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Abstract. - OBJECTIVE: Huntington’s dis-
ease is a dominant autosomal inherited neuro-
degenerative disease that results in progressive
impairment, characterized by dementia, chorea,
and behavioral and cognitive decline. The objec-
tive of this study was to investigate the potential
activity of metalloproteins against the hunting-
tin protein using various insertion-based engi-
neering computational methods. In this study,
metalloproteins, metal protein complexes in-
volved in important biochemical and physiolog-
ical processes, were explored as potential drug
candidates for Huntington’s disease.

MATERIALS AND METHODS: A total of 18
metalloproteins were selected as drug candi-
dates and studied to assess their potential in-
hibitory effects on the huntingtin protein. The
screening was based on the lowest binding en-
ergy resulting from docking analysis. The metal-
loprotein with the lowest docking score was
chosen for side chain insertion of neurogene-
rative amino acids. The engineered metallopro-
tein was then evaluated based on physiochem-
ical properties, allergenicity, toxicity, and sur-
face accessibility. Cloning and expression anal-
ysis was performed to further investigate its po-
tential as a therapeutic agent.

RESULTS: The metalloprotein chosen for side
chain insertion, cytochrome C oxidase, showed
promising results. It was computed as a prob-
able non-allergen and exhibited non-toxic do-
mains, indicating its non-toxic nature. Addition-
ally, it demonstrated a strong binding affinity
with the huntingtin protein, with a binding ener-
gy of -1,253.3 Kcal/mol.

CONCLUSIONS: Metal-based proteins, when
engineered with additional neurogenerative ami-
no acids, hold potential as drug candidates for
treating neurodegenerative diseases such as
Huntington’s disease. The successful develop-
ment of these engineered metalloproteins could
offer therapeutic advantages. Further testing,
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both in vitro and in vivo, is necessary to evalu-
ate their efficacy and validate their potential ac-
tivity as novel drugs for the treatment of neuro-
degenerative diseases.

Key Words:
Huntingtin disease, HTT gene, Metalloproteins, Cy-
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Introduction

The neurodegenerative disorder Huntington’s
disease (HD) is becoming more prevalent in the
aging population worldwide'. Huntington’s dis-
ease is a fatal autosomal dominant inherited dis-
ease associated with neurodegeneration of the
central nervous system?. In the US, the total mor-
tality rate due to Huntington’s disease was 2.27
per million people annually. Currently, there are
no treatments that can stop, slow down, or reverse
the progression of HD’. People with HD typi-
cally die between 10 to 20 years after the onset
of symptoms, mostly due to pneumonia infec-
tion and injuries incurred in falls®. It is charac-
terized by progressive dementia, behavioral, and
cognitive dysfunction, chorea, and uncontrolled
extreme movement of motor neurons’. The ex-
pansion of a dominant polyglutamine (poly-Q)
in the N-terminal of huntingtin protein results in
protein misfolding and intracellular aggregation
in inclusions is the root cause of Huntington’s
disease (HD)®. Degeneration predominates and is
more prevalent in the striatum and cerebral cor-
tex. Huntingtin is the major protein associated
with HD, despite not being a metalloprotein, is an
iron-responsive brain-developmental protein that
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regulates the transferrin receptors, one of the es-
sential iron metabolism proteins. Huntingtin has
been considered a potential biomarker for brain
huntingtin in biofluids. So, biomarkers are re-
quired as they could predict the onset and pro-
gression of HD more accurately. It has also been
shown’ that cerebrospinal fluid (CFS) huntingtin
levels correspond to brain levels, and elevate with
the disease stage.

In the human body, metal ions play a key role
in maintaining cell structure, including protein
stability, function, and structure. The binding of
metal ions or clusters to proteins increases the
structural and functional diversity of proteins in
nature. In these proteins, metal ions are present
in about one-third of the whole composition. Met-
al ion-binding proteins, also known as metallo-
proteins, are involved in several biological and
chemical processes in nature. Metalloproteins
are essential for numerous cellular processes
that support life’. A subclass of metalloproteins
known as metalloenzymes is a metal ion-con-
taining enzyme primarily responsible for cata-
lyzing the majority of complex transformation
chemical reactions. Metalloenzymes act on a
molecule known as the substrate that undergoes
a net chemical change and performs particular
catalytic activities. They are necessary for bio-
logical pathways to maintain life. Metalloproteins
are relatively common metal-based proteins in-
volved in a wide range of functions as enzymes,
storage and transport proteins, regulators of gene
expression, and signal transduction cascades pro-
teins. For many years, biological research'® has
mostly been concerned with metalloproteins.

