MARCH 2015 – SEPTEMBER 2015

HIGHLIGHTING THE BEST OF A STAR

FEATURES
Versatile tools for preclinical imaging p4
Treating disorders that get under your skin p26
Making good use of social media p42 | Exploring life with GUSTO p62
Stem cell factories p78

HIGHLIGHTS
Cell Biology & Immunology p6 | Chemistry & Materials p28
Genetics & Disease p44 | Physical & Life Science Technologies p64
Engineering & Nanotechnology p80

Download the A*STAR Research app

Clear. Concise. Convenient.

www.research.a-star.edu.sg/mobile

MARCH 2015 – SEPTEMBER 2015

HIGHLIGHTING THE BEST OF A STAR

ON THE COVER

A*STAR researchers
derive an expression
for droplet deformation
that promises to
simplify calculations
for a wide range of
applications [p77]

Table of contents
4
6

FEATURES & INNOVATIONS

RESEARCH HIGHLIGHTS

23
24
25

Tying down tumor transformation
Directing cell fates
A factor of wide significance

Cell Biology & Immunology p6 | Chemistry & Materials p28
Genetics & Disease p44 | Physical & Life Science Technologies p64
Engineering & Nanotechnology p80

HIGHLIGHTING THE BEST OF A*STAR

www.astar-research.com

A*STAR Research is published twice a year,
presenting research highlights and feature
articles. All articles are first published online
on the A*STAR Research website and app,
and available free to all readers. Register
online to receive the table of contents by
email as each biweekly online issue
is published.

Cell Biology & Immunology

To fight or to tolerate?
A step closer to heart repair
How cells remember infections
Co-opting white blood cells
RNA splicing machinery offers new drug target
Gastric cancer subtypes promise tailored treatment
Link found in regulation of blood glucose
Advances in myeloid cell mapping
Fungi tweaked to boost industrial enzymes
Pushing for greater purity
Mobilizing the skin’s defense cells
Tracking signals on the cell surface
The protein and the plasma cell
Shaping fates
‘Double agent’ skin cells in fight against dengue
Healing wounds with pain
Cell skeleton structure breakthrough

HIGHLIGHTS

APRIL 2012
SEPTEMBER
2012
A*STAR Research
is a –publication
of the
Agency
for Science, Technology and Research (A*STAR)
— Singapore’s lead government agency for
fostering world-class scientific research.

Versatile tools for preclinical imaging

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

FEATURES
Versatile tools for preclinical imaging p4
Treating disorders that get under your skin p26
Making good use of social media p42 | Exploring life with GUSTO p62
Stem cell factories p78

© 2015 A*STAR. This publication may be
reproduced in its original form for personal use
only. Modification or commercial use without
prior permission from the copyright holder
is prohibited.
Editorial
Agency for Science, Technology and Research
1 Fu s i o n o p o l i s Wa y, # 2 0 - 1 0 C o n n ex i s
North Tower Singapore 138632, Singapore

ASTAR_Collection_2012_09_Dividers.indd 1

Editor-in-Chief
Editorial Board

Managing Editors
Administrative Assistant
Page 15

ISSN 2010-0531

28/09/2012 12:25PM

David Lane
Huck Hui Ng
Colin Stewart
Evan Newell
Keith Carpenter
Chandra Verma
David Wu
Alex Gu Yuandong
Guan Cuntai
Boris Luk’yanchuk
Kostas Repanas
Lia Paola Zambetti
Lay Hoon Tan

Voices from A*STAR
Visit A*STAR’s new blog for tales of groundbreaking discoveries and
to interact with researchers working at the cutting-edge of science

Also available on:

www.research.a-star.edu.sg/blog

Table of contents

26
28

FEATURES & INNOVATIONS
Treating disorders that get under your skin

RESEARCH HIGHLIGHTS

Chemistry & Materials
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Uncovering a reaction’s secrets
Nano packages for anticancer drug delivery
Illuminating live neurons in real time
A molecular ‘straw’
Smart micelles for marine environments
Treating tumors with tea
Giving cells star treatment
Breaking reactivity barriers
Imaging probe yields double insight
A spot of light cleaning
Quantum dots light the way
Finding ‘Goldilocks’ nanoparticles
Tallying white blood cells on paper
Power of marine inspiration

62
64

Page 31

42
44

Page 59

FEATURES & INNOVATIONS
Making good use of social media

RESEARCH HIGHLIGHTS

Genetics & Disease
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

New light on leprosy
Mutations can tip a yin-yang balance
Teamwork uncovers genetic risk factors
A gene for Salmonella resistance
Bringing genes into focus
Understanding how the immune system battles a virus
Giving immune cells ‘indigestion’
Tumor suppressor turns activator
The signature of Chikungunya
Stacking for better flow
Unveiling the realm of viral mutations
Mediating muscle fibers
Reaching the right size
Ancient invaders activated during embryo development
A cancer that heals itself
Balancing light- and heavy-chain expression
Braveheart molecule boosts cardiac resilience
Building better defenses

78

FEATURES & INNOVATIONS
Exploring life with GUSTO

RESEARCH HIGHLIGHTS

Physical & Life Science Technologies
64
65
66
67
68
69

Oil palm offers cheap biofuels and bioplastics
Putting the heat on magnetic recording
Increased pressure creates a happy union
A polarizing view
Follow the heat
Exposing breast cancer using nanoscale polymers

70
71
72
73
74
75
76
77

Sputtering start for flat materials
Lighting up alpha cells
Gold ‘necklaces’ add sparkle to information processing
Sounding out flu viruses
Harnessing sunlight more effectively
Tapering off for efficiency
Making magnetic hot spots
Drops keep falling...

FEATURES & INNOVATIONS
Stem cell factories

80 RESEARCH HIGHLIGHTS

Engineering & Nanotechnology
80
81
82
83
84
85
86
87
88
89
90
91
92

Batteries made to last
Avoiding the cracks
Cracking the mystery of flaws
Solving the trust equation
Two crystals are better than one
Photons in witness detection program
Close to the point of more efficient chips
Minorities pack a major punch
Graphics processors accelerate pattern discovery
Shop-floor monitoring goes high tech
Snap-and-go band analysis
Speaking in song
Organic electronics with an edge

Page 84

The A*STAR Singapore Bioimaging Consortium has
partnered with Bruker Corporation to establish a
Preclinical Imaging Centre offering training, demonstration and research for two cutting-edge imaging
technologies: In-Vivo Xtreme and Skyscan 1176.
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Versatile tools for

PRECLINICAL IMAGING
A partnership between A*STAR and Bruker has opened new
avenues for research and could lead to better imaging technologies
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T

he A*STAR Singapore Bioimaging Consortium (SBIC)
has partnered with scientific
instrument manufacturer
Bruker Corporation to offer
researchers in Singapore access to some of
the most advanced imaging technologies
for preclinical research. “The SBIC–Bruker
Preclinical Imaging Centre is one of a series
of investments that Bruker is making in
our core business,” says Nikita Agarwal,
applications specialist at Bruker.
Launched in October 2014, the center
provides training, demonstration and
research facilities, which support the
development of preclinical imaging applications customized to researchers’ needs in
emerging fields. Pertinent examples include
the translation of SBIC’s wide repertoire of
fluorescent probes into clinically relevant
biomarkers and the identification of anatomical and molecular changes in animal
models of disease.
“This is a mutually beneficial partnership,” says Young-Tae Chang who heads
the SBIC Laboratory of Bioimaging Probe
Development. “We provide a cuttingedge, user perspective to further enhance
Bruker’s machines, while accelerating our
research toward a clinical direction.”
Chang’s team has produced the most
extensive fluorescent probe toolbox in the
world, with probes that can specifically
tag and track a wide range of biomarkers,
including stem cells, macrophages and,
most recently, neurons.
Fluorescent probes are ideal for studying biological processes in small animals
at shallow depths of up to several millimeters. However, as light sources cannot
excite the probes at greater depths in the

Skyscan 1176 can be used to reconstruct high-resolution, three-dimensional models of the mouse spleen (right)
that enable closer investigation of anatomical structures than conventionally obtained grayscale images (left).

human body, Chang plans to use radioactive versions that emit gamma rays, which
can be detected using positron emission
tomography and single-photon emission
computed tomography cameras. Using
the broad-spectrum detection capabilities
of In-Vivo Xtreme, his team will be able
to accelerate this characterization process.
“Bruker offers nine preclinical imaging
modalities,” says Agarwal. “Within each
piece of equipment, we try to include
as many features as possible to give
researchers more bang for their buck.”
While probe developers may lean
towa rd X t reme (a mu lt i mod a l it y
measurement system for f luorescence,
bioluminescence, X-ray and radioisotopes), researchers measuring effects
at high resolution would be partial to
the micro-computed tomography system
Skyscan 1176, explains Agarwal. Skyscan
uses X-rays to generate high-resolution,
three-dimensional images of anatomical
structures inside the body with resolutions
of up to 9 micrometers. “It is the equivalent of a noninvasive in vivo microscope,”
she says. The system can be used to study
tumor formation or bone regeneration

applicable to new fields such as stem cell
therapy. Employed in combination with
contrast agents, which visually enhance
finer structures, Skyscan can be used to
investigate soft tissues such as fat, blood
vessels and individual organs.
The imaging technologies developed by
the center complement those already available at SBIC such as magnetic resonance
imaging. Moreover, it also adds to SBIC-led
initiatives aimed at closer engagement with
industry — which include the SBIC–
Nikon Imaging Centre and more than
20 projects agreed under the Translational
Imaging Industrial Laboratory providing
preclinical imaging resources and solutions
to pharmaceutical companies. “The SBIC
is seen as a national resource in Singapore
that serves not only A*STAR but also the
wider community through universities
and hospitals,” says Kishore Bhakoo who
directs the industrial laboratory.
“SBIC is well regarded in Asia for
imaging and is on its way to being
recognized globally in this field,” adds
Agarwal. “We felt that it made an excellent partner for our Preclinical Imaging
Centre in Asia.”
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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CELL BIOLOGY &
IMMUNOLOGY

Immunology:

To fight or to tolerate?

© selvanegra/iStock/Thinkstock

A shift in energy processing pathways occurs in immune cells that tolerate
rather than attack

Cancer surrounded by cells of the immune system.

A fundamental metabolic shift
in immune system cells has been
identified by A*STAR researchers
as responsible for whether they
attack or tolerate disease recognized by our immune defenses. If
the cells do not respond correctly,
cancer and other diseases are
allowed to thrive rather than
being challenged by an immune
response. “Targeting the
metabolic switch that regulates
this balance could form the basis
of new and rationally designed
cancer immunotherapies,”
says John Connolly of the
A*STAR team.
The researchers at the A*STAR
Institute of Molecular and Cell
Biology and the Singapore
Immunology Network investigated
the metabolic status of dendritic
6
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cells of the immune system.
These cells can be activated into
immunogenic states in which they
promote an immune response,
or tolerogenic states in which the
immune response is suppressed.
“Some of the most striking
evidence for a role of these cells
in human health comes from
studies in cancer,” Connolly says.
He explains that by promoting
the switch to the tolerogenic state
the cancer cells appear to avoid
the immune response that could
destroy them. “The cancer hijacks
our fundamental self-tolerance
mechanisms to escape immune
surveillance,” he adds.
The researchers set out to
identify the difference between
immunogenic and tolerogenic
dendritic cells. This would help

them understand how the switch
between the two states is controlled and how cancer cells can
hijack the switching mechanism to
protect themselves.
The investigation revealed
fundamental changes in the
metabolism of the tolerogenic
cells1. In particular several
biochemical pathways that break
down molecules to provide
energy, especially those known
as oxidative phosphorylation and
glycolysis, were much more active
in the tolerogenic cells.
Connolly said he had been
surprised that something as
fundamental as metabolism would
play a key regulatory role in such
a specialized cellular function. He
is keen to make clear that helping
the immune system to fight cancer
is more subtle than just assisting
the immune cells that attack
disease. It also involves controlling
the processes that instruct some
immune cells to be tolerant of
abnormalities.
The research team is now
trying to understand the detailed
molecular mechanisms by which
metabolic change activates the
tolerogenic program. This is
already known to involve a complex
range of inhibitory receptors and
suppressive molecules. The ongoing
research is also investigating
dendritic cells in isolation from
tumor samples to learn how cancer
cells hijack the natural switching
mechanism. Hopefully the findings will eventually be used to
prevent cancer cells from evading
the immune responses that could
kill them.

1. Malinarich, F., Duan, K.,
Hamid, R. A., Bijin, A., Lin, W. X. et al.
High mitochondrial respiration
and glycolytic capacity represent
a metabolic phenotype of human
tolerogenic dendritic cells. The
Journal of Immunology 194,
5174–5186 (2015).
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Stem cells:

A step closer to heart repair
A tool for isolating progenitor cells from human heart tissue could pave the
way for cardiac cell therapy

The monoclonal antibody C19 recognizes cardiac progenitor cells (green) in human heart tissue.

cardiomyocytes. Cells with similar
properties have been found in
human heart tissue but the lack of a
Sca-1 equivalent in human cells has
prevented clinical applications.
Choo, along with Leung Hau
Wan (also from the BTI), and
other colleagues were determined
to find a way to isolate and
expand these cells in humans.
They found that a monoclonal
antibody (C19) was able to
recognize the protein GRP78,
decorated with a unique sugar
moiety on the surface of human
cardiac progenitor cells. The
antibody could then be used
to isolate these cells from both
foetal hearts and pluripotent stem
cells undergoing differentiation
towards cardiomyocytes.

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

The team was able to expand
and stimulate the isolated human
cardiac progenitor cells to generate
all three cardiac cell types: cardiomyocytes, smooth muscle cells and
endothelial cells, making them an
ideal source for cell-based cardiac
repair. Compared with stem cells
that are able to differentiate into
many more cell types, “the restricted
differentiation lineage of the cardiac
progenitor cells will greatly improve
the safety aspect of such stem cell
therapeutics” says Choo.
Further characterization of
human cardiac progenitor cells and
their differentiation mechanisms
will pave the way for more tools
to manipulate them so that their
full therapeutic potential may
be realized.

© 2015 A*STAR Bioprocessing Technology Institute

A*STAR researchers and colleagues
have developed a method to
isolate and expand human heart
stem cells, also known as cardiac
progenitor cells, which could have
great potential for repairing injured
heart tissue1.
Cardiovascular disease is the
leading cause of death and debilitating injury in the world today.
Heart attacks damage cardiac
muscle cells, or ‘cardiomyocytes’,
often leading to irreversible
functional damage. A potential
treatment option for long-term
recovery is to replace the damaged
cells with new functional cardiomyocytes through stem cell therapy,
which could limit or even reverse
the damage.
Early trials on mice treated with
stem cells of non-cardiac origin
— bone mesenchymal stem cells
and peripheral blood stem cells,
for example — had limited success
mainly due to a failure to graft on
to the host tissue. However, much
interest was sparked by the discovery that the adult heart contains
a small population of tissue-specific
stem cells. “This ‘next generation’
stem cell-based therapy using
cardiac progenitor cells will allow
us to move much closer to getting
a robust and effective solution to
heart repair” explains Andre Choo
from the A*STAR Bioprocessing
Technology Institute (BTI).
Previous studies have shown
that mouse cardiac progenitor cells
isolated and expanded by targeting
their surface marker — a protein
called ‘Stem cell antigen-1’, or Sca-1
for short — can efficiently engraft
into existing heart tissue and form

1. Leung, H. W., Moerkamp, A. T.,
Padmanabhan, J., Ng, S.-W.,
Goumans, M.-J. & Choo, A. mAb C19
targets a novel surface marker
for the isolation of human cardiac
progenitor cells from human heart
tissue and differentiated hESCs.
Journal of Molecular and Cellular
Cardiology 82, 228–237 (2015).

www.astar-research.com

7

© Fabian19/iStock/Thinkstock

CELL BIOLOGY &
IMMUNOLOGY

Immunology:

The protein Shp1 is likely to help
plasma cells migrate to the bone
marrow, suggesting possibilities for
treating debilitating diseases such as
multiple myeloma.

How cells remember
infections
Shp1 protein helps the immune system develop its
long-term memory
A protein called Shp1 is vital to
the immune system’s ability to
remember infections and fight them
off when they reappear, researchers
at A*STAR have found1.
In a normal immune response,
B cells encounter molecules called
antigens, which are markers of
foreign pathogens. The B cell
swallows up these antigens, and
presents pieces of them on its
surface, where they are recognized
by another type of immune cell
called a helper T cell. That prompts
the B cell to differentiate into two
new cell types: long-lived memory
B cells that hang about in the body
waiting for the same infection to
turn up again; and plasma cells,
which begin producing antibodies
to clear the infection by marking
the offending antigens for destruction. Some of the plasma cells also
migrate to a long-term home in the
bone marrow.
Shp1 is known to play a role in
this process, because mice that lack
the protein in their B cells suffer
8
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from skewed B-cell development
and from autoimmunity. But
immunologist Kong-Peng Lam from
the A*STAR Bioprocessing Technology Institute wanted to know
exactly how Shp1 was involved in
B-cell differentiation into plasma
cells and memory B cells. So his
team engineered a mouse in which
Shp1 was disabled only after the
B cell was activated by antigens.
What they found was surprising.
The role of Shp1 in helping
plasma cells migrate
to the bone marrow
suggests possibilities for
treating diseases such as
multiple myeloma.
Rather than an out-of-control
immune system, the loss of Shp1
led to the loss of long-term immunological memory. The memory
B cells were not formed, and the
antibody producing plasma cells
were unable to migrate to their final

home in the bone marrow.
“Since Shp1 was generally
thought of as a negative regulator
of the immune system, we had
expected to see enhanced B-cell
differentiation into plasma cells
and memory B cells upon Shp1
inactivation,” says Lam. “Instead
we were surprised to see the
opposite, in which plasma cells
were significantly reduced in the
bone marrow.”
The role of Shp1 in helping
plasma cells migrate to the bone
marrow suggests possibilities for
treating diseases such as multiple
myeloma, in which deformed
plasma cells accumulate in the bone
marrow to cause bone-debilitating
disease, says Lam. A drug that
targets and switches off Shp1 could
keep the harmful cells out of the
bone marrow.
Lam’s team is currently studying
whether chemical inhibitors of Shp1
could indeed be used to disrupt the
migration or retention of plasma
cells in the bone marrow.

1. Li, Y.-F., Xu, S., Ou, X. & Lam, K.-P.
Shp1 signalling is required to
establish the long-lived bone
marrow plasma cell pool. Nature
Communications 5, 4273 (2014).
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Cancer biology:

Co-opting white
blood cells
Monocytes and macrophages may promote human cancer growth

Human monocytes and macrophages play a key role in cancer development.

“Induction of this tumorpromoting phenotype required an
interleukin-1-receptor-(IL-1R)dependent mechanism,” explains
Biswas. IL-1R is a cytokine receptor
which binds to the interleukin-1
cytokine. The IL-1R pathway in
monocytes and macrophages is
essential for their tumor-promoting
role. The researchers further
demonstrated that inhibiting the
pathway prevented the white blood
cells from becoming pro-tumor,
and hence decreased cancer growth.
Although Biswas’ team studied
renal cancer, the findings may
also be broadly applicable to other
tumor types since epidemiological
studies show that a high density of
tumor-infiltrating macrophages is

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

linked to poor outcomes in most
human cancers. The next step
is to characterize human monocyte–macrophage phenotypes in
other cancers to discover common
and divergent features among the
different types of cancer.
“Our study supports the idea
of targeting these white blood cell
types or their related molecules
to regulate cancer progression,”
Biswas says. “It will be necessary,
however, to clarify the functional
plasticity of these cells during
human cancer before determining
the stage at which inhibiting
these cells could be effective in
humans,” he adds. This is something the group plans to focus on
moving forward.

© Sebastian Kaulitzki/iStock/Thinkstock

White blood cells such as
monocytes and macrophages are
known mediators of inflammation,
and according to new findings
by researchers at A*STAR, also
play a key role in promoting
human cancer1.
The study is one of the first
to comprehensively characterize
monocytes and macrophages found
in cancer patients, and provide a
mechanistic link between these cells
and tumor promotion.
“There is a lot of evidence in
mice that macrophages are tumorpromoting, but the information
in human cancer had been scarce
until now,” says Subhra K. Biswas
from the A*STAR Singapore
Immunology Network, who led
the research.
The study describes the phenotype and ‘crosstalk’ of monocytes
and macrophages with tumor cells
in a human cancer and discusses the
mechanisms that guide the communication. “These white blood cells
show functional plasticity in cancer
and display different strategies to
promote tumor growth at different
stages,” explains Biswas.
Through experiments
conducted on both xenografts in
mice and renal cancer patients,
the team found that monocytes
and macrophages display a tumorenabling profile, which encourages
the growth of new blood vessels,
a process known as angiogenesis,
and cancer invasion of normal
tissue. The researchers also identified the molecular mechanism
responsible for steering these cells
toward a ‘pro-tumor’ identity,
or phenotype.

1. Chittezhath, M., Dhillon, M. K.,
Lim, J. Y., Laoui, D., Shalova, I. N. et al.
Molecular profiling reveals a tumorpromoting phenotype of monocytes
and macrophages in human
cancer progression. Immunity 41,
815–829 (2014).
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Cancer:

RNA splicing machinery offers
new drug target

© defun/iStock/Thinkstock

Blocking the spliceosome delays the progression of lymphoma
in mice

Blocking the spliceosome could inhibit the growth of MYC-driven tumors.

A widespread cancer-causing
protein called MYC promotes
the growth of tumor cells in
part by ensuring that RNA
transcripts are properly spliced,
according to latest work from
A*STAR researchers1. Drugs that
block parts of the cell’s splicing
machinery may provide a new
way to halt the proliferation of
MYC-driven cancers.
“Cells overexpressing the
oncogene MYC will be more sensitive to inhibition of the splicing
machinery,” says Ernesto Guccione,
from the A*STAR Institute of
Molecular and Cell Biology, who
led the research. “Targeting the
core components of the splicing
machinery may be a novel Achilles’
heel to therapeutically target
MYC-driven tumors.”
10
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The MYC oncoprotein is a
central driver in the majority of
human cancers. MYC binds to
active regulatory elements in the
genome and broadly amplifies gene
expression, leading to rampant cell
growth. This process, however,
is not random or indiscriminate.
Guccione, in collaboration with
colleagues in Italy, recently showed
that MYC preferentially activates
distinct subsets of target genes to
control cellular states2.
Following up on that observation, Guccione and his colleagues
from A*STAR decided to investigate which gene sets are turned
on by MYC in mouse models of
lymphoma. One gene set that stood
out involved components of the
spliceosome, the molecular complex
that helps prepare messenger RNA

(mRNA) transcripts for protein
production by removing noncoding
segments called introns.
These genes include PRMT5,
which codes for a key enzyme that
ensures proper maturation of the
spliceosomal complex. PRMT5
and others help assemble the
proteins that form the spliceosome.
Guccione’s team showed that mice
with only one functional copy of
PRMT5 — instead of the usual two
— develop lymphoma more slowly.
PRMT5 depletion led to a
range of splicing defects linked to
the retarded tumor growth. And
drug-like molecules called antisense
oligonucleotides (which disrupt
proper splicing) also reduced the
viability of cancer cells taken from
mice with lymphoma. Together, the
results suggest that splicing-associated genes like PRMT5 are critical
to MYC-driven tumor formation.
Further support for this
idea came from human clinical
samples. Guccione and colleagues
studied samples from people with
lymphoma. They found a link
between MYC overexpression and
the activity of spliceosome-related
genes. Notably, high expression
of PRMT5 correlated with worse
clinical outcomes. In the laboratory, knocking out PRMT5, or
another core component of the
splicing machinery in human
lymphoma cell lines, also reduced
cell viability.
“The inhibition of PRMT5 may
have potential therapeutic utility
in cancer treatment,” explains
Cheryl Koh, a postdoctoral fellow
in Guccione’s lab and the co-first
author of the new study.

1. Koh, C. M., Bezzi, M., Low, D. H. P.,
Ang, W. X., Teo, S. X. et al. MYC
regulates the core pre-mRNA
splicing machinery as an essential
step in lymphomagenesis.
Nature 523, 96–100 (2015).
2. Sabò, A., Kress, T. R., Pelizzola, M.,
de Pretis, S., Gorski, M. M. et al.
Selective transcriptional regulation
by Myc in cellular growth control
and lymphomagenesis. Nature 511,
488–492 (2014).
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Cancer:

Gastric cancer subtypes promise
tailored treatment
The genetic signatures of gastric cancer cell lines reveal disease subtypes
with different drug sensitivities

Gastric cancer cell lines have different signatures of DNA damage, but can be divided into two classes that respond differently
to treatment.

of the defects were in genes that
are involved in the promotion or
suppression of cancer. While each
cell line’s genetic signature was
unique, the researchers identified
that they could be grouped into
one of two clusters: those with
defects that affect the activity of
the energy-producing components
of cells known as mitochondria,
and those with defects that affect
cell signaling.
The team also tested the
effectiveness of potential cancer
drugs in suppressing the growth of
the cancer cell lines. They found
that the two clusters of cell lines
exhibited different sensitivities to
the drugs: sensitivity varied by as
much as ten-fold. This means that

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

identifying the genetic signature
of tumor cells in individual
patients with gastric cancer could
enable selection of the most
effective treatment.
“We have shown that different
subtypes of gastric cancer respond
to different pathway-specific
chemotherapy,” explains Lee.
“Our findings will contribute to
personalized treatment for patients
in the future.”
“Next, we will test these cell
lines for sensitivity to drug candidates discovered at the A*STAR
Experimental Therapeutics Centre.
We hope to discover more drugs
that can target specific cancer
subtypes and provide more options
for treatment.”

© circotasu/iStock/Thinkstock

Distinct subtypes of gastric
cancer respond differently to drug
treatments according to a study by
A*STAR researchers1. The finding
could help optimize treatment for
individuals with gastric cancer and
improve their prognosis.
Relatively little research has
focused on gastric cancer, a disease
that is prevalent across Asia. In
Singapore, for instance, gastric
cancer is the third most common
cancer among men and the fifth
most common among women.
Diagnosis is usually made at late
stages of the disease, by which
time treatment is often ineffective.
A greater understanding of the
disease is essential to reduce
its impact.
May Ann Lee from the
A*STAR Experimental Therapeutics Centre and colleagues have
provided insight into the disease by
studying the genetics of cultured
gastric cancer cell lines derived
from patients. Many different cell
lines exist, each responding differently to treatments; the research
team studied 18 different cell lines
to find out why.
“We mapped the chromosomes
of the cells to look for gain or
loss of chromosomal material,”
explains Lee. “From this, we could
see how the cell lines differ from
each other. The amount of genetic
data we produced was large,
and we needed bioinformatics
specialists to find differences
that enabled us to group the
data meaningfully.”
The genetic signatures of
the cell lines included between
1,724 and 22,631 defects. Many

1. Choong, M. L., Tan, S. H., Tan, T. Z.,
Sravanthy, M., Ngo, A. et al. Molecular
integrative clustering of Asian
gastric cell lines revealed two
distinct chemosensitivity clusters.
PLoS ONE 9, e111146 (2014).
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Cell biology:

Insulin released into the blood when
levels of glucose are high activates
mechanisms to reduce glucose levels,
including the transport of GLUT4 protein
to the membranes of muscle and
fat cells.

Link found in regulation of
blood glucose
Insight into a molecular mechanism for regulating blood sugar could
enhance our understanding of diabetes
A key mechanism in the regulation of blood sugar levels has been
identified in work led by A*STAR
researchers1. The findings could
help us understand the mechanisms of diabetes and might lead
to new treatments.
Blood levels of the sugar
glucose increase after a meal.
In response, the body releases
insulin, which activates mechanisms to return these levels to
normal. One such mechanism
involves transport of the protein
GLUT4 to the membranes of
muscle and fat cells, enabling the
uptake of glucose from the blood
into the cells.
“Defects in glucose uptake
in response to insulin generally
manifest as type 2 diabetes,”
explains Han Weiping from the
Laboratory of Metabolic Medicine
at the A*STAR Singapore
Bioimaging Consortium who led
the study. “Insulin-stimulated
GLUT4 translocation is central to
the maintenance of blood glucose
12
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levels. An understanding of the
mechanisms that underlie this
process will help us to work out
what goes wrong in diabetes.”
Previous studies had identified
two important elements involved
in the transport of GLUT4: an
insulin-activated kinase called
Akt2 and rearrangement of the
cell’s skeleton, which consists of
fibers of the protein actin. Han,
his graduate student Lim ChunYan and collaborators investigated
the molecular pathway that
connects these two elements.
They did this by screening
proteins in fat cells to identify
those involved in the delivery of
GLUT4 to cell membranes. They
identified one — tropomodulin3
(Tmod3) — that is also involved
in the rearrangement of the cell’s
actin skeleton. The researchers
showed that Tmod3 is modified
by insulin-activated Akt2 and that
GLUT4 translocation and glucose
uptake are impaired in cells with
reduced Tmod3 levels.

By making cells with fluorescently labeled actin, the team
also found that low expression of
Tmod3 reduced the ability of a cell
to rearrange its skeleton in response
to insulin; the same effect was
seen in cells that expressed a form
of Tmod3 that cannot be modified by Akt2. The fluorescently
labeled actin also revealed that
modification of Tmod3 by Akt2
potentiates the insulin-induced
actin reorganization.
“Our study highlights a direct
link between Akt2 signaling and
the actin skeleton that is essential for
insulin-stimulated GLUT4 translocation,” says Han. “But the identification of Tmod3 might represent the
tip of the iceberg of a vast signaling
network involved in glucose uptake.
A complete understanding of the
mechanism of GLUT4 transport
would help to pinpoint the key
molecular nodes that underlie this
process and to develop a therapeutic
intervention to help clear glucose
more efficiently from the body.”

1. Lim, C.-Y., Bi, X., Wu, D., Kim, J. B.,
Gunning, P. W. et al. Tropomodulin3
is a novel Akt2 effector
regulating insulin-stimulated
GLUT4 exocytosis through
cortical actin remodeling. Nature
Communications 6, 5951 (2015).
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Immunology:

Advances in myeloid cell
mapping
A new technique dramatically enhances profiling and classification of cells
involved in innate immunity
learning technology to map
the myeloid system of mice
(see image). “Mass cytometry
works by tagging cellular probes
with heavy metal elements,” says
Newell. “The probes are usually
antibodies and can be used
to quantify the abundance of
proteins present in cells.”
“This approach gives a
complete snapshot of the
myeloid composition of
each individual tissue,
and hopefully differences
between experimental
settings or mouse genetics
will not be overlooked.”
Crucially, mass cytometry has
more available tags than other
methods, reducing the likelihood
that tags will bind to more than
one cell component. This allows
more detail about individual cells
to be uncovered.
A key concern for the
researchers was limiting ‘batch
effects’ — problems arising from
analyzing many different samples
on different days. Mass cytometry
allowed the team to run all their
samples simultaneously, enabling
them to examine as many as
eight tissue samples from up to
six different mice in parallel. The
researchers then used machine
learning approaches to interpret
the results and identify different
cell types.
“This approach gives a
complete snapshot of the myeloid
composition of each individual

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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A new method developed
by A*STAR researchers to
comprehensively quantify and
classify mouse cells responsible
for detecting pathogens invading
the body could revolutionize our
ability to study innate immunity
and inflammatory diseases1.
Myeloid cells are the first
line of defense against disease
as they detect pathogens and
then trigger immune responses.
Until now, however, analysis of
the myeloid system had been
limited, because previous analysis
techniques did not fully account
for the high complexity of
myeloid cells.
“The problem with myeloid
cell types is that everyone has
a different way of classifying
them, and these classifications
can be difficult to reconcile,”
explains Evan Newell, one of the
A*STAR Singapore Immunology
Network researchers who
worked on the project with
other scientists in Singapore
and Switzerland. “This new
analysis will help people speak
the same language when referring to different types of mouse
myeloid cells.”
Existing methods for
analyzing myeloid cells rely on
traditional markers and historical
naming systems. These are
problematic, not least because
some cell subpopulations do not
express the markers and inflammation can cause phenotypic
changes, which are not picked up
by traditional techniques.
The new method uses mass
cytometry coupled with machine

A*STAR researchers used an algorithm to map 38-dimensional phenotypic profiles of
myeloid cells derived from eight different mice tissues. Each dot represents an individual
cell; cells close to each other have similar properties and cells with less similar characteristics are plotted further from each other. The colors roughly represent cell types:
neutrophils (green), monocytes (blue), macrophages (orange), dendritic cells (red) and
innate lymphocytes (black).

tissue, and hopefully differences
between experimental settings
or mouse genetics will not be
overlooked,” explains Newell.
“The approach is useful for
analyzing blood and tissue from
mice or humans.”
The technique will allow
detailed profiling of human
myeloid cells and help uncover
how innate immune cells behave
in a wide range of diseases.

