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Breeding of High-yield Surfactin-producing Strain by a Combined Mutagenesis Approach
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Abstract: In order to breed a high-yield surfactin-producing strain, Bacillus subtilis fmbJ224 was used as the start strain and
mutagenized sequentially with lithium chloride (LiCl), nitrosoguanidine (NTG), ethyl methane sulphonate (EMS) and
streptomycin. The preliminary and secondary screening results showed that strain LN2-3 had high ability to produce surfactin,
with a yield of 239.2 mg/L, which revealed a 44.56-fold increase compared with the original strain. Meanwhile, the strain had
good genetic stability. This study demonstrates that the mutation rate of the original strain could be raised greatly by the
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combined use of LiCl and NTG.
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TE T U R K S A R GE > . AREFSELL Bacillus
subtilis fmbJ224 iR Wbk, RHESFHELHEFH AL
# Surfactin @Ak, JXTHORBERFEEVEEIIIE, N
T 1% 342 = Surfactin 7= B R RAR A 2 A F i, bk
=35 Tl Ak A2 7= B B A A 4

1 ME5HE

11 B, BRI SR

i 55 2F AT 14 Bacillus subtilis fmbJ224. K#T
(CMCC(B)44103 i st AV K24 1 TR 57 3 Ak »

R PR IR AL AR 3g. NaCl 59, &H
5 10g. IifiE 189 Z%1%/K 1000mL, pH7.0~7.2. #f
TR BT 39, NaCl 5g. A 10g. 74
7K 1000mL, pH7.0~7.2. ¥AkKEEE: 7L (Landy £
FrIk): Hi%P% 20.0g. L- B2 RHH 5.09. MgSO« 0.59.
KCIl 0.5g. KH.PO: 1.0g. FeSO: 0.15mg. MnSO.
5.0mg. CuSOs: 0.16mg, 7%M#H7K 1000mL, pH7.0~7.2.
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E[H Sigma Aw]; A 4 E =4 pr 4l
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FE ORI ARA A .
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TR AR R BERRTE b K B AR B BT R i 8
TR BT 37 CHEFRAR P H MR BE IR 18~24h.

PPl BRI BRI B AR T~ 50mL/250mL
Fh P FR T, 37°C. 180r/min #8597 14~16h &
X B & .

R KR FRUF AT L 5% 14 Fh it 42
A 50mL/250mL A fE; IR0k, 37°C. 180r/min $i3% 45 5%
72h.
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I Il 175730 b B PR R 1T 5 19mL 35 SR 55 TR A5 51
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TN BRI a8 b, R RASEAT, 37 ClHHIREE
I 16~18h, WIE R Bl AR, 3B B R B LA K ) B
B AR A7 o
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PR S5 S 19mL 8 R B R IR F A PR, 37°C
Bige. PR YR WIOH . RO . X EE AL R el ok 4k
BRI TR T IA S S A A ] . LiCH d 2 b B
BWESMA: 0. 0.25, 0.5, 1.5, 2.5. 5. 7.5,
10g/mL.,
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BgR. PRAEVE . WO AR . XHRALA pHT7.0 R
AL IR T, TR VAR SESR 4l . EMS B4k
PR PE Sy K 0. 0.025. 0.05. 0.1, 0.15. 0.2.
0.25. 0.4. 0.5mol/L.

1343  NTG JEAS4bF

AL S EOHR S 1mL NTG ACFBR 5494,
37°CAR#E 30min, AEHEE KR 50 2k Y, B 1mL
PR Jo v 5 19mL & FR B R 5L A PR, 37°C
B, PR, I 0. X4 pH6.0 B R
S PR AL BB T, TR TR S SER AR . NTG I
KA EIRE S 0. 50, 125, 250, 400,
500. 600. 750. 1000 ug/mL.

1344  EERRIFLAHE
O ImL FiRE 107 £ B BOHR 5 1mL ER R AL
RS, 5 18mL & FREIR 5 37 308 & 1 2 81 °F
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Sufactin & &k s = K. K O 0 v R DR A
FAE N TR A AR R B X RZ A Tk #5175
AR F) JT K I (18 1) Ak BERE BT o, DR ] 5 A Ak R
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24h A1 Ik, S8 AR, MrhiEE 2. 4. 6. 818
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REER M 0 30, 33, 37°C, KEEIHA N 96h. 4
R 12h BURE 1 Uk, 430l I e 00 B B AT
1.3.8  Surfactin & S &

FEMALTRE: i F g HCL RS pH fE % 2.0,
4CHE IR, 10000r/min 2.0 30min WAESTIE, F 5mL
F AR TvE, I pHME 2 7.0 & i, 10000r/min &
L 10min WAL FIE W,  RIAS PTG R I B A

O Fn, (G4 RP-Cis #£(250mm X 4.6mm,
5um); AN K : 210nm; FIR 3°C: WA A:
K(0.1% =5 41R), st B: 4JE(0.1% =5 41R);
Mik: 0.84mL/min; BEAfERE: 20uL; Ve RE: 0~
9min: A 40%~7%, B 60%~93%; 9~20min: A 7%~
7%, B 93%~93%.

