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Introduction 

Listeria monocytogenes is a zoonotic and intracellular pathogen ubiquitously distributed 
in the environment, especially in plant matter and soil. The principal reservoirs of Listeria 
are soil, forage, water and infected animals. 99% of listeriosis cases are foodborne, 
through the consumption of milk and dairy products, artisan cheeses, beef, chicken, 
pork and ready to eat foods. Severe illness mainly occurs in pregnant women, the 
unborn child, infants, the elderly and those with compromised immune systems, 
withmortality rates ranging between 20% and 30% [1–13].Illness caused by the 
consumption of contaminated food has a wide economic and public health impact 
worldwide and multiple efforts have been made in the study of virulence genes of this 
food borne pathogen[14–16]. 

In Colombia, notification of this pathogen is not mandatory. However, the estimated 
prevalence is of 19% for L. monocytogenes according to UERIA (Risk Assessment Unit for 
Food Safety in Colombia)[4]. Also by 2010, 158 isolates from clinical patients were 
obtained by the National Health Institute, in agreement with the presence of this 
microorganism in both food and patients[4].  

INVIMA (National Institute for Drug and Food Surveillance in Colombia) established that 
57.6% of L. monocytogenes isolated from food between 2000 and 2009 belonged to 4b 
serotype which it is known as a virulent serotype [17]. However, there is little information 
regarding the characteristics of Colombian strains, particular with respect to their 
virulence. Therefore, research on the molecular determinants and virulence properties 
of Colombian isolates would contribute greatly to understanding the types of strains 
circulating in various environments and their ability to cause listeriosis in humans.  

Currently, L. monocytogenes can be classified into 13 serotypes (1/2a,1/2b, 1/2c, 3a, 3b, 
3c, 4a, 4ab, 4b, 4c, 4d, 4e, 7) according to the flagellar and somatic antigens. The 
majority of human listeriosis outbreaks worldwide have been linked to what have been 
described as virulent serotypes 4b, 1/2b and 1/2a. An association between L. 
monocytogenes flagellar antigens and distinct partial DNA sequences of the listeriolysin 
gene (hly) has been described. Remaining serotypes are often found on different 
environmental niches as food, natural environments or ruminats in some cases [17, 18]. 

There have been extensive studies on the molecular mechanisms involved in the 
pathogenesis of L. monocytogenes in an effort to understand the disease and propose 



alternatives for control [9, 19, 20]. L. monocytogenes expresses virulence factors directly 
related with the process of infection and its intracellular lifestyle, most of them located in 
the LIPI-1 (Listerial Pathogenicity Island 1). Those include hly which encodes a pore 
forming toxin Listeriolysin O; actA which encodes an actin polimerization protein 
involved in cell to cell motility and the prfA gene encoding a 27 KDa protein, which 
regulates the expression of L. monocytogenes virulence genes. PrfA also controls the 
expression of inlA and inlB, virulence genes, which code for internalin proteins and are 
not located in LIPI-1 (Figure 1). Internalins A and B are also necessary during the 
infectious process since they mediate the entry to the host cell and can induce 
phagocytosis even in non-phagocytic host cells[20–25]. 

 

Figure 1: Virulence genes regulated by PrfA[22].  

Regulation by PrfA, a central regulator of virulence gene expression in L. 
monocytogenes, has been studied in great detail [21, 22, 25–27]. The primary 
mechanism for PrfA regulation of virulence gene expression is by direct activation of 
transcription at promoters bearing a palindromic DNA sequence, the PrfA box 
(consensus tTAACanntGTtAa) located at -45 bp. This sequence is key for interaction with 
the DNA binding motif of PrfA. Promotors with perfectly symmetric prfA boxes are 
activated more efficiently by PrfA. Differences in PrfA affinity are present due to the type 
of palindromes in prfA boxes. Functional prfA boxes have maximum two and 
exceptionally three mismatches[21–23, 28, 29].  

PrfA is a member of the Crp/Fnr family of bacterial transcription factors[20–22].PrfA and 
the enterobacterial regulator Crp (cAMP receptor protein) are homodimers with very 
similar subunits including the motif for union to DNA. This family of bacterial transcription 
factors normally requires a cofactor for their activation. In Crp, the binding of cAMP to 
the N-terminal domain causes the protein, which is inactive without its ligand, to adopt 
a conformation with a higher affinity for the target DNA. Structure analysis of Crp 



indicates the presence of a tunnel where cAMP is bind causing a conformational 
change and activation of Crp regulator. Site directed mutagenesis of Crp gives 
evidence that this conformational change activates the regulator without its cofactor 
cAMP.  

