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Viroporins are involved in viral pathogenesis, play an important role in the morphogenesis of virions 
and ensure their release from the infected cell. These proteins are potentially promising as possible targets 
for the regulation of virus reproduction. The literature data on the current understanding of coronavirus vi-
roporins functioning are summarized in the review. Special attention is focused on specific structural features 
that determine the functional ability of these proteins. The basic principles of viroporins localization in the 
cell and their influence on the coronavirus life cycle are considered.
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Viroporins are small hydrophobic virus-
induced proteins capable to modify cel-
lular permeability for ions or other small 

molecules when interacting with membranes. Pos-
sibility of viruses influence on cell membranes was 
first shown in Ukraine in 70s of last century by the 
example of influenza virus strain A2-67 [1, 2]. The 
term “viroporin” was first introduced by a group of 
Spanish virologists in 1993 followed by the fact that 
similar properties were inherent to several viral pro-
teins [3]. It was later shown that a number of proteins 
synthesized in virus-infected cells had the ability 
to change the membranes permeability, providing 
virions escaping from cells in reality [4]. 

The presence of viroporins is not a prerequi-
site for virus replication, but they play an essential 
role in the life cycle of virus. It has been shown that 
along with the actual pore-forming properties, vi-
roporins have other important biological functions 
(participation in virions morphogenesis and viral 
pathogenesis processes) [5, 6].

Viroporins genes have been found in various vi-
ral genomes, however they are most often described 
for RNA-containing viruses, including a number of 
human pathogens: hepatitis C virus (HCV), HIV-
1 (HIV-1), influenza virus, poliomyelitis virus, and 
others, including coronavirus SARS-CoV [7].

Genetic diversity and variability of corona-
viruses are provided by high frequency of recom-
bination of genomic RNA, promotes spontaneous 
appearance of isolates and virus strains with new 
properties. Thus, tremendous pandemic caused by 
the previously unknown betacoronavirus SARS-
CoV-2, that led to COVID-19 diseases, has become 
a real challenge of our time. The lack of effective 
means of treatment of this disease indicates the 
need for intensive research into the structure and 
functional mechanisms of reproduction of corona-
viruses and their structural components, including 
viroporins.

This work was aimed to summarize the current 
views on the structure and function of coronavirus 
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viroporins based on existing scientific papers and 
literature data. Such an examination could be useful 
for further development of research in this direction 
and search for practical ways to prevent and over-
come coronavirus infections.

I. Viroporins and other 
coronavirus proteins

The coronavirus genome encodes 4 main 
structural proteins (Fig. 1): E - envelope protein, M - 
membrane protein, N – nucleocapsid protein, and S - 
spikes protein [8]. In the mentioned protein complex 
protein E is a viroporin, i.e. its function includes the 
channels formation in a membrane of the affected 
cell for the preparation of new virions output to the 
outside.

For a long time, the avaiability of coding of 
the “E-M-N-S” protein complex was considered a 
necessary condition for obtaining a complete viral 
particle. However, in recent years this statement has 
been disproved: a number of works [8, 9] showed 
full viability of coronavirus in the absence of one of 
the main structural proteins. Other researchers dem-
onstrate the ability of the viral genome to encode 
additional proteins, including viroporins. Thus, in 
different years additional proteins encoded by ge-
nome 4a of coronavirus HCoV-229E [10], protein 
ns12.9 of coronavirus HCoV-OC43 [11], protein 8a 
of coronavirus SARS-CoV [12] and others have been 
discovered.

Most genomes of known coronaviruses en-
code two or more viroporins, among which the most 
studied is the conservative protein E. The protein 
3a of coronavirus SARS is additional, it is actively 
examined but is much less studied [12]. Other ad-
ditional coronavirus proteins, which are also capa-
ble of formation (4a, ns12.9, 8a) are practically not 
studied. Thus, despite the variety of existing forms 
of viroporins or viroporins proteins, most of their 
structural and functional features for coronaviruses 
will be considered below exactly by the example of 
protein E SARS.

