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Background and Aims: The purpose of this study was to investigate the possibility of
Listeria monocytogenes entering the VBNC state during the frozen storage and the expression of
its pathogenic genes

Materials and Methods: Bacteria in 10% Colony counts of in mid log phase were
inoculated into three Culture medium including Normal Saline (NS), BHI Broth and Fish Broth
(FB) and kept at -18°Cfor 2 months and examined. Then, bacteria were evaluated on enriched
medium BHI agar using culture methods (colony count) over times 4 and 8 hours, 2, 4, 8, 20, 30
and 60 days after the freezing shock using the method of RT-PCR for investigating the
expression of 16S rRNA, hly and inlA genes; they were evaluated before and after the freezing
shock.

Results: This bacterium retained its ability to cultivate until the end of the shock, but
reduced its number. Freezing stopped the expression of genes of hly and inlA, as these genes
were not expressed in a rich culture medium either. By adding blood to the rich culture medium
of this bacterium, only the hemolysin O pathogen gene was expressed.

Conclusion: Although freezing does not lead to the introduction of this bacterium into the
VBNC state, it is effective as an adverse environmental factor for the bacteria in the expression
of its pathogenic genes. Blood and its agents can act as an agent for the induction and
clarification of the hly gene, and the expression of pathogenic bacterial genes are independent of
each other.

Keywords: Listeria monocytogenes, VBNC, hly, inlA, Freezing

Received: 2019/01/12  Accepted: 2019/05/22  Available online: 2019/06/20

Copyright © 2019 Iranian Journal of Medical Microbiology. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this article:

Kalteh S, Ojagh S M, Tabarrayi A, Zolfaghari M. Investigating the Possibility of the Listeria
Monocytogenes Entering Into a Viable But Non-Culturable (VBNC) Form and Expression of

the Pathogenic Genes During the Frozen Storage of (-18°C) Rainbow Trout Fish Nugget. Iran
J Med Microbiol. 2019; 13 (1) :69-79

Oloal (S uliing 5 5Sae alas Majallah-i mikrub/shinasi-i pizishki-i Iran.

A


http://dx.doi.org/10.30699/ijmm.13.1.69
http://www.ijmm.ir/

Ol Sy (wlbebog S alxo

WAA Coiugem syl 3 93958 - ) oybous - 1Y JLu

Journal homepage: www.ijmm.ir

oo

LGS Ol 9 cadis 8 ué Lol ousy culla 4 Listeria monocytogenes s yisbs u gy g (ylsal oy 4

(Oncorhynchus MyKiss) ;las iy s¥T1J 38 cable esSl (-VACC) alaadl 5, 90 b T 235 lass

' lEdlIgd g Ml lmale FTY Gl (G dg L ailS Uguo

OB S (88 b il 9 (53,5LeS pole oKy (5 Laisra g LD BaSLElS (DL 05,8 )
ul;u‘ QP g o oKiils “LS‘»‘»LL)A '¢5J.c Basiiils ;u)L.....n 05; Al
Ol e85 lds Sy pole olSiils ( Sigy 80SLiils ( ouliiiog e 09,5 Y

oS>

Wlio le b/

> a4 slezl anls b Listeria monocytogenes (g xSL og,5 el sy (igs ol 5l Ban :dud g o)

99 ol 2lie)les s ole ¢ Viable But Non Culturable (VBNC)

5 Sl BHEANS) (555152508 o daums s 4y (oo )18 iy aslgl 53 6,250 )27 pslats cnl sl )15 (hgy 9 9lge
b g 5l s b (9 (5,55 —VAC slos 10 ole ¥ (b g ad mails (FB) (leS 0055, VT3 oale oty
o 59 P g ¥ Yo A F Y el A g ¥ slagle; 4o oais 28 BT BHI Luss (55, (S (3,Led) cisS sla i,
Sod 3l an g Ju3 inlA 5 hly 16S RNA slacys lo oy sokite 4 RT-PCR (b, b cptzmen 5 (-VAC) slazsl g
wiad ob )l slezdl

ole oz gl b anulS LT slaws 5l Lol 0,5 Laas | 595 s pdocasS oblys Sod sletl b 6551 ool saasdly
g SS Lo )3 oy cnl & 55k 4 sdse INIA 5 Ny (sl5is ke Slagy) Gl B85 cge sloal ol (Las (5
ol foaze O L ¥en i lors 05 a8 (65 ol (28 SutS agome & (5 (09381 it ol

anSaclsls Jole Sy lyie @ Lol w5l 003 VBNC el a4y 6,551 cnl 955 wzge slazdl az )51 (g puS deust
ele S plyie a ailg o o Jelse 5 05 rizmen Sl e 655k i lem slap 5l B Ol e p hee
AL alisslen Gag Ol by s 5,55 onsadllas slags ;s (55, wizsm S Jos Y 5 ol oSl
el Jite 085 5

slezdil «inlA hly VBNC . Listeria monocytogenes : giulsS < lols

Ao dxez U
WAY/Ve/YY il yo
WAA/Y /o) by

ARYIARAR :(,.1){37 yLaas!
(Egeoge
18 Slse (55559 Se
1IMM1398;13(1): 69-79
g S g3
Sl gago v

Lie g oM 50Kl M 09,5

éJLA 9 ‘_g})sLi;S 'a}l: oKl Ky
Olnl S B S el

.m\;l;T&LJSAQGJ\?J)ebaJuLu|‘51x‘,JAJ Qﬁ,}é:“cs‘)h):‘o-,‘s“biL;‘*‘)L“J:Qb:“é&,};‘u‘-“m‘r’d)se-‘d%“(@ culy S

1S g Sl Gy
mahdi_ojagh@yahoo.com

m0d o iy hadin bolyen g w0k U 9 cndialgie
YV Jl o (F) cwl Cotiin g e s o)
oS e £ L Syge Y e e )0 5550 ¢ /T Lyl Aol
() csl oo (5,158 s g9 yd 5l P HRWERRN
lalde Brae 5153 e e E9nd I (30aTe 3150
) o lms w1298 5l (B () Cenlond (515 (2o
ailes F ok s Sl ly sl oole 4o L. monocytogenes sl
pl> olge gl sl Vsame HBasSody glola ol pls
by DYeaxe 5,613 Job ,o L. monocytogenes ;l ke
Ygams I L. monocytogenes (£) oo «2s B Coonl

cdoZuio 9 m g_;.’.l'.‘.)‘) g_)yioam ‘6b5b ‘SDLA J...A g_';fl:'.)‘)

