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VR Ak W EL A 1 2 S B R A A R A A IR iRV E T, 207 AT LU R I brpA | recA | nth ., luxS . fih,
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FA) 348 5 AR ) A 0 RS 1 245 10 0 g o) T A
BIrRAEEE Y,

H A R EFE SO T 5028 R Bk a4 Y e
B2 & . Chen 48 A BIBTHMAE YK LL-37 1Y
F2E Y 1G-13-1 Rl 1G-13-2 38 b BB 3R At 1T 4 A 5
Vel N DR A TR o NS P v A T 2 P
SRR AV ERIE . 7E5rFKF 1G-13-1 #l
1G-13-2 AP S A 5~ g IR AE I 500 (tumor
necrosis factor, TNF-a)F1#% X f«B (nuclear factor
kB, NF-kB)FREL . W50 K IR 28 HY BEd
Y EA 025 P S RERR A TG R, Hrh AR Y
BIPT R E o, Bach 25 % BB RS B AL RS
3 15 30 4 21 T R 3 0 <) 4 TR A R E - o TS
{ifE ATP Eff(membrane-bound proton translocating
ATPase, F-ATPase) IR 7% M 2 80035 M vl LA
R AR AR S BR TR Y 7™ B FOBH IR AR B 0, DRI A2
SEEERRTE AP AIE AT, Phillip 45 % B & g
LA W P2 By B A AR 5 A A A2 S e sk v £ 3t
T, PR A RN A TR B T RES . B Ah,
22V R NPT IR 0 T T 10 1 2 2 1
FE1,

75 A1 1 T -4 - B-D - ML g 38 40 2 DA AR i AR
PRI —FORBT R, TAREEA ] TRy | R
RAFIIEVEPIRERIRYT . ©A MR LBt
Fis g 152 -4-B-D- Mt Wi 5 B HF X I 20 8¢ A/PR/8/
34(HINDEA SR ZL R MEIER, 2 FALH gt
PR T -4-B-D- M A A0 HHm L W HINT /2
YL Y TNF-a, IL-6 Fl IP-10 55437 & 454
FAU S AHIF S S B A7 R T -4- B~ D - i i A
AT AR S B AR WA K, IR 2P
TR RN A B
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L AR
1.1 MRHER R ST

AR SEEERRTE UA159 H o R e A I oE
FITES% | SR A Rk Oy i W 15 32 (brain-heart infusion,
BHI, Difco, EENIFEFO5%S, 5% CO,).

75 A i T -4-B-D- Atk IR O 1 0 26
Sigma-Aldrich A (575 : PHL83536).
1.2 AEKHENE

A Kl R I S AR R SRR R A T DA
Bi T BHI R5 32 5L A 40 1A B R A A X BRAL, Y5t
P i TEE -4~ B~ - ML G 47 10 A 280 T 8 R ol 28k
10 pg/mL Fi1 50 pg/mL VE AL, SR)5 37 °C
IRAANREFE 24 h, 5 4 h BUEE RV BE SR 1A R R ] PBS
% 0P RS 10 55 $ER T BHI [BE{ARE 3L .37 °C
RAFSR 48 h 5, I EsCBE L L5 {37 (colony
forming units, CFUs), FH2& 4K ih4k ., A5
CiV-IKR/ ¢
1.3 ZEREERRTE A Y ETE BRI

7 S e R DA A A IR S S0 AR 0 SOk
LAY, K80 °C RAFMAS SRERRTA S A5, B
F+F BHI K5 9#3% , 478 Ak R A 1) 96 FLAR
(100 pL/AL). 7EAMBIE ML, R
JE 1 V% M AA B B -4-B-D-IL I B (0, 1, 5, 10,
25, 50 F1 75 ug/mL)JEA AL PR, X HEZH SR F AR TR K
A REFRKIEIE, 5555 48] 24 h ), RBREESR
55, {11 PBS (pH 7.0)fF4HIRE 3 1Ko V& A B
4-B-D- M. W 5 B 1 Ak L RS B 2 ) A g B A A
KA MTT kil ARFLINA 100 uL MTT 5
(2 mg/mL MTT, Sigma-Aldrich, 3&[H), #t 37 °C
AbFR 3 h, AR JE IR 2515 MTT 5], BEFLAA 150 uL
T T I 7 2 PN Y T T b A o R ol T
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AT 490 nm FEA TR, ASLEE S 3 K.
1.4 RNA {#£BUfIE & PCR &

