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Abstract

The kinetoplastid-specific KMP11 protein was first described for Leishmania donovani associated with the

lypophosphoglycan molecule and is localized mainly around the flagellum and flagellar pocket. This protein is well

conserved among kinetoplastids and plays an analogous role in all the flagellates, irrespective of their pathogenicity

in humans. The structural elucidation of this important protein may bring about information required to target

KMP11 to find valid drug candidates. The atomic-resolution model of KMP11 protein of six different Leishmania

strains has been determined from its amino acid sequence by using homology modeling. The stereochemical valida-

tion of modeled protein has been done by PROCHECK and Profiles-3D scores. The ligand protein interaction of the

KMP11 protein models were carried out with several anti-leishmanial drugs i.e. miltefosine, sitamaquine, pentami-

dine, amphotericin B, SAG (sodium antimony gluconate), leishmanial peptide, paromomycin and vinblastine and an

anticancer compound, sulforaphane. Glutamic acid (E) and lysine (K) of KMP11 are the key amino acids during

ligand-receptor interaction. From structural and docking analyses, it is hypothesized that KMP11 of a specific Leish-

mania strain interacts with a specific anti-leishmanial drug candidate i.e. miltefosine interacts only with KMP11 of L.

braziliensis but not with KMP11 of any other Leishmania strain. Highest docking score was found in case of pentami-

dine. Anticarcinogenic compound, sulphoraphane has shown comparable docking scores and H-bonds with KMP11

protein of six Leishmania strains.

Keywords: KMP; KMP11; Kinetoplastid membrane protein-11; Anti-leishmanial drug; Pentamidine; Leishmania;

Sulforaphane; VL; Kal-Azar; Leishmaniasis; Paromomycin

Introduction

Tropical disease like Visceral Leishmaniasis (Kala-azar)

caused by Leishmania species has become a significant

cause of morbidity and mortality in 88 countries (Ashford

et al., 1992; Rosypal et al., 2003). It has been reported that

VL in adult patients are co-infected with HIV from 33 coun-

tries (Rosenthal et al., 2000). Resistance to pentavalent an-

timonials [Sb (V)] has been reported earlier even from In-

dia which has been the first line of drug of choice for treat-

ment of leishmaniasis (Faraut-Gambbarelli et al., 1997; Lira

et al., 1999; Sunder et al., 2000). Second line drugs e.g.

pentamidine and amphotericin B has severe side effects and

high cost which limit their use (Mishra et al., 1992).

Miltefosine (hexadecylphosphocholine) has been approved

as the first oral drug for leishmaniasis. It can be used for

both antimony-sensitive and antimony-resistant patients

(Sunder et al., 1999). In vitro studies have indicated that a

single point mutation may lead to miltefosine resistant in

the parasite and miltefosine is contra-indicated in pregnancy
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isoquinolinealkaloids (gyrocarpine, daphnandrine and obaberine) from

plant sources have been reported to be effective against

Leishmania (Fournet et al., 1988).

The kinetoplastid membrane protein-11 (KMP11) was first

described in Leishmania donovani associated to the

lipophosphoglycan (LPG) molecule and is located through-

out the parasite surface. The 11 kDa molecule was first iso-

lated from Leishmania donovani and its primary structure

was determined by protein and DNA sequencing (Jardim et

al., 1995). KMP11 protein has a defined cellular localiza-

tion mainly around the flagellum and flagellar pocket. This

protein is well conserved among kinetoplastids and presents

numerous universal characteristics such as amino acid com-

position, cellular localization, and a high expression level

in the insect stages. It plays an analogous role in all these

flagellates, irrespective of their pathogenicity in humans.

Serological tests have shown that KMP11 may be used to

discriminate L. chagasi infection from active VL and may

serve as a marker of response to therapy (Passos et al., 2005).

KMP11 is a potent stimulator of human T cells (Tolson et

al., 1994). The complete L. donovani KMP11 protein and

peptide fractions of the protein have been shown to act as B

and T cell immunogens during visceral leishmaniasis

(Jensen et al., 1998).

