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Improvement of the Efficiency of Pyruvate Production by Escherichia coli
Whole-Cell Biocatalyst through Expression of Cytochrome b562
and Protein Engineering
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(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. Key Laboratory of Carbohydrate
Chemistry and Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract: Pyruvate is widely used in pharmaceutical, agrochemical and chemical industries. Two
strategies were used to improve the efficiency of bioconversion to pyruvate. First, the efficiency of
adenine dinucleotide (FAD) synthesis was improved by expressing cytochrome b562, reducing the
reaction time from 27 h to 21 h and increasing the productivity by 28.5%. Secondly, the directional
evolution of L-amino acid deaminase (pml) was achieved by site-saturation mutagenesis to improve
its catalytic ability, and the yield of pyruvate in the triple mutant E418A/V4381/L2781 was 25.58 g/L,
which was 44.60% higher than that of the control strain. All the results showed that the efficiency of
pyruvate produced by E. coli whole-cell biocatalyst could be effectively increased by the
improvement of pm1 catalytic ability and FAD synthesis efficiency using site-saturation mutagenesis
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Fig. 1 Reaction mechanism diagram for pyruvate

production from L-alanine by L-amino acid
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Table 1 Strains and plasmids used in this study

Escherichia coli BL21(DE3)
-pET-20b (+)-pml
Escherichia coli BL21(DE3)
-pET-20b (+)-pml-cybC
Escherichia coli BL21(DE3)

pET-20b (+)
*®2

it 23k pml A F 41K FF 1 BL21(DE3), L pET—20b(+) 4 #% A<

R #35 pml B9IEF K cybC %P 19T 41K B AT BL21(DE3), A pET-20b(+)H

VR P AE S0

VR P e S 0 %
22N

Invitrongen,,
Carlsbad ,CA

Invitrogen

KRS

Table 2 Primers used in this study

WIEFFAI (5'-3) SR FE/°C. | R £ 41
pml—cybC-UF CGGGGATCCGATGAACATTTCAAGGAGAAAG 67
pml-cybC-UR  TTTTACGCATTAGTATATCTCCTTCTTATTATTACTTCTTAAAACGATCC 67 /
TTTAAGAAGTAATAATAAGAAGGAGATATACTAATGCGTAAAAGCCTGTTAGCT
pml-cybC-DF ATTC 69 /
pml—cybC-DR  CCGCTCGAGTTAACGATACTTCTGGTGATAGGCG 69 Xho 1
L278-F CTCAATGTATATNNKTCACAACAACGTGTCT 62 /
L278-R ACGTTGTTGTGAMNNATATACATTGAGCGTT 62 /
E341-F TTAGGTGGCGGANNKTTACCGTTGGAATTC 66 /
E341-R TTCCAACGGTAAMNNTCCGCCACCTAATAAG 66 /
E418-F CCAACATTTGATNNKTTACCTATCATTTCTG 60 /
E418-R AATGATAGGTAAMNNATCAAATGTTGGACTC 60 /
V438-F AACACGGCAACANNKTGGGGTATGACCGAAG 70 /
V438-R GGTCATACCCCAMNNTGTTGCCGTGTTAATC 70 /
L278I-F CTCAATGTATATTTCTCACAACAACGTGTCT 62 /
L278I-R ACGTTGTTGTGAGAAATATACATTGAGCGTT 62 /
E418A-F CAACATTTGATGCGTTACCTATCATTTC 60 /
E418A-R AATGATAGGTAACGCATCAAATGTTGGAC 60 /
V4381-F AACACGGCAACAATTTGGGGTATGACCGAAG 70 /
V4381-R GGTCATACCCCAAATTGTTGCCGTGTTAATC 70 /

T WU 5 A 98 A8 7 CHTF R Zedm i

BT 4 CHRM N RAF . 2HH T3 DCW (/L) F
ODego o TE HUNF A (1) HEATH 5T,

DCW (g/L)= 0.444 2x0Dyy,,~0.021
1.4 SDS-PAGE #thERRFKIEER

cybC 3R 35 1 O 38 o N M Ik e BE I L Uk
(SDS-PAGE) #4753 #7 . #E AL BB IRy . FH 25 8 1
OB AR B R S o/L,30 pL BES 5 10 L 28 th ik
(NuPAGE™ LDS Sample Buffer (4x) )R &, Z 5 i
FrHA4EBE (100 °C 15 min), fcJm #EATBER ALK, |
FEfE 10 pl, 25 2% s ig ge fa FHOK B .
1.5 RixGEEITENLE KRN Zm

