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ABSTRACT 

Leishmaniasis is a disease caused by protozoan parasites of the genus Leishmania 

and spread by the bite of infected sand fly species. Infection of mammals by 

Leishmania results in increased production of prostaglandins in the host. These 

prostaglandins which are lipid mediators are responsible for some of the symptoms 

observed in leishmaniasis including fever and immunosuppression. Prostaglandin F2α 

is among the prostaglandins that are synthesized by Leishmania species. The present 

study was undertaken to identify and characterize the PGF2α synthase gene and to 

identify and characterize the PGF2α synthase protein in Old and New World Species 

of Leishmania in order to provide insight into the role of these proteins in the 

parasite. Isolates of L. major, L. donovani, L. tropica, L. amazonensis, L. braziliensis, 

L. mexicana and L. chagasi were obtained from the cryobank of American Type 

Culture Collection (ATCC, Manassas USA) and cultured to obtain promastigotes. 

Total RNA was extracted from the cell pellets of each of the cultured Leishmania 

species. To detect gene expression at transcription level, polymerase chain reaction 

was carried out using L. major PGF2α synthase gene specific primers and 

complementary DNA obtained from promastigotes of each of the species mentioned 

above. To detect expression at translation level, total protein obtained from cultured 

promastigotes of the above parasites was analyzed on a Western blot using T. brucei-

specific rabbit anti-PGF2α synthase polyclonal antibodies. At the transcription level, 

PGF2α synthase gene expression was detected in Old World species L. major, L. 

donovani and L. tropica, but was absent in the New World L. amazonensis and L. 

mexicana. It was expressed at low levels in the New World L. chagasi. Western blot 

analysis confirmed the presence of PGF2α synthase - like proteins in Old World and 

not in New World species. These findings suggest that New World Leishmania may 

have evolved new ortholog genes to produce PGF2α. Alternatively, the ancestral 

PGF2α synthase gene is present in the New World species but has mutated or been 

lost due to speciation during evolution. Phenotypic functional studies such as enzyme 

assays ought to be carried out to ascertain presence and function of PGFS in 

promastigotes and amastigotes of Old and New World species of Leishmania.



 

 

CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Leishmaniasis 

 

Leishmaniases are vector-borne diseases caused by protozoan parasites of the genus 

Leishmania. These parasites belong to the order Kinetoplastidae and family 

Trypanosomatidae, which is characterized by the presence of a single flagellum and 

a DNA-rich kinetoplast. The Leishmania parasite exists in two morphological forms 

as an intracellular amastigote in vertebrate hosts and as a promastigote found in 

sandfly vectors (Singh, 2006). Leishmaniasis is prevalent throughout the tropical and 

sub-tropical regions of Africa, Asia, the Mediterranean, Southern Europe (Old 

World) and Central and South America (New World). Approximately 21 species of 

Leishmania are pathogenic to humans. These are transmitted through the bite of 

Phlebotomus sandflies in the Old World and Lutzomyia in the New World (Sharma 

& Singh, 2008) 

1.2 Life cycle of Leishmania 

 

In vertebrates, Leishmania exists as a non-motile spherical amastigote, 

approximately 2.5 to 5 µm in diameter, which proliferates inside the phagolysosome 

of host macrophages (Descoteaux & Turco, 1999). The sandfly ingests amastigote-

containing macrophages and monocytes in its blood meal. These amastigotes are 

released into the sandfly midgut, where they differentiate into flagellated procyclic 

promastigotes and attach to the midgut epithelium (Descoteaux & Turco, 1999). The 

promastigote then goes through metacyclogenesis where the dividing, non infective 

procyclic form acquires virulence capabilities and is transformed into a non dividing 

infective metacyclic form (Bates & Rogers, 2004). 

 

The metacyclic promastigotes detach from the midgut epithelium and migrate into 

the pharynx and buccal cavity of the insect. During the next blood meal, the infective 

metacyclic promastigotes are passed into the vertebrate host. Promastigotes enter the 
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macrophages through receptor-mediated phagocytosis and are incorporated into 

phagolysosomes where they differentiate into the amastigote form. The amastigotes 

proliferate, eventually rupturing the infected macrophages and are released to infect 

neighbouring macrophages and the cycle begins again (Figure 1.1). 

 

 

 

Figure 1.1: Life cycle of Leishmania (Sacks & Noben-Trauth, 2002) 

1.3 Global distribution of Leishmaniasis 

 

Leishmaniasis is a neglected tropical disease. It is endemic in 98 countries with more 

than 350 million people at risk and an estimated 1.3 million new cases and 20 000 to 

30 000 deaths annually (WHO, 2014). Urbanization due to ecological, demographic 

and environmental changes is one of the major worldwide risk factors for 
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leishmaniasis and largely contributes to the persistence of the burden of the disease 

(Ready, 2010). 

 

Leishmania major is found in the sparsely inhabited desert and savannah regions in 

the Old World including the Middle East (Al-Tawfiq & AbuKhamsin, 2004, 

Mohebali et al., 2004), Central Asia (Strelkova et al., 2001) and East Africa (el-Safi 

& Peters, 1991). Human infection by L. major is considered anthropophilic (humans 

are the preferred hosts), while gerbils are the sylvatic reservoir (Rassi et al., 2011). 

Leishmania tropica is found in Morocco (Chaara et al., 2014) Ethiopia, Kenya, 

Middle East (Akhoundi et al., 2013), Greece (Ntais et al., 2013), and India (Aara et 

al., 2013), where it is predominantly confined to densely populated areas. 

Leishmania mexicana occurs in North and Central America, including Mexico 

(Gonzalez et al., 2011), Texas and Oklahoma in the United States of America where 

it is transmitted by the Lutzomyia species of sandfly and is largely responsible for a 

cutaneous form of leishmaniasis (Clarke et al., 2013). Leishmania  braziliensis is the 

predominant species that causes mucocutaneous leishmaniasis in Brazil (Guerra et 

al., 2011). Leishmania donovani occurs in India (Hasker et al., 2013) and East Africa 

(Elnaiem, 2011), L. infantum in the Mediterranean region where dogs are the main 

domestic reservoir for human infection (Miro et al., 2012),  and L. chagasi is the 

major cause of visceral leishmaniasis in Brazil (Esch et al., 2012).  

1.4 Leishmaniasis in Kenya 

 

Leishmania major, L. donovani, L. aethiopica and L. tropica species of Leishmania 

occur in Kenya. Visceral leishmaniasis is caused by L. donovani and transmitted by 

Phlebotomus martini although Phlebotomus orientalis has also been implicated in its 

transmission (Ngumbi et al., 2010). Cutaneous leishmaniasis due to L. major is 

transmitted by Phlebotomus duboscqi and is mainly found in rodents (Schaefer et al., 

1994). Cutaneous leishmaniasis caused by L. aethiopica has been identified in Mt. 

Elgon. Its reservoir is the rock hyrax and it is transmitted by Phlebotomus 

larroussius (Sang et al., 1993b).  Leishmania tropica has been isolated from patients 

(Mebrahtu et al., 1992) and rats (Massamba et al., 1998) in Laikipia. Cases of 
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infection have also been detected in a previously uninhabited area in Utut, at the 

floor of the Rift Valley (Sang et al., 1994). This species of Leishmania is transmitted 

by Phlebotomus guggisbergi (Lawyer et al., 1991). 

 

Historically, epidemics of leishmaniasis have occured in various parts of Kenya. 

Cases of visceral leishmaniasis were reported in Wajir and Mandera in North Eastern 

Kenya as early as 1935 (Peters & Killick-Kendrick, 1987). In 1940, an outbreak of 

visceral leishmaniasis occurred in a battalion patrolling the Northern part of Kenya 

during the Second World War (Cole et al., 1942). A major epidemic of visceral 

leishmaniasis occurred in Kitui district between 1952-1953. At the peak of this 

epidemic 2142 cases were reported (Fendall, 1961). Visceral leishmaniasis caused by 

L. donovani is endemic in the semi-arid lowlands including West Pokot (Mutero et 

al., 1992), Baringo (Ryan et al., 2006), Kitui (Southgate & Oriedo, 1962), Machakos 

(Wijers & Kiilu, 1984), Meru (Wijers, 1971), Koibatek, and Kajiado (Johnson et al., 

1993) districts (Minter et al., 1962; Ngumbi, et al., 2010). Visceral leishmaniasis in 

these areas is transmitted by P. martini which lives and breeds in termite mounds 

(Perkins et al., 1988). Several foci of cutaneous leishmaniasis have occurred in parts 

of Central Kenya and the Rift Valley including Nakuru, Nyandarua, Laikipia, 

Samburu and Isiolo (Sang et al., 1993a). Baringo is the only foci where both visceral 

and cutaneous leishmaniasis are known to occur (Schaefer, et al., 1994). Recently, 

climatic and demographic factors have led to emergence of leishmaniasis in 

previously non-endemic areas. In March 2000, cases of visceral leishmaniasis among 

refugees from Somalia were identified in Dadaab refugee camp, Garissa district and 

at Mandera hospital. There were also increasing numbers of cases of visceral 

leishmaniasis in Wajir hospital up to August 2001 (Boussery et al., 2001). After the 

outbreak, there were sporadic cases of visceral leishmaniasis due to migration of 

infected people seeking food and security (Marlet et al., 2003). Another outbreak of 

kala-azar was reported in Merti, Isiolo district in 2006 where a study showed that in 

the absence of P. martini, P. orientalis was a probable vector for transmission of 

visceral leishmaniasis (Ngumbi, et al., 2010).  
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1.5 Leishmania pathogenesis 

 

Inside the mammalian host the Leishmania amastigote resides within the 

macrophage. To sustain a chronic infection, the parasite must survive the harsh 

environment of phagocytic cells. Leishmania pathogenesis is therefore a result of the 

host-parasite interactions which bring about host inflammatory and immune response 

to the infection (Brandonisio et al., 2000). 

 

Some mice species develop Leishmania diseases similar to those found in humans, 

and as such have provided useful models for studying Leishmania disease 

pathogenesis. Using murine models, characterization of the immunological pathways 

that are responsible for resistance or susceptibility to Leishmania has given rise to the 

T helper 1/ T helper 2 (Th1/ Th2) paradigm of cellular/ humoral dominance of 

immune response in which the outcome of disease is determined by the nature and 

magnitude of the T-cell and cytokine responses early in infection (Sacks & Noben-

Trauth, 2002). Since the Leishmania species differ significantly, it follows that their 

interaction with the mammalian host also differs. However, using murine models of 

L. major, it is generally accepted that protective immunity against Leishmania is 

mediated by an IL-12 driven CD4+ Th1- type response resulting in IFN-γ 

production. The immunological pathways that lead to the development of non 

healing disease or susceptibility are less well defined (Sacks & Noben-Trauth, 2002). 

However, these include an IL-4 driven Th2 response that downregulates Th1 

development (Leal et al., 1993) and failure to produce or respond to IL-12 (Kropf et 

al., 1997). IL-4 downregulates production of IL-12 and IFN-γ and inhibits 

macrophage nitric oxide (NO) production which is critical for leishmanicidal activity 

(Alexander et al., 1999). 

 

The production of prostaglandins (PGs) by host macrophages increases during 

infection by Leishmania parasites (Gregory et al., 2008). Prostaglandins exacerbate 

the outcome of infection with Leishmania in mice by inhibiting activation induced 

cell death of Th2 cells (Kaul et al., 2012) suggesting a role for PGs in the 
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pathogenesis of these organisms. Studies indicate that PGE2 inhibits the Th1 

response and promotes the Th2 response by suppressing the natural killer cell 

induced IFN-γ synthesis (Walker & Rotondo, 2004). Furthermore, PGE2 can shift the 

balance of CD4+ helper T cells towards a Th2 type immune response (Kuroda et al., 

2000) thereby playing a role in the inability of animals to resolve infections. Thus, 

the inability of the host to develop an effective immune response involves PGs 

(Reiner & Malemud, 1985).  

1.6 Prostaglandins 

 

Prostaglandins (PGs) are autocrine and paracrine lipid mediators that modulate 

diverse physiological and pathophysiological responses in mammals. They are not 

stored but are synthesized from membrane released Arachidonic acid (AA). This AA 

is kept esterified in glycerophospholipids until mobilized by phospholipases. 

Arachidonic acid then undergoes a cyclooxygenase (COX) reaction, in which it is 

converted to the highly unstable prostaglandin G2 (PGG2), followed by a peroxidase 

reaction, in which PGG2 is reduced to prostaglandin H2 (PGH2). This intermediate 

then serves as the substrate for terminal prostanoid synthase enzymes to produce 

PGE2, PGD2, PGF2 , PGI2 and thromboxane A2 (Smith et al., 2000) (Figure 1.2). 
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Figure 1.2: Biosynthetic pathway of prostaglandins (Gupta & Dubois, 2001) 

 

Two isoforms of COX enzyme catalyze the formation of PGH2 (Morita, 2002). 

Cyclooxygenase-1 is constitutively expressed in tissues, and its prostaglandin 

products are thought to mediate physiological responses such as vascular 

homeostasis. Cyclooxygenase-2 is often undetectable in resting cells, but is induced 

following extracellular stimuli by cytokines (Jones et al., 1993), phorbol esters 
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(Kujubu et al., 1993), and bacterial lipopolysaccharide (O'Sullivan et al., 1992). It is 

expressed in various cells including monocytes (Fu et al., 1990), neutrophils (Niiro et 

al., 1997) and endothelial cells (Okahara et al., 1998) at sites of inflammation 

(Seibert et al., 1994) hence it is known as the inducible enzyme. Both forms of COX 

are inhibited by the classical non-steroidal anti-inflammatory drugs (NSAIDs). In 

humans, selective COX-2 inhibitors such as Celebrex® and Vioxx® maintain the 

anti-inflammatory properties of the classical nonselective NSAIDs, but without the 

gastrointestinal bleeding side effects (Cook, 2005). 

 

Following their biosynthesis, prostaglandins are exported from cells across the 

membrane and bind to specific receptors on target cells. They can also be carried 

across membranes by PG transporters (Bao et al., 2002). There are several forms of 

PG receptors known in man. Four receptor subtypes (EP1-EP4) bind PGE2, two (DP1 

and DP2) bind PGD2 while PGF2α and PGI2 are bound by FP and IP receptors 

respectively (Tilley et al., 2001). These prostanoid receptors are cell-membrane 

spanning G-protein coupled receptors that mediate the physiological actions of the 

principal prostanoid metabolites (Tilley, et al., 2001). 

 

In mammals, PGs are involved in diverse functions including bone resorption, blood 

vessel tone and immune responses (Funk, 2001). The PGs are recognized as the 

triggers of labour as elevated uterine PGs lead to contractions and labour and 

administration of FP antagonist delays pre term birth (Olson & Ammann, 2007). The 

formation of primary prostaglandins of the D, E and F series is mediated by different 

enzymes whose presence varies depending upon the cell type and tissue. 

Prostaglandin D synthases responsible for the generation of PGD2 from arachidonate 

consist of at least 2 distinct enzymes. One form of the enzyme is a hematopoietic 

(spleen type) form belonging to the sigma GST (Glutathione S-transferase) class 

(Jowsey et al., 2001). This enzyme is expressed in antigen presenting, langerhans 

and mast cells suggesting that it functions in the production of PGD2 as an allergic 

and inflammatory mediator (Arima & Fukuda, 2008). A second form of PGD 

synthase (lipocalin type) is expressed in the brain, testes and human heart and its 

expression is a useful clinical marker for renal failure and atherosclerosis (Urade & 
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Hayaishi, 2000). In addition, it plays a pivotal role in the regulation of physiological 

sleep (Qu et al., 2006). 

 

Prostaglandin E synthases consist of both membrane-associated and cytosolic forms 

(Murakami et al., 2002). Within the immune system, PGE2 modulates the functions 

of cells such as T cells and macrophages which are critical to immune responses. 

Prostaglandin E2 suppresses proliferation of T cells (Nataraj et al., 2001) and 

upregulates the production of macrophage derived chemokines that recruit Th2 cells 

into inflammatory sites (Yamashita & Kuroda, 2002). In addition, PGE2 influences 

the central nervous system in terms of temperature regulation, acting as an 

endogenous pyrogen (Dinarello, 2004). 

