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Abstract
Objective: To construct an SMU.2055 gene-deficient strain of Streptococcus mu-
tans (S. mutans) UA159 and investigate the influence of the SMU.2055 gene on
the acid tolerance of S. mutans. Methods: The SMU.2055 gene-deficient strain
was constructed via homologous recombination. The A��� values of both the
wild-type and gene-deficient strains in various pH environments were continu-
ously monitored to compare their growth capacities under different pH condi-
tions. Both strains were inoculated into a series of BHI media with pH values
spanning from 2.5 to 7.0, cultured anaerobically for 3 h, and their lethal pH
values were determined. The glycolytic capacity of both strains was measured
by adding excess glucose. Permeabilized cells were prepared to measure cell
membrane permeability, proton permeability, and H+-ATPase activity of both
strains. Biofilm formation capacity of both strains was observed under confocal
laser scanning microscopy. Results: Compared with the wild-type strain, the
SMU.2055 gene-deficient strain exhibited significantly decreased early growth
activity, H+-ATPase activity at pH 5.5, and biofilm formation capacity, while
showing significantly increased lethal pH, proton permeability, and cell mem-
brane permeability; no significant change was observed in glycolytic capacity.
Conclusion: The SMU.2055 gene is associated with the acid tolerance of S. mu-
tans. The reduced acid tolerance of the SMU.2055 gene-deficient strain is related
to its lethal pH, cell membrane permeability, proton permeability, H+-ATPase
activity, and biofilm formation, but not related to its glycolytic capacity. This
study establishes a foundation for investigating the function of the SMU.2055
gene.
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Abstract
Objective: To evaluate the effect of SMU.2055 gene on acid resistance of Strep-
tococcus mutans. Methods: A SMU.2055-deficient mutant strain of S. mutans
was constructed using homologous recombination technique. The growth of the
wild-type and mutant strains was monitored in both normal and acidic condi-
tions. The lethal pH level, glycolysis, proton permeability, cell permeability
and biofilm formation of the two strains were compared. Results: PCR and
sequence analyses verified the successful construction of the SMU.2055-deficient
mutant strain. The growth and biofilm formation capacity of the mutant strain
were obviously lowered in both normal and acidic conditions. The mutant strain
also showed increased lethal pH level, proton permeability, and cell permeability
with impaired H+-ATPase activity in acidic conditions, but its minimum gly-
colytic pH remained unaffected. Conclusion: The SMU.2055-deficient S. mu-
tans mutant exhibits a lowered acid resistance, which affects the growth, lethal
pH, proton permeability, H+-ATPase activity, cell permeability and biofilm
formation but not the minimum glycolytic pH of the mutant strain.
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Introduction
Streptococcus mutans plays a crucial role in the development of dental caries,
and its cariogenicity is closely associated not only with its adhesion to tooth
surfaces but also with its acidogenicity and acid tolerance. While the molecu-
lar mechanisms underlying S. mutans adhesion and acid production have been
well characterized, research on its acid tolerance mechanisms, particularly at
the molecular level, remains limited. Acid tolerance represents a key survival
mechanism that enables bacteria to adapt to the dynamically changing acidic
environment of dental plaque. With advances in modern molecular biology tech-
niques, an increasing number of genes and related proteins associated with S.
mutans acid tolerance have been identified.

Acetylation is a crucial type of protein post-translational modification that, like
phosphorylation, is important and ubiquitous in biological systems. It partic-
ipates in various cellular processes including signal transduction, metabolism,
protein degradation, and pathogenicity of microorganisms. Many physiologi-
cal functions, such as cellular responses to environmental stimuli, are mediated
through dynamic protein post-translational modifications. Acetylation modifi-
cation is also implicated in bacterial function, with acetyltransferases playing
important roles in bacterial morphology, metabolism, and stress responses.

