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ABSTRACT

Bacteriolysis against Staphylococcus aureus peptidoglycan (PGN) cell wall by Ag* ions is due to inhibition of PGN elongation
caused by regulation of PGN synthetic transglycosylase and transpeptidase (TP), and enhancement of the activation of PGN
autolysins of amidases. The other bacteriolysis and destruction against Escherichia coli cell wall by Ag® ions are caused by
the destruction of outer membrane structure due to degradative enzymes of lipoproteins (LP) at N- and C-terminals and by the
inhibition of PGN elongation due to inactivation of PGN TP synthetic enzyme endopeptidase and enhancement of the activations
of PGN hydrolases and autolysins of amidase, peptidase, and carboxypeptidase. Ag* ions-mediated hydrolyzing and degrading
activity for antivirus functions by glycosyl hydrolase, viral neuraminidase (NA)/hemagglutinin, cell surface receptor, and the
viral degradation lead to virus destructions. Ag" ions-mediated hydrolyzing activity for anticancer occurs by AgNPs of small
size, autophage, and acid hydrolase amidases, and these results lead to the cause of tumor cell growth regulation or cancerous
cell death. Silver ions induced ROS generations to occur such as O, H,0,,» OH, and OH- producing in the bacterial cell wall,
host-virus, and cancerous cell, and lead to oxidative stress, and DNA damages. DNA damages may be due to linear coordinated
Ag" ion complex formations by Ag" substitution within double and triple hydrogen bonds in DNA base pairs.

Key words: Bacteriolysis, DNA base-pairs, hydrolase and degradation, PGN synthesis and autolysin, reactive oxygen species,
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INTRODUCTION

salts and silver nanoparticles (AgNPs) have been widely

noticed, should be sufficient to control the majority of
the bacterial pathogen, and are utilized as chemotherapy agents.
Particularly, AgNPs are associated with immune systems and
either act as immunostimulants or immunosuppressors.!
Released biologically active Ag* shows a strong affinity for
sulphydryl groups and other anionic ligands of proteins, cell
membranes, and debris that Ag* binds protein residues on cell
membranes of sensitive bacteria and is absorbed intracellularly
by pinocytosis of concentration of 60 ppm Ag" which Ag” binds
strongly to metallothionein (MT), albumins, and macroglobulins
and is metabolized to all tissues other than the brain and the

The high antibacterial effects of silver(I) ions such as silver

central nervous system.”’ The most notable adverse health
effects are argyria and/or argyrosis that additional studies would
most likely come to the same conclusions, that is, metallic
silver has minimal effect on the human body and soluble
silver compounds are likely to produce argyria and argyrosis;
therefore, separate recommended permissible exposure limit
should be established.?!

Bactericidal activity for Ag" ions is apparent to be mostly
higher from the experimental data that minimum inhibitory
concentration (MIC) = 8ppm and 5mg/L, minimum
bactericidal concentration (MBC) = 32 ppm and 20 mg/L,
respectively, for silver sulfate solutions™ and for AgNPsP!
against S. aureus are obtained that the other, MIC = 4.7 ppm
and 40 mg/L, and MBC =37.5 ppm and 60 mg/L, respectively,
for silver nitrate solutions' and for AgNPs!"! against E. coli are
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gained. Silver exists as silver metal and silver ions of different
oxidation states of +1, +2, +3, and +4 that the most common
states of silver are silver(0) metal and silver(I) ion and both
of them interact with thiols in no redox reaction involved that
Ag>, Ag*, and Ag* form state are not of relevance for aqueous
solutions and under environmental and biological conditions.!®!
Recently, with proceeding development in nanotechnology,
AgNPs call attention to potential treatments such as food
storage by broad antibacterial effects, prevention of serious
diseases, and medical applications.”! The toxicity of AgNPs is
mainly due to release to free silver ions. On the other hand,
the antibacterial activity and mechanism of action have been
gradually clarified that silver ions may cause Staphylococcus
aureus and Escherichia coli bacteria to reach an active but
nonculturable state and eventually die, and also have been
indicated to the mechanism of inactivation of pathogens by
damages and destruction of the bacterial cell membrane.!!!!
The high antibacterial activity factor of Cu*" and Zn** ions may
be thought to be caused by binding bacterial surface proteins,
cell membrane, and metal-binding complex formations.!'”
However, bactericidal elucidation by metal-binding enzyme
degradation due to inhibition of peptidoglycan (PGN)
elongation and relationships between PGN synthesis and PGN
hydrolase/autolysin has been still unclear.

