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Abstract

The present study focuses on structural,
molecular docking and simulation analysis of
L-asparaginase protein belonging to Streptomyces
iranensis (S. iranensis) (WP_044568095), Streptomyces
himalayensis (S. himalayensis) (WP_181864635) and
Streptomyces griseus (S. griseus) (WP_037680047).
The three protein sequences retrieved from NCBI are
also assessed for characteristic, secondary structure
and localization studies. The analysis with BLAST tool
predicted WP_044568095 to be 40.18% and 39.16%
identical with D. chrysanthemi (P06608) and E. coli
L-asparaginase Il (P00805). Similarly WP_181864635 is
identified to be 38.39% and 37.58% identical with P06608,
P00805 respectively while no resemblance is observed
with WP_037680047.1. The three Streptomyces proteins
on subsequent studies by I-TASSER and GalaxyRefine
are found to have 85.9%, 84.2% and 79.2% residues in
the favoured zone for WP_044568095, WP_181864635
and WP_037680047 on validation by PROCHECK.
Further, acceptable findings are obtained from studies
by ERRAT and ProSA. Molecular docking performed by
CB-Dock and PyRx resulted in similar predictions about
the active site amino acids forming hydrogen bond with
L-asparagine. WP_044568095 docked with Asn resulted
in lowest energy of - 4.6 kcal/mol while - 4.4 kcal/mol is
obtained for WP_181864635, WP_037680047 evaluated
by AutoDock Vina of PyRx software. The docked
structures of WP_044568095 and WP_181864635
under controlled conditions by CABS-Flex 2.0 are
found stable in comparison with WP_037680047. As
L-asparaginase possess high therapeutic application in
various malignancies treatment, the evaluated proteins
of S. iranensis, S. himalayensis and S. griseus are worth
analysing further for in vitro enzyme activity and are
considered to have promising therapeutic importance.

Keywords: AutoDock Vina, Cabs Flex, CB-Dock,
I-TASSER, Streptomyces.

Introduction

The genus Streptomyces possesses a wide
assortment of bioactive compounds producing pathways.
The Streptomyces species (sp) are considered
valuable due to their potentiality of producing plethora
of secondary metabolites (1-3). The research studies

describe that Streptomyces sp are vital for synthesis of
antibiotics (4, 5) and many enzymes. Streptomyces sp
are described as ubiquitous (6), are also reported to be
a proven source for the significant anticancer compound
L-asparaginase (asparaginase) production.

The enzyme asparaginase finds application in
conversion of the L-asparagine (Asn), crucial for the
cellular functioning of a cancer cell into aspartic acid
and ammonia. The decrease and exhaustion of the key
amino acid impacts the functioning and proliferation
of the tumour cells ultimately resulting in apoptosis
(7). Asparaginase targets the oncogenic factors and
is recognized as the most essential component in
the treatment of acute lymphoblastic leukemia (ALL)
(8). The clinical outcomes of chemotherapy involving
asparaginase in conjunction with other medicines
resulted in full remission in nearly 90% of patients (9).
Therapy involving asparaginase is also recommended
for acute myeloid leukaemia (10), lymphosarcoma (11),
chronic myeloid leukaemia (12) as well as for aggressive
NK-cell leukaemia (13), according to the scientific
studies. In the present day, asparaginases derived from
Escherichia coli (E. coli) and Dickeya chrysanthemi
(Erwinia chrysanthemi) (D. chrysanthemi) are currently
found effective and accessible for the treatment of ALL
(14). The research and medical history regarding the
significant enzyme states that the chemotherapeutic
compound is also related with development of allergic
responses in certain individuals (15, 16). The in silico
analysis of asparaginase from the new species is highly
important to discover the characteristics of the protein
and its affinity towards Asn.

