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[ Abstract] The prevalence of dental caries remains high, posing a major burden on the public health of the global
society. Microorganisms are the main cause of dental caries, among which Streptococcus mutans (S. mutans) is one of the
most widely recognized cariogenic bacteria. In recent years, the progress in research technology enabled the academic
circle to conduct more in-depth research into caries-inducing S. mutans at the DNA, RNA and protein levels, and to gain
thereby a new understanding of the surface structure and extracellular matrix composition of S. mutans. In this paper, we
summarized recent findings on the cariogenic mechanism of S. mutans in order to help reveal more targets and potential

approaches for the future development of caries prevention agents that target S. mutans, and to promote the development

of dental caries prevention campaign.
[ Key words]

Caries prevention

Dental caries

i A DAL ) 1T e A A SRR P, T AN
HEAE RS RGEMEIR . 20164F 2 BREBR UK R
o fE SRS —, FLAEEHESS 1 20174, 23RN A
23 NHE A U, 2953/ L BAL A, 20184 /A
P FR A DU Yk 4 R IRA T A R A o, 5 LR
FBERRN70.9%, 124 LI A B EE3ER34.5%, 35 ~ 44%
HARE AR G2 4189.0%, 65 ~ 744 AR NG $798.0%,
Fop L RS SR AL 10 T 2 L TR, RISk,
BRREEAT, B B RS AT ANER
Uik

W 2 FR R | i L IRBE R ) A5 22 R R AL )
M P B0 AR REZH LA T MR R, I A
BB 2 THTE LA W RE T R i R 2 SO 1
o 20120904 AR MARSHER i A= A5 B BE2F# U, BRIl
BRI R SRAWHE S A= A T BRE2A UL E2E . 122 Ul
PEPRE A BRBEAE S — A B AT AL B0, 505 A&t F
PRGSO AT TR, 1l 7 R . T TR T I, PRI TR

* R AR HE4: (No.81970928) ¥ llh
A {FEE#, E-mail: linhc@mail.sysu.edu.cn

Cariogenic bacteria

Streptococcus mutans Cariogenic mechanism

FERRAR, AW =F B | FEPUE Es e, i AR
SHERRTE (LA (RIFRASSE 0 ) 2 i 2 ZE A BUE o, SR T, A5
FHRIN, WA 10% ~ 20% 545 h A A B AR BE T, HL
P RN o e ) F T AE B 9 2%, L 2 PR R T A ST i
SRR, DL 2SR ICEEPRAR T ARSE B R by i B
BRI . B AT, 82 A 2 A
TR L IRIAVE T 38, 4 A & BUTE—Fh st Wt pe s M AR
FH; ARS8 T DR B Ao = I R R B 77, PTG 43 e sk
IKAEE Y, RN B A 3, T R A R SR Pk
PN EEAE, PPOA N E BT . B AT s
FIRIFFE IR A P AR RS B, PRI, R SOF R B A AR B
PREUE LRI FE A e

1 THFEHBHEWMRATERE

S TR R0 A TS I T SRS R s A A A e
WO CE IR RATRE . Ve A, R d R
T . 58 ST Ly A ) SR REE IR R T 2 T,
— W2 JCA M | TC A N 3 SO BILIE, B BRAT
(acquired enamel pellicle, AEP) . B4 [ 38 12 IREWH I E A



EEl

W& 255 A2 S RERR T BUB AL BT 708 ik 209

RS AR O R AR R B T T AEPIE WA= WM . 72 IRE
e = SRR, A BE T LA AR REREHOBUR AR R, AL HE A
T HE FIP1( M FRPac, SpaP. Ag I /11 )5 AEPH Y MR 5k
RIS o RERE OB B I 2200 L B %
BRI FL I (glucosyltransferases, GTFs) I R M4E A 1R
M (glucan-binding proteins, GBPs) . GTFsBH A AEPH,
TEREMEAAAE R 2R AE T, AT UL TR, 7 A= AT A 2R
IR 7KV VSR NE S5 ML A 2 B (extracellular
polysaccharide, EPS), 2855 #1255 EPS, ZEMt T4 i . #853
EPST 575 5% [ 9 18] (1) GBPsF7 5 45 & L E R, A6
WIBR G EPSHL, ib BTl K £ 4l il /P DN A (extracellular
DNA, eDNA) . f5#iEEMRZ (lipoteichoic acid, LTA) fl#E H
FPEERCR, 25 R BEREFE AL T, eDNAKY
B MGHBRIA R B GBR kG AT A
Z BIEPS, eDNA RIAE y S B 45 ¥y i 4 2% 4 o A A JE Jo
(GLHREPS), IR A iF B ZEPSULRRAE LR M, A F| T2 5 E
HIHE— LRI, fEIE LR, Ah, e DNASEPSES &
HER AN RE TR, A MRS AL S I E

i o AF DGR 3 ok e as ARG B K AL B ), K
e EUTERER L AR ™ AR LR . R . SRR %5
AL, A5 R Gl A 5 pHABLRAARR, J2 S BOCF W™ 19 B
FIEEN, ARBERUALSOVRGNAS 1 141 BRI I R 4t
(galactosespecific phosphotransferase system, PTS) #H It
P, BT IS RO, Mo =BEIR IR T4 6 &
(ATP-binding cassette, ABC)¥%iz JE K, 24 in 50
PTSHe iz PR 7R T 2 fioh 1) 28 7R 3 (£995% ) B AK AL 45 W)
WTEALE iz, HAB KA & 9 W e 3 A G TFs B R At
MG GTRsUBI AN ™ A BA IR AP AR
JFERARARE A LR, R pHIF (IR IR e E G TR ik .
GTFsj” 4 (NEPSFIIE LBt B, By 1R HL, £ 37 Jay B R 5
BEGUAEE o SRR o B I A58 1) S 5 ] B 1 MR Bl P )
Fry Gt s Shy N R PRI, AR BE TR &t 2R )
REAHLH, FEALE: FF-ATP fii LI, EhRIMTEF; 75
I RN BEAH SR DRI 1 1 hne™ 5 T2 i 221
XU VA2 2R G, LA LR I 25 WL ) 1 748 5 PR BE 7 5 BRER
BN AT S MR H B IRE™S 1 A R R PR B A
RN B BT FIRHE N T AR BRI . A RIS R I,
W AR pHIE AN R ER 5 55 0.5 ~ 1 pHEL

