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Abstract: Urea is the most commonly used solid nitrogenous fertilizer owing to the fact that it contains
high nitrogen content and also plays a significant role in the growth of plants. Many plant ureases
catalyze the conversion of urea to ammonia and carbon dioxide. Identification of high-affinity plant
ureases is considered to be one of the burning topics among several researchers for the development of
Genetically Modified (GMO) crops. In the current study, the binding affinity of urea was compared
with some of the plant ureases. In regard to this Pigeon pea Urease (PpU) was fixed as a reference to
predict the binding pocket and thereby compare the binding affinity with urea. Cucumis sativus Urease
(CsU) and Fragaria vesca Urease (FvU) were screened for comparison. Performing Molecular
Dynamics (MD) simulation, molecular docking, and binding free energy calculation, it was observed
that the structure of CsU was relatively stable and had a greater affinity of -3.37 kcal/mol with urea
when compared with PpU and FvU. Predominantly, we report here that comparatively, CsU is a
potential urea binding enzyme. Our findings in this study would be a useful tool in engineering novel
high-affinity plant ureases drugs.
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1. Introduction

The study on ureases extract from plant sources has acquired greater importance in the
environmental, agricultural, and clinical sciences [1-4]. As nitrogen is evidently considered to
be one of the essential elements for the plant growth, [5, 6] ureases play a substantial role in
providing nitrogen to the plants through urea break down [7, 8]. Besides, urea is one of the
essential fertilizers for the cultivation of major food crops [9, 10], and engineering of high-
affinity urease enzymes would enable the development of transgenic plants [11], which could
utilize high amounts of urea and greatly reduce the unutilized urea for field cultivation.
Furthermore, unutilized urea has been a threat to the environment as it releases abnormal
amounts of ammonia into the atmosphere. Above and beyond this, there is a great demand for
the development of high-affinity urease in the clinical research field [12, 13] as this would
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increase the sensitivity of urea detection from blood samples. As a result, quantitative structure
and activity relationship (QSAR) studies of plant ureases are essential for the assessment of
urea binding efficiency. Engineering novel ureases by computational methods could lead to the
development of environment-friendly GMO crops.

In order to identify high-affinity plant ureases, the crystallized structure of PpU was
considered as a reference urease. As mutations in a protein sequence may alter its affinity
towards the ligand urea, as computational analysis of mutant hotspots helps in the identification
of similar sequences with mutant sites from the protein sequence databases, we screened the
plant ureases based on hotspot mutant. In the present investigation, we had selected two plant
ureases CsU and FvU from the protein sequence database based on the output generated from
BLAST [14] and mutant hotspots of PpU. Due to the unavailability of the crystallized
structures, I-TASSER [15] online server was used for modeling. In order to characterize and
study the molecular interactions with urea, we docked urea with the three structures of ureases
using AutoDock 4.2 (AD) [16]. The stability and the dynamics of the ureases (PpU and CsU)
in the presence and absence of urea were studied using MD simulation. The relative binding
free energy of PpU-urea and CsU-urea complexes were also determined and compared using
MM-GBSA/PBSA methods [17]. CsU was found out to have the best binding affinity among
the others.

2. Materials and Methods
2.1. Identification of possible mutants of PpU.

The crystalized 3-D structure of PpU having PDB ID: 4G7E [18] was considered from
the Protein Data Bank. In order to analyze the Wild Type (WT) structure, we identified the
mutagenesis hot spots of PpU using Hotspot Wizard Server [19,20].

2.2. Identification of mutated protein sequences and protein modeling:

To identify the mutated protein sequences of PpU, the amino acid sequence of PpU was
submitted onto the BLAST server, and the output obtained was checked for the presence of
different amino acids corresponding to the results obtained using Hotspot wizard. In pursuit of
these sequences of FvU with accession number XP_004310053.1 and CsU with accession
number XP_004135306.1 were selected for structure modeling. Alignment of sequences PpU,
CsU, and FvU were done using CLUSTAL Omega multiple sequence alignment tool [21] in
order to cross-check the hotspots mutation sites of PpU. The amino acid sequence of CsU and
FvU was submitted to I-TASSER server [22] to model the structures. This server is known for
predicting the protein structure based on the sequence-to-structure-to-function paradigm. Using
PROCHECK, the resultant 3D model structure of CsU and FvU were then evaluated for stereo-
chemical quality by analyzing residue-by-residue geometry and overall structure geometry
[23]. The sequence similarities between the three proteins are shown using ESPript 3.

