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CONGRATULATIONS TO THE 2013 PSTA WINNERS
The President's Science & Technology Awards (PSTA) are the
highest honors bestowed on exceptional research scientists and
engineers in Singapore for their excellent achievements in science
and technology. These national awards are given annually to
recognize and celebrate outstanding and invaluable contributions
by individuals or teams to the research and development
landscape in Singapore.

PRESIDENT’S SCIENCE AWARD

PRESIDENT’S TECHNOLOGY AWARD

Professor Yu Hao
National University of Singapore

Dr Ma Bin, Dr Su Jian, Professor Li Haizhou (Team Lead)
and Ms Aw Ai Ti
Institute for Infocomm Research
Agency for Science, Technology and Research

“For his outstanding research in plant
functional genomics and its
biotechnological applications
to economically important crops”

“For their outstanding contributions to human
language technology that have empowered the
industry and benefited the Asian society”

Professor Boris Luk’yanchuk
Data Storage Institute
Agency for Science, Technology and Research

“For his outstanding contributions to the theory of
laser-matter interactions and light scattering by
nanoparticles, in particular to Fano resonance in
plasmonic materials”

PRESIDENT’S SCIENCE & TECHNOLOGY MEDAL
Professor Barry Halliwell
Deputy President and Tan Chin Tuan Centennial Professor
National University of Singapore

Professor Freddy Boey
Deputy President and Provost
Nanyang Technological University

“For his outstanding contributions to the development of the research
landscape in Singapore and his excellent research on the role of
free radicals and antioxidants in human health, nutrition and disease”

“For his distinguished contributions to Singapore’s scientific research
landscape, particularly in the bioengineering and nanomedical sector,
and his role in nurturing young research talent”

For more information, please visit: www.a-star.edu.sg/psta
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CONGRATULATIONS TO THE 2013 YSA WINNERS
The Young Scientist Awards (YSA), administered by the Singapore National Academy of Science (SNAS) and
supported by A*STAR, are also presented at the President’s Science and Technology Awards Ceremony. They are
presented to young researchers, aged 35 and below, who are actively engaged in R&D in Singapore,
and who have shown great potential to be world-class researchers in their fields of expertise.

Assistant Professor Qiu Cheng Wei
Faculty of Engineering
National University of Singapore

“For his research on complex light –matter interaction
and optical micromanipulation”
Dr Khor Chiea Chuen
Genome Institute of Singapore
Agency for Science, Technology
and Research

“For his research on genetics and heredity”

Assistant Professor Chi Yonggui Robin
School of Physical and Mathematical Sciences
Nanyang Technological University

“For his research on fundamental and application
advancements of organocatalysis and organic synthesis”

The YSA Nominations will close on 23 April 2014.
For more information, please visit:
http://www.a-star.edu.sg/Awards-Scholarship/Young-Scientist-Awards.aspx
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A*STAR scholarships foster
local talent
A*STAR’s array of scholarships nurtures aspiring young scientists and prepares them to
fulfill leadership roles in Singapore’s rapidly advancing research and innovation landscape

© 2013 A*STAR

At the 2013 Agency for Science, Technology and
Research (A*STAR) Scholarship Award Ceremony
held on 16 July, a total of 137 scholarships and fellowships were awarded to promising young scientists,
recognizing their achievements and helping their
research ambitions to become reality.
“A talent strategy is required to support the
growth of Singapore’s research, innovation and
enterprise system, which has expanded significantly
over the years,” said Lim Chuan Poh, chairman
of A*STAR. “Through our scholarships, A*STAR
enables young talent from diverse educational
backgrounds to pursue their interest in science.”
Singapore considers research and development
(R&D) key to its economic development and A*STAR
continues to lead the nation’s efforts to become one of
the most research-intensive and innovative countries
in the world. In addition to overseeing 20 biomedical,
physical science and engineering research entities,

The 2013 A*STAR Scholarship Award
Ceremony celebrated some of Singapore’s most promising researchers.

A*STAR is committed to training and maintaining
a strong base of scientists to support and stimulate
the local R&D community. One way that A*STAR
achieves this objective is through a range of scholarships that enable local talent to pursue careers in science and technology. This year’s scholars hailed from
various education pathways, including junior colleges,
polytechnics and local and foreign universities.
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Jeremy Wong, recipient of a 2013 National Science
Scholarship, completed his undergraduate degree
overseas but carried out projects at A*STAR’s Institute
of Microelectronics and Centre for Quantum Technologies as a visiting researcher during his studies.
After his graduation in 2011, Wong returned to work
at A*STAR’s Institute for Infocomm Research and is
excited to now have the opportunity to pursue a PhD
through the scholarship programme.
“The A*STAR scholarship provides the opportunity
to further my studies and progress on to a career in
scientific research. Through this, I hope to learn what
I can and work toward my ambition of advancing the
world’s technology,” says Wong.
Many past awardees have gone on to pursue
rewarding research careers in both public and
private sectors. One of them is Benjamin Toh who,
supported by an A*STAR Graduate Scholarship,
completed his PhD in infectious diseases at the
A*STAR Singapore Immunology Network (SIgN)
in 2011. He is currently a postdoctoral research
fellow at SIgN where the training he received
during his PhD studies has given him the chance
to lead industry collaborations with international
biopharmaceutical partners.
Karen Crasta received the A*STAR International
Fellowship in 2009 upon the completion of her PhD at
the A*STAR Institute of Molecular and Cell Biology.
The fellowship enabled her to undertake postdoctoral
training at the Dana-Farber Cancer Institute, United
States, following which Crasta returned to take up an
appointment as an assistant professor at the Lee Kong
Chian School of Medicine at Singapore’s Nanyang
Technological University. “The fellowship provided
me with innumerable opportunities and experiences
that I would not have otherwise had,” attests Crasta.
Like their predecessors, the current cohort of
A*STAR scholars will receive financial support, strong
mentorship and opportunities for collaboration with
prestigious laboratories and travel to conferences.
“A*STAR congratulates this year’s awardees,” said
Lim. “Looking ahead, our scholars will play a critical
role in forming the core of the research enterprise
to transform Singapore into a knowledge-based,
innovation-driven economy.”
www.astar-research.com
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Laying the groundwork for a
manufacturing revolution

© Latsalomao/iStock/Thinkstock

A*STAR and Nanyang Technological University are partnering to develop critical
technologies for the three-dimensional printing of high-performance industrial components
Unlike traditional subtractive fabrication
techniques, additive manufacturing
can rapidly produce components with
complex internal geometries.

4
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For centuries, manufacturers have relied on ‘subtractive’
techniques to fabricate objects — cutting, milling and
grinding away substances such as ceramic and steel.
But the waste associated with traditional processing
is becoming problematic as the cost of raw materials
increases. In aerospace applications, for example, up
to 90 per cent of high-tech alloys are machined away
during component fabrication. Furthermore, devices
containing intricate internal features or extremely
thin dimensions are difficult to produce with
conventional techniques.
New methods of ‘additive’ manufacturing are
emerging, however, that could potentially solve these
problems and trigger radical changes in traditional
economies of scale. Based on three-dimensional (3D)
printing technology — which generates 3D objects
from computational data by building them up in layers
from materials such as plastic or metal — the approach
allows rapid production of complex, customized and
previously inaccessible designs. Moreover, the precise
addition of material minimizes waste for a reduced
environmental footprint.
To help prepare manufacturers for the coming revolution in on-demand fabrication, A*STAR has launched
a US$12 million Industrial Additive Manufacturing
Programme, led by the A*STAR Singapore Institute of
Manufacturing Technology (SIMTech). In partnership
with Nanyang Technological University (NTU), a
leader in additive manufacturing research, the program
will advance specific technologies and training to assist
Singapore’s diverse range of aerospace, automotive,
marine and petroleum manufacturers in the adoption
of additive manufacturing techniques — a critical step
toward strengthening a sector that contributed over
20 per cent of the country’s gross domestic product
in 2012.
“This program aims to develop innovative additive
manufacturing technologies and capabilities to transform the manufacturing landscape of Singapore,” says
Tan Geok Leng, executive director of A*STAR’s Science
and Engineering Research Council. “Singapore is well
positioned to respond to the needs of this new growth
area and introducing such advanced manufacturing
techniques could rejuvenate the existing workforce.
Established sectors — such as the precision engineering

and aerospace maintenance, repair and overhaul
industries — are poised to be the lead demand drivers.”

Answering the billion-dollar question
Forecasts estimate that the market potential of additive
manufacturing will expand from its current value of
US$2.2 billion to US$10.8 billion in 2021. Although
the business outlook is positive, there are many challenges to overcome to achieve this goal. These include
the development of appropriate printing materials,
machinery design and calibration and post-processing
methodologies, in addition to providing workers with
the necessary training.
Fortunately, A*STAR is home to a wide spectrum of
knowledge and expertise, making it the ideal setting
in which to explore new manufacturing technologies.
Accordingly, SIMTech and NTU are set to collaborate
with two other A*STAR research institutes — the
A*STAR Institute of Materials Research and Engineering and the A*STAR Institute of High Performance
Computing — by tapping into their expertise in the
modeling, simulation and production of novel materials
and innovative devices. The four institutes will train
students in 3D printing techniques and hope to apply
their research findings to Singapore’s manufacturing
industry within the next three years.

Six to watch
As part of its remit, the A*STAR–NTU Industrial
Additive Manufacturing Programme has identified six
key additive manufacturing technologies that could
benefit from sustained research. The first of these,
‘stereolithography’, operates much like an inkjet printer,
except that the ‘ink’ is a liquid photopolymer that
solidifies under ultraviolet laser light and joins successive layers together to form a 3D object. While this
system allows for the speedy production of functional
parts and prototypes, it is also prohibitively expensive
due to the high cost of proprietary photopolymers.
Hence, researchers are seeking out inexpensive photopolymers with improved abilities to withstand sudden
impacts. Eventually, they hope to print large-format and
lightweight polymer components with customizable
internal structures that provide distinct advantages over
current designs.
>>>
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distribution algorithms that will reduce the need for
support structures in SLM and physics-based models
that address consistency issues in SLS — huge advances
for both methods.
The final area of focus for the A*STAR additive
manufacturing program will be ‘electron-beam
melting’ (EBM), which uses focused beams of
electrons instead of photons of light to produce 3D
metal parts from powders under high-temperature,
low-pressure conditions. EBM is one of the most
efficient additive manufacturing processes, producing
extremely strong and distortion-free parts. However,
dimensional accuracy is difficult to achieve and
components often have rough surface finishes
— problems that researchers intend to tackle through
multidisciplinary investigations.

Maintaining Singapore manufacturing’s
competitive edge
With the worldwide 3D printing market now on the
verge of taking off, NTU’s dean of engineering, Ng
Wun Jern, notes that the Industrial Additive Manufacturing Programme will benefit companies in Singapore
by providing support for scaling up and integrating the
technology at a critical time in its development.
“Understanding industry needs and developing
innovative solutions is key to keeping Singapore’s
competitive edge in today’s high-tech manufacturing
sector,” says Ng. “NTU and A*STAR are well placed
to make this new program a success. Together, we
are poised to support our industry’s move into nextgeneration manufacturing.”

Laser-aided additive manufacturing
(LAAM), one of the techniques being targeted by the new A*STAR–NTU research
program, can be used to fabricate metal
parts through the controlled heating of
metal powders.

© 2014 A*STAR Singapore Institute of Manufacturing Technology

‘Polyjet’ printing is another polymer-based additive
manufacturing technique gaining favor. These 3D
printers have two different jetting heads — one
that sprays an ultraviolet-curable photopolymer and
another that emits a gel-like support structure, which
can be easily washed away after printing is complete.
The A*STAR and NTU research teams intend to use
polyjet technology to produce novel geometries, such
as honeycomb hexagonal cells, which are sought-after
for their strength and light weight but are typically
constructed through lengthy and repetitive
bonding processes.
The ability of lasers to achieve extreme heating
and cooling rates within the near-surface regions of
materials while leaving the bulk untouched makes them
ideal for use in layer-by-layer assembly techniques. One
such technology, ‘laser-aided additive manufacturing’
(LAAM), fabricates metal parts by controlled heating
of metal powders — particularly useful for assembling
high-value parts from difficult-to-machine metals, such
as titanium or nickel alloys. Yet at present, LAAM is
simply used in repairs and re-manufacturing. A*STAR
and NTU researchers therefore plan to deploy LAAM
in the fabrication of innovative, large-format structures,
2 to 8 meters long, which can be used as downhole
components in the oil and gas industries or as mold and
die inserts for heavy vehicle production.
Another way that powdered materials can be
fused together is through the ‘selective laser melting’
(SLM) and ‘selective laser sintering’ (SLS) additive
manufacturing techniques. A*STAR researchers
are using computational studies to develop material

© 2013 A*STAR Singapore Institute of Manufacturing Technology

New partnership for greater
manufacturing precision
and productivity
Joint laboratories created by A*STAR and the National University of Singapore are set to
advance Singapore’s manufacturing industry through robotics and automation
The manufacturing industry is a key component of
Singapore’s economy, accounting for around a quarter
of the country’s annual gross domestic product. While
the industry has enjoyed steady growth over the years,
it increasingly faces challenges — particularly in the
form of rising labor costs, a shortage of skilled labor and
slower outputs.
To bolster the economy, the government of Singapore
has acknowledged the need to promote higher productivity in the manufacturing industry and recognizes
A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

that this must be achieved with a low dependency
on manpower. In response, the A*STAR Singapore
Institute of Manufacturing Technology (SIMTech) and
the National University of Singapore (NUS)’s Faculty of
Engineering have signed an agreement to establish two
joint laboratories focusing on research into precision
motion systems and industrial robotics. The main
emphasis of the new laboratories will be to develop
advanced robotics and automated solutions to boost
output and quality in the manufacturing sector — an >>>

The A*STAR and NUS joint laboratories
will focus on the development of
industrial robotics, such as this robotic
polishing system.

www.astar-research.com
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aim that is aligned with A*STAR’s Industrial Robotics
research program.
“SIMTech focuses on industrial robotics for
surface finishing, aircraft wing inspection and
welding systems for the aerospace and marine
industry,” says Lim Ser Yong, executive director of
SIMTech. “With the new labs, the manufacturing
industry will have an additional avenue to leverage
on the combined expertise of SIMTech and NUS to
achieve higher productivity.”
Located at NUS, the two laboratories will bring
together a multidisciplinary team that draws on
expertise in the fields of mechanical, electrical and
control engineering and computer science. Technologies will be developed for the medical technology,
aerospace, marine and offshore and precision
engineering industries, where the use of automation
is not as widespread as in the automotive and semiconductor sectors.
A major bottleneck in the adoption of robotics
technology by local companies has always been the
time-consuming nature of training staff in programming for robotics. To this end, the joint laboratories
will develop an intuitive robot teaching method
over the next three years. Using current platforms as
a reference, the overall target is to reduce the time

required to teach a worker how to program a robot by
at least 50 per cent.
To build on existing robotics capabilities in the
marine and offshore industries, novel robotic welding
and weld inspection systems developed by the
laboratories will be introduced, affording a two-fold
increase in productivity and quality consistency. In the
aerospace industry, where high precision in large-scale
components is crucial, the teams will create a robotics
system that can be quickly and easily reconfigured to
perform various tasks.
“We hope to forge a pyramid of strength in the
fundamentals and methodologies of current and future
technologies,” says Lim Seh Chun, professor and deputy
dean of the NUS Faculty of Engineering. “The synergy
of upstream and downstream research will complement
evolving industrial needs.”
In the long term, SIMTech and NUS plan to
establish the two laboratories as centers of excellence,
bringing benefits to their targeted sectors not just in the
form of cutting-edge technology, but also by providing
education and training for a new crop of researchers.
“Given the faculty’s expertise and strengths in precision motion and robotics, I am confident that this new
collaboration with SIMTech will fulfill a spectrum of
industrial needs in the manufacturing sector,” adds Lim.

© 2013 A*STAR Institute of Materials Research and Engineering

A one-stop shop for
nanotech needs

The Nanoimprint Foundry aims to
accelerate the development of real-world
nanotechnologies, such as this flexible
nanoimprinted display film.
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Spearheaded by A*STAR, the Nanoimprint Foundry is set to accelerate the development of
nanotechnology for real-world applications
Singapore is fast becoming a major global player in precision engineering and manufacturing. As the country
intensifies its research and development activities in
the burgeoning field of nanotechnology, A*STAR is
taking a lead role in driving forward the development of
high-value, innovative products across multiple sectors,
from healthcare and cosmetics to telecommunications
and transportation.
In a pioneering move, the A*STAR Institute of
Materials Research and Engineering (IMRE) and
its partners have launched a new initiative called
the Nanoimprint Foundry, designed specifically to
accelerate the transition of nanotechnologies from
concept to product release. Nanoimprinting — a
high-throughput, cost-effective method of designing
and manufacturing novel materials at the nanoscale —
holds great promise for advances in the development
of practical applications. The foundry is envisioned
as a ‘one-stop shop’ for consumers and industry alike,

according to Karen Chong, the IMRE scientist who is
heading the new project.
“The main advantage of this one-stop shop at
A*STAR is the availability of the value chain for nanoimprinting,” says Chong. “We have partnered with the
best equipment makers, including Toshiba Machine,
Solves Innovative Technology and EV Group, materials
suppliers such as micro resist technology, and also
mold makers such as NTT Mould, NIL Technology
and Kyodo International, to ensure that end users have
access to the best in the value chain.”
Over the last decade, researchers at the IMRE have
been developing novel technologies based on nanoimprinting, including a new type of antireflective plastic
(see “Fantastic plastic”) and a precision-engineered
plastic film that can turn mobile phone screens into
three-dimensional displays (see “Adding another
dimension to smartphones”). Through such research,
the IMRE has greatly strengthened its capabilities in >>>
A*STAR RESEARCH OCTOBER 2013 – MARCH 2014
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nanomaterial patterning, fabrication, synthesis
and integration.
The Nanoimprint Foundry will benefit from the
IMRE’s expertise not only in nanoimprinting techniques but also in intellectual property, facilitating
the development of novel materials and innovative
engineering solutions that are aligned with the needs
of suppliers and end users.
Commenting on the original impetus behind
the launch of the project, Chong explains:
“There was a deadlock whereby suppliers were
waiting for end users to define and demonstrate
applications for nanoimprinted products, and end
users were waiting for suppliers to demonstrate
manufacturability — this was the push for A*STAR
to establish the foundry.” By building on A*STAR’s
considerable nanotechnology portfolio, Chong
adds that the eventual goal will be to “offer end
users the ‘complete’ package for solutions based
on nanoimprinting.”

Activities are already underway to develop new
advanced materials such as antimicrobial films, disposable molds and scaffolds for biomedical engineering at
the foundry. The A*STAR Institute of Microelectronics
(IME) and the A*STAR Institute of High Performance
Computing (IHPC) will also boost the foundry’s
capabilities in key areas, such as predictive optimization and post-processing steps for the integration
of nanostructures.
The foundry will also work closely with the
Singapore Economic Development Board (EDB)
and SPRING Singapore (the Standards, Productivity
and Innovation Board) to promote entrepreneurship,
develop quality assurance infrastructure and foster an
internationally competitive manufacturing base. By
attracting interest from multinational corporations
and small and medium-sized enterprises seeking to
invest in leading-edge solutions and applications, the
Nanoimprint Foundry aims to become a key pillar in
Singapore’s innovation-driven economy.

A shared vision for biomedical
research and innovation
In a move that reflects the growing bilateral
co-operation in science and technology between
Singapore and South Korea, A*STAR and the Korea
Health Industry Development Institute (KHIDI)
have signed a Memorandum of Understanding (MoU)
intended to strengthen biomedical research and innovation strategies in the two Asian nations.
Established in 1999 and funded by the national
government, KHIDI is the primary organization
dedicated to promoting and developing the health and
biomedical industry in South Korea.
The official signing of the MoU was held at the
South Korean Ministry of Health and Welfare
in December 2013, during a three-day visit by
Singapore Prime Minister Lee Hsien Loong to South
Korea. Encompassing three core areas, the MoU’s
objectives are to advance biomedical sciences and
medical technologies, promote talent exchange and
development and facilitate joint commercialization
activities between both countries.
“The MoU aims to foster greater interaction between
Singapore and South Korean researchers and companies
to enhance regional and global competitiveness,” says
Benjamin Seet, executive director of the A*STAR
Biomedical Research Council.
A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

From left to right: Ko Kyung-Hwa,

Collaborative research activities are already underway, president of the Korea Health
one of which is the newly established A*STAR–KHIDI
Industry Development Institute (KHIDI);
Joint Research Fund. The US$5 million fund will award Moon Hyung-Pyo, South Korea’s minister
open innovation grants and is designed to encourage col- of health and welfare; Lee Yi Shyan,
Singapore’s senior minister of state for
laboration between public sector researchers in Singapore trade and industry and national developand biotechnology or medical device companies in
ment; and Raj. Thampuran, managing
South Korea, further strengthening links between the
director of A*STAR, at the signing of the
Memorandum of Understanding between
two countries. The first call for grants is expected to be
A*STAR and KHIDI.
launched in March 2014.
Among other collaborative initiatives being
proposed is a KHIDI Biomedical Sciences Development Centre in Singapore. The center will enable the
‘matchmaking’ of South Korean biomedical small
and medium enterprises (SMEs) with scientists and
engineers in Singapore.
“We see these initiatives as a win–win for both
organizations,” says Seet. “On the one hand, they
align with A*STAR’s role in developing the biomedical
industry by adding to the critical mass and pipeline of
biotech and medical-technology companies performing
research and development in Singapore. And from
KHIDI’s perspective, they provide domestic South
Korean companies with a platform on which to engage
with the region, as well as to leverage on Singapore’s
expertise to develop and commercialize their products.”>>>
www.astar-research.com
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In the area of talent exchange and development,
A*STAR will soon be welcoming students from
South Korea’s Dongguk University. The first
cohort will comprise 15 master’s students who
will be part of the Singapore–Stanford Biodesign
(SSB) Program. The highly competitive SSB
program is designed to nurture the next generation
of medical-technology innovators who will help
to develop effective med-tech devices for Asia’s
clinical needs.
A*STAR and KHIDI have also stepped up engagement activities over the past year, jointly hosting two

workshops in August and November 2013. More
than 260 participants attended, including delegates
from 17 South Korean organizations and companies
with interests that span the medical device, pharmaceutical and biotechnology sectors.
Through the signing of the MoU, South Korea
joins Japan, China, Australia, New Zealand and a
number of other countries that have entered into
research collaboration agreements with Singapore.
These partnerships serve to reinforce Singapore’s
growing presence in the global biomedical
research arena.

Image courtesy of CDC/Frank Hadley Collins

Strengthening the fight against
dengue fever
Dengue fever is transmitted by the
Aedes aegypti mosquito, which is found
in more than 100 countries across
Asia, North and South America, Africa
and Europe.

A*STAR scientists are taking a multipronged approach to understanding and preventing
dengue fever
Remarkable advances in the diagnosis and management
of dengue fever, the most common mosquito-borne
infection globally after malaria, have been made in
recent years. Nonetheless, the disease continues to
plague many tropical and subtropical regions around
the world, and at present no specific treatments or
clinically approved vaccines for dengue fever exist.
Singapore is a hub in the fight against dengue, and
A*STAR and its partners carry out some of the most
advanced research into the disease. Current projects
at A*STAR that target dengue include controlling the
spread of Aedes aegypti mosquitoes, the primary vector
of the dengue virus, research into disease genomics and
platelet biology, and clinical studies. Additional recent
work also holds the potential for a major breakthrough
in dengue vaccine development.

The search for a vaccine
Researchers at the A*STAR Singapore Immunology
Network (SIgN), in collaboration with Singapore’s
Novartis Institute for Tropical Diseases (NITD) and
the Beijing Institute of Microbiology and Epidemiology
(BIME) in China, and supported by a STOP Dengue
Translational and Clinical Research Programme grant,
have proposed a unique strategy aimed at thwarting the
dengue virus’s ability to hide from the body’s immune
system by deactivating a key enzyme known as methyltransferase (MTase).
The development of a safe and effective dengue
vaccine has so far proven elusive due to the notorious
complexity of the dengue virus, of which there are
four strains or ‘serotypes’: DEN-1, DEN-2, DEN-3
8
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and DEN-4. These variations each produce different
immune responses through their interaction with
antibodies in human blood serum.
Primary dengue infection usually causes mild
symptoms such as fever and muscle and joint pain.
It also leads to lifelong immunity to the particular
infecting serotype, but can only provide short-term
protection against other strains. Secondary infection
with a serotype that differs from the initial infection
can either result in a simple fever or progress to a more
severe — potentially fatal — form of the disease such as
dengue hemorrhagic fever.
“Dengue disease is associated with a complication
that is probably unique among viral diseases,” explains
Katja Fink, team leader of the research group at SIgN.
“Pre-existing immunity to heterologous dengue
serotypes increases the risk of developing a more severe
disease in some rare cases. This risk seems to increase
with the number of years between the first and the
second infection,” adds Fink.
Intensive research efforts have therefore focused on
the development of a tetravalent vaccine — one that is
capable of providing immunity against all four serotypes. In addition, there is a clear consensus that a live
attenuated vaccine — which uses a live, weakened form
of the virus and thus minimizes the risk of disease —
may offer the best chance of protection.

A new approach
Flaviviruses, the group of RNA viruses to which
dengue belongs, use the MTase enzyme to methylate
their RNA. Methylated viral RNA is capable of >>>
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‘imitating’ the RNA of the host cells, so much so that
the virus can remain undetected and evade the host’s
normal defense systems.
The SIgN team’s novel research strategy involves
introducing a genetic mutation that inhibits the activity
of MTase, leaving the virus with nowhere to hide
and giving the infected individual a better chance of
tackling the disease. Fink explains: “We assumed that
viruses lacking this ‘hiding strategy’ would trigger a
robust immune response that would stop them in the
early stages of infection, a requirement of live attenuated
viruses used as vaccines.”
Already, the researchers have demonstrated that
mice and rhesus monkeys are able to immediately
detect MTase-inactivated virus strains and produce
an immune response of an appropriate strength. The
challenge ahead will be to combine all four attenuated
dengue serotypes into one vaccine and to conduct
further experiments in mice and monkeys. If successful,
the next step will be to plan human clinical trials.
“The original team comprising researchers from
the NITD, the BIME and SIgN is already working
on the tetravalent formulation,” says Fink. “For
further development, we plan to team up with
A*STAR’s D3 platform to help with the clinical trial
preparation. There will be plenty of basic research
questions to address as well, and for those we plan
collaborations with other institutes in Singapore
and overseas.”

Utilizing technology in the fight
against dengue
Dengue research is a top priority at SIgN, and correspondingly its experts are also working to improve
the diagnosis and prevention of dengue and other
tropical diseases. The institute recently launched the
VereTropTM lab-on-a-chip diagnostic kit that is capable
of detecting dengue fever and another twelve major
tropical diseases from a single blood sample (see “Fast
and simple detection of tropical diseases”).

Meanwhile, at the A*STAR Genome Institute
of Singapore (GIS), researchers are developing and
applying genomics technologies to study and combat
dengue fever. In collaboration with the Wellcome
Trust’s Vietnam Research Programme and the Oxford
University Clinical Research Unit in Ho Chi Minh
City, Vietnam, the GIS conducted the first genomewide association study for the disease. By comparing
the genomes of children with severe dengue against
healthy controls, the team was able to identify genes
that may increase a child’s susceptibility to dengue
shock syndrome, another potentially life-threatening
complication of severe dengue infection.
The GIS has also developed a novel method called
LoFreq to detect and monitor mutations in cancer cells,
microorganisms and viruses. LoFreq combines deep
sequencing of DNA with computational analysis to
rapidly and precisely track mutations. GIS researchers
are now using the technique to examine changes in the
dengue virus genome following treatment of the host
with antiviral drugs.
In addition to monitoring how viruses develop resistance to drug therapies, the team points out that their
method can be used to identify regions in viral genomes
that either rapidly or never mutate. Nagarajan Niranjan,
a principal investigator at the GIS and one of the
project’s leaders, says, “LoFreq has really allowed us to
look at viral genome evolution in fine detail and we
hope to use it to construct better models for transmission of the dengue virus.”
The multiple approaches currently under development at A*STAR demonstrate that the overall outlook
in the fight against dengue fever is steadily improving.
SIgN’s novel vaccine candidate and the GIS’s investigations into the genetic basis of dengue virus’s resistance
to drug treatment, among others, promise to improve
our understanding of this, until recently, evasive
tropical disease. Thanks to these advances, Singapore
looks set to strengthen the available arsenal being used
to reduce the global burden of dengue infection.

© 2013 A*STAR Singapore Immunology Network
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Katja Fink, team leader at the A*STAR
Singapore Immunology Network.

Biopolis: Ten years on
A decade after the opening of Biopolis, Singapore’s premier biomedical sciences research hub,
A*STAR’s multifaceted activities are spurring discovery and innovation with a global reach
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immunology, genomics, stem cell research and bioengineering, helping Singapore to gain prominence on the
international medical scene.
From an initial cluster of seven buildings, Biopolis
has grown into a vast research complex with an area
of more than 3.5 million square feet that comprises
13 buildings and is home to a community of over >>>

Biopolis, located at the one-north
purpose-built high-tech zone, is the
largest biomedical research complex
in Singapore.

www.astar-research.com

© 2013 A*STAR

As the iconic centerpiece of Singapore’s biomedical
sciences research, Biopolis is a burgeoning hub of
local and international research organizations united
in their commitment to pursue top-level research and
development. Since its opening in September 2003,
Biopolis has garnered a formidable reputation across a
range of fields, including cancer biology, bioinformatics,
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2,500 scientists and support staff with access to stateof-the-art facilities. The extensive architectural project,
the construction of which was led by famed architect
Zaha Hadid, is currently undergoing a fifth phase of
development that will see the opening of additional
‘ready-to-go’ laboratories for basic research.

© 2013 A*STAR

Where industry meets academia

Lim Chuan Poh, chairman of A*STAR.

Biopolis brings together research groups from ten
institutes and entities that are overseen by A*STAR’s
Biomedical Research Council and hosts the laboratories
of other research institutions and leading companies,
including GlaxoSmithKline, Merck, Novartis,
Procter & Gamble (P&G), Roche, Chugai and Takeda.
In 2003, Novartis established the Novartis Institute
for Tropical Diseases at Biopolis, which is dedicated
to finding new treatments for diseases such as dengue
fever, malaria and tuberculosis. More recently, in 2011,
P&G invested S$250 million to set up an innovation
center in Biopolis, and in 2012 Chugai opened a
research subsidiary, Chugai Pharmabody Research,
that focuses on the discovery of new antibody drug
candidates. “Biopolis is a flourishing ecosystem that is
now also spawning exciting start-up companies,” says
Sir David Lane, chief scientist at A*STAR.
Aided by A*STAR’s Biopolis Shared Facilities
initiative, the highly integrated networks that exist at
Biopolis are enabling translational, cross-disciplinary
research to thrive, which in turn is having a remarkable
impact on the economy of Singapore. The biomedical
sciences sector now employs around 16,000 skilled
workers and accounted for S$29.4 billion of Singapore’s
GDP in 2012 — a fivefold increase from S$6 billion
in 2000. The government of Singapore recognizes
the biomedical sciences industry as the fourth pillar
of the nation’s manufacturing economy, alongside the
electronics, engineering and chemical industries.
“The success of Biopolis can be attributed to the
convergence of science, medicine and engineering,
as well as the open innovation partnerships between
public research institutes and corporate laboratories,”
says Lim Chuan Poh, chairman of A*STAR. “Our
collaborations also point to our unique ability to bring
together public sector agencies to work seamlessly and
engage industry for R&D and innovation.”

