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Abstract In this era of rapidly evolving genetic and non-genetic diseases, in-silico analysis of disease related
proteins has proven beneficial in identification and characterization of potential therapeutic targets. In
present study, angiotensinogen (AGT) was studied for its sequence based ortholog and paralogs, struc-
tural characterization, mutational analysis, protein interactions and evolutionary changes. Sequence
studies identified 194 orthologs and 36 paralogs of AGT. Functional analysis AGT polymorphisms
revealed the association of M235T with increased AGT stability. Protein-protein interaction analysis
exposed the involvement of AGT in metabolic diseases. So, this study provided base for the experi-
mentally proven association of M235T polymorphism with metabolic diseases. Moreover, it presents

AGT as strong therapeutic target for the control of these diseases.
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Introduction

Renin angiotensin aldosterone system (RAAS) plays a
critical role in controlling blood pressure. Angiotensin II is
a main bio-active component of RAAS. Angiotensin II is
generated from the angiotensinogen (AGT) by the action of
angiotensin converting enzyme with an intermediate step of
angiotensin [ formation by the cleavage of 10 amino acids
from N-terminal of angiotensinogen by renin enzyme [1].
Several hypertension, diabetes and cardiovascular disea-
se associated polymorphisms have been identified in AGT
gene. Among these polymorphisms, functionally missen-
se M235T (rs699) and T174M (rs4762) polymorphisms of
AGT gene are most widely studied [2].

AGT is a member of non-inhibitory serpin superfamily.
NCBI (https://www.ncbi.nlm.nih.gov/gene?Db=gene&Cmd
=DetailsSearch& Term=183) states that human AGT gene is
a 53 kDa, 485 amino acid long protein, encoded by 2291 bp
long transcript of AGT gene consisting of 5 exons located
on 1g42.2. AGT gene is oriented on minus strand with the
total size of ~12 kb. In globular form, AGT is inactive [3].
However, its derived peptides are bio-active, control blood
pressure. Up-regulation of an octapeptide (Angiotensin II)
can lead to atherosclerosis, CAD, diabetes etc [4].

Cleavage of 10 amino acids from N-terminal of AGT
by renin is a rate limiting step in synthesis of angiotensin
IT[3]. N-terminal 10 residues of AGT are highly conserved
across all species, cleavage site of renin (Leul0 and Val
11) is buried in 63 amino acid long N-terminal tail of hu-
man AGT. Exposure of renin cleavage site and generation
of angiotensin I depends on change in folding pattern due
to oxidation or reduction of conserved disulfide bridge be-
tween cysteine at position 18 and 138 in human. In human,
60% of plasma AGT is oxidized (bridged) which is four
folds more efficiently cleaved by receptor bound renin than
reduced AGT (unbridged) [5-7]. Renin bound to newly dis-
covered (pro)renin receptor cleaves the angiotensinogen 4
times more efficiently as compared to unbound renin [7].
Other than this, renin acts in specie specific manner, in vivo
studies have demonstrated the inability of mouse renin to
cleave human AGT. The proposed reason behind this renin
specie specificity is the presence of human valll-Ilel2 vs
mouse Leull-Tyrl2 residues adjacent to renin cleavage
site [8].

Several studies have delineated the exquisite role of an-
giotensin II in controlling blood pressure. Pathophysiologi-
cal role of angiotensin II in progression of atherosclerosis,
CAD, diabetes etc. have also been observed [4]. However,
association of AGT polymorphisms [M235T and T174M]
with aforementioned pathologies is heterogeneous [9-11].

Significant role of AGT in hypertension and cardiovas-
cular diseases provides base for this study with an aim to
decipher the structural differences and impact of polymor-
phism on its tertiary structure along with the phylogenetic
history of AGT with the help of putative orthologues and
paralogues. Moreover, influence of AGT on other metabolic
pathways was also studied with the help of protein-protein
interaction analysis.

