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Abstract: Corticotropin-releasing hormone receptors (CRHRSs),
also termed corticotropin-releasing factor receptors, are linked
to G-protein-coupled receptor class. Corticotropin-releasing
hormone (CRH) is medically significant in stress, immune
response, gastrointestinal motility, and eating patterns. It
serves as a releasing hormone and is encoded by the CRH
gene. It has been established that there are two subtypes of
CRHRs: CRH1-R and CRH2-R. These receptors, representing
types 1 and 2, respectively, play a crucial role in regulating
biological functions triggered by CRH. To treat stress-related
gut abnormalities and stress-related disorders, regulation and
optimization of CRH1-R and CRH2-R have turned into a novel
idea. The three-dimensional (3D) structure of CRH is not com-
pletely recognized, and it is believed that the peptide key unit
is helical and both the ultimate edges are relatively unsatu-
rated. We can envisage its 3D structure from the amino acid
order of a model protein by homology modeling procedures
using Molecular Operating Environment and the Iterative
Threading Assembly Refinement program. The assessment
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3D structure of CRH via I-TASSER

MOE generated 3D structure of CRHR

Graphical abstract

and authentication of the 3D structure were performed
with RAMPAGE and ERRATE online servers. Utilizing the 3D
structure of the target protein and predictions of its active site
assists us in the development of new drug candidates aimed
at treating disorders associated with stress. CRHR was docked
with 19 CP376395 analogs acting as antagonists.

Keywords: homology modeling, molecular docking, corti-
cotrophin, adenylate cyclase, nucleotides

1 Introduction

G-protein-coupled receptors (GPCRs) facilitate most of our
biological feedback to neurotransmitters, hormones, and
environmental stimulants, and so they possess a significant
potential to act as therapeutic targets for a variety of dis-
eases. [1]. The structure of GPCRs is usually comprised of
seven a-helical transmembrane (TM) domains, an intracel-
lular C-terminus, and an extracellular N-terminus [2,3].
Hydrophobic seven TM helical central core domain is
linked by three intracellular and three extracellular loops.
In extracellular loops 1 and 2, two cysteine residues are
conserved to form a disulfide bridge, which is important
for the stabilization and packing of a restricted number of
conformations of seven TMs [4,5]. They are included in the
cell membranes of a wide range of organisms including inver-
tebrates, microorganisms, plants, and mammals [6,7]. All
types of GPCRs share a common membrane topology, the
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Figure 1: GPCR in the plasma membrane with seven a-helical TM sections. Heterotrimeric G-protein is characterized diagrammatically by the letters a,
B, and y in the cytoplasm. Diagram showing label A, an agonist in its binding pocket; C, receptor C-terminus in the cytoplasm; and N, receptor
extracellular N-terminus. [Ref. 6] The figure is recorded under the Creative Commons Attribution 4.0 International Agreement, which approves
unconditional practice, distribution, amendment, and replication in any means, http://creativecommons.org/licenses/by/4.0/.

N-terminus is outside, and the C-terminus is inside with seven
alpha-helical TM segments (Figure 1) [8,9].

GPCRs represent the largest group of plasma mem-
brane receptors. Rhodopsin and adrenergic receptors are
the most common types of GPCRs.

GPCRs are the receptors for a large amount of different
signals. The most important among them are the chemo-
sensory GPCRs, which act as receptors for the external
origin that are odors, pheromones, or tastes. Mainly other
GPCRs react to endogenous signals such as peptides, lipids,
neurotransmitters, or nucleotides [4]. They represent essen-
tial plasma membrane proteins that transmit signals from
extracellular ligands in intracellular relay proteins, the het-
erotrimeric GTP-binding proteins (G proteins). The G proteins
initiate pleiotropic modifications in numerous targets by cou-
pling to several downstream effectors. Thus, the extracellular
signal is characteristically intensified to create vigorous,
wide-ranging, and cell-specific responses [10]. GPCRs can be
triggered by various exterior stimuli, including peptides, che-
moattractants, hormones, neurotransmitters, phospholipids,
odorants, photons, and taste ligands [11-13]. GPCRs are acti-
vated through ligands and are signaled through G proteins
that are made of a, B, and y subunits. The a- and B/y-subunits
disintegrate and discretely trigger several conventional effec-
tors such as phospholipases and adenylyl cyclases. They also
modulate the action of several kinases, ion transporters, and
ion channels.

