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Screening of Broad—Spectrum Antibacterial Paenibacillus polymyxa
and Physicochemical Properties of Its Bacteriocin
ZHOU Tao,MAN Wen-zeng, WU Xiao-ying, WAN Yu-lian, MA Ning, HU Rong

( Department of Food Science and Technology, Nanjing Normal University , Nanjing 210097 , China)

Abstract ; One strain of Bacillus named XW4 was isolated from lake mud with a broad spectrum of antimicrobial activity by heat
treatment and agar diffusion method. Bacillus XW4 was identified by its morphological and cultural characteristics, physiological
and biochemical properties and 16S rDNA sequence analysis.And the antibacterial activity of its fermentation products was also
determined.The results showed that the strain XW4 was identified as Paenibacillus polymyxa ,and its secondary metabolites had
strong antimicrobial activities against some kinds of spoilage microorganisms, including Bacillus subtilis, Staphyloccocus aureus
Escherichia coli and Lysinibacillus fusiformis. The cell — free supernatants from Bacillus was sensitive to proteinase k, while
without sensitive to papain, trypsin and pepsin.The antimicrobial activity to Escherichia coli was stable after heat treatment with
60,80,100 °C,and it maintained effective within pH3.0~11.0.

Key words: broad antibacterial activity ; Paenibacillus polymyxa ;bacteriocin ;identification

FE 9 ZES:TS201.3 HERFRIRAD : A X E 45 5:1002-0306(2019)24-0099-06

doi:10. 13386/j. issn1002 - 0306.2019. 24.017

SIScAgS AV SO SRIGEE A5 I R 20 R I 2F ST IR 0 e B A R R B PE [T ] B il Tl BH 2019,

40(24) :99-103,109.

= 2k

Rt 5 2 35 7K ST 0 B R, AATTRE B i JBRI B iy b PRh 220K 28 20 AT o R 4 e BE A 7 2 22 R A [A]

LA ORI o BT S SN Y 22 A PR OR Bl sz N
1o, NI o 325 A2 (8 A — 5 16 3 1 e~ B 1
TR PRS2 P 28 3 0 /> T R 8% BT 8 700 ol A 3 A 2F 1Y
PR, e A P i i 0% Ak B0 T8 SR e AT
o AEWIBT B TR AT B8R g T A SR A2 5 ) 7R 1Y)
A, A=W By )6 70) 38 3k A 0 BRI R A ™ A 4
B SR B B AR eE VR R L AN R B RUH TR
SPAL G Ips TR 1 W T AR A B LA R AR Sy
b Tl B L i LR T A T 2R R I
B2 ARAETTL b S B A A T R 4
X7 A A TR ) ) 22 R 2 2 ST B O TR AR X B

I %s HH#9:2019-05-13

A GE Y B BT 22 K, BT LA X 77 21 T 2R B9 22 Kl 26 28
FUFF TR A BP9 A9 B AT 2 o TR R M 2 R 2
ZRAT R A I B R R 2 o 2R 2
K CEEE A R ALELZ D9 AR T E A R 4 i
BE 2 MO JBEAGE DT 2 AT R AR 28R

Pl N A28 A T 8 BRI v 3 8 0 22 11 7 48 TR
FIZEHLFT I, 40 Kavitha 45 e K RO HR B + 48 v
G HY — R IC R 2 A S 2P AT B VLBL6, X A8 S A
95 BT 1 AR A AT R I A VR A . Balaiah 257 K
P 7 T AL S R 0 S B — BR ZF A AT B NP75, X 95 22 |G
BHPE AN A 8 M B G M . Yang 45 0 i tH — Bk

TEERA A A (1964-) , 5,1+, 81342, 5 7 @ - B e A M3 K, E-mail : zhoutao@ sina.com ,
HEETH o r b REAH A T4 A4 B (CX(16)1057) ; & FIFE R FE RAKF A4 47 B (201810319) ,

20194 5244 99



I@ésﬂ%&

Science and Technology of Food Industry

RIS ZEHUAT IR Jsa—9 , o™= A= (9 4 1 3 0 & S T 9
DEFA T W T A B B A A VR . Kim 2577 WA [ 49
RFEARBR T2 ) — Bk 2 K 28 2R AT 3 E681, HoA e
PEAE ) A R AN AR 908 0 BE T o B AT E N S E
TR R ZF AT R A TR S 5, HZ W TR
BiivE , TR S0 B v o AR 2D o SR 3R AT A 00 PR TS
PETE S ERE AN T 3R, A SCIUMAS W] B1 358 vh ity i1 e
g rh e O e B T S B AR i 2R 2 2 A AT
TR , IR T 2Ry 2 4 DR 2307 ol A 114 T 2 B 5 it
1 #MRl57HE
1.1 HR5NEE

