b

RAREEemFhiA 202085 A $28% H5H
+ 292 -+ Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.5 May 2020 http://www.kqjbfz.com

[ DOI ] 10.12016/j.is5n.2096-1456.2020.05.004 - Haares -

srtA B T BB LT S RO LB 5

TR, 1R, WHEE', 4R35
L. OBEERBRAABRELEERT BROBEERBEREFRILT S Wl KFLEBOBEER, W RH(610041) ;
QLUBEARFAABARELERET BROEABGRESFHR TS @ XFEBH o ERTRTHEBERL, @I %
#7(610041)

(FZE] BHE PRI srtA BEDRX AR S BR o 20 AU i 52 BE 00 (0 0 35 4 R0 B 0 HopL i . 73 il Ak
1iif 52 S 56, % LU AR S B BR TR UA159 T Bk B sriA ik PR il 2 ok K% [ 52 R 7 007 1 B A W JEDIR 25T B0 S8 A Tt A2 fiE
71225 ; i llumina Hiseq 4 000 /371~ 5 %F UATS9 Bk S sreA i PRI i S A £ 368 400 m 400 B A e 301 1 32 DR e o
M, LB A AT 32 AH G R 1 76 S 3R 3k 22 5, i — 2D AR TT srtA BE DR B 2R 5 A8 S 5 Bk T 4L Y 52 B T 1)
AR Al 55 H I PR S A A N TR IR R 5 9 SR ] qPCROR IS IEAR DG R R KK 2 . S8R stA SR SRR I 742
SRR TE PR IR S AR W BOIRZS  S AL TR A2 BE 1 48 UALS9 BRI (P < 0.05) o 434 33 NS AL 32 AH G ]
TE e S LI 7 45 2R P B RAB A B B, 3 S8 AR W 1845 AR O B2 i DX T B (28 1, 1ELAR  JREA rh L]
5555 T RIS IE R IrgA | IrgB Iyt 35 F I8 2.2 ~ 2.4 4% ; gPCR 45 5Lk — 2L R W XT AT ) R 303 1 7 i
B IrgB Iyt T 2235 1 11.01 ~ 53.51 1%, H 55— 3 53 R 58 bt HE A vieK 2235 7T 1 6.57 ~ 10.88 £ (P < 0.001) o
B sA SRR, 728 S ik SR T A ST 5 1 B A8 T 288 G 12 ik DR 3 K K S AN EL S A T 52 AH DG B
I PR R KPR R 8 9855 7 e B R T 0 AR T 2 BE o

(k$giR) AZRaeekiE; 8k EVR; EREA; seAFER; AN
AL Sz, IR, RN WABFESH SRS i
[FESZES] R780.2 [X#ftFrEE] A [ZXEHS] 2096-1456(2020)05-0292-06  sicri s S
(SIA&ERMER] T, L%, BRI, 55 . setA Jk DR 5 28 S 6 B B S AR Y 32 I AL B2 D). i B i
2020, 28(5): 292-297.

Mechanism research of srtA gene on the oxidation tolerance of Streptococcus mutans HE Yuanli', REN Bi-
ao', CHEN Xuan', ZOU Ling>. 1. State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral
Diseases & West China Hospital of Stomatology, Sichuan University, Chengdu 610041, China; 2. State Key Laboratory

of Oral Diseases & National Clinical Research Center for Oral Diseases & Department of Conservative Dentistry and
Endodontics, West China Hospital of Stomatology, Sichuan University, Chengdu 610041, China.

Corresponding author: ZOU Ling, Email: zouling@scu.edu.cn, Tel: 86-28-85502415

[Abstract] Objective To investigate the effects of srtA on the oxidation tolerance of the Streptococcus mutans
UA159 strain and to explore the potential mechanism. Methods The oxidation tolerance in the planktonic state and
biofilm state were compared among UA 159, the srtA-deleted strain and the complementary strain through oxidative toler-
ance experiments. The RNA-sequencing data from both the exponential and stationary phases of UA159 and the srtA-de-
leted strain were obtained by using the Illumina HiSeq 4 000 sequencing platform to determine the impact of srtA
knockout on S. mutans genomic transcription. We compared the differences in the transcriptional expression of oxidative
tolerance-related genes between the UA 159 strain and the srtA gene deletion strain and further explored the intrinsic re-

