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Breeding of Lactobacillus plantarum with High Antibacterial Activity
Based on Compound Mutagenesis
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(1. National Engineering Research Center for Cereal Fermentation and Food Biomanufacturing, Jiangnan
University, Wuxi 214122, China; 2. Shandong Key Laboratory of Oil and Oil Deep Processing Technology,
Shandong Bohai Industrial Group Company Ltd., Binzhou 256500, China)

Abstract: In order to obtain lactic acid bacteria with high bacteriostatic property, Lactobacillus
plantarum DY6 was selected as the starting strain in this study, which was mutagenized by a
compound mutagenesis approach combining atmospheric room temperature plasma (ARTP) and
nitrosoguanidine (NTG). The mutant strains AN-55, AN-58 and AN-68 with strong antibacterial
activity were obtained, whose antibacterial activity increased by 19.83%, 21.91% and 18.40% ,
respectively. Subsequently, it was found that the bacteriostatic performance of strain AN-55 was
more stable through the genetic stability test, and the antibacterial activity still increased by 20.51%
even after 8 passages compared to the wild-type strain. At the same time, genome resequencing of
strain AN-55 revealed that the changes of plnK, cps4G and pis9D gene sequences may have an
important effect on improving the antibacterial activity of the strain, laying a theoretical foundation
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for the application of Lactobacillus plantarum as natural preservatives and antibiotic substitutes.

Keywords: Lactobacillus plantarum, mutation, antibacterial activity, genome resequencing

e 1 3 A R AR P SO TR A TS Y R IR
TR BT A A O NS R T fE
JUE A G5 00 VR N AR 27 95 1 790 R 28 K £ £~ 5 30 1Y

D5 ¥k C S T A Y R i E R AT T T
PR ST SR ORGSR 4 gk E Ak
114 5 5 400 I A AR A 2 A A ) T LA o 3 Y,

BRAR A W 4 AR ) AS W e Sy it DR 1 A ) R
HETHNE S BEOT R FLIR A A R R AR b 2
FEA R E AR, A HLER IR TR L £ B
EALE R ARG ORFLRR AR R i A
A GG, X e ) I 7R AN (6] 44 2 b Rl LR b
[v) 2 FE A0 B A FHIOT ) FLAS 52 ) 65 i J8 B 4R 1k AR A A
fe R, PR T EE TG RIAE Y e 00 B P L
7 TR B LA 7= A SRy 8K B T 550 R 4 o B
st JE 0 B0 TR 1 A, SR £ S N ) 4 4 (] g
BT R I il e Ty 2210 i L FH IR

W A P AR B R B T Bk R AR I BT
PEBYFLIR TR , 2 32 T+ TR R 00 181 P e A A 80 K0,
HUAEAS AR A G athm . AR e, 1
WA R B R R BRI E S B L — i 2= F it
Mo ARSREAR R ELA AR SO SR 0 O A (H A
WHAFFE e k22 ), h T3 Ak~ A T
25 E YR R [ s 3 0 B — A PR B o A K
JEVHAZE K AR U9 2% 55 B R R Ak In) B T A R
ZFEAE R A A )T AT B F MY, B
EAE T DAY K GAR (9 7 o5, A 5725 Ty =Xt 21 i 9] 1
H 95 3Rk AS e RE O B TR AR

i 5 v 0 e T B A A A A B 2 G PR
J&, ELA i R T R A 0 T ML B R A A B
BH i R 4 S T B T A9 4 3 DR 413 BBl Y £
JE R NG AL 22 5 AT AR AS 55 100 TR M BE A OC 1 A2 5
FEPUSI A3 BT T AT B TR N AR K TR 1 TR =5 vhh
T B — R 30 B P BE AR AT P A FLAE B DY 6, I X
TOTE 6 M SR HEAT T R0 5 AR L B AL R
TH AR PR 2 S R TR A T ORI
A FEAR FE I FLAT B DY6 #1752 Gif 7, Tk 3R 15
TR A TR PR R TR B e e R 2 O R

