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Effect of Postbiotic Toothpaste and SLS in Toothpaste on the Caries

Resistance of Oral Biofilm

GAO Jing!, SUN Lianlian*, SHI Qingying"?, HUANG Zhengmei®, LU Fuping'?, ZHAO Huabing®?
(1. College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China; 2. Key Laboratory of
Industrial Fermentation Microbiology, Ministry of Education, Tianjin University of Science & Technology, Tianjin 300457,
China; 3. Tianke & Benzhen Human Microecology Research Institute, Shandong Benzhen Cosmetics Company Limited,

Tianjin 300457, China; 4. Department of Stomatology, Peking University Binhai Hospital, Tianjin 300450, China)
Abstract: In this study, an in vitro model of the oral microbiome was constructed to investigate the effect of postbiotic
toothpaste and sodium dodecyl sulfate (SLS) in toothpaste on the caries resistance of oral biofilm using crystal violet
staining, total colony-forming unit (CFU) counting, polymerase chain reaction (PCR) analysis, lactic acid concentration
determination and 16S rDNA sequencing. The results showed that the postbiotic toothpaste (PT) was able to maintain the
normal growth and metabolism of healthy biofilms, and after the cariogenic challenge, the number of living bacteria, total
bacterial load, and metabolic activity were lower in the PT group, which was better for caries resistance. SLS is capable of
disrupting the growth, metabolism, and three-dimensional structure of healthy biofilms, and after cariogenic challenge, the
biomass, viable bacterial counts, total bacterial load, and metabolic activity of the biofilms in the SLS group were elevated,
and the risk of caries development was elevated. Biofilm community analysis revealed that both a-diversity and community
structure of the PT group were close to those of the negative control group and remained relatively stable after cariogenic
challenge. The SLS group had high o-diversity, but its flora structure was dysregulated and unstable. The results of the
combined PT and SLS intervention group showed that the SLS in the postbiotic toothpaste was not sufficient to cause oral
microecological dysregulation because PT was effective in counteracting the destructive effect of SLS on biofilm. This study
may provide a reference for the development of effective ingredients for oral care products.
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PN, DO —R NEEY X R EEA
BB AY, AR ARG JE T R 3 ORMEH . DA
W2 18] e IR A FH ANAE AR A B T N4k oh 7
AN R . 1 o A= A 1) 2k A T 3 380 1 i
45 RG g2,

W9 (dental caries) & — b L0 20 B R Ge
g, HEmEE. FEUHET, oA n
AL BN IRSERE O LB 00 2 5 13 = K8
e Gt e Bl B DY ] 11 i i R IR A T 06 o
B A BN, JLEA RN RO R R T
#, 35~44 B HBEEREIE 89%. [ 7E A R &
THT P 52 2% B A D 0 A R I SR AR AR T, R 2 1 B
(dental plaque) “E#IME. 1 3. 400 YIRS
S MR R FEURW R A, R A i B )
TN, 1S5 T D AR W B e A B A 254 B AR Dy 3
PEGER), A8 FBEFRE (Streptococcus mutans) 2577
AR LA, SECFRRE, AL 5
fil, AT SRS EER R AR, Rk, PO E A
YIRS () T B 15 6 68 U 1) B 2R A2

H BT 685 i R AE 7000 AR 2 07 11, G
IRt VA TR E . A R BT EE A
o B 1 5, {HLIX B 3 e S A 7R AN [R)RE B 1) ) B
P, HMERLTZ . SRR SIERE, T LA T
TR S AFEAE — 2 S 2 o BT 975 FA B 763 97 B8
TR Im R AT B HH E s B, il an s FH 25 8 Rl
RS P 2 A= A ) ot 55

