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In this issue, which contains stories  
published between April and June 2016, the 
center stage is occupied by Zika, the latest 
test of A*STAR’s ability to respond to a 
developing threat. Although the Zika virus 
is yet to take hold in Singapore, prepared-
ness is key. As mosquito-borne infectious 
diseases such as Zika are a particular research 
strength of A*STAR, our feature article 
on page 24 details how a cross-disciplinary 
alliance of researchers from five different 
A*STAR research institutes are working 
together and focusing their molecular 
diagnostics, immunology and developmental 
neurobiology expertise toward combating  
the Zika threat.

We have several life-science research 
highlights for you in this issue, including one 
study that tackles a fundamental question of 
immunology, namely how dendritic cells — 
the initiators of adaptive immune responses 
— develop (see page 6). On page 37, we 
highlight progress made in understanding 

how the brain vasculature drives pathological 
immune responses in malaria infection. And 
a newly discovered hormone that has shed 
light on how embryonic stem cells maintain 
their ability to self-renew and differentiate is 
discussed on page 32.

The physical sciences and engineering 
side of A*STAR has not been neglected by 
any means — in this issue, we bring to you 
ultrathin transparent metal touch screens 
(page 15), new ways of using materials that 
channel light (pages 33, 36) and an explana-
tion of why certain widely used cryptography 
schemes are actually less secure than once 
thought (page 12). As an immunologist by 
training, I appreciate this guided opportunity 
to imagine the possibilities that arise from 
avant-garde approaches from fields outside 
my area of expertise.

All these stories and more await you  
in this issue of A*STAR Research — we hope 
they will inspire you, regardless of your field 
of expertise.

COVER IMAGE
Researchers at A*STAR have joined 

forces to fight the Zika virus [p24]
@ Galyna_P/Getty
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In 2001, researchers developed a formula, or 
algorithm, that predicts whether a specific 
change in a gene sequence can result in 
harmful effects. While useful, the algorithm 
was slow; the computations underpinning 
these predictions used multiple central 
processing units (CPUs) and a significant 
amount of time. Now A*STAR researchers 
have adapted the algorithm to work on a 
graphical processing unit, a specialized 
electronic circuit that can process huge 
amounts of data in parallel1.

The faster computational time has allowed 
the team to expand their “database of predic-
tions” from just the human genome to include 
more than 200 additional organisms.

Similarities exist between the same genes 
of different organisms. Even so, individual 
organisms have differences in parts of their 
genomes when compared to other organisms 
of the same species. Some of these differences 
affect how proteins function and may lead 
to disease. By comparing genetic sequences, 
researchers are able to pinpoint disease-causing 

gene mutations. But this requires sifting 
through huge amounts of data.

The SIFT (Sorting Intolerant From 
Tolerant) algorithm predicts which changes in 
a gene — known as variants — could affect 
the function of the protein that gene encodes. 
Using SIFT, A*STAR researchers computed 
potential changes that can occur to gene 
sequences in humans to compile a database of 
predictions. Researchers provide SIFT with 
the gene variants they are investigating as a 
possible source of disease. SIFT then looks 

Bioinformatics: 

SIFTING FOR  
GENE MUTATIONS
AN ALGORITHM IS SPED UP TO PREDICT HARMFUL EFFECTS  
FROM SPECIFIC GENE MUTATIONS
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Comparisons of genetic variation within wheat, 
melon, sunflower, finches and chicken breeds 
have used the algorithm SIFT (Sorting Intolerant 
from Tolerant) to predict changes with potential 
harnful effects. SIFT 4G has recently been used 
to provide SIFT scores in Sus scrofa.

[RESEARCH HIGHLIGHTS]
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up the variants in its database of predictions. 
Variants that are predicted deleterious by 
SIFT are highlighted and may be considered 
worthy of further investigation.

Compiling SIFT’s database for the human 
genome involved performing computations 
on multiple CPUs, which took about four 
minutes to analyse a single gene sequence.

“I had wanted to make SIFT databases for 
a lot more organisms, but making the human 

database took significant time,” says systems 
biologist Pauline Ng from the Genome 
Institute of Singapore.

SIFT was adapted for use with a graphical 
processing unit to make faster predictions. This 
allowed the team to expand the scope of the 
algorithm’s predictions to cover more than  
200 other organisms. SIFT 4G, the updated 
algorithm, takes only 2.6 seconds to analyse a 
gene sequence compared to SIFT’s four minutes.

The updated database and algorithm 
will not only facilitate the identification of 
disease-causing gene mutations but will help 
researchers understand the genetic variations 
that make some animal breeds or plant strains 
more robust or prone to disease.  

1. Vaser, R., Adusumalli, S., Leng, S. N.,  
Sikic, M., & Ng, P. C. SIFT missense predictions  
for genomes. Nature Protocols 11 ,  
1–9 (2016). 

Drug testing: 

EMBRYONIC TOXICITY 
ON THE MOVE THE FIRST LAB-BASED DRUG SCREENING METHOD 

FOR DETECTING CHANGES IN CELL DIFFERENTIATION 
AND MIGRATION DURING EMBRYONIC DEVELOPMENT

Researchers at A*STAR have designed a 
highly sensitive, animal-free method to test 
the toxicity of drugs on developing embryos. 
The technique can identify compounds that 
disrupt the differentiation and, for the first 
time, the movement of growing colonies of 
human stem cells1.

“Our technique detects two essential 
processes of embryonic development: cellular 
differentiation and migration,” says Hanry Yu, 
who led the research together with his col-
leagues at the A*STAR Institute of Biotech-
nology and Nanotechnology. “This greatly 
enhances our ability to predict drug-induced 
toxicity during development.”

Drugs found to cause birth defects are 
categorized as teratogens. These include the 
sedative, thalidomide, initially prescribed to 
pregnant women to combat morning sickness 
until it was found to disrupt limb formation 
in growing fetuses.

Researchers have typically tested the 
teratogenic effects of various compounds on 
animals, which is expensive, time-consuming 
and contested on ethical grounds. The main 

alternative looks at how these compounds 
disrupt the differentiation of mouse embry-
onic stem cells into beating heart muscle cells, 
often with unreliable results.

Yu’s team instead developed a drug 
screening model using human pluripotent 
stem cells that differentiate into circular struc-
tures resembling the earliest cellular layers 
formed during embryogenesis. The model 
could be used to observe teratogenic changes 
over time, and more significantly, space.

In cell culture experiments, the researchers 
found that colonies treated with thalidomide 
tended to migrate closer to the center of the 
ring, whereas those treated with non-tera-
togenic penicillin G migrated outward to 
form thin rings similar to those produced by 
untreated cells (see image).

“Anyone studying embryonic biology will 
know that drugs that affect cellular migration 
in the embryo cause defects: the heart will be 
in the wrong place or the brain will be in the 
wrong place or no such organs will grow at 
all,” says Yu. “But nobody was paying atten-
tion to this migratory pattern in drug testing.”

PenicillinG
200µg/ml

Thalidomide
800µM

Compounds that cause birth defects, such as 
thalidomide (bottom), disrupt the ring-like formation 
of colonies of human stem cells, compared with 
compounds that are not toxic to the developing fetus, 
such as penicillin G (top).
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Dendritic cells, a type of immune cell, 
determine earlier than expected which kind 
of dendritic cells they will become — shows 
an A*STAR study on mice1. They choose their 
future while still in the bone marrow.

Dendritic cells (see image) are the sentinels 
of the immune system. They gather infor-
mation on foreign invaders such as viruses, 
bacteria and fungi as well as cancer cells 
and relay this intelligence to other parts of 
the immune system. A better understanding 
of how dendritic cells are produced would 

help scientists find ways to better manage 
the immune system, such as how to boost 
the immune response to infections and 
suppress it for autoimmune diseases such as 
multiple sclerosis, arthritis and inflammatory 
bowel disease.

“Dendritic cells are composed of two main 
lineages: DC1, which specialize in immunity 
against pathogens inside cells, and DC2, 
which concentrate on attackers outside cells,” 
explains Florent Ginhoux of the A*STAR 
Singapore Immunology Network. “Dendritic 

cells arise from progenitors in the bone 
marrow that give rise to circulating dendritic 
cell precursors, which seed peripheral tissues 
before differentiating into mature dendritic 
cells. However, how and when the decision 
to become DC1 or DC2 occurs remains 
poorly understood.”

Now, Ginhoux and co-workers have made 
a discovery that goes against the conventional 
wisdom. They found that precursors in mice 
make the choice to become one of the two 
dendritic cell subtypes early, while still in 
the bone marrow — the ‘womb’ of dendritic 
cells — and not, as previously thought, in the 
tissues where dendritic cells operate. The team 
used a state-of-the-art analysis method that 
examines gene expression profiles at the single 
cell level — an advance on previous studies, 
which looked at thousands of cells in bulk.

The team also identified new dendritic cell 
progenitors in the bone marrow that express 
markers that can be used to predict their fate.

The researchers are excited about their 
discovery since both types of dendritic cells 
can potentially be harnessed for immuno-
therapy and vaccination. “Knowing how to 
identify precursors allows you to either target 
them or mobilize them,” says Ginhoux. “Both 

Immunology: 

EARLY DECIDERS
PRECURSORS TO DENDRITIC CELLS DECIDE WHAT THEY WANT TO BE 
WHEN THEY GROW UP MUCH EARLIER THAN PREVIOUSLY THOUGHT

The researchers compared the performance 
of their cells against mouse cardiomyocytes 
in classifying four known teratogens and one 
non-teratogen. The mouse model misclassified 
two of the five drugs, including thalidomide, 
which only affects human and not mouse 
development. Yu’s model, however, identified all 
five drugs correctly.

The researchers have since tested their 
model on 11 other drugs, with close to 
100 per cent predictability of teratogenicity, 
and plan to test another 30 with funding 
from A*STAR’s technology transfer arm, 
ETPL (Exploit Technologies Pte Ltd). 
“Once we reach 50 or more compounds, 
the community will be convinced,” says 

Yu, describing a pharmaceutical industry 
eager to cut its losses on drugs found to be 
harmful to health.  

1. Xing, J., Toh, Y.-C., Xu, S. & Yu, H. A  
method for human teratogen detection  
by geometrically confined cell differentiation  
and migration. Scientific Reports 5 ,  
10038 (2015).
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Dendritic cells, so named because of their 
branch-like appendages, identify foreign 
invaders and cancer cells in the body.
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Antimicrobials: 

TINY MOLECULE PUNCHES 
ABOVE ITS WEIGHT
A SMALL MOLECULE OUTCLASSES LARGER ONES 
IN COMBATING DRUG-RESISTANT BACTERIA THAT 
CAUSE SKIN INFECTIONS

A promising drug candidate to address the 
growing problem of antibiotic-resistant 
skin infections has been discovered by 
A*STAR researchers.

Bacteria known as Methicillin-resistant 
Staphylococcus aureus (MRSA) (see image) is the 
primary cause of human skin infections and 
is now endemic in many hospitals worldwide. 
Such infections are becoming harder to treat 
because an increasing number of MRSA strains 
are becoming resistant to standard antibiotics. 
Besides causing painful and unsightly skin 
conditions, MRSA infections can lead to more 
severe complications, such as surgical wound 
and catheter-related infections, blood poisoning, 
bone infections and pneumonia.

The arsenal available to fight the disease 
is rapidly shrinking for two reasons. Firstly, 
standard antibiotics have become less effective 
as the bacteria develop resistance to them 
and secondly, pharmaceutical companies 
are reluctant to invest in the costly search 
for new antibiotics due to the perceived low 
profitability in this research area.

Brian Chia of the A*STAR Experimental 
Therapeutics Centre and his co-workers have 
now designed and synthesized a new potential 
weapon in the battle against MRSA — a very 
short antimicrobial peptide1.

Peptides are organic polymers made 
up of amino acid building blocks linked 
in a chain by peptide bonds. By designing 
peptides with specific amino acid sequences, 
researchers can tune peptides to target and 
disrupt bacterial membranes. Because anti-
microbial peptides quickly disrupt bacterial 
membranes, bacteria have little time to mutate 
and develop drug resistance. 

A major hurdle in developing anti-
microbial peptides as drugs is that their 
relatively large molecular sizes make them 
expensive to manufacture on a large scale. 
The team solved this problem by designing 
an ultra-short peptide that consists of 
only four amino acids. In contrast, the 
shortest antimicrobial peptide currently 
in clinical trials, Omiganan, consists of 
12 amino acids. 

The researchers compared the MRSA-
killing ability of their antimicrobial peptide 
with other antimicrobial peptide clinical 
candidates as well as anti-MRSA antibiotics 
currently prescribed by doctors. 

The results were highly encouraging. 
“Our antimicrobial peptide far exceeded 
our initial expectations,” says Chia. “Our 
four-residue peptide has an anti-MRSA 
potency on par with that of the current 
shortest antimicrobial peptide — but it is 
three times shorter. Plus, because it consists 
of only two types of amino acids, drug 
manufacturing cost and time should be 
drastically reduced.”

The team is currently working on formu-
lating the antimicrobial peptide into a topical 
gel for pre-clinical studies.  

1. Lau, Q. Y., Ng, F. M., Cheong, J. W. D., Yap, Y. Y. A., 
Tan, Y. Y. F. et al. Discovery of an ultra-short linear 
antibacterial tetrapeptide with anti-MRSA activity 
from a structure–activity relationship study. 
European Journal of Medicinal Chemistry 105, 
138–144 (2015). 

Electron micrograph of Methicillin-resistant Staphylococcus aureus (MRSA), 
which is becoming increasingly difficult to treat due to increased drug 

resistance. A small molecule containing four amino acids has been devel-
oped that is effective in killing such bacteria quickly and efficiently.

abilities are important, as in some diseases 
DC1 are the good dendritic cells, whereas in 
others they are the bad ones.”

“We are now trying to find out if these 
results are similar in humans,” says Ginhoux. 

“Preliminary data suggest that it will be 
similar, as we may have found equivalent cell 
populations in human blood. We are investi-
gating this in various diseases and already we 
have exciting and promising results.”  

1. Schlitzer, A., Sivakamasundari, V., Chen, J., 
Sumatoh, H. R. B., Schreuder, J. et al. Identification 
of cDC1- and cDC2-committed DC progenitors 
reveals early lineage priming at the common DC 
progenitor stage in the bone marrow. Nature 
Immunology 16, 718–728 (2015).
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A long-running debate among traffic 
engineers has been resolved by two A*STAR 
researchers who have discovered that two 
seemingly very different models of traffic 
f low in cities actually have similar underlying 
mathematical structures1.

Traffic models play a vital role in assisting 
urban planners and traffic engineers to 
minimize congestion in our towns and cities. 
Unfortunately, modeling traffic turns out to 
be considerably more challenging than mode-
ling many natural systems because traffic f low 

lacks inherent symmetry, which could be used 
to simplify models. As a result, the traffic 
modeling community is overwhelmed by a 
plethora of models. “It can be very difficult 
to determine which is the most appropriate 
model to use for a particular traffic system,” 
notes Bo Yang of the A*STAR Institute of 
High Performance Computing.

The community is also divided between 
two apparently different approaches — some 
modelers advocate so-called two-phase traffic 
theories, while others champion three-phase 

ones. “The two-phase and three-phase traffic 
theories were deemed incompatible, and 
both schools of thought believed their own 
approach was the right one,” explains Yang.

Now, Yang and Christopher Monterola 
have successfully resolved this dispute by 
showing that these two approaches are 
intrinsically related mathematically. In 
particular, any three-phase traffic model can 
be approximated to an arbitrary degree of 
accuracy by an appropriately tuned  
two-phase model.

Traffic models: 

MATHEMATICS TO  
THE RESCUE
A MATHEMATICAL ANALYSIS OF URBAN TRAFFIC MODELS CLARIFIES 
A DISPUTE OVER WHICH APPROACH IS THE BEST
©
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A mathematical analysis of urban traffic 
flow throws light on the plethora of different 
traffic models that have been developed.

[RESEARCH HIGHLIGHTS]
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“We believe that our study has made one of 
the most crucial steps in resolving this long-
standing controversy,” says Yang. He adds that 
although it could take time to gain complete 
acceptance, the team has been encouraged 
by initial responses they have received from 
leading proponents of the two approaches.

Furthermore, Yang and Monterola’s 
analysis allows different models to be objec-
tively compared with each other. “Our study 
reveals a universal mathematical structure 

that underlies all deterministic microscopic 
traffic models,” says Yang. “This structure can 
be used to classify all such traffic models in 
the literature.” This will allow any two traffic 
models to be appropriately compared and 
assessed. “Different traffic models can now 
be compared quantitatively by performing 
controlled expansions around steady states, 
and the various different assumptions used 
by these models can now be understood in a 
systematic way,” explains Yang.

In addition to helping to improve our 
understanding of collective human driving 
behaviors, the pair’s analysis is useful for 
designing driving algorithms for autonomous 
vehicles, which are fast becoming a reality.

The pair has been continuously collecting 
data of actual traffic f low to test and optimize 
their theoretical analysis. 

1. Yang, B. & Monterola, C. Classification and 
unification of the microscopic deterministic traffic 
models. Physical Review E 92, 042802 (2015).

3D printing: 

BUILDING IMPLANTS GOOD TO 
THE BONE
Titanium alloys are a primary choice for ortho-
pedic devices such as knee and hip implants 
because they have excellent mechanical attrib-
utes and resist infection. An A*STAR team 
has now found a way to produce customized, 
patient-specific implants with improved stress 
absorption using a titanium-tantalum powder 
with intriguing properties1.