Movement anomalies, cognitive impairment,
and psychiatric symptoms are the clinical hall-
marks of the disease. In Huntington’s disease
(HD), significant and persistent abnormalities
in iron homeostasis have been periodically re-
ported'! and serum ferritin inadequacy has been
considered the reason for the higher brain iron
levels seen in HD patients. However, metallomics
studies on HD patient biofluids are unusual and
sparse. This disease shows multiple symptoms in
humans and directly affects the Central Nervous
System through the progressive degeneration
of neurons in the brain. Currently, there are no
known disease-modifying drugs or curative treat-
ments for Huntington’s disease'?. However, symp-
tomatic medications, including tetrabenazine',
neuroleptics'*, etc., have been licensed to treat
the symptoms of chorea in HD and are used to
suppress the effect of involuntary jerking and

writhing movements. Huntington’s disease is
not particularly treated by licensed medications
because long-term exposure to these drugs may
cause drowsiness somnolence, blurred vision, in-
somnia, depression, panic attacks, akathisia, and
paranoia®. Therefore, there is an urgent need to
design an effective drug specifically for Hunting-
ton’s disease, as no particular drug has been de-
veloped and licensed for this disease.

The way to reduce the burden of HD globally
is to cure this disease by different means. In this
case, the in-silico approach is an efficient method
to check metalloproteins’ efficiency and poten-
tial activity. These tools, provide a framework for
screening the potential activity of metalloproteins
towards specific targets/receptors, which helps to
select the ones with the greatest potential activi-
ty for subsequent future in vitro and in vivo study.
The purpose of this study is to determine and as-
sess the efficacy of side chain amino acid-insert-
ed metalloproteins against Huntingtin proteins to
design a drug candidate for Huntington’s disease.
The design of metalloprotein-based drugs has an
enormous impact on neurodegenerative diseases
such as HD, and they have been widely used to treat
diverse effects of neurodegenerative disorders.

Materials and Methods

Retrieval of Hungtintin Protein

Huntington’s disease targeted protein ad-
dressed in this study is huntingtin protein with ID
mapping 000291-HIP1 HUMAN obtained from
Uniprot (Universal Protein Resource, available
at: https://www.uniprot.org/). Uniprot is an online
database of protein sequences that gives struc-
tural and functional information about proteins.
It helps to predict biological processes, molecu-
lar functions, and cellular components of the cell.
The tertiary structures of selected proteins were
visualized using Discovery Studio Visualizer (3D
Boston Campus USA, available at: https:/discov-
er.3ds.com/discovery-studio-visualizer-down-
load). It is a protein modeling software used
to visualize, analyze, and simulate protein struc-
tures'"'8.

Prediction of Binding Pockets

For better and more effective interaction anal-
ysis, it is important to predict or identify the bind-
ing sites present in the protein molecule. To identi-
fy and detect active sites of protein, a meta server
method COACH (available at: https://zhanggroup.
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org/COACH/) was used. It works based on two
different algorithms TM-SITE and S-SITE. The
BioLiP protein function database identifies the
sites in the ligand binding templates with struc-
tural and sequence analysis. This step identified
the potential binding pockets in the protein mole-
cule. The COACH analysis was performed using
the Protein Data Bank (PDB) structure of the pro-
tein as input.

Retrieval of 3D Structures
of Metalloproteins

Protein Data Bank (PDB) (available at: https:/
www.rcsb.org/) is an online server, used to retrieve
the 3D structures of metalloproteins, including ac-
onitase (1L5J), iron-responsive element-binding
protein (IRE-BP) (3SN2), hydrogenase (1H2A),
catalase (3RGP), beta-amyloid (STPT), amino-
peptidase (4QPE), carboxypeptidase (2PJ7), al-
cohol dehydrogenase (IHSO), nitrite reductase
(2DWT), nitrous-oxide reductase (5I5J), laccase
(4JHV), cytochrome c¢ oxidase (CcO) (7CP5),
Calmodulin (2RO8), Ceruloplasmin (SNOK), fer-
ritin (2FHA), cytochromes (1WOE), rubredoxin
(BKYX), and tyrosinase (3AWU). It can provide
complete access to structural biology and struc-
tural genomics information'.

