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FED ZE? M ERA ASIRT
(L sl R FrEVEHESEBE TIOR M50 210095)
Q. HHRMFEBER B THSHT 1O AR 210014)

B OE. (8] RTMEITRENERAREES LT o0 B ik BA S AAROILRE,
HFATHE R AR, [FiE]) B E X503 mEF38 A4k DI-04, st EHITALE
Mg o« B ki v A Bl R A A A AR, FRAT AT A A AL T e 16S TRNA K52,
[4R] B DI04t KMAFH. DITKE. 2 HEHARE . ENRAFALRLLAGEK
HARIF O ITHIVER ; fE pHAE A 2.5 HA T R P A3 3 h 7EH 44 %) 100 CFU/mML vA k; AT
Wik A28 3 h E B 4] 10° CFU/ML vA b, s AL B Mg I E RIAFaT$M, fait s —7
RE AR, FERBIRE 0.2 g/100 mL 49 4-Ae 2h 3135 P & B 47T 4 %) 10’ CFU/mL; EA4 S
WHE RS A, fE NaCl L2 RE A 10 g/100 mL #9&4k MRS F325x 24 h /5, FHH £
10" CFU/mL vA £. 2%5%, DI-04 AHMIAFH. [4£6] HMMIATFE DI-04 B RIFHALE
Myttt 2 Ve vA BT RE 36 Fedit Bk R AL ), BA Ml A A H 69 A RE.

KGR W, ALE Wk, fed, BEA, K, HMHIATHE

Isolation of a broad-spectrum antibacterial lactic acid
bacterium and evaluation of probiotic properties
LIQing'? WANG Ying® LIU Xiao-Li’® DONG Ming-Sheng' ZHOU Jian-Zhong*’

(1. College of Food Science and Technology, Nanjing Agriculture University, Nanjing, Jiangsu 210095, China)
(2. The Research Institute of Agricultural Product Processing, Jiangsu Academy of Agricultural Sciences,
Nanjing, Jiangsu 210014, China)

Abstract: [Objective] This study wanted to isolate and evaluate the probiotic properties of a
broad-spectrum antibacterial lactic acid bacterium from Chinese traditional fermented soybean paste
which was sampled from Jianhe country, Guizhou Province. [Methods] The strain DJ-04 was screened
by antibacterial activity test, which was identified by physiological and biochemical characteristics and
classification of 16S rRNA. The strain was examined for a series of assays including tolerance to
artificial gastric intestinal juice, bile salt, and osmotic pressure. [Results] The strain DJ-04 was
identified as Lactobacillus plantarum. It had an antibacterial activity against five pathogenic bacterium,
including Escherichia coli, Salmonella sp., Staphylococcus aureus, Shigella sp., and Pseudomonas
aeruginosa. DJ-04 had a strong tolerance to acid. The number of viable cells after 3 hours of incubation
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in pH 2.5 reached more than 10’ CFU/mL. DJ-04 had a strong tolerance to artificial gastric intestinal
juice since no significant changes were observed after 3 hours of incubation. The number of viable cells
after 24 hours of incubation in 0.2 g/100 mL bile salt was above 10° CFU/mL. In addition, the number
of viable cells after 24 hours of incubation in MRS containing 10 g/100 mL NaCl was more than
10" CFU/mL. [Conclusion] The isolated Lactobacillus plantarum DJ-04 had good tolerance to artificial
gastric intestinal juice, bile salt, and osmotic pressure, suggesting that it could be a potential probiotics

candidate for beneficial use.

