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Abstract: Induced mutation of Lactobacillus plantarum fmb10
divided from pineapple was performed by Co® ¥, low-energy N*

beam irradiation. DES. EMS and composite mutagenesis. respec-
tively, to enhance the antibacterial activity. The results showed that
Lactobacillus plantarum fmb10 was sensitive to low-energy Nt
beam and EMS irradiation, and a high-activity strain fmb10-Z with
stable inheritance and forward mutation was obtained after the treat-
ment of EMS-low-energy N beam composite mutagenesis. The bac-
teriostatic diameter against E.coli was increased by 23% ., and the
antibacterial activity of the mutant fmb10-Z was increased 1.5 times
compared with original strain.

Keywords: composite mutagenesis; Lactobacillus plantarum; anti-
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KA BB 0 T S A 3 A5 A0 3R R B v L R AR
B 58 AE TR R« O R SEF T B AL B AR
1 #Met5Jiik
L1 #R5iKH

MY FLFF# fmb10 (Lactobacillus plantarum fmb10) .
53 B 8 A ER TR N b DK R —— KA, il B ol R 2 il TR
SIS AR 5

KIGFFHE E.coli 74 5L AN KA B TR S50 % 1R 5

JE 6 T AR fmb10 3E AL B K5 SR R G 6 MRS B
FrFloTy

KU E.coli WAL B K7 R NA B3R

Nisin FR#E b :10° TU/ g, 43446, 35 [E Sigma A #) 5

WRER — Mg : 43 B 4 b v W Ak 2= 3 70 A BR A ) 5

FILRETR R o B 4l 1 i 4R A R B A B D

How il 4 o B A
1.2 REH*E
1.2.1 PAFP RIS R OF AR R Ik B KRR TR R Smb10
Wt a8 5 . 7% 1 mL/100 mL 85 500 W A B F0 T
MRS W R 3 #5 55, 30 “C#p B 5 9% 36 h, &0 2 h BURE, il &
AN RV ] B OD soo {8 » BAZS 11 MRS ¥ 4 5% 75 52l % 17, LB
] g 1 A B s OD soo fH AN AE AR 2 il 1 R BEBR fmb10 194K
il
1.2.2 WEMBMHE  WET MRS &R 575 #5558 25t
A KIS .1 10" r/min B0 10 min. W5 T 38 75 5 14
FI 1 mol/L BER2 2% vh i (pH 7.0, KB H W B, B 8.0
VR 2 AR E 10° CFU/mL, & T,
1.2.3 P HifAs

(1) *Cov H £ 5 7% - WU & 47 1Y X £ A4 K W1 B
0.1 mL Y53 AT 9 em FEFR ML e, 8 WG TAEG P EHE
R+, 4Lk 0.0,0.2,0.4,0.6,0.8,1.0,1.2,1.5 kGy [ 5§
BEGR E #EAT % Cov JTHERAL I, M %y 0.034 Gy/s, DL ELZ5 Fl
A AR, BRAHE R 1 mL AR ER KR I 10 min, 7843 Bk
T A R R R E 10 ° ~10 1L L 0.1 mL ¥4k
i T 9 em FEFRMA g, F 30 CHiHE 24 h J5 PR IHE. A
BOEER KO 2 AE R R T 1 88— I B 47 Cov
SRR AR

(2) IRREALE F o A R st i 4 A 56 I iy B 1
R PRV by BT 1T 2= R R 90 e B 43 US4 1 X B0 AR
AR K 0.1 mL 5] 34 B AR TR H] 10 keV N
BT AAL B AR E] 351 0.5.10.15,20,25 s, DL 28 Fl
R, EAGH 1 mL AR KR 10 min, 7843 Bk
T B AL R R PR R 10 ~ 10 B A B A 8K
FEFR J I g8 AR 3RO
1.2.4 {2

(1) HMR_ ZBE (DES) 4% : AR R 2% M i (pH 7.0) %%
DES £ i (10 %) B il 5 28 i B 4 9 24 0.00% (X i,
0.10%.0.20%,0.35% ,0.50 % ,0.65 % ,0.80% ,1.00 % [ 75 4%
F,0.45 pm B E. SEEW 1 1 H5RE .30 THRIR