1. Becher, B., Schlitzer, A., Chen, J.,
Mair, F., Sumatoh, H. R. et al. Highdimensional analysis of the murine
myeloid cell system. Nature
Immunology 15, 1181–1189 (2014).
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Reprinted from Ref 1, Copyright 2015, with permission from Elsevier.

Comparison of an original colony of wildtype Aspergillus niger and final mutant
strain on agar plates.

Biochemical engineering:

Fungi tweaked to boost
industrial enzymes
Mutants of a common fungus produce endoxylanase enzymes twice as
potent as the original strain
Filamentous fungi produce
powerful enzymes that break
down tough plant material that
can be used for biofuels and other
industrial processes. But the
enzymes often work too slowly
for industrial use and the fungi
are difficult to handle in the lab.
Now A*STAR scientists have
altered a strain of the fungus,
Aspergillus niger, to coax it into
better shape1.
Breaking down hemicellulose
— complex carbohydrates in
plant material — is a critical and
tricky step in the production of
industrial-purpose fermentable
sugars. Filamentous fungi produce
just the right mix of enzymes to
do a complete job. The enzymes
are also more powerful than those
produced by other microorganisms such as bacteria or yeast
commonly used in industrial
microbial fermentation. But
the fungus’ enzymes need a
boost, says Jin Chuan Wu, lead
researcher of the team from the
14
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A*STAR Institute of Chemical
and Engineering Sciences.
“The structural complexity
of hemicellulose means that to
completely hydrolyse it requires
the synergistic action of a cocktail
of enzymes,” says Wu. “Therefore
it is essential to improve the
cocktail of enzymes produced
by fungi.”
Wu and his colleagues exposed
a strain of A. niger to γ-ray radiation to tweak its genetic material,
hoping to increase the activity of
the enzyme, β-1,4-endoxylanase
produced by the fungus. The
team grew the mutant fungus
strains on agar plates (see image)
and extracted, in pellet form,
the enzyme from the resultant
various fungal colonies and
then tested the rate at which the
enzyme works.
They selected the best
performing fungus colonies and
subjected them to another round
of γ-ray radiation with exciting
results. The most successful of

the second round of mutants
produced enzymes that hydrolyse
at almost twice the rate as the
originals. There were also other
benefits: the mutant strain, called
A. niger DSM 28712, also formed
fewer and smaller pellets, making
it easier for researchers to handle
as well as making it more suitable
for industrial applications using
submerged fermentation where
the enzymes are put to use in a
liquid substrate.
“This research shows that
by simply using γ-ray radiation,
the fungal strain could be
significantly improved for both
its cellular morphology and
enzyme activity,” says Wu. “The
improvements are favorable
for industrial applications in
hydrolysing hemicellulose to get
fermentable sugars.”
Wu anticipates interest from
industry in the enzymes once
the price of sugars produced
from plant material becomes
more competitive.

1. Ottenheim, C., Werner, K. A.,
Zimmermann, W. & Wu, J. C.
Improved endoxylanase production
and colony morphology of
Aspergillus niger DSM 26641
by γ-ray induced mutagenesis.
Biochemical Engineering Journal
94, 9–14 (2015).
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Biochemistry:

Pushing for greater purity
A standard purification process changes the structure of antibodies — and
then changes them back

Antibodies can be used as drugs to treat medical conditions such as cancer, autoimmunity and inflammatory disorders.

that they had undergone a marked
change in physical structure.
Although the acidic conditions played a role, the team was
astonished to learn that the nature
of the protein A–antibody interaction is behind this structural
disruption. On binding protein A,
the antibody assumes a partially
unfolded structure that renders
it considerably more vulnerable
to environmental changes. “Our
results go far beyond interesting
or surprising and well into the
realm of shocking,” he says.
“Industry has used protein A for
antibody purification for decades
and assumed it did not impose
any structural changes on those
antibodies.” These changes have
direct consequences — antibodies
eluted under these conditions

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

tended to form aggregates that
remained stable even when
they were transferred to neutral conditions.
Antibody drugs represent a
large share of the therapeutic
market for major diseases such
as cancer and arthritis — the
three antibodies tested here have
each made billions of dollars
for their manufacturers — and
Gagnon notes that their article
has already commanded attention.
Subsequent work by his team has
confirmed that this effect can
undermine the purity of antibody
preparations and has identified
process steps that could mitigate
this problem. “Objectively,
our study will change the way
industry does antibody purification,” he says.

© Molekuul/iStock/Thinkstock

Monoclonal antibodies represent
one of the most important segments of international biopharma,
and how they are purified is a
major factor in their success. Now,
A*STAR researchers have revealed
an unexpected structural change
during a standard purification
process that could have major
implications for antibody purification going forward1.
Scientists routinely exploit a
bacterial molecule called protein A
to purify antibodies from cellculture-associated contaminants.
The antibodies are usually then
eluted by switching from neutral
to acidic pH, which disrupts the
interaction with protein A. There
are mysterious deficiencies in this
approach, however, which rarely
delivers even 99 per cent purity.
Pete Gagnon and colleagues
at the A*STAR Bioprocessing
Technology Institute set out to
find out why. “It should yield
99.999 per cent purity in a
single step,” says Gagnon. “For
somebody having an antibody
drug injected intravenously, or
manufacturers making such
drugs, this is a big deal.”
Some studies had suggested
that acidic conditions may cause
the antibody structure to partially
collapse, leading to aggregation.
Gagnon and his team explored
this by examining how pH
changes affected three commonly
used therapeutic antibodies in the
specific context of their interactions with protein A. Intriguingly,
they found the size of the
antibodies was halved during
elution from protein A, indicating

1. Gagnon, P., Nian, R., Leong, D. &
Hoi, A. Transient conformational
modification of immunoglobulin G
during purification by protein A
affinity chromatography. Journal of
Chromatography A 1395,
136–142 (2015).
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Dermatology:

Mobilizing the skin’s
defense cells

© 2015 A*STAR Singapore Immunology Network

Immune cells interact in surprising ways when responding to skin injuries

To achieve this goal, the
team cross-bred mice with
fluorescently labeled neutrophils
and DDCs so that both cell
types would show up during
imaging. They then used a laser
to make small, sterile skin lesions
on the mice. They followed
the responses of the DDCs and
neutrophils to the injury site
in real-time using a deep tissue
imaging technique called intravital multiphoton microscopy
(see image).
Their results showed that
DDCs migrated in a highly
directed manner, gathering
around the periphery of the
wound approximately 50 minutes
after injury. The DDCs appeared
to respond to a particular signal
Researchers uncover part of the mechanism governing the recruitment of blood neutroto migrate, likely originating from
phils (red) and dermal dendritic cells (yellow) to a laser-induced sterile injury in mice.
the injury site. However, to the
researchers’ surprise — although
When skin is injured or exposed
DDCs activate the body’s adaptive the neutrophils traveled to the
to a pathogen attack, the body’s
immune response. Lai Guan Ng
injury site within 20 minutes
immune system responds rapidly. and colleagues at the A*STAR
and went straight into the core
But the exact skin-cell-based
Singapore Immunology Network, of the wound — they found that
mechanisms behind these
together with scientists in
neutrophils had no effect on
responses remain unclear.
Australia, wanted to clarify
DDC recruitment.
Now, A*STAR researchers have
exactly how DDCs are mobilized.
“When we depleted neuuncovered how skin-localized
They wanted to see how quickly
trophils from the mice, DDCs
cells called dermal dendritic
DDCs respond to non-pathogenic migrated as normal to the injury
cells (DDCs) respond to sterile
inflammation in the form of
site,” says Ng. “This was a comskin injuries1. Their insights may
sterile injury.
pletely unexpected result.”
help to develop new therapeutic
“White blood cells, or
Future experiments will help
interventions administered via the neutrophils, are able to respond
verify where the DDC signal
skin, and define the role of skin
and migrate toward a sterile
originates, or indeed whether
immune cells in autoimmune and injury very quickly,” says Ng.
subsets of DDCs respond to
metabolic diseases.
“We decided to test whether
different signals depending on the
The main job of DDCs is to
DDCs can do the same. We also
injury or pathogenic scenario. The
watch over the skin’s micro-envihypothesized that neutrophils
team also hopes to extend their
ronment, and alert the immune
may be responsible for sending out research to other disease models
system to potential dangers.
a signal to DDCs to recruit them
to verify the role of DDCs in
Upon injury or pathogenic attack, to the injury site.”
different medical conditions.
16
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1. Goh, C. C., Li, J. L., Devi, S.,
Bakocevic, N., See, P. et al.
Real-time imaging of dendritic
cell responses to sterile tissue
injury. Journal of Investigative
Dermatology 135, 1181–1184 (2015).
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Cancer:

Tracking signals on the
cell surface
A cell-surface protein overexpressed in liver cancer offers a promising
target for therapy

Blocking the activity of an abundant protein found on the surface of liver cancer cells could lead to new therapies for one of the most
common and deadly cancers in the world.

proliferation and a more than
50 per cent increase in programmed cell death. The Agrindepleted cells were also less likely
to form free-floating colonies,
migrate and invade noncancerous
tissue. The shape of the cells
changed from looking like prickly
splinters to rounded cobblestones
forming successive layers of cells.
Mice injected with Agrin-depleted
cancer cells developed tumors that
were nearly 20 times smaller than
those injected with the regular
cancer cells.
The researchers were able to
reverse these in vitro and in vivo
effects, however, by reintroducing
Agrin to the mutant cells.
To narrow in on the
molecular mechanism of Agrin’s

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

cancer-provoking activity, the
researchers conducted a series of
experiments that ruled out all but
one target protein. “Agrin is well
reported to induce acetylcholine
receptors in neuromuscular junctions,” says Chakraborty. “To our
surprise, we observed that Agrin
hijacks the same receptor and
downstream signaling repertoire
in the liver to induce cell proliferation, invasion and tumorigenesis.”
The study provides solid
support for the development of
antibody therapies that inhibit
Agrin activity, says Chakraborty.
Furthermore, “the presence of
Agrin in the plasma of hepatocellular carcinoma patients can also
serve as an important diagnostic
strategy,” he adds.

© Purestock/Thinkstock

Patients with cancer of the liver
express elevated levels of Agrin,
a specific protein which aids the
growth and spread of the cancer,
according to new research from
A*STAR scientists1. The protein
could be an attractive target for
treating the liver cancer known
as hepatocellular carcinoma, one
of the most common and deadly
cancers in the world.
“Current therapies such as
sorafenibs and sunitinibs have been
restricted to targeting kinase receptors, with modest effects on patient
survival,” says Sayan Chakraborty,
who led the investigation with
Wanjin Hong and colleagues
from the A*STAR Institute of
Molecular and Cell Biology. “Our
study shows that there is immense
potential to combine anti-Agrin
agents with the already available
enzyme inhibitors for effective and
improved treatment.”
Agrin is best known for its role
as a signaling protein in junctions
where muscle tissue connects with
neural tissue. Using biochemical
approaches and large-scale quantitative studies, the researchers
identified high numbers of the
molecule on the surfaces of liver
cancer cells, suggesting a role
in promoting tumor growth.
Further clinical analysis of liver
tissue samples from patients
with hepatocellular carcinoma
showed three to four times higher
Agrin levels than samples from
healthy patients.
When the researchers blocked
Agrin expression in liver cancer
cells, they observed a 42 per cent
reduction in the rate of cellular

1. Chakraborty, S., Lakshmanan, M.,
Swa, H. L. F., Chen, J., Zhang, X.
et al. An oncogenic role of Agrin in
regulating focal adhesion integrity
in hepatocellular carcinoma. Nature
Communications 6, 6184 (2015).
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Immunology:

Antibodies are Y-shaped proteins that defend against disease but can participate
in autoimmunity when things go wrong.
Understanding the mechanisms by which
antibody-producing cells develop could
lead to improved vaccines and drugs.

The protein and the
plasma cell
Learning how a key protein affects programmed cell death could help to
develop vaccines and drugs
A*STAR researchers have clarified
the role of one particular regulatory
protein in controlling the development of plasma cells, opening
up several new avenues toward
clinical applications1.
Plasma cells produce large
amounts of antibodies, which are
the best-known weapons of the
immune system against pathogens.
“We are interested in understanding
how plasma cells are generated with
the aim of identifying new targets
to modulate the antibody response,
in particular during vaccination,”
explains Kong-Peng Lam of the
A*STAR Bioprocessing Technology
Institute in Singapore.
Lam and co-workers at
A*STAR and the National
University of Singapore investigated the part played by the
protein downstream of tyrosine
kinase 3 (DOK3). The researchers
used genetic variants in mice
to probe DOK3’s activities,
especially those involved in
programmed cell death that must
18
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be subtly choreographed as an
immune response develops.
“Our findings establish DOK3
as a key signaling molecule involved
in the generation of plasma cells
from their B-cell precursors,” says
Lam. DOK3 promotes the development of plasma cells by regulating
the expression of two other proteins
— programmed cell death 1 ligands
1 and 2 (PD-L1 and PD-L2) —
that influence programmed cell
death and were already known to be
essential for plasma cell formation.
The results also showed that
DOK3 acts by interfering with
signaling processes mediated by
calcium ions. As is generally the
case with the immune system, the
details are complex and the molecules involved can have differing
effects depending on the situation.
“DOK3 normally plays a negative
role to inhibit the proliferation of
B cells,” says Lam, “but at some
specific stages it also appears to play
a positive role essential for plasma
cell generation.”

The clinical significance of
DOK3 is quite diverse, says Lam.
Drugs that reinforce DOK3
activity, for example, could help
to boost antibody production
especially during vaccination. On
the other hand, drugs that inhibit
DOK3 activity could be used to
treat diseases such as multiple
myeloma, in which plasma cells are
transformed into cancer cells that
accumulate in the bone marrow.
Lam adds that the findings
may also lead to new ways to treat
autoimmune diseases, in which the
immune system turns against the
body. By interfering with DOK3’s
activities, researchers can potentially modulate the production of
the auto-antibodies that can do
much of the damage in autoimmunity. The link between DOK3
and calcium-mediated signaling
could also lead to clinical options
that do not depend on drugs
interacting with DOK3 directly,
but instead modify calcium
signaling systems.

1. Ou, X., Xu, S., Li, Y.-F. & Lam K.-P.
Adaptor protein DOK3 promotes
plasma cell differentiation by
regulating the expression of
programmed cell death 1 ligands.
Proceedings of the National
Academy of Sciences USA 111,
11431–11436 (2014).
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Stem cells:

Shaping fates
Full-length Chd1 protein is needed for embryonic stem cell differentiation

Normal differentiation

Wild-type Chd1

Aberrant differentiation

Mutant Chd1

Embryonic stem cells from (left) control and (right) mutant Chd1 mice showing normal and aberrant differentiation in vitro, respectively.

in the mouse embryonic stem cells
(see image).
In an in vivo model, mice
carrying the mutation that
removes the N-terminus of Chd1
developed normally, and were
viable and fertile. However,
embryonic stem cells derived from
these Chd1-mutant mice showed
the same propensity to differentiate into neuronal-like cells as in
the in vitro-generated embryonic
stem cells. This suggested to the
team that other factors must be
at play in an in vivo environment,
such as different growth signals,
that mask defects caused by the
mutation of Chd1.

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

“Our results indicate that while
phosphorylation is not essential
to the function of Chd1 in selfrenewing embryonic stem cells,
changes to Chd1 activity, mediated by phosphorylation, is critical
when the cells differentiate,”
says Lim.
The findings could lead to new
ways of manipulating embryonic
stem cells in culture. “This work
suggests that directed differentiation of embryonic stem cells into
clinically relevant cell types
in vitro could be fine-tuned by
altering the phosphorylation status
of chromatin-remodeling factors
such as Chd1,” says Lim.

1. Piatti, P., Lim, C. Y., Nat, R., Villunger, A.,
Geley, S. et al. Embryonic stem cell
differentiation requires full length
Chd1. Scientific Reports 5,
8007 (2015).
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The importance of a chromatin
remodeler gene, Chd1, in
regulating the ability of
embryonic stem cells to develop
into other cell types has been
revealed in a new study by
A*STAR researchers1.
Chin Yan Lim and colleagues
from the A*STAR Institute of
Medical Biology, along with
international collaborators,
observed that a common posttranslational modification called
phosphorylation, associated
with regulating protein function and signal transmission
within the cell, may influence
Chd1-dependent changes in cell
fate in specific contexts
The remodeling of a complex
of DNA, histone proteins and
RNA, known collectively as
chromatin, within the nucleus of
eukaryotic cells, is an essential
process for embryonic stem cells
to differentiate into other cell
types. Chd1 activity is specifically
regulated by phosphorylation
on the N-terminal region of the
protein. The new study shows that
when this region is deleted, the
result is aberrant differentiation
phenotypes.
Lim and the team took an
in-depth look using mouse
embryonic stem cells. They
partially deleted a segment of the
Chd1 gene that was responsible for
encoding the Chd1 protein, which
resulted in a shortened Chd1
protein lacking the N-terminal
region. Aberrant differentiation
phenotypes were observed through
an in vitro model when this
truncated protein was expressed
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Immunology:

‘Double agent’ skin cells in fight
against dengue

© 2015 A*STAR Singapore Immunology Network

Scientists identify the skin immune cells targeted by the dengue virus when
it infects a person
found that the main target of
the virus is antigen-presenting
cells — key players in initiating
an immune response as they
present microbes to immune cells.
On further analysis, the scientists
discovered that only certain
antigen-presenting cells were
susceptible to infection, namely
macrophages and three of the four
kinds of dendritic cells.
There is a certain irony to
these
results as they indicate
?
that
these
skin immune cells are
Dengue virus
simultaneously an entry point of
the dengue virus into the body
and leaders in the fight to rid the
body of the virus.
Blood
Lymphatic
The findings are critical to
vessel
vessel
the fight against dengue. “It is
A*STAR researchers have found that the dengue virus targets antigen-presenting cells in vital to understand the initial
human skin.
steps that occur during a natural
infection, as these are the basis of
Cells in the skin immune system
had not been clear which compo- a subsequent immune response,”
that act as ‘gateways’ enabling the nents of the skin were involved in explains Fink. “By learning which
dengue virus to spread through
spreading the virus throughout
cells will eventually present
the body have been identified by
the body — until now (see image). antigens to T cells, we can predict
A*STAR researchers1.
the type of response we need to
Dengue is a global health
trigger during immunization or
“We believe that working
concern that is growing at an
vaccination in order to create
alarming rate. Approximately
with primary human cells and an efficient and lasting memory
390 million people are infected
tissue, no matter how tedious against the virus.”
by the virus each year, and the
Fink is a strong advocate of
and difficult it can be, provides
World Health Organization now
the
approach adopted in the
very real insight into the
estimates that about half of the
study. “We believe that working
biology of dengue disease.”
world’s population is at risk of
with primary human cells and
infection. Although the virus
tissue, no matter how tedious and
generally causes relatively mild
By infecting skin from human difficult it can be, provides very
symptoms such as fever, headaches donors and examining its response real insight into the biology of
and rashes, in certain cases it
to infection, Katja Fink at the
dengue disease,” she says.
can lead to potentially fatal
A*STAR Singapore Immunology
In the future, the team
organ failure.
Network and co-workers have
intends to study the responses
Like malaria, dengue is transdiscovered that the dengue virus
of dengue-virus-specific T cells
mitted by mosquitoes and enters
targets certain immune cells in
activated by different subsets of
the body via the skin. However, it human skin. Specifically, they
infected dendritic cells.
20
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1. Cerny, D., Haniffa, M., Shin, A.,
Bigliardi, P., Tan, B. K. et al. Selective
susceptibility of human skin
antigen presenting cells to
productive dengue virus
infection. PLoS Pathogens 10,
e1004548 (2014).
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Skin:

Healing wounds
with pain
Pain receptors in the skin also play an important role
in wound healing

© 2015 A*STAR Institute of Medical Biology

opioid receptor. This indicated
that although skin cells did
proliferate, they had problems
migrating to the wound bed.
Studies by Bigliardi and his
team of the specif ic pathways
and mechanisms involved in the
skin opioid receptor system in
human cells demonstrated that
when the receptors were exposed
to opioids, cha nges occurred
in cell-to-cell adhesion and cell
migration patterns.

Faster wound closure is observed in overexpressing opioid receptors treated with the
body’s own opioids (enkephalins): (Top row) Control skin cells, left panel is 0 hours, right
panel is 9 hours after wounding. (Bottom row) δ-opiod receptor overexpressing skin cells,
left panel is 0 hours, right panel is 9 hours after wounding.

A*STAR researchers have found
that specialized skin receptors
associated with sensing pain
also loosen the bonds between
cells in skin wounds, enhancing
the cells’ ability to move into
the wound and accelerate the
healing process1.
“The most exciting thing is
that we can now show that
neuropeptides, which are
well known in the central
nervous system and are
involved in pain sensation,
are also involved in
wound healing.”
These specialized receptors
are called ‘opioid receptors’
because they bind to opioids, a
class of painkillers that includes

“We can use these principles
to affect or control pain and
at the same time induce
wound healing.”

“The most exciting thing
is that we can now show that
morphine. Identified in the early
neuropeptides, which are well
1970s, opioid receptors were found known in the central nervous
to numb pain by binding to neuro- system and are involved in pain
peptides, such as endorphins and
sensation, are also involved in
enkephalins. In the 1990s, Paul
wound healing,” says Bigliardi.
Bigliardi and Mei Bigliardi-Qi
This means that pain sensation is
were the first to discover that these probably very important in wound
receptors also existed in the outer
healing and that the nervous
layer of skin, the epidermis.
system, skin and immune system
Now, Paul Bigliardi and
are closely related, he explains.
colleagues at the A*STAR
The results of this study also
Institute of Medical Biology
have clinical implications. “We
report that opioid receptors in
can use these principles to affect
human skin play an important
or control pain and at the same
role in influencing cell differtime induce wound healing,”
entiation, migration and adhesays Bigliardi.
sion and are crucial components
Bigliardi’s team has patented
in the wound-healing process
a product that can be applied
(see image). This link had
topically and are in the process
previously been demonstrated
of preparing clinical trials to test
in a mouse model by the
it. They expect that the proof of
delayed healing and thickened
concept for the product will be
wound edge in mice lacking the
ready in about 18 months.
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1. Bigliardi, P. L., Neumann, C.,
Teo, Y. L., Pant, A. & Bigliardi-Qi, M.
Activation of the δ-opioid receptor
promotes cutaneous wound
healing by affecting keratinocyte
intercellular adhesion and
migration. British Journal of
Pharmacology 172, 501–514 (2015).
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Cell biology:

Cell skeleton structure
breakthrough

© 2015 A*STAR Institute of Molecular and Cell Biology

A protein structure that went unsolved for 20 years has revealed how cells
regulate their skeletons

An illustration of thymosin-β4 (colored) bound to actin (gray).

Insight into the regulation of cell
skeleton structure has come from
a study by A*STAR researchers1.
The work, which solved a protein
structure that has eluded scientists
for 20 years, should lead to
further insights into many cellular
processes and could even help to
combat cancer.
The outer membrane of a cell
is supported by a cytoskeleton
that is built from actin, a globular
protein that links together to
make chains, which in turn form
fibers that make up the skeleton.
Lengthening and shortening of
actin chains enables rapid changes
in the cytoskeleton, a crucial
adaptive process.
“Actin is essential in numerous
cellular processes, including
cell motility, cell division, cell
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signaling, establishment of cell
junctions, and maintenance of
cell shape,” explains lead author
Bo Xue from the A*STAR Institute
of Molecular and Cell Biology. “In
addition, cancer cells often become
invasive by increasing migratory
signals to the cytoskeleton.”
“A deeper understanding of
actin regulation will enable
researchers to find better
ways to fight cancer.”
A pool of unlinked actin is
stored in cells to enable immediate
changes to the cytoskeleton, but
this pool requires tight regulation
to prevent actin chains forming
randomly. Two proteins involved
in this regulation are thymosin-β4

(Tβ4) and profilin. The structure
of profilin has been known for
20 years, but since then attempts
to solve the structure of Tβ4 have
failed. Xue and colleagues succeeded by fusing actin and Tβ4 so
as to image the structure when the
two proteins were bound together
(see image).
The team saw two different
structures of Tβ4, each bound
differently to actin. One structure
concealed the chain-forming
regions of actin, explaining how
Tβ4 blocks chain formation. The
other allowed profilin to bind to
actin at the same time. In this
complex, Tβ4 and profilin each
modulated the strength of the
other’s interactions with actin.
“When combined with
biochemical assays and molecular
dynamics simulations, such details
allow us to propose a mechanism
of actin exchange between profilin
and Tβ4, the two major players in
maintaining the monomeric actin
pool,” explains Xue.
The researchers suggest that
the two proteins can pass actin
between them without allowing
it to freely move inside the cell,
preventing it from adding to the
cytoskeleton in a random way.
“This general mechanism of
actin regulation is applicable to
many cellular processes in cells
that contain β-thymosins and
profilins,” explains Xue, who
says that such insights could have
more specific applications. “A
deeper understanding of actin
regulation will enable researchers
to find better ways to fight cancer,”
he concludes.

1. Xue, B., Leyrat, C., Grimes, J. M.
& Robinson, R. C. Structural
basis of thymosin-β4/profilin
exchange leading to actin filament
polymerization. Proceedings of the
National Academy of Sciences USA
111, E4596–E4605 (2014).
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Cancer:

Tying down tumor
transformation
Introducing viral proteins into normal cells causes a switch to a cancer-like
state, modulated by key cancer signaling pathways in the cells

The introduction of polyoma virus small T proteins into human skin cells in culture (shown) was shown to increase the activity of
Yes-associated protein (YAP), which is implicated in tumor formation.

Using gene delivery techniques,
the researchers found that
increasing YAP activity in normal
cells can replace the role of small
T viral proteins in supporting cell
growth without a solid substrate.
Furthermore, they showed that
when YAP expression was reduced,
there was a restriction in the
anchorage-independent growth
of cells expressing SV40 small
T proteins.
Although the role of SV40
virus has not been proven in
human cancer, polyoma virus
has been implicated in causing
a type of human skin cancer
known as Merkel cell carcinoma.
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The researchers therefore decided
to extend their experiment to
polyoma virus proteins. They
found that the introduction of
polyoma virus small T proteins into
human cells in culture increased
the activity of YAP. When YAP
activity was reduced, however, the
polyoma virus small T proteins
showed reduced ability to induce
tumor formation.
These findings indicate that
the activation of YAP is required
for viral transformation of normal
cells into tumor cells. “Strategies to
target YAP activity could lead to the
development of a new generation of
cancer drugs,” says Cohen.
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Normal cells can be transformed
into tumors in cell culture
systems by introducing various
genes, including some that come
from viruses. Now, a team of
Singapore-based researchers have
identified the signaling pathways
involved in this mode of tumor
transformation1. The findings
could provide novel targets for drug
development against cancers caused
by the viruses.
Normal cells usually must
adhere to a substrate in order to
grow. But the introduction of genes
that express viral proteins — such
as the small T proteins from the
SV40 virus or the polyoma virus
— into normal cells causes a switch
that allows the cells to grow without
being attached to a substrate. Such a
lack of attachment is a key property
of many tumors.
The researchers, led by
Stephen Cohen from the A*STAR
Institute of Molecular and Cell
Biology, focused on the Hippo
tumor suppressor pathway. This
regulatory pathway involves a series
of signaling events that prevent
cells from transforming into
tumors, including the inactivation
of the transcriptional activator
Yes-associated protein (YAP).
Previous work has shown that
by increasing YAP expression
normal cells are enabled to grow
even without adhering to their
substrate — a similar switch to that
induced by the expression of virus
proteins. The findings led Cohen
and his colleagues to hypothesize
that YAP may be involved in the
transformation of normal cells into
tumors by viruses.

1. Nguyen, H. T., Hong, X., Tan, S.,
Chen, Q., Chan. L. et al. Viral small
T oncoproteins transform cells
by alleviating Hippo-pathwaymediated inhibition of the YAP
proto-oncogene. Cell Reports 8,
707–713 (2014).
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Developmental biology:

Directing cell fates
A master gene determines whether cells become pancreatic or liver cells

Reprinted from Ref. 1, Copyright 2015, with permission from Elsevier.

fate. Such regulatory genes produce
proteins that bind to DNA in the
nucleus of a cell and switch genes
on or off. Dunn wanted to discover
which genes the PDX1 protein was
binding to.
Using a technique known as
chromatin immunoprecipitation
combined with DNA sequencing,
Dunn’s team determined exactly
where PDX1 was sitting astride
the DNA — and hence which
genes it was regulating. It turned
out that PDX1 was activating
many genes that were needed to
make a pancreas (see image).

An immunofluorescence image showing early pancreatic progenitor cells marked by the
PDX1 protein in green and a nearby patch of liver progenitor cells shown in red.

“PDX1 activates pancreatic
genes and represses
liver genes so it is helping the
embryo to assign the right zip
code for a particular organ.”

A gene in human embryonic stem
cells not only steers them to form
a pancreas but simultaneously
prevents them from becoming
liver cells, A*STAR researchers
have shown1. This discovery is an
important step toward growing
functioning pancreatic beta cells in
a dish, which may eventually help
treat some forms of diabetes.
Ray Dunn first came across
the ‘pancreatic and duodenal
homeobox 1’ (Pdx1) gene as a PhD
student in the USA. “There was
a lab around the corner from me
where they inactivated the Pdx1
gene and the resultant mice had this
dramatic phenotype — they had no
pancreas,” he recalls.
“Of course the mice died rapidly
because, without the pancreatic

The researchers were surprised
to find that even though PDX1
is not expressed in the liver itself,
it was found sitting on some liver
genes in the DNA.
“So our simple hypothesis
is that it is also acting as a
repressor,” says Dunn. “This is
interesting from a developmental
biology point of view because the
liver and the pancreas develop
from the same embryonic germ
layer in close proximity to
one another.”
“PDX1 activates pancreatic
genes and represses liver genes so
it is helping the embryo to assign
the right zip code for a particular
organ,” Dunn remarks. “This is
the first time that PDX1 has been
‘rebranded’ as a repressor protein.”
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beta cells that make insulin, they
couldn’t regulate their blood
glucose. It was really fascinating.
How did inactivating one gene stop
the organ from forming?”
Dunn, now at the A*STAR
Institute of Medical Biology in
Singapore, has been working with
colleagues on the human analogue
of the mouse gene Pdx1, PDX1,
encouraging human embryonic
stem cells to differentiate into
pancreatic cells.
“As we were differentiating
stem cells and trying to get them to
become beta cells, we spent a lot of
time working on the activation of
PDX1 — turning it on at the right
time and in the right place,” he says.
PDX1 was already known to be
a ‘master regulator’ of pancreatic

1. Teo, A. K. K., Tsuneyoshi, N., Hoon, S.,
Tan, E. K., Stanton, L. W. et al. PDX1
binds and represses hepatic
genes to ensure robust pancreatic
commitment in differentiating
human embryonic stem cells. Stem
Cell Reports 4, 578–590 (2015).
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Immunology:

A factor of wide significance
New roles revealed for immune-regulatory protein may have significant
clinical implications
The dendritic cells themselves are
stimulated by antigens binding to
a protein receptor called dectin-1
that protrudes from the dendritic
cell surface.
“We have performed the first
systematic study of NFATc2
activity in dendritic cells under
dectin-1 stimulation,” says Yu.
The investigation began by stimulating NFATc2 production and
activity in mouse dendritic cells
by binding of a fungal molecule
to dectin-1. This allowed the
“We identified about 20
wide range of genes and related
processes that NFATc2 activated
regulatory molecules known
as cytokines and chemokines in response to the dectin-1 stimulation to be identified.
that are themselves directly
The role of NFATc2 in
regulated by NFATc2.”
dendritic cells proved to be
surprisingly varied. “We
Drugs that suppress NFAT
identified about 20 regulatory
activity are used to treat autoimmolecules known as cytokines
mune diseases and prevent
and chemokines that are
rejection of transplanted organs.
themselves directly regulated by
“As NFAT inhibitors are globally
NFATc2,” Yu adds. He points out
in clinical use, our results are
that each of these molecules has
immediately relevant to improving its own complicated function in
medical treatment,” says Yu. He
regulating the immune system,
suggests that understanding how
and that examining their activito prevent the potentially serious
ties may allow better treatment of
side effects of these drugs may be
disease with NFAT inhibitors.
a key benefit of the research.
An equally important finding
The activity of NFAT inhibiwas that NFATc2 altered the
tors are known to depend on their chemical modification pattern of
effects on T cells, but studies in
histone proteins associated with
rodents had suggested they might DNA within chromosomes. Such
also have significant effects on
‘epigenetic’ modification to affect
other immune cells, particularly
genes critical to the immune
dendritic cells. The main function system was hypothesized by the
of dendritic cells is to process
A*STAR team before undertaking
foreign materials — antigens —
the research, so it was both
and present them to the surface
satisfying and significant to
of T cells to stimulate the T cells
find their hypothesis confirmed,
into their immune responses.
Yu recalls.
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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Surprising insights into the
activities of a ‘transcription
factor’ protein that controls genes
in cells of the immune system
could change medical practice
and clarify the protein’s role in
immunity. Hongbing Yu and
colleagues at A*STAR’s Singapore
Immunology Network investigated NFATc2, a member of the
‘nuclear factor of activated T cells’
family of proteins1.

