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Abstract

Background: Listeria monocytogenes is a food-borne pathogen with strong environmental adaptability. It can survive at high tem-
peratures and in acidic high-salt and other unfavorable stressful environments and consequently form a biofilm.
Objectives: This study aimed to explore the roles of lmo2672 on the environmental adaptability, biofilm formation, and motility of
L. monocytogenes.
Methods: We analyzed the molecular characteristics of lmo2672 protein, constructed a lmo2672 gene deletion strain of L. mono-
cytogenes strain (L. monocytogenes-∆lmo2672), using the homologous recombination technique and compared the environmental
adaptability, biofilm formation, and motility of L. monocytogenes-∆lmo2672 with its parental strain L. monocytogenes EGD-e. The im-
pacts of lmo2672 gene deficiency on the transcription of genes associated with flagella formation and the environmental adaptability
of L. monocytogenes were also determined.
Results: The results showed that the lmo2672 contains two helix-turn-helix (HTH) DNA-binding domains. Compared to L. monocyto-
genes EGD-e, L. monocytogenes-∆lmo2672 grew significantly slower at different temperatures (37°C and 42°C) under different osmotic
pressures (5% and 8% NaCl) and in different media containing 0.3% bile salts, 5 mM H2O2, or 1% Triton X-100 (P < 0.05). Moreover,
LM-∆lmo2672 showed a significant decrease in biofilm formation (P < 0.01) and motility (P < 0.05) at 48 h of culture. Furthermore,
the transcriptional levels of regulatory gene prfA and flagella-related genes motA, fliP and fliE significantly decreased in LM-∆lmo2672
(P < 0.05).
Conclusions: In general, these findings indicated that lmo2672 played critical regulatory roles in the environmental adaptability,
biofilm formation, and motility of L. monocytogenes, thus providing new insights into the regulatory mechanism of lmo2672 in L.
monocytogenes.
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1. Background

Listeria monocytogenes is an intracellular parasitic
zoonotic pathogen causing listeriosis in animals and hu-
mans (namely neonates, pregnant women, and immune-
compromised individuals) (1, 2). Listeria monocytogenes
has a strong environmental adaptability and can sur-
vive at high temperatures and in acidic high-salt (3, 4)
and other unfavorable stressful environments and conse-
quently form a biofilm. Recently, many studies have shown
that the adaptability of L. monocytogenes to the stressful en-
vironment is closely related to its complex regulatory net-
work, in which PrfA (5) and SigmaB (6-8) play an important

role in regulating the stress adaptability and virulence of
L. monocytogenes.

As an important food-borne pathogen, L. monocyto-
genes can infect host cells under the mediation of vari-
ous pathogenic factors. Until now, many pathogenic fac-
tors, including InlA, InlB, ActA, InlC, LLO and phospholi-
pase (PlcA, PlcB) (9-13), have been extensively studied. It is
proved that the expression of these virulence factors was
regulated by PrfA, sigmaB, and other transcription regula-
tory factors, resulting in the long-term intracellular sur-
vival and proliferation of L. monocytogenes (1, 14). Liste-
ria monocytogenes can cross the hosts’ blood-brain, blood-
fetal, and gastrointestinal barrier (15), thereby posing sig-
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nificant problems in the food industry.
Many studies have confirmed the significance of tran-

scriptional regulation for L. monocytogenes in adapting to
different environments (5, 16), including the AraC fam-
ily, which could exert its functions in both Gram-positive
and negative bacteria (17-21). Structurally, the AraC fam-
ily members contain a conserved helical-turn-helix (HTH)
DNA-binding domain (22), which can activate gene tran-
scription and play regulatory roles in adapting to environ-
mental stresses and virulence (18, 19, 21, 23). lmo2672, a
novel AraC family regulator, is encoded by the differential
gene lmo2672 between virulent and avirulent strains of L.
monocytogenes (24). However, the biological function of
lmo2672 is still unclear.

2. Objectives

The main purpose of this study was to explore the po-
tential roles of lmo2672 in adverse environment adapta-
tion, biofilm formation, and motility of L. monocytogenes.
To this end, we constructed a lmo2672 deletion L. monocyto-
genes strain (LM-∆lmo2672) and compared its adaptability
to adverse environmental stresses, biofilm formation, and
motility with its parental strain L. monocytogenes EGD-e to
provide insights into the lmo2672 mechanism in transcrip-
tional regulation of L. monocytogenes.

3. Methods

3.1. Strains and Plasmids

The L. monocytogenes EGD-e strain was a gift from Pro-
fessor W. Goebel at the University of Wurzburg, Germany.
The strain was cultured in brain heart infusion broth
(BHI) (Sangon, China). Escherichia coli DH5α was preserved
by the College of Animal Science and Technology at Shi-
hezi University (Shihezi, China) and cultured in LB media
(Difco, USA). The temperature-sensitive plasmid pKSV7 was
provided by Professor Zhu Guoqiang from Yangzhou Uni-
versity (Yangzhou, China).

3.2. Primers

The primers used for constructing L. monocytogenes-
∆lmo2672 and primers for qRT-PCR analysis of genes asso-
ciated with environmental adaptation and flagellar move-
ment were designed based on the genome sequence of
L. monocytogenes EGD-e in GenBank (accession number:
AL591824.1) using Primer software version 5.0 (Premier
Biosoft International, USA). The 5’ ends of F1 and R2 primers
were flanked with Kpn I and Pst I (Takara, Japan) sites and
protective bases, respectively (Table 1).

