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[Abstract] Objective To construct a hit-deficient mutant strain of S. mutans ATCC25175 and verify its cell cycle

regulatory function. Method Genomic DNA was extracted from S. mutans ATCC25175 strains, and then the upstream
and downstream DNA fragments of the hit gene were cloned into the pFW5 vector (spectinomycin resistant) to construct
recombinant plasmids using PCR amplification. Third, employed by natural genetic transformation in S. mutans
ATCC25175 strains, the linearized recombinant plasmids were transformed into their genetic competence, induced by
the synthesized competence - stimulating peptide (CSP), and then, homologous recombination was utilized to produce
crossover and noncrossover products. Fourth, the hit-deficient mutant strains of S. mutans ATCC25175 were screened

through the spectinomycin-resistance marker and identified by the electrophoresis of PCR products and PCR Sanger se-
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quencing. Finally, its growth rate in vegetative BHI medium was also investigated. Results The upstream (856 bp) and
downstream (519 bp) DNA fragments of the hit gene from the genomic DNA materials of S. mutans ATCC25175 were
cloned into two multiple cloning sites (MCS-1 and MCS-II) of the pFWS5 vector, respectively, and the recombinant plas-
mid pFWS5_hit_Up_Down was constructed and identified by double-emzyme digestion and PCR Sanger sequencing. The
linearized recombinant plasmids were transformed into their genetic competence, induced by the synthetic CSP, and
then, homologous recombination was utilized to produce various products. The hit-deficient mutant strains of S. mutans
ATCC25175 were screened through the spectinomycin resistance marker and identified by the electrophoresis of PCR
products and Sanger sequencing. The growth rate of the hit- deficient mutant strains versus their parental S. mutans
ATCC25175 strains was increased greatly (P <0.001). Conclusion The hit- deficient mutant strains of S. mutans

ATCC25175, having heritable traits, were successfully constructed, and the encoding Hit protein is growth-phase regu-

lated in the cell cycle.
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ATCC25175 brifERR hit 3£ 7 Bt , #4 4 hit 36 P BRRG
BB, W5 ZeFoE A8 S8 Bk hit 250 5 138 brpA |
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(KA, Streptococcus mutans Clarke , 2 i : 7 N
Ui ) 35 7% 454 O 15 3R 502 BHLI O IR IR A 1
3.7 ¢/100 mL Y 7K 5% 19% B g #5 K5 57 3k, 442 121 °C/
0.1 MPa K [ 20 min; @ 37 C, [REAWF , & (5
JNFE R 200 rpm) £5 57 24 ~ 48 h,

KT 1 A2 25 DHS o (A 5206 % A4 A7 18 Fl)
B gr 2k - OB 373 - LB AR K 1% (wiv) 35 14
B @) 37 A # 8 (/MR K 220 rpm) H5 57
1.3 T 743k 4 A R4 DNARR

B S R ATCC25175 HIl B Fl, SR 95,
RILAZFD T BHI ARG 7R , 37 CIRE R 72 48 h, $k
IBUBA 0 [ T BT, $E R T BHI VAR B 9258, 24 h J5 B
L PRV B0 5 WOEE TR, FH CTAB 325 42 JCKE R 4
DNA , -20 CHE-AE 5]
14 RXRAFE5NH

5 S AR IR T ATCC25175 b Bk 5L P 4H 42 )% -
NCBI Reference Sequence: NZ_1.5483349.1, KK
2019 343 bp) , H hit FE P K /Ny 420 bp 5 A48 SR B
¢ hit FE 1R I 8105 LR < 1664202 ~ 1665870,
KN 1669 bp, Uk ZAK pFW5 J551] : GenBank ,
ACCESSION: U41082, K /NH 2 726 bp'™', H I 1
PR AR 3 i 4, R AR P ) A4 Primer Pre-

mier 5.00 B 114 PCR 734 5| W )% %1, an <& 1
TN o LAPRHRUAYAS S 55 BRI L P 41 DNA AR AR, e
il PCR J2 B4 893, #E47 PCR W, SR FH 19 (wt/
vol ) B JE W BRE IKE FL VK 50 o
1.5 F4 4 pFWS (hit-Up-pFW5-Down ) # 3

e il At D) S 7 Y, K hie JE R L R B S
K pFWS TR A7 XUEE U, 37 CRE DIV 3 ~ 6 h,
fitg 1] 7= 9y fdi FH 350 DNA 7= 49 4li Ak 3 50 & o 17 4l
6, T 53 5 pEWS BTRL 5 hit 1 3iF i B AU 1)
Je B MR o

