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PREFACE

ingapore has made much progress in the 50 years since its independence, not least in
terms of research output and achievements. Although many people are aware of the
importance of research and development for Singapore’s growth, little is known about
the individuals who laid the foundations for Singapore’s scientific achievements.
These scientists, although lauded by their peers internationally, are not household
names in Singapore; their contributions can seem obscure.

In celebration of our nation’s 50" anniversary, and supported by grants from
the SG50 Celebration Fund and Nanyang Technological University, the editorial team at Asian Scientist
has initiated a combined online and print project to celebrate Singapore’s scientific pioneers. In this book,
we try to capture the struggles and successes of their extraordinary lives, while articulating their immense
contributions to the world of science.

Above all, we thank the 25 people who agreed to be interviewed for this book. They are all above
50—born before Singapore gained independence—and have made exceptional contributions to our
country’s scientific, engineering, medical and education sectors. Although we approached each interviewee
with a similar set of questions, we gave them the freedom to emphasise and elaborate on different aspects
of their lives. As such, the reader may notice slight differences in structure and content between profiles.
We feel it is important to preserve the voices and inclinations of the scientists, even at the expense of some
consistency across profiles.

One major challenge was selecting 25 individuals for this book. There are of course many other
deserving Singaporean scientists whom we could not feature. We regret that our own limitations prevent
us from being able to commemorate here their significant contributions to Singapore. It is clear to our
small editorial team that this book cannot be a comprehensive repository of Singapore’s scientific history,
and certainly it would be impossible even if we tried. Rather, the stories here are meant to inspire young
people to embark on science careers of their own someday.

Finally, we thank Grace Chua and Shuzhen Sim, who wrote many of the chapters; Sudhir Thomas
Vadaketh, who edited all the chapters; Cyril Ng and Bryan van der Beek, who took the beautiful
photographs that accompany the profiles; Eunice Ong, who edited the photographs; and our design team
from Oxygen Studio Designs, who did the design and layout for the book. We appreciate your support
and this book is very much your hard work.
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I
After retiring in 1911 and returning
to England, Dr Ridley published in

1930 a seminal and comprehensive
work on plant dispersal, based on his
scientific expeditions in both Malay

and Sabah, and a review of widely-

scattered literature on the subject.

Photo credit: Walter Mak ¢,
Gilbert Edward Brook and Roland
St John Braddell (Eds.)

One Hundred Years of Singapore, 1921.

odern Singapore’s foray into
science is generally believed to
have begun with the formation
of the Science Council in 1967,
two years after the country
gained independence.

But in the 1890s, Henry Nicholas Ridley,
an English botanist and geologist who was the
first scientific director of the Singapore Botanic
Gardens, was already carrying out experiments
on a plant that would flourish across the Malay
Peninsula—rubber.

At the time, the rubber tree (Hevea
brasiliensis), indigenous to the Amazon basin,
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had never been commercially grown anywhere
else. Malaya’s main cash crops then were coffee,
nutmeg and cloves. In 1895, Dr Ridley discovered
a new method of tapping rubber: by making tiny
incisions into the tree’s lactiferous vessels (little
tubes containing latex), one could spare the
cambium (stem cell) layer from serious damage,
raising overall yields.

His timing was fortuitous. In the early 1900s,
Henry Ford’s mass production of the automobile
fuelled a worldwide demand for rubber tires.
Malayan rubber output, catalysed by Dr Ridley’s
new method, boomed.

In 1965, research and development (R&D) in
Singapore was rudimentary—technicians were
trained to manufacture products, not innovate.

The Science Council was given a seemingly
straightforward task—to raise public awareness of
the importance of science and technology (S&T) to
industry and academia. But in reality this was a tall
order. Most Singaporeans did not have undergraduate
degrees, let alone graduate degrees in S&T. Amid
the uncertainty of developing a newborn country,
R&D seemed like a frivolous pursuit.

Lee Kum Tatt, one of Singapore’s earliest
homegrown PhDs, was the Science Council’s first
chairman. Among its many outreach activities
were a 1970 survey of R&D activities in the public
sector and the 1972 Science Quiz. In 1970 it also
mooted the formation of the Singapore Science
Centre—a project completed in 1977 at a cost of

S$14m (S$32.5m in today’s dollars).
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After the 1968 general elections, Toh Chin Chye
was appointed Singapore’s first minister for science
and technology. As manpower development was
the top priority, Dr Toh introduced research
fellowships and grants for graduate-level research,
which were managed by the Science Council.

It was another decade before basic research
started to take shape in Singapore. With meagre
resources at their disposal, scientists had to be
resourceful. Consider Sit (Wong) Kim Ping (see
p.74), professor of biochemistry at the National
University of Singapore (NUS), whose research
into mitochondria required analysis of metabolic
processes in rats. In the 1970s, she jury-rigged
a pestle onto a rotating drill bit in order to

homogenise rat livers at high speed. She also used a
cooking pot with holes drilled in it to boil multiple
test tubes over a Bunsen burner.

Those were straitened times for researchers.
Nevertheless, a 1975 review of the civil service chaired
by Lee Kuan Yew, the prime minister, recommended
that the Ministry of Science and Technology fund
projects that are more applied in nature. “Ours
is a nation with no natural resources. Neither can
we afford the means to carry out fundamental
research...” the review report gravely stated.

