s AR SEP 20, 2011, 38(9): 1450-1457
Microbiology China © 2011 by Institute of Microbiology, CAS

tongbao@im.ac.cn

ROES 2

FHERPIZEER PriA @it B aig 4
T B £ I IR BIFZ BL

B KE A IRE PR FE
CEFITE K% R ARREEBE SR S5 A E LA T WL I 430079)

5§ OE: #Axmiadg A 2074 # (Listeria monocytogenes, LM)AZ & &9 % 2 K At AR M E B H,
G ERSABEF R S T Ao R RR &0y d ik B R R AR, A B AR 4G it R
xfinw/?ciF’\ R AR IA 2L EERILE, PIAZ LM EH AR FR AN ELZRALER
F, @EERAAR LM AR (EGD #= EGDe). PrfA é%}&i#*(EGDAprfA F= EGDeAprfA). & & &%
4%&](L|ster|a innocua, LI). % 20 s R iX PriA & & 69 Z 40 1 F 24745 5 (L1-pERL3-priA*) A &
T L0 H A% L3S A A 4F B (EGDeAprfA-pERL3-priA*) A Mk E 7 s it 1 69 £ 57, KT LM 24
F NAEEEG PriA st ADBIRF R Fh. FRERID T LM AR EA E5R 09 £ YR R
B, T LI B AWML 68 ) R 35, PriA 698 R a8k LM A M E S B R e ), At dE
A& PriA %& @ =T vA = 5. EGDeAprfA &) £ M T s fe 71, et LI A A 3 i&4E R, A LR iess R
A PriA £ LM AR s oF A T 2 a9 (LA .

KA A mIes A B E, LESHEE, AWK, PriA

The virulence regulator PrfA plays a significant role in the
Listeria monocytogenes biofilm formation
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Abstract: The ability of the foodborne pathogen Listeria monocytogenes to develop biofilm in
food-processing environment is a major concern for the food safety, because formation of biofilm fa-
cilitates bacteria to survive in the adverse environment and resist desiccation, UV light and treatment
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with antimicrobial and sanitizing agents. However, the molecular mechanism of biofilm formation in L.
monocytogenes has not been fully understood. PrfA is a key transcriptional activator that positively
regulates most of the known listerial virulence genes expression. In order to explore the role of PrfA on
Listeria biofilm development, we compared the abilities of biofilm formation in this study for L.
monocytogenes wild type strains (EGD and EGDe) and their prfA deletion mutants (EGDAprfA and
EGDeAprfA), nonpathogenic Listeria innocua, as well as the recombinant strains that can constitutively
express PrfA in L. innocua (LI-pERL3-prfA*) and in EGDeAprfA (EGDeAprfA-pERL3-prfA*). Our re-
sults showed that the wild types of L. monocytogenes had strong abilities to develop “a network of
knitted chains” biofilm structures on polyvinyl chloride microtiter plates, while unstructured biofilm
was observed in L. innocua. Biofilm formation was reduced in L. monocytogenes mutants lacking PrfA
and rescued in the strain with constitutive expression of PrfA. However, PrfA had no impact on L. in-
nocua biofilm formation. Our results suggest that PrfA plays a significant role only in the L. monocy-
togenes biofilm formation but not in L. innocua. PrfA might indirectly regulate expression of certain
genes involving in L. monocytogenes biofilm formation.

Keywords: Listeria monocytogenes, Listeria innocua, Biofilm, PrfA

A= W0 R (Biofilm) J2 4 B8 7E A= K ik # v, Sl
IO A A A 5 T BT T 1 P ST A RL 3R TR 1Y
o e RE a2 D A O L o S W g e
H &) 20 A SRR, &1
S Yy AR S R A S R P R T A e T X
2 Ak 27 A% TR Y BBORRRE B HUCR TR R Y /10—
1/1 000, i R4 AL AR N 38 i, 0 20 358 28 A0 A UK,
HL, EEshAd™ ., T, s s, —H
R TR R G I T AR 0 A X A K LA G
B, AN 2 X8 5 o T3 8 R 3% A7 1Y) 2 ok 3R 1T
W, PEL R . BEAERS I, T H2
— Bt B A Y TR TE TS YR,
i T e

