TR A SR IR Oct. 20, 2024, 51(10): 3836-3846

Microbiology China DOI: 10.13344/j.microbiol.china.240099
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved
N ,-l-. A A3
TR 5454

BIE O ESIER PR TR

Wit !, BXRL MR EEAL IW2 EAZ2 a#E, I

1B SCBERIR Y DR BE S A48 0 i D RSO W S0 L S0, 5l 33 3L 563000
2 MY BERRY: SNl S KB Y SRS 2T AR B A S R, SN 3 563000

Bitan, B3CK, B, ARREA, £, A0, XEE, £E. BAE D EMAESER R BT R, BUEY SR, 2024,
51(10): 3836-3846.

YANG lJieru, LV Wenfei, HU Huan, REN Qunli, WANG Miao, LI Xiaolan, LIU Jianguo, WANG Qian. Research progress in the
effects of fluoride on oral microecology[J]. Microbiology China, 2024, 51(10): 3836-3846.

WOE: R EAM AR GRS AR, A T AR I A AR M ARG R AR B 69 7 R
T mio il ksl md A K, BF 3% K A4 3K E (Sreptococcus mutans)FF £ E 5 H , L8
BESEREH O EMANAEN., ERETEFENALSFER B AAREI, IR H B
AR . WA RHIE B BARGEY, BT FHMRASI ORI M AL 69 5 F ALH B R
BREMA SN m, R RREIA AN E R AR A A RA R T IR 6 8. AL
B 2 0 R AR ) AR89 5 A B A F AL BT A B IR A AR, AR RS AR A S
ERFFE, MTREDEMRES TP RBAERRITT 2REE, BED AT EERARG
—F B R A LR R AR

XA A REME UEsAL; Ak, AWEASH

BINIE : SNE BOE T 2022 S ARG A OR VoA - B 0 H (B9 #34[2022]037 *5); 3 LEERH R A HHFEANATH
(17zy-002)

This work was supported by the Pilot Construction Project of Rural Revitalization from Guizhou Province Ministry of
Education (QJJ[2022]037) and the Outstanding Young Talent Project of Zunyi Medical University (17zy-002).

*Corresponding author. E-mail: qianwang07@126.com

Received: 2024-02-01; Accepted: 2024-03-15; Published online: 2024-04-17



BiEn F | SEOEMESIERPHMRER 3837
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Abstract: Fluoride has been used as an effective anti-caries agent for decades. Fluorinion can
inhibit the activities of key enzymes in microbial metabolism or change the permeability of cell
membrane, thus inhibiting the growth of major cariogenic bacteria such as Streptococcus
mutans. Moreover, it can change the oral microbiome structure of caries patients. However, the
long-term excessive use of fluoride may lead to the emergence of fluoride-resistant strains and
reduce the anti-caries effect of fluoride. The development of sequencing technology enables
researchers to gain deep understanding of fluoride resistance mechanism in oral microorganisms
and the influence of fluoride on oral microecology. In recent years, the combination of fluorine
and new biomedical materials provides a new strategy for controlling fluorine-resistant strains.
This paper reviews the latest studies about the effects of fluoride on oral microecology,
including the generation and mechanism of fluoride resistance in oral microorganisms, the
effects of fluoride on human oral microbiome, and the combined use of fluorine and new
biomedical materials, aiming to provide a theoretical basis for the further research and
application of fluoride in oral health.

Keywords: fluoride; anti-bacterial mechanism; oral microecology; fluoride resistance; biomedical
material

FREANETFHHMEITRZ —, EEHEX
LR A A A 52, 17 93 JG 28 8 A (A 7K
. RESE) S PERUAE . BUBIE S B AE
R RAE 1942 5, WF58 F kR IR HK R
H 1107 mg/L 80T LAk 21 39 B i 1) 305 R 1,
ALYt B2 B T I AR IA TR R
ALY PTEE AL AR B AL P T, — 7T, MEVR
HR 1 R A 0 A TR P B 35 o i L R A S W AR
paiRRg e, MM IERE, M4 pH {HTH&
BF, SRURSLEE KA B A, e E et
FEBOl 55—, AT ARD A A AR G