Docking Analysis of Metalloproteins

ClusPro 2.0 (available at: https://cluspro.
bu.edu/) was used for protein-protein docking
purpose®. ClusPro is an online automated, web-
based program used the check the interaction
and binding energies between two protein mol-
ecules?. Docking was carried out between Hun-
tington protein and cytochrome C oxidase. In
the docking process, steric and physicochemical
compatibility is evaluated by predicting the struc-
ture of the protein-protein complex, and proteins
recognize one another, usually in a tight-packed
manner, and bind in a very specific way. It is
used to understand cellular functions, and dock-
ing X-ray or nuclear magnetic resonance (NMR)
structures of proteins.

Side-chain Insertion of Amino Acids into
Metalloproteins

The side-chain insertion of neurogenerative
amino acids to metalloproteins was done by the
SwissSidechain software (available at: https:/
www.swisssidechain.ch/). The SwissSidechain
database contains several hundred natural and
unnatural amino acid sidechains, which can be
inserted into natural proteins or peptides com-

putationally to enhance the effectiveness of pro-
teins?. The cytochrome C oxidase structure was
opened, and four amino acids sequence of tryp-
tophan, tyrosine, histidine, and asparaginen were
inserted on both sides of the chain of cytochrome
C oxidase. Tyrosine and tryptophan were inserted
into the N-terminal of it, whereas histidine and
asparagine were inserted into the C-terminal of
metalloproteins. This step was aided by adding
the sequence of these amino acids to the FASTA
sequence of cytochrome C oxidase at specific ter-
minals®*. The output PDB structure of this side
chain amino acid constructive metalloproteins
was again docked through Cluspro to predict its
enhanced activity.

Prediction of Physiochemical Properties

The physicochemical properties of the com-
pound can be determined by using Expasy
ProtParam (available at: https://web.expasy.org/
protparam/). AA-Prop is a tool for predicting
the physicochemical properties of proteins. The
AA-Prop accurately predicts many properties
like Molecular weight, Instability Index, GRA-
VY-Grand Average of Hydropathicity, aliphatic
index, extinction coefficient, isoelectric point,
molecular weight, and the net charge on protein.
It also predicts amino acid composition and a pro-
tein molecule’s atomic composition?*.

Prediction of Disulfide Bonds

Cyspred (available at: http:/gpcr.biocomp.
unibo.it) is an online software used to predict the
bonding state of cysteine or disulfide bonds in the
specified metalloprotein. It can be used to sepa-
rate and differentiate reactive and nonreactive
cysteine, by analyzing the H-bond network and
using profiling techniques. It is used to charac-
terize the structural and functional characteristics
of proteins by predicting disulfide bridges from
protein sequences. The stability and folding of
many proteins depend on the formation of disul-
fide bonds between the appropriate pairs of cyste-
ine residues®.

Prediction of Surface Accessibility

To predict the surface accessibility of metal-
loproteins, NetSurfP (available at: http:/www.
cbs.dtu.dk/services/NetSurfP-1.1/) software was
used. The simultaneous prediction of local struc-
tural topography is easily simplified by this pre-
diction. NetSurfP is an online tool used to predict
secondary structure, structural disorder, solvent
accessibility, and surface accessibility. Surface
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prediction accessibility is mainly based on the Z
score. The Z score is used to predict the validity
of surface accessibility and surface prediction®.

Prediction of Allergenicity

By identifying the allergic compounds in the
protein molecules, the allergenicity of metallopro-
teins was determined using AllerTOP v.20 (avail-
able at: https:/www.ddg-pharmfac.net/AllerTOP/).
It is an online service used to predict allergenicity
based on the physicochemical properties of proteins.
By comparing the protein sequences in databases,
this technique evaluates the metalloprotein’s abili-
ty to cause symptoms based on a cross-reactivity*’.

