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Regulation mechanism of rnc gene on Strepfococcus mutans environmental tolerance and its mechanism
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[Abstract] Objective To study the changes of acid resistance, oxidation resistance and high osmotic pressure resis-
tance of Streptococcus mutans after knockout of rnc gene and its possible regulatory mechanism. Methods Through
PCR ligation mutagenesis, an rnc knockout mutant (Smurnc) was constructed. Acid tolerance, oxidation tolerance and
high osmotic pressure tolerance were compared between Smurnc and the wild strain respectively. Real-time RT-PCR
was used to verify the changes in expression of stress tolerance related genes at the transcriptional level. Results
When rnc gene was knocked out, the acid tolerance (y*=13.464, P=0.001) and oxidation tolerance (y’=4.505, P=0.048)
of Streptococcus mutans was significantly decreased, but the high osmotic pressure tolerance was significantly increased
(#’=11.971, P=0.001). Expression of stress tolerance related genes luxS and ropA (0.64 and 0.51 times expression of the
wild strain) had been significantly downregulated (P<0.001). Expression of htrA and brpA (1.56 and 1.80 times expres-
sion of the wild strain) had been significantly upregulated (P<0.001). Conclusion The deletion of rnc gene affects the
expression of the environmental tolerance related genes of Streptococcus mutans, which reduces its acid resistance and
oxidation resistance, and enhances its tolerance to hypertonic pressure.
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A SRR T UA1S9 BRI 9905 B 97 [ K et
Sy AR R A T80 °C, rne 3 PR Bl 2k 2 A5 bk
(Smurnc) P78 S48 BR 7 UA159 38 1 K B [F] I PCR
AR H AR EE 5 23 AN F 4 k02 W (BHID)
i%??%(Sigma—Aldrich Corp, FEH), HA Smurnc
P F AR T 10 pg/mlL 215 &K (Sigma-Aldrich Corp, 52
) i BHI 35 58 58 5 40 0 AL UG 52 T DY-2 UK
AR (LA LR RS T ED .
1.2 #FER K3

B0 ISR X A A P I AR S A K T UA LS9
Smurnc 411# , AT 2 mL A KB 373 (pH (. 5.0) .
JRA 37 CHiF%2 ho $5FERTJE 43500 DRI 14 3 I
BU100 L B, B0 B2 A R 5 2P0 T BHIRE 7R 56, IR
037 CHEFR 48 h, HEAT I B TR V& TTEL, o3 T3 8
RS Smurne PG EH 2L o
1.3 #RALEE

90 WSO X B30 K v A A S BR A UA 1S9 11
Smurnc 40 , 2T 2 mL 7% 0.34 o/mL i & AL & )
et R 37 CHEFE 1 ho YEFRHTJE 40 B R i
TR ZR W 100 WL TR R, 66 B 0 B 5 45 Fh T BHI 8%
Feht R 37 CHEFR 48 h, HEAT TG W #5452
B A AR S Smurne BOTEH H 40 E
1.4 &S5k EEE

B O SR X B A A P AR S K T UA LS9 F

Smurnc 41 HE , FHE T 2 mL % 29.25 o/L F AL A £
Fiht JRE 37 CHiFE 0.5 he FEFRATIE 20 9 g
R R WCH 100 WL B, 46 B2 76 B I 20 T BHI 1%
FREL R 37 CHiFF 48 h, HEAT 6 B BT, 4
ST A AR S Smurne TR B 40 o
1.5 RBEAT A8 K AR H 69 FGA KR

