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CHAPTER I 

INTRODUCTION 

 

 Leptospirosis is a globally distributed zoonotic disease. The disease is endemic 

especially in tropical areas. However, it occurs in both industrialized and developing 

countries [1-4]. In Thailand, after 1996 leptospirosis cases have been dramatically 

increased from 400 cases to about 15,000 cases in 2000 (reported cases per 100,000 

populations) [5]. Most patients are associated with working in agricultural fields. Hence, 

leptospirosis becomes a reemerging infectious disease in Thailand.  

 Clinical manifestations of leptospirosis range from a mild flu-like illness to 

multiorgan failure with high mortality rate [1, 2]. Severe leptospirosis, also known as 

Weil’s disease, presents with renal and hepatic failure, pulmonary dysfunction, and 

hemorrhage [1, 2]. The causative agent of leptospirosis is pathogenic spirochete called 

Leptospira interrogans. Human infection is resulted from direct or indirect contact with 

urine of infected animal [1, 2]. Leptospires enter to the host via broken skin or mucosal 

membranes. The microbes disseminate through the blood stream, colonize the target 

organs and cause organ damage. However, the pathogenesis of leptospirosis is not well 

understood.  

 The initial step of infection involves host-pathogen interactions to gain 

colonization, replication, and dissemination of pathogens in the host. The outer 

membrane of leptospires contains adhesion molecules used to attach to the host cell 

surface. Moreover, the interaction may be crucial for activation of the host immune 

system.  The ability of attachment to host cells in pathogenic Leptospira has been 

previously described. In contrast to saprophytic strains, the pathogenic leptospires were 
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shown to be able to adhere to cultured mammalian cells [6]. Hence, attachment ability 

of Leptospira seems to be correlated with its virulence [6, 7]. In addition, the leptospiral 

outer membrane components may play a key role in the first step of host-microbe 

interactions [8]. 

 Outer membrane of pathogenic Leptospira consists of phospholipids, outer 

membrane proteins (OMPs) and lipopolysaccharide (LPS). Several studies 

demonstrated OMPs as putative virulence factors [9-16].  The leptospiral proteins were 

shown to be differentially expressed in response to environmental changes such as 

temperature and osmolarity shifts [17-21]. The results indicate that Leptospira responds 

to environmental stimuli and expression of its protein profile including OMPs should be 

dynamic along the step of infectious process inside the host [18, 21, 22].  However, the 

function of several OMPs of pathogenic Leptospira remains elusive. 

 LipL32, also known as hemolysin-associated protein 1 (Hap1), is the major 

constituent of pathogenic leptospires [23, 24]. LipL32 is the outer membrane lipoprotein 

of approximately 32 kDa of Leptospira. This protein is highly conserved among 

pathogenic serovars but absent in non-pathogenic leptospires [10, 16, 23-25]. Several 

reports demonstrated that LipL32 was constitutively expressed both in vitro and in vivo 

[16, 26]. Furthermore, its expression was shown to be up-regulated in animal models 

[9]. LipL32 expression was detected by immunohistochemical staining in kidney tissue 

of infected animal models and was also recognized by sera from leptospirosis patients 

[16, 27]. The immunogenicity of LipL32 had been reported. The anti-LipL32 antibody 

was produced during infection both in patients and animal model [14, 26, 28, 29]. 

Moreover, it was demonstrated that LipL32 induced tubulointerstitial nephritis via NFk-B 

related pathway [28, 30, 31].  
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 Several studies revealed that LipL32 was able to bind to various extracellular 

matrix (ECM) proteins such as laminins, collagens, and fibronectins [32, 33]. The ECM-

binding domain of LipL32 was characterized to be in the C-terminal region. Moreover, 

ECM-binding protein homologous to LipL32 has been identified in Pseudoalteromonas 

tunicata.  These protein homologs are immunologically cross-reactive [32, 33]. The 

crystal structure study of LipL32 revealed acid-rich patches within its folded tertiary 

structure. The patches may play a role as putative binding sites for positively charged 

ligands such as laminin [34, 35]. In addition, it was found to have multiple surface-

exposed regions that potentially mediate protein-protein interactions. However, 

morphology, growth rate, and virulence in animal models of the lipL32 mutant, 

constructed by transposon mutagenesis, remained the same as that of the wild-type 

strain [36].  Hence, LipL32 may not be solely responsible for growth and pathogenicity 

of leptospires.  It is still not known why LipL32 is highly expressed and conserved in 

pathogenic Leptospira. Therefore, the role of LipL32 in host-pathogen interaction should 

be further investigated. 

 Phage display is a powerful and high-throughput screening tool to study protein-

protein interactions. The construction of phage display library is based on the basic 

molecular technique. The foreign DNA is inserted into phage genes that encode capsid 

proteins. The recombinant protein, the fusion of phage capsid proteins and foreign 

peptides, is expressed on the surface of phage particles providing physical link 

between genotype and phenotype of phages [37-40].  Phages with high affinity to the 

target protein are enriched by panning against immobilized target protein and washing 

to remove non-binding phages before amplification of bound clones. At the final round 

of panning, usually after 3-5 rounds, the bound clones are eluted followed by 

polymerase chain reaction and DNA sequencing of the inserted region to decode the 

peptide sequences of displayed polypeptides [37-40]. 
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 Phage display technology shows many applications in studies of infectious 

diseases [41], drug discovery [42], gene delivery and antibody synthesis [43]. In 

infectious disease studies, phage display has been used to identify vaccine candidate 

antigens, bacterial adhesins, epitope mapping, and host-pathogen interactions [41, 44-

47]. For examples, phage display technique was used to identify adhesins in 

Plasmodium falciparum [48], Group B Streptococcus [49], Lactobacillus reuteri [50],  

Staphylococcus aureus [51], and hepatitis B virus [52].  

 In this study, we proposed to screen for host proteins that interact with LipL32 of 

L. interrogans using the random heptapeptide phage library. 
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CHAPER II 

OBJECTIVE 

 

Hypothesis 

 The phage display technique using random peptide phage library is able to 

identify peptide sequences that interact with LipL32. 

Objective 

 To indentify peptides and corresponding host proteins that interact with LipL32.  
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CHAPTER III 

REVIEW OF RELATED LITERATURES 

 

Leptospira and leptospirosis  

 Characteristics of Leptospira 

 Leptospira is a genus of spirochete bacteria, including pathogenic and 

saprophytic species. Letospires are tightly coiled spirochetes that are about 0.1 μm in 

diameter and 6-20 μm in length with a wavelength of about 0.5 μm (Figure 1) [1, 53]. 

Leptospires are highly motile, obligate aerobic spirochetes that share features of Gram-

positive and Gram-negative bacteria. One or both ends of the spirochete are usually 

hooked. Because they are poorly Gram stained, live Leptospira are best observed under 

the dark-field or phase-contrast microscope (Figure 1). However, the bacteria can be 

stained by carbon fuchsin counterstain [2, 53]  

 Leptospires have a double membrane structure similar to that of other 

spirochetes. The cell envelope consists of cytoplasmic membrane and outer membrane 

(Figure 2) [54]. The cytoplasmic membrane and peptidoglycan layer are closely related 

and are overlaid by an outer membrane [54]. The outer membrane is composed of 

phospholipids, outer membrane proteins (OMPs) and lipopolysaccharide (LPS) (Figure 

3). LPS of leptospires has a structure similar to other Gram-negative bacteria but shows 

lower endotoxicity [55-57]. The two flagella extending from each end of the bacteria 

reside in the periplasmic space. The structure of the flagella is composed of protein 

complex. The flagella act as cytoskeleton element that is necessary for the motility of 

leptospires (Figure 2). Leptospires show two forms of movement, translational and non-

translational of movement [2]. 
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.  

A  B  

Figure 1 Visualization of Leptospira interrogans under electron microscope (A) 
and dark-field microscope (B). 

From A, the CDC Public Health Image Library; B, photo taken by bluuurgh at the 

dutch royal tropical institute (www.kit.nl) 
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  Cross section view  

 

 

 

 

Figure 2 The schematic picture of leptospiral structure. Cross section view 

indicates the position of flagellae, outer membrane, and spiral cylinder of the spirochete. 

Modified from [58] 
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Figure 3 The schematic picture shows the structure of leptospiral membrane.              
A, prolipoprotein; B, subsurface lipoprotein in the cytoplasmic membrane; C, subsurface 

lipoprotein in the periplasmid space; D, surface-exposed lipoprotein (possible antigenic 

determinant) in the outer membrane; Lsp, prolipoprotein signal peptidase [1] 
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 Cultivation method 

 Leptospires are most commonly cultivated in Ellinghausen-McCullough-

Johnson-Harris (EMJH) medium. The culture medium is supplied with 10% rabbit serum 

or 0.2-1% bovine serum, long-chain fatty acids, vitamin B12, and ammonium salt. 

Leptospira is an aerobic bacterium that requires carbon and energy during   in vitro 

growth. Long-chain fatty acids are carbon and energy sources which are metabolized 

by beta-oxidation. Fatty acid is usually obtained from tween. Fatty acid molecules bound 

to albumin are slowly released into the medium and prevent its toxic accumulation. 

Vitamin B2 and B12 are growth factors of leptospires [59, 60]. 

 The optimal conditions for growth of leptospires are at pH 6.8-7.4 and at 

temperature between 28 °C- 30°C. The minimal growth temperature of pathogenic 

species is 13-15 °C, while saprophyte is 5-10 °C. The ability of pathogenic species to 

grow at 13°C can be used to distinguish saprophytic from pathogenic Leptospira 

species [61]. The pure subcultures in liquid medium usually grow within 10-14 days. In 

semisolid media, containing 0.1-0.2 % agar, leptospires grow near the surface of 

medium. In long term storage, the cultures are lyophilized or stored at -70°C [2]. Growth 

of leptospires on solid medium had been reported. Colony morphology depends on 

agar concentration and its serovar. The solid medium has been used to isolate 

leptospires from mixed culture and detect activity of leptospiral hemolysins [2, 53].  
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 Molecular biology 

 The whole genome sequences of L. interrogens serovar Lai and Copenhegeni 

have been reported [62, 63]. In addition, genomes of L. borgpetersenii [64] and the 

saprophyte L. biflexa were sequenced [65]. Leptospires contain two sets of 16S rRNA 

and 23S rRNA and one set of 5S rRNA [66]. Several repetitive elements including 

insertion sequences (IS) coding for transposases have been identified.  

 The genome of Leptospira interrogans consists of two circular chromosomes, 

with a genome size of 4,400 kb and 350 kb [67]. The genome of L. borgpetersenii is    

16 % smaller than that of L. interrogans with a higher number of pseudogenes, gene 

fragments and IS. In contrast to L. interrogans, L. borgpetersenii poorly lives outside the 

host.  This characteristic may be due to disruption of genes involved in environmental 

sensing and metabolite transport and utilization [64]. Comparative genomics of          

L. interrogans and L. biflexa showed that 627 genes of L. interrogans are absent in       

L. biflexa and over 500 of these genes are of unknown functions [65]. These findings 

may reveal novel virulence-associated genes. 

 The lack of efficient genetic tools for pathogenic Leptospira has hindered the 

study of the role of its putative virulence factors. Recently, mutation in L. interrogans 

using homologous recombination [68] and transposon mutagenesis [69] has been 

reported. 
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 Taxonomy and classification 

 Leptospira is classified into kingdom Monera, phylum Spirochetes, class 

Spirochetes, order Spirochetales, family Leptospiraceae and genus Leptospira. Genus 

Leptospira is divided into two species namely L. interrogans which includes pathogenic 

strains and L. biflexa which are saprophytic strains living freely in the environment [2]. 

Both species are serologically categorized into various serovars using cross-agglutinin 

adsorption test (CAAT) with homologous antigens [70]. L. biflexa have been classified 

into more than 60 serovars, whereas there are over 200 serovars of L. interrogans [2]. 

The members of Leptospira have been broadly grouped into serogroups based on their 

antigenic relationship. Serological classification may be useful for epidemiological 

application since some serological groupings are correlated with reservoir animals [2]. 

 The genotypic classification has been used concurrently with phenotypic or 

serological classification [71]. The genotypic classification was based on multilocus 

enzyme electrophoresis information, G+C content, DNA-DNA correlation to other 

Leptospira and 16S rRNA gene sequencing. The genus Leptospira is currently divided 

into at least 21 species based on 16S RNA sequences (Figure 4) [71-73]. However, 

genotypic classification is not correlated with serological classification. Some 

pathogenic and non-pathogenic serovars are classified into the same genospecies and 

some serovars are found in more than one genospecies [1]. 
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Figure 4 Phylogenetic tree based on the sequences of leptospiral 16S rRNA 
sequences [73]. 
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 Epidemiology 

 Leptospirosis is one of the most common zoonotic diseases worldwide [2]. 

Human infection occurs after either direct or indirect contact with urine of infected 

animals. The prevalence in tropical regions is significant higher than temperate regions 

because leptospires can live in the warm environment longer than in temperate 

environment. In the tropical areas, leptospirosis is associated with seasonal rainfall 

especially in August to September and February to March [1, 2, 74]. 

 Leptospires is transmitted through unhealed breaks in the skin or mucous 

membranes by contact with urine of infected animals. Water-born transmission had 

been reported in several outbreaks of leptospirosis. Swallowing or splashing of 

contaminated water may result in infection via the mucosal membrane of respiratory 

tract and gastrointestinal tract. However, human to human transmission is rare due to 

acidic pH of human urine that restricts leptospiral survival after excretion. Infection from 

animal bite is uncommon [1, 2].  

 The habitats that expected to carry infective bacteria are muddy riverbanks, 

ditches, and muddy livestock areas where are regular passages of either wild or farm 

mammals [1, 2].  