chinarxiv.org/items/chinaxiv-201806.00148 Machine Translation

https://chinarxiv.org/items/chinaxiv-201806.00148


The SMU.2055 protein in S. mutans is considered a putative acetyltransferase
belonging to the GNAT family. Bioinformatic analysis predicts a theoretical
isoelectric point of 7.74, with 489 base pairs encoding 163 amino acid residues.
These enzymes primarily transfer acetyl groups from acetyl-coenzyme A (Ac-
CoA) to amino groups on substrates, selectively acetylating one of four to five
amino groups. Previous studies have demonstrated that lysine acetylation en-
ables Escherichia coli to resist various environmental stresses, and elevated
levels of acetyltransferase YfiQ not only increase cell concentration but also
enhance resistance to heat and oxidative stress. Research indicates that modu-
lating protein acetylation status can affect cell wall structure and permeability,
influencing bacterial morphology and biofilm formation. Our previous work has
successfully cloned, purified, crystallized, and determined the three-dimensional
crystal structure of SMU.2055 protein, which has been deposited in the Protein
Data Bank (PDB) under accession number 3LD2. Subsequently, we employed
computer-aided drug design methods to design and screen five small-molecule
compounds with high structural compatibility to SMU.2055 protein, establish-
ing a virtual screening model for S. mutans UA159 protein inhibitors aimed
at altering the cariogenicity of S. mutans through small-molecule inhibitors.
However, current research on SMU.2055 gene function remains scarce both do-
mestically and internationally. Our preliminary investigations into the effects
of this gene on S. mutans morphology and cariogenicity-related biological char-
acteristics revealed that after acid adaptation and acid shock treatment, the
SMU.2055-deficient mutant exhibited significantly inhibited growth under acidic
conditions and reduced acid tolerance. The mutant also showed compromised
cell membrane integrity and altered formation of irregular substances. Impaired
cell membrane integrity is known to reduce bacterial acid tolerance. We there-
fore hypothesize that the SMU.2055 gene is closely associated with S. mutans
acid resistance. This study aims to investigate the role of SMU.2055 gene in
S. mutans acid tolerance by examining changes in acid resistance and potential
influencing factors in the SMU.2055-deficient mutant, which is significant for
identifying effective targets for caries prevention and treatment.

1.1 Strains and Culture Conditions

S. mutans UA159 (provided by the Central Laboratory of Peking University
School of Stomatology) was cultured in brain heart infusion (BHI) medium
(Qingdao Hope Bio-Technology Co., Ltd.). The SMU.2055-deficient mutant
strain was cultured in selective BHI medium containing 1 mg/mL spectino-
mycin (spe) (Sigma, USA). All strains were cultured at 37°C under anaerobic
conditions (10% CO�, 10% H�, 80% N�). Escherichia coli DH5� [Tiangen Biotech
(Beijing) Co., Ltd.] was cultured in Luria-Bertani (LB) medium (Qingdao Hope
Bio-Technology Co., Ltd.), with selective LB medium containing 0.1 mg/mL
spectinomycin. E. coli was cultured aerobically at 37°C with shaking at 200
r/min.
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1.2 Construction of SMU.2055-Deficient Mutant Strain

Based on the complete genome sequence of S. mutans UA159, upstream and
downstream primers for SMU.2055 gene were designed using Primer Premier
5.0 software (Table 1 ).

Table 1 Sequences of primers for constructing SMU.2055-deficient mutant

Primers Nucleotide sequence Purpose
SMU.2055-UP F: CGGGATCCTTGCTCACCTCGC-

CCTTGTR:
CCCAAGCTTCCTTCC-
TACGCTCTTTCTC

Amplify the
upstream
fragment of
SMU.2055

SMU.2055-
DOWN

F: CATGCCATGGATTAG-
GTTTTGATTTAGAAGCR:
GGAATTCCATATGAGCAAGAC-
CAAACCACCT

Amplify the
downstream
fragment of
SMU.2055

Note: Underlined sequences indicate restriction enzyme cutting sites.

