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Overcoming fermentation inhibition for improved production of aromatic compounds
by recombinant Escherichia coli
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The aims of this study was to understand the mechanisms of fermentation
inhibition in Escherichia coli for the production of an aromatic compound, phenyllactic acid (PhLA).
To achieve the goal, the residue of a biomass crop, sorghum, was used as a model lignocellulosic
feedstock, and the enzymatic hydrolysate was used as carbon source for PhLA fermentation by
recombinant E. coli to investigate the fermentation inhibition.

This study was composed of the following three activities: (i) chemical analysis of the enzymatic
hydrolysate of sorghum residue to identify potential fermentation inhibitors, (ii) identification of
point(s) in the fermentation inhibition by metabolome analysis, and (iii) metabolic engineering to
develop a robust cell against fermentation inhibition. Consequently, we clarified that fermentation

inhibition was depend on the cultivars of sorghum and the structure of chemicals contained in

enzymatic hydrolysate of the sorghum residues.
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3-deoxy-7-phosphorheptulonate synthase (aroG )

chorismate mutase / prephenate dehydratase (pheA )

aroG



PEP+E4P

L]

Chi

o N1KIm

ok

OoH
pheA, yra) o 2
o H
& | °
2 i
..}\ /ij/m)\ﬂ
ar 5 )
m\“\ loeA] Ho

Chorismate

ace

3-deoxy-7-phosphor-
heptulonate synthase

NAD(P)H shikimate
NAD(P)* dehydrogenase

ATP shikimate
ADP kinase

[aroF, (IF0 G, aroH]

[areE]

[areK]

Prephenate
dehydratase

H,0. €O,

Chorismate
mutase Prephenate
o
Prephenate
dehydratase

,,.—h“[PhBA] Pher e

4-0H,PhPA

!J‘rB HE
aspC’
IisC

U ot

‘ amonotransferases ‘

PhLA

Kawaguchi, H., Teramura, H., Uematsu, K., et al. (2015) Phenyllactic acid production by simultaneous
saccharification and fermentation of pretreated sorghum bagasse. Bioresource Technology, 182:169-178.
DOI: 10.1016/j.biortech.2015.01.097



6 5 0 0

Hideo Kawaguchi, Hiroki Miyagawa, Sachiko Nakamura-Tsuruta, Naoki Takaya, Chiaki Ogino, Akihiko 14

Kondo

Enhanced phenyllactic acid production in Escherichia coli via oxygen limitation and shikimate 2019

pathway gene expression

Biotechnology Journal 1800478
DOl

10.1002/biot.201800478

Hideo Kawaguchi, Hiroki Miyagawa, Sachiko Nakamura-Tsuruta, Naoki Takaya, Chiaki Ogino, Akihiko 14

Kondo

Enhanced phenyllactic acid production in Escherichia coli via oxygen limitation and shikimate 2019

pathway gene expression

Biotechnology Journal 1800478

DOl
10.1002/biot.201800478

Hideo Kawaguchi, Chiaki Ogino, Akihiko Kondo

245(Part B)

Microbial conversion of biomass into bio-based polymers 2017

Bioresource Technology 1664-1673
DOl

10.1016/j .biortech.2017.06.135

Kengo Sasaki, Yota Tsuge, Hideo Kawaguchi, Masahiro Yasukawa, Daisuke Sasaki, Takashi Sazuka, 101(15)

Eiji Kamio, Chiaki Ogino, Hideto Matsuyama, Akihiko Kondo

Sucrose purification and repeated ethanol production from sugars remaining in sweet sorghum 2017

jJuice subjected to a membrane separation process

Applied Microbiology and Biotechnology 6007-6014

DOl
10.1007/s00253-017-8316-3




Hiroshi Teramura, Kengo Sasaki, Hideo Kawaguchi, Fumio Matsuda, Jun Kikuchi, Tomokazu Shirai, 81(8)
Takashi Sazuka, Masanori Yamasaki, Shigeo Takumi, Chiaki Ogino, Akihiko Kondo

Differences in glucose yield of residues from among varieties of rice, wheat, and sorghum after 2017
dilute acid pretreatment

Bioscience, Biotechnology, and Biochemistry 1650-1656

DOl
10.1080/09168451.2017.1336922

62

2017

13-20

DOl

16 5 4

10

2019 2020

2019

2019 2020




2019 2020

Hideo Kawaguchi, Kumiko Yoshihara, Tomohisa Hasunuma, Takashi Sazuka, Naoki Takaya, Chiaki Ogino, Akihiko Kondo

Phenyllactic acid Production by recombinant Escherichia coli from sorghum bagasse: fermentation inhibition by the enzymatic
hydrolysate

ASM Microbe 2018

2018 2019

2018 2019

Hasan Sharif Moinul

507

2018 2019




Hiroki Miyagawa, Hideo Kawaguchi, Chiaki Ogino, Ken-lIchi Oinuma, Naoki Takaya, Akihiko Kondo

Effects of glucose concentration and any other condition on gene expression patterns during phenyllactic acid production by
recombinant Escherichia coli

23rd Symposium of Young Asian Biological Engineers® Community (YABEC 2017)

2017 2018

Akihiko Kondo, Shuhei Noda, Hideo Kawaguchi

Development of microbial cell factories for production of aromatic chemicals and derivatives

The 13th Asian Congress on Biotechnology 2017

2017 2018
501
2017 2018
39

2016 2017




61

2016
68
2016 2017
19 22
2016 2017
2020 2021




Hideo Kawaguchi, Tatsuo Kaneko, Takashi Sazuka, Tomohisa Hasunuma, Chiaki Ogino, Akihiko Kondo

Microbial production of aromatic compounds applied to synthesize bioplastics from plant biomass

JAIST World Conference 2020—International Symposium for Innovative Sustainable Materials & The 7th International Symposium

for Green-Innovation Polymers (GRIP2020)

2020 2021
2021
2020 2021
1
2017
JST/CRDS 11
2017
HP
http://www2 .kobe-u.ac. jp/~akondo/kawaguchi .html
HP

http://www2.kobe-u.ac.jp/~akondo/1




(HASUNUMA Tomohisa)

(20529606) (14501)
2018

(TERAMURA Hiroshi)

(10645089) (14501)

(SAZUKA Takashi)

(70362291) (13901)




