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Abstract 
Enolase is one of the most abundantly expressed cytosolic proteins in many organisms. It is a key 
glycolytic metalloenzyme found from archaebacteria to mammals and its sequence is highly conserved. 
Enolase, a multifunctional protein, exhibits diversity in its location as well as in function. Besides its 
function in glycolysis and gluconeogenesis, it also serves as a surface protein and surface receptor for the 
binding of plasminogen on the surface of the variety of haematopoetic, epithelial and endothelial cells for 
the invasion of pathogens. Enolase is transported to the cell surface through an unknown mechanism. It 
efficiently binds with plasminogen and converts it to a serine protease, plasmin that helps to degrade the 
fibrin matrix together with other extracellular matrix surrounding the targeted host cell for the invasion of 
pathogen. Presence of enolase and its key role in the metabolism and in the pathogen invasion process in 
many of the vector-borne pathogens from arboviral to nematode pathogens are being recognised recently. 
The location and possible function of enolase and its importance as therapeutic target in vector-borne 
pathogens are discussed.   
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Introduction 
Vector-borne diseases (VBD) are those diseases that are transmitted by infected arthropod 
vectors from one person to another or from animal hosts to humans. There are a large number 
of viral, rickettsial, bacterial and parasitic diseases that account for about 17% of the estimated 
global burden of all infectious diseases (Table 1). Among these diseases malaria is the most 
prevalent VBD with over 2.4 billion people around the world at risk and > 275 million cases 
reported every year with > 1 million deaths in children [1]. Besides mortality, morbidity 
resulted from infection with such diseases led to major economic losses and increased burden 
in terms of disability adjusted life years (DALY). Within two decades global trade, rapid 
international travel, and environmental changes such as climate change and urbanization result 
in vectors and vector-borne diseases to re-emerge or spread beyond borders [2]. Vectors that 
transmit different diseases may share similar habitats. Single vector may transmit more than 
one disease as in the case with malaria and anopheline transmitted filariasis. Strategies to 
control these diseases include use of insecticides against vectors, immunization by live 
attenuated cell line vaccines, chemotherapy and anti-parasitic drugs. However, increasing 
reports on the development of resistance to anti-parasitic drugs prompted a situation where 
designing and developing new alternative anti-parasitic drugs or molecular vaccines for 
parasites/other pathogens are very essential in the forthcoming years. 
 
Pathogens and invasion  
Pathogens, from bacteria to helminthes, are equipped with a variety of potent mechanisms to 
invade several host tissue barriers to reach their final destination. Within their target cells the 
pathogens are safe to proliferate and equip for transmission to the next host. To survive within 
the host, the pathogens suppress the host immune system through sophisticated mechanisms of 
antigenic variation through specialized enzymatic and biochemical means including adhesion 
molecules and cellular receptors [3]. Basic metabolic pathways and biochemical features of 
vector-borne parasites are potential chemotherapeutic targets for developing antiparasitic drugs 
for the treatment of diseases caused by these parasites. A number of pathogenic organisms 
display specialized proteins on their cell surface to help in the invasion, one of the best 
characterized is the glycolytic enzyme enolase. 
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General aspects of enolase 
Enolase (EC No. 4.2.1.11) is one of the most abundantly 
expressed cytosolic proteins in many organisms. It is a key 
glycolytic metalloenzyme that catalyses the dehydration of 2-
phosphoglycerate (2-PGA) to phosphoenol pyruvate (PEP), in 
the last steps of the catabolic glycolytic pathway (Fig. 1). 
Enolase has an absolute requirement for magnesium as the 
natural cofactor, in the presence of which it imparts highest 
activity in the metabolic pathway of fermentation in general 
and the glycolytic pathway, in particular, and hence is 
ubiquitously present in abundance in the biological world [4]. 
Enolase is found from archaebacteria to mammals and its 
sequence is highly conserved. It has been also localized on the 
surface of several pathogens like bacteria, fungi, protozoa and 
helminthes. Indeed, in many organisms (vertebrates, 
Saccharomyces cerevisiae, Toxoplasma gondii) the presence 
of different enolase isoforms has been reported, often with 
kinetic properties favouring a flux in the glycolytic or 
gluconeogenic direction resulting in multifaceted functions [5-

7].  
Importantly, in pathogenic organisms, enolase is mainly 
responsible for the invasion of pathogen into its host cells 
(Fig. 2). Its surface expression depends on the 
pathophysiological, metabolic or developmental conditions of 
cells. The enzyme has been found in the cell wall of S. 
cerevisiae and constitutes an immunodominant antigen at the 
surface of the pathogenic yeast Candida albicans during 
invasive candidiasis6. Surface enolase has been highlighted as 
an important virulence factor in Bacillus anthracis, 
Streptococcus pneumonia and S. mutans [8-10]. Additionally, in 
Entamoeba invadens, enolase expression is induced by 
environmental signals, and it shows association with 
cytoplasmic vesicle-like structures that transport the protein to 
the cyst wall where it plays an essential but so far unknown 
function [11]. Enolase may also be excreted into the 
extracellular environment where it mediates degradation of 
host tissues and immune evasion, which has been observed in 
the human pathogenic Streptococcus. pyogenes and the 
arthropod parasite, Aphidius ervi [12, 13].  
 
