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Background: Alpha-1 antitrypsin deficiency (A1ATD) is a progressive lung
disease caused by inherited pathogenic variants in the SERPINALl gene.
However, their actual role in maintenance of structural and functional
characteristics of the corresponding a-1 anti-trypsin (A1AT) protein is not
well characterized.

Methods: The A1ATD causative SERPINAI missense variants were initially
collected from variant databases, and they were filtered based on their
pathogenicity potential. Then, the tertiary protein models were constructed
and the impact of individual variants on secondary structure, stability, protein-
protein interactions, and molecular dynamic (MD) features of the A1AT protein
was studied using diverse computational methods.

Results: We identified that ALATD linked SERPINAI missense variants like F76S,
S77F, L278P, E288V, G216C, and H358R are highly deleterious as per the
consensual prediction scores of SIFT, PolyPhen, FATHMM, M-CAP and
REVEL computational methods. All these variants were predicted to alter
free energy dynamics and destabilize the A1AT protein. These variants were
seen to cause minor structural drifts at residue level (RMSD = <2A) of the
protein. Interestingly, S77F and L278P variants subtly alter the size of secondary
structural elements like beta pleated sheets and loops. The residue level
fluctuations at 100 ns simulation confirm the highly damaging structural
consequences of all the six missense variants on the conformation dynamics
of the ALAT protein. Moreover, these variants were also predicted to cause
functional deformities by negatively impacting the binding energy of A1AT
protein with NE ligand molecule.
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Conclusion: This study adds a new computational biology dimension to
interpret the genotype-protein phenotype relationship between SERPINA1
pathogenic variants with its structural plasticity and functional behavior with
NE ligand molecule contributing to the Alpha-1-antitrypsin deficiency. Our
results support that ALATD complications correlates with the conformational
flexibility and its propensity of A1AT protein polymerization when misfolded.
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Introduction

A1ATD is a rare autosomal recessive disease in which low
levels of circulating alpha-1 antitrypsin enzyme in the plasma
promote degenerative or destructive changes in the lung
(Ferrarotti et al., 2018). A1AT protein is a serine protease
inhibitor produced in the liver. This enzyme binds to different
enzymes, including neutrophil elastase, that cleaves them and
gets cleaved by them in a suicidal fashion (Vissers et al., 1988). A
proportion of A1IATD patients develop liver cirrhosis, which may
be caused by aggregates of alpha-l-antitrypsin proteins
(Kohnlein and Welte, 2008). While it is often undiagnosed
(Quinn et al, 2020), it causes emphysema, which can be
exacerbated by tobacco smoke (Tejwani and Stoller, 2021). Tt
affects 1 in 2,500 people of European ancestry (Greulich et al.,
2017).

The A1ATD is caused by different pathogenic variants in the
SERPINAI gene, which is located on the long arm (q) of
chromosome 14 at 32.1 and consists of 7 exons. It encodes a
394 amino acid long polypeptide, which acts as a molecular
mouse trap that binds and blocks the function of a variety of
proteases. The amino acid substitutions in A1AT may also alter
the cellular function by forming polymer aggregates of the
protein, causing liver and lung damage (Duvoix et al., 2014).
Many pathogenic alleles in SERPINA1 gene, also designated as
protease inhibitor (PI), have already been described in AIATD
patients (Foil, 2021). The misfolding and aggregation of this
serpin family member is thermodynamically favorable since the
protein’s native conformation is transient and built to be cleaved
to reach stability (Cho et al., 2005).

The effects of missense variants on A1AT’s structure and
function are not yet well resolved. Classical in-vivo and in-vitro
approaches to study the molecular characterization of pathogenic
variants are time and cost-consuming. Alternative “in silico”
approaches, owing to their sensitivity, specificity, and accuracy,
act as pre-screens for laboratory studies (Shaik et al., 2020a; Shaik
etal., 2020b; Awan et al., 2021). In this regard, a growing number
of computational methods can effectively predict variant
pathogenicity and stability, visualize their structures, map the
conserved domains, compare their secondary structures with the
wildtype protein, and simulate their ability to bind with a
substrate. Therefore, it is aimed to utilize these computational
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biology methods to study clinical missense variants to expand the
knowledge the of defects
conformational dynamics affecting the AIAT’s function.

on nature structural and

Materials and methods

SERPINA1 variant data collection and
curation

The molecular details of the SERPINAI gene, including the
nucleotide sequence, chromosome position, transcript, and the
corresponding amino acid sequence, were obtained from the
National Center for Bioinformatics (NCBI) (www.ncbi.nlm.nih.
gov) and Ensembl databases (www.ensembl.org). The AIATD
causative variants were collected from the DisGenNET platform
(https://www.disgenet.org), which is a webserver that contains
disease-associated variants gathered from scientific literature,
genome-wide association studies (GWAS) catalogues, and
animal models (Pifiero et al., 2021). The reported variants are
downloaded in a list in Microsoft Excel format. Then, only the
missense variants associated with the AIATD phenotype were
selected for further analysis, after sorting and filtering by
Microsoft Excel 2019. Table 1 shows the molecular details of
the selected SERPINAI missense variants.

Variant pathogenicity predictions and
conservation analysis

The selected missense variants were uploaded into the
Ensembl (www.ensembl.org) variant pathogenicity predictor
(VEP) to assess their pathogenic potential. This webserver
allows using multiple tools that measure whether a variant
can be considered deleterious or not based on different
features like whether it is located in a evolutionarily conserved
sequence across species, or whether it causes structural and
stability differences, efc. (Adzhubei et al., 2010). The data can
be entered as a variant ID, VCF file, or nomenclature notation of
HGVS coordinates. The output can be in text or html format. In
this study, six tools, including Combined Annotation Dependent
Depletion (CADD), Scale-invariant Feature Transform (SIFT)
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TABLE 1 Molecular details of alpha-1-antitrypsin causative SERPINA1 missense variants.