SRR A G SRS, SR AR R BHI K
TR RITHERN S 24 £LAR, &'E 50 pg/mL %At
FA NG -4-B-D-NHk M 75 5 A0 BRZH X HRAH , RAR
Ki7% 24 h J5, 5000 r/min 20> 5 min, WCBANH,
IR FJGH Y PBS 6% 2 1K

RNA 2 A TEIE(15 pg/mL)Jf#E A 3
fi# 12's, SRJ5 KA TRIzol (Thermo Scientific, 3&[#)
W BRI B RNA. R RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific, ES
) AT SRR NS, SR FH ST E B PCR 77k
Kl brpA. recA. nth, luxS. ffh. smx. gtfB Fl
gtfC BN H mRNA 7K3F, 16S rRNA /E R NZ .
PCR /% 4: 95 °C 10 min; 95 °C 10 min, 60 °C
30's, 40 MiEFR; 72 °C 32's, PCR [ Wi fE ABI7300
SCEFE R PCR AL B HEFT, SRAH 270 Jr ikt oaAH
XfFRIR G YT INANT « fuxS _LES | 41(82-105):
5"-GAGTTTGGACCTAAAGGCGATCTT-3', Filf
51#91(370-394): 5'-CTTTGTAATTCCCACAGGAC
TCAAT-3'; brpA -{if519)(469-488): 5'- GAAGGG
CTGGTTCAGTTGGT-3', Fii5141(861-883): 5'-
CACCGTCAATAGTCGTTCCTTCT-3'; fih 5]
#) (887-907) : 5-TGGGAATGGGAGACTTGCTT
A-3', FiE51#1(1172-1191): 5'- GCTCGGAGTTAG
GAGGTCAG-3"; recA L{iF 51 %) (345-366): 5'-
CCAGATTCAGGAGAACAGGGTC-3', Fif51¥
(800-822) : 5'-ATTCACCTGTACGAGAAATGCC
T-3'; nth FE51491(50-71): 5'- CGCTTTATCCAGA
TGCTGTTCC-3", Fii#5141(419-439):5'- AAATAC
GGCTGACATGGGTGT-3;smx 35 1H1(140-159):
5'-TATCTGCCAAAGGTCCCACG-3', T 5l ¥

(538-556): 5'-AACGGCGATTGGAAGAAGG-3';
gtfB L5141 (407-425).5-AAACAACCGAAGCT
GATAC-3', T ii#5|¥1(475-496): 5'-CAATTTCTTT
TACATTGGGAAG-3'; gtfC L1 514)(2362-2383):
5'- GTGCGCTACACCAATGACAGAG-3', T3l
H1(2447-2469): 5-GCCTACTGGAACCCAAACAC
CTA-3'; 16S rRNA I ¥ 5] ¥ (314-333) : 5'-
GCAGTAGGGAATCTTCGGCA-3' , T i 51 ¥
(778-802): 5'-GTATCTAATCCTGTTCGCTACCCA
C-3'c ARSLEEE 3 IR,
1.5 BRI

96 FLAHIIA 100 pL A8 SEEEER 2R . W)
B T ) b, SR 50 pg/mL v A I 1 -
4-B-D-AL M AL B AR 72 h s,
A 0.2%F) 1 8L =((58.8 mmol/L, Sigma-Aldrich,
) BIALEE 30, 60 A 120 min, AEWREAEA7R
K MTT A, ASLR R 31K,
1.6 U R

