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Abstract: In this study, the fermentation conditions of lycopene-producing engineered Bacteria W-05 were optimized. Firstly, single factor
experiments were used to determine the type of culture medium, culture temperature, preferred sources of carbon and nitrogen, and inorganic
salt. Then, according to the results of the single factor experiments, the response surface experiments were set up to determine the interaction
between various factors. The results of the response surface experiments showed the components of the medium: peptone 10.00 g/L, yeast
extract powder 5.00 g/L, glycerol 7.80 mL/L, ammonium nitrate 3.30 g/L, KH,PO, 1.80 g/L, and NaCl 11.62 g/L, under which, the lycopene
yield reached a theoretical value of 3.42 mg/L. W-05 was then cultured at a high density using the optimized medium in a 5 L fermenter, and the
experimental results showed the optimal fermentation conditions: pH 7.0, dissolved oxygen percentage about 20%, and the use of exponential
fed-batch strategy. Under these conditions, the biomass and lycopene production of W-05 increased significantly (p<0.05), compared with those
obtained via batch fermentation. The dry weight of bacterial cells reached 16.55 g/L and lycopene yield reached 19.93 mg/L after the optimized
fermentation for 29 h. These results show that improving the medium composition and fermentation conditions can greatly increase the yield of
lycopene produced by engineered bacterium W-05.
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Fig.1 Construction of plasmids for engineered bacteria (a) and
chemical structure of lycopene (b)
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Table 1 Response surface analysis factors and levels

K A Hid/(mL/L) B Aif45/(g/L) C KH,PO/(g/L) D NaCl/(g/L)
-1 3.50 1.50 1.00 6.00
0 7.00 3.00 2.00 12.00
+1 10.50 4.50 3.00 18.00
12,6 REHERSE I/ a 30 - TR "
PRI AR TR IR, 1 %6eR _ 2| R -
B 5 LRI, BN 2.5 L, AL pH S L {45
{549 7.0, A3 R A HE A U R (%) (R | " &
2920%, 12 h 5, JEATHMERESR. 4% 2 h Ut s ? g
HACIRG R B AR R AR SRR IR BRI N o 10w
37 °C, UAnAMEHE RIS AR 33 Co S e o o
TETEAMENAUIN: DAEE % 25 mL/h e SRR
SRR AR A R R R R A A 1 b | wEkTE 200
A, TEERIMANEEZREE, T bR Kol _ e s 2
02 W, VAR 20%. s £
B (ARt BARTTA) b OWBRARHR, AT | 150 &
PAbR A KL, B FEE R, RHRB AR = 125 &
PRBRVEE) ODyra {8, LARRHE R B 1 056 27} "
R o N 3.0 32 34 36 3.31'00
1.2.7 ZAEA 32 i/ C

K F Microsoft Excel 2010 #4745 741, Origin
8.0 HHTHEIE AL IR EE 3 /K. KM Design expert
X e 2 T EIEAT 04T o

2 #R51Me

21 BHERLHEF

2 EEFEM () RIREML (b) TIRERAEhZE
Fig.2 Fermentation curve of engineered bacteria of medium
optimization (a) and temperature optimization (b)
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%% 2 Box—Benhnken Ry & LI TN R (ER
Table 2 Box-Benhnken center combination experiment design and response table

