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Ce nu este cunoscut, deocamdata, la subiectul abordat

Exista numeroase lacune in intelegerea particularitatilor
ciclului vital al SARS-CoV-2.

Ipoteza de cercetare

Publicatiile care abordeaza biologia SARS-CoV-2 ar fi bine-
venite pentru intelegerea si managementul COVID-19.

Noutatea adusa literaturii stiintifice din domeniu

Articolul insumeaza o sinteza a articolelor recent publicate
referitoare la biologia SARS-CoV-2.

Rezumat

Introducere. Un nou sindrom respirator acut sever (SARS)
determinat de SARS-CoV-2 a aparut recent si se raspandeste
rapid la om, provocand COVID-19.

Material si metode. Au fost analizate 38 de articole rele-
vante actuale la tema cercetata.

Rezultate. In articolul dat, a fost analizati pozitia taxono-
mica a virusului, particularitatile de organizare a genomului,
ciclul vital al virusului. Genomul SARS-CoV-2 prezinta un grad
inalt de similaritate cu alte virusuri care cauzeaza patologii si-
milare SARS-COVID, MERS-COVID. Un rol aparte este acordat
proteinelor virale, in special proteinei Spike, care se uneste la
receptorul enzimei de conversie a angiotensinei 2, determi-
nand patrunderea virusului in celula gazda la oameni. Protei-
na S poate avea un potential inalt pentru designul preparate-
lor antivirale.
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What is not known yet, about the topic

There are many gaps in understanding the particularities
of the life cycle of SARS-CoV-2.

Research hypothesis

Publications addressing the biology of SARS-CoV-2 would
be helpful for COVID-19 understanding and management.

Article’s added novelty on this scientific topic

The article represents a summary of recently published ar-
ticles on the biology of SARS-CoV-2.

Abstract

Introduction. A new severe acute respiratory syndrome
(SARS) caused by SARS-CoV-2 has emerged recently and is
spreading rapidly in humans, causing COVID-19.

Material and methods. Thirty-eight current relevant ar-
ticles on the researched topic were analyzed.

Results. In this article, we analyzed the taxonomic posi-
tion of the virus, the particularities of genome organization,
and the life cycle of the virus. The SARS-CoV-2 genome has a
high degree of similarity to other viruses that cause similar
pathologies: SARS-CoV, MERS-CoV. A special role is given to
viral proteins, especially Spike protein, which binds to the an-
giotensin 2 conversion enzyme receptor, causing the virus to
enter the human host cell. The Spike protein can have a high
potential for the design of antiviral drugs.
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Concluzii. S-au inregistrat progrese semnificative in stu-
dierea multilaterala a genomului SARS-CoV-2, fapt ce permite
identificarea exacta a virusului si determina dezvoltarea me-
dicamentelor si a vaccinurilor pentru tratamentul COVID-19.
Cooperarea diferitor institutii, centre stiintifice, guverne si
companii farmaceutice este necesara pentru a preveni raspan-
direa in continuare a COVID-19 si identificarea solutiilor de
tratament.

Cuvinte cheie: COVID-19, SARS-CoV-2, genom, ARN, pro-
teina Spike.

Introducere

Infectia cu noul coronavirus COVID-19, care este inca in
curs de desfasurare, a provocat un numar mare de cazuri de
boala si decese, insa Intelegerea noastra despre agentul pato-
gen SARS-CoV-2 rimane, in mare masura, neclara [1]. In cazul
unei infectii virale este important sa se stabileasca rapid daca
focarul este cauzat de un virus nou sau unul cunoscut anterior.
Aceasta ar ajuta in luarea deciziilor referitoare la abordarile si
actiunile necesare pentru detectarea agentului cauzal, contro-
lul transmiterii acestuia si limitarea consecintelor potentiale
ale epidemiei. Evaluarea noutatii unui virus are, de asemenea,
implicare in nomenclatura virusului [2]. Pandemia curentd a
contribuit la acumularea cunostintelor noi despre aspectele
genetice ale coronavirusurilor. Secventierea completd a geno-
mului SARS-CoV-2 a demonstrat statutul sau taxonomic in ca-
litate de membru al genului Betacoronavirus, cu o divergenta
clara de la SARS-CoV-1 si MERS-CoV, agenti cauzali ai epidemi-
ilor anterioare [3].

Material si metode

A fost efectuatd o cautare sistematica a literaturii pe inter-
net, atat pentru cercetdri originale, cat si pentru articole de
recenzie in bazele de date biomedicale, prin intermediul Go-
ogle Scholar, PubMed si Medline, articole ce sunt publicate in
limba engleza. Bibliografiile articolelor au fost utilizate pen-
tru a gasi alte subiecte Inrudite. Dupa introducerea cuvintelor
cheie ,,COVID-19 genomic epidemiology”, ,SARS-CoV-2 biology”,
+SARS-CoV-2 mutations”, au fost obtinute 729 de rezultate, din-
tre care au fost selectate 38 de articole relevante, unde 26 au
fost publicate 1n perioada 2019-2020.

