Crossroads and Encounters

Eriko Takano

I have a confession to make: I never dreamed of
becoming a Professor in a UK top 5 University. If I had
been asked when I was a Japanese undergraduate student
(UG), “where will you be in 10-20 years’ time?”, I am
sure I would not have been able to answer the question.
I was ambitious, not for power or position, but rather for
understanding and making use of what science has to
offer. I am here today by choosing paths at crossroads (5l
f38) (whether it was right or not, time will tell) and by
encounters (H£LY) which influenced me at the right
time, in the right place.

Streptomyces

My first fortuitous encounter was with Streptomyces (Fig.
1) as a final year UG student in 1984, at Kitasato
University working under Dr. Haruo Ikeda who was part
of Prof. Satosi Omura’s group at Kitasato Insitute. Prof
Omura had discovered avermectin already by the time I
joined the group, and the significance of the event was
just starting to be noticed. This was rewarded with the
Nobel Prize for Physiology or Medicine in 2015. I never
thought after 34 years I would still be working with this
amazing bug. Streptomyces produces more than 80% of
commercial antibiotics, thus this genus is the best natural

Fig. 1. Colonies of Streptomyces
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host to search for novel drugs and has been used by
pharmaceutical companies for many years. But this bug
was not a straightforward beast: it looks like a fungus,
forming intricate mycelia, but is in fact a Gram-positive
prokaryote; only a few of the molecular techniques for E.
coli and Bacillus work in this group; it has a complex
life cycle; it seems to grow in almost any environmental
condition; and, most importantly, it produces abundant
and at first glance unneeded metabolites—so called ‘sec-
ondary metabolites’. The UG project I worked on at
Kitasato was rather futuristically titled: “Chimeramycin
production”; an amazingly prescient choice: these first
attempts of combinatorial biosynthesis of a macrolide,
swapping sugar molecules in a tylosin aglycon, can now
been viewed as one of the earliest contributions to what
is today considered ““synthetic biology”. This was in the
1980s, when molecular biology was just beginning and
Streptomyces genetics was slow. It was the days when
the pipetman tips were washed to reuse and one could
publish a major paper for just cloning a single gene. My
project didn’t result in a publication, but the concepts of
Haruo’s idea are still used today and have been one of
the foundations of synthetic biology.

I carried on working with Streptomyces in Meiji Seika
pharmaceutical division. I worked in the Research Center
in Yokohama, in a group of about 10 people working to
produce higher yields of a herbicide, bialaphos, using
Streptomyces. The company put in a lot of effort, but
unfortunately, we just didn’t have the tools and basic
understanding to successfully use molecular techniques
to increase the yield, and the project was closed after 4
years of hard work.

During this time my 2nd important encounter occurred:
meeting the international Streptomyces community. |
attended and helped out translating at the 7th International
Symposium on Biology of Actinomycetes (ISBA) in
1988, held in Tokyo. At this meeting | met many promi-
nent international researchers working in the actinomy-
cete field, especially those from the John Innes Centre in
Norwich, UK: David Hopwood, Keith Chater, Mervyn
Bibb (Merv) and Tobias Keiser (Fig. 2). Merv also vis-
ited the Meiji Seika Research Center and had discus-
sions on expression systems. They all encouraged me to
work/study in the UK, and especially Merv helped me
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Fig. 2. At Dr Murakami’s house after ISBA in 1988. From left
to right: Gary Janssen (deceased), Takeshi Murakami, myself,
Charles Thompson, Mervyn Bibb
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through the year-long immigration process which was
required for me to work at Norwich, UK, without having
a PhD. (I thought then that the immigration problem
would be a thing of the past in 30 years’ time, but unfor-
tunately it has gotten worse: having lived and worked in
4 different countries, I am still surprised at how immi-
gration restrictions can be such a nuisance and be so

destructive to the scientific research community.)
Crossroad into academia and abroad

The major crossroad was when I moved to the John
Innes Centre (JIC), giving up my secure job in Meiji
Seika. Some people might say it must have been a really
big jump and decision. It was a big change indeed: liv-
ing on my own for the first time, in a different country
with very different food, culture, and weather, but sur-
prisingly I was not at all worried, but rather excited
about the whole prospect. Working in a Japanese com-
pany knowing that the initial salary was different
between males and females independent of their aca-
demic qualification made me feel like this might not be
a place to stay for a long time. Initially, I worked as a
research technician for one year at JIC and then decided
not to return to Japan, but to continue to study and
obtain a PhD in the UK". I guess this was my 2nd cross-
road. I had not realised at the time that this would ulti-
mately be a decision I had made which would most
drastically affect my way of thinking and my career
development for the following years.

