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President’s Technology Award
The President’s Technology Award gives recognition 
to research scientists and engineers in Singapore who 
have made outstanding contributions to research & 
development resulting in significant new technology or 
innovative use of  established technology.

“His latest invention of  a micro biochip that uses cell mechanics 
principles to detect and retrieve rare live cancer cells from blood has 
received much international attention”

2011 Award Recipient: 

Professor Lim Chwee Teck
Department of Bioengineering and
Department of Mechanical Engineering
National University of Singapore

“For their outstanding contributions to database systems research for  
managing ‘big data’ ”

2011 Award Recipients:

Professor Ooi Beng Chin
Professor Tan Kian Lee
School of Computing
National University of Singapore

“For their ground breaking work on the regulatory pathways controlling
embryonic stem cell pluripotency and cell fate decisions”

2011 Award Recipients:

Dr Lim Bing
Dr Lawrence Stanton
Dr Paul Robson
Dr Ng Huck Hui
Genome Institute of Singapore
AAgency for Science, Technology and Research

President’s Science Award
The President’s Science Award is presented to research 
scientists and engineers in Singapore who have made 
outstanding contributions in basic research leading to 
the discovery of  new knowledge or the pioneering 
development of  scientific or engineering techniques 
and methodand methods. 

2011 Medal Recipient:
Professor Soo Khee Chee
Director, National Cancer Centre Singapore

“For his distinguished, strategic and far-sighted contributions to Singapore’s clinical services and 
healthcare landscape, particularly in spearheading research led improvements in clinical care, and 
catalysing research in the public healthcare environment”

President’s Science & Technology Medal
The President’s Science & Technology Medal is awarded to outstanding 
individuals who have made distinguished, sustained and exceptional 
contributions and played a strategic role in the development of  Singapore 
through the promotion and management of  R&D. 

Congratulations to the 2011 PSTA Winners

The President’s Science & Technology Awards (PSTA) are the highest honours bestowed on 
exceptional research scientists and engineers in Singapore for their excellent achievements 

in science and technology. These national awards are given annually to 
recognise and celebrate outstanding and invaluable contributions by individuals or teams 

to the research and development landscape in Singapore. 
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Visit the A*STAR Research website for the latest in research from 
the Agency for Science, Technology and Research (A*STAR)

You’ve read the magazine, now visit the website!

Thank you for picking up the latest print edition of 
A*STAR Research. We hope you will enjoy reading all 
about some of the latest, most cutting-edge research 
being conducted at A*STAR.

If you would like to know more about the world-class 
research carried out by our scientists, please visit the 
A*STAR Research website. Updated twice a month, 
A*STAR Research presents some of the very latest 
research from A*STAR across a broad spectrum of scien-
tific and technological fields — from molecular biology 
and nanotechnology to materials chemistry and 
biomedical engineering. The research highlights are 
further enhanced by Features and Innovations articles 
that take a closer look at the people behind the research 
and explore some of the most groundbreaking and inno-
vative developments at A*STAR’s research institutes.

A*STAR Research is a must-read resource for anyone who 
wants up-to-date coverage of the latest scientific and 
technological developments at one of Asia's most 
dynamic research hubs — all completely free of charge. 
You can also register for free biweekly email alerts that 
bring some of the most recent research from A*STAR 
straight to your inbox, so that wherever you are in the 
world, you can stay updated with A*STAR Research.
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Cell biology

Following the toxin trails

Understanding how protein toxins interact with cellular 
processes is crucial for developing more effective treatments 
for affected patients. Frederic Bard at the A*STAR Institute 
of Molecular and Cell Biology and co-workers have now 
used a genetic screening procedure to identify potential target 
molecules that could be used as antidotes for the problematic 
protein toxins ricin and Pseudomonas exotoxin1.

Ricin is found in beans (pictured) of the plant Ricinus 
communis, which is used for castor oil production and relatively 
easy to obtain and prepare, as well as being stable when purified 
and dried. However, it is also potentially lethal when inhaled, 
even in tiny amounts. Pseudomonas exotoxin, on the other hand, 
is produced by the medically important bacterium Pseudomonas 
aeruginosa. The species is an opportunistic pathogen that often 
attacks burn wounds and weakened immune systems, and is 
a common lung infection in cystic fibrosis patients. Once an 
infection has started, the bacterium secretes the exotoxin, which 
damages cells and tissues.

Like many other toxins, ricin and Pseudomonas exotoxin 
disrupt protein synthesis. To achieve this disruption, however, 
they must first reach the inner core of cells by following the 
retrograde membrane traffic pathway — a complex route inside 
the cells. “We wish to understand how the toxins can hijack the 
retrograde pathway,” explains Bard. “We knew from previous 
studies that these proteins need components of this pathway, but 
the extent of this has been unclear.”

The researchers searched for host molecules required by both 
toxins that enable them to enter cells. Bard and his team aimed 
to block the expression of host genes individually and to see 
whether the toxins could still enter the cells in the absence of the 
proteins encoded by these genes. To achieve this on a large scale, 
they used RNA interference technology to screen the human 
genome efficiently for the necessary genes.

“We showed that each toxin requires several hundred host 
molecules, but that the actual amount of overlap between both 
sets of required genes is quite modest,” says Bard. Despite this, 
many of the genes shown by Bard’s team to be important gene-
encoding proteins in membrane traffic are also found in similar 

cell compartments and structures. “Our findings suggest that 
ricin and exotoxin exploit two intertwined retrograde pathways 
that converge and diverge at multiple points,” says Bard. The 
researchers hope that their work will contribute to the devel-
opment of effective toxin antidotes and therapeutic treatments 
with limited side effects.  ■

1. Moreau, D. et al. Genome-wide RNAi screens identify genes 

required for ricin and PE intoxications. Developmental Cell 

21, 1–14 (2011).
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Clarifying how deadly protein toxins hijack cellular processes to enter 
human cells will help in the development of antidotes
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Developmental biology

Slow twitch, fast twitch

Understanding how cells maintain their determined state once 
specified during embryogenesis is a major aim of developmental 
biology. Philip Ingham at the A*STAR Institute of Molecular 
and Cell Biology and co-workers have uncovered a gene regula-
tory network underlying the stability of skeletal muscle fiber-
type differentiation1.

During early development, cells derived from a tissue layer 
called mesoderm develop into muscle progenitor cells, which 
subsequently differentiate into two distinct muscle-fiber types: 
slow-twitch fibers, which contract slowly and work for a long 
time without getting tired; and fast-twitch fibers, which contract 
quickly but use more energy and tire quickly.

The transcriptional regulator Sox6 plays an important role in 
fast-twitch fiber specification. In the zebrafish embryo, transcrip-
tion of Sox6 is specifically repressed in slow-twitch progenitors 
by the transcription factor Prdm1a, the gene for which is in 
turn activated by the signalling molecule Sonic hedgehog (Shh) 
secreted from the notochord, the flexible rod-shaped precursor of 
the inter-vertebral discs found in all vertebrate embryos. Notably, 
the expression of Prdm1a is only transient, raising the question 
as to how Sox6 repression is maintained in slow-twitch fibers 
post-embryonically. “We took advantage of the high resolution 
imaging afforded by the zebrafish to analyze the spatial regulation 
of Sox6 expression,” says Ingham.

By generating transgenic zebrafish lines, the researchers identi-
fied regulatory sequences upstream of the Sox6 gene that play a 
crucial role in determining whether muscle progenitors differenti-
ate into fast- or slow-twitch muscle fibers. They showed that this 
regulatory element specifically drives Prdm1a-dependent Sox6 
expression in fast-twitch progenitors. However, the same element 
became transcriptionally active in the slow-twitch fibers of larval 
stages. Further experiments revealed that the endogenous Sox6 
gene is also activated in larval slow-twitch fibers, whereas the 
Sox6 protein remains restricted to fast-twitch fibers.

“This surprising finding suggested to us that the expression 
of Sox6 is regulated partly at the level of translation rather than 
just transcriptionally as expected,” says Ingham. The research-
ers next showed that Prdm1a induces the specific expression 

in slow-twitch progenitors of a microRNA molecule encoded 
by a non-coding region of another gene. They found that this 
microRNA, called miR-499, in turn repressed the translation of 
Sox6 in these cells.

“This ‘double-hit’ mechanism involving both transcriptional 
and translational repression, sets up a feedback loop that ensures 
Sox6 is not expressed even after Prdm1a protein dissipates, 
thereby maintaining as well as initiating the slow-twitch muscle 
lineage,” says Ingham. “Similar mechanisms are likely to control 
the specification of other cell types.” ■

1. Wang, X. et al. Prdm1a and miR-499 act sequentially to 

restrict Sox6 activity to the fast twitch muscle lineage in the 

zebrafish embryo. Development 138, 4399–4404 (2011).