The immune system depends on complex cooperation between many types of cell.

Yu emphasizes that this is an
entirely new role for NFATc2,
adding another layer of regulation
to consider when NFAT inhibitors
are used in clinical treatments.
Exploring the significance of these
surprises is the next challenge.

1. Yu, H.-B., Yurieva, M.,
Balachander, A., Foo, I., Leong, X.
et al. NFATc2 mediates epigenetic
modification of dendritic cell cytokine
and chemokine responses to dectin-1
stimulation. Nucleic Acids Research
43, 836–847 (2015).
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FEATURES & INNOVATIONS

TREATING DISORDERS
THAT GET UNDER YOUR SKIN
Research at A*STAR may soon lead to better therapies for itching and acne
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night’s sleep with
blood a ll over
their sheets and
pajamas and
scratch marks on
their bodies.”
Itching is just
one of the many
skin conditions
b e i n g s t u d ie d
by researchers at
the IMB.

Scratching
the surface

Skin cell

Neurite

10 µm

Chronic itching
Scanning electron microscopy image of co-cultured human skin cells and nerve
manifests in
fibers (yellow arrows) reveal that neurons interact closely with the membrane of
skin cells..
a broad ra nge
of disorders,
including kidney and liver failure, dia- effective treatments very difficult.”
betes, HIV infection, eczema and psoFurthermore, itch, like pain, is very
riasis, autoimmune diseases, cancers and subjective, so studying animal models
allergies. “As a result, no single discipline is of limited use. “You cannot ask a
feels responsible for studying the itch,” mouse if it feels a burning or an itching
says Bigliardi, “which makes finding sensation. You need human subjects.”
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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T

he sensation f lutters across
your back like a butterf ly
and crawls up your neck
like a spider, provoking an
irresistible urge to scratch. For most of
us, an itch ends there, but thousands of
unlucky people continue to suffer for
days, months or even years with only
momentary relief.
“Pain? That is easy to deal with, my
patients often tell me. But itching kills
you,” says Paul Bigliardi, a clinical
dermatologist, allergist and immunologist at the A*STAR Institute of Medical
Biology (IMB) and National University
Hospital in Singapore. For more than
a decade Bigliardi has been treating
patients with chronic and intractable
itching, and has recently unearthed surprising findings that may lead to more
effective treatments.
Patients with severe cases of itching,
says Bigliardi, have difficulty concentrating and sleeping. “They scratch their
skin away and wake up from a very bad

© 2015 A*STAR Institute of Medical Biology
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Objective methods for measuring exactly
how itchy a person actually feels need
to be improved. Despite these challenges recent advances in deciphering
biological processes in the peripheral and
central nervous systems have improved
our understanding of the distinct itch
pathway. An itch usually originates from
the skin, induced by various mechanical,
chemical, infectious or inf lammatory
triggers, and is then transmitted via the
peripheral nervous system to the central
nervous system. Less frequently, an itch
originates directly in the peripheral and
central nervous systems. Neurologic and
psychiatric disorders can further aggravate the sensation.
In 2007, Bigliardi revealed a clear link
between itching and two types of opioid
receptors expressed in skin cells. Mice
lacking these receptors scratched less than
normal mice when a chronic inflammatory skin condition was induced. Many
researchers thought that opioid-induced
itching was derived solely from the central
nervous system, until Bigliardi’s results
proved otherwise. In clinical studies on
patients with severe, chronic itching, he
found that applying a cream containing
a molecule called methylnaltrexone
that inhibits opioid-receptor activity by
preventing molecules from binding to
the receptors halved itching intensity
nearly 30 minutes faster than in patients
who used a soothing moisturizer alone.
Importantly, methylnaltrexone does
not cross the blood–brain barrier and is
selective to peripheral opioid receptors.
“This was an entirely new concept; that
sensations like itch and pain could also
be influenced from the periphery, not just
from the central nervous system.”
T he E xperimenta l Dermatolog y
Laboratory at the IMB, which Bigliardi
heads, is building on this discovery by
developing the first cellular model for
studying the interaction between skin
cells and nerve cells by growing them
in the same Petri dish (see image). They
plan to test different compounds on the
co-culture to better understand how
signals are transferred from the skin cells
to the nervous system.
Bigliardi is also the director of the
Clinical Research Unit for Skin, Allergy
www.astar-research.com 

and Regeneration (CRUSAR) at the
IMB, which started its first clinical trial
in June 2015 and will be a comprehensive
testing ground for theories, strategies
and devices to diagnose and treat skin
disorders like itching and acne, as well as
wound healing and allergy.

Acne lab
Acne, like itching, remains a puzzle to
researchers. While mild acne usually
resolves spontaneously, severe conditions
require medical intervention and can lead
to scarring or disfigurement.
Poor understanding of why acne
develops has yielded a lack of effective
drugs to treat it. These must be taken for
a long time and have potentially severe
side effects. Maurice van Steensel, a
dermatologist and molecular geneticist at
A*STAR, is studying a genetic pathway
associated with acne that might offer a
direct route to a new class of drugs for
treating the skin condition. “It has the
potential to be the biggest breakthrough
in the field and could change our understanding of acne entirely,” he says. Van
Steensel heads the IMB’s Acne Lab,
which was established in 2013 as part of
the Skin Research Institute of Singapore.
The long accepted cause of acne begins
with the excess production of keratin —
a protein that makes up skin, hair and
nails. Hormonal changes during puberty
or a genetic predisposition can exacerbate
this process. The keratin accumulates
inside hair follicles and eventually blocks
the secretion of an oily lubricant called
sebum from the sebaceous glands. The
clogged follicles then form comedones
— either whiteheads (covered by skin)
or blackheads (not covered by skin).
Comedones are vulnerable to infection
by the bacteria Propionibacterium acnes,
leading to inflammation and the formation of pimples.
Va n Steensel ’s resea rch suggests
this model is f lawed and that keratin
accumulation is not a cause but rather a
consequence of other events potentially
linked to genetic factors that lead to
comedo formation.
Research informed by the prevailing
model has not produced a new class of
acne drugs in two decades. Furthermore,

A three-dimensional culture system used to study the effects of
acne genes on cell growth and differentiation.

researchers are increasingly uncertain
about the role of P. acnes in acne. Animal
models used, such as hypersensitive
rabbit ears or the hairless rhino mouse
with its nude drapery of skin, are poor
substitutes for human skin.
Instead, van Steensel studies ultra-rare
genetic skin disorders that can point to
specific genes and pathways involved in
acne and could be targeted for treatment.
Just before joining A*STA R, he
discovered genetic mutations associated
with a progressive disorder characterized
by severe acne called Borrone dermatocardioskeletal syndrome. “Acne follows if
the pathway that the Borrone genes are
in is dysfunctional,” says van Steensel.
The Acne Lab is studying the effect of
these genes on cell growth using threedimensional models (see image above).
They are also developing zebraf ish
models of the disease, as well as skin cells
such as fibroblasts with the acne genes
mutated. They plan to use these models
to test for compounds that can correct
abnormal cellular behavior. “By focusing
on libraries of drugs already in clinical
use for other disorders, we have a very
quick path to the clinic.”
“There are a lot of converging interests
in Singapore and a very collegial spirit
at A*STAR,” says van Steensel. “Sharing
space with top-notch scientists and
state-of-the-art facilities has proved to be
very beneficial.”
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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CHEMISTRY &
MATERIALS

Catalysis:

Understanding the ethanol steam
reforming reaction mechanism is crucial
for the design of cheap and efficient
catalysts able to convert biomass into
hydrogen fuel.

Uncovering a
reaction’s secrets
A theoretical and experimental study could lead to improved catalysts for
producing hydrogen fuel from waste biomass
Experimental analysis and
computer simulations reveal new
insights into the process by which
ethanol produced from waste
biomass can be converted into
hydrogen in the presence of a
catalyst. These insights should aid
the design of more efficient catalysts
for hydrogen production.
Hydrogen gas is an environmentally friendly alternative to
fossil fuels. Today, through a
process known as steam reforming,
hydrogen is obtained by using
steam to break up a hydrocarbon
— most commonly, methane in
natural gas. However, ethanol
produced by fermenting waste
biomass is potentially a cleaner
starting material for this process.
Despite having been extensively
studied in recent years, steam
reforming of ethanol is currently
too inefficient to produce hydrogen
on an industrial scale. This stems
partly from the complexity of its
reaction, which can yield a range
of different products. “Our lack
28
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of understanding of the detailed
reaction mechanism hinders further
improvement of a catalyst for the
reaction,” explains Jia Zhang of the
A*STAR Institute of High Performance Computing in Singapore.
“The reaction was a black box before
we started exploring it.”
Now, Zhang and her co-workers
have used experiments and
computer simulations to probe how
ethanol breaks down into hydrogen
on rhodium catalysts supported
on zirconia-based oxides1. These
nanosized catalysts had previously
been shown to be highly active for
this reaction.
The team used gas chromatography and mass spectrometry
to monitor in real time the
intermediate species that form as the
reaction proceeds. These measurements revealed that the C2H4O
species is an important intermediate. Of the two possible structures
this species can adopt, acetaldehyde
(CH3CHO) was identified as the
most probable one by the team’s

computer calculations. The calculations also showed that water plays
an unexpectedly important role in
controlling the reaction pathway.
Based on this knowledge, the
team proposed a mechanism for
the reaction under their chosen
conditions. Hydrogen is produced
at most stages along the pathway,
including the final step in which
carbon monoxide reacts with water
to produce hydrogen and carbon
dioxide. The team’s calculations
showed that the success of this final
step is critical in determining the
amount of hydrogen produced by
steam reforming.
“Our theoretical simulations
and experimental analysis provide
important information on the
reaction mechanism,” says Zhang.
“This is a fundamental step forward
in our understanding of the catalyst, which is the basis of catalyst
design.” The team’s ultimate goal is
to design catalysts that can produce
hydrogen more cheaply and efficiently than current catalysts.

1. Zhang, J., Zhong, Z., Cao, X.-M., Hu, P.,
Sullivan, M. B. & Chen, L. Ethanol
steam reforming on Rh catalysts:
Theoretical and experimental
understanding. ACS Catalysis 4,
448–456 (2014).
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Stem cells:

Nano packages for anticancer
drug delivery
Drugs delivered by nanoparticles can simultaneously attack cancer cells
and cancer stem cells

“The combination shrank
tumors by more than
40 per cent and was more
effective than treatment
with either drug alone.”
In the first study to use
polymer nanoparticles to deliver
phenformin to target both cancer

Tumor mass

Tumor
regression

Phenformin-loaded
nanoparticle
Cancer
cells

Cancer stem cells

Phenformin-loaded nanoparticles kill both cancer cells and cancer stem cells, leading to tumor regression.

cells and cancer stem cells,
Yang and co-workers found that
phenformin-loaded nanoparticles
targeted both kinds of cancer
cells in a mouse model of human
lung cancer.
The nanoparticles released the
drug in a sustained manner due
to their hydrophilic shells, which
“prevent enzymatic degradation
of the cargo and protein adsorption onto the nanoparticles,”
explains Yang. “This also prolongs
blood circulation so that the
cargo-loaded nanoparticles have
enough time to accumulate in
tumor tissues.”
This delivery method enabled
Yang and her team to arrest the
growth of cancer and cancer stem
cells when the nanoparticles were
delivered to implanted human
lung cancer in mice.
“The results showed that the
phenformin-loaded nanoparticles

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

were more effective than free
phenformin in inhibiting the
growth of both cancer stem cells
and normal cancer cells,” Yang
says. Moreover, the nanoparticles
did not induce the liver toxicity
observed in systemically administered phenformin.
The method can also be
extended to other drugs. The team
has used the nanoparticle-based
delivery system in a mouse model
of human breast cancer to deliver
the anticancer drug, doxorubicin
— another drug that is toxic at
certain doses but is capable of
killing cancer stem cells. “The
combination shrank tumors by
more than 40 per cent and was
more effective than treatment with
either drug alone,” says Yang.
The team is now seeking to
collaborate with pharmaceutical
companies to bring this technology
to human clinical trials.

© 2015 A*STAR Institute of Bioengineering and Nanotechnology

Cancer stem cells are resistant to
chemotherapy and consequently
tend to remain in the body even
after a course of treatment has finished, where they can often trigger
cancer recurrence or metastasis.
A new study by researchers from
the A*STAR Institute of Bioengineering and Nanotechnology has
found that using nanoparticles to
deliver an anticancer drug that
simultaneously kills cancer cells
and cancer stem cells significantly
reduces the recurrence and metastasis of lung cancer.
The drug phenformin is very
effective against cancer stem
cells. It is related to the popular
antidiabetic drug metformin but
is 50 times more potent against
cancer cell lines. However, phenformin is too toxic in its free form
to be administered to patients at
the doses required to kill both
normal cancer cells and cancer
stem cells. Now, Yi Yan Yang and
her colleagues at the A*STAR
Institute of Bioengineering and
Nanotechnology in Singapore
have found a way to overcome this
problem — using self-assembling
polymer nanoparticles to deliver
the drug1.

1. Krishnamurthy, S., Ng, V. W. L.,
Gao, S., Tan, M. H. & Yang, Y. Y.
Phenformin-loaded polymeric
micelles for targeting both cancer
cells and cancer stem cells in vitro
and in vivo. Biomaterials 35, 9177–
9186 (2014).
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Bioimaging:

Illuminating live neurons in
real time

© 2015 A*STAR Singapore Bioimaging Consortium

A fluorescent molecule selectively labels live neurons in the brain for the
first time

50 µm
The Neuron Orange probe (green) selectively labels neurons in mouse brain slices. Nuclei
stained by the Hoechst 33342 dye appear blue.

Information processing and
transmission in the brain hinge
on electrical and chemical signals
emitted and received by neurons.
Now, A*STAR researchers
have developed the first small
molecule capable of selectively
labeling these cells, which is
expected to shed light into these
complex mechanisms1.
“This means that the dye
penetrates the blood–brain
barrier and selectively stains
neurons in the live brain.”
Existing neuron labels,
such as fluorescent dyes and
proteins, exhibit low selectivity
or require complicated genetic
manipulations that may reduce
cell viability. In addition, these
systems only work for frozen or
fixed brain tissue. In contrast, the
new fluorescent probe, known
30
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as Neuron Orange (NeuO),
exclusively stains live neurons in
the presence of other brain cells.
According to team leader
Young-Tae Chang from the
A*STAR Singapore Bioimaging
Consortium, this ability facilitates the real-time monitoring of
neuron growth and interaction
with other cells over extended
periods. This provides essential
insight into neural development,
networking and degeneration.
In a continuous effort to
simultaneously visualize the
four types of cells coexisting in
the brain — neurons, microglia,
astrocytes and oligodendrites —
Chang’s team has searched for
probes that can differentiate these
cells from each other.
The researchers were able
to identify NeuO using highthroughput screening. In this
approach, they exposed a library
of fluorescent molecules to brain

cells cultured in vitro to determine a potential neuron-selective
candidate. Next, they systematically modified the functional
groups of this candidate and
evaluated the impact of these
structural changes on its response
to enhance its selective staining.
This study showed NeuO to be
the most neuron-selective stain.
In vitro fluorescence imaging
showed that NeuO stained the
area surrounding the nuclei
and extended to the branched
portions of the neurons. Also,
the probe did not affect cell
survival rate, morphology or
function. When combined with a
microglia-selective probe for dual
imaging, it clearly discriminated a
large neuron from other cells.
In addition to effectively
dying brain slices (see image),
NeuO labeled neurons of the
hippocampus, cerebellum
and spinal cord when administered intravenously into the
tail vein of mice. “This means
that the dye penetrates the
blood–brain barrier and selectively stains neurons in the live
brain,” explains Chang. “This is
quite striking,” he adds, noting
the potential for use of NeuO in a
clinical setting.
The researchers are currently
exploring ways to incorporate
NeuO into multifunctional
probes emitting at different colors
to achieve several simultaneous
detections. Also, they are
improving the properties of
this new molecule to expand its
potential application to in vivo
imaging and drug delivery.

1. Er, J. C., Leong, C., Teoh, C. L.,
Yuan, Q., Merchant, P. et al. NeuO:
A fluorescent chemical probe for
live neuron labeling. Angewandte
Chemie International Edition 54,
2442–2446 (2015).
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Membrane transport:

A molecular ‘straw’
Powered by a proton gradient, a world-first helical molecule transports
water across membranes
compartment (vesicle) drew a
blank. “We repeatedly failed to
demonstrate the water-transporting ability of the molecule
when using a sodium chloride
concentration gradient,” he says.
“If a proton gradient is used
as the driving force instead,
the concentration difference
needed would be exceedingly
small. This would translate
into huge energy savings on
an industrial scale.”
“Despite my skepticism, we
proceeded to investigate whether
a proton gradient could induce
water transport. We were very
surprised to find that it could.”
The system is the first known
example of ‘proton gradient
induced’ water transport. “I am
not aware of any other man-made
or natural system that does
this,” says Zeng. “It seems to be
without precedent.”
Zeng explains that the
team’s molecular straw beats the
naturally occurring aquaporins
in a number of ways. It is
40 times lighter, has a higher
thermal stability, is expected to
scale-up more easily for industrial
applications and retains its functionality better when inserted into
biomimetic membranes.
Zeng thinks this, and
derivative molecules, may become
“next-generation nanofiltration
membranes for water purification
applications, including sea-water
desalination and waste-water
reclamation.”

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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Getting water across lipid
membranes is not easy. In
nature, molecules called
aquaporins, discovered in the
1990s, move water from one
side of a biological membrane
to another, but the molecules
are fragile and bulky. Now,
researchers from the A*STAR
Institute of Bioengineering and
Nanotechnology have synthesized
a much smaller molecule, which
behaves like a molecular ‘drinking
straw’ and which may have
applications in water purification
and elsewhere.
For some years, Huaqiang
Zeng of the A*STAR Institute of
Bioengineering and Nanotechnology has led a team aiming to
produce tubular molecules that
can pipe water across membranes.
In 2012, they created molecules
that stacked into a helical tube,
but, unfortunately, this tube was
not particularly good at holding
water in its central tunnel1.
Undeterred, Zeng’s team set
out to modify that molecule.
Substituting a carboxyphenyl
group for a carboxybenzyl group
was just what was needed — once
again the molecules stacked into a
helix, but this time it comfortably
held a ‘string’ of water molecules
(see image)2.
“The continuous one-dimensional ‘water chain’ trapped by
the molecules is indispensable for
mediating water transport across a
lipid membrane,” says Zeng.
But early experiments
attempting to use osmotic pressure to drive water through the
straw into a membrane-bound

A molecular ‘drinking straw’. The blue and orange molecules are identical and stack to
form a helix, the central tube of which holds a one-dimensional string of water molecules.

He says that osmotic agents
often have to be at concentrations
exceeding 100 millimolar to
drive water movement in forward
osmosis nanofiltration. “If a proton
gradient is used as the driving force
instead, the concentration difference needed would be exceedingly
small,” Zeng says. “This would
translate into huge energy savings
on an industrial scale.”

1. Zhao, H. Q., Ong, W. Q., Zhou, F.,
Fang, X., Chen, X. Y. et al. Chiral
crystallization of aromatic helical
foldamers via complementarities
in shape and end functionalities.
Chemical Science 3, 2042–2046
(2012).
2. Zhao, H. Q., Sheng, S., Hong, Y. H. &
Zeng, H. Q. Proton gradient-induced
water transport mediated by water
wires inside narrow aquapores of
aquafoldamer molecules. Journal of
the American Chemical Society 136,
14270–14276 (2014).
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Polymer chemistry:

A block copolymer that can alter its
structure in response to salt solution,
enabling it to survive intact in dynamic
marine environments. The material may
prove useful for creating nontoxic
alternatives to antifouling paint used
on boats.

Smart micelles for marine
environments
A polymeric material that changes its structure when immersed in
salt water could help protect ships and marine structures
‘Smart’ materials that alter their
structure in response to specific,
controllable stimuli have applications
in various fields, from biomedical
science to the oil industry. Now,
A*STAR researchers have created a
self-assembling polymeric material
that changes its structure when
moved from water to an electrolyte
solution, such as salt water1. The
material could help improve coatings
used to protect surfaces from the
build-up of biological contaminants,
particularly surfaces under the sea.
Materials composed of segments
of two different monomers, each
with different characteristics,
are known as block copolymers.
Vivek Vasantha at the A*STAR
Institute of Chemical and Engineering Sciences, together with scientists from across Singapore under
the Innovative Marine Antifouling
Solutions program, developed a
new block copolymer that can
self-assemble into spherical micelle
structures in which one monomer
forms the core and the other forms
32

www.astar-research.com 

the outer shell. The monomers are
hydrophilic poly(ethylene glycol), or
PEG, which mixes well with water,
and halophilic polysulfabetaine
(PSB), which prefers salt solution.
“We created salt-responsive block
copolymers that self-assemble in
water to form either ‘conventional’ or
‘inverse’ micelles,” states Vasantha.
The conventional micelles form in
deionized water and have a core of
halophilic PSB with a hydrophilic
PEG shell. However, the team
showed that the micelles re-assemble
themselves when immersed in salt
solution; PEG formed the core, and
PSB formed the shell to create an
‘inverse’ micelle.
“The material is easily controlled
by salt alone, rather than by a
combination of several stimuli like
pH, temperature or light, which
some other smart materials require,”
explains Vasantha. “It appears to
be highly tolerant of fluctuations
in pH and temperature too, which
means that it is potentially useful for
dynamic marine environments.”

The researchers mixed the
block copolymers with primer to
create a nontoxic coating to replace
traditional antifouling paint.
Current coatings to prevent fouling
by marine organisms include toxic
chemicals, and become ineffective
after a short time because the
additives in the coatings break down
rapidly in sea water.
Vasantha’s team applied the new
coating to glass slides, which they
then immersed in the sea for two
weeks (see image).
“The antifouling behavior
of coatings is normally tested
in laboratory experiments,” says
Vasantha. “Throughout our unique
marine tests, the self-assembling
micelles kept the coated surfaces
intact and the coating displayed
reasonable antifouling behavior by
preventing settling by organisms
such as barnacles.”
The researchers anticipate that
their smart material will have other
potential applications in enhanced
oil recovery and biomedical science.

1. Vasantha, V. A., Jana, S., Lee,
S. S.-C., Lim, C.-S., Teo, S. L.-M.
et al. Dual hydrophilic and salt
responsive schizophrenic block
copolymers – synthesis and study
of self-assembly behavior. Polymer
Chemistry 6, 599–606 (2015).
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Nanotechnology:

Treating tumors with tea
Lauded for its health benefits, green tea now has another claim to
fame — the basis of a therapeutic delivery system for anticancer drugs

Catechin, a green tea derivative, has been combined with anticancer proteins to produce stable micellar nanocomplexes for the
delivery of anticancer drugs such as Herceptin.

binding polyethylene glycol–EGCG
to the cores.
The team then tested the
anticancer efficacy of the micellar
nanocomplex both in vitro and in
the body against a human breast
cancer cell line and compared it
with that of free Herceptin. The
results were encouraging. “The
carrier-delivered protein drugs
significantly reduced tumor growth
and were more effective against
tumors than the drug by itself,”
Chung reports.
Cancer is not the only potential
target for this drug delivery
system. “EGCG binds to many

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

biological molecules, such as proteins, peptides and genes, and this
is responsible for its many beneficial
activities,” notes Kurisawa. In
particular, EGCG is known to be
beneficial for cardiovascular and
metabolic health; it also exhibits
anti-HIV effects as well as neuroand DNA-protective effects. “Our
green-tea-based nanocarrier has
the potential to deliver a variety of
proteins, genes or drugs to improve
the treatment of other diseases
besides cancer,” remarks Chung.
The team now intends to
conduct clinical trials so that it will
benefit cancer patients.

© 2015 bit245/iStock/Thinkstock

The humble cup of tea has long
been regarded as a cure-all for the
hustle and bustle of modern life.
Now, researchers from the A*STAR
Institute of Bioengineering and
Nanotechnology have identified
another benefit of tea — they
have successfully used a major
component of green tea, a catechin
derivative, as the basis for a delivery
system for anticancer drugs1.
Delivering a drug to a targeted
site in the body requires a ‘carrier’
— a compound that encases the
drug. However, optimizing the
drug-to-carrier ratio can be a
major challenge. “This ratio is a
stumbling block in carrier design
because the carrier itself provides
no therapeutic effect,” explains
Jackie Ying. “Furthermore, high
quantities of the carrier may lead
to problems associated with drug
toxicity and metabolism.”
To overcome this problem,
Ying, along with Joo Eun Chung,
Motoichi Kurisawa and other coworkers, has designed a drug carrier
that possesses therapeutic effects.
The scientists identified a catechin derivative in green tea known
as epigallocatechin gallate (EGCG),
which has documented anticancer
effects, as the most promising
carrier candidate. They used EGCG
as the basis for 90-nanometerdiameter micellar nanocomplexes to
deliver the anticancer protein drug
Herceptin directly to tumors. The
researchers did this by oligomerizing
EGCG and then binding it to
Herceptin, which formed the core
of the micellar nanocomplexes.
Finally, they formed the outer shells
of the micellar nanocomplexes by

1. Chung, J. E., Tan, S., Gao, S. J.,
Yongvongsoontorn, N., Kim, S. H.
et al. Self-assembled micellar
nanocomplexes comprising
green tea catechin derivatives
and protein drugs for cancer
therapy. Nature Nanotechnology 9,
907–912 (2014).
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Tissue engineering:

Giving cells star treatment

Adapted by permission from Macmillan Publishers Ltd: NPG Asia Materials (Ref. 1), copyright (2014)

A three-dimensional star-shaped polymer network enhances cell adhesion
and growth for tissue regeneration

POSS

PLC

PU

Schematic representation of a star-shaped polymer network with polyhedral
oligomeric silsesquioxane (POSS) cores and crosslinked polycaprolactone (PCL)–
polyurethane (PU) arms.

Tissues and organs in the body
are sometimes damaged to
such an extent that they require
artificial support to heal. Now,
A*STAR researchers have used
star-shaped polymers to produce
a three-dimensional network that
is both compatible with human
tissue and facilitates cells to adhere
and proliferate under controlled
biological conditions¹.
To build this network,
Ming-Yong Han, Khin Yin Win
and co-workers from the A*STAR
Institute of Materials Research
and Engineering in Singapore
incorporated an inorganic component — polyhedral oligomeric
silsesquioxane (POSS) — into
a common tissue engineering
material, polycaprolactone–
polyurethane. This addition was
34
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designed to enhance the material’s
porosity and interaction with cells
as well as improve its thermal
and mechanical stability. POSS
consisted of a silica cube bearing
eight organic arms capable of
covalent bonding with other
polymers (see image). The silica
cube provided a rigid core from
which emerged polycaprolactone–
polyurethane arms.
To generate this material, the
researchers synthesized POSS
cores terminated by reactive
functional groups from an organic
alcohol, in the presence of a
silicon-based catalyst. They then
attached polycaprolactone units
to the cores to extend their arms.
Finally, they added the polyurethane precursor as a crosslinker to
complete the network.

Unlike its linear counterpart, the
POSS-based material had a rough
surface consisting of microscopic
spheres from which fibrous structures spread. The unique surface
morphology, which consisted of
water-repelling POSS and polymer
arms, helped the cells to adhere
and proliferate. This biomaterial
was biocompatible and had a high
porosity; these properties allowed
the material to promote cell growth
while simultaneously permitting the exchange of nutrients
and metabolites.
The researchers evaluated the
degradation of the polymer network
under physiological conditions for
52 weeks. The network decomposed
little during the first 24 weeks, but
subsequently lost weight rapidly.
Han explains that the waterrepelling nature and protective
effect of the POSS moieties limited
the initial hydrolytic degradation.
“The degradation accelerated only
after these POSS moieties had
broken down,” he adds.
This degradation behavior enables cell adhesion and proliferation
on the network during the initial
stage and elimination of the scaffold
after tissue has formed, making the
POSS-based network highly attractive as a scaffold. Moreover, most
cells remained viable when exposed
to the degradation products of these
POSS-based and linear polymers,
confirming their biocompatibility.
The team is currently exploring
ways to apply the star-shaped polymer
as a scaffold for tissue regeneration.
“We are planning to use it for threedimensional tissue reconstruction
and modeling,” says Han.

1. Teng, C. P., Mya, K. Y., Win, K.
Y., Yeo, C. C., Low, M., He, C. &
Han, M.-Y. Star-shaped polyhedral
oligomeric silsesquioxanepolycaprolactone-polyurethane as
biomaterials for tissue engineering
application. NPG Asia Materials 6,
e142 (2014).
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Organic synthesis:

Breaking reactivity barriers

The scope and productivity of
an essential palladium-catalyzed
coupling reaction that generates
complex molecules has been
improved thanks to A*STAR
research that uses lowreactivity materials1.
The Mizoroki–Heck reaction
is a cross-coupling reaction that
links an aromatic compound
bearing a halide functional
group to a molecule containing
an olefin by their carbon atoms.
The reaction preserves the double
bond, making it attractive for
synthesizing substances such as
natural products, organic materials and pharmaceuticals. The
need for highly reactive starting
materials, however, reduces both
its effectiveness and application.
The catalytic efficiency
of cross-coupling reactions
typically depends on the activation of the bond between the
aromatic carbon and halide
atoms. “The increased electronrichness of the aromatic ring
generally strengthens this bond,
making it more difficult to
activate,” explains project leader
Howard Jong from the A*STAR
Institute of Chemical and
Engineering Sciences.
Furthermore, electron-rich
aromatic rings often contain
other atoms such as nitrogen,
oxygen and sulfur that can
coordinate to the catalyst and
poison it. Similarly, unactivated
olefins can hinder cross-coupling,
leading to the need for higherperformance catalysts.
Howard Jong, along with
Daniel Tay from the A*STAR

Singapore Bioimaging Consortium and their co-workers, has
now designed a protocol that
facilitates the Mizoroki–Heck
reaction of low-reactivity
starting materials. At the
heart of this protocol is a palladium catalyst incorporating a
meta-terarylphosphine ligand,
which consists of a phosphorus
atom functionalized by three
interconnected aromatic rings.
The catalyst had previously shown outstanding
performance in a related
reaction, which inspired the
team to assess its catalytic
activity for the Mizoroki–Heck
reaction. By exploiting advanced
high-throughput screening
methods, the researchers obtained
a breakthrough. “Each application has its unique challenges
and we were delighted to be able
to achieve excellent results,”
says Jong.
The researchers discovered
that their catalyst could
produce a precursor of the
drug eletriptan very efficiently,
outperforming the current
reference catalyst used in
manufacturing. Also, the ligand
promoted the cross-coupling of
an unprecedented number of
low-reactivity building blocks
through the same protocol. “The
performance of the palladium
catalyst depends heavily on the
ligand, which effectively balances
structural and electronic properties to prolong the catalyst’s
active lifetime and accommodate
a broader range of substrates,”
explains Jong.
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A phosphorus-based ligand facilitates palladium-catalyzed coupling of
challenging building blocks

A palladium-based catalyst facilitates the Mizoroki–Heck reaction, crucial for a range of
industrially important products, including pharmaceuticals.

The team is further developing
their system, which is now commercially available. “We are also
interested in leveraging the catalyst’s ability to combine various
cross-coupling applications to
prepare industrially valuable
products in a more efficient and
streamlined fashion,” says Jong.

1. Tay, D. W., Jong, H., Lim, Y. H., Wu, W.,
Chew, X. et al. Palladium-metaterarylphosphine catalyst for the
Mizoroki−Heck reaction of (hetero)
aryl bromides and functional
olefins. The Journal of Organic
Chemistry 80, 4054–4063 (2015).
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Cancer:

A new probe enables multimodal imaging
based on photoacoustic imaging and
surface-enhanced Raman scattering for
studying cancer in living mice.

