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Supplementary Figures

Figure S1. Protein-protein interaction networks of (A) Leishmania major, (B) Leishmania
braziliensis and (C) Leishmania infantum. The yellow nodes represent the sub-network of
proteins with interactions to GSK3, which explain the high connectivity degree the protein

has within Leishmania spp. pathways.



Figure S2. Protein structure visualization for CRK in different Leishmania strains. (A) L.
major, (B) L. mexicana, (C), L. infantum, (D) L donovani. The most druggable pocket is
shown. Polar alpha spheres are depicted in red while apolar alpha spheres in blue. Predicted
most druggable pockets were equivalent for all the strains analysed except the pocket
predicted for the L. major CRK structure where the folding forms a new a pocket with higher
druggability score. In this case, the equivalent pocket to the most druggable pocket of the

other proteins is also shown in green (apolar alpha-spheres) and yellow (polar alpha-spheres).



Figure S3. Superposition of the reported catalytic site and the predicted pocket for CDK (A)
and AKT (B) homologues in L. braziliensis. Catalytic residues are depicted in red, pocket

residues in blue, and the C-a atoms of the pocket in yellow.

Supplementary Tables

Table S1. List of all the proteins present in the human PI3K/AKT and apoptosis pathways
with potential orthologues (UniProtKB IDs) in different Leishmania species.

Cutaneous/ Cutaneous/ .
Cutaneous . Visceral
Mucocutaneous  Visceral

Human gene
L. mexicana ID L. major ID L. braziliensis ID L. infantum 1D L. donovani ID

KEGG*

PHLPP E9AZD9 E9ACVO0 A4HGI10 A41329 E9BJF5
Racl E9ARM6 Q4QGD2  A4HLPS E9AGQ4 E9BDR9
MEK E9ASK6 Q4Q1Z0 A4HNU6 A4ICP8 E9BTF2
Rheb E9B2Y3 Q4Q573 A4HKIJ3 A41825 E9BNWS8
Raptor E9AXDS Q4QA34 A4HEF7 A411A2 E9BHG6
AKT E9ARPS Q27687 A4HOLS A4HXY2 E9BDT9
GSK3 E9ARG4 Q4QELlLS5 A4HOD1 A4HXQ3 E9BDKS
AMPK E9ALMI1 E9AE64 A4HHK1 A414Q9 E9BL11
PTEN E9B4W8 Q4Q359 A4HTT1 A419V5 E9BQV4



14-3-3
mTOR
eNOS
PP2A
Cyclin
CDK

Ras
Hsp90
JAK
S6K1
Gby
NF-xB
ERK
PI3K-Class IB
PI3K-Class IA
SGK
elF4E
ECM
c-myb
ACTGI
NFKBIA
CYC
MAP2K1
AKT3
EIF2S1
TUBAIA
MAP3KS5S
CAPNI1
ATM
CTSB
ENDOG
CTSF
PTPNI13
EIF2AK3
ACTB
IKKA
IKKB

E9ANI1
E9AU66
E9AZU3
E9AUK9
E9B3B5
E9ASH4
E9AYX8
E9B3L2
E9AULS
E9AVH4
E9ANSS

E9APJ6

E9B6S9

E9AKA4
E9BIALl
E9AQU2
E9ASK6
E9ARPS
E9AJY2
E9APG2
E9B179
E9B1J6
E9AJHO
E9ALZ5
E9ANT71
E9AMH7
E9ATX2
E9B501
E9AKA4
E9AV60
E9AUN4

Q4QH45
Q4Q0C8
Q4Q8E2
Q4QCX5
Q4Q4U0
096526
E9ADS3
Q4Q416
Q4QCW9
E9AF23
Q4QHD6
Q4QAW7
Q4Q449
E9AE04
QYGNR4
Q4QD60

QYUIES
Q4QAW7
Q4QENS
Q4Q120
Q27687
E9ACP3
Q4QGCS5
Q4Q6Y5
Q4Q6L7
E9ACS6
E9ADTS
Q4QHF4
Q4QI68
Q4Q0M4
Q4Q2Y5
QYUIES

Q4QCV0

A4HG6F2
A4HBF9
A4HGHI
E9AIC2
A4HE79
A4HNRS
A4HFKO
A4HL70

A4HLCO
A4HD71
A4HLI9
A4HDR3
A4HN71
A4HA98
A4HBIS
A4H921
A4H438
A4HD71
A4HSRO
A4HNU6
A4H9LS
A4H3R0
A4H727
A4HIN9
A4HI24
A4H3A6
A4HH90
A4H653
A4HSES
A4HQ52
A4HAS7
A4H438

