Gene 503 (2012) 215-221

Contents lists available at SciVerse ScienceDirect

Gene

journal homepage: www.elsevier.com/locate/gene

In silico structural, functional and pathogenicity evaluation of a novel mutation:
An overview of HSD3B2 gene mutations™

Bahareh Rabbani *"*', Nejat Mahdieh ™, Mohammad Taghi Haghi Ashtiani ™,
Aria Setoodeh ™€, Ali Rabbani > ¢**

2 Growth and Development Research Center, Tehran University of Medical Sciences, Tehran, Iran
b pediatrics Center of Excellence, Tehran University of Medical Sciences, Tehran, Iran

¢ Children's Medical Center Hospital, Tehran University of Medical Sciences, Tehran, Iran

4 Medical Genetic Group, Faculty of Medicine, llam University of Medical Sciences, llam, Iran

€ Division of Human Genetics, National Institute of Genetics, Mishima, Japan

ARTICLE INFO ABSTRACT

Article history:
Accepted 23 April 2012
Available online 8 May 2012

Mutations of 3 beta hydroxysteroid dehydrogenase type Il (HSD3B2) gene result in different clinical conse-
quences. We explain a patient who demonstrated a salt wasting form of 3RHSD deficiency in infancy. Signs
of hyponatremia and hyperkalemia were recognized in the infant with ambiguous genitalia and perineal
hypospadias. The 46,XY male was genotyped by direct sequencing of HSD3B2 gene. Steroid profiles showed
elevated concentration of 17 hydroxyprogesterone, and decrease in concentration of cortisol, and testoster-
one. Dehydroepiandrotone (DHEA) to androstenedione ratio had 6 fold increases. Direct sequencing of the
patient revealed homozygous missense A82P mutation in exon 3. This mutation was confirmed by segregation
analysis of the parents. Bioinformatic tools were used for in silico structural and functional analyses. Also, the
pathological effect of the mutation was validated by different software. Alanine is a conserved amino acid in
the membrane binding domain of the enzyme and proline substitution was predicted to destabilize the pro-
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tein. This report may highlight the importance of the screening programs of the disorder in Iran.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

3-beta hydroxysteroid dehydrogenase (3RHSD) deficiency is a rare
autosomal recessive form of congenital adrenal hyperplasia (CAH)
(Thilen and Larsson, 1990) due to mutations in type Il (HSD3B2) gene.
The gene encodes a nicotine adenine dinucleotide (NAD)* membrane

Abbreviations: HSD3B2, 3 beta hydroxysteroid dehydrogenase type II; DHEA, dehydro-
epiandrosterone; CAH, congenital adrenal hyperplasia; NAD, nicotine adenine dinucleotide;
CBC, complete blood cell count; 170HP, 17 hydroxyprogesterone; ACTH, adrenocorticotropic
hormone; I-TASSER, iterative threading assembly refinement; Phyre 2, protein homology/
analogy recognition engine; SNP, single nucleotide polymorphism; SIFT, Sorting Intolerant
From Tolerant; PolyPhen-2, Polymorphism Phenotyping; PON-P, Pathogenic or Not pipeline.
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associated enzyme (Headon et al., 1978), located in the endoplasmic
reticulum and mitochondria. 3HSD?2 is a bifunctional dimeric enzyme
required in steroid biosynthesis pathway which regulates the conver-
sion of steroid precursors into respective final products including aldo-
sterone, cortisol, and sex hormones in the adrenal gland by sequential
oxidation and isomerization (Lachance et al, 1991; Penning, 1997).
NAD-+ is reduced to NADH by dehydrogenase activity of the enzyme
which is then needed for the activation of isomerase residing on the
same enzyme that adapts different conformation (Thomas et al., 2003).

The HSD3B2 gene locating on chromosome 1p13.1 (Berube et al.,
1989) is expressed in adrenal and gonads (Rheaume et al., 1992). It
has four exons expressing into a 1.12 kb coding RNA and 372 amino
acids. To date, nearly 40 mutations including point mutations, and
small insertions or deletions have been found which are listed in
the Human Gene Mutation Database (HGMD, www.hgmd.cf.ac.uk).
Related genotypes may lead to a wide spectrum of clinical manifesta-
tions (Simard et al., 2005). Mutations have been distributed among all
populations (Simard et al., 2005).

3BHSD deficiency is divided into classic and non-classic forms.
Impaired steroidogenesis is related to both adrenals and gonads. The
salt wasting form of classic HSD3B2 may be life threatening if not
treated early; however, non salt wasting would be diagnosed later
in life. Males would present hypospadias, and ambiguous genitalia; fe-
males would show normal or mild virilized external genitalia because
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this deficiency lowers the testosterone concentration for development
of external genitalia (Pang, 1998).

