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HPLC #m XQ = 5LBR 4% 4 8 mg/ml; R EM-HLER A M d e sh % ¥R JE X 2] 7. 16 mg/
mL. FF 204 R Fn 2k XQ Z A LB F LR RMERRAYVITRA 2% EF
ARA KMAFA XA ALER. DEAE 5 B4 80s5h % 44 P ik % 4 E1 feBi bk % 4 E2. %R
FEH 10 mg/mL i, El st A mAFERERA 32U, M E2 20 AFhErgk
84.58%;E1 A= E2 3 DPPH A w3 A 69 75 R 7E M55 A 26. 07 % 4= 47. 03%. E2 i& LA 8 2 84
TP EE . BRE A 4 mg/mL B E2 3¢ A549 e ed A& K I & T F) 81.30% , R E A
6 mg/mL B, E2 3F HepG2 fmfeLed A K 3] 5 4 53. 40%. FEAEDL B Wi a2 1 5 B P & 2L
XQ k& G B, § R Gfe e ¥ LA BAF6y &b b, B2 AW &, KR A I XQ A 5
A AFZRMBEAREFTEARGR, BARIFOHH LN LU XQ TIHA Kk

HMHEAH.
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Screening and functional identification of a Lactobacillus
strain with high exopolysaccharide production

DING Tao, JIN Bao-Lin, YANG Xiao-Yu, BAI Lin-Han

(Key Laboratory of Bio-Resources and Eco-Environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract; In order to enrich the microbial resources that can be used in functional foods, a Bacillus
(XQ) strain with high production of extracellular polysaccharide and lactic acid was isolated from the
fermented rice cake workshop in Huaiyuan, Sichuan,and it was identified as Bacillus pumilus. The lac-
tic acid content detected by HPLC was 8 mg/mlL. and the concentration of crude exopolysaccharide detec-
ted by the phenol-sulfuric acid method was 7. 16 mg/ml.. It was determined by the filter paper method
that the extracellular polysaccharides and fermentation broth had inhibitory effects on common food-
borne pathogens Salmonella, Staphylococcus aureus, and Escherichia coli. The extracellular polysac-
charide was further separated to obtain neutral polysaccharides E1 and acidic polysaccharides E2. When
the concentration was 10 mg/mL, the scavenging activity of E1 on hydroxyl radicals was 3. 24% , while
the scavenging activity of hydroxyl radicals of E2 was as high as 84. 58%; the scavenging activities of E1
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and E2 on DPPH free radicals were 26. 07% and 47. 03%, respectively. E2 also had obvious anti-tumor
activity. When the concentration was 4 mg/mlL, the growth inhibition rate of E2 on A549 cells could

reach 81. 30%, and when the concentration was 6 mg/mlL, the growth inhibition rate of E2 on HepG2

cells was 53.40%. In the simulated gastrointestinal tolerance experiments, it was found that XQ has a

high tolerance to trypsin, pepsin and bile salts. In terms of safety, XQ has not been found to have he-

molysis, is not resistant to Gram-positive antibiotics, and has good drug safety. In summary, this study

indicated that XQ can be used as a potential probiotic.

Keywords: Bacillus pumilus; Lactic acid; Exopolysaccharide; Free radical scavenging activity; Antitu-

mor activity; Probiotics
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AR, AN ZREA LR BUR AR T 16 A
AT IR IR (19 A5 B P o a3 (R DL [ e B 38 038
BUARSRERE 1 25 SR D REVE DR ™ i 1 B2 2457 il Y
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2.1 # #

PR (XQ) » ARSI % 7 B R A7 s L-FLIR. 1
FUBCHER TIRFBE AL =7 i A7 R ) 5 I 3RO 1 A I
FRIN 22 PR A= ) T AR BBy A PR 5 KA B8 < 3

R AT R VDT IRTA P01 K2 F 4L T Hid%
SEEE FEAML; OXOID 25848 14 H Thermo Scien-
tific 2y #&. % 5 4 3l & CT0024B, CT0041B,
CT0425B, CT0020B, CT0058B, CT0013B,
CT0264B, CT0052B, CT1754B.