Keywords: Antibacterial activity, Artificial gastric intestinal juice, Bile salt, Osmotic pressure,

Tolerance, Lactobacillus plantarum

M54y, B AT ACE B &, X
TRE TR RE DY H 253500, XHEERRE £ SR 1
AR . g AR RN R TR A R I RE T B 24 i 1Y
FNHZE, CZINENIMRESITER TR, 5ER
SETRBENS LA — & B AAE IR e T8 EmiE N, 8
TE VT B R, X R AT f MR HTRY
TPEAT 26 A M AR AL e B AR Rl T
SEA T R T AR A T R T R A,
B R 32 BRI R B A P A A AR 2 TR B AR
Koo FP LR T A A XU ) BT s ) 2
YRR R T R L KRB, A
TR TR E A IR B b I el 8 v 7 A A A (Cn 2L R
FNFLIR R 2% 55 ) AU 72 il ) XU L 535t 5
1T EL B B IS A= A A A, DT SEE 4 7 it R o
11T, R, ek HAT 25 AR R BERR X AR
A —E W PETRET . Ik, BRI S | i i
PR A S, JEREIUFE L S 7B e 1E PR
S5 ARG R B i A TR P B R A . ARSI AN
T8 A AR T 2 vh o3 B 0 1k AT T 1S A TE D RE
MOFLIR TR, It N L E ki sz vk . miiesh . i
BiE SRR A LR R R

1 MRS,
1.1 HmAnEH
AR KBS % HUA ST ST BT .
O : KT (Escherichia coli), 4 # {07
%j ¥k i (Staphylococcus aureus) . ¥ ] K M
(Salmonella sp.). F#HKIE (Shigella sp.). HiZR{E
JItd 7 (Pseudomonas  aeruginosa) i # &% T £ i it i

B SR I B dR L

MRS 157751l 42 WL SCHR[8]. LB K375 4
Z: W 3CHR[9]
1.2 EFZERAFIFNE
121 RXF: HEABREE S 1:10 000) ., R A
(B§75 77 250 NFu/mg) . FAEE: . 4RE . B,
FERERY . B R M AT s RN . SRR
AAbsh . SRR . BERRE B . SR, LAKEREREE .
VKBRS . FrEIR 438 oy pirali; nhil 80 Ky
fe2fali, VLRI A A TAEY) TRV B E
RS
1.2.2 {U88: YXQ-LS-50S11/75S 11 v=RJEH7E
KEse, WA RSl A R R )
PHS-25 B pH if, W B _RiR R AR B
oHl; WL TAES, WA R T de bl bl i
FRAT]; DNP-9272 FUALREFRA, WA LIRS %
SR PR E]; 101-1 RIS R T4,
AVLIVE R G A, PHS-2F BIEAM-A] W40t
JEIE, T H RS R A
1.3 FBES S

BAREIEH 5 g T 45 mL KE AR FIE K
H, RS, B IR, HEB 1107, 1x107%, 1x107°
SR B TR B R 200 pL YR AT 7E MRS
A FRFE MR R ES ) AR L, 37 °C 1557 24-48 h,
FEVES B PRI TR TS RN L B . JERE ROE
PHCR RS BAEE T, 78522 IS (R il g
RIS MJTJE T4 22 [P | 2 Ak A BH A () T %
HkZEFE MRS A FRIZaifk, EE 2K, HIIN
“iE S
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1.4 HEIRE

BB i FLBR IR T MRS WSR3 -
WA, DA 2% 3R 4280 T 10 mL MRS AR
FRIEH, 37 °C K537 24 ho HiFRWLA 1 000 r/min &
> 15 min, FSICHNAE A& I 1S

R TE: RIAFFI . VIR . & A
BRI AR IR A S L TS A 2 IR, 2%3%
FiF LB WiRRR 5, f6 LB BRI, R
FA el OV I A5 LR R A A BT TG 4
1.5 ALBBR&HmZ AR

HAE MRS WA SRS P& L 2 WS R FLIRTA
Fie 10%EeF i, A3 AR R pH fH(1.5. 2.5,
3.5, 45T AT B h AR A A T,
N B WA A% B 228 SCR (11 7 kil . 58
SHRAIE, 37 °C KR, 20T 0. 1. 2. 3 h BUFE,
DAITCE A FRER K 1:10 BREERR RS, E1 T 7L IR A TG A
L
1.6 TtAEELIRIE

