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Leptospirosis is a worldwide zoonotic disease. Pathogenesis of leptospirosis is not 

well understood. Identification of virulence factors of pathogenic Leptospira and their roles 

in pathogenesis is crucial. Based on available whole-genome sequences of Leptospira, two 

presumptive virulence genes which are homologous to the invasionA (invA) gene of 

Rickettsia prowazekii and the mammalian cell entry (mce) gene of Mycobacterium 

tuberculosis, have been identified. The function of these genes may involve in the 

attachment and invasion of eukaryotic cells. We proposed that these gene homologues 

should be conserved in pathogenic serovars of Leptospira. Thus, our objective of the study 

is to determine the presence and the conservation of each gene in various serovars of 

pathogenic Leptospira. Ten different pathogenic serovars and one non-pathogenic serovar 

(serovar Patoc) of leptospires were used in this study. Polymerase chain reaction using 

primers designed to bind to the conserved regions of each gene were performed. The 

amplified PCR products of the invA gene homologue were obtained in seven pathogenic 

serovars whereas eight pathogenic serovars contained the homologue of mce gene. 

Neither gene homologue was amplified in the non-pathogenic serovar. The nucleotide 

sequences of the invA gene homologue of seven serovars were greater than 99% identity. 

The mce gene homologues of eight serovars were approximately 90 to 100% nucleotide 









Introduction 

Leptospirosis, caused by the spirochete Leptospira interrogans, is a zoonotic 

disease of a global health concern [1]. It became one of major health problems in 

Thailand since its outbreak in 1996 [2]. Pathogenesis of leptospirosis is not well 

elucidated. After leptospires move through skin or mucosal abrasions, the spirochete 

spreads hematogenously to multiple target organs resulting in systemic infection [1, 3, 

4, 5]. Invasion into host tissues is crucial for pathogens to establish infection. Although 

Leptospira is an extracellular pathogen, several studies demonstrated the spirochete 

inside cells in various organs [6-7]. In addition, leptospires were shown to be able to 

adhere and penetrate host cells in experimentally infected animals and various cell lines 

[8-12]. This property was demonstrated to be correlated with its virulence. Leptospiral 

genes and proteins that mediate invasion of host cells have not been characterized. 

Based on available whole-genome sequences of Leptospira, two presumptive virulence 

genes that are associated with cell invasion, the invasion A (invA) gene of Rickettsia 

prowazekii [13] and the mammalian cell entry (mce) gene of Mycobacterium tuberculosis 

[14], were identified [15]. 

Our study aimed to identify these two gene homologues in various pathogenic 

serovars of Leptospira. In addition, the DNA sequences of the gene homologues were 

compared to determine sequence similarity. 

Material and Methods 

Bacterial strains 

Ten different pathogenic serovars (as shown in table 1) and one non-pathogenic 

serovar (patoc) of leptospires were used in this study. All leptospiral strains were kindly 

provided by Reference Collection of the Department of Medical Sciences, National 

Institute of Health, Ministry of Public Health of Thailand. 

Table 1. Pathogenic Leptospira used in the study 

Serogroups Serovars Strains 

1. Australis 1. Bratislava Jez Bratislava 

1. Bangkok BD92 

2. Sejroe 3. Sejroe M 84 

3. Louisiana 4. Saigon L 79 
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directions using the same primers as for PCR. DNA sequences were detected on an 

Applied Biosystems 310 automated sequencer (ABI PRISM, Applied Biosystems, Foster 

City, CA). Nucleotide sequences of each gene homologue from different serovars were 

compared by the ClustalX program. 

Results 

PCR products with correct sizes of the invA gene homologue were detected in 

seven of ten pathogenic serovars used in the study except serovar Saigon, Sejroe, and 

Javanica (Figure 1). However, PCR amplicons of the mce gene homologue were 

absent in only serovar Sejroe and Javanica (Figure 2). In another word, the mce gene 

homologue was found in one additional serovar, serovar Saigon. All primer sets used 

in the study gave the same results which are summarized in table 4. In addition, 

neither gene homologue was found in non-pathogenic serovar Patoc. However, PCR 

products of 16S rDNA gene were observed in all serovars that gave negative 

amplification (data not shown). Therefore, the negative amplification of invA and mce

homologues in those serovars was not the result of the absence of DNA template. 

M 1 2 3 4 5 6 7 8 9 10 11 12 N 

¢:J 884 hp 

Figure 1. Detection of the invA gene homologue in Leptospira by PCR using Flank 

invA5' and Flank invA3' as primers. Lanes: 1, serovar Lai; 2, Bangkok; 3, Javanica; 

4, Rachmati; 5, Bratislava; 6, Autumnalis; 7, Saigon; 8, lcterohaemorrhagiae; 9, 

Pyrogenes; 10, Bataviae; 11, Sejroe; 12; Patoc; M, 100-base pairs (bp) molecular 

weight marker; N, negative control without DNA 
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Figure 4. Alignment of DNA sequences (upper row) and their corresponding amino acid 

sequences (lower row) of mce gene homologue of Leptospira interrogans serovar 

Bratislava, Bangkok, Saigon, Autumnalis, Rachmati, Pyrogenes, lcterohaemorrhagiae, 

and Bataviae compared to known sequences of serovar Copenhageni and Lai obtained 

from GenBank. The sequences are shown from start to stop codons. The location of 

primers was underlined and labeled as indicated. 

We also made recombinant proteins Mee and lnvA in E. coli expression system to be 

antigens to determine expression of these genes in vivo using convalescent serum of 

patients with leptospirosis. However, none of convalescent sera from all 5 patients with 

leptospirosis did not detect the recombinant proteins on Western blot. 

Discussion 

The genes that are associated with the ability of Leptospira to adhere and 

penetrate host cells have not been verified. From whole genome sequences in the 

GenBank, we are interested in two genes of Leptospira that are homologues of invA 

gene of R. prowazekii [13] and mce gene of M. tuberculosis [14]. These two genes 

have been previously reported as virulence genes that are associated with attachment 

and invasion. The invA contains a conserved motif called the Nudix (Nucleotide 

diphosphates linked to some other moiety, �) box, which is in the Nudix hydrolase 

family [13]. This protein may play a role in enhancing the intracellular survival of 
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gene expression at transcriptional level and using immunohistochemistry or 

immunofluorescence to detect gene expression at translational level. 
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