The present study aims for computational
analysis of L-asparaginase proteins of Streptomyces
iranensis (S. iranensis), Streptomyces himalayensis (S.
himalayensis) and Streptomyces griseus (S. griseus).
According to Netzker et al (17), rapamycin which finds
application as an immunosuppressant, anticancer as
well as anti-inflammatory agent (18) is also produced
by S. iranensis (17). S. griseus characterized by
Krainsky (19) is described as the largest genus of the
Actinobacteria (20) is also known for the production
of antibiotic Streptomicin (21), asparaginase (22, 23),
Frigocyclinone (24), Bafilomycin (25), trypsin as a as
source of insulin synthesis (26), enzymes protease (27),
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Chitinase (28), Lipase (29) and pronase (30).

Thus the sequence analysis, structural
prediction, virtual screening and simulation methods
of the three different Streptomyces species provides
valuable insights on the protein characteristics and
affinity towards Asn.

Materials and methods
Retrieval of Streptomyces protein sequences

Asparaginase protein sequences belonging
to Streptomyces species namely S. iranensis
(accession number WP_044568095), S. himalayensis
(WP_181864635) and S. griseus (WP_037680047)
are obtained from the non-redundant (nr) database
of the National Center for Biotechnology Information
database (NCBI) (31). The proteins WP_044568095,
WP_181864635 and WP_037680047 are searched
against UniProtkB (32) by BLAST (33) tool to identify
asparaginase proteins exhibiting identity above 35%
with proteins of other genera specifically with E. coli
and D. chrysanthemi. The retrieved protein sequences
and WP_044568095, WP_181864635, WP_037680047
are aligned via ClustalW (34) and further visualized
by a phylogenetic tree of MEGA (35). The domain
categorization of the three query proteins is further
obtained by submission to Pfam database (36).

Interpretation of various characteristics of proteins

The asparaginase protein sequences
WP_044568095, WP_181864635 and WP_037680047
are assessed by ExPASy ProtParam server (37) to
determine the properties such as molecular weight (Mwt),
formula, isoelectric point (pl), factors concerning protein
stability and thermal stability, Extinction coefficient (EC),
charge, half-life studies (HL) and hydropathicity index
(37).

Evaluation of secondary and tertiary structures and
validation of asparaginase proteins

The proteins WP_044568095, WP_181864635
and WP_037680047 are subjected to determination of
secondary structural (2D) elements by PSIPRED (38)
and SOPMA (39). The three dimensional formation (3D)
of protein is worth evaluating to interpret the protein func-
tion (40). The 3D structure of the Streptomyces asparagi-
nase proteins are evaluated by submitting the sequenc-
es to the I-TASSER server (41) which are eventually
assayed upon a confidence score (C-score) calculated
between -5 to 2 (42). The C-score is formulated consid-
ering the alignments of the threading templates, thus it
attributes to the quality of each protein model along with
the associated TM-score and RMSD values (42). Pro-
ceeding further, the modelled proteins are subjected to
required structural refinements by GalaxyRefine (43).
The process of refinement proceeds by necessary side
chain changes to the side chains of the protein followed

by structural relaxation (43). The quality assessment of
the protein structures is based on the ® and W statistics
of the Ramachandran plot by PROCHECK (44) followed
by ERRAT (45) and further by ProSA (46) studies.

Docking and simulation studies of the three
Asparaginase proteins

The resulted protein structures are reviewed for
significant ligand binding efficiency via an automated
tool CB-Dock (47) and also by a user-input application
PyRx (48), both the computational methods involve the
application of AutoDock Vina (49). The refined and
validated protein models in pdb format and the ligand Asn
(Pubchem ID 6267) in SDF format are submitted to both
the docking applications. The energy minimization of
the ligand is executed by Open Babel (50), an integrated
tool of PyRx (48). The relevant dimension suitable for the
receptor-ligand interaction is an important step in drug
design (51). The best protein-ligand docked structures
and the interacting residues of all three species namely S.
iranensis, S. himalayensis and S. griseus are visualized
by Discovery studio (52) and Ligplot+ software (53). The
molecular dynamic (MD) simulations of the docked S.
iranensis and S. himalayensis proteins are executed
by CABS Flex 2.0 (54). The methodology of evaluation
of the stability of the docked protein is performed by
maintaining the simulation criteria default with 50 cycles
and 50 trajectory frames at temperature 1.4 for duration
of 10 ns.

