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1. INTRODUCTION 

Sufficient availability of zinc is of particular 

importance to the immune system and 

vaccination. Zinc induced high immunology 

leads to vaccination that zinc could improve 

rotavirus vaccine (RV) immunologenicity by 

altering the intestinal microbiota and immune 

function [1]. Zinc ion solution is considered as 

vaccine solutions [2], containing ZnO 

nanoparticles solution [3] for virus vaccine. Zinc 

species of zinc sulfate, zinc acetate and zinc 

sulfate, and zinc sulfate for tetanus, cholera, and 

influenza diseases, respecti-vely, are used as zinc 

supplementation and vaccination with highly 

zinc-dependent functions of immune system [4]. 

However, the physiological effect on the immune 

system contributes significantly to the results 

observed in supplementation trial for different 

diseases, and in zinc excess, a balanced zinc 

homeostasis is crucial for either defending 

against invading pathogens or protecting the 

human body against an overreactive immune 

system causing auto-immune diseases, chronic 

inflammation or allergies [5]. Zinc is an essential 

trace element, and the human body has efficient 

mechanisms, both on systemic and cellular levels, 

to maintain homeostasis over a broad exposure 

range that the human body contains 2-3 g zinc 

which on the cellular level, 30-40% of zinc is 

localized in the nucleus, 50% in the cytosol and 

the remaining part is associated with membranes 

[6]. Apoptosis of zinc ions is accumulation of 

intracellular zinc, either as a consequence of 

exogenous administration or release from 

intracellular stores by reactive oxygen species 

(ROS), activates pro-apoptotic molecules like 

p38 and potassium channels, subsequently lead 

to apoptosis, necrosis, and cell death [6]. 
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Abstract: Zn2+ ions-associated hydrolytic and degradative activities (ZnAHDAs) for bacteria are due to 

bacteriolyses and destructions of bacterial cell walls by the inhibitions of peptidoglycan (PGN) elongation 

owing to activated PGN autolysins. ZnAHDAs for viruses are viral protein hydrolysis, viral mRNA degradation, 

and bacteriophage viral-endolysins. Especially, the striking characteristics for viral hydrolyzing and  

degrading activities are virus-induced mRNA degradation and bacteriophage-viral endolysins that these Zn2+ 

induced enzymes lead to viral apoptotic deaths. Furthermore, ZnAHDAs for cancer cell are proteasome and 

autophage that lead to cancer and tumor cell death, Zn2+ induced Zrt-, Irt-like protein 1 (ZIP1) that inhibits 

malignant tumor and proliferation, and zinc complex and zinc chelation that have important roles for 

anticancer/tumor apoptotic death. Thus, these hydrolysis and degradation method is now noteworthy under the 

hydrolase enzymes development for bactericidal, virucidal, and cancerous cell deaths. 
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Immunological effects of zinc ions are an 

immune regulatory influence. Zinc is known to 

have systemic effects such as regulation of the 

immune system as well as direct cellular effects 

resulting in regulation of gene expression [7], 

bioenergetics, signal transduction and cell 

invasion. The zinc effects are involved in the 

regulation of apoptosis in malignant cells and the 

effects on cancer cells must be viewed from the 

perspective of physiological regulation for zinc 

homeostasis [8]. Zinc complexes as bactericide, 

anti-virus, anti-tumor agents are used such as 

zinc nitrate Zn(NO3)2, zinc sulfate ZnSO4, and 

zinc oxide ZnO nanoparticles (ZnO NPs) [9].  

In this mini-review, in order to elucidate serious 

diseases, it is focused and discussed that Zn2+ 

ions promote bacteria-, viruses-, and tumors-

associated hydrolyzing and degrading enzyme 

activations and the resulting to lead to bacterial, 

viral, and tumor cell death.   

2. ZN
2+ IONS PROMOTE BACTERIA-ASSOCIATED 

HYDROLYZING AND DEGRADING 

Bacteriolysis against S. aureus peptidoglycan 

(PGN) cell wall by Zn2+ ions is due to inhibition 

of PGN elongation caused by regulation of PGN 

synthetic transglycosylase (TG) and 

transpeptidase (TP), and enhancement of the 

activation of PGN autolysins of amidases [10]. 

The other, bacteriolysis and destruction against E. 

coli cell wall by Zn2+ions are caused by the 

destruction of outer membrane structure due to 

degradative enzymes of lipoproteins at N- and C-

terminals, and by the inhibition of PGN 

elongation owing to inactivation of PGN TP 

synthetic enzyme endopeptidase and 

enhancement of the activations of PGN 

hydrolases and autolysins of amidase and 

carboxy-peptidase [10]. 