2.2 KEHE

2.2.1 16S rDNA %5  RH MI13 il 519
MI3F; 5-TGTAAAACGACGGCCAGT-3'; MI3R.
5'-CAGGAAACAGCTATGACC-3'. # 17 M W
PCR S0k o F AR w4700 5. B DU 3 7 91
16 NCBI ¥4 )% Blast b k47 )5 1 Ho X% 50 4. 7E
MEGA 6. 06 {4 % ] Likelihood 75 32 44 £ &
LR B IR

2.2.2 F3umasm o XQ#EFE 50 mL MRS
Wk R 3,37 °CL, 200 r/min 5535 48 h. W
LR & I E 2 BRAST T A5 NI SOAH 3 ROI
HETEES . @G5 SR 0F AT C18 A T3 IR
AR pH2. 5 R 2% vh iR AR ON = I T
I mL/min; K~ 210 nm; HEHE&E R 20 pL; -3
1% R,

2.2.3 JIN AR K XQHEME 100
mlL 77l A 22 B R B g5 S b, A S 306,
37 °C 200 r/min k% 3 d. Z M FHEOR &
TR HH ) L A7 2 00 AT LR B, SR FH 2 13-
TEEOTI S KL A 2

2.2.4 JashSHEELiAL BRI AN WA TR e 2l
KPR GENTAE MWCO i 3 000~7 000), |AE
DEAE(GE XK16) #1, & 57K, 0. 1 mol/mlL, 0. 3
mol/mL.0. 5 mol/mL NaCl ¥ % 43 B Bt 1% i, &F
B Bt 3 AMFEAARF i R 1 mL/min, AR
VRN (3 mL /45 o FH 2 -1 1R vk Ak 0 22 ok
i, LS AE 490 nm AW 5 I 5 Xk )3
BHAERE  LH Ve i £, & R84 Ve e i v
W F FH A8 BB 45 (MWCO3000) ¥k 45 » 7E 2 K
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2.2.5 RN £ O XQ M E 50 mL
LB iR =36 M 226,30 °C 200 r/min
Kide 3 d B R L5 W R TS - 7 R 20 £%
Je i L A5 e 46 1 TG PR R IR DR R, L 50 pl R
25 FIIRAC R s F A 2B 50 p L 231 25 8
i

W RIGFF TR W 200 17 IR TR 4 o8 60 78 28 BR T
AL 12 h 2094 T LB FAR: FR3E | 5 Bk
UEACH CE T LB AR b Hop, TR LB #5370
UEAC T A R IR SRR R (30 pg) AR 1
PEXT IR, 2 E A 3 kL 37 CHEREE % 12 h,
LS8 2% ] 6 400 7
2.2.6 #AWAFRERE BRAHILEREER
e 2 IR 4 5 N0 1 5 .

2 H BRI = (A —A)/

(A—A,) X100%

o, Ao S0t RIS 1Y OO BE 1B CRP DA KA A
a3 ARSI I RO RE (R s A & LUK AR
FUWAR 22 FR A HL O, FIRE Sl B RO {1
2.2.7 DPPH A # & # % &% DPPH H 3
Ba TG PE 40 42 2 8 Shimada 25 0% iy 05 200 42,

BH B REE=[1— A, —A) ]/

A, X100%

o, Ao S FEIR TG ) IR B (B CRIP LKA
a3 AR SIS 1 WO OCRE (R s A & DI AR
A Z g DPPH 75 3 16 W% 56 (.
2.2.8 HAPBEMHM T K Ramamoorthy £
N T I B A 22 A B B I ORE O k. 1R PR
A549 F1 HepG2 4 L AF 52 55 % 52, 4 il 75 37 °C,
52 CO, A fss =M h 5 F 24 h 5, 76 A549,
HepG2 H 20 B A LU EE R 4 Fi 6 mg/mlL (1)l
AN FEZS IO BRI A SRR R B R 5L, gk 2k
K 24 h J5; R CCK-8 1) {4 41 1 41 i
e,

Eﬁﬁﬂfﬁﬂ%z (1—-A, /Ao ) X 100%
o, Ao S FEIRIE 1) I 6 B (B CRIP L RE 75 LA
BERESD s AR SIS RO B A
2.2.9 @M E® R Maragkoudakis ¢
N AT N T AL B 1 T it 32 1 0 A i