Results and Discussion

Retrieval of asparaginase proteins of Streptomyces
species

The asparaginase protein sequences
WP_044568095, WP_181864635 and WP_037680047
obtained from the nr database of the NCBI (31) are
found to possess 379 amino acids (AA), 377 AA, 338AA
as per the initial sequence information. The BLASTp
results concerning the proteins WP_044568095,
WP_181864635 are described in moderate similarity
with asparaginases of E. coli, D. chrysanthemi and
other taxa. The S. iranensis (WP_044568095) and S.
himalayensis (WP_181864635) proteins are identified to
have 40.18% and 38.39% similarity with L-asparaginase
of D. chrysanthemi (P06608), respectively. Similarly,
WP_044568095 and WP_181864635 proteins are also
found to be E. coli L-asparaginase Il (P0O0805) with
39.16%, 37.58% identical respectively. Contrastingly
no resemblance is determined between the S. griseus
protein WP_037680047.1 and asparaginase proteins
belonging to other genera, although the similarity is
observed with the various Streptomyces species. The
search for proteins representing identity > 90% to
WP_037680047.1 resulted only with Streptomyces
sp. BK161 (AOA4R7HBL9), the remaining identical
proteins of Streptomyces are categorized as having
less than 90% similarity. The phylogenetic analysis of
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the retrieved protein sequences and WP_044568095,
WP_181864635, WP_037680047 is determined through
MEGA software (35) by primarily aligning the sequences
via ClustalW (34) and further prediction by neighbor-
joining method (NJ) (55) (Fig. 1). The Pfam studies
revealed that the three proteins belonging to the same
genera are identified to be members of two different
asparaginase family. S. iranensis (WP_044568095) and
S. himalayensis (WP_181864635) belongtoan N-terminal
PFO00710 family consisting asparaginase proteins and a
glutaminase/asparaginase C-terminal domain, PF17763.
Studies with S. griseus (WP_037680047) described
that the protein belongs to PF06089 described to be
Asparaginase II.

Computation of physicochemical features of the
proteins

The elucidation of the asparaginase protein
sequences by the ExPASy ProtParam online tool is

a 1o0 — O25424 L-asparaginase Helicobacter pylori 28635

Q97LB9Y L-asparaginase Helicobacter pylori J99

P50286 L-asparaginase Wolinella succinogenes DSM 1740

PO080S L-asparaginase | Escherichia coli K-12

P43843 L-asparaginase periplasmic Haemophilus influenzae Rd KW20

P10172 Glutaminase-asparaginase Acinetobacter glutaminasificans

P10182 Glutarr -asparaginase Pseudomonas sp. ATCC28598
WP 044558095.1 asparaginase Streptomyces iranensis
P0B608 L-asparaginase Dickeya chrysanthemi

Q34482 L-gsparaginase 2 Bacilus subtilis subsp. subtilis str. 168
QB8MKGCO L-asparaginase 3Schizosaccharomyces pombe 972h-

POCXT7 L-asparaginase 2-2 Saccharomyces cerevisiae S288C

P00805 L-asparaginase 2 Escherichia coli K-12

P43843 L-asparaginase periplasmic Haemophilus influenzae Rd KW20
P50286 L-asparaginase Wolinella succinogenes DSM 1740

025424 L_asparaginase Helicabacter pylori 26605

034482 L-asparaginase 2 Bacillus subtilis subsp. subtilis str. 168

F06608 L-asparaginase Dickeya chrysanthemi

Q8NKCO L-asparaginase 3 Schizosaccharomyces pombe 972h-
POCXT7 L-asparaginase 2-2 Saccharomyces cerevisiae S288C

WP 1818848251 asparaginase Streptomyces himalayensis

010

Figure 1: Phylogenetic relationship of (a) WP_044568095
(b) WP_181864635 with asparaginases of different
genera determined by NJ method.

detailed in the Table 1. WP_044568095 possessing 379
AA is discovered to have a higher Mwt of 40182.58 kDa
than the Mwt of WP_181864635 and WP_037680047
calculated to be 39282.38 kDa and 35196.13kDa
accordingly.

