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Since December 2019, a novel beta coronavirus has spread 
around the world. This virus can cause severe acute 
respiratory syndrome (SARS). In this study, we reviewed 
proteases of SARS-CoV-2 based on related articles published 
in journals indexed by Scopus, PubMed, and Google 
Scholar from December 2019 to April 2020. Based on this 
study, it is concluded that this coronavirus has about 76% 
genotype similarity to SARS coronavirus (SARS-CoV). Also, 
similarities between these two viruses have been found in the 
mechanism of entry into host cells and pathogenicity. ACE 2, 
the angiotensin convertase enzyme 2, has roles in the Renin-
Angiotensin-Aldosterone system (RAAS) and blood pressure 
regulation. Some mechanisms have been reported for the role 
of ACE 2 in the pathogenicity of SARS-CoV-2. For example, 
the interaction between the ACE 2 receptor and spike protein 
mediated by TMPRSS2, Cathepsin B/L, and other enzymes 
is responsible for the entry of the virus into human cells 
and pathogenicity. Some host cell endosomal enzymes are 

necessary to cleavage coronavirus spike protein and cause binding to their common receptor. 
So, we conclude that molecules like antibodies or small molecules as ACE2 antagonists and 
soluble ACE 2 can be used as a good therapeutic candidate to prevent SARS-CoV-2. 
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Резюме
Від грудня 2019 року світом шириться новий бета-коронаві-
рус. Цей вірус може викликати тяжкий гострий респіратор-
ний синдром (SARS). У цьому дослідженні ми розглянули 
протеолітичні ферменти вірусу SARS-CoV-2 на основі пов’я-
заних статей, опублікованих у журналах, які індексують-
ся в базах Scopus, PubMed і Google Scholar, з грудня 2019 
року до квітня 2020 року. На підставі цього дослідження 
можна стверджувати, що цей коронавірус має генотип, що 
на близько 76% схожий із коронавірусом SARS (SARS-CoV). 
Крім того, між двома вірусами виявлено подібність у ме-
ханізмі потрапляння в клітини-господаря та патогенності. 
Ангіотензинперетворювальний фермент (АПФ-2) відіграє 
роль у ренін-ангіотензин-альдостерованій системі (РААС) та регуляції артеріального тиску. 
Повідомляється про роль деяких механізмів АПФ-2 у патогенності SARS-CoV-2. Для прикла-
ду, взаємодія між рецептором АПФ 2 і спайковим білком через TMPRSS2. Катепсин B/L та 
інші ферменти відповідають за потрапляння вірусу в клітини людини й патогенність. Деякі 
ендосомальні ферменти клітин-господарів необхідні для розщеплення спайкового білка та 
спричиняють зв’язування з їхнім загальним рецептором. Тому зроблено висновок, що такі 
молекули, як антитіла, чи невеликі молекули, як-от блокатори АПФ-2 та розчинний АПФ-2, 
можна використовувати як можливі кандидати для запобігання SARS-CoV-2.
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1. Introduction
The SARS-CoV-2 is a zoonotic virus from the 
family of coronaviruses (CoVs). It has a 76% 
genome similarity with SARS-CoV, which broke 
out in 2003 and had a 10% mortality rate [1]. 
Clinical manifestations of SARS-CoV-2 include 
fever, nonproductive cough, dyspnea, myalgia, 
fatigue, normal or decreased leukocyte 
counts, and pneumonia, which are similar to 
the symptoms of SARS-CoV infection. SARS-
CoV-2 incubation period is 2–14 days [2].

Virus pathogenesis begins with the virus 
attaching to the host receptor and entering of 
its genome into the host cell [3]. The virus 
employs host cell machinery such as proteolytic 
enzymes to encode its proteins and infect the 
host cell [3]. The role of proteases in SARS-
CoV virulence has been investigated. These 
proteolytic enzymes play a role in various 
steps of the viral life-cycle such as attachment 
and entry [4], endocytosis [5], fusion [6, 7], 
protein biosynthesize, assembly, and egress 
[4, 5]. As the SARS-CoV-2 and SARS-CoV 
have a 76% similarity in their genomes, it 
seems, this similarity may be found in the 
ways of pathogenicity. These enzymes are 
so major that inhibiting them may be used 
as a therapeutic approach. In this narrative 
review, we discussed the roles of the most 
major proteolytic enzymes in more detail. 

2. Objectives 
Because of the rapid widespread of this novel 
virus and the lack of effi  cient treatments, 
we decided to review the SARS-CoV-2 host 
receptor, spike protein, and enzymes that are 
involved in pathogenicity processes. Molecules 
that can inhibit the spike protein attachment 
to ACE2, spike protein, or involved enzymes 
could be a choice for treatment.