Molecular analysis of Iranian CAH patients has been carried out
for CYP21A2 gene (Vakili et al., 2005; Ramazani et al., 2008; Rabbani
et al., 2011a, 2011b) which accounts for more than 95% of the CAH
defects in Iran. However, the remaining causal defects of CAH are
unknown among this population.

Here, we report a novel variant in an Iranian family with signs of
3PRHSD deficiency. The pathogenic effect of missense variant was
evaluated using different bioinformatic tools. In silico structural and
functional platforms were analyzed for this mutation. To our knowl-
edge this is the first molecular analysis of HSDB2 gene in this popula-
tion. We also indicated different reports on HSD deficiency and the
related mutations.

2. Methods
2.1. Patient

A twenty-day-old infant boy, born as the first child of a consan-
guineous marriage in northern part of Iran, was referred due to ambig-
uous genitalia and dehydration presented to his general practitioner;
he was born from a normal delivery and the mother had not used
any medication. No other clinical finding or medication during preg-
nancy was written on his history document. Physical examination
revealed tachycardia/pulse rate of 160 beats/min and respiratory
rate of 60 breaths/min at rest. His blood pressure was 60/40 mm Hg,
and his pulse rate was 100 beats/min. Examination on admission
showed growth measurements of 51 cm of length (5th percentile),
weight of 3000 g, and head circumference of 36 cm. The patient
underwent fluid therapy. The newborn's length, weight and head
circumference at birth were 49 cm, 4100 g, and 35 cm, respectively.
Genitalia examination determined mild hyperpigmentation, micro-
phallus with chordee, bifid scrotum, palpable testis in scrotum, peri-
neal hypospadias (score IV) and inguinal hernia at the right side.

Complete blood cell count (CBC) was normal; blood glucose level
was 60 mg/100 mL. Electrolyte analysis showed that plasma Na was
120 mEq/L (normal range [NR]: 139-146 mEq/L) and K 7 mEq/L
(NR: 3.5-5 mEq/L). Hormone concentrations were as follows: 17 hy-
droxyprogesterone (170HP) 28 nmol/L (normal range [NR]: 0.2-
2.3 nmol/L), cortisol 3 pg/dL (NR: 5-23pg/dL), ACTH 500 pg/mL
(25-100 pg/mL), dehydroepiandrosterone (DHEA) 3105 ng/mL (NR:
3-83 ug/L), testosterone 0.5 ng/mL (NR: 3-10ng/dL), and andro-
stenedione 510 ng/mL (NR: 0.28-1.75 ng/dL); plasma rennin activity
was also high. Concentrations of hormones and electrolytes are shown
in Table 1.To date the patient is undergone fluorohydrocortisone and
hydrocortisone substitution.

2.2. Molecular analysis of HSD3B2 gene

After genetic counseling and signing the informed consent, blood
sample was collected from the patient and his parents. DNA was
extracted according to standard methods (Miller et al., 1988). PCR

Table 1
Concentrations of electrolytes and hormones.

Electrolyte/hormone Concentration Normal range

Plasma Na 120 mEq/L 139-146 mEq/L
Plasma K 7 mEq/L 3.5-5 mEq/L
17 Hydroxyprogesterone (170HP) 28 nmol/L 0.2-2.3 nmol/L
Cortisol 3 pg/dL 5-23 ug/dL
ACTH 500 pg/mL 25-100 pg/mL
Dehydroepiandrosterone (DHEA) 3105 ng/mL 3-83 ug/L
Testosterone 0.5 ng/mL 3-10 ng/dL
Androstenedione 510 ng/mL 0.28-1.75 ng/dL

amplification of HSD3B2 gene was performed as previously described
(Rheaume et al., 1992, 1994; Sanchez et al., 1994; Simard et al., 1993).
Six different fragments encompassed the four exons and 5’ and 3’
untranslated regions of the gene. PCR products were directly se-
quenced by BigDye termination method by sequencing analyzer ABI
3130XL (PE Applied BioSystems, US).

2.3. Mutation data abstraction

A manual search of the literature on HSD3B2 gene mutations was
used to identify all the reported mutations in the database.

2.4. Multiple sequence alignment

A multiple sequence alignment in UniProt was carried out for
3RHSD protein family to demonstrate conserved domain among dif-
ferent paralogs and orthologs.