Fig. 1. Scheme of placement of coronavirus basic 
structural proteins

ІІ. Viroporins structure

The size of viroporins is relatively small: they 
consist of 39-120 amino acid residues and contain 
at least one area that can be folded into a membrane 
spiral (the exception is protein 3a, which consists 
of 274 amino acid residues). Some of these proteins 
have areas constructed of base or aromatic amino 
acids. These sites are believed to be in the interfacial 
area of the membrane [7].

Protein E is the smallest of the complex of cor-
onavirus basic structural proteins. It is a short mem-
brane protein no larger than 12 kDa containing up to 
109 amino acids [13]. Molecule E consists of a small 
hydrophilic amino ends containing 7-12 amino acids 
followed by a hydrophobic transmembrane domain 
formed by 25 amino acids. The rest of the molecules 
are hydrophobic carboxylic end, which makes up the 
majority of protein [14] (Fig. 2).

As for the secondary structure of this viroporin, 
the authors of the works [15, 16] assert the presen
ce of at least one amphipatic and α-helical molecule 

Fig. 2. Amino acid sequence and basic structural components of protein E SARS-CoV E. Amino acid proper-
ties: hydrophobic - red, hydrophilic - blue, polar and charged are indicated by stars
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of protein E in the hydrophobic region of the trans-
membrane domain. The above assertion is not ex-
perimentally proved, but it is considered reliable, 
because no other rational method of oligomerization 
with the subsequent formation of the ion channel-
time for this structure has been proposed.

Transmembrane domain of protein E molecule 
is formed from valine and leucine: these neutral ami-
no acids stipulate significant hydrophobic properties 
of the whole molecule [14]. All the peptide is neutral 
as well: after all, the middle region of the molecule 
has no charge, and the negatively charged N-end is 
mutually compensated on the polarity with the C-
terminal, which has a variable charge. In different 
years it was found the additional structures in pro-
tein E molecule, in particular - specific domain PDZ 
where protein E capable to interact with PDZ struc-
tures, which are on carboxylic ends of proteins-tar-
geted organism. Such kind of mechanism promotes 
optimal development of viral infection [17, 18]. As a 
“messenger” in the interaction between PDZ corona-
virus domains and protein-host is a specific peptide 
structure of PBM or PDZ-binding motif, being in the 
structures of protein E. It has been proved the im-
portance of PBM for development and reproduction 
of coronavirus SARS: in the infected cells, the sup-
pressed or removed RSM domain invariably formed 
again in its primary structure. By the time this com-
plex was restored, protein E lost the ability to bind 
with target proteins. Thus, it could be claimed that 
it is promising to search for ways of serial LMF mu-
tation in order to prevent the development of viral 
infection. Thus, it can be argued that the search is 
promising.

The structure of protein 3a is described in [20]. 
This rather large molecule of 31 kDa consists of 274 

Fig. 3. The structure of viroporin 3a

amino acid residues. The peculiarity of 3a struc-
ture is the presence of three transmembrane do-
mains and a region rich in cysteine, which enabled 
to speak about possible interactions of 3a with the 
main structural protein S (Fig. 3) and even to deter-
mine quantitative correlations in such contacts. The 
N-terminal of the molecule is outside the cell, while 
the S-terminal is inside the cell [21].

It is interesting that recent studies of the pro-
tein 3a SARS CoV-2 structure showed a high level of 
its similarity (97.82%) by amino acid sequence with 
the structural protein NS3 of the bat coronavirus 
RaTG13, which may be another confirmation of the 
zoonotic origin of COVID-19 [22].

Another coronavirus viroporin SARS is mem-
brane associated protein 8a, containing 39 amino 
acids and having in its structure one transmembrane 
domain with a length of about 22 amino acid resi-
dues [23].

Thus, despite its small size, coronavirus viropo
rins have a rather complex secondary structure, with 
the help of which virions are formed and affect new 
cells, or new hosts.