10.3389/fmolb.2022.1051511

# dbSNP ID Clinvar ID Chromosomal position ¢.DNA position Exon Amino acid change Codon change MAF
1 151555369172 VCV000444040.1  14:94383011-94383011 €274T>C 2/5 F76S tTc/tCe -
2 1555819880  VCV000017992.2  14:94383008-94383008 €277C>T 2/5 S77F tCe/tTe -
3 15756773408 VCV000444044.1  14:94382592-94382592 €693G>T 2/5 G216C Gge/Tge -
4 151566753480  VCV000626306.1  14:94380955-94380955 ¢.880T>C 3/5 L278P cTg/cCg -
5 1517580 VCV000626305.1  14:94380925-94380925 C910A>T 3/5 E288V gAa/gTa 0.0196
6 151555367891 RCV000512630.1  14:94378633-94378633 c1120A>G 5/5 H358R cAt/cGt -
(Ng and Henikoff, 2003), Polymorphism Phenotyping construct tertiary structural models of AIAT variants. The

(PolyPhen) (Adzhubei et al,

2013), Mendelian Clinically

Modeller is a readily available online tool that relies on

Applicable Pathogenicity (M-CAP) (Jagadeesh et al, 2016),
and Functional Analysis through Hidden Markov Models
(FATHMM) (Rogers et al., 2018), REVEL (rare exome variant
ensemble learner) were used to evaluate the pathogenicity of
variants (loannidis et al., 2016). SIFT predicts pathogenicity
based on alteration in conserved regions of the nucleotide
sequence (Shaik et al., 2020b; Shaik et al., 2021; Alharthi et al.
, 2022; Bima et al,, 2022). PolyPhen predicts the variant effects
based on the nucleotide sequence and changes in protein
structure. CADD predicts the effects based on the integration
of several parameters, including sequence context, evolutionary
constraints on the genome, and epigenetic calculations. The
M-CAP combines the predictions of PolyPhen, SIFT, and
CADD together. FATHMM predicts the consequences based
on combining sequence conservation within Hidden Markov
models (HMMs) to depict the alignment of homologous
sequences and conserved protein domains. REVEL is an
ensemble technique for estimating the pathogenicity of
missense variants utilizing the following methods: MutPred,
FATHMM, VEST, PolyPhen, SIFT, PROVEAN,
MutationAssessor, MutationTaster, LRT, GERP, SiPhy,
phyloP, and phastCons. REVEL was trained exclusively on
rare pathogenic and neutral missense variants (loannidis et al.
, 2016). To examine the amino acid sequence conservation
pattern of AIAT gene across related species (8 primates), we
have performed multiple sequence alignment using Clustal
Omegat (https://www.ebi.ac.uk/Tools/msa/clustalo/).

3D structure mapping and
superimposition

The PDB database the full-length x-ray
crystallographic structure of the natural human native A1AT
protein at 1.8 A (PDBID: 3NE4 chain A). This structure was used
as a template to construct A1AT protein variants using Modeller-

contains

homology model software. The full-length amino acid sequence
of A1AT retrieved from the NCBI database (accession number
CAJ15161.1) was used to provide input to the Modeller tool to
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protein NMR to meet spatial restrictions, using sets of
geometrical requirements to establish atomic positions in
protein models by generating probability density functions.
This approach matches the input sequence with target amino
acid sequences and the structure of the template protein. Using
the steepest descent force field method in the GROMACS
software, energy of three-dimensional mutant AIAT structure
was optimized with steepest descent energy minimization
method. All 3D models, including the wildtype and mutated
structures, were viewed, and analyzed through Pymol2 software.

Structural deviation and secondary
structure analysis of AL1AT variants

The structural deviation of mutated proteins is a reliable
metric to determine how an amino acid change affects the overall
structure of the protein. The structural deviation of proteins is
measured in form of RMSD values, which were computed with
the Pymol2 software. The smaller the RMSD value, higher
similarity in both structures is predicted. These RMSD values
were estimated by superimposing each mutated model with the
corresponding wildtype structure. To perform the secondary
structure analysis, each mutated amino acid sequence was
created manually in text format via manual amino acid
substitution. Then, along with the wildtype, all mutated amino
acid sequences were entered into the Netsurfp 2.0 web tool
(https://services.healthtech.dtu.dk/service.php?NetSurfP-2.0) to
generate secondary structure representations. These secondary
structures were then analyzed to see if variant induced changes
occurred at the secondary structural element like a-helix, p-
pleated sheet or loop.

Stability analysis of A1AT variants
The missense variants were analyzed for their ability to

increase or decrease the stability of the protein by using the
DUET server (http://biosig.unimelb.edu.au/duet), which predicts
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stability scores in AAG in kcal/mol. This server uses variant
cutoff scanning matrix (mCSM) and site-directed mutator
(SDM) methods for estimation of a DUET score, which is
of both the
aforementioned methods (Pires et al., 2014). The input to this

calculated based on integrated scores
server can be the four-letter code of the wildtype protein, or the
PDB structure, together with the amino acid change and the
affected chain letter code. If the value is positive, the variant is
making the structure more stable, and if it is negative, it is making

the structure less stable.

Molecular dynamics simulation

The MD simulation of the wild and mutant protein models
was done using the Desmond MD tool (Bowers et al., 2006;
Release, 2017). The simulation systems were first prepared by
applying the SPC/E solvation model to an orthorhombic box
with a boundary distance of 10 A. The system for all the models
was neutralized by adding 10 Na* and 0.15 M Na*, Cl” ions using
the OPLS3e forcefield. Energy minimization of the prepared
solvent systems was minimized using the steepest decent
method at 5,000 steps. Further, the minimized systems were
equilibrated in constant temperature and volume (canonical or
NVT) and constant temperature and pressure (NPT) ensembles
using a “relax model system” before the simulation. In the initial
steps, the energy minimized systems are simulated in the NVT
ensemble with Brownian dynamics at 10K temperature for
100 ps and 12 ps with restraint on solute heavy atoms. In
NPT ensemble systems, no restraints were on heavy atoms at
10 K and 300 K temperatures for 12 ps and 24 ps, respectively.
The fully equilibrated systems were finally subjected to 100 ns
unrestrained MD simulations in an NPT ensemble with
1.01325 pKa (pressure) and 300K temperature. The 25ns
trajectories were recorded during the simulation period for
post MD analysis.

A1AT—NE protein computational binding
assay

The binding affinity between A1AT (both native and mutant
forms) with NE (neutrophil elastase) proteins was analyzed using
the ClusPro molecular docking online tool (https://cluspro.org).
The input for this tool is the protein and ligand files in PDB
format. The other options were set as “default.” This tool utilizes
the PIPER algorithm where the center of mass of the receptor
remains fixed, and the ligand molecule is rotated in a variety of
positions to determine the best fit (Kozakov et al., 2013; Kozakov
et al, 2017; Vajda et al., 2017; Desta et al., 2020). The resulting
models were compared and only the best scores, depicted as 0 for
each model, were selected for downloading and visual simulation
in Pymol2. Moreover, the lowest negative energy score outputs
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were recorded along with center scores for the analysis of binding
energy variation.

Results

Predicting missense deleterious variants
and evolutionary conservation analysis

The deleterious effects of all 6 (F76S, S77F, L278P, E288V,
G216C, and H358R) missense variants were measured with
various “in silico” prediction tools; SIFT, PolyPhen, CADD,
FATHMM M-CAP, and REVEL in the Variant Effect
Predictor (VEP) web server from Ensembl. One of the
variants (L278P) was predicted to be pathogenic by all tools
except CADD with a C-score of 29.1, which was close to the
cutoff value of 30 (Table 2). The pattern of amino acid sequence
conservation implies that all AIAT variants were mapped to the
evolutionarily conserved region (F76S, S77F, L278P, E288V,
G216C, and H358R) (Supplementary Figure S1). AIAT in
humans has a relatively close phylogenetic link with bonobos
and chimpanzees, but it is distinct from mouse lemurs, based on
the phylogenetic relationships among 12 species of primates that
are closely related to one another.

