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Abstract: A homology model of human 3B-HSD type 2 has been developed from homology modeling
techniques using Phyre2 server and refined by ModRefiner. The PROCHECK, QMEAN and ProSA-web
online tools were carried out to evaluate the stereochemical quality of the model. The Ramachandran
plotresulted from PROCHECK showed that 84.5% residues are in the most favored region, 13.7% are in
the additional allowed region, 1.5% are in the generously allowed region and 0.3% are in the disallowed
region. The QMEAN (Z-score) are 0.509 (-3.006) and Z-score of ProSA-web is -7.10. The negative
values of protein fold energies also found in almost all sequences. Furthermore, molecular docking was
also applied to validate the model using MOE. The hydrogen bonding interactions with Tyr'>*, Ser'®,
and Ser?® are found in all docked substrates as well as known inhibitors (trilostane and epostane). A
dataset of azasteroid inhibitors were also docked into the substrate active site of human 33-HSD2.
These docked structures were utilized to construct corresponding docking-based QSAR equation by
employing genetic algorithm (GA) statistical analysis. The contructed best QSAR equation has a robust
predictive power according to its statistical parameters, hence may be applied to supersede the default
scoring function provided by docking software. These results indicate that the human 38-HSD2 model
was successfully evaluated as a good model.
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Abstrak: Model homologi dari enzim 33-HSD2 telah dikonstruksi menggunakan server Phyre2 dan
dilanjutkan dengan ModRefiner. Piranti lunak daring PROCHECK, QMEAN dan ProSA-web digunakan
untuk mengevaluasi kualitas model stereokimia. Plot Ramachandran yang dihasilkan dari PROCHECK
menunjukkan bahwa 84,5% residu berada di most favored region, 13,7% di additional allowed region,
1,5% di generously allowed region dan 0,3% di dissallowed region. Nilai QMEAN (Z-score) adalah
0,509 (-3,006) dan Z-score dari ProSA-web adalah -7,10. Nilai negatif pada energi folding protein
juga ditemukan di hampir seluruh sekuens. Selanjutnya, penambatan molekuler juga diterapkan untuk
memvalidasi model menggunakan program MOE. Interaksi ikatan hidrogen dengan Tyr'**, Ser'** dan
Ser?® ditemukan disemua substrat yang ditambatkan, seperti halnya di senyawa-senyawa inhibitor yang
telah dikenal (trilostane dan epostane). Dataset inhibitor azasteroid juga ditambatkan ke situs aktif
substrat pada enzim 3B-HSD2. Struktur yang tertambatkan digunakan untuk membangun persamaan
QSAR berbasis penambatan molekuler dengan menerapkan analisis statistik genetic algorithm (GA).
Persamaan QSAR terbaik yang terkonstruksi memiliki daya prediksi yang kuat sesuai dengan parameter
statistiknya, sehingga dapat diaplikasikan untuk menggantikan fungsi scoring default yang disediakan
oleh program MOE. Hasil ini menunjukkan bahwa model enzim 33-HSD2 manusia berhasil dievaluasi
sebagai model yang baik.

Kata kunci: enzim 33-HSD2, pemodelan homologi, penambatan molekuler, QSAR.
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INTRODUCTION

THE 3B-HYDROXYSTEROID dehydrogenase/
AS5-4-isomerase (3f-HSD) is a bifunctional dimeric
enzyme required in steroid biosynthesis pathway
which catalyzes the conversion of 3B-hydroxy-A5-
ene-steroid into the corresponding 3-oxo-A4-ene-
steroid by sequential oxidation and isomerization, by
means, oxidation of the hydroxyl group at C3 into the
keto group (EC 1.1.1.145) subsequently isomerization
of A5—A4 (EC 5.3.3.1). This enzyme plays a crucial
role in the biosynthesis of all classes of hormonal
steroids, including sex hormones (androgens,
estrogens, progestins) and corticosteroids (aldosterone
and cortisol )"

The substrates include dehydroandrosterone
(which is converted into androst-5-ene-3,17-
dione), pregnenolone (converted into progesterone)
and 170-hydroxypregnenolone (converted into
17a-hydroxyprogesterone). The human 338-HSD
is a single-pass membrane protein located in
endoplasmic reticulum and mitochondria, consist of
two isoenzymes, designed as type 1 and type 2, encoded
by the HSD3B1 and HSD3B2 genes, respectively.
The type 1 isoenzyme (consisting 373 amino acids,
42.252 kDa) is expressed in placenta and peripheral
tissues, including prostate, mammary glands and
skin. Whereas the type 2 isoenzyme (consisting 372
aminoacids, 42.052 kDa) is predominantly expressed
in the adrenal glands and gonads (ovary and testis)®.