3. Methods 
We searched titles, abstracts, and keywords 
for related English articles in Google Schol-
ar, Scopus, and PubMed databases for all 
types of articles from December 2019 to April 
2020. The search was performed by FA and 
EA separately and then checked by both of 
them. The following keywords were searched: 
[(COVID-19 AND ACE2) OR (COVID-19 AND 
Spike protein) OR (COVID-19 AND Protease) 
OR (SARS-CoV-2 AND ACE2) OR (SARS-
CoV-2 AND Spike protein) OR (SARS-CoV-2 

AND Protease)] We searched keywords in the 
mentioned databases to fi nd basic informa-
tion about the structure of SARS-CoV-2 and 
the mechanisms of protease-associated spike 
protein cleavage that provide the viral entry 
into the host cell. 101,724 articles were found 
based on search engine reports. Afterwards, 
full texts of 300 articles were studied. we in-
cluded 20 of them based on inclusion criteria.

4. Results and discussion 
Beta coronavirus spike protein may be 
cleaved. Spike cleavage occurs at diff erent 
stages of the virus life cycle, like entry, 
pathogenesis, and release from host cells. 
SARS-CoV-2 spike glycoprotein facilitates 
virus entry into host cells by attaching to 
the ACE2 receptor. In many cases, furin is 
responsible for cleaving S1/S2 sites. Cleavage 
sites such as furin-like cleavage site, S1/S2 
site, and S2’ site have their role in virus entry 
and pathogenicity. S1 peptide is responsible 
for receptor binding and S2’ peptide causes 
virus and host membrane fusion.

4.1. Coronavirus structure 
All CoVs have a specifi c structure consisting 
of the envelope (E), nucleocapsid (N), spike 
protein (S) integrated into the membrane 
(Figure 1). M protein is an ionic channel that 

is essential for virus uncoating. M protein is an 
integral protein with a glycosylated N-terminal 
in ectodomain and a C-terminal in the endo 
domain. M protein has an important role in 
virus structure formation in host cells [8, 9]. 
Also, studies have shown that viruses cultured 
in a tunicamycin-rich medium can be formed 
without spike; they contain M and Free-S 

Fig. 1: A schematic image of SARS-CoV-2 and its structure
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[10–12]. E protein has a facilitative eff ect on 
virus assembling and exit. Furthermore, this 
protein has ionic channel activity in SARS-
CoV-2 pathogenicity [9, 13, 14].

 SARS-CoV-2 genome is a single-stranded and 
positive-sense RNA [12]. The open reading 
frame (ORF) is a part of the genome that 
encodes the nucleoside salvage pathway (NSP). 
There is a region between ORF1a and ORF1b 
that produces Protein phosphatase (PPI), 
including PP1a and PP1b (Fig. 2). 16NSPs can 
be made of these PPs via three chymotrypsin-
like proteases and papain protease [12, 15], 
while ORF2-10 encodes structural proteins [1]. 
The structural proteins (E, M, S, and N) are 
functional proteins essential for the virus’ life 
and replication [12]. Host-cellular proteases’ 
action locations and timing are partial since 
initiating the endoproteolytic cleaving of the 
spike protein takes place just after ACE2 
engagement [16–18].

4.1.1. Spike protein and virus entry
4.1.1.1. Structure
 The spike glycoprotein is a trimeric integrated 
glycosylated massive protein (150kDa) [19, 20]. 
Protein parts of spike glycoprotein consist of a 
short C-terminal intracellular tail, a single-pass 
transmembrane anchor, and a large N-terminal 
ectodomain [21, 22]. Amino acid residues are 
essential for the interaction between the SARS 
spike protein and target receptor (ACE2) [6, 
21]. Eight of 14 important amino acids in the 
SARS-CoV-2 spike protein Receptor-Binding 
Domain (RBD) are similar to those of SARS-CoV 
spike proteins which indicated a similar host re-
ceptor for both viruses [23].

