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Effects of Two—Stage Rotational Speed Regulation on Vitamin K,
Synthesis by Bacillus subtilis natto

FENG Jingjing', WU Jing', LI Wei', ZHOU Mengjie', HU Wensong', WANG Jian',
XUE Zhenglian'*, WANG Zhou'?, LIU Yan™?
(1. College of Biological and Chemical Engineering, Anhui Polytechnic University, Wuhu 241000, China; 2.
Anhui Engineering Technology Research Center of Microbial Fermentation, Wuhu 241000, China )

Abstract: To further improve the ability of Bacillus subtilis natto to synthesize vitamin K,, the effect
of rotational speed (0,200 r/min) on cell growth and product formation was investigated in 250 mL
shake flasks. A two-stage rotational speed control strategy was proposed by analyzing the
fermentation process curves and kinetic parameters under different conditions, as well as by
observing the morphological changes between the bacteria at different time points after diluting and

coating the fermentation broth with scanning electron microscopy. The conditions (temperature,
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speed, pH and time) affecting the control strategy were optimized by orthogonal design. When the

rotate speed was maintained at 0 r/min, the highest yield of vitam in K, was obtained at 108 h and the

morphology of bacteria was mostly folded at the later stage of fermentation. When the rotate speed

was maintained at 200 r/min, the biomass was higher than that at 0 r/min. The bacteria were broken

at the later stage of fermentation, and a few of them had a smooth surface. After optimization, the
yield of vitamin K, reached (35.6+0.13) mg/L at 40 ‘C and pH 6.5 when the rotate speed was
maintained at 200 r/min from 0 h to 36 h, and maintained at 0 r/min from 36 h to 132 h, which was
1.67 times and 9.674 times higher than that before optimization (0,200 r/min), respectively. The

stage-by-stage control of rotational speed could effectively improve the ability of Bacillus subtilis

natto to synthesize vitamin K,, which is of great guiding significance and reference value for the

large-scale production of vitamin K.

Keywords: Bacillus subtilis naito, vitamin K,, scanning electron microscopy, fermentation kinetics,

orthogonal optimization
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#1 0r/min EEHNFSHBEE %2 200 r/min X B N FESHTEE
Table 1 Parameter estimation of the shake flask (0 r/min) Table 2 Parameter estimation of the shake flask (200 r/min)
fermentation Kkinetics model fermentation kinetics model
Xo/(g/L) 0.289 9 Xo/(g/L) 1.543 1
X,./(g/L) 65.502 1 X,./(g/L) 25.123 9
/7! 02111 M /h 0.177 4
@ 0.167 3 a 0.046 3
B 0.001 8 B 0.000 9
So/(g/L) 47.118 1 So/(g/L) 49.867 2
Y /(g/g) 1.588 7 Yys /(g/g) 0.569 1
Yis /(glg) 7.695 6 Yos 1(glg) 4.127 0
M/(g/(g-h)) -0.000 2 M/(g/(g-h)) 0.000 6

®3 Or/min EBLKBESTEELER

Table 3 Experimental value of shake flask (0 r/min) fermentation compared with the predicted value

‘ H Wi/ (g/L) itk F Ko 7/ (/L) v B/ (/L)
Asf 8] /h
0

s | e |

0.50 0.33 0.00 -0.41 50.00 47.12
12 4.58 3.47 0.51 0.14 42.96 45.05
24 23.22 27.09 3.15 4.36 28.11 29.68
36 62.39 58.87 10.21 10.64 9.22 9.01
48 67.68 64.92 12.31 12.99 5.45 5.11
60 66.85 65.46 14.88 14.48 5.02 4.80
72 66.73 65.50 16.31 15.88 4.99 4.82
84 65.33 65.50 17.99 17.27 4.95 4.86
96 64.21 65.50 19.35 18.67 4.90 4.90
108 64.01 65.50 21.32 20.06 4.90 4.94
120 63.21 65.50 21.23 21.45 4.89 4.98
132 63.08 65.50 21.12 22.85 4.89 5.02

&4 200 r/min X BLEESTEELER

Table 4 Experimental value of shake flask (200 r/min) fermentation compared with the predicted value

i B/ (g/L)

: i E Hif S i
0

0.50 1.54 0.00 -0.04 50.00 49.87
12 9.79 8.92 0.31 0.35 35.49 36.79
24 19.21 20.66 1.01 1.07 20.12 15.88
36 27.20 24.49 1.49 1.51 7.55 8.88
48 26.99 25.05 1.83 1.81 6.55 7.66
60 26.33 25.11 1.99 2.09 6.54 7.30
72 25.96 25.12 2.48 2.37 6.50 7.05
84 25.48 25.12 2.79 2.65 6.49 6.81
96 24.62 25.12 292 2.93 6.49 6.57
108 23.85 25.12 3.21 3.20 6.46 6.33
120 23.01 25.12 321 3.48 6.46 6.09
132 22.99 25.12 3.46 3.76 6.45 5.85
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F 3 220 r/min,36~132 h ¥ 3 4 0 r/min, 4E 4 E K,
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Table 5 Factor level table

KT K2 A K% B K= C KZE D
. R /°C ¥/ (r/min) | WI4H pH A []/h
31 100 6.5 12

1

2 34 140 7.0 24
3 37 180 7.5 36
4 40 220 8.0 48

R 6 L(#F)EXLZIELE
Table 6 Result of L;(4°) orthogonal test

M E/C % ./ (v/min )
1 1 1
2 1 2
3 1 3
4 1 4
5 2 1
6 2 2
7 2 3
8 2 4
9 3 1
10 3 2
11 3 3
12 3 4
13 4 1
14 4 2
15 4 3
16 4 4
K, 23.653 9 24.871 3
K, 21.539 0 23.075 9
K; 22221 8 23.927 4
K, 28.440 5 23.977 0
R 6.901 4 1.791 8

I AN ) e R A T R 2 5 B ) e B
I R B AR L A2 A, S B BT as

W& C HZ D HiA R K, itk B/
WG pH Hif [] /h (mg/L)

1 1 23.83+0.31

2 2 24.55+0.29

3 3 24.23+0.27

4 4 22.01+0.18

2 3 28.67+0.33

1 4 21.44+0.29

4 1 16.61+0.15

3 2 19.44+0.16

3 4 19.28+0.18

4 3 23.54+0.23

1 2 27.20+0.41

2 1 18.86+0.28

4 2 27.70+0.39

3 1 22.79+0.26

2 4 27.67+0.25

1 3 35.60+0.43
27.018 4 20.523 1
24.936 8 2472117
214359 28.010 0
22.464 2 22.600 4
5.582 5 7.486 9

78,0 v/min & 5 1R 1R % D A5 H 30 A0 4

4 A ARAR D BE 2L XF T 200 r/min £ 57 A,
672 h WKL 0 A4, (HIE 5 B A&
MR T SHH  RIEAE ST E R K A=)
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A TR G 2R R i T Bl g 2 AR UE B I 2 22 (R Y (35.60+0.13) mg/L, FLARALHT (O r/min F1 200 r/min)
KF N AR IR A 48 ) J3 o B e o ) 42 1) Jr 1 IR ES T 1.67 15 9.674 1% | 33k fdi 44 T2 M AT
11 R W, I 0 5 ) L& WE Y 45 AR R AT AR AL, 25 A3k AR K, BT W P, k2 R A
IR 40 °C #78hH pH 65.0~36 h Fa il % 1# 220 vmin | AR K, 34 Tk

36~132 h ¥ 3 0 v/min, 4t E K, iY77 &5 3

S 3CHk
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