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/*************************************************************
 *
 *  MathJax.js
 *  
 *  The main code for the MathJax math-typesetting library.  See 
 *  http://www.mathjax.org/ for details.
 *  
 *  ---------------------------------------------------------------------
 *  
 *  Copyright (c) 2009-2012 Design Science, Inc.
 * 
 *  Licensed under the Apache License, Version 2.0 (the "License");
 *  you may not use this file except in compliance with the License.
 *  You may obtain a copy of the License at
 * 
 *      http://www.apache.org/licenses/LICENSE-2.0
 * 
 *  Unless required by applicable law or agreed to in writing, software
 *  distributed under the License is distributed on an "AS IS" BASIS,
 *  WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
 *  See the License for the specific language governing permissions and
 *  limitations under the License.
 */

if (!window.MathJax) {window.MathJax = {}}

MathJax.isPacked = true;
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Mechanism

Lysine acetylation in Streptococcus mutans

Effect

Biological function

References

Acetylation of GtfB and GtfC
by ActG

Acetylation of LDH

Acetylation of LDH and PykF
by ActA

YkuR-mediated NAD"-dependent
deacetylation of Gtfs

Non-enzymatic acetylation by ASA

Inhibits the enzymatic activity of GtfB and GtfC, reducing
EPS synthesis and biofilm formation

Inhibits LDH activity, reducing acidogenic potential

Inhibits bacterial adaptation to oxidative stress

Restores Gtf activity and increases EPS synthesis

Inhibits bacterial growth, reduces EPS production and Gtfs
enzyme activity

Inhibits biofilm formation

Decreases Streptococcus mutans’
cariogenic potential

Inhibits oxidative stress
tolerance and competitiveness of
Streptococcus mutans

Enhances Streptococcus mutans biofilm
formation and virulence

Provides antimicrobial and anti-biofilm
effects by targeting acetylation

Ma et al,, 2021a

Ma et al., 2022

Ma et al,, 2024a

Ma et al, 2024b

Lin et al., 2024

Interaction of SmsR1 sRNA with
lysine acetylation

Modulates acetylation levels and LDH activity by regulating
pdhC and acetyl-CoA

Environmental stress response and
metabolic flexibility

Li et al, 2024





OPS/images/fcimb.2025.1594947/table2.jpg
Mechanism

Lysine acetylation in Porphyromonas gingivalis

Effect

Biological function

References

VimA-mediated acetylation
of pro-RgpB

VimA regulation of
branched-chain amino
acid metabolism

Acetylation of the
transcription factor RprY

VimA and its homolog PG1842 acetylate the gingipain precursor
pro-RgpB at key lysine residues, facilitating its activation
and maturation

VimA indirectly affects Lipid A synthesis by modulating acetyl-
CoA levels

Acetylation of RprY reduces its DNA-binding ability

Enhances bacterial invasiveness and biofilm-
forming capacity

Maintains membrane stability, enhances
oxidative stress tolerance, and promotes
immune evasion

Weakens the transcriptional activation of target
genes and participates in
transcriptional regulation

Mishra
etal, 2018

Aruni
et al, 2012

Li et al,, 2018

Crosstalk between
acetylation and succinylation

There is a significant overlap between Kac (acetylation) and Ksuc
(succinylation) modifications in ribosomal and metabolic proteins

Forms a complex network of post-translational
regulation, modulating bacterial physiology

Zeng
et al, 2020
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Mechanism

Lysine acetylation in Actinomycetes

Effect

Biological function

References

Amino acid sensing via
GNATs and ACT domains

Dynamic balance between
acetyltransferases
and deacetylases

Acetylation of transcription
factors and metabolic enzymes

Acetylation of acetyl-
CoA synthetase

Acetyltransferase activity modulated allosterically
by amino acids binding to the ACT domain

Acetylation levels regulated by AcuA
acetyltransferase and Sirtuins deacetylases

Acetylation alters transcription factor DNA
binding, influencing secondary metabolite synthesis

Modifies catalytic efficiency and metabolic flux

Fine-tunes metabolic processes and correlates
with ecological adaptability of Actinomycetes