Table 1. List of Primer Sequences in This Study

Primer
Names

Nucleotide Sequence (5’ → 3’) Size of
Amplicons, bp

lmo2672F ATGGCTAAGCTAGAAACGTT
807

lmo2672R TCATTGTATATTTGCGACATTT

F1 GGGGTACC CTGTCATTTTTTCTCCTCCT
638

R1 CAAAGCATTTACGTTTTAAAGAGACCCCCTTTTC

F2 GAAAAGGGGGTCTCTTTAAAACGTAAATGCTTTG
698

R2 AACTGCAG GCGAATCAAGTCTTTATCTC

F3 ATAACGTCGCAAGGTGCATG
2309/1502

R3 GGTCCATACAGAAAACCACGA

F4 ATGATTAATGAATTTGTTTGTA
840

R4 TTAGAGTTTTTCGACAGTCT

prfA-F TTAGCGAGAACGGGACCAT
392

prfA-R TGCGATACCGCTTGAATAG

sigB-F TCATCGGTGTCACGGAAGAA
310

sigB-R TGACGTTGGATTCTAGACAC

motA-F TGGAAGAACGTCATGCTGCT
129

motA-R GTTCGACATTTCGCCCATCG

motB-F AATCGCCAAAGAAATCGGCG
130

motB-R GGCGACACTTAGTTCCCAGT

fliP-F TGAATGTGCATGCCGAGAGT
82

fliP-R ACAAACAGCGCCACACTAGA

fliE-F ACCGCGAAAACAGACAATGC
96

fliE-R TACGGAAGTTTGCGCGTTTG

flhA-F ATGAACTCCTGATGCGCCAA
129

flhA-R GTTGTCGTAGCACCCCTTGA

16S
rRNA-F

GATGCATAGCCGACCTGAGA

116
16S
rRNA-R

TGCTCCGTCAGACTTTCGTC

rpoB-F TGCCATTTATGCCAGAC
188

rpoB-R TTCTTCCACTGTGCTCC

3.3. Cloning and Molecular Characterization of lmo2672 Gene

In brief, lmo2672 gene was amplified using L. mono-
cytogenes EGD-e genomic DNA as a template and the
lmo2672F-lmo2672R primers. After gel purification, the
product was ligated with pMD19-T simple vector (TaKaRa,
Japan) overnight and transformed into E. coli DH5α strain.
The positive clones were selected by sequencing. Its
encoded protein was analyzed using Expasy software
(http://www.expasy.org/tools/) for it’s functional domains.

3.4. Construction and Identification of Listeria monocytogenes-
∆lmo2672 Strain

The temperature sensitive plasmid pKSV7 was used to
generate mutations, and LM-∆lmo2672 strain was then
constructed by overlap extension (SOE) PCR and homol-
ogous recombination techniques. In brief, the upstream
and downstream homologous arms of the lmo2672 were
amplified using primer pair F1-R1 as well as primer pair
F2-R2, respectively. The PCR products were then gel pu-
rified and subjected to the overlap extension PCR using
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primer pair F1-R2 to generate the lmo2672 deletion frag-
ment (∆lmo2672). The fragment was then ligated with
pMD19-T simple vector (TaKaRa, Japan) to obtain pMD19-T-
∆lmo2672 and subcloned into pKSV7 after Kpn I and Pst I
digestion. The obtained pKSV7-∆lmo2672 was then trans-
formed into L. monocytogenes competent cells via electro-
poration to generate recombinant LM-∆lmo2672 strain.
The LM-∆lmo2672 was then screened and serially passaged
at 42°C in a chloramphenicol-containing BHI agar medium
(Sangon, China). The selected LM-∆lmo2672 strain was con-
firmed by PCR and DNA sequencing and further cultured at
37°C in a chloramphenicol-free BHI medium.

3.5. Effect of lmo2672 Gene Deletion on the Adaptability of Liste-
ria monocytogenes to Environmental Stresses

Briefly, L. monocytogenes EGD-e and LM-∆lmo2672 single
colonies were picked and cultured overnight at 37°C. After
adjusting OD600 nm to 0.5, 50µL of the cultures were inoc-
ulated into 5 mL of the fresh BHI medium and incubated
at different temperatures (37°C and 42°C) or in BHI media
containing different osmotic pressures (5% NaCl, 8% NaCl),
0.3% bile salts, 5 mM H2O2, 1% Triton X-100, respectively. The
growth curve of these stains was plotted after measuring
OD600 values every 2 h. Each experiment was performed in
triplicate, and the adaptability of L. monocytogenes EGD-e
and LM-∆lmo2672 to stressful environments was then ana-
lyzed, as previously reported (25).