Advances in healthcare
By breaking down traditional barriers between academic and clinical disciplines, collaborations between
A*STAR and private companies at Biopolis are yielding
many benefits and insights into human health and
disease. Notably, the A*STAR Experimental Therapeutics Centre (ETC), set up in 2007, has succeeded in
establishing a fully developed drug discovery platform
in collaboration with academic and industrial partners.
Other significant achievements over the last decade
10
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include the development of a severe acute respiratory
syndrome (SARS) detection kit by the A*STAR
Genome Institute of Singapore and Roche Diagnostics,
which has been successfully deployed at the Singapore
General Hospital.
Meanwhile, at the A*STAR Institute of Molecular
and Cell Biology (IMCB), researchers worked with
Genelabs Diagnostics to develop an alternative
15-minute SARS testing kit that received acclaim for its
ease of use. In cancer diagnostics, the IMCB has collaborated with Hitachi Software Engineering in Japan
to develop a new way of identifying subtle changes in
DNA that are of vital importance for the early detection
and diagnosis of cancer.
Research at Biopolis is continually driving the
development of innovative solutions and technologies
with a truly global reach, such as those that could help
to manage future influenza pandemics. Working with
Cytos Biotechnology, the ETC has advanced Singapore’s first H1N1 influenza vaccine to a Phase 1 clinical
trial (see “One step closer to Singapore’s first influenza
vaccine”). Scientists at the A*STAR Bioinformatics
Institute have developed a research tool called FluSurver
that is capable of providing valuable information
about influenza virus mutations. Already, FluSurver is
enabling health authorities around the world to rapidly
screen influenza sequence data online, further strengthening the global influenza surveillance network.
Recent advances in stem cell research have radically
changed the biomedical landscape. For example, in
studies conducted at the A*STAR Biological Resource
Centre in Biopolis, researchers at the A*STAR Institute
of Bioengineering and Nanotechnology have developed
new ways to target difficult-to-treat breast cancers using
neural stem cells and novel drug screening methods in
cancer stem cells.
“Beyond the biopharmaceutical sector, research
at Biopolis has now diversified and expanded into
other fast-growing industry sectors, including medical
technology, personal care and food and nutrition,”
says Lim. “A*STAR researchers are teaming up
with university and clinical partners to establish the
Singapore Centre for Nutritional Sciences, Metabolic
Diseases and Human Development (SiNMeD), which
will study obesity, maternal and infant nutrition, and
child development in Asian populations.” Additionally,
in collaboration with Singapore’s National Skin Centre
and Nanyang Technological University, A*STAR is
launching the Skin Research Institute of Singapore,
scheduled for completion in 2015, which will focus
on key areas of research, such as eczema, allergy and
inflammation and aging.

Expanding Singapore’s knowledge base
Biopolis is widely viewed as a gateway to economic
growth in the Asia-Pacific region and offers a

>>>
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stimulating environment for graduates and postgraduate
students seeking multidisciplinary training in the biosciences. Since 2001, the A*STAR Graduate Academy
based at Biopolis has accepted more than 1,200 PhD
scholars through its various scholarship and fellowship
programs. “The superb equipment, facilities and
inspiring senior scientists at Biopolis offer a wonderful
opportunity for career growth,” notes Lane.
Situated at one-north, a 200-hectare, purpose-built
high-tech zone launched by the government of
Singapore in 2001, Biopolis is part of a larger plan
for development that includes Fusionopolis, a science
hub dedicated to the advancement of information and
communications technologies, media, the physical
sciences and engineering, which Lane expects to play an
increasing role in the future of Biopolis. “Biopolis will

go from strength to strength, broadening its engagement as the pace and reach of synthetic biology — the
engineering of life — extends to fields previously
dominated by physics and chemistry.”
By attracting a rich diversity of international talent,
Biopolis is widening and deepening Singapore’s knowledge base while providing unprecedented opportunities
for biomedical discovery. “We have achieved a lot in
a very short period of time through Biopolis and the
wider biomedical sciences research community in
Singapore,” says Lim. “However, we have to realize
that when it comes to research, especially biomedical
research, it often takes a longer time.” Emphasizing the
importance of nurturing research excellence, Lim adds:
“We want this message to extend beyond Biopolis to
become a part of the fabric of Singapore.”

A fresh hope for regaining lost hair
Research into hair loss has been given a boost thanks to a three-dimensional living model of
a hair follicle created at the A*STAR Institute of Bioengineering and Nanotechnology
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sections before any analysis can be done,” explains Ying.
“Our hair structures can be examined immediately
under a microscope as they are implanted into ultra-fine
and translucent fibers.”
The researchers found that the hair follicle cells in
their model also activated genes involved in actual
hair production. “Our model exhibits similar cell
behavior as occurs in real hair follicles,” says Andrew
Wan, team leader and principal research scientist
at IBN. By implanting the model under the skin of
mice, the team was able to demonstrate the presence
of natural-looking hair follicle structures, indicating
that the model could be used to screen candidate
compounds that may induce hair formation. At
present, there are only two medications approved by
the US Food and Drug Administration to treat hair
loss, and while these products have been proven to
slow the progression of the loss, they are ineffective
in promoting new hair growth.
In the next phase of the project, the team plans to
screen for drugs that promote hair growth as well as
to study the effects of active ingredients in hair and
skincare products on the hair follicle. Their findings
will be valuable to both the pharmaceutical and
consumer care industries, which are looking to develop
new products to treat baldness. “Our model allows us
to better understand the mechanisms that control the
development and growth of hair follicles,” notes Ying.
“We hope that our invention will lead to a solution for
the multitude of people affected by hair loss around
the world.”

Microscope image of the hair folliclelike structures developed at the A*STAR
Institute of Bioengineering and
Nanotechnology.
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Hair loss is usually genetically determined but can also
be the result of aging or chronic illness. It is often a
distressing condition that negatively affects the selfconfidence and social life of the men and women who
experience it. Now, researchers at the A*STAR Institute
of Bioengineering and Nanotechnology (IBN) have
engineered a three-dimensional biological model of a
hair follicle that they hope will assist in the discovery of
new hair regrowth therapies.
The IBN model relies on a patented microfiber
fabrication technology previously developed by the
team to generate and then assemble fibers containing
multiple skin cells, creating a three-dimensional living
structure that mimics the hair follicle — the part of
the skin that produces new hair. “Our model mimics
the size and cell arrangement of real hair follicles,”
says Jackie Y. Ying, professor and executive director at
IBN, explaining that these factors are important for
drug testing.
In the hair follicle, the process of hair growth is
regulated by interactions between two main types of
cells: epithelial cells, which surround the hair shaft, and
dermal papilla cells that are located at the base of the
follicle. The IBN model allows these interactions to be
closely studied, providing information that researchers
believe will be crucial to the development of new
treatments for baldness.
The model’s second advantage is its transparency,
which permits easy visualization of cell interactions.
“Existing models require more time and work as their
structures are opaque and have to be sliced into thin
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Dengue fever:

Mosquitoes spread four different strains
of dengue virus, each of which causes
dengue fever. For a vaccine to be
effective, it needs to prevent infection by
all four strains.

Keeping the dengue virus
unmasked
A method that stops the dengue virus from resembling a host’s RNA could
yield an effective and affordable vaccine
Cases of dengue fever — a
potentially life-threatening disease
spread by the Aedes mosquito —
are increasing worldwide, thanks
to expanding mosquito habitats.
According to the World Health
Organization, the dengue virus
infects 50 to 100 million people
annually, with southeast Asia and
South America most affected.
An effective and affordable
vaccine has eluded scientists,
largely because the dengue virus
can be one of four types. Each
serotype, or any combination of
the types, can prevail in a single
location. Thus, an effective inoculation needs to confer protection
against all of the serotypes.
Katja Fink and co-workers
at the A*STAR Singapore
Immunology Network, together
with scientists across Singapore,
China and the United States,
have developed a novel strategy
for producing a live dengue fever
vaccine1. The vaccine currently
protects against two of the
14

www.astar-research.com 

serotypes, and the team is working
to expand this to all four strains.
“We used a mutated form of
the dengue virus to create the
vaccine,” says Fink. “The mutated
virus replicates slowly in the body
but does no harm, creating an
immune memory response, which
is triggered if the host encounters
the wild-type virus.”
Usually, RNA molecules in
the dengue virus are modified
by an enzyme called MTase that
adds a methyl group to the viral
RNA. This methylation makes the
viral RNA resemble the host cell’s
RNA and consequently, the body’s
immune system does not attack
it. Fink and co-workers created
mutations in MTase so that the
RNA remained unmodified by
methylation. The mutations led
to a form of the dengue virus that
cannot spread quickly yet triggers
an effective immune response.
“Our virus is the first live
dengue vaccine that contains
defined mutations to block a viral

enzyme,” explains Fink. “These
mutations could be equally
introduced to all four serotypes,
meaning that no serotype would
have an advantage over the
others — a situation that otherwise
creates an imbalanced immunity.”
The new vaccine gave full
protection against wild-type virus
infection when tested in mice and
monkeys. The researchers found
that the mutations remained
stable over time and did not
revert to the wild type, a potential
complication in vaccine development. Furthermore, mosquitoes
feeding on blood containing the
mutant dengue virus did not
become infected.
Live vaccines are relatively
cheap and easy to produce. “The
enzyme mutation can also be
introduced into new strains if
dengue virus evolves over time,”
says Fink. “Our next challenge
is to see whether we can achieve
full protection against all
four serotypes.”

1. Züst, R., Dong, H., Li, X.-F.,
Chang, D. C., Zhang, B. et al. Rational
design of a live attenuated dengue
vaccine: 2’-O-methyltransferase
mutants are highly attenuated
and immunogenic in mice and
macaques. PLoS Pathogens 9,
e1003521 (2013).
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Cell biology:

Regulatory network revealed in
embryonic stem cells
Human embryonic stem cells
(hESCs) retain the ability to form
any cell type in the body. They
do this thanks to the interplay
of many proteins, including one
involved in cell signaling known
as extracellular signal-regulated
kinase 2, or ERK2. By detailing
all the sites in the genome where
ERK2 binds, a team led by
A*STAR scientists has now mapped
the regulatory network by which
this enzyme keeps hESCs in a state
of self-renewing pluripotency1.
“ERK2 appears to be involved
in active transcription of a large
number of genes in hESCs,” says
senior study author Huck-Hui Ng,
executive director of the A*STAR
Genome Institute of Singapore.
“This is a first whole-genome map
to describe the kinase-chromatin
interactions in human stem cells,”
he adds.
Ng and his collaborators —
who included researchers from
A*STAR, the National University
of Singapore and the Max Planck
Institute for Molecular Genetics
in Berlin, Germany — used a
technique for unraveling interactions between proteins and DNA
called ChIP-seq to pinpoint some
12,000 sites where ERK2 binds
to chromosomes in hESCs. They
found that close to two-thirds of
these ERK2 binding sites occurred
near so-called ‘promoter’ regions of
DNA that initiate transcription of
particular genes. They also showed
that these promoters activate an
assortment of genes variously
involved in metabolic pathways
and cell cycle progression,
including those essential for the

© 2013 Clay Glennon, University of Wisconsin–Madison

A location map for a signaling protein identifies key molecular targets in
human embryonic stem cells

Binding of the signaling protein ERK2 helps human embryonic stem cells to self-renew and proliferate.

survival, proliferation and pluripotency of the cells (see image).
The researchers then looked for
transcription factors that ERK2
might interact with to activate
these genes. Based on the type
of DNA motifs found at ERK2
binding sites, they identified four
candidate interaction partners.
Silencing three of these candidates
had no effect on hESC identity,
but depleting a transcription
factor called ELK1 led to the loss
of pluripotency in the cells, the
researchers noted.
Ng’s team showed that ELK1
has a dual function. It works with
ERK2 to activate the expression
of metabolism-related genes.
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Yet, in the absence of ERK2,
ELK1 can also repress genes
involved in differentiation and
lineage-commitment. “The balance
between active gene expression and
repression of differentiation genes
is characteristic for the capacity of
embryonic stem cells to become
more specialized cells,” explains
Jonathan Göke, a postdoctoral
fellow in Ng’s lab and the first
author of the study.
“The dual role of ELK1 indicates that a change in activation
most likely will affect repression as
well, and vice versa,” Göke adds.
“Therefore, activation and repression are to some degree two sides of
the same coin.”

1. Göke, J., Chan, Y.-S., Yan, J.,
Vingron, M. & Ng, H.-H. Genomewide kinase-chromatin interactions
reveal the regulatory network of
ERK signaling in human embryonic
stem cells. Molecular Cell 50,
844–855 (2013).
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Cell biology:

Taking advantage of defects
in splicing

Reproduced from Ref. 1 and licensed under CC BY-NC 3.0 © 2013 M. Bezzi et al.

A newly discovered early-warning system triggers cellular suicide when a
critical RNA editing system breaks down
This process was mediated in part
by p53, a protein that acts as a
critical safeguard against cancer by
triggering apoptosis in cells on the
verge of tumor formation.
Several components of the
cellular splicing machinery are
among PRMT5’s targets. Guccione
and co-workers determined that
the increased apoptosis observed in
the absence of PRMT5 was a direct
result of splicing defects. Without
the chemical modifications
introduced by PRMT5, the splicing
proteins failed to assemble properly.
The researchers identified hundreds
of genes from PRMT5-deficient
cells in which introns had been
retained or exons had been inappropriately eliminated.
Among the affected proteins
was MDM4, a protein that
inhibits p53, thus preventing
apoptosis and facilitating tumor
Relative to a normal brain (top), the brains of mice lacking the Prmt5 gene are underdeformation. In the absence of
veloped and lack key structural components (bottom).
PRMT5, the RNA encoding
The initial RNA transcript generGuccione and co-workers
MDM4 loses an exon, yielding
ated from a given gene is only a
began by studying the function of
a truncated and unstable protein
first draft that must be heavily
protein arginine methyltransferase 5 product that is no longer able to
edited before it is translated. This
(PRMT5), an enzyme that introblock p53-mediated apoptosis.
process entails splicing together
duces chemical modifications onto
This vulnerability to mis-splicing
segments of the RNA — known
other proteins. Because PRMT5 is
turns Mdm4 into an important
as ‘exons’ — that actually encode a
known to act within the brain, the
quality-control system. “We have
protein product, while removing the researchers generated transgenic
identified a ‘sensing mechanism’
noncoding ‘intron’ sequences that
mice that no longer produced this
that directly links defects in the
lie between the exons. Improper
protein in their central nervous
splicing machinery to activation of
splicing results in proteins that are
system. These animals died within
the p53 pathway,” says Guccione.
defective or entirely nonfunctional. weeks of birth, with profound
This mechanism is also present in
Now, research from Ernesto
neurological defects and apparent
human cells. His group sees great
Guccione’s team at the A*STAR
disruption of brain development.
potential in deliberately tripping the
Institute of Molecular and Cell
Careful examination of cultured MDM4 sensor system as a means to
Biology in Singapore has uncovered neuronal precursor cells showed
selectively kill cancer cells. “We have
a splicing ‘quality-control system’
that the absence of PRMT5
already obtained very promising
that could also offer a mechanism
triggered a cellular ‘self-destruct’
initial results both in cell lines and
for fighting cancer1.
mechanism known as apoptosis.
in mouse models,” he says.
16
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1. Bezzi, M., Teo, S. X., Muller, J.,
Mok, W. C., Sahu, S. K. et al.
Regulation of constitutive and
alternative splicing by PRMT5
reveals a role for Mdm4 premRNA in sensing defects in the
spliceosomal machinery. Genes &
Development 27, 1903–1916 (2013).
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Blood disease:

Drug acts via a unique
mechanism
People with low numbers of
neutrophils, a type of white
blood cell, are prone to chronic or
even life-threatening infections.
Many patients with the condition
‘neutropenia’ are treated with a
drug known as granulocyte colonystimulating factor (G-CSF). This
drug stimulates the bone marrow
to release more neutrophils into
the bloodstream but remains an
imperfect treatment. Recently,
researchers have found that another
agent called plerixafor can increase
neutrophil levels in people with a
rare congenital immunodeficiency
disorder called WHIM (warts,
hypogammaglobulinemia, infections and myelokathexis) syndrome.
However, just how plerixafor
promotes neutrophil mobilization
remained unclear until now.

“Our data provide the
first direct evidence that
G-CSF and plerixafor
induce blood neutrophilia
by mobilizing these cells
from distinct reservoirs
via contrasting
mechanisms.”
A team led by A*STAR
researchers has teased apart the
mechanism by which plerixafor
exerts its therapeutic benefit.
Using a combination of mouse
models coupled with advanced
imaging techniques, the researchers
demonstrated that, unlike G-CSF,
plerixafor facilitates neutrophil

release from the lungs at the
same time that the drug blocks
neutrophil trafficking back into the
bone marrow1.
“Our data provide the first direct
evidence that G-CSF and plerixafor
induce blood neutrophilia by
mobilizing these cells from distinct
reservoirs via contrasting mechanisms,” says Lai Guan Ng, from the
A*STAR Singapore Immunology
Network, who led the work.
Ng and his co-workers used a
cutting-edge technology known
as intravital multiphoton imaging
to delineate the effects of G-CSF
and plerixafor on neutrophils in
various body compartments. They
observed that while blood neutrophil frequency increased after
treatment with either G-CSF or
plerixafor, only G-CSF increased
neutrophil motility from the
bone marrow.
Meanwhile, plerixafor enlarged
the pool of circulating neutrophils
through two distinct mechanisms:
the drug promoted neutrophil
release from a reservoir present
in lung tissue and simultaneously
blocked neutrophils from circulating back to the bone marrow (see
image). The research provides the
first evidence that major changes
in blood neutrophils can originate
from cell populations outside the
bone marrow.
According to Ng, the findings
could underpin the design of better
treatment regimens for neutropenia.
“A combined treatment of G-CSF
and plerixafor could be beneficial,”
Ng says. “G-CSF treatment can
augment circulating neutrophils
by increasing neutrophil release to
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Understanding how the drug plerixafor mobilizes a specific type of white
blood cell bodes well for improving treatment regimens

Plerixafor increases the number of neutrophils in the blood, in part, by preventing
them from being trafficked back into the bone marrow environment, shown here with
neutrophils in green, blood vessels in red and collagen fibers in blue.

the blood from the bone marrow,
and plerixafor treatment can
increase the retention of these
additional neutrophils in the
blood compartment.”
Currently, G-CSF and plerixafor
are only used together to mobilize
hematopoietic stem cells (HSCs)
in cancer patients preparing to
undergo transplantation therapy.
“In light of our current findings,”
Ng notes, “it will be interesting
to determine whether plerixaforinduced HSC mobilization derives
solely from the bone marrow.”

1. Devi, S., Wang, Y., Chew, W. K.,
Lima, R., A-González, N. et al.
Neutrophil mobilization via
plerixafor-mediated CXCR4
inhibition arises from lung
demargination and blockade
of neutrophil homing to the
bone marrow. The Journal of
Experimental Medicine 210,
2321–2336 (2013).
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Immunology:

Getting personal with
hep B vaccines

© Martin McCarthy/theasis/iStock

Manipulating a population of blood cells in an individual could help to
activate immune responses against the hepatitis B virus

A personalized blood treatment could help to eliminate chronic hepatitis B
virus infections.

Therapeutic vaccines that boost
antiviral immunity provide an
attractive alternative to drug
therapy for people who are
infected with the hepatitis B virus
(HBV). Yet, the large amount of
genetic diversity found in circulating HBV strains has hindered
the development of a ‘one-sizefits-all’ post-exposure vaccine.
A*STAR scientists from the
Singapore Institute for Clinical
Sciences (SICS) and the Singapore
Immunology Network have now
devised a more personalized
approach to HBV therapeutic
vaccination. In collaboration
with researchers from Singapore
and Europe, the A*STAR team
isolated and manipulated a
type of white blood cell known
as a monocyte to produce an
18
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HBV-specific immune response
in cell culture1. If this can be
replicated in the body, the same
transformation could form the
basis of a simple and effective
vaccine therapy for individuals
infected by HBV.
To find cells that stimulate
HBV-targeted immunity, the
researchers investigated whether
various immune cells that commonly capture and store viral
proteins — a mechanism that
enables the subsequent activation
of virus-killing T cells through a
process known as ‘antigen presentation’— captured a particular
protein called the hepatitis B
surface antigen (HBsAg). They
extracted six different types of
‘antigen-presenting cells’ (APCs)
from 28 people chronically

infected with HBV, all of whom
carried large quantities of
HBsAg in their bloodstreams.
Of all the APCs, they found that
only one distinct population of
monocytes — CD14-expressing
monocytes — tested positive
for HBsAg.
Yet these monocytes did not
activate HBV-specific T cells on
their own; first, the researchers
had to manipulate the HBsAgcontaining monocytes to form
another type of immune cell
called a dendritic cell. The dendritic cells, when mixed together
with patient-derived blood
samples, then stimulated the
expansion of virus-killing T cells.
“This means that we may be able
to directly stimulate the antigenpresenting cells of patients to start
an immune response that can
be beneficial to clear the virus
infection,” says team member
Adam Gehring, now at the St
Louis University Medical Center
in the United States.
Achieving the same feat in the
human body remains a challenge,
however. In cell culture, the
dendritic cells were differentiated
using a combination of immunestimulating proteins called
cytokines. If taken by people, this
cytokine combination could have
undesired effects on the immune
system, says Antonio Bertoletti
from the SICS, who led the
research. But a safer method that
only uses cytokines to promote
HBV-specific immunity could
provide something akin to
“therapeutic vaccination without
the vaccine,” Bertoletti notes.

1. Gehring, A. J., Haniffa, M.,
Kennedy, P. T., Ho, Z. Z., Boni. C.
et al. Mobilizing monocytes to
cross-present circulating viral
antigen in chronic infection. The
Journal of Clinical Investigation 123,
3766–3776 (2013).
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Stem cells:

A HEX that coaxes differentiation

A lot of optimism and promise
surrounds the use of human
pluripotent stem cells (hPSCs) for
applications in regenerative medicine and drug discovery. However,
technical challenges still hamper
the culturing and differentiation of
these cells, which include the cell
types known as human embryonic
stem cells (hESCs) and their
reprogrammed equivalents, induced
pluripotent stem cells (iPSCs).
A team of A*STAR scientists
has now discovered a regulatory
protein that helps to coax human
pluripotent stem cells to form more
specialized types of cells1. “Our
finding could help to develop a new
protocol to induce differentiation
of human pluripotent stem cells,”
says Sheng-Hao Chao from the
A*STAR Bioprocessing Technology
Institute (BTI) in Singapore, who
led the study.
Chao and his co-workers at
the BTI’s Expression Engineering
Group have been studying a protein
called hexamethylene bisacetamideinducible protein 1 (HEXIM1) for
many years. HEXIM1 is known
to inhibit a protein complex called
positive transcription elongation
factor b (P-TEFb), which is involved
in gene expression. Chao’s team
previously linked HEXIM1 with
a specific pathway involved in
cancer development2. This led the
researchers to suspect an additional
role for HEXIM1 in regulating
stem cells.
Chao’s group teamed up with
Andre Choo and his colleagues in
the Stem Cell Group at the BTI
to further explore this possibility.
They first treated hESCs with a

© DAJ/amana images/Thinkstock

A regulatory protein called HEXIM1 induces human pluripotent stem cells to
adopt a more specialized cell fate

Human pluripotent stem cells, such as human embryonic stem cells (above), can differentiate into specific cell types under appropriate
conditions; the HEXIM1 protein helps with this differentiation.

differentiation-inducing compound
called LY294002 and saw a marked
increase in HEXIM1 levels compared to untreated cells.
Further tests showed that
HEXIM1 played a role in driving
cellular differentiation. For
example, the hESCs differentiated
when the researchers incubated
the cells with hexamethylene
bisacetamide (HMBA), a HEXIM1
inducing reagent, or when they generated and cultured a cell line with
elevated expression of HEXIM1.
The researchers rule out P-TEFb
inhibition as an explanation for the
effect, however, because in another
experiment, hESCs treated with
flavopiridol — a drug that blocks
P-TEFb activity — remained in a
pluripotent state.
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“We discovered a novel function of HEXIM1 in regulating
the early-stage differentiation
of human pluripotent stem cells
through a P-TEFb-independent
pathway,” says Chao. More work
is still needed to investigate in
detail the molecular mechanism
by which HEXIM1 drives
hPSC differentiation.
Eventually, HEXIM1 could
become a useful tool in generating
new tissues for cell-replacement
therapies. “In combination with
other transcription factors or
chemicals, it is possible that
HEXIM1 and its inducing reagent
HMBA could be utilized to direct
the differentiation of human
pluripotent stem cells into specific
cell types,” Chao says.

1. Ding, V., Lew, Q. J., Chu, K. L.,
Natarajan, S., Rajasegaran, V. et al.
HEXIM1 induces differentiation of
human pluripotent stem cells. PLoS
ONE 8, e72823 (2013).
2. Lew, Q. J., Chia, Y. L., Chu, K. L.,
Lam, Y. T., Gurumurthy, M. et al.
Identification of HEXIM1 as a
positive regulator of p53. Journal of
Biological Chemistry 287,
36443–36454 (2012).
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Neuroscience:

Imaging the brain’s energy usage
A new imaging technique that produces metabolic maps of brain activity
may improve disease diagnosis and reduce patient exposure to radiation
They found that the signal changes
with the concentration of 2DG and
2DG6P, and that it is reduced by
the general anesthetic isoflurane,
which suppresses brain activity.
Their results also showed that the
CEST signal is not affected by
acidity levels of the blood and brain
or related to changes in blood flow
around the brain.

© wenht/iStock/Thinkstock

“This method can achieve
higher resolution than PET
and is far more sensitive than
other NMR techniques.”

A new way to map the brain offers promise for disease diagnosis methods that would
reduce patient exposure to radioactivity.

A team of researchers led by
Kai-Hsiang Chuang of the A*STAR
Singapore Bioimaging Consortium
has developed a new imaging
technique to measure the rate at
which the brain consumes glucose,
without using radioactively labeled
‘tracer’ molecules1.
Brain cells use glucose as an
energy source. Therefore, the rate
at which they take up sugar from
the bloodstream and break it down
into its metabolites is an important
indicator of cellular function and
brain activity. Glucose uptake and
metabolism are typically measured
using a surrogate molecule called
2-deoxyglucose (2DG), containing
radioactive carbon or fluorine.
When injected, this molecule
is taken up by brain cells and
converted into 2DG-6-phosphate
(2DG6P). Positron emission
20
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tomography (PET) or autoradiography is then used to detect the
radioactivity levels throughout the
brain, which provides a measure of
glucose usage.
The technique developed by
Chuang and co-workers is sensitive
enough to detect levels of 2DG
and 2DG6P without first having
to label them with radioactive
isotopes. It relies on a relatively new
imaging method called chemical
exchange saturation transfer
(CEST) to amplify the magnetic
signal produced when 2DG and
2DG6P exchange protons with
water molecules.
The researchers tested the new
technique, called glucoCEST,
on live animals for the first time.
They injected 2DG into rats and
used nuclear magnetic resonance
(NMR) to detect the CEST signal.

Imaging of glucose metabolism
is widely used to aid diagnosis
and evaluation of cancer and
neurodegenerative diseases, such
as Alzheimer’s. Current methods
involve radioactivity so they
cannot be frequently used on the
same patient and are typically
not used on pregnant women and
children. The glucoCEST method
overcomes this problem, offering a
new approach to the diagnosis and
prognosis of such diseases.
“This method can achieve
higher resolution than PET and
is far more sensitive than other
NMR techniques,” says Chuang.
“Imaging at higher magnetic fields
would improve a limiting factor
of the method: lower sensitivity
of detection than radioactive
tracers." Employing higher
magnetic fields to improve the
detection sensitivity would enable
the use of lower doses of 2DG.
“We are now designing experiments to evaluate the feasibility
of the method in humans,”
Chuang adds.

1. Nasrallah, F. A., Pagès, G.,
Kuchel, P. W., Golay, X. &
Chuang, K.-H., Imaging brain
deoxyglucose uptake and
metabolism by glucoCEST MRI.
Journal of Cerebral Blood Flow &
Metabolism 33, 1270–1278 (2013).
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Microbiology:

Pushing back against
drug-resistant bugs
Some pathogens can adapt to the
presence of drugs that would normally be lethal, and such antibioticresistant microbes are now the
scourge of hospitals worldwide.
Discovering new antibiotics is a
laborious process, but research from
a team led by Yi Yan Yang of the
A*STAR Institute of Bioengineering
and Nanotechnology, Singapore,
and James Hedrick of the IBM
Almaden Research Center, United
States, could breathe new life into
existing drugs1.
One of the standard escape
mechanisms employed by bacteria
such as Pseudomonas aeruginosa
entails increased production of
proteins that purge or break down
drug molecules. Polymers that stick
to and disrupt bacterial membranes
offer an alternative means for
killing resistant cells. However,
at elevated concentrations these
polymers can also inflict damage
on bystander host cells. Yang and
Hedrick’s team explored whether
a combination of polymers and
antibiotics might offer a safer
alternative that draws on the
strengths of both approaches.
They generated two different
polymers — which they combined
with vitamin E, a standard component of the diet of humans — with
chemical properties that enabled
them to penetrate cell membranes.
Both proved more toxic to microbes
than the same polymers without
vitamin E, efficiently killing
P. aeruginosa as well as two other
pathogens, the bacterium Staphylococcus aureus and the fungus
Candida albicans. Microscopic
analysis indicated that the polymers

Image courtesy of the US Centers for Disease Control and Prevention/Janice Haney Carr

Antibiotic-resistant bacteria may have met their match in polymers that
render them vulnerable once again

The Pseudomonas aeruginosa bacterium is a common cause of opportunistic infections in humans and has a tendency to acquire
resistance to a number of standard antibiotics.

worked by punching holes in the
outer membranes of bacterial and
fungal cells. Importantly, none of
these compounds proved seriously
toxic to rat red blood cells at their
effective doses, suggesting that their
effects should be relatively specific
to their pathogenic targets.
The team subsequently evaluated
whether such polymer constructs
could bolster antibiotics that tend to
lose efficacy against P. aeruginosa.
They took the vitamin E-linked
polymer formulation that had
performed the best against this
bacterium and combined it with
the antibiotics doxycycline,
streptomycin or penicillin G. While
all three received a boost from
being combined with the polymer,
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doxycycline showed the greatest
promise, proving capable of effectively eradicating bacteria at very
low concentrations of both the drug
and polymer. This combination
also appeared to generate a greater
number of holes in the bacterial
cell surface, despite doxycycline
not normally damaging the outer
membrane when acting on its own.
The researchers hypothesize
that the two-pronged attack gives
doxycycline rapid access to the
cellular interior, thus overwhelming
the microbe before it has the
opportunity to eliminate the drug.
“These synergistic combinations
may provide a promising way for
combating multi-drug resistance,”
concludes Yang.

1. Ng, V. W. L., Ke, X., Lee, A. L. Z.,
Hedrick, J. L. & Yang, Y. Y. Synergistic
co-delivery of membranedisrupting polymers with
commercial antibiotics against
highly opportunistic bacteria.
Advanced Materials 25,
6730–6736 (2013).
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Immunology:

Pinpointing an immune-response
trigger
Uncovering the molecular mechanisms behind immune system activation
could help in future gene therapies

IPP

© 2014 A*STAR Singapore Immunology Network

IPP

During bacterial infection (purple discs) or cell transformations such as tumor
growth, cells accumulate isopentenyl pyrophosphate (IPP) antigens (light blue circles),
which then bind to butyrophilin 3A1 (red). Together, they stimulate the T-cell receptors (TCR) of gamma delta T cells (right).

The ability to recognize antigens
from invading microbes and damaged host cells allows the human
body to trigger powerful immune
responses. A particular group
of white cells, known as gamma
delta T cells (γδ T cells), is
activated during initial infection
in response to the accumulation
of an antigen called isopentenyl
pyrophosphate (IPP). However, as
IPP does not bind directly with
γδ T-cell receptors, researchers
assumed that another molecule
was responsible for presenting IPP
to γδ T cells.
Now, Gennaro De Libero and
co-workers at the A*STAR Singapore Immunology Network and
A*STAR Singapore Bioimaging
Consortium — together with scientists from Switzerland, Australia
and the United Kingdom — have
shown that a protein called
butyrophilin 3A1 (BTN3A1)
22
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activates human γδ T cells
by binding with IPP1. Their
discovery could lead to targeted
therapies for tumors and other
diseases that require a heightened,
rapid immune response.