PrfA can be found in two different states: inactive outside the host cell and active after 
a protein conformational change produced intracellulary. These structural functional 
analogies with Crp support the notion that PrfA activity is also regulated allosterically 
[20–22, 30]. There is also evidence of the presence of a tunnel in PrfA similar to the Crp 
union tunnel to cAMP. However, the cofactor for PrfA is unknown in L. monocytogenes 
and it has been proposed that it can be related to carbon source metabolism in host 
cells[20, 22]. Structure similarity of PrfA and Crp could help to understand the protein 
functionality of PrfA in L. monocytogenes Colombian isolates.   

Thus, there is a great amount of information about L. monocytogenes virulence 
mechanisms, but little is known regarding many of these aspects in strains found in our 
country. The aim of this research was therefore to analyze L. monocytogenes strains 
isolated in Colombia in order to assess their characteristics and virulence capacity. This 
will be done by analyzing molecular determinants associated with virulence, looking at 
the PrfA structure to understand possible interactions with prfA boxes, and carrying out 
in vivo cell assays. 

 

Materials and Methods 

Bacterial Strains 

10 L. monocytogenes strains belonging to the LEMA (Laboratorio de Ecología 
Microbiana y de Alimentos) collection maintained at -20°C in 20% glycerol, were 
reconstituted in Brain Infusion Heart Broth (BHI) and both virulent and non-virulent 
serotypes were selected (Table 1). Strains were maintained in Standard Plate Count 
Agar at 4 °C. For analysis, they were cultured for 18 h in BHI broth at 37 °C. L. 
monocytogenes ATCC 7644 was used as PCR positive control and L. ivanovii ATCC 
19119 and L. innocua ATCC 73016 were used as negative controls for all performed 
assays.  

Code Strain Origin Serotype 

LMO175 L. monocytogenes  Isolated from Patient Blood culture 4b* 

LMO179 L. monocytogenes  Isolated from Patient Cerebrospinal 
fluid 4b* 

LMO135 L. monocytogenes  Isolated from sausage 4b* 

LMO34 L. monocytogenes  Isolated from cheese 4b* 



LMO69 L. monocytogenes  Isolated from milk 4b* 

LMO206 L. monocytogenes  Isolated from cow´s liver 4b* 

LMO195 L. monocytogenes  Isolated from stool sample 1/2a * 

LMO86 L. monocytogenes  Isolated from siphon floor 4a 

LMO418  L. monocytogenes  Isolated from cheese Unknown 
ATCC 
7644  L. monocytogenes  Reference ATCC Strain 7644  1/2c  

ATCC 
19119 L. ivanovii Reference ATCC Strain 19119   

ATCC 
73016 L. innocua Reference ATCC Strain 73016    

Table 1: Listeria sp. strains used in this study. Serotypes associated with virulence are 
indicated with an asterisk (*).  

 

in silico analysis of Listeria monocytogenes Pathogenicity Island (LIPI-1) 

In order to determine if there was variability in the prfA boxes of L. monocytogenes 
strains isolated in Colombia, an analysis of LIPI-1 was first performed using L. 
monocytogenes genomes downloaded from NCBI RefSeq database. For this, 24 
complete genomes of L. monocytogenes were downloaded, 11 of them correspond to 
virulent serotypes (4b, 1/2a and 1/2b), 11 to non-virulent serotypes (3a, 3b, 3c, 1/2c, 4a, 
4c, 4d, 4e and 7) and 2 without previously known serotype (Table 2). In addition, 
virulence gene sequences (prfA, plcA, mpl, hly, actA e inlA) and complete LIPI-1 clusters 
were also downloaded from NCBI and these sequences were identified in each 
complete genome using Blast.  

Strain Serotype Accesion 
number Source 

L. monocytogenes 
ATCC 19117  4d  NC_018584.1 

Comparative genomics of the bacterial genus Listeria: Genome 
evolution is characterized by limited gene acquisition and limited gene 

loss. Unpublished article.  

L. monocytogenes 
L99  4a  NC_017529.1 Variability in sequence, expression and immune-evasion in pathogenic 

Listeriae. Unpublished article.  

L. monocytogenes 
085578  1/2a * NC_013766.1 

High-throughput genome sequencing of two Listeria monocytogenes 
clinical isolates during a large foodborne outbreak. BMC Genomics 11, 

120 (2010). Strain isolated from infected patient in Canada 2008 
outbreak trough consumption of contaminated meat.  