ІІІ. Cell localization

Protein E is localized in the endoplasmic reticu
lum (ER), Golgi apparatus (AG) and their vesicular-
tubular intermediate structures ERGIC (ER-Golgi 
intermediate compartment) [24, 25]. Such place-
ment is logical, because it is known that coronavi-
ruses (unlike other studied viruses) acquire their 
membrane envelope in ERGIC structures [26], and 
virions are released also through ERGIC cavities 
along the secretory path [27, 28]. It is worth men-
tioning that the localization of protein E was not 
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considered to be quite reliable for a certain period, 
because the method of epitopic labeling (FLAG-tag), 
which was used to study the location of this protein, 
could influence on the final location of protein in an 
infected cell. The point is made in [24]: the authors 
investigated the intracellular localization of SARS 
CoV E in infected and transfected cells.

The results clearly indicate that epitope labels 
do not affect the location of this protein in the cell: 
regardless of the concentration and mode of protein 
E expression, its prevailing amount is localized in 
EP and AG. Considering this trend, the search for the 
region of protein E molecule, which is informatively 
responsible for targeting on ERGIC, is obviously 
promising in the aspect of preventing the develop-
ment of viral infection. The first steps in the solu-
tion of this problem were made in 2002. The authors 
studying the coronavirus of avian infectious bron-
chitis (IBV), proved that the direction of protein E 
for localization in AG corresponded to the area at the 
carboxylic end of a protein molecule [29]. Later this 
structural feature was confirmed also for protein E 
of coronavirus SARS [30], though in the latter case 
the information about targeting was not so clear. The 
authors of the work claimed that the structures at the 
N-terminal of protein E corresponded partially to the 
Golgi complex as well. This mechanism, just like the 
structure of guiding complexes, remain unknown for 
the moment.

Viroporin 3a is localized in cytoplasm, and its 
overwhelming amount is concentrated in Golgi ap-
paratus [31]. The same work shows that this protein 
can be transported to the cell surface and penetrate 
it by endocytosis.

ІV. Protein-protein interactions

Interaction with other envelope proteins. A 
unique property of coronavirus protein E is its abili
ty to form homotypic interactions. As a result of such 
mechanisms, oligomerization occurs with the subse-
quent production of ion channel proteins - viroporins 
[32]. In 2005, a series of studies were done with the 
artificially created analogues of SARS coronavirus 
peptides. As a result, the ability to form oligomer-
type multimers was recorded only for objects that 
had a transmembrane domain as close as possible 
to the natural one. In 2005, a series of studies were 
fulfilled with artificially created analogues of SARS 
coronavirus peptides. The result was that the ability 
to form oligomer-type multimers was recorded only 
for the objects that had a transmembrane domain as 

close as possible to the natural one. Thus, we can ar-
gue about the importance of the transmembrane do-
main in the mechanisms of oligomerization of pro-
tein E. The same thesis is proposed in [33]: a change 
in the structure of the transmembrane domain led 
to the appearance of exclusively monomeric forma-
tions. Despite the obvious prospects for finding areas 
of the middle domain of protein E that are respon-
sible for homotypic interactions, little research has 
been carried out in this area. Successes in solving 
this problem include an experimental attempt to 
mutate residues of the transmembrane domain of 
asparagine to alanine and valine to phenylalanine. 
This approach actually stopped the viroporin activi
ty of the SARS coronavirus [34, 35]. However, the 
method described above is used only in vitro and 
cannot be used in medical practice.

Interaction with nucleocapsid proteins. For 
most coronaviruses, the presence of structural pro-
teins M and E is a guarantee of the formation of 
virus-like particles (VLP). However, a number of 
studies have shown a significant increase in VLP 
production in case of parallel expression of nucle-
ocapsid protein N and protein E [8, 36]. It is cur-
rently believed that N and E proteins interact with 
M autonomously, although co-immunoprecipitation 
of these structural proteins in viral disease has been 
shown in [37]. However, this interaction has only 
been studied at transfected sites, so the possibility 
of physical contact “E-N” remains virtually uncon-
firmed.