3D modeling and stereochemical quality
assessment of wildtype protein

The crystal structure of A1IAT is in metastable native fold
form and consists of three sheets, nine helices, and a reactive
center loop held at the apex of the protein. The amino acids
357 to 359 allowed the RCL region extend [-stand
conformation (stressed external loop) and stabilize the
structure by forming slat bridges between P5 Glu and Arg
196, 223, and 281. Upon 3D modeling of the wildtype protein
in Pymol2, the resultant structure was subjected to energy
minimization to remove bad physical configurations. This was
achieved using the Modeller tool. The energy minimization
output was shown to be —17874.756 kJ/mol, which shows the
successful removal of unwanted bonding patterns from the 3D
model (Figure 1A). SAVES v.6.0 was used in the analysis of
protein structure stereochemical quality assessment through a
Ramachandran plot (Figure 1B), which revealed that a small
number of amino acids have their ¢ (phi), ¥ (psi) angles in the
non-core areas of the protein. The percentage of amino acid
deposits in the center and non-center areas of the protein is
90.9%-8.8%, respectively. The hydrogen bond estimation
(DSSP) algorithm also revealed the output for hydrogen
bonding as a graphical representation (Figure 1C), which
demonstrates the good quality of the built protein model.
The average DSSP score falls between 0 and 1, indicating a
good quality protein structure.
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TABLE 2 The pathogenicity prediction output of different computational tools of the SERPINA1 missense variants.

# Amino acid variant SIFT PolyPhen CADD FATHMM M-CAP
1 F768 0.00 1.000 320 0.86815 0.75948

2 S77F 0.00 1.000 310 0.95561 0.82026

3 G216C 0.00 1.000 35.0 091589 0.83675

4 L278P 0.00 0.999 29.1 090962 0.88091

5 E288V 0.00 0.996 32.0 0.89496 -

6 H358R 0.00 0.990 26.8 092158 0.80576

SIFT: < 0.01 = damaging, PolyPhen: > 0.5 = damaging, CADD: > 30 damaging, FATHMM >0.5 = damaging, and M-CAP > 0.5 = damaging; REVEL >0.5 = damaging.
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FIGURE 1
Modeling and stereochemical quality analysis of AIAT wildtype protein. (A) Energy-minimized wildtype model of A1AT protein generated by

1051511

REVEL

0.98304
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0.96096
0.8882
0.94428

Pymol2. (B) Ramachandran Plot for the A1AT energy-minimized wildtype structure representing amino acid deposits in the center and non-center
areas of the protein (90.9%-8.8%, respectively). (C) Hydrogen bonding estimation of energy-minimized A1AT wildtype protein, indicating a good

quality structure.
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TABLE 3 3D structural deviation of mutated AI1AT protein structures versus wildtype represented in the form of RMSD values.

# dbSNP ID Amino acid variant
1 151555369172 F76S

2 1s55819880 S77F

3 1s756773408 G216C

4 151566753480 1278P

5 1517580 E288V

6 151555367891 H358R

RMSD values (A)

Whole structure Amino acid

0.038 2.4
0.028 29
0.029 3.1
0.039 2.5
0.049 2.8
0.069 2.9

FIGURE 2
3D structure superimposition shows subtle variation in amino acid structures for all A1AT variants (Green = Wildtype).

Structural deviation analysis of A1AT
variants

The stereochemical analysis of the energy minimized A1AT
mutant protein models (F76S, S77F, L278P, E288V, G216C, and
H358R) showed that approximately 99.7% of the amino acids fall
in the allowed region and only 0.03% in the disallowed region
(Figure 1B). Moreover, it displayed good overall structural
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quality through the Procheck tool (SAVES v6.0 package)
(Figure 1C).

Using 3D structure imposition between the folded wildtype
and mutant A1AT proteins, the C-atom structural coordinates
were estimated in the form of RMSD scores by rotating them in
three-dimensional space. No significant structural differences
between the wildtype and all six mutant models of AIAT
protein was observed at whole protein structure level as their
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TABLE 4 Thermodynamic stability analysis of SERPINA1 missense variants.

# dbSNP ID Nucleotide Exon Amino acid
substitution variant

1 rs1555369172  c.274T>C 2/5 F76S

2 1s55819880  c277C>T 2/5 S77F

3 15756773408  c.693G>T 2/5 G216C

4 151566753480  c.880T>C 3/5 1278P

5 1517580 c910A>T 3/5 E288V

6 151555367891  c.1120A>G 5/5 H358R

RMSD scores fell less than 0.2 A (Table 3). The RMSD values for
F76S, S77F, 1278P, E288V, G216C, and H358R are 0.038 A,
0.028 A, 0.029 A, 0.039 A, 0.049 A, and 0.069 A, respectively.
Opverall, of AIAT protein
demonstrated that all six missense variants cause subtle

the superimposition analysis

structural changes in AIAT at the whole protein level
(Figure 2). However, all mutant models show >2A structural
deviations at the residue level.

AlAT stability and secondary structure
analysis

The function of the disease candidate protein will be affected
by missense variants that negatively affect thermodynamic
stability. Stability changes of A1AT mutated structures were
analyzed by different tools to measure energy changes. The
mCSM  predicted F76S (-2.9 kcal/mol), S77F (-0.584 kcal/
mol), L278P (—1.571 kcal/mol), G216C (—0.415 kcal/mol), and
H358R (—1.74 kcal/mol) variants (5/6; 83.3%) are destabilizing
the protein due to their negative free energy (AAG) values. SDM
also predicted F76S (-3.57 kcal/mol), G216C (-1.12 kcal/mol),
L278P (—2.58 kcal/mol), and H358R (-1.69 kcal/mol) variants as
destabilizing owing to their free energy values.

