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33 SM593 F1SM593-Ad DA [ B} ] 25 A T 7% 144 (colony forming unit, CFU) & H A 77 2 3T ik — F iR )i (acid
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[ Abstract] Objective To study the role and possible mechanism of ditD in the acid tolerance of Streptococcus
mutans 593 (SM593), and to provide a theoretical basis for the ecological prevention and control of dental caries by
constructing the ditD gene deletion strain of SM593 (SM593-AditD). Methods 1) SM593-AditD was constructed by
homologous recombination. 2) The growth curve of SM593 ditD and SM593-AdItD under different pH culture conditions
was drawn by the automatic growth curve analyzer to compare their acid tolerance. Colony forming unit (CFU) at
different time points was used to calculate the survival rate and to compare the acid tolerance response (ATR) of SM593
and SM593-AditD. 3) Under different pH conditions, glycolysis experiments, proton permeability test and H'-ATPase
activity test were conducted to make preliminary exploration into the mechanisms of how dltD gene deletion may affect
acid tolerance. Results 1) PCR and sequencing results showed that the SM593-AditD was constructed successfully.
2) With decreasing pH value of the culture medium, the growth of SM593-AditD slowed down. When the pH value of the
culture medium was 5.0, SM593-AdItD was not allowed to grow, and its acid tolerance was lower than that of SM593.
Compared with SM593, the ATR capability of SM593-AdltD was decreased. 3) SM593 dltD and SM593-AditD did not
show obvious difference in their glycolysis ability under different pH conditions. Compared with SM593 dltD, the proton
permeability of SM593-AditD under different pH conditions was increased significantly (P<0.05), and H'-ATPase activity
decreased significantly (P<0.05). Conclusion Compared with SM593 dltD, SM593-AditD showed obvious decrease in

acid tolerance, which may be caused by the significant increase in proton permeability and significant decrease in the H'-
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ATPase activity induced by the deletion of the ditD gene, hence reducing its ability to maintain intracellular pH

homeostasis.

[ Key words] Streptococcus mutans ditD
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1 1%89%Lh P, AR SR BEER T (Streptococcus mutans,
S.mutans or SM ) J2 il & A= i SCHHEG S e =2 —, [A] i 2L
£ TR AN TR BE 7, BEAEE IV 2 TR A W5 P pH PR .
Wesi A2 Ak, TERRVEIREE rh g A7 | AR R, e 3
FARBEH LU EE IR . SMIH 2 g 71 A0 45 T4~
53 A T RR BE 1 . TR S (acid tolerance response,
ATR)BES . ATRIZHE WSS AYMNFRAE 1, B b 8 50k
K 4R T B pHIAE h A= K, DT 42 e HAE
HOCEpHAE h i A= A7, SMIY TN R BL = 245 LA
Iy : AME N pHASASERE . BTBRACECE . KA1
PRI 5B R 53 N, R G

N BERZ (lipoteichoic acid, LTA ) &5 22 PH M 41 g
BE I E 20 O oy, R 2 BV R B R R, A
BT 45 AN A RS ST 17 AN TR TE R B LT A5 H
fREEAR ], D-NE R (D-alanine, D-Ala) & SMABELT A
BEM EERUCIEY, D-Ala it dIHRIN T IR HID-TNE
Bk ALTA, ditf9\FiditA. ditB, ditC. ditDPUA4~3E
AL, H ATdItA, diBRNdItCHIThBEC WIHf, {HditDIY)
REMABIIG® . WTAEA 228 K, 7E R By il BB o,
SM UA159 ditD7% 54k 5 Atk LU0 ) 235 T R, 1k
AP SR AE L NI SO SR AR Y T 32 i D WS R
R, 5 I HE A1t D AT 58S 5 9815 SMAT S A5 e 1 Y
M52 . SMEUE A AR VIR RE ST | 7 B2 BE ) Mt
fiRfie 1", Foh iR Re -5 XN AIRSE R i 32 B DA G