3.6. Effects of lmo2672 Gene Deletion on Biofilm Formation Abil-
ity of Listeria monocytogenes

The biofilm formation ability of L. monocytogenes was
determined using the microplate method. In brief, the
overnight cultures of L. monocytogenes EGD-e and LM-
∆lmo2672 were diluted using the fresh BHI medium (San-
gon, China) to OD600 nm = 0.2, and 200 µL of the diluted
culture was inoculated into each well of a 96-well plate. Af-
ter incubation at 37°C for 12 h, 24 h, and 48 h, respectively,
the plate was washed with sterile water to remove the float-
ing bacteria and dried for 45 min. Afterward, 150 µL of
1% crystal violet solution was added into each well and in-
cubated the plate for 30 min. The Biofilm formation was
observed under an inverted microscope (LEICA, Germany)
and determined, as described by Peng (26). Each experi-
ment was performed three times, with five replicates. The
data were expressed as mean ± standard error.

3.7. Effect of lmo2672 Gene Deletion on the Motility of Listeria
monocytogenes

In brief, the single colonies of L. monocytogenes EGD-
e and LM-∆lmo2672 were cultured overnight in the BHI

medium at 28°C. After being adjusted to the same OD600

nm, 1 µL of the cultures were inoculated on the soft BHI
agar plate (0.3%). Moreover, a small portion of the cultures
were inoculated onto the 0.3% soft agar tube using an in-
oculation needle and cultured at 28°C for 48 h. The spots
formed by the migration of the bacteria on the plate were
photographed, and their diameters were measured. Each
experiment was repeated three times. The data were ex-
pressed as mean ± standard error.

3.8. Determining Transcriptional Levels of Genes Associated
with Stressful Environment Adaptability and Flagellar Forma-
tion of Listeria monocytogenes

After being cultured at 28°C to OD600 nm ≈ 0.6, the
cell pellets of L. monocytogenes-∆lmo2672 and L. monocyto-
genes EGD-e strains were collected by centrifugation and
used to extract total RNA using Trizol (Invitrogen, USA)
following the instructions provided by the manufacturer.
The cDNA was synthesized using an AMV reverse transcrip-
tion kit (TaKaRa, Japan) following the procedure provided
by the manufacturer. The synthesized cDNA was included
as a template for qRT-PCR on the LightCycler 480 (Roche,
Switzerland) instrument using the SYBR Premix Ex TaqTM
kit (TaKaRa, Japan) to detect the transcriptional levels of
two genes associated with environmental stress regulation
(namely prfA and sigmaB) and five genes associated with
flagellate (namely motA, motB, flhA, flip, and fliE). The rela-
tive transcriptional levels of the above genes were calcu-
lated according to the 2-∆∆CT method using two house-
keeping genes rpoB as the internal controls. Each experi-
ment was repeated three times. The data were expressed
as mean ± standard error.

3.9. Data Analysis

The differences between the L. monocytogenes-
∆lmo2672 and L. monocytogenes EGD-e strains were an-
alyzed using GraphPad Prism 5.0 (GraphPad Software,
USA). The significance level was set at P < 0.05.

4. Results

The lmo2672 gene is 807 bp in length and encodes
268 amino acid residues (Appendix 1A in Supplementary
File). Domain analysis revealed that the C-terminus of the
lmo2672 had a typical helix-turn-helix (HTH) DNA-binding
domain (Figure 1A). Tertiary structures predication re-
vealed that the lmo2672 protein consisted of fiveα-helices,
six β-sheets, four β-turns, and random coils (Figure 1B).
The amplification performed by the primers F3-R3 showed
a 1502 bp in L. monocytogenes-∆lmo2672 strain (Appendix
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1B in Supplementary File). Further amplification by the
primers F4-R4 and sequencing the amplified product indi-
cated that the L. monocytogenes-∆lmo2672 strain was suc-
cessfully constructed (Appendix S2 in Supplementary File).

The growth of L. monocytogenes-∆lmo2672 strain at 37°C
and 42°C was significantly slower than that of the L. mono-
cytogenes EGD-e strain (P < 0.05) (Figure 2A and B), indi-
cating that the adaptability of L. monocytogenes-∆lmo2672
to temperature significantly decreased. Compared with
the L. monocytogenes EGD-e strain, the L. monocytogenes-
∆lmo2672 strain grew significantly slower in the medium
with 5% NaCl (P < 0.05) and in the medium with 8% NaCl
after 10 h (P < 0.05) (Figure 2C and D). The L. monocytogenes-
∆lmo2672 strain did not grow in the BHI medium with 5
mM H2O2, showing significantly slower growth when com-
pared with L. monocytogenes EGD-e strain (P < 0.01) (Fig-
ure 2E). Furthermore, compared with the L. monocytogenes
EGD-e strain, the L. monocytogenes-∆lmo2672 strain also
grew slower in the BHI medium with 1% Triton X-100 dur-
ing 6 - 12 h (P < 0.05) and with 0.3% bile salts during 8 h (P
< 0.01) (Figure 2F and G).

All the results indicated that the lmo2672 plays an im-
portant role in the adaptation of L. monocytogenes to en-
vironment stress The biofilm formation ability of the LM-
∆lmo2672 strain at 12 h and 24 h culturing in BHI medium
was not significantly different from that of L. monocyto-
genes EGD-e (P > 0.05); however, it was significantly weaker
to form biofilm at 48 h than that of L. monocytogenes EGD-
e (P < 0.01) (Figure 3). Testing the soft agar tube showed
that the LM-∆lmo2672 significantly reduced motility, in
comparison to the L. monocytogenes EGD-e (Figure 4A), and
testing the soft agar plate also showed that spots formed
by the LM-∆lmo2672 were significantly smaller than those
formed by the L. monocytogenes EGD-e (P < 0.05) (Figure
4B), suggesting that the motility of LM-∆lmo2672 was re-
markably reduced.