PARZ 40 B 34 A= S 1 R B (Listeria monocyto-
genes, LR AIFR LM)JZ 5 22 FC FH M JC 2 0 e IR 4R
FE, JB TR s, 2 N & SR 2 R
(Listeriosis) i 3 2205 5 B, fig 51 A2 A 1 3l 9y Mg figs
Ao WUMLAE . L7 FIERAZ 4 M 22 S50k, % WHO
B b 5 Z B T 4 A i T BRI AN 2 — B
LM 7E AR Az 504, ReTE 250 B R R 1P A
Wi, R A B LA A FAIL A 1 A 5 28 B 7
LM 35 3 09 £ 5 v 2% AT LUK S T 3 248 R
(Listeria innocua, LA FfEIFR LI), ZE1E 2= # 8
5 LM RECR R, HIEEERRIE LM FF

A5 3 IR (AN 35 7 FE IR ) B 75 3 107 JLFE R AL o gl
Y K LR RN TF R RBIER, XA FE %A SUR
ML BT LM a4 ok & B 4k 2R
[H 5% s 2 ik %R 3] PriA (Positive Regulatory Fac-
tor A, fiiFR PriA, BRHAELSHFIThRE b5 KB AT
CAMP ZAREE A Crp B AR, TM#%IH T Crp/Fnr 5%
S F RIE R — BRI Y, ik, ARG E
W EEESE LM BF/ETH (EGD #1 EGDe) . PrfA
2 (EGDAprfA Fl EGDeAprfA). LI FlEas 2w
35 (Constitutive expression) PrfA & 1 (PrfA*E)
20 JC F 2 W 4% T (LI-pERL3-prA*) 55 & 25 4% 41
Jifa 384 A 2 3 45 T (EGDeAprfA-pERL3-prA*) 4= 4 4%
JTE RBE J1 10 22 5, ¥Rt PriATE LM A W) 9l 1598 i
AR, IR ABESE LM 00 HLEE R A= P9k
HRETE B 06 R, D B 3T 28 U A AR B o A 7 R
PRAEE T %« B 1 DA 22 A 4R AR ) S B AN e
HeHE

1 MEEFE
1.1 Ek

R AN A 3 A 2 0T Ry BB 4R T Mk EGDe
(BAA-679, IfiLig %! 1/2a, 43k P45 %1 & 2 )i
EGD (ATCC35152, Ifi.ii5%! 1/2a, EGDe MYfiT A= #K) .
priA Btk bk EGDeAprfA FJG 3 2= 1 b BT Ak T Bk

http://journals.im.ac.cn/wswxtbcn



1452 s ER

2011, Vol.38, No.9

(CLIP 11262, IfiLiE %! 6a)ld M # 2H ii R £ ik PriA
() JFkL pERL3-priA* (priA*5 Hgm it =4 PriA
(O5E 145 {7 Y H 0B 28745 by 22 S R Y 24y o 4 4 /R
REERZEUEY R Werner Goebel #H4%miM; #5447
Ml £RE PrfA HAMWEND LE &R
LI-pERL3-prA* Fil 5 41 50 4% 40 M 3 A= 2= B ¢
EGDeAprfA-pERL3-priA* b A S I 2 # AR 1T .
1.2 #HEEEHEMERIE PrifA EAMNEALE
ZHT4SE LI-pERL3-prA*FIE 4R S iZ i 4 2=
Hr4%5E EGDeAprfA-pERL3-prfA*

FLHL pERL3-prfA* ik DNA, 7 BlH LA LI
I LM EGDeAprfA BYEAZZS b, FH Bk s
T8 R PUbEbs o i e B 7ok, JFRDR B pria 3
Wi S 10 45 5 1 51 9 (prfA-check-1F: 5-AGCTC
ACGAGTATTAGCGAG-3'; prfA-check-1R: 5'-TCC
CCAAGTAGCAGGACATG-3") 7% PCR i#—3