Rezultate

Inca de la inceputul anului 2020 intreaga lume s-a axat pe
noua pandemie cu COVID-19, si pe analiza agentilor care cau-
zeaza patologii similare SARS-COVID, MERS-COVID, pentru a
stabili particularitatile la nivel de genom si transcriptom [3].
Explorarea si definirea caracterelor biologice ale virusurilor
in contextul intregii diversitati naturale a speciilor nu a fost
niciodata o prioritate. Aparitia SARS-CoV-2 ca agent patogen
uman in decembrie 2019 poate fi, astfel, perceputa ca fiind
complet independenta de focarul SARS-CoV din 2002-2003.
Desi SARS-CoV-2 nu este un descendent al SARS-CoV si intro-
ducerea fiecaruia dintre aceste virusuri in populatia umana a
fost, probabil, facilitata de factori externi necunoscuti inde-
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Conclusions. Important progress was achieved in the mul-
tilateral study of the SARS-CoV-2 genome, which allows the
exact identification of the virus and leads to the development
of drugs and vaccines for the treatment of COVID-19. Coopera-
tion between various institutions, scientific centers, govern-
ments, and pharmaceutical companies is needed to prevent
the further spread of COVID-19 and to identify treatment so-
lutions.

Key words: COVID-19, SARS-CoV-2, genome, RNA, Spike
protein.

Introduction

Infection with the new COVID-19 coronavirus, which is
still ongoing, has caused a large number of cases of illness and
deaths, but our understanding of the SARS-CoV-2 pathogen
remains largely unclear [1]. In the case of a viral infection, it
is essential to quickly determine if a new or previously known
virus causes the outbreak. This would help to make decisions
on the approaches and actions needed to detect the causative
agent, control its transmission, and limit the potential conse-
quences of the epidemic. Assessing the novelty of a virus is also
important for the identification of the virus nomenclature [2].
The current pandemic has contributed to the accumulation of
new knowledge about the genetic aspects of coronaviruses.
Full genome sequencing of the SARS-CoV-2 has demonstrated
its taxonomic status as a member of the genus Betacoronavi-
rus, with a clear divergence from SARS-CoV-1 and MERS-CoV,
causative agents of previous epidemics [3].

Material and methods

We have conducted a systematic search of the literature
on the Internet, both for original research and review articles
published in English in biomedical databases, through Google
Scholar, PubMed, and Medline. Bibliographies of the articles
were used to find other related topics. After entering the key-
words “COVID-19 genomic epidemiology’, “SARS-CoV-2 biol-
ogy”, “SARS-CoV-2 mutations”, we obtained 729 results, from
which we selected 38 relevant articles, of which 26 were pub-
lished during 2019-2020.

Results

Since the beginning of 2020, the whole world has focused
on the new COVID-19 pandemic, as well as the analysis of
agents that cause similar pathologies SARS-CoV, MERS-CoV to
establish the particularities at the level of genome and tran-
scriptome [3]. Exploring and defining the biological character-
istics of viruses in the context of the entire natural diversity
of species has never been a priority. The emergence of SARS-
CoV-2 as a human pathogen in December 2019 can, thus, be
perceived as completely independent of the SARS-CoV out-
break in 2002-2003. Although SARS-CoV-2 is not really a de-
scendant of SARS-CoV and the introduction of each of these
viruses into the human population was probably facilitated by
independent unknown external factors, the two viruses are so



pendenti, cele doua virusuri sunt atat de apropiate genetic
unul de celalalt, incat istoriile si caracteristicile lor evolutive
sunt reciproc informative [2].

Clasificarea virusului, nomenclatura bolii cauzate

in clasificarea virusurilor bazate pe ARN, trebuie sa se ia in
consideratie variabilitatea lor genetica inerentd, ceea ce duce,
adesea, la aparitia a doua sau a mai multor virusuri cu secven-
te de genom neidentice, dar similare, considerate variante ale
aceluiasi virus [2].

Clasificarea curenta a coronavirusurilor include 39 de spe-
cii din 27 de subgenuri, cinci genuri si doua subfamilii, care
apartin familiei Coronaviridae, subordinul Cornidovirineae,
ordinul Nidovirales si domeniul Riboviria [4]. Genurile Alpha-
si Betacoronavirus afecteaza oamenii si animalele. Virusurile
SARS-CoV (betacoronavirus), 229E (alfacoronavirus), HKU1
(betacoronavirus), NL63 (alfacoronavirus), 0C43 (betacoro-
navirus) si MERS-CoV (betacoronavirus) pot cauza infectii la
oameni [5]. Cu toate acestea, betacoronavirusurile sunt cel
mai important grup, deoarece acestea cuprind cele mai mul-
te virusuri patogene care pot infecta oamenii, inclusiv, SARS-
CoV-2, MERS-CoV si SARS-CoV.

Avand in vedere cele mentionate mai sus, Grupul de Studiu
Coronaviridae (GSC) al Comitetului International de Taxonomie
a Virusurilor (ITCV) a decis sa urmeze o linie de rationament
bazata pe filogenetica pentru a numi acest virus, a carui onto-
geneza este redatd in Figura 1 [2]. Numele virusului este ,se-
vere acute respiratory syndrome coronavirus 2” — SARS-CoV-2.
Specia cdreia 1i apartine virusul SARS-CoV-2 este asemanatoa-
re coronavirusurilor ce cauzeaza sindromul respirator acut
sever [6].