The DUET tool combines the output of both the mCSM and
SDM tools to generate a consensual prediction. DUET webserver
supported that 5/6 variants (83.3%) are destabilizing the A1AT
structure because of their negative free energy values, i.e., F76S
(-3.199 kcal/mol), S77F (-0.419 kcal/mol), G216C (—0.434 kcal/
mol), L278P (—1.93 kcal/mol), and H358R (—1.842 kcal/mol).
The destabilization data predicted that most of these variants
are pathogenic as they disrupt the folding of the A1AT protein.
Because of positive free energy values, E288V is, predicted by all
the three tools (mCSM = 0.909 kcal/mol, SDM = 0.55 kcal/mol,
and DUET = 1.333 kcal/mol), to further stabilize the A1AT
protein structure (Table 4).
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SDM (AAG) DUET (AAG)

-3.57 kcal/mol —-3.199 kcal/mol

(Destabilizing) (Destabilizing) (Destabilizing)
—0.584 kcal/mol 0.74 kcal/mol —0.419 kcal/mol
(Destabilizing) (Stabilizing) (Destabilizing)
—0.415 kcal/mol —1.12 kcal/mol —0.434 kcal/mol
(Destabilizing) (Destabilizing) (Destabilizing)
—1.571 kcal/mol —2.58 kcal/mol —1.93 kcal/mol
(Destabilizing) (Destabilizing) (Destabilizing)
0.909 kcal/mol 0.55 kcal/mol 1.333 kcal/mol
(Stabilizing) (Stabilizing) (Stabilizing)
—1.74 kcal/mol -1.69 kcal/mol —1.842 kcal/mol
(Destabilizing) (Destabilizing) (Destabilizing)
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The secondary structure analysis provides information on how
the mutant amino acid residue affects the substructures (alpha
helices, loops, and beta pleated sheets) in the protein. The output
of the secondary structure analysis predicted 2/6 (33%) of variants
show alterations in the secondary structure of A1AT This includes
1278P variant, which shortens the beta pleated sheet (Figure 3) and
the S77F variant that increases the protein length as this variant is
located at the junction with a loop region (Figure 3).

MD simulation analysis

The Root Mean Square Deviation (RMSD), Root Mean Square
Fluctuations (RMSF), and Secondary Structure Elements (SSE) were
analyzed in all the six alpha-1 anti-trypsin models at 100 ns. Figure 4
represents the C-alpha RMSDs of wildtype and mutant alpha-1 anti-
trypsin proteins for 100 ns. The RMSD analysis shows that four
mutant structures (G216C, L278C, E288V, and H358R) significantly
fluctuated compared to the wild-type alpha-1 anti-trypsin model.
The wildtype model RMSD started at 1.4 A at 0 ns and reached
equilibrium at 50 ns, maintaining the RMSD range between 1.5 A
and 1.8 A. Whereas the RMSD of the four mutant models increases
steadily up to 10 ns, after 50 ns, it abruptly decreases from 0.2 A to
0.42 A and then increases to 1.8 A at 70 ns, before fluctuating at 1.6 A
at the end of the simulation. In the H358R mutant model, a clear
deviation was observed in the domain region, whereas in the other
models, the helix 12 region showed more deviation compared to
other secondary structural elements in the protein models. The
mutations G216C, 1.278C, E288V, and H358R are localized near
the RCL region of A1AT. After 50 ns, the {3 -sheets were opened (at
RCL), allowing an increase in the stability of the motifs in the protein.
We also discovered that the RCL region is stressed to a relaxing state
during the simulation period.

To understand the flexible nature of mutated proteins, we
performed RMSF analysis at 100 ns. The RMSF value over the
entire simulation of six mutant models (F76S, S77F, G216C,
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FIGURE 3

Molecular dynamics simulation measuring fluctuation in structural stability at the protein level for 4 A1AT variants (G216C, L278P, L288V, and
H358R) when subjected to a force at different time intervals (measured at O, 25, 50, 75, and 100 ns. ns = nanoseconds).
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L28P, E288V, and H358R) showed significant fluctuations. When
compared to the wildtype model, the mutant models S77F, G216C,
1.278P, and 288V exhibit more fluctuations (>0.2 A), whereas the
mutant models of F76S and H358R exhibit more rigidity (>0.1 A).
The higher RMSF values of mutated models of S77F, G216C, L28P,
and E288V support the calculated RMSD values. The secondary
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structure analysis was performed on mutated models of the alpha-1
anti-trypsin protein. Of the 6 mutated models, two models show a
significant alteration in secondary structural elements. The mutated
models S77F and G216C show >1% alterations in the secondary
structural elements, whereas the remaining four models show lesser
alterations in their B-strands (Figure 5).
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Secondary structure analysis output of the AIAT missense variants (A—F) in comparison with wildtype structure.

Molecular docking of A1AT-NE complex

ClusPro docking generated the best docking complexes of
A1AT (receptor) and NE (ligand) with similar polarity and
orientation based on their high-resolution models fitted to the
electron microscopy density volumes above. The ClusPro
software calculated the best docking pose based on highly
populated clusters of low-energy models. Further, the best fit

Frontiers in Molecular Biosciences

pose for each receptor-ligand complex was identified by the
PIPER algorithm based on electrostatic and van der Waals
scores (Figure 6). AIAT-NE mutated complexes have shown
significant alterations in lowest central energy score
(>-9.1 kcal/mol), compared to the wildtype-NE complex
(Table 5). Therefore, major differences in binding
configuration for all the six variants are predicted by this
analysis. In the wildtype AIAT protein complex, the protein-
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FIGURE 5

Molecular dynamics simulation measuring fluctuation in structural stability at the amino acid level for 6 A1AT variants (F76S, S77F, G216C, L278P,

E288V, and H358R) after being subjected to a force.

protein interaction had the lowest free energy score
of —914.9 kcal/mol, whereas the lowest free energy between
F76S-NE  complex is —941.2 kcal/mol, S77E-NE
is —944.6 kcal/mol, in G216C-NE is —941.5 kcal/mol, in
L278P-NE is —945.4 kcal/mol, in E288V-NE is —941.1 kcal/
mol, and in H358R-NE is —931.6 kcal/mol. The A1AT protein
normally functions as a molecular mouse trap by having high

in

affinity to its substrate and eliminates its target molecule in a
suicidal fashion (Berclaz and Trapnell, 2006). Under A1AT
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mutant conditions, differences in binding affinities with NE
were evident. The NE interacts at RCL loop in both wild and
mutant state. However, the mutation at AA348 created a
expansion of B-sheet and allowed perturbation of the Helix
in the AIAT structure. This will allow the formation of
protein-inhibitor covalent liked complex. Other mutations
are not having any direct effect on the NE- AIAT
inhibition. As a result of these findings, it is assumed that
all six mutant models will tightly bind to their substrate,
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FIGURE 6

Molecular docking visualization output of the 6 A1AT variants and wild type protein showing their binding configurations with NE (neutrophil

elastase).
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TABLE 5 Cluspro predictions of A1AT-NE molecular complex binding energy scores.

