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M . AR R SRR T KRRk, Holi
Wi E i s T A R 7 . A AR AL RE 8 B
CABIRR A W A AR 22, kG B v 35 [Q T (Serratia
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fili % 75 F5 1A IR B (K lebsiella pneumoniae) \FAH G FT
W (Enterobacter cloacae) . Z K25 25 AT 1 ( Paeni-
bacillus polymyzxa) F# 5 2F @ B J& (Bacillus)
SEUTI RO R TR R AR AR G L 2 A A Y AE T B
(R)- A8 IR O 2 4l 32 A 5 Ak B A Zow 1 A F1) T
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(DE3) it i %35k A B. subtilis 1) 2,3-T . RE
E ML ydjL (bdhA) KA Lactobacillus brevis
") NADH LB 5L noxE . LA (2R, 3R)-2,3-T
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& # .

Wby A e 5 7 ik - I 80 o/ L EEEHKY 7 g/ L,
EEM 10 g/L, &8 0.5 ¢/L, & 0.1 g/L, # %
B 4 mmol/L,4E4% B, 0.1 g/L.pHEHMHE 7.0,
1.2 A&

1.2.1 F(R)-TABM TR H ey M
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brevis ) NADH EALBE R noxE W H BR 17 31 it
11805 F Ak 8 B A i DRI I S o 25 Ao A 245 6 or
S AE] B 51 TAAGGAGGATATACA 3% % i 5
H#& bud B-budA-noxE . 3 H 95 M 4 MER A= W BH i A
FR N\l AT N T4 B R B I 45 Sac 1 #il Bam H
1 ¥ 5L K 5% bud B-bud A-noxE i AJFRL pTre99A Ky
Jash 1 5 I, 3K A 20 5 4 R pTre99A -
budB-budA -noxE , Fi-% B 4 F k. pTrc99A-budB -
budA-noxE ¥4 56 FE E. coli MG1655; L& kL
pTrc99A B E. coli MG1655 1 R 2s FxF IR, 4331 4k
YU o 5 A, - i BB E AT R V) 55 UE L PCR 56
TE NI 56 4E
1.2.2 F(R)-T/1B4A A2 ko X %

W S0 IE B 1 Ak 23S Amp B9 LB WA
Rigeshrp , 37°CH5 3% 12 h, SR 5 43 9l i B 10 %6 1 B2
T O 50 mL WA Kk IR SR LM = A (250
mL) S A 5% A 4% 3 0/, 37°C , 250 r/min, 8%
7% 36 h, BUEMEW . 248 0L 12 000 r/min &0 2
min J& . BV, 280 R — 2 % HR0US T B O vk
PLB (R)-ZABIA & 1, Hob, (R)-Z AR IHAR 2 g 7™
Y1 (R)- A% 1A 5t 5 55 3 A6 ) %9 % 0T 22 L, AR 7R R
BER 7= (RO - AR IR e B 5 R BRI 2Z 1,
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I P2 68 2 TR ) K 2 0 A L T R R R

B MR B e AR A i DA M S ) i pH (E #EAT IR
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AT b K W B 95 L 5 W R R4 R0 T 3 L R %
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F| 5—8 g/L WHEIF & B,
1.2.5  FRAERE G0

BUA®EW 12 000 r/min &0 2 min, ;L ETH
W RE 100 1% )5, FH A= W0 % 1% 43 B AL SBA-40D £ il
1.2.6 TABMEVL R 2,3-T B L 69 4l

i B ACOM 8 35 A 58 AR IR 2, 3- T A Uk
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W 1 3 19 Ry 250°C {5 F N AR 05 JF DL 2 i A 9 ok
HEAT R
1.2.7 (R)-TAB4A K 5 4h 5t 2

SR AR A E AU 2 (R)-Z A IR i e 24 4,
7k K Agilent Cyclosil-B B 4045 F M4 (30 m X
0.32 mmX0. 25 pm); FID & XG0 & . 285 &
Ko 1.6 mL/min, A2 4R KR E 100°C, £ B
1 min,#& J5 Db 10°C/min B9 3 B T+ 2 120°C, L
6°C /min (3 B TR 2 130°C, LI 20°C /min [ 34 Ji
TR 2 230°C . G RE I B2 RS DU 25 1L B2 1 0l 240°C
PL TR T R 25 U

2 HRESH

2.1 (R)-ZEEIEEH GXASR WHMEE X

WA B HE % bud B-bud A-noxE V. Va5 4%
IR pTrc99A , ¥ 3 B 41 ik pTrc99A-budB -bu-
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S5 LY B6 UF IF B, UE B TR R R A R T, A 44k
GXASR., [F i} A 55 7 4 A K HT 5] A RBS 391
Skl 8 5 0 WA T ) 2 R g L 4 R R R R AR
DAL R o S BEFL IR IR 1 | o- & Tt FLIR 5 11 LA
KA IR I il 4 2258 L R A, DA I (RO - 248
W7