GPCRs are classified into five families. Its classification
is based on the similarity of amino acid sequences within
the seven TM helical segments.

Class A, the rhodopsin family, consists of 701 members.

Class B1, the secretin family, consists of 15 members.

Class B2, the adhesion family, consists of 24 members.

Class C, the glutamate family, consists of 15 members.

Class F, the frizzled/taste 2 family, consists of 24 mem-
bers [14,15].

Corticotropin-releasing hormone (CRH) targets a mem-
brane-bound GPCR and acts as a primary hormone in the
flight or fight responses. It is a 41-amino acid polypeptide
made from 196 amino acids, a precursor of CRH by C-term-
inal cleavage. The peptide of CRH can be segmented into
three useful parts. The residues (1-16) are believed to be
vital for receptor activation and agonist binding. The resi-
dues (17-31) containing the CRH-binding protein (CRHBP)
control the structural conformation of the protein, while
the residues (32-41) are essential for receptor binding
[16,17]. CRH has been recognized and identified in mam-
mals, amphibians, fishes, and birds [18].

CRH is made in smaller quantities by certain white
blood cells, and it causes swelling particularly that of the
gut. Moreover, it is also secreted by the paraventricular
nucleus of the hypothalamus [19]. CRH is principally pro-
duced in the hypothalamus. Additionally, it is also dis-
charged into the hypophyseal portal passage in response
to stress [20].

CRH is accountable for autonomic, endocrine, beha-
vioral, and immunological responses to stress in mammals
[21]. The key central regulator of the hypothalamic—pitui-
tary—adrenal (HPA) axis is CRH, which regulates the HPA
through the initiation of the proopiomelanocortin gene
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and the discharge of corticotropin adrenocorticotropic
hormone from the anterior pituitary [22,23]. Stress has a
suppressive effect on the male and female reproductive
systems; the stress system is triggered in a synchronized
way, which influences the chief and peripheral roles that
are vital for survival and adaptation during stress [24]. In
humans and other mammals, two receptor genes have
been identified to date. Both receptors of CRH consist of
seven TM regions that are coupled to adenylate cyclase.
CRH and its receptors are present in a variety of tissues
including the immune system, blood-brain barrier, gastro-
intestinal tract, and parasympathetic ganglion [20]. The
distribution of both receptors in various tissues is dif-
ferent. CRH-R1 is present all over the brain and is greatly
expressed in the anterior pituitary [24]. Corticotropin-
releasing hormone receptor 2 (CRHR?2) is dispersed in the
wider regions of the human brain. Its subtype CRH-R2a is
exclusively present in the brain and has a wider distribu-
tion than the CRH-R1. CRH-R2b is highly expressed in ske-
letal muscles and the heart. The expression of CRH-R2a and
CRH-R2b in different regions suggests their different func-
tional roles [17,22,25]. CRH and its receptors are found in
the male and female reproductive system in addition to
their presence in the different extrahypothalamic sites of
the central nervous system [24].

CRHBP is considered to act as a secreted protein that
modulates the actions of CRH. The CRHBPs are synthesized
in the liver in addition to their expression in the human
brain. They have a significant impact on the availability of
CRH. [22]. The CRH, its binding protein, and both receptors
are crucial for regulating the HPA axis. Women have a
higher level of plasma CRHBPs than men. CRHBP contains
ten cysteine residues, and its secondary structure consists
of five loops [26].

The three-dimensional (3D) structure of CRH is not
established. In an ideal situation, we can predict the
protein structure accurately. With the help of computer
software as experimental tools, we perform homology
modeling. A 3D model of the protein is needed, which
can be constructed using the homology modeling tech-
nique, as neither X-ray crystallography nor NMR spectro-
scopy is capable of determining such a model [10,27]. The
models built through homology modeling provide a great
deal of information about how the protein functions. A
suitably designed model will closely resemble unknown
proteins. The quality of the model is evaluated, and the
best model is selected among the obtained models. The
model quality is directly proportional to the similarity with
the target and template protein. The quality of the model

Homology modeling and molecular docking study = 3

decreases with the decrease in the similarity of the target
and model. Protein Data Bank (PDB) provides the foundation
of homology modeling via known 3D structures (templates)
available in it.