FHXTFEE R =A1 /Ay X100%
AL AGEARALEE O h) A 75 TR BT BUE AL 2
Sb BRI TS R R

2.2.10 ZHh# sk K XQ HAMEHS RN T
MH By 1 B R A0 J5 AR e = 06 F T4 3~
5 min, B JC TR 58 4 25 8040 7 I MH B fig 3=
T (40 5308 o0 a4 fk. R A 25 AR ik 3
ANEECERE T 37 CHEIRS 40 3 B 5 5%
16 h. LI 25 ARG CLSL 40477,

2.2.11 & B B XQHAIUR A B e T
M 1,37 CHFR 24 h, Kl i s vl e

2.2.12 ##EHH (M EXCEL Gei 408 -
H Prism 6 #E471EK]. 565 SPSS #4174 4k
>R Ducan KA T LR R 7 2250 #T.

3 BRES

3.1 FEE

¥ XQ 1 16S rDNA JF 51435715 NCBI ()
GenBank Hll 5% 19 77 51 #£ 47 BLAST 434, F
MEGA 6 % f} ) Likelihood 77 M R kK &
LI 1. XQ 5% /N E AT B Bacillus pumilus
strain BDHS8 (8145 53¢ 45 . KF933629. 1) AU N
99. 62%.

38 Bacillus thuringiensis strain ATCC 10792 NF_114581.1
521  Bacillus cereus strain CCM 2010 NR_115714.1
Bacillus sp.SAFN-003 AY167823.1

Bacillus thuringiensis strain s90 MF796624.1

Bacillus seoha HE386383.1
Bacillus paralich mis ATCC 9945a CP005965.1
Bacillus amyloliquefaciens X60605.1
99 |_| Bacillus subtilis strain IAM 12118 NR 112116.2
98! Bacillus subtilis strain DSW-STR-2 KY616829.1
82 Bacillus alkalitelluris BA288 NR 043210.1
1 Bacillus solimangrovi GH2-4 NR 133703.1
Bacillus pumilus SAFR-032 NC 009848 .4
41()()'_71?110”1[&' pumilus BDH8 KF933629.1
94'xq|
—
0.0050
B 1 XQ16 SrDNA % £ 547
Fig. 1 16 S rDNA cluster analysis of XQ

3.2 HPLCKRNZEREE

MR FLER HPLC A6 A o it £, LR 0 f B
] A 10. 6 min, DLFLER VR BE bR AL bs (X B L 06
TR AL AR Y D o 2 T bn o it 46, A5 20 7 72 R
y=350 038. 700 7x+1 056 828. 801 1,R*=0. 99,
16 0~35 g/L Ju il N B A R A1 gtk ¢ & (WA
2).

&l 3Ca) o FLIRVE W H DR ] 24 10. 632 min, [&]
3(b) AW v 1 FLIR M g I [A] 10, 616 min, [ 3
(¢) 6 mg/mlL FLRRV 5 & BRI A W i) H i
FE]A 10, 119 min, 76 % B 7S 0L IR e B
WA T oy CRRA T AR » U W] XQ 7= FLIR. o I H:
R HFLIR , TR BRI BN 3 859 147, 4

066002-3



% 58 &

v K FRCH KA F O

%64

AN HR R PR & 08 8 mg/mlL.,
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Fig. 2 Standard curve of lactic acid
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Fig. 3 Lactic acid detected by HPLC
(a) 6 mg/mlL lactic acid solution; (b) fermentation broth; (c¢)
mixture of 6 mg/ml lactic acid and fermentation broth

3.3 HISHEEENE

LA 2 AR AR A A (XD S IR BE Ao
MNARER (Y Bl 2 i Bn i il 2, An il &0 v =
1. 9132+0. 013 6,R*=0. 99,7 0~1. 4 mg/mL
Bl N B B I e 1 OC 2R (UL IET 4D . ) FH 4 -t
PR I A PR A b 22 0 1 AR R 40 £,

53 YR E P EIOEIE AR D 0. 356, 4 A8 5K
XQ AN ZHERHEE Dy 7. 16 mg/ml.

3¢
y=1.981 4x+0.013 6

25 f R*=0.999 88

0 0.2 0.4 0.6 0.8 1 12 14
PR B /(mg/mTL)