Diversity in location and function of enolase 
Enolase, a multifunctional protein, exhibits diversity in its 
location as well as function. It is reported as a surface protein 
[14], surface receptor for the binding of plasminogen [15] and a 
Myc-binding protein localized in the nucleus as a DNA 
binding protein [16]. Based on its functional diversity enolase 
is identified as an eye crystalline protein [17], a heat shock 
protein [18], a neurotropic factor [19] and a cytoskeletal and 
chromatin binding protein [20].  
Enolase is present in many vector-borne pathogens including 
Leishmania mexicana and Plasmodium falciparum. The cell 
surface enolases of pathogens efficiently capture plasminogen 
(proenzyme) from the surrounding environment which is 
subsequently converted into active plasmin, a strong serine 
protease that facilitates the invasion process [21, 22]. Activation 
of plasminogen into active plasmin involves cleavage of the 
Arg561-Val562 bond yielding an N-terminal A (heavy) chain 
which remains linked by two disulphide bonds to the smaller 
C-terminal B (light) chain. The B-chain contains the protease-
active residues [23]. The plasminogen N-terminal region 
contains five 80-amino-acids-long kringle domains. 
Plasminogen binds strongly and specifically to surface 
enolase via interaction of its Kringle domain with the C-
terminal or internal lysine motifs of enolase [24].  
Through binding to plasminogen and nucleic acid, enolase 

plays an important role as a cell surface receptor in host 
pathogen interactions and pathogenic diseases [25, 26]. This 
enzyme was also identified as a major component of 
excretory-secretory products (ESP) of many parasites27 which 
play key role in controlling the parasite growth [28]. In this 
review, the role of surface enolase in various vector-borne 
pathogens and its therapeutic importance with regard to 
control of vector-borne diseases are discussed. 
 
Role of surface enolase and vector-borne diseases: 
Viral diseases 
Dengue 
Dengue virus, a mosquito-borne single stranded positive RNA 
virus, includes five serotypes from 1 to 5. It is transmitted to 
humans mainly by mosquito vectors Aedes aegypti and Ae. 
albopictus [29, 30] by infecting primary human cells such as 
peripheral blood leukocytes, blood monocytes/macrophages, 
dendritic cells, and B lymphocytes [31]. Dengue virus (DENV) 
attaches to the host epithelial cell receptors through envelop 
(E) protein [32, 33] and enters the cell mainly via this receptor 
by clathrin-dependent endocytosis[34, 35]. Several DENV 
receptors have been described in mammalian cells [36] as well 
as in mosquito cells [37]. Enolase has been identified as a 67 
kDa DENV binding protein from protein extracts of C6/36 
cell and in the brush border of midgut of Ae. aegypti 
mosquitoes from DS3 and DMEB strains [38, 39] and also been 
shown to be bound to DENV-2 presumably through the 
envelope protein on the virus surface [40]. This reinforces the 
idea that enolase may be a DENV receptor of Ae. aegypti 
midgut[41]. Recently, Higa et al. [42] also showed that DENV 
infection alters the secretion pattern of hepatic HepG2 cells, 
with α-enolase appearing as one of the major proteins secreted 
in higher levels by infected cells and suggested an association 
between plasma levels of α-enolase and disease severity. 
Since α-enolase binds plasminogen and modulates its 
activation, it is plausible to speculate the association of the 
increase in α-enolase secretion by infected hepatic cells with 
the haemostatic dysfunction observed in dengue patients 
including the promotion of fibrinolysis and vascular 
permeability alterations. Further investigation on enolase is 
essential for targeting the protein as a suitable therapeutic 
candidate against all serotypes of dengue viruses. 
 
