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Abstract

The novel EBV (Epstein-Barr virus)-induced ZNFEB including its intronless locus and human protein variants, controls virus entry and exit from
cell cycling in activated lymphocytes. ZNF ZCCHC3 binds RNA and facilitates viral RNA that is critical for RLR-mediated innate immune
response to RNA virus. ZAP (Zinc-Finger Antiviral Protein) inhibits entry, replication and spread of certain viruses and promotes viral RNA
degradation. ZAP may regulate DNA and RNA virus replication that ZAP inhibits Retroviral RNA production and HIV-1(Human Immuno-
Deficiency Virus Type 1) infection by promoting the degradation of specific viral mRNAs. Futhermore, ZAP could regulate RNA virus
degradation of SARS-CoV's (SARS Corona Virus) and MERS-CoV's (MERS Corona Virus) RNA virus. Replication of SARS-CoV requires
proteolytic processing of the replicase polyprotein by a PLpro (Papain-Like Protease) that zinc conjugate inhibits SARSCoV PLpro protease
activity. Zinc conjugated complexes as SARS-CoV 3C-like protease inhibitors play important role for this Zn*"-centered coordination pattern that
the zinc-coordinating inhibitor is tetrahedrally coordinated. ZBD (Zinc-Binding Domain) is essential for formation of the functional Junin virus
envelope glycoprotein complex. Complex ZBD regulates replicative arterivirus helicase and controls mRNA decay helicase. Viral inhibitor p53
down-regulates SARS-CoV replications that p53 inhibits replication of infectious SARS-CoV as well as of replicons and HCoV-NL63 (Human
Coronavirus NL63). ZAP-70 kinase regulates HIV cell-to-cell spread that HIV usurps components of the immunological synapse machinery to
ensure its own spread through cell-to-cell contacts. Enveloped viruses enter cells and initiate disease-causing cycles of replication that in all cases
virus-cell fusion is executed by one or more viral surface glycoproteins denoted as the fusion protein. Virucidal activities of ZNF, ZAP and ZBD
are recognised by which Zn?" ions bind RNA and facilitates viral RNA that is critical for RLR (RIG-1 Like Receptor)-mediated innate immune
response to RNA virus and highly diverse fusion proteins have converged on the same overall strategy to mediate a common pathway of
membrane fusion, causing to lead enhancement of the anti-viral activity. Zinc ions become used as Zn-coordinated inhibitors for viral regulation
of virucidal activities.

Keywords: Zinc-finger antiviral protein, Virus entry, Replication and spread, RNA degradation, SARS-CoV, PLpro, Zn*" ion-coordination
pattern

Introduction

intake of zinc depends on several factors. Average values of
recommended intake may be 7~11 mg/day for adults. Zinc is the
second abundant trace metal with human body 2~3 g and a plasma

Zinc homeostasis is a key factor in maintaining a healthy immune
system. Zinc ions are involved in regulating intracellular signaling
pathways in innate and adaptive immune cells that the influences of

zinc status on the overall immune function are present in zinc concentration of 12-16 uM, 90% in muscle and bone and 10% other
deficiency as overproduction of pro-inflammatory cytokines and organs include prostate, liver, the gastrointestinal tract, kidney, skin,
reactive mediators, zinc homeostasis as balanced immune cell lung brain, heart and pancreas in humans that cellular zinc underlies an
functions and zinc excess as suppression of T and B cell functions [1]. efficient homeostatic control that avoids accumulation of zinc in
Zinc is known to be essential for highly growth and development of all excess. Zinc status play an important role in antiviral immunity, mainly
organisms in the human body, especially the immune system. A variety during the early stage of the infection that the most effective antiviral
of effects of zinc on immune cells depend on the zinc concentration antibodies are neutralizing antibodies which bind to the viral envelope
that in a concentration of 100 pumol/L, zinc suppresses natural killer or capsid proteins and regulate the virus entering into host cell [3]. Zinc
cell killing and T-cell function whereas monocytes are activated deficiency accounts currently for approximately 16% of lower
directly and in a concentration of 500 pmol/L, zinc evokes a direct respiratory tract infections, 18% of malaria and 10% of diarrheal
chemotactic activation of neutrophil granulocytes [2]. Zinc is a diseases, while severe zinc deficiency is rare, mild to moderate
fundamental trace element in human body that the recommended daily deficiency is more common worldwide [4]. The zinc deficiency leads