Selective laser melting (SLM) is one of many 
emerging three-dimensional (3D) printing 
technologies that promise to revolutionize 
small-scale manufacturing. SLM uses high-pow-
ered lasers to fuse powdered metals into 
computer-designed shapes, layer-by-layer. So far, 
researchers have had success creating biomedical 
prototypes using titanium-aluminum-based 
powders. However, concern over aluminum’s 
long-term effects on human neurology has 
prompted a search for alternatives.

Florencia Edith Wiria from the A*STAR 
Singapore Institute of Manufacturing Tech-
nology (SIMTech) and Wai Yee Yeong from the 
Singapore Centre for 3D Printing (SC3DP) at 
Nanyang Technological University initiated a 
collaboration that aims to manufacture better 

titanium alloy biomedical products via SLM by 
creating innovative metal blends.

Alloys with titanium and tantalum are 
desirable because they are biocompatible and 
mechanically superior to titanium alone. How-
ever, tantalum’s incredibly high melting point 
(over 3,000 degrees Celsius) means it is not 
economically viable to turn into finely dispersed 
microspheres, which flow smoothly for SLM 
printing. Commercial tantalum powders are 
usually made of rough, elongated microparticles 

that are formed via gas atomization.
To overcome this problem, the team 

blended the jagged tantalum powder with 
another readily available powder of titanium 
microspheres. After mixing the two materials 
together for half a day, they observed the 
mixture could be spread more evenly for SLM 
use, which was favorable for the printing 
process. Microscopy experiments revealed that 
the titanium’s spherical shape was retained 
after mixing, which was key to this success.

Titanium-Tantalum

An innovative titanium-tantalum 
alloy can be printed into 3D shapes 
by selective laser melting for 
biomedical applications.

A POWDERIZED TITANIUM ALLOY MAKES IT EASIER TO 
PRODUCE BIOCOMPATIBLE BONE REPLACEMENTS USING 

THREE-DIMENSIONAL ADDITIVE MANUFACTURING
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“The titanium powder acts as a rolling 
medium,” explains Wiria. “It pushes the 
tantalum powder along and makes the 
processing by SLM possible.”

By applying a ‘checkerboard’ laser scanning 
pattern that melted metals in alternate up/down 
or side-to-side movements to reduce thermal 
stress, the researchers successfully produced 
titanium-tantalum 3D shapes with SLM. 

Surprisingly, X-ray and imaging technology 
showed that addition of tantalum, coupled with 
rapid solidification, promoted and stabilized the 
formation of strong, laminar titanium grains.

The researchers envision the titanium-tan-
talum alloys could lessen ‘stress shielding’ 
effects that occur when implants are too elastic 
and transfer insufficient loads to neighboring 
bones. “These alloys are specifically designed 

for orthopedic applications, and even have the 
potential to show a type of ‘shape-memory’ 
after being deformed,” says Yeong. “This opens 
up the possibilities of printing personalized 
devices to improve patient care.” 

1. Sing, S. L., Yeong, W. Y. & Wiria, F. E. Selective laser 
melting of titanium alloy with 50 wt% tantalum: 
Microstructure and mechanical properties. Journal 
of Alloys and Compounds 660, 461–470 (2016).

Re
pri

nte
d f

rom
 Re

f. 1
, C

op
yri

gh
t 2

01
5, 

wi
th 

pe
rm

iss
ion

 fr
om

 El
se

vie
r.

Engineering: 

TAKING THE HEAT OUT OF 
ENERGY CONVERSION
A MORE ACCURATE METHOD OF MODELING HEAT GENERATION AND TRANSFER IN 
ELECTROMAGNETIC MACHINES COULD LEAD TO MORE EFFICIENT ELECTRIC MOTORS

An improved method to track and control heat 
generation in electric motors for cars, or power 
generators, such as those in wind turbines, 
has been developed by A*STAR researchers in 
collaboration with colleagues from the UK1.

The scientists devised a numerical model 
that can predict the thermal properties of 
these energy conversion machines, including 
heat transfer across multiple device compo-
nents (see image).

For permanent-magnet electric machines, 
a precise knowledge of the temperature 
distribution is important as excessively high 
temperatures can degrade their magnets and 
electrical windings and can even lead to a 
complete failure of the machine.

A detailed understanding of heat creation and 
distribution is crucial for their design, says Jona-
than Hey, from the A*STAR Singapore Institute 
of Manufacturing Technology (SIMTech) who 
conducted the study along with colleagues from 
the Imperial College, London. “These machines 

Computational domain with tetrahedral mesh elements

Coolant channel Sectore of half a device

A computer representa-
tion of the magnet electric 
machines and their 
components modeled by 
the numerical algorithm.
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Cell therapy: 

ENHANCED SAFETY  
IN NUMBERS
THE LARGE-SCALE HARVESTING OF RARE IMMUNE 
SYSTEM CELLS COULD LEAD TO EFFECTIVE 
TREATMENTS FOR IMMUNITY-RELATED DISORDERS

Therapies based on natural immune system 
cells hold great potential for treating autoim-
mune diseases and reducing the number of 
graft rejections. However, harvesting enough 
cells from healthy donors in their pure, uncon-
taminated form is a significant challenge. Now, 
A*STAR researchers have up-scaled a technique 
to collect large numbers of one particular rare 
cell type for the first time1.

A subpopulation of white blood cells 
known as Foxp3+ regulatory T cells (Tregs) 
work to control inflammation and excessive 
immune reactions in the body. Providing 

patients undergoing graft procedures with a 
dose of pure Tregs may dramatically reduce 
the risk of rejection. For example, Tregs 
therapy could be used for the treatment of 
‘Graft vs. Host Disease’ (GvHD), a common 
and potentially fatal complication of stem cell 
therapies given to leukemia patients.

“GvHD occurs when donor T cells 
grafted alongside the stem cells attack the 
‘foreign’ cells in host tissues,” explains Sebastien 
Bertin-Maghit, senior project manager at the 
A*STAR Singapore Immunology Network, who 
manages clinical trials using the new technique 

developed by A*STAR’s Olaf Rotzschke. “A 
Tregs-based therapy could help reduce the risk 
of GvHD, but Tregs are a very rare population 
among blood cells. For our therapy to work, we 
needed a large supply of pure, ‘untouched’ Tregs, 
that are uncontaminated with other cell types.”

When it came to isolating pure Tregs 
on a large scale, existing isolation methods 
proved inefficient. Rather than isolating 
the cells by ‘plucking’ them out of a donor 
sample — a method that comes with the risk 
of unwanted modification or activation of 
some cells — Rotzschke’s group devised a 

A*STAR researchers have devised a method for harvesting 
rare white blood cells called Tregs on a large scale. Tregs have 

shown promising early results when used in treatment for 
autoimmune disorders and Graft vs. Host disease.

are often constructed from an assembly of 
multiple components, and complex heat transfer 
mechanisms between the components make it 
difficult to model the process accurately.”

Previous models have either modeled heat 
conduction within individual components 
or studied heat convection on a larger device 
scale but failed to consider the specifics of heat 
transfer across individual component parts.

To solve the issue of simulating heat 
transfer between components, the model 
added a virtual thin material between the 
simulated parts. A mathematical optimization 
process was used to determine the thermal 
properties of the virtual thin material such 
that it best describes the heat transfer across 

the interface. Other components of the 
machines, such as the heat generated by the 
permanent magnet, are modeled using a 
similar inverse modeling method.

The computations reveal that the imperfect 
contacts between components contribute 
considerably to the thermal properties of the 
entire machine. However, by including the 
modeled interfaces into the simulation and by 
using experimentally determined parameters, 
the numerical modeling technique achieves a 
realistic model of the heat distribution. The 
model is so accurate that it differs to the meas-
ured one by a mere 2.4 per cent.

In future research, the goal is to apply 
this model to machines of different size and 

configuration, adds Hey. “Part of the devel-
opment is to translate the modeling technique 
into a software tool that can be used by a 
machine designer. Such a software tool could 
improve the power density and reliability of 
next-generation high-performance electric 
machines.” Using these computer models, 
the software tool could reliably model the 
properties of a broad range of devices and 
therefore help develop prototypes of more 
efficient energy generation machines.  

1. Hey, J., Malloy, A. C., Martinez-Botas, R. & Lamperth, M. 
Conjugate heat transfer analysis of an energy 
conversion device with an updated numerical model 
obtained through inverse identification. Energy 
Conversion and Management 94, 198–209 (2015).
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The equations used to construct a digital 
security scheme based on the ‘hidden field 
equation’ (HFE) theory can be solved much 
more easily than originally believed, an 
A*STAR-led mathematical and computational 
study has shown1.

HFE is a computer cryptography scheme that 
uses a set of polynomial equations to generate 
encrypted values that only the holder of a private 
key can decrypt. The security of the scheme is 
based on the difficulty of solving these specially 
designed, multifactor polynomial systems.
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Cryptography: 

NOT SO COMPLEX
THE COMPLEXITY AND SECURITY OF A WIDELY USED 
CRYPTOGRAPHY SCHEME ARE MUCH LOWER THAN 
PREVIOUSLY THOUGHT

A common cryptographic system 
can be cracked far more easily 
than previously thought.

depletion method for selecting Tregs in their 
pure, untouched state.

“We depleted all unwanted cells in donor 
samples using isolation reagents,” says Ber-
tin-Maghit. “This allowed us to harvest Tregs in 
their natural state. We took great care to wash 
out the isolation reagents in the final product.”

The team has since proven that this 
single-step depletion process can be scaled 
up to harvest highly pure Tregs at levels 
suitable for clinical trials, and their procedure 
complies with rigorous current standards. 
While previous attempts to collect Tregs 
produced a final product with 60 per cent 

pure Tregs, this new method generates over 
90 per cent pure Tregs.

“The first clinical trial using our Treg 
product is currently ongoing at the Singapore 
General Hospital,” says Bertin-Maghit. 
“We are assessing the safety of Tregs in the 
treatment of GvHD in 12 leukemia patients. 
We believe our procedure will open doors to a 
new era in cell therapy.” 

1. Haase, D., Puan, K.J., Starke, M., Lai, T.S., Soh, M. Y. L.  
et al. Large-scale isolation of highly pure 
‘untouched’ regulatory T cells in a GMP environment 
for adoptive cell therapy. Journal of Immunotherapy  
38, 250–258 (2015).

“HFE was introduced over 20 years ago, 
and since then several experimental studies 
have suggested that the polynomial systems 
underlying the HFE cryptosystems seem to be 
much easier to solve compared to, say, random 
systems,” says Sze Ling Yeo from the A*STAR 
Institute for Infocomm Research. “For 
instance, the HFE encryption was successfully 
broken in 2003 in just 96 hours. In our work, 
we give the first theoretical proof explaining 
why the polynomial systems in the HFE 
scheme are easier to solve.”

The polynomials used to construct the 
HFE scheme each typically involve hundreds 
of variables that describe complex curves, 
and cracking such systems requires all of 
the variables of the polynomial to be found. 
Theoretically such a scheme offers a very 
high level of security, but because the scheme 
involves other parameters that describe the 
special design of the set of polynomials, there 
are mathematical shortcuts to solving them.

It was previously thought that as the number 
of terms in the polynomial equation used 
to construct the HFE system increased, the 
complexity of the solution — the number of 
equations that need to be generated to solve 
the problem — would increase exponentially, 
making decryption almost impossible in realistic 
time frames even using next-generation compu-
tational technology. However, Yeo in collabora-
tion with Ming-Deh Huang from the University 
of Southern California and Michiel Kosters 
from Nanyang Technological University was 
able to show that because the HFE system is not 
composed of random polynomials, but instead 
uses rules for their construction, it can be solved 
by common mathematical methods without 
exponential complexity.

“Polynomial systems such as these arise in 
other cryptographic problems too, including 
techniques to solve one of the better modern 
cryptography schemes called the elliptic curve 
discrete logarithm problem, or ECDLP,” 
says Yeo. “So, understanding the complexity 
of solving these polynomial systems is 
important beyond merely breaking the HFE 
cryptosystems. Our work highlights the 
importance of being more rigorous in proving 
complexity claims.” 

1. Huang, M.-E. A., Kosters, M., Yeo, S. L. (2015) Last fall 
degree, HFE, and Weil descent attacks on ECDLP. 
In R. Gennaro & M. Robshaw (Eds.) Advances in 
Cryptology — CRYPTO 2015, p. 581–600.
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Microfluidics: 

SMALL  
DEVICES MAKE 
A BIG IMPACT
MASS-PRODUCED MICROVALVES ARE THE KEY 
TO SCALABLE PRODUCTION OF DISPOSABLE, 
PLUG-AND-PLAY MICROFLUIDIC DEVICES

The elusive ‘lab on a chip’ capable of 
shrinking and integrating operations normally 
performed in a chemical or medical laboratory 
on to a single chip smaller than a credit card, 
may soon be realized thanks to disposable, 
plug-and-play microfluidic devices developed 
by A*STAR researchers1.

Microfluidic systems use networks of 
channels much narrower than a human 
hair to control the movement of miniscule 
amounts of f luids. Recent advances in micro-
f luidics technology have proven invaluable for 
immediate point-of-care diagnosis of diseases 
and have greatly improved enzymatic and 
DNA analysis. High-throughput microfluidic 
systems are also being employed in stem cell 
studies and for the discovery of new drugs.

A stumbling block for successful 
miniaturization and commercialization 
of fully integrated microfluidic systems, 
however, has been the development of reliable 
microfluidic components, such as microvalves 
and micropumps. Zhenfeng Wang and 
colleagues from the Singapore Institute of 
Manufacturing Technology (SIMTech), 
A*STAR have removed that obstacle by 
developing an efficient and scalable method 
to fabricate disposable plug-and-play 
microfluidic devices.

“Integrating valves and pumps into ther-
moplastic devices is usually challenging and 
costly because the fabrication process is very 
complicated,” says Wang. “Mass-producing the 
microvalve module separately from the main 
device, however, makes the fabrication of the 
main device relatively simple and robust.”

Microvalves consist of a f lexible diaphragm 
sandwiched between a control chamber and 
liquid chamber, and by applying pressure 
from an external mechanical pump, or 
through electrostatic or pneumatic forces, 
the diaphragm can be deformed allowing for 
the manipulation of f luidic f low within the 
chamber. The researchers fabricated a micro-
pump consisting of three microvalves, but had 
to find a suitable material for the microvalve 
membranes, which must be f lexible but also 
easily bonded to other parts of the microvalve 
without the use of adhesives.

“We found that thermoplastic polyu-
rethane film works well as the membrane 
and can be bonded tightly with the main 
body, which is made from polymethyl meth-
acrylate,” explains Wang.

The design of the microvalve also 
presented a challenge to the researchers, 
which they overcame by using a finite element 
method simulation — a numerical tool used 
to solve complex structural problems — to 
generate the design guidelines, which were 
then verified by experimentation.

Using the SIMTech Microfluidics 
Foundry, the researchers are currently 
developing a number of ‘on-chip’ modules and 
are expanding their capabilities in the design, 
prototyping and manufacture of polymer 
based microfluidic devices.

“Further miniaturizing the microvalve 
modules could increase the scale of inte-
gration and broaden the range of potential 
applications,” says Wang. 

1. Shaegh, S. A. M., Wang, Z. F., Ng, S. H., Wu, R., Nguyen, H. T. 
et al. Plug-and-play microvalve and micopump for 
rapid integration with microfluid chips. Microfluids 
and Nanofluids 19, 557–564 (2015).

A series of mass-pro-
duced microvalves.
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“INTEGRATING VALVES AND PUMPS INTO 
THERMOPLASTIC DEVICES IS USUALLY CHAL-
LENGING AND COSTLY BECAUSE THE FABRICA-
TION PROCESS IS VERY COMPLICATED.”
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[PICTURE STORY]
A confocal image of an enlarged multi-
nucleate mutant cell expressing Keratin 
14-GFP (green), labeled for Integrin 
a lpha 6 (red) and the nuclei (blue). 
Acquired on a Zeiss LSM510 inverted 
confocal microscope by Michael Cheng 
(Birgit Lane’s lab).

The IMB Microscopy Unit (IMU) runs 
an ‘Image of the Month’ competition 
to give scientists the opportunity to 
showcase the striking and often beautiful 
images they acquire during the course of their 
research. A collection of the winning images is 
available at the IMU webpage.
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A touchscreen is an essential feature of many 
modern devices, but the material that gives most 
screens their touch sensitivity is in short supply. 
By adapting newspaper printing technology, 
A*STAR researchers have developed a low-cost 
alternative capable of printing conductive metal 
ink in lines so thin that they are invisible to 
the naked eye. A film of this fine metal mesh 
could potentially form the touch-sensing layer of 
future smartphone screens1.

Most touchscreens rely on an electrically 
conductive material called indium tin oxide 

(ITO). As skin is conductive, touching the 
screen alters its electric field, which is detected 
as a tap. Crucially for a surface layer of a 
screen, ITO is also optically transparent. Very 
few materials possess this combination of 
properties. Industry has responded to the spike 
in indium prices accompanying the rising 
demand for ITO by intensifying the search for 
alternative transparent conductive materials.

XinQuan Zhang from the Singapore 
Institute of Manufacturing Technology and 
his co-workers are working on a promising 

alternative touch-sensitive film: a printed, 
mesh-like pattern of ultrafine metal lines, 
created using roll-to-roll gravure printing. 
Gravure printing traditionally uses an etched 
mold to transfer ink onto paper. Here, the 
etched cylindrical mold instead transfers a 
precise pattern of conductive metal ink onto 
the touch-sensing substrate.