Evaluation of immune modulatory properties of recom-

binant antigens kinetoplastid membrane protein-11

(KMP11) and Leishmania homologue of receptors for acti-

vated C kinase (LACK) in cutaneous leishmaniasis (CL)

and mucosal leishmaniasis (ML) patients have shown that

the modulatory properties of LACK and KMP11 are due to

induction of IL-10 production and may be helpful for at-

tenuating chronic inflammatory diseases. However, in some

clinical conditions, as demonstrated for ML, these molecules

are not able to suppress the IFN-gamma response, even in-

ducing IL-10 production (Carvalho et al., 2005). Another

experiment on KMP11 have also shown that upon stimula-

tion with KMP11, mononuclear cells from leishmaniasis

patients produces high levels of IL-10, while a predomi-

nant IFN-gamma production could be observed in cultures

stimulated with H2A and soluble Leishmania antigen.

KMP11 is recognized by cells and sera of patients with dif-

ferent clinical forms of leishmaniasis, and KMP11, through

IL-10 production, proved to be a potent antigen in modu-

lating type 1 immune response (de Carvalho et al., 2003).

Severe neurodegenerative disorders are likely to occur if

Leishmania invades into the visceral organs of human. These

disorders may not suitably be treated with anti-leishmanial

drugs. It is still unknown, how the anti-leishmanial drugs

are acting and whether there is any interaction between any

of the surface molecules of the parasite and anti-leishma-

nial drugs. Hence there is requirement of study on struc-

tural and functional characteristics of different proteins of

Leishmania strains to target the proteins to find novel anti-

leishmanial drug. This research work was carried out with

a view to know whether there is any interaction between

the anti-leishmanial drugs and the flagellar protein i.e.

KMP11 of different Leishmania strains. But x-ray crystal-

lographic structure is not available for this important pro-

tein of Leishmania species. The main features of this re-

search work was to generate the three-dimensional (3D)

structure of the protein based on the available template struc-

tural homologues from protein databank and SCOP data-

base, to validate the models by standard parameters, to know

the evolution of this protein in different Leishmania strains

and to identify the key amino acids involved in ligand-pro-

tein interactions.

Methods

In this study various three dimensional structural models

of the KMP11 protein of different Leishmania strains were

generated. The models were validated by Ramachandran

plots of PROCHECK and profiles-3D scores of discovery

studio software v 2.0. The models of KMP11 were further

tested for in silico docking study to know the presence of

any interaction between the ligand and KMP11 protein.

Various methods applied in this study are given below.

Homology Modeling

The homology modeling of KMP11 protein of different

strains of Leishmania was performed using DS Modeling

2.0. The homologue search and sequence alignment were

done by two modules, sequence analysis and protein fami-

lies. Sequences of eight different strains of Leishmania were

identified by searching over NCBI (The National Center

for Biotechnology Information) website. Protein families

calculate multiple sequence alignment using sequence and

structure information, aligns sequences of six (because se-

quences of L. major, L. infantum, L. tropica are identical)

different strains of Leishmania and its templates. The final

3-D model was generated by MODELER program of Dis-

covery Studio2.0 which includes automated homology

modeling and loop modeling.

Protein Simulation

KMP11 protein of six different strains of Leishmania

models could be further refined by CHARMm (Brooks et

(Perez-Victoria et al., 2003; Nwaka and Hudson, 2006). Few 
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al., 1983) in DS Modeling 2.0, which provides powerful

mechanics and dynamics protocols for studying the ener-

getics and motion of molecules, from small ligands to multi-

component physiological complexes. CHARMm force field

(Accelrys) was used throughout the simulation. Constraint

was applied to allow only binding site and ligand to be flex-

ible during the simulation.

Protein–ligand Interaction Study:

This study was done by LigandFit / LigandScore

(Venkatachalam et al., 2003) in DS Modeling 2.0, which is

an automated tool for protein – small molecule docking/

scoring, including:

- Define binding site (ligand-based or cavity-based).

- Generate ligand conformations (Monte Carlo trials).

- Dock each conformation (align shapes of ligand to bind-

ing site; 24 orientation of ligand; Rigid Body Energy mini-

mization (RBM) with grid-based energy function).

- Save the top docked structures (diverse poses).

- Apply scoring function(s) to each docked structure for

the best binding mode (binding affinity prediction).

Mathematical Formula for Ligandfit Score (DS)

Dock Score (force field) = - (ligand/receptor interaction

energy + ligand internal energy).