   Animals involved in leptospirosis are divided into reservoir hosts (maintenance 

hosts), and accidental hosts. The reservoir hosts are carrier-state species that remain 

asymptomatic. Leptospires persistently colonize in proximal renal tubules of reservoir 

hosts and are shed in urine for their whole life span [1, 53].  Animals may act as 

reservoir hosts of some serovars but accidental hosts of others. A wide range of other 

mammals for examples dogs, deer, rabbits, cows, sheep and even marine mammals are 

also able to carry and transmit the disease as either accidental hosts or reservoir hosts 

[1, 2]. Some serovars are generally related to reservoir hosts (Table 1). The information 
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of dominant serovars and their reservoir hosts is necessary for understanding the 

epidemiology in each geographic area. 

Table 1  Typical reservoir hosts of common leptospiral serovar 

reservoir hosts Serovar (s) 

Pigs 

Cattle 

Horses 

Dogs 

Sheep 

Rats 

Mice 

Bats 

Pomona, Tarassovi 

Hardjo, Pomona 

Bratislava 

Canicola 

Hardjo, Pomona 

Icterohaemorrhagiea, Copenhageni 

Ballum, Arborea, Bim 

Cynopteri,  

Modified from [1, 2] 

 In Thailand, the number of leptospirosis cases reported before 1996 to the 

Ministry of Public Health was about 400 cases per year. After that, the number of 

reported cases increases (Figure 5). In year 2000, an outbreak of approximately 15,000 

cases was reported. Most cases were in the Northeastern and the Northern regions.  In 

addition, reported cases from the Southern part have been progressively increased 

(Figure 6, 7). Patients are predominantly male with age of between 15-65 and working in 

agricultural fields.  Leptospirosis in Thailand is correlated with rainfall during June to 

October [5]. The dominant serovars in Thailand include Autumnalis, Bratislava, Bataviae, 

Javanica, Hebdomadis, Grippotyphosa, Bangkok, and Pyrogenes [75-77].  
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Figure 5 Reported cases of leptospirosis per 100,000 populations, 1999-2008 [5]. 
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Figure 6 Reported cases of leptospirosis per 100,000 populations by province in 

2008, Thailand [5]. 

 

 

 

 

 



18 

 

 

 

 

 

Figure 7 Reported cases of leptospirosis per 100,000 populations by Region from 

2004-2008 [5]. 
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 Clinical features of leptospirosis 

 Clinical features of leptospirosis are diversed ranging from subclinical infection 

to a severe syndrome of multiorgan failure with high mortality rate [1]. Two forms of 

leptospirosis have been described which are anicteric form and icterohaemorrhagic 

form or Weil’s disease. Anicteric form is a mild flu-like illness, whereas 

icterohaemorrhagic form is a severe infection with multi-organ involvement. 

I. Anicteric form 

 Anicteric form is a major form of leptospirosis which is subclinical or very mild 

symptoms, and patients will probably not require treatment. Symptoms include chills, 

headache, myalgia, abdominal pain and conjunctival suffusion. The rash is rarely 

present or may be temporary for less than 24 hours. Anicteric syndrome usually lasts 

about a week and the resolution corresponds to the development of antibodies. In most 

cases, anicteric form is difficult to distinguish from viral infection such as influenza, HIV 

serocoversion and dengue.  

II.   Icterohaemorrhagic form or Weil’s disease 

 Weil’s disease is the most severe form of the illness and often rapidly 

progresses. It is described as jaundice, renal failure, and haemorrhage of target organs. 

This syndrome can develop after acute phase or presents alone. The 

icterohaemorrhagic form contributes to high fatality rate ranging from 5 to 15%. In some 

reports, Weil’s disease was found between 5 and 10% of all leptospirosis patients [1, 2]. 

The jaundice is not related to hepatocellular necrosis but rather to cholestasis of sepsis 

[78]. Serum bilirubin may take several weeks to return to normal level. Transaminase 

levels moderately rise, whereas alkaline phosphatase level slightly increases.  
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 Interstitial nephritis and tubular necrosis result in renal failure. Acute renal failure 

(ARF) occurs in 16-40 % of cases.  ARF is a significant predictor of death with odds ratio 

of 9.98 [1, 2, 79]. 

 Pulmonary involvement of leptospirosis may range from 20 to 70%. Patients 

present with a variety of symptoms from cough, dyspnea, hemoptysis to respiratory 

distress syndrome in adults [80, 81]. Severe pulmonary hemorrhage is a major cause of 

death in leptospirosis [82-85].  

  The incidence of cardiac involvement may be underreported. 

Electrocardiogram abnormalities may be non-specific or suggestive of myocarditis or 

pericarditis [86-88]. 

  The neurological features are dominated by clouded sensorium and meningism. 

The features are characterized by typical neurological manifestations of meningeal 

irritation including headache and vomiting. Presentation as a primary neurological 

disease is uncommom in leptospirosis[1, 89]. 

 Ocular involvement has been reported. Conjunctival suffusion and muscle 

tenderness are the key to distinguish physical findings of leptospirosis. Uveitis may be 

present after acute infection. Chronic visual disturbance has been reported [90, 91]. 
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Figure 8 The schematic picture shows target organs of Laptospira. Leptospires 

transmit through broken skin or mucous membranes. After entry into the host, 

leptospires disseminate via bloodstream to target organs and excreted in urine [58].  
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Figure 9 The cycle of Leptospira infection. Rodents are major reservoir hosts of 

leptospires. The spirochete is excreted in their urine. Human are usually infected 

through contact with contaminated water or soil [53]. 
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 Laboratory diagnosis 

  The clinical features of leptospirosis are non-specific. Therefore, laboratory 

investigation is required to confirm the diagnosis. 

I. Microscopic visualization 

 Leptospires can be visualized under a dark-field microscope. The samples such 

as blood, urine, CSF or peritoneal dialysis fluid have been used. Minimal amount of 

leptospires that is necessary for observation by dark-field microscope is about            

104 cells/ml. However, direct visualization under dark-field microscopy is unable to 

differentiate pathogenic leptospires from non-pathogenic leptospires and other 

spirochetes. Immunofluorescence staining and immunoperoxidase staining have been 

applied to increase sensitivity and specificity of direct microscopic examination. In 

addition, leptospires can be detected in infected tissues by silver or 

immunohistochemical staining [92]. 

II. Cultivation 

 It is possible to culture leptospires from blood, serum and CSF samples during 

the first week of illness, and from urine during the 2nd and 3rd week of illness [2, 93]. 

Cultivation method is difficult and poorly sensitive since it requires long time incubation, 

and special enrich medium. The growth of primary isolation may take up to 13 weeks at 

30°C and the cultures can be reported as negative only after a minimum of 6–8 weeks. 

Therefore, cultivation method is not a useful test for routine diagnosis.  
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III. Serological diagnosis  

 Serology is the most common approach for diagnosis of leptospirosis. 

Antibodies are detectable in blood within 5 to 7 days after the onset of symptoms. Gold 

standard for serological diagnosis of leptospirosis is microscopic agglutination test 

(MAT). The MAT detects agglutination of serovar-specific antibodies against Leptospira 

in serum under dark-field microscope. The standard criteria for positive MAT is fourfold 

rising of antibody titers of pair sera or high single antibody titer above a cut-off point [1, 

2]. 

 Other serological tests are available, for examples, ELISA [94-96], dipstick 

ELISA [97-100], slide agglutination [101, 102], and  latex agglutination [103-106].  

IV. Molecular diagnosis 

 DNA of leptospires in human samples can be detected by polymerase chain 

reaction (PCR). Various primer sets have been reportedly used [107-111] such as 16S 

rRNA gene primer for pathogenic and non-pathogenic strains [112] and G1/G2 primer 

and B64-I/B64-II primer sets [113]. Currently, a real-time quantitative Taqman PCR was 

developed to detect 16S rRNA gene of leptospires in clinical and environmental 

samples [114]. The real-time SYBR green PCR is used to detect lipL32 gene of 

pathogenic strains [115].  
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 Pathogenesis 

 Understanding of pathogenesis of leptospirosis is limited. After gaining entry 

through skin abrasions or mucous membranes, pathogenic leptospires spread 

hematogenously and cause systemic infection in human. Presence of leptospires does 

not cause inflammation at the entry site [1, 2]. Several putative virulence factors have 

been described but their functions remains mostly unknown.   

 Pathogenesis of leptospirosis may be due to two effects including direct effect 

by Leptospira and indirect effect by host immune response to infection. Motility of 

leptospires is an important mechanism for host invasion and dissemination to target 

organs. Whole genome sequence of pathogenic Leptospira reveals approximately 50 

hypothetical genes that involve in mobility and chemotaxis [62, 116],[117].  

 Like other Gram-negative bacteria, endotoxin of leptospires has been reported 

in   to be lipopolysaccharide (LPS) [118-120]. However, leptospiral LPS was shown to 

have less endotoxic activity than that of other Gram-negative bacteria [118, 119]. The 

expression of O antigen of leptospiral LPS isolated from chronically infected rat kidneys 

was significantly higher than that isolated from the livers of guinea pigs with acute 

infection, suggesting that the expression of O antigen determine acute or chronic 

infection of infected hosts [121]. 

 Various hemolysins have been described in pathogenic leptospires [24, 122-

127] such as sphingomyelinase C [127], sphingomyelinase H [126] and haemolysins-

associated protein-1 (Hap-1, or LipL32). Sphingomyelinase H was not shown to have 

sphingomyelinase activity but they acted as cytotoxic pore-forming protein on several 

mammalian cells [126]. From genome sequence of serovar Lai, many hemolysins and 

sphingomyelinase-like proteins have been identified [62]. However, in vivo activity of 

these predicted virulence factors have not been established.  



26 

 

 In contrast to non-pathogenic leptospires, pathogenic strains are able to  attach 

to mammalian culture cells such as J929 (mouse fibroblast), J774A.1 (murine monocyte 

macrophage) and Vero cell (African green monkey kidney fibroblast) [6, 128]. In 

addition, they also adhere to renal epithelial cell in vitro [7]. These findings indicate that 

attachment ability is associated with virulence of leptospires. 

. A large number of adhesins of pathogenic Leptospira have been described. For 

examples, LenA (or Lsa24), LipL32 [32], Lsa21 [129], endostatin- like family proteins 

[130, 131] ,Lp49 [132] and  36 kDa fibronectin- binding protein[133] were shown to be 

ECM binding proteins. These proteins were demonstrated to be expressed during host 

infection stage.  

 In addition, genome sequence of serovar Lai reveals genes potentially related to 

attachment and invasion, including homologues of mammalian cell entry gene mce of 

Mycobacterium tuberculosis and the invasion gene invA of Rickettsia prowazeskii [62]. 

  Immune-mediated pathogenesis of leptospirosis has been described. Unlike 

LPS of other Gram-negative bacteria, LPS of leptospires activated human macrophage 

via Toll-like receptor (TLR) 2 instead of TLR4 [30, 53].However, in mouse macrophages, 

LPS activated both TLR2 and TLR4 [134]. LPS and the outer membrane protein OmpL1 

are associated with interstitial nephritis in animal model [27]. OMPs of pathogenic 

Leptospira including LipL32 induced dose-dependent production of chemokines such 

as inducible nitric oxide mRNA increased (iNOS), monocyte chemoattractant protein-1 

(MCP-1), and tumor necrosis factor-α (TNF- α) via NF-kB in renal tubular cell. 

Therefore, OMPs may contribute to inflammation of kidney [28, 31].  

 The mechanism of host immunity to pathogenic leptospires remains unclear.  

However, the humoral immunity is the primary response mechanism to Leptospira [135]. 

Protective immunity can be achieved by passive transfer of convalescent serum [136]. 

LPS activates innate immunity and induces antibodies productions that are a serovar-
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specific antibody [137, 138]. Moreover, anti-LPS antibody showed protective activity in 

animal model such as guinea pigs, hamsters and dogs [139-142]. OMPs of pathogenic 

Leptospira, for examples, combination of OmpL1 and LipL41 [137, 143], LipL32 [144, 

145], LipL21 and Lig protein were shown to induce partially protective immunity in many 

animal models,  In contrast to other hosts, cell-mediated immunity plays a crucial role in 

protective immunity in cattles [146].  

OMPs of Leptospira interrogans  

 In contrast to saprophytic strains, pathogenic Leptospira were demonstrated 

their ability to attach cultured mammalian cells indicating that attachment ability of 

pathogenic Leptospira is correlated with virulence of organisms [6, 7]. Initiation step of 

infection is host-pathogen interaction. The spirochete is able to colonize, adhere and 

invade host tissue. Therefore, host-pathogen interaction is a key for understanding 

pathogenesis of leptospirosis. OMPs of Leptospira are the cell components that contact 

directly with environment, host tissue and immune system. Hence, OMPs may play an 

important role in pathogenesis of leptospirosis [8]. 

 OMPs of Leptospira have been defined in three classes based on their locations 

and fractionation in detergents [147]; (i) lipoprotein is the most abundant class, such as 

LipL32, LipL41 and LipL21. (ii) transmembrane protein, such as OmpL1. (iii) peripheral 

membrane protein such as LipL45. Most OMPs described to be virulence factors are up 

regulated in vivo, expressed only in pathogenic strains, and can stimulate protective 

host immune responses. However, functions of OMPs in pathogenic Leptospira are 

slightly verified. The properties of some OMPs are described in Table 2. 
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 Expression of OMPs depends on environmental conditions, such as osmolarity 

and temperature to survive in the host [18, 21, 22, 147, 148]. In addition, OMPs are able 

to induce host immune responses [31]. Recently, genetic tool has been employed to 

reveal the role of putative virulence factor of pathogenic Leptospira [68, 69, 149].  The 

first genetically proved virulence factor, Loa22, has been generated using transposon 

mutagenesis. The Loa22 mutant became attenuated in virulence in animal models [13]. 

In addition, Murray et.al. generated mutants of L. interrogens by transposon 

mutagenesis. They found two attenuated mutants whose transposon insertion sites were 

located in hypothetical genes [69]. In addition, LigB and LipL32 mutants remained 

virulence in animal models [36]. However, their functions should be further elucidated. 