Light from the screen passes through 
the holes in the printed mesh. Before this 
study, the finest lines that could be printed 
this way were approximately 50 micrometers 

Precision manufacturing: 

TRANSPARENT METAL 
TOUCHSCREENS
ROLL-TO-ROLL PRINTING A CONDUCTIVE METAL INK OFFERS AN INEXPENSIVE, 
HIGH-PERFORMANCE ALTERNATIVE TO TODAY’S TOUCHSCREEN TECHNOLOGY
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A transparent printed metal film may 
one day coat smartphone screens.

[RESEARCH HIGHLIGHTS]
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Immunology: 

GENOMIC ANALYSIS REVEALS 
DISEASE SUSCEPTIBILITY

A new study has found a link between genomic 
variation and disease susceptibility. An 
A*STAR-led-team identified certain genomic 
variations associated with autoimmune, 
inflammatory and dermatological diseases in 
a type of immune cell known as neutrophils. 
These findings shed light on individual 
susceptibility to several conditions including 
autoimmune and inflammatory conditions1.

Neutrophils, the most abundant white 
blood cells in humans, are among the first 
responders in defense against pathogens — 
reaching the site of infection and producing 
inflammatory mediators as little as an 
hour after infection. How they regulate 
gene expressions, however, is still unclear. 
Olaf Rötzschke of the A*STAR Singapore 

Immunology Network and co-workers have 
analyzed the neutrophils of 114 healthy 
individuals of Chinese ethnicity and mapped 
21,210 variable genomic locations known as 
‘expression quantitative trait loci’ (eQTLs) 
scattered throughout the neutrophil genome. 
These eQTLs contain DNA sequences 
that vary among individuals and affect the 
expression level of 832 neighboring genes. “A 
large number of genes are regulated by DNA 
regions called eQTLs, which are located 
outside of the coding region of the genes 
themselves. The variability of eQTLs allows 
us to understand the biology of health and 
disease,” points out Rötzschke.

The eQTLs influence expression of genes 
connected with inflammatory responses, 

immunological diseases and, interestingly, 
also with dermatological pathologies. “The 
abundance of eQTLs controlling genes 
associated with some skin diseases was quite 
unexpected. This suggests, for example, that 
epidermal hyper proliferation, characteristic 
of psoriasis, is promoted also by neutrophils,” 
specifies Anand Kumar Andiappan, first 
author of the study.

A broader association analysis showed that 
neutrophils’ eQTLs also affect genes involved 
in 89 additional traits and diseases. In par-
ticular, some eQTLs can alter the expression 
of genes linked with autoimmune conditions, 
like Crohn’s disease, multiple sclerosis and 
inflammatory bowel disease, among others. 
Indeed, the same mechanisms of pathogen 

wide, which blocked more than a third of 
the screen’s light.

Zhang and his co-workers have overcome 
this limitation through diamond micro-en-
graving. Instead of using a laser to etch the 
grid-like pattern of tiny inkwells into the 
printer’s cylindrical mold, Zhang uses a tiny 
diamond-tipped cutting tool to pattern the roller 
using ultraprecision machining technology.

Originally developed to manufacture 
lenses and optical components, “ultraprecision 

machining has never been used for gravure 
printing,” Zhang says. His team successfully 
adapted the machine to cut tiny inkwells on 
the roller, two and a half times smaller than 
a laser could etch. Using this roller, the team 
printed a mesh of metal lines just 19 microm-
eters across. More than 80 per cent of visible 
light passed through this mesh, matching 
ITO’s optical performance.

Although ultraprecision machining 
can produce very finely patterned rollers, 

the process is slow, says Zhang. “This is 
one disadvantage compared to lasers,” 
he says. Next the team will “improve the 
process of ultraprecision machining to 
make it faster, so the roller mold will be 
affordable to industry.” 

1. Zhang, X., Liu, K., Sunappan, V. & Shan, X.  
Diamond micro engraving of gravure roller mould 
for roll-to-roll printing of fine line electronics. 
Journal of Materials Processing Technology 225,  
337–346 (2015).

VARIATIONS IN THE GENOME OF IMMUNE CELLS UNDERLIE DIFFERENCES 
IN OUR INDIVIDUAL PREDISPOSITION TO SEVERAL DISEASES

Neutrophil recruitment to 
site of injury in the skin.
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defense can lead to autoimmune reactions in 
the case of dysfunctional neutrophils.

Additionally, the eQTLs have a strong impact 
in the susceptibility of diseases. For example, one 
variant of the eQTL associated with the gene 
IL18RAP is connected with the incidence of 
leprosy, while another variant is associated with 
the risk for inflammatory bowel disease.

“For a long time, neutrophils have been 
considered by-standers of the immune system, 

now we know that this is very far from true. 
Collection of eQTLs data from neutrophils 
gave us a huge amount of information about the 
role of these cells and showed that neutrophils’ 
dysregulation plays a role in more diseases than 
we previously thought,” concludes Rötzschke. 

1. Andiappan, A. K., Melchiotti, R., Poh, T. Y., Nah, M., 
Puan, K. J. et al. Genome-wide analysis of the genetic 
regulation of gene expression in human neutrophils. 
Nature Communications 6, 7971 (2015).

Many machines such as turbines, oil-drills, 
health monitors and nuclear reactors 
require internal sensors to monitor physical 
states such as temperature. To meet this 

challenge, researchers at A*STAR are 
developing compact silicon photonic 
sensors that can provide accurate readings 
without being damaged by the toxic, 

Silicon photonics: 

LIGHTING THE WAY 
TO NEW SENSORS
NOVEL PHOTONIC STRUCTURES CAN ACT AS TINY AND HIGHLY 
ACCURATE SENSORS OF TEMPERATURE AND HUMIDITY

A schematic (left) and photograph (right) of a photonic dew point temperature sensor developed by Ji Fang Tao 
and co-workers, which works by detecting changes in the refraction of light as water molecules condense 
onto the device.

corrosive or even explosive conditions 
within the machines1,2.

The expanding field of silicon photonics 
uses structures called waveguides to 
confine electromagnetic waves to one or 
two dimensions, so that the wave will 
change in response to external factors. 
Waveguides can be extremely small and 
are easily integrated into electronic circuits 
to record information.

In a recent example of their work, Ji Fang 
Tao from A*STAR’s Institute of Micro-
electronics and co-workers developed 
a tiny optical temperature sensor just 
120 by 80 micrometers and modeled on 
a classic experimental design called the 
Michelson interferometer1. The device splits 
light into two beams, which travel through 
different materials and are then brought 
back together. The resulting interference 
pattern gives information about the light and 
the surrounding temperature.

“Changes in temperature can change the 
optical properties of some materials,” explains 
Tao. “In our sensor, the temperature changes 
the refractive index of the waveguides. The 
Michelson interferometer is a powerful 
design that allows us to pick up these 
refractive changes, and therefore work out the 
temperature changes.”

One of the standout features of the 
device is that it does not require mirrors, 
and instead guides light through loops to 
bring it back to the interference point. The 
researchers found that it could measure 
a wide range of temperatures, and was 
also around 20 times more sensitive to 
small temperature changes than existing 
fiber-optic sensors.

Temperature is just one property that 
Tao and his team can measure using silicon 
photonics. Recently, they developed a tiny 
photonic hygrometer (see image) which 
identifies the local dew-point temperature 
by recognizing the refractive properties of 
water when droplets condense in the path 
of the waves2. This information can then be 
combined with the temperature sensor to 
calculate relative humidity with a very high 
level of accuracy.

The applications of such versatile, compact 
and low-cost environmental sensors could be 
unlimited, and Tao and co-workers from Sin-
gapore and China are only at the beginning of 
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Cancer biology: 

RESISTING CANCER 
DRUG RESISTANCE
THERAPEUTIC TARGET TAKES AIM AT A VIRULENT STRAIN  
OF CANCER

Triple negative breast cancer (TNBC), a 
particularly aggressive form of the disease, 
has one of the highest rates of recurrence. 
A*STAR researchers have now shown that by 
blocking the activity of a particular enzyme, 
targeted therapy for metastatic TNBC may 
finally become a reality1.

A lack of effective, targeted therapy moti-
vated Yu Qiang from the A*STAR Genome 
Institute of Singapore and colleagues to take a 
closer look at the pathways involved in TNBC 
metastasis and chemoresistance.

About 15 to 20 per cent of all breast 
cancers are ‘triple negative’, which means they 

100µm 100µm

Primary (left) and recurrent (right) tumor images stained with p-IRAK1.

their journey. “Silicon photonics and optical 
microelectromechanical systems (MEMS) 
are two amazing technologies for sensor 
development,” he says. “Now we can measure 
temperature, dew-point and humidity with 
ultrahigh accuracy, the next step is to design 
on-chip photonic gas sensors.” 

1. Tao, J. F., Cai, H., Gu, H. D., Wu, J., & Liu, A. Q. 
Demonstration of a photonic-based linear 
temperature sensor. IEEE Photonics Technology 
Letters 27, 767–769 (2015).

2. Tao, J. F., Wang, L., Cai, H., Sun, T., Song, J., & Gu, Y. 
A novel photonic dew-point hygrometer with 
ultra-high accuracy. 2016 IEEE 29th International 
Conference on Micro Electro Mechanical Systems 
(MEMS), 24–28 Jan., 893–896 (2016).

lack estrogen or progesterone receptors that 
can be targeted by hormone therapy, as well 
as the protein HER2, which may be targeted 
directly by drugs such as Herceptin. This 
leaves chemotherapy drugs as among the few 
options available for treating TNBC. These 
drugs do not discriminate between healthy 
and cancerous cells. Patients can develop a 
resistance to common chemotherapy drugs, 
such as paclitaxel during initial treatments, 
leaving them vulnerable to rapid disease 
progression in the case of a recurrence.

In exploring TNBC metastasis, the 
A*STAR team found that an enzyme typically 
associated with inflammation response — 
interleukin-1 receptor-associated kinase 1 
(IRAK1) — was ‘over-expressed’ in TNBC. 
On treatment with paclitaxel, this IRAK1 
becomes strongly phosphorylated, and is, as 
Yu notes “highly enriched in recurrent breast 
tumors, which suggests it can potentially be a 
useful marker for predicting tumor recurrence.”

IRAK1 was found to both drive aggressive 
growth and metastasis of cancerous cells 
through the nuclear factor-ϰB pathway — a 
signaling pathway linked to cancer progres-
sion — and strengthen paclitaxel resistance. 
“We realized then that IRAK1 could be a new 
therapeutic target for both TNBC metastasis 
and chemoresistance,” Yu recalls.

By administering an IRAK1 inhibitor — 
such as ginseng derivative, Compound K — 
which blocked IRAK1 activity and triggered 
paclitaxel-induced apoptosis, the team found 
that not only could the chemoresistance be 
reversed, but also the TNBC progression 
could be slowed. “We could speculate that 
upfront administering of drugs that can block 
IRAK1 activity might be able to prevent 
tumor recurrence,” remarks Yu.

The team is working to develop more 
inhibitors to tackle IRAK1 at this important 
juncture. “Our long-term goal is to develop 
drugs that target IRAK1 for a novel combina-
tion approach, to efficiently trigger apoptosis 
in recurrent metastatic cancer cells,” says Yu. 
“By achieving this, we will be able to generate 
therapeutic effects by eliminating metastatic 
burden and overcome drug resistance.”  

1. Wee, Z. N., Yatim, S. M. J. M., Kohlbauer, V. K.,  
Feng, M., Goh, J. Y. et al. IRAK1 is a therapeutic 
target that drives breast cancer metastasis and 
resistance to paclitaxel. Nature Communications 
6, 8746 (2015).
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Brain cancer: 

MAKING NEW 
CONNECTIONS
A THREE-DIMENSIONAL MODEL SHEDS 
LIGHT INTO THE SYNERGY BETWEEN 
CELL MICROENVIRONMENT AND CANCER 
STEM CELLS

The fight against deadly forms of brain 
cancer, such as glioblastoma, could soon 
benefit from a major breakthrough, thanks to 
A*STAR researchers. The team has found a 
new link between cancer cell growth and its 
microenvironment1.

Stem cells in tumors drive the development 
and drug resistance of certain cancers, 
including brain cancers, which thwarts 
anti-cancer treatments. Their stemness, or 
ability to grow, self-renew and differentiate 
into various cancer cells, is influenced by their 
microenvironment. This accounts for interac-
tions with other cells, adhesion molecules and 
the matrix surrounding the cells, also called 
extracellular matrix.

In addition to acting as a support for 
cells, the extracellular matrix mediates 
cell signaling and is integral in promoting 
cancer cell stemness. However, studies 
have focused on signaling pathways 
within cells to assess cancer stemness, 
so the role of the microenvironment is 
poorly understood.

To clarify the contribution of the 
extracellular matrix to cancer stemness, 
a team led by Andrew Wan from the 
A*STAR Institute of Bioengineering and 
Nanotechnology used an approach involving 
a three-dimensional (3D) model for brain 
cancer. In this model, entangled electrospun 
polystyrene fibers provided a porous scaffold 

for cell culture. The fibers were coated 
with specific extracellular matrix proteins 
known as laminins.

The researchers cultivated cells from an 
aggressive type of brain tumor, glioblastoma, 
in the 3D model and two-dimensional (2D) 
conventional polystyrene tissue culture 
plates and monitored their growth (see 
image). Gene and protein expression studies 
revealed that the 3D culture system boosted 
cancer stemness to a greater extent than 
its 2D equivalent.

Wan’s team further discovered that the 
3D system and extracellular matrix worked 
together to stimulate stemness. Specifically, 
they found evidence that two integrins — 
proteins that reside in glioblastoma cell 
membranes — promoted the formation of 
cancer stem cell-like cells by interacting 
with the laminins.

Co-workers from the National 
Neuroscience Institute corroborated these 
observations by analyzing patient glioma 
databases through computational approaches. 
“Our collaborators showed that these same 
proteins were often expressed at higher 

levels in more aggressive brain tumors,” 
says Wan.

These findings provide a new angle for future 
approaches to anti-cancer therapies, explains 
Wan. “We were excited about the results as we 
had not expected such a significant effect when 
we started our experiments,” he notes.

Wan’s team is currently investigating the 
process through which interactions between 
brain cancer cells and extracellular matrix 
give rise to stemness in 3D culture systems. 
“An understanding of how that happens 
may one day aid in tackling the problem of 
glioblastoma,” he adds.  

1. Ma, N. K. L., Lim, J. K., Leong, M. F., Sandanaraj, E., 
Ang, B. T. et al. Collaboration of 3D context and 
extracellular matrix in the development of glioma 
stemness in a 3D model. Biomaterials 78,  
62–73 (2016).

Glioblastoma cells growing along the 
fibers of the 3D scaffold.

“WE WERE EXCITED ABOUT THE RESULTS 
AS WE HAD NOT EXPECTED SUCH A 
SIGNIFICANT EFFECT WHEN WE STARTED 
OUR EXPERIMENTS.”
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Systems biologists rely on the powerful 
analytical technique of liquid chromatog-
raphy–mass spectroscopy (LC-MS) to analyze 
biological molecules but face a challenge in 
sorting through vast datasets. Now, A*STAR 
researchers have developed software based 
on a genetic algorithm that is highly adept at 
spotting the fingerprints of individual metab-
olites within the ocean of LC-MS data1,2.

LC-MS studies produce vast amounts of 
complex information on biological molecules 
such as metabolites (metabolomics) or lipids 

(lipidomics), presenting a huge challenge for 
data analysts. “My team has analyzed ‘big’ 
omics data and developed mathematical 
models to improve the quality of various 
living cells for biotechnological and biomed-
ical applications,” says Dong-Yup Lee from the 
A*STAR Bioprocessing Technology Institute 
and National University of Singapore. “We 
realized that the available bioinformatics tools 
for metabolomics and lipidomics analysis were 
not suitable in terms of their throughput, 
capabilities and reliabilities.”

Lee’s team recognized the need to integrate 
several data analysis techniques to reveal 
how the overall phenotype of an organism 
might, for example, adapt to environmental 
changes. This was particularly challenging 
when trying to uncover the identities and 
amounts of small molecules such as metabo-
lites, which are quite vague.

“Unlike genomic and proteomics 
data — where the identity of a gene and its 
products can be unambiguously determined 
by base sequences — in LC-MS data, the 

Metabolomics: 

AN EFFECTIVE WAY TO 
EXPLORE DATA
THE IMPRESSIVE COMPUTING POWER OF A GENETIC ALGORITHM CAN IDENTIFY THE 
SIGNATURES OF SMALL MOLECULES WITHIN COMPLEX METABOLOMICS DATASETS
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Software developed based on a genetic algorithm 
has greatly improved laboratory data analysis so 
that molecules such as lipids (pictured) can be 
correctly identified in biological samples.

[RESEARCH HIGHLIGHTS]
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fundamental information on small molecules 
is not fully captured,” explains Lee. “So we 
need to find clues that are hidden in the noisy 
background. Using this imperfect description 
of a suspect molecule, we compare its features 
against a known database. If we haven’t seen 
the molecule before, then clearly we can’t 
identify it.”

Furthermore, most LC-MS analyses 
include parameters that are chosen by experts 
for particular studies and which might not 
fit another situation. So to select the best 
parameter sets for LC-MS data processing, the 

team adapted a common artificial intelligence 
technique called a genetic algorithm (GA), 
which is inspired by natural Darwinian 
processes that maximize species survival. 
The parameters act as ‘genes’ in the GA, with 
various measures of the quality of metabolite 
identification collectively determining the 
‘fitness’ of the overall algorithm.

The researchers successfully tested their 
GA with three metabolomics datasets, 
including data from cells expressing the 
antibody immunoglobulin G against the 
Rhesus D antigen. “We also analyzed a 

lipidomics dataset with no known working 
parameters, and the known lipids were iden-
tified very quickly,” says Lee. “This progress 
could shed light on the little-understood 
role that lipids play in regulating stem-cell 
differentiation and immunity.”  