In this review, first, antibacterial effect of silver(I) ions could
been elucidated with the attention of PGN growth due to
inhibition of PGN syntheses and activation of PGN hydrolases/
autolysins against Gram-positive S. aureus thick PGN
layer cell wall and Gram-negative E. coli outer membrane-
connecting thin PGN layer cell wall. Second, Ag" ions-
mediated hydrolyzing and degrading functions are treated on
glycosyl hydrolase, viral neuraminidase (NA)/hemagglutinin
(HA), cell surface receptor for virus degradation of leading
to virus destructions, and on AgNPs, autophage, and acid
hydrolase amidase for the cancerous cell of leading to cause
of the cell death. Finally, Ag" ions-induced reactive oxygen
species (ROS) production is discussed about the lead to
oxidative stress and DNA damages against S. aureus, E. coli,
and host-viral and cancerous cells, incident to additional
DNA damages by Ag"™-DNA base pairs interactions.

THE SURFACE ENVELOPE CELL
STRUCTURE FOR S. AUREUS AND
E. COLI

S. aureus surface layer consists of teichoic acids, lipoteichoic
acids, and thick PGN envelope cell wall.'¥l 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 N-acetyl
glucosamine (NAG) and N-acetylmuramic acid (NAM), 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- acetyl-muramyl-L-alanine amidase
cleavage, DD-endopeptidases cleavages between glycine and
glycine on pentaglycine (Gly),, and in addition, lysostaphin
cleavage between glycine and glycine on PGN cross-linking.!'#!
PGN synthesis requires glycosyltransferases to polymerize
the glycan chain and DD-TP to crosslink the peptides, and
PGN cleavage of PGN hydrolases and autolysins is required
for reductive cell division and cell separation that amidase
has a prominent role in septum cleavage, but lytic TGs and
endopeptidases contribute to cell separation, and their role
is probably understated due to their greater redundancy, in
which they play a key role in regulating cell wall growth as
well as other lysis phenomena.!'!

On the other hand, E. coli cell wall consists of lipid A,
lipopolysaccharide (LPS), porin proteins, outer membrane
of lipoprotein, and thinner 2—7 nm PGN layer in 30-70 nm
periplasmic space.l'¥! Degradative enzymes of lipoproteins
at N- and C-terminals are both Endopeptidase between
phospholipid-Lipoprotein bond and Amidase between
L-Ala-NAM bond via E. coli outer membrane, within from
lipoprotein to PGN. It is apparent that these degradative
enzyme hydrolases lead to destruction of E. coli outer
membrane structure.

In the molecular bonding manner of E. coli cell wall and peri-
plasmic PGN, there are E. coli PGN synthetic enzymes TG of
Glucosaminidase cleavage, Muramidase cleavage on glycan
chain, and TP of Endopeptidase cleavage on cross-linking.
The other, PGN hydrolases and autolysins are degradative
enzymes of Amidase cleavage, Peptidase cleavage, and
Carboxypeptidase cleavage.'® Penicillin-binding protein 2 and
RodA (encoded downstream of the PBP2 gene) are required for
the PGN synthesis of glycan strands during elongation and the
periplasmic amidase cleave only one-sixth of the PGN that is
turned over by the lytic TGs. E. coli has at least 13 periplasmic
PGN hydrolases (autolysins), which can collectively cleave
almost any glycoside and amide bond.!" Interactions of PGN
molecular structure with PGN syntheses and PGN autolysins
influence, in any event, the bacteriolytic cell walls.

AG* IONS-MEDIATED VIRUS AND
CANCER/TUMOR HYDROLYZING
AND DEGRADING MECHANISM

Silver(I) ions reactive with thiol, and then generates silver(I)
thiolate compounds. Silver ion complexes with both inorganic
and organic thiols with redox reaction involved that with
inorganic thiols such as HS-and S**, it is possible to form
many species such as AgSH, [Ag(SH),]", and [Ag,(SH),S]*
depending on the concentration of the anions present.['’]

Ag'+ (-SH) — AgSH — [Ag,(SH) S]*
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Tol protein (Tol)- protein-associated lipoprotein (Pal) system
is composed of five proteins that TolA, TolQ, and TolR are
inner membrane proteins, TolB is a periplasmic protein,
and Pal, the peptidoglycan-associated LP is anchored to
the outer membrane.l'” Ag" ions induced Tol-Pal complex
is antimicrobial agents widely used, it has recently been
demonstrated to be essential for bacterial survival and
pathogenesis that outer membrane structure may be destroyed.
It is unclear whether both Amidase and Endopeptidase of LP
at C- and N-terminals are simultaneously activated by Ag"
ions, and whether virus and tumor cell-hydrolyzing and
degrading functions are occurred by predominant activation
of Ag'-amidase reaction.