2 THEHEAXETFHRTRE

21 ERFEFMEH
AR, KFR 456 T8 58 B BB AL I A B 52 5 S o
TEFFME AR, FEMR SR AAF. (R, R, b

A 255 1 % . EPSA RN AL W IR B A5 AR 55 14
FE R, AR A28 55 T BB AL IR .l AT
A4k, AR TR L R B TR B A S P s P %
FUAT RN, (EAREE R, LT IR R4l
Fhhe, H—ohigt Itk —HE o8

55 T AR W R SR O TR 12 RV M5 518 5 &
4i(VicRK, ComDE, CiaHR, LiaRS) . 5 {5 i /33—
JRAFAR (c-di-AMP) 26| CRISPR-Cas R 48 SAEFE A" S-
Wb 2 e W2 B (LuxS)'™ | TN 22 H i€ i (alanine
racemase, Alr)"", 8 H (mucin)"”, PdxR(cg0897)" 454
. CRISPR-Cas# 5t 2 2 Il N %] o 2 23 BRI i 175 £k
0 ARG S 2 B A R G, AT AEIFSE & ILCRISPR-Cas 5
G O L DR R 2 TR 2 T A BT R, AN A A
T I 5E o WFFT 2, cas33k PR R I AR B P 28 AR MR A
A WIRERE T R

JEJ7 (5 BRANPUA: 2R 55 ) O G FL 72 Brp A
(SMU.410)™, Cid/Lrg 4t G (A 8 1 /K e 85 11 il
P(caseinolytic protease P, ClpP)"**, ComDE™', CRISPR-
Cas RS KA T, EzrAP", PdxR(cg0897)"!, RgpF (i
5 A L RE )™ Sprv (SMU.2137)*F1VicRK"™",
ComDERFMWINN BB AMAWA » R Z—, FEE
S TRAUA: RAF I ROR G, i 2 5 HEYIIBIE R 4n
R A A A A

ARIFAH I F2 PTSHHIELL 43, PAxR(cg0897) " Al
SMU_833"14 54k B F LA B /K A6 A5 0 T 95 % S i aot
PTSA G518, ARG HEIM & B A A HZE L WPTSE
BRI,

AR 58 B PEFN A AR AR OCIA -2 BrpA(SMU.410)"°
EzrA™. Cid/Lrg R %™, RgpF* FIYidCH "4 o

Tt SBUAH DG PRl 2 A8 98U A S i B il ) 550 32 Aol
JH, BT A S AT RR I AR I PR T DL, (A 7 s SC
A, . oy S A R ISR By 5 B R
Tt 328 45 A R L B, R 9 00 T 9BUAR B TR bR 22 fh SR I
EEEFR E AR T SRR IR IZ B, B X T
SRS EE TR RR B PO o T A B PR R Y A
T 7 PR RS 1 A 5 T A AR AR, AR 2
5T 2 W, Tt 960 A1 ke 6 15 I P R0 3850068 4 e e T A
PRI, RRUE TR TR R 5 R DR 928 O, W B Y i SELHIL
AR . OFEERE (enolase) FIF-ATPase B AE . 1L b
it 2 XoF SR RBURR A T, A T 9 3R W T U e T A
il FIF- ATPase X} SR BBUERME AT, MBS B A7 7E S8 i, 1B
INAG BF 58 A0 B PR 25 2R, Rt S 6 D A4 T Tl R F -
ATPase 5t FALHI A KL @A F (fluoride



210 PNl (BE22 R

5 53%

exporters) . S HE R A7 7E M > CICHY & 1 if 18 8 1
(eriCFS) i IE N, 435 MperA . perB, 55 E TR AT
O, WIEETRII R, AR 5 X S0 BBURR PR R 5 . DL
MRS LIAOSEEF X AR5 18] C180-2 FRIRUMN 37 58 A8 M 4=
FER I 7 & B, 84 PR T TR 28 A8 A5, FErP > 5 5
PRI A S, YUSE R Bl smu. 3963 PR G
SR BE R T R, smu. 199 13 PR XA A )36 7 S 80O e
FEPH (smu.1290¢-89¢) i 384 T HHOCHE F R IAH 0,
I IR . smu 396 KL PR AR Flsmu. 1991 56 R ief Rk (i
T SRR B
2.2 small RNA ( sRNA )

I 35 PR R 2 1128 T A F ST R TR SR, 3 4 X AR
DA Sk e VR S IR A B e i e . PSSR, AR BE TR
PIFEAE— SRR 9 B TP DI RE I sRNA, A 7RG SR fa
KT 12 AR T AR A | R R A RN I aRA .
AT T sSRN As I J 38 8 /N F 400 M Z TR, 45K 248
sRNAH T 5 mRNAGHIE B AMECXT &5, 1F ) a6 ] 84
HUmRNAZIL, DI X IR AR [7]—sRNAT] BE [ i 37
P LA mRNAZ K, 1M1 7] —mRNAT] GE32 21 sRN AT,
T I 24 1 R4 R 451

20124F, XTASE O o A= 4 . 27 0000 4% i ] o
sRNAs, SZH &% IL10-leaderF A W 5, L10-leader 54
KEREEA G, AN ) 22 55 1 I IRk 1 L10-leader 35 R
[ . LEESF!"'i o o 38 0 5 & 90 AR 4 o o A7 A6 i i
900 microRNA K J&# K /N sRNAs(miRNA-size small
RNA, msRNA) . MAOZE" A Ky rncIk K ] fig i i 34
msRNA 1 1] P45 vicRKX (1) 2 38, T HEEPSI A B
S AT BN A3 SR T AN IR | bl 0 2 M e B 55 504
FE 1 N ASBE AR HERRUA 159/ sRNASCIZE, & BIAR4E B 7F
ANV 31755 T B0 77 A — @ B 1 sRNA, AN 6] 7175
S FRIKZEFRAAISRNAA [ 585 LA %
sRNA0187F1sSRNA0593, 7 i i Bt 71 AR A B ) A8 6 e
PRIk B FRIB A 22 R BRI I VA
R IsRNAO0187 R /KF- 3k 5 FL A1 5 Bt A G o it
F, sSRNA0426 5 A5 4% T i R AR A ) HROW il A TR A DG 56
A, Wil IR GtB |, GtfC. CcpAFIComESE K 51
EPSH i, MITsEma A= PR AT s