Similarly, the determination of the charges
of the AA residues of the three asparaginase proteins
infers that WP_044568095 possessed 41 positively
charged, 33 negatively charged residues. Contrastingly
WP_181864635 and WP_037680047 indicated the
presence of highly negatively charged residues with
positive to negative residue ratios to be 38:40, 33:45

respectively (Table 1). The computation of pl and HL of a
protein provides insights into the protein stability (37, 56,
57). The pl values of the three proteins varied from 5.0
to 9.5, with WP_181864635 and WP_037680047 being
and acidic, WP_044568095 protein is found to be basic.
Concerning the HL studies, methionine is identified to
be the N-terminal residue of all the three asparaginase
proteins with HL ranging between 10 — 30 hours involving
E. coliand yeast in vivo and in vitro studies of mammalian
reticulocytes. The computed instability indexes of the
three asparaginase proteins (Table 1) are impressively
stable with values less than 40, above which impacts
the protein stability (58). In addition to Il, the aliphatic
index (Al) is also pivotal as a high Al value pertains to
increased stability of the protein in varied temperatures
(59). The

Table 1: Physicochemical parameters of WP_044568095,
WP_181864635, and WP_037680047 computed by
ExPASYy ProtParam tool. Molecular wt: Molecular weight,
pl: isoelectric point, Il: instability index, Al: aliphatic
index, Gravy: grand average of hydropathicity

Analysis Sequence details
criteria
WP_044568005 | (WP_181864635) | (WP_037680047)
Molecular
wit 40182.58 39282.38 35196.13
Formula | C . H, No.O.S; | CoHyNigOrSs | CragHaugNeaalisrSo
pl 9.54 5.86 5.31
positive AA 41 38 33
negative AA 33 40 45
Ec | CC 34045 35535 18700
value | cRr 33920 35410 18450
Il 27.67 18.59 33.33
Al 86.28 86.53 102.6
Gravy -0.147 -0.044 0.098

estimated Al value defined by the presence of the
aliphatic side chains (59), detailed that WP_037680047
have a higher Al value of 102.6 in comparison to
the remaining two asparaginase proteins. The Al of
WP_044568095 and WP_181864635 is computed to be
nearly similar with 86.28 and 86.53 values accordingly
inferring all the three proteins to be stable. Determining
the Extinction coefficient (EC) of the protein is essential
in measuring the quantity of light being absorbed in a
specific wavelength, ideally referring to 280nm (37). The
EC values of the three asparaginase proteins ranging
from 18700 - 34045 are measured on the amount of
tyrosine, tryptophan and cystine residues present in
a protein (37, 60). The GRAVY index indicated that
the proteins WP_044568095, WP_181864635 are
categorized as hydrophilic and

WP_037680047 is predicted to be a membrane protein
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with hydrophobic characteristics (61).

Determination of secondary and tertiary structures
and quality assessment

The evaluated secondary structure by SOPMA
(39) infers that all three asparaginase proteins
WP_044568095, WP_181864635, WP_037680047
represented high occurrence of coils, followed by
a-helices, strands, B-turns indicating a folded structural
organization. However, the percentage of each
secondary element varied and is tabulated in Table 2.
Simultaneously the secondary structure interpreted by
the PSIPRED server (38) is graphically depicted in Fig 2.