2.3. Binding site analysis.

To determine the favorable binding site for urea, 46 bounded urea proteins were
extracted from Protein Data Bank [24]. The sequence of 46 urea- bound proteins and the PpU
were then subjected to multiple sequence alignment using CLUSTAL Omega. Using
bioinformatics tools of EMBL-EBI [25] phylogenetic tree was constructed with the help of
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data provided by CLUSTAL Omega, which were depicted in the form of alignment results.
Analysis of the urea binding sites was carried out with the help of PDBsum, [26] accompanied
by their closely related protein structures. Using the Smith-Waterman Local Alignment
algorithm [27], three protein structures for the prediction of binding sites of PpU were selected.

2.4. Docking.

Using AD [28-30], urea as a ligand, it was docked with PpU, CsU & FvU. Water
molecules were removed for the preparation of the docking structure [31,32]. Using the
prepare_receptor4.py script from MGL Tools [33], charges and non-polar hydrogen atoms were
added. [34, 35] The default values were used for the docking parameters in AD. However, the
numbers of AD Generic Algorithm (GA) runs were increased from 10 to 1000, and the grid
spacing changed from 0.375 to 0.5. The search box was large enough to cover the active site
of the protein structure. The 1000 independent GA runs from AD were processed using the
built-in clustering analysis with a 2.0 A cut-off. The overall best pose was chosen based on the
factors which emphasize the binding affinity, the best pose of PpU, CsU, and FvU, which have
the significant characteristics of binding affinity, and further MD studies were carried out
related to this content.

2.5. Molecular dynamics simulation methods.

MD simulation was carried out on the structures of PpU, CsU, with and without the
urea complexes, respectively. The initial crystal structure of PpU was extracted from the PDB,
and in pursuit of this, the complex structure of PpU with ligand molecule, urea as was obtained
from the docking method. The initial model structure of CsU was obtained from ITASSER,
and the complex structure of the same with urea was built using AD. All the four systems were
subjected to MD simulation using the Sander module of AMBER [36] software package with
the ff99SB Amber force field [37]. Using Leap and antechamber module in the initial
coordinate and topology files for the four systems were acquired. In each case of the system,
the resultant initial structure was explicitly solvated using TIP3P water model [38] in a box
large enough to enclose the whole proteins. The structure was then subjected to minimization
with 1000 steps of steepest descent followed by 2000 steps of the conjugate gradient. The
harmonic constraints were used by fixing the protein molecule with force constant of 500
kcal/mol/A2?, to remove the bad contacts between water molecules and the solute. The
minimized structure was then equilibrated with 40 ps of MD run with a time step of 2 fs. During
the MD simulation, the system was gradually heated up from 0 to 300 K using weak harmonic
constraints of 20 kcal/mol/A? on the solute to its initial structure, which allows the structure to
undergo slow relaxation. In addition, SHAKE constraints [39] using a geometrical tolerance of
5 x 10 A was imposed on all covalent bonds involving hydrogen atoms. Later, the MD run
was performed at NPT using the Berendsen weak coupling method for the temperature
regulation [40] (0.5 ps time constant for heat bath coupling and 0.2 ps pressure relaxation time).
After this, we have carried out additional 5000 steps of conjugate gradient energy minimization
while decreasing the force constant of the harmonic restraints gradually from 20 kcal/mol/A?
to zero in steps of 5 kcal/mol/A2?. Finally, for structural analysis and its properties, we carried
out 10 ns long NVT MD using a heat bath coupling time constant of 1 ps for PsU and CsU,
whereas 8 ns long NVT simulation for the PsU, CsU with the urea complexes. The analysis of
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structural parameters like RMSD, B factor values are interpreted applying the ptraj module of
AMBER package.

2.6. MM-GBSA/PBSA calculations of PpU/CsU-urea complexes.

To determine the relative binding free energy of PpU/CsU-urea complexes, we used the
MM-GBSA/PBSA method. For the MM-PBSA calculations, we extracted the snapshots of the
complex system (without water and ions) from our MD production run. Then GBSA/PBSA
analysis was performed on the three components of each of the complex systems: the protein
urease (CsU/PpU), ligand (urea), and the complex (CsU/PpU-urea). For each of these
components, the interaction energies and solvation free energies were calculated, and the
average results were obtained to estimate the binding free energy. The binding free energy of
the PpU and CsU in complex with urea was calculated by the formula:

AGping = Gior (PpU,CsU — urea complex) — Gioe(PpU,CsU) — Gio: (urea)

In MM-GBSA calculations, we have used the pairwise GB model with parameters
described by Tsui and Case [35]. For all other settings, we have used the default values. While
in the MM-PBSA calculations, we set the internal dielectric constant and external one as 1.0
and 80.0, respectively.

3. Results and Discussion

3.1. Secondary structure analysis of PpU.

The crystal structure of PpU has been solved with PDB ID: 4G7E, and it could
conceivably be used as an experimental and reference structure for studying other ureases
whose crystal structure has not been solved yet. The crystal structure of PpU contains two
chains (A & B), and each chain consists of 840 amino acids. It can also be seen that both the
chain sequences are 99% identical, but a single mismatching in the amino acid residue (Met in
place of Cys) between chain A and B at position‘207° was observed. The 3D structural
representation of PpU obtained using UCSF chimera [41] was shown in Figure S1.