H T, X FsRNAMBEIE T BT 58 7 XA K £ )5
PR SRNAZEAS WY H £ m] R AL BT 50 B2 A T g B bl
il 2 B ST UE S, 2 AR AN B sRN A B SE 7 1] o KA,
sRNATRE MEEHr R Dy Kk 47 F7 RN AZS & B A3,
AR5 T T v R ARE 2 B AFE R BIRNAZE G, (AR
W5

3 THEFERXEHTRTTRE

3.1 iM%

TE M FEET 4 (amyloid fibers) X —2E LA BIE
2 2 1 A YT Yk AR SR 1 R L R AR SRR
VEARBI ST KB, SE PR LT AU AE T N IGRAT 0%
i A E T AN R, AR R A AR
Ao 20 TR 3 T TR A9 P 2T 24 EL A 780 ) B- 47 B s - BT
S, BERk MR LTGS2 T(ThT) Yo f, n] HCH 38 5%
it 1Y) ok e o S [) 40 A1 R DE B AR 2 A FE AN 55, 5 0k B 24
4~10 nm, K250.1 ~ 10 pum. 4175 7% [f 8 B B £F 2 2 40
W B DR T, AT AR SR #E ) A G SN AT
i 3 5t A o 40 B HR TP TR 25 A s R AR —
Toft 285 R R, 1) 40 4 1) 0 400 4 45 = 10 A0 85 B, 2
H: W IEETE I

20124F, OLIZE oy YR A2 4 11 3R I A TETE M FELT
4k, fEBEE A IR AR, 20174EBESINGISES,
RIMPIE1C123B: . Wap AT AgABLAI —AE X453
WARE F1SMU_63c ] BE /AR 5% DA VE M FR T 4E 1) = 208 il R
1, HoH P12 FIC123 B2 H T LA AN AR BE R VE MR EET
HETE R 1, R IR 2 AR FVE AR R . PLERH
FEASHE RIS T IS, 3850 P L AR A (3 - Bl A 4N P
BE, 53—y LAl s TR AR B AN P AN R T b . W T
HMAPURERE, B A AN IE B, b C123 B e A7 7E,
A —Br(AgIBO) B TR, C12345G EPackE A
HC123E FITERRELT 41k C123/YC3E BEnT R kLt &
F fBEPacHR A, VP B, 2535 I BAiz FIE 3 1tk
TR I I 3 0 B Y7 A R85 281 A A P 25 A A T %
AR ETEMFELT A, FORAZ . AH B ZHE8 5 AR, Tliees
ASBE T F T LT JCTE MY RELT 45 T iy My R 41 2 4 ) 75 -
JLASZ (epigallocatechin gallate, EGCG) 1] #Il il AR &% B 4
TEMPELFAERVE ML B L3RI, VERPRET 42
ARG B A BT LR BB K . JERRELT 4T S5 Al R Ak
e DNAFHEAE o 4 88 (0 A BK A FE 5T JCe DN ASF
TERT, RASHT TERRELT AEPSM BARTELE, S IR AN REIE
JRIERRELRAE, TN ASNEEeDNA I PK &2 PSMsHE AT k)
FELFHERRRPE™ . 285 A1 A S 8 FIEGC G FIDN A i1
7)Y A AR Al A TR A R 1

I i 6 A8 4 T D B RE 41 4 O BT 55 14 b F400 01 By
B, R SE AW BE RV M RELT AR LR (1, ST RFE
Y 5L S (eDNA . EPSS) YA AR
32 B

PN AR ]10 ~ 400 nm, & SRR . BT IEIR



EEl

W& 255 A2 S RERR T BUB AL BT 708 ik 211

AR5, AT R 40 B R SN R R R SE A T, 2
ST UNBEA RN . B SE S MU ) N A S, IS g R ik
I 15 R AN TR R A

20144F LIAOSE" 1 WKl AR 4 B 1T DA 7= A 4 34, 4
M7 eDNA, 284 B Pl 10 B9 3 s B il e DN A 2 5
i, S 5EYBIE . R R AU AN 2%/ EeDNA
MY SRR . AR BE R I 5 Gtfs (GTF-TMGTE-SI),
Gtfs 5 3 i 11 e DN AFH BAF FH (i A= W IEIE )™ 3l A
JP ke BRSPS O 55 A T 1R s R B A G
AR 1 R 5 B KB T D TR, st AT 52 M 28 T 5 1Y
HOEE T SRR A3 ARl P26 (Y R¢ 1 22 TnSmu2
By AN R, sfp srtATE DR 215 98 0 (1 E 1 RN 43
Wh, BEY T AR EE R A W OY B ZEH FIAWFR &
BRR T AR B A AT 7 A B8 2 B/ N I, 3R i AT
RETERR R R 24 5 TRV E o AN I A ZE36 v 848
DA PR AGE ) L TR A S LL R EPS B i L B
O B FE IR R GEAH I R TRk, A R AE Y e,
WA, AR TR A 6 P38 G BR B R £,
HNEPS &tk {2 11 (G BR R AE MRS 1, & HE B ] B
YEDIRE' ™, H FIR AR5 P 6 (14 I 5T 22 [ G2 3 0 1 4
VR S REFEAT /M7, 1 A 76 4= B 0 98 16 1) FH B L mT
REAE ML, (EA5 3255

BRANTA A1, FLPA AEBE G K SR PR R B E R . iR
T L 0 B 3 P (o S BR TR RS R T 1R iA 89%, T T
Bl L BRI U 2% ~ 22% . AR AR
A AN 2 HEL IV P 0 A R TR T 3 A ) i ol A A R A, 3
S5 T DR BEEORE T 7' D4R, 4T - EUIE A0 I AL A KA
HAEIR RGN . BFFE R, R A i o
B~ SR 15 AR B A LR F A LA 20 B Ak A
3 WA Y 22 W AT T R B TR R B TR 5 A W BT B, ke
e ke, S L F e