IV, JE ATl E N B A Ak & e TR
01 4 JE U7 T B OE H &3 51 R AT 2%
2021 £, EhamAwmMumE TR as
( International Scientific Association For Probiotics
And Prebiotics, I1SAPP) RAGIL IR, H )50
SE SN A 28R 2 1) J0 28 o B AR A A B
SRR S AR, 5 A TG R AR %
Ak, e, P BRE T E B, B
EEVINTEA B HE D HH & . Basir %10
W R G Ao B R A AR s H s % 71, AT H
TSRS D B . H— P ARM, FAnH
v AT AR 2R AT T A I £ R T A A A SR A Y U e A
YT G I DS B RE, AT o8 s AR 3 ) T T
Di Z:12% Pl 25 A B MER 55 ER B M18 (Streptococcus
alivarius M18) B A B 2= vl A S P A BBt .
Rtk fEAE eI ) D A FRED, WE
FRIETA AT, AT 2k 281 T 5 145 2 D g 81

RMIE R — R Z I g sy, FE
T B MERAER, I8 s 355 5

ARBALEEHR

A, FAE AR IEE A 1%~2%2 [/, Hor, + 2k
FRR4N (sodium lauryl sulfate, SLS) AW H .
AWTFERY], SLS BEME I 115 B 70 W LR AT
F A 41 22 WY, FE B i U 7 T R R 14
HFR SLS W EA —2 M, FERWT SLS
B8 55 20 BT 1 40 B B A 40 B A EAE 1Y 5 4
(RIS, 3 S5O P9 2 1 i 0 4 P v A el
Bk, SLS 1EA—FhaERs R R BRI, TR
M) 11 A A 2 PRIV 2 XU 0 5

FEAHE T, FRAT I Ay e f e AN SO A4 4
JE SO T SRR, PRI 5 AR TC o B K B SLS
X R S NGRS, O 2P B G T o T
RiZ% .

1 R57HEE

1.1 RS NEEE

1%45 GO T PUEEEIL, IR EREKE
BIE AR A A ; FastDNA® SPIN Kit for Soil, MP
Biomedicals ¥ AF]; AR (LD) Mk &,
MR AR AR AR EE AR S B
(TSA) , dbnt B R A A -+ = b 2 B R
(SLS) . H&ERRA T (CHX) , higdrikiE
WRHCHR A7) JeETT A8 (& 20% Lactobacilli
sp.BZ KRR . BERR A4S, Huh. K. 44
OBk BIER. SRR, B, B . &
1.8% (viv) SLS MEATTAE, WRARE LA
PRAH .

BB OHL, EE Thermo AFl; £ IhREREhs
1%, Molecular Devices; PCR it [X 18 1%, 7# [
Eppendorf 22 7]; S AOGE SR PCR X, %&E ABI
AT EAEBEIEERAG TN Z AR A R
Nl KBRS A E Y, Bio-Rad Laboratorie 2
Al TU-1810 BYELAAT WAoot vt bt Aris
RS AR 57 /E /A 7] ; 888-SIMPLICITY-4: H 5 K
S48, 5[ Plas-Labs A .

1.2 73
1.2.1 O peA pREARR 6y My 3

HSFRTE 21-26 1) 5 AEREZRAE (5 2
%, A3 %) HHATHEREE SRS . JHENZIAE T
O R4 B R, PRI, OIS
ZARHT 3 AN H AR AL P AR 3Rk 2F BB 2
Yo SZARFHLEREMICEERT 24 h WASAEAT O T
W, RFERT 2 h WA EFUoE. B4%
REUCEMERFE S 10 mL, 7E 4°CE1F T 2,600y 2
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L 10 min, EFROEHSE T FIEZA0E, BT
HFTASFMERAE i, -80°CIRAT

AW T AT B 48 3 R P S B B R
( Amsterdam Active Attachment Model , AAA
Model ) , 4 B far == ] 48 7 55 FF 5 B 22 R At
( Academisch Centrum Tandheelkunde Amsterdam,
ATCA) . AAA B i —AN5E fill AN BE AN o 1A 24
LR FRMCALEL, 7 B E 24 Me ek r, k7 b
KA 10 mm BEBNCF, KB BIIE v 1) 7 115
BAERKL 24 FLEFRRD, HTAEWB R R 7+
[17]