# Receptor-ligand Cluspro weighted scores
Center score (K.cal/mol) Lowest energy (K.cal/mol)

1 AIAT-NE (Wildtype) ~798.7 -914.9
2 AIAT -NE (F765) ~793.0 -941.2
3 AIAT -NE (S77F) ~798.5 -944.6
4 AIAT -NE (G216C) -798.1 -941.5
5 AIAT -NE (L278P) -794.8 ~945.4
6 ATAT-NE (E288V) ~792.4 -941.1
7 AIAT-NE (H358R) ~775.0 -931.6

altering the way the alpha-1 antitrypsin protein functions
inside the cell. The AIAT and protease molecular complex
are recognized by hepatic receptors, which rapidly clear it
from the blood circulation. A1AT has been shown to have a
variety of different immunomodulatory actions in addition to
its function as the main protease inhibitor, including an anti-
inflammatory effect and the modulation of T- and

B-lymphocyte functions.

Frontiers in Molecular Biosciences 11

Discussion

AIATD manifests clinically with emphysema in the lungs
around the fourth to fifth decade of life, with a proportion of
patients developing liver cirrhosis later due misfolded AIAT
protein aggregates accumulating in hepatocytes (Kelly et al,
2010). The SERPINAI gene is located on chromosome
14q32.1 and has three untranslated exons (IA, IB and IC) and
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four coding exons (II-V). The first three exons regulate gene
expression through three alternative transcription initiation sites:
exons IA or IB in macrophages, exon IC in hepatocytes (Duvoix
et al., 2014; Greulich et al, 2017; Tejwani and Stoller, 2021).
Pathogenic variants in the SERPINAI gene underlie alpha-1-
antitrypsin deficiency (A1ATD), which causes reduced protein
levels. Many pathogenic SERPINAI variants associated with
AIATD have been reported in medical literature (Foil, 2021).
Biological characterization of each genetic variant is impractical
owing to their high number and time-consuming laboratory
methods. In recent years, different researchers have shown the
successful application of different computational methods like
SIFT, Polyphen-2, M-CAP, and FATHHM in screening clinically
pathogenic variants (Kelly et al., 2010; Hunt and Tuder, 2012;
2014). biology-based pathogenicity
prediction methods employ different support vector machine-

Lage, Computational
based algorithms to identify deleterious variants from non-
deleterious ones (Berclaz and Trapnell, 2006).

In the current study, computational predictions of SIFT,
Polyphen, M-CAP, FATHMM, CADD and REVEL methods
have confirmed all the six variants as pathogenic. However,
computational predictions are often variable, based on the fact
that each tool is trained on a unique variant data set (Thirumal
Kumar et al., 2022; Thirumal Kumar et al., 2021; Abdel-Motal
et al., 2018; Agrahari et al,, 2019; Selvakumar et al.,, 2019).

This study found that two of the selected variants (F76S and
S77F) fell in close range to the previously reported Trento variant
of A1AT (E75V) (Miranda et al., 2017). The patient had a severe
case of AIATD with pathogenic intracellular polymer formation.
The E75V variant affects the hydrogen bonding of the glutamic
acid sidechain to the backbone of helix I which causes
destabilization to the post helix I loop. This geometry has
been shown to play a conserved role in preventing
polymerization (Lomas et al, 1992). As a result of the
expected geometry disturbance, F76S and S77F are expected
to produce a polymerization phenotype similar to the Trento
variant in affected individuals.

The evolutionary conservation analysis has identified that the
H358R variant is in the Serpin conserved domain (344aa-369aa).
This variant is reported in ClinVar as likely pathogenic. It is
assumed that this variant might introduce a functional change in
the protein conserved domain, but the secondary structure
analysis for this variant did not show any clear alterations in
secondary structural elements like a helices and {3 pleated sheets.
Recent research has shown that missense variants TYK2
(Prol104Ala), IL6R (Asp358Ala), and PTPN22 (Trp620Arg)
are unaffected by secondary structural element (SSE) changes
in their respective proteins. The other variants were reported on
ClinVar as follows: F76S as pathogenic, S77F as pathogenic,
G216C as likely pathogenic, L278P as pathogenic, and E288V as
pathogenic. The pathogenicity prediction tools provide a
qualitative support for damaging or not damaging effect but
do not show additional details on the structural changes caused
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by the variants. SERPINAI missense alleles are associated with a
significant reduction in A1AT serum levels because of the
incorrect folding of the protein, poor stability, or degradation.

A1AT is a 52-kDa plasma glycoprotein with 394 amino acids.
Its expression inversely correlates with expression of its binding
partner NE [28]. The damaging effects of missense variants are
better understood when their impact is studied at 3D structure
level [29]. The superimposition of the investigated 3D protein
structures onto the folded wildtype model is demonstrated to be a
useful method for estimating root-mean-square deviation
(RMSD), the average distance between backbone atoms of the
superimposed variant and native protein structures [29]. In this
investigation, we did not find major structural differences in the
whole structure of Al1AT in mutated state. However, all
6 missense variants cause subtle structural changes at the
residue level. Amino acid substitutions often result in
quantitative structural alterations that are accompanied by
changes in fundamental physicochemical characteristics such
as size, charge, side chains, molecular weight, and
hydrophobicity. All of these modifications could affect the
amino acid residues’ chemical bonding properties (hydrogen
bonds, ionic bonds, and Vander wall interactions), which are
necessary for keeping the AIAT protein molecule in its
secondary (alpha helices, beta sheets, and coils), tertiary (3-
dimensional form), and quaternary (protein subunit
arrangement) structural conformations.

Thermodynamic stability can provide information about the
nature of the A1AT’s altered function. The greater the negative
free energy, the more destabilizing the variant. In this
combination, the DUET algorithm predicted two variants with
highest negative free energy for H358R (-1.842 K. Cal/Mol) and
F76S (-3.199 K. Cal/Mol) to be as destabilizing. The H358R falls
into the Serpin conserved domain and the F76S has changed
from a large hydrophobic residue (phenylalanine) to a small
hydrophilic residue (serine). This might push the protein region
towards the external environment, altering the overall
thermodynamic and structural orientation.

To get a deeper insight into how variants influence the
stability of the A1AT protein structure on the molecular level,
molecular dynamics simulations were performed for the wild
type and mutant models. The output trajectory of the simulation
at multiple intervals (0, 25, 50, 75, and 100 ns) was subjected to
two analyses: RMSD and RMSF. The RMSF value over the whole
simulation (100 ns) of six mutant models (F76S, S77F, G216C,
L28P, E288V, and H358R) showed significant fluctuations.
However, when subjected to a force, they showed a significant
structural behavior change. The wildtype model had more
fluctuations (>0.2 A) than the mutant models S77F, G216C,
L278P, and E288V, whereas the F76S and H358R variants
were more rigid in nature (>0.1 A). This finding demonstrates
that missense variants could somehow introduce mild structural
changes that could affect the behavior of the protein in its

environment. The increase in RMSF values of mutated models
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of S77F, G216C, L28P, and E288V variants validated the
calculated RMSD values. This suggests that these four variants
must have some structural changes affecting the residue
flexibility and behavior. Of the six mutated models, two
models (S77F and G216C) showed a significant alteration in
secondary structural elements. The S77F was already predicted in
the previous secondary structure analysis as having an increased
beta pleated sheet that is increased in length, giving more support
to this finding. The secondary structure change can be attributed
to the subtle changes giving rise to behavioral changes seen in
MD simulations. However, we cannot assume it is the exact cause
of this altered behavior.

