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The clinical utilization of Uricase against gout is limited due to the immunogenicity. In the present article, we
identified the antigenic determinants of Uricase and reduced their immunogenicity via in-silico mutagenesis.
Gout Multiple sequence alignment and motif analysis were carried out to identify the conserved residues in evolu-
In-silico mutagenesis tionary process. Emini surface accessibility, Parker hydrophilicity, and Karplus & Schulz flexibility methods were
Epitope L . employed to predict the linear B-cell epitopes of both Ag-Uricase and Bf-Uricase. Deimmunization approach
Molecular dynamics simulation . e . . L ., . .
Free energy identified T-cell epitopes and the hot spot residues. Reduced antigenic probability was obtained in case of
T159W, D169C, N264W and Y203D mutations for Ag-Uricase, while S139V, K215W, G216 F and 1172 P mu-
tations for Bf-Uricase. The binding affinity values of uric acid towards the catalytic pocket of Ag-Uricase and Bf-
Uricase models were found to be -48.71 kcal/mol and -40.93 kcal/mol, respectively. This energy is further
stabilized in the mutant model by -6.36 kcal/mol and -1.45 kcal/mol for Ag-Uricase and Bf-Uricase, respectively.
About 100 ns molecular dynamics simulation was performed to evaluate the conformational stability of both
native and mutated Uricase. Insights obtained from this study provide guidelines for experimental design of
Uricase muteins with reduced antigenicity.

1. Introduction by the identification of antigenic epitopes on the surface of bacterial

enzymes. Therefore, the use of bacterial enzymes is limited due to their

Heterologous enzymes are believed to be a significant source of
biopharmaceuticals due to their substrate specificity [1]. Therapeutic
enzymes were therefore used extensively to cure variety of genetic and
acquired human diseases by the removal of disease causing metabolites
[2,3]. In addition, high catalytic efficiency, high purity, greater affinity,
unique selectivity, and good pharmacokinetics properties of these en-
zymes improve their utility in the current medical arena.

Bacteria are the major sources of therapeutic enzymes. Therapeutic
proteins can also be obtained from various biological sources like or-
gans, tissues, animal fluids, and genetically modified organisms and
cells [4,5]. During systematic administration of bacterial enzymes, the
human body recognizes them as foreign antigen and this leads to se-
cretion of antibodies. Antibody secretion of B-cells is mainly governed

immunogenicity, poor stability and toxicity [6,7]. Moreover, recent
uses of therapeutic enzymes are associated with common problems such
as high degradation rates or rapid clearance [8].

The most common approach to reduce the antigenicity of bacteria
derived biopharmaceuticals was PEGylation [9]. However, poly-
ethylene glycol (PEG) coating of therapeutic protein reduces the effi-
ciency by increasing the protein’s size and water absorption properties
[10]. In addition, PEGylation can cause PEG specific antibodies to be
secreted in the human body [11]. Therefore, the removal of epitopes by
protein engineering is known to be a fundamental solution in which
antigenic motifs of the therapeutic protein are modified by side directed
mutagenesis process to reduce the antigenicity of the protein drug
[12-15].

Abbreviations: Ag", indicates the hot-spot residue or mutation of Arthrobactor globiformis; Bf", indicates the hot-spot residue or mutation of Bacillus fastidious; CD-4,
Cluster of differentiation 4; EMEA, European Medicines Evaluation Agency; HMM, Hidden Markov Model; HLA, Human leukocyte antigen; MEGA, Molecular
evolutionary Genetics Analysis; MEME, Multiple EM for Motif Elicitation; MSA, Multiple Sequence Alignment; MHC, Major Histocompatibility Complex; MM/GBSA,
Molecular Mechanics/ Generalized Born Surface Area; NCBI, National Center for Biotechnology Information; PSMA, Prostate specific membrane antigen; RMSD, Root
Mean Square Deviation; RMSF, Root Mean Square Fluctuation; SAVES, Structure analysis and verification server
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Uricase or Urate oxidase (EC 1.7.3.3) is a therapeutic enzyme that is
involved in the second stage of purine metabolism and is responsible for
catalyzing the oxidation of uric acid into water soluble cyclic allantoin,
carbon dioxide and hydrogen peroxide that are easily excreted by
kidneys [16-19]. Fig. 1 presents the full structure of Uricase (PDB ID:
4R8X). Bacterial Uricase consists of two tetramers composed of four
identical subunits. The overall dimension of one tetramer was reported
to be 74 x 86 x 76 A%, Each subunit of Uricase contains 287 amino-
acid residues and consists of four a-helices, two one-turn helices, eight
long, and two short B-strands [17]. Each monomers of Uricase can be
divided into two similar domains known as T-fold domains [20] and
each T-fold domains consists of antiparallel fBaafB superfold. A cy-
lindrical tunnel with a rough diameter of 30 A and length of 80 A can be
found at the center of the Uricase tetramer.

Unlike humans and apes, bacteria, yeast, birds and reptiles have the
ability to breakdown uric acid into a more soluble form, allantoin
[21-23].The lack of Uricase in the human body results in an increase in
the concentration of uric acid in plasma that is much higher compared
to most of the other mammals [24]. The imbalance between the rate of
production and excretion of uric acid results in exceeding the solubility
limit of uric acid in plasma. As a result, uric acid nucleates in the joints
and periarticular cavity [25]. The accumulation of uric acid crystals in
synovial membrane and synovial fluid is known to be responsible for
acute and chronic inflammation. Such medical condition is known as
gout flares. Additionally, the deposition of uric acid can also induce
tumor lysis syndrome and cardiovascular diseases [26,27].

There have been numerous attempts to treat gout and other hy-
peruricemia-related diseases through the systematic administration of
Uricase extracted from various sources [28]. Non-recombinant form of
Uricase (Uricozyme®) from Aspergillus flavus was first used for the
treatment and prevention of tumor lysis syndrome with hyperuricemia,
which is also associated with high risk of renal failure [29-33]. The first
recombinant form of Uricase from Aspergillus flavus is Rasburicase. Due
to its high immunogenicity and short half-life, Rasburicase therapy is
stated to be limited [32-37]. Additionally, the therapeutic potential of
recombinant Uricase for the treatment of gout is associated with
pharmacologic tolerance and potency problems [38,39]. Therefore, it is
important to reduce the immunogenicity of Uricase as a protein-drug to
cure treatment-resistant gout. The combination of polyethylene glycol
with Uricase was reported as the first clinical study to successfully re-
duce plasma uric acid concentration over 32 h [10,40]. However, due to
several limitations of PEGylation of therapeutic enzymes, the identifi-
cation of hot spot B-cell and T-cell epitopic residues is crucial for the
preparation of Uricase mutein which can be easily administered in the
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Fig. 1. The complete structure of Uricase (PDB ID: 4R8X). (A)
Front view of the tetramer of bacterial Uricase showing the big
tunnel at the center of the protein. (B) Side view of Uricase. (C)
The monomer of Uricase showing two similar T-domains. §, f', H,
h symbols are used to specify the secondary structures like -
sheets and a-helices. (Sourced from: (Ella Czarina Magat Juan
et al., 2008).