Understanding the relationship between protein
structure and functional properties provides new
opportunities to improve protein functionality
at the molecular level. Consequently, in order to
understand the protein functions in biological system,
knowing how the amino acids are distributed in
three-dimensional (3D) space is also necessary.
The crystal structure of 3f-HSD has never been
available yet, due to the difficulty of membrane-
bound enzyme isolation, purification, crystallization
and structure determination. In the absence of the
experimental structures, sequence homology methods
are employed to build a protein 3D structure based on
the understanding that proteins which share sequence
similarity would also have homologous structure and
function, so called homology modeling.

From the structural standpoint, the only
information available mostly concern about the
protein main structural motifs, which include two
transmembrane-spanning domain (residues 72-89 and
283-310). Importantly, the 33-HSD2 is a member of
short-chain dehydrogenase/reductase (SDR) family
of NAD- or NADP-dependent oxidoreductase,
annotated as SDR 11E. Alternative procedures such as
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fold recognition for proteins that share low sequence
homology are compared to similar 3D structure of
known proteins and ab-initio modelling methods may
also be employed. The computational approaches to
predicting protein structures are a valuable tools, so
that the structure-based research become rational.
Therefore, a number of three dimensional structure
models of 3p-HSD have been proposed for type 1©
and type 267 using various approaches.

In addition, molecular modeling with a wide
range of computational techniques have become an
important tool to learn the interaction between a small
molecule and its macromolecule target in molecular
state. Nowadays, common molecular modeling
methods such as homology modeling, docking and
QSAR become the popular computational technique
and has been widely applied as a very useful tools
in drug design and target identification, so that the
mechanism of action can be studied. In this work, a
series of computational methods including homology
modeling, docking and QSAR were integrated to
explore human 33-HSD2 enzyme.

MATERIAL AND METHODS

MATERIAL. The amino acid sequence of human
3B-HSD2 enzyme was retrieved from Uniprot
database (www.uniprot.org)®, in FASTA format with
accession code P26439, contains 372 amino acids. The
crystal structure coordinate of protein templates were
downloaded from Protein Data Bank (PDB, www.rcsb.
org/pdb/)®. The 3B-HSD2 inhibitors were extracted
from ChEMBL (www.ebi.ac.uk/chembl/)!9, accession
code CHEMBL615557 and CHEMBL615558
(verified by corresponding journals), so that the
inhibitors dataset contain 98 ligands (Table 1)".
The structure of substrates, i.e. pregnenolone (CAS
Number 145-13-1), 1 70-hydroxypregnenolone (CAS
Number 387-79-1) and dehydroepiandrosterone
(CAS Number 53-43-0) and known inhibitors, i.e.
trilostane (CAS Number 13647-35-3) and epostane
(CAS Number 80471-63-2) were obtained from public
databases.

METHODS. Homology model of human
3B-HSD2 was built in Phyre2 (Protein Homology/
analogY Recognition Engine V2.0) server (www.
sbg.bio.ic.ac.uk/phyre2/)(!3, Molecular modeling,
including ligand molecules preparation, docking and
QSAR studies, was performed by Molecular Operating
Environment (MOE)"® software suite.

Protein Modeling of 38-HSD2. The conserved
domains with functional significance were predicted
using the server, InterPro (http://www.ebi.ac.uk/
interpro/)'¥, where it uses predictive models, known
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Table 1. The best suited templates detected from Phyre2 server, that produce models of 100% confidence.