There are two energy terms in the forcefield version of

DockScore, internal energy of the ligand and the interac-

tion energy of the ligand with the receptor. The interaction

energy is taken as the sum of the van der Waals energy and

electrostatic energy. The computation of the interaction

energy can be quite time consuming. To reduce the time

needed for this calculation, a grid-based estimation of the

ligand/receptor interaction energy is employed. The van der

Waals component of the force field interaction energy typi-

cally exhibits a steep rise at short interatomic distances,

which can have undesirable consequences in the context of

ligand-receptor docking. In particular, the combination of

approximating the receptor structure as rigid and limited

sampling of ligand conformational space tends to overly

penalize poses with “mild” short contacts between the ligand

and receptor, due to the “hard” nature of the van der Waals

potential as defined in most standard force fields. To over-

come this tendency, a softened form of the van der Waals

potential is employed with the DockScore function. This

softened potential rises to a large but finite value at zero

interatomic separation. To maintain a proper balance be-

tween electrostatics and van der Waals, the electrostatic

energy is also softened to prevent it from dominating the

van der Waals energy at short separations. The internal en-

ergy of the ligand is computed when using the force field

version of Dock Score. The purpose of including the inter-

nal energy is to avoid ligand conformations with bad inter-

nal nonbond clashes. By default, only the standard (not soft-

ened) van der Waals energy is used for the ligand internal

energy. Including electrostatic energy as part of the ligand

internal energy is optionally available.

Different structural models of KMP11 protein of various

Leishmania strains were docked with different anti-leish-

manial drugs; both presently used drugs and previously used

drugs for the treatment of leishmaniasis. All the ligand struc-

tures were downloaded from PubChem database as *.sdf

file.

Docking experiments were also performed in GOLD soft-

ware using the default GOLD fitness function (VDW = 4.0,

H-bonding = 2.5) and evolutionary parameters: population

size = 100; selection pressure = 1.1; # operations = 100,000;

# islands = 5; niche size = 2; migration = 10; mutation = 95;

crossover = 95 (Jones et al., 1997).  Scoring function

“Goldscore” was used for evaluation of different docking.

Mathematical Formula for GOLD Docking

Fitness = S (hb_ext) + 1.3750*S (vdw_ext) + S (hb_int)

+ 1.0000*S (vdw_int).

Five docking runs were performed per structure. If at any

time 3 of the 10 poses were within 1.5 A° RMSD of each

other, the docking run for that structure was terminated and

docking calculations began for the next structure. Best three

poses and docking scores were outputted into a *.mol file

and text file respectively.

Result and Discussion

Structure Prediction and Evolution

From BLAST and clustal analysis, KMP11 proteins of

different Leishmania strains are have ninety percent iden-

tity to each other (figure1a). The phylogenetic analysis

showed that KMP11 of Leishmania make a separate cluster

distinct from Trypanosoma (figure1b). Evolution of KMP11

protein of different Leishmania strains occurred during the

same time period.

KMP11 protein has been found to be an essential surface

protein of Leishmania. Distant homologues were selected

for modeling KMP11 protein using MODELER program.

Dali program was run to identify template (Holm et al.,
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2008).  The PDB ids of selected templates were 2odm, 2c5k

and 1owa. PDB ‘2odm’ is the crystal structure of S. aureus

YlaN, an essential leucine rich protein involved in the con-

trol of cell shape. PDB ‘2c5k’ is crystal structure of N-ter-

minal domain of tlg1 complexed with N-terminus of Vps51.

PDB ‘1owa’ is the solution structural studies on human

erythrocyte alpha spectrin N terminal tetramerization do-

main. PDB templates ‘1nkp’ and ‘1am9’ were also detected

to be distant homology of KMP11 from Dompred program

(Marsden et al., 2002). Only one domain was detected in

KMP11 protein of six different Leishmania strains from

Dompred. PDB ‘1npk’ is the X-ray structure of the basic/

helix-loop-helix/leucine zipper (bHLHZ) domains of Myc-

Max and Mad-Max heterodimers bound to their common

DNA target (Nair and Burley, 2003). The other PDB ‘1am9’ is

the three dimensional coordinates of the human SREBP-

1A bound to LDL receptor promoter. The sterol regulatory

element binding proteins (SREBPs) are helix-loop-helix

transcriptional activators that control expression of genes

encoding proteins essential for cholesterol biosynthesis/

uptake and fatty acid biosynthesis (Párraga et al., 1998).

