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B E: [86) RS " ArBEEie) i mu, 3L = & oA 586 B 5 1R
BREZRHBARATAMAME O RARTMT R, [F %] AR -FRE W B ENEFE
RS T ik = A e AR Bt ), AR AU S4FAE . £ IRAFIER 16S DNA f- 51 # 2 1
SR F WAL, KRR A Y EAL R AR 5L B3t R AR E T s A W IETS R e BIAE A .
(R NERFFTAd —HREERBEETHO@E KQLL, MF L EAHTHA
(Arthrobacter sp.). ZRA#AIREAKIEBEH 30 °C, wiEA K pH 7.5, &4 K NaCl ik
JE A 0.4%. At RiEAERIRE A 45 °C, RiEAEH pH 4 5.5, ZBAEH 20
HEFERA T ARAEMENT R, (48] Atk KQLL A4 F B et dr b X F 4R A
FTRAREMNBEAT R, TER THIRF I EZSF,
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Screening, identification and characterization of a
dextranase-producing marine strain

LI Wei-Juan'? JIAO Yu-Liang? LU Ming-Sheng® FANG Yao-Wei?
LI Hua-Zhong"™ LI Qiu-Tong® WANG Shu-Jun?®’

(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University,
Wuxi, Jiangsu 214122, China)
(2. School of Marine Science and Technology, Huaihai Institute of Technology, Lianyungang,
Jiangsu 222005, China)

(3. School of Petrochemical Engineering, Changzhou University, Changzhou, Jiangsu 213164, China)

Abstract: [Objective] This study is aimed to isolate and identify a strain which can produce
dextranase, characterize the enzyme properties and study its application in Streptococcus mu-
tans dental biofilm. [Methods] The strains derived from marine environment were screened by
observing transparent circle on agar plates. The strains were identified by morphology,
physiological characteristics, and phylogenetic analysis based on 16S rDNA sequences. The
inhibitory effect of the dextranase on Streptococcus mutans dental biofilm was assessed with
biofilm models in vitro. [Results] A dextranase-producing strain KQ11 was isolated from sea
mud and preliminarily identified as Arthrobacter sp.. The optimal growth conditions of the
strain were 30 °C, pH 7.5, and NaCl concentration of 0.4%. The optimal catalytic conditions of
the enzyme were 45 °C, pH 5.5. The dextranase effectively prevented the dental biofilm for-
mation by Streptococcus mutans. [Conclusion] The dextranase from the strain KQ11 can ef-
fectively degrade Streptococcus mutans dental biofilm, and thus it can be added to the oral care
products such as mouthwash.

Keywords: Arthrobacter sp., Dextranase, Screen, ldentification

B KA T Ve 218 B MR —Fh g
F B, H AR . Al ™ &
JEIE NFEH T g . AR SRk i 2 H AT A A
) EZEUEATE, BRI R BEE
R EE N EN, FRG, SN A Y
B SRS AT 22, o rp AR S A2 i RS B
B, USLTCHEME . O PESEO0E, B s it
FEIIHGEP . [ 1968 4 Fitzgerald £ 5 YRIESE T
AR B BT )5, 45 BB E R O oy ikt T
T ATERE R BRI R H AT E XA

7 A TN T A B R I 32 20 R B B iR
HERIE ST P I PVE AT, HLATFTEN G 22 Rl
AT BENRET e, X TV A TR Al ) T 5 DU A S
el

A7 e AT B (EC3.2.1.10) /2 — Ff Al LUK it A7
THEHE T4 P S oty o-1,6 AR R PR AR /K St i,
DRV 5 I P T A Tl LA i B8 A 7 B
KRBT B IR YT 55 S H TR R B
PR H R A A R . UEER .
R, ORtUE . MERE . RRdE . RiFGAR .
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B MO IR R, MG EE . b
R . YN E . AR . TS
MR A . AR . EATRE, X
sy A o BN BRSO, a4 ik, B
TE A ERE AT I E B T A,
n 1991 4 H A KBRS Okushima 4573 B Y
Arthrobacter sp. CB-8 % 2010 4F- Jin 25/ & 0 7= 4
TR B AL AT 0 S RE TR L, Vi
e T N T A e Sl S e W A
H, FICABE NIEFEAE N &, BTEiE T2
— PR A T R R AR, X T A A AL
Loy e S, R A KRR B Tt
P AE 2 A BT B H A, DA A 52 B HL 1 FH 24
pceLiiSitoe R i 8