DISCUSSION

Bacteriolyses and destructions of surface
envelope cell structure against bacterial cell wall

Imbalance between PGN synthetic enzymes of
tg/tp and PGN autolysins

There is necessarily required for the adequate balance
between PGN synthesis and PGN autolysin to growth of
S. aureus PGN cell wall that when the balance is lost to be
imbalanced. Bacteriolysis and destruction of the cell wall
should be occurred. The bacteriolysis of S. aureus PGN cell
wall by silver ions is caused by inhibition of PGN elongation
due to inactivation of PGN synthesis and enhancement of
activation of PGN autolysins, with the similar bacteriolytic
phenomenon for E. coli cell wall.l'¥

The released Ag' ions that penetrated from AgNPs into
bacterial cells can inhibit the growth of Gram-positive
B. subtilis bacterium which exerts toxicity by damaging
cellular membrane, degrading chromosomal DNA, lowering
reductase activity, and reducing protein expression.'” Wall
teichoic acids are spatial regulators of PGN cross-linking
biosynthesis TP,"*! and silver ions could inhibit both TG
and TP enzymes of the PGN that Ag'-induced bacteria may
inactivate PGN synthesis TG and TP.2*2! Lysostaphin-like
PGN hydrolase and glycylglycine endopeptidase LytM may
function as TP enzyme.*?

Ag* iduced amidase of S. aureus PGN autolysin

Lytic activity was inhibited by glucosamine, NAG, Hg*",
Fe**, and Ag",” and Ag" binding Rv3717 showed no
activity on polymerized PGN and but, it is induced to a
potential role of N-Acetylmuramyl-L-alanine Amidase,?
PGN murein hydrolase activity and generalized autolysis;
Amidase MurA,™! Lytic Amidase LytA,?¢ enzymatically
active domain of autolysin LytM,?” metal-dependent
metalloenzyme AmiEP® as prevention of the pathogen
growth. The activations of these PGN autolysins could be
enhanced the inhibitions of PGN elongation simultaneously,
with bacteriolysis of S. aureus PGN cell wall. Bacteriolysis

of S. aureus PGN cell wall by Ag" ions is caused by inhibition
of PGN elongation due to inactivation of PGN TG or TP and
enhancement of activation of PGN autolysins of amidases.
0, and H,0, permeate into membrane and cytoplasm, and
then, DNA molecular is damaged by oxidative stress.*!

Permeability of Ag* lons into E. coli Cell Wall

E. coli cell wall is comprised LPS, LP, and PGN as a thinner
layer within periplasmic space. When permeability of
silver ions in the E. coli cell wall, highly anionic LPS with
hydrophobic lipid A, core polysaccharide, O-polysaccharide,
is liable to be explosive, inhibition of LPS biosynthesis may
be possibility to occur by active hydrolases.*” The OmpA,
OmpC, and OmpF porins of LP have metallic cation selective
and hydrophilic membrane crossing pore, to be effective for
silver transfer.’!) Age-resistant mutants of E. coli display
active efflux of Ag" and are deficient in porins that active
efflux may play a major role in silver resistance, which is
likely to be enhanced synergistically by decreases in OM
permeability.??) Physicochemical interaction of E. coli cell
envelopes suggested that the adsorption of the cell wall
or envelope to clay has masked or neutralized chemically
reactive adsorption sites normally available to metal ions
that metal binding capacity of metal cation bridging in
isolated envelopes was determined by atomic absorption
spectroscopy.®3! Silver adsorption by E. coli cells displays
MTs anchored to the outer membrane protein LamB that
the complete MT sequences are anchored by their N-termini
and C-termini to the permissive site 153 of the protein.’*
Recently, Ag” ions into E. coli cell wall are elucidated to
be occurred E. coli under ionic silver stress which Ag'-
dependent regulation of gene expression is TP acting on the
structural integrity of the cell wall.>*

Destruction of Outer Membrane Structure of E. coli
by Hydrolases of LP at C- and N-terminals

Tol protein (Tol)- Pal system is composed of five proteins
that TolA, TolQ, and TolR are inner membrane proteins,
TolB is a periplasmic protein, and Pal, the peptidoglycan-
associated LP, is anchored to the outer membrane.l's! Ag*
ions induced Tol-Pal complex is antimicrobial agents widely
used; it has recently been demonstrated to be essential for
bacterial survival and pathogenesis that outer membrane
structure may be destroyed.**3”! It is unclear whether both
Amidase and Endopeptidase of LP at C-and N-terminals
are simultaneously activated by Ag* ions. However, outer
membrane may be probably destroyed by predominant
activation of LP -amidase.