In 1981 the Ministry of Science and
Technology was folded into other ministries. The
Science Council was placed under the purview
of the Ministry of Trade and Industry, and its
role reduced to promotional activities such as
organising conferences and establishing links with
international scientists.
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Toh Chin Chye (left) viewing

a moon rock at the National
Museum of 3
1970. Dr Toh completed a PhD in
physiology at the National Institute
for Medical Research, London,

in 1949. He joined the Univ

of Malaya in 1953 as a physiology
lecturer, before entering politics

in 1959. Putti im in charge of

decision—Dr Toh was the only

net member with a PhD.

Photo credit: Courtesy of the
National Museum of Singapore,
National Heritage Board.



Despite these setbacks, there was growing corporate
interest in Singapore as a gateway to Asia. Large
multinational companies in the semiconductor and
disk drive industry, such as Seagate Technology,
Motorola and Fairchild Semiconductor, set up
R&D units here. In 1981, Apple Computer opened
a manufacturing plant in Singapore to assemble
personal computers.

It was the deep recession of 1985-86—
sparked partly by wage inflation among low-cost
factory workers—that prompted Singapore’s shift
into high-tech R&D. The country was no longer
able to compete with lower-cost manufacturing
destinations, such as China and Malaysia.
Singapore thus continued its move up the value
chain. It began training a sophisticated workforce
and establishing research institutes to attract
investors and collaborators around the world.

To lead this charge, Philip Yeo, then
permanent secretary of defence and chairman of the
National Computer Board (NCB), was appointed
chairman of Singapore’s Economic Development
Board (EDB) in 1986. Under Mr Yeo, the Science
Council was replaced by the National Science and
Technology Board (NSTB) in 1991. The NSTB
was tasked with actracting foreign investment into
Singapore. New research institutes in the country
focussed on R&D into disk drives, semiconductors,
chemicals and pharmaceuticals, among others.

S&T budgets have grown in tandem with
the sector’s growing importance to the country.
The first five-year National Technology Plan for
1991-95 had a budget of S$2bn (S$3.1bn in today’s
dollars), which was promptly doubled five years
later. The most recent five-year budget for 2011-15
is S$16.1bn.

In the 2000s, R&D activity grew exponentially.
Mr Yeo became co-chairman and then executive
chairman of NSTB in quick succession. He
reorganised NSTB-funded research institutes
under two councils: the Science and Engineering
Research Council, overseeing the physical sciences
and engineering, and the Biomedical Research
Council, overseeing the biomedical sciences.
NSTB was renamed the Agency for Science,
Technology and Research (A*STAR) in 2002. A
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new scheme called the A*STAR National Science
Scholarships was launched to cultivate local PhD
scientific talent; it has since funded more than
1,000 Singaporean scholars and fellows locally
and abroad. Exploit Technologies Pte Ltd was
also established to manage A*"STAR’s intellectual
property and facilitate technology transfer in the
form of licensing agreements or new start-ups.

Biomedical scientists had reason to cheer
in 2003, when a sprawling research hub, called
Biopolis, was officially opened. There, joining four
young biomedical research institutes is the much
older Institute of Molecular and Cell Biology,
established in 1985. Large pharmaceutical and
biotechnology ~companies such as Novartis
Pharmaceuticals have also set up facilities there.

All these developments are part of the
biomedical sciences initiative, a S$1.48bn plan to
establish the sector as the fourth pillar of Singapore’s
economy, alongside electronics, engineering and
chemicals. Many have helped Mr Yeo implement
this initiative, including Sydney Brenner (see p.22),
an elder statesman of science; Tan Chorh Chuan
(see p.86), then dean of medicine at NUS; John
Wong (see p.106), then an oncology-haematology
professor at the National University Hospital
(NUH) and NUS; and Kong Hwai Loong, former
executive director of the A*STAR Biomedical
Research Council.

The physical sciences and engineering sector
has been the mainstay of Singapore’s economy
since independence. Fusionopolis, which opened
next to Biopolis in 2008, was built as a home for all
the physical scientists and engineers in Singapore.
Exceptions are the Institute of Chemical &
Engineering Sciences, which is located on
Jurong Island; and the Singapore Institute of
Manufacturing Technology and the Data Storage
Institute, both of which are located on university
campuses. Subsequent phases of development
will expand Fusionopolis into a business park for
information technology (IT), media, electronics,
physical sciences and engineering companies.

Meanwhile, a cluster of start-ups, mainly in
the media and IT space, is located in the adjacent
Ayer Rajah Crescent area, the so-called “Silicon
Valley of Singapore”.

In 2006 the National Research Foundation
(NRF) was established as a department within the
Prime Minister’s Office with a mandate to set the
national direction for R&D. Among other things,
it offers grants to fund research that has strategic

importance to Singapore. Its prestigious Singapore
NRF Fellowship supports independent researchers
based here. In 2013, it launched its flagship Global
Young Scientists Summit, an annual conference
attracting Nobel Laureates and other award winners,
inspired by the Lindau Nobel Laureate Meetings.

Many are familiar with the narrative of how post-
independence Singapore lacked a strong military
force, prompting the government to implement
mandatory National Service for all Singaporean
males, as part of a broader defensive strategy to
deter real and present threats to the country.

But few have heard the story of how, in 1971,
Singapore also started to prepare for a “future” war.
It was the peak of the two-decade-long Vietnam
war; the US was fighting Russian surface-to-air
missile systems using electronic warfare.

Goh Keng Swee, then minister of defence,
realised that mastery of the electromagnetic
spectrum would be crucial for military success in
the future. He assembled a team of engineers—
codename Project Magpie—to develop R&D
capabilities for such a scenario.

In 1977, Project Magpie evolved into the
Defence Science Organisation (DSO). Unable to
acquire defence technologies from other countries,
DSO bootstrapped Singapore’s modern defence
sector partly by investing in PhD-level research. In

mﬁb@"ﬁﬂbfmy
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1986, Ministry of Defence (MINDEF) appointed
Lui Pao Chuen (see p.62) to the new position of
chief defence scientist.