I really enjoyed my PhD and postdoc years at the JIC
(1990-2002). There were many postdocs and PhD stu-
dents from all over the world with whom I could share
my woes and joys (Fig. 3). I worked very hard, even at
weekends and late into the night, and then would go out

Fig. 3. Christmas Lunch in Norwich, UK, with Mervyn Bibb’s
group
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for some fun together with friends. I also remember
going to parties at friends’ houses and experiencing food
from different countries without ever travelling there.
Everyone working at the JIC was very dedicated and
genuinely interested in what one was doing. There was
no strict hierarchy, so I could speak up and discuss sci-
ence with postdocs and students alike and come up with
wacky ideas. (The lab meeting was called a “Bull
Session” because people could speak “bullxxxx” or non-
sense at the meeting, to stimulate creativity without fear
of losing face.) This perhaps is one thing relatively rare
in the Japanese research culture, even today.

After obtaining my PhD and working with Merv, and
later with Keith, as a postdoc in Norwich for 8 years
(1993-2001, Merv at some point left for San Diego to
work for a company), it was clear that I was staying too
long at the JIC?. During this period, I married a German
fellow PhD student (with fierce opposition from my
mother) and had 2 children (boy and girl). I was allowed
4 months maternity leave and could have taken off even
longer if I wanted. To my mind, there were no question
that I would be returning to work after 3—4 months. I
didn’t hesitate at all. I loved what I was doing. Perhaps
the decision also was made it easy by the fact that in the
UK it was entirely normal to go back to work (especially
in an academic environment), and there was several
affordable and reliable care options for children, includ-
ing one called ‘childminders’, which I don’t think exists
in Japan. Childminders are usually mothers who often
have children of their own or their children have grown
up and so they take on 3 or 4 children to look after
during the day at their house. They do need to have a
qualification/certificate to look after children, and their
role is almost like that of a grandmother or aunt. I was
very fortunate to have found an excellent childminder
where both my children were looked after from 4 months
old. She was like a second mother to both children, and
as I could confidently rely on her keeping the children
safe, I could work without any worry.

But now I was at another crossroad: Where should I
go next? I was offered the opportunity to join a start-up
drug company in the UK or an academic job as an
Assistant Professor in Tiibingen, Germany. In the end, as

my then-husband wanted to return to Germany, I took
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the academic job. Another new country, this time in a
country where I could not speak the language. The lab
language was English, but the proportion of foreigners
was very low, and to live one has to speak German or
one cannot get by. Most importantly, the Germans were
as bad as the Japanese when it came to paper work:
completing all the forms for the university, as well as for
the tax office and administration was a major task.

Unfortunately, as the German system does not allow
an Assistant Professor to stay in the same university to
become a Professor (and get a permanent job), I moved
to the Netherlands on a tenure-track position as an
Associate Professor and Rosalind Franklin Fellow. The
3 years in Tibingen (2002-2005) and the following 5
years in the Netherlands (2006-2011) were some of my
toughest years, but I have no regrets. Necessity is a
teacher for all things, and to survive academically and
obtain tenure, I had to get better at my job, become more
ambitious in how I can get grant awards and publica-
tions, be able to manage people/a group, improve the
range of my teaching skills, and all the time be very
organised, having clear priorities. I had to work under
strict time constrains, as by then I was a single mom and
had to look after the children. During their earlier years
they went to a play club after school, so I could pick
them up at Spm, but I rarely attended international meet-
ings, as I had no relatives or close friends to look after
the children. So I learned to juggle family and work life.
It was challenging, but we managed to get by and more
importantly for me, the family had a roof over our heads,
food on the table, and the children were healthy.

Industrial revolution

The third encounter during this time was moving into
a new research area: “Synthetic Biology”. My work had
already moved toward using ‘omics’ technology, espe-
cially after the first genome of Streptomyces was fully
sequenced in 2002. I was fortunate to be able to use
microarrays that had just been made available for
Streptomyces and analyse the transcriptomic changes
underlying the regulation of antibiotic production®. This
triggered my interest in integrating bioinformatics with
all the molecular profiling and molecular biology tech-