These characteristics is that the activated PGN 

autolysins are largely contributed for suppression 

and regulation of bacterial cell growth.   

3. ZN
2+

 IONS PROMOTE VIRUS-ASSOCIATED 

HYDROLYZING, DEGRADING, AND ENDOLYSIN; 

VIRUS RESTRICTION FACTOR, RNA 

DEGRADATION, AND HOST-CELL DEFENSE   

Virus restriction factors may be in presence of 

viral entry, viral DNA synthesis, intracellular 

movement of viral nucleic acids and viral gene 

expression. These restriction systems constitute 

newly appreciated components of an innate 

immunity that may be important for survival of a 

host exposed to virus infections which one of 

these restriction systems is selectively 

degradation of viral mRNA [11]. In general, 

RNA is degraded at the end of its useful life, 

which is long for a ribosomal RNA but very short 

for excised introns or spacer fragments that is 

closely regulated for most mRNA species. RNA 

molecules with defects in processing, folding, 

assembly with proteins are identified and rapidly 

degraded by the surveillance machinery [12]. 

Zinc finger antiviral protein (ZAP) specifically 

binds to the viral mRNA and recruits the cellular 

RNA degradation machinery to degrade the 

target RNA which for viruses to escape ZAP-

specific viral mRNA degradation, one intriguing 

possibility is that viruses might encode factors 

that either inactivate ZAP or block ZAP-

mediated RNA degradation [13]. The 

degradation is mediated by the viral RNA poly-

merase that associates with host RNA 

polymerase Ⅱ  (Pol Ⅱ ) that increased 

ubiquitylation of Pol Ⅱ  in infected cells and 

upon the expression of the viral RNA polymerase 

suggesting that the proteasome pathway plays a 

role in Pol Ⅱ  degradation [14]. ZAP also 

inhibits HIV-1 infection by promoting the 

degradation of specific viral mRNAs that 

overexpression of ZAP rendered cells resistant to 

HIV-1 infection in a ZAP expression level-

dependent manner, whereas depletion of 

endogenous ZAP enhanced HIV-1 infection [15]. 

Thus, depletion of each of these mRNA 

degradation enzymes reduced ZAP’s activity and 

ZAP inhibits HIV-1 by recruiting both the 5’ and 

3’ mRNA degradation machinery to specifically 

promote the degradation of multiply spliced 

HIV-1 mRNAs. Zinc mesoporphyrin (ZnMP) 

selectively and markedly down-regulated 

nonstructural 5A(NS5A) protein levels by 

increasing degra-dation of NS5A protein that 

ZnMP may hold promise as a novel agent to treat 

HCV infection [16]. Tripartite motif-containing 

protein 25 (TRIM25) also is required for the 

antiviral activity of ZAP that downregulation of 

endogenous TRIM25 abolished ZAP’s antiviral 

activity [17]. The TRIM25 is required for the 

antiviral activity of ZAP that down-regulation of 
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endogenous TRIM25 remarkably abolished 

ZAP’s activity. TRIM25 is required for ZAP 

optimal binding to target mRNA. Several 

mammalian viruses encode factors that broadly 

dampen gene expression by directly targeting 

mRNA that these factors promote mRNA 

degradation to globally regulate both host and 

viral gene expression, in which in some cases, 

there is a lack of selectively for degradation of 

host versus viral mRNA, indicating that the 

purposes of virus-induced mRNA degradation 

extend beyond redirecting cellular resources 

towards viral gene expression [18]. In addition, 

several antiviral pathways use RNA degradation 

as a vital restriction mechanism, and these host-

encoded ribonucleases target and destroy viral 

RNA [18]. RNA degradation in viral replication 

and antiviral defense leads to destroy viral RNA 

and restrict virus [19]. Virus-associated 

hydrolyzing and degrading may be applied to 

bacteriophage-viral endolysins. 

As described-above, the striking characteristics 

for viral hydrolyzing and degrading activities are 

virus-induced mRNA degradation and 

bacteriophage-viral endolysins that these Zn2+ 

induced enzymes lead to viral apoptotic deaths.      