4 RE

KLU, A5 HE AR N B Al i A B ST S 22
QN R EE T IR | 200 R 28 AL S TR X R0
ZERXENLIN, [N R I TEAT 5 B AR R BT . IAF,
Wl AT AR B AE, X AR B R SO A OCDNA L RNAF
HEZ AR EIRA, RS 1022 5 i B0
BUEIEIR, A, FATTX AR 5 B 2% 1 45 A4 A2 1 Pk ot
WA TR . A BRI S oA T R UL SR
Sy #OR B BI7  fFR) S AL 1 T 2 i R RE R AR, AN K
PN AR, PRI . ARk, FRATTNESE )
FEMLFE TSI, I AL 65 1 1 B K LUAR 5 1R R By

{14 22 B AR B A ELAR IO BITTE, T A AR DB il ] 71, L]
WS BTG FlL R E— 2P K R

* % %
MR FTAEE LA 5 e
2 £ x W

[1] GBD 2016 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 328 diseases and injuries for 195 countries, 1990-2016: A
systematic analysis for the Global Burden of Disease Study 2016. Lancet,
2017, 390(10100): 1211-1259.

[2] RIGHOLT A J, JEVDJEVIC M, MARCENES W, et al. Global-, regional-,
and country-level economic impacts of dental diseases in 2015. ] Dent
Res, 2018, 97(5): 501-507.

(3] TR AE DR A TR I A . dbat: AR TR AL,
2018:11-44.

[4] FAKHRUDDINK S, NGO H C, SAMARANAYAKE L P. Cariogenic
microbiome and microbiota of the early primary dentition: A
contemporary overview. Oral Dis, 2019, 25(4): 982-995.

[5] HAJISHENGALLIS E, PARSAEIY, KLEIN M I, et al. Advances in the
microbial etiology and pathogenesis of early childhood caries. Mol Oral
Microbiol, 2017, 32(1): 24-34.

[6] TAKAHASHIN, NYVAD B. The role of bacteria in the caries process:
Ecological perspectives. ] Dent Res, 2011, 90(3): 294-303.

[7]  HORIUCHIM, WASHIO J, MAYANAGI H, et al. Transient acid-
impairment of growth ability of oral Streptococcus, Actinomyces, and
Lactobacillus: A possible ecological determinant in dental plaque a
possible ecological determinant in dental plaque. Oral Microbiol Immunol,
2009, 24(4): 319-324.

[8] KRZYSCIAK W, JURCZAK A, KOSCIELNIAK D, et al. The virulence
of Streptococcus mutans and the ability to form biofilms to form biofilms.
Eur J Clin Microbiol Infect Dis, 2014, 33(4): 499-515.

[9} KLEIN M I, HWANG G, SANTOS P H, et al. Streptococcus mutans-
derived extracellular matrix in cariogenic oral biofilms. Front Cell Infect
Microbiol, 2015, 5:10[2021-02-17].https://doi.org/10.3389/fcimb.2015.
00010.

[10] LEMOSJA, PALMERSR, ZENG L, et al. The Biology of Streptococcus
mutans. Microbiol Spectr, 2019, 7(1): 10.1128/microbiolspec. GPP3-
0051-2018[2021-02-17]. https://doi.org/10.1128/microbiolspec. GPP3-
0051-2018.

[11] XIAO]J, KLEIN M1, FALSETTA M L, et al. The exopolysaccharide
matrix modulates the interaction between 3D architecture and virulence
of a mixed-species oral biofilm. PLoS Pathog, 2012, 8(4):
€1002623[2021-02-17].https://doi.org/10.1371/journal.ppat.1002623.

[12] GUANN, LIU L. Microbial response to acid stress: mechanisms and
applications. Appl Microbiol Biotechnol, 2020, 104(1): 51-65.

[13] PENG X, ZHANG Y, BAI G, et al. Cyclic di-AMP mediates biofilm


http://dx.doi.org/10.1016/S0140-6736(17)32154-2
http://dx.doi.org/10.1177/0022034517750572
http://dx.doi.org/10.1177/0022034517750572
http://dx.doi.org/10.1111/odi.12932
http://dx.doi.org/10.1111/omi.12152
http://dx.doi.org/10.1111/omi.12152
http://dx.doi.org/10.1177/0022034510379602
http://dx.doi.org/10.1111/j.1399-302X.2009.00517.x
http://dx.doi.org/10.1007/s10096-013-1993-7
https://doi.org/10.3389/fcimb.2015.00010
https://doi.org/10.3389/fcimb.2015.00010
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1371/journal.ppat.1002623
http://dx.doi.org/10.1007/s00253-019-10226-1
http://dx.doi.org/10.1016/S0140-6736(17)32154-2
http://dx.doi.org/10.1177/0022034517750572
http://dx.doi.org/10.1177/0022034517750572
http://dx.doi.org/10.1111/odi.12932
http://dx.doi.org/10.1111/omi.12152
http://dx.doi.org/10.1111/omi.12152
http://dx.doi.org/10.1177/0022034510379602
http://dx.doi.org/10.1111/j.1399-302X.2009.00517.x
http://dx.doi.org/10.1007/s10096-013-1993-7
https://doi.org/10.3389/fcimb.2015.00010
https://doi.org/10.3389/fcimb.2015.00010
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1128/microbiolspec.GPP3-0051-2018
https://doi.org/10.1371/journal.ppat.1002623
http://dx.doi.org/10.1007/s00253-019-10226-1

212

PR AE2A A (B 2R

5 53%

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

formation. Mol Microbiol, 2016, 99(5): 945-959.

MOSTERD C, MOINEAU S. Characterization of a Type I -A CRISPR-
Cas System in Streptococcus mutans. mSphere, 2020, 5(3):
€00235-20[2021-02-17]. https://doi.org/10.1128/mSphere.00235-20.

HU X, WANG Y, GAOL, et al. The impairment of methyl metabolism
from luxS mutation of Streptococcus mutans. Front Microbiol, 2018, 9:
404[2021-02-17]. https://doi.org/10.3389/fmicb.2018.00404.