L. monocytogenes 
F2365 4b * NC_002973.6 

Whole genome comparisons of serotype 4b and 1/2a strains of the 
foodborne pathogen L. monocytogenes reveal new insights into the 
core genome components of this species. Nucleic Acids Res. 32 (8), 

2386-2395 (2004). Strain isolated from Jalisco cheese in 1985 California 
outbreak 

L. monocytogenes 
M7  4a   NC_017537.1 

Genome Sequence of the Nonpathogenic Listeria monocytogenes 
Serovar 4a Strain M7. J. Bacteriol. 193 (18), 5019-5020 (2011). Strain 

isolated from cow´s milk in Zhejiang, China 



L. monocytogenes 
085923  1/2a * NC_013768.1 

High-throughput genome sequencing of two Listeria monocytogenes 
clinical isolates during a large foodborne outbreak. BMC Genomics 11, 

120 (2010).  Strain isolated from infected patient in Canada 2008 
outbreak trough consumption of contaminated meat.  

L. monocytogenes 
Clip80549 4b * NC_012488.1 Variability in sequence, expression and immune-evasion in pathogenic 

Listeriae. Unpublished article.  
L. monocytogenes 

Finland 1998   Unknown NC_017547.1 The Genome Sequence of Listeria monocytogenes strain Finland 1998. 
Unpublished article.  

L. monocytogenes 
J0161 1/2a *  NC_017545.1 The Genome Sequence of Listeria monocytogenes J0161. Unpublished 

article. Strain isolated from a deli in an epidemic outbreak in USA in 2000.  
L. monocytogenes 

HCC23  4a  NC_011660.1 Genome Sequence of Lineage III Listeria monocytogenes Strain HCC23. 
J. Bacteriol. 193 (14), 3679-3680 (2011). Isolated from healthy catfish.  

L. monocytogenes 
EDGe 1/2a *  NC_003210.1 Comparative and functional genomics of Listeria spp. Science 294 

(5543), 849-852 (2001).  
L. monocytogenes 

SLCC2482  7 NC_018591.1 The genome sequences of 11 strains of Listeria monocytogenes, 
covering all known serotypes. Unpublished article 

L. monocytogenes 
SCCL2378  4e  NC_018585.1 The genome sequences of 11 strains of Listeria monocytogenes, 

covering all known serotypes. Unpublished article 
L. monocytogenes 

SCCL2479 3c  NC_018589.1 The genome sequences of 11 strains of Listeria monocytogenes, 
covering all known serotypes. Unpublished article 

L. monocytogenes 
SCCL2755 1/2b *  NC_018587.1 The genome sequences of 11 strains of Listeria monocytogenes, 

covering all known serotypes. Unpublished article 

L. monocytogenes 
SCCL5850  1/2a * NC_018592.1 The genome sequences of 11 strains of Listeria monocytogenes, 

covering all known serotypes. Unpublished article 
L. monocytogenes 

L312  4b * NC_018642.1 The genome sequences of 11 strains of Listeria monocytogenes, 
covering all known serotypes. Unpublished article 

L. monocytogenes 
SCCL7179 3a   NC_018593.1 The genome sequences of 11 strains of Listeria monocytogenes, 

covering all known serotypes. Unpublished article 

L. monocytogenes 
SCCL2376 4c  NC_018590.1 The genome sequences of 11 strains of Listeria monocytogenes, 

covering all known serotypes. Unpublished article 

L. monocytogenes 
SCCL2372 1/2c  NC_018588.1 The genome sequences of 11 strains of Listeria monocytogenes, 

covering all known serotypes. Unpublished article 

L. monocytogenes 
07PF0776 4b * NC_017728.1 

Genome sequence of Listeria monocytogenes 07PF0776, a cardiotropic 
serovar 4b strain. J. Bacteriol. 194 (13), 3552 (2012). Strain isolated from 

heart abscess of infected patient.  
L. monocytogenes 

FSLR2561   Unknown NC_017546.1 The Genome Sequence of Listeria monocytogenes strain FSL R2-561. 
Unpublished article.  

L. monocytogenes 
10403S 1/2a *ª NC_017544.1 The Genome Sequence of Listeria monocytogenes strain 10403S. 

Unpublished article. Resistant to streptomicin.  
L. monocytogenes 

SCCL2540 3b  NC_018586.1 The genome sequences of 11 strains of Listeria monocytogenes, 
covering all known serotypes. Unpublished article 

Table 2: RefSeq L. monocytogenes strains used in this study. Virulent serotypes are 
indicated with an asterisk (*). 

The position, length and organization of LIPI-1 (Figure 1) were determined for all 
downloaded genomes using bioinformatic tools as MegaBlast[31, 32], 
MobylePasteur[33] and T-coffee multiple alignment in order to identify initial and final 
positions of each one of the virulence genes tested as well as similarity [34]. Virulence 
genes located in the island were identified, including prfA, plcA, hly, mpl and actA. The 



positions and sequences of prfA boxes were also identified for three of the LIPI-1 genes 
(plcA, mpl and actA), as well as for the inlA gene that is outside this island.  

