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Abstract

The human pathogen, Entamoeba histolytica contains four Sir2 homologs in its genome. We have designed the 3D
tertiary structure of EhSir2a and its interacting partners by comparative homology modeling and studied their interaction
by molecular docking. Sir2 proteins are known to interact with their substrates through the deacetylase domain present in
its C-terminus. Interestingly, EhSir2a contains a unique Zn finger domain at its N terminus and this is not present in any
known Sir2 protein. This study shows that EhSir2a may interact with this N-terminal residue also. It interacts with its
substrate, elongation factor EhEF2 through this zinc-finger domain. The interaction sites are different for alpha-tubulin
homologs, the other substrates of EhSir2a identified by yeast two-hybrid library screening. The coordinate files of the
best-modeled structure for EhSir2a and its interacting proteins were processed for protein-protein docking using ClusPro
v2.0 and HawkDock server. Tyr432, Asn422, Arg408 residues of a-tubulin are essential for interaction with EhSir2a.
Here we report that molecular interactions of EhSir2a with its interacting partners are not restricted to the conserved
NAD" dependent deacetylase domain; it may also involve the N-terminal residue.
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INTRODUCTION role and related interactome. Sirtuins are NAD'-
dependent class 11 histone deacetylases which are well
conserved and widely distributed among all domains of
life from archaea to eukarya [11]. Deacetylation of
substrates like histone and other non-histone proteins
require NAD" as a co-substrate and nicotinamide and
O-acetyl-ADP-ribose are released as metabolites [12].
Increasing cellular concentration of nicotinamide may
feedback-inhibit sirtuin activity by non-competitive
binding [13, 14]. Likewise, the other metabolite, O-
acetyl-ADP-ribose has also been reported as a signaling
molecule [15-18]. Sirtuin may provide a direct link
between metabolic programming and the control of
gene expression. Previous study of sirtuins in protozoan
parasites like, Entamoeba histolytica [19], Plasmodium
falciparum [20, 21], Leishmania donovani [22, 23],
Leishmania infantum [24-28], Leishmania amazonensis
[29], Eimeria tenella [30], Cryptosporidium parvum
[31], Cryptosporidium hominis [32], Trypanosoma
cruzi [33, 34], Trypanosoma brucei [35] and Giardia
lambia [36, 37] reflect their versatile functionality in
cellular processes [38-40].

The protozoan parasite Entamoeba histolytica
is an etiological agent of amoebiasis in humans.
Amoebiasis was recorded as the third leading cause of
death from parasitic infection worldwide, with its
greatest impact on the people of developing countries
[1]. Approximately 50 million people worldwide suffer
from invasive amoebic infection each year, resulting in
40-100 thousand deaths annually [2, 3]. Unicellular
protozoa like E. histolytica is the early evolutionary
divergent of eukaryotic lineage. The mode of nutrition
in many such protozoa is parasitic which makes them
medically significant. Thus, E. histolytica being a
protozoan parasite may serve as a model organism to
study not only their cellular biology and evolution but
also to understand the mechanism of pathogenesis and
identification of potential drug targets. E. histolytica is
different from other pathogenic protozoa by having an
unusual mode of cell cycle events [4-8]. The parasite is
prone to oxidative stress due to the lack of most of the
antioxidant defense mechanisms such as glutathione
peroxidase, glutathione reductase, and catalase enzymes
[9, 10]. Identification of different essential proteins in
E. histolytica may enlighten us with their physiological
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EhSir2a regulates microtubule assembly
during cell cycle progression by tubulin deacetylation.
The interactors of EhSir2a include two alpha-tubulin
homologs (EhAT1, Acc. no. XP_650067.1 and EhAT2,
Acc. no. XP_653419.1), elongation factor 2 (EhEF2,
Acc. no. XP_651009.2), putative proteasome beta
subunit (EnPBST3, Acc no. XP_655858.1), translation
initiation factor (EhMIF4G, Acc. no. XP_654481.1),
phospholipase B (EhPLB1, Acc. no. XP_654113.1) and
serine/threonine phosphatase [19]. In the present study,
we have constructed a three-dimensional structural
model of EhSir2a and its interactors (EhAT1, EhAT2,
EhEF2, and EhPBST3). The molecular interactions
between these proteins have been reported here.