B4 HABFEBL
Fig. 4 Standard curve of glucose
3.4 MshEHERIAL
WA~ 1 mL/min B, {UH £ 8 7K. 0. 1
mol/L NaCl /KW A Z WA 7E. e i gk &
5. DEAE ML b Z 055y E1 F1 E2 A0,
T DEAE J&3# i Z2 0540 53 Hh s A 1Y H A e 0 o 2
B DR T 220 L b Pk 2200 Pty B for 2, BT AR H
NaCl e FE 5 BEAS B 38 R iy b A 7 0 B 2 1 4 5
Rtk Z B0 E1 450 A5 DEAE 454 . 40l vh
PEZ W5 E2 5 DEAE 254G, v3d i NaCl Y, 47
A7 FRL A o HEDN SR PR M 22 0.
20 ¢ F1
18 E
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c‘12 E
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WAEE L
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Fig. 5 The elution curve of extracellular polysaccha-
ride by DEAE chromatography

3.5 {RSMIESER

K6 nT LA - XQ K B 1 R P T TR
AAMHIRCR RIS Z X I 2 10 T IR R I #F
BT 4B B () 4 BR R 2 AT RSO . ELG R AT
R it » X R A U0 1) B B AV T e 5.
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1 TCH AT 2 25 ISR 3 HUAN 2 (350 pg); 4 EE R (30 )
Fig. 6 Antibacterial experiment

(a) Salmonella enteritidis ; (b) Escherichia coli; (¢) Staphy-
lococcus aureus RN4220

1 Sterile fermentation broth; 2 blank culture broth; 3 extra-
cellularpolysaccharide (350 pg); 4 chloramphenicol (30 pg)

3.6 RshSHEMmENLESE

3.6.1 #AwAARE®R JUHZHELLE2N
¥ H A BRI A R LA 7 (). A RS BR
T PEREE VR TR . B E2 BT ELfE
WE AN 10 mg/mL i, E1 A1 E2 H¥E A LSRR
3. 24 % Fl 84. 58%.

3.6.2 DPPH g Wi FmEr Mohh E1.E2
() DPPH H f 505 RIS PRI ZE SR UL 7(b). iEFRIE
PR IE A v BE PR3 T 0. ZEVRBE R 10 mg/ml B,
EL Al E2 () DPPH [ i 2% (1% 7 B % 4 26. 0726 Al
47.03%0, HA %) DPPH [ f 3L bRiG T,
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Fig. 7 Antioxidant properties of extracellular polysaccharide
(a) Hydroxyl radical scavenging activity; (b) DPPH free radi-
cal scavenging activity

PLphgE A

LEARI 3 CCK-8 (77 ¥ 5 1 g &b
X A549 F1 HepG2 41 2 (14 R4 A0 it 25 1 3K
55, MAMSNZ B B 4 mg/mL B}, E2 %} A549
L P A KRR R 81, 30%, 3558 HepG2 21 il
A ML Ab Z2 M B2 R 6 mg/mL, E2 X HepG2
AL AE KM R %k 53, 40%. IS 28 E2 %
YiffL R A549 1 HepG2 4l g EL A V75 A9 41 i 271k
RIS, E1 AR 7= 40 il e g 240 B A= 4 9 1 .

3.7

A549 HepG2
4 "
25 I ——
£3 2 E
z s -
52 2, ’
= 0.5
0 0.
24
IS [) /h 15 ) /h

B8 Jas% B ST B E
Fig. 8 Antitumor activity ofextracellular polysaccharide
3.8 WSS
XQ BHA RUFATH 2 M FERR T B 35 g JR
BB IHER AR E 2T 3 h AR AT 00 51 R
82.51%0.82.6%.89. 15%6H1 72. 09 %.

(a) T AR LI 50 (b) 1§ 15 25 1 RS
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£20 =20
0 0
F T N F oy N
AN[FIAEFR ] /b NGV SN
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8 & 80
f‘g 6 60
& e
= A E 40
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0 0 . ;
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B9 XQdgbkxik
Fig. 9 Tolerance experiment of XQ
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KA M AU U] XQ JL P A B TER 2y Wt
PRI AR T2 v B 22 A
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F1 XQHHFXW
Tab. 1 Drug susceptibility test of XQ

PR F R R

PR REA PER g f&/mm g
IR RKRER 10 22. 33 S
PR 2 PUERER 30 24. 67 S
WIS Wb R 5 31. 33 S
KIS RS 15 21 S
Kk TR 30 15.5 S
Fofl AHER 30 17. 67 S
IR B BEREZS Z M 30 0 —
- H RN W IE 25 37.67 S
- BAHREH 30 28 S