40 min, HBRACHRBRANE I (25 YO M B E 10 ° ~10 4, Wi
WA 2 mL, BURGREEREA 107" 09 B8O T80 13 80t
RRIERAB R,

(2) HIILBERR £ 15 (EMS) 75« FH R 2% ol il (pH 7.0)
# 1 mol/L EMS B i it J8 4 e B 43 531 2 0.00 (X B , 0. 10,
0.20,0.35,0.50,0.65,0.80,1.00 mol/L A5 #],0.45 pm
Pt vk SRR 1 1 IR G 30 “CARIR 30 min, FITCTE
IR ERAEREE 10 ° ~10"",J5H 1.2.4(1),
1.2.5 B EGFHEL LI — P58 BT 15 & 0 s vk ok
Jyth R B RR . DLBUERMIERZR NI ESR R EFH
A KT S BT A SR G WP AT A — &I
B —iF A BRI AT AR 2,61,
1.2.6 H_REAIHEL LIS 505 6754 I 3% T 45 e i
TR T P TR O R TR S DA BSOEE 3R I 5% AR 25k 4 A o 5
“REGHELET PREAE -RESGHL.
1.2.7 SRR IR HE st B AR e e ar AT SR AT ILY WOk
T 5 2 A8 R 00 R A /N e B TR P R A M T 58 AR bk
10 R IEFESS 2.4.6,8, 10 155 48 bk o 17 WK 14 K 8% B
F2 . B 3 WOFAT LUB IR B R fmb10 S %5 BR, SR T 4 HEAR
TG I A0 T M DRI A B 1 A ok Y 3t A R
1.2.8 HAEEKIERZRAME I (Latality rate) K
1F %8 4% & (positive mutation rate) 43 Bl 3% =, (1) F1 (2)
e,

_ S 0
L — (1—§)><1ooﬁ, ¢!
M
P = X 100% 2
.

L—3UE5, %5

P——IERAEHR, % ;

So—XF WE T ¥ B, B R 4005 A8 4b B R T TE B
CFU/ mL;

S—— AR b B BT Y5 40, CFU/ mL;

M, — IERERBCIMEBEERE D SHEBERZd I
{8 5 35 755 T DR TR MR 00 28 A8 R B8 (2 <C0.05) . CFU/ mlL,
1.2.9  AUEEE RN bR & M E R A Nisin 5 5 F1 R
ol 10 TR B AR AR ) B ) 56 R iE AT 4% 830 B 0.01 g Nisin 43
YT 10 mL #9 0.02 mol/L i &k R . B IR B R 4 X
10° TU/mL, F ] 0.02 mol/L Y # 5 B8 43 B # B i vk & 1
2X10°,1X 10°,500, 250, 100,50 TU/mL [ % W ; 5% I 2F it
BRI E Nisin b7 o6 3 3 2 10° CFU/mL B K5 1 B 7 #)
TR Pl B2 (mm) 5 23 1 Nisin 2§04 9 % £ 1g (D {B OB 46 A7) F0
0B 18 B AR (O AR AR ) 56 2R A b ofie il 2822
2 iRk 5nbr
2.1 FEERERE

IR TR fmb10 A KR ILE 1, HmIE 1 "/ %1,0~5 h
JFEHEW] . 6~15 h XA . 15~22 h MEAEW .26 h DG
TR TE . PR X BN S W 14 h S AR & TR AR 00 % %
A1)
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Growth curve of Lactobacillus plantarum fmb10

Figure 1
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Figure 2 The standard curve of Nisin titer

