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Abstract

Zinc-dependent autolysin amidase induced bacterial vaccine may construct to be designed for 
AmiA, AmiB, and AmiC against Escherichia coli, and LytA against Streptococcus pneumoniae. 
The zinc-dependent autolysin endopeptidase induced vaccine may be considered for D, 
D-endopeptidase regulation against Gram-negative Vibrio cholerae. The zinc-dependent 
autolysin carboxypeptidase B1 induced vaccine also appears to be effective for TBVs against 
malaria eradication. The anti-bacterial vaccine activity of released Zn2+ ion occurs by zinc-
mediated autolysin induced bacteriolysis.

The ability to create ZFN vaccine that can prevent and eliminate persistent viral infections 
is a long way from being realized. The efficacies by available LAV, live-attenuated rotavirus, 
influenza, and varicella zoster vaccines are strong incentive to redouble efforts to improve the 
safety characteristics of this type of vaccine. Vaccines for numerous infectious diseases have 
been developed using whole inactivated virions. ZOTENs prevent HSV-2 infection and disease 
with providing a platform for virus capture and presentation of neutralized virions. The anti-
viral vaccine activity may arise by zinc-mediated adapted immunity, viral apoptosis and death.

ZNF165 is novel cancer testis antigen capable of eliciting humoral immune response. ZNF165 
induced HCC vaccine could be achieved as involved in tumor biology. ZMCs cancer vaccines 
have small molecular metal ion chelators and can be developed as the cancer therapeutics. 
MMP-2 may play a key role in angiogenesis and tumor growth that the vaccine based on 
chicken homologous MMP-2 as a model antigen could induce both protective and therapeutic 
antitumor immunity. The anti-cancer vaccine activity may result by inhibition of tumor 
development, subsequently arising in the increase of cell-mediated immunity, and tumorous 
necrosis cell death. Hence, these novel targeted cancer therapeutics will be applied to cancer 
or tumor vaccine in future.

Keywords

Zinc-binding PGN autolysin, ZFN, Virus vaccine, ZOTEN, MMP, Cancer or tumor vaccine

Abbreviations

APC: Antigen Presenting Cell; CPBAs1: Carboxypeptidase B of Anopheles Gambiae Proteins; DCs: 
Dendritic Cells; EMT: Mesenchymal Transition; GAS: Group A Streptococcus, HCC: Hepatocellular



• Page 2 of 7 •Ishida. Int J Biotechnol Biomater Eng 2019, 1:003

ISSN: 2631-5009

|

Citation: Ishida T (2019) The Efficacy of Zinc(II) Ions for Bacteria, Viruses, and Cancers Vaccines. Int J Biotechnol Biomater Eng 1:003

Introduction
Hydrolysis and degradation activities of Zn2+ ions 

have been investigated for bacteriolyses of bacte-
rial cell walls, viral protein and RNA degradations, 
and regulation of cancer/tumor cell growth [1]. Zn2+ 
ions-mediated hydrolytic and degradative functions 
for bacteria are due to bacteriolyses and destruc-
tions of bacterial cell walls by the inhibitions of PGN 
elongation owing to activated peptidoglycan (PGN) 
autolysins. Zn2+ ions-mediated degradative function 
for viruses is viral protein hydrolysis, viral mRNA 
degradation, and bacteriophage viral-endolysins, 
by that Zn2+ ion inhibits HIV-1 by recruiting the 5’ 
and 3’ mRNA degradation, specifically promotes 
the degradation of multiply spliced HIV-1 m-RNAs. 
Zinc selectively and markedly down-regulated non-
structural protein levels by increasing protein deg-
radation. Furthermore, Zn2+-mediated hydrolyzing 
and degrading function for cancer cell is related to 
protea some and autophage that leads to cancer 
and tumor cell death, Zn2+ ions inhibit malignant tu-
mor proliferation and metastasis, and zinc complex 
and zinc chelation that have important roles for 
anticancer/tumor apoptotic death. Thus, these hy-
drolysis and degradation methods have being now 
noteworthy under the hydrolase enzymic develop-
ment for bactericidal, virucidal, and cancerous cell 
death [1].