AR AT IA 73 7] DA re i 263 (B R A MR E = 6 HLIG
JANF HEL =10, H HAPIAS LA Fe A ) F1 TGS
TR (B 2 AN 5= 0) 11 P9 43 5 AR A5 1ML 7 C TR SMIG IR
PE593%5 (Streptococcus mutans 593, SM593 ) FISMIlfi R
185 (Streptococcus mutans 18, SM18)"", i I — R F A4
S0 ) S0 LA K B, SM593EUE fE 1 WA 5 T SM18, 42
SRR AL B SM593T AW 1 2 T SM18"™ . FiT TS i
S5 /R SM593 ditDFR 1k i b 25 15 T SM8, HR b4, =
HUhE HRRSM593 B RRAE 1 5 ditDAT K

ARG 38 1AL HESM593 dit DI I Ak, #RFT ditDxt
SM593IH R RE 1 1 5Z M, I DA AH L P p AR A5 447 T
AR B AR Ty T W) A6 % 98 HL R e T R A AL L A 1
ditDFESM T B D) BE LA B SMIV TR B Ll B2 LRI AR 98, Ry

Acid tolerance
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1 #RFTTE
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FE5: 2xTaq PCR master Mix(Biomiga, H1[H );
BHIHi 77 2 (OXIOD, J2[H ) ; DNAZEL IR & (New
England Biolabs, Z[H ); Luria-Bertani(LB) ¥ 72 &
(OXIOD, ¥ [H) ; T, DNA#% #%/i# (New England Biolabs,
% [E); Taq DNA Polymerase(New England Biolabs, 3
) ; BZ R (competent stimulating peptide, CSP)
(LA T A, FE); S (Solarbio, HE ); 4B 5E
PRI 20 £ A7) &5 (Zymo Research, SE[H ) ; BUki/ M7 &
(Zymo Research, 3£ E ); H: M % Z (spectinomycin, spe)
(SigmaZy#], EE); H =W (F Tk, HE); Tris-HCIZE i
W R4, D) s T RIS i vaB AL T, D ; R
Gl Sk T Pa B A T, rp D) 5 B 8 22 vl (IR AR A2,
) BRI (MgSO,, 3L, i) ; EAbA (KCl,
I E), thiE) ; FALBER M (MgCL, 31344, D
A-FATPREN S (P aUE A, P I 5 AL (KOH,
Wk PaE AL T, )

FEZUAR: PCRIL(ABI2720, Applied Biosystems, 3¢
B )5 G 3L 755 7 50 ML (CF16R XTI, H AR H 7 TALA FRZ
Hl, HAS); -1 (DYCP-31CN, Jb 5t —E MRS A R
ocnl, T ED; ZIReRERY (SpectraMaxM5e, 3¢ [H ) ; fH i
FEIK(NRT-100B, i85 RS i UAA BR A A, i D ; 8
I % Z 4 (BIODOC-1T-220, UVPZA ], HH ) ; 4 1 5
K M2/ M1 (Bioscreen C MBR, 25 2% ) ; 4 IR E L 57
i (DG250, Don Whitley Scientific, 3&[H ) ; £~ Al U435
JEEETH(UV-5200, i ICHH AR A BRH], HiE); pHIt
(FE28, HFpi) -+ LR 2 H PR3 2 (i) A RRAF], HiE ).
12 BHRRIEFREG

ARSI I F R I3 CHL SM59 31 AR (DU T K2z 48
PG I8 B 25 Bt EE O Hhy AR S48 2 (R AT, SM593 R I AN iy
JrRU ) R HBHIR A S 75 5645 95 . R Bk AR R H
1 mg/mL spe BHIRAARG TR AL 77 . SM593M0KG 57 5%
R 37 CIRER: 7= ORAR SR EHR 5 510%
CO,. 10% H,. 80% N,) . KW#T 5 (Escherichia coli, E.coli)
DH5a(New England Biolabs, 32 [# ) & 0.1 mg/mL
speILBIRARREFRREE IR . E. colifiz 4514037 °C.. 200 r/min
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1.3 SM593 dIitDE E kR B

