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Recombinant plasmid KMP-11 gene of Leishmania major
(pcKMP-11): production, characterization and sequencing
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A. ABDOLI 2.6, M. KAMALI 3, S. SARVI 5, V. NASIRI 2, A. A. JAFARI 7, M. ABKAR 8

Aim. Kinetoplastid membrane protein-11 expresses
life cycle stages of all kinetoplastidae parasites. Pre-
vious studies have demonstrated that kinetoplastidae
KMP-11 gene is highly conserved and may be useful
for vaccine strategies against Leishmaniasis. In this
study, we isolated Leishmania major (MRHO/IR/75/
ER) KMP-11 gene and formulated a pcKMP-11 recom-
binant expressing plasmid as a candidate DNA vac-
cine against cutaneous Leishmaniasis.

Methods. After gene amplification, KMP-11 fragments
were cloned into pTZ57R/T standard cloning vec-
tor and transformed in E. coli, then subcloned into
pPcDNA3 eukaryotic expression vector and pcKMP-11
recombinant plasmid was transfected to CHO eu-
karyotic cells. Amplification, sequencing, cloning and
transfection of gene were performed successfully.
mRNA transcription of KMP-11 gene in CHO cells was
confirmed by RT-PCR methods. Results. Sequence re-
sults were compared with other records of kmp-11 in
gene bank and a 97-99% identity was showed. Com-
parison of KMP-11 protein with other records showed
that this protein have 92 amino acids. Additionally, a
silico analysis of 3D structures of the wild type and
double mutant KMP-11 proteins show that the muta-
tions in position 16 and 41 have led to a change in
structure conformation and stability.

Conclusion. Present results show that KMP-11 can be
an excellent candidate for immunization against leish-
maniasis.

Key worbps: Kinetoplastid membrane protein-11 (KMP-11) -
Leishmania major - Leishmaniasis, cutaneous - Vaccines, DNA.

Leishmaniasis is a neglected tropical disease with
an important public health problem in different
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parts of the world.! Leishmaniasis presence is re-
ported in 88 countries around the world, and the
prevalence of this disease is estimated to be approx-
imately 12 million annually and about 350 million
people are at the risk of catching the disease.2 Cu-
taneous leishmaniasis is prevalent in many areas of
the world and recently many studies indicated that
the number of cutaneous leishmaniasis is increas-
ing.2 Unfortunately, there are no effective vaccines
for leishmaniasis. Also, treatment of leishmaniasis is
associated with various complications such as sever-
al adverse side effects and leishmaniasis drug resist-
ance.? Hence, searching for new drugs and vaccines
to overcome these complications is needed.

Studies have shown that KMP-11 gene expresses
in all stages of the parasite’s life cycle and proteins
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produced by this gene have common characteristics
in most of the kinetoplastidae. This protein has 11
KD molecular weight, an isoelectric point 4.8 and is
expressed in 1-2x100 copies per parasite.4 5 KMP-11
was isolated and characterized at first in L. dono-
vani by Jardim.5 In the beginning, this molecule was
called “associated protein of lipophosphoglican”
and only after named 11 KD of kinetoplastid mem-
brane.> ¢ The biological function of KMP-11 protein
is unknown yet but immune fluorescence studies
suggested that the KMP-11 is located mainly along
the flagellum and flagellar base of the parasites and
it was found in parasites such as L. infantum, T. con-
golense and T. brucei. Immunoreactivity of KMP is
primarily along the flagellum and flagellar pocket.”
These findings suggest that KMP-11 gene may be
useful for prevention strategies against leishmaniasis
or immunotherapy.

Present study was performed for characterization
of Iranian Leishmania major strain KMP-11 gene and
protein and comparison between this strain and oth-
er parasites and also formulation of a recombinant
expressing plasmid pcKMP-11 as immune stimulator
against cutaneous leishmaniasis for further studies.