3.2. Mutation sites of pigeon pea urease.

The five possible mutable hotspot residues of PpU obtained from Hotspot Wizard
Server, out of which three hotspots are in chain B, and two hotspots are in chain A shown in
Tablel. The hotspots were sequenced on the basis of their mutability score that ranges from 9
to 6. The chances of introducing various amino acids at a particular position in the protein chain
increase with the mutability score. Met at 487 positions in chain B is located in the catalytic
pocket and is highly mutable with a mutability score of 9.

Table 1. Mutability scores for amino acids of PpU structure by hotspot wizard.

Chain Amino Acid Flags* Mutability Score**
B Met 487 -T 9
B Arg 439 -P- 8
A Arg 439 -PT 8
B lle 582 -T 7
A Ile 630 -T 6

Note: *Flags: Information about catalytic residue (C), residues forming walls of the active site pocket (P), or a
tunnel (T). **Mutability Score (9 — High mutability, 1 — Low mutability).
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Arg at 439 of chain A is located in both tunnels as well as in the catalytic pocket of
protein, whereas in chain B the same residue is located in the catalytic pocket site and has the
same mutability score of 8. lle at 582 of chain B and 630 of chain A has a mutability score of
7 and 6, respectively, that are present in the tunnel of protein. Arg at 439 positions of chain B
is the most mutable, whereas Ile at 630 positions of chain A is the least mutable, shown in
Table 1 and in Figure S1.
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Figure 1. Multiple sequence alignment of PpU with models - The protein with PDB ID 4G7E is a PpU CsU
with the accession number XP_004310053.1 & FvU with the accession number XP_004135306.1.

3.3. Identification of mutated protein sequences and protein modeling.

Replacement of amino acids at specific positions in the protein sequence was
considered to be one of the probable reasons for the change in the activity of the protein [42].
In consideration of the selection of similar protein, sequences based on the hotspot mutations
as a reasonable choice for modeling and computational analysis were examined. In our study,
two protein sequences were selected from the BLAST output of PpU for protein modeling. The
first sequence taken from CsU is 78% identical to that of PpU that shows an alignment of one
mutated site with respect to PpU at Arg439 position. At this specific position, Arg is replaced
with Cys in CsU (Figure S2). The second sequence is of FvU, which is 77% identical to PpU
in that the alignment is of one mutated site with respect to PpU at the 11e630 position. In this
case, lle is replaced at a specified position with Val in FvU (Figure S3). Multiple sequence
alignment of these three ureases were used to verify the result obtained from BLAST, and from
https://biointerfaceresearch.com/ 9188
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their interpretation, residues at the appropriate sites were observed, which were merely at the
same site, shown in Figure 1. Secondary structure analyses of the two sequences were obtained
from the model structure built using I-TASSER server. Using the Ramachandran plot, the
modeled structure retrieved from I-TASSER portal was validated, which showed a
considerable good stereochemical quality (Figure S4 and Figure S5).

3.4. Prediction of urea binding sites of PpU.

A new paradigm for binding site analysis was adopted in our study, which emphasizes
the Binding site information that was obtained from the urea bound protein sequences available
in the PDB. Based on molecular phylogenetic analysis [43] 10 protein sequences that are
closely related to PpU were selected (Figures S6) from 46 urea bound protein sequences
available in PDB. The selected 10 protein sequences were analyzed for their urea binding sites
by PDBSum and further checked for the local alignment [44] with PpU. From the local
alignment result, three protein sequences were selected (PDB ID 3P06 (Chain A) and 1EP5
(Chain A& B). The interactive residues present in these three protein sequences were identified
from LigPlot (Supporting Figure S7 & Table S1).

A) HDPIACENGNLELALLGSFLPVPSLDKETRNDEDNRIPGEIIVVG--GNL 4G7E(A)
| o PP L
i

HGAVQYENG=====mmmmmm e mmmm RE---mm- VPKGVGAKGDSGRP  1EPS(A)

B) VL-NDGR-KAVILKVVNNGIR] 4G7E(A)
I S EH

ILDNQGRVVAIVLGGVNEG 1EP5(B)

C) RIPGEIIV=eeeeen=- VGGNLVLNDGR--KAVILKVVNN--GORPVQVG  4G7E(A)
| fiscbinloal "Fadibtazes TheBe:

LSPNLLAVQKQLLVAKPAGIGLAANSDRALKVVTLEQLRQVVGHKPWR--  3PO6(A)

Figure 2. Local alignments of PpU with urea-bound protein, residues constrained in rectangles are sites identified
using LIGPLOT: (a) At 125 position of PpU and capsid protein C have the same residue, which is Threonine (b)
At 163 position of PpU and capsid protein C have the same residue, which is Arginine (c) At 163 position of PpU,
VP4 protein and urease have different but alike amino acids, that are Lysine and Arginine respectively.

