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ABSTRACT

Leishmaniasis is a vector-borne tropical disease that, depending on the causative species, causes 3 differ-
ent clinical manifestations: cutaneous, mucosal, and visceral leishmaniasis. In Colombia, Leishmania (viannia)
panamensis is responsible for up to 79% of cases. Leishmaniasis diagnosis lacks a gold standard method, and
the most sensitive tests can only be performed in laboratories with specialized equipment to perform qPCR,
ELISA, and IIF. Accordingly, synthetic molecules such as aptamers have shown the potential to play a role in
the development of accurate biosensors for the diagnosis and monitoring of leishmaniasis in endemic areas.
In this work, sera samples from patients infected with cutaneous and mucosal leishmaniasis were used to
select DNA aptamers that recognize a previously identified protein which was named Leishmania panamensis
D protein (LpD) as a biomarker for mucosal leishmaniasis through Systematic Evolution of Ligands by Exponen-
tial Enrichment (SELEX). We present a list of unique NGS-identified aptamers with biomarker recognition for
cutaneous and mucosal leishmaniasis evaluated by both ELASA and western blot assays. We propose that the
interaction between PD1 aptamer and LpD recombinant protein is mediated by two hydrogen bonds. One of
these bonds involves the Glu119 base and the G50 base which takes part in the predicted motif for LpD protein
recognition. The aptamers PD1, PD2 and PD3 showed a low dissociation constant (Kd) value 51.83+8.725nM,
63.381£9.863nM and 84.85+15.87nM respectively, which makes them good specific biosensors candidates
that will allow rapid and low-cost diagnosis of leishmaniasis in remote and low-resource endemic areas. In
addition, we consider that a portable tool could be used in the field to further improve the sensitivity and
specificity of this type of diagnostic test.
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INTRODUCTION

Neglected tropical diseases (NTDs) are a group of diseases
that occur in tropical and subtropical regions, generally
poor (Engels and Zhou 2020). Together, NTDs affect more
than 1 billion people and have devastating health, social
and economic consequences (OMS, 2020). Unfortunately,
NTDs are not a global priority, because they do not rep-
resent a good market for pharmaceutical companies and
charitable foundations (Vélez et al, 2001).

Leishmaniasis is an NTD transmitted by vector sandfly mos-
quitoes of the genus Lutzomyia. The protozoan parasite
of the genus Leishmania is injected by the vector into the
human host. There are more than 20 species of Leishmania
and, depending on the injected species, the infection can
produce any of the three clinical manifestations: cutane-
ous, mucocutaneous, or visceral leishmaniasis. Cutaneous
leishmaniasis is the most common of the three clinical pres-
entations. Frequently, the clinical consequences include
ulcers on the skin which leaves scars for life, disability, and/
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or stigmatization of those who suffer from it. Mucocuta-
neous leishmaniasis is the consequence of parasite spread
or untreated cutaneous leishmaniasis. It produces a partial
or total destruction of mucosal membranes in the nose,
mouth, and throat. The least common, but most deadly
clinical presentation, is visceral leishmaniasis which, with-
out proper treatment, can reach a mortality rate of 95%
(OMS, 2020). Leishmania (viannia) panamensis is the most
frequent species that causes leishmaniasis in Colombia,
representing 79% percent of cases in the country (Ovalle
et al, 2012). Ninety one percent of the Colombian popula-
tion is at risk of suffering from leishmaniasis, making it a
significant public health issue (Patifio-Londofio et al, 2017).
Leishmania diagnosis is done by clinical examination, and
direct (microscopy) and indirect (serological) laboratory
tests.

Without a doubt, control, and prevention of leishmaniasis
are the first and most efficient defense against this dis-
ease. However, the resources assigned to these programs
are minimal, and health personnel in endemic zones lack
the sufficient training to detect the real incidence of the
disease. Diagnosis of leishmaniasis is essential to estab-
lish specific treatments and to limit progression of the dis-
ease, alleviate symptoms, and to improve the life quality of
patients (Alvar et al, 2006).

Unfortunately, there is no gold standard for the diagnosis of
leishmaniasis (Rodriguez-Cortés et al, 2010). The diagnostic
tests that have shown high sensitivity are qPCR and defini-
tive indirect tests, such as Indirect Immunofluorescence
(IIF) and Enzyme-linked immunosorbent assay (ELISA).
Unfortunately, these diagnostic tests can only be per-
formed by specialized laboratories, located distantly from
rural and rainforest areas where people are more likely to
be exposed to the transmitting vector. In addition, only 1 in
10 infected people seek the appropriate treatment (Vélez
et al, 2001).