Modulates metabolic state in response to
energy deprivation or stress conditions

Regulates biosynthesis of antibiotics and non-
ribosomal peptides

Influences overall metabolic pathways and
secondary metabolite production

Lu etal, 2017

Gardner et al., 2006; Tucker
and Escalante-Semerena, 2013

Martin et al,, 2021

Tucker and Escalante-
Semerena, 2013

Acetylation of non-ribosomal
peptide synthetases

Acetylation of StrM enzyme in
Streptomyces griseus

Acetylation in amino
acid metabolism

Modulates the activity of enzymes involved in
secondary metabolism

Reduces StrM activity, limiting
streptomycin biosynthesis

AAPatA acetyltransferases modulate aspartate and
cysteine metabolism

Enhances or inhibits the synthesis of
secondary metabolites such as antibiotics

Regulates antibiotic production in response to
metabolic signals

Regulates cellular metabolic pathways and
adapts to changing environmental conditions

Liao et al,, 2014

Ishigaki et al., 2017

Xu et al,, 2014; Lu et al., 2017

Acetylation-driven metabolic
network regulation

Alters transcription factors and redox regulatory
enzymes to modulate bacterial metabolic pathways

Supports the synthesis of secondary
metabolites and adaptation to diverse habitats

Toplak et al., 2022
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Gene ID Gene nam: log2FoldChange G product description
gene-D820_RS04535 ciaH —2.388584358 Three-component system sensor histidine kinase
gene-D820_RS04530 ciaR -1.660277218 Three-component system response regulator
gene-D820_RS06890 IytS —1.044404874 Two-component system sensor histidine kinase
gene-D820_RS06895 IytR -1.490154315 Two-component system response regulator
gene-D820_RS06900 IrgA —4.847658908 Holin-like protein

gene-D820_RS06905 IrgB —-4.310981884 Antiholin-like protein

gene-D820_RS07385 LuxS —1.164248994 S-ribosylhomocysteine lyase

gene-D820_RS00575 dexA -1.002077734 Dextranase

gene-D820_RS03620 mubB -1.879608552 Mutanobactin A non-ribosomal peptide synthetase
gene-D820_RS03625 mubC ~1.996091508 Mutanobactin A non-ribosomal peptide synthetase
gene-D820_RS03630 mubD -1.837350518 Mutanobactin A non-ribosomal peptide synthetase
gene-D820_RS03555 mubY —-5.956253759 Mutanobactin A system ABC transporter permease subunit
gene-D820_RS03610 mubH —1.182104006 Mutanobactin A polyketide synthase
gene-D820_RS03580 mubR -1.400053226 Mutanobactin A biosynthesis transcriptional regulator
gene-D820_RS08310 aguA -1.50902996 Agmatine deiminase

gene-D820_RS00580 treR 1242887742 Trehalose operon repressor
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Weight of SD rats at different periods (g)

42d

49 d

Caries-free

CFS

L. salivarius

Caries-model

79.1 + 1.517

77.2 £ 0.907

80.3 + 0.624

79.6 + 1.444

117.1 £ 0.945

116.5 + 0.869

117.1 £ 0.090

118.5 + 1.129

1392 £ 1.417

1399 + 1.214

138.2 £ 0.561

1413 £ 1.178

161.6 + 0.742

60.2 + 1.229

160.4 + 1.186

158.8 + 1.503

182.1 + 0.721

178.7 + 1.592

179.0 + 1.733

180.6 + 1.389

2233 + 1.627

2209 + 1178

219.7 £ 1.358

2211 £1.212
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Microbial physiological activities

@ Microbial pathogenicity

Microbial resistance

@ Microbial environmental adaptation

Acetyl-Lysine 4 Microbial immune escape

@ Working with other modifications
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Primers

Sequences (5'-3')

F: CCTACGGGAGGCAGCAGTAG

TR R: CAACAGAGCTTTACGATCCGAAA
b F: GGCAAAAGGATTGGGAACTGATG
e R: TGGAACGGCAAAGGCAATGG
Deh F: AGGGCTGACTGCTTCTGGAGT
¢ R: AGTGCCAAGACTGACGCTTTG
o F: TCCTGTTGGAGGTGGCATTC

R: TGCTGTACCCGCATTCCATT
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Gene ID Gene name log2FoldCl