Y-

doddo
£S5 s sSL ol »g,5 Listeria monocytogenes
5 035 R 4 Sk Gl el Qo p 2 (1) s e
Oized g (A8 B YIE) PH 5l loo S 556 4 (- /F°C)
L Cao,s Vo) Sas ol cdale g o8 teens @w) o codlad
D959 AddS glrans 0 Wl 4 g, S (Y) 0S5 Lo
O35 oml (YY) sl o0e ldé 4 L. monocytogeneS
Ll 5ol ilom o 03500 i ilowm 40 pnie
Jels We a5 (1) Slas 0 098 lp chiga wsaz
ob gloliss e 08l (ol ek s YLLS 5


http://ijmm.ir/
http://www.ijmm.ir/

WA Cetgsyl = s | 8l 1Y b ol Ko sl Koo dlone

I 4 Do GYebs 5,58 g olasl .ol dnles adgie slas]
SN Jpazme ot 55; it Sl Wlgige dezie
G onR o eabsyld Jeazme 5yl ogzy b iz
Lo, 4 e Al oo olojole] cbae JYeb & g0
3w (YO) 098 oads,9l3 Jeaza ,o Monocytogenes
5511 L L3, o 1) s 5l Salate glgl ccalises glaaiss slasl
o3l b slacs 2SL wilosls oylas o] sl 5 UK 5 Jobo
4 o Slozsl glacol Jlie )0 i (Saz g 55,5
(T X)) 3515 (6 a8 Caglia poske 5 5SgS el
s VBNC ;b a4 L. monocytogenes og,5 (oblss
ST s sl 0aS S 18 > sl

el 4 Bge (Jyere CtS (Sielen Sl slagyges]
5 00t (5,51, bagzme 5 Jyazms j0 2t Ly (lapndls)|
50 VBNC 5B 50 55gtmgioe by Spae jlhs S,
Oeed a4 ol slezsl o il pl 5l (SOl aslst
L. monocytogenes og,s el gy asdlas cpl 5l e o
oo oy 5 oolial L -VAC slexil b VBNC o> 4
hly slaoys 5l ookl b ol o158 bews (smy 0 5 I6S TRNA 5

95 9 olge

ATCC s sl a4ew L. monocytogenes s ,:SL
oo g oole slagiagy plejle 51db S5 pw) 19115
2 LSk al an oselided ©yse 4 VWAV L o
ol 4eSSl YYOC jo el Y Cue @ @l BHI e
YVOC jo el V¥ 5 st caiS 5T BHI b (59, (s
s oolitl Slalllas aalsl gl o1 51 Lalls SelS Sy g 45l

oo ) 5 (L bnxo

VBNC cll> 4, L. monocytogenes s ,:SL 59,4 Sl
Sidnrd pre lame a0 WAC sleadl gles s
5 sludss olge g ), b leie 4) Normal saline(NS)
slods laoe byl i) @ly BHI (couScdadlze WS ke
s 5le Layl,z) Fish Broth (FB) L ol cussSl § (8
©ncorhynchus mykiss) LS .55, Y13 (oo oS
oolo] abgs o S b sl Gulo il BHI lase o o)y
b gl g5l

Woasll b (V) col oad gilulaz (oonjsm 5 (ole (505
el sloas olulis L. monocytogenes as g 1 ol
(1+=A) Zewl 4b 5 1.2b 128 slacesym Joli Sludl o )lge
Lo b g i) 3l 31 (65l 50 Jgtome 4D oy o
Q) el lae
oz 5l Gl Gligeynl llyd cov o38h ol
JLad Galidl ol g)ysd ) A slos 5l )5 GgrmlisSS]
S plbanlp g (S S (S )9 OieST cdhile (gl
i > 5)ly sl se 6L 630l A ymie 95 oo 9
S sl Gy ol 08-1Y) seb e NS LB é Ll
Lol ol 003 Sglie cudled Laa> L a0 5,55k a5
slobze o 1) la oS culple o)l ) ab) 5 cas oL
Sy B A (F) aes el drwy Jeere CiS solaS
ohg i PICAy inlA dap hly actA Jels ol lem Jolge
hly .(Y+-V#) ai,ls L. monocytogenes  ol5s o ;o (!

4 3559 5 oo i 5l (gl 45 ol Oyl ) 002505
3 e 38bes A (5 .(OV) Sl (65978 Jobo Jojeiems
08) 315 T 5y 2l ilSo L (6,551 o2 s

Slisbon Jole Y O ¥y o5 Sl
VBNC ;i ;s hly 5 ols <l L. monocytogenes ;o  oge
el VBNC 56 ol 50 6,550 alies bom 2blss Bamsgylis
oaslas> L. monocytogenes sg,5 o Ulgs Lewly ol 5o (YY-1Y)
L Mo phlen 5 ale cnl )5l bame @ls el |
5 i) o @hissler 559 VBNCSE 4 g o]
Lagw don cwl ools lis b Sbj)l ol (ol oals o)y
e gd> 50 9 Wedoe VBNCB o)l (Sow S5l
(YY) Ssdoos sl oSl ol olge b adis § Slgym
Oy 3L flejen cuwl ool lis Sldllas ol uien
Ored 13950 Sl 35 2li6slen Cools lunS Ell
ceol (S L. MONOCYLOGENES (slady s Conl ous olgic
wiiles VBNC 56,0 5,5 5Ysb slao,go slp ol Lo 4o
V) s 6 Lo ba Jybos ool L

SrSslr Gln ceslin (SB9) 0uisis,sl,8 Jyame slax
monocytogenes o,

L ol Jyame ;o (3929 &y90 o) L. monocytogenes
8)9o 6‘0 U—‘ ..\.w) Lo‘ 4\)5)6& O )‘ QLA.?U‘ L: oMé)eT)S

1. Viable But Non Culturable (VBNC)
' . Enterocitos



g Sl Byl Lol 0wy dl> 4 Listeria monocytogenes s yuisb 5959 ool oy | o3y K02 g ails Lgo

O3 ol i

OISl 05 plg—e 42165 TRNA ()5 j5Laie (noy
Olg—=e aninlA g hly sla 5 izxen (Houskeeping gene)
by oo 93 50 dslie sl (F9) 550 cpl (25 lem slogs
= )b oy cnl Ol (o) 2 dah (o) 2 FB 9 BHI
O Ve oV slajs, b olexil Sods slan Koo 5l 5 Sed
i A 0F Ol s sl b bl Tl gl jglace
1 el Jole 2

SASURNA Z 5!