 

Prostaglandin F2α is synthesized by 3 pathways from PGE2, PGD2 or PGH2 by the 

enzymes PGE 9-ketoreductase, PGD 11-ketoreductase, or PGH 9-, 11-endoperoxide 

reductase respectively. The enzymes which synthesize PGF2α from PGH2 and 9α-, 

11β-PGF2α from PGD2 are referred to as PGF synthases (Watanabe, 2002) (Figure 

1.2). Prostaglandin F2α is produced by various tissues in mammals where it exerts a 

variety of biological activities such as luteolysis (Shirasuna et al., 2012) and 

parturition (Xu et al., 2013) as a constitutive part of ongoing reproductive processes 

of the body. Prostaglandin F2α produced through COX-2 has been implicated in 

inflammation pathology as a metabolite responsible for neutrophil recruitment in the 

rat model of lipopolysacharide induced inflammation (de Menezes et al., 2005). 

 

Host cells are one source of PGs and mammalian host derived PGs have been studied 

extensively. However, accumulating evidence show that parasites can also produce 

PGs. It is also possible that parasite derived PGs are directly involved in the 

pathogenesis of parasitic diseases regulating the physiological processes in the host 

and enabling the parasite to persist in the body.  
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1.7 Problem statement  

 

Leishmaniasis is a neglected tropical disease that affects the lowest socio-economic 

populations especially in developing countries (Alvar et al., 2006). In addition, there 

is an increase in the prevalence and geographic distribution of Leishmaniasis to areas 

that were previously unaffected by leishmaniasis (Bashaye et al., 2009, Razmjou et 

al., 2009). These problems are compounded by the emergence of Leishmania/ HIV 

co-infection (Alvar et al., 2008). Treatment by the first-line pentavalent antimonial 

drugs is often accompanied by side effects including cardiotoxicity, and 

hepatotoxicity (Esfandiarpour et al., 2012; Oliveira et al., 2009). In addition, the 

recommended dose of pentavalent antimonials for treatment of visceral leishmaniasis 

is 20 mg/ kg of body weight per day for 30 days by intramuscular or intravenous 

route (Freitas-Junior et al., 2012) hence the patients have to be hospitalized for 

proper management. Emergence of antimonial resistant strains of Leishmania 

donovani in India (Stauch et al., 2012) threatens to diminish the importance of this 

drug. Lipid formulations of Amphotericin B are used as the second line treatment. 

Due to targeted delivery to the cells and organs affected by leishmaniasis, tolerance 

and adverse effects are greatly reduced (Bern et al., 2006). Although a preferential 

pricing agreement with WHO has reduced the price of liposomal amphotericin B for 

endemic regions to $20 ( Ksh 1908)  per 50 mg vial, when a total dose of 20 mg/kg is 

given, this is still expensive (Olliaro & Sundar, 2009). Considering these factors, 

Leishmaniasis presents a serious public health problem of global concern. Therefore, 

there is an urgent need to study the Leishmania/host interaction to acquire enabling 

knowledge for the discovery of hitherto unknown drug targets in the parasite’s 

biochemical pathways for rational development of effective anti-Leishmania drugs.  

 

1.8 Justification of the study 

 

Prostaglandins are mediators of physiological and pathological responses, including 

pain, fever and immunosuppression which are observed in leishmaniasis. The 

kinetoplastid parasite Trypanosoma brucei has been shown to produce the 
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prostaglandins PGD2, PGE2 and PGF2α. Among all the PGs synthesized, PGF2α was 

the major prostanoid produced by trypanosome lysates (Kubata et al., 2000). The 

characterization of Trypanosoma brucei Prostaglandin F Synthase (TbPGFS) and its 

gene provided a basis for studying related genes in other parasitic protozoa in order 

to get further insight into their role in parasitic protozoa, hence the analysis of PGF2α 

synthase in Leishmania species. Furthermore, Leishmania parasites have been shown 

to produce prostaglandins (Kabututu et al., 2003). However, the molecular 

mechanisms by which the production of prostaglandins is up regulated during these 

infections are poorly understood. Coupled to this is the need to identify new drug 

targets due to the increasing frequency of drug resistance in leishmaniasis and the 

enhanced risk of co-infection with HIV. Understanding the mechanisms of 

production of prostaglandins may lead to the identification of drug targets which may 

in turn prove useful in the design of novel strategies for treatment of leishmaniasis. 

 

 

1.9 Objectives of the Study 

1.9.1 General Objective 

Molecular characterization of PGF2α synthase-like protein from Old and New world 

species of Leishmania 

1.9.2 Specific Objectives 

1.  To identify the PGF2α synthase gene in Old and New World Species 

of Leishmania 

2. To characterize the PGF2α synthase gene in Old and New World 

Species of Leishmania 

3. To identify the PGF2α synthase protein in Old and New World Species 

of Leishmania 

4. To characterize the PGF2α synthase protein in Old and New World 

Species of Leishmania 
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CHAPTER TWO 

 

2.0  LITERATURE REVIEW 

2.1 Diagnosis of Leishmaniasis 

 

Infections of visceral leishmaniasis are often diagnosed by visualizing the amastigote 

form of the parasite by microscopic examination of aspirates from lymph nodes, 

bone marrow or spleen (Chappuis et al., 2007). To detect cutaneous leishmaniasis, 

the biopsy specimen or scraping smears are subjected to Giemsa staining and the 

amastigotes visualized using light microscopy (Goto & Lindoso, 2010). The clinical 

material may also be inoculated into a susceptible experimental animal to improve 

the yield before culturing (Singh, 2006).  

 

A number of antibody detection methods have been developed to exploit the host-

parasite interaction for the diagnosis of leishmaniasis. Enzyme linked 

immunosorbent assay (ELISA) is one of the most sensitive tests useful for laboratory 

analysis and to screen large number of samples at a rapid pace (Maalej et al., 2003). 

The direct agglutination test (DAT) in which parasites are agglutinated by serum 

antibodies is popularly used as it is highly sensitive (Boelaert et al., 2004). Testing 

with a commercially available immunochromatographic strip that uses a recombinant 

leishmanial antigen cloned from L. donovani has shown tremendous potential for the 

diagnosis of visceral leishmaniasis (Sivakumar et al., 2006). However despite the 

availability of a large number of serological tests, no method is available for the 

detection of cutaneous and mucocutaneous leishmaniasis because of the low 

antibody titer (Singh, 2006). The use of PCR has been evaluated, especially on 

peripheral blood samples, and has been used successfully for diagnosis of visceral 

leishmaniasis (Fraga et al., 2010). 
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2.2 Leishmania clinical features 

 

Leishmania species are divided into the subgenera L. viannia, L. leishmania and L. 

sauroleishmania. Species that are recognized to cause disease in humans include L. 

donovani, L. major, L. tropica and L. aethiopica in the Old World, and L. braziliensis 

and L. mexicana in the New World (Handman, 2001). The various species cause a 

wide spectrum of diseases collectively known as leishmaniases that vary in their 

clinical manifestations and symptoms. These include: cutaneous, visceral, 

mucocutaneous, Post-Kala azar dermal and diffuse cutaneous leishmaniases.  

 

Cutaneous leishmaniasis presents as sores or ulcers that develop at the site of the 

sandfly bite. There is a variable tendency for these lesions to self-cure and this 

spontaneous healing usually results in lifelong immunity from the disease which may 

or may not be restricted to the same Leishmania species (Reithinger et al., 2007). 

Several Leishmania species can cause cutaneous leishmaniasis. These include L. 

major and L. tropica in the Old World and L. mexicana in the New World. In 

visceral leishmaniasis, the amastigotes reside within the cells of the viscera including 

the spleen, lymph nodes, liver and intestine. Patients infected with visceral 

leishmaniasis typically present with fever, cough, abdominal pain, diarrhoea, 

splenomegaly and hepatomegaly (Guerin et al., 2002). 

 

Mucocutaneous leishmaniasis is characterized by the ability of the parasite to 

mestasize to mucous tissues. The disease begins with nasal inflammation followed 

by ulceration of the nasal mucosa. In some cases the lips, cheeks, soft palate, 

pharynx or larynx are also affected. Mucosal leishmaniasis never heals 

spontaneously, and is very difficult to treat. Secondary bacterial infections are 

common and this disease is potentially fatal (David & Craft, 2009). Post-Kala azar 

dermal leishmaniasis (PKDL) is caused by L. donovani following cure of the initial 

visceral leishmaniasis. PKDL usually appears within 2 years of complete cure of the 

visceral infection, and commences with the appearance of mottling of the skin 

(Zijlstra et al., 2003). Diffuse cutaneous leishmaniasis (DCL) is usually a 
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manifestation of infection with parasites which cause simple cutaneous leishmaniasis 

asscociated with an immunological lack of response. The lesions may be restricted, 

or may be widespread all over the body appearing as raised patches which are 

painless, but grossly disfiguring. DCL is difficult to treat and patients do not heal 

spontaneously (Ashford, 2000). 

 

Leishmania/HIV co-infection has emerged as a major complication of leishmaniasis. 

Visceral leishmaniasis is the clinical form of leishmaniasis most frequently 

associated with HIV/AIDS. While the incidence of Leishmania/HIV co-infection has 

increased in Eastern Africa and the Indian sub-continent (Mathur et al., 2006), the 

greatest prevalence of co-infection has been in the Mediterranean Basin with most 

cases notified to the WHO coming from Spain, Italy, France and Portugal (Cruz et 

al., 2006). 

 

2.3 Treatment of Leishmaniasis 

 

Pentavalent antimonials (Sodium stibogluconate (Pentostam ®) and meglumine 

antimoniate (Aminosidine) have long been the mainstay of therapy for leishmaniasis 

(Murray et al., 2005). However, pentavalent antimonial therapy is often accompanied 

by adverse effects including pain, hepatotoxicity and cardiotoxicity (Esfandiarpour, 

et al., 2012; Oliveira, et al., 2009). Combined antimony therapy and 

immunostimulation of macrophages has been found to be more effective than the 

drug or immune stimulation alone in clearing L. donovani amastigotes in vitro 

(Haidaris & Bonventre, 1983). This could serve to reduce the dosage of antimonial 

drug required to cure Leishmaniasis (Haidaris & Bonventre, 1983). However, there is 

increasing concern over the emergence of drug resistance in treatment of visceral 

leishmaniasis endemic areas (Stauch, et al., 2012).  

 

Amphotericin B is the second line treatment for visceral leishmaniasis. However it is 

acutely toxic hence the use of liposome encapsulated Amphotericin B (Ambisome®) 

which is highly effective against visceral leishmaniasis and better tolerated than the 
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conventional preparation. Unfortunately, its use in the treatment of visceral 

leishmaniasis in endemic regions is limited by high cost (Olliaro & Sundar, 2009). 

The usefulness of Pentamidine as an antileishmanial drug has been limited by its 

toxicity, although since its introduction it has had value as a second-line drug for 

visceral, cutaneous and diffuse cutaneous leishmaniasisis (Croft & Coombs, 2003).  

 

Miltefosine, initially developed as an anticancer drug, is the first recognized oral 

treatment for leishmaniasis and is now being used for the full range of clinical 

leishmaniasis (Berman, 2008). The 8-aminoquinoline derivative sitamaquine, is an 

orally active drug that has undergone phase II clinical trials for the treatment of 

visceral leishmaniasis in Kenya (Wasunna et al., 2005) and India (Jha et al., 2005). 

This drug showed high efficacy rate at doses of 1.5 - 3 mg/kg/day for 28 days by oral 

route. However in populations where glucose-6-phosphate dehydrogenase deficiency 

which affects red blood cells is prevalent, methemoglobinemia and hemolysis 

occurred. For the 8-aminoquinoline to be developed against Leishmania, low levels 

of hemolytic toxicity at higher doses should be demonstrated (Richard & Werbovetz, 

2010). Paromomycin, an aminoglycoside antibiotic, was originally identified as an 

antileishmanial in the 1960s. This drug was registered for the treatment of visceral 

leishmaniasis in India in 2006. Although it is given parenterally (by injection or 

infusion into the body), low cost and high efficacy have made paramomycin a useful 

weapon against visceral leishmaniasis (Sundar et al., 2009). 

 

2.4 Vaccine Development 

 

The current control of leishmaniasis is based on therapeutic treatments which are 

toxic (Oliveira, et al., 2009), expensive (Olliaro & Sundar, 2009) and associated with 

resistance (Stauch, et al., 2012) therefore the development of a safe and effective 

vaccine against leishmaniasis remains a priority. (Tonui et al., 2001) demonstrated 

that it is possible to limit the transmission of L. major by immunizing susceptible 

BALB/c mice with L. major derived antigens namely recombinant 63 kDa 

glycoprotein (rgp63), lipophosphoglycan (LPG), a cocktail of rgp63 and LPG or 
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whole parasite antigen. Parasite development in sandflies which had fed on 

immunized and infected mice was inhibited. Furthermore the epithelium of the 

midgut of sandflies which had fed on immunized bloodmeals showed degeneration 

and lysis (Tonui, et al., 2001).  

 

Although there have been significant advances in vaccine development against 

Leishmania parasites, to date there is no vaccine against Leishmania in routine use 

anywhere in the world. A wide range of protein formulations such as recombinant 

proteins, DNA vaccines and recombinant virus have been tested as vaccine 

candidates against several Leishmania species with results ranging from limited to no 

immunogenicity (Dumonteil, 2009). There is also a renewed interest in killed as well 

as live attenuated  Leishmania vaccines which may have greater immunogenicity due 

to the large number of antigens they contain (Giunchetti et al., 2008). The first 

defined Leishmania vaccine to enter clinical trials was the LEISH-F1 + MPL-SE 

comprising the L. major homologue of eukaryotic thiol-specific antioxidant, the L. 

major stress-inducible protein-1 and the L. braziliensis elongation and initiation 

factor (Velez et al., 2009). This vaccine was found to be safe and immunogenic in 

human volunteers. 

 

2.5 Vector and Reservoir control 

 

Indoor residual spraying of houses with insecticide is the most widely used 

intervention for controlling sand flies that are endophillic (resting indoors) as it is a 

simple and cost-effective method (Davies et al., 2003). 

Dichlorodiphenyltrichloroethane (DDT) still remains the insecticide of choice 

because of its low cost, high efficacy, long residual action and relative safety when 

used for indoor residual spraying (Sharma & Singh, 2008). Lambda-cyhalothrin, a 

pyrethroid insecticide has also been used in indoor residual spraying. In a trial done 

in Venezuela, indoor spraying led to a significant reduction in the sandfly population 

(Feliciangeli et al., 2003).  
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Where sand flies are endophagic (feed indoors) and most active when people are 

asleep, bed nets provide considerable protection. This has been demonstrated in 

studies where people using untreated nets were 70% less likely to develop visceral 

leishmaniasis than people without nets. Treatment of the nets with pyrethroids 

further enhances the protection as sandflies are still very sensitive to these 

insecticides (Bern et al., 2000). 

 

Animal reservoir eradication as a control for visceral leishmaniasis is based on 

culling seropositive dogs. In a study done in Brazil, dog culling as part of the 

national control programme did not prevent a rise in the number of human or canine 

cases (Costa & Vieira, 2001) and is therefore not an effective method of control. On 

the other hand, experimental trials have shown that deltamethrin treated collars 

reduce the risk of dogs being infected by L. infantum as children living in the treated 

villages had significantly less risk of infection (Gavgani et al., 2002). Permethrin, a 

synthetic pyrethroid used to treat dogs during sand flies season, significantly reduced 

the risk of L. infantum infection (Ferroglio et al., 2008). The efficiency of Bacillus 

sphaericus against P. martini as a biological control has been demonstrated as 

treatment caused larval mortality, and reduced fecundity of the females emerged 

from the surviving pupae (Wahba, 2000). 

 

Due to their immunomodulatory role, prostaglandins may be useful in development 

of antileishmanial interventions. However, little is known about the role of 

prostaglandins in the Leishmania parasite. Much of the information on 

prostaglandins has been obtained from studying mammalian prostaglandins but there 

are increasing reports of prostaglandins and prostaglandin-like molecules being 

produced by parasites (Angeli et al., 2001, Ramaswamy et al., 2000, Sommer et al., 

2003) Reviewing the production of prostaglandins by these parasites may give 

insight into the role of prostaglandins in Leishmania. 

 



18 

 

2.6 Prostaglandins and parasites 

2.6.1 Production of prostaglandins by helminthes 

Helminth infections are associated with elevated host prostaglandin production 

which modulates host responses and causes disease symptoms (Noverr et al., 2003). 