Interaction with spike proteins. Based on the 
sequence of the SARS coronavirus genome and 
phylogenetic analysis, similar binding centers of 
cysteine nature were found in proteins E and S: in 
protein E, this structure was located directly next 
to the transmembrane domain, but in S - at the car-
boxyl end of the molecule. The authors believe that 
the similarity of the binding centers in proteins E 
and S indicates the possibility of association of coat 
proteins and coronavirus spikes. 

In general, the interaction of proteins S and E is 
currently insufficiently studied. The results of practi-
cal studies of such mechanisms were published [38]. 
The authors, using labeled protein E of coronavirus 
SARS, applied the method of tandem affinity purifi-
cation in combination with mass spectroscopy. It was 
shown that one of the “partners”, which had been 
purified in conjunction with protein E, was S-pro-
tein. This publication registered nothing else but the 
possibility of interaction of E and S proteins without 
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further study of this mechanism and its functional 
significance for the virus viability. 

Protein 7a is localized in mature virions of the 
coronavirus. It causes apoptosis and cell cycle ar-
rest by stimulating cytokine production [39]. This 
protein is unique to SARS and is not found in other 
known coronaviruses. The interactions of proteins E 
and 7a have been proven experimentally in a num-
ber of studies, and it is believed that protein 7a does 
not participate in the replication mechanisms of the 
SARS coronavirus [22, 40, 41]. 

Auxiliary viroporin 3a has been shown to 
interact with all major structural proteins of the 
coronavirus [42]. Thus, the ability of protein 3a to as-
sociate with protein S, as well as their mutual func-
tional correlation, has been experimentally proven 
[20]. In [43], the interaction of protein 3a with struc-
tural proteins S and M in the Golgi apparatus, at the 
sites of collection and isolation of the formed virus 
was demonstrated. There are many such experi
mental confirmations of protein-protein interactions 
involving protein 3a, but they postulate mostly only 
the very fact of such contacts without explaining the 
biological role of this viroporin. 

Interaction with host proteins. Since viruses 
have not got their own mechanism of self-reproduc-
tion, the process of their reproduction depends en-
tirely on the mechanisms carried out in the infected 
cell. Thus, it was shown that numerous viruses used 
the mechanism of replication of the host cell using 
specific proton pump inhibitors [17]. Regarding 
the interactions of viral and host proteins, a similar 
mechanism was first described in 2005 for SARS 
coronavirus protein E and antiapoptotic protein B in 
lymphoma (Bcl-xL). Subsequently, specific domains 
were found that are mediators for such interactions 
[44-46].

In a review [4], the authors discribe 5 host pro-
teins with which the facts of interaction of coronavi-
ral protein E have been found. In addition to Bcl-xL 
described above these are PALS1, synthenin, stoma-
tin, sodium-potassium and ATPase α-1 subunits. The 
authors of the relevant studies note usually, in addi-
tion to the fact of protein-protein interaction, its bio-
logical role. However, most of these statements are 
hypothetical and despite the high level of argumenta-
tion they are mostly not experimentally proven. One 
of the exceptions could be considered the work [47]. 
The authors proved in practice the dependence of de-
velopment rate of coronavirus SARS pathogenesis 
in vivo on the presence of protein E. The publication 
gives quantitative indicators of redistribution of syn-

thenin in cytoplasm when interacting with protein E, 
which statistically provokes significantly an excess 
of inflammatory cytokines.

Such changes can cause an acute immune re-
sponse that leads to severe respiratory distress with 
tissue damage and edema. 

Apparently, the possible protein-protein inte
ractions of protein E capable of viroporin activity 
have been studied very little. Another negative as-
pect in this situation is that in fact in all the above 
works, the SARS of coronavirus is used as the pro-
tein E object. However, the study of the mechanisms 
of structural proteins of the envelope of other rep-
resentatives of coronaviruses is not only interesting 
from a purely scientific point of view but also 
promising in terms of finding effective therapeutic 
pathways for the treatment of coronavirus diseases. 