Imaging probe yields
double insight
A probe enables tumors to be investigated using complementary
imaging techniques
An organic dye that can light
up cancer cells for two powerful
imaging techniques providing
complementary diagnostic
information has been developed
and successfully tested in mice by
A*STAR researchers1.
Imaging tumors is vitally
important for cancer research, but
each imaging technique has its own
limitations for studying cancer in
living organisms. To overcome the
limitations of individual techniques,
researchers typically employ a
combination of various imaging
methods — a practice known as
multimodal imaging. In this way,
they can obtain complementary
information and hence a more
complete picture of cancer.
Two very effective methods for
imaging tumors are photoacoustic
imaging and surface-enhanced
Raman scattering (SERS).
Photoacoustic imaging can image
deep tissue with a good resolution,
whereas SERS detects miniscule
amounts of a target molecule.
36
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To simultaneously use both
photoacoustic imaging and SERS, a
probe must produce signals for both
imaging modalities.
In multimodal imaging,
researchers typically combine
probes for each imaging modality
into a single two-molecule probe.
However, the teams of Malini Olivo
at the A*STAR Singapore Bioimaging Consortium and Bin Liu at
the A*STAR Institute of Materials
Research and Engineering,
along with overseas collaborator
Ben Zhong Tang from the Hong
Kong University of Science and
Technology, adopted a different
approach — they developed singlemolecule probes that can be used
for both photoacoustic imaging
and SERS. The probes are based on
organic cyanine dyes that absorb
near-infrared light, which has the
advantage of being able to deeply
penetrate tissue, enabling tumors
deep within the body to be imaged.
Once the team had verified that
the probes worked for both imaging

modalities, they optimized the
performances of the probes by adding
gold nanoparticles to them to amplify
the SERS signal and by encapsulating
them in the polymer polyethylene
glycol to stabilize their structures.
The researchers then deployed
these optimized probes in live mice.
By functionalizing the probes with
an antibody that recognizes a tumor
cell-surface protein, they were
able to use them to target tumors.
The scientists found that, in
photoacoustic imaging, the tumortargeted probes produced signals
that were roughly three times
stronger than those of unmodified
probes. Using SERS, the team was
also able to monitor the concentrations of the probes in the tumor,
spleen and liver in real time with
high sensitivity.
U. S. Dinish, a senior scientist in
Olivo’s group, recalls the team’s “surprise at the sensitivity and potential
of the nanoconstruct.” He anticipates
that the probe could be used to guide
surgical removal of tumors.

1. Dinish, U. S., Song, Z., Ho, C. J. H.,
Balasundaram, G., Attia, A. B. E. et al.
Single molecule with dual function
on nanogold: Biofunctionalized
construct for in vivo photoacoustic
imaging and SERS biosensing.
Advanced Functional Materials 25,
2316–2325 (2015).
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Nanofabrication:

A spot of light cleaning
A light-triggered cleanable, recyclable chip makes fabrication feasible for all

Self-cleaning, reusable protein patterning templates have been fabricated using both nanoimprint and interferometric lithography.

potential to be scaled up to produce
commercial quantities. Consequently, she and the team focused
on two techniques: interferometric
lithography for the former and
nanoimprint lithography for
the latter.
“Interferometric lithography
techniques can be easily replicated
by biologists without the need for
a very complex or costly set-up in
their laboratories,” she explains.
“While nanoimprinting is not
practical for smaller labs, it does
allow us to scale up these samples
into larger-area substrates.”
Both approaches yielded
surfaces with titania nanostructures
(see image) that were then covered
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with protein-resistant silanes.
Exposure to ultraviolet light
degrades the silanes, which allows
proteins to adhere to the selected
regions. After the protein-patterned
substrates have served their
purpose, Chong describes how
“the proteins on the chips can be
quickly removed, by just exposing
the used substrates to ultraviolet
light, without the need for elaborate
cleaning methods.” The substrates
can then be immediately reused
without further preparation.
“With the recyclable chip and
the technique that we have demonstrated, fabrication techniques are
no longer the exclusive domain of
engineers,” remarks Chong.

1. Moxey, M., Johnson, A., El-Zubir, O.,
Cartron, M., Dinachali, S. S. et al.
Fabrication of self-cleaning, reusable
titania templates for nanometer
and micrometer scale protein
patterning. ACS Nano 9,
6262–6270 (2015).
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Throw away the detergent and
forgo the elbow grease: pesky
proteins can now be removed
from surfaces by simply exposing
them to light, thanks to a reusable
titania template developed by
A*STAR researchers1.
Biologists have many reasons
to pattern surfaces with proteins,
from creating highly selective
biosensors to studying fundamental
processes such as tissue formation.
What they do not want, however,
is for the proteins to stay on the
surface indefinitely. Unfortunately,
ridding a surface of proteins is a
complicated and time-consuming
task, which means that the majority
of biologists typically throw away
their substrates after a single
use — leading to a high cost for
consumables. Moreover, due to the
complexity of fabrication systems,
biologists usually outsource their
chip manufacturing to engineers,
which introduces delays and further
exacerbates cost.
Karen Chong and her team at
the A*STAR Institute of Materials
Research and Engineering in
Singapore recognized that these
delays and costs could be avoided
by designing a fabrication technique
that non-engineers could use. “We
wanted to demonstrate that fabrication and patterning techniques
could move away from the traditional domains of microelectronics,”
she recalls. “Specifically, we wanted
to create fabrication techniques
that could easily be adopted and
replicated by biologists.”
Chong notes that to be practical,
fabrication techniques must be
either easy to use or have the
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Drug delivery:

Quantum dots light the way

© 2015 WILEY-VCH Verlag GmbH &amp; Co. KGaA, Weinheim

A drug-encapsulating nanoparticle teams up with bright biolabels to
measure how anticancer chemotherapy formulations enter cells

Confocal images of quantum dots localized within colon cells can guide the development
of innovative drug delivery formulations.

Polymer nanoparticles that release
medicine at controlled rates inside
cells have the potential to enhance
the efficacy of many clinical
drugs. A*STAR researchers have
now developed an eye-catching
way to evaluate the performance
of different polymer drug-delivery
formulations using luminescent
quantum dots as imaging labels1.
Tiny, inorganic quantum-dot
crystals are finding increasing use
as biological probes due to their
powerful optical characteristics.
By stimulating the dots with
laser light, researchers can
obtain sharp images to monitor
processes such as drug delivery
for much longer time frames
than nearly any other technique.
However, a key challenge lies
in incorporating hydrophobic
quantum dots into biocompatible,
water-soluble polymers.
Ming-Yong Han and
co-workers from the A*STAR
38
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Institute of Materials Research
and Engineering in Singapore
turned to a copolymer known as
poly(D,L-lactide-co-glycolide),
or PLGA, for their quantum-dot
imaging strategy. This nontoxic
material has tunable water-repelling or water-attracting ability,
depending on the proportion
of lactic and glycolic acid components. It is also an ideal drug
delivery platform for the popular
anticancer drug doxorubicin — a
fluorescent molecule used to treat
diseases including leukemia and
Hodgkin’s lymphoma.
“The choice of polymer and
nanoparticle preparations plays
an important role in making
uniformly fluorescent particles,”
says co-author Choon Peng Teng.
“Different hydrophobic or hydrophilic interactions affect how
quantum dots are incorporated.”
The team synthesized two
kinds of PLGA nanoparticles

— one loaded with doxorubicin,
and the other containing
quantum-dot biolabels — and
incubated them in a culture of
human colon cells. After two
hours, confocal imaging revealed
that both kinds of polymer
nanoparticles were engulfed by
the cells through an endocytosis
mechanism and internalized
into the cytoplasm (see image).
The bright emissions from the
dots enabled the researchers to
quantify the uptake as 25 per cent
of the cell volume.
Since the behavior of the
quantum dot-labeled nanoparticles paralleled the doxorubicinimpregnated materials, Han
and colleagues realized this
imaging system could model
the effectiveness of other
important drug-delivery schemes.
Initial investigations appear
promising — the quantumdot-loaded PLGA nanoparticles
mimicked different drug-delivery
systems for targeting brain,
lung and breast cancer cell
lines, and were compatible with
both water-soluble and waterinsoluble drugs.
One further advantage of
this approach, notes co-author
Khin Yin Win, is that it can
simulate the action of nonfluorescent anticancer drugs previously
untraceable with confocal
imaging. “This model can facilitate monitoring biocompatibility
and cellular uptake, but it can
also evaluate how feasible certain
materials are as drug carriers,”
she says. “This could lead to more
innovative drug-delivery systems.”

1. Win, K. Y., Teng, C. P., Ye, E., Low, M.
& Han, M.-Y. Evaluation of polymeric
nanoparticle formulations by
effective imaging and quantitation
of cellular uptake for controlled
delivery of doxorubicin. Small 11,
1197–1204 (2015).
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Catalysis:

Finding ‘Goldilocks’
nanoparticles
Simulations show why platinum nanoparticles become less effective
catalysts at small sizes

H+ + e-

H2

First-principles simulations reveal distribution of absorbed hydrogen atoms (cyan) on a small platinum nanoparticle catalyst during
hydrogen evolution reaction.

The researchers found that edge
sites on small platinum nanoparticles bind too strongly to hydrogen
atoms and become inactive
catalytically, but face sites continue
to bind with hydrogen with an
appropriate energy level and remain
catalytically active. The increased
ratio of edge sites to face sites with
decreasing nanoparticle size explains
the observed fall in catalytic activity
for small nanoparticles. It also
suggests that the nanoparticle shape
could be tailored to optimize the
nanoparticle’s catalytic activity.
The simulation results agree
well with experiments, indicating
the potential of this technique.
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“Experimentalists have long been
trying to visualize the structure
of nanosized catalysts and the
adsorbate distribution in real-time
during reactions,” explains Tan.
“However, this is often difficult to
achieve. Our first-principles computational method provides an accurate
model of the catalyst structure with
adsorbate coverage and thus allows
researchers to visualize what is going
on in catalysts during a reaction.”
The computational method can
be applied to nanoscale catalysts
besides platinum, and the team
is keen to explore its potential
to predict the performance of
nanoparticles of other elements.

Adapted with permission from Ref. 1. Copyright 2015 American Chemical Society.

A*STAR scientists have used
first-principles computer simulations to explain why small platinum
nanoparticles are less effective
catalysts than larger ones1.
Platinum nanoparticles are
used to catalyze many reactions,
including the important hydrogen
evolution reaction used in hydrogen
fuel cells and for splitting water into
oxygen and hydrogen. The effectiveness of platinum nanoparticles
to catalyze this reaction had been
experimentally shown to increase
with decreasing nanoparticle size,
but then drop off for nanoparticles
smaller than about 3 nanometers.
There was no clear explanation for
why catalytic activity was reduced at
this scale.
Teck Leong Tan and colleagues
at the A*STAR Institute of High
Performance Computing, and
collaborators at the Ames Laboratory in the USA, performed firstprinciples calculations of platinum
nanoparticles for the hydrogen
evolution reaction. Based on these
calculations, they produced a map
of the intermediate compounds
— in this case, adsorbed hydrogen
atoms — that form on the nanoparticles. They also estimated the
contribution made by each catalytic
active species to the overall activity.
For a catalyst to be effective, it
should not bind to reaction intermediates too weakly — since reactants
will fail to bind to its surface — or
too strongly — as it will be hard for
reaction products to detach from the
catalyst surface. Thus, the binding
energy of an effective catalyst should
be ‘just right’, lying somewhere
between these two extremes.

1. Tan, T. L., Wang, L.-L., Zhang, J.,
Johnson, D. D. & Bai, K.
Platinum nanoparticle during
electrochemical hydrogen
evolution: Adsorbate distribution,
active reaction species, and size
effect. ACS Catalysis 5,
2376–2383 (2015).
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Biosensors:

Tallying white blood cells
on paper

Reprinted from Ref. 1, Copyright 2015, with permission from Elsevier.

A cost effective means for counting white blood cells promises to improve
diagnosis in low-resource areas

White blood cells (gray spheres with spikes) are too large to pass through the pores in
paper and thus become trapped on the surface. The gold nanoparticles (red spheres)
that bind to the cell surface result in the formation of a dark spot (see inset). In the
absence of white blood cells, all gold nanoparticles would flow through the paper.

An inexpensive, low-tech method
for counting white blood cells, that
uses gold nanoparticles and paper
has been devised by researchers
from the A*STAR Institute of
Bioengineering and Nanotechnology1. The simple, low-cost and
compact nature of this method
makes it particularly attractive
for point-of-care applications in
settings that lack sophisticated
medical resources.
“Platforms like ours could
provide a white blood cell
count rapidly and allow
timely clinical intervention,
thereby improving the
clinical outcome.”
White blood cell count is a
vital indicator of a person’s health.
Too many white blood cells may
40
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indicate a bacterial infection, tissue
damage or inflammatory diseases
such as arthritis or allergies,
whereas too few could denote a
viral infection or bone marrow
deficiency. Furthermore, white
blood cell count can be used to
predict a person’s risk of developing
conditions such as diabetes and
heart disease.
Currently, white blood cell
counts are performed at large,
central laboratories equipped
with large and expensive analysis
systems that are operated by
experienced medical technicians.
But many parts of the world lack
such facilitates or expertise.
To address this problem,
Yi Zhang, Jianhao Bai,
Hong Wu and Jackie Y. Ying from
the Institute of Bioengineering and
Nanotechnology in Singapore have
developed a compact, paper-based

platform that can be used to count
white blood cells.
“In rural areas where clinical
laboratories are inaccessible,
platforms like ours could provide a
white blood cell count rapidly and
allow timely clinical intervention,
thereby improving the clinical
outcome,” says Ying, who led the
research team.
The technique employs gold
nanoparticles coated with an
antibody that interacts with
white blood cells. The antibody
causes the nanoparticles to attach
themselves to white blood cells
in a blood sample, which can be
obtained by simply pricking
a finger.
The blood sample is passively
filtered through a small test paper.
As white blood cells are too large
to pass through the pores in the
paper, they become enmeshed in it
(see image). A dark spot then forms
on the paper surface due to the gold
nanoparticles on the white blood
cells. By visually observing how
dark the spot appears, it is possible
to gauge the number of white blood
cells in the sample by measuring
the intensity of the dark spot.
The team intends to extend
their technique. “We are planning
to improve the assay’s performance
by screening different types of
papers and incorporating enzymatic assays, which would allow us
to explore its use for other applications, such as sickle-cell detection
and platelet count,” explains Ying.
“We are also planning to measure
different types of white blood cells
by introducing gold nanoparticles
coated with different antibodies.”

1. Zhang, Y., Bai, J., Wu, H., & Ying, J. Y.
Trapping cells in paper for white
blood cell count. Biosensors and
Bioelectronics 69, 121–127 (2015).
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Batteries:

Power of marine
inspiration
Bioinspired carbon anodes enable high performance in
lithium-ion batteries
their siliceous structure. The
carbon scaffold of the spheres
is derived from rings of sugar
molecules, which thread on to
the pendant polymer chains and
form ‘soft’ carbon spheres after
hydrothermal treatment. Pyrolysis
causes a cobalt species to catalyze
the graphitization process, creating
the ‘hard’ carbon spheres. If urea
is added before pyrolysis, nitrogendoped graphitic carbon spheres are
made. “The carbon spheres can
only be prepared on a laboratory
scale, but we are optimizing the
synthetic conditions to scale up
fabrication,” says Li.
500 nm
Next, Li and co-workers tested
the carbon spheres as anodes in
A transmission electron microscopy image of graphitic carbon spheres with a hierarchilithium-ion batteries. The batteries
cal pore structure. Inset: A microscopy image of a marine diatom.
showed high reversible capacity,
A*STAR scientists have drawn
silica building blocks to form the
good cycling stability and outon nature for a breakthrough
complex structures.”
standing high-rate performance.
that significantly enhances the
This natural phenomenon
Even when the current density is
electrochemical performance
inspired Li and colleagues to
increased 600-fold, 57 per cent of
of lithium-ion batteries. The
develop biomimetic strategies
the original capacity is retained.
researchers have developed hierarbased on self-assembled molecular The nitrogen-doped carbon spheres
chical porous carbon spheres to be templates to produce hierarchical
have a higher reversible capacity
used as anodes after being inspired carbon materials for use as anodic
because of more facile transport
by the templated formation of
components of batteries. These
of ions and electrons within the
unicellular algae or ‘diatoms’1.
materials contain mesopores,
doped carbon spheres.
“In nature, a great number of
which form an interconnected
“These results are among the
microorganisms, like diatoms, can network of channels within
best output to date compared
assemble biominerals into intricate the carbon spheres, and have a
with pure carbon materials,” says
hierarchical three-dimensional
microporous surface (see image).
Li. “We envisage that batteries
architectures with great structural
These three-dimensional features
composed of these anode materials
control over nano- to millimeter
promote ion transport and high
could be charged faster than those
length scales,” explains Xu Li,
storage capacity within the
fabricated using conventional
who heads the research team at
carbon spheres.
carbon materials,” he adds. The
the A*STAR Institute of Materials
Li and the team used organic
next stage of the research is to
Research and Engineering.
macromolecules, an aggregate of
extend the application of these
“These organisms contain organic
polymers and cobalt-containing
materials to other energy storage
macromolecules, which can be
molecules, as templates to make
or conversion systems, and other
used as templates to induce and
the interconnected mesopores — in electrochemical applications, such
direct the precise precipitation of
a similar way that diatoms create
as electrocatalysis.

Adapted with permission from Ref. 1. Copyright 2015 American Chemical Society.
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1. Wang, S.-X., Chen, S., Wei, Q.,
Zhang, X., Wong, S. Y. et al.
Bioinspired synthesis of hierarchical
porous graphitic carbon spheres
with outstanding high-rate
performance in lithium-ion
batteries. Chemistry of Materials
27, 336–342 (2015).

www.astar-research.com

41

FEATURES & INNOVATIONS

MAKING GOOD USE OF

SOCIAL
MEDIA
A*STAR researchers are extracting useful information
from billions of social media posts to support businesses, governments and healthcare professionals

I

n the second it takes to ‘like’ this article,
6,000 tweets, 5,000 profile updates,
4,000 photos and 500 blog entries will
have been posted on multiple social
media platforms. As that second extends to a
minute, a day and even a year, more than 2 billion people around the world will have checked in
and out of their virtual networks hundreds and
thousands of times. Researchers at A*STAR are
putting this wealth of ‘breaking news’ about what
people are thinking, feeling and doing to good use,
whether to visualize the spread of the avian influenza virus in virtual space, or to gain new insights
into human psychology for better marketing.
“Our work is geared toward studying
people-centric issues and human behavior, and
translating this knowledge into social technologies that can be deployed in solving real-world
problems,” explains Boon Kiat Quek from the
Social and Cognitive Computing Department
at the A*STAR Institute for High Performance
Computing (IHPC). The department combines
rigorous psychological studies, computational
virtuosity and reams of publically available data
to serve the needs of business, government and
health. “Whatever smart or superior technologies we develop should ultimately be used by
people in an organization or in a social setting,”
adds Yinping Yang, also at the IHPC.
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Network-based models
Quek first realized the importance of psychology
in designing robotics and computer systems
during his PhD. His research involved building
behavioral control systems that would enable
robots and unmanned vehicles to survive on
their own in remote and harsh environments. “It
was necessary to look more deeply into human
psychology and cognition to find clues, and in
this case, design principles, that could guide the
development and construction of artificially intelligent systems,” he recalls.
Now head of the Integrative Psychological
Modelling team at the IHPC, Quek not only
develops artificial systems inspired by human
cognition, but also uses computational techniques
such as network-based models to study human
psychology. Network-based models consist of
‘nodes’ — defined in psychological terms as personality traits, values, beliefs, interests, temperaments and behaviors — and ‘links’ connecting
them. Researchers in Quek’s team collect information about the relationship between these psychological constructs from relevant peer-reviewed
papers. “These relationships are then integrated
to create the models on which our algorithms can
operate,” explains Quek.
The psychological insights gained from these
models could be used to assess the suitability

of job applicants, to match volunteers with
appropriate tasks and to customize curricula to
individual learners, in addition to many other
potential applications in finance, consumer profiling and market segmentation, education, and
human capital management.

Social contagion
Information in linked social groups can sometimes spread like infectious diseases. Quek’s group
also develops advanced algorithms to characterize
and measure such crowd-level behavior and social
contagion, which could serve as early indicators
for their reemergence.
When the avian influenza strain H7N9 swept
through Asia in 2013, for example, signs of
outbreaks rippled across social media long before
information was released by official channels.
Quek’s team collaborated with Yang’s Social
Intelligence Team and Singapore’s Ministry of
Health to examine social network activity during
that period. They wanted to develop a system
that could provide policy makers with timely
information about the outbreak and spread of
disease and public panic.
They focused on the specific case of China,
collecting information released and disseminated on China’s most popular social network,
Weibo, during the month of April 2013. Among
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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Researchers from the Social and Cognitive
Computing Department within the IHPC
combine psychological insights and
computing prowess to provide solutions for a
range of social issues.

© VLADGRIN/iStock/Thinkstock

other findings, they discovered that Weibo
provided significantly more timely information
about the virus’s spread than other traditional
information channels, including leading news
agencies and the World Health Organization.
Their analysis provided an empirical basis for
implementing a social-media-enabled surveillance and analysis platform for public health
officers to track global disease outbreak, analyze
the risks and enhance policy decision-making.
Yang’s team took the analysis further to assess
changes in public sentiment. They examined
Singaporean reactions to the spread of H7N9
on Twitter and observed a swell of negative
sentiment when confirmed human cases were
reported in Taiwan, but not when a large volume
of cases were reported in mainland China.

Sentiment analysis and socially
intelligent systems
Awareness of sentiment change is essential for
governments seeking to communicate with the
public during times of crisis but can also be critical
for businesses. In developing applications that can
www.astar-research.com 

enhance business and social processes, Yang uses
the essential knowledge and skills gained during
her PhD in information systems — a field that
combines computer science, management science,
social psychology and behavioral sciences.
Her team is developing linguistic processing
tools to mine publically available social media
exchanges for meaningful information about
social sentiment. Their innovative algorithms
rely on a variety of dictionaries to decipher
emoticons, internet slang, colloquial expressions, and even the native ‘Singlish’ language,
which draws from dialects such as Hokkien,
Cantonese and Malay. The information is then
processed using advanced linguistic analytic
modules, cloud computing and big data technologies such as parallel processing. “The data
is huge, and it comes in real time,” says Yang.
“The IHPC has a lot of in-house knowledge
and engineering capabilities to collect, process
and retrieve big data, so we’ve benefitted from
that collaboration.”
Beyond sentiment analysis, Yang and her
team want to make artificial intelligences,

or AIs, more intelligent with well-intended
psychological tactics. In 2014, they developed socially intelligent software agents for
e-commerce negotiations. The software agents
bargained online with study participants over
the purchase of laptop computers, negotiating
on unit price, order size, additional services and
delivery time. The team found that by tactfully
disclosing information about their priorities
during negotiations, the agents were able to
reach outcomes that satisfied both parties in
80 per cent of the cases.
Use of these agents could spread beyond traditional business applications. “The underlying
mechanism applies to the social environment
as well, where multiple issues are at stake and
you need to arrive at a decision,” says Yang.
Not all people handle conflict well. In sensitive
cases requiring mediation — such as divorce —
computers could act as good surrogates to avoid
emotional upset. And with the endless examples
of how humans negotiate their small and large
differences over social networks, the AIs’ decisions will be extremely well-informed.
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Genetics:

Leprosy is a disease that often results in
the loss of extremities, including fingers
and toes.

New light on leprosy
A genome-wide association study identifies six new susceptibility loci tied to
the age-old disease of leprosy
A*STAR researchers have conducted a genome-wide association
study that has important implications for the early diagnosis, and
therefore prevention, of leprosy
— one of the oldest documented
diseases in human history.
Leprosy is a chronic bacterial
infection caused by the bacterium
Mycobacterium leprae that
primarily targets the skin and
peripheral nerves. The ailment
typically results in skin lesions,
immune impairment and sensory
loss that, if left untreated, can
lead to permanent skin damage,
severe complications, as well as
physical deformities. In fact,
leprosy patients have been known
to lose their fingers and toes
because they lack the ability to
sense environmental dangers and
thereby avoid physical injuries.
The prevalence of leprosy has
declined dramatically thanks to
the implementation of multidrug
therapy by the World Health
Organization in the 1980s. But
44
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the disease remains a major
public health problem, given
that more than 200,000 new
cases are still being detected
worldwide annually.
Jianjun Liu and co-workers
at the A*STAR Genome
Institute of Singapore, together
with researchers in China and
the United States, have now
conducted a genome-wide
association study in the Chinese
population and identified a great
number of susceptibility loci — or
clusters of genes — that render
an individual more vulnerable to
the disease1.
Liu and colleagues analyzed
and compared the genetic profiles
of 24,330 individuals from various
regions of China, of which 16,017
were controls (healthy individuals)
and 8,313 were cases (individuals
with leprosy). They identified
16 susceptibility loci that were
frequently present in cases but not
in controls. Included among these
were six novel susceptibility loci,

discovered for the first time in the
Chinese population.
The researchers investigated
the biological and functional
relevance of the genes within the
confirmed loci. They identified
BATF3, CCDC88B and CIITA,
which are involved in immunity,
as candidate susceptibility genes
for leprosy. Furthermore, they
carried out a systematic evaluation of the pleiotropic effects
of the susceptibility loci by
searching for reported associations with other diseases. They
found that of the 16 established
leprosy loci, 11 had reported
associations with autoimmune
and inflammatory diseases, such
as sarcoidosis and inflammatory
bowel disease.
“By discovering a good number
of genes that can affect the risk
of getting the disease, we can
develop better strategies for early
diagnosis and prevention, which is
essential for permanently eradicating the disease,” says Liu.

1. Liu, H., Irwanto, A., Fu, X., Yu, G.,
Yu, Y. et al. Discovery of six new
susceptibility loci and analysis
of pleiotropic effects in leprosy.
Nature Genetics 47,
267–271 (2015).
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Allergic asthma:

Mutations can tip a
yin-yang balance
Investigating mutations of a crucial gene might assist treatment and
prevention of asthma and other allergies

Allergic asthma affects the lives of millions but new research may help to prevent or suppress an allergic response.

The researchers speculated that
mutations in the gene that codes
for the ICOS protein might be
involved in the overproduction
of a class of antibodies known
as immunoglobulin E. Such
antibodies are already known to be
involved in various allergic conditions, including eczemas, rhinitis
and asthma.
The scientists analyzed the
effect of mutations at single points
in the ICOS gene, known as single
nucleotide polymorphisms, which
alter just one of the nucleotide
building blocks of DNA1. They
identified one specific mutation
that led to an increase in ICOS
production but surprisingly lowered
the risk of allergy. This led them

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

to conclude that, in this case, more
ICOS is better than less ICOS as
it is expected that increased ICOS
expression in regulatory T cells will
lead to protection from allergies.
The subtleties in the effects
of the ICOS gene mutations were
thought to result from the dual
function of ICOS as both a promoter of the immune response and
an immune-suppressing regulator,
explains Curotto de Lafaille.
These findings could allow
drugs to be developed that can
promote the helpful regulatory
functions of ICOS. “Such therapies
may prevent young children from
becoming allergic and suppress
disease in those already allergic,”
says Curotto de Lafaille.

© Giorez/iStock/Thinkstock

Mutations in a specific gene are
linked with human susceptibility
to allergic asthma according to new
research. These findings suggest
novel ways in which immune
responses could be modulated in
allergic diseases, says Maria Curotto
de Lafaille of the A*STAR Singapore Immunology Network.
The study led by Curotto de
Lafaille and Fook Tim Chew of the
National University of Singapore
included members from three
A*STAR institutes and research
groups from across three continents.
The international collaboration
allowed the authors to analyze different populations from Singapore,
the Netherlands, North America
and Korea.
They focused on mutations in
the gene that codes for a protein
called inducible costimulator
(ICOS), which has previously been
linked to allergies. The ICOS protein is found in activated cells of the
immune system known as T cells.
This protein helps the T cells to
assist other immune cells — the
B cells — to produce antibodies
that can bind to invading microbes
and also to allergens.
Curotto de Lafaille notes
there is a ‘yin-yang’ aspect to
ICOS’s function. “While ICOS
is very important for normal and
beneficial immune responses — it
is also necessary for the function
of regulatory T cells that work to
suppress the immune response.” In
suppressing the immune response,
regulatory T cells protect against
excessive inflammation, autoimmunity and allergy, Curotto de
Lafaille explains.

1. Andiappan, A. K., Narayanan,
S., Myers, R. A., Lee, B.,
Nieuwenhuis, M. A. et al. Genetic
variants of inducible costimulator
are associated with allergic asthma
susceptibility. The Journal of Allergy
and Clinical Immunology 135,
556–558 (2015).
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Schizophrenia:

Teamwork uncovers genetic
risk factors

© 2014 Sim Kang, Institute of Mental Health

Over 100 locations on the human genome associated with the risk of
developing schizophrenia are identified in an international study
join a large collaborative effort. But,
like many others, we now believe
this is the only way to achieve
significant results.”
The consortium brought
together genetic data collected from
over 150,000 people across the
globe, around 37,000 of whom were
known schizophrenia sufferers. The
researchers uncovered 128 schizophrenia associations at 108 regions
on the human genome, 83 of which
had not previously been reported
in connection with schizophrenia.
Many of the genes pinpointed can
be found in the brain, but some are
linked to tissues that play an imporA large number of the schizophrenia-associated genes identified in the study are
tant role in immunity (see image).
enriched in the brain, while some are connected with the immune system.
This adds considerable weight to
An international consortium
development of new antipsychotic
the speculation that schizophrenia
has combined data from
compounds have been hampered
is somehow connected to a defective
150,000 people around the globe
by a lack of pathophysiological
immune system.
to shed light on genetic risk factors
understanding.
The team at A*STAR and
for schizophrenia, a debilitating
IMH offered a unique dataset to
psychotic disorder.
the project, as Liu explains: “Our
“A*STAR’s high-throughput
A*STAR researchers, and
sample was one of the few samples
genotyping platform and
their collaborators at the Institute
from Asia and the only one from
computational expertise
of Mental Health (IMH) in
the Southeast Asian region. We
were invaluable in
Singapore, contributed to the study
recruited about 1,000 schizophrenia
helping us perform whole
by the Schizophrenia Working
patients and 1,000 healthy controls.
Group of the Psychiatric Genomics genome analysis on all of
A*STAR’s high-throughput genothese samples.”
Consortium, which lead to the
typing platform and computational
discovery of 108 regions in the
expertise were invaluable in helping
human genome where genetic
“The schizophrenia research
us perform whole genome analysis
variations may influence the risk of community recognized recently
on all of these samples.”
developing schizophrenia1.
that the only way to make a real
A*STAR researchers will
Schizophrenia is a distressing
genetic breakthrough was to percontinue to contribute to the
psychological disorder, which
form a large-scale genomic study,
consortium’s investigations;
predominantly affects young people combining numerous samples from uncovering the genetic loci and
and can run in families. However,
different nationalities around the
associations was just the start. Liu
there has been limited progress in
world,” explains study investigator
and his team are now aiding in the
uncovering the genetic risk factors
Jianjun Liu of the A*STAR Genome massive task of carrying out deep
associated with schizophrenia
Institute of Singapore. “It was a real sequencing analysis and studies into
despite numerous international
challenge for scientists to give up
the neurological functions of all the
studies. Consequently, the
their own individual studies and
genes implicated in the study.
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1. Schizophrenia Working Group
of the Psychiatric Genomics
Consortium. Biological insights
from 108 schizophrenia-associated
genetic loci. Nature 511,
421–427 (2014).
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Infectious disease:

A gene for Salmonella
resistance
An unusual version of a gene appears to protect against enteric fever

People who had a particular
variant of the HLA-DRB1 gene
were nearly five times less likely
to have enteric fever than those
without it, the researchers found.
This gene codes for a protein that
displays molecules from foreign
organisms on the surface of
human cells (known as antigen
presentation), which enables
the immune system to learn to
recognize and fight them.
“These results tell us that
HLA-DRB1 is very important
in combating infection from
Salmonella typhi and Salmonella
paratyphi, the bacteria that cause
enteric fever. They could provide
valuable insights for improving the
“These results tell us that
existing vaccine design for S. typhi,
HLA-DRB1 is very important
which has only limited efficacy,
in combating infection
and developing a vaccine for
from Salmonella typhi and
S. paratyphi, for which no vaccine
Salmonella paratyphi, the
currently exists,” says Khor.
bacteria that cause enteric
Khor had a hunch that a gene
fever. They could provide
from the human leukocyte antigen
valuable insights for improving (HLA) family might prove importhe existing vaccine design for tant. “For diseases of infection,
S. typhi, which has only limited immunity or inflammation there
is usually no half-way house with
efficacy, and developing a
HLA. Most of the time, you see
vaccine for S. paratyphi,
either a very strong association or
for which no vaccine
no association at all.”
currently exists.”
Much is known about the
genetics of the Salmonella bacteria
The DNA from 432 Vietand how they cause disease,
namese people with confirmed
but, until this study, little was
enteric fever was compared with
known about how human genetics
DNA from over 2,000 Vietnamese affects response to the infection,
free from the illness, in a study
says Khor.
led by Chiea Chuen Khor of
As with many genes, there is
A*STAR’s Genome Institute of
a trade-off — “the same version
Singapore and Sarah Dunstan
of the gene that protects against
of the University of Melenteric fever is also known
bourne, Australia.
to increase susceptibility to
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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A study looking for links between
genes and susceptibility to enteric
fever has found that people who
carry a specific version of a gene
are nearly five times less likely to
have the disease1. This finding
by an A*STAR-led team could
lead to better vaccines to prevent
the serious disease, also known
as typhoid, that is caused by
Salmonella bacteria.
Enteric fever, while rare in the
developed world because of better
sanitation, is still endemic in many
low-income countries. It affects
almost 27 million people annually.