Cross section through a 6-day-old transgenic zebrafish larva showing 
the fast twitch specific expression of GFP under the control of the 
endogenous Sox6 promoter (transcriptional) and 3’UTR sequences 
(translational); the slow twitch fibers are outlined in red; the nuclei 
are stained blue.

Zebrafish study reveals a gene regulatory network responsible for 
establishing and maintaining muscle fiber lineage
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Infectious diseases

Spotting the invaders

The malaria parasite Plasmodium vivax continues to be the most 
prevalent form of malaria in Asia and South America. Although 
not as virulent as the Plasmodium falciparum parasite, P. vivax 
causes debilitating symptoms, and affects more than 400 million 
people each year. In the past, malaria could once be treated effec-
tively using drugs such as chloroquine, but the emergence and 
spread of drug resistance worldwide presents a major challenge to 
eradicating the disease. 

In an advance that has the potential to help in controlling 
P. vivax, a reliable method for evaluating the parasite’s invasion 
of red blood cells has now been developed by Bruce Russell and 
co-workers at the A*STAR Singapore Immunology Network1.

Malaria spreads when mosquitoes carrying the P. vivax parasite 
transfer it to humans when feeding on human blood. The blood-
stage form of the parasite (the merozoite) then attacks the host’s 
red blood cells (see image). “Merozoite invades red blood cells 
through a single cell surface receptor, making it an attractive 
vaccine target,” explains Russell. “Until now, however, we have 
lacked a reliable way of assessing the ability of candidate vaccines 
to block infection.”

The newly developed protocol for routine culturing of P. vivax 
involves minimal equipment and is highly practical for use in 
countries where the parasite is endemic, but resources are limited. 
It uses immature red blood cells (reticulocytes) which are the 
main targets of the P. vivax parasite. Because reticulocytes are 
short-lived and represent a tiny fraction of blood cells circulat-
ing the body, the researchers used blood extracted from umbilical 
cords. The cells were than concentrated and mixed with matured 
parasites that were pre-treated with the trypsin enzyme.

“We isolated and enriched parasites from blood samples taken 
from infected patients attending a clinic in northwest Thailand, 
saving the difficult task of having to culture them in the labora-
tory,” says Russell.

After incubation, the researchers were able to assess parasite 
invasion under the microscope, and to evaluate antibody perfor-
mance in inhibiting the parasite. They confirmed the reliability 
of the protocol using a large panel of P. vivax isolates freshly 
collected from patients in Thailand. “We are indebted to our 

collaborator François Nosten of Oxford University, UK, who has 
devoted his life to combating malaria in East Asian refugee camps 
for over 20 years,” says Russell. “Without him, this work would 
have been far harder to undertake.” 

The researchers are now working to automate the technique for 
use in the field, and hope that it will assist in the development of 
an effective vaccine against this debilitating disease. ■

1. Russell, B. et al. A reliable ex vivo invasion assay of human 

reticulocytes by Plasmodium vivax. Blood 118, e74–e81 (2011).

0

15 µm

A red blood cell infected with P. vivax (center) surrounded by healthy 
cells. It is clearly evident that this parasite completely remodels the 
structure of the human blood cells.

A vaccine against a devastating form of malaria common in Asia 
and South America is one step closer thanks to a long-awaited 
methodological advance
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Dermatology

The twists and turns of  
tumor treatment

Melanoma is a form of skin cancer which is curable if treated 
early enough. Advanced melanoma is often treated with the 
tumor cell-killing drug dacarbazine, but only a few tumors 
respond to the treatment. Understanding why chemotherapy 
induces tumor shrinkage in some patients but not others is 
essential to improve therapeutic treatment. 

Now, an international team of researchers, including groups 
from the Singapore Immunology Network and the Bioinformatics 
Institute at A*STAR, have identified gene expression changes 
that are linked to a beneficial response to dacarbazine in 
melanoma patients1.

The researchers obtained melanoma lesions from 13 patients 
both before and after treatment with dacarbazine, and examined 
the genes that were expressed in those lesions. A small subset of 
those lesions appeared to respond to the drug, either by shrink-
ing or by stopping their growth. From this analysis, the team 
could observe which types of genes tended to be expressed in the 
lesions that responded to the drug, and could therefore identify 
the cellular processes that were linked to a beneficial outcome 
in the patients.

The extracellular matrix (ECM) is a network of proteins 
found on the outside of cells that maintains their arrangement 
and organization. The researchers found that the expression of 
genes involved in ECM remodeling, such as secreted protein 
acidic and rich in cysteine (SPARC), is increased in melanoma 
lesions that responded to dacarbazine (see image), but not in 
lesions that did not respond to the drug. Immune cell infiltration 
into tumors can indicate the activation of an immune response, 
which can contribute to cancer eradication. The team observed 
that the expression of genes and proteins linked to immune cell 
invasion and activation, such as tumor necrosis factor (TNF) 
and CD8, were upregulated in melanoma lesions that responded 
to dacarbazine, but were unchanged or decreased in lesions that 
did not respond.

Patients whose melanoma lesions experienced increases in 
the expression of genes linked to the immune response or to 
ECM remodeling tended to live longer than patients whose 
tumors did not exhibit these changes. “Scientists previously 

hypothesized that the mechanism of action of chemotherapy 
may not be limited to direct toxicity on tumor cells, and we 
demonstrate here for the first time that this is indeed the case 
for dacarbazine,” explains Alessandra Nardin, the first author of 
the paper.

The findings can aid in the understanding of how to 
combine other therapies, such as immune cell transfer, with 
dacarbazine to boost the beneficial response it can elicit in 
melanoma patients. ■

1. Nardin, A. et al. Dacarbazine promotes stromal remodeling and 

lymphocyte infiltration in cutaneous melanoma lesions. Journal of 

Investigative Dermatology 131, 1896–1905 (2011).

A microscopic image of melanoma tumor cells expressing SPARC

A melanoma drug is linked to long-term changes in the tumor 
environment in a subset of tumors that respond effectively to the drug
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Molecular genetics

A collective effort

The activity of genes is coordinated by proteins known as tran-
scription factors, which selectively bind specific regulatory DNA 
sequences and activate or inhibit gene expression. However, these 
factors do not operate in isolation, and scientists are increasingly 
discovering that it can be difficult to predict a gene’s behavior 
based simply on the presence or absence of a given transcrip-
tion factor’s binding site. Larry Stanton and co-workers at the 
A*STAR Genome Institute of Singapore have now unraveled part 
of the complexity inherent to this system1.

The researchers studied the RE1-silencing transcription factor 
(REST), which inhibits target genes by binding ‘repressor element 
1’ (RE1) sites throughout the genome and plays an important 
role in directing embryonic stem (ES) cells to develop into more 
specialized cells. REST is a poor inhibitor on its own, and relies 
on an array of protein partners. Accordingly, Stanton and his 
team performed a genome-wide search to find target genes that 
specifically recruit REST in conjunction with various known co-
repressors of REST.

To their surprise, they observed striking variability in the func-
tional recruitment of REST on different genomic targets. “We 
have shown that not all REST-binding sites are the same,” says 
Stanton. Some sites assemble REST and multiple cofactors into 
complexes, while other sites recruit REST by itself. The extent 
of complex formation was largely dependent on the strength of 
interaction between REST and a given site, which is partly deter-
mined by the extent to which these sites resemble the ‘ideal’ RE1 
sequence (see image). 

The strength of interaction also appears to be a key determi-
nant of the potency of its effects on gene regulation. “In general, 
‘strong’ sites recruit REST complexes, which leads to repression 
of those target genes,” explains Stanton. 

These findings could explain confusing outcomes from 
previous attempts to understand gene regulation based on maps 
of transcription factor binding. 

“Our results reflect a more general phenomenon,” says 
Stanton, “where co-assembly of transcription factors and 
cofactors — not any one factor alone — is required to control 
gene expression.” REST only represses a relative minority of 

the genes that it binds, and Stanton’s team is still working to 
untangle this protein’s complicated role in ES cell fate determi-
nation. “We have found that ES cells can maintain themselves 
in an undifferentiated state without any REST, contrary to 
claims that it is required to maintain pluripotency,” says Stanton, 
“but its absence does have a significant impact on these cells’ 
differentiation potential.”  ■

1. Yu, H.-B., Johnson, R., Kunarso, G. & Stanton, L. W. Coassembly of 

REST and its cofactors at sites of gene repression in embryonic 

stem cells. Genome Research 21, 1284–1293 (2011).

REST repressor complex

RE1 site

A A
A A A

A A A A AAAAG GG G
GG

GG GC C
C CAA CC C CCC

C          
T

T
T TT

TT T TT T T

The extent to which a given site resembles the canonical RE1 se-
quence determines the strength of REST binding and complex forma-
tion, and thereby affects the degree of gene repression. The relative 
height of each letter in the RE1 sequence reveals its degree of evolu-
tionary conservation in different RE1 sequences, reflecting its relative 
importance to REST binding.