Ol oolS b &8 8 gl oS5l polaie o
el 53 0 4 asl el o] Ul ye a5 0l sslinl

509331 Y sV e e e e rpM=Y MIN) (6,55 gy 4gs )
HE o953 X «(¥VOC /¥ min) +/F MY o2 595— w2j! §+ In
¥ il 50558 F toa tangSil 3L Y 5 Jslows B
min) RNA zl 5wl g 4 Jlasl O precipitation Jalow
Jsl Go—sgcuns Jodze Foo I y0g581 2 (VY + « » rpm-)
G g Jgdomo Foo I 504581 Y «(\ Y-+« rpm-y min)
Jelsl a8, A «(AY - e rpm=) min) [l ¥ sloa s 4y poo
o by Jash A (Ve e e rpm-Y min) oails 8L Jlos
RNase Jolowo 51+ I 509581 Ve VO Ml a0 gy ,Son
rpm-\ min) Laygiw 4 00°C sles ;o suisassSCl free water
-V-°C ;o oolaiwl floy L J—ol> RNA Lo g0 (VY- - -
SSRTS|ET

oSl osliiul U SogdT 5l 5L DNA Bi> gl
o oolaiwl 3 7 5 4 Genet Bio s, DNase

Vlw g MgClz 3L Y I Jlaie RNA Y g o I3l asy
eSSl aiBo Yo S 43 YYOC )0 bl g 00938 DNase v 3l
S 4 503538 959,500 0 EDTA N pl jladae Ll jo 0
4951 DNase (o 551 codlad cabgs jglate 4 FOOC jo aids |-
CDNA jiiws s RT PCR 5 oolictsl jglais 4y Jol> RNA .0
A eolauwl

CDNA jiiew

o 0l oolai Wl ABL e S 51 CDNA i jglaie
5 3lee ol a5 Ve il wox> L CDNA cole s jslaie
Random dntp(0.8 pl) RT Buffer(2 pl) :o—s as-lw ool
RNA ;1Y pl b colys,o DW(4.2 pl) RT(1) Primer(2 pl)
Nogn 5z -3 4 CDNA cole gl 4l p ol oS5
45330 AXC X i Bo )Y+ XVOC Y caido )+ YO

\Al

SYT 53 (oploo cingSl bowo (g5 Lwodll
(FB) oyloS (oS

5 Nilsson s 4 (LeS K55 Y1558 sole §)lac
e Y158 2le ol (g, cpl jo 0l solel (Y249) ol Ken
ST L aals] s ity g (i g bl adis 5 SCemsy)
g oniligzr af30 ) Do (e (F39) VY S @ Shaite
£S5 BIAA 539381 b Jol> o las ol mld addo Ve Cow w
oI PH 5 6,50 KoHPO, 12 1o 0,5 A1V0 § KHoPO, sz 4o
A oo dbangs o lac ol ol £IY ,0 Yo N HCI 3l ool b
3 Gt Sl YR U g L il YYVOC los j0 a2 80 V0 Sas
(TA) 0 6,)00%5 C gloo 1o il
S gl danzmo 43 el jgliio &1 b5 15 (g3 Lwoole]

Sy BHI Ly o 2] o Ve aly Lals o lS S,
Voorpm o Ly ls St jilugSSl yo 5 ot e Jo sl
Jolxe (ODsa0) +/F o0 iz o lacg 1Sk (FR) o 43553
iz olin nl 53 iy i ee o 50 8L o
el a8 s, also Lyl B L) 5 L5 Lo 25T,

S gblso a4 b g uiSL geils

Vot slaias L /¥ iis o Lagg ST 51 s tate iy
L sl g (sl i ozl 2 e 2 5 555
et s igis B a4V o+ 1P g5 L 2l 5T Jylons
5 ol e b e S a4 gl ) S
&l sy il e 5 50 Vo7 4 o ST slaws AN - (g3l
o 650 ol grmibimges 5l g )See Voo jolate
ot b FB 5 &l BHI NS (gladaime 25 See VA« -
S fpess g1y (ol jobo 4 gl T les 5l il 1
b ool S ST BHI Lo g, 6,55k &l

(baiged olozil o5 g

A giclohsf arsyas S dwl las o
L -VAC 558 50 badiged (505,08 5 oy 39, P09 Y (Y
o eols 3l saul g ST S aege loy o,

Sl oy 2 sk dodiged (9,55 58 (lej bl o
VL oas o8 JSTBHI e (59, piqeais slag St
PP g PN AP PP VR WAR WS IR /A BP RO S S YR VSR
Lo s IS 5 et i slaley (oalad 3 o gl
A hled 5 ey el FA 5 T 51



WA Cetgsyl = s | 8l 1Y b ol Ko sl Koo dlone

ST o3 o yo wlss
olazeil 5,90 sleasl jo dos xS Jlix! sl jslaio o
o eols caiS BT oM e (59, p (oole cudsSl lams
Lt s g wsSSIYYOC sloo jo cele YF-FA e 0

inlA g hly 16s rRNA 5 4 ;2 5l e dds gy 2 ]

A% ool PCR asgl 3 alowl jalaie 4y ool i CDNA
PCR oy,
Prim Tag Premix &S 5IPCR ldes plxil jslaie o

O ygmo A S s dupS Hgws b Genet Bio oS, (2X)
dntp (0.5 pl) Mgclz (2 pl) Buffer (2.5 pl) o solazwl )

Primer [Primer Forward (0.5 pl (10 pm)) .Tag (0.2 pul)
CDNA &g0s 50 DW (12.8 pl) Riverse (0.5 pl (10 pm))

D (s

Syl Judexd g 49 325

ol 285 plowl ol JlS 5k B 5o alesT
lio 5 1 ) ANOVA (gl g, b oSl csloosls
el 5 525 (sl s 590 LSD (5031 L oSl
JLe e slaosls gl g SSls g3 51 Jlo i slaosls (oLl
o931 5l psid alye 5o eoliil (g e (gl ]
lwodls Jlod g a2 sl 95—l LS S el LU
s o Lo Jdow 5 4 jou plood .o ool wl S il LU
ol .c8,dn &0 SPSS 58l s 5 L g oo 0 O ol
ploml JuST 15800 5 51 oolaiwl b b loges g 5 b sdwlcaws
s Josz )0 ead solaiul glo sl yy g s (g 1o p wSe STo