V. Functions of viroporin proteins

Modern studies of coronaviruses viroporins 
enable to identify three functional areas: promoting 
the collection of viral particles, ensuring the release 
of virions from the infected cell and participation in 
viral pathogenesis.

The release of coronavirus virions from the 
affected cell was preceded by formation of their 
membranes in ERGIC and movement along the se-
cretory pathway [27, 48]. In formation of the viral 
envelope, the determining role belongs to the pro-
tein M. Nevertheless the functional value of pro-
tein E is also essential for this process implementa-
tion [49, 50]. There are a number of similar studies 
on the development of coronaviruses in removal of 
protein E gene and in the formation of recombinant 
virions. The authors [41, 51-53] showed that the ab-
sence of envelope protein, although not completely 
stoped the process of virus reproduction, but signifi-
cantly inhibited it and with high probability led to 
structurally defective virions. An extensive review 
publication [4] analytically confirmed the impor-
tance of protein E for virus collection. It was empha-
sized the need for comprehensive research on this 
problem. The amount of protein E in the virion enve-
lopes was very small compared to protein M [54, 55]. 
Initially, protein E had a purely catalytic role: it was 
thought viral particles separat from the endoplasmic 
reticulum in the terminal phase [56]. However after 
a while, much more important functions were shown 
for this protein.

Studies (mostly electron microscopic) have 
been conducted in different years to prove the abili
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ty of protein M to deform membranes on its own, 
but practical results have refuted this assump-
tion: without protein E, recombinant viral particles 
showed significant morphological abnormalities. 
Thus, when mutating the carboxyl end in molecule 
protein E of hepatitis M virus, the produced virions 
not only changed from typical spherical to oblong 
in shape, but also acquired significant sensitivity to 
temperature [57]. Upon removal of protein E gene 
in recombinant SARS coronavirus, the host cell in-
fected with it contained a small number of virions 
against numerous vesicular formations with a dense 
filling of unknown composition in the form of gran-
ules. The authors [58] seem to consider such vesicles 
as immature virions, which are formed as a result 
of an interrupted cycle of virion formation. Simi-
lar situation was observed in case of deprivation of 
protein E in swine transmission gastroenteritis virus 
(coronavirus TGEV): immature virions were also 
observed in the infected cell, but they were not yet 
able to move secretory [59]. The authors [4] believe 
that such effects indicate the induction by protein E 
of bending of a viral envelope membrane, which ulti-
mately causes the virions to acquire a natural spheri-
cal shape.

Additional coronavirus proteins SARS 3a and 
8a do not participate at all, or they play a minor role 
in virions formation. In [11, 60] and many others, 
studies of the development of coronavirus disease 
during the removal of genes encoding viporins 3a 
and 8a have been demonstrated. The consequence of 
such experiments was a decrease in the number of 
released virions in the probable absence of changes 
in viral reproduction. 

The most studied function of viroporins is to 
modify the degree of permeability of the cell mem-
brane for ions and small soluble substances. The first 
studies on the viruses effects on cell membranes ap-
peared long before the practical identification of vi-
roporins [1, 2]. In the light of modern ideas, it could 
be argued that viporins are at least partially respon-
sible for this effect, especially at the end of the virus 
replication cycle. These small proteins are predomi-
nantly hydrophobic in nature. They oligomerize in 
а membranes of the infected cells, forming hydro-
philic pores. The hydrophobic residues are located 
outside these channel formations, and the inner part 
of the pore contains hydrophilic residues [61-62]. 
The studied viporins have certain structural fea-
tures. For example, protein E is characterized by the 
presence of an amphipathic α-helix in a molecule hy-

drophobic domain: such a structure in combination 
with positively charged amino acids in molecular 
composition enables to fix a pore on the membrane 
by purely electrostatic interactions with negatively 
charged phospholipids [63-64]. 