A genome scan chip, which has been loaded with a person’s DNA. The screen in the
background shows the output from a genome scan.

autoimmune and inflammatory diseases such as rheumatoid arthritis
and Crohn’s disease,” he warns.
Salmonella infection can lead
to a variety of conditions, of which
enteric fever is the most serious.
It is caught by consuming fecally
contaminated food or water and is
fatal in 10–25 per cent of patients
without access to antibiotics.

1. Dunstan, S. J., Nguyen, T. H., Han, B.,
Li, Z., Tram, T. T. B. et al. Variation
at HLA-DRB1 is associated with
resistance to enteric fever. Nature
Genetics 46, 1333–1336 (2014).
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Glaucoma:

A*STAR researchers pinpoint a genetic
locus associated with an increased
susceptibility to exfoliation syndrome
and glaucoma.

Bringing genes into focus
A genome-wide association study discovers a genetic locus linked to higher
chances of developing glaucoma
A genome-wide significant association between a genetic locus and the
development of glaucoma in people
of various ethnicities has been
uncovered by A*STAR researchers
participating in an ambitious
international project1.
Glaucoma is a common eye
disorder that affects eyesight. It
is caused by a condition called
exfoliation syndrome (XFS) that
gives rise to a build-up of extracellular material on the eye lens, which
exerts pressure on the optic nerve.
It has proven difficult to pinpoint the genes responsible for XFS
across different ethnic groups. This
challenge galvanized Chiea-Chuen
Khor from the A*STAR Genome
Institute of Singapore, who along
with Tin Aung from the Singapore
Eye Research Institute, designed a
genome-wide association study to
identify genetic loci linked to XFS.
Only one genetic locus for XFS,
labeled LOXL1, has been found to
date. This locus is essential for the
correct development of connective
48
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tissues and elastic fibers, disorders
of which had previously been
implicated in XFS.
“However, the effect of LOXL1
mutations on XFS is inconsistent
between different ethnic groups,”
explains Khor. “For example, the
risk alleles — or different copies
of LOXL1 — found in Europeans
inexplicably had a protective effect
in Japanese and Africans. Susceptibility to XFS is more complex than
just the LOXL1 locus.”
The research project, which
involves scientists from 17 countries
in 6 continents, seeks to pinpoint
susceptibility genes across multiple
ethnicities. In the first part of the
study, Khor and his colleagues
completed a genome-wide
analysis of over 2,500 samples from
Japanese XFS cases and healthy
controls. They then took the most
significant associations from this
nationality group and examined
them further in over 6,900 cases
and 20,700 controls from across
the globe.

The researchers uncovered a
single nucleotide polymorphism
mapping to CACNA1A as a genetic
locus significantly associated with
susceptibility to XFS across all
ethnicities. The CACNA1A gene
is involved in creating calcium
channels. Previous studies of XFS
in human eyes had found high
calcium concentrations in the
accumulating extracellular material.
Khor and his team believe alterations to calcium channel function
may exacerbate XFS material
formation, thus linking CACNA1A
to the disease.
By identifying genetic loci such
as CACNA1A, scientists can significantly improve their understanding
of XFS and the mechanisms by
which it affects individual patients’
susceptibility to glaucoma. Khor
and colleagues now aim to identify
all genetic signatures of the disease
and assess whether other susceptibility genes have ethno-geographic
boundaries or are common across
all ethnicities.

1. Aung, T., Ozaki, M., Mizoguchi, T.,
Allingham, R. R., Li, Z. et al. A common
variant mapping to CACNA1A is
associated with susceptibility
to exfoliation syndrome. Nature
Genetics 47, 387–392 (2015).
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Immunology:

Understanding how the immune
system battles a virus
A cell surface protein known to regulate innate immune responses also
affects the adaptive immune system

Each Chikungunya virus particle in the above micrograph is about 30 nanometers in diameter.

without TLR3 also exhibited
more joint inflammation due to
higher recruitment of macrophages
and neutrophils.
To dissect the role of TLR3 in
different cell types, Ng and her
team targeted hematopoietic stem
cells, the bone marrow cells that
give rise to all immune cells. They
introduced hematopoietic stem
cells that do not express TLR3 into
wild-type mice without functional
bone marrow. In response to a
CHIKV infection, these chimeric
mice had higher levels of virus in
the blood and took longer to clear
the virus.
This delayed clearance pointed
to a role of TLR3 in B cell

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

function, cells that produce antibodies in response to a pathogen as
part of acquired immunity. “The
most surprising finding in our
study,” says Ng, “is the additional
role of TLR3 in adaptive immune
response.” The team showed that
the loss of TLR3 led to antibodies
that could no longer neutralize the
virus efficiently.
The next step toward effective
therapy is to dissect the molecular
mechanism that drives virusmediated inflammation, says Ng.
“These data will allow the definition of unique molecular signatures
that can be combined with our
results to introduce appropriate
mechanistic intervention.”

© 2015 A*STAR Singapore Immunology Network

Understanding the immune
response triggered by the mosquitoborne Chikungunya virus
(CHIKV) is key to developing
effective treatments. Now, an
international team led by A*STAR
researchers has shown that a cell
protein — the toll-like receptor 3
(TLR3) — plays a critical role in
controlling the antibody response
to CHIKV, viral replication
and pathology.
CHIKV starts with a fever and
often debilitating joint pain that
can last for weeks to months. First
discovered in Tanzania, the virus
has spread worldwide — it poses
a threat to public health since no
specific antiviral treatment exists.
The human body marshals
defenses against the virus. The
innate immune system kicks in
as an immediate response to an
infection. Cells express proteins,
such as TLR3, that bind viruses
like CHIKV (see image) and
trigger the expression of cytokines.
These cytokines in turn recruit
immune cells, like macrophages
and neutrophils that destroy
the virus.
Lisa Ng from the Singapore
Immunology Network and her
team sought to clarify the role of
TLR3 in CHIKV infection and
disease progression1.
The team showed that in
human and mouse fibroblasts,
TLR3 inhibits replication of
CHIKV. Mice lacking TLR3 had
higher levels of viral replication
than those with normal TLR3,
as more viruses entered the blood
stream and spread through the
body from the infection site. Mice

1. Zhisheng, H., Teng, T.-S., Tan, J. J. L.,
Teo, T.-H., Kam, Y.-W. et al. Loss of
TLR3 aggravates CHIKV replication
and pathology due to an altered
virus-specific neutralizing antibody
response. EMBO Molecular
Medicine 7, 24–41 (2015).
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Infectious disease:

Giving immune cells
‘indigestion’

© 2015 A*STAR Institute of Molecular and Cell Biology

A deadly bacterium uses cellular proteins as bait to sabotage a pathway
that enables immune response
actin in a manner that prevents it
from forming filaments but leaves
it sufficiently exposed to bind
to other proteins. The structure
also revealed that the enigmatic
‘kinase’ domain of YopO remains
unobstructed in this complex, and
can therefore potentially interact
with other factors.
Kinases work by tacking
phosphate chemical groups onto
other proteins, a modification that
can switch those targets on or off.
Lee subsequently determined that
YopO employs bound actin molecules as ‘bait’, attracting proteins
that normally promote actin
filament assembly and chemically
modifying those targets with its
kinase domain.
“I was surprised at the number
The protein YopO (black surface) captures host actin (rainbow colored) to use as bait to
of
proteins
that were phosphorylattract and modify host-actin-regulation proteins in order to cripple phagocytosis.
ated by this mechanism,” says
A protein produced by the
Institute of Molecular and
Robinson. For one of those
pathogen responsible for the
Cell Biology.
proteins, Lee demonstrated
bubonic plague sabotages immune
Wei Lin Lee, a student in the
that this modification has an
detection through a multipronged
Robinson laboratory, gained new
inactivating effect that could
attack, protecting the bacteria as
insights into how Yersinia, the
inhibit phagocytosis.
they pursue their deadly mission.
genus of bacteria responsible for the
These findings show that YopO
Early in infection, certain
Black Death and other devastating launches a three-pronged attack
immune cells consume pathogens
epidemics, disrupts actin assembly1. on phagocytosis — physically
via a process called phagocytosis
During infection, Yersinia injects
latching onto actin, disrupting
and subsequently train the
a protein called YopO into the
signals that control actin assembly
immune system to recognize and
immune cells responsible for phago- and switching off proteins that help
destroy the invaders. Bacteria have cytosis. YopO binds directly to
actin filaments grow. Robinson
evolved diverse strategies to thwart actin as well as to signaling proteins notes that antibiotic-resistant
phagocytosis, several of which
that promote actin assembly, but
plague strains are emerging, and
target actin — a filament-forming also contains an enzymatic domain that these results could guide new
protein that helps drive the
whose functional importance
treatment strategies. A deeper
pathogen-engulfing process. “Actin is unknown.
understanding of YopO’s targets
is one of the most evolutionarily
Lee set out to define this
could also offer new insights into
conserved eukaryotic proteins,
domain’s contribution to the
the cellular machinery. “We expect
and as such is an Achilles’ heel
infection process. She began with
to learn a great deal about the
for pathogens to attack,” explains
a structural analysis (see image),
normal control of actin in healthy
Robert Robinson of the A*STAR
and determined that YopO binds to human cells,” says Robinson.
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1. Lee, W. L., Grimes, J. M. &
Robinson, R. C. Yersinia effector
YopO uses actin as bait to
phosphorylate proteins that
regulate actin polymerization.
Nature Structural & Molecular
Biology 22, 248–255 (2015).
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Cancer:

Tumor suppressor turns
activator
A*STAR researchers have shown
that the RASAL2 gene, which is
known to inhibit tumor growth
in some breast cancers, actually
advances tumor formation and
metastasis in more aggressive
forms of breast cancer and
have suggested its use as a
diagnostic marker1.
Breast cancer is often characterized by an overexpression
of cell surface proteins that bind
hormones and trigger the disruption of cell division and DNA
repair. Typically, cancer treatments that inhibit the activity
of hormone receptors have a
high rate of success, except in
the case of triple-negative breast
cancer (TNBC), which accounts
for approximately 15 per cent of
all breast cancer cases. TNBC
tumor cells lose the ability to
express hormone receptors,
making the cancer more difficult
to treat.
Identifying the molecular
signaling pathways in cancer
cells and understanding
how networks change and
proteins take on opposite
functions is critical for
reliable diagnosis that will
lead to effective therapy
geared toward a patient’s
particular type of cancer.
Qiang Yu’s research at the
A*STAR Genome Institute of
Singapore focuses on identifying
the key molecules in a cancer
cell’s network responsible
for making tumor cells more

aggressive. “Identifying biomarkers that can define high-risk
TNBC patients is one of our
main interests,” he says.
Leading a team of
international scientists, Yu
focused on the targets of small
RNA molecules, or microRNAs,
which often act as tumor suppressors and control the expression of
genes that can promote cancer.
If the levels of these microRNAs
go down, the oncogenes’ levels
come up and tumors form. The
researchers found reduced levels
of a microRNA in TNBC and
determined that its target was a
gene called RASAL2.
Higher RASAL2 expression
in TNBC correlates with a more
aggressive tumor, a finding that
intrigued Yu since it could not
be easily explained by the gene’s
function. In tumors that express
hormone receptors, the RASAL2
gene was shown to inhibit disease
progression by inactivating Ras,
one of the most common genes to
contribute to human cancer.
Yu showed that the mechanism by which RASAL2 made
TNBC cells more invasive does
not require the inhibition of Ras.
Instead RASAL2 binds a protein
that inactivates Rac, another
cancer-promoting protein, thus
leading to higher Rac activity,
which in turn makes tumor
cells more prone to invading the
surrounding tissue.
Yu does not see RASAL2 as a
therapeutic target since its function might not be easily inhibited
by a drug. “I think more likely
RASAL2 can be pursued as a
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© 2015 A*STAR Genome Institute of Singapore

A gene that inhibits tumor growth is shown to promote aggressive
breast cancers

Expression of the gene RASAL2 can be used as a biomarker to distinguish between
breast cancer patients with low (top) and high (bottom) expression levels and guide
subsequent treatment.

diagnostic marker for aggressive
TNBC,” he explains (see image).
Identifying the molecular
signaling pathways in cancer cells
and understanding how networks
change and proteins take on
opposite functions is critical
for reliable diagnosis that will
lead to effective therapy geared
toward a patient’s particular
type of cancer.

1. Feng, M., Bao, Y., Li, Z., Li, J., Gong, M.
et al. RASAL2 activates RAC1 to
promote triple-negative breast
cancer progression. The Journal
of Clinical Investigation 124,
5291–5304 (2014).
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Infectious disease:

Joint pain is one of the key symptoms in patients infected with the
Chikungunya virus.

The signature of
Chikungunya
A deeper knowledge of the body’s immune response will help combat this
mosquito-borne disease
Infection with the Chikungunya
virus produces a ‘signature’
pattern of immune messenger
molecules in the blood, according
to the latest research from
A*STAR scientists1. This discovery
will hopefully improve patients’
prognoses and lead to better outcomes for the often-debilitating
disease.
The Chikungunya virus,
spread by mosquitoes, is on the
rise. Millions of people are already
affected in the Indian Ocean
islands, India, Southeast Asia and
the Caribbean islands.
“The symptoms, in particular
joint pain, can be severe, with
pain sometimes lasting for years,
so outbreaks can have a serious
socio-economic impact,” explains
Lisa F. P. Ng, who leads the
team at the A*STAR Singapore
Immunology Network researching
the virus.
Ng saw a gap in knowledge
about the disease. Several studies
had looked at infected people
52
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in different parts of the world.
But the studies had not been
combined to give a clear picture
of how Chikunyunga affects
the messenger chemicals of
the immune system, known as
mediators.
“The study was done in two
phases,” explains Ng. “First we
examined how the disease manifested in a cohort of Sri Lankan
people affected in an outbreak
there, which included looking at
the immune mediators in their
blood as they went through the
early, or acute, phase of the illness.”
“Next, we combined the results
of our Sri Lankan study with data
from publications on Chikungunya
infection from 2009 to 2014, which
covered a range of geographical
locations, to carry out a systematic
meta-analysis,” she says.
“We found that about half the
patients with Chikungunya fever
had joint pain in the knees, wrist
and small joints of the hands and
feet, but surprisingly their joints

were not swollen,” says Ng. “And
although joint pain is clearly a
feature of the disease, people
with low levels of the virus are as
likely to have joint pain as those
with high viral concentrations,”
she adds.
In the next phase of the project, they retrospectively analyzed
data from nine other studies of the
disease, to determine the profile
of immune mediator molecules
in the blood. “Our meta-analysis
showed that multiple immune
mediators are elevated in patients
with Chikungunya compared with
healthy controls.”
“The pattern of these mediators provides a set of biomarkers
that help to distinguish between
people who have the virus and
people who don’t,” says Ng. “We
also want to see if any of these
immune mediators are linked
with chronic joint pain,” she says.
“That may help to predict which
patients are likely to get long-term
problems with their joints.”

1. Teng, T.-S., Kam, Y.-W., Lee, B.,
Hapuarachchi, H. C., Wimal, A.,
et al. A systematic meta-analysis
of immune signatures in acute
Chikungunya virus-infected
patients. The Journal of Infectious
Diseases 211, 1925–1935 (2015).
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Diagnostic kits:

Stacking for better flow
Keeping samples and test chemicals separate initially as they flow through
paper-based test kits leads to greater accuracy

A three-dimensional model of the rapid test kit that detects dengue-specific antibodies from saliva samples.

exist, their input paths merge
in the same plane of the paper.
“This does not allow for uniform
flow and mixing,” adds Ying,
“while stacking the input paths
on top of one another ensures
uniform mixing and gives us
unambiguous results.”
Ying’s research team was able
to demonstrate this new system
with a kit that detects antibodies
associated with dengue virus
infection (see image). Dengue is a
leading cause of death and illness
in the tropics and subtropics.
For patients who have already
experienced one serotype of
the dengue virus, contracting
the disease a second time from

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

another serotype can have dire
consequences. Using the new
kit to detect the presence of
dengue antibodies from previous
infections could help to identify
those patients at greatest risk from
secondary infections.
Ying also expects the stacking
flow system to have much wider
application than just testing for
dengue. “We are working on
the detection of other infectious
diseases,” she says, “and our
device could also be used for fluid
samples other than saliva, such as
blood serum or plasma.”
The technology is now
patented and will be further
developed for commercialization.

© 2015 A*STAR Institute of Bioengineering and Nanotechnology

Paper-based kits for diagnosing
disease from saliva samples
will become more versatile and
effective thanks to a technical
development by researchers from
the A*STAR Institute of Bioengineering and Nanotechnology.
Their innovation allows better
control of the flow and filtering
of materials as they move through
the diagnostic system1.
A wide variety of test kits,
including well-known pregnancy
tests, rely on samples of body
fluids flowing along paper strips.
Potential applications of these
systems are limited, however, by
unwanted chemical interactions
with the paper, or between
chemicals in the samples or test
reagents. This is a particular
problem with saliva, which
carries many useful biomarkers
of disease. Saliva also contains
substances that can interfere with
the operation of conventional
lateral flow diagnostic systems
where everything simply flows
along a single paper strip.
Jackie Ying and co-workers
have tackled this problem by
developing a ‘stacking flow’
system, whereby the saliva and
the detecting reagents initially
flow separately, with one flow
stream stacked above the other.
An impermeable flow regulator
film keeps the two streams apart
until the optimal point for them
to come together. “This allows
unnecessary salivary substances
to be filtered away before the two
streams meet,” says Ying.
Ying explains that although
multi-flow-path systems already

1. Zhang, Y., Bai, J. & Ying, J. Y.
A stacking flow immunoassay for
the detection of dengue-specific
immunoglobulins in salivary fluid.
Lab on a Chip 15, 1465–1471 (2015).
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Genomics:

Unveiling the realm of
viral mutations

Reproduced from Ref. 1 and licensed under CC BY 4.0 (creativecommons.org/licences/by/4.0/legalcode) © 2014 L. Z. Hong et al.

A method to identify viral mutations in complex mixtures of closely related
DNA sequences gives insight into viral population structures

A ‘phylogenetic tree’ diagram illustrating how hepatitis B viral genomes mutate and
diversify within just one person. The diagram was created using deep sequencing
techniques to gain an unprecedented view of viral population structure and diversity.

Researchers at A*STAR have
devised a sequencing technique
that can track specific viral variants produced when viruses such as
hepatitis B rapidly mutate within
individual patients1. The breakthrough allows an unprecedented
view of evolving virus population
structures and could help in the
creation of new drugs that prevent
the development of strains resistant
to drugs and immune responses.
Viruses mutate through small
alterations within each genome to
generate single-nucleotide variants
(SNVs). Sets of SNVs that occur
on a viral genome are known as
haplotypes. These mutations vary
from one host to the next, creating
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copies of the viral genome that
are all slightly different from one
another. Scientists believe that
mutated genomes play a role in
viral replication.
“Deep DNA sequencing
has revolutionized the study
of viral evolution,” states
William Burkholder, who led
the team from the A*STAR
Institute of Molecular and Cell
Biology alongside scientists from
Singapore, the United Kingdom
and the United States. “However,
it is not sensitive enough to pick
up rare SNVs, find co-occurring
mutations on the same genome,
or organize the mutations into
distinct genetic groups within the

viral population. Our technique
aims to resolve these issues.”
The team refined existing deep
sequencing techniques by creating
what they call Barcode-directed
Assembly for Extra-long Sequences
(or BAsE-Seq) using a low-cost,
short-read sequencer. The system
pinpoints exactly which mutations
relate to which viral genome using
barcode tagging, and can help
identify long viral haplotypes with
increased accuracy and sensitivity.
“The trick is to generate short
fragments of DNA from long
DNA templates while keeping
track of where each fragment came
from,” explains Burkholder. “To
do this, we assigned each fragment
a barcode with the ‘address’ of its
original molecule. This meant that
we could reconstruct the complete
DNA sequence once we had found
the mutations on each fragment.”
Analysis of a hepatitis B virus
clinical sample using BAsE-Seq
allowed the team to obtain over
9,000 viral haplotypes, giving an
unprecedented view of the overall
virus population structure. Based
on these data, the researchers
created a phylogenetic tree that
illustrates the diversity of the
virus within the patient sample
(see image). They successfully
identified unique haplotypes
occurring with frequencies of
0.4 per cent and above in each
patient.
“BAsE-Seq is a powerful, costeffective approach for studying
the population dynamics of DNA
viruses,” states Burkholder. “We
will extend the technique for other
viral applications in future.”

1. Hong, L. Z., Hong, S., Wong, H. T.,
Aw, P. P. K., Cheng, Y. et al. BAsESeq: A method for obtaining
long viral haplotypes from short
sequence reads. Genome Biology
15, 517 (2014).
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Biomedical science:

Mediating muscle fibers

Muscles are made up of ‘slowtwitch’ and ‘fast-twitch’ fibers.
The body requires both fiber types
to maintain a balanced skeletal
muscle system, although how the
two different types are determined
and maintained remains uncertain.
Now, A*STAR researchers have
clarified the role of the sox6 gene,
and its product, the transcription
factor protein Sox6, in regulating
fast-twitch fiber differentiation
in zebrafish1.
“The fact that slow-twitch
genes did not completely
take over means there
must be other factors
acting in parallel with Sox6
to suppress slow-twitch
expression. We hope to
identify these in future.”
Slow-twitch fibers contract
slowly and have high endurance;
they help maintain strength in
the back, for example. Fast-twitch
fibers contract rapidly but tire
quickly, releasing a burst of energy
when needed. The two fiber types
are genetically determined, but
are also adaptive — for instance,
an endurance runner can convert
fast-twitch fibers to slow-twitch
through training.
Previously, Philip Ingham
and co-workers at the A*STAR
Institute of Molecular and Cell
Biology, together with scientists in
the UK, identified the sox6 gene as
a potential regulator of genes that
determine fiber development in
zebrafish. “When sox6 was misexpressed in slow-twitch fibers, they

differentiated into fast-twitch fibers
instead,” describes Ingham. “This
suggests that sox6 may normally
suppress the slow-twitch program,
thus promoting fast-twitch muscle
differentiation. To explore this, we
decided to mutate the sox6 gene in
zebrafish embryos so that it could
not function in any fiber.”
Muscle fiber types are clearly
distinguishable in zebrafish
embryos, making them easy to
analyze. However, making mutations in sox6 was not as simple
and the researchers spent months
screening fish before they found one
carrying a mutation.
They were rewarded for their
hard work when they found that
the loss of the sox6 gene was
enough to activate slow-twitch
gene expression throughout all
muscle fibers. Moreover, they found
that when sox6 was deleted, the
fast-twitch fibers began shifting
their physiology to be more like
slow-twitch fibers (see image). The
researchers were surprised that the
mutant fish survived. “Because sox6
is implicated in a number of other
processes, including the specification of particular brain cells, we
thought the mutation would be
lethal,” explains Ingham. “However,
some mutant fish did survive to
adulthood, albeit with significant
curvature of the spine.”
In a second unexpected
outcome, the team discovered that
the Sox6 protein only suppresses
the expression of a subset of
slow-twitch specific genes. “We
expected that loss of Sox6 would
completely disrupt fast-twitch fiber
development,” says Ingham. “The
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Studies on mutated zebrafish help shed light on the role of the sox6 gene in
muscle fiber type differentiation

Cross sections through the muscle of a wild-type fish (top) and sox6 mutant fish
(bottom). The wild type exhibits normal distribution of slow-twitch muscle fibers (green),
whereas the mutant shows abnormal part-conversion of fast-twitch to slow-twitch fibers.

fact that slow-twitch genes did
not completely take over means
there must be other factors acting
in parallel with Sox6 to suppress
slow-twitch expression. We hope to
identify these in future.”

1. Jackson, H. E., Ono, Y.,
Wang, X., Elworthy, S., Cunliffe, V. T.
& Ingham, P. W. The role of Sox6
in zebrafish muscle fiber type
specification. Skeletal Muscle
5, 2 (2015).
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Brain development:

Reaching the right size

Reprinted from Ref. 1, Copyright 2014, with permission from Elsevier.

Mutations in a protein involved in neuronal proliferation and survival cause
extreme brain malformations and atrophy

Magnetic resonance image of the brain of an individual with the brain formation
disorder microlissencephaly.

A gene responsible for a severe
form of the brain formation disorder microlissencephaly has been
identified by A*STAR scientists
through a collaboration with
researchers in seven countries1.
Microlissencephaly is a
neuronal development disorder
characterized by smaller brains
having fewer neurons than
normally developed brains
(see image). Researchers, including
Bruno Reversade from the
A*STAR Institute of Medical
Biology, identified three Middle
Eastern families with children
affected by the disorder who did
not have mutations in any of the
genes already known to cause
microlissencephaly. Because
some of the families had a history
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of marriages between closely
related individuals, such as first
cousins, the causative gene was
believed to be passed on by both
parents. By sequencing regions
that were identical in the affected
individuals of a particular family,
the researchers were able to home
in on mutations in the KATNB1
gene, as these mutations were
absent in unaffected individuals in
other populations.
The protein encoded by
KATNB1 is part of a complex
responsible for severing structural
proteins in the cell called
microtubules. A structure called
the centrosome is known to
play a central role in organizing
microtubules in the cell, and
many centrosomal proteins have

previously been linked to patients
with microlissencephaly.
To determine the function of
KATNB1 during development,
Reversade and his colleagues
generated mice and fish lacking the
Katnb1 gene — the mouse and fish
analogue of KATNB1. The animal
models showed defective proliferation of neuronal progenitor cells,
loss of many cell types that rely on
normal cell division, enhanced cell
death and thinner brains. Also,
cells derived from humans with
microlissencephaly showed many
abnormalities in cell division, such
as centromeres that were abnormally placed, chromosomes that
did not line up properly and cells
with too many chromosomes.
Centromeres are made up of
paired structures called centrioles
and play a key role in forming
hair-like extensions of the cell
called cilia. The researchers found
that cells from mice lacking
Katnb1 contained many more
centrioles than normal cells and
that these centrioles were often
unpaired. Moreover, the cells
lacking this gene contained many
more cilia than normal, which
the researchers argue could mean
that signaling regulated by cilia
is defective. These dysfunctional
processes probably contribute to
the abnormal neuronal development observed in organisms
lacking KATNB1.
“Our discovery of the
causative gene for this disease will
benefit families as we are now
able to provide premarital and
prenatal diagnosis for parents,”
explains Reversade.

1. Hu, W. F., Pomp, O., Ben-Omran, T.,
Kodani, A. & Henke, K. et al. Katanin
p80 regulates human cortical
development by limiting centriole
and cilia number. Neuron 84,
1240–1257 (2014).
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Genetics:

Ancient invaders activated
during embryo development
Viral elements originating from human ancestors are systematically
activated in the early development of embryos

Endogenous retroviruses are systematically activated during early human embryo development and may be useful in identifying
subpopulations of cells.

fact that every ERV hosts unique
mutations, and only analyzed the
regions containing these mutations
to trace the activated ERVs.
To their surprise, the team
found that each specific ERV
group was activated according to
the developmental stage of the
embryo. The number of activated
ERVs was highest in the early
stages, from one-cell (oocytes)
and two-cell (zygotes) embryos to
four-cell embryos. The later cell
stages also exhibited considerable
ERV expression. ERVs were
systematically activated, and highly
cell-type specific, particularly in the
later stages.

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

“We didn’t expect ERVs to
contribute so prominently, or so
methodically, to the process,” states
Göke. “It means the ERVs can be
used to identify subpopulations of
cells. We have already demonstrated
this approach by identifying a stem
cell state that is closer in terms
of gene expression to the human
embryo than current embryonic
stem cells.”
Göke and his team aim to
conduct further investigations into
ERV expression to understand the
nature of embryonic cells and how
they mature, as well as to clarify if
ERVs have specific functions within
human cells.

© osman safi/iStock/Thinkstock

Viruses incorporated into the
human genome millions of years
ago may now play a role in the early
stages of human embryo development, according to researchers
at A*STAR.
Certain types of viruses make
use of early embryonic cell development to integrate their own DNA
into the human genome, allowing
the virus to be passed down
through generations. Elements of
ancient viruses that infected our
ancestors long ago are still found in
the human genome today, and are
known as endogenous retroviruses
(ERVs). Most of these elements have
lost their ability to generate active
viruses. However, Jonathan Göke
and co-workers at the A*STAR
Genome Institute of Singapore have
shown that groups of ERVs may
still play an active role in human
embryonic development1.
“In our previous work, we
found that one class of ERVs, called
HERV-H, is activated in human
embryonic stem cells,” describes
Göke. “Although these stem cells
are used as a model of the human
embryo, there are many differences
between them. We wanted to clarify
if ERV families are also expressed in
human embryos, and what pattern
this expression follows.”
The team analyzed publicly
available data to establish the
amount of RNA related to each
gene containing ERV elements.
However, the elements they were
searching for were highly repetitive,
occurring in almost identical copies
several thousand times in the
human genome. To get around this,
Göke and his team exploited the

1. Göke, J., Lu, X., Chan, Y.-S., Ng, H.-H.,
Ly, L.-H. et al. Dynamic transcription
of distinct classes of endogenous
retroviral elements marks specific
populations of early human
embryonic cells. Cell Stem Cell 16,
135–141 (2015).
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Human genetics:

A cancer that heals itself
A family found to have a self-healing skin cancer offers hope for
better treatments

© 2015 Mohamed Denguezli, Farhat Hached University Hospital

by a mutation in a single gene,
explains Reversade.
Work done by Reversade’s
team shows that the gene in question lies on a region of chromosome 17 and that the mutation is
dominant, hence always expressed
if a person carries it.
“It should give us an insight
into how the immune
system can be harnessed to
fight cancer.”

Multiple tumors known as keratoacanthomas on the palm of a Tunisian family member
with an inherited disease.

Members of a Tunisian family
with tumors on their hands, feet
and eyes may provide helpful
information for the treatment
of squamous cell carcinoma, a
common skin cancer.
“I suspect the gene may have
a dual function: it could have
a pro-cancerous effect in skin
cells whereas it could have
an anti-proliferative effect in
the immune system.”
The family was brought to
the attention of Bruno Reversade
and his team at the A*STAR
Institute of Medical Biology,
who specialize in identifying
the causal genes in human
familial disorders.
“We focus on human genetics
— if we see a trait or disease that
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is inherited, we will put all our
effort into finding the causative
gene,” says Reversade.
Many members of the
family, spanning five generations, have the disease, which
manifests as multiple tumors
known as keratoacanthomas.
These tumors occur on hairless
areas of the body such as the
palms (see image), the soles of
the feet and the conjunctiva of
the eye1.
After about six months, the
tumors spontaneously start to
heal, eventually just leaving a
scar. Unfortunately, the tumors
may metastasize to other places
in the body, where no self-healing
occurs, which means the disease
can be fatal.
What is interesting about
this family, however, is that the
disease is clearly being caused

“We have actually found two
other families with this same
disease — one from Romania
and one from France. We
now know that all three families
carry a common mutated gene,”
he says.
The A*STAR team is now
working on finding out how this
gene controls skin cell differentiation. Reversade believes it may
prove to be a gene involved in
the innate immune system and
that this may explain why the
cancers heal.
“I suspect the gene may have
a dual function: it could have
a pro-cancerous effect in skin
cells whereas it could have an
anti-proliferative effect in the
immune system.” Alternatively,
he says the gene may initiate
cancers by lowering immunity,
but then its effect on the skin
cells may cause regression of
the tumors.
“Either way, it should give us
an insight into how the immune
system can be harnessed to fight
cancer,” he says.

