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Over the past decade, a steady increase in the incidence of HPRT-related hyperuricemia (HRH) has been observed in Saudi Arabia.
We examined all the nine exons of HPRT gene for mutations in ten biochemically confirmed hyperuricemia patients, including one
female and three normal controls. In all, we identified 13 novel mutations in Saudi Arabian HPRT-related hyperuricemia patients
manifesting different levels of uric acid.The Lys103Met alteration was highly recurrent and was observed in 50% of the cases, while
Ala160Thr and Lys158Asn substitutions were found in two patients. Moreover, in 70% of the patients ≥2 mutations were detected
concurrently in the HPRT gene. Interestingly, one of the patients that harbored Lys103Met substitution along with two frameshift
mutations at codons 85 and 160 resulting in shortened protein demonstrated unusually high serum uric acid level of 738𝜇mol/L.
Two of the seven point mutations that resulted in amino acid change (Lys103Met and Val160Gly) were predicted to be damaging
by SIFT and Polyphen and were further analyzed for their protein stability and function by molecular dynamics simulation. The
identified novel mutations in the HPRT gene may prove useful in the prenatal diagnosis and genetic counseling.

1. Introduction

Multiple factors including genetic, food habits, age, sex,
medication, and environment play a vital role in high serum
urate levels [1–5]. Evidence suggests that people who changed
their lifestyle including adoption of westernized diet [6–
8] are easily prone to elevated levels of serum uric acid.
Hyperuricemia is caused by food which is rich in purines,
high alcohol intake, fructose ingestion, and obesity all of
which accelerates ATP degradation to AMP which is a
precursor of uric acid. Althoughmultiple etiologies have been
proposed over the last decade, hereditary renal disorders with
rare mutant allele cause distinct clinical hyperuricemia. One
of the important genetic factors although rare is the muta-
tions involved in the phosphoribosyltransferase deficiency
and PRPP [phosphoribosyl pyrophosphate] synthetase super
activity. Hypoxanthine guanine phosphoribosyltransferase

(HPRT) deficiency has been implicated in hyperuricemia.
HPRT is the most important enzyme involved in the purine
salvage pathway, the function of which is to recycle hypox-
anthine and guanine into readily available nucleotide pool
[9]. HPRT is encoded by a single gene located on the X-
chromosome (Xq26-27) with nine exons that transcribe into
a 1.6 kb mRNA encoding a protein of 218 amino acids [10].
Severity of HPRT-related diseases depends on the extent of
enzyme inactivity. A partial deficiency of HPRT leads to
Kelley-Seegmiller syndrome (MIM300323), which results in
hyperuricemia, hyperuricaciduria, uric acid nephrolithiasis,
and precocious gout arthritis [11]. While many different clin-
ical phenotypes manifesting different levels of hyperuricemia
are reported, the most severe form is the classical Lesch-
Nyhan disease (LND) and the least is characterized by hyper-
uricemia without any neurological or behavioral abnormality
and termed as HPRT-related hyperuricemia (HRH) [12, 13].
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In between these two extremes are the phenotypes expressing
hyperuricemia but with varying degrees of neurobehavioral
abnormality designated as HPRT-related neurological dys-
function (HRND).The lack of mutational hot-spot for HPRT
gene gives rise to the observed genetic heterogeneity in
HPRT deficient patients. Many different mutations including
deletions, insertions, duplications, abnormal splicing, and
point mutations in all the nine exons have been identified
at the HPRT gene locus. Lists of more than 600 different
HPRT mutations are posted in the research sections at
http://www.lesch-nyhan.org/.

The mutational status of HPRT gene in Saudi Arabian
hyperuricemia patients is still obscure. Hence, in this study
we sequenced all the nine exons of HPRT gene and identified
13 novel HPRT mutations in Saudi Arabian patients mani-
festing different degrees of hyperuricemia, including a rare
affected female patient. Further, computational based meth-
ods were utilized to predict the effect of identified mutation
on the structure and function of HPRT enzyme. Computa-
tional methods are increasingly being used to understand the
dynamic behavior of wild type andmutant proteins at atomic
level [14, 15]. To explore the possible associations between
genetic mutation and varying degrees of hyperuricemia,
the mutated amino acids stability was analyzed using SIFT,
Polyphen, and PoPMusic, and its function using screening
for nonacceptable polymorphisms (SNAP).We further exam-
ined the native and mutant protein structures for solvent
accessibility and secondary structure analyses. Additionally,
molecular dynamics (MD) simulations were performed to
investigate the motions of the native and the mutant particles
under the influence of both external and internal forces. The
overall results provide structure-activity relationship for both
the wild type and the mutant proteins.