In most cases, the ion channels formed by vi-
porins are nonselective or low-selective for certain 
ions or small molecules. However, some examples 
demonstrate significant selectivity: for example, the 
influenza A M2 protein [65] is highly selective for 
protons and active at low pH, and the Kcv protein of 
chlorella virus is selective for potassium ions [66]. 
In general, viroporins are able to transfer various 
ions, but mostly they are positively charged parti-
cles: hydrogen, calcium, sodium, potassium [67]. 
Along with cationic permeability, viroporins can 
also transport anions. In some cases, the selectivity 
of viroporins may vary depending on environmental 
conditions. Thus, it was shown that when the acidity 
of the medium approaches neutral values, the pore-
forming protein SH of human respiratory syncytial 
virus (HRSV) changes its selectivity from cationic 
to anionic [68]. Well-studied protein M2 of influenza 
A virus is generally regulated by pH medium: its 
activation is observed at deviation into the “acidic” 
region [69].

The unique mechanism of changing the perme-
ability of a cell membrane is demonstrated by pro-
tein E of SARS-CoV coronavirus: in oligomeriza-
tion process it forms pores that integrate membrane 
lipids, which polar groups affect the ions selectivity. 
The loss of membrane polarization could promote 
the virus release through differing mechanisms that 
operate throughout the virus life cycle. In viral en-
velopes, viporins are contained in small concentra-
tions, however, their presence can further contribute 
to the entry of the virus into a cell. 

The research results of protein E pore-forming 
properties at structural level have been described 
in numerous studies, and the information on the 
structure of coronaviruses viroporins was obtained 
using artificially synthesized peptides of SARS 
coronavirus [70-72]. This approach enables to claim 
today that the ion-conducting properties of protein 
E are responsible for the transmission domain: it 
undergoes oligomerization inherent in ion-channel 
proteins. As a result of such transformation, a sta-
ble pentamer is formed [32], capable of pore forma-
tion. In [73], on the example of protein E of swine 
reproductive and respiratory syndrome (PRRSV), 
it was shown that mutation of cysteine residues is 
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not necessary for oligomerization of viroporin. This 
suggests that the formation of viroporin is not due to 
disulfide bonds, but to ionic interactions. Since the 
transmission domain of protein E has pronounced 
hydrophobic nature, direct studies of the principles 
of viporin formation are extremely difficult in prac-
tice. Therefore, mutation techniques and ion channel 
inhibitors, such as amantadine, are mainly used for 
such experiments.

In terms of selectivity, protein E “prefers” 
monovalent sodium and potassium ions. Synthetic 
peptides E of SARS are also capable of transfer-
ring chlorine ions, although the selectivity for this 
ion is the lowest. Artificial analogues of human E 
coronavirus protein (HCoV-229E), murine hepa-
titis virus (MHV), and avian infectious bronchitis 
virus (IBV) show the same selective features [70]. 
Subsequently, the results of studies on artificial pep-
tides E of SARS were repeated using a full-length 
molecule - the obtained results of selectivity differed 
slightly [34]. Several years ago, an attempt was made 
to study the full-length E molecule of the Middle 
Eastern Respiratory Syndrome virus (MERS-CoV) - 
the results showed limited selectivity of viroporin as 
well, but they were mostly general [74]. During the 
same period, the ability of viroporin to transport cal-
cium ions was demonstrated for the first time with 
the use of artificial peptides E of SARS coronavirus 
[75]. The authors associated this property with the 
inflammatory response to the development of severe 
acute respiratory syndrome. Viroporins were origi-
nally thought to form a primitive ion channel in the 
cell membrane as a result of intrinsic oligomeriza-
tion. However SARS coronavirus protein E has been 
shown to form complex channels, which structure 
contains additionally host cell lipids [60] (Fig. 4).