1. Mamaï, O., Boussofara, L.,
Denguezli, M., Escande-Beillard, N.,
Kraeim, W. et al. Multiple selfhealing palmoplantar carcinoma:
A familial predisposition to skin
cancer with primary palmoplantar
and conjunctival lesions. Journal
of Investigative Dermatology 135,
304–308 (2015).
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Antibody production:

Balancing light- and heavychain expression
Using self-cleaving peptides,
A*STAR researchers have designed
a vector that improves efficiency
for monoclonal antibody
production, offering potential for
improved preclinical studies1.
The production of monoclonal
antibodies, such as Immunoglobulin G, involves linking large
and small polypeptide antibody
subunits — heavy- and lightchain genes. “Balancing the ratio
of heavy- and light-chain expression is essential for high-level
and quality antibody expression,”
explains Yuansheng Yang from
the A*STAR Bioprocessing
Technology Institute.
Current industrial methods
for producing antibodies, in
which light-chain, heavy-chain
and selection marker genes are
delivered either on separate vectors
or a single vector with multiple
promoters, are unable to accurately
balance light and heavy chain gene
expression. This tends to result in
many non-expressing cells.
Using self-cleaving proteins
such as 2A peptides, which
are commonly derived from
viruses, to express the genes
seemed a promising alternative
to the plasmid vectors favored
by industry. “2A peptides enable
co-expression of multiple genes
at equal amounts by expressing
them in one open reading
frame,” explains Yang. But,
while 2A peptides can produce
antibodies, incomplete cleavage of
2A can result in the formation of
incorrect antibodies that cannot
be properly folded and form high
molecular aggregates.

Recognizing the potential
of these species for monoclonal
antibody production, Yang
and the team searched for
2A peptides with higher
cleavage efficiencies and then
developed purification methods
to remove incorrect antibody
species in instances of incomplete
2A peptide cleavage.
The researchers compared
four 2A peptides, both in
the presence and absence of
glycine-serine-glycine linkers,
used to express three biosimilar
Immunoglobulin G 1 monoclonal
antibodies in Chinese hamster
ovary cell lines via transient and
stable transfections.
They found that the inclusion
of the glycine-serine-glycine
linkers significantly enhanced
the cleavage efficiency and the
monoclonal antibody expression
level for each 2A peptide. T2A,
the 2A peptide derived from the
Thosea asigna virus, with the
gylcine-serine-glycine linker had
the highest cleavage efficiency,
and when combined with
Furin (Furin-GSG-T2A) was most
effective for Immunoglobulin G
antibody expression.
Although more cleavage
efficient, 2A peptides with
the glycine-serine-glycine
linkers still had some degree
of incomplete cleavage,
resulting in incorrect antibodies.
The team tried to remedy this
with a purification method they
had previously developed, the
chromatin-directed clarification.
“We expected the removal of
incorrect species in the high
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Self-cleaving peptides are key for easy and efficient monoclonal
antibody production

Efficient, high-quality monoclonal antibody production is made possible through use of
self-cleaving peptides.

molecular aggregates,” Yang
says. “The removal of the
incorrect species contained in
the Immunoglobulin G monomer,
however, was very surprising as
there are only a few amino acids
different between that and the
correct antibody.”

1. Chng, J., Wang, T., Nian, R., Lau, A.,
Hoi, K. M. et al. Cleavage efficient
2A peptides for high level
monoclonal antibody expression in
CHO cells. mAbs 7, 403–412 (2015).
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Molecular biology:

Rapidly clearing neurohormones known
as cardiac natriuretic peptides from
the blood is essential for maintaining
cardiac health.

Braveheart molecule boosts
cardiac resilience
Tweaking the heart’s response to injury could lead to better treatment

One of the master regulators of
the heart’s response to injury
has been identified, thanks
to a Singaporean research
collaboration1. This regulator
could ultimately be used to assess
the degree of damage in heart
attack patients and pave the way
for new treatments.
Cardiac natriuretic peptides
(NPs) are neurohormones
that play an important role in
cardiovascular and kidney health
by influencing blood pressure
and concentration, and the force
with which the heart pumps
blood. Previous studies have also
suggested that they might help
protect the heart against stress
and injury — for example, mice
lacking the genes to make NPs
show more signs of heart damage
and die younger. To ensure that
the body is able to maintain
proper control of the cardiovascular system it is essential that
NPs are rapidly cleared from
the blood.
60
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The atrial natriuretic peptide
(ANP) and brain natriuretic
peptide (BNP) are two important
NPs produced by heart muscle
cells with demonstrated protective
effects for cardiac stress and
injury. These NPs are removed
from the blood by binding to
a receptor called NPR3 on the
surface of cells lining the blood
vessels; the whole complex is then
internalized and destroyed.
A team led by Arthur Mark
Richards, and Yei-Tsung Chen
at the Cardiovascular Research
Institute at the National University Health System and National
University of Singapore, together
with Leah Vardy at the A*STAR
Institute of Medical Biology, set
out to better understand how
levels of NPR3 are regulated in
health and disease.
They temporarily starved heart
muscle cells of oxygen to simulate
the same oxygen supply shortage
that occurs in heart disease, and
noticed a significant decline in

the expression of NPR3 with
a corresponding increase in a
small, noncoding piece of genetic
material called microRNA-100
(miR-100).
MicroRNAs like miR-100 play
a crucial role in fine-tuning the
strength of gene expression in cells
by temporarily silencing them.
The team then demonstrated,
for the first time, that miR-100
decreases NPR3 gene expression,
which may in part contribute to
the heightened amounts of ANP
and BNP in the blood. Raised
levels of miR-100 were also
detected in the blood of rats that
had suffered the equivalent of a
heart attack, and in patients with
heart failure.
“This study highlights the
potential importance of circulating microRNAs in modulating
the cardiac injury response,” says
Vardy. “Further understanding
of this pathway could lead to
novel therapeutics for cardiovascular disease.”

1. Wong, L. L., Wee, A. S. Y., Lim, J. Y., Ng,
J. Y. X., Chong, J. P. C. et al. Natriuretic
peptide receptor 3 (NPR3) is
regulated by microRNA-100. Journal
of Molecular and Cellular Cardiology
82, 13–21 (2015).
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Tuberculosis:

Building better defenses
An oral antidiabetic drug shows promise for treating tuberculosis

A registered antidiabetic drug could be used for treating tuberculosis, a deadly disease caused by the bacterium Mycobacterium
tuberculosis. Tuberculosis infection in the lungs can be diagnosed using chest X-rays showing abnormal tissue thickening and scarring,
as well as gas-filled cavities.

enhances the efficacy of conventional anti-tuberculosis drugs such
as isoniazid and ethionamide. “This
was surprising because metformin
has no direct effect on the bacteria
per se,” says Singhal, who then
followed leads in the existing
literature linking metformin to the
inflammatory response.
He found that mice infected
with M. tuberculosis and then
treated with metformin exhibited
less lung tissue damage than
untreated controls and had higher
levels of immune cells known as
T helper cells and cytotoxic T cells.
A genome-wide transcriptional
analysis further revealed that
metformin reduced the expression of
genes associated with inflammation
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in the mouse lung. Singhal validated
these findings with patient data to
show that metformin can indeed
improve the control and reduce the
severity of tuberculosis.
Singhal expects that these
results, combined with the
verified safety of metformin as
a treatment for diabetes, will
fast-track its advance to phase II
clinical trials and its repurposing
for the treatment and prevention
of tuberculosis.
“Over 90 per cent of drugs fail
during development, leading to high
costs of pharmaceutical research and
development,” says Singhal. “Repurposed drugs can bypass much of the
early cost and time needed to bring
a drug to market.”

© stockdevil/iStock/Thinkstock

The drug metformin, already used
in the USA to treat type 2 diabetes,
also enhances the body’s immune
response to tuberculosis, according
to A*STAR researchers1.
“Metformin is a safe and
cheap drug that diabetic patients
have been taking for years and
has been shown to have no major
adverse effects on non-diabetic
individuals,” says Amit Singhal,
who led the study at the A*STAR
Singapore Immunology Network.
“Our results suggest that metformin is a leading host-directed
therapy candidate that can be
combined with current therapeutic
and prophylactic treatments to
improve tuberculosis control.”
Tuberculosis remains one of the
most deadly contagious diseases
worldwide, infecting an estimated
9 million people in 2013 and
killing 1.5 million. It is caused
by the bacterium Mycobacterium
tuberculosis, which usually attacks
the lungs.
Treatments have mainly
consisted of antibacterial drugs, but
increasing bacterial resistance, even
to combinations of up to 18 drugs,
has led to a paradigm shift from
interventions that directly target the
pathogen to strategies that improve
the host response. These strategies
include therapies such as proper rest
and nutrition, which help to reduce
inflammation, tissue damage and
permanent lung disability — the
ultimate cause of death in patients.
In initial cell culture and animal
model experiments, the team
found that metformin inhibits the
growth of M. tuberculosis, including
multidrug-resistant strains, and

1. Singhal, A., Jie, L., Kumar, P., Hong,
G. S., Leow, M. K.-S. et al. Metformin
as adjunct antituberculosis therapy.
Science Translational Medicine 6,
263ra159 (2014).
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Exploring life with

GUSTO
“Life is unfair,” says Joanna Holbrook,
introducing her research interests by
highlighting the interplay between genetics
and the environment that influences each
infant’s start in life. She is working to tackle
some of this unfairness by investigating
factors that affect how a child develops
in the womb and soon after birth, while
a lso considering how pregna nc y a nd
childbirth affect the mother’s health. The
complex interaction between mother and
62

www.astar-research.com 

child — part of the ongoing nature-versusnurture debate — is a lso the focus of
Mary Chong’s research, which looks at
the role of nutrition. Holbrook and Chong
belong to different research groups at the
A*STAR Singapore Institute for Clinical
Sciences (SICS), but their work shares a
dependence on data from a comprehensive
study of mothers and infants before and
after birth, called Growing up in Singapore
Towards Healthy Outcomes (GUSTO).

© Sebastian Kaulitzki/Hemera/Thinkstock

A detailed study of infants and
mothers before and after birth
provides valuable insights
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“The GUSTO study is very deep,” says
Holbrook. She points out that while other
studies elsewhere in the world monitor more
individuals, GUSTO is probably the broadest
and most intensive study, analyzing genetics,
nutrition, metabolic factors and neurocognitive
state, as well as many other indicators of health
and development. “The data collection points
of GUSTO are much closer together than those
of other studies,” adds Chong, “and so GUSTO
captures the in-between data that other studies
miss.” Minister Heng Swee Keat, in the Ministry
of Education FY2015 Committee of Supply
debate, described GUSTO as “a nationwide
birth cohort study on how mothers’ diets and
lifestyles during pregnancy affect their babies’
growth after birth. It is a study with great
national impact for preventing and managing
diseases like diabetes and obesity.”

© 2015 A*STAR Singapore Institute of Clinical Sciences

Probing the microbiome
One area that Holbrook and her colleagues
focused on was the developing population
of microbes in an infant’s gut, reflecting the
growing interest in the significance of the
‘microbiome’ on health and disease. Previous
studies had suggested that variations in the
acquisition of gut microbes can considerably
affect future health and disease susceptibility. Using data from the GUSTO
study, the SICS team discovered that the
acquisition of gut microbes is strongly
influenced by environmental factors,
including the method of delivery and
length of gestation. Babies delivered
by cesarean section develop their
microbial profile later than normal, as
do those born after a shorter gestation
time in the womb. The researchers also
found that the rate at which microbial profiles
develop can be used to predict body fat levels in
an infant at 18 months, and so may be useful for
predicting the risk of obesity later in life. The
use of microbial populations to predict potential
problems for a child could eventually be used
to allow appropriate intervention. This explains
the significant involvement of infant food producers in collaborating with and funding this
A*STAR research.
www.astar-research.com 

Epigenetic biomarkers
Holbrook’s main focus of research, however, is
at the deeper and more molecular level of ‘epigenetics’ — chemical modifications of DNA that
can be influenced by the environment. It turns out
that epigenetic modifications can be affected by
the specific metabolic, nutritional and even emotional circumstances of an infant and its mother.
One of the most important epigenetic changes is
the acquisition of methyl (CH3) chemical groups
by specific parts of the DNA double helix.
The deep genetic analysis that is part of
GUSTO has allowed Holbrook’s team to identify
differences in the pattern of this ‘methylation’
process in infants and to correlate the differences
with specific environmental influences. They
found that up to 75 per cent of the variability in
the methylation patterns of individuals can best
be explained by the interaction of environmental
factors (including the birth weight, gestational
age and birth order of the infant and maternal
smoking, depression and body mass index) with
the infant’s genotype. That maternal depression
can alter the modification of a child’s DNA indicates a profound interaction between one person’s
mental health and another’s physical make-up
and possible future health.
While the work mainly focused on
identifying and classifying epigenetic
variations and what they are correlated with, Holbrook explains that
its ultimate aim is to offer practical
clinical assistance. “We are trying to
develop the DNA methylation patterns as biomarkers that will give us
more sensitive and earlier indications
that a child is at risk of developing problems,” says Holbrook. “This would allow
appropriate intervention at an earlier stage.”

Nutrition for nurture
Chong is also using the GUSTO study to
uncover interesting links between nutrition
and emotional states, including depression and
anxiety. Women participating in the GUSTO
study were assessed for depression by questionnaire both during pregnancy and after giving
birth. Their responses were then matched
against measurements of plasma levels of folate

Mary Chong (left) and Joanna Holbrook (right) of the
A*STAR Singapore Institute for Clinical Sciences.

(vitamin B9) and vitamin B12 during pregnancy.
Low folate levels were found to be associated
with depression during pregnancy, but not with
postnatal depression. No association was found
between depression and vitamin B12.
In a study due to be published in mid-2015,
Chong and co-workers also discovered that low
omega-3 fatty acid levels during pregnancy are
associated with higher anxiety levels in mothers.
Chong points out that the results do not currently indicate the ‘direction of causation’ in
these nutritional correlations. “Are the women
anxious because of low levels of omega-3 fatty
acids, for example, or is their anxiety causing
them to neglect their diet and not take their
supplements?” Chong asks. This issue will be
addressed by the Singapore Preconception Study
of Long-term Maternal and Child Outcomes
(S-PRESTO), beginning in early 2015, which
will include assessment of women before they
become pregnant. “S-PRESTO will really help
us to identify the direction of association between
nutritional and emotional states, and other
problems, and to plan the most suitable interventions,” says Chong.
Both Holbrook and Chong report significant benefits in working at the A*STAR SICS
Institute and collaborating with GUSTO to
advance this crucial area of research. Chong
comments that as the first such study in Asia,
GUSTO offers a unique opportunity to fill gaps
in our knowledge about the local influences
on infant development. Holbrook says that a
great advantage of working at SICS is its close
interaction between clinicians and academic
researchers, which was one of the key incentives
for her moving to SICS from previous positions
in Europe and the United States.
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Biotechnology:

Waste from palm oil production contains
carbohydrate material known as
cellulose and hemicellulose that can be
broken down into sugars for fuel and
plastic production.

Oil palm offers cheap biofuels
and bioplastics
A cost-effective method uses fungi to convert palm oil waste into
green products
Leftover plant matter from the
production of palm oil could
provide a generous source for
making biofuels and environmentally friendly plastics. Researchers
from A*STAR have developed a
fungal culture for use in a cheap
and efficient method to transform
the waste oil palm material into
useful products1.
The palm oil industry is big
business in South Asia, but after
harvesting the fruit from the
oil palm trees, large amounts
of leftover biomass, known as
empty fruit bunch, remain.
The industry wants to use these
leftover fruit bunches to produce
bioethanol and biodegradable
plastic, but has stumbled in its
efforts to convert the leftovers in a
cost-efficient way.
“Our research makes it
possible to produce fermentable
sugars from this huge amount of
waste in a cost-effective way to
increase its commercial value,”
says one of the lead researchers,
64

www.astar-research.com 

Jin Chuan Wu from the A*STAR
Institute of Chemical and Engineering Sciences.
The palm oil waste contains
carbohydrate material, known as
cellulose and hemicellulose that
can be broken down into sugars
for use in fuel and plastic production. While the hemicellulose
material is easily dissolved by a
process called dilute acid-catalyzed
hydrolysis, the cellulose is tougher
and remains solid.
The cellulose can be further
treated with a mixture of enzymes,
but the commercially available mixtures usually do not
contain enough of one enzyme
— β-glucosidase — to do the
job properly. Higher amounts
of β-glucosidase can be added
to the commercial preparations,
which then ramps up the cost of
converting oil palm biomass into
biofuel and bioplastic.
Wu and his team used whole
fungal cell cultures to catalyze the
breakdown of cellulose instead of

the commercial enzyme mixture.
They employed a strain of
Trichoderma reesei, which produces
sufficient amounts of the enzymes
necessary to dissolve cellulose.
The research team was pleased
with their results, says Wu. The
fungal cell cultures converted the
cellulose to glucose and achieved
a concentration of 8.5 grams per
liter after 120 hours — almost
59 per cent of the total potential
glucose available in the plant
material. In comparison, the commercial enzyme mixture produced
10 per cent less glucose under the
same conditions.
In total, the team were able to
convert up to 82 per cent of the
original plant carbohydrates into
fermentable sugars.
“The use of whole fungal
cell culture for the hydrolysis
of cellulose makes it more commercially attractive as there is no
need to add external β-glucosidase
or separate the whole fungal cells
from the cellulases,” explains Wu.

1. Li, Q., Ng, W. T., Puah, S. M.,
Bhaskar, R. V., Soh, L. S. et al.
Efficient production of fermentable
sugars from oil palm empty fruit
bunch by combined use of acid
and whole cell culture–catalyzed
hydrolyses. Biotechnology and
Applied Biochemistry 61,
426–431 (2014).
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Data storage:

Putting the heat on
magnetic recording
Detailed experiments reveal the operational parameters for a promising
thermomagnetic data-storage technology

A scanning electron micrograph of an array of 50-nanometer-diameter magnetic islands used to simulate a heat-assisted magnetic
recording (HAMR) data storage medium.

performance, including magnetization dynamics and effects that
limit areal density,” says Chen.
The experimental HAMR
recording system devised by
Chen’s team consisted of an array
of magnetic islands of multilayer
cobalt and palladium. Preparing
this device involved sputtering
multiple atomic layers of different
combinations of elements, then
patterning the device using
electron-beam lithography to
produce magnetic islands of about
50 nanometers in size (see image).
The team then used far-field
laser heating with a thermal spot
size of about 1.5 micrometers in
combination with a magnetic field
to simulate the magnetization
switching of the HAMR process.
They observed the resultant
magnetization patterns using a

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

high-resolution magnetic force
microscope.
Chen’s team showed that when
the material was laser heated to
near its Curie temperature — the
temperature at which the material’s permanent magnetism is
overcome by an external magnetic
field — the strength of the
magnetic field required to induce
complete magnetic switching was
about 13 per cent of the intrinsic
magnetic ‘coercivity’ of the islands.
Surprisingly, however, the team
also discovered that, due to thermal
fluctuations, the optimal temperature for recording is slightly lower
than the Curie temperature.
Chen explains that the results
provide critical operational
parameters for the practical
implementation of HAMR data
storage technology.

Reprinted, with permission, from Ref. 1. Copyright 2014, AIP Publishing LLC.

The mechanics and dynamics of
heat-assisted magnetic recording
(HAMR) are now better understood thanks to work by A*STAR
and the National University of
Singapore1. The experimental
study will help scientists aiming
to break the areal density barrier of current magnetic hard
disk technology.
Today’s hard disk drives record
and store data in minute magnetic
domains on a spinning magnetic
platter. As the magnetic domains
become smaller, the thermal noise
rises rapidly, making it increasingly
difficult to record data reliably.
HAMR is a promising data storage
scheme that uses a more stable
magnetic medium, in combination
with local heating, to achieve more
reliable magnetization switching.
“HAMR can be implemented
with magnetic grains as small
as 3 nanometers and higher
magnetic anisotropy, which
will make it possible to store
magnetic information at recording
densities beyond a terabyte per
square inch,” says research leader
Yunjie Chen from the A*STAR
Data Storage Institute.
Theoretical simulations have
demonstrated the potential of
HAMR but also the possibility of
density-limiting electrical noise
and problematic non-reversal of
magnetic domains in the recording
process. Chen’s team designed
some experiments to probe the
dynamics of HAMR.
“For practical application
of HAMR, it is important to
understand the thermomagnetic
reversal process and recording

1. Chen, Y. J., Yang, H. Z.,
Leong, S. H., Wu, B. L., Asbahi, M.
et al. A study on dynamic heat
assisted magnetization reversal
mechanisms under insufficient
reversal field conditions. Applied
Physics Letters 105, 162402 (2014).
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Solar cells:

Increased pressure creates a
happy union
Cheap, environmentally friendly solar cells are produced by minimizing
disruptive surface layers

Al
Ti

© 2015 A*STAR Institute of Materials Research and Engineering

p-type CuO

Cu-rich oxide

Interfacial insulating layer

n-type Si(100)

Ti

Al
High-performance solar cells can be produced using inexpensive materials by minimizing
the copper-rich and interfacial insulating layers in the interface between the cupric oxide
(CuO) and silicon (Si) layers.

By tailoring the interface between
the two sections of a solar cell,
A*STAR researchers have produced
a high-performance solar cell from
the abundant and cheap materials
of copper (II) oxide and silicon1.
For solar energy to become
environmentally friendly and
cost effective, the two main
components of ‘heterojunction’
solar cells — the n- and p-type
layers — need to be fabricated
from nontoxic, abundant materials. Copper (II) oxide, also
known as cupric oxide, holds
promise as a p-type semiconductor
since it meets both these criteria
and also has an ideal bandgap
for absorbing sunlight and a high
light absorption.
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On paper, copper oxide and
silicon are a perfect pair for
producing high-performance
solar cells. In practice, however,
their performance has been disappointing because of the tendency of
holes and electrons to recombine in
them — a process known as charge
recombination. This recombination
limits the production of electricity
in a solar cell since it reverses the
generation of electrical charges
from light. One cause of this
problem is the poor quality of the
interface between copper oxide and
silicon as the result of silicon oxide
on the silicon surface.
Now, Goutam Dalapati from
the A*STAR Institute of Materials
Research and Engineering at

Singapore and co-workers have
used conventional procedures to
produce high-performance solar
cells that employ cupric oxide as the
p-type material and silicon as the
n-type material. They realized this
by increasing the pressure during
the deposition stage of fabrication,
which they found enhances both
the crystal and interface quality,
thereby reducing the charge recombination rate.
Using a sequence of analytical
techniques — Raman spectroscopy,
X-ray diffraction, X-ray photoelectron spectroscopy and highresolution transmission electron
microscopy — they showed that
the interface quality was limited by
the formation of a copper-rich oxide
layer as well as by the production
of a silicon oxide layer on silicon
surface. Dalapati explains that
the team were surprised by the
formation of this copper-rich layer
as the cupric oxide target contained
an equal mix of copper and oxygen.
But the scientists also discovered
that they could minimize this layer
by increasing the pressure during
deposition and the annealing time.
Using this tactic, the team successfully produced a high-quality
solar cell that had a low charge
recombination rate.
Dalapati notes that “to develop
cost-effective, environmentally
friendly photovoltaic devices using
Earth-abundant nontoxic cupric
oxide, it is essential that we can
increase the efficiency further.”
This is possible, he adds, “by
reducing, or even eliminating, the
copper-rich interfacial layer and the
silicon oxide insulating layer.”

1. Masudy-Panah, S.,
Dalapati, G. K., Radhakrishnan, K.,
Kumar, A., Tan, H. R. et al. p-CuO/nSi heterojunction solar cells
with high open circuit voltage
and photocurrent through
interfacial engineering. Progress
in Photovoltaics: Research and
Applications 23, 637–645 (2015).
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Plasmonics:

A polarizing view

Through precise structural control,
A*STAR researchers have encoded
a single pixel with two distinct
colors and have used this capability
to generate a three-dimensional
stereoscopic image1.
Figuring out how to include
two types of information in
the same area was an enticing
challenge for Xiao Ming Goh,
Joel Yang and their colleagues at
the A*STAR Institute of Materials
Research and Engineering. They
knew such a capability could
help a range of applications,
including ultrahigh-definition
three-dimensional color displays
and state-of-the-art anti-counterfeiting measures. So they set
about designing a nanostructure
architecture that could provide
more ‘bang for the buck’.
“Being able to print two
images onto the same area
and, further, generating
a three-dimensional
stereoscopic image opens
up many new avenues
for applications.”
Having previously used
plasmonic materials to generate
color prints at the optical diffraction limit by carefully varying the
nanostructure size and spacing,
Yang thought polarization would
be a promising direction to
pursue. “We decided to extend
our research to prints that would
exhibit different images depending
on the polarization of the incident
light,” he explains.

The main challenge to
overcome was the mixing of colors
between polarizations, a phenomenon known as cross-talk. Goh
and Yang trialed two aluminum
nanostructures as pixel arrays:
ellipses and two squares separated
by a very small space (known as
coupled nanosquare dimers).
Each pixel arrangement had
its own pros and cons. While the
ellipses offered a broader color
range and were easier to pattern
than the nanosquare dimers, they
also exhibited a slightly higher
cross-talk. In contrast, the coupled
nanosquare dimers had a lower
cross-talk but suffered from a very
narrow color range.
Because of their lower crosstalk, the coupled nanosquare
dimers were deemed better candidates for encoding two overlaid
images on the same area that
could be viewed by using different
incident polarizations.
While the coupled nanosquare
dimers’ color palette could be
expanded by varying the width and
spacing between adjacent squares in
each nanosquare dimer, the ellipses
were better for demonstrating the
wide color range achievable.
Furthermore, the researchers
used these pixel arrays to generate
a three-dimensional stereoscopic
image. They achieved this by
using ellipses as pixel elements,
carefully offsetting the images and
choosing background colors that
minimized cross-talk.
“Being able to print two images
onto the same area and, further,
generating a three-dimensional
stereoscopic image opens up many
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A nanostructure design enables pixels to produce two different colors
depending on the polarization of the incident light

A pixel can be encoded with two different colors from a wide color palette using
nanostructure arrays illuminated with orthogonally polarized light.

new avenues for applications,”
remarks Goh.
But the possibilities do not end
there. Complex nanostructures,
including circularly asymmetric
shapes, offer many more options.
“By employing additional circular
polarizations, we could encode
multiple images — that is, not just
two, but three or more images in a
single area,” Goh explains.

1. Goh, X. M., Zheng, Y., Tan, S. J.,
Zhang, L., Kumar, K., Qiu, C.-W. &
Yang, J. K. W. Three-dimensional
plasmonic stereoscopic prints in
full colour. Nature Communications
5, 5361 (2014).
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Nanotechnology:

Phonons (vibrations) are typically
responsible for carrying heat along a
nanowire. A*STAR researchers have
used a numerical model to calculate
the effects of short-range ordering on
phonon behavior.

Follow the heat
Calculations reveal how mixtures of different elements can control the
thermal properties of nanowires
A mathematical model of heat flow
through miniature wires could help
develop thermoelectric devices that
efficiently convert heat — even their
own waste heat — into electricity.
Developed at A*STAR, the
model describes the movement of
vibrations called phonons, which
are responsible for carrying heat
in insulating materials. Phonons
typically move in straight lines in
nanowires — threads barely a few
atoms wide. Previous calculations
suggested that if parts of a nanowire
contained random arrangements
of two different types of atoms,
phonons would be stopped in their
tracks. In actual alloy nanowires,
though, atoms of the same element
might cluster together to form
short sections composed of the
same elements.
Now, Zhun-Yong Ong and Gang
Zhang of the A*STAR Institute
of High Performance Computing
in Singapore have calculated the
effects of such short-range order
on the behavior of phonons1. Their
68
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results suggest that heat conduction
in a nanowire does not just depend
on the relative concentrations of the
alloy atoms and the difference in
their masses; it also depends on how
the atoms are distributed.
Their model simulated an
88-micrometer-long nanowire
containing 160,000 atoms of two
different elements. They found
that when the nanowire was more
ordered — containing clusters of
the same elements — low-frequency
phonons struggled to move. In
contrast, high-frequency phonons
could travel much further than the
average length of the ordered regions
in the alloy. “The high-frequency
phonons were more mobile than we
imagined,” says Ong.
The researchers used their model
to study the thermal resistance of a
nanowire containing an equal mix
of silicon and germanium atoms.
Short-range ordering of the atoms
allowed high-frequency phonons
to travel freely through the wire,
giving it a relatively low thermal

resistance. In contrast, a random
distribution of alloy atoms resulted
in a higher resistance — over
triple that of the ordered case for
a 2.5-micrometer-long wire. “If
this disorder can be realized in real
composite materials then we could
tailor the thermal conductivity of
the system,” says Ong.
Understanding the relative
contribution of low- and highfrequency phonons to heat conduction could also help researchers tune
the thermal properties of nanowires
in the laboratory. “For instance, the
surface roughening of nanowires
is known to reduce the thermal
conductivity contribution of highfrequency phonons,” says Ong.
The researchers hope their
model will help scientists design
composite materials with low
thermal conductivity. One attractive application is thermoelectric
devices, explains Ong. “As these
devices rely on a thermal differential, a low thermal conductivity is
desirable for optimal performance.”

1. Ong, Z.-Y. & Zhang, G. Enhancement
and reduction of one-dimensional
heat conduction with correlated
mass disorder. Physical Review B
90, 155459 (2014).
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Bioimaging:

Exposing breast cancer using
nanoscale polymers
A biocompatible polymer selectively targets and lights up cancer tumors for
a noninvasive imaging system

Photoacoustic imaging of model breast cancer cells in mice reveals that a polymer-based contrast agent can illuminate tumor sites
within one hour.

macromolecules, which contain
alternating double and single carbon
bonds, have delocalized electrons in
their frameworks that can produce
useful optical properties such as
photoluminescence. The researchers
identified a conjugated polymer
known as PFTTQ — a compound
with multiple aromatic rings,
alkyl chains, sulfur and nitrogen
atoms — as a promising in vivo
photoacoustic agent because of its
biocompatible structure and light
absorption that peaks in the nearinfrared range.
To direct this contrast agent to
cancer cells, the team synthesized
‘dot’-like nanostructures with an
inner core of PFTTQ surrounded
by water-soluble polyethylene
glycol chains, terminated by an
outer layer of folate molecules — a
vitamin that specifically binds to
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folate receptor proteins commonly
expressed by breast cancer tumors.
Experiments with MCF-7 model
breast cancer cells implanted in
mice revealed the merits of this
approach: in just one hour after
administering the folate–conjugated polymer dots, strong photoacoustic signals emerged from the
tumor positions (see image). The
folate functionality played a critical
role in this bioimaging procedure,
quadrupling the photoacoustic
signals compared to unmodified
PFTTQ dots.
“The folate–PFTTQ nanoparticles have great potential for
diagnostic imaging and other biomedical applications,” says Olivo.
“We are working to expand the
library of biocompatible polymers
to use as molecular photoacoustic
contrast agents.”

Reproduced, with permission, from Ref. 1 © Dove Medical Press Limited

Photoacoustic imaging is a
ground-breaking technique for
spotting tumors inside living cells
with the help of light-absorbing
compounds known as contrast
agents. A*STAR researchers have
now discovered a way to improve
the targeting efficacy and optical
activity of breast-cancer-specific
contrast agents using conjugated
polymer nanoparticles1.
Generating photoacoustic signals requires an ultrafast laser pulse
to irradiate a small area of tissue.
This sets off a series of molecular
vibrations that produce ultrasonic
sound waves in the sample. By
‘listening’ to the pressure differences created by the acoustic waves,
researchers can reconstruct and
visualize the inner structures of
complex objects such as the brain
and cardiovascular systems.
Diagnosing cancer with
photoacoustic imaging requires
contrast agents that deeply
penetrate tissue and selectively bind
to malignant cells. In addition,
they need a high optical response to
near-infrared laser light, a spectral
region that is particularly safe to
biological materials. Traditional
contrast agents have been based
on gold and silver nanostructures,
but the complex chemical
procedures needed to optically tune
these nanocompounds have left
researchers looking for alternatives.
Malini Olivo and her colleagues
from the A*STAR Singapore Bioimaging Consortium and the A*STAR
Institute of Materials Research
and Engineering investigated
different contrast agents based on
conjugated polymers. These organic

1. Balasundaram, G., Ho, C. J. H.,
Li, K., Driessen, W., Dinish, US et al.
Molecular photoacoustic imaging
of breast cancer using an
actively targeted conjugated
polymer. International Journal of
Nanomedicine 10, 387–397 (2015).
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Materials science:

Sputtering start for
flat materials
© 2015 A*STAR Institute of Materials Research and Engineering

A simple method for creating high-quality two-dimensional materials could
enable industrial-scale production
Electrode
Oxide
MoS2

Electrode

Electrode

Silicon dioxide
Silicon
Transistors made of films of two-dimensional molybdenum disulfide (MoS2) could be
integrated with other silicon electronics devices.