Materials and Methods

Data collection

Sequence data of human AGT protein was collected from
Universal protein resource knowledgebase (UniProtKB)
with accession number P01019. Significant orthologous and
paralogue of AGT gene were determined from the National
Center for Biotechnology Information (NCBI) and ENSEM-
BL Genome Browser. These genome databases identified
194 orthologues, 36 paralogues (SERPIN1-12), SERPIN
B1-B13, SERPINC1, SERPIND1, SERPIN E1-E33, SER-
PIN F1,F2, SERPIN G1, SERPINHI).

Mutational analysis

For mutational analysis of AGT, crystal structure of hu-
man AGT (5M3Y.pdb) was retrieved from RCSB Protein
Data Bank (PDB). PDB-sum was used to obtain graphical
view of secondary structure. SwissPDB viewer was used to
insert misssense mutations M235T and T174M in human
AGT (5M3Y). Moreover, Chimera was used to visualize and
superimpose the normal and mutated human AGT. SNAP2
(https://rostlab.org/services/snap2web/), [-Mutant (http://
folding.biofold.org/i-mutant/i-mutant2.0.html) and PhD-
SNP (http://snps.biofold.org/phd-snp/phd-snp.html) were
used to check the functional effect of mutations on AGT
protein. ProtParam (http://web.expasy.org/protparam/) was
used to check the effect of aforementioned missense muta-
tions on physical and chemical properties of AGT.

Protein-protein interaction analysis

The protein-protein interaction (PPI) analysis of AGT
was carried out using sequence search module of STRING
database (https://string-db.org/), which envisage all known
and predicted physical and functional protein-protein
associations[12].

Phylogenetic analysis

The phylogenetic tree of AGT was reconstructed by us-
ing Molecular Evolution Genetics Analysis (MEGA) ver-
sion 7, through the neighbor-joining (NJ) method.
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Fig. 2. SNAP2 predlctlon score for T174 M and M235T mutatlons in human angiotensinogen protein shown as heatmap.
Arrow indicates the location of mutation. Functional effect score is shown for wild type amino acids (x-axis) to any other

amino acid (y-axis), it is replaced with.

Results

Mutational analysis

For mutational analysis of AGT, crystal structure of hu-
man AGT (5M3Y.pdb) was retrieved from RCSB Protein
Data Bank (PDB) (Figure 2A). The mutational analysis of
AGT was carried out on the basis of two known missense
mutations, T174M and M235T. SwissPDB viewer was used
to insert reported mutations in human AGT as Swiss-Pdb-
Viewer allows to mutate a residue by searching its rotamer
library. Best rotamer model having fewer steric clashes was

selected for further analysis while Chimera was used to view
these mutations structurally (Figure 1).

Genetic polymorphisms, M235T and T174M, are lo-
cated in exon 2 which is a coding region and contribute in
protein structure. M235 and T174 plays an important role in
maintaining structure of angiotensinogen protein. Methion-
ine is sulfur containing hydrophobic amino acid which plays
an important role in maintaining protein structure. The un-
branched side chain of methionine give it extra flexibility,
which is unique to only methionine among other hydropho-
bic residues. While, Threonine is a polar amino acid. Thus,
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the substitution of Methionine with Threonine at 235 amino
acid and replacement of Threonine with Methionine at resi-
due 174 can affect the protein structure owing to their differ-
ent biochemical properties.

Neural network based SNAP2 predicts the functional ef-
fects of mutations and score their effect from -100 (strong
neutral) to +100 (strong effect). SNAP2 indicated that func-
tional effect of methionine substitution at residue 174 is
slightly neutral (score -5), while the replacement of methi-
onine with threonine at amino acid 235 effect the function of
AGT (score 37) (Figure 2).

