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Mutation and fermentation optimization of Bacillus
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Abstract: As a platform chemical, acetoin has a great potential of application in medicine and food industries. In order to
improve the efficiency of acetoin production, Bacillus amyloliquefaciens was treated by atmospheric and room temperature
plasma and gamma rays. Two-round screening was adopted for obtaining positive mutants, and the best mutant
B. amyloliquefaciens H-5 produced acetoin up to 68.2 g/L in shake flask. Then, culture conditions were optimized in 5-L
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fermentor to enhance acetoin production. Finally, 85.2 g/L acetoin was produced by B. amyloliquefaciens H-5, which was
increased by 26.8% compared with that of the original strain B. amyloliquefaciens FMMEQ88. These results indicated that the
high-producing strain can be obtained efficiently by compound mutagenesis, which has a promising prospect for commercial

scale process.
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1.1.1 Bk

R JE M ZE AT B Bacillus amyloliquefaciens
FMMEO088 7 52 56 2 fi i M.
1.1.2 EEREA

Acetoin . (R,R)-(-)-2,3-Butanediol I § [ k]
PL T AR R A BRA ] 5 Hofh A 27350 1 A
25 A b 2E R A IR A
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AR R RS HE 60 C, IIARFWER 3-#



EFiFH SR -RETHRIENFRARENEERABMK

FETHAV W (JCEZK A | 0.22 pm JCHL I fE L I8
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15, KEHE M 15, MgS0,4-7H,0 0.4, K;HPO, 3,
KH2PO, 3.
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KH,PO, 3, CH3;COONa 0.5,
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%A 50 mL o A F- B3R Ak 500 mL =i,
37 “C. 200 r/min ¥53% 12 h,

PR R A BUFD FRE R B F T8 A
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MR, R 10% (VIV), 37 “C. 200 r/min k&
253 48 h

5L K EEHERESME: 5L ABERER KB L
BRI 2.5 L, #ME 10% (VIV),
37 C, @< 1.0 vwm, KB FEH pH 4EF 6.5,
KRR 52 h, PEFEFEH 0-36 h 2 350 r/min,
36-52 h >4 500 r/min,

30 L R BEE & W45 F . 30 L &M iy & e b5
FRILINBEM N 18 L, el & 10% (VIV), 37 C,
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AL 1.0 vwm, KEESFES pH 4idr 6.5, KIS
W1k 52 h, $EFEEEHE 0-36 h > 450 r/min, 36-52 h
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13 ERFT
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WEHL 10 pb b3 TR T 78 K s 1Y) 42 s 3
R, JFET ARTP ARMILHAELE, H2 &M
TR 1o WA H S 87 AR AT 990 pL
R PR30 1.5 mL .08 b, IR BENR % R
iRz 100s, BRI EW , 5% AR
50 mL FpTRiFEEEA 500 mL FEMR, 37 C.
200 r/min }i 5% 12 h, 3 45 &5 B 100 plL 40T
Bl FR0E, BT 37 CHHIRREH 12-36 h,

BT AN )R B 3-8 35T 1)~ 43 i) 4k
BUBT K V% T34 50 mL FiFE5 583510
500 mL =ff¥fith, 37 ‘C. 200 r/min 537 12 h,
L 10% (VIV) BRI AR 70 mL K EEEE 57
ey 750 mL Btk =i, 37 *C. 200 r/min
KW 48 h, o 3-FRIEET WA B 1 Hh R AR
R 28 AR BRI A TR L R e B0 E, TS 1 Ak
3-FRBL TR A= 7 e 1 B AL 5B bk

x1 ARTP RIEBEM
Table 1 Treatment conditions of ARTP

Parameters Treatment condition
Output power (W) 100
Irradiation distance 2
(mm)
Flow rate (SLM) 10
Irradiation time (s) 0, 30, 60, 90, 120, 150, 180
Carrier gas He
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Fig. 1 Preliminary screening results of the first round for mutants with ARTP mutagenesis.
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LT ER B. amyloliquefaciens (i, {H T/E R K,
BRI, ik — 20 B0 i e R 38 e TE 58748 234Th
o T T e R A s o
2.3
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F2 ERTHHERIFIESR
Table 2 Preliminary screening results of positive mutant strains