RGO TS DY6 L% 8 B bk 1 35t 4%
ZE 5 0 IR VR REAH OC 1928 S BE N AT 00 AL 125 4 S
SR AT, A AR 0 LT BRI TR AR B i 17 T U 1
RO T AR,

1 #i57HE

1.1 #R5iK#H
111 4k HYFLTE DY6 . VEH 78 5L 5 %
5 K AT B (ATCC25922) ; Hh [ 38 3l ok A= ) 7 b
PR O AR
1.1.2 ¥4k MRS ¥i5 3 (g/L) & F R 10.0,
A F 8.0, BERERY 4.0, # 454 20.0,K,HPO, 2.0, #7
Bk =4 2.0,CH;COONa 5.0,MgSO,-7H,0 0.58,
MnSO,-4H,0 0.25, 137 80 1 mL;pH 6.3~6.5,115 °C
K 30 min,

LB AR 35 F 0 (g/L) R 2R 1 R 10.0, B BE 4y
5.0,NaCl 10.0;pH H#&,115 CKF 30 min,

JIT A [ AR B 55 5 P SRR A B R B O 2 o/dL,
2 [ A8 IR BUIR R B W 1 g/dL,

VBR300 T R 8 R 0k R XUZ LB R SRS
B b 2 A o [ AR B SR 48 s T, R 2 R R B
ik,
113 AE5XA UV-1800 43 C0C T il
AR A PR A 7 55 i AAGIE TR B SR A . iR R
1AV & A R R ™ 5 2 D Re R FR AL« 26 [ Bio-
Tek £ FRZS 772 & ; Artp—iis ARTP 5748 R 4t . LB R
THRARAEYRHA PR A= i bR~ R (0~150 mm) .
MR Bl 250 I 4 PR 3 A BR 2 ) 77 i

i %5 WE 2R R 4R B CHSCOONa it i
80 NaCl v fif§ 2 I | P9 ) 45 . 6] 24 Ak 2% 3 500 A R 2
iRt
1.2 SEEHFEERNES
121 @ E®raE  LDLRBTEE RS SE,
SR FH A= PRI T 22 ) LT R0 R 0 ST, T SN
KIGAF B EF 2 LB AR K 5 5 b 37 °C 250 t/min
Rig% 12 h, W4 TR, SR 5B 1 DU B Bk 32 Fh = MRS

LhS A3k 20285825298 IEM




RESEARCH ARTICLE

MAO Yin,et al: Breeding of Lactobacillus plantarum with High Antibacterial

Activity Based on Compound Mutagenesis

Wi gR e (37 °C 250 r/min 1535 24 h, il & KWW,
BfiJ5 12 000 r/min %50 10 min ] & B _F3& W, H
TR IS MR E

I OBUZE LB 5 55 300 A PR R 0 B0 B 1
il 1 2 2 [ A 8 35 b K AT AR TR R U
1x10° CFU/mL, 7€ SE Al 1 45 IR BS54 AR (4~5
AN JEHCEAE K B R SR SRS AE AR AR o
AT % B E 38 W 200 pll,37 CH5 3% 15 h Jm il
S T VRO A 8 TR A A B P AR R U S
3 W7
122 ®wEZEFHTHRARTIP)FLZ HEBKM
Hil % . B AP FLATEAE 37 °C 250 r/min £55% 12 h,
12 000 r/min £5.0> 10 min Y8 B 44 9F FH 2B 28R K 1
e 3 WK, A MR 1x107 CFU/mL B B2,

ARTP 3728 . L 10 pL WEWKIRER BB A I,
FHI A ARTP 728 R #E = 51 T 100 W,
AN 10 Limin, FEEFHEE R 2 mm iB 28 45 15
KRB B AR K E L N, IR R
mh o KEE S I B TR AR A T MRS AR b R
BT Y& T I 5 ST TR, AR A B TR R VA R
Xof B TR BT R B2 SR 3 AT

F=Nn];%x100% (1)