The functional effect analysis of AGT by I-Mutant and
PhD-SNP slightly contradict the findings of SNAP2. I-
Mutant described that both mutations decrease the protein
stability while PhD-SNP revealed no effect of described mu-
tations on protein function (Table 1). For I-Mutant analysis
binary classification was used (AAG <0: decreased stability,
AAG >0 = increased stability), but when analyzed under ter-
nary classification (AAG <-0.5: large decrease of stability,
AAG >0.5: large increase of stability, -0.5<= AAG <=0.5:
neutral stability) the predicted effect of T174M shifted from
decrease in stability to neutral.

To resolve this contradiction, ProtParam was used to
check the impact of T174 M and M235T on physio-chemi-
cal properties of AGT. Results of ProtParam were in parallel
with SNAP2 and showed that Thr>Met substitution at resi-
due 174 does not affect the protein stability, while Met>Thr
substitution at residue 235 draw a significant impact on pro-
tein stability. However, instead of decreasing the AGT sta-
bility, M235T slightly increase the protein stability (Table
2). One more factor, affecting the AGT stability could be the
decrease in hydrophobicity (Table 2) due to the substitution
of methionine (hydrophobic) with threonine (polar), which
can make it more soluble and stable.

Protein-protein interaction analysis

Protein-protein interaction (PPI) analysis were car-
ried out to understand the involvement of AGT in other
pathophysiological pathways. PPI was studied by using
a biological database STRING (Search Tool for the Re-
trieval of Interacting Genes/Proteins) which is linked to
several sources like GO, KEGG, BioGRID, NCI-Nature
pathway interaction database etc. As angiotensinogen is
a main component of RAAS pathway, STRING database
showed that it mainly interacts with Renin (gene: REN),
angiotensin converting enzyme (gene: ACE), angiotensin
converting enzyme 2 (gene: ACE2), angiotensin II type 1
receptor (gene: AGTR1) and angiotensin II type 2 recep-
tor (gene: AGTR2). Further broadening the PPI analysis
revealed that AGT also interacts with renin/prorenin recep-
tor (a.k.a. ATPase, H+ transporting, lysosomal accessory
protein 2. Gene: ATP6AP2), endothelin 1 (gene: EDN1),
chymase (gene: CMA1), thrombin (a.k.a. Coagulation fac-
tor II. Gene: F2) and kininogen (gene: KNG1) (Figure 3).
Biological functions of these interacting proteins, their re-
spective pathways and associated diseases are described in
table 3.

Evolutionary analysis

To study the evolutionary relationship of AGT and its
orthologues, initially, alignment of AGT protein and its or-
thologues was carried out by using ClustalX, then the phy-
logenetic tree was constructed by MEGA 7 software using
distance matrix method (Neighbor joining method) (Figure
4). Phylogenetic analysis classified its orthologues into pri-
mates and glires. High sequence similarity and bootstrap
value at multiple nodes showed that in each cluster the or-
thologues are closely related to AGT, which is an indica-
tor of common ancestors before divergence into different

Table 1. SNAP2, I-Mutant and PhD-SNP predicted functional effects of T174M and M235T on angiotensinogen

SNAP2
Protein phenotype Predicted effect Score Expected accuracy (%)
T174M Neutral -5 53
M235T effect 37 66
I-Mutant
Protein phenotype Predicted effect AAG value prediction Reliability index
T174M Decrease stability -0.18 Kcal/mol 0
M235T Decrease stability -0.83 Kcal/mol 6
PhD-SNP
Protein phenotype Effect Reliability index
T174M Neutral 6
M235T Neutral 6

Table 2. Physical and chemical properties of AGT with T174M and M235T polymorphisms

Protein phenotype  Molecular weight pl Estimated half-life Instability index Aliphatic index GRAVY
174T+235M 53154 5.87 30 hours 41.16 99.77 0.065
174M 53184 5.87 30 hours 41.16 99.77 0.070
235T 53124 5.87 30 hours 40.99 99.77 0.059
174M+235T 53154 5.87 30 hours 40.99 99.77 0.065

pl, Isoelectric point; GRAVY, grand average of hydropathicity.
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Fig. 3. Angiotensinogen (AGT) protein-protein interaction map using STRING database. Each node is representing a gene
of angiotensinogen (AGT) interacting protein.