The trematode Schistosoma mansoni has an active arachidonate cascade and uses the 

host’s skin essential fatty acids to produce eicosanoids. Successful cercarial 

penetration of the skin and transformation of cercariae to schistosomulae are 

dependent on both skin essential fatty acid levels and resulting cercarial eicosanoid 

production (Fusco et al., 1986). Among the various life cycle stages, the tissue 

migratory stages of the parasite appear to produce the most abundant PGE2 which 

modulates cytokine production in the host, thereby favoring parasite establishment 

(Ramaswamy, et al., 2000). Interestingly, the mammalian COX-2 inhibitors 

indomethacin, aspirin and nimesulide do not inhibit PGE2 production by cercariae or 

schistosomula hence S. mansoni may possess a biochemical pathway that is different 

from the mammalian counterpart for the production of PGE2 (Ramaswamy, et al., 

2000) 

 

A 28-kDa glutathione-S-transferase has been identified as the enzyme responsible for 

production of PGD2 by Schistosoma mansoni (Herve et al., 2003). Skin infection of 

mice with S. mansoni activates and retains Langerhans cells in the epidermis (Herve 

et al, 2003). Parasite derived PGD2 inhibits the TNF-α triggered migration of the 

epidermal Langerhans cells hence presenting a strategy for the parasite to modulate 

the host immune system (Angeli, et al., 2001). A PGD2 receptor (DP) deficiency or a 

DP antagonist restored Langerhans cells migration in infected mice (Angeli, et al., 

2001, Herve, et al., 2003). 

 

Microfilariae of the nematodes Brugia malayi and Wuchereria bancrofti synthesize 

and release PGs, primarily PGE2 and prostacyclin from either endogenous or 

exogenous stores of arachidonic acid. The formation of these prostaglandins is 

enzymatic and can be blocked by inhibitors of mammalian COX. Therefore they 

possess a key eicosanoid-forming enzyme that is functionally similar to mammalian 
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COX (Liu et al., 1990). These PGs inhibit platelet aggregation and vasoconstriction, 

thereby permitting microfilariae to pass through capillary vessels, enabling the 

parasite to sustain its life cycle in the host (Liu & Weller, 1992). 

 

Prostaglandin E2 has been detected in various stages of the tissue-dwelling filarial 

parasite Onchocerca volvulus. A release of PGE2 in the tissue where O. volvulus 

reside, (the onchocercomas or the skin) leads to a possible influence on immune cells 

like macrophages, T cells and mast cells (Brattig et al., 2006). The progression of 

chronic inflammation depends on angiogenesis which is in turn promoted by the 

increasing levels of PGE2 and mast cells at sites of inflammation (Ghosh, 2003). 

Filarial PGE2 may therefore promote the formation of onchocercoma. Additionally, 

O. volvulus possess a unique glutathione dependent PGD synthase (OvGST1) shown 

to metabolize AA to PGD2 at the parasite-host interface. The enzyme participates in 

the modulation of immune responses by contributing to the production of parasite-

derived prostanoids and restraining the host's effector responses (Sommer, et al., 

2003). 

 

A soluble Glutathione-S-Transferase (GSH) of the parasitic nematode Ascaridia galli 

has been purified and characterized. This enzyme shows specific activity in the GSH-

dependent isomerization of PGH to PGE. However, whether the parasite actually 

produces PGE2 is yet to be determined (Meyer et al., 1996). Arachidonic acid 

metabolism has also been demonstrated in the tissue larval stage of Taenia 

taeniaformis, a cestode parasite of rodents and cats. This parasite was found to 

generate Thromboxane, PGI2 and PGE2 from arachidonic acid which may play a role 

in modulation of the host immune response (Leid & McConnell, 1983). 

2.6.2 Production of prostaglandins by protozoa 

 

The protozoan parasite, Entamoeba histolytica produces PGE2 through a COX-like 

enzyme in the presence of exogenous AA (Dey et al., 2003). This enzyme is distinct 

from other known enzymes as multiple alignment of this protein and DNA sequence 

showed little homology with COX sequences from mammals. Furthermore, the 
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enzyme does not synthesize PGF2α or PGD2 from arachidonate and its activity is only 

inhibited by a high concentration of aspirin and not by indomethacin or nimesulide 

(Dey, et al., 2003). Further research has identified parasite derived PGE2 as one of 

the major virulence factors produced by E. histolytica that stimulates production of 

chemokines and interleukins by neutrophils thereby triggering an acute host 

inflammatory response. This may play a major role in the acute inflammation 

associated with amebiasis (Dey & Chadee, 2008). 

 

Plasmodium falciparum produces the prostaglandins PGD2, PGE2 and PGF2α in a 

stage-specific manner since these metabolites are more actively produced at the 

trophozoite and schizont stages as compared to the ring stage (Kilunga Kubata et al., 

1998). This may contribute to malaria disease as malaria fever coincides with the 

rupture of schizonts. The PGs play a role in modulating the host defence mechanisms 

due to the immunosuppressive properties of PGE2 thereby allowing the survival of 

the parasite in the host. Investigations have also shown that PG production in these 

parasites is not affected by the mammalian COX inhibitors aspirin and indomethacin 

hence the arachidonate cascade in P. falciparum is distinct from the mammalian 

cascade (Kilunga Kubata, et al., 1998). 

 

Trypanosomes secrete prostaglandins including the somnogenic PGD2 which can 

lead to sleep alterations which is the most prominent manifestation in human African 

trypanosomiasis (Kristensson et al., 2010). The kinetoplastid Trypanosoma brucei 

produces PGD2, PGE2 and PGF2α from endogenous or exogenous stores of AA. 

Prostaglandin production in these parasites is not inhibited by aspirin and 

indomethacin (Kubata, et al., 2000). Prostaglandin F2α is mainly produced in the fast 

dividing slender bloodstream form and the procyclic insect form of the trypanosome 

and is scarcely secreted into the media under in vitro culture conditions, while PGD2 

is mainly produced by the non dividing stumpy bloodstream form and is primarily 

secreted (Kubata, et al., 2000). Since PGF2α was the major prostanoid synthesized by 

the parasite, it was purified and characterized. Investigations revealed that the T. 

brucei prostaglandin F synthase (TbPGFS) gene is translated into an enzyme 

belonging to the aldo-keto reductase superfamily (Kubata, et al., 2000). 
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More recent reports indicate a PGD2 induced inhibitory effect on growing 

trypanosomes, through apoptosis. This has been proposed as a mechanism to control 

cell density in infected animals (Figarella et al., 2005). As PGD2 undergoes 

dehydration in vivo and in vitro to form biologically active PGs of the J series 

(Shibata et al., 2002), investigations have shown that these downstream metabolites 

serve to amplify the PGD2-induced programmed cell death in trypanosomes through 

production of reactive oxygen species (Figarella et al., 2006). 

 

The production of PGs has also been investigated in Trypanosoma cruzi. This 

parasite produces significant amounts of PGD2, PGE2 and PGF2α using endogenous 

or exogenous sources of AA through a pathway which is not inhibited by mammalian 

COX inhibitors (Kubata et al., 2002). Further work identified the prostaglandin F 

synthase gene in T. cruzi which is homologous to the TbPGFS gene. This gene was 

cloned but failed to express any protein even though T. cruzi parasites synthesize 

PGF2α. Failure to express the protein led to the discovery that unlike T. brucei, T. 

cruzi utilizes T. cruzi old yellow enzyme (TcOYE), a flavin-dependent 

oxidoreductase, to synthesize PGF2α (Kubata, et al., 2002).  

 

Previous investigations have revealed that Leishmania possess the enzymatic 

machinery to synthesize PGs. Leishmania parasites metabolize AA to PGs 

(Kabututu, et al., 2003). Prostaglandin production in these parasites is not inhibited 

by aspirin or indomethacin. These classical non-steroidal anti-inflammatory drugs 

(NSAIDs) are known to inhibit mammalian cyclooxygenase activity thereby 

preventing the formation of prostanoids (Wilson et al., 2004). Thus, the enzyme 

pathway for the production of prostaglandins in Leishmania is distinct from the 

mammalian counterpart and may be explored as a drug target for the treatment of 

Leishmaniasis.  

 

A database search identified a TbPGFS homolog in Leishmania, the P100/11E gene; 

a developmentally regulated gene which is expressed at higher abundance in 

promastigotes relative to amastigotes (Kidane et al., 1989). The product of this gene 

had previously been identified as a member of the aldo-keto reductase superfamily 
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(Samaras & Spithill, 1989). Complementary DNA of L. major, L. donovani and L. 

tropica were cloned, sequenced and over expressed in bacteria. The 34-kDa cytosolic 

recombinant proteins were shown to catalyze the reduction of PGH2 to PGF2α and 

were identified as PGF2α synthases (Kabututu, et al., 2003). 
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CHAPTER THREE 

 

3.0 MATERIALS AND METHODS 

3.1 Leishmania parasites 

 

Isolates of L. major (ATCC 50122), L. donovani (ATCC 50127), L. tropica (ATCC 

30012), L. amazonensis (ATCC 50131), L. braziliensis (ATCC 50135), L. mexicana 

(ATCC 50157) and L. chagasi (ATCC 50133) promastigotes were obtained from the 

cryobank of American Type Culture Collection (Manassas, VA. USA). These were 

grown in Schneider’s Insect Medium (Sigma-Aldrich, St. Louis, USA) containing 

20% heat inactivated fetal bovine serum (Hyclone Laboratories, Logan, USA), 

supplemented with 100 U/ ml penicillin, 10mg/ml streptomycin sulfate and 25µg/ml 

amphotericin B (Sigma-Aldrich, St. Louis, USA) at 25ºC. Promastigotes were sub 

cultured to increase culture volume and their growth monitored daily. 

 

The promastigotes were harvested by centrifugation at 1200 x g for 10 minutes, at 

4ºC and the media discarded to obtain the cell pellet. To determine the total number 

of cells harvested per Leishmania species, an aliquot was taken from the harvest 

volume and placed on a glass slide. The cells were counted using a Neubauer 

hemocytometer under a light microscope at 40X magnification. 

 

3.2 Extraction of total RNA   

 

Total RNA was extracted from the cell pellets (10
6
 cells) of each of the Leishmania 

species in section 3.1 using Trizol reagent (Invitrogen, Carlsbad, USA) according to 

the manufacturer’s instructions. Briefly, the cell pellets were resuspended in cold 

phosphate buffered saline (PBS) and then centrifuged at 300 x g for 5 minutes, at 

4°C. One milliliter of Trizol reagent was added to each of the tubes and the cells 

lysed by repetitive pipetting. The suspensions were incubated for 5 minutes at room 

temperature to permit the complete dissociation of nucleoprotein complexes. To 
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carry out phase separation, 0.2 ml of chloroform was added to each sample 

suspension and the tubes covered. The samples were vortexed for 15 seconds and 

then incubated at room temperature for 3 minutes. They were then centrifuged at 12 

000 x g for 15 minutes at 4°C. Following centrifugation, the mixture separated into a 

lower red phenol-chloroform phase, an interphase and a colourless upper aqueous 

phase containing the RNA. The RNA was carefully transferred by pipetting into a 

fresh tube. 

 

To precipitate the RNA, 0.5 ml of isopropyl alcohol was added to each sample 

followed by incubation at 30°C for 10 minutes. The samples were then centrifuged at 

12 000 x g for 10 minutes at 4°C to form a gel-like pellet of RNA. The supernatant 

was removed and the RNA pellets washed twice by adding 1 ml of 75% ethanol per 

sample, vortex mixing and centrifugation at 7 500 x g for 5 minutes at 4°C. All the 

ethanol was removed from the samples and the pellets air dried for 10 minutes. The 

RNA pellets were resuspended in 30µl of RNase free water followed by incubation at 

60°C for 10 minutes to aid solubilization of the RNA pellet. 

 

3.3 Quantification of RNA 

 

The extracted RNA from each of the Leishmania species was quantified using the 

Gene Quant spectrophotometer (Amersham Biosciences, NJ, USA). In ultraviolet 

(UV) spectrophotometry, the amount of UV radiation absorbed by a solution of RNA 

is directly proportional to the amount of RNA in the sample. At 260nm, an 

absorbance of 1.0 corresponds to 40 µg of RNA per ml. One microliter of RNA from 

each of the Leishmania species was diluted with 39μl of RNAse free water (1:40 

dilution). Appropriate volumes of these were applied to a cuvette and the absorbance 

of each sample read at 260nm and 280nm to determine sample concentration and 

purity.  
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3.4 cDNA synthesis and Polymerase chain reaction (PCR) amplification of 

Leishmania PGFS  

First strand cDNA synthesis was performed using 1μg of RNA from each species as 

template, 100 units of Superscript II reverse transcriptase and 0.5 µg Oligo dT 

primers (Invitrogen, Carlsbad, USA) in a total reaction volume of 20µl. The reaction 

mixture was incubated at 42°C for 50 minutes followed by inactivation at 70°C for 

15 minutes. Polymerase chain reaction was carried out using the first strand cDNA 

from each of the Leishmania species as template. The reaction mixture contained 1μl 

of cDNA from each Leishmania species as template, Ex Taq buffer (Takara Bio Inc. 

Otsu, Shiga, Japan), 2.5mM dNTP mixture, 0.5μM sense and antisense primers, 1.5U 

Ex Taq polymerase (Takara Bio Inc. Otsu, Shiga, Japan) and distilled water to give a 

total reaction volume of 25µl per species sample. To amplify the PGF2α synthase 

gene in the seven Leishmania species, L. major Prostaglandin F Synthase (LmPGFS) 

gene specific primers (Kabututu, et al., 2003) were used 

 

 

Table 3.1: Prostaglandin F2α Synthase primer sequences 

 

   

Gene Sequence (5’ to 3’) Direction 

Prostaglandin F2α 

synthase 

CGCGGATCCATGGCTGGCGTTGATAAG Sense 

Prostaglandin F2α 

synthase 

CGCGGATCCTTAGAACTGCGCCTCATC Antisense 

 

Cycling parameters included an initial denaturation at 95ºC for 1 minute, followed by 

35 cycles each of denaturation at 94ºC for 1 minute, annealing at 58ºC for 30 seconds 

and extension at 72ºC for 1 minute. These were followed by a final extension of 72ºC 

for 10 minutes (Kabututu et al., 2003).  

 

Ten microlitres  of each PCR product was electrophoresed at 100V in 1X Tris/ 

Borate/ EDTA buffer (TBE: 0.89M Tris base,0.89M Boric acid and 0.02M 
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Na2EDTA) on a 1% agarose gel (Takara Bio Inc. Otsu, Shiga, Japan) stained with 

0.5µg/ml ethidium bromide (Sigma-Aldrich, St. Louis, USA). A 1-Kb ladder 

(Promega, Madison, WI, USA) was used as the molecular weight marker. The gel 

was visualized under UV light in an AlphaImager gel imaging system (Alpha 

Innotech corp, San Leandro, USA).  

 

3.5 Purification of DNA from gel bands 

 

Following PCR and gel electrophoresis, the gel bands from the gene of interest were 

cut from the gel under UV light using a scalpel and then purified using GFX PCR 

DNA and Gel Band purification Kit (Amersham Biosciences, NJ, USA) according to 

the manufacturer’s instructions. Briefly, capture buffer was added to each gel slice in 

a 15ml centrifuge tube and vortexed vigorously. The sample was incubated at 60 ºC 

in a water bath until the agarose completely dissolved in the buffer. 

 

The samples were applied to the GFX columns (Amersham Biosciences, NJ, USA) 

placed in collection tubes and incubated at room temperature for 1 minute then 

centrifuged at 16 873 x g for 30 seconds. After discarding the flow through, 500µl of 

wash buffer was applied to the columns which were again centrifuged at 16 873 x g 

for 30 seconds. The collection tubes were discarded and the columns transferred to 

clean 1.5ml microcentrifuge tubes. 

 

Fifty microliters of elution buffer (10mM Tris-HCl, pH 8.0) was applied directly to 

the top of the matrix in each GFX column (Amersham Biosciences, NJ, USA). The 

samples were incubated for 1 minute at room temperature and then centrifuged at 16 

873 x g for 1 minute to recover the purified DNA. A second elution was performed 

using 50µl of elution buffer in a fresh tube to recover the entire DNA which was then 

stored at -20°C until use. 
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3.6 Sequencing of purified DNA fragment 

 

The nucleotide sequences were determined by using the Sanger dideoxy chain 

termination chemistry (BigDye Terminator) on the Applied Biosystems 377 DNA 

sequencer (Applied Biosystems, Foster City, CA, USA). Sequencing was done at the 

Department of Molecular and Behavioral Biology, Osaka Bioscience Institute. 

Osaka, Japan. 