F1%Y T L s e U5 ) O T A, 872 4
28314 d N (T 41 B2 S O o
T TR A 2 T s A 25 1 B A R 4

NN ZEDME 600 FORFE LY, Hp
KLEZNMES . BRUROLT, TR RS Ak
TRFFsh Sy, Y O s SR e, Kt
WA, sk TE R (Streptococcus) Fil ik L i
P J& (Por phyromonas) <5 £ &t i 1 fin, A5
K O IEGeEpeR) RBE A IR 1 s A S
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SEAL (AL P P AN B LA B 2 BTN O

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3838 (YIS Gk

Microbiol. China

AR FA] LU R ) AR, AR 0 B
i A ST P A 1, iR v BEVE &
TAE IR 250, B RTlG R A S5 2= 58 C 407 1
H Tt 9 2 S 4 BR T (Sreptococeus mutans)!' 21
BT m FER B T A B A TR R A R ) B S
HEAFRE T, X R 10 s B 2 8 3 A% 45 R g
J5 SR T Bk T

AR, FURUET BB IE G 0 H A 527 3
JZ R, AR T AR 58 & MR BT
OR, T H A UEEARE pH [ERLR A
T SRR RE . A SCATHLESS T 906 11 S
A, ALFE FON A W) A 25 ) S
i 96 S mutans AR H BE, LA KC3R 58 B R
PG I, DA 3 2 A e s 4R it 5 2%

1 B A A oy 1 46 4E A

AWFFERY], AR LA PP 5 : R R
A BB R AT, o 5 4 s ] e 4 i A
UGB AR, IR IAIENE . IREEA ATP fiFSE,
A 5 R A A, e el A R 32
RO (R D) B, R A TR

=1 ABFIHMEDNEIFLR
Table 1

Biological effects of fluorinion on oral bacteria

SIS, XA tEe S AR RS R G
W, EHE 2-WRER MBS b W R e i =X
N iR (phosphoenolpyruvate, PEP) ; 7£ 41 & P 5
AR WS SR BER S PR, i ATP A= B
>, DS T Ak R g s RN A L T S BB
V¢ PEP FEAV U BA R , 3 17T 4100 i 4 DA )
ok AR, I 3 Wl R 2 % Ity R 9 0T A ) W 1
B/ i HY/ AT Pase 32411 il D] £ 10k VA 201 it fis
WENE, JE A, s NmRik, M
177 A AR 4 ) A R BR R 7 V1T S AR
TR N R FR R A A e AR A A 1 PR

2 PR e R UL B

H1 T3 S s AL s R A B B AR T, A 20 i
28 RS S L T A Bl IR Al
MIT Ao R EART R, R R
FEAEYOK SR B 2 il 90, e Ao i 0
PRHEAFRRE 2L 5 Ja il e 4 £ P 55 St
RS TR 1T, (o 2 (AR 21 2l e Y A4
i S R IR R, LR SRR L R K
AR L I T P R Y H T, AR

AWis foil5- HL 275 3k
Biological activity =~ Example Mechanism Reference
007 T WA . URIG  P-ATPase , WEFRMNG . M 203 A ALNE . EHMIRE T EmmiEs [7,16]

Enzyme inhibition

2T 5 5 A AL

Direct binding of F~ or HF

Enolase, urease, P-ATPase, phosphatases, heme

peroxidase, heme catalase

F-ATPase. [&%& M. RecA & [1. CheY &

F-ATPase, nitrogenase, RecA, CheY
YRR B BT8R 3 K A& Lk i
Transmembrane
proton carrier

Inhibition of macromolecular synthesis and export

JLST R AL (B BE 2 % . PTS ZRGEAI IPS JE L)

& RuieyiEiE [7.16]
Binding of metal- F complex

Yy 55 P I - B AR [16]
Action as transmembrane

proton carrier [16]

Acidification of cytoplasm (inhibition of glycolysis, PTS

system, and IPS formation)

PTS A% Wil R S; 1PS: MNZHE

PTS: Phosphotransferase system; IPS: Intracellular polysaccharide.
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Figure 1
Fluoride ion; BF: Bound fluoride.

