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Activities of the Core

Jan.     9,   2019 Workshop on secondary battery material

Jan.   15,   2019 The Symposium: Japanese forest and the frontiers of 
compact gasifier (co-organization)

Jan. 16-18, 2019 The 14th Conference on Biomass Science (co-
organization)

Jan.   24,   2019 The 71st Hiroshima University Biomass Evening 
Seminar (co-organization)

Jan.   25,   2019 The 28th HU-ACE Steering Committee Meeting

Hydrogen Symposium ” Local Production and Consumption of Hydrogen 

and Business Model”

We organized the 10th HU-ACE symposium,
“Local Production and Consumption of
Hydrogen and Business Model” in Hiroshima
City on Dec 19. We had opportunities to discuss
technology, systems and economics to
consumption of hydrogen. There were about 40
participants from inside and outside the
Hiroshima area at the symposium, and active
questions and answers were exchanged.
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Tsunehiro Aki
Professor, Department of Molecular Biotechnology, ADSM,

HU-ACE, Hiroshima University

Results Aurantiochytrium showed prominent cell growth and fatty acid production under
specific conditions in a culture medium of Acetobacterium which produced acetate using
CO2 as a substrate. This new technology will contribute to realize the low carbon society
and is extensible since acetogens can also utilize various biomass as a raw material. The
genome editing technology is being applied for breeding of Aurantiochytrium (JST-OPERA
project).

Methods Focusing on marine macroalgae, we established a highly efficient two-step lipid
fermentation system with a microorganism to convert algal carbohydrates into compounds
that can be assimilated by Aurantiochytrium. We have also newly discovered the conditions
under which Aurantiochytrium utilizes organic acids such as acetate for growth. Therefore,
we aimed to investigate the combination of Aurantiochytrium with acetogens that produce
acetate from CO2 in addition to biomass.

Background Microbial oil is attracting attention as a new source of functional food
ingredients, cosmetics, sanitary goods, pharmaceuticals, chemical products and fuels.
Marine microorganism, the genus Aurantiochytrium, produces useful lipids such as fatty
acids and hydrocarbons including carotenoids by assimilating sugars. However, considering
costs and competition with food, development of sustainable raw material is desired.
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Integrated bioprocess for valuable lipid production 

from unutilized biomass and fossil fuel-derived gas
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Acetogenesis and the W ood–Ljungdahl pathw ay of CO2 fixation
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Conceptually, the sim plest w ay to synthesize an organic molecule is to construct it one carbon at a tim e. The

W ood–Ljungdahl pathw ay of CO2 fixation involves this type of stepw ise process. The biochem ical events that

underlie the condensation of tw o one-carbon units to form the tw o-carbon compound, acetate, have

intrigued chem ists, biochem ists, and m icrobiologists for many decades. W e begin this review w ith a

description of the biology of acetogenesis. Then, w e provide a short history of the im portant discoveries that

have led to the identi fication of the key components and steps of this usual mechanism of CO and CO2
fixation. In this historical perspective, w e have included reflections that hopefully w ill sketch the landscape

of the controversies, hypotheses, and opinions that led to the key experim ents and discoveries. W e then

describe the properties of the genes and enzymes involved in the pathw ay and conclude w ith a section

describing some major questions that remain unansw ered.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

In 1945 soon after Martin Kamen discovered how to prepare 14C in

the cyclotron, some of the first biochem ical experim ents using

radioactive isotope tracer methods were perform ed to help elucidate

the pathw ay of m icrobial acetate formation [1]. Calvin and his

coworkers began pulse labeling cells w ith 14C and using paper

chromatography to identify the 14C-labeled intermediates, including

the phosphoglycerate that is formed by the combination of CO2 w ith

ribulose diphosphate, in w hat became know n as the Calvin–Benson–

Basham pathw ay. However, though simple in theory, the pathw ay of

CO2 fixation that is used by Moorella thermoacetica proved to be

recalcitrant to this type of pulse-labeling/chromatographic analysis

because of the oxygen sensitivity of many of the enzymes and because

the key one-carbon intermediates are enzyme-bound. Thus, identifi-

cation of the steps in the W ood–Ljungdahl pathw ay of acetyl-CoA

synthesis has required the use of a number of different biochem ical,

biophysical, and bioinorgan ic techniques as well as the development

of methods to grow organism s and work w ith enzymes under strictly

oxygen-free conditions.

2. Im portance of acetogens

2.1. Discovery of acetogens

Acetogens are obligately anaerobic bacteria that use the reductive

acetyl-CoA or W ood–Ljungdahl pathw ay as their main mechanism for

energy conservation and for synthesis of acetyl-CoA and cell carbon

from CO2 [2,3]. An acetogen is sometimes called a “homoacetogen”

(meaning that it produces only acetate as its fermentation product) or

a “CO2-reducing acetogen”.

As early as 1932, organisms w ere discovered that could convert H2
and CO2 into acetic acid (Eq. (1)) [4]. In 1936, W ieringa reported the

first acetogenic bacterium , Clostridium aceticum [5,6]. M. thermoace-

tica [7], a clostridium in the Thermoanaerobacteriaceae fam ily,

attracted w ide interest w hen it w as isolated because of its unusual

ability to convert glucose almost stoichiometrically to three moles of

acetic acid (Eq. (2)) [8].

2 CO2 þ 4H2 ² CH3COO
− þ Hþ þ 2 H2O ΔGo′¼ −95 kJ=mol ð1Þ

C6H12O6 Y 3 CH3COO−þ 3 H
þ ΔGo′¼ −310:9 kJ=mol ð2Þ

2.2. W here acetogens are found and their environmental impact

Globally, over 1013 kg (100 billion US tons) of acetic acid is

produced annually, w ith acetogens contributing about 10% of this

output [2]. W hile most acetogens like M. thermoacetica are in the

phylum Firm icutes, acetogens include Spirochaetes, δ-proteobacteria

like Desulfotignum phosphitoxidans, and acidobacteria like Holophaga

foetida. Important in the biology of the soil, lakes, and oceans,

acetogens have been isolated from diverse environments, including

the GI tracts of animals and term ites [9,10], rice paddy soils [11],

hypersaline waters [12], surface soils [13,14], and deep subsurface

sediments [15]. Acetogens also have been found in a methanogenic

m ixed population from an army ammunition manufacturing plant
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