2.5. Structural and functional analysis

Human 3BHSD2 protein (UniProtKB/Swiss-Prot P26439) is a mem-
ber of short chain dehydrogenase family of NAD or NADP-dependent ox-
idoreductase. There is no experimentally determined structure for
3PBHSD2. Although some members of its family have a structured
model, a structure based analysis is needed for 3BHSD2 protein. Based
on template-based homology and folding recognition, protein
homology/analogy recognition engine (Phyre 2) server (Kelley and
Sternberg, 2009) and iterative threading assembly refinement
(I-TASSER) server (Roy et al,, 2010), the structure was predicted for
3BHSD2 protein. 3D structure of the protein was constructed with
template structure 1r66A. Three-dimensional structures of the proteins
were visualized by FirstGlance in Jmol.

Also, these servers were able to predict the function of protein se-
quence based on gene ontology and binding sites. SwissModel (Kiefer
et al., 2009; Kopp and Schwede, 2004) tool was used for comparative
molecular modeling of 3BHSD protein structure.

2.6. SNP annotation

Refseq (NG_013349.1) was searched from NCBI (www.ncbi.nlm.
nih.gov/Nucleotide) and aligned to the obtained sequences for single
nucleotide polymorphism (SNPs) search. SNPs that substitute resi-
dues in proteins may cause differences in protein function. The pro-
tein sequence was compared to the sequence on UniProt accession
number P26439. The UniProtKB/Swiss-Prot contains all available pro-
tein sequences and protein functional annotation. Protein description,
function and catalytic activity are available in this dataset.

Understanding the molecular cause of SNP for pathogenicity and/
or disease causing amino acid substitution was determined in silico
by available tools.

Sorting Intolerant From Tolerant (SIFT) (Ng and Henikoff, 2001) and
Polymorphism Phenotyping (PolyPhen-2 v2.1) (Ramensky et al., 2002)
servers were used to predict the effect of a non-synonymous SNP
substitution on protein structure, function and phenotype, sequence
conservation and/or protein structure. Pathogenic or Not Pipeline
(PON-P) (Thusberg and Vihinen, 2009) service was used to describe
the pathogenic effect of amino acid change in a simple and fast link.
Various mutation analysis methods are provided by the pipeline to
specify the structural changes due to side chain size, hydropathy, disor-
der, aggregation, stability, and tolerance. SNPs&Go was used to predict
the relating mutation to the disease causing SNP (Calabrese et al.,
2009). This bioinformatic tool predicts the mutation relating disease
with the accuracy of 82%. Gene ontology, biological process, molecular
function and cell components are compared to the investigated protein.
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2.7. 3BHSD2 interactome

Interaction of 3RHSD2 protein was predicted by STRING database
version 9 which is a database of known and predicted proteins. The
interaction includes physical and functional associations derived
from genomic context, high throughput experiments, co-expression
and previous knowledge (Szklarczyk et al., 2011).

3. Results
3.1. Mutational verification

Direct sequencing of the six fragments revealed a homozygous
transversion of G to C which modifies GCC to CCC codon at position
82 of exon 3 (chr1:119,962,142), which substitutes alanine to proline
amino acid in the patient. This point mutation was confirmed by seg-
regation studies in both parents as being heterozygous (Fig. 1).

Up to Jan 2012, the reported mutations of HSD3B2 gene and the re-
lated phenotypes based on their ethnicity are listed in Table 2. The re-
lated SNP was searched for novelty in dbSNP and HGMD for the disease
causing mutation. This mutation has not been reported so far.

3.2. Protein sequence alignment

The 3BHSD is a single pass membrane enzyme. The mutations

found relating to different regions of the enzyme are depicted in Fig. 2.

Comparison of protein domain alignment with 3RHSD family de-
lineates a conservation of amino acid in some domains of the enzyme.
As indicated in literature, amino acid 82 of 3BHSD protein is part of
membrane binding region (Thomas et al., 1999) (Fig. 2). A multiple
protein alignment of the HSD3B2 sequence with the related family
members revealed that Ala82 is highly conserved among not only
other mammalians, but also among other species (Fig. 3).

c cACA CC

Normal

A

C CACATCTCIEC

C ¢ TG TAaAT
Patient

MV A

C CACACTU CIHNC CT GT AT
Father

C CACATCCIN

Mother

M

Fig. 1. Electropherograms of a normal control, the patient and his parents. GCC to CCC
substitution cause Ala to Pro at protein level. Patient and normal control are homozygous
for C and G respectively. The patient's parents are heterozygotes for this variant.

3.3. Structure prediction

Secondary structure prediction was achieved with online tools.
[-TASSER prediction is basically based on threading model (Roy
et al.,, 2010). Phyre 2 server predicted the structure based on template
based homology modeling and fold recognition (Kelley and Sternberg,
2009). Secondary structure was determined as a coil structure by
I-TASSER server (Fig. 4A) with mid confidence value. As illustrated, this
position is buried in the protein with no solvent accessibility. The
B-strand (E = extended) structure was predicted with mid confidence
by Phyre 2 server (Fig. 4B). The position is structurally ordered that
means this region is globular and relatively static. Disordered regions
are flexible, dynamic and can be partially or completely extended in
solution.

