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 E.BM FEERERE pP XEEH T HHATWEBIE. FiE PCR AT HERERE clpP EE 5'-MI
# ¥ 7| FclpP & # % % & FclpP-ARS, 4 A\ B—#‘— A AE 4 B (ﬁ—gzucumnidase, gusA) ¥ 2 B % 3k # K pIB107 Bam HI/Xhol
W&%ﬂﬁﬁ‘zl‘ﬂ MFE clpP BH S -MEFH K HERTE gusA 3 ik # K pFelpP frn pFclpP-ARS, PCR. B Y1 %Il 5 %

s % Bgl T & Mg Ratsk i UALS9, £ A& & 0f & iﬁ%‘ f%‘@ clpP RHS'-ME 77 B EREK gusA H#
ik # SClpP 1 SCIpP-ARS, % PCR K Ml J¥ % =% Ja , Ml & SClpP.,SClpP-ARS, [H ¥ % B SAmi #2 [ % 3t B SIB107 #) GusA
r c BER ORDTHEERERE pP EES-MNEFA R REER ;A RERE clpP X B gusA AL H X H HEKE
PCR.BE Y] Il J7 % & E#% T2 ;PCR R P 5 R X W R A M # clpP R EH 5 -MAF 7 KL REERE FE R gusA 8 #
I % 3k #k SCIpP #1 SCIpP-ARS; GusA 3 M Ml & iF £ % 4 KW clpP £ F 5'-ME )7 5| X £ B K gusA 8 & H % & H#%
SCIpP #2 SCIpP-ARS 85 GusA & M 4 5] 2 [ 3t & pIB107 ¢ 34.6 fn 8.7 . R MM B R R A EF R ami LR B F H &
gusA WM HF RKREM N 5.2 5 1.3 . R 74N F & FclpP A FclpP-ARS A H KB B o0 FiE ., e R EMIHF T
BEFRRW clpP ZERBEH T NS EHAE clpP ZH EHAEFIIREREME LK.
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Cloning of Streptococcus mutans clpP promoter
and evaluation of its activity
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Abstract;: We cloned the promoter of Streptococcus mutans clpP gene and evaluate its promoting activity. The 5'-terminal
flanking sequence of Streptococcus mutans clpP gene and its shortened mutant were amplified from Streptococcus mutans
UA159 chromosome DNA by PCR, and inserted into pIB107 via Bam HI/Xhol to construct -glucuronidase report plasmids.
Then, the plasmids were transformed into S. mutans UA159 after being linearized by Bglll, and screened with THY agar con-
tain 300 g/mL kanamycin to construct the f-glucuronidase report strains. The homologous recombination strains were verified
by PCR and sequencing, and used for GusA assay. Results showed that the 5'-flanking sequence of Streptococcus mutans clpP
gene and its shortened mutant were proved to be correct by sequencing. The B-glucuronidase report plasmids and strains of flan-
king sequence of ¢/pP gene and its shortened mutant were verified by PCR and sequencing. The results of GusA assays showed
that the activities of 5'-flanking sequence of Streptococcus mutans c[pP gene and its shortened mutant were 34.6 and 8.7 times
of that of the negative control pIB107, 5.2 and 1.3 times of that of the positive control,the promoter fragment of the Staphylo-

coccus sciuri ami gene. The promoter region of Streptococcus mutans clpP gene was located and cloned successfully. Our re-