# Template Information

Alipnment coverage %eld

PDBD Chain R®(A) protein Name

Clasification Sequence %o-tage

1 1745 A 1.85 UDP-galactose 4-epimerase (Saccharomyces cerevisiae) lsomerase 2-358 95% 22%
2 1Z7E. € 3.00 Protein AmnA Hydrolase 2-356 95% 16%
3 10C2 A 1.50 Enzyme DTDP-D-Glucose 4.6-Dehydratase (Rmib) Lyase 1372 00% 15%
4 2ZHUN B 207 dTDP-glucose 4.6-dehydratase (Pyrococcus hortkoshil)  Lyase 1-370 99% 19%
5 INIG B 220 GDP-D-mannose-4. 6-dehydratase (drabidopsis thaliana) Lyase 2-368 08% 14%
6 INTH A 1.80 GDP-D-mannose-4 6-dehydratase (drabidopsis thaliana) Lyase 2-368 08% 14%
7 IVeG A 230 Progesterone 5 {Beta}-Reductase (Digitalis lanata) Oxidoreductase  2-359 95% 10%
8 4LIs A 2.80 UDP-galactose-4-epimerase (Aspergillus nidulans) Lomerase 2-365 97% 16%
9 IREX A 1.80 CDP-glucose-4.6-dehvdratase (Fersinia Lyase 2-372 90%, 16%
psendotuberculosis)
10 2B69 A 121 UDP-glucuronate decarboxylase 1 (human) Lyase 2-363 97% 13%
11 4EGB C 3.00 dTDP-glucose 4.6-dehydratase (Bacillus anthracis) Lyase 2-367 08% 16%
12 2ZIM C 200 GDP-D-mannose dehydratase (dguifex aeolicus) Lyase 2-364 o7% 14%
13 1724 A 1.84 GDP-D-mannose 4,6-dehydratase (human) Lyase 2-362 06% 12%
14 124 A 120 UDP-Sulfogmnovose Synthase (drabidopsis thaliana) - 2-371 00% 13%
15 1DB3 A 2.30 GDP-mannose 4.6 dehvdratase (Escherichia coli) Lyase 2-363 97% 13%
16 1R6D A 1.35 TDP-glucosc4 6-dehydratase (Streptomycss venezuelag) Lyase 1-365 7% 20%
17 1TWVG A 1.80 CDP-glucose 4.6-dehvdratase (Salmonelln enterica) Lyase 2-372 00% 15%
18 1IRPN A 2.15 GDP-D-mannose 4.6-dehvdratase (Pseudomonas Lyase 3-363 96% 17%

aerigingsa)

as signatures, provided by different databases such as
Prosite™, ProDom(9, Gene3D(7, Pfam(®), Prints(!®
and SuperFamily®” that make up the InterPro
consortium.

The amino acid sequence of human 33-HSD2
retrieved from Uniprot database was subjected to
Phyre2 server, thereof the three-dimensional (3D)
structure of the protein would be constructed, which
employ the high accuracy of prediction based on
the Hidden Markov Models (HMM)®@) and also
construct the regions with poor homology by ab initio
modeling method (called Poing)® and afterwards
joined to generate the final model. To optimize
the binding site, cofactor NAD* and ligand were
inserted to the refined model of human 33-HSD?2 by
template-based superposition. The final optimized
model retrieved from Phyre2 server was subjected to
ModRefiner (http://zhanglab.ccmb.med.umich.edu/
ModRefiner)©@® to refine the structure. Furthermore,
the human 3B-HSD2 complexed with NAD and
ligand was further refined in MOE program, in which
Protonate3D®%, energy minimized and atomic charge
assignment by means of AMBERI10 forcefield, and
further LowMD®@% conformational searching modules
were employed.

Finally, the quality of the protein models
were validated using two servers: PROCHECK
(http://swissmodel.expasy.org/workspace/index.
php?func=tools_structureassessmentl)?®, including
QMEAN and ProSA-web server (https://prosa.
services.came.sbg.ac.at/prosa.php)*”. PROCHECK
determines the residue-wise stereochemical quality
of the model and generates a Ramachandran plot
to explain its overall quality, whereas ProSA-web
calculates the overall quality of the model as Z-score
based on the atomic coordinates and indicates the
values in a Z-score plot of experimentally determined

structures from PDB database.

Ligand Preparation. Preparation of ligands for
docking studies was performed by MOE program. The
extracted dataset from ChEMBL contains structural
information of ligands in SMILES code, then the 3D
structures of each ligands were constructed by MOE-
Builder module and then subjected to a conformational
searching. The lowest energy conformation of each
ligands were minimized using AM1 semiempirical
method until a convergence value of 0.01 kcal/A.mol.
Furthermore, all optimized structures were aligned,
stored in a database file and saved in *.mdb format for
molecular docking studies. The substrates and known
inhibitors (trilostane and epostane) also prepared in
similar way.