LIU S, WEI'Y, ZHOU X, et al. Function of alanine racemase in the
physiological activity and cariogenicity of Streptococcus mutans. Sci Rep,
2018, 8(1): 5984.

WERLANG C A, CHEN W G, AOKIK, et al. Mucin O-glycans
suppress quorum-sensing pathways and genetic transformation in
Streptococcus mutans. Nat Microbiol, 2021, 6(5): 574-583.

LIAO S, BITOUN J P, NGUYEN A H, et al. Deficiency of PdxR in
Streptococcus mutans affects vitamin B6 metabolism, acid tolerance
response and biofilm formation. Mol Oral Microbiol, 2015, 30(4):
255-268.

TANG B, GONG T, ZHOU X, et al. Deletion of cas3 gene in
Streptococcus mutans affects biofilm formation and increases fluoride
sensitivity. Arch Oral Biol, 2019, 99: 190-197.

WEN Z T, SCOTT-ANNE K, LIAO S, et al. Deficiency of BrpA in
Streptococcus mutans reduces virulence in rat caries model. Mol Oral
Microbiol, 2018, 33(5): 353-363.

AHN SJ, RICE K C. Understanding the Streptococcus mutans Cid/Lrg
system through CidB function. Appl Environ Microbiol, 2016, 82(20):
6189-6203.

KHARA P, BISWAS S, BISWAS I. Induction of clpP expression by cell-
wall targeting antibiotics in Streptococcus mutans. Microbiology
(Reading), 2020, 166(7): 641-653.

ZUY, LIW, WANG Q, et al. ComDE two-component signal
transduction systems in oral Streptococci: Structure and function. Curr
Issues Mol Biol, 2019, 32: 201-258.

XIANG Z, LI Z, REN Z, et al. EzrA, a cell shape regulator contributing
to biofilm formation and competitiveness in Streptococcus mutans. Mol
Oral Microbiol, 2019, 34(5): 194-208.

KOVACS CJ, FAUSTOFERRIR C, QUIVEY R J. RgpF is required for
maintenance of stress tolerance and virulence in Streptococcus mutans. J
Bacteriol, 2017, 199(24): €00497—-17[2021-02-17]. https://doi.org/10.
1128/]B.00497-17.

SHANKAR M, HOSSAIN M S, BISWAS I. Pleiotropic regulation of
virulence genes in Streptococcus mutans by the conserved small protein
SprV. ] Bacteriol, 2017, 199(8): €00847—-16[2021-02-17]. https://doi.org/
10.1128/]B.00847-16.

LEIL, LONG L, YANG X, et al. The VicRK two-component system
regulates Streptococcus mutans virulence. Curr Issues Mol Biol, 2019, 32:
167-200.

ZENG L, BURNE R A. Essential roles of the sppRA fructose-phosphate
phosphohydrolase operon in carbohydrate metabolism and virulence

expression by Streptococcus mutans. ] Bacteriol, 2019, 201(2):

[29]

[30]

(31]

(32]

(33]

(34]

(35]

[36]

(37]

(38]

[39]

[40]

[41]

(42]

€00586—18[2021-02-17]. https://doi.org/10.1128/JB.00586-18.

RAINEY K, MICHALEK S M, WEN Z T, et al. Glycosyltransferase-
mediated biofilm matrix dynamics and virulence of Streptococcus mutans.
Appl Environ Microbiol, 2019, 85(5): €02247-18[2021-02-17]. https://
doi.org/10.1128/ AEM.02247-18.

ZENG L, CHAKRABORTY B, FARIVAR T, et al. Coordinated
regulation of the EII (Man) and fruRKI operons of Streptococcus mutans
by global and fructose-specific pathways. Appl Environ Microbiol, 2017,
83(21): €01403-17[2021-02-17]. https://doi.org/10.1128/ AEM.01403-17.
PALMER SR, REN Z, HWANG G, et al. Streptococcus mutans yidC1
and yidC2 impact cell envelope biogenesis, the biofilm matrix, and
biofilm biophysical properties. J] Bacteriol, 2019, 201(1):
€00396—18[2021-02-17]. https://doi.org/10.1128/JB.00396-18.
STRECKFUSS J L, PERKINS D, HORTON I M, et al. Fluoride
resistance and adherence of selected strains of Streptococcus mutans to
smooth surfaces after exposure to fluoride. ] Dent Res, 1980, 59(2):
151-158.

BROWN L R, WHITE J O, HORTON I M, et al. Effect of continuous
fluoride gel use on plaque fluoride retention and microbial activity. ] Dent
Res, 1983, 62(6): 746-751.

CAI'Y, LIAO Y, BRANDT B W, et al. The Fitness cost of fluoride
resistance for different Streptococcus mutans strains in biofilms. Front
Microbiol, 2017, 8: 1630[2021-02-17]. https://doi.org/10.3389/fmicb.
2017.01630.

L, SRR, XIE. AT HERR G 96 5 Ak 5 A QR R T T R A
ATPREHEGPER LU, 13 R 27, 2005(1): 71-73.

LIAOY, BRANDT BW, LIJ, et al. Fluoride resistance in Streptococcus
mutans: A mini review. ] Oral Microbiol, 2017, 9(1): 1344509[2021-02-
17]. https://doi.org/10.1080/20002297.2017.1344509.

LIAO Y, CHENJ, BRANDT B W, et al. Identification and functional
analysis of genome mutations in a fluoride-resistant Streptococcus mutans
strain. PLoS One, 2015, 10(4): e122630[2021-02-17]. https://doi.org/10.
1371/journal.pone.0122630.

YU J, WANGY, HAN D, et al. Identification of Streptococcus mutans
genes involved in fluoride resistance by screening of a transposon mutant
library. Mol Oral Microbiol, 2020, 35(6): 260-270.

DUTTA T, SRIVASTAVA S. Small RNA-mediated regulation in
bacteria: A growing palette of diverse mechanisms. Gene, 2018, 656:
60-72.

XIA L, XIAW, LIS, et al. Identification and expression of small non-
coding RNA, L10-leader, in different growth phases of Streptococcus
mutans. Nucleic Acid Ther, 2012, 22(3): 177-186.

