The world of manufacturing is changing!

Progress in
the New Era of
Biotechnology

Humans have been utilizing the biological function which surrounds us in everyday
life since ancient times. Recently such efforts have reached new levels of
sophistication in the form of biotechnology.
And now, the technology to accurately edit genomes (genetic information) has
opened up a new world of biological potential in various areas.
The term “biotechnology” is made up of two
different words, namely “bio” and “technology.”
It isn’t always obvious in everyday life,
but this technology is already critical to all
kinds of industries. The long list includes
agriculture, forestry, fisheries, food, medical
care, environment, energy, which form the
backbones of our economy, so you can see
that biotechnology is indispensable in our
everyday lives and business.
Biotechnology is now at a new turning point.
The biotech market in Japan was worth
approximately 3 trillion yen in 2015, nearly
doubling in a decade. This trend, while
remarkable, is the same around the world. The
OECD expects that the biotech market in OECD
member countries in 2030 will grow to the size
of approximately 200 trillion yen or 2.7% of the
total GDP of OECD countries. Manufacturing
represents 39% of the combined total GDP
of OECD nations, which is comparable to
agriculture or healthcare.
The foundation of the rapid growth of
the market, sometimes referred to as the
“bioeconomy,” is, first and foremost, great
technological innovation. Genome-related
technology, for the sequencing, analysis,
and alteration of genomes, has developed

dramatically in recent years, and it is now
possible to extract and utilize formerly
unavailable “potential biological features”.
Another factor is the current state of the world,
which is facing various challenges related to
population increase and resource depletion. In
this situation, the technical seeds of biological
output and societal needs to solve various
problems are particularly suited to each other.
In such a context, METI is paying attention to
the development of the “smart-cell industry.”
This is a group of industries utilizing living
cells (smart-cells) specifically designed and
manipulated with particular functions and
phenotypic expression. The potential areas for
utilization are almost infinite, including not only
gene therapy and regenerative medicine, but
also the production of biotechnology-derived
raw materials and fuels.
A society which runs on recyclable,
biotechnology-derived products could truly be
a society harmonized with the environment.
We are going to introduce some aspects of the
smart-cell industry era, which is progressing
steadily, on the pages that follow.

■ The business of the smart-cell industry
Living organisms

Plant

Microbe

・Genome analysis and editing utilizing IT and AI
・Designing and controlling the expression of biological function
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Smart-cell

Products and services

Pharmaceuticals

Cosmetics

Fragrance/
Perfume / cologne

・Producing highly functional products only through cultivation and culturing
・Reducing the energy input for production
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A
researcher’s
thoughts

Technological innovation in fundamental technology

Cuttingedge
– Please explain the outline of the
recent evolution of biotechnology.
Hasunuma: The project called the
Human Genome Project determined
whole genome sequences in 2003.
This was one of the great milestones
for biotechnology. Thereafter, identifying
the particular functions of specific
genes became an important task. In the
course of such study, technology which
measures the events taking place
inside a cell or information analysis
technology which interprets the result of
measurements have been developing
that allow for the exploration of massive
amounts of data related to biological
features. That is, the “blueprint” of
living organisms is now coming into
view. Speaking somewhat technically,
this area is called “systems biology”.
If components of living organisms are
understood, they can also be altered or
improved. That concept developed into
synthetic biology. Currently, studies in
these areas are proceeding in tandem,
resulting in further improvements of