lationship between the changes in oxidative tolerance and the genetic transcriptome. qPCR was used to verify the chang-
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es in the expression level of oxidation tolerance-related genes. Results The oxidation tolerance of the srtA -deleted
strain decreased significantly in both the planktonic state and the biofilm state compared to that of UA159 (P < 0.05). A
total of 33 oxidation tolerance-related genes were differentially expressed according to transcriptome sequencing. There
was no significant change in the expression of peroxide synthesis- and metabolic-related enzyme genes, but in the sta-
tionary phase samples, the two-component signal transcription systems IrgA, IrgB, and lytT were significantly downregulat-
ed (2.2- to 2.4-fold) in the srtA-deleted strain. qPCR further confirmed that in both the exponential and stationary phas-
es, IrgB and IytT expression in the planktonic state was reduced 11.01-53.51-fold, while the expression of the other two-
component system-encoding gene vicK was reduced by 6.57-10.88-fold (P < 0.001). Conclusion SrtA gene deletion

did not change the expression level of peroxide synthesis-related and metabolic enzyme-encoding genes but downregulat-

ed the expression of the associated transcription regulation factors to reduce the oxidation tolerance of S. mutans.
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tive oxygen species, ROS) 1Y 2 2 3 B & H it |
DNA A BT 46 43 LA S i 236 o SR LR 1 iR R
JE 3784k, 78 S 4 2K T e 945 I 4 R 8 T XL
NEEHS RS (two-component signal transduction
systems, TCSTS) | CepA - F={E A6 114 ke £ 355 BHL
i (carbon catabolite repression, CCR) AN
FHLH] (quorum-sensing , QS ) 3 5 HL PR 38 W 4 , 7F
FRABEN S G RAFAEAA IR B PR R
B, AL IO T2 B2 W) A TR 1 5 A% T Ak D) R 5 Rz
BAHCH 2 F BRI FRIR i A8 S B K T 4 o st
A B A B4 VRT3 B 55 1 22 B ) AH DGk TR ) R AR A
H W, 43 PERE A (Sortase A, SrtA) &5 % PHE
i — 2R 5 K, 722 S BE K TR P Y SreA T X IR
¥) % M SpaP . GbpC . DexA | FruA . WapA . WapE [
LPXTG J3* 81 347 43 e R, o 3k 6 3% 1 4 11 440
B T AN RE b 7R AR S BE KR 110 R B O R ok
FEAEH . BRAEAF ST A 90 S i B A setA K I
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AR o A PRSTZH BT RIS e 3 st A BE PR 5l 2 52
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SR E 5 srtA S DA i Ok IS 2 2% 1) B DAY R 2 3l 4 4
R H AR SRR TR srtA SEPIAR AT ] B se i HL Ak
2R ST o PR AT ARG srtA X 722 S B B T
AT 32 B8 T 2, 38 2o 5 S ZH 0 P (RNA -se-
quence, RNA-seq) 5 SZH 2¢ Y652 1 PCR (quantitative
real-time PCR , qPCR) AR HALH .
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A O IR WA R 3 (Oxiod, JEE) 5 L R
(Sigma, K [H) ; 3%t E LA (Sigma, K [H) ; Ak
S (Sigma, 32 [F ) ; Nanodrop 436 {2 (Thermo
Scientific , 32 [E ) ; IlluminaHiseq 4 000 I /3 ~F 75 ( [
M AW BE R RA A, TP E ) ; Trizol 24 fif
¥ (Life Technologies , 3¢ [# ) ; PrimeScript RT reagent
Kit With gDNA Eraser (TaKaRa, H A< ) ; TB Green™
Premix Ex Taq™ II (Tli RNase H Plus) (TaKaRa, H
A ) 5 LightCycler480 2% )t % & PCR {¥ (Roche, Fi
+ ) . AF 5 8% BR B UA159 (Streptococcus mutans
UA159) Hy F B WF 52 15 5K T i s i s 4 3, f
FET-80 Co A8 FHEEK T UA 159 TR PR srtA JE A iR
PR K 1] 52 bk F A R A TR e R
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JG 4 CAEfF & M . Hob | AsrtAcomp #2 7 T 5 A 1k
JEh 1 000 we/mL t: WL%EE K (1) BHI KE 97 5L, 4 [
b WA REEIES T AL S B A
BEERTE o B UA159 | AsrtA | AsrtAcomp H. [ 7% i
RS, 120 BT BHI P 32 3 h e, K
W 600 nm YGEFFE R 0.5, RIA X H A", 1
20 B IE AN B 92 2 24 b, RO “ R AN s . %
XTI TR IR AR 22 12 20 B T 5 19 E R Y BHI
B ArAin A 24 FLAR , 555% 24 h DU AR
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0.05%Z U™ . ARG A48 T o BN A SRR S
0.05% H.0, 1) JC T4 PBS 2% #h ik o 2 4l 1/ A1 8, T
37 °C 5% COJEFE5AF T 20 913555 0.15.30 .60 min
J& s A 5 mg/mL HO, f§ 2% F ) ™, 525 120,
JCTA PBS #EAT MR 2 A BE RS, BRI 10 L T BHI
TR S RE, 37 C 5% CO K T2 dR
VT, TS REAS A 16 R I X B e 45 R 0
TEC R s ) A2 AL AT 4R ], e a2 R 25 7
1.4 AEYBEMA T