Helix-turn-helix structure of KMP11 protein of different

Leishmania strains is revealed from the modeling experi-

ments (figure 2a and figure 2b). Amino acids 2-35 and 42-

86 are responsible for formation of first helix and second

helix respectively. Validation of different models of KMP11

protein was carried out with Ramachandran plot computed

by PROCHECK program which showed 96.4% residues in

favored and allowed regions (figure 2c). No invalid region

was found in the modeled structures of KMP11 protein.

Side chain refinement and loop modeling did not yield any

further change in the models.

Ligand Protein Interaction

Ligand-protein interaction between KMP11 and anti-

leishmanial drugs hasn’t yet been reported in any research

work. For this purpose, docking study has been carried out

by LigandFit tool of DS (Accelrys) and GOLD. Different

ligand binding sites in the KMP11 protein were detected.

Different binding conformations of the ligands

(antileishmanial drugs) with the protein, scored by LigandFit

score were also detected during the study. More than two

fifty dockings has been performed in DS for finding ligand

protein interactions of various ligands taken for this study.

Different ligands selected for this study includes miltefosine,

sitamaquine, pentamidine, amphotericin B, SAG (sodium

Figure1a: Clustal W shows very close identity among the KMP11 sequence of Leishmania and trypanosome sp.

 Figure 1b: Phylogram shown here depicts the close analogy among different Leishmania sp & T. cruzi and T. rangeli
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antimony gluconate), leishmanial peptide, paromomycin,

vinblastine, sulforaphane, ketoconazole and allopurinol.

It is interesting to note that the antileishmanial drug, pen-

tamidine was able to find five different binding sites in

KMP11 protein of various Leishmania strains e.g. L. ma-

jor, L. donovani, L. braziliensis, L. amazonensis, L.

panamensis and L. guyanensis. In some binding sites of

KMP11 protein, ten different binding conformations of pen-

tamidine have been observed.

Vinblastine is reported to be down regulating mRNA level

of KMP11 in Trypanosoma cruzi. Vinblastine have no in-

teraction with the KMP11 protein of different Leishmania

strains as no ligand binding site has yet been found in this

study. Hence it is known from this in silico study that vin-

blastine don’t have any effect on KMP11 protein phase but

may have effect at RNA phase (Thomas and Garcia, 2000).  Simi-

larly amphotericin B, SAG (sodium antimony gluconate)

and leishmanial peptide did not find any ligand binding site

in this flagellar protein, KMP11.

In case of L. braziliensis, four antileishmanial drugs e.g.

miltefosine, sitamaquine, pentamidine and paromomycin

showed high dock scores, in case of both GOLD score and

DS dock score, which signifies that these four compounds

have high affinity for KMP11. KMP11 protein of L.

braziliensis shows highest ligand protein interaction with

antileishmanial drug, pentamidine (figure 3 and figure 4).

No other ligand has shown any binding affinity for the

modeled KMP11 protein. Ten different binding conforma-

tions have been observed during docking study in DS

(Accelrys) in case of the above mentioned four drugs. Pa-

romomycin is likely to form two H-bonds with lysine (74th)

Figure 2a: Alignment of templates and target (KMP11 protein of L. braziliensis) performed by Discovery Studio 2.0. Pre-

dicted secondary structure of KMP-11 protein of Leishmania strains of known three dimensional structures. Helices are

colored red, superimpose in blue.

Figure 2b: A screenshot (from DS) of predicted alpha helical structure of KMP11 protein of L. braziliensis.

Figure 2c: Ramachandran plot for the model of KMP11 protein of L. major (96.4% amino acid of the model are in favored

and allowed region).
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Figure 3: A screenshot from docking of KMP11 protein of L. braziliensis with an antileishmanial drug, pentamidine.
Different binding modes of pentamidine are shown. Green mesh part is the ligand binding site found using ligand receptor
interaction tool of Discovery Studio tool(Structure-Flat Ribbons, Hide Sphere, Color, decolor Residue Atoms within Sphere-
activate, and Hide residue around sphere).

Figure 4: Screenshot from docking of L. braziliensis with pentamidine (having highest dock score 80.939) with ligand-
receptor interaction tool of Discovery Studio (Accelrys). It shows three H-bonds formed between different atoms of ligand
and amino acids of KMP11 protein of L. braziliensis i.e. involved in Glu-52, Glu-71 and Glu (E)-82.