MATERIAL AND METHODS
EhSir2a interacting proteins

EhSir2a interacting proteins were searched
using the FASTA sequence of EhSir2a as a query in the
latest version of the STRING v11.0 database at a
confidence level of 0.4. Interaction of EhSir2a with its
protein partners was investigated based on text mining,
co-expression, experimental data, known metabolic,
and signal transduction pathways [41, 42].

Homology modeling and structural analysis

The amino acid sequence of EhSir2a (Acc. Id:
XP_657434.1) and its interactors (EhAT1, Acc. Id:
XP_650067.1; EhAT2, Acc. Id: XP_653419.1; EhEF2,
Acc. Id: XP_651009.2; EhPBST3, Acc. Id:
XP_655858.1) were retrieved from NCBI protein
database in FASTA format. The interactors were
obtained by yeast two-hybrid screening against the
cDNA library and also by STRING analysis. For
homology modeling, the SWISS-MODEL server is
used to search a suitable template in SWISS-MODEL
Template Library for evolutionary related structures
matching the target sequence [43]. Among all the
templates, the best one was determined by an optimal
combination of high coverage, sequence similarity,
sequence identity, and low resolution. Homology based
modeling was done with MODELLER v9.20 [44], and
Galaxy TBM followed by Galaxy Refine [45]. The
quality and the integrity of the predicted models were
evaluated by QMEAN scoring function [46],
Ramachandran plot (RAMPAGE) [47], ResProx
(Resolution-by-proxy) [48], ProQ (Protein quality
prediction) [49], ProSA (Protein Structure Analysis)
[50] and SAVES v5 (Verify 3D, ERRAT, PROVE,
PROCHECK, WHATCHECK). All the protein
structures were visually represented with the help of
PyMOL. Protein structures were analyzed by the
PDBsum tool [51].

Molecular docking of EhSir2a and its interactors
Molecular Docking study was performed by
ClusPro (v2.0), a blind rigid PIPER docking program
based on fast Fourier transformation to generate low
energy interaction conformations of a protein-protein
complex using the pairwise docking potentials. Stable

interaction complex was refined by filtering and
clustering of docked confrontation using pairwise
RMSD subsequently stabilization using Monte—Carlo
simulations. ClusPro presents the protein-protein
interaction in four different modes: Balanced,
Electrostatic-favoured,  Hydrophobic-favored, and
VdW+Elec favored. Protein-protein interactions with
the highest members in cluster formation of each
interaction mode were selected [52-54]. HawkDock
Server treats a comparatively smaller protein as a
flexible and larger protein as a stationary receptor.
ATTRACT docking algorithm, HawkRank scoring
function with MM/GBSA free energy decomposition
analysis was employed to predict the binding free
energy and decompose the free energy contributions to
the binding free energy of a protein-protein complex in
per residue. The best ten models of interacting proteins
were re-ranked by MM/GBSA (Molecular Mechanics
energies combined with the Generalized Born and
Surface Area continuum solvation) calculation [55, 56].
All protein-protein interactions were represented
diagrammatically using the LigPlot program [57]. All
scoring functions and free energy were calculated as
described in respective references.

Prediction of the functional and biological role of
EhSir2a

COFACTOR server was used to predict the
functional and biological significance of protein
molecules by analyzing its structure, sequence, and
protein-protein interaction. 3D structural model file
EhSir2a in PDB format was submitted and threaded
through the BioLiP protein function database on local
and as well as global scale to identify functional sites
and homologies. Functional insights, including Gene
Ontology (GO), Enzyme Commission (EC), and ligand-
binding sites are predicted from the best templates
depending on functional homology. For GO, it acquires
data by sequence, sequence-profile alignments from
UniProt-GOA, and by protein-protein interaction from
STRING [58, 59].