Validation of Protein Model by Molecular
Docking. Molecular docking studies were performed
using MOE-Dock module of MOE program to evaluate
the protein model. The final modeled protein structure
of human 3B-HSD2 was prepared using LigX module,
includes hydrogen atoms addition via Protonate3D
and atomic charges assignment using AMBER10
forcefield. First, cofactor NAD* (Nicotinamide
Adenine Diphosphate) as well as the substrates
(viz. pregnenolone, 17a-hydroxypregnenolone and
androstenedione) were docked into their binding
site (pocket), respectively. The binding pocket in the
preliminary human 33-HSD2 model was determined
by superposition against the crystal structure of
templates containing NAD* and ligand, and using this
ligands position as the center of the binding site. Thus,
the binding pockets were defined as a space within 5 A
region from ligand (cofactor/substrate) lined by amino
acid residues. Furthermore, all ligands contained in
the inhibitors dataset were docked into the substrate
binding site. For each ligands in the inhibitors dataset,
the best docked conformation were chosen from the



10 SUDARMANTO ET AL.

correct pose, then were scored using scoring functions,
London dG, Affinity dG, Alpha-HB, ASE, GBVI/
WSA dG and pKi_Andrews.

Docking-based QSAR Study. The best docked
pose of 60 compounds of 3B-HSD2 inhibitors
were used in QSAR study as dataset. To derive the
QSAR models, 2D-, 3D- and COMBINE descriptors
were calculated in MOE, and used as independent
variables, while the pKi values as dependent variable.
Multiple linear regression and variable selection
were performed by QuaSAR-Evolution SVL script
that implemented in MOE program, which employ
a Genetic Algorithm based QSAR analysis. The
predictive ability of the models expressed by r2,
RSME, F, LOF and cross-validation Q2 values as the
statistical criterions.

RESULTS AND DISCUSSIONS

Homology Modeling of Human 33-HSD2. The
human 3B-HSD?2 protein is a member of SDR family.
Due to the experimentally determined structure for
3B-HSD2 are not yet available in the Protein Data
Bank, it is important to construct a 3D structure
model of this protein. The 3D structure of protein
give important insights about the molecular basis of
protein function and thereby allow an effective design
of experiments. That is why, in the understanding and
manipulation of biochemical and cellular functions of
proteins, the high-resolution 3D structure of a protein
is the main key.

In this work, the 3D structure of human 33-HSD2
has been modeled using the available protein sequence
query for homology based modeling. Web-based
server Phyre2 was used for homology modeling of
human 3B-HSD2 through sequential steps, such as
profile construction, similarity analysis and structural
properties, Phyre2 selects the best suited templates
and generates the protein models. Phyre2, the most
popular online protein fold identification server,
utilizes several datasets of known proteins taken
from different reliable databases, such as Structural
Classification of Proteins (SCOP) database and
Protein Data Bank (PDB) and uses the Hidden
Markov Method (HMM)@Y to generate alignments
of a submitted protein sequence against proteins
with known 3D structures. The resulting alignments
against each suited identified templates are then used
to produce homology-based models of the query
sequence to predict its 3D structure. In addition,
Phyre2 uses the following component software: Psi-
pred® for secondary structure prediction, Disopred
2% for disorder prediction, Memsat SVM©? for
transmembrane prediction and an ab initio folding
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simulation called “Poing”?? to model regions of
the query with no detectable similarities to known
structures, thereafter combine multiple templates of
known structures to produce a final 3D structure model
of the query sequence.

Phyre2 successfully detects 120 templates
and build models based on 18 top rank templates
(Table 1), in which the highest similar structure
of PDB ID 1Z45.A (which corresponds to crystal
structure of UDP-galactose 4-epimerase from
Saccharomyces cerevisiae complexed with NAD,
UDP-galactose and galactose, family of isomerase)
with coverage of 95% wherein 22% identity of the
sequences. Among them, six templates (PDB ID
1745, 1Z7E, 10C2, 2HUN, 1N7H and IN7G) were
selected to model human 3B-HSD2 protein based
on heuristics to maximize confidence, percentage
identity and alignment coverage. According to the
multiple sequence alignment (Fig. 1A), it has been
successfully detected several conserved residues,
mainly a Rossmann-fold domain ((B-a-B-o-p-a-p)
domain signatured by glycine-rich §TG-xx-G-xx-G15
motif located near N-terminal and the catalytic triad
composed of Ser'*, Tyr'>* and Lys'*® at the 154Y-xx-
xK 158 motif. Both motifs are in state of conserved
among the SDR family©®". The 33-HSD type 1 and 2
also have an additional 269Y-xx-S-K273. Moreover,
conserved residues also found in Asp*’, Asp®', Pro'*,
Leu?, Gly?”, Leu®*¥ and Trp** in most of templates.