3.7 Lysis of promastigotes to obtain total proteins 

 

Leishmania promastigote cell pellets (10
10

 cells) were ruptured as described by 

Kabututu et al., (2003) using hypotonic lysis with double distilled water containing 

Complete™ (Roche Applied Science, IN, USA), a cocktail of reversible and 

irreversible protease inhibitors. Since the surrounding fluid environment had a lower 

salt concentration than the cell interior, there was movement of water into the cells 

by osmosis through the cell membrane. This led to cytolysis since the cell membrane 

could not withstand the osmotic pressure of the water inside. The soluble proteins 

were then obtained in the supernatant after centrifugation at 3000 x g for 30 minutes 

at 4º C. 

 

3.8 Determination of protein concentration 

 

The concentration of protein in the cell lysates was determined using bicinchoninic 

acid (BCA) reagent (Pierce Chemical Co. IL, USA) with Bovine serum albumin 

(BSA) as a standard according to the manufacturer’s protocol. Briefly, 50 µl of each 

standard and unknown sample replicate were pippeted into appropriately labelled 

tubes. One milliliter of the working reagent (BCA Reagent A containing sodium 

carbonate, sodium bicarbonate, bicinchoninic acid and sodium tartrate in 0.1 M 

sodium hydroxide mixed with BCA Reagent B, containing 4% cupric sulfate) was 

http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Osmotic_pressure
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added to each tube and mixed well. The tubes were covered and incubated at 37ºC in 

a water bath for 30 minutes. The tubes were then left to cool to room temperature. 

 

The Gene Quant spectrophotometer (Amersham Biosciences, NJ, USA) was set to 

562nm and the instrument zeroed on a cuvette containing water only. The absorbance 

of all the samples was then measured. The average absorbance measurements of the 

blank standard replicates were subtracted from the 562nm absorbance measurement 

of all other individual standard and unknown sample replicates. A standard curve 

was prepared by plotting the average blank-corrected 562nm measurement for each 

BSA standard versus it’s concentration in µg/ml. The standard curve was used to 

determine the protein concentration of each unknown sample. 

3.9 Western Blot analysis of PGFS 

 

This was done as previously described (Kabututu, et al., 2003). To determine the 

presence or absence of PGFS, 25µg of Leishmania promastigote lysates from each of 

the 7 species were resolved on 13% (wt/vol) Sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE) gels. One gel was assessed by 

staining with Coomassie Brilliant Blue (Daiichi Pure Chemicals, Tokyo, Japan). 

Broad range prestained protein marker (New England Biolabs, Hertfordshire, UK) 

was used as the molecular weight standard. Proteins on the second gel were 

transferred to an Immun-Blot polyvinylidene difluoride (PVDF) membrane (BIO-

RAD Laboratories, Hercules, CA, USA) at 200mA for 1 hour before blocking with 

5% non fat dried milk (Kenya Highland brand) in Tris Buffered Saline containing 

0.05% (vol/vol) Tween-20 (TBST) at 4° C overnight. The membrane was then 

incubated at 4º C with rabbit anti-T. brucei PGF2α synthase polyclonal antibody 

(obtained from Department of Molecular and Behavioral Biology, Osaka Bioscience 

Institute. Osaka, Japan) applied in 5% non fat dried milk (Kenya Highland brand) 

and TBST. Trypanosoma brucei PGF2α synthase shares 61% amino acid identity with 

LmPGFS. Therefore, in this study, TbPGFS was used to generate rabbit polyclonal 

antibodies for screening for Leishmania PGFS.  
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Following this, the membrane was washed thrice in TBST, and then incubated in 

horseradish peroxidase conjugated donkey anti-rabbit IgG (Amersham Biosciences, 

NJ, USA) at a concentration of 10µg/ml for 1 hour at 4º C. The membrane was again 

washed thrice with TBST at 4º C, and then developed with luminol using reagents 

for enhanced chemiluminescence (ECL) Western blotting detection (Amersham 

Biosciences, NJ, USA) according to the manufacturer’s instructions. Briefly, 1 ml of 

detection solution 1 was mixed with an equal volume of detection solution 2. After 

draining off the excess wash buffer from the membrane, it was placed protein side up 

on a clean plastic container. The mixed detection reagent was pipetted directly onto 

the membrane. The membrane was incubated for 1 minute at room temperature on a 

rocking platform and then sealed in a Ziploc ® bag while taking care to remove all 

the air bubbles. 

 

In the dark room, the wrapped blot was placed in an x-ray film cassette. A sheet of 

chemiluminiscent film was placed on top of the blot and the cassette closed and 

exposed for 25 minutes. The film was then developed using Developer 

(hydroquinone1-5%, potassium carbonate1-5%, potassium hydroxide1-5%, sodium 

sulfite1-5% and water) and Fixer replenisher (Ammonium thiosulfate 1-5%, Sodium 

sulfite 1-5%, sodium acetate 1-5% and water) reagents from Chimifoto Ornano 

(Gorgonzola MI – Italy). 

 

3.10 Bioinformatic Analyses  

3.10.1 Database Similarity Searches 

Following sequencing, the resulting nucleotide sequence data was used to 

characterize the encoded genes. Search for similar genes to the one encoded by the 

sequence was performed on the Genbank database at the National Center for 

Biotechnology Institute (NCBI) using the Basic Local Alignment Search Tool 

(BLAST; (Altschul et al., 1990) algorithm (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
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3.10.2 Nucleotide sequence alignment 

 

To further characterize the gene fragment, the nucleotide sequence was aligned 

against sequences which had shown the highest similarity (highest score bits) 

following the BLAST search. The sequence alignment was carried out using the 

Multiple Sequence Comparison by Log Expectation (MUSCLE) software version 3.6 

(Edgar, 2004). 

 

3.10.3 Search for Open reading frames 

 

In order to locate any contiguous nucleotides in the gene fragment encoding proteins 

in the unknown sequence, a search for open reading frames in the gene fragment was 

performed using the Discovery Studio Gene™ (DS Gene; Accelrys Inc.). 

 

3.10.4 Eukaryotic Linear Motif (ELM) analysis of the encoded protein(s) 

 

To further characterize the gene fragments in the identified open reading frames, 

their nucleotide sequences were translated into a polypeptide sequences using DS 

Gene followed by protein-protein BLAST of the resulting sequences. The amino acid 

sequences with the highest similarity to the query sequence were then searched 

against the ELM resource (http://elm.eu.org/) for prediction of functional sites in the 

polypeptide fragments. 
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CHAPTER FOUR 

 

4.0 RESULTS 

4.1 Culture of Leishmania promastigotes in Complete Schneider’s medium 

 

Promastigotes of all the seven species adapted well to the Schneider’s complete 

medium. Leishmania major and L. donovani showed the fastest growth rates while L. 

braziliensis promastigotes showed the slowest growth rates in vitro. Rosette 

formation was observed during the culture of L. braziliensis whereby the 

promastigotes were seen to be growing in clusters. This pattern was not observed in 

the other species (Figure 4.1). 

 

 

 

 

Figure 4.1: Light micrograph of L. donovani promastigotes.  

100X under oil immersion lens  
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4.2 Total number of Leishmania cells harvested  

 

The number of Leishmania promastigote cells harvested ranged between 2.55 x 10
6 

- 

5.15 x 10
6
 cells (Table 4.1). The highest values were recorded in L. chagasi while the 

lowest concentration of cells was in L. braziliensis. 

 

 

Table 4.1: Summary of number of cells harvested from promastigote cultures of 

Leishmania cells. 

 

 

Species name Number of cells 

L. major 3.05 x 10
6
 

 L. donovani 3.56 x 10
6
 

L. tropica 4.14 x 10
6
 

L. amazonensis 4.24 x 10
6
 

L. braziliensis 2.55 x 10
6
 

L. mexicana 2.79 x 10
6
 

L. chagasi 5.15 x 10
6
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4.3 Concentration and purity of Leishmania promastigote RNA 

 

The concentration of RNA ranged between 0.88 μg/ µl – 2.01 μg/ µl (Table 4.2). 

Leishmania amazonensis promastigotes had the highest concentration of RNA while 

L. tropica promastigotes had the lowest concentration. The purity of the specimens 

measured within the ideal A260/A280 ratio for RNA of between 1.8 and 2.1 (Table 4.2) 

indicating absence of protein contaminants. Leishmania major RNA had a 

A260/A280 ratio of 1.79 indicating a moderate degree of protein contamination. 

 

Table 4.2: Concentration and purity of RNA in the Leishmania promastigote 

cells 

 

Species name RNA 

concentration 

(ng/µl) 

A 260 A 280 260/280 

 
dilution 

factor 

RNA 

concentration 

(µg/µl) 

L. major 135.0 6.123 3.412 1.79 10 1.35 

L. donovani 160.0 7.241 3.774 1.92 10 1.60 

L. tropica 87.5 6.245 3.242 1.93 10 0.88 

L. 

amazonensis 200.5 6.805 3.684 1.85 10 

2.01 

L. braziliensis 92.5 5.742 2.74 2.10 10 0.93 

L. mexicana 185.0 5.043 2.68 1.88 10 1.85 

L. chagasi 172.5 7.142 3.552 2.01 10 1.73 
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4.4 Transcription of PGF2α synthase – like gene in Old and New World species 

of Leishmania 

 

A prominent 855-bp fragment corresponding to the PGF2α synthase open reading 

frame was amplified and detected from the cDNA of the Old World species L. major, 

L. donovani and L. tropica (Figure 4.2, lanes 1, 2 & 3). However, a less prominent 

band of the same size was detected using the cDNA of a single New World species 

L. chagasi as the template (Figure 4.2, lane 7). There was no amplification for the 

other two New World species L. amazonensis and L. mexicana and (Fig. 4.2, lanes 4 

and 6). Surprisingly, a prominent 2kb fragment was amplified when cDNA from L. 

braziliensis was used as the template (Figure 4.2, lane 5). 

 

 

 

 

Figure 4.2: RT-PCR analysis of PGF2α synthase gene expression from 

Leishmania species. Lane 1 = L. major; lane 2 = L. donovani; lane 3 = L. tropica; 

lane 4 = L. amazonensis; lane 5 = L. braziliensis; lane 6 = L. mexicana; lane 7 = L. 

chagasi; lane 8 = negative control without cDNA.  
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4.5 Large scale amplification of Leishmania braziliensis gene fragment 

 

A PCR amplicon was not expected in the New World species of L. braziliensis, 

prompting the need for further characterization of the 2kb amplicon. In order to 

purify the L. braziliensis amplicon shown in Figure 4.2, a PCR reaction containing L. 

braziliensis cDNA as template in a total volume of 200µl was carried out and the 

entire PCR product run on agarose gel. 25µl of RT-PCR product was loaded per lane. 

This yielded one prominent band at 2000 bp and another weaker band at 4000 bp 

(Figure 4.3). 

 

 

 

 

Figure 4.3: Agarose gel electrophoresis of a large-scale PCR amplicon of L. 

braziliensis PGF2α synthase gene from cDNA. Lanes 1 to 4 are RT-PCR products 

of L. braziliensis PGF2α synthase gene fragment run on 1% agarose gel. M = 

Promega 1 Kb ladder. 
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4.6 Sequence of the gene fragment obtained from Leishmania braziliensis 

 

Nucleotide sequencing of the 4kb PCR product was not successful. However, the 

nucleotide sequence of the 2kb PCR product was successfully determined and was 

shown to contain 1983 nucleotides (Figure 4.4). 

 

       1 ATGGCGGCCG CGGGAATTCG ATTCGCGGAT CCTTAGAACT GCGCCTCATC CAGTGAGGCC  

      61 GAGAGCGACT TCTTGAGCTG CTGCCGCTGC AGAATCCAGG CAACGCCCTC GGCGTACTGC  

     121 TCTGCCGCGA TGCGGATGGC CTCGTCACGC TCGGCGATGG TGCGAACCAC CAACTCCCAC  

     181 TCGTCCAGTA TGCCACTACG GTCGTCGTGA AGCTTGCGGT ACTCGTTGGC GACACGGTCC  

     241 AGCTCCCCCT GCACGTGCTG CGTGGCCAGC ACCTCCTCGT CAAGCTGCTT GCGCTGCTTC  

     301 CGCACGCCGT TCTCGAGCTT CTCGATGCGC TGGGTGAGCT GCTTCACCTT TGTTTCATCC  

     361 ATCTTGGAGT ACTGCGCGAT GGCGAGCTCA TCCTCCTCCT TCTGCCGGCG GGCCTCGTCC  

     421 CACTGCTCCA GCTCCTCCTG GTTGTAGTCC AGTGAAGTCT TGAGCTCCTC GAGCTTCAGA  

     481 TTTCCACGAA AGATGCGGTC CTGTACCGAC GTCAGCCGGT CTCGGACGTC CTCGGAGTTT  

     541 TGCTCCAGCT GCGTTTGCCG CTGCTGCAGC CGCGCGCATT CGCGCTCCAT GACGCGGCAC  

     601 ATGCTCTCCT CCGACTCCAC CTCGCGCTTC TTTGTCTCGG AGAGGCTCTG TGTGTTGACA  

     661 ATTTCTGCTC GGACATTGCT GAGGTGCTCC TTCATAAACT GCAGTCGCCG CCGCTGGTCT  

     721 TCGACGCTGC CCTGCCGCTC CTCCAGCTGC TGCTCGAAGC GCGTGAGCTG GGCGGTGAGC  

     781 TCTTTGTTCG TGTTGTTGAG CAGCTCAAGG GGCAGCGCCT CGGCAGTCGC GTCCACGACA  

     841 TCGAGACTCA TGTTGCACCA CTAGGTGTTG TGGTGCGTAT CGGTGTGTGC ATGTACACAG  

     901 AACCAACAGC AAGACGCACG AAGTCCTTGC CAAGGCGTGA GGCTGATATG CGCCGAAGAG  

     961 AGAAAGCAGT GGAGGGGGTA GTCGAAGGAG GGACTGGAGA AGAGTTGGAG GTGCGGCGGC  

    1021 AACAGCATGT GAAGGCACCG AGATGATGAG GGTACGTGTG GGTTCGGGGA TAGGGAAGAG  

    1081 AGAGAAGGAC ATCGAAGCTG CTTGCATTCG TGGTGACACG CGCTCCGCAT CCTCTTCCTC  

    1141 GTTGTCTTGA GGAATCGAAG AGCACAGTTC GCACAGCTGT TTCAGGAGTG AGTGGGTATC  

    1201 ACGAAACTGC GAAACGGCAT CAACAATCCT GAATAAAATC CGCAGAACGT GCAGAAGGAT  

    1261 GGAGAGGTGA GAAGCTCGGC AGTCTGAGGT GCGGCGGCCA TACAGGCGGG AGGCGTGGGG  

    1321 TGAATGTGAT AAGAAATGTG GCGCCCAAGA GCCGACTCGC TTTTCTGTCA AGGCCCCGCC  

    1381 GTCATTAGCT CGGCAACAAA GCTCGCTCGT CGTTTCAGCC TTTTTAGTGT CGTATCGTGC  

    1441 CGGCTTCCGC CGACGTGGGC TTGCGCTTGC TTCGAAGTCT GCCGCTAACA ACTCCCTTCC  

    1501 TCGTTGTCCC TGCCGAAGAA GCCCTCACCT CACCTCTCTT CGCCCCTTCC CCTTCCGAGC  

    1561 AGCTTTGTTT GTGTCGGCAC AGCAACCCAC GAGGGGTGTT CAGTGGCGCA GAAGTTCGGG  

    1621 GCAGCAATGT GGGGATAGTG ATACCTTAGC GTTGGGCCCC TAACTCGATG CGTTACCGTT  

    1681 AGCAGAGGAC ACCACGTGCA GCAGCCCTGC ATCCCGCAGC GTCTCAACGA GCAGCAGTTG  

    1741 GTTCTCCGCC ACATCCTCGG GATCGTCGAA GCCCGGGAAG GGCAGCGCAG CCACTAACAT  

    1801 TGTCTTTGGG TAGCTCGATA GCAGTGTGGC AATTGCTGGC GCAAATTCGG CCTCAAAGCG  

    1861 CAGCTCGCCG AGCTCCCCAG CGAGGCAGAC GGCCGAATTT CGTCCAATGT GATAAACCCG  

    1921 CGCCTCGCCA GGCACGTTCA GCAACAACTG CATGCAGCTG CGAGAGATGA GGCGCAGTTC  

    1981 TAA  

 

 

Figure 4.4: Nucleotide sequence obtained upon sequencing the 2kb amplicon of 

the L. braziliensis PGF2α synthase gene fragment.  
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4.7 Concentration of protein in lysates of different Leishmania species 

 

The protein concentration ranged between 11.09 µg/µl - 19.67 µg/µl (Table 4.3). 