The highest similar structure 1sb8A (Pseudomonas aeruginosa
UDP-N-acetylglucosamine 4-epimerase complexed with UDP-N-
acetylgalactosamine, classified under isomerase family) was deter-
mined by I-TASSER server which constructed the 3D structure
(Fig. 4C). The 3D model structure based on homology modeling of
c1z45A (gal10 fusion protein galactose mutarotase/UDP-galactose
4-epimerase from Saccharomyces cerevisiae complexed with NAD,
UDP-glucose, and galactose, family of isomerase) with coverage of
83% wherein 22% of the sequences had identity by Phyre 2 server
(Fig. 4D). Also, the sequence was matched to the members of
tyrosine-dependent oxidoreductase family, named d1r6da with 20%
identity from superfamily of NAD (P)-binding Rossmann-fold domains
based on fold recognition (Phyre server). The comparison of the tem-
plate was designed based on template 3hsk (42% identity; aspartate
semialdehyde dehydrogenase with NADP from Candida albicans, classi-
fied in oxidoreductases), 319w (22% identity; KefC C-terminal domain
in complex with KefF and GSH), 2dfd (21% identity; human malate
dehydrogenase type 2, classified in oxidoreductases) and 1r6d (20%
identity; DesIV double mutant (dTDP-glucose 4,6-dehydratase) from
Streptomyces venezuelae with NAD and DAU bound, classified in lyses)
in SwissModel.

3.4. Functional analysis

The result of I-TASSER is based on enzyme commission, gene on-
tology, and ligand-binding site. The functional analysis elucidated
isomerase activity with high homology to 1sb8A. Ligand binding site
prediction identified 1EK6 (human UDP-galactose 4-epimerase com-
plexed with NADH and UDP-glucose) with high score of binding site
identity (data not shown). The Phyre 2 server looks for template
binding site, cleft detection and consensus functional sites. This was
done by 3DLigandSites (Wass et al., 2010) which is based on ligand
binding sites on similar structures in protein library. Here, 1z45A (gal10
fusion protein galactose mutarotase/UDP-galactose 4-epimerase from S.
cerevisiae complexed with NAD, UDP-glucose, and galactose) was used
as model structure. Position 82 was also predicted as a binding site
(data not shown).

3.5. In silico analysis of disease causing amino acid substitution

Based on different bioinformatic online software the probability of
amino acid alteration and its effect were examined on the protein
function and pathogenicity. SIFT 0 (<0.05 pathogen) and PolyPhen
0.999 (0.5-1.5 possibly/probably damaging) were calculated for the
amino acid substitution. PHD-SNP 4 (predictor of human deleterious
single nucleotide polymorphism), and SNAP (screening for non-
acceptable polymorphisms) values were exemplified as having patho-
genic effect with POP tool. This suggested that the amino acid change
could be deleterious. Also, SNPs&Go bioinformatic tool predicted the
pathogenicity of the novel missense G to C mutation deleterious
with the reliability index of 9 (unreliable: 0-10: reliable). Table 3
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Table 2
Reported HSD3B2 gene mutations and clinical features involved in congenital adrenal hyperplasia in the related populations.
Mutation type Codon change Phenotype Population References
Missense L6F HSD3B deficiency Pakistani Zhang et al. (2000)
A10E HSD3B deficiency French Alos et al. (2000)
Al10V HSD3B deficiency Egyptian Moisan et al. (1999)
G15D HSD3B deficiency Algerian Rhéaume et al. (1995)
A82T Pseudohermaphroditism Brazilian Mendonga et al. (1994)
A82P HSD3B deficiency Iranian Present study
N100S Pseudohermaphroditism French, English Mébarki et al. (1995)
L108W Pseudohermaphroditism Spanish/Portuguese Sanchez et al. (1994)
G129R Adrenal hyperplasia American, Brazilian Rheaume et al. (1994)
E142K Adrenal hyperplasia American, Caucasian Simard et al. (1993)
P155L HSD3B deficiency French Moisan et al. (1999)
L173R Pseudohermaphroditism Scottish Russell et al. (1994)
P186L Pseudohermaphroditism Spanish/Portuguese Sanchez et al. (1994)
L205P Adrenal hyperplasia Japanese Katsumata et al. (1995)
S213T Idiopathic hypospadias ND Codner et al. (2004)
S213G Premature pubarche ND Moisan et al. (1999)
P222Q HSD3B deficiency Algerian Moisan et al. (1999)
P222H HSD3B deficiency Brazilian Moisan et al. (1999)
P222T HSD3B deficiency Eastern European Pang et al. (2002)
L236S HSD3B deficiency French, American Nayak et al. (1998)
A245P Adrenal hyperplasia Turkish Simard et al. (1993)
Y253N Adrenal hyperplasia Dutch Simard et al. (1993)
Y254D Adrenal hyperplasia American Sanchez et al. (1994)
T259R Adrenal hyperplasia Japanese Tajima et al. (1995)
T259M HSD3B deficiency Taiwanese, Brazilian, French Moisan et al. (1999)
S284R Idiopathic hypospadias ND Codner et al. (2004)
G294V HSD3B deficiency French Moisan et al. (1999)
P341L HSD3B deficiency ND Welzel et al. (2008)
X373C HSD3B deficiency Caucasian Pang et al. (2002)
Nonsense E135X Adrenal hyperplasia Chilean Marui et al. (1998)
W171X Adrenal hyperplasia Swiss, American Rheaume et al. (1992)
R249X Adrenal hyperplasia Japanese Tajima et al. (1995)
Y308X Adrenal hyperplasia Japanese Tajima et al. (1995)
R335X HSD3B deficiency ND Welzel et al. (2008)
W355X HSD3B deficiency ND Welzel et al. (2008)
Deletions 687del27 HSD3B deficiency Sri-Lankan Moisan et al. (1999)
797delA Pseudohermaphroditism English McCartin et al. (2000)
818delAA Adrenal hyperplasia Afghan/Pakistani Simard et al. (1993)
867delG HSD3B deficiency French Moisan et al. (1999)
953delC Adrenal hyperplasia Pakistani Zhang et al. (1996)
Insertions 558insC HSD3B deficiency American, Dutch Rheaume et al. (1992)