Prediction of Toxicity

ToxDL is an online tool (available at: http:/
www.csbio.sjtu.edu.cn/bioinf/ToxDL/) that can
be used to classify toxic and non-toxic chains
in a protein molecule. It works based on the
multimodal deep learning-based approach. It
was used to categorize the toxicity of metallo-
proteins according to the presence of toxic do-
mains and moieties in the secondary structure
of ligands?®.

Prediction of Secondary Structure

PsiPred (available at: http:/bioinf.cs.ucl.ac.uk/
psipred/) is an online web server used to predict
the secondary structure of proteins based on posi-
tion-specific scoring matrices. It is a highly accu-
rate prediction method that works on the principle
of artificial neural networks and machine learning
methods in its algorithm®. The secondary struc-
ture of proteins contains alpha helix, beta-pleated
sheets, coils, extracellular regions, cytoplasmic
region, protein bindings, and transmembrane he-
lix. PSIPRED took the output of the Position-Spe-
cific Iterated BLAST (PSI-BLAST) and analyzed
it by two feed-forward neural networks to predict
the 2D structure of the protein®.

Prediction of Tertiary Structure

The 3D structure of metalloprotein was pre-
dicted using TrRosetta (available at: https:/yan-
glab.nankai.edu.cn/trRosetta/help/). The trans-
form-restrained Rosetta (TrRosetta) algorithm
predicts protein structures rapidly and effective-
ly. It is an online web server that builds the struc-
ture of a protein using direct energy minimiza-
tions and restrained/constrained Rosetta. The
inter-residue geometries, including orientations
and distance, are initially predicted using a deep
neural network, and then predicted geometries

are subsequently converted into protein models
to forecast the structure’'.

Validation of the Tertiary Structure
of the Protein

The 3D structure of the huntingtin protein was
evaluated and verified by the Ramachandran plot.
The Ramachandran plot was used to verify the 3D
model by using PROCHECK (available at: https:/
saves.mbi.ucla.edu/). PROCHECK determines the
stereochemical properties and the geometry of the
residues that are found in the protein structure. The
plot shows the phi (®) and psi (y) angles of the res-
idues present in the amino acid sequence.

Expression Analysis

Snap Gene (available at: https:/www.snapgene.
com) is an online molecular biology software used
for expression analysis. It is used for DNA visu-
alization and molecular cloning. For expression
analysis, PuCl18 vector was selected and restriction
sites were identified and marked. JCAT (Java Co-
don Optimization Tool) (available at: http:/www.
jecat.de/) was utilized for accurate and efficient ex-
pression analysis. The fragment was subsequently
selected for metalloprotein; cytochrome C oxidase
was subjected to adequate expression scrutiny?.

Results

Retrieval of Protein Sequence

Huntington protein was retrieved from Uni-
Prot with ID mapping O00291.HIPI HUMAN.
This protein contains 4 chains consisting of 107
amino acids starting with Glycine (G) and ending
at Histidine (H), as presented in Figure 1A.

Binding Site Identification

The structure of the huntingtin protein having
PDB Id 2aq7 was given to COACH. It is a me-
ta-server online tool used for the identification
of active sites in a protein molecule. The BioLiP
protein function database with structural and se-
quence analysis was used to identify the sites and
detect the ligand binding templates by using two
comparative approaches TM-SITE and S-SITE.
The possible predicted binding sites in a hunting-
tin protein are shown in Figure 1B.

The TM-SITE results showed a C-score of
0.25, a cluster size of 19, and the ligands were
NUC, DPV and III with the residues 20, 23, 24,
27,28, 31, 35, 38, and 39, respectively. The S-SITE
results have a C-score of 0.16, the cluster size is 3,
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Figure 1. A, 3D structure of Hun-
tingtin protein; a major player in the
prognosis of Huntingtin diseases. B,
Binding sites of huntingtin protein by
COACH.

and the ligands are EYK, CA, and SE with the
predicted binding site residues 58, 63, 66, 67, 68,
and 70, respectively.