The genetic tool will provide the essential information to understanding biology of L. 

interrogens and pathogenesis of leptospirosis. 
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Table 2  Examples of OMPs of pathogenic Leptospira and their functions or 

putative functions in pathogenesis of leptospirosis 

Proteins Properties References 

Loa22 • the first genetically defined virulence factor of 

Leptospira       

• conserved among pathogenic leptospires 

• strongly recognized by leptospirosis patients sera 

• mutant loa22 leptospires loss virulence ability in 

animal model 

• not essential for in vitro growth 

[9, 13, 14, 

150, 151] 

LipL32 • the major OMP 

• conserved among pathogenic strains 

• up-regulated expression in animal model 

• detectable in kidney tissue of animal model by 

immunohistochemistry 

• able to bind to ECM 

• homolog with a protein of  Pseudoalteromonas 

tunicate 

[10, 14, 16, 

25, 26, 30-

33, 152]  

LipL21 • the second most abundant OMP 

• conserved among pathogenic strains 

• recognized by infected hamster sera 

• expression not affected by environmental conditions  

• DNA vaccine shows protective effect in animal model 

[25, 153, 

154]  

Lp49 • recognized by leptospirosis patient sera 

• protein with putative binding site (in silico), tertiary 

structure belongs to the all-beta-proteins class 

• N-terminal contains Ig-like region  

[132, 155]  
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Table 2 (continue) 

Proteins Properties References 

Lsa24 

(or LenA or 

LfhA) 

• endostatin-like structure 

• able to attach mammalial ECM, especially laminin  

•  acts as factor H-binding protein 

• expression level is not affected by environment 

conditions  

[130, 131, 

156] 

Endostatin-like 

family; LenA, 

LenB,LenC, 

LenD, LenE, 

LenF 

• LenB able to bind human factor H 

• all Len proteins are able to bind laminin 

• LenB, LenC, LenD, LenE and LenF display 

fibronectin binding ability 

 

[131] 

Lsa21 • able to bind ECM, especially laminin 

• unique and conserved  in pathogenic Leptospira 

• protein expression is not affected by 

environmental factors  

• detectable in liver and kidney tissues of patients  

 

[148] 

Leptospira 

immunoglobulin 

like (Lig) family; 

LigA, LigB and 

LigC 

• contains immunoglobulin-like domain 

• able to be recognized by patient sera 

• act as protective antigen in animal model 

• up-regulated expression in physiological 

osmolarity 

• ligB mutant remained virulent  

[12, 68, 157-

162] 
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LipL32  

 LipL32, 32 kDa lipoprotein, or hemolysin associated protein 1 (hap-1) [24] is the 

major constituent of OM of pathogenic Leptospira [10, 16, 25]. In contrast to non-

pathogenic leptospires, lipL32 gene is highly conserved among pathogenic strains [16].  

 LipL32 is expressed not only in vitro but also during mammalian infection [16, 

27]. The temperature changeover does not affect LipL32 expression [21].  LipL32 was 

expressed both in vitro and during acute infection of guinea pig. Expression of LipL32 

was detected by sera from infected animal model and patients [14, 26, 29]. 

 The association of LipL32 and host immune response has been reported. LipL32 

triggered tubulointerstitial nephritis via NFk-B related pathway. LipL32 preparation from   

L. shermani caused dose-dependent expression of MCP-1, RANTES, iNOS, TNF-α, 
NFk-B and AP1 transcription factors in proximal tubule cells [28].  

 LipL32 has been demonstrated as an ECM binding protein [32, 33]. The protein 

is able to bind laminin, plasma fibronectin, collagen I, collagen IV and collagen V in a 

dose-dependent manner [32, 33].  Moreover, the C-terminal region of LipL32 is 

immunogenic and able to bind to collagen IV and plasma fibronectin [33]. In addition, its 

orthologous protein in Pseudoalteromonas tunicata was shown to have ECM binding 

function and be immunologically cross-reactive [32]. 

 Crystal structure of LipL32 showed compact, globular and jelly-roll fold regions 

[34, 35].  Two monomers of LipL32 formed a dimer with about 2-fold rotation. Putative 

binding sites for hydrophilic and hydrophobic ligands were identified suggesting that 

LipL32 may plays an important role in protein interaction. In addition, LipL32 

thermostability was increased in the presence of calcium [35].  
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 Murray and colleagues constructed lipL32 mutant in L. interrogans by 

transposon mutagenesis. Morphology and growth rate of wild type and mutant were not 

different. LipL32 mutant remained virulence in hamsters and rats, which acted as acute 

and chronic infection model, respectively. Therefore, LipL32 is not essential for both 

acute and chronic infections [36]. However, these findings cannot exclude the role of 

LipL32 in host-pathogen interaction which should be further investigated.  
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Phage display 

 Introduction  

 Phage display is an effective technique for protein-protein interactions study, 

established by Smith in 1985 [37]. Phage display is described as a technique that 

recombinant peptides or proteins are expressed on filamentous phage particles. The 

phage display library is constructed by standard recombinant technology. The foreign 

genes are inserted into the phage genome and fused to the gene encoding one of 

phage capsid proteins. Therefore, the recombinant peptides are displayed on the 

surface of phage particles. This provides physical link between a displayed peptides 

and its DNA encoding region [37, 40, 163]. Affinity selection (bio-panning) is performed 

several rounds to identify the polypeptides with desired properties from a large libraries 

(Figure 15). At the final step, sequencing of the insert in obtained clones provides 

corresponding amino acid sequences of peptides responsible for protein-protein 

interactions [37, 38, 40, 164]. 

 The advantages of phage display technology include (i) large phage libraries 

can be constructed (ii) high selectivity because affinity selection can be performed at 

high concentration of phage (iii) direct link between genotype and phenotype provides 

amino acid sequence data (ix) the stringency of washing step during bio-panning can 

be varied to get the specific bound phages. Moreover, the technique is simple, cheap, 

and rapid to set up and no special equipment is required. However, disadvantages of 

this technology include the size limitation of displayed proteins and the usage of 

bacteria as host strain which may result in incorrect folding and modification of 

displayed peptides [37, 38, 40, 164]. 
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 Filamentous bacteriophage biology 

 Filamentous bacteriophage is a group of viruses that contain a circular single-

stranded DNA genome. The genome of virus is encapsulated in a protein capsid 

cylinder. The bacteriophage is able to infect a wide variety of Gram-negative bacteria, 

including Escherichia coli, Xanthomonas, Thermus, Pseudomonas, Salmonella and 

Vibrio. The Ff class of filamentous phage is the most studied phage. Bacteriophage 

uses the tip of F conjugative pilus as a receptor, thus phage is specific for F plasmid 

containing E. coli. The Ff class is consisted of M13, fd and f1 [38, 40, 163]. M13 is the 

most commonly used for phage display technology. Life cycle of filamentous phage and 

its gene products are shown in Figure 12 and 11. 

 The Ff phage particle is a flexible tube, about 6.5 nm in diameter and 1 μm in 

length (Figure 10). The engineered viruses are longer than wild-type strains because the 

length of phage particles depends on the length of encapsulated genome. The Ff 

phages are produced and secreted from infected bacteria without lysis, thus called non 

lytic phage [38, 40, 163]. 

 Phage particle is composed of five capsid proteins (Figure 11). The phage 

contains approximate 2,700 copies of the 50 amino acid-major capsid protein, pVIII. At 

one end of the particle contains minor capsid proteins, about five molecules each of pVII 

and acid pIX. pVII and pIX are required for initiation and maintenance of phage 

assembly in the host bacteria. The other end contains minor capsid protein, about five 

molecules each of pIII and pVI. pVI and pIII involve in bacterial cell binding and the 

termination step of phage particle assembly. The orientation of phage genome is 

determined by the packing signal (PS), a 76 nucleotide hair pin region. The PS is 

located at the end of the particle that contains pVII and pIX proteins [38, 40, 163]. 
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Figure 10  The dimension and architecture of filamentous bacteriophage. The copy 

numbers of each protein are shown in brackets [41]. 
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Figure 11  The genes and gene products of filamentous phage. pII binds to IG 

region of ds DNA and make a nick in (+) strand, initiating replication. pX is required for 

regulation of RF DNA synthesis. pV is the ssDNA binding protein. pVII and pIX are small 

proteins located at the tip of virus. pVIII is a phage major capsid protein. pIII and pVI are 

a minor capsid protein which are located at the tip of phage particle. Moreover, pIII and 

pVI mediate assembly termination, release of the virion and infection. Gene I encodes pI 

and pXI which are cytoplasmic membrane protein. Gene IV encodes pIV, which forms 

oligomer channels residing in the outer membrane. This channel becomes phage exit 

pore [38]. 
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Figure 12 The life cycle of filamentous bacteriophage in E. coli.  

A. Phage binds to the E. coli cell through the pIII capsid protein. The single-

stranded viral genome (+strand, single circle) is injected into the cell and a 

complementary strand       (- strand) is synthesized to form a double-stranded 

phage genome (RF).  

B. Subsequently, all ten phage-encoded proteins are produced by host-mediated 

protein synthesis, including capsid proteins (pIII, pVI, pVII, pVIII and pIX), 

proteins for replication (pII, pV and pX) and proteins involved in assembly and 

export (pI and pIV).  

C. The phage genome is replicated using the (+)-strand as a primer and the (-)-

strand as a template.  

D.  Virions are assembled and exported across the bacterial membranes. 

From [41] 
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 Display of peptides and proteins on phage particle 

 All five capsid proteins have been used to display peptides or proteins as 

described in Table 3. The pIII and pVIII are the most commonly used for protein display 

[37, 39, 40]. The foreign DNA must be inserted correctly to the reading frame of the 

capsid protein [38]. Moreover, pVI has been used for display. The foreign DNA is fused 

to the C-terminus so that the inclusion of stop codon will not prevent peptide display. 

Hence, pVI is suitable for expression of cDNA libraries [38].  

  The DNA sequence encoding the peptide to display on pVIII is generally 

inserted between the signal sequence and the N-terminal of coding mature capsid 

protein. This insertion leads to the production of phage particles with recombinant 

proteins on their surface. However, only 6-8 amino acid peptides can be displayed on 

every copy of pVIII in a virion. pVIII containing large size of insert can be less efficiently 

packaged into phage particles resulting in failure to form observable plaques [38, 40, 

164]. 

 The minor capsid protein pIII is the most popular for phage display. The 

disadvantage of pIII is that only 5 molecules can be displayed per phage particles. The 

advantage is its tolerance for large insert. In most cases, foreign DNA is inserted 

between the signal sequence and the beginning of the first domain (N1) of pIII. Foreign 

DNA can also be inserted between the N1 and N2 domains as well as N2 and C-

terminal domains. However, large insertions may reduce phage infectivity. This limits the 

ability to retrieve displayed proteins of a particular size [38, 40, 164].  
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 Filamentous phage is a non lytic phage. This characteristic prevents 

transportation of long recombinant proteins across the inner membrane of E. coli. To 

overcome this limitation, alternative bacteriophage display systems have been 

developed using lytic bacteriophages such as T4, T7 and lambda [165].  

Table 3  The Ff phage genes, proteins and their properties 

Gene Function Location Size(amino acid) Use for Displays? 

I I Assembly 384  

 XI Assembly 108  

II II DNA replication 409  

 X DNA replication 111  

III III Minor capsid protein 406a Yes 

IV IV Assembly 405 a  

V V Binding ssDNA 87  

VI VI Minor capsid protein 112 Yes 

VII VII Minor capsid protein 33 Yes 

VIII VIII Minor capsid protein 50 a Yes 

IX IX Minor capsid protein 32 Yes 

aMature protein without signal sequence  

Modified from [38] 
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 Phage display Library 

 Display libraries are produced by cloning a large number of DNA into the phage 

genome. Phage libraries thus contain billions of unique peptides and proteins.  The 

recombinant proteins are constructed either in phage vector or phagemid [38, 40, 163]. 

 Phage vectors are derived from the natural Ff phage sequence which is 

modified to carry restriction sites for cloning. The foreign DNA is inserted directly into the 

gene encoding phage capsid protein. After vectors are introduced into E.coli host cells, 

all copies of phage capsid proteins are produced followed by display of foreign 

peptides. Examples of phage display vectors include the FUSE, the M13KE vector and 

the derivatives of M13KE vector [38, 40, 163]. 

 Phagemid vector is a plasmid containing phage origin of replication. The foreign 

DNA is fused into a plasmid and displayed protein is expressed under control of a weak 

promoter. The wild-type phage capsid proteins are supplied by the helper phage. The 

helper phage is an Ff phage with defective Ff origin of replication resulting in unable to 

assemble phage particles. E. coli expresses wild-type phage capsid proteins from 

helper phage genome and a small amount of foreign proteins from phagemid. Thus, the 

phage particles contain both proteins, typically with excess of wild-type proteins. 

Phagemid has been commonly used for pIII fusion. Moreover, pVIII and pVI are also 

displayed by phagemid. The advantages of phagemid are its small size and easily 

cloning [38, 40, 163]. 
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 There are two types of phage display library including random peptide libraries 

(RPLs) and natural peptide libraries (NPLs). RPLs are the most common type of 

displayed libraries. The peptides that displayed in RPLs are encoded by synthetic 

random oligonucleotides which are derived from degenerate oligonucleotides [38, 40, 

166]. The oliginucleotides are synthesized chemically by adding nucleotide mixtures to 

construct nucleotide chains [38, 40, 41]. In general, RPLs contain about a billion phage 

clones. The advantage of this library is their universal nature. However, the 

disadvantage of RPLs is peptide sequences that may not be found in natural proteins 

[40, 41]. In contrast, NPLs are constructed from random fragments of genomic DNA or 

cDNA from a selected organism. Therefore, the libraries display fragments of natural 

proteins. The genomic DNA libraries represent all coding sequences which mostly 

encode nonfunctional proteins, whereas the cDNA libraries contain only the functional 

coding regions of a genome [38, 40, 41]. 
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Screening phage display libraries 

 Phage display selection can be performed both in vivo and in vitro [38, 164, 

167]. In vivo screening was performed to identify organ-specific molecules [168, 169]. 