Materials and methods

Parasites preparation

L. major (MRHO/IR/75ER) promastigotes were
purchased from a pasture institute in Iran. Promas-
tigotes were cultured in RPMI1640 medium supple-
mented with 10% FCS (Fetal Calf Serum, Sigma) and
incubated at 25 °C.

KMP-11 fragments amplification

Genomic DNA was extracted from L. major pro-
mastigotes by DNA genomic extraction kit (Bioneer,
Korea) according to manufacturing protocol. The
PCR reaction was performed in 25 pL volume con-
taining: 5 pL of DNA genomic as template, 1 pL of
each primer, 2 pL of PCR master mixes, and 16 pL
of distilled water. Forward and reverse primers were
designed based on DNA sequences of KMP-11 that
was recorded in Gene bank.

Forward primer: AAGCTTATGGCCACCACGTAC-
GAGGAG and

Reverse primer: GAATTCTTACTTGGATGGG-
TACTGCGCAGC.
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Forward primer contains a HindIII restriction site
and Reverse primer contains an EcoRI restriction site
enzyme. PCR procedure design included: an initial
denaturation at 94 °C for 2 min, 35 cycles at 94 °C
for 30 s, at 59 °C for 30 s, at 72 °C for 30 s and then
at 72 °C for 7 min as final extension. Finally, the
PCR products were analyzed by electrophoresis on
2% agarose gel. KMP-11 gene fragments were puri-
fied from gel by using gel purification kit (Bioneer,
Germany).

Cloning in pTZ57R

Ligation of KMP-11 gene into pTZ57R/T stand-
ard cloning vector was performed by using InsT/A
clone ™ PCR product cloning Kit (Fermentas®).
Ligation reaction was prepared in 30 pL volume
containing: 5 pL of template (DNA extraction prod-
uct), 3 pL of pTZ57R plasmid, and 5 pL of 5 x liga-
tion buffer, 1T uL of T4 ligase and 15 pL of distilled
water. This reaction was incubated at 22 °C for 1
hour and then at 4 °C for 16 hours. The competent
cells were prepared from 7TOPI10 strain of E. coli
bacteria by calcium chloride method.8 100 pL of
E. coli was cultured in 50 mL of new LB broth and
was incubated at 37 °C for overnight. The next day
400 pL of these cells were cultured in 40 mL of LB
broth and incubated at 37 °C for 2 hours. After in-
cubation cells was centrifuged at 7000 rpm, at 4 °C
for 5 minutes. The supernatant was discharged and
then 1 mL of cold calcium chloride (100 mM) was
added to pellet and mixed gently and then incu-
bated on ice pieces for 30 minutes. This suspension
was centrifuged at 7000 rpm, at 4 °C for 3 min-
utes. The supernatant was discharged and 670 pL
of cold calcium chloride (100 mM) added to pellet
and mixed gently and then incubated on ice pieces
for 30 minutes. This suspension was centrifuged at
7000 rpm, at 4 °C for 3 minutes. The supernatant
was discharged and 200 pL of cold calcium chlo-
ride (100 mM) added to pellet and mixed gently
and then incubated on ice pieces for 3 minutes. At
this step competent cells were ready for transfec-
tion; 10 pL of ligation product was added to 100
pL of this suspension and incubated on ice pieces
for 30 minutes. Then the suspension for heat shock
was incubated at 42 °C for 90 seconds and then im-
mediately transferred on ice pieces for 5 minutes.
1 mL LB broth without any antibiotic was added
and incubated at 37 °C for 1.5 hour. These cells
were cultured in plates of Luria-Bertani (LB) agar
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medium contain: 100 mg/mL of ampicillin, 200 mg/
mL of IPTG and 20 mg/mL of X-Gal. The plates
were incubated at 37 °C for 16 hours. Recombinant
plasmids (pTKMP-11) were extracted from white
colonies by a plasmid extraction kit according to
manufacturing protocol (Bioneer, Korea). Then ex-
tracted plasmids were sequenced and compared
with previous records in gene bank. The recom-
binant plasmid (pTKMP-11), pTZ57R (negative
control) and pcDNA3 (expression vector) were di-
gested by EcoRI and HindIIl enzymes. The double
digestion reactions were prepared in same way for
each of them in 220 pL volumes containing of 80 pL
of plasmid extraction product, 88 pL of water, 44 pL
of R buffer, 4 pL of EcoRI and 4 pL of HindIIl en-
zymes. These reactions were incubated at 37 °C for
16 hours. The products of digestion were analyzed
by electrophoresis on 0.8% agarose gel. The bands
belong to KMP-11 fragment and digested expres-
sion plasmids (pcDNA3) were purified with a gel
purification kit (Bioneer, Korea). KMP-11 fragment
was purified from gel and was sent to Gene Fana-
varan Company for sequencing.