NFAAZ A0 R THP(ATCC, 36 [ Ty
I s JIG -4~ B-D- M e 467 W7 1 A i g i ) 56—
FELIAEAN AL AN E] 6 FLAR(FEL 10° 41), K537
FEHIMAZIREE 25, 50 A1 75 pg/mL AYTE A G
P -4-B-D- NI AR T EA T35 955 58 S A
HRZANHE] 6 FLAR(EEFL 10° 4, SRS ERYLAs 5
BEERER(10° CFU)HERS SR I I AU 25, 50
F175 ug/mL 75 - HA BB IE-4-B-D- ML il 4 1 1 T
Bigt o £ 37 °C Fl1 5% CO, 548 Fb¥E 24 h J, R
A& W 85 HE R SCIR g TR . O U, R
& 10%862F M7 RPMI 15 3 3L S 4. 48
JEHC 100 pL A RS SERER Y & W i R
&, K EACHEL S min, SRJGTEDHEE FIHEAn .
HPAETE 2R . AR Y o2 i/ (U o 2 i+ e (2
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ffl), ASEEGES 3 K.
17 FLRREMLDH)E M HT

TP MOt S0 0 3 A A ) 42 SR 4 1 vk
FUS R R AN E) 6 FLAR(BFFL 10° 40Jfa), 4R
J IR s AR BRI (106 CFU)EAERE SR rpofin AR
WeRE 25, 50 175 ug/mL (7% HFABEEE-4-B-D-nit
W T A T % o £E 37 °C Ml 5% CO, 551 T 4k
P24 h 5, WAERFAKN LDH 3£ (Promega,
3 [E) L 50 pL 3R BT 96 FLHL, I HIA 50 pL
ISV WRIRST, F RGP 30 min, AR50
A 50 puL PRI ZE 1L RV o 2R TR AE 490 nm
AbSRAEEIH . ARSI 3 IR,
1.8 Sttt

A BN R R 25 (3 £s), RH
Graphpad #ff 6.0 A SATS 04, 24
B AR R Ty 2007, WAL LB T 5,
95 7K #E 2=0.05 .

2 ERFAM

2.1 TEMHAREEE-4-B-D- Rk I B0 X AR S A BR R
KAV B

KA 10 pg/mL il 50 pg/mL F 7% A AR -4-
B-D-Hk e A 1 AL FRAR S EBK T 4 3 24 h i, 45
WERM 10 pg/mL F1 50 ug/mL 7% A g -
4-B-D- M g #8115 1 359 AT LA S 25 400 o) 7 S % R TR 1Y)
A, VB 24 h )5, 10 pg/mL H1 50 pg/mL 7%
P 75 i 2 -4 - D- M o 7 7 % 208 S 5 R 7T A= K 1Y
TR A5 29.9%F1 46.6% (P<0.05)(& 1)

Fe 4 LRI T T T i -4 - - D- N e 7 A
TEXH AR SRR B AR IO L e . 455 (8 2) &
PRAEVEA 4 h Fl 24 h J5, 50 ug/mL Al 75 pg/mL 7%
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A i 12 -4 B-D - MLk e A A 17 L P 2330 1 A9
BATE B, FLARR 4 h J5 50 A 75 pg/mL 3544 i
P -4~ - D- . g 75 0 0 28 S TR AT A 0 S i)
N2 (%) 7 R 99.03+2.58 Fl 99.13+4.23
(P=0.000), 24 h 5 50 Fl 75 pg/mL 7& M FANREE-
4-B-D- M e AT B3% 1 X6F A8 S5 438 R T A 0 BT o ) 4100
T2 (%) 5k 99.23+2.87 il 99.76+4.93
(P=0.000), fEfH 24 h )75, 25 pg/mL y&M-HARGEE-
4-B-D-Hk Wi 574 1 X A= 40 BT 152 1 410 ) 3. (%)

CFU: log10/mL

O =

X

\
\
k
I,
—_

*

—— 50 pg/mL Lg
E - 10 pg/mL Lg
-o- Control

12 16 20 24
t/h

0 4 8

1. &M HAREEZ-4-B-D-M I EHEE AL IELH(10 pg/mL
#N 50 pg/mL)FAXT BRLA T S HEBR R A A< ph 2 X LE

Figure 1. Comparison of the growth curve of
Streptococcus mutans in the Lg treated group (10 pg/mL

and 50 pg/mL) and negative control group. **: P<0.01.