Examples of in vivo targets are vascular endothelium cells [170-172] and mosquito 

organs [173]. In vitro target molecules can be not only biological targets but also 

inorganic targets [174]. The target molecules are immobilized on a solid support. A wide 

variety of solid supports have been used for bio-panning including polystyrene (plastic) 

plate, magnetic particles, plastic beads, nitrocellulose membrane, and agarose beads. 

The most commonly used solid support is polystyrene. Non-covalent adsorption is a 

common method for coating targets on a hydrophobic plastic surface. However, the 

covalent attachment method is used in the case of highly hydrophilic or low molecular 

weighed target molecules [164]. 

 Bio-panning procedure is involved the following steps; (i) library amplification (ii) 

exposure of the library to target molecules (iii) removal of unbound phages by washing 

(ix) elution and amplification of bound phages  (Figure 15). The bio-panning process is 

repeated, typically 2-6 times. Plaques from the final eluate are individually characterized 

[38, 40].  

  The concept of washing step is to remove unbound phages to select and enrich 

bound phages. The desired clones should be clones with high affinity and specificity. 

However, the library contains a large number of clones with various affinity and 

specificity. The affinity and specificity of obtained clones depend on stringency in 

washing step adjusted by washing times, detergent concentration, and progressively 

increased the washing stringent. A number of elution conditions have been used, for 

examples, competitive elution, extremes pH, ionic strength and enzymatic cleavage [38, 

40]. 
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 After a single round of bio-panning, bound phages can be enriched at least 10 

fold over unbound phages. The enrichment is monitored by tittering of input and output 

phages to determine sufficient rounds of panning. 

 

 

Figure 13 The phage affinity selection (bio-panning).  

A. The phage display library, each displaying a different peptide sequences, is 

exposed to immobilized target molecules. 

B. Unbound phages are washed away. 

C. Bound phages are eluted. 

D. Eluted phages are amplified and the panning is repeated. 

E. Individual clone is isolated and sequenced. 

From; [175] 
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 Application of phage display 

 Phage display technology has been used in many applications including [39, 

164] the identification of a new receptor and natural ligands [46, 176-179], epitope 

mapping [180-184], vaccine development [185], identification of peptides drug 

candidates and the isolation and engineering of recombinant antibodies [44, 186, 187]. 

 Phage display is a useful tool for investigation of host-pathogen interactions 

[179, 188], identification of bacterial adhesins, epitope mapping and identification of 

vaccine candidate antigens. The technique provides essential information in infectious 

disease studies such as fibronectin binding protein of Group B Streptococci [49, 189], 

IgG and albumin binding domain of Group C Streptococci [190], platelet-binding 

domain within fibronectin binding protein of Staphylococcus aureus [51, 191], laminin 

binding site mapping of Yersinia pestis plasminogen activator (PLA) [192], the 

Plasmodium falciparum protein that involved in entrance and exit from human 

erythrocyte [173] , and  the salivary gland and midgut peptide 1 (SM1) of P. faliciparum, 

associated with Plasmodium invasion of salivary gland and midgut in mosquito [48] 

 Phage display is a successful method for epitope mapping in many pathogens 

such as protease epitopes of Burkholderia pseudomallei [193], mimotopes of capsule of 

Streptococcus pneumoniae [194], antigenic mimotopes of B-cell epitopes of 

Mycoplasma hyopneumoniae [195], and putative epitopes within the nucleocapsid 

protein of Nipah virus [196]. 

.  In leptospirosis study, phage display technology was used for epitope mapping. 

Tungtrakanpong and colleagues used random heptapeptide phage library to identify 

mimotopes of monoclonal antibodies (mAb) against pathogenic Leptospira and 

leptospirosis patient sera. The mimotopes were matched with leptospiral putative outer 

membrane proteins, thermolysin precursor protein, and hypothetical protein LIC 12228 
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[197].    They also mapped epitopes of five monoclonal antibodies. The antibodies are 

specific to serovars Australis, Bangkok, and Bratislava. Amino acid sequences of 

obtained clones are corresponded to a segment of hypothetical proteins of Leptospira. 

However, host-pathogen interaction study using phage display technology in 

leptospirosis has never been reported. 

 In our study, the random peptide phage library was used for screening host 

proteins that interact with LipL32.  
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Pyrosequencing 

 Pyrosequencing is the method of DNA sequencing based on DNA synthesis. 

This technique requires a biotin-tagged primer and labeled nucleic acids. The 

pyrosequencing procedure relies on detection of pyrophosphate (PPi) released during 

DNA synthesis. The visible light is generated in proportion to the number of incorporated 

nucleotides [198]. 

 The sequencing primer is hybridized to biotin labeled, single-stranded DNA 

template. The reaction requires adenosine 5' phosphosulfate (APS), luciferin, and 

enzymes including DNA polymerase, ATP sulfurylase, and luciferase (Figure 14).       

The deoxribonucleotide triphosphate (dNTP) is sequentially added to the reaction 

mixture. After addition of nucleotides, DNA polymerase catalyzed the incorporated 

dNTPs followed by release of PPi in proportion to a number of incorporated nucleotides. 

The released PPi is subsequently converted to ATP by ATP sulfurylase in the presence 

of APS. The generated ATP drives luciferin converted to oxyluciferin by luciferase. The 

light in luciferase catalytic reaction is detected which is shown as a peak signal in raw 

data output. Unincorporated nucleotides are removed. When nucleotide removal is 

completed, another nucleotide is sequentially added. During the process of DNA 

synthesis, complementary DNA is extended and nucleotide sequence is monitored by 

the signal peak. The height of each peak (light signal) is proportional to the number of 

nucleotides incorporated. 

 Curently, two different pyrosequencing approaches are available, solid phase 

pyrosequencing and liquid phase pyrosequencing. Washing step of solid phase system 

is performed to remove excessive nucleotides to allow repeated addition. In contrast, 

excess nucleotide removal of liquid phase pyrosequencing is achived by apyrase, 

nucleotide-degrading enzyme. 
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 The advantages of pyrosequencing are rapid, simple, cheap, and high 

throughput method. Pyrosequencing can read sequence signal immediately 

downstream of sequencing primer. However, its drawback is that optimal length of 

readable sequence limits to about 20-30 bases.  

 Pyrosequencing has been utilized in many applications such as single-

nucleotide polymorphism (SNP) genotyping [199-201] and microbial typing [202-205]. 

Moreover, this technology is applied for analysis of difficult secondary structures [206], 

mutation detection [207] and clone checking [208]. 
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Figure 14 The enzymatic reactions in pyrosequencing. The sequencing primer 

hybridized to a template, single-stranded PCR product. The four dNTPs are added 

stepwise and incorporated, if it is complementary to the base in the template strand, PPi 

will be releases. ATP sulfurylase converts PPi to ATP in the presence of APS. This ATP is 

provided the energy to luciferase to oxidize luciferin and generate light in proportional to 

the amount of ATP. The light produced in the luciferase-catalyzed reaction is detected 

and seen as a peak in the raw data output. The nucleotides are removed allowing 

addition of subsequent nucleotide.  

From www.pyrosequencing.com (September, 2009) 
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CHAPTER IV 

MATERIALS AND METHODS 

 

Cloning; lipL32 gene 

 

rLipL32 Expression and Purification 

 

Random Peptide Phage display Screening 

(Three rounds of bio-panning) 

 

Final Round Phage Titering 

 

Individual Plaque Amplification 

(96 plaque random selection) 

 

Pyrosequencing 

 

Search matched human proteins 
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Bacterial cultivation 

Leptospira cultivation 

L. interrogans serovar Pomona was obtained from Khon Kaen University. 

Leptospira was cultivated in EMJH leptospiral enrichment culture media at 30°C for 5 to 

7 days until cell density reached 108 cell/ml which was counted under dark-filed 

microscopy using Petroff Hausser counting chamber (Miller JN spirochetes in body 

fluids) before harvested by centrifugation. 

Escherichia coli 

 E. coli strain BL21(DE3) pLysS and E. coli strain DH5α  were cultivated in Luria-

Bertani broth under shaking condition or Luria-Bertani agar with appropriate antibiotic at 

in incubator chamber. Both of them were incubated at 37°C. 

DNA extraction 

 The genomic DNA of L. interrogans serovar Pomona was prepared by phenol 

chloroform method. A 10 ml of 108 cell/ml L. interrogans serovar Pomona were 

harvested by centrifugation at 8,000xg for 15 minutes. The pellet was resuspended with 

378 μl of TE buffer, added 20 μl of 10% SDS and 2 μl of Proteinase K (20 mg/ml) then 

suspended the solution by vortex mix and incubated at 37 °C for 1 hour.  After 

incubation, 200 μl of 5 M NaCl was added to the solution, vortex mix, and 500 μl of 

phenol: chloroform: isoamyl alcohol (25:24:1) was added, mixed by inverting a tube and 

centrifuged at 12,000 rpm for 5 minutes. Upper aqueous phase was transferred to a new 

tube and added 2 volume of chloroform: isoamyl alcohol (24:1), inverted mix and 

centrifuged at 12,000 rpm for 5 minutes. Upper phase was transferred to a new tube 

and added 2 volume of cool absolute ethanol, inverted mix and incubated at -20°C for 1 

hour then centrifuged at 12,000 rpm for 10 minutes. DNA pellet was washed with 70% 
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Ethanol and spun for 5 minutes. The pellet was let dry at RT before resuspended in 

sterilized distilled water.  

PCR amplification of lipL32 

The extracted DNA of L. interrogans serovar Pomona was used as PCR template for 

amplification of lipL32 gene encoding mature protein without lipoprotein signal peptide, 

from amino acid 21 to 252, with primer 5’ TTA CCG CTC GAG GTG CTT TCGGTG GTC 

TGC 3’ and 5’ TGT TAA CCC GGG TTA CTT AGT CGC GTC AGA 3’ (underlined 

restriction sites of XhoI and SmaI, respectively). The PCR amplification was performed in 

total volume for 50 μl reaction mixture in 1X DyNazyme EXT Mg 2+ free buffer 

(FINNZYMES) and 50 ng of extracted DNA. PCR amplification was performed using the 

following condition; Primary denaturation at 94 °C for 3 minutes, followed by 30 cycles of 

denaturation at 94 °C for 1 minute, annealing at 60° C for 1 minute, extension at 72 °C 

for 1 minute and final extension at 72 °C for 7 minutes. After the final reaction, PCR 

products were analyzed using 1.5 % agarose gel electrophoresis. 

Plasmid extraction  

 E. coli strain DH5α which contains pRSET C vector was cultivated in LB broth 

with 100 μg/ml ampicillin at 37 °C under shaking condition overnight. The overnight 

culture was harvested by centrifugation at 8,000 rpm for 2 minutes followed by plasmid 

extraction using Nucleospin®Plasmid kit (Macherey-Nagel) according to the 

manufacturer’s instruction as briefly described; cell pellets were suspended in 250 μl 

buffer A1 by vortex, added 250 μl buffer A2 and gently mixed by inverting the tube for 8 

times, added 300 μl buffer A3 and mixed gently by inverting the tube for 8 times 

followed by centrifuged for 10 minutes at 11,000xg. The supernatant was transferred to 

Nucleospin®Plasmid column, centrifuged for 1 minute at 11,000xg, and discarded flow 

through. After that, column was washed with 600 μl of buffer A4 then centrifuged for 1 

minute at 11,000xg, discarded flow through and respun for 2 minutes. Finally, the 
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column was placed in a 1.5 ml microcentrifuge tube and added 20 μl buffer AE, 

incubated at room temperature for 5 minutes then centrifuged at 11,000xg for 2 minutes. 

The extracted plasmid was analyzed using 0.8 % agarose gel electrophoresis. 

 
Cloning  
 The lipL32 gene PCR products and extracted pRSET C vector were digested by 

XhoI and SmaI restriction enzymes (New England Biolabs) under this condition; 1μg of 

PCR products or 2 μg pRSET C was suspended in NEB buffer 4 (New England Biolabs) 

with 1X BSA, 5 units of XhoI was added then incubated at 25°C for 3 hours then added         

5 units of SmaI, incubated 37°C for 3 hours. After incubation, enzyme was heat 

inactivated at 65°C for 10 minutes. Digested DNA was purified with Nucleospin®Extract 

II (Macherey-Nagel) according to manufacturer’s protocol as followed; mixed 2 volume 

of NT buffer with 1 volume of digestion products, loaded the solution onto 

Nucleospin®Extract II column, centrifuged at 11,000xg for 1 minute, and discarded flow 

through.  A 700 μl of buffer NT3 was loaded onto the column, centrifuged at 11,000xg 

for 1 minute, re-spun for 2 minutes, and discarded flow through. Finally, the column was 

placed in a 1.5 ml microcentrifuge tube, added 20 μl buffer NE, incubated at room 

temperature for 5 minutes and then centrifuged at 11,000xg for 2 minutes. 

 Ligation reaction was performed by T4 DNA ligase (fermentus) under following 

condition; 5 units of T4 ligase, 200 ng of each digested lipL32 and digested pRSET C 

then incubated overnight at 22 °C followed by enzyme heat inactivated at 65°C for 10 

minutes. After incubation, ligation mixture was transformed into expression host, E. coli 

strain BL21 (pLys), by heat shock as described; added 10 μl of ligation mixture to 

microcentrifuge tube which contained 100 μl of BL21(DE3)pLysS competent cells and 

incubated on ice for 30 minutes. After incubation, the solution was placed in to 42°C 

water bath for 90 seconds and incubated on ice for 2 minutes. A 900 μl of SOC was 



53 

 

added to the solution, mixed by pipetting and incubated for 1.5 hours at 37°C under 

shaking condition. After incubation, the transformants were plated onto LB agar 

containing 100 μg/ml ampicillin and 35 μg/ml chloramphenicol, and incubated at 37 °C 

overnight. 

DNA sequencing 

The positive colonies were selected and confirmed by colony PCR under similar 

condition as lipL32 gene amplification but primary denaturation step was changed to 94 

°C for 10 minutes. PCR products were analyzed using 1.5 % gel electrophoresis.  

Positive colonies were cultured in LB broth containing antibiotics overnight at 37°C. 