Damage of E. coli PGN Synthetic Enzyme of
Silver-Protein Amidase in Periplasmic Space, and
Amidase, Peptidase, and Carboxypeptidase of

PGN Autolysins

Silver ions may be accumulated in E. coli periplasmic
space, in which the silver ions are spent to the activation of
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bacteriolysis of the cell wall and efflux activity to extracellular
cell. Then, LP -endopeptidase may be degradative by Ag”
binding proteins.*® The other, it is unclear that the silver-
induced PGN biosyntheses TG/TP should be inhibited by
the silver ions.’**1 However, silver ions inactivate TP of
endopeptidase by due to the destructive observation of
bacterial cell walls.® Silver ions could activate E. coli PGN
autolysins of amidase, peptidase, and carboxypeptidase,*>+]
such as silver depending PGN autolysin, AmiC,*J AmiD,*!
Muramidase,” amino acid amidase,“® Carboxypeptidase
AT Amidase zinc-containing amidase; AmpD,
zinc-present  PGLYRPs,*)  Carboxypeptidase-degraded
aldolase,® and CarboxypeptidaseY!! serve to be effective
for the PGN autolysins. It is particularly worth noting that
enhancement of the activities of autolysins is characterized
on PGN carboxypeptidase and TP-endopeptidase*? requiring
divalent cations. Accordingly, the inhibition of PGN
elongation had occurred by silver ion induced activities of
PGN hydrolases and autolysins.

From above-mentioned results, antibacterial activities of Ag*
ions for bacteriolytic process of S. aureus PGN and E. coli
cell walls are shown in Table 1.

Ag* ions-mediated hydrolyzing and degrading
functions

Glycosyl hydrolase, viral NA/HA, cell surface
receptor, and virus degradation leading to virus
destructions

Bacterial lysozymes were first glycosyl hydrolases to have
their three-dimensional structures solved that the two catalytic
amino acids were identified as aspartate and glutamate
residues which in most glycosyl hydrolases studied since
only aspartate and/or glutamate residues have been found
to perform catalysis.’? Glycoside hydrolases are enzymes
that catalyze the hydrolysis of the glycosidic linkage of
glycosides, leading to the formation of a sugar hemiacetal or
hemiketal and the corresponding free aglycon.

Recent example is viral NA and bacterial sialidase, where
the transition state is thought to be stabilized with the help
of a tyrosine. NA enzymes are glycoside hydrolase enzymes
that cleave the glycosidic linkages of neuraminic acids. The
NA is important for the initiation, release of influenza virus
infection in human airway epithelium that influenza virus NA
plays an essential role in release and spread of progeny virions,
intracellular viral replication cycle which viral NA provide

Table 1: Antibacterial activities of Ag*ions for S. aureus and E. coli cell walls

Ag*ions S. aureus cell wall

Teichoic acid, Lipoteichoic acid

Peptidoglycan layer, Proteins

—Ag+, 02—, H*, H202

s Ag*, O,", H*, «OH, H,0

-HO,, :NO, ONOO-

22

Ag* Wall teichoic acids are spatial
regulators of PGN cross-linking
biosynthesis TP

Ag*-induced bacteria may inactivate PGN synthesis transglycosylase
TG and transpeptidase TP.
Activations of PGN autolysins of N-Acetylmuramyl-L-alanine

Amidase, Amidase MurA, Lytic Amidase LytA, enzymatically active
domain of autolysin LytM, Metalloenzyme AmiE, and Lysostaphin-like
PGN hydrolase and glycylglycine endopeptidase LytM.

Bacteriolysis of S. aureus cell wall caused by inhibition of PGN
elongation due to activations of amidases and DD-endopeptidase
LytM. (DNA molecular is damaged by O,"and H,0, and leads to
oxidative stress.)

E. coli cell wall

Ag* Lipopolysaccharide (LPS)

Lipid A, Core polysaccharide

Outer membrane lipoprotein,
Porins Omp F, A, C

Periplasmic space thin PGN layer

= Ag*, O,, H*, H,O,

m—Ag*, O,", H,0,,-OH

272

s Ag*, O,", H,0,, OH",-OH

Negative charge
Hydrophobic Lipid A
Inhibition of LPS
biosynthesis

Ag* + -SH —SAgSH

channels

Porin proteins of hydrophilic

Destruction of outer membrane
structure due to degradative
hydrolases of lipoprotein at

C- and N-terminals

LOO., L-(Fatty acid)