RO PR z° A_i:

Lol (Si2 Seats sl 4l Ve Sae 4 bglxe g Vil
2 U O9h BA> W5 0l S o)l (55, 4 S lad
s ools H1)38 55 oles Olawdas L PCR oS

4y DNA , 355 A0°C |5 aids & agsl ol pusly )
Jlasl (0 QY °C 0 a b Ve i puly (@l ias > YV slows
Y VYC o a sl Fr i o, S (z #°°C ;o a b ¥ i paslyy
YYC o addo b ol elyw 5k

Ao, VO-Y 5 5 eslewl L PCR Jgame 3,584 2SI
J5 ol 3l ool Ly J5 5l G 5 2800 S50 5,51

(FY-Y)) sl o sodoslil sl el Jlsi ) Jsom

ERERRN

1.9 [ F: TTAGCT AGT TGG TAG GGT 16S rRNA
R: AAT CCG GAC AAC GCT TGC
oy 5. F: CGCAACAAACTGAAGCAAAGG hly
R: TTGGCGGCACATTTGTCAC
W 5. F: CGGATGCAGGAGAAAATCC iniA
R: CTTTCACACTATCCTCTCC
S 00 aised 6558 5 e 35, P g T Y ALY Lasl

S9y ddy CblB - VAC los Sgis 50 658 opl olo )las
Sl Ll el 00,5 Laa 1) 5T BHI ooy i cotsS Ly
() S5 052 ol yer Ghals b oyl cnl (b ST

BHI buso 50 by sl (SIS (ool bl (o) 2
od._.&‘é_.l.é )lfi BHI Ja.:m)a ‘:qu»)Lo.w R c.sl.u
el A o F slagle; b FB (&l BHI NS Jlas 4w o o

\A¥



g S o8l Lol ouiy wdl> 4 Listeria monocytogenes syl og,9 ool oy y | ol y0n g 4lS Lgwo

4 h 8h 2d ad 8d 20d 30d 60d

—8— NS —e—BH|I —e—FB
FB (Fish Broth) s BHI (BHI Broth) sls,les ;s ;6 -YA°C sl ;o L.monocytogenes st «ols S sy, gl ) JS

w8 rgoges jamme f(gan slajg) 50 sam slagle) g sl 55, 4 barye Sod 5l celo A g el T 3l (loj 99) 00di(s o (ylo e 1 8] j9me

L;).SL Slaws

16S rRNA 5 Lo samslis zl 5wl pso 59, sy olasl ool ewyp b
L 0 mls (ol Gub 00 FB g &l BHILes g0 2 50 BHI buzo 30 b yiSh Sl i loud gl oy po
o ldaado Ve Gae 4 -YA’C sl o monocytogenes ouu S LBT
WS oo olan 3 1 093 o Fasls 5 g cnl asile o 51 =3 inlA shly 165 IRNA Lot ol ooy s
Jol s pso sbayliS5 5o s s an hly o Gl wald (rizeen Camols il g 5w o L basmoplis slesdl Sl
Lm)L;.u )’| Inb._f@_m BN inlA O 2oy FB 9 BHI Lgl.as.]a,;m (Y JS“)) 39 LS}"SL’ CJ'l‘ ‘5[‘).6)1&3

AV J58) 285 ol SS9 5l ey Lo 2SLPCR Jsams 680 25Ul mbs

slezsl Sgi 5l L3 INIA g hly 165 FRNA 5 (\lo ooy ais)d Jeol PCR Jgams 5,984 oSl ol Y IS
51 (g0 Bged ol (C7) ite 58 ¢ 55 msige b yiucd DNA Lol (C7) coite J5uS 4Y 5V 0} i3 @b dausme 90 50 gl b lad 1S5 9 o3

L I TR ) (=) %) 19 1

0 1) 09 60

inlA hly 165 inlA bly 165 32 1 321 SE2idE

-

-G~ ¢+ 100bp 8

ol e

FB (Fish 4 BHI (BHI Broth) sl»,les ,s inlA 4 hly .16s rRNA o5 ok ewyp anld Jol> PCR Jgams 5989 550 ol ¥ S
e JA5 ¢ pigimgize byd DNA Jals (C7) e JuS 87 5 ¥ ) 5 0 bame 50 52 sl bajlad 1S5 5 i olazmil o 5, 50 Broth)
S 3 Lgas Jolis (C)

\A



WA Cetgsyl = s | 8l 1Y b ol Ko sl Koo dlone

(= (= [~ ==

inlA

G 100 bp
50 bp

,» FB (Fish Broth) s BHI (BHI Broth) sla,les s inlA 4 hly 16S rRNA (5 o (oo p sl ,d Lol PCR Jgame ;689 550 b F s
ot (€ i J S ¢ Bgmsie byiaed DNA Lol (C7) cose J;u8 47 5 ¥ ) 5 @ b s o sl o)less 1S5 5 s olozsil s 3,

Ligal (3 Aiges

VBNC L5 5,y 5 5L 2.5 4 olsiise oo s ST
ol odds (s 08 )ly gles Sad I Ll icwl o
Szl 3,50 Sl 5o BT S 35 S’ (quw 1 4
P FB Lo jloa iz dli 5,551 ol saums Ll ulis
o9 lo0g3 5T lazme ;5 ol e Silsen 5 prad )
BT oM bamo 13 FB banza (4§ oyl (o2 @6
hly o5 sazxe le 9165 TRNA 5 Lo saues ylis gl
O IS8 ais cvslin glo 45 INIA 55,50 50 09

, h’ly

Ol 3o, Lis gl il i 53, sl 5,599, ol
Shly o5 59 FB 5 &l BHI Lo 50 ,» ,0 165 IRNA )
(F US5) 05 s b lass 51 plaSen o iINA
2 bt @b L o5 Ole o) 2 @l anlis
Sy Az ol 4 lg8 so ‘)lﬁ BHI oo & cutS laore
5 Sl 00 slazeil el (b laore 4w ;2 ;0 99290 5,551
b 95 0 hly 5 Gl b Sl 095 @il cools
L] 3l 00,8 Lads g0 59, ;0 BHI FB) sdse Lyl
ity aals if etS Lasme o Lo 5L ijled s a5

