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Rapid Identification using a Chromogenic Medium and Molecular Characterization 
of hly positive Listeria monocytogenes 

Pearlycia Brooke 

Resource Biotechnology Program 

Faculty of Resource Science and Technology 

University Malaysia Sarawak 

ABSTRACT 

A total of 87 raw meat samples (chicken, beef, and pork) marketed in markets in Kuching were investigated 
for the presence of hly positive Listeria monocytogenes. The identification of the bacterial species were based 
on morphological appearance on a chromogenic medium called CHROMagar Listeria agar (CHROMagar 
Microbiology, France), biochemical tests, followed by a specific PCR to detect the presence of hly gene in all 
the strains isolated. Using a pair of primer to amplify a product of 730 bp in size, 15 strains of L. 
monocytogenes were successfully isolated from the 87 samples. Along with 20 isolates from the laboratory 
collection, these isolates were subjected to RAPD-PCR to investigate their genetic relatedness. Four random 
primers were screened for their discriminatory abilities by visualizing the amplification products 
electrophoretically. GENI-50-09 which amplified useful banding patterns was selected and tested against all 
the isolates. The primer successfully produced 19 distinctive RAPD patterns with bands having molecular 
izes ranging from 500 bp to 1 kbp. The genetic relationships between the isolates were represented in the 

form of a dendogram based on the proportion of identical bands in the RAPD profiles. Clustering analysis 
allowed the differentiation of 2 major clonal clusters, each containing 8 and 27 isolates respectively, with 
different animal hosts and geographical origins. Cluster 1 was found to be highly heterogeneous with the 
average genetic distance of D = 0.69. Cluster 2 on the other hand, was more homogeneous with the average 
genetic distance of D = 0.18, showing that the isolates in this cluster have 82% of genetic similarity. In 
addition, there were 17 identical strains in these clusters. The different RAPD patterns demonstrated in this 
tudy may have implications to our understanding of the dissemination and evolution ofL. monocytogenes. 

Keywords: Listeria monocytogenes; hly gene; RAPD; specific PCR; chromogenic medium 

ABSTRAK 

Sejumlah 87 sampel daging mentah (daging ayam, daging lemhu dan daging khinzir) dari pasar di sekitar 
bandaraya Kuching, telah dikaji untuk mengesan kehadiran Listeria monocytogenes. Pengenalpastian 
spesies bakteria ini dilakukan berdasarkan ciri moifologi pada media kromogenik yang dikenali sebagai 
CHROMagar Listeria (CHROMagar Microbiology, France), ujian biokimia, diikuti dengan kaedah tindak 
balas berantai polimerase (Polymerase Chain Reaction, PCR) spesijik untuk mengecam dan mengenalpasti 
kewujudatl gen !llY. dalam semua pencilan yang dipencilkan. Dengan menggunakan sepasang primer untuk 
mengamplijikasikan produk dengan saiz 730 bp, J5 pencilan /".. monocytogenes telah berjaya dipencilkan 
daripada 87 sampel daging mentah tersebut. Bersama - sam a 2() pendlan daripada koleksi makmal, kaedah 
tindak balas berantai polimerase RAPD (RAPD-PCR) telah dijalankan ke atas kesemua pendlan untuk 
mengkaji perhubungan genetik mereka. Empat primer telah disaring bagi mengenalpasti keupayaan 
diskriminatori mereka melalui visualisasi produk amplijikasi secara elektroforesis. GEN 1-50-09 yang 
menunjukkan corak jalur yang berguna telah dipilih untuk diuji ke atas kesemua pendlan tersebut. Primer 
ini telah berjaya menghasilkan 19 corak RAPD yang berbeza dengan jalur bersaiz molekular dari 500 bp 
sehingga I kbp. Perhubungan genetik dian tara pendlan-pendlan ditunjukkan dalam dendogram 
berdasarkan jalur yang serupa dalam profil RAPD. Analisis kluster telah menunjukkan perbezaan 2 kluster 
besar yang masing-masing mengandungi 8 dan 27 pencilan dengan hos haiwan dan geografi yang berbeza. 
Kluster I didapati mempunyai perhubungan genetik yang tinggi dengan purata perbezaan genetik D = 0.69. 
Kluster 2 pula mempunyai perhubungan genetik yang rendah dengan purata perbezaan genetik D = 0.18, 
)'ung menunjukkan persamaan genetik sebanyak 82%. Di dalam kluster ini juga, terdapat 17 pencilan yang 
se11l]JQ. Paten RAPD berbeza yang didemonstrasikan mungkin mempunyai implikasi bagi memahami 
peny baran dan evolusi L. monoeytogenes. 