SM593 dItDJF51) 5 SM UA159F 41 —%L, itk 5%
NCBHEHERSM UA1594 5P 41751, F1] FH Premier 5.0%k
P TESM593 ditDFEH | FiFT 19 (F1) . RHIPCRY”
H4SM593 dItDFER I | i B, BB MR R L vk R
BOR/NTCIR G, 43 56 i Bat AT S ), e alifb)s, 43
BITET, DNAZEFZFEH] T 5 pFWSBUkL (7 R BokbiF- 1)
HEAT 42, IEfd FHE. coli DH5 B2 S A #EATHE 4L . R
F17%0.1 mg/mL spefy LBY; F5 5 i BB 5%, i 1k FH A v
B R IBUPH P o B 1 JTORLEA T P S ol P 2% o o
e 1 mg/mLAY CSPHRIFLSM593, [RlAt il A 10 pgk Ak i
KRG BI5), #AT 5 . e b U, BRBERR B LR 1A
W, IFRATT & 1 mg/mL speI BHIBUIE EAR, IR E 1 5%,
i 8 PH M PO R o $ HUPH P 52 P DN A4 T PCR A 7
WeoE L AR B SM593 dirDEE R k2 ki 44 SM593-
AdItD.,

1.4 AEpHEEG T SM593F1SM593-AditD4 1< i £ E

2 R SM593 M SM593-AditD, PR HU AT 75 & T
5 mL BHIRRIG R B P i35 5%, 40 BB 5 37 i T
W5 AFpH (7.5, 6.0, 5.5, 5.0) BHIR A1 32 5L LIATH [
1 : 20358, H200 pLIR A5 MW T4 A A K ih 4o
MHX, S0 8 R0 K600 nm, £5R70.5 higil— vk 625 i
(optical dencity, OD){H, I 424 h, & 5K 1 BHIE;
FEIAE N ZS FAXFIE . Graphpad Prism 8.042 i1 4= K £k .
1.5 SM593F1SM593-AdItD ATREE 1#&)

DR 2 O3 B B % W) . S A00A K b B TR A
4000 r/min, 4 ‘CE.05 min, 7RISR, RIGFAUNASE
R BHIB AR 25 (pH= 5.5) Fi 2, HZMILAmA
AR BHIAAR RS F7 3L (pH=7.5) B8, HiFE 2 hG B
L, 3¢ FVEW, PBSIRVE . B T H &M S 1P (0.1 mol/L,
pH3.5) P15 mind50 L BEAR REURARCTTEL, 11540 i

1.6 AEpHEMHE T SM593F1SM593-AdItDYEEEfRBE S
gl

PIRRE IR B G FR IR, B Bl K I R, PBSTS:
YR EE T AR pH(pH= 7.5, pH=5.5) 0.5 mmol/L# iR
B ZZ i (45 1.25 mmol/L MgCl,#137.5 mmol/L KCI) #,
JHHEOD g 0 = 0.5. MIALIRIE J 1% (W/ V) %505, #F
120 min PN LA 15 min Ay ] B Wil pHAFL, AR 4 AN [7] sf [6] 100
15 i pHAA 2 HilBE IR e 22
1.7 AEpHEMHE T SM593F1SM593-AdItDffR Fi# & 14
gl

WK I3 BB A T, BOF B A KRR B O, 2%
R dk, i WA B . 5 mmol/L MgCLiF¥E1IR, LA
5 mg/mLAY i K B AT PBSZE ik (pH=7.4, &
50 mmol/L KCI, 1 mmol/L MgCl,), 37 CI¥ &2 h5 &0,
5% FF, P20 mg/mLE & T A M pH(pH=7.5, pH=5.5)
PBSZE M (%50 mmol/L KCI., 1 mmol/L MgCl,) . H
100 mmol/L HCI(&{ KOH ) ¥ M ZpH4.5L0F, B
5 mLEE W, 510 minil| & M pH. 7E50 minfiffif AZk
BE10% % T B, {40 A Py S35 B pHAF-A4 . 80 minHfic 5%
&% pH,
1.8 AREpHE M T SM593F1SM593-AdItD H'-ATPasei&
A