Strains “fir @ sz @0 Yield of acetoina Acetoin produgtivity Titer (_)f The incrementcof
on glucose (g/g) (9/(L-h)) 2,3-butanediol (g/L)  mutants (%)
The original strain 53.20+1.66 0.30 1.21 11.61+1.66 -
A-1 63.04+1.79 0.35 1.43 13.15+1.79 18.50+0.40
A-6 60.03+1.28 0.33 1.36 10.23+1.28 12.83+0.50
A-19 61.14+0.99 0.34 1.39 10.78+0.99 14.92+0.41
A-21 66.36+1.68 0.37 1.51 9.42+1.68 24.74+0.32
A-23 61.68+1.23 0.34 1.40 8.14+1.23 15.94+0.38
A-31 65.71+3.79 0.37 1.49 6.77£3.79 23.52+0.53
A-35 67.48+2.94 0.37 1.53 8.17£2.94 26.84+0.43

@ Acetoin yield was calculated by g acetoin/g consumed glucose; ® Acetoin productivity was calculated by maximum titer of
acetoin (g/L)/glucose consumption time (h); © The increment of mutants was calculated by the increment of acetoin titer
between original strain and mutants (g/L)/acetoin titer of original strain (g/L).

#3 HLREHRBEEREN
Table 3 Stability of mutant H-5

Titer of acetoin (g/L)

Strains
The 4th subculture The 6th subculture The 8th subculture
The original strain 55.13+1.33 57.324+2.01 54.58+1.08
H-5 67.06+0.99 68.24+0.56 69.60+1.05
A B
80 Negative mutants Positive mutants 70 - N
(54%) i (46%) +
70 5 { {
r i Nigd T
~ 60 i -] ""'I'."" i 60|
= B 1 [T ] \”\ d {' {
%ﬂ 50 iitini]) ml %" I _
£t g Tl
=] =) o M L EE b — = M e d
> - 5 il
T30+ ‘m“'“' “ kS
s 2
= 20 ~ 40 L
0 5 | 0
1 Original strain 136 ‘s' ' ' : &&\ O E‘,:%:%:%\é ' %é@\
Mutants number Mutants number O

IE 2 ERFE-RAG (A) REM (B) FR(ELKREAEAUMN I-RETET2, ESRAKRI-RETH~EK
RREHR)

Fig. 2 Preliminary (A) and secondary screening (B) results of second round for mutants with compound mutagenesis.

The dashed line represents the acetoin production of the original strain, the asterisk represents the optimal mutant for

acetoin yield.
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2.4 ZEIHk B. amyloliquefaciens H-5 A B¥ & 13.45%. B2, P=R R b g B sea 48R T),
it A RE IR RTE T 24 S i ai A piet , i K B4k A

Joilt— AR 3R TR R AISGRAIE s, S AN RAT R, SR R
MR, B S LAREE LRI TR pgeke, MAni ik i 1 K5 40 gL B, 3-%
T 1<) R FR R A MR 0 B CAB IR AR PR AR, HTHE R, SRR T
1 3A IR, KIRE 24 h RETLIN 20 9/L A1 30 /L W AT phy TR IR R PR AR OV R 1 L e A
Bl SFRIETH™ R 70.71 g/L M 766 9/L g Al R, B 30 g/l WA
(R 4), BORGUINA SRR 025 T A.72%80  Sm vk, SRS UR Y HEREEA T

A B
Wr - 0gilL 90 —EI—U%/L
goL = 20/l | o 025¢g/L
[ —— 30 /L - 0.5 g/l
= =
:5_13 60 - &b an
o [ [=]
= 50+ s 70
i3] r 2
240+ 'é’ -
B30l 2
= 20+ = 10 -
10 i
_: i | L | | | | [ ) ! | | 0 calll ] 1 1 1 1 1 ! 1 1 I I 1 1
0 4 8 121620 24 28 32 36 40 44 48 32 36 4 8 12 16 20 24 28 32 36 40 44 48 32 56
{Add glucose) (Add 30 g/LL glucose)
t{h) t(h)

3 BEEHMMRE (A) RZEWAME (B) XMI3-RETHA~EMHN (BE&RRRMEEEREETS)
Fig. 3 Effects of different glucose additive amount (A) and sodium acetate concentrations (B) on the titer of acetoin.
The dashed line represents the time node where glucose is added.