The upstream and downstream fragments of SMU.2055 gene were amplified by
polymerase chain reaction (PCR), digested with BamHI and HindIII restriction
enzymes, and ligated into pFW5 plasmid (kindly provided by Professor Yu Qing
from the School of Stomatology, Fourth Military Medical University). The liga-
tion product was transformed into E. coli DH5� competent cells. Positive clones
were selected on LB agar plates containing spectinomycin, and plasmids were
extracted for sequencing verification. The successfully constructed SMU.2055-
deficient recombinant plasmid was then transformed into S. mutans. Natural
transformation was performed by mixing the plasmid with wild-type S. mutans
UA159 pre-treated with 1 �g/mL competence-stimulating peptide (CSP, synthe-
sized by Shanghai Sangon Biotech Co., Ltd.) [16]. Positive clones were selected
on BHI agar plates containing spectinomycin, and genomic DNA was extracted
for PCR and sequencing verification.

1.3 Growth Ability of SMU.2055-Deficient Mutant Under Different
pH Conditions

Overnight cultures of S. mutans UA159 and the SMU.2055-deficient mutant
were adjusted to A600 � 0.8 and inoculated at a 1:100 ratio into BHI liquid
medium at pH 7.5 or 5.5. The cultures were incubated anaerobically at 37°C
for 24 hours, with A600 measurements taken every hour to generate growth
curves [17].

1.4 Determination of Lethal pH for SMU.2055-Deficient Mutant

BHI liquid medium was prepared with pH values ranging from 2.5 to 7.0 at
0.5-unit intervals. Logarithmic-phase bacterial cultures were transferred to BHI
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medium at different pH values and incubated anaerobically for 3 hours. Sam-
ples were then collected, serially diluted, plated, and viable cell counts were
determined after 48 hours. The highest pH at which no bacterial survival was
observed was defined as the lethal pH [18].

1.5 Detection of Glycolytic Capacity in SMU.2055-Deficient Mutant

S. mutans UA159 and the SMU.2055-deficient mutant were cultured to early
stationary phase, harvested, and resuspended in 50 mmol/L KCl, 1 mmol/L
MgCl� solution. The suspensions were adjusted to the same A600 and titrated
with KOH to above pH 7.2. Glucose was added to a final concentration of 1%,
and the pH of the reaction system was monitored every 2 minutes for 30 minutes.
The lowest pH reached was recorded as the minimum glycolytic pH [19-20].

1.6 Detection of Cell Permeability in SMU.2055-Deficient Mutant

Overnight cultures of S. mutans UA159 and the SMU.2055-deficient mutant
were harvested, and 25 mL of each culture was resuspended in 2.5 mL Tris-HCl
buffer (75 mmol/L, pH 7.0, containing 10 mmol/L MgSO�). Toluene (250 �L)
was added, and the mixtures were incubated at 37°C for 5 minutes, followed
by freeze-thaw cycles. Protein concentrations were determined using a BCA
protein assay kit according to the manufacturer’s instructions [21].

1.7 Detection of Proton Permeability in SMU.2055-Deficient Mutant

Overnight cultures of S. mutans UA159 and the SMU.2055-deficient mutant
were harvested and resuspended in PBS buffer for 2 hours. After centrifugation,
the pellets were resuspended in 50 mmol/L KCl, 1 mmol/L MgCl� solution to
a concentration of 20 mg/mL. The pH was adjusted to below 4.7, and measure-
ments were taken every 10 minutes. At 50 minutes, butanol was added to a
final concentration of 10% to disrupt cell membranes and allow equilibration
of intracellular and extracellular pH. The final pH was recorded at 80 minutes
[22].