sults provide evidence to investigate the regulation mechanism

BHEAEAA ¥ S (No. 2015J01553) Fig 4L T At £ EH £ F of ¢clpP gene.
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AR S 5% BR W (Streptococcus mutans s S. mu-
tans ) Sz B A% O 5E BRTE A9 — B, 5 22 [RBH PR 3K T L 3
PEDRAR 2 N ZRIB 9 19 32 S BUW B ) 51 & 2F B8
S5 F LRI A G MO IR S — R A IE R E
J S0 A A B0 f BN ARV BRI S
BREEE N ZE T b AR A7 1 R B8 IR T LR LB
BB A5 IREEA B 52 B N2 H RS 3 B9 2 L T AR 1
i TR S A I O AN T BB L 7 S B R TR s
AR R KR CRLEE 8 BT R R 2R R Gk 1
) o LA B A0 5 A8 A0 6] TR A 38 Y 5% i, SR
TE 2 33 X A 358 ;0B 18 g % AL ] 7 45 B AR P — 2 /)
o33 BOR G AR L 22 0 Bk I 3Rk Az N R 3R
RO R AR R AU T XS A R E A
TEANREAT B A Y AR W4 DR AN AN B ¥ B ik 25
X 4 TR 3 AT B PR R e R I L SR
LB /N Gy 1 2 BT A AR R A TE N B B A AR S Cho-
meostasis) I A 28 5 B BR AR A7 I Bk 168 457 07 /Y
DTG LA K 0w B B ER T . FRAT AT I 5 IR 52 A
S HERR B ClpP & 1B 78 R IV IOAH 5C 2 71 5T i 46
LSS YN RS2 ¥ e L - (B T
SRS S 55 IR T cLp P PR X A by T 52 v DA ]
i 7 S5 S H 2 8 A 4 AL Y ol i A 2 0
R A S o ) AR SR ER A cLp P FEH 5 - BT
G Je Hoge AR fR B2 FLBE 7§ (B-glucuronidase
gusA) I Hk R 3R 8 3R B H 3R TR Bk DLIF ST A8 5
HEIRTE clpP e F R 3h 1 A Wy 16 M S Ho g kg L Ohy 1)
AR S B BRI clp Pk DR 3R 3 18 4 A AL 1) 28 1 1B
S B0 B Al

1 #RFnAiE
1.1 MH

111 ERRABOR. KIAFTE Top 10,728 5 B Bk

UAL59 A /A7, pIBLO7 JBuhr h 3 §% 7 K2 B2
20 1Y Indrainl Biswas 20452 28, & 6 i BURG 45
EREE ami FH B 3 F 00 gusA I8 £ 338 3Kk
pFamil32 f A =/ B A7,

.02 a0 20w 3 PR 2 4 RO R & K/ R
P WO & o RAR A AL BB (b 50 A FRA | 7™ 4
DNA marker,Tag DNA & F . R &M YIHEE ., T,
DNA &) TaKaRa (K %) 2 F 72 i QIA-
quick PCR Purification Kit & Qiagen 2 & ;=5 ; p-
nitrophenyl-B-D-glucoside (PNPG) & Sigma 2 A
7 s A R R ECHE AT R

1.2 ik

1.2.1 A SEERRE UA159 %K 41 DNA 12 B
B0 WU A TR B A BT AR B R R UALS9, K
B 0.1 mol/L PBS(pH7.4) ¥k 3 UK . i FE 41 5 2 [A]
& O & 150 B 43 42 U R BRI UA159 By B A
20 DNA,

1.2.2 IR By B AR cpP HH 5'-
M3 P 51 FelpP K H 988K FelpP-ARS B934 78
0.2 mL PCR Jz I 4§ & 57 40 K &2 B % 2 10 X
PCR Buffer 5 pL,dNTPs(10 mmol/1)1 ul.,MgCl,
(25 mmol/1)4 pl., Tag DNA B4 0.5 pl, 7285
SEBRE UA159 JEH 4] DNA 50 ng. b F U594
10 nmoL., i K /K & 50 pls N 554~ 94 °C AR
P 3 min, 94 “CAE1E 45 5,56 “CiB 4k 45 5,72 “CIEAH
1 min, 3t 30 NMEFF S5 72 CHEMF 10 min, 5
HERRT cLpP HEPR 53 )3 51 Bt (FelpP) K H %€
KRR Bt (FelpP-ARS) 74 | J5 28 PCR % & AL
B EIWER 1,

F1 XERAWSIMFEIRERE

Tab.1 Primers used in this study and purposes

Primer Sequence (5'—3")*

Purpose”

BamHl-c/pP-F1
BamHl-clpP-F2
Xhol-clpP-R1
Smul405-F
Gus-R2

CGATCCAGACTGAATGCCC

GCGGATCCATCGCTTGTTTGGCACAA
GCGGATCCACGAGGTTAAGTCTGATAAATT
GTGCTCGAGTTCAATAACTACAGGAATCAT
GTATGATAGTATCCTTTTATCAGGG

FclpP amplication

FclpP-ARS amplication

FclpP and FelpP-ARS amplication
Strain identification

Plasmids identification

* Restriction sites used to facilitate ligation are underlined and italic.