The qRT-PCR analysis showed that, compared to the
L. monocytogenes EGD-e, the transcriptional levels of two
genes associated with the environmental stress regula-
tion and five genes associated with flagellar formation de-
creased to some extents in the LM-∆lmo2672, among which
the transcriptional levels of prfA, motA, fliP and fliE de-
creased more significantly (P < 0.05) (Figure 5).

5. Discussion

In this study, we successfully constructed the lmo2672
gene deletion strain L. monocytogenes-∆lmo2672 using the
homologous recombination technology and compared its
growth with its parental strain L. monocytogenes EGD-e in

different stress environments. The results showed that the
L. monocytogenes-∆lmo2672 grew significantly slower than
the L. monocytogenes EGD-e at different temperatures and
under osmotic pressures in the media containing 0.3% bile
salts, 5 mM H2O2, or 1% Triton X-100. These results suggest
that the lmo2672, a member of AraC transcriptional regu-
lator family, plays an important role in the adaptation of
the L. monocytogenes to adverse stressful environments.

Many studies have revealed that the AraC family is an
important class of regulators in bacteria and encompasses
more than 800 members, most of which are transcrip-
tional activators involved in bacterial growth (20, 22, 27).
In E. coli, SoxS expression is upregulated in response to ox-
idative stress (28), while OpiA and Robcould enhance the
bile acid tolerance (29, 30). However, the lack of axyR, an
AraC family regulator, does not affect the adaptation of L.
monocytogenes to temperature and acid or osmotic stress
conditions (31).

Due to strong environmental adaptability, the L. mono-
cytogenes could survive under stressful conditions such as
food processing, storage, and transportation (14, 32). How-
ever, the regulation mechanism of the L. monocytogenes
in response to stressful environments is not fully under-
stood yet. The existing studies have confirmed that the
environmental adaptability of L. monocytogenes is regu-
lated by multiple factors such as PrfA and sigmaB (5, 7,
16, 33). In this study, the transcriptional levels of PrfA and
sigmaB in the L. monocytogenes-∆lmo2672 strain decreased,
suggesting that the lmo2672 may exert its regulatory role
in stressful environments by regulating the expression of
PrfA and sigmaB. Nevertheless, the molecular mechanism
of the lmo2672 regulating PrfA and sigmaB genes needs to
be further studied.

It is reported that the AraC family members mediate
the transcriptional regulation of the genes associated with
the biofilm formation in bacteria. Top et al. (34) showed
that the deletion of EbrB, an AraC family regulator, de-
creased the biofilm formation ability of Enterococcus fae-
calis. Rowe et al. (19) showed that Rbf promoted the biofilm
formation of Staphylococcus epidermidis by regulating the
expression of icaADBC. Moreover, Camargo et al. (35) con-
firmed that SptRSSs, the other AraC family regulator, was
involved in the biofilm formation of Streptococcus mutans.
Our results showed that the biofilm formation ability of
the LM-∆lmo2672 was significantly lower than that of the
L. monocytogenes EGD-e, indicating that the lmo2672 con-
tributes to the formation of the L. monocytogenes biofilm.

Flagellum is not only a movement organ of bacteria,
mediating the propagation of bacteria in the hosts, but
also plays an important role in adhesion to the cell sur-
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Figure 1. Analyzing molecular characteristics of lmo2672 protein of LM. A, H-T-H DNA binding domains in lmo2672 protein; B, predicting 3D structure of lmo2672 protein.

Figure 2. Growth curves of LM EGD-e and LM-∆lmo2672 under different environmental stresses. From A to G, Growth curves of LM EGD-e and LM-∆lmo2672 at 42°C, 37°C in 5%
NaCl, 8% NaCl, 5 mM H2O2 , 1% Trion X-100, 0.3% bile salts, respectively. Bars indicate the standard error of the mean (SE).
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Figure 3. Effects of lmo2672 gene deletion on biofilm formation of LM. A, Biofilm on plates stained with crystal violet of LM at 48 h; B, biofilm of LM EGD-e and LM-∆lmo2672
biofilm determined by OD570 at 12 h, 24 h, and 48 h, respectively; C, formation of biofilm by LM EGD-e and LM-∆lmo2672 at 12 h, 24 h, and 48 h, respectively. Bars indicate the
standard error of the mean (SE). **, indicates P values < 0.01.

Figure 4. Determination and comparison of the motility of LM EGD-e and LM-
∆lmo2672. A, Kinematics in test tubes; B, kinematics in tablets; C, diameter size of
bacterial colony in the plate. Bars indicate the standard error of the mean (SE). *,
indicates P values < 0.05.
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Figure 5. The relative transcriptional levels of the genes related to environmental
adaptation and flagellar formation in the LM EGD-e and LM-∆lmo2672. Bars indicate
the standard error of the mean (SE). * and **, indicate P values < 0.05 and < 0.01,
respectively.
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face (36). Studies have revealed that the loss of AraC family
member significantly reduced the survival of bacteria and
its pathogenicity (17). Gode-Potratz et al. (37) concluded
that ExsA, an AraC family transcriptional regulator, could
affect the expression of the flagellin gene flgBL in Parasporal
vibrio. Our findings confirmed that the L. monocytogenes-
∆lmo2672 strain significantly decreased motility. More-
over, the expressions of the motA, flip, and fliE significantly
decreased in the LM-∆lmo2672, in comparison to L. monocy-
togenes EGD-e, suggesting that lmo2672 played a regulatory
role in the transcription of these three genes.