TR LER RS S mutans 7S 4E |, REEEFSE 3
A J8 T AT LA Sl 11 b S mutans (19 4= K
R, BFWELEKEF S mutans IR . AT
FRI, ERINRTS T, A o 2 1 SO K A
s VR BRI /0 S mutans 14370 3 286 B AR 4 B
B S — TR K B, AN TR B 1 U
K e B Ji X5 PT A A A7 30 A TR Y R S, mutans (1)
GBI ER (N YN L € ) 1 T A
Bl SR ) I N, a2 B HUEN A P U
A REIE L 2R A P A BT . RS T 40 B AY
FALH FE LT T X S mutans BIEFFEIESY I
RIS R = HC 2508 th S mutans 1Y 96L&
B, TSR RE AT LLZE 4x107*-1x107 mg/L K9
B T AAE AR Al i b 4 i e
WK AP, BT T e A 2 B3 I 4R
1%, X S mutans i &, HAEARKS#RS A AE
BURZ A, SO AN 2 DNA, B
MR DNA R B Ao [7] 5 55 21 8 5 20 1 4
CARRA R AL, T EOZ B A LR & A R AR

H " F~

Plaque matrix

N
I |

H: @8 71; F: #&T; BF: #y

The accumulation, distribution and outflow of fluorinion in bacterial cells. H: Hydrogen ion; F :

AT ol L R e 2 38 5 3 A et S 0 P A 3
5% G A8 DR/ NI 23 B O, SXORE 0 I
TN BRI S i S0 el R 5 SR fR
43 H AT R S, mutans™® s [l 3SR 55
S mutans 7E LRI R &0t 1-7 U5, B
REFHHED, KB kw5 E,
S5 B 1 7 0 T 3R TR AR K 22 RE DR 5 ARE 114 TR 98C
,l. ﬁlé[lZ-B]o
2.1 S mutans 8FTHERTE

H RTIE R b3 5 A i 93 0 ke 1 i e 2>
Streckfuss ZFPV A H TRl i 9000 11T £ 2 2F
FHERr e 7 #RT9R S mutans, Brown 25127
R IRAFEE 1) AL YIIE T 23 3G 0 6 pE AR S R
TR R B F . H RGBSR A i T
BAMERHER D X FLEREE THHORE T
AT Y, AR B SR vk B
M(2.5x107-1.5x107%) mg/L A%, {AfERE O
AR A A v FE AN AE (1.1x107°-5.7x107%) mg/L
Z 0] 5 T (e B 1T R B v RO R R 1 00 o e
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JE R (5%10°-2.3x107") mg/L, TERMEIREET N
(4.8x107°-1.9x107%) mg/L, R A L AN A=
BRGNS B SR, X RUR X A
15 PR R 2R S 800 0 s o R B SR A ) AR,
i ST AR S PR R A A IR S 25 1

2.2 & S mutans BY4FE

5510 A TR ST 25 P A G R
2 T R B R 7 X T s i B A R RURS: o 3
IR T 60 PR PR B T EARAE . i AURR R
FEERYE L AEAFRE S AR N BUE T (R 2).

T Rt A 1 2 T 9 PR A 2 5 e R T AE 11
A LE R R bR . TEIRINEE S B9 4R X AL P
T 245 P 3 R AR Y, Pt — BB, BRIl
TR IR T, 2 500 wAER G156
FRRaE BT 25 A B220 0 SRTAT, DA R
FALP ) O AR R R4 ) S mutans i 24
PEMIRRR A, HN 25 TS IR 3 P AR 7 Ik
G PR R S mutans 19 CHEERE T
T, ETCHIREE R RS R R
AR AR TR, (H R PREE R ik B RS
iR} 95 PR R e 1 e e o AR 228, it e B iR A A
FERE T T8 NP 7 TP, - HAE R PERREE R iy
A AR R B S I RR ) o — ORI, T 9
S mutans FIARDLERAE J1 58 TEFA M"Y, (HA
ARG AERR(IN C180-2FR) R AE 1A% T 15 4
FRPTOL, Streckfuss 2520 W 11 (7 T 3 7 ek A
Yy g D Eh Ay B TN S mutans TRPE, IFRE
H 5SS S S mutans HEEETT T 1
B, RBERBHRET, BFHOEPSE M
Mif 98 S. mutans B A& H A7 R FLRTRE ), JF H.
X2 P R R AE R SRR R T R R RE T R T
PP PE, BEREMENX R B F S mutans 848
PRI R 4 R A 2 A R AR SRR 2 80 . SR,
S mutans %S0T ) 3 S AR ARG
Loveren 2P R S mutans 8 58k C180-2FR