Molecular Dynamics Simulation

Molecular dynamics (MD) simulation of
Ehsir2a was performed individually using GROMACS
5.1.4 [60]. The geometry of each complex was
regularized using the GROMOS96 54a7 force field
[61]. All the structures were placed in the center of a
cubic box with a minimum distance of 1 nm between
the protein and the wall of the box on all sides and the
box was solvated using SPC/E water. The initial charge
of the system was neutralized by adding counter ions of
Na* and CI'. The salt concentration was set to 150 mM
to mimic the physiological ion concentration. To
remove any steric clashes, all the molecular systems
were energy minimized using the steepest descent
algorithm. The system was equilibrated under NVT
(constant Number of particles, Volume, and
Temperature) conditions for 100 ps at 300 K using the
Berendsen thermostat and followed by NPT (constant
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Number of particles, Pressure, and Temperature)
condition pressure was equilibrated for 100 ps to 1 atm
using the Berendsen barostat. During both the
equilibrations, all the heavy atoms of the proteins were
position restrained with a force constant of 1000 kJ mol
'nm2 E,y should be negative, and on the order of 10°-
10°, depending on the system size and number of water
molecules. Energy minimization gave us a reasonable
starting structure, in terms of geometry and solvent
orientation. Electrostatic interactions were calculated
using Particle Mesh Ewald (PME) formalism.
Equilibration of the solvent and ions around protein was
done to begin molecular dynamics. A position
restraining force can permit the movement of the heavy
atoms of the protein except hydrogen atom, but only
after overcoming a substantial energy penalty. The
utility of position restraints is that they allow us to
equilibrate our solvent around our protein, without the
added variable of structural changes in the protein.
Finally, 10 ns MD simulations were performed for each
complex to analyze the stability of the system. The
trajectory produced in MD simulation was analyzed
using gmx rms, gmx rmsf, gmx gyrate, and gmx hbond
of GROMACS utilities to obtain the root-mean-square
deviation (RMSD), root-mean-square fluctuation
(RMSF), the radius of gyration (Rg) and the number of
H-bond s formed in EhSir2a. The differences in the
energies like kinetic, potential, total, and pressure, and
temperature were computed as a function of simulation
time to check whether the systems obey NVT or NPT
ensemble throughout the simulation. The trajectories
were analyzed using the tools from GROMACS
distribution. All the graphs were generated using the
Grace tool (https://plasma-gate.weizmann.ac.il/Grace/).

RESULTS
Predicted interactors of EhSir2a

EhSir2a interacts with various proteins as
found from STRING v11.0, to execute different types
of molecular actions such as activation, inhibition,
binding, phenotype, catalysis, post-translational
modification, and gene expression. The interactors are
predicted to be involved in the DNA repair pathway,
chromosome  structure  maintenance,  genome
segregation, chromatin dynamics, transcription, and
stress response. Some uncharacterized hypothetical
proteins are also found as substrates of EhSir2a.

Zinc finger domain of EhSir2a

Bioinformatic analysis of EhSir2a showed that
it has a unique N-terminal sequence of 134 amino acid
residues in which a Zn-finger (ZnF) domain of 62
residues is embedded. The catalytic deacetylase domain
is 240 amino acids long in EhSir2a. N-terminal part of
EhSir2a is predominated by positively charged residues
(Arginine and Lysine) and also unique as it is absent in
other EhSir2 homologs. Zn-finger domain in EhSir2a is
structured by five a-helices and one B-sheet but the
crystallographic data showed the presence of two fB-
sheets and one a-helix in classical zinc-finger domain
[62, 63] which indicates that ZnF in EhSir2a belongs to
non-classical type  where the position of
cysteine/histidine combinations are very much different
from currently approved 30 types of ZnF by the HUGO
Gene Nomenclature Committee [62, 64].

Homology modeling

Homology modeling of EhSir2a and its
interactors were built by using suitable templates and
their quality was evaluated to determine the best stable
model (Table-1).

Table-1: Template, quality estimation and evaluation of selected model of EhSir2a and its interactors using
RAMPAGE: Assessment of the Ramachandran Plot, ProQ (Protein Quality Prediction), ResProx (Resolution-by-
proxy), QMEAN4 score and ProSA