1.8 Detection of H+-ATPase Activity in SMU.2055-Deficient Mutant
Under Different pH Conditions

Prepared permeabilized cells (at pH 7.5 or 5.5) were resuspended in 75 mmol/L
Tris-HCl buffer (pH 7.0, containing 10 mmol/L MgSO�). Three milliliters of bac-
terial suspension was measured at A600 using the same buffer as blank control.
Bacterial concentration was calculated based on the established relationship
between cell dry weight and absorbance. Enzymatic reactions were performed
using an H+/K+-ATPase assay kit according to the manufacturer’s instructions,
with phosphate determination [1]. One unit of ATPase activity was defined as
the amount of enzyme that hydrolyzed ATP to produce 1 �mol of inorganic
phosphate per hour per milligram of dry cell weight.
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1.9 Observation of Biofilm Formation by SMU.2055-Deficient Mutant
Under Different pH Conditions

Overnight cultures of S. mutans UA159 and the SMU.2055-deficient mutant
were inoculated at a 1:100 ratio into 5 mL BHI liquid medium (pH 7.5 or 5.5) and
transferred to six-well plates containing sterile cover glasses. After 24 hours of
incubation, planktonic cells were removed, and the biofilms were washed, dried,
and stained with 200 �L of SYTO9 working solution for 15 minutes at room
temperature in the dark. The stained biofilms were observed using confocal laser
scanning microscopy at 488 nm excitation, with five random fields photographed
for each strain [17].

Statistical Analysis

All experiments were performed in triplicate. Data were analyzed using SPSS
20.0 software with independent samples t-test. Statistical significance was set
at � = 0.05.

Results
2.1 Identification of SMU.2055-Deficient Mutant Strain

PCR amplification of the SMU.2055-deficient mutant yielded a fragment size
consistent with that amplified from the corresponding recombinant plasmid tem-
plate and matched the expected size. Sequencing results showed 99% identity
when compared with the NCBI database. PCR identification results are shown
in Figure 1 [Figure 1: see original paper].

2.2 Growth Ability of SMU.2055-Deficient Mutant Under Different
pH Conditions

Compared with the wild-type strain, the SMU.2055-deficient mutant showed
significantly impaired early growth in BHI medium at both pH 7.5 and pH
5.5 (Figure 2 [Figure 2: see original paper]). The wild-type strain entered
logarithmic phase at 4 hours (pH 7.5) and 6 hours (pH 5.5), reaching stationary
phase at approximately 8 hours and 15 hours, respectively. In contrast, the
mutant exhibited extended lag phases, entering logarithmic phase at 7 hours
(pH 7.5) and 10 hours (pH 5.5), and reaching stationary phase at approximately
11 hours and 21 hours, respectively. Early-stage A600 values were significantly
lower at pH 5.5 than at pH 7.5 for both strains, indicating growth inhibition
that was more pronounced in the mutant. However, after 20 hours, final cell
densities showed no significant differences between the two strains at either pH.

2.3 Lethal pH of SMU.2055-Deficient Mutant

As pH gradually decreased, the viability of both strains diminished progressively.
The lethal pH for wild-type S. mutans UA159 was 3.5, whereas that for the
SMU.2055-deficient mutant was 4.0.
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2.4 Glycolytic pH Reduction in SMU.2055-Deficient Mutant

Upon glucose addition, both S. mutans UA159 and the SMU.2055-deficient
mutant rapidly metabolized the substrate and produced acid, causing a rapid pH
decline in the reaction system. At all time points during the first 18 minutes,
the pH of the wild-type reaction system was lower than that of the mutant,
indicating a significantly higher early glycolytic rate in the wild-type strain
(P < 0.05). However, no statistically significant difference was observed in
the minimum glycolytic pH between the two strains (Figure 3 [Figure 3: see
original paper]), suggesting that SMU.2055 gene deletion did not affect bacterial
glycolytic capacity.

2.5 Cell Permeability of SMU.2055-Deficient Mutant

The protein concentration of wild-type S. mutans UA159 was 1.2768 ± 0.2639
mg/mL, while that of the SMU.2055-deficient mutant was 1.6297 ± 0.1249
mg/mL. Compared with the wild-type, the mutant exhibited significantly en-
hanced cell permeability (Figure 4 [Figure 4: see original paper]) (P < 0.001).