B 1.5 mL o6 B0 & rp I TR AW, A 3 mL
RNA & %€ 7 (QIAGEN, 8 [ )5, Ei ik E S
min, 4 °C 12 000 rpm £5.0> 2 min WAE A, H &
A 30 mg/mL VA B i 4 200 wL TE 2% il 22 1A
37 CHEE 10 min J5 , 2K FH Trizol 3 $2 HUAH B RNA .
% B8 PrimeScript RT reagent Kit With gDNA Eraser
(TaKaRa, H A ) Ui B #F 47 306 B 5% /e N o 43 B8
SYBR Premix Ex Taq I1(TaKaRa, H 7% ) §i W #4752
IR ZRMRE NG A 1k PCR 934 7% e R4 T H A A
1Y real-time RT-PCR 4" 14 ( H iy 5 K4 34 5 9y W 5=
1), ¥ 38 )5 4815 4 H 19 3 A Ct (cycle threshold)
Ho PEHATE gyrA FEPE NS, SC045 R i 3
AN ST BT B SEBG ARAT o B XT IR R B cDNA
1Y) Master Mix FUAH W 09 ZE K 5190 o R FHARN &
() 77 %, A 2700 g X H I 3 PR A R 6 2 3k 7K P
PEAT T 43 B, AR A9 78 S 85 BR T UA159 5 Smurne
H IR 1Rk 25 5

&1 Real-time PCR 5|47 %
Table 1  Real-time PCR primer sequence

Primers Sequences (5'-3")
htrA-F GGTGAAGTTGTTAGACCCGC
htrA-R ACGCTACCTTCTTCCCATCA
clpP-F TGACTGGTCCTGTTGAAGAC
clpP-R CCATGGAAGCAGCAATACCC
luxS-F ACTCTATTCCGACTGCAGGC
luxS-R TTGCTTTGATGACTGTGGCT
ropA-F TGATGTTGTCACTCAGCCGA
ropA-R TCACCTTCAACTGCTGCATC
brpA-F GTAGCTCCAGTGCCTCAGAT
brpA-R TACCAATTCCCGTTCCTGCA

1.6 it o

B R ] SPSS Statistics 21 £V G880 4443 #r
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a: UA159 A TE2A5(X2000) ; b : Smurne A TE2A5(x2000) ; ¢ : UA159 5 Smurne ARG FR A KRS
1 UA159 5 Smurnc ¥ > Ju (8 1 S5 T 40 B 25 PO A K 77 1 A KOIRZS
Figure 1 ~ Morphology of S. mutans UA159 and Smurnc observed by microscope and

bacterial growth behavior of S. mutans UA159 and Smurnc in liquid culture
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pH{E 5.0 FREE 255 2 h i, BF A AR A0 5 1
B b (42.33% ) B 35 & T e SR 52T T OBE
(18.67%) (K 2) ., 0.34 g/mL it AL AT 1 h T,
A R AR B9 95 T 43 EE (75.00% ) {2 2 5 T e Bk
RIEAZPERE (61.00% ) o W BRI BE Z [BIZE TR PR 14 (7 =
13.464, P=0.001) . iff %8 b fig 71 () =4.505, P=
0.048) 22w B A G 7 X

a: pH 5.0 fR A AT 17 18] 141 ¥4 55 5% 5 b: pH 5.0 FR AL 2R )5 1
T A 7 1
B2  AHEEALE pH (H 5.0 BR5E v Ab BERT S
Figure 2 Living bacterial colonies untreated and

treated with acid (pH 5.0)
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24 FR¥FLAEZ AKX A E A KF

5 UA159 #H H. , Smurne B 1uxS (¢ =-10.803,
P <0.001) 5 ropA A (¢ =-123.303, P < 0.001)
PR K W2 T, 43 ) B AR TR AR 1Y 0.64 6%
0.51 1%, 1fii htrA (¢ = 67.000, P < 0.001)5 brpA FE[A
(1=96.885, P <0.001)1&iEAKF 8% FiM, 505
B A BRI 1.56 % . 1.80 1% .
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TS Bl R AR W I 1) DI 4 T i % BB AR
708 S B R TR AT LA o 22 A 8 4 A R 7 AR A R
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W RS o ARSI, e B R SEASRR I
TS PR M 15 TS SR A RE T B Ak 12 3 T B, X = B
75 R (AT 52 68 7 o 18 m, B e LR 2 575
T SR K TR BT I 32 A G HE T . LWL B 5
PSR TR R B R A N S AT HORAE K AT RE R B IR
ML 5 A T A v 0y A A7 7 AT T (9 ) o
MELLE 37 Ho, AT S B X 5728 3% R 1 T 52 BE
Jisang o [AEF, Smurnce 41 XF 29.25 o/ L EALENE
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75 15 1 BT 52 P 5 UA 159 38, 1 i iR A0 it 4804 fi
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Smurne W1 clpP R KA LI B EA G it
B, AT O 7 S BR X R T A S
W AR 22 1 455 30 I, S — A S AR TORG 48 1 45
KR 2%