In 1997, Su Guaning (see p.78), a founding
member of Project Magpie, led the incorporation
of DSO as a non-profit company limited by
guarantee, henceforth known as DSO National
Laboratories. In 2000, he converted MINDEF’s
Defence Technology Group into a statutory
board called the Defence Science and Technology
Agency (DSTA), where he served as chief executive
until 2002.

These combined organisational changes
and scientific advances have helped transform
Singapore from a tiny country worried about
existential threats to South-east Asia’s leader in
military spending and arms exports.
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I
Tony Keng Yam addressing
the audience at the 2012 Lindau
Nobel Laureate meeting. Dr Tan,
the seventh president ore,
served as the inaugural chairman
of NRF from 2006 to 2011.

After graduating with a degree

ics from the University

apore, he received a PhD

cs lecturer at
gapore before

entering politics.

Photo credit: Markus Possel/

Creative Commons.

24 April 1968. Often described as
gapore’s economic architect,
Dr Goh served as mini
finance, minister of defence, deputy
prime minister and minister of
education, among other roles.
During his undergraduate days at
the London School of Economics
(LSE), he was the founding
chairmain of the Malayan Forum, an
anti-colonial, nationalist movement,
wh inted Lee Kuan Yew and
Toh Chin co-founders.
Dr Goh later returned to LSE
where he earned a PhD in

economics in 1956.

Photo credit: Courtesy of
National Museum of Singapore,
National Heritage Board.



Lee Kuan Yew (left), Singapore’s
founding prime minister, visiting
the Institute of Molecular and
Cell Biology (I °B) in 1988.
Mr Lee is recognised for his

visionary leadership and for

developing Singapore into a high

income country. He .\Llppnl‘[cd
the establishment of the IMCB

to help Singapore become a key

blayer in the emerg teld of
play I g 1d of

biotechnology. To achieve water
self-sufficiency for Singapore,
he encouraged R&D in water

ng and desalination.

Photo credit: Courtesy of the
Institute of Molecular and
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Independence left Singapore without a sovereign
defence force but also without a sovereign water
supply—it was almost entirely dependent on
imported water from Malaysia. Singapore’s long-
term water security is guaranteed only till 2061—
when its only remaining water agreement with
Malaysia will expire.

With this resource constraint in mind, after
independence Mr Lee led Singapore on a relentless
drive to achieve water self-sufficiency. In 1971,
he set up the Water Planning Unit in the Prime
Minister’s Office.

Tan Gee Paw (see p.90), now chairman of the
Public Utilities Board (PUB), oversaw many of its
successes, including the decade-long project to clean
up the Singapore River. Singapore now has two
additional source of water—recycled used water
(NEWater) and desalinated seawater, in addition
to local catchment and imported water from Johor.
By 2061, PUB expects NEWater to fulfill 55% of
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Singapore’s water demand, while desalination will
account for another 25%. And the remaining 20%?
“Free from the sky,” says Mr Tan.

Singapore has today become a global hub
for water research, with more than 180 water

companies and 26 water research institutes.

In the 1960s, there were two universities in
Singapore. The Chinese-medium Nanyang University
was founded in 1956 to provide higher education to
the Chinese community. Meanwhile, the English-
medium University of Singapore was founded in
1962 following a split by the University of Malaya
(UM) into two autonomous divisions. (The Kuala
Lumpur campus retained the UM name.)

Over the next two decades, both universities
trained Singaporeans for various professional
occupations. But in 1980, in part to consolidate
resources and in part to promote the English
language, they were merged to form the National

University of Singapore (NUS), with Lim Pin (see
p.54) as founding vice-chancellor.

The merger met with strong opposition from
the Nanyang University alumni and the Chinese-
speaking community. Nanyang University’s
grounds were taken over by a new technical
institute, the Nanyang Technological Institute
(NTI), with Cham Tao Soon (see p.26) as its
founding president in 1981.

In 1991, the government fulfilled a promise
it had made to disgruntled alumni ten years
before—NTI was upgraded to university status
as Singapore’s second English-medium university.
NTI merged with the National Institute of
Education (NIE) to form Nanyang Technological
University (NTU), with Professor Cham as
founding president, a position he held for 22 years.

In the past two decades Singapore’s higher-
education landscape has blossomed. In 2000, the
Singapore Management University was founded.
In 2009, the Singapore University of Technology
and Design was founded as a tie-up with the
Massachusetts Institute of Technology in the US.
In 2011, Singapore’s first liberal arts college, Yale-
NUS College, was established as a collaboration
between Yale University in the US and NUS. The
Singapore Institute of Technology enrolled its
inaugural cohort in 2014, catering primarily to
local polytechnic graduates.

Singapore’s hitherto only medical school, the
Yong Loo Lin School of Medicine at NUS, was
joined in 2007 by Duke-NUS Graduate Medical
School, a tie-up with Duke University in the
US. The Lee Kong Chian School of Medicine at
NTU was launched in 2013 in partnership with
Imperial College London. Both medical schools
were opened to help meet Singapore’s future
healthcare needs and to train the next generation of
clinician-scientists.

These new developments must seem
astonishing for Singapore’s older practicing
doctors, who trained in diverse, fascinating
settings. Consider 94-year old K Shanmugaratnam
(see p.70), who in 1938 enrolled at Singapore’s King
Edward VII College of Medicine (one of UM’s
predecessors). When World War II interrupted his
studies, he found work under the Japanese in their
bacteriology and serology laboratories, and then
at the Chuo Byoin (Central Hospital)—present-
day KK Women’s and Children’s Hospital—

which treated both locals and Japanese civilians
and soldiers.