" RS, repeat sequence.
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1.2.3 AESHEERE clpP I 50 3P 51 K H 5
AR gusA RIBIF R XBAEWHESKE LH

HEERTA clpP JEPH 5" 3 5 51 FelpP K 28 48 {&
FclpP-ARS By PCR ¥ 3 7= #) £ QlAquick PCR
Purification Kit 4fi 1t 5, FR il ¥ M U) B Bam HI/
Xhol W), 52 BamH1/Xhol BV gusA B
FE P FRIR AR pIB107 #4255 1L E. coli Top 10,2
RPEAR (100 g/mL) FI-R AR 8 % (50 g/mL) fifi %
PCR K fiff ) %6 7 BH M 5e B, # 4E cLp P FE PR 5~ 38
JF 31 FelpP M H 25K FelpP-ARS () gusA RiE 5
PRI IKHAK 43 il 6 % 4 pFelpP il pFelpP-ARS, Jf:
i S AEAE Y TRA R A FW)F . PCR &
F TSI Smuld05-F\Gus-R2, L3 1,

1.2.4 AZSFEEERE clpP FE 53T ) K H %
AR gusA B KL K F BRI & K GusA % PE
E KA clpP R 5 -ME TS FelpP & H %748
& FelpP-ARS B gusA #38 F R F ik 4K pFelpP
1 pFclpP-ARS. & A 1 B & BR E ami FEH 3 3
By BA P X BB Bk pFamil32 MR &S 3 F 09 gu-
sA HRGH HE R IR AR pIB107 28 Bgl 112t 4L)m
Iy A AR S B BR B UA159, R % £ (300 g/
mL) I % 4 A R I 7 B gus A HRGE FE R ik tk
4394w 45 4 SCIpP ., SCIpP-ARS, SAmi (BH 1 X 8 )
A1 SIB107 (RAEXT R . 48 PCR Kl 5 3iE s L 2 R
SCHRE6 1 AE 48 7 I 1 B gus A 41 I ik PR3 38 Bk 1Y
GusA 15, 5@ A8 S EERR B clpP S 5" 3 ¥
H1| FelpP B H %€ 28 {& FelpP-ARS B 3 F i 1.
PCR K W 7y e H1 51 % 43 5 & Bam Hl-clpP-F1\
Gus-R2 1 Bam HI-c/pP-F2\Gus-R2,JF5 WLFE 1,

2 &% B

2.1 ASFEEEREE clpP P 53 F 5 FelpP K&
HAHE R AFIK FelpP-ARS YIRS 38 A8 555 Bk
W oclpP RH 5 -MFFEF) FelpP K H %25 K FelpP-
ARS Yy PCR ¥ 38 P24 248 1.5 Y% Bt f5 W68 12 Fl ik . 45
R A3 BIAE 621 bp M 271 bp AbA HE 5 1 I 2
Py A KNS U S R — 2, LR LR
RSy R ILE 1,

2.2 AESREEBRRE clpP KN 503 ¥ A M H R AR
K gusA RIEFEH R R BARMHWES K E L5546

BRIE clpP P 5"l 32 ¥ 5] FelpP K H: 58 48 4
FclpP-ARS 4 BamHI/ Xhol F§ ¥, #fi A 3 1Y
pIB107 #AK  155] cipP B 5" 3L )¥ 51 FelpP K
H AR FelpP-ARS B gusA it 8 3 K 35 24
pFclpP A1 pFelpP-ARS. $2HUB kL, 17 PCR K g V]

bp
2000

1000
750
500

250
100

M: DNA Marker 2000

1. B SHEERTE c/pP P 5"~ 3 7 51 3 48 28 28 {& (FelpP-ARS)
PCR P #4558 52, BIPEXT IR ;3. A8 FHERRTA c/pP EIH 5'-Ml 37
FE %1 (FclpP) PCR 4" 8425 e 4. [ PEXS I8

1 TREKE cpP EES - MBFIREBERET
&) PCR 18 &£
Fig.1  Electrophoresis of 5'-flanking sequence and its

shortened mutants of S. mutans clpP gene ampli-
fied by PCR

YETE TR 1.5 060 B BEE RS A K L 45 R R A
J BOFN AR B BOARRS 23 5 KON IEW . 0 45 2R
— G E ] R T R T AR AR BRI clpP HEH 53
74 FelpP N H A {K FelpP-ARS W) gusA %38 3t
Rk gk TEILIE 2,

M M, 1 2 3 4
bp

10 000
8000

5000
3000
2000

1000
750
500

250
100

M1: DNA Marker 1kb Ladder; M2. DNA Marker 2000

1: pFelpP-ARS it fii PCR %22 ;2. pFelpP ik PCR %% ;3.
pFelpP i K BamHI / Xhol X H§ Y] % %E; 4. pFclpP Fi ki
BamHI1 / Xhol XU U % &