IR IR B G IR IR, 43 2 20 P T FE 5 ODggg e
G AR M BUREUE KPR, 4 CRLL, R R
e, I E T H175 mmol/L Tris-Hcl(pH=7.0, %
10 mmol/L MgSO,) & Mg e 2k, AT 10 mL
75 mmol/L Tris-HCI(pH= 7.0, ¥ 10 mmol/L MgSO,) Z& i
s B5 mLEEROBCE T CRREE A9 T 2 045 T, T R4
BT ARE (W2, Bl mg), 413 T E=W2—-WI1,
W T B0 19 BT it (BA07: mg) ; TR A5 mLEER G
PRI Tl 0 HEAE 600 nmAh (G RE 5 L BTV 40

®1 KAZWATASIY

Table 1 Primers used in this experiment

Primer name Sequence

Application

5’ fragment for ditD mutation

3’ fragment for dltD mutation

ditD sequencing confirmation

spe sequencing confirmation

ditD-up-F 5-CGGATCCCCGTTTTATGCTGTTTATGCCTACT-3’
dltD-up-R 5'-CCCAAGCTTAAACTGGCCCCAAAATCAACC-3'
ditD-down-F 5-CCCATGGGGGCCACTTATACTGGTAATCCT-3'
ditD-down-R 5'-CCCCCGGGACAGCTCTCACCGTCTTTCA-3’
ditD-in-F 5-TGGTTCGTTCCAAAGGGGAC-3'

ditD-in-R 5-CGATCCGCTGTACTTCCTGT-3'

aad9-F 5-TTGGATCAGGAGTTGAGAGTGGAC-3'

aad9-R 5-GCCACTGCATTTCCCGCAATATCT-3’
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Jri v B (mg/mL) W REALBR, AMOGEE AR DR, 5 4i
Ji T E 5 OGEE YOG A T4 . H-ATPaseld P46 I T,

TR R IR, 4 CE.O, KRR, WA TR A
75 mmol/L Tris-HCl(pH= 7.0, £ 10 mmol/L MgSO,) & i
WVER 2K, B0, 25 B3, IRAF T-80 CUKFE# M.
HIT—80 CURFRMLHS, 2 i TRk, FEAE20 mL, 75 mmol/L
Tris-HCI(pH= 7.0, ¥ 10 mmol/L MgSO,) & i+, A
0.2 mLHR, 5890 s)i7, B5.0, bR LREIRY . Wik
HE T AR pHE (pH=7.5, pH=5.5)75 mmol/L Tris-
HCI(# 10 mmol/L MgSO,) H*, W Ht2 mLEA &, I 1R
OD g0 o [H, ARHELH P T H S ROGEEITZR AR, HITHESA
DRI R o B L AR T 8 g 1) 240 e B S-S0 A TP I 3k
VLB TEAE . B I ZE SRR A A ATPasel
J1= (I 5E 45 ODMA — Xf IR 45 ODH ) + A5 #E & O D fH x
0.1 umolx6+ 40 T, TS EH - ATPaseli J1{H.
1.9 ZitFH*

DLE S 3 R 2 % 3N REAR, R 3IR BE

X+ sFoR, 4LIA] AR BT R B, P< 0.05 MR 4
M0

&R

SM593-A dItDETELR
SM593 ditDHEIN R R E 45 R R, BHIBRNE P-4

(bp)

2

2.1

5000

(bp)
5000
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M1 2:3 4

llll'lu I'JI u 1

fh

WA B A spedt P 09 T8 75 A B Bl d1e D 5L A 6 2k Bk
(E1A); R A5 ¥ dItD-in-F/RUEATPCR, F=H B lEHHEE I
HLIK S5 S ([511Ba) /R PCRI“ MK /191 bp, 557, 9K 14
RN SERL It DRE PR SRR ks SR ditD-in-F/RFlaad9-F/Rifk
TTPCR, J= W B eI F Uk 25 R (WL 1Bb) B 1, 27K
ERHDNA N SM593-AdItD, 5| WUk M ditD-in-F/R (77
YIK/N491 bp) Flaad9-FIR(F=HIK/N535 bp), 3., 4UKiEAR
HDNA}SM593, 51 ¥HK J ditD-in-F/RFlaad9-F/R, 5.
61Kk 73 HI 4 dItD-in-F/RFlaad9-F/R I M1} I, 45 58 5
bR A R R B B e DR [R5 2 ik KL PR 2 e D5E 4
Bl spe Tk I PG X 1 AR 25 S0 1 Hh 1) BE Al dTe DI I
BRI 45 e 7 [A] PCRZE R — 3, SM593 ditDHE R ikt
KBRSM593-AdIt DI KT (E1C) o