to cell-mediated immune dysfunctions among other manifestations
which such dysfunctions lead to a worse outcome in the response
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towards virus infection [4]. Zinc homeostasis during acute phase
response is the temporal transfer of serum zinc to the tissues, causing
transient serum hypozincemia.

Zinc homeostasis is rebalanced during resolution of the inflammatory
response that intracellularly increased zinc can intoxicate engulfed
pathogens and acts cytoprotective by promotion of neutralizing
Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS)
[4]. The other, zinc deficiency in Chronic Kidney Disease (CKD)
patients may be due to fecal excretion or decrease in its absorption that
zinc concentrations were lower in Hemodialysis (HD) patients
compared to controls and Zn concentration 69.16 pg/dL of blood in
HD patients, however, revealed no correlation among serum Zn
concentration and anemia, serum parathyroid hormone concentration or
pruritus severity in HD patients [5]. The role of zinc in cell death has
apoptosis that the influence of zinc on apoptosis is tissue/cell type, zinc
concentration and expression of zinc transporters and zinc-binding
proteins.

Host zinc homeostasis changes in response to viral infections,
including production of metal sequestering proteins and bombardment
with toxic level of zinc at host-pathogen interface [6]. Zinc influences
apoptosis by acting on several molecular regulators of programmed cell
death and zinc deficiency caused by malnutrition and foods with low
bio-availability, aging, certain diseases and deregulated homeostasis is
a far more common risk to human health without intoxication [7].
Apoptosis is defined as cell death activated by an internally controlled
suicide program that bacteria are able to trigger apoptosis, including
the secretion of compounds such as protein synthesis inhibitions, pore
forming proteins, molecules responsible for the activation of the
endogenous death in the infected cell and super antigens [8].

The influence of zinc on apoptosis is very complex that variables in
this complex network are tissue and cell type, zinc concentration,
expression of zinc transporters and zinc-binding proteins, oxidative or
nitrosative stress and the improvement of molecular opposing
functions. Regulation of apoptosis is essential for normal embryonic
development and for homeostasis in adult tissue. Zinc has a rather low
toxicity and influences apoptosis by acting on several molecular
regulators of programmed cell death which can inhibit apoptosis
thereby either prolonging the survival of infected cells. Viruses are
obligate intracellular parasites that cause infection by invading cells of
the body. Their life cycle comprises a short extracellular period and a
longer intracellular period during which they undergo replication.

The immune system has non-specific and specific mechanism that
attack the virus in both phases of its life cycle which specific
antibodies protect against viral infections and play an important role in
antiviral immunity, mainly during the early stage of the infection [9].
Human coronaviruses (HCoVs) are known as respiratory pathogens
that HCoVs play only a minor role in causing gastrointestinal illness in
children<6 year old which interest in coronaviruses in relation to
enteric diseases in humans increased with the emergence of Severe
Acute Respiratory Syndrome (SARS) and identification of SARS
Coronavirus in 2003 [10]. The emergent development of antiviral
drugs for new type-coronavirus (2019-novel CoV) respiratory infection
is nowadays desired to be due to the employment. In this review, the
zinc-mediated antiviral immunity and the virucidal activities of zinc-
finger protein, zinc-finger antiviral protein and zinc-binding domain
are discussed against many infectious viruses. Thereby, the virucidal
mechanisms by zinc ions-binding formation, RNA virus degradation
and Zn**-centered coordination via the zinc-finger antiviral proteins,
zinc-binding domain and zinc-conjugated complexes may be clarified.