Based on this alignments, about 358 (96%) residues
were homology modeled based on six aforementioned
templates, whereas 14 (4%) residues were modeled by
ab initio, viz. the sequences near the C-terminal that
fail to find the homology (belonging to membrane-
spanning domain). The generated final 3D structure
model had 100% confidence level. Superimposition
of homology model of human 33-HSD2 against the
selected used templates are shown in Fig. 1B. Their
topologies were quite similar, and most of secondary
structural motifs, characteristically the Rossmann-fold
motif. The 3D structural model of human 33-HSD2 is
overall similar to those of other SDR family’s proteins
taken as templates.

After model building, it is necessary to further
refinement in quest of the best model generation to
gain the more accurate model. Refinement for the final
model obtained from Phyre2 server was generated by
ModRefiner. It construct and refine full-atom model
based on Ca traces through two steps refinement
procedure. First, it constructs a main-chain model
from the Ca trace with an acceptable backbone
topology and main-chain hydrogen-bonding network.
In the second step, side-chain atoms are added onto
the backbone conformation and optimized with the
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Fig. 1. (A) Multiple sequence alignment and secondary structure assignment of human 3p-HSD2 with selected templates (PDB

code 1z45.A, 2hun.B, 1n7h.A, 1oc2.A, 1r6d.A). Secondary structure (PROCHECK) is displayed above the sequences: a-helices

(red bars), 310-helices (pink bars), strands (cyan arrows). Domains are signed by black box. Red box point out the detected

catalytic residues in crystal structures template. Residue numbering is indicated on the left of each arrow. The more identical

residue are darker highlighted. (B) Superimposition of homology model of human 33-HSD2 (red) with 1z45.A (green), 2hun.B

(blue), 1n7h.A (yellow), 1oc2.A (magenta), and 1r6d.A (cyan). Cofactor NAD+ binding Rossmann-fold domain and substrate
binding domain are indicated inside the purple and orange ellipses, respectively.

use of a composite physics-and knowledge-based
forcefield®.

Quality Assessment of the Human 3p-HSD2
Model. Protein model evaluation holds an important
role in protein structural prediction since ultimately it
is used to design further computational approach and
understand the protein’s biological function. Quality
assessment of human 3B-HSD2 model protein was
performed using PROCHECK and ProSA-web.

PROCHECK was used to check the stereochemical
quality of protein structure, provide a Ramachandran
plot for generated pdb structure of human 33-HSD2
(Fig. 2A). Total number of non-glycine and non-
proline residues in human 3p-HSD2 model is 329.
Protein backbone conformations were evaluated by
inspection of Ramachandran plot, which is an X-Y
plot of phi/psi dihedral angle between N-Ca and
Ca-C planar peptide bonds at the protein backbone.
Both these angles are able to rotate freely in proteins
(—180 to +180). Any combination of these angles
is theoretically possible, but in actual, biological
conditions many combinations are rarely or never
seen due to steric clashes in the protein’s backbone
structure. The Ramachandran plot for human 38-HSD2
shows around 278 (84.5%) residues placed in favored
regions, 45 (13.7%) residues in additional allowed
regions, 5 (1.5%) residues in generously allowed
regions and 1 (0.3%) residues in disallowed regions.

The QMEAN Z-Score, also calculated from

PROCHECK, provides an estimate of the absolute
quality of a model by comparing it to same sized
reference structures present in the PDB and solved
by experimental techniques. It was used to estimate
the “degree of nativeness” of predicted structure®?.
The QMEAN Z-score for human 38-HSD2 model was
0.509 (Z-Score: -3.006). It was observed that C_beta
interaction energy (—45.02; Z-score:—2.01), all-atom
pairwise energy (—4471.35; Z score: —2.57), solvation
energy (—16.47; Z-score: —1.95), torsion angle energy
-8.79; Z score: —4.26), secondary structure agreement
(75.8%; Z-score: -1.06) and solvent accessibility
agreement (73.1%; Z-score: -1.50).

The quality of the protein fold was inspected with
ProSA-web server. This calculates the energy need
for the architecture of protein folds as an function
of amino acid sequence. Folding energies of protein
have generally negative values, and since these
values correspond with the stability and nativity of
the molecule. It can be seen form Fig. 2B that the
negative values found in almost all parts of sequence.
In addition, ProSA-web also calculate the Z-score
value, that indicates of overall model quality. Its value
is displayed in a plot that contains the X-score of all
experimentally determined protein chains in current
PDB. The final Z-score of -7.10 was obtained (Fig.
2C). In general, the more negative the Z-score is, the
more accurate the model is likely to be.