C CHl F2f-1 B C- C+F-2 F-1

=e he
O3 TRNA®

i i
5l wlezl pad 59, ,0 FB (Fish Broth) jLes ;s inlA ghly 165 rRNA (5 o\l () anlp Jol> PCR Jgame 5,989 iS00 Jsi
(C) e J,55 ¢ gimgige b e DNA Jols (CY) cuie ;S 4 5 ¥ ) i 5 a0 oo 90,8 sl b jles 1S5 5 oo 5 )T oL cessS” Lo 0 Lo

Aged (g diges Jolis



g Sl Byl Lol 0wy dl> 4 Listeria monocytogenes s yuisb 5959 ool oy | o3y K02 g ails Lgo

S s g wiled ol o s ST slaws pol> gadox jo
5,99 sl b Lagl olaws sls o)lis (6,55L o) Jloges g <ils
Ll 03y Vo0 cfulg as VY cfulg 5l g 4l alS slesl
L mls @by jo 05 cis” LB laren ol 55T slaJobe
L. sleJolu olass ais S saalice (VARY) ) ¢ (ygma 2
59 dlezil 5l e 950 9 2lo 4 0ulix.als MoNoOCytogenes
ol e S2als Y log ojlasl 4y colo aw o 4 =Y+ °C sl
dods § Sy cdazin salaxs o5 PH (Oldlas 3.b (FF)
Ol aazie (6,100 b 1) L. monocytogenes sls gl
59 Lag S olaws rals Jelge 51 S5 g 0l 51 (FB) aos oo
Oeired 3, 929l dagme PH o (lgie |) B 0l
5 ol ol s 4 Ly ol |, logs 5L slass rals
O Sl o5 o1 Jlais] a5 o e 0, S gz o] Spe
A 0959 Jdo A L g g cod (6,550 Sy 4y i Slasxl
45 wsd e VBNC el s )ls bas iS558 aseiie b 3y

e 18 sles o wiili oo bas S 5 ilises gl
Gigio 50 (FA) Ly 131 5 (FA) Mogedles o(FY) L s
2 50 slezil 6,90 (sle! b L. monocytogenes s =SL pol>
S Oladss aie) (pl j0.0id VBNC clbs o lg lass g0
oL g Zeng ragio Lesl ades i sl oo alil oS
31 o= Salmonella typhi ¢ =S sls s a5 el (Y+1Y)
Oyly (i) byl 0 -V +9C sloo [0 (6,lS el FA
(FA) csls vl 61\3

Sl inIA s hly ol b Slop; Ol (s Crizeen
S AL Aty 09 oo Bigte ooy GIFILRlY ()5 Gl ol
D95 il ey o Cools Laas 4y 018 slesxl 6,90 sleil U
L. monocytogenes ,o i lem shol slapys ole lp Lo
Slsie (Vo)) )L Sen 5 DUOAU LL3 | ! 55 (8¢) Cens] oo
4SS Sls; L. monocytogenes (sl s Lo slacys oyl &los S
O ygmo Ao 9 (5,10 Gl slabes jo gelle ale ald
Y+°C lws joilnA ghly slayys ol 0sd oo o (&glae
3,5 Ol g5 oo azmii o (BY) Cl ¥OC 4+ slales 51 iw
& g O Jdo &5 oo 205 o) ol o8 slos 5o
Al o5 slales ;5 655 o5 (Sllie

bzl jshaie 4y sl oalds lgie ol jo a5 joblan

\i4

& 5 A g Sy

o o) dlezdl bl )l o oe54, L. monocytogenes
B paile Cull el vz Ojso 4 g)leS 5 wile
Lo 5L ol gl 5o () 09d 00 (6L 6055 Comox
ol piycus Las b g 09 pglas sleil 4 monocytogenes
oald lid Sldllas g yuile 0d a4y ,08 slezil 8,50 (sleil b
les jo wawsS S o Wilgs s L. monocytogenes ol
LYOL J ¥ Sae 4 -Y2C ,5 5, Vo @ow 4 -YYC
0%5j 59, Vo e 4 VAOC les 10 0,5 10 5 (olsjoles]
Gl 5 9975 oy n 5N sl ;5 (rizmen (YD) wiley
s2le diges TV ol 51 el ool Las L. monocytogenes
3lao,e VAY (s by Ysame g ol SY game o>
Om ol A Syge ol 4 tasgs 00g)] L. monocytogenes 4, Lyl
Y w3l dao 0 YIVY) 0550 S5 desrin Sop  oolo aigad TO
ol Jyaze 2,90 F g9 0,90 ¥ dezmino (0b)0 Jpame diged
ol aals o Lal e Ll Laiog 00gd] (6 5SL A e
1 aS wuS 0ol ) gy S bl s Glsle Wi oo 525
WIY (Sogll s olg5 so oy ol 5l oaongl] &Y game alos
Shsx Tl id Lo aoye VY 5 dezie B do)
2,5 0,Lil dasio

&S ljcsgae > lee 4 L. monocytogenes
aS 5l )18 ladises 5l (gilwlos Sleds 85, paegs o Listeria
Lo 6L Oldlae b (FF) cadl 0aisS o), altass o
Cewgolo s Sl . Cowl polde 50,5 3,8 4, monocytogenes
(V) ol 0y sl ooy Jsb (2ol L olyen (6550
o & Jsans psb 4 ol 500 sk 0 555k sl
S5 A Y Jske o ols a5 s Siwy oo
@l yolezbobozsl Ll g (K4 FY) oloyw (slaladloe
95 5! Silupal B b (Sow S 5l ey Lol (P2 YY)
slanlp oS oloefsn s RNA (glopsd Slse &b
loolezl g olezdl aidl oo Bl aisS o Laas 1) Jeles
dgds0 ilowdly Lid 5 (Jobos 8100 ol &y 2o | 2
sybise ok g 5 S5 ol S JSa5 5l 56 &5
bl Ol Gkl cul See aldyoless! sles (V)
JSo a glozolezsl Jsb 5o sazms padallny )L eody 2SI
CFY=F1) 0 0% 5G 6,550 6lay  go