Kata Kunci: Listeria monocvtogenes; gen !llY.; RAPD; spesijik PCR; medium kromogenik 
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CHAPTER 1 


INTRODUCTION 


Listeria monocytogenes is an important food-borne pathogen responsible for serious 

infections in immunocompromised individuals, newborns, pregnant women and older 

people (Almeida and Almeida, 2000). It is a facultative intracellular gram-positive 

bacterium, straight or slightly curved non-sporing rod, 2-3 J.lm by 0.5 J.lm (average), 

flagellated and therefore motile (Murray et af., 1997). L. monocytogenes is found in 

animals, plants, water and soil and can be contracted from eating contaminated foods like 

unpasteurized cheese and milk, prepared salads and processed meats. 

Figure 1. 	 Listeria monocytogenes. Source: http://www.csfan.fda. gov/~ebaml 
cyclohex.html 

Listeria infection or listeriosis caused by eating food contaminated with L. monocytogenes 

is known to cause clinical manifestations like meningitis, acute meningoencephalitis in 

infants and adults occasional bacteraemia, endocarditis, brain and other abscesses and 

cutaneous infection. It has also been reported as causing abortion and stillbirth 

heesbrough, 1984). 
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Despite the fact that not all strains of L. monocytogenes are thought to be pathogenic to 

humans (Hof and Rocourt, 1992), the negative health impact of L. monocytogenes towards 

human must be clearly recognized. Even though the case of listeriosis is relatively rare, 

e posure and the risk of infection with these bacteria is still high. Recent estimates suggest 

that 2500 human listeriosis cases occur every year in the United States of America alone. 

Of those cases, approximately 500 die as a result of the illness (Mead et al., 1999). Thus, 

rapid identification and prevalence studies of these bacteria in food and environment are 

necessary to determine the dissemination ofL. monocytogenes in Kuching, Sarawak. 

In this study the CHROMagar Listeria agar or CL agar (CHROMagar Microbiology, 

France) serves as a chromogenic medium to rapidly identify L. monocytogenes. This 

medium is used in the identification of L. monocytogenes based on the specific 

phospholipase activity that causes the bacteria to produce blue/green colonies that are 

surrounded by a white halo. Besides that, the detection of L. monocytogenes can be done in 

24 hour after growth on CHROMagar Listeria. According to Paillard et al. (2003), the 

species-specific identification with biochemical standard method of L. monocytogenes is 

labour intensive and time consuming. This is further supported by Coco lin et al. (2002), 

who stated that the conventional method of identifying L. monocytogenes requires 1 to 2 

weeks to acquire confirmatory result. Therefore, the use of CHROMagar Listeria agar in 

combination with PALCAM agar is recommended in the isolation and identification of L. 

monocytogenes. 

Like several other pathogens, L. monocytogenes can invade host tissue by inducing 

gocytosis in non-phagocytic cells. This has been proven by Gaillard et al. (1991), who 

Identified the genetic locus and protein responsible for the ability of pathogenic L. 

2 



I 

monocytogenes to enter host cells. This locus was designated inl, for internalisation. After 

intemalisation, L. monocytogenes become encapsulated in a membrane bound 

compartment. Professional phagocytic cells will kill L. monocytogenes within the vacuoles, 

and those surviving, mediate the dissolution of the vacuolar membrane by means of a 

haemolysin called listeriolysin 0 (LLO) encoded by hlyA or lisA. (Towner and Cockayene, 

1993). The hly gene is chosen as a target gene in this study because it is species-specific in 

which all virulent strains of L. monocytogenes synthesize and secrete listeriolysin, albeit in 

significant variable quantities (Doyle, 2001). 

There are several methods being used for documenting genetic infonnation in identifying 

the genetic differences among L. monocytogenes isolates worldwide. In this study, Random 

Amplified Polymorphic DNA (RAP D) was chosen because it is found to be a relatively 

easy and inexpensive method of producing a molecular fingerprint of a particular species. 