W X BE TR PR TR B AR GXASR #EATHEIBS 5% .
36 h J5 K LS R, % e T VR AT R, XoF TR B R
WP AT R B (RO - AR I 7= AR, TR B B GXASR
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REAE AT 20 & L (R)- B IR (R D,

F1 IREEH GXASR EMRIEFEDN LB
Table 1 Fermentation performances of engineering strain GXASR in initial medium
- JURBURRRE GO ZABMIRIE 23T mEkE i J——
Strains - ncentration o oncentrgtlon ¢} oncentration o Yield (g/g) Productivity(g/(l, « b))
) residual sugar (g/L) (R)-Acetoin (g/L) 2,3-BD (g/L)
MG1655/pTrc99A 74.1040.77 ND ND — —
GXASR 0. 00 26.5+0.63 2.49+0.55 0.33 0.73

1 ND 7R A A 3

Note: ND means not detected

2.2 75(R)-ZBIMIEE# GXASR ZB£HFAWK
2.2.1 R R ES GXASR T EH AR (R)-
TAB IR # B v

T Wbk GXASR 7 i %5 W5 ik B2 80 — 120 g/L
0 [ Bl e R A B2 1 T, (R ) - S AB R ™ St B
HEEE . A BEE B R B Y T B SR AR AR AR
T R 7542 I 380 % A8 A1 o L 8 v ) il R IR R ik A5

K2 HEWEREX TREE M GXASR &5 (R)-Z 12 1A #) & I

Table 2 Effect of glucose concentration on (R )-acetoin produced by engineering strain GXASR

VA T 52 998 38 e A2 A5 00K, AR T TR A A K D K™
o) & i, YA AR > 100 g/ L i, e 1 A 3] 1
B REAC, I HLARME R B A L £ A 7 R R R R
ANTATR P40 2, 3- T 1 e J8 i i Ml B2 A0 R (3R 2) 5 WA
R T JET SO0 A AR R TR B L A B 5 R A
DL 7R B LR 7 IR R A AR S A R T
S 100 g/L.

T W) T SO Ve 1 (RO-ZABIERE  2.3-T Wik " R
Concentration of Feymenratlon Qoncentranon of (‘oncentrgtlon of Concentration of Yield (g/g) Productivity
glucose (g/L) time (h) residual sugar (g/L)  (R)-Acetoin (g/L) 2,3-BD (g/L) (g/(L+h)
80 36 0.3540.03 26.1040. 86 2.17£0. 34 0.33 0.73
90 38 0.4340.08 28.4440.77 2.31%0.25 0.32 0.75
100 40 6.60+0.73 30.4940. 82 3.5440.46 0.33 0.76
110 48 16.47+0. 84 31.1640.61 9.10+0. 38 0.33 0.65
120 54 29.4040. 61 33.2440. 64 12.24+0.77 0.37 0.62
2.2.2 EAMREMIEBAK GXASR &M (R)- MR SR DL LA - ROR B TR (R 3), Xl
TABIA 8 7 v AEJE H T 2 VR IR B2 B o A SR DR B i v

TRER MR GXASR 7e 8 H R 15 g/L i,
(R)-Z A B8 e BE A5 3 2R 77 5 BE AR IR 3 1 e K5 2
R EE L 15 g/L i, (R) - AR IHA R I

R3 BEEHBRRENTIEEHK GXASR 5 (R)-ZBHEK T
Table 3 Effect of peptone concentration on (R )-acetoin produced by engineering strain GXASR

BOEFRE AR WK Z RE RV BN T 5 A & B
5 1 ALY BT, I BUE (R - Z A8 I8 & IUBCRAR T
BORE S I 35 R R B R B O 15 ¢/ L

4=V Ri3: KT I8 B I O e T (R)-Z AR B2 2,3- T B s 27

Concentration of Fer‘mentatlon Concentratlon of Concentrqtlon of Concentration of Yield (g/g) Productivity

peptone (g/L) time (h) residual sugar (g/L) (R)-Acetoin (g/L) 2,3-BD (g/L) (g/(L+h)
5.0 36 7.734+0.25 28.0140. 26 0.98+0.13 0. 30 0.78
7.5 36 6.734+0.43 29.7340.17 1.2140.06 0.32 0. 83
10.0 36 1.7340. 36 32.4140. 82 1.4840.22 0.33 0.90
12.5 36 3.67+0.54 33.3140.61 1.6240. 04 0. 35 0.93
15.0 36 6.23+0.61 34.0540.05 1.56+0. 14 0. 36 0. 95
17.5 36 3.63+0.71 33.4840. 88 1.62+0. 25 0. 35 0.93
20.0 36 8.9740. 83 31.2740. 34 1.39+0. 30 0. 34 0. 87