Parameters Name of Proteins
EhSir2a | EhAT1 EhAT?2 EhEF2 | EhPBST3
Name of the template 4RMH 5UBQ, 5UBQ, 3J7P 5LE5,
51YZ 51YZ 5TOH
Quality RAMPAGE Number of residues | 99.5% 98.5% 98.0% 97.0% | 96.0%
Estimation | (Ramachandran in favoured region
Tools plot) Number of residues | 0.5% 0.7% 1.3% 2.3% 4.0%
in allowed region
Number of residues | 0.0% 0.9% 0.7% 0.7% 0.0%
in outlier region
ProQ LG score 2.914 4.566 4.509 4772 | 3.960
MaxSub 0.197 0.353 0.365 0.279 | 0.302
ResProx Value 1.766 1.656 1.803 1.946 1.853
QMEAN4 value -1.93 -1.98 -2.08 -0.76 -0.26
All Atom -1.14 -0.30 -0.15 -0.43 0.37
Cp -1.43 -1.32 -0.90 -1.31 -1.15
Solvation 0.93 0.76 1.07 1.22 0.38
Torsion -1.88 -2.07 -2.36 -0.91 -0.19
ProSA (Overall model quality in Z-score) | -5.72 -10.03 -10.17 -12.66 | -8.78
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All the PDB coordinate data in each of the
modeled protein structures have been predicted with
atomic resolution below 2A whereas, a typical
crystallographic model based on 2.0 A data has a
coordinate error of less than 0.2 A. Resolution below 2
A suggests that the structural quality of protein models
was built with fewer systematic errors (such as missing
or misplaced atoms) and with a less average coordinate
error. Predicted QMEAN Z-score of modeled protein
structures suggests that the ‘degree of nativeness’ or
calculated secondary structure matched with the
expected values from a representative set of high-
resolution experimental structures. LG score and
MaxSub values predicted by ProQ for the modeled
proteins are near or above 3.0 and 0.1 proposed that
structural quality is satisfactory for the theoretical
model. Predicted Ramachandran plot of modeled
protein structures showed above 95% of the amino acid
residues fall into the favoured region, which indicates
that theoretical conformations of protein have very less
amount of steric hindrance or clashes between atoms

with an acceptable range of phi and psi angles. ProSA
predicts that the overall structural quality of the
modeled proteins has a similar score as native proteins
of the same residue obtained from X-ray analysis, NMR
spectroscopy, and theoretical calculations. The best
stable structured protein model of EhSir2a, EhAT1,
EhAT2, EhEF2 and EhPBST3 were deposited in Protein
Model DataBase (https://bioinformatics.cineca.it/PMDBY/)
as EhSir2a.pdb (PMDB id: PMO0081615), EhAT1
(PMDB id: PMO0082260), EhAT2 (PMDB id:
PM0082261), EhEF2 (PMDB id: PM0082262) and
EhPBST3 (PMDB id: PM0082264).

Structural analysis of EhSir2a and its interactors

The tertiary structure of modeled EhSir2a
showed the presence of 6 parallel and 3 antiparallel -
sheets, 3 B-o-p units, 1 B-hairpin, 3 B-bulges (one
parallel classic, one antiparallel G1 and one antiparallel
special), 24 a-helices, 23 helix-helix interactions and 34
B-turns (Figure-1).
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Fig-1: Secondary structure of EhSir2a

Theoretically designed structure of EhAT1
have 23 a-helices, 12 B-strands (10 mixed type and 2
antiparallel type), 5 B-o- units, 1 B-hairpin, 1 y-loop, 2
B-bulges (one parallel classic and one antiparallel

classic type), 26 helix-helix interactions, 33 B-turns, 9
y-turns (one classic type and 8 inverse type)
(Supplementary Figure-1).
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Supplementary Figure-1: Secondary structure of EhAT1
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Structurally, EhAT2 is composed of 22 a- 20 helix-helix interactions, 31 B-turns, 8 y-turns (two
helices, 12 B-strands (10 mixed type and 2 antiparallel classic type and 6 inverse type) (Supplementary Figure-
type), 5B-a-B units, 1 B-hairpin, 1 y-loop, 2 B-bulges 2).
(one parallel classic and one antiparallel classic type),
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Supplementary Figure-2: Secondary structure of EnAT2
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EhEF2 protein structure is contributed by 31 antiparallel type and six classic antiparallel type), 33
a-helices, 35 pB-strands (12 mixed type and 23 helix-helix interactions, 68 B-turns and 8 y-turns (two

antiparallel type), 3 B-a-f units, 10 B-hairpins, 1 y-loop, classic type and six inverse type) (Supplementary
11 B-bulges (one special antiparallel type, four G1 Figure-3).
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Supplementary F|gure-3 Secondary structure of EhEF2

Structurally, EhPBST3 has 5 a-helices, 7 B- helix interactions, 13 B-turns and 1 inverse type y-turn
hairpins, 3 B-bulges (one classic antiparallel and two (Supplementary Figure-4).
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Supplementary Figure 4: Secondary structure of EnPBST3

Molecular interaction of EhSir2a with its interactors program. Among the four types of interaction modes, a
Molecular Docking study was executed using balanced form of interaction was visualized by PyMOL
the ClusPro v2.0 protein-protein molecular docking (Table-2).
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Table-2: Molecular Docking of EhSir2a with its interactors using ClusPro v2.0