2.3 MEBETFEMNEE
2.3.1 Cov LB LR E ML A FY Cov I £- 7 & )
JEER TR Fmb 10 BOFCA 5L AN B I 1 B DL 3.
Hi B 3 AT B Cov B 4Rt AR & 19 385 0 - Jt 4y 7 R
Fmb10 BB A 5 B4 O H T OE R L R AE A &
0.8 kGyft ik # f5 K, B 59.5% , e K4 Bl B2 ik i K
(19.7 mm) , WL B3R 3k 82.8 %0, fH iR 7l 3/ 1w 5% J3 11 5%
FEAT  f1 5% 78 A AR, 5 AR BOR N L OAR SR AT
ik
2.3.2 fRAE NT B T AR AR M EE  IRAE NT B T ORE
AT EIRH MR Smb10 BFE A 58 78 300 1 0 1 09 52 i L
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Figure 3 Effect of **Co7Y exposure dose on mutagenesis of

Lactobacillus plantarum fmb10
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Figure 4 Effect of ion implantation time on mutagenesis of

Lactobacillus plantarum fmb10

B &L 4 WL BEAE 10 keV ) N AT [H] 0938 K, I de
BBk fmb10 BOEHE Lk 2 W JE KA Ik 8, X 518 £ o
e R — S B O SR AR R B R T R A5 kR A
J ik AR T I AR A R L A R TR . FEHEA 10 s
i BOOE K BE SR TH & 85.8% . i JE T Fe. 1 A 20 s i X T &
94.8 % » A fE A K 7 SRV AW B fof 55 H 47 LRGBS F AR
IR B SR R A K R T, ERAERE NTEA
10 s Bt S K 71.5 %6, [F) I 22 15 AH 26 1) 5 78 Rk foc K 10 o
HAENEK N 22.13 mm, Z54 % LN B FH AR R
10 s,

2.4 WEFTHEER

2.4.1 BIR ZZERMBEER W E K 5 R, B DES ¥k B
Fri SRR FE R fmo10 IR R HIEM K LA BEH. XY
LI HL T I IT A R — B IR R AR R B TS MR HLAE
1 DES ¥ B 24 0.65 %6 B 1F 28 A5 36 35 31| fe K 75 28 # fie K 30
W H RS IE AR R R IEAA R E A 19.99 mm; [ B 7] &
H B 45 1F R DL B2 AR Sy L L d K B T AR A E R
TR A TR P (18.37 mm) 42785 T 8.82% , i) WABZE R R A
WL WO SR e T v

2.4.2 EMSWREM#E  BALWN EMS kBT LS ECR
T EARIET WK 6 FTR . 78 EMS ¥ B35 % 0.2 mol/L B}
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Figure 5  Effect of DES concentration on mutagenesis of

Lactobacillus plantarum fmb10
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Figure 6 Effect of EMS concentration on mutagenesis of

Lactobacillus plantarum fmb10

B4 0.2 mol/L Bk Bl A, fy 61.2%% . Fie KA i ol L 4% thi A
Wk T B oKL AF] 22,35 mm, 4% IE. H EMS %
FIHBEH 0.2 mol/L,
2.5 MIHHER

M R 575 Bk < T 0 B — 5 AR 2 R A O SR R A 158
MEE RN K =15 % IERER ERE - RESHEED
R

AR AL S e — AR R L Coy R IB AL L
B2 — LRG89 IE 58 248 SRR, HLA B 3% MR 4R i B L 158
BCRARAE s WARHE NT 8 7o E A EMS B 4T, WAk IE
FAFR IR T1.5 00 (EMS AR 4641 T AUl 61,206 1E 5848 %
TENYFEA 10 s B35 B dw KM 71.5%) , I K40 id 1B B &
22.35 mm bb JFUUA B AR 90 B8 B (18,37 mm) #2555 T 21,6724,
e EMS 545 71) 0.2 mol /L IKHE N" & F A 10 s.fF
HE R E A BB
2.6 BiFT
2.6.1 H-REKIFEER UV 158 RiE ik
WA SR AP 5 U AT 28 — R E A L. © B 17 kRe
N* B FAREA 10 s, A b Bk I 3m v B % K Y B8 bk 7 30E AT
EMS 45 @ e 1T EMS J48 AT IRAE N 8 F )iy A
VEAE . ARAT 5 BRI TR I M A0 R e TR R A R AR v Y TR R
[ ERERER T LS A