West Nile 
West Nile virus (WNV) is a positive sense, single-stranded 
RNA arbovirus of the Flavivirus family with potential to 
cause meningoencephalitis [43]. Humans and other mammals 
are incidental hosts with transmission through bites of 
infected mosquitoes and the virus is maintained in nature in a 
mosquito-bird cycle with Culex species being the primary 
vector. West Nile virus can cause serious illness in man, 
resulting in encephalitis and death, and is soon expected to be 
endemic in most of the United States, South America, Greece 
and Italy [44-46]. Neuron is basically affected by WNV leading 
to meningoencephalitis. Enolase is a glycolytic enzyme found 
in neurons and neuroendocrine cells of the human host and is 
currently used to identify neurons [47]. Antibodies against 
neuron-specific enolase (NSE), glial fibrillary acidic protein 
(GFAP) and WNV were used to develop the method of 
double-label immunohistochemical staining, which allowed 
independent assessment of neuron status and WNV 
distribution in the brain cells of monkey [48]. Recently, 18 
mosquito proteins including enolase (gi|157121051) that 
interact with WNV were identified using tandem affinity 
purification (TAP) assay. Enolase has been shown to be 
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required for virus transcription via its interaction with tubulin 
[49] and there may be a similar requirement for this enolase 
protein in other flavivirus infection. Not much information is 
available on the mechanism of interaction of viral enolase 
with the vector. More research on this protein and its 
association with flaviviruses may provide some clues to 
design novel targets [50] to inhibit infection of the vector or 
block transmission to humans [40]. 
 
Tick-borne Encephalitis 
Tick-borne encephalitis (TBE) single-stranded RNA virus 
causes severe encephalitis with serious sequelae in humans. 
The disease is characterized by fever and debilitating 
encephalitis that can progress to chronic illness or fatal 
infection [51]. TBE virus (TBEV) has 3 subtypes: European, 
Siberian, and Far Eastern. Enolase is secreted in the saliva of 
the tick that provides convincing evidence for a role of this 
salivary protein as a plasminogen receptor, most likely 
stimulating host fibrinolysis and maintaining blood fluidity 
during tick feeding [52]. TBEV infection, in addition to causing 
fatal encephalitis in mice, induces considerable breakdown of 
the blood-brain barrier (BBB) due to drastic changes in 
permeability of BBB in animal models. The permeability of 
the BBB increased in later stages of TBE infection when high 
virus load was present in the brain with neurological signs 
associated with sharp declines in body weight and 
temperature [53]. In human patients with a severe form of TBE, 
neurospecific proteins such as neuron-specific enolase or α-1 
brain globulin were elevated in serum, indicating BBB 
breakdown [54-57]. However, despite this finding, dysfunction 
of the BBB has not been extensively studied in TBE so far. 
The RNAi experiments and immunization trials indicated that 
enolase could be involved in the regulation of tick 
reproduction, suggesting new potential control strategies [52]. 
 
Japanese Encephalitis 
The mosquito-borne Japanese encephalitis virus (JEV) is an 
enveloped, positive-sense single-stranded RNA virus and a 
member of the genus Flavivirus under the family 
Flaviviridae57. JE has a high fatality rate of 30% and around 
half of the JE survivors show severe neurological sequellae 
[58]. JEV is the sole etiologic agent of Japanese Encephalitis 
(JE), a neurotropic killer disease being one of the major 
causes of acute viral encephalitis in human in wide areas of 
southern and eastern Asia. Following entry into the host 
system through mosquito bite JE virus (JEV) may replicate in 
various organs such as liver and spleen and reaches the CNS 
resulting in rapid inflammatory response. Recent study on the 
microarray analysis showed that 437 genes in spleen and 1119 
genes in brain were differentially expressed in response to 
JEV infection with obviously upregulated genes like 
chemokines and cytokines and down regulated genes such as 
enolase 2 (Eno2). These genes may play a critical role as 
antiviral response of host against JEV and also as biomarkers 
[59]. The mRNA profile obtained may provide foundation for 
further investigations of JEV pathogenesis and therapeutic 
methods [60, 61] (Yang et al., 2011; Peng and Jiang, 2015). 
 
Bacterial disease 
Lyme Disease 
Borrelia burgdorferi, the Lyme disease spirochete, causes the 
most common arthropod-borne disease in the United States 
and many other temperate regions of the world. This tick-
borne bacterial pathogen causes a disseminated infection 
involving multiple organs known as Lyme disease. It is 