T-fold domain 2

human body without immunological effect. Presently, the Uricase used
for therapeutic purpose [41-43] are mainly sourced from Arthrobacter
globiformis and Bacillus fastidious due to high specific activity. There-
fore, we aim to identify the epitopic regions and decrease the im-
munogenicity of Uricase from the above mentioned species. The ex-
perimental evolution of B-cell and T-cell epitopes of therapeutic
proteins are limited because most of the approaches are expensive, time
consuming, and labor intensive [44]. Therefore, the widely accepted
algorithms and tools of bioinformatics are highly recommended which
can reduce cost by predicting B-cell and T-cell epitopes from the amino
acid sequence of Uricase [45-47].

In the present study, we aim to identify the linear B-cell, con-
formational B-cell and MHC-I based T-cell epitopes to reduce the im-
munogenicity of Uricase sourced from Arthrobactor globiformis (Ag-
Uricase), and Bacillus fastidious (Bf-Uricase). Multiple sequence align-
ment (MSA) was performed to detect the conserved and identical re-
sidues of the Uricase from different sources. Motifs and domains of
Uricase from various sources were also identified to describe the
structural, functional aspects of this protein in the evolutionary process.
Emini surface accessibility, Parker hydrophilicity, and Karplus & Schulz
flexibility methods were employed to detect the continuous B-cell epi-
topes and corresponding hot-spot residues. Similarly, deimmunization
method was used to identify T-cell epitopes. Next, the hot-spot residues
were mutated to reduce the antigenic character of the identified epi-
topes. Lastly, the impact of mutagenesis on the catalytic activity and the
structural stability of Uricase were assessed by molecular docking, free
energy calculations and molecular dynamics simulation. To the best of
our knowledge, this in-silico study to reduce the immunogenicity of
bacterial Uricase is presented here for the first time.

2. Methods and computational details
2.1. Uricase sequences retrieval

The amino acid sequences of Uricase were chosen from the fol-
lowing thirteen mass producers, Drosophila melanogaster [48], Or-
yctolagus cuniculus [49], Rattus norvegicus [50], Mus musculus [51],
Cavia porcellus [52], Papio hamadryas [53], Bacillus fastidious [54], Ar-
throbacter globiformis [55], Camelus dromedarius [56], Chlamydomonas
reinhardtii [57], Aspergillus flavus [58], Phaseolus vulgaris [59] and Cy-
berlindnera jadinii [60]. The amino acid sequences of Uricase obtained
from the above mentioned prokaryotic and eukaryotic producers were
subjected to sequence similarity to understand the conservation and
evolutionary relatedness of the taxa. The full length FASTA sequences
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of above-mentioned Uricase were collected from the National center for
biotechnology information database (NCBI) (https://www.ncbi.nlm.
nih.gov/).

2.2. Multiple sequence alignment and phylogenetic comparison

Multiple sequence alignment (MSA) of all the selected amino acid
sequences of Uricase from different habitats were performed by
ClustalW tool [61] of MEGA (Molecular Evolutionary Genetics Analysis,
V-7.0) software [62-64] to identify the conserved residues of Uricase
throughout the process of evolution. ClustalW is a widely used matrix-
based algorithm that implements progressive alignment methods [65]
to align the multiple protein, DNA or RNA sequences from different
sources. The parameters used for MSA include gap opening penalty of
10, gap extension penalty of 0.2, gonnect protein weight matrix, and
gap distance separation penalty of 5 with no end gap separation. The
evolutionary relationship of Uricase was determined by constructing
the phylogenetic tree of all thirteen sequences employing maximum
parsimony statistical method [66]. The topologies of phylogenetic tree
were evaluated by applying 1000 bootstrap replicas [62,64].

2.3. Motif analysis

Multiple EM for Motif Elicitation (MEME) (http://meme-suite.org/
tools/meme) is a widely used tool for discovering motifs in a set of
related DNA/RNA or protein sequences [67,68]. In proteins, a motif
may possibly relate to the enzyme active site or structural unit required
for correct folding. Sequence motifs are therefore known as the essen-
tial functional units for molecular evolution. The identified motifs and
there locations recovered by MEME, elucidate the conserved regions
associated with structural and functional properties of Uricase in the
evolution process. The starting and ending point of the motifs were
displayed as blocks.

Pfam [69], a web-based tool, was used for accurate classification of
protein families and domains using HMM (hidden Markov model)
(http://pfam.sanger.ac.uk). All the Uricase sequences were submitted
in the form of accession numbers to analyze the domain organization
associated to Uricase [70,71].

2.4. Antigenic epitopes prediction

Immune epitope database (http://www.iedb.org/) is a standard and
organized database with a large collection of experimentally char-
acterized immune epitopes [72]. The amino acid sequences of Ag-Uri-
case and Bf-Uricase were retrieved from NCBI and submitted in FASTA
format to immune epitope database and analysis resource (IEDB-AR)
tool [73] for predicting and analyzing both B-cell and T-cell peptide
epitopes.