™. Shel fishes



WA Cetgsyl = s | 8l 1Y b ol Ko sl Koo dlone

39 et i gl VBNC cdls o lg byl s ol cod ol
Jdo an oyls sage ) Glilgs 5 bayll Cedw (63,400
Jomaze B pae Ly g osS Lids 1) 0g5 ol lem Cools
a Sl L g Wgh 00t pan 10 (5 lewm 4 yoie o8 puae solkel
g 09 48,8 1w 5l eaiiS B ae a0 g lew lays ol
inijgf)é.)?*uodusd].mj)nbwwtbjm
Sl Iy a Sl sy o Lo 4 cwl Sas VBNC (sl
WS SaS Wl oo ymalS Gl Ho oL S

olasy 5l olazel 8,90 b aS ol svslive ol b o
L5 16S rRNA o Sail> 5 Lo 5 o atwlS adsl slas SL
slays ol oley ccsdd L Lol cacils aslsl 0,40 slyl
S b alisslen Conls Jb a0l GBgis 156 ko
Sl Sos pizmad A Jol> loase JBT oM dases o
celie Ll (oo 50 (58,518 5 (o 43955 b 655k
g0 g S5l Cawd s ) U3l alies e Corols Toazme (s,
;)..:‘9)&54 69_.09.0 u_.»‘ &H OJ_..JdJ_m gjfc 9 Cno goumo
JaL...Sjl O desmie stm ulfd..\_S..x.Jy 6‘)? o= 6)|m
bl il oS S ae sl 039k ! @lisslen b
ol iy s SYgame T RS =ik
230 dpogi Byas | b e 59l

6! Pl
w0 S )l s ol plosl o 1, Le oS LS les )
S3sIms Son 09,5 sloolltalel prmme (Vgtns 055y
S0y pole oLl (655d9iSTgm 09,5 g (Sbyy sasidly

pld |y (1,08 g Sas JloS s
&8l )l
Al 8l o)l eS e Bang g
References

1. Weller D, Andrus A, Wiedmann M, den Bakker HC.
Listeria Booriae sp. nov. and Listeria Newyorkensis sp.
nov., From Food Processing Environments in the USA. Int J
Syst Evol Microbiol. 2015; 65(1):286-292.

2. Foong ChS. The Ecology of Listeria Monocytogenes in
Ready-to-Eat (RTE) Meat [PhD. Dissertation]. Ames, lowa:
lowa State University; 2003.

3. Anonymous, The Community Summary Report on Trends
and Sources of Zoonoses and Zoonotic Agents in the

\A4

s s )ls Yzt a5 ST b onysasss slogs xSt Jlois
o it b e 5l ale CuiigS uSs ke o wiloass VBNC
ols ylid yols anlllas .ol colaiwl jades g Slg o pdws Sol>
L Wgdod Ol adliod) slas 251 o inlA 5 hly slayj
S e dy e 45 Sls Ll wisgs igels >Mas
Cwla ol slgon Joime aS hly (5 il 03558l bas 25Ty
CotS L ome 55 5 651 by sulgen g 0d (g, Toame
o=l asle Bgel s plizmesn iNIA (05 a5 (550 5o b St
gy Wil oo a5 Sl (lalge (gol> 93w so i £9:90
Gl oedgl S W Sl o 15 Ry s olew 05 s
sbadsl Lo 5l o VBNC la ol slol 3550 )3
ol b saslie BHI &y, 5) sihe Slgo b i Migall
>l VBNC el as Lo ol 9959 51 59, ¥ 51 o 5,155
(BY) sbsl 3!

(129%) LS g Bunic hly 5 ol Lo LLS )| o
ads (o 5l e O sl e Cdlad wilos 57 et
39,50 <ewd 3l o5 sles ;o L. monocytogenes s =SU yaile
les 55 ansSil el Y¥ 51 ey o1 (mliis bom Sl
PHA eisn 4 Slgise |y o] Jds a5 (AY) 55,5 o5k TYOC
(el ACtA 5 inlA hly ol56 len slayy Hle oaiS eudass a5
Ol Y0C 5 sl jo g cl ailg oo 4y a5 ols o
e JAS 55 SIgMaB Lwg s cul Gl (BY) 358003
3 JEeds i slagm il ol (Sos (3 (rl Ol o5 095
e lid immen (BO- BY) didy 35t | S g o
ol iSTas oS s )ls ( Kiww 6,55k 08, Al> e 4 Sigma-B
ago PH OV BF) el 6,51 e 55 0 )]
el el gy Jlad o PHE V5 5 ol 010 O sl gy ]
LinlA 5 5l poc (BA) 0 L1 010 & pH alS Lo )lgo
Oy Sl 3L 990 g3 Ll (19925 s 58 (o
2,8 ok ol oo

Sl s coms a5 olag iU L bl e oldlhs

European Union in 2007. The EFSA Journal. 2009;
223(7):136-158.

4. Besnard V, Federighi M, Declerqg E, Jugiao F, Cappelier JM.

Factors Induce
INRA, EDP

Environmental and Physico-Chemical
VBNC State in Listeria Monocytogenes.
Sciences. 2002; 33(4):359-370.

5. Farber JM, Daley EM, MacKie MT, Limerick B. A Small

Outbreak of Listeriosis Potentially Linked to the
Consumption of Imitation Crab Meat. Lett Appl Microbiol.


https://www.ncbi.nlm.nih.gov/pubmed/25342111
https://www.ncbi.nlm.nih.gov/pubmed/25342111

g Sl Byl Lol oy el 4 Listeria monocytogenes s yusb 59,9 ool oy | ol y)od g ails Uguo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2000; 31(2):100-104.

Oliver JD. The Public Health Significance of vViable but
Nonculturable Bacteria. In: Colwell RR, Grimes DJ (Eds.),
Nonculturable Microorganisms in the Environment. Berlin:
Springer Science & Business Media; 2000.

Dillon RA, Patel TR. Listeria in Seafoods: A Review. J
Food Prot. 1992; 55(12):1009-1015.

Kathariou S. Listeria Monocytogenes Virulence and
Pathogenicity, A Food Safety Perspective. J Food Prot.
2002; 65(11):1811-1829.

Swaminathan B, Gerner-Smidt P. The Epidemiology of
Human Listeriosis. Microbes Infect. 2007; 9(10):1236-1243.

Gasanov U, Hughes D, Hansbro PM. Methods for the
Isolation and Identification of Listeria spp. and Listeria
Monocytogenes: A Review. FEMS Microbiol. 2005;
29(5):851-875.