Leishmaniasis rapid tests are commercially available and
have proven to be reliable in different studies within Colom-
bia. However, it has been demonstrated that the sensitiv-
ity and specificity of these tests depend enormously on the
circulating strains in each population (Herrera et al, 2019).
Therefore, it is necessary to create a portable, rapid, and
efficient test to diagnose the disease. One approach to
achieve this involves tests design with antigens of the cir-
culating strains in each population to increase its diagnostic
utility and implement biosensors that allow for the diag-
nosis of the disease based on stable molecules resistant to
tropical temperatures.

Aptamers are small (70-120nt) single stranded nucleic acids
that interact with molecules of biological or synthetic origin
and have the potential to be developed as specific biosen-
sors (Tuerk and Gold, 1990; Ellington and Szostak, 1990).
These are also known as “chemical antibodies”, and have
considerable advantages over monoclonal antibodies, for
example: (a) Their production does not require biological
models and they are produced in vitro by a strategy called
SELEX (Selection of Ligands by Exponential Enrichment), (b)
their production is low cost, (c) they are scalabe without
significant batch-to-batch variations, (d) they are resistant

to extreme temperatures without losing function, which is
ideal for tropical regions, and (e) they can recognize immu-
nogenic and non-immunogenic targets (Ozalp et al, 2015;
Zhu et al, 2015; Ospina-Villa et al, 2016; Ospina-Villa et al,
2018; Bayat et al, 2018; Ospina-Villa et al, 2020).

Currently, aptamer-based biosensors are being developed
for the diagnosis of different parasitic infections, including
trypanosomiasis, toxoplasmosis, trichomoniasis, malaria,
and leishmaniasis with promising results (Ospina-Villa et
al, 2020) and they have proven to be a real alternative to
consider when creating specific biosensors. Using immuno-
proteomics, we previously identified potential biomarkers
for Leishmania (viannia) panamensis that can be used in
the diagnosis and treatment of leishmaniasis (Caraballo-
Guzman et al, 2021). These biomarkers were identified in
circulating strains of afflicted patients in the Colombian ter-
ritory, making them good candidates for the development
of diagnostic tests. In addition, we collected sera samples
from infected patients to identify new potential biomarkers
presented in these samples. The objective of this work was
to isolate DNA aptamers that can recognize purified bio-
markers (recombinant proteins), and biomarkers present in
the sera of patients infected with L. panamensis as a poten-
tial tool for developing a biosensor-type diagnostic test.

MATERIALS AND METHODS

Sample collection

Human sera samples were obtained from patients enrolled
in a project carried out at the Instituto Colombiano de
Medicina Tropical (Caraballo-Guzman et al, 2021); An
informed consent was obtained from all subject patients.
A total of 20 patients participated with different NTDs
manifestations and progressions: Thirteen patients with
cutaneous leishmaniasis (CL), one patient with mucosal
leishmaniasis (ML), three patients with Chagas diseases
(CD), and three healthy subjects (HP). Leishmaniasis diag-
nosis was confirmed by direct identification of the parasite
by microscopy of skin sample. Chagas disease diagnosis
was confirmed by Indirect Immunofluorescence (IFl).

Sera proteins extraction

The sera of the patients in each group were mixed to make
a pool. Total protein extraction was performed using the
TRI reagent (Genbiotech), according to the manufacturer’s
protocol. Protein quantification was done-using the Brad-
ford method and the integrity of the proteins was evalu-
ated by SDS-PAGE.