Gene regulation may depend more on the synergy of multiple proteins 
rather than discrete contributions of individual factors
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Stem cells

Knowing what they want 
to be in life

Cell biologists have spent years researching the processes that allow 
a fertilized egg to become a complex mammal. Different proteins 
trigger responses in embryos at different times, sending signals that 
allow simple cells to transform, or ‘differentiate’, into specialized 
cells. Two related proteins, Nodal and Activin, are thought to act as 
key signals in early cell differentiation. However, little is understood 
about exactly how cells know what they are being told to do.

Kian Leong Lee and co-workers at the A*STAR Genome 
Institute of Singapore working in collaboration with the National 
University of Singapore and other institutions in Russia, Sweden 
and the US have now completed a study of stem cell differentiation 
that highlights new details on how Nodal and Activin play their 
roles in cell fate decisions1. They found that the strength of the 
signal generated by the proteins plays a key part in cell fate deci-
sions. “The stem cells in an embryo are hardwired in their DNA to 
activate and shut down different genes at specific signaling levels,” 
says Lee. “When a dose of Nodal/Activin signal comes along, the 
cells detect this through receptors on the cell surface and relay the 
signal to their DNA .”

The researchers carried out experiments in which they exposed 
mouse embryonic stem cells to various levels of Nodal/Activin sig-
naling. To obtain enough relevant DNA data, the researchers used 
hundreds of millions of mouse embryonic stem cells, and made use 
of advanced technologies to sequence all DNA fragments that were 
targeted by the Nodal/Activin signal in these cells. “It took a long 
time to produce results of the necessary quality, and lots of hardcore 
bioinformatics to process and make sense of all the sequencing 
data,” explains Lee.

The effort paid off in the end, with results showing that the right 
level of signalling from Nodal and Activin outside the cell gener-
ates a corresponding reaction from the protein Smad2 inside the 
cell. Smad2 responds to the signal by becoming phosphorylated, 
then travelling to the nucleus where it regulates the expression of 
genes that encourage the cell to either stay in its current state or 
differentiate into another cell type (see image).

According to Lee, the finding explains for the first time how a 
single signaling system remotely instructs stem cells to become spe-
cialized cells simply by the strength or weakness of the signal. He 

believes that the new insight will lead to safer stem-cell techniques 
for use in regenerative medicine. “Through this naturally occurring 
signaling system, we can instruct stem cells to become new types 
of cells without using any genetic modifications that are known to 
cause cancer,” says Lee.  ■

1.  Lee, K. L. et al. Graded Nodal/Activin signaling titrates conversion 

of quantitative phospho-Smad2 levels into qualitative embryonic 

stem cell fate decisions. PLoS Genetics 7, e1002130 (2011).

A colony of mouse embryonic stem cells before (top) and after 
(bottom) staining that indicates the presence of Oct4 (red) — a 
master gene that controls stem cell status. The molecular signal-
ing researched by Lee and co-workers was found to regulate Oct4 
expression and move cell activity from a state of self-renewal towards 
differentiation into specific cell types.

Collaborative study sheds light on our understanding of how stem cells 
differentiate during embryonic development
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Immunology

Monocytes are not all the same

White blood cells called monocytes can be divided into three 
subtypes according to their gene expression patterns. Siew Cheng 
Wong and co-workers at the A*STAR Singapore Immunology 
Network and Bioinformatics Institute1 have conducted gene 
expression profiling on human monocytes and identified several 
defining features that distinguish one subtype from the other.

Monocytes play a number of important roles in the immune 
system, including defence against pathogens and maintenance 
of tissue homeostasis. The traditional classification system used 
to divide monocytes into two subtypes according to their surface 
protein expression. The latest classification system, approved by 
the Nomenclature Committee of the International Union of 
Immunological Societies, divides monocytes into three subtypes: 
classical, intermediate and non-classical.

Classical monocytes are monocytes with a high level of CD14 
expression. They account for approximately 85% of the total 
monocyte population. Intermediate monocytes are monocytes 
with high CD14 and low CD16 expressions. They account for 
approximately 5% of the total monocyte population. Non-classical 
monocytes are monocytes with low CD14 and high CD16 
expressions. They account for the remaining 10% of the total 
monocyte population. Different monocyte subtypes are known to 
have different gene expression patterns, but the exact details have 
yet to be elucidated.

Wong and her team purified monocytes from the blood of 
healthy donors, isolated RNA from the samples and used micro-
array technology to profile the expression level of each gene. They 
used a technique called flow cytometry to examine the expression 
level of each cell surface protein.

The researchers then analyzed the production of small signal-
ling molecules called cytokines and chemokines by each subtype 
in response to lipopolysaccharide, a cell-wall component found 
on gram-negative bacteria. They found that at the molecular level, 
intermediate and non-classical monocytes are very closely related 
to each other. One way to distinguish between the two monocyte 
subtypes is to use novel cell surface markers, such as ‘MHC Class 
II’ molecules. Another way to distinguish between different 
monocyte subtypes is by gene markers. Non-classical monocytes, 

for instance, express high levels of genes involved in cytoskeletal 
re-arrangements, whereas intermediate monocytes express highest 
levels of genes involved in T cell interactions. In addition, classical 
monocytes express the broadest range of receptor genes, and genes 
involved in tissue repair and immune response.

The findings could have important clinical implications, as the 
differences in gene expression between the subtypes could aid 
diagnosis of blood cancers and other haematological disorders. 
“The proportion of CD16 monocytes increases in many disease 
conditions,” says Wong. “We therefore plan to analyze monocyte 
subtypes in different disease conditions. This way, new diagnostic 
and therapeutic markers can be revealed, and the involvement of 
monocyte subtypes in specific diseases could be better clarified.”  ■

1. Wong, K. L. et al. Gene expression profiling reveals the defining 

features of the classical, intermediate and nonclassical human 

monocyte subsets. Blood 118, e16–e31 (2011).

Classical monocytes

Intermediate monocytes

Non-classical monocytes

Monocytes are divided into three subtypes according to CD14 and 
CD16 expression

Understanding the differences between various monocyte subtypes could 
aid diagnosis of blood disorders
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Dermatology

Patrolling skin for pathogens

The skin is an organ that acts as a barrier against infection, 
providing a first line of defense against invading microbes. 
Each skin layer contains distinct populations of immune cells, 
each adapted to a particular immune defense function. An 
international team of collaborators including Lai Guan Ng at 
the A*STAR Singapore Immunology Network and Wolfgang 
Weninger of the University of Sydney have now identified 
a class of immune cells called γδ T cells that are responsible 
for the surveillance of pathogens in the inner layer of skin, 
or dermis1.

The outer layer of skin, or epidermis, contains Langerhans 
cells, which recognize microbes during skin infection and present 
them to the immune system so that it can mount a defense. The 
researchers removed skin from mouse ears, separated the inner 
and outer layers and then isolated cells from each one. They 
found that the dermis, or deeper layer of the skin, contains a  
prominent population of γδ T cells which have different charac-
teristics from those found in the epidermis (dendritic epidermal 
T cells (DETC), see image) and the blood.

They also found that dermal γδ T cells were resistant to 
ionizing radiation and have the ability to renew themselves 
independent of immune cell precursors found in the blood, so 
that they can proliferate locally in the skin.

Epidermal γδ T cells (i.e DETC) are known to depend on 
two cytokines, called interleukin-7 and interleukin-15, for 
development and survival and the researchers investigated if this 
is also true of dermal γδ  cells.

They examined two strains of mutant mice, one missing the 
interleukin-7 gene and the other missing the interleukin-15 
gene. Mice lacking the interkeukin-7 gene retained small 
numbers of γδ T cells in the dermis, showing that the cells are 
largely dependent on interleukin-7 for survival, but that a subset 
of them are not.

In one final set of experiments, they infected mice with 
the bacterium Mycobacterium bovis, and found that dermal 
γδ T cells play a major role in the skin’s immune response. 
A subset of the cells releases interleukin-17 in response to 
infection, causing other immune cells called neutrophils to 

infiltrate the infection site and attack the microbes. “This 
study provides a strong basis for further study of the dermal 
γδ T cell function in skin immunity,” says Ng. “This may open 
up new avenues for the treatment of inflammatory diseases 
and the development of cutaneous vaccinations. Next, we will 
focus on understanding the function of these cells in different 
immune responses.” ■

1. Sumaria, N. et al. Cutaneous immunosurveillance by self-

renewing dermal γδ T cells. The Journal of Experimental Medicine 

3, 505–518 (2011).
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Epidermal γδ T cells are a unique population of self-renewing immune 
cells found in the skin.

