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Abstract 
This review examines the biophysical roles of blood membrane proteins, particularly Angiotensin-
Converting Enzyme 2 (ACE2) in mediating viral attachment, entry, and transport within the human body. 
ACE2, a multifunctional receptor expressed in the lungs, heart, kidneys, and intestines, serves as a major 
gateway for coronaviruses such as Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The paper explores its molecular 
structure, receptor–virus interactions, and the associated signaling pathways that drive viral pathogenesis. 
Additionally, it compares ACE2-mediated viral entry with Human Immunodeficiency Virus’s (HIV’s) use 
of Cluster of Differentiation 4 (CD4), C-C Chemokine Receptor Type 5 (CCR5), and C-X-C Chemokine 
Receptor Type 4 (CXCR4) receptors. Understanding these receptor mechanisms provides valuable insights 
for developing receptor-targeted antiviral therapeutics, including recombinant human Angiotensin-
Converting Enzyme 2 (rhACE2), ACE2 inhibitors, and receptor-blocking drugs. This review underscores 
the importance of membrane proteins in viral infections and their potential as therapeutic targets in modern 
antiviral research. 
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INTRODUCTION 
The angiotensin converting enzyme (ACE2) receptors are ubiquitous within the human system, 
with particular overexpression noted on intestinal epithelium, blood vessels and heart (epicardia, 
adipose, fibroblast, and myocyte as well as coronary vessels). It is also overexpressed on the lung 
(bronchial, macrophages type 2 pneumocytes, and tracheal epithelial type cells), brain, testis, and 
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renal tubular epithelial cells (Zhang et al., 2020; Zhao et al., 2020). This receptor may be a type I 
transmembrane protein with a metal carbon catalysing space at the amino-terminal that is 41.8% 
identical to master (Giron et al., 2020).  
 
The gene responsible for ACE encoding is found on the X-chromosome at Xp22.2 regions (Yan et 
al., 2020). Chen et al. (2020) states that several peptide hormones are also being cut by ACE2. The 
most crucial being the removal of the C-terminal phenylalanine residue from the vasoactive 
angiotensin-II and in turn converting back to angiotensin. In addition, ACE2 also appears to have 
a similar activity with a dynorphin apelin, neurotensin, ghrelin, and bradykinin (Chen et al., 
2020).  
 
The findings are important in that they have shown it is more than just an enzyme, ACE2 
receptors is one allowing the entry of such viruses as SARS-CoV, SARS-CoV-2 (Khatri et al., 2020). 
In expansion, ACE2 is additionally capable for the hydrolysis of different other peptide 
hormones. The foremost critical being the expulsion of the carboxy-terminal spoken to by the 
amino corrosive phenylalanine of the vasoconstrictor angiotensin II and changing over it back to 
angiotensin (Sriram and Insel, 2020). 
 
Coronavirus Disease 2019 has brought many challenges from both health and socio-economic 
perspectives (Sriram and Insel, 2020). They are and were influenced by numerous factors from 
socio-political stability to cultural overhauls (Giron et al., 2020). Sociocultural integrations were 
not only geographical but rather entailed complex social processes that enabled diffusion of many 
facets of society, including health ontologies, concepts, and practices, across time and space as 
colonialism advanced (Giron et al., 2020).  
 
The Epidemiological findings and clinical observations demonstrate that infection targets and 
interferes with distal organs that express ACE2, such as the, kidneys, vasculature, gastrointestinal 
tract and the heart (Li-Chin et al., 2021). The extent of endothelial and epithelial damage and 
vascular leak leads to synthesis and secretion of chemokines and significant inflammatory 
cytokines (Wrapp et al., 2020). Diminished respiratory ACE2 activities caused by receptor 
sequestration and downregulation as well as shedding has caused worse Renin-Angiotensin 
System (RAS) dysfunctions, inflammation and vascular leak which could explain the 
pathogenesis of Acute Lung Injury (ALI) (Battagello et al., 2020).  
 
The recent approaching cytokine storm revealed that the course of the disease progresses from 
uncomplicated primary viremia to acute stage pneumonia, culminating into more severe 
conditions such as Acute Respiratory Distress Syndrome (ARDS), ALI, and finally multi-organ 
failure (Li-Chin et al., 2021). 
 
Signalling Pathways Involved in SARS-CoV-2 Pathogenesis  
The ACE2 protein has a single active site and is responsible for conversion of angiotensin II to 
angiotensin (1-7). In addition, ACE2 convert angiotensin I to angiotensin (1-9) that inevitably 
invigorates Mas-related G protein coupled receptors (Huang et al., 2020). By ethicalness of the 
passage of the infection into the cell through the ACE2 receptor covering the body surface, the 
spike protein of the infection ties to biochemical activator space of the ACE2 (Hoffmann et al., 
2020). The Janus Kinase (JAK) signalling pathway is inhibited by Suppressor of Cytokine 



The Biophysical Role of Blood Membrane Proteins in Viral Transport: A Review  

 

Ismail M.M. et al, DUJOPAS 11 (4c): 321-328, 2025                                                                                        323 

 

Signalling 1 (SOCS1) and Suppressor of Cytokine Signalling 3 (SOCS3) through the actuation of 
their kinase inhibitory locale (Huang et al., 2020).  
 