When one considers the long arc of history
through the lives of Singapore’s scientists—from
Professor Shanmugaratnam, who learned his
trade during some of the country’s darkest days,
to the relatively youthful Tan Tin Wee (see p.98),
an Internet pioneer comfortable hobnobbing in
Silicon Valley—it becomes apparent just how
remarkable the last fifty years have been; not
simply for Singapore, but for the wider world with
which the “tiny red dot” is inextricably linked.

These scientists’ stories embody the struggles
and successes of Singapore. Common themes
emerge: dealing with the limited resources available
in a young country; the need to both persevere
and adapt when there is no clear goal in sight;
the thankless and unglamorous nature of much
research; the value of pursuing one’s passions;
and the importance of family and colleagues in
overcoming adversity.

Much as they acknowledge Singapore’s
tremendous accomplishments, the scientists
profiled here do not shy away from highlighting
areas in which there is room for improvement.
These include: encouraging a culture of debate and
dissent; making data more transparent; mitigating
environmental damage; and reducing gender
imbalances.

As the scientists here admit, science is not
necessarily a path that leads to fame or fortune.
Sometimes the thrill and validation is intensely
personal. “I think it’s the greatest adventure in the
world to really know, at a given point, that you're
the only person in the world that knows something
new,” Professor Brenner says.

Like the slow, steady growth of a coral reef,
scientific contributions may only be truly apparent
decades or even centuries later. In 2015, when the
74-hectare Singapore Botanic Gardens, home to
more than 10,000 types of plants, was declared the
country’s first UNESCO World Heritage Site, it
was is no small part due to the efforts of pioneers
long gone, including Dr Ridley, who chipped away,
patiently, at the bark of the rubber tree.

013




THE
BASEMENT
TINKERER

By Grace Chua

s a child, Freddy Boey took no plaything at face value. A metal helicopter was something
to be taken apart and put back together. Wooden blocks and a pile of sand became
railroad tracks and tunnels. Two pieces of wood and some nails became a replica of
a toy airplane.

He progressed from taking apart and reassembling his toys in the zinc-roofed
kampung house he shared with his grandmother, parents and ten siblings; to tinkering with inventions in
the basement of his home; to becoming a serial inventor and entrepreneur winning more than S$30m of
grants and licensing biomedical devices worth millions of dollars over the years.

As he is being readied for this profile’s photo shoot, the 59-year-old professor of materials
engineering—also deputy president and provost at the Nanyang Technological University (NTU)—
looks uncomfortable. “Do I need a jacket? You can take all the pictures you want, I'm not going to get
any more handsome,” he quips.
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Professor Boey has always been more ready to get his
hands dirty than pose for corporate pictures. The
ninth of eleven children born to a mechanic and a
housewife, he was largely left to his own devices as
a child. “My parents and siblings didn’t have a clue
what I was doing,” he says.

Even without parental pressure, he breezed
through secondary school, then topped his cohort
at St Andrew’s Junior College. But he was denied
a government scholarship due to his congenital
kidney illness.

Instead, Professor Boey scraped together
savings from odd jobs during National Service, and
went to Australia’s Monash University, which at
the time offered free tuition. There, he remembers
sneaking out of a dull chemical engineering lecture
into the next class. It happened to be on materials
science. “The professor was explaining how an
airplane wing can bend, and it blew my mind,”
he says.

With that, Professor Boey switched to
materials science—and evangelised to friends
about it. (The department’s class size promptly
doubled, said Ian Polmear, a materials science
professor at Monash, in 2011 at an award
ceremony recognising Professor Boey as Monash’s
Distinguished Alumnus of the Year.) In 1980, he
graduated top of his class—all while holding down
a variety of jobs, from cleaning pubs to delivering
eggs, to make ends meet.

Professor Boey then spent a year as a
metallurgist at the Singapore Institute of Standards
and Industrial Research (SISIR), developing its
trademark gold-plated Risis orchids, and a further
ten months volunteering with an aboriginal
community in a remote part of North Queensland.
He then began graduate studies at the National
University of Singapore under Teoh Swee Hin (see
p-102), a materials engineering pioneer.

There, Professor Boey examined the impact
of impregnating polymer into wood—wood’s
fire- and water-resistance is raised, boosting
its value. “My job was to do the modelling,” he
remembers. “I had a modelling equation with nine
or ten variables, and we were using this so-called
‘supercomputer’—you put the question in in the
morning, and you could go to lunch before the

answer came out.”
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By 1987, he had completed his PhD and
found a job. “I joined NTU because I was given
the freedom to do what I could do, and I've been
here since,” he says. And one thing he could do was
invent things.

For instance, for Singapore’s Mass Rapid
Transit (MRT) system, which began running in
1987, he made soft plastic ticket barriers—the
distinctive red fare gates. He developed the material,
then ordered a first batch from plastic moulders
in Australia.

Another project involved developing carbon-
fibre parts for the A-4 Skyhawk jet fighter. At
the time, he says, use of the laboratory for non-
academic pursuits was frowned upon, so he set up
a lab in his home basement.

“For two years, late at night when my
children and wife were asleep, I'd work for a couple
of hours,” he says. “I bought my own materials—I
remember buying carbon fibres from Russia as
they were cheaper.” Professor Boey’s carbon-
fibre parts, though approved, were never used by
the Singapore Air Force, which later decided to
upgrade its fleet of A-4 Skyhawks.