The inner layer of skin contains a population of immune cells specialized 
for fighting infection



CELL BIOLOGY & IMMUNOLOGY

A*STAR RESEARCH  OCTOBER 2011 – MARCH 201212

Stem cells

A new breath of life

The H1N1 virus is a subtype of the influenza A virus that caused 
the 1918 Spanish flu and the 2009 swine flu pandemics. It has the 
capacity to trigger acute respiratory distress syndrome (ARDS), 
a condition that causes extensive damage to the human lung. 
However, ARDS is not fatal to all patients who contract the virus. 
For those who survive the syndrome, the details of how their 
respiratory system recovers remains elusive.

Frank McKeon at the A*STAR Genome Institute of 
Singapore, Wa Xian at the A*STAR Institute of Medical Biology 
and co-workers1 have now identified stem cells in the airway that 
are responsible for lung regeneration. “In response to damage, the 
stem cells undergo a robust regeneration process that could patch 
up the human lung within a few months — or less for a mouse 
lung,” says McKeon.

To demonstrate this, McKeon, Xian and their team infected 
mice with sublethal doses of H1N1 to induce the kind of lung 
damage similar to that of ARDS in humans. They looked for 
cells that were responsible for the regeneration of tissues lining 
the oxygen exchange surfaces of the bronchioli and alveoli, and 
pinpointed a transient population of stem cells expressing two 
key cellular markers: the transcription factor p63 and the keratin 
protein krt5. These stem cells — called distal airway stem cells 
(DASCs) — assemble into growing clumps at the site of injury 
(see image), where they help the lungs rebuild those cells which 
were damaged by the virus.

These findings in mice were also validated by the research-
ers in human lung cultures. The team of researchers spent nine 
months devising ways to reliably maintain adult stem cells in 
the laboratory — something that few researchers have managed 
to achieve in the past — and ultimately succeeded in culturing 
human stem cells expressing the same hallmark gene signatures 
as those seen in the mouse DASCs. 

Using a three-dimensional growth medium, the researchers 
coaxed the human DASCs to form alveoli-like structures, sug-
gesting that the cells could one day be used to treat ARDS and 
other conditions marked by extensive airway damage, includ-
ing pulmonary fibrosis and chronic obstructive pulmonary 
disease. “We can grow the stem cells from very small biopsies and 

mass-produce them in vitro,” says Xian. “And because you can 
culture the same adult stem cells from the same patient, you can 
avoid a lot of immune issues after transplantation.”

McKeon and Xian believe that DASCs have great poten-
tial in regenerative therapies. They now aim to unravel 
the regulatory mechanisms that govern DASC prolifera-
tion and differentiation.  ■

1. Kumar, P. A. et al. Distal airway stem cells yield alveoli in vitro and 

during lung regeneration following H1N1 influenza infection. Cell 

147, 525–538 (2011).
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Clumps of distal airway stem cells (green) assemble at the site of lung 
injury and express alveolar marker (red)

The discovery of distal airway stem cells opens the door to new therapies 
for reversing pulmonary disease



RESEARCH HIGHLIGHTS

A*STAR RESEARCH  OCTOBER 2011 – MARCH 2012 13

Hepatology

Surveying survival outcomes in 
liver cancer

Hepatocellular carcinoma (HCC) is a common type of liver 
cancer triggered primarily by secondary causes, such as hepatitis 
infections or alcohol-induced cirrhosis. The medical condition 
causes 662,000 deaths worldwide per year, and is particularly 
prevalent in Southeast Asia and Africa. Treatment options for 
HCC remain limited for people with advanced disease and 
existing clinical methods for forecasting survival among newly 
diagnosed patients remain poor, so researchers have been on the 
lookout for early biomarkers to better predict long-term survival.

To that end, Jean-Pierre Abastado at the A*STAR’s Singapore 
Immunology Network and co-workers began probing the tumor 
immune microenvironment for clues. By characterizing the 
immune system in liver tumors, they have discovered a molecular 
signature that can predict patients’ chance of survival early in the 
development of the disease1 — a finding that should open the 
door to new anti-cancer treatments.

“The understanding of the immune mechanisms leading to 
prolonged patient survival could be used to develop novel thera-
peutic strategies,” says Abastado.

Two years ago, Abastado and his team showed that patients 
with higher expression of innate immune genes in their tumors 
also tended to live longer. The researchers have now expanded 
those findings into a predictive test. Using a group of Singaporean 
patients with HCC, they measured the expression levels of 14 
immune genes — including those that express chemokines, 
inflammatory cytokines and leukocyte markers — and derived a 
prognostic signature of survival. To validate the assay, they turned 
to independent cohorts from Hong Kong and Switzerland, and 
showed that the test worked with a high degree of accuracy irre-
spective of patients’ ethnic origins or the original cause of their 
liver cancer.

Importantly, the test predicted the survival of people with early- 
but not late-stage disease, suggesting that the protective immune 
microenvironment has to be established early to have a positive 
impact on disease progression. “If the disease is too advanced,” 
says Abastado, “the immune milieu has little impact.”

In addition to hinting at new immunotherapies to treat liver 
cancer, the findings should help doctors manage the cancer better. 

By flagging those patients with a favorable immune profile, 
the test could now be used to identify individuals best suited 
to receive liver transplants or other interventions. “The ability 
to predict patient survival may be useful in identifying HCC 
patients more likely to benefit from aggressive treatments,” says 
Abastado. He hopes that his work could help save millions of 
lives every year.  ■

1. Chew, V. et al. Chemokine-driven lymphocyte infiltration: 

an early intratumoural event determining long-term 

survival in resectable hepatocellular carcinoma. Gut 

doi:10.1136/gutjnl-2011-300509 (2011).

Proliferating immune cells

A new molecular test for predicting liver cancer survival rates could lead 
to the development of improved immunotherapies

50 µm
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Cell biology

Follow the leader

Cells move in groups over long distances within the body under 
many different settings, including embryonic development, 
wound healing and cancer spread. Precisely how these cells are 
able to collect and process information that guides them to their 
destination, however, is not fully understood. Pernille Rørth 
and co-workers at the A*STAR Institute of Molecular and Cell 
Biology have now shed new light on this cellular activity, using 
the migration of border cells found inside the ovary of the fruit 
fly as a model1. Significantly, the researchers showed that border 
cells process key information such as the direction of migration 
collectively, rather than individually.

Border cells migrate toward the oocyte during oogenesis, and 
typically travel in groups of 6–8. Their direction of motion is 
guided by ligands in the oocyte, which act redundantly on two 
receptors: PDGF/VEGF-related receptor (PVR) and epidermal 
growth factor receptor (EGFR). Rørth and her team created a 
cluster of border cells that lack guidance, and then introduced 
a border cell with higher, but nonlocalized, signal to the cluster. 
They found that the cluster of border cells moved in the direc-
tion of the ‘high signal’ cell (see image), even in the absence 
of ligands.

Besides ligands, local activation of Rac has been shown to be 
another mechanism for steering border cell migration. Rørth and 
her team genetically modified the border cluster so that the cells 
expressed light-activatable Rac, and then used light to “turn on” 
just one cell. The results showed that a border cell with higher 
Rac activity is able to steer other border cells to their destination 
during migration. They concluded that “what matters is which 
cell is activated, not where in the cell activation occurs.”

Recognizing the collective effort of migratory cells in pro-
cessing guidance information is of great interest as it impacts 
the very definition of guidance information. In addition to the 
signal transduction mechanisms traditionally associated with 
guided eukaryotic cell migration, differences in gene expression 
or metabolite levels must now also be considered. Such mediators 
had formerly been discounted because they lack spatial informa-
tion at the single-cell level. Rørth and her team suggest that this 
collective guidance might exist on top of the well-established 

single cell guidance system in order to allow the averaging of 
signal input over longer time-scales or larger areas.  ■

1. Inaki, M., Vishnu, S., Cliffe, A. & Rørth, P. Effective guidance 

of collective migration based on differences in cell states. 

Proceedings of the National Academy of Sciences, 

doi:10.1073/pnas.1115260109 (2012).
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In collective migration, the presence of one cell in an “ON” state (here 
shown as green) can direct the movement of a cell group; yellow box: 
movement to the right; blue box: movement to the left.

The cell with the highest signal leads other cells to their destination 
during migration
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Cell biology

System reboot

An enzyme called cyclin-dependent kinase 1 (Cdk1) is essential 
for budding yeast cells to re-enter the cycle of cell division after 
it has been halted because of errors in chromosome segregation, 
according to a new study led by Uttam Surana at the A*STAR 
Institute of Molecular and Cell Biology in Singapore1.