A4HUUG6
A41E36
A41I3K3
A4HYPO6
A418F7
A4ICTO
E9AHES
E9AHMS
A4HYPI
A4HZ14
A4HUJO
E9AH25
A41910

A4HVU4
A4HYHS
E9AHT7

A4HSC2
A4l610
A4HX29
A4ICP8
A4HXY?2
A4HRY4
E9AGK7
A415Y6
A416E6
A4HRLS
A414D6
A4HUH3
A4HS5E6
A41IDV1
A419Y7
A4HSC2

A4HRW6

E9BAM3
E9BV14
E9BIK6
E9BEL9
E9BPA2
E9BTBY
E9BIZ5
E9BPW4
E9BEMS5
E9BACS
E9BGMS
E9BQ78
E9BBN7

E9BPZ2

E9B890
E9BM74
E9BCZ1
E9BTF2
E9BDT9
E9B7W6
E9BBAS
E9BMS52
E9BMHI
E9B7F7
E9BKN2
E9BABI
Q7K8Z6
E9BURS
E9BQZ0
E9B890

E9BEP4



APAF E9AX72 - - - -
XIAP E9ATGS Q4QBN7  A4HPQO A4ID13 E9BUBO

For the following tables (S2 to S8) these are the conventions used to name the columns:

GMQE: Accuracy of the tertiary structure of the model (from 0 to 1)
QMEAN: Metric to measure the quality of the model (> -4.0 are better models)
COV: Coverage of the alignment with the template

ID: Percentage of identity with the template

RES: Resolution of the crystal template

Ligands: Ligands co-crystallized in the template

fpocket: Pocket chosen by the fpocket tool to score the druggability

DS: Druggability score

Table S2. Summary of the modelling variables and the druggability score for the CDK

kinases detected in the five species of Leishmania analysed.

UniProt PDB
ID template GMQE QMEAN COV ID RES Ligands fpocket DS

6gu6.1.A 0,78 -1,52 0,93 559 233A 1QK pocket 1 0,727
6gu7.2.A 0,77 -2,38 0,93 559 2,75A None pocket 1 0,829

A4HNRS5 1hlp2.A 0,77 -1,88 0,94 59,45 2,10A CMG  pocket1 0,687
pocket
6gu6.1.A 0,77 -1,53 0,93 54,86 2,33A 1QK 11 0,721

6gu7.2.A 0,77 -2,41 0,93 54,86 2,75A None pocket 1 0,775
096526  1hlp.2.A 0,77 -1,85 0,94 59,11 2,10A CMG pocket 1 0,664
6gu6.1.A 0,77 -1,95 0,93 55,21 2,33A 1QK pocket 1 0,678
6gu7.2.A 0,77 -2,36 0,93 55,21 2,75A None pocket 1 0,775
lhlp.2.A 0,77 -1,77 0,94 59,11 2,10A CMG pocket 1 0,687
E9ASH4 1h24.2.A 0,76 2,13 0,94 59,11 2,50A None pocket 1 0,764
6gu6.1.A 0,77 -1,53 0,93 55,21 2,33A 1QK pocket2 0,627
6gu7.2.A 0,77 -2,36 0,93 55,21 2,75A None pocket 1 0,775
A4ICTO  1hlp.2.A 0,77 -1,76 0,94 59,11 2,10A CMG pocket 1 0,687
6gu6.1.A 0,77 -1,53 0,93 55,21 2,33A 1QK pocket2 0,627
E9BTB9 1hlp.2.A 0,77 -1,76 0,94 59,11 2,10A CMG pocket 1 0,687

Table S3. Summary of the modelling variables and the druggability score for the AKT

kinases detected in the five species of Leishmania analysed.