150 -

Il 4h
W 24h
************
e
% 100 koksk T
o
:‘E skokk
b=
= K%k
E 50 sk o
*k %
*kEk

1 5 10 25 50 75
c/(ng/mL)

2. ERTAAAEES-4-p-D-ALIEEEE LI 4 hF0124 h
&, 1. 5. 10. 25. 50. 75 pg/mL ;RE KE TR
A ERINFI F

Figure 2. The inhibition rate of biofilm under the
treatment of Lg at the concentration of 1, 5, 10, 25, 50,

75 pg/mL. ***: P<0.001.



RIS | EY2FR, 2020, 60(7)

1483

88.97+4.87 (P=0.000), 10 pg/mL & I #A )5 B -
4-B-D- N Mg 485 W 7 XoF A= 40 ST 1l 1) 900 1) 28 (%)
49.03+3.23 (P=0.000)(/&] 2), X Lbgh TR &
1 T -4-B-D- ML g AR AT %o 28 SR BR B A 1 R 2B
HRHE B AT S
2.2 JEM-PAREEE-4-B-D- ML R E X AR AR T
A W R BB R 5 R

S P IESE TV A N T -4-B-D- I A
B Ak B ) A S 4 3K TR A ) M AR AR Y R
Wi 255 KB 50 pg/mL v HFA NS E-4-B-D- I i 7
BT Ab P 722 S 5 TR O AR ) BB AR A7 R TE 0.2% 193
AL EALFE 0 F) 120 min B[] Py JEATR 2 , 1%}
1A A BR B AR IR 0.2% 058 AL S AL B AR
e E TR, 60 min 5427 M WA REEE-4-B-D-
L g 8 1 A 3 A S 4 K TR A ) B T A A R
(B 3),
2.3 JEMAA RS EE-4-B-D-NHk I R X AT R R ER B
A= W BB B D 2 X R 5

Real-time PCR il & 8L, S5XFHEA4IAH L,
50 pg/mL 75 M FA RS -4-B-D-NH i 7 b 1 Ak 15 7]
DL S AR YIEIE BAHOC L] brpA (transcriptional

1.5
=e— Control
-& Lg (50 pg/mL)
L0
§
Q
0.5 |
0.0 1 1 1 1 1 ]
0 30 60 90 120 150
t/min
3. EITAAASER-4-B-D-MtIE B E M TR EIKEE

MR E R RI 00
Figure 3. The effect of Lg on the oxygen sensitivity

of Streptococcus mutans biofilm.

regulator) . recA (recombinase A). nth (endonuclease
III) . luxS (S-ribosylhomocysteinase) . ffh . smx . gtfB
(glucosyltransferase-I)fl g#fC (glucosyltransferase-
S mRNA FKiAKF-(E 4, P {EZ5]0 0.004
<0.001.,0.001.,0.005.,0.002,0.001,0.004 #1 0.002).
2.4 VRUHNIREE-4-5-D-AH DT B 4 TG
B

K H G Wl AR e SR AT ST T A Tl -
4-B-D-RH MR A1 10 A BAAZ 20 A T35 58 1 5 ) (41
545N 25, 50, 75 pg/mL Y& AR EE-4-B-D-
HEE e A 47 A JALZH 5 %o R 2 B A A L A A 1 30 2
BI(P>0.05), FHI 25, 50, 75 pg/mL & MH-HANEHEE-
4-B-D- Lk M H5 B Xk B 200 M JC R S B R A A
WU A i TRE -4 - B- D - IEG MR AR 7 X A% S i R TR
SR BAZ A R . 1 6 45 R,
SHEERREAL B AT DU 2 IR A B A R, T
25, 50, 75 pg/mL & MR EE-4-B-D- M I HT
SR LA 2 400 ) 722 e B K A SR 0T B A A
RO TN T 3k — 208 I8 AL R B -
4-B-D-HL I I HE T JCA I REPE, SEIARIN T B SR