4. ZN
2+

 IONS PROMOTE TUMOR-ASSOCIATED 

SERINE HYDROLYZING AND DEGRADING 

4.1. Degradation of Cancer Protein by Zn2+ 

Through Autophagy 

Normal cellular growth and development require 

a balance between protein synthesis and 

degradation. Eukaryotic cells have two major 

avenues for degradation: Proteasome and 

Autophagy [20]. Autophagy as self-eating is 

involved in the bulk degradation, in which 

autophagy is highly conserved homeostatic 

mechanism for the degradation and recycling of 

bulk cytoplasm, organelles, and long-lived 

proteins through the lysosomal machinery. While 

functional autophagy prevents tumor growth 

initiation, its pro-survival effect may allow 

transformed cells to resist against progression of 

diseases. Degradation of the mutant protein by 

Zn2+ ion mediated and induced autophagy lead to 

cell death in cancer cell line [21, 22] and 

activation of NKG2D ligands in tumor immunity 

[23]. Further, autophagy in tumor immune micro-

environment can affect immune responses inside 

the tumors. The autophagy in tumor cells play 

dual roles of immunoglobulins and immune-

related cells in tumor development [24]. 

4.2. Regulation of Apoptosis for Malignant 
Tumor/Inhibition of Proliferation 

Zinc ions can significantly contribute to the 

progression of tumor disease and to the ability of 

prostate cell lines to metastasize, where several 

compounds in order to be zinc-presence in the 

cancer cells act as an inhibitor of apoptosis [25]. 

It prevents both apoptosis dependent on caspases 

and oxidative necrosis. Consequently, these 

effects of zinc also impose anti-tumor action, in 

which the ability of prostate cells to accumulate 

zinc is due to the expression and activity of the 

zinc uptake transporter, ZIP1 as a tumor 

suppressor gene in prostate cancer [26].   

4.3. Zinc Complexes, Zinc Chelation as Anti-
Cancer High Activity 

Zinc compounds have many biological activities, 

including the ability to induce apoptosis in cancer 

cells. Zinc oxide nanoparticles are attributed to 

vital role in cancer eradiation, that an important 

advantage of the targeted tumor treatment is 

lowering the cyto- and genotoxicity of active 

substance [27].  MMPs remain a viable target 

for cancer therapeutics. The role of MMPs in 

cancer, clinical trials for MMP inhibitors, and 

novel approaches to targeting MMPs in cancer 

[28]. Clioquinol targets NF-kB and lysosome 

pathways independently, favoring further 

development of clioquinol as a novel anticancer 

agent [28]. The p53 pathway of rapid advances 

has been developed in small molecule protein-

protein interactions inhibitors, in which now 

increased understanding needed is p53 that is 

activated selects its response between reversible 

growth arrest apoptosis or senescence [29]. Zrt-, 

Irt-like protein (Zip) and zinc transporter (ZnT) 

or both zinc and metallothioneins (MTs) have 

important roles for anti-cancer activities of 

cancer and tumor cells [30]. These Zn 

compounds as multipurpose compounds, 

biological roles in homeostasis, proliferation and 

roles in immunity and in chronic diseases, such 

as cancer, brain tumor.  

These important results obtained above are that 

Zn2+ ion-mediated hydrolyzing and degrading 

highly activity for anticancer is found to be by 

proteasome and autophagy that an important 

advantage of the target tumor treatment is 
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lowering the genotoxicity of active substance. In 

addition, it makes use of a relatively new method 

termed activity-based proteomics to identity a 

protein with serine hydrolase activity that is an 

essential regulator of tumor cell growth and cell 

death which by using the functional approach, 

being able to identify a specific enzyme target 

that may serve as a valuable target for 

development of anticancer drugs. 

As described above, hydrolytic and degradative 

activities of Zn2+ ions for bacterial cell walls, 

host-viruses, and cancer/tumor cells are 

summarized in Table 1.

Table1. Hydrolytic and degrative activities of Zn2+ ions for bacterial cell walls, host-viruses, and cancer/tumor 

cells. 

Zn2+

ions 
Bacterial cell walls, Host-Viruses, and Cancer Cells 

 

 

 

Zn2+ 

 

 

 

 

 

 

 

 

 

 

Zn2+ 

 

 

 

 

 

 

 

 

 

 

 

Zn2+ 

Bacteria 

Prevention 

Gram-positive cell wall 

S. aureus PGN cell wall 

Zn2+ 

ions 

Gram-negative cell wall E.coli Outer 

Membrane, PGN Layer in Periplasmic 

Space  

Zn2+ 

 

 

Zn2+, ROS 

･ Teichoic acids are spatial 

regulators of biosynthesis of PGN 

cross-linking TP enzyme. 

･Bacteriolysis of PGN cell wall due 

to inhibition of PGN elongations 

and PGN autolysin activations. 