R4 Tian 55 ANBF7E08, SRA SHI $59% k%4
VIR . BEppih IR SR R . RE R AESE T 1. 50 (1)
tbEIlcE . A5, 18 24 fLRPRfLINA 1.5 mL #
FhIEFREE, ¥ AAA BRI 55 TR 3 24 fLkH,
Tff DR B33 o v i (A B SR L ZE X0 7R IR
AR, 37°CIRESMET (85% N2y 10% CO2, 5%
Hy) ¥57% 8 h, VA I s BT ¥I4h
B DA 2 A P A Y

EVIEAENIGE MG JE e B SHI ¥R dkrh
B35 12 h, RG] PBS JEYE 3 k. ALK E 5
ANALFRAE . #4iK (CTL) ABATEXT R4, 0.12%
(vIv) H & FERE S (CHX) N BH M iR 4
25% (viv) JEAETTFE (PT) . & 1.8% (viv)
SLS ) 25% (viv) J4ohE (PT+SLS) . 1.8%
(V) + B BER R AN (SLS) NSZIGHH . X AabHE
HEPAEYIEEE 12 h AP —IR, BRFFSE 2 min, Ff
S PBS iE¥E 3 Ik, DMEMAKHHERI A . %
AT FIAEIIRAE 37°CIRAE SR 4kl 9% 48 h &
AR E, WORE o AR (n=3) 1R iRk
AV T ) 2 A AT .

TRV B 5H 2%REIKEER SHI £
FRA ke EE 5 3 d, HHMATBUEM PR AR, R
RRIGVAVIEI R =5 2 I, REWER L
FAHMAEE (n=3) {EABGEEVIEN T 52245
Hro
122 AR AES=NE

KGR etk (erystal violet staining, CV
5D M EYIERTE R .. H PBS #he A 3 Ik
J&, IR TEH 500 uL 0.1%%45 f4 4844 20 min,
JFH PBS Yt EIREE G Ykl )5, H 95%
CEEXHAEYERAT L 30 min, BEEAEYEF T
SEAH SR BRI A2 21 96 fLt, (A
B FR A 5E 595 nm ALK OD 18
1.2.3 B % R BALM

BAEMRIEEE S 2 mL £ PBS i) EP &
o, TR R R B A% R T 3R AR 2 HIO SO 4 R s
Mo # 50 uL R ERHATRREMBR S, TRAn ek
A AKS B (TSA) Mk b, 37°CRAERE 7
d, THECE % TP AL Ccolony forming unit,
CFU) .
1.2.4 % & PCR 47

AR R & 0 P el 522K, R FastDNA®
SPIN Kit for Soil 7 &2 B AV MK DNA.
ff Bl 338F ( 5-ACTCCTACGGGAGGCAGCAG-
3°) Al 806R (5°-GGACTACHVGGGTWTCTAAT-
37 54X V3-V4 nIAEX 4T PCR #7%. PCR X
MR Z (20 pL) : 2XTB Green Premix Ex Taq Il
(10 L) « ETF#EEIY (10 pymol/L) (% 0.8
ulL) . ROX (0.4 pL) . DNA Hi#g (2 pL) #
ddH0 (6 pL) . PCR XMNAEF: 95°C30s, 95°C5
s, 57°C 20 s, 75°C 30 s, 40 M. fEHGH G
95°C 15 s, 60°C 60 s, 95°C 15's, FSTIEMARINLL .
MAFEAREER 3R, RMNEHRE, %k CtE, KH
Y 0f 58 BT IEAT T
125 FLERAZ 0T

WAE P 5 AR PBS rhisk 5 #4672 28
() 24 FLE R, BEFLEIN 1.5 mL 4 9 g/L i & {EAS
B RV RERE SHI 85975 . AEWIIEAE 37°C
TIRER;FE 1 h, KA AR S e 55 97 2 i)
FREE.
1.2.6 134 B4R A F IR

W AEYIEF PBS ik 3 Wk, BRI 24 1L
B, LI 1.5 mL 2.5% % /%, 7E 4°C FR1E
. RIE, LAWK BEEE (50%. 60% . 70% .
80%-. 90%-. 95%. 100%) KX Mi/K 10 min, =i
T FERBIHREE, AR ES (SEM) W%
AP
1.2.7 16S rDNA M| 5 5#7