Tertiary structure prediction

3Dpro software at http://scratch.proteomics.ics.
uci.edu/index.html was employed for prediction
of KMP-11 (our construct) tertiary structure. 3Dpro
uses predicted structural features, and PDB knowl-
edge based statistical terms in the energy function.
The conformational search uses a move set consist-
ing of fragment replacement (using a fragment li-
brary built from the PDB) as well as random pertur-
bations to the model. Moves are selected or rejected
based on a simulated annealing method with linear
cooling. Multiple models are constructed using ran-
dom seeds and the model with the lowest energy is
selected as the final prediction. 3Dpro is currently a
de novo method (structural templates are not used).

Evaluation of structural stability and validation

3D structural stability of the wild type and double
mutant KMP-11 were evaluated by Swiss-PdbViewer
software for energy minimization. The stereochemi-
cal validation of the modeled structures was carried
out by structural analysis and verification server
(SAVES) at http://nihserver.mbi.ucla.edu/SAVES that
validates the models using the programs like Pro-
check, What-check, verify 3D, Errat and Prove.
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Sub cloning in pcDNA3 expression vector

KMP-11 gene ligated into digested pcDNA3 ex-
pression vector by using of T4 DNA ligase enzyme.
Recombinant plasmids pcKMP-11 were transformed
into TOP10 strain of E. coli competent cells and re-
covered in antibiotic free LB broth medium at 37 °C
for 1.5 hour and then subcultured on new plates
of LB agar containing 100 mg/mL of ampicillin and
incubated at 37 °C for 16 hours. The Recombinant
plasmids (pcKMP-11) were extracted from transfect-
ed E. coli cells.

Transfection of KMP-11 gene in CHO eukaryote cells

For transfecting in this study, CHO (Chinese ham-
ster ovary) eukaryote cells were used as host cells
for recombinant expression plasmids (pcKMP-11).
The CHO cells were cultured under sterile condi-
tions in DMEM (Gibco) medium supplemented with
5% FCS at 37 °C with 5% CO, conditions. Transfec-
tion in this study was carried out by fugene 6 trans-
fection reagent kit (Roche). At first, cells should be
plated 18 to 24 hours before transfection because the
monolayer cell density reaches the optimal 70-80%
confluence. CHO cells were cultured in 6-well plate
using 3:1, and 6:1 ratios of transfection reagent (94-
97 pL) to plasmid (0.5-50 pL). Then these cultures
were supplemented with freshly medium contain-
ing serum and antibiotics added to each 1-2 hours
before transfection and allowed to grow overnight
(14-16 hours) according to manufacturing protocol.

RNA extraction and RT-PCR procedure

In the current study for confirmation of gene tran-
scription at the level of mRNA we have used the Re-
verse Transcriptase-PCR kit. For our study total RNA
was isolated from CHO eukaryote cells by RNX ™
(-plus) Isolation RNA kit and RT-PCR was performed
using RT-PCR kit (Fermentas ®) according to manu-
facturing protocol.