K F BB % N, R %t BV AR B TR RGN, R
AR - TR 7 5
123 TZAEAM(NTG)# % NTG BEf AL & . B
0.02 ¢ NTG JIA 1 mL P e i) 55 0 2 ¥ B R 20 ¢/LL
() NTG BEW, 505 2 2% th W BE 2 NTG i &2
o 2 g/L,

NTG E2E . 78 1 mL B9 AT B 5 2 8
A B NTG AR 22 il , #2761 NTG 1%
J R 43 91 R 0.25,0.50,0.75,1.00 mg/mlL, EA
Y1 4) 5 i B AE 37 °C 250 r/min BOHE R R 35 40 3
30 min,6 000 r/min &5.0> 10 min YA B 7RI FH B R
ZZhRCE VR 3 W, KA AR IR 1 R A T MRS
S b R PR T TS I ST B R VR A, DR Ak
P TR AE TR TSR NTG B 4
SCHRIE 3 AT
124 A4 % ¥ ARTP iF728 5 40 H# B E A
0B 2R B RRAE A 10 R AR X LT NTG i
A 1 P B R R A M R P R AT B R R AR
g7/ 38

125 FEHA#kGMIE % Gerez 519 LIS
RS A& ek, i 3 96 FL AR I A% 4 FLAT B X K
FEBR I 0 551 K5 A8 IS 1 TR R D T 200 pl
MRS ;3£ 39 37 °C 250 r/min ;3% 12~16 h, b5
e 96 fLtk b, HEFRFL B 29%,37 C |
250 r/min }7 5% 24 h, i 96 LA & A P FLAT
BRI 55 BRSO K AT B A R SCR . #F 50 pl K
FI B B (1x10° CFU/mL) Al 150 pL # ¥ SLAT
5 AS BRAPR I & T LT A m 2 96 FLAR 37 °C
250 r/min }53% 24 h J5 FEEFR SO 2 0D o 18, LA
FEFP K FF 18 T BT MRS 15 57 3 (1) FL AR AR 0 X
R, T 53075 748 TR PR 1 410 1 5

As
1 4

KPR, %A, LR ALTE 600 nm &b 11
YR AL RN FRZHAE 600 nm AL A TR G
1.2.6 5 % B Akt A0 A AR AR LW
7 o A0 TRT 232 5 v ) TR AR A Sy T 2 X 5 o L b T
MRS $5 323 37 °C 250 r/min 1535 24 h §il %% & B
W o SR FH 2R AR 5 000 2 T R 1 400 RO M LA R P
ELAR Sy 5 2 8 400 TR I P 7 AR TR PR Y ME — R vfE R AT
S0, PEHL ARTP 578 LA K 2 A 75748 2 1 J 70 BT
PR e 0 TR bR, 0 i 2 A8 AR T A HEAR 1k D E T
—ARTE AR AP0 B NG M, VAR AR R RR 1) AL R 1
1.3 EFAENF

P FLAFE DY6 FIiFE AR LE 37 °C.250 1/min
BigE 12 h J5 J2 OGR4 DNA 4 38 41 |
WP TAEH LA TAY TREA WA TR, 15k
Ve A 25 K% B 2L I 41 DNA 1 4 H T lumina™
AR F- B DNA SCE I 58 185 K 16 5L
Pt R4 o PP AL R L DR AR B R AU, 5 5%
FEHN AR FLATHE WCFST (NC_004567.2) #EfTHE
X, ffi 1 GATK ) HaplotypeCaller 43 #1F¢ i f1 5%
FEH A o A A 2% 5, JF i i DELLY
CNVnator 5 1F X3 KE S 9 SV . CNV #EAT AL | 4R 35 2
LA RAE B, R SnpESf 3K 44 % 26 4% i 17
TR

LRI

21 BEEREBSFEFMHFETEKIIGE
2.1.1 ARTP %4£# T ot it ARTP X AE 4 3L
FFE DY6 M B BRI AT AR A BR W 22 3 AS ) e 55

1:( |x100% 2)

