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Optimal cultivation conditions for Streptococcus salivarius BD3900 to express

substances capable of inhibiting Streptococcus mutans biofilm formation
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Abstract: In order to increase the metabolites of the strain BD3900
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inhibiting the S. mutans biofilm formation, the inhibition rate of bio-
film formation by Streptococcus mutans was used as indexes. The
effects of the cultivation time and temperature, the carbon
resources, the concentration of sucrose and the inoculum amount
were investigated. The results showed that optimal cultivation condi-
tions were composed of a cultivation period of 16 h, a cultivation
temperature of 34 “C, and a sucrose concentration of 1 g/100 mL.
Under the optimized cultivation conditions, the inhibitory ability of

the strain BD3900 on the formation of S. mutans biofilm was in-
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creased by 10% , compared with the results before optimization. The
mechanism involved in the inhibiting of S. mutans biofilm formation
by the strain BD3900 was probably decreasing the insoluble exopo-
lysaccharides synthetization.
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1.2 RWEAHE
1.2.1 HMEL B S.mutans.S.salivarius BD3900 ff)
FER R 4> M RIZE T BHI A M17 [ 485 55 55,37 “C IR A HE 5%
24 h PRECR T AL AR
L2.2 Fywmss FKiEA 2 Y BD3900 # AT M17
WA AR B, 37 Cad B B 5 UK R 9 000 r/min
B0 20 min, F R VE W WA pH 6.8 Y BE R 3 2% vh K
(PBS) 4 ¥k 2 i, B 25k B 9 B 95 0k e i R IR B2 T 02
M17 W A3 35 e v, 8 8 R R %0 10° CFU/mL AR R Fh ¥
W25 1
1.2.3  S.nutans EYETE & I E M4 SCEk Barira Is-
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BHI #i 4 i 10° CFU/mL B, 5 1 . #R ATR HE % 5%
PFERAS Y BD3900 & I B iR B U v I » DUUE M pH 6.8
19 PBS & 4 0.22 o JC 1 0B 5 o U8 AR R R U RE 5. A2
96 FLEEFEMR P A BIIMA 50 pL S.mutans BRI .50 pL F7 i
FESLR 100 pL % 0.25 g/100 mL BEHE Y BHI WA, DimA
100 “CHI#A 5 min J5 (9 55 0 AE & 4 BIVEXT . 37 C IR A%
F¢ 24 h J5 , RBREE IR 2 B F A B /AL VR R 3 IR, &
BRiEESANTE s AR T . BALINA 100 pL 1 g/L 45 & %
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7% 12,16,20,24 h Jg B &9 .9 000 r/min B> 20 min,
1 QO O i R AP A I (& o T W - 7 1 R 71 o ) R VNI
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30 min, JFPTHE (P 88 L3H WO - Lh R & BEik 1/100 (KB PBS
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BT M7 Wi g e 76 37 °C 4% F & 1 mL/100 mL,
BigRadIR] 16 h.60 Y6 {1 B R Bk T Ve I 2 1R T L HR IR 1.2.3
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W ARG Fe e 78 37 CCL RN AL 1 mL/100 mL, B 5% 0 [A]
16 h, 60 25 1 1 B B8 4 ULV 1 245 10 T - 4% R 1.2.3 7 ikit
FAETXE Somutans A=Y BRI B 0O 40
1.2.7  $53RIR BE X BD3900 ) 5 4 Jot j™ & 1 52 ) A $2 il
1 mL/100mL, BEMEWEE 1 ¢/100 mL,4>5%1F 30,37.42 C
B5 % 16 h, L 60 26 Bt R B 10 R B AT U0VE L 4% IR 1.2.3 Jrikat
FLAHERXT Somuzans A= Y BT B 14 300 1 %
1.2.8  $Fha X7 BD3900 1) B J5t ™= 4 19 52 0 43 ) 4 B
1,3,5,7 mL/100 mL Ry 3% Fh Lb Fl. 76 37 C, 7 0 ik B
1 g/100 mL, ¥ 32R ] 16 h, 60 % 46 F1BF 87 B2 & U0 Ve 10 4% 18
T IR 1.2.3 LTRSS Somutans A W) BB B & 1
I FE
1.2.9 W BEEEAL X b AR BB R I A R R AT W
B e B 3 AN B M R K L L Sonutans A4 Y EIE B
410 ) 25 g g o L B3 7 TR . AR EE 3 K.
1.2.10 PG RE S AR W1 BOE B A9 e OO Ak i Gl £
B BRGS0 BBV B 1 ¢/100 mL, B5 32 HF[A] 16 h. K 3%
TBE 37°C 3R & 1 mL/100 mL) Mk 4k J5 B9 BD3900 % Ji#
EIE W ASP KX B AR Al 100 CAERE 5 min J5 2445 A BY B
PEXT R 43 000 X S muzans H B 04 2
L.2.11 fERIBLER Y K R A OLAL R 5 R 17
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T Y5 A e S TR TR0 A 7 T S IR R AR 0 IR T B R B AR AR