ND = not determined.

shows the summary of the result of each tool on predicting the disease
causality of amino acid change.

R335X
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558insC  687del27 S284R

Fig. 2. Schematic inferred structure of 3BHSD2 domains and distribution of its muta-
tions reported so far. As interpreted, 33HSD2 enzyme is a single pass membrane struc-
ture (283-310) with a binding membrane domain at C-terminal (79-89 amino acids).
Stop codon mutations are highlighted in gray. Deletion and insertion mutations are
underlined. The new reported mutation is in italic.

3.6. Interactome analysis

The interactome analysis revealed that HSD3B2 gene is related to
CYP17A1 (17a-hydroxylase/17,20 lyase/17,20 desmolase), CYP11A1
(cholesterol side-chain cleavage enzyme), CYP11B1 (11 B hydroxylase),
NR4A1 (nerve growth factor 1B), SRD5A1 (steroid 5 alpha reductase
dehydrogenase alpha 1), SRD5A2 (steroid 5 alpha reductase dehydro-
genase alpha 2), CYP19A1 (aromatase), HSD17B2 (17 B hydroxysteroid
dehydrogenase 2), HSD11B1 (11 B hydroxysteroid dehydrogenase 1),
UGT2B15 (UDP glucuronosyl transferase 2) genes (Fig. 5).

4. Discussion

A few molecular studies have been published about CAH patients
in Iran, and all of them have worked on CYP21A2 gene mutations
(Vakili et al., 2005; Ramazani et al., 2008; Rabbani et al., 2011a). In
this study, a homozygous coding mutation is reported in a 20 day
old pseudohermaphrodite male due to substitution of G to C of
codon 82 (at position 244), encompassing the membrane binding
domain of 3RHSD enzyme. Cosegregation analysis approved the exis-
tence of the mutation through parental gene.

Up to now, about 40 mutations have been reported to be deleteri-
ous in HSD3B2 gene; of these mutations, 33 are base substitutions
(27 missense and 6 nonsense mutations) and 6 are base deletions
and insertions. That is, most of the mutations (84.6%) are substitu-
tions (Table 2).
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53 TKLTVLEGDILDEPFLKRACQDVSVVIHTACIIDVFGVTHRESIMNVNVKGTQLLLEACV 112 P26439 3BHS2 HUMAN
53 TKLTVLEGDILDEPFLKRACQDVSVVIHIACIIDVFGVTHRESIMNVNVKGTQLLLEACV 112 B2R8LO B2R8LO_HUMAN
53 TKLTVLEGDILDEPFLKRACQDVSVVIHTACIIDVFGVTHRESIMNVNVKGTQLLLEACV 112 QO5QF01 Q5QP01_HUMAN
53 TKLTVLEGDILDEPFLKRACQDISVVIHTACIIDVFGVTHRQSIMNVNVKGTQLLLEACV 112 G1ROO0O G1R0O00_NOMLE
54 TKLTVLEGDILDEPFLKRACQDVSVVIHNACIIDVFGVTHRESIMNVNVKGTQLLLEACV 113 P27365 3BHS1_ MACMU
54 TKLTVLEGDILDEPFLKRACQDVSVITHTACIIDVFGVTHRESIMNVNVKGTQLLLEACV 113 P14060 3BHS1_HUMAN
54 IKLTLLEGDILDEQCLKGACQGTSVVIHTASVIDVRNAVPRETIMNVNVKGTQLLLEACV 113 P14893 3BHS_ BOVIN
54 IKLTMLEGDILDEQCLKGACQGASVVIHTASTIDVVNAVGRETVMKVNVKGTQLLLEACV 113 Q9N119 3BHS_PIG