3 




1.1 Objectives 

l. To detennine the occurrence and prevalence of L. monocytogenes in Kuching and 

to perfonn monthly screening of this bacterium from samples of raw meats and 

market benches. 

11. To evaluate the efficiency of the chromogenic medium, CHROMagar Listeria Agar 

in identifying L. monocytogenes. 

iii. To confinn the presence of L. monocytogenes through the 

pathogenic hly gene fragment via specific PCR and RAPD-PCR. 

amplification of 

iv. To perform phylogenetic study of L. monocytogenes by finding the variations and 

genetic relationship between the strains using RAPD-PCR. 

4 




CHAPTER 2 

LITERATURE REVIEW 

2.1 Genus description of Listeria monocytogenes 

The first isolation of Listeria was obtained from epidemic infection among laboratory 

animals. It was first described by Murray, Webb and Swan in 1926 as Bacterium 

monocytogenes because of the induced monocyte response in the blood of the laboratory 

animals (Cheesbrough, 1984). The generic name Listerella, was chosen to honour Lord 

Lister, a surgeon but then renamed as it has been used in zoology and botany. The generic 

name was then changed to Listeria. At first, Listeria was thought to be closely related to 

the genus Erysipelothrix because they have many similar biological characters. However, 

taxonomic studies have been done and differences have been reported in several aspects to 

support their separation (Cheesbrough, 1984). 

According to Paillard et al. (2003), the genus Listeria consists of six characterized species. 

They are L. grayi, L. innocua, L. ivanovii, L. monocytogenes, L. seeligeri and L. 

welshimeri. All of these species are saphrophytic bacteria that are ubiquitous in nature. 

Among them, only L. monocytogenes acts as an opportunistic pathogen for both humans 

and animals. However, as reported by Coco lin et aI., (2002), other haemolytic species of 

Listeria like L. ivanovii and L. seeligeri also contribute to human pathogenicity. 

5 




2.2 Natural habitat 

L. monocytogenes is an ubiquitous organism. According to the United States Department 

of Agriculture, Food Safety and Inspection Service, Office of Public Health and Science 

(2002), researchers have isolated L. monocytogenes from soil, water, vegetables, sewage 

and silage. The organism often moves through the animal and human intestinal tract and 

has also been found in many domestic and wild animals, including birds and fish. In 

addition, according to Destro et at. (1996), L. monocytogenes is also isolated from raw and 

processed seafoods like shrimps. Because of its ability to grow in such diverse 

environments, the chances of infection from this bacterium are high. 

2.3 Pathogenicity 

The success of L. monocytogenes as a pathogen owes much to its ability to sense and 

respond to its environment. A number of studies have demonstrated that the ability of L. 

monocytogenes to respond to stress has consequences in tenns of the virulence of the 

organism (Cotter et at., 1999). The pathogenicity ofL. monocytogenes centers on its ability 

to survive and multiply in phagocytic host cells. 

L. monocytogenes, as several other pathogens, can invade host tissues by inducing 

phagocytosis in non-phagocytic cells. This can be demonstrated using cytochalasin D, an 

inhibitor of phagocytosis, to inhibit uptake of L. monocytogenes by a human intestinal 

carcinoma cell line called Caco-2 cells. This phenomenon is known as parasite directed 

bagocytosis (Muriana, 1996). 

6 




hly gene and bemolysin (Listeriolysin, LLO) 

Pathogenic L. monocytogenes are characteristically haemolytic. They produce a sulfhydryl

dependent hemolysin called listeriolysin (LLO) which can be visualized by the lysis of red 

blood cells around colonies grown on blood agar. LLO is antigenically related to 

streptolysin 0 and binds to cholesterol which then causes lysis of eukaryotic cells. The 

listeriolysin 0 is encoded by a gene called hly or lisA (Doyle, 2001). 

The hly gene is one of the virulence-associated genes of L. monocytogenes that have been 

characterized and used as a PCR target. The detection of L. monocytogenes through PCR 

method is based on the amplification of a fragment of this gene with the expected size of 

730 bp. However, previous studies on amplification of other virulence-associated genes of 

this bacterium such as iap, prfA and inl genes sequences have also been reported (Almeida 

and Almeida, 2000). 