Results

Band of L. major (MRHO/IR/75/ER) KMP-11 gene
was observed by electrophoresis on 2% agarose
gel that has a size in range of 279bp (Figure 1).
Sequences results of KMP-11 gene in our research
were compared with other records in gene bank
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major; N: control negative; M: 100bp ladder as a marker.

Figure 1.—Electrophoresis of PCR product for KMP-11(279bp) frag-
ment of L. major amplification. A: the band KMP-11 fragments of L.
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and different nucleotides were determined. These
comparison results highlighted the presence of two
different nucleotides within the KMP-11 gene of L.
infantum; in a previous study (accession number:
JF422108) it had 1 different nucleotide with another
L. major (AY490814) and no difference with L. ma-
Jjor (XM-838234) (Figure 2). The sequence results in-
dicated a 97-99% similarity between KMP-11 genes
of L. major with other organisms (Table ). These
sequence results confirmed this gene encodes KMP-
11 protein contained 92 amino acids. We found no
difference between results in the present study and
two L. major with accession number XM_838234
and AY490814, while there was a difference be-
tween KMP-11 protein of L. major in present report
and L. infantum with accession number JF422108
(Figure 3).

Results in Figures 2 and 3 show that this protein
is much conserved in members of Kinetoplastidae.
Table II shows the comparison of KMP-11 protein
presence in our results and recorded results in gene
bank.

The phylogenic tree for comparison between
KMP-11 genes of L. major in this research with oth-
er organisms and strain that were recorded in gene
bank is presented in Figure 4.
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Figure 2.—Sequences results of KMP-11 gene in our research were compared with other records in Gene bank. L. major as sequence in
present study, XM-838234, AY490814: L. major and JF422108: L. infantum in previous study.
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TABLE 1.—Similarity and length of KMP-11 sequences were compared with 16 sequences of other organisms that were recorded

in gene bank.

Name of organism Strain Length of gene Accession NO. Similarity
L. magjor - 279bp (This study) 100%
L. major - 279bp (AY490814) 100%
L. major Friedlin 279bp (XM-838234) 100%
L. infantum JPCM5 279bp (XM_001468995) 99%
L. infantum LEM78 MON-1 279bp (X95627.1) 99%
L. donovani BPK282A1 279bp (FR799622.2) 99%
L. tropica - 279bp (AJ000078.1) 99%
L. mexicana MHOM/GT/2001/U1103 279bp (FR799587.1) 99%
L. amazonensis IFLA/BR/67/PHS 279bp (AF193432.1) 99%
L. panamensis M/HOM/PA/71L894/6/7 279bp (U93582.1) 99%
L. panamensis M/HOM/PA/711894/5/7 279bp (U93578.1) 99%
L. guyanensis MHOM/BR/75/M-4147 279bp (AF026141.1) 98%
L. braziliensis MHOM/BR/75/M-2903 279bp (AF026136.1) 98%
T cruzi CL Brener 279bp (XM_803773.1) 81%
T. brucei TREU927 279bp (XM_822498.1) 81%
T rangeli 5048 279bp (DQ194343.1) 81%
Crithidia sp. CJP-2005 279bp (DQ194339.1) 81%

L. major MATTYEEFSAKLDRLDEEFNRKMQEQNAKFFADKPD
XM 838234 HHHHIdd bkt ko ok b b kb
AY4—90814 s e et ottt ottt sl sl ksl sl sl sl s sl s s ook sk ok ok ok sk ok ok ok ok
JF422108 stk ot ok ok ok ok ok ok ok ok okl ke ksl sl sk sk sk sk sk s sk sk ok ok sk sk sk sk sk sk sk ok ok
L. major ESTLPPEMKEHYEKFERMIKEHTEKFNKKMHEHSEH
XM 838234 FHHHHd ks koo b ok ook ok ok ok
AY4_90814 stk s sk sk o ook sk sk ook ok ok sk ok sk ok ok ok sk sk sk ok ok sk sk sk ko ok ok sk ok ok
JF422108 sttt otk ok ksl ksl s kol Gtk e ok otk ket ko
L. major FKQKFAELLEQQKAAQYPSK
XM 838234  HHHHdk bk ok
AY490814 sk s sk sk ok o ok sk sk sk ok ok ok sk ok sk ok ok
JF422108 stk ok ok ok ok ok ok ok sk sk sk sk sk sk sk ok skok