Denumirea bolii a fost desemnata de Organizatia Mondiala
a Sanatatii (OMS) ca si COVID-19, abrevierea de la ,,coronavi-
rus disease 2019”. Numele virusului a fost anuntat de Organi-
zatia Mondiald a Sanatatii pe 11 februarie 2020 [7].

Diferite coronavirusuri prezintd o gama diversa de gazde si
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genetically close to each other that the histories and their evo-
lutionary characteristics are mutually informative [2].

Classification of the virus, the nomenclature of the dis-
ease caused

In the classification of RNA-based viruses, their inherent
genetic variability must be taken into account, which often
leads to the appearance of two or more viruses with non-iden-
tical but similar genome sequences, considered as variants of
the same virus [2].

The current classification of coronaviruses includes 39
species from 27 subgenera, four genera, and two subfamilies
which belong to the family Coronaviridae, the suborder Corni-
dovirineae, the order Nidovirales and the domain Riboviria
[4]. The genera Alpha- and Beta-coronavirus affect humans
and animals. SARS-CoV (beta-coronavirus), 229E (alfa-coro-
navirus), HKU1 (beta-coronavirus), NL63 (alfa-coronavirus),
0C43 (beta-coronavirus), and MERS-CoV (beta-coronavirus)
viruses can cause infections in humans [5]. However, beta-
coronaviruses are the most important group, as they contain
the most pathogenic viruses that can infect humans, including
SARS-CoV-2, MERS-CoV, and SARS-CoV.

In view of the above, the Coronaviridae Study Group (CSG)
of the International Committee on Taxonomy of Viruses (ICTV)
has decided to follow a line of reasoning based on phylogenet-
ics to name this virus whose ontogenesis is shown in Figure
1 [2]. The name of the virus is “severe acute respiratory syn-
drome coronavirus 2” - SARS-CoV-2. The species to which the
SARS-CoV-2 virus belongs is similar to the coronaviruses that
cause the severe acute respiratory syndrome [6].

The name of the disease was designated by the World
Health Organization (WHO) as COVID-19, the abbreviation
for “coronavirus disease 2019”. The name of the virus was an-
nounced by the World Health Organization on February 11,
2020 [7].

Different coronaviruses have a diverse range of hosts and

Virus Middle East respiratory

species syndrome-related — syndrome-related
coronavirus coronavirus
ICTV-
2 CsG T / \
2
‘g Virus MERS-CoV <—— SARS-CoV —> SARS-CoV-2
o
£
2
Middle East Severe acute Coronavirus
WHO Disease respiratory syndrome respiratory syndrome disease 2019
(MERS) (SARS) (COVID-19)
A
Year 2012 2003 2019

Severe acute respiratory

A Firstname —> Name origin

Fig. 1 Filogenia SARS-CoV-2 [2].
Fig. 1 The phylogeny of SARS-CoV-2 [2].
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tropism tisular. Uzual, alfacoronavirusurile si betacoronaviru-
surile infecteaza mamiferele, pe cand gammacoronavirusurile
si deltacoronavirusurile infecteaza pasarile si pestii, dar une-
le dintre ele pot infecta si mamiferele. Inainte de 2019, exis-
tau doar sase coronavirusuri despre care se stia ca infecteaza
omul si cauzeaza boli respiratorii: HCoV-229E, HCoV-0C43,
HCoV-NL63 si HKU1 [8].

Originea si gazdele intermediare

Se stie ca atat SARS-CoV, cat si MERS-CoV au provenit de la
lilieci si au fost transmise oamenilor prin intermediul pisicilor
civet si, respectiv, al camilelor. Printr-o comparatie filogenetica
a SARS-CoV-2 cu alte coronavirusuri, liliecii au fost considerati
gazda nativa a SARS-CoV-2, deoarece noul virus este identic in
proportie de 96% cu doua coronavirusuri de tip SARS ce in-
fecteaza liliecii, numite bat-SL-CoVZX45 si bat-SL-CoVZX21 [9-
12]. Cu toate acestea, gazda intermediara care a ajutat virusul
sa treaca de bariera dintre specii pentru a infecta omul rama-
ne necunoscuta si calea de transmitere nu este, deocamdats,
elucidata. Ji W. et al.,, au propus serpii in calitate de vectori ai
virusului de la lilieci la oameni, care au implicat recombinarea
omoloaga in proteina S [13]. Potrivit unui studiu, cercetatorii
din Guangzhou, China, au sugerat ca pangolinele, folosite ade-
sea In medicina traditionala chinezd, sunt gazda intermediara
potentiala a SARS-CoV-2, bazandu-se pe o omologie genetica
de 99% dintr-un coronavirus descoperit la pangoline si SARS-
CoV-2 [14]. Cu toate acestea, diferenta de 1% dintre cele doua
genomuri este una semnificativa; astfel, sunt asteptate rezul-
tate concludente pentru dovezi concrete [15].