Protein-Protein Docking

The protein-protein docking of metalloproteins
and huntingtin protein receptors was simulated by
ClusPro 2.0. To evaluate the outcomes of docking
results, the lowest energies of VAW Electric were
selected. The docking score of the cytochrome C
oxidase was -1,253.3, which is high among other
drug candidates. The docking energies of drug

B)

candidates metalloproteins and metalloenzymes
with huntingtin protein are shown in Table 1.

Side-Chain Insertion of Neurogenerative
Amino Acids to Metalloproteins

The addition of four amino acids in the metallo-
protein structure of cytochrome C oxidase resulted
in the increase of efficacy of targeted metalloprotein
as all of these amino acids play important roles in the
neuroregeneration as proved by the docking analy-
sis and this was further validated by physiochemical
analysis. Figure 2A shows the side chain insertion of

Table I. Binding energies of different metalloproteins and huntingtin protein by ClusPro.

Sr. No. Metalloproteins PDB ID Cluster Binding Affinities (kcal/mol)
Members
Centres Highest
1 Aconitase 1L5] 90 -779.2 -874.3
2 Iron-responsive element-binding protein 3SN2 35 -685.0 -906.4
3 Hydrogenase 1H2A 66 -815.6 -823.8
4 Catalase 3RGP 55 -878.4 -1,175.3
5 Beta amyloid 5TPT 57 -691.9 -840.4
6 Aminopeptidase 4QPE 102 -614.7 -673.8
7 Carboxypeptidase 2PJ7 111 -735.1 -772.4
8 Alcohol dehydrogenase 1HSO 70 -594.7 -807.2
9 Nitrite reductase 2DWT 73 -649.2 -745.8
10 Nitrous-oxide reductase SIS 49 -869.3 -946.2
11 Laccase 4JHV 81 -647.5 -660.5
12 Cytochrome C oxidase 7CP5 45 -1091.1 -1,253.3
13 Calmodulin 2RO8 135 -474.8 -612.0
14 Ceruloplasmin SNOK 48 -796.2 -804.5
15 Ferritin 2FHA 71 -816.3 -1,077.8
16 Cytochromes IWOE 145 -542.2 -636.2
17 Rubredoxin 3KYX 202 -463.6 -484.7
18 Tyrosinase 3AWU 97 -630.7 -711.7

Adjusted for age, infertility duration, BMI, number of MII oocytes, number, and quality of embryos transferred.



M. Naveed, N. Ul Ain, T. Aziz, M.A. Shabbir, A. Saleem, et al

Figure 2. A, 3D structure of side chain amino acids constructive cytochrome C oxidase (red, light blue and green chains);
tryptophan (dark blue chain), tyrosine (green chain), histidine (orange chain) and asparagine (yellow chain). B, The docking
complex of Huntingtin protein and side chain amino acids constructive Cytochrome C oxidase. Chains of huntingtin protein
receptor (red helix and green loops) and inserted side chains of amino acids in cytochrome C oxidase (yellow).

4 amino acids (tryptophan in dark blue chain, tyro-
sine in green chain, histidine in orange chain and as-
paragine in yellow chain) to cytochrome C oxidase.
The docked complex of hungtintin protein with side
chain amino aicds constructive cytochrome C oxi-
dase is depicted in Figure 2B.

Prediction of Physiochemical Prosperities
Expasy ProtParam was used to specify the phys-
iochemical properties of side chain-engineered cy-
tochrome C oxidase metalloprotein. All characteris-
tic physical and chemical parameters, including the
total number of negatively and positively charged
amino acids, were 25 and 17, respectively. The in-
stability index of side chain-engineered cytochrome
C oxidase was 25.81. The physicochemical proper-
ties of side chain-engineered cytochrome C oxidase
metalloprotein are presented in Table I1.

Prediction of Disulfide Bonds

The disulfide bonds calculated by CYSPred
showed that the side chain amino acids construc-
tive cytochrome C oxidase have all cysteines and
disulfide bonds were present in the bonding states
with a reliability factor of 2 to 9, respectively.

Prediction of Surface Accessibility

NetSurfP predicted the surface accessibility of
side chain amino acids constructive cytochrome
C oxidase. In the results, the most exposed amino
acid number, its relative surface accessibility, and
absolute surface accessibility are 197, 0.931, and
162.576, respectively.