significant cause of morbidity and continues to be a serious 
public health concern [62, 63]. Borrelia burgdorferi is a 
successful extracellular pathogen that co-opts host proteins 
for its own advantage. The enolase of B. burgdorferi is both 
cytoplasmic and surface exposed [64] and may directly 
participate in microbial virulence by facilitating pathogen 
dissemination via interaction with host factors. A fraction of 
the B. burgdorferi chromosomal gene product BB0337, 
annotated as enolase is associated with spirochete outer 
membrane and is surface exposed. Recent work also revealed 
that the enolase of B. burgdorferi moonlights as a surface-
exposed plasminogen-binding protein [65]. B. burgdorferi 
enolase, either in a recombinant form or as a membrane-
bound native antigen, displays enzymatic activities intrinsic to 
the glycolytic pathway. The protein interacts with host 
plasminogen, potentially leading to its activation and resulting 
in B. burgdorferi-induced fibrinolysis [66, 67]. Further, it 
penetrates the endothelium and activates matrix 
metalloprotease-9 and matrix metalloprotease-1 [68]. 
Spirochete enolase immunization of murine hosts 
significantly reduced the acquisition of spirochetes by feeding 
ticks, suggesting that the protein could have a stage-specific 
role in B. burgdorferi survival in the feeding vector [69, 70]. 
Strategies to interfere with the function of surface enolase 
could contribute to the development of novel preventive 
measures to interrupt the spirochete infection cycle and 
reduce the incidences of Lyme disease. Surface-exposed 
regions of enolase could potentially serve as vaccine targets 
or antigenic regions that could alter the course of natural 
Lyme disease. 
 
Protozoan diseases 
Malaria 
Malaria, caused by protozoan parasite Plasmodium species, 
remains one of the most infectious diseases in the third world 
causing about 198 million infections and over 500,000 deaths 
per year. It is estimated that 443,000 children die each year 
mostly in sub-saharan Africa due to severe complications of 
Plasmodium falciparum malaria [71]. The most severe form of 
human malaria parasite is caused by P. falciparum. It encodes 
an enolase of about 50 kDa. The Plasmodium falciparum 
enolase protein is homo dimers similar to the enolases from 
several other sources [72]. P. falciparum enolase (Pfen) the 
Plasmodium falciparum enolase is a homo dimer similar to 
the enolases can be a potential target for antimalarial drugs 
[73]. The deduced sequence of P. falciparum enolase exhibits 
high homology with mammalian enolases (68-69%), but 
differs in containing a plant-like pentapeptide, a dipeptide 
insertion and some different residue [74]. Patients infected with 
P. falciparum and P. vivax had high anti-enolase antibody 
titres and hence it was concluded that enolase could be used 
for the Immunodiagnostics of malaria [75]. 
Immunofluorescence as well as electron microscopic 
examinations revealed localization of the enolase protein on 
the merozoite cell surface. These observations establish 
malaria enolase to be a potential protective antigen [76]. 
Another study supports the hypothesis that enolase on the 
surface of Plasmodium ookinetes plays a dual role in midgut 
invasion: by acting as a ligand that interacts with the midgut 
epithelium and, further, by capturing plasminogen via 
enolase’s internal lysine motif (DKSLVK), whose conversion 
to active plasmin promotes the invasion process [77]. Using a 
novel approach, Marcelo Jacobs-Lorena and colleagues 
originally identified a structural mimic of the ookinete surface 
protein enolase by screening a phage display library and 
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named this peptide SM1. It was shown to inhibit the invasion 
of rodent malaria and was hypothesized to interact with a 
mosquito midgut receptor and thereby block the natural 
receptor / ligand interaction [78]. Thus, it may be worthwhile to 
evaluate enolase, a protein critical to the survival of the 
parasite [79], for the immunoprophylactic and 
immunotherapeutic control of malaria.  
 
Leishmaniasis 
Leishmaniasis can occur as three different forms: i) cutaneous 
leishmaniasis is the most common and mild form of the 
disease characterized by the presence of ulcers that appear at 
the places of parasite inoculation ii) mucocutaneous 
leishmaniasis is manifested by destruction of the mucosa 
membranes of mouth, nose, and throat after parasite spreading 
iii) visceral leishmaniasis is the most dangerous form of the 
disease in which organs such as liver and spleen are 
compromised. Over 90% of new cases occur in 6 countries: 
Bangladesh, Brazil, Ethiopia, India, South Sudan and Sudan 
[80]. Leishmania parasites are transmitted by sand flies 
(Phlebotomus sp.) Leishmania mexicana belong to the family 
Trypanosomatidae are the causative agents of a variety of 
diseases collectively called Leishmaniasis [81]. Pathogenic 
stages of Leishmania, the amastigotes living intracellularly in 
phagolysosomes of macrophages, utilize amino sugars as a 
source of carbon and energy thereby indicating that glycolysis 
is important [82]. Even during hexose uptake, gluconeogenesis 
has been shown to be an essential pathway for the synthesis of 
glycoconjugates and β-mannan, both required for the 
virulence of the parasite [83, 84]. Pathogenic stage of 
Leishmania expresses a protein of about 50 kDa called L. 
mexicana enolase on its surface. The plasma membrane 
localization of enolase and its association with external 
surface of L. mexicana was demonstrated by Immuno-blotting 
analysis and Immuno-fluorescence microscopy [85]. Cell 
surface enolase has been reported as a protein capable of 
binding plasminogen5 and laminin [86]. Enolase in L. mexicana 
is able to bind plasminogen [87] and this binding might 
contribute to the virulence of this parasite88. This location and 
possible function of enolase offer additional perspectives for 
both drug discovery and vaccination. 
 