Plasmid was extracted using Nucleospin®Plasmid kit. The plasmid sequences were 

determined using T7 promoter and T7 terminator universal primesr (First BASE 

Laboratories, Malaysia). DNA sequencing results were compared to lipL32 gene of L. 

interrogans serovar Pomona in GenBank database.  

Recombinant LipL32 induction and expression 

The obtained BL21 clones were cultivated in LB broth with 35 μg/ml 

chloramphenicol and 100 μg/ml ampicillin at 250 rpm, 37°C overnight. Next morning, 

overnight culture was added to fresh media until OD600 reached 0.4 followed by addition 

of isopropyl-β-D thiogalactopyranoside (IPTG) at a final concentration of 0.1 mM. The 

culture was incubated at 30°C with shaking at 200 rpm for 16 hours before harvested by 

centrifugation at 8000xg 15 minutes. 
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Recombinant LipL32 extraction  

 The harvested cells were resuspended in BugBuster reagent (Novagen) which 

acted as lysis buffer under following condition; 5 ml BugBuster reagent per gram of wet 

cell paste, 1ml Protease inhibitor (Calbiochem) per 20 grams of wet cell paste, 25 units 

of Bensonase Nuclease (Novagen) per ml of BugBuster, and 10 units of lysozyme 

(BioBasic INC.) per gram of wet cell paste followed by incubated at room temperature 

for 20 minutes. Then, the solution was centrifuged at 16000xg for 20 min at 4°C. 

Supernatant was transferred to a fresh tube. Supernatant containg soluble proteins and 

pellet containing inclusion body or insoluble proteins were analyzed using 15% SDS-

PAGE.  

Recombinant LipL32 purification 

Metal-affinity chromatography  

Supernatant from extraction step was centrifuged at 10000xg for 15 minutes at 

4°C before added 2 M imidazole at a final concentration of 20 mM which same 

concentration as in binding buffer. Nickel-sepharose column (GraviTrap, GE healthcare) 

was prepared as following described; loaded 2 ml sepharose slurry onto 15 ml tube 

then centrifuged at 500xg for 5 minutes, discarded supernatant and replaced with 5 

column volumes (CV) of distilled water,  shook for 3 minutes and centrifuged at 500xg 

for 5 minutes, repeated this step. Next, repeated latest step but change distilled water to 

binding buffer. Finally, binding buffer was added to make 50 % slurry before loaded 

onto PD-10 column which contained filter and allowed slurry packed in the column. After 

column preparation, the supernatant was loaded onto the column and incubated at 

room temperature on shaker at low speed for 1 hour then discarded flow through. Next, 

10 ml (5 CV) of binding buffer was loaded onto column, discarded flow through followed 
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by loaded 5 ml elution buffer onto column and collected the eluate. The eluate was 

analyzed using 15% SDS-PAGE.  

Gel filtration chromatography 

The rLipL32 elutates from nickel column purification step were pooled and 

concentrated by Vivaspin20 (GE healthcare). The eluate was loaded onto Vivaspin20 

and then centrifuged at 4500xg 4°C for 20 minutes, and collected flow through. 1M 

Dithiothreitol (DTT) was added to elute rLipL32 to make a final concentration of 0.1 mM 

prior to injecting into chromatography column. The rLipL32 was purified using HiloadTM 

16/60 SeperdexTM 200 pg (GE healthcare) column. Purification process was performed 

using AKTA FPLC system (GE healthcare) which controlled and monitored by UNICORN 

5.10 program. The procedure was performed as described; washed column with 60 ml 

(0.5 CV) of filtrated Milli-Q water then equilibrated with 240 ml (2 CV) of filtrated 1xPBS 

pH 7.4.  Afterward, 5 ml of sample was injected into column and then washed with 120 

ml (1 CV) of filtrated 1xPBS pH 7.4. Finally, column was washed with 120 ml (1 CV) of 

filtrated 20% ethanol. Fractions of 1 ml each were collected and analyzed by 15% SDS-

PAGE and verified by Western blot. 

Western blotting 

After transfer protein from SDS-PAGE to nitrocellulose membrane, the membrane 

was incubated with blocking buffer at room temperature for 1 hour followed by wash 

membrane 10 minutes for 3 times with TBS-Tween buffer. After that, membrane was 

incubated in mouse anti-6His antiserum (1:3000 in blocking buffer) (KPL) or rabbit anti-

rLipL32 antiserum (1:3000 in blocking buffer) (Monash University, Australia) at room 

temperature for 1 hour followed by washing 10 minutes for 3 times with TBS-Tween 

buffer. After that, membrane was incubated in horseradish peroxidase-conjugated goat 

anti-mouse antiserum (1:3000 in blocking buffer) (KPL) or horseradish peroxidase-
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conjugated goat anti-rabbit (1:3000 in blocking buffer) (KPL) at room temperature for 1 

hour and then washed 10 minutes for 3 times with TBS-Tween buffer. After washing 

step, membrane was soaked with alkaline phosphate buffer twice. Finally, immunoblot 

was developed by colorimetric detection using BCIP/NBT Phosphatase substrate (KPL). 

Protein assay  

 Protein concentration was measured by RC DC protein assay (Bio-Rad), which 

is based on Lowry assay. The measurement was performed according to manufacturer’s 

protocol as followed; add 5 μl of DC Reagent S to each 250 μl of DC Reagent A. This 

solution is referred to as Reagent A. Each standard or sample requires 127 μl of 

Reagent A. Then, 5 dilutions of BSA were prepared; 0.2, 0.5, 0.75, 1.0 and 1.5 mg/ml. 

Added 25 μl of standards or samples into microcentrifuge tubes followed by adding 125 

μl RC Reagent I into each tube, vortex. Incubate the tubes for 1 minute at room 

temperature. After incubation, 125 μl RC Reagent II was added into each tube, vortex. 

Centrifuge the tubes at 15,000xg for 5 minutes, discarded the supernatant and allowed 

the liquid to drain completely from the tubes. Add 127 μl Reagent A´ to each tube, 

vortex and incubated at room temperature for 5 minutes. Add 1 ml of DC Reagent B to 

each tube and vortex immediately. Incubate at room temperature for 15 minutes. After 

incubation, the absorbance was read using spectrophotometer at 750 nm. 
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Random peptide phage display screening  

 Phage titering 

 Single colony of ER2738 was inoculated in 5–10 ml of LB and incubated with 

shaking until mid-log phase (OD600 ~ 0.5). While cells are growing, agarose top was 

melted in microwave and aliquot 3 ml into sterile culture tubes, one per expected phage 

dilution, and then stored at 45°C until ready for use. 10-fold serial dilutions of phage 

were prepared in LB. Dilution ranges were prepared under following recommended; 

amplified phage culture supernatants, 108–1011 and unamplified panning eluates, 101–

104. When the culture reached mid-log phase, 200 μl of culture was dispensed into 

microcentrifuge tubes, 1 for each phage dilution. A 10 μl of each phage dilution was 

added to each tube which contained 200 μl of bacteria, vortexed quickly, and incubated 

at room temperature for 5 minutes. One at a time, transferred the infected cells to a tube 

which contained preheated agarose top, immediately mixed by vortex and poured onto 

a pre-warmed LB/IPTG/Xgal plate. Make sure that the agarose top was evenly spreaded 

and allowed plates to cool, and incubated overnight at 37°C. After incubation period, the 

titer of phage was calculated by counting the blue colonies on each plate and 

multiplying this number by dilution factor. 

 Bio-panning procedure 

 The Ph.D.-7 phage display peptide library kit (New England Biolabs) was used 

for affinity selection. This library was a construct of displayed random 7-mer peptides 

fused to a minor coat protein (pIII) of M13 filamentous phage and contained 2.0x1011 

pfu/10 μl. Three rounds of biopanning were undertaken according to the manufacturer’s 

protocol with some modifications. First of all, a 96-well microtiter plate (Greiner bio-one) 

was coated with 100 μl purified rLipL32 (100 μg/ml in 0.1 M NaHCO3 pH 8.6) and 

incubated overnight at 4 °C in a humidified container. The wells were washed 10 times 

with 0.1% TBST, filled each well fully with Blocking Buffer and incubated at 4°C for 1 
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hour, discarded the blocking solution and washed each well with TBST for 6 times. In 

the first round of bio-panning, 10 μl of original library (2 x 1011phage) was diluted in 100 

μl TBST+ 5 mg/ml skim milk and loaded onto coated plate and gently rocked for 1 hour 

at room temperature and then discarded nonbinding phage by poured off and slapped 

plate face-down onto a clean paper towel and washed each well with TBST for 10 times. 

Bound phages were eluted from the well with 100 μl of elution buffer and gently rocked 

for 7 minutes. After that, the eluate was removed into a microcentrifuge tube and 

neutralized with 15 μl 1 M Tris-HCl (pH 9.1). A 10 μl of phage solution was taken for 

dilution with LB medium and the titer of phages was determined. The remaining eluate 

was amplified by infecting 20 ml of a 1:100 of E. coli ER 2783 overnight culture and 

incubated at 37°C 250 rpm for 4.5 hours. The culture was transferred to centrifuge tube 

and spun 10 minutes at 10,000 rpm at 4 °C. After centrifugation, the supernatant was 

transferred to a fresh tube and re-spun. The upper 80% of the supernatant was 

transferred to a fresh tube and added 1/6 volume of PEG/NaCl. Phages were allowed to 

precipitate at 4°C overnight. Next day, the solution was spun 15 minutes at 10,000 rpm, 

at 4°C then discarded supernatant, re-spun briefly, and removed residual supernatant. 

The pellet was suspended with 1 ml TBS then transferred to microcentrifuge tube and 

spun for 5 minutes at 4°C. Afterward, re-precipitate with 1/6 volume of PEG/NaCl, 

incubated on ice for 1 hour. After incubation, centrifugation was performed at 10,000 

rpm at 4°C for 10 minutes, discarded supernatant, re-spun briefly, and removed 

remained supernatant with pipet. The phages pellet was suspended with 200 μl 

TBS+0.02% NaN3 then incubated on ice for 1 hour followed by microcentrifuged 1 

minute, transferred supernatant to fresh tube. The amplified eluate was taken for phage 

titering. In the second and the third rounds of biopanning, the amplified phages were 

incubated with purified rLipL32 as described above. The procedures were the same as 

in the first round except the washing steps were performed with 0.5% TBST. In the third 

rounds, the unamplified bound phage was taken for phage titering and plaques from 

this titering can be used for sequencing. 
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 Plaques amplification 

 Overnight culture of E. coli ER 2783 was diluted 1:100 in LB and aliquot to 96-

well plate, 200 μl/ well. A sterile wooden stick was used to pick a blue plaque and 

transfer to each well containing diluted culture. The culture then incubated at 37°C with 

shaking for 4.5 hour. After incubation period, the 96-well plate was centrifuged at 

5000xg for 20 minutes at 4°C then transferred upper 80% supernatant to a new plate. 

For long-term storage, the supernatant was diluted 1:1 with sterile glycerol and store     

at – 20°C. 

 

Pyrosequencing 
 Pyrosequencing was used to analyzed the sequence of random 21-bp from 

phage genome encoding 7 amino acid peptides. The procedures were performed using 

Biotag AB pyrosequencer model according to manufacturer’s instruction. 
 Generation of sequencing template by PCR 
 The PCR reaction was performed as previously described [209] in 0.5 ml 

autoclaved PCR tubes which contained the following mixture in a total of 50 μl: 1X PCR 

TrueStartTM Taq, 2 mM MgCl2, 0.2 mM dNTP mix, 0.2 pmol forward primer, 0.2 pmol 

reverse primer, 1.25 units TrueStartTaq and 1 μl of an amplified preparation of an 

individual phage, as explained previously. The PCR reactions were carried out using the 

following condition; Primary denaturation at 95 °C for 5 minutes, followed by 45 cycle of 

denaturation at 94 °C for 30 second, annealing at 54° C for 30 second, extension at 72 

°C for 1 minute and final extension at 72 °C for 10 minutes. PCR products were analyzed 

using 2.5 % agarose gel electrophoresis. 
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 Purification and preparation of single-stranded sequencing template and 
pyrosequencing 
 A 40 μl volume of each PCR products were transferred to 96-well plate. The 

streptavidin-coated beads are completely suspended by vortexing, mixed 384 μl of 

beads with 3,840 μl of binding buffer followed by transferred 40 μl of the solution to each 

well of 96-well plate and incubated at room temperature under shaking condition for 10 

minutes. After incubation, 96-well palted was placed on a vacuum manifold, vacuum 

was applied until all the liquid passed through the membrane then washed stepwise 

with denaturing solution, 70 % ethanol and washing solution, while applying vacuum. 

The beads were transferred to PSQ 96 Plate Low (Biotage AB) containing 50 μl of 

annealing buffer per well and 5 μl volume of 3 pmol sequencing primer was added. The 

beads and primer were gently mixed by pipetting. The plate was heated at 80 °C for 2 

minutes and then left at room temperature for 10 minutes. A dispensation cartridge 

(Biotage AB) for a PSQ 96MA System (Biotage AB) was prepared and filled with PSQ 

SNP 96 reagent kit (Biotage AB) according to the manufacturer’s protocol and inserted 

into the sequencer. The plate containing the samples was placed inside the sequencer 

where the directed sequencing reaction occurred. The peptide sequences from 

pyrosequencing were analyzed and used to search matched host proteins in protein 

databases using the BLASTP program from National Center for Biotechnology 

Information (NCBI). 
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Table 4  List of Primers in experiments 
Primer name Sequences Product 

size (bp) 
lipL32 gene Forward 
 

5’ TTA CCG CTC GAG GTG CTT TCG GTG 

GTC TGC 3’ 

759 

lipL32 gene Reverse 5’ TGT TAA CCC GGG TTA CTT AGT CGC 

GTC  AGA 3’ 

 
Ph.D.7 Amplify Forward     
[209] 

5'-ATTCGCAATTCCTTTAGTGGTA-3' 

 

107 

Ph.D.7 Amplify Reverse 
[209] 

5'-biotin-GGGATTTTGCTAAACAACTTT-3' 

Ph.D.7 Sequencing Primer  
[209] 

5'-TGGTACCTTTCTATTCTCAC-3' 
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CHAPTER IV 

RESULTS 

 

Cloning of lipL32 and expression in E. coli 

 PCR amplification of lipL32 gene was performed using genomic DNA of 

pathogenic Leptospira serovar Pomona as a template. Primers were designed to give a 

full-length lipL32 gene without its signal sequence.  The forward and reverse primers 

contained Xho I and Sma I-restriction sites, respectively.  The amplified product and 

pRSET C vector were digested with Xho I and Sma I, purified, and analyzed on agarose 

gel (Figure 15). To produce recombinant protein of LipL32 (rLipL32), digested 

amplicons of lipL32 gene  were cloned into the pRSET C expression vector and then 

transformed into E. coli host strain BL21(DE3) pLysS before plating onto LB agar with 

antibiotic selection. 
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(A)                       (B)  

Figure 15 PCR amplification of lipL32 gene and pRSET C expression vector on 

agarose gel. (A) lipL32 gene amplicon of L. interrogans serovar Pomona. Lane M, 100 

bp DNA ladder; lane 1 is shown single band PCR products (759 bp) (B) Digestion 

products of lipL32 PCR product and pRSET C vector that digested by XhoI and SmaI. 