2.5 Rapid Identification 

The advances in biotechnology over the past few decades have resulted in the development 

of many methods for the detection of pathogenic microorganisms such as L. 

monocytogenes. Identification and isolation of L. monocytogenes with biochemical 

standard methods, are complex and can require few weeks. Moreover, differentiation 

between species or strains within the same species is not always reached. For these 

reasons, little is known about the occurrence and distribution of L. monocytogenes 

(Cocolin et al., 2002). 
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ore technologies are being studied for the rapid identification of L. monocytogenes 

especially in the meat industry. The rapid identification of this bacterium is important as 

infections with L. monocytogenes may progress to include severe complications and even 

death. Because of this danger of infection, along with the lack of information on this 

bacterium, a rapid and effective method involving new chromogenic differential selective 

media, and genotypic methods are now used widely in the isolation and identification ofL. 

monocytogenes. 

2.6 Chromogenic medium 

Significant efforts have been dedicated to the development of enrichment media and 

protocols for L. monocytogenes isolation. Ideal enrichment media would facilitate recovery 

of injured cells and enrichment of L. monocytogenes over competing micro flora. In 

traditional culture-based assays, it becomes very difficult to detect L. monocytogenes at 

any level when it is greatly outnumbered by other Listeria species, such as L. innocua, 

which appears to be present together with L. monocytogenes (Coco lin et al., 2002). 

The use of a new chromogenic differential selective agar, the CHROMagar Listeria agar is 

encouraged in this study as it is in parallel with one of the prescribed selective agar, the 

PALCAM agar. The combination of these agars will improve the isolation and 

identification of L. monocytogenes. The CHROMagar Listeria agar shows L. 

monocytogenes clearly as visible blue/green colonies showing a distinctive opaque white 

halo. The blue/green colonies are a result from the cleavage of X-glucoside chromogen in 

medium by the enzyme B-glucosidase produced by L. monocytogenes. Other 
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lCrOOrganisms that possess B-glucosidase, such as enterococci, are inhibited by selective 

agents like lithium chloride, nalidixic acid and polymixin B (Noterrnans, 1991). 

rding to Notennans (1991), the opaque white halo produced around the colony of L. 

monocytogenes is the result of phospholipase activity in which phospholipase hydrolyses 

lecithin in the medium. The selectivity of the medium is further enhanced by the addition 

of ceftazidime and amphotericin B, which inhibit other background flora, such as bacilli, 

yeasts and m~ulds. 

Z.7 Molecular Characterization 

The first studies of isolation and detection of L. monocytogenes in food that exploited 

molecular methods date back to the 1990s. From then, numerous protocols have been 

continuously proposed and in the last few years, a vast number of papers have been 

published (Cocolin et al. , 2002). 

According to Almeida and Almeida (2000), a number of molecular-biology based methods 

for more rapid detection of Listeria cells have been developed including the 

immunoassays, nucleic acid hybridisation, lux phage assay and lastly the most widely used 

method, nucleic acid amplification through Polymerase Chain Reaction (PCR). 

9 




7.1 Polymerase Chain Reaction (PCR) 

The Polymerase Chain Reaction (PCR) technique was invented in 1985 by Kary B. Mullis 

uUis and Faloona, 1987). This technique has allowed scientist to make millions of 

copies of minute amount of DNA sample. PCR has revolutionized many aspects of current 

research especially in the field of biotechnology. Among the applications of PCR are in the 

diagnosis of genetic diseases, in criminology for DNA comparison and in evolutionary 

studies. 

ccording to Towner and Cockayne (1993), when Kary Mullis invented the PCR 

technique for the first time, the technique was so slow and labour-intensive. Because Taq 

polymerase was not discovered yet that time, fresh enzyme has to be added in the reaction 

tube for every cycle. Now, with the advancement in science and biotechnology, PCR is 

automated and can be performed easily with a machine called thermocycler. 

2.7.2 Fundamental of PCR technique 

Polymerase Chain Reaction can amplify a gene through a three step cycling process; 

denaturation, annealing and elongation. This cycling process can be repeated for 35 to 45 

times to amplify the targeted DNA fragments in thousands or millions copies. The reaction 

is done in a machine called thermocycler in which it can heat and cool the tubes with the 

reaction mixture in a very short time. 

10 




There are four essential requirements for PCR to occur: 

two synthetic oligonucleotide primers that are complementary to regIOns on 

opposite strands that flank the target DNA sequence, 

ii. 	 a target sequence in a DNA sample that lies between the primers, 

a thermostable DNA polymerase and 

four deoxynucleotide triphosphates (dNTPs). 