WA R i Boa X Pl B s X R
HOUE O L R BT E B R T O R s B R R X 4
O A BR A ( Staphylococcus aureus) | Jifi 24 R 2 1. KT
B ( Lysinibacillus ) . K i ¥ 4y K ¥ Bl ( Escherichia
coli) AGPEZEMIAT H ( Bacillus subtilis) )/ B 50
YU R AR = (9 ; LB % (LB BUIg % IR ik 5 R 3
RRiEFRE: BR, MR BHEEWEFARAF; HHEEO
Tt A JNAR 1 T R AR 1 T AR I K S AB N (B 22 R
Peto g & AR, M B A AW A R A
Fl; DNA fh#2i0 & Ga 54 g E TR TR
PR SS B BRA A S

CJ-2S B TAES R B E R
AN AEABERIRAE LRH-250A 7R BEITF ) 5
H ahm B K E S HVE-50 B at s gl Bl 22 A A R
2\ Fl; ALLEGRAGAR & X M R .ol £ E
Beckman Coulter 2\ &] ; g 74387 K AUY220 H A
ShiMADzu; Phs—3C ¥ % pH it ¥ = {510 ET;
DK-8D L EIROKAY g —ER 22 AA R A
A TH2-C fHIRFE IR KW Emikss) ;2720
thermal cycle PCR A g EIATIOL A RAF .
1.2 SKBWHE
12,1 ZFAAMFEMS it B 1 g S &AM T
9 mLIEWH A #ER /K IR 215 T 80 “C 7K 30 min,
ARACE FEANML, 107" ~ 10 77 Ffs B i B, HBUAShs 28 A o A
100 WL JAE T LB [ A IR Ak UUSE AN B 1 7% 1R 285
FRAE , X BEALL R PR BEA T 2L I e e PRI ZE TR Y
HE QPR YR T LB WA IR EL 5 5% 36 h e,
TRAET 4 CokFEAH S

FRE 4 B W R T LB WA B R 5
180 r/min 37 °C & B 15 3% 24 h, & W W & i
10000 r/minES.C> 15 min, FEYULHE,0.22 wm B 3E RIS g
R RBREA, AR PO . RSP AR ST FL IR I e
B YR BRI AT RE 3R (1.0 x 10° CFU-mL™" ) ¥55]
AT T BB IR SR E, TR FLP A 100 pl #4541
W, 5% 24 b SR BAAE L, i SR I EA
.22 H,0, fEAIMHERR  H,0, FEH M HEER 2 IRk
R s, R H,0, 323 i iR VE , BB RR
KT T 80 CKMEANEN 10 min, Z:H 1.2.1 i 5E BR
£ H,0, Y FIE W KA E mE H AR .
1.2.3 AW BEERR 1,0, EH ISP,
Sy AR g kAR GG L E AR e R R
T, fli i 1) 24 W B2 O 2 mg/mL, 7E B B9 B il pH T,

100 20194 52411

T

37 CARE 2 h, #56f pH A1 2 6.8 0.2, LIS B R
FOFEPTIRAE X R, 208 1.2.1 e S BB AEE E
Fitg b PR 3 WO R A R A T HAR -
1.2.4  BEARYESE YR HARR B SR IESSE & 5 22
FR YL (a,, AR B R Wy 2 92 06 2o ) 3R I i i 1%
VAT AE B AR AR S0, 2 R CIAZS 4 B8 248 2 ) 7 i
I %eE . Z 5 AT 16S vRNA J3 4 [6] YR 43 B
Yo AT F) A I 45 S A NCBI () Gen Bank
AR EEAT BLAST 437, 4% B85 4] ] Y4 30k P45 [)
LR, B MEGA6.06 R A1 44 it 5 G k& F# L A
WA AE TRk XW4 R E .
125 JRLHEA pH XU 22 (K 5
1.2.5.1  RBEXTHHE R U2 AR SR LA 2% 11
R EEA S0 mL LB 55353 37 C 1537 24 h, L
3E W49 F 60 .80 100 120 °C 7K #5H 4L FE 30 min,
BHEER)G, S8 1.2.1 W@ L iE R+ 8 K
FFEE RO B AR
1.2.5.2  pH XA R AUSEN  RIAIEFRYI LA 2% 59
HeRFPEHEA 50 mL LB ¥ g 37 C153% 24 h, 3R
B3P, A1 1 mol/L HCI 1 1 mol/L NaOH &5 JC
YD % TE 1% W pHL, 485 5L pH 43 %1% 3.0.4.0.5.0
6.0.7.0.8.0.9.0.10.0.11.0,37 CA£¥E 2 h J5, F-98 [
ZEWIhE pH6.8 £0.2, 208 1.2.1 2 13 WX K FF
FRII R EAR