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 9 2023



L OBFATAGFRAT WA TRAMDIAFA

B 1E] (0,10,20 .30 .40 s) 11 B 2 W 43 590 ¥ 4 F MRS
SR b R BT R R AT TR VR TR, TR BUE
ROGSRE 1 s, ARTP 5728 3 AW LA # DY6
1) B Y 56 i 25 175 7% 1SF () P B8 00 10 AS O 7 s, € B i
PEAR X ARTP 175 28 dF 5 B0k . AL BT [R] R 20 s
W, BRREERIAE] 91.3%; AL FAT a5 F] 40 s
BF, AR B JCRRAE K T R BT R K TF90.0%
I, 875 B AR P RE A 35 A IE 1) 28 4% HL 01 & 8 A% (1)
BE R A5/ e ARTP 5728 B9 I E] 9 20 s,

2.1.2 ARTP # LW tked#n it AP FLFE DY6
M T B AE ARTP 528 RS0 h AL FE 20 s J5 A T
MRS - _E ,37 CH; 5% 48 h BEECRA 7% 3 F0 T 96
UL, ARG 1.2.5 mh i J7 32k U 228 400 A 1 BB A e 1) TR
B, BT EAG RO MR Y FUAT B TR
DI 1% RN 77 o O O R R e T 1| TS N A
A FLALIY ODiggg e 23T XF BELL Fi 0L, 38 3 2020 (2)
TH5 45 B R IO I 1T 23R 07 B 410 R 36 8 A4 0 B i

HIEH/ %

10 20 30 40
AR /s

E1 ARTP FELHIEXR
Fig. 1 Fatality rate curve of ARTP mutation system

(DY6) 95 A8 T Bk, B Ho g 5 o A1~A62 (ILKE 2),
TEFT A IE A8 AR, TR AR A4 A28 (ASS HHIER R
AHIEERE 9N 61.48% .59.48% .60.02% .,

2 ARTP iF T H#%BI ¥ 7%

Fig. 2 Preliminary screening of ARTP mutant strains

213 ZIPHEEL ARTP # L Aw 0% B
BPEREIE K A4 A28 A38 .A45 AS5 3t 5 RRkiE AR
PR, 3E I A AR D L B TR M AT R R
it £EFANIE 3 BTN |5 BRI AR B R AG 100 1R 35 1 34 v
TE A B R (DY6) . P bk A4 F ASS A9 I
Rl ELAR AR, 400 AT A O T B A TR ) FLAT A
DY6 4 425 T 16.38% K1 14.47% , NI, J5 £e 0 5%
SRR AR Ad TR E BTSRRI

[sa) o0 — AN FTUN\O S0 NO— O NHWN \O~00 NS —a \O
N [ag] VWQ‘V?VQ‘V?WWWV\WWWWWW\D\O@}-
< << It <z <L <L d<< << <<A
[E:g7S
17 ¢ m A AR e I AR R 118
=
2115
16 t S
£ = 12
NG ms Py
m 15 9 g
e L o
= i
= {6 E
14+ 5
13

DY6 A4 A28 A38 A45  ASS
(LS

B 3 ARTP FEZEkKE ST

Fig. 3 Rescreening of ARTP mutant strains

LhS LA SIL 2023 FE 42559



RESEARCH ARTICLE

MAO Yin,et al: Breeding of Lactobacillus plantarum with High Antibacterial

Activity Based on Compound Mutagenesis

22 EAFTHEKNES

2.2.1 NTG # % #2445 ARTP iE4E—5, 7¢
HEAT NTG B AR RT, /6T 2 e NTG 1Ytk
AbFRFA R MR 1.2.3 FP R I T AR A TR AR A
AR R B NTG R, 45 i L2 o 2 vk J3
439124 0.25.0.50.0.75 .1.00 mg/mL, LA NTG
(1% BT Ak VAR SR X6 R, BB IS TR A MRS AR L
BNTG X FLAT R R BOE R . 45 R K 4 fros
Bl RO T NTG 5T 5 vk FE 1938 i, 3008 32 1
b, S 0.50 mg/mL NTG &b BEAE Y FLAT H I,
BRI B R ILF] 90.0% L) F ., i T it 5 INTG i
U RE 2 B RIS ) R R, T ek R ORI
W) 25 BB AR E , £ B 0.50 mg/mL K
NTG e AR A8 B v B, LRI 0F 58 28 1 #k 1Y
PR