2. Materials and Methods

2.1. Study Samples. Patients (𝑛 = 10) with biochemically
confirmed hyperuricemia attending the rheumatology clinics
of the King Khalid University Hospital, Riyadh, served as
cases and normal healthy males (𝑛 = 2) and females
(𝑛 = 1) with no history of hyperuricemia were consid-
ered as controls. Cases with uric acid overproduction were
designated HPRT-related hyperuricemia. All the selected
patients showed hyperuricemia with varying degrees (serum
uric acid, Table 1) but none of them were diagnosed with
neurological abnormalities or self-injurious behavior. The
study was approved by the institutional review board of the
King Khalid University Hospital and informed consent was
obtained from each study participant.

2.2. DNA Extraction and Sequencing. Approximately 3mL of
blood was collected in sterile tubes containing ethylenedi-
aminetetraacetic acid (EDTA) from all subjects enrolled in
the study. Genomic DNA was isolated from blood samples
using QIAmp kit (QIAmp DNA blood Mini Kit, Qiagen,
Valencia, CA) following the manufacturer’s instructions.
After extraction and purification, the DNA was quantitated
on a NanoDrop 8000, to determine the concentration, and

its purity was examined using standard A260/A280 and
A260/A230 ratios (NanoDrop 8000) [16]. Primers were
designed to amplify all nine HPRT gene exons and flanking
intronic sequences by polymerase chain reaction (PCR) (see
Supplementary Table 1 in Supplementary Material available
online at http://dx.doi.org/10.1155/2014/290325), on the basis
of the known genomic sequence (accession number NM
000194). PCR products were purified by ethanol precipitation
after ExoSAP (GE Health Bio-Science Ltd.) treatment and
sequenced on the sense and antisense strands utilizing the
DYEnamic ET Terminator Cycle Sequencing Kit (Amersham
Biosciences). The sequencing reactions were analyzed on an
automaticMegaBACE 1000 DNA sequencer (GE Health Bio-
Science Ltd).

2.3. Predicting the Functionality of the Nonsynonymous Muta-
tions. In the present study we have identified 13 novel
(7 nonsynonymous, 1 synonymous, 4 frameshift, and a
20 bp deletion) mutations (Table 2) in Saudi Arabian HPRT-
related hyperuricemia patients, including a female subject.
As the observed mutations were novel, we used SIFT and
Polyphen programs to predict the possible impact of an
amino acid substitution on the structure and function
of HPRT protein. SIFT (http://sift.jcvi.org/) is a sequence
homology based tool that predicts variants as neutral or
deleterious using normalized probability score. Variants
at position with normalized probability score less than
0.05 are predicted to be deleterious and score greater
than 0.05 are predicted to be neutral [17]. PolyPhen 2.0
(http://genetics.bwh.harvard.edu/pph2/index.shtml) utilizes
a combination of sequence and structure based attributes
and uses naive Bayesian classifier for the identification
of an amino acid substitution and the effect of muta-
tion. Scores are predicted to affect protein function and
are tabulated in Table 2. The results obtained from SIFT
and Polyphen were further validated using SNPnexus
program (http://snp-nexus.org/). SNPnexus allows single
queries using dbSNP identifiers or chromosomal regions for
annotating known variants. SNPnexus summarizes (Table 2)
any related information from genetic association studies of
complex diseases and disorders available from the genetic
association database (GAD) [18] and overlaps with genomic
structural variability [19–27], dbSNP [28], and HapMap [29]
genotype and allele frequency.

2.4. Protein Modeling for the Altered Amino Acid. Two of
the 13 mutations which were found to be damaging from
SIFT and Polyphen results and which were common among
patients were further examined in silico for 3D structural
effects. We used X-ray diffraction structure of human hypox-
anthine guanine phosphoribosyltransferase (1BZY) available
at PDB database as the reference model. The native protein
(1BZY) structure was then compared with the predicted
mutant structures of all the amino acid variations and
their solvent accessibility including secondary structures was
modeled using molecular dynamics (MD) simulation.