54 TKLTMVEGDILDEQCLKRACQGTSVVIHTYASVIDVMNVIHRETIMNVNLKGTQLLLEACA 113 QS5IFPL 3BHS_CANFA
54 VKLTVLEGDILDEQFLKRACQGASAVIHYASIIDVTNLFNPQVTMNVNVEGTQLLLEACS 113 048516 3BHS_HORSE
54 AKVTMLEGDILDAQYLRRACQGISVVIHTAAVIDVSHVLPRQTILDVNLKGTONLLEAGI 113 F1LNS3 F1LNS3 RAT
54 AKVTMLEGDILDAQYLRRACQGISVVIHIASVMDFSRVLPRQTILDVNLKGTQNLLEAGI 113 P22072 3BHS2 RAT

54 AKVTMLEGDILDAQYLRRACQGISVVIHTAAVIDVSHVLPRQTILDVNLKGTQNILEACV 113 P22071 3BHS1_RAT

54 TKVTVLEGDILDAQCLRRACQGISVVIHTAAVIDVTGVIPRQTILDVNLKGTQNLLEACV 113 P24815 3BHS1_MOUSE
54 IKVTVLEGDILDTQYLRRACQGISVVIHTAAIIDVTGVIPRQTILDVNLKGTQNLLEACI 113 P26149 3BHS2_MOUSE
54 IKVTVLEGDILDTQYLRRACQGISVVIHTAAIIDVTGVIPRQTILDVNLKGTQNLLEACI 113 P26150 3BHS3_MOUSE
54 IKVTVLEGDILDTQYLRKACQGISVVIHTIAAVIDVTGVIPRQTILDVNLKGTQNLLEACT 113 Q7TPUO Q7TPUO MOUSE
54 IKVTVLEGDILDTQYLRKACQGISVVIHYAAVIDVIGVIPROQTILDVNLKGTQNLLEACI 113 035469 3BHS© MOUSE
54 IKVTVLEGDILDTQCLRRACQGISVVIHTAALIDVTGVNPRQTILDVNLKGTQNLLEACV 113 Q62878 3BHS4_RAT

54 AKVRVLKGDILDAQCLKRACQGMSAVIHTAAATIDPLGAASRQTILDVNLKGTQLLLDACY 113 Q61694 3BHSS5_MOUSE
54 TKVTVLKGDILDAQCLKRACQGMSAVIHTAAAIDPLGAASRQTILDVNLKGTQLLLDACV 113 Q61767 3BHS4_MOUSE
54 AKVTVLRGDIVDAQFLRRACQGMSVIIHIYAAALDIAGFLPRQTILDVNVKGTQLLLDACV 113 P27364 3BHSS RAT

54 TKVTVLEGDILDAQCLRRACQGISVVIHNAAAIDVWGIIPRQTIIDINVKGTLNLLEACV 113 Q64421 3BHS2_MESAU
54 TKVTVLEGDILDAQCLRRACQGISVVIHYAAAIDVFGAIPRQTVIDINLKGTQHLLDACI 113 035296 3BHS3 MESAU

Fig. 3. Multiple amino acid alignment of 33HSD family adapted from UniProt protein family members. Different orthologous and paralogous members are specified in the right side
of the protein sequences. Ala82 as indicated in the box shows high conservation among different species.

Distribution of mutations of HSD3B2 gene is illustrated in Fig. 2.
Most mutations are located in the N-terminal region of the protein.
It is noticeable that reported mutations of the C-terminal are mostly
nonsense mutations. Three out of six mutations are nonsense mutations
in the C-terminal hence most N-terminal mutations are missense muta-
tions (Fig. 2). Up to now, two mutations were reported in transmembrane
domain.

