
EBOV and SARS-CoV-2 | Encyclopedia.pub

https://encyclopedia.pub/entry/6993 1/12

EBOV and SARS-CoV-2
Subjects: Immunology

Contributor: Daniel Perez-Zsolt

Ebola virus (EBOV), which belongs to the filoviridae family, and the recently emerged coronavirus SARS-CoV-2 are

two highly pathogenic viruses that exploit very similar endocytic routes to productively infect target cells. This

convergence has sped up the experimental assessment of clinical therapies against SARS-CoV-2 previously found

to be effective for EBOV, and facilitated their expedited clinical testing.
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1. Introduction

SARS-CoV-2 was identified on 7 January, 2020 as the etiological agent responsible for COVID-19, a severe

respiratory disease currently causing a global pandemic. Since then, research groups worldwide have dedicated

their efforts to understand the viral cycle of this new coronavirus and to find strategies to prevent infection. As of 12

December 2020, there were almost 70 million cases confirmed and more than 1.5 million deaths affecting 220

countries in the globe, sparkling global concern (https://www.who.int/emergencies/diseases/novel-coronavirus-

2019?gclid=Cj0KCQiA8dH-BRD_ARIsAC24umbD-JsU2gwShKk7Q6H1RJ-lo0JZuRG8to08SFLhF6BL1YuRf4I-

lHYaAn9aEALw_wcB). The high transmissibility of the virus, the broad range of symptoms associated to the

disease and the lack of effective therapeutics to prevent the course of the infection has sped up the search for

novel treatments and vaccines.

A similar challenge was faced by the scientific community between 2013 and 2020, when Ebola virus (EBOV)

threatened humankind causing two major outbreaks in Central and West Africa, which caused an Ebola Virus

Disease (EVD) that presented up to a 90% case-fatality rate. The incredible amount of scientific knowledge

generated during the EBOV epidemic identified antivirals displaying efficacy against different steps in the EBOV life

cycle, therapeutic neutralizing antibodies, and vaccine strategies. All these tools laid the foundations to better cope

with future viral zoonotic infections. Some of these strategies have also been deployed against SARS-CoV-2, and

the early efficacy shown in vitro has demonstrated key similitudes between both zoonotic viruses. 

2. Setting the Stage for Infection: Viral Binding and Host
Attachment Receptors for EBOV and SARS-CoV-2

The very first step of the viral life cycle is the attachment of the virus via key receptors, followed by a viral entry

process that relies on the same or alternative host factors that finally lead to productive infection. The availability of

these critical host attachment molecules determines the tissue tropism, which greatly varies depending on the type
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of virus. Since the specific steps of viral binding and subsequent entry are shared among very distant viruses,

lessons learned in the past can illuminate how a new virus like SARS-CoV-2 interacts with target cells. The

spectrum of cellular molecules that act as virus attachment receptors is extremely broad, and viruses mostly can

bind to more than one factor on the host cell membrane (Figure 1). Such is the case of EBOV, whose affinity to a

wide variety of host cell receptors mediates viral binding to different cellular targets (Figure 1A). C-type lectins

(CLECs), which are able to interact with particular glycans exposed on the viral glycoproteins, comprise DC-SIGN

(dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin), L-SIGN (liver/lymph node-specific

intercellular adhesion molecule-3-grabbing non-integrin), hMGL (human macrophage galactose- and N-

acetylgalactosamine-specific C-type lectin), and mannose-binding lectins, all of which bind to N- and O-linked

glycans on Ebola virus glycoprotein, as reviewed in . However, cells lacking CLEC expression remain permissive

for EBOV infection. Importantly, phosphatidyl serine (PtdSer) binding receptors can also recognize this lipid

exposed on the viral envelope of EBOV. PtdSer-recognizing receptors include protein complexes composed of

Gas6 or protein S, members of the T-cell immunoglobulin and mucin domain (TIM) family TIM-1 and TIM-4, and the

TAM family of receptor tyrosine kinases Tyro3, Axl, and Mer  (Figure 1A). EBOV binding efficiency also depends

on the presence of plasma membrane sphingomyelin, and the activity of acid sphingomyelinase (ASMase) . In

activated myeloid cells, EBOV entry is enhanced by the sialic acid-binding Ig-like lectin 1 (Siglec-1/CD169), which

recognizes sialylated gangliosides exposed on the cellular-derived membrane of the virus  (Figure 1A). Overall,

these cellular receptors contribute to EBOV attachment and promote subsequent infection.