1 w5
1.1 BEEkEKIR

AR 5 4% BR I8 (Streptococcus mutans ATCC
25175): W T v [ 5 AR P A Rl pR A B
Ht .

1.2 HmiE&E

I WS TSR SR A i, AT
K. Mt BRI
1.3 IEFE

FERlEE R S 2216E RiFR P,

IR SRS (g/L): SRR 5.0, BERERY 1.0,
W R RME 2.0, £ HERERF 20000 8.0, Ff 20.0,
Bt K BC ], pH 8.0,

SR SR AL AR SLRL S R L 0 LR B
1.0%77 JieAk I 20000,

FHERE SRR (g/L): #R B (KfEit 35 H) 10.0,
fisfREN 2.5, SALEN 4.0, BIFREE 0.4, f7Eknr
20000 10.0, /KB, pH 6.5,

BHI B5= 3L (g/L): fni.Lai & 20.0, NaCl 5.0,
Na,HPO, 2.5, #i%i#¥ 2.0, pH 7.2-7.4,

http://journals.im.ac.cn/wswxtbcn

1.4 FZEiKFH

W5 7 5 B, GE Healthcare . PCR 71 )
UNIQ-10 #:xUHE i &, ik TR
PR pMD 19-T ##AF &, RiEEAEYA
Al BRI R BGR &, b B A B
R W] HAthaF0 o = oA 2t
1.5 HHRHITHIE
151 HEAEREE: (1) B FRECL g ER
FH 10 mL TR KRR, (2) MM, oF ., B S
BUH e, 8Y ] 8YRES T 10 mL JCE R K A
BE; (3) WiE: B 0.5 g it wr e, BT
HCHIRE; (4) K B 20 mL K2R 0.22 pm JEfE
wHUESE, BURIERERE . AbFRSE, FH TR R
SR (I 5 2H U 3 T KA 0 0 A &
FERIEE FRRL R SRR P U A B i D 3] i FE
2% [ Rl A BRRIRT R, MR ET
PEPRT, 25 °C. 180 r/min ¥53% 1-2 d,
152 MR ER: SEMMEEFREEE, E
RIEFRRBER RS, TR AT TR P4k |, 25 °C
Bi3% 2-3 d, WIEEAS TRk AL B W P R L),
7R WY B T BRI R R A R R AR
25°C. 180 r/min 7% 24 h, 10 000 r/min &.0»
10 min B EVE RO AE B 0 R0, Ui H 37 Y P
T 77 5 R AR
1.6 EIRHIEE
1.6.1 ZHABFASRAEIBA WAFME: USRI
R BHMIE S EIES, I (AR 4 E
FAf ) B0 AT AR AR AR AL SON S E
1.6.2 16S rRNA EREFFI R 5 FIHH
TRl 3 PR A B O ) G PR AT R R R A 64T PCR,
51 W E AR A= 9 16S rDNA Sl 514, B
51#¥: 5-AGAGTTTGATCCTGGCTAG-3, T il
519 5-GGTTACCTTGTTACGACTT-3', JiZ[nlui
PCR ™4, 15 pMD 19-T #k k%42, ¥4k % DH5a
JEAZAS M, W A BEGRE  PE M SORE, TYE PCR
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L] e SN 1174 ol IR . /N 1| O 95 T L F S 4]
16S rRNA JL[H 7515 GenBank X 1EHIE A
JPoi#E4T BLAST 237, M GenBank "Pi#Eir4x
FPRAY 16S rRNA EEHF41, Sk H Bioedit X772
AT 943813 Neighbor-Joining A4 7 2
GLEBEW, LIBE X R RIS