15 5% UA159 2 AsrtA | AsrtAcomp [ Bk 2 Fa /&
B A Y BORAS W5 1V W, JC TR PBS 2% i e Yk
FUARIE R AE PR 3 WK, ¥ B T A 6 P AT L5 A B
H(K3L) . & AHEFLEZIINA 2 mL PBS 2%
MR, #5 R B AR ALEDZIN A 2 mL % 0.05% H.0,
) JCH PBS 28 i 5 T 37 °C.5% CO. 5 F T 15 37
60 min, A ZH B[ Z0 ) BCAE PR, S TC R4 5 B
HEEFE 60 min 5 FIHCEY I, R . B
1 21,5 000 rpm &0 10 min, 2% 3% (PBS H &, Ff
WE L VHE R BRSNS A 45 L b 43 il Wi B
100 WL B 9% JC B8 PBS M A7 e B 6 s %, LA
T AR BN TR 100 L ¥R A T BHI B P-4,
37 C.5%CO M PR IR 4 d Ja VR THEL TH 4%
FEAR CFU/ML (1 %) 05 0 285 3 91 L 3 401t 2
5.
1.5 RNA-seq 5 % 5 #7

4 UA159 F1 AsrtA X B I 2H R0 199 240 7
B 9% 2 O A KIS, PR EOREAS BV RNA . i ]
Nanodrop 436 BEASCRE I Bl A5 R A RNA 19 265 I
We B, BB W B I HL UK 20 AT RNA Bl i . A S 08
RNA-Seq 5 I K it 46 B8 o 4 4 2246 BifE 9635 46
Py 25 FHE A BR A Wl 58 0, RNA & Vw4, R
IluminaHiseq 4 000 I J3°F- 5 47 2 x 150 bp M ¥ .
2% Gene Ontology KUl FE & KEGG £ 45 2% U
JIT 5[] 5 35 PR S AR AT T e 1 R o 1l R
RSEM LA FPKM b B0 1A A 46 JE R 3R A 4
DL 2 M FDR < 0.05, 28 fb A% %% (fold change, FC)
o X E = 2 R 0 e A o 6 B0 ) R AR e

AsrtA AT UALS9 B FE A 22 52 KRB , 22 52 3R0K
F A (differentially expressed gene, DEG) #5 7E AsrtA
FEAS fr 263548 0 T UALSO REAS, U] 63k 1 i 3
I, B Z W 23k T I EE A