Il Control
s o WILg (50 ug/ml.)
TR ] P e % 5%
— Mo H = &

g 1.0 H

5 T

805 I I

[ T |

. brpd recA nth luxS ffh smx gtfB gtfC
Genes

4. EMIRIEEZ-4-p-D-M B EEFLIER brpA.
recA. nth. luxS. ffh. smx. gtfB 0 gtfC WItEXT RIEE
Figure 4. The relative expression of brpA, recA, nth,
luxS, fth, smx, gtfB and gtfC after Lg treatment. ***:
P<0.01; ***: P<0.001.
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Serp LDH (936 PE. B 7 4558 8R40 b Bk
YL AL, R gREEd LDH A 9E M 2 Tt
= (P<0.05), MM RHMH 25. 50, 75 pg/mL

150 ns '
ns

ns
100 | —_

50

Monocyte viability/%

5. &M H:BEREZ-4-p-D-ML MR B HEH X A R
E RS
Figure 5. The effect of Lg on the survival rate of

human monocytes of 25, 50, 75 pg/mL for 24 h.
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Bl 6. EMHAREEZ-4-p-D-ALNE B HEE X T S HEIRE &

FEIANRIZMEGFERNFIN
Figure 6. The effect of Lg on the survival rate of
human monocytes infected with Streptococcus mutans

of 25, 50, 75 pg/mL for 24 h. ***: P<0.001.
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LDH release by monocytes
(Absorbance at 490 nm)

o
o

B 7. EMARAEEZ-4-p-D-RLIE FHEE X A BRI
Fr& ™ LDH jEMERF I

Figure 7. The effect of Lg on LDH activity in human

monocyte culture medium of 25, 50, 75 pg/mL for 24 h.
**%: P<0.001.

75 P g 12 -4~ B-D - ILk e 367 W 7 43 ) Ak 328 S i Bk
PR B AL AN IS , SRS LDH 16 P B 3
FEAK(P<0.05), IXEEZERFEM] 25, 50, 75 pg/mL 7%
A7 RIS T -4~ B D~ Ek ol AT AR 4 X FRLAZ A L JE B

3 9tk

FE, 72 S Bk T R A 2 1 B2 P 2
W R AR SRR IR o R, SRR A
HRAE BB 7 0 TR IR 7 B B R

WEEA, AKREVTEE P T I R RE i 22
S HERK T IS AN AR W TR L 258, 3k SeF 5 Xt
WE A IR T L E R, Cao FEEAMASEH Rh2
(ginsenoside Rh2, GS-Rh2) 7] LAl A8 S48 R TR A
Ko, I i ob 205 UMD R AR, R A
) 200 R A= W B B B A FHYOY . Hiekd 45 4 B P
2GR UYL B AT 2 AL S B B TR A P
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WAIEEY . Lavaee 25t W98 AL, WiBREES
R VIRANGE 0 28 S LB A I A2 S B BR T AR K
BVER, T HAE 25 pg/mL 1 50 pg/mL ¥ T,
B R B 1 10 TV 2 R 2 0 SRS IeAb,
W 5% BRIk 8 T ] 3 2ok 412 1 70 i BR TR 1Y) e Uk
M, FEARAE W BT BUAH G Ik DR 2235 7K1 SHe i il e A
(1 R UL T A EE-4-B-D- ML MR A4 MAAR
AR R —FOR BT R, XAk A/PR/8/34
HINDEASRZIIHER, oL g
H T -4-B-D-ME AT BT AT LA 98 HIND 38 5
JYLIE Y TNF-a, IL-6 fil IP-10 4711210
SCEEF R ITE R R T -4-B-D - g 46 47 1 X0 722 S
SEBR A A A= RN AR W B TR LA S