Structura si reproducerea virusului

Coronavirusurile sunt particule cu diametrul de 80-220
nm, acoperite de capsidd, genomul fiind reprezentat de o cate-
ni de ARN. In particula de coronavirus, o nucleoproteini (N)
inconjoara genomul ARN pentru a forma o structura spiralata
tubulara. Anvelopa virala (A) Inconjoara nucleocapsida helica-
1a. Doua sau trei proteine structurale sunt asociate cu anvelo-
pavirala. Proteina matriciala (M) este incorporata in anvelopa
virald, pe cand proteina structural Spike (S) este ancorata in
anvelopa virala, si este tinta anticorpului de neutralizare. Nu-
meroase betacoronavirusuri, de asemenea, contin hemagluti-
nin-esteraza (Figura 2) [16, 17, 18].

Virusul utilizeaza proteina Spike glicozilata (S) pentru a
patrunde in celula gazda si la oameni, unde se uneste la re-
ceptorul pentru enzima de conversie a angiotensinei 2 (ACE2),
similar cu SARS-CoV [19]. Genomul viral compus din ARN este
eliberat in citoplasma. Dupa replicare, ARN-ul genomic viral
este asociat cu anvelopa glicoproteica si proteinele nucleocap-
sidale, formeaza vezicule ce contin virioni, care pot fuziona cu
membrana plasmatica pentru a elibera virusul [20, 21].

Genomul CoV reprezinta o catena liniara unica pozitiva de
ARN (+ssARN) (~30 kb) cu un cap 5’ si o coada 3’-polyA. ARN-
ul genomic este utilizat in calitate de matrita pentru translarea
directd a poliproteinei 1a/1ab (ppla/pplab), alcatuit din pro-
teine non-structurale (nsps) care formeaza un complex pentru
replicare-transcriptie [22]. Secventierea initiald a genomului
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tissue tropism. Usually, alfa-coronaviruses and beta-coronavi-
ruses infect mammals, while gamma-coronaviruses and delta-
coronaviruses infect birds and fish, but some of them can also
infect mammals. Before 2019, there were only six coronavi-
ruses known to infect humans and cause respiratory diseases:
HCoV-229E, HCoV-0C43, HCoV-NL63 and HKU1 [8].

Origin and intermediate hosts

It is known that both SARS-CoV and MERS-CoV came from
bats and were transmitted to humans via civet cats and cam-
el, respectively. By a phylogenetic comparison of SARS-CoV-2
with other coronaviruses, bats were considered the native
host of SARS-CoV-2, because the new virus is 96% identical
to two SARS-type coronaviruses that infect bats called bat-
SL-CoVZX45 and bat-SL-CoVZX21 [9-12]. However, the in-
termediate host that helped the virus cross the interspecific
barrier to infect humans remains unknown and the route of
transmission is not elucidated yet. Ji W. et al., proposed snakes
as vectors of the virus from bats to humans involving homolo-
gous recombination in S protein [13]. According to a study, re-
searchers in Guangzhou, China, have suggested that pangolins,
often used in traditional Chinese medicine, are the potential
intermediate host of SARS-CoV-2, based on a 99% genetic ho-
mology of a coronavirus found in pangolins, and SARS-CoV-2
[14]. However, the 1% difference between the two genomes is
significant; thus, conclusive results are expected for concrete
evidence [15].

The structure and reproduction of the virus

Coronaviruses are particles with a diameter of 80-220 nm,
covered by a capsid, the genome is represented by an RNA
strand. In the coronavirus particle, a nucleoprotein (N) sur-
rounds the RNA genome to produce a tubular spiral structure.
The viral envelope (E) covers the helical nucleocapsid. Two or
three structural proteins are associated with the viral enve-
lope. The matrix protein (M) is embedded in the viral enve-
lope, while the Spike structural protein (S) is anchored in the
viral envelope and is the target of the neutralizing antibody.
Many beta-coronaviruses also contain hemagglutinin esterase
(Figure 2) [16, 17, 18].

The virus uses glycosylated Spike protein (S) to enter the
host cell and in humans binds to the angiotensin converting
enzyme 2 (ACE2) receptor, similar to SARS-CoV [19]. The vi-
ral genome, which consists of RNA4, is released into the cyto-
plasm. After replication, viral genomic RNA is associated with
the glycoprotein envelope and nucleocapsid proteins, forming
virion-containing vesicles, which can fuse with the plasma
membrane to release the virus [20, 21].

The CoV is a positive-sense single-stranded RNA virus,
with linear genome (+ssRNA) (~30 kb) with a 5" head and
a 3’-polyA tail. Genomic RNA is used as a template for direct
translation of polyprotein 1a/1ab (ppla/pplab), which con-
sists of non-structural proteins (nsps) that form a replication-
transcription complex [22]. The initial sequencing of the SARS-
CoV genome demonstrated taxonomic status as a member
of the Betacoronaviridae group, with clear divergences from
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

spike glycoprotein (S)

envelope small membrane protein (E)
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membrane protein (M)

hemagglutinin-esterase (HE)

Fig. 2 Structura coronavirusului SARS-CoV-2, agentul pandemiei COVID-19 [18].
Fig. 2 The structure of coronavirus SARS-CoV-2, the cause of the COVID-19 pandemic [18].