According to aforementioned values, these
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Fig. 2. Stereochemical quality of protein model. (A) Ramachandran plot of the predicted model of human 3p-HSD2, generated

in PROCHECK. The most favored regions are colored red, additional allowed, generously allowed, and disallowed regions are

indicated as yellow, pale yellow, and white area, respectively. (B) The ProSA-web Z-score value of overall human 3p-HSD2

model quality, displayed in plot that contain Z-scores of all experimentally determined protein chain in current PDB. (C) The

ProSA-web plot of residue scores of human 3-HSD2 model, shows local model quality by plotting energies as function of amino
acid sequence position.

suggest that Phyre2 server was capable to generate
a reasonably good model of human 33-HSD2 based
on its stereochemical quality. The refined final model
of human 3B-HSD2 complexed with NAD™* and
substrates are depicted in Fig. 3A, while its two-
dimensional topology is depicted in Fig. 3B. The
modeled 3D structure of 3f-HSD2 had 13 (15.6%)
strands, 12 (40.3%) a-helices and 2 (1.6%) 3 -helices.
The strands that builds the B-sheets are classified into 4
types, wherein 1 (parallel), B2 (parallel), f3 (parallel)
and 4 (anti-parallel).

The human 3B-HSD2 comprises of two domain,
the first Rossmann-fold domain binding the cofactor,
encompassing a cofactor NAD*-binding site and
the second catalytic domain binding the substrate,
encompassing a SBS. The Rossmann-fold domain
binds NAD" that reversibly accepts a hydride ion,
which is lost or gained by substrate in the redox
reaction. The Rossmann-fold domain have an o/
folding pattern, which has a central -sheet, composed
of six a-helices found surrounding the seven mostly
parallel B-sheet, like a sandwich. The strands forming
the B-sheet are found in the following characteristic
order 654123. The inter sheet crossover of the strands
in the sheet form the cofactor NAD™ binding pocket®?.
The cofactor-related motif of Gly-xx-Gly-xx-Gly was
also conserved in the human 3B3-HSD2 model. The
secondary structure of the human 3B-HSD2 model
exhibited a central 7-stranded all-parallel B-sheet
sandwich-like structure, flanked on both sides by
4-helices (0 A, o B, a H, a K) and 3-helices (aC, oE,
aF), respectively (Fig. 3A).

The catalytic domain confers substrate specificity
and contains amino acids involved in the precise

catalysis reaction of the enzyme. The substrate binding
site was characterized as non-metallo-oxidoreductase
site and contained the conserved Ser'*, Tyr"** and
Lys'*® catalytic triad. It has been proposed that Ser'*
is associated with catalysis by stabilizing the reaction
intermediates, that the Tyr'** hydroxyl group is the
proton donor involved in the electrophilic attack on
the substrate carboxyl group in a reduction reaction,
and that Lys'*® facilitates the proton transfer from the
hydroxyl oxygen of Tyr'** to the substrate.
Validation of the Human 33-HSD2 Model
using Molecular Docking. To address the predictive
quality of the generated homology model, it should be
evaluated in docking procedure. Molecular docking
is a computer simulation procedure to calculate the
conformation of a receptor-ligand complex. It is
used to identify the binding affinity and interaction
energy of the molecules with the target protein.
Docking analysis was performed by MOE, which is
an automated procedure for predicting the interaction
of ligands with bio-macromolecular targets. Docking
studies were performed to explore the binding modes
of the native substrates as well as known inhibitors
in their binding site of the human 33-HSD2 model.
The binding modes of cofactor NAD, substrates
and known inhibitors can be seen in Fig. 4. NAD" is
tightly bind in its binding pocket (Fig. 4A). Adenosyl
part is clamped between the H1-helix, and the ends
of the Bl1-1, B1-2, B1-3 and P1-4 strands, hence
this orientation allows the formation of hydrogen
bond between the adenosyl N-amine atom and the
backbone’s carbonyl of Asn'® (2.9 A). The diol moiety
of the adenosyl A-ribose makes a hydrogen bond with
Tyr'® (2.6 A). The diphosphate moiety of NAD" is
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Fig. 3. (A) The ribbon representation of human 3B-HSD2 model in complex with cofactor NAD+ (purple) and substrate (yel-

low). The secondary structures are a-helix (red) and p-sheet (cyan) assigned by numbered H and B, respectively, whereas coil

(gray), and turn (blue). Colored ligand binding site surfaces are indicated hydrophobic (green), H-bond (magenta). (B) The
2D-topology of human 33-HSD2 model.