Surface accessibility, hydrophilicity and mobility are considered
critical criteria for assessing the antigenicity of any protein or peptide
[74]. Hence, the continuous B-cell epitopes were identified based on
Emini surface accessibility, Parker Hydrophilicity, Karplus & Schulz
Flexibility prediction methods in the IEDB database [75-78]. Thresh-
olds of 1.00, 1.63 and 0.996 were employed for Surface accessibility,
hydrophilicity, and mobility, respectively in the above mentioned
methods to determine antigenicity. The FASTA format of Ag-Uricase
and Bf-Uricase sequences were imported to each epitope prediction
panel and submitted for predicting B-cell epitopes. All the predicted
epitopes where ranked according to their corresponding antigenic
scores. The highly immunogenic amino-acid residue inside each epitope
peptide was also documented. B-cell linear epitope prediction methods
anticipate the immune response according to the characteristics of
amino-acid sequence of the antigen using amino acid scales (AASs) and
Hidden Markov Models (HMMs) [79-81]. The conformational B-cell
epitopes of Ag-Uricase and Bf-Uricase were identified using Discotope
tool (V-2.0) [82]. The server predicts B-cell epitopes based on the
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spatial information, surface accessibility, and amino acid statistics of
discontinuous epitopes identified from the crystal structure of antigen-
antibody complex [83]. The 3D-structure of Uricase from both the
species were imported to the conformational B-cell epitope prediction
panel and a threshold of -3.7 with 17 % sensitivity, and, 95 % speci-
ficity was employed.

Next, both Ag-Uricase and Bf-Uricase protein sequences were
screened to identify T-cell epitopes using deimmunization method. The
human leukocyte antigen (HLA)-B*5801 allele that is strongly asso-
ciated with hyperuricemia and gout was chosen for predicting MHC-II
based T-cell epitope [84,85].

2.5. In-silico mutagenesis

The crystal structure of Ag-Uricase (PDB ID: 2YZB, resolution 1.9 /0\)
[86] and Bf-Uricase (PDB ID: 4R8X, resolution 1.401 A) [87] was re-
trieved from protein data bank (PDB) for modeling studies. Both crystal
structures of Uricase were prepared using protein preparation workflow
[88] in Maestro. The missing hydrogen atoms were added in both
structures. It was reported that the functional or active form of Uricase
can exists as homotetramer [89]. Therefore, 2YZB was kept in tetra-
meric form by deleting the extra chains to reduce the size, making it
comparable with 4R8 X . The Uricase activity is found to be optimal at
pH of 9.0 [ 42,86]. Hence, the protonation state of the amino acid re-
sidues of both 2YZB and 4R8X were optimized at a pH of 9.0. The or-
ientations of the hydroxyl group of Asn and Gln residues were also
optimized for both crystal structures of Uricase. Next, the structures of
both proteins were minimized using OPLS-2005 force field [90,91] with
RMSD (protein heavy atoms) convergence criteria of 0.30 A

The hot-spot amino acids for in-silico mutagenesis were chosen
based on the score obtained from B and T cell epitopes prediction of
Uricase from both bacterial sources. In-silico sight directed mutagenesis
(SDM) was performed on both optimized structures of 2YZB and 4R8X,
using Pymol software (v 1.6). The obtained mutant proteins were va-
lidated using Ramachandran plot and I-MUTANT [92] web-server. The
structures were further used for molecular docking to determine the
impact of side-directed mutagenesis on their structural and catalytic
aspects.

2.6. Ligand preparation

The 3D-structure of the Uric acid was constructed using the builder
panel in Maestro (v-11.7.011, Schrédinger, LLC, New York, 2018).The
possible ionization state was generated and partial charges were as-
signed at pH of 9.0 prior to docking. The geometry of the structure was
optimized and its energy was minimized using OPLS-2005 force-field
[90,91] in Ligprep module (Schrodinger Release 2018-3: LigPrep,
Schrodinger, LLC, New York, 2018). The resulting structure was con-
sidered for further modeling studies.

2.7. Molecular docking

Glide [93] (Schrodinger Release 2018-3: Glide, Schrodinger, LLC,
New York, 2018) was used to perform docking (Extra Precision mode)
of Uric acid at the active sites of both 2YZB and 4R8 X. Glide uses a
hierarchical array of filters to investigate possible ligand locations at
the catalytic pocket of Uricase [94]. The geometry of the Uric acid was
kept in flexible mode while the receptor was depicted as rigid. The
receptor grid was generated with a partial charge cut-off of 0.25e, and
the van- der -walls scaling factor was kept at 1.00. The active site re-
sidues of 2YZB i.e. Asn249, GIn223, Leu222, Arg180, Phel63 (Chain A)
and Asp68-Ala66 (Chain D) were selected to generate the grid box
suitable for accommodating Uric acid, and the grid center was placed at
the centroid of the interacting amino acids [86]. Since the catalytic
pocket residues of 4R8X are unclear, the amino acids located at the
interface of two identical sub-units, such as Phel79, Ala193, Arg196,
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Ile244, GIn244, Asn271, GIln299 (Chain C) and Ala68-Asp70 (Chain A)
[87,89] were selected to build the grid box. The binding affinity of Uric
acid towards both the wild and mutated Uricase was calculated by MM/
GBSA method [95]. The detail methodology of MM/GBSA calculation is
given in Supplementary S:1. The accuracy of docking was assessed by
measuring the RMSD (RMSD = 0.16 10\) between the co-crystal and re-
docked position of Uric acid at the catalytic pocket (Fig. S4-A) of Uri-
case. The binding pose of Uric acid at the active sight of Uricase was
further confirmed by molecular dynamics simulation.

2.8. The MD protocol

The native, mutated form of both tetrameric 2YZB and 4R8X (in
association with substrate Uric acid) was subjected to atomic molecular
dynamic simulation in order to compare their conformational stability
under motion. Simulation with all the subsequent calculations were
carried out using Desmond [96] package, and Maestro GUI was used for
visualization. OPLS-2005 [90,91] force field was used to generate the
necessary parameters required for energy minimization and MD simu-
lations of 2YZB and 4R8X. All four structures of Uricase (including
both mutated and normal from the two aforementioned species) were
solvated separately in orthorhombic periodic unit with SPC (simple-
point charge) water molecules [97]. The resulting systems were neu-
tralized by adding counter ions. In addition, 0.15 M NaCl was added to
imitate physiological conditions. Next, the systems were minimized
under steepest descent algorithm [98] with a maximum of 2000 itera-
tions until a gradient threshold of 25 keal/mol/A is reached.