2.6 Proton Permeability of SMU.2055-Deficient Mutant

The slope of the curve for the SMU.2055-deficient mutant was lower than that
of the wild-type strain between 50-80 minutes, with the final pH at 80 minutes
being lower than that of the wild-type (Figure 5 [Figure 5: see original paper])
(P < 0.05), indicating enhanced proton permeability in the mutant.

2.7 H+-ATPase Activity in SMU.2055-Deficient Mutant Under Dif-
ferent pH Conditions

At pH 7.5, H+-ATPase activity in the SMU.2055-deficient mutant was slightly
reduced compared with wild-type S. mutans UA159 (Figure 6 [Figure 6: see
original paper]), but the difference was not statistically significant (P > 0.05).
At pH 5.5, however, H+-ATPase activity in the mutant was significantly lower
than in the wild-type strain (P < 0.01).

2.8 Biofilm Formation by SMU.2055-Deficient Mutant Under Differ-
ent pH Conditions

At both pH 7.5 and pH 5.5, wild-type S. mutans UA159 formed relatively dense
biofilms with large bacterial aggregates (Figure 7 [Figure 7: see original paper]).
In contrast, biofilms formed by the SMU.2055-deficient mutant were sparser
than those of the wild-type, with smaller bacterial aggregates displaying a retic-
ular structure containing irregular circular or oval pores of various sizes. The
biofilm-forming capacity of the mutant was significantly lower than that of the
wild-type at both pH values. Notably, both strains demonstrated enhanced
biofilm formation at pH 5.5 compared with pH 7.5, producing denser biofilms
with larger bacterial aggregates that nearly covered the entire field of view.
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Discussion
SMU.2055 protein is considered a putative acetyltransferase belonging to the
GNAT family, which participates in cell growth regulation, gene transcription
activation, and DNA damage repair. Acetyltransferase-catalyzed acetylation
represents a major mechanism of protein acetylation, which plays important
roles in microbial stress responses and pathogenicity control by regulating pro-
tein activity, localization, protein-protein interactions, and protein-DNA inter-
actions. Acetylation modification may be involved in carbon metabolism, fatty
acid synthesis, and stress responses, and can influence bacterial morphology
and biofilm formation by affecting cell wall structure and permeability—factors
closely related to S. mutans acid tolerance. We therefore hypothesized that
SMU.2055 gene might be associated with S. mutans acid resistance.

Cell density can regulate S. mutans adaptation to acidic environments, with
bacteria in logarithmic phase under planktonic conditions and those in biofilms
showing better acid tolerance. In this study, the SMU.2055-deficient mutant
exhibited significantly extended lag phases at both pH 7.5 and pH 5.5, indi-
cating that SMU.2055 gene plays a role in S. mutans growth. This may be
because acetylation modification participates in metabolic processes such as the
tricarboxylic acid cycle, and disruption of acetylation can affect bacterial glu-
cose utilization. The observation that final cell densities were similar between
the mutant and wild-type suggests the existence of compensatory mechanisms
to maintain viability. Both strains showed adaptive acid tolerance, with growth
inhibition more pronounced at pH 5.5, particularly in the mutant, indicating
reduced resistance to low pH environments.

Biofilm formation represents a bacterial strategy to resist environmental inter-
ference, with microbial communities, extracellular polysaccharides, water, and
metabolites constituting the biofilm matrix. Organisms within biofilms can
supplement nutrient deficiencies and buffer pH changes. Impaired biofilm for-
mation contributes to reduced acid tolerance. In this study, the mutant formed
significantly weaker biofilms than the wild-type at both pH values, possibly
due to reduced formation of irregular substances between bacterial cells—pri-
marily composed of extracellular polysaccharides and proteins—which affects
water-insoluble polysaccharide formation and bacterial adhesion. Additionally,
reduced acetylation may affect lipid synthesis and consequently biofilm forma-
tion. Both strains showed enhanced biofilm formation at pH 5.5 compared with
pH 7.5, likely because low pH increases expression of the gtfBC gene unique to
S. mutans in biofilms, promoting water-insoluble polysaccharide formation and
bacterial adhesion.