Our study aims to predict a potential 3D model of CRH
via homology modeling and molecular docking techniques
for the discovery of novel drug molecules to treat stress-
related conditions. It is important to mention that the current
study is theoretical and speculative. Consequently, experi-
mental investigations would be necessary in the future to
endorse the results obtained in this in silico work.

2 Methodology

2.1 Protein sequence retrieval

The primary sequences of CRH with accession no G3CIS4
were received from Universal Protein Resources (UniProt)
[28] in FASTA format (Fast protein or nucleotide compar-
ison). Its 3D structure was unavailable and was therefore
designed via homology modeling employing Iterative Threading
Assembly Refinement (I-TASSER) [29,30] and Molecular Oper-
ating Environment (MOE) [31].

2.2 Homology model prediction by GPCR
I-TASSER server

GPCR I-TASSER method [29] is a hybrid method for the
estimation of the 3D structure of GPCRs. The I-TASSER
server includes the following major steps:

(@) The amino acid arrangement of a single protein is
copied and pasted, an optional name is given to the
protein, and the job is run.

(b) I-TASSER applies a Local Meta-Threading Server, version
3 (LOMETYS) [32] with additional threading programs, i.e.,
FUGUE [33], HHSEARCH [34], MUSTER [35], PROSPECT
[36], PPA [37], SP* [38], and SPARKS [39]. Using the Z-score,
the top template alignments were selected for further
consideration. The standard of the template arrangement
is determined through the Z-score.

(c) In template structures, fragments were excised from
the threading alignments, and structure assembly was
performed.

(d) Model selection and refinement occurred on the FTASSER
second run. Subsequently, structure-hased functional anno-
tation is performed.
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Figure 2: Chemical structures of CP376395 and its derivatives.
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Figure 2: (Continued)

When the job run was completed, the I-TASSER result
page was available in the inbox (via email).

2.3 Homology model construction
through MOE

A 3D model of CRH was made through MOE. To produce the
precise 3D design of CRH, key steps, i.e., recovery of the
pattern, sequence arrangement, generation of the design,
justification, and refinement, were followed. Before the
aforementioned steps for model generation, parameters
such as the force field Amber 99 and model scoring to
GB/VI (Generalized Born/Volume Integral) were adjusted.
After the sequence alignment, root mean square deviation
(RMSD) values for aC atoms, side row atoms, and backbone
atoms, and each arrangement of all heavy atoms were
calculated. The most stable structure was recognized after
the method that was then recovered in PDB layout.

2.4 Molecular docking

Molecular docking is a computational technique through
which the most appropriate orientation between two
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MGGHPQLRLVKALLLLGULNPVSASLQDQHCESLS LASNTSGLQCNASVDLIGTCWPRSPA
GQLVVRPCPAFFYGVRYNTTHNGYRECLANGSWAARVIYSECQEILNEEKKSKVHYHVAV
IINYLGHCISLVALLVAFVLFLRLRSIRCLRNDQADGCALEVGAPWSGAPFQVRRSIRCLR
NIIHUNLISAFILRNATWFWQL THSPEVHQSNVGWCRLVTAAYNYFHVTHF FLIMFGEGC
YLHTAIVLTYSTORLRKWMFICIGHGVPFPTIIVANAIGKLYYDNEKCUFGKRPGWYTDYI
YQGPMILVLLINFIFLFNIVRILNTKLRASTTSETIQYRKAVKATLVLLPLLGITYMLFF
VNPGEDEVSRVVFIYFMSF LESFQVRSAIRKRWHRWQDKHSIRARVARAMSIPTSPTRVS
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Figure 3: Query sequence of G3CIS4 having 430 residues.

molecules is predicted. The technique is used to predict
protein binding sites, pockets, and clefts of the ligands
[40,41]. The 3D framework of CRHR was made by homology
modeling for molecular docking. The 3D protonation and
energy minimization of the receptor molecule was per-
formed via force field Amber 99. For the molecular docking
of CP376395 derivatives, the default domain of the MOE-
dock database was used. At the end of docking, the binding
interactions of all derivatives (Figure 2) with homology-
modeled CRHR were predicted.