All the systems of solvated Uricase (mutated and wild structure of
both 2YZB and 4R8X) were initially heated up at 300K for 1 ns and
subsequently equilibrated under canonical (NVT) ensemble for 4 ns.
Next, the system condition was changed from NVT to isothermal-iso-
baric (NPT) ensemble at a temperature of 300 K for 5 ns each in order to
equilibrate the pressure at 1 atm. During each equilibration step, pro-
tein-ligand heavy atoms were restrained. The temperature and pressure
of the system were controlled, respectively using Noose-Hoover ther-
mostat [99] and Martyna-Tobias-Klein barostat [100]. Temperature
and pressure relaxation time of 2ps was assigned throughout the
equilibration time. Lastly, all protein-ligand complexes were subjected
to production simulation for 100 ns with a time step of 2fs. The re-
strains on solute heavy atom were removed and allowed to move freely
throughout the production run. For long-range electrostatic interac-
tions, smooth Particle Mesh Ewald (PME) method [101] was used with
a tolerance of 1xe~? and for short-range electrostatic interactions, a
cut-off radius of 9.0 A was applied. A multiple time step RESPA (Re-
versible Reference System Propagator Algorithm) integrator algorithm
was employed throughout with a time step of 2 fs for bonded, 2 fs for
‘near’ bonded, and 6 fs for ‘far’ non bonded interactions. The trajec-
tories of the solute atoms of all four solvated protein-ligand complexes
were retrieved at each 20 ps interval for analyzing the data. The con-
formational stability of Uricase from both species were assessed by
calculating the time evolution of protein backbone RMSD, ligand
RMSD, residue wise RMSF and radius of gyration. Change in binding
free energy during the course of simulation was also performed using
MM/GBSA calculation using Prime [95]. The detailed procedure for
calculating the above mentioned quantities are documented in sup-
plementary section-I (Methodology).

3. Results and discussion
3.1. Multiple sequence alignment and phylogenetic analysis

The multiple sequence alignment of thirteen Uricase from different
sources was carried out by ClustalW approach. It was reported that the
conserved residues are important to explain the structural and func-
tional aspects of Uricase. As shown in Fig. 2 and Table S1, the most of
the amino acids are conserved between Uricases from mammalian
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Fig. 2. Multiple sequence alignment shows maximum conservation exhibiting
in between 37 and 373 amino acids of Uricase protein sequences from different
sources. “*’ indicates fully conserved residue and ‘.’ indicates moderately con-
served amino acids. The sections are highlighted in red and pink colors are
representing B-cell and T-cell epitopic peptides in Uricase sequence. The black
color represents identical amino acids, whereas the grey color represents si-
milar amino acids. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article).
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sources (78.3-94.6 % sequence identity) compared to those from other
sources (21.3-48.2 % sequence identity). For example, the bacterial
Uricases from A.globiformis and B.fastidious showed only 25.26 %
identity. In mutagenesis process, it is advised to substitute residues
outside the conserved region in order to preserve the structural and
functional characteristics of the therapeutic drug [102].

Uricase has a variety of metabolic activities that vary depending on
the host organism. A cross-reaction exits between different species of
Uricases, possessing similar molecular weight, same cell location, and
tissue specificity. This recommends therefore that diverse species of
Uricases may have a common evolutionary origin [103,104]. The
dendrogram shows that there are two clusters in which one cluster
contains Uricase from animal (R.norvegicus, M.musculus, C.porcellus,
P.hamadryas, O.cuniculus, C.dromedarius and D.melanogaster) and the
second cluster comprises of Uricase from plant (P.vulgaris), algal
(C.reinhardtii), bacterial (A. globiformis and B.fastidious) and fungal
sources (C.jadinii and A.flavus) (Fig. S1). In the first cluster, it is ob-
served that Uricase from R.norvegicus, M.musculus, C.porcellus and
P.hamadryas have similarity and identity at the sequence level. In the
second cluster, the P.vulgaris Uricase show sequence level similarity
with the eukaryotic algae C.reinhardtii. The fungal source of Uricase
from C.jadinii and A.flavus were observed to be in the same cluster,
while the bacterial Uricases from Arthrobacter globiformis and Bacillus
fastidious appeared in a same cluster with similar sequence level. The
antigenicity problem was reported to be highly present in therapeutic
enzymes from plant source [105]. Therefore, the clinical uses of such
plant-derived therapeutic enzymes are limited.

3.2. Motifs conservation

MEME (Motif-based sequence analysis tool) was reported to be
based on Bayesian probabilistic model which uses expectation max-
imization algorithm to obtain the motifs for all the sequences and op-
timizes the statistical parameters [67]. The maximum number of motifs
obtained from Uricase sequences was six and is documented in
Table 1.The motifs 2, 3 and 4 are common to all the thirteen Uricases
indicating the major function of the enzyme is conserved and these
three motifs clearly indicate their potential role in structural and cat-
alytic functional attributes of Uricase. However, Motif 1 and 5 are ab-
sent in Uricases from A.globiformis, B.fastidious, C.jadinii, and A.flavus
and Motif 6 is absent in D.melanogaster, P.vulgaris, C.reinhardtii, B.fas-
tidious and A.flavus. The combined block diagram of motifs is displayed
in Fig.S2. Other details including motif widths, information about the
sequence, and the best possible matches are listed in Table S2.

The Results obtained from Pfam clearly indicate that the monomeric
Uricase sequences from various sources have two domain organizations
that belong to Uricase family. Each domain consists of 286 amino-acid
residues, however, the starting and ending amino acid number varies
for each organism. The double domain organization of Uricase
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Table 2
B-cell epitopic scores of Ag-Uricase and Bf-Uricase. The bold letters are re-
presenting the hot spot residues.

Organisms Method Peptide Region Score

Ag-Uricase  Surface accessibility PRDKYT 167-172  4.904
Surface accessibility (after- PRCKYT 167-172 1.64
mutation)
Hydrophilicity GQDNPNE  261-267 6.514
Hydrophilicity (after-mutation) GQDWPNE  261-267 4.086
Flexibility LKSTGSE 156-162  1.108
Flexibility (after-mutation) LKSWGSE 156-162  1.029

Bf-Uricase  Surface accessibility RKSRNE 137-142  6.575
Surface accessibility (after- RKVRNE 137-142  3.743
mutation)
Hydrophilicity DDAKGDN  212-218 7.214
Hydrophilicity (after-mutation) DDAWGDN 212-218 4.971
Flexibility DAKGDNP  213-219 1.088
Flexibility (after-mutation) DAKFDNP 213-219 1.039

monomer indicates the T-fold domains mentioned in Fig. 1.