UniProt PDB

ID template GMQE QMEAN COV ID RES Ligands fpocket DS

ATP-  pocket

4wb5.1.A 0,77 -0,51 0,95 52,06 1,64A MG 1 0,509
pocket

A4HIL8 6¢ccy.1.A 0,74 2,11 0,97 40,81 2,18A EX4 2 0,697
ATP -  pocket

4wb8.1.A 0,77 -0,45 0,95 51,75 1,55A MG 1 0,769
pocket

Q27687  6cey.l.A 0,74 -2,35 0,97 41,12 2,18A EX4 2 0,704
ATP-  pocket

4wb8.1.A 0,77 -0,47 0,95 51,9 1,55A MG 1 0,759
pocket

E9ARP5 6¢ccy.l1.A 0,74 -2,31 0,98 39,51 2,18A EX4 1 0,592
ATP-  pocket

4wb5.1.A 0,77 -0,51 0,95 51,43 1,64A MG 2 0,809
pocket

A4HXY2 I1fot.1.A 0,74 -2,7 0,95 50 2,80A None 1 0,765
ATP - pocket

4wb8.1.A 0,77 -0,56 0,95 51,27 1,55A MG 1 0,737
ATP - pocket

4wb5.1.A 0,77 -0,51 0,95 51,43 1,64A MG 2 0,809
pocket

E9BDT9 1fot.1.A 0,74 -2,7 0,95 50 2,80A None 1 0,765

Table S4. Summary of the modelling variables and the druggability score for the ATM

kinases detected in the five species of Leishmania analysed.

UniProt PDB
ID template GMQE QMEAN COV ID RES Ligands fpocket DS

A4H3A6 4jsn.1.A 0,03 -4,28 0,12 23,54 3,20A None pocket2 0,509

E9AC86 4jsn.1.A 0,03 -3,59 0,11 23,77 3,20A None pocket 1 0,825
pocket
E9AJH9 4jsn.1.A 0,03 -3,63 0,11 23,71 3,20A None 11 0,865
AGS -
A4HRL5 4jsp.1.A 0,03 -4,59 0,11 24,13 3.30A MG pocket4 0,765

E9B7F7  4jsn.1.A 0,03 -4,15 0,11 24,09 3,20A None pocket 1 0,587

Table S5. Summary of the modelling variables and the druggability score for the AMPK

kinases detected in the five species of Leishmania analysed.

UniProt PDB

ID template GMQE QMEAN COV 1D RES Ligands fpocket DS
ClvV-C2Z -
Sezv.1.A 0,31 -0,96 0,4 52,94 299A STU pocket 1 0,57
A4HHK1 2hak.6.A 0,27 -2,72 0,39 40,82 2,60A None pocket 6 0,821
ClvV-C2Z-
Sezv.1.A 0,31 -0,85 0,4 534 299A STU pocket 2 0,563
AMP - STU
E9AE64  Siso.l.A 0,3 -1,47 0,4 53,73 2,63A -992 pocket 1 0,485
AMP- CG7 -
E9ALMI1 6blu.2.A 0,31 -1,39 04 5294 2,77A STU pocket 1 0,725



2hak.6.A 0,27 -2,79 0,39 41,64 2,60A None pocket 6 0,576

4ynz.1.B 0,26 -2,01 0,39 41,77 2,00A None pocket 5 0,524
2hak.6.A 0,26 -2,86 0,39 41,77 2,60A None pocket 6 0,526
IMD — AMP
- CG7 -
A414Q9  6blu.2.A 0,31 -14 0,4 53,25 2,77A STU pocket 1 0,725
IMD — AMP
- CG7 -
6blu.2.A 0,31 -1,4 0,4 53,25 2,77A STU pocket 1 0,725
ClvV-C2Z -
Sezv.1.A 0,3 -1,76 04 53,25 2,99A STU pocket 1 0,576
E9BL11  4yom.1.A 0,27 -2,52 0,39 38,32 249A EDO pocket 2 0,55

Table S6. Summary of the modelling variables and the druggability score for the mTOR

kinases detected in the five species of Leishmania analysed.

UniProt PDB

ID template GMQE QMEAN COV ID RES Ligands fpocket DS
pocket
4jsn.1.A 0,29 -3,73 0,44 38,33 3,20A None 1 0,465
pocket
A4HBF9 S5wbu.l.A 0,29 -3,71 0,44 36,3 3,42A None 49 0,742
pocket
Q4Q0C8 4jsn.1.A 0,26 -3,71 0,42 38,39 3,20A None 9 0,532
pocket
E9AU66 4jsn.1.A 0,26 -3,73 0,42 38,48 3,20A None 1 0,643
pocket
A41E36 4jsn.1.A 0,25 -3,72 0,42 38,42 3,20A None 11 0,658
pocket
E9BVI14 4jsn.l.A 0,26 -3,71 0,42 38,33 3,20A None 9 0,584

Table S7. Summary of the modelling variables and the druggability score for the GSK3

kinases detected in the five species of Leishmania analysed.