Table 3. Angiotensinogen (AGT) interacting proteins, their biological functions, pathways and associated diseases

Sr. Ni Protein Function Pathway Disease
1. Renin Converts angiotensinogen to RAAS Hypertension, renal tubular
angiotensin [ dysgenesis, cardiovascular diseases
2. Angiotensin Converts angiotensin I to angiotensin RAAS Hypertension, renal tubular
converting II (peptidase activity), degrade dysgenesis, heart disease,
enzyme bradykinin (kininase activity), GPlase microvascular complications of
activity diabetes
3. Angiotensin Converts angiotensin | to angiotensin RAAS Severe acute respiratory syndrome,
converting (1-9), converts angiotensin II to neurogenic hypertension
enzyme 2 angiotensin (1-7), Inactivate pyr-apelin

13 and apelin 17

4. Angiotensin II
type 1 receptor

Binds to angiotensin II and RAAS
transactivate growth pathways

Cardiovascular diseases,
hypertension, renal tubular dysgenesis

5. Angiotensin 1
type 2 receptor

Binds to angiotensin II, activates
cardioprotective cell signals

RAAS, Adrenergic signaling
in cardiomyocytes

Vesicoureteral reflux

6. Renin/prorenin Act as renin and prorenin receptor, RAAS, Innate immune Mental retardation, epilepsy
receptor mediate renin-dependent cellular system
responses by activating ERK1/2
7. Chymase regulation of submucosal gland Extracellular matrix Urticaria pigmentosa. Urticaria.
secretion, extracellular matrix degradation pathway, RAAS Hypertension, Atherosclerosis
degradation, in heart and vasculature,
converts angiotensin I to angiotensin II
8. Endothelin-1 Potent vasoconstrictor Endothelin-1/EDNRA Cardiac and vascular diseases, Renal

signaling pathway, Peptide

diseases, Pulmonary arterial and renal

ligand-binding receptor hypertension
9. Thrombin Converts fibrinogen to fibrin, help Peptide ligand-binding Thromboembolism,
in wound healing, function in receptor, Gamma Hypoprothrombinemia, recurrent
inflammation and blood homeostasis, carboxylation, hypusine pregnancy loss
maintains vascular integrity, activates  formation and arylsulfatase
factor V, VII, VIII, XIIT activation pathway
10. Kininogen High molecular weight kininogen kinin—kallikrein system, High molecular weight kininogen

(HMWK) help in
blood coagulation, inhibits thrombin
and plasmin induced thrombocyte
aggregation, bradykinin (released from
HMWK) induce natriuresis, diuresis,
vasodilation, hypoglycemia and effect
smooth muscle cell contraction

RET (rearrangement during
transfection) signaling

deficiency, diffuse scleroderma,
Bradykinin mediated angioedema

GPlase activity: glycosylphosphatidylinositol (GPI)-anchored protein releasing activity.
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Fig. 4. Phylogenetic tree of Angiotensinogen and its orthologues. Relationship derived through Neighb?)r-Joining method

using MEGA7. Bootstrap values are shown next to branches.

species. This phylogram indicates primates are evolving at
slower rate than glires.

Discussion

Continuously increasing knowledge about gene anno-
tation and development of high throughput techniques for
sequencing has enforced the bioinformaticians to develop
tools for processing this large amount of data. Bioinformat-
ic tools has enabled the scientist to understand function of
important genes, their evolution and involvement in human
diseases. Angiotensinogen (4GT)gene is also one such gene
which plays a central role in hypertension, cardiovascular
and renal diseases [13, 14].