HR4E T4 DNA Ligase /= i Ut B 45, B & pFW5 it
B hit e B A BOBREROMIR . SRS B )
P N DHS o JE 2 S AL, U 4 F Spe” (0.1 mg/
mL) P LB [E AR R 552 JE R A, 37 A8 i B
KE %, B MU PH 4 B v B TR B R o [R)RE Y 5 VA
A hit FE RN U R BAd A O R G 00 Bk, 3R A
hit J (R i B H 4 SR (4 55 R 208 F0 1414) o FE
pFWS ZRAA I 4~ 2 FE A7 3 X (MCS-1 AT MCS-11)
HIJE , BT T pFWS(PCR) P XT 5 |9 (pFW5-F/pFW5-
R1 Ml pFW5-F1/pFW5-R, W3 1), X} 20# , 141# J X}
W28 UKL pFW S 4T PCR 4™ 18 OBUBG ) S 2, Pk
TE B R /N B B 26 A I 0 25 SR AE NCBI |
4T Blast % FL9F4%

R PG LIS

Table 1 Primers and sequences used in the experiment

Primers Sequence (5'-3")
hit(Up) F:CCGCTCGAGTCAACCCTCTTTAGTCAAAGTCATAT (Xhol )
R : CCCAAGCTTGTCCTCATAAACTTTTGATAGAGGGAATGT (HindlIIl )
hit(Down) F:GGAATTCCATATGCCTGACTTTACCCGTCTTGGACAAT (Ndel )
R:GGACTAGTAAATAAAAAATAAGGTGGAAGGGTAT (Spel )
pFW5(PCR) F:AGGATGAGGAGGCAGATTGCCTTGAATAT

R1:ATTCCTCTGACGAATCCATAATGGCTCTT
F1:ATATACGGAAATTATGACTTAGAGGAATT
R:CGCAGCGAGAAAAAAGGCCCACTTTTGT
hit(PCR) F:CATGACGTTTCTTTCTAACTTTGATAT
R:GTTTGTAATACATCTGATAAAGACCGGCT

1.6 T F4EFEhit ARG E G E

VRIS AR BR A ATCC25175 F M bk 2R 0 e T
BESEFP A BHURAR RS 77 3%, 55 38 X 5 Kb i,
FHEL 100 L B %A 2 2 mL BHIR IR RS 3558, 4
R4S 2 h, BR300 WL FIRBEBIINA 2.4 pLIRIE N
1 mg/mL {9 RS2 A HIOIK CSP IR, 1R 50, 088
HO0.5h,

B A PR AL 2646 JS 1Y hit-Up-pFW5-Down

JERL 4 weg A S| ER BT R R 3 he
B PR R A T Spe” (0.1 mg/mL) HTVE ) BHI 1% 7 Al
g% 48 ho M HUBH M B s B TR B, FH CTAB 152 1K
FHA, AT
1.7 483K A hit R B B/ A ARk 4B 48 2

5 A A o 1) A S e R AT e 32 R B0 o R AR
EH WS 2 R A B (1 mg/mL) J5 2 RAEAR, 3R
FL AL DNA, FRUGEAR I T
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1.8 483K A hit A B Bk 1 Ak £ Kb &) &

O H- i B Fil 28 BHI [ A8 75 SL R 26 5 1k ), Bk
BB B TR BB RP T BHI TR AR, 7538 IR E B 37 4
20 h; BGHS 0 B R, 1Tt BHI 35 5% 4 R 3]
0.5 2% [C bbb ok BE , SR )5 6 B 100 %5 8 T4 W
[(1~2)x10° CFU/mL] . @ HL96 L 4t ffd 15 5% 4 ,
Hr LA 180 wL T4t BHI 35 52 5 F1 20 pL T
YRR, IR 85 5%, WD JCAE 48 h P ODew 18 22
o BB =470, 28 R BRI ATCC25175
PRUERR AT AR KX IR AR KRR L A K
=] (0Dgoo ) t-(ODgan ) /1
1.9 %o