1 3 SRR AT (], AR 5256 0 8 1 5 708 S BE R A
SE TR 52 AH O 8 P SR 422 2 8 M i 5 240 S 9 H-0,
o U A T A A G AR 2k 33 A
TCSTS A 17 4~ VH0, 45 Bl 20 4% 2 [ 3 4~ L HL0,
AR TR 20 14 5k D] 8 A~ DA B Al %o AR TS 32 A 0
TESZ A 1Y BE P 5 45 7 54> 20l o A ax 33 > ik
PR 5 301 B s e SIS AR A B SROK
1.6 R ALF 2 A48 % A K 4§ qPCR Bk

B UATS9 Al AsrtA X b 01 B8 12 20 76 B T
A 1% BRI BHI S IR 2, 70 85 97 2 %40k
W A S, B0 WOE , SRIANTE B RNA, SR 5 18
H PrimeScript RT reagent Kit With gDNA Eraser i §%
S0 cDNA, ¥ 168 (RNA"fE N 2514 , &
RNA-seq £5 %71 FDR < 0.05 . [FCl = 2 ) DEGs 1E
FRE o AT S P9 W& 1, HorfrrgB
WT 515127 Ahn S5 RSB, Hoar s |
S|4 F Primer 3 Plus %11 . H3 4§ TB Green™ Premix
Ex Taq™ II (Tli RNase H Plus) 136 B i kE , 4% 5 4
I E AN cDNA [ B XT #R . il 3 LightCycler
4801System £ /7 EHLY 1, 45 H VRN KN 2
FEH 1 CT (cycle threshold) fH . >R H 244"y %F H 1Y
S PR A kK HEAT 20 # A5 345 H Rk
22 RIB GO

x1 51975

Table 1  Primer sequences
Primers Sequences (5'-3")
vicK-F CACTTTACGCATTCGTTTTGCC
vicK-R CGTTCTTCTTTTTCCTGTTCGGTC
lrgB-F GGCAAAAGGATTGGGAACTGATG
IrgB-R TGGAACGGCAAAGGCAATGG
IytT-F CATCCTCCACTTGTCGTCTTTGC
IytT-R CACACGCCCCTGCTCAAAAG
16S rRNA-F AGCGTTGTCCGGATTTATTG
16S rRNA-R CTACGCATTTCACCGCTACA

1.7 SRt F oM

BAE BT SPSS 17.0 #4445 . FH Levene’
s test X FEAFEAT 7 26 5 HERG T A AR AR O 22 5%, I
PEAT W ST A A ¢ A6 50 BB A 2R 5 22 0 M, A AR AR
J7 BAFE, W4T Kruskal -wallis JEZEKE 5, P <
0.05 N2 Giit =2 o
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H,O, Hil] 8 UA 159 F1 AsrtA JAsrtAcomp Bk REali
W 0.15.30.60 min f& 3 T F-F- A A= £7 58 10 % B
P 25 S Bt [A] 28 AR AR B0 an 18] 1 7, BT L UA 159 i
AsrtA | AsrtAcomp TR ) A0 25 Bl S A ) 3 e [ 18
TG FEAG o AsrtA 7€ H,O, Ji 3 15 min B A7 35 R TG
B & 725 4k (P> 0.05) 5 7£ H,O, # 3 30,60 min J5 ,
AsrtA | AsrtAcomp /775 AL T UA159(P < 0.05) .
2.2 srtA KA H B K AR A Y BIR SR EALRE A T %

He W IR 25 4% T Wk 2 HLO AT s B B V% 3
B2k B ANE 2 B, setA 3 R Bl 2k I R 30 A e
ARFSAL S5 R T A AR Z BE )1 PR (P < 0.05) . 7F
TCHN A, UA159 il AsrtA . AsrtAcomp Wik s s
HLARIA2.38 x 10°,1.28 x 10°.8.00 X 10°, 2 F T4
THEE L (P>0.05) FERIEA, AsrtA 7E i3 SH AL &
L h 5958 4 5 K IR T IL I UA159 B2 AsrtA-
comp 2 G B T Y% T T (P < 0.05) , LI AsrtAcomp
2H I TR PR & TR T UALS59(P < 0.05) o
2.3 srtA K SRk e AR AL P A AL AR X R
) 84 A A KR