ClusPro v2.0
Balanced Electrostatic-favored Hydrophobic-favored | VdW+Elec
Py} Py} py) py)
3 s |z 3 s |z 3 s| z 3 <
s S| o3 |3 S| o3| 3 S| o3| 3 S| 03
3 8 Sa | 3 3 Sa 3 8B Sa 3 8B Sa
o > = J (e > = o > = o >S5 =
2 E| 8|3 5| "8 |3 E| °8|% E| °8
(%) = o (%) = o (%) = o (%) = o
< < < <
@D @D @D @D
EhSir2a + | 66 | Center -848.6 | 71 | Center -924.9 140 | Center -1248.2 130 | Center -246.2
EhAT1 Lowest -985.2 Lowest -1093.4 Lowest -1248.2 Lowest -301.4
Energy Energy Energy Energy
EhSir2a + | 48 | Center -986.2 | 49 | Center -1086.4 | 61 Center -1034.3 126 | Center -256.0
EhAT2 Lowest - Lowest -1086.4 Lowest | -1217.7 Lowest -306.1
Energy 1083.7 Energy Energy Energy
EhSir2a + | 58 | Center -901.0 | 51 | Center -965.2 145 | Center -994.8 58 | Center -269.4
EhEF2 Lowest - Lowest -1184.2 Lowest -1368.4 Lowest -308.2
Energy 1088.4 Energy Energy Energy
EhSir2a + | 89 | Center -859.5 | 62 | Center -892.3 119 | Center -1155.3 238 | Center -270.2
EhPBST3 Lowest - Lowest -1059.2 Lowest | -1387.9 Lowest | -282.9
Energy 1044.8 Energy Energy Energy

We further analyzed the docked conformation
to find out the binding mode of interaction between the
EhSir2a-EhSir2a interactor complex. Although the
hydrophobic interactions are greatly responsible but
comparative analysis of protein-protein interaction
study with the HawkDock server showed hydrogen
bonds are also necessary to stabilize the interaction

between the proteins. Interaction study of EhSir2a with
EhAT1, EhAT2, EhEF2, and EhPBST3 was carried out
by HawkDock evaluated lowest free energy of binding
were -54.46 Kcal.mol®, -47.21 Kcal.mol®, -41.99
Kcal.mol™ and -46.38 Kcal.mol™ respectively (Table-

3).

Table-3: Structural prediction and analysis of protein-protein complex of EhSir2a and its interactors using
HawkDock server

HawkDock Server No. of | Residues involved in H-bond | Bond Residues involved in hydrophobic
H- interaction length | contacts
HawkDock | MM/GBSA | bonds | EhSir2a (B) EhSir2a &) EhSir2a (B) EhSir2a
Score Binding free interactor (A) interactor (A)
energy  of
complex
EhSirca | -4861.48 | -54.46 9 (Tyr203)0 (Arg269)NH1 | 3.01 Phe204, Lys201,
+ EhAT1 kcal/mol (Glu381)OE2 | (Asn422)ND2 | 2.81 Leu214, Phe267,
(Glu381)0 (Thr425)0G1 | 2.97 Lys213, Phe405,
(Leu382)0 (Thr425)0G1 | 1.53 Pro205, Arg408,
(Ser383)0 (GIn429)NE2 | 3.30 Val235, Arg428,
(Arg210)NH1 | (Glu433)OE2 | 2.63 | Asn240, Asp430,
(Arg210)NH2 | (Glu433)OE2 | 2.45 | !16238, Ser234, | Tyrd32,
(Thr265)N (Thr453)0 2.98 Iﬁycfzzg; g:zigg
(Th2BSN | (GInaS8)0 | 285 1 \\poea, Metd52, Alad54
Arg251
EhSir2a -5059.60 -47.21 5 (Asn92)0D1 (Lys315)NZ 2.70 Lys93, Asn96, | Asn314,
+ EhAT2 kcal/mol (Glu41)OE2 | (Arg408)NH1 | 3.13 Val97, Thr107, | Lys317,
(Asn109)OD1 | (Asn398)ND2 | 2.29 Leul01, GIn395,
(Cys37) SG (Asn422)0D1 | 2.28 His106, Thr33, | GIn399,
(Asn109)0 (Argd28)NH1 | 2.11 Lys111, Phe405,
Ser108, GIn429,
Phell2, Phe99, | Tyr432,
Asn80, Leu98 | Glu43s,