Prediction of the three-dimensional structure of the two
variants (Lys => Met at position 103 and Val => Gly at
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Table 3: Predicting the effect of the two mutations (K103M and V160G) on HPRT protein function using SNAP and PoPMuSiC.

Mutations SNAP PoPMuSiC
nsSNP Prediction Reliability index Expected accuracy ΔΔ𝐺 (kcal/mol) Prediction
K103M Nonneutral 2 70% −0.04 Stabilizing
V160G Nonneutral 1 63% 3.23 Destabilizing

position 160) of the HPRT gene located on chromosome
X was performed using I-TASSER server [30]. The server
predicts the lowest energy conformation for all the amino
acid variations and returns five best models according to
C-score. C-score is a confidence rating factor in I-TASSER
to estimate the overall quality of the predicted model. TM
(topological similarity of the two structures) scores below
0.3 after TM alignment are selected for homology modeling
(threading template alignments).

2.5. Predicting the Stability of the Altered Amino Acids.
Stability of the mutant protein is checked using Discovery
Studio 2.5 (DS Modeling 2.5, Accelrys Inc., San Diego, CA,
USA) a commercially available software used at DNA LABS
INDIA, Hyderabad, India. Residue scanning for predicting
protein stability was performed using the mutant secondary
structure. Residue scanning was used to identify polar and
neutral residues to analyze protein stability and solvent
accessibility which can later be fixed for errors. Additionally,
we also used screening for nonacceptable polymorphisms
(SNAP) [31] and PoPMuSiC [32] to predict the stability of the
mutations for consistency. SNAP is used for the prediction
of impact of missense mutation based on neural network
and improved machine-learning methodologies. For each
mutant, SNAP returns three values: the binary prediction
(neutral/nonneutral), the reliability index (RI, range 0–9),
and the expected accuracy that estimates accuracy on a
large dataset at the given RI. SNAP scores differ from −100
(strongly predicted as neutral) to 100 (strongly predicted to
alter function); the distance is directly related to the binary
determination boundary (0), which measures the reliability
of the impact. A damaging signal corresponds to a mutation
that is predicted as being stabilizing. SNAP scores pertain
to extra functional effects whereas PoPMuSiC evaluates the
changes in stability of a given protein or peptide under single-
sitemutations (Table 3), on the basis of the protein’s structure.
Additionally, independent evaluations for predicting stability
variations upon mutation were also performed using I-
Mutant and MutPred (data not shown).

2.6. Model Verification. The quality check of the 3D models
(mutant) was assessed by ProSA-web. ProSA-web calculates
the energy profiles (𝑧-score) for modeled structure by using
molecular mechanics force field. The results are predicted as
𝑧-score which measure the total energy deviation of the wild
type and the mutant protein. Based on the deviation of the
𝑧-score the models can be accepted or rejected. 𝑧-Score plot
can also be used for better interpretation of the 𝑧-score of a
specified protein.

2.7.Molecular Dynamics Simulation. Thehomologymodeled
three-dimensional structure of HPRT protein submitted to
protein databank [PDB: 1BZY] was used to study the effect
of mutated residue. Structures deduced for HPRT harbor-
ing mutations Lys103Met and Val160Gly identified in our
samples were utilized for the analyses. Biopolymer module
implemented in InsightII (Accelrys Inc., San Diego, CA,
USA) was used to modify the mutated residues from the
InsightII fragment library. Using the same module, hydrogen
atoms were added to both wild type and mutated protein
structures at pH 7.0. CHARMM force fields [33] were applied
to both structures. Further, a series of energy minimiza-
tion steps were performed on both protein structures by
InsightII/Discover (Accelrys Inc., SanDiego, CA,USA) using
the following protocol. (a) In the first step of minimization,
all the heavy (all nonhydrogen) atoms were constrained;
the hydrogen atoms were allowed to minimize by steepest
decent algorithm until the maximum derivative (|dE/dr|)
of the system was <1 kcal/(mole⋅ ́Å). (b) This step was fol-
lowed by another steepest descent minimization with the
same parameter as in step (a), but constraining the protein
backbone atoms and relaxing all other atoms of the molecule.
(c) In the final step, the protein molecule was minimized
by conjugate gradient method with the backbone atom fixed
and allowing all other atoms to relax until the maximum
derivative was <0.01 kcal/(mole⋅ ́Å). The deviation between
the two structures is evaluated by their RMS values which
could affect stability and functional activity (Supplementary
Tables 2–4, Supplementary Figures 1–3). Structure analysis
of protein after energy minimization of protein structure
was analyzed using Discovery Studio 2.5 (DS Modeling 2.5,
Accelrys Inc., San Diego, CA, USA).