TE S5 B H 5 | S A e A B A B A, SR
Rosen Z5HAE T —Ffili o) 284 RIA X FU Ak
FEATE R SRR FRO71S, HEUEAE T
HPA A, (B HETHDCAHZERD, T S mutans T
PRIV BB P EATD SR A RRIR ASH ST (10 [R) R

SSRUL, T S mutans AR TE AR T
AW A R BT RS TR R | B T Y R B
A A RE T AR BB, X T I A S 14 B 3
P T H PR .
2.3 EFERTS S mutans @t
23.1 EmEMHEXNERERE

W2 Al F-ATPase 5 S, mutans 2 K AU
HUIMOG, IF HXP ey o Uk, ARk
B, 7EM R S mutans Bk NCH105 1, Zahda
P BE D K AR A8, 2R 173 DS EIERRAL 1Y)
SRR ER, NS T FEEMAEN
PG, BEAR T s Bt e ) R PY S Lu 250
RIS mutans H A7 TE— -5 J5URH OG5 175 T
fluoride related permease (frtP), | JHiZHLH
1% S mutans X FUEBUS G N . LAk, FEE
BB K, 4L R 20 ¥ (whole genome
sequencing, WGS)FIHH AW {5 B tr AR
BN TR, IR R L T
-5 240 TR TS 24P AR A 3 AR DG I FRAL T IR 2
A (single nucleotide polymorphism, SNP)***1,
Liao %™ FH & 3L AIMFH A , &3 S mutans
UA159 t perA JH 8 FHEE BRI UL R T
A—C 572 AT AL Y3 0] 5% 1z 2 ] perA
il perB py3Ri5 BiH, i REMAF RNA KRG
5 perA Ji 3456 G e AT SE R 8 F R
Li ZPIspih st goR, S mutans UALS9
FoF -ATPase &M i3 3l DX Il () B A% 1 1R 5% A2
(G—T) i FLM LIS I, I R RUSL i iR
R R A B . 2, T WGS IR R i
A Tt SEAL A 5 it T S G i R
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Table 2  Fluorine-resistant Sreptococcus mutans strains and their characteristics

PURUE SRR R WHEKY faEtE FHIE T AERL E= BTN
[ Source Level of  Stability  Characteristic Potential Reference
Fluoride-resistant resistance mechanism
Sreptococcus (mg/L)
mutans strain
6715/600 FR YEESE 6x107 RUEIME 1 7ETCHEIAEE D, TR SR RS [25]
(K S mutans Stable RB I TRE; Potential
6715 BHATH) resistance 2. 6x10°* mg/L SALERE S involvement of
Laboratory R38R genotypic mutation
isolate 1. Decreased ability to form
(Stepwise biofilms on tooth compared to the
derived from wild type in the absence of
S mutans 6715) fluoride;
2. Higher adherence percentage
than the wild type with
6x10~* mg/L fluoride
C180-2FR SEYEAAE 5x10% FaEME 1. 7E pH<6.0 WCEIE T, 77 1 EEERERD [4,11]
(1 S mutans Stable PR T A= 2 2. BERGEAE FIR T
C180-2R 47 ) resistance 2. JOIRIE T SUFAERILERT Wiz E AR
Laboratory i EVZRTTE 1. Potential
isolate 3. SEPARIANEEETEARE]  involvement of
(Stepwise 1. Faster acid production than the =~ genome mutation;
derived from wild type when pH<6.0; 2. Gene mutation
S mutans 2. Unable to bind to enamel when upregulates the
C180-2R) the wild type was present; expression of
3. Similar cariogenicity compared fluoride transporters
to the wild type in vivo
UAI159FR LEESE 1x10° N/A L PR I RAE 1Y BRI BIE T [6,10]
(f1 S mutans AR s EMRE
UAL159 fii4E) 2. FERHEABE T E AR Gene mutation
Laboratory TR PR A it upregulates the
isolate 1. Higher ability to produce cell expression of
(Stepwise polysaccharide; fluoride transporters
derived from 2. Higher ability to resist acid
S mutans stress than the wild type
UA159)
U41,U48,Us3,  IIfRT S 6x107"  EIEHPUME SIS AT A MM A PR VEE R SEI IS [25]
U60, U64, USD,  Clinical isolate Transient ZUAHALL Potential
U85 resistance Similar to adherence patterns of  involvement of

lab-derived

fluoride-resistant strains

genotypic mutation

N/A: SCHAREE K
N/A: Not mentioned.
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23.2 S mutansHIEEFEEH