Lethal pH reflects fundamental acid tolerance and serves as an important
parameter for adaptive acid resistance. Our study demonstrated that the
SMU.2055-deficient mutant had lower resistance to lethal pH environments
than the wild-type, possibly because SMU.2055 deletion affected synthesis of
various membrane-associated proteins, thereby compromising cell membrane
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integrity and acid tolerance. These proteins include general stress proteins and
acid-specific proteins.

A lower minimum glycolytic pH indicates stronger capacity for metabolizing sug-
ars and producing acid in acidic environments, reflecting higher acid tolerance.
In this study, the early glycolytic rate of the SMU.2055-deficient mutant was
significantly lower than that of the wild-type, but no significant difference was
observed in minimum glycolytic pH between the two strains. The absence of
SMU.2055 did not affect bacterial glycolytic capacity, possibly because the dele-
tion induced other adenosine transferases to maintain glycolytic function. Al-
ternatively, excess glucose may cause non-enzymatic acetylation reactions that
can feedback to affect central metabolic pathways including glycolysis.

Under acidic conditions, S. mutans maintains intracellular homeostasis through
at least two mechanisms: extrusion of acidic products and expulsion of pro-
tons via membrane H+-ATPase hydrolyzing ATP to maintain transmembrane
pH gradients, thereby preserving a relatively alkaline intracellular environment
and protecting acid-sensitive enzymes and proteins. In this study, enhanced
cell permeability in the SMU.2055-deficient mutant may have resulted from dis-
rupted acetylation modification, which can alter bacterial cell wall structure and
permeability. Increased cell permeability allows free diffusion of H+ into cells
down their concentration gradient, affecting synthesis of acid-sensitive enzymes
and proteins and potentially influencing H+-ATPase activity and proton perme-
ability, thereby compromising acid tolerance. Alternatively, SMU.2055 deletion
may have affected fatty acid synthesis, and altered membrane fatty acid com-
position—part of the acid tolerance response—may directly affect proton perme-
ability of the lipid bilayer or indirectly influence it through H+-ATPase activity.
The enhanced proton permeability and reduced H+-ATPase activity at low pH
in the mutant further support this mechanism.

This study investigated the effect of SMU.2055 gene on S. mutans acid toler-
ance. The reduced acid tolerance of the SMU.2055-deficient mutant was associ-
ated with altered lethal pH, cell permeability, proton permeability, H+-ATPase
activity, and biofilm formation, but not with glycolytic capacity.

References
[1] Wei H. Study on acid tolerance-related genes in Streptococcus mutans [D].
Wuhan University, 2004.
[2] Matsui R, Cvitkovitch D. Acid tolerance mechanisms utilized by Streptococ-
cus mutans [J]. Future Microbiol, 2010, 5(3): 403-17.
[3] Kouzarides T. Histone acetylases and deacetylases in cell proliferation [J].
Curr Opin Genet Dev, 1999, 9(1): 40-8.
[4] Guo YT, Li YM, Zhao YF. New advances in lipoprotein synthesis [J].
Organic Chemistry, 2004, 24(7): 722-7.
[5] Xie L, Wang X, Zeng J. Proteome-wide lysine acetylation profiling of the
human pathogen Mycobacterium tuberculosis [J]. Int J Biochem Cell Biol, 2015,