BT FH 60 26 M RN B 7 2 i U VE ) ASP $2 1.2.3 7 i85 % Uk
WA TG M/ LRI A 200 pL 1 mol/L ) NaOH,
3000 r/min B.L> 10 min, UL R B B AR L DU 2 R IR
PR AN 22 0 i &
1.3 HELE
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F &M A3 A Hoh P<0.05 RoR B WM 25 7, P>0.05
FARTEEMZF 18 Excel J17EI F L H.
2 IR 50Mr
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2.1.1 3Rt ) %t BD3900 i 4y Bt B e R & 1
LA A] R RS R AR S AR A EE B ASP X S mutans
AR I H R R 2 . DR SRR 16 h S fl,
K 20%,40% .60 % ,80% , 100 % 43 9% UL HE 15 B 19 ASP #
s X S murans B A2 W B B 30 R 4 5 A 0.94%,
12.10%,69.00 % ,8.40 % ,8.60 % , A] UL, 60 %6 i R 4 11 F1 & 3K
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0 HE IR L G A 3 % N E] (12,20, 24 h) (9B BE B (%
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(69.0%), JGH (20, 24 h) B & & #1040 BE 36 44 (63.504,
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A AT DT R B A T R AR
BD3900 7 ) 549y Jot 14 fo 386 & B B 1A] g 16 b,
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VLR A5 22 200l L 2L 43 51 B 5 L BD3900 & I W 5 X
L T Xof HEAT 1 A= ) S0 At LT 4 T[] — 7K SF- il il 28 43
BH 2.9% 10,12 ,5.8 %), 349 TC fi 25 7 5 14 L T A B A5
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80 1 1009t i i

M E
EE
£ fs B
pi e £ 40
Reg
B - E
*:% £S5

=
H =

=)

e iy

Cultivation time/h
B 1 KRN A B 4SBT ASP 2%
XN RN AR A

Effect of cultivation time and ammonium sulfate at

Figure 1
different saturationof ASP on biofilm formation
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B4 %5 (2.00,3.00 g/100 mL) . BD3900 181§ 7 4y % 2 ¥y 1 By
) 200 0 R BN 8.1%6,5.8 %6, 30 b 5t 3% 4k L - 5 4 9 5%
FIRE S 24 B 75 W P P OB VA B 5 i B, BD3900 3 B L4 G R
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Figure 3 Effect of sucrose concentration on the

synthesis of anti-biofilm substances
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BD3900 1l &4 i %t S.mutans A=) BETE 50 30 i 46 T o 2
e TN 42 CREFR T ARAT 1Y R WA BRI I B R AT 85 5%
TA H] T BD3900 4 i H i B R0 S.omutans A B9 TE
B> 55 57 U B Ao v 23 5 W A A N B L BR AR R A I
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66.9%,65.0% . FHIFEREFE 16 h I, K [l 42 Fh i 2 o] (14 22
SEPER KL AR 5 BD3900 HI B 4 B  7  C HAE LR LT
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2.2 HBEY B =2 HmE L mE AL

2.2.1 RSSO R OLIk Y B E R (R A B SR IR
B RERE VR B DL R e b ) 5 SR & SPSS17.0 43 M 45 55 3R
Vi) 35 77 Ui B R R Mk B2 P {34 <C0.05 , PR 1 0 B K% % i 1]
B R U E RO BEMR VR FE 3 AN L R R LUK AR T 5 3K 1 A TR
T B sk 1) 490 o) 3 Sy i 7, SR B = R R KPR AR i B
(F D HRILE 2,