3. Results

3.1. Novel Mutations of HPRT. A total of 10 patients diag-
nosed with hyperuricemia based on clinical and laboratory
findings were included in the present study (Table 1). All the
patients were examined by a rheumatologist and informed
consent was obtained from patients and relatives for genetic
and biochemical studies. Patients’ ages ranged from 26
to 83 years (mean age 54 years). Three healthy controls
without metabolic dysfunction, aged 26 to 86 years, were
also examined for serum uric acid levels and included in the
study. One healthy control was a sibling of an affected patient
included in the study group. Although the patients presented
were hyperuricemic, none of them showed any self-injury or
neurological problems. No mutations were detected in the
HPRT gene in the controls except a synonymous substitution
at codon 160 in the related sibling.
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Figure 1: Schematic structure of the wild type and mutant (Lys103Met and Val160Gly) amino acids.

Results of mutation analysis of all the 9 exons of
HPRT gene are shown in Table 2. We identified 13 novel
(7 nonsynonymous, 1 synonymous, 4 frameshift, and a
20 bp deletion) mutations in Saudi Arabian HPRT-related
hyperuricemia patients. Out of the 13 mutations, seven
were missense leading to single amino acid substitutions,
one was synonymous, three were nonsense point mutations
that lead to premature stop codons resulting in truncated
protein, and a three-base pair deletion leading to peptide
shift and a large deletion of 20 bp at chromosomal position
X: 133624250-133624269 between exon 5 and exon 6 were
observed. Surprisingly, none of the mutations were reported
earlier in any other populations. Lys103Met substitution in
exon 3 was highly prevalent and was detected in 50% of
the patients. A summary of the mutational analysis and
their occurrences in patients are presented in Tables 1 and
2. Although there was no correlation between the type or
number of mutations and serum uric acid level (Table 1),
one patient, exhibiting a missense mutation (Lys103Met)
along with an insertion (329InsG) and a 20 bp deletion in
the intronic region between exon 5 and exon 6, suffered
from very high uric acid levels (>700𝜇mol/L). Further, no
mutation in the entire nine-exonic region of HPRT gene was
detected in patient number 3 which has significantly high
serumuric acid level of 564 𝜇mol/L (Table 1). As the observed
mutations were novel, we tried to predict the structural
and functional consequences of the amino acid substitutions
using SIFT and Polyphen. These predictions were further
tested for disease association using SNPnexus. Out of the
13 mutations that were observed, 3 (Leu85Val, Lys103Met,
and Val160Gly) were found to be damaging from both SIFT
and Polyphen predictions (Table 2). Point mutation at codon
85 resulted in frameshift; hence we considered HPRT with

amino acid Lys103Met and Val160Gly substitutions for SIFT,
Polyphen, and MD simulation analyses. For three of the
mutations (Val160Val, Val160Arg, Val, Ala160Ala, Ser) SIFT
and Polyphen could not generate a prediction. Surprisingly,
all the 12 mutations showed an association with Lesch-Nyhan
syndrome according to SNPnexus (Table 2).

3.2. Amino Acid Alterations on Protein Stability. The results
showed an excessive-folding free energy (ΔΔ𝐺 = −0.04
for Lys103Met and 3.23 kcal/mol for Val160Gly) for the two
mutations that were predicted to be damaging. Val160Gly
was predicted to be destabilizing, whereas Lys103Met was
predicted to be stabilizing. SNAP predicted Val160Gly and
Lys103Met to be nonneutral. Substitution of Lys103Met and
Val160Gly resulted in a slight worsening of ProSA-web z-
score, from −8.3 to −8.04 (Figure 2(d)), the total energy devi-
ation is −2.74 whichmight have a very unfavorable change on
the protein structure and function. Results from independent
evaluation programs like I-Mutant and Mutpred (data not
shown) also hinted that the protein stability decreased upon
mutations at positions 103 and 160 of HPRT.