Zinc-Induced Antiviral Immunity

Zinc is an essential trace element that is crucial for growth,
development and the maintenance of immune function which zinc
status is a critical factor that can influence antiviral immunity,
particularly as zinc-deficient populations are often most at risk of

acquiring viral infections such as HIV, HCV [3]. In immune cells, HIV
infection is sensed by several Pattern Recognition Receptors (PRRS),
leading to Type 1 Interferon (IFN-1) and inflammatory cytokines
production that up regulate antiviral Interferon-Stimulated Genes
(ISGs) [11]. Tripartite Motif (TRIM) 25 enabled to regulate antiviral
innate immunity can bind to RNA, leading to uncover new mechanism
by which this molecule regulates intracellular signaling and/or RNA
virus replication [12]. Common features possess that enveloped viruses
enter cells by membrane-fusion protein on the surface, fusion
glycoprotein on metastable prefusion and interactions with neutralizing
antibodies. Implications for immunogen design of next-generation
vaccines have been shown from the results that stable immunogens
presenting the same antigenetic sites as the labile wild-type proteins
efficiently elicit potently neutralizing antibodies [13].

Zinc-Finger Protein

Interferon Induced Transmembrane Proteins (IFITMs) inhibit the
cellular entry of a broad range of viruses that IFITM-mediated
restriction requires recognition of viral RNA elements, in which the
IFITMs can inhibit the viral entry of IAV (Influenza A Virus), HCV,
Ebora virus, SARS Coronavirus, Dengue virus, Zika virus and HIV-1
[14]. In addition, interferon-stimulated genes serve as enhancers of
antiviral innate immunity [15]. The novel EBV-induced Zinc Finger
Gene (ZNFEB) including its intronless locus and human protein
variants, controls entry and exit from cell cycling in activated
lymphocytes [16].

The designed polydactyl Zinc-Finger Protein (ZNF) is prepared
consisting HIV-1 type integrase fused to the synthetic zinc finger
protein E2C that the integrase-E2C fusion proteins offer an efficient
approach and a versatile framework for directing the integration of
retroviral DNA into a predetermined DNA site [17]. The ZNF
ZCCHC3 binds RNA and facilitates viral RNA that ZCCHC3 is a co-
receptor for the Retinoic Acid-Inducible Gene-1 (RIG-1) and antigen
MDAG5 which is critical for RIG-1 like receptor (RLR)-mediated innate
immune response to RNA virus [18]. Artificial ZFNs strongly block
both Spl-cyclin T1-dependent transcription and Tat-dependent
transcription of HIV-1 [19]. ZNF Tsipl that the candidate genes
encoded Tsil-interacting protein 1 (Tsipl), a ZNF Tsipl strongly
interacted with CMV 2a protein, controls Cucumber Mosaic Virus
(CMV) RNA replication [20].

Zinc-Finger Antiviral Protein

Zinc-Finger Antiviral Protein (ZAP) controls virus entry, DNA/RNA
replication and spreading against viral infection. ZAP specifically
inhibits the replication of certain viruses and promotes viral RNA
degradation [21]. ZAP may regulate DNA and RNA virus replication.
Inhibition of bacterial DNA replication during nitrosative stress is
accompanied by zinc mobilization [22]. ZAP inhibits Retroviral RNA
production [23] and ZAP inhibits HIV-1 infection by promoting the
degradation of specific viral mMRNAs [24]. The ZAP in first steps of
HCV infection may be used as entry inhibitor [25]. ZAP inhibits alpha
virus replication that elucidation of the antiviral mechanism by which
ZAP inhibits Sindbis Virus (SINV) translation may lead to the
development of agents with broad activity against alpha viruses [26].
The ZAP also inhibits IAV protein expression, in which suggests an
important role of ZAP in the host effort to control 1AV infection and
the importance of the threat of ZAP to the virus [27]. The host cell
restriction factors that limit AV have been investigated [28].