#& 1 Box-Behnken i3 i& it E &K TR &Y
Table 1 Factors levelsand their coded in
Box-Behnken design
KA AREFRERTE/h BRI /C O C R IE/ %
—1 12 30 0.25
0 16 36 1.13
1 20 42 2.00

x2 REBEHERUNPLASRITHERER
Table 2 Experimental design and results of central composite de-

sign for optimization of fermentation conditions

RS A B C A W IR A B 40 ) 3R/ 6

1 1 0 —1 48.9

2 0 0 0 61.6

3 0 0 0 62.7

4 —1 0 —1 50.9

5 1 1 0 5.5

6 0 —1 —1 45.2

7 1 —1 0 48.1

8 —1 0 1 45.5

9 0 —1 1 48.4

10 —1 —1 0 50.0

11 0 1 1 6.4

12 0 0 62.3

13 1 0 1 43.4

14 0 1 —1 10.9

15 0 0 0 63.3

16 0 0 0 65.3

17 —1 1 0 7.8
2.2.2 ENBURAS 5B E B A% 2 iy ik K
i3 Design Expert 8.0 HUF 13 301 4 15— 9k £ 0 2 [
VR

Y=63.04 —1.04A — 20.14B — 1.52C — 0. 100AB —
0.025AC—1.92BC—7.87A*—27.32B* —8.00C*, (2)

AR P<C0.000 1, 3 B AR 7Y 22 57 R B Wb 3, K 4003
P=0.130 7, BRI R EA B E M. LA HIZE R R g
AR AR L P g R 0.996 1, Ui B IR LA
—E RN T HB99.61 % A fk . R 3B T R A Lk

F3 MEVMRREEGERACHTESR(FTESH)
Table 3 Regression analysis(ANOVA) for optimization of-
fermentation conditions of anti-biofilm substances
P EOFF AW ¥or F 1l P{d
LT 7 214.00 9 801.56 197.12 <20.000 1
A 8.61 1 8.61 2.12 0.188 9
B 3 244.15 1 3 244.15 797.80 <20.000 1
C 18.60 1 18.60 4.58 0.069 7
AB 0.04 1 0.04 9.83E—003 0.923 8
AC 2.50E—03 1 2.50E—03 6.14E—004 0.980 9
BC 14.82 1 14.82 3.65 0.097 9
A? 260.79 1 260.79 64.13 <20.000 1
B? 3 142.66 1 3 142.66 772.84 <20.000 1
C? 269.14 1 0.02 269.14 <20.000 1
CmE 2846 7 407
2 48 3 20.55 3 6.85 3.46 0.130 7
aiiRze 7.91 1 1.98
M 7272.46 16
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2.2.4 ARG BB TE 928 4 Design Expert 8.0 4%
B8 BD3900 j 1 i 49y J5t 19 s A2 4% 144 A < 5 FR B[R] 15.75
KRR IE 33.80 °C \HEMEVKE 1.08 g/100 mL. fEM AT &
W0 A W BT R AR R o 69.8% . N T SCEG ERAE 7 4 L 4%
LR E AR R AE  BE SR IR 16 h B5 3R IR 34 °C L BEBE Ik
£ 1 /100 mL, 4% BRI 1Y 35 9% 4 (3047 K e, I 4% 1F
T A Y R Ry 715 % M L TR IR S T 2.4 %
AT LAY A T s UM B 25 . i B 7 TN IR MRS
B ASPRE i A= 4 BE Y 0 4 SR 71,5 %, AT ER AR K A (R AE B
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Figure 6 Response surface for the effects of three factors on
anti-biofilm substances by BD3900
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B Bl BR B S AL B - Somuzans 4 AE R B H 1A R
TR S B A T RN 5 T A AR AR B s B R DA B N TR
R 0 R B B 43 A fY G R R O R S LS T M A R M
BRI E AR N R T BRI AR AR
A TSI T 2 SO 1 G 8 IR R 2 — 3 e o o) v 2
I BR R AR W) IR B, AT LA Gk B B iR 0 5 R B Y. W
Ll g 7 2 PP FLAT B (L. salivariusK35 1 L. sali-
varius KA3) , AR 728 S5 B Bk T A= 9 KB 7B A 4 bl 45
MM FL 5 f B2 5 3 R qRT-PCR 4387 & B AT B AR AR T8 5 3RS
BN 2R 7 0, i T A E 2 S A
FEREIAY BT B AR50 AU 1 208 0 00 A R A
L HT G ASP M BERE I & R, ik 4 AT PR AL T R
PRI R RV M 2 0 & 2 85.0 pe/mL, AL
44.1 pg/mL, A H T ORALTTAS 35 1 i S0 2 5 1 6 L AR T
51.626 AT LUHE I BD3900 {1 i HIL HE 55 H: A 5 18 2> A 0
J A Z B & BAFTE— B KR