1.7 Etk KQI11 By K45t

1.7.1 #F&HI&: HE KQLL A A4
FIFERIEEFRHEE T, 2R 20%, 25 °C. 180 r/min
K% 16 h,

1.7.2 BENEREKZME: FFR 2%
TSR AL, pH 7.5, F454 180 r/min, IR
20%, TEARAEEE(O °C-40 °C) Fi53% 24 h, T
ODeoo I3 4H ALV JEE

1.7.3 pH W EHEKRNM: pH 5[ 5.0-11.0,
BB RER TR, HRKMER 1.7.2, ATRiIERFR
1R pH 197k, I AZHREE S 10 mmol/L 2%
MW pH 5.0-6.0 (MES %K), pH 6.5-7.0
(PIPES ZZhik), pH 7.5-8.0 (HEPES Z% i),
pH 9.0-11.0 E#%H NaOH .

1.7.4 NaCl iREXE#KE KM HREH
ZEBRIK L, NaCl JEH 0-10%, fid i )E 1 pH
TR, HoRAAER 1.7.2,

1.8 EHRAIEHEEEHEE R R

1.8.1 HIEEEHIBRGS: MR 4%
PERD PP iR 3R 3, 30 °C. 180 r/min 537 24 h,
10 000 r/min &5.0> 10 min, W& i, &0 F =N
30 000 iy zs LR BB g e 4, R TIE 45 H o
1.8.2 EEMImIEIER pH MAREEREE: fdd
YEA pH: HERRSAE pH 19 3% 47 et it
70000 7 45 °C T llEBEEG 11, A[E pH (A2 o
W R: 50 mmol/L ZPRENZE i (pH 4.0-6.0) .
50 mmol/L W FR 44 2¢ b W (pH 6.0-7.5) FlI
50 mmol/L Tris-HCI ZZ & (pH 7.5-9.0). MY
IEAE R KR53 7E 0 °C . 20 °C—60 °C JiE

T, HpH 5.5 B ZFRENZZ v (50 mmol/L)EL il
3%A7 IEHHIEF 70000 VA AE A R4 T BRI 0 2
1.8.3 EEFEAME: ¥ 10 pL FHAS 190 uL 3%
145 TiERE TR 70000 (50 mmol/L, pH 5.5 ZTR#HZE
ML D) 45 °C 7K 15 min Ji7, DNS B35 18 J5
BEO . WS T EAAE L(UImL): R R v S5
T, BMMEAL R 1 pmolL 27 2P0 T il i
H—ATE St
1.9 AREEEYTFEKE T EHEMER
T2 R R =2

VA8 SRR TG LS 2R 2 BHI BigRdth,
37 °C IR 5% 18 h, K5IV i ODsso P £ 1.0
SRIG 52 1%EEREN BHI 35355535 18 1:9 (VIV)IY
R CIIDI NN WL v a1 < 11| A2 2R 1 i
AR W, AR E I 00 1, 3.
5U/mL.37 °C RS 24 h 5, BB s,
TG R R FRENZE i (0.2 mol/L, pH 7.2)% 321k,
il L B T

2 HZRHRM

21 HEHRRITHIE

TERITR G FRRE A (A SRME, AT PR
AR A R Rk . X REEHURE A
B TR A PRk A 2 B Pl Y R v 1 22
PR IR PR AR, AR RIS KQ1L
(8 BRI T 7 A e S M e e, FERD P AR L
PRI E W R RO, WA 1A BTN . R R

BEl1 EHk KQIL1 ZE#TH AR LR A HYE AR B (A)FNE
EHZS(B)