Val436, Ala439,

Asn440,

Alad42, Leudd3
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EhSir2a -4707.73 -41.99 7 (Lys350)NZ (Glul68)OE1 | 3.08 Pro71, His70, | Val130,
+ EhEF2 kcal/mol (Lys347)NZ | (Lys166)O 3.29 Leu364, Alal8, | Glul31,
(Lys347)NZ | (Glul68)OE1 | 2.30 Tyr20, Ser2l, | Leul6s,
(Asn356)ND2 | (Glul71)OE2 | 2.25 | Leu98, Val97, | Gly264, Ser737,
(Thr19)0 (Lys260)NZ 221 Ser94, Val9l, | 1le739, Gly740,
(Cys83)SG (Ser785)0 3.16 | Asn87, Tyrg4, | Gly741,
(Asng0)OD1 | (Ser788)0G | 2.31 | Met79 Tyr743, Thr744,
His786, Thr787
EhSir2a -5597.87 -46.38 5 (Asn356)ND2 | (Asp151)0OD2 | 3.10 Lys350, Phe25, | Met147,
+ kcal/mol (Met352)CE | (Asn144)ND2 | 3.18 Lys111, Pro22, | Serl143, Serl30,
EhPBST3 (Lys10)LZ (Asp4)OD1 2.94 Cys353, Argl77, 1le128,
(Pro71)0 (GIn135)NE2 | 2.51 Phe74, Val72, | 11e133, Leu90,
(His14)0 (Tyr34)0OH 292 Val73, Val76, | Aspl78, Glu87,
Cysl2, Alal8, | Tyr7, Phel80,
Tyr20, Thrl9, | Lys33, Asn9l
Phel5, Phe99

Alpha-tubulin conserved domain of both
EhAT1 and EhAT2 have following nucleotide-binding
sites at R2, Q11, A12, Q15, E77, P78, T79, S106, S107,
N108, K111, G148, G149, T150, G151, 1176, V186,
E188, N204, N211, Y229, N233. Interaction analysis of
both a-tubulin proteins with EhSir2a showed that
hydroxyl amino acids and acidic amino acids are
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essential for the formation of H-bonds. Tyr432,
Asn422, Arg408 residues of EhAT1, and EhAT2 are
common in interaction with Ehsir2a. This implies that
Tyrd32, Asnd22, Arg408 of a-tubulin are essential for
interaction with EhSir2a (Figure-2, Supplementary
Figure 5-8). The molecular interaction of EhSir2a with
its interacting proteins is shown in Figure-3.
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Fig-2: Merged representation of molecular interactions between EhSir2a and two isoforms of a-tubulin, EhAT1 and EhAT2. (A) Interaction
with EhAT1 is actively highlighted (B) Interaction with EhAT?2 is actively highlighted. Encircled amino acids are common residues involved in
interaction with EhSir2a with both the isoform of Eh a-tubulin
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Supplementary Figure-5: Schematic representation of the molecular interactions between EhSir2a and EhAT1. Amino acids of EhSir2a (B)

(pink coloured arc) involved in hydrophobic contacts with amino acids of EnAT1 (A) (red coloured arc) are indicated by an arc with spokes

radiating towards each other. The atoms of amino acids involved in hydrophobic interaction have small red spokes on them. The horizontal
black dash line represents the interface. The green coloured dash line indicates the hydrogen bond between corresponding atoms with its bond
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Supplementary Figure-6: Schematic representation of the molecular interactions between EhSir2a and EhAT2. Amino acids of EhSir2a (B)

(pink coloured arc) involved in hydrophobic contacts with amino acids of EnAT2 (A) (red coloured arc) are indicated by an arc with spokes

radiating towards each other. The atoms of amino acids involved in hydrophobic interaction have small red spokes on them. The horizontal
black dash line represents the interface. The green coloured dash line indicates the hydrogen bond between corresponding atoms with its bond

length
:' ° .
.
e ?’. .-{ o |
s sd o o & I
¢« 4% 4 B ey ' o o iy
Do Do gl Sx YY"y 25 e J R Ay X8 L
" « » L & 2 . v
. - . ’ L™ 4
." < e b v
. ¢ o®

Supplementary Figure-7: Schematic representation of the molecular interactions between EhSir2a and EhEF2. Amino acids of EhSir2a (B)