3.3. MD Simulations of the Native and Mutant Residues
(Lys103Met and Val160Gly). The 3D structure of HPRT has
already been deduced (PDB ID: 1BZY). Annotations about
this protein were obtained from Uniprot-entry P00492. We
were interested to examine the functional effects of Lys103Met
and Val160Gly substitutions in HPRT. Figure 1 shows the
schematic structures of the wild type (left) and the mutant
(middle) amino acids. The backbone, which is the same for
each amino acid, is colored in red. The side chain, unique
for each amino acid, is colored in black. Each amino acid
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Figure 2: (a) Ribbon diagram of HPRT protein showing all the four side chains A, B, C, and D. (b) Location of mutations (K103M and
V160G) identified in the HPRT protein of hyperuricemia patients. (c) Structure of human hypoxanthine guanine phosphoribosyltransferase
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has its own specific size, charge, and hydrophobicity-value.
The mutant residues (Glycine and Methionine) are smaller
than the wild type (Valine and Lysine) residues. The wild
type residue (Lysine) at codon 103 is positively charged
while the mutant residue (Methionine) is neutral and more
hydrophobic than the wild type residue. Both wild type
residues are not conserved at their respective positions when
compared with other homologous sequences. However, the
other amino acids found in homologous sequences at these
positions are not similar to the mutants that we observed.
Thus, these mutations may alter the structure and have
deleterious effect on the function of HPRT.

The probability that a mutation will cause disease tends
to be higher when the missense mutation was within a
functionally important region. MD simulation was essential
to make predictions of the effects of novel HPRT mutations,
opening possibilities for exploring properties of the molec-
ular system under investigations that are less accessible by
conventional experimental methods. For MD simulations,
the HPRT gene structural information was obtained from the
PDB database (RCSB PDB) and Human Genome Variation
database (HGVBASE). Based on the amino acid sequence
and the ORF, the HPRT amino acid structure was submitted
to I-TASSER program and the best among the five models
based on theC-score (−3.452), TM-score (0.34±0.11), RMSD
(11.0 ± 4.6 Å), number of decoys (1926), and cluster density
(0.0433), 1BZY, was selected as the best match.

The humanHPRT gene structure (PDB ID: 1BYZ) having
218 amino acid residues with 4 side chains (A, B, C, and
D) was used as a wild type protein (Figures 2(a) and
2(b)). The mutations in the predicted HPRT structure were
introduced using Discovery Studio 2.5 (DS Modeling 2.5,
Accelrys Inc., San Diego, CA, USA) to observe the altered
protein structure and to compare it with the native structure
(Figure 2(c)). Initially, all the ligand atoms other than water
molecules were deleted from the crystal structure. All molec-
ular modeling simulations were performed by Discovery
Studio 2.5 (Accelrys, USA) with CHARMm force field and
CFF partial charges used in simulations. The target residues
were mutated (Lys103Met and Val160Gly) and the lowest
energy rotamer conformations were chosen. The atomic
positions were minimized by 200 cycles steepest descent
(SD) with the following two conditions, (1) the backbone
of the protein which was kept fixed and (2) presence of a
35 Å water sphere generated around the center of mass of
the protein. All water molecules were subsequently removed
from the resulting structure and the protein molecule was
solvated using “explicit periodic boundary” option where
the system was neutralized and solvated in a spherical box
of water molecule with a minimum solute-wall distance of
10.0 Å. The entire system was then optimized initially by
200 cycles SD and then by conjugate gradient (CG) till the
derivative reached 0.01 kcal/mol/Å (Supplementary Tables
2–4, Supplementary Figures 1–3) using the Particle Mesh
Ewald approach for the evaluation of the electrostatic energy
term with 10 Å distance cutoff. A similar protocol was also
applied forwild typeHPRT (PDB ID: 1BZY) structure to relax
the crystal packing force for comparison with the mutant in a
similar platform (Supplementary Tables 2–4, Supplementary

Figures 1–3). The solvate showed successful aqueous solvent
accumulation around the predicted structure. The solvate
with octahedral shapes of water box fully fitted to solvate
the molecule with edge distance 10.0 (Figure 2(e)).The native
and the mutant structures were superimposed to observe
the structural consequences due to the mutation (Figures
2(f) and 2(g)). The Discovery Studio 2.5 confirmed that the
disease associated variants (Lys103Met and Val160Gly) were
located in binding site of predicted structure, signifying that
the mutation plays an important role and alters its binding
efficacy as well as its structural and functional properties
(Figure 2(h)).