Recombinant protein purification

Competent E. coli BL21 (DE3) plLysS bacteria and Lemo21
were transformed with the pRSET-A-LpD plasmid. The LpD
was expressed with 1mM isopropyl beta-D-thiogalacto-
pyranoside (IPTG) and purified by EconoFit Nuvia IMAC
Column Ni-charged 1ml (BIORAD) using NGC Scout Plus
100 Chromatography System (BIORAD). The identity and
integrity of the histidine-tagged LpD protein were con-
firmed by 10% (w/v) SDS-PAGE and western blot assays
using anti-6x-His-tag antibodies (Roche) at a 1:5000 dilu-
tion and visualization of the reaction with (DAB) 3,3’-Diam-
inobenzidine (Sigma).
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SELEX strategy

We used the protocol published by Wang et al, 2019.
Briefly, we used library primers with a region of 40 ran-
dom nucleotides flanked by two conserved sequences
(5'- GTCTATATGATCTGTAACTC-N40-CCAGCAGTGAGTCATCA-
GAT-3'), a forward primer with a complementary region to
the conserved 3’ end of the library (5’-GTCTATATGATCTG-
TAACTC-3’), and a reverse primer with a complementary
region to the conserved 5’ end of the library (5’-ATCTGAT-
GACTCACTGCTGG-3'). The library was amplified by PCR
with forward and reverse primers with 2X PCR HotStart
MasterMix with dye (ABM) as follows: 95°C for 2min; 95°C
for 30sec, 58°C for 30sec, 72°C for 30sec; plus, a final exten-
sion step at 72°C for 10min during 6-12-18-24-40 cycles to
identify the cycle with the higher amount of amplified with-
out “parasite DNA” is obtained.

Then, 0.2nmol of the amplified library was heated to 95°C
for 10min and then allowed to cool to room temperature
to promote refolding. Then, was put in contact with previ-
ously sensitized proteins (0.1nmol) in 200ul of Selex buffer
(pH 7.4 PBS containing 2.5mM MgCIZ' Tween20 0.02%
and Heparin 1mM in 11 of miliQ water) for 1hr at 37°C to
promote interaction between ssDNA and proteins. Four
washes were performed with Selex buffer. Bound ssDNA
molecules were eluted with 50ul of water at 95°C by 5min,
the resulting ssDNA fragments were PCR-amplified using
forward and reverse primers with the protocol described
above for 18 cycles. Ten rounds of selection (R10) were
performed to select aptamers with an affinity for the LpD
protein, and the pool of proteins extracted from sera of LC
and LM patients.

SELEX negative rounds

After 10 rounds of selection by SELEX strategy, 3 rounds
of negative selection were carried out for each group in
duplicate, against 100ugm/ml of proteins extracted from
sera of healthy patients, proteins extracted from patients
with Chagas disease and against empty wells. In this case,
the unbound molecules were recovered and then sent for
sequencing.

Next-generation sequencing (NGS)

ssDNA pools from SELEX R10 were sent to be sequenced
at Admera Health Biopharma Services by Illlumina MiSeq
2x250 equipment. In brief, the workflow for the prepara-
tion of indexed libraries; barcodes are introduced at the
ligation step using the commercial adaptors.

Sequencing data analysis

The analysis of NGS-data results can be divided into several
stages: data pre-processing, primary enrichment analysis,
library clustering, and a binding motif search. Obtained
data were pre-processed using cutadapt 2.445 software
to identify and cut the constant 5’ and 3’ SELEX primer
binding regions. Every sequence had to consist of the 5’
end constant region ‘GTCTATATGATCTGTAACTC’, a random
region of 40nt, and the 3’ end constant region ‘CCAGCAGT-
GAGTCATCAGAT'. An error rate of 20% (<4nt mismatches)
within the constant regions was allowed. Sequences not
fulfilling these conditions were discarded. Next, FastaQC
was used to filter sequences by quality score, discarding

all sequences with an overall Phred quality score < of 30.
Fastaptamer was also used to determine the abundance of
each sequence in the population (Fastaptamer_count) and
fold-enrichment to select unique sequences for each group
(Fastaptamer_enrichment). GLAM2 software was used to
search motifs in the top 5 sequences for each group and,
finally, RNAFold online software was used to predict 2D
structures of selected aptamers.

Library Biotin labelling

ssDNA resulting from round 10 of SELEX were labelled with
biotin in the 3’ end for 30min at 37°C using Biotin 3’ End
DNA Labelling Kit (PIERCE) according to the manufacturer’s
instructions.

