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Efficient Catalytic Synthesis of 5-Methylpyrazine-2-carboxylic Acid by

Recombinant Escherichia coli
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(State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: [Objective] This study aimed to improve the yield and conversion rate of 5-methylpyrazine-2-
carboxylic acid (MPCA) through biocatalysis. [Method] Escherichia coli (E. coli) was used as the model
organism to construct an MPCA synthesis system, and the whole-cell catalytic reaction conditions of recombinant
E. coli were optimized. In addition, the parental host strain was subjected to ultraviolet mutagenesis for the
screening of host strains tolerant to high mass concentrations of 2, 5-dimethylpyrazine (DMP). [Result] The
recombinant mutagenized strain could completely convert 10 g/L DMP to MPCA within 12 h in a 10 mL reaction
system, achieving a yield of 12.9 g/L and a corresponding molar conversion rate of 100%. The whole-cell catalyst
YB-CMAB was recycled three times for 18 h, with a total MPCA yield of 20.6 g/L and an average molar
conversion rate of 89%. [Conclusion] This study established an efficient whole-cell catalytic strain with a high
conversion rate for MPCA synthesis, providing technical support for the industrial production of MPCA.
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Fig. 1 Synthetic diagram of MPCA in recombinant E. coli with DMP as the substrate
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TAAGAAGGAGATATACCATGATGCGGGAAACAAAAGA
GGTGGTGGTGCTCGAGTGCGGCCGCACTAGGACCATGGCTCAAAATGGGTAATTAGCT
TTACCCATTTTGAGCCATGTCTATTAAAAGAGGTTGAAATGGACACGCTTCGTTATT
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Fig.2 Construction process of the recombinant vector pET28a-xy/C-xy/M-xylA-xylB
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Fig. 5 Effect of reaction time on the molar conversion rate of

whole-cell catalytic product MPCA
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Fig. 6 Effect of pH on the molar conversion rate of whole-cell
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Fig. 7 Effects of DMP mass concentration on the molar conversion rate and yield of whole-cell catalytic product MPCA
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Fig. 12 Effects of DMP mass concentration on YB and E. coli BL21(DE3)
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Fig. 14 pH and molar conversion rate of MPCA in the whole-cell catalytic reactions of strains YB-CMAB and E. coli-CMAB

2.3.5 YB-CMAB 4 %m & fi£ 4 7 69 7% 37 ) A

24 DMP Jii &K E N 6 /LI, 0] 7F 6 h PN 58 4= #%
1 MPCA s #5 4k 2 32 7+ DMP Jii 53K /% % 8 /L, TR
PEF= ) MPCA 2% 3 U S A4 5 pH 1 [, 14 17 410 1) e
A BEEAT , R G 75 R S N A # pHL i 4% 2 8.0 4 g
SCPLR I 5E A AL . BT b 1 1.2.3 Bk Oy vk ]
A AR AEALT, JF IR N 6 g/L ¥ DMP, XM 6 h Ji5 25
O 2 B R, R OOINON S5 1) pHL 8.0 ) 2% RN
JEA, I 6 h S8 RS 2 IR, B R AR AR S R
3B, 45 R W 150 55 2 AL SR 1) MPCA JE
IR R IR 94% , 55 3 IR ME 4K S5 B 11 JBE IR % 4K 2Rk
T3%. 25 SR, %A 40 A A0 ) H % 2 T E R
FHE 1,4 3 A3 5 , MPCA 27 & ik 20.6 g/L, °F
o) BE IR B Ak 0K 89% 0 % T VETE S MLt R R TG TR A
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Fig. 15 Recycling results of YB-CMAB whole-cell catalyst
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YEETEE. colih R UR3RIE P. putida H 1) — H 2K
R AR A I T AT R P I O A L 3RS
HHA R E. coli-CMAB, iZ BRI E 6 h W44 6 g/L 1
DMP 58 4 # 4k N MPCA . 78 X i 4k [ B & 144t 1k
IE R AR B, pH A A 4 A AR AL S B R % R PR o A
ML FE R 1 PR ) MPCA I 5 424 2 S8
SRR & pH T B a3k T A s R R R AT TR Ut
T84 77 i R v 7 S i i 45 O RLAR &R I pH. R
WP DMP X T PR 1) A0 05 M A7 78 55 38 b 4E 5 0l
Tk 58 A0 AR R 0 1 R A5 T 52 /=1 T 2 9K B DMP )
FARR R YB, #F— 0 i) i A ik YB-CMAB, 2%
$erm T MPCA 7= 5 A BE /R #4626 ,10 g/L DMP 1] #f
56 & 4k , MPCA 7= 215 12.9 g/L, B IR (L K Ny
100%. W6 , 4 24 16 e A4 7] 2L 25 IR 30 1) FH I8 77, i B0
FIH 3 K5 MPCA J& 77 8.4 20.6 g/L, T ¥ BE IR 5 4L,
K 89% . AHIF T B ) B R AR TR T I AR
B T e AL AR L A BRI TR B ), R SE BT
MPCA 145t 5 30 i, 9 MPCA 1) Tk Ak A 7= 42
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