16S rDNA FE PRI Fy #8731 b 36 35 AE W = 24
BHEA R A AT, EEM PSR o
JrLE P DNA B & B Bl 5 e B R A B 6E
X PR FR, #H4T PCR ¥, @ i%daE. f#H
Illumina MiSeq “F-&%f 16S rDNA ] V3-V4 [X Ikt
ITWF, FEXREATEIE, K EmEER Clean
data F T /5 BHEUE 0. 8L reads Z (B E B R R
B HPHER Tags, ¥ Tags BIEAIRME K5
( operational taxonomic units, OTU) , R 55
Greengenes 1 RDP ##f 2 dE AT Lo A b e . Jk
T R W 45 SR AT JE SR A 2R FE oy A RN 2
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R A 22 5 e M 2%
1.28 %it# 7%

KH SPSS 26.0 Gl B T HdE g it ab B,
KRR Z 98T C(ANOVA)  Eb A% % 41 50 1)
ZE S, B SR EZE (meantSD) FoR, P
<0.05 NZERA G5 L.

2 BRSO

BT AAA BEE, FRATRIIE T AR AM i
M A AR . R Bk (CTL) . 0.12%
(VIV) BERRECE (CHX) . 25% (viv) J54t
LT E (PT) . & 1.8% (v/v) SLS 1) 25% (viv)
JadE Tt F B (PT+SLS) . 1.8% (viv) + ke
FR4N (SLS) AWMz, Ja ik 40l A 28 H 9 il
FHr AT T, 48 h Z JGRE A, H
RAEVIEEEH 2%EERER SHI Br 38 5E b7 b
Fld B aR, AkeREgs 3.d JFUsK. ENGR A IE
J&, M T AEYE. CRU. ERE. PRCHT,
VTSR A A E RIS 451, BENZ M
PRFCAS R0 7 20 A= e e FL e i 1 1 52 i o
2.1 EYIREMIENE

O A R e R E R AR & .
1A FioR, (EEREAEYIRERIG, PT 45 CTL A4
MELEEZESR (P>0.05) , SLS HAAY&E & EK
F CTL A1 PT 41 (P<0.05) ; &3i@dkik/s (&
1B) , W TIGFRIEFRERMIER, Bra sy =
¥ bgt, PT HAVEAYEYS CTL ALEEER
(P>0.05) , Tfi SLS AbFRAMAEYEALT CTL 411
PT 40 (P<0.05) ; TGt/ 7E i FEAE WAL /2 BUhs A
Vi, PT+SLS HMAYEfA T PT A1 SLS 4H2
Fo AT, JEA oA 8 T AV A Y &%
A EFENF W SLS XAV A& BA — 2 i
HER .

ARHME LTS R

B
0.8
ab a
0.6 b be
E
7 o
C;.}‘, 0.4
=)
0.2
0.0-
N -~ S S &
D Y
Q'ﬂ

1 BERFER SLS MEMREE TN
Fig. 1 Effects of postbiotic toothpaste and SLS on biofilm
biomass
e abe RAFEHREGGI ¥ 2R, (P<0.05) .
AAEREEIE LR, B E IR A& .

2.2 BEVER R BEALNE

i CRU THGE I E VIS B 2.
2A W[ L, 5 CTL 4#ftk, PT. PT+SLS A1 SLS T
TS AT DL 2 PR A M IS s 2 (P<0.05) , T H.
PT Hixfik; £BURPkEE, PT 4080 PT+SLS 44K
SRORFE TR CFU iH%k, 1 H ST SLS 4
(P<0.05) (] 2B) . R4, FEETTE
R [ ARG A A 5% TR 2, 1T L AE B B 855 v 1 v 48
B AR ORFREUIR, RIS B0 B T i AR P e
BHRUFHIPURETE . R, SLS Tl 5 i AE P I AE 5L
BRI PR A BT, ATREAE SLS SEURE BELH R AH
XPERE ETE, SO . (H2, SEPE R
B R PT+SLS 411 CFU %, $n)aAicsxtd
WIS TR B ) 1 7] SR B BR S HKYH SLS [ A T 52
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B2 BETFER SLS MEYMIREME KR
Fig. 2 Effects of postbiotic toothpaste and SLS on the viable
bacterial counts in biofilms
E: abe RRAFHARAGU#ER,  (P<0.05) .
AL VIR A 2 BB A YR A 2

