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Role of VirAB in antimicrobial resistance and biofilm formation of
Listeria monocytogene
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Abstract: [Background] Reduced susceptibility has been found in Listeria monocytogenes to
antimicrobial agents such as several clinical commonly used antibiotics and nisin. However, mechanisms
behind this are still unclear. [Objective] To study the role of VirAB transporter in resistance to
antimicrobial agents and biofilm formation of L. monocytogenes. [Methods] Gene deletion mutants were
constructed by homologous recombination, and resistance to antimicrobial agents was determined in the
wild-type and mutant strains. The ability of biofilm formation was measured using the microplate method.
Swimming motility of these strains was investigated by plate migration method. [Results] The mutant
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strain AvirAB showed increased sensitivity to cephalosporin, nisin and ethidium bromide compared to the
wild-type strain; the mutant strain exhibited varying degrees of growth defects in the presence of
sub-lethal concentrations of benzalkonium chloride, kanamycin and tetracyclines. Decreased ability of
biofilm formation was observed in AvirdB. [Conclusion] VirAB plays an important role in resistance to
antimicrobial agents and biofilm formation of L. monocytogenes.
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Figure 1 virA/virB gene structure diagram
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Lm FrifER R BEGD-e FHAEHITTE A% #h#
P2 KT E DHSo A2 S ANAEIA A 3T & i
SHEVHEARARAT; KIBFE HB101 Fl5AL
pPL2 25 2R K2~ Hannu Kokeala (4% 2
s ZERR TR pMAD A SEI 2 (AT
1.2 EERXFIFNE

7K #. 5 4% (Benzalkonium Chloride, BC),
242 B Ab 22 A BR A Al 5 984K 2 %€ (Ethidium
Bromide, EB). DL2000 DNA Marker, JbEI2%K
FRHEABR AR AR SE R 41 DNA $2 B0 £
RealMaster Mix (SYBR Green)id#l &, KR4k
B AL A RA T SR E PCR [§H ANTPs,
FAEY TRKGE) AR 4178 RNA $EB0AH
&, BT REVEARGRA R Bk Mg
& . PCR F=@yalifbidsn e . FRulENbImE. Kml
WO & . T4 DNA #EHG, FEBR CH/RBHEA
Als 5P T e AR AR AT RS BB

FERY R, ACR AR QB AE IR A R A
Al RIS A, LR AL A BR A F 5
B0ML, Sigma AH]; BERBUG T RS AL
fihif¥, Bio-Rad Aw); SERHEHE it PCRIX, ABI
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ol A ASAERKIMZ L, Oy Growth
Curves Ab A FRAF]; HIE BB, Leica A,
1.3 HEHRE

figi 00 Wi 5% 3% L (Brain Heart Infusion, BHI),
JARHGAE YR R AR LB Hi5i b (g/L):
EERESEIY) 5.0, REFFR 10.0, NaCl110.0; [
MK 5. A7 55 37 3 (Tryptic Soy Broth, TSB), b
HEREERHARAA]; ALOA Kigidt, Jbmigs—
R A R W 5 BHIFBC Ki3R5E . BHI WA
FRHEEHEM BC BLUREH 2 pg/mL.
14 7%
141 EFERRRTHRGE

I 2R 2L 2 DNA $2 B & R B Lm BF

R1 FHARAASIY

Table 1 Primers used in this study

4: ¥k EGD-e IFEH 4L, L) EGD-e 3L 4] DNA
Wi o34 38 vird . virB Rl virdB W) IR T £l
U, 1P A LR 1, A FH B & 4Eff PCR (Splicing
by Overlap Extension PCR, SOE-PCR)!'4; A 4351
fle 3 MR P b RURREIIE , Ba e SR
Bk £ Ui Il U] R Aifb s, 5 SR Ok
pMAD A T34 KW o R K R 52 B
A BB A 2 R T T DHS o S8z 2821 -, i
TE PR A R I 1 22 p o 4 0 B A WD R A BR 2
AT
HHHEH R G kil EGD-e J&z A4,