 

Figure 1. Viral and host factors involved in EBOV and SARS-CoV-2 infectious cycle. (A) EBOV entry into target

cells is mediated by macropinocytosis, which directs surface-attached viral particles to the endosomal trafficking

pathway. Within endosomes, host cathepsins cleave viral glycoprotein, facilitating interaction with the NPC1

receptor and viral membrane fusion. In the cytoplasm, the viral RNA genome undergoes transcription/replication,

resulting in the synthesis of new viral particles that exit infected cells through membrane budding. (B) SARS-CoV-2

can enter target cells through an endosomal pathway that parallels EBOV internalization. Within endosomal

compartments, cleavage of the Spike protein results in viral fusion and cytoplasmic entry, where viral replication

occurs. (C) SARS-CoV-2 also enters target cells through an alternative mechanism in which Spike protein is
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cleaved at the cell surface, a process mediated by proteases such as TMPRSS2 and furin. In this case, the viral

genome gains access to the cytoplasm through viral fusion with the plasma membrane. EBOV: Ebola virus;

CLECs: C-type lectin receptors; TIM: T-cell immunoglobulin and mucin receptors; TAM: Tyro3-Axl-Mer receptors;

Siglec-1: sialic acid-binding Ig-like lectin 1; NPC1: Niemann-Pick receptor C1; SARS-CoV-2: severe acute

respiratory syndrome coronavirus 2; ACE2: angiotensin-converting enzyme 2; NRP1/2: neuropilin 1/2; TMPRSS2:

transmembrane protease serine 2.

On the contrary, SARS-CoV-2 attachment to susceptible cells remains primarily on the binding of the Spike protein

to the host angiotensin converting enzyme 2 (ACE2) on the susceptible cell membrane  (Figure 1B,C), and most

importantly, ACE2 is also critical for viral fusion . However, other factors may also actively interact with SARS-

CoV-2 and promote viral binding and attachment. Clausen and colleagues demonstrated that heparan sulfate,

which is a highly negatively charged polysaccharide attached to proteoglycans found on the cellular membrane or

the extracellular matrix, interacts with the ectodomain of the SARS-CoV-2 Spike protein to shift its conformation

and allow binding to ACE2 . Integrins are also proposed as potential players in the entry of SARS-CoV-2 into the

host cell , and the Spike protein has a specific motif able to bind these receptors. Integrin alfa and beta molecules

recognize specific motifs in the spike protein of SARS-CoV-2 and have the potential to trigger infection by binding

integrin heterodimers, activating transducing pathways involving phosphatidylinositol-3 kinase (PI-3K) or mitogen-

activated protein kinase (MAPK), which can promote viral entry . Thus, as already reported for EBOV, binding to

integrins can facilitate SARS-CoV-2 endocytosis and infection. Neuropilin-1 and 2 (NRP1 and NRP2) have also

recently been reported to play a role on SARS-CoV-2 attachment  (Figure 1B). Although the absence of these

proteins still allows for viral entry into susceptible cells, infectivity gets reduced. Daly et al. hypothesize that the

upregulation of neuropilins in lung tissues of COVID-19 patients and their binding to the SARS-CoV-2 spike protein

may be one of the reasons to explain why this virus is more infectious than SARS-CoV-1 . Another potential

receptor for SARS-CoV-2 is the CD147 or extracellular matrix metalloproteinase inducer (EMMPRIN), a protein that

belongs to the immunoglobulin superfamily enrolled in inflammatory processes and viral cellular entry .

