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MATERIALS AND METHODS

Bacterial Strains

A total of 32 Listeria strains were examined in this study (Table 1).
These included 25 L. monocytogenes strains/isolates, four of which
came from reference collections, and 21 were isolated from food
products and processing plants and vessels [41]. In addition, two L.
innocua (ATCC 33090 and AB2497), one L. ivanovii (Li01), one L.
welshimeri (C15), one L. seeligeri (ATCC 35967), and two L. grayi
(Li07 and Li0O8) strains were acquired from reference collections
(Table 1). Listeria strains were refreshed from glycerol stocks
maintained at -80°C and cultured on tryptic soy agar plates with 7%
sheep blood, followed by growth in brain heart infusion broth (BHI;
Oxoid, Hampshire, England) at 37°C.

Mouse Virulence Assay

The virulence potential of 25 L. monocytogenes and one L. innocua
(ATCC 33090) strains was assessed in accordance with a previously
reported protocol [17]. Briefly, female ICR mice at 20-22 g (Zhejiang
College of Traditional Chinese Medicine, Hangzhou, China) were
allowed to acclimatize for 3 days. Five groups of mice (six per group)
were inoculated intraperitoneally with 0.2-ml aliquots of appropriately
diluted Listeria strain resuspended in phosphate-buffered saline (PBS,
0.01 M, pH7.2). Mice in the control group were injected with
0.2 ml of PBS. The LDy, values were calculated by using the trimmed
Spearman-Karber method on the basis of mouse mortality data recorded

during a 10-day post-injection period, and the relative virulence (%)
of these strains was determined as described previously [19].

Plaque-Forming Assay

The ability of L. monocytogenes strains to form plaques on mouse
fibroblasts 1.929 cells was assessed as described previously [16]. Cell
monolayers were grown to 80% confluence in 2 ml of DMEM
containing 10% fetal bovine serum in 6-well plates (Corning, U.S.A.).
The overnight Listeria cultures were centrifuged and resuspended in
PBS. For each strain tested, one well was infected with 5x10° CFU
and the other was infected with 1.5x10° CFU. Upon 1-h incubation
at 37°C, the cell monolayers were washed three times with PBS and
overlaid with 3 ml of DMEM containing 20 pig/ml gentamicin and 1.4%
agarose (Oxoid Ltd., Hampshire, England). Following a 3-day incubation
at 37°C, a second 2-ml overlay of DMEM containing 0.02% neutral red
solution and 1.4% agarose was added. After a final day of incubation,
plaques were photographed by a digital camera. The diameters of 25
plaques were measured using Adobe Photoshop software for each
strain. The plaque size of reference strain 10403S was set at 100%.

Assays for Hemolytic and Phospholipase Activities

Hemolytic activity of Listeria strains was assayed in sheep blood
agar plates as previously described [8]. To titrate the hemolytic
activity, supernatant from Listeria BHI broth cultures was serially
diluted by 2-fold in a 96-well V-bottom microplate with saline
(8.5 g/l NaCl). An equal volume of sheep red blood cells in saline
was added to each well and the microplates were incubated at 37°C
for 1h. The hemolytic titer of each Listeria strain is expressed as
the reciprocal of the corresponding dilution of the supernatant required
to lyse 50% of the erythrocytes in triplicate wells [16]. Phospholipase
activity of Listeria strains was examined with the egg yolk assay of
Ermolaeva et al. [6] without charcoal activation. The BHI agar
plates were supplemented with 5% fresh egg yolk suspension in
saline. Listeria cultures were streaked onto the plates and incubated
at 37°C for 48 h, with L. ivanovii Li0l being applied as the positive
control displaying an opacity zone surrounding the streak [9].