Two-dimensional materials
have a whole host of exotic
properties because they are
just one atom thick. A*STAR
researchers have now developed
a method for creating large areas
of atom-thin material for use in
electronic devices1.
Graphene, a single layer of
carbon atoms arranged into
a honeycomb-like pattern, is
the most famous example of
a two-dimensional material.
It is stronger than steel, has
excellent electrical properties,
and could be used to make
two-dimensional devices that are
much smaller than those currently
made from bulk or thin-film
silicon. However, it is not a
semiconductor. And so scientists
are turning to other materials that
have this essential property for
creating transistors.
Shijie Wang from the
A*STAR Institute of Materials

“Our technique is a one-step
process that can grow
good-quality monolayer films,
or few layers of molybdenum
disulfide films, at wafer scale
on various substrates using
magnetron sputtering.”
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Research and Engineering and
his collaborators have now
demonstrated a technique for
creating a single atomic layer
of molybdenum disulfide — a
two-dimensional semiconductor.
Molybdenum disulfide belongs
to a family of materials called
transition-metal dichalcogenides.
They have two chalcogenide atoms
(such as sulfur, selenium or tellurium) for every transition-metal
atom (molybdenum and tungsten
are examples). These materials
and their wide range of electrical
properties provide an excellent
platform material system for
versatile electronics. But creating
high-quality material over areas
large enough for industrial-scale
production is difficult.
“Traditional mechanical
exfoliation methods for obtaining
two-dimensional materials have
limited usefulness in commercial
applications, and all previous
chemical methods are incompatible for integration with device
fabrication,” says Wang. “Our
technique is a one-step process
that can grow good-quality
monolayer films, or few layers of
molybdenum disulfide films, at
wafer scale on various substrates
using magnetron sputtering.”

The team fired a beam of
argon ions at a molybdenum
target in a vacuum chamber. This
ejected molybdenum atoms from
the surface where they reacted
with a nearby sulfur vapor. These
atoms then assembled onto a
heated substrate of either sapphire
or silicon. The team found that
they could grow monolayer,
bilayer, trilayer or thicker
samples by altering the power
of the argon-ion beam or the
deposition time.
“Our next step in this
work will focus on the
application of this technique
to synthesize other twodimensional materials and
integrate them with different
materials for various
device applications.”
They confirmed the quality of
their material using a number of
common characterization tools
including Raman spectroscopy,
atomic force microscopy, X-ray
photoelectron spectroscopy and
transmission electron microscopy.
The researchers also demonstrated
the excellent electrical properties
of their molybdenum disulfide
films by creating a working
transistor (see image).
“Our next step in this work
will focus on the application of
this technique to synthesize other
two-dimensional materials and
integrate them with different
materials for various device
applications,” says Wang.

1. Tao, J., Chai, J., Lu, X., Wong, L. M.,
Wong, T. I. et al. Growth of waferscale MoS 2 monolayer by
magnetron sputtering. Nanoscale
7, 2497–2503 (2015).
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Bioimaging:

Lighting up
alpha cells
Clear imaging of pancreatic cells has been made possible through the
development of a novel fluorescent probe

“We wanted to develop
a fluorescent probe that
could selectively stain
glucagon-producing alpha
cells, and that was suitable
for two-photon microscopy.”

A key function of the pancreas
is to release hormones — namely
glucagon and insulin — into the
bloodstream to control sugar
levels. Glucagon and insulin
are stored and released by alpha
and beta cells respectively.
The alpha and beta cells work
so closely together to regulate
blood sugar that they form cell
clumps known as islets inside
the pancreas. Within the islets,
glucagon raises the amount of
glucose in the bloodstream, and
insulin is released when blood
glucose levels become too high.
Disruption of this regulation is
largely responsible for diabetes.
Until now, a suitable fluorescent imaging probe to produce
clear pictures of the individual
components in live pancreatic
islets has eluded scientists.
“It was this gap in bioimaging that we wanted to fill,”

explains Young-Tae Chang
of the A*STAR Singapore
Bioimaging Consortium, who
led the project. “We wanted to
develop a fluorescent probe that
could selectively stain glucagonproducing alpha cells, and that
was suitable for two-photon
microscopy.”
This relatively new form of
microscopy uses near-infrared
light to excite fluorescent dyes.
Two photons are absorbed in
each excitation, minimizing
light-scattering within the tissue.
This allows for deeper tissue
penetration, more localized
and coherent imaging, and
quicker observation of cells
than is possible via conventional
microscopy techniques.
Chang and his team, with
collaborators from the National
University of Singapore,
generated a two-photon fluorescent dye library comprising
80 different compounds. They
then used pancreatic cell lines
to screen the compounds and
identify one that selectively
binds to alpha cells and brightly
fluoresces. The dye, named Two
Photon-alpha (TP-α), performed
particularly well when tested
on islets isolated from mice,
specifically showing alpha cells
and their distribution in three
dimensions (see image).
“We have not tested the TP-α
probe on human islets yet,” states
Chang. “If it works, potential
applications include diabetes
research, as well as possibly
islet transplant procedures for
diabetes patients. TP-α could
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A pancreatic islet stained with the fluorescent dye, Two Photon-alpha (TP-α), showing
brightly stained alpha cells.

be used to monitor the survival
and condition of alpha cells,
for example.”
The team will now focus on
testing TP-α in human islets in
the laboratory and inside the
body. They also hope to extend
their two-photon-probe hunt to
find one suitable for imaging
insulin-producing beta cells.

1. Agrawalla, B. K., Chandran, Y., Phue,
W.-H., Lee, S.-C., Jeong, Y.-M. et al.
Glucagon-secreting alpha cell
selective two-photon fluorescent
probe TP-α: For live pancreatic
islet imaging. Journal of the
American Chemical Society 137,
5355–5362 (2015).
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A fluorescent imaging probe
developed by A*STAR researchers
has allowed scientists for the first
time to visualize the detailed
three-dimensional distribution
of alpha cells in the pancreas of
mice1. The probe could enhance
diabetes research and shine a
light on more effective treatment
of the disease.

© 2015 A*STAR Institute of Materials Research and Engineering
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Plasmonics:

A 750-nanometer-long network of gold
nanoparticles (yellow). The colors around
the network show where different colors
of light are localized.

Gold ‘necklaces’ add sparkle to
information processing
Researchers realize highly confined transport of light energy over long
distances using networks of gold nanoparticles
A way to transport highly confined
light energy over long distances
using extended networks of partially fused gold nanoparticles has
been demonstrated by an international team of researchers1. This
demonstration raises the possibility
of new options for information
processing by realizing extremely
miniaturized light guidance and
may lead to advances in sensors and
telecommunication systems.
“Our approach has all the
versatility that chemistry involving
colloids offers and could be used
to fabricate miniaturized optical
networks,” explains Michel Bosman
of the A*STAR Institute of
Materials Research and Engineering
in Singapore.
Light travels rapidly, making it a
highly attractive medium for transmitting information. Currently,
optical fibers are used to transport
optical signals over long distances,
but they are unsuitable on small
scales as their dimensions cannot be
shrunk much below the wavelength
72
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of light. One promising approach
is to use light-induced oscillations
of electrons (known as surface
plasmons) on nanoparticles, but
until now it had not been possible
to couple plasmons between large
numbers of touching nanoparticles.
Bosman, together with collaborators at CEMES in France and
at Bristol in the United Kingdom,
devised a way to propagate surface
plasmons over long chains of gold
nanoparticles. This allowed them to
miniaturize the transport of highly
confined light over distances that
are long enough to be useful for
optical circuits.
The researchers synthesized
gold nanoparticles that were
12 nanometers in diameter and
caused them to self-assemble into
networks by adding the compound
mercaptoethanol. They then
‘welded’ the nanoparticles together
using a high-energy electron beam.
The team investigated the
light propagation properties of the
networks using a technique known

as electron energy-loss spectroscopy.
These measurements demonstrated
that the networks form pathways
along which light energy can travel
as surface plasmons (see image).
The results were much clearer
than the researchers expected.
“We were surprised to see that the
surface plasmons were not weakened much by the grain boundaries
that exist between neighboring
nanoparticles,” says Bosman. “Our
networks contain hundreds of grain
boundaries, and yet the surface
plasmons would oscillate across
them mostly unhindered.”
In the future, the team hopes to
produce designer networks using
their nanoparticles. “Currently,
we cannot control the design of
our nanoparticle networks in
detail,” says Bosman. “We intend
to combine our technique with
lithography to gain full control over
their length and shape and form
designed optical networks made
with colloidal nanoparticles as
building blocks.”

1. Teulle, A., Bosman, M., Girard, C.,
Gurunatha, K. L., Li, M., Mann, S. &
Dujardin, E. Multimodal plasmonics
in fused colloidal networks. Nature
Materials 14, 87–94 (2015).

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

PHYSICAL & LIFE SCIENCE
TECHNOLOGIES

Sensors:

Sounding out
flu viruses
A biosensor capable of sensitively detecting influenza viruses has potential
for improving clinical diagnosis of Influenza A

A photograph of a four-inch piezoelectric wafer containing fabricated sensors.

bioactive surface by immobilizing
Influenza A antibodies on
the sensor.
The SAW response of the
sensor changed when antigens of
Influenza A bound to the immobilized antibodies on the sensor
surface. Thus, by monitoring the
SAW signal of a sensor, typically at
very high frequencies of hundreds
of megahertz, the researchers
were able to detect antigens
with a sensitivity of at least one
nanogram per milliliter.
This is the first time that a
SAW-based biosensor has been
used to selectively detect targeted
Influenza A antigens by immobilizing Influenza A antibodies.
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“These results indicate the
potential of using SAW sensors to
detect libraries of pathogens and
to further act as a cost-effective
platform for rapid clinical diagnosis,” says Yao.
The simplicity of such SAW
sensors, and their ability to be
mass produced, make them highly
attractive. “Our SAW sensors have
a high sensitivity and are quantitative, low cost and easy enough
to be potentially used at clinics,”
says Yao.
In the future, the team hopes
to further improve the sensor’s
design and performance and to use
it to measure clinical samples by
collaborating with doctors.

© 2015 A*STAR Institute of Materials Research and Engineering

Sensors based on special sound
waves known as surface acoustic
waves (SAWs) are capable
of detecting tiny amounts
of antigens of Influenza A
viruses1. Developed by A*STAR
researchers, the biosensors have
the potential to detect viral
infections rapidly and reliably at
the point of care, making them
powerful tools for combating
future pandemics.
Influenza, for most of us, is
associated with a high fever and a
few days in bed, but some forms
of the disease can be deadly — in
2010 two per cent of deaths in
the United States were influenza
related. Of the three strains of
influenza viruses — Influenza A,
B and C — it is Influenza A that
gives rise to major pandemics that
break out periodically. Therefore,
it is essential to be able to rapidly
distinguish between the more
dangerous Influenza A and the
other, more benign strains.
Current influenza detection
methods have their limitations.
“Of the two conventional methods
for detecting Influenza A, one
is nonquantitative, not specific
enough, and often unreliable and
inconclusive, whereas the other is
time-consuming, expensive and
requires trained professionals,”
explains Kui Yao of the A*STAR
Institute of Materials Research
and Engineering in Singapore.
To provide a better detection
method, Yao and his co-workers
produced their sensors (see image)
by coating lithium niobate,
a piezoelectric material, with
silicon oxide. They then formed a

1. Jiang, Y., Tan, C. Y., Tan, S. Y.,
Wong, M. S. F., Chen, Y. F. et al.
SAW sensor for Influenza A virus
detection enabled with efficient
surface functionalization. Sensors
and Actuators B: Chemical 209,
78–84 (2015).
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Photocatalysis:

Harnessing sunlight
more effectively

© Adapted with permission from Ref. 1. Copyright 2014 American Chemical Society.

Computer simulations reveal why semiconductor microspheres containing
metal nanoparticles are so effective at harnessing sunlight to accelerate
chemical reactions

Analysis of the electric field inside a semiconductor microparticle containing a metal
nanoparticle reveals enhanced absorption of sunlight.

A*STAR researchers have
performed theoretical calculations
to explain why semiconductor
microspheres embedded with metal
nanoparticles are so good at using
sunlight to catalyze reactions1.
Photocatalysts accelerate
chemical reactions by absorbing
light from the sun and using
the energy to drive reactions
on their surfaces. They are
attractive for environmentally
friendly applications such as
generating hydrogen from water
and breaking down pollutants.
Experimental studies have shown
that microspheres made from
metal-oxide semiconductors and
embedded with metal nanoparticles are particularly effective
photocatalysts, but researchers
have been uncertain about why
this was the case.
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Now, Ping Bai and his colleagues at the A*STAR Institute
of High Performance Computing
in Singapore have performed
computer simulations that reveal
what makes these structures such
effective photocatalysts. Their
study also provides scientists with
helpful guidelines for designing
plasmonic photocatalysts.
Bai and his colleagues used a
widely employed computational
technique known as the finite
element method to analyze how
light interacts with a semiconductor
microparticle containing a single
metal nanoparticle. Their analysis
revealed that the refractive index
difference between the semiconductor and the catalytic medium
sets up an interference pattern
within the semiconductor microparticle. This interference enhances the

light absorption of the embedded
metal nanoparticles as a result of
plasmon resonance (see image).
As a consequence, the
microspheres with embedded
metal nanoparticles drive chemical
reactions by harnessing solar energy
much more efficiently than other
commonly used photocatalyst
structures. “The broadband absorption enhancement exists everywhere
inside the microspheres,”
explains Bai, “and the maximum
enhancement can be a hundred
times greater than that of metal
nanoparticles or small core–shell
photocatalysts.” This explains their
superior catalytic rates measured in
previous experiments.
In addition to explaining
previous experimental findings,
the analysis can also be used to
inform the design of photocatalysts.
In particular, it suggests that
using semiconductors with higher
refractive indices will maximize
the broadband absorption induced
by the interference, while using
a mix of different plasmonic
nanoparticles will enable flexible
energy harvesting and enhanced
selectivity. Finally, the findings
also imply that locating the metal
nanoparticles close to the surfaces
of the microspheres will increase the
catalytic rate as a consequence of
the very short range of the plasmon
near field.
Bai and his team are now
seeking to join forces with others
working in the field. “Our next step
is to look for end users and experimental collaborators to design,
optimize and fabricate particular
photocatalysts,” says Bai.

1. Sun, S., Liu, H., Wu, L.,
Png, C. E. & Bai, P. Interferenceinduced broadband absorption
enhancement for plasmonicmetal@semiconductor
microsphere as visible light
photocatalyst. ACS Catalysis 4,
4269–4276 (2014).
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Optoelectronics:

Tapering off
for efficiency
A new compact structure enables efficient lasers to be realized on
silicon chips

A new design for a compact on-chip laser showing the two tapered ends that allow light to be efficiently coupled with structures on
the chip.

The new structure is promising
as an on-chip light source for
current silicon photonics technology but also as a potential new
integration platform. It improves
on conventional fabrication procedures, in which components are
made separately and then combined, and enables fully integrated
optoelectronic systems to be
fabricated that take up less space
on a chip. “This new technology
could replace the current approach
of integrating a laser diode to an
optical system through assembling
and then bonding of components,”
explains Pu. “The laser diodes can
be fabricated exactly where they
are needed, which will cut the
manufacturing cost and reduce the
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size and weight of light sources by
a factor of hundreds.”
These advantages are very
attractive for many applications,
including next-generation
high-density magnetic data
storage, where laser diodes need
to be integrated on writing
heads that are smaller than
0.1 square millimeters.
The team plans to improve the
manufacturing process and device
performance so that the technology
can advance from prototype to
manufacture for industrial applications. “We also aim to reduce the
laser size and power consumption
for use as vital components for
high-performance computing,”
Pu adds.

© 2015 A*STAR Data Storage Institute

A compact ‘on-silicon-chip’ laser
has been developed by A*STAR
researchers that boasts both
excellent confinement of light
for lasing and the ability to efficiently share the laser light with
nearby components1.
Compact lasers small enough
to be integrated on chips are in
great demand for a diverse range
of applications, including data
communication and storage.
Lasers made from a combination
of silicon and semiconductors
containing elements from the
third and fifth columns in the
periodic table (dubbed III–V
silicon lasers) are particularly
attractive as on-chip light sources.
To be used in applications, such
lasers must tightly confine light
to maximize the lasing efficiency
and should effectively share, or
‘couple’, light with optical waveguides — the optical equivalent of
electrical wiring — located under
the laser.
Jing Pu and co-workers at the
A*STAR Data Storage Institute
have demonstrated a III–V silicon
laser that meets both criteria.
Their structure realizes efficient
lasing through the smart control of
light — light is tightly confined to
the III–V semiconductor layer in
which lasing occurs. Furthermore,
both laser ends are tapered to
facilitate the coupling of light with
underlying silicon waveguides.
“Our laser exhibits a high
efficiency as well as efficient
light coupling between the III–V
semiconductor and silicon layers,
which is the thinnest reported to
date,” says Pu.

1. Pu, J., Lim, K. P., Ng, D. K. T.,
Krishnamurthy, V., Lee, C. W.,
Tang, K. et al. Heterogeneously
integrated III-V laser on thin SOI
with compact optical vertical
interconnect access. Optics Letters
40, 1378–1381 (2015).
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Nanomaterials:

Making magnetic
hot spots

Adapted with permission from Ref. 1 © 2015 American Chemical Society.

Pairs of silicon nanocylinders can locally create and enhance light’s
magnetic field

Two nanocylinders produce resonant electric (E) and magnetic (H) fields when excited
with visible light.

Shining visible light on two tiny
silicon cylinders, or a ‘nanodimer’,
placed just 30 nanometers apart,
produces resonant hot spots for
both the electric and magnetic
fields, finds a study by A*STAR
researchers1. This phenomenon
could potentially be used to
connect computing devices.
Earlier theoretical work had
predicted the existence of such
magnetic hot spots, but this is
the first time that they have been
observed experimentally with visible light in a nanodimer configuration (see image), according to
lead author Reuben Bakker from
the A*STAR Data Storage Institute. The researchers numerically
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calculated the expected electric
and magnetic resonances and
found good agreement with the
experimental results.
The use of light to carry
information, known as photonics,
is critical to the continued growth
of information technology. Unfortunately, the diffraction limit
of light restricts it from being
directed at dimensions smaller
than half its wavelength, which
imposes a limit on the minimum
sizes of photonics-based devices.
The use of plasmon resonances
in metals — resonant collective
oscillations of conduction
electrons — has been proposed
as a way to overcome this limit.

However, metals that support
plasmons are often ‘lossy’, which
means that the distance the light
can travel in them is quite limited.
“Typically in metal photonics,
researchers have been studying the
electric field,” says Bakker. “But
we are now looking at materials in
the subwavelength regime (below
the diffraction limit), where we
can create and manipulate the
magnetic field as well. Essentially,
the electric field creates a current
loop inside the nanoparticle
and this current loop creates the
magnetic resonance.”
Being able to manipulate
the magnetic field close to the
nanodimer provides “another lever
to pull so that light does what we
want it to do,” says Bakker.
To exploit this effect, the
nanoparticles need to be made of a
high-dielectric-constant material,
such as silicon.
“We’ve taken the silicon
direction because it has a high
refractive index and doesn’t have
the losses that metals do,” says
Bakker. “But silicon may not be
the final answer. We know how to
work with silicon because of the
integrated circuit industry and it
is good — but is it the best? We’re
still figuring that out.”
Bakker sees this work as a step
toward more complex systems
that could potentially end up as
being nanoantennas or waveguide
systems. “This nanodimer is an
intermediary — it’s not the most
useful device in itself. We have
to build up our understanding of
these systems on an incremental
basis,” he says.

1. Bakker, R. M., Permyakov, D.,
Yu, Y. F., Markovich, D.,
Paniagua-Dominguez, R. et al.
Magnetic and electric hotspots
with silicon nanodimers. Nano
Letters 15, 2137–2142 (2015).

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

© 2015 A*STAR Institute of High Performance Computing

PHYSICAL & LIFE SCIENCE
TECHNOLOGIES

Droplet dynamics:

Understanding the interaction of liquid
droplets with a solid surface is critical
for a wide range of applications. (Image
courtesy of Cheng Ming)

Drops keep falling...
An expression for droplet deformation promises to simplify calculations for a
wide range of applications
A simple formula that describes
the initial deformation of a droplet
as it hits a solid surface is likely to
help to model droplet behavior in a
variety of different contexts, shows
new research by A*STAR1.
“Understanding droplet
deformation and spreading during
impact can inform the development
of better surfaces (by changing
the surface properties) or better
droplets (by changing the liquid
composition),” explains Rogerio
Manica from the A*STAR Institute
of High Performance Computing
in Singapore. “In some applications, the goal is to fully wet a
surface, whereas in others we want
drops to bounce off a surface.”
How liquid droplets deform
and spread as they strike a solid
surface is important for applications as diverse as inkjet printing,
painting and agriculture. For
example, understanding drop
impact phenomena is critical to
optimizing the application of
fertilizers and pesticides to crops.

While previous studies had
developed models for describing
how a drop interacts with a surface, these models are complex and
applicable to only a narrow range
of situations.
Now Manica, with colleagues
Evert Klaseboer and Derek Chan,
have addressed this problem by
deriving a simple, physically
meaningful formula that fits
with a wide range of experimental systems.
“While previous theories were
cumbersome and required a great
deal of justification,” says Manica,
“we have developed a simpler
model that is easy to derive and
gives values that are in excellent
agreement with available experimental data.”
The researchers developed
the formula by considering the
pressure that builds up in the air
layer trapped between a falling
drop and a surface during the
initial stages of impact. This air
layer results from competition
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between capillary, inertial and, to
a lesser extent, gravitational forces.
The model considers the relationship between three parameters:
drop size, impact velocity and
surface tension. It essentially
involves adding a term for the
stagnation pressure based on the
well-known Bernoulli equation of
fluid dynamics.
The equation predicts two
regimes for the initial deformation
of a droplet: a low-drop-velocity
regime in which capillary forces
dominate and a high-drop-velocity
regime where inertial forces
dominate; gravitational forces are
insignificant for drops that are a
few millimeters in size.
In the future, the team intends
to extend their model. “Our goal
is to develop the theory further
to look not only at how droplets
deform,” says Manica, “but also at
how droplets spread under conditions that are more relevant for
applications, such as the spreading
of insecticides.”

1. Klaseboer, E., Manica, R. & Chan, D.
Y. C. Universal behavior of the initial
stage of drop impact. Physical
Review Letters 113, 194501 (2014).
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Stem cell factories
Researchers at A*STAR are
mass-producing stem cells to
satisfy the demands of
regenerative medicine
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S

teve Oh had been growing stem
cells by conventional means
at the A*STAR Bioprocessing
Technology Institute (BTI) for
seven years, when in 2008 his
colleague Shaul Reuveny proposed an idea
for speeding up the process.
Instead of culturing the cells on round,
f lat Petri dishes, he could try growing
them on tiny polystyrene beads known as
microcarriers floating in a nutritional brew,
suggested Reuveny, a visiting scientist at
the BTI. This technique had been used for
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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decades to mass-produce virus-infected cells
for the vaccine industry, which Reuveny was
very familiar with.
The average Petri dish fits fewer than
100,000 cells, a miniscule amount when
stacked against the 2 billion muscle cells
that make up the heart or the 100 billion red
blood cells needed to fill a bag of blood. The
approach Reuveny suggested potentially could
produce cells in much vaster numbers to make
them more practical for therapy.
“Why don’t I bring some of these microcarriers over to you?” Reuveny suggested
to Oh. Eventually, Oh was convinced to try
what could become the most scalable method
for growing stem cells and differentiated
cells worldwide.
“There is a trend now in industry to move
away from this simple Petri-dish method to
manufacturing stem cells in bioreactor processors,” Oh says. “We started this journey much
earlier than everyone else in the world.”

© 2015 A*STAR Bioprocessing Technology Institute

Exponential growth
Oh’s Stem Cell Group first tried the approach
on human embryonic stem cells. These are
found in the early embryo and have the potential to mature into any type of cell in the body,
a state known as pluripotency. For months,
they struggled to develop a coating that would
make the stem cells stick to the microcarriers,
and to formulate a solution that contained the
right mixture of nutrients for the cells to grow.
“Without Reuveny’s know-how, we probably
would have failed,” says Oh.
About a year into their experimentation,
one line of human embryonic stem cells survived past the 20-week mark of stability. Not
only were these cells viable, they were also two
to four times more densely packed than those
grown in Petri dishes.
The group has spent the last six years
refining their processes to produce even more
cells using cheaper materials and fewer steps.
“We are easily achieving three times higher
cell densities than the Petri dish approach,”
says Oh. “In some cases, by modifying the
feeding strategy, we can get six times more
cell densities, and we could probably reach ten
with a bit of work.”
The process can be scaled up exponentially
in larger tanks. “If in one week we can go from
a ten-milliliter culture volume to a hundredmilliliter bioreactor, then the next week we
can go from a hundred milliliters to one liter;
and ten liters the week after that,” explains
www.astar-research.com 

Oh. The equivalent in Petri dishes — from
100 to 1,000 to 10,000 — would be practically impossible for a researcher to handle.
The team has also expanded their repertoire
to two other types of stem cells — induced
pluripotent stem cells and adult mesenchymal
stem cells — as well as differentiated heart,
neural, bone and red blood cells.

Healing hearts
The biggest advances for Oh’s team in recent
years have been in the growth of differentiated
heart muscle cells, called cardiomyocytes.
“We beat the Petri dish method on all counts
— purity, yield, cost of goods and simplicity of
process,” he maintains.
But a lot of their success is thanks to protocols initially developed on Petri dishes. For a
start, cardiomyocytes are the fastest cell type
to differentiate, taking only two weeks. And
researchers have developed a method to grow
pure batches of cardiomyocytes without the
addition of expensive growth factors. Instead,
they use small molecules to first inhibit
and then activate a key cell-differentiation
pathway known as Wnt signaling. Oh’s team
applied this small-molecule approach to grow
and differentiate cardiomyocytes from embryonic stem cells directly on their microcarriers.
“We can hit 90 per cent cardiomyocyte
purity with this activator–inhibitor protocol,”
says Oh, and the process is five to ten times
cheaper than the Petri dish approach. Other
preliminary results from their bioreactors
reveal densities of millions of cells per milliliter, nearing the dosage counts needed to use
stem cells in regenerative medicine.
The ultimate goal of the research is to grow
enough cells in an affordable way to patch
up one square-centimeter of damaged heart
muscle following a heart attack.
Oh’s team is now partnering with industry
to further improve the process, as well as with
clinicians to test the healing potential of their
cells on animal models. “We always try to
keep the end in mind, to translate our work
into something that can eventually be used by
companies and clinicians.”

Healing tissue
Heart cells are just one cell type being grown
at the BTI. From embryonic stem cells, the
team has also developed progenitor cells
halfway to becoming mature neurons, as well
as dopaminergic neurons that when progressively lost in the brain can cause Parkinson’s

The Stem Cell Group at the A*STAR Bioprocessing
Technology Institute (BTI) develops scalable technologies
for stem cell therapy.

disease. And the team is in the early stages
of differentiating red blood cells at speeds
and scales sufficient for use in emergency
blood transfusions.
From mesenchymal cells, for which there
are currently more than 400 registered clinical
trials worldwide, Oh’s group is growing bone
and cartilage cells known as osteoblasts and
chondrocytes that can be introduced to animal
models to repair damaged tissue.
“There is a need for better clinical products
to heal bone defects and fractures or to treat
those in need of spinal fusions. Stem cell
therapy shows promise in this area,” says
Asha Shekaran, a biomaterials and cell therapy
researcher at the BTI. Shekaran investigates
the bone-forming and bone-healing potential
of stem cells grown on biodegradable microcarriers by implanting the cells just under the
fat in the back of mice and delivering them
into skull defects in rats.
“One of the challenges with evaluating
stem cell treatments in complex living
systems is that there is often a large degree
of variability,” says Shekaran. “The results
don’t always translate very well from in vitro
to mineralization in a non-bone site to bone
healing in a rat model. And it is even harder
to say how it will fare in larger animal models
and clinical trials.”
But her preliminary results on the ability
of scalably grown stem cells to differentiate
into osteoblasts and produce cell-signaling
cytokine molecules have been encouraging,
she says. “Over the next five years, there are
going to be a lot of strides made in translating
stem-cell-based products into commercial use,
especially in the scaled-up manufacturing of
these products.”
Thanks to their pioneering use of microcarriers for a wide variety of differentiated cells,
Oh and the Stem Cell Group are well-positioned to be part of that exciting new future.
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Electrochemistry:

Oxide–carbon composites could power
green metal-air batteries.

Batteries made to last
An oxide–carbon composite outperforms expensive platinum composites in
oxygen chemical reactions for green energy devices
Electrochemical devices are crucial
to a green energy revolution in
which clean alternatives replace
carbon-based fuels. This revolution
requires conversion systems that
produce hydrogen from water or
rechargeable batteries that can
store clean energy in cars. Now,
Singapore-based researchers have
developed improved catalysts as
electrodes for efficient and more
durable green energy devices1.
Electrochemical devices such
as batteries use chemical reactions
to create and store energy. One
of the cleanest reactions is the
conversion from water into oxygen
and hydrogen. Using energy from
the sun, water can be converted
into those two elements, which
then store this solar energy in
gaseous form. Burning hydrogen
leads to a chemical explosion that
produces water.
For technical applications, the
conversion from hydrogen and
oxygen into water is done in fuel
cells, while some rechargeable
80
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batteries use chemical reactions
based on oxygen to store and release
energy. A crucial element for both
types of devices is the cathode,
which is the electrical contact where
these reactions take place.
For a well-functioning cathode,
the electronic energy levels of the
cathode material need to be well
matched to the energies required
for the oxygen reactions. An
ideal material for such reactions
is MnCo2O4, a spinel oxide,
which has the advantage that its
energy states can be fine-tuned by
adjusting its composition.
The research team, which
included Zhaolin Liu and
colleagues from the A*STAR
Institute of Materials Research and
Engineering with colleagues from
Nanyang Technological University
and the National University of Singapore, combined nanometer-sized
crystals of this material with sheets
of carbon or carbon nanotubes.
These composites offer several
benefits including low cost and high

efficiency. “The cost is estimated
to be tens of times cheaper than
the platinum–carbon composites
used at present,” says Liu. Because
platinum is expensive, intensive
efforts are being made to find
alternative materials for batteries.
The researchers fabricated
these composites using a scalable
chemical synthesis method and
studied their performance in
oxygen reactions. In these tests, the
composites clearly outperformed
the platinum-based alternatives.
They were more efficient than
the platinum-based solutions,
with comparable devices in
the lab lasting about five times
longer, for more than 64 chargedischarge cycles.
While these are still research
laboratory results, the first results
for full battery prototypes are
encouraging, comments Liu. “We
envisage a 100-watt rechargeable
battery stack in one to two years
and a 500-watt one in one to
three years.”

1. Ge, X., Liu, Y, Goh, F. W. T.,
Hor, T. S. A., Zong, Y. et al. Dualphase spinel MnCo2O4 and spinel
MnCo2O4/nanocarbon hybrids
for electrocatalytic oxygen
reduction and evolution. ACS
Applied Materials & Interfaces 6,
12684−12691 (2014).
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Materials:

Avoiding the cracks
A laser-assisted fabrication process enables the processing of heat-resistant
and crack-free materials

Micro-laser-aided additive manufacturing uses a very fine laser beam as a heat source to melt and deposit materials.

technique is far more resistant
to this deleterious cracking.
During the laser-aided additive
manufacturing process, the
researchers fired a beam from an
infrared laser to form a melt pool
on the substrate surface. At the
same time, IN100 powders with
particle sizes between 20 and
46 micrometers were delivered to
the melt pool via a powder feeding
nozzle. The powders were melted
and deposited onto a cast IN100
substrate (see image). Finally,
they strengthened the alloy by
subjecting it to a three-step
post-heat-treatment process, in
which the maximum temperature
was 1,080 degrees Celsius.
The team investigated the
structural and physical properties

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

of their alloy by using optical
and electron microscopy as well
as X-ray analysis. Their analysis
showed that the material was free
of cracks and had a low porosity.
They attribute this outcome to
the relatively low heat input of
their deposition process. This is
because they used a small laser
spot in the process; it was less
than 500 micrometers in diameter
— about half the diameter of
laser spots used in traditional
material deposition.
“Our method improves the
controllability of the heat input
during the deposition process,”
says Bi. “It can reduce both the
depth of the heat-affected zone
and residue stress accumulated in
the deposited material.”