UniProt PDB

ID template GMQE QMEAN COV ID RES Ligands fpocket DS
3e3p.l.A 0,94 -0,58 1 93,52 2,00A None pocket2 0,625
EPE -

A4HOD1 3sd0.1.B 0,72 -2,72 0,9 50,16 2,70A TSK pocket 1 0,606

3e3p.1.A 0,97 -0,25 1 100 2,00A None pocket 2 0,658
EPE -
Q4QE15 3sd0.1.B 0,72 -1,81 0,9 49,53 2,70A TSK pocket 1 0,628

3e3p.1.A 0,96 -0,61 1 96,9 2,00A None pocket 3 0,53

EPE -
E9ARG4 3sd0.1.B 0,72 -2,13 0,9 49,53 2,70A TSK pocket 2 0,436
3e3p.1.A 0,97 -0,41 1 98,03 2,00A None pocket2 0,658
A4HXQ3 5f94.1.A 0,73 -2,82 0,91 49,23 2,51A 3U0 pocket 1 0,788
3e3p.1.A 0,97 -0,43 1 98,31 2,00A None pocket 2 0,658

EPE -
E9BDKS8  3sd0.1.A 0,72 -2,18 0,9 49,84 2,70A TSK pocket 1 0,579




Table S8. Summary of the modelling variables and the druggability score for the PI3K

kinases detected in the five species of Leishmania analysed.

UniProt PDB

ID template GMQE QMEAN COV ID RES Ligands fpocket DS
A4HDR3 5dfz.1.B 0,47 -5,83 0,71 27,6 4,40A None pocket 1 0,837
EFV -
6¢cls.1. A 0,08 -3,4 0,2 2529 231A SO4 pocket 1 0,836
E9AEO04  4bfr.1.A 0,08 -3,16 0,19 23,64 2,80A J82 pocket 5 0,818
pocket
411b.1.A 0,63 -3,92 0,92 32,14 2,59A SO4 35 0,565
E9APJ6  4bfr.l. A 0,61 -4,05 0,93 32,68 2,80A J82 pocket 1 0,534
pocket
A4HVU4 6eyz.1.A 0,58 -3,96 0,88 31,31 2,20A C5W 17 0,92
pocket
E9BBN7 5ae9.1.A 0,56 -3,72 0,84 28,17 2,44A OKO 17 0,53




Table S9. List of best 20 compounds per kinase model based on the AutoDock Vina score

[Attached xlIsx file].

Table S10. Full list of compounds IDs and SMILES representations of their chemical

structures. [Attached xlIsx file].

Supplementary Text

S1. Details of other proteins detected from the PI3K/AKT pathway mapping

S1.1 14-3-3

The highly conserved, multifunctional phospho-serine/phospho-threonine binding proteins
14-3-3 have two roles in apoptosis: increases the tumour suppressor p53 activity to induce
the transcription of pro-apoptotic genes such as bad [1] but also alter pro-apoptotic proteins
(BAD, Bax, FOXO and Askl) subcellular location to block their activation [2]. 14-3-3
proteins act as chaperones also for other proteins like Raf-1, involved in cell proliferation
and survival [2]. Several small molecules identified as 14-3-3 inhibitors, reviewed in [1],
have been assayed as drug candidates in cancer therapy. Recently, a novel series of specific
sphingosine-like compounds able to induce mitochondrial apoptosis in vitro and reduce

tumour growth in vivo by disrupting 14-3-3 dimerization has been reported [3].