3.3. Antigenic epitopes prediction

IEDB epitope database and prediction resource were used to de-
termine the antigenic epitopes of Ag-Uricase and Bf-Uricase. Continuous
sequential regions or various antigenic determinant groups were re-
ported as the major contributors for the formation of antigenic sites or
epitopes in a protein [106]. In order to reduce the clinical immune-
reactiveness of the therapeutic enzyme Uricase, primarily the con-
tinuous B-cell epitopes were predicted based on the important antigenic
parameters such as Emini surface accessibility, Parker hydrophilicity
and Karplus & Schulz flexibility. The majority of the antigenic regions
of proteins were reported to have more polar and charged residues
rather than hydrophobic residues [15], based on propensity scales for
each of the 20 amino acids [107-110]. The predicted B-cell epitope
peptides obtained from Emini surface accessibility, Parker hydro-
philicity and Karplus & Schulz Flexibility scores of Ag-Uricase and Bf-
Uricase were illustrated in Table S3-6.

In case of Ag-Uricase, the B-cell epitopic peptides '*”PRDKYT'72,
261GQDNPE?**” and '®SLKSTGSE'®* have the highest surface accessi-
bility score (4.904), parker hydrophilicity score (6.514), Karplus &
Schulz flexibility score (1.108), respectively (Table 2), in which the
polar residues D169 (Fig. 3-A), N264 (Fig. 3-C) and T159 (Fig. 3-E)
made the main contribution to such high score were selected as hot-spot
residues for mutagenesis. Similarly, in case of Bf-Uricase, the B-cell
epitopic peptide *’RKSRNE'*?, 2'2DDAKGDN?>'® and *'*DAKGDNP>'°
have the highest surface accessibility score (6.575), parker hydro-
philicity score (7.214) and Karplus & Schulz flexibility score (1.088),
respectively (Table 2) in which the polar residues S139 (Fig. 4-A), K215
(Fig. 4-C) and G216 (Fig. 4-E) were selected as hot-spot residue for

Table 1

Conserved motifs locations for Uricase protein from different source organisms.
S.NO Organism Genbank ID Motif 1 Motif2 Motif 3 Motif 4 Motif 5 Motif 6
1 Oryctolagus cuniculus 189303536 7-47 48-76 83-123 147-196 207-236 257-285
2 Rattus norvegicus 20127395 11-51 52-80 87-127 151-200 210-239 260-288
3 Mus musculus 6678509 11-51 52-80 87-127 151-200 210-239 260-288
4 Papio hamadryas 20513624 11-51 52-80 87-127 151-200 211-240 261-289
5 Cavia porcellus 884943374 21-61 62-90 97-137 161-210 221-250 271-299
6 Drosophila melanogaster 17136576 29-69 70-98 105-145 195-244 255-284 -
7 Camelus dromedarius 339716249 - 35-63 70-110 134-183 194-223 244-272
8 Phaseolus vulgaris 2809326 - 47-75 83-123 146-195 213-242 -
9 Chlamydomonas reinhardtii 11066111 - 42-70 78-118 142-191 201-230 -
10 Bacillus fastidious 823631078 - 53-81 88-128 160-209 - -
11 Arthrobacter globiformis 187609193 - 51-79 85-125 144-193 - 248-276
12 Cyberlindnera jadinii 1147426164 - 44-72 79-119 143-192 - 260-288
13 Aspergillus flavus 137100 - 42-70 77-117 141-190 - -
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Fig. 3. Graphs represent different regions of the amino acid sequence of Uricase that can act as B-cell epitopes in the case of Ag-Uricase (A) Emini surface accessibility
plot representing maximum antigenicity in Ag-Uricase at 167-172. (B) Plot presenting the change in surface accessibility score in Ag-Uricase at 167-172. (C) Parker
Hydrophilicity prediction plot presenting maximum antigenicity in Ag-Uricase at 261-267. (D) The change in hydrophilicity score in Ag-Uricase at 261-267. (E)
Karplus & Schulz Flexibility plot display maximum antigenicity in Ag-Uricase at 156-162. (F) Plot presenting the change in flexibility score in Ag-Uricase at 156-162.
(G) Graph representing conformational B-cell epitopes from the 3D-structure of Ag-Uricase. The selected regions are marked by red circle. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article).

mutagenesis.

In case of Ag-Uricase, the conformational B-cell epitopes are found
to be overlapped with the peptides predicted as linear B-cell epitope
(region ~167-172 and 260-267) indicating the mutations of those two
regions are crucial to mask the immunogenicity (Fig.3-G). In contrast,
Bf-Uricase is found to have very less conformational B-cell epitopes
(Fig. 4-G). It can be observed from the highlighted portion of Fig. 2 that
all the selected hot spot residues of B-cell epitopes are located at either
non-conserved or moderately conserved region indicating that they
may have comparatively less significance for preserving the structural
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and functional characteristics of Uricase [15]. Additionally, all the se-
lected hot-spot residues located at the B-cell epitopic region are polar
residues. Therefore, the replacement of these residues with hydro-
phobic residues was considered as the best way to reduce adverse al-
lergic reaction in human body [111].

T-cell immune responses are induced by identification of T-cell
epitopes which are attached to MHC molecules displayed at the surface
of antigen presenting cells. T-cell epitope prediction is based on the
identification of peptide lengths within an antigen that are capable to
stimulate CD4 + T-cells which ultimately elicits the immune response
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Table 3
T-cell epitopic scores of Ag-Uricase and Bf-Uricase. The bold letters are representing the hot spot residues.

S.NO organism Peptide Start position End position Median percentile rank
1 Ag-Uricase AVYASVRGLLLKAFA 201 215 10.78
2 Bf-Uricase TADIQLIKVSGSSFY 166 180 8.77
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Table 4

T-cell epitopic scores obtained from mutation of all the amino acids with the
hot spot residue located at 203 of Ag-Uricase and 172 of Bf-Uricase. In case of
Ag-Uricase, Tyr is present in 203 position whereas Ile is present at 172 position
in case of Bf-Uricase.