Biotechnology

Dr. Tomohisa Hasunuma,
Professor of Kobe University
Graduate School of Science, Technology and
Innovation
Doctor of engineering
Dr. Tomohisa Hasunuma finished the
doctoral course at the Graduate School
of Engineering, Osaka University, in
2004. After assuming various highlevel positions, including researcher at
the Research Institute of Innovative
Technology for the Earth, he took
on his current position in April
2016. His major fields of study
include metabolic engineering,
metabolic analysis technology,
and synthetic biology.
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What is currently being implemented at the cutting edge of
research and development, and what are the thoughts of the
researchers?
We interviewed Professor Tomohisa Hasunuma of Kobe
University, who is also engaged in important national projects
including the establishment of platform technology for
manufacturing utilizing microbes, promoted by NEDO.
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technology, expansion of the scope
or studies, and increased depth of
understanding.
– Enhanced commitment to
biotechnology is now a worldwide
trend.
Hasunuma: I actually have a strong
feeling that we are at a significant
turning point. Biological phenomena
that were previously not understood
have now come into clear view thanks
to data analysis technology, and it
also became clear that the application
of these phenomena generates
various ripple effects. Currently, global
competition is emerging over how such
ripple effects can be transformed into
specific outputs.
– What favorable effects have
technological innovations in
biotechnology had on research and
development?
Hasunuma: For instance, if you want

to manufacture products by utilizing
potential biological features, apply
them in medical care, or increase the
production of plants, now it’s possible
to systematically plan methods and
materials to achieve specific goals.
Although biotechnological achievement
used to rely on chance to a certain
extent, now, with the discovery of
the steps in the process known as
the “mystery of life” and information
being accumulated with IT and
artificial intelligence, it is possible to
create systematic, reliable blueprints
for producing a desired biologicallyenhanced product. Actually, there is still
a mountain of issues to define, but that
is exactly what provides motivation for
scientists. If the number of successful
cases increases, it is expected that
cross-sectional development and the
creation of new technology will further
increase momentum.
– What will future research focus on?
Hasunuma: The first point is the extent
to which products can be enhanced
in manufacturing by utilizing biological
processes. As explained earlier, the
potential of biological features and
derivatives is still far from being fully
exploited. Therefore, I am looking
forward to studying the limits myself.
Another point that I am focusing on is
that products that could not be created
easily in the past can now be made
efficiently. For example, plants create
more than a few hundred thousands of
types of substances within their cells,
and some of them are very useful for
CLICK!
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 ioproduction Engineering Laboratory, Kobe

University (in Japanese)

Reducing costs and time
for genome analysis
Since the next-generation sequencer (DNA
analyzer) was developed in 2005, the cost
of analysis has decreased dramatically to
one-ten-thousandth the cost in seven years.
Rapid progress has been made in reducing
the technological cost and it is now possible
to obtain a large amount of base sequence
information such as a genome sequence
in a short period. Collected data is being
accumulated at a high speed in a base
sequence database managed by the public
bodies of Japan, the U.S. and Europe.

Cuttingedge
humans. One way of taking advantage
of that is a technology which improves
the productivity of these substances
by altering the functions of plants.
Another method is to transplant the
relevant gene sequences of the plant
into microbes, which may allow faster
production of the substance at a lower
cost. My research focuses on the
potential of using microbial production
for industrial products.

Unite the nation’s efforts to
achieve industrialization of
biotechnologies
– What do you see as Japan’s strengths
and weaknesses?
Hasunuma: Japan has advantages
in terms of technology for precise
measurement of the chemical
compounds inside cells, which is my
field of specialization. In the area of
information analysis, the technology
to simulate the chemical reaction
taking place within a cell is also strong.
Another area where Japan is strong is
our technology for accurately creating

Evolution of IT/AI
One of the major factors supporting the striking
evolution of biotechnology is the utilization
of cutting-edge IT technology. Analysis of
big data on living organisms allowed for the
clarification of biological mechanisms and the
creation of sophisticated and effective genome
designs. The fusion of information processing
technology and biotechnology may lead to a
fifth industrial revolution.