FAXTINER H( %o ) = [ (X RRAAY R H AR - AL FZH
PREEAR) /X RAY R EAR ] x 100
1.2.6  APEEMARE L F 200 &I E0R K%
¥ B ( Escherichia coli) . ¥t B Zf 0 ¥ & ( Bacillus
subtilis) | 4x B (8,7 29 BR B ( Staphylococcus aureus)
UM RN U N e 1 Q7 SO = N L a1 R
(Lysinibacillus ) 8§y 45 7~ B, W5 16 J5 i B 2 1.0 x
10° CFU-mL™" IR A 200 T8 R BUIR R SR R R 1, =
HE 121 M2 b3S 45 45 R A B B
1.3 HiEE

SE T R LH BRI R AT 3 IRE A, B Excel
2007 AL,
2 HERGSHH
21 ZHMEFHRTEEKRIGIE

F T IR K V8 A8 B8 38 35 40 M AR 19 T 925, DAARE
Hr S ES HY 103 MR ZE A AN B, 8 AT 4 2% FQ YR AR
FmGe s, KB I 87 R R By BoAA 51 2% [CRH
P A IR A 4 AR, W0 200 2 X 87 BRI R
TEF AT A
22 {EWEEEKR TR

FIHBNEY HOE , LR IBAT R 46 75 56, X DA i
PRrh 3B 87 MR 25 F AT B R AN T HE AT 40 B NS P AG
T, 358 B AR PR SR e e 1 B RS i 44 T XW4
ZEHANE 1 Fras . HE L AT, XWA X R AT A
MHIVER , GRIE s B B, (&1 1 v i 4 B 2% 400 1 Rl 1
Yy HAEH (17.86 £0.33) mm, FTFLEHALH 6 mm; ]
XW4 B ARAE Ay i — 210 i) IR
2.3 HERR H,O0, mNEER

AP A AR R T A HLER (H,0, DA R B A



@étﬂ@fﬁl

T

BT BRI 75 R A 1

Fig.1 The antimicrobial effect of the selected strain
20 W L EAT TR, 00 20 0 8 i) XW4A w5 ik —
Aaff e HAM R YRR A M R T e, THEPU
9 o A S R A e U AR R B T R ISR R A A 1
R 3 EAh TR R R J S W) pH TG e AR e
6.8 £0.2, HEBRIZ 1Y T ; In#ak 43 H,0, , 45 R anixl
2 s W E AT B WAHERR H,0, IR Bofr W 3%
AR, 006 Bl B A~V 44 9 (16.88 £ 0.71) mm, I
AEFERTAR B0 B A A A O, W1 28 FI K HLO0, AN S
XW4 BB ) 5

K2 H,O, R r i A

Fig.2 The antimicrobial effect of Bacillus
XW4 after eliminating H, 0,

2.4 XEAMHSRME

SHAfFE XW4 BN TR ) 52 15 o 8 IR, 41
SHA IR 11 R 1 BRI kS T
TWRIEATAL B ST 45 R VLI 3. 181 3 3R, #5 Pk
PO T) 25 7 s, 2 i k55 00 IR L AT
Vel LA S 25 0], 400 T 3T P A A 5 T AR T P il R
N XS R B TS B S MR A )N 4
B REAHXT I 38 6.82% 5.89% (11.00% , 5% Fi4H
AHEE2E 5 AN S 28 5 B PO K 0l JHG 3000 77 90 1 1) 52 i) ¢
I, HARXHHN BT 2 A 50.5% o AT AL BRI 45 ROk F
VAT XW4 By 400 1 1) 5t S 35 S B9 40 B 3K 0 5
PR T 2 TR 2R A0 2 TR 2 R AR A (] 3t i 440 TR 2R X
2 P B UL AN ]
25 WHRERE
2.5.1 AR XW4 EARTER2 LS i 4 n] g R
WL, HAR K/ 0.9~1.7 mm, @R 7%, 1%
B, 2 1T DG 9, A 22 P g (0 5 SH A, il R A B
100 Bf 2 BB LSS T 4l TR AR o
252 AEPEAARERAE  TEER XW4 B9 AR BEA AR E
SERULER 1, R 1 Al o, Bk XW4 GBI It iR &k |
IR VERY A5 o AR MEE G R A SR, IR A G 2 IR
OSSR, AT RI2L 00 8 XW4 PR E T 2R 2828 1
FFEE ( Paenibacillus polymyxa)

Vol.40,No.24,2019

a
a a a
e AR AN R AR ROk H RO

3 FE KRB 2 AT B X WA 20 T 280 P
Fig.3 The effect of proteolytic enzyme
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Fig4 The morphological characteristic of train XW4
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Table 1  Biochemical characteristic of Bacillus XW4
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Fig.5 The developmental phylogenetic tree of XW4 based on 16S rDNA
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Fig.6 Effect of temperature on the activity of
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bacteriocin from Paenibacillus polymyxa XW4
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Fig.7 Effect of pH on the activitiy of bacteriocin
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Fig.8 Inhibition spectrum of bacteriocin produced

by Paenibacillus polymyxa XW4
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