Figure 3. Binding sites of PpU, Binding site | contain grove around Arg163 amino acid molecule, and Binding
site 1l contain grove around Thr125 amino acid molecule.

Local alignment of these three protein sequences along with PpU sequence confirmed
the urea binding residues present in PpU. In 1EP5 (Chain A), the interactive residue with urea

https://biointerfaceresearch.com/ 9189


https://doi.org/10.33263/BRIAC112.91849200
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC112.91849200

ligand was found to be Thr264 (Figure 2a), whereas in (Chain B), Arg250 was found to be the
interactive residue with urea which matches Arg163 of PpU (Figure 2b). In 3P06, Lys812 was
found to be the interacting residue with urea that matches with chemically similar residue
Argl163 of PpU (Figure 2c). For the docking procedure, both the binding sites were considered,
which were visualized and studied with the help of chimera (Figure 3). The binding pocket at
residue Argl63 is termed as Binding site | (BS I), and that of residue Thrl25 is termed as
Binding site Il (BS I1).

3.5. Docking.

The urea molecules at both the binding sites of PpU were docked with regard to find
out the lowest energy binding site for further docking analysis. BS-1 is found to be the better
binding site than BS-I1 with a binding energy of -2.71 kcal/mol. In pursuit of protein and ligand
preparation, the grid box was built around BS-1 in PpU and docked with urea (Figure 4a &
Figure 5a).

: TU_réa_
PpU ? ¥ Binding CsU_
Site
(a) (b)

PpU +Urea

(a)
Figure 5. (a) Interaction profiles of residues involved in binding of urea with PpU in its binding site. (b)

Interaction profiles of residues involved in binding of urea with CsU.

Table 2. Binding energy obtained after docking of a protein molecule.

. Binding Ener Interaction Details Urea | Distance
SI. No. | Protein Name (kcal/mgol) 9y Atom | (A)
AAL Position
Asp 162 (HN) 01 1.922
. Arg 163 (HE) 01 2.122
1 Pigeon pea Urease | -2.71 Arg 163 (0) H3 2035
Arg 163 (HH21) | 01 2.229
Arg 162 (O) H4 1.849
2 Cucumis sativus 337 Asn 158 (HD21) | 01 1.749
Urease ' Gly 160 (HN) 01 2.108
Arg 162 (0) H1 1.708
3 Fragaria vesca 242 Pro 163 (O) H4 2.162
urease ' Arg 162 (HE) o1 1.972

Note: 1 AA: Amino Acid
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Similar binding site locations were selected for the CsU (Figure 4b & Figure 5b) and
FvU for the preparation of the grid box and further docked with urea. After docking the
interpretation of these complexes, the binding energy was calculated using MGL Tools from
which it was noticed that CsU has the lowest binding energy of -3.37 kcal/mol (Table 2), which
indicates a high affinity towards the urea molecule. The possible reason for the high affinity of
CsU for urea is due to the replacement of residue Cys in place of Arg439 in PpU. While in the
case of FvU the binding energy calculation was found out to be higher due to the replacement
of Val in the place of 11e63 in PpU.

3.6. Molecular dynamics simulation results.

In order to compare the salient structural features of the reference PpU and the other
considered plant urease (CsU), MD simulation was carried out, which showed the following
features:

3.6.1. RMSD analysis.

The conformational stability of ureases (PpU & CsU) in the presence (Figure 6a) and
absence of urea as a ligand has been studied (Figure 6b). From these figures, it was noticed
that the complex form of CsU was equally stable with the complex form of PpU. The RMSD
value for both the complex structure settles well below 3 A, but in the absence of the ligand
urea, the structure of CsU is not relatively stable with comparison to PpU structure.

4 > ! Y ! ) ! 6 T T T T
—CsU + Urea
—PpU + Urea
3
a 2
2 2 2
= =
[~ -
1F ]
n 1 " 1 " 1
N 2 4 6
TIME (ns) TIME (ns)

(a) (b)
Figure 6. (a) Backbone RMSD vs Time period of simulation period for the CsU protein and PpU protein

complexed with urea. (b) Backbone RMSD vs. Time period of simulation period for the CsU protein and PpU
protein without urea.

1 ' 1 N E
—CsU + Urea | [ —CsU | 1
—PpU + Urea | | L —PpU | -

-300000 -1

-350000

T

-400000 -

-450000

T
]
ENERGY (kcal/mol)

-500000 -400000

T
!