LEE HJ, HONG S H. Analysis of microRNA-size, small RNAs in
Streptococcus mutans by deep sequencing. FEMS Microbiol Lett,
2012, 326(2): 131-136.

MAO MY, YANGY M, LIK Z, et al. The rnc gene promotes
exopolysaccharide synthesis and represses the vicRKX gene expressions
via microRNA-size small RNAs in Streptococcus mutans. Front

Microbiol, 2016, 7: 687[2021-02-17]. https://doi.org/10.3389/fmicb.2016.


http://dx.doi.org/10.1111/mmi.13277
https://doi.org/10.1128/mSphere.00235-20
https://doi.org/10.3389/fmicb.2018.00404
http://dx.doi.org/10.1038/s41598-018-24295-1
http://dx.doi.org/10.1038/s41564-021-00876-1
http://dx.doi.org/10.1111/omi.12090
http://dx.doi.org/10.1016/j.archoralbio.2019.01.016
http://dx.doi.org/10.1111/omi.12230
http://dx.doi.org/10.1111/omi.12230
http://dx.doi.org/10.1128/AEM.01499-16
http://dx.doi.org/10.1099/mic.0.000920
http://dx.doi.org/10.1099/mic.0.000920
http://dx.doi.org/10.21775/cimb.032.201
http://dx.doi.org/10.21775/cimb.032.201
http://dx.doi.org/10.1111/omi.12264
http://dx.doi.org/10.1111/omi.12264
https://doi.org/10.1128/JB.00497-17
https://doi.org/10.1128/JB.00497-17
https://doi.org/10.1128/JB.00847-16
https://doi.org/10.1128/JB.00847-16
http://dx.doi.org/10.21775/cimb.032.167
https://doi.org/10.1128/JB.00586-18
https://doi.org/10.1128/AEM.02247-18
https://doi.org/10.1128/AEM.02247-18
https://doi.org/10.1128/AEM.01403-17
https://doi.org/10.1128/JB.00396-18
http://dx.doi.org/10.1177/00220345800590021501
http://dx.doi.org/10.1177/00220345830620061201
http://dx.doi.org/10.1177/00220345830620061201
https://doi.org/10.3389/fmicb.2017.01630
https://doi.org/10.3389/fmicb.2017.01630
http://dx.doi.org/10.3969/j.issn.1006-7248.2005.01.019
https://doi.org/10.1080/20002297.2017.1344509
https://doi.org/10.1371/journal.pone.0122630
https://doi.org/10.1371/journal.pone.0122630
http://dx.doi.org/10.1111/omi.12316
http://dx.doi.org/10.1016/j.gene.2018.02.068
http://dx.doi.org/10.1089/nat.2011.0339
http://dx.doi.org/10.1111/j.1574-6968.2011.02441.x
https://doi.org/10.3389/fmicb.2016.00687
http://dx.doi.org/10.1111/mmi.13277
https://doi.org/10.1128/mSphere.00235-20
https://doi.org/10.3389/fmicb.2018.00404
http://dx.doi.org/10.1038/s41598-018-24295-1
http://dx.doi.org/10.1038/s41564-021-00876-1
http://dx.doi.org/10.1111/omi.12090
http://dx.doi.org/10.1016/j.archoralbio.2019.01.016
http://dx.doi.org/10.1111/omi.12230
http://dx.doi.org/10.1111/omi.12230
http://dx.doi.org/10.1128/AEM.01499-16
http://dx.doi.org/10.1099/mic.0.000920
http://dx.doi.org/10.1099/mic.0.000920
http://dx.doi.org/10.21775/cimb.032.201
http://dx.doi.org/10.21775/cimb.032.201
http://dx.doi.org/10.1111/omi.12264
http://dx.doi.org/10.1111/omi.12264
https://doi.org/10.1128/JB.00497-17
https://doi.org/10.1128/JB.00497-17
https://doi.org/10.1128/JB.00847-16
https://doi.org/10.1128/JB.00847-16
http://dx.doi.org/10.21775/cimb.032.167
https://doi.org/10.1128/JB.00586-18
https://doi.org/10.1128/AEM.02247-18
https://doi.org/10.1128/AEM.02247-18
https://doi.org/10.1128/AEM.01403-17
https://doi.org/10.1128/JB.00396-18
http://dx.doi.org/10.1177/00220345800590021501
http://dx.doi.org/10.1177/00220345830620061201
http://dx.doi.org/10.1177/00220345830620061201
https://doi.org/10.3389/fmicb.2017.01630
https://doi.org/10.3389/fmicb.2017.01630
http://dx.doi.org/10.3969/j.issn.1006-7248.2005.01.019
https://doi.org/10.1080/20002297.2017.1344509
https://doi.org/10.1371/journal.pone.0122630
https://doi.org/10.1371/journal.pone.0122630
http://dx.doi.org/10.1111/omi.12316
http://dx.doi.org/10.1016/j.gene.2018.02.068
http://dx.doi.org/10.1089/nat.2011.0339
http://dx.doi.org/10.1111/j.1574-6968.2011.02441.x
https://doi.org/10.3389/fmicb.2016.00687

EEl

W& 255 A2 S RERR T BUB AL BT 708 ik

213

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

00687.

LIUS, TAOY, YUL, etal. Analysis of small RNAs in Streptococcus
mutans under acid stress—A new insight for caries research. Int ] Mol
Sci, 2016, 17(9): 1529.

LIUSS, ZHU W H, ZHI QH, et al. Analysis of sucrose-induced small
RNAs in Streptococcus mutans in the presence of different sucrose
concentrations. Appl Microbiol Biotechnol, 2017, 101(14): 5739-5748.
ZHU W, LIUS, LIUJ, et al. High-throughput sequencing identification
and characterization of potentially adhesion-related small RNAs in
Streptococcus mutans. ] Med Microbiol, 2018, 67(5): 641-651.

LIUS, ZHOU Y, TAOY, et al. Effect of different glucose concentrations
on small RNA levels and adherence of Streptococcus mutans. Curr
Microbiol, 2019, 76(11): 1238-1246.