Surfactin & 1142: Surfactin FRyERE i 2B AR €

REQIP 1 TR, H0EET R R 14~15min, 16~17.5min.

18~19.5min. %2 30(3)11 44 Surfactin & .
Surfactin & & /(mg/L)= 0.1302 X M — 23.578 (3)
e Mk B H 0 I JR) i T AR 2

14.253

9313

®
<
~
o
—

16.789
~418.631

+.15.466

0 2 4 6 8 10 12 14 16 18
I 1E] /min

B 1 Surfactin RS K HPLC Ei%
Fig.1 HPLC chromatogram of surfactin standard
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Fig.2 LiCl-induced mutation results
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SRR B 1.5g/mL o Rl a3, R TR IR R S )

FHEaA NG, SR H AR IE AR R BRI E A . %
T LiCl & — g4 8 xifb 4, ARG I HALER, |
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Fig.3 HPLC chromatogram of the surfactin produced by LiCl-induced
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Table 1 EMS-induced mutation results

EMSKE/  EH3t IERAR MR AR =yl
(mol/L) K% K% % K% HA% Imm
0 0 0 6.25 6.25 7.12 +0.19
0.025 50.67 6.25 77.08 83.33 7.75 + 0.59
0.05 60.92 45.83 41.67 87.50 9.27 +0.15
0.1 84.09 22.92 62.50 85.42 8.61 + 0.98
0.15 85.02 8.33 75.00 83.33 7.66 + 1.00
0.2 89.43 11.11 68.75 79.86 7.94 £0.18
0.25 90.11 10.42 77.08 87.50 7.64 £0.28
0.4 93.61 2.08 85.42 87.50 6.46 £ 0.67
0.5 98.18 2.78 79.17 81.95 6.28 + 0.85

1% 1A%, BEEMS IKRIZMTHR, IERA R AW
K, IAE EMS W 4 0.05mol/L ki ok, Bl S S
TR NRARRILAREAE 60% LA L, ATE HE
ARG T RAEH s B P EAR I AR R A
Ko XTBBRUEAT KERHLE, RGN BB R LF (1 E-24
PRI, R TR 00 1 et 255 A € i R 00 P WL 1) 4, EMIS
W% 0.05mol/L i, Surfactin 7=k 1.64mg/L, 453k
L Surfactin AR, HAKHEIWE R, o0
K, W] fig B4R s T Surfactin AWK~ &, BT
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XFZMLHIERE— B BT .
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Fig.4 HPLC chromatogram of the surfactin produced by EMS-
induced mutant E-24
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S5 KA AT P ELAR R HH A IE AR e by KN o K7 12 HR 1
BRSO N-22, FEREAT i ROR €6 1 R )
(&l 6), %5 Surfactin =% 130.27mg/L, KKK
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Fig.6  HPLC chromatogram of the surfactin produced by NTG-
induced mutant N-22
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Fr, MR R EIRE N Spg/mL FEER N 100%,
UL Z RN R R UK. ERARERHE R TNREIRE N
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4 7 3 HH B0 TR R T, R TR D v AR T A T 4 SR
WL 7, P15 Surfactin =854 13.25mg/L, RHEE R
st m TN RA R, BT REEAREE DR
T JG 80 5% .

H2 HERFELELR

Table 2 Streptomycin-induced mutation results

BERE TR /(ug/mL) HIEE 1% IESRAEH %
0 0 2.78
0.1 11.37 5.56
0.2 21.40 4.17
0.5 34.76 12.5
1.0 59.45 3.33
1.5 92.28 5.00
2.0 95.01 8.33
3.0 99.25 13.89
5.0 100
10.0 100