Y 56 4 TE A B F A PR L 5% 2 EGD-e A8
YR, FHLLE R PO Rk 528 bk

519 5]l BIRE YKE &
Primers Sequences (5'—3") Annealing Sizes (bp) Remark
temperature
69
1746-1 CGGGATCCTATGCTCCATTACATTTGCTT (BamH I) 49 705 virB i [a] Ve
1746-2 GGGCTTTATTCATTACTTGGTGGGCTTTATTCATTACTTGGT virB upstream homology arm
1746-3 GATTTCTTTTTCAGTAACCCCACCAAGTAATGAATAAAGCCC 49.7 549 virB I i [Fl 5
1746-4 CGGAATTCATTTTTGCGGATGAACCC (EcoR 1) virB downstream homology
arm
1746-5 NNNNNNICTAGATTACTTTTTATTGGCCATCACAATT (BamH 1) 54 2184 virB [R5 )75
1746-6 NNNNNNGGATCCAAGGACTCTCTCAAGCAAAAG (Xba 1) virB palindrome sequence
1747-1 NNNNNNGGATCCACCAAGTAATGAATAAAGCCC (BamH I) 50 547 vird i[RI
1747-2 AACGTAACGGGAGGAATACAATTTTTGCGGATGAACCC virAd upstream homology arm
1747-3 GGGTTCATCCGCAAAAATTGTATTCCTCCCGTTACGTT 51 559 vird T Uig R
1747-4 NNNNNNACGCGTAGTTGTTTACTTTGGATGGC (Mlu I) virA downstream homology
arm
1747-5 NNNNNNGGTACCTTAAATAACATCGTTTTCGCCACC (Kpnl) 55 927 vird [R5 )55
1747-6 NNNNNNGGATCCTTGGAATGGAAATCTTTGTGGAAAA (BamH I) vird palindrome sequence
1746/1747-1 NNNNNNGGATCCTCACGACTTACAATGCTACCT (BamH I) 50 589 virdB bl IR
1746/1747-2 AACGTAACGGGAGGAATACATTGGCTTTTGTGGTTATTTC virAB upstream homology
arm
1746/1747-3 GAAATAACCACAAAAGCCAATGTATTCCTCCCGTTACGTT 50 559 virdB T iR Y5
1746/1747-4 NNNNNNACGCGTAGTTGTTTACTTTGGATGGC (Mlu 1) virdB downstream
homology arm
1746/1747-5 NNNNNNGGTACCTTACTTTTTATTGGCCATCACAATT (Kpnl) 54 2 896 virdB [R5 73]
vir4B palindrome
1746/1747-6 NNNNNNGGATCCTTGGAATGGAAATCTTTGTGGAAAA (BamH I) sequence

T RHAHER I e SR RS 5 R RIS S 2R UL

Note: Italic partial sequence indicates protective bases; Underlined part indicates enzyme digestion site
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1 1746/1747-5 . 1746/1747-6 #£47 PCRIH 1 3L PR
SRR TRIR, IS 5 pPL2
FokiiEde, SRR 2 R DH101L He o
DLBAPERE AL W AARTR , Bl S8 8 Mk Ry AR TR A 7
BEHY, ESARAERT.S ng/mL)F) ALOA F
MBS 7, 4 PCR Bl 5 e & AA5 2 %%
ARk, TRl R ok pPL2 5 B8 iR gk igfb E Hk
GRALIRAE Iy %] BRTAT AR
143 ZYERRMERE

Fie [ 3 [ I DR S5 56 % A 1fE 13 23 (Clinical and
Laboratory Standards Institute, CLST)#E## I EAEHi
o G DN S 36 TR R XoF 47 TR 24 ) ) e /N 0 T AR
(Minimum Inhibitory Concentration, MIC){E!"*,
144 FHKAER PCREMERIERKTFE

1 EGD-e WR-F-X538 2 4, —HAIES]
LPYE R, 5 — AR IEVENG (2 pg/mL),
37 °C., 120 r/min ZkZ: 5557 30 min, #ZMRANTE RNA
F Watn) G ) (T U B SR A A L RNA, I
TR AR BB TN RNA [k B Fnali 5 —80 °C
TRAFE FH A SR 40 T S RNA U5l ¢DNA,
PA cDNA 1 Mt ,, f#i A RealMaster Mix (SYBR
Green) ik 7 £ HEAT S22t E & PCR™ . SR
2N A T DR S K A3 AT
145 HERK#izoHh

