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Hypertension is a serious

medical condition that significantly

increases the risks of heart, brain,

kidney and other diseases.

Angiotensin I converting enzyme

(ACE) is common in human body

and is well known for his pivotal

role in blood pressure regulation

and renal and cardiovascular

function. ACE is capable of

cleaving wide range of substrates

and affects many other

physiologic processes in addition

to blood pressure control.

ACE, classified as dipeptidyl carboxypeptidase I, is a membrane

multifunctional, Zn containing enzyme. It is known that the so-called

somatic form of ACE (sACE) consists of two homologous,

independent domains (C-domain and the N-domain) each containing

a metal-binding motif (HEXXH), while the testicular form of the

enzyme consists of a single domain (C-domein) [Harrison, C., and

Acharya, K.R. (2014). ACE for all – a molecular perspective. Journal

of Cell Communication and Signaling 8, 195-210].



Several synthetic inhibitors as captopril, lisinopril, and enalapril are used in clinical practice for a long

time. Numerous studies are also focused on their use as models for studying the enzyme/inhibitor

complex for better understanding the inhibition of ACE and to find new more effective therapeutic drugs.

The aim of our study is to model the binding of

pharmaceutical drugs captopril and lisinopril, and

bioactive tripeptide Val-Pro-Pro (VPP) to the HEXXH

metal-binding motif of ACE. For this purpose, we have

applied computational (DFT) methods to assess the

ability of captopril, lisinopril and VPP to coordinate with

Zn2+-HEXXH binding region.
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Which inhibitor binds more readily to the HEXXH motif? In answering this question, we determined how
strong the modeled HEXXH motif interacts with the inhibitors (in the gas phase, ε=1, and in protein
environment, ε=4) by examining the change in the Gibbs energy of formation in the following reactions, where
“im” stands for methylimidazole, “ac” for acetate, “vpp” for Val-Pro-Pro tripeptide:

[Zn-2im-1ac-1w]1+ + captopril-Na0 → [Zn-2im-1ac-captopril-Na]1+ + H2O        (1)
[Zn-2im-1ac-1w]1+ + lisinopril-Na1- → [Zn-2im-1ac-Lisinopril-Na]0+ H2O         (2)
[Zn-2im-1ac-1w]1+ + vpp-Na0 → [Zn-2im-1ac-vpp-Na]1+ + H2O                      (3) 

HEXXH

ACE inhibitors

The concept of free energy gain is widely used
to determine the binding affinity of protein-ligand
complex in docking studies; it is applied here by
means of quantum-chemical (DFT) computations.

The changes in Gibbs energy predict whether a
reaction will be spontaneous in the forward or
reverse direction: When ΔG value is negative, a
process will proceed spontaneously; when ΔG is
positive, the process is non-spontaneous as written,
but it may proceed spontaneously in the reverse
direction.



We were interested only in the
structure and energetics of binding
site/inhibitor complex formation, i.e.
in the first step of the inhibition
reaction. Captopril, lisinopril and Val-
Pro-Pro inhibitors were optimized
and these energetically optimized
structures were used to build up
models of HEXXH motif bound to
inhibitor molecules after a
displacement of a water molecule.
The arrangement of the amino acid
models was preserved in these
constructs.
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ΔG1 = -80.5 kcal/mol
ΔG4 = -26.4 kcal/mol

ΔG1 = -0.3 kcal/mol
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ΔG1 = -86.3 kcal/mol
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ACE active site where captopril,
lisinopril and Val-Pro-Pro are
accommodated.

Sub-sites noted as S1, S2, S1’
and S2’ are cavities or areas in an
enzyme’s active site where amino
acid groups interact with adjacent
side-chains of the substrate’s
(peptide or inhibitors) groups in a
molecular recognition and complex-
formation procedure.
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Summary: 

• Computational (DFT) methods were applied to assess the ability of captopril, lisinopril and Val-Pro-Pro

to coordinate with Zn2+-HEXXH binding motif of ACE.

• Metal binding site in the HEXXH motif was modeled as a tetra-coordinated centre based on structure of

the Zn-binding site of thermolysin and as a penta-coordinated one, i.e. without a bound inhibitor Zn2+

ion is tetra‐coordinated or penta‐coordinated by conserved protein residues (two His, one Glu) and a

water molecule.

• In the current study the following models were considered: the side chains of usually deprotonated Glu

were modeled as acetates (CH3COO−), whereas those of the neutral His were represented by

methylimidazole (C4N2H6).

• Sodium salts of captopril, lisinopril and Val-Pro-Pro inhibitors were optimized and these energetically

optimized structures were used to build up models of HEXXH motif bound to inhibitor molecules after a

displacement of a water molecule. The arrangement of the amino acid models was preserved in these

constructs.

• The energetics of binding site/inhibitor complex formation (reactions 1-3) was evaluated at  = 1 and 

= 4.

• Captopril with deprotonated sulfhydryl group, lisinopril and Val-Pro-Pro are able to coordinate with

Zn2+-HEXXH binding motif. Val-Pro-Pro tripeptide coordinates to the metal cation via the valine’s

functional groups.



COVID-19 and the use of angiotensin-converting enzyme inhibitors and
receptor blockers
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Background

Concerns exists that angiotensin-converting enzyme inhibitors (ACE inhibitors) and angiotensin receptor
blockers (ARBs) increase susceptibility to coronavirus SARS CoV-2 (the viral agent that causes the disease
COVID-19) and the likelihood of severe COVID-19 illness.1 These concerns are based on considerations of
biological plausibility,2 and the observation that there is an overrepresentation of patients with hypertension
and other cardiovascular comorbidities among patients with COVID-19 who have poor outcomes.3 Millions
of people around the world are on treatment with ACE-Is and ARBs for hypertension, heart failure, coronary
artery disease, or kidney disease. Speculation about worse outcomes among patients on these medications
during the COVID-19 pandemic has caused widespread anxiety among patients and their care providers. On
the other hand, the harms of indiscriminate withdrawal of these medications on cardiovascular outcomes
are well documented.4 There is also widespread speculation about the potential benefits of ACE-Is and
ARBs, based on biological plausibility arguments and animal data and small clinical studies on patients with
other viral respiratory infections.5

...

Source:https://www.who.int/news-room/commentaries/detail/covid-19-and-the-use-of-angiotensin-
converting-enzyme-inhibitors-and-receptor-blockers