mAU

8 10 12 14 16 18
F5f 18] /min

N

7 #ERREHKRMN Surfactin HPLC Eli¥
Fig.7 HPLC chromatogram of the surfactin produced by streptomycin-
induced mutant
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Fig.8 Screening results after the first cycle of mutagenesis
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Fig.9 HPLC chromatogram of the surfactin produced by mutant LN1-
1 resulting from the first cycle of mutagenesis
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LN2-3, Surfactin f=& % 239.2mg/L, % Bacillus subtilis
fmbJ224 4255 7 44.56 fif. WSS HEH, F2HES
FHRRERBRMTE LRI EGFHEL, (FKIH % 1
Surfactin 7= 5 5 [ B bR LN2-3, 7] RS2 AH [R5 AR 71l b
PR TR IR UV BRAIG s A8 700 T g AT — o 1K B
N, FERTT 5 AR LAl B AR H . LiCl + NTG
+ 58 R SR R M I S K 2 R,
YL LiCl + NTG 588 f vl fig/™ & THiPUEH, Al
FRIERAR LTI =5 KW N, WSS EAEES
LiCl. NTG HA bR K. WPk LN2-3 KEE 1) 5K
TEORH £ 5 R I 5 SR L] 11

100 1 Lo f AR 116
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80 oI - J14 %
::, 0 g [ B J §—12 =
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: e | . . 3‘0 3
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Fig.10 Screening results after the second cycle of mutagenesis
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Fig.11 HPLC chromatogram of the surfactin produced by mutant
LN2-3 resulting from the second cycle of mutagenesis

23 BiERRE T

BHREERFL, FLREGHFEL. B2RELGH
AR (R PR PR N-220 LNL-1. LN2-3 J2 R B bk
Bacillus subtilis fmbJ224 2 AR, HELLALACHTFR, ¥
CATTEERG 240 15 LA, AR 8 Wk, ik I Akl
EH RN, SR IE 3. SRR LN2-3 e H
e T AR 3 BRE, FEAL AR 6 AXHI B Bl 1A R 4t
TEA R E Ve I, e iR mi k. BLEH R AREE
T Surfactin = &; HEAHERLRRRFEERAL.

x3 REHBEEREE
Table 3 Genetic stability of the original strain and the 3 mutants
screened during two cycles of mutagenesis

B E AR /mm

B G

%248 55448 618 55848
Bacillus subtili
actlius SUBHIIS 1) 97 + 0.29 10.24 + 097 986+ 1.11 8.86 + 0.56

fmbJ224

N-22 12.87 = 0.09 12.83 = 0.24 12.66 = 0.28 12.15 * 1.03
LN1-1 13.14 £ 0.16 12.99 + 0.12 13.08 & 0.68 12.45 + 0.12
LN2-3 13.33 = 1.08 13.20 = 0.40 13.22 = 0.54 12.46 * 0.59

24 EPEHERE LN2-3 (1R e

h T R I e AR PR RS =, T
SRR LN2-3 (MR IR, AT IR R R AR . ]
12 25 kW], 30°C KRB FRI, 36~60h 15 7= [H] Py 1)
PP AR R R AR ORI Ly, o 7 48h 35K 33°C
REEREIENT, 48~T72h IR HAARCK, HT 48h ki
K; 37°CREFREFRNG, 24~48h WA B HEAK K, H
7 36N I ER A0 R S i o 3K T B S PR A R R O T
R =, AR R ERAEEREY, REHL
JE i, R AR AR, AR P HE N B A
W, B KRN, CEIRFS, M AR,
W R, ST KRB, WA K%
2, BKKEA SN Y, Y& BN A K.
LU ) R WU R PR I ) 6 P ) 5 B B, R

PR LN2-3 76 R IR 4 30°C . K11t [A] 48h I5F Surfactin
PRI AR 217.3mg/L, R AR (g R a0 1 13 B
N, X5 2 REABLRIELS R 8, B

GEAREE T ATAT, BB T e S AR R IR 0 O

o N B O

12 24 36 48 60 72 84 96
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Fig.12 Fermentation performance of mutant strain LN2-3
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Fig.13 HPLC chromatogram of the surfactin produced by mutant
strain LN2-3
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TS TE o 102 R 52 6 105 70 e A R0 508 T x5 748 T
FIBURE, a e, BA KRB & A bk -
EWE . VRIASEEIR A N NBAZ AT, LR
JHU TR R BRAR IR 1.96 £, 7 A c S50 FIRRE N T
NVERHBAL ZE AT B, IRIR S s R s T 15.2% . 1 At
s AR #E 5/, ML KEHKBacillus
subtilis fmbJ224 17, Surfactin P2 $e7m T 44.56 1%,
ARG 25 AR A AR A 1 1) S A e T vy,
AR A 7= B ) H i S SO, UEW] TR A A R R
AR B AR T R R T AT

Surfactin = 5 Z MR EALG, BRTHMAAS
AR S A, R T 204 A AR A 2 it b A T 22 1)
PERR224 [y, R AR R 42 & Surfactin ™ Sk
R HE— L.
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