Zinc can inhibit apoptosis induced by both 
chemical and death-receptor agonists. Apoptotic 
effects of zinc because zinc is reported to both 
induce apoptosis in some cancers and to protect 
other cancer cells against apoptosis induced 
by other factors. Zinc played a key role in the 
regulation of epithelial to mesenchymal transition 
(EMT) and metastatic behaviors that zinc-induced 
EMT increases the intracellular superoxide anion 
and induces EMT phenotypes in lung cancer cells by 
up-regulating of EMT markers and down-regulating 
of E-cadher in protein. Zn2+ ions promote hydrolysis 
of RNA and protein. Zinc ion-dependent hydrolysis 
of RNA cleaves RNA that Zn2+-promoted cleavage 

was observed to be considerably more sensitive to 
the secondary structure of the chain [2].

The progress in the vaccine development is 
closely related with the progress in immunology 
and avoiding disease from the vaccine itself. The 
immunogenicity of zinc finger nuclease (ZFN) 
vaccines can be controlled by temporal and spatial 
regulation of zinc finger (ZF) expression to balance 
viral protein expression with the ability of the ZFNs 
to eliminate all replication-competent viral DNA 
[3]. By controlling viral replication temporally or 
spatially, a strong, natural immune response can 
be elicited before the virus is eliminated that these 
may be particularly useful approaches for designing 
vaccines against persistent or latent viruses, as 
ZFNs and miRNAs lead to the elimination of all viral 
DNA or RNA, thus preventing chronic infection [3].

Streptococcus pyogenes, known as group A 
streptococcus (GAS), is a human pathogen that 
causes a variety of clinical manifestations, and 
disease prevention is hampered by lack of a 
human GAS vaccine, in which an immunization of 
mice with the extracellular component of the zinc 
importer confers protection against systemic GAS 
challenge and a similar struggle for zinc may occur 
during other streptococcal infection [4]. Thus, it is 
of importance that availability of these hydrolysis, 
degradation, and surface death-receptor is applied 
to Zn-mediated infectious vaccine and vaccination. 
Zinc-mediated infectious vaccine is unknown only 
the beginning with because the vaccinology is not 
yet established.

In this mini-review, firstly, the effect of zinc(II) 
on zinc-binding peptidoglycan (PGN) autolysin 
induced enhancement of anti-bacterial vaccine has 
been investigated. Secondly, zinc-mediated anti-
viruses vaccine and zinc-dependent anti-cancer or 
anti-tumor vaccine have been investigated. Lastly, 
the efficacy of Zn2+ ions for zinc-mediated infectious 
and cancerous vaccines has been discussed.

Carcinoma; HIV: Human Immunodeficiency Virus; hMPV: Human Metapneumovirus; 
LAIV: Live Attenuated Influenza Vaccine; LAV: Live Attenuated Virus; MIBR: Most Probable 
Immunoprotective B-cell Epitope Regions; MMP: Matrix Metalloproteinase; PGN: Peptidoglycan; 
PSP: Plasmid Stabilization Protein; PRRSV: Porcine Reproductive and Respiratory Syndrome 
Virus; RSV: Respiratory Syncytial Virus; TALENs: Transcription Activator-like Effector Nucleases; 
TBV: Transmission-Blocking Vaccine; Th: T Helper; TG: Transglycosylase; TP: Transpeptidase; 
ZBL: Zinc Binding Lipoprotein; ZF: Zinc Finger; ZFAs: Zinc Finger Arrays; ZFN: Zinc Finger Nuclease; 
ZNF: Zinc-Finger Protein; ZMCs: Zinc Metallochaperones; ZOTENs: ZnO Tetrapod Nanoparticles
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cell walls due to activated bacterial PGN autolysins 
through Zn2+ ions induction.

Zinc-Mediated Vaccine Development against 
Viruses

The ability to create a zinc finger nuclease 
(ZFN) vaccine that can prevent and eliminate 
persistent viral infections is a long way from being 
realized, in which the efficacies by available live, 
attenuated virus (LAV), live-attenuated rotavirus, 
influenza, and varicella zoster vaccines are strong 
incentive to redouble efforts to improve the safety 
characteristics of this type of vaccine [3]. Vaccines 
for numerous infectious diseases have been 
developed using whole inactivated virions.

The inhibition of zinc binding activity of human 
metapneumovirus (hMPV) M2-1 protein can lead to 
the development of novel, live attenuated vaccines 
as well as antiviral drugs for pneumoviruses [11]. 
Identified hMPV as an important causative agent 
of acute respiratory diseases in infants is studied, 
the elderly, and there are currently no licensed 
therapeutics or vaccines against hMPV, in which 
new approaches for immunization and therapy are 
obtained against human metapneumovirus [12].