4. Discussion

Tomita-Mitchell and his colleagues [34] reported 600 dif-
ferent point mutations in the HPRT gene. According to the
Human Gene Mutation Database, the mutational spectrum
of the HPRT locus contains more than 300 mutations and
over 165 (76%) were reported to be in the coding region. At
least 72% (155 out of 218) of the amino acids in the HPRT
monomer are mutable; that is, a substitution is known to
give rise to a clinical or thioguanine-selectable phenotype
[35]. This large target for mutation may partly be explained
by a high degree of evolutionary conservation and partly
by the formation of a complex holoenzyme with large
dimer-tetramer interfaces that are sensitive to substitutions.
However, the reported missense mutations are not evenly
distributed among the 218 codons in the HPRT gene. While
there are several frequentlymutated codons inHPRT gene, as
many as 46 codons exist without any known mutations [36].
The nonrandom distribution of mutations and the existence
of significant hot spots and “cold spots” suggest that features
related to DNA sequence context as well as DNA replication
and repair mechanisms contribute to the observed spectrum
of mutations in the HPRT DNA. We observed Lys103Met
substitution in 50% of the cases, suggesting this location to
be a mutational hotspot in our patient population. Isolated
hotspots with the same mutation occurring multiple times in
unrelated patients have been reported in earlier studies [37].
Previous analyses of the HPRTmutational spectrum [38–45]
had revealed structural features in DNA that probably con-
tribute tomutation induction at theHPRT locus, for example,
missensemutations due to single base substitutions leading to
amino acid substitutions; nonsense point mutations leading
to premature stop codons and truncated proteins; deletions
leading to the loss of enzyme activity. Importantly, missense
mutations have been shown to be overrepresented within
or close to several quasipalindromic sequences in HPRT
gene that are predicted to form hairpin structures. However,
for most of the missense hotspots at the HPRT locus, the
underlying molecular mechanisms of mutagenesis remain
to be elucidated. In the present study, we sequenced all the
nine exons of HPRT gene utilizing primers designed in the
flanking intronic regions of each exon.We identified 12 novel
mutations in the protein coding region in the Saudi Arabian
hyperuricemia patients.

Although we identified several mutations in the intronic
as well as untranslated regions, we reported only those
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mutations that were found in the protein coding sequences.
Although the exact mutations identified in our study have
not been found in other populations, several studies reported
similar mutational profile in the same regions of the HPRT
gene; for example, mutations in the exonic regions 3 and 6
were also reported by several groups and these alterations
include 312C>A [38], 314A>G [36], 315T>G [46], 325C>T
[47], 329C>T [48], 368C>G [49], 370A>C [50], 389T>A
[48], 611A>G [51], 610C>G [52], 610C>T [53], 618T>A [39],
and 617G>A [52]. In contrast to some genetic diseases in
which one or a small number of mutations account for the
diseased condition inmajority of patients, HPRT deficiencies
are caused by multiple different mutations affecting nearly all
parts of HPRT gene.Therefore, the identification of mutation
in each family with hyperuricemia must be carried out prior
to the prenatal diagnosis. We also observed a large deletion
(20 bp) in the intronic region between exons 5 and 6 in one
of our hyperuricemia patients. Yamada and colleagues also
reported such large deletion and translocation in the HPRT
gene [50, 54].