Fig. 4. The docked poses of cofactor NAD+ (A) in CBS, sub-
strate Pregnenolone (B), substrate 17a-hydroxypregnenolone
(C), substrate Dehydroepiandrosterone (D), inhibitor Tri-
lostane (E), and inhibitor Epostane (F), in SBS. The sub-
strates are colored yellow, NAD+ is colored magenta, resi-
dues Tyr154, Lys158, Ser124, Ser218, and Ser305 that form
hydrogen bonding are colored green, while other residues
colored grey.

buried completely inside in the pocket and make
three strong hydrogen bonds with the backbone amide
atoms of Leu'® (2.4 A), Leu' (2.4 A) and Gly" (2.9
A) in the glycine-rich motif. The nicotinic carbonyl
makes a hydrogen bond with CO-backbone of Leu'®
(3.2 A). The strong interactions occur on the diol
moiety of the nicotinic ribose, where O, forms three
strong hydrogen bonds with the sidechains of catalytic
residues Tyr'** (2.7 A), Lys'® (2.5 A) and Ser'* (2.9
A), while O, forms also three hydrogen bonds with
backbone of Thr®! (2.6 A), backbone of Thr'? (3.6 A)
and sidechain of Lys'** (3.2 A). In addition, NAD*
is tied up by the hydrophobic residues, particularly
for adenosine and pyridyl rings (involving residues
Phe’®, Ala*?, T1e®, Thr'®' and Leu'®). The important
interactions are summarized in Table 2.

The B-face ofall docked substrates (pregnenolone,

Table 2. Hydrogen bond interaction of NAD* complexed in
cofactor binding pocket of human 3p-HSD2.

FParts of NAD®  Residue T tmrn s T temckine

Ay with
Adenosiyi-ME: My 0 e a3se T
- i = - ‘backbome
Rib usnel—:_‘g';—l Tyw '™ 2 TR ?idechamg_
Phosphsrel-0OZ  Leu'’ 2.4 1094 -::f_;ﬂ
NEH-
Leu'd 24 s5%
Phosphate? 02 = S alOne
£ >
Gl L Bl backbooe
T
Hi >
Thr 2.5 20%% Backbone
Miconnamide- Tha'= & CioO-
Ribose-0O3 =2 ‘backbome
Ty 8 3z 39, ‘:4.'53!" "
Ty AL 5094, ?Hi = s
Miconnanxde- 158 = e ITHE+—
Bibose 12 Lys = 42%a sidechai
Sari® 2.0 e R
Miconnannde- o = — MEH-
co Leu 3.2 53% ‘backt
E._-: -n.':--'-. ----”—'.
MNAD" part Residmes
Hiconnamrde- 55 wEL 184
Dyridid ving He™', Thr™", Lenx
ibd.mns;n& DPha’®, Ala®®
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17a-hydroxypregnenolone, and androstenedione)
come near to the pyridyl ring of NAD* (Fig. 4B,C,D).
It is understandable since the catalytic center occurs
at this part. The O-He*+O hydrogen bond between the
B-hydroxyl group at C3-ring A of substrate and the
sidechain of Tyr'* (~2.9 A) was observed in all docked
substrate system, which has been reported to be very
important for binding and catalytic reaction by other
researcher®®. The residue Ser'* as part of the catalytic
residues also constitute on substrate binding through
a hydrogen bond (~2.5 A) with this hydroxyl group.
Moreover, it was found that the residues Ser?'® and
Ser3% could also form hydrogen bond interactions with
carbonyl and hydroxyl groups at ring E substrate. The
hydrophobic interactions also contribute in substrate
binding, which Leu'®, Cys'®?, Ala'®, Pro'* and Phe'*
on the B-face, whilst Val¥’, lle', Glu'?* and Tyr**! on
a-face of steroids (Table 3).

The competitive mode of inhibition of human
3B-HSD?2 by trilostane and epostane may be due to the
overlapping of substrate steroids and these as shown

Table 3. H-bond interaction of substrates (pregnenolone,
17a-hydroxypregnenolone, androstenedione) complexed in
substrate binding pocket of human 3p-HSD2.