1. Yeo, H. C., Chung, B. K.-S., Chong, W., Chin, J. X., 
Ang, K. S. et al. A genetic algorithm-based approach 
for pre-processing metabolomics and lipidomics 
LC–MS data. Metabolomics 12, 1-13 (2016).

2. Lee, T. C., Ho, Y. S., Yeo, H. C., Lin, J. P. Y. & Lee, D.-Y. 
Precursor mass prediction by clustering ionization 
products in LC-MS-based metabolomics. 
Metabolomics 9, 1301-1310 (2013). 

Solar cells: 

SILICON PROFITS FROM A DOSE 
OF IRON A STREAMLINED PROCEDURE FOR ASSEMBLING THE ACTIVE 

COMPONENTS OF PHOTOVOLTAIC DEVICES FROM INEXPENSIVE 
METALS COULD BOOST THEIR ECONOMIC PROSPECTS

By rapidly heating silicon wafers covered with 
thin iron silicide and aluminum films, A*STAR 
researchers have developed a way to eliminate 
many of the complicated, time-consuming steps 
needed to fabricate light-harvesting solar cells1.

Silicon photovoltaic devices typically 
sandwich two semiconductor layers containing 
positively or negatively charged impurity atoms, 
or dopants, into a so-called p-n junction. The 
electric field that forms at the p-n interface is an 
efficient way to collect charge carriers generated 
from incident light. However, accurately 
implanting or diffusing dopants into silicon 
requires specialized equipment and ultra-clean 
manufacturing conditions.

Goutam Dalapati and co-workers from 
the A*STAR Institute of Materials Research 
and Engineering found that metal silicides, 
substances produced when metal coatings 
are annealed with silicon wafers, hold new 
promise for reducing solar cell production 
costs. Metal silicides are fundamental to 

the operation of nearly all microelectronic 
devices, and behave like conductive wires or 
voltage-dependent switches depending on their 
contents and preparation conditions — an 
adaptable nature the team aimed to exploit 
with iron-based silicides.

“We studied iron silicides because they 
have metallic states as well as semiconducting 
states,” says Dalapati. “We found the metallic 
states of iron silicide can regrow the silicon 
substrate they were deposited on — some-
thing that has not been investigated before for 
solar cell applications.”

The team used simple sputter deposition 
to lay down nanometer-thin coatings of 
aluminum and iron silicide precursors 
onto an n-type silicon wafer. After a 
rapid thermal anneal that transforms the 
coatings into a metallic aluminum alloyed 
iron silicide state in just one minute, they 
examined the resulting interfaces with 
transmission electron microscopy (see 

Silicide layer

n-Si substrate5nm

Regrown p+ -SiRegrown p+ -Si

A junction between positively (p-Si) and negatively 
doped (n-Si) silicon that forms during the rapid melting 
of an upper iron silicide coating could significantly 
speed up solar cell production.
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image). Sandwiched between the aluminum 
alloyed iron silicide coating and the n-type 
silicon was a 5–10 nanometer wide strip of 
regrown silicon crystals with high densities of 
aluminum p-type dopants — a spontaneously 
formed p-n junction.

Solar illumination experiments revealed 
the team’s interface engineering had 
a strong effect on photovoltaic performance: 
the light harvesting efficiency improved 

from 0.8 to 5.1 per cent after the rapid 
thermal anneal.

Dalapati explains that the metallic state 
of iron silicides acts as a dopant reservoir, 
supplying silicon atoms to regrow into 
uniform, aluminum-doped layers in a few 
short steps. He also notes that optimi-
zation of parameters such as aluminum 
concentrations might enable further control 
over this regions’ thickness.

“This approach makes a p-n junction that 
is very stable, reproducible, and possible to 
make in large areas” says Dalapati. “With 
proper anti-ref lection coatings, we might get 
to record efficiencies for silicon cells.”  

1. Dalapati, G. K., Masudy-Panah, S., Kumar, A., 
Tan, C. C., Tan, H. R. & Chi, D. Aluminium alloyed 
iron-silicide/silicon solar cells: A simple approach 
for low cost environmental-friendly photovoltaic 
technology. Scientific Reports 5, 17810 (2015).
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Biotechnology: 

RESOURCE FOR 
DRUG DEVELOPERS 
HELPS PICK LINKERS
SYNLINKER OFFERS A BETTER WAY TO DESIGN FUSION 
PROTEIN DRUGS

New software developed at A*STAR could 
help scientists design sophisticated biophar-
maceutical drugs that demand the joining of 
proteins together. The tool, which is freely 
available online, allows researchers and drug 
developers to input the protein fragments 
desired and pick the best ‘linkers’ accordingly.

Lead platform developer Dong-Yup Lee, 
a chemical engineer at the A*STAR Bio-
processing Technology Institute (BTI) and 
the National University of Singapore, says 
he is “very open to collaborating with other 
researchers, especially from biopharma com-
panies, who are looking for suitable linkers for 
their synthetic fusion protein drugs.”

Lee and his colleagues described the 
software in the journal Bioinformatics1.

The choice of a suitable peptide linker can 
be complicated, and is often overlooked in the 
design of antibodies and other complex drugs 
or biotechnology tools that involve joining 
two different proteins. Yet with an unsuitable 
linker, the attached proteins might not fold 
properly. They might also be expressed at low 
levels or have impaired activity.

To improve the process of linker selection, 
Lee and his colleagues developed a web-based 
platform called SynLinker, which contains a 
database of 2,150 naturally occurring peptide 
linkers plus another 110 artificial or empirical 
linkers. Users can search SynLinker by linker 
length, amino acid composition, solubility 
and other features that affect linker f lexibility 
and function. After picking from multiple 

candidate linkers, users can then model 
their desired fusion protein constructs with 
each linker. “The prediction of a possible 
conformation of the fusion protein is a unique 
feature of SynLinker,” Lee says.

Lee’s team has used SynLinker to select 
suitable linkers for fusion enzymes that allow 
scientists to study human drug metabolism 
in laboratory model organisms. Lee explains 
that he and his colleagues are expressing these 
fusion systems in a yeast strain, and they are 
“currently being validated experimentally for 

A freely available software package can help biopharmaceuti-
cal drug developers design better synthetic protein drugs.

“SYNLINKER IS THE ONLY UP-TO-DATE AVAILABLE 
ONLINE RESOURCE FOR SELECTING LINKER CANDI-
DATES IN SYNTHETIC FUSION PROTEIN DESIGN.”



| RESEARCH HIGHLIGHTS |

22     ISSUE 3   |   APRIL – JUNE 2016A*STAR RESEARCH  www.astar-research.com   23 A*STAR RESEARCH  

©
 20

16
 A*

ST
AR

 Si
ng

ap
ore

 Im
mu

no
log

y N
etw

ork

Immunology: 

SPOTLIGHT ON  
SKIN-DEEP DEFENSE
CELLS DISCOVERED IN MOUSE EMBRYOS COULD SHED LIGHT 
ON NEWBORN SKIN IMMUNITY

A group of cells identified by A*STAR 
researchers may explain how a newborn baby’s 
vulnerable skin defends against attacks to 
the immune system at first contact with the 
environment. In mice, these cells appear in 
a developing embryo’s skin but significantly 
decline after birth, and are likely to play a role 
in shaping the skin’s immunity to microbes1.

Immune cells called T cells are crucial to 
the body’s response to pathogens. But while 
most T cell types mature in the thymus and 
are stored in lymph nodes until needed, little is 
known about the formation of the body’s first 
line of immune defense — the T cell popula-
tions that permanently reside in the skin.

The team, led by Florent Ginhoux from the 
A*STAR Singapore Immunology Network, dis-
covered a clue, Ginhoux admits, “by mistake”. 
The researchers bred a mouse model lacking 
T cells with the intention of imaging other 
immune cells. But Ginhoux was surprised to 

find a significant amount of cells in the mice’s 
skin that “still looked like T cells”.

The team extracted these cells, which they 
named epithelial lymphoid cells (ELCs) and 
applied different conditions to pinpoint their 
identity. Even though ELCs carried molecules 
typical to T cell precursors, the researchers 
could not prompt them to form T cells.

Instead, the authors found, ELCs could be 
stimulated to produce inflammatory molecules 
called Interferon-gammas, which leaves them 
more closely resembling fast-action immune 
cells called natural killer cells than T cells.

Also, after imaging the skin of embryonic 
mice at different stages, Ginhoux’s team 
discovered that where ELCs were rare in the 
skin after eight weeks, a much larger popula-
tion was found at birth.

“This population is prominent when the 
mouse is for the first time exposed to the skin 
microbiome,” says Ginhoux. He believes ELCs 

may be involved in detecting vast changes in the 
skin microbiome and regulating the response 
of other immune cells in the skin. This type of 
response has previously been observed in other 
skin immune cells called dendritic cells.

“What we’re doing now is to see how they 
respond to microbiota stimulation and what 
the output is,” says Ginhoux.

The team believe ELCs may also be 
involved in shaping the human immune 
system. They already detected a small popula-
tion of the cells in the skin of human fetuses, 
results which they are now working to confirm.

“This finding will deepen our under-
standing of the immune responses at the 
interface between our body and the environ-
ment,” Ginhoux says.  

1. Almeida, F. F., Tenno, M., Brzostek, J., Li, J. L., Allies, G. 
et al. Identification of a novel lymphoid population 
in the murine epidermis. Scientific Reports 5,  
12554 (2015).

Skin samples from mouse embryos reveal a 
new cell type (green), which appears to help 

form the immune system at birth.

functional testing via collaboration with the 
microbial group from BTI.”

Similar bioinformatics tools existed, 
but have now ceased. One called LINKER 
is no longer online, and another, known 
as LinkerDB, is no longer being updated 
or improved. SynLinker is important to 

the biomedical research community as it 
provides the most current and thorough 
resource of its kind. “SynLinker is the 
only up-to-date available online resource 
for selecting linker candidates in syn-
thetic fusion protein design,” Lee says. 
SynLinker is freely available online. “We 

also provide online help information and 
a tutorial video to guide the users to use 
SynLinker,” Lee says.  

1. Liu, C., Chin, J. X. & Lee, D. Y. SynLinker: An 
integrated system for designing linkers and 
synthetic fusion proteins. Bioinformatics 31, 
3700–3702 (2015).
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C hikungunya, dengue and Zika viruses 
are transmitted by the same mosquito 
species — Aedes Aegypti and Aedes 

albopictus — and exhibit similar symptoms 
in infected patients. But, compared with the 
painful fever, headache and joint pain often 
associated with chikungunya, which means ‘to 
walk bent over’ in the Kimakonde language, 
and dengue, also known as ‘breakbone’ or 
‘breakheart’ fever, Zika is like a mild f lu, and 
often comes and goes unnoticed.

Before the Zika outbreak in northeast 
Brazil in May 2015, victims of mosquito bites 
might have preferred a diagnosis of Zika as 
its symptoms appeared milder than those of 
chikungunya or dengue. It wasn’t until doctors 
observed that women who had contracted the 

disease were delivering babies with severe birth 
defects that the medical profession realized 
that Zika was not as benign as first thought.

Like their international peers, researchers  
at A*STAR were intrigued by the emerging 
link between the virus and the outcome for 
unborn babies.

“We were surprised, concerned and a little 
disbelieving,” says Lisa Ng, a viral immunol-
ogist at the A*STAR Singapore Immunology 
Network. Ng is one of the many scientists at 
A*STAR working to improve understanding of 
the Zika virus and developing diagnostic and 
therapeutic tools to fight the disease. “Just like 
everyone else, I wondered how the virus could 
cause such an outcome — there are a lot of 
questions that need to be answered.”

RESEARCHERS AT A*STAR HAVE JOINED FORCES TO FIGHT  
THE ZIKA VIRUS

ZIKA
The

alliance
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Researchers from multiple institutes at A*STAR 
are collaborating to develop diagnostic and 

therapeutic tools to fight the Zika virus. From 
left: Tan Heng Liang, Andre Choo, Lisa Ng, 

Masafumi Inoue and Sebastian Maurer-Stroh.
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SPREADING FAST
The Zika virus has been around for a long 
time. First identified in rhesus macaques 
in the Zika forests of Uganda in 1947, it 
soon spread to a handful of humans, but 
was confined to Africa and parts of South 
East Asia. The first major Zika outbreak 
occurred on Yap Island, Micronesia, in 2007, 
infecting fewer than 100 people. In 2013, 
Zika re-emerged in French Polynesia, this 
time infecting an estimated 9,000 individuals. 
The international media and public health 
community largely overlooked these reports. 
It wasn’t until the virus’s next appearance 
in Brazil in 2015, with almost 1.5 million 
suspected cases recorded so far, that the world 
started to take notice.

By September 2015, doctors in Zika-af-
fected areas were reporting an increase in the 
number of newborns with extremely small 
heads, a rare condition known as microcephaly. 
“Historically there have been cases of the 
rubella virus and certain drugs causing 
microcephaly. But to have a mosquito-borne 
virus causing it is something new,” explains 
Ng. “That is when everyone started freaking 
out — so many unknowns can be frightening.”

On 1 February 2016, the World Health 
Organization (WHO) declared the Zika-
linked neurological disorders a public health 
emergency. And by May, scientists in the United 
States had established a causal link between 
the Zika virus, microcephaly and other severe 
brain defects. Over the past six months, almost 
7,000 infants have been born with neurological 
disorders in Brazil, compared with fewer than 

200 babies born with the defect between 
2001 and 2014. A retrospective analysis of 
Zika-infected pregnant mothers in French 
Polynesia found similar cases of children with 
microcephaly. The virus has now spread to 
60 countries, many for the first time. There are 
no treatments or vaccines against the Zika virus, 
nor for the chikungunya virus.

Researchers at A*STAR, along with other 
members of the scientific community, are now 
trying to answer the f lood of questions raised 
by the Zika virus. How does the virus infect 
different cells in the body? How does the 
infection lead to microcephaly in developing 
fetuses? Why have these effects not been 
detected before? A*STAR researchers are col-
laborating with colleagues within the institute 
to develop diagnostic kits, including tests that 
can assess whether women of childbearing age 
have ever been infected with the disease.

“We have all been building expertise in our 
different fields over the last few years, and now 
it’s exciting to see everything come together in 
a way that addresses a problem relevant to the 
world,” says Andre Choo, a bioengineer at the 
A*STAR Bioprocessing Technology Institute 
(BTI), on the joint effort.

EARLY WARNING SYSTEM
Two days after the WHO announcement, 
Singapore’s Ministry of Health stepped up 
efforts to protect the island-nation against 
the Zika virus, including a program of 
clinical surveillance to correctly diagnose 
infected patients. The Environmental Health 
Institute, a public health lab at the National 

Environment Agency (NEA), teamed up with 
Masafumi Inoue at the A*STAR Experimental 
Therapeutics Centre, Sebastian Maurer-Stroh 
at the A*STAR Bioinformatics Institute, 
and clinicians at Tan Tock Seng Hospital, to 
develop a quick and easy diagnostic test.

The NEA had already been testing for Zika 
as part of their routine surveillance, but the 
team wanted to be able to monitor all three 
viruses, which presented similar symptoms 
in infected patients, at once — dengue, 
chikungunya and Zika. Singapore confirmed 
its first case of the Zika virus in May 2016, and 
sees an estimated 1,000 patients with chikun-
gunya a year, but its heaviest public health 
burden comes from dengue, with an expected 
30,000 cases in 2016.

Inoue, a molecular pathologist, had 
previously developed a similar five-combo test, 
or five-plex, for chikungunya and all four strains 
of dengue. Adding Zika to the test would be 
technically simple but impractical, since most 
hospitals do not have the equipment to process 
six separate tests at once. He would have to amal-
gamate the four dengue tests into one, creating a 
test that could detect all three infections.

The benefits of Inoue’s multiplex approach 
is its low cost and quick response. A diagnosis 
typically involves taking blood samples from a 
patient to look for signature sequences of genetic 
material made of ribonucleic acid (RNA) unique 
to a virus. For better detection, multiple copies 
of the RNA sequences are created through a 
well-known and highly sensitive process called 
polymerase chain reaction (PCR), using simple 
instruments found in most hospitals. “Other 
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multiplex detection kits require expensive 
machines and special chips, which can cost up 
to 100 dollars a sample. Inoue’s test costs only 
a few dollars,” says Maurer-Stroh, bioinforma-
tician. The entire test takes about two hours 
to provide results. “If we had to do each test 
separately, Tan Tock Seng Hospital would pile 
up with patients waiting up to eight hours before 
they could go home,” adds Inoue.

Inoue and Maurer-Stroh were familiar with 
high-intensity environments when a fast-moving 
infection becomes a public health emergency. 
Since the global swine flu epidemic in 2009, 
they have been working together on different 
aspects of influenza and virus diagnostics. 
The researchers were busy developing a test 
that could simultaneously detect pandemic 
and seasonal influenza, as well as the Middle 
East respiratory syndrome coronavirus 
(MERS-CoV), which had broken out in 
South Korea in May 2015, when reports began 
to emerge of a larger Zika outbreak in Brazil.