The first step in PCR is the thermal denaturation of the DNA sample by raising the 

temperature within a reaction tube to 95°C. In the tube, there are two oligonucleotides 

primers, a thermostable DNA polymerase (Taq polymerase), and four deoxynucletides 

triphosphates. During the denaturation, the double strand melts open to produce single 

stranded DNA. The temperature is usually maintained for about 1 minute. 

The second step involved the renaturation of the DNA sample. During this step, the 

temperature of the mixture is slowly cooled to 50°C to 55°C. During this step, the primers 

anneal with their complimentary sequences in the source DNA. 

In the third step, the temperature is raised to 70°C to 75°C, which is the optimum 

temperature range for the catalytic functioning of Taq DNA polymerase. The DNA 

synthesis is initiated at the 3'-hydroxyl end of each primer. 

Because both strands are copied during PCR, there is an exponential increase of the 

number of copies of the gene. This serves the purpose of PCR that is to amplify and to 

roduce great amount of specific segment of DNA in a short period of time. 
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Amplification of target sequence 
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and anneal primers 
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(d) 	 -'-New primers """'"" 

5' - 3' 

l -.dprimon 
A schematic diagram of the amplification of gene in PCR. 
Source: http://biology.kenyon.edulcourses/bio1114 
/chap08/chapter 08a.html 

7.3 Random Amplified Polymorphic DNA-PCR (RAPD-PCR) 

Random Amplified Polymorphic DNA (RAPD) analysis along with pulsed-field gel 

electrophoresis (PFGE) are two DNA typing methods that have been used successfully to 

characterize various microorganisms, in addition to L. monocytogenes (Destro et aI., 1996). 

brief, RAPD employs PCR to amplify genomic DNA segments with single primer of 

arbitmrv nucleotide sequence. The amplified products are resolved by electrophoresis, and 

DNA polymorphisms are detected. This method, either alone or combined with other 
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methods, has shown good discriminatory power, IS easy to interpret, and have 

MiJlllitted sUbtyping ofL. monocytogenes. 

is a polymerase chain reaction (PCR) technique that relies on the generation of 

lDI1:tli1iication products for a given nucleic acid using an amplification-based scanning 

IllCllmicl\1e driven by arbitrary priming nucleotides (Dassanayake and Samaranayake, 2000). 

amplification products from the analysis exhibit polymorphism and thus can be used 

RAPD technique utilizes random primers approximately 10 base pairs in size (40-70% 


content) to detect random segments of DNA to reveal polymorphism. 


can be applied to any species where any information on the genome 


_IUeJGce is not known. Random parts of the organisms' genome are produced, where they 


expected to be identical in related species (Towner and Cockayne, 1993). 

IBCBidc:s that, RAPD analysis can provide a rapid, specific and reliable method for 

aalSW'ing genomic variation. As explained by William et al. (1990), this technique has 

advantages over other systems of genetic documentation because it has a universal 

of primers, no preliminary work such as probe isolation, filter preparation or nucleotide 

Jeq11el'lCtrlg is necessary. To identify polymorphism within species, only a small number of 

1H'il!l1e1r5 are needed. In fact, a single primer may often be sufficient to run the PCR 

_ilYlIIiD. Furthermore, RAPD is also very low in cost. Apart from a thermo cycler and an 

.,..nse gel assembly, no high technology equipment is necessary. 
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difference between conventional PCR and RAPD-PCR is specific oligonucleotide 

are required in conventional PCR to amplify DNA that is a characteristic of a 

"~tt species. Thus, knowledge of the DNA sequence of the organism being studied is 

ever, in RAPD-PCR, primers are chosen without regard to the sequence of the 

_me to be fingerprinted. This means, no previous knowledge of the molecular biology 

organism is required (Towner and Cockayne, 1993). 

reported by Welsh and McClelland (1990), the basis ofRAPD-PCR was the generation 

a discrete and reproducible set of amplification products by a single arbitrary primer, 

~lnbllneG with two cycles of PCR at low stringency and many cycles at high stringency. 

rationale is, at a sufficiently low temperature, a primer can be expected to anneal to 

sequences with a variety of mismatches. Some of these sequences will be within few 

~UlI1(1J''e<1s bases of each other and opposite strand, and will be capable of amplification by 
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