Lane M, 1 kb DNA ladder; lane1, digested lipL32 gene PCR amplicon (759 bp); lane 2, 

digested pRSET C vector (2.9 kb).  
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 Transformants on antibiotic selected agar plate were screened for lipL32 gene 

insertion by PCR. The positive clones were selected for DNA sequencing of the inserted 

gene (Figure 16).  Clones containing lipL32 with correct sequence and in frame with the 

expression vector were further used for induction of protein expression. 

 

 

Figure 16 PCR amplification of lipL32 insert in transformants. Gel electrophoresis 

shows single band PCR products of 759 bp from colony PCR. M, 100 bp DNA ladder; P, 

positive control (genomic DNA of Leptospira serovar Pomona); N, negative control, Lane 

1-12 are PCR products of selected colony. 

 We randomly selected two positive clones for sequencing. Both sequences are 

the same as lipL32 gene of L. interrogans serovar Pomona as reported in GenBank 

database. LipL32 is conserved among pathogenic leptospires. Hence, LipL32 from 

serovar Pomona can represent the protein from other serovars. 
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Protein Extraction and Purification 

 Expression of LipL32 was induced by IPTG in E. coli strain BL21 (DE3) pLysS. 

The rLipL32 was expressed with predicted size 32.2 kDa in both soluble and insoluble 

parts as shown on SDS-PAGE and Western blot (Figure 17).  

 

 

 

 (A)  (B)    (C)  (D)  
 
Figure 17 Detection of rLipL32 expression by SDS-PAGE and Western blot.      
The rLipL32 expression was detected by Coomassie blue staining of SDS-PAGE and 

verified by Western blot using anti-His antibody. (A) Crude proteins from E. coli 

extraction (C, crude protein). (B) Proteins from insoluble part (I, insoluble). (C) Proteins 

from soluble part (S, soluble). (D) Western blot detected LipL32 expression in E. coli.   

M, unstained protein ladder; M2, pre-stained protein ladder. 

 
  

 

 

 

 

 

    M      C                 M     I            M    S             M2   W 

32 kDa 



66 

 

 The soluble fraction of LipL32 was purified by Ni2+-chelating sepharose. rLipL32 

appeared as the major band on SDS-PAGE and Western blot (Figure 18). However, 

contaminants were observed indicating that the protein was not pure enough for phage 

display screening. Since the contaminated protein may cause false positive results, i.e. 

enrichment of phages that bind to contaminants instead of LipL32, gel filtration 

chromatography was performed. 

   

 

 

  
 
 
Figure 18 Detection of purified rLipL32 from metal-chelation purification. The purify 

of rLipL32 was analyzed by Coomassie blue staining of SDS-PAGE. The purified rLipL32 

shows as a major band with some contaminants. M, unstained protein ladder; Lanes 1-4 

present rLipL32 eluted fractions from Ni2+ column. Protein concentration in lane 1, 42.4 

μg; lane 2, 29.9 μg; lane 3, 17.3 μg and lane 4, 7.2 μg. 

 
  

32 kDa 

        M   1       2     3     4      
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Figure 19 The schematic shows gel filtration performance monitored by UNICON 

5.1 program. The rLipL32 presented in first and second peaks. 

Peak 1 

Peak 2 
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 After purification with gel filtration chromatography, rLipL32 appeared in the first 

and second peaks of the eluate. Since gel filtration separates proteins based on 

molecular size, it is possible that rLipL32 from the first peak was in a dimer form (Figure 

19). This explanation is supported by the study of crystal structure of LipL32 showing 

that two monomers of LipL32 tended to form a dimer. The purity of rLipL32 was verified 

by SDS-PAGE (Figure 20) and Western blot using anti-His or anti-LipL32 antibody 

(Figure 21). The result showed only single band protein of LipL32, indicating that all 

contaminants were removed. Therefore, after two steps purification the purity of rLipL32 

was suitable for random peptide phage library screening.  

 

 

  

 

Figure 20 Detection of purified rLipL32 from gel filtration chromatography. The Gel 

shows single band protein with expected size, approximate 32 kDa. M, unstained 

protein ladder. Lane 1-2 are eluted fractions from first peak; lane 1, 0.07 ng;                 

lane 2, 0.22 μg.  Lane 3-5 are eluted fractions from second peak; lane 3, 0.53 μg; lane 4, 

7.39 μg; lane 5, 0.85 μg. 

M    1        2                3      4      5               

32 kDa 
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(A)             (B)    

 

Figure 21 Western blotting of purified rLipL32 from gel filtration chromatography. 

The proteins example sample are from second peak of gel filtration. (A) Detection of  

purified rLipL32 by anti-His antibody. The purified rLipL32 presents in lane 1 (3.67 μg), 

C, crude protein extracted from E. coli (3.35 μg). (B) Detection of  purified rLipL32 by 

anti-LipL32 antibody. The protein presents in lane 1 (3.67 μg), C, crude protein 

extracted from E. coli ( 19.56 μg). M, Prestained Protein Ladder.              

 

 

 

 

 

 

  C     M     1     

32 kDa 

M     C      1       

32 kDa 
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Phage display screening  

 In order to identify proteins that interact with LipL32, three rounds of bio-panning 

were performed using Ph.D.-7 random peptide phage library. The titer of eluted phage 

from each round was calculated and measured by plaque forming unit (pfu) assay. The 

titers of phages that bound to rLipL32 increased after each round of panning indicating 

that clones with higher affinity were enriched (Table 5). 
 

Table 5  Titers of input and output phage after each round of panning. 

Round rLipL32 

concentration 

(μg) 

Input phage 

(pfu) 

Output phage 

(pfu) 

Recovery Rate* 

1 

2 

3 

10 

10 

10 

2.0x1011 

1.05x1011 

1.19x1011 

4x104 

6.8x105 

2.6x108 

2x10-7 

6.48x10-6 

2.18x10-3 

Recovery rate* is the proportion of output to input phage titer  

 Ninety-six plaques were randomly selected from the third round output phage 

and were subjected to pyrosequencing. 
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Pyrosequencing 

 To determine the random 21-bp inserted sequence of individual plaques, the 

sequencing should be performed and pyrosequencing is appropriate for high-

throughput sequencing. In order to generate the sequencing template, PCR was 

performed to amplified inserted sequence of 96 plaques and PCR products were 

analyzed as showed in Figure 22. From gel electrophoresis, 3 clones from 96 clones 

presented PCR products with larger than expected size, approximately 200 bp. 

After amplification, 52 plaques with corrected PCR product size were sequenced 

by pyrosequencing. From pyrosequencing, 8 plaques from 52 plaques sequencing 

were failed. We found 6 different peptide sequence patterns from 44 plaques. The most 

common sequence: WHWTYYW was obtained 39 plaques out of total 44 plaques (88.64 

%). The 6 peptide sequence patterns are shown in Table 6. 

 

 

(A)  

 

Figure 22 PCR products analyzed of individual plaques amplification on agarose 

gel. The figure represents the PCR product from individual plaques. The inserted 

sequence of each plaque was amplified. M, 100 bp DNA Ladder; P, positive control; 

lane 1-12 represents PCR product with 107 bp.  

 

107 bp 

M    P       1   2   3   4   5   6   7   8   9  10  11 12 
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Table 6  The peptide sequence patterns from selected plaques obtained from 

third round panning. 

Pattern Peptide sequences Frequency 

(of total 44 clones) 

Percentage 

of total clones 

1 

2 

3 

4 

5 

6 

WHWTYYW 

HLPPNHT 

WHWLWLQ 

SSLRLLP 

THKFPWI 

KLWTIPM 

39 

1 

1 

1 

1 

1 

88.64 

2.27 

2.27 

2.27 

2.27 

2.27 

 

   

 

 

 

 

 

 

 

 



73 

 

Protein sequence analysis 

 After sequencing of the inserted region of selected plaques, 6 peptide sequence 

patterns were obtained and then used to search for matched human proteins in the 

database.  We retrieved only sequences of membrane proteins with at least 4 exact 

amino acid matches for further analysis (Table 7). Next, we compared the property of 

amino acid residues of peptide sequences with the selected proteins. We found that 

only one protein, a scavenger receptor class F, contained 7 amino acids with similar 

property to the THKFPWI peptide sequences. In addition, seven proteins contained 6 

amino acids similarity to one of six peptide sequence patterns (Table 8). 
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Table 7  Putative proteins from BLAST analysis and their functions.  

Peptide sequences Matched proteins Reported function Expression cell References 

WHWTYYW  
 

Chloride channel accessory 2  
WHWTYYW   
GHWTYTL  

The ion transport channel shows broad range  

functions; regulation of pH, volume 

homeostasis, organic solute transport, 

cell migration, cell proliferation and 

differentiation 

Act as adhesion molecule for lung metastatic  

cancer cells, mediating vascular arrest 

and colonization. 

Act as a tumor suppressor gene for breast  

cancer 
The chloride channel involved in              

Vibrio cholera toxin uptake 

 

 

Expressed in  

various species 

and human 

tissues: highly in 

bronchia 

epithelium cell, 

skin, tongue, 

adipocyte   and 

tonsil. 

[210-217] 

 
 

    

 

 

mook
Typewritten Text
74

mook
Typewritten Text



75 

 

Table 7 (Continue) 
Peptide sequences Matched proteins Reported function Expression cell References 

  Glycoprotein VI  
WHWTYYW  
PGWTTYW 

Act as platelet collagen receptor; collagen- 

induced activation and aggregation of 

platelets  

Able to  interact with LYN (Src protein kinase  

family) 

Expressed in  

platelet 

membrane 

 Moderately  

expressed in lung 
 

[218-225] 

  G-protein couple receptor 

TYMSTR  
WHWTYYW   
THWEYYA   

Integral membrane receptor 

Orphan chemokine and HIV/SIV co-receptor  

receptor 

 

 

Activated T cell 

lymphocyte 

[226, 227] 

  Transmembrane serine 

protease 2 isoform 2  
WHWTYYW   
WHWTAFA   
 

 

Contains several domains; a protease domain,  

type II transmembrane domain, receptor 

class A domain, scavenger receptor 

cysteine-rich domain  

 

The luminal 

epithelial cells of 

the mouse and 

human prostate 

[228] 
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Table 7 (Continue) 
Peptide sequences Matched proteins Reported function Expression cell References 

  Tight junction protein  
WHWTYYW  
EQWSYYD 

Located in cytoplasmic membrane 

May involved in signal transduction at cell-cell  

junctions 

 

Expressed in 

various tissue; 

highly expression in 

lung 
 

 

[229, 230]  

HLPPNHT 
 

Collagen XX  
HLPPNHT 
PLPPEHT 

Matched in laminin G-like 

domain. Over 90% of the 

collagens in the body are of 

type I, II, III, and IV. 

 

Membrane component Moderately  

expresses in lung, 

liver and kidney  

 

[231] 

  Tyrosine kinase  
HLPPNHT  
WLPPNHI   

A member of JAKs kinase family 

Associated with cytokine receptor 

 

Lymphoid cell [232] 
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Table 7 (Continue) 

Peptide sequences Matched proteins Reported function Expression cell References 
  Cell adhesion molecule, 

homolog to L1CAM  
HLPPNHT   
NLQPNHT   

 

Involved in signal transduction 

pathways  

Neuron cells  [233-236] 

  catenin (cadherin-associated 

protein), delta 2 (neural 

plakophilin-related arm-

repeat protein)  
HLPPNHT   
PLPPAHT   

The protein active in the nervous system,  

help cell to cell attachment. 

Plays a role in cell movement 

 

Expressed in 

various tissues; 

highly expressed in 

neuron cell. 

[237-239] 

 

  Nemo like kinase  
HLPPNHT  
HLPPPHL  

Involved in cell signaling, Wnt pathway  [240, 241] 
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Table 7 (Continue) 

Peptide sequences Matched proteins Reported function Expression cell References 
  tetratricopeptide repeat 

protein isoform 3  
HLPPNHT   
TLPHNHT   

A minor histocompatibility antigen 

which may induce graft rejection of male 

stem cell grafts 
 

  [242] 

  Gap junction  
HLPPNHT         
HLPPPHA   

Intercellular connection between two cell,  

composed of two connexons 

Play a role in cell-cell communication and  

secretion both in normal and cancer cell 

Expressed in 

various tissue: 

moderately 

expressed in lung 

[243, 244] 

WHWLWLQ 
 

Laminin alpha 5  
WHWLWLQ 
GRWLWLD 

The major component at basement  

membrane 

A member of alpha subfamily of laminin  

chains 

It’s an extracellular glycoprotein 

Able to interacted  with many pathogens such  

as L.interrogans, Treponema pallidum  

Expressed in 

various tissues 

Highly expressed in 

heart, lung, and 

kidney 

[245-250] 

 

 

 

mook
Typewritten Text
78

mook
Typewritten Text



79 

 

Table 7 (Continue) 

Peptide sequences Matched proteins Reported function Expression cell References 
  progestin and adipoQ 

receptor (PAQR) family  

member VI isoform 1   
W-HWLWLQ  
WPHWSWLQ 

Membrane progestin, steroid or adiponectin   

receptor ( in eukaryote) 

Founds in both prokaryote and eukaryote.  