chinarxiv.org/items/chinaxiv-201806.00148 Machine Translation

https://chinarxiv.org/items/chinaxiv-201806.00148


59(4): 193-202.
[6] Sang Y, Ren J, Ni JJ, et al. Protein acetylation is involved in Salmonella
enterica serovar Typhimurium virulence [J]. J Infect Dis, 2016, 213(11):
1836-45.
[7] Pan JY, Ye ZC, Cheng ZY, et al. Systematic analysis of the lysine acetylome
in Vibrio parahemolyticus [J]. J Proteome Res, 2014, 13(7): 3294-302.
[8] Chen XD, Zhan XR, Wu XY, et al. Crystal structure of SMU.2055 protein
from Streptococcus mutans and design and screening of its small-molecule
inhibitors [J]. West China Journal of Stomatology, 2015(2): 182-6.
[9] Lima BP, Antelmann HG, Chi BB, et al. Involvement of protein acetylation
in stress-responsive promoter transcription of a glucose-induced gene [J]. Mol
Microbiol, 2011, 81(5): 1190-204.
[10] Lee DW, Kim D, Lee YJ, et al. Proteomic analysis of acetylation in
thermophilic Geobacillus kaustophilus [J]. Proteomics, 2013, 13(15): 2278-82.
[11] Liu FY. Effects of reversible lysine acetylation modification on bacterial
physiological functions [D]. University of Chinese Academy of Sciences, 2014.
[12] Zhao WH, Zhan XR, Gao XZ, et al. Preliminary X-ray crystallographic
analysis of SMU.2055 protein from the caries pathogen Streptococcus mutans
[J]. Acta Crystallogr Sect F Struct Biol Cryst Commun, 2010, 66(Pt 5): 530-3.
[13] Chen X, Xu XH, Wu XY, et al. Role of SMU.2055 gene in the cariogenicity
of Streptococcus mutans UA159 [J]. Journal of Southern Medical University,
2017, 37(6): 786-91.
[14] Yamashita Y, Takehara T, Kuramitsu HK. Molecular characterization of
a Streptococcus mutans mutant altered in environmental stress responses [J]. J
Bacteriol, 1993, 175(19): 6220-8.
[15] Boyd DA, Cvitkovitch DG, Bleiweis AS, et al. Defects in D-Alanyl-
lipoteichoic acid synthesis in Streptococcus mutans results in acid sensitivity
[J]. J Bacteriol, 2000, 182(21): 6055-65.
[16] Li YH, Lau PC, Lee JH, et al. Natural genetic transformation of Strepto-
coccus mutans growing in biofilms [J]. J Bacteriol, 2001, 183(3): 897-908.
[17] Wu X, Hou J, Chen X, et al. Identification and functional analysis of the
L-ascorbate-specific enzyme II complex of the phosphotransferase system in
Streptococcus mutans [J]. BMC Microbiol, 2016, 16(3): 51.
[18] Zhou Y, Wei H, Fan MW. Adaptive acid tolerance of Streptococcus mutans
[J]. Modern Journal of Stomatology, 2003, 17(4): 285-7.
[19] Belli A, Marquis RE. Catabolite modification of acid tolerance of Strepto-
coccus mutans GS-5 [J]. Oral Microbiol Immunol, 1994, 9(1): 29-34.
[20] Buckley AA, Faustoferri RC, Quivey RJ. �-Phosphoglucomutase contributes
to aciduricity in Streptococcus mutans [J]. Microbiology, 2014, 160(4): 818-27.
[21] Krol JE, Biswas S, King C, et al. SMU.746-SMU.747, a putative membrane
permease complex, involved in aciduricity, acidogenesis, and biofilm formation
in Streptococcus mutans [J]. J Bacteriol, 2014, 196(1): 129-39.
[22] Santiago B, Macgilvray M, Faustoferri RC, et al. The branched-chain
amino acid aminotransferase encoded by ilvE is involved in acid tolerance in
Streptococcus mutans [J]. J Bacteriol, 2012, 194(8): 2010-20.
[23] Carrozza MJ, Utley RT, Workman JL, et al. The diverse functions of