Multicellular organisms replace worn-out cells through cell 
division. Prior to cell division, however, a cell must replicate its 
chromosomes and segregate the original and the replica on a 
structure called mitotic spindle, so that each of its daughter cells 
receive a full complement of genetic materials. One of the key 
steps in this process is bipolar attachment, during which the chro-
mosomes attach themselves to the spindle.

Bipolar attachment is monitored closely by a cellular pathway 
called the spindle assembly checkpoint, which surveys the integ-
rity of the mitotic spindles and prevents the cell from dividing 
until all the chromosomes are properly attached. This is accompa-
nied by high levels of Cdk1 activity, which until now was thought 
to maintain the arrest of cell division.

Surana and his team have now shown that the enzyme does 
exactly the opposite. Working with budding yeast Saccharomyces 
cerevisae, the researchers abolished Cdk1 activity in cells attempt-
ing to recover from mitotic arrest by treating the cells with a 
Cdk1 inhibitor 1NM-PP1, a compound that inhibits cell division 
by preventing the chromosomes from attaching to the mitotic 
spindle. As a result of this, the cells failed to recover from the 
arrested cell division.

In a further set of experiments, the researchers revealed that 
Cdk1 performs two previously unknown functions. First, they 
showed that the enzyme re-establishes proper attachment of 
the chromosomes to the mitotic spindle when cells re-enter the 
division cycle. They also showed that it maintains high levels of 
a critical regulator called Cdc20, which is known to be essential 
for segregating the identical pairs of chromosomes before the 
cell divides.

The new findings suggest that Cdk1 may be a target for cancer 
therapies. Some chemotherapeutic regimes, for example, use drugs 
that inhibit the growth of tumors by disrupting mitotic spindle 
and prevents the cells from dividing by activating the spindle 

checkpoint pathway. However, some tumor cells may recover from 
this inhibition and escape the programmed cell death.

“Given the conserved nature of the cell division control circuits, 
we might be able to apply the findings from the study of yeasts to 
human cells,” says Surana. “Blocking Cdk1 activity would prevent 
recovery and could prolong the arrest of cell division in cancer cells, 
making them more susceptible to programmed cell death.” ■

1. Liang, H., Lim, H. H., Venkitaraman, A. & Surana, U. Cdk1 promotes 

kinetochore bi-orientation and regulates Cdc20 expression during 

recovery from spindle checkpoint arrest. The EMBO Journal 

31, 403–416 (2011).
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Illustration of budding yeast cells

An enzyme that helps yeast cells recover from arrested cell division may 
be relevant to cancer treatment
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Stem cells

In search of 
risky rearrangements

Human embryonic stem cells (ESCs) represent a uniquely 
valuable tool for developmental biology and a promising 
resource for regenerative medicine. To maximize their utility, 
scientists from around the world gathered together in 2005 
to form the International Stem Cell Initiative (ISCI), a group 
dedicated to establishing optimized strategies for ESC research.

Most recently, the ISCI investigated the extent to which ESC 
lines acquire genetic changes after extended periods of culture1, 
a problem that could potentially render these cells unusable by 
predisposing them to cancerous growth. 

“With human pluripotent cells moving towards clinical 
applications, it was essential to determine if mutations arise in 
culture — mutations that one would not want delivered into 
future patients,” says Paul Robson at the A*STAR Genome 
Institute of Singapore, who participated in the study.

Robson joined with Barbara Knowles of the A*STAR Institute 
of Medical Biology and 120 other colleagues from around the 
world to examine 125 human ESC lines, representing a broad 
variety of ethnicities and geographic regions. The researchers 
looked for changes in either the number of chromosomes or in 
the structure of individual chromosomes, examining each line in 
the initial stages of cell culture (early passage) or after protracted 
cultivation and many rounds of cell division (late passage).

Most of the cell lines showed overall genomic stability, with 
no major changes between early and late passage.  A few specific 
chromosomal regions were repeatedly affected in instances of 
structural rearrangement. Most notable was the duplication of 
20q11.21 — a small, specific region of chromosome 20 that 
occurred in 22 different cell lines. This change appeared in later 
passages, and seems to establish a growth advantage by removing 
regulatory barriers to cell division. 

“This re-occurring 20q11.21 amplification is also found in 
several types of cancer,” says Robson.

The ISCI team also identified abnormalities in chromosomes 
1, 12 and 17, echoing previous reports of such genomic altera-
tions. However, they were unable to zero in on specific genes 
that might make these changes advantageous for cell growth. 
Without more data, this question is likely to remain open for the 

time being. Last but not least, the group identified a candidate 
gene in the 20q11.21 region, called BCL2L1, which encodes a 
protein that contributes to cell survival and proliferation. There 
are many other genes within this region, and Knowles and 
Robson are now collaborating to delve deeper. 

“We are following up on characterizing the genes within the 
20q11.21 region to determine which of them may be function-
ally responsible for promoting cell growth and by what mecha-
nism,” says Knowles. ■

1. The International Stem Cell Initiative. Screening a large, 

ethnically diverse population of human embryonic stem cells 

identifies a chromosome 20 minimal amplicon that confers a 

growth advantage. Nature Biotechnology 29, 1132–1144 (2011).
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A collage of human embryonic stem cell images

Embryonic stem cell researchers collaborate to uncover genomic changes 
that might favor cancerous growth



CHEMISTRY & MATERIALS



CHEMISTRY & MATERIALS

18  A*STAR RESEARCH  OCTOBER 2011 – MARCH 2012

Materials science

As light as silk

Silk is a natural fiber produced by the silkworm Bombyx mori 
that is renowned for its luster and softness, making it a highly 
prized material for the production of luxury clothing and a wide 
variety of furnishings. Adding color to silk requires dyeing tech-
niques which, on the industrial scale, require high consumption 
of water and energy and involve the addition of harsh chemicals 
that not only tarnish the quality of the silk but are also harmful 
to the environment.

Ming-Yong Han at the A*STAR Institute of Materials 
Research and Engineering and co-workers1 have now dis-
covered a simpler, ‘greener’ way of introducing colors—and 
luminescence—into silk fibers. By adding fluorescent dyes to 
silkworm feed, they were able to prepare luminescent silk fibers 
in a palette of colors including pink, green and orange.

The color change in the silk fibers is induced by a family of 
compounds known as rhodamines. Traditionally rhodamine B 
and 6G have been used, for example, in applications including 
dye lasers and fluorometers. Han and his co-workers examined 
the effects of introducing rhodamine B, 110 and 101 into 
mulberry powder used for feeding silkworms. The amount of 
rhodamine they added was equivalent to 0.05% of the mixture 
by weight.

The researchers found that silk fibers produced by silkworms 
that have ingested rhodamine B, 110 and 101 appear dark 
pink, light yellow and light pink under sunlight and emit an 
orange, green and pink glow under ultraviolet radiation (see 
image). In comparison, silk fibers produced by normal silk-
worms appear white under sunlight and emit a blue glow under 
ultraviolet radiation.

The silkworms’ uptake of rhodamine appears to be extremely 
fast, as changes in body color were observed approximately one 
hour after ingesting the ‘rhodamine’ feed. Lowering the con-
centration of rhodamine B led to less intensely colored cocoons, 
while increasing the concentration did not result in a significant 
increase in color intensity.

Examination under scanning electron microscopy showed 
that the core filament of the silk fiber known as the fibroin 
absorbed most of the rhodamine dyes. The outer layer of the silk 

fiber known as sericin was left untamed. Aside from the color, 
the researchers found little differences between the colored silk 
and normal silk.

“We used advanced characterization techniques to show that 
it is possible to change the properties of silk fibroin by modifying 
the silkworm diet,” says Han. “The new approach will lead to the 
development of a new generation of ‘functional’ silk production 
which, for example, may have biomedical applications.” ■

1. Tansil, N. C. et al. Intrinsically colored and luminescent silk. 

Advanced Materials 23, 1463–1466 (2011).

Colorful cocoons produced by silkworms fed with luminescent dyes

Adding fluorescent dyes to silkworm feed can produce colorful, 
luminescent silk



Nanotribology

Tubular probes

Studying microscopic interactions at single asperities is vital for 
the understanding of friction and lubrication at the macroscale. 
Surface probe instruments with carbon nanotube tips may 
enable such investigations, as now demonstrated in a theoretical 
study led by Ping Liu and Yong-Wei Zhang at the A*STAR 
Institute of High Performance Computing1. The researchers 
showed that short, single-walled, capped carbon nanotubes are 
able to capture the frictional characteristics of graphene with 
atomic resolution.

“For an ideal probing tip, its dimension should be as small as 
possible, its rigidity should be as large as possible, its geometry 
should be well-defined, and it should be chemically inert,” 
explains Liu. The combination of such characteristics would 
allow surface characterization with atomic resolution while 
ensuring a long lifetime and geometrical, chemical and physical 
stability of the tip.