PCR

One ml of each Listeria broth culture was transferred to an Eppendorf
tube and centrifuged at 12,000 xg for 3 min. The cell pellet was washed
twice with milli-Q water (Millipore China Ltd, Beijing, China) and
then resuspended in TZ buffer (2% Triton X-100, 2.5 mg/ml NaN;,
and Tris-HCI, pH 8.0). After boiling for 10 min, the bacterial suspension
was cooled on ice for 5 min and subsequently centrifuged at 12,000 xg
at 4°C for 1 min. The resulting supernatant was used as template DNA.
The PCR mixture (in a volume of 30 pl) was made up of 3 pl of
10xPCR buffer [200 mM Tris-HCI, pH 9.0, 100 mM KCI, 20 mM
MgCl,, 100 mM (NH,),SO,, and 1% Triton X-100], 0.6 pl of dNTPs
(10mM), 0.6 ul of each primer (5uM, custom synthesized by
Invitrogen Biotechnology Co. Ltd., Shanghai, China), 0.8 ul of Tag
DNA polymerase (2 U/pl; TaKaRa Biotech Co. Ltd., Dalian, China),
and milli-Q water to a final volume of 28 pl, and 2 pl template DNA.
To amplify products larger than 4 kb, LA Tag DNA polymerase
(TaKaRa) was utilized. The reaction mixtures were subjected to a
hot start at 95°C for 3 min prior to 25 cycles of amplification, with a final
extension at 72°C for 5min in a thermal cycler (MJ Research Inc.,
Boston, MA, U.S.A.). The annealing temperatures varied with specific
primer pairs (Supplementary Table 1), and the duration of extension
depended on the length of amplicons (1 min per kb, at 72°C). The PCR-



Table 1. Characteristics of Listeria strains used in this study.

EVOLUTION OF LISTERI4 SPECIES 240

Relative st e

. Hemolytic Mouse mortali Relative d
Strain Serovar  Source titery of plaque (%)* (dead/tested)bty virulence® logLDs,
L. monocytogenes EGD 1/2a  Reference strain 2? ND 11/30 36.6% 6.64
10403S 1/2a Reference strain 2? 100 0 18/30 60% 5.49
NICPBP54006 4a Reference strain 2? 0 1/30 3.3% 8.35
NICPBP54007 4b Reference strain 2? ND 11/30 36.6% 6.79
mLm3 4b  Raw milk 2} 108.3 5.8 28/30 93.3% 3.86
mLm4 4a  Pasteurf ed milk 2} 0 2/30 6.6% 8.14
mLm10 1/2a Pasteurf ed milk 2? 95.7 13.1 18/30 60% 5.55
fLml 1/2a  Beef 2? 96.3 1.2 14/30 46.6% 6.26
fLm2 12b  Pork chops 2? 88.8 1.3 13/30 43.3% 6.45
fLm3 1/2a Raw pork 2? 98.3 34 15/30 50% 6.07
fLm4 1/2c  Vegetable 2’ 85.0 1.3 15/30 50% 6.11
fLm5 1/2b  Chicken 2! 92.0 1.5 16/30 53.3% 5.83
eLml 1/2a  Seafood plant sewage 2} 103.7 7.8 18/30 60% 5.53
eLm2 1/2b  Milk plant vessel 2? 102.8 8.2 12/30 40% 6.46
eLm3 1/2b  Milk plant sewage 2? 83.7 0.4 12/30 40% 6.43
eLm4 1/2b  Milk plant sewage 2? 97.0 0.7 13/30 43.3% 6.32
eLm5 1/2a Milk plant vessel 2? 89.3 2.3 18/30 60% 5.45
sLml 4b American red drum 22 84.5 3.9 11/30 36.6% 6.74
sLm2 1/2¢ American red drum 2! 92.0 0.6 14/30 46.6% 6.19
sLm3 4b  American red drum 2? 85.6 4.5 11/30 36.6% 6.72
sLm4 1/2b  Shelled shrimps 2? 1023 3.5 16/30 53.3% 5.94
sLm5 4b  Shelled shrimps 2? 90.1 0.7 25/30 83.3% 4.40
sLm6 1/2b  Shelled shrimps 2’ 91.9 3.1 17/30 56.6% 5.79
sLm7 1/2b  Shelled shrimps 2? 100.4 2.2 21/30 70% 5.08
sLm8 1/2a  Shelled shrimps 2? 98.8 1.4 13/30 43.3% 6.31
L. innocua ATCC 33090 6a Reference strain <2° 0 0/30 0% ND
AB2497 6a Reference strain <2° ND ND ND ND
L. ivanovii Li01 5 Reference strain 2! ND ND ND ND
L. welshimeri C15 Reference strain <2° ND ND ND ND
L. seeligeri ATCC 35967 Reference strain 2! ND ND ND ND
L. grayi Li07 Reference strain <2° ND ND ND ND
Li08 Reference strain <2° ND ND ND ND
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e ot K e e kAR Y P G5 e WD B e B e Bty A%