Gene product description

gene-D820_RS08610 D820_RS08610 -4.35039416 Metal ABC transporter ATP-binding protein
gene-D820_RS08600 D820_RS08600 —5.299646868 Metal ABC transporter substrate-binding protein
gene-D820_RS08605 D820_RS08605 ~-4.680503916 Metal ABC transporter permease

gene-D820_RS02670 D820_RS02670 —3.320788871 Extracellular solute-binding protein

gene-D820_RS04680 D820_RS04680 -2.095828916 ABC transporter permease/substrate-binding protein
gene-D820_RS02655 ugpC ~2.274872059 sn-glycerol-3-phosphate ABC transporter ATP-binding protein
gene-D820_RS01050 D820_RS01050 -1.381214985 MetQ/NIpA family ABC transporter substrate-binding protein
gene-D820_RS02665 D820_RS02665 —=2.14457111 Sugar ABC transporter permease

gene-D820_RS04675 D820_RS04675 -1.977690467 ABC transporter ATP-binding protein

gene-D820_RS05590 msmE ~2.511339465 Sugar-binding protein MsmE

gene-D820_RS04570 D820_RS04570 —-1.468165245 BMP family protein

gene-D820_RS08355 D820_RS08355 ~1.831419345 Peptide ABC transporter substrate-binding protein
Gene-D820_RS0109815 D820_RS0109815 -1.45009996 Energy-coupling factor transporter ATPase
gene-D820_RS08420 D820_RS08420 -1.592411347 Amino acid ABC transporter ATP-binding protein
gene-D820_RS02660 D820_RS02660 ~2.178411965 Sugar ABC transporter permease

gene-D820_RS05585 D820_RS05585 ~1.94908875 Sugar ABC transporter permease

gene-D820_RS08415 D820_RS08415 ~-1.353656759 ABC transporter substrate-binding protein/permease
gene-D820_RS05580 D820_RS05580 —1.365270344 Carbohydrate ABC transporter permease

gene-D820_RS00140 D820_RS00140 -1.273980434 Energy-coupling factor transporter transmembrane protein EcfT
gene-D820_RS07555 D820_RS07555 ~1.06599486 ABC transporter permease

gene-D820_RS05570 ugpC -1.16129183 sn-glycerol-3-phosphate ABC transporter ATP-binding protein UgpC
gene-D820_RS07560 D820_RS07560 ~-1.092495506 ABC transporter ATP-binding protein

gene-D820_RS06575 D820_RS06575 ~-1.011033093 ABC transporter ATP-binding protein
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Gene ID

gene-D820_RS00965
gene-D820_RS01260
gene-D820_RS01255
gene-D820_RS00970
gene-D820_RS00975
gene-D820_RS01250
gene-D820_RS09065
gene-D820_RS08290
gene-D820_RS09070
gene-D820_RS06470
gene-D820_RS09060
gene-D820_RS03005
gene-D820_RS05630
gene-D820_RS03010
gene-D820_RS03000
gene-D820_RS02545
gene-D820_RS02525
gene-D820_RS03015
gene-D820_RS02535

gene-D820_RS07210

Gene
D820_RS00965
D820_RS01260
D820_
D820_]
D820_RS00975
D820_RS01250
D820_RS09065

D820_RS08290

pikB

ptsP

D820_

D820_RS03005

pfkB

D820_RS03010

D820_

celB

D820_RS02525

lacF

D820_RS02535

D820_RS07210

-4.232719052

—3.270871468
RS01255 —-2.777113939
RS00970 —3.736814618

—3.46228586

—2.372420573

—3.259542925

-2.02278172

—3.715535435

~1.76668403

RS09060 —2.97617044

-3.082157304

-1.199569385

-1.39127042

RS03000 —2.51286028

-1.24228573

—1.420784914

-1.020431306

~1.757714575

—1.182133578

log2FoldChange

PTS fructose transporter subunit TA

PTS sugar transporter subunit IIB

PTS mannose/fructose/sorbose transporter subunit IIC

PTS sugar transporter subunit IIB

PTS sugar transporter subunit IIC

PTS system mannose/fructose/sorbose family transporter subunit 11D

Fructose-specific PTS transporter subunit EIIC

PTS ascorbate transporter subunit IIC

1-Phosphofructokinase

Phosphoenolpyruvate-protein phosphotransferase

Fructose PTS transporter subunit ITA
PTS fructose transporter subunit T1B
1-Phosphofructokinase