Carbon nanotubes, in particular short ones, are of great 
interest due to their inherent strong carbon–carbon bonds, which 
allows them to withstand buckling and bending deformation 
and recover to their original shape after deformation. Capped 
tubes in turn offer improved chemical stability and stiffness in 
comparison to non-capped tubes. These considerations indicate 
that short, capped single-walled carbon nanotubes may be ideal 
imaging probe tips.

As it is not yet possible to use such tips in experimental setups, 
to test this hypothesis Liu and Zhang performed large-scale 
atomistic simulations focusing on the interaction between such 
nanotube probing tips and graphene (see image) — a carbon 
material that is ideal for surface coating lubrication. “Because of 
advances in the development of accurate atomic potentials and 
massive parallel computing algorithms, atomistic simulations 
not only enable us to determine the probing characteristics of 
such tips, but also to investigate the frictional and defect charac-
teristics of graphene with atomic resolution,” says Liu.

The simulations could capture the dependence of the 
friction and average normal forces on tip-to-surface distance 
and number of graphene layers. The researchers analyzed and 
interpreted the observed characteristics in terms of different 

types of sliding motions of the tip across the surface, as well as 
energy dissipation mechanisms between the tip and underlying 
graphene layers. They could further identify clear signatures 
that distinguish the motion of a tip across a point defect or the 
so-called Stone-Thrower-Wales defect, which is thought to be 
responsible for nanoscale plasticity and brittle–ductile transi-
tions in the graphene carbon lattice. “Our simulations provide 
insight into nanoscale friction and may provide guidelines on 
how to control it,” says Liu. ■

1. Liu, P. & Zhang, Y. W. A theoretical analysis of frictional and defect 

characteristics of graphene probed by a capped single-walled 

carbon nanotube. Carbon 49, 3687–3697 (2011).

Atomistic simulations show that short, capped single-walled car-
bon nanotubes (red) can elucidate the tribological properties of 
graphene surfaces

Short, capped single-walled carbon nanotubes may serve as ideal probing 
tips to study friction, lubrication and wear at the microscale
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Materials science

A sticky problem

The US Navy estimates that biofouling — the accumulation of 
unwanted marine organisms, such as barnacles and seaweeds, 
on the hulls of ships — can reduce a ship’s speed by 10% and 
increase fuel consumption by 40%. Coating the ship’s hull with 
biocides can help prevent biofouling, but the chemicals used are 
often harmful to the environment. An environmentally friendly 
alternative to biocides is the use of microtextured surfaces to 
which marine organisms have difficulty latching onto.

William Birch and co-workers at A*STAR’s Institute of 
Materials Research and Engineering1 have now revealed a 
mechanism by which microtextured surfaces deter marine organ-
isms. The finding could help to develop new artificial surfaces for 
preventing biofouling.

Previous studies have found that barnacle larvae preferentially 
settle in cracks and depressions because the voids offer better 
protection from the currents in which they feed. However, the 
reason why microtextured surfaces reduce barnacle larvae settle-
ment was unclear. For this reason, the researchers constructed 
an experimental setup which allows them not only to view the 
exploration behavior of barnacle larvae on different surfaces, but 
also to study how the size of surface features influences their 
surface exploration (see image).

To investigate the impact of surface texture on barnacle 
settlement behavior, Birch and co-workers fabricated polymer 
surfaces with features of the same size of a larva’s cyprid attach-
ment pad, which is elliptical in shape and about 20 by 30 microns 
or thousandths of a millimeter. The surfaces were textured with 
pillars placed 10 microns apart. The columns were five microns 
and 30 microns high, and 5, 10, 20, 30, 50 and 100 microns in 
diameter. A smooth surface without pillars was used as a control. 
Exploration and settling behavior of the larvae were filmed using 
close-range microscopy.

The researchers found that barnacle larvae were unperturbed 
by the five-micron high pillars, as their flexible attachment 
disks could simultaneously flow over and contact the top of 
the pillar and the bottom of the space between pillars. Thirty-
micron high pillars, however, had a dramatic impact on larval 
behavior. At smaller diameters, the contact area afforded by the 

tops of the pillars was small, and the larvae found it difficult 
to attach to the sides of such slim pillars. At diameters of 30 
microns or greater, the larvae tended to form attachment points 
in the cracks between the columns with their disks wrapping 
around the sides of the column. “These and other recent findings 
have spawned a multidisciplinary research program (Innovative 
Marine Antifouling Solutions for High Value Applications, 
IMAS), whose objective is to engineer patterned surfaces and 
measure performance by quantifying their interactions with 
marine organisms,” says Birch. ■

1. Chaw, K. C., Dickinson, G. H., Ang, K. Y., Deng J. & Birch W. R. 

Surface exploration of Amphibalanus amphitrite cyprids on 

microtextured surfaces. Biofouling 27, 413–422 (2011).

posterior
swimming limbs

100 µm

antennules for
surface exploration

Side view of an exploring cyprid barnacle larva. The attachment disks 
are the darker spots at the end of the antennules.

Microtextured surfacing may help to eradicate the problem of barnacle 
larvae in the shipping industry



Metamaterials

A flexible filter

Terahertz radiation — electromagnetic radiation propagat-
ing at frequencies between those of microwave and infrared 
radiation — is ideal for medical imaging and security screening 
applications because it is non-ionizing to biological tissues and 
highly penetrating to materials like plastics and paper, commonly 
encountered in security screening. However, the radiation does 
not generate much response in conventional materials. For this 
reason, scientists have developed ‘metamaterials’ for detecting 
terahertz signals in broadband applications.

A terahertz metamaterial is typically made by patterning a 
periodic array of sub-wavelength microstructures onto a rigid 
substrate, made of either silicon or glass. Minghui Hong and 
co-workers at the A*STAR Data Storage Institute, working in 
collaboration with the National University of Singapore and 
Imperial College London have now fabricated a flexible metama-
terial by substituting the rigid substrate with plastic1.

The researchers stacked multiple periodic arrays of ‘split-ring 
resonators’ alternatively between polyethylene naphthalate films. 
A split-ring resonator is a metallic ring with a small bit cut off; 
it resembles the shape of the letter ‘C’. Incident radiation pushes 
electrons in the ring to move back and forth between the ends of 
the resonator, creating a build-up of electrons across the gap. If the 
frequency of the radiation is ‘right’, the energy of the incoming 
radiation is transferred very efficiently to the electrons.

Such frequency is known as resonant frequency. At this 
frequency, the electrons resonate in tandem with the incident 
electromagnetic waves. In a metamaterial containing many reso-
nators arranged into two-dimensional periodic arrays, this effect 
is amplified such that resonant incident light is strongly absorbed 
by the metamaterial resulting in a deep, sharp dip in the light 
transmission spectrum.

According to the researchers, the resonant frequency of the 
metamaterial is dependent on the geometrical and material 
parameters of the split-ring resonators. Changing the resonator 
loop area and the gap distance between its ends can sensitively 
tune the shape and frequency of the transmission dip.

The researchers exploited this tunability and created a broad-
band filter for terahertz radiation. Through laser lithography, they 

patterned multiple arrays of copper split-ring resonators alter-
natively between polyethylene naphthalate films (see image). By 
adjusting the array geometry, the resonant responses are offset to 
partly overlap, resulting in a cumulative 0.38 terahertz frequency 
window in which incident radiation is blocked.

According to the researchers, the frequency window can be 
tailored by adding or subtracting layers, as well as changing the 
array design. The reported device has also been shown to compare 
favorably with other terahertz bandpass filters in the literature in 
terms of physical characteristics, for example reaching an attenu-
ation level as high as 30 decibels, as well as processing complexity 
and ease of design. ■

1. Han, N. R., Chen, Z. C., Lim, C. S., Ng, B. & Hong, M. H. 

Broadband multi-layer terahertz metamaterials fabrication 

and characterization on flexible substrates. Optics Express 

19, 6990–6998 (2011).
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Ultraviolet (UV) radiation is a hazardous form of electromag-
netic radiation. It can pose threats to the human body by causing 
genetic mutations and inducing cancer. Despite its undesirable 
effects, however, UV radiation is useful for a wide range of 
industrial and commercial applications that can make a differ-
ence in our daily lives, including laser engraving, optical storage 
and bug zappers.

Unfortunately, UV radiation is invisible to the human eye. 
People working in an environment where UV radiation is 
present might not be aware of the health risks they are exposed 
to. Photodetectors based on semiconductor technology are the 
standard tool for detecting or measuring the amount of UV radia-
tion in the environment. Kui Yao and co-workers at the A*STAR 
Institute of Materials Research and Engineering have now 
improved the performance of semiconductor UV photodetectors 
with the aid of a ferroelectric thin film1.