amplified products were electrophoresed on 1.0% agarose gel in the
presence of ethidium bromide (0.5 pg/ml) and visualized under UV
transillumination. The L. monocytogenes Imo0029-lmo0042 cluster (and
its equivalent in other Listeria strains) and three L. monocytogenes-
specific internalin gene clusters (inlAB,|inl(C, and inl ) were
amplified with primers targeting their flahking genes (i.e., Imo0029/
Imo0042, K04 /0l04, s r;{ /inC; and ascB ai) The full-length
sequences of LIPI-1 “between as and kh were covered by five
fragments in separate PCRs. In addition, primers were derived from
L. innocua-specific genes lin] 0 , lin] 0 4, linl 0 o> in01 94, linQ 2
lin041 9, lin24 4, lin._? 92, lzn0‘4 4, and lin0 J [10] for sequence
comparison among Listeria spemes (Supplementary Table 1).

Cloning and Sequencing of PCR Products

PCR fragments were purified by using the AxyPrep DNA Gel
Extraction Kit (Axygen Inc., U.S.A.) and inserted by T-A cloning
strategy into the pMD18-T vector (TaKaRa). The recombinant plasmids

were introduced into fscherichia coli DH5 and confirmed by PCR
and restriction digestion with EcoRI and HindIIl. The positive
clones were selected and sequenced by the dideoxy method on an
ABI-PRISM 377 DNA sequencer.

Genome Walking

Additional primers for genome walking were designed from the
gene regions whose sequences became available in the study. Nested
PCR was performed by using the TaRaKa Genome Walking Kit in
accordance with the procedures recommended by the manufacturer.

Phylogenetic Analysis

Deduced amino acid sequences of the ORFs under investigation were
aligned by ClustalX software (version 1.8). The corresponding
nucleotide sequences were then trimmed and aligned [32]. Phylogenetic
and molecular analyses were undertaken by using the Molecular
Evolutionary Genetics Analysis software (MEGA version 3.0) (http:/
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/www.megasoftware.net). Phylogenetic trees were constructed and
compared by using neighbor-joining (NJ), maximum parsimony (MP),
minimum evolution (ME), and UPGMA methods [17,36]. The
robustness of the branching pattern was tested by bootstrap analyses
through 1,000 replications.

GenBank Accession Numbers

Forty-five nucleotide sequences covering the genes of Listeria strains
examined in this study have been deposited in GenBank (Accession
Nos. EF392667 to EF392669, EF690661 to EF690672, EU073135 to
EU073161, and EU444834 to EU444836) (Supplementary Table 2).

RESULTS

Virulence to Mice
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Hemolytic and Phospholipase Activities
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Fig. 1. A. Genetic structures of the L. monocytogenes Imo0029-0042 region and its orthologs in Listeria species. B. Genetic
organf ation of the /mo0035-Imo0042 intergenic spacer region (ISR) of L. monocytogenes serovars 1/2a and 4b in relation to those of L.
monocytogenes serovar 4a and L. innocua. The Imo0035-Imo0042 ISR of L. monocytogenes serovar 4a contains three segments from
different origins (see text for details). C. Alignment of segment A of the /mo0035-lmo0042 ISR with putative insertion junctions.
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Table 2. Comparison of nucleotide sequences in the /mo0029-0042 locus among Listeria species.
Nucleotide identity (%)

Strain Length (bp) L. monocytogenes L. innocua L. welshimeri
EGD (1/2a) F2365 (4b) CLIP11262 SLCC5334
L. monocytogenes 54007 (4b) 15,391 95.3 98.4 85.3 82.6
L. monocytogenes 54006 (4a) 8,735 87.8 88.5 89.2 78.0
L. monocytogenes mLm4 (4a) 8,735 87.6 88.4 89.1 78.1
L. innecua ATCC33090 8,735 85.9 85.8 99.6 77.5
L. welshimeri C15 1,189 82.6 82.2 76.8 98.6
L. seeligeri ATCC35967 1,189 80.8 80.1 72.4 89.1
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Table 3. Comparison of L. monocytogenes serovar 4a segments in the /mo0035-0042 intergenic spacer regions (ISR) to corresponding
fragments (see Fig. 2B for details) in L. monocytogenes EGD (1/2a), F2365 (4b), and NICPBP54007 (4b), and L. innocua CLIP11262
(6a).