The importance of viroporins in ensuring the 
release of virions from the infected cell is without 

any doubt, but the role of activity of host cell pro-
teins in ion channels remains unknown despite nu-
merous works in this direction [76-77]. Several years 
ago it was shown that in cells infected by IBV and 
transfected with virus cDNA, there was a significant 
increase of pH in the area of ERGIC [78]. It should 
be noted that this feature was observed in the ex-
pression of monomeric forms of protein E, and in 
the expression of oligomeric forms required for the 
formation of viroporin, pH fluctuated slightly. The 
authors suggest that E monomers are able to interact 
with a specific protein of an infected cell. Thus, it is 
possible that the host protein may play a key role in 
the process of oligomerization of protein E.

Viroporin 3a forms a homotetrameric complex 
using disulfide bridges and thus it forms a channel 
with increased permeability to potassium [79]. In the 
same work, the described channels were blocked by 
barium, which led to a decrease in the number of 
released virions at constant intensity of viral repli-
cation.

In 2011, the ability to form ion channels in ar-
tificial lipid bilayers with increasing temperature to 
+38.5°C was shown for additional coronavirus pro-
tein 8a [80]. The authors claim that the main function 
of this protein is to enhance coronavirus replication. 

Thus, fluctuations in the selectivity of viropo
rins in response to changes in pH and temperature 
indicate their sensitivity to environmental factors. 
Knowledge of pore formation and the mechanisms 
that precede it, as well as the consequences of ion 
channels for viral reproduction remain incomplete. 

VI. Influence of viroporins on 
coronavirus reproduction

The effect of murine hepatitis E virus (MHV) 
[84] and coronavirus SARS on the endoplasmic re-
ticulum has been studied in different years [85]. In 

Fig. 4. Ionic channels formed by viroporins: on the left – the channel formed by protein monomers; right – 
protein-lipid pore (lipid) heads are oriented in the direction of the channel, modulating its ionic conductivity 
and selectivity
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both cases, the viral envelope protein showed the 
ability to induce apoptosis.

However, removal of the SARS coronavirus 
protein gene E caused apoptosis more efficiently 
compared to exposure to a natural viral particle. In 
[86], this correlation is explained by the ability of 
protein E to regulate the response of the expanded 
protein (RRB), as a response of the reticulum to 
stress, which is a form of antiviral response [81-83]. 

The endoplasmic reticulum is a fairly sta-
ble structure that can withstand significant protein 
loads without functional changes. However, with a 
significant excess of proteins, this organelle partially 
loses the ability to coagulate protein molecules, and 
in its intervals such proteins begin to accumulate, 
having a defective or completely absent secondary 
structure [81]. In this situation, there is a characteris
tic response of the reticulum to stress, called the re-
action of expanded protein (RRB) - a violation of 
protein folding, aimed at stimulating the coagulation 
of organelles. In some cases, the duration of such 
a reaction can be significant, leading to irreversible 
consequences and the initiation of apoptosis [82]. As 
a result, a cell loses its functionality and is likely to 
die. A number of viral infections can act as stimula-
tors of RRB. So in some cases, the response of the 
endoplasmic reticulum to stress is a form of antiviral 
response [83]. 

It is known that coronaviruses can encode pro-
teins capable of regulating the immune response 
(enhancement or suppression - depending on patho
genicity). A typical example of such mechanisms is 
activation of the inflammatory process by E protein  
of swine reproductive syndrome virus [87]. The au-
thors showed a clear relationship between inflamma-
tion and protein E activity by comparing the natural 
development of infection with a model system where 
protein E functions were blocked by amantadine. In 
the latter case, the inflammatory processes were 
significantly smaller. Recently, similar experiments 
have been repeated for infectious bronchitis virus 
[88]. The results of studies confirmed the ability of 
protein E to regulate the immune response and the 
response of the endoplasmic reticulum to stress. 