Many of the early events that govern attachment of SARS-CoV-2 to cellular targets remain still unknown and

require further investigation. CLECs already implicated in EBOV binding, such as DC-SIGN and L-SIGN, have also

been associated with the capacity to transmit SARS-CoV-2 pseudoviruses to target cells expressing

ACE2   (Figure 1A,B). Moreover, SARS-CoV-2 specifically interacts with tyrosine-protein kinase receptor UFO

(Axl) on the host membrane, where this receptor can promote viral entry , as already described for EBOV (Figure

1A,B). Interestingly and also previously reported for EBOV, fluoxetine, a functional inhibitor of ASMase, efficiently

abrogates the SARS-CoV-2 entry and propagation in Vero E6 and CaLu-3 cells, suggesting that ASMase may also

play a significant role in the early steps of the virus infection cycle . A further understanding of the role of

attachment factors implicated in SARS-CoV-2 binding will be required to reduce systemic dissemination between

susceptible cells and tissues. Moreover, studying how these attachment factors set up the stage and facilitate viral

entry and fusion will be critical to develop effective antiviral strategies.
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3. EBOV Entry Converges with the Endosomal Route of
SARS-CoV-2

Distinct viruses have evolved to use endocytic pathways to promote efficient infection, which requires the delivery

of the viral genome into the cell cytoplasm at sites where replication proceeds optimally. Both SARS-CoV-2 and

EBOV can utilize analogous pH-dependent endocytic routes to enter the cytoplasm of infected cells, since their

viral proteins rely on similar proteolytic cleavage mechanisms that can take place at endosomal compartments. In

the particular case of SARS-CoV-2 though, alternative entry processes at the plasma membrane are also key

determinants of the pathogenesis of this coronavirus, as we will later discuss.

SARS-CoV-2 viral entry is mediated by the interaction of the Spike viral protein with ACE2, that allows for viral

fusion and infection . The Spike protein is comprised of two major units. The N-terminal S  subunit contains the

receptor binding domain (RBD), which is essential for attachment to ACE2. The C-terminal S  subunit harbors key

domains that play a role in membrane fusion and intracellular trafficking into the cytoplasm . As reported in

previous coronavirus studies, the cleavage of the Spike protein at the boundary between the S  and S  subunits by

cellular host proteases is required for the activation of the protein to promote virus–cell fusion . Indeed, there

is an additional furin-type cleavage site at the junction between S  and S  of the newly discovered coronavirus that

was not originally present in SARS-CoV-1, and is assumed to comparatively enhance SARS-CoV-2 infectivity .

Following the cleavage by furin of the S protein, the RBD of the S  subunit of SARS-CoV-2 binds to the outer

surface of ACE2 with a higher affinity compared to SARS-CoV-1 RBD . This engagement triggers a

conformational rearrangement that causes S   shedding, cleavage of the S   subunit by host proteases and

exposure of a fusion peptide located next to the proteolytic side in S .

While the novel coronavirus mainly fuses at the cellular membrane of susceptible cells, where particular host

proteases with the capacity to prime the Spike protein such as TMPRSS2 or TMPRSS4 are exposed, this virus can

also exploit an alternative endocytic route  (Figure 1B). In certain cellular types, SARS-CoV-2 can also enter the

cells via intracellular endosomal compartments, where other host proteases such as cathepsins can prime the

Spike and promote viral fusion with internal endosome membranes . This later endocytic route clearly resembles

to that followed by EBOV, which is also internalized through an endosomal pathway that triggers viral fusion

(Figure 1A,B). Following virus–cell attachment, EBOV is internalized primarily by macropinocytosis  (Figure 1A).

Although other routes of uptake have been reported, including caveolin- and clathrin-dependent endocytosis, many

of those studies have been performed with retroviral pseudotypes, which in the case of EBOV, do not display

native virus morphology nor viral glycoprotein density and other biochemical characteristics .