ImERE,2020 £,27 %, % 1 8 Guangxi Sciences, 2020, Vol. 27 No. 1

DERE BELE

2.2.3 BEFEHIRENS B GXASR 4 (R)-
A% 48 69 B vl
BB M BE R 15 g/ L B, (R)-ZAB Ik B 15 %

AR 7 5 B e iy 5 A T by ok JBE Ak 2 08 G, 3 T4
x4

B2 B R BE X TR E #k GXASR & 5 (R)-Z 18 i 8 5 1

H(R)-ZBEIREHRNHAESRBTIZMAL

PRERIE A TR O X2 TRRE & RIERY
[t LA e R 6 F T R 0 0 6 s BT R AR (R D - 2 8
WA SRR DRI o R T G 7 R T B VR R E R
15 g/L,

Table 4 Effect of yeast extract concentration on (R )-acetoin produced by engineering strain GXASR

PR Ay e R T J 40 B I T M e (R)-ZAB 1R e B 2,3- T B B AR
- . ; 3 . N . N . S L
Concentration of Fermentation Concentration of Concentration of Concentration of Yield (g/g) Productivity
yeast extract (g/L.) time (h) residual sugar (g/L)  (R)-Acetoin (g/L) 2,3-BD (g/L) clatg/g (g/(L+h)
5.0 36 7.45+0. 32 30.7440.58 1.914+0.03 0.31 0. 85
7.5 36 1.704+0.53 32.6840.83 2.71£0.21 0.33 0. 90
10.0 36 2.837+0.66 33.0040. 80 2.43%+0. 33 0. 34 0.92
12.5 36 2.5540.82 34.3640. 24 2.8640. 54 0.37 0.95
15.0 36 0.2040. 10 35.5140.33 2.85+0.18 0. 38 0.99
17.5 36 3.77£0.75 35.1340. 22 2.52%+0. 39 0. 37 0.98
20.0 36 0.2740.16 35.0140. 67 3.11£0. 26 0. 35 0.97

2.2.4 K BAnds pHAEA B IA S - TR E H GX-
ASR 4R (R)- A% 4R 14 %

pH {0 6. 0—7. 5 mf, T 75 B bk FE M 2R 35 e
BT BRMEH /N T 10 g/ L, 24 pH {E2A 6.5 B, B bR
9 (R)-Z AR = B e (B 1. BB W AR 7E pH (A
N 7.0 MR IR R SRR L BB pH (EH N 6.5
(K B 3R 3L eh i T pH (B AH T B PR 25 B 3
pH {H (928 4k Ho ok B P 78 2 2 B b 2 7R AR A L
B R S B R B, 8 pHE N 6.5
() S T 25 A F % T 2o A P OR T AN 3 22 14 i A 2
FrRG R 38 5 vk D T BB R i R A e,
it it R 10 %6 B T BR FEAE SRR S B L (R - I 7= 1
Tefmy o BEFh AR, B AR B RS, (R)- AW =
o AN FRARL 5 T 2 o ok v T R DR A0 A
BHOMHFE TR ZHmIE. S 80 T4 B (R)-Z 81
) 29 B /D L B (RO - LB IR A TH I B (1 2) L [

~m— (R)-Z A W (R)-acetoin
b 5% Bl Residual sugar

B
Y HR

U P

[~ [So] w w
(=] W (=) W
! 1 1 1

(R)-ZAB I ¥k g

Concentration of (R)-acetoin (g/L)
B~

Concentration of residual sugar (g/L)

6.5 7.0

6.0
W) WhpHAE Initial pH value
W) pH B % B bk GXASR A 1 (R)- 218 10 i 5 i
Fig. 1
duced by GXASR

5.5 7.5

1

Effect of initial pH value on (R)-acetoin pro-

I 0 2 T A Ol A R RS 9R L pH R 6. 5. Al 4%
P A 10% . FEPLAL P 500 T $E00 & 8 (R - 2 AW 4R
PN 36.82 g/L, 64N 99.1%,

407 —=— (R)-LAH 1 (R)-acetoin r30 S
I~ V) g% 8% Residual sugar o @
20359 e Il i
p e ~_ F25 =
é‘ 301 N ~m %D
2 @
9 ,/ 20 =
X T 257 =3
2 X3
2o 207 '15¥:
SE £
A o 151 Lo &
= pey
2 s- 8
3 :
0 T 0 @)