2.3 EE PCR 7#7

ST, E& PCREIE AV
MpsE. WK 3A Fon, EEFREAEYET, PT A
MAE S S CTL A LR EER (P>0.05) , Uil
PT el 4ERF (B LE I ) IE 8 A KRS S80Sk
s (B 3B) , PTAHAMAYSEREMIT CTLA
(P<0.05) , 7 HH e b8 H s B A RS i) = A
AR I E R, EUE T 2 455, SLS A
ERRR T M AE R R S R, BoRE e
IEERE S (B 3A) 3 St Bddkik )G, SLS AbHE4
ME BB ST PTAHM CHX 4, 427~ SLS T
A e BB b g 4 B A = BT

1x107

8x10°—

6x10°—

Copies/pL
o

4x105-

2x10°—

0=

& 3 FETFEHM SLS MEYMRME R E R
Fig. 3 Effects of postbiotic toothpaste and SLS on the total
bacterial load in biofilms
e abe RAFEHREGGI ¥ 2R, (P<0.05) .
ALERAEYIFANEE S a: BB N S A .

2.4 FLERKEME

A FLER VA 5 A MR P IR AR RE . I 4
AL, PT ¥ Mg AL T CTL 4ETE R
E75 (P>0.05) , FEREHRERSLE 5 7 1R AT RE /)
%, HEFLT CTL 4l (P<0.05) . X4 M
FURRAC U A B IE T 2 A 3 mugs i, EJEETT
7F B TG (AR P R R PR BT B 08 R4 1 s B
W M ARHEPE, e BURIA S P2 IR, L
WA BE SR . SLS ZH 7 fe FE AN EIUAE AR Y o 1 LR
WS R ZKT CTL 4 (P<0.05) , 5 CHX 41t
LR EMEZER (P>0.05) , #5 SLS B —EM
PR, AR REGE A A P R A LR A Y
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Lactate concentration(m mol/L)

& 4 BETFERM SLS MEMIRA LK E 2T
Fig. 4 Effects of postbiotic toothpaste and SLS on the
concentration of lactate in biofilms
E: abe RRAFHARAGU#ER,  (P<0.05) .
AR AV AL BRIR A, BB MR AL BRI o

2.5 EYRFSEMBES T

SEM SR EIR, RV, CTL.
PT A1 PT+SLS 4 AEMIE AR B %, AR B ]2 1]
IFLBREL /N, B 75 AN T N R HE A, TR R
YR8 5K . SRTT, SLS RIAEMELA S CHX
AL, FRERAATL, VAERELK, LRI % A
JEREL CTL 2RI, AR A58 i) 24 B 0 2, I 355 o >
(K 5A F1 B) . TEEEAEMERALIF, BT CHX
MH, A BEZH AR YRR B M R, AN A
EMANER R Z (& 5C Ml D) . %4 B 545
LB CFU MBS R —8. 5 bk, AT
BAHR T 4R g AR SRS, SLS Bf
A KM AR AN R G S EER .

A. BAERAWE SEM [&; C. D.EUSEYE SEM K.

B 5 EETFERMKREEMNEMERSERRFMm
Fig. 5 Effects of postbiotic toothpaste and SLS on the
morphology and structure of biofilms