Figure 3.—Amino acids sequences of KMP-11 protein were com-
pared between our results and results in Gene bank. L. major (our
report), XM_838234 and AY490814 (L. major) and JF422108 (L. in-
Jantum).

Tertiary structure prediction

Three dimensional structures of the wild type
double mutant KMP-11 were successfully modeled
using 3Dpro software. The models were uploaded
to the server to draw the tertiary structural illustra-
tions with Accelrys Discovery Studio Visualizer 2.0
software for detecting the final structure of the pro-
tein. The results of tertiary structure prediction show
that the mutation in position 16 and 41 have led to
change in structure conformation (Figure 5).
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Figure 4.—Phylogenic tree for comparison between KMP-11 genes
of L. major in this research with other organisms that were recorded
in Gene bank.

Evaluation of structural stability and validation

The profile of energy minimization was comput-
ed by spdbv (Swiss-PdbViewer) (-1061.732 against
-913.333 Kcal/mol) showing that double mutant
KMP-11 is more stable than wild type protein. The
results of SAVES server showed 95.7% and 90.32%
of residues of double mutant and wild type KMP-11
at an average 3D-1D score >0.2, respectively. This
shows the predicted structures were further validat-
ed.

The extracted plasmids from white colony were
digested by EcoRI and HindIII enzymes and electro-
phoresis on 0.8% agarose gel (Figure 0).

At the further step this gene cloned successfully
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TABLE IL.—The protein encoded by KMP-11 gene of L. major in this research was compared with the other records in Gene bank
JSfrom different country. This protein is containing 92 amino acids in all of them.

Name Protein ID Amino acids Country
Leishmania major XP_843328 92 USA
Leishmania major XP_843327.1 92 USA
Leishmania major AAR84616.1 92 Tunisia
Leishmania infantum AEK80413.1 92 Iran
Leishmania infantum XP_001469032 92 England
Leishmania infantum CAA64883 92 Spain
Leishmania donovani AAB33127 92 England
Leishmania donovani S53442 92 Canada
Leishmania tropica CAA03902 92 Spain
Leishmania panamensis AAC61837 92 Colombia
Leishmania amasonensis AAG32958 92 Brazil
Leishmania guyanensis AAB94115 92 Colombia
Tryponosoma rangeli ABA42053 92 Colombia
Crithidia sp. ABA42050 92 Colombia

Figure 5.—A) 3Dpro modeling software was employed to predict the 3D structure of the double mutant; B) wild type KMP-11. The results
were viewed by Accelrys Discovery Studio Visualizer 2.0 software. The mutation sites have been displayed in yellow color.

into pcDNA3 expressing eukaryote vector and trans-
formed to TOP10 strain of E.coli bacteria. For con-
firmation, the extracted expression plasmids digest-
ed by EcoRI and HindIIl enzymes and the band of
KMP-11 fragment were observed (Figure 7).

The pcKMP-11 plasmids were transfected success-
fully in CHO cells. RNA transcription was confirmed
by reverse transcriptase-PCR method and then these
results were electrophoresis on 2% agarose gel. The
band of KMP-11 fragment was observed (Figure 8).
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Discussion

KMP-11 is found in all kinetoplastidae proto-
zoa 9 and is highly conserved (>95% homology) in
all Leishmania species, suggesting an essential role
of this protein in the biology of the parasite.® The
findings in present study show that from a sequence
of this gene KMP-11 protein with 92 amino acids
can be produced. The transcription of KMP-11 genes
gives in a variable sized mRNA with 0.5 kb in 7. cru-
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RECOMBINANT PLASMID KMP-11 GENE OF LEISHMANIA MAJOR (PCKMP-11)