Semiconductor photodetectors are often based on the principle 
of the photovoltaic effect. Typically photodetectors consist of a 
junction between two materials comprised of either two differ-
ent types of semiconductors, or a semiconductor and a metal, so 
that an electric field can be established at the interface between 
the two materials. When UV radiation hits the semiconductor 
materials, electron-hole pairs are generated and separated by the 
electric field, giving rise to an output signal — the photovoltage.

The photovoltage is fundamentally limited by the electric field 
at the interface. Yao and his team broke such a constraint by fol-
lowing a different route. They designed and fabricated a photo-
detector consisting of a platinum layer and a conductive metal 
oxide thin film electrode, and further inserted a ferroelectric layer 
— in this case, lead zirconate titanate (PLZT) — between them. 
When the PLZT is electrically polarized in the right direction, it 
provides an extra electric field that complements the field at the 
interface, thus enhancing the output.

The ferroelectric layer gives a marked effect: when the PLZT 
layer is electrically polarized, the photovoltage is more than three 
times that of an unpolarized PLZT layer. This is clearly a substan-
tial gain for the team’s handheld PLZT-layer UV photodetector 
(see image), although its output is not as high as the theoretical 

structure for the device because the device prototype has not yet 
been fully optimized.

Yao explains that such UV detectors not only output large 
voltage signals for driving electronic circuits and displays, but they 
also hold great potential for achieving improved durability and 
stability under strong UV intensity because of the use of a stable 
PLZT thin film.  ■

1. Gan, B. K., Yao, K., Lai, S. C., Goh, P. C. & Chen, Y. F. A ferroelectric 

ultraviolet (UV) detector with constructive photovoltaic outputs. 

IEEE Electron Device Letters 32, 665–667 (2011).

Photodetectors

A ferroelectric boost

A photo of  the UV photodetector incorporated with a 
ferroelectric layer

The introduction of a ferroelectric layer into an ultraviolet photodetector 
enhances its output signals



Data storage

Bit by bit

The hard disk industry’s success to continuously drive recording 
densities to new heights is owed to the use of granular media — 
nanoscopic magnetic grains that are weakly coupled and randomly 
arranged on the disk platters. Each individual bit of information is 
stored over an area containing tens of grains.

There are two common approaches to increasing the recording 
density of granular media: one is to reduce the grain size and the 
other is to reduce the number of grains per bit. Unfortunately, 
the general consensus is that both approaches will have difficulty 
pushing beyond the one terabit per square inch limit.

Joel Yang at the A*STAR Institute of Materials Research and 
Engineering and co-workers from the A*STAR Data Storage 
Institute and other institutions1 have now come up with an alter-
native approach using so-called bit-patterned media (BPM). In 
contrast to granular media, BPM consists of ordered arrays of 
individual ‘superbits’ (see image) that are larger than the grains in 
granular media and can be individually addressed on a disk platter 
to improve signal-to-noise ratio. However, the fabrication of BPM 
requires lithographic patterning, a costly process that necessitates 
substantive viability studies to meet commercial requirements. 

Yang and his team have now demonstrated the fabrication of 
BPM with densities as high as 3.3 terabits per square inch — 
or 15 nanometer pitch — using a method that does not require 
pattern transfer processes such as etching and liftoff, which typi-
cally reduce pattern fidelity.

The new fabrication process involves only two steps. The first 
step involves the use of electron-beam lithography on hydrogen 
silsesquioxane resist to define silicon oxide nanoposts. “The reso-
lution of our technique is higher than most electron beam lithog-
raphy processes because we use a salt solution and development 
process that result in closely-spaced nanopost-resist structures 
down to a 15 nanometer density,” says Yang.

The second step involves the deposition of cobalt–palladium 
films on top of the nanoposts to forming isolated magnetic 
bits (see image). “Because the nanopost resist is made of robust 
silicon oxide material, we can avoid the etching step by deposit-
ing magnetic material directly onto these nanostructures to form 
the magnetic bits,” explains Yang. The researchers used magnetic 

force microscopy (MFM) to analyze their BPM and found that 
the magnetic bits are magnetically isolated, thus able to store 
single bits of information, down to the best MFM-resolution 
of 20 nanometers. Yang and his team believe that the magnetic 
bits would remain isolated and individually controllable up to 3.3 
terabits per square inch. ■

1. Wang, J. K. W. et al. Fabrication and characterization of 

bit-patterned media beyond 1.5 Tbit/in2. Nanotechnology 

22, 385301 (2011).
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Tilted-view scanning electron microscope (top) and cross-section-
al transmission electron microscope (bottom) images of high-densi-
ty bit-patterned media consisting of magnetic cobalt–palladium bits 
formed on hydrogen silsequioxane nanoposts defined by electron 
beam lithography.

A fabrication method that does not require etching and pattern transfer 
pushes recording densities in bit-patterned media to 3.3 terabits per 
square inch
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Surface engineering

The small stuff matters

Polymer films that undergo nanoscale structural transformations 
in response to external stimuli are key components of devices like 
biosensors and artificial membranes. One of the best materials 
for manufacturing such responsive materials is polyelectrolyte 
multilayers (PEMs) — polymer chains bearing charged units that 
can assemble layer-by-layer onto solid surfaces. Maxim Kiryukhin 
at the A*STAR Institute of Materials Research and Engineering 
and co-workers1 have now gained new insights into PEM growth 
which may enable construction of three-dimensional microstruc-
tures for on-demand drug delivery.

The standard method of producing PEMs involves repeatedly 
dipping a flat substrate into positively and negatively charged 
polyelectrolyte solutions. Although this approach can generate 
large-scale coatings with precise vertical thicknesses, it is far more 
challenging to achieve similar control at confined dimensions. 
Previous studies have shown that PEMs grown onto micro-
sized surface templates have non-uniform thicknesses that could 
severely compromise device performance.

Kiryukhin and co-workers systematically investigated a PEM 
assembled from poly(diallyldimethylammonium chloride)/
poly(sodium 4-styrenesulfonate), or PDADMAC–PSS, to help 
resolve this problem. Unlike other multilayers, the PDADMAC–
PSS system can shift from a linear layer-by-layer growth mode 
to one with exponentially increasing film thickness, simply 
by increasing the ionic strength of the polyelectrolyte dipping 
solution. By exploring these two regimes on templates contain-
ing differently sized ‘microwells’, the team hoped to discover the 
critical factors needed to produce consistent microstructures.

First, the researchers imprinted an array of microwells ranging 
from 2 to 25 micrometers onto a sacrificial plastic template made 
of poly(methyl methacrylate), or PMMA, and then coated the 
surface with a PDADMAC–PSS multilayer film. After trans-
ferring the PEM onto a silicon support, they dissolved away the 
PMMA template. 

Depending on the microwell pattern, the polyelectrolyte con-
centration, and number of multilayers, this technique generated 
numerous structures including hollow microchambers and solid 
microstubs (see image). The team found that in exponential 

growth modes, aggregation of PDADMAC chains produced 
variable template coatings; thicker films could form inside the 
microwells and vice-versa, depending on the particular template 
shape. Weak bonds between the PDADMAC aggregates gave 
these films gel-like mechanical properties. In linear growth 
modes, the solvated polyelectrolyte exists as isolated chains that 
coat the template evenly and make the microstructures rigid and 
glass-like. Stable hollow microchambers formed in this mode 
when the PEM film was thicker than 400 nanometers.

According to Kiryukhin, the highly ordered arrays of sealed 
microchambers produced with this method could allow pro-
grammed release of tiny ‘cargos’ from individual cavities — oppor-
tunities that the team are currently pursuing.  ■

1. Kiryukhin, M. V., Man, S. M., Sadovoy, A. V., Low, H. Y. & 

Sukhorukov, G. B. Peculiarities of polyelectrolyte multilayer 

assembly on patterned surfaces. Langmuir 27, 8430–8436 (2011).

Scanning electron microscope images of (PDADMAC-PSS)10 films 
assembled on PMMA templates with ’microwells’ of 25 (left) and 7 
(right) micrometers. Thinner films form inside larger microwells, and 
vice-versa. All scale bars: 10 μm.

Understanding the molecular properties of polyelectrolytes gives 
unprecedented control over responsive polymer microstructures



Materials chemistry 

As good as gold

Graphene — carbon atoms packed in a honeycomb lattice — 
exhibits exceptional physical and electronic properties not found 
in conventional materials. Decorating the surface of graphene 
with nanoparticles may further enhance the performance of 
the material, but the fabrication technique is not without its 
challenges. Verawati Tjoa and co-workers at the A*STAR 
Singapore Institute of Manufacturing Technology and Nanyang 
Technological University1 have now demonstrated an easy way 
to decorate the surface of graphene with gold nanoparticles. The 
resulting material is more sensitive and versatile than undecorated 
graphene for gas detection.