S1.2 Eukaryotic translation initiation factor- eIF4E

In eukaryotes initiation of cap-dependent translation relies on the small ribosome subunit
recruitment to the 5 —end of the mRNA (denoted cap4 in trypanosomatids) which is
facilitated by elF4F complex. elF4F consists of a small cap-binding protein, eI[F4E, an ATP-
dependent RNA helicase, elF4A, and a large scaffold protein, elF4G. In their
hypophosphorylated state, 4E-BPs act as competitive inhibitors of eI[F4F complex formation.
When activated through PI3K/AKT pathway, mTOR phosphorylates 4E-BP and eIF4G,
releasing elF4E, allowing for eIlF4F complex formation and therefore increasing cap
dependent translation. In the field of cancer, eI[F4F complex has been proposed as a

therapeutic target because growth-related and anti-apoptotic proteins are encoded by
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structurally complex mRNAs which have a high requirement for eIF4F[4]. Compounds that
impede elF4E—eIF4G complex formation (4EGI-1) suppressed the growth and induced

apoptosis in several types of cancer[5].

S1.3 Heat Shock Protein-Hsp90

Inhibition of the molecular chaperone Hsp90 induces cell cycle arrest and apoptosis as it
causes the simultaneous degradation of different client proteins involved in all levels of cell
signalling [6]. Hsp90 and other chaperones function as survival factors, particularly under
stress conditions, e.g., prevents procaspase-9 recruitment to the apoptosome by binding
Apaf-1 [7]; stabilizes and protects AKT from phosphatase 2A (PP2A) dephosphorylation,
hence inhibiting apoptosis [8].

S1.4 C-myb

C-myb is a highly conserved DNA binding transcriptional regulator that controls the
expression of certain genes related to cell proliferation, differentiation and development [9].
C-myb also activates the expression of pro-survival proteins such as Bel-X1 [10,11]. There
are studies reporting c-myb disruption as an inductor of apoptosis in tumorigenic cells by

inhibiting AKT pathway activation [12].

S1.5JAK

The Janus kinase (JAK) is the physiological activator of the signal transducer and activator
of transcription 3 (STAT3). When activated, STAT3 may play a role in apoptosis by
increasing the expression of proteins like survivin, a member of the Inhibitors of Apoptosis
(IAP) or repressing the expression of the pro-apoptotic factor p53 that up-regulates proteins
like APAFI1, caspase 6 and FAS [13]. Specific inhibition of JAK2 (i.e.: AG490 or AZD1480)
has been correlated with increase in apoptotis as associated with lower expression of the
proteins Bcl-XL and Bcl-2 [14] [15]. More importantly, there are JAK inhibitors already
approved for human use (Ruxolitinib and Tofacitinib) and many others are undergoing

clinical trials.

S1.6 NF-xB
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Nuclear factor of kB (NF-xB) is a family of transcription factors activators of several genes
that promote cell proliferation (cyclins and growth factors) or block programmed cell death
(cIAPS, cFLIP, Bfl-1, Bcl-2, and Bcel-x1) [16]. Numerous inhibitors of NF-kB have shown to
block proliferation or render tumour cells more sensitive to apoptosis-inducing agents,

however none has yet been approved for human use [17].

S1.7 S6 kinase

S6 serine/threonine kinase is a downstream effector of mTORCI1 involved in protein
synthesis and cell growth. Because S6K is considered a “junctional molecule’, that is, it’s a
node between different signal transduction pathways, it is thought to constitute an ideal target
for cancer therapy [18] but we could only find a limited number studies relating S6K and

apoptosis [19,20] including one clinical phase I trial evaluating an inhibitor of S6K [21].

S1.8 PHLPP and PTEN

The protein phosphatase PHLPP and the lipid phosphatase PTEN conform a tumour
suppressor with synergistic effects on the control of the PI3K/AKT cascade [22]. PHLPP
mediates dephosphorylation of AKT and S6 kinase, therefore promoting apoptosis,
decreasing proliferation and depleting overall protein synthesis [23]. Thus, PHLPP is a
potential therapeutic target to suppress oncogenic pathways [23]. On the other hand, the
major function of PTEN is dephosphorylation of PtdIns (3,4,5) regulator of AKT activation
and the main product of PI3K thus antagonizing its biological action [24]. In addition,
promising studies in vitro have identified several regulatory mechanisms to modulate PTEN
activity [24]. Interestingly, cell migration, invasion and adhesion have been listed as other
functions of PTEN [25]. We found no studies reporting either of these proteins in

Leishmania.

S2. Role of other proteins detected in the PI3K/AKT homologue pathway in Leishmania
spp.
Regarding other proteins within the PI3K/AKT survival pathway, we found that 14-3-3 was

recently reported in L. infantum and is thought to be a virulence factor for prolonging the life
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span of the host cell [26]. A study has linked 14-3-3 with drug-induced cell death in
Leishmania [27].