ik pH {ERIJE 3l 6Bk DNA B2 41
i, DMEE A0 N TR S 2R DNA #6545, i
WX E B RecAd . WYIEE nth, JCUERSWERE
NI smx F1 fih FE R 2 5izad B e g, A
0 45 2R I I HA NI T -4 - B-D- Lk e 4 7l T 4
7 S5 R DA AR W IR A DG L []] brpA | recA . nth,
luxS. fth. smx. gtfB Fl gtfC [¥) mRNA FikKF-.
PEAN TuxS FEDR 67 57 ] 1 4% S 4 BR DA 1 S AR R s
N7, H xS DRI R AR 2R I L T R 1 ) AR
BP0 R AT 0 45 SRt KBS I i E-4-B-D-
N R R 7 RE N R A S BR DA AR I TS FEIA
ERE, FRUIILANG] T A S5 2K 0 A it R i
25 TR, ¥ A R -4 -B-D- bt MR A 0 I
I brpA. recA. nth. luxS. ffh. smx. gtfB F gtfC
) mRNA FikK-, i T A8 SAERR e Y A= 1 A
A= T B

e R I FH e, 0B 245 0 g i DR X ML A 240 B G
Bk ARSI 22 SCRRIRTE TR N A A
WF5E T 9% H-HA G P -4-B-D- L IR SRR A Rk o 45
REI 25, 50, 75 pg/mL TEHHANEHEE-4-B-D-NH i

HIETTEAS 52 ) N BAZ A AF TG 2, 52
FAZANME LDH BYTE . X segh BRI I i g
Pt -4-B-D-ILL W A T O Al BB . 25 B RITE A
It P-4~ B-D- Ik e R AR 7 Xo0 9 i L AT 5 2 ¥ 0 il
M HAAAE—E MBI RAIER, BIRATT — 204 ot
G V% I H AR B -4- B-D- Mt MR A W 2 75 0 1 s i A
AP H R

i bR, ABIE ST 45 IR R W] I A IR T -
4-B-D- Nk e 75 B 5 A 4000+ 722 S e ook T A K R A
YIRS BIVER, 43 F/KFERT LR I8 brpA | recA .
nth, luxS. ffh F smx SEEYIEIE BAH G 1Y
mRNA KKKV, [FIRAHFSE A I TC A M st
KA B HLRNR YT VR TE 25 )

2 % LW
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Effect of lariciresinol-4-beta-D-glucopyranoside on the growth
and biofilm formation of Streptococcus mutans

Yaochao Zhang , Yanping Zuo, Fang Zhou, Chengfang Tang, Linmei Zhang
College of Stomatology, Xi’an Medical University, Xi’an 710075, Shaanxi Province, China

Abstract: [Objective] To study the effects of lariciresinol-4-beta-D-glucopyranoside on the growth and biofilm
formation of Streptococcus mutans. [Methods] MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay was used to analyze the effects of lariciresinol-4-beta-D-glucopyranoside on the biofilm formation
of Streptococcus mutans; oxygen sensitivity test was used to detect the effects of lariciresinol-4-
beta-D-glucopyranoside on oxygen sensitivity of S. mutans; Realtime PCR was used to detect gene expression
level. The cytotoxic of lariciresinol-4-beta-D-glucopyranoside was analyzed by using human monocytes. [Results]
We found that lariciresinol-4-B-D-glucopyranoside could significantly inhibit the growth of S. mutans, and also
suppress the biofilm formation of S. mutans in a concentration-dependent manner. And in lariciresinol-4-p-D-
glucopyranoside-treated biofilms, we also found that the mRNA expression levels of brpA (transcriptional
regulator), recA (recombinase A), nth (endonuclease III), luxS (S-ribosylhomocysteinase), ff# (fifty four
homologue), smx (sulfamethoxazole), g#fB (glucosyltransferase-1) and g#fC (glucosyltransferase-SI) were all
decreased. We further revealed that lariciresinol-4-B-D-glucopyranoside (50 pg/mL) had no effect on the growth
and LDH activity of human monocytes. [Conclusion] Our findings suggested that lariciresinol-4-3-D-
glucopyranoside inhibited the biofilm formation of S. mutans, and the decrease of [uxS, brpA, fth, recA, nth, smx,
gtfB and g¢fC might contribute to the antibacterial effects of lariciresinol-4-B-D-glucopyranoside.
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