Direct ELASA

The proteins extracted from the sera of the patients (CL,
ML, CD and NP) was immobilized in 96-well microtiter
plates (NUNC) diluted in 0.1M carbonate buffer at a pH of
9.6 (Na,CO, 0.159 gm/100ml; NaHCO,, 0.293gm/100 ml)
and 100ul was added per well. The proteins were incu-
bated overnight at 4°C as previously reported (Rotherham
et al, 2012; Luo et al, 2013). The plate was washed with
Selex buffer, and wells were blocked with 3% (w/v) skim
milk. Then, 0.2nmol of biotinylated aptamers R10 (100uL)
were added and incubated for 1hr at 372C. After washing,
streptavidin-HRP-conjugate (Jackson ImmunoResearch,
1pg/ml) 1:1000 was added and incubated for 60min. After
washing the plate three-times using Selex buffer containing
0.02% (w/v) Tween 20, UV emission was performed using
Quantablue Fluorogenic Peroxidase as a substrate and stop
solution according to manufacturer’s protocol (Thermo Sci-
entific, USA), The measure of relative fluorescence units
(RFU) absorbance was carried out at 325nm and 420nm
using xMark Microplate Spectrophotometer (BioRAD, USA).

Western blotting

Proteins extracted from the serum of the different groups of
patients and recombinant D protein were loaded in a 12%
(w/v) SDS-PAGE. Then proteins were transferred to nitro-
cellulose membranes using Towbin buffer (trizma base and
glycine) by semi-dry transfer method. Subsequently, the
membranes were washed three times for 5min in 1x TBS
with Tween-20 pH 7.4 (TBST) and finally blocked with TBS
plus 5% (w/v) skim milk at 4°C overnight. To identify immu-
noreactive proteins, the membranes were cut into 4mm
strips. The strips were incubated for 60min at room tem-
perature with biotinylated aptamers from R10. After incu-
bation, the strips were washed three times for 5min with
TBST and incubated with a 1:2000 dilution of the second-
ary streptavidin-HRP-anti-human IgG antibody produced in
rabbits (Sigma-Aldrich, USA) in TBS buffer with skim milk
1% (w/v) at room temperature for 1hr. The strips were
then washed three times for 5min with TBST. Quantablue
Fluorogenic Peroxidase was used as substrate (Thermo Sci-
entific, USA) for 5-10min until the reaction changed color.
Finally, the stop solution was added per the manufacturer’s
protocol.

Kd value determination
Each well was saturated with 100nM of LpD in a total vol-
ume of 100ul in bicarbonate Buffer overnight. Then, dif-
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ferent concentrations (OnM, 10nM, 20nM, 50nM, 100nM,
200nM, 500nM and 1000nM) of each of the biotinylated
aptamers (PD1, PD2, PD3) were added, and the interaction
was allowed at room temperature in SELEX buffer for 1hr. 3
washes were carried out with Wash Buffer, and streptavidin-
HRP-conjugate (Jackson ImmunoResearch, 1ug/ml) 1:1000
was added and incubated for 60min, 3 more washes were
carried out and the reaction was revealed using Quantab-
lue Fluorogenic Peroxidase as a substrate and stop solution
according to manufacturer’s protocol (Thermo Scientific,
USA), The measure of relative fluorescence units (RFU)
absorbance was carried out at 325nm and 420nm using
xMark Microplate Spectrophotometer (BioRAD, USA).

Protein-aptamer Docking

3D structure of LpD protein was predicted using online
software I-Tasser (Zhang et al, 2008; Roy et al, 2010; Yang
et al, 2015). Top 1 ssDNA 3D structure from the PD group
was predicted. First, ssSRNA 2D structure was obtained
using RNAFold WebServer (Gruber et al, 2008; Lorenz et
al, 2011). Then, ssRNA 3D structure was obtained using
RNAComposer web server (Popenda et al, 2012; Antczak et
al, 2016;). Next, we used Web 3DNA 2.0 (Li et al, 2019) to
exchange uracil bases for thymine in the PDB file. We also
replaced the ribose sugar backbone with deoxyribose using
the AutoPSF VMD plugin (Humphrey et al, 1996). Finally,
we performed an energy minimization using the AutolMD
VMD plugin to enhance the final ssDNA 3D structure (Hum-
phrey et al, 1996).

Once the PDB files of the LpD protein and the selected
aptamer were obtained, the protein-ssDNA docking was
performed in the HDOCK online software with the param-
eters recommended by default (Yan et al, 2017). The model
with the highest ranking and lowest interaction energy was
analyzed with the Chimera 1.15 software (Pettersen et al,
2004) to identify the amino acids of the protein and the
ssDNA bases involved in the interaction. The possible for-
mation of hydrogen bonds with the FindHBond intra-mole-
cule functionality was also searched.