Bioinformatics analyses were also performed with 2 complete genomes of L. ivanovii 
(Accession Numbers: NZ_CM001050.1 and NC_016011.1) and 3 complete genomes of L. 
innocua (Accession numbers: NC_003212.1, NZ_CM001048.1 and NZ_CM001049.1) 
downloaded from NCBI database RefSeq. 

Virulence gene characterization of L. monocytogenes strains isolated in Colombia 

The hly, actA and prfA virulence genes and the intergenic regions (hly – mpl; Lmo02648 
– InlA) were amplified by PCR. Intergenic regions and the prfA gene were sequenced at 
Macrogen Inc. Primer design for amplification of intergenic regions were performed with 
Oligo 7 Software. PCR primers and conditions are summarized in Table 3. 

Gene or 
region 

Primer 
direction Sequence (5´- 3´) Initial 

denaturation 
Amplification 

(No. of cycles) 
Final 
hold 

Product 
Size Reference 

prfA Forward  CGTTTGGAGCTCTTCTTGGTGAAGCA 95°C, 5 min  
95°C, 15 s; 60°C, 
30 s; 72°C, 90 s 

(30) 

72°C, 
10 min  1050 bp [35] 

Reverse  AGCAACCTCGGTACCATATACTAACT 

hly Forward  CGGAGGTTCCGCAAAAGATG 95°C, 5 min  
95°C, 90 s; 55°C, 
60 s; 72°C, 90 s 

(35) 

72°C, 7 
min  234 bp [36] 

Reverse  CCTCCAGAGTGATCGATGTT 

actA Forward  TAGCGTATCACGAGGAGG 94°C, 2 min 30 
s 

94°C, 3 min; 53°C, 
1 min; 72°C, 2 min 

(40) 

72°C, 5 
min 827 bp [37] 

Reverse  TTTTGAATTTCATATCATTCACC 
Intergenic 
region hly–

mpl 

Forward  CACTACGCTTTATCCGAAATA 94°C, 4 min 
94°C, 50 s; 

59,3°C, 40 s; 
72°C, 30 s (37) 

72°C, 
4min 380 bp Designed 

in this study 
Reverse  CCTGAAAAGCTATTACCATGA 

Intergenic 
region 

lmo02648- 
inlA 

Forward  GTATCACACCAGACCGAAT 
94°C, 4 min 

94°C, 50 s; 60°C, 
40 s; 72°C, 40 s 

(37) 

72°C, 
4min 810 bp Designed 

in this study 
Reverse  GCTGCCAAATACTAATATTGCT 

Table 3:PCR conditions for genes amplified in this study  

PrfA Modeling and Analysis  

8 prfA sequences were translated using the EMBOSS Transeq tool from the European 
Bioinformatics Institute web site http://www.ebi.ac.uk/. Domains for each one of the 
translated sequences were identified using the InterProScan database[38]. Secondary 
structure was assessed by the Quick2D software available at the Bioinformatics Toolkit 
from the Max-Planck Institute for Developmental Biology available at 
http://toolkit.tuebingen.mpg.de/. Tertiary structure was predicted by SwissModel 
software and verified with the Ramachandran Plot performed using the Rampage web 
site available at http://mordred.bioc.cam.ac.uk/~rapper/rampage.php[39]. Three-
dimensional analyses were perfomed with Patch Dock[40, 41], Swiss PdbViewer[42, 43] 
and Chimera Software[44]. 



Protein Data Bank PrfA (PDB code 2BEO) and Crp (PDB code 3RDI) proteins were 
downloaded for analysis and comparison with L. monocytogenes predicted PrfA 
proteins for strains isolated in Colombia.   

 

In vivo virulence assay 
L. monocytogenes strains and inoculum standardization 
 
Growth curves were developed for selected strains of L. monocytogenes (Table 1) by 
measuring the optical density (OD) at 540 nm every hour for 12 h, when grown at 37 °C 
in Brain Heart Infusion broth in comparison with counts determined by plating serial 
dilutions on Palcam Agar Base medium. Mid-log-phase bacterial cultures were adjusted 
to10 ×106CFU/ml[45–48] for use in virulence assays.  

 Virulence assay  

Human HT29 cells (Human colon adenocarcinoma grade II cell line) were grown in 24-
well tissue culture plates for 48 h at 37 °C with 5% CO2 to reach a monolayer. 1 ml of 
each bacterial culture (Table 1), previously adjusted to approximately 10 ×106 CFU/ml, 
was added to each well of the 24 well plate. After 1 h of incubation at 37 °C, the HT29 
cells were washed twice with 1 ml saline water (0.9% NaCl, pH 7.2) to remove free 
bacteria. One ml of 0.1% TritonX-100 was added to each well to loosen and lyse the 
adhered HT29 cells and the mixture was diluted and plated onto Blood Agar and 
Palcam Agar Base (Oxoid) to determine the number of adhered bacteria.  