S.NO Amino acids Ag-Uricase Bf-Uricase
1 Native 10.78 8.77

2 Ala 19.685 17.49
3 Cys 19.345 28.97
4 Asp 24.585 30.42
5 Glu 229 27.72
6 Phe 8.525 12.25
7 Gly 22.47 35.87
8 His 16.035 27.895
9 Ile 10.84 -

10 Lys 13.555 24.3
11 Leu 12.52 7.325
12 Met 15.245 10.335
13 Asn 21.235 21.675
14 Pro 21.025 51.955
15 Glu 16.465 15.88
16 Arg 14.75 24.715
17 Ser 21.11 23.14
18 Thr 19.15 24.06
19 Val 14.72 12.675
20 Trp 11.105 18.84
21 Tyr - 16.255

in human body [112]. Deimmunization is a new technology that locates
and mutates polypeptide sequences using immunological and molecular
biology techniques which helps in reducing protein immunogenicity
that does not affect the protein function [113-115]. The success of
reduced immunogenicity has been observed in humanized and chimeric
antibodies with the removal of potential T-cell epitopes through mu-
tagenesis approach [111,113,116]. A consensus prediction approach is
one of the widely used technique for the identification of variable
length peptides related to T-cell epitopes [81,117]. Therefore, identi-
fying potential immunogenic T-cell epitopes of Ag-Uricase and Bf-Uri-
case are essential for locating the binding sight of MHC-II molecules.
The T-cell epitopic peptides obtained in deimmunization analysis is
given in Table S7. The lower the median percentile rank, the higher the
propensity to act as a epitope [118]. The top scored epitopic peptides
are documented in Table 3. The hot-spot residues for the T-cell epitopic
peptides are Tyr203, Ile172 for Ag-Uricase and Bf-Uricase, respectively.

Ag-Uricase (mu%ated)
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The identified hot-spot residues are next subjected to in-silico muta-
genesis process to obtain less immunogenic candidates of Uricase.

3.4. Residual modification

The hot spot residue of the B-cell, T-cell epitopes of Ag-Uricase and
Bf-Uricase were identified and mutated using Pymol software. The B-
cell and T-cell epitopes on the 3D-structure of Uricase from both the
sources is shown in Fig. 6 (A,B). In case of Ag-Uricase, Asp located at
169 position is found to have high surface accessibility characteristics
(Fig. 3-A, Table 2), whereas maximal reduction of antigenic probability
is obtained for Ag°'®°C mutation (Fig. 3-B, Table 2, Table S$8). It is
evident from Parker hydrophilicity analysis (Fig. 3-C, D, Table 2, Table
$8) that AgN?**“mutation causes optimal reduction of immunogenicity
of Ag-Uricase. The Ag™'**“mutation is found to decrease the flexibility
characteristics in case of Ag-Uricase (Fig. 3-E,F). Similarly, Bf 139V
(Fig. 4-A, B, Table $8), Bf X*'°W (Fig. 4-C, D, Table S8) and Bf ¢*¢F
(Fig. 4-E, F, Table S8) mutations are found to reduce the surface ac-
cessibility and hydrophilicity characteristics of the B-cell epitope of Bf-
Uricase, respectively. In the case of T-cell epitopes, Ag"2°3P mutation
gives optimal reduction in immunogenicity for Ag-Uricase, whereas, Bf
1172P mutation in Bf-Uricase is seen as the best result (Table 4, Table S9,
and S10). In each subunit, three B-cell (based on Emini surface acces-
sibility, Parker hydrophilicity and Karplus & Schulz flexibility) and one
T-cell mutations (based on Deimmunization technique) were carried
out. A total of 16 mutations were carried out in each tetrameric form of
Uricase sourced from above mentioned species. All four protein models
were validated using AAG values (Table S11) and Ramachandran plot
(Supplementary Fig. 3, Table S12). All the AAG were found in per-
missible range. It is evident from Table 1 that mutations are done inside
motif 4 and motif 6 which can vary the structural and functional aspects
of mutant Uricase models. It can be noticed from the highlighted part of
Fig. 2 that the impact for amino acid changes at particular sites in the
sequence are less likely to vary the protein structure and function be-
cause mutations are mainly done at the non-conserved and moderately
conserved portion of the Uricase sequence [102]. Both the wild type
and mutated protein models are subjected to molecular docking to have
further insights about the functional characteristics of Uricase.

3.5. Molecular docking of uricase

Molecular docking was performed to assess the influence of

Fig. 5. The locations of B-cell and T-cell epitopes on (A) Ag-
Uricase and (B) Bf-Uricase. B-cell epitopes are represented in red
color and T-cell epitopes are marked in yellow color. The mutated
residues are shown in green color. The mutations done in the each
monomer of Ag-Uricase and Bf-Uricase are listed below the en-
zyme structure. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this
article).

T159W D169C N264W S139V K215W G216F
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Table 5

The docking scores of Uric-acid at the catalytic pocket of wild and mutated Uricase.

S 1. No Organism Docking score Binding Energy MM/GBSA (kcal/mol) Total no of non-bonded interactions Possible Number of H-bonds
1. Ag-Uricase (native)
(PDB ID: 2YZB) —8.414 —47.71 7 6
2. Ag-Uricase
(mutated)
(PDB ID :2YZB) —8.570 —48.60 7 6
3. Bf-Uricase(native)
(PDB ID :4R8X) —5.221 —39.40 5 4
4. Bf-Uricase(mutated)
(PDB ID :4R8X) —5.389 —41.44 5 4

mutagenesis on the functional aspect of Uricase. The non-bonded in-
teractions between the uric acid and the amino-acid residues at the
catalytic pocket of Ag-Uricase, Bf-Uricase are illustrated in Fig. 5.The
binding affinity of docked pose of uric acid towards both the wild type,
mutated form of 2YZB (Ag-Uricase) and 4R8X (Bf-Uricase) are docu-
mented in Table 5. The uric acid is found to interact with amino acid
residues located at the junction of the identical monomers of 2YZB,
indicating a pronounced binding pocket of Uricase (Fig. 6 -A). This
binding pocket residues away from the epitopic regions that are located
at the surface of Uricase. The uric acid at the catalytic pocket of normal
or wild type 2YZB exhibited non bonded interactions with Asp68 of
chain A and Phel63, Arg180, Leu222, GIn223 of chain D (Fig. 6-B). The
oxygen atom located at the five-membered ring of uric acid is found to
accept one hydrogen bond (C=0———HO-Asp68, hydrogen bond
length = 2.39 A) with the side chain of Asp68. Two hydrogen bonds are
formed between the uric acid and Gly223 (NH——O=CGly223 and C=
O—HNGIy223, hydrogen bond length = 1.94A and 2.15A, respec-
tively). The nitrogen atom located at the peptide bond between Ala221,
Leu222 donates one hydrogen bond to the oxygen atom of uric acid
(C=0 HNLeu222, hydrogen bond length 1.83A). Another
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hydrogen bond interaction is found to be present between the oxygen
atom of uric acid and side-chain of Arg180 (C=0O NH-Arg180,
hydrogen bond length = 2.20 A). Phel63 is found to exhibit m-x
stacking interaction with the heterocyclic rings of uric acid. It is evident
from Fig. 6-B that one hydrogen bond is present between the uric acid
and the Asn249 (NH O0=C-Asn249, hydrogen bond
length = 2.43 A) which plays an important role in stabilizing the sub-
strate inside the catalytic pocket. It can be observed from Table 5 that
the numbers of interactions are unchanged after in-silico mutagenesis of
2YZB. However, the binding energy is found to vary after mutation. The
binding affinity of uric acid towards wild type 2YZB is found to be
-47.7 kcal/mol (Table 5). The per-residue energy contribution of the
amino-acid residues towards the binding of uric acid at the catalytic
pocket of 2YZB is plotted in Fig. 7-A to understand the protein-ligand
association in molecular level. It is clear from Fig. 7-A that the binding
affinity of uric acid is mainly dependent on the interaction between
Asn249, GIn223, Leu222, Phel63 and Thr67 of 2YZB. Especially,
Asn249 (-4.04 kcal/mol), GIn223 (-7.47 kcal/mol) and Phel63
(-5.57 kcal/mol) are the key residues which are responsible for an-
choring the ligand at the active site of 2YZB. After the mutation in the
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B-cell and T-cell epitope region of 2YZB, we observed that the binding
energy did not changed remarkably (-48.60 kcal/mol). This phenom-
enon implies that mutation in the backbone of Uricase did not affect the
binding of uric acid at the active sight of Uricase and preserved the
catalytic activity of the enzyme.