Table 2: Secondary structural elements of
WP_044568095, WP_181864635, WP_037680047
proteins predicted by SOPMA (listed in percentage)

Structural Sequence details

elements | WP_044568095 | WP_181864635 | WP_037680047

a-helices |  34.83% 33.69% 37.87%
Strand 19.79% 21.22% 11.24%
R-turn 5.01% 5.04% 11.83%

40.37%

Coil 40.50% 39.05% |

Figure 2: Pictorial representation of the secondary
structural elements of  Asparaginase protein (a)
WP_044568095 (b) WP_181864635 (c) WP_037680047
by PSIPRED server.

The 3D structural elucidation of WP_044568095,
WP_181864635, WP_037680047 determined by
I-TASSER (41) is observed to have varied C-scores.
The structures with C-scores -0.49 concerning S.
iranensis (WP_044568095) protein, -0.51 related
to S. himalayensis (WP_181864635) and -3.79 of
S. griseus (WP_037680047) are chosen for further
computational studies (Fig. 3). The TM-score and RMSD
of WP_037680047 are estimated to be 0.30+0.10 and
15.9+3.2A.

In a similar process, the TM-score and RMSD of
WP_044568095 and WP_181864635 are also deduced
which unexpectedly found to be similar correlating
to a TM-score of 0.65+0.13 and RMSD of 7.8+4.4A
accordingly.

The prediction of the LOMETS server (62) based

on the Z-scores listed many asparaginase proteins
in alignment with S. iranensis (WP_044568095) and
S. himalayensis proteins (WP_181864635). The data
comprises asparaginase proteins of Erwinia carotovora
(PDB id 2JKOA), Erwinia chrysanthemi (1HFJA) and
a GatDE protein of Methanothermobacter species
(2D6F) among the templates displaying alignment with
both WP_044568095 and WP_181864635. In addition,
asparaginases of diverse bacterial taxonomy such as
Wolinella succinogenes (5K30A), Helicobacter pylori
(2WLTA) are identified to have high alignment with
WP_181864635. The LOMETS serverhas also described
alignment between S. iranensis (WP_044568095) and
the asparaginase protein of E. chrysanthemi (107JA).
Contrastingly, the templates listed for S. griseus
(WP_037680047) have a diverse range of proteins
namely a penicillin-binding protein (2WAE), Yersinia
pseudotuberculosis (6RWB), esterase of Alcaligenes
sp. (1QLW). Thus it is observed that the proteins of S.
iranensis and S. himalayensis are noteworthy for further
validation depending upon the similarity with a diverse
range of asparaginases. Also, an attempt to understand
the asparaginase of S. griseus is performed by further
analysis.

The refinement of the proteins by GalaxyRefine
indicated the proteins WP_044568095, WP_181864635
and WP_037680047 to have high Rama favoured values
of 92.6, 92.3, and 87.5 respectively. Further in-depth
analysis by PROCHECK indicated that S. iranensis
and S. himalayensis belonging to PF00710 comprises
a majority of residues greater than 80% in the favoured
zone (Fig. 3).

The protein WP_044568095 is evaluated
to have 85.9% (274 AA) favoured, 10.7% (34 AA)
additionally allowed and 0.6% (2 AA) generously allowed
and 2.8% (9AA) of disallowed residues. The protein
WP_181864635 displayed 84.2% residues (271 AA)
in the favoured and 11.2% (36 AA), 0.9% (3 AA), 3.7%
(12 AA) of residues in the additionally, generously and
disallowed regions accordingly. WP_037680047 protein
is calculated to have 79.2%, 14.8%, 2.8%, 3.2% residues
equaling to 224 AA in favoured, 42 AA in additionally
allowed, 8 AA in generously allowed residues and 9 AA
in disallowed regions respectively (Fig. 3) (Table 3).