The number of bacteria invading the cells was determined as follows: After 1 h of 
infection, the monolayer was washed twice in saline water and extracellular bacteria 
were killed by incubation in DMEM (Dulbecco's Modified Eagle Medium, Life 
Technologies) with 100 μg/ml gentamicin for 1 h at 37 °C. The medium with gentamicin 
was removed and DMEM was added to each well. The plates were incubated for 2 h 
and 3.5 h at 37 °C. At each time interval DMEM was removed and cells were lysed with 
1 ml 0.1% TritonX-100, and the number of intracellular bacteria was determined by 
plating serial dilutions onto Blood Agar and Palcam Agar plates. All experiments were 
carried out in duplicate[45–48].  

 

Discussion and Results 

in silico analysis of Listeria monocytogenes Pathogenicity Island (LIPI-1)  

The LIPI-1 island of L. monocytogenes is known to contain various genes involved in 
virulence, however it is not evident if this genomic region in strains isolated in Colombia 
is similar to that present in known reference strains. As a first step towards this 



characterization, and because the LIPI island is very large, we started by analyzing 
possible variability present in sequenced strains. To do this, the LIPI-1 genomic region 
was obtained from RefSeq L. monocytogenes strains found in databases and analyzed 
using bioinformatics tools. Completed genomes were aligned with downloaded 
virulence genes and LIPI-1 clusters to determine LIPI length and virulence gene positions.  
The length of the LIPI Island varied from 8151 to 8644 bp, a variation that was not related 
to the serotype of analyzed strains. However, all virulence genes were found in LIPI-1, in 
spite of its length. The differences in length were due to the presence of open reading 
frames at the end of the island, which do not encode virulence associated genes and 
varies between strains. This shows that the LIPI-1 island is quite conserved in terms of 
gene content.  

An analysis of the prfA boxes in the intergenic regions between genes plcA - hly, hly – 
mpl, mpl – actA and upstream inlA was next carried out in order to establish if there was 
any variability in prfA boxes. The prfA boxes were found in two intergenic regions plcA – 
hly and mpl – actA, in all 24 L. monocytogenes islands analyzed from these sequenced 
strains. In the intergenic region hly – mpl and the region upstream of inlA, prfA boxes 
were only found in 23 strains. They were not found in L. monocytogenes HCC23 non-
virulent serotype 4a, indicating that there might be a possible relation between the 
presence of the prfA boxes, serotype and subsequently the virulence of a particular L. 
monocytogenes strain.   

In this order of ideas, the intergenic regions that showed variability, hly – mpl and the 
region upstream of inlA, were chosen for analysis in Colombian L. monocytogenes 
isolates. This was done to determine if they were present and if there was any variability 
with respect to sequenced strains or that could be correlated with strain virulence. 
These regions were therefore PCR-amplified using specific primers (Table 3) and 
sequenced. The intergenic regions plcA – hly and mpl – actA were not amplified 
because no variation of prfA boxes was observed in RefSeq strains, indicating a low 
probability of identifying any variance in our Colombian isolates.  

To complement the analysis carried out in silico with L. monocytogenes strains, the 
presence of virulence determinants was also analyzed using genomes of the closely 
related microorganisms, two of L. ivanovii and three of L. innocua. L. ivanovii is 
associated to animal listeriosis and can cause listeriosis in humans. Complete LIPI-1 has 
been reported to this microorganism. On the other hand L. innocua is consider as a non-
pathogenic strain and may or may not have virulence genes.  

Only one strain of L. ivanovii had the prfA gene, which had an identity percentage of 
86% at the nucleotide level with the L. monocytogenes prfA gene. The other virulence 
genes (plcA, hly, mpl and actA) of L. monocytogenes were not found in either of the L. 
ivanovii strains. This is contradictory with previous reports that indicate that L. ivanovii has 
the complete LIPI-1 and cause listeriosis in humans in sporadic cases[49].  



The two strains of L. innocua contained the prfA gene, with an identity percentage of 
93% with the L. monocytogenes prfA. One of the strains presented all L. monocytogenes 
virulence genes with identity percentages between 91 and 97%.  According to 
literature, L. innocua causes infections only in animals in very rare cases and may or may 
not have virulence genes. This is concordant with the observed results in this study[49]. 

 

Virulence gene characterization of L. monocytogenes strains isolated in Colombia.  