FERCHINY MRS AR FREE I AR 5 1t
Ap AR L R R 430 h 0.0.03.0.10.,0.20
0.30.0.50 g/100 mL, 1x10° Pa /& 25K B 20 min
J&, BHIZE 37 °C LU &, #HiEAL S B L 5%
HE A AP R F R MRS 53256, 37 °C 1E5%
24 h )i, PHATELRRTETE IR
1.7 WHEEERE

FERCHIE) MRS AR B 35 5 PO A ] o
NaCl [, HHBREKE SR 2. 4. 6. 8.

10 g/100 mL, 1x10° Pa /& JEZ K 20 min J&, %
2 37 °C LU &, FHd A S TR LA 5% 4efh
R E] Fik MRS $igRIEH, 37°C H55R 24 h ),
P T LRSI, LRG3 R 3 AT
1.8 THFEEIREE
1.8.1 BEES. WEESREEE KRG £
PRy ()5 e B BRI s . AR B A fhi et
345 . 77 HoS i3 . AEZIR 20 . ek K it
5. DR AR . B A
1.8.2 16S rRNA RIS RERFRE N 1%
HRS 22 SCHR 15109 5 120 i 3 5 A LR AT 21 T DNA
PLEUAT 16S rRNA PCR ¥4, R4 =246
A TR TR A IR R . BBl NCBI
(www.ncbi.nih.gov/blast/), ¥ Fi {5 551 5 o £ 151
HEFT X o [RIERRE B A5 (4 77 51 55 M GenBank 3k
HHIF LA B ) 16S rRNA JEHFE4), K
MEGA 3.1 #4317 EEXS o MR G K B 43
1.9 HELE

AR ERE 3 IR, ZRIOR X +s K
PR, B SAS 8.1 B, RAMSIAEA t Kt
TS50, VL P<0.05 NEREH.

2 RS0
21 EEEEFLERE AT

KH 13 M AR R SR s 4 B
FLERH : DJ-01. DJ-03. DJ-04 1 DJ-06, % 1.4 i
OB TR, 45k 1 R,

F1 TRBEHRINEEE

Table 1 Antibacterial activity of the different strains

e S IR GROMONE - o AT

Tested strain Escherichia coli Salmonella sp. apaﬁ ::;CCUS Shigella sp ;Srluginr:gg:s
DJ-01 — _ _ N -
DJ-03 + Hr = _ +
DJ-04 A AR A A A
DI-06 - - _ . -

W MEEERmm): +++: 19-24; ++: 15-18; +: 10-15; — JCIMEZCR.
Note: Inhibition zone (mm): +++: 19-24; ++: 15-18; +: 10-15; — No antibacterial activity.
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1 ATLUEH, ARERE R0 EN
FLERE DI-01 A1 DJ-06 HF 551 A M /e
Wk DI-03 HOXRMATFIR, V0TI AR 2R
HWHHEAMEER, RA DI04 X} 5 FEURHE A
RAFEMBESCR, XD B B 30 B R R i
TR0 T O A A A KO LR B AR R 25 4 R A
RAETRE, W AE R EEAR R —. R
1 FJH1, DJ-04 HRA ) HMIEACR , X DI-04
VERWEFERT S, WILRE RS TR A BIBIFSE
22 ANILBREHRTZ R

FERE 1.5 P A T T B I 2 1 i 1Y)
5%, WPk DI-04 ZEAH pH BN T B P A EEA
[ , el 20 LR 2. Witk DI-04
EpH LS AT BT, miztEizs, 3 h5TEW
B/ NFRIIREE REL, 13X T B2 Pl pH E I,
SEFLRE LR A SN pH AFsE, M
SEFLURRE A KA, BTl 7 pH N 2.5,
3.5 F14.5 AN T B Re R AHRIF A TG 2. 1
pH & 25 MATH®EHLEI 3 h, EEHEL
10° CFU/mL, FFi%#% k%) 31.62%, 7E pH Jy 3.5 Fll
4.5 BN T B b A3 3 h, 36 s3] 10° CFU/mL
DL b, FEIE AT 79.43%, Ui L DI-04 HA
R4 N TS R 32

bk DI-04 23 N T/ E AR RIEa)fE, A
WEIEREOLER 2, 1B 3 h JEIEEE AR
8.31x10° CFU/mL, fAG%ikF] 77.62%, VLB bk
DJ-04 XF N T BA R4 r 2%