ENERGY (kcal/mol)

-550000

4 6

,_
(5]

-600000(') - > -+ 4 - ,
TIME (ns) TIME (ns)

Figure 7. (a) Total Energy vs Time period of MD simulation for CsU protein and PpU protein with urea. (b)
Total Energy vs. Time period of simulation for CsU protein and PpU protein without urea.
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3.6.2. Total energy of the system.

The stability of the structure in terms of the total energy of the system, which depicts
the total energy as a function of time of the simulation for both CsU and PpU in the presence
and absence of urea is shown in Figure 7a and Figure 7b, clearly shows that the complexed
form of both CsU and PpU exhibits almost equivalent total energy values while in the absence
of the ligand urea, PpU is relatively more stable than the CsU.

3.6.3. Radius of gyration analysis.

The radius of gyration analysis for both the ureases: CsU and PpU were carried out to
observe the compactness and size of the protein structure during the course of the simulation.
In this analysis (Figure 8a & b), the complex of CsU and PpU showed the nearly same trend in
the radius of gyration (Rg) values, but they exhibit different radius of gyration profile in the
absence of ligand conformers.

Radius of Gyration (A)
Radius of Gyration {;U

0 2 4 6 8
Time (ns) TIME (ns)

(a) (b)
Figure 8. (a) Radius of Gyration as a function of time period of simulation for CsU protein and PpU protein
with urea. (b) Radius of Gyration as a function of time period of simulation for CsU protein and PpU protein
without urea.
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Figure 9. (a) B-Factor Value of Ca atoms as a function of amino acids for CsU protein and PpU protein with
urea during 10 ns simulation. (b) B-Factor Value of Ca atoms as a function of amino acids for CsU protein and
PpU protein without urea during 10 ns simulation.

Residue Index

3.6.4. B-factor analysis.

To determine the flexible and rigid regions in PpU and CsU, the B-factor analysis was
carried out (Figure 9a & b), which showed that the complexes exhibit nearly the same flexible
character across the chain of amino acids residues. But in the absence of ligand, they exhibit

more flexibility in some parts (Residue index: 75-100, 220-260, 600-610) of the protein chain
of CsU.
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3.6.5. Binding free energy analysis using MM-GBSA/PBSA.

The free energy of binding for PpU/CsU-urea complexes was determined by different
computational methods with varying degrees of accuracy and efficiency [45]. But as most of
the methods are computationally expensive, MM-PBSA/GBSA method was selected, which
provides reasonably accurate results at a comparatively low computational cost [46, 47].
Another advantage of this method is that it gives information about the various contributions
to the free energy, such as the van der Waals, electrostatic, and solvation contributions. The
details of the MM-GBSA/PBSA calculations were shown in Table 3. The averaged binding
free energy (AGuind) results for the PpU/CsU-urea complexes were also observed. In Table 3,
PBTOT and GBTOT indicate the total binding free energies using the PBSA and GBSA. The
negative total binding free energies (PBTOT/GBTOT = -11.05 / -9.73Kcal/mol) for PpU-urea
complex and (PBTOT/GBTOT =-13.43/-13.91Kcal/mol) for CsU-urea complex showed that
both the complexes are favorable, but the CsU structure shows relatively more binding affinity
towards the urea ligandin comparison to PpU structure.

Table 3. Binding free energy (BFE) analysis for the PpU-Urea and CsU-Urea has been done using MM-PBSA,

MM-GBSA.
AGping PpU — Urea AGping CsU — Urea

Components mean * std mean * std
ELE -11.77 +4.14 -22.07 +7.18
VDW -9.86 + 1.38 -10.48 + 1.59
INT 0.00 £ 0.00 0.00 + 0.00
GAS -21.64 + 3.78 -32.55+6.71
PBSUR -1.14 £ 0.06 -1.09 £ 0.06
PBCAL 11.72 +2.43 20.22 £3.79
PBSOL 10.58 + 2.43 19.13 £ 3.79
PBELE -0.05+2.77 -1.86 £4.19
PBTOT -11.05 + 2.42 -13.43 + 3.60
GBSUR -1.14 £ 0.06 -1.09 £ 0.06
GB 13.04 +2.34 19.74 £5.01
GBSOL 11.90 + 2.35 18.65 + 5.03
GBELE 1.27 £ 2.58 -2.34 + 2.86
GBTOT -9.73+£2.29 -13.91 + 2.37

Note: All the units are kcal mol. ELE: non-bonded electrostatic energy; VDW: non-bonded van der Waals
energy; INT: bond, angle, dihedral energies; GAS: ELE + VDW + INT; PBSUR: hydrophobic contribution to
solvation free energy for PB calculations; PBCAL: reaction field energy calculated by PB; PBSOL: PBSUR +
PBCAL; PBELE: PBCAL + ELE; PBTOT: PBSOL + GAS;