0.0 2.5 75 100 125 150 17 .5

%ﬂl%lnoculatlon volume (%)
B2 MRS R R GXASR A8 (R ) -2 A8 18 B 52 i
Fig. 2
duced by GXASR
2.3 TI7EHE# GXASR Xk B+ Rl & B2
23 RS WOLAL B 0E L 100 g/ L 4 % B
BeUR 15 g/L B AWM 15 g/ L B REH R 2R 1 & 1
Kige sk pH(E N 6.5 DU S it 10603647 3 L K%
TERMEN A TESL S . E A& Tk AR P By O [ B ) SR AT
HURE A6 2 T P MAVR L (RO - AR IRV & .2, 3-T
TR B DA R RO B . Y AR MR B & 30— 40 g/
L I — Yk fin 7 75 B8 2= 160 g/L. & B 40 ) B 1K
OD g, MR, FEME RS, K BE 7.5 h I Bl AR Uik B2
MEARE] 40. 2 g/ L HAE OD o 35 17. 4, I T 1AV i
te AT g 8 A D o 2 B L 0 R R DL AR
(R)-ZABIA . K BEWR P (R ) - 2 A8 818 e 758 B skl T 755
KT 36 h I ARBEU PR E 8.5 /L, KB P (R)-

Effect of inoculate volume on (R)-acetoin pro-
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CABIAA LA PRGN, K BE L5 A (R) - L AB IR 7™ 1k
) 67.65 g/L, /B 38 1. 88 g/(L « h), i3 %)
0.40 g/g(J& 3),

—_ —%— 5B Residual sugar —a— (R)-Z A (R)-acetoin 180 5

= 1801 —e-0D,, -v-2, 3-T “.J%2,3-butanediol 2120

on 70 =

~ 160 - *. A s

. SRS

o0 140 “ftr\—" e 60%&_ 16

17 \* ,,."/ [

§ 120 A "»\*\ /,A"' 50)!.5
=S 1004 N & 2412 8
K'a . N 4140 . 8 Q
el AN EER RS
B 804 s . 'L

© A\ A7 *. 13048
&) = 60 AN A . B

s AN * g2

404 v N 20N 8

s A I S S A A 4 v 544

= / v . & =

= 20 / j’ N 10‘“%

3 ./ T 51

R o

o 0 5 10 15 20 25 30 35 40 °

Fermentation time (h)
F3 TR GXASR #ME %
Fig. 3 The fed-batch fermentation of engineering strain

GXASR
3 it

27 1 B KR BN ™ A2 1 A IR 3 2 (R) -2 A8
WA CS)- A IR TR & W T 255 114 4 B4k 27 1 J5T AH
T TR A+ ROME A7 LR S ROAS R BE R TS B ™
oA (), A R b R 1O AR 4l (R - A IR T &
WY PR I JR A A AR I 0% TR e v AR 7 O
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Construction of High Yield Optically Pure (R) Acetoin Engi-
neering Strain and Optimization of Fermentation Process

MA Zhilin', CHEN Xianrui*, YE Liujian', LI Jianxiu’, HUANG Yanyan®, ZHANG Yunkai',
MENG Jianzong'

(1. State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources,College of Life Science and Technolo-
gy»Guangxi University, Nanning, Guangxi, 530004, China; 2. National Engineering Research Center for Non-f{ood Biorefinery,
State Key Laboratory of Non-food Biomass and Enzyme Technology,Guangxi Biomass Engineering Technology Research Center,

Guangxi Key Laboratory of Biorefinery, Guangxi Academy of Sciences,Nanning, Guangxi,530007,China)

Abstract : The synthetic pathway of optically pure (R) acetoin was constructed and coenzyme engineering was
applied to regulate NADH/NAD' redox equilibrium in Escherichia coli which was used to optimize the fer-
mentation conditions. The gene cluster was constructed by codon-optimizing the a-acetolactate synthase gene
budB ,oa-acetolactate decarboxylase gene budA from Enterobacter cloacae, and NADH oxidase gene noxE
from Lactobacillus brevis. The expression plasmids were constructed and introduced into E. coli. The medi-
um components and fermentation conditions of engineered strain were optimized to improve the synthesis a-
bility of (R) acetoin. The results showed that an engineered strain of E. coli with high specific optical purity
(R) acetoin GXASR was obtained. After systematic optimization of fermentation conditions,the (R) acetoin
yield of shake flask fermentation was 36. 82 g/L.the optical purity reached 99. 1%. And the yield of (R) ace-
toin by fed-batch fermentation reached 67. 65 g/L.. (R) acetoin could be synthesized efficiently by overex-
pressing the exogenous gene cluster budB-budA-noxE in E. coli cells. After optimization of fermentation, the
(R) acetoin yield, production intensity and receiving rate were significantly increased. It provided a theoretical
basis for metabolic engineering transformation of E. coli to produce high optically pure (R) acetoin.

Key words: synthetic biology,cofactor engineering,engineering strain, (R) acetoin,fermentation optimization
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