It seems that among all reported mutations, P222 is a hotspot in
the enzyme due to various probabilities of mutation rate which has
been reported deleteriously as P222Q, P222H and P222T (Table 2).
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Though, A10, A82, and T259 could also be considered as hotspot
since different mutations were reported in these positions (Table 2).
The position of Ala82 has been reported previously as a diseased
variant in Swiss-Prot variant (VAR_010520) which was substituted
to threonine (p.Ala82Thr) (Mendonga et al., 1994; McCartin et al.,
2000). Despite common mutations found in CYP21A2 gene, no com-
mon mutation has been reported for HSD3B2 gene.

HSD3B2 gene encodes into 372 amino acids containing cofactor,
putative substrate binding domain, substrate domain, NAD binding
domain and membrane spanning domain. Two membrane associated
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Fig. 4. Structure prediction of 33HSD2 protein based on I-TASSER and Phyre servers. A) Predicted secondary structure based on threading model by I-TASSER, first line indicates
the sequence, second line indicates the secondary structure which is determined to be coiled at position 82 with the confidence score of 5 (third line). The range of confidence
is 0-9 wherein a higher score indicates a prediction with higher confidence. The solvent accessibility of the sequence is predicted as buried amino acid (range 0-9 wherein a higher
value means higher accessibility). B) Prediction of the secondary structure based on template/homology modeling by Phyre 2 server. First line indicates the amino acid sequence
and the second line is the secondary structure prediction which is determined as extended or B strand structure with the confidence value of high average (red, depicted in line
three), also this position is ordered which means it is not flexible and dynamic with low value (blue); cartoon structural model of human 3BHSD protein, C) constructed by
[-TASSER based on 1r66A (dTDP-glucose 4,6-dehydratase from Streptomyces venezuelae, NAD and TYD bound) with 22% folding aligned identity and 25% sequence identity. D) Con-
structed by Phyre 2 server based on c1z45A (gal10 fusion protein galactose mutarotase/UDP-galactose 4-epimerase from Saccharomyces cerevisiae complexed with NAD, UDP-
glucose, and galactose, family of isomerase. The N-terminal and C-terminal are shown and the position of Ala82 is encircled in larger resolution in 3D structure.
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Table 3

The bioinformatic software for predicting the pathogenicity of the amino acid change. The descriptions of the predicted tools are summarized with the range of value.
Software  Information URL Description Value/range Ref
SIFT Pathogenic or http://blocks.fhcrc.org/sift/SIFT.html Deleterious 0 (<0.05 pathogen; 0-1) Ng and Henikoff (2001)

not predictors
PolyPhen-2 Pathogenic or
not predictors

http://www.bork.emblheidelberg.de/PolyPhen/
http://coot.embl.de/PolyPhen/

Deleterious 0.998 (0-1) damaging Ramensky et al. (2002)

[-Mutant  Stability changes http://gpcr2.biocomp.unibo.it/cgi/predictors/IMutant2.0/I-Mutant2.0.cgi Pathogenic —1.47 (>0: decrease stability; Capriotti et al. (2005)
prediction <0: increase stability)

SNAP Pathogenic or http://cubic.bioc.columbia.edu/services/SNAP/ Non-neutral 5 (>0) Bromberg and Rost (2007)
not predictors

PON Pathogenic or http://bioinf.uta.fi/PON-P Pathogenic  9.95 (0-10) Thusberg and Vihinen (2009)
not predictors

PHD-SNP  Pathogenic or http://snps.uib.es/phd-snp/phd-snp.html Disease 4 (0.998) Capriotti et al. (2006)
not predictors

SNPs&Go  Gene ontology http://snps-and-go.biocomp.unibo.it Disease 9 (0-10:disease) Calabrese et al. (2009)

regions are amino acid 79-89 and 283-310 regions. The latter is a
helical transmembrane domain. Catalytic activity has been reported
for amino acids 154-158 and 269-273. Comparing the two isoforms
of HSD3B, His156 in 3BHSD1 and Tyr156 in 3BHSD2 are different in
catalytic domain, Y154-X-H156/Y156-X-K158, of the isoenzymes
(Thomas et al., 2002). However, His156/Tyr156 resides in the helical
subunit interface of the dimeric enzyme. Also, a nucleotide-binding
domain at the NH2 terminus of 3 beta HSD isozymes consists of
beta strand-alpha helix-beta strand, providing a pocket for AMP
part of the nucleotide factors (Scrutton et al., 1990). This site may
function in both binding site for NAD and isomerase reaction of the
enzyme. It is suggested that the function of 3RHSD2 is associated
with conformational change of the enzyme (Pawlak et al., 2011).
The interaction of 3BHSD2 with outer mitochondrial membrane and
inner mitochondrial membrane translocases may promote the confor-
mational changes. Therefore, it may lead to dual functionality of the
protein. Also, different domains of the 33HSD2 interact with Tom22
(translocase outer membrane protein), Tim23 (translocase inner
membrane protein), and Tim50 complex proteins of the mitochondria.