Mutations in AGT gene significantly influence the patho-
logical activation of physiological pathways which critically
control the body functions. This increased stability could be
a cause of increased plasma AGT levels, as experimentally
proven by Kooffreh ef al.[15]. The pathological studies of
M235T polymorphism have described its strong association
with essential hypertension [16, 17]. This association is also
evident from the direct involvement of renin angiotensin
aldosterone system in blood pressure regulation [18]. Fur-
ther broadening the hypertension associated disease panel
indicated the association of M235T with increased risk of
arterial fibrillation [19], myocardial infarction [20], coro-
nary artery disease [21-23] and its severity [24]. Yang et al.
have also demonstrated the weak association of M235T with
type 2 diabetes [25]. In-silico studies presented in this study
also support the findings of above mentioned experimental
studies by showing that change of methionine with threo-
nine decrease the protein stability. Aledo JC reviewed the
role of methionine in proteins and stated that methionine is

very important proteionogenic amino acid. Its unbranched
side chain and sulfur molecule give flexibility to proteins
and help them maintaining their structure [26].

Protein-protein analysis by STRING database showed
that AGT interacts with 10 proteins including renin, angio-
tensin AGT, renin, ACE, ACE2, AGT1R and AGT2R are
all main components of RAAS pathway [1]. All these com-
ponents directly or indirectly influence the effect of other
components. They also work in feedback mechanism and
maintains blood pressure homeostasis.

Other than above-mentioned proteins, renin/prorenin
receptor, chymase, endothelin-1, kininogen and thrombin
also indirectly influence the blood pressure homeostasis by
interacting with RAAS components. Renin/prorenin recep-
tor increases the catalytic activity of renin enzyme and indi-
rectly affect the angiotensinogen hydrolysis [27]. Chymase
shares its biological function with ACE and ACE2 . It plays
role in converting the AGT derived angiotensin (1-12) to
angiotensin II [Reviewed in 28], which acts as vasoconstric-
tor peptide like endothelin-1 (encoded by EDN1 gene). En-
dothelin-1 is a member of endothelin-1/EDNRA signaling
pathway, which shares mechanistic and functional similari-
ties with RAAS. Kininogen is a group of high or low mo-
lecular weight proteins, including bradykinin and kallidin
respectively. These are main components of kinin-kallikrein
pathway and act as vasodilator peptides. ACE directly in-
fluence this pathway by degrading bradykinin which will
eventually cause vasoconstriction. Kininogens also inhibit
the thrombin induced platelet aggregation by inactivating
the ca” dependent calpain protein [29]. The functional asso-
ciation between AGT and thrombin could be understood by
studying the calpain and its Ca*" dependency. AGT increases
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the intracellular ca” concentration by increasing ca* influx
via ca” channels and stimulating its release by sarcoplasmic
reticulum [30]. These elevated ca’levels can activate the cal-
pain protein leading to increased thrombin-induced platelet
aggregation.

Current study was mainly focusing critical central mol-
ecule of RAAS pathway; AGT is thought to first emerged
in cartilage fish and made its way to other descending spe-
cies [31]. AGT has emerged as non-inhibitory serpin protein
which has serpin domain to help its binding to proteases like
renin for its cleavage to angiotensin peptide.

In present study, almost 194 orthologues of AGT gene
were identified in various species of fish, primates, glires etc.
Evidences from evolutionary analysis concluded that rate of
AGT evolution is slower in primates as compared to glires
which further have heterogenous rates of evolution [32]. Evo-
lutionary rate of AGT in different species is quite high how-
ever the sequence of functional domain is conserved [33].

Conclusion

In summary, AGT gene has been studied for its struc-
tural characterization, mutational analysis, protein-protein
interactions, and phylogenetic analysis. Phylogenetic analy-
sis revealed that structure of AGT gene is highly conserved
among various species. Furthermore, the protein-protein in-
teraction analysis supported the role of AGT gene in hyper-
tension and cardiovascular disease promoting pathways, this
study supports the AGT gene as a strong therapeutic target
for the control of multiple metabolic diseases.
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