chinarxiv.org/items/chinaxiv-201806.00148 Machine Translation

https://chinarxiv.org/items/chinaxiv-201806.00148


histone acetyltransferase complexes [J]. Trends Genet, 2003, 19(6): 321-9.
[24] Liang WX, Deutscher MP. Post-translational modification of RNase R is
regulated by stress-dependent reduction in the acetylating enzyme Pka (YfiQ)
[J]. RNA, 2012, 18(1): 37-41.
[25] Xu JY. Microbial protein acylation modification and regulation of anabolic
metabolism [D]. Shanghai: East China University of Science and Technology,
2017.
[26] Qiu M, Huang XJ. Biological behavior of Streptococcus mutans in biofilm
state [J]. Medical Recapitulate, 2008, 14(22): 3422-4.
[27] Song LM, Wang GY, Malhotra A, et al. Reversible acetylation on Lys501
regulates the activity of RNase II [J]. Nucleic Acids Res, 2016, 44(5): 1979-88.
[28] Welin-Neilands J, Svensater G. Acid tolerance of biofilm cells of Strepto-
coccus mutans [J]. Appl Environ Microbiol, 2007, 73(17): 5633-8.
[29] Loo CY, Corliss D, Ganeshkumar N. Streptococcus gordonii biofilm
formation: identification of genes that code for biofilm phenotypes [J]. J
Bacteriol, 2000, 182(5): 1374-82.
[30] Yunghua L, Robert A. Burne regulation of the gtfBC and ftf genes of
Streptococcus mutans in biofilms in response to pH and carbohydrate [J].
Microbiology, 2001, 147(10): 2841-8.
[31] Wen ZT, Burne RA. Functional genomics approach to identifying genes
required for biofilm development by Streptococcus mutans [J]. Appl Environ
Microbiol, 2002, 68(3): 1196-203.
[32] Hamilton IR, Svensater G. Acid-regulated proteins induced by Strepto-
coccus mutans and other oral bacteria during acid shock [J]. Oral Microbiol
Immunol, 1998, 13(5): 292-300.
[33] Schilling B, Christensen D, Davis R, et al. Protein acetylation dynamics in
response to carbon overflow in Escherichia coli [J]. Mol Microbiol, 2015, 98(5):
847-63.
[34] Dashper SG, Reynolds EC. Lactic acid excretion by Streptococcus mutans
[J]. Microbiology, 1996, 142(1): 33-9.
[35] Hamilton IR. Adaptation by Streptococcus mutans to acid tolerance [J].
Oral Microbiol Immunol, 1991, 6(2): 65-71.
[36] Quivey RJ, Faustoferri R, Monahan K, et al. Shifts in membrane fatty acid
profiles associated with acid adaptation of Streptococcus mutans [J]. FEMS
Microbiol Lett, 2000, 189(1): 89-92.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201806.00148 Machine Translation

https://chinarxiv.org/items/chinaxiv-201806.00148

	Effect of SMU.2055 Gene on Acid Tolerance of Streptococcus mutans UA159: Postprint
	Abstract
	Full Text
	Preamble
	Abstract
	Introduction
	1.1 Strains and Culture Conditions
	1.2 Construction of SMU.2055-Deficient Mutant Strain
	1.3 Growth Ability of SMU.2055-Deficient Mutant Under Different pH Conditions
	1.4 Determination of Lethal pH for SMU.2055-Deficient Mutant
	1.5 Detection of Glycolytic Capacity in SMU.2055-Deficient Mutant
	1.6 Detection of Cell Permeability in SMU.2055-Deficient Mutant
	1.7 Detection of Proton Permeability in SMU.2055-Deficient Mutant
	1.8 Detection of H+-ATPase Activity in SMU.2055-Deficient Mutant Under Different pH Conditions
	1.9 Observation of Biofilm Formation by SMU.2055-Deficient Mutant Under Different pH Conditions
	Statistical Analysis

	Results
	2.1 Identification of SMU.2055-Deficient Mutant Strain
	2.2 Growth Ability of SMU.2055-Deficient Mutant Under Different pH Conditions
	2.3 Lethal pH of SMU.2055-Deficient Mutant
	2.4 Glycolytic pH Reduction in SMU.2055-Deficient Mutant
	2.5 Cell Permeability of SMU.2055-Deficient Mutant
	2.6 Proton Permeability of SMU.2055-Deficient Mutant
	2.7 H+-ATPase Activity in SMU.2055-Deficient Mutant Under Different pH Conditions
	2.8 Biofilm Formation by SMU.2055-Deficient Mutant Under Different pH Conditions

	Discussion
	References