To characterize the virulence potential of L. monocytogenes Colombian isolates, the 
presence of hly, actA and prfA virulence genes as well as of intergenic regions identified 
to be variable by in silico analysis, were analyzed in Colombian L. monocytogenes 
strains (Table 1). These strains were selected because they varied in terms of origin 
(clinical isolates, food and environmental strains) and serotype. In addition, PrfA 
sequences were also analyzed for their three-dimensional structure to see if they were 
similar to PrfAwt crystallographic structure downloaded from PDB (Protein Data Bank) 
and to see if cofactor tunnel reported for PrfAwt was observed in Colombian isolates.   
Finally, strains were analyzed for their capacity to invade HT29 cells using an in vivo cell 
assay.  

All three virulence-associated genes (hly, actA and prfA) were detected in 50% of L. 
monocytogenes strains isolated from food and industrial surfaces, including the 
reference strain L. monocytogenes ATCC 7644 (Table 4). Absence of virulence genes in 
some Colombian isolates shows variation in LIPI-1 organization that could be related to 
the expression of virulence of this strains. The hly gene alone, however, was amplified in 
all tested strains, showing the potential of using this as a genetic marker for the 
molecular identification of L. monocytogenes. It is known that hly allows the bacterium 
to escape from the host cell phagocytic vacuole, a characteristic that is associated 
with virulence[20, 50, 51].   

 

PCR profile of virulence 
associated genes 

In vivo 
virulence 
assay on 
HT 29 cell 

line 

PrfA box 

Code Strain Source Serotype hly actA prfA hly - 
mpl 

Internalin 
A 

PrfA 3d 
structure 

LMO 
175 

L. 
monocytogenes 

Isolated from 
Patient Blood 

culture 
4b * + - + + + - + 

LMO 
179 

L. 
monocytogenes 

Isolated from 
Patient 

Cerebrospinal fluid 
4b * + - + + + - + 

LMO 
135 

L. 
monocytogenes 

Isolated from 
sausage 4b * + + + + + - + 



LMO 34 L. 
monocytogenes 

Isolated from 
cheese 4b * + + + + + + + 

LMO 69 L. 
monocytogenes Isolated from milk 4b * + - - - + - - 

LMO 
206 

L. 
monocytogenes 

Isolated from 
cow´s liver 4b * + - + - + - + 

LMO 
195 

L. 
monocytogenes 

Isolated from stool 
sample 1/2a + + - - + - - 

LMO 86 L. 
monocytogenes 

Isolated from 
siphon floor 4a + + + + + - + 

LMO 
418 

L. 
monocytogenes 

Isolated from 
cheese Unknown + + + - + - - 

ATCC 
7644 

L. 
monocytogenes 

Reference ATCC 
Strain 7644 1/2c  + + + - + + + 

ATCC 
19119 L. ivanovii Reference ATCC 

Strain 19119    - - - - - - - 

ATCC 
73016 L. innocua Reference ATCC 

Strain 73016    - - - - - - - 

Table 4: Pathogenicity and PCR profiles of L.monocytogenes isolates. Virulence serotypes are 
indicated with an asterisk (*). 

The actA gene amplified only in 60% of L. monocytogenes strains analyzed (Table 
4). The lack of actA might be expected to affect virulence, since it is involved in 
cell to cell motility by polymerization of actin filaments of host cell. This is in 
agreement with the results obtained for the in vivo virulence assay (see below), 
as occurred with strains Lmo 135, Lmo 34 and Lmo 86 (Table 4).  However, it is 
outstanding that strains Lmo175 and Lmo 179, which were isolated from patient 
blood culture and cerebrospinal fluid, respectively, had no amplification of actA 
yet caused infection in patients.  This may be due to divergence in the actA 
sequence, such as reported insertion-deletions between nucleotides 852 to 1019 
that result inalteration of a proline-rich repeat region[37, 52]. Variations in actA 
sequence as previously mentioned could affect primer annealing and therefore 
actA amplification.  

These results also suggest the possible existence of mechanisms for L. 
monocytogenes spreading other than the requirement of a fully functional ActA 
protein. Indeed, a serovar 4b strain F2365 from a 1985 Jalisco cheese outbreak in 
California[53] has been shown to contain a 105-bp deletion in its actA gene, 
which did not seem to stop the bacterium causing listeriosis in humans[52, 54]. 

However, cases where actA deletion inhibits the expression of virulence have 
been also reported and it has been shown that a possible non-functional ActA 
may limit the ability to invade host cells [52]. This could be the case for Lmo 206, 
which did not amplify the actA gene and showed no invasion in the in vivo 



virulence assays on HT 29 cells (see below), perhaps due to a defect in cell to cell 
spreading [52, 55].  
 
Previous studies have identified the existence of polymorphisms in actA, with a 
rate between 14.3% [37]and 19.8% [54, 56, 57]. Therefore, it was also expected 
that some of the Colombian isolates analyzed here might show variation in this 
gene, as made evident by amplification via PCR. High variation in the actA gene 
sequence, such as insertion-deletions, can influence virulence in L. 
monocytogenes strains and is consistent with the observed results in this study 
where from three clinical isolates two actA negative strains were able to invade 
HT29 cells and one was not. 
 