Ag accumulation and Efflux activity
Periplasmic enzymes

Damage of PGN biosynthesis TP of
Endopeptidase enzymes and activation of
PGN autolysins

Bacteriolysis by inhibition of PGN
elongation due to activation of E. coli PGN
autolysins of amidase, peptidase, and
carboxypeptidase.
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an important role early in infection and further rationale for
the prophylactic use of NA inhibitors.’*] The structure of the
influence virus NA, the special organization of their active
site, the mechanism of carbohydrate chains desialylation by
NA, and its role in the influenza virus function at different
stages of the viral infectious cycle are considered that the
NA substrate specificity and different approaches relating the
activity of this enzyme are investigated and are provided that
along with considerations on the mechanisms of resistance of
modern influenza viruses to those antivirals.®* Further, NA
protein from influenza A virus functions to promote the viral
release and is one of major surface antigens that the receptor-
destroying activity in NA resides in the distal head domain that
is linked to the viral membrane by an N-terminal hydrophobic
transmembrane domain (TMD).I') The NA TMD in HINI
viruses has become more polar to maintain compatibility with
the evolving enzymatic head domain.*® The interaction of
influenza A virus glycoproteins with cell surface receptors is a
major determinant of infectivity and therefore transmissibility
that factors are necessary to determine pandemic potential which
influenza A viruses generally mediate binding to cell surface
sialic acid receptors through the HA) glycoprotein, with the NA.
NA glycoprotein being responsible for cleaving the receptor to
allow virus release.’® This N9 NA has an active Hb site which
binds to sialic acid, which enhances overall virus binding to
sialic acid receptor analog. The N9 NA can also contribute to
receptor binding due to unusual kinetic characteristics of the
sialidase site which specifically enhance binding to human-like
a2,6-linked sialic acid receptor. Viral NA can be assumed that
the NA enzyme is corresponded to enzyme of bacterial PGN
autolysin. When the viral NA enzyme is activated, and virus
protein homeostasis is lost, virus degradation proceeds, in which
virus lead to apoptotic death and the virus is destroyed. Ag"
ions induced viral NA activations are enhanced in action sites
of virus,” subsequently, the virus growth is suppressed, and
virus destruction occurs. Turnip yellow mosaic virus (TYMV)
encodes a precursor replication polyprotein that is processed by
the endoproteolytic activity of its internal cysteine proteinase
domain (PRO) which PRO is actually a multifunctional
enzyme with a specific ubiquitin hydrolase (DUB) activity
that contributes to viral infectivity.*® Thus, DUBs can proceed
to specifically hydrolyze under Ag" ions-induced state both
iso- and endopeptide bonds with different sequences that were
shed light on how such a compact protein achieves a diversity
of key functions in viral genome replication and host-pathogen
interaction. Influenza viruses induced a host shut off mechanism
leading to the general inhibition of host gene expression in
infected cells. The large subunit of host RNA polymerase II
(Pol 1I) is degraded in infected cells which this degradation is
mediated by the viral RNA polymerase that associated with Pol
II, in which increased ubiquitylation of Pol II in infected cells
and on the expression of the viral RNA polymerase suggesting
that the proteasome pathway plays a role in Pol II degradation
and further, expression of the viral RNA polymerase results in
the inhibition of Pol II transcription.*”)

Viral destruction of cell surface receptors, in general, the
glycoproteins of several lipid-enveloped viruses, including
orth-myxoviruses (influenza A, B, and C), toroviruses, and
coronaviruses, have three important functions: To recognize the
receptor on the cell surface, to mediate viral fusion with the cell
membrane, and to destroy the receptor.®! In highly infections
influenza A and B viruses, the receptor-binding and membrane-
fusion activities of cell entry carried out by the glycoprotein HA
that the receptor-destroying enzyme (RDE) activity important
for virus release is conducted by the glycoprotein/enzyme NA.
In influenza C virus, a single glycoprotein, the hemagglutinin-
esterase-fusion (HEF) protein, processes all three functions.*”
Thus, the structures of HA, HFE, and HE should serve as a
basis for the understanding of how viruses recognize their
receptors on the cell surface, mediate viral fusion with the
cell membrane, and then destroy their receptors. HS5Nx
avian influenza viruses have a strict avian receptor binding
preference, while recombinantly expressed NAs are sensitive
to FDA-approved and investigational antivirals.[] Sendai virus
(SeV) particles could not attach to or penetrate the infected
cells, and the hemagglutinin-neuraminidase protein of SeV
was involved in the interference, in which the a2,3-linked sialic
acids were specifically reduced in the SeV-infected cells, but
the level of 02,6-linked sialic acids had not changed.®” These
results provide concrete evidence of destruction of the specific
SeV receptor of sialic acid, being relevant to homologous
interference by SeV. The hemagglutinin-esterases (HEs) are a
family of viral envelop glycoproteins that mediate reversible
attachment to O-acetylated sialic acids by acting both as lectins
and as RDEs. Coronavirus (CoV) HE arose from an influenza
C-like HEF that the HE receptor-binding domain underwent
remodeling to such extent that the ligand is now bound in
opposite orientation.[®! Thus, the CoV HEs structure offers
insight into corona and influenza virus evolution.