2012 4£, Baker ZEP4% 3 T 405 T2
FALY I FEACR B A RS — R ia & 1
(fluoride transporters), “AHF5Y 4 HL AL 2
HETE M. A2 DRGNS XM R s &
PN ARDE, o — AN KBS ereB, AL
T ot B A A R DI RESE A B A 5L B, Jfa]
PRIAA X BB R i g — SE B R s R,
B B T AT R ZE G RE T, T as A 2
it SR TR, AT 6k B 3 Y
AT P A TR PR, 76 R FF 7 (Escherichia coli)
8%, [ {6,752k 4 (Candida albicans)H #§ [ creB Af
1l 58 A8 VAN 8L A0 SR 32 5 200350 A5, 7
HEAEYHPAAAETFZ oreB [RIRIE R [E B 44
& FEX (fluoride exporter)], ‘B AI14E+F EAZ 4y
WIS IR, EHEZAEYTEAHARME AR
TR T 5 DY 5y — AN T A 3 R R S
eriC, IR WRIE T ) iz 43 Ai i) & & ¥ i 1A
(chloride channel, CLC):EHBE %, =5 %mi%
CLC MU Fil B & ;28 7R3 0l 240 M B 1)
B LR . AR IACRR K B R 2y Pk A R S T
EFESHMERD, B, #is &R E
A5 IA E A A TR CLC B BH B ¥ iz SR Y

=

3 RAA B W R

Bifi 25 A 2 BRI A v D )E R B ik
H, 2EEATH IR 4R 5 T RO N T B A S i K
RS, B4 Z M5 IESE, e L T L
B2V R R D A S b,
T2 30 e BTG 1 s st A= S
Widyarman 256 1T 10 44 L35 78 ey 30 1 FU AT
Je B BE A L ARk, R B U T B
H 59 14 1] (Proteobacteria) Ho 47 4% i, J5 B¥ [
I T(Firmicutes) b il AR, TR BEGIUAE W 45 40 22 4k

AT O 4EEE . Anderson ZEHF5E T
L T 00X U8 g R M R A ) 2L K
W5 & B3R 1k B 552 56 2 v 4% S8 TR J& (Neisseria)
FIUk £ 1 J8 (Granulicatel la) = J&F B 5, iX SLAF
SE 190 B AN (AT LA o 10 S G 5 T AR A Ay 55
JoT—F A A BIL A S AT DAY A
AR R, A R B T R A LR
M A3 1 s fe B

YER e T IZAETERI TR, TE i w5
W, MR R FERA LR RS S B R
g, RICHHEBE T M EEESE" . H BT
B B DO R 2R 0 21 Y i 9 i I R
o GO ARG IR R AT Y, 2
i HEREZARKRMWHEEm, &TF
Deans’ Index %5 S5BE A Bk 2F il Jox 2R 180 1Y
P AR BES, Hp BE GRUBE S AR A 0 S R B g —
RN, I EAE AR, R R
PERE A R SUE R, BE A A MRS R
F JE R SRR Wang 22PN 57 M 44 BE T I
JRETRD G0 X /D AR B MR AR A R T 168
rRNA BRIy, & BRARAE Tl Bl i B 4
/BB HE DRSS A E R, £
AN TR 0 ARG = B2 A v/ R 2 R A B ek
Az A M FT 1 (Fusobacterium nucl eatum) 7& H1/
WA R EEE, REEFRE (Sreptococcus mitis)
F1FL R 7L BR 7 (Lactococcus lacti s) %5 500 i i 4%
IR 5 (%) 41 B 6 b /5 BE 4 I AR N = B
TREFRA R, o b I R A R
FO e DAREHZ . Lin P gs ok
TG DX ) B A KB 3 1 D YR Tl A A 5 R B 5
W R BB B HERAR AR E2ZER, o
L REE 23 B B 7S GEUBE I A TR A RO AR X S R
TR BT, BRI B S AR B0
T {15 B i T (Pseudomonas sp. )75 SR 441 15 2 5
£, TSP S mutans EFE I AN, A0 Bk
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(Sreptococcus sanguinis) AT F= BE /L, TR
WSO WK B R H AR )
ST I B PR, AN s A T R 4 kb,
FPEZF SR W 2F RIERDRS , O R A0 TR SE 25 5 b
BAESF I 1, JF HAN S8 H R H R BEBR
DA bt 5 45 SR 7 a2 i 8052 17 2 A T (e
(1 B SR M 2, R R R0 X R
R A1) 2 T R ST R 11 s Tl A 0 2 1 A O
R, ARk — B RADIIY, LUE R ARG
b XN TR 11 J fe B 11 4 S I B At