F 4 BERRIKER CERRNE X RT R A B R 20
Table 4 Comparisons of acetoin production from different glucose additive amount and sodium acetate
concentrations

Fermentation condition Tit_er of acYeIf(:?nocfn prcf;iclf;;)il\?ity Titer f)f The increment
acetoin (g/L) alucose (g/n)? (g/(L-h))" 2,3-butanediol (g/L)  of changes (%)°
Glucose 0.00 67.52+1.61 0.38 1.53 9.64+1.61 -
additional 2000 7071#212  0.35 1.36 17.43%2.12 4.72+0.53
amount@'L) 5000 7660127 036 1.47 13.87+1.27 13.45+0.47
40.00 68.28+0.28 0.31 1.31 20.71+0.28 1.13+0.38
Sodium acetate  0.00 76.60£1.27 0.36 1.47 13.87+1.27 13.45+0.40
Eolnci“”ation 0.25 78.44%1.35  0.37 151 13.98+1.35 16.17+0.45
o/L) 0.50 80.39+1.06 0.38 1.55 10.20+1.06 19.06+0.46
1.00 76.02+1.69 0.36 1.46 12.63+1.69 12.59+0.52

@ Acetoin yield was calculated by g acetoin/g consumed glucose; ® Acetoin productivity was calculated by maximum titer of
acetoin (g/L)/glucose consumption time (h); ¢ The increment of mutants was calculated by the increment of acetoin titer
between original strain and mutants (g/L)/acetoin titer of original strain (g/L); ¢ These parameters were based on adding 30 g/L
glucose at 24 h of fermentation process.
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BARWR 1 CTRAEAR pH 5 1F T BERE 155
T AIsR BRI, W IE i i $5 3-32 5L T
BB AR T A G HE l ——a- £ BE LR G T
(ALS) FIZTEFLIRNG A (ALDC) MyZRik, DI
PSR T IR A IS, Nk, 18K B R R
i 30 g/L HATHE D ILAE T, SHET I L RRERXT
A5 Fk B. amyloliquefaciens H-5 & [ 4E 77 3-#2 it
THERRFEN . Gl 3B Fi/R, ZERENAEINNT 3-8k
TR AN, 25NN 0.25 g/L #1 0.5 g/L 1R
BT, -3 T a4 R 2 78.44 g/L FN 80.39 gL,
BRSNS AN AR = T 2.40%714.95% . 73 5h,
MU 0.5 g/l ZFREAET, @Iy 2,3- T ZRE A it
AT, TS ES NG N E] 1.0 /L B, 3-¥8L T
P S ARUIN RN P R O 2R . L,
$ 0.5 g/L N L RENEGE TR

2t EiRERR A4, 275 Rk B. amyloliquefaciens
H-5 76 5 L & BERE |G 52 h B 3-F 5L T i = &
b 80.39 g/L, #ARALZHIE IR T 19.06%.

2.5 ZEITFk B. amyloliquefaciens H-5 30 L %
FEHEY KI5

D I Y 7 MR YAl OB 1 S GG S AR
B. amyloliquefaciens H-5 #E17 30 L & E2HEf4 3G
¥, W 4 %, B. amyloliquefaciens H-5 7& 30 L
KT WE 0-12 h i}, B ARA G, 3 4A 2R
TREE 1.6%; KB 12-24 h ivf, 40 Kk A%
SEW, 2,3-T KRG, JRTEN 30 g/L A

%5

EIWEIG AR B R K 36 h ), A A
FEO, ULBTER SRR, fi 2,3- T R R
3-FRFET WA K52 hiny, 3-FHE TR A R
Hoh 85.24 g/L. M5 AIAI, 7E 30 L KEEHE L,
3-FRSL T P R I A R R 5 L R ERE 4y
W T 7.89%7F0 5.81%. 74k, 1 30 L Kk FEHE
AN 3RS T R 5 L R ERE
T 6.03%, FIREEH T A RS W 3 2L
2,3- T i A ML 2,3-T Akl 3-5 4k
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Fig. 4 Time course of acetoin fermentation by the
mutant B. amyloliquefaciens H-5.
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Table 5 Parameters of acetoin fermentation by the mutant B. amyloliquefaciens H-5

Parameters

5 L fermentor

30 L fermentor

Time (h)

Residual glucose (g/L)

Titer of acetoin (g/L)

The maximum DCW (g/L)

Yield of acetoin on glucose (g/g)?
Acetoin productivity (g/(L-h))"

Titer of (R,R)-(-)-2,3-butanediol (g/L)

52 52

0 0
80.39+1.06 85.24+3.54
25.9 21.6

0.38 0.41

1.55 1.64
10.20+1.06 14.91+3.54

# Acetoin yield was calculated by g acetoin/g consumed glucose; ® Acetoin productivity was calculated by maximum titer of

acetoin (g/L)/glucose consumption time (h).

http://journals.im.ac.cn/cjbcn
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