg/mL, WA GHEARRY K TEHT

80
60}
40
20
0
20
40
60
-80
-100
120}
R
50.0025.0012.50 6.25 3.13 1.56 0.78 0.39 0.20 0.10 0.05 0.00

FEL ) B B I Ak v 32

Plant extract mass concentration/mg-mL™"

(b ) R 412 U 0 A 0 I 4 ) 5

i
Inhibition rate/%

B2 iEY IR A X i B (R S R A A AR R B D R

Fig.2 Inhibition effect of plant extracts on Pseudomonas luteola biofilm
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MIC B, 32 58 a4 ) B R A i 400 i A= 0 4 s
TR, BRI, AL P B e 25 S 2 B (1B 2) , #E
T A5 /N B e BE (SR A 922 25 mg/mL &R AE . 12.5
mg/mL) B, $2 B A= W e 6 i i LA R4
AT g & BT TR B R oL R b ke ) B O A b

H T S I R Bl A AR e 1 T O E A

eI

3 2o 3 BT R 0 4R BB X 1 Al B R A ) B
A ) S5 (P 2 ) B2 M AT O i 2 o M 4 A AR
YO ok 34 I R TR A ) 8 ) 40 o 2CR B
XX P b 48 HU) A 0 B 0 4 D S SR 4
2R IR LE MY R B AR

®3 EYERBUMNLXERERE MCHUEER

Table 3 Determination results of MIC of plant extracts against Pseudomonas luteola

BB HL BT AR AR
TR E R
mg-mL" FAERRY ARERRY THERRY HERERY FSRRYS RS 4 R BR
50.00 - - + + ++ -
25.00 - - + - + -
12.50 - + - + ++ -
6.25 + + ++ ++ -
3.13 + + ++ ++ -
1.56 ++ + + ++ ++ ++ +
0.78 ++ + ++ ++ ++ +++ +
0.39 +++ +++ +++ +++ +++ +++ +
0.20 +++ +++ +++ +++ +++ +++ +
0.10 +++ +++ +++ +++ +++ +++ +
0.05 +++ +++ +++ +++ +++ +++ +
SRS R +++ +++ +++ +++ +++ +++ +++
=8 3R - - - - - - -
T =" ARER RN, RO M, R R T TR,

23 HEYRBUMEXEREMEEDEIRNE
BR1ER

K 3 RS F B vR BE 1 6 MR ) 42 )
XoF B MR PPN B A T I B R AR o A

2 EH L)
HEHLH)
ey

] 4y
MR
FOTJEL

A W B O 2 B

Biofilm determination value (ODgssm,)

50.00 25.00 12.50 6.25 3.13 1.56 0.78 0.00

L 48 B S R

Plant extract mass concentration/mg-mlL™"

(a) AEHHEIBCHIPE T AL Wi I 0 A i et

kR

Scavenging rate/%

L) i BB X e 118 P TR 2 0 50 B R 14 2
i (P 3b) Al R 3 2% D R 4 SR AE B2 B o i e 1R
P T A B PR R AR b I AR K e
S B v ) g DR S e AV ) A 0 B 4 T R

)
L LogaEr ]
|t UL

P I T (R | [T
50.00 2500 1250 6.25
A W) 2 H ) Jo o

Plant extract mass concentration/mg-mlL™

(b)) R 412 U T A 0 0 I 3 8 o5

| -y n
313 156 0.78

Il | -

B3 EWRERMAERREEEMEENERIER

Fig.3 Scavenging effect of plant extracts on Pseudomonas luteola biofilm
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—a— /%

°
o

°
=)

%
Inhibition rate/%

A W BN S B

Biofilm determination value (ODgssm)

o 50.0025.0012.50 6.25 3.13 1.56 0.78 0.39 0.20 0.10 0.05
Chlorogenic acid mass concentration/mg-mL™"
(a)
4
Fig.4
25 ZFEBRWMAXERIEEEEVKENERN
il
251 ZRIEFRX A WIS S B e A AETR

i R A ) W B R, A (R i
JEE £ J i A PR B ARCBAL M T, S5 R AN 5 B B
A A SRR o e BN, X AR W W T #6407
PR S R ISR Y foe /NI R B2 R 3.13 mg/
mL, FLJFCHE e AR, 3 R A A, it — 28

I 24 1
I 48 12 s E
4t
I
E E 3t
= S
e,
LT
2
1 .

0
50.00 25.00 1250 625 3.13 156 0.78 0.39 0.00
Chlorogenic acid mass concentration/mg-mL™"

(a)

0.39 mg/mL I 40 il T A A= 1 B4 BE T 72 T BRI 4
0 AR ) 4 ) b 2 SRR S AT AR 22 S, R T A
45 HR AL B IO T3 2 e i A o 3 R L 1 A
Py W A ) RORAS [ B 2 2 A
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£ 20¢ 50

g 18f )

. T el o . \'/f 0
o e —
& = 14 1 N
R = g
7 orep 50 =
= 5 1of w2
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c 08f 100 2
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5 ES' 06 %
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Inhibitory and scavenging effects of chlorogenic acid on Pseudomonas luteola biofilms

T 9% 3 I R X6 A 0 4 IS P T BRAVE L, 6T B 2
AR Z 5 ISR R, R A= BT ) Y
BUOAE o B 2 2% i TR O o VA B T oy, 2B ) BT )
R SAK T e/ N B 3.13 mg/mLL B, H X
A 5 R A T BRI S B W R A A, X
) 4 U % AR W Bl AR IS D) R HA T BR A
FH - XA 0 BB 1) T ok ML o 2 38 00 o) 7 4 A
DN AR LT