SARS-CoV a demonstrat statutul taxonomic in calitate de mem-
bru al grupului Betacoronaviridae, cu divergente clare fata de
SARS-CoV si MERS-CoV. De asemenea, au fost identificate tinte
potentiale pentru preparatele farmacologice, tindnd cont de
gradul de similaritate intre hCoV-19 si SARS. Atat proteaza, cat
si polimeraza, care sunt tinte pentru preparate farmacologice,
sunt Tnalt conservate intre hCoV-19 si SARS (similaritate de
96% si 97%, respectiv). Inhibitorii creati impotriva SARS-CoV,
de asemenea, au aratat un potential de a se uni la proteaza
sau polimeraza CoV-19 [3]. Moleculele, precum caveolinele,
clatrinele, dinamina, au un rol fundamental in internalizarea
virusurilor in celulele gazda [23].

Glicoproteinele S ale virionului se unesc la receptorul ce-
lular pentru ACE2 si intra in celula tinta prin intermediul caii
endozomale. In celula-gazdi ARN viral este localizat in cito-
plasma. ORF1a si ORF1ab sunt translate pentru a produce po-
liproteinele ppla si pplab, care sunt clivate de catre protea-
zele complexului de replicare / transcriptie - RTC. in timpul
replicarii, RTC induce sinteza unei copii integrale de ARN(-)
a genomul viral care reprezinta o matrita pentru producerea
de ARN(+). In timpul transcriptiei un set de ARN sub-genomic
(sgARN) este produs prin transcriptie discontinua (transcrip-
tie fragmentata). Dupa ce se sintetizeaza proteinele structurale
proprii SARS-CoV-2, nucleocapsidele sunt asamblate in cito-
plasma si urmeaza incorporarea in lumenul reticulului endo-
plasmatic si compartimentul intermediar al Aparatului Golgi.
Virionii sunt eliberati din celulele infectate prin exocitoza [24].

Organizarea genomului SARS-CoV-2

Genomul ARN(+) al SARS-CoV-2 difera de genomurile
SARS-CoV si MERS-CoV, avand lungimea aproximativa de 29,9
kb, fata de 27,9 kb si respectiv 30,1 kb. Genomul SARS-CoV-2
contine 14 faze de lectura deschise (ORF) si codifica 27 prote-
ine. Primul OREF, care constituie 2/3 din genom, determina sin-

SARS-CoV and MERS-CoV. Potential drug targets have also
been identified, taking into account the degree of similarity
between hCoV-19 and SARS. Both protease and polymerase,
which are targets for drugs, are highly conserved between
hCoV-19 and SARS (similarity of 96% and 97%, respectively).
Inhibitors created against SARS-CoV have also shown a poten-
tial to bind to CoV-19 protease or polymerase [3]. Molecules
such as caveolin, clathrin, dynamin have a fundamental role in
the internalization of viruses into host cells [23].

The S glycoproteins of the virion bind to the cellular re-
ceptor for ACE2 and enter the target cell via the endosomal
pathway. In the host cell, viral RNA is located in the cytoplasm.
ORF1la and ORF1lab are translated to produce the ppla and
pplab polyproteins, which are cleaved by the proteases of
the replication / transcription complex — RTC. During replica-
tion, RTC induces the synthesis of an integral copy of RNA(-)
of the viral genome, which represents a template for the pro-
duction of RNA(+). During transcription, a set of sub-genomic
RNA (sgRNA) is produced by discontinuous transcription
(fragmented transcription). After synthesizing the own SARS-
CoV-2 structural proteins, the nucleocapsids are assembled in
the cytoplasm and followed by budding into the lumen of the
endoplasmic reticulum and the intermediate compartment of
the Golgi Apparatus. The virions are released from infected
cells by exocytosis [24]

The genome organization of the COVID-19

The SARS-CoV-2 RNA (+) genome differs from the SARS-
CoV and MERS-CoV genomes, having an approximate length
of 29.9 kb, compared to 27.9 kb and 30.1 kb, respectively. The
SARS-CoV-2 genome contains 14 open reading frames (ORFs)
and encodes 27 proteins. The first ORF, which constitutes 2/3
of the genome, determines the synthesis of two polyproteins
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teza a doua poliproteine, pp1la si pplab, care produc 16 protei-
ne non-structurale: NSP2 (cistein-proteaza virala), NSP3 (pro-
teaza asemandtoare cu papaina), NSP5 (proteaza principala),
NSP12 (ARN-polimeraza-ARN-dependenta), NSP13 (helicaza)
si alte NSP-uri care sunt, probabil, implicate in transcriptia si
replicarea ARN-ului viral. ORF-urile ramase codifica proteine
structurale, inclusiv glicoproteina Spike (proteina S), protei-
na mica anvelopara (E), proteina membranara (M) si proteina
nucleocapsidala (N). SARS-CoV-2 poseda proteine accesorii
care interfereaza cu raspunsul imun al gazdei [23]. Ca si alte
virusuri bazate pe ARN, coronavirusurile prezinta plasticitate
genomica determinata de numerosi factori. ARN polimeraze-
le ARN dependente (RdRp) prezintd o ratd de mutatii mare,
ajungand de la 1/1000 pandla 1/10.000 de nucleotide in tim-
pul replicarii. De asemenea, sunt cunoscute mecanisme de re-
combinare intre genomurile virale. Dat fiind faptul ca genomul
este relativ mare, rata mutatiilor este, de asemenea, inalta.
Toate acestea contribuie la plasticitatea genomului si diversi-
tatea formelor de coronavirus [25].