  

Expressed only in 

the brain 

 

[251] 

SSLRLLP 

 

mucosal vascular addressin 

cell adhesion molecule 1  
SSLRLLP 

ASLRLLP   

A member of immuloglobulin family 

A membrane-bound leukocyte receptor  

Involve in mucosal immunity, reposed to  

pro-inflammatory cytokines. 

Act as lymphocyte homing to lymphoid  

tissue via lymphocyte integrin α4β7,  

the MAdCAM-1 receptor  

Involve in gastrointestinal tract  diseases  

Highly expressed 

on high endothelial 

venules (HEV) of 

gut-associated 

lymphoid tissues, 

and on venules at 

chronically 

Inflammation sites. 

[245, 248, 249, 

252-254] 
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Table 7 (Continue) 

Peptide sequences Matched proteins Reported function Expression cell References 
  prostaglandin E receptor 1  

SSLRLLP   
QLLRLLP   

One of four receptors for prostaglandin E2  

A member of G-protein coupled family 

The protein may mediate adrenocorticotropic   

hormone response to bacterial endotoxin  

Correlated with colon carcinogenesis,  

calcium mobility and constitute  

a contractile receptor group 

 

Expressed in 

various tissues: 

highly expressed in 

kidney, lung, 

stomach  

[255-258] 

  Protocadherin 20   
SSLRLLP   
EDLRLLP   

A member of protocadherin gene family, a  

subfamily of the cadherin superfamily 

Play a role in tissue morphogenesis and  

neuron cell formation 

 

Highly expressed in 

central nerve 

system 

[259, 260] 
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Table 7 (Continue) 

Peptide sequences Matched proteins Reported function Expression cell References 

THKFPWI 
 

scavenger receptor  class F   
THKFPWI  
SHKLPWV   

LPS is able to activate SREC expression 

Recognized modified lipoprotein  

Associated with atherosclerosis 

Acts as receptors mediating host cell entry of  

Neisseria gonorrhoeae 

Function in  APCs 

Expressed in 

various tissues: 

highly expressed in 

cardiac myocytes, 

endothelium cell 

[261-264] 

 FRAS1 related extracellular 

matrix 1 precursor   
THKFPWI  
RHKFPIN   

Involved in skin epithelial morphogenesis  

during early development 

Link with Fraser syndrome (autosomal  

recessive disorder disease) 

Expressed in  

embryonic 

epithelial cell.  
 

[265] 

KLWTIPM Coronin, actin binding protein, 

2A  
KLWTIPM   
KIWSIPK   

Associated with the phagocytic apparatus 

Involved in actin –mediated processes:  

cytokinase, cell locomotion 

Expressed in 

various tissues: 

highly expressed in 

spleen, lung, liver, 

kidney  

[266-268] 

Under line amino acid is matched with peptide sequences
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Table 8  The most matched putative host proteins that interacted with LipL32. 

Number Candidate proteins Matched position 

1 scavenger receptor  class F isoform I  

(SREC-I) 

7 

2 Chloride channel accessory 2 (CLCA2) 6 

3 Coronin, actin binding protein, 2A         6 

4 Prostaglandin E receptor 1 (EP1) 6 

5 Glycoprotein VI (GPVI) 6 

6 Progestin and adipoQ receptor (PAQR) 

family  member VI isoform 1   
6 

7 Mucosal vascular addressin cell adhesion 

molecule 1 (MAdCAM-1) 

6 

8 Laminin alpha5  5 
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CHAPTER VI 

DISCUSSION 

 

 The initial step of infectious processes involves host-pathogen interaction 

followed by colonization, replication and dissemination of pathogens in the host. 

Previous reports showed that outer membrane components including outer membrane 

proteins (OMPs) of several pathogens play a key role in the first step of host-microbe 

interactions [8]. However, host membrane proteins that interact with leptoapiral OMPs 

have never been addressed. 

 Lipl32 is the major OMP of leptospires with highly conserved among pathogenic 

strain and not found in non-pathogenic leptospires [16, 23-25]. This protein is 

constitutively expressed both in vitro and in vivo and highly immunogenic [16, 26, 28, 

31]. LipL32 was expressed in kidney of animal model [16] and induced an inflammatory 

response in kidney cell culture [28, 269, 270]. LipL32 was also recognized by sera from 

leptrospirosis patients [16, 33]. The anti-LipL32 antibody was produced during infection 

and showed partial protection in animal model [144, 271].  Moreover, the C-terminus of 

LipL32 had binding ability to ECM proteins [32, 33]. Surprisingly, lipL32 mutant 

generated by transposon mutagenesis showed no difference in virulence compared to 

wild type strain [272]. It is possible that LipL32 is required but not essential for 

leptospiral infection. Alternatively, other proteins may confer redundant function. 

However, considerable evidence, as mentioned above, suggested the importance of 

LipL32 in pathogenesis of leptospirosis. Therefore, the role of LipL32 in host-pathogen 

interaction cannot be excluded.  
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 In the present study, we screened for proteins that interacted with LipL32 using 

phage display technology. The recombinant protein of LipL32 was used as a target 

molecule for bio-panning with random heptapeptide phage library. After three rounds of 

panning, six peptide sequence patterns were identified. Here we will discuss about 

proteins which are expressed in target organs or potentially involved in pathogenesis of 

leptospirosis. 

 After searching the database and sequence comparison, the highest matched 

protein with 7 amino acid similarity to the peptide THKFPWI is a scavenger receptor 

class F or scavenger receptor expressed by endothelial cell (SREC). The SREC is a 

membrane protein that belongs to a scavenger receptor family [262, 264, 273, 274]. An 

SREC-I was demonstrated to bind to modified lipoproteins and many ligands [262]. The 

protein also mediated cell morphological change [263]. Berwin and colleagues showed 

that overexpressed SREC-I in macrophages increased endocytosis of chaperon, which 

is required for receptor-mediated endocytosis pathway of the antigen presenting cells 

(APCs) [264]. SRECs was demonstrated as a receptor of the major outer membrane 

pore PorB (PorBIA) of Neisseria gonorrhoeae and involved in host cell invasion [261]. In 

contrast to non pathogenic Leptospira, pathogenic leptospires were reported to invade 

mammalian cell lines including canine kidney cells [275]. Hence, pathogenic Leptospira 

may employ LipL32 to invade host cell via SREC. 

 The WHWLWLQ peptide sequences obtained from our phage display screening 

was matched with laminin alpha 5.  Laminins are glycoprotein with heterotrimeric (α, β, 
γ) [276, 277]. Laminins are major component of basement membrane [278, 279]. 

Whereas, Laminin α 5 is a component of laminin-511 (α5β1γ1) and laminin-521 

(α5β2γ1), which are widely expressed in adult tissues and may be a major component 

of laminin chain in basement membrane [245, 249]. This finding is consistent with the 

results in previous studies demonstrating that LipL32 was able to bind to laminin [32, 

33]. Furthermore, the crystal structure revealed the putative binding site for positively 
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charged proteins such as laminin [34, 35]. Therefore, phage display technique is a valid 

tool for screening of host-microbe protein interactions.  

  The peptide sequences KLWTIPM matched with coronin type II isoform A 

(coronin 2A). Coronin is the actin binding protein that plays a role in cell motility and 

actin-mediated processes [268, 280]. The human coronin type II expressed in several 

cell types [280]. Function of coronin 2A remains unclear. The recently reported 

suggested that coronin 2A may be important in whole-cell motility and internal focal-

adhesion turnover [267]. In addition, other coronins play a role in endocytosis 

mechanism [268]. Mycobacterium tuberculosis utilized coronin 1A binding protein to 

retain coronin 1A on the phagosome leading to inhibition of phagolysosome fusion in 

macrophages and thereby evading host immune response [266]. Previous studies 

showed that pathogenic leptospires were able to be uptaken by macrophages [128, 

281, 282]. In contrast to murine macrophages, leptospires survived freely and replicated 

in the cytosol of human macrophages [283]. Although the function of coronin 2A in 

bacterial infection has never been documented, it should be tested as a receptor for 

LipL32 and its role in intracellular survival of pathogenic leptospires in human 

macrophages.  

 

 The sequence WHWTYYW matched with chloride channel accessory 2 (CLCA 

2). The CLCA2 is a transporter of anions across cellular membranes [215]. The protein is 

expressed in various tissues, especially in bronchial epithelial cells and mammary 

glands [214, 215]. The channel showed broad ranged function, for examples regulation 

of pH, organic solute transport, and cell migration [214-216]. In addition, chloride 

transport plays an important role in the lungs and involves in pulmonary diseases such 

as asthma and pulmonary edema [216, 284]. Previous studies reported that leptospires 

induced pulmonary edema and hemorrhage [285-287]. Morover, the sodium transport 

ability of alveolar epithelial cells was affected in leptospirosis leading to lung injury 

[288]. In the lungs of hamster infected with leptospires, epithelial sodium channels were 

down-regulated whereas Na+-K+-Cl- co-transporters were up-regulated [288]. Generlly,  
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Na+-K+-Cl- co-transporter work in concert with CLCA2 [217]. It will be interesting to study 

the effect LipL32 on CLCA2 in leptospirosis. 

 

 The sequence SSLRLLP matched with prostaglandin E receptor 1 (EP1), one of 

four prostaglandin E receptor subtypes (EP1-4) [256, 257, 289]. EP1 mRNA is 

expressed in various tissues including papillary collecting ducts of the kidney [290]. The 

EP1 had been reported to mediate adrenocorticotropic hormone response to bacterial 

endotoxin [291]. In addition, tissue damage can induce production of PGs, which 

activates EP1 receptor expression [292]. Previous study reported that EP1 level in 

injured human sensory neurons was induced by cyclooxygenase-2 (COX-2) [293]. In 

addition, EP1 and PGE2 play a role in inflammation of neurons, and colon cancer [258, 

293, 294]. Acute renal failure manifests in severe form of leptospirosis.  It was shown 

that COX-2 in medullar thick ascending limb (mTAL) cells was not induced by OMPs of 

Leptospira [31]. LipL32 was shown to induce tubulointerstitial nephritis [28]. However, 

the effect of EP1 and LipL32 on inflammatory response in the infected kidney is not 

known.  

 Glycoprotein VI (GPVI) that matched with the sequence WHWTYYW is a platelet 

membrane protein and had been described as collagen receptor [219, 223]. GPVI plays 

a role in the collagen induced activation and aggregation of platelets [219-221, 225]. 

Thrombocytopenia is a common manifestation of severe leptospirosis. In guinea pig 

model of leptospirosis, it was suggested that thrombocytopenia was the result of platelet 

aggregation but not the disseminated intravascular coagulation (DIC) [295]. Hence, the 

interaction of LipL32 with GPVI and it relation to platelet aggregation should be 

elucidated. 
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CHAPTER VII 

SUMMARY 

 

 The aim of this study is to identify host proteins that interact with LipL32 using 

phage display technology. We obtained 6 patterns of peptide sequences from 

enrichment of bound phages. The highest frequency of peptide sequences is 

WHWTYYW. The BLAST program search provides putative proteins that bind to LipL32.  

 Host proteins with 6 to 7 amino acids matched to random heptapeptide 

sequences and have potential role in pathogenesis of leptospirosis are SREC-I, coronin 

2A, laminin, CLCA2, EP1 and GPVI. 

 Further investigation is required to confirm the interactions of these proteins to 

LipL32 in vitro and in vivo. The knowledge obtained from the study may elucidate the 

novel function of LipL32 in pathogenesis of leptospirosis. 

.  
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APPENDIX A 

BUFFER AND REAGENT 

 

Reagents for EMJH media 

1. Albummin fatty acid supplement stock solution 

 CaCl2 + MgCl2· 6H2O  0.076 g  store at -20°C 

 ZnSO4 · 7H2O    0.04   g  store at -20°C 

 CuSO4 · H2O   0.03   g  store at   4°C 

 Vit B12    0.002 g  store at -20°C 

 Tween 80   1       g  store at -20°C 

 Glycerol   1       g  store at -20°C 

 Dissolve each reagent by separately in 10 ml of distilled water.  

2. Albumin fatty acid supplement solution, ready to use (50 ml) 

BSA    5 g 

CaCl2 + MgCl2· 6H2O  750 μl 

ZnSO4· 7H2O   500 μl  

CuSO4· 5H2O   50 μl 

FeSO4    0.025  g 

Sodium pyruvate  0.02    g 

Vitamin B12   500   μl 

Tween 80   6.25  ml 

glycerol stock   500   μl 

 Dissolve in distilled water and adjust pH 7.4-7.6 with HCl (conc). Adjust volume 

with distilled water to make 50 ml. Sterilize the solution by filtration. Store at -20°C. 
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3. Basal Media (90 ml) 

 Bacto Leptospira Media Base EMJH dehydrated 0.23 g 

 Dissolve in distilled water and adjust volume to 90 ml. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 

4. EMJH media 

Basal Media      90 ml 

Albumin fatty acid supplement solution  10 ml 

 Mix the solution and store at 4°C. 

 

Reagents for DNA Extraction 

1. 0.5 M EDTA pH 8.0  

Disodium ethylenediamine tetraacetate 18.66 g 

 Dissolve in distilled water and adjust pH 8.0 with HCl (conc). Adjust volume with 

distilled water to make 100 ml. Sterilize the solution by autoclaving at 121°C for 15 

minute. 

2. TE buffer 

1 M Tris-HCl pH 8.0   1 ml 

0.5 M EDTA pH 8.0   200 μl  

 Dissolve in distilled water and adjust volume to 100 ml. Sterilize the solution by 

autoclaving at 121°C for 15 minutes.  