The spike protein of the SARS-CoV-2 is one of the main tools used by the virus to gain access to 
the cells of susceptible hosts. The trimeric glycoprotein, which is known as a spike protein, has 
significant importance in the process of merging viral envelope along with cellular membrane of 
target host (Lippi et al., 2020). The spike protein itself has been shown to consist of two moieties, 
namely the Spike Glycoprotein Subunit 1 (S1) and Spike Glycoprotein Subunit 2 (S2). The S1 
region is mainly involved in the binding of the ACE2 located on the membranes of host cells 
(Muhammadpour et al., 2020). This binding is crucial to the process of cell entry by the virus since 
binding of S1 to its receptor determines which cells are susceptible to the virus. After this binding 
event, the spike protein changes its shape in a way that prepares it for the next critical step of 
entering the cell (Lippi et al., 2020; Davidson et al., 2020).  
 
Moreover, apart from this, the S2 subunit has in-built components that aid the enveloping of the 
virions with the target cell's membrane. First, upon attachment of S1 to ACE2, a host protease 
cleaves the spike protein, causing a functional cleavage between S1 and S2. This cleavage is 
necessary in that it activates the S2 subunit to perform the task of fusion thus permitting the entry 
of the viral genome and proteins into the cytoplasm of the infected cell. In this regard, how the 
spike protein works informs the key stages in the development of the SARS-CoV-2 infection 
(Suryawanshi et al., 2021).  
 
Also, it points to possible infected systems for treatment of the disease, for instance, vaccines and 
anti-viral drugs that are meant to prevent the attachment of spike proteins to ACE2 or the action 
of the enzymes that cleave the proteins (Lippi et al., 2020; Davidson et al., 2020). Using single-
molecule force spectroscopy, it was possible to provide an instinctive rationale for the expectation 
between the S glycoprotein of the SARS-CoV-2 virus and its receptor ACE2 binding (Yang et al., 
2020).  

 
Figure 1: Signalling Pathways Involved in SARS-CoV-2 Pathogenesis 
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Therapeutic Targeting of ACE2 
Recent studies found that both SARS-CoV-2 and SAR-COV attach to the ACE2 receptors located 
on lung epithelium and then enter cell, and from that point returns and leads to downregulation 
of these receptors (Zhang et al., 2020; Zhao et al., 2020). One major consequence of downregulation 
of ACE2 due to active infection is elevation of angiotensin II levels which, through its mechanisms 
on Angiotensin II Type 1 (AT1) receptor mediate adverse effects such as induction of systemic 
inflammation, lung scarring and airway inflammation, and in acute cases such as in the 
pulmonary inflammatory syndrome of COVID-19 (Hariyanto et al., 2020; Zhao et al., 2020). In 
Vitro studies in different lung destructive models revealed that many inflammatory bruising 
thickening of alveolar wall, edema, redness, infiltration of inflammatory cells are upregulated in 
the respiratory tract as a result of decrease of ACE2 receptors (Bian et al., 2020; Zhao et al., 2020).  
Previous studies have shown that concurrent administration of recombinant ACE2 and AT1 
blockers on the contrary has been effective in reducing the extent of lung damage (Hariyanto et 
al., 2020; Zhao et al., 2020). Some studies also mentioned that the pole axial protein of SARS-CoV-
2 significantly downregulates ACE2 resulting in increased levels of angiotensin II and AT1 
receptors which contributes to injury of the lungs and causes serious lung inflammatory damage 
(Monteil et al., 2020; Zhao et al., 2020). 
 
Table 1: Comparative Summary of Studies Targeting ACE2 and Related Pathways in SARS-
CoV-2 Infection 

Study 
(Year) 

Experimental 
Model/ 
Method 

Main Findings Effect on 
ACE2 
Expression 

Effect on Lung / 
Inflammatory 
Response 

Therapeutic 
Implications 

Hariyanto 
et al. (2020) 

Clinical and 
experimental 
studies on 
COVID-19 
patients 

SARS-CoV-2 
binds to ACE2 
receptors on lung 
epithelium 
leading to 
receptor 
downregulation 

Decreased 
ACE2 levels 

Increased angiotensin 
II activity, causing 
systemic inflammation, 
airway scarring, and 
pulmonary 
inflammatory 
syndrome 

Suggests that 
recombinant ACE2 
and AT1 receptor 
blockers can reduce 
lung injury 

Zhao et al. 
(2020) 

In vitro 
studies using 
lung epithelial 
cell models 

Downregulation 
of ACE2 
increases 
angiotensin II 
activity 

Decreased 
ACE2 
expression 

Increased alveolar wall 
thickening, edema, 
redness, and 
inflammatory cell 
infiltration 

Supports the 
protective role of 
ACE2 restoration in 
mitigating lung 
damage 

Bian et al. 
(2020) 

Animal model 
of SARS-CoV-
2-induced 
lung injury 

Decrease in 
ACE2 causes 
inflammatory 
infiltration and 
lung tissue 
destruction 