4.1.1.2. Function 
Spike protein has two  sites to be cleaved by 
cellular proteases; S1/S2 and S2’ [24, 25]. 
S1/S2 site consists of arginine amino acid 
residues that are associated with proteolytic 
processing of spike protein and have an im-
portant role in the interaction between the 
RBD ectodomain of spike protein and ACE2 
receptor [25, 26]. S1/S2 is cleaved into two 
polypeptides; three head S1 and trimeric 
stalk S2 [21, 27]. The N-terminated S1 poly-
peptide, which cleaves from spike protein, 
is responsible for attachment to the ACE2 
receptor and makes the RBD [25, 28]. The 
C-terminated membrane-anchored S2 is an 
attendant for membrane fusion and virus en-
try [6, 29, 30]. Generally, S1 acts as a specifi c 
RBD and the fusion between virus membrane 
and membrane of the host cell via S2 enables 
the virus to release its single-stranded RNA 
into the host cell. S2 polypeptide consists of 
four parts which are a fusion peptide (FP), a 
secondary proteolytic site (S2’), an internal 
fusion peptide (IFP), and two heptad-repeat 
(HR) chains [5, 30]. IFPs are similar in SARS-
CoV and SARS-CoV-2. Both IFP and PF play 
roles in viral entry. However, the molecular 
mechanism of cell entry has not been fully 
understood yet [5].

A furin site cleavage is located between the 
S1/S2 site [31–33]. Research suggests that 
the furin-like cleavage site can be cleaved 
during virus endocytosis for spike prim-
ing. Thus, these sites may result in a higher 
SARS-CoV-2 virulence in the human popula-
tions [1, 34]. 

Fig. 2: The genome of CoVs with open reading frames (ORFs) and zones of encoding structural and functional proteins
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4.2. ACE2, SARS-CoV-2 host receptor
The host receptor for SARS-CoV-2 is the same 
as the receptor that SARS-CoV uses to enter 
the cell [7]. SARS-COV-2 penetrates host 
cells through ACE2 with a conformational 
change in the spike protein structure after the 
attachment to ACE2 occurs [35, 36]. However, 
the binding affi  nity of the SARS-CoV-2 spike 
protein to ACE2 is 10–20 folds higher than 
for SARS-CoV [37]. It was reported that the 
injection of SARS-CoV spike protein into mice 
induced acute lung injury, which was reduced 
by the Renin-Angiotensin-Aldosterone system 
(RAAS) suppression [6]. Anti-serum against 
ACE2 can block SARS-COV-2 and reveals 
that the ACE2 is the main target for SARS-
CoV-2[6].

ACE2 is a soluble mono carboxypeptidase 
enzyme in the RAAS which converts Angiotensin 
II (Ang) to Ang 1–7 with anti-infl ammatory, 
vasodilative, and anti-apoptotic activities [34]. 
ACE2 has been detected on type 2 alveolar cell 
(AT2) surface in the lungs and other cell types 
like heart, central nervous system, and liver 
[37, 38]. Testis, gastrointestinal tract, and 
kidney can express ACE2. So, the fecal-oral 
route may be one of the transmission routes. 
The human protein atlas database shows 
that the ACE2 mRNA is mainly identifi ed in 
the duodenum, small intestine, colon, testis, 
kidney, and gallbladder. Although the ACE2 
expression level in the lung is minimum [21, 
39, 40], various conditions can regulate ACE2 
expression in lung cells. For example, SARS-
CoV can down-regulate ACE2 expression via 
spike protein attachment to the receptor [37, 
41–43].

Blocking the interaction between ACE2 and 
spike protein is a promising approach and 

a potential prevention method of Covid-19 
disease. For this purpose, designing 
biocompatible polymeric dendrimers may 
prevent spike protein attachment to ACE2. 
However, this method has some limitations. For 
instance, biocompatible polymers should not 
degrade in the physiological medium rapidly 
to have the most effi  cacy in trapping the virus. 
Additionally, these polymers should not attach 
to the body’s endogenous molecules and the 
physiological processes of the body should not 
be aff ected by them.

Up to date, though there is no reliable evidence 
on ACE2 expression variations relating to 
age, smoking, sex, and gender [44], some 
hypotheses suggest that the death rate due 
to COVID-19 depends on sex and this rate 
is higher in men [45, 46]. Higher prevalence 
of smoking in men [47], more intense and 
stronger immune response in women [48], 
estrogen hormone in women which can up-
regulate ACE2 expression [49], and over-
expression of genes like ACE2 which are 
located in XCL site in XX cells [50] are probable 
factors that may result in higher death rate in 
men compared to women.