2.5 Primary sequence retrieval

The principal arrangement of CRH with accession no G3CIS4
in FASTA format was taken from UniProt containing 430
amino acid sequences (Figure 3).

2.6 Homology model prediction by GPCR
I-TASSER server

The 3D framework of CRH was built with the online server
GPCR I-TASSER. In total, five patterns were predicted, and
the TM-score, C-score, and RMSD values for the first design
are given. The C-score is an approximation of the grade of
the projected model. The C-score value generally falls
within the range of [-5, 2], where a higher score indicates a
model of superior quality. In the top five patterns, the first
one with a greater C-score of -0.45 was downloaded in
PDB format. TM score shows the constitutional resemblance
between the projected model and the original structure. TM
score value typically ranges in [0, 1]. The predicted TM score

Table 1: Statistical analysis of a 3D model of CRH

C-score Predicted TM score Predicted RMSD score

-0.45 0.66 + 0.13 8.0+44A

and RMSD values for the initial design are 0.66 + 0.13 and 8.0
+ 4.4 A, respectively (Table 1). These values are acceptable for
further studies. The 3D structure of CRH (first ranked model)
contains seven TM helices (7TM), intracellular C-terminal
G-protein-coupled site, CRH-binding site extracellular N-ter-
minus, and extra and intracellular loops (Figure 4).

2.7 Homology modeling construction
through MOE

MOE 2011-12 package was employed for the generation of
the design. At the end of the process, ten models were gener-
ated and the most stable ones were selected and recovered in
the PDB form. The native model was overlaid on the template
to generate a superimposed model. A close homology was
confirmed by an RMSD value of 1.24 A (Figure 5).

2.8 Justification and assessment of the final
model

To justify the quality and accuracy of the final model, several
steps were performed during the analysis of the final 3D model.

™1

xtracellular N-terminus

LOOPS

Intracellular
C-terminus

™4

™7

Figure 4: 3D structure of CRH via I-TASSER.
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Figure 5: MOE generated 3D structure of CRHR.

For the stereochemical quality analysis, a Ramachandran plot
was obtained. Ramachandran plot was obtained using the
RAMPAGE server [42,43]. The results (Figure 6) were obtained
to give the relation between the torsional angle with the Rama-
chandran plot and protein structure. Psi angle is between the
carboxylic group and a-carbon. The results show that 91.1%,
6.8%, and 2.1% of the residues fell within the favored, allowed,
and disallowed zones of the Ramachandran plot, respectively
(Table 2). Almost 98% of the residues have fallen in the most

-180, AN D N
-180 180

(@) (A | General/Pre-Pro/Proline Favored Gcnnr;\l/Pro-Pro/Proline Allowed
E Glycine Favoured X

Figure 6: Ramachandran plot shows the results of CRH. Rampage results
showed 91.1% favored, 6.8% allowed, and 2.1% disallowed. PRO-6, ILE-
300, ALA-168, GLN-62, SER-58, PHE-269, TRP-59, ARG-66, and PRO-164
were out of the energetically favorable region.

Glycine Allowed
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favored and allowed regions. Through MOE2011-12 software, the
Ramachandran plot analysis also showed that the residues PRO-
6, ILE-300, TRP 55, ARG-66, SER-58, ALA-168, PHE-269, PRO-164,
and GLN-62 were out of the dynamically favored zones. The
residues remaining in the central zones of the Ramachandran
plot indicate the high consistency of the last structure.

The total caliber of the final design was predicted
through the ERRATE server [44,45]. An ERRATE score of
82.816 was obtained. This value shows that it is a high-
quality model as a 50 score is considered good. ERRATE
is generally applied to explain the non-bonded interactions
between various atoms. The gray bar indicates the zone of
error, the black bar shows the misfolded zone, and the
white bars reveal the zone for the folding of a protein
possessing less error rate (Figure 7a and h).