“We exploited a novel
strategy to identify the
gene encoding the antigenpresenting molecule.”
“In our preliminary studies,
we found that a γδ T-cell antigenpresenting molecule (APM) was
distributed in many tissues and
was different from all the other
known APMs,” explains De
Libero. “We exploited a novel
strategy to identify the gene
encoding the APM.”
In initial investigations into
human γδ T cells, the team found

that their data was complicated
by high background readings
from other white-cell activity.
To minimize this interference,
they generated transgenic mice
capable of expressing specific
human γδ T-cell receptor chains.
Through careful screening,
the researchers found that only
certain human cells were able
to present IPP and activate the
γδ T cells.
“By pinpointing these cell
types, we were able to use the
mouse–human hybrid cells to
map the human chromosome and
find the locus in which the gene
encoding the unknown APM was
located,” explains De Libero. “By
applying molecular and cellular
techniques, we then identified the
molecule as BTN3A1.”
Using mass spectroscopy,
the researchers were able to
visualize the formation of
BTN3A1-antigen complexes. IPP
antigens bind to a small cleft in
BTN3A1 to form a stable complex, which in turn stimulates the
γδ T-cell receptors (see image).
When BTN3A1 is inhibited,
fewer IPP antigens are presented
to γδ T cells, weakening the
immune response.
The team found that BTN3A1
is widely expressed in the body,
particularly in tumor cells where
host IPP is prevalent. BTN3A1
could therefore play a vital role in
new gene therapies.
“BTN3A1 might be exploited
to present stimulatory antigens
to human γδ T cells,” says De
Libero. “This could be used to
preferentially kill tumor cells.”

1. Vavassori, S., Kumar, A.,
Wan, G. S., Ramanjaneyulu, G. S.,
Cavallari, M. et al. Butyrophilin 3A1
binds phosphorylated antigens and
stimulates human γδ T cells. Nature
Immunology 14, 908–916 (2013).
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Developmental biology:

Mapping a fork in the road

The fusion of a sperm and
egg yields a zygote with an
unconstrained capacity to develop
into any cell type in the body.
Subsequent rounds of cell division
limit those options as the embryo
enters a developmental program
that establishes the formation of
tissues, organs and limbs.
By profiling gene expression
in individual cells at the earliest
stages of mouse development,
Ernesto Guccione of the A*STAR
Institute of Molecular and
Cell Biology in Singapore and
Maria-Elena Torres-Padilla of the
University of Strasbourg in France
have zoomed in on events that help
to initiate this process when the
embryo consists of just four cells1.
Two classes of proteins are
known to help coordinate cellular
development; transcription factors
bind DNA to modulate gene expression while epigenetic modifiers act
indirectly by adding and removing
chemical marks from chromosomes
that stimulate or inhibit gene
activity. “This reprogramming
occurs at a single-cell level so it is
critical to study these events not
in cell populations, such as entire
embryos, but with techniques that
allow us to distinguish which cell is
which,” says Guccione.
Guccione and Torres-Padilla
wanted to understand how cells
‘decide’ to form either the inner
cell mass (ICM), which gives
rise to the embryo itself, or the
trophectoderm (TE), which forms
tissues that support the embryo.
They dissected mouse embryos
at multiple developmental stages
and profiled transcription factors

Reproduced from Ref. 1 and licensed under CC BY-NC-ND 3.0 © 2013 A. Burton et al.

Gene expression profiling reveals the mechanisms that guide the fate of
individual embryonic cells

The epigenetic modifier PRDM14 (red) is active in only two of four cells at the four-cell stage, which it steers to form the inner cell
mass that ultimately becomes the embryo.

and epigenetic modifiers within
individual cells.
Previous studies have defined
the ICM and TE based on the
activity of specific transcription
factors. However, the researchers
were surprised to find that the
earliest developmental stages are
primarily characterized by shifts in
the activity of epigenetic modifiers.
This is the case until the embryo
consists of 32 cells — at which
point both the TE and ICM are
clearly defined. Computational
modeling suggests that the stepwise
action of these epigenetic modifiers
essentially creates a developmental
‘track’ for the early embryo.
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One modifier, PRDM14, was
especially active in ICM cells (see
image), and influences cellular
fate very early in development.
“We showed that PRDM14 is
expressed in only two cells at the
four-cell stage,” says Guccione,
“and proved that it plays a role in
driving cells towards the ICM fate
as opposed to the TE.” Indeed,
injecting PRDM14 into two-cell
embryos notably ‘tipped the scales’
to favor ICM formation. Guccione
notes that this protein can both
activate and repress target genes,
and deciphering its role in ICM
development is a future priority for
his group.

1. Burton, A., Muller, J., Tu, S., PadillaLongoria, P., Guccione, E. & TorresPadilla, M.-E. Single-cell profiling
of epigenetic modifiers identifies
PRDM14 as an inducer of cell fate
in the mammalian embryo. Cell
Reports 5, 687–701 (2013).
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Molecular biology:

Picking out productive
partnerships

© 2013 A*STAR Genome Institute of Singapore

A computational approach reveals a myriad of protein pairs that combine to
regulate gene activity

A search for transcription factors that act collaboratively to bind DNA revealed a
previously unknown pairing between molecules of FOXA1 (blue) that appears to regulate
genes associated with prostate cancer.

Transcription factor (TF) proteins
switch particular genes on and
off by homing in on specific
sequences of nucleotides scattered
throughout the genome. In some
cases, this regulation is a team
effort, where pairs of TFs — or
‘dimers’ — come together to
modulate one target gene.
A team led by Shyam Prabhakar
of the A*STAR Genome Institute
of Singapore and Jerzy Tiuryn
at the University of Warsaw,
Poland, has now devised a
computational strategy for
mapping TF collaboration at
an unprecedented scale1. Most
TF dimers have been discovered
through experiments that focused
exclusively on individual TFs
or TF pairs. As an alternative,
Prabhakar and co-workers
identified such binding events
on a large scale based on a few
basic assumptions.
“We predicted that these
dimers would be reasonably
compact, with binding sites
spaced less than 50 bases
apart,” he explains, “and that
24
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most dimers would have a
favorite spacing.”

“I don’t think anyone
appreciated just how
many TF dimers there
were in human cells
— they were usually
treated as an exotic,
special case.”
Access was another important
consideration; chromosomal
DNA is wound around protein cores to form a material
known as chromatin, which
can be dense enough to thwart
TF binding. Prabhakar and
co-workers used chromatin
maps to flag regions that were
‘open’ for protein binding. As
chromatin structure can vary
considerably between cell types,
this approach also gave the
team an edge in characterizing

potential tissue-specific activity of
TF dimers.
The researchers used their
algorithm to search for combinations of 964 different TF binding
sites within regions of open
chromatin in 41 different human
cell types. Their data predicted
603 potential dimers, including
19 of the 25 pairs that have been
identified experimentally to
date and many more that were
previously unknown. Altogether,
these predicted dimers bound
almost half a million distinct sites
in the genome, vastly exceeding
prior predictions.
“I don’t think anyone appreciated just how many TF dimers
there were in human cells — they
were usually treated as an exotic,
special case,” says Prabhakar. The
data also supported his prediction
that TFs form fairly rigid complexes with DNA binding sites
positioned at a relatively fixed
distance from each other, rather
than the more flexible mode of
dimer interaction supported by
some other scientists.
Importantly, Prabhakar
and team identified many
TF dimers with apparent
cell-specific activity, including
certain combinations that seem
particularly active in tumor cells.
For example, various dimers
containing the TF FOXA1 were
prominently over-represented in
prostate cancer cells (see image).
Prabhakar and Tiuryn intend
to further explore the clinical
significance of these and other
findings in future experiments
with collaborator Ralf Jauch.

1. Jankowski, A., Szczurek, E.,
Jauch, R., Tiuryn, J. & Prabhakar,
S. Comprehensive prediction in
78 human cell lines reveals rigidity
and compactness of transcription
factor dimers. Genome Research
23, 1307–1318 (2013).
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Cancer biology:

A misdirection that fuels
cancer growth

Reproduced from Ref. 1 © 2013 Gill et al.

Disruptions in a protein-processing pathway appear to promote aggressive
proliferation and invasion in tumor cells

Cells from breast tumor biopsies show abnormally high accumulation of Tn-modified
proteins in the endoplasmic reticulum (ER). Tn localizes to the ER in breast cancer cells
(left, white), as indicated by labeling of the ER (right, white). Cell nuclei stained blue.

Many proteins at the cell surface
are ‘decorated’ with carbohydrate
molecules called glycans.
Changes in a cell’s glycan profile
can greatly alter how it behaves
and interacts with its environment, and abnormalities in this
process are a common feature of
cancer cells.
Researchers led by Frederic
Bard of the A*STAR Institute
of Molecular and Cell Biology
in Singapore have now
uncovered a potentially
critical link between the glycan
addition process and invasive
tumor growth1.
Cancer cells often produce
abnormally high levels of proteins
modified with a glycan precursor
known as Tn. In healthy cells,
newly translated proteins are
processed in a structure called
the endoplasmic reticulum
(ER) before moving on to the
Golgi apparatus. Within the
Golgi, proteins receive the Tn
modification from enzymes
known as GalNAc-Ts, and Tn is

subsequently transformed into
more complex glycans by other
Golgi enzymes. Scientists have
long assumed that cancer cells
experience defects in this latter
pathway, which ultimately directs
excess Tn-modified proteins to
the cell surface.

“We expect that this
Src-mediated pathway
is activated in 60 to
80 per cent of human
tumors and so any
benefits could apply to a
lot of patients.”
Bard and David Gill, however,
arrived at an alternative hypothesis. In previous research, they
determined that Src, a signaling
protein overactive in many
cancers, can cause GalNAc-Ts
to relocate from the Golgi to
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the ER 2. They subsequently
determined that the presence of
GalNAc-Ts in the ER is sufficient
to induce a sharp elevation in
Tn levels. Contrary to expectations, Tn in cultured cells was
largely retained within the ER
rather than being transported to
the cell surface. The researchers
observed similar behavior in
a diverse array of hundreds of
tumor samples (see image).
When Bard and co-workers
examined tumor cell lines that
had been genetically modified
to forcibly shift GalNAc-T
localization to the ER, they
observed that this made the cells
far more aggressive and prone to
invasive growth.
“The most surprising finding
was how readily ER glycosylation stimulates cell migration
and cell adhesion,” says Bard.
“It seems counterintuitive that
modifications occurring inside
the ER would produce dramatic
changes in how the cell interacts
with its environment.”
Bard and his co-workers
hypothesize that these effects are
driven by proteins that escape
directly to the cell surface after
undergoing Tn modification in
the ER. By exploring this question in future work, Bard aims to
uncover vulnerabilities that could
be exploited to disrupt the tumor
growth machinery.
“We expect that this Srcmediated pathway is activated
in 60 to 80 per cent of human
tumors and so any benefits
could apply to a lot of patients,”
he says.

1. Gill, D. J., Tham, K. M., Chia, J.,
Wang, S. C., Steentoft, C.
et al. Initiation of GalNAc-type
O-glycosylation in the endoplasmic
reticulum promotes cancer cell
invasiveness. Proceedings of the
National Academy of Sciences USA
110, E3152–E3161 (2013).
2. Gill, D. J., Chia, J., Senewiratne, J.
& Bard, F. Regulation of
O-glycosylation through Golgi-toER relocation of initiation enzymes.
Journal of Cell Biology 189,
843–858 (2010).
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Developmental biology:

Unlocking a secret of stem
cell stability

© Gary Caviness/iStock/Thinkstock

Proper embryonic development depends on a signaling pathway that helps
to preserve stem cell ‘immaturity’
mouse development, when the
embryo consists of just four cells.
They subsequently determined
the consequences of eliminating
STAT3. As early-stage embryos
draw on a stockpile of maternally
produced STAT3, the researchers
therefore devised a strategy to
selectively eliminate this gene
from eggs. Such eggs still yielded
embryos after being fertilized by
sperm also lacking STAT3, but
perished within four or five days.
STAT3-deficient embryos
exhibited severe defects in the
inner cell mass (ICM), the
embryonic structure that eventually gives rise to all other tissues in
the body. In comparison, loss of
STAT3 did not affect development
of the trophectoderm, a layer of
cells that nurtures and supports
STAT3 activation becomes important in the early stages of development, when the
embryonic development but does
embryo consists of just a small number of cells.
not contribute to the embryo itself.
Interestingly, STAT3 appears to be
By clarifying how embryonic stem embryonic development and in ES unnecessary for initial formation
(ES) cells maintain their remarkcell culture1.
of the ICM; instead, it sustains the
able developmental flexibility, or
“The involvement of STAT3
ICM through subsequent stages
‘pluripotency’, scientists hope to
signaling in ES cell derivation and of development.
gain insight into tissue and organ
maintenance was known for a long
The researchers revealed that
formation that could inform
time,” explains Daniel Messeractivated STAT3 promotes ICM
breakthroughs in regenerative
schmidt of the A*STAR Institute
maintenance by directly switching
medicine. Biologists have uncovof Molecular and Cell Biology,
on Oct4 and Nanog, two genes
ered several proteins that help to
who collaborated on this project.
with a well-established role in
establish pluripotency, but they are He notes that scientists can
pluripotency. Accordingly, targeted
still working out the details of how deliberately stimulate STAT3
inhibition of STAT3 in cultured
their functions are regulated.
activity in cultured ES cells by
ES cells led to a sharp reduction in
A research team led by
treating them with a protein
Oct4 and Nanog activity, and caused
Davor Solter of the A*STAR
called leukemia inhibitory factor
these cells to lose their pluripotent
Institute of Medical Biology,
(LIF), although precisely how
characteristics and differentiate
Singapore, and Xin-Yuan Fu of the LIF/STAT3 preserves pluripotency into mature cells. This regulatory
National University of Singapore
remains unclear.
axis linking STAT3 to Oct4 and
has solved an important piece of
Solter, Fu and co-workers
Nanog thus appears to be a critical
this puzzle by clarifying the role
demonstrated that LIF switches
mechanism for preserving ‘stemness’
of the STAT3 protein during early on STAT3 signaling early in
in the early days of the embryo.
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1. Do, D. V., Ueda, J., Messerschmidt, D. M.,
Lorthongpanich, C., Zhou, Y. et al.
A genetic and developmental
pathway from STAT3 to the
OCT4–NANOG circuit is essential
for maintenance of ICM lineages
in vivo. Genes & Development 27,
1378–1390 (2013).
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CHEMISTRY &
MATERIALS

Carbon capture:

Transforming a household plastic into
a porous polymer that selectively traps
CO2 molecules may make industrial-scale
carbon-dioxide capture applications
more economic.

Durable plastic doubles as
a cleaner
Chemists transform an inexpensive household plastic into a high-capacity
sorbent for carbon dioxide capture and separation
Melamine, a small aromatic molecule
loaded with nitrogen atoms, has
traditionally found fame as a tough
plastic that is ideal for making
durable dishware and laminate
coatings. Research by Mei Xuan Tan,
Yugen Zhang and Jackie Ying at the
A*STAR Institute of Bioengineering
and Nanotechnology, Singapore,
has shown that this material could
play a valuable role in reducing
greenhouse gas emissions. They
demonstrated that a synthetic
procedure turns melamine polymers
into low-cost ‘scrubbers’ that trap
and release carbon dioxide (CO2) gas
on demand1.
Conventional scrubbers use
amino alcohols as liquid sorbents to
catch waste CO2 gas. The intense
energy needed to regenerate these
corrosive and unstable liquids
after carbon capture has prompted
a search for better alternatives.
One approach employs highly
porous materials, such as activated
charcoal or inorganic zeolites, to
soak up large quantities of polluting
28
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gases. Unfortunately, most porous
substances have poor selectivity
towards CO2 and thus must be
replaced often.
Tan, Zhang and Ying investigated
whether these problems could be
alleviated using porous organic
polymers as the robust substances
can be chemically tuned to maximize
carbon capture. Because melamine
has an abundance of amino sites
that selectively bind CO2, the team
suspected it might act as an efficient
sorbent. Until now, however,
chemists could introduce pores into
melamine polymers only through the
use of complex inorganic templates.
The production of melamine
plastics usually requires the use of
formaldehyde dissolved in water — a
procedure that yields little to no
porosity. By switching to a more
polar organic solvent known as
dimethyl sulfoxide (DMSO) and
higher reaction temperatures, the
researchers generated a high-surfacearea polymer with well-defined
‘nanopores’. They theorize that

DMSO bonds to melamine and
formaldehyde early in the process
and helps to assemble the molecules
into nanometer-wide rings, which
subsequently link together into a
foam-like structure.
Tests revealed that the new melamine polymer had impressive carbon
capture capacity — it removed over
99% of CO2 from an analyte gas
in a typical industrial through-flow
column setup and operated nearly
instantaneously. Furthermore, the
researchers could quickly remove
adsorbed CO2 by applying a vacuum
that restored its scrubbing capabilities
for numerous cycles. The team
attributes this unique behavior to
reversible CO2 binding inside the
polymer’s nanopores.
“Compared with other
carbon dioxide capture materials,
poly(melamine–formaldehyde) is cost
efficient and easily synthesized and
can be readily scaled up. We welcome
industrial partners to work with us to
commercialize this technology,” say
Zhang and Ying.

1. Tan, M. X., Zhang, Y. & Ying, J. Y.
Mesoporous poly(melamine–
formaldehyde) solid sorbent
for carbon dioxide capture.
ChemSusChem 6,
1186–1190 (2013).
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Polymers:

Charged up and ready
to connect
Gelatin, a well-known food
ingredient, belongs to a class of
molecules called polyampholytes
that contain both positively and
negatively charged components.
When a polyampholyte is dissolved
in liquid, the resulting electronic
structure imparts remarkable properties such as pH-dependent viscosity; it can also form a hydrogel.
Now, Satyasankar Jana, Anbanandam Parthiban and co-workers
from the A*STAR Institute of
Chemical and Engineering Sciences
in Singapore have developed a
polyampholyte with multiple
capabilities — including the ability
to turn ordinary plastics into novel
coating materials, thanks to unexpectedly strong interactions between
the polymer’s charged sites1.
Mixing cationic and anionic
salts known as ion pair comonomers
(IPCs) is one of the best ways to
synthesize polyampholytes. Most
IPCs are made from unsaturated
molecular ions with very
similar chemical reactivity. This
approach generates long, chargeneutral chains with application
in fields such as chromatographic
protein separation.
Jana, Parthiban and co-workers,
however, implemented a different
strategy. They investigated polymerization of IPCs with unequal
chemical reactivity: a cationic
nitrogen-bearing ring known as
vinylimidazole and a styrenesulfonate. The intense positive charges
within vinylimidazole-based
polymers mean that these polymers
are frequently employed as ionconductive materials; the weaker
styrenesulfonate anion, on the

© andrej67/iStock/Thinkstock

An innovative strategy produces positively and negatively charged polymer
chains ideal for generating multifunctional coatings

Polymers formed from ionic precursors have an unusual chemical reactivity that could find application in antifouling coatings for ships.

other hand, finds use in surfactants
and polyelectrolytes.
The team suspected that these
IPCs, which turn into mobile
ionic liquids at high temperatures,
could create polyampholytes with
asymmetric charge properties and
unusual molecular interactions
never encountered before.
By using free radical reactions to
construct the vinylimidazole-based
polyampholytes, the researchers
observed that their hunch was
correct: the polymers assembled
into chains with immobilized
cationic and anionic units. In fact,
the strong intermolecular forces
in these polyampholytes rendered
them insoluble in both organic
and aqueous solvents. Switching to
a more controlled chain-transfer
polymerization method yielded
asymmetric chains with improved
solubility characteristics.

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

The team exploited the active
charge properties of their polymers
to turn lightweight poly(methyl
methacrylate), or PMMA, plastics
into ionically cross-linked materials.
Mixing a small proportion of the
asymmetric polyampholyte into
PMMA formed a three-dimensional
polymer network as the ionic sites
reacted with one another and with
the acrylic chains. The authors note
that this kind of ionic cross-linking
can have beneficial impacts on the
stiffness and fracture behavior of
PMMA, and opens the door to
other applications.
“The highly ionic nature of
these polymers makes this approach
useful for possible antifouling
materials and layer-by-layer coating
technology,” says Jana. “We are also
trying to synthesize novel substances with this procedure, such as
ionically cross-linked hydrogels.”

1. Jana, S., Vasantha, V. A.,
Stubbs, L. P., Parthiban, A. &
Vancso, J. G. Vinylimidazole-based
asymmetric ion pair comonomers:
Synthesis, polymerization
studies and formation of ionically
crosslinked PMMA. Journal of
Polymer Science Part A: Polymer
Chemistry 51, 3260–3273 (2013).
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Energy:

Electric vehicles could travel further
when powered by a higher-capacity
lithium-ion battery made with inexpensive iron oxide nanoparticles.

Inexpensive material boosts
battery capacity
Next-generation lithium-ion batteries made with iron oxide nanoparticles
could extend the driving distance of electric cars
Battery-powered cars offer many
environmental benefits, but a car
with a full tank of gasoline can
travel further. By improving the
energy capacity of lithium-ion
batteries, a new electrode made
from iron oxide nanoparticles
could help electric vehicles to cover
greater distances.
Developed by Zhaolin Liu of
the A*STAR Institute of Materials
Research and Engineering,
Singapore, and Aishui Yu of
Fudan University, China, and
co-workers, the electrode material
is inexpensive and suitable for
large-scale manufacturing and can
store higher charge densities than
the conventional electrodes used in
lithium-ion batteries1.
These batteries store and release
energy by shuttling lithium ions
between two electrodes connected
in a circuit. During charging,
lithium ions escape from the
cathode, which is made from
materials such as lithium cobalt
oxide. The ions migrate through
30
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a liquid electrolyte and into the
anode, which is usually made of
graphite riddled with tiny pores.
When the battery discharges, the
process runs in reverse, generating
an electrical current between
the electrodes.
Iron oxides have a much higher
charging capacity than graphite, but
the process is slow. Forcing lithium
ions into the material also changes
its volume, destroying the anode
after just a few charging cycles.
Liu, Yu and team reasoned that
an anode made from iron oxide
nanoparticles would charge more
quickly, because its pores would
give ready access to lithium ions.
The pores may also allow the
material’s structure to change as the
ions pack inside.
The researchers made
5-nanometer-wide particles of
an iron oxide known as α-Fe2O3,
simply by heating iron nitrate in
water. They mixed the particles
with a dust called carbon black,
bound them together with

polyvinylidene fluoride and coated
the mixture onto copper foil to
make their anodes.
During the first round of
charging and discharging, the
anodes showed an efficiency of
75–78%, depending on the current
density used. After ten more cycles,
however, the efficiency improved to
98%, almost as high as commercial
lithium-ion batteries. Research by
other teams suggests that during
the first few cycles, the iron oxide
nanoparticles are broken down until
they reach an optimum size.
After 230 cycles the anode’s
efficiency remained at 97%, with
a capacity of 1,009 milliamp hours
per gram (mAhg−1) — almost three
times greater than commercial
graphite anodes. The material
experienced none of the degradation
problems that have plagued other
iron oxide anodes.
The team is now working to
optimize the nanoparticle synthesis
and increase the efficiency of the
anode’s initial charging cycles.

1. Zhang, J., Huang, T., Liu, Z. & Yu, A.
Mesoporous Fe2O3 nanoparticles
as high performance anode
materials for lithium-ion batteries.
Electrochemistry Communications
29, 17–20 (2013).
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Data storage:

Computer models show device
size matters
Simulating the magnetic properties of nanostructures could help to design
electronic memories with increased storage capacity

“Contributing to a clear
understanding of this
effect is one of the
most gratifying parts of
this work.”
Kwaku Eason, Maria Sabino
and their co-workers from the
A*STAR Data Storage Institute,
A*STAR National Metrology
Centre and National University
of Singapore have now modeled the changes in the characteristics of magnetic materials
as devices are reduced in size to
the nanoscale1.
The researchers focused
their attention on modeling a
powerful and widespread tool for
characterizing magnetic materials
called ferromagnetic resonance
(FMR). FMR measures the
absorption of microwave radiation by a thin sample. Knowing
which microwave frequencies are
absorbed the most can provide a
number of key material properties. One such crucial property

is the damping parameter,
which is an indicator of how
quickly a memory made from the
magnetic material can store and
release data.
The team employed a
mathematical tool, known as the
finite element method, to simulate
a simple cylindrical nanodevice
in all three dimensions. By
calculating the energy levels of
the device in an external magnetic
field, the team could predict
the FMR signal for devices of
varying sizes.
The researchers compared
their simulations to experimental
data obtained on nanodisks made
of a nickel–iron alloy, known
as permalloy, and found good
agreement for all device sizes.
“Other groups have provided
additional experimental results
that further confirm the accuracy
of our predictions,” says Eason.
The ability to predict
the damping parameter of
nanostructured magnetic
materials is important because
it is difficult to experimentally
measure this property — partly
because FMR signals from tiny
targets are usually weak. Instead,
researchers must study much
larger devices and hope that the
damping parameter is similar
for nanostructures.
Recent experiments have
conflicted on this point of scale.
“One research group found from
their experiments that device size
does not matter in the damping
measurement, while another
group found that it does,” explains
Eason. “We have resolved this
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Scientists hope that patterning
magnetic materials with nanometer-scale structures will help
the development of non-volatile
electronic memories with large
storage capacities and no moving
parts. So-called magnetoresistive
random access memories are one
example. But material properties
at such tiny dimensions are
not always the same as those of
larger structures.

High absorption

The ‘in-plane’ ferromagnetic-resonance response of a magnetic nanostructure changes
with device size — shown here in the simulation results by the rapidly varying colors. The
‘out-of-plane’ response, on the other hand, is relatively constant.

dilemma: it turns out that they
were both right.” Sabino adds:
“The results were contradictory because of the different
material properties.”
The simulations showed that
the ‘in-plane’ magnetic properties
are sensitive to the dimensions
of the device, whereas the ‘outof-plane’ properties are constant
(see image).
“Contributing to a clear
understanding of this effect is one
of the most gratifying parts of this
work,” says Eason.

1. Eason, K., Sabino, M. P. R. G., Tran, M.
& Liew, Y. F. Origins of magnetic
damping measurement variations
using ferromagnetic resonance for
nano-sized devices. Applied Physics
Letters 102, 232405 (2013).
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Batteries:

A nanotechnology-based electrode that
resists deformation and electric polarization may one day boost the driving range
of electric and hybrid vehicles.

There’s no place like foam
A nickel-foam-supported carbon-nanotube electrode offers improved
performances for lightweight lithium batteries
Lithium–oxygen batteries are
innovative devices that generate
power from atmospheric oxygen
trapped inside porous, carbon-based
electrodes. These batteries are
significantly lighter than traditional
lithium-ion batteries, and thus have
the potential to extend the driving
range of electric and hybrid vehicles.
However, many practical challenges remain for lithium–oxygen
batteries, most notable of which is
the buildup of insoluble lithium
peroxide by-products in the carbon
electrode, which can cause the
battery to cease operation after only
a few charge cycles.
Now, Zhaolin Liu from the
A*STAR Institute of Materials
Research and Engineering in Singapore, in collaboration with Aishui
Yu and co-workers from Fudan
University in China, has developed
a carbon nanotube electrode that
can alleviate recharging problems
in lithium–oxygen batteries, thanks
to a support made from threedimensional nickel foam1.
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In previous efforts to improve
the performance of lithium–oxygen
batteries, researchers investigated
numerous types of permeable carbon
electrodes — including high-surfacearea charcoal, graphene and porous
aerogels. Such approaches, however,
rely on glue-like binders to hold the
carbon particles together. These
binders decrease oxygen diffusion
rates through the electrode and can
degrade and clog pore spaces.
Liu and co-workers set out
to design a binder-free electrode
by turning to nickel foam, an
inexpensive substance with a porous
three-dimensional structure that
makes it both rigid and lightweight.
To ensure the foam’s compatibility
with lithium–oxygen batteries, the
team grew carbon nanotubes doped
with small amounts of nitrogen
directly on its surface. Nitrogendoped carbon-nanotube electrodes
have been shown to possess
catalytic activity that boosts battery
lifetimes. The team anticipated that
they could create improved devices

by supporting these nanomaterials
with nickel foam.
Using chemical vapor deposition,
the researchers were able to cover the
nickel foam with layers of doped
carbon nanotubes arranged in typical
bamboo-like structures. These
nanotubes were loosely packed and
contributed to a network of large,
interconnected tunnels throughout
the foam. According to Liu, these
tunnels facilitate oxygen diffusion
and provide critical voids where
lithium peroxide can be deposited
without limiting battery performance.
When they measured the performance of their binder-free electrode,
the team found that it could deliver
twice the electrical capacity of a purenitrogen-doped carbon-nanotube
electrode. The strong electrical
contact between the nanotubes and
the nickel support suppresses volume
expansion and limits the polarization
effects that hinder battery recharging,
Liu notes. “The next step will be
to apply these electrodes in real
lithium–oxygen batteries.”

1. Lin, X., Lu, X., Huang, T., Liu, Z. & Yu, A.
Binder-free nitrogen-doped carbon
nanotubes electrodes for lithiumoxygen batteries. Journal of Power
Sources 242, 855–859 (2013).

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

CHEMISTRY &
MATERIALS

Materials:

Minuscule bumps improve an
anti-reflective coating
M. S. M. Saifullah and Hemant
Raut of A*STAR’s Institute of
Materials Research and Engineering in Singapore and their
co-workers have developed a
coating that matches the optical
properties of the best conventional
anti-reflective coatings (ARCs),
while being more robust and easier
to produce1. ARCs are used in a
variety of applications to reduce
glare and increase the proportion of
light transmitted through the glass
or plastic beneath — potentially
boosting the output of a solar
module, for example.
Roughly 8 per cent of light
is reflected as it travels from air
into glass, due to the difference in
the refractive index between the
materials. ARCs have refractive
indices that gradually change from
lower to higher values, offering a
smooth transition for light that
minimizes reflection. The moth’s
eye achieves this with a layer of tiny
bumps of 250 nanometers in height,
but previous polymer films that
mimic this pattern lacked sufficient
durability for outdoor applications.
The coating developed by
Saifullah, Raut and their team is
based on polyhedral oligomeric
silsesquioxane (POSS) — a
molecular cage built from silicon
and oxygen atoms. The team
combined a modified form
of POSS with three different
molecules that can form strong
links between them, and then spun
the mixture onto glass to ensure an
even distribution.
Using a process called nanoimprint lithography, the scientists
pressed a non-stick nickel mold
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An anti-reflective film that mimics a moth’s eye is durable and highly
effective, overcoming some of the main barriers to commercialization

Minuscule bumps that mimic the surface of a moth’s eye maximize the amount of light transmitted through a glass sheet.

onto the mixture and heated it
to 130 ºC, triggering a chemical
reaction that cross-linked the
reagents to form a polymer film.
They repeated the process to create
a second film on the other side of
the glass.
After testing different
proportions of the ingredients, the
researchers produced coated glass
that transmitted 98.2% of the light
shone on it, matching the highest
values reported for such structures.
The film improved the transmittance of light falling at a wide range
of angles by gradually bending
incoming light rays toward the glass.
The coating showed no
degradation after 100 hours
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in water at 85 º C and could
withstand sulfuric acid as well
as a fog of salty water. It was
also more scratch-resistant than
conventional polymer-based
ARCs. “These properties are
highly desirable in a robust
ARC that is targeted for outdoor
commercial applications,”
says Saifullah.
“The biggest challenge is the
scalability of the POSS-based
ARCs for use on large-area glass
substrates,” he adds. “Roll-to-roll
nanoimprint lithography is the way
to do it. However, factors such as
throughput have to be considered
before commercialization can
be realized.”

1. Raut, H. K., Dinachali, S. S., He, A. Y.,
Ganesh, V. A., Saifullah, M. S. M. et al.
Robust and durable polyhedral
oligomeric silsesquioxane-based
anti-reflective nanostructures with
broadband quasi-omnidirectional
properties. Energy & Environmental
Science 6, 1929–1937 (2013).
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Organic chemistry:

The carbon dioxide produced by burning
fossil fuels could become a useful
chemical reagent.