MRS PRI IR TR R TE BHI [ (A4 |
R, R ARV IS, 205 PRR 3 DA E Y
PSRRI 2 BHI AR IR A 37 °C . 120 r/min
B . WA 1:100 1 LB 53 5 e e &
BHI 1 BHI+BC (2 pg/mL) ARSI, SRI5F
%3 100 fLEEE b A4 Y4 A sh ARl
LA 5E T ODegoo fH. I DMFit # 4 (9 [
AT BT LA A K 2, IR R
H K IR ¥ 1] (Lag Phase Duration, LPD), F#fx
KA K (Mean Maximum Growth Rate, MMGR)
DL K V35 e KO %% B {1 (Mean Maximum Optical

Density, MMOD),
146 SHCENERMM ERERMEAIEZNS
MR

HAR T 2 IR SR A T - W B 2E
Pk EGD-e NS AE bR 135 3240 3 A8 10 5 oA B2 7
B WA AN M S2 R BB D TR B s B AN
iR R BHI A& A AR EDTAE R ) BHI
AR b, 37°C K555% 24 he
147 WAMBERNE AN ERKFAEYHIRL
A

HAA 7752 18 Djordjevic 25 B HET T 0%
BRI IR BXEC I (ODgoo (A 294 0.4), 100 15 Hi
B B 200 uL fin A F) 96 FLIFLARH, 37 °C 435
Ki9% 24 .48 .72 h J5 , B S FA BRSO E T ODgoo
i, SRIG/INDFERFLP IS FREL, SRS b
VAL | 95% ) SR e e, FH AR A SRS I
H ODsyo i, TR0 E {5 B B T A,
1.4.8  BEHKKShTER N

487 A4 bk EGD-e FI 2 A8 Pk Avird B4R 2 3 mL
BHI WA 323, 37 °C. 150 r/min B53734 %% .
V4 P 407 198 2 T % e s R 7 AR R AR 85 37 3 (TS B)
B B, R ORI T o K R R 100 fi5)f5, TR
U1 pL BB S AE TSB S |, 25 °C i ks 37
48 h, WMEWEIE LI
1.49 RS

FI I Origin 8.5 A T 45 (1) S 56 B 264 1 XL
B2 ¢ ki 4 #r o

2 HRG54h
2.1 EEREHKHUMESS FERE

i 2 0T 0L, A 1mo1746/1747-1/4 5145%F,
PLBEAL AvirdB 5378 Bk 0 3L R 4L i B 335 15 )
1 148 bp 1Y% Bt A Imol746-1/4 519%), LA
BEL AvirB 57 REI SR A Al 1415 21 1 253 bp
(%R B s AT Imo1747-1/4 511X, LABER. Avird
AR B A AR Y 153 1 106 bp Y%A
B W 45 R 3 W 3K 4 B AL 9 A AR 340 Sy il Bk L2 1)
SRR BRIk
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Figure 2 Determination of the deletion mutant strains by
PCR

7E: M: DL2000 DNA Marker; 1: AvirB; 2. 4: [HPEXTHR;
3. Avird; 5: AvirdB

Note: M: DL2000 DNA Marker; 1: AvirB; 2, 4: Negative control;

3: Avird; 5: AvirdB
2.2 AYEEEIR G

LB Rk EGD-e ML, 3 RRiIC RN Sk e
Bg . SkfimEmy . SkHimbhs | FLERHEBK 5 & (Nisin)
Il EB A9 MIC {H¥FFE 172, X SkAuflhe ) MIC
HFFE 1/4 (3 2), £V VirAB 25 Lm k12
PrA= & . Nisin il EB (it 25
23 EERTHBIMESHTERE