YINL, ZHU W, CHEN D, et al. Small noncoding RNA sRNA0426 is
involved in regulating biofilm formation in Streptococcus mutans.
Microbiologyopen, 2020, 9(9): €1096[2021-02-17]. https://doi.org/10.1002/
mbo3.1096.

GALLO P M, RAPSINSKI GJ, WILSON R P, ef al. Amyloid-DNA
composites of bacterial biofilms stimulate autoimmunity. Immunity,
2015, 42(6): 1171-1184.

TAGLIALEGNA A, LASA 1, VALLE J. Amyloid structures as biofilm
matrix scaffolds. ] Bacteriol, 2016, 198(19): 2579-2588.

OLIM W, OTOO HN, CROWLEY P ], et al. Functional amyloid
formation by Streptococcus mutans. Microbiology, 2012, 158(Pt 12):
2903-2916.

BESINGI R N, WENDERSKA I B, SENADHEERA D B, et al.
Functional amyloids in Streptococcus mutans, their use as targets of
biofilm inhibition and initial characterization of SMU_63c.
Microbiology, 2017, 163(4): 488-501.

HEIM K P, SULLAN R M, CROWLEY P ], et al. Identification of a
supramolecular functional architecture of Streptococcus mutans adhesin
P1 on the bacterial cell surface. ] Biol Chem, 2015, 290(14): 9002-9019.
RIVIERE G, PENG E Q, BROTGANDEL A, et al. Characterization of
an intermolecular quaternary interaction between discrete segments of
the Streptococcus mutans adhesin P1 by NMR spectroscopy. FEBS J,
2020, 287(12): 2597-2611.

CHEN D, CAOY, YUL, etal Characteristics and influencing factors of
amyloid fibers in S. mutans biofilm. AMB Express, 2019, 9(1): 31.
SCHWARTZ K, GANESAN M, PAYNE D E, et al. Extracellular DNA
facilitates the formation of functional amyloids in Staphylococcus aureus
biofilms. Mol Microbiol, 2016, 99(1): 123-134.

CAOY, LIN H. Characterization and function of membrane vesicles in

(57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Gram-positive bacteria. Appl Microbiol Biotechnol, 2021, 105(5):
1795-1801.
LIAO S, KLEIN M I, HEIM K P, et al. Streptococcus mutans
extracellular DNA is upregulated during growth in biofilms, actively
released via membrane vesicles, and influenced by components of the
protein secretion machinery. ] Bacteriol, 2014, 196(13): 2355-2366.
SENPUKU H, NAKAMURA T, IWABUCHI Y, et al. Effects of complex
DNA and MVs with GTF extracted from Streptococcus mutans on the oral
biofilm. Molecules, 2019, 24(17): 3131.
MORALES-APARICIO J C, LARA V P, MISHRA S, et al. The impacts
of sortase A and the 4'-phosphopantetheinyl transferase homolog Sfp on
Streptococcus mutans extracellular membrane vesicle biogenesis. Front
Microbiol, 2020, 11: 570219[2021-02-17]. https://doi.org/10.3389/fmicb.
2020.570219.
WEN Z T, JORGENSEN A N, HUANG X, et al. Multiple factors are
involved in regulation of extracellular membrane vesicle biogenesis in
Streptococcus mutans. Mol Oral Microbiol, 2021, 36(1): 12-24.
CAO Y, ZHOU Y, CHEN D, et al. Proteomic and metabolic
characterization of membrane vesicles derived from Streptococcus mutans
at different pH values. Appl Microbiol Biotechnol, 2020, 104(22):
9733-9748.
WUR, TAOY, CAOY, et al. Streptococcus mutans membrane vesicles
harboring glucosyltransferases augment candida albicans biofilm
development. Front Microbiol, 2020, 11: 581184[2021-02-17]. https://doi.
0rg/10.3389/fmicb.2020.581184.
XIAOJ, HUANG X, ALKHERS N, et al. Candida albicans and early
childhood caries: A systematic review and meta-analysis. Caries Res,
2018, 52(1/2): 102-112.
DU Q, REN B, HE], et al. Candida albicans promotes tooth decay by
inducing oral microbial dysbiosis. ISME J, 2021, 15(3): 894-908.
KHOURY Z H, VILA T, PUTHRAN T R, et al. The role of Candida
albicans secreted polysaccharides in augmenting Streptococcus mutans
adherence and mixed biofilm formation: In vitro and in vivo studies.
Front Microbiol, 2020, 11:307[2021-02-17]. https://doi.org/10.3389/fmicb.2020.
00307.
FALSETTA M L, KLEIN M I, COLONNE P M, et al. Symbiotic
relationship between Streptococcus mutans and Candida albicans
synergizes virulence of plaque biofilms in vivo. Infect Inmun, 2014, 82(5):
1968-1981.

(2021 - 08 — 04itH, 2022 - 02 - 07 7))