For Hewlett-Packard’s semiconductor
factories, Professor Boey designed a series of carbon-
foam indexer wheels on which to mount robotic
arms. His wheels were less than half as heavy as
conventional aluminium ones, and less susceptible
to vibrations that slowed the pace of the robots’
work. To get the wheels perfectly flat, he cast them
on large pieces of float glass—glass made by floating
molten glass on a bed of molten lead.

All this work in the basement laboratory
caused little marital friction, until his wife Celina,
a general practitioner, discovered epoxy cooling in
the kitchen fridge. “When I told her what it was, it

was not funny,” Professor Boey grimaces.

Such tinkering, he says, was not discouraged by
NTU, but neither was it actively promoted at first.
Only from around 2000 did the university begin
to ramp up its research and innovation efforts.
That year, NTU’s materials engineering division
was upgraded to a full-fledged engineering
school, and Professor Boey became its vice-dean
of research.

When Professor Boey’s eldest sister died in
London of lung cancer that year, in her early 60s,
he was driven to study biomedical devices. “Why
can’t a device delivering a small dose of radiation
be implanted next to a cancer?” he asked himself.

He soon realised that the techniques and
ideas used in one domain could be applied
to another. For instance, to make very thin
biodegradable heart stents of an even thickness, he
used a technique called multilayering, commonly
used in microelectronics, which involves spinning
drops of liquid material till they become flat layers.
“It’s a lot of lateral thinking,” he says.

With colleague Subbu Venkatraman, a
polymer chemist, he developed fully biodegradable
heart stents that can deliver drugs. They spun
off a company, Amaranth Medical, in which
Boston Scientific, a medical device giant,
bought a stake. They also redesigned the
surgical tissue retractor, which surgeons use
to expose a surgical site. Their now ubiquitous
disposable version is gentler than conventional
metal ones.

Profesor Boey’s newest company, Peregrine
Ophthalmic, expects in three years to gain approval
from the US Food and Drug Administration (FDA)
for a treatment that would replace glaucoma-drug
eyedrops with an injection that delivers drugs
slowly for months.

Though he holds countless patents, Professor
Boey does not believe in filing new ones uncritically.
“I don't file unless I believe they can be licensed;
more than two-thirds are,” he says.

“I'm glad the experience I have is helping to shape
the whole of NTU,” he says. “The culture here
today is very different from the time I was doing
things in my basement.”

In 2011, Professor Boey was appointed NTU
provost, and created a new path for researchers
to get tenure through world-class, high-impact
innovation. Likewise, as dean of the school of
materials science and engineering, he challenged
the faculty and students to spin-off at least one
company a year—a target they promptly exceeded.

For instance, Hydroemission Corporation
makes biodegradable controlled-release technology
for water treatment, waste treatment, and

other applications; and NanoFrontier develops
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nanoparticles for applications such as detecting
biochemicals. Meanwhile Vincent Lau, a materials
science alumnus, developed an online-retail
solution called Paywhere.

“I think innovation can come in any
environment; but you need to have an inquisitive
mind, and you need a sense of optimism,” Professor
Boey says. “Most of the time invention comes
when you persist, and it happens by accident more
often than not. If you are a pessimist looking for a
perfect answer, you’ll never get it done.”

And as provost, he is trying to encourage
that happy optimism and innovation in the
undergraduate population. “I believe in having
an education, not a degree,” he says. “A lot of our
education is spent on feeding
the students information, where
exams are the focus.”

He would like to teach
students the basics better and
faster, perhaps using online
learning technologies, “and the
rest of the time educate them as
a person, as a leader. What you
learn in class lasts only for a couple
of years, but inquisitiveness
and learning how to learn lasts
you longer.”

As Professor Boey shows
off photos of his family—three
daughters, a son, three dogs,

“and one illegal cat who walks

in and out and doesn’t even pay

rent’—he shares his equally

relaxed approach to parenting.

“I am not someone whose aim in

life is to sit down with all my children and make
sure they pass their PSLE [Primary School Leaving
Examination] with flying colours,” he says. “I said
to them, whatever result you get is all right; there
will always be a place for you whether you are a top
student or not.”

In the long run, he believes Singaporean
researchers are capable of inventing things that
will have a world-class impact, and materials
science is a fleld ripe for such invention. “Today,
energy depends on new catalysts and storage; clean
water depends on new materials to purify the
water. Materials science is going through a golden
age—and the sun hasn’t set.”



CONCEIVING
MANY WORLD
FIRSTS

By Rebecca Tan

n 1965, Singapore had a total fertility rate (TFR) of 4.66 children per woman and an
average household size of about six, according to the Singapore Department of Statistics.
By the time Samuel Lee was born in 1983, however, the situation had changed
drastically, with the TFR dropping to 1.61, below the generally-accepted replacement
rate of 2.1. But Mr Lee was no ordinary baby: he was Singapore’s—and Asia’s—first
“test-tube baby”, brought into the world by a team led by the late S. S. Ratnam.

Since then, thousands of babies have been born in Singapore through assisted fertility techniques,
with 1,158 in 2009 alone [the most recent publicly-available datum]. Although these numbers are not
high enough to cause a discernible rise in birth rates, perhaps more importantly, in vitro fertilisation
(IVF) has given many infertile couples a shot at parenthood.

Much of the credit for this should go to Ariff Bongso, professor of the department of obstetrics &
gynaecology at the National University of Singapore, who has made several pivotal research breakthroughs
that have improved IVF success rates.

“I have watched some of the children born through IVF grow up and enter university. To me, it is
overwhelming to know that a technique conceptualised in the lab ultimately results in so much happiness
and joy,” says Professor Bongso, who is a faculty member at the Yong Loo Lin School of Medicine and the
National University Health System.