2.9 Molecular docking of CRH with CP376395
derivatives

According to the molecular docking results, derivative A
exhibited a maximum of two interactions with a docking
score of —15.74 kcal/mol within the enzyme’s binding pocket.
A total of seven amino acid fragments are situated in the
binding pocket of the receptor, whereas the Lys 11 residue
lies in TM domain 1 (TM1) and forms two interactions. Lys11
residue shows a hydrogen bonding interaction and an are-
ne—cationic interaction with the electrophile NH, of cyclobu-
tane and the SH group of the benzene ring, respectively. The
RMSD value was noted to be 3.734 A.

Only one interaction is shown by derivative B. A total
of four amino acid fragments are located in the binding
pocket of the receptor, and an arene—arene interaction is
shown by Tyr 281 (lying in the TM5) with the benzene ring.
The docking score and RMSD value were noted to be —11.57
Kcal/mol and 1.662 A, respectively.

Two interactions are shown by the derivative C. A total
of four amino acid fragments are situated in the binding
pocket of the receptor. The residues Arg 403 and Arg 174 lie
in the TM7 and TM4, respectively. Both the residues show
arene-arene interactions with the benzene ring. The docking
score and RMSD value were noted to be —14.88 Kcal/mol and
4102 A, respectively.

Table 2: Plot statistics of the modeled CRHRs

Plot investigation

Residues fell in the favored region (98.0%) projected  (390)  91.1%
Residue fell in the allowed region (2%) projected (29) 0.68%
Residue fell in the disallowed region 9) 2.1%




DE GRUYTER

Homology modeling and molecular docking study = 7

(a)
Program: ERRAT2
File: fvar/wwwiSAVES/Jobs/1530581//errat. pdb
Chain#:1
Overall quality factor**: 82.816
°
-]
®
4

| I “ i

l“ ]I| m |

140

1l II‘ b Jul” .,’ Im

160 180 200 240 260 280 300

Rwdml(wndowcenter)

*On the error axis. two lines are drawn to indicate the confidence with which it is possible to reject regions

that exceed that error value. =

Expressed as the percentage of the protein for which the calculated error value

falls below the 95% rejection limit Good high resolution structures generally produce values around 95% or
higher. For lower resolutions (2.5 to 3A) the average overall quality factor is around 91%.

(b)

Program: ERRATZ2

File: /var/ www/SAVES/Jobs/1530S81//errat.pdb

Chain#:1

Overall quality factor™": 82.816

DO
9S59%

Error value®

Residue # (window center)

*On the error axis. two lines are drawn to indicate the confidence with which it is possible to

reject regions that exceed that error value. e

Expressed as the percentage of the protein for

which the calculated error value falls below the 95% rejection limit Good high resolution
structures generally produce values around 95% or higher. For lower resolutions (2.5 to 3A) the
average overall quality factor is around 91%.

Figure 7: (a) and (b) An overall quality factor of CRH predicted by ERRAT 2.

A maximum of two interactions are shown by deriva-
tive D. A total of four amino acids are situated in the
binding pocket of the receptor. The residues Arg 392 and
Arg 395 are located in TM6, and both establish arene—
cationic bonds with the same benzene skeleton. The docking
score and RMSD value were recorded to be —-15.60 kcal/mol
and 2.126 A, respectively.

A maximum of three interactions are shown by deri-
vative E. A total of four amino acids are situated in the

binding pocket of the receptor. The residues Arg 403 and
Arg 174 are located in TM7 and TM4, respectively. Two
arene—cationic interactions are established by Arg 403
with a benzene ring. On the other hand, the residue Arg
174 forms an arene-cationic bonding with another ben-
zene skeleton. The docking score and RMSD value were
noted to be —14.25 kcal/mol and 3.624 A, respectively.

A maximum of two interactions are formed by deriva-
tive F. A total of four amino acids are situated in the
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Figure 8: 2D and 3D interaction images of CRH with CP376395 derivatives (A-J).
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Figure 8: (Continued)
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Figure 8: (Continued)
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J 2D

Figure 8: (Continued)

binding pocket of the receptor. The residues Arg 403 and
Arg 174 are located in TM7 and TM4, respectively. Both the
residues form arene—cationic bondings with the same ben-
zene skeleton. The docking score and RMSD value were
recorded to be 20.06 kcal/mol and 4.353 A, respectively.

Only one interaction is shown by derivative G. A total
of five amino acids are situated in the binding pocket of the
receptor. The residue His 4 is located at the N-terminal and
forms an arene-arene bonding with the benzene skeleton.
The docking score and RMSD value were recorded to be
-19.41 kcal/mol and 2.246 A, respectively.