FEXTEL T AsrtA FEAS T, A7 31 AR 32 AH
DL 5 I B SR KT el A B (8] 3a) , o,
HISADEENBT E#, 16 DR BT FE,HH

Non-H,0, stimulation

0.05% H-0; stimulation

Ir = UAI59
AsrtA
0 &=
E -O- AsrtAcomp
a-1 x
'_‘_2 i I\ \\\\\%
-3 1 ! L

L L L
0 10 20 30 40 50 60

Time ( Minutes )

*:the AsrtA group survival rate was lower than that of the
UA159 group (P <0.05) , and the survival rate of the
AsrtAcomp group was also lower than that of the UA159
group (P < 0.05)
Figure 1  Oxidation tolerance results for the
UA159, AsrtA and AsrtAcomp strains in the
planktonic state
1 UA159 il AsrtA | AsrtAcomp B AR TR HEIR S
[ER AP

FC PR T 7 U0 28 1 {8, 00T B0 R A v ok DL
20 Hf SR AT 52 A DG R PR 22 e 3R 5k

FERE W] AsrtA BEASH (181 3b) , AL 5 5 7%
T R G0 g 15 3L T IrgA | lrgB | Iyt T 323K 2 3% T
(22~241%),comC KL W E LI (2.1F5) . Ha
14T B, 15 SR TR i (3R A
RIS BIHEA R AT BELIT .

AsrtAcomp

Logio CFU/ml
W

a: living bacteria counting results for the UA159, AsrtA, and AsrtAcomp strains in the non-H,0, stimulation group and the 0.05%

H,0, stimulation group; b: logio CFU/mL results for the UA159, AsrtA, and AsrtAcomp strains after H.0, stimulation

Figure 2 Oxidation tolerance results for the UA159, AsrtA and AsrtAcomp strains in the biofilm state
2 UA159 1 AsrtA | AsrtAcomp B Bk A= M1 BRUIR 25Tt A 4

24  srtA A B B & 4K TSCTS 48 % & B 8 & ik
K
B bR FE ok Jrp 22 55 3K B9 TSCTS 2 b5 J

A LegB Iyt LB B 1+ 8% 5 AL 22
R Y vieK i i qPCR 56Uk H: 2% 5 R a6 00 .
SEIRL R | AsctA T RKAQ LytT IrgB L vieK 5 [ 76 %) %k
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Dotted lines indicate the fold change; a: exponential phase; b: stationary phase

Figure 3  Differential expression levels of oxidation tolerance-related genes in the exponential and stationary

phase samples upon srtA deletion

B3 srtA FEPR R 5 S AT 52 A0 53 PR 7 X 85 301 B A s 19T 9 2 57 3R A UK F-

] RS A IR A A UA LS9 FEAIG, 22 5% A
Gt L (P <0.001), GE 4 FixR, AsrtA 7 kR
1Y vieK 75 %F £ 491 F80E 9953 00 R I 10.88.6.57
%, IrgB " ¥ 28.57 .53.51 %, IytT F I8 21.41 . 11.01
%, Ho22 5 R h B 5 E W RNA-Seq 25— 34 .

. RNA-seq(stationary phase)
vieK qPCR(stationary phase)
qPCR(exponential phase)

IrgB

IytT

Figure 4 Differential expression of TSCTS-related
genes according to the AsrtA strain RNA-seq and qPCR

profiles
B4  AsrtA B FE TSCTS A7 HE K 7 RNA-seq 5
qPCR " i 22 3 3R 1k 7K

RIS

A S B R TR Y T 2R B PR AR I 4 (2 R
% G b T 52 480 A0 R g, 8 SRy HE X 1T J 2F T B
O 2R AR S PR T KR 9 ROS, 1 Ha0, S 4241 T
oA AR ST ER R 1 HLO, A AR X =, {0
PG NADH A Ak i Nox F1 b 5 &0 E AL 1) 1 (al-
kylhydroperoxidase , AhpF ) ; Nox Fll AhpF Fi*) it P - 1
i g % K NADH %16 NAD® (¥ 4034 5k HL0
H0,' o A SE R B srtA KR R R 5 Ecrh
$ e A R 478 S B SRR FE R Y, nox | ahpF FE SE
f) AhpF % it K& R smu_961 3 1k /K Sy 15,