The non-bonded interaction of Uric acid with the catalytic pocket of
4R8X is displayed in Fig. 6-C and D. The Uric acid is located at the
interface of chain-C and chain-A of 4R8 X.. It is clear from Fig. 6-A, and
C that the binding pose of Uric acid in 4R8X is similar with 2YZB. Uric
acid is found to have hydrogen bonding interaction with Ile244 (C=
(o} HN-1le244, hydrogen bond length = 2.02A respectively),
GIln245 (C=0 NHGIn245, C=0——NHGIn245, hydrogen bond
length 2.21 A, 2.00 A, respectively) and exhibit - 7 stacking interaction
with Phel79 of chain C. Additionally, the oxygen atom located at the
five membered ring of uric acid accepts one hydrogen bond from Asp70
of chain A (C=0 NH-Asp70, hydrogen bond length = 2.72 A).
The binding energy of uric acid at the catalytic pocket of wild type
4R8X is found to be -39.40 kcal/mol. The residue wise decomposition of
binding energy is illustrated in Fig. 7-B which suggests that Gln245
(-3.704 kcal/mol), 1le244 (-2.783 kcal/mol), Phel79 (-2.720 kcal/mol)
and Val67 (-2.377 kcal/mol) play key roles in stabilizing the ligand at
the binding pocket of 4R8 X X. After site directed mutagenesis of 2YZB,
the binding energy of Uric acid is found to be -41.44 kcal/mol. It is
evident from the binding energy data that catalytic activity of 2YZB did
not vary much after in-silico mutagenesis process. Thus, it is confirmed
from molecular docking and MM/GBSA studies that both the protein
model retains the functionality after the reduction of antigenicity.

3.6. Molecular dynamics simulation

100 ns molecular dynamics simulation was performed in each case
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to confirm the stability of native structure of the protein after in-silico
mutagenesis. The conformational stability of Uricase was assessed by
computing the time evolution of the root mean square deviation
(RMSD) and root mean square fluctuation (RMSF) of the MD simulation
trajectory. The RMSD of normal protein backbone and mutated protein
of both the species are shown in Fig. 8 and compared to study the effect
of mutagenesis on the native structure.

In the case of native 2YZB, the RMSD value gradually increased up
to 1.82 A around 1000 frames and became stable with an average value
of 1.8A (Fig. 8-A). It is clear from the Fig. 8-A that the RMSD of mu-
tated 2YZB increased up to 2.07 A until 864 frames and similarly be-
came stable like the wild type 2YZB. It is evident from the above
mentioned plot that both the native, mutated form of 2YZB displayed
less deviation from the starting (t = 0) structure and were found to be
stable throughout the simulation time. A RMSD graph between the
normal and mutated 4R8X is illustrated in Fig. 8-B. The backbone
RMSD of wild type 4R8X increased up to 1.97 A around 1500 frames of
the MD trajectory and then reached to steady state. In contrast, the
RMSD value of the mutated 4R8X increased up to 2.24 A around 1950
frames and stabilized with an average RMSD value of 2.07 A. The dif-
ference between the average RMSDs of both the normal and mutated
4R8X is found to be ~ 0.06 A at the last phase of the simulation. It is
evident from Fig. 8-B that the native as well as the mutated 4R8X are
structurally stable. The RMSD of uric acid (ligand) with respect to
protein backbone is found to be comparable in the two species both in
its native and mutated form (Fig. 8-A, B). This finding confirms the
stabilization of the ligand at the catalytic sight after mutation. The root
mean square fluctuation (RMSF) measures the residue wise fluctuation
during simulation. The RMSF of mutated protein and the normal one
was compared to see the fluctuation at the mutated sights (Fig. 8). The
average backbone RMSF of native 2YZB is found to be 0.695 A whereas
the mutated 2YZB displayed average RMSF value of 0.693 A. This in-
dicates that both the native and mutated 2YZB are stable. It is clear
from Fig. 8-C that the B-cell epitopic regions 156-162, 167-172,
261-267 of wild type 2YZB have average RMSF values of 0.77 A,
0.81 A, and 0.87 i\, respectively. In case of mutated 2YZB, the above
mentioned regions have average RMSF values of 0.62 A, 0.79 A, and
0.755 10\, respectively, which indicates less fluctuation after mutation.
The average RMSF value of the T-cell epitopic region (201-215) of wild
type 2YZB is found to be 0.66 A, whereas the average RMSF value in-
creased to 0.77 A after mutation. It is clear from the above discussion
that fluctuation of the B-cell epitopes reduces after mutation. In con-
trast, the fluctuation of T-cell RMSF increases after mutation, although
negligible. These phenomena indicate that mutated 2YZB has less sus-
ceptibility to interact with antibodies and CD4+ cells. Residues 287,
599, 864 are found to be more fluctuated and away from the antigenic
region. In case of both native and mutated 4R8X, the average RMSF
value is found to be almost similar (around 0.668 10\), indicating stabi-
lity of both structures (Fig. 8-D). However, the flexibility of mutated
region of 4R8X is found to be higher compared to its native type. The
average RMSF of T-cell epitope 166-180 displayed higher value
(1.94 A) compared to its native form (0.49 A). The B-cell epitope region
(137-142) showed similar (0.75 Z\) fluctuation in mutated from com-
pared to its native form (0.75 f\) (Fig. 8-D). However, the increment of
flexibility of antigenic epitope is comparable with its native form. The
higher fluctuations are observed at the C-terminal and N-terminal ends
of Uricase due to solvent exposure. The time evolution of compactness
or the overall size of Uricase was measured by means of radius of
gyration (Rg) and is illustrated in Fig. 8-E, F. It is found from Fig. 8-E
that both the native and mutated Uricase backbone of 2YZB is found to
be stabilized at an average R, score of 30.3 A Similarly, in the case of
4R8X, both the native and mutated Uricase backbone maintained an
average R, value of 31.8 A (Fig. 8-F). The closeness of R, value in both
the native and mutein Uricase indicates that the compactness of the
protein backbone was unchanged after the mutation in antigenic re-
gion. The secondary structure contents of both the species are found to
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be similar with their corresponding mutant model (Fig.S5-A, B, C, and
D). Hence, the mutations are not responsible for the remarkable sec-
ondary structure loss in Uricase.