TE: B4R 20 mm DL _ERAREL 15~20 mm & 8. 10~15 mm Ky
.10 mm DUF 9 AIREL 0 mm FEUSE s —HTEEEFINT S Sensi-
tive 4.
3.10 AL

VA LR R LB PR — D OMERBUE 2, 21
g S E AR AR, UL 10, XQ ANES I X B4
R0 TR TQ I 0L PR XQ 7 IR 75 T BAT 2
i

D B
4

B 10 #Ehxi
Fig. 10 Hemolysis test

4 i g

TER LA S B 45 AR H TR R ARk
B L ERN TR Bt — LU G B SR TR A L
"B AT A R 4 1 (EL ] 7 S FPPA i 2 T )
MERAL N 223 — ELTEBRR A [, 45 2R
TEA N SEAEIRIE T Lt 73 HAAR 5C 1 A Q= el 2
A SR a8 08 2 A T 7 A A A 0 A8 T FE IR
WA LR s 2 B S5 ) 5.

HIT R 2 B0 IR N BEZE AR pH L F A=
KA HURR 5300 WNFLIR » 7T BEAR 1 il 1 pH
A RS R AN T S A A PR I5E [ I AL
o D PR A IR E 2 119 7 ARt AT B2 0 T 39

Bl VR .

s A HA R A BT RE (R SRS h 2 b
Ay I AN . S S LA Z AR R P R b
ZHERA R HA 7 IR A2 257 B
GBS AN E NI A RIS NEY S o W N PO A
TEN T 5545 AT R Tl 2B 7, X B
Jein G H B AR X B R DR T P B o 2
B AR (T 5 4 0 R0 e ) i e R e

AT BT R0 L v T & 22 40 1 7
KRR T 1g/L) %, Lactobacillus sp. Cas r= 4k
VR ER 2. 4 mg/mL TR AT A ax
PRFLIR 2 T 1 XQ LS Z W5/~ &R 7. 16 mg/
mlL, 7] 1544 5 By A A A R XQ & B TF &4k
P, A RIEFRE A AR 2R S
HAH 47 DPPH 3 BRAE 177 X — ] S 4
JE BCHI T 4F () DPPH 15 B A8 71 ML S 2 HiHR & P 82
fE4H 73 5.

JL A1 2 e e 0 M £ 52 6 . EAR RS
H E2 MR AN R A549 A HepG2 4 il HA 41 i
FEPE. WM 4 mg/mL B, XF A549 4l i iy A= K
il 2R Ay 81. 30 %% . ¥ o~ 6 mg/mL, X} HepG2 4 fif
AR Ry 53. 4000,

ET R ZE I s 410 i £ 1T AELAE S v 1 220
AR HA T H. Speciale 55N K HBUELAT 1
XUBCFF TR PRIL A] P Az PO R A [F] 46 2 25 44 1 rh
ZHHARA Y » I K A R A S50 i v Pk 2 W L
P 1E 5 A AR EAE T B R BV D
e 2R G AR I S ) 2 SR i R T
AT 5 4952 ) B85 T S T 52 T PR 22 T DA
HEHEE LR B 1 4 K. Zeng 88 NP N Cistanche
deserticola YC Ma 3418 7 pf 28 CDA-0. 05, 1]
VL AR 3 = Fp AT (B, thetaiotaomicron, B.
ovatus # B. fragilis) B4 ; 1A, CDA-0. 05 38
A DA R 15 2 TR 10 A 4, 481 G0 T 1 L AT I A
YyZLAT R AN B AT L Th 2] Re ik B B
FEMIVE R, Li 28 AP W\ Dendrobium nobile Lindl
Sy 28 DNPE6(4) . HA BT TMV Fidi
CMV {4

25 b NP 2 T KRR B BR 5 v o3 15
YR/ N ZF AT TR (XQ) & i 7 ME S 2208 S LR X
DA PSS I R D 1) PR 48 BT (5,73 4 IR T K
FFEEAEIE R s 77 2R Mo Z 048 72 F il 2
THERIGTEF DPPH H Hh 2 0915 BR 16 P JF se i
JioeR A K. FEASEHL B W A i A2 P S e v X g AR
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