The elucidation of the z-scores based on ProSA
analysis (46) is measured between -7 to -9 characterizing
the asparaginase proteins to be present within the score
range of the native proteins in PDB. The protein models
WP_044568095, WP_181864635 and WP_037680047
are found to have a z-score of -9.06, -8.71 and
-7.82 consecutively. The proteins WP_044568095,
WP_181864635 are termed to be of higher quality than
WP_037680047 based upon the concept of energy plot
as a function of the AA residues (46). The energy plot of
WP_044568095 and WP_181864635 displayed minute
peaks in the N-terminal part of the protein with a maximum
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of AAs below the baseline with negative residual charges
positive peaks

(Fig. 4). Although few exceptional

Psi(degrees)
Psi (degrees)
P (degrees)

Figure 3: The 3D Structural determination (upper panel) and Ramachandran plot analysis (lower panel) of (a)
WP_044568095 (b) WP_181864635 (c) WP_037680047.

concerning the energy plot of WP_037680047, the »® ): == =
protein model can be still considered acceptable as the o W
z-score is within the range of proteins (Fig. 4). 4

Table 3: Structural assessment of WP_044568095, ) oo
WP_181864635, WP_037680047 asparaginase proteins B =
by PROCHECK and ProSA
c .4 =
Protein structural assessment criteria RN .
Protein | Favoured | additionally | generously | disallowed | ProSA "',i i
alowed | allowed Z:Score -

WP_044568095 | 85.90% | 10.70% | 0.60% | 2.80% | -9.06 T T T
WP 181864635 | 84.20% | 11.20% | 0.90% | 3.70% | -8.71 Figure 4: Quality assessment of (a) WP_044568095 (b)

N N " N WP_181864635 (c) WP_037680047 by ProSA z-score
WP_037680047 | 79.20% | 14.80% | 2.80% | 3.20% | -7.82 | (jeft) and energy plot (right) of the modelled proteins

Proceeding further, refined proteins WP_044568095,
WP_181864635 and WP_037680047 are reported to
have an ERRAT quality score of 79.213, 89.049 and
71.733 sequentially (Fig. 5). Thus the proteins are
termed to have good quality based on the non-bonded
interactions with scores greater than 50.

Molecular docking

Evaluation of the macromolecule-ligand
interaction by computational approach prior to drug
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development is essential as it allows for the assessment
of protein function. Reliable docked poses and dock
scores between the receptor and

Figure 5: ERRAT Quality assessment (a) WP_044568095
(b) WP_181864635 (c) WP_037680047. The ERRAT
scores for proteins represented with a, b, ¢ in the
image are calculated to be 79.213, 89.049 and 71.733
respectively.

respective ligand Asn is obtained by performing molecular
docking methodology with CB-Dock and PyRx. As both
the distinct docking applications are based on AutoDock
Vina, the derived interpretations are also found similar
thus confirming the results to be accurate.

Protein-ligand interactions analysed by PyRx

The AutoDock Vina application, embedded in
PyRx software calculated the docked protein-ligand
complex of S. iranensis to have the lowest possible
energy of -4.6 kcal/mol while S. himalayensis and
S. griseus are determined to have -4.4 kcal/mol.
The docking of S. iranensis asparaginase protein
(WP_044568095) with the ligand is performed within
the specified grid dimensions 57.91 x 56.61 x 49.96 A.
The 2D representation illustrated by the Discovery studio
for the protein WP_044568095 detailed Ser69, Asp84,
Val85 and Thr87 forming prominent hydrogen bonds
with the ligand (Fig. 6). The ligand is also encircled with
Van der Waal interactions by 1le32, Pro35, Lys37, Val
residues 68 and 72, Thr86 (Table 4).

The docked complex of S. himalayensis is
determined within the specified Vina search space
of 64.82 x 53.57 x 50.57 A (x, y, z coordinates). It is

T A:35 6Ly

0
GLY, YR
B A7 A3 ILE @ Jut)

A:335 A%é? (?LN Al

observed that the residues Gly336, Ala337, Glu338,
Arg363 of S. himalayensis (WP_181864635) interacted
with Asn by hydrogen bond formation (Table 4) (Fig. 6).