Inhibition of influenza C virus infection was observed only
at an inhibitor concentration that was about 100-fold higher
than the maximum concentration of inhibitor that could
be inactivated by the RDE of a given amount of virus.[*¥
RDE is not required to inactivate inhibitors. The infectious
salmon anemia virus (ISAV) acetylesterase activity was
inhibited by di-isopropyl fluorophosphate (DFP) in dose-
dependent fashion but not by other known hydrolase
inhibitors, suggesting that a serine residue is part of the
active site, in which the effect of DFP on agglutination/
elution of erythrocytes by ISAV demonstrated that the
acetylesterase activity is the bona fide RDE.[®! The viral
cell receptor is an attractive target for anti-viral strategies
that antibodies significantly inhibited (avian sarcoma/
leukosis virus including the A-J ten subgroups) infection
and replication which cell lines with the expression of
viral receptor-binding protein could be as efficient tools for
isolating functional receptors to identify novel anti-viral
targets.l®
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Ag* ions-Associated Hydrolyzing Activity Leading
to Cause of Cancer/Tumor Cell Death

AgNPs possess unique cytotoxic features that AgNPs with
size of 5nm and 35 nm can are kill osteosarcoma cells
independently from their actual p53 status and induce
p53-independent cancer cell apoptosis.'”! AgNPs with
2.6 and 18 nm size decreased viability, proliferation and
caused the death of pancreatic cancer cells in size- and
concentration-dependent manner that cellular uptake of
AgNPs resulted in apoptosis, autophagy, necroptosis, and
mitotic catastrophe.l®® AgNPs also have an anticancer
activity of endoplasmic reticulum stress, oxidative stress, and
mitochondrial impairment triggering cell death by apoptosis
and autophagy activation.? Engineered nanoparticles
(ENPs) with sizes no >100 nm are able to enter the human
body and accumulate in organs such as brain, liver, lung,
testes, and cause toxic effects, and ENPs cytotoxicity in
living cells, sizes, shapes, surface charges, agglomeration
status all play a deciding ENP safety and suitability for such
roles, in which ENPs induce cell apoptosis with potential
cancer therapy.” Hydrolase activity is an essential regulator
of growth of cancer and tumor cell that the enzyme activity
drives the functional contribution of this protein to tumor-cell
growth which retinoblastoma-binding protein 9 (RBBP9) as
a tumor-associated serine hydrolase that displays elevated
activity in pancreatic carcinomas.l’!! Thus, RBBP9-mediated
suppression of TGF-Bsignaling is required for E-cadherin
expression as loss of the serine hydrolase activity leads to a
reduction in E-cadherin levels and a concomitant decrease in
the integrity of tumor cell-cell junctions.’” The hydrolases
have enzyme-mediated hydrolytic activation that plays the
degradative role of the tumor cell. As the main compartment
for intracellular degradation and subsequent recycling of
cellular constituents, the lysosomes receive both hetero- and
auto-phagic cargo, which in the degradative lumen of this
organelle find their final destination. The degradation is carried
out by many acid hydrolases such as phosphatase, nucleases,
glycosidases, peptidases, sulfatases, and lipases capable of
digesting all major cellular macromolecules.[” The physical
disruption including leakage of lysosomal hydrolases into
the cytosol, led to programmed cell death, and necrosis.
Numerous regulatory proteins direct the addition of ubiquitin
to lysine residues on target proteins, and there are countered
by an army of deubiquitinating enzymes. BRCA 1-associated
Protein-1 helps to control cell proliferation by resulting
host cell factor-1 protein levels and by associating with
a gene involved in the G -S transition.”””) Therefore, silver
ions induced carboxy-terminal hydrolase activation may
be promoted the apoptosis and the necrosis of cancer cells.
However, Ag" ion-mediated hydrolyzing and degrading
method is incompletely yet established without information
for Ag" ions-associated enzymes. Ubiquitin C-terminal
hydrolase-L1 (UCH-L1) increases cellular ROS levels and
promote tumor invasion, in which silencing UCH-L1, as well
as inhibition of H,O, generation by catalase, a NOX inhibitor,