Carbon dioxide tamed
Using a copper catalyst to unite carbon dioxide with organic molecules
under mild conditions could make this ubiquitous gas industrially useful
Carbon dioxide has become
notorious as a troublesome greenhouse gas produced by burning
fossil fuels. Now, this gas could
also offer a cheap, abundant and
nontoxic source of carbon for the
chemical reactions that synthesize
products such as plastics and
pharmaceuticals.
Only a few industrial processes
currently use carbon dioxide as
a reagent because it takes a lot of
energy to break its strong chemical
bonds. For example, to synthesize
salicylic acid, a precursor of aspirin,
carbon dioxide must be squeezed
to 100 times atmospheric pressure
and the reaction mixture heated to
125 ºC.
Hung Duong of the A*STAR
Institute of Chemical and
Engineering Sciences in Singapore
and co-workers have shown that
a copper catalyst can incorporate
carbon dioxide into organic molecules under much milder conditions1. The commercially available
catalyst consists of a copper atom
34
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joined to a bulky ligand called
1,3-bis-(2,6-diisopropylphenyl)
imidazol-2-ylidene (IPr).
Some reactions involving
carbon dioxide require high-energy
starting materials that contain
reactive metals such as lithium
or magnesium. However, these
metals often destroy other sensitive
chemical groups in the molecule
during the reaction. Milder
starting materials that contain
tin tend to be highly toxic, “so we
looked at the use of more environmentally benign organoborons,”
says Duong.
The researchers tested a
range of molecules that feature a
carbon–carbon double bond close
to a boron-containing chemical
group. They assumed that the
copper catalyst works by knocking
the boron group off the molecule
and briefly taking its place so that
it can shepherd carbon dioxide into
the right position to bond with
the molecule. The products of the
reaction contain a carbon–carbon

double bond and a carboxylic acid
group, arranged in a very predictable pattern. “These are highly
versatile building blocks for organic
synthesis,” explains Duong.
The reaction generally produced
good yields of products when run at
just 70 ºC and atmospheric pressure, although it was less successful
in those cases where particularly
large chemical groups were attached
to one end of the starting material.
The reaction also needed
relatively large amounts of catalyst
— roughly one catalyst molecule
for every 10 to 20 molecules of the
starting material. “That amount
is still too high for industrial use
and needs further improvement,”
says Duong.
His team now aims to expand
the range of reactions that their
catalyst can assist. “We are currently looking at exploiting the high
reactivity of the copper catalyst
toward carbon dioxide to prepare
other valuable organic compounds
under mild conditions,” he says.

1. Duong, H. A., Huleatt, P. B., Tan, Q.-W.
& Shuying, E. L. Regioselective
copper-catalyzed carboxylation of
allylboronates with carbon dioxide.
Organic Letters
15, 4034–4037 (2013).
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Organic chemistry:

Small molecule,
big possibilities
Calcium carbide (CaC2) is a simple
molecule used worldwide to produce industrial-scale quantities of
the fuel known as acetylene gas (see
image). Chemists have found ways
to generate CaC2 from sustainable
biomass resources, making this
compound even more attractive
as a fundamental ‘building block’
for organic chemistry. Direct use
of CaC2 as a synthetic reagent,
however, is rare because it has poor
solubility in most organic solvents.
Yugen Zhang and co-workers
from the A*STAR Institute of Bioengineering and Nanotechnology,
Singapore, are now set to resolve
this solubility problem. They have
developed a new protocol that uses
CaC2, a copper catalyst and a dash
of water to produce an important
synthetic intermediate for pharmaceutical compounds1.
Enaminones are organic
compounds that link amines
and carbonyl chemical groups
through an unsaturated carbon
double bond. This arrangement
gives enaminones both electronrepelling (nucleophilic) and
electron-attracting (electrophilic)
capabilities, which are useful during
the synthesis of complex drugs that
mimic natural biological products.
Typically, however, chemists take
multiple steps to construct these
multifunctional reagents.
Zhang and co-workers
recently developed a catalytic
route that turns CaC2 into propargylamines — molecules with
acetylene, alkyl and amine
groups — by dissolving it with
highly polar organic solvents. Under
certain conditions, the team noticed

© Chatabox/iStock/Thinkstock

An inventive technique transforms a common reagent into a multifunctional
tool for pharmaceutical synthesis

Calcium carbide is the primary industrial source for acetylene gas, which is used in welding, but new findings reveal its potential for
fine chemical synthesis.

that small amounts of enaminones
were also produced — a finding
that suggested liquid acetylide ions
(C22-) could act as a bridge to connect nucleophilic and electrophilic
chemicals in a single reaction pot.
When the team investigated
a three-way catalytic coupling
between acetylide ions, an amine,
and an aldehyde, they saw an
extraordinary dependence on
solvent choice. Acetonitrile, a
nitrogen-bearing solvent, yielded
predominantly propargylamines,
while dimethylformamide (DMF)
— a solvent that contains aldehyde
and amine groups — produced the
enaminone targets. Intriguingly,
a fractional 1 per cent addition of
water to the DMF solvent rapidly
sped up enaminone production.
Mechanistic experiments
revealed that water molecules,

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

besides improving the solubility of
CaC2, also acted as a proton source
that helped to generate enaminones
from a catalytic copper complex.
Furthermore, the team discovered
that they could also fine-tune
their synthesis by changing the
size of their starting materials:
bulky amine reagents tended to
provide the kinetic conditions
needed to bridge nucleophilic and
electrophilic units.
Zhang notes that the costeffectiveness and efficiency
of these findings could make
researchers rethink the role of
CaC2 in modern organic synthesis.
“Chemistry is extremely versatile
and we can expect surprising
results,” he says. “Just because a
reaction has not yet occurred does
not mean that it will never happen
in the future.”

1. Yu, D., Sum, Y. N., Ean, A. C. C.,
Chin, M. P. & Zhang, Y. Acetylide
ion (C22-) as a synthon to link
electrophiles and nucleophiles:
A simple method for enaminone
synthesis. Angewandte Chemie
International Edition 52,
5125–5128 (2013).
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Materials science:

Laser treatments yield smoother
metal surfaces
The properties of metal surfaces, typically prone to corrosion, are now more
controllable using laser processing

© 2013 Elsevier

The researchers also detected
alterations in the alloy’s composition through changes in the degree
of laser-track overlap. Melted
magnesium evaporates more readily
than aluminum, and as the degree
of laser-track overlap increased, it
changed the composition of the
alloy — particularly in the larger
areas of melt. Theoretical calculations by Guan and her co-workers
described these kinetics accurately.

100 μm

Optical microscope cross-sections of the alloy surface show that increases in laser
beam overlap during processing reduces the number of small cracks (top left, 25%
overlap; top right, 50%; bottom left, 75%; and bottom right, 90%).

Ever since the Bronze Age, metals
have been cast in different shapes
for different applications. Smooth
surfaces that are resistant to
corrosion are crucial for many
of the present-day uses of cast
metals, ranging from bio-implants
to automotive parts. Yingchun
Guan, from the A*STAR Singapore
Institute of Manufacturing
Technology (SIMTech) and her
co-workers have shown how
different laser-processing methods
improve metal surfaces and protect
them against corrosion1.
Laser processing involves scanning a high-intensity laser beam
multiple times across the surface
of a metal. Each scan by the laser
beam ‘writes’ a track in the surface,
which partially melts the metal.
Consecutive tracks can overlap
— the degree to which affects how
well the melting caused by these
tracks will smooth the surface of the
36
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metal. The scanning speed can also
affect the surface melt.
Guan and co-workers investigated how different degrees of
overlap between the tracks affect
the surface properties of AZ91D
— a common magnesium alloy.
“AZ91D is the most widely used
magnesium alloy for the production
of high-volume components for
the automotive, electronics and
telecommunications industries,”
Guan explains.
By examining cross-sections
of AZ91D samples post-melt, the
researchers found that the greater
the degree of overlap between the
tracks, the fewer the number of
small cracks that developed during
solidification (see image). According
to Guan, this finding should be
considered when processing metals
destined for exposure to fluids,
such as those that will be used
in bio-implants.

“AZ91D is the most widely
used magnesium alloy for
the production of highvolume components for
the automotive, electronics
and telecommunications
industries.”
According to the team’s model,
a greater level of overlap provided
a greater amount of heat, which
improved the convection of the
metals within the molten liquid
and yielded a more homogeneous
surface. Electrochemical tests by
the team also confirmed that the
more homogeneous the surface of a
material, the more resistant it was
to corrosion.
The team’s approach, particularly the theoretical model, is
applicable to assess laser processing
of other alloys and compounds,
Guan notes. As the surface structures affect not only the mechanical
and chemical properties but also
the electronic, thermal and optical
parameters, these findings will be of
relevance to metals used in a variety
of applications.

1. Guan, Y. C., Zhou, W., Li, Z. L. &
Zheng, H. Y. Influence of overlapping
tracks on microstructure evolution
and corrosion behavior in lasermelt magnesium alloy. Materials &
Design 52, 452–458 (2013).
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Semiconductors:

The best cut for machining

Brittle materials such as silicon and
ceramics are used extensively in the
semiconductor industry to make
component parts. Materials cut to
have a mirror-like surface yield the
best performance, but the precision
required is difficult to achieve at
such a tiny scale.
Xinquan Zhang at A*STAR’s
Singapore Institute of Manufacturing Technology, along with
co-workers at the same institute
and the National University of
Singapore, has developed a computer model that allows engineers
to predict the best way of cutting
different materials using vibrationassisted machining (VAM)1. This
technique periodically interrupts
the cutting process via the
application of small-amplitude and
high-frequency displacement to the
cutting tool.
“Many researchers have observed
that using VAM instead of conventional cutting techniques allows
them to make cleaner, fracture-free
cuts to most brittle materials,”
explains Zhang. “Because no theory
or model exists to explain or predict
this phenomenon, we decided
to investigate.”
At the nanoscale, brittle
materials exhibit a certain degree
of plasticity. Each material has a
particular depth of cut that allows
clean shearing to occur without
chipping or fracturing on, or
beneath, its surface. This point,
known as the critical undeformed
chip thickness, is directly correlated
with material properties and
machining conditions.
Zhang and his team studied
the behavior of different brittle

© 2013 A*STAR Singapore Institute of Manufacturing Technology

A new and verified computer model improves the machining of nanoscale
semiconductor parts for the electronics industry

Conventional machine cutting of brittle materials can result in chipping and fracturing (left), but vibration-assisted machining with the
correct depth of cut produces a chip-free, mirror-like surface (right).

materials cut with VAM, during
which two modes of cutting
occur. In the ductile mode, plastic
deformation caused by cutting is
followed by elastic rebound and
recovery of the material structure
between vibrations. The brittle
mode, on the other hand, removes
material by uncontrolled crack
propagation. Making a clean cut
during ductile mode — before
the brittle mode dominates — is
therefore desirable.
The researchers modeled the
energy consumption of each mode
in terms of material removal as the
vibrating tool moved, taking into
account tool geometry, material
properties and the cutting speed.
“By examining energy consumption and material deformation we
were able to describe the mechanics
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when VAM moved from the ductile
to the brittle mode,” explains
Zhang. “We then established a
model to predict [the] critical
undeformed chip thicknesses
by finding the transition point
between the two modes.”
Through a series of experiments,
the team verified that the model
accurately predicts the critical
undeformed chip thicknesses of
single-crystal silicon when cut at
various VAM speeds.
“Our model will help engineers
to select optimized machining
parameters depending on their
desired material,” says Zhang.
“Advantages could include higher
productivity, lower costs, and
improved product quality for
semiconductor parts and other
nanoscale technologies.”

1. Zhang, X., Arif, M., Liu, K., Kumar, A. S.
& Rahman, M. A model to predict
the critical undeformed chip
thickness in vibration-assisted
machining of brittle materials.
International Journal of Machine
Tools and Manufacture 69,
57–66 (2013).
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Electronic materials:

Understanding how corrosion affects
the reliability of the bonds connecting
components on an integrated circuit
could help to increase the operational
lifetime of microelectronic devices.

Mitigating corrosive effects
A study of the thermodynamic properties of copper connections uncovers a
route to improving the reliability of electronic devices
One in five electronic-device
failures is a result of corrosion.
Bonds, the metal connections
that enable the current to flow
from one component to the next
(see image), are a particular weak
point. Understanding what causes
this breakdown is important for
extending the lifetime of a device.
Kewu Bai and co‐workers at the
A*STAR Institute of High Performance Computing, Singapore, have
charted how moisture can affect
the stability of the bonding and
developed a scheme for improving
the reliability of these connections1.
Wire bonding is generally
considered the most cost-effective
and flexible method for interconnecting an integrated circuit or
other semiconductor device and its
packaging. “This process uses force,
ultrasonic vibrations and heat to
make bonds,” explains Bai. “The
reliability of the bonds depends
on the stability of the metallic
compounds that form during the
process of connecting a contact
38
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pad — made from aluminum, for
example — and the wire, which is
made of copper or gold.”
Gold is the material of choice
for electrical connections in
microelectronic components.
With the price of gold having
steadily risen over the last few
years, however, electrical engineers
are now turning to copper as
a cheaper alternative because
it exhibits many of the same
desirable electrical properties. As
copper–aluminum compounds
are prone to corrosion in humid
environments, encapsulation is
employed in microelectronic packages to prevent moisture ingress,
yet permeation and leakage are
still possible. Damage to the
external packaging can allow
moisture to reach the sensitive
circuitry and slowly corrode the
copper connections.
“Using simulations, we can
understand the conditions for
copper wire bonding corrosion
in aqueous environments and the

corresponding corrosion mechanisms,” says Bai. “There has been
much debate about the possible
mechanisms for a long time.”
Bai and his team calculated
the thermodynamic properties of
copper electrical bonds and used
this information to construct
so-called Pourbaix diagrams
— maps of the immunity, passivity
and corrosion zones of alloys with
different copper and aluminum
compositions in the presence of
corrosive agents, such as water and
chloride at various temperatures.
“We showed that the stability
of the layer of aluminum oxide
formed during bonding plays
a critical role,” says Bai. “By
introducing highly charged atomic
impurities into the aluminum pads,
the diffusion of aluminum atoms
out of the aluminum oxide can
be reduced and thus, the stability
can be enhanced.” Therefore, this
scheme offers one possible route
to improving the reliability of
copper bonds.

1. Zeng, Y., Bai, K. & Jin, H.
Thermodynamic study on the
corrosion mechanism of copper
wire bonding. Microelectronics
Reliability 53, 985–1001 (2013).
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Materials:

Getting smarter
with water
Understanding how hydration affects color-changing windows that optimize
solar energy transmission can boost their efficiency and durability

‘Smart’ films that change color on demand can be fabricated more efficiently, thanks to a new mechanistic study.

the films at increasingly elevated
temperatures to gradually drive
water out of NiO, checking its
structure with X-ray diffraction
and infrared spectroscopy along
the way. They also investigated
how these structures had changed
after multiple electrochromic
color-change cycles.

“Fabricating electrochromic
thin films on rolls of plastic
could make retrofitting onto
existing windows affordable
and easy.”
The team’s experiments revealed
a complex coloration mechanism
involving water and NiO particles.
Initially, two intertwined reactions
hydrated the thin film by turning
NiO into nickel hydroxide. This
process enhanced the material’s
optical response to electrical signals
by allowing more of the thin film to
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contribute to coloration reactions.
However, repeated cycling caused
‘over-hydration’ that trapped water
molecules inside the thin film
structure — a development that
degrades electrochromic activity
by generating irreversibly colored
nickel oxide hydroxide grains.
The researchers found that a
simple high-temperature annealing
process could mitigate the effects
of over-hydration in the NiO thin
film. This improved mechanistic
knowledge — in combination with
their simple and scalable chemical
dip coating technique — helped
them to achieve one of the best
optical modulations reported for
NiO films.
Currently, the team is investigating how to extend their work
to flexible substrates. “Fabricating
electrochromic thin films on rolls of
plastic could make retrofitting onto
existing windows affordable and
easy,” explains Chiam.

© 2013 A*STAR Institute of Materials Research and Engineering

Electrochromic materials dynamically alter how they transmit light
in response to an applied electrical
signal. Engineers are currently
working to turn these compounds
into ‘smart windows’ for buildings
that change from transparent
to colored states at the flick of a
switch. Such devices can help to
prevent heat loss and maximize
the amount of natural light
passing through windows. Sing
Yang Chiam from the A*STAR
Institute of Materials Research
and Engineering in Singapore and
co-workers have discovered how
to improve the manufacturing
and performance of smart
windows by elucidating the critical
roles that water molecules play
during coloration1.
Nickel oxide (NiO) is a lowcost, inorganic compound widely
used as an anode material inside
smart windows because it is a
reversible color-changer. Unlike
other electrochromic substances,
however, researchers have struggled
to comprehend how coloration
occurs in NiO in the presence of
common aqueous electrolytes. Part
of the problem is that NiO can
form different crystal structures
in its bleached and colored
states, depending on how much
water becomes incorporated into
the material.
Chiam and his team set out
to unravel this puzzle with a
‘chemical bath deposition’ technique that allowed rapid fabrication of NiO thin films simply by
dipping a conductive glass slide
into a nickel precursor solution (see
image). The researchers annealed

1. Ren, Y., Chim, W. K., Guo, L.,
Tanoto, H., Pan, J. & Chiam, S. Y.
The coloration and degradation
mechanisms of electrochromic
nickel oxide. Solar Energy Materials
and Solar Cells 116, 83–88 (2013).
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Metal nanowires:

Deformation in detail

© 2013 Elsevier

Molecular dynamics simulations reveal the mechanisms by which metal
nanowires deform or break under strain
of 12 nanometers, and ‘cut out’
nanowires with diameters of 8 to
57 nanometers. The researchers
were then able to stretch and
release the virtual nanowires at
a constant temperature while
tracking the positions of individual atoms. This provided some
detail — at an unprecedented
atomic scale — about the changes
in the crystal configurations as the
stretched nanowires underwent
plastic deformation and eventually snapped.
A simulation of nanocrystalline nickel under strain shows voids (red) appearing as the
In particular, the simulations
grains slide around.
of a stretched nanowire showed
that the strains between neighExperimentalists searching for
“Our study was inspired by
boring atoms were large at crystal
strong structural materials have
the convergence of sample size
grain boundaries, but negligible
established that nanocrystalline
in experiments and simulations,”
within the grains or at the free
metals, which have average
explains Wu. “Experimentalists
surfaces. These strains led to
grain sizes smaller than
are now working on materials at
sliding of grain boundaries, which
100 nanometers, are stronger,
scales of tens of nanometers. At the quickly caused the total failure
harder and more resistant to
same time, increases in computer
of thin nanowires with diameters
fatigue than coarser-grained
speed allow us to simulate such
similar to the grain size.
metals. Despite this strength,
materials at similar scales. This
In thicker wires, where many
nanocrystalline metals undergo
gives us an opportunity to study
of the grains were constrained by
problematic deformations in
the deformation of nanocrystalother surrounding grains, there
response to loading or heating.
line metals in full detail, with
was less boundary sliding at low
To date, researchers have
minimal assumptions.”
strains. However, at higher strains
struggled to verify the complex
the grain boundaries became
interplay of processes that lead to
aligned and voids appeared
“We think that the
these deformations.
between the crystal grains, eventuNow, Zhaoxuan Wu and coally leading to failure (see image).
deformation anatomy
workers at the A*STAR Institute
“We think that the deformathat we observed could
of High Performance Computing
tion anatomy that we observed
be representative
in Singapore and the University
could be representative of a broad
of Pennsylvania, United States,
set of nanocrystalline materials,”
of a broad set of
have used large-scale molecular
says Wu. “We plan to simulate
nanocrystalline materials.” more nanocrystalline metals and
dynamics simulations to demonstrate the main deformation
alloys, including samples with
mechanisms in nanocrystalline
Within their simulations, the
impurities, which will be closer
nickel nanowires1. Until now,
researchers prepared a virtual
to laboratory conditions than our
these mechanisms have been
sample of bulk nanocrystalline
current study of pure nanocrystalimpossible to observe in the lab.
nickel with an average grain size
line nickel.”
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1. Wu, Z. X., Zhang, Y. W., Jhon, M. H.
& Srolovitz, D. J. Anatomy of
nanomaterial deformation: Grain
boundary sliding, plasticity and
cavitation in nanocrystalline
Ni. Acta Materialia 61,
5807–5820 (2013).
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Optical materials:

Solar cells step up
Specially designed nanostructured materials can increase the lightabsorbing efficiency of solar cells
The Sun is our most promising
source of clean and renewable
energy. The energy that reaches the
Earth from the Sun in an hour is
almost equivalent to that consumed
by humans over a year. Solar cells
can tap this massive source of
energy by converting light into an
electrical current. However, these
devices still require significant
improvements in efficiency before
they can compete with more
traditional energy sources.

Xiaogang Liu, Alfred Ling
Yoong Tok and their co-workers at
the A*STAR Institute of Materials
Research and Engineering, the
National University of Singapore
and Nanyang Technological
University, Singapore, have now
developed a method for using
nanostructures to increase the
fraction of incoming light that
is absorbed by a light-harvesting
material1. The method is ideal for
use with high-efficiency solar cells.
Solar cells absorb packets of
optical energy called photons and
then use the photons to generate
electrons. The energy of some
photons from the Sun, however,
is too small to create electrons in
this way and so is lost. Liu, Tok

NIR
–

e

Nanoparticles (green) convert near-infrared radiation (NIR) to visible light (VIS), which can be absorbed by quantum dots (red). This
creates electrons (e-), which are injected into the titanium oxide (blue) scaffold.

and their co-workers circumvented
this loss using an effect known as
upconversion. In this process, two
low-energy photons are combined
to produce a single high-energy
photon. This energetic photon
can then be absorbed by the active
region of the solar cell.
The researchers’ device comprised a titanium oxide frame filled
with a regular arrangement of air
pores roughly half a micrometer
across — a structure called an
inverse opal (see image). Spheres of
the upconversion material, which
were 30 nanometers in diameter,
sat on the surface of these pores.
Tiny light-sensitive quantum
dots made of crystals of cadmium
selenide coated these nanospheres.
The quantum dots efficiently
absorbed incoming light, either
directly from an external source or
from upconverted photons from
the nanospheres, and converted

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

it to electrons. This charge then
flowed into the titanium oxide
frame. “The titanium oxide
inverse opal creates a continuous
electron-conducting pathway and
provides a large interfacial surface
area to support the upconversion
nanoparticles and the quantum
dots,” explains Liu.
Liu, Tok and the team tested
the device by firing laser light
at it with a wavelength of 980
nanometers, which is not normally
absorbed by cadmium selenide
quantum dots. As expected, they
were able to measure a much
higher electrical current than the
same experiment performed with
a device without the upconversion
nanospheres. “We believe that
the enhanced energy transfer
and light harvesting may afford a
highly competitive advantage over
conventional silicon solar cells,”
says Liu.

© 2013 A*STAR Institute of Materials Research and Engineering

“The titanium oxide inverse
opal creates a continuous
electron-conducting
pathway and provides a
large interfacial surface
area to support the
upconversion nanoparticles
and the quantum dots.”

VIS

1. Su, L. T., Karuturi, S. K., Luo, J., Liu, L.,
Liu, X. et al. Photon upconversion
in hetero-nanostructured
photoanodes for enhanced nearinfrared light harvesting. Advanced
Materials 25, 1603–1607 (2013).
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Solar energy:

Photovoltaic cells could benefit from
transparent electrodes made from
one-atom-thick sheets of carbon
called graphene.

Graphene sees the light
Sheets of carbon just one atom thick could make effective transparent
electrodes in certain types of photovoltaic cells
Graphene, a one-atom-thick sheet
of carbon that is extremely strong
and conducts electricity well, is
the thinnest material ever made.
Researchers believe that it could
be used as a transparent electrode
in photovoltaic cells, replacing a
layer of indium tin oxide (ITO)
that is brittle and becoming
increasingly expensive.
Wee Shing Koh of the A*STAR
Institute of High Performance
Computing in Singapore and
co-workers have compared these
two materials. They found that
graphene outperforms ITO when
used with solar cells that absorb a
broad spectrum of light1.
The wavelengths of light
from the Sun have a range of
intensities and deliver varying
amounts of power. To maximize a
photovoltaic device’s performance,
its transparent electrode should
have a low electrical resistance,
while also transmitting light of
the right wavelengths for the cells
to absorb.
42
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Square sheets of graphene
produced by today’s chemical
vapor deposition technology have
an electrical resistance roughly
four times that of a typical
100-nanometer-thick layer of ITO.
Although adding more layers of
graphene reduces its resistance, it
also blocks more light. Koh and
his co-workers calculated that four
layers of graphene stacked together
had the best chance of matching
ITO’s performance.
Graphene has one key advantage
over ITO: it allows more than
97% of light to pass through to the
solar cell beneath, regardless of its
wavelength. In contrast, ITO tends
to block certain wavelengths more
than others. Four-layer graphene is
slightly more transparent at nearinfrared wavelengths than ITO is,
for example.
Koh and co-workers estimated
how each material would affect
a flexible organic solar cell that
absorbs light with wavelengths of
350 to 650 nanometers. They found

that four layers of graphene delivered
only 92.3% of the power of an
equivalent ITO electrode. When
paired with another organic photovoltaic device that operates from
350 to 750 nanometers, thus making
it more effective at absorbing
near-infrared light, graphene almost
matched ITO’s capabilities.
The researchers concluded that
graphene would be ideally suited
to photovoltaic cells with a very
broad absorption range, such as a
recently developed organic solar cell
that can harvest light from 350 to
850 nanometers.
“With the refinement in the
graphene manufacturing process,
it would be possible for the sheet
resistance of graphene to be an
order of magnitude lower than
the current state of the art,” says
Koh. This would allow just one
or two sheets of graphene to beat
ITO on both conductivity and
transparency, making graphene
transparent electrodes much more
widely applicable.

1. Koh, W. S., Gan, C. H., Phua, W. K.,
Akimov, Y. A. & Bai, P. The potential
of graphene as an ITO replacement
in organic solar cells: An optical
perspective. IEEE Journal of
Selected Topics in Quantum
Electronics 20, 4000107 (2013).
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Data storage:

Light and heat boost
memory capacity

© camacho9999/iStock/Thinkstock

Adding carbon gives iron–platinum nanocrystals the ideal optical properties
for heat-assisted magnetic recording

The addition of carbon enhances the optical properties of iron–platinum nanocrystals
and improves their performance in heat-assisted magnetic recording devices.

The disk drive in a computer works
by using a magnetic field to change
the physical properties of a tiny
volume of a magnetically susceptible material. Current research
aims to develop novel materials and
technologies that can maximize
storage capacity by focusing data
into the smallest possible volume.
Now, Zhanhong Cen and
co‐workers at the A*STAR Data
Storage Institute in Singapore have
experimentally and theoretically
investigated the properties of iron–
platinum (FePt) nanocrystals for
use in ultrahigh-density magnetic
recording media. They show that,
as well as having the appropriate
magnetic characteristics, the optical
response of FePt is suitable for
high-performance data-storage
applications and that the use of
pulses of laser light improves the
magnetic recording process1.
“Decreasing the size of magnetic
particles makes the magnetic
information become thermally

unstable due to an effect called
superparamagnetism,” explains
Cen. “FePt nanoparticles are
very promising, because for these
nanoparticles, superparamagnetism
is suppressed at room temperature.”

“Ultimately, a FePt–
carbon recording medium
will perform better than
current storage options,
because it will use a
smaller optical spot on
the recording media and
enable more energyefficient writing and
reading of data.”
But FePt nanoparticles also
have a drawback — the magnetic
field required for writing data is
much higher than that produced

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

by present disk drives. While the
magnetic-field intensity necessary for a change of state could
potentially be reduced by locally
heating the material with a pulse
of light — a process called heatassisted magnetic recording — little
was known about the optical
response of FePt until now.
Cen and the team created thinfilm samples using a process known
as sputtering, which involves firing
a beam of particles at a FePt alloy
to release iron and platinum atoms.
The atoms land on a glass substrate
covered with a layer of magnesium
oxide where they form crystals.
The team sputtered carbon at the
same time to form a single layer of
FePt nanocrystals 15 nanometers in
diameter and 9.1 nanometers tall
embedded in a film of carbon.
For comparison, the team
also created a nanocrystal sample
without carbon and probed the
refractive index and absorption
of the two samples with both
visible and near-infrared light. The
researchers used these values in a
computer model to simulate the
performance of the material in a
heat-assisted magnetic recording
device. The sample doped with
carbon came out on top.
“Our simulations show that
introducing carbon into a FePt
nanocomposite can improve optical
performance,” says Cen. “Ultimately, a FePt–carbon recording
medium will perform better than
current storage options, because it
will use a smaller optical spot on the
recording media and enable more
energy-efficient writing and reading
of data.”

1. Cen, Z. H., Xu, B. X., Hu, J. F., Li, J. M.,
Cher, K. M. et al. Optical property
study of FePt-C nanocomposite
thin film for heat-assisted
magnetic recording. Optics Express
21, 9906–9914 (2013).
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Magnetic materials:

Combining grains of iron–platinum and
titanium oxide creates a composite
material with the ideal properties for
magnetic data storage.

The best of both worlds
Data storage capacity is enhanced by mixing hard and soft magnetic
materials to combine their beneficial properties
A computer hard disk uses a
process called magnetic recording
to store digital data. This involves
applying a small field to switch
the physical properties of grains
of a magnetic material. The grains
exist in one of two possible states,
which represent the ‘1’s and ‘0’s of
binary information.
Now, Tie-Jun Zhou and
co‐workers at the A*STAR Data
Storage Institute in Singapore
show that a combination of
two magnetic materials can
reduce the size of these grains
while maintaining the ideal
magnetic properties for magnetic
recording1. Smaller grains allow
information to be stored at higher
densities, enabling the fabrication of disks with much larger
storage capacities.
The iron–platinum (FePt)
alloy is a common choice for
magnetic storage as it has several
beneficial properties: it forms
grains that are just a few tens of
nanometers wide, and it maintains
44
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its magnetic state even when
heated because of a large protective ‘energy barrier’. But FePt has
a notable drawback — to switch
its state, FePt requires a much
larger magnetic field than those
produced by conventional hard
drives. These characteristics make
FePt a ‘hard’ magnetic material.
To tackle this high-field
problem, Zhou and his team
combined FePt with a ‘soft’
magnetic material — a material that is relatively easy to
magnetize by applying only a
small magnetic field. “Exchangecoupled composite materials can
reduce the energy required for
writing,” explains Zhou. The
important question, however, is
whether the composite material
still has the beneficial energy
barrier of FePt.
Zhou and co-workers measured
the energy barrier in thin films
of FePt and titanium oxide. They
observed that exchange coupling
has little effect on the energy

barrier, but that the energy barrier
decreases as the soft-layer thickness increases.
Previous studies have measured
the energy barrier of exchangecoupled composites by applying
the switching magnetic field in
a direction perpendicular to the
thin films. In contrast, Zhou
and the team used an alternative
approach that applies the field
at an angle of 45 degrees. They
found that this method gives
a more accurate result — the
conventional approach could
produce overestimates by as much
as 70 per cent.
“Such an error leads to an
overestimation of the lifetime of
recording grains by several orders
of magnitude,” says Zhou. “So
these results should prevent future
mistakes in predicted lifetime
that might have led to data loss in
hard disks.” Gains could also be
made by optimizing the soft-layer
thickness and the interlayer
exchange-coupling strength.

1. Zhou, T.-J., Cher, K. M.,
Lwin, P. W. & Hu, J. F. Energy barrier
measurement and optimization in
exchange coupled FePt/TiO2 nanocomposite thin films. Journal of
Magnetism and Magnetic Materials
331, 187–192 (2013).
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Reproduction:

Male fruit flies produce pheromones
that lure females for mating while telling
other males to keep their distance.