5.1. Conclusions

In conclusion, we successfully established a lmo2672
deletion L. monocytogenes strain, L. monocytogenes-
∆lmo2672, and confirmed that lmo2672, a member of
AraC family, plays important regulatory roles in environ-
mental stress adaptability, biofilm formation and motility
of L. monocytogenes. These findings in the present study
provided new insights into the regulatory mechanism of
lmo2672 in L. monocytogenes.

Supplementary Material
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supplementary materials, please refer to the journal web-
site and open PDF/HTML].

Acknowledgments

We thank the field staff who provided the samples for
this study.

Footnotes

Authors’ Contribution: JQ and QM designed the study.
JL, MQ, and XZ drafted the manuscript. JL, MQ, XZ, JL, YL,
XW, GZ, KZ, and LW performed the experiments and ana-
lyzed the data. XC revised the manuscript.

Conflict of Interests: All the authors approve that this
manuscript is not simultaneously submitted to another
journal for publication. The authors declare that they have
no conflict of interest.

Ethical Approval: Ethical approval for this study was
given by the Research and Ethical Committee of the Shihezi
University.

Funding/Support: This work was supported by the In-
ternational Science and Technology Cooperation Program
of China (no.: 2014DFR31310), the National Key Research

and Development Program (no.: 2016YFD0500900), Na-
tional Natural Science Foundation of China (no.: 31360596,
30960274), and Outstanding Young and Middle-Aged Tal-
ent Training Project Of State Key Laboratory For Sheep Ge-
netic Improvement And Healthy Production (no.: SKLS-
GIHP2017A03)

References

1. Gandhi M, Chikindas ML. Listeria: A foodborne pathogen that
knows how to survive. Int J Food Microbiol. 2007;113(1):1–15. doi:
10.1016/j.ijfoodmicro.2006.07.008. [PubMed: 17010463].

2. Marder EP, Cieslak PR, Cronquist AB, Dunn J, Lathrop S, Rabatsky-
Ehr T, et al. Incidence and Trends of Infections with Pathogens Trans-
mitted Commonly Through Food and the Effect of Increasing Use
of Culture-Independent Diagnostic Tests on Surveillance — Food-
borne Diseases Active Surveillance Networ. MMWR Morb Mortal Wkly
Rep. 2017;66(15):397–403. doi: 10.15585/mmwr.mm6615a1. [PubMed:
28426643].

3. Begley M, Cotter PD, Hill C, Ross RP. Glutamate Decarboxylase-
Mediated Nisin Resistance in Listeria monocytogenes. Appl Environ
Microbiol. 2010;76(19):6541–6. doi: 10.1128/aem.00203-10. [PubMed:
20693450].

4. Pöntinen A, Lindström M, Skurnik M, Korkeala H. Screening of the
two-component-system histidine kinases of Listeria monocytogenes
EGD-e. LiaS is needed for growth under heat, acid, alkali, osmotic,
ethanol and oxidative stresses. Food Microbiol. 2017;65:36–43. doi:
10.1016/j.fm.2017.01.018. [PubMed: 28400017].

5. Chaturongakul S, Raengpradub S, Palmer M, Bergholz TM, Orsi RH,
Hu Y, et al. Transcriptomic and Phenotypic Analyses Identify Coreg-
ulated, Overlapping Regulons among PrfA, CtsR, HrcA, and the Alter-
native Sigma Factors σB, σC, σH, and σLinListeria monocytogenes.
Appl Environ Microbiol. 2011;77(1):187–200. doi: 10.1128/aem.00952-10.
[PubMed: 21037293].

6. Severino P, Dussurget O, Vencio RZN, Dumas E, Garrido P, Padilla
G, et al. Comparative Transcriptome Analysis of Listeria monocy-
togenes Strains of the Two Major Lineages Reveals Differences in
Virulence, Cell Wall, and Stress Response. Appl Environ Microbiol.
2007;73(19):6078–88. doi: 10.1128/aem.02730-06. [PubMed: 17704270].

7. Hain T, Hossain H, Chatterjee SS, Machata S, Volk U, Wagner S, et
al. Temporal transcriptomic analysis of the Listeria monocytogenes
EGD-e σB regulon. BMC Microbiol. 2008;8(1):20. doi: 10.1186/1471-2180-
8-20. [PubMed: 18226246].

8. Giotis ES, Julotok M, Wilkinson BJ, Blair IS, McDowell DA. Role of sigma
B factor in the alkaline tolerance response of Listeria monocytogenes
10403S and cross-protection against subsequent ethanol and osmotic
stress. J Food Prot. 2008;71(7):1481–5. [PubMed: 18680951].