SHARING IS CARING
To develop their combined Zika, chi-
kungunya and dengue test, Inoue began 
searching for a common region to detect 
all four variations of dengue. Meanwhile, 
Maurer-Stroh traced the historical evolution 
of the Zika virus genome. He discovered 
a crucial split between an African lineage, 
which spread west from Uganda to the Cen-
tral African Republic, Nigeria and Senegal, 
and an Asian lineage, which spread east to 
Malaysia, Yap, French Polynesia and Brazil. 
Neurological complications, including cases 

of microcephaly, have only been observed in 
individuals infected with more recent versions 
of the Asian strain, suggesting that a genetic 
mutation could be responsible for the patho-
genesis. But, molecular scientists have yet to 
prove this hypothesis. Inoue was careful to 
select a section of the genome found in both 
strains and not affected by mutations.

Within weeks, they had developed the 
combined test, but they did not have any 
live samples of Zika to confirm it could 
detect the virus in infected patients. It took 
another month to find and import a sample 
from a patient in Canada. In the meantime, 
Inoue synthesized viral RNA that could be 
used to at least prove that the kit worked. 
The kit (see image, top left) is now being 
evaluated in hospitals, and the team plans to 
further improve the test to detect two other 
mosquito-borne viruses: yellow fever and West 
Nile. “We are very proud of our work and our 
contributions to controlling infectious disease 
outbreaks,” says Inoue — a contribution that 
extends beyond the diagnostics sphere.

After completing his molecular analysis of 
the different Zika strains, Maurer-Stroh did 
not just share it with Inoue. He communicated 
the results to colleagues and public health 
agencies across Singapore, and fellow A*STAR 
researcher, Ng, shared it at a global consul-
tation organized by the WHO in Geneva in 
March 2016. The slogan for the meeting read: 
‘Stop Zika. Share data. Share samples.’

“Sharing data is important in emergency 
situations like Zika,” says Inoue. When, for 
example, Maurer-Stroh published an open 
access paper on an early computational 

analysis of the swine f lu virus in 2009, it was 
accessed by individuals from 105 countries 
within the first year. “People have different 
strengths and technical capabilities. By 
sharing the data, you can make sure that 
the best people in their respective area of 
expertise can contribute,” says Maurer-Stroh. 
Of course, the risks of not being acknowl-
edged for unpublished work are real, but he 
suggests that models of good governance do 
exist, such as the Global Initiative on Sharing 
All Influenza Data (GISAID). The publicly 
accessible platform sets clear guidelines on 
how to share, credit and access information 
for those who sign on to its terms of use.

“If I don’t realistically have a way of 
bringing the work further, but other people 
could, I make the work available independent 
of an emergency — for the sake of progressing 
our combined knowledge,” he says.

‘ZIKA VIRUS WAS HERE’
Once deployed, Inoue and Maurer-Stroh’s 
diagnostic kit will act as a critical early 
warning system. But its window for detection 
is very narrow — only about a week after 
infection. Expectant mothers eager to find out 
if they have been infected with the Zika virus 
after this cutoff will have to wait for another 
test, also being developed at A*STAR.

When the Zika virus enters the body, the 
immune system typically mounts an offensive. 
These immune cells produce antibodies that 
can recognize unique features on the surface 
of the virus — similar to a crooked nose 
or a pointed ear on a human face — and 
mark it for elimination. Ng is working with 

The combined diagnostic kit developed by Inoue and 
Maurer-Stroh will act as a critical early warning system for 
all three viruses — dengue, chikungunya and Zika — that 
exhibit similar symptoms in infected patients.

Mammalian cells infected with the Zika virus slowly begin to die (right).
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Andre Choo and Tan Heng Liang at the BTI 
to generate antibodies that can spot the Zika 
virus, which if found in patient blood sam-
ples, would be like seeing ‘Zika virus was here’ 
spray-painted across an alley. “The antibody 
test would be as rapid as a pregnancy test,” 
says Choo, “and could be used to conduct 
diagnostics out in the field.”

Ng, Choo and Liang marshaled the 
resources to begin the urgent work of 
developing an antibody-based diagnostic 
test almost immediately. “We discussed the 
project at the end of the first week and by 
the second week we were into making the 
antibodies,” says Choo. “It is always exciting 
to conduct research in real-time — very 
different to ‘peacetime’ when we are all trying 
to answer a bigger problem at a comfortable 
pace,” says Ng. “The pressure is very high, 
which drives motivation.”

Their speed is the result of the group’s many 
years of combined experience. Ng’s lab special-
izes in the chikungunya virus, using animal 
models and patient cohorts to understand the 
disease’s mechanism of infection and immunity. 
She is trying to investigate similar pathways 
and pathologies of the Zika virus, for which her 
lab has already developed the relevant infection 
models in cells (see image, bottom of opposite 
page) and organisms. Choo’s Antibody Dis-
covery Platform is the go-to group for generating 
and harvesting antibodies that can eliminate 
stem cells and cancers.

To develop the Zika test, Ng infected 
mouse models with the Zika virus and 
collected their immune cells. Across the 

street, Choo and Tan fused these cells with 
immortal cells to ensure a continuous source 
of antibodies (see image, top left). They then 
isolated about a hundred antibodies that could 
recognize and bind to the virus. A few will 
be further shortlisted for their ability to bind 
especially tightly to the Zika virus — impor-
tant for diagnosis — and for their ability 
to block the virus from sneaking into and 
infecting host cells — potentially relevant for 
therapy. “Seeing these antibodies eventually 
go into applications that could benefit people 
is a very strong driving force for us, and the 
organization as a whole,” says Choo.

UNUSUALLY SMALL HEADS
While many want to know what the Zika 
virus does once it enters the human body, 
even more people are keen to find out what it 
does to the brain cells of developing fetuses. 
Bruno Reversade, a molecular biologist at 
the A*STAR Institute of Medical Biology, 
is on the brink of answering some of these 
questions. His research is especially timely 
following a widely publicized paper published 
in The New England Journal of Medicine in 
May 2016 confirming that the Zika virus 
causes microcephaly.

Reversade’s research began in 2014, with 
individuals from three families in the Middle 
East who were found to have disproportion-
ately small heads (see image, top right). Given 
the rarity of the condition — before the recent 
Zika outbreak, only about one in every several 
thousand babies were born with microcephaly 
— Reversade and an international team of 

researchers thought these individuals might 
offer clues into the genetic origin of the 
deformities. The team eventually pinpointed 
the culprit gene in a protein responsible 
for slicing cellular scaffolding, katanin, 
named after the traditional Japanese samurai 
sword, katana. They have since identified 
several other genetic mutations associated 
with microcephaly.

Reversade is now applying his knowledge 
of microcephaly to understanding the patho-
genesis of the Zika virus. He is collaborating 
with Ng to grow brain-like structures from 
developing neural cells, infect them with the 
Zika virus, and track the chain reaction. “It 
is like disease modeling in a dish,” explains 
Reversade. “This research highlights the 
power of rare and orphan genetic diseases as a 
means to understanding common threats.”

Reversade, like all of the scientists at 
A*STAR working on the Zika virus, is pleased 
about the many opportunities to conduct 
joint research. “Ng’s team brings a lot of tools 
and resources, while we have a much deeper 
knowledge of microcephaly — it makes a 
perfect team.”

“The beauty of A*STAR is that it can bring 
together scientists who are very well regarded 
in their respective fields to actually make a 
difference,” Reversade comments. 

Magnetic resonance imaging scans of normal (left) 
and microcephalic (right) brains.

THIS RESEARCH HIGHLIGHTS THE POWER OF 
RARE AND ORPHAN GENETIC DISEASES AS A MEANS 
TO UNDERSTANDING COMMON THREATS.

20µm 200µm

Fluorescent images of immortal cells that can produce antibodies (red).
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Where do fruit flies keep their memories? This 
question has vexed neuroscientists for decades, 
with different studies reaching opposing 
conclusions. A*STAR research now shows this 
discrepancy does not lie in the raw data but 
rather in the statistical methods used to interpret 
it. Applying an alternative statistical treatment 
finally settles the debate, argue the researchers1.

Neuroscientists measure fruit fly memory 
using smell. They expose the flies to an odor 
and use mild electric shocks to condition fruit 
flies to be repelled by that odor. The flies are 

then sent down a T-shaped maze, one arm of 
which contains the odor, to test whether the flies 
remember and avoid the smell.

By testing f lies in which particular genes 
have been knocked out, researchers have pin-
pointed as crucial for memory, a three-lobed 
brain structure called the mushroom body. 
For short-term memory, are all three lobes 
involved, or is just a single lobe required? That 
is where researchers disagree.

Adam Claridge-Chang from the A*STAR 
Institute of Molecular and Cell Biology, and 

his team have now shown that the reason for 
the disagreement is a statistical method called 
significance testing.

If the wild-type fruit f ly has a memory of 
100 per cent, he says, the knockout f ly might 
fall to 20 per cent memory. “When you start 
to add genes back into different lobes, you 
start to get progressive values of rescue back to 
100 per cent.”

On to this graduated series of data points, 
significance testing essentially draws an 
arbitrary line. It turns a continuum of data 

Genetics: 

THE SIGNIFICANCE OF 
FORGETFUL FRUIT FLIES
UPDATING THE STATISTICAL METHODS BIOLOGISTS USE TO INTERPRET DATA 
RESOLVES A LONGSTANDING DEBATE IN NEUROSCIENCE
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A study of fruit fly memories highlights the importance 
of using correct statistical methods.
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into a black or white, yes or no question, 
he says. “Significance testing creates a 
false dichotomy.”

So Claridge-Chang gathered all the 
raw data from earlier studies and applied a 
statistical method known as a meta-analysis. 
Pioneered in clinical research, meta-analysis is 
“basically, a fancy way of averaging,” Clar-
idge-Chang says. The meta-analysis showed 
all three lobes played a role, contradicting the 
mainstream view.

In fact, he found a direct correlation 
between the importance of each lobe for 
short-term memory with the number of neu-
ronal cells each lobe contains. “The strength 
of correlation shows the data integrity is very 
good in the f ly field,” Claridge-Chang says.

This is welcome news in an age where the 
reproducibility of many fields of research has 
been called into question. “It’s a great example 
of a situation where scientists have done 
everything right, but then used the wrong 

statistical method.” Claridge-Chang says he 
hopes scientists in other fields will take note 
and stop using significance tests2. 

1. Yildizoglu, T., Weislogel, J.-M., Mohammad, F., 
Chan, E. S.-Y., Assam, P. N. & Claridge-Chang, A. 
Estimating information processing in a  
memory system: The utility of meta-analytic 
methods for genetics. PLoS Genetics 11,  
e1005718 (2015).

2. Claridge-Chang, A. & Assam, P. N. Estimation 
statistics should replace significance testing. 
Nature Methods 13, 108–109 (2016).

Computer science: 

THINKING OUTSIDE  
THE SAMPLE HELPING COMPUTERS LEARN TO TACKLE BIG-DATA 

PROBLEMS OUTSIDE THEIR COMFORT ZONES

Imagine combing through thousands of 
mugshots desperately looking for a match. 
If time is of the essence, the faster you can 
do this, the better. A*STAR researchers 
have developed a framework that could help 
computers learn how to process and identify 
these images both faster and more accurately1.

Peng Xi of the A*STAR Institute for Info-
comm Research notes that the framework can 
be used for numerous applications, including 
image segmentation, motion segmentation, 
data clustering, hybrid system identification 
and image representation.

A conventional way that computers process 
data is called representation learning. This 
involves identifying a feature that allows the 
program to quickly extract relevant informa-
tion from the dataset and categorize it — a bit 
like a shortcut. Supervised and unsupervised 
learning are two of the main methods used 
in representation learning. Unlike supervised 
learning, which relies on costly labeling of 
data prior to processing, unsupervised learning 
involves grouping or ‘clustering’ data in a 
similar manner to our brains, explains Peng.

Subspace clustering is a form of 
unsupervised learning that seeks to fit each 
data point into a low-dimensional subspace 
to find an intrinsic simplicity that makes 
complex, real-world data tractable. Existing 
subspace clustering methods struggle to handle 
‘out-of-sample’, or unknown, data points and 
the large datasets that are common today. 

“One of the challenges of the big-data 
era is to organize out-of-sample data using a 

machine learning model based on ‘in-sample’, 
or known, observational data,” explains Peng, 
who, with his colleagues, has proposed three 
methods as part of a unified framework to 
tackle this issue. These methods differ in how 
they implement representation learning; one 
focuses on sparsity, while the other two focus 
on low rank and grouping effects. “By solving 
the large-scale data and out-of-sample clus-
tering problems, our method makes big-data 

A new machine learning framework 
can solve big-data problems faster 
and more accurately.
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Filling a major gap in precision control for 
applications from semiconductor fabrication 
to manipulations of living cells, A*STAR 

researchers have developed a frictionless drive 
system that provides nanometer precision over 
millimeters of travel without complicated 

Precision control: 

NANOMETRIC  
POSITIONING GOES 
THE DISTANCE
A FRICTIONLESS DRIVE SYSTEM ACHIEVES STABLE 
ANOMETER POSITIONING PRECISION OVER AN 
UNPRECEDENTED DISTANCE

The flexure-based electromagnetic 
linear actuator (FELA) with nanome-
ter positioning precision over a few 
millimeters of travel.

clustering and online learning possible,” 
notes Peng.

The framework devised by the team splits 
input data into ‘in-sample’ data or ‘out-of-
sample’ data during an initial ‘sampling’ step. 
Next, the in-sample data is grouped into 
subspaces during the ‘clustering’ step, after 
which the out-of-sample data is assigned to 
the nearest subspace. These points are then 
designated as cluster members.

The team tested their approach on a range 
of datasets including different types of infor-
mation, from facial images to text — both 

handwritten and digital — poker hands 
and forest coverage. They found that their 
methods outperformed existing algorithms 
and successfully reduced the computational 
complexity (and hence running time) of the 
task while still ensuring cluster quality. 

1. Peng, X., Tang, H., Zhang, L., Yi, Z. & Xiao, S. A  
unified framework for representation-based 
subspace clustering of out-of-sample and 
large-scale data. IEEE Transactions on Neural 
Networks and Learning Systems Advance online 
publication, 29 October 2015 (doi: 10.1109/
TNNLS.2015.2490080).

feedback control1. The system, developed 
by Daniel Tat Joo Teo and colleagues from 
the A*STAR Singapore Institute of Manu-
facturing Technology, has the potential to 
revolutionize experimentation and fabrication 
at the nanoscale.

Observing, manipulating and creating at 
the nanometer level can appear straightforward 
on paper, but in practice researchers and 
manufacturers encounter many obstacles when 
trying to realize nanoscale concepts. While 
some of these obstacles, such as observing 
nanoscale features, have been comprehensively 
resolved, others, such as our ability to control 
the position of nanoscale objects under the 
microscope, have remained persistent obstacles.

Although various nanometer-precision 
position control technologies have been 
developed, they invariably require highly 
complex feedback control loops and special-
ized precision-engineered mechanisms to 
achieve positioning accuracy and offer only 
short, micrometer travel distances.

The main limitation of existing nanometric 
positioning systems is their non-linearity — the 
position of the actuator head does not change 
consistently with the driving input, such as an 
electric voltage or current. Instead, the system 
needs to measure the variable displacement 
using sensors, which then feed back into the 
control system to adjust movement. This 
results in complexity and cost, which makes 
efforts to incorporate additional travel capa-
bility extremely challenging.

Tat Joo Teo and colleagues from the 
A*STAR Singapore Institute of Manufacturing 
Technology went back to the drawing board 
to develop a better solution from scratch. “We 
developed an electromagnetic drive consisting 
of fixed permanent magnets inside and 
around a moving wire coil,” says Teo. “The 
coil moves by electromagnetic Lorentz force 
when a current is applied, with contactless and 
frictionless motion.” The coil is connected 
to a drive shaft and is held in place by 
flexible figured steel plates that act as f lexure 
joints. “The electromagnetic drive and 
flexure joints are highly linear in their motion 
response, resulting in theoretically infinite 
positioning resolution and a travel range of a 
few millimeters but limited only by the linear 
range of the flexure joints,” he notes.

As its motion is linear, the ‘flexure-based 
electromagnetic linear actuator’ (see image) ©
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requires no positioning sensors or complex 
feedback control loops, yet can achieve nanom-
eter precision using a simple electrical current 
input. “Our system can be readily reconfigured, 

making it highly adaptable to any process as 
an attractive cost-effective solution for many 
applications, particularly for semiconductor 
technology manufacturers,” says Teo. 

1. Teo, T. J., Bui, V. P., Yang, G., & Chen, I.-M. Millimeters-

stroke nanopositioning actuator with high 

positioning and thermal stability. IEEE/ASME 

Transactions on Mechatronics 20, 2813–2823 (2015).
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Phototherapy: 

RED FOR GO,  
GREEN FOR DONE
A MOLECULAR PROBE HAS BEEN DEVELOPED THAT EMITS 
LIGHT AT CRITICAL STAGES WHILE DESTROYING TUMOR CELLS

A multifunctional molecular probe that can 
destroy cancer cells has been designed by 
A*STAR researchers. Unlike other probes that 
monitor only a single process, the new probe 
emits red and green light while killing cells, 
allowing surgeons to monitor its activation and 
assess the response of cancer cells to therapy1.

Molecular probes have been developed 
for light-excited treatment of tumors, but 
until now such probes indicate either drug 
activation or therapeutic response, not both. 
Bin Liu of the A*STAR Institute of Materials 
Research and Engineering and her collabo-
rator Ben Zhong Tang from the Hong Kong 
University of Science and Technology have 
developed a probe that allows both processes 
to be monitored.

“It was very challenging to design a single 
probe that can monitor both processes and 
with the same excitation light,” says Liu.

The probe contains two compounds, 
one which emits green light, the other, red. 

These compounds only emit light when they 
aggregate, meaning the probe emits light only 
when these molecules are released from it and 
crowd together.