Mutant flies give mixed-up
mating messages
Researchers in Singapore discover a molecule that regulates production of
the pheromones that determine whether male flies attract males or females
Ruifen Weng did not originally set
out to study fly sexual behavior.
As a researcher in Stephen Cohen’s
laboratory at the A*STAR Institute
of Molecular and Cell Biology,
Singapore, she was attempting
to clarify the function of the
miR-124 gene in neuronal development. When Weng generated flies
in which this gene was deleted,
however, she observed striking
shifts in courtship and mating
activity that ultimately led her and
her co-workers to important new
insights into pheromone function1.
Male flies typically engage
in an elaborate series of mating
rituals that draw the attention of
females, but are of little interest
to other males. “Weng noticed
a characteristic behavior that
reflects altered sexual orientation,
in which male flies court other
males,” says Cohen. “They would
sometimes form chains — like
conga lines.” These miR-124
mutants were also less successful at
mating, and generally tended to be
46
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rejected by females. Remarkably,
the mutant males appeared to
draw increased sexual interest
from other male flies, even from
normal flies.
Based on these altered social
dynamics, the researchers
suspected that the miR-124 gene
might affect production of the
various male pheromones that help
attract prospective partners. They
observed clear differences in the
pheromone profiles of mutant and
normal males, including decreased
levels of 11-cis-vaccenyl-acetate
(cVA) — a chemical signal that
draws females and repels males.
Accordingly, ‘perfuming’ mutant
flies with cVA greatly improved
their chances of successfully
mating with females.
The miR-124 gene encodes
what is known as a microRNA, a
short RNA molecule that does not
encode a protein but instead regulates the function of other proteincoding genes. Weng and Cohen
identified the transformer gene as

one of miR-124’s targets in the fly
brain. Transformer is transcribed
to produce an RNA molecule
that can be processed into either
a ‘male’ (Tra M) or ‘female’ (Tra F)
form, and the resulting protein
plays a critical role in subsequent
sexual development.
The researchers subsequently
determined that miR-124 exerts its
effects by minimizing production
of Tra F in the male brain. “We
found this important role for
non-coding RNAs in fine-tuning
chemical cues associated with
insect social behavior to be very
interesting,” says Weng.
She and Cohen are now
focused on untangling how
miR-124 activity in the brain
alters pheromone production
elsewhere in the body. “Pheromones are produced by a group
of epidermal cells in the fly
abdomen, where miR-124 is not
expressed,” says Weng. “Our aim
is to understand the molecular
aspects of this regulation.”

1. Weng, R., Chin, J. S. R., Yew, J. Y.,
Bushati, N. & Cohen, S. M. miR-124
controls male reproductive
success in Drosophila. eLife 2,
e00640 (2013).
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Cancer:

Lymphoma-linked risk
factor identified
Follicular lymphoma is often
caused by a translocation
between chromosomes 14 and 18,
resulting in the overexpression
of a cancer-causing gene called
BCL-2. A research team co-led
by A*STAR scientists recently
revealed another role played by
genetics in this slow-growing
type of blood cancer. They found
that a single amino acid variation
encoded by an immunity-related
gene called HLA-DRB1 helps
to explain why some people are
at elevated risk of contracting
the disease1.
Since 2009, several independent
research groups have shown that
variants in a genomic region on
the short arm of chromosome 6
explain part of the heritable risk
associated with follicular lymphoma (see image). This region
contains genes that form the
human leukocyte antigen (HLA)
system, an important mediator
of immune function. However,
scientists did not know the exact
gene sequences responsible for the
lymphoma risk.
To find these variants, human
geneticist Jianjun Liu and his
team at the A*STAR Genome
Institute of Singapore teamed up
with researchers in the US and
Europe. They analyzed sequences
of HLA genes from 689 people
with follicular lymphoma and
2,446 healthy controls from
three independent population
cohorts. Of all the variants tested,
the strongest signal of disease
linkage came from HLA-DRB1,
a gene that encodes a subunit of
the HLA-DR protein involved

© Liang Zhang/iStock/Thinkstock

A specific genetic variant expressed in a key immune protein heightens an
individual’s chance of developing follicular lymphoma

The 13th amino acid in the beta subunit of the HLA-DR protein, which is encoded by a gene on chromosome 6, explains part of the
heritable risk of developing follicular lymphoma.

in controlling the body’s
T-cell responses.
In the HLA-DRB1 sequence,
Liu and his co-workers identified a
genetic variant at the site encoding
the 13th amino acid of the
resulting protein. Six amino acids
naturally occur at this position. Of
these, two were associated with a
high risk of contracting follicular
lymphoma, two were classified as
low risk and two fell in between.
In a comparison of disease burden,
the researchers showed that people
carrying two high-risk variants
were 4.2 times more likely to
develop follicular lymphoma than
those with two variants encoding
low-risk amino acids.
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This information may be used
to stratify individuals with higher
and lower risk of developing
follicular lymphoma. Most of the
data, however, came from studies
of European people. Thus, further
work is needed to test whether
it can also be used in people
from Asia, notes Liu, who is now
analyzing patient samples from
Singapore and China. “Moreover,”
he says, “since this variant explains
only a fraction of the risk, further
studies are needed to identify
additional variants and epidemiological risk factors that may
be used in combination with this
genetic information to provide more
informative clinical risk prediction.”

1. Foo, J. N., Smedby, K. E., Akers, N. K.,
Berglund, M., Irwan, I. D. et al. Coding
variants at hexa-allelic amino
acid 13 of HLA-DRB1 explain
independent SNP associations
with follicular lymphoma risk.
The American Journal of Human
Genetics 93, 167–172 (2013).
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Ophthalmology:

Catching the silent thief of sight
An automated method could prevent blindness by detecting glaucoma in its
early stages

VCD

© 2013 A*STAR Institute for Infocomm Research

VDD

Using images of the optic disc in the eye, the cup-to-disc ratio (CDR) can be calculated
by dividing the vertical cup diameter (VCD) by the vertical disc diameter (VDD).

A team of researchers led by
Jun Cheng of the A*STAR Institute
for Infocomm Research, Singapore,
has developed a novel automated
technology that screens for glaucoma more accurately and quickly
than existing methods1.
Glaucoma is a chronic, progressive eye disease that damages the
optic nerve. It is the second leading
cause of blindness worldwide,
and will affect an estimated
80 million people by the year
2020. Progression of the disease
can be slowed when treated early;
however, glaucoma symptoms may
go unnoticed until the advanced
stages, by which time treatment is
too late.
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Currently, ophthalmologists use
three methods to detect glaucoma.
One is the assessment of increased
pressure inside the eyeball. This
method is not sensitive enough
to detect glaucoma early and is
not specific to the disease, which
sometimes occurs without increased
pressure. Another is the assessment
of abnormal vision. This method
requires specialized equipment,
rendering it unsuitable for widespread screening.
The third method — assessment
of the damage to the head of the
optic nerve — is the most reliable
but requires a trained professional
and is time-consuming, expensive
and highly subjective.

Glaucoma is characterized by
a vertical elongation of the optic
cup, a white area at the center
of the optic nerve head, or optic
disc. This elongation alters the
cup-to-disc ratio (CDR) but does
not normally affect vision. The
computerized technique developed
by Cheng and his colleagues
measures the CDR from twodimensional images of the back of
the eye (see image).
The technique uses an algorithm
that divides the images into hundreds of segments called superpixels
and classifies each segment as part
of either the optic cup or the optic
disc. The cup and disc measurements can then be used to compute
the CDR.
From 2326 test images, the
researchers found that their automated technique is more accurate
than the other glaucoma screening
methods. Their technique takes
around 10 seconds per image on a
standard personal computer. This is
comparable to other computerized
methods, but automation makes it
less laborious.
“The technique is ready to be
used widely and can be used for
screening so that glaucoma can be
detected early,” says Cheng. Early
detection allows ophthalmologists
to treat the patients, slowing
disease progression.
Cheng also identifies potential
improvements to the technique.
“For example, we can include more
data in the training to improve the
accuracy.” He says that the method
can also be enhanced by integrating
other factors, such as optic cup
depth, into the analyses.

1. Cheng, J., Liu, J., Xu, Y., Yin, F.,
Wong, D. W. K. et al. Superpixel
classification based optic disc
and optic cup segmentation
for glaucoma screening. IEEE
Transactions on Medical Imaging
32, 1019–1032 (2013).
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Development:

A healthy start hinges on
proper packaging
A specific ratio of DNA packaging proteins ensures normal gene expression
during early embryonic development
overall structure of folded DNA,
called chromatin, and not from
the specific localization of the
H3.3 histone variants in the
genome. This finding suggests
that, in the absence of H3.3,
other chromatin components may
induce unfavorable DNA arrangements in developing embryos.
Indeed, when Lim and her team
simultaneously silenced expression
of the linker histone H1, they
found that the Xenopus embryos
developed normally.

st. 11

“Our findings underline
the fact that histones
are active participants
in the process of gene
regulation and are not
simply inert packaging
materials of DNA.”
As such, the researchers
propose that nucleosomal H3 and
linker H1 histones have antagonistic effects and that an optimal
ratio of H3 to linker histone H1
is needed to allow for proper
gene expression and mesodermal
development. “How DNA is packaged in the cell is a major way of
regulating how cells can react to
developmental cues,” says Lim. “It
is important to identify the other
molecular players in this novel
pathway to further understand
the mechanics of this regulation,”
she adds.
Beyond furthering scientists’ basic understanding of

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

st. 11.5

st. 12.5
Xenopus embryos without H3.3 (right, shown at stages 11, 11.5 and 12.5) fail to
achieve gastrulation.

developmental processes, the
results could have therapeutic
implications. Mutations in
histone H3.3 have recently been
implicated in some forms of
pediatric brain and bone cancers.
“Defective chromatin packaging
and remodeling is known to
contribute to several types of
cancers and diseases,” Lim says.

1. Lim, C. Y., Reversade, B.,
Knowles, B. B. & Solter, D.
Optimal histone H3 to linker
histone H1 chromatin ratio is vital
for mesodermal competence
in Xenopus. Development 140,
853–860 (2013).
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Changes in the way that DNA is
packaged in the cell can have a
dramatic impact on embryonic
development. Using a wellestablished animal model of early
development, a team of A*STAR
researchers has found that reductions in the level of one particular
DNA packaging protein, known
as histone H3.3, can lead to
abnormal development1. By
simultaneously depleting another
DNA compaction protein called
linker histone H1, however, these
defects can be corrected.
“Our findings underline
the fact that histones are active
participants in the process of
gene regulation and are not
simply inert packaging materials
of DNA,” says Chin Yan Lim, a
developmental biologist at the
A*STAR Institute of Medical
Biology who led the study.
Lim and her co-workers
investigated the role that the
histone variant H3.3 plays during
embryonic formation in the
African clawed frog (Xenopus
laevis), which is widely studied in
the laboratory to probe questions
relating to early development.
After blocking the expression of
H3.3 using gene-silencing nucleic
acid constructs called morpholinos, the researchers observed
problems in the formation of the
mesoderm, one of the three main
tissue types first produced in the
embryo. The Xenopus embryos
lacking H3.3 then died at a stage
of development known as gastrulation (see image).
These developmental defects
resulted from a disorganized
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Cell biology:

The skinny on seipin

© 2014 Oxford University Press

A protein known as seipin regulates fat development through
cytoskeleton remodeling

When insulin is present, the protein 14-3-3β (green) interacts with cofilin-1 (red) to
reshape the cell’s internal structure and influence the development of fat cells.

People with mutations in a gene
called BSCL2 suffer from a rare
medical condition known as
lipodystrophy in which fat tissue
is lost from where it is supposed to
accumulate while being deposited
at unusual sites around the body.
However, the way in which these
mutations lead to defects in the
development and distribution
of fat cells, or adipocytes,
remained unclear.
Now, Weiping Han and
co-workers from the A*STAR
Singapore Bioimaging Consortium have dissected the molecular
pathway by which seipin, the
protein encoded by BSCL2, helps
to remodel the cellular scaffolding in fat precursor cells — a
process that is essential for proper
fat formation1.
50
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To reveal the role of seipin
in regulating the development
of fat cells from precursor
cells, Han and his colleagues
analyzed the protein players that
interact with seipin using mass
spectrometry techniques. Seipin
is expressed in the endoplasmic
reticulum, the organelle involved
in trafficking molecules within
the cell.
Han and his team discovered
that seipin binds to a regulatory
protein called 14-3-3β in the
cytoplasm. In the presence of the
hormone insulin, the 14-3-3β
protein, a critical scaffolding
molecule in signal transduction,
subsequently recruits another
protein called cofilin-1, which
is otherwise found in the cell
nucleus (see image). This second

protein modulates actin microfilaments in the cytoskeleton that
help to support the internal
structure of the cell.
The researchers showed that
initiation of this molecular cascade resulted in extensive remodeling of the actin cytoskeleton
during fat cell development and
maturation. Therefore, blocking
the production of any of the four
proteins in the pathway — seipin,
14-3-3β, cofilin-1 or actin — led
to abnormal fat production in cell
culture experiments. “Cytoskeleton remodeling is both necessary
for, and a key regulator of, fat
formation,” explains Han.
Han suggests that the
manipulation of any of the four
proteins could form the basis
of therapies for lipodystrophy.
“The targeting of cytoskeleton
remodeling may be a potential
approach to promoting adipocyte
development,” he says. “This in
turn will alleviate the overloading
of lipids in non-adipose tissues
and organs and the consequent
insulin resistance — hallmarks
of lipodystrophy.”
Toward that end, Han and
his colleagues have engineered
a seipin-deficient mouse strain.
The model mice develop a
disease that looks similar to the
lipodystrophy seen in humans.
“We will test whether the
manipulation of cytoskeleton
remodeling can reverse the
lipodystrophy phenotype,” Han
explains, “and also whether this
helps to alleviate the other associated metabolic phenotypes, such
as insulin resistance.”

1. Yang, W., Thein, S., Wang, X., Bi, X.,
Ericksen, R. E. et al. BSCL2/seipin
regulates adipogenesis through
actin cytoskeleton remodelling.
Human Molecular Genetics 23,
502–513 (2014).
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Genetics:

Different regions, different
genetic risk factors
The genetic root of cancer often
resides in the combined effects of
gene mutations that individually
exert only a modest effect. A
genome-wide association study
(GWAS) is one way to learn
more about such mutations.
Researchers conduct these studies
to comb the genomes of large
numbers of individuals and
identify sequence changes that are
meaningfully over-represented in
cancer patients relative to unaffected counterparts.
A GWAS by a multinational
team of researchers including
Jianjun Liu of the A*STAR Genome
Institute of Singapore has now
revealed a genetic variation that
markedly elevates the risk of blood
cancer in Chinese populations1.
A critical limitation of GWASs
conducted to date has been their
historic tendency to focus on
patients of European ancestry,
potentially overlooking important
risk factors that may be more
prevalent in other ethnic groups.
“GWASs in Chinese, South Korean
and Japanese populations have
uncovered genetic risk factors for
nasopharyngeal cancer, gastric
cancer and liver cancer that are a
lot more common in Asian people,”
says Liu.
Accordingly, Liu’s team
partnered with colleagues in
Singapore and China to search
for genetic variants linked with a
subset of blood cancers classified
as B cell non-Hodgkin lymphoma
(NHL) in East Asian patients.
Their work was designed to follow
up on a successful search within
European patients.

© XiXinXing/Thinkstock

A genetic study of Chinese patients reveals a prevalent risk factor for
certain blood cancers not detected in European patients

The identification of genetic risk factors for lymphomas that occur more frequently in Chinese patients may help doctors to better
diagnose and treat patients from East Asia.

In the initial analysis, the
researchers examined 274 Chinese
NHL patients and 1,500 healthy
controls from Singapore, looking
for small genome sequence variations known as single nucleotide
polymorphisms (SNPs) that might
elevate disease risk. They identified
59 candidate SNPs in this first
round, but further rounds of validation in additional cancer patients
and a control cohort eliminated all
but one of them.
The variant exhibited an
extremely robust statistical
association with NHL. “It confers
a 50 per cent increased risk of
developing NHL in individuals
that carry this DNA variant as
compared to those who do not,”

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

says Liu. The SNP resides in the
region between two genes, BCL6
and LPP, which have both previously been linked to cancer. BCL6
in particular is known to act within
a number of immune cell-specific
signaling pathways. Even though
the newly identified variant does
not alter the genetic sequence, it
may act on sequences that critically
regulate BCL6 expression.
Liu hopes to further validate this
link by searching for BCL6 variants
that may be over-represented in
European NHL patients, while
continuing to delve deeper into the
genomes of Asian patients. “We are
especially interested in lymphoma
subtypes that are more common in
Asian populations,” he says.

1. Tan, D. E. K., Foo, J. N., Bei, J.-X.,
Chang, J. Peng, R. et al. Genomewide association study of B cell
non-Hodgkin lymphoma identifies
3q27 as a susceptibility locus in
the Chinese population. Nature
Genetics 45, 804–807 (2013).
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Developmental biology:

How a protein collaboration
builds the brain

© 2013 A*STAR Genome Institute of Singapore

RNA and protein molecules join forces to switch on gene networks
responsible for brain development

The collaborative effects of the lncRNA RMST and the protein SOX2 help to drive maturation of neurons, labeled here by expression of fluorescent neuron-specific proteins.

Long noncoding RNAs (lncRNAs)
are one of many RNA subtypes
that do not give rise to protein but
instead modulate the expression
of other genes. Scientists are
particularly interested in lncRNAs
owing to their prominent role
in regulating how embryonic
stem cells give rise to mature
tissues. Lawrence Stanton and
colleagues at the A*STAR Genome
Institute of Singapore have now
demonstrated how one lncRNA’s
collaboration with a protein
partner helps to steer development
of the brain1.
Stanton and his co-workers
had previously identified the
rhabdomyosarcoma 2-associated
transcript (RMST) lncRNA in
a search for lncRNAs that are
specifically expressed during
neuronal maturation 2. “We
selected RMST for detailed
analysis because we could demonstrate that it is a key regulator of
52
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neurogenesis,” explains Stanton.
RMST levels rise sharply as
neuronal maturation proceeds
(see image). The researchers
demonstrated that they could
block neuronal development
in precursor cells by depleting
this lncRNA.

“This [finding] expands
our understanding of
the regulatory process
that controls the birth
of neurons.”
To determine its mechanism,
Stanton and co-workers isolated
RMST from cells in a manner that
allowed them to co-purify proteins
that were physically associated
with the RNA. These experiments
revealed a strong, specific interaction with SOX2, a transcription

factor protein that binds specific
DNA sequences within the genome
to switch nearby genes on or off.
“It was quite exciting for us to find
that RMST is a partner for SOX2,
which has already been established
as a key regulator of neurogenesis,”
says Stanton.
The researchers identified an
extensive set of genes whose activity
was altered in a similar fashion
by reducing levels of either SOX2
or RMST in neuronal precursors, providing further evidence
for a collaborative functional
relationship. Importantly, many
genes within this subset have
well-defined roles in the control
of neuronal development. In the
absence of RMST, SOX2 was no
longer physically associated with
many of these genes, indicating
that the lncRNA helps to target the
transcription factor to this subset of
genes. Closer examination revealed
that rather than binding directly
to DNA, RMST appears to recruit
SOX2 via interactions with the
chromatin proteins that provide
infrastructure for the chromosomal
DNA adjacent to these genes.
“This [finding] expands our
understanding of the regulatory
process that controls the birth of
neurons,” says Stanton. He notes
that the study builds on a growing
body of work indicating a potential
role for brain-specific lncRNAs
in certain neurological disorders.
His team is now exploring
the possibility that abnormal
regulation of RMST or other
lncRNAs might contribute to the
neurodegenerative pathology of
Parkinson’s disease.

1. Ng, S.-Y., Bogu, G. K., Soh, B. S. &
Stanton, L. W. The long noncoding
RNA RMST interacts with SOX2 to
regulate neurogenesis. Molecular
Cell 51, 349–359 (2013).
2. Ng, S.-Y., Johnson, R. &
Stanton, L. W. Human long noncoding RNAs promote pluripotency
and neuronal differentiation
by association with chromatin
modifiers and transcription
factors. The EMBO Journal 31,
522–533 (2012).
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Cell biology:

Regulating stem cell behavior
A protein called SON ensures proper splicing of proteins to keep embryonic
stem cells in a state of self-renewal

“This study should
spark interest in the
role of RNA processing
in the maintenance of
pluripotency.”
An international team,
including researchers from
A*STAR, has now found that
a protein called SON acts as
a master regulator of RNA
splicing in these pluripotency
factors and is essential to keep
human ESCs in their undifferentiated state1.
“This is the first study to
demonstrate the importance of
splicing regulation in human
ESCs,” says Huck-Hui Ng,
executive director of the A*STAR
Genome Institute of Singapore.
Ng and his co-workers
previously identified SON in a
genome-wide screen designed
to discover proteins needed
for ESCs to maintain their
‘stemness’ — their ability to
self-renew and differentiate into
diverse cell types. Out of more
than 20,000 genes tested, the
gene encoding SON — a protein

others had previously linked with
splicing functions — ranked in
the top ten of potential regulators
of pluripotency2. Ng’s team, led
by Xinyi Lu and Jonathan Göke,
manipulated SON expression
levels in human ESCs. In response
to SON depletion, the cells
underwent differentiation and
cell death.
The researchers used RNA
sequencing to better understand
how SON helps to keep ESCs in
a pluripotent state. In the absence
of SON, they discovered that
splicing patterns were altered in
more than 1,000 different RNA
transcripts, including many
involved in maintaining ESC
pluripotency and self-renewal.
Assays designed to reveal
RNA-protein interactions showed
that SON bound directly to
the RNA transcripts of these
pluripotency-related genes.
Without SON, noncoding
introns were often retained
and protein-coding exons often
skipped. This resulted in aberrant
RNA transcripts that could not
maintain the stem cell properties
of the ESCs.
The researchers propose a
model in which SON interacts
with other factors in the spliceosome — the large and complex
molecular machinery involved in
RNA splicing — to ensure that
RNA transcripts essential for ESC
identity are packaged correctly
(see image).
“This study should spark
interest in the role of RNA
processing in the maintenance
of pluripotency,” says Göke.

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014
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Embryonic stem cells (ESCs)
retain their ability to self-renew
indefinitely thanks to a number
of proteins known as pluripotency
factors. These factors must
be modified at the RNA level
before they are turned into
proteins in order to do their
job properly.

OCT4
PRDM14
Intron
retention

Exon skipping

The protein SON is needed to ensure that the RNA transcripts of pluripotency-related
genes are correctly spliced.

One application is in the
field of cellular reprogramming. For instance, to make
embryonic-like stem cells from
adult tissues, scientists could
manipulate SON or other RNAbinding proteins to ensure proper
splicing of pluripotency-associated
genes. “It is imaginable,” says
Göke, “that regulation of RNA
processing pathways can be
tuned to improve the induction
of pluripotency.”

1. Lu, X., Göke, J., Sachs, F.,
Jacques, P.-É., Liang, H. et al. SON
connects the splicing-regulatory
network with pluripotency
in human embryonic stem
cells. Nature Cell Biology 15,
1141–1152 (2013).
2. Chia, N.-Y., Chan, Y.-S., Feng, B.,
Lu, X., Orlov, Y. L. et al. A genomewide RNAi screen reveals
determinants of human embryonic
stem cell identity. Nature 468,
316–320 (2010).
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Developmental biology:

Preserving embryonic
instructions

© 2013 AAAS

Single-cell analysis shows how embryonic cells maintain proper patterns of
gene regulation
the egg, with embryonic genes
only taking control later in development. The researchers therefore
generated genetically modified
female mice whose eggs lacked
TRIM28, so that they could
better characterize the associated
protein’s post-fertilization role.
Their analysis of six genetic
regions revealed that normal
embryonic imprinting patterns are
disrupted when maternal TRIM28
is absent. Importantly, the specific
affected regions varied between
cells, confirming Messerschmidt’s
mosaic hypothesis. Although
several imprints remained intact
in any given cell, the cumulative
effect is fatal to the embryo.
Normal levels of functional TRIM28 protein (green) are detectable within an hour after
transplanting newly fertilized TRIM28-deficient nuclei into normal embryos that lack nuclei. “We only examined 6 of 25-plus
imprinted regions,” says MesserChromosomes are heavily adorned developmental abnormalities,
schmidt. “The lethal phenotype
with methyl chemical groups that an observation they could not
results from the widespread effect
alter the activity of nearby genes.
fully explain at the time. “Our
over these many loci.”
The parental chromosomes, conhypothesis was that these embryos
Remarkably, the researchers
tributed by sperm and egg, display were ‘mosaics’ in which different
could recover a modest percentage
distinctly different methylation
genes were affected, causing difof normally imprinted embryos
patterns and most modifications
ferent defects in individual cells,”
by transplanting genetic material
are stripped away shortly after
says Messerschmidt. “Thus, the
from newly fertilized, TRIM28fertilization. However, a subset
embryo as a whole would always
deficient embryos into healthy
of these ‘imprints’ is protected.
display a unique phenotype.”
embryos that contained normal
Now, a sophisticated technique for
To test this model, Messerlevels of maternal TRIM28 prosingle-cell analysis has broadened
schmidt’s team partnered with
tein (see image). These developed
the understanding of this process1. William Burkholder and cointo healthy, fertile mice. Given
Daniel Messerschmidt’s
workers at the A*STAR Institute
that similar defects in imprinting
team at the A*STAR Institute of
of Molecular and Cell Biology,
maintenance have been observed
Medical Biology in Singapore
who had developed an assay that
in human diseases, Burkholder
previously identified a protein
could be performed within a
believes these findings could aid
called TRIM28 that binds
sort of ‘microchip’ to analyze the
early-stage diagnostics and even
certain methylated sites and
chromosomal methylation patterns treatment. “We are exploring
recruits enzymes that preserve the of individual embryonic cells.
the possibility of adapting our
appropriate imprinting pattern 2.
In the earliest days of the
assay for humans, and testing
They noted that individual mouse embryo, new proteins are
in vitro-fertilized embryo biopsies
embryos lacking the TRIM28
generated entirely from maternally for imprinting defects is one idea
gene showed highly variable
produced RNAs contained within we have in mind,” he says.
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1. Lorthongpanich, C., Cheow, L. F.,
Balu, S., Quake, S. R., Knowles, B. B.
et al. Single-cell DNA-methylation
analysis reveals epigenetic
chimerism in preimplantation
embryos. Science 341,
1110–1112 (2013).
2. Messerschmidt, D. M., de Vries, W.,
Ito, M., Solter, D., Ferguson-Smith, A.
& Knowles, B. B. Trim28 is
required for epigenetic stability
during mouse oocyte to embryo
transition. Science 335,
1499–1502 (2012).
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Cancer biology:

Understanding aggressive
behavior
Triple-negative breast cancer
(TNBC) is one of the most
aggressive forms of the disease and
affects almost one in seven of the
1.5 million women diagnosed with
breast cancer worldwide each year.
TNBC tumors are missing three
key proteins that can be targeted
by conventional breast cancer
therapies. Consequently, patients
often relapse after treatment and
suffer metastasis — the spread of
cancerous cells and tumor growth
to other parts of the body.

“UBASH3B could be a
potential drug target, and
equally it could be used
as a biomarker to predict
the outcome of TNBC.”
Targeted therapy for TNBC is
limited by a lack of understanding
of the molecular mechanisms
behind this form of the disease.
Now, Qiang Yu and co-workers
at the A*STAR Genome Institute
of Singapore, together with
scientists from Singapore and the
United States, have discovered
that a protein known as a protein
tyrosine phosphatase — encoded
by the UBASH3B gene — is
overexpressed in one third of
TNBC patients and could form
the basis of a targeted therapy
for TNBC1.
“Patients with TNBC often
have a worse prognosis than other
breast cancer types, yet there is no
drug target for therapy,” states Yu.

“Therefore, we began an integrated
genetic investigation to uncover
the molecular processes behind
the disease.”
Using gene array technology,
Yu and her team analyzed gene
expression in human breast cancer
cell lines and both TNBC and
non-TNBC tumors in order to
pinpoint genetic differences.
After establishing the main genes
affecting disease outcome, the
researchers systematically knocked
down the expression of each.
Their results showed that the
UBASH3B-encoded protein — a
T-cell receptor repressor — was
overexpressed in the most invasive
TNBC cell lines.
“We discovered that UBASH3B
modulates the protein expression
of the epidermal growth factor
receptor, promoting invasion
and allowing TNBC to take a
stronger hold,” explains Yu. “In
addition, UBASH3B is usually
inhibited by an anti-invasive
microRNA, but this effect is often
downregulated in TNBC, which
aids protein tyrosine phosphatase
overexpression.”
The team found that a high
level of UBASH3B expression
in TNBC patients is directly
linked to a poor survival rate.
By knocking down UBASH3B
in TNBC-affected mice, Yu’s
team was able to substantially
increase the life expectancy of
the mice and reduce their chance
of metastasis.
Further clarification of
TNBC molecular mechanisms is
required but Yu is confident that
UBASH3B could prove crucial in

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014
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The discovery of a protein linked to the invasive spread of triple-negative
breast cancer may lead to targeted therapies

Analyzing the gene expression profiles of triple-negative breast cancer (TNBC) tumors
has highlighted a protein tyrosine phosphatase — encoded by the UBASH3B gene — as
a potential target for therapy.

the development of TNBC-targeted
therapies. “UBASH3B could be a
potential drug target, and equally
it could be used as a biomarker to
predict the outcome of TNBC” says
Yu. “We will continue to pursue a
more clinical validation to verify
these approaches.”

1. Lee, S. T., Feng, M., Wei, Y., Li, Z.,
Qiao, Y. et al. Protein tyrosine
phosphatase UBASH3B is
overexpressed in triple-negative
breast cancer and promotes
invasion and metastasis.
Proceedings of the National
Academy of Sciences USA 110,
11121–11126 (2013).
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Cell biology:

One protein, two important roles

© 2014 A*STAR Genome Institute of Singapore

A molecular mechanism that directs both cell growth and death via one
protein could underpin more efficient cancer therapies

The effect of E2F-1 methylation patterns on cancer cell growth: symmetric methylation
of E2F-1 promotes growth of cancer cells (top right), while asymmetric methylation of
E2F-1 promotes apoptosis and death of cancer cells (bottom right).

The molecular pathways involved
in the cell cycle are complex
and difficult to control. Better
understanding of cell control
mechanisms, and why they go
wrong in cancer, could help open
the door to more effective cancer
drug therapies.
Now, Shunsheng Zheng from
the A*STAR Genome Institute of
Singapore, together with an international research team, has revealed
the details of one intricate control
mechanism. Their study focused
on a protein called E2F-1, which
is critical in the cell cycle for its
role in regulating the expression of
many genes involved in cell growth
and replication1.
“Inhibition of E2F-1 and its
close cousins, E2F-2 and E2F-3,
56
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completely prevents cells from
growing, so we are reasonably
certain that E2F activity plays
a key role in promoting cell
growth,” explains Zheng. “But a
series of studies have shown that
hyper-activation of E2F-1 can
trigger a form of cellular suicide
known as apoptosis.”
As E2F-1 has been shown
to both enhance and reduce
cell growth under different
conditions, Zheng and his
colleagues set out to determine
the molecular mechanisms that
underlie these opposing roles.
As with most proteins,
molecular tags are added to
specific sites on E2F-1 in a
process called methylation. The
researchers discovered that, in

a particular region of E2F-1,
methylation can occur in one of
two ways: symmetric (SDMA)
or asymmetric (ADMA). They
showed that these two states are
the key to understanding the
opposing roles of E2F-1.
“We removed SDMA from
E2F-1, which resulted in an
increase in apoptosis and a
decrease in cell growth,” says
Zheng. “When we removed
ADMA from E2F-1, the effect
was opposite; we observed an
increase in cell growth and
replication.”
Furthermore, the team found
that DNA damage in cells
usually enhances the type of
E2F-1 methylation that promotes
apoptosis and thereby protects
against cancer. But in cancerous
cells this mechanism does not
work, meaning that the team’s
findings could help to improve
existing cancer therapies.
“Some of the most
common anti-cancer drugs,
such as doxorubicin, work
by re-activating the DNA
damage response machinery,”
explains Zheng. “Doxorubicin
is able to remove SDMA from
E2F-1 and trigger apoptosis in
cancer cells, but in a molecular
sense it works like a shotgun.
The pellets fly everywhere,
resulting in adverse effects
such as heart problems, nausea,
vomiting and hair loss. So,
by carefully mapping out the
way in which our cancer target
molecules work, we hope to create
an anti-cancer drug that works
more delicately.”