I 24 b AR E
I 48 A A BRIE A

Biofilm activity

A PIREIEE F1

ol
50.00 25.00 1250 6.25 313 156 078 0.39 0.00

23 SR T vk
Chlorogenic acid mass concentration/mg-mL™"

(b)

B5 HREBIEREMRAMEEWEETHHMEIBFRER

Fig.5 Effect of chlorogenic acid on the biofilm activity of Pseudomonas luteol
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252 RIERRAEH M EY R E B %
JeYe Rt FITC #7121 ConA 5 41 1 (1 il 7h 2 45 ¢
FEGIF R IMBETE, TOUF T RIS 5 20
AR, SRR, FOUE SRR
5, F FITC—ConA Je (o /LMW )5 , R HIOL 3t
5 0 WU WL % g D I X A 0 0 B ) 0 o S8R
e 6 s, & 6a Fl 6b AT, 1E = T /M E
W Z 3.13 mg/mL 5 PF T, S IR 1 A 90 o R 4 A
KA A= W™ 2, G A0 2 R T A 2 1
R o B 6c Fl 6d AT ILIEGAF S 1G5, B AR

(a)50 mg/mL CA Hy40 i /E

(d)6.25 mg/mlL CA 40 i 1 H

(2)50 mg/ml, CA 935 BRAE A

(j)6.25 mg/mL CA WTEERIEM  (k)3.13 mg/mL CA MIWSBRIEH (1)1.56 mg/mL CA BYIEERAEH] (m) T4k SR A HI 00 A5 4 i s 151 1%

(h)25 mg/mL CA 75 B

R A DN IR R RS o, L R AR W LB . AR
Kl 6d HaT LA BERE 4 X R UITE 6.25 mg/mL £ 4
FEbR S R ZE R, P e I O #8 4% . 16 BRI I
Z  FEM R AR A 2 HEIR AL . ] 6m R TSB
Br R BN R 22 2 10 AR WU I S SR RE B
0 T BB A A I 4 0 T /DN A R IR B
38 sk A7) I 00 o) A A R ) A TR B A
FEE 5 M1 T e /N0 A R 3 a0 o) A ) i RO
JSC ST AR G5 K SR AT T A R AR

TEH R 24 h (09 U A W 9B o fin ACAS TR)

(b)25 mg/mL CA B HIER  (¢)12.5 mg/mL. CA [ il 4

(e)3.13 mg/mL CA fMIHIMER  (£)1.56 mg/mL CA #41 1E HI

(i)12.5 mg/mL CA 3% B 1 H

E6 SEBEMATHRERIMAEVHBHHLLRBRERK(20x)

Fig.6  Confocal laser imaging of Pseudomonas luteol biofilm under chlorogenic acid(20x)
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XA 0 e B T R SR B W0 55 . FH FITC—ConA
Je ARG, O IR A 0 B W 45 SR X
A= 0k B A T PR AR, LI 6g~m, Bt % S IR I
T R AR, A 0l R A T 3 2 | A Wl ST
PRZE PRGBSk D R X A6 ) e B 11 355 ok 4 P o
T A 0 T ) ST AR S A

3 it

ASBIF FE Ik B 2 SR RE % 0 <] AR ) 9 A B
JI, o A W WO B T BRAE I . 2RI A2 )
BEREE A AN BRACR 5 B R A O SR IR
YRR (9 1803 A8 0 1l B8 3% g 5 ok 5 A DA
K, XU 4 I R RE A5 92 385 21 A ) I PO, 0 9
B H A IR R T4 R R W] SR R
3 o 0 ) {5 B T R A K T A o 2 0 i
T, XA VB R A TR S5 4 T A2
PO BRI A, T B Y B W 2ROk, B R
R AR T R R A M5 A ) A P AR i
S 2 DR i B 2B W 3B AL o) R e a5
FEWIRIE S TR Ty, (0 AR W R A 25 B
A LR, BT R A B A W 0 I P 0, X i AR 3
T AR o ASBIETE AR G R T PR o o
4R I S8

Z % x W
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Effect of Plant Extract on Pseudomonas luteola Biofilm

Li Yuxuan, Wang Lin"
(China Meat Research Center, Beijing Academy of Food Sciences, Beijing 100068)

Abstract In order to research the inhibitory effect and mechanism of plant extracts on the biofilm of Pseudomonas lute-
ola. The effects of 6 kinds of extracts, such as dandelion, honeysuckle, clove, cinnamon, mint and mulberry leaf, on
the biofilm formation of Pseudomonas luteola were measured. The clearance rate and inhibition rate of biofilm were calcu-
lated. The results showed that the extracts of dandelion and honeysuckle, which contains the same functional components
— chlorogenic acid (CA), has the best inhibitory and scavenging effects on the biofilm of Pseudomonas luteola. Under the
action of chlorogenic acid, the amount of biofilm was determined by crystal violet method, the metabolic activity of
biofilm was determined by MTT method, and the apparent morphology of biofilm was analyzed by laser confocal scanning
electron microscopy. CA had a significant inhibitory and scavenging effect on Pseudomonas luteola. The metabolic activity
of biofilm was reduced under the action of CA. High concentrations of CA prevented the bacteria from conglutinating to
form biofilm. The bacteria could form biofilm at low concentrations, but the stereoscopic property of the structure was
low. Conclusion: CA from the plant extract could inhibit the formation of biofilm by inhibiting the growth of bacteria,
weake the three-dimensional structure of mature biofilm, and have the ability to clear biofilm

Keywords Pseudomonas luteola; biofilm; plant extracts; chlorogenic acid; inhibition; clear