9. Gaillard JL, Berche P, Frehel C, Gouin E, Cossart P. Entry of L. monocy-
togenes into cells is mediated by internalin, a repeat protein reminis-
cent of surface antigens from gram-positive cocci. Cell. 1991;65(7):1127–
41. doi: 10.1016/0092-8674(91)90009-n.

10. Kocks CE, Tabouret M, Berche P, Ohayon H, Cossart P. L.
monocytogenes-induced actin assembly requires the actA gene
product, a surface protein. Cell. 1992;68(3):521–31. doi: 10.1016/0092-
8674(92)90188-i.

11. Slepkov E, Pavinski Bitar A, Marquis H. Differentiation of propeptide
residues regulating the compartmentalization, maturation and ac-
tivity of the broad-range phospholipase C ofListeria monocytogenes.
Biochem J. 2010;432(3):557–66. doi: 10.1042/bj20100557. [PubMed:
20879990].

Jundishapur J Microbiol. 2020; 13(5):e95758. 7

http://jjm.neoscriber.org/cdn/dl/471b828c-94ea-11ea-af05-c336ba446abf
http://dx.doi.org/10.1016/j.ijfoodmicro.2006.07.008
http://www.ncbi.nlm.nih.gov/pubmed/17010463
http://dx.doi.org/10.15585/mmwr.mm6615a1
http://www.ncbi.nlm.nih.gov/pubmed/28426643
http://dx.doi.org/10.1128/aem.00203-10
http://www.ncbi.nlm.nih.gov/pubmed/20693450
http://dx.doi.org/10.1016/j.fm.2017.01.018
http://www.ncbi.nlm.nih.gov/pubmed/28400017
http://dx.doi.org/10.1128/aem.00952-10
http://www.ncbi.nlm.nih.gov/pubmed/21037293
http://dx.doi.org/10.1128/aem.02730-06
http://www.ncbi.nlm.nih.gov/pubmed/17704270
http://dx.doi.org/10.1186/1471-2180-8-20
http://dx.doi.org/10.1186/1471-2180-8-20
http://www.ncbi.nlm.nih.gov/pubmed/18226246
http://www.ncbi.nlm.nih.gov/pubmed/18680951
http://dx.doi.org/10.1016/0092-8674(91)90009-n
http://dx.doi.org/10.1016/0092-8674(92)90188-i
http://dx.doi.org/10.1016/0092-8674(92)90188-i
http://dx.doi.org/10.1042/bj20100557
http://www.ncbi.nlm.nih.gov/pubmed/20879990
http://sites.kowsarpub.com/jjm


Li J et al.

12. Dramsi S, Biswas I, Maguin E, Braun L, Mastroeni P, Cossart P. Entry
of Listeria monocytogenes into hepatocytes requires expression of
inIB, a surface protein of the internalin multigene family. Mol Micro-
biol. 1995;16(2):251–61. doi: 10.1111/j.1365-2958.1995.tb02297.x. [PubMed:
7565087].

13. Camilli A, Tilney LG, Portnoy DA. Dual roles of plcA in Listeria
monocytogenes pathogenesis. Mol Microbiol. 1993;8(1):143–57. doi:
10.1111/j.1365-2958.1993.tb01211.x. [PubMed: 8388529].

14. Kruszyna T, Walsh M, Peltekian K, Molinari M. Early invasiveListeria
monocytogenes infection after orthotopic liver transplantation: Case
report and review of the literature. Liver Transpl. 2008;14(1):88–91. doi:
10.1002/lt.21428. [PubMed: 18161771].

15. Nowak J, Cruz CD, Tempelaars M, Abee T, van Vliet AH, Fletcher GC,
et al. Persistent Listeria monocytogenes strains isolated from mus-
sel production facilities form more biofilm but are not linked to
specific genetic markers. Int J Food Microbiol. 2017;256:45–53. doi:
10.1016/j.ijfoodmicro.2017.05.024. [PubMed: 28599174].

16. de las Heras A, Cain RJ, Bielecka MK, Vázquez-Boland JA. Regulation of
Listeria virulence: PrfA master and commander. Curr Opin Microbiol.
2011;14(2):118–27. doi: 10.1016/j.mib.2011.01.005. [PubMed: 21388862].

17. Coburn PS, Baghdayan AS, Dolan G, Shankar N. An AraC-Type
Transcriptional Regulator Encoded on the Enterococcus faecalis
Pathogenicity Island Contributes to Pathogenesis and Intracellu-
lar Macrophage Survival. Infect Immun. 2008;76(12):5668–76. doi:
10.1128/iai.00930-08. [PubMed: 18824537].

18. Bailey AM, Ivens A, Kingsley R, Cottell JL, Wain J, Piddock LJV.
RamA, a Member of the AraC/XylS Family, Influences Both Virulence
and Efflux in Salmonella enterica Serovar Typhimurium. J Bacteriol.
2010;192(6):1607–16. doi: 10.1128/jb.01517-09. [PubMed: 20081028].

19. Rowe SE, Campbell C, Lowry C, O’Donnell ST, Olson ME, Lindgren
JK, et al. AraC-Type Regulator Rbf Controls the Staphylococcus epi-
dermidis Biofilm Phenotype by Negatively Regulating theicaADBCRe-
pressor SarR. J Bacteriol. 2016;198(21):2914–24. doi: 10.1128/jb.00374-16.
[PubMed: 27501984].