1. Zheng, S., Moehlenbrink, J., Lu, Y-C.,
Zalmas, L-P., Sagum, C.A. et al.
Arginine methylation-dependent
reader-writer interplay governs
growth control by E2F-1. Molecular
Cell 52, 37–51. (2013).
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Genomics:

The elephant shark’s life
without bones
Sequencing the genomes of vertebrates can provide scientists with
valuable clues about the evolution
of the human genome. By analyzing
and comparing different genomes,
researchers can pinpoint variations
in genes and proteins to help
uncover the ways in which vertebrates have evolved and diverged
from each other over time.
Recently, Byrappa Venkatesh at
the A*STAR Institute of Molecular
and Cell Biology, Singapore,
together with co-workers across
Asia, the United States, Canada
and Europe, sequenced the entire
genome of Callorhinchus milii
— also known as the elephant
shark1. Their results reveal traits in
the elephant shark — specifically,
a lack of bone formation and an
unusual immune system — that
have wide-ranging implications for
human medical science.
“Most shark-family genomes
are larger than the human genome
and would be difficult to sequence
and assemble,” explains Venkatesh.
“After a long search, we identified
the elephant shark, whose genome is
one-third of the size of the human
genome — giving us a viable target
for whole-genome sequencing. This
shark is also a good candidate for
investigating the ancestry of all
jawed vertebrates.”
The elephant shark is a member
of the cartilaginous fish family,
which diverged from bony vertebrates around 450 million years ago
and have skeletons largely comprised of cartilage. Through their
study, Venkatesh and his team were
able to confirm that the elephant
shark is the slowest evolving of all

© 2014 A*STAR Institute of Molecular and Cell Biology

Whole-genome sequencing of the elephant shark offers insights into bone
disease and immunity in humans

The genome sequence of the elephant shark, the slowest evolving member of the vertebrate family, yields information related to bone
formation and immunity.

known vertebrates, including the
‘living fossil’ coelacanth fish.
By comparing the elephant shark
and human genomes, the team
discovered that the shark is missing
a key gene family responsible for
bone formation. “From humans
and other bony vertebrates, we
already know that the genes in this
family are involved in generating
bone,” states Venkatesh. “However,
confirmation that they are absent
in the elephant shark makes these
genes prime candidates in human
bone diseases.”
The researchers also uncovered
a surprising feature of the elephant
shark’s immune system. Interestingly, the shark has only one
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type of immune ‘helper cell’ and
is missing the more specialized
T cells found in humans and
other vertebrates. T cells are a
type of white blood cell that
provide defense against viral
and bacterial infections and are
thought to be crucial for fighting
autoimmune diseases.
“Since elephant sharks seem
capable of living long and healthy
lives without the elaborate T cells
found in humans, it is plausible
they use alternative mechanisms
of immunity,” explains Venkatesh.
“Understanding these mechanisms
may help to develop novel strategies
for improving immunity in humans
in the future.”

1. Venkatesh, B., Lee, A. P., Ravi, V.,
Maurya, A. K., Lian, M. M. et al.
Elephant shark genome provides
unique insights into gnathostome
evolution. Nature 505,
174–179 (2014).
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Genetics:

Lone DNA link to lethal
drug response
The antibiotic dapsone is an effective treatment option for leprosy
patients. The drug comes with a
major safety concern, however:
a small, but significant, fraction
of the people who take dapsone
suffer an adverse reaction that is
potentially fatal. While there are
currently no assays to help doctors
to predict who will develop this
so-called dapsone hypersensitivity
syndrome (DHS), a new genetic
test could now be on the way
thanks to a study led by researchers
at A*STAR1.
Jianjun Liu from the A*STAR
Genome Institute of Singapore
and his colleagues performed a
genome-wide association study
involving 872 individuals who
had received dapsone as part of
a multi-drug therapy for leprosy,
39 of whom had experienced
DHS. The researchers analyzed
more than 430,000 DNA letters
scattered across the genomes of
the individuals.
Liu and his team identified that
a single DNA variant, located in an
immunity-associated gene called
HLA-B, was significantly more
common in those who developed
DHS. The team confirmed the
finding in two separate cohorts.
Pooling across the entire dataset,
the researchers observed that the
HLA-B*13:01 risk variant was
present in 86 per cent of people
with DHS and 14 per cent of
non-affected controls.
According to the analysis,
individuals with one copy of the
HLA-B*13:01 variant are 34 times
more likely to develop DHS
than individuals without this
58
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Doctors can now predict who will react badly to the leprosy drug dapsone,
with Asian populations most at risk

A genetic test could help to minimize the risk of developing dapsone hypersensitivity syndrome, a potentially fatal reaction to treatment with the drug dapsone.

version of the gene. Two copies of
HLA-B*13:01 makes individuals
101 times more susceptible to
the syndrome. “We can now
develop a kit to test the presence
of HLA-B*13:01 in patients before
dapsone is administered,” says Liu.
This would “theoretically reduce
the risk of DHS sevenfold if implemented in clinical screening.”
The HLA-B*13:01 variant
is extremely rare in people of
European and African ancestry
but much more common in people
from China and other parts of Asia.
Therefore, testing for HLA-B*13:01
would be especially helpful in
improving the safety of dapsone
drug therapy in Asian populations.

“We are working to develop
this test by targeting either
HLA-B*13:01 or a proxy marker,
and are planning further validations
of the test,” says Liu. He adds that,
with more than 200,000 new
leprosy cases worldwide in 2012,
one case of DHS could be prevented
for every 84 leprosy patients tested.
Currently, dapsone is administered not just to treat leprosy,
but also to combat actinomycosis,
pneumonia complications in
HIV-infected patients and various
chronic inflammatory diseases.
Thus, a diagnostic test for DHS
risk could have far-reaching
health benefits for diverse
patient populations.

1. Zhang, F. R., Liu, H., Irwanto, A.,
Fu, X.-A., Li, Y. et al. HLA-B*13:01
and the dapsone hypersensitivity
syndrome. New England Journal of
Medicine 369, 1620–1628 (2013).
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Genetic engineering:

Workhorse bacteria deliver in an
acidic environment

A mutant bacterial strain of Lactobacillus
pentosus, which has an elevated tolerance to acid, may lead to cheaper lactic
acid production.

A technique that simultaneously modifies multiple genes in fermentation
bacteria could aid lactic acid production for industry
Many industries harness the
prowess of bacteria that produce
lactic acid by fermenting sugar.
The bacteria, typically Lactobacillus pentosus, produce the acid
in specialized tanks at an optimal
pH range of 5.0–5.5. To maintain
this range, neutralizing agents
such as calcium hydroxide must be
added to the fermentation vessel.
Adding these agents, however,
can lead to the formation of
unwanted salts and complicate
downstream processing.
Jin Chuan Wu at the A*STAR
Institute of Chemical and Engineering Sciences and co‐workers
in Singapore have now devised
a route to more acid-tolerant
lactic acid bacteria1. Wu explains
that fermenting sugars at a lower
pH would reduce the need for
neutralizing agents, making the
downstream process easier and
reducing the cost of production.
Over 70 genes are involved
in the acid tolerance of bacteria.
Modifying these genes sequentially
60

www.astar-research.com 

would be time-consuming and
complex. As a workaround, Wu
and his team used a technique
known as error-prone whole
genome amplification to modify
numerous genes at the same
time. The team first reported this
method in 20112.
To apply the technique, the
researchers first isolated and
copied the genomic DNA of
L. pentosus using the polymerase
chain reaction (PCR) DNA
amplification technology. The
intentional use of imperfect
reaction conditions during this
amplification process led to the
desired introduction of multiple
genetic copying errors. Wu and
co-workers repeated this errorintroducing PCR cycle 50 times,
creating numerous mutants of the
original DNA sequence. They
then introduced the mutated DNA
sequences back into the bacteria
— a method known as transformation. Next, the researchers
screened the different strains of

mutant bacteria to assess their acid
tolerance and checked their ability
to ferment carbohydrates to ensure
that it remained unchanged.
One mutant bacterial strain
(see image) could tolerate a pH
of 3.8 and still ferment effectively
in the more acidic environment.
Wu and his team found that the
technique caused the genes relevant to acid tolerance to mutate
positively, while the genes relevant
to lactic acid production suffered
no negative effects. Additionally,
the team discovered that the new
strain could be cultured — or
grown — 25 times before any
changes to the desired genetic
sequence occurred.
“Next, we plan to use this
technique to further improve the
acid tolerance of our newly isolated
thermophilic lactic acid bacteria
for potential industrial applications for lactic acid production,”
says Wu. The food, textile and
cosmetic industries, for example,
all use lactic acid.

1. Ye, L., Zhao, H., Li, Z. &
Wu, J. C. Improved acid tolerance
of Lactobacillus pentosus by errorprone whole genome amplification.
Bioresource Technology 135,
459–463 (2013).
2. Luhe, A. L., Tan, L., Wu, J. & Zhao, H.
Increase of ethanol tolerance of
Saccharomyces cerevisiae by
error-prone whole genome
amplification. Biotechnology Letters
33, 1007–1011 (2011).
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Tissue engineering:

Hair-like constructs offer drug
screening platform
Scientists from A*STAR have
successfully engineered cellular
structures resembling hair follicles
in the laboratory — a tool that
can now be used to develop new
therapies to promote or decrease
hair growth1.
“The follicle-like structures
of our model form the basis of
a promising assay for screening
hair drugs,” says study author
Andrew Wan, a team leader and
principal research scientist at
the A*STAR Institute of Bioengineering and Nanotechnology
(IBN) in Singapore.
Mature hair follicles are
elaborate three-dimensional,
bulb-shaped structures, and hair
fibers consist of multiple layers
of a structural protein known
as keratin. Keratin is produced
in response to signals from a
regenerating organ found below
the surface of the skin at the base
of the fiber called the dermal
papilla (DP). The DP brings
nutrients and oxygen to the fiber
cells; it also responds to hormones
that regulate hair follicle development and cycling.
To mimic this structure, a team
led by Wan and Jackie Y. Ying, the
executive director of IBN, combined human keratin-producing
keratinocytes with human DP
cells in a hydrogel scaffold that
allows cells to be cultured and
segregated in spatially defined
regions. The DP cells subsequently
formed small spheroidal clumps,
partially surrounded by keratinocytes — a configuration similar
to that found at the root of native
hair follicles.

© maska82/iStock/Thinkstock

Laboratory-grown structures akin to hair follicles could aid the search for
novel drugs to treat baldness and other hair disorders

Engineered hair follicle-like structures will aid the development of treatments that promote hair growth.

The researchers characterized
the gene expression profile of the
DP cells in this three-dimensional
architecture. They found increased
levels for those genes involved in
hair-associated interactions with
the keratinocytes. In addition,
they tested the hair inductive
potential of the lab-grown follicles
by implanting four-day-old cell
structures below the skin of mice.
Under the microscope, they could
see hair follicle-like growths
forming around three to four
weeks later.
Having demonstrated the hair
follicle-like nature of the assemblages, Wan and Ying’s group next
investigated the suitability of these
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cell constructs for testing hair
drugs. As a proof of principle, they
added drugs with known effects
on hair growth — the promoter
hepatocyte growth factor (HGF)
or the inhibitor transforming
growth factor-β2 (TGF-β2).
Based on the consistency of
their results with drugs of known
effects, Ying suggests that the
laboratory-grown follicles could
now be used to search for compounds with hitherto unknown
effects on hair development. “Such
technology would facilitate the
discovery of drugs for promotion
or inhibition of hair growth,
which are problems affecting
many people worldwide,” she says.

1. Lim, T. C., Leong, M. F., Lu, H.,
Du, C., Gao, S., Wan, A. C. A. &
Ying, J. Y. Follicular dermal papilla
structures by organization of
epithelial and mesenchymal cells
in interfacial polyelectrolyte
complex fibers. Biomaterials 34,
7064–7072 (2013).

www.astar-research.com

61

 HYSICAL & LIFE SCIENCE
P
TECHNOLOGIES

Audio processing:

Following the brain’s lead

© 2013 A*STAR Institute for Infocomm Research

When designed to process sound based on familiar patterns, sound
recognition by computers becomes more robust
The brain, however, analyzes
information more selectively:
it processes audio patterns
Noise
localized in time and frequency
(see image). When someone
Target
speaks with a deep voice, for
sound
example, the brain dispenses
with analyzing high-pitched
Noise
sounds. So when a speaker in
Decision-making
a loud bar stops talking, the
cells
brain stops trying to catch and
A brain-based pattern-recognition process that searches for familiar features in the
process the sounds that form
audio spectrum improves sound recognition in computers.
his words.
Tang and his team emulated
Computers, machines and
Computers, on the other hand,
the brain’s sound-recognition
even smartphones can process
still have considerable problems
strategy by identifying key
sounds and audio signals with
identifying complex sounds from
points in the audio spectrum
apparent ease, but they all require a noisy background; even smart
of a sound. These points could
significant computing power.
phones must send audio signals
be characteristic frequencies in
Researchers from the A*STAR
to a powerful centralized server
a voice or repeating patterns,
Institute for Infocomm Research
for processing.
such as those of an alarm bell.
in Singapore have proposed a
Considerable computing
They analyzed the signal in
way to improve computer audio
power at the server is required
more detail around these key
processing by applying lessons
points only, looking for familiar
inspired from the way the brain
audio frequencies as well as time
processes sounds1.
“The method proposed in patterns. This analysis enabled
“The method proposed in our
a robust extraction of matching
our study may not only
study may not only contribute
signals when a noise was present.
contribute to a better
to a better understanding of
To improve the detection over
the mechanisms by which the
time, the researchers fed
understanding of the
biological acoustic systems
matching frequency patterns
mechanisms by which
operate, but also enhance both
into a neurological algorithm
the effectiveness and efficiency
that mimics the way the brain
the biological acoustic
of audio processing,” comments
learns through the repetition of
systems operate, but
Huajin Tang, an electrical engiknown patterns.
also enhance both
neer from the research team.
In computer experiments, the
When listening to someone
algorithm successfully processed
the effectiveness and
speaking in a quiet room, it is
known target signals, even in
efficiency of audio
easy to identify the speaker and
the presence of noise. Expanding
understand their words. While
this approach, says Tang, “could
processing.”
the same words spoken in a loud
lead to a greater understanding
bar are more difficult to process,
of the way the brain processes
our brain is still capable of distin- because the computer continusound; and, beyond that, it could
guishing the voice of the speaker
ously processes the entire specalso include touch, vision and
from the background noise.
trum of human audio frequencies. other senses.”
Feature-sensitive cells
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1. Dennis, J., Yu, Q., Tang, H., Tran, H. D.
& Li, H. Temporal coding of local
spectrogram features for robust
sound recognition. 2013 IEEE
International Conference on
Acoustics, Speech and Signal
Processing, 26–31 May 2013.
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Data storage:

Joining up memory

The computing industry faces
constant demands to provide
faster access to data and reduce
power consumption. As current
memory systems cannot meet
these demands indefinitely, it
is essential to develop entirely
new technologies. One strong
contender is resistive random
access memory (RRAM), which
stores binary information by
switching a dielectric material
between conducting and nonconducting states.

“Our electrodes can be
easily formed on the
source or drain terminal
of a transistor.”
A seamless transition to this
new technology requires that
RRAM memory cells be compatible with existing electronics,
which are usually based on
complementary metal oxide
semiconductors (CMOS). Now,
Xin Peng Wang and co-workers
at the A*STAR Institute of
Microelectronics, Singapore, have
designed nickel-based electrodes
that can couple RRAM to CMOS
systems as well as reduce the
current required to switch the
RRAM between memory states1.
“One of the current most
dominant memory systems,
NAND flash, is expected to reach
the limit of its scalability in 2017
or 2018,” says Wang. “We need
to identify emerging non-volatile
memory systems with higher

densities, to make up the market.
Recently, RRAM has attracted
lots of attention due to its fast
programming and erasing speeds,
high endurance and good retention of data.”
Preventing neighboring
RRAM cells from interfering
with one another requires each
cell to contain a selector made
from a diode or transistor. Diode
selectors have proved difficult to
implement, therefore Wang and
co-workers aimed to make RRAM
stacks that were compatible with
CMOS transistors.
To build the prototype RRAM
cells, the researchers used three
layers. They used physical vapor
deposition to create a bottom electrode of nickel silicide or nickel
germanosilicide, before adding a
central dielectric switching layer
of hafnium oxide, and a final top
electrode of titanium nitride.
The researchers found that
they could quickly and reliably
switch the memory state of their
cells, using very low operating
currents. They suggest that the
switching is enhanced by oxidation and reduction of nickel at
the interfacial layer between the
electrode and the dielectric. By
providing more mobile oxygen
species, these reactions might
accelerate the formation and
rupture of conductive filaments.
“Our electrodes can be
easily formed on the source or
drain terminal of a transistor,”
says Wang. “In fact, our design
effectively uses a CMOS transistor
source or drain directly as the
bottom electrode in a RRAM cell.
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Innovative electrodes allow new computer memory technologies to be
compatible with existing circuitry

New computer memory technologies will be compatible with existing circuitry, thanks to
recently designed nickel-based electrodes.

This can lower the total cost and
improve the scalability.”
In future, Wang and coworkers hope to shrink their
nickel-based RRAM cells to a
practical circuit scale to bring
this promising technology
into production.

1. Wang, X. P., Fang, Z., Chen, Z. X.,
Kamath, A. R., Tang, L. J. et al.
Ni-containing electrodes for
compact integration of resistive
random access memory with
CMOS. IEEE Electron Device Letters
34, 508–510 (2013).
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Bioimaging:

A polygon-shaped pyramidal reflector on
a silicon microelectromechanical system
(MEMS) chip that allows full circumferential diagnostic imaging.

New chip provides better
all-round performance
A microelectromechanical system developed in Singapore provides the
360-degree view that is critical in diagnostic imaging
Small optical devices are important
for diagnostic imaging in the body;
they serve, for example, as optical
probes in blood vessels or the
gastrointestinal tract. For accurate
diagnosis, such applications
require a 360-degree view of their
environment. A microelectromechanical silicon chip developed by
researchers from the A*STAR Institute of Microelectronics, Singapore,
in collaboration with colleagues
from the National University of
Singapore, offers a feasible solution
for in vivo diagnostics. The chip
can rotate scanning laser beams by
almost a full turn at high speed1.
Scientists are widely investigating the microelectromechanical
systems (MEMS) used by the
researchers in Singapore, with
the aim of adding complex functionality to optical or mechanical
applications. Typically, these
systems are complex structures,
such as movable parts or mirrors
that are edged into a silicon chip.
Their small size makes MEMS
64
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devices ideal for circumferential
diagnostic imaging systems. The
small scanning angles, however,
limited earlier attempts to fabricate
such devices. The difficulty arose
from the inability to fully utilize
standard MEMS-based actuators
and their linear movements for
rotational devices.
The important advance in the
device’s design is the implementation of a new reflector for the
scanning laser, notes Xiaojing Mu
from the research team. “We have
designed a pyramidal polygon
reflector as the key component to
realize full circumferential scanning,” says Mu. “The reflector is
placed on a sophisticated structure
that translates the linear movement
of the electrostatic actuators into
the large rotational motion of
the reflector.”
In the new design, the pyramidal
reflector (see image) is mounted
on a small ring. Four electrostatic
actuators on the side of the device
rotate this ring by about 40 degrees,

which, combined with the eight
facets of the pyramid, means that
an almost full circumferential area
is covered by a laser illuminating
the pyramid. Because the actuators
only use electrical fields to create
movement via electrostatic repulsion, almost no electrical current is
used. As such, the device consumes
very little power and generates no
heat, which makes it compatible for
medical applications inside the body.
Although the present design
represents a strong demonstration
of the operating principle, further
improvements will be needed,
according to Mu. “Unfortunately,
so far, the pyramidal polygon
cannot be fabricated by the
traditional MEMS semiconductor
process. Thus, we are seeking
alternative production strategies.”
Nevertheless, with the help of
MEMS or even smaller devices on
the nanoscale, there is increasing
potential for realizing more sophisticated medical diagnostics for use
in the human body.

1. Mu, X., Zhou, G., Yu, H., Tsai, J. M.-L.,
Neo, W. K. et al. Electrostatic
micromachined resonating
micro-scanner for circumferential
endoscopic bio-imaging. IEEE
Photonics Technology Letters 25,
749–752 (2013).
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Green chemistry:

Palm oil waste put to work

© 2013 A*STAR Institute of Chemical and Engineering Sciences

A recently isolated bacterial strain converts waste from palm oil production
into industrially useful lactic acid

Microscopic image of the newly isolated bacterial strain Bacillus coagulans JI12 (magnification: x 400).

Southeast Asia produces over
80 per cent of the world’s
palm oil. Extraction of this oil
generates copious amounts of the
lignocellulose-rich by-product
known as empty fruit bunch
(EFB). This precious resource is
largely wasted at present, being
either burned or left to mulch on
the ground. Jin Chuan Wu at the
A*STAR Institute of Chemical
and Engineering Sciences and
co‐workers in Singapore have now
identified bacteria that turn EFB
into the industrially important
chemical L-lactic acid1.
“Optically pure L-lactic acid is
currently produced from starchy
materials such as cornstarch,” says
Wu. As such, the process uses a
food resource and the production
cost is high.

Wu believes that the lack
of cost-effective processes has
also prevented the commercial
production of lactic acid from
agricultural waste. Most microbes
struggle to digest all of the different sugars in EFB, which must
be utilized for the process to be
cost-effective, he explains.
To find the bacterial strain,
Wu and co-workers collected soil
samples from natural parklands,
wetlands and gardens across
Singapore. They then grew
colonies of the bacteria found in
the samples and cultivated them
in the presence of the two main
sugars found in EFB: xylose and
glucose. Next, the researchers
selected the strain that produced
the most L-lactic acid from both
sugar types. “We obtained the
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most effective strain from the
soil samples collected at Jurong
Island,” says Wu, referring to
the Bacillus coagulans JI12 strain
(see image).
Wu’s team found that 50 ºC
was the optimal temperature
for producing lactic acid from
xylose and glucose using B.
coagulans JI12, whereas the
Lactobacillus species normally
used for this purpose requires
lower temperatures. The higher
temperature eliminated some
contamination issues, Wu
notes, as contaminant microbes
do not grow well at this
elevated temperature.
Wu and co-workers showed
that B. coagulans JI12 could
convert EFB — which was
hydrolyzed using a procedure
they developed in 20122 — to
lactic acid with yields of up
to 97 per cent. “The excellent
performance of B. coagulans JI12
makes it a very promising strain
for industrial production of
L-lactic acid from lignocellulosic
biomass,” says Wu.
The team is now planning
to use genetic engineering to
improve the acid tolerance of the
newly identified bacterial strain.
The potential improvement
should allow the fermentation to be conducted at a pH
lower than 6.0, thus reducing
the amount of downstream
processing required and further
cutting costs. Wu and his team
also recently improved the acid
tolerance of another strain of
lactic-acid-producing bacteria,
Lactobacillus pentosus 3.

1. Ye, L., Hudari, M. S. B., Zhou, X.,
Zhang, D., Li, Z. & Wu, J. C. Conversion
of acid hydrolysate of oil palm
empty fruit bunch to L-lactic acid by
newly isolated Bacillus coagulans
JI12. Applied Microbiology and
Biotechnology 97, 4831–4838 (2013).
2. Zhang, D., Ong, Y. L., Li, Z. &
Wu, J. C. Optimization of dilute acidcatalyzed hydrolysis of oil palm
empty fruit bunch for high yield
production of xylose. Chemical
Engineering Journal 181–182,
636–642 (2012).
3. Ye, L., Zhao, H., Li, Z. & Wu, J. C.
Improved acid tolerance of
Lactobacillus pentosus by errorprone whole genome amplification.
Bioresource Technology 135,
459–463 (2013).
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Photonics:

Channeling light to
greater heights

Reproduced, with permission, from Ref. 1 © 2013 The Optical Society of America

A narrow channel that acts as a polarization filter adds a new dimension to
optical data transmission
The scheme developed by
Huang and co-workers is easy to
implement. Rather than relying on
specific material properties, their
generic device uses basic geometric
principles — a constriction
channel — to control light of different polarizations. The channel is
made from silicon and its side walls
are insulated with silicon dioxide
(see image). Light with a vertically
aligned polarization travels along
Representations of the calculated intensity of light passing through the polarization filter. the sides of the device, whereas light
with a horizontally aligned polarizaLight with vertical polarization (left) can pass through the narrow passage but light with
horizontal polarization (right) cannot.
tion travels predominantly along
the top surface. The constriction
Private households are increasingly
Since the required materials
blocks the horizontally polarized
connecting to the Internet via
do not fit easily onto a computer
light because its width is too
optical fiber networks, whose
chip, implementing such schemes
narrow to confine the light to the
bandwidth is suitable for delivering
top surface.
on-demand video. The fibers of the
In test devices operating at
network transmit light simultanewavelengths
typical for optical
“The ultimate goal is to
ously over many channels by using
fiber data transmission and condifferent optical wavelengths. These provide an attractive
strictions only 71 nanometers wide,
networks could be expanded by
Huang and team demonstrated
‘grab-and-use’ type of
also utilizing light’s polarization,
that 30 times more vertically
solution for the silicon
which is the plane in which
polarized light passed through
photonics community to each device than its horizontally
light waves oscillate. A research
team at the A*STAR Institute of
address the polarization- polarized counterpart. Moreover,
Microelectronics in Singapore has
the devices operated over a broad
sensitive performance
now developed an optical signalrange of wavelengths, which will
processing device that is able to
allow microelectronic engineers
bottleneck.”
filter light with different polarizato combine polarization selection
tion and fits on a silicon chip1.
with transmission schemes using
An optical fiber requires hardhas remained difficult, notes Ying
different wavelengths.
ware at its end to filter and process
Huang from the research team.
Huang and team are now
the information carried by the light “Polarization-sensitive performance working to improve the design
that it is transmitting. Light sent
remains one of the major technology and make it easy to implement for
at different wavelengths can be
bottlenecks limiting silicon phoon-chip photonics. “The ultimate
separated with a common spectonics technology today,” Huang
goal is to provide an attractive
trometer such as a grating; however, says. “Existing devices are incom‘grab-and-use’ type of solution
light sent at different polarizations
patible with polarization-insensitive for the silicon photonics comtypically can only be separated with optical fiber networks, which are
munity to address the polarizationcrystals that favor one polarization
the most dominant application for
sensitive performance bottleneck,”
over the other.
silicon photonics technology.”
says Huang.
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1. Huang, Y., Zhu, S., Zhang, H.,
Liow, T.-Y. & Lo, G. Ultra-compact
CMOS compatible TE-pass
polarizer for silicon photonics.
Optical Fiber Communication
Conference/National Fiber Optic
Engineers Conference 2013,
March 17–21 2013.

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

PHYSICAL & LIFE SCIENCE
TECHNOLOGIES

Chemistry:

Lab-on-a-chip realizes potential

Engineers from the A*STAR
Institute of Materials Research and
Engineering and colleagues at the
University of Basel, Switzerland,
have designed and developed
a compact, portable analytical
instrument that can detect multiple ions and molecules down to a
level of 300 parts per billion (ppb)
in less than a minute1. The
machine, based on lab-on-a-chip
technology, needs only drop-sized
liquid samples. The analysis is very
quick, precise and sensitive, and
can be performed remotely as no
direct contact with the solution is
necessary. As such, the device has
widespread potential applications
in the water, food and beverage,
agriculture, environmental, pharmaceutical and medical industries.
“The instrument is now
ready for commercialization,”
says Kambiz Ansari, who led the
research. “In this well-studied
field, it is one of only a handful of
actual lab-on-a-chip instruments
reported so far.”
The easy-to-operate machine,
which weighs only 1.2 kilograms,
combines microchip electrophoresis (MCE) with a sensing
technology known as a dual
capacitively-coupled contactless
conductivity detector (dC4D). The
system first uses electrophoresis to
separate ions and then detects the
ions using dC4D. All analyses are
performed in microfluidic channels consisting of capillaries inside
polycarbonate plastic chips that are
narrower than a human hair.
The beauty of the dC4D
technology is its simplicity: it
relies on remote conductivity

© 2013 A*STAR Institute of Materials Research and Engineering

A portable instrument that replaces a full-size laboratory provides accurate
multi-element analysis in less than a minute

Analyses of liquid samples that once required a full-sized laboratory can now be completed on a disposable plastic chip equipped with
narrow fluidic channels and tiny sensors.

measurements via a pair of
electrodes. One electrode sends
radio-frequency signals through a
channel to the second electrode,
and the signal received is read by
a computer. Because the ions have
charge, their resistance drops as
they pass through the microfluidic
channel, resulting in sudden
peaks. Specially designed software
then analyzes the data to provide
both qualitative and quantitative
information.
The instrument has two access
compartments (see image). The
front compartment houses a plastic
chip and a replaceable cartridge
detector for the testing; both are
designed to eliminate noise. The
back compartment houses the
electronics and software, the data
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acquisition card and a battery that
powers the instrument for up to
10 hours.
The researchers tested the
instrument’s capability to measure
inorganic ions in water, rabbit
blood and human urine, as well as
organic and inorganic acids in fruit
juice. They assessed its accuracy
against standard methods.
“We have been approached
about licensing the technology by
several companies active in clinical
analyses and in the ornamental fish
farm industry,” Ansari says. “And,
we are hoping to further develop
our system to achieve detection
levels lower than 1 ppb by pre-concentrating the samples; we are also
planning to introduce nanofluidics
into the dC4D system.”

1. Ansari, K., Ying, J. Y. S., Hauser, P. C.,
de Rooij, N. F. & Rodriguez, I.
A portable lab-on-a-chip
instrument based on MCE with
dual top–bottom capacitive
coupled contactless conductivity
detector in replaceable cell
cartridge. Electrophoresis 34,
1390–1399 (2013).
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Evolutionary biology:

The lamprey is one of the few living
descendants of the earliest vertebrate
species.

A tale of two fishes
The lamprey genome reveals new insights into the history of
vertebrate evolution
According to the ‘2R hypothesis’,
the evolution of modern vertebrates
was propelled forward in part by
two events in our early ancestry
in which the entire genome was
duplicated. These events, known
as 1R and 2R, yielded multiple
copies of every gene, some of which
were subsequently lost while others
evolved to acquire new functions.
A recent genomic analysis of
the lamprey — a descendant of
one of the most ancient vertebrate
lineages — is helping biologists
to home in on the timing of these
early evolutionary events1.
Byrappa Venkatesh and coworkers at the A*STAR Institute
of Molecular and Cell Biology in
Singapore investigated Hox genes,
which form discrete clusters that
help to determine body shape
and formation during embryonic
development. With the exception
of modern bony fish, or ‘teleosts’,
most jawed vertebrates have four
clusters of Hox genes as a direct
result of 1R and 2R. Venkatesh
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set out to discern the number of
clusters present in jawless fish, or
‘cyclostomes’, such as the lamprey.
Through extensive DNA
sequencing and data analysis of
the Japanese lamprey genome, the
researchers identified four complete
Hox clusters that structurally
resemble those found in other
vertebrates. They also found
four other ‘partial’ clusters and
ultimately ascertained that the
lamprey has at least six clusters of
Hox genes.
Overall, the analysis provides
compelling evidence for the
hypothesis that the lamprey
genome has undergone three,
rather than two, duplication events.
While the finding is not new
to animal evolution — the rich
diversity observed in teleosts, is
partly attributed to a third genome
duplication event — cyclostomes
lack this sort of diversity. “There
are only about 40 species of lampreys, compared to roughly 30,000
species of teleosts,” says Venkatesh.

The researchers came across
other surprises as well when they
compared lamprey Hox clusters
against those found in certain
‘gnathostomes’ — the lineage of
jawed fish that branched off from
cyclostomes long ago and which
represents the sister group of
jawless fish.
Their analysis suggests that all
three lamprey genome duplications
probably occurred after the cyclostome–gnathostome split — fully
independent of the 1R and 2R
events that drove evolution for
most other vertebrates. By confirming the unexpected outcome,
the researchers hope to potentially
narrow down the timing of 1R
and 2R.
“We have strong evidence for
a ‘3R’ event,” says Venkatesh.
“But we are carrying out further
analyses of the lamprey genome
to see if we can obtain better
evidence for the timing of the
first two rounds of whole-genome
duplication.”

1. Mehta, T. K., Ravi, V., Yamasaki, S.,
Lee, A. P., Lian, M. M. et al. Evidence
for at least six Hox clusters in the
Japanese lamprey (Lethenteron
japonicum). Proceedings of the
National Academy of Sciences USA
110, 16044–16049 (2013).
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Water purification:

Heavy metals meet their match

Aquifers, lakes and rivers that
supply drinking water rarely
contain metal contaminants. When
water passes through service lines
and home plumbing systems,
however, corrosion can introduce
small amounts of lead, cadmium
and other heavy metals that are
toxic to human health. Recently,
the World Health Organization
lowered the recommended lead
concentrations in drinking water
to 10 parts per billion (ppb) to help
prevent accidental poisoning.
Reaching such low lead concentration levels typically requires timeconsuming precipitation reactions
or expensive reverse osmosis systems
that also remove essential minerals,
such as calcium, from drinking
water. A team led by Yugen Zhang
and Jackie Y. Ying from the
A*STAR Institute of Bioengineering
and Nanotechnology has now
developed a technology that greatly
improves purification efforts.
They used a porous polymer that
selectively binds to lead and other
heavy metals in flowing water1.
Filtering water through porous
substances, such as activated
charcoal, is one of the oldest and
most effective decontamination
technologies. Over the past few
decades, chemists have developed
newer materials called porous
organic polymers (POPs), which
combine nanometer-scale pore
sizes with highly tunable molecular
building blocks. These attributes
have made POPs appealing
platforms for isolating and
storing gases such as hydrogen
and carbon dioxide, as well as
catalytic supports.