K HI SPSS19.0 F A AT G 143 Hr , 2 & BRI

pFW5 Vector

MIER A0, R S B bR 22 380N, ¢H ) Fe sk
P REA KIS, P < 0.05 HES B G5 X,

2 % B
2.1 hit AR ETF#HET Y

PU7AS S A BR T ATCC25175 bk KL K 2H DNA
AR, 43 A hie bR WES 10X, B4 hie 3 A
R R B, hit B BeR/N R 850 bp, i A
K/NHF 519 bpo 373G 72 ) 28 A% 8 FEL UK 28 22, hit B
LT i 3 7y 24 o B — B 5 45, R/ 5 il
THR/ANHIE (B 1a) o BB ZAR pFWS A7 1 F A~
2 pa A (MCS-1H1I MCS-11) , W5 35 BloH W 25 K471
PEILH aad9 I 73 B I (E 1h) .

a: DNA electrophoresis of PCR products of the up-

pFW5
2726 bp

Nhel  Sall(24)
(10) €] A

(1252) Agel  Spel(1242)

stream and downstream DNA fragments of the hit

(MCS-1)
Ba:i“:ﬁ:;)’ gene; M: marker; Up: the upstream DNA fragment of
Hindlll ) approximately 850 bp; Down: the downstream DNA
fragment of approximately 500 bp; b: the vector
pFWS carries two multiple cloning sites, MCS-1 and
MCS-II, which are separated by the aad9 spectinomy-
cin-resistance gene sequence
Figure 1  Electrophoresis of PCR products of
the upstream and downstream sequences of the
BssHIT(1183)
A];,];f’},‘,l,':f ! hit gene and the circle map of the pFW35 vector
_ Ndel1208) . " N NS
Bl (s 1 hit3E[A EiE R B PCR ™4 HLTK

22 pFW5S T4 firME

T 2H 5B 204 F1 141#PCR ¥ 14 H1 Uk 45 5% 40 &
2a 7R, FEMCS- I XA A hit JEA i BB 43
PCR F=H) K /N J 1 774 bp; 78 MCS- 1 IX 4 A hit 5
R Ui 38 4 PCR 7= 40 1 078 bp , Hi xRy 23 48 44
pFW5 >h 935 bp F1 571 bp, & B 5 20 ok b Ui 40
1/ A 249 800 bp 11 hit JE X ¥ - Bt 124 500 bp (1
hit 3 R R I A B

20 TR 204 F11 141#FE i 28 Xhol F1 Spel X[
VI HLUK % 78, R 28 DI 9 25 204K pFWS A] I, —
ZR/NZ12 700 bp WI5E 4500, 5 25 48R K/INVHETA]
23 AR pFWS 28 Xhol F1 Spel 3BV & , 75 4575 K
INSY 2R 1500 bp A1 100 bp, 75 & F K/
T4 TR 204 | 1414 283 XU D) 5 52 30 9 2% 35 i
By 4571, KNG 25 24 1 500 bp A1 2 500 bp, 1A
2b IR o

Fl pFW5 2544 &

2.3 hit-Up-pFW5-Down & £8 Jit k0] 5>

Sy TN W GE A BORL v B A R pFWS
(hit-Up-pFW5-Down ) 5 2H Jit k7 204 | 141# 3% 23 7] I
¥, JF B B A 25 B E NCBI £k P2 1L i 47
BLAST (https : //blast.ncbi.nlm.nih.gov/Blast.cgi) [t X}
MPFHE . X H R BRI BB A A pFW S 2
A1 MCS-1 A MCS-T1 X 1] o A5 54 BR T hit 3 A B
e i 2 BB 1) 32 46 P A < it B PR B i Fr B L Spe”
PUPERE DA hit 25 KR 7 B, LA R BERL IR P A
55 pFWS SR $22 7 B PR g B A
2.4 T FAAFRT hit 2 R B TS T AR R ik

¥ B 21 TR A S e Rk T e L BB
HUE R BEA T, SR HCE 4 DNA , #E17 PCR Tl
Y, i 3 TR o hit 35 B PCR = kAR
LIRS S B N O N i DA S s o
)24 1 400 bp F1 550 bp, $£78 pFW5 5 41 A 7%
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Up Down