20. Gallegos MT, Schleif R, Bairoch A, Hofmann K, Ramos JL. Arac_-
XylS family of transcriptional regulators. Microbiol Mol Biol Rev.
1997;61(4):393–410. [PubMed: 9409145].

21. Pletzer D, Schweizer G, Weingart H. AraCXylS Family Stress Response
Regulators Rob, SoxS, PliA, and piA in the fire blight pathogen Erwinia
amylovora. J Bacteriol. 2014;196(17):3098–110. doi: 10.1128/JB.01838-14.
[PubMed: 24936054].

22. Martin RG, Rosner JL. The AraC transcriptional activators. Curr Opin
Microbiol. 2001;4(2):132–7. doi: 10.1016/s1369-5274(00)00178-8.

23. Hart E, Yang J, Tauschek M, Kelly M, Wakefield MJ, Frankel G, et al.
RegA, an AraC-Like Protein, Is a Global Transcriptional Regulator That
Controls Virulence Gene Expression in Citrobacter rodentium. In-
fect Immun. 2008;76(11):5247–56. doi: 10.1128/iai.00770-08. [PubMed:
18765720].

24. Paramithiotis S, Mataragas M, Drosinos EH; Hadjilouka A; Molfeta C;
Panagiotopoulou O. Expression of Listeria monocytogenes key viru-
lence genes during growth in liquid medium, onrocket and melon at
4, 10 and 30. Food Microbiol. 2016;55:7–15. doi: 10.1016/j.fm.2015.11.008.
[PubMed: 26742611].

25. Zhang Z, Meng Q, Qiao J, Yang L, Cai X, Wang G, et al. RsbV of Listeria
monocytogenes contributes to regulation of environmental stress

and virulence. Arch Microbiol. 2013;195(2):113–20. doi: 10.1007/s00203-
012-0855-5. [PubMed: 23192174].

26. Peng YL, Qiao J, Liu TL; Meng QL; Xie K; Chen C, et al. The Regu-
latory Roles of ncRNA Rli60 in Adaptability of Listeria monocyto-
genes to Environmental Stress and Biofilm Formation. Curr Microbiol.
2016;73(1):77–83. doi: 10.1007/s00284-016-1028-6. [PubMed: 27032404].

27. Egan SM. Growing Repertoire of AraC/XylS Activators. J Bacteriol.
2002;184(20):5529–32. doi: 10.1128/jb.184.20.5529-5532.2002. [PubMed:
12270809].

28. Duval. MarA, SoxS and Rob of Escherichia coli – Global Regulators
of Multidrug Resistance, Virulence and Stress Response. Int J Biotech-
nol Wellness Ind. 2013. doi: 10.6000/1927-3037.2013.02.03.2. [PubMed:
24860636].

29. Rosenberg EY, Bertenthal D, Nilles ML, Bertrand KP, Nikaido H. Bile
salts and fatty acids induce the expression of Escherichia coli AcrAB
multidrug efflux pump through their interaction with Rob regula-
tory protein. Mol Microbiol. 2003;48(6):1609–19. doi: 10.1046/j.1365-
2958.2003.03531.x. [PubMed: 12791142].

30. Oh JT, Cajal Y, Skowronska EM, Belkin S, Chen J, Van Dyk TK,
et al. Cationic peptide antimicrobials induce selective transcrip-
tion of micF and osmY in Escherichia coli. Biochim Biophys Acta.
2000;1463(1):43–54. doi: 10.1016/s0005-2736(99)00177-7.

31. Krawczyk-Balska A; Milecka D; Samluk A; Wasiak K. An essential role
of a ferritin-like protein in acid stress tolerance of Listeria monocyto-
genes. Arch Microbiol. 2015;197(2):347–51. doi: 10.1007/s00203-014-1053-
4. [PubMed: 25352185].

32. Mataragas M, Zwietering MH, Skandamis PN, Drosinos EH. Quan-
titative microbiological risk assessment as a tool to obtain use-
ful information for risk managers — Specific application to Liste-
ria monocytogenes and ready-to-eat meat products. Int J Food Micro-
biol. 2010;141:S170–9. doi: 10.1016/j.ijfoodmicro.2010.01.005. [PubMed:
20116877].

33. Raimann E, Schmid B, Stephan R, Tasara T. The alternative sigma fac-
tor sigma(L) of L. monocytogenes promotes growth under diverse
environmental stresses. Foodborne Pathog Dis. 2009;6(5):583–91. doi:
10.1089/fpd.2008.0248. [PubMed: 19422306].

34. Top J, Paganelli FL, Zhang X, van S, Leavis HL, van LM, et al. The
Enterococcus faecium enterococcal biofilm regulator, EbrB, regu-
lates the esp operon and is implicated in biofilm formation and in-
testinal colonization. PLoS One. 2013;8(5). e65224. doi: 10.1371/jour-
nal.pone.0065224. [PubMed: 23741484].

35. Camargo TM, Stipp RN, Alves LA, Harth-Chu EN, Höfling JF, Mattos-
Graner RO, et al. Novel Two-Component System of Streptococcus
sanguinis Affecting Functions Associated with Viability in Saliva
and Biofilm Formation. Infect Immun. 2018;86(4):pii:e00942–17. doi:
10.1128/iai.00942-17. [PubMed: 29339459].