Lysates of Leishmania donovani contained the highest concentration while lysates of 

L. mexicana had the lowest concentration of protein. 

 

 

Table 4.3: Concentration of protein in lysates of the different Leishmania species 

 

 

Species name Protein concentration (µg/µl) 

L. major 13.13 

L. donovani 19.67 

L. tropica 16.58 

L. amazonensis 16.93 

L. braziliensis 11.60 

L. mexicana 11.09 

L. chagasi 12.22 
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4.8 SDS-PAGE analysis of protein lysates obtained from the different species 

of Leishmania 

 

The SDS-PAGE analysis of the Leishmania protein lysates yielded the profiles 

shown in Figure 4.5 below. All the species showed a similar banding pattern and a 

prominent band of 63kDa.  

 

 

 

 

Figure 4.5: Analysis of Protein lysates from Leishmania species after SDS-

PAGE. M = protein ladder (New England Biolabs); lane 1 = L. major; lane 2 = L. 

donovani; lane 3 = L. tropica; lane 4 = L. amazonensis; lane 5 = L. braziliensis; lane 

6 = L. mexicana; lane 7 = L. chagasi.  

 2  3  4  5 6 7 1 M 
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4.9 Western Blot analysis of Leishmania protein lysates to detect PGF2α 

synthase  

 

Rabbit anti-T. brucei PGF2α synthase polyclonal antibody detected a 34-kDa 

immunoreactive protein in lysates derived from to the Old World species, L. major, 

L. donovani and L. tropica (Figure 4.6; lanes 1-3). No PGF2α synthase protein was 

detected in the New World species of L. amazonensis, L. braziliensis L. mexicana, L. 

braziliensis and L. chagasi (Figure 4.6; lanes 4-7). 

 

 

 

 

Figure 4.6: Western blot analysis of protein lysates to detect PGF2α synthase in 

Leishmania. Lane 1 = L. major; lane 2 = L. donovani; lane 3 = L. tropica; lane 4 = L. 

amazonensis; lane 5 = L. braziliensis; lane 6 = L. mexicana; lane 7 = L. chagasi. 
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4.10 Sequences displaying homology to the putative L. braziliensis PGF2α 

synthase gene fragment 

 

Homology search against the NCBI’s non-redundant database performed using 

NCBI’s nucleotide BLAST tool showed that indeed the nucleotide sequence 

belonged to Leishmania braziliensis (Table 4.4). The amplified nucleotide sequence 

showed the highest similarity to a conserved gene of L. braziliensis 

MHOM/BR/75/M2904 coding for a partial mRNA of a hypothetical protein, 

(LbrM31_V2.0340) found on chromosome 31 (Table 4.4). The bit score value of the 

hit was 3524 with associated query coverage of 99% and an e-value of 0.0 (Table 

4.4). Other high scoring hits included a partial mRNA of a conserved L. major 

hypothetical protein (LmjF31.0230) found on chromosome 31 and a partial mRNA 

of hypothetical protein (LinJ31.0230) from Leishmania infantum JPCM5 (Table 4.4). 
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Table 4.4: BLASTn comparison of the putative L. braziliensis PGF2α synthase 

sequence against the non redundant DNA database at the NCBI. The top six hits 

belong to proteins from Leishmania. 

 

 
Accession Description Max 

Score 

Total 

Score 

Query 

coverage 

E 

value 

Max 

ident 

AM494968.1 Leishmania braziliensis 

chromosome 31 

3524 3524 99% 0.0 99% 

XM_001566985.1 Leishmania braziliensis 

MHOM/BR/75/M2904 

hypothetical protein, 

conserved 

(LbrM31_V2.0340) 

partial mRNA 

1485 1485 41% 0.0 99% 

AM502249.1 Leishmania infantum 

chromosome 31 

1040 1400 61% 0.0 88% 

XM_001684955.1 Leishmania major 

hypothetical protein, 

conserved 

(LmjF31.0230) partial 

mRNA 

1037 1037 41% 0.0 89% 

XM_001467247.1 Leishmania infantum 

JPCM5 hypothetical 

protein (LinJ31.0230) 

partial mRNA 

1009 1009 41% 0.0 89% 

XM_001566986.1 Leishmania braziliensis 

MHOM/BR/75/M2904 

hypothetical protein, 

conserved 

(LbrM31_V2.0350) 

partial mRNA 

586 586 16% 2e-163 100% 

XM_001467248.1 Leishmania infantum 

JPCM5 hypothetical 

protein (LinJ31.0240) 

partial mRNA 

337 337 16% 2e-88 85% 
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4.11 Identification of regions of nucleotide similarities between the putative L. 

braziliensis PGF2α synthase and the LbrM31_V2.0340 genes 

 

Pairwise nucleotide sequence alignment was carried out to compare the L. 

braziliensis gene fragment and the partial mRNA of a hypothetical protein, 

(LbrM31_V2.0340) found on chromosome 31 of L. braziliensis (Figure 4.7). This 

was performed to identify regions of similarity between the sequences that may 

indicate functional or structural relationships between the sequences.  

 

Similarity searches showed that the putative L. braziliensis PGF2α synthase 

nucleotide sequence lies between position 1768 and position 2580 on the L. 

braziliensis partial mRNA on chromosome 31 (Figure 4.7). The sequences were 

identical except for three synonymous changes at positions 2083(C→T), 

2485(A→G) and 2576(T→C) (Figure 4.7). 
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LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

    1720         *      1740         *      1760         *      1780         *      1800         *      182

-------------------------------------------------------CTGCGCCTCATCCAGTGAGGCCGAGAGCGACTTCTTGAGCTGCTGCCGCTGC

TGTGCGACGTCTTTTCGCGCTCTTGGATGGTGTAGTTGATCACCTCCGTCTCCTCCTGCGCCTCATCCAGTGAGGCCGAGAGCGACTTCTTGAGCTGCTGCCGCTGC

                                                                                                           

       

       

 :   52

 : 1819

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

0         *      1840         *      1860         *      1880         *      1900         *      1920      

AGAATCCAGGCAACGCCCTCGGCGTACTGCTCTGCCGCGATGCGGATGGCCTCGTCACGCTCGGCGATGGTGCGAACCACCAACTCCCACTCGTCCAGTATGCCACT

AGAATCCAGGCAACGCCCTCGGCGTACTGCTCTGCCGCGATGCGGATGGCCTCGTCACGCTCGGCGATGGTGCGAACCACCAACTCCCACTCGTCCAGTATGCCACT

                                                                                                           

       

       

 :  159

 : 1926

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

   *      1940         *      1960         *      1980         *      2000         *      2020         *   

ACGGTCGTCGTGAAGCTTGCGGTACTCGTTGGCGACACGGTCCAGCTCCCCCTGCACGTGCTGCGTGGCCAGCACCTCCTCGTCAAGCTGCTTGCGCTGCTTCCGCA

ACGGTCGTCGTGAAGCTTGCGGTACTCGTTGGCGACACGGTCCAGCTCCCCCTGCACGTGCTGCGTGGCCAGCACCTCCTCGTCAAGCTGCTTGCGCTGCTTCCGCA

                                                                                                           

       

       

 :  266

 : 2033

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

   2040         *      2060         *      2080         *      2100         *      2120         *      2140

CGCCGTTCTCGAGCTTCTCGATGCGCTGGGTGAGCTGCTTCACCTTTGTTTCATCCATCTTGGAGTACTGCGCGATGGCGAGCTCATCCTCCTCCTTCTGCCGGCGG

CGCCGTTCTCGAGCTTCTCGATGCGCTGGGTGAGCTGCTTCACCTTTGTCTCATCCATCTTGGAGTACTGCGCGATGGCGAGCTCATCCTCCTCCTTCTGCCGGCGG

                                                                                                           

       

       

 :  373

 : 2140

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

         *      2160         *      2180         *      2200         *      2220         *      2240       

GCCTCGTCCCACTGCTCCAGCTCCTCCTGGTTGTAGTCCAGTGAAGTCTTGAGCTCCTCGAGCTTCAGATTTCCACGAAAGATGCGGTCCTGTACCGACGTCAGCCG

GCCTCGTCCCACTGCTCCAGCTCCTCCTGGTTGTAGTCCAGTGAAGTCTTGAGCTCCTCGAGCTTCAGATTTCCACGAAAGATGCGGTCCTGTACCGACGTCAGCCG

                                                                                                           

       

       

 :  480

 : 2247

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

  *      2260         *      2280         *      2300         *      2320         *      2340         *    

GTCTCGGACGTCCTCGGAGTTTTGCTCCAGCTGCGTTTGCCGCTGCTGCAGCCGCGCGCATTCGCGCTCCATGACGCGGCACATGCTCTCCTCCGACTCCACCTCGC

GTCTCGGACGTCCTCGGAGTTTTGCTCCAGCTGCGTTTGCCGCTGCTGCAGCCGCGCGCATTCGCGCTCCATGACGCGGCACATGCTCTCCTCCGACTCCACCTCGC

                                                                                                           

       

       

 :  587

 : 2354

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

  2360         *      2380         *      2400         *      2420         *      2440         *      2460 

GCTTCTTTGTCTCGGAGAGGCTCTGTGTGTTGACAATTTCTGCTCGGACATTGCTGAGGTGCTCCTTCATAAACTGCAGTCGCCGCCGCTGGTCTTCGACGCTGCCC

GCTTCTTTGTCTCGGAGAGGCTCTGTGTGTTGACAATTTCTGCTCGGACATTGCTGAGGTGCTCCTTCATAAACTGCAGTCGCCGCCGCTGGTCTTCGACGCTGCCC

                                                                                                           

       

       

 :  694

 : 2461

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

        *      2480         *      2500         *      2520         *      2540         *      2560        

TGCCGCTCCTCCAGCTGCTGCTCGAAGCGCGTGAGCTGGGCGGTGAGCTCTTTGTTCGTGTTGTTGAGCAGCTCAAGGGGCAGCGCCTCGGCAGTCGCGTCCACGAC

TGCCGCTCCTCCAGCTGCTGCTCAAAGCGCGTGAGCTGGGCGGTGAGCTCTTTGTTCGTGTTGTTGAGCAGCTCAAGGGGCAGCGCCTCGGCAGTCGCGTCCACGAC

                                                                                                           

       

       

 :  801

 : 2568

       

           

           

LB_Pgfs  : 

AM494968 : 

           

                                                                                                           

 *      2580         *      2600         *      2620         *      2640         *      2660         *     

ATCGAGACTCATGTTGCACCACTAGGTGTTGTGGTGCGTATCGGTGTGTGCATGTACACAGAACCAACAGCAAGACGCACGAAGTCCTTGCCAAGGCGTGAGGCTGA

ATCGAGATTCAT-----------------------------------------------------------------------------------------------

                                                                                                           

       

       

 :  908

 : 2580

        

Figure 4.7: Pairwise nucleotide sequence alignment of the putative L. braziliensis PGF2α synthase gene fragment  (LbPGFS) 

and the partial mRNA of a hypothetical protein found on L. braziliensis chromosome 31(AM 494968).  

The AM 494968 nucleotide sequence had the highest bit score in the BLASTn analysis.
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4.12 Identification of open reading frames (ORFs) encoded in the putative L. 

braziliensis PGF2α synthase gene fragment 

 

In order to ascertain that the amplified gene fragment coded for a protein(s), the 

nucleotide sequence was analyzed for presence of open reading frames (ORFs) in all 

the six possible frames. This search revealed 16 possible ORFs (Figure 4.8). Ten of 

these were on the complementary strand whereas six were on the main strand. Of the 

six ORFs in the forward direction on the main strand, four were in +2 frame, one was 

in +1 frame and one was in +3 frame (Figure 4.8). Among these, the largest ORF was 

the third one in the +2 frame covering a region of 371 nucleotides coding for 123 

amino acids. The other five were small ORFs, coding for proteins of 26, 40, 51, 35 

and 50 amino acids respectively. Upon translation and search of the resulting amino 

acid sequences against the redundant protein database at the NCBI, none of these 

peptides yielded homology to a known protein (result not shown). Of the 10 ORFs in 

the reverse direction, three were in -1 ORF, four in -2 ORF and three in -3 ORF. 

Upon search, eight of the frames did not give peptides with homologies to proteins in 

GenBank but the two largest ORFs in frame -2 and -1 gave peptides with 

homologies. 

 
 

Figure 4.8: Identification of ORFs in the putative L. braziliensis PGF2α synthase 

gene fragment.  
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4.12.1  Characterization of ORF-1  

 

To characterize ORF-1 the nucleotide sequence was translated into amino acid code 

generating a 585 amino acid protein (Figure 4.9).  

 

       1 MGISAKKRAR ICTRAVESAQ LQAPTNSTSA QGERRRGNVL GDVVDHPLLL QQHHYLLVLF  

      61 VFLFFAHATA VRQNWSDRAH TPTHQYTMTK STSLKNGNGG KRASEAPSQK VVLKKAKAEV  

     121 AATLRKSSHG SQRPLNFFSW LLKTSRVEFF RKYFEKKPLV ASHGNCEYFA RGLPGVVPPV  

     181 DWSTKRMLEH IKMHPSRYGT DLNVVKFDSK LKKRVSYRTE GLVDAAELER CMKTGWSVRF  

     241 LRPHEFLESN SAFIGCMEQE FNCYCGVNSY WTPANSQGFA PHYDDVDVFL LQLEGEKLWR  

     301 LYDPPEEVDV LTRHSSEDYA PEQLPTPNHT ITLKAGDVLY MPRGTVHQGK TNLKTHSLHI  

     361 TFSANQMNSW ADFMIRSAQY TIETLAANKL EWRCALPRDV PQVMGAINHP VFRNTHGLAV  

     421 LSENQQERRA SLQKKLREMA AEVTLLLTDE SNMDVCTDVY GKETIRKMQP PSMAYSGAAS  

     481 SSTGLDHASH VRLISRSCMQ LLLNVPGEAR VYHIGRNSAV CLAGELGELR TLLSSYPKTM  

     541 LVAALPFPGF DDPEDVAENQ LLLVETLRDA GLLHVVSSAN GNASS   

 

Figure 4.9: Translation of ORF-1.  

 

When the resulting amino acid code of the translation was searched against GenBank 

at the NCBI using BLASTp, the top four homologous proteins were identified and 

are described below (Table 4.5). The highest similarity was to a hypothetical protein 

from L. braziliensis which showed 100% identity, a maximum score of 1173 and 

with an E-value of 0.0 (Table 4.5). This protein whose database entry accession 

number is XP_001567036.1 has 585 amino acids. According to the database 

annotation, XP_001567036.1 is a conserved protein which is uncharacterized and 

whose function is unknown.  
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Table 4.5: BLAST of translation of ORF-1 

 

 

 

 

The second protein identified to be homologous to the query protein was a L. 

brazilensis protein whose database entry accession number is CAM42455.2. This 

protein showed 100% identity to the query protein, a maximum score of 1172 and an 

E-value of 0.0. This protein is composed of 595 amino acids.  Similar to the first hit 

of the database described above, this is a hypothetical protein whose function is not 

known.  The third hit in the database was a L. mexicana conserved hypothetical 

protein which had 90% identity to the query sequence with an E-value of 0.0. This 

match with accession number CBZ29080 has 624 amino acids and is annotated as an 

uncharacterized protein and whose function is unknown.  The fourth match was a 

protein whose accession number is XP_001685008.1 and had 86% identity to the 

query sequence with an E-value of 0.0. This protein is derived from L. major strain 

Friedlin and is a 624 amino acid conserved hypothetical protein whose function is 

unknown.  

 

To further characterize ORF-1, the amino acid code of the protein was searched 

against the Conserved Domain Database (CDD) at the NCBI. This search identified a 

Cupin - 4 multi domain cluster in the middle (amino acid 140-400) of the protein 

(Figure 4.10).  
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Figure 4.10: Conserved domain predicted ORF-1.   

 

The amino acid sequence was also searched against the Eukaryote Linear Motif 

(ELM) resource (http://elm.eu.org/) for prediction of functional sites (Figure 4.11). 

The ELM search showed that this protein contains a domain of the Jumonji (JmjC) 

protein family which extends from amino acid residue 216-274. Furthermore, the 

ELM search identified several ligand binding site motifs. These include the 

LIG_14_3_3_3 motif observed on the C terminus of the protein and covering amino 

acid residues 492-497,  the Clathrin box motif designated as LIG_Clathr_ClatBox_1 

observed between amino acid residues 571-575 on the C terminus of the protein and 

the cyclin recognition site designated as LIG_CYCLIN_1 observed at the N terminus 

of the protein covering residues 133-137, 157-160 and 171-174. 
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Figure 4.11: ELM analysis of full length ORF-1. The numeral next to each feature 

represents the number of each motif feature.  