As it happens with the Spike protein of SARS-CoV-2, EBOV contains a viral glycoprotein at the outer surface that

mediates virus and host membranes fusion upon cellular protease cleavage. The mature conformations of GP with

capacity to fuse with endosomal membranes requires a post-translational furin cleavage. This process produces a

disulfide heterodimer composed of GP  and GP  subunits, being the former required for receptor interactions and

the latter required for membrane fusion . After initial internalization, virus particles are trafficked to the late

endosomes/lysosomes through the endo-lysosomal pathway, where pH decreases and cysteine proteases
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cathepsins B/L cleave EBOV GP  into its fusogenic form, which has the RBD exposed   (Figure 1A).

Cathepsins L and B where initially identified as the essential proteases for the processing of EBOV GP and,

indeed, their cleavage sites within the viral glycoprotein sequence have been mapped. The processed

GP  interacts with the late endosomal/lysosomal Niemann-Pick C1 (NPC1) intracellular receptor, which triggers the

fusion of the viral envelope with the cellular endosomal membrane upon GP  dependency   (Figure 1A).

Although the specific mechanism is still not clear, the membrane fusion step also requires the activity of the Two-

Pore Calcium Channel 2 (TPC2) in the endosomal membrane .

In the case of SARS-CoV-2, this endosomal viral entry pathway requires the binding of the Spike protein to ACE2

and its priming by cathepsin proteases  (Figure 1B). Thus, the cathepsin-mediated cleavage is a critical step for

the entry of SARS-CoV-2 and EBOV. It is important to remember, however, that in contrast to EBOV, which can

only fuse in endocytic compartments, SARS-CoV-2 mainly exploits the plasma membrane for accessing cellular

targets in which specific serine proteases are able to prime the Spike of the coronavirus at the plasma membrane

(Figure 1C). Proteolytic cleavage of the Spike protein by TMPRSS2 allows fusion at the plasma membrane of key

cellular targets. As we will later discuss, this complicates the clinical use of cathepsin inhibitors and therapeutic

agents that interfere with the endocytic route of entry for SARS-CoV-2, which displays an independent viral fusion

pathway at the plasma membrane that is highly active in pulmonary cells . Studying cellular gateways exploited by

very distant viruses may aid to identify hot spots where viral entry converges, what will be key to develop broad

pan-antiviral strategies aimed at avoiding infection. Once viral fusion takes place, productive infection will trigger

viral replication and complicate viral control.

4. Transcription and Replication of EBOV and SARS-CoV-2

Once EBOV and SARS-CoV-2 genomes are released into the cell cytoplasm, viral replication occurs through a

tightly regulated process involving viral and host factors (Figure 1). As both EBOV and SARS-CoV-2 are single-

stranded RNA viruses, they share common features in their transcription and replication processes. However, the

opposite polarity of their genomes also implicates the existence of relevant divergences between them. In this

section, we will analyze the differences and similarities for EBOV and SARS-CoV-2 transcription and replication.

EBOV negative-sense RNA genome enters the cytoplasm in the form of a ribonucleoprotein complex. Viral genome

is encapsidated by EBOV nucleoprotein (NP), and it is associated to the RNA-dependent RNA polymerase (L) and

viral proteins 35 (VP35), 30 (VP30), and 24 (VP24), which play critical roles in viral transcription and replication.

VP24 mediates viral uncoating, making the genome accessible to the transcription machinery . VP35 and

VP30 serve as co-factors for the L polymerase, that generates positive-sense mRNAs encoding the viral proteins

using the viral genome as a template . Following this primary transcription process, secondary transcription

cycles are mediated by the newly synthesized viral polymerase and co-factors, thus amplifying the production and

accumulation of cytoplasmic viral proteins  (Figure 1A).