Interactiunea dintre SARS-CoV-2 si receptorii celulari

Proteinele de fuziune mediaza patrunderea in celula-gazda
care poate fi activatd de unirea la receptor, pH scazut sau o
combinatie dintre acesti 2 factori [26]. Aceste proteine sunt
distribuite in 3 clase structurale: I, II si IIl. Proteina Spike a
coronavirusului este o proteina de fuziune virala de clasa I
[27] si a fost identificata la toate speciile de Betacoronavirus.
Proteinele de fuziune virald de clasa I suporta o succesiune
de modificari conformationale specifice care asigura fuziunea
membranara. Studierea caracteristicilor structurale ale prote-
inei Spike si interactiunea acesteia cu receptorul ACE2 la oa-
meni sau alte specii, poate permite obtinerea informatiei cu
privire la originea, evolutia, virulenta, diagnosticul, terapia si
producerea vaccinurilor contra SARS-CoV-2.

SARS-CoV-2 utilizeaza receptorul ACE2, acelasi receptor, ca
si SARS 1n tractul respirator inferior la om pentru patrunderea
in celulele pulmonare. Serin-proteaza de la suprafata celulara
(TMPRSS2), de asemenea, este utilizata de catre SARS-CoV-2
pentru atasarea proteinei Spike, ce faciliteaza fuziunea mem-
branara in celulele-gazda [28].

Structura proteinei Spike

Glicoproteina Spike, numita si proteina S, este un homotri-
mer, dar structural este compusa din doua subunitati, S1 si S2,
care se disting functional: S1 este localizata mai distal de mem-
brana virala si este responsabild pentru interactiunea cu recep-
torul, In timp ce S2 este o componentd necesara pentru fuziu-
nea membranelor. S1 poate fi divizata in domeniul N-terminal
(NTD), localizat mai distal, si domeniul C-terminal (CTD), ce
este situat mai proximal de axul median al proteinei. Ambele
pot functiona in calitate de liganzi pentru receptori [29]. S1
CTD este adesea descris in literatura precum domeniul de le-
gare a receptorului (RBD), deoarece SARS-CoV si MERS-CoV le
folosesc pentru a se uni de receptori [30]. Proteina S a SARS-
CoV-2 foloseste CTD pentru a interactiona cu hACE2 [29].

Bineinteles, structura subunitatii S2 are o deosebitad in-
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- ppla and pplab, which produce 16 non-structural proteins:
(NSP) 2 viral cysteine proteases, NSP3 (papain-like protease),
NSP5 (main protease), NSP12 (RNA-dependent-RNA-poly-
merase), NSP13 (helicase) and other NSPs that are likely to
be involved in the transcription and replication of viral RNA.
The remaining ORFs encode structural proteins, including
Spike glycoprotein (S protein), small envelope protein (E),
membrane protein (M), and nucleocapsid protein (N). SARS-
CoV-2 possesses accessory proteins that interfere with the
host’s immune response [23]. Like other RNA-based viruses,
coronaviruses have genomic plasticity caused by many fac-
tors. RNA-dependent RNA polymerases (RdRp) have high mu-
tation rates, reaching from 1/1000 to 1/10,000 nucleotides
during replication. Also known mechanisms of recombination
between viral genomes. Taking into consideration that the ge-
nome is relatively large, the rate of mutations is high too. All
these contribute to the plasticity of the genome and the diver-
sity of coronavirus forms [25].

Interaction of SARS-CoV-2 with cellular receptors

Viral fusion proteins mediate penetration into the host cell
that can be activated by receptor binding, low pH, or a com-
bination of these two factors [26]. These proteins are divided
into 3 structural classes: I, Il and III. Coronavirus Spike protein
isaclass I virus fusion protein [27] and is found in all identified
species of Betacoronavirus. The class I viral fusion proteins
undergo a specific sequence of conformational changes that
achieve membrane fusion. Exploration of the Spike protein’s
structural features and its interaction with the ACE2 receptor
of humans, or other species, provides insight into SARS-CoV-2
origin, evolution, infectivity, diagnostics, therapeutics, and
vaccine development.

SARS-CoV-2 exploits the ACE-2 receptor, the same receptor
as SARS, in the human lower respiratory tract for entry into
lung cells. Cellular surface serine protease TMPRSS2 is also
used by SARS-CoV-2 for priming of spike protein S to facilitate
membrane fusion with host cells [28].

Spike protein structure

The Spike glycoprotein, further referred to as the S pro-
tein, is a homotrimer, but structurally it is composed of two
subunits, S1 and S2, which are functionally distinct: S1 is lo-
cated farther from the viral membrane and is responsible for
receptor interaction, while S2 is the machinery necessary for
membrane fusion. S1 can be further divided into an N-termi-
nal domain (NTD), located farther from the long axis of the
molecule, and a C-terminal domain (CTD), which is closer to
the midline. Both can function as receptor binders [29]. S1
CTD is commonly referred to in the literature as the receptor
binding domain (RBD), because SARS-CoV and MERS-CoV use
it to bind to receptors [30]. SARS-CoV-2 S protein uses CTD to
interact with hACE2 [29]. The S protein is a trimer and thus
has three S1 CTD domains. RBD harbors the receptor binding
motif (RBM).

