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Synthesis of vitamin K, by isopentenyl transferase NovA in
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Abstract: The effect of methanol addition on the heterologous expression of isoprenyl transferase NovQ was studied in
Pichia pastoris Gpn12, with menadione and isopentenol as precursors to catalyze vitamin K, (MK-3) synthesis. The expression
of NovQ increased by 36% when 2% methanol was added every 24 h. The influence of initial pH, temperature, methanol
addition, precursors (menadione, isopentenol) addition, catalytic time and cetyltrimethyl-ammonium bromide (CTAB) addition
were explored in the P. pastoris whole-cell catalytic synthesis process of MK-3 in shaking flask. Three significant factors were
then studied by response surface method. The optimal catalytic conditions obtained were as follows: catalytic temperature
31.56 “C, menadione 295.54 mg/L, catalytic time 15.87 h. Consistent with the response surface prediction results, the optimized
yield of MK-3 reached 98.47 mg/L in shaking flask, 35% higher than that of the control group. On this basis, the production in a
30-L fermenter reached 189.67 mg/L when the cell catalyst of 220 g/L (dry weight) was used to catalyze the synthesis for 24 h.
This method laid the foundation for the large-scale production of MK-3 by P. pastoris Gpn12.

Keywords: vitamin K,, Pichia pastoris, whole-cell catalysis, optimization
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Pichia pastoris Gpnl2
[22]
1.1.2
K2(MK-4) Sigma
NaCl
0.5 mol/L 0.2mol/L pH7.4
(YNB)10x
3.4% 0.22 pm
500x 0.02% 0.22 pum
0.1 mol/L Tis-HCI
(pH 8.5) 0.2 mmol/L 1.25 mmol/L
3- 0.024%
1.1.3
MGY 1% 1% YNB
0.34% 0.000 04% BMMY
1% YNB 0.34% 4x107°% 1%
0.1 mol/L (pH 6.0) 0.5%—-3%
1% MD YNB 0.34%

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

1% 0.000 04% 2% 2%
BMY 1% 2% 0.1 mol/L
(PH 8.0) YNB 0.34% 1%
0.000 04% 1%
2% 4% 0.1 mol/L (pH
8.0) YNB 0.34% 1% 0.000 04%
1.1.4
G154TW
BSA124S
PHS-25  pH J2-HS
HZ200L

Essential LC-6

1.2 FH%
121 Gpni2
28 C MD
MGY (25 mL/250 mL) 28 C
200 r/min 36 h
10% MGY
28 C 200 r/min 36 h
1 800 r/min 5 min BMMY
1.2.2 Gpnl2 NovQ
pH
(21 pH 6.0
28°C 72h 3%
(0.5%-3.0%) NovQ
(pH8.0 25°C 96h 3% ) NovQ
NovQ 100%
1.23 30L
[22]
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1.2.4 NovQ
[23]
5 mL 3
3mL -20C 1h
39 10 min
25 mL
2 mL
60 C 30 min 13 000 r/min
50 uL
30 min 500 pL
4°C 6 h 13000 r/min
10 min 4 °C 5 mL
13000 r/min 4 °C 10 min
3 1 mL

NovQ

5 min
(2%) 4°C

4 C

NovQ
Anti-6xhis Tag Goat
Anti-Mouse 1gG H&L
125 Gpnl2 MK-3
10%
250 mL 200 mg/L
2 mL/L 2%
(CTAB) 0.5%
24 h
MK-3 1)
pH 4.5-8.5 1 2) 20 C
24 °C 28°C 32°C 3 0 12 24
36 48h 4) 0 1% 2% 3% 4%
5) 0 50 100 200 300 400 mg/L
6) 0 05 1 2 3 4 mL/L

7) CTAB 0 02% 05% 0.8% 1.0%

pH75 28°C 200 r/min

(P<0.05) Box-Behnken
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126 30L MK-3
30 L
MK-3 1)

0 12 18 24 30 36 42 48 60 72 84h
2) 100 140 180 220 260 g/L
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Fig. 2 Effect of methanol on the expression of NovQ
prenyltransferase in shake flask fermentation.
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Fig. 3 Comparison of NovQ expression results under
different methanol-induced conditions. A: novQ expression
of early optimization; B: novQ expression after methanol
optimization based on A.
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Fig. 4 Effect of initial pH, catalytic temperature and time
on MK-3 production.
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Fig. 5 Effect of methanol, menadione, isopentenol and CTAB on MK-3 production.
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K>
MK-3 5
300 mg/L
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[24] MK-n (n<4)
MK-3 5
3mL/L MK-3
MK-3
CTAB MK-3 5

CTAB
CTAB 0.8%

0.2 0.5 0.8
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F1 W EIRHELEE R TR RwE
Table 1 Experimental level and coding of response
surface design

Level
Factor
-1 0 1
A(C) 30 32 34
B (h) 6 12 18
C (mg/L) 250 300 350

F2 MNEHRTR MK-3 =2
Table 2 Response surface design and MK-3 production

Trail A B C Yield (mg/L)
1 -1 -1 0 86.04
2 0 -1 -1 83.15
3 0 -1 1 93.55
4 1 -1 0 80.18
5 -1 0 1 89.92
6 -1 0 -1 81.29
7 0 0 0 93.82
8 0 0 0 94.85
9 0 0 0 94.87

10 0 0 0 95.84
11 0 0 0 92.08
12 1 0 1 82.81
13 1 0 -1 72.51
14 -1 1 0 87.21
15 0 1 1 91.52
16 0] 1 -1 79.57
17 1 1 0 74.96

Y=94.29-4.25A-1.21B+5.16C-1.60AB+0.42AC+

0.39BC-8.75A%-3.44B*-3.90C* R?=0.9878
3
(P<0.001) R®=0.987 8
Adj-R?*=97.22% MK-3
(P=0.767 8)

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

*3 AESNE
Table 3  Analysis of variance

Source MS  F-value P value
Model 95.17 6321  <0.0001 Significant
A 14450  95.97 <0.0001
B 11.66 7.75 0.0272
C 213.00 14147 <0.0001
AB 10.21 6.78 0.0352
AC 0.70 0.46 0.5181
BC 0.60 0.40 0.5477
A? 32272 21433 <0.0001
B’ 4982 3309  0.0007
c? 64.20 42.64 0.0003
Lackof Fit  0.79 0.39 0.7678 Not significant
Design-Expert MK-3 -1 1
96.475 mg/L 316 °C
295.59 mg/L 15.87 h
MK-3 98.29 99.39
97.73 mg/L 98.47 mg/L MK-3
2.07%
2.3 EEFREEE 30 L AREREIEULG RN
2.3.1 MK-3
500 r/min  pH 7.5 316 C 2%
CTAB 0.8% 3 mL/L 295.6 mg/L
MK-3 6
MK-3 24 h
pH
MK-3
2.3.2 MK-3
24 h 2.3.1
MK-3 6
MK-3
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Fig. 6 Effect of catalytic time and cell catalyst concentration on MK-3 production in fermenter.
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pH 7.5 316 C 2%
295.59 mg/L 3mL/L 15.87 h
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