As for elF4E, four isoforms have been described in Leishmania, denoted LeishIF4E-1
through LeishIF4E-4. Nonetheless, little is known of their biological functions. LeishIF4E-1
would be functional during thermal stress [28], LeishIF4E-3 is located in stress granules
together with inactive mRNAs during nutritional deprivation and LeishIF4E-4 complex
engages in the translation initiation process in promastigotes [28]. Hsp90 (a.k.a Hsp83) is
one of the most abundant proteins in Leishmania. In L. donovani, the Hsp90 complex has an
essential role in drug resistance, proliferation and survival in both extra and intracellular
forms of the parasite [29]. Pharmacological inhibition of Leishmania Hsp90 with specific
inhibitors as geldanamycin, radiciol [30] and 17-AAG [31] affects transformation of
promastigotes into amastigotes and halts intracellular proliferation of amastigotes in ex vivo
macrophages. The binding motif to Hsp90, PxxP is conserved in Leishmania AKT-like AGC
domain and probably the molecular mechanism underlying both proteins interaction and

function is conserved in Leishmania.

It is important to clarify that some of these proteins associated to the PI3K-AKT pathway
have not being previously reported as Leishmania homologous. For example, a myb-/ike
domain has been described as part of telomere binding proteins in L. amazonensis, but no c-
myb [32]. In our data, c-myb is exclusively present in L. braziliensis. Other one is NF-kB,
which had not been described in Leishmania but was detected by our method. To the best of
our knowledge, none of the several thousand of the existing NF-«B inhibitors have been
evaluated as potential anti-Leishmania compounds. S6K1 had not been previously reported
in Leishmania but its major substrate, ribosomal S6 component of the 40S subunit, was
cloned in L. infantum (LiS6). LiS6 sequence shows common features with that in eukaryotes
but differs in key regulatory phosphorylation sites which might affect its function in the
parasite [33].

S3. Apoptosis-like potential effectors in Leishmania spp.
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Except for Raf, we found three out of four members of the Ras/Raf-MEK-/MAPK-ERK
pathway. This signal transduction pathway is present in all eukaryotes, regulates the gene
expression and activity of many proteins involved in control of cell division, growth,
proliferation or apoptosis. A putative MEK (named MRK1 for MEK-related kinase) was
identified in L .major [34] and at least 15 putative genes for MAPKSs are codified in the L.
major, L. mexicana, L. infantum'y L. braziliensis genome [35]; these are required for flagellar
development, intracellular survival and viability [36]. As for the Ras or Rho subfamilies
though present, are highly divergent [37]. Mitogenic Ras/MAPK and survival PI3K/AKT
pathways overlap at several nodes (being BAD an essential one [38]) determining cell fate,
as a result, their simultaneous blockade it is being explored in cancer [39]. These cascades
regulate each other in a context-dependent manner via cross-inhibition (with the involvement
of Leishmania homologs 14-3-3, PP2A or AKT) and cross-activation. More details on this
topic can be found in [40,41]. Due to their reciprocal regulation, and the activation of
compensatory signaling, Ras/MAPK stands as an important pathway when considering

apoptosis induction as leishmaniasis therapy.

In metazoans, mitochondria dysfunction is a main activator of apoptosis. During intrinsic cell
death Bcl-2 members are responsible for mitochondrial outer membrane permeabilization,
hence releasing pro-apoptotic factors, like cytochrome C into the cytosol. To the best of our
knowledge none of the pro-apoptotic Bcl-2 members BAX, BAD, BAK, or BID have been
reported in Leishmania, and were not retrieved in our in silico search. However, functional
homologous of Bax might be present in Leishmania [42]. On the other hand, although we did
not find BAD, we retrieved its inhibitors AKT, 14-3-3 and S6K1 and its activator, calpain,
while other studies further support the existence of BH3 bearing proteins [43]. Pro-apoptotic
cytochrome ¢ binds in the cytosol to several molecules of Apaf-1; this protein complex
known as apoptosome activates the initiator caspase 9. Several species of Leishmania are
known to secrete cytochrome ¢ upon apoptotic stimuli [44]. A homologue of Apaf-1 protein
has been previously described in silico [45]; we further identified homologues in L. major,

L, braziliensis, and L. donovani.
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