Hence, ZAPs inhibit viral entry, DNA/RNA replication and spreading
that ZAP regulates virus infection with degradation of specific viral
mRNA. Furthermore, this ZAP could probably inhibit the HCoVs that
to date, the six known HCoVs have been identified, namely HCoV-
229E, HcoV-NL63, HCoV-0C43, HCoV-HKU1l, SARS-CoV and
Middle East respiratory syndrome corona-virus (MERS-CoV),
subsequent phylogenetic studies pointed to the bat origin of SARS-
CoV based on sequences of SARS-like virus found in bats [29].
Replication of SARS-CoV requires proteolytic processing of the
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replicase polyprotein by two viral cystein proteases, a chymotrypsin-
like protease (3CLpro) and a Papain-Like Protease (PLpro).

This PLpro is important for development of antviral drug that would
inhibit viral replication and reduce mortality associated with outbreaks
of SARS-CoV that a model of PLpro in complex with ubiquitin
aldehyde reveals well defined sites within the catalytic cleft that help to
account for strict substrate-recognition motifs [30]. The MERS-CoV
PLpro Blocking Loop 2 (BL2) structure differs from that of SARS-
CoV PLpro, where it has been proven to play a crucial role in SARS-
CoV PLpro inhibitor binding that inhibitor recognition specificity of
MERS-CoV PLpro may differ from that of SARS-CoV PLpro. In
addition, inhibitory activity, of this compound was selective for SARS-
CoV and MERS-CoV PLpro enzymes over two human homologues
and the ubiquitin C-terminal hydrolases [31]. The papain-like protease
1 (PL1pro) domain is present in nonstructural protein 3 (nsp3) of
alphacoronaviruses and subgroup 2a beta coronaviruses and the
papain-like protease 2 (PL2pro) is present in SARS-CoV.

In combination with the prior characterization of PL2pro from other
alpha corona-viruses of human coronaviruses 229E, NL63, these
viruses employ two PLpros with overlapping specificities toward both
viral and cellular substrates [32]. The ZAP could regulate RNA virus
degradation of SARS-CoV's and MERS-CoV's RNA virus. Zn*" ions
are capable of inhibiting PLpro activity and the zinc conjugates to
inhibit SARS-CoV PLpro activity that targeting PLpro with antiviral
drug may have an advantage in not only inhibiting viral replication but
also inhibiting the dysregulation of signaling cascades infected cells,
leading to cell death [33]. Zn?" inhibits coronavirus and arterivirus
RNA polymelase activity and zinc ionophores block the virus
replication that the combination of Zn** and pyrithione at low
concentrations inhibits the replication of SARS-CoV and arterivirus
RNA [34].

High zinc ion concentration and the addition of compounds that
stimulate cellular import of zinc ions were found to inhibit the
replication of various RNA virus, influenza viruses, respiratory
syncytial virus and coronaviruses [34]. Further, zinc conjugated
complexes as SARS-CoV 3C-like protease inhibitors play important
role for this Zn?*-centered coordination pattern that the zinc-
coordinating inhibitor is tetrahedrally coordinated to the His40-Cys147
catalytic dyad of CVB3 3Cpro [35,36]. ZAP' stress with antiviral
activity and induced virus replication are regulated upon virus infection
to inhibit virus spread [37]. ZAP-70 kinase regulates HIV cell-to-cell
spread that HIV usurps components of the immunological synapse
machinery to ensure its own spread through cell-to-cell contacts [38].
An understanding of viral cell-to-cell transmission spreading will
enhance our ability to intervene in the efficient spreading of viral
infection [39].