2.6 16S rDNA U534
2.6.1 o ZAHAT
JEiT Shannon $5%. Simpson 5%, Ace ¥

ARHME LTS R

Chao fa¥u/r#T 7 XA HA ) o ZHAEM. Hp,
Shonnon F5¥0F1 Simpson 85U BERENS S WLEEVE I £
FEME, HREES S B VA R3S 2] FE: Ace FREA Chao
FEHO Re s I R IR E EDO IE 6w, 7E
A A G SLS 44 Shannon fE$ & & & T
CHX FI1 PT+SLS 4 (P<0.05) . Ace f5%(fll Chao
B HES THALHEA, RLEEEER
(P>0.05) , #£HW] SLS Tk JMERAEVIER o
ZHEME. EEUREY R G, K AbEEZH Shonnon
f& 0 F0 Simpson fE R H I B F M E R
(P>0.05) ; SLS 40 Shonnon #&%(. Ace & %Al
Chao i HUM BT (@ R AEWIBERIEEE T B, H Ace 15
BEZLT PTH (B7) . ERSE R RN SLS
TPl & 7 AR AR R Z R R
BE, ARFFRAR T Bl IR 55 b A= W B B 0 22 R AT
B EAETEE TG WAV B SR S )
FhZ eI S A B R A — B, B3 7 i EE
J55 3% B LT A5 TR A 4 T DR R AR AR

& 6 NEACIBARREVRN o SN
Fig. 6 Alpha diversity of healthy biofilms in different
treatment groups
e abe RAZEHREGGI¥ER, (P<0.05) .
A.Shannon 8% /€; B.Simpson #5%(/&; C.Ace #5%(/; D.Chao 5%k
K.
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re i, A JE AR T R A SLS X I AR P LA X S c7

-
=

0.5
0.4+ l l l
0.0-

Shannon index
= = b
s in in
L 1
75
Simpson index

o]
<]

Ace index
m =
s & 3
Chao index
»
s E]
I 1 1
Xg E

S P a7
S MV

7 NEIALIBLAFUEE IBRRY o ZHEE
Fig. 7 Alpha diversity of cariogenic biofilms in different
treatment groups
E: abe RRAFHARAGU#ER,  (P<0.05) .
A.Shannon 5% [El; B.Simpson #5%([¥; C.Ace #5%4([¥l; D.Chao f&%k
K.

2.6.2 B % AEMESHT

X H & B 4> 4 1 C Principal components
analysis, PCA) it | ANFIALBEZH 2 [7] B ZHEMEE
Fo PCA Z0HTimos, fi e A4 AN BUAE A 1 i
PT ARIH B R IIFEARER, HE CTL 4
VP AL SLS 5 CHX AR 48
. HimZRER (K 8A FIE 9A) . PT HA
EEE S CTL Hfkil, FEAZR/N: SLS HANEE
BL5 CHX ##in, FAZERK (K 8B MK
9B) . XRUELETCH BT HUA BV S B YEXT
MR AV G AR, BUBIA BN A i sh 2

/N,

8 TEIIBARREMIRNAEBZER
Fig. 8 Between-group differences in healthy biofilms of
different treatment groups
A TR EI(PCA); B4 BE B SR

9 TEIIBEABUREMIRINAERZER
Fig. 9 Between-group differences in cariogenic biofilms of
different treatment groups
A FERI T E(PCA): B.AH H]#E 25 &tk

2.6.3 WAt L AT
A A AE VI OTU (BRfE 2R 9E,

operational taxonomic units) FT i) & Venn W]
K, f@REAYIE & I 614 4 OTU. Tl
WFEAILA OTU 3 H N 33 4, Xnfagfk& T
i e A E B AP . CTL. CHX. PT. PT+SLS
FSLS 5 Fh 177 XA 1) OTU ANk 14,
45, 3. 7. 372 (& 10A) . FEEAEMES, Hib
HHILA 192 4~ OTU. FrfaabEHILA 1 OTU %L
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H°A 34 4, CTL. CHX. PT. PT+SLS. SLS 5 #f
TR A OTU MUKy 8. 17, 9. 56.
10 (W 11A) . CHX. PT+SLS 1 SLS 4Bk 4514
RABREA, WHESHWATEE.

K 10B A1 11B 2oR | &AL B K A iR
Y A B K B ESR . R REY RS, JEK
PR EEVE R E o L — 2P R T SLS AR
KHEEAHmMm 2N, HETEHEREE
(Streptococcus) . i %j Bk J& (Staphylococcus) .
F R KEERE (Veillonella) « A3 H &
(Acinetobacter) . #3535 K J& (Neisseria) . f 5
futE & (Pseudomonas) AE#EJE (Thermus) 41
B (B 10B) o BUBAEMEEA T, SLS HAEY)
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Fig. 13 Dominant species of cariogenic biofilms in different
treatment groups
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