© francesco turci/iStock/Thinkstock

In just seconds, a low-cost porous organic polymer can cut toxic metal
concentrations in water to inconsequential levels

Corroded plumbing systems can introduce heavy metal contaminants to drinking water, but a novel polymer sorbent can now remove
such impurities within seconds.

Zhang, Ying and co-workers
recently synthesized a POP known
as mesoporous poly-melamineformaldehyde (mPMF) with
exceptional carbon-capture
capabilities. The material has a
high surface area arising from a
chemical structure composed of
nitrogen-bearing aromatic rings
that link into larger, nanoscale loops
through hydrocarbon-amine units.
Because the nitrogen atoms found
in this POP have a strong binding
affinity for heavy metals, the team
suspected that mPMF could also act
as a sorbent for water purification.
After a simple one-step reaction
to create the inexpensive mPMF
polymer, the researchers placed it
into water contaminated with an
excess of lead ions. Remarkably,
more than 99 per cent of the
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toxic metal was removed within
5 seconds, reducing the lead levels
to part-per-trillion concentrations.
Removal efficiencies were equally
high in stationary and more challenging dynamic flow conditions.
Furthermore, the team could
recover the lead ions and recycle
the sorbent using simple dilute
acid treatments.
In-depth experiments revealed
that mPMF’s ultrafast adsorption
behavior was due to an open
porous structure that allows full
access to nitrogen-atom binding
sites. These sites also removed
heavy metals such as cadmium
and palladium but had little
affinity for calcium and potassium
cations — a selectivity that could
make an immediate impact in
commercial applications.

1. Tan, M. X., Sum, Y. N., Ying, J. Y. &
Zhang, Y. A mesoporous polymelamine-formaldehyde polymer
as a solid sorbent for toxic metal
removal. Energy & Environmental
Science 6, 3254–3259 (2013).
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Biomaterials:

Hydrogel fibers make tissue
generation efficient

© defun/iStock/Thinkstock

Cell-filled hydrogel fibers could provide the basis for engineered tissues to
effectively repair damaged organs
individual samples of hydrogel
solution. They used samples
encapsulating blood vessels or
endothelial cells as the basis for
building the tissue structures.
The efficiency of hydrogel fiber
formation allowed the team to
draw cell-filled fibers from the
gel samples quickly and easily.
Next, they surrounded the fibers
containing endothelial cells
with fibers patterned with other
cell types, such as primary liver
cells. This method ensured a
more natural pattern to the cell
constructs than those engineered
by other researchers.
“Many cell types have the
capacity to self-assemble,” states
Wan. “Endothelial cells form
capillary-like structures that run
parallel to the other cells in our
The potential for restoring a damaged liver to a healthy state (pictured) could improve by engineered tissues.”
incorporating vascular cells into hydrogel fibers used in tissue engineering.
When Wan, Ying and coworkers implanted the engineered
Much research has been devoted
fibers1. The hydrogel, which is used tissues into mice, they found that
to generating viable tissues to
at room temperature, acts as a vital the endothelial cells in the engireplace damaged tissues in organs, source of nutrients for the cells,
neered tissues rapidly connected
such as the liver. Incorporating
allowing them to survive longer
with the blood vessels of the host.
cellular and vascular networks
as the engineered tissue integrates
Consequently, the cells had rapid
into engineered tissues increases
into the host’s body.
access to oxygen and nutrients
the potential of the biomaterial to
“Many tissues in the body,
from the blood circulation of the
integrate successfully with the host such as the liver, are made up
host and could therefore successbody. However, this step, known as of repeating functional units,”
fully integrate with existing tissue
prevascularization of constructed
explains Wan. “We carefully
in the body.
tissues, is expensive, complicated
constructed tissues by embedding
“Our method could be used
and time-consuming.
cells into individual hydrogel
to make three-dimensional tissue
Now, Andrew Wan, Jackie
fibers in set repeating patterns,
models for drug screening, toxicity
Y. Ying and co-workers at the
just as they appear in the body.
studies or studying disease mechaA*STAR Institute of BioengiWe then built up the fibers into
nisms,” explains Ying. “In the
neering and Nanotechnology in
tissue structures. Previous work
long term, the approach could also
Singapore have developed a quick
in this field has lacked this threebe used for cell-based therapy to
and effective way to generate
dimensional cell patterning.”
replace lost or damaged tissue. Our
prevascularized liver and fat tissues
The researchers incorporated
future work will be geared towards
using newly designed hydrogel
different kinds of cells into
these applications.”
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1. Leong, M. F., Toh, J. K. C., Du, C.,
Narayanan, K., Lu, H. F. et al.
Patterned prevascularised tissue
constructs by assembly of
polyelectrolyte hydrogel fibres.
Nature Communications 4,
2353 (2013).
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Gesture recognition:

Gaining the upper hand
Human–computer interactions could be improved by a new efficient and
accurate hand-gesture-recognition model

Unlike in previous
programs, where the
palm of the hand is
assumed to be flat, the
new model is capable of
simulating the arch of
the palm.
Now, Li Cheng and Chi Xu
at the A*STAR Bioinformatics
Institute in Singapore have successfully trialed a new model capable
of estimating hand movements and
poses using only raw depth data,
thus allowing for faster processing1.
The method appears robust and
at times more accurate than
high-end programs.
“Hand pose estimation is a difficult problem,” states Cheng. “For
example, fingers are often clustered

Using raw data from single-depth images (left), a three-step modeling process provides quick, accurate estimations of hand
poses (right) for use in numerous applications such as robotics and ergonomics.

together and tend to obstruct each
other. Recent programs are still not
sufficiently reliable — 3Gear, for
example, only holds six gestures in
its database and ignores all other
possibilities. Our new method
provides quick results for a large
number of different poses.”
The researchers trained their
model using synthetic images of
hand gestures before applying the
model to realistic low-resolution,
noisy depth images, as typically
found in Kinect-type systems.
They applied a feature classification
technique called a Hough transform
to the data, which uses a forest of
points to locate the hand and verify
the likely orientation of the palm
and fingers.
“As the hand can easily roll
sideways — a movement not seen
in other parts of the body — we
used two further steps in the
process to improve 3D accuracy,”

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

explains Cheng. Rotating a whole
image is computationally costly;
instead, the researchers applied a
second Hough ‘forest’ with specially
modified depth features to account
for possible hand rotation. This step
produced a list of probable hand
poses from which the best fit was
chosen (see image).
Unlike in previous programs,
where the palm of the hand is
assumed to be flat, the new model
is capable of simulating the arch of
the palm. This significantly helps
in accurately representing gestures.
Tests using real hand movements
demonstrated that the model could
deliver fast and precise results.
The researchers hope their
model will provide more efficient
and accurate hand pose estimations
in computer software. In the future,
they also aim to include scenarios
that involve hands interacting with
physical objects.

Reproduced from Ref. 1 © 2013 C. Xu and L. Chang

Virtual reality, gaming and robotics
rely on computers using depth
images from cameras to recognize,
understand and replicate actual
body movements. Programming
a computer to accurately identify
hand gestures is particularly
challenging because of the speed,
complexity and dexterity of human
hand movements.
Devices such as the popular
Microsoft Kinect provide both
video images and depth information. Processing software must
combine these data to build up a
three-dimensional (3D) representation of hand gestures, but this can
be computationally expensive and is
not always accurate.

1. Xu, C. & Cheng, L. Efficient hand
pose estimation from a single
depth image. International
Conference on Computer Vision,
3–6 December 2013.
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Analytical chemistry:

Probing changes to infant
milk formulations

© ShanHuang/iStock/Thinkstock

A chip-based detection system for minor functional proteins in infant milk
formula could assist quality-control testing
co-workers have now developed a
microchip capillary-electrophoresis
(CE)-based method that is cheaper,
has a shorter assay time and eliminates the need for pretreatment1.
Wu’s team fabricated a custommade, microfluidic-chip CE device.
The device separates the functional
proteins from other, more abundant
proteins in the formula using
isoelectric focusing. In this process,
the proteins move through a gel
with a pH gradient and the point at
which they stop on the gel depends
on their charge. Since each protein
has a slightly different charge,
A custom-made microchip capillary-electrophoresis device can detect low-level
separation occurs. This takes just
functional proteins in formula milk for infants.
two minutes.
Infant milk formula is a widely
present at lower concentrations, in
“The functional proteins are
accepted alternative to breast milk
infant formula products compared
then transferred into the embedded
for babies in their first year of
to human milk.”
capillary for further separation
life. Since breast milk contains all
Recently, some manufacturers
according to their mass-to-charge
the nutrients required by young
began advertising that their
ratio,” explains Wu. This capillary
infants, formula manufacturers
products contained elevated levels
zone electrophoresis separation
aim to closely match their product’s of functional proteins, such as
step takes 18 minutes. The team
ingredients to those of breast milk.
α-lactalbumin and immunothen identified and measured the
globulin G. “The ability to measure amount of protein present — while
these functional proteins is very
still on the CE column — using
“Our next steps are
important to control and monitor
ultraviolet detection. “The conto collaborate with
the quality of infant formula
centrations of functional proteins
industry partners in the
products,” explains Wu. “Supare determined from the respective
plementation of formula products is absorbance values and calibration
manufacturing, or qualityexpected to be regulated shortly.”
curves,” she says.
control testing, of infant
Regulation
of
these
products
The reliability of the device was
formula or similar proteinrequires an easy and inexpensive
tested with infant milk formula
rich products.”
quantitative method to detect low
samples spiked with known
levels of functional proteins in milk, amounts of various functional
“Functional proteins in human
which also contains abundant other proteins. “Results close to 100 per
milk are essential for key biological proteins. However, Wu explains
cent recovery were obtained,”
functions such as immune system
that existing techniques, based on
says Wu.
development,” explains Ruige Wu
high-performance liquid chroma“Our next steps are to collabofrom the A*STAR Singapore
tography (HPLC), use expensive
rate with industry partners in the
Institute of Manufacturing Techequipment and time-consuming
manufacturing, or quality-control
nology. “However, some of these
methods, with pretreatment alone
testing, of infant formula or similar
proteins are not found, or are
taking several hours. She and her
protein-rich products,” she says.
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1. Wu, R., Wang, Z., Zhao, W.,
Yeung, W. S.-B. & Fung, Y. S.
Multi-dimension microchipcapillary electrophoresis device
for determination of functional
proteins in infant milk formula.
Journal of Chromatography A 1304,
220–226 (2013).
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Mobile security:

Android versus Apple

Smartphones are big business,
prompting fierce competition
between providers. One major
concern for consumers is whether
a smartphone will keep their
private data safe from malicious
programs. To date, however, little
independent research has been
undertaken to compare security
across different platforms.
Now, Jin Han and co-workers
at the A*STAR Institute for
Infocomm Research and Singapore
Management University have
conducted the first systematic
comparison of the two biggest
operating systems in mobile software — Apple’s iOS and Google’s
Android1. The two companies take
markedly different approaches
to security.
Apple famously maintains
complete control over iOS security,
promising that all applications are
thoroughly screened before release
and security patches are smoothly
applied across all their phones.
However, malicious software has
appeared in the iTunes store.
Android, in contrast, displays
everything that an application will
need to access so that users can
decide themselves whether to go
ahead with an installation. Some
critics argue that handing such
control to unqualified users could
present a security risk in itself.
To compare these two security
models, Han and co-workers identified 1,300 popular applications
that work identically on both iOS
and Android. These applications,
such as Facebook, often access
code libraries on smartphones
called security-sensitive application

© Nastco/iStock/Thinkstock

A large study of smartphone applications provides a baseline for comparing
the security of different mobile providers

Smartphone users want to know that their data is safe from malicious applications.

programing interfaces (SS-APIs),
which provide private user data or
grant control over devices such as
the camera.
“We needed to establish a fair
baseline for the security comparison
between Android and iOS,” says
Han. “We achieved this goal by
examining the SS-API usage of
cross-platform applications.”
The researchers found that
73 per cent of iOS applications,
especially advertising and analytical
code, consistently accessed more
SS-APIs than their counterparts on
Android. Additionally, the SS-APIs
invoked by iOS tended to be
those providing access to sensitive
resources such as user contacts.
The results imply that by
allowing users to control permissions, Android may be better at

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

preventing stealthy applications
from getting hold of private
information. Notably, Android
also intentionally avoids using
SS-APIs if non-security-sensitive
APIs can be used to achieve the
same functions.
To avoid jumping to conclusions about the risk to Apple users
from the iOS process, Han urges
caution in interpreting the results.
“Mobile platforms are constantly
evolving,” he says. “Our experiments were mainly conducted on
iOS 5, but iOS 6 has enhanced its
privacy protection so that users will
be notified when an app is trying
to access their contacts, calendar,
photos or reminders. This may
encourage developers to modify
their apps so that they access less
private data.”

1. Han, J., Yan, Q., Gao, D., Zhou, J. &
Deng, R. Comparing mobile privacy
protection through cross-platform
applications. The 20th Annual
Network & Distributed System
Security Symposium,
26 February 2013.
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Stretchable electronics:

A gel that is clearly revolutionary

© 2013 AAAS

An innovative design turns soft hydrogels into ionic conductors with diverse
applications, from artificial muscles to transparent audio speakers

A transparent ionic gel, pictured here in front of a laptop computer, can transform
electric signals into sound across the entire audible range.

Researchers are determined to
manufacture stretchable biomedical devices that interface directly
with organs such as the skin, heart
and brain. Electronic devices,
however, are usually made from
hard materials that are incompatible with soft tissue. Choon
Chiang Foo from the A*STAR
Institute of High Performance
Computing, Singapore, and
researchers at Harvard University,
United States, are aiming to
solve this dilemma with squishy,
see-through gels that can act as
integral components of stretchable
devices thanks to an innovative
ionic conduction mechanism1.
Foo and co-workers made their
discovery while investigating
a promising ‘artificial muscle’
technology known as dielectric
elastomers. These devices
sandwich an insulating rubber
polymer between two conductive
74
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electrodes, typically made from
micro-cracked metals or carbon
grease. Applying a voltage to the
electrodes builds up pressure,
which causes the inner polymer
to expand. Most electrode
materials, however, begin to lose
conductivity when subjected to
high strains.
The researchers chose to
replace the electrodes in dielectric
elastomers with soft hydrogels.
Hydrogels are transparent
and biocompatible materials,
typically used in contact lenses,
which encapsulate salty ions and
water inside a polymeric sheath.
Replacing the electrodes requires
overcoming two well-known
limitations of ionic conductors: their slow speeds relative
to electron conductors and a
tendency to undergo destructive
electrochemical reactions at
high voltages.

The team’s setup addresses
these problems by placing a thin
insulating rubber sheet between
two hydrogel layers. Electric signals sent to the hydrogel through
tiny electrodes leads to rapid
buildup of oppositely charged ions
on each side of the rubber sheet,
causing the sandwiched device to
thin and expand over the entire
area. Furthermore, the rubber
layer has a remarkably low capacitance, which causes a large voltage
drop across the rubber and shields
the hydrogel from electrochemical
reactions, even at kilovolt ranges.
To demonstrate the highfrequency operation of their
stretchable ionic material, the
researchers produced the world’s
first gel-based transparent loudspeaker (see image). This device,
which could be placed over a
smartphone or flat-screen television screen, resonated thousands
of times per second over the entire
audible range.
Foo, whose theoretical
contributions proved critical to
understanding the novel behavior
of these stretchy gels, believes this
work may lead to a fundamental
shift in how engineers conceive
electronic devices. “Because
existing conductors struggle to
meet the demands of stretchable
applications, device designers may
begin to ask if they can replace
electronic conductors with ionic
conductors,” he explains.
“The device may lose
some performance but may
gain other attributes, such as
stretchiness, transparency and
biocompatibility.”

1. Keplinger, C., Sun, J.-Y., Foo, C. C.,
Rothemund, P., Whitesides, G. M.
& Suo, Z. Stretchable, transparent,
ionic conductors. Science 341,
984–987 (2013).
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Ophthalmology:

A holistic approach catches eye
disease early
Pathological myopia is a condition
characterized by severe, progressive
nearsightedness caused by the
protrusion of pigmented tissue from
the back of the eye. The disease is
one of the leading causes of blindness worldwide and the leading
cause in Asian countries. Early
diagnosis is essential for preventing
permanent loss of vision but heavily
relies on manual screening and
involves a complete eye exam,
which can take up to an hour.
Zhuo Zhang of the A*STAR
Institute for Infocomm Research
in Singapore and her colleagues have now developed an
automated, computer-assisted
informatics method that uses
artificial intelligence to diagnose
the condition accurately1.
In earlier work, Zhang and
her colleagues developed an
algorithm that could extract
information about tissue texture
from biomedical images of the back
of the eye, or fundus, and use it to
detect pathological myopia with
an accuracy of 87.5 per cent. They
then showed that combining the
images with demographic data such
as age, sex and ethnicity, improved
the accuracy further.
The latest automated method
— Pathological Myopia diagnosis
through Biomedical and Image
Informatics (PM-BMII) — takes
the process one step further; it
uses an artificial intelligence
approach known as multiple
kernel learning to fuse the
demographic data and clinical
fundus images with genomic
information and then analyze the
combined datasets.

© Nurbek Sagynbaev/iStock/Thinkstock

An automated assessment of multiple datasets using artificial intelligence
accurately diagnoses a common cause of blindness.

The PM-BMII technique combines genomic data with clinical and demographic data to diagnose pathological myopia.

Zhang and her colleagues tested
the method on data collected
from 2,258 patients, 58 of whom
had already been diagnosed with
pathological myopia. They found
that the method could detect the
condition with a high degree of
accuracy and that the combination
of all three datasets was more
accurate than any one alone or any
two combined.
Combining the three datasets
probably produced the best results
because each set contains different
information that complements the
other sets, therefore providing a
holistic assessment of the disease.
The researchers suggest that
the method could also be applied
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to the detection of other eye
diseases, “including age-related
macular degeneration and
glaucoma. These diseases have
common characteristics,” says
Zhang. “They result from both
environmental and genetic risk
factors, and can be observed from
fundus images.”
Zhang adds that it is still
unclear whether adding additional
types of data to the analyses
would improve the accuracy of
the diagnoses. “More types of
data may introduce complexity
into the computational model, so
we cannot draw the conclusion
that accuracy would be improved
without further investigation.”

1. Zhang, Z., Xu, Y., Liu, J.,
Wong, D. W. K., Kwoh, C. K. et al.
Automatic diagnosis of pathological
myopia from heterogeneous
biomedical data. PLoS ONE 8,
e65736 (2013).
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Bioimaging:

Keeping cool by layering up

Reproduced, with permission, from Ref. 1 © 2013 American Chemical Society

Nanoparticles with a core–shell structure can minimize the overheating of
cells during bioimaging experiments

~800 nm

Nd3+ active shell
A core–shell nanoparticle can harvest light at biocompatible wavelengths (left) and
produce luminescent light for bioimaging with tunable color emissions (right).

Upconversion nanoparticles
— new types of luminescent
nanomaterials that release highenergy photons after laser light
stimulation — can penetrate
deeper into tissue and are more
photochemically stable than
conventional bioimaging agents,
such as quantum dots and organic
dyes. Luminescent nanocrystals
doped or impregnated with
small amounts of rare-earth
ytterbium (Yb) ions are particularly effective at photon upconversion. The specific lasers used
to excite Yb dopants, however,
can also heat water molecules in
biological samples, causing cell
death or tissue damage.
Now, Xiaogang Liu from the
A*STAR Institute of Materials
Research and Engineering in
Singapore and co-workers have
synthesized a rare-earth-doped
nanocrystal that can be excited
at wavelengths within a safer
‘biological window’, thanks to a
layered, core–shell design1.
Luminescent nanocrystals
require ‘sensitizer’ components
to absorb photons and transfer
energy to activator sites, which
76
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emit the desired light radiation.
Liu and co-workers investigated
a different rare-earth dopant,
neodymium (Nd), which absorbs
the short-wavelength laser light
that excites water molecules, thus
avoiding overheating effects.
Unfortunately, Nd can be doped
into nanocrystals only at very
low concentrations before crossinteractions with activators begin
to extinguish the luminescence.
This makes Nd-doped nanoparticles weak emitters compared to
Yb-based biomarkers.

“We plan to further
improve the
upconversion efficiency
of our nanoparticles
and use them for
both bioimaging and
drug delivery.”
To resolve this problem,
the researchers produced
spherical nanoparticles containing
layers with starkly different

concentrations of Nd ions.
They doped small amounts of
Nd, Yb, and activator ions into
nanocrystals of sodium yttrium
fluoride (NaYF4), a material with
a strong upconversion efficiency.
They then synthesized a shell
layer around the low-doped core
containing a significantly higher
Nd dopant concentration of 20
per cent. In this arrangement,
the shell layer effectively harvests
light and then transfers energy
to the core, where low sensitizer
concentrations minimize luminescence reduction (see image).
The experiments revealed that
the core–shell design dramatically improved the nanocrystals’
bioimaging capabilities — the
new material had better lightharvesting capabilities than
nanoparticles doped with pure
Nd or Yb and achieved emission
intensities seven times higher than
pure NaYF4. Mechanistic studies
showed that energy transfer
between Nd and Yb ions in the
nanoparticle core was key to
overcoming the limitations of low
dopant concentrations.
Next, the team tested their
new materials by imaging an array
of cervical cancer cells. While
typical laser irradiation for Ybdoped biomarkers killed the cells
within five minutes, the shorter
wavelengths used for Nd-doped
core–shell nanoparticles kept the
cells viable over the same time.
“We plan to further improve
the upconversion efficiency of
our nanoparticles and use them
for both bioimaging and drug
delivery,” says Liu.

1. Xie, X., Gao, N., Deng, R., Sun, Q.,
Xu, Q.-H. & Liu, X. Mechanistic
investigation of photon
upconversion in Nd3+-sensitized
core–shell nanoparticles. Journal
of the American Chemical Society
135, 12608–12611 (2013).
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Nanoparticles:

Combining α-cyclodextrin molecules
with a polymer produces hollow carbon
nanospheres that could make useful
battery electrodes.

A simpler route to hollow
carbon spheres
Microporous walls and a huge surface area help nanoparticles to boost
lithium-ion battery performance
Hollow carbon nanoparticles
are strong, conduct electricity
well and have a remarkably
large surface area. They show
promise in applications such as
water filtration, hydrogen storage
and battery electrodes — but
commercial use would demand
reliable, low-cost ways for
their production.
Xu Li of Singapore’s A*STAR
Institute of Materials Research and
Engineering and co-workers have
developed a simple manufacturing
technique that offers precise control
over the size and shape of hollow
carbon nanospheres1.
A current method for preparing
these particles involves coating
a hard template, such as silica
nanoparticles, with a carbon-based
material that can be fused into a
shell using extreme heat. This is
a laborious process, and etching
away the template requires harsh
chemicals. Heating hollow polystyrene nanospheres achieves similar
results but offers poor control over
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the size and shape of the resulting
carbon nanoparticles.
Li and co-workers combined
a block copolymer called F127,
consisting of poly(ethylene oxide)
and poly(propylene oxide), with
donut-shaped α-cyclodextrin
molecules in water. After heating
the mixture to 200 °C, the molecules self-assembled into hollow
nanoparticles with a 97.5% yield.
The water-repelling
poly(propylene oxide) parts of
the polymer stuck together to
form hollow spheres, leaving
poly(ethylene oxide) molecules
dangling from the outside. The
α-cyclodextrin rings then threaded
onto these strands, packing around
the outside of the sphere to form a
stable shell. Using a higher proportion of F127 in the mix produced
larger nanospheres, ranging
from 200 to 400 nanometers in
diameter. Heating these particles
to 900 ºC in inert gases burned
off the polymer to make hollow
carbon nanoparticles.

The smallest nanospheres
were 122 nanometers across and
had 14-nanometer-thick walls
dotted with tiny pores roughly
1 nanometer wide. Each gram of
this material had a surface area of
317.5 square meters, which is greater
than that of a tennis court.
The researchers used a slurry of
particles to coat a copper foil and
tested it as the anode in a lithiumion battery. They found that the
particles had a reversible charging
capacity of 462 milliampere
hours per gram — higher than
graphite, a typical anode material
— and could be recharged at least
75 times without significant loss of
performance. The pores apparently
allow lithium ions to migrate to
the inside surfaces of the spheres.
“Changing the porosity could
improve the transport process for
higher performance,” suggests Li.
The team now plans to incorporate
metal and metal oxide materials
into the hollow carbon nanospheres
to further enhance their properties.

1. Yang, Z.-C., Zhang, Y., Kong, J.-H.,
Wong, S. Y., Li, X. & Wang, J.
Hollow carbon nanoparticles of
tunable size and wall thickness
by hydrothermal treatment of α‐
cyclodextrin templated by F127
block copolymers. Chemistry of
Materials 25, 704−710 (2013).
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Photonics:

Progress with the switch to
faster computers
Long-distance communication
increasingly relies on networks of
fiber-optic cables that carry data
encoded in nimble beams of light.
Conventional computer circuits,
however, still use relatively sluggish electronic circuits to process
this data.
Hong Cai of the A*STAR
Institute of Microelectronics
in Singapore and her coworkers have now developed a
device that could help computers
reach light speed. Their
tiny mechanical system can
switch a light signal on or off
extremely quickly, potentially
enabling all-optical computing
and simplifying the interface
between electronic and optical
networks1. “All-optical devices
could enable a large number of
components to be housed on a
single chip,” says Cai.
Various optical switching
technologies already exist,
including microelectromechanical
systems (MEMS). These switches,
however, take microseconds to
flip from one state to another,
far too slow for a computer
application. Cai’s device is a much
smaller nanoelectromechanical
system (NEMS) that can switch
in billionths of a second, with
virtually no data loss.
“NEMS optical switches
offer the potential for fast
switching speed, low optical loss
and low power consumption.
And, they are easily integrated in
large-scale arrays without complex
packaging techniques,” says Cai.
The researchers etched their
device from a thin sheet of

© 2013 A*STAR Institute of Microelectronics

A specialized switch that controls light can regulate the flow of optical data
at a speed suitable to accelerate computers

The silicon ring is a fast and effective switch for a beam of light skimming close to its edge.

silicon, forming a flexible ring
60 micrometers wide that is
connected to a central pillar by
four thin spokes. Two channels
running through the underlying
silicon skim past opposite edges
of the ring; they act as waveguides
for two beams of light. These
channels pass no closer than
200 nanometers from the ring
(see image).
When light carrying a signal
passes through one of the channels, the light’s electromagnetic
field establishes resonant oscillations around the ring. This
draws energy from the beam and
prevents the data from travelling
any further — the switch is
effectively ‘off ’.
To flip the switch, a lowpower beam of 10 milliwatts

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

traveling along the other channel
establishes a similar resonance
that slightly warps the ring,
bending its edges downwards
by just a few nanometers.
This warping motion changes
the resonant frequency of
the ring, preventing it from
coupling to the signal beam
and allowing the data to
continue unimpeded. Switching
the signal on took just
43.5 nanoseconds, and the
researchers observed a large
difference in signal light output
between the ‘on’ and ‘off ’ states.
“As such, a low-power optical
signal can be used to modulate
a high-power optical signal at
high speed,” says Cai. Her team
is now working on integrating the
devices into circuits.

1. Cai, H., Dong, B., Tao, J. F.,
Ding, L., Tsai, J. M. et al. A
nanoelectromechanical systems
optical switch driven by optical
gradient force. Applied Physics
Letters 102, 023103 (2013).
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Nano-optics:

Light moves in the right direction

© 2013 A*STAR Data Storage Institute

An experimental demonstration of light scattering controlled by silicon
nanoparticles augurs well for the development of integrated optical circuits
also showed that it is possible to
control the ratio of movement in
the two directions by changing the
diameter of the nanosphere.
Using silicon spheres with
diameters between 100 and 200
nanometers, the team observed
that the amount of forwardscattered light varied from being
roughly equal to the amount that
was backward-scattered to being
six times more intense. They also
found that the effect could split
the light according to wavelength:
for example, nanoparticles of a
particular size that backscattered
predominantly green light also
forward scattered mainly yellow
radiation (see image).
The researchers chose silicon
over the more conventional choice
of a metal such as gold because
Researchers can make a single silicon nanoparticle forward- or backward-scatter
it reduces energy loss and can
different colors of light, as shown in the direction denoted by ‘K’.
influence both the electric and
Optical fibers are now delivering
Miniaturization is key to the
magnetic components of light.
ultrafast Internet connections
success of modern-day electronics: The ‘preferential’ scattering of
to homes across the world. By
complicated circuitry must be
radiation arises because of the
replacing electronics-based
made to fit into portable devices.
mutual interaction between the
technologies with architectures that Likewise, the hardware for
electric and magnetic resonances
process pulses of light, a similar
processing optical signals must
of the nanosphere.
leap in speed might also be possible also be miniaturized. In this field,
This effect is analogous to that
for other forms of information
known as photonics, the design
of a radio-frequency antenna.
handling. To realize this potential,
of optical components requires an “The experimental proof of such
scientists must first develop
entirely new approach.
relatively simple nano-optical
novel devices that are capable of
The effect demonstrated by
systems with both an electric
controlling the flow of light at the
Fu and co-workers reveals how
and magnetic response in the
nanometer scale.
nanoparticles can be used to
optical spectral range could pave
Such a device may now be
scatter light controllably in the vis- the way to scaling the optical
within reach. Yuan Hsing Fu at
ible spectral range. The researchers nano-antenna concept down to
the A*STAR Data Storage Institute first designed a method to measure a single nanoparticle,” says Fu.
and co‐workers have demonstrated
the scattering, and then fired
Optical nanoscale antennas could
a unique optical effect in nanoparlight at tiny spheres of silicon.
be useful for improving solar
ticles that allows them to control
When the beam hit a sphere, some cells and might form a crucial
the direction in which visible
scattered backward and some
building block for integrated
light scatters1.
scattered forward. The researchers optical circuits.
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1. Fu, Y. H., Kuznetsov, A. I.,
Miroshnichenko, A. E., Yu, Y. F.
& Luk’yanchuk, B. Directional
visible light scattering by
silicon nanoparticles. Nature
Communications 4, 1527 (2013).
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Mobile security:

Friendly app attacks detect
vulnerabilities
Software companies work hard to
protect their customers’ personal
data from malicious applications,
or ‘apps’, but even the most
secure devices can be vulnerable.
Skilled and independent computer
scientists, such as Jin Han and
co-workers at the A*STAR Institute
for Infocomm Research and the
Singapore Management University,
can greatly assist companies by
spotting security weaknesses before
they are exploited.
Han and co-workers recently
published a detailed comparison
of the two very different security
models used by the big players
in mobile software, Apple’s iOS
platform and Google’s Android1.
Now, the researchers have developed subtle attack apps that test the
secretive model of mobile security
used in iOS2.

The researchers
demonstrated seven different
attack apps, disguised as
games, that performed
malicious actions including
cracking the device’s PIN,
taking photographs and
sending text messages
without the user’s awareness.