M pFW5 20 141 pFW5 20 141

M pFW5 pFW5_x/s 20_x/s 141_x/s

2000 bp 2000 bp
1o% f,’]l,’ 1000 bp
500 bp Zgg :Jp
250 bp Rt
100 bp 250 bp
100 bp

a: DNA electrophoresis of the PCR products of the MCS- I - and MCS- II - region DNA fragments of the recombinant plasmids pFW5 (20# and
141#); b: DNA electrophoresis of the producis (20Lx/s and 141_x/s) of the recombinant plasmids pEWS (20# and 141#) digesied by Xhol and
Syl T s ol 0751 esttos el ol TG, el el o s o B Wik

Figure 2 Electrophoresis of PCR- and double digested-products of the recombinant plasmid pFW5

B2  E4JER pFWS A9 PCR =45 HXUEED) 7= 1) B 3k

AR S BR A ATCC25175 B BRI, 343 5 4 o
FRAS B it 5 PR SC BRI AR 4 5 RIS , QAP e AR

P 2 M Ak E A O T SR S B[R] UR B 2 T PR (B
B BHE: L 550 bp S5 BHAE ) , U1 20-8 . 20-9 FEAS

M 203 4 -5 -8 -9 -10 -11 -12 -13 -14 -15 -17 -18 -19 -20 -21 -22 -23 -24

2 000 bp

1 000 bp
750 bp
500 bp
250 bp

Lanes 20-3, 20-4 to 20-24 correspond to 19 random positive colony forming units on an aad9 spectinomycin-resistant BHI agar plate, respectively

Figure 3 DNA electrophoresis of PCR products of the hit gene DNA fragments from the Streptococcus mutans genome of plasmid

(204#) genetic transformation

B3 TR (204 ) 15 15 e A S BR R RR I D 4 199 hie 56 [X) 7 BE PCR 7= AR L K

B hit 5& K 4571 (550 bp ) 4855 8% T6 12 55741 1)
FE &, U0 20-3#, 20 - 5# 55, If X} 8 AR S5 B BRI
ATCC25175 pn#fERK , #E47 hit 3& H Bt PCR 7= 4 1
J¥ , FLEL UK 255 T Sanger T UNE 4 7R o hit 3]
A B PCR =9 K /N R 1 400 bp (18] 4a) , T A
HE PR = B Bk ATCC25175 K /NZYH 550 bp (0 647
(Kl 4c), £ FEA B hit LW A BEEACHA T K
KT 900 bp il 3& H Bt . PCR 74 Sanger Ml J7% , 1E [7]
D 32 T 7« i 35 PR B A B3 7 91 e B e 3 C
(& 4b, W k) e, B4 9 B msi e A,
T8 5 AR pFWS I 3% 35 aad9 W 55 2 P 3

DAL 11 3 22 7 80 AR ), 55 00 7 457 88 Ah T hit i PR
FERE 2 B % B CIRL 4b , U Sk A IR 43 ) o
B 161 7 52 PR 4 s+ hie 35 PR % 4 B I 1)
e COEI4d, BUHT k) A, BEE AT I G, 1%
¥ 50 5 AR pFWS I 3% 3 aad9 0 55 2 Pt 3
(14) 3 322 S AR [, 45 5% 7 467 B A TE 8% hiie 32 PR ik
JE 7 5 U & 6 B (] 4d, WU Sk 22 R4y ), 26 A
SRR TR hit S PR i A TR AR R A T
2.5 EIFAEIRA hit R B SRS A AR A S TR ik
W 3 kR S AT 22 IR BT O ok AN R O
T S B B T AR L TR 21 Y hie FE IR A BE PCR P21 HY
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M 20-3# 20-5# hit

pl* WS(Sp('

2 000 bp

1000 bp
750 bp
500 bp

250 bp

m

nmmunhmmml;.u.muu

umu,lmmmuu

pFWS 5pe+

A

/‘A -_.A- _‘,

“l

2000 bp

1 000 bp
750 bp

500 bp
250 bp

v
=-
- e

M«Mu‘ttu.lm MM.