The CCHH zinc finger motif provides a critical 
determinant for virulence in mouse and mutations 
in the CCHH motif yield potential vaccine candi-
dates for the development of live species-specific 
attenuated influenza virus vaccines [13]. The live 
attenuated influenza vaccines (LAIVs) are attracting 
attention as an effective strategy due to several ad-
vantages over inactivated vaccines [14]. Zinc finger 
reactive compounds also inactivate retroviruses by 
targeting the zinc finger motif in their nucleocapsid 
proteins. These compounds are effective against 
respiratory syncytial virus (RSV) that AT-2-inacti-
vated RSV vaccine may not be enough to produce 
a highly-efficacious inactivated virus vaccine which 
does not lead to an atypical disease [15].

Zinc sulfate has no effect in level of immunity 
among elderly and zinc may stimulate antibody re-
sponse in the non-responders to recombinant hep-
atitis B vaccine. The effect of zinc sulfate on sero-
conversion after a simple method vaccination had 
been identified that accelerated HB vaccination 
can shorten duration of immunization of this clini-
cal trial for showing its effectiveness [16]. A human 
papillomavirus type 16 E7 DNA vaccine indicated a 
significantly stronger E7-specific cytotoxic T-lym-

Zinc-Mediated Vaccine Development against 
Bacteria; Zinc-dependent Autolysins Ami-
dase/Endopeptidase/Carboxypeptidase In-
duced Bacterial Vaccine Inactivation

In the molecular structure of S. aureus PGN 
cell wall, there are action sites of transglycosylase 
(TG) and transpeptidase (TP) mainly on thick 
PGN layer. The TG is the synthetic enzymes of 
N-acetylglucosamidase cleavage between NAG 
(N-acetylglucosamine) and NAM (N-acetylmuramic 
acid), and N-acetylmuramidase cleavage between 
NAM and NAG on glycan chain. The TP is the 
synthetic enzyme cleavage between Glycine and 
D-alanine on PGN crosslinking. The other, there 
are PGN autolysins of N-acetylmuramyl-L-alanine 
amidase cleavage, DD-endopeptidases cleavages 
between Glycine and Glycine on pentaglycine (Gly) 
5, and in addition, lysostaphin cleavage between 
Glycine and Glycine on PGN cross-linking [5]. 
PGN autolysins are bacterial autolysins such as 
amidase, endopeptidase, and carboxypeptidase, 
play bacteriolytic destructions of bacterial cell 
walls due to inhibition of PGN elongation. The 
zinc-binding autolysin induced vaccine design is 
considered against bacteria. Autolysin, zinc binding 
lipoprotein (ZBL), and plasmid stabilization protein 
(PSP) were already identified as pneumococcal 
surface proteins able to elicit protection against 
S. pneumoniae serotype 19F and their most 
probable immunoprotective B-cell epitope regions 
(MIBRs) were determined that the chimerical 
antigen composed of conserved MIBRs is a suitable 
vaccine candidate, which can elicit protection 
against common pneumococcal serotypes [6]. Zinc 
dependent autolysin amidase induced bacterial 
vaccine may construct to be designed for AmiA, 
AmiB, and AmiC against Escherichia coli [7], and 
LytA against Streptococcus pneumoniae [8]. Zinc 
dependent autolysin endopeptidase induced 
bacterial vaccine may be considered for D, 
D-endopeptidase regulation against Gram-negative 
Vibrio cholerae [9]. Zinc-dependent autolysin 
carboxypeptidase B1 induced bacterial vaccine also 
appears to be effective for transmission-blocking 
vaccines (TBVs) against malaria eradication that 
carboxypeptidase B of Anopheles gambiae proteins 
(CPBAs1) could be introduced as a TBV candidate 
in regions where A. stephensi is the main malaria 
vector [10]. Thus, Zn2+ ion induced anti-bacterial 
vaccine activity occurs by bacteriolysis of bacterial 
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phocyte induction and better antitumor protection 
[17].