R ZK-F Fansrk
KI5 : Y
AHd/(mLL)  BAEA/(gL)  CKH,PO,/(g/L) D NaCl/(g/L) 1% Y/(mg/L)
1 3.50 150 2.00 12.00 1.98
2 10.50 150 2.00 12.00 2.64
3 3.50 450 2.00 12.00 2.05
4 10.50 450 2.00 12.00 2.69
5 7.00 3.00 1.00 6.00 3.11
6 7.00 3.00 3.00 6.00 3.01
7 7.00 3.00 1.00 18.00 3.19
8 7.00 3.00 3.00 18.00 2.98
9 3.50 3.00 2.00 6.00 2.18
10 10.50 3.00 2.00 6.00 2.82
11 3.50 3.00 2.00 18.00 2.01
12 10.50 3.00 2.00 18.00 2.75
13 7.00 1.50 1.00 12.00 2.85
14 7.00 450 1.00 12.00 3.06
15 7.00 1.50 3.00 12.00 2.82
16 7.00 450 3.00 12.00 3.00
17 3.50 3.00 1.00 12.00 2.14
18 10.50 3.00 1.00 12.00 2.67
19 3.50 3.00 3.00 12.00 2.07
20 10.50 3.00 3.00 12.00 2.77
21 7.00 1.50 2.00 6.00 2.81
22 7.00 450 2.00 6.00 3.02
23 7.00 1.50 2.00 18.00 2.88
24 7.00 450 2.00 18.00 297
25 7.00 3.00 2.00 12.00 3.11
26 7.00 3.00 2.00 12.00 3.15
27 7.00 3.00 2.00 12.00 3.17
28 7.00 3.00 2.00 12.00 3.19
29 7.00 3.00 2.00 12.00 320

232 ZREAGARIEFHRE 5 ey £ 5HT

tH Design Expert 8.0 K H kBT 74y
Hr (Analysis of variance, ANOVA), HAr#r45 R IR
3. SRR FERLA IO B e R 5L RP Kk,
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Y7c =k BlH TR

Y=3.16+0.33%A+0.067xB-0.032xC-0.012xD-6.250E-003% A
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RAAZVEAS TR, ik, %m0 fEa]
R SRR S RAE 2 MR R, A TifE
AR RS . SR DU BRI B R AN AL
FIFRVI R A8 X p [ANZRH YA F 2R 2 (0]
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#)>C(KH,PO4)>D(NaCl). e T PR RS R B 4 s . =4k
A P S B A IR i R IR i) S [T L s e IR R R KT, B

Hil 7.83 mL/L. fifR%%: 3.30 g/L. KH,PO,4 1.80 g/L AR P A, #nT DUk BECRAE .

NaCl 11.62 g/L. fEMIFAT FGEIRR AL R R P AR5 2 A 4 DR 3R TR R 58 AR AN B

N: 3.42mg/L. X5 p RIS R — 3.

233 ZRZ A& LAA

3 EFAENRBTROMER
Table 3 Quadratic variation analysis results of regression equation

Source SS DF MS F Value P
Model 437 14 031 92.06 1.00x10™
A 128 1 128 377.03 1.00x10™
B 5.5x107 1 5.5x107 16.08 1.30x107
C 1.2x102 1 1.2x102 3.60 7.84x10"
D 1.80x107 1 1.80x107 0.53 4.78x10™!
AB 1.56x10™ 1 1.56x10™ 4.60x107 8.33x10™
AC 5.04x10° 1 5.04x107 1.49 2.43x10"
AD 2.12x107 1 2.12x107 0.62 4.43x10!
BC 3.24x10™ 1 3.24x10™ 9.60x102 7.62x10"
BD 2.40x107 1 2.40x107 0.71 4.14x10™"
CD 3.08x10° 1 3.08x10° 0.91 3.57x10"
A? 2.92 1 2.92 861.36 1.00x10™
B? 0.19 1 0.19 55.97 1.00x107
c? 2.30x102 1 2.3x102 6.73 2.12x102
D? 1.60x107 1 1.60x107 4.84 4.51x107
Residual 4.70x102 14 3.39x10°
Lack of Fit 430x107 10 428x107 3.68 L11x10™
Pure Error 4.66x107 4 1.17x107
Cor Total 442 28
7E: R?=0.9785.
& ! ¢ -
3.0 30
LB .= :
22 .
22

20
1.8

(=N

B fii i
A

C:Hf R
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Fig.5 Fermentation curve of engineered bacteria of batch
fermentation (a) and batch fermentation under constant
dissolved oxygen (b)
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Fig.7 High density cultivation of lycopene engineering bacteria
in 5 L fermenter
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B o ANEHRAERT HLAX E A K S B ORI 12~13
h). BAMERTHEILT] 16.55 gL, BILRERN
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