
Leishmaniasis is a parasitic disease caused by vari-
ous species of the Leishmania protozoa which is trans-
mitted by the bite of infected female phlebotomine
sandflies. The causative agent of this disease has a dige-
netic life-cycle. The parasite shuttles between the vector
sandfly and the mammalian host1. This disease is reported
to be endemic in 88 countries across the five continents2.
Based on the clinical manifestations and causative spe-
cies, leishmaniasis is broadly divided into three forms,
viz. cutaneous, mucocutaneous and visceral3. Out of the
three infections, visceral form is the most treacherous and
often fatal.

Visceral leishmaniasis is the most common form of
Leishmania infection found in India, and commonly
known as kala-azar4. The causative agent of this disease
in India is Leishmania donovani. The current status of
drugs against leishmaniasis is far from satisfactory due
to their low efficacy, side effects and drug resistance5.

The genome of L. donovani has a substantial number
of genes that encode different hypothetical proteins6.
Conserved hypothetical proteins have wide phyletic dis-
tribution but are still not characterized functionally using
experimental methods7. LdBPK_070020 was earlier re-
ported as conserved hypothetical protein present in L.
donovani and later annotated (inferred from electronic
annotation) as putative Isy 1-like splicing family protein6.

In order to get an insight into the possible role of the
protein, we have performed LdBPK_070020 knock out
studies that showed impairment in cell proliferation and
growth followed by death of the parasite indicating
indispensible role of this protein in parasite survival8. The
study also reports impaired mitochondrial function in
LdBPK_070020 knocked out parasite. The current study
was undertaken to understand the localization of the pro-
tein for its better functional understanding.

Gene specific primers of LdBPK_070020 protein

were synthesized from BioServe, India. The PCR clean
up kit and Gel extraction kit were procured from Qiagen,
India. Plasmid isolation kit and 4', 6-diamidino-2-
phenylindole (DAPI) stain were purchased from Sigma,
USA. All restriction enzymes used in the study and T4
DNA ligase were procured from NEB, UK. Genomic
DNA isolation kit was taken from Bioline. MitoTracker®

Red CMXRos dye was obtained from ThermoFisher,
USA. All other chemicals were of highest purity grade
purchased from Himedia, India and Gibco, USA. Leish-
mania donovani strain (MHOM/IN/2010/BHU1081) was
provided by Prof. Shyam Sunder, Banaras Hindu Uni-
versity, India. The pGL1686_GFP_ATG Leishmania ex-
pression vector [episomal expression of green fluores-
cent protein-autophagy-related gene (GFP-ATG) with
neomycin resistance gene that provides geneticin G418
resistance for selection] was kindly provided by Prof. Jer-
emy C. Mottram, University of Glasgow, Scotland, UK.

In silico subcellular localization: A total of four
online tools were used for the prediction of subcellular
localization of LdBPK_070020 protein. LocTree 3 and
CELLO v 2.5 were used to predict the subcellular local-
ization9–10. These tools are based on two level support
vector machine (SVM) system and gene ontology infor-
mation. TMHMM tool was used for the prediction of
transmembrane helices11. This tool is based on hidden
Markov model. Signal P 4.1 server was used for subcel-
lular location prediction based on signal peptide sequences
using combination of several neural networks12.

Parasite cell culture and maintenance: Leishmania
donovani cells (MHOM/IN/2010/BHU1081) were grown
and maintained according to the protocol already estab-
lished in our laboratory13–14. In brief, cells were grown
and maintained in complete M199 media at 25°C. M199
liquid media (pH 7.4), was supplemented with 15% fetal
bovine serum (FBS), 100 µg/ml penicillin and 100 µg/ml
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streptomycin. For selection and maintenance of trans-
fected parasites, cells were grown in complete M199
media supplemented with geneticin G418 (20 µg/ml).