2.2 AREIpHE M T SM593-A dID4 K B 2%

Bl 55 97 S p HIB I | [, SM593-AdItD ) AE KR
2%, FIEF G I I ODyg W B T B, 2455 55 3 pH =
5.01F, SM593figfisak ik K, SM593-Adlt D G4k £ 4=
K(K2)., 5SM593# 1, SM593-AditDIFERRE 11 T .

2.3 SM593-A dItD ATREE &l 25 R

TESBCIERAE T, SM5935 SM593-AdItDI A7 R
B BT B, 2R BRI ] 55 SM593-AdIt DI A= AE R 3
KT SM593; LR VE )5, SM5935 SM593- Adit DI HE A7
B3, (HSM593-AdIitDITRS T 41745 minf i 4= /7%

5 7
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|
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Bl 1 SM593 ditDEREERRFEELER
Fig 1 Identification result of SM593 dItD gene deletion strain

A: Positive re-cloning screening (containing 1 g/L spectinomycin); Ba: The gel electrophoresis result of the suspected dItD gene deletion strain is primarily screened
by PCR; Bb: The gel electrophoresis result of the suspected dltD gene deletion strain is verified by PCR; C: BLAST results of sequencing of suspected dItD gene deletion

strains.
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1.0 pH=7.5 SM593
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8 12 16 20 24
t/h
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16 20 24
t/h
1.0 pH=5.0 SM593
« pH=5.0 SM593-AdItD
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£0.6f
a
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..

0 4 8 12 16 20 24
t/h

2 SM593F1SM593-AdItDEAR E pHIIBHIE FERAIE KM L ( n=3)
Fig 2 Growth curves of SM593 and SM593-AdItD in BHI medium of different pH values (n=3)

FESM593 /IR S 4 %3 ogl, W 5SM5934H Hb
SM593-AdItD ATREES] N (E3) .
2.4 AREpHE M TSM593-A dIDYEEAREE F16 125 B
TEpH=7.589 244~ SM593HISM593-AdItDFE 120 min
HpHIAAE 3 )k 3.72H013.96, FEpH= 5.5 51 T SM593 7
SM593-AdItDTE120 minfpHIE 43 4 3.41813.71, Fi it
Al DLAE FiRpH A R SM593-AditD¥y) FLA W I g
HYRE K A BT pHIEFE B 4.0LA N, —H Wil 11 1A
BEZEF (K4,
2.5 AEPpHEMHETSM593-A ditD R FiEE 4T
fEpH=7.5fpH= S.SE‘J/«{ﬁFTSM593-AdltDE<JZ§3|€
pHE LT SM593(P< 0.05) , 1245 5 2 W 76 4 [R] A Aisf 7]
WA SM593-AdItDIY 5+ 5 K T SM593, HIHSM593-
AdItDI) JF-38 7 8 T-SM593 (£15)

[ pH=5.5 SM593

B[ pH=7.5 SM593
«pH=7.5 SM593-AdItD

«pH=5.5 SM593-AditD

2 1 1 1 J 1 J
0 30 60 90 120 0 90 120

t/min t/mm

B 4 SM593F01SM593-AdItDTER EpH &4 THERERRRE SILLEL (n=3 )
Fig 4 Comparison of glycolysis abilities of SM593 and SM593-AdItD at
different pH values (n=3)

SM593 pH=7.5 SM593 pH=5.5
-& SM593-AditD pH=7.5 ¥ SM593-AdltD pH=5.5
10°
10 |
1072 L
107
10+
105
10
107
10

1079 1 1 1 1 )
0 10 20 30 40 50

Acid killing time/min

Survival rate (Ig)

3 SM593F1SM593-AdItDI B K RIBE F1bE 3R (n=3 )
Fig3 Comparison of acid tolerance response between SM593 and
SM593-AdItD (n=3)