&) AvirdB. AvirB. Avird Bl 58758k
W4 CAvirdB. CAvirB. CAvird, X 3 k&
GEARRRRT S AIE N | S AmEmy | ShAAhnE | Skt
Ji5 . Nisin il EB ) MIC {8152 2 57 4= #R i K
(3 3), FWAAMIFFE rb k)l i) 5 LR e O ik SRy AR
AR, HEBRAR PN A5
24 MWK EE PCR HiFE

1L WENS TE R, virdB 7285 £#k EGD-e

% 2 HHEM EGD-e MRTHRIMMAAYIRNIE
REMIC &, pg/mL)

Table 2 MICs of antimicrobial agents against the
wild-type EGD-e and the gene deletion mutant strains
(ng/mL)

L2 Bk Strain

Antimicrobial agent EGD-e AvirdB AvirBAvirA

¥i4E & Antibiotic

ZETUAR Ampicillin 1 1 11
SkfumEfG Cefotaxime 8 4 4 4
SkHIIEN} Cephalothin 8 4 4 4
SkHifthIE Ceftazidime 16 4 4 4
SLAUEAG Cefepime 4 2 2 2
VP Ciprofloxacin 0.5 0.5 0.5 05
R %EE & Kanamycin 2 2 2 2
PUFRZ Tetracycline 0.5 0.5 0.5 05
&% FE Chloramphenicol 4 4 4 4
FiE K Antimicrobial peptide

FLRRHEBRTA 2 Nisin 125 625 625 6.25
Zel Dye

R4k E 8¢ Ethidium bromide 20 10 10 10
V47K Disinfectant
K45 5% Benzalkonium chloride 6 6 6 6

AR SR KF- S 2 B 8.58 % (P<0.05), 3R
virdB W% 51652 5 L IE G 5% .
25 HERKE%Nh

N T H—H AL virdB 7F Lm Xt BC i 25 H 1)
YEF, % EGD-e Fll AvirdB 7£ BC W8 T 194K il
LRI HT . a5 WoR, JC BC I 2 PR R K
TEOL—2 (& 3A); BC WHEAUE AvirdB ) LPD
HRAE K, & BEGD-e [ 1.71 fi5, il AvirdB ()
MMGR il MMOD 0| 53 5l FAK R EGD-e 1 44% 0
41% (K 3B, # 4),

3 MIC
Table 3 MICs of cephalosprins, nisin and EB against strains (ug/mL)
[E5E7/3 KA i Sk AW} S 76 fth pE K Atantt i FLRRHERR A R BRIk EsE
Strain Cefotaxime Cephalothin Ceftazidime Cefepime Nisin EB
EGD-e 8 8 16 4 12.5 20
CAvirdB 8 8 16 4 12.5 20
CAvirB 8 8 16 4 12.5 20
CAvird 8 8 16 4 12.5 20
AvirdAB pERL3 4 4 4 2 6.25 10
AvirB pERL3 4 4 4 2 6.25 10
Avird pERL3 4 4 4 2 6.25 10
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L2 r BHI 12 BHI+BC
1.0 1.0 -
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B3 EFAE#k EGD-e FIRZEHR AvirdB BIE K 2%

Figure 3 Growth curves for the wild-type EGD-e and the mutant Avir4B

T A: BPAHR EGD-e FIZRASHK AvirdB f£ BHI A K HIZE; B: BFAMk EGD-e FIZEASHR AvirdB £ BHI+BC AR L
Note: A: Growth curves for the wild-type EGD-e and the mutant Avir4B in BHI; B: Growth curves for the wild-type EGD-e and the
mutant AvirdB in BHI+BC

R4 EKESWN

Table 4 Analysis of growth curves

LS B SRR A KR PR RO
Strain LPD (h) MMGR (units/h) MMOD (units)
BHI BC BHI BC BHI BC
EGD-e 3.27+0.192 18.63+0.063 0.349+0.034 0.255+0.016 1.15+0.013 1.14+0.011
AvirdB 3.22+0.197 31.87+0.093* 0.336+0.032 0.112+0.004* 1.10+0.093 0.47+0.021*

e ¥ H5EFAERE EGD-e MH LAY 22 5 B P (P<0.05)
Note: Significantly varied values compared to the corresponding value of the wild-type strain EGD-e are indicated by asterisks (P<0.05)
26 & 1;& 3%1;@;%] Qﬁ% WT AvirdB WT AvirdB WT AvirdB
2V AR A] FIET A bR EGD-e RSS2k Avird B
VIR TR P VA BB 2.25<10" CFU/ML Al