2.2.2 ARTP #= NTG A& # LA skeh4n s  BEH
ARTP 572 J5 400 T PE BE S A A W) FLAT 18 A4 7E R
R AR T A TR R, WS N ¢ R Sl 0.50
mg/mL () NTG #1774 , LRI NTG 1 5 2 )
Rt B8 AR S A T MRS AR b, FRR

75L

105 -

3
90
75 +
<60 L
Tt
30
15 F
0 1 1 1 1
0.25 0.50 0.75 1.00
MR BENIST R BE/(mg/mL)

El 4 NIG RERENERBIERNZMN
Fig. 4 Effect of mass concentration of NTG on mortality

rate of strain

Vi e I AE A% R BRI B SR BT 0 A1 R P B A v 1 T

B B VRAS R IE 5878 TR R 0 RO A B s, 410 B
PEREWLA Tk — 4R Th K A IE 2 A8 T PR 5031

50 AN-1~AN-72( LK 5), Hoh Btk AN-55 AN-
58 AN-68 BB R, 435 63.09% . 74.45% |
66.55%.

67 +

63 |

57 +
. llllh
55

il

ﬁﬂmvm@hw@O~vaw©hwmo~vam©>wmo~vam©bwmo~mmvmonwmo~mm¢mowwmo—mmvm@nwmoﬁ
it et i) el et ) NNNNNNNNmmmmmmmmmmvvv¢vvwwv¢mmmmmmmmmm@ooowo@occhhb<

<<<<<<<‘<<<<C<<<<<<<<<}<<<<<<<<<<<<<<C<C<C<<I<l<<<<<<<<<<<<C<<<<<<<<<<<<<<<<<<<<<

B S5

BELAMER

Fig. 5 Preliminary screening results of mutants by compound mutagenesis

223 ZWRAERALLSF T HARG LG BB
B P RE DL B AN-7 AN-34 AN-55 AN-58 AN-
68 I 5 ARISAS A KK, JE AT BRI & W A LV, DU
SE MG PEE AT R MR 0, S5 A ANIE 6 B | Ak
AN-55 AN-58 1 AN-68 3 i el AR A K, s
T PR AR 6 T B A RURE ) FLAT B DY 6 o B T
19.83% .21.91%71 18.40% .,

224 FEEAMOEEREREE HTIELH
BRTEAR 2215 Il F 45 B R e IO I 0, i A 75 2R

FH 22 AL A1 T 2R HEBR 18 45 M BE AN AR 1 AR
TR ARTP 75725 i 196 75 21) 19 300 BR7 306 12 5 v %) B
Pk A4 (AS5 RIS A5 17578 0 A5 3 A% 40 TR T 1 A e 1Y
itk AN-55 AN-58 AN-68 JF 17 224 1%, I ik 4
WAL ARG 25 R BRI B G M AR 8 Ik, SR
Bl 7 iR 78 B AL AR 526355 708 1 PR I 30 B S
ri(ﬁn@%lﬁﬁ)iﬁm? ARTP H—if AR B B, %
B 55728 B AT T AR R RE O R 1 BT Rk f@?ﬁ
AR T, Bk AN=55 %u AN-58 (19 1R 74 fE

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 9 2023



L OBFATAGFRAT WA TRAMDIAFA

B3

i

ot

18 ¢ B - R 24

17 =
==
|I

DY6 AN-7 AN-34 AN-55 AN-58 AN-68
itk

6 EEFTEMGR
Fig. 6 Re-screening of mutants by compound mutagenesis
FEREIE 2 8 WAL AR I T I PR AR 45 T B A= 2 5 ik
T 20.51%.18.84%.,
18