Of course, the structure of the S2 subunit is also important
to investigate, since it is the fusion hardware and thus can set
the stage for rational design of coronavirus fusion inhibitors



semnatate pentru a fi investigata, deoarece este o subunitate
importanta in cadrul fuziunii si poate reprezenta cheia pentru
designul unui inhibitor de fuziune membranara a coronaviru-
surilor [31]. Proteina S fiind un homotrimer, orice monomer
are o subunitate S1 si una S2. Subunitatea S2 a fiecarui mono-
mer posedd doua domenii: heptad repeat 1 (HR1) si heptad
repeat 2 (HR2) (Figura 3) [32]. HR1 si HR2 din cei 3 monomeri
interactioneaza pentru a alcatui o formatiune numita six-helix
bundle structure - 6-HB, sau nucleu de fuziune [27]. Structu-
ra 6-HB, formata de regiunile HR1 si HR2 in subunitatea S2 a
coronavirusului uman joaca un rol cheie in timpul procesului
de fuziune membranara, ce o face una din cele mai importante
tinte pentru designul preparatelor [31].

Alt moment cheie este faptul ca proteina Spike este o glico-
proteind. Trimerii S contin glicani uniti la capatul N-terminal
care sunt importanti atat pentru conformarea corectd, modu-
larea accesibilitatii proteazelor gazdei cat si neutralizarea an-
ticorpilor (Figura 3) [33]. Proteina S poate prezenta multiple
conformatii. Per general, se poate de zis cd statutul proteinelor
de fuziune virala poate fi de prefuziune si postfuziune. Starea
predominantd de prefuziune a trimerului S are unul din cei
trei RBD pliati intr-o conformatie accesibila pentru interactiu-
nea cu receptorul [34].
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[31]. The S protein being a homotrimer, each monomer has
a S1 and S2 subunit. The S2 subunit of a monomer further
has two domains: heptad repeat 1 (HR1) and heptad repeat
2 (HR2) (Figure 3) [32]. HR1 and HR2 from the 3 monomers
interact to form a six-helix bundle structure, abbreviated 6-HB,
also referred to as the fusion core [27]. The 6-HB structure
formed by HR1 and HR2 regions in the S2 subunit of HCoVs
plays a key role during the viral membrane fusion process,
which makes it one of the most important targets for drug de-
sign [31].

Another point concerns the fact that the Spike protein is
a glycoprotein. S trimers are extensively decorated with N-
linked glycans that are important for proper folding and for
modulating accessibility to host proteases and neutralizing
antibodies [33]. S protein can be found in multiple conforma-
tions. Generally, viral fusion proteins states can be classified as
prefusion and postfusion. The predominant prefusion state of
the S trimer has one of the three RBDs rotated up in a recep-
tor-accessible conformation [34].

Spike protein preprocessing
A distinctive feature of the SARS-CoV-2 S glycoprotein is
a novel furin cleavage site at the boundary between S1 and

NTD RBD SD1  SD2 FP  HR HR2 TM IC
333 527
438 506
RBM
St

Fig. 3 Topologia monomerului Spike al SARS-CoV-2. Adaptat dupa [32].
Fig. 3 The topology of SARS-CoV-2 spike monomer. Adapted from [32].

Pre-procesarea proteinelor Spike

O caracteristica distinctiva a glicoproteinei S SARS-CoV-2
este prezenta unui situs nou de clivare a furinei la nivelul jonc-
tiunii dintre S1 si S2. Situsul de clivare este procesat de catre
furina si, probabil, are loc in Aparatul Golgi in timpul biosinte-
zei vitale [33]. Furina este o proteaza Inalt prevalenta, implica-
ta in activarea multiplelor preproteine, precum pro-PTH, pro-
albumina si pro-NGF. Situsul nou de clivare poate determina o
crestere in tropismul viral.

De notat ca toate CoV au domeniul S1 clivat de la S2, deoa-
rece acest pas este necesar pentru demararea infectiei, Insa
existd deosebiri in ce priveste enzimele si momentul cand are
loc clivarea [33]. Unele studii raporteaza ca clivarea proteinei
S de catre catepsina L are loc in endosomi, ceea ce indica asu-
pra faptului ca fuziunea membranara are loc dupa endocitoza
mediata de receptori [35]. Deoarece mai multe studii demon-
streazad importanta acestor proteaze, ele pot deveni tinte im-
portante pentru elaborarea medicamentelor.

Experimentele prin care se elimina situsul pentru furina in
SARS-CoV-2 demonstreaza cd acesta nu este necesar pentru
fuziunea membranara S-mediatd, ceea ce indica asupra faptu-
lui ca clivarea in situsul SARS-CoV-2 S1/S2 poate avea loc cu

S2. This cleavage site is processed during viral biosynthesis,
probably in the Golgi Apparatus by furin [33]. Furin is a highly
prevalent protease involved in the activation of multiple pre-
proteins, such as pro-PTH, pro-albumin and pro-NGF. The new
cleavage site may determine an increase in the viral tropism.

It is important to note that all CoVs have the S1 cleaved
from S2, since it is a necessary step for infection, but what
distinguishes them is the enzymes and moment in time when
the cleavage happens [33]. Some studies report that cleav-
age of the S protein by cathepsin L takes place in endosomes,
supporting the view that the membrane fusion happens after
receptor-mediated endocytosis [35]. As many studies show
the importance of these proteases, they can become emerging
targets for drug design.