Over the course of his still active career, Professor Bongso has also been at the forefront of one of
the most exciting fields of the last decade: stem cell research.
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Like many other IVF pioneers in his time, Professor
Bongso, a native of Sri Lanka, first perfected his
skills on animal embryos before making the jump
to humans. Although offered a place to pursue
medicine overseas, he chose to study veterinary
medicine instead, completing a five-year programme
at the University of Ceylon in 1970.

“The initial shift from human to veterinary
medicine turned out to be a defining moment
in my education,” Professor Bongso recalls. “My
strong background in comparative mammalian
reproduction has in fact been an asset in
understanding and providing solutions to some of
the problems in humans.”

He went on to complete a master’'s and PhD
in mammalian reproductive biology at the University
of Guelph in Ontario, funded by a Canadian
Commonwealth Scholarship. He then returned to Sri
Lanka to work but after ten years, and in inauspicious
circumstances, felt the pull of Singapore.

In 1987, while attending the funeral of his
close friend, S. M. Ratnam, in Kuala Lumpur,
Professor Bongso met the deceased’s brother,
Professor S. S. Ratnam, who persuaded Professor
Bongso to join him in Singapore. Professor Bongso
and his family liked Singapore so much that he took
up citizenship in 1991.

“Without a doubt, the most productive part
of my career has been during my stay in Singapore,”
he muses. “In those early years of my career in
Singapore, I spent less time on writing and winning
research grants... manpower, material and funding
were all provided by the department. These to me
were the key ingredients that resulted in several
breakthroughs and world firsts.”

Although the very first IVF baby was born in 1978,
IVF techniques were still relatively crude in the late
1980s and had a very low success rate of 10-15%.
Conception begins when a sperm cell meets
an egg cell in the fallopian tubes. Each sex cell has
only one copy of the pair of chromosomes found in
non-reproductive cells. When sperm and egg fuse,
the resulting embryo has a full set of chromosomes.
If all goes well, it starts developing into a baby.
However, getting the sperm and egg to meet in
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the first place is challenging. For
roughly one-third of infertile
couples, the male’s sperm is
lacking in either quantity or
quality. In another one-third
of cases, the female experiences
hormonal imbalances resulting
in the egg not being released
into her fallopian tube; or she
has structural defects in her
fallopian tubes which prevent
the sperm and egg from
meeting. In all other cases, both
male and female partners have
one or more issues resulting in
infertility.

IVF can be thought of
as speed dating, concentrating
sperm and egg cells outside the
body to increase their chances
of meeting and fusing. The
embryos thus formed in “test
tubes”™—or, more likely, petri
dishes—are then transplanted
into the womb where they
hopefully begin to grow.

“Back then, the culture
conditions for the growth of
human embryos in the laboratory were suboptimal,”
Professor Bongso explains. “As a result, IVF
specialists were transferring fertilised embryos after
culturing them for only two days, whereas in natural
conception the embryos reach the uterus from the
fallopian tube on day five—at the blastocyst stage.”

In 1988, Professor Bongso and his team
attempted to develop a co-culture system in the
lab that would mimic the conditions of the human
fallopian tube. They grew the embryos on a bed
of human fallopian tubal cells in a plastic dish in
the presence of a synthetic formulation of fallopian
tube fluid that they developed. “This allowed us
to prolong the growth of human embryos to the
blastocyst stage and doubled the IVF pregnancy
rates,” he says.

Professor Bongsos co-culture technique
soon spread from Singapore to IVF programmes
all around the world, where it remained the gold
standard until recently, when a new cell-free liquid
culture medium formulated on the knowledge
gained by the co-culture system replaced it.

Apart from co-culture, Professor Bongso has

also been involved in developing IVF techniques
ranging from microinjection—a procedure
enabling men with poor sperm counts to father
children—to zona-free blastocyst transfer, whereby
the outer shell of the embryo is enzymatically
removed to increase the chance of implantation in

older women.

While his success in the field of IVF made him
something of a household name in Singapore
and the region beyond, Professor Bongso’s next
discovery launched him onto the world stage. In
1994, he became the first scientist in the world to
report the isolation of human embryonic stem cells
(hESCs), which have the potential to develop into
any human cell.

Building on his IVF-related knowledge,
Professor Bongso used a fallopian feeder culture,
in which he was able to maintain the hESCs for
two generations. In contrast, a group in Wisconsin
using mice cells as a feeder culture succeeded at
maintaining their hESCs for over 40 generations,
receiving a patent for their work in 1998.

By this time, stem cells had evolved from a
purely academic research interest to an intensely
commercial one, with many companies realising
their vast potential for treating diseases such as
Alzheimer’s and diabetes.

Arguing that patents on hESCs restricted
access to the potentially revolutionary cells, several
groups sought to overturn the patent held by the
Wisconsin group. In the ensuing legal battle,
Professor Bongso’s work was cited as evidence that
the Wisconsin group was not necessarily the first to
have discovered hESCs.

However, culturing hESCs on mouse feeder
cells is not without its limitations. “Cell lines grown
on mouse or other animal cells could possibly be
contaminated with viruses and bacteria from
the feeder cells,” Professor Bongso says. “This
risk seriously curtailed the possible downstream
applications of hRESCs.”

In 2002, Professor Bongso and his team
succeeded in establishing a “pure” stem cell line
grown in completely animal-free conditions, by
using embryonic muscle and skin cells rather than
adult fallopian tube cells for the feeder culture. This
removed a major obstacle to the progression of stem
cells from lab to clinic.
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But the problem of mouse feeder cells was only
one of many. Still, unfazed by the challenges and
convinced that the opportunity was promising,
Professor Bongso co-founded ES Cell International
(ESI), a biotechnology startup supported by the
Economic Development Board of Singapore.