Trypanosomiasis 
Trypanosoma brucei is the causative agent of human sleeping 
sickness, a disease that threatens millions of mainly 
impoverished people in 36 countries of the African continent 
[89]. This parasite is transmitted by several species of the genus 
Glossina, insects commonly known as tsetse flies, which are 
endemic in the affected sub-Saharan countries. Without 
treatment, human sleeping sickness is considered fatal. 
Trypanosoma cruzi is responsible for Chagas’ disease in 
South and Central America, a form of trypanosomiasis that 
threatens 15 million people on the American continent. This 
parasite is mainly transmitted to humans via the faeces of 
infected triatomine bugs. Detailed studies specifically devoted 
to parasite’s enolase have confirmed that its activity is 
exclusively present in the cytosol of T. brucei bloodstream 
forms [90], T. cruzi epimastigotes and L. mexicana 
promastigotes [85]. In bloodstream-form T. brucei, enolase has 
been genetically validated as a drug target by RNA 
interference (RNAi). Upon induction of RNAi, enolase 
activity gradually decreased during the first 24 h to 16%, 
leading to growth arrest followed by trypanosome death after 
two days [91]. In T. cruzi, the enzyme was detected by peptide 
mass fingerprinting in the different developmental stages with 

a higher expression in trypomastigotes and amastigotes 
compared to epimastigotes [92]. T. cruzi glycolytic enzymes 
including enolase have been shown to be inhibited by 
inorganic pyrophosphate (PPi) [93, 94] whereas no such 
inhibition was found for T. brucei enzymes. Glycolysis and 
glyconeogenesis play crucial roles in the ATP supply and 
synthesis of glycoconjugates, important for the viability and 
virulence, respectively, of the human-pathogenic stages of T. 
brucei, T. cruzi, and Leishmania spp. These pathways are, 
therefore, candidate targets for drugs/vaccines against these 
parasites [95]. Nonetheless, potentially important differences 
exist between the trypanosomatid and host enzymes, with 
three unique, reactive residues close to the active site of the 
former that might be exploited for the development of new 
drugs. Parasites’s enolase is one among several proteins 
showed strong potential for diminishing or even disrupting fly 
vector competence, and their application holds great promise 
for improving the control of sleeping sickness [96]. 
  
Helminthic diseases: Filariasis 
Nematodes are responsible for this most common parasitic 
infection of humans. In particular, the tissue-dwelling filarial 
nematodes—including Onchocerca volvulus, Loa loa, 
Wuchereria bancrofti, Brugia timori and B. malayi cause the 
most severe pathologies associated with these infections, 
including blindness, extensive skin lesions (in long-standing 
disease) and elephantiasis [97]. Relatively little is known about 
the filarial proteins that interact with the human host. 
Although the filarial genome has recently been completed [98], 
protein profiles have been limited to only a few recombinants 
or purified proteins of interest.  
 
5.4.1. Onchocerciasis 
Human onchocerciasis, the fifth common cause of blindness 
in the world, is caused by the filarial parasite Onchocerca 
volvulus. Circulating microfilariae of O. volvulus cause 
persistent debilitating itching, severe dermatitis and ocular 
lesions resulting in blindness (river blindness). O. volvulus 
affects nearly 37million people in 34 countries and is most 
abundant in Africa, with small foci in Southern and Central 
America [99]. Over 25 million people are infected and nearly 
130 million persons are at risk of infection mainly in tropical 
Africa; 6.5 million suffer from severe itching or dermatitis 
and 270,000 are blind DALYs estimated at nearly 600,000 
worldwide. The disease also occurs in some parts of Latin 
America and Yemen [100-103]. The parasite is transmitted to 
humans through exposure to repeated  bites of infected female 
blackflies of the genus Simulium. The severity of illness is 
directly proportional to the number of infected microfilariae 
and the power of the resultant inflammatory response and 
incubation period in humans is about one year. In skin 
involvement, the infected larvae remain localized in the skin 
and grow into adults producing large numbers of microfilariae 
resulting in disease symptoms. Through genomics approach 
and the leads from the model nematode Caenorhabditis 
elegans, proteins/enzymes involved in the invasion of the 
parasite or pathogenesis of the diseases was studied. One of 
the enzymes, α-enolase, involved in the parasite invasion was 
targeted. Complete cDNA of 1615 bp of from O. volvulus 
(Ov-ENO) was isolated which encodes a polypeptide of 435 
aminoacids with calculated molecular mass of about 38 kDa. 
Immunolocalization of Ov-ENO in adult Onchocerca worms 
and microfilariae were observed in the afibrillar portion of the 
muscles of the body wall and of the uterus [104]. The 
plasminogen-binding property of Ov-ENO may support 
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plasmin-mediated proteolysis including degradation of host’s 
extracellular matrix thereby promoting the migration of larval 
stages through tissues. The recognition by antibodies in sera 
of O. volvulus-infected persons indicates an involvement of 
the protein in the interaction between the parasite and the 
human host. A recent study on the occurrence of filarial 
proteins in onchocerciasis patients indicated that alpha-
enolase and other compounds of O. volvulus were expressed 
in the cells of the neoplasms [105]. The mechanism by which 
the protein is transported to the outer cell surface needs to be 
determined to explore the possibilities of Ov ENO as a drug 
target/vaccine candidate.  
 