H-bond interactions

A 5 Distance Imteraction

Steraid part Residue & b-taze with

'™ 19 43%  OH-sidechsin
[-0H at C3-ring A (all substrate) 2

Sar' 25 8% OH-sidechain
E{'t? at C17-mng E {Preg, 170H- P 13 14%  OH-Sidechsi
Preg)
n-OHar C17-ning E (170H-Preg)  Ser™ 2 3%  OH-sidechain
Hydrophobic interaction
Steroid part Residues
B-fare Cy'™ A", Len™ Pro'™, ppe™
a-face Vil 0™, Gu™E Ty

Fig. 5. The aligned inhibitors docked in the substrate binding
pocket. The colored rules are similar in Fig. 4.
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by docking results in Fig. 4E,F. The similar binding
mode also observed in the docked pose of the known
inhibitors, trilostane and epostane. According to the
docking results, it was confirmed that the modeled 3D
structure of human 33-HSD2 was reasonable.

Docking of the Inhibitors Dataset. Among
98 ligands containing in dataset, only 50 ligands
successfully docked in the substrate binding site.
It occurs because the binding site is closed by a
sheet formed B3-1 and B3-2 conformations and also
restricted by membrane-spanning domain as well
as coils connected it, so it can not accommodate
the ligands containing a bulky moiety. However, all
docked inhibitors have similar poses to the substrates.
All docked inhibitors containing hydroxyl or carbonyl
group at C3 ring A also make strong hydrogen bond
interactions toward the residues Tyr!'>* and Ser!*.
Additional interaction via hydrogen bonding also
happens toward the residue Ser?'s.

The various scoring function were utilized for
the docked inhibitors, involving London dG, Affinity
dG, GBVI/WSA dG (energy-based descriptors),
Alpha-HB, ASE and pKi Andrews (knowledge-based
descriptors). Unfortunately, all scoring function does
not show a strong relationship with inhibitory activity
pKi, where R2 < 0.5 (Fig. 6). Therefore, we need a new
scoring function which have more powerful prediction
ability. This could be achieved by deriving a QSAR
equation, since mostly scoring function are created
by regression-based.

Docking-based QSAR Analysis. The regression
summary are reported in Table 4. Each models use
different descriptor set. The model that employ
combination of all descriptor types was successfully
generate the best equation, as indicated from its
statistical criterions, i.e. determination coefficient R* =
0.8682, root mean square error RMSE =0.3433, Fisher
criterion F = 28.7441, lack of fit LOF = 0.2939 and
cross-validated leave-one-out Q2 = 0.7834. The best
QSAR equation involves the following descriptors,
pKi Andrews score, Asp®®_V, Gly" E, Gly™ V,
Ser’® 'V, Thr**’_V, Tyr®' E, Val'*’_V, h ema,
h _emd, vsurf IW3. The E and V suffix at residues
denote electrostatic and hydrophobic interactions,
respectively. The h_ema and h_emd denote strength
of acceptor and donor, respectively, while vsurf W3
denote hydrophilic integy moment at -0.6.

CONCLUSION

Homology modeling was used to predict the 3D
structure of human 3B-HSD2 using crystal structure
of UDP-galactose 4-epimerase from Saccharomyces
cerevisiae as the best suited template in Phyre2 server.
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Table 4. Summary of QSAR result.

Descripior Type Doz Stansztcal Parameters

& QS5AR Models SF COMBINE 2DvVaD Total Rr* RMASE F LOF QF

1 COMBINE-SFasc: 1 5 5917 06043 i12. B0Z23 o576 05343
2 COMBINE-SFrac 1 e 7234 D 4265 14 6015 G50351 DS3386
3 COMBINE-SFonas 1 T DG5TH 05540 122057 05706 I STEI
4 COMBINE-SF aze E G2 05835 11 4354 05002 04728
5 COMBINE-SF anm 1 10 11 28411 03770 230082 03543 07634
& gl?:?f-“_ 1 11 = 0. B485 03681 219335 0.3764 0.773%
T COMBINE_oxnky 3 5 0. 55066 0.6226 141173 O.5583 04T
k] 203D ondy 7 D T300 o404 20832 4109 65461
Q Afized Diesc 1 T 11 868X 03433 28 7441 02030 0.TE34

L |

[T T B M

Fig. 6. The correlation plot between pKi against used scoring fu-nction (London_dG, Affinity_dG, GBVI/WSA_dG, Alpha_HB,
ASE, and Andrews_Score) on the best pose docking of inhibitors.

The ModRefiner refined model was successfully
evaluated in terms of its folding, stereochemical
quality, ligand-receptor interaction and docking-based
QSAR. Hence, this model will be suitable for further
in silico structure-based designing.
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