Zinc finger nucleases (ZFNs) can specifically and 
efficiently excise HIV-1 proviral DNA from latently 
infected human T cells, the resulting from HIV-1-
infected human primary T cells and latently infected 
T cells treated with the inducible ZFNs validated 
that proviral DNA can be excised [18]. The regulated 
ZFNs in the presence of HIV-1 Tat may provide a 
safer and novel genome-editing technology for 
eradicating HIV-1 proviral DNA from infected host 
cells. ZFNs and transcription activator-like effector 
nucleases (TALENs) bear sequence-specific DNA-
binding modules that recognize HIV DNA sequences 
[19]. Therapeutic-potential of ZFNs and zinc finger 
arrays (ZFAs) is confirmed with unique specificity to 
HSV-2 the genome which ZFNs with specificity to 
HSV-2 genomic DNA are precursors of novel host 
genome expressed HSV-2 gene-therapeutics or 
vaccines [20].

Higher levels of dietary zinc oxide (ZnO) levels 
could not provide enhanced protection against 
porcine reproductive and respiratory syndrome 
virus (PRRSV) vaccine and infection that have 
the potential to stimulate or modulate systemic 
immune responses after vaccination [21]. In the 
synthesized ZnO tetrapod nanoparticles (ZOTENs), 
ZOTENs prevent HSV-2 infection and disease that 
ZOTEN provides a platform for virus capture and 
presentation of neutralized virions to mucosal 
antigen presenting cell (APCs), for initiating and 
boosting adaptive immunity which provides the 
novel evidence for the protective efficacy of an 
intravaginal microbicide/vaccine or microbivac 
platform against primary and secondary female 
genital herpes infection [22]. These anti-viruses 
vaccines mechanism is indicated that the vaccine 
activity of released Zn2+ ions from zinc solutions and 
ZnO NPs, may occur by Zn2+ ion-induced adapted 
immunity, viral apoptosis and death.

Zinc-Mediated Vaccine Development against 
Tumor Cell

Therapeutic cancer vaccines are designed to 
generate a targeted, immune-mediated antitumor 
response, but a tough challenge for the majorities 
of tumor vaccines is the self-nature of tumor anti-
gens that the antigen formulation is essential for 
a vaccine to be effective [23]. More recently, the 
concept of vaccination has been developed into 

a potentially novel strategy to treat and prevent 
cancer formation, progression, and spread that 
with more anti-cancer vaccines currently in devel-
opment, they can eventually become routine tools 
used in the treatment and prevention of cancer in 
the future [24]. Next generation cancer vaccines 
are combining immune check point inhibitors to 
overcome the immune-suppressive microenviron-
ment and personalized cancer vaccines for direct-
ing the host immune system against the chosen 
antigens [25].

Zn homeostasis impacts maturation of dendrit-
ic cells (DCs) that are important in shaping T cell 
response, in which Zn shapes the tolerogenic po-
tential of DCs and promotes Tregs in regulatory T 
cell (Treg)-Th (T helper)17 balance during fungal 
infection [26]. These DCs are required for anti-can-
cer vaccine with genetic modification and combina-
tion with other strategies including adoptive T-cell 
transfer [27]. Hierarchical Cu- and Zn-buds dressing 
γ-AlOOH mesostrands, which are oriented in ran-
domly wrinkled matrice, are suitable platforms as 
novel adjuvants for immunotherapy that alum is 
only licensed adjuvant by USA drug administration 
used in many human vaccines, and alum hardly in-
duces T helper 1 (Th1) immune responses that are 
required for anti-tumor immunity [28].

Zinc-finger protein ZNF165 is a novel cancer-
testis antigen capable of eliciting humoral immune 
response and be involved in tumor biology that 
ZNF165 induced hepatocellular carcinoma (HCC) 
vaccine could be achieved [29]. A new class of 
mutant p53 called Zinc metallochaperones (ZMCs) 
is developed as the cancer therapeutics and cancer 
vaccines which ZMCs are small molecular metal ion 
chelators that bind zinc and other divalent metal 
ions strong enough to remove zinc from serum 
albumin, but weak enough to donate it to mutant 
p53 [30].

In particular, MMP-2 including matrix metal-
loproteinase (MMP) family may play a key role in 
angiogenesis and tumor growth that the vaccine 
based on chicken homologous MMP-2 as a mod-
el antigen could induce both protective and thera-
peutic antitumor immunity [31]. A vaccine strategy 
for cancer therapy may be provided through the 
induced autoimmune response against MMP-2 by 
the immunization with the single xenogeneic ho-
mologous MMP-2 gene, in which MMP-2 induced 
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provide enhanced protection against PRRSV vac-
cine and infection that have the potential to stim-
ulate or modulate systemic immune responses af-
ter vaccination. The synthesized ZOTENs prevent 
HSV-2 infection and disease. ZOTEN provides the 
novel evidence for the protective efficacy of an in-
travaginal microbicide/vaccine or microbivac plat-
form against primary and secondary female genital 
herpes infection. The anti-viral vaccine activity may 
arise by zinc-mediated adapted immunity, viral 
apoptosis and death.