© 2015 A*STAR Singapore Institute of Manufacturing Technology

A fabrication technique that
uses lasers to deposit superalloys
with fewer cracks and excellent
mechanical properties has been
developed by A*STAR researchers1.
Alloys are mixtures of two
or more metallic elements. The
composition of an alloy can be
tuned to give the material the best
possible properties. For example,
the metals chromium, cobalt,
molybdenum, titanium and aluminum are added to nickel-based
superalloys to impart them with
excellent mechanical strength,
high creep resistance at elevated
temperatures and superior surface
stability as well as good resistance
to both corrosion and oxidation.
Now, Guijun Bi and his
colleagues at the A*STAR Singapore Institute of Manufacturing
Technology have used a technique
known as laser-aided additive
manufacturing to optimize the
properties of a nickel-based alloy
called IN100 — a heat-resistant
material first developed for use
in gas turbines. Unfortunately,
its high titanium and aluminum
contents (these two elements
account for over 11 per cent of
the alloy) makes the alloy prone
to cracking over time or during
fusion deposition and welding.
“This is why IN100 is typically
produced in cast or powder
forms,” explains Bi. “Techniques
such as fusion deposition have
never been attempted on IN100
because the rapid cooling during
laser processing is likely to induce
stress cracking.”
Bi and the team showed that
the IN100 fabricated using their

1. Bi, G., Sun, C.-N., Chen, H.-C., Ng, F. L.
& Ma, C. C. K. Microstructure and
tensile properties of superalloy
IN100 fabricated by micro-laser
aided additive manufacturing.
Materials & Design 60,
401–408 (2014).
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Metallic glass:

Cracking the mystery of flaws

Adapted with permission from Ref. 1. Copyright 2014 American Chemical Society.

An interdisciplinary study exposes how structural flaws dictate failure
strength and deformation in nanosized alloys with super-resilient properties
says Jafary-Zadeh. “Performing
simulations at these scales is
Tensile force
pretty daunting, but we overcame
this challenge with the help of
the A*STAR Computational
Resource Centre.”
When the researchers modeled
atomic strain during nanopillar
elongation, they found that the
un-notched structures failed via a
plastic type of deformation known
75 nm
75 nm
as shear banding. However, the
notched structures were brittle
Experimental measurements (left and right) and molecular dynamics simulations
and failed through crack propaga(middle) of metallic glass nanopillars reveal that structural flaws play important roles in
determining material strength.
tion from the flaw point at tensile
strengths significantly smaller
A study from A*STAR reveals that Institute of High Performance
than the un-notched samples.
designers of metallic-glass-based
Computing, in collaboration with These observations suggest that
nanodevices must account for
researchers in the United States,
‘flaw insensitivity’ may not be
tiny flaws in alloy frameworks to
used a combination of physical
a general feature of nanoscale
avoid unpredictable catastrophic
experiments and computational
mechanical systems.
failure1. Understanding how
simulations to study nanoscale
“The theory of flaw insensinanoscale metallic glass fractures
flaw tolerance with in-depth
tivity postulates that the strength
and fails when subjected to
precision. First, the researchers
of materials that are intrinsically
external stress is critical to
fabricated nickel–phosphorous
brittle or have limited plastic
improving its reliability in devices metallic glass into narrow ‘nanodeformation modes approaches a
and composites.
pillars’ bearing tiny notches and
theoretical limit at the nanoscale,
mushroom-shaped endcaps that
and does not diminish due
served as tension grips (see image). to structural flaws,” explains
“Our results show that failure
Guided by high-resolution scanJafary-Zadeh. “However, our
strength and deformation
ning electron microscopy, they
results show that failure strength
in amorphous nanosolids
systematically pulled the structures and deformation in amorphous
depend critically on the
apart until they cracked — an
nanosolids depend critically on
presence of flaws.”
action that consistently occurred
the presence of flaws.”
at the notched zone, and at failure
Jafary-Zadeh notes that the
Recently, researchers have
strengths 40 per cent lower than
excellent agreement between
found evidence that artificial
those for unflawed nanopillars.
experimental results and the
flaws — miniscule notches carved
The team then turned to
simulations is exciting and deminto the alloy — do not affect the massive molecular dynamics
onstrates how such computations
material’s overall tensile strength. simulations to explain these
can bridge the knowledge gap
But other work has shown that
physical results. “Simulating
between macroscopic mechanical
such notches may actually induce failure modes in the nanopillar
fracturing and the hidden corthe formation of localized cracks. metallic glasses required largeresponding mechanisms taking
Mehdi Jafary-Zadeh and
scale, three-dimensional models
place at atomistic time and
co-workers from the A*STAR
containing millions of atoms,”
length scales.
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1. Gu, X. W, Jafary-Zadeh, M.,
Chen, D. Z., Wu, Z., Zhang, Y.-W. et al.
Mechanisms of failure in nanoscale
metallic glass. Nano Letters 14,
5858–5864 (2014).
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Social technology:

Solving the trust equation
Socially intelligent computers can turn difficult online negotiations into
win−win situations through tactical information disclosure
knowledge of business and social
communications as well as careful
computational coding of socialpsychological rules.”
Yang and her collaborators
from academia and industry realized that one way for computers
to gain the trust of human negotiators was to proactively share
certain information. For example,
the software agent could express
that its priority is distribution
and offer one price for immediate
delivery of merchandise and a
lower one for delivery in two
weeks — a flexibility that
signals a willingness to search for
mutual benefits.
To test their theory, the
team gave 54 MBA students the
opportunity to bargain with
software designed to simulate the
“These agents have to elicit
real-world purchasing of laptop
cooperative behavior such
computers. They instructed the
as making concessions while students to negotiate with an
maintaining the negotiation
online agent over four key factors
— price per unit, quantity, service
goals. This requires
level and delivery terms — while
transdisciplinary knowledge
keeping in mind that their top
of business and social
priority should be obtaining a low
communications as well as
careful computational coding unit price.
After an initial round of
of social-psychological rules.”
bargaining, the researchers’
proactive agent offered to find a
Yinping Yang from the
joint solution by sharing that if
A*STAR Institute of High Perfor- the participant ordered in large
mance Computing explains that
quantities, it was willing to make
it is challenging to create a comconcessions in other areas. The
puterized negotiator with enough agent then invited the student
social skills to put people at ease.
to reciprocate by divulging
“These agents have to elicit coop- their priority. As a control,
erative behavior such as making
some students negotiated with a
concessions while maintaining
non-proactive agent that simply
the negotiation goals,” says Yang.
presented counteroffers without
“This requires transdisciplinary
offering additional information.
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015
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Programming fundamental
‘social intelligence’ skills into
software agents can make humans
substantially more trusting of
online negotiations, which can
lead to superior outcomes in
e-commerce transactions, finds an
A*STAR-led team of technology
researchers, business experts and
cognitive scientists1.
Automated software agents
that bargain for the best deals on
the Internet are widely used for
business-to-business sales and
processes. However, as people are
naturally skeptical of negotiations lacking face-to-face
contact, engineers are seeking
ways to make such software
less intimidating.

Online negotiations can be improved if computer programs take social values, such as
honesty and trust into account when bargaining with human counterparts.

The results were striking:
80 per cent of the negotiations
using the proactive agent were
successful, whereas only half of
the control group had agreeable
outcomes. Surprisingly, even
students whose personalities
tested positive for cynical, ‘Machiavellian’ traits felt more trusting
about the online negotiations.
According to Yang, this finding
suggests that even self-interested
individuals can be steered toward
cooperative approaches with the
right social clues.

1. Yang, Y., Falcao, H., Delicado, N. &
Ortony, A. Reducing mistrust in
agent-human negotiations. IEEE
Intelligent Systems 29, 36–43 (2014).
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Optical materials:

Combining photonic crystals can slow
the propagation of light for applications
in optical communications.

Two crystals are better
than one
Engineered structures that can alter the speed of light could benefit optical
communication systems
A method for designing
materials capable of slowing
the propagation of light over a
broad range of wavelengths has
been developed by researchers at
the A*STAR Institute of High
Performance Computing1.
The speed of light in a
vacuum is always constant — a
fundamental concept made
famous by Albert Einstein. But
light propagates more slowly when
it enters a different medium, such
as glass. The degree to which
the speed is reduced is given by a
material’s dielectric constant — a
higher dielectric constant indicates slower propagation. Rather
than rely on a limited source of
natural substances, scientists have
started to design optical materials
with a broader range of beneficial
properties including ‘slow’ light.
One approach is to combine
two materials with different
dielectric constants into a periodic
structure. This can result in
properties that dramatically differ
84
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from those of the constituent
materials, particular when the
length scale of the periodicity
is similar to the wavelength of
light. “These so-called photonic
crystals, when appropriately
designed and in ideal conditions,
can almost stop the propagation
of light altogether,” says A*STAR
scientist Gandhi Alagappan.
The requirement that the
periodicity of the structure be
similar to the wavelength of
interest, however, is a limitation
for practical applications. It means
that most of these materials only
work with light of a single color.
Alagappan and his co-worker
Jason Ching Png have now
developed a scheme for designing
photonic crystals that operate over
a broader range of wavelengths.
Alagappan and Png considered
a structure in which two different materials are layered on
top of each other. To obtain
two different periodicities,
however, a third material with

a dielectric constant midway
between the two other materials
would typically be needed. This
makes physically creating the
structure difficult. The researchers
instead focused on developing
a mathematical technique to
combine two materials in such a
way that the dielectric profile in
the stacking direction is almost
the same as in the more complicated three-material structure
(see image).
Alagappan and Png simulated
the optical properties of their
combined photonic crystal.
They identified a broad range of
wavelengths known as the strongcoupling region that has a high
density of slow modes.
“We have invented a linear
optical multiscale architecture
that facilitates the creation of
broadband slow light,” says
Alagappan. “The proposed
structure could potentially
revolutionize current optical
buffering technologies.”

1. Alagappan, G. & Png, C. E.
Broadband slow light in
one-dimensional logically
combined photonic crystals.
Nanoscale 7, 1333–1338 (2015).
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Physics:

Photons in witness
detection program
Experiments show that the careful choice of witnesses makes it easier to
detect entangled quantum states

Many witnesses are needed to judge whether a quantum state is entangled or able to be separated.

experimentally, the idea of using a
witness family.
“A witness family is a set of witnesses — with each witness specified by another value of a certain
parameter — that can be measured
using a single experimental setup,”
explains Krivitsky.
The team focused on a
two-qubit system and considered
just the polarization state. In this
scenario, witness families are
measured using an interferometer
consisting of beam splitters, wave
plates and detectors — each setting
measures a specific witness family.
“We measure whole families in
one go, which is in marked contrast
to all previous experiments that
invariably measured witnesses one
by one,” notes Krivitsky.

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

The team considered random
and adaptive measurement
strategies using both physical
measurements and Monte Carlo
simulations. They found that
the adaptive measurement
schemes, which used information
from previous measurements
to choose the next family to be
measured, significantly reduced
the number of witnesses needed to
verify entanglement.
These findings could improve
the reliability of quantum-state
tomography measurements. “We
also hope that our work will renew
interest in experimental witnesses
and trigger further developments
that exploit the concept of witness
families in other physical contexts,”
comments Krivitsky.

© Fikmik/iStock/Thiinkstock

Accurately probing the delicate
relationship between linked, or
‘entangled’, photons — irrespective
of the distance between them — is
an important element of quantum
cryptography, and perhaps even
teleportation. Now, A*STAR
researchers have demonstrated an
optimized way to detect entangled
photons that involves using a
‘witness family’1.
The concept of entanglement
— where two photons are linked so
that no matter how far apart they
are, acting on one will invariably
affect the other — is a critical
aspect of quantum cryptography.
To definitively determine whether
something is entangled in quantum
mechanics requires a witness, which
in this context is anything that
can determine a particle’s state by
measuring it.
Entanglement can be estimated
by calculating the ‘expectation
value’ of a witness. If this value
is negative, then the quantum
bits, or ‘qubits’, are entangled. In
contrast, if it is zero or positive, the
states could be either entangled or
separable; in this case, the witness
is not reliable and another one
needs to be sought. Calculating the
expectation values of non-linked
witnesses one by one is unlikely
to produce a concrete answer. But
if the witnesses are linked, then
entanglement can be determined
both definitively and efficiently.
Leonid Krivitsky and his
colleagues at the A*STAR Data
Storage Institute and the Centre
for Quantum Technologies at the
National University of Singapore
explored, both computationally and

1. Dai, J., Len, Y. L., Teo, Y. S.,
Englert, B.-G. & Krivitsky, L. A.
Experimental detection of
entanglement with optimal-witness
families. Physical Review Letters
113, 170402 (2014).
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Plasmonics:

Close to the point of more
efficient chips
More efficient chips based on plasmonics are a step closer to reality through
better control of the directional excitation of plasmons in a gold grating

Probe

Adapted with permission from Ref. 1. Copyright 2015 American Chemical Society.

Voltage

Gold

Inverted
microscope

Experimental setup used to investigate the directional excitation of surface plasmon
polaritons in a one-dimensional gold grating. The probe of a scanning tunneling
microscope is used to excite a surface plasmon polariton and the resulting light is
analyzed by an inverted optical microscope.

By using the tip of a scanning
tunneling microscope (STM),
A*STAR researchers and their
collaborators have generated
electromagnetic waves known as
surface plasmon polaritons in a gold
grating and demonstrated that the
direction of travel of these waves
can be controlled1.
This demonstration is a
step toward the development of
plasmonic chips, so called because
they use plasmons — collective
excitations of electrons in a
conductor — rather than electrons
to transfer and process data. Such
chips promise to be much faster and
potentially more energy efficient
than current electronic chips.
86

www.astar-research.com 

Joel Yang and Zhaogang Dong
at the A*STAR Institute of Materials Research and Engineering,
together with colleagues at
the A*STAR Institute of High
Performance Computing and other
institutes in Singapore, investigated
controlling the traveling direction
of plasmons in a gold grating both
theoretically and experimentally.
In the experiments, they moved
the STM tip relative to the edge of
the gold grating and observed the
generated light using an inverted
microscope (see image).
“The STM tip acts as a point
source of surface plasmons,” Yang
explains. “When placed on a
metal film, electrons that tunnel

across the gap can excite plasmons,
although inefficiently.” Yang
likens the excitation of plasmons
in gratings to dropping pebbles in
a swimming pool with swimming
lanes demarcated by floats. “What
is interesting is that depending on
how far we drop the pebble from
the barrier for each lane, we can get
waves that preferentially move away
from the barrier and even across
lanes. By adjusting the position just
by a small amount — in our case by
about 100 nanometers — we can
turn on waves that propagate in the
opposite direction, namely toward
the barrier and beyond.”
This control of direction stems
from the surface plasmon polariton
reflected from the grating edge
interfering with the one at the STM
probe. By modeling this process
on a computer, the researchers
found a good match with the
experimental results.
The result provides point sources
of surface plasmon polaritons. This
could prove useful for developing
ways to replace wires between chips
with optical connectors, which
will greatly speed up chip-to-chip
communication in integrated
circuits based on plasmonics rather
than electronics.
The researchers intend to investigate the optical characteristics of the
plasmon source when the electrically excited plasmons are coupled
to plasmonic waveguides, opening
the way to plasmonic counterparts
of electronic components. “Potentially, we hope to achieve logic
gates, which underpin all processing
circuits, based on electrically driven
plasmons,” says Dong.

1. Dong, Z., Chu, H.-S., Zhu, D., Du, W.,
Akimov, Y. A. et al. Electricallyexcited surface plasmon polaritons
with directionality control. ACS
Photonics 2, 385–391 (2015).

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

ENGINEERING &
NANOTECHNOLOGY

Computing:

Minorities pack a major punch

Extracting meaningful information out of clinical datasets can
mean the difference between a
successful diagnosis and a protracted illness. However, datasets
can vary widely both in terms of
the number of ‘features’ measured
and the number of independent
observations taken. Now, A*STAR
researchers have developed an
approach for targeted feature
selection from datasets with small
sample sizes, which tackles the
so-called class imbalance problem1.
“From the view of sample
distribution in the subspace,
minority class emphasis
will actually ‘squeeze’ the
samples in the minority class
to form a compact ‘nucleus’
in the subspace of selected
features, which would be
easier to be classified.”
The class imbalance problem
— when the common, or
‘majority class’ data, overwhelm
the rare, or ‘minority class’
data — is a significant hurdle in
data mining. This is particularly
evident for datasets that have
lots of features, known as
high-dimensional data, or have
few samples — both of which
are common to gene expression
analysis and clinical data.
Feng Yang and colleagues from
the A*STAR Institute of High
Performance Computing took
an unconventional approach to
this problem. They began with
a common pattern classification

method called linear discriminant
analysis (LDA). But to make
feature selection tractable, the
dataset had to be ‘regularized’.
“After we analyzed the different forms of regularization,”
Yang recalls, “we found that one
intrinsic difference of the existing
forms of regularization is the
class emphasis.”
Existing regularization
methods favored the majority
class: “intuitively, the majority
class should be given more
emphasis weight since it has
more samples,” acknowledges
Yang. “However, our study
proved that this is not true in the
high-dimensional, small-sized
situation with class imbalance.”
Indeed, their study showed
that when the minority class was
more heavily emphasized, that
both the classification accuracy
and the robustness performance improved.
“From the view of sample
distribution in the subspace,
minority class emphasis will
actually ‘squeeze’ the samples
in the minority class to form a
compact ‘nucleus’ in the subspace
of selected features, which
would be easier to be classified,”
Yang explains.
The approach was tested
experimentally on five gene
microarray datasets, which
suffered class imbalance — with
the number of samples ranging
from 60 to 136 and the number
of features from 2,000 to
12,600. By using an incremental
approach, Yang and his team were
able to significantly reduce the
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A counterintuitive approach yields big benefits for high-dimensional,
small-sized problems

Emphasizing the less common classes in datasets leads to improved accuracy in
feature selection.

computational load related to feature selection from 4,215 seconds
to 49 seconds.
“Due to some practical limitations, such as the very specific
case of a rare disease in clinic
data, many practical problems will
be of high dimensionality, small
sample size and class imbalance,”
Yang notes. “There are still issues
that need to be addressed to deal
with these kinds of problems.”

1. Yang, F., Mao, K. Z., Lee, G. K. K. &
Tang, W. Emphasizing minority
class in LDA for feature subset
selection on high-dimensional
small-sized problems. IEEE
Transactions on Knowledge and
Data Engineering 27, 88–101 (2015).
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Computing:

Parallel processing using the microprocessors in modern computer graphics
adapters can greatly increase the speed
of motif discovery at relatively low cost.

Graphics processors accelerate
pattern discovery
Using normal graphics processors, a new program for identifying repeated
patterns in complex networks significantly boosts search performance
Repeating patterns in complex
biological networks can now
be found hundreds of times
faster using an algorithm that
exploits the parallel computing
capacity of modern graphics
adapters1. The A*STAR-led
breakthrough opens the possibility
of rapid genome scans for discrete
molecular structures.
A network motif is a statistically
significant connection of nodes
that appears more frequently
than chance would allow. In the
gene transcription network for
the bacteria Escherichia coli, for
example, a simple network motif
arises in the process by which a
transcription factor responds to
itself, known as negative autoregulation. Such a motif occurs repeatedly
in the transcriptome.
“This negative autoregulation
process has essential biological
functions,” explains Wenqing Lin
from the A*STAR Institute for
Infocomm Research. “Searching
for these repeating ‘graphs’ is of
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particular importance in the study
of network functionality.”
These searches, however, are a
significant computational drain
and increasing the rate of motif
discovery is a steep mathematical
challenge. “Even state-of-the-art
solutions require several days
to derive network motifs from
networks with only a few thousand
vertices,” says Lin.
The research team harnessed the
capabilities of the modern computer
graphics processors to overcome
the limitations of existing network
motif search algorithms. Graphics
processing units often comprise
thousands of computing cores,
allowing Lin’s team to adapt a large
number of the computational tasks
involved in graph mining. This
can significantly reduce computation time.
By developing a parallelized
code that utilizes the capabilities of
graphical processing units (GPUs),
including simultaneous execution
of code on multiple GPU cores and

efficient memory access patterns,
the team was able to expedite the
search by up to 100 times — the
improved rate was confirmed
through extensive experiments on a
variety of biological networks.
The study demonstrates the
feasibility of using GPUs for
network motif search tasks. GPUs
are also around 20 times cheaper
than computer processors for
equivalent performance, highlighting the potential for large-scale
search projects.
Network motif discovery
has many applications beyond
biology, including pattern
detection in digital circuits and
other non-random networks.
“Our research results can also be
applied to solving the problems
of enumerating all subgraphs of
a large network, and finding the
matches for a given subgraph in a
large network,” says Lin. “Both of
these problems are fundamental
aspects of graph mining and
graph databases.”

1. Lin, W., Xiao, X., Xie, X. & Li, X.-L.
Network motif discovery: A GPU
approach. IEEE 31st International
Conference on Data Engineering
(ICDE), 831–842 (2015).
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Industrial electronics:

Shop-floor monitoring goes
high tech
An advanced system based on discrete events paves the way for automated
industrial monitoring

Radio-frequency identification tags in combination with a sophisticated computer program are used to provide a snapshot of
shop-floor conditions in manufacturing industries.

Accordingly, Hu and colleagues
incorporated a discrete-event
observer in their program. This
observer constructs complex events
— such as delays in delivery — by
using probabilities derived from
past plant operations to extrapolate
‘simple event’ raw data collected by
scanning RFID tags.
In testing the system on the
shop floor of a precision machining
plant, a simple event occurred
when a worker received a work
order and scanned the associated
RFID. Once the worker had
completed the task, the order was
passed to another operator and the
RFID was rescanned. This process
was repeated until the order had
been completed.

A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

A simple event can be in one of
two states — incomplete or complete. By combining several simple
events and extrapolating based on
the probabilities of simple events
transitioning from incomplete to
complete, the discrete-event observer
can assess whether delayed delivery
is likely. Managers can then use
this information to take appropriate
action to ensure timely delivery.
Hu notes that there is much
scope for improving the system.
For instance, integrating more data
analysis functions into the system
will provide shop-floor managers
with more effective advice. The
team also intends to customize
the monitoring system to other
manufacturing industries.

© Albert Lozano/Hemera/Thinkstock

Individual operations on the shop
floor of an industrial plant can
be tracked using a sophisticated
automated monitoring system that
employs advanced mathematical
techniques. To track work in
progress, A*STAR scientists combined the popular radio-frequency
identification (RFID) tags with
rigorous computational processing
of ‘discrete-event observers’1. This
system will enable managers to
make better, more timely decisions.
“The factory of the future
will have zero defects, zero waste
and zero accidents,” explains
Jinwen Hu, who developed the
system with colleagues from the
A*STAR Singapore Institute of
Manufacturing Technology. To
eliminate the trifecta of defects,
waste and accidents, monitoring
systems need to extract timely,
precise and, most importantly,
usable information.
To design such a monitoring
system, Hu and co-workers,
through consultation with manufacturers, identified specific areas of
concern as being machine breakdown, staff availability, machine
status and work order flow.
Getting data from machinery
was relatively simple — RFID
tags are ubiquitous, being used
in everything from shoplifting
prevention technology to electronic
road-toll collection. However, it was
not so easy to figure out how to best
use the collected data. “The biggest
challenge was designing an efficient
scheme that allowed computers
to rapidly process the data and
engineers to conveniently modify
the monitoring rules,” notes Hu.

1. Hu, J., Lewis, F. L., Gan,
O. P., Phua, G. H. & Aw, L. L.
Discrete-event shop-floor
monitoring system in RFID-enabled
manufacturing. IEEE Transactions
on Industrial Electronics 61,
7083–7091 (2014).
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Gel electrophoresis:

Snap-and-go band analysis

The first Android mobile
application that can automatically
detect gel electrophoresis bands
and accurately measure their
size has been developed by
A*STAR researchers1.
“GelApp provides a highly
accurate readout of band size
— calculated to the decimal point
— and includes a memory function for storing and reproducing
standard markers,” says Samuel
Gan, who led the research team at
the A*STAR Bioinformatics Institute (BII). “It beats eye-balling.”
Gel electrophoresis is a standard
technique used by molecular
biologists to segregate proteins,
DNA fragments or RNA strands
based on their size and charge.
“Phone apps and mobile
devices have great potential
for growth. Why not leverage
on something that everyone
has already?”
The method involves injecting
unknown samples at one end
of a gel under an electric field.
Molecules of different sizes travel
at different speeds through pores
in the gel and appear as distinct
bands when stained. These bands
can be measured using a simple
ruler. Used for decades, the technique can spot truncated genes,
confirm the presence of clones or
identify changes in proteins.
Accurate band measurement
can be achieved using image
processing software, but many
of these are often poor detectors
of faint bands. Equipment
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specifically designed to capture
and quantify gel samples can solve
this problem but is significantly
more costly.
“Now, instead of having ten
researchers queuing for one bulky
machine, you can have ten smartphones installed with GelApp,”
says Gan. “This will increase the
productivity and efficiency of
biomedical research.”
GelApp has a simple user
interface. Researchers first choose
between two options — DNA
analysis or protein analysis — and
upload their images from local or
cloud-based storage drives. The
images can be cropped or edited
for brightness, darkness and
clarity to improve band visibility.
GelApp then calculates and
compares the band sizes against
previously defined or manually
entered standard marker values
(see image).
To improve the efficiency of
isolated band detection, Gan’s
team worked with BII’s Lee Hwee
Kuan to incorporate an image
processing tool called a Gabor
filter in this step.
Almost 800 users have
downloaded the Android and iOS
versions of the app since it was
launched in early 2015, together
with detailed user guides and
video tutorials. The team plans
to use GelApp as a teaching tool
in a molecular biology course at a
polytechnic institute.
In mid-2015, Gan and fellow
researcher, Sir David Lane,
launched the first journal dedicated to the development of scientific mobile phone applications

© 2015 A*STAR Bioinformatics Institute

Mobile software simplifies measurements of gel electrophoresis

GelApp, a mobile application developed by A*STAR scientists, can detect gel electrophoresis bands in an image (red boxes) and compare them against standard markers
(yellow boxes).

called Scientific Phone Apps and
Mobile Devices (SPAMD). “Phone
apps and mobile devices have great
potential for growth,” he says.
“Why not leverage on something
that everyone has already?”

1. Sim, J.-Z., Nguyen, P.-V., Lee, H.-K.
& Gan, S.-E. K. GelApp: Mobile gel
electrophoresis analyser. Nature
Methods Application Notes (2015).
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Sound processing:

Speaking in song
Sing-a-long software developed at A*STAR brings sweet melody to any
cacophonous cry
or to the exact note in the original
score. The former works well for
professional singers who may only
be slightly out of tune, but cannot
fix drastically off-key singing
or simply reading out loud. The
latter is better at correcting discordant tunes, but ignores many
other aspects of melody such as
vibrato and vowel-stretching.
Instead, I 2R Speech2Singing
uses recordings by professional
singers as templates against which
to correct the melody of a singing
voice or convert a speaking
voice into a singing one. The
software detects the timing of
each phonetic sound using speech
recognition technology, and then
stretches and compresses the
“When we compared
duration of the signal using voice
the output with other
conversion technology to match
applications in the market
the rhythm to a professional
and in research, we realized
singer’s. A speech synthesizer then
that our software generated
combines the time-corrected voice
much better voice quality.”
with pitch data and background
music to produce a beautiful solo.
Speech consists of three key
“When we compared the
elements — content, prosody and output with other applications in
timbre. The content is conveyed
the market and in research, we
using words, the prosody — or
realized that our software genermelody in the case of singing — is ated much better voice quality,”
expressed through rhythm and
says Dong.
pitch, but the timbre is that disSingaporeans were first
tinctive quality that makes a banjo introduced to the software in
sound different from a trumpet,
2013 through ‘Sing for Singaand one singer’s voice from
pore’, part of the National Day
another’s. I 2R Speech2Singing
Parade 2013 mobile application
works by polishing melody, while (see image). And in 2014, I 2R
retaining the original content and Speech2Singing won the award
timbre of a sound1.
for best Show & Tell contribution
Existing technologies that
at INTERSPEECH, a major
focus on correcting melody try to global venue for research on
align off-tune sounds either to the the science and technology of
closest note on the musical scale
speech communication.
A*STAR RESEARCH MARCH 2015– SEPTEMBER 2015

Modified, with permission, from Ref. 1 © 2014 International Speech Communication Association

Whether you give it your
best — or worst — effort, I 2R
Speech2Singing technology will
make you sound like the melodious singer you’ve always wanted
to be. The voice synthesis software
developed by A*STAR researchers
is the first to deliver high-quality
singing automatically, while still
preserving the original character
of your natural voice.
“Many people like singing
but they lack the skills to do so,”
says Minghui Dong who led the
research at the A*STAR Institute
for Infocomm Research. “We
want to use our technology to
help the average person sing well.”

A song synthesis software that brings out the natural beauty in off-key singing or
speaking was introduced to Singaporeans in 2013 through ‘Sing for Singapore’, part of
the National Day Parade 2013 mobile application.

Dong and his team are now
working to improve the accessibility of the software and to add
a feature that allows users to tune
their singing as they wish.

1. Dong, M., Lee, S. W., Li, H.,
Chan, P., Peng, X., Ehnes, J. W. &
Huang, D. I2R Speech2Singing
Perfects Everyone’s
Singing. INTERSPEECH 2014,
2148–2149 (2014).
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Nanomaterials:

A*STAR researchers have used a
combination of quantum calculations
and band-structure simulations to design
topological insulators based on twodimensional organic-based nanosheets.

Organic electronics with
an edge
Two-dimensional organic lattices are easier and safer to work with than
inorganic materials for spintronic and quantum computing applications
Using sophisticated theoretical
tools, A*STAR researchers have
identified a way to construct
topological insulators — a new
class of spin-active materials — out
of planar organic-based complexes
rather than toxic inorganic crystals1.
The unique crystal structure
of topological insulators makes
them insulating everywhere, except
around their edges. Because the
conductivity of these materials is
localized into quantized surface
states, the current passing through
topological insulators acquires
special characteristics. For example,
it can polarize electron spins into a
single orientation — a phenomenon
that researchers are exploiting to
produce ‘spin–orbit couplings’
that generate magnetic fields for
spintronics without the need for
external magnets.
Many topological insulators
are made by repeatedly exfoliating
inorganic minerals, such as
bismuth tellurides or bismuth
selenides, with sticky tape until
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flat, two-dimensional (2D) sheets
appear. “This gives superior
properties compared to bulk
crystals, but mechanical exfoliation
has poor reproducibility,” explains
Shuo-Wang Yang from the
A*STAR Institute of High Performance Computing. “We proposed
to investigate topological insulators
based on organic coordination
complexes, because these structures
are more suitable for traditional
wet chemical synthesis than
inorganic materials.”
Coordination complexes are
compounds in which organic
molecules known as ligands bind
symmetrically around a central
metal atom. Yang and his team
identified novel ‘shape-persistent’
organic ligand complexes as good
candidates for their method. These
compounds feature ligands made
from small, rigid aromatic rings.
By using transition metals to link
these organic building blocks into
larger rings known as ‘macrocycles’,
researchers can construct extended

2D lattices that feature high charge
carrier mobility.
Pinpointing 2D organic lattices
with desirable topological insulator
properties is difficult when relying
only on experiments. To refine
this search, Yang and colleagues
used a combination of quantum
calculations and band-structure
simulations to screen the electronic
activity of various shape-persistent
organic complexes. The team looked
for two key factors in their simulations: ligands that can delocalize
electrons in a 2D plane similar to
graphene and strong spin–orbit
coupling between central transition
metal nodes and ligands.
The researchers’ new family
of potential organic topological
insulators has a 2D honeycomb
macrocycles containing tri-phenyl
rings, palladium or platinum
metals, and amino linking groups.
With promising quantum features
and high theoretical stability, these
complexes may serve as topological
insulators in real world applications.

1. Zhou, Q., Wang, J., Chwee, T. S.,
Wu, G., Wang, X. et al. Topological
insulators based on 2D shapepersistent organic ligand
complexes. Nanoscale 7,
727–735 (2015).
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