2.3 MiABERIKIE

F R 1.6 WO IEXTERBE DI-04 JE47RRER R 524
Y, SEIZERANE 1 fR. Wik DI-04 B
24 h J G FEEIE - AR AR o VR B A AT RRAIG, TR A
TE5 R 0.2 g/100 mL H2EAHER SRR P AR K
BT, JEEEGET 10 CFU/ML, 7E 0.3-0.5 g/100 mL
(2 RRER TG PR AT B T, T2 PERRAIG, (HJRAE
0.3 g/100 mL 4 AHERFREE 535 24 h J5 T B AT
SRHET 10° CFU/mL, HAE 0.5 g/100 mL (2= HERFR
B AR 24 h JE AT LR A TE A AELE L BB TR
#k DI-04 XFRREE HA KB4 i Z 86 11
24 WHEEEIRE

TR R DI-04 #5208 1.7 B9 el 188 K 52
PERIRFFY, G5R UL 2. MR 2 ATAL, 25 24 h 5%

9__
-
As‘!\]
21f
HE 6
=0
5o S
ﬂgé4— \
&z
ERe § 3k %
220
> 1_
0 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5
LR

Bile salt concentration (g/100 mL)

1 DJ-04 3§ A B3R B 4 RB 2 AT 52 77
Figure 1 Survival of DJ-04 in the presence of bile salt

Rz 2 HEEk DI04 3 AT BRI

Table 2 Tolerance of strain DJ-04 to artificial gastrointestinal juices (log(CFU/mL))

Time (h

oH (h)
0 1 2 3

1.5 8.42+0.22% 3.24+0.24" 2.12+0.26¢ 1.46+0.24°
25 8.42+0.224 8.13+0.20"8 7.98+0.328 7.92+0.24%
3.5 8.42+0.224 8.41+0.40* 8.36+0.50* 8.32+0.32%
4.5 8.42+0.22" 8.41+0.184 8.34+0.424 8.32+0.40"
Al 8.42+0.22" 8.36+0.224 8.32+0.26* 8.31+0.16"

e AL NTHAHG P ORI P FORRIRIALEE R FLRR TR T T E0T 22 /0 HT(P<0.05)11) t K302 5.

Note: Al: Artificial intestinal juice; *, ®, €, and ® represent the significance of analysis of variance (P<0.05).
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FeIe . TEHEEE NaCl Jou sk B2 3 e ok s
WA, R BEh 2 g/100 mL 1 4 g/100 mL ()35
PHECE T 0 g/100 mL B (936 B 5K, 100 B — e (IR
1) NaCl AEMAZLERA IR, XAl RER I —E
WEERER D, FUR A Sl B SRR, R
ST B P, WS I RS I 4k K
ANRAE IR HE I TR BT e — e R,
b BB W A A A K sz 2], EEE S i
APIBET . B 2 UEIAREE NaCl ot ik B i gk 2L

Sy

1

—
(=}

o

=]

FLIR TS P AL

Viabl count (Log (CFU/mL))

(o))
—

W

1 N 1 N 1 N 1 L 1

2 4 6 8 10
NaCIJFt itk B

NaCl concentration (g/100 mL)

B2 DJ-04 3 AREHE NaCl BITif 5 71

Figure 2 Survival of DJ-04 in the presence of salt

~

(=]