LU 35 10 1 P AR R BB AR Bk D92 IS P d K. R
22.51 mm, 5 EIETEE fmb10 40 15 P& 4% (18.37 mm)
BT 22.54%,

TR KRE NTE FHRIEA 10 s il EMS 48 6 J5 I
J7 75 AR 45 A KRS

Rl E—REAFERELER

Table 1 The consequence of the first composite mutation mm
5875 B bk JFEIRTE fmb10 21 C167 D92 D113
T P AR 18.3740.15° 22.1540.19" 22.4340.19° 22.3240.20° 22.5140.15° 22.2040.15%

t AR R 0.05 KTFEREY,

2.6.2 HBRERFEGER KL _REKIFLRE 1K
MBEE AR R 22.60 mm Y B A 50 5 4R BT R 30 B B E AR
(18.37 mm) R T 23% 34N fmbl0-Z, WAL % B,
G TRE AR KHR A5 A8 AR I T T M AR = e R A
ARELERAA R WEE - RESGHELE UK,
2.6.3 BEAEFLEWERMAMA  HmEE ERRA R A
FH y=10.779x —13.568, 1 F| A Bk fmb10-Z [ 41 K
AHXT A, S 2 264.64 TU/mL, 5F G AR fmb10 418 2 AH
XF ALY (918,33 TU/mL) M L 4R T 1.5 5.
2.7 BEBEERE

KA fmb10-Z Wi e R E B R R NFE 2, mFE2
AT A T 0 PEAE £ AR 30 o SR B E T DU i — 2P
WF5E A0 B

K2 RETHK fmblo-Z mEREY

Table 2  Genetic stability of target mutant strain fmb10-Z
after 10 passages 1U/mL
i Al AR e
RS
F2 F4 F6 F8 F10
JEIE R BR fmb10 918.33  919.72 921.43 920.18 920.35

RAERE fmb10-Z 2 264.64 2 263.67 2 264.25 2 264.73 2 265.01

2.8 ERAFERERMESERNE

X G AR fmb10-Z 1B B 247 0 E K B
B fmb10-Z Xt RFBA G— R G4 L B BRH I 11 R 45 ik 1
TR 445 B 0 T D R AR T R T L B0 SR RS A L VD D IR A
22 Pl i F) S0 S8 40 P RS TR R B Y R e (DL 3D .

®3 SEAFEEK /mo10-Z MEER’

Table 3 Antimicrobial range of target mutant strain fmb10-Z mm
) T AR
KW  SEEHEGRE  BZRERIE AT iR A6 B RS L) ERGESSUIREAA:|
JEIE R BR fmb10 18.3740.15¢ 19.5840.10% 18.6340.15% 25.67+0.19¢ 20.18+0.15¢ 25.67+0.16%
RASKR fmb10-Z 22.35+0.15¢ 23.43+0.11¢ 25.9840.18¢ 26.78+0.15¢ 25.98+0.17¢ 29.63+0.12¢

T AT AR RTE 0.05 KRB E,
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Figure 7 Parts of antimicrobial activity of Lactobacillus plantarum fmb10-Z
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(D MFEME R fmb10 RUGE I 10 keV N 8 F HJE
A 10 5,0.2 mol/L. EMS 5748 7| 88— 175 4% K W %6 52 & 75 72 O
B I AT B T — RAN B F AR X AN L R R AR R T 1.5
&R 5 AR fmb10-Z , %3545 Faow MR I UE W) H 3 45 MR IR AR
FE LRI NT B FREAM EMS BARE 4154 Wyl
FETE fmb10 HEATH0E & —Fh 47 A 80 T Bt

(2) MW FLFEE S mb10-Z JIF 7™ 40 B 2 A AN KHB 43
=2 P 0 9P P T A - R K 2 B0 T A 5 1
FEF S R AE £ s in 7 B 2 & i S0 AL TE R A T
i R R R R R .

(3) TP iFE R FIERIEZH, BT AU IE
MR AR SR RAR I T AR 43 ) B AR AL 2 iE AR R L A
Jo B Ak X% TR AR o R E ST BB A A A LA
2T R ) Tl A6 AR 7 52 06 AR A

S % 3k
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