Fig. 1 The clear zone around the colony of strain KQ11
on the plate (A) and colony morphology (B)

http://journals.im.ac.cn/wswxtbcn
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TER) i 3R 4 DI A R E RV, %
FF. REDGHE . B, HEFESWE 1B Fin,
22 BEHRBIETE

221 HHBEMAS: WHE KQLL a2 [QFH M,
TCHEE, JOZFA, SR B ELNATR, #5552
V OIRHES, BEE B FRA AR R, AR T A
BRIR, AR EFFERAIAE (A 2), X S5AARKRT
T X B A A — 0

2.2.2 BFARHIHEIRAE AFE: XA RGN 2
B, ARG R | V-P | 5| S S FF I, A
5% 415+ 65 °C 7K 30 min J5 JoAF o ik
OYMT, AR R A AR IR S AT R R A A B
HARAE A — 200, BRI 1,

2.2.3 16S rDNA ¥7E: DIF R KQ11 fy3E R4
otk FIH 16S rDNA il FH 51 ¥ 0E4T 3 4
FEP ROV, BRI R TA SR, 15
F|—%% 1485 bp BTSN, SIS, KR
Bk KQ11 5 Arthrobacter sp. AD29 F{AHALE Jy
99%, ZRIEHEALM NI 3 s o 454 Bk 0 A
AR RN o F U e A5 R, AR AT R
(Arthrobacter sp. KQ11), H Fij SCHk R i % W47

21 29 SEI

0kV 8 000x} 2 p.l

http://journals.im.ac.cn/wswxtbcn

FF R @ AT DL A ZFiE M T, A e 1 K
ffe e . HEBEEE G BN . CEILBETRE . N mER
B0 e B 2 A ORI A s R A
BHEBEMIEN.

2.3 E#k KQLL YA K41t

231 BEMEMKERMEMW: FHHE KQLL 7
0°C FREAK, fofiZE K%y 30 °C, BEARE
F e, HAERKE 2R 4). BRTEHIERFFE
{1 i A KR BE Z27E 20 °C—35 °C LN, 70
HIEVER AT A B T HARKFREFHAES —&
gy, M BEEAR IR A K0,

2.3.2 pH X Ek KQLL £ KIFERAIRIM: K5 FEhl
BEFRIEBIRILE pH 20 AR pH, $% 2% Fh i
FEF, 30 °C $RIRE R 24 h JEIE R E . W&l 5
Fi7R, HRk KQ11 7E pH 6.5-11.0 YA KA,
H@ 4K pH 2 7.5, 4 pH KT 6.5 IAF T3
PRIGLER XTI E i, BRI 0 5
VTFTRRRT R PR PR A AT BN, W R 0]
HA—E MmN ZE, HAEK pH 276 5.0 KL b,
4 Srinivas 8¢ IE BT TR Marine-33 YA K
pH JE R 7.0-11.0M, RS T 1) 43 25 1 JAE:

4 10k 000x 2 @, 2129 st
E 2 BE#k KQLL BiRER H#275(8 000%)

Fig.2 The SEM photograph of strain KQ11 (8 000x)
A BRFE 12 h IEEFPIRBAS; Br K53% 48 h BIMHERIRBAIA.
Note: A: Club-shaped cells harvested at 12 h; B: Shot rods and coccoids cells harvested at 48 h.

- g
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F1 B KQLL BB (LHFE

Table 1 Partly biochemical and physiological characteristics of strain KQ11

SEEIH g5 ! SEEIH g5
Item Result Item Result
EaTaT ~ C mifE ~
M.R. test i H,S
V-P S5 _ L RE +
V-P test ; Urease
3 Sy _ L A N
Indole test Nitrate broth
fl At N =" )
Catalase test ! Cellobiose
A Ak B | 3% NaCl iy .
Oxidase Glucose with 3% NaCl
VER KRS N IS .
Starch hydrolysis test Xylose
AR 7K fifp S 56 . ! 3% NaCl jik .
Oil hydrolysis reaction ; Sucrose with 3% NaCl
I R A 2 5 . ! 3% NaCl ZLi .
Gelation liquefaction test ; Lactose with 3% NaCl
L R B i 3% NaCl Bilhiff i _
Hippurate utilization test Arabinose with 3% NaCl
R IR 5 D SRR 5
Lysine decarboxylase Ornithine decarboxylase
65 °C 5%MtHEA 7K 30
min 7735 5256 3 0 °C A K505 .
Survival test in 5% skim Growth testat 0 °C
milk at 65 °C for 30 min
W+ B = B
Note: +: Positive; —: Negative.
NEI— KQ11