Nucleotide identity (%)

L. monocytogenes 4a segment” Length (bp)

CLIP11262 (6a) EGD (1/2a) F2365 (4b) 54007 (4b)
A 54 80.7 75.0 72.9 68.8
B 22° 32,5 = - =
C 112 81.4 83.7 83.8 83.8

Lgod e g 4 s (NIC B 540064 ol L 4p # d00%: clqy b ¢ o 0350042
b ¢BS L par 37k g
c

b
SR Bl Lo T R AT Y L g e g l/Be b
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L. monocytogenes — ELL—'\%
serovars 1/2a and 4b rolS hyp. inlc hyp infC
pro. pro.*
L. monocytogenes serovar 4a H }< — >—[
vo. infC . olS orfo of3 orfv h
like)(Imo1265 like) pro.* (Imo1264
L. innocua )y [
yp. NAD(P)H hyp infC pIS  hyp. h
ro. Oxidored- pro.* pro. p

uctase

Fig. 2. A schematic diagram of chromosomal regions carrying L. monocytogenes internalin genes and the corresponding loci in other
Listeria species.

ucﬂ"% RS 0 W.t,err W)s db‘% be paw "vecg 2ot e gaa e eyeegcB® gl B
& iow e fC“"’*S o rt‘t“’cr't‘c A" Y dwk‘ t?“ W e WS Tgga @ 3L
o & ke gt gV /2 4 e dde &a

aad O (C2)d geme cl Uy w,ese p-,e‘ﬁ'lt t1 he }1282gee tl. oF toge & F2365, a1ad he 1303
ePeciye o %al egl'q “pn- £Caid sCB- aad 1304 gerey tl. Fu CLIP11262t (Table 4),
lp }1 . of,acrcqr evva 1/2a a1d 4b, bl,(abmt hich _ e e*ea,l 570kbawa f ®*m_he w\ fClcu
VA I 4 ,aoewcv o, ‘Va 4a aadl . fu (Fig. 2A). %addll‘q oj{;/ehd hejmm'q eg1‘1be ee ,pw ad
1 hel® Lube ‘pw aad 7C,  Cad ‘mlm‘ of adPea ed, Obe i . o F taoeug e‘wva 4a
geey, eﬂc‘dng h 2 thetlcalp Setr g8 (€8 M7 1th*1w h‘mw‘lwg beig ec®fed L. o & j0ge &

o F 02 € e ‘Va 1/2a aad 4b (Fig. 2B) M. Wef va,« 1/2a aad 46 ¢ ‘he bac e ial P ecien. ,, BLAST

# u , hee ey edf‘ ge'le be eeq,pwa"ld rC, wea ch. Fy he m®e, he ' A'and Bge'le e i edbe L een
‘e eetblg m NAD(P)H id¥edicae ed hee b o0470mdd 0475850, o & oce & 18 Sa da. hich

mc‘dmgh\? ®he ical* wlen w”fwhlc e, 2lcific e, hibied 91.5-97% cle®ide 1d iiey, h’e 'f']vEGD

t. his, Pec1et ethd he ®he iy wmila, 'ha 1. 10403tS aad F2365; a‘qd he[ ﬁ‘lt # 'hek[ St €
o f (08 & e Va 1i/Za aad 4b (%1g iB) L. L ecie, (da aﬂv *Jl. *1) v ‘
oF ,ogecv o€, %a, 4aal,) w*ha b®ed f®y ORF..t_hiy.
,egit, e ( rra e h 4 ’he ical 'eh) betag  Comparison of rRNA Gene Sequences
imila, W‘E o F 080 & e ‘ Va e f/2a aad'4b (97 9% Bayed ®1_he full-leag h 16S a1d 23S RNA geme wed1eacey.