Prediction of Allergenicity

The allergenicity of side chain amino acids
constructive cytochrome C oxidase was pre-
dicted as a probably non-allergen. The metallo-
protein-based drug candidate was considered to
be safe enough to use as a drug candidate due to
its low allergenicity and non-allergen activity.

Prediction of Toxicity

Based on toxicity domains in the secondary
structure of metalloproteins, the toxicity of side
chain-engineered cytochrome C oxidase was pre-
dicted by the ToxDL tool. The toxicity score is
0.000000005. No toxic domains were found in
side chain amino acids constructive cytochrome
C oxidase claiming that it is safe to use as a drug
in the future.

Table Il. Physiochemical properties of side chain amino acids constructive cytochrome C oxidase.

acids constructive
Cytochrome C oxidase

Name Extinction Estimated Instability  Aliphatic  Grand average
Coefficient Half Life Index Index of hydropathicity
(GRAVY)
Side chain amino 2.136 30 hours 25.81 102.06 0.685
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Prediction of Secondary Structure

Psipred was used the generate the second-
ary structure of the side chain-engineered cyto-
chrome C oxidase metalloprotein. The 2D struc-
ture obtained was a long chain of amino acids,
including coils, helix and strands, as shown in
Figure 3.

Validation of 3D Structure

The 3D structure of side chain amino acids con-
structive cytochrome C oxidase was verified and
validated by PROCHECK based on quality factors.
The Ramachandran plot shows that 91.9% of resi-
dues are in the most favored regions, and 7.4% are in
additional allowed regions, as presented in Figure 4.

Figure 3. Predicted secondary
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Figure 4. Ramachandran plot
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Expression Analysis

Snap gene software (available at: https:/www.
snapgene.com/) was employed for the expression
analysis of side chain amino acids constructive
cytochrome C oxidase metalloprotein with the
PuC-18 vector. The complete expressional accu-
racy was achieved through codon optimization.
The metalloprotein-based drug candidate used as
an insert in the vector will be further modified to
produce a drug on a commercial scale. The side
chain amino acids constructive cytochrome C ox-
idase metalloproteins based drug construct and
generated using the PUC-18 vector using Snap
Gene, is shown in Figure 5.

Discussion

In Huntingtin disease (HD), the hunting-
tin protein contains a polyglutamine expansion
known as poly-Q, which leads to the misfolding
and aggregation of the protein®. Metallothionein,
specifically the MT-III isoform, has been shown**
to significantly reduce poly-Q aggregation and
toxicity when overexpressed in mammalian cells.

6838

This metalloprotein has therefore been proposed
as a potential target for therapeutic intervention in
HD. However, there has been little investigation
into the levels of metalloproteins, including MT-
111, in biofluids such as cerebrospinal fluid (CSF)
in HD patients®. A study conducted by Zakiyan-
ov et al’* expected that MT-III levels in CSF may
be elevated in HD due to the increased brain iron
levels observed in the patients.

Matrix metalloproteinases (MMPs) are a fam-
ily of zinc-containing proteolytic enzymes in-
volved in various pathological processes. They are
known?’ to degrade extracellular matrix proteins
and have been linked to diseases such as rheu-
matoid arthritis, kidney disease, cardiovascular
disease, and cancer. An imbalance of MMP and
tissue inhibitor metalloproteinase (TIMP) activity
is thought to contribute to these diseases. MMP
inhibition has been shown®® to reduce neuronal
damage after transient cerebral ischemia, and mice
lacking MMP-9 have a significantly decreased
level of striatal neuronal cell death after intrace-
rebral hemorrhage. The MMP-3/MMP-9 inhibitor
SB-3CT (selective, mechanism-based inhibitor of
the gelatinases) has also been found to decrease
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Figure 5. The side chain amino acids constructive cytochrome C oxidase cloning in PuC-18 by SnapGene; vector containing

restriction sites for mentioned restriction enzymes.