Experiments which remove the furin cleavage site in SARS-
CoV-2 show that it is not necessary for the S-mediated mem-
brane fusion, implying that SARS-CoV-2 S1/S2 cleavage can
happen via the same proteases as other SARS-related CoVs,
namely TMPRSS2 or cathepsin L [33, 36].

In conclusion, coronavirus infection requires both receptor
binding and proteolytic processing [33]. Altered proteolytic
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ajutorul acelorasi proteaze, ca si in cazul altor CoV, adica cu
ajutorul TMPRSS2 sau catepsinei L [33, 36].

Ca si concluzie, infectia cu coronavirus necesita atat atasa-
rea la receptor, cat si procesarea proteolitica [33]. Alterarea
procesdrii proteolitice poate explica modificarile in tropism,
patogenitate si urmeaza a fi luate in consideratie in cazul
transmiterii de la o specie la alta, deoarece unele specii nu dis-
pun de acelasi mecanism de procesare.

Interactiunea dintre proteina Spike si receptor

SARS-CoV-2 se uneste cu o afinitate inalta de receptorul
ACE2 uman si il foloseste pentru intrare in celulele tinta [33].
Receptorii ACE2 pot fi identificati pe suprafata multor tipuri
de celule, inclusiv pneumocitele de tip II. SARS-CoV-2 si SARS-
CoV recunosc receptorul ACE2 cu afinitate comparabila [33],
insd sunt studii care sugereazd o afinitate crescuta pentru
proteina S proprie SARS-CoV-2. Analiza interfetei dintre RBD
caracteristic pentru SARS-CoV si ACE2 a relevat un total de 16
aminoacizi pentru RBD-SARS-CoV ce se afla in contact cu 20
de resturi de aminoacizi ai ACE2 [32]. Rezulta ca virusurile
SARS-CoV au evoluat pentru a recunoaste receptorul ACE2.
Totodata, studiile lui Brielle E. et al. [37] sugereaza ca prote-
ina S-SARS-CoV-2 utilizeaza o strategie proprie de atasare la
ACE2.

Interactiunea S-ACE2 este etapa cruciald in infectie, deter-
minand un rol important. Unii anticorpi neutralizanti din plas-
ma pacientilor care s-au insanatosit intr-adevar se ataseaza la
RBD [38], insa nu toti anticorpii neutralizanti sunt capabili de
aceasta. In pofida similaritatii Tnalte intre diferite SARS-CoV,
anticorpii care actioneaza asupra altor specii nu sunt eficienti
contra SARS-CoV-2, fapt determinat de particularitatile prote-
inei S [29].

Concluzii

In pofida eforturilor globale de a tine sub control infec-
tia cu SARS-CoV-2, raspandirea virusului a atins un nivel de
pandemie. Elaborarea medicamentelor pentru tratamentul
COVID-19 si a vaccinurilor este, deocamdata, in dezvoltare,
dar s-au inregistrat progrese semnificative in studierea multi-
laterala a genomului SARS-CoV-2, fapt ce permite identificarea
exactd a acestuia. Cooperarea diferitor institutii, centre stiinti-
fice, guverne si companii farmaceutice este necesara pentru a
preveni raspandirea in continuare a COVID-19 si identificarea
solutiilor de tratament.
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processing can explain modifications in tropism, pathogenic-
ity, but also is an important consideration when investigating
the cross-species viral transmission, since some species may
not harbor the necessary machinery for adequate processing.

Spike protein receptor interaction

SARS-CoV-2 binds with high affinity to human ACE2 and
uses it as an entry receptor to invade target cells [33]. ACE2
can be found on the surface of multiple cell types, including
type II pneumocytes. SARS-CoV-2 and SARS-CoV recognize
ACE2 with comparable affinity [33], but there are studies
that suggest an increased affinity of the SARS-CoV-2 S pro-
tein. Analysis of the interface between the SARS-CoV RBD and
ACE2 put in evidence a total of 16 residues of the SARS-CoV
RBD in contact with 20 residues of ACE2 [32]. It turns out that
SARS-CoV viruses have evolved to recognize the ACE2 recep-
tor. However, a study by Brielle E. et al. [37] suggests that the
SARS-CoV-2 S protein leverages a different strategy for bind-
ing ACE2.

The S-ACE2 interaction is a crucial step during infection,
it has significant practical implications. Some neutralizing an-
tibodies from reconvalescent patients’plasma do indeed bind
the RBD [38], but it must be noted that it’s not necessary that
all neutralizing antibodies are able to do that. Despite the high
similarity between different SARS CoV, antibodies that act on
other species are not effective against SARS-CoV-2, due to the
peculiarities of protein S [29].

Conclusions

Despite global efforts to control the SARS-CoV-2 infection,
the spread of the virus has reached a pandemic level. The de-
velopment of drugs for the treatment of COVID-19 and vac-
cines is still in development, but significant progress has been
made in the multilateral study of the SARS-CoV-2 genome,
which allows its exact identification. Cooperation between
various institutions, scientific centers, governments and phar-
maceutical companies is needed to prevent the further spread
of COVID-19 and to identify treatment solutions.
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