88| L Arthrobacter sp. AD29 (EU672427.1)
Arthrobacter phenanthrenivorans (NR042469.2)

—
D
(=]

57 L Arthrobacter sp. Marine-33 (FN377736.1)
73| L—— Arthrobacter globiformis (JF496439.1)
9i Arthrobacter ureafaciens (FN433020.1)
TEA vthrobaeternicotinoverans{J0579641.1)
100 drths : woverans{JQ 1.1
Arthrobacter citreus (GQ149484.1)

Arthrobacter crystallopoietes (HM480372.1)
Microbacterium terregens (NR036761.1)

0.01

3 Bk KQLL ARG ibi
Fig. 3 The phylogenetic tree of strain KQ11
TE: MR A 545 N5 GenBank Bl IR sk T REBGRAR 1%IFH 225 73 SO 4330 i E i eF 3o 4 100
YOI BT SR B UKL
Note: The numbers in the parentheses are the accession numbers of the sequence in GenBank. The bar indicates the 1% nucleotide
divergence. The numbers at the branch nodes represent the confidence level among 100 analysis.
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1.6

1.2

0.8

oD, 600

0.4

10 15 20 25 30 35 40 45
Temperature (°C)

4 REFMEH KQLL &SN
Fig. 4 The effect of temperature on the growth of
strain KQ11

2.0
1.6

1.2

OD 600

0.8

0.4

0.0

pH
5 pH X E# KQ11 £ KA
Fig. 5 The effect of pH on the growth of strain KQ11
K AREP T R GG AR pH 1E 6.5 7245, TEbH
PEIREE T HURRMERREE AR 24 20
233 SLHIREXEMR KQLL EHIFNE: N
T WS EACEIS R A A S2 MR, 7R BER B R 2k
SIS AN R, 28 KA it
K, BRI 6 Firz o B A RIS A K S TR
N 0.4%, HAEMIIIREE T 4%)5, BkIAK
RESI 2 TR, (BRI o 5 R4
AR, RS ACEREE 0 AT REA I A
WFFERM], TESRIE R AR R T, RELCETEA
PR BE 5 X A RIS = A Ptk & g g1k,

http://journals.im.ac.cn/wswxtbcn

2 -
Nesg
1.6 # L

12 r TJ.\
0.8 \Q
04 | . \&r

0 i
[Y) 2 4 [§) < 10 12
NaCl (%)
6 NaClREE}E# KQLL £ KM

Fig. 6 The effect of NaCl concentration on the growth
of strain KQ11

OD 600

MR AGRAF I R AR OK AR K B 5K —
42, Zobell SE¥HGHE, MAT1FT/ B 1Y 12 BRIETE
MAEFEAT 5 A H G RETE KRG IR ik A K P,
24 ERGIEEEFEEHER YRR

A e WE R & /EH] pH 2y 5.5, pH 6.0
I BT M e BTG 1 80% L) E (& 7). RsbAkA
JEWE B Dextranase 50 L (i@ /EM pH 4 4.5,
pH 6.0 A AF( A F R B 1 50% 224773, HF A
PRI Y 1D PR pH 7E 6.0 7245, I ITABFI
MR R S & F O N A #idk KQ1L i
FEAT R BRI T (0 *CYS BA —E BB
H1, BEAEFHIREE N 45 °C, W& IREN TS, i
TEIVH TR, 37 °C B BE M = BE 1Y) 87% 4
A (K 8) o H Al il B A= B A A el g ) e i
VE R — I AE 50 °C ZcAy, Wl N g Ak iy
Dextranase 50 L, HoigidifFHIEE K 55 °C, 37 °C
IR AN B R ETR Y 40061 53 Hk KQ11 firf”
A ENE T B A LU LU 241K
25 HHEEEE AT S E I A R
AP