suppressed the migration potential of B16F cells, indicating
that UCH-L1 promotes cell migration by up-regulating H,0,
generation.”¥ The other, gold nanorod induced apoptosis
specifically in cancer cells by affecting lysosome and
mitochondria.’™ Lysosomes are membrane-bound organelles
containing that function in the degradation of macromolecules
delivered through the endocytic, phagocytic, and autophagic
pathways, in which AgNPs induced cell death was increased
by bafilomycin Al treatment, and the perturbation of
lysosomal pH by AgNP exposure may play a role in AgNP
agglomeration and subsequent cellular damage in cancer
cell and moderate lysosomal permeabilization can result in
apoptosis or apoptosis-like cell death.!™®

Elongated nanoparticle aggregates and generated hundreds
of pico Newton to dramatically damage the plasma and
lysosomal membranes, whereas the physical disruption,
including leakage of lysosomal hydrolases into the cytosol,
led to programmed cell death and necrosis.’”? Accordingly,
the perturbation of lysosomal pH by AgNP exposure may
play a role in AgNP agglomeration and subsequent cellular
damage in A549 cells. The microbial amidases enzymes are
in great demand for use as therapeutic agents against many
dreadful diseases that in the presence of these enzymes,
the tumor cells failure to survive which L-aspaginase and
L-glutaminase can use as potent antitumor or antileukemic
drugs.l® Identification of N-acylethanolamine-hydrolyzing
acid amidase inhibitors has been able to reduce cell
proliferation and migration and cause cell death on different
bladder cancer cell lines.” Further, the use of antibody-
enzyme conjugates for cancer therapy®™® that LytA-like
N-acetylmuramoyl-L-lanine amidases®! such as lytic
amidase LytA,?% LytA autolysin,®? autolysin LytA,®3 and
autophagy,® and murein lytic cleavage agents on glycan-
chain-like as chimeric phage endolysin such as Ply187%! and
LysPA265! in cancer therapy. These works provide a novel
strategy of designing magnetic nanomedicines for mechanical
destruction of cancer cells. Comparing with bacterial PGN
autolysins, the research of cancer cell hydrolases will become
important as a significant advancement for cancer and tumor
cells in the future.

Table 2 shows Ag" ions-mediated hydrolyzing, degrading,
and autolysin/endolysin enzymes for antiviral life cycle, and
anticancer of malignant cell formation, proliferation, and
metastasis of tumor cells.

PRODUCTION OF ROS, OXIDATIVE
STRESS DAMAGE, AND KILLING
AGAINST S. AUREUS, E. COLI, AND
VIRAL HOST/CANCEROUS CELLS

Silver ions reacted with -SH and H* generates. In E. coli, free
radicals O, OH’, *OH, and H,0, are formed as follows.["]
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Table 2: Ag*ions-mediated hydrolyzing, degrading, and autolysin/endolysin enzymes along viral life cycle, and

for malignant cell formation, proliferation, and metastasis of tumor cells
Ag+lons  Ag+ions-mediated hydrolyzing and degrading activities for antivirus along viral life cycle

Prevention, Entry, and uncoating  Viral protein hydrolysis Viral mRNA degradation

AY" e Ag*, O,  OH, H,0, s Ag+, O, OH, H,0, y AG
Specific ubiquitin hydrolase (DUB) Viral neuraminidase enzyme Viral RNA polymerase is
Viral destruction of cell surface Viral receptor-binding protein degrading with Host RNA
receptors Hydrolysis by DFP as RDE Pol II degradation
Glycoprotein/enzyme NA in Viral cell receptor is an attractive target Viral neuraminidase
influenza C virus, a single enzyme is Ag+induced-
glycoprotein, the HEF protein for activated, virus degradation
viral destruction is efficient to cell proceeds and lead to virus
surface receptor functions destruction.
Progression, proliferation, and metastasis of cancer and tumor cell

A +

9 Malignant cell formation Proliferation Metastasis
sy Ag*; 0,7, - OH, H,0,  AQ*, O, OH, H,O, sy AG*; O,7,- OH, H,0,
AgNPs induced ROS Sal+AgNPs with autophagy AgNPs (10 nm size) induced ROS
anti-angiogenesis inhibit proliferation anti- angiogenesis
Hydrolyzing enzymes and AgNPs induced ROS Phage-derived hydrolyzing,
regulation of tumor cell growth anti-angiogenesis degrading enzymes of regulator of
Hydrolyzing and degrading tumor cell growth and metastasis

enzymes for regulation of
proliferation

f H
2]
H T H 1 H T
N.  N-H-Q CH, N \N— CH N \N'J\g*-0 CH
L M (a0 (e [
‘_‘( N H-N ey N / Hg"'N \ —) / Am \