U UE AT B O R o UL IR, 430 B Ak s ks
pERL3 #| LI A1 EGDeAprfA Hh/E k5256 1 28 1 % IR
1.3 TFLARCERG T B R B & T 4 B R RO T2 B

%Ok B SR Djordjevic HYHIE HEFFEO: Hk
U0 B8 R 1) B P V% 280 T BHI (Brain heart in-
fusion) ¥ fA B FR Bk, 37 °C. 180 r/min 4k K 3¢ id
&, SRJG LA 1:50 fY LAGIKS GRS AT 9 BHI 557
S k2%, 15 ODgoo IAF] 0.2 I, B 1 mL
W 2500 (8 000 r/min, 6 min), E&, WEEKHK
0.1 mL fik 100 f5# B, M EX 200 pL i A % 96
FLI LR (NestBiotech Co., Ltd)rr, F3kE% 8 N F4T
HE . EAE T, FHE O (CHICAGO, IL. 60631)
B, BRI EZE R LR E T 37 °C 43
Rig% 24,48 .72 h J5, HE R EFR1Y (Powerwave XS,
BIO-TEK®, 3t [ )l %E W ODeoo MY ULIE, LA
G BRTBR ) A ARG B, SRS /N0 3 AL i B R
TR ZE KT 3 UK, LABR 25 M AR IE 1A 1 ok o
FITEIFRE IR . IR T4 45 min 5, A RELINA
150 plL 19%%Z%5 S 5V, (8 30 min, 22T 25 1R K
FRVES 4 TR, TNA 160 pL 95%H) £ BRI
Jii €5, 30 min, d5efe FH AR ASCR I A= ) 8 M vt 1 DI i
W AE (ODs70) o SEHGZE SR 4K Origin 6.1 #1754t
RS IR INE

http://journals.im.ac.cn/wswxtbcn

14 ERBENEREMERBRES

B 5 1E 96 FL A P AN [ B AR 1 ZE W B IR 22 1%
SifhE O BN MIRMM AR, HEET
88 W N () COIC XDS-1B) ML Z%, MR
itk

2 HREHH

2.1 BiZMAEYE TR I £ Bk EGD. prfA
BB EGDAprfA L EFHFFE (L) E MK
BE 2 B BE 1 B LLER

WE 1A FiR, 3 FIERRETE 24, 48, 72 h (k5%
(37 °C. BHI W ARKE I | LR h i B %, nsC
ORRR B , B B IR A )i R R, LM BF AR
Wk EGD P B M A= Wi gl B i i e R, LR 2 prA it
Jtk EGDAprfA, T LIJE B AE W s i it B /b EGD
(9 A2 W o BT B R AE 24 h B B AT 3k 3 04
EGDAprfA #£ 48 h i ik 2| = W 5 R LA N R, 1 LI A=
Y5 B T A i 5 % Ao ) K S 2R B TR
fRZRIAE 72 h B HIE 0 A P 9k i it e KT
EGDAprfA ()4 Yy pl B i I i, 2R I 3 Fh i ik A= W b
FEE 1) JC A RUBE ) A R 22 50 . S IR B X i 2
PR H R R R R AR 2ZE S SR, &
ATTARSEIN 1 A 15 5% B[R] P 2% TR AR I AR R Ol . ]
1B Haf LIE B, 3 FRPRAE 24, 48, 72 h (¥R
T AR R Y A Al 2 S R L A W R R 1Y) 2 SR A L
HART4r B3 JF H EGDAprfA #l LI 78 24 h I i1 4=
KL 2B m T EGD, RUIRIE B A Y Y i e
R SHARNZFIFAMEC, BHBE0WE 3
T A MR T 1 1) A 1 1 IR 28 (8] 1C) /K. EGD JE
I R A B 5 1 Jee R B0, T LI AE R 3R 72 h
JE A SR LI AS 380 . 780 fg e AL AR A R 2 A,
Al & LF B ) — L8 /N 75, EGDAprfA JE i A=
VIR A IR 25 44 5 7 A= 7 EGD 2, (HEALBR L
EGD MWZiR, S5 FEsifm . B MERs R 5%
FLAR R S A B 3 B TR 1 A 0 B B 1 i R 50
FH—3, R EGD J¥ A Yo I B T 55, LI
55, priA BBk REFRAR LM 4= Bl B (I ) e /1, 1B
EGDAprfA JE A Y9k R g 3 i T L