RESULTS

Protein purification

Proteins from sera samples for the each distinct group were
purified and the concentrations obtained were: 650,25ug/
ml of CL group, 656,56ug/ml of ML group, 580,80ug/ml
of CD group and 814,39ug/ml of HP group. From the LpD
recombinant protein, 119ug/ml was obtained from 100ml
of initial culture.

Proteins were separated in 10% (w/v) SDS-PAGE to verify
their integrity (Figure 1A, 1C). The chromatogram of the
recombinant protein shows a peak of pure protein (Figure
1B) which was previously confirmed by electrophoresis
(Figure 1C) and western blotting (Figure 1D).

SELEX strategy

100ug/ml of each group of proteins (CL, ML and PD) were
sensitized in 96-well plates in duplicate and the SELEX strat-
egy was carried out as explained above. Non-bound mol-
ecules (NBM), bound molecules (elution) and subsequently
amplified by PCR molecules (PCR) were monitored by quan-
tification (Nanodrop) through the different rounds of SELEX
strategy. Figure 2A, 2B, 2C show how the bound and ampli-
fied molecules remain stable between 600-1000ng/ul. As
expected, the unbound molecules decrease as the SELEX
strategy advances, and the bound molecules (elution) pro-
gressively increase, giving a considerable peak from cycle
7 for CL and PD, and from cycle 8 for ML. This increase in
bound molecules was used as an indicator to determine
the end of the SELEX strategy when the value remains sta-
ble. 10 rounds of SELEX strategy were performed for each
group: CL (Figure 2A), ML (Figure 2B), and PD (Figure 2C). A
schematic representation of SELEX strategy and the moni-
toring that was carried out is illustrated in Figure 2D.

NGS analysis

After filtering the sequences as mentioned above with the
cutadapt software, there were 804932 reads from the CL
files, 648455 reads from ML and 657949 reads from the PD
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MW CL ML CD HP Lysate Washes Elutions
o > > -
= Q
2 1600 Pure ‘80 3
E 1200 recombinant 2
é i protein g—
£ 800 40 £
S 400 ., 3}
2 O ﬁ 0 §
C E18 E19 E20 E21 D E19 E20 E21
j

SDS-PAGE 10%

SDS-PAGE 10%

Western blot
1st Anti His tag 1:100
2nd Anti mouse 1:2000

Figure 1. Protein purification. (A) Proteins extracted from sera samples were visualized in 10% (w/v) SDS-PAGE. (B) chromatogram
diagram of pRSET-A-LpD recombinant protein. (C) Verification of pRSET-A-LpD recombinant protein of the expected size on a 10%
(w/v) SDS-PAGE. (D) Western blot assay to confirm pRSET-A-LpD recombinant protein expression.
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Figure 2. SELEX strategy. Values were obtained from non-bound molecules (NBM), bound molecules (elution) and amplified mol-
ecules (PCR) after each round of the SELEX strategy for the CL (A), ML (B) and PD (C) groups. (D) Schematic representation of the

SELEX strategy used in this study.

files. The frequency of each sequence in each groups were
determined using the fastaptamer_count script. The fold-
enrichment values for each sequence in each group was
then calculated with the fastaptamer_enrich script. Next, a
file was created containing the unique sequences for each
of the groups. The five most frequent sequences were cho-
sen according to the RPM value.

In Figure 3, we show the top 5 sequences chosen for each
group: CL (Figure 3A), ML (Figure 3E), and PD (Figure 3l), as
well as the ranking, the number of reads, and RPM for each
sequence are displayed there. Then, uing GLAM2 software,
a search for motifs was performed allowing gaps that were
highlighted in each of the sequences and illustrated in Fig-
ure 3B (CL), Figure 3F (ML), and Figure 3J (PD). The 2D and
3D structure of the most abundant sequence in each group
was predicted using w3DNA 2.0 online software.

ELASA

The sequences obtained from round 10 of SELEX were
biotinylated and subsequently used as recognition mol-
ecules in an ELASA-type assay in which the specific proteins
for each group were previously sensitized. After the inter-
action between aptamers and proteins, streptavidin HRP
(Horseradish Peroxidase) was added, and the reaction was
revealed. Experiments were performed in triplicate to vali-
date the results. Figure 4A shows the development of the
ELASA test by means of a UV emitter at 320nm. CL bioti-
nylated aptamers specifically recognize CL proteins and 1
to 13 sera from patients with previously confirmed CL with
different intensities and different optical density values.
However, they were all positive as they exceed the set cut-
off value.