Protein-protein interaction analysis is an important
approach in understanding the variant impact on structural
features of disease candidate proteins of genetic diseases (Lage,
2014). The reduction or increase in the binding affinity of a
protein induced by residue alterations can make proteins lose
their function and cause disease. The A1AT protein is the
primary protease inhibitor in the human body, acting on a
variety of targets including trypsin, collagenase, macrophage
cathepsin, tissue kallikrein, factor IX and other molecules
(Berclaz and Trapnell, 2006). However its main function is
to keep the neutrophil elastase in balance during in
inflammation or infection through its inhibitory action
(Hunt and Tuder, 2012). In this analysis, molecular docking
has yielded a similar range of lowest energy (-931.6 K. Cal/
Mol to-944.6 K. Cal/Mol), which predicts a significant
difference versus the wildtype protein (-914.9 K. Cal/Mol).
This results in a strong binding to NE (-16.7 K. Cal/Mol to
30.5K. Cal/Mol deviation range), most likely causing a
functional alteration. The binding configuration was chosen
based on the best score, which could not have been compared
to an available crystal structure. So, the actual amount was
only an estimation.

Conclusion

This study concludes that computational methods like
SIFT, PolyPhen, FATHMM, M-CAP and REVEL tools are
very helpful in prioritizing SERPINAI loss-of-function
pathogenic variants. These tools have lot of promise in
screening  Alpha-1-antitrypsin  deficiency  causative
variants from next-generation sequencing data. It is
important to note that laboratory experimental methods
are required for definitive answers to the questions asked
in this analysis. This present analysis highlighted general
structural abnormalities caused by the reported missense
of SERPINAI. The

prediction methods used in this study have shown how

variants structural and stability

loss-of-function  pathogenic variants could induce

structural drifts, free energy value fluctuations, and alter
the conformational dynamics of the AIAT protein molecule.
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The SERPINA1 mutations result in an unstable intermediate
structure that is responsible for the  sheet-A opening,
which can accept the RCL of another AIAT molecule to
form a loop-sheet dimer. The latter can then be extended to
form longer chains of loop-sheet polymers. These models are
based on the “classic” loop-sheet model in which serpin
polymers are formed by the intermolecular linkage of the
reactive loop of one molecule with the p-sheet A of another.
The findings from molecular docking have demonstrated
how most missense variants negatively impact the affinity of
NE and A1AT binding in a molecular complex, lowering
A1AT functionality and contributing to its deficiency. Taken
together, our computational approach offers an extra layer
to study the deleterious potential of SERPINAI genetic
Our
findings recommend implementing computational variant

variants from the structure and function context.

assessment as a pre-invitro phase in improving the genomic
A1ATD patients carrying SERPINAI
pathogenic variants.

medicine for

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession be found in the article/

number(s) can

Supplementary Material.

Author contributions

Conceptualization, NAS, NBS, and BB; Methodology,
NAS, BB, and TA; Software, BB; Formal Analysis, NAS,
TA, and BB; Investigation, NAS, TA, KJ, and BB;
Resources, BB and NAS; Writing—Original Draft
Preparation, NAS, NBS, TA, HA-N, NS, RE, and BB;
Writing—Review and Editing, NAS, TA, DA, AE-H, ZA,
RE, and BB; Visualization, TA and BB; Supervision, NAS,
RE, and BB,
Acquisition, NAS.

Project Administration, NAS; Funding

Funding
This Project was funded by Deanship of Scientific Research

(DSR), King Abdulaziz University, Jeddah, Saudi Arabia under
grant no. (KEP-6-140-38).

Acknowledgments

The authors therefore acknowledge, with thanks, DSR for
technical and financial support.

frontiersin.org


https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2022.1051511

Shaik et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

Abdel-Motal, U. M., Abdelalim, E. M., Ponnuraja, C., Iken, K., Jahromi, M., Doss,
G. P, etal. (2018). Prevalence of nephropathy in type 1 diabetes in the arab world: A
systematic review and meta-analysis. Diabetes. Metab. Res. Rev. 34, €3026. doi:10.
1002/dmrr.3026

Adzhubei, I. A, Schmidt, S., Peshkin, L., Ramensky, V. E., Gerasimova, A., Bork,
P., etal. (2010). A method and server for predicting damaging missense mutations.
Nat. Methods 7, 248-249. doi:10.1038/nmeth0410-248

Adzhubei, I, Jordan, D. M., and Sunyaev, S. R. (2013). Predicting functional effect
of human missense mutations using PolyPhen—Z. Curr. Protoc. Hum. Genet. 7,
Unit7.20. doi:10.1002/0471142905.hg0720s76

Agrahari, A. K, Doss, G. P. C, Siva, R, Magesh, R., and Zayed, H. (2019).
Molecular insights of the G2019S substitution in LRRK2 kinase domain associated
with Parkinson’s disease: A molecular dynamics simulation approach. J. Theor. Biol.
469, 163-171. doi:10.1016/}.jtbi.2019.03.003

Alharthi, A. M., Banaganapalli, B., Hassan, S. M., Rashidi, O., Al-Shehri, B. A,,
Alaifan, M. A,, et al. (2022). Complex inheritance of rare missense variants in PAK2,
TAP2, and PLCL1 genes in a consanguineous arab family with multiple
autoimmune diseases including celiac disease. Front. Pediatr. 10, 895298. doi:10.
3389/fped.2022.895298

Awan, Z. A., Bahattab, R., Kutbi, H. I, Noor, A. O. J., Al-Nasser, M. S., Shaik, N.
A., et al. (2021). Structural and molecular interaction studies on familial
hypercholesterolemia causative PCSK9 functional domain mutations reveals
binding affinity alterations with LDLR. Int. J. Pept. Res. Ther. 27, 719-733.
doi:10.1007/s10989-020-10121-8

Berclaz, P.-Y., and Trapnell, B. C. (2006). “Chapter 52 - rare childhood lung
disorders: al-Antitrypsin deficiency, pulmonary alveolar proteinosis, and
pulmonary alveolar microlithiasis,” in Kendig’s disorders of the respiratory tract
in children. Editors V. Chernick, T. F. Boat, R. W. Wilmott, and A. Bush. Seventh
Edition (Philadelphia: W.B. Saunders), 747-761.