PTS transporter subunit 11C

PTS sugar transporter subunit ITA
PTS cellobiose transporter subunit TIC
PTS cellobiose transporter subunit IIB
PTS lactose transporter subunit ITA
PTS cellobiose transporter subunit ITA

PTS sugar transporter subunit 1B
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Ways of Nanosystems
Anti-caries for

drug delivery

Liposomes

poly-(lactic-co-

glycolic
acid) (PLGA)

Mesoporous
silica nanoparticles

poly
(aminoamine)
(PAMAM)

Chitosan

Anti-biofilm Polymeric micelles

silver nanoparticles

Zin
oxide nanoparticles

Titanium
Nanoparticles

Nano-
Hydroxyapatite

Nano-
sizedamorphous
calciumphosphate
Particle

Remineralization

nano-sized
calcium fluoride

Bioactive
Glass Nanoparticles

Types of drug
carried
or Combination

Mag and FLC PPI,
histatin-1,
indocyanine green

Chlorhexidine,
Chlorhexidine diacetate
(CDA) and
digluconate (CDG)

Learginine,
Metal parti

Honokiol, NGV
peptides and galardin,

FNA,
Amoxicillin,
Cinnamaldehyde

tannic acid,
NaF, DpSpSEEK

Dimethylaminohexadecyl
‘methacrylate
(DMAHDM)

DMAHDM

Ag

Response

Modify
Materials

Good affinity for \
Hydroxyapatite,

Higher surface

microhardness
recovery
it adhesive
\ adhesive
0 adhesive
\ \
PH-sensitive \

adhesive | resin

Prosthetics-
‘materials,
commercial
fluoride varnish,
apitand
fissure sealant,

Toothpastes,
resin,
adhesive, sealer

Oxidative stress

adhesive | resin

\ fluoride
varnish,
Toothpastes
\ adhes

\ experimental
resins monomers

Mechanism

(1) Deliver and protect the drug

(2) Fuse into the cell surface and
release drug

protect drug from degradation and provide
a sustained drug release profile

Being able to deliver L-arginine in a
sustained way with a long-term
antibacterial activity enough to selectively
inhibit the growth of cariogenic bacteria
such as S. mutans and L. casei

Drug can be encapsulated within the
PAMAM dendrimer or conjugated to
surface groups

As the carrier of drug w
biocompatibilitybiodegradabil
and bioadhesivity

Solubilize drug and enhance
its bioavailability

(increasing the absorbency of membrane

(2)Destroy the DNA, proteins, and lipids
are among the bacterial components

(3)cause bacterial cell death by inducing an
oxidative stress response

nHA remineralizes the organic scaffold in
the carious attack by directly replacing lost
minerals or as a carrier for lost mineral
ions and increasing the supply of calcium
and phosphorus ions

Nanoparticles of amorphous calcium
phosphate (NACP), able to discharge much
‘more Ca and P by virtue of the tiny
particle size and large surface area

‘The smaller particle size and higher surface
area achieved with the use of nCaF2
enabled a higher level of F ion release

Antibacterial:BG release ionic dissolution
products leading to the damaging of
bacterial cell wall by BG sharp debris

Remineralization:Ca2+ and P2+ can
combine in solution and deposit onto
silanol bonds on the glass surface,
nucleating a hydroxycarbonate
apatite layer.

conclusion

nano-encapsulated lactoferrin
reduced the CFU of biofilm up
to two logarithmi cycles.

TEM confirmed successful
tubular penetration and
retention of Nano-PLGA/CHX

de the
structure of dentinal-tubules.

nanoparticles

relative light units(RLUS) of S.
mutans reduce

triclosan encapsulated in the
formulation are able to release
in a controlled manner

higher fluoride uptake ability
and smooth releasing profile

exerts effective antibacterial
adhesion and cariogenic
biofilm resistance

Having Stronger inhibit caries
and better in the dental
remineralization ability

zinc oxide have an excellent

anti-bacterial benefit and it can
be better by increasing the
solution concentration that
Contains the nanoparticles.

‘TIO2NPs enhanced the
antibacterial a

Remineralising effects of
NanoHAP dentifrice were found
to be significantly superior to
routine fluoridated dentifrice.