Only one interaction is shown by derivative H. A total
of eight amino acids are situated in the binding pocket of
the receptor. The residue Arg 145 is situated in TM3 and
forms an arene—cationic bonding with the benzene ske-
leton. The docking score and RMSD value were verified
to be —16.42 kcal/mol and 3.443 A, respectively.

A maximum of three interactions are shown by deri-
vative I. A total of nine amino acids are situated in the
binding pocket of the receptor. The residue Trp 266 is
located in TM5, and the two residues (Ala 190 and Asn
186) are situated in TM4. An arene-arene interaction is
noted between the residue Trp 266 and the benzene moiety.
The residues Ala 190 and Asn 186 form hydrogen bonding
separately with the same oxygen. The docking score and
RMSD value were confirmed to be -18.57 kcal/mol and
2.824 A, respectively.

Two interactions are formed by derivative J. A total of
eight amino acids are situated in the binding pocket of the
receptor. The residue Arg 145 (located in TM3) forms an
arene—cationic bonding with the benzene moiety, and the
residue Ser 146 (located in TM3) establishes a hydrogen

bonding with the hydroxyl moiety connected to a benzene
ring. The docking score and RMSD value were noted to be
-15.60 kcal/mol and 2.126 A 2.824 A, respectively.

The overall docking results of the CRH with CP376395
derivatives (A-J) are provided in Figure 8 and Table 3.

Only one interaction is established by derivative K. A
total of seven amino acids are situated in the binding
pocket of the receptor. The residue Thr 417 is located at
the C-terminal and establishes a hydrogen bonding with
the hydroxyl moiety of the ligand. The docking score and
RMSD value were noted to be -16.02 kcal/mol and 1.857 A,
respectively.

A maximum of three interactions are shown by deri-
vative L. A total of eight amino acids are situated in the
binding pocket of the receptor. The residue Ser 24 is
located in TM1, and the two residues (Arg 292 and Lys
286) are situated in TM5. A hydrogen bonding is observed

Table 3: Docking results of CP376395 derivatives (A-J)

CP376395 Docking score RMSD (A) Number of
analogs (kcal/mol) interactions
A -15.74 03.734 02

B -11.57 01.662 01

C -14.88 04.102 02

D -15.60 02.126 02

E -14.25 03.624 03

F -20.06 04.353 02

G -19.41 02.246 01

H -16.42 03.443 01

I -18.57 02.824 03

) -15.60 02.126 02
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Figure 9: 2D and 3D interaction images of CRH with CP376395 derivatives (K-S).
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Figure 9: (Continued)
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Figure 9: (Continued)

between the residue Ser 24 and the oxygen of the SO,Cl
moiety. A second hydrogen bonding is found between the
residue Arg 292 and the oxygen of the carboxylic moiety.
The third hydrogen bonding is formed between the residue
Lys 286 and the oxygen of another carboxylic moiety. The
docking score and RMSD value were noted to be -15.57
kcal/mol and 3.331 A, respectively.

A maximum of three interactions are shown by deri-
vative M. A total of 11 amino acids are found in the binding
pocket of the receptor. The residues Lys 291 and Phe 359
are located in TM5 and TM6, respectively. The residue Lys
291 forms a hydrogen bond with the hydroxyl group of the
ligand. The residue Phe 359 forms two hydrogen bonds
with the oxygen of the carboxylic moiety and the hydrogen
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Table 4: Docking results of CP376395 derivatives (K-S)

CP376395 Docking score RMSD (A) Number of
analogs (kcal/Mol) interactions
K -16.02 01.857 01

L -15.57 03.331 03

M -16.69 03.763 03

N -25.27 03.639 03

0 -19.89 16.65 04

P -17.51 01.554 03

Q -16.92 03.385 04

R -26.38 02.185 01

S -16.09 01.287 01

of the hydroxyl moiety. The docking score and RMSD value
were noted to be -16.69 kcal/mol and 3.763 A, respectively.