 

 

The other motifs identified are the forkhead associated domains LIG_FHA_1 and 

LIG_FHA_2. The LIG_FHA_1 has 2 sites on the N terminus and covers amino acid 

residues 11-17 and 142-148 while the 3 sites on the C terminus cover amino acid 

residues 413-419, 442-448 and 547-553. The LIG_FHA_2 has 2 sites towards the C 

terminus covering amino acid residues 481-487 and 574-580. Also observed were 

LIG_PP1 site covering amino acid residues 144-150, LIG_WW_4 covering amino 

acid residues 78-83 and LIG_USP7_1 found at amino acid residues 15-19, 24-28 and 

478-482.   Post-translational modification site motifs were also observed. These 
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include MOD_CK1_1 found at both the N and C terminus at amino acid residues 

128-134 and 480-486 respectively and MOD_CK2_1 covering amino acid residues 

142-148. The GSK3 phosphorylation recognition site designated as MOD_GSK3_1 

motif was found at several sites at both the C and N-termini. The N terminal sites 

were found at amino acid residues 22-29, 86-93, 101-108, 124-131 and  193-200 

while the C terminal sites were found at amino acid residues 441-448, 473-480 and  

542-549. Others posttranslation modification sites observed include MOD_PIKK_1 

covering amino acid residues 105-111 and 128-134, MOD_PKA_1 covering residues 

101-107, 125-131 and 428-434, MOD_PKA_2 covering residues 101-107, 124-130, 

412-418, 428-434 and 515-521, MOD_PKB_1 covering residues 8-16 and finally 

MOD_ProDKin_1 covering amino acid residues 78-84.  The N-glycosylation motif 

designated as MOD_N-GLC_1 was observed on the N-terminus of the protein 

covering residues 25-30 and 73-78 while a MOD_SUMO motif which is recognized 

for modification by SUMO_1 was identified covering amino acid residues 116-119. 

The targeting site motif, TRG_ENDOCYTIC_2 motif was observed at the N 

terminus of the protein covering amino acid residues 55-58.  



50 

 

4.12.2  Characterization of ORF-2 

 

To characterize ORF-2 the nucleotide sequence was translated into amino acid code 

generating an 859 amino acid protein (Figure 4.12). 

 

       1 MNLDVVDATA EALPLELLNN TNKELTAQLT RFEQQLEERQ GSVEDQRRRL QFMKEHLSNV  

      61 RAEIVNTQSL SETKKREVES EESMCRVMER ECARLQQRQT QLEQNSEDVR DRLTSVQDRI  

     121 FRGNLKLEEL KTSLDYNQEE LEQWDEARRQ KEEDELAIAQ YSKMDETKVK QLTQRIEKLE  

     181 NGVRKQRKQL DEEVLATQHV QGELDRVANE YRKLHDDRSG ILDEWELVVR TIAERDEAIR  

     241 IAAEQYAEGV AWILQRQQLK KSLSASLDEA QEETEVINYT IQEREKTSHK LQEAVPVLTQ  

     301 QVQSVQDEVD ALREKASRAT RDKRAVILQL EETITEIERR KRELAMTEKG RTTAAEKLKE  

     361 EEMTANDLQK QAQFIAQLLK DAEMASHKIT RDIEQLKTTT FRANQELAKV RAAQTTSLSE  

     421 ISGAQAQGKN YKAKIDQLDG ESFAQQGVLY NIEFSVQQIE KRVSRAKGER TEEERKELRR  

     481 KIDLLQTTLD ELEKQNRILQ NQVKRVREEM RKSSILIEKL EATKKRSLEE VLEMDLRCTH  

     541 SDREEKQLEK QREDLLIKVD TLELQLGRLR NLLRVKDAEL LTLEEKKRQL EADVAEREAE  

     601 IEVHHRLLRM EAKLAEEERK RLVTELLERQ KNLTAVKNRQ EVLVGRMDPA HARLSQVQLV  

     661 IAAAKEREDL QYRGDSLDAR IRRMEKEMLK LEKTIAIIRA SNEQYRHQFD KVSDKDEEVQ  

     721 TQKALKNKFK ELKSAISRRT LEVNDFQATT RNKQEELRAL QFEKQRVGHM QEQLLKEYEA  

     781 VTQDILALRE AAIRYDQAIE KAKGNVDAAV VGDIELVCTR ERLDNTIAQL LSLSREAGEE  

     841 VLDVVKQMLT AHQLSIEGA      

 

Figure 4.12: Translation of ORF-2.   

 

The amino acid code of the translation was searched against GenBank at the NCBI 

using protein BLAST and the top five homologous proteins identified. The First 

match was an L. braziliensis conserved hypothetical protein with 100% identity, a 

maximum score of 1690 and an E-value of 0.0 (Table 4.6). This protein whose 

database entry accession number is XP_001567035.1 has 859 amino acids and the 

database annotation indicates that its function is unknown.  
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Table 4.6: BLAST of translation of ORF-2. 

 

 
  

 

The second match identified an L. donovani 859 amino acid protein with database 

entry accession number CBZ36424.1. This protein, whose function is unknown, had 

100% identity, a maximum score of 1488 and an E-value of 0.0 (Table 4.6). 

Similarly, the third match identified an 859 amino acid protein from L. infantum 

JPCM5 with 100% identity and an E-value of 0.0. This protein with database entry 

accession number XP_001467284.1 is annotated as a hypothetical protein whose 

function is unknown. The fourth match identified an L. major 859 amino acid protein 

with database entry accession number XP_001685007.1. This protein has 100% 

identity to the query protein and an E-value of 0.0. The final match identified an L. 

braziliensis 859 amino acid hypothetical protein with 100% identity and an E-value 

of 0.0. This protein whose accession number is CBZ29079.1 is annotated as a 

hypothetical protein whose function is also unknown.  
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To further characterize this protein whose function is unknown, the amino acid code 

of the protein was searched against the Conserved Domain Database (CDD) at the 

NCBI as well as the ELM resource (http://elm.eu.org/) for prediction of functional 

sites. The CDD search identified a multi-domain cluster of Structural Maintenance of 

Chromosomes (SMC) proteins (Figure 4.13). 

 

 

 
 

Figure 4.13: Conserved domains predicted in ORF-2.  

The domains were identified by searching the CDD at NCBI using the sequence of 

ORF-2. 
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Figure 4.14: ELM analysis of full length ORF-2 

A translation of the gene fragment in L. braziliensis was searched against the ELM 

resource to identify the various motif features shown above.  The numeral next to 

each feature represents the number of each motif feature. 

 

The ELM analysis identified several ligand binding site motifs. Thus, the 

LIG_14_3_3_2 motif was observed on the C terminal of the protein covering amino 

acid residues 822-828 while a LIG_14_3_3_3 motif was observed on the N terminal 

and covering amino acid residues 261-266. Two substrate recognition sites that 

interact with cyclin and thereby increases phosphorylation by cyclin/cdk complexes 

and designated as LIG_CYCLIN_1 were observed at amino acid residues 739-743 

and 758-762.  Fork head associated motifs identified included LIG_FHA_1 at amino 

acid residues 272-278, 413-419 and 738-744 while LIG_FHA_2 motif was observed 

on the N terminal of the protein on amino acid residues 229-235 and 278-284.  A 
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single LIG_MAPK_1 motif was identified on the C terminal of the protein from 

amino acid residues 637-644 while several LIG_TRAF2_1 domains were identified 

at amino acid residues 270-273, 280-283, 403-406 and 837-840.  Post translational 

modification site domains identified include Casein kinase (CK) phosphorylation 

sites designated as MOD_CK1_1 and MOD_CK2_1. MOD_CK1_1 motifs were 

observed at amino acid residues 419-425 and 734-740 while MOD_CK2_1 motifs 

were observed at amino acid residues 228-234, 263-269, 277-283 and 414-420. 

GSK3 phosphorylation recognition sites designated as MOD_GSK3_1 were 

observed at amino acid residues 259-266 and 412-419. MOD_PIKK_1 domains were 

identified at amino acid residues 652-658 and 718-724 on the C terminal of the 

protein while MOD_PKA_2 domains were identified at amino acid residues 652-658 

and 737-743 also on the C terminal of the protein. The motif for N-glycosylation, 

MOD_N-GLC_1 was identified at amino acid residues 277-282 towards the N 

terminal of the protein.  Two sub-cellular targeting sites were observed. These 

included TRG_ENDOCYTIC_2 identified at amino acid residue 211-214 and the 

TRG_NES_CRM1_1 was identified at amino acid residues 821-836. 

 

4.13 Analysis of L. major Prostaglandin F synthase ORF 

 

The Leishmania major genome has been fully sequenced and L. major PGFS 

identified and characterized. Therefore, in order to compare the functional sites 

present in L. major Prostaglandin F synthase ORF and the putative L. braziliensis 

Prostaglandin F synthase ORF, the L. major Prostaglandin F synthase ORF was 

obtained from GeneDB (Figure 4.15) and searched against GenBank at the NCBI 

using BLASTp. The search identified Aldo-keto reductase superfamily domains 

within the protein (Figure 4.16). 
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       1 MAVKCTHVTL SNGVQVPQLG IGTWEAKDGN EVVNIKWAVN AGYRHVDTAH YYKNEKGVGQ  

      61 GISECGVPRS DIFVTTKLWN YDHGYESALA AFEQSRQALG VEYVDLYLIH WPGPNRSYIE  

     121 TWRAFEKLYE MKKVRAIGVS NFEPHHLDDL LANCTVPPMV NQVEMHPHFQ QKALRAYCAE  

     181 KNIAVTAWRP LGKGALLTEP QLVELAEKHK RSAAQVIIRW LIQLGVIAIP KSSHEERIKQ  

     241 NFDVFDFELS PEDMRRIESM DRNSRIGSSP ETFFPTERK  

 

Figure 4.15: L. major PGFS ORF. The 279 amino acid protein was extracted from 

GenDB. 

 

 

 

 
 

 

 

Figure 4.16: conserved domains within the L. major PGFS ORF. 

The domains were identified by searching the CDD at NCBI using the amino acid 

sequence of L. major PGFS. 

 

4.13.1  ELM Analysis of L. major Prostaglandin F synthase ORF 

To further compare the L. major PGFS protein with the putative L. braziliensis 

PGFS, the amino acid code of the protein was searched against the ELM resource 

(http://elm.eu.org/) for prediction of functional sites (Figure 4.17). The ELM analysis 

identified an Aldo keto reductase protein family domain extending from amino acid 

residue 18-262.  
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Figure 4.17: ELM analysis of L. major Prostaglandin F synthase. 

The L. major Prostaglandin F synthase ORF was searched against the ELM resource 

to identify the various motif features shown above.  The numeral next to each feature 

represents the number of each motif feature. 

 

One ligand binding site motif designated as LIG_14-3-3_1 was identified on the C 

terminal of the protein extending from amino acid 265-270. Another ligand binding 

site motif designated as LIG_WW_Pin1_4 was identified on the C terminal of the 

protein extending from amino acid residue 266-271. Two casein kinase modification 

sites designated as MOD_CK1_1 and MOD_CK2_1 were identified on the C 
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terminal of the protein extending from amino acid residue 269-275 and 265-271 

respectively. Two modification site motifs for GSK3 phosphorylation were identified 

on the C terminal of the protein. These were on amino acid residues 265-272 and 

269-276. Finally, one motif for phosphorylation of MAP kinase designated as 

MOD_ProDKin_1 was identified on amino acid residues 266-272. 

 

4.14 Identification of regions of amino acid similarities between L. major PGF2α 

synthase, L. braziliensis PGF2α synthase, ORF-1 and ORF-2 

 

After the bulk of this work was done, the genome of L. braziliensis was fully 

sequenced and is available at GeneDB (http://www.genedb.org). Using sequence 

data, orthologues to L. major PGFS have been inferred in other kinetoplastids, 

including L. braziliensis (LbrM.31.2410: pep). Multiple sequence alignment was 

carried out to identify regions of similarity between L. braziliensis PGFS, L. major 

PGFS, ORF-1 and ORF-2 (Figure 4.18). The search showed that L. braziliensis 

PGFS and L. major PGFS were similar while ORF-1 and ORF-2 shared some 

similarity. However, both L. braziliensis PGFS and L. major PGFS differed with 

ORF-1 and ORF-2 to a large extent (Figure 4.18). 

 

http://www.genedb.org/gene/LbrM.31.2410:pep
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ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *        20         *        40         *        60

MNLDVVDATAEALPLELLNNTNKELTAQLTRFEQQLEERQGSVEDQRRRLQ----FMKEH

MGISAKKRARICTRAVESAQLQAPTNSTSAQGERRRGNVLGDVVDHPLLLQQHHYLLVLF

-------MAVKCTHVTLSNGVQVPQLGIGT------------------------------

-------MTGKCAYVTLSNGVQVPQLGIGT------------------------------

                                                            

      

      

 :  56

 :  60

 :  23

 :  23

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *        80         *       100         *       120

LSNVRAEIVNTQSLSETKKREVESEESMCRVMERECARLQQRQTQLEQNSEDVRDRLTSV

VFLFFAHATAVRQNWSDRAHTPTHQYTMTKSTSLKNGNGGKRASEAPSQKVVLKKAKAEV

--------------WEAKDGN-------------------------------------EV

--------------WEAKDGS-------------------------------------EV

                                                            

      

      

 : 116

 : 120

 :  32

 :  32

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       140         *       160         *       180

QDRIFRGNLKLEELKTSLDYNQEELEQWDEARRQKEEDELAIAQYSKMDETKVKQLTQRI

AATLRKSSHGSQRPLNFF--------SWLLKTSRVEF----FRKYF--EKKPLVASHGNC

V-NI----------------------KWAVNAGYRHVD---TAHYYK-NEKGVGQGISEC

VQNI----------------------KWAVSAGYRHID---TAHFYR-NEKGVGQGISEC

                                                            

      

      

 : 176

 : 166

 :  65

 :  66

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       200         *       220         *       240

EKLENGVRKQRKQLDEEVLATQHVQGELDRVANEYRKLHDDRSGILDEWELVVRTIAERD

E-----------------------------------YFARGLPGVVPPVDWSTKRMLEH-

G--------------------------------------------VPRSDIFVT------

G--------------------------------------------VPRSDIFVT------

                                                            

      

      

 : 236

 : 190

 :  75

 :  76

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       260         *       280         *       300

EAIRIAAEQYAEGVAWILQRQQLKKSLSASLDEAQEETEVINYTIQEREKTSHKLQEAVP

--IKMHPSRYGTDLNVVKFDSKLKKRVSYRTEGLVDAAELERCMKTGWSVRFLRPHEFLE

--TKLWNYDHGYESALAAFEQSRQ------------------------------------

--TKLWNYDHGYDNALAAFEQSRQ------------------------------------

                                                            

      

      

 : 296

 : 248

 :  97

 :  98

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       320         *       340         *       360

VLTQQVQSVQDEVDALREKASRATRDKRAVILQLEETITEIERRKRELAMTEKGRTTAAE

SNSAFIGCMEQEFNCYCGVNSYWTPANSQGF-----------------------------

------------------------------------------------------------

------------------------------------------------------------

                                                            

      

      

 : 356

 : 279

 :   -

 :   -

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       380         *       400         *       420

KLKEEEMTANDLQKQAQFIAQLLKDAEMASHKITRDIEQLKTTTFRANQELAKVRAAQTT

--------APHYDDVDVFLLQLEG-----------------EKLWRLYDPPEEVDVLTRH

--------ALGVEYVDLYLIHWPG------------------------------------

--------ALGVEYVDLYLIHWPG------------------------------------

                                                            

      

      

 : 416

 : 314

 : 113

 : 114

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       440         *       460         *       480

SLSEISGAQAQGKNYKAKIDQLDGESFAQQGVLYNIEFSVQQIEKRVSRAKGERTEEERK

SSEDYAPEQLPTPNHTITLKAGD--------VLY--------------------------

----------PNRSYIETWRAFE--------KLY--------------------------

----------PNRSYISTWRAFE--------KLY--------------------------

                                                            

      

      

 : 476

 : 340

 : 129

 : 130

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       500         *       520         *       540

ELRRKIDLLQTTLDELEKQNRILQNQVKRVREEM-RKSSILIEKLEATKKRSLEEVLEMD

MPRGTVHQGKTNLKTHSLHITFSANQMNSWADFMIRSAQYTIETLAAN---------KLE

EMKKVRAIGVSNFEPHHL------------------------DDLLAN------------

EMKKVRAIGVSNFEPHHL------------------------DDLLAN------------

                                                            

      

      