Construction of pGL1686_GFP_HP vector: Vector
pGL1686_GFP_ATG was modified by replacement of
ATG gene with LdBPK_070020 gene. Firstly, 810bp
LdBPK_070020 gene was PCR amplified from genomic
DNA of L. donovani using gene specific primers
(FP_HP_GFP: 5'-GAAGATCTATGCAGGATA GACT
AAG-3' and RP_HP_GFP: 5'-CCCTCG AGTCAAC
TTTTCCCACG-3'). Further, ATG gene was removed
from the vector by sequential digestion of the vector us-
ing two restriction enzymes, viz. BglII and XhoI. The
amplified LdBPK_070020 gene was digested with the
BglII and XhoI restriction enzymes as well. Further, the
gene was ligated in the modified vector, followed by trans-
formation in E. coli DH5 cells to increase the copy
number. The proper replacement of ATG gene
with LdBPK_070020 gene in pGL1686 vector was
confirmed by PCR, double digestion as well as nucle-
otide sequencing.

Transfection of pGL1686_GFP_HP vector in L.
donovani cells: For transfection of Leishmania cells with
pGL1686_GFP_HP vector, the method established by
Beverley group was employed 8,15. In brief, approximately
107 cells/ml were washed twice with PBSG buffer (10
mM NaH2PO4, 10 mM Na2HPO4, 145 mM NaCl and 2%
glucose) and further re-suspended in 360 µl
electroporation buffer (21 mM HEPES, 137 mM NaCl, 5
mM KCl, 0.7 mM Na2HPO4, and 6 mM glucose). To this
suspension, about 40 µl of ~5–10 mg/ml of
pGL1686_GFP_HP vector was added. The cell suspen-
sion was then transferred to ice cold electroporation cu-
vettes and electroporated in BioRad (USA) electroporator.
The condition for electroporation was exponential proto-
col (voltage 450 V, and 4.5 ms pulse). The cells were
later subjected to selection pressure 24 h after transfec-
tion, by supplementing the M199 complete media with
20 µg/ml geneticin G418.

Confocal microscopy: Localization studies of
LdBPK_070020 protein were done, 6–8 days after incu-
bation of transfected cells in selection media. The method
of selection and composition of the selection media is
reported in our earlier publication8. For localization stud-
ies, the GFP expressing Leishmania cells were co-stained
with organelle specific dyes and further analyzed using
confocal laser scanning microscopy (CLSM)16–17. In brief,
the pGL_GFP_HP transfected cells were washed twice
with PBS (pH 7.4) followed by fixation of cells. The cells
were fixed by incubating them with 4% paraformalde-
hyde at 25°C for 30 min. This was followed by rigorous

washing with PBS (pH 7.4). After washing, the cells were
then permeabilized by treatment with 0.1% Triton x 100.
This was followed by co-staining of cells with
Mitotracker® Red CMXRos and DAPI simultaneously,
according to the manufacturer’s instruction. The slides
were prepared using 50% glycerol and imaging was done
in confocal laser scanning microscope (Leica DMi8) us-
ing a 63x and oil immersion objective.

In silico studies: In order to initially conceptualize
the location of conserved hypothetical protein
LdBPK_070020, inside L. donovani parasite, various
online tools were used. TMHMM and Signal P, predicted
that the query protein sequence was neither a transmem-
brane domain nor a signal protein. In case of LocTree3,
the software predicted 93% chance of LdBPK_070020
being nuclear. The score range for LocTree3 was between
0 and 100%, where 100% was the most dependable pro-
jection for subcellular localization. The results of local-
ization site prediction with Cello v 2.5 are shown in
Fig. 1.

Construction of pGL_1686_GFP_HP vector. The re-
placement of ATG in pGL1686_GFP_ATG vector with
LdBPK_070020 gene was successfully completed. The
confirmation of replacement was done, by PCR and
double digestion with BglII and XhoI (Fig. 2). The nucle-
otide sequencing further confirmed the replacement.

In vivo localization of LdBPK_070020: The co-stain-
ing of modified Leishmania cells, with nuclear specific
dye, DAPI and mitochondria specific dye, Mitotracker®

Red CMXRos was done to identify the location of GFP-
tagged LdBPK_070020 protein. The slides of the stained
cells were prepared and observed under CLSM. The cells
were then exposed to sequential laser beams followed by
imaging because GFP, DAPI and Mitotracker® Red
CMXRos have different excitation and emission spectra.