Figure 6: A 2D representation of the docked structure
(@) WP_044568095, (b) WP_181864635, (c)
WP_037680047 with Asn by Discovery studio.

The AA GLY 336 and GLU338 are identified
important residues in the active site as GLY 336 formed
hydrogen bonds with two oxygen atoms and GLU338
bonded with two hydrogen and a single oxygen atom
of the ligand. Gly327, Val334, 11335, Val366, Ser367,

GIn373 exhibited Van der Waals attractions with Asn.
The AA Arg363 in addition to the stable hydrogen bond
also formed an unfavourable acceptor-acceptor bond
with an oxygen atom of the ligand.

The S. griseus active site is predicted in the
X, Yy, z coordinates of 47.33 x 57.62 x 56.60 A. The
protein interaction exhibited more hydrogen bonds in
comparison with WP_044568095, WP_181864635. The
WP_037680047 residues between 161 to 165 namely,
Ser161, Leu162, Glu163, Asp164, Tyr 165 formed
a hydrogen bond with Asn (Fig. 6). In addition, few
residues between 153 to 166 displayed Van der Waals
bond formation with ligand (Table 4).

Protein-ligand interactions analysed by CB dock

The predictions of CB-Dock regarding the
docked poses and the residues involved in the active
site are similar to the predictions of PyRx. However,
the binding affinity slightly varied. The binding affinity
of WP_044568095 and WP_037680047 with Asn
-4.4 kcal/mol while

is calculated to be -4.1 kcal/

mol is identified between the WP_181864635 and
the ligand Asn. The predicted docked structures on
further visualization by Ligplot+ desktop application
depicted hydrogen and hydrophobic interactions of
WP_044568095, WP_181864635, WP_037680047 with
Asn are listed in Table 4 and illustrated in Fig. 7

Figure 7: Ligplot+ analysis of (a) WP_044568095, (b)
WP_181864635, (c) WP_037680047 with Asn. Green
dotted lines with respective bond length mentioned
represent hydrogen bond between protein and Asn,
the surrounding AA in semi circle indicates hydrophobic
interactions.

Analysis of the docked structures

As the current study involves molecular docking
by two significant applications based on Autodock Vina,
the analysis of the best docked protein structure will
emphasize confidence in the prediction of active sites
and binding possibilities. Pro33, Asp84 and Thr87
of WP_044568095 bonded with Asn via hydrogen
bond with bond length measuring 2.93 A, 2.88 A and
2.84 A accordingly. The AA Asp84, Thr87 forming
hydrogen bond and lle32, Pro35, Val68, Thr86 featuring
hydrophobic interactions are also identified by PyRx
studies along with few additional AA residues. The AA
residues in the active site of WP_181864635 discovered
by both the software’s based on Autodock Vina are found
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Table 4: The active site residues predicted by PyRx and CB-Dock. Both the docking methods predicted similar
residues in active site for WP_044568095, WP_181864635 and WP_037680047 modelled proteins