The time evolution of the binding free energy of uric acid at the
active sight of Uricase is presented in Fig. 9-A, B. In both species, the
binding free energy is found to be stabilized at the last of the MD tra-
jectory. This further indicates the stability of the ligand at the catalytic
pocket of Uricase after mutation. The average binding energy of uric
acid at the catalytic pocket of Uricase is found to be -48.71 kcal/mol
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and -40.93 kcal/mol for 2YZB and 4R8X, respectively. The average
binding energy difference (between the mutated and wild type Uricase
model) is found to be -6.36 kcal/mol for 2YZB and -1.45 kcal/mol for
4R8 X . During the course of simulation four stable hydrogen bonds are
found to be intact among the docking predicted hydrogen bonds be-
tween 2YZB and Uric acid. The histograms illustrated in Fig.S6-A reveal
that the regions Glul62-Argl80, Leu222-Asn249, and Val64-Asp68
have major interaction with Uric acid during the simulation. After
mutation of 2YZB, there was no substantial change in hydrogen
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bonding interaction profile with the substrate. The interaction of GIn70
with the Uric acid has increased whereas the interaction with Asp68 is
found to be decreased (Fig.S6-B). It is clear from Fig. 9-C and Fig.S5-A
that Thr67, Leu222, and GIn223 formed hydrogen bonding interaction
for 83 %, 99 %, and 96 % of the trajectory. One water mediated hy-
drogen bonds is observed with Asp68 for 38 % of the simulated tra-
jectory (Fig. 9-C). It can be found from Fig.S6-A, B that hydrogen
bonding interactions between uric acid and Thr67, Leu222, GIn223 are
similar after mutation. One extra water mediated hydrogen bond is
present which anchors the ligand with GIn70 for 47 % of the trajectory
(Fig. 9-D). The contacts between Uric acid and the interacting amino
acid residue in both the wild and mutated 2YZB are found to match
with the plot of interaction fractions (Fig.S7-A, B). In case of native
4R8X, the main interacting regions are Val67-Asp70 and Ile244-Asn271
(Fig.S6-C). The non-bonded interactions between binding pocket re-
sidues and Uric acid are found to be unchanged after mutation (Fig.S6-
D). The NH and O atoms of the six-membered ring of Uric acid formed
two hydrogen bonds with GIn245 for 74 % and 91 % of the simulated
trajectory (Fig. 9-E). Additionally, Ile244 formed hydrogen bond with
uric acid for 99 % of the trajectory. In case of mutated 4R8X, GIln245
formed hydrogen bond with 71 % of the trajectory and Ile244 formed
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hydrogen bond with 97 % (Fig. 9-F). The contacts between Uric acid
and Val67, Thr69, Phel79, Ile244, and GIn245 are found to be similar
in both the native and mutated 4R8X (Fig.S7-C, D). Therefore, it is clear
from the MD simulation results that the enzyme variants remain stable
after mutating immunogenic amino-acids, distributed throughout the
protein surface without much change in their catalytic activity.

4. Conclusion

The clinical application of Uricase as an anti-hyperuricemia agent is
limited due to antigenicity problem. In order to generate less immune
reactive therapeutic drug, in-silico mutagenesis of B-cell and T-cell
epitope has been proposed. Multiple sequence alignment of thirteen
Uricases from different sources was performed to identify the conserved
sequence. Out of the six motifs obtained, three were found to be
common for all Uricase producers. Motif2, motif3, motif4 are expected
to preserve most of the structural and functional aspects of Uricase. In
case of Ag-Uricase, the epitopic peptide '’ PRDKYT'”? was found to be
highly surfaced accessible due to the presence of Asp at 169 position.
According to Parker hydrophilicity method, the peptide sequence
261GQDNPNE?*” had highest antigenic probability due to the placement
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of Asn at 264 position. Peptide sequence °°LKSTGSE'®? was also
considered as immunogenic due to the relatively higher flexibility.
Similarly, two epitopic peptides *’RKSRNE'*? and 2!2DDAKGDN?'?
were found to influence antibody secretion in the human body for Bf-
Uricase. The antigenic property of these epitopes was high due to the
presence of Ser at 139 and Lys at 215 positions, respectively.
Deimmunization studies were carried out to locate the T-cell epitopes
for both the species. The epitopic peptides 2°AVYASVRGLLLKAFA?'®
and '°IADIQLIKVSGSSFY'® were found to have high propensity to
activate CD4 + cells for both species. Four hot-spot amino acid residues
were identified for each monomer of Uricase. The maximal reduction of
immunogenicity was obtained for T159W, D169C, N264W, and Y203D
mutations in Ag-Uricase and S139V, K215W, G216F, I172P mutations
in Bf-Uricase. All the amino acid mutations were done in non-conserved
and moderately conserved region of Uricase sequence which is less
likely to alter the structural and functional characteristics of the ther-
apeutic drug. The stabilization in the binding affinity of uric acid in
mutein model of Uricase confirmed that their catalytic activity is un-
changed. The MD simulation indicates that both the muteins are stable
and they preserve their native like structural characteristics. The in-
sights obtained from the study provide a guideline for experimental
development of Uricase drug for treating gout and related diseases.
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