GBSUR: hydrophobic contribution to solvation free energy for GB calculations; GB: reaction field energy
calculated by GB; GBSOL: GBSUR + GB; GBELE: GB + ELE; GBTOT: GBSOL + GA

4. Conclusions

In this study, we report five mutation hot spots of the PpU crystal structure. We modeled
the structure of two protein sequences (CsU and FvU) based on the mutation hotspots of PpU
and found two urea binding sites in PpU by molecular phylogenetic and local alignment
analysis. We identified the binding site located near the Argl63 of PpU as a high-affinity
binding site for urea, and the same binding site was used for the docking analysis of other plant
ureases, CsU and FvU. Among the three docked complexes, CsU-urea docked structure was
observed to have a low binding energy value of -3.37 kcal/mol as compared to PpU-urea -2.71
kcal/mol and FvU-urea -2.42 kcal/mol. From the docking analysis and MM-GBSA/PBSA
studies, it is reported that the CsU is a high-affinity urease. CsU-urease complex stability is
further validated by MD simulation studies, and the results are compared with that of the PpU-
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urea complex. In conclusion, CsU was identified as a potential plant-based urea binding
enzyme even though its crystal structure has not been resolved yet.
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Supplementary files

Figure S1. A.) The Catalytic pocket and the tunnel is shown on the surface of PPU. B.) Secondary structure
analysis of PPU (color-coding according to secondary structures).
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Query 361 DGELIHSIGESGHNPDVMDGEVEQMNMITGEVNIEVIAGEGLIVIAGAIDCHVHYICPOQLVYERYV 420
DG T ++GE+GNEODVMDGVFE ++ & NIEVIAGEGL+VIAGAIDCHVH+ICPEQL YER+
Skjct 358 DGFIMILGEAGNEDVMDGVFSDLIIGANTEVIAGEGLLVTAGATIDCHVHFICPOQLAYEAT 417

Query 421 T3GITTILVGEEGTGETAS TTCTEAPIQMETML.OSTODLELNFGFTGEGHCAKFDELHE 480
+3GITTLVEEETGE AG TTCTE+P+M+H+MLOSTODLEFLNFGFTGKGN +EFDEL+

Skjct 418 S5GITILVEEEIGELAG ITCTESEVQMRMMILOSTDDLEFLNFGFIGEGHSSEFDELYG 477

Query 43 ITEAGAMGLELHEDWGTTPARTDSCLTIAEQYDIQWVNIHTDTLNESGFVEHTIARFKGET 540
I++AGAMGLELOEDWGT T PAR T D+CLT+AE+YDIOVNIHTIDTLHESGFVENTIAAFE RT

Skjct 478 IVRAGAMGLELHEDWGTTEAATDNCLIVAEKYDIGVMNIHTDTLNESGFVEHTIARFEERT 537

Query 541 IHIYHSEGRGGGHAPDIIEVCGEENVLEPSSTHETEPFLISHNIIDEOVDMIMVCHHLDRNIZ &00
THTYHSEGAGGGHAPDII+WVCG ENVLESSTHNETRE T NI+DEH+DMIMVCHHLD NI
Sbjct 538 IHTYHSEGAGGGHAPDIIEVCEVENVLESSTHETEFFTMNTVDEHLDMIMVCHHLDENIE 587

Query @01 EDVAFSASRIREATIARFEDILHDMGAISITISSDSQAMGRIGEVISRTWQTADEMKSARGE 660
EDVAF+ SEIR+ TIAAEDILHDMGATISIISSDSQRAMGEIGEVISETWQTA EME AR
Skijct 5598 EDVAFAESRIRKETIAREDILHDMGAISIISSDSQAMGRIGEVISRIWQTAHEMELAR-- &55

Query @61 LOPGEEANDNFRIERYVAKYTINPAIANGFSQYVESVEVGKLADLVMWEESFFGRAKFEMY 720
F NDN RIERYV+EYTINFAIANGESQYVGSVEWVGK ADLV+WHE+FFGAKFEMV
Skjct 656 ——-PSSSDNDNLEIKRYVSEYTIINPAIANGFSQYVGSVEVGKFADLVLWEKFAFFGRKFEMY 713

Query T2 IKGGEVAYANMGDFNASIFTFEFVEMRFMYGALGEAGGALSIAFVSERALDORVEVLYGL 780
TEGE +A+ANMGDENASIPTPEFV MEPM+GA GERG & STAFVSHE A+H+ +KH +¥GL
Sbjct 714 IKGGIIAWRNMGDFHNASIPIFEFVIMEPMEGAFGEAGSANSIAFVSEERVNIGIERMYGL 773