 : 535

 : 391

 : 153

 : 154

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       560         *       580         *       600

LRCTHSDREEKQLEKQREDLLIKVDTLELQLGRLRNLLRVKDAELLTLEEKKRQLEADVA

WRCALP----------RDVPQVMGAINHPVFRNTHGLAVLSENQQERRASLQKKLREMAA

--CTVP-------------PMVNQVEMHPHFQ-------------------QKALRAYCA

--CKVP-------------PMVNQVEMHPHFQ-------------------QKALRAYCA

                                                            

      

      

 : 595

 : 441

 : 179

 : 180

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       620         *       640         *       660

EREAEIEVHHRLLRMEAKLAEEERKRLVTELLERQKNLTAVKNRQEVLVGRMDPAHARLS

EVTLLLTDESNMDVCTDVYGKETIRKMQPPSMAYSGAASSSTGLD------------HAS

EKNIAVT---------------AWRPLGKGALLTEPQLVELAEKH------------KRS

EKNIALT---------------AWRPLGKGALLTEPKLAELAEKH------------KKS

                                                            

      

      

 : 655

 : 489

 : 212

 : 213

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       680         *       700         *       720

QVQLVIAAAKEREDLQYRGDSLDARIRRMEKEMLKLEKTIAIIRASNEQYRHQFDKVSDK

HVRLISRSCMQL-LLNVPGEARVYHIGRN-----------------------------SA

AAQVIIRWLIQLGVIAIPKSSHEERIKQN-------------------------------

AAQVIIRWFVQLGVIVIPKSSHEEHIRQN-------------------------------

                                                            

      

      

 : 715

 : 519

 : 241

 : 242

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       740         *       760         *       780

DEEVQTQKALKNKFKELKSAISRRTLEVNDFQATTRNKQEELRALQFEKQRVGHMQEQLL

VCLAGELGELRTLLSSYPKTMLVAALPFPGFDDPEDVAENQLLLVE--------------

---------------------------FDVFD--FELSPEDMRRIE--------------

---------------------------FDVFD--FELSQEDMQALE--------------

                                                            

      

      

 : 775

 : 565

 : 258

 : 259

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                                                            

         *       800         *       820         *       840

KEYEAVTQDILALREAAIRYDQAIEKAKGNVDAAVVGDIELVCTRERLDNTIAQLLSLSR

--------------------------------------------------------TL-R

--------------------------------------------------------SMDR

--------------------------------------------------------SMDK

                                                            

      

      

 : 835

 : 568

 : 262

 : 263

      

          

          

ORF2    : 

ORF1    : 

L_Major : 

L_Braz  : 

          

                        

         *       860    

EAGEEVLDVVKQMLTAHQLSIEGA

DAG--LLHVVSSANGNASS-----

NSR--IGSSPETFFPTERK-----

NSR--IGFNPESFFPTERN-----

                        

      

      

 : 859

 : 585

 : 279

 : 280

       

Figure 4.18: Comparison of L. major PGFS, L. braziliensis PGFS, ORF-1 and 

ORF-2.  
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4.15 Identification of regions of amino acid similarities between L. major PGF2α 

synthase and L. braziliensis PGF2α synthase 

 

Since the Rabbit anti-T. brucei PGF2α synthase polyclonal antibody detected the 

PGF2α synthase protein in Old but not New World species of Leishmania, pairwise 

sequence alignment was carried out to identify amino acid similarity between, L. 

major PGFS and L. braziliensis PGFS (Figure 4.19). The L. major and L. braziliensis 

sequences were obtained from GeneDB. This was done in order to explain why the 

polyclonal antibody recognized the PGF2α synthase in the Old but not the New World 

species of Leishmania. The search showed that this proteins share 92.5 % identity. 

 

 

 

Figure 4.19: Comparison of L. major PGFS and, L. braziliensis PGFS. 

 

4.16 Determination of annealing position of primers on L. braziliensis gene 

fragment 

 

In order to determine the positions at which the L. major PGFS gene specific primers 

had annealed on the L. braziliensis sequence, the gene fragment along with the set of 

primers were analyzed using the Primer Show tool in The Sequence Manipulation 

Suite (Stothard, 2000). The resulting map showing the annealing positions of the 

primers indicated that the reverse primer annealed on both the 5’ and 3’ positions of 
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the L. braziliensis gene fragment while the forward primer did not anneal (Figure 

4.20) 

 

Results for 1983 residue sequence starting "ATGGCGGCCG". 

    

       1                                 TTAGAACTGCGCCTCATC 3' Rev  

       1 ATGGCGGCCGCGGGAATTCGATTCGCGGATCCTTAGAACTGCGCCTCATCCAGTGAGGC

     61 GAGAGCGACTTCTTGAGCTGCTGCCGCTGCAGAATCCAGGCAACGCCCTCGGCGTACTGC 

     121 TCTGCCGCGATGCGGATGGCCTCGTCACGCTCGGCGATGGTGCGAACCACCAACTCCCA 

     181 TCGTCCAGTATGCCACTACGGTCGTCGTGAAGCTTGCGGTACTCGTTGGCGACACGGTC 

     241 AGCTCCCCCTGCACGTGCTGCGTGGCCAGCACCTCCTCGTCAAGCTGCTTGCGCTGCTT 

     301 CGCACGCCGTTCTCGAGCTTCTCGATGCGCTGGGTGAGCTGCTTCACCTTTGTTTCATC 

     361 ATCTTGGAGTACTGCGCGATGGCGAGCTCATCCTCCTCCTTCTGCCGGCGGGCCTCGTC 

     421 CACTGCTCCAGCTCCTCCTGGTTGTAGTCCAGTGAAGTCTTGAGCTCCTCGAGCTTCAG 

     481 TTTCCACGAAAGATGCGGTCCTGTACCGACGTCAGCCGGTCTCGGACGTCCTCGGAGTT 

     541 TGCTCCAGCTGCGTTTGCCGCTGCTGCAGCCGCGCGCATTCGCGCTCCATGACGCGGCA 

     601 ATGCTCTCCTCCGACTCCACCTCGCGCTTCTTTGTCTCGGAGAGGCTCTGTGTGTTGAC 

     661 ATTTCTGCTCGGACATTGCTGAGGTGCTCCTTCATAAACTGCAGTCGCCGCCGCTGGTC 

     721 TCGACGCTGCCCTGCCGCTCCTCCAGCTGCTGCTCGAAGCGCGTGAGCTGGGCGGTGAG 

     781 TCTTTGTTCGTGTTGTTGAGCAGCTCAAGGGGCAGCGCCTCGGCAGTCGCGTCCACGAC 

     841 TCGAGACTCATGTTGCACCACTAGGTGTTGTGGTGCGTATCGGTGTGTGCATGTACACA 

     901 AACCAACAGCAAGACGCACGAAGTCCTTGCCAAGGCGTGAGGCTGATATGCGCCGAAGA 

     961 AGAAAGCAGTGGAGGGGGTAGTCGAAGGAGGGACTGGAGAAGAGTTGGAGGTGCGGCGG 

    1021 AACAGCATGTGAAGGCACCGAGATGATGAGGGTACGTGTGGGTTCGGGGATAGGGAAGA 

    1081 AGAGAAGGACATCGAAGCTGCTTGCATTCGTGGTGACACGCGCTCCGCATCCTCTTCCT 

    1141 GTTGTCTTGAGGAATCGAAGAGCACAGTTCGCACAGCTGTTTCAGGAGTGAGTGGGTAT 

    1201 ACGAAACTGCGAAACGGCATCAACAATCCTGAATAAAATCCGCAGAACGTGCAGAAGGA 

    1261 GGAGAGGTGAGAAGCTCGGCAGTCTGAGGTGCGGCGGCCATACAGGCGGGAGGCGTGGG 

    1321 TGAATGTGATAAGAAATGTGGCGCCCAAGAGCCGACTCGCTTTTCTGTCAAGGCCCCGC 

    1381 GTCATTAGCTCGGCAACAAAGCTCGCTCGTCGTTTCAGCCTTTTTAGTGTCGTATCGTG 

    1441 GGCTTCCGCCGACGTGGGCTTGCGCTTGCTTCGAAGTCTGCCGCTAACAACTCCCTTCC 

    1501 TCGTTGTCCCTGCCGAAGAAGCCCTCACCTCACCTCTCTTCGCCCCTTCCCCTTCCGAG 

    1561 AGCTTTGTTTGTGTCGGCACAGCAACCCACGAGGGGTGTTCAGTGGCGCAGAAGTTCGG 

    1621 GCAGCAATGTGGGGATAGTGATACCTTAGCGTTGGGCCCCTAACTCGATGCGTTACCGT 

    1681 AGCAGAGGACACCACGTGCAGCAGCCCTGCATCCCGCAGCGTCTCAACGAGCAGCAGTT 

    1741 GTTCTCCGCCACATCCTCGGGATCGTCGAAGCCCGGGAAGGGCAGCGCAGCCACTAACA 

    1801 TGTCTTTGGGTAGCTCGATAGCAGTGTGGCAATTGCTGGCGCAAATTCGGCCTCAAAGC 

    1861 CAGCTCGCCGAGCTCCCCAGCGAGGCAGACGGCCGAATTTCGTCCAATGTGATAAACCC 

    1921                                              CTACTCCGCGTCAA 

    1921 CGCCTCGCCAGGCACGTTCAGCAACAACTGCATGCAGCTGCGAGAGATGAGGCGCAGTT 

    1981 ATT 5' Rev 

    1981 TAA 

 

 

Figure 4.20: Sequence map showing the annealing positions of the primers on 

the L. braziliensis gene fragment.  
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Identification and characterization of PGF2α synthase gene in Old and 

New World Species of Leishmania 

 

Using RT-PCR and western blot analyses, this study showed that PGF2α synthase - 

like gene is transcribed in Old World species L. major, L. donovani and L. tropica, 

but not in two of the New World species L. amazonensis and L. mexicana. The gene 

is however transcribed in L. chagasi but at low levels. The detection of transcription 

of PGF2α synthase - like gene in Old but not in most New World species of 

Leishmania suggests that New World Leishmania have evolved orthologous genes to 

produce PGF2α or that ancestral PGF2α synthase gene is present in the New World 

species but has changed or been lost due to speciation during evolution. This is 

possible because the Old and New World parasites occupy different ecologic niches. 

Leishmania and other parasites are believed to have originated in Africa and were 

transported to Europe, Asia and the Americas during migration of man and animal 

reservoirs (Nozais, 2003). The breakup of Africa and South America has also been 

used to support the split between Old and New World species of Leishmania 

(Fernandes et al., 1993) after which varied adaptations to changing environmental 

conditions led to the constitution of specific species.  

 

It is interesting to note that L. chagasi which is a New World species transcribed the 

PGF2α synthase – like gene, albeit at low levels compared to the Old World species.  

Leishmania chagasi belongs to the L. donovani species complex which also includes 

L. archibaldi, L. donovani, and L. infantum. Quantitative comparisons of nuclear 

DNA fragment patterns to establish molecular evolutionary relationships within the 

major lineages of Leishmania indicate that the New World L. chagasi is very closely 

related to the Old World L. infantum and L. donovani indicating a recent separation 

(Beverley et al., 1987) therefore this could explain the transcription of this gene in 

this New World species. Complete genome sequencing and comparison of the three 

Leishmania species L. major, L. infantum and L. braziliensis has shown that 
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degeneration of existing genes leading to loss of function accounts for about 80% of 

the species differences in Leishmania (Peacock et al., 2007). However, it is not 

possible to deduce whether this gene is functional or a pseudogene. 

 

One remarkable finding was the amplification of a 1983 nucleotide sequence in L. 

braziliensis. Preliminary analysis of this sequence revealed that this sequence lies on 

chromosome 31 of L. braziliensis. Following identification of possible open reading 

frames in this sequence, further analysis was done to predict the functions of these 

gene products. A protein BLAST of the first open reading frame (ORF-1) identified 

it to be a L. braziliensis protein whose function is unknown. Further analysis in the 

CDD database identified Cupin domain clusters in the protein sequence. The cupin 

name comes from a β barrel structural domain identified in a superfamily of 

prokaryotic and eukaryotic proteins. This superfamily is one of the  most functionally 

diverse protein families known and is comprised of 20 families with members 

performing various functions ranging from enzymatic activities like dioxygenases, 

decarboxylases, hydrolases, isomerases and epimerases to non-enzymatic functions 

such as binding to auxin, nuclear transcription factors and seed storage (Agarwal et 

al., 2009). Use of the ELM resource demonstrated the presence of a JmjC domain 

within this protein. Jumonji domains are part of the cupin metalloenzyme 

superfamily and this finding is consistent with the identification of cupin domains 

using the CDD database. Jumonji domain containing proteins are involved in 

regulation of chromatin and gene expression through various signaling pathways 

(Clissold & Ponting, 2001). 

 

The analysis of ORF-1 translation also identified various motifs in the protein, 

several of them involved in cell cycle regulation, proliferation, differentiation and 

cell death.  These include the 14_3_3 proteins. These are 28-33 kDa acidic 

polypeptides found in all eukaryotes. They are able to interact with a diverse array of 

proteins due to their phosphoserine/phosphothreonine binding activity and are 

therefore involved in cellular processes such as metabolism, apoptosis and cell cycle 

control (Morrison, 2009). Identification of the  LIG_CYCLIN_1 motif indicates that 

the cognate protein interacts with cyclin.  Cyclins are the activating partners of cyclin 
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dependent kinases (CDKs). These play important roles in the regulation of the 

eukaryotic cell cycle. Progression through the cell cycle depends upon the activation 

and deactivation of cyclin-dependent kinases. Each of these kinases is active for only 

a short period of the cell cycle during which time it phosphorylates a number of 

substrates required for entry into the next phase of the cell cycle (Takeda et al., 

2001). The FHA motif was also found in this protein translation. The FHA domain is 

a signal transduction module which is specific for phosphothreonine containing 

peptides on the ligand proteins. FHA domains are associated with proteins involved 

in many signaling processes but are especially prevalent in nuclear proteins that are 

involved in cell cycle checkpoint, DNA repair and transcriptional regulation 

(Durocher & Jackson, 2002).  

 

Post translation modification site motifs MOD_CK1_1 and MOD_CK2_1 were 

identified in the protein translation. The MOD_CK1_1 motif  is recognised by 

Casein Kinase 1 for serine/threonine (Ser/Thr) phosphorylation. The enzyme appears 

to have roles in cell division, DNA repair and glycogen metabolism (Cheong & 

Virshup, 2011) while MOD_CK2_1 motif is recognized by the ubiquitously 

expressed Casein Kinase 2  which is a  messenger-independent Ser/Thr protein 

kinase with numerous related intracellular protein substrates. Many of these 

substrates are growth-associated proteins, evidence that implicates casein kinase 2 

importance in cell signaling networks which are crucial to cell fate decisions (Hanif 

et al., 2010). 

 

Other post translation modification site motifs which were identified in the protein 

translation are the MOD_ProDKin_1 motif and the MOD_PIKK_1 motif.  

MOD_ProDKin_1 is the site at which Proline-directed kinases phosphorylate a 

Ser/Thr residue preceding a Pro residue. This site is recognised by a large family of 

MAP and CDK-like kinases. These cascades contain at least three protein kinases in 

a series that culminate in the activation of a multi-functional MAP kinase. MAP 

kinases are major components of pathways controlling embryogenesis, cell 

differentiation, cell proliferation, and cell death (Pearson et al., 2001). The 

phosphoinositide-3-OH-kinase related kinases (PIKKs) are a group of ancient 
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eukaryotic protein kinases characterized by their large size (>200 KDa) and by the 

presence of a highly conserved phosphoinositide 3-kinase-like catalytic domain. 

PIKKs are the principal components of the DNA damage checkpoint pathway (Yang 

et al., 2004). The LIG_PP1 motif was also identified. This Protein phosphatase 1 

catalytic subunit (PP1) interacting motif binds targeting proteins that dock to the 

substrate for dephosphorylation. PP1 is a major Ser/Thr protein phosphatase of the 

eukaryotic cell. Reversible protein serine/threonine phosphorylation is an important 

component of the intracellular signaling machinery that controls many processes 

such as neurotransmission, muscle contraction, glycogen synthesis, T-cell activation, 

neuronal plasticity and cell proliferation (Aggen et al., 2000). 

 

The cognate protein of the ORF-1 translation may be involved in protein trafficking 

as evidenced by the presence of the LIG_Clathr_ClatBox_1 motif. Clathrin is the 

main component of the coat that decorates the cytosolic face of carrier vesicles 

mediating protein and lipid transport in the endocytic and late secretory pathways. 