long DNA chains, which is probably
the best in the world. Thus, Japan has
many elemental technologies that are
globally competitive. The challenge
for the future is how to integrate these
technologies into a single platform. So,
now it is essential to unite all the efforts
throughout the country. Considering
the strategic acquisition of intellectual
property and the establishment of
international standards, the system
should cover the entire process, from
upstream to downstream, including
technology to breed microbes, DNA
procurement know-how and data
analysis, and the design of facilities
for mass production. It is important
to package everything into a single
process in order to commercialize
research results efficiently.
– Lastly, please share your vision of the
future brought about by the utilization of
biological function.
Hasunuma: Because there is no need
to add heat or pressure in biological
manufacturing as a general rule, it
should also contribute to the reduction
of CO2 emissions and prevent global
warming. In terms of medical care
applications, no further explanation
is necessary. The elucidation of new
genes may lead to the discovery of
completely new treatment methods.
I believe that the utilization of
biotechnology directly related to human

Emergence of genome
editing technology
The year 2013 was a significant turning point
for genome editing technology. “CRISPR/Cas,”
a next-generation genome editing technology
appeared on the scene. It enabled the cutting
and editing of genes more easily and accurately
compared to other technology at the time.
This introduced a method of creating living
organisms to which unique features are added
artificially, and the cost is also reduced to onehundredth the cost of conventional technology.

lives, such as for the improvement
of QOL, is one of the best possible
outcomes.
Currently, what can be done with
biotechnology is not commonly known
among the public. For example,
biotechnology makes it possible to
create fiber and plastics at lower
costs compared to petroleum-based
production. It enables more efficient
production of medicines. If these
facts were more widely known, the
momentum behind the development of
biotechnology would only increase. Any
mysterious principle or phenomenon
which is elucidated whose output can
be converted into biotechnological
product that is helpful to society would
truly please me as a scientist.
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MANUFACTURING

Providing radical
treatment that was
once impossible

Enables the production of
substances using less
energy

There are already many biopharmaceuticals which use
antibodies created by living cells.
Their utilization in gene therapy
and regenerative medicine, in
addition to drug discovery, may
gain further momentum and
generate treatment methods for
diseases that have been thought
to be impossible without radical
treatment.

The smart-cell allows for a shift
away from chemical synthesis of
substances, which requires high
energy input, to an energy-saving
method which can occur at ordinary
temperatures and pressures. By
synthesizing substances that could
not be produced chemically before,
manufacturing that does not depend
on natural resources may be made
possible.

HEALTH CARE

Changing society and industry!

Potential

of the Smart-cell Industry
The smart-cell brought out potential
biological functions.
But what specific value does it generate?

Ending dependence on
fossil resources

ENERGY

By producing biofuels utilizing
recyclable biological resources, it
will be possible to end society’s
dependence on fossil resources.
Also, utilizing biological energy
that can be used to offset CO2
emissions and absorption will
open up a way toward reducing
environmental burdens.

It can dramatically reduce the costs
necessary for production, or allow for
the synthesis of substances that could
not be produced in industrial scale by
conventional chemical processes—as
explained above, the smart-cell has the
potential to fundamentally change the
industrial structure and derive solutions
to various societal issues.
Actually, modern society is facing severe
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AGRICULTURE
Contributing to the stable
supply of food and feed

Opinions from the field PICK UP

What Japan Needs: The fusion of traditionally accumulated
knowledge and advanced analytical technologies.
“For instance, food, cosmetics, daily
commodities...biomaterials that were
not commercially available ten years
ago are used in various areas, enriching
our lives before we even realize it. Also
in terms of business, companies that
had little relation to biotechnology are
now increasingly entering this area.
The number of inquiries our companies
receive regarding collaboration and
consulting is also increasing.”
…says Ms. Rie Kugimiya, the
representative of Chitose Laboratory
Corp. which engages in technology and
business development regarding the
utilization of microbes. In collaboration
with IHI Corporation and Kobe
University, Chitose Laboratory has
successfully achieved the large-scale
culture of hydrocarbon-producing algae
using photosynthesis alone. This allows
for the highly efficient production of a
biofuel that replaces petroleum.
Ms. Kugimiya, who works on the front
lines of biotechnology, points out that
our sense of crisis lies behind the
hopes for the undiscovered functions of
living organisms.
“With resources, energy, food, aging
and other global issues becoming more
and more serious, we must change
our consumption behavior and societal
activities—companies and consumers
are surely noticing that this era is just
around the corner. I have a feeling that