(pink coloured arc) involved in hydrophobic contacts with amino acids of EnEF2 (A) (red coloured arc) are indicated by an arc with spokes

radiating towards each other. The atoms of amino acids involved in hydrophobic interaction have small red spokes on them. The horizontal
black dash line represents the interface. The green coloured dash line indicates the hydrogen bond between corresponding atoms with its bond
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Supplementary Figure-8: Schematic representation of the molecular interactions between EhSir2a and EhPBST3. Amino acids of EhSir2a (B)
(pink coloured arc) involved in hydrophobic contacts with amino acids of EnPBST3 (A) (red coloured arc) are indicated by an arc with spokes
radiating towards each other. The atoms of amino acids involved in hydrophobic interaction have small red spokes on them. The horizontal
black dash line represents the interface. The green coloured dash line indicates the hydrogen bond between corresponding atoms with its bond
length
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Amino acids from both Sir2 deacerylase
domain and N-terminal region of EhSir2a are
involved in interaction with ERAT2, a-

tubulin isoform 2 (green)

Deacetylavon of a-tubulin
may regulate the frequency
of microtubular spindles in
L histolstica

Sir2 deacetylase domain of ERSir2s interacts

with EhAT 1, a-tubulin isoform | (magenta)

without coinciding with nucleotide binding
sites of EhATI

EhSir2a interacts with EnPBST3, Proteaosome [i-subunit 3 (yellow)

EhSir2a may
regulate
Proteasomal
pathway mediated
destruction of
proteins

It may control
Protein
biosynthesis

EhSir2a mteracts with EREF2, clongation factor 2 (orange)

Fig-3: Schematic representation of EhSir2a with its interactors.

MD simulation of EhSir2a

Energy minimization (EM) of EhSir2a protein
was conducted using SPC/E water in a cubic box with
GROMOS96 54a7 force field at 300 K. Initially, the
system had a non-zero total charge 2.999998 but it was
neutralized by adding three CI ions and the potential
energy was 2.40702 x10° kJ mol™. EM was achieved in
499 steps by steepest descent method with a final
minimized energy of -4.32909 x 10° kJ mol™ with an
average value of -4.01012 x 10° kJ mol™ (Figure-4).
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Fig-4: Energy minimization curve of EhSir2a model structure by
steepest descent method showed a decline in potential energy and
remained constant after 499 steps with the potential energy of -
4.32909 x 10° KJ.mol*

This value is significant for a satisfactory EM.
After the NVT ensemble, the average temperature of
this energy minimized protein in the system was
recorded as 299.971 K, which is very much close to 300
K states that molecular simulation didn’t collapse
because of the flexibility of this protein model
(Supplementary Figure-9).
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Supplementary Figure-9: Temperature curve of EhSir2a model
structure showed a rise in system temperature, becoming stable
at 300 K with a running average of 299.971 K. Significant at
P <0.001, i.e., the system is well equilibrated in terms of
temperature
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After the NPT ensemble, the average pressure
and density were recorded as 1.64519 bar and 1062.07
Kg m™® (Supplementary Figure 10, 11), respectively
which suggest that the system reached the equilibrium
and stabilized in terms of density and pressure within
nanosecond time scale.
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Supplementary Figure-10: Pressure curve of EhSir2a model
structure at 300 K showed an average pressure of 1.64519 bar
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Supplementary Figure-11: Density curve of EhSir2a model
structure at 300 K showed an average density of 1062.07 kg m™

The structural stability of the designed model
of EhSir2a was run through 10 ns of MD simulation
followed by the analysis of RMSD, RMSF, R,, H-bonds
to obtain a better picture of structural properties in
aqueous  condition  having  physiological  salt
concentration. MD trajectories of EhSir2a used to
analyze the RMSD of the protein backbone atoms as a
function of time (Supplementary Figure-12).
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Supplementary Figure-12: RMSD of EhSir2a backbone structure over 10 ns

From this figure, it can be observed that the
RMSD value within 0.1-0.5 during the 0-10 ns time
scale. Initially, the RMSD value is increased up to 0.5
within 5 ns but after that, no further increment in

RMSD value suggests that EhSir2a reaches an
equilibrium state. The RMSF study of EhSir2a MD
simulation is used to analyze the flexibility of the
backbone structure (Supplementary Figure 13).
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Supplementary Figure-13: RMSF showed the fluctuation of each atoms in amino acid residue of EhSir2a