Most of the L. monocytogenes strains (80%) amplified the prfA gene, which is 
consistent with the importance of this gene as a central regulator of gene 
expression and with virulence. Strains Lmo 195 and Lmo69, which did not amplify 
prfA, were not able to invade HT29 cell line (see below).  
 
The Intergenic regions that had shown some variability in terms of prfA boxes by 
analyzing sequenced strains, hly – mpl and lmo02648 –inlA, were PCR-amplified 
and sequenced. The Intergenic region hly – mpl was amplified in 100% of the L. 
monocytogenes strains. Identity percentages of this intergenic region ranged 
between 91 and 98%, evidencing a low diversity among the isolates. Identical 
prfA boxes were found in all evaluated strains, therefore positive regulation by 
PrfA is expected to occur in these isolates.  
 
Nevertheless, the intergenic region upstream of inlA (lmo02648 –inlA) was 
amplified only in the reference strain L. monocytogenes ATCC 7644 and in the 
Lmo 34 isolate, with prfA boxes found in both cases. Although the lack of 
amplification is intriguing in the remaining L. monocytogenes strains, it is not 
possible to conclude that there are no prfA boxes. Further efforts should be made 
in order to improve primer design that allows the amplification of the remaining L. 
monocytogenes strain tested.  
 
The overall assessment of virulence gene determinants in Colombian indicates 
that there is some variability present. This, however, might be further analyzed to 
confirm the results observed using strategies different from PCR as In Situ 
Hybridization. Amplification of virulence genes was independent of tested strain 
serotype. For example, all virulence genes were amplified in strain Lmo 86 with 4a 
non-virulent serotype, while only the hly gene was amplified in strain Lmo 69 with 
4b virulent serotype. Even most of listeriosis outbreaks strains are classified as 4b, 
1/2b and 1/2a serotypes, not all of them would necessarily be virulent because 
there is variability in the presence of genes associated with virulence. It is 



necessary to improve virulence characterization techniques in order to find more 
precise determinants than serotypification.   
 
 

PrfA modeling and Analysis  

Given that we obtained prfA sequences for 8 of the Colombian strains analyzed, we 
decided to do a three dimensional structural analysis to see if there was variability in 
PrfA structure from Colombian isolates. Therefore three dimensional modeling was 
accomplished. Structure superposition was perfomed using each one of the models 
generated from the 8 translated prfA-amplified sequences and PrfAwt sequences 
downloaded from PDB (Protein Data Bank). Superposition showed 7 PrfA optimal 
structures and one (Lmo 418) nonfunctional PrfA structure (Figure 2). The white structure 
corresponds to PrfAwt and the colored structures correspond to the PrfA modeled 
proteins from the Colombian isolates. 

 

Figure 2:Three-dimensional PrfA structure from L. monocytogenes isolates.  

As can be seen, the PrfA three-dimensional structure was the same in all 
analyzed strains and corresponded well with the PrfAwt structure, except for Lmo 
418. Based on this modeling, it appears that the Lmo 418 PrfA protein had no 
functional three-dimensional structure (Figure 2). As previously mentioned, the 
prfA gene was not amplified from Lmo 69 and Lmo 195, and therefore no 
modeling was performed for these strains. 

Two α-helices, αE (residues 169–174) and αF (184–195), and the connecting loop, 
αE - αF (174–184), constitute the helix–turn–helix (HTH) motif observed in many 
prokaryotic DNA-binding proteins, including DNA binding residues (183-195)[30]. 
All of these residues were conserved in the 7 PrfA modeled structures, indicating 
that the PrfA of Colombian strains has the potential to positively regulate 



virulence genes. This is expected since these were isolated from clinical cases 
(Lmo 179 and 175) and is consistent with the observed virulence phenotype in 
vivo cell assays (see below) (Lmo 175, Lmo 179, Lmo 86, Lmo 34 and Lmo 135).  

The surface of PrfAwt also reveals a distinct tunnel between the N-terminal β-barrel 
and the C-terminal DNA-binding domain of each monomer. This tunnel supports 
the hypothesis that PrfA like Crp may need an effector to induce activation[30]. 
The tunnel was observed in PrfA modeled proteins, except for Lmo 418 where the 
PrfA structure is incomplete (Figure 3).  

 

Figure 3:  Surface display and PrfA tunnel of L. monocytogenes isolates. The black circle 
indicates the location of PrfA tunnel.  