Since deficiency in HPRT is severely X-linked, patients
are usually limited to males. However, we identified an
unusual case of a femaleHPRT-related hyperuricemia (HRH)
patient harboring a nonsynonymous frameshift mutation at
327InsT and 340T>A. Interestingly, this patient also suffers
from Churg Strauss syndrome and taking a close look at the
pedigree of this patient revealed that her mother suffers from
Asthma, and out of 8 sisters and 3 brothers, 5 sisters suffer
from Churg Strauss and one brother succumbed to Asthma.
Although there are a few reports stating that Allopurinol (a
drug to treat hyperuricemia and GOUT) causes drug rash
with eosinophilia and systemic symptoms syndrome, a closer
look at the molecular aspects of the mechanism involved will
be worth investigating. Several other studies also reported
mutations in the HPRT gene in female patients; however, the
identified mutations were different than those determined in
this study [55–57]. The molecular mechanisms responsible
for the HPRT deficiency in the first reported female patient
were a complete deletion of maternally inherited HPRTallele
and inactivation due to abnormal methylation of the paternal
HPRTallele [57]. In another instance of a female patient, a
nonsense mutation, R51X, was detected in one of the alleles
of HPRT, and a decreased normal mRNA expression from
the other allele was observed [58]. So far, five female LND
patients with partial HPRT deficiency have been reported.
The genotypes of these female patients were heterozygous
for mutations similar to the carriers, and a nonrandom X-
inactivation of the normal allele occurred [45].There are also
reports which showed skewed X inactivation in monozygotic
twins, where one of the twins suffered from the disease [45].

In this study, we identified 13 novel HPRT gene muta-
tions in 10 biochemically confirmed hyperuricemia patients
of Saudi Arabian ethnicity. As these mutations were not
reported in earlier studies, we further characterized the effect
of these mutations on the protein function and stability
utilizing computational methods such as SIFT, Polyphen, and
MD simulations. In a similar study Nguyen and Nyhan [42]
reported novel mutations in the human HPRT gene in three
unrelated Lesch-Nyhan patients; however, the absorbed and

compensated movements of the structural elements in the
solvated protein were not studied in detail. A similar insilico
and molecular dynamic simulation strategy was performed
by Kamaraj and Purohit [59] to screen disease-associated
nsSNP in TYRP1 gene and its structural consequences in
OCA3. Using similar tools (PolyPhen 2.0, SIFT, PANTHER,
I-mutant 3.0, PhD-SNP, SNP&GO, Pmut, andMutpred) they
found that R326H and R356Q are the most deleterious
mutations associated with Oculocutaneous albinism type III
(OCA3) disease. In order to have a better understanding of
pathological outcomes of a mutant protein, its conforma-
tional changes with respect to its native protein have to be
studied at molecular level. Molecular dynamic simulation
(MDS) had been a preferred platform to study the phenotypic
effect induced by point mutations by computational biolo-
gists [60, 61]. In our study, we for the first time report the
solvated model of the HPRT mutated protein which showed
very good correlation between the predicted functional and
structural effects on one hand and the observed phenotype
on the other hand, leaving few or no alternative options.

For most of the changed residues, we could explain the
resulting phenotype by possible structural changes in the
dimer interfaces, ligand binding site, or protein hydrophobic
core. Interestingly, in the case of the two mutations result-
ing in amino acid substitutions which were found to be
damaging by SIFT and Polyphen, the wild type residues
were not conserved at these positions when compared with
other homologous sequences. The mechanism pertaining
the deleterious functional effect caused by the substituted
amino acids needs further elucidation. This is the first study
examining the HPRT gene in Saudi Arabian hyperuricemia
patients. The novel mutations identified in these patients
along with the already reported alterations may prove to be
useful in genetic counseling as well as prenatal diagnosis of
HPRT-related diseases.

5. Conclusions

Overall, the unique nature of most identified mutations,
their uniform distribution throughout the gene, and the
presence of de novo cases confirmed that hyperuricemia is
not linked to anymajor foundermutation at least in the Saudi
Arabian population but is rather the consequence ofmultiple,
separate, independent events randomly affecting the HPRT
gene. MD simulation was essential to make predictions of
the effects of a novel HPRT mutations, opening possibilities
for exploring properties of the molecular system under
investigation that are less accessible by conventional exper-
imental methods. MD studies also indicate that the HPRT
mutation has negligible effect on the protein when it is free in
solution with solvated protein condition but the helical wild
type structure gradually loses its secondary structure upon
simulation and perhaps most importantly, it was found that,
in the presence of this novel mutation, the binding surface is
significantly altered preventing HPRT from functioning.The
results reported herein strengthen the role of the functional
and structural impact in HPRT activity and provide useful
information for the design of appropriate mutants for future
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mechanistic studies. Thus, recent advancements in the use of
high performance molecular dynamics with very long-range
incessant simulation trajectories and in silico simulation
studies have opened new doors to understand mutation-
induced changes in proteins at atomic level [62].
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