However, medications such as Angiotensin 
receptor blockers (ARBs) and ACE-inhibitors 
can increase ACE2 expression [44], but 
methyldopa and molsidomine decrease ACE2 
expression, signifi cantly [51]. (Table 1) 

4.3. Eff ective Enzymes on spike Priming
4.3.1. Serine proteases 
Serine proteases of the trypsin-like family have 
been identifi ed to have signifi cant eff ects in bi-
ological processes such as digestion, blood co-
agulation, fi brinolysis, and immunity. One of the 
serine proteases is the transmembrane serine 

Table 1 

Drugs modifying ACE2 expression
Factors Eff ects on the ACE2 expression Reference

ARBs Up-regulation [44]
ACE-inhibitors Up-regulation [44]
Thiazolidinedione Up-regulation [44]
Ibuprofen (NSAID) Up-regulation [44]
Methyldopa (alpha2 agonist) Down-regulation [51] 
Molsidomine (vasodilator) Down-regulation [51]
Anti-adrenergics other than alpha/beta-blockers Down-regulation [51]
Calcium channel blockers (CCBs) No signifi cant aff ect [51]
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protease type 2 (TMPRSS2), which is essential 
for spike priming [7, 34]. Also, TMPRSS2 has 
proteolytic eff ects on the spike protein allowing 
virus and cell membrane fusion [4]. TMPRSS2 
Overexpression increases the susceptibility of 
cells to MERS-CoV [52]. Based on the previ-
ous research, SARS-COV can be activated with 
TMPRSS2 through proteolytic mechanisms. 
TMPRSS2 expression has a notably more mag-
nifi cent impression on entry propitiated by the 
SARS-CoV-2 S protein than by SARS-CoV [53]. 
In a study, transient transfection of HEK293T-
ACE2 cells with TMPRSS2 resulted in a signifi -
cant increase (up to 100-fold) in SARS-CoV-2 
entry, when TMPRSS2 was expressed [53]. 
VeroE6/TMPRSS2 cells which are more vul-
nerable to SARS-COV-2, express ACE2 more. 
This observation illustrates the defi nite action 
of TMPRSS2 in SARS-COV-2 infection [4]. The 
same study showed that SARS-CoV-2 isolated 
from Vero E6 and TMPRSS2 cells was 10 times 
more than normal human lung tissue [4]. Since 
TMPRSS proteases group is highly expressed in 
the respiratory tract [34], the pathogenesis in 
the respiratory tract is expected. 

Since TMPRSS2 has physiological functions in the 
body, inhibiting this enzyme cannot be proposed 
as a treatment option. Consequently, designing 
some agents to lyse the link between enzyme 
and virus represents a more feasible approach.

Trypsin is one of the endosomal serine 
peptidases, and its role in viral glycoprotein 
priming has been investigated extensively [4, 
54]. Trypsin prefers arginine and lysine amino 
acids to other amino acids for cleavage [55]. As 
the function of this peptidase is not substrate 
selective, diff erent regions within the spike 
protein can be cleaved by trypsin. Trypsin 
as a TMPRSS is expressed in the respiratory 
system; however, it has a digestive function in 
the small intestine. Trypsin can directly cleave 
spike proteins of many enteric coronaviruses; 
therefore, respiratory coronaviruses can use 
trypsin as a surrogate for proteases such as 
TMPRSS family members, because of similar 
substrate specifi cities [54, 56]. VeroE6 are 
cells where SARS-CoV is assembled and where 
trypsin revokes the necessity for cathepsin-
mediated cleavage directing the virus to a 
low-pH independent entry route, probably at 
the plasmic membrane [54, 56]. Based on the 
information provided, originating or designing 

substances that can break the linkage 
between trypsin and its substrate may be 
helpful. However, it should be noted that these 
materials should be specifi c and selective to 
the cleavage site of the spike protein.

4.3.2. Proprotein convertases
Proprotein convertases (PCs) are a group 
of serine secretory proteases that modulate 
virus biological processes. PCs, especially 
furin, are involved in viral infection because of 
their role in cell surface protein processing [5, 
57]. They cleave the envelope glycoprotein for 
viral fusion with the host cell membrane [5]. 

Furin is expressed in a broad spectrum of cell 
types, including lung tissue. Additionally, a 
furin-like cleavage site is located on the spike 
protein of pathogenic infl uenza viruses [56]. 
Thus, an enveloped virus causing a respiratory 
infection, like SARS-CoV-2, can employ furin 
to cleave its surface spike glycoprotein. The 
pathogenicity of some CoVs depends on the 
presence of a furin-like cleavage site. For 
instance, researchers have elevated the rate 
of pathogenicity of infectious bronchitis virus 
(IBV) by adding a furin-like cleavage site to 
spike protein IBV [58]. SARS-CoV-2 spike 
protein priming with furin would potentially 
provide 25% more susceptibility of cells to 
infection in comparison with TMPRSS2 spike 
protein cleavage. Eff ectual furin-mediated 
cleavage of the SARS-CoV-2 Spike protein 
results in more virus pathogenicity due to an 
enhanced affi  nity to the ACE2 receptor [34]. 
Diff erent furin-like proteases would cleave the 
S2’ site [5], and although it is supposed that S2’ 
processing is a signifi cant stage in fi nal spike 
protein activation, the enzyme(s) involved in 
this process have not been determined.