MMP activity and infarct size in a mouse stroke
model*’. While MMPs are considered important
in the development of certain diseases, more re-
search is needed to understand their role in normal
cell function and disease. Several studies* have
utilized neuroimaging techniques to better under-
stand the progression of Huntingtin disease (HD)
and to evaluate the effectiveness of potential ther-
apies. Some of the therapies that have been tested
in clinical trials for HD include phosphodiesterase
10a inhibitor, resveratrol, tetrahydrocannabinol,
cannabidiol, coenzyme Q10, riluzole, minocycline,
cystamine, minocycline, essential fatty acids, so-
dium butyrate and creatine inhibitors*. However,
these therapeutic agents have not successfully in-
hibited or modified the progression of HD. Cur-
rently, different drugs such as laquinimod, sema-
phorin-4D and pridopidine-neutralizing antibodies
are in the experimental and evaluation process for
their potential to treat HD*.

The current study is based on the screening of
metalloproteins, leading to the side-chain insertion
of neurogenerative amino acids to metalloproteins

acting as as a drug candidate against the huntingtin
protein (HTT). This chain of computational analy-
sis shows that cytochrome C oxidase has the highest
binding affinity with the Huntingtin protein (-1,091
kcal/mol energy), and it was predicted to be non-al-
lergen and safe for drug administration further for
clinical trials®**. The side-chain addition of amino
acids to the cytochrome C oxidase shows increased
efficacy and binding affinity. All these four amino
acids tyrosine, tryptophan, histidine and asparagine
play an important role in neurogeneration. A study by
Suzuki et al* shows the role of seven essential ami-
no acids, namely leucine, phenylalanine and lysine
supplemented with histidine isoleucine, tryptophan
and valine to delay the onset of dementia. These ami-
no acids were given orally to the participants in the
form of granular powder, and results showed that the
6 g intervention group (6gIG) significantly improved
cognitive functions and psychosocial function, which
was expected to reduce cognitive decline®.

Since delivering nucleic acids to the brain is
difficult, this strategy faces many challenges. Fur-
thermore, once the nervous system is cured, many
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other tissues and organs got affected. Therefore,
developing conventional drugs is important to
cure HD without side effects*®. Drugs that have
been used for Hungtinton disease, such as antipsy-
chotics, tranquilizers, cludemonoamine depleters
and antidepressants do not prevent cognitive,
behavioral and psychotic dysfunction linked to
HD. Moreover, their long-term use causes chron-
ic side effects. Several drugs have shown signif-
icant therapeutic effects against HD that provide
an alternative to this, such as protein-based drugs.
Furthermore, herbal drugs are also used as an al-
ternative therapeutic method, but their permea-
bility and drug solubility to reach the target site
have not been able to reach the clinical exploration
stage®. In the current study, side chain amino ac-
ids constructive cytochrome C oxidase shows good
ADME (absorption, distribution, metabolism and
excretion) Aproperties, high solubility and per-
meability, making it drug-permeable and showing
no toxicity as its toxicity score is 6.0772003e-05.
The validation of the 3D structure of cytochrome
C oxidase shows 91.9% of residues are in the most
favored regions, and 7.4% of residues are present
in additional allowed regions. Conclusively, this
designed study contains many computational facts
and information through which a specifically tar-
geted drug against Huntingtin diseases could be
propagated. The targeted drug complex shows no
allergenicity and toxicity that proves it to be safe
for administration as a drug and could be implicat-
ed for further investigation for in-vivo studies.

Conclusions

Huntington’s disease is a fatal genetic dis-
order that affects the central nervous system. It
is caused by a mutation in the H7T gene, which
leads to the abnormal expansion of a poly-Q tract
in the HTT protein. This expansion confers tox-
ic functions on the protein and causes it to accu-
mulate and aggregate within cells. One potential
treatment for Huntington’s disease involves tar-
geting the HTT protein with metalloprotein-based
drugs. A molecular docking study was conducted
to identify suitable drug candidates, and it was
found that cytochrome C oxidase had the highest
binding energy. Finally, side chain amino acids
constructive cytochrome C oxidase was subject-
ed for physiochemical properties, toxicity and al-
lergenicity predictions, suggesting that this side
chain constructive metalloproteins are safe for
oral administration and could be further tested in

in vitro and in vivo studies. Overall, this research
provides computational pharmacological data
that could support the development of HTT-tar-
geted drugs for Huntington’s disease.
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