Fig. 1: The data from Cello v 2.5 is plotted in the form of a pie chart
which clearly points out the likeliness of LdBPK_070020 gene
to be located in the nucleus.
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Sequential scanning was performed in CLSM to prevent
cross talk. The cross talk is a phenomenon where emis-
sion spectrum of one fluorophore overlaps with the exci-
tation spectra of another. The differential interference con-
trast (DIC) image was taken using Trans mode. DAPI
image was taken using 405 laser line, while 488 laser line
was used for GFP tagged LdBPK_070020 and 543 laser
line for Mitotracker® Red CMXRos. The results are shown
in Fig. 3. It can be inferred from the image overlay that
LdBPK_070020 is localized in the nucleus as well as in
the kinetoplast of the parasite.

DISCUSSION

The combination of in silico and biochemical studies
pointed out the existence of the LdBPK_070020 protein
in the nucleus as well as kinetoplast. The kinetoplast is
specific to protozoa belonging to family Kinetoplastida
and is a network of circular DNA. The kinetoplast con-
tains multiple copies of mitochondrial genome. In our pre-
vious studies, we have reported that the knockout of
LdBPK_070020 gene from L. donovani results in impaired
mitochondrial function8. This let us to speculate that the
localization of the protein may be mitochondrial and the

Fig. 2: Construction of pGL_GFP_HP vector: (a) PCR amplification
of LdBPK_070020 using Leishmania donovani genome as a
template. Lane 1 depicts 100bp DNA ladder and lane 2
represents amplified 810bp LdBPK_070020 gene band; and
(b) The construction of pGL_GFP_HP vector was confirmed
by PCR and double digestion. Lane 1 shows PCR amplified
LdBPK_070020 using pGL_GFP_HP as a template. Lane 2
represents 100bp DNA ladder while lane 3 shows the release
of 810 bp, after pGL_GFP_HP construct was double digested
with BglII and XhoI.

Fig. 3: Confocal laser scanning microscopy—LdBPK_070020-GFP-tagged cells were co-stained with organelle specific dyes and then observed
under CLSM. (a) DIC image L. donovani; (b) Cell exposed to 488 laser line, which illuminates the GFP_tagged LdBPK_070020 protein;
(c) Cell observed under 405 laser line after treatment with DAPI (1:1000, 1 µg/ml). Blue colour observed indicates nucleus “N” and
kinetoplasts “K” inside the cell; (d) Overlay of images (b) and (c); (e) Overlay of images (a) and (d); (f) Cell stained with Mitotracker®

Red CMXRos (1 ng/ml) and observed under 543 laser line; (g) Overlay of images (b) and (f); and (h) Overlay of images (a) and (g). It can
be inferred from the image overlay that LdBPK_070020 is localized in the nucleus as well as the kinetoplast of the parasite. The
brightness of the image was increased to improve the resolution of the image.
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protein might be directly involved in functioning of mi-
tochondria. However, the current results suggested that
the protein is present inside the nucleus as well as kineto-
plast. Apparently, LdBPK_070020 which is localized in
nucleus and kinetoplast might be involved in regulation
of some protein(s), which are essential for mitochondrial
function and thereby altering mitochondrial function
indirectly.

Apart from defining the conserved role of
LdBPK_070020 in other species of Leishmania, Blast
analysis of LdBPK_070020 also indicated 30–42% simi-
larity with pre-mRNA splicing factor ISY1 of other or-
ganisms including human. Since, Leishmania parasite has
a polycistronic mRNA, it does not possess cis-splicing.
But there have been reports of trans-splicing in Leishma-
nia18. In trans-splicing 39 bp mini-exon gene, highly con-
served in the kinetoplastids, is spliced during pre-mRNA
maturation and this is responsible for differential protein
expression inside the parasite19. Hence, there is a possi-
bility that LdBPK_070020 is an essential protein which
might play an important role in trans-splicing, which is
ultimately responsible for expression of various proteins.

CONCLUSION

The finding of this study clearly indicates that the
conserved hypothetical protein LdBPK_070020 is present
inside the nucleus as well as in the kinetoplast. The pro-
tein is possibly altering mitochondrial function indirectly
by regulating expression of other proteins. However,
elucidation of precise mechanism still needs further
investigation.
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