The probe employs quite an elaborate 
strategy to destroy cancer cells. It gains 
entry by latching on to a receptor on the cell 
membrane, then when engulfed in a pocket, it 
is able to pass through the membrane.

Once inside the cell, it reacts with 
glutathione, an antioxidant already present, 
causing it to simultaneously release a sensor 
probe and produce a ‘photosensitizer’, which 
f luoresces red.

When the photosensitizer is excited by 
light, it generates oxygen radicals that induce 
cell death. At the same time, an enzyme is 
activated and it reacts with the sensor probe, 
which then f luoresces green.

Thus, the red f luorescence can be used 
to optimize the placement and timing of the 
excitation light for photodynamic therapy, 

while the green f luorescence can be used to 
image the response to the therapy.

“Our work highlights the feasibility of 
developing a simple, small-molecule probe, 
which shows activated therapeutic effect and 
in situ reporting of the therapeutic response at 
the same time,” says Liu. “This smart probe 
could help to forecast specific therapeutic 
regimes for individuals to realize the ultimate 
goal of personalized medicine.”

The team plans to play with the design 
of the molecule to realize excitation and 
emission at longer wavelengths. This will 
allow image-guided therapy deeper within the 
body as longer wavelengths penetrate further 
into tissue. 

1. Yuan, Y., Zhang, C.-J., Kwok, R. T. K., Xu, S., Zhang, R. 
et al. Light-up probe for targeted and activatable 
photodynamic therapy with real-time in situ 
reporting of sensitizer activation and therapeutic 
responses. Advanced Functional Materials 25, 
6586–6595 (2015).

A new molecular probe emits 
red light (left) on reacting with an 

antioxidant in a cell, indicating that 
it is ready to be irradiated with the 
excitation light. After excitation, it 

emits green light (right), indicating 
that the cell is in its death throes.
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The secret to why human embryonic stem 
cells are able to self-renew and develop may be 
revealed by the discovery of a new hormone.

The peptide hormone known as ELABELA 
(ELA) has been shown, for the first time, to play 
a key role in both the self-renewal and early cell 
differentiation1. This finding could pave the way 

toward new advances in regenerative medicine 
or cancer treatment.

The team from the A*STAR Institute of 
Medical Biology utilized cutting-edge CRISPR 
gene-editing technology to discover ELA’s role.

Bruno Reversade, who led the team, said 
ELABELA was one of a small handful of 

tiny secreted peptides (a mere 32 amino-acids 
in length) produced by the embryonic stem 
cells themselves that played the critical role in 
allowing them to differentiate.

To our knowledge, no hormonal peptide has 
ever been shown to maintain the self-renewal 
capacity of human embryonic stem cells, or 

Stem cells: 

ELABELA HELPS UNLOCK THE 
SECRETS OF EARLY SURVIVAL 
AND DEVELOPMENT
A NEWLY DISCOVERED HORMONE HAS A VITAL ROLE IN SURVIVAL 
AND DIFFERENTIATION OF HUMAN EMBRYONIC STEM CELLS
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A new hormone has been discovered 
that plays a role in the fate of human 
embryonic stem cells.
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their ability to differentiate into the three 
embryonic germ layers, Reversade explained.

The team found the hormone promotes 
cell-cycle progression and protein translation, 
prevents cell death during periods of stress, 
and primes the cell to divide into the very first 
three layers of different cells that make up the 
early embryo.

Reversade said the same pathways that 
ELA activated in stem cells were also impli-
cated in the development of cancer, meaning 
the research could have implications for 
cancer research. “This research could also lead 
to potential therapeutic treatments in clinical 

areas where ELA is involved, either through 
administering it or by developing antibodies 
that can neutralize it,” he said.

Despite the key role it plays in early embry-
onic development, up until now ELABELA had 
gone undetected by researchers because its role is 
similar to another hormone, insulin.

“Because insulin is routinely used in human 
embryonic stem cell culture, the effect of the 
ELA being produced by the cells was masked 
for a long time,” explained first author of the 
paper, Lena Ho. “We only discovered it when 
we were doing a broader analysis of what 
pathways were activated when we gave the cells 

exogenous ELA in a very minimal media that 
did not contain insulin.”

Reversade said new CRISPR/Cas 9 
technology, which harnesses techniques used by 
the immune system of single-celled organisms 
to edit genetic information, was very important 
for his team’s research. This technology allowed 
them to independently verify results gained 
through traditional techniques and quickly and 
easily manipulate cell lines and animals. 

1. Ho, L., Tan, S., Wee, S., Wu, Y., Tan, S. J. C. et al. 
ELABELA is an endogenous growth factor that 
sustains hESC self-renewal via the PI3K/AKT 
pathway. Cell Stem Cell 17, 435–447 (2015).

To improve the efficiency of waveguides 
— devices that guide light on the surface of 
silicon optical computer chips — a complex 
balance must be struck. The need for enhanced 
optical signal processing properties competes 
with the demand for low optical losses in 
waveguide material. Now, A*STAR researchers 

have developed an alloy that fits the bill, while 
achieving compatibility with existing silicon 
computer chip fabrication technology1.

“Our waveguides will be an excellent plat-
form for future demonstrations of nonlinear 
integrated optical signal processing with lower 
powers, large-scale manufacturability, and 
potential new functionalities,” says Doris Ng 
from the A*STAR Data Storage Institute 
research team who conducted the study with 
researchers from Singapore University of 
Technology and Design.

For optical waveguides, a material must show 
low optical loss. To ensure good performance, 
it also needs to exhibit nonlinear optical prop-
erties, which allow, for example, the conversion 
of light from one color into another — a 
requirement for optical signal processing. Lastly, 
but vitally, it must be manufactured at relatively 
low temperatures to be compatible with silicon 
chip fabrication processes.

Alloys made of silicon and nitrogen seem 
to be the right materials for the job. Their 
high optical refractive index allows them to 
confine light on the surface of a chip. Further-
more, they can be fabricated on a silicon chip 
using an established vapor deposition process 
at low temperatures.

However, the chemically favored material 
composition for silicon nitride materials 
— three parts silicon to four parts nitrogen — 
does not achieve a good balance between 
nonlinear properties and the refractive index. 
The team explored other silicon–nitride ratios 
to achieve a better balance of properties and 

Photonics: 

OFF THE 
BEATEN 
TRACK
AN UNUSUAL SILICON-
RICH ALLOY OFFERS 
ENHANCED CHANNELING 
OF LIGHT FOR OPTICAL 
COMPUTER CHIPS

Schematic of a supercontinuum laser beam consisting 
of different color components.
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“THIS SERVES AS A STARTING POINT FOR 
MORE SOPHISTICATED SYSTEMS LEVERAG-
ING NONLINEAR OPTICS. IT IS ESPECIALLY 
PERTINENT WITHIN THE TELECOMMUNICATIONS 
WAVELENGTH, WHERE MANY OTHER MATERIALS 
EXPERIENCE EITHER LOW NONLINEARITIES OR 
LARGE NONLINEAR LOSSES”
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The Internet of Things (IoT) describes devices 
and applications that gather and distribute 
data for everyday life. Sensor devices and 

processes that will underpin the IoT need to 
be small, versatile and energy efficient. Now 
A*STAR researchers have developed a sensor 

Engineering: 

SMARTER SENSING 
FOR THE INTERNET 
OF THINGS
A SENSOR NODE PROCESSOR FOR NETWORKED SENSOR 
APPLICATIONS ACHIEVES ULTRA-LOW POWER CONSUMPTION 
BY USING ULTRA-LOW VOLTAGE OPERATION, HARDWARE 
ACCELERATION AND COGNITIVE SENSING TECHNIQUES

A test chip for a sensor 
node processor based on 
cognitive sensing technolo-
gy. A 50-cent coin has been 
placed next to the chip for 
size comparison.

processor node that is capable of intelligent 
sensing while using ultra-low levels of power1.

IoT applications range from biomedical 
signal processing to uses in vehicle-status 
monitoring and environmental sensing. Most 
IoT devices are tiny in size, which means that 
they typically consume only a small amount of 
power. This is particularly challenging for pro-
cessors that sample the information from sensors 
and analyze the data, as their power demands, 
in contrast, are intense, explains Xin Liu and 
Jun Zhou from the research team. “The limits 
on the space for power sources such as batteries 
leads to a critical power budget at the level of 
the microwatt,” says Liu. “At this level, processor 
design becomes extremely challenging if we are 
to achieve ultra-low power consumption whilst 
maintaining comprehensive functions.”

Typically, the lower the operating voltage, 
the lower is the overall power consumption. The 
A*STAR Institute of Microelectronics research 
team adopted ultra-low voltage circuitry and 
system design techniques, and further developed 
diverse hardware accelerators for high-energy-ef-
ficient signal processing of sensor information.

A further key advance is possible by 
taking a more intelligent approach to the 
signal acquisition, by utilizing the knowledge 
about the specific sensor signals. In many 
applications, sensor signals take the form of 
sudden spikes, which are best-processed using 
cognitive sampling technologies. The advan-
tage of those techniques is that they reduce 
the amount of data that needs to be processed 
by about 40 per cent, which greatly reduces 
the power consumption.

Using such techniques, the researchers 
were able to develop a sensor node processor 
design that can operate on ultra-low operating 
voltages as low as 0.5 volts, and that uses only 
29 to 39 picojoules per operation cycle. ©
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discovered that alloys with a higher silicon 
composition — roughly twice as much silicon 
as nitrogen — show much more favorable 
properties. In one case, it achieved an optical 
nonlinearity almost 500 times stronger than 
the typical composition.

To test the overall optical properties, the 
researchers studied supercontinuum light 

generation, a process where a laser beam of 
one color is converted into a beam having a 
broad range of colors (see image). The results 
demonstrate the broad potential of the sili-
con-rich silicon nitrides for applications, says 
Ng. “This serves as a starting point for more 
sophisticated systems leveraging nonlinear 
optics. It is especially pertinent within the 

telecommunications wavelength, where many 
other materials experience either low nonline-
arities or large nonlinear losses.” 

1. Wang, T., Ng, D. K. T, Ng, S.-K., Toh, Y.-T., 
Chee, A. K. L. et al. Supercontinuum generation in 
bandgap engineered, back-end CMOS compatible 
silicon rich nitride waveguides. Laser & Photonics 
Reviews 9, 498–506 (2015).
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The design represents a step toward a 
more comprehensive set of hardware systems, 
explains Liu.

“Emerging IoT devices play a key role 
to support the Singapore Smart Nation 
initiative in a wide range of applications,” 

says Liu. “Our research team aims to 
develop high energy efficiency hardware 
circuits and systems, to achieve high 
performance, artificial intelligence, 
high-energy-efficiency, and a high 
security level.” 

1. Liu, X., Zhou, J., Wang, C., Chang, K.-H., Luo, J.,  
Lan, J., Liao, L., Lam, Y.-H. et al. An ultralow- 
voltage sensor node processor with diverse 
hardware acceleration and cognitive sampling  
for intelligent sensing. IEEE Transactions on 
Circuits and Systems II: Express Briefs 62 ,  
1149–1153 (2015).
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Obesity: 

TRANSMITTING RISK FROM 
MOTHER TO CHILD

NATURE AND NURTURE WORK IN 
UNEXPECTED WAYS TO DETERMINE OBESITY 

AND DIABETES RISK EVEN BEFORE BIRTH

A few too many sugary treats during preg-
nancy put children at higher risk of becoming 
overweight, A*STAR research shows, but only 
if their mothers are not already obese1. “It 
is interesting to see how nature and nurture 
interact to affect a child’s outcomes,” says 
principal investigator Yung Seng Lee, from 
the A*STAR Singapore Institute for Clinical 
Sciences (SICS).

“Excessive and rapid growth during 
infancy is a risk factor for obesity, and could 
lead to comorbidities such as diabetes and 
cardiovascular disease,” adds SICS research 
fellow Izzuddin Aris.

One of the first studies to look at the role 
of maternal nutrition in child development 
was the Dutch famine study. In 1944–1945, 
Germany’s occupation of the Netherlands 
resulted in food shortages and rationing 
to less than a quarter of the recommended 
daily caloric intake for an adult. Babies born 
during this period had higher rates of diabetes, 
cardiovascular disease and obesity later in life.

Izzuddin and Lee wanted to investigate 
this mother–child relationship in an Asian 
population. “Asians are at higher risk of 
diabetes at a lower body mass index compared 
to Caucasians,” says Lee. “We have to conduct 
our own studies to look at the determinants 
and risk factors, which might be different 
— we can’t take data from the West wholesale 
for our public health decisions.”

The source of their analysis came from 
GUSTO (Growing Up in Singapore Towards 
healthy Outcomes); a SICS-led long-term study 
of pregnant mothers and their babies visiting 
KK Women’s and Children’s Hospital and the 
National University Hospital in Singapore.

The researchers analyzed the body fat and 
blood sugar levels of more than 900 mothers 
during their pregnancies and the size and 
weight of their children (from newborns up to 
three year olds). Obese mothers were found to 
have heavier children compared to non-obese 
mothers, but the two groups’ sugar levels 
showed a different story.

In non-obese mothers, every extra half mil-
limole of glucose per liter of blood increased 
their child’s odds of becoming overweight by 
36 per cent whereas in obese mothers, every 
extra unit decreased the odds by 41 per cent. 
The latter result could be due to a “mismatch” 
in expectations, Aris postulates. Having 
become used to a high-fat and high-sugar 
environment in the mother’s womb, these 
children are programmed to expect a similar 
metabolic milieu outside the belly.

Through the GUSTO study, Izzuddin 
and Lee will continue to follow the children 
until they reach nine years. “We also plan to 
explore their genetic and epigenetic data to 
uncover the underlying pathogenic mecha-
nisms of our results,” says Lee. 

1. Aris, I. M., Soh, S. E., Tint, M. T., Saw, S. M., 
Rajadurai, V. S. et al. Associations of gestational 
glycemia and prepregnancy adiposity with offspring 
growth and adiposity in an Asian population.  
The American Journal of Clinical Nutrition 102,  
1104–1112 (2015).

Maternal body fat and blood sugar levels have 
long-lasting effects on a child’s risk of developing 
obesity and diabetes.
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Photonics: 

COOL METHOD FOR  
MAKING WAVEGUIDES
SILICON-BASED FILMS THAT ARE USEFUL FOR WAVEGUIDES HAVE BEEN 
MADE AT TEMPERATURES LOW ENOUGH TO BE COMPATIBLE WITH STANDARD 
MANUFACTURING PROCESSES

A low-temperature method to produce films 
based on silicon and nitrogen, which can be 
used to channel light in devices, has been 
developed by A*STAR researchers1.

Silicon is a very familiar material because 
of its prevalence in electronic devices, and 
is increasingly being used in optical and 
electro-optical devices as well. In particular, 
it is used to guide light along narrow stripes 
in components known as waveguides. While 
silicon has many advantages, it suffers from 
high losses when used in waveguides as a 
result of nonlinear absorption at the wave-
length used for telecommunications  
(1,550 nanometers).

One way to reduce these losses is to 
incorporate nitrogen atoms to produce 
so-called silicon-rich nitride — a material 
whose nitrogen content is intermediate 
between pure silicon and silicon nitride. But, 
the usual techniques for making silicon-rich 
nitride require high temperatures, which 
renders the process incompatible with the 
standard technology used for constructing 
integrated circuits.

Now, Doris Ng at the A*STAR Data 
Storage Institute and co-workers have 
discovered a way to make silicon-rich nitride 
films (see image) at temperatures as low as 
250 degrees Celsius, which is much lower 
than the temperatures usually used to produce 
the material. They used a plasma — a gas that 
has been energized to the point that electrons 
have been stripped from its molecules — to 

deposit a tailored mixture of silicon and 
nitrogen atoms onto a substrate.

By changing the process parameters, the 
researchers were able to vary the refractive index 
of the films. Under certain conditions, they 
were able to achieve a high refractive index of 
3.08 at the telecommunication wavelength. 
This refractive index is high enough to make 
it suitable for use in waveguides, but not high 
enough to cause detrimental nonlinear effects.

The team demonstrated the potential 
of their films by making waveguides from 
them. “The waveguide we made using the 
silicon-rich nitride with the highest refractive 
index exhibits very good nonlinear perfor-
mance,” says Ng.

The study heralds the beginning of 
a fruitful partnership. “This work is a 
collaborative project between A*STAR Data 
Storage Institute and Singapore University of 

A silicon-rich nitride film grown by 
inductively coupled plasma chemical 
vapor deposition on a silicon substrate 
with a layer of silicon dioxide.
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Technology and Design,” notes Ng. “I work 
on materials development, while my collab-
orator, Dawn Tan, specializes in nonlinear 
optics. I think it’s the perfect team for our 
project. We are still at the beginning but have 

been very encouraged by the results  
obtained so far.”

The team plans to further optimize the 
material to reduce losses and hence enhance 
device performance.  

1. Ng, D. K. T., Wang, Q., Wang, T., Ng, S.-K., Toh, Y.-T. et 
al. Exploring high refractive index silicon rich nitride 
films by low temperature inductively-coupled 
plasma chemical vapor deposition and applications 
for integrated waveguides. ACS Applied Materials & 
Interfaces 7, 21884–21889 (2015).
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Cerebral malaria: 

BREACHING THE BLOOD–BRAIN 
DIVIDE THE IMMUNE SYSTEM OF MICE IS IMPLICATED IN HELPING 

MALARIA TO MOVE FROM THE BLOOD TO THE BRAIN

By studying malaria in mice, three A*STAR 
researchers have discovered how malaria 
parasites in the bloodstream can affect the 
brain, causing a life-threatening condition 
called cerebral malaria1.