“lLCle' tlde id tV) adl. Su (98 8% *uclew ide (Ge‘qulgAcceW;'qN‘ X92948- X92954) S Lh’”leme‘lta
i ) (Fig. 3B @ad Table 4), aad th e | the w(ra, afﬂ Table 2) [31], he gerwd sy e caa be diyided r}
3“1(1 o/y) betag diffe e £ ®m h®etl. o F 0z ¢ may Clhht leete SNV (o2 s I. u .
& va 1/2aa‘1d4ba~1 }u (Fig. 2B). I‘}.ee ngl v Py L5 ee ge, a1dl . wes e ,h® ngﬂLclew ide
afa a1d of B, th'Lgh 1 eve W& a1y 0 1“? i atl' 1m11a 1t1e be_ e¢199.5% a1d 99. 9%, aad b el ’he oy
(Fig. 2B), e,e vimila, (81.5-83. b%) fie 012 4aad L. X?n‘qg he fiye vigna ye, egl‘q 1 he 2§S
#1265 ge'le L. o& ;0206 EtG]_I) he 1281 aad RNA geqe wehecey, .ha dem"l K\ ed . sufficies \Ea 1a1"1
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Fig. 3. The signature regions A and B of Listeria 23S rRNA gene sequences.

Y ¢® ¥ L L& ug?@«EGDm ?

t cpetddg @
l‘x‘cr‘é‘it e 4 QdcﬁV c p%

S Lop a

’f‘ e- eﬁdr} a? ecie, diffe e%lal’q‘fhege'lu,ls, ,

.(‘egl.LAa‘idB) eed’”’hcable w‘hei o8 ["05/5'—
™ "su g (Fig, 3). k1, egl‘q of (0%e &
o6, %a, 4a diffeed £, %mI. o & tagcc o8, %a,u 122
aad 4D a wella ‘the Ls;e. Pecie, b, haytig 1 A
a 0833 f bad O G ® T. ki ,efi*a B, d*a

‘mhg\,nga tm%Len v, 1% ¥ Ca P,‘11!-11095 It
O F 0ge 6 ., Va 4a ay. yimila, Fu b,
PO o fag CGa 9, 7083 1084tr~1 ead * TA
L. o0& 0806 € %a12aad4b,l. ,adl .
see ge.,d TG I .wes ¢ (Fig. 3).

ic %5 dCar e det

d%,‘%, w e dictb” 2. dY dbyﬂ %e i

Sequence Analysis of the Virulence Gene Cluster LIPI-1
Dema caed bV ps ad 4, LIPI-1 ha, b‘u wlyg V1 Ue-ce-
ag%ia ed gede.. k1 he pCB ad 4 L agenic Lace,
egl‘qtthe eae f.vk_taddl i®al ymall O (aﬂ afJ
a;B aad afA t1gaga, w*) The p,g md or4 geey
deltaea ed  he 4 yaiy e delei® # % " ® LIPI-1 11 .
& u (F1g 4). AE’ £ *m %me . ewﬁce diye, geace
bemg“l ed t1_he ¢, a"ldpcB gemey, wthe gee. (e,
zA , p€ A , aad p 1 the vi, Uece geme cly.e, aad
y wmall ORFu)l atedbemee“l Ps aad 4 W et 1m11a
(94-99% a1d 82-96%, e eC el gl . » & [0 &

Table 4. Comparison of the orfa, orff, and hyp.pro (hypothetical protein) genes in L. monocytogenes serovar 4a to those in L.

monocytogenes serovars 1/2a and 4b and L. innocua.

L. monocytogenes EGD (1/2a)

L. monocytogenes F2365 (4b)

L. innocua CLIP11262

L. monocytogenes

Identity (% Identity (% Identity (%
serovar 4a gene Ortholog ty (%) Ortholog ty (%) Ortholog vy (%)
54006 mLm4 54006 mLm4 54006 mLm4
orfa Imo1264 81.6 81.6 F1281 83.9 83.9 lin1303 81.8 81.8
orff Imol265 81.9 82.1 F1282 81.9 82.1 lin1304 81.7 81.5
hyp.pro. hyp.pro. 97.9 97.9 hyp.pro. 97.9 97.9 hyp.pro. 98.8 98.8
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Fig. 4. Analysis of DNA sequences of the virulence gene cluster (LIPI-1).

g0 EQ‘% Wb r o e g BBy B e G BB ot B4 1B e FOAE 2 e
Pi g eS 2%, 5515 )(©O)F dpfZ-pBl D)§ L q & 1 g B e AV et 38 el §IT (OF dD)rdg
T'g%dca'rb o8 l;,ffa wER et & e A% el A N TL e ¢EGD-%eq S8  cpele