Query 781 NERVEAVSNVEELTKLDMELNDALPATITVDEDSYIVIADGVVLICFVATIVELSENYFIF 8240

EEVELV NVEELTELDM+ NDALE I WVDE++YIV RDG VLIC AT+VELSENYF+F
Skjct 774 EERVEAVGNVEELTHLDMEWNDALPLIEVDPETYTVERADGEVLTCQPATSVELSENYFLE 833

Figure S2. Alignment of pigeon pea urease sequence with Cucumis sativus urease sequence- Two residue
belonging to the mutation sites of PPU, are shaded grey. The mutation sites were predicted by HOTSPOT
server. For Arg439 of PPU there is Cys in CSU.
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Score Expect Method Identities Positives Gaps
1320 bits(2416) 0.0 Compositional matrix adjust. 650/841(77%) 729/841(86%) 4/841(0%)

Query 1 MELSPRETEKLGLHNAGY LAQKRL.ARGLEILNYTEAVALIATQIMEFVEDGDETVAQIMST &0
MEL PRE++ELGLHNAG+LAQKRLARGLELN+ EAVALIATQI+EFVREDEDE+AVA+IM T
SBjecr 1 METLVPRELDELGLHNAGFLAQKRLARGLRLNHPEAVALIATQILEFVREDGDESVAEIMDT &0

Query 61 GRELLGEROVLEAVEPELVESVVEATFPDGIELVITHDPIACENGNLELALLGSFLEVES 120
GHLLGE+HVLE ¥V L++ VOVE TF DGI+LVITIHDPI+CEMG+LELAL. SFLEVES
Sbjct 61 GEQLLGREVLEPEV Y LLDMVOVEGT FEDETELVIIHDFISCENGDLELALENSFLEVES 120

Query 121 LDEFIANDEDMERIPGEI IVVEENLVLNDGEEAVILEVVHNHGDREVVESHYHFIELNEYL 180
+DKF D RIPGHI GGH+V+MN+GEERA+ILE+VN GDREVOVGSHYHFIE+NEP+L
Sbject 121 YVDEFFEM-ADGRIPGOMIFEGGNIVINEGEREAIILEIVHNIGDREVOWVGSHYHFIEVHNEHL. 1739

Query 181 TFORREARYGMRINIAAGHNASRFEPGEMEEVLILVIIGGNEVIRGGNATIRADGEVNASHCIRE 240
FDR EA+GMELNI &G A RFEFGE K V+LVIIGGEN+VIRGGN I DE V + +
Sbject 180 VEDRMERHGMRILNIPAGIAKRFEPGESEHVVLVSIGGNEVIRGGNGIVDGAVRESFDRHHY 2339

Query 241 MO-AVITRGEFGHVEELRNAREGOTGEDASCPFITVISREEYANKYGETIIGDEIRLGDTLLE 233
++ B+ R FG+ EE NR+EG & DA+ FITV+SRE YAN YGPTIGDEIRLGDT LF
Sbjct 240 VEGRALEARRQFGNEEEFNASEGVAGRDAR--FITVMSRESYAMMYGETTGDEIRLGDTHNLE 237

Query 300 AETEKDFATIYGDECTFGGGEVIRDGMGRSCGHPPALSLDIVITHNAVIIDYSGIIKADIGI 359
RETEKD+ +¥GDE FGEGEGEEVIRDGMGRS G+ 4 SLDIVITHAVIIDYSGI KADIGI
Skject 298 AEIEEDYTVYGDESVEFGGGEVIRDGMGRSTGHNRAADSLODTVITHAVIIDYSGIFEADIGI 357

Query 360 EDGLIHSIGESGNFDVMDGVEQNMITGWVHNIEVIAGEGLIVIAGAIDCHVHYICPQLVYEL 4195
EDG I ++GESGHNEFDVM G+ +M GVNTEVIA EG IVIAGAIDCHVH+ICPQRL YER
Sbject 358 EKDGEHIVALGESGHPDVMOGLSSSMIIGWVNIEVIALREGRIVIAGRIDCHVHFEICEPQLAYER 417

Query 420 VISGITILVEEEIGEFTAGIBATICTEFAPIQMEIMLOSTDDLPLNEGFIGEGHCAKFDELH 473
++SEITT+VEEETGE GITRATTCTP+PHQOME MLOSTDH+PLNFGFIGEGN AKFD LH
Sbject 418 ISSGITIVVGGEGIGPRATGIRATTICTESPLOMEFMLOSTDEVELNEFGFIGEGHNSAKFDGLH 477

Query 480 EITKAGRMGLELHEDWGITPALIDSCLTIIAEQYDICVWNIHTDTLNESGEFVEHTIALFEGE 539
EIT+AGAMELELHEDWGITPAATDHC L+ +QYDIQVNIHTIDTINESGEVENTIALAFK R
Sbject 478 EITEAGRMGLELHEDWGITPALIDNCLSVGDOYDICWNIHTDTIMNESGEVEHTIALFEDR 537