It is feasible for the Smart-cell Industry to produce allergen-free crops,
crops with resistant to pests and diseases, with drought, flooding and
salt tolerance, and crops that can be stored for a long period. This will
contribute to the stable supply of food and feed for animals.

circumstances. For instance, more than
80% of the global population currently
resides in newly developing and
developing countries. If these countries
launch economic activity of a similar
scale to that of advanced countries in
the future, there is no doubt that food
and resource/energy problems will
become even more pressing. Looking
inside Japan, social security expenses

are steadily growing with the aging of
society. Creating a healthy, long-living
society, while improving the efficiency
of current medical care, is an important
challenge for the future.
With this understanding, the smart-cell
supports groundbreaking methods and
ideas which reach beyond conventional
concepts. The potential for this
technology is drawing much attention.

Chitose Laboratory, IHI Corporation, and Kobe
University succeeded in the large-scale outdoor
culturing of hydrocarbon-producing algae that can be
used as a raw material for biofuel. The photo shows
the 1,500m2 culturing pond in Kagoshima City.

Process necessary for commercialization

Identifying
seeds

Vision

Determine the biological
function that can
serve as a solution to
societal problems and
a reasonable price for
the solution and find a
living organism that may
be able to provide the
solution.

Formulating an
implementation
plan

Implementation

Design a feasible
business in terms
of research and
development, funding
and management
structure. Also consider
countermeasures
against development
risks.

Establish technology
for improving strains
and large-scale
culturing of the living
organism. Alongside
the development of
industrialization, also
begin commercial
activities.

this awareness is giving a boost to the
rapid development of biotechnology.”

Motivational support for an
entrepreneur with vision is
also important
In our situation, what road should the
national government and companies
take? Ms. Kugimiya feels that we
should once again re-evaluate Japan’s
particular strengths.
“During the postwar period, Japan
has earned respect throughout the
world as a pioneer in the fermentation
industry for discovering and delivering
a lot of unique and innovative microbederived products. The Japanese belief
that a humble attitude towards nature,
treating all living organisms equally
and adjusting themselves to cope
with nature, greatly contributed to the
achievements in this area. When the
know-how accumulated over the past
50 years is harnessed and advanced
by effectively utilizing new measurement
and analytical technologies, it should
be a strong advantage for the smartcell industry in Japan.”
The companies under the Chitose
Group umbrella, including Chitose
Laboratory, also focus on providing
support for aspiring entrepreneurs in
order to further promote the fusion of
advanced technologies and traditionally
accumulated know-how. “It takes
substantial funding and time for a bio-

Creation
of
economic
Making value
a profit
Resolving
societal
issues

venture to develop into an independent
business. Funding pressures have been
eased with recent strong support from
the national government. I believe that
motivational support for entrepreneurs
to keep running their business will be
even more important in the future.
Therefore, Chitose is not intended
to be one company but a collection
of bio-venture companies, enabling
the CEOs of group companies with
vision and potential to become great
CEOs through friendly competition.
By encouraging CEOs to interact and
foster each other, bio-ventures in Japan
should develop even more vigorously.
I strongly believe that this will in turn
lead to the development of a smart-cell
industry.”
CLICK!
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 hitose Group