1€ %2143, 1/2a, 21d 4b (S #* lemeq a, | Table 3). I g 2
*"1w‘te' " h ha he € 4 geae 1. o8 05 o€, VA L
42" (N1CPBP54006 21d mLmd) a1d 4b (F2365) e, amtaed
t ) hi‘waf Tl Vhayfb‘: eda 105+ cle .t ide dele’i®a ay.c *m® aed
ihi! o & 0ge & & %a 1722 (EGD a1d 104039),
leadig; ® edci® ®f35 amfa ®acid, effec iyel e ® g
* ® 8 fic ¥, ¥ Otac- ich d*ea (DFPPPPTDEEL), . hich
SRS bé‘\} u,ed ¢ biadig *f he’%‘calb";bac r ®cin, VASP
d Mena @ yimae acibaed meili o Sigaificar
mutat’i"q;, é nt peBgretal. o8 ;0506 6, v‘ch t
42 (NICPBP34006 #1d mLm4) _ e e t®od a * & 1% 1
(A*®G)ad a * %% -26 (& ® ) (Fig. 4A), | hich
migtht t1" ®%dce hea c%® hif t1_he ORF (Fig. 4B).
They¢ chaage, migh haye *e*“'dt ed htrhﬂ e efﬁcieq{ ®e a{i"‘l
“® hept Bgeetl. o & ;oge & 8 %84 mbv‘};‘a;f
’ o F 0ge & 12az1d 4b . aty, avagenedb
#PheLhOPace aa,, Seteace aligﬂmeq,[ o, “fthe ps -
pfAISR ardogl-ofBISR L. o & ;020 & o6, %4,
4a, 1/2a, a1d 4b eyealed & .eat ve41ecey, (Figy, 4C aad
4D), _hich _ee imila, ® he . 1 ye. iht he
20035- a0042 ISR a1d © #b029 96030 18R efebed
’tw’ ab®e. EXLqii eace ® Lich® ya iye tbzhd? *Y i‘d;}e.,‘t"i‘
§inci® im#Tied he # @.ibili's 9 HOF &l am el Of
the Vi;r Uemce geme ¢l & [18].t ’ ‘ ‘ ‘

Presence of L. innocua-Specific Genes in L. monocytogenes
Serovar 4a
Am g the 10 I. # u -Lecific gere,. a1alZed
(S¥*lemeqa, Table 1), 0372aad 1073 e edeeced
ML o0& dgee 5%, 4 at (NICPBP54006
a1d mLmd), by A4S L. o F joge s % 122
aad 4b htkah&,(dat a"v‘t bhw"'*q). The 0372 geme ce$eace
L. o8& 056 £ %a 4a  aty. NICPBP54006
(EU073154) #ad mLm4 (EU073ft55) vhaed a 92.1%
~cle®ideide1i » ® ha t1f . & u CLIP11262, he,eay,
he Y073 ;;tqléfeﬂﬂegce t1 hewe . atr (BU073152
1d EU073153) e, hibied 79.3% ‘#ad 76.2% Limila i

kv
Peci ® ha i ty
L& ectlvelyt that tal. & u CLIP11262.

Phylogenetic Analysis of the L. monocytogenes-L. innocua
Group

The h®ugcked®t1g gee Paiy, #0029/ #0042 (2ad
(hei, " W%, 1 She, I5pe  Pecie), sCBAp
ol & ad ps ) Y, flaakiag hei, elfec ive ya iablé
cegit. e ecue eda hen wle®ide leyel (S lemé‘{ a,,
Table 4). Whe, ea, he 1p eleicetl. o F [0ge &

o€ %a, 4a dem 'y, aed a highe, vimila, i d (ha L
$u (99%) hah @ ha I, 0 & [dge e o Na

12a aad 4b (84.7187.7%), #0029, 0042, € B,
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:l L. innocua cluster

