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Leptospira interrogans
• Spirochete
• Size 0.1-0.25 x 6-25 um
• Periplasmic flagella
• Double membrane
• Geographic 

distribution:
Pathogenic Leptospira
> 250 serovars
> 19 species



The cycle of leptospiral infection
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Pathogenesis
Penetrate skin or mucosa

Spread hematogenously

Localize in target organs
eg. kidney, liver, lung

Target organ damage



Previous microarray studies
• Effects of temperature on gene expression 

patterns in Leptospira interrogans serovar Lai as 
assessed by whole-genome microarrays (Infect 
Immun 2006; 74(10): 5848–5859)

• Genome-wide transcriptional analysis of 
temperature shift in L. interrogans serovar lai
strain 56601 (BMC Microbiology 2006; 6:51)

• Response of Leptospira interrogans to 
physiologic osmolarity: relevance in signaling 
the environment-to-host transition (Infect Immun 2007; 
75(6): 2864–2874)



Objectives

• To compare genes expressed in 
pathogenic Leptospira at 2 different 
environments
– In vivo (serum) vs in vitro (EMJH media)
– Transcription level at a global scale: 

microarray technology



Serum killing assay
• Pathogenic serovars

– Copenhageni, Lai, Manilae
• Serum killing assay

– 2x108 cells/ml in EMJH
– 50% normal guinea pig serum
– 30 min, 1 h, 2 h
– Percentage of viability: compared to incubation with 

heat-inactivated serum
• Control

– non-pathogenic serovar: Patoc (serum-sensitive)



Serum killing assay
(37°C, 30 min)

9.0 ± 5.1Patoc

99.5 ± 1.1Manilae

10.6 ± 6.4Lai

97.3 ± 2.2Copenhageni

% ViabilitySerovar



Microarray
spotted oligonucleotides

• Based on L. interrogans serovar Lai strain 
56601 genome
– 3,626 ORFs, 36 tRNA genes, and 4 rRNA

gene
– 45 ORFs unique to serovar Copenhageni

strain Fiocruz L1-130
• Oligonucleotides: 70 bases in length



Log-phase L. interrogans
serovar Copenhageni

Serum incubation
(37°C, 30 min)

EMJH media incubation
(37°C, 30 min)

Total RNA extraction Total RNA extraction

cDNA synthesis and labeling
(Cy3, Cy5)

cDNA synthesis and labeling
(Cy5, Cy3)



http://www.microarray.lu



Microarray sample replicates

• 3 biological replicates
• Dye swap/biological replicate
• 4 spot replicates on the same slide



Differentially expressed genes
NGS vs EMJH medium

• BASE (BioArray Software Environment) 
• Statistical significance

– Fold ratio ≥ 1.5 (up or down-regulation)
– Adjusted P value < 0.01



Results



Number of genes differentially 
expressed in serum

168 genes (4.5% of whole genome)



Cluster of Orthologous Groups 
(COGs)



Cluster of Orthologous Groups 
(COGs)



Differentially expressed genes in 
response to serum



Differentially expressed genes in 
response to serum



Up-regulated genes in response to 
serum

• Ankyrin repeat protein (LIC13291)
– Highest fold ratio (+11.52 fold)



Up-regulated genes of known or predicted 
function in serum

LigB lipoprotein



Up-regulated genes of known or predicted 
function in serum



Up-regulated genes



Down-regulated genes of known or predicted 
function in serum



Down-regulated genes of known or 
predicted function in serum



Down-regulated genes of known or 
predicted function in serum



Down-regulated genes



Validation with real-time RT-PCR: 
13 randomly selected genes



Microarray-Real-time RT-PCR Data 
Correlation 

y = 2.1779x - 0.0954
R2 = 0.812
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Summary
• Genes differentially expressed in serum

– 4.5% of total ORFs
• Up-regulated genes (total 55 genes)

– 54.5% known or predicted function
• metabolism; cellular processes and signaling 

– 56.4% serum-specific effect
• Down-regulated genes (total 113 genes)

– 45.1% known or predicted function
• information storage and processing; cellular 

processes and signaling; and metabolism 
– 86.7% serum-specific effect
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