nologies. At the time, the synthetic biology concept was
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being established in the US, with groups from Stanford
and MIT showing how engineering concepts can be inte-
grated into biology. This required a range of disciplines
working together: bioinformatics, molecular biology,
omics technologies, computational modelling, biochem-
istry, engineering, systems biology and so on. This was
exactly what I had been looking for: integration of all
different disciplines to discover and produce novel anti-
biotics”. Antimicrobial resistance has become a major
global problem and the hunt for new antibiotics has
become more urgent. The traditional approaches were
not yielding any new antibiotics to combat against the
antimicrobial resistant pathogens, so drastically new
approaches had to be tried. One of these promising
approaches could be the use of synthetic biology: har-
nessing the genome sequence information and the data
from the omics approaches and integrating them using a
design — build — test — learn cycle from the engineering
sciences. Clearly, this was a very interdisciplinary effort:
including the use of bioinformatics and computational
modelling (design), molecular biology and genetics (build),
biochemical analysis and molecular profiling (test), and
finally machine learning (learn), feeding back to the bio-
informatics approaches of the design step. One could say
that synthetic biology is applied systems biology or a
high-throughput version of combinatorial biosynthesis,
an advanced version of my undergraduate work at
Kitasato; but most importantly, synthetic biology will be
Biotechnology 2.0, and will be a major contributor to
the next industrial revolution”. Synthetic Biology has
also led me to experience new scientific experiences
beyond the laboratory: for example, supervising students
for the international Genetically Engineered Machine
(IGEM) competition. iGEM is a defining event for syn-
thetic biology, with teams of UG students from more than
300 countries (of course there are many universities par-
ticipating from Japan) giving up their summer holidays
to work on a synthetic biology project to solve important
global issues. Together with my husband, I have organ-
ised the iGEM team for Manchester since 2012, as well
as serving as a judge at the annual iGEM Jamboree in
Boston (http://2016.igem.org/Team:Manchester). The
international iGEM teams come up with amazing proj-

ects, and it always surprises me how flexible and creative
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they are and how much they can achieve in the course of
one summer. [ have also been involved in Responsible
Research and Innovation (RRI) activities around syn-
thetic biology. As researchers working on such a new
and powerful emerging technology, it is important that
we consider our responsibility to society, not only when
conducting our experiments, but also when choosing our
research directions. During the last years, I have been
fortunate to work with a team of EU experts to assess the
safety of synthetic biology, as well as deliberating about
future issues in the field with international experts®.

And now.....

I also had a wonderful encounter during this period,
meeting my future friend and husband who is an expert
in computational systems biology, and we have formed a
strong collaborative synthetic biology team”. As a result,
I came upon another crossroad: my husband-to-be had a
Professorship in Glasgow University, while I was in the
Netherlands. Both universities were not flexible enough
to make it possible for the two of us to work at the same
place. In contrast, the University of Manchester was in
the middle of a major recruitment drive for young aca-
demic talents, and made us very generous offers for two
appointments as Professor. Thus, I started a new job at
the University of Manchester as a Professor of Synthetic
Biology in 2012, at the place where the first industrial
revolution had taken place. Certainly a good omen. Most
importantly, Manchester University gave me a great
opportunity to work in a more equal environment as a
woman, as a foreigner, and as a researcher. This encour-
aging environment allowed me, for example, to become
head of section within our school, and to be successful
in several large funding applications, including the
BBSRC and EPSRC-funded Manchester Synthetic
Biology Research Centre, SYNBIOCHEM?® for which I
am now one of the three directors”. I do not say that the
UK universities do not have gender or ethnic minority
issues, but so far, among the 4 countries that I have
worked in, it is by far the most welcoming and support-
ive environment. However, with the recent events of

Brexit, this may also be starting to change.
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As you can see, I have had many crossroads to face.
For some of them, choosing the right path was a very
difficult decision and I pondered for months, while for
others I did not hesitate at all. The decision in the end is
yours alone to make. I do not regret many decisions that
I have made, even though I have made mistakes and I do
think I could do some things better next time. I also had
many encounter which were very significant to decide
the paths at each crossroad.

What I have learned in all my crossroads and encoun-
ter is that one should take the path that one feels is right,
not what another person says or what one thinks others
will want. Perhaps this is not a very Japanese way of
thinking, but you only live once and you will never
know when it will be taken away from you. So live the
life you will not regret. If you are determined and feel
right, then you will see the path to follow. Working as a
postdoc researcher or working in an industry, we are
often asked to move around. For the children, it is not
where they live that is important, but showing how the
parents are happy is the most important. Even your
children will grow up and say to you “Mom, it was a
good idea to have lived in so many countries”, and they
will understand how hard you are working to keep the
family afloat. My children are much more mature than

Fig. 4. My and Prof. Breitling’s group in MIB, Manchester,
when Dr Kuzuyama (centre left) and his 2 postdocs were
visiting in March 2017
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some other children at the same age, and though they
also did have a hard time at some point, it did make
them stronger and more open-minded. And one more
point, try anything once, and if you think you made a
mistake, then you can make it right again; don’t be
afraid, be flexible.

My path has taken me to work in four countries, but
perhaps even more importantly, I had the fortunate oppor-
tunity to work with people from more than 20 countries,
who came to my group as postdocs or PhD students (Fig. 4),
and even more than that I collaborate with people
around the globe (e.g., in the European H2020 project
TOPCAPI', and through partnership grants with China
and Japan). Science works best when the brightest minds
from all kinds of cultural and academic background
come together to come up with new ideas. Let’s make
use of these opportunities while they last.

[Original document was written in English, translated
by Toshiki Furuya (Tokyo University of Science) ]
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