Incorporated in 2000, the company had
early success, including the patenting of Professor
Bongso’s human feeder method and its selection
by the US National Institutes of Health as one of
ten groups to have its stem cell research eligible for
federal funding. The company also scored a coup
with its recruitment of Alan Colman—famous for
cloning Dolly the sheep—first as chief scientist and
then as CEO.

But in the wake of that early euphoria, the stem
cell industry at large was about to experience its first
boom and bust cycle. By 2007, ESI had given up its
research on treatments for diabetes and heart failure,
switching instead to the less risky option of licensing
hESC lines and using them in screening assays
for drug development. A US company eventually
acquired ESI in 2010 and renamed it ESI BIO.

Professor Bongso has continued slowly chipping
away at the hurdles in stem cell research. In
particular, his research group has focussed on cells
isolated from the Wharton’s jelly of the human
umbilical cord, a much less controversial and
more readily available source of stem cells than
discarded embryos.

As excited as Professor Bongso is about his
current research, he has not neglected to train
the next generation of scientists. Fong Chui Yee,
for instance, was once his student and is now
a respected researcher in her own right. She has
worked closely with Professor Bongso over the
years and is poised to take over his lab when
he retires.

“I strongly believe that in the biomedical field,
research teams should comprise a mix of clinicians,
basic research scientists and clinician-scientists
working together,” Professor Bongso says. “Synergy
between all these three types of specialists in a
complementary manner will draw in diverse ideas
and fruitful results.”



GREATEST
ADVENTURE
IN THE

WORLD

By Shuzhen Sim

n 1953, Francis Crick and James Watson, two scientists working at the University of
Cambridge in the UK, deduced the molecular structure of DNA, proposing a double
helix formed by paired chains of the nucleotide bases A, C, G and T.

Sydney Brenner, then a 26-year-old PhD student at Oxford University, describes
seeing their model of DNA for the first time as a watershed moment in his scientific career.

At that point, the question of how a mere four bases could encode the information required for cells to
make all the proteins necessary for life—the genetic code—was as yet unsolved. In the early 1960s, Professor
Brenner’s role in deciphering the genetic code helped lay the foundation of modern molecular biology.

Few scientists make their mark on even one specialised field of research. Several years later,
Professor Brenner’s pioneering use of the nematode worm Caenorbabditis elegans (C. elegans) as a model
for understanding human biology revolutionised research in genetics and developmental biology, and in
2002 earned him the Nobel Prize in Physiology or Medicine.

Since 1983, in his capacity as a trusted advisor to the Singapore government on scientific policy,
Professor Brenner has been instrumental in establishing Singapore as a biomedical research centre of
international repute. In 2003, Singapore conferred on him its inaugural Honorary Citizen Award, the
nation’s highest form of state recognition for non-citizens.

Today Professor Brenner, 88, is senior fellow at Singapore’s Agency for Science, Technology, and
Research (A*STAR), and also holds senior faculty positions at the Salk Institute and the Howard Hughes

Medical Institute in the US. “I've had a good long run in science,” he acknowledges.

022

Credit: Bryan van der Beek




Professor Brenner developed an interest in
molecular biology as a medical student in the
1940s in his native South Africa. Keener on
research than medical practice, he moved to the
UK in 1952 for a PhD at Oxford. Then in 1956
he joined the Laboratory of Molecular Biology
(LMB) at Cambridge, where he would share an
office with Dr Crick for twenty years.

In 1961, together with Dr Crick and others,
Professor Brenner showed that the genetic code
is composed of non-overlapping triplets—three
bases, or a codon, encoded one amino acid, the
basic building block of proteins.

Turning next to the question of how
information is transferred between DNA and
proteins, Professor Brenner demonstrated
the existence of messenger RNA, an unstable

intermediate molecule that
carries information from DNA
in the nucleus to ribosomes—
the cell’s protein making
machinery—in the cytoplasm

of the cell.
Today, “DNA makes
RNA and RNA makes protein”

is considered the “central
dogma” of molecular biology.
But in the 1950s, the scientific
establishment ridiculed the
idea that DNA could carry all
the information required for
life. Professor Brenner had “to
preach to the heathen”.
In the late 1960s,
Professor Brenner became
interested in the genetics
of how complex organisms
grow, particularly in the
development of the human
brain and nervous system.
Scientists often study model
organisms—simple organisms
that can be easily handled in
the laboratory—to gain insights into the biology
of more complex animals, such as humans. In
genetics, for example, the fruit fly Drosophila
melanogaster and the yeast Saccharomyces cerevisiae

are widely-used model organisms.
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Professor Brenner recognised the potential of
C. elegans, a one millimetre-long nematode worm
with a transparent body and simple nervous system,
for studying developmental biology. In a 1974 paper,
he described important aspects of its genetics, along
with methods for studying it in the laboratory, thus
establishing it as a new model organism.

Research on C. elegans blossomed. Scientists
tracked the development of every single one of
its 959 cells and mapped the wiring of its 302
neurons. By the early 1990s, scientists had started
to sequence entire genomes of simple, single-
celled organisms—the first was the bacterium
Haemophilus influenzae.

In 1998, thanks to a consortium of researchers
in the UK and US, C. elegans became the first
multicellular organism to have its complete genome
sequenced. Dubbed “nature’s gift to science” by
Professor Brenner in his 2002 Nobel lecture, this
humble organism has helped researchers understand
fundamental cellular processes such as cell division,

embryogenesis, ageing and cell death.