Antibodies to protein 3a are easily detected in 
patients recovering from SARS [89]. Immunization 
of rabbits with a synthetic peptide corresponding to 
amino acids 15–28 from the N-terminus of protein 
3a results in the induction of neutralizing antibo
dies that inhibit SARS-CoV infection in cells [90]. 
Several studies have focused on the biological func-

tions of protein 3a primarily through expression in 
transplanted cell cultures. In vitro expression studies 
in cultured cells have shown that protein 3a induces 
arrest of the G1 phase of the cell cycle by reducing 
cyclin D3 expression and inhibiting retinoblastoma 
(Rb) protein phosphorylation [91], and induces apo-
ptosis in Vero E6 cells [92]. The role of cell arrest 
and apoptosis in the life cycle of SARS-CoV remains 
unclear.

Recently, SARS coronavirus protein 3a has 
been shown to activate the inflammatory response 
of the NLRP3 domain in macrophages containing 
lipopolysaccharides, influencing the release of po-
tassium and reactive forms of mitochondrial oxygen 
[93]. Another study demonstrates the ability of the 
SARS-CoV open reading frame 3a (ORF3a) helper 
protein to activate inflammation of the NLRP3 do-
main by stimulating receptor-associated factor 3 
TNF [94].

Viroporin 8a is capable of inducing apopto-
sis through the mitochondrial-dependent pathway 
[23]. On the other hand, the effect of viroporin 8a on 
the development of coronavirus SARS-MA15 was 
studed recently [12]. These results call the signifi-
cance of the effect of this viroporin on virulence in 
question. Thus, the biological functions of 8a remain 
poorly understood. 

Conclusion. Active research in biology of the 
family Coronaviridae members began in 2002 after 
the epidemic of severe acute respiratory syndrome 
(SARS) in Asian countries. Despite the rather ex-
tensive information about the causative agent of 
this disease, the coronavirus SARS-CoV-1, effective 
treatments have not been created. Existing drugs 
are powerless against SARS and are aimed only at 
relieving its symptoms and surgical rehabilitation 
of the body in case of recovery. This thesis is con-
firmed in the modern world: the SARS-CoV-2 pan-
demic, which began in December 2019, has reached 
catastrophic proportions in much of the planet.

The zoonotic origin of SARS and numerous 
data indicate the presence of similar viruses in bats 
indicate a fairly high probability of new human coro-
navirus diseases in the future. It is obvious that this 
situation indicates the priority nature of research on 
coronaviruses, aimed primarily at effective treat-
ment and prevention of infections. 

The functional role of viroporins in the life cy-
cle of the virus remains poorly understood. Most of 
the confirmed data are obtained only for the main 
structural protein E of the SARS-Cov-2 or 1. Howe
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ver, even the small amount of information available 
today indicates the potential prospects of viroporins 
as possible targets for the reproduction and spread 
of viruses. The main function of such proteins is the 
formation of ion channels in the membrane of the 
infected cell, which makes it permeable to virions 
and ensures the release of new viral particles into the 
extracellular space. However, the functional role of 
viroporins is not limited to pore-forming properties: 
these proteins play a significant role in the mecha-
nisms of formation of new viral particles and in 
various aspects of pathogenicity. Inhibition of these 
proteins or blocking their activity at the body level 
could be a real method of overcoming outbreaks of 
coronaviral diseases. Effective control of viroporins 
requires the fullest possible understanding of their 
structure and the mechanisms in which these pro-
teins are directly involved.
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Віропорини коронавірусів: 
структура і функції
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Віропорини беруть участь у вірусному 
патогенезі, відіграють важливу роль у 
морфогенезі віріонів та забезпечують їх 
вивільнення з інфікованої клітини. Ці протеїни є 
потенційно перспективними як можливі мішені 
для регулювання репродукції вірусів. В огляді 
узагальнено літературні дані щодо сучасно-
го розуміння функціонування віропоринів. 
Особливу увагу зосереджено на специфічних 
структурних особливостях, які обумовлюють 

функціональну спроможність цих протеїнів. 
Розглянуто основні принципи локалізації 
віропоринів у клітині та їх вплив на життєвий 
цикл коронавірусів.

К л ю ч о в і  с л о в а: віропорини, корона
вірус, протеїн Е, пороутворення, протеїн 3а, 
протеїн 8а, SARS.
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