A2 R TG 2FE R srtA FE R R I AR AR
S-S SR T 114 JH DAY PR WA A D 3 o Y 3 52

70 SR R TR B R 2H 2 i 1 AR 22 A [ 11 05t St A
i ALY, A e H IR AL )5 (glutathione
oxidoreductase, Gor) A B 1k & ALY , VL KH AL
Yy AL 1 (superoxide dismutase, Sod) EE A A 5T
HEN ROS. sod . gor FIlA B i 8 1b. 90 1 4 1 325 [H] tpix
TE AsrtA X HISAT T 8, e NADH JIid U864 i
T EE K smu_346 . smu_543 .smu_1089 . smu_179 £¢ 5%
SIS B 2, $I srtA JHE R A Xt
A ROS A it 2 il S J L HEs2 il

A% Sl BR BT LR 1) 9 952 A 48 TCSTS 1 CCR LA
R A RSB QS A5 AT LA iR 28 S 45 R AT 1) R 58
1ENE A SCHRRIE SenRK R4 | LiaRS & 4856 12
R S R AT 527 45 A W) B R AR TS, CiaRHL
ComCDE , ComRS 4§ 1 1] 5% W) H: HLO, i 52 P, {5
AROFFELE R BN, srtA BERIBR 5, 6 £ 5 S ds
E WA AL PR LA 7 liaRS L senRK . comX BE A T
I, ciaRH . comR . comDE B4 1 , {H 22 % L5 1t
27 5 TCSTS % [ comC 78 Fa 5 0] i 25 1 2.1
5 o &5 BN, comC g i 7= 9 Sk QS G i
ComDE M5 5 AR T4 IK , comC 35 PR X i 7 ek
BB % 18 425 78 S i K T P A 22 B R g KGR e
HEM comC 7 AsrtA FoE B b 3238 LR v BB & R R
AR 5 RO HLOL il 77 1w 15, AT 445322 3 K

5T T TR B TR 2, LA A A

AR E

XU G5 Z 58 LytST 5 240 B 40 L B A QAR G,
LrgAB Y 315 X 52 2 RIS FI) 1) IR B3 45 5 15y B2 UK
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&b 22 M A B PR R 25 SRR A
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LRS!, P N R 8 e T s 6 18 1 375 5 S 4
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W IrgA | rgB | IytT 7 AsrtA Fag 3] 0 32 3k /K F i 3%
T 2.2 ~ 2.4 4%, i — 2 qPCR B3I IrgB ., IytT F
11.01 ~53.51 % o Ud B srtA Je R B2 T A8
BEER TR DA IrgAB | IytST oA =38 A9 I 2 1 4%, TR £
5L 3 20 M B A KT [ B Leg AB R 9 52
H AsrtA X B AT S 0 B R 4R (EAE
FHEL S, HOmT AsetA S ARTH SZ AT T B

AN, iR IE VieRK 2 405 Ak W it A7 2 W)
SR AR T BE NS T R IR AR S B R B )
H.O, it 52 BE J1 o BLSRASHF 5T v %o 0 3 I s 9
AsrtA 1 vieRK 28 A 7K ¥R 8 25 (H A T REA R
R 5T % VieRK 2 48 % 48 1k 7 38008 45 76 F i
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CR 236 . 45 5 2 W] AsrtA T BE (19 vieK 78 %5 %k
] R E W14 R I 10.88 5 6.57 £5 , $2 71 vieK (1)
25 5 FRIRTE sreA FE PR A 1) S AR T 37 B ) AR
hREE —E MR 5 FiR hgAB 1ytST 1Y
ZRRBETRBBAAL, XRS5 F 5% A
1) 4 H R 5 R 25 A

ZE B PR sotA FER R IS, A8 S 58 BRI A AR
5 1 B AR Tt IS G B 5 TR 3R R KA AR L (H
A AL 32 AH 5C G SR PR 7 3Rk K R R, i
VR 5555 A8 S Bk A 1Y) SRR T 32 BE L R LR I 1R
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