In 1983 the Singapore government, eager to
diversify the country’s economy away from low-
cost manufacturing, sought Professor Brenner’s
advice on developing a biotechnology sector. He
proposed setting up the Institute of Molecular and
Cell Biology (IMCB) at the National University of
Singapore (NUS) in order to train Singaporeans
and provide research infrastructure.

Inaugurated in 1987, the IMCB’s mandate
was also to prove that Singapore, despite being a tiny
population with little experience in basic research,
could produce high-calibre scientific research.

Professor Brenner ran a laboratory at the
IMCB, and led efforts to study the genome of the
Takifugu rubripes puffer fish—or fugu in Japanese.
His team showed that the fugu and human
genomes share similar blueprints, even though the
former is about eight times smaller than the latter.

Like C. elegans, the compact fugu genome is an
ideal model for studying larger and more complex
genomes. The IMCB enhanced its international
reputation when it became a key member of an
international consortium that in 2002 published
a draft sequence of the fugu genome in Science,

a journal.

Professor Brenner is, understandably, tired
of talking about his older achievements. But ask
him about his latest endeavour, the Molecular
Engineering Laboratory (MEL), set up in 2009 at
the Biopolis, and his eyes light up.

In the early, heady days of molecular
biology, Professor Brenner and his fellow rebels at
Cambridge did not accept students. “Who wants
to be stuck with a student for three years when
the field was changing almost every month?” he
muses. “In a dynamic field you can’t maintain a
project because a student has to get his PhD.”

Today, under constant pressure to compete
for grants and pass performance reviews, principal
investigators (PlIs, the heads of laboratories) tend
to maintain large groups of graduate students
and post-doctoral fellows, on whom they rely to
produce the science. In the US, especially, this
has resulted in a glut of PhD holders, without a
corresponding increase in jobs for them.

The entire system of academia, thinks
Professor Brenner, is bad for scientific innovation.
The bureaucracy stifles talent. “Pls have ceased
to become scientists,” he worries. “They become
managers and sit in offices all the time and have
group meeting and so on. That’s not the way
you create new science.” As employees of the Pls,
students and “post-docs” also lack the independence
to work on problems that really interest them.

In a bid to liberate them, Professor Brenner
established MEL. Here, freshly-minted PhDs are
their own bosses. “You're independent, but you're
also responsible,” he says. “If you've got ideas, you
implement them. You really need to take it all the
way through.”

MEL is not only unique in its structure, but
also in the scope of its research. It was the first
place, Professor Brenner says, to institutionalise
molecular engineering, an extremely broad,
interdisciplinary field involving the design,
manipulation, and synthesis of molecules for
myriad applications. These proteins can be used
to make materials with unique properties, for
example, or chemical scaffolds that can be used to
design better drugs.

One area of research at MEL is biomimetics—a
field in which the imitation or mimicry of nature is
used to solve engineering problems. Here, the team
is studying and designing potentially useful proteins
from marine organisms. For instance, suckerin, the

protein present in the sucker ring teeth of squid,
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could be used to make strong, flexible materials for
applications ranging from reconstructive surgery to
eco-friendly packaging.

Others in the laboratory are developing
molecular  probes—molecules that exhibit a
measurable change, such as emitting fluorescence,
after interacting with other molecules. These are
useful in a wide variety of industrial and research
applications—monitoring chemical manufacturing
processes, for example, or detecting a specific
DNA sequence.

MEL, Professor Brenner hopes, will nurture
talented young researchers, whom he views as the biggest
investment in the future that Singapore can make.

“Ninety percent, maybe even more, of what
goes on in research and development is essentially
routine,” he says. “And thats fine. But you also need
the talent to do something new.”

Constant reinvention, he thinks, is especially
important for small countries like Singapore,
which must keep creating new possibilities and
opportunities for their people. It certainly helps that
Singaporeans, in his opinion, are focussed on self-
improvement. MEL often loses talented research
technicians to graduate programmes at top-notch
universities.

Singapore, Professor Brenner believes, like
most of Asia, has a problem that cannot easily be
solved by throwing money at it. “There is a lesion
which is very bad, and that is respect for seniority,”
he says. “People don’t ask questions in lectures. I
think we’ve got to encourage the questioning.”

For Professor Brenner, science has always been all
consuming. “Work doesn’t start at 8 and finish at 5
and then you forget about it,” he says. “It goes on day
and night. And of course it’s hard to keep a family
life when most of the time you're living in your own
head.” Nevertheless, Professor Brenner and his late
wife May raised four children, and were married for
58 years, until her death in 2010.

Professor Brenner believes that any sacrifices
he has had to make pale in comparison to the
excitement of discovery. “I think it’s the greatest
adventure in the world to really know, at a given
point, that you're the only person in the world that
knows something new,” he enthuses. “That’s a thrill
that’s worth it.”



THE
PRAGMATIC
NIVERSITY-
BUILDER

By Grace Chua

n his book on the evolution of Nanyang Technological University (NTU), Cham Tao
Soon, professor of fluid mechanics and its founding president, explains the relative
youth of the administrators and leaders involved: “It was a different age, and many
things were started by young men.”

Again and again in the Singapore story this comes up, and it is nearly always
young men in their twenties, thirties and forties who are the key players in the tale—men whose wives
gave up thriving careers to support their husbands’ endeavours, men who loved and provided for their
children but saw them rarely, men who sacrificed lucrative job offers and personal dreams for duty, for
country, for the things they built from scratch.

It was indeed a different age: in 1981 Singapore’s population was less than 2.5m (more than 5m
today)