PrfA has a direct relation with virulence. Strains Lmo 69, Lmo 195 and Lmo 418 with no 
amplification and no functional structure, respectively, were not able to invade HT-29 
cells. This result confirms the central role of PrfA in expression of virulence genes during 
the intracellular cycle of L. monocytogenes. Since the actA gene was not amplified in 
Lmo 69 strain, it is difficult to establish if its non-virulent phenotype was due to the 
absence of prfA, actA or both of them.  

 

In vivo virulence assay. 

Virulence was assessed by analyzing the ability of L. monocytogenes strains to adhere 
to and invade HT29 cells. The first step in the infectious process is adhesion of the 
bacteria to the enterocytes[47], which is measured by washing cells and then freeing 
extracellularly adhered bacteria with Triton-X 0.1% and plating on Palcam Agar base. 
High adherence was obtained in all tested strains, including non-pathogenic controls L. 



ivanovii ATCC 19119 and L. innocua ATCC 73016, as can be seen at the 1hr time point 
(Figure 4). However, differences were observed in terms of the ability to invade HT-29 
cells. This is seen at later time points (4 and 6.5 h) by determining bacterial counts after 
eliminating extracellular bacteria with incubation of HT29 cells with DMEM 
supplemented with 100 ug/ml of gentamycin and then lysing host cells freeing 
internalized bacteria. 

5 of 10 (50%) of the L. monocytogenes strains tested demonstrated the ability to invade 
HT-29 cells (Figure 4). This assay also made evident the lack of correlation between 
virulence and serotype since both virulent and non-virulent serotypes were able to 
invade and proliferate in the cell line. 

 

Figure 4: L. monocytogenes virulence assay on HT29 cell line. 

Of the three clinical isolates, two were able to invade host cells (Lmo 175 and Lmo 179 
strains) and one was not (Lmo 195). As previously mentioned, Lmo 175 and Lmo 179 
strains failed to amplify the actA gene. Despite this, their capacity to invade host cells 
was expected taking into account that they were isolated from blood samples and 
cerebrospinal fluid, indicating listeriosis, and therefore virulence, in humans. On the other 
hand, strain Lmo 195 was isolated from a patient stool sample and had no amplification 
of prfA. Therefore, it was not as surprising that it showed no virulence in the HT-29 cell line 



assay, consistent with its presence in stool sample, a site not necessarily associated with 
virulence.  

In general, the presence of all virulence genes tested (hly, actA and prfA) was 
associated with virulence in HT-29 cells, as observed in strains Lmo 135, 34 and 86. 
However, this was not always the case. For example, all three genes amplified in the L. 
monocytogenes ATCC 7644 strain, which nonetheless showed no virulence in our in vivo 
assay. This is concordant with a previous study in which no virulence for this reference 
strain was observed either[48]. This reference strain 7644 has serotype 1/2c, which can 
be related to its non-virulence in cell lines and may explain these results[18]. Finally, 
strain Lmo 418 was not able to invade host cells, in agreement with the possible non-
functional structure of PrfA obtained here by modeling (Figure 2), as mentioned 
previously.  

The L. monocytogenes invasion of HT- 29 cells used in this study is dependent on both 
InlA and InlB proteins. In this order of ideas, it would be necessary to perform 
amplification of inlA and inlB genes to establish if the non-virulence observed in this 
study for strains Lmo 69, Lmo 206, Lmo 195 and L. monocytogenes ATCC 7644 could also 
be affected by the presence/absence of internalins[58]. 

The lack of correlation found in this study between the serotype of L. monocytogenes 
strains and in vivo virulence or with the presence of virulence genes tested is 
concordant with previous reports where relative virulence in mice ranged between 37 
and 93% using L. monocytogenes strains with virulent serotypes (4b, 1/2b and 1/2a).    
Further efforts should be made in order to establish if other virulence genes can be more 
reliable to assess the relationship between virulence and L. monocytogenes strain 
serotype.  

In conclusion, the presence of virulence genes and of prfA boxes, as well as the 
predicted functionality of PrfA found in this study, as assessed by three-dimensional 
modeling, highlight the potential virulence of L. monocytogenes strains circulating in 
Colombia. Also, the finding of L. monocytogenes isolates from food, with one or all 
virulence genes leads to the conclusion that there is a high variability in circulating 
strains of this pathogen. It is important to continue working on this study with a 
representative number of strains isolated in Colombia, in order to determine how many 
of them can be truly pathogenic and therefore promote the legislation and mandatory 
notification of this pathogen in our country. This will allow to prevent and control possible 
outbreaks caused by this pathogen. 

Moreover, the presence of the PrfA tunnel in most of the tested strains encourages the 
search of the cofactor used by L. monocytogenes, in order to develop control and 
inhibition techniques of the expression of the virulence genes of this pathogen in 
Colombia and worldwide. 
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