Zinc-Binding Domain

A novel Zinc-Binding Domain (ZBD) is essential for formation of the
functional Junin virus envelope glycoprotein complex that the envelope
glycoprotein of the Junin arenavirus (GP-C) mediates entry into target
cells through a pH-dependent membrane fusion mechanism, in which
this unusual motif may act to retain a cleaved 58-amino-acid Stable
Signal Peptide (SSP) for its role in modulating membrane fusion
activity [40]. Entry of the virus into the host cell is mediated by the
viral envelope glycoprotein, GPC that SSP was retained in GPC
through interaction with a ZBD in the cytoplasmic tail of
transmembrane fusion of G2 subunits that Junin virus ZBD displays a
novel fold containing two zinc ions, in which the structural basis for
retention of the unique SSP submit suggests a mechanism whereby
SSP is positioned in the GPC complex to modulate pH-dependent
membrane fusion [41]. Complex ZBD regulates replicative alterivirus
helicase and controls mRNA decay helicase [42]. Viral inhibitor p53
down-regulates SARS-CoV replications that p53 inhibits replication of
infectious SARS-CoV as well as of replicons and human coronavirus
NL63. Hence, HCoVs antagonize the viral inhibitor p53 via stabilizing

RCHY1 and promoting RCHY 1-mediated p53 degradation [43]. Zinc-
binding status having Zn?* ions-centered coordination structure could
serve as the development of potential drugs for SARS therapies. A
complex zinc finger ZBD modulates the enzymatic activities of
coronaviridae-Nidovirus helicases, leading that the ZBD is critically
involved in nidovirus replication and transcription [44].

Enveloped viruses enter cells and initiate disease-causing cycles of
replication that in all cases virus-cell fusion is executed by one or more
viral surface glycoproteins denoted as the fusion protein, in which the
structure and mechanisms on viral membrane fusion protein are
important problems [45]. The membrane fusion reaction, membrane
interaction, conformational changes of specialized virus envelope
proteins and refolding reactions of specific fusion proteins can mediate
both virus-cell fusion leading to infection and pathological cell-cell
fusion, in which they are increasingly viewed as targets for antiviral
intervention [45]. Thus, the virucidal activities of zinc-finger antiviral
proteins for virus entry, replication and spread are represented in Table
1.

zn”* Anti-viral activity of ZAP in entry, replication and
ions spread
Zn™ Adsorption/Entry DNA/RNA Replication, Spread

—7Zn**, 0", H,0, | — zn®*, -0%, H,0, NO
+EBV-induced zinc + ZAP inhibits entry of Sindbis
finger gene ZNFEB virus, HCV

controls entry and - IFTMs as cellular entry

exit inhibitor

+ZBD prevent viral - ZAP inhibits replication of
entry and GPC MLV

inhibit activate +ZAP-mediated RNA
membrane fusion degradation
-Zn-metalloprotease | . zinc finger: virus decay
inhibits entry and - Zinc finger proteinE2C; viral
cell-cell fusion DNA specific sites

- Zinc finger protein

Tsip1;Cucumber mosaic virus

(CMV) RNA replication

- Artificial zinc finger fusion;

HIV-1 transcriptions

- Zinc-conjugated complexes as

SARS- CoV 3C-like protease

inhibitors

+Combination of Zn2+ and

pyrithione against SARS-CoV

- Zinc-coordinatng inhibitor as

SARS- CoV

+ZAP inhibits HIV, SINV spread

Table 1: Virucidal activity of zinc-finger antiviral proteins for virus
entry, replication and spread.

Accordingly, anti-viral activities of ZNF, ZAP and ZBD are recognized
by which Zn*" ions bind RNA and facilitates viral RNA that is critical
for RIG-1 like receptor (RLR)-mediated innate immune response to
RNA virus and highly diverse fusion proteins have converged on the
same overall strategy to mediate a common pathway of membrane
fusion, causing to lead enhancement of the anti-viral activity.