(3) Zinc-finger protein ZNF165 is a novel cancer-
testis antigen capable of eliciting humoral immune 
response and ZNF165 induced HCC vaccine could be 
involved and achieved in tumor biology. ZMCs are 
developed as the cancer therapeutics and cancer 
vaccines which ZMCs are small molecular metal ion 
chelators that bind zinc and other divalent metal 
ions strong enough to remove zinc from serum 
albumin, but weak enough to donate it to mutant 
p53. MMP-2 may play a key role in angiogenesis 
and tumor growth that the vaccine based on 
chicken homologous MMP-2 as a model antigen 
could induce both protective and therapeutic 
antitumor immunity. Hence, a vaccine strategy 
for cancer therapy may be provided through the 
induced autoimmune response against MMP-2 
by the immunization with the single xenogeneic 
homologous MMP-2 gene. MMPs11 also as a 
novel target antigen for cancer immunotherapy 
are zinc-dependent endopeptidases with matrix 
degradation, tissue remodeling, inflammation, and 
tumor metastasis. Released Zn2+ ions induced anti-
cancer vaccine activity could result by inhibiting 
tumor development, an autolysin tumor tissue 
which may subsequently result in the cell-mediated 
immunity, tumorous necrosis and tumor cell death. 
Thus, these novel targeted cancer therapeutics will 
be applied to cancer or tumor vaccine in future.

Finally, in the development of these bacteria, 
viruses, and cancer vaccines, it is of importance 
that exciting vaccine research on zinc-mediated 
vaccinology may become essential for pursuing 
molecular biology.
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active immunogene therapy with cancer vaccine 
was apparently inhibited by the vaccination with 
MMP-2 [31]. MMPs11 also as a novel target anti-
gen for cancer immunotherapy are zinc-dependent 
endopeptidases with matrix degradation, tissue 
remodeling, inflammation, and tumor metastasis, 
in which the identification of MMPs11 as a novel 
broadly expressed tumor associated antigen as tar-
get candidate for cancer immunotherapy and can-
cer vaccine [32]. These cancer vaccine mechanism 
shows that released Zn2+ ions induced anti-cancer 
vaccine activity could result by inhibiting in vivo tu-
mor development using re-challenged LLC cells in 
combination with an autolysin tumor tissue which 
may subsequently result in an increase in the de-
gree of secretion of cytokines such as tumor ne-
crosis factor (TNFα) and interferon (IFNγ), in the 
increase in cell-mediated immunity, and tumorous 
necrosis and tumor cell death. Thus, these novel 
targeted cancer therapeutics will be applied to can-
cer or tumor vaccine in future.

Conclusions
(1) Zinc-dependent autolysin amidase induced 

bacterial vaccine may construct to be designed 
for AmiA, AmiB, and AmiC against Escherichia 
coli, and LytA against Streptococcus pneumoniae. 
Zinc-dependent autolysin endopeptidase induced 
vaccine may be considered for D, D-endopeptidase 
regulation against Gram-negative Vibrio cholerae. 
Zinc-dependent autolysin carboxy-peptidase B1 
induced vaccine also appears to be effective for 
TBVs against malaria eradication. The anti-bacterial 
vaccine activity occurs by zinc-mediated autolysin 
induced bacteriolysis of bacterial cell walls.

(2) The ability to create a ZFN vaccine that can 
prevent and eliminate persistent viral infections is 
a long way from being realized, in which the effi-
cacies by available LAV, live-attenuated rotavirus, 
influenza, and varicella zoster vaccines are strong 
incentive to redouble efforts to improve the safe-
ty characteristics of this type of vaccine. Identified 
hMPV as an important causative agent of acute re-
spiratory diseases in infants is studied, the elderly, 
and there are currently no licensed therapeutics or 
vaccines against hMPV, in which new approaches 
for immunization and therapy are obtained against 
human metapneumovirus.

Higher levels of dietary ZnO levels could not 
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