The RMSF of the atoms in residues in the
active site of the ZnF domain and Sir2 domain EhSir2a
show more fluctuation during simulation from its
average position, indicate the flexibility and
accessibility of the region for its interactor proteins. The
low RMSF value indicates limited movements during
simulation to its average position. This suggests that
these atoms belong to the amino acid residues which are
rigid due to chemical bonds. From the Ry plot, we can
determine the compaction level in EhSir2a. The R,
value of EhSir2a varies between 2.5-2.6 nm which
reveals the stability of EhSir2a designed structure in
simulated biological conditions over a 10 ns time scale
(Supplementary Figure-14).
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Supplementary Figure-14: The radius of gyration of EhSir2a over
10,000 ps time frame showed the compactness of structure

In a 10 ns simulation time, hydrogen bonds
with both intermolecular level (Supplementary Figure-
15) and solvent molecule (Supplementary Figure-16)
suggest its stability of protein structural conformation.

“l)’ T T T r T T T T T L]

— Hydrogen bonds I |

80 -

Number

20— —

] M E— — T — T—
0 2000 000 6000 8000 10000

Time (ps)
Supplementary Figure-15: Number of hydrogen bonds in EhSir2a
at intermolecular level fluctuate initially but achieved equilibrium
within nanosecond time scale
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Supplementary Figure-16: Number of hydrogen bonds in EhSir2a
with solvent molecule gradually decrease with time and reached
equilibrium within nanosecond time scale

DISCUSSION

From a previous study, we have identified the
interactors of EhSir2a by yeast two-hybrid genetic
screening against the cDNA library of E. histolytica and
identified their probable biological role in this parasite
[19]. This study shows the detailed molecular
interactions occurring between EhSir2a and its
interacting proteins that are identified from the
experimental method or by STRING analysis. Few
interactors are not found by STRING analysis even at a
confidence level of 0.4 but identified by cDNA library
screening. This may be because E. histolytica being a
protozoan parasite behaves differently than model
organisms. Zinc finger domain-containing proteins are
extremely abundant in eukaryotic genomes. It has
versatile functions which include DNA binding, RNA
packaging, transcriptional activation, regulation of
apoptosis, protein folding and assembly, protein-
protein, and protein-lipid interactions [65-70]. The Zn
finger domain of EhSir2a is different from the other 30
types of zinc-finger domain found in higher eukaryotes.
According to NCBI conserve domain search analysis,
EhSir2a-ZnF is closely related to Zn-finger in ubiquitin-
hydrolases (zf-UBP, Acc. Id: pfam02148). The Zn
finger domain present at the N-terminal part of EhSir2a
is probably responsible for its interaction with
chromatin and other proteins. The RMSF of the atoms
in the amino acid residues present in the active site of
the ZnF domain and Sir2 domain of EhSir2a show more
fluctuation during the simulation as compared to its
average position. This indicates the flexibility and
accessibility of the region for its interactor proteins. The
low RMSF value indicates limited movements during
simulation concerning its average position suggesting
these atoms belong to the amino acid residues which are
rigid. We have studied the molecular interaction
between EhSir2a with its interactor EhAT1 and found

that interacting site is different from the nucleotide-
binding sites of EhAT1. Both EhAT1 and EhAT2
interact with the deacetylase domain of EhSir2a. The
interaction of EhAT2 is different in the sense that it
interacts with the N terminus of EhSir2a also, where
EhAT1 has not any.

CONCLUSION

The molecular interaction between EhSir2a
and EhAT1 with the low free energy of binding
suggests the stable interaction between them in the
intercellular environment. Several proteins with diverse
functionality predicted to be the interactors of EhSir2a
indicates that it is involved in different cellular
functions. The presence of positive amino acids in the
zinc finger domain in EhSir2a may interact with
specific sites on DNA and again, this may be the reason
for interaction with an elongation factor, EhEF2.
Various intercellular localization of EhSir2a and stable
interaction with proteasome beta type3 domain-
containing protein, EhPBST3 suggests its role in
controlling the degradation of non-lysosomal protein in
cytosol and nucleus. The intercellular concentration of
regulatory protein works as a sensor of cellular cell
cycle phase and metabolic state. The concentration of
these regulatory proteins orchestrates with a function of
time by degradation via the proteasomal pathway. From
this study, it can be concluded that EhSir2a, a sirtuin
homolog from the human parasite may have some novel
functions that are not associated with sirtuins from
other organisms.
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