2 LTRENKE dpP ERAS-MEFIIRESERT

Ik gusA MEEFERERENLETE

Fig.2 Identification of the gusA report plasmids of 5'-
flanking sequence and its shortened mutants of S.

mutans clpP gene
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2.3 REEERE c/pP FEH 53 Y5 K H 5 A
K gusA RBEHRRETERMWEE THRHERKE
clpP FH 5 3 ¥ 5 FelpP Jz H %8 45 & FelpP-
ARS ) gusA i 3K B AR pFelpP #1 pFelpP-
ARS, 3% [\ B VX B 28 2004 pIB107 K& A i B 25
BREE am: FER G 30 7 5 1 BHPE X BR pFamil32 ke
LML T A A AR ER B UAL59, & R IR R K i
e, PRIE FIPERE L 17 7% PCR %0& . ¥ ™YW &
1.5 Y0 S R A IS L Ok, 45 SR i /R #E 1 341 bp A1 991
bp &b 45 S PR B S 9T B S WU A5 R ARAE TR W
Bl 3. WP RS AR R AE BRI clpP FEH 5'- ML T 51
FelpP m H & A8 {K FelpP-ARS K gusA ) 18 3 H-
kan®™ Pk FE R & UL P8 DUAR A AR S 5 K 08 i T i
LR (SMU.1405) Hr,

bp
2000

1000
750
500

250
100

1. FALLYEAL pIB107 BRI gusA 238 3 KK bR 1 PCR §°

BEE R 2. FAL L AL pFelpP BURLAY gusA i 3HE £ K 2 3Ktk 1

PCR P 34528 53 HALLNEAL pFelpP-ARS By UKL gusA il

FEH R IR PCR 345K M: DNA Marker 2000

B3 TREKE dpP BERS-MEFIREBERT
K gusA REEEREKE PCR EE

Fig.3 PCR products of the gusA report strains of 5'-flan-
king sequence and its shortened mutants of S. mu-

tans clpP gene

2.4 ESEEERE clpP FEH 50N 5 K H AR e
RASKR S FIEPE GusA J5 PRI E 45 1 R A
FEERPA cLpP FEPH 53 P 5] gusA il 3 H £k
Pk SCIpP B9 GusA T P£ & X A & 8 3 1 19
gusA B H K F AP SIB107 19 34.6 {52 £,
PEXT AR R 2 BR 1A am: FERF 3T R BE gusA i
T8 HE R £ kMR SAmi 19 8.7 5 &4 selpP R 5]
HITH) AR gusA 3B KL H B SClpP-ARS
() )i B0 16 M B X B 5.2 4%, 2 BH PR X RE Y
1.3 4%, LA AE A v B A2 S Bk 1A clpP SEH 5/

FF S FelpP M Hi R AR IR FelpP-ARS H A # 5 1)
BTt HEIWLE 4 Fios,

7,

N

20+

Gus Activity (MU)

i

; 1 L

SCIpP-ARS SCIpP SAmi SIB107

gusA report strains (Strain)

SCIpP: S HEBR I clpP FEH 5'-MIFL 5 gusA i HE P K3k

B s SCIpP-ARS: A8 SREERRIA clpP JEIR 5" 33 51 0 5% 1% 1

gusA B FEF FiE bk SAmi. FHPEXTHE SIB107. BHM:xT

4 TREKE dpP ERAS-MNEFIIREHERT
& GusA FHHENE

Fig.4 GusA activity analysis of the gusA report strains of
S. mutans clpP gene 5'-flanking sequence and its

shortened mutants

3 3 i

TR R I AR S Bk A R DR A 4 R g R
B AR SEEEBR IR clpP LR B R wupp S, it IR
W WE W R A M SL T A, SLEE SR T 5 clpP R
AR TE] P 25 2 [0 7E — AR g A X5 T % clp P 3 R %
SETE YR GE K AR S BEER T UA159 Bk clpP 3
IAETE 1.9 kb F10.67 kb Wi FlE% 5% 7= 9y, Wi & 16
RAEAE BB ] 29/ T 1 min; Hird 0.67 kb B 5724
i MR Y 80% K clpP B K ke
W, 1.9 kb #7585 20% , K clpP FeH R H I
Wt upp FEH IR SEF=4 L b, FATTHE W7 AR AR S
HEBRER c/pP FEH 5 H BiF wpp TP 2Z 00 19 E 40 55
XAFFES clpP BH B E 3. Akl A8 7 55 5k i
clpP I upp FEHZ [ A HE S X 2 S 2 A JH
B AT clpP WG upp W Z E B AR
Gt X K upp HeH 3'-4G# 5> DNA F B4l A 5
gusA HiE B K R IKFAK pIB107 1 gusA i iH F[F
(0 9 AL AR SRR B clpP N 50 3 51