The aptamers do not recognize the ML, PD, HPS (Healthy
Patient Serum), HPP (Healthy Patient Proteins), or BSA
(Bovine Serum Albumin) proteins, neither the patients with
Chagas disease 14-17 nor the patient with ML (18), yield-
ing optical density values below the established cut-off. ML
biotinylated aptamers specifically recognize ML proteins
and the patient with mucosal leishmaniasis (18). The same
results were obtained with PD biotinylated aptamers.

Western bloting

In the western blot assay (Figure 4B), 3 bands recognized
by CL biotinylated aptamers are observed around at 37kDa,
75kDa and 25kDa. ML biotinylated aptamers recognize 4
bands around at 25kDa, 50kDa, 75kDa and 250kDa. Bioti-
nylated PD aptamers recognize a single band of 18kDa that
corresponds to the expected molecular weight for recom-
binant protein D.

Kd values

The Kd values obtained were; 51.83+8.725nM,
63.38+9.863nM and 84.85+15.87nM for aptamers PD1,
PD2 and PD3, respectively (Figure 5).

Protein-aptamer Docking

Results obtained from the HDOCK server show how the
LpD protein interacts with the PD-1 aptamer in the variable
region (40nt) (Figure 6A). Analysis performed in Chimera
1.15 software shows the formation of 2 hydrogen bonds,
between the C48 base and the Gly86 (2,584A) and between
Glu119 and the G50 base (2,784A) (Figure 6B). The G50
base is part of the previously identified motif among the
aptamers with the highest amount of RPM, which confirms
the importance of this motif for the recognition of LpD.
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Top 5 unigue sequences for CL Rank Reads RPM
ACARGCARAGRACCAATGTAGCAGGTGCAGRARRRATCGCC 12 20 24,85
AATCGTTCCCCACTTCCCRAACGCTGAACCAACGAGCACGT 29 13 16,15
GCGTGTTTACCTAGTAGGTATGTTGGATACGTTAGAACAC 45 11 13,967
CAGCCTAGTCGGACTGAGTGGTGGGTCCTGTTCTITAGTT 69 10 12,42
ATGTTTTCACTTTTTTCCTTCACACACCGCTATAGGCACA 69 10 12,42

Top 5 unigque sequences for ML Rank Reads RPM
GRAGGCGGTCTAGATGTTGATGTTGTCCCTGGCGGGTTTC 113 13 20,05
GTTAGCCCCTTTGCAGARTTGAGGGTACTTGCATTACCCT 154 11 16,56
TCCRATCTCCGTGTAACTAACTAARCCCCCTGACAARRAACA 178 10 15,42
ATTCCCGCCTTCCAGGTCCGCTACTTCTCTCCTCATCGCT 178 10 15,42
GGTATGAGGTTGCCATAGCAGGEGGACTCRARRCCAGCCA 178 10 15,42
Top 5 unicue secquences for FD Rank Reads RPM
CCACTTGGGTTACTACCTTACGCCGCARCGGTTTARAGAC 3 24 36,48
GRAGGGTAGACACGCAGTCTGTACTAGACACCATTTICCRAC 3 24 36,48
AAGACAGCCCACGACAAMRAARARAMCCAACAARAAGGARAA 3 24 36,48
TCCCCATAGTTGGTTGGGTATAAT GAACCCTARGTARCAR 3 24 36,48
TCGTGTTGTCTGTTTGCCTATTGCGECAGGTTTTTACTCT g 21 31,92

Figure 3. SELEX Libraries sequencing results, motifs and 2D and 3D structure prediction of DNA aptamers. (A) Top 5 of unique
sequences for each group (B) A common motif for each group (C) 2D structure of more abundant unique sequence of each group (D)
3D structure of more abundant unique sequence of each group.
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Figure 4. ELASA and western blot assay. (A) CL: cutaneous leishmaniasis proteins, ML: mucosal leishmaniasis proteins, DP: D pro-
tein, HPS: healthy patient serums, HPP: healthy patient proteins, EW: empty well, 1-13 sera of patients with cutaneous leishmaniasis
confirmed, 14-17 sera of patients with chagas disease confirmed, 18 sera of a patient with mucosal leishmaniasis, BSA: Bovine serum
albumin protein (B). MW: molecular weight, CL: cutaneous leishmaniasis proteins, ML: mucosal leishmaniasis proteins, DP: LpD
protein. The black arrows show the more significant bands observed on each strip.