179x10" CFUML, PI#BUIAIE. 408, 5
1F BHI [FI{AFAR I, EGD-e Fl AvirdB ¥REIE 3k f«@
K ZEOTH 0.5 gl RIFERMFHLE, EGDe £ 5
A AvirdB 4 K B L RERBASROCT 100 2

IR T M2 8 AvirdB WA K); HESA
0.25 pg/mL UK K F, AvirdB WK BE
55T EGD-e (7EFr A #i B A5 BT 3470 1k WL ¢ )
AvirdB A1),

2.7 WEABCERERNERSERKINEYHIED 4  FAER TS 4 #k EGD-e FIZRISHE AvirdB 3£
7 R FRE Z AN IR = A0 B

— J1438 222 R Figure 4 Determination of kanamycin and tetracyclines
U SA PR, AE 1L 2003 d B RRALER susceptibility of the wild-type strain EGD-e and the

B} 4 #k EGD-e FlIZE 28 Bk Avird B 16450 (8] B i AR mutant strain AvirdB using the plate-based assay

BHI+0.5 pg/mL.  BHI+0.25 pg/mL
kanamycin tetracyclines

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WRIZAEE: VirAB TESUA% AR M A 2 0rRe BT 25 14 e A= Il BT 1 1 477

A

HWT
0.8+ [CIAvirdB
0.6+

%§ 0.4r
02}
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Figure 5 Biofilm formation of the wild-type strain EGD-e and the mutant Avir4B
T A: HFARR EGD-e 5%k AvirdB [¥) ODeoo fi; B: ¥FA:bk EGD-e 54k AvirdB If) ODsyofif; C: ¥f/E4k EGD-e /EWIH

IR ; D: 75 kk AvirdB A=Y R

Note : A : Wild-type strain EGD-e and the mutant Avird B ODg values; B: Wild-type strain EGD-e and the mutant AvirdB ODs values;
C: Biofilm formation of the wild-type strain EGD-e; D: Biofilm formation of the mutant AvirdB

ELHE 2, 5 EGD-e ML, AvirdB M4
Yol R SRR, 7E 1. 2. 3d 3B R T 5%.
10%F1 60% (&l 5B). W4 T 2 BRI BN A9
BEELERIANE 5C. D 7R : EGD-e J& A% PR
HEYIREIE, AERECE, FLBRIR/N; T AvirdB BR
RETE 50 R 1 B IR AR IR I, (R Z5 R i L AL
BRI o A S A LR E R 25 SR — 3, R
virdB SRR Lm T8 B4 Yok 0 5 1 RRAI
2.8 EkRKNTE

£ 37 °C BEFRAMF T, M THEBEE A B2
PP, BFAERR EGD-e MIZAEME Avird B AR FE
Wk shik, JE RN BB RIETE s 7E 25 °C &A%
T, EGD-¢ Fl AvirdB ¥IRETV 11 28 55 (1 [) 00 BR
ARGV, R RAFAIK b, Wi vk shy i s

A5k 0.6 cm F10.64 cm, TCHE 255 (K 6).
X FBH vird B RS AN W B KR O Dk s 1 o

3 WitE4R

ABC ¥ AZIRAEM A 1) 27, 2
Z 5 EFRYEA . A Y0 HE SR A B
P, Lm B FEbk EGD-e L4 7 7E |-
At ABC ¥z B (ML, AT D HOE 1)
REFS B4 #AT . Collins Z5USURIE, H Imo2114/
Imo2115 4ty ABC #3121 AnrAB /5 EGD-e
XA A S ARG | Sk AR | SR VI AR AL JE PU AR
FEPRY B-INBERE 25 P4 K  Nisin A B KA TR 24 .
AnrAB J& TRk 7 M2+ (Peptide 7 Exporter,
Pep7E)FK %, HilERE AnrB 10 /E5 LS5 43
AT, o SR 7 AN 8 Z A AE— N KA Ah g
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WT AvirdB