Ms. Rie Kugimiya
Chief Operating Officer
Chitose Laboratory Corp.
After finishing the Graduate
School of Agricultural
and Life Sciences, the
University of Tokyo, in
2005, Ms. Kugimiya
joined the Neo-Morgan
Laboratory Inc. (currently
Chitose Laboratory Corp.).
She assumed her current
position in 2014.
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“Interberryα ” is a medicine developed by Hokusan which is applied to a
dog’s gum to alleviate gingivitis. The product is made from genetically-modified
strawberries cultivated in a completely-closed plant factory. These strawberries
produce canine interferon* and use the fruit itself as the main active
pharmaceutical ingredient. It is currently the only pharmaceutical in the world
that uses a genetically-modified plant as an active ingredient, and due to the
fact that a process of extraction and refinement is not required, production
costs can be dramatically reduced. In addition, because the material
is produced in a plant factory, it is unaffected by climate changes
or pests. It is said that about 70% of dogs aged one year old and
above will suffer from gingivitis as the life-span of companion
animals increases. With this medicine being prescribed by
veterinarians, dogs can be treated at home, making it a
popular choice among owners. The development of this
medicine was implemented as METI's Experimental
Study Project for a Closed Plant Factory.

Bridgestone
Corporation
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New Technology
Opening Up the Future

●H
 okusan Co. Ltd

(in Japanese)
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By taking full advantage of the cutting-edge technology, you can make a
new product, or improve the efficiency of production.
Technology of genetic modification and genome analysis is already being
utilized in various categories of industry.
Here we introduce four widely different cases.
Tires for
aircraft, trucks,
and busses are
made of 100% natural
rubber because it has
superior characteristics
compared to petroleum-derived
synthetic rubber, and demand is
expected to further increase. Therefore,
Bridgestone Corporation obtained support
from NEDO and began researching the para
rubber tree, which produces latex, the raw
material for natural rubber. It also started genome
sequencing. Through collaboration with multiple
research institutions, the company succeeded in the
study. Based on the genome information obtained, progress
in various kinds of studies is expected, including the selection
of para rubber trees that produce latex with high productivity
and quality, or the development of varieties with resistance to
diseases and environmental stress. Because the major production
area of para rubber trees is concentrated in Southeast Asia, natural
rubber is facing various risks, including rising labor costs, climate
change, and epidemic diseases. With this study, the situation may
change dramatically.

CLICK!
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are generally
made of petroleum.
Although plastic is an
indispensable material in
various manufacturing, it also has
issues such as resource depletion
and environmental burdens. Therefore,
Mitsubishi Chemical Corporation has been
developing several types of bioplastic made
of plant material, including “DURABIO®.” The
characteristic of this product is that it is not only
environment friendly, but also has superior functions in
terms of optical property, durability, weather resistance
and surface hardness compared to petroleum-based
conventional products. Companies using the product say that
it shows good color and surface, and enables improvement in
product quality. Bioplastic is the fruit of our production technology
of bio-based products. Mitsubishi Chemical Holdings Group is also
engaged in the development of pharmaceuticals, healthcare related
products, and enzymes utilizing the technology directly related to the
smart-cell.

AL

AU

B
O

CLICK!

●S
 piber Inc.

Spiber Inc.

IC

O

M

CLICK!

* Protein secreted from cells in reaction to the
invasion of foreign substances such as a
pathogen or tumor cells inside the body of an
animal

Aiming to achieve a stable supply of
natural rubber through genome
analysis
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Hokusan
Co., Ltd.

©Spiber Inc.
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Spider silk, whose main component is protein, is often referred
to as one of the toughest fibers on Earth. Spiber Inc. is currently
undertaking research and development on a synthetic spider silk fiber
called “QMONOS™” which is made of proteins generated through
microbial fermentation. One of QMONOS’ main features is that it
can be manufactured without the high energy consumption usually
required by conventional petroleum-based chemical fibers. Spiber’s
research and development, supported by METI and NEDO, integrates
cutting-edge technology from multiple domains, including genetic
engineering, fermentation production, chemical engineering,
polymer chemistry, and fiber spinning and processing. As a
highly-functional and environmental-friendly product, QMONOS
could rightly be described as a “dream fiber.” In October
2015, Spiber announced the “MOON PARKA™” prototype,
the world’s first outerwear garment made of synthetic
spider silk fiber to be produced on an industrial
production line. Currently, Spiber is undertaking
research and development endeavors targeting
not only applications in the apparel field, but
applications in the transport and medical
industries as well.