Residues 72-89 in the NH2-terminal region form a membrane-
binding domain. Deletion of this region causes the mutant protein
to localize in the microsomes, mitochondria and cytosol (Thomas

CYP19A1

CYP11B1

NR4AL

HSD11B1

Fig. 5. Protein-protein interaction network of HSD3B2. This enzymatic system has a crucial
role in the biosynthesis of all classes of hormonal steroids. Predicted functional partners are
as follows: CYP17A1: cytochrome P450, family 17, subfamily A, polypeptide 1; CYP11A1:
cytochrome P450, family 11, subfamily A, polypeptide 1; CYP11B1: cytochrome P450, fam-
ily 11, subfamily B, polypeptide 1; NR4A1: nuclear receptor subfamily 4, group A, member
1; SRD5A2: steroid-5-alpha-reductase, alpha polypeptide 2; SRD5A1: steroid-5-alpha-
reductase, alpha polypeptide 1; CYP19A1: cytochrome P450, family 19, subfamily A,
polypeptide 1; HSD17B2: hydroxysteroid (17-beta) dehydrogenase 2; HSD11B1: hydroxy-
steroid (11-beta) dehydrogenase 1; UGT2B15: UDP glucuronosyltransferase 2 family,
polypeptide B15. This figure was generated by STRING (V9.0) (Szklarczyk et al., 2011).

et al, 1999) and not attached as a membrane enzyme. Residues
72-89, therefore have an important role in membrane association,
because the majority of the mutant protein is shifted into the cyto-
sol. Deletion of these residues results in 8-fold loss of both 3 beta
HSD and isomerase activity (Thomas et al., 1999). It may be accept-
able that Ala82Pro located within the region can decrease the activ-
ities of the enzyme due to its impact on enzyme inclination to the
membrane (Yohannan et al., 2004; Cordes et al., 2002). Previous
studies have shown that increased polarity of the residues 75-91 in
the rat 3 beta HSD type II leads to significant loss of its activity
(Simard et al., 1991; Thomas et al., 1999). This highly conserved hydro-
phobic domain may play an essential role in the activity of not only 3
beta HSD type Il but also the entire 3 beta HSD family. Thus, pathogenic-
ity of Ala82Pro mutation is more suggested. Specifically, the residues
78-82 are very highly conserved among primates and this conservation
highlights that it may be crucial to the activity of the enzyme.

In order to correlate the founded genotype to the disease causing
phenotypes, bioinformatic tools evaluated the function of protein as
pathogenic. The explanation for it could be that alanine side chain
groups are non-reactive and particularly interact with non reactive
atoms of the neighboring amino acids; this was homozygously
substituted by proline. Although both Ala and Pro are from hydropho-
bic nonpolar amino acid's group, proline could not easily adopt differ-
ent conformations in protein structure due to tighter link to the
backbone of the protein; thus it affects the biological activity of the
protein. Since in silico prediction of secondary structure of 3BHSD
showed that A82 is part of coil region, proline substitution could
decrease the stability of helices. Although the pathogenicity of the
mutation was determined in silico but there is demand on the func-
tional analysis of the mutation.

In silico analysis of the function of the enzyme based on template
and fold recognition verified the analysis since it predicted the isom-
erase and NAD binding domains relating to other protein superfam-
ilies in the databases. Also, binding site at position 82 was approved
with the tools.

As known, the HSD enzyme has a crucial role in biosynthesis of all
classes of steroid hormones. As the interactome analysis showed, the
interaction is seen in sex differentiation hormones and estrogen and
testosterone. Therefore, any changes in this enzyme would have an
effect on many pathways.

Structural Biology Knowledgebase (http:sbkb.org) outlines the
structures, theoretical models, structural genomic target information,
protocols and clones from a sequence search. Four protein structures
with 30% identity have been reported in this database for our protein
(P26439) with 23 theoretical models which are not accurate. Despite
the fact that the template alignment in the Phyre server was <30%
identical to the query, the overall fold of the model would be correct
and the central core of the model is accurate. Due to lack of good
template regarding 3D model similarity in the protein structure
library, I-TASSER could not define a very high value to construct a
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3D model. Therefore, there is a need for experimental analysis for the
modeling of this protein.

In conclusion, A82P may have deleterious effect on the enzyme
structure and subsequently affect its function. However, mutations
in HSD3B2 gene are not a major cause of CAH in Iran; nevertheless,
mutation analysis of this gene is required in subpopulations of Iran
to get an accurate frequency of the gene mutation.
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