PyRx

CB-Dock

Protein Type of

interaction

AA involved

Type of

. ; AA involved
interaction

hydrogen bond

Ser69, Asp84, Val85,
Thr87

hydrogen bond | Pro33, Asp84, Thr87

WP_044568095
van der Waals

lle32, Pro35, Lys37,

lle32, Arg34, Pro35,

hydrophobic | v, 15¢ "Sere9, Valss,

interaction

Val68, Val72, Thr86

Thr86

hydrogen bond

Gly336, Ala337,
Glu338, Arg363

hydrogen bond

Ser329, Thr332

WP_181864635
van der Waals

Gly327, Val334,
lle335, Val366,
Ser367, GIn373

hydrophobic
interaction

Gly294, 11e296,
Ser316, Val325,
Thr330, Val334

hydrogen bond

Ser161, Leu162,
Glu163, Asp164,
Tyr165

hydrogen bond

Leu162, Asp164

WP_037680047

van der Waals

Tyr153, Lys156
Leu157, Asp159,
Trp160, Leu166

hydrophobic
interaction

Tyr153, Lys156,
Leu157, Ser161,
Glu163, Leu166

to vary however, the predicted residues of the active
sites are considered accurate as both the applications
have identified residues between 325 and 375 forming
hydrogen and hydrophobic bonds. The active sites of
WP_037680047 for the ligand Asn are identified between
AA 150-170. Leu162, Asp164 of WP_037680047 where
a hydrogen bond measuring the bond length of 3.12 A,
2.83 A respectively with Asn. The residues exhibiting
hydrophobic interaction constituting Tyr153, Lys156,
Leu157 and Leu166 are also found similar by both
docking methodologies. The docked protein-ligand
structures with a strong affinity to Asn analysed by the
two docking applications revealed the docked proteins to
be accurate with the majority of the active site residues
being identical.

MD Simulation analysis

The analysis of the bound receptor by MD
simulation studies provides insights into structural
rearrangement, efficiency and predicts a reliable protein
model [63]. The MD simulations for WP_044568095,
WP_181864635 and WP_037680047 vyielded ten
protein-ligand complexes, with the first model being
chosen due to its enhanced stability.

The simulation studies of S. iranensis evaluated
by CABS-Flex 2.0 detailed the root mean square
fluctuation (RMSF) graph to have varied fluctuations
ranging between 0.1 and 4.2 A (Fig. 8). The N-terminal
residues between 8 and 35 are recorded to have
significant variations with AA 29 indicating RMSF of
4.250. The computed high RMSF values imply higher AA
flexibility and vice-versa [64]. WP_181864635 exhibited
high RMSF values fluctuating between 4.13 t0 9.74 A in
the N- terminal region with the highest amplitude where

by AA 34 (Fig. 8).

The remaining residues showed moderate
fluctuations with RMSF values varied between 0.1 to 3.0
A. The residues of WP_044568095 and WP_181864635
forming hydrogen bonds with Asn indicated fluctuations
below 0.1810 A and 0.7190 A respectively. This infers
that S. jranensis and S. himalayensis proteins bound
with the ligand Asn are identified to be stable and the

Rosidu
2] 2 At Az s A T
2 w2 a0z ot i

hydrogen bond interaction is observed to be rigid.
The simulation analysis of WP_037680047, depicted
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residual RMSF values to be within 1.06-6.29 A, with a
higher RMSF value observed at residual position 312.
The active site residues of WP_037680047 interacting
via hydrogen bond with the ligand has fluctuations
ranging from 1.4860 A - 3.0270 A.

Figure 8: CABS-Flex 2.0 simulation analysis of (a)
WP_044568095 (b) WP_181864635 (c) WP_037680047
asparaginase proteins. The protein model after subjecting
to simulation (left) and the corresponding RMSF plot of
the residues is also displayed (left).

It is observed that determined RMSF values of
WP_037680047 active site are slightly higher than
WP_044568095, WP_181864635.

Conclusion

The broad therapeutic use of asparaginase
emphasizes the importance of research on the
proteins from distinct sources, since they are extremely
important in the treating ALL, acute and chronic
myeloid leukemia and lymphosarcoma. The application
of computational techniques to analyse the various
criteria of asparaginase proteins from three different
species resulted in a better knowledge of the similar
and unique properties among the proteins from the
same Streptomyces genus. Primarily, WP_044568095
and WP_181864635 displayed moderate similarity
with asparaginases of D. chrysanthemi (P06608) and
E. coli L-asparaginase Il (P00805). The three modeled
S. iranensis (WP_044568095), S. himalayensis
(WP_181864635) and S. griseus (WP_037680047)
proteins exhibited affinity towards Asn, necessitated for
asparaginase activity. In addition, the study also reports
that the MD simulations of the docked structures to be
stable. The findings conclude that the assessed proteins
are worth further research for in vitro enzyme activity and
are considered to have potential therapeutic value.
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