Clathrin boxes are 5-residue-motifs found on cargo adaptor proteins, mostly near 

their C-terminus or central region. They are found in a large variety of accessory 

proteins involved in endocytosis and vesicular trafficking (Dell'Angelica, 2001). The 

presence of several LIG_USP7_1 motifs in the ORF-1 translation predicts the 

presence of a deubiquitinating system in the protein. Ubiquitin specific protease 7 

(USP7), also known as HAUSP, is a deubiquitinating enzyme which cleaves 

ubiquitin moieties from its substrates. Ubiquitin specific protease 7 is a prominent 

member of the USP subfamily. It is involved in the regulation of stress response 

pathways, epigenetic silencing, cell survival pathway and the progress of infections 

by DNA viruses (Amerik & Hochstrasser, 2004). Related to this is the LIG_WW_4 

motif which was also observed in the ORF-1 translation.  WW domains are small 

modular domains of 38-40 residues long that mediate protein-protein interaction. 

WW domains recognize proline-containing ligands and fold as a stable, triple 

stranded β-sheet in absence of ligands or disulfide bridges.  WW domain-containing 

proteins are involved in many cellular processes such as ubiquitin-mediated protein 

degradation and mitotic regulation (Macias et al., 2002). 
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The N-glycosylation motif designated as MOD_N-GLC_1 was observed on the N-

terminus of the protein translation.  N-glycosylation is the most common 

modification of secretory and membrane-bound proteins in eukaryotic cells. N-linked 

glycosylation is a co-translational process involving the transfer of a oligosaccharide 

chain to asparagine residue in the protein. The MOD_SUMO motif was located in 

the protein predicting a sumoylation site. The SUMO proteins are small ubiquitin-

related modifiers that are covalently conjugated onto lysine residues within target 

sequences. Sumoylation has an important function in nucleocytoplasmic trafficking. 

As well as controlling protein subcellular targeting, SUMO has a role in controlling 

gross subnuclear architecture.  Finally, the control of transcription by sumoylation 

might also involve the recruitment of the modified transcription factors to particular 

subcellular domains (Seeler & Dejean, 2003). 

 

The targeting site motif, TRG_ENDOCYTIC_2 which is the tyrosine-based sorting 

signal responsible for the interaction with mu subunit of Adaptor Protein (AP) 

complex motif was observed at the N terminus of the protein translation, covering 

amino acid residues 55-58. Intracellular traffic of many membrane-bound proteins 

requires sequences facing the cytoplasm. In many instances the sorting information is 

encoded in short peptide motifs, referred to as sorting signals. These motifs 

determine which vesicular traffic pathway is used to transport a particular molecule 

and hence determine its final destination. The YXXφ motif, where X is any amino 

acid and φ is a hydrophobic residue, is a sorting signal found in the cytosolic tail of 

various membrane proteins as an endocytic motif and also directs traffic within the 

endosomal and the secretory pathways.  This motif interacts with mu subunit of AP 

complex (Bonifacino & Traub, 2003).  

 

Other motifs involved in regulation of diverse cell functions were seen in the ORF-1 

translation. These include MOD_PKA_1, MOD_PKA_2 and MOD_PKB_1 motifs. 

Protein kinase A (PKA) and protein kinase B (PKB) belong to a large set of related 

AGC kinases having a preference for phosphorylating basophilic sites. Cyclic AMP 

(cAMP) dependent PKA is the major target for cAMP action in eukaryotic cells. The 

enzyme is allosterically activated by binding of cAMP to two regulatory (R) subunits 
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which induces dissociation of two catalytic (C) subunits. The active kinase is then 

free to phosphorylate substrates on serine, or less commonly threonine residues in 

recognition motifs. The enzyme acts on a wide number of proteins involved in 

several biochemical processes including glucose metabolism, fatty acid synthesis and 

pyruvate oxidation. Protein kinase B (PKB/Akt/Rac-protein kinase) is a key player in 

the signaling pathways of numerous essential eukaryotic cellular processes including 

glucose metabolism, cell proliferation, apoptosis, cell migration and transcription 

(Brazil & Hemmings, 2001). Several MOD_GSK3_1 motifs recognised by glycogen 

synthase kinase (GSK3) for Ser/Thr phosphorylation were found. Glycogen synthase 

kinase comprises two highly related proteins (GSK3-alpha and GSK3-beta) that 

phosphorylate a wide variety of target proteins. Glycogen synthase kinase 3 has a 

key role in the regulation of many cell functions, including glycogen metabolism, 

signalling by insulin, growth factors and nutrients, and the specification of cell fates 

during embryonic development (Cohen & Frame, 2001). 

 

Analysis of the second open reading frame (ORF-2) identified SMC protein domains. 

SMC proteins are a highly conserved and ubiquitous family of proteins found in 

eukaryotes and most prokaryotes. In eukaryotes SMC form several specialized 

protein complexes consisting of at least four essential and highly conserved subunits 

namely SMC1, SMC3, SCC1 and SCC3 whose functions include chromosome 

condensation, sister chromatid cohesion, DNA recombination and repair and sex 

chromosome gene dosage compensation in nematodes (Strunnikov & Jessberger, 

1999). Homologs of separase and the components of the cohesin complex are all 

found in the trypanosome genome, and functional studies on SMC3, SCC1, and 

separase demonstrated that they are all essential for chromosome segregation 

(Gluenz et al., 2008).  

 

Eukaryotic liner motif analysis of ORF-2 translation identified several motifs which 

are involved in cell cycle regulation as seen in ORF-1. These include LIG_14_3_3_2 

, LIG_14_3_3_3, LIG_CYCLIN_1, LIG_FHA, MOD_CK1_1, MOD_CK2_1 and 

MOD_PIKK_1. Motifs identified in the translation which are involved in regulation 

of diverse cell functions are the MOD_PKA_2 and MOD_GSK 3_1. Both have been 
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described for ORF-1. The MOD_N-GLC_1 motif involved in modification of 

secretory and membrane bound proteins was identified on the N-terminal of the 

protein while motifs implicated in protein trafficking were also identified. These are 

TRG_ENDOCYTIC_2 which has been described for ORF-1 and 

TRG_NES_CRM1_1. The Nuclear Export Signal (NES) is a linear motif involved in 

the regulated export of macromolecules from the nucleus via the nuclear pores. The 

import-export protein traffic through the nuclear envelope is mediated by soluble 

transport carriers called importins and exportins that bind to specific signals present 

within their substrates. The best-characterized export carrier is CRM1 (also known as 

exportin1/Xpo1), an evolutionarily well-conserved protein (Kutay & Guttinger, 

2005). In summary, the motifs identified in the translations of both ORF-1 and ORF-

2 belong to cell cycle regulation proteins, cell proliferation and differentiation, cell 

death as well as cellular trafficking. Taken together, presence of these motifs in the 

amplified gene segment implies that the translation product may not be a PGFS since 

none of these analyses are associated with PGFS. 

 

In an effort to understand the outcome of the sequence analysis of the amplified gene 

segment from L. braziliensis, the primer sequence was analyzed. The results of this 

analysis indicated that that the reverse primer annealed on both the 5’ and 3’ 

positions of the L. braziliensis gene fragment while the forward primer did not 

anneal. Therefore, due to poor primer design, a non-specific product was amplified. 

The primer design for carrying out PCR in this study was based on the L. major 

PGFS ORF. Since the enzyme in this species has been well characterized, a 

comparison between this enzyme and ORF-1 and ORF-2 was made. A BLASTp 

search and ELM analysis identified Aldo-keto reductase superfamily domains within 

the L. major PGFS protein as expected. However, analysis of translations of ORF-1 

and ORF-2 from L. braziliensis did not reveal any Aldo-keto reductase domains. 

This implies that ORF-1 and ORF-2 translations may not code for L. braziliensis 

PGFS. In addition, translations of ORF-1 and ORF-2 displayed numerous motifs, 

many of which are absent in L. major PGFS protein. This further supports the 

conclusion that the amplified gene, though being of L. braziliensis origin, is unlikely 

to be a L. braziliensis PGFS. The only motifs shared by the ORF-1 and ORF-2 
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translations with L. major PGFS protein include LIG_14_3_3_1, LIG_WW_ Pin1_4, 

MOD_CK1_1, MOD_CK2_1, MOD_GSK3_1 and MOD_ProDKin_1 motifs all 

located on the C-terminal of the protein. Finally, from these analyses, it is clear that 

although L. major PGFS protein shares some motifs with ORF-1 and ORF-2, it is 

from a different protein family. 

 

Leishmania major PGFS belongs to the Ald-keto reductases (AKRs) superfamily. 

AKRs are a superfamily of soluble NAD (P) (H) oxidoreductases whose main 

function is to reduce aldehydes and ketones to primary and secondary alcohols. In a 

study to investigate the role of changes in RNA abundance during promastigote to 

amastigote differentiation in L. donovani, an SMC protein and prostaglandin F 

synthase were among the genes down regulated late in the differentiation process 

(Saxena et al., 2007), hence both proteins seem to play significant roles in the 

promastigote stage as compared to the amastigote stage of the Leishmania parasite. 

Despite this common role, analysis of ORF-1 and ORF-2 from L. braziliensis does 

not show functional similarity to prostaglandin F synthase as was expected.  

 

5.2 Identification and characterization of PGF2α synthase protein in Old and 

New World Species of Leishmania 

 

As a preliminary to the Western blot analysis, total protein from each of the 

Leishmania species was separated on a protein gel. The proteins showed similar 

banding patterns in all the species. Even though it is not possible to distinguish all 

the individual bands, a prominent band of 63 kDa appears in all the species. This 

may represent leishmanolysin or GP63, which is the most abundant surface protein 

of Leishmania promastigotes (Yao et al., 2003).  

 

TbPGFS shares 61% amino acid identity with LmPGFS (Kubata, et al., 2000). 

Therefore, in this study, TbPGFS was used to generate rabbit polyclonal antibodies 

for screening for Leishmania PGFS. Western blot analysis confirmed the presence of 

PGFS in Old World species and not in New World species. PGF2α is transcribed at 
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very low levels in the New World L. chagasi which is closely related to L. donovani 

and L. infantum.  However, this low level of transcription does not lead to any 

appreciable levels of expression. Despite the absence of PGFS on the western blot in 

the New World species of Leishmania, some of these parasites are known to produce 

PGF2α (Kabututu, et al., 2003). Similar observations have been described in 

trypanosomatids whereby the synthesis of PGF2α is carried out by two different 

families of proteins. In the African trypanosome T. brucei, PGF2α synthesis is 

catalyzed by an aldo keto reductase (Kubata, et al., 2000). The aldo keto reductase 

superfamily consists of enzymes that catalyze redox reactions involved in 

biosynthesis, metabolism and detoxification (Barski et al., 2008). On the other hand, 

PGF2α synthesis in the American trypanosome T. cruzi, is catalyzed by T. cruzi old 

yellow enzyme (TcOYE) which is a flavoprotein. This enzyme is also involved in the 

metabolism of trypanocidal compounds in the parasite with the generation of free 

radicals. This was discovered while searching for a PGF2α synthase homologue in T. 

cruzi, when attempts to clone PGF2α synthase gene and purify the protein from T. 

cruzi proved unsuccessful as the gene was a pseudogene (Kubata, et al., 2002). Since 

genomic (RT-PCR) and serologic (western blot) results of this study demonstrates 

that PGFS is absent in the New world species of Leishmania, it is likely that a 

different enzyme is responsible for PGF2α production representing a system 

analogous to that seen in trypanosomes.  

 

During the course of this study, completed genomes of the four Leishmania species: 

L. (L.) major, L. (L.) infantum and L. (V) braziliensis and L. mexicana became 

publicly available at the GeneDB (http://www.genedb.org). Using sequence data, 

orthologues to L. major prostaglandin F synthase have been inferred in several 

kinetoplastids, namely L. infantum (LinJ.31.2210: pep), L. braziliensis 

(LbrM.31.2410: pep), T. cruzi (TcCLB.511287.49: pep, 

TcCLB.506213.50:pseudogenic_transcript: pep) and T. brucei (Tb11.02.2310: pep). 

In an effort to explain why the rabbit anti - T. brucei polyclonal antibody recognized 

the Old World and not the New World Leishmania species, pair wise analysis of the 

L. major PGFS and L. braziliensis PGFS obtained from the database was carried out. 

Analysis showed that these two proteins are virtually identical with an amino acid 
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identity of 92.5 %. This leads us to the conclusion that the PGFS protein is not 

expressed in the New World species. In addition, pair-wise analysis of the database 

L. braziliensis gene and that obtained and characterized in this study show no 

homology implying that what was amplified and characterized here is not the 

cognate L. braziliensis PGFS. 

 

Whereas PGF2α is associated with parturition (Xu, et al., 2013) and luteolysis 

(Shirasuna, et al., 2012) in mammals, its role in Leishmania parasites is not clear. 

However, studies have shown differential expression of this protein when 

promastigotes are subjected to drug pressure. In a study that carried out proteomic 

analysis on L. major  promastigotes to determine the effect of Methotrexate (MTX) 

exposure and resistance on protein expression, PGF2α synthase was one several 

proteins that was over-expressed in mutants. However, further experiments showed 

that PGF2α synthase had no role in MTX resistance but was probably required for 

partial compensation of growth defects caused by that resistance (Drummelsmith et 

al., 2004). In a similar study that carried out comparative proteomics of Pentavalent 

antimony (SbV) sensitive and resistant L. tropica promastigotes to identify proteins 

with differential expression, PGF2α synthase was one of 4 proteins that were under 

expressed in resistant isolates (Hajjaran et al., 2012). This suggests that PGF2α 

synthase plays a role in the stress response of the parasite allowing the parasite to 

survive in the presence of drug pressure.  

 

The vectors for Leishmania species are Phlebotomus sandflies for the Old World and 

Lutzomyia sandflies in the New World (Sharma & Singh, 2008). Thus, there exists a 

selective relationship between each parasite species and its vector based on genetic 

and ecological factors. For example, attachment of promastigotes to the midgut 

epithelium of the sand fly vectors which is an essential part of the Leishmania life 

cycle, is partly controlled by species-specific modifications of promastigote 

lipophosphoglycan (LPG) that selectively binds to the midgut galectin receptor 

(PpGalec) of the sand fly (Kamhawi et al., 2004; Sacks, 2010). Since PGF2α is more 

highly expressed in promastigotes than in amastigotes (Kidane, et al., 1989) it is 

likely that selective factors in the sand fly vector could have played a role in the 
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divergence of PGF2α synthase gene between Old and New World Leishmania. As 

this gene is expressed in Old World species and not in the New World species, 

perhaps this protein is essential in the former, but switched off in the latter for the 

successful metabolism and survival of the parasite in its vector.  
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CHAPTER SIX 

 

6.0     CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion  

 

6.1.1 Identification of PGF2α synthase gene in Old and New World species of 

Leishmania 

PGF2α synthase - like gene is transcribed in promastigotes of Old World but 

not New World species of Leishmania. 

6.1.2 Characterization of PGF2α synthase gene in Old and New World species 

of Leishmania 

For the first time, the PGF2α synthase-like gene from L. braziliensis has been 

molecularly characterized.  

6.1.3 Identification of PGF2α synthase protein in Old and New World species of 

Leishmania 

PGF2α synthase - like protein is expressed in promastigotes of Old World but 

not New World species of Leishmania. 

6.1.4 Characterization of PGF2α synthase - like protein in Old and New World 

species of Leishmania 

This study concludes that PGF2α synthase is not expressed in promastigotes of 

New World species of Leishmania. Although PGF2α synthase gene has been 

identified in the genome of L. braziliensis, this study demonstrated that the 

protein is not expressed in the promastigote stage of this parasite.  
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6.2 Limitations 

 

The design of the current work was not optimum. Whereas bioinformatic analyses of 

genomic data can enable prediction of protein function, it is not possible to 

comprehensively understand the function of a gene based on bioinformatics alone. A 

better design should have included aspects of phenotypic functional studies of the L. 

braziliensis protein including enzyme assays, protein-substrate binding interaction 

assays and proteomic approaches (immunoprecipitation assays) to ascertain presence 

and function of the PGF2α synthase in L. brazilliensis parasites. Although, the 

Western blot was able to identify PGF2α synthase – like protein in the three Old 

World species of Leishmania, enzyme kinetics should have been carried out on these 

proteins in order to ascertain that they are indeed the PGF2α synthases.  
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6.3 Recommendations 

 

Functional studies should be carried out to identify the active L. braziliensis PGFS 

and determine its role in the parasite with a view to explore it as a potential target for 

novel antileishmania therapy.  
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