R4 RMUTBEEVEPTALSENSE
Table 4 The content of insoluble polysaccharides in the bio-

film before and after optimization

4 51 ANV 24/ (pg » mL—1)

P A Hi 85.0
LR 44.1
X R 250.0

3 &

Oy A 1R M B BR B BD3900 7 M7 K5 57 2k rh & A i
YRR RE J1» AW ST 1 ol g 2 ¢ T D B (R ) 1] L R
I RER VR I R A B BB X BD3900 5 B I 4 B Y
W LB E T3 /I\?ﬁﬂl']ﬁ%%.?yﬁﬂiﬁ%ﬁlm R YN S
B BE . SR U5 i i Design Expert 8.0 F1J FH Wi B 1 2 4 15 37
FAFHEAT AL 3RS BD3900 78 M17 15 57 2 v ™ AR il i 22 1
HEBR T A W) BT W TR D8 A B 3R 20 DAl B AR A O B

(F4% 51 70



E33EFI0H 7F

S8 TG N A A S IR 6 B A ) £ e

S I XL A

both gas and liquid chromatography-mass spectrometry[ J]. Journal
of Chromatography A, 2005, 1 079(s1/2) . 136-145.

[17] BRAUNRATH R, CICHNA M. Sample preparation including
sol-gel immunoaffinity chrom-atography for determination of
bisphenol A in canned beverages, fruits and vegetables[ ] ].
Journal of Chromatography A, 2005, 1 062(2) . 189-198.

[18] A=yl AAWHER . VERT. = 0B AH £ 3% 12 40 00 A7 25€ TR /K i L
By ALJ]. SR B2, 2006,13(2) : 429-430.

[19] IMANAKA M, SASAKI K, NEMOTO S, et al. Determination
of bisphenol A in foods using GC/MS[]J]. Journal of the Food
Hygienic Society of Japan, 2001, 42(2). 71-78.

[20] BRBRSE, BLA, BRI, 5. s vs 550 28 B0/ SR €0 1 - 3% 32 I o
WS 2 bR P i Uy ALT]. & ARk, 2010(6) : 165-167.

[21] FLOOD H, KNAPP W ]. Comparison of Elisa-and LC-MS-
based methodologies for the exposure assessment of bisphenol
A[J]. Toxicology Mechanisms & Methods, 2006, 16 (8):
427-430.

[22] ZHENG Jie, ZHANG Kun, ZHAO Su-qing. Study on Spectral and
immune identification of artificial antigen of bisphenol A[J]. Spec-
troscopy & Spectral Analysis, 2008, 28(7): 1 5831 586.

[23] ZHAO Mei-ping, LI Yuan-zong, GUO Zhen-quan, et al. A
new competitive enzyme-linked immunosorbent assay (ELISA)
for determination of estrogenic bisphenols[ J]. Talanta, 2002,
57(6): 1 205-1 210,

[24] ZHU Xiao-li, HAN Kun, LI Gen-xi. Magnetic nanoparticles

applied in electrochemical detection of controllable DNA hybrid-
ization[ J]. Analytical Chemistry, 2006, 7(4); 285-289.

[25] HUI W, ERKANG W. Fe; O, magnetic nanoparticles as perox-
idase mimetics and their applications in H, O, and glucose de-
tection.[ J]. Analytical Chemistry, 2008, 80(6): 2 250-2 254.

[26] TSATH Y, HSU C F, CHIU I W, et al. Detection of C-reac-
tive protein based on immunoassay using antibody-conjugated
magnetic nanoparticles [ J]. Analytical Chemistry, 2007, 79
(21): 8 416-8 419.

[27] ZHANG Jia-jia, DAI Pei-qing, LI Chao, et al. A symmetrically
split g-quadruplex dnazymes biosensor based on magnetic nano-
particles for the rapid detection of Hg?" [J]. Acta Chimica Sini-
ca, 2014, 72(9) .

[28] TANG Dian-ping, LIU Bing-qian, Niessner R, et al. Targetindu-

1.029-1 035.

ced displacement reaction accompanying cargo release from magnetic
mesoporous silica nanocontainers for fluorescence immunoassay[ ] .
Analytical chemistry, 2013, 85(21): 10 589-10 596.