Cerebral malaria is a complication that 
arises from the most dangerous form of the 
blood disease. It is the main cause of death 
from malaria and kills hundreds of thousands 
of children in Africa every year.

Since malaria is a blood-borne disease, 
the brain should be isolated from it by the 
blood–brain barrier, which restricts the transfer 
of certain compounds from the blood to the 
brain. It was not clear how this barrier is 
breached in cases of cerebral malaria.

Now, Shanshan Howland, Chek Meng Poh 
and Laurent Rénia of the Singapore Immu-
nology Network have shown how malaria breaks 
through the blood–brain barrier in mice.

They discovered that cells that line the 
blood vessels, known as endothelial cells, 
take up material from malaria-infected red 
blood cells coursing through the blood vessels 
in the mice’s brains. These endothelial cells 
then ‘display’ small fragments of proteins 
(peptides) derived from the parasite on their 
surfaces (see image). This means the peptides 
act as targets for the body’s immune system, 
which mistakes them for parasitic cells. In 
particular, they are attacked by immune cells 

known as killer T cells, and in this way the 
blood–brain barrier is broken down, often 
with fatal results.

A similar process may occur in humans  
— the researchers showed that endothelial cells 
from the human brain grown in culture also 
take up malarial parasites in a similar way. But 
to conclusively prove this connection will require 
ascertaining whether there are any equivalent 
peptides with the same function in humans.

The finding has the potential to save lives. 
“Right now, the only treatment available is 
anti malarial drugs to kill the parasites, and 
the mortality rate in African children can be 
around 20 per cent even with treatment. Chil-
dren often die within a day or two of entering 

hospital,” says Howland. “If we can block 
presentation of peptides by endothelial cells or 
the immune recognition of such, it could buy 
time for anti malarials to clear the parasites.”

The discovery is significant for other 
serious neurological diseases besides cerebral 
malaria. “The ability to display peptides from 
pathogens is generally restricted to specialized 
immune cells, but our study has shown for the 
first time that brain endothelial cells can also 
do the same,” explains Howland. “This has 
important implications for multiple sclerosis, 
encephalitis and meningitis.” 

1. Howland, S. W., Poh, C. M. & Rénia, L. Activated brain 
endothelial cells cross-present malaria antigen. 
PLoS Pathogens 11 , e1004963 (2015).

An endothelial cell (blue oval) from a 
mouse brain in culture that has taken 
up two types of parasite material 
(green and black particles).
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The most common skin diseases, including 
dandruff and eczema, are associated with 
14 species in one fungal genus, all of whose 
genomes have been sequenced by A*STAR 
researchers. The genomic analysis supports 
definitive, yet surprising, conclusions about 
the abundance of the yeast and its diversity 
and adaptation to life on human skin.

“Malassezia is the most dominant fungus on 
human skin so, regarding skin health, it is a key 
fungus to study,” says Niranjan Nagarajan at the 
A*STAR Genome Institute of Singapore, who 

led the international collaboration along with 
Thomas Dawson at the A*STAR Institute of 
Medical Biology.

Malassezia is the only genus in a class of 
more than 1,500 plant pathogens to have 
adapted to warm-blooded animal hosts, 
including dogs, cats and pigs. Animal skin, 
unlike carbohydrate-rich plants, is deficient 
in carbohydrates but offers a substantial array 
of lipids. Malassezia thrives on lipid-rich 
surfaces, colonizing the deep folds of the body 
from the elbow pit to the brow crease.

Despite their abundance and close associ-
ation with many skin disorders, the genomes 
of only two species had been fully sequenced. 
Nagarajan’s group assembled 24 strains, 
representing all 14 known species in the 
genus, enabling a thorough analysis of their 
evolution and functional genes1.

High-throughput genome sequencing 
confirmed that Malassezia strains have a short 
genome; only seven to 15 million base pairs, 
compared to three billion in humans. Analysis 
of skin samples from 18 sites on adults and 

Genomics: 

FUNGUS COLONIES  
SETTLE ON HUMAN SKIN
COMPREHENSIVE GENOMIC ANALYSIS OF MALASSEZIA YEASTS 
UNDERPINS NOVEL ANTIFUNGAL SKIN TREATMENTS
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The genomes of all 14 species of the skin 
fungus Malassezia have been sequenced.

[RESEARCH HIGHLIGHTS]
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children detected 12 of the 14 species in at 
least one individual. But, Nagarajan’s team 
found no matches in ocean, soil and mouth 
samples, challenging earlier reports of Malas-
sezia-like organisms in these environments.

The researchers compared their genomic 
library against 16 closely related fungal 
genomes to identify genetic characteristics 
unique to Malassezia. As expected, the 
fungus had lost the ability to produce a large 
number of enzymes involved in digesting 

carbohydrates. More intriguing was that all 
14 species lack the gene encoding the enzyme 
required to synthesize fatty acids. This loss 
suggested that Malassezia depends entirely on 
lipids — a hunch confirmed by the researchers 
when they were unable to grow strains of the 
fungus in lipid-free culture.

The comparative analysis also uncovered 
a few genes unique to Malassezia, including 
one gene family present in all 14 species. “To 
be so well conserved over a large evolutionary 

timescale is quite striking — they cannot 
survive without them,” says Nagarajan. 
He hopes that the research will prompt 
further studies comparing Malassezia living 
on healthy versus diseased skin to identify 
potential treatment targets. 

1. Wu, G., Zhao, H., Li, C., Rajapakse, M. P., 
Wong, W. C. et al. Genus-wide comparative 
genomics of Malassezia delineates its phylogeny, 
physiology, and niche adaptation on human skin. 
PLoS Genetics 11, e1005614 (2015).

The dream of replacing petrochemicals with 
renewable resources in the manufacture of 
synthetic fibers and plastics has moved a step 
closer. A*STAR researchers have genetically 

modified the bacterium Escherichia coli to 
produce a compound that can be converted 
into a base material for manufacturing nylon 
and other synthetic products1.

Biotechnology: 

A PATH AWAY FROM 
RELIANCE ON OIL
ADDING GENES TO BACTERIA OFFERS SUSTAINABLE 
ROUTES TO MAKE COMPOUNDS CURRENTLY OBTAINED 
FROM PETROCHEMICALS

Biomass such as this waste from 
palm oil production could replace 
petrochemicals for making nylon.

“We need to reduce consumption of oil 
and gas and move toward more sustainable 
technologies,” explains Sudhakar Jonnal-
agadda who carried out the work with col-
leagues at the A*STAR Institute of Chemical 
and Engineering Sciences.

Production of most synthetic fibers 
and plastics begins with crude oil; a finite 
resource whose extraction and processing 
has significant environmental impact. The 
alternative sustainable route uses bacteria to 
make the precious starting materials from 
simple substances such as glucose. The glucose 
can be extracted from biomass which includes 
crops and other biological materials that can 
be grown to meet demand (see image).

Bacteria do not naturally produce the 
required products in significant quantities, so 
the trick is to persuade these microorganisms 
to become mini manufacturing plants for 
chemicals required by industry. One such 
chemical is muconic acid, which can be readily 
converted into adipic acid, a chemical used in 
huge quantities to manufacture nylon.

The A*STAR team inserted three genes 
into E. coli to establish the metabolic pathway 
that produces muconic acid. Adding these 
new genes, however, was the first step in a 
complex genetic engineering task. “A major 
challenge was to modify the normal E. coli 
pathways to divert more glucose toward our 
desired product,” says Jonnalagadda.

He explains that the combined activity 
of the foreign and the native genes must be 
controlled to prevent the accumulation of 
metabolic intermediates as well as to maxi-
mize the efficiency of muconic acid produc-
tion. This was achieved by using computer 



| RESEARCH HIGHLIGHTS |

40     ISSUE 3   |   APRIL – JUNE 2016A*STAR RESEARCH  www.astar-research.com   41 A*STAR RESEARCH  

A molecule discovered by A*STAR researchers 
to switch on the formation of brush-like projec-
tions on cells may explain how cells lining the 
airways of lungs develop1. This factor, identified 
in zebrafish and tadpoles, but also present in 

humans, could shed light on respiratory disease 
and provide a new therapeutic strategy.

Like tiny brushes, some cells lining our 
trachea are covered in slender extensions 
called cilia. Beating rhythmically, cilia sweep 

Cell biology: 

CLEAN SWEEP FOR 
LUNG CELLS
A TRIGGER FOR THE FORMATION OF BRISTLED CELLS 
CLEARS THE AIR ON A GENETIC MYSTERY

Cells bristled with multiple cilia (green) are scattered on the skin of a Xenopus tadpole (left panel), but form a lawn on 
the skin in tadpoles engineered to produce more of the transcription factor Gmnc than normal levels (right panel).

simulation to analyze the metabolism of the 
modified bacteria, which helped to pinpoint 
the required genetic changes.

The researchers are now investigating other 
ways to make the production of muconic acid 
more efficient. Already, though, this new pro-
cess produces the compound more efficiently 
with use of inexpensive and less complex raw 
materials compared with alternative options.

“We are at the early stage,” says Jonnal-
agadda, assessing the path from the current 

achievement into commercial applications. 
The same research route is also leading the 
A*STAR researchers and others worldwide to 
make a wide range of compounds to free the 
chemical manufacturing industry from its 
reliance on oil. 

1. Sengupta, S., Jonnalagadda, S., Goonewardena, L. & 
Juturu, V. Metabolic engineering of a novel muconic 
acid biosynthesis pathway via 4-Hydroxybenzoic 
acid in Escherichia coli. Applied and Environmental 
Microbiology 81, 8037-8043 (2015).

out mucus, which traps pollutants from the 
air we breathe. They also provide the force 
elsewhere in the body, moving cerebrospinal 
f luid around the brain and egg cells through a 
woman’s oviducts.

The cells that form cilia rely on proteins 
called transcription factors to switch on 
a genetic program. But the factor which 
prompts cells to grow multiple cilia — rather 
than just one, such as the single f lagellum of a 
sperm cell — has been elusive.

“The program is quite elaborate and 
complex — we need a way to explain how the 
transcription program is regulated in these 
cells,” says Sudipto Roy from the A*STAR 
Institute of Molecular and Cell Biology, who 
led the study.

His team discovered a transcription factor 
called Gmnc is required for multiciliated cell 
formation in zebrafish and frog embryos. 
When the scientists inhibited production of 
Gmnc in these model organisms, fewer or no 
multiciliated cells formed.

Furthermore, Xenopus tadpoles genetically 
engineered to produce more Gmnc than normal 
levels formed more multiciliated cells, suggesting 
Gmnc has a key role in cilia formation.

The precise mechanisms of how Gmnc 
regulates gene expression is not understood, as 
Gmnc itself does not contain a DNA-binding 
domain and needs to associate with other 
transcription factors to regulate genes. However, 
Roy says, Gmnc “seems to have a conserved role 
from fish all the way to humans”. 

Roy’s team is now investigating whether a 
defect in the gene encoding Gmnc is involved in 
a disease called reduced generation of multiple 
motile cilia, in which patients produce insuffi-
cient multiciliated cells to clean their airways 
and lose lung function. He says discovering 
a genetic cause for this disease would allow 
patients to undergo genetic counseling.

Roy is also optimistic about the possibility 
of using Gmnc to treat patients that have lost 
airway cilia through smoking or exposure to 
heavily polluted air.

“You can think of repopulating a damaged 
airway by engineering this gene into other 
cell types and turning them into multiciliated 
cells,” he says. “That’s an exciting avenue.” 

1. Zhou, F., Narasimhan, V., Shboul, M., Chong, Y. L., 
Reversade, B. & Roy, S. Gmnc is a master regulator 
of the multiciliated cell differentiation program. 
Current Biology 25, 3267–3273 (2015). ©
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Magnetic memory: 

KEEPING COOL
THE UNUSUAL THERMAL PROPERTIES OF GRAPHENE COULD HELP  
INCREASE THE STORAGE CAPACITY OF MAGNETIC MEMORY

Heat f low in atomically thin materials is 
strongly directional and now research from 
A*STAR indicates that this property could 
be employed to improve the performance of 
computer hard drives1.

Hard drives store data by using magnetic 
fields to change the properties of a small 
section of a magnetically sensitive material. 
Decreasing the size of this section increases 
the drive’s capacity but also increases the 
size of the magnetic field required for 
switching. Furthermore, the minimum size 
of the magnetic field is limited by an effect 
known as superparamagnetism, in which the 
magnetic properties at the nanometer-scale 
can spontaneously change, losing any 
stored information.

One approach to circumvent these 
problems is heat-assisted magnetic recording 
(HAMR). This method uses a laser beam to 
heat the storage medium to a temperature at 
which the magnetic field strength required for 
writing is lower and superparamagnetism is 
less prevalent.

A drawback of HAMR is that the heating 
can also damage the protective overcoat 
layer that surrounds the magnetic film. This 
coating should be as thin as possible to allow 
the magnetic writing head to get close to the 
film, but thinner layers are more susceptible to 
temperature changes.

As a possible solution, Shengkai Yu and his 
colleagues Peng Yu and Weidong Zhou from 
the A*STAR Data Storage Institute theoreti-
cally investigated the thermal performance of 
graphene; the world’s thinnest material.

The researchers studied the heat f low 
induced by red laser light at different depths 
in a multilayer HAMR device made of 
graphene — 0.335 nanometers thick — on 

12 nanometers of iron platinum, a magnetic 
material that naturally forms into nanoscale 
grains. Beneath these materials, their 
model included layers of titanium nitride, 
chromium ruthenium and tantalum all on a 
glass substrate. 

“Our simulation studies show that the 
graphene overcoat lowers the temperature 
increase in the multilayered structure 
— compared to diamond-like carbon, which 
is a more commonly used overcoat material. 
This is not good for HAMR applications 
because it means more laser power is needed 
to heat the media,” says Yu. “However, the 

resistance between the graphene overcoat layer 
and the layer beneath may increase the tem-
perature between the layers, but the thermal 
conductivity of the graphene can reduce the 
local temperature rise in the overcoat layer 
and thus avoid overheating.”

The next step for the team is to study 
the benefits of graphene for other magnetic 
memory materials. 

1. Yu, P., Yu, S. & Zhou W. Evaluation of thermal 
performance of graphene overcoat on multi-
layered structure subject to laser heating. 
International Communications in Heat and  
Mass Transfer 68, 27–31 (2015).

Two-dimensional materials could 
be incorporated in hard drives to 

improve performance.
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Robotics: 

HIGH-TECH LIBRARIAN KNOWS 
ITS BOOKS AUTOMATED ROBOT THAT SCANS LIBRARY SHELVES 

USING LASER MAPPING AND RADIO TAGS CAN ENSURE 
NO BOOK IS MISPLACED AGAIN

Being able to access and download information 
in an instant is a hallmark of the digital age. But 
much of the world’s knowledge remains between 
the pages of printed books. Tracking these 
volumes in libraries is a tedious, labor-intensive 
process, but improved access to these invaluable 
resources is now possible thanks to robot 
technology developed at A*STAR1.

Some libraries are adapting to automation 
by placing Radio Frequency Identification 
(RFID) tags into their collections. These 
computerized barcodes contain unique identi-
fying labels that can be quickly scanned using 
wireless, handheld RFID readers. Alternatively, 
‘smart shelves’ containing multiple RFID 
antenna can automatically register when books 
enter or are removed from their stacks. Such 
approaches are expensive, however, and still 
rely on manual labor.

At the A*STAR Institute for Infocomm 
Research, researchers Renjun Li, Zhiyong 
Huang, Ernest Kurniawan and Chin Keong Ho 

are designing robots that can relieve librarians 
of many menial tasks, while enhancing 
searching and sorting of books. Their latest 
project is an autonomous robotic shelf scanning 
(AuRoSS) platform that can self-navigate 
through libraries at night, scanning RFID 
tags to produce reports on missing and out-of-
sequence books.

Li notes that this function required a way 
to steer a tall, wheeled robot through complex 
mazes of library stacks, while keeping a critical 
distance from shelves at all times. “Too far and 
we lose the RFID signals, but too close and the 
antenna hits the shelf,” he says.

The team’s other obstacle was reading 
available library maps. Although adequate for 
human users, map resolutions are usually not 
detailed enough for robot movement. “We 
decided to detect the shelf surface itself, and use 
that as a reference to plan the paths,” says Li.

To help track shelves in real-time, the 
researchers assembled a ‘macro-mini’ 

manipulator, where the mobile base robot 
contains an additional small robotic arm. The 
mini manipulator can move laterally, and uses 
ultrasonic sensors to position an RFID antenna 
to the optimal distance for book scanning. 
It also measures positioning errors, and feeds 
this data into the mobile navigation unit to 
anticipate direction changes.

Real-world trials at Singapore libraries 
revealed the AuRoSS robot’s potential — up to 
99 per cent scanning accuracy was achieved, 
even with curved shelves (see image). “During 
the re-opening of Pasir Ris Public Library, we 
put on a public demonstration and received very 
positive reactions,” says Li. “We are improving 
the robustness and analytics engine and inte-
grating into library operations.” 

1. Li, R., Huang, Z., Kurniawan, E. & Ho, C. K. AuRoSS: an 
autonomous robotic shelf scanning system. IEEE/
RSJ International Conference on Intelligent Robots 
and Systems (IROS), Sept 28 – Oct 2, 2015, Hamburg 
Germany. pp. 6100–6105.

An automatic shelf-scanning 
robot can locate missing or 

out-of-sequence books, even 
along curved shelves.
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Materials: 

SIMPLER PROCESSING  
IMPROVES SOLAR CELLS
REPLACING A COMMON DRYING METHOD BOOSTS THE PERFORMANCE OF  
PEROVSKITE PHOTOVOLTAICS

By simplifying the process used to make a 
promising type of solar cell, A*STAR researchers 
have also improved the device’s performance1. 
The discovery may lead to better manufacturing 
methods for the commercialization of solar cells 
that rely on light-harvesting compounds known 
as perovskites.