FEr, FLRRTE DI-04 G WEOT IR TR, Uil
B E RN AR, (HETE 10 g/100 mL BHE
BEU7E 107 CFU/ML A E, UiAAE#E DI-04 A
RUF I8 15 R 52 1

2.5 EHHEDJ-04 £7F

251 EHE. BARESREREERSE CHE: DI-04
£ MRS FAKEEZREIE, ZLaf, R,
A s) s B SRR R AR (E 3) HAEHAE
AR W3 3.

J

. —

3 FLERE DJ-04 BIRHFE
Figure 3 The shape character of strain DJ-04

#*3 FME DJ-04 BIERLE LS

Table 3 Characters of physiology and biochemistry for strain DJ-04

R EH R R H (AP
Experiment items Results Experiment items Results
PR IR Hydrogen sulfide production test - % B¥ Glucose +
AEEBR &5 Arginine test - ABE Xylose +
TEM K f#IR G Starch hydrolysis test = 7% 2 Maltose +
B R AL 56 Gelatin liquidized test = HUE Fructose +
H #4# Mannose + WERE Sucrose +
FLH# Lactose + %4 Ribose +
224 Galactose + 114 Sorbitol +
FlZ= % Rhamnose = 214k — I Cellobiose +
a4 Pectinose = ¥ Aesculin +
HiF7HE Raffinose + K Salicin +

e+ BHEE; - BAPE

Note: +: Positive; — Negative.
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MEERRAIE S S A BRI, A SCh
Sy BRI TE R DI04 5 (A RAH TR 48 T )
(%5 8 hR) P 4 i 1Y 48 ¥ FL AT T8 (Lactobacillus
plantarum)JEAAH[R], A DI-04 91255 5 M AEY)
FLFFE (Lactobacillus plantarum).,
2.5.2 HEHKRAY 16S rRNA FFI 54 Ky 1200
JE DI-04 WME, BHHRY A 16S rRNA JFAITE
GenBank H XS, 5 Z AU R 99% Y E K 90%
HEFLRTR . B 4 2 AR5 DI-04 19 16S rRNA JF
Y5 HEFPE 16S rRNA FPAIME RGE LB
H & 4 AT DL, DJ-04 5 Lactobacillus plantarum H 4%
BA—K, G R EBFE K DI04 5
Lactobacillus plantarum f9 16S rRNA 41 —&k ik
F 99%. K, LA ERAESHE, DI-04
YR AR FLAT T (Lactobacillus plantarum).,
3 i

o ARG AR S AR T SR AR, AU R
W ANTE% . BBE R R REEE AL
BAREAESFRMERME X, 1 HEA —E
PR BE . 3K SE D) 5 & I Hh (R T Ak 6 AT
g7, WEFFLRRTE . MEBRTR . F0E . BERRTA M HA

96

A, Horh LT o A — 2
FLER T HAT S M 1 A A . SR AL A P
B P A AR SRR IR, K
e £ m %) LR A 3 ek 1 R 1 3k M O &
&, LR AR T AIE , FEFERE MR
Fe— B B T A R R PRI S BER FLIR
WRERS T 32 B R . 5 2 (L K i e IR R A 2
PG R B B TR IS . A SO 52 K T o
A S HAT T I A ACR M FLRR TS DI-04, X
AT N T B AW . AL . mBdE RS2 v i r oot
XTHEH TR, HIE LT

VR BH L K 22 B A W A 3B 1 R SR B
B, B pH R/ IMEHE K B 25 AN IR T SRR
WHE pH A 3.0 A4, =S I & HIRYE R ATk 1.5,
£ B T 3k 4.0-5.010 /NI R R
I pH HZ)H 7.6, BYILE/ING 45 BRI Rl —
1-4 h, FLRRP R IEILRGATIRE, M1 SE LATE BRIk
B E, YA rTRETEMIE A e . ARBIESE
XA IR 23 25 A ) FLAF I DI-04 1T N T B
WA S VERESE . BAR pH 4 1.5 BN TN
DJ-04 HA —@E AR IEN , (H KB pH