[29] YUNJ S, SUK H J, SUNG H Y, et al. Novel antibody/gold
nanoparticle/magnetic nanoparticle nanocomposites for immu-
nomagnetic separation and rapid colorimetric detection of
Staphylococcus aureus in milk[]]. Biosensors &. Bioelectronics.,
2013, 43(1): 432-439.

[30] AMBROSI A, CASTANEDA M T, KILLARD A J. et al.
Double-codified gold nanolabels for enhanced immunoanalysis

[J]. Analytical Chemistry, 2007, 79(14): 5 232-5 240.

(k4% 38 7))

FEmFE] 16 h 35 IR 34 "C U REMRE 1 g/100 mL, i 5
T BD3900 7= A fy 400 il 4 5 %o AR T £ BR A AE W IR B A ik
) 70.5% (ARG HT R & T 102 . @1k %t ORI R SRR
A B o) B R il 0 A8 T BE R T A IR A T v 2 0 i L
T BD3900 Fir 7 A& i 4 0t W] B 2 38 3 2> S.omuzans R
gfﬂi?ﬂ’il/*ﬁﬁ’Mﬁﬁﬁﬂﬁ?ﬂﬁi%ﬂiﬂgﬁ}ﬁiﬁsLE;UI'J”{ﬁ/%ﬂ?
BLEM I L R R AR 2, ik — IR HATIRE .

S % 3Lk

[1] BURTON J P, DRUMMOND B K, CHILCOTT C N, et al. In-
fluence of the probiotic Streptococcus salivarius strain M18 on in-
dices of dental health in children: a randomized double-blind,
placebo-controlled trial [ J ]. Journal of Medical Microbiology,
2013, 62(6): 875-884.

[2] WESCOMBE P A, HALE J D, HENG N C, et al. Developing o-
ral probiotics from Streptococcus salivarius[ J]. Future Microbi-
ology, 2012, 7(12); 1 355-1 371.

[3] KACI G, GOUDERCOURT D, DENNIN V, et al. Anti-Inflam-
matory Properties of Streptococcus salivarius, a Commensal Bac-
terium of the Oral Cavity and Digestive Tract[]]. Applied &. En-
vironmental Microbiology, 2014, 80(3): 928-934.

[4] VAN Hoogmoed C G, GEERTSEMA-DOORNBUSCH G 1,
TEUGHELS W, et al. Reduction of periodontal pathogens adhe-
sion by antagonistic strains[ ] ]. Oral Microbiology Immunology,

2008, 23: 43-48.

(5] sB A, gkdd, A oTmh. S0 11 s 28 S i 2R oA A FL IR 1 i o K I
@A), MRk, 2016, 37(19) . 117-122.

[6] KACI G. GOUDERCOURT D, DENNIN V, et al. Anti-inflam-
matory properties of Streptococcus salivarius, a commensal bac-
terium of the oral cavity and digestive tract[J]. Applied & Envi-
ronmental Microbiology, 2014, 80(3): 928-934.

[7] BARIRA I, KHAN S N, HAQUE I, et al. Novel anti-adherence
activity of mulberry leaves: inhibition of Streptococcus mutans
biofilm by 1-deoxynojirimycin isolated from Morus albal[]]. Jour-
nal of Antimicrobial Chemotherapy, 2008, 62(4) . 751-757.

(87 il = 1 6. 4% M- P 2k M 5 T TR 2 i 5 ik ) 2 R .
B S HLM 2014, 30(1): 89-92.

L9 A= . 7 S0 SR R I 1 o O 1 I g 149 0 85 2l A | I 42k BT RIT
FEA levan SEEMERY BFEE G D], 8. LK, 2013 43.

[10] OGAWA A, FURUKAWA S, FUJITA S, et al. Inhibition of
Streptococcus mutans Biofilm Formation by Streptococcus sali-
varius FruA [ J]. Applied & Environmental Microbiology,
2011, 77(5) . 1 572-1 580.

[11] JESCHE . SRIER, FRAE. ma BF if 2 06 Ak T B FLAF B LC2W AR
V77 o~ g EE 0 R B A W gk R LT DL VR AR B A
2012, 40(10) . 228-231.

[12] B0 F e B AR W B b e ke [0 ). B 5e5d
&2 R, 2007, 27(2): 123-127.

[13JWUCC, LINCT, WU CY, et al. Inhibitory effect of Lacto-

NE

bacillus salivarius on Streptococcus mutans biofilm formation

[J]. Molecular Oral Microbiology, 2015, 30(1); 16-27.
51