36. Girón JA, Torres AG, Freer E, Kaper JB. The flagella of enteropathogenic
Escherichia coli mediate adherence to epithelial cells. Mol Microbiol.
2002;44(2):361–79. doi: 10.1046/j.1365-2958.2002.02899.x. [PubMed:
11972776].

37. Gode-Potratz CJ, Chodur DM, McCarter LL. Calcium and Iron Regu-
late Swarming and Type III Secretion in Vibrio parahaemolyticus.
J Bacteriol. 2010;192(22):6025–38. doi: 10.1128/jb.00654-10. [PubMed:
20851895].

8 Jundishapur J Microbiol. 2020; 13(5):e95758.

http://dx.doi.org/10.1111/j.1365-2958.1995.tb02297.x
http://www.ncbi.nlm.nih.gov/pubmed/7565087
http://dx.doi.org/10.1111/j.1365-2958.1993.tb01211.x
http://www.ncbi.nlm.nih.gov/pubmed/8388529
http://dx.doi.org/10.1002/lt.21428
http://www.ncbi.nlm.nih.gov/pubmed/18161771
http://dx.doi.org/10.1016/j.ijfoodmicro.2017.05.024
http://www.ncbi.nlm.nih.gov/pubmed/28599174
http://dx.doi.org/10.1016/j.mib.2011.01.005
http://www.ncbi.nlm.nih.gov/pubmed/21388862
http://dx.doi.org/10.1128/iai.00930-08
http://www.ncbi.nlm.nih.gov/pubmed/18824537
http://dx.doi.org/10.1128/jb.01517-09
http://www.ncbi.nlm.nih.gov/pubmed/20081028
http://dx.doi.org/10.1128/jb.00374-16
http://www.ncbi.nlm.nih.gov/pubmed/27501984
http://www.ncbi.nlm.nih.gov/pubmed/9409145
http://dx.doi.org/10.1128/JB.01838-14
http://www.ncbi.nlm.nih.gov/pubmed/24936054
http://dx.doi.org/10.1016/s1369-5274(00)00178-8
http://dx.doi.org/10.1128/iai.00770-08
http://www.ncbi.nlm.nih.gov/pubmed/18765720
http://dx.doi.org/10.1016/j.fm.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26742611
http://dx.doi.org/10.1007/s00203-012-0855-5
http://dx.doi.org/10.1007/s00203-012-0855-5
http://www.ncbi.nlm.nih.gov/pubmed/23192174
http://dx.doi.org/10.1007/s00284-016-1028-6
http://www.ncbi.nlm.nih.gov/pubmed/27032404
http://dx.doi.org/10.1128/jb.184.20.5529-5532.2002
http://www.ncbi.nlm.nih.gov/pubmed/12270809
http://dx.doi.org/10.6000/1927-3037.2013.02.03.2
http://www.ncbi.nlm.nih.gov/pubmed/24860636
http://dx.doi.org/10.1046/j.1365-2958.2003.03531.x
http://dx.doi.org/10.1046/j.1365-2958.2003.03531.x
http://www.ncbi.nlm.nih.gov/pubmed/12791142
http://dx.doi.org/10.1016/s0005-2736(99)00177-7
http://dx.doi.org/10.1007/s00203-014-1053-4
http://dx.doi.org/10.1007/s00203-014-1053-4
http://www.ncbi.nlm.nih.gov/pubmed/25352185
http://dx.doi.org/10.1016/j.ijfoodmicro.2010.01.005
http://www.ncbi.nlm.nih.gov/pubmed/20116877
http://dx.doi.org/10.1089/fpd.2008.0248
http://www.ncbi.nlm.nih.gov/pubmed/19422306
http://dx.doi.org/10.1371/journal.pone.0065224
http://dx.doi.org/10.1371/journal.pone.0065224
http://www.ncbi.nlm.nih.gov/pubmed/23741484
http://dx.doi.org/10.1128/iai.00942-17
http://www.ncbi.nlm.nih.gov/pubmed/29339459
http://dx.doi.org/10.1046/j.1365-2958.2002.02899.x
http://www.ncbi.nlm.nih.gov/pubmed/11972776
http://dx.doi.org/10.1128/jb.00654-10
http://www.ncbi.nlm.nih.gov/pubmed/20851895
http://sites.kowsarpub.com/jjm

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Strains and Plasmids
	3.2. Primers
	Table 1

	3.3. Cloning and Molecular Characterization of lmo2672 Gene
	3.4. Construction and Identification of Listeria monocytogenes-Δlmo2672 Strain
	3.5. Effect of lmo2672 Gene Deletion on the Adaptability of Listeria monocytogenes to Environmental Stresses
	3.6. Effects of lmo2672 Gene Deletion on Biofilm Formation Ability of Listeria monocytogenes
	3.7. Effect of lmo2672 Gene Deletion on the Motility of Listeria monocytogenes
	3.8. Determining Transcriptional Levels of Genes Associated with Stressful Environment Adaptability and Flagellar Formation of Listeria monocytogenes
	3.9. Data Analysis

	4. Results
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

	5. Discussion
	5.1. Conclusions

	Supplementary Material
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