Conclusion

The ZNFEB controls entry and exit from cell cycling in activated
lymphocytes. The designed polydactyl ZNF is prepared consisting
HIV-1 type integrase fused to the synthetic zinc finger protein E2C.
ZAP inhibits virus entry, replication and spread of certain viruses and
an understanding becomes necessary for ZAP-mediated viral RNA
degradation. ZAP inhibits the replication of certain viruses, regulates
DNA and RNA virus replication and promotes viral RNA degradation.
The ZAP also inhibits AV protein expression, Retroviral RNA
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production and HIV-1 infection by promoting the degradation of
specific viral mRNAs. Further, the ZAP may regulate RNA virus
degradations of HCoV, SARS-CoV's and MERS-CoV's RNA virus.
HCoVs are known as respiratory pathogens that HCoVs play only a
minor role in causing gastrointestinal illness in children year old.

The six known HCoVs have been identified, namely HCoV-229E,
HCoV-NL63, HCoV-0OC43, HCoV-HKU1, SARS-CoV and MERS-
CoV. Zn** ions are capable of inhibiting PLpro activity and the zinc
conjugates to inhibit SARSCoV PLpro activity that targeting PLpro
with antiviral drug may have an advantage in not only inhibiting viral
replication but also inhibiting the dysregulation of signaling cascades
infected cells, leading to cell death. Zn*" inhibits coronavirus and
arterivirus RNA polymelase activity and zinc ionophores block the
virus replication. That the combination of Zn?* and pyrithione at low
concentrations inhibits the replication of SARS-CoV and arterivirus
RNA. Zinc-conjugated complexes as SARS-CoV 3C-like protease
inhibitors play important role for this Zn?*-centered coordination
pattern that the zinc-coordinating inhibitor is tetrahedrally coordinated
to the His40-Cys147 catalytic dyad of CVB3 3Cpro.

ZAP's stress with antiviral activity and induced virus replication are
regulated upon virus infection to inhibit virus spread. ZAP-70 kinase
regulates HIV cell-to-cell spread that HIV usurps the immunological
components to ensure its own spread through cell-to-cell contacts. A
novel ZBD is essential for formation of the functional Junin virus
envelope glycoprotein complex. Entry of the virus into the host cell is
mediated by the viral envelope glycoprotein, GPC that SSP was
retained in GPC through interaction with a ZBD in the cytoplasmic tail
of transmembrane fusion of G2 subunits that Junin virus ZBD displays
a novel fold containing two zinc ions, in which the structural basis for
retention of the unique SSP submit suggests a mechanism whereby
SSP is positioned in the GPC complex to modulate pH-dependent
membrane fusion.

Complex ZBD regulates replicative arterivirus helicase and controls
mRNA decay helicase. Thus, ZNF, ZAP and ZBD specifically inhibit
virus entry, replication and spread of many viruses. The host-virus
interaction, conformational changes of specialized virus envelope
proteins and refolding reactions of specific fusion proteins in an
essential steps entry, replication and spread of enveloped virus life
cycle have been worthy of remark in fascination that these diverse viral
fusion protein could be used in next-generation for therapeutic
intervention in arenaviral disease. Complex ZBD regulates replicative
alterivirus helicase and controls mMRNA decay helicase. Viral inhibitor
p53 down-regulates SARS-CoV replications that p53 inhibits
replication of infectious SARS-CoV as well as of replicons and human
coronavirus NL63.

Hence, HCoVs antagonize the viral inhibitor p53 via stabilizing
RCHY1 and promoting RCHY1-mediated p53 degradation. Enveloped
viruses enter cells and initiate disease-causing cycles of replication that
in all cases virus-cell fusion is executed by one or more viral surface
glycoproteins denoted as the fusion protein, in which the structure and
mechanisms on viral membrane fusion protein are important problems.
Accordingly, virucidal activities of ZNF, ZAP and ZBD are recognized
by which Zn®* ions bind RNA and facilitate viral RNA that is critical
for RLR-mediated innate immune response to RNA virus and highly
diverse fusion proteins have converged on the same overall strategy to
mediate a common pathway of membrane fusion, causing to lead
enhancement of the anti-viral activity.
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