Oliver JD, Bockian R. In Vivo Resuscitation, and Virulence
Towards Mice, of Viable but Nonculturable Cells of Vibrio
Vulnificus. Appl Environ Microbiol. 1995; 61(7):2620-2623.

Oliver JD. The Viable but Non Culturable State in Bacteria.
J Microbiol. 2005; 43:93-100.

Rice SA, McDougald D, Kjelleberg S. Vibrio Vulnificus: A
Physiological and Genetic Approach to the Viable but
Nonculturable Response. JIC. 2000; 6(2):115- 120.

Grey B, Steck TR. Concentrations of Copper Thought To Be
Toxic to Escherichia coli Can Induce the Viable but
Nonculturable Condition. Appl Environ Microbiol. 2001;
67(11):5325-5327.

Kong IS, Bates TC, Hilsmann A, Hassan H, Smith BE,
Oliver JD. Role of Catalase and oxyR in the Viable but
Nonculturable State of Vibrio Vulnificus. FEMS Microbiol
Ecol. 2004; 50(3):133-142.

Suarez M, Gonzalez-Zorn B, Vega Y, Chico-Calero I,
Vazquez-Boland J. A Rol for ActA in Epithelial Cell
Invasion by Listeria Monocytogenes. Cell Microbiol. 2001;
3:853-864.

Moors MA, Levitt B, Youngman P, Portnoy DA. Expression
of Listeriolysin O and ActA by Intracellular and
Extracellular Listeria Monocytogenes. Infect Immun. 1999;
67(1):131-139.

Wuenscher MD, Kohler S, Bubert A, Gerike U, Goebel W.
The iap Gene of Listeria Monocytogenes is Essential for
Cell Viability, and Its Gene Product, P60, has Bacteriolytic
Activity. J Bacteriol. 1993; 175(11):3491-3501.

Bierne H, Sabet C, Personnic N, Cossart P. Internalins: A
Complex Family of Leucine-Rich Repeat-Containing
Proteins in Listeria Monocytogenes. Microbes Infect. 2007;
9(10):1156-1166.

Camilli A, Tilney LG, Portnoy DA. Dual Roles of Plca in
Listeria Monocytogenes Pathogenesis. Mol Microbiol. 1993;
8(1):143-157.

Mizunoe Y, Wai SN, Ishikawa T, Takade A, Yoshida S.
Resuscitation of Viable but Nonculturable Cells of Vibrio

YA

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Parahaemolyticus Induced at Low Temperature Under
Starvation. FEMS Microbiol Lett. 2000; 186(1):115-120.

Oliver JD, Hite D, McDougald D, Andon NL, Simpson LM.
Entry Into, and Resuscitation From, the Viable but
Nonculturable State be Vibrio Vulnificus in an Estuarine
Environment. Appl Environ Microbiol. 1995; 61(7):2624-
2630.

Lindback T, Rottenberg ME, Roche SM, Rorvik LM. The
Ability to Enter Into an Avirulent Viable but Non-
Culturable (Vbnc) Form is Widespread Among Listeria
Monocytogenesisolates From  Salmon, Patients and
Environment. Vet Res. 2010; 41(1):8.

Cappelier JM, Besnard V, Roche S, Garrec N, Zundel E,
Velge P, et al. Avirulence of Viable But Non-Culturable
Listeria Monocytogenes Cells Demonstrated by In Vitro and
In Vivo Models. EDP Sciences. 2005; 36(4):589-599.

Jahncke ML, Collette RP, Hicks DT, Wiedmann M, Scott
VN, Gall K. Treatment Options to Eliminate or Control
Growth of Listeria Monocytogenes on Raw Material and on
Finished Product for the Smoked Fish Industry. Food
Protection Trends. 2004; 24(8):612-619.

Bozoglu TF, Ozilgen M, Bakir U. Survival Kinetics of
Lactic Acid Starter Cultures During and After Freeze
Drying. Enzyme and Microbial Technology. 1987; 9:531-
537.

Klaenhammer TR, Kleeman EG. Growth Characteristics,
Bile Sensitivity, and Freeze Damage in Colonial Variants Of
Lactobacillus Acidophilus. Appl Environ Microbiol. 1981;
41(6):1461-1467.

Nilsson L, Gram L, Huss HH. Growth Control of Listeria
monocytogenes on Cold Smoked Salmon Using a
Competitive Lactic Acid Bacteria. Flora J Food Prot. 1999;
62(4):336-342.

Seu D, Boor KJ, Wiedmann M. sigB-Dependent Expression
Patterns of Compatible Solute Transporter Genes opuCA
and Imo1421 and the Conjugated Bile Salt Hydrolase Gene
bsh in Listeria Monocytogenes. Microbiology. 2003;
149(11):3247-3256.

Tan Q, Xu H, Chen T, Li P, Aguilar ZP, Xu D, Ming X, Xu
F, Wei H. Differential Expression of Virulence and Stress
Fitness Genes During Interaction Between Listeria
Monocytogenes and Bifidobacterium Longum. Biosci
Biotechnol Biochem. 2012; 76(4):699-704.

Tasara T, Stephan R. Evaluation of Housekeeping Genes in
Listeria Monocytogenes as Potential Internal Control
References for Normalizing mRNA Expression Levels in
Stress Adaptation Models Using Real-Time PCR. FEMS
Microbiol Lett. 2007; 269(2):265-272.

Park YS, Lee SR, Kim YG. Detection of Escherichia
coliO157:H7, Salmonella spp., Staphylococcus Aureus and
Listeria Monocytogenesin Kimchi by Multiplex Polymerase
Chain Reaction (mPCR). J Microbiol. 2006; 44(1):92-7.

Ragon M, Wirth T, Hollandt F, Lavenir R, Lecuit M, Le
Monnier A, et al. Anew Perspectiveon Listeria
Monocytogenes  Evolution. PloS Pathogens. 2008;
4(9):e1000146.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC167533/
https://www.ncbi.nlm.nih.gov/pubmed/15765062
https://www.ncbi.nlm.nih.gov/pubmed/11679363
https://www.ncbi.nlm.nih.gov/pubmed/19796607
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC243939/

WA Cetgsyl = s | 8l 1Y b ol Ko sl Koo dlone

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Lou Y, Yousef AE. Characteristics of Listeria
Monocytogenes Important to Food Processors. In: Ryser ET,
Marth EH (eds.), Listeria, Listeriosis and Food Safety; 2 ed.
New York: Marcel Dekker; 1999.