Apple’s preferred security model
is ‘closed source’. This means that
the company does not publish
details of how apps are vetted before
becoming available in their iTunes
Store. Apple also refrains from
publishing the internal code that
decides whether apps can control

phone functions such as contacts,
calendars or cameras.
Despite this secrecy, the
researchers were able to develop
generic attack codes that enabled
third-party control of iOS devices.
They demonstrated seven different
attack apps, disguised as games,
that performed malicious actions
including cracking the device’s
PIN, taking photographs and
sending text messages without the
user’s awareness.
“We utilized private function
calls to gain privileges that are
not intended for third-party
developers,” explains Han. “Furthermore, we found a way to bypass
Apple’s vetting process so that our
apps, embedded with proof-ofconcept attacks, could be published
on iTunes.”
The attack apps worked on
both iOS 5 and 6, although the
team was careful to include secret
triggers to protect any public
users. The researchers have shared
all of their findings with Apple
and published recommendations
on how the company should fix
these vulnerabilities.
“Apple responded very quickly
after we informed them about our
findings, and before the release
of the new iOS 7 platform,” says
Han. He expects that the company
adopted countermeasures similar to
those described in his team’s paper,
but cannot confirm this since iOS is
closed source.
The ongoing debate over
open- versus closed-source
development will continue to rage
among information technology
specialists. Nevertheless, Han notes
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Hacking programs disguised as games are helping Apple to improve the
security of devices operating on its iOS platform

A specialized attack code developed in Singapore can bypass Apple’s iOS security to gain
control over phone functions.

that their attack-app codes could,
with some modifications, probably
also bypass the permissions-based
security model used in Android.
“My personal opinion is that
closed-source development is not
good for security. A cryptosystem
should be secure even if everything
about the system, except the
key, is public knowledge. I think
the same principle applies to
operating systems.”

1. Han, J., Yan, Q., Gao, D., Zhou, J. &
Deng, R. Comparing mobile privacy
protection through cross-platform
applications. 20th Annual Network
& Distributed System Security
Symposium, 26 February 2013.
2. Han, J., Kywe, S. M., Yan, Q., Bao, F.
& Deng, R. et al. Launching generic
attacks on iOS with approved
third-party applications. Applied
Cryptography and Network
Security, Lecture Notes in Computer
Science 7954, 272–289 (2013).
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Holography:

A scanning mirror (right) redirects green
laser light onto a tiled holographic plate
(top) to produce high-quality threedimensional images.

Holograms set for greatness
A new technique that combines optical plates to manipulate laser light
improves the quality of holograms
Holography makes use of the
peculiar properties of laser light
to record and later recreate
three-dimensional images, adding
depth to conventionally flat
pictures. Zhi Ming Abel Lum
and co‐workers at the A*STAR
Data Storage Institute, Singapore,
have now developed a method for
increasing the number of pixels
that constitute a hologram, thus
enabling larger and more realistic
three-dimensional images1.
Holographic imaging works
by passing a laser beam through
a plate on which an encoded
pattern, known as a hologram,
is stored or recorded. The laser
light scatters from features on
the plate in a way that gives
the impression of a real threedimensional object. With the help
of a scanning mirror, the system
built by Lum and his co-workers
combines 24 of these plates to
generate a hologram consisting of
377.5 million pixels. A previous
approach by a different team only
82
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managed to achieve approximately
100 million pixels.
The researchers patterned the
plates, made of a liquid-crystal
material on a silicon substrate,
with a computer-generated hologram. Conventionally, holograms
are recorded by scattering a laser
beam off a real object. “Holograms can also be mathematically
calculated,” explains Lum.
“This avoids problems, such as
vibrations, associated with the
conventional recording method
that may reduce the quality of the
final reconstructed image.”
Each plate, also called a
spatial light modulator (SLM),
consisted of an array of 1,280
by 1,024 pixels — 1.3 million in
total. Simply stacking the plates
to increase the total number of
pixels, however, created ‘optical
gaps’ between them. As a
workaround, the researchers tiled
24 SLMs into an 8 by 3 array
on two perpendicular mounting
plates separated by an optical

beam splitter. They then utilized a
scanning mirror to direct the laser
light from the combined SLM
array to several predetermined
positions, just as if they had all
been stacked seamlessly together
(see image).
The team demonstrated that by
shining green laser light onto this
composite holographic plate, they
could create three-dimensional
objects that replayed at a rate of
60 frames per second in a 10 by
3-inch (25 by 7.5-centimeter)
display window.
This relatively simple approach
for increasing the pixel count of
holograms should help researchers
develop three-dimensional
holographic displays that are
much more realistic than those
commercially available at present.
“Our next step is to improve
this ‘tiling’ approach to further
scale up the number of pixels of
the hologram, which will lead
to a larger holographic image,”
says Lum.

1. Lum, Z. M. A., Liang, X. A., Pan, Y. C.,
Zheng, R. T. & Xu, X. W. Increasing
pixel count of holograms for threedimensional holographic display
by optical scan-tiling. Optical
Engineering 52, 015802 (2013).
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Manufacturing systems:

Real-time energy audit reduces
power consumption
Governments are pressuring
industries to reduce energy consumption for both environmental
and economic reasons. Optimizing
factory processes and improving
equipment can lower energy
usage but this not only takes
time and money, it also requires
a vast amount of background
operational knowledge.
Now, Oon Peen Gan and
co-workers at A*STAR’s Singapore
Institute of Manufacturing Technology, together with researchers at
the National University of Singapore and the University of Texas,
United States, have developed an
approach to track the daily energy
usage of individual machines.
Their approach monitors the
operational state of a machine in
real time1.
“Our proposed idea improves
energy efficiency through better
sequence control of machines and
operations,” notes Gan. “It can be
as simple as switching off a light
when not in use.”
To test their idea, Gan and his
team identified the operational
state of two individual industrial
molding machines, based on
their energy consumption. The
researchers placed sensors inside
the machines and fed the data from
the sensors into a mathematical
model called a finite-state machine
(FSM), which is commonly used
for analyzing manufacturing
processes. Since a machine in
the ‘start-up’ state has a different
energy output to one in full
production, the FSM could be used
to produce power-consumption
profiles of the machines.

© Stockbyte/Thinkstock

Software that monitors industrial machine operations in real time can
reduce the overall energy consumption of factories

Engineers could reduce overall energy consumption by using new software that monitors the energy usage of individual machines on a
factory floor.

The researchers then used a
unique two-stage framework to
help them analyze and classify
the data. “During the first stage
we cleaned the raw energy signals
using a digital filter to produce a
much smoother dataset with less
noise,” explains Gan. “Secondly,
we trained a pattern-recognition
algorithm, or neural network,
to classify the data into separate
events. Each event represents a
machine operation state.”
Using the model, Gan and
co-workers determined the exact
operational state of each molding
machine in real time. Because
the researchers could easily find
abnormal energy patterns in the
model output, the software tool

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

may prove very useful for engineers
looking for machine faults across
the factory floor.
With the trained neural network in place, a software user can
classify any machine’s operational
state from its energy output
without needing to know the
machine type. Theoretically, the
model could be used to monitor
many different types of machines
in any industry.
“We hope to incorporate our
new model into existing software
that is used by manufacturers to
monitor their shop floors,” says
Gan. “We aim to validate the model
with experiments at a number of
industrial companies in Singapore
in the near future.”

1. Le, C. V., Pang, C. K.,
Gan, O. P., Chee, X. M.,
Zhang, D. H. et al. Classification
of energy consumption
patterns for energy audit and
machine scheduling in industrial
manufacturing systems.
Transactions of the Institute of
Measurement and Control 35,
583–592 (2013).
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Quantum optics:

Light’s improbable
connection mapped
Ultrafast laser pulses and precisely cut optical crystals could control the
quantum properties of light
though the two may be separated
by a long distance.
λs = 807 nm
The situation is more
820
complicated, however, when short
laser pulses are used to control
the timing of the process. The
814.5
SPDC emission from the back
λi
of the slab consists of photon
pairs, or biphotons, across a broad
809
spectrum of wavelengths. A full
understanding of the strength of
the connection between any two
803.5
photons in this complex emission
profile is important for optimizing
the entangled-photon source, and
798
thus improving optical tests of
825.5
798
803.5
809
820
814.5
λs
quantum mechanics.
Dmitry Kalashnikov and
A map of the correlation between a signal photon, with wavelength λs (x axis), and an
idler photon at λi (y axis). Some specific signal wavelengths, such as 807 nanometers,
co-workers fully plotted the correlacorrespond to two different idler wavelengths with a high probability.
tions of SPDC-generated photons
by carefully tailoring the properties
Quantum optics scientists and
slab of a crystalline material with
of a nonlinear crystal of β-barium
engineers are striving to harness the specific nonlinear optical properties borate and the parameters of the
properties of small packets of light
decays into two lower-energy
ultrafast laser exciting it. “We fixed
called photons to improve comphotons. These photons, referred
the frequency of the signal photon
munications and computational
to as the signal and the idler, are
and scanned the frequency of the
devices. Vital to these efforts is an
‘entangled’ — intimately coupled
idler photon to find the maximum
invisible connection between pairs
in a way that classical physics
correlation between the two,”
of photons; understanding this
cannot describe.
explains Kalashnikov (see image).
effect is therefore crucial. By map“We found that the maximum of
ping the connections, researchers
the correlation is reached at two
at the A*STAR Data Storage
distinct frequencies.” This unusual
“We found that the
Institute, Singapore, and in Russia
‘double-peak’ structure occurs only
maximum of the
have shown that the properties of
under certain conditions — when
correlation is reached at the crystal is thick enough
each photon in a pair, which were
created in the same time and place, two distinct frequencies.” (5 millimeters) and the exciting
are governed by statistics1. The
laser pulse length is short (less than
maps could aid future quantum
110 femtoseconds).
optics engineering efforts.
The properties of the photons
“The effect is harmful as it
Many of the early experiments
are determined not when they
decreases the quality of entanglestudying the quantum properties
leave the back of the slab, but
ment,” says Kalashnikov. “Scientists
of photons used a process called
when a measurement is made on
and engineers will have to pay
spontaneous parametric downone of them. At this moment, the
attention to this when constructing
conversion (SPDC). In SPDC,
properties of the other photon are
their quantum optics setups and
a photon striking the front of a
immediately determined, even
devices in the future.”

© 2013 A*STAR Data Storage Institute
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1. Kalashnikov, D. A., Fedorov, M. V.
& Krivitsky, L. A. Experimental
observation of double-peak
structure of coincidence spectra in
ultrafast spontaneous parametric
down-conversion. Physical
Review A 87, 013803 (2013).
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Nanoplasmonics:

Hunt for nonlocal effects turns
to gold

© 2014 A*STAR Institute of Materials Research and Engineering

Experiments on tiny gold prisms help to explain the unusual electrodynamics
of nanostructures
Yang and co-workers present
the first full three-dimensional
1.6 nm
solution of Maxwell’s equations for
a sample being probed by an EELS
source. “Our theoretical configuration mimics the experimental
setup and the equations were, for
the first time, implemented and
solved using commercial software,”
says Yang.
The researchers applied
their theory to triangular gold
nanoprisms and concluded that
significant nonlocal effects occur
when the side length of the prisms
!"
is smaller than 10–50 nanometers,
Transmission electron microscopy image showing a very narrow connective bridge
causing a spatial dispersion of
(around six atoms wide) between two gold nanoprisms, forming a ‘bowtie’.
electromagnetic fields. They then
Nanoplasmonics — the study
(EELS) spectra. EELS is a
examined real EELS results for gold
of light manipulation on the
powerful laboratory technique
‘bowtie’ nanostructures — each
nanometer scale — has contributed that can provide information on
gold bowtie was created by joining
to the production of novel devices
nanostructure geometries, but also
two nanoprisms at their peaks
for chemical and biological sensing, gives rise to nonlocal effects. An
using gold bridges as narrow as
signal processing and solar energy.
EELS device is used to fire energetic 1.6 nanometers (see image).
However, components at such small electrons at a metal nanostructure
The real bowties exhibited a
scales experience strange effects that and then to measure how much
similar spatial field dispersion to
classical electrodynamics cannot
that anticipated for single prisms,
explain. A particular challenge for
but with greatly reduced high“Our results suggest
theorists lies in isolating so-called
frequency conduction at the narrow
‘nonlocal’ effects, whereby the
that at the nanoscale we connective bridges. The researchers
optical properties of a particle are
speculate that the field reduction is
need to take account of caused by two factors not included
not constant but depend on nearby
quantum confinement
electromagnetic fields.
in their model — quantum
Now, Joel Yang and colleagues
confinement in the narrow bridges
and granularity.”
at the A*STAR Institute of Mateas well as electron scattering from
rials Research and Engineering in
grain boundaries. These factors help
Singapore, with co-workers in the
energy the electrons lose when
to explain the interplay between
United Kingdom and China, have
they excite plasmon resonances
nonlocality and geometry.
used both simulations and experiin the sample. Previously, it
“Existing models tend to treat
ments to investigate the nonlocal
had been difficult for experimental- metals as having homogeneous
effects displayed by electrons in
ists to correctly interpret EELS
optical properties,” says Yang.
metal nanostructures1.
spectra because the nonlocal effects “Our results suggest that at
The team developed threeare not considered in current
the nanoscale we need to take
dimensional simulations of
theory — the relevant solutions of
account of quantum confinement
electron-energy loss spectroscopy
Maxwell’s field equations.
and granularity.”
A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

1. Wiener, A., Duan, H., Bosman, M.,
Horsfield, A. P., Pendry, J. B. et al.
Electron-energy loss study of
nonlocal effects in connected
plasmonic nanoprisms. ACS Nano
7, 6287–6296 (2013).
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Quantum optics:

Development of quantum computers
and quantum communication systems
depends, in part, on establishing a
technique for controlling the quantum
state of photon pairs.

Light finds the right mix
Quickly switching the orientation of a laser beam enables control over the
quantum properties of light
Classical computers process
data as a series of ones and
zeros known as bits; in contrast,
quantum computers encode
information into the physical
properties of an information unit
known as a quantum bit, or qubit.
Two or more qubits are then able
to link together to speed up the
processing efficiency, enabling
quantum computers to tackle
mathematical problems beyond
the capability of conventional
machines. However, reliably creating the precise multiple qubits
required for quantum-computer
protocols remains a challenge.
Individual packets of
light — photons — are quantum
mechanical systems that could
act as qubits. A photon stores
information in its polarization —
the plane in which its associated
electric field oscillates. Recently,
Leonid Krivitsky at the A*STAR
Data Storage Institute in Singapore and co‐workers demonstrated
a technique that can create pairs
86
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of photons within a broad class of
quantum states1.
“The ability to generate
well-controlled quantum states
of light is essential for quantum
optics and quantum information
experiments,” says Krivitsky.
“Whereas methods are well
developed for generating arbitrary
pure states of photons, there are
limited approaches to creating
mixed states.”
Krivitsky and co-workers
started by aiming a linearly polarized laser beam at a crystal. The
nonlinear optical properties of the
target meant that the incoming
light generated pairs of photons in
a quantum state known as a Bell
state. The photons paired in a Bell
state are either both horizontal
or both vertical, with equal
probability. Two such Bell states
are achievable depending on the
polarization of the laser light.
The researchers controlled the
laser light using a device known
as a liquid crystal retarder (LCR),

which can quickly rotate optical
polarization. By changing the
shape of the voltage driving the
LCR, the researchers blended
the two Bell states into mixed
states of any desired purity
and entanglement.
Preparation of a quantum
state with a specific mixture of
probabilities of horizontal or
vertical photons is crucial for
some quantum algorithms, but
previous approaches have involved
complicated optical equipment.
“Our method does not require a
sophisticated optical setup,” says
Krivitsky. “It is versatile — it
can be plugged into any existing
setup — and is insensitive to
mechanical vibrations.”
The team is now working to
find an equally simple detection
method so that the results of
a quantum calculation can be
‘read out’. “We are developing
an advanced protocol that can
directly and quickly characterize
these mixed states,” says Krivitsky.

1. Dai, J., Len, Y. L., Teo, Y. S.,
Krivitsky, L. A. & Englert, B.-G.
Controllable generation of mixed
two-photon states. New Journal of
Physics 15, 063011 (2013).
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Optics:

Nanostructures filter light
to order
Arrays of nanoscale pillars made to reflect light of a selected color could find
application as optical filters in digital cameras

Altering the size and separation of these nanoscale mirrors changes the color of light that they reflect.

silver layer, they etched arrays
of cylinders with diameters of
300 to 500 nanometers and a
center-to-center separation of
320 to 540 nanometers (see image).
The resulting gap between some
of the pillars was as small as
20 nanometers. To achieve these
tiny features, the team used a
technique called electron-beam
lithography: they scanned a beam
of electrons to pattern the required
features onto a protective layer
placed on top of the silver. Then,
they used a stream of charged ion
atoms to mill the exposed metal
and create the nanopillars.
After construction, Teng,
Liu and their team shone white
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light onto each of the arrays and
measured the wavelength of
the reflected radiation. Arrays
of cylinders of 500 nanometers
in diameter and separated by
40 nanometers appeared red
because they predominantly
reflected light with a wavelength of
630 nanometers. Similarly, pillars
with a diameter of 300 nanometers
and a separation of 20 nanometers
appeared blue as they reflected light
with a 490-nanometer wavelength.
“We are now working to further
develop this technique to create
large-area color displays,” says
Teng. “We also aim to develop
applications and collaborations
with industry.”

© 2013 A*STAR Institute of Materials Research and Engineering

A beam of sunlight is a mixture of
different-colored light, including
all the colors of the rainbow.
Filtering or blocking a specific
color, or colors, is often important
in photography, color displays
and other imaging techniques. An
international team of engineers
has now fabricated arrays of
silver nanoscale pillars that can
selectively reflect light of any
desired color1. The team, led by
Jinghua Teng and Yan Jun Liu at
the A*STAR Institute of Materials
Research and Engineering in
Singapore, show that the color can
be selected by varying the size of
the pillars.
The stained glass in the
windows of a church owes its color
in part to an effect called surface
plasmon resonance: light passing
through the window interacts with
electrons in the nanometer-sized
metallic impurities that are trapped
in the glass.
Light of a specific color,
or wavelength, forces these
electrons to quickly oscillate. In
turn, the oscillating electrons
enhance the amount of light
transmitted through the glass
at this wavelength. Teng, Liu
and their co-workers were able
to transfer this plasmonic effect
from light-transmitting windows
to light-reflecting mirrors. “Our
compact reflectors could be used
for applications including color
coding, anti-counterfeiting and
product branding,” says Teng.
The researchers deposited
6 nanometers of titanium, followed
by 180 nanometers of silver on
a quartz substrate. Onto the

1. Si, G., Zhao, Y., Lv, J., Lu, M.,
Wang, F. et al. Reflective
plasmonic color filters based on
lithographically patterned silver
nanorod arrays. Nanoscale 5,
6243–6248 (2013).
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Microtechnology:

Double-layer capping solves
two problems

Reproduced from Ref. 1 © 2013 IOP Publishing

Using a newly developed technique, protective casings for microscale
devices can be built quickly and cheaply without damaging components

An optical image of a 400-by-400-micrometer, thin-film MEMS encapsulation developed
using the new double-layer capping technique. The smaller square caps sit on top of
holes, allowing access to the cavity below while protecting the devices within.

Continual downsizing of
technology means that researchers
have to develop ever more
ingenious methods of packaging
and protecting their tiny devices.
Jae-Wung Lee and co-workers at
the A*STAR Institute of Microelectronics, Singapore, are at the
forefront of efforts to develop
safe but functional encasements
for microelectromechanical
systems (MEMS), such as sensors,
switches or radio filters1.
“MEMS devices need certain
ambient conditions to operate
properly and have fragile hanging
structures that must be protected,” says Lee. “We developed
a new thin-film encapsulation
(TFE) technique to meet these
two requirements.”
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During TFE, a MEMS device
is embedded in a ‘sacrificial
layer’ of one material before
adding a ‘cap layer’ of another
type of material. By leaving
some access channels in the
cap layer, researchers can pipe
in a chemical that reacts with
and removes the sacrificial
layer, leaving the MEMS device
in a cavity protected by the
cap layer.
Compared with other
encasement methods, TFE can
be performed cheaply using the
same techniques that are used
to build MEMS devices, and it
produces less bulky packaging.
However, previous attempts at
TFE have suffered from two
problems: depending on the

design of the access holes in the
cap layer, removing the sacrificial
layer can be time consuming, and
mass loading can damage moving
components, such as resonators, in
MEMS devices.
“Solving both these issues
simultaneously is difficult because
one can become severe when the
other is solved,” says Lee. “We
proposed fabricating the cap layer
on two levels.”
The team’s design involves
making a grid of square holes in
the lower cap layer. A secondary
square layer with four legs is
deposited on top of each hole,
leaving sideways access gaps
underneath, rather like a chimney
cap. These caps allow access for
removing the sacrificial layer
while protecting the device
beneath from mass loading
(see image).
The researchers tested their
idea using silicon oxide as the
sacrificial layer and aluminum
nitride for the cap layers. They
were able to remove the silicon
oxide using an acid vapor in
just 20 minutes, compared to
8 hours for previous designs. The
result was a strong, free-standing
cap with a 3-micrometer-thick
cavity underneath.
Lee and co-workers state that
their TFE cavity design could be
built using other materials and
may find application beyond
MEMS, for instance in microbiology. “Electrodes embedded in a
TFE cavity could be used to apply
electrostatic forces to biomolecules
or even act as a microheater,”
says Lee.

1. Lee, J.-W., Sharma, J., Singh, N.
& Kwong, D.-L. Development
and evaluation of a twolevel functional structure for
the thin film encapsulation.
Journal of Micromechanics and
Microengineering 23,
075013 (2013).
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Nanofabrication:

Medical sensors improve with
holey gold nanostructures
Recent advances in nanotechnology are providing new
possibilities for medical imaging
and sensing. Gold nanostructures,
for example, can enhance the
fluorescence of marker dyes that
are commonly used to detect
biomolecules and diagnose
specific diseases.
Now, Ping Bai at the A*STAR
Institute of High Performance
Computing, Singapore, and coworkers have developed a fast and
inexpensive way to fabricate arrays
of gold nanoholes1. The researchers
have shown that sensor chips built
using these nanostructures can
accurately detect cancer-related
molecules in blood and are small
enough to be used in portable
medical devices.
Nanohole arrays are designed
so that incident light of certain
wavelengths will induce large-scale
oscillations of the gold electrons,
known as localized surface
plasmon resonance (SPR). The
localized SPR focuses the absorbed
light energy to enhance fluorescence (see image).
“Commercial SPR systems
are already used in hospital laboratories, but they are bulky and
expensive,” says Bai. “We would
like to develop small, handheld
devices for on-the-spot clinical use.
This requires localized SPR, for
which we need nanohole arrays.”
Previously, nanohole arrays
have been created using electronbeam lithography (EBL), which is
expensive and time consuming. Bai
and co-workers used EBL to create
a nickel mold and then used the
mold to print nanohole patterns

© 2013 A*STAR Institute of High Performance Computing

A new method that fabricates gold nanostructures quickly and efficiently
could lead to highly sensitive, portable medical sensors

Localized surface plasmon resonance (bright areas) around a gold nanohole enhances the fluorescence of a biomarker dye (Y-shaped
molecule) when a specific molecule of interest (purple circle) is present.

onto a photoresist material. The
researchers made the nanostructures by evaporating gold onto the
patterned structure before peeling
off the photoresist material.
Because the nickel mold can be
reused many times, this method
— called nano-imprinting — can
produce large numbers of gold
nanohole arrays.
“We fabricated arrays of
140 nanometer-square nanoholes
with very few defects,” says Bai.
As a first demonstration, the
researchers showed that a sensor
chip made with their nanohole
arrays could detect prostate cancer
antigens in blood, and was ten
times more sensitive than an identical device that used a gold film

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

without nanoholes. Optimizing the
chip design would further improve
the sensitivity, Bai notes.
The team believes that these
chips could be incorporated into
cheap and portable point-of-care
devices for rapid diagnosis of
diseases such as dengue fever.
“The microfluidic cartridge built
using our nanohole arrays is about
the size of a credit card,” says Bai.
“In the future, we hope to build
detectors that use very simple light
sources, such as LEDs, and simple
detectors similar to smartphone
cameras. These devices will have
widespread applications across
medical science and could even
be used to detect contaminants in
food, water or the air.”

1. Wong, T. I., Han, S., Wu, L., Wang, Y.,
Deng, J. et al. High throughput
and high yield nanofabrication of
precisely designed gold nanohole
arrays for fluorescence enhanced
detection of biomarkers. Lab on a
Chip 13, 2405–2413 (2013).
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Random lasers:

Random lasers remove speckling while
maintaining brightness and could be
used for applications where imaging
quality is important, such as checking
mail or airport security.

Amid disorder lies clarity
A pioneering laser produces random mid-infrared light for improved
imaging applications
Most lasers produce coherent
light, meaning that the light waves
are perfectly synchronized with
each other. Spatially coherent
waves, however, can interfere with
one another and produce speckles
in an image. With this in mind,
scientists are turning to so-called
random lasers, which not only
show promise for applications such
as biological and environmental
imaging, but also mimic natural,
disordered scattering from objects
such as clouds.
Hou Kun Liang and coworkers at the A*STAR Singapore
Institute of Manufacturing
Technology and Nanyang Technological University, Singapore,
have now developed a random
laser that emits light in the
mid-infrared range1. Moreover,
the random laser is driven by
electricity, making it more suitable
for practical applications.
“Most random lasers are
driven by optical pumping — this
requires another laser to excite the
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random media,” says Liang. “With
electrical pumping we can make
the laser smaller, less complex
and cheaper.”
The researchers modified
a design known as a quantum
cascade laser that contains several
thin layers of compound semiconductors. When an external voltage
is applied, electrons are driven
across the layers and emit photons
at every step. The frequency of the
emitted light can be controlled
by adjusting the thickness of
the layers.
“A quantum cascade laser is
like an electron reservoir,” says
Liang. “After an electron relaxes
to a lower energy level, instead of
becoming inactive, it flows to the
subsequent active region where
it is ‘re-used’. This is important
for our laser, because loss in the
mid-infrared region is high, and so
we need a high gain to compensate
for it.”
Crucially, Liang and coworkers used plasma etching

to create a random pattern of
small holes — each only three
micrometers in diameter — on
the top surface of their laser. This
design causes the laser light to be
randomly scattered before it is
emitted through the holes.
Currently, the random laser
must be cooled to very low temperatures using liquid nitrogen to
maximize the gain, but Liang and
co-workers anticipate that their
design can be improved to reduce
the loss of mid-infrared radiation
at room temperature. Liang also
points out that their design gives
them great freedom to explore
other laser frequencies.
“For example, terahertz lasers
can penetrate thick plastics and
papers and, unlike X-rays, are
harmless to humans. These lasers
could be used for applications,
such as checking mail or airport
security, where imaging quality
is important — a random laser
would remove speckling while
maintaining brightness.”

1. Liang, H. K., Meng, B., Liang, G.,
Tao, J., Chong, Y. et al. Electrically
pumped mid-infrared random
lasers. Advanced Materials 25,
6859–6863 (2013).
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Nanotechnology:

An artificial material with depth

© 2014 A*STAR Data Storage Institute

An array of perfect nanometer-scale spheres that can control the flow of
visible light may find use in invisibility cloaks

Meta-atoms comprising a metal nanosphere with a precisely etched trench have the
electric (D) and magnetic (B) properties that allow them to interact with both components of visible light.

The optical properties of a material
are predominantly determined by
its constituent atoms and electrons
and the way that these respond to
electromagnetic waves. In natural
materials, the diversity of possible
optical characteristics is limited,
and so metamaterials — artificial
structures engineered to control
the propagation of light — offer
hope for a plethora of novel
optical applications.
Arseniy Kuznetsov and Boris
Luk’yanchuk at the A*STAR Data
Storage Institute, Singapore, and
their co‐workers, have now created
a novel type of three-dimensional
metamaterial that can influence
both the electric and magnetic
parts of visible light1. Their
approach provides a simple route
to constructing unusual devices

such as optical cloaks, which enable
‘invisibility’, and hyperlenses that
offer super-resolution.
Metamaterials are arrays of
subwavelength metallic structures
called meta-atoms, which have been
engineered to mimic atoms and
their interaction with light. “Metamaterials provide a new route to
controlling light at the nanoscale,”
explains Luk’yanchuk. “They
pave the way for novel optical
elements with unique functionalities that cannot be achieved with
natural materials.”
A common approach taken by
researchers of optical metamaterials
is to construct meta-atoms from
rings of metal that each contains
a small break. These so-called
split-ring resonators need to be a
few hundred nanometers or less in

A*STAR RESEARCH OCTOBER 2013 – MARCH 2014

size to work with visible light, and
any physical imperfections severely
limit their performance.
Designing a split-ring resonator
with both the electric and magnetic
properties required to interact with
these two different components
of electromagnetic waves has also
proved a challenge. “Magnetic
resonance at visible frequencies
could not be achieved with
standard, flat split-ring resonator
designs,” says Luk’yanchuk.
Now, Kuznetsov and
Luk’yanchuk’s team have shown
that a three-dimensional version
of this structure — the split-ball
resonator — could lead to nearly
flawless metamaterials with a strong
electric and magnetic response.
Using standard nanofabrication
techniques, the researchers first
created an array of gold or silver
disks on a substrate. They then
fired a high-power laser at each
disk so that it melted to form a
liquid droplet, which solidified into
a perfect sphere, thus eliminating
flaws. Finally, the team used
a beam of helium ions to etch
a trench into each nanosphere
(see image).
The researchers confirmed that
their split-ball resonators displayed
a magnetic resonance within the
visible spectrum, demonstrating a
strengthened ability to ‘tune’ the
optical responses of metamaterials.
In the future, the researchers
could use the same method
to pattern more complicated
three-dimensional features on
the meta-atoms, which would
enable even more complex ways of
manipulating light.

1. Kuznetsov, A. I., Miroshnichenko, A. E.,
Fu, Y. H., Viswanathan, V., Rahmani, M.
et al. Split-ball resonator as a threedimensional analogue of planar splitrings. Nature Communications 5,
3104 (2014).
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Electronics:

A step up in wavelength

© 2013 A*STAR Institute of Microelectronics

A device that can manipulate radiofrequency signals could soon reduce the
size of short-distance communication systems
Operation at such a high frequency
allows a large number of potential
transmission channels.
Importantly, the researchers’
device is based on a technology
called ‘system-on-package’, where
the components are attached to a
package. “It is the first time that [an
on-package] converter has operated
at such a high frequency,” says Li.
In contrast, conventional electronic
devices, such as laptops and phones,
are miniaturized by combining
hundreds of electrical devices
on a silicon chip. This approach
becomes problematic when dealing
with electronic components that
The system-on-package component for converting millimeter waves operates at the
operate at radiofrequencies. The low
highest frequency of any device of its type.
electrical resistivity of silicon results
Millimeter waves are a type of radiRui Li and co‐workers at the
in an energy loss that degrades the
ofrequency electromagnetic radiaA*STAR Institute of Microelecoverall system performance. The
tion with wavelengths between
tronics, Singapore, have designed
manufacturing cost is also high
0.1 and 10 millimeters. Because
and fabricated an electronic module because the components occupy a
they are susceptible to absorption
that can convert a millimeter wave
large area.
by water in the atmosphere,
from one wavelength to another1.
The device developed by Li and
they travel short distances only.
her co-workers comprised three
Despite this limitation, their
stacked thin films of metal, and the
“We are currently in the
short wavelength makes them
choice of material to separate these
process of designing and
a useful technology for smalllayers was crucial to its efficient
implementing numerous
distance applications. Examples
operation. The researchers used
similar types of millimeterinclude short-range, secure
benzocyclobutene — a polymer
wireless communication and
wave passive components in that, unlike silicon, is known to
automotive-radar technology,
have good electrical performance,
various types of package.”
which lets self-driving cars sense
even in the millimeter-wave
their environment.
region. Thorough electrical testing
Electronic components that can The device, called a subharmonic
confirmed the high-performance of
manipulate millimeter waves are
passive mixer (see image), mixes
their design.
vital for realizing this potential in
an incoming millimeter wave that
“We are currently in the process
commercial applications. Specifihas a wavelength of 2.2 millimeters of designing and implementing
cally, it is important to change the with a local source of 4.3-millimeter numerous similar types of milwavelength of such waves from, for waves to generate a 1.1-millimeter
limeter-wave passive components
example, one that is optimal for
signal. A signal of this wavelength
in various types of package,” says
sending information across short
means that the device operates at a
Li. “We hope this will reduce the
distances to one that is more easily frequency of 273 gigahertz; that is,
chip area as compared to ‘on-chip’processed electronically.
273 billion oscillations per second.
based approaches.”
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1. Li, R., Lim, T. G. & Ho, S. W. 273-GHz
2X subharmonic up-conversion
mixer for system-on-package
applications. IEEE Transactions
on Components, Packaging and
Manufacturing Technology 2,
1980–1984 (2012).
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