NACP+DMAHDM release a
great deal of Calcium and
phosphate had the highest
microhardness compared
NACP+DMAHDM group

nCaF2+DMAHDM composite
showed a significant fluoride
ion concentration

XRD characterization: hydroxy-
carbonate apatite layer
formation on their surfaces
following the immersion in SBE

Model In Vivo/
Vitro
Experiment

Biofilm, synthetic
and
biological
hydroxyapatite

micron-
sizeddentinal-tubules
under pulpal-
pressure simulated

Biofilm of S. mutans
and L. casei

Artificial Saliva,
Dentin disks

In vitro
characterization
of nanopa

es

Both in vitro and
in vivo

decayed

teeth in vivo

The transferred
Staphylococeus and
Streptococeus in
Mannitol salt agar
and MSB agar base

Teeth in vivo

Teeth of therapeutic
extraction for the

orthodontic
treatment in vivo

Antificial initial
carious lesion in
Bovine incisors

dental plaque
microcosm biofilm

simulated body fluid

Luo et al,, 202:
Wang et al.,
20183; Wang
etal, 2018b;

Xiao et al., 2023

Priyadarshini
etal, 2017
Francisco Fibio
Oliveira de
etal, 2021

Marta et al

Lu et al,,
2018; Yuti
etal, 202:

Tao et al,, 2021;
Tao et al,, 2022;
Menglin
et al,, 2020

Jiang et al,
2024; Ran

etal, 2023

Xueetal, 2023

Karol
etal

Tahreem et al.,
2022; Fairoz Ali
etal, 2022

Wongchai et al,
2023; Amir
Hossein
etal, 2021

Verma and
Muthuswamy
Pandian, 2021;

Juntavee

etal, 2021

Fan etal, 2022

Daixing
etal, 2022

Kazemian

etal, 2021
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@ Organic acids and derivatives: 101(28.77%)
@ Organoheterocyclic compounds: 82(23.36%)
@ Lipids and lipid-like molecules: 67(19.09%)
@ Organic oxygen compounds: 44(12.54%)
@ Benzenoids: 23(6.55%)
@ Phenylpropanoids and polyketides: 15(4.27%)
© Nucleosides, nucleotides, and analogues: 7(1.99%)
@ Alkaloids and derivatives: 6(1.71%)
@ Hydrocarbon derivatives: 2(0.57%)

Not Available: 2(0.57%)
@ Organic nitrogen compounds: 2(0.57%)





OPS/images/fcimb.2025.1594947/table4.jpg
Mechanism

Lysine acetylation in oral Candida albicans

Effect

Biological function

References

Acetylation of H3K56

Rtt109-mediated acetylation

Hatl-mediated acetylation

SWRI complex-mediated acetylation

MYST family HATS, including Esal
and Sas2, acetylation

Histone acetylation by NuA4 complex

Gen5-mediated acetylation in response
to host signals

Glucosamine-6-phosphate
acetyltransferase by GNA1

NGG1 gene-encoded HAT activity

Hsp90 regulation by KDACs

Promotes gene transcription by increasing
chromatin accessibility

Plays a role in DNA damage repair
and pathogenicity

Modifies chromatin structure and promotes
DNA repair

Modulates nucleosome positioning and
chromatin structure changes

Impairs hyphal growth upon Esal deletion

Regulates histone acetylation, influencing
morphological transitions

Alters histone acetylation, influencing survival
in macrophages

Regulates growth and virulence

Involves in morphological transformation
and virulence

Enhances antifungal treatment effectiveness by
regulating Hsp90 activity

Enhances transcriptional activation, aiding host
adaptation and pathogenicity

Protects against DNA damage and enhances survival
in macrophages

Impacts DNA damage response and growth pattern
changes, reducing survival

Regulates white-opaque morphological transition and
phenotypic plasticity

Contributes to hyphal growth and virulence

Affects hyphal transition and virulence

Regulates stress response and immune evasion

Modulates pathogenicity and immune evasion

Influences pathogenic potential through
morphological regulation

Plays a critical role in drug resistance
and morphogenesis

Waurtele
etal, 2010

Lopes da Rosa
etal, 2010

Tscherner
etal, 2012

Guan and
Liu, 2015

Wang et al,, 2013

Wang et al,, 2013

Yu et al,, 2022

Mio et al,, 2000

Lietal, 2017a

Li et al, 2017b
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