L. monocytogenes
serovar 4a cluster

L. monocytogenes
serovar 1/2a cluster

L. monocytogenes
serovar 4b cluster

Fig. 5. A. Phylogenetic tree of L. monocytogenes serovars 4a, 1/2a, and 4b and other Listeria species based on the concatenated data
set 23S-rRNA-16S-rRNA-/mo0029-Imo0042-ascB-dapE-infC-rplS-prs-Idh. B. Phylogenetic tree of selected L. monocytogenes serovars
based on the concatenated data 23S-rRNA-16S-rRNA-/m00029-Imo0042-ascB-dap E-infC-rplS-prs-ldh-prfA-plcA-hly-mpl-actA-plcB-orfX-
orfZ-orfB-orfA including the virulence gene cluster. The values above and below the horf ontal lines (expressed as percentages) indicate the
robustness of the corresponding branches (which is rooted with L. monocytogenes serovar 1/2a strain EGD), as determined by a bootstrap

analysis evaluated from 1,000 replications.

on. (Cops.ad 4 1L, o0& 0ge e £ %, 4a
e, hibj edc’m”’a able 1de} i h‘e VY 2 [oOgov
é‘va I/Zaa"nd4ba lal & u (Sd”lem v

€€ A c“n "1

Table 4). A c®m® ®j e"-‘g e, 1c
he ba.iy ®f he*‘lul:tlew ®ide o .Le"lce & he c‘qca e1a ed
93s-. RNAt16S RNA- 20029- @0042- 5¢ B4 :
fC—lpw—p -4 geve cly, e, (Fig. 5A). I e ”ectlve
i (he me h‘d em"l'ved tacl udivg ﬂelghb‘.—_] Otarag,
ma, im t1*a . 1m‘1V mpaimum e, ¥ 1%, aad UPGMA)
L. f,‘ﬂ’c*cr'e‘va 4a aad' L. Su ee
6'11 1 #laced ay a viye, bawch,l. o & 0 e
W€ @ /2a aad 4b f‘med zhv'he aad She, I 5, e;,
!’ec1e vccdx’ledthe m’ d1 nc ba‘qch( ig. SA). T'
fl*the.‘ 111Lmr1a1te he eV°l wl.“la hic ®  am®g I .
o F (#ge & .2 c’ve tg ., vva T/Za 4b, #1d 4a,
”’hvl gee ic nfnima i% (e ab® € gee L& ay
he’10 gme (pfdptB- -p- dp° Baf o b arB
orA) ¢ Ve, ng (he o h®e LIPI-1
«cheme, ue‘ Va 4a a1d 4b . af. c“l 1
“"w cl’elV ela ed b, a1chey, hq eag, ve ‘va 1/2a
ada. e“aaeb a‘qch(Flg 5B).
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a. c’mbhed Fa h1,

v fell nt

DiscussIoN

T®gat fy he ”’hvl beg ictaigh o ® hel . o & 1o o
I. &#u g%, ec'm”aa1ve e amfaed _he*1cle®ide
et ieace” OF he 338 RNA #ad 165 | RNA'rd he deae
g o00b9- 00042, B p \ pu- £C 2t ps-4
wella L. o0& ;08 6-Lecific’ Aad Ba‘qd 10

& u -Pecific gerentrl . o F oge & 18 %0102,

4a, #d4bardl . & u . Thi gy B f‘llwwedb aeume
o @ hem®_ic aad le01 hna 4 ac 1yi iey Yiad v
aad 0 i, deace o he e - iy, The! vl L s1ggey
hal. ‘o & joge e &, ‘Va 4a~1' %IV”‘ el ma1,,

e ic o4 ieace, comm @ ¢ “E,a 1/2a a1d 4b, by
al,® ha e\ ®me geve deletl‘q ad s wibded v @ ad
‘,}pVi‘;de’lce ihf. &#u, naddltl‘q ®ha bfnga
fo 1. &u sde(eg. 0372ad" 1h73)."

Molecular Characteristics of /1mo0029-Imo0042, ascB-dapE,
and rplS—infC Clusters in L. monocytogenes Serovar 4a
0me * hemaj® fmdngwn hiy. d i, he gee ic diye, ge'nce .
be gy eca? 3 h%emic 2141® i L o 60 !
anve wVkUA L. o d oge e, o€, vacw
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1 _he 00029- m0042 cl U e, aad 1 eralm cl U
nchdng he @1 4 be e SCBr;dl » ,md ¢
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Genetic Features of the Virulence Gene Cluster LIPI-1
The LIPI-1 geve clye, (eic®mPatigprd, p€4, , p,
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Low Virulence, Apparent Hemolytic Activity, and
Phospholipase Act1v1ty of L. monocytogenes Serovar 4a
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