Uuchs RS. Listeria Monocytogenes. ASEAN Food J. 1992;
6:3-13.

Kuzmanovi¢ J, ASanin R, Balti¢ M, Misi¢ D, Dimitrijevi¢
M, Stojanovi¢ M, et al. Presence of Listeria SPP in Fish
Samples, Fish Product and Sea Products. Acta Veterinaria
(Beograd). 2011; 61(2-3):193-203.

Fonseca F, Béal C, Corrieu G. Operating Conditions That
Affect the Resistance of Lactic Acid Bacteria to Freezing
and Frozen Storage. Cryobiology. 2001; 43(3):189-198.

O'Brien KV, Aryana KJ, Prinyawiwatkul W, Ordonez KMC,
Boeneke CA. The Effects of Frozen Storage on the Survival
of Probiotic Microorganisms Found in Traditionally and
Commercially Manufactured Kefir. J Dairy Sci. 2016;
99(9):7043-7048.

Chavarri F J, De Paz M, Nunez M. Cryoprotective Agents
for Frozen Concentrated Starters From Non-Bitter
Streptococcus Lactis Strains. Biotec Letters. 1988; 10(1):11-
16.

Carvalho AS, Silva J, Ho P, Teixeira P, Malcata FX, Gibbs
P. Relevant Factors for the Preparation of Freeze-Dried
Lactic Acid Bacteria. Int Dairy J. 2004; 14(10):835-847.

Mazur, P. Cryobiology: The Freezing of Biological
Systems. Science. 1970; 168(3934):939-949.

Brashears MM, Gilliland SE. Survival During Frozen and
Subsequent  Refrigerated  Storage of Lactobacillus
Acidophilus Cells as Influenced by the Growth Phase. J
Dairy Sci. 1995; 78(11):2326-2335.

Fernandez Murga ML, De Ruiz Holgado AP, De Valdez
GF. Survival Rate and Enzyme Activities of Lactobacillus
Acidophilus Following Frozen Storage. Cryobiology. 1998;
36(4):315-319.

Harrison MA , Huang YW, Chao CH, Shineman T. Fate of
Listeria Monocytogenes on Packaged, Refrigerated, and
Frozen Seafood. J Food Prot. 1991; 54(7):524- 527.

Palumbo SA, Williams A. Resistance of Listeria
Monocytogenes to Freezing in Foods. Food Microbiol. 1991;
8(1):63-68.

Wai SN, Mizunoe Y, Takade A, Yoshida S. A Comparison
of Solid and Liquid Media for Resuscitation of Starvation-
and Low-Temperature-Induced Nonculturable Cells of
Aeromonas Hydrophila. Arch Microbiol. 2000; 173(4):307-
310.

Pawlowski DR, Metzger DJ, Raslawsky A, Howlett
A, Siebert G, Karalus RJ, et al. Entry of Yersinia Pestis Into
the Viable but Non Culturable State in a Low Temperature
Tap Water Microcosm. PLoS One. 2011; 6(3):e17585.

A

48.

49.

50.

51.

52.

53.

54.

95.

56.

o7.

58.

Zeng B, Zhao G, Cao X, Yang Z, Wang C, Hou L.
Formation and Resuscitation of Viable but Nonculturable
Salmonella Typhi. BioMed Res Int. 2013; 907170.

Zolfaghari M, Rezaei M, Forozandeh Moghaddam M,
Mohabbati Mobarez A, Hosseini H. The Effect of Stressful
Conditions on Culturability of Listeria monocytogenes in
Food Matrix. Iran J Med Microbiol. 2017; 11(5):149-158.

McGann P, Wiedmann M, Boor KJ. The Alternative Sigma
Factor sB and the Virulence Gene Regulator PrfA Both
Regulate  Transcription of Listeria Monocytogenes
Internalins. Appl Environ Microbiol. 2007; 73(9):2919-
2930.

Duodu S, Holst-Jensen A, Skjerdal T, Cappelier JM, Pilet
MF, Loncarevic S. Influence of Storage Temperature on
Gene Expression and Virulence Potential of Listeria
Monocytogenes Strains Grown in a Salmon Matrix. Food
Microbiol. 2010; 27(6):795-801.

Roszak DB, Grimes DJ, Colwell RR. Viable but
Nonrecoverable Stage of Salmonella Enteritidis in Aquatic
Systems. Can J Microbiol. 1984; 30(3):334-338.

Bunic S, Avery SM, Rogers AR. Listeriolysin O Production
and Pathogenicity of Non-Growing Listeria Monocytogenes
Stored at Refrigeration Temperature. Int J Food Microbil.
1996; 31(1-3):133-147.

Ferreira A, O’Byrne CP, Boor KJ. Role of sB in Heat,
Ethanol, Acid, and Oxidative Stress Resistance and During
Carbon Starvation in Listeria Monocytogenes. Appl Environ
Microbiol. 2001; 67(10):4454-4457.

Sue D, Fink D, Wiedmann M, Boor KJ. sB-Dependent Gene
Induction and Expression in Listeria Monocytogenes During
Osmotic and Acid Stress Conditions Simulating the
Intestinal  Environment. Microbiology. 2004; 150(Pt
11):3843-3855.

Ferreira A, Sue D, O’Byrne CP, Boor KJ. Role of Listeria
Monocytogenes SB in Survival of Lethal Acidic Conditions
and in the Acquired Acid Tolerance Response. Appl
Environ Microbiol. 2003; 69(5):2692-2698.

Sue D, Boor KJ, Wiedmann M. sB-Dependent Expression
Patterns of Compatible Solute Transporter Genes Opuca and
Imo1421 and the Conjugated Bile Salt Hydrolase Gene bsh
in Listeria Monocytogenes. Microbiology. 2003; 149(Pt
11):3247-3256.

Geoffroy C, Gaillard JL, Alouf JE, Berche PE. Purification,
Characterization and Toxicity of the Sulfhydryl-Activated
Hemolysin Listeriolysin 0 From Listeria Monocytogenes.
Infect Immun. 1987; 55(1):1641-1646.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Howlett%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21436885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Howlett%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21436885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siebert%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21436885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karalus%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=21436885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilet%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=20630322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilet%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=20630322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loncarevic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20630322