3000bp

500bp

KMP-11

Figure 6.—Recombinant plasmid (pTKMP-11) was digested by
EcoRI and HindIII enzymes and electrophoresis on 0.8% agarose

gel. M1: 100bp ladder M2: 1kb ladder as marker, A: the bands of

KMP-11 fragment (279bp) and plasmid after digestion.
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Figure 7.—Electrophoresis of recombinant vector (pcKMP-11) after
digested by EcoRI and HindIII enzymes. M1: 1kb ladder, M2: 100bp
ladders as marker, A: the bands of KMP-11 fragment (279bp) and
plasmid (pcDNA3) after digestion.
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o 1000bp

Figure 8.—Flectrophoresis was carried out with RT-PCR products. A:
five bands of KMP-11 fragment (279bp), M: 100bp ladder as marker.

zi, 0.8 kb and 1.3 kb in 70 brucei and L. infantum.4
Now, this study confirmed this gene is conserved in
Iranian strains of L. major. The KMP-11 protein has
a high denaturants resistance conditions. For exam-
ple, it has been determined that the protein is stable
at a pH 2-7, its structure is conserved at 50 °C and
is completely rolled at 85 °C, progressively loosing
its propeller structure.10 Additionally, comparison of
3D structures of the wild type and double mutant
KMP-11 proteins shows that the mutations in posi-
tion 16 and 41 have led to a change in structure
conformation and stability. The prediction indicated
that these mutations result in a opener conformation
in protein structure. Furthermore, these mutations
result in a major stability in protein structure. Stud-
ies on KMP-11 showed that this protein has clearly
three immunological roles: B-cell immune stimula-
tory, inducer lymphocyte proliferation and response
cytotoxic and immune protective in animal models.
Another study by Trujillo showed that the subclass-
es of immunoglobulin involved in the response to
KMP-11 protein are IgG1, 1gG3, 1gG2 and IgG4.11. 12
The humeral immune response against KMP-11 pro-
tein has been judged not only against the native and
recombinant protein but also against synthetic pep-
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tides and fractions recombinant protein. But could
establish that even these peptides were recognized
by serum of visceral leishmaniasis patients (30-58%),
by using of lapped three synthetic peptides, this re-
activity did not reach the levels recognition of the
native protein.ll, 13 The ability of KMP-11 protein
to induce proliferation of T lymphocytes was dem-
onstrated. Another study showed that KMP-11 of L.
donovani, T.b.rhodesiense, T.b.brucei, T.congolense
and T'simiae is a potent stimulator of CD4+, CD8- in
mice immunized with KMP-11 protein.!416 Planelles
et al. (2002) found that the fusion protein HSP70/
KMP-11 is capable of stimulating mouse mature
dendritic cells, consequence production of inter-
leukin 12 (IL-12) and tumor necrosis factor (TNFa),
and although this effect is mainly due to HSP70, the
presence of the KMP-11 increases production levels
of cytokines.!” Ramirez et al. showed that immuni-
zation of BALB/c mice with an attenuated strain of
Toxoplasma gondii expressing the Leishmania KMP-
11 protein induces a specific immune response and
is immune protective in such animals.!® Berberich et
al. showed that immunization of mice with murine
dendritic cells pulsed with a mixture of recombinant
Leishmania antigens, including KMP-11 protein, was
able to control L. major infection.

Evidences in these studies strongly indicate that
this gene is a very excellent target for immuno-
therapy and immunization against leishmaniasis and
also trypanosomiasis diseases.1 Therefore, in this
research, KMP-11 gene was cloned into eukaryote
vector and we produced a recombinant expression
vector (pcKMP-11) that can be used as DNA vaccine
against cutaneous and leishmaniasis.
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