Loasis 
Loa loa is a blood dwelling nematode that is parasitic in 
humans and about 13 million people infected [106] and nearly 
30 million are at risk [107]. The adult worm wanders through 
the subcutaneous tissue but is most obvious as it crosses the 
conjunctiva of the eye hence leading to its common name, the 
African eye worm. The worms migrate through the skin 
causing local inflammatory reactions called Calabar 
swellings. Infection with L. loa is spread by biting deer fly 
Chrysops which lives in swampy areas of the forest, 
principally in the Congo River region, Sudan, and Ethiopia. 
The American deer fly, Chrysops atlanticus, had been 
reported to be a competent intermediate host of L. loa and 
able to spread the worm to monkeys. This is of some public 
health concern but so far L. loa has remained isolated to 
Africa. L. loa does not contain the obligate intracellular 
Wolbachia endosymbiont. Desjardins et al. described the 91.4 
Mb genome of L. loa and predicted 14,907 L. loa genes on the 
basis of microfilaria RNA sequencing. Under the genome 
sequencing project of L. loa, enolase gene (203 bp long and 
22 kDa) has been identified (NCBI-GeneID: 9938290) [108]. 
However, more work is needed to uncover the role of enolase 
in the pathology of this debilitating filarial infection and for 
developing new treatment or diagnostic strategies.  
 
Brugian Filariasis 
Of all lymphatic filarial (LF) infections, 90% are caused by 
Wuchereria bancrofti and the remaining is caused by Brugia 
malayi and Brugia timori. The human filarial parasite Brugia 
malayi harbours an endosymbiotic bacterium of the genus 
Wolbachia. Wolbachia represent an attractive target for the 
control of filarial induced disease as elimination of the 
bacteria affects moulting, reproduction and survival of the 
worms. Two Wolbachia surface proteins (WSPs) WSP-like 
proteins (wBm0152 and wBm0432) were localized to various 
host tissues of the B. malayi female adult worms and are 
present in the excretory/secretory products of the worms. 
Evidences show that both of these proteins bind specifically 
to B. malayi crude protein extracts and to individual filarial 
proteins to create functional complexes. The wBm0432 
interacts with several key enzymes involved in the host 
glycolytic pathway, including enolase and aldolase. It may 
also function as an anchor between Wolbachia and the B. 
malayi cytoskeleton using the ATP produced at the surface as 
an energy source to engage the actin cytoskeletal network to 
support its motility and distribution within the host [109, 110]. 
The other glycolytic enzymes detected are enolase 
(Bm1_24115) and transaldolase (Bm1_04195). While 
transaldolase was maximally observed in the secretions of 
microfilariae and sparingly in adults, enolase was detectable 
only in the secretions of the adult male parasites. Recently, in 
our laboratory complete cDNA of 1314 bp of enolase from B. 

malayi was isolated using PCR based approach with an open 
reading frame encoded for 436 amino acids (GenBank Acc. 
No: KF830990). Further characterization of the protein as a 
therapeutic candidate is underway. 
 