“A‘Au smh‘ﬂmlﬁiﬁ’.‘ld

a: DNA electrophoresis of PCR products of the hit gene DNA fragments of the 20-3# and 20-5# strains; b: Sanger forward sequencing chro-

matograms of the PCR products of 20-3# strain (the top panel) and its parent strain ATCC25175 (the down panel); ¢: DNA electrophoresis of

the PCR products of the hit gene DNA fragments of Streptococcus mutans ATCC25175; d: Sanger reversed sequencing chromatograms of the
PCR products of 20-3# strain (the top panel) and its parent strain ATCC25175 (the down panel)

Figure 4  Electrophoresis and Sanger sequencing of PCR products of the hit gene fragment from the hit-deficient mutant

strains and their parental S. mutans ATCC25175
4 7R SRAETRTA hit B P Bl 58 78 R Ak X AR MERR ATCC25175 114 hit A 1Bt PCR 74 H3, 3k F1 Sanger 1 7 ]

Pk Al Sanger U 7, WNIE 5 ff 7k . PCR =49 L3k HA
B— K /NZ) 1400 bp &7 (B 5a) . PCR =4
Sanger M 5, 1E 7] I 5 {2 7R« hit JE PR 5% 4% 08 36 7 571
fig 3 C (& 5b, MR ET L) 5, BHEEL T 50 19 B 5
A, ZFIN R pFWS b 7% 42 aad9 A ULEE Z Ptk
FLH G FE R T8 5 RO 8« hie S PR B A 3k
JEEN L C (& Sc, MR Sk ) HT, B 507 51 i
G, ZF YRR pFWS [ % 4% aad9 W5 R
PrrE R R B % 42 7 91, #8-5 Z AiTw0 0 Y Sanger
J7 45 SR A0 — 20, R WIIRAR 815 R it 5 PR i s A2
SHBEER R AT TR
2.6 T FHAREhit AR BEEmE LK EBR

hit 3 PR {5 3 750 A S 4% BR 2% 78 T A (Smu. Ahit)
Az K ik AR AR S K B ATCC25175 b ifE ik B
P (51 6) : Sma. Ahit B B ARIR 2 15 h 46 58
F 5 h ZE 47 5 Smae. Ahit S B RR HE AR BO0 22 P
AR A 12 h G, ATCC25175 A TF i IR 22 1 7%

AR RSP A K 29 12 h )5 3R 14 (Y
BT ARG E W, BUA AR KR TR R T, R
g LR A0 B AR R TR OV RRAE o T S, At B B Bk
TEVEAXTEOHFR LR A K12 h 5, A K%
A B Bk B, 2 4 h S R B A K R
{H, HAE ATCC25175 FRufERRFE AT 20 4 h ifE AR Kk
RN . WA LK FIE K, Smu.Ahit
{7 a7 QA el N e £ e S = i ol Y
Smu.25175(P < 0.001) , &4 545 BR A hit JE R
P AN T A KR

3 3 it

ﬁ%ﬂ@ﬂ%ﬁlﬂﬁﬁﬁﬁ%$%?fa
BE BRI hit 5 A Bl B 98 A8 TR BR L 7E BHI 3% 3R 2
mﬁlﬂmﬁaﬁwﬁﬁ LA HE R S A 3 L AR
SEEE BRI ATCC25175 Hn PR B A PR, 7 25 ik 5K
T GenBank {1 R ST HE A1) 3 12 200 A 51 B9 D B
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M 11 12 13 14 15 1-6 17 18 19 1-10 1-11 1-12 1-13 1-14 1-15 6-1

2 000 bp

1 000 bp
750 bp
500 bp
250 bp

hit

B i L L ———

50 100 110 120
| == = S e " EseE s E EEESEEE EEE N EEEE EEE SN EEEEEEEEEE .
3 G c c G G G G G c G c G

a: DNA electrophoresis of PCR
products of the hit gene DNA frag-
ments of the 1-1-1-15 and 6-1
strains. b&e: sanger forward se-
quencing (b) and reversed se-
quencing chromatograms (c) of the
a PCR products of 6-1 strains
oFWS(Spet) Figure 5  Electrophoresis
and Sanger sequencing
chromatograms of the PCR
products of the hit gene DNA
fragments from the hit-
deficient mutant strains
Bl 5 JEAAARAE hit SRR
PR G AR TR R I hit JE P
Bt PCR ) HL. 9K A1 Sanger |
i

a: the hit - deficient mutant strains (Smu.Ahit)

and their parent strains ATCC25175 have simi-
lar growth curves; b: the growth rate of the hit-
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