Bima, A. I. H,, Elsamanoudy, A. Z., Albaqami, W. F., Khan, Z., Parambath, S. V.,
Al-Rayes, N, et al. (2022). Integrative system biology and mathematical modeling of
genetic networks identifies shared biomarkers for obesity and diabetes. Math.
Biosci. Eng. 19, 2310-2329. doi:10.3934/mbe.2022107

Bowers, K., Chow, E., Xu, H., Dror, R,, Eastwood, M., Gregersen, B., et al. (2006).
in Proceedings of the 2006 ACM/IEEE Conference on Supercomputing, New York,
11-17 Nov. 2006.

Cho, Y. L, Chae, Y. K, Jung, C. H,, Kim, M. J., Na, Y. R, Kim, Y. H,, et al. (2005).
The native metastability and misfolding of serine protease inhibitors. Protein Pept.
Lett. 12, 477-481. doi:10.2174/0929866054395365

Desta, I. T., Porter, K. A, Xia, B., Kozakov, D., and Vajda, S. (2020). Performance
and its limits in rigid body protein-protein docking. Structure 28, 1071-1081.
doi:10.1016/j.5tr.2020.06.006

Duvoix, A., Roussel, B. D., and Lomas, D. A. (2014). Molecular pathogenesis of
alpha-1-antitrypsin deficiency. Rev. Mal. Respir. 31, 992-1002. doi:10.1016/j.rmr.
2014.03.015

Ferrarotti, I, Ottaviani, S., De Silvestri, A., and Corsico, A. G. (2018). Update on
a(1)-antitrypsin deficiency. Breathe (Sheff) 14, el7-e24. doi:10.1183/20734735.
015018

Foil, K. E. (2021). Variants of SERPINA1 and the increasing complexity of testing
for alpha-1 antitrypsin deficiency. Ther. Adv. Chronic Dis. 12, 20406223211015954.
doi:10.1177/20406223211015954

Frontiers in Molecular Biosciences

14

10.3389/fmolb.2022.1051511

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmolb.
2022.1051511/full#supplementary-material

Greulich, T., Nell, C., Hohmann, D., Grebe, M., Janciauskiene, S., Koczulla, A. R.,
et al. (2017). The prevalence of diagnosed al-antitrypsin deficiency and its
comorbidities: results from a large population-based database. Eur. Respir. J. 49,
1600154. doi:10.1183/13993003.00154-2016

Hunt, J. M., and Tuder, R. (2012). Alpha 1 anti-trypsin: one protein, many
functions. Curr. Mol. Med. 12, 827-835. d0i:10.2174/156652412801318755

Toannidis, N. M., Rothstein, J. H., Pejaver, V., Middha, S., Mcdonnell, S. K.,
Baheti, S., et al. (2016). REVEL: An ensemble method for predicting the
pathogenicity of rare missense variants. Am. J. Hum. Genet. 99, 877-885. doi:10.
1016/j.2jhg.2016.08.016

Jagadeesh, K. A., Wenger, A. M., Berger, M. J., Guturu, H., Stenson, P. D., Cooper,
D. N, et al. (2016). M-CAP eliminates a majority of variants of uncertain
significance in clinical exomes at high sensitivity. Nat. Genet. 48, 1581-1586.
doi:10.1038/ng.3703

Kelly, E., Greene, C. M., Carroll, T. P., Mcelvaney, N. G., and O’neill, S. J. (2010).
Alpha-1 antitrypsin deficiency. Respir. Med. 104, 763-772. doi:10.1016/j.rmed.
2010.01.016

Kohnlein, T., and Welte, T. (2008). Alpha-1 antitrypsin deficiency: pathogenesis,
clinical presentation, diagnosis, and treatment. Am. J. Med. 121, 3-9. doi:10.1016/j.
amjmed.2007.07.025

Kozakov, D., Beglov, D., Bohnuud, T., Mottarella, S. E., Xia, B, Hall, D. R,, et al.
(2013). How good is automated protein docking? Proteins 81, 2159-2166. doi:10.
1002/prot.24403

Kozakov, D., Hall, D. R, Xia, B., Porter, K. A., Padhorny, D., Yueh, C,, et al.
(2017). The ClusPro web server for protein-protein docking. Nat. Protoc. 12,
255-278. doi:10.1038/nprot.2016.169

Lage, K. (2014). Protein-protein interactions and genetic diseases: The
interactome. Biochim. Biophys. Acta 1842, 1971-1980. doi:10.1016/j.bbadis.2014.
05.028

Lomas, D. A., Evans, D. L., Finch, J. T., and Carrell, R. W. (1992). The mechanism
of Z alpha 1-antitrypsin accumulation in the liver. Nature 357, 605-607. doi:10.
1038/357605a0

Miranda, E., Ferrarotti, I, Berardelli, R., Laffranchi, M., Cerea, M., Gangemi, F.,
et al. (2017). The pathological Trento variant of alpha-1-antitrypsin (E75V) shows
nonclassical behaviour during polymerization. FEBS ]. 284, 2110-2126. doi:10.
1111/febs.14111

Ng, P. C,, and Henikoff, S. (2003). SIFT: Predicting amino acid changes that affect
protein function. Nucleic Acids Res. 31, 3812-3814. doi:10.1093/nar/gkg509

Pifiero, ., Saiich, J., Sanz, F., and Furlong, L. I. (2021). The DisGeNET cytoscape
app: Exploring and visualizing disease genomics data. Comput. Struct. Biotechnol. J.
19, 2960-2967. doi:10.1016/j.csbj.2021.05.015

Pires, D. E. V., Ascher, D. B., and Blundell, T. L. (2014). DUET: a server for
predicting effects of mutations on protein stability using an integrated
computational approach. Nucleic Acids Res. 42, W314-W319. doi:10.1093/nar/
gkud11

Quinn, M., Ellis, P., Pye, A., and Turner, A. M. (2020). Obstacles to early diagnosis
and treatment of alpha-1 antitrypsin deficiency: Current perspectives. Ther. Clin.
Risk Manag. 16, 1243-1255. doi:10.2147/TCRM.S234377