Bancroftian filariasis 
Bancroftian Filariasis, caused by Wuchereria bancrofti, is a 
vector-borne, parasitic filarial nematode disease that has been 
targeted for elimination. In 1995, WHO ranked LF as the 
second leading cause of disability worldwide after mental 
illness. Over 120 million infected individuals are infected 
with the causative agents of lymphatic filarial parasites W. 
bancrofti and B. malayi, 40 million disfigured or incapacitated 
with >25 million men with genital disease; > 15 million 
people with lymphoedema or elephantiasis of the leg; >1.4 
billion people at risk [99] and DALYs estimated at 2.8 million 
worldwide103. Currently, one-third of the people infected with 
LF live in India; one-third is in Africa and one-third is in 
South Asia, the Pacific, and the Americas. 
The Global Programme for the Elimination of Lymphatic 
Filariasis (GPELF), launched in 1998, aims to eliminate LF 
by 2020 [111]. Diagnostic tools based on the detection of 
parasite DNA/antigen/antibody are essential for monitoring 
and certification of GPELF. To achieve the goal, development 
of potential diagnostic/drug/vaccine targets for lymphatic 
filariasis is given utmost priority. Recently several enzymes 
including surface enolase have been shown to perform 
important role in different biological and pathophysiological 
processes of parasitic nematode [112]. The development of 
molecular methods and techniques has lead to the 
advancement in isolation, purification and characterization of 
nucleic acids and proteins from filarial parasites. In our 
laboratory, partial cDNA (621 bp) has been isolated from L3 
cDNA library of W. bancrofti, and sequences deposited in the 
Genbank (EU370162). Based on these coding sequences a 
phylogenetic tree of selected nucleotide sequences of enolases 
of some parasites/pathogens was constructed (Fig. 3). The tree 
formed two major clusters of which the upper cluster included 
most of the parasites within which the filarial nematodes are 
grouped as a separate sub cluster. The ubiquitous presence of 
the enzyme and the sequence homology between enolases 
from extant pathogens belonging to different phyla indicate 
that an enolase gene has already been present in the common 
ancestor and diversified by speciation of organisms and gene 
duplication within organisms [113]. Further knowledge on the 
molecular and functional characterization of this parasite 
enzyme and its genetic basis may help to understand parasite 
evolution and also to design new chemotherapeutic tools. 
 
Therapeutic importance of enolase 
Enolase may have one or more of three important functions in 
different vector-borne pathogens, in glycolysis, in 
gluconeogenesis and/or as plasminogen receptor. The 
presence of surface enolases in vector-borne pathogens and 
their potential role as a cell surface receptor in host pathogen 
interactions, make them potential therapeutic and diagnostic 
targets. Since enolase is abundantly expressed in most of the 
cells, it has been proved useful as a model for studying basic 
mechanisms of enzyme action as well as structural analysis. 
The gene that expresses enolase is not a house keeping gene 
since its expression varies according to the 
pathophysiological, metabolic or developmental conditions of 
the cells in the pathogens. Experiments carried out earlier on 
binding of plasminogen to surface exposed enolase [114] 
epitope mapping of anti-enolase mAb, immunizing mice with 
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anti-recombinant enolase have indicated the therapeutic 
prospects of targeting enolase to combat bacterial pathogens 
of human.  
The available information on the presence of enolase in many 
arboviral (dengue virus, tick-borne encephalitis virus, and 
several other viruses which may cause encephalitis) particles 
as a possible requirement for the transcription of the virus and 
its secretion in higher levels in infected cells suggest that this 
protein may be explored as a potential vaccine target for 
arboviral infections. In tick-borne spirochetes, Borrelia spp., 
antigenic regions of enolase which is associated with 
spirochete outer membrane and surface exposed are aimed to 
be therapeutic candidates. High anti-enolase antibody titre in 
P. falciparum and P. vivax infected patients and increased 
amount of enolase in parasitized RBCs led to a conclusion 
that enolase can be a potential protective antigen for the 
immunoprophylactic and immunotherapeutic control of 
malari [75]. During hexose uptake gluconeogenesis has been 
shown to be an essential pathway for synthesis of 
glycoconjugates and β-manna, both required for the virulence 
of the Leishmania parasite [115]. Therefore, enolase could be 
considered as vital, and thus a drug target in this organism. 
Glycolysis represents the only process through which ATP is 
synthesized by the T. brucei and T. Cruzi parasites and 
inhibition of glycolysis, therefore, leads to the death of these 
parasites and hence enolase might be a candidate drug target. 
In blood stream-form T. bruci, enolase has been genetically 
validated as a drug target by RNA interference (RNAi), 
leading to decrease in enolase activity, growth arrest and 
followed by trypanosome death.  
In helminthes particularly in parasites causing filarial 
diseases, enolase could be detected in most tissues of 
microfilariae, infective larvae and adults of Onchocerca 
volvulus as a surface protein involved in the interaction 
between parasite and human host which do not possess a 
classical machinery for surface transport in spite of that they 
are transported to the surface and anchored to cells by an 
unknown mechanism. Though partial and full length cDNA 
encoding enolase in W. bancrofti and B. malayi respectively 
have been reported, the real function of this enzyme in the 
interaction with the plasminogen is to be investigated further. 
The advent of completed genomes and the development of 
crucial experimental tools such as RNA interferons, provide 
the basis for further investigations into enzymology of enolase 
in the parasite nematodes. Molecular basis of filarial parasite 
modulation of host immunity increases the possibility of 
identifying vaccine candidates and new drug targets, and may 
also aid in the development of protein probes for selective and 
sensitive diagnosis of filariasis. 
The wide variety of vector-borne pathogens discussed above 
need to penetrate the physical barriers such as extracellular 
material and tissue epithelium for their development in their 
mammalian or respective host. These pathogens from 
arbovirus to nematode prefer to recruit plasminogen- plasmin 
system for their survival. Since pathogen is devoid of fibrin to 
capture plasminogen on the surface of the pathogen, enolase a 
metabolic enzyme, is expected at the cell surface where the 
lysine motif of the enzyme physically interacts with kringle 
domain of the plasminogen. The genome of the pathogen 
mostly has a single enolase gene encoding a protein with 
multiple functions related to its subcellular location. 
Generally enolase enzyme lacks signal sequence and hence 
what mechanism operates to assign different functions to this 
enzyme and also its surface location is not yet known. No 
information is available as to how the mechanism of 