3. 10% Sodium lauryl sarcosine (SDS) 

Sodium lauryl sarcosine (SDS)  1 g 

Distilled water    10 ml 

Mix the solution and store at room temperature. 
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4. 5 M NaCl (100 ml) 

NaCl     14.61 g 

 Dissolve in distilled water and adjust volume to 50 ml. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 

5. 25:24:1 (v/v) phenol: chloroform: isoamyl alcohol  

Saturated phenol   50 ml 

Chloroform    48 ml 

Isoamyl alcohol   2 ml 

Mix the reagent vigorously, store at 4 °C in dark. 

6. 24:1 (v/v)chloroform: isoamyl alcohol  

Chloroform    48 ml 

Isoamyl alcohol   2 ml 

Mix the reagent vigorously, store at 4 °C in dark. 

 

Reagents for agarose gel electrophoresis 

1. 50x Tris-Acetate buffer (TAE)  

 Tris base   424.0 g 

 Glacial acetic acid  57.1 g 

 0.5 M EDTA pH 8.0  100 ml 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 
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2. 10 mg/ml Ethidium bromide  

Ethidium bromide  1.0 g 

Distilled water   100 ml 

Mix the solution and store in the dark at 4°C. 

3. Agarose gel 

 Agarose   0.5 g (2.5 % gel) 

 (0.3 g for 1.5 % gel and 0.16 g for 0.8 % gel) 

 1xTAE    20 ml 

 The solution was dissolved by heating in microwave oven and occasional mix 

until no granules of agarose are present. 

 

Reagents for Cloning 

1. 1 M Glucose (10 ml) 

Glucose   1.8 g 

Dissolve in distilled water and adjust volume to 10 ml. Sterilize the solution by 

filtration. 

2. 2 M MgCl2 (10 ml) 

MgCl2    1.9 g 

 Dissolve in distilled water and adjust volume to 10 ml. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 
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3. SOB (100 ml) 

Tryptone   2 g 

Yeast Extract   0.5 g 

NaCl    0.05 g 

KCl    18.6 mg 

 Dissolve in distilled water and adjust volume to 500 ml. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 

4. SOC (10 ml) 

SOB    10 ml 

2 M MgCl2   50 μl 

1 M Glucose   200 μl 

Mix the solution and store at 4°C. 

5. Ampicilin stock (100 mg/ml) 

Ampicilin   1 g 

Dissolve in 10 ml of distilled water. Store at -20°C. 

6. Chloramphenicol stock (35 mg/ml) 

Chloramphenicol  140 mg 

Dissolve in 4 ml of absolute ethanol. Store at -20°C. 

7. LB Medium (1Litter) 

Bacto-Tryptone  10 g 

Yeast Extract     5 g 

NaCl      5 g 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 
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8. LB- Ampicillin plates 

Bacto-Tryptone  10 g 

Yeast Extract   5 g 

NaCl      5 g  

Agar    15 g  

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. After autoclaved, allowed media cool down, added 

1 ml ampicilin stock, poured and stored plates at 4°C in the dark. 

9. LB- Ampicillin-Chloramphenicol plates 

Bacto-Tryptone  10 g 

Yeast Extract   5 g 

NaCl      5 g  

Agar    15 g  

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. After autoclaved, allowed media cool down, added 

1 ml ampicilin stock and 1 ml chloramphenicol stock, poured and stored plates at 4°C in 

the dark. 

 

Reagents for SDS- Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

1. 1 M Tris-HCl pH 8.8 

Tris base   12.11 g 

 Dissolve in distilled water and adjust pH to 8.8 with HCl (conc). Adjust volume 

with distilled water to make 100 ml. Sterilize the solution by autoclaving at 121°C for 15 

minutes. 
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2. 0.5 M Tris-HCl pH 6.8 

 Tris base   6.055 g 

 Dissolve in distilled water and adjust pH to 6.8 with HCl (conc). Adjust volume 

with distilled water to make 100 ml. Sterilize the solution by autoclaving at 121°C for 15 

minutes. 

3. 4xTris HCl/SDS pH 8.8 (100 ml) 

Tris base   18.21 g 

SDS    0.4  g 

 Dissolve in distilled water and adjust pH to 8.8 with HCl (conc).Store at 4 °C 

4. Running Buffer (1 liter)  

Tris base   15.1 g 

Glycine    72 g 

SDS    5.0 g 

 Dissolve in distilled water and adjust volume to 1000 ml. Store at room 

temperature. 

5. 6x sample buffer with DTT (10 ml) 

4xTris HCl/SDS pH 8.8  7 ml 

Glycerol   3 ml 

SDS    1 g 

DTT    0.93 g 

Bromphenol Blue  1.2 mg 

 Dissolve the solution and adjust volume to 10 ml. Store at room temperature.  

6. 10% Ammonium Persulfate (APS) 

APS    1 g 

Distilled water   10 ml 

 Mix the solution and store at -20 °C. 
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7. 10% Sodium lauryl sarcosine (SDS) 

Sodium lauryl sarcosine (SDS)  1 g 

Distilled water    10 ml 

 Mix the solution and store at room temperature. 

8. 30% Acrylamide/0.8% Bisacrylamide (100 ml) 

Acrylamide    30 g 

Bisacrylamide    0.8 g 

 Dissolve the solution in distilled water and adjust volume to 100 ml. Sterilize the 

solution by filtration. Store in dark at room temperature.   

9. 15% SDS-PAGE 

Separating gel (15 ml) 

 Acrylamide/bis   6.0 ml 

 1 M Tris-HCl pH 8.8  3.75 ml 

 10% SDS   0.15 ml 

 10% APS   75 μl 

 TEMED    7.5 μl 

 Distilled water   4.0 ml 

Stacking gel (5 ml) 

 Acrylamide/bis   0.67 ml 

 0.5 M Tris-HCl pH 6.8  0.5 ml 

 10% SDS   40 μl 

 10% APS   40 μl 

 TEMED    4.0 μl 

 Distilled water   2.7 ml 
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Reagents for Colony blot and Western blot 

1. Denaturing Solution (500 ml) 

NaCl    10  g 

NaOH    43.83  g 

 Dissolve in distilled water and adjust volume to 500 ml.  

2. Neutralization Solution (500 ml) 

NaCl    10  g 

Tris base   30.275  g 

Dissolve in distilled water and adjust volume to 500 ml. 

3. 20x SSC (500 ml) 

NaCl    87.65  g 

Trisodium citrate  50.25  g  

 Dissolve in distilled water and adjust volume to 500 ml.  

4. TBS (1 liter) 

1 M Tris base pH 7.5  20  ml 

NaCl    29.22  g 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 

5. TBS- 0.1 % (v/v)Tween (500 ml) 

TBS    500 ml 

Tween-20   500 μl 

Mix the solution and store at room temperature. 
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6. Blotting Buffer (1 Litter) 

Tris base   2.42 g 

Glycine    11.24 g 

Distilled water   800 ml 

 Dissolve in distilled water and add 200 ml methanol. Store at room temperature. 

7. Alkaline Phosphate buffer (1 Litter) 

1 M Tris base pH 9.5  50 ml 

NaCl    2.922 g 

2 M MgCl2   625 μl 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. 

 

Reagent for Protein Purification 

1. 20 mM Imidazole Binding Buffer (50 ml) 

8x Phosphate buffer stock solution pH 7.4   6.25 ml 

2 M Imidazole stock solution pH 7.4    0.5 ml 

 Dissolve in distilled water and adjust pH to 7.4 with HCl (conc.). Adjust volume 

with distilled water to make 50 ml volume. 

2. 500 mM Elution Buffer (10 ml) 
8x Phosphate buffer stock solution pH 7.4 (GE health care)  1.25 ml 

2 M Imidazole stock solution pH 7.4 (GE health care)   2.5 ml 

 Dissolve in distilled water and adjust pH to 7.4 with HCl (conc). Adjust volume 

with distilled water to make 10 ml volume. 

3. 20% Ethanol (Metal-Affinity Chromatography) 

Absolute Ethanol    100 ml 

Dissolve in distilled water and adjust volume to 500 ml with distilled water. 
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4. 20% Ethanol (Gel filtration chromatography) 

Absolute Ethanol    200 ml 

Dissolve in Milli Q water and adjust volume to 500 ml 1 L with Milli Q water. 

5. 1x Phosphate buffered saline (PBS) 
 Na2HPO4    4.88 g 

 NaH2PO4.H2O    1.54  g 

 NaCl     3.04  g 

 Dissolve in Milli Q water and adjust pH to 7.4 with HCl (conc). Adjust volume with 

Milli Q water to make 10 liter volume. 

 

Reagents for phage peptide library screening 

1. LB Medium (1Litter) 

Bacto-Tryptone  10 g 

Yeast Extracted    5 g 

NaCl      5 g 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. Sterilize the solution by autoclaving at 121°C for 15 

minutes.  

2. LB-Tet Plates 

Bacto-Tryptone  10 g 

Yeast Extracted    5 g 

NaCl      5 g  

Agar    15 g  

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. After autoclaved, allowed media cool down, added 

1 ml Tetracycline stock, poured and stored plates at 4°C in the dark 
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3. LB/IPTG/Xgal Plates(1Litter) 

Bacto-Tryptone  10 g 

Yeast extract     5 g 

NaCl      5 g  

Agar    15 g 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. After autoclaved, allowed media cool down, added 

1 ml IPTG/Xgal stock, poured and stored plates at 4°C in the dark. 

4. Agarose Top (1 Litter) 

Bacto-Tryptone  10 g 

Yeast extract     5 g 

NaCl      5 g  

Agar    15 g  

MgCl2•6H2O     1  g  

Agarose     7 g 

 Dissolve in distilled water and adjust volume to 1 liter. Sterilize the solution by 

autoclaving at 121°C for 15 minutes. After autoclaved, allowed media cool down, 

dispense into 50 ml aliquots. Store solid at room temperature, melt in microwave before 

use. 

5. Tetracycline Stock 

 Tetracycline   20  mg  

 Ethanol    10 ml 

Mix the solution and store in the dark at 4°C.Vortex before using. 
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6. 1 M NaHCO3 pH 8.6 ( 20 ml) 

NaHCO3   0.84 g   

 Dissolve in 10 ml of distilled water. Sterilize the solution by autoclaving at 121°C 

for 15 minutes. 

7. Blocking buffer (10 ml) 

1 M NaHCO3 (pH 8.6)  1 ml 

Skim milk    25  mg 

Dissolve in 10 ml of distilled water. Sterilize the solution by filtration. Store at 4°C. 

8. TBS-Tween  (100 ml)  

TBS    100 ml 

Tween 20   100 μl (for 0.1% (v/v), 500 μl for 0.5 % (v/v)) 

Mix the solution and store at room temperature. 

9. PEG/NaCl (100 ml) 

Polyethylene glycol–800  20 g 

 NaCl     14.61 g 

 Dissolve in distilled water and adjust volume to 500 ml with distilled water. 

Sterilize the solution by autoclaving at 121°C for 15 minutes. 

10. IPTG/Xgal 

IPTG (isopropyl β-D-thiogalactoside)    1.5 g 

Xgal (5-Bromo-4-chloro-3-indolyl- β -D-galactoside)   1.0 g 

 Dimethyl formamide      25  ml 

Mix the solution and store at -20°C in the dark. 
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11. 2 M Glycine-HCl pH 2.2 (10 ml) 

Glycine    1.5 g   

 Dissolve in distilled water and adjust pH to 2.2 with HCl (conc). Adjust volume 

with distilled water to make 10 ml volume. Sterilize the solution by autoclaving at 121°C 

for 15 minutes. 

12. Elution buffer (10 ml) 

2 M Glycine-HCl pH 2.2 1 ml 

Skim milk   10 mg 

 Dissolve in distilled water and adjust volume to 10 ml with distilled water. 

13. 1 M Tris-HCl pH 9.1 (10 ml) 

Tris base   12.11 g 

 Dissolve in distilled water and adjust pH to 9.1 with HCl (conc). Adjust volume 

with distilled water to make 100 ml. Sterilize the solution by autoclaving at 121°C for 15 

minutes. 
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APPENDIX B 

 

1. Complete sequence of lipL32 gene  

>w_lipl32_Pomona_/1/1692582/1693400 

ATGAAAAAACTTTCGATTTTGGCTATCTCCGTTGCACTCTTTGCAAGCATTACCGCTTGTGGTGCTTT

CGGTGGTCTGCCAAGCCTAAAAAGCTCTTTTGTTCTGAGCGAGGACACAATCCCAGGGACAAACG

AAACCGTAAAAACGTTACTTCCCTACGGATCTGTGATCAACTATTACGGATACGTAAAGCCAGGACA

AGCGCCGGACGGTTTAGTCGATGGAAACAAAAAAGCATACTATCTCTATGTTTGGATTCCTGCCGTA

ATCGCTGAAATGGGAGTTCGTATGATTTCCCCAACAGGCGAAATCGGTGAACCAGGCGACGGAGA

CTTAGTAAGCGACGCTTTCAAAGCGGCTACCCCAGAAGAAAAATCAATGCCACATTGGTTTGATACT

TGGATCCGTGTAGAAAGAATGTCGGCGATTATGCCTGACCAAATCGTCAAAGCTGCGAAAGCAAAA

CCAGTTCAAAAATTGGACGATGATGATGATGGTGACGATACTTATAAAGAAGAGAGACACAACAAG

TACAACTCTCTTACTAGAATCAAGATCCCTAATCCTCCAAAATCTTTTGACGATCTGAAAAACATCGA

CACTAAAAAACTTTTAGTAAGAGGTCTTTACAGAATTTCTTTCACTACCTACAAACCAGGTGAAGTGA

AAGGATCTTTCGTTGCATCTGTTGGTCTGCTTTTCCCACCAGGTATTCCAGGTGTGAGCCCGCTGAT

CCACTCAAATCCTGAAGAATTGCAAAAACAAGCTATCGCTGCTGAAGAGTCTTTGAAAAAAGCTGCT

TCTGACGCGACTAAGTAA 
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2. Map of pRSET vector 
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3. Multi Cloning site of pRSET C 
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