･ROS productions and the oxidative 

stress. 

Zn2+ Zn2+, ROS 

Destruction of outer membrane structure 

due to degradation of lipoproteins at N- 

and C-terminals, and bacteriolysis of the 

inhibition of PGN elongation owing to 

inactivation of PGN TP synthetic enzyme 

endopeptidase and enhancement of the 

activations of PGN auto-lysins of 

amidase and carboxypeptidase. 

Virus  

Prevention 

Entry and Uncoating Replication/Capsid 

Protein/DNA/RNA/mRNA 

Release and Budding 

Zn2+ 

･AZP prevents 

virus infection 

･15mM-ZnSO4 

prevent HIV 

infection 

Zn2+, ･O2
－, H2O2 

･Zn-metalloprotease inhibit 

entry and cell-cell fusion 

･Zn-binding degradation 

and enzyme 

･ Zn inhibition of virous 

uncoating 

Zn2+, iNOS, NO,･O2
－, H2O2 

･AZP: inhibition replication 

･ Zinc ejectors: inhibition of 

NC 

･Zn-finger-like motifs: damage 

nucleic acid,･Zinc finger: virus 

DNAs decay,･ROS production 

in viral replication and organelle 

･Oxidative stress in HCV 

Zn2+, iNOS, NO 

･ A central zinc ion 

coordinated by histidine: 

inhibits assembly  

･ Zinc fingers: inhibit 

release of non-infectious 

virus particles 

Cancer 

Prevention  

Progression and 

Malignant cell formation 

Angiogenesis 

Proliferation and 

Invasive growth, 

Angiogenesis 

Disseminative 

metastasis, 

Angiogenesis 

Zn2+ 

･Zinc-mediated 

cancer chemo-

prevention 

Zn2+ , O2
－, ･OH, H2O2 

･ Zn2+induced autophagy-

proteins degradation 

Zn2+ + 2(-SH)→Zn(Ⅱ) 

S-S- + 2H+ 

2O2
－ + 2H+ →H2O2 + O2 

H2O2 + e- → HO－ + ･OH 

Zn2+, O2
－, ･OH, H2O2 

･Zn2+induced autophagy- 

proteins degradation 

･ZnT/ZIP regulate 

 malignant tumor cell 

･Anti-angiogenesis 

Zn2+, O2
－, ･OH, H2O2 

･Zn2+induced anti- 

angiogenic effect  

through ROS 

･ MMPs through Zn2+ 

ion inhibit metastatic 

dissemination 

5. CONCLUSION 

For bacteria, Zn2+ ions promote activation of 

PGN-hydrolases and autolysins, and inhibition of 

PGN elongation, subsequently lead to 

bacteriolysis and destruction of bacterial cell 

walls. For viruses, depletion of each of these 

mRNA degradation enzymes reduced ZAP’s 

activity and ZAP inhibits HIV-1 by recruiting 

both the 5’ and 3’ mRNA degradation machinery 

to specifically promote the degradation of 

multiply spliced HIV-1 mRNAs. TRIM25 is 

required for the antiviral activity of ZAP that 

downregulation of endogenous TRIM25 

abolished ZAP’s antiviral activity. RNA 

degradation in viral replication and antiviral 

defense leads to destroy viral RNA and restrict 

virus. In addition, virus-associated hydrolyzing 

and degrading may be applied to bacteriophage-

viral endolysins.  
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Hydrolysis and degradation of cancer proteins by 

Zn2+ ions through autophagy, Zn-induced 

malignant tumor/ inhibition of proliferation, and 

zinc-complex and zinc chelation as anticancer 

high activity have an efficiency for the regulation 

of cancer and tumor cell growths. 

In summary, Zn2+ ions-associated hydrolytic and 

degradative activities (ZnAHDAs) for bacteria 

are due to bacteriolyses and destructions of 

bacterial cell walls by the inhibitions of PGN 

elongation owing to activated PGN autolysins. 

ZnAHDAs for viruses are viral protein 

hydrolysis, viral mRNA degradation, and 

bacteriophage-viralendolysins.  Furthermore, 

ZnAHDAs for cancer cell are proteasome and 

autophage that lead to cancer and tumor cell 

death, Zn2+ induced ZIP1 that inhibits malignant 

tumor and proliferation, and zinc complex and 

zinc chelation that have important roles for 

anticancer/tumor apoptotic death. Thus, these 

hydrolysis and degradation method is now 

noteworthy under the hydrolase enzymic 

development for bactericidal, virucidal, and 

cancerous cell deaths.      
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