plasminogen activation and binding to enolase on the 
pathogen surface occur except the evidence that tPA binds to 
the surface of the mosquito midgut epithelium in Plasmodium 
for the activation of plasminogen on the ookinete surface at 
the time of ookinete-midgut epithelium contact.  
Further in depth research on the mechanism of plasminogen 
activation and binding to enolase on the pathogen surface will 
unravel the complexity involved in tissue invasion. 
Knowledge on the nature of the protein substrates of surface 
plasmin and the mode of cleavage by plasmin will pave way 
for the innovative approaches for the development of 
therapeutic candidates towards vector-borne diseases control. 
 
Prospects 
The fact that enolase plays a crucial role in the metabolism of 
perhaps all vector-borne pathogens and is most likely an 
important virulence factor in some intracellular parasites 
provide two prospects for using this protein to combat or 
prevent an infection. In the first possibility, the presence of 
the plasminogen-receptor form of enolase could be used in 
two different ways to interfere with the virulence of the 
pathogens. Enolase of any vector-borne pathogen or unique 
part of its sequence, may be used either as an antigen for an 
infected person to enhance his immune system in combating 
the pathogen or it may be administered as a potential vaccine 
as in the case of Clonorchis sinensis prevention [116] to protect 
people at risk of being infected. On the other hand, 
compounds may be developed as drugs that prevent or disrupt 
the receptor-plasminogen interaction. The availability of 
crystal structure of parasite enolase has revealed the second 
possibility to design parasite-enzyme selective inhibitors 
whose selectivity and irreversible inhibition can be increased 
by including suitable substitutions. Easy production of 
purified bacterially expressed enolases (of different vector-
borne pathogens) makes high-throughput screening of large 
libraries of drug like compounds possible. Further steps of 
optimization for any successful hits obtained by such 
screening through successive cycles of structure-activity 
relationship analysis may lead to development of drug 
candidates against vector-borne diseases.  
 

 
 
 

Fig. 1. Glycolytic pathway 
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Table 1: Selected Vector-borne diseases of public health importance@. 

 

Disease Pathogens Vector Geographical distribution Clinical 
manifestations

Viruses:     

Dengue Flavivirus Mosquito Aedes sp Africa, Caribbean, Pacific, 
FarEast, India Hemorrhagic fever 

Japanese Encephalitis Flavivirus Mosquito Culex 
vishnui Japan, Far East, India Encephalitis 

West Nile Flavivirus Complex Mosquito Africa, India, Europe, 
North America Encephalitis 

Tick borne Encephalitis Flavivirus Ixodic tick Former USSR, Europe, 
Africa Encephalitis 

Bacteria:     

Lyme disease Borrelia 
burgdorferi Ticks Europe, North America Arthritis 

Protozoan parasites:     

Malaria Plasmodium 
spp. Mosquitoes Widespread in tropics Febrile illness with 

high mortality 

African trypanosomiasis Trypanosoma 
brucei 

Tsetseflies Africa African sleeping 
Sickness 

American 
Trypanosomiasis T. Cruzi Triatomine bugs Central & South 

America Chagas disease 

Leishmaniasis Leishmania 
spp 

Sand flies Africa, Africa & 
South America 

Visceral 
Cutaneous & 

Mucocutaneous 
Helminth parasites:     
Lymphatic Filariasis Wuchereria bancrofti Mosquito Tropics Elephantiasis 

Onchocerciasis Brugia spp. 
Onchocerca 

Mosquito Blackflies 
SouthEast Asian countries 
Africa, Central & South 

America 

Dermatitis, 
Blindness 

Loaiasis Volvulus Loaloa Tabanid flies West &Central Africa Calabar swelling 
@ - Modified from Cook, G. C. (1996) Manson’s Tropical Diseases, 20th Edn. London: WB Saunders. 
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