RRAR: B SEDNIR PR PriA (2t A% A0 MO A 2R T AR W I R 1453

A B %
08 1 m24n
12 f &124h [ DI 48h L .y
Sar o f @
Lo T ) o6 b 1 T s >
08 | - 05 | ]
8 o6 n ok ] %
03
04
o 02 I
kk
02 1 ﬂﬂ% o1 |
0 0
EGD EGD Aprfd LI EGD EGD Aprfd LI
Strains Strains
c THT P L
v ‘f‘ “EJ‘I .b.‘.: .q
& s P e
.o H‘ el ... L] ; ‘o "l
o moes prytT’ ..
-9 o v. o “. L]
" ' .. »
l ‘ ..'..“‘. .I .’:..: t. q-I
Caur i f %y sn v
":‘-:" o .}o .‘. ':.';‘ f‘.
L " .
ot -\' :...-.... .;‘M"
- o " ‘. -, * on }
’ .y .t -
\ ¢ i NS
\ AprfA LI

B 1 HMEE IR EGD, EGDAprfA, TEFMHE (L) =M EHKEMB IR B 88 B L
Fig. 1 Biofilm formation by L. monocytogenes EGD, EGDAprfA and L. innocua (L)
T A3 FIERRTE Y B3R 24, 48, 72 h R AW BRI N B: 3 R RRIE 3% 24, 48, 72 h SR AR KR C: 3 Rl R BRIE I8 i) 26 400
1) R 1L (40%). **: FE[R] —Br gt R Be P, 5 8P A= BBk EGD A L, EGDAprfA F1 LI 1A= 9 9k HEOE p i sl A= (B ELAT B b 28 2

5:(P<0.01).

Note: A: Biofilm quantities for three strains measured by microtiter plate assay after 24, 48 and 72 h of incubation; B: Growth quantities for
three strains after 24, 48 and 72 h of incubation; C: Biofilm formed by three strains observed under a 40xobjective. **: The difference that the
biofilm formation or growth rate of strains EGDAprfA and LI compared with the wild type strain EGD in the same time is very significant

(P<0.01).
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Fig. 2 Biofilm formation by L. innocua (LI), LI-pERL3 and LI-pERL3-prfA*
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Note: A: Biofilm quantities for three strains measured by microtiter plate assay after 24, 48 and 72 h of incubation; B: Growth quantities for
three strains after 24, 48 and 72 h of incubation; C: Biofilm formed by three strains observed under a 40xobjective. The difference that the
biofilm formation or growth rate of strains LI-pERL3 and LI-pERL3-prfA* compared with LI in the same time is not significant (P>0. 05).
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Fig. 3 Biofilm formation by L. monocytogenes EGDe, EGDeAprfA, EGDeAprfA-pERL3 and EGDeAprfA-pERL3-prfA*
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Note: A: Biofilm quantities for four strains measured by microtiter plate assay after 24, 48 and 72 h of incubation; B: Growth quantities for

four strains after 24, 48 and 72 h of incubation; C: Biofilm formed by four strains observed under a 40 x objective. *: The difference that
strains EGDeAprfA, EGDeAprfA-pERL3 and EGDeAprfA-pERL3-prfA* compared with the wild type strain EGDe in the same time is sig-

nificant (P<0.05); **: That difference is very significant (P<0. 01).
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