According to these data, designing antagonist 
molecules that can fi ll the furin-like cleavage 
site and avoid the interaction between this 
site and enzymes is a potential treatment.

4.3.3. Cysteine proteases
Cysteine proteases such as cathepsin B and 
L (cat B/L) are important to spike priming in 
SARS-CoV-2 [7, 56]. These enzymes activate 
virus glycoproteins [54]. As mentioned, the 
SARS-CoV-2 entry into host cells is dependent 
on TMPRSS2 activity. In contrast, cat B/L 
activity is dispensable[6, 17, 59, 60]. Cat L is 
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more common for the CoVs entry than cat B. 
However, the intracellular acidity required for 
viral entry in cat B is higher than for cat L pH 
[61]. Notably, low endosomal pH is essential for 
virus uncoating. Ammonium chloride increases 
intracellular pH [61, 62]. Experiments show 
that SARS-CoV and SARS-CoV-2 entry into 
239T cells (TMPRSS2-) was blocked by 
ammonium chloride. Although, ammonium 
chloride treatment shows low effi  cacy in entry 
inhibition on Caco-2 cells (TMPRSS2+) [6]. 
Inhibition of both proteases is required to 
block virus entry. A known TMPRSS2 inhibitor 
is the camostat mesylate that can block 
SARS-CoV-2 entry into both Caco-2 and Vero/
TMPRSS2 cells. However, full inhibition of the 
virus entry happens when E-64d as a cat B/L 
inhibitor is added to camostat mesylate. We 
can understand that SARS-CoV-2 uses of both 
cat B/L and TMPRSS2 to spike priming [6].

4.4. Possible and suggested treatments
Medications such as ARBs and ACE-inhibitors, 
thiazolidinediones, and ibuprofen (NSAID) 
increase ACE2 expression [44]. Investigations 
have revealed that losartan as an AT1R 
blocker decreases the severity of COVID-19 
[12]. No evidence can support changing the 
treatment regimen in patients who received 
ACE-inhibitors, ARB, and thiazolidinediones 
[44]. Chloroquine and hydroxychloroquine as 
weak bases prevent the virus fusion to host 
cell by increasing endosomal pH [63, 64]. 
Umifenovir blocks the interaction between the 
virus and the host cell and inhibits the viral 
attack on host cells [65, 66]. Baricitinib is 

a Janus kinase inhibitor (JAK) that binds to 
AP2-associated protein kinase 1 (AAK1) and 
cyclin G-associated kinase (GAK) with higher 
affi  nity [67]. AAK1 and GAK are amongst 
the main regulators of endocytosis[68]. So, 
inhibiting them can prevent the virus entry 
into cells and also the intracellular gathering 
of viral particles [69]. Remdesivir has known 
antiviral activity against coronavirus, in vitro. 
It can diminish the viral load in the lung tissue 
of MERS-CoV infected mice, signifi cantly. 
Remdesivir prevents interference with SARS-
CoV-2 with a high selectivity index[70].

5. Conclusion
SARS-CoV-2 spike glycoprotein facilitates 
virus entry into host cells by attaching to 
the ACE2 receptor. A wide range of enzymes 
involved in spike priming includes the TMPRSS 
group (specially TMPRSS2), cathepsin B/L, 
furin, trypsin, etc. There is still no defi nitive 
treatment for SARS-CoV-2 but structures 
that can inhibit the mentioned enzymes 
and processes can be used as a treatment 
choice. Protease inhibitors such as camostat 
mesylate, a TMPRSS2 inhibitor, E-64d, as a cat 
B/L inhibitor can be evaluated more as SARS-
CoV-2 treatments. Further research on these 
mechanisms and blocking the function of E 
and M proteins may lead to hopeful results in 
SARS-CoV-2 prevention and treatment.
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Table 2 

Stages of coronavirus life cycle and proteases related to each stage
Virus life 

cycle stage

Relevant 
Proteases

Free 
virus 

Particle

Attachment 
& entry Endo cytosis Fusion Protein Bio-

synthesis
Assembly 
& Egress

Refe-
rence

Furin ✔ ✔ ✔ [5]
TMPRSS group ✔ ✔ ✔ [4]
Trypsin ✔ [6, 54]
Cathepsin ✔ [6, 7]
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