5.5 - pH=7.5 SM593 5.5 . pH=5.5 SM593
+pH=7.5 SM593-AdItD «pH=5.5 SM593-AdltD
5.0 5.0
jant
o T 5
4.5 4.5 /
4.0 Il 1 ) 4.0 1 1 ]
0 30 60 90 0 30 60 90
t/min t/min

B 5 SM593F1SM593-AdItDHEARFEpHE 4 T RFIEEMLE (n=3)
Fig 5 Comparison of proton permeability of SM593 and SM593-AdItD at
different pH conditions (n=3)
*P<0.05, vs. SM593 at the same time.



240 PUNT S22 (B2 )

5 53%

2.6 A EIpHEMTSM593-A dItD H'-ATPasei& 44l
#R

TEAR R B pHAAE F SM593-AdIt DI H' - ATPaself /1
B3/ T SM593(P<0.05) . & REH] 5 SM593M 1L,
SM593-AdltD H'-ATPaseli K (Kl6) .

pH=7.5 SM593 pH=5.5 SM593
= g0 " pH=7.5 SM593-AdItD Z 150, mpH=5.5 SM593-AdItD
oh * oh
£ £ x
S 3 —_—
g £
= =
5 s
£ 40 £ 75
g g
2 3
g g
A ¥
> =
K <
m 0 0

SM593 SM593-AditD SM593 SM593-AditD

6 SM593F1SM593-AdItDEREpHE # TH -ATPaseiE M LL 5
(n=3)
Fig 6 Comparison of H'-ATPase activities between SM593 and SM593-
AdItD under different pH conditions (n=3)
* P<0.05.

3 it

AR T I SMIEREL T AR D- N & kAL, tditA .,
ditB. dltC. ditDVUA LR . dItA. ditB, ditC. ditD4y
SRS AR, 2 5 SMIEELTARD-N 2 BE b A2,
A2EEAESMP R I, ditCR I 5 ok AEpHIK T 6.5/ 5537
Sk, ATRES R R, W BFENRAE T 5 HAE 30t
PEpHAAMF T W AEAE R B AR TR, RpHAE T
AN 2235 1 IR T B2 20 BT i i B IO 1 — 430, Y
RAHEBR AL TR SE P, HdIARI TRk BoR
AR PR AR, AR SEE T dlDER S S BR T S
THtRdDFIATC: A, IR R RE 1 T R

SMAEARpH %A R L AT R I A o . B 2 1 T IR
BIL 22— b T it T L AR RS I N SR8, A0
pHALARET, 20 TR 20 i N S 7 A o0 B 22, S e
AT 6L PN AR TR A PN A5, SIVEH 3k AR AT S %) ol i
PEBHAY FR T P, [R50 H - ATPasel& 1k, #4 Ji T-5412
FNAAMIANT, kIR AL SMBE I -+ 40 i N FR B AR
A, PR AR B B4 B ST p L, DSR4 b 1 A A O 2 1 il
IR PN LE A 3 207 ARSI M PN pHAR AR AR RO
TR A 7 TN dLeDBE DR (% T R ML R AT WD 20459, 4 Rk
MTE AR R B pHAE R, SM593-AdItDF P 118 i 1
SR | H'-ATPaselifi AR AU A5

ditDZ: 5LTA D-IN &ML, LTA D-N &tk rl
Tk 4 T 240 R 28 Xl BH B PR IS i A A

JfIUe, dIeD A AT HE P ELTA D-TN 2 B A% 40
JHO B B (ARG, (815 SM593- AdIt DS IR 1 o -3 75 P
FORERL, Da A, o3 s M 5 A RS i R LU 51 K,
200 6L REEAN 6 R U7 TR LU fB) 7R v, 0 L YD BT o e
581, H'-ATPaselih Pl 5 20 i RS 5 iR L5114 5, 4t
JREAS 6 R TR AT e, HY - AT Paselif PEMAR . 75 XL
FEE h & B, HAE -6 IR T R AR o T4 B b K, il
o Xof PR A K ST 20 R RS A T IR A & B, 8 A K
A BRI TR L 18- (5 1, H' - ATPaself P52
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