Decreased 
ACE2 
expression 

Increased 
inflammatory 
responses and 
structural damage in 
alveolar tissue 

Recombinant ACE2 
administration 
alleviates lung 
injury 

Monteil et 
al. (2020) 

In vitro 
infection 
model using 
recombinant 
ACE2 

Soluble 
recombinant 
ACE2 prevents 
SARS-CoV-2 
from binding to 
cell surface ACE2 

Maintained 
ACE2 
activity 

Reduced viral entry, 
inflammatory cytokine 
release, and tissue 
damage 

Demonstrates 
therapeutic 
potential of 
recombinant ACE2 
as viral entry 
inhibitor 

 
Role of Opioid Derivatives 
Interestingly, some opioids and their derivatives such as codeine and morphine, have been 
indicated to bind to the ACE2 receptors with a high attraction, thus preventing further attraction of 
SARS-CoV-2 to the extracellular domain of ACE2 (Zhao et al., 2020). The alkaloids showed 
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importance effects as noted in the report published by National Health Service, UK and the Swedish 
studies, in the relief of dyspnea, pain, and cough in patients (Barmania and Pepper, 2013; Zhao et 
al., 2020). 
 
Experimental results further showed that the inflammatory response of cytokines such Interleukin-
6 (IL-6), Interferons (IFNs), Tumor Necrosis Factor-alpha (TNF-α), and others was significantly 
inhibited in morphine-treated animals (Chatterjee and Thakur, 2020; Yan et al., 2020). Most use of 
this drug lies within the treatment of irritable still hyperactive inflammatory responders, which 
other foreign cells would hardly encounter (Barmania and Pepper, 2013; Zhao et al., 2020).  
 
Therapeutic Importance of ACE2 in Treating SARS-COV-2  
As ACE2 is involved in the passages of viruses within cell, leading to complications of ALI, 
considering the drugs which are objecting this in particular provides an interesting scenario for 
treatment of covid-19 patients. A study revealed that inhaled recombinant ACE2 treatment 
provided therapeutic window for enhancing pulmonary blood flow, lung function, and alleviating 
hypoxemia, pulmonary hypertension and edema (Santos et al., 2018; Hariyanto et al., 2020). Studies 
also have revealed that coronavirus, specifically, is capable of interacting with the therapeutic 
recombinant ACE2 (Santos et al., 2018; Sungnak et al., 2020).  
 
Further, Monteil et al. (2020) reported a dose-dependent inhibition of infection progress 
development in Vero E6 cells alongside effective treatment of viral infection in the human aortic 
and kidney organoids by rhACE2. Hofmann et al. (2020), also reported the dose-dependent 
inhibition of the pseudo infection of 293 T cells by the viral spike induced by rhACE2. However, it 
remains extremely essential to ensure the safety and efficacy of rhACE2 in normal healthy peoples 
and ARDS patients with small effects on hemodynamic parameters. For example, the class of 
catalytic activators, diminazene aceturate may be linked to enhancing the protective action of 
rhACE2 towards ALI due to COVID-19 (Santos et al., 2018; Augoustides, 2020). 
 
Comparative Mechanisms: HIV Receptors 
The CD4 alongside co-receptors such as CCR5 and CXCR4 are the main co-receptors of Human 
Immunodeficiency Virus (HIV). The HIV envelope protein binds first to CD4, the primary 
receptor for HIV. In this way a complementary-receptor (CCR5/CXCR4) is appropriately raised 
in looking like that of accessory-receptor attracting pockets. This subsequently initiates 
conformational alterations in the Env protein which are ultimately responsible for virus attraction 
and passages (Lu et al., 2019). 
 
For viruses that spread between populations, frequent close contact between susceptible and 
accumulative individuals must exist (Zaitseva et al., 2017). However, HIV-1 possesses the capacity 
and a system within its genetic archive that allows for the development of variants that may 
subsequently be used for horizontal transmission within the same rather populations healthy or 
not (Lu et al., 2019).  
 
Nevertheless, there is a general consensus that further intercellular spread also occurs and is more 
than 10 to1000 times more efficient than the free cell infection incapacitation of the organism, and 
is probably most relevant in tissues where cells are packed densely such as lymphoid tissues 
(Rivellese and Predilatto, 2020). Such cell-to-cell spread of infection still requires the presence of 
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infectious particles, but these are kept inside so-called viral reservoirs, which are zones of close 
interaction of infected and non-infected cells (Hariyanto et al., 2020).  
 
CONCLUSION 
This review highlights the central role of blood membrane proteins, especially ACE2, in 
facilitating viral entry and systemic transport. ACE2’s dual enzymatic and receptor functions 
make it a critical player in both physiology and viral pathogenesis. Understanding its structure, 
signaling pathways, and interaction mechanisms provides valuable insights for developing 
targeted antiviral therapies. Comparative analysis with HIV receptor systems further broadens 
our understanding of viral adaptation and host susceptibility. Future research should focus on 
receptor modulation and therapeutic targeting to prevent or mitigate viral infections. 
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