i


https://doi.org/10.3389/fmicb.2016.00687
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.1007/s00253-017-8346-x
http://dx.doi.org/10.1099/jmm.0.000718
http://dx.doi.org/10.1007/s00284-019-01745-1
http://dx.doi.org/10.1007/s00284-019-01745-1
https://doi.org/10.1002/mbo3.1096
https://doi.org/10.1002/mbo3.1096
http://dx.doi.org/10.1016/j.immuni.2015.06.002
http://dx.doi.org/10.1128/JB.00122-16
http://dx.doi.org/10.1099/mic.0.000443
http://dx.doi.org/10.1074/jbc.M114.626663
http://dx.doi.org/10.1111/febs.15158
http://dx.doi.org/10.1186/s13568-019-0753-1
http://dx.doi.org/10.1111/mmi.13219
http://dx.doi.org/10.1007/s00253-021-11140-1
http://dx.doi.org/10.1128/JB.01493-14
http://dx.doi.org/10.3390/molecules24173131
https://doi.org/10.3389/fmicb.2020.570219
https://doi.org/10.3389/fmicb.2020.570219
http://dx.doi.org/10.1111/omi.12318
http://dx.doi.org/10.1007/s00253-020-10563-6
https://doi.org/10.3389/fmicb.2020.581184
https://doi.org/10.3389/fmicb.2020.581184
http://dx.doi.org/10.1159/000481833
http://dx.doi.org/10.1038/s41396-020-00823-8
https://doi.org/10.3389/fmicb.2020.00307
https://doi.org/10.3389/fmicb.2020.00307
http://dx.doi.org/10.1128/IAI.00087-14
https://doi.org/10.3389/fmicb.2016.00687
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.1007/s00253-017-8346-x
http://dx.doi.org/10.1099/jmm.0.000718
http://dx.doi.org/10.1007/s00284-019-01745-1
http://dx.doi.org/10.1007/s00284-019-01745-1
https://doi.org/10.1002/mbo3.1096
https://doi.org/10.1002/mbo3.1096
http://dx.doi.org/10.1016/j.immuni.2015.06.002
http://dx.doi.org/10.1128/JB.00122-16
http://dx.doi.org/10.1099/mic.0.000443
http://dx.doi.org/10.1074/jbc.M114.626663
http://dx.doi.org/10.1111/febs.15158
http://dx.doi.org/10.1186/s13568-019-0753-1
http://dx.doi.org/10.1111/mmi.13219
http://dx.doi.org/10.1007/s00253-021-11140-1
http://dx.doi.org/10.1128/JB.01493-14
http://dx.doi.org/10.3390/molecules24173131
https://doi.org/10.3389/fmicb.2020.570219
https://doi.org/10.3389/fmicb.2020.570219
http://dx.doi.org/10.1111/omi.12318
http://dx.doi.org/10.1007/s00253-020-10563-6
https://doi.org/10.3389/fmicb.2020.581184
https://doi.org/10.3389/fmicb.2020.581184
http://dx.doi.org/10.1159/000481833
http://dx.doi.org/10.1038/s41396-020-00823-8
https://doi.org/10.3389/fmicb.2020.00307
https://doi.org/10.3389/fmicb.2020.00307
http://dx.doi.org/10.1128/IAI.00087-14
https://doi.org/10.3389/fmicb.2016.00687
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.1007/s00253-017-8346-x
http://dx.doi.org/10.1099/jmm.0.000718
http://dx.doi.org/10.1007/s00284-019-01745-1
http://dx.doi.org/10.1007/s00284-019-01745-1
https://doi.org/10.1002/mbo3.1096
https://doi.org/10.1002/mbo3.1096
http://dx.doi.org/10.1016/j.immuni.2015.06.002
http://dx.doi.org/10.1128/JB.00122-16
http://dx.doi.org/10.1099/mic.0.000443
http://dx.doi.org/10.1074/jbc.M114.626663
http://dx.doi.org/10.1111/febs.15158
http://dx.doi.org/10.1186/s13568-019-0753-1
http://dx.doi.org/10.1111/mmi.13219
http://dx.doi.org/10.1007/s00253-021-11140-1
http://dx.doi.org/10.1128/JB.01493-14
http://dx.doi.org/10.3390/molecules24173131
https://doi.org/10.3389/fmicb.2020.570219
https://doi.org/10.3389/fmicb.2020.570219
http://dx.doi.org/10.1111/omi.12318
http://dx.doi.org/10.1007/s00253-020-10563-6
https://doi.org/10.3389/fmicb.2020.581184
https://doi.org/10.3389/fmicb.2020.581184
http://dx.doi.org/10.1159/000481833
http://dx.doi.org/10.1038/s41396-020-00823-8
https://doi.org/10.3389/fmicb.2020.00307
https://doi.org/10.3389/fmicb.2020.00307
http://dx.doi.org/10.1128/IAI.00087-14
https://doi.org/10.3389/fmicb.2016.00687
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.3390/ijms17091529
http://dx.doi.org/10.1007/s00253-017-8346-x
http://dx.doi.org/10.1099/jmm.0.000718
http://dx.doi.org/10.1007/s00284-019-01745-1
http://dx.doi.org/10.1007/s00284-019-01745-1
https://doi.org/10.1002/mbo3.1096
https://doi.org/10.1002/mbo3.1096
http://dx.doi.org/10.1016/j.immuni.2015.06.002
http://dx.doi.org/10.1128/JB.00122-16
http://dx.doi.org/10.1099/mic.0.000443
http://dx.doi.org/10.1074/jbc.M114.626663
http://dx.doi.org/10.1111/febs.15158
http://dx.doi.org/10.1186/s13568-019-0753-1
http://dx.doi.org/10.1111/mmi.13219
http://dx.doi.org/10.1007/s00253-021-11140-1
http://dx.doi.org/10.1128/JB.01493-14
http://dx.doi.org/10.3390/molecules24173131
https://doi.org/10.3389/fmicb.2020.570219
https://doi.org/10.3389/fmicb.2020.570219
http://dx.doi.org/10.1111/omi.12318
http://dx.doi.org/10.1007/s00253-020-10563-6
https://doi.org/10.3389/fmicb.2020.581184
https://doi.org/10.3389/fmicb.2020.581184
http://dx.doi.org/10.1159/000481833
http://dx.doi.org/10.1038/s41396-020-00823-8
https://doi.org/10.3389/fmicb.2020.00307
https://doi.org/10.3389/fmicb.2020.00307
http://dx.doi.org/10.1128/IAI.00087-14
http://dx.doi.org/10.1007/s00253-021-11140-1
http://dx.doi.org/10.1128/JB.01493-14
http://dx.doi.org/10.3390/molecules24173131
https://doi.org/10.3389/fmicb.2020.570219
https://doi.org/10.3389/fmicb.2020.570219
http://dx.doi.org/10.1111/omi.12318
http://dx.doi.org/10.1007/s00253-020-10563-6
https://doi.org/10.3389/fmicb.2020.581184
https://doi.org/10.3389/fmicb.2020.581184
http://dx.doi.org/10.1159/000481833
http://dx.doi.org/10.1038/s41396-020-00823-8
https://doi.org/10.3389/fmicb.2020.00307
https://doi.org/10.3389/fmicb.2020.00307
http://dx.doi.org/10.1128/IAI.00087-14

	1 变链菌致龋的生物调节过程
	2 变链菌致龋相关因子研究新进展
	2.1 基因和蛋白
	2.2 small RNA（sRNA）

	3 变链菌致龋相关结构研究新进展
	3.1 淀粉样纤维
	3.2 囊泡

	4 展望