4 A T TR TR

8 LTS HR B T LUAE R AR SRR
PURVER, 40X T4 (5x10*-1.5%107) mg/L 5’
R TC 5 28, 9 5% 107 me/L 2 AT
i AR AZ R AP, (HB O
PR it o GO B FE A R A R R LA
TE R ¥ 38 0 O R s A1 2R P VR A TR B, ke
Hoid f A P AR T R A AR AR . R, X T
P2 v AL B 0T AR P AS B B AR R TR R 4R
Th, AT FEEEEOR T B 548 ] 5 U
HA R A o K57 3 W 3605 400 B ok 43 8 7
MOBHEBCH, AU AR s ge )1, 0 BA
PRI R IR ZH 2 R IR R X R
UF- 0 A WA 25 M S5 AIE . Fernandes 25T
RIR, TE 5 I KA 3% 4 18 Bz 2 By ]
DI 0 N T B AE YR S mutans F (4
&Yk (Candida albicans) il 8 2K ; iARE
I S AR RN IR IR EE . SR 4R B I
FH IR AT 3025 400361 2 T B A A s v 4 7 ) 2B A
5, 3 AT R P R B I 1 T 3 S i 5T 40 oK A
JE 5 FEIGHER - HTEOT B S RE 1 — 20 Mg s T 2K
I SR RE S GEd T e fdt e R i R S e A1t
T HR AL

AR, FSHBAMEL, JUHIE S 9K

BB G A & 32208 e, 2 &k LR
EFAN KA AT DLSE < GRS TR 1] . 34 58 R
B RE S HHA i A AR A
BRI, RS AORRTYE R LG LUE
R IE S mutans ATCC 25175 FIREBRFLAT
CH-2 (Lactobacillus acidophilus CH-2) & 3t f¥)
AR AN, E R G KRR RIS G R R
ERL YIRS 0L A i R I FH it T 2 i
o TRADUOKEALEERHLE 25% . 50%F
T5%H0HT B A2 A IR ST S mutans B 74 A 10 B R
SR 51.65%. 54.14%F1 66.80%, I H GE
R VRS B B SEDRE LG A3 i $2 5 L S
WA, M TAEGE SRR, BB
MM EEPE TN, AT AR A AR RO Ak
U2 2 — o3 3 P P A PRl A A B s g T
PIREGY —HMNKIER R, ATHBHAY, HAR
UF B AE DDA P E R AT A, g S K BE R R
A5 FE T LA S5 ) s Bl A 9 ) A LS8

5 NgEREZE

Zi EPNA, SRR A T Pk
RE, AL CRAP PR A S O A K
LA SR A I i o o (EL SRR I P A7 7Y T
P, 38 IR AT LA 2 A I R A T i e
Prainhy, A8k R AR H A Wy L 5
W 52 3] 5 B IR A AR o A2 B SR I8 B AR B ik
A AR o SR A P, F AT R AR
FMLHI BT F 2L P AE S mutans 285 RE |,
X ATl PRI A B IR 4R T BT PR ARk,
S TR A W R BRI AR 25 5 P o
AR AL B8 3 A5 10 A A8 5 1 SR Ak )
ROR, i S AR B G SR At TR R, H
s dE— i R IR RIE . Besh, A RATE IR
B v R R AR (IR R U XL K 98U X))
XoF 0 Bl A 0 ST P 52 W) 8 A S T 5 A AR S
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