In contrast to EBOV, coronaviruses have a positive-sense RNA genome that is readily translated by the host

machinery upon cytoplasmic entry (Figure 1B,C). Translation of SARS-CoV-2 open reading frame 1a (ORF1a) and
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1ab (ORF1b) results in the synthesis of the polyproteins 1a (pp1a) an 1ab (pp1ab), respectively . These

polyproteins need further processing to give rise to functional non-structural proteins 1-16 (nsp1-16), which

contribute to the formation of a replication complex observed in other coronavirus species . Moreover, they

facilitate the synthesis of viral proteins by inhibiting the translation of host proteins . Among non-structural

proteins, the major protease nsp5 (M ) and the papain-like protease nsp3 (PL ) are the mediators of pp1a and

pp1ab cleavage, which makes them essential for viral replication and attractive antiviral targets. Although there are

no M  and PL  homologues in the EBOV genome, proteases are key molecules for other viruses such as the

hepatitis C virus (HCV) and the human immunodeficiency virus type 1 (HIV-1) . That was the reason why it was

initially thought that repurposing of HCV and HIV-1 protease inhibitors could help to treat SARS-CoV-2 infection,

but unfortunately this strategy failed to provide solid therapeutic candidates .

EBOV and SARS-CoV-2 protein synthesis is accompanied by the replication of the viral genome (Figure 1). In

EBOV infection, the L polymerase copies the negative-sense RNA generating positive-sense antigenomes, which

in turn serve as templates for the synthesis of new negative-sense genomes . Similarly, the RNA-dependent

RNA polymerase nsp12 generates full-length negative-sense copies of SARS-CoV-2 RNA, that can be copied for

generating the new positive-sense genomes . Therefore, both EBOV and SARS-CoV-2 rely on the activity of their

RNA-dependent RNA polymerases as central molecules for viral replication. Thus, polymerases have been also

considered major targets in the development of novel antiviral therapies for both viruses.

In addition to viral proteins, host factors play a role in the transcription/replication of viral genomes. For EBOV, the

DNA topoisomerase I and the RNA-binding protein Staufen 2 participate in the synthesis of viral RNAs . NXF1

and DDX39 are RNA splicing and export factors that contribute to viral transcription and translation , while the

protein phosphatases 1 (PP1) and 2A (PP2A) activate VP30 through dephosphorylation . Intriguingly, the host

retinoblastoma-binding protein 6 (RBBP6) and the double stranded RNA-binding protein 76 (DRBP76) are host

restriction factors that inhibit PP2A and L protein activity, respectively , which suggests the therapeutic

potential of inhibiting these viral proteins. Although there is still a lack of information regarding host factors

governing SARS-CoV-2 replication, knowledge gathered in the study of other coronavirus species could provide

clues on the factors involved in SARS-CoV-2 replication. For example, some coronaviruses modify the

phosphorylation of the eukaryotic initiation factor 2 (eIF2) to take control over host translation , highlighting the

therapeutic potential of inhibiting this and other translation factors. The eukaryotic elongation factor 1A2 (eEF1A2)

is also a very interesting candidate that has offered a new antiviral approach. Future studies will identify novel

factors involved in SARS-CoV-2 transcription/replication, thus increasing the opportunity for therapeutic

interventions.

Both EBOV and SARS-CoV-2 replicate in particular cellular localizations. EBOV replicates in inclusion bodies

whose formation relies on the presence of viral NP and host importin-α7 . Similarly, coronavirus replication

occurs in specialized compartments termed replication organelles formed in the presence of nsp3, nsp4, and nsp6

viral proteins . The connection between EBOV-driven inclusion bodies and the replication organelles

observed in SARS-CoV-2-infected cells remains uncertain. However, the later seem to play an important role in

SARS-CoV-2 replication , so further research in this field is guaranteed.
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Taken together, a number of viral and host factors play key roles during the process of viral binding, internalization,

transcription and replication of SARS-CoV-2 (Figure 1). Intriguingly, some of them have homologous counterparts

in the infection by EBOV and other viruses, such as the host cathepsins and the viral polymerase and proteases.

Therefore, tackling these factors could prevent productive viral infection, leading to the identification of potential

broad-spectrum antiviral strategies. 
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