pIB107 #4 piy #E 5% 1 K 2% P& %2 0 19 Indrainl
Biswas 2% R WF 57 A% 5 5k BR B 5 30 1 3 14 1 4
¥y #E) , H Bam HI/ Xhol W47 & e Gk 8+
Fe B AR PR T E, PRI R gusA RIBE LN, 5
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% B2 MEH IS (Bglucuronidase , GusA) , g K
fit PNPG Az BUIR B 5 19 0 fil§ 55 4 i L 7E 420 ~ 450
nm b B AT = 09T 06 R A BT R A0 6o B R et
BT I AT 3 3 A Grus A T P[] 42 B e 1 i 4 A R B
MRS TG e, GusA W6 PRI E £ lacZ (B-2F FLAE
HHGEE D (car CGATRE R SRR F% i 5E KD [ lux (56
G EE KD 55 B w0 0 0 5 3h 05 Pk 0 Oy i B
A SRR A PENE )T R A R AR R AE
fay B PR SRR . pIB107 #AKAY gusA HRIA LA
)RR kan™ BUPE B PR &, AR S BE K T i A
FEPH (SMU.1405)5 -3} 3"-% 24 700~900 bp Ky 3
AR BN T gusA IRBEFEE B LW kan® 3T
PERED G U PRI 2 M AR Y B4 T LUAE He Ut
[ YR 578 S B Bk B SMUL 1405 2 R % A= [A] Y8 5
20 A AP [R5 B 4 AT 1 LA SR DL R X
i AZE S EEBRE SMU. 1405 A, X AU BE 1 28 K
& DUBCA TR X Gus AT PR I 22 38 B 52 0 5[] BF AN
235 0 3 TR A 5 PRRR AR ) 2 T RE L R T A
TR . R 8 R R ) A 2 TR A
B2 [ A BBk B DNA P9I ER G A
Posi e RbeE el o A2 e B
Jiaqin Zhang £ 001 b A S A R T clpP FH K
HJE Bl DNA #1777 50 F 258 53 87 43 Br 4 R s
FE clpP FEH B 05 07 23 1 iF 292 bp &b A 7 A
BEMLER B E 52 7 51, A B P 49 ~50 bp 1Y
34 i GCGAGGCTANAGTCCAGTGGACTGT
TATTTCCCGAGCTNTNAAAATNGATN, H
BEAS BT B — A SRS 29 bp B 2 8 B A% 0 X
S, A 0 IR 3" B 5 - FL B A A A B B AN
A, 15 2090 O Uk S5 40 TR 09 52 7 90 22 O A g i Y
), 38 EAA AR T 0 4 FH L X 6 TR 3R 58 L %
SRR T A G (0 A 4 D R AR AR R R
ATl VR SR 28 PR It ER B 2 A 1 D RE
TATHE T A8 S BEBR A clpP KA 5/ -0 38 )7 51 2 A8
& gusA 8 FE N F Ak SCIpP-ARS, £ 1% 78 42 &
IR R B E G AT TR RS, GusA T
PRI E 26 B AR S5 85 BR 1 clpP FEH 50 35 ¥ 5
FclpP A BRI A 3 06 P, 2 B 6 BE F B
HER ami R 31 A Boid PR 8.7 A . Ud W] 4
AR B A5 00 I sh F IS clpP B 5

&
=

]

L7 51 878 AR FelpP-ARS )3 8 7 1% o & PH v 4
WERA A2 BRI ami FEF G 3 F F BEad 1.3 1%,
IR ATTHEWT cLpP FEDH - iF Y B B 52 7 4 5 A 4
SR clpP BRI IR 00 Dy AE , H AR HIAL ) o 1 52 5% F
— RS,

GRZ ARSI W v b T R SRR clpP
FEH G 31, GusA 3% PRI @ Uk 58 B A B9 1 S 3l
TG [A) B X 78 S B BK TS clpP HE A K E A F
GIHAT TR B DR Sk, A J5 2k clpP A 3l
T Y 25 B FR TR R A B B A 9 4 A S 0 40 4 A
Tk ERE %,

S E K
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