Release, S. (2017). 3: Desmond molecular dynamics system, DE Shaw research.
New York, NY: Schrodinger. Maestro-Desmond Interoperability Tools.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmolb.2022.1051511/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmolb.2022.1051511/full#supplementary-material
https://doi.org/10.1002/dmrr.3026
https://doi.org/10.1002/dmrr.3026
https://doi.org/10.1038/nmeth0410-248
https://doi.org/10.1002/0471142905.hg0720s76
https://doi.org/10.1016/j.jtbi.2019.03.003
https://doi.org/10.3389/fped.2022.895298
https://doi.org/10.3389/fped.2022.895298
https://doi.org/10.1007/s10989-020-10121-8
https://doi.org/10.3934/mbe.2022107
https://doi.org/10.2174/0929866054395365
https://doi.org/10.1016/j.str.2020.06.006
https://doi.org/10.1016/j.rmr.2014.03.015
https://doi.org/10.1016/j.rmr.2014.03.015
https://doi.org/10.1183/20734735.015018
https://doi.org/10.1183/20734735.015018
https://doi.org/10.1177/20406223211015954
https://doi.org/10.1183/13993003.00154-2016
https://doi.org/10.2174/156652412801318755
https://doi.org/10.1016/j.ajhg.2016.08.016
https://doi.org/10.1016/j.ajhg.2016.08.016
https://doi.org/10.1038/ng.3703
https://doi.org/10.1016/j.rmed.2010.01.016
https://doi.org/10.1016/j.rmed.2010.01.016
https://doi.org/10.1016/j.amjmed.2007.07.025
https://doi.org/10.1016/j.amjmed.2007.07.025
https://doi.org/10.1002/prot.24403
https://doi.org/10.1002/prot.24403
https://doi.org/10.1038/nprot.2016.169
https://doi.org/10.1016/j.bbadis.2014.05.028
https://doi.org/10.1016/j.bbadis.2014.05.028
https://doi.org/10.1038/357605a0
https://doi.org/10.1038/357605a0
https://doi.org/10.1111/febs.14111
https://doi.org/10.1111/febs.14111
https://doi.org/10.1093/nar/gkg509
https://doi.org/10.1016/j.csbj.2021.05.015
https://doi.org/10.1093/nar/gku411
https://doi.org/10.1093/nar/gku411
https://doi.org/10.2147/TCRM.S234377
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2022.1051511

Shaik et al.

Rogers, M. F., Shihab, H. A., Mort, M., Cooper, D. N, Gaunt, T. R,, and Campbell,
C. (2018). FATHMM-XF: accurate prediction of pathogenic point mutations via
extended features. Bioinformatics 34, 511-513. doi:10.1093/bioinformatics/btx536

Selvakumar, J. N., Chandrasekaran, S. D., Doss, G. P. C., and Kumar, T. D. (2019).
Inhibition of the ATPase domain of human topoisomerase ITa on HepG2 cells by 1,
2-benzenedicarboxylic acid, mono (2-ethylhexyl) ester: Molecular docking and
dynamics simulations. Curr. Cancer Drug Targets 19, 495-503. doi:10.2174/
1568009619666181127122230

Shaik, N. A,, Al-Qahtani, F., Nasser, K., Jamil, K., Alrayes, N. M., Elango, R., et al.
(2020a). Molecular insights into the coding region mutations of low-density
lipoprotein receptor adaptor protein 1 (LDLRAP1) linked to familial
hypercholesterolemia. J. Gene Med. 22, €3176. doi:10.1002/jgm.3176

Shaik, N. A., Bokhari, H. A., Masoodi, T. A., Shetty, P. J., Ajabnoor, G. M. A,,
Elango, R, et al. (2020b). Molecular modelling and dynamics of CA2 missense
mutations causative to carbonic anhydrase 2 deficiency syndrome. J. Biomol. Struct.
Dyn. 38, 4067-4080. doi:10.1080/07391102.2019.1671899

Shaik, N. A., Nasser, K. K., Alruwaili, M. M., Alallasi, S. R., Elango, R., and
Banaganapalli, B. (2021). Molecular modelling and dynamic simulations of
sequestosome 1 (SQSTM1) missense mutations linked to Paget disease of bone.
J. Biomol. Struct. Dyn. 39, 2873-2884. do0i:10.1080/07391102.2020.1758212

Frontiers in Molecular Biosciences

15

10.3389/fmolb.2022.1051511

Tejwani, V., and Stoller, J. K. (2021). The spectrum of clinical sequelae associated
with alpha-1 antitrypsin deficiency. Ther. Adv. Chronic Dis. 12, 2040622321995691.
doi:10.1177/2040622321995691

Thirumal Kumar, D., Jain, N., Udhaya Kumar, S., George Priya Doss, C.,
and Zayed, H. (2021). Identification of potential inhibitors against pathogenic
missense mutations of PMM?2 using a structure-based virtual screening
approach. J. Biomol. Struct. Dyn. 39, 171-187. d0i:10.1080/07391102.2019.
1708797

Thirumal Kumar, D., Shaikh, N., Udhaya Kumar, S., and George Priya Doss,
C. (2022). Computational and structural investigation of palmitoyl-protein
thioesterase 1 (PPT1) protein causing neuronal ceroid lipofuscinoses (NCL).
Adv. Protein Chem. Struct. Biol. 132, 89-109. doi:10.1016/bs.apcsb.2022.
07.002

Vajda, S., Yueh, C., Beglov, D., Bohnuud, T., Mottarella, S. E., Xia, B., et al. (2017).
New additions to the ClusPro server motivated by CAPRI. Proteins 85, 435-444.
doi:10.1002/prot.25219

Vissers, M. C., George, P. M., Bathurst, I. C., Brennan, S. O., and
Winterbourn, C. C. (1988). Cleavage and inactivation of alpha 1-
antitrypsin by metalloproteinases released from neutrophils. J. Clin. Invest.
82, 706-711. doi:10.1172/JCI113651

frontiersin.org


https://doi.org/10.1093/bioinformatics/btx536
https://doi.org/10.2174/1568009619666181127122230
https://doi.org/10.2174/1568009619666181127122230
https://doi.org/10.1002/jgm.3176
https://doi.org/10.1080/07391102.2019.1671899
https://doi.org/10.1080/07391102.2020.1758212
https://doi.org/10.1177/2040622321995691
https://doi.org/10.1080/07391102.2019.1708797
https://doi.org/10.1080/07391102.2019.1708797
https://doi.org/10.1016/bs.apcsb.2022.07.002
https://doi.org/10.1016/bs.apcsb.2022.07.002
https://doi.org/10.1002/prot.25219
https://doi.org/10.1172/JCI113651
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2022.1051511

	Structural characterization and conformational dynamics of alpha-1 antitrypsin pathogenic variants causing alpha-1-antitryp ...
	Introduction
	Materials and methods
	SERPINA1 variant data collection and curation
	Variant pathogenicity predictions and conservation analysis
	3D structure mapping and superimposition
	Structural deviation and secondary structure analysis of A1AT variants
	Stability analysis of A1AT variants
	Molecular dynamics simulation
	A1AT—NE protein computational binding assay

	Results
	Predicting missense deleterious variants and evolutionary conservation analysis
	3D modeling and stereochemical quality assessment of wildtype protein
	Structural deviation analysis of A1AT variants
	A1AT stability and secondary structure analysis
	MD simulation analysis
	Molecular docking of A1AT-NE complex

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