—_
N

TR P HA% /mm
PIBETE A %

—_
=

—
w

[ mmA4 mAS5 P AN-55 mAN-58 EEEAN-68

¥ T I I :

JNEA 1B EH A% /mm
o

—_
=
T

1 2 3

4 5 6 7 8
[EEL/SESARYE

H7 RETEkREEEREER
Fig. 7 Genetic stability of mutant strains

23 HEYATEEERASENEF S

231 REABGREHR 455 LARR, EHEL
G175 78 I 40 DA M R BRI TR R AN-55 FITHE KT
MRAEYZLAT B DY6 dE A7 2 L A F iy, LA 4 3L
FFE WCFS1(NC_004567.2) i 3 K 404 2 % FE A
20, KGR R AN=55 F1 DY6 By 50 45 1 5 H k17
FEXT 25 2R 1 PR 578 5 i T Bk AN=55 5E i
NS SR A LA T B R WA e n, 5
H R EAR Y FLAT# DY6 ML, Btk AN-55 th &
A A AL A 70 A, Horb R R 22 AL A
(SNP) 44 4~ 4l A2 A7 5 (InDel )26 4 ; 1 B 1 (1)
RARFERA 27 4, A BE R A 548 8 AU AL 4 L
A Feih s A HE R A SER . 7E GO s )
REVERE R (LR 8), 34T 50 /> 3 PRk 1 B 21 AN [R]
ine 2, mAE Ay i B2 4T U2 | 40
203 00 DL R A Z 0 AR ik R R T sk s

e RN E 22 5 T AR AR K 20 M 55 5 e
TONREJR T, TR Y R AU S N s A i
T2 5 40 M 2 73 2= 10 r A 20 I 2H 20 r B R 1
Wiz,

®1 EEAEWFHEST

Table 1 Genetic resequencing data statistics

LR | E L E

ey
Bt/
bp

52
(7S

Wy
%

DY6  2.16x10° 44.21 90.39 90.16 88.86

AN-55 1.98x10° 44.08 88.96 90.78 88.84

15

12 -

9

6F

FEEBUA

3+

R Y TR
R

B8 GO HEEINETRE
Fig. 8 GO database function annotation

232 REABSH BRI KB IR w0
T AE ) E ORI T HAR = ™, 7275 2 AR AN-
55 VERERY T AT 28 728 FE [A v #0541 B 1R REAH OC B9
B R H AT i 5 T3 2, Hor  plnK 2 —Fh 4
TR 2R 110 2 B 5 DAL 3o T 400 R 2% 08 T 3 5 ) A TR AT K
L am VR o PInK J& T 1Tb 284058 2 X R ANTE =
W 2 A Z2 AN EAE A AE I D RE . BFFE R 4l
B 2% PInK Al PInJ W4~ 22 JICBE R 5 IF mT LA R 2 g
TR D RE | 15750 T 8OCR B 4 3R P TR AR AN-55
W pInK KA RERAE WA BOR R HEN X
— L] HE R AE [0 1Y, A ) T 1Y 55 TR R R IR RE )

WEILEE RS (GT1 KK, FE W cps4G) & — IR
H T WRIR (UDP ) Bl S 49O 1) 57 76 Tl e, 221U
UDP-CWESCHATT A= 9 BB S 1A 3 5 W i 1 S 1
T WU 2K 55 2 A LA AT AR W, P B O AT AR
BAMREAYERE™>, WA R MW R B LA R
AR AR P OCHE R, T DA AL S B A BT
PEREFI IZ 0T 1 BOBE H 28 5T/E R o Ostash SE0F5Y
WIHA 1 S5 75 R G BGER I GT1 AL PR 8
TR T e B 1 SR SRR 1P, 55 A AEK NIE

LhS LA SIL 2023 FE 42559




RESEARCH ARTICLE

MAO Yin,et al: Breeding of Lactobacillus plantarum with High Antibacterial

Activity Based on Compound Mutagenesis

x2 MEMHEXEERTLREL
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