B YR B R ) B B i A i A
B S TR S B AT B A RS .
PRBE —FhIR  A E, AR SR TR R A A B
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AR, SR A A YRR BT
AA TR BT 2 2 (8 7K P T RO T 2F T B2 1
FRORG B 225G FREE, DRI A e i ) i A ] LA
2 SRBE R TR 7R 2 T PRS0 KQLL 7 AR i) A Tk

T BE A R0 i) 2 S B K T A TR R A T T
TR, ANIAT T it 1) A2 S B R T 2 TR A= )
i, HASHECNENE, A —EMEE, 25
PR AL, BT T RmIE (5] 9A). £

100+ 100 _ A
S S
< I z 80
g % =
§ &0 g 60
Y NI -
5 40 ¥ —#— Sodium acetate buffer S 40
§ —=— Sodium phosphate buffer g |
E 0 | T Tris-HCI buffer = 20
v} [~2
~
0 1 1 1 L L ]
0 ( | ( (
4 5 6 7 8 9
Temperature (°C)
pH

7 pH 3EEE RS E

Fig. 7 The effect of pH on the activity of dextranase

P

15kVA:3 000 5 purn

15kV 3 000x 5 um

* 3030 SEI

= 8

tranase

30 30 SEI1

15 kV 3 000x 5 pm

YRSl e kd=abA)
Fig. 8 The effect of temperature on the activity of dex-

15 kV 3 000X 5 um 30 30 SEI

30 30 SEI

9 KQI11l AHEMELEEXT S. mutans 7F E B4 #8589 4E FH (3 000x)
Fig. 9 Effect of the dextranase from KQ11 on the dental biofilm formed by S. mutans (3 000x)
T A XTRRE(ETRIATHEME ), B: VI 1 UimL A4 Es i, C: BN 3 UimL i Tiel H786; D: ¥ 5 UimL A et 1 it
Note: A: Control group (in the absence of dextranase); B: The presence of dextranase at the concentration of 1 U/mL; C: The pres-
ence of dextranase at the concentration of 3 U/mL; D: The presence of dextranase at the concentration of 5 U/mL.
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THREREF BRI A G A5 S BR TR 2 TR B A ) 1
SERA BTRRAE, WA A R T R R, AR
PR ) JE B B WA, AR ZE AR D, S ) 3
ASFFHRA, AHEE RGBT TR (I 9B 9C.
D), A e B R BERF] 5 UlmL B BRRS
BRI, Tk 3508 1 IR Z5 A g T F, &2
Sl B AR BEIRATAE

3 i

VR A 2 NS AR A5 T TR il 1) U R
ICEEHT R H B BRI AE BRI AL
AT OG89 B A 00 K TR 1) A T 1t ) i
FL/b SIS 38 S R A YR R T A T A
B Rk = AT BT BRI AN B, AR
¥ (Arthrobacter sp.). % B ik 0 feis A K S50
30 °C, pH 7.5, NaCl 0.4%., iZE kT =4 iehits
it R R 1) S5/ R TRLEE S 45 °C, FidifEFH pH
5.5,

AT B AR KQLL JIr ™= A e M 11 Wl 7 7 B
BE AL W BT o i EAT T RIS, 4R R
PR KQLL Fir ™ A5 et i v] LA &5 b 751 57 28
S5l BR A PR B AR I T B, U2 4 A R S
Jo 2 AT ARG B o B PN o S A e
it 1) 11 Js B B = i, PR A H R R AR T — R
Bl AL

2 % X M
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