Query 540 TIHIYHSEGAGGGHAPDIIEVCGEENVLEPSSTHETIEPLISHIIDEOVDMLMVCHHLDRNI 5393
TIHTYHSEGAGGGHAPDITEVCG +NVLESSTHETREEF T NTIDEH+DMIMWCHHLD +I
Sbjct 538 TIHIYHSEGAGEGHAPDIIKVCEVENVLESSTNEFIRFFICHTIDEHLDMIMVCHHLDEDI 537

Query 600 AEDVAFSASERIREATIAREDILHDMGATS SDIQAMGRIGEVISRIWOQTADEMESARG 659
EDVAF+ SRIE TIRREDILHDMGRIS SDIQRMGRIGEVI RIWQTADEMES RG
Sbjct 598 FELOVAFAESRIRAETIAREDILHOMGAISMMASDSQRAMGRIGEVIIRTWOTADEMESQRG 657
Query 660 FPLOPGEERNDNFRIERYVAEYTINPATRWNGFSQYVGSVEVGHLADLVMWEEPSFFGAKEFEM 7139
++F NDM RIERY+AKYTINEFATANGFS+YVESV+HVEE ADLV+WHESFFGAKFEM
Skjct €58 SIEFSGSHNLOWLRIKRYIAKYTINPAIAMGESEYVGESVIVGHFADLVLWEKESFEGAKFEM 717

Query 720 VIEKGGEVAYAMNMGDPHNASIFTPEFVEMEPMYGRLGEARGEALSIAFVIERRLDOEVEVLYE 773
VH+EGE +R+RAMMGDENASTIPFTPERFYV REM+GR GER A STRFVIKRRL + VEVLY
Sbjct 718 VVEGGAIAWAMNMGDPNASIFTPEFVLSRPMFGAFGERASSAQSIAFVIKRRKENGVEVLYD 777

Query 780 ILNERVEAVSNVEKLTKLDMELNDALFATITVDEDSYIVIADGVVLICFVATTVELSENYFI 83
LMEREVELY HVE L K DM+LNDALF I VDP++YIVIADG VLIC ATTIVELSENYE+
Sejer 778 LNERVERVGHNVENLEEKRDMOILNDALFEILVDEPETYIVIADGEVLICSRAATTVELSENYFL &3

Query 840 F 240
F
Skjct 838 F 838
Figure S3. Alignment of pigeon pea urease sequence with Fragaria vesca urease sequence- One residue
belonging to a mutation site of PPU, is shaded grey. The mutation sites were predicted by HOTSPOT server. For

Ile of PPU at 630 there is Val in FVU.
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Figure S4. Structural and geometrical analysis of the Fragaria vesca urease- A) Secondary structure analysis
(color-coding according to secondary structures) B) Ramachandran plot showing allowed dihedral (y and ¢)
angles and A, B, L shows most favored with 87.2 % of the residues, additionally favored (a, b, I, p) with 6.9 %
of the residues and generously allowed (~a, ~b, ~I, ~p) regions having 5.9 % of the residues. Triangles
represents Glycine residue.
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Figure S5. Structural and geometrical analysis of the Cucumis sativus urease — A.) Secondary structure analysis
(colour - coding according to secondary structures) B.) Ramachandran plot showing allowed dihedral (y and ¢)
angles and A, B, L shows most favoured with 89.3 % of the residues, additionally favoured (a, b, I, p) with 6.7
% of the residues and generously allowed (~a, ~b, ~I, ~p) regions having 4.0 % of the residues. Triangles
represents Glycine residue.
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Figure S6. Phylogenetic tree showing different urea-bound proteins related to PPU 14'5-2-.7E). The proteins with
less distance to PPU (4G7E) were chosen for further binding site analysis of PPU.
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Figure S7. LIGPLOT’s showing the interacting residues of protein molecule with urea- A) Interaction of urea
with chain B of Capsid protein C (1EP5_B), Arg250 is forming hydrogen bond and Pro217 has hydrophobic
contact with urea. B) With chain A of Capsid protein C (1EP5_A), Thr264 is forming hydrogen bonding and

Tyrl77 has hydrophobic contact with urea. C) With VP4 protein (3P06_A), Lys812 is forming hydrogen
bonding and Gly810 & Asp811 have hydrophobic contacts with urea.

Table S1. Amino acids involved in hydrogen bonding and hydrophobic contacts of closely related proteins with
respect to PPU for urea ligand by the help of LIGPLOT (PDBSum).

PDB ID Chain Hydrogen Bonds(with Urea) Hydrophobic Contacts(with Urea)
3P06 A A: Lys812 A: Asp8ll, A: Gly810
1EP5 A A: Thr264 A: Tyrl77
1EPS B B: Arg250 B: Pro217
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