Sk BIE 5 2 15 40 M €0 2R A B R T R R 1) 5

(1)

i, F& AT XF KM AT B BL21 (DE3)—pET20b (+)—pm1
KA FF 5 BL21 (DE3)—pET20b (+)—pm1-cybC 43
B HEAT K RS IR 15 I E) S 6.8,10,12 h J2 14 h,
R W 5 oA WS A LR AT A SO e A S 7 4 R
1.6 RS R BEAT
1.6 pH{ERAMRERERL

TR BN £ A4 250 mL #2052k 20 mL,
SN il BE S 37 °C, S B vk Ol 80 /L D, L-TN
R , X T pH AE K A A 5T e i AR AL i T B R
KW BL21(DE3)—pET20b(+)—-pml 7 pH {E
Sz b AN R 1.5 /L, A 0.2 mol/L B iR
Bl ER 2% whB X 0.1 mol/L Tris—HCI 2% vh i 4 5 9] 4R
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g, W L-T8 &Rk S 1,10,20,30.,40.50
60.70.80.90 100,125,150 mmol/L F1 200 mmol/L,
EEAFEA 1.5 mg, T 37 CH&MFT#47,30 min
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SHMG I K 210 nm , A 40 °C, PEWLRTE] 15 min,

40 P9l B FAD e 38 i FAD 20 il 7 &
(Sigma — Aldrich )il % ¥ 20 Jid DA S5 I A4 & g oo
B FHK e — i, B0 J5 FH FAD 43 #3571 2% e
W AH 2 2%, 14 000 g B0 10 min, ZEEAEYI R,
o = SR (8 g/dL) i FAD MR 1153 v B i
ok, AR R A 92 wL FAD 30T 2E vhil 4 pL %¢
Sttt A ALY 4 wL FAD BEIR A% ,50 wL 30 k¢
ftr o 3 A A S 28 1k A R 2 0k R e A T
1 570 nm R A GIE .

KGR W - W2 BB (OPA-
FMOC) 115 A7 A5 B AH i 20 R €2 33 5 ok 52 o o
T TR SR R AR D R R A R
B, H 045 wm FLAR B8 R U8 D8 R B A FR R 5
% 2 4 Agilent 1260 U w5 2% AR {0 35 A%, 4 F)
¥ Hypersil ODS2 &%+ (250 mmx4.6 mm,5 pm),
iR s A A AR shAH B, #EFER 10 wL, RN
1.0 mI/min, 28 7R 46 0 9% 4 338 nm, A 40 °C, %
FHBE BE VB0, v S0 st 181 38 min , B B VR 6 26 L2 3.,

| 9 =55
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I8 3R b562 S K i A A I s Bl —
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Table 3 Gradient elution of alanine analysis
I 1 0 2 /0 Y B . 198 000
0 92 8 1.0 pml 64 000
27.5 40 60 1.0 49000
38 000
31.5 0 100 1.5
28 000
32 0 100 1.5
cybC
34 0 100 1.0 14.000
35.5 92 8 1.0

6 000

Al 7e B, B2 HIE TN
FADH, 1% i 25 02, ARWF5Eh MR & 1E RIG B
it ikeybC 5 pml, ZJ5 5k 3% 5 40 ffl (0 =
b562 J& X TR bR 09 A= K52 45 R LT 3, 3R G8 %Al L. KM AF B A 28 BORL pET20b (+)5 2. KB H H A
Ji 68,38 5 23 A A AR A R R AT R O i i pET20b(+)—pml s 3: KM B A pET20b(+)-pml-cybC.

3000
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Fig. 5 Effects of cybC expression on pyruvate production
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Fig. 6 Optimal pH and cell density
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Fig. 8 L-amino acid deaminase crystal structure and key residues inside the substrate—binding pocket
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YE# i i 8 pml FHBE A (1A ER b562)
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Table 4 Comparison of kinetic parameters of the wild type pm1 and its mutants

PRI S5 e e B/ (/L)

B9 FRREHAKEXSHAMEBE

Fig. 9 Pyruvate concentration of different mutant strains

(Ko/K.)
/(L/(mmol - s))

K.,/(mmol/L)

V pd (mol/min)

Wild-type 42.75+0.51 1.83+0.06 0.52+0.04 0.012 1+0.000 59
E418A 30.28+0.67 2.13+0.11 0.60+0.10 0.019 8+0.002 31
V4381 39.87+0.56 3.21+0.13 0.91+0.06 0.022 8+0.001 27
L2791 40.58+0.73 2.92+0.09 0.83+0.05 0.020 5+0.000 29

E418A/V4381 29.19+0.45 3.47+0.08 0.98+0.09 0.033 6+0.001 88
E418A/V4381/1.2791 28.81+0.39 3.82+0.15 1.08+0.04 0.037 5+0.001 34
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