e B R 5, 28 S 65 SRR Y T IR 7 fig ST AR Ak

RE 1R B i} e 2 32 e RE 0 H M o 088 e o A O
PR R KK AT IE |, UESE me JEK 25 178
E B TR N X 22 o A5 T g B S OS5 2R T me
Xof 72 S i BR TR PRI T 7 1 A2 ) R RE A S HILAR 5 Ik
W vnc & DR ] A1 DA TR A ) 75 0 L A, A s R A 25 By
W AT AT PR SR A — A o EUR e X R SR BEER
T PRI 52 BE 7 B LR 8 432 30 B O A A T B —
A BIBETE

5% Lk

[1] Chakraborty B, Burne RA. Effects of arginine on growth, virulence
gene expression, and stress tolerance by Streptococcus mutans [J].
Appl Environ Microbiol, 2017, 83(15): e417-e496.

[2] Binepal G, Wenderska IB, Crowley P, et al. K+modulates genet-
ic competence and stress tolerance regulon of Streptococcus mutans
[J]. Microbiology, 2017, 163(5): 719-730.

[3] Marquis RE, Clock SA, Mota-Meira M. Fluoride and organic
weak acids as modulators of microbial physiology [J]. FEMS Mi-
crobiol Rev, 2003, 26(5): 493-510.

[4] GaoX]J, Fan Y, Kent RJ, et al. Association of caries activity with
the composition of dental plaque fluid[J]. ] Dent Res, 2001, 80
(9): 1834-1839.

[5] Mao MY, Yang YM, Li KZ, et al. The me gene promotes exopoly-
saccharide synthesis and represses the vicRKX gene expressions
via microRNA -size small RNAs in Sireptococcus mutans [J]. Front
Microbiol, 2016, 7: 687.

[6] LeeJH, Gatewood ML, Jones GH. RNase Ill is required for acti-
nomyecin production in streptomyces antibioticus[J]. Appl Environ
Microbiol, 2013, 79(20) : 6447-6451.

[7]  Wen ZT, Burne RA. LuxS-mediated signaling in Streptococcus mu-
tans is involved in regulation of acid and oxidative stress tolerance
and biofilm formation[J ]. J Bacteriol, 2004, 186(9): 2682-2691.

[8] Wen ZT, Suntharaligham P, Cvitkovitch DG, et al. Trigger factor
in Streptococcus mutans is involved in stress tolerance, compe-
tence development, and biofilm formation [J]. Infect Immun,
2005, 73(1): 219-225.

[9] GuoL, Mclean JS, Lux R, et al. The well-coordinated linkage be-
tween acidogenicity and aciduricity via insoluble glucans on the
surface of Streptococcus mutans[J]. Sci Rep, 2015, 5: 18015.

[10] Liu YL, Burne RA. Multiple two-component systems of strepto-
coccus mutans regulate agmatine deiminase gene expression and
stress tolerance[ J ]. J Bacteriol, 2009, 191(23): 7363-7366.

[11] Kang KH, Lee JS, Yoo M, et al. The influence of HirA expres-
sion on the growth of Streptococcus mutans during acid stress, mol-
ecules and cells[J . Mol Cells, 2010, 29(3) : 297-304.

[12] Perry JA, Levesque CM, Suntharaligam P, et al. Involvement of
streptococcus mutans regulator RR11 in oxidative stress response
during biofilm growth and in the development of genetic compe-

tencel J . Lett Appl Microbiol, 2008, 47(5): 439-444.
(4R5E ZHIS, BEBL)