Using synthetic spider silk
fiber produced from microbes

Producing a remedy for gingivitis in
dogs from strawberries

Mitsubishi
Chemical
Corporation

Highly-functional plastic
made of plant material

CLICK!
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Aim to become a biotechnologicallyadvanced country

What

CLICK!

● Interim Report “New Trends Brought about by

Biotechnology: Beginning the Era of the Smartcell
Industry”

Japan Must Do Now

In order for Japan to lead the world in the smart-cell industry, the national government, research
institutes and companies must all unite their efforts.
Here are the must-dos for Japan to become a biotechnologically advanced country.

Develop a strategic base
which takes advantage of
Japan’s strengths

Accelerate the public
marketing of the smart-cell
industry products

● Constructing database by accumulating biological
genetic resources and analysis data
Databases which are simultaneously accessible by
all relevant people and companies are essential for
strategically accumulating biological resources and
analyzing data. If an integrated platform is established
that can be integrally and mutually used by different
research institutions and private companies, it may also
lead to the effective utilization of information that is
currently kept separate and therefore unused in each
institute.

Facilitate open innovation

● Identification of specific product areas

● Creation of opportunities

The potential uses of smart-cells are wide ranging and
it is hoped that the ingenuity and originality found at
private companies will be exploited in developing this
area. On the other hand, it is also necessary to identify
and strategically develop the biotechnology product
areas and biological functions that are useful for solving
societal problems. It is important to focus efforts on
the development of “highly competitive” smart-cells
functions.

In order to implement studies for practical utilization
of smart-cells in a form where various technical and
industrial areas are fused together, it is essential to
create an environment in which cutting-edge information
and human resources meet to collaborate, allowing for
innovative ideas and technical seeds to be generated
easily. In addition, opportunities for events in which
innovative ideas and technical seeds can be matched
with exit industries to promote solutions for practical
use of smart-cells at the industrial level are necessary.
Providing these opportunities will also lead to the
development of next-generation human resources.

● Establishing core technology

 upply chain strategy
●S

Establishment of globally-competitive core technology
is the most urgent issue. Development of metabolite
measurement technology, IT and AI technology to be
utilized in biotechnology field, and new genome editing
technology should be promoted. In addition, long DNA
synthesis technology, which is a focus as core nextgeneration technology, also requires a strategic effort.

In order to realize the mass production of materials
for regenerative medicine, biopharmaceuticals and
substances using smart-cells, further advancement
of production process technology (refinement, scaling
up, etc.) is also necessary. These kinds of peripheral
technologies are where Japan’s strengths lie. We should
proceed with development on the premise of industrial
utilization, and reinforce competitiveness to secure the
market.

● Construction of an innovation ecosystem in the drug
discovery field
The establishment of an innovation ecosystem is urgently
needed in order to realize the practical use of superior
technical seeds in the area of drug discovery. Supporting
efforts by major institutions including pharmaceutical
companies, academia, and venture businesses will be
important.

Developing a societal and institutional environment for the smart-cell industry
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● Systems and rules

● Public communication

It is assumed that situations may arise that cannot
be addressed with the current conventional legal and
regulatory systems. From the perspective of promoting
industrial utilization, it is necessary to actively consider
the simplification of procedures and the development of
rules that can cope with the risks posed by these new
technologies. It is also necessary to develop systems and
rules from the standpoint of international conformity.

In order for the public to accept biotechnology as
an innovative advance, it is essential for relevant
institutions to hold discussions and explain the issue
responsibly. In terms of safety, reliability and ethics, the
role of the administration and legislation is important
and scientifically based research and rulemaking are
necessary for this purpose.
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