The power conversion efficiencies of 
perovskite solar cells have risen rapidly from just 
3.8 per cent in 2009 to over 20 per cent today. 
These low-cost materials are also relatively 
easy to process into devices using solutions 
of chemicals.

For example, one of the leading perovskites 
— methylammonium lead iodide — is typically 
formed by coating a solution of its precursor, 
lead iodide, on to a substrate with a titanium 
dioxide layer. This is dipped into a solution of 
methylammonium iodide, which reacts with 
lead iodide to produce the perovskite. The lead 
iodide is usually heat-dried before the dipping 
step, to remove residual solvent.

Jie Zhang and colleagues at the A*STAR 
Institute of Materials Research and Engineering 
have now tested this thermal drying method 
against two alternative treatments.

When they heat-dried the lead iodide and 
dipped it into methylammonium iodide, almost 
20 per cent of the lead iodide was not converted 
into perovskite. Using electron microscopy, the 
team found that the drying step had formed 
coarse, densely-packed crystals that were diffi-
cult for methylammonium iodide to penetrate.

In contrast, removing residual solvent by 
washing the lead iodide with another solvent 

called dichloromethane, followed by blow-
drying, formed flat crystals that allowed better 
penetration of methylammonium iodide, leaving 
only four per cent of lead iodide unreacted.

Unexpectedly, the researchers got the best 
results with no treatment at all. Simply dipping 
the fresh lead iodide film into methylammo-
nium iodide ensured that more than 99 per cent 
of it reacted to form perovskite. “The surprising 
finding is that using the wet film directly for 
conversion — the simplest and most straight-
forward method — yields the best performance 
and consistency needed for practical applica-
tions,” says Zhang.

The team used this direct approach to make 
photovoltaic cells with a power conversion effi-
ciency of up to 15.6 per cent (see image). Those 

that had been rinsed with dichloromethane 
reached efficiencies of around 13.75 per cent, 
while the heat-dried samples yielded just 
11.2 per cent, with a much wider variation 
in performance. “The process of forming 
perovskite from the as-deposited films is highly 
suitable for volume manufacturing of solar cells 
using roll-to-roll printing,” says Zhang.

The researchers plan to apply this simpler 
method to making larger photovoltaic cells and 
modules, in order to assess their performance 
and longevity. 

1. Jiang, C., Lim, S. L., Goh, W. P., Wei, F. X. & Zhang, J. 
Improvement of CH3NH3PbI3 formation for efficient 
and better reproducible mesoscopic perovskite 
solar cells. ACS Applied Materials & Interfaces 7, 
24726–24732 (2015).

A perovskite photovoltaic cell that 
was produced without using the 
conventional thermal drying pro-
cess offered better performance.
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A simple and inexpensive method to make 
a range of cyclic monomers has been 
developed by A*STAR researchers. These new 
monomers were used to make biodegradable 
polymers with potential applications from 
drug or gene delivery to environmentally 
friendly packaging.

There are many established commercially 
viable routes to non-degradable synthetic 
polymers, but making degradable analogs 
remains time-consuming, difficult and 
expensive. Yi Yan Yang at the A*STAR 

Institute of Bioengineering and Nanotech-
nology and co-workers have now developed a 
two-stage route to degradable polycarbonates 
that overcomes these issues1.

First, the team devised a two-step 
method to synthesize ring-shaped monomers 
with a wide variety of different functional 
groups. “These eight-membered aliphatic 
cyclic carbonate monomers were made from 
commercially available materials that are 
extremely inexpensive, such as diethanol-
amine,” explains Yang. “We shortened the 

monomer synthesis route from five or six 
steps to two steps, which translates to lower 
production cost.”

Second, the team found that a 
ring-opening polymerization reaction 
using an organocatalyst proceeded with 
excellent predictability over the size of 
the polymers formed.

Yang was surprised by how well her team’s 
synthetic route works. “The formation of 
medium-sized rings is known to be synthetically 
challenging, so we didn’t expect the facile 

Polymers: 

A CYCLIC ROUTE TO  
DEGRADABLE MATERIALS
RAPID SYNTHESIS OF RING-SHAPED MOLECULES OFFERS A CHEAP ROUTE TO A 
PLETHORA OF POLYMERS WITH HEALTH AND ENVIRONMENTAL APPLICATIONS
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Packaging made of biodegradable polymers 
could disintegrate once no longer needed.  

[RESEARCH HIGHLIGHTS]
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formation of these rings would work without the 
need for special reaction conditions,” she says.

In addition, polymerizing such cyclic 
monomers can be difficult. “Therefore, it 
was a very nice surprise to discover that 
these eight-membered cyclic monomers can 
be polymerized well using organocatalytic 
ring-opening polymerization after the reaction 
conditions and catalysts are optimized.”

The route is suitable for use on an industrial 
scale, confirms Yang. “The starting materials are 
inexpensive, in addition, the synthetic condi-
tions are quite mild and can be easily scaled up.”

For a polycarbonate synthesized by this 
method, one potential application is for 
gene or drug delivery. The theory is that the 
polymer will degrade and release its cargo 
once it reaches the desired site in the body. 
Polymers can be synthesized to contain sec-
ondary amine functional groups, able to bind 
to DNA, for example. “Or we could install 
hydrophobic functional groups to deliver 
hydrophobic anticancer drugs,” says Yang. 
Functional groups that enable the polymer 
to work as an antimicrobial can also be easily 
added. Yang’s group is currently working on 

using this platform to make polymers for 
various medical applications.

The method could also be used to make 
biodegradable polycarbonates, for uses such as 
packaging materials. “This inexpensive, novel 
robust platform could potentially be used to 
prepare next-generation degradable packaging 
materials,” Yang says. 

1. Venkataraman, S., Ng, V. W. L., Coady, D. J., Horn, H. 
W., Jones, G. O. et al. , A simple and facile approach to 
aliphatic N-substituted functional eight-membered 
cyclic carbonates and their organocatalytic 
polymerization. Journal of the American Chemical 
Society 137, 13851−13860 (2015).

Material physics: 

GRAPHENE-BASED THERMAL 
MODULATORS
One of the biggest problems in designing 
electronic components is getting rid of excess 
heat. Now, A*STAR researchers have found a 
simple way to vary the heat flow in graphene, a 
breakthrough that will improve attempts to put 
superfluous heat in electronics to good use1.

Graphene, a two-dimensional material con-
sisting of a one-atom-thick carbon sheet, has 
an extraordinarily high thermal conductivity. 
Liu Xiangjun from the A*STAR Institute of 
High Performance Computing and co-workers 
have developed a way to decrease graphene’s 
thermal conductivity, enabling excess heat 
to be diverted toward components that can 
dissipate it or even turn it into electricity.

The team’s simulations showed that 
clamping graphene between two other graphene 
sheets will, with only moderate pressure, reduce 
thermal conductivity by a third. Adding more 
clamps and varying the pressure allows the heat 
flow to be tuned, creating a ‘thermal modulator’, 
similar to electrical components such as variable 
resistors that control the flow of electricity.

Another advantage is that clamping does no 
permanent damage to the graphene. Popular 
approaches to changing graphene’s thermal 
properties include doping or introducing defects 
to its structure, which change the material 

permanently. The A*STAR team’s approach, 
however, offers a considerable gain. “It does not 
change the crystal structure and is fully reversible 
— if the pressure is removed, the graphene 
returns to its pristine state,” explains Liu.

Clamps applied to graphene reduce the heat flow from a hot component, at right, toward a cooler region 
at left, by scattering phonons.

SQUEEZING GRAPHENE IS A WAY TO CONTROL 
ITS HEAT CONDUCTION, PAVING THE WAY TO 

HARVESTING WASTE HEAT FOR POWER
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The team’s design was developed using 
molecular dynamics to simulate the move-
ment of phonons, the thermal equivalent of 
electromagnetism’s photons. They discovered 
that phonons were being scattered because the 
mechanical force was shifting phonon energy 
levels and causing a mismatch with energy 
levels in the unclamped graphene.

Liu was especially surprised to find that the 
boundaries of the clamped area had the largest 

energy level shift and so dominated the scat-
tering, and the effect was less significant in the 
center of the clamps. “We did not expect that,” 
Liu says. “We’ve revealed some fundamental 
principles governing thermal transport.”

To create more boundaries the team 
changed their simulation from a single 
clamped area to multiple smaller areas and 
found that the thermal conductivity did 
indeed drop dramatically.

Liu cautions that the effect relies on 
graphene’s two-dimensional nature and will 
not work in bulk materials. “People are more 
and more interested in building three-dimen-
sional integrated circuits, which need two-di-
mensional materials. I think our approach can 
be a part of these systems,” he says. 

1. Liu, X., Zhang, G. & Zhang, Y.-W. Graphene-based 
thermal modulators. Nano Research 8,  
2755–2762 (2015).
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Immunology: 

THE JOURNEY FROM 
BLOOD TO TONSILS
SINGLE-CELL ANALYSIS REVEALS HOW IMMUNE CELLS ARE RELATED AND WHICH ONES 
ACCUMULATE IN THE TONSILS DURING CHILDHOOD

T follicular helper (TFH) cells are a hetero-
geneous group of immune cells, commonly 
found in the tonsils, but also detectable in 
blood. A*STAR scientists have developed a 
method to distinguish the different types of 
TFH cells and analyze how they are interre-
lated1. This knowledge may be useful in the 
future to treat autoimmune diseases and to 
increase the effectiveness of vaccinations.

Scientists from the A*STAR Singapore 
Immunology Network, led by Evan Newell, 
identified 15 subtypes of TFH cells, 
which can be clustered into three major 
categories: cells that are found only in 
blood, only in the tonsils or in both. “We 
used a single-cell technology based on mass 
cytometry to analyze the cells according 
to more than 40 parameters, and then we 
simplified the interpretation and visuali-
zation of the data with statistical methods. 
Overall, this process allowed us to appreciate 

A*STAR research finds which T follicular 
helper memory cell subsets accumulate 
in tonsils during childhood.
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Solar materials: 

PEROVSKITE  
PROMISE
COMPUTER MODEL FILLS FUNDAMENTAL KNOWLEDGE 
GAPS OF A HIGH-PERFORMANCE SOLAR MATERIAL

Laboratory-scale solar cells based on inexpensive, 
crystalline materials called perovskites have 
emerged as serious contenders to silicon in terms 
of their efficiency at capturing energy from sun-
light. Unfortunately, the neglect of fundamental 
research into perovskites in favor of close focus 
on its solar applications has left holes in basic 
knowledge about the material itself. A*STAR 
researchers are helping to fill some of these gaps 
— and by doing so could propel perovskite solar 
cell performance to the next level1.

Methylammonium lead iodide, the quintes-
sential perovskite, consists of a repeating array of 

lead and iodine atoms bonded to form a cage-
like structure — like a nanoscopic, three-di-
mensional form of chicken wire. Trapped 
within each tiny cage sits a methylammonium 
molecule, held in place by hydrogen bonds.

Khuong Ong at the A*STAR Institute 
of High Performance Computing and his 
co-workers have been exploring how methyl-
ammonium lead iodide’s basic properties shift 
as the material’s cage-like structure expands 
— mimicking the effect of temperature 
increases. This volume change disrupts the 
internal network of hydrogen bonds, causing 

a reorientation of the methylammonium unit 
within each cage, which in turn affects the 
perovskite’s optical and electrical properties.

Early experimental work had suggested 
that methylammonium lead iodide shape-
shifts between three distinct structures, or 
‘phases’, as the material expands. But later 
work suggested that a fourth phase might 
form under certain conditions. Ong and his 
team used a model to simulate the structure’s 
response to expansion, from which they 
could calculate the most stable structure at 
any given volume. Their results confirm that 

Understanding and exploiting the 
basic properties of perovskites 

could see these new solar 
materials out-perform silicon.

the broad diversity of TFH subtypes,” 
explains Newell.

Beyond detecting distinctive cell subtypes, 
the team also studied how these different TFH 
cells contribute to the immune response and 
the immunological memory. After infection, 
most immune cells that help to eliminate the 
pathogen are cleared from the body, while 
others, called memory cells, are preserved 
to create a long-term immunity against that 
pathogen and defend the organism more rap-
idly in case of reinfection. “The comparison 
of TFH cells from blood and tonsils allowed 
us to find that those type of cells present in 
both tonsils and blood are memory TFH cells,” 

remarks Newell. “They probably represent 
the cells that circulate in the blood and then 
migrate from the blood to lymphoid tissues, 
like tonsils.”

While the function of TFH cells in the blood 
is still unknown, tonsillar TFH cells boost the 
immune response by helping the maturation 
of antibody-generating cells (B cells). The 
researchers also analyzed how tonsillar TFH 
cells change over time before adulthood. 
Analysis of children’s tonsils revealed that a 
heterogeneous population of memory TFH cells, 
containing several TFH subtypes, accumulates 
over childhood years. When they re-encounter 
the same pathogen, these memory TFH cells are 

likely to support a quicker immune response; 
one that is diversified according to the specific 
TFH subtype.

“We mapped a possible pathway by which 
memory TFH cells traffic from the blood to 
the tonsils,” explains Newell. “Future studies 
should address the functional relevance of 
the numerous subtypes of TFH cells, as well 
as determine their association with age and 
response to vaccinations.” 

1. Wong, M. T., Chen, J., Narayanan, S., Lin, W., Anicete, R.  
et al. Mapping the diversity of follicular helper 
T cells in human blood and tonsils using high-
dimensional mass cytometry analysis. Cell Reports 
11, 1822–1833 (2015).
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Thousands of new drug candidates and 
compounds must be tested every year to 
ensure their safety for humans, and toxicity 
is one of the main reasons for their failure. 
Animal models are widely used for this 

purpose, but they offer low efficiency. 
A*STAR researchers have now combined 
cell biology and computational expertise 
to find alternative, animal-free, toxicity 
testing methods.
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Toxicity screening: 

AN ANIMAL-FREE 
PREDICTION MODEL
A CELL IMAGING-BASED SCREENING APPROACH PREDICTS 
TOXIC EFFECTS OF CHEMICALS ON THE HUMAN KIDNEY

Human renal proximal tubule cells treated with Dexamethasone (non toxic, left) and Bismuth Oxide (toxic, right).

a fourth phase — which will have its own 
unique combination of properties, and may 
turn out to be useful for solar devices — 
forms at certain intermediate sizes.

“Our study guides the solar cell commu-
nity to explore conditions for the existence of 
these different structural phases in methyl-
ammonium lead iodide,” Ong says. Now that 
the team has established the structure of this 
fourth phase, techniques pioneered by the 
computer chip industry can be used to selec-
tively grow it in the lab, probe its properties 
and test its performance in solar devices.

Meanwhile, Ong and his team will con-
tinue to use computer models to explore the 
different phases perovskites can form, estab-
lish how the material’s properties change as a 
result — and test the potential of structural 
embellishments to boost sunlight capture: 
“We are looking for new ways to ‘multi 
functionalize’ the perovskite and improve its 
efficiency as a solar material,” Ong says. 

1. Ong, K. P., Goh, T. W., Xu, Q. & Huan, A. Structural 
evolution in methylammonium lead iodide 
CH3NH3PbI3. The Journal of Physical Chemistry A 
119, 11033–11038 (2015).

Daniele Zink and Lit-Hsin Loo from the 
A*STAR Institute of Bioengineering and the 
A*STAR Nanotechnology and Bioinformatics 
Institute, respectively, are co-lead authors of a 
study that describes an approach for screening 
large numbers of compounds for toxic effects 
in human renal proximal tubular cells (PTCs)1. 
These cells have key roles in kidney function 
and act to eliminate drugs and chemicals from 
the body. PTCs are often damaged in patients 
with compound-induced kidney injury, but 
little is known about the early mechanisms and 
markers of injury. To predict compound tox-
icity, the researchers treated laboratory-grown 
PTCs with a range of reference chemicals and 
developed an automated procedure to identify 
the first signs of damage.

Using machine-learning techniques to 
automatically analyse 129 image-based 
cell features, the researchers were able to 
predict PTC toxicity in humans with more 
than 80 per cent accuracy, irrespective of 
any knowledge of the compounds’ chemical 
structure. “We were surprised that it worked 
so well,” says Zink. “The screening results tell 
us, in an unbiased way, a lot about the cellular 
injury occurring in the samples,” she adds.

The results indicate that most PTC-toxic 
compounds cause damage to the cells’ DNA, 
despite the fact that many of them have not 
been found to directly target DNA. “We 
suspect that DNA damage may be a common 
response to different PTC injury-causing 
agents,” explains Loo.

This animal-free model to predict kidney 
toxicity in humans will be especially useful 
during the initial stages of product development, 
where the safety of potential chemical ingre-
dients must be evaluated. The researchers are 
now collaborating with the US Environmental 
Protection Agency to predict the kidney toxicity 
of hundreds of environmental chemicals, and 
they are developing a similar approach to predict 
liver- and lung-specific toxicities.

The next step will involve obtaining 
regulatory approval, which as Zink remarks 
“would be important for putting Singapore 
on the map as a global player in the rapidly 
growing in vitro safety testing market”. 

1. Su, R., Xiong, S., Zink, D. & Loo, L-H. High-throughput 
imaging based nephrotoxicity prediction for 
xenobiotics with diverse chemical structures. 
Archives of Toxicology, advance online publication, 27 
November 2015 (doi: 10.1007/s00204-015-1638-y).
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