BHI

37°C ' -

BHI
25°C

6 FTFHEHK EGD-e FIKEHK AvirdB BIKENIE
Figure 6 Motility of the wild-type strain EGD-e and the
mutant AvirAB

T A 37 °C 1 FBFA: ¥k EGD-e W93k alitk; B: 37 °C 1§40
TRAEM AvirdB WUkEPE; C: 25 °C T§BL T B4k EGD-e
MUK ENTE; D: 25 °C I EL T 27484k Avird B HIK 31

Note: A: Motility of the wild-type strain EGD-e at 37 °C; B:
Motility of the mutant AvirdB at 37 °C; C: Motility of the

wild-type strain EGD-e at 25 °C; D: Motility of the mutant
Avir4B at 25 °C

e, AT BE H S SR s AT A
WEFTE L AT VieB S BEEEF UEAT T N, 25
REB VirB 5 AnrB 458 ML, H5A
10 A~k , 7 ELES A 7 1 8 Z AIAFAE— K
RSN, PR FRATHEN VirAB A et 5
EGD-e XHLR Y I 2546 ¢, R T UESEixX —1fE
WM, AT T Ftk EGD-e (K5 sk 58725 bk
AvirdB, SEPAERRAIEL, ZRAS RS 4 Rk 28 ht
A2 | Nisin f1 EB ) MIC {8 F %, B VirAB /v
T EGD-e X X JLFMIL A 25 W iy i 241 o R4S virdB
BRI A R AT BC ., RIRE X MU R
MIC fH, (E2 235325 b o3 AU I Bk B 1)
BC. KIRERFPUFRZERT, AR EI H A
R A K BfE, X% VirAB 5 EGD-e Xt BC,
RAREE 2 AU A 25 A 5 AT SR 3A 43 5
T virB fl vird 2 ANHRERER AT, 2450
KIIX 2 BREEASARNTZ Y 4 Fhsk2shid % .

Nisin #1 EB ) MIC {5 AvirdB #H[d], %W virB
Hl vird 7E4F EGD-e XX $651 1/ 2459 (1) i 245 Hh 2
EIEM, P E—AT

Zhu ZEOM 5 BT TnO17 # A E Lm BEif% 4b G
0 Im.G_1771, 153HH AR IERALE LM-49, #—
ARG AR LM-49 JE A Wi R g 01 e T8 4R
B FAIHLXTZERBR In.G 1771 SSHENS
EGD-e i VirB [RJR, i Im.G_1772 4f i A
VirA [E) &, F it Lm.G_1771/Lm.G_1772 X4~ ABC
G MR SRR 4b G LEMWEE TR L, ABF
SIS R B, B virdB J5 HRRIE B P05 15 1)
RESI NI, KW VirAB " e 5 I1E M EGD-e 4=
Y RTE L, X5 Zhu P BFR 45 RATR . S
FOARFE ST ABFFEEE RAS R 4 5 5 AT BEAT 7 A
(1) BF5E TR L BRI, Zhu P00 4b G
KSR, RN 4b M55 R H i AR T4t
ALy, ABFFEE FC T Lm ik EGD-e;
(2) MEZRAFRI T A, Zhu ZECF) I T
Tn917 ¢ Im.G_1771 FEPFH ARG, AT 038
T virdB P EERBR I AR A

Lm J¥ B IR A RE 52 Z R B R 52,
Hor ik sh kA B T RARTEA T BT iz 5l , 21T 52
Wi A= B B T i o BRI, R AT UK T A2 #k EGD-e
MRS AvirdB WK SR 1A TR, 25 R BoR
WiE ks ae 1 EH R I, %W VirAB 5 EGD-e
VK Ee 1 JC K

AWFFEUESTE ABC #1281 VirAB /13 EGD-e
Xk fuZkbid & . Nisin A1 EB Mit2h, [RIEHZ45sE
EAHILH IS5 EGD-e X} BC. RHREE 2 AIPUIE
RKIMHZy, LA, VirAB Al fiE2 51E#R#E EGD-e
A= PIRE TR B
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