Lactobacillus plantarum (HQ286594.1)

54

DJ-04

Lactobacillus plantarum (KJ026699.1)

Lactobacillus delbrueckii (HQ293103.1)

99

Lactobacillus fermentum (F1462686.1)

65

Lactobacillus fermentum (EU626018.1)
Lactobacillus rhamnosus (JF414108.1)

Lactobacillus casei (EU715321.1)

Lactobacillus plantarum (Y 17242.1)

100

57

Lactococcus lactis (AY708580.1)
Lactococcus lactis (U41294.1)

Lactococcus lactis (AY 189900.1)

Bl 4 EF 16S rRNA FHIMRG L BB
Figure 4 Phylogenetic tree based on 16S rRNA sequences
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M ETE 3.0 £4, By E meE—gh
1-2 h A FLFTH DI-04 7€ pH K 2.5 F13.5 AT
Hw A 3 h 5, TEEBERRE 107 A
10° CFU/mL LI _F. il , #ASA 1x10° CFU/mL
s DL E BEPEFLRT RO AR R RS AR e TS, R
FYIFLAF I DI-04 XHIE pH AEEHE &AM AR
SR A2 BE ST, REORASHR o Tk B2 A 16 BT Bl o 1 3
Wi, BT pH 1.5 AT BRI FATE
DJ-04 MIAETEAT BB B0, 3 h b3S, A0 5
FEIE, FTLAN EREANE AS ERIL, DA i R i,
SO 25 A TR BTN A TR R s N AR i 1)
DIfe, WTENATE N E Bl 5 PR 5 — o B0 1 6 T
B, BRI A —E 52 . AW A
YIFLAF IR DI-04 XF A T IR r i sz vk, 2ead
3 h AL BEE S RO 4ERRE 10° CFU/mL LA L. it
AT, A FLAFE DI-04 RE K GF 32 AR E I,
AT ) F AR AR 18 PN o B O O — o ARG
L, b ecE AR IETIRE, A ME SR
gk

X IR R i 527 B 07 02 O 2 A R 45 AR TR 1 =
BAREZ — o AR/ b IR 0 BT R R R AE
0.03-0.30 g/100 mL FJFEREIN s, 254 HEiAE
AN AR AR TR, AL 7 — e vk B
AP, AR B, APFLFFE DI-04 XA
) B2 AR R 35 R AT s, 7F 0.30 g/100 mL
BB R 3R 24 h RIS E R BEER
10° CFU/mL, [Kitt DJ-04 i K47 2 IHERFREE K
A BRI ST AT IR 32V, K
PP FLAT A RE AT 52 0.30 /100 mL f4-AREL

TR kB Eh A W T A AR 5 B
fAE—E BB, ANMEBHES NaCl Fik e
1.00-6.00 g/100 mL F7EEH s, HtERILRE
HA—EMBERGE T, A BETEMIE REHE T &
A A PTUSLR R & A —E MiNEE
AE R AL R ) — 28R, bkt
PR T RS FLIT R BDILRERSTH 2 6.5%11)
NaCl; B IESEPIE5e RBAREIRFLT I 2 6.0%H)
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NaCl, A S et Y7L AT 1 DI-04 7E 10.00 g/100 mL
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UNCN7B N WA &Y NN 7R A DY AN e
Tolk A=A T RAFRT R, ik, ASCMMEG KB
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PIBETEYE, AT AN E SO AR HER
RERSTH 2 N T B . IR EBEE, kb
WEERS IR AAG , SN N 352 s g, 23
P RN TR . e MR TETIRE . hem A A
B T IVE . B B4 R R AR YIS H B
B B AR ER R A 242 B R A
BB IR 2 Re 1A FUAF AR D> Rk, AT
TR IR FLAF R DI-04 ELAT BLUAFHY il 5 A= 2
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FHVE 7, e R D Re B 55 1 A Pt 75 22
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