DISCUSSION aptamers were isolated against the recombinant protein LpD
previously identified as a potential biomarker for the diagno-

The results of this work show for the first time the isola- sis of mucosal leishmaniasis. (Caraballo-Guzman et al, 2021).

tion of DNA aptamers from sera samples of patients with

cutaneous and mucosal leishmaniasis that identify specific
biomarkers that could be parasite proteins or host proteins
in response to infection. In addition, for the first time, DNA

Different studies led by Dr Victor M Gonzalez from the IRY-
CIS group have isolated aptamers against different targets
of Leishmania infantum, such as the H3 protein (Frezza et
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Figure 5. Kd values of LpD specific aptamers. (A) PD1 aptamer Kd value. (B) PD2 aptamer Kd value. (C) PD3 aptamer Kd value.

Figure 6. Docking protein-aptamer. (A) PDB structure obtained from LpD complex and PD-1 aptamer using HDOCK software. (B)
Close-up of the interaction site where the formation of hydrogen bridges is illustrated (red color) with their respective distances C46-

Gly86 (2,584 A) and G50-Glu119 (2,784A).

al, 2020), the KMP-11 membrane protein (Moreno et al,
2003), the H2A protein (Martin et al, 2013), and the LiPABP
protein (Guerra-Pérez et al, 2015). All aptamers obtained
have great utility for the specific detection of related pro-
teins, and therefore have potential to be used as diagnostic
tools for leishmaniasis.

The use of aptamers as a ligand for the detection of bio-
markers has proven to be an efficient strategy for the
diagnosis of other parasitic diseases such as Chagas dis-
ease caused by the protozoan parasite Trypanosoma cruzi.
Fortes de Araujo et al, have reported an ELA assay to detect
residual parasitemia in infected mice that can be very use-
ful for diagnosis and to evaluate the efficiency of treatment
with benznidazole (de Araujo et al, 2015). Similarly, aptam-
ers have been obtained against malaria biomarkers (PfLDH
and PvLDH) (Cheung et al, 2018), Trichomonas vaginalis
(AP65) (Espiritu et al, 2018), and Cryptosporidium parvum
(oocyst) (lgbal et al, 2019) with great potential for the
development of novel diagnostic tools.

The set of aptamers reported here can identify specific bio-
markers (unidentified until now) from patients with cuta-

neous leishmaniasis and mucosa as shown in the ELASA
assay (Figure 3A). Western blot analysis showed that at
least 3 different targets were identified in the CL group and
4 in the ML group; the LpD protein was the only expected
target (Figure 3B). The Kd values obtained for PD1, PD2
and PD3 aptamers are in a low nanomolar range, which
makes them suitable for the development of a portable
diagnostic test.

The information reported in this study is convenient for
the scientific community interested in the development of
aptamers and alternative diagnostic tools and biosensor for
NTDs and other diseases. We are still studying the interac-
tions of each of the reported aptamers to develop a device
that allows easy use of this technology that can be taken
into the field.

CONCLUSIONS

* We have identified a set of aptamers that recognized
unknown biomarkers in serum samples from patients
with cutaneous and mucosal leishmaniasis.
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* These aptamers recognize at least 3 different biomark-

ers in the CL group and 4 in the ML group.

Isolated aptamers against the LpD protein are a poten-

tial tool for the diagnosis of mucosal leishmaniasis

The GG (T/A) (A/T) (T/A) (A/T) motif identified in the PD

group aptamer set seems to be relevant for the interac-

tion with the LpD protein.

* PD1, PD2 and PD3 aptamers could be used for the
development of a diagnostic test.
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LIST OF ABBREVIATIONS

NTD: Neglected Tropical Diseases

PCR: Polymerase Chain Reaction

ssDNA: Single-Stranded DeoxyriboNucleic Acid

ssRNA: Single-Stranded Ribonucleic Acid

SELEX: Systematic Evolution of Ligands by Exponential Enrichment
NGS: Next-Generation Sequencing

IIF: Indirect ImmunoFluorescence

ELASA: Enzyme-Linked Aptamer Sorbent Assay

NBM: Non-Bound Molecules
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