=

Figure 1: Ag*substituting into the triple and double hydrogen bonds within DNA base-pairs G the tr. (a) Linear coordinated Ag*
complex formation in Griple a, Ground state; O-Ag*-N, N-Ag*-N, N-Ag*-O (stable), (b) Planar linear coordinated Ag* complex
formation in A=T pair, Ground state; N-Ag*-O, N-Ag*-N (stable)
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For the penetration of Ag"ions to PGN cell wall of S. aureus,
the ROS production such as superoxide anion radical O,
hydroxyl radical *OH, hydrogen peroxide H,O, occurred
from superoxide radical O, molecular.*”! For viral and
tumorous cells also, Ag" induced ROS and H,O, generation
lead to oxidative stress and DNA damage.[*®]

0,+e—0;

20, +2H"— H,0, + 0,

O, +H,0,— OH + *OH + O,

In the cell wall, reacting with polyunsaturated fatty acids:
LH+ OHe — L+ + HOH

Le+0O,— LOO-

LH + LOO+s — Le+ LOOH

Ag*-containing PGN recognition proteins induce ROS
production of H,O,, O, and HOe, and then the ROS and
H,O, occur with the oxidative stress and killing by stress
damage.®®

Damage within DNA Base-pairs

Ag" ion-induced occurrence of generations of ROS and
hydrogen peroxide H,O, in bacterial cells and DNA, in
which formation of DNA damage resulting from a release
of catalytic binding of zinc ion to DNA with generation
of *OH radicals, and by reaction of H,O, with the metal
produces the strand breaks in DNA as well as DNA base-
pairs modifications and deoxyribose fragmentation. Transfer
of Ag" ions into triple and double hydrogen bonds within
DNA base-pairing G(guanine)=C(cytosine) and adenine=T
(thymine) pairs occurs by Ag" ion substitution shown in
Figure 1. Thus, it may be considered that DNA damages due
to Ag' two-coordinated complex formations within DNA
base-pairs of triple hydrogen bond G=C and double hydrogen
bond A=T are subjected in the ground state. A=T base pairs
are less stable than G=C base pairs in Ag*-DNA reaction.[®]

CONCLUSIONS

1. Ag'-induced S. aureus may inactivate PGN synthesis
TG and TP. Bacteriolysis of S. aureus PGN cell wall, in
which wall teichoic acids control PGN synthesis cross-
linking TP, is due to the inhibition of PGN elongation
by enhancing the activities of PGN autolysins; amidase
AmiA and AmiE, and PGN hydrolase Lysostaphin-like
endopeptidase (Glycine-Glycine bond cleavage).

2. Bacteriolysis and destruction of E. coli cell wall are
due to the damage of LPS synthesis, destructing of
outer membrane structure by degrading of LP at C-,

N-terminals, due to inhibition of PGN formations by
inactivation of carboxypeptidase and TP-endopeptidase,
and activities of PGN autolysins of amidase, peptidase,
and carboxypeptidase.

3. Ag' ions-mediated hydrolyzing and degrading activities
for anti-virus are functioned by glycosyl hydrolase, viral
NA/HA, cell surface receptor, and subsequently, virus
degradation is led to virus destructions.

4. The viral NA enzyme is corresponded to enzyme of
bacterial PGN autolysin, and the viral cell receptor is an
attractive target for anti-viral strategies as RDE.

5. Ag' ions-associated hydrolysis has enzyme-mediated
hydrolytic activation that plays the degradative role of
the tumor cell. The intracellular degradation may be
carried out by acid hydrolases such as phosphatase,
nucleases, glycosidases, peptidases, and sulfatases
capable of digesting all major cellular macromolecules.
Ag" ions-induced hydrolyzing and degrading functions
for anticancer lead to the cause of tumor cell growth
regulation or cancerous cell death.

6. By the penetration of silver ion into S. aureus cell wall,
production of O,, H*, and H,O,, ONOO" occurs against
S. aureus. The other, the productions of O, H" in the
outer membrane, and H,0,, OH-, *OH in periplasmic
space occur against £. coli cell wall. For Ag* induced
viral and cancerous cell, these ROS and H,O, give the
damages cell membrane proteins and DNA molecular in
the cytoplasm.

7. DNA damages due to linear coordinated Ag" ion complex
formation within DNA base-pairs of triple hydrogen
bond G=C, double hydrogen bond A=T may be occurred
in the cytoplasm of bacterial cells.
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