A maximum of three interactions are shown by deri-
vative N. A total of nine amino acids are situated in the
binding pocket of the receptor. The residues Lys 111, Ser
112, and Asn 89 are all found in TM3. The residues Lys 111
and Ser 112 both make hydrogen bonds with hydrogen of
the same hydroxyl moiety on the ligand molecule. On the
other hand, the residue Asn 89 also forms a hydrogen bond
with the hydrogen of a different hydroxyl moiety on the
ligand molecule. The docking score and RMSD value were
noted to be —25.27 kcal/mol and 3.639 A, respectively.

A maximum of four interactions are shown by deriva-
tive O. A total of five amino acids are present in the binding
pocket of the receptor. The residues Arg 174 and Arg 403
are located in TM4 and TM7, respectively. The residue Arg
174 forms two arene—cationic interactions with two dif-
ferent aromatic rings. On the other hand, the residue Arg
403 forms an arene—cationic interaction and a hydrogen-
bonding interaction with an aromatic ring and the amino
group of aniline moiety, respectively. The docking score
and RMSD value were recorded to be -19.89 kcal/mol and
16.65 A, respectively.

A maximum of three interactions are displayed by
derivative P. A total of six amino acids are present in the
binding pocket of the receptor. The residues Glu 31 is found
in TM1, whereas the residues Arg 292 and Glu 285 are both
situated in TM5. The residue Arg 292 forms an arene-
cationic interaction with the aromatic moiety of the ligand
molecule. On the other hand, the residues Glu 31 and Glu
285 both establish hydrogen bonds with the hydrogen of an
amino moiety and the hydrogen of a hydroxyl group,
respectively. The docking score and RMSD value were
observed to be —17.54 kcal/mol and 1.554 A, respectively.

A maximum of four interactions are shown by deriva-
tive Q. A total of five amino acids are present in the binding
pocket of the receptor. Three residues Glu 109, His 117, and

Homology modeling and molecular docking study = 15

Lys 113 all are located in TM3. A hydrogen bond between
the residue Glu 109 and the hydrogen of the amino moiety
is observed. The residue Lys 113 forms two hydrogen-
bonding interactions with the nitrogen of an amino moiety
and the doubly bonded oxygen atom of the carboxylic
moiety. The fourth hydrogen-bonding interaction is dis-
played between the residue His 117 and the hydrogen of
the amino group. The docking score and RMSD value were
identified to be -16.92 kcal/mol and 3.385 A, respectively.
A maximum of two interactions are shown by deriva-
tive R. A total of five amino acids are found in the binding
pocket of the receptor. The residues Glu 21 and Lys 256 are
present in TM1 and TMS5, respectively. A hydrogen bond is
observed between the residue Glu 21 and the hydrogen of the
carboxylic moiety. An arene—cationic interaction is formed
between the residue Lys 256 and an aromatic ring of the
ligand molecule. The docking score and RMSD value were
identified to be —26.38 kcal/mol and 2.185 A, respectively.
Only one interaction is shown by derivative S. A total
of three amino acids are found in the binding pocket of the
receptor. The residue Phe 313 is found in TM6, which forms
an arene-arene interaction with an aromatic ring of the
ligand molecule. The docking score and RMSD value were
recognized to be —16.09 kcal/mol and 1.287 A, respectively.
The overall docking results of CRH with CP376395 deri-
vatives (K-S) are provided in Figure 9 and Table 4.

3 Conclusion

The key goal of this study is to design a 3D structure of CRH
through computational work and to find the active sites for
drug designing to affect their biological and biochemical
activities. The 3D structure of CRHRs was architected by
MOE and the I-TASSER package. The justification and
assessment of the final model of CRHRs were made with
RAMPAGE and ERRATE online servers. Molecular docking
studies revealed that CRH exhibited robust interactions
with the drug CP376395 and its analogs. It was noted that
CP376395 derivatives O and Q showed a maximum of four
interactions with CRH with a decent docking score. In con-
trast, the analogs E, I, L, M, N, and P each displayed a
maximum of three interactions with CRH, accompanied
by decent docking scores. The results showed good docking
scores for most of the CP376395 derivatives after their
molecular docking with the CRH. These investigations
will support us to know the 3D structure of CRHRs and
their function. Furthermore, the current study will propose
a hypothetical path for chemists to design new drug can-
didates for the treatment of stress-related diseases.
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