Although high-purity graphene is obtainable through mechan-
ical exfoliation of high-quality graphite, this method is not 
suitable for large-scale applications. Tjoa and her team focused 
their attention on reduced graphene oxide (rGO), which is much 
more accessible and practical for applications, and studied how 
attaching gold nanoparticles can affect the physical properties of 
the material. They obtained gold-decorated reduced graphene 
oxide (Au-rGO) sheets by immersing graphene oxide sheets in 
chloroauric acid before chemical reduction.

The formation of metal nanoparticles has actually been 
reported before, but as Tjoa explains “[this work] is the first of 
its kind to study the electronic properties of these systems.” The 
electrical characterization immediately shows that the Au-rGO 
is positively doped and has lower conductivity than rGO. The 
lower conductivity is likely due to the scattering of charges on 
the metal nanoparticles. The positive doping can be ascribed to 
the transfer of electrons from the graphene oxide to the metal 
salt during formation of the gold nanoparticles, as was confirmed 
through Raman spectroscopy experiments.

The researchers found interesting results when they exposed 
the Au-rGO layers to various gases. In the case of hydrogen 
sulphide, a gas that acts as an electron donor, the conductivity of 
Au-rGO layers showed a sharp reduction, indicating the injection 
of electrons to the sheet, which in turn leads to a lower number 
of conducting holes. This current modulation under exposure 
to hydrogen sulphide is significant since unmodified graphene 
is sensitive to oxidizing gases such as nitrogen dioxide, but not 

to toxic gases such as hydrogen sulphide. The sensitivity is also 
higher when gold nanoparticles are present, as they allow the 
injection of extra holes in the rGO plane, resulting in higher con-
ductivity. The researchers also conducted additional experiments 
with silver-decorated rGO, yielding qualitatively similar results.

The sensitivity of the nanoparticle-decorated material can be 
tuned by changing the number of attached nanoparticles. “This 
work is the first demonstration of how the introduction of metal 
nanoparticles could lead to novel sensing capabilities in graphene,” 
says Tjoa.  ■

1. Tjoa, V., Jun, W., Dravid, V., Mhaisalkar, S. & Mathews, N. 

Hybrid graphene–metal nanoparticle systems: electronic 

properties and gas interaction. Journal of Materials Chemistry 

21, 15593–15599 (2011).
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The attachment of hydrogen sulfide gas molecules to the graphene 
surface results in a drop in current

Reduced graphene oxide decorated with metallic nanoparticles shows 
high potential for gas detection
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Nanomaterials

Pillars of the assembly

The ever-increasing demand for enhanced performance in 
electronic devices such as solar cells, sensors and batteries is 
matched by a need to find ways to make smaller electrical com-
ponents. Several techniques have been proposed for creating tiny, 
nanoscale structures on silicon, but these types of ‘nanopattern-
ing’ tend to involve low-throughput, high-cost approaches not 
suited to large-scale production. Sivashankar Krishnamoorthy 
and co-workers at the A*STAR Institute of Materials Research 
and Engineering have now found a simple and robust method 
for nanopatterning the entire surface of a silicon wafer1.

Krishnamoorthy’s technique exploits the self-assembling 
properties of polymeric nanoparticles, known as reverse micelles. 
These unconventional particles have a structure consisting of 
a polar core and an outer layer of non-polar ‘arms’. Reverse 
micelles can form highly ordered arrays on the surface of a 
silicon wafer. The resulting ‘coating’ can be used as a lithographic 
resist to mask the silicon surface during the etching process.

Although other groups have developed similar approaches 
in previous studies, Krishnamoorthy and co-workers are the 
first to develop a process that can pattern the entire surface of 
a silicon wafer with highly uniform nanostructures (see image). 
The authors have further developed a method to quantify nano-
structure variations across large areas using simple optical tools, 
paving the way for high-throughput nanometrology.

In an additional improvement to the process, the research-
ers exposed the self-assembled polymer layer to a titanium 
chloride vapour. The titanium chloride selectively accumulates 
within each micelle’s polar core. A blast of oxygen plasma then 
strips away the polymer to leave a pattern of tiny titanium oxide 
dots. This process converts a soft organic template into a hard 
inorganic mask much more suited to etching ultra-fine features 
into the silicon, producing arrays of nanopillars less than 10 
nanometers apart.

The findings are expected to be highly adaptable. “Although 
we have demonstrated the process for creating silicon nanopil-
lars, it is very versatile and can be readily extended to achieve 
nanopatterns of most other materials, for example, metals, semi-
conductors and polymers through appropriate post-processing 

of the initial copolymer templates,” explains Krishnamoorthy. 
“Other patterns besides nanopillars could also be created, 
depending on the pattern-transfer processing employed.” 

Krishnamoorthy and his team are already exploring the 
potential applications of their technique. “We are currently 
making use of this process to create nanodevices for sensing, 
data storage, and energy applications, such as batteries and solar 
cells,” Krishnamoorthy says. ■

1. Krishnamoorthy, S., Manipaddy, K. K., & Yap, F. L. Wafer-level 

self-organized copolymer templates for nanolithography with 

sub-50 nm feature and spatial resolutions. Advanced Functional 

Materials 21, 1102–1112 (2011).
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Fine arrays of nanoparticles can be patterned onto a silicon surface 
using a self-assembling polymer template

Advanced electronics beckon thanks to self-assembling templates that 
allow the creation of nanoscale features on silicon wafers



Catalysis

Soaking up the atmosphere

Pure hydrogen (H2) is an important chemical widely used in the 
chemical industry, many semiconductor fabrication processes, 
as well as in Polymer Electrolyte Membrane (PEM) fuel cells. 
Almost all of the H2 gas generated today comes from the steam 
reforming of natural gas at oil refineries. However, this process 
also produces trace amounts of carbon monoxide (CO) byproduct, 
which limits the application of H2 and can ‘poison’ or destroy the 
delicate catalysts used in the manufacture of semiconductor and 
state-of-the-art fuel cells. Researchers led by Ziyi Zhong and 
Jizhong Luo from the A*STAR Institute of Chemical and Engi-
neering Sciences in Singapore1 have now developed a material 
that purifies H2 gas by catalytically converting CO to carbon 
dioxide (CO2) while simultaneously removing excess CO2 — an 
approach that enables CO removal down to the parts-per-million 
(ppm) level.

Although several methods exist for H2 purification, the pref-
erential oxidation (PROX) reaction is often favored by fuel cell 
designers because it can be adapted for use in small, on-board 
reactors. In the PROX system, a mixture of H2, CO and oxygen 
gases passes over a metal catalyst located on a ceramic support 
(see image). This sets off a complex series of oxidation reac-
tions that consume CO, which generates various by-products 
including CO2.

Currently, gold nanoparticles are garnering attention as PROX 
catalysts because they are active below 100°C; lower temperatures 
enable more selective CO oxidation and are safer for vehicle appli-
cations. One problem with these catalysts, however, is their inabil-
ity to lower CO concentrations below 100 ppm. Previous studies 
have suggested that the reason CO2 gradually deactivates these 
catalysts is because CO2 binds to the catalyst surface as carbonate.  

Removing CO2 from the gas mixture with a solid-state sorbent 
material is one way to enhance PROX reactions and lower CO 
concentrations to the single ppm levels needed for H2 fuel cells. 
However, the challenge faced by Zhong and co-workers was 
that most common inorganic CO2 sorbents are incompatible 
with gold nanoparticles — their high working temperatures 
decrease the effectiveness of CO oxidation and destabilize the 
tiny metallic particles. The team chose a novel porous material 

known as APTES/SBA-15 for their sorbent because it has a 
robust silica structure and contains amine groups that readily 
react with free CO2 at low temperatures. Further experiments 
revealed that APTES/SBA-15 sorbents boosted CO removal by 
an average 10% over unprotected gold PROX nanocatalysts.

Optimizing the layered arrangement of catalysts and sorbents 
in the reactor lowered the CO levels in H2 gas from 2,000 ppm 
to 25 ppm. Zhong says that he expects even better performance 
in the future. 

“There is still plenty of room for development of better CO2 
sorbents and catalysts for this process,” says Zhong.  ■

1. Ng, J. W. D., Zhong, Z., Luo, J. & Borgna, A. Enhancing preferential 

oxidation of CO in H2 on Au/α-Fe2O3 catalyst via combination with 

APTES/SBA-15 CO2-sorbent. International Journal of Hydrogen 

Energy 35, 12724–12732 (2010).
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A combined catalyst/carbon dioxide (CO2)-sorbent system (middle) 
that removes carbon monoxide (CO) contaminants from hydrogen gas 
(H2) may soon be part of on-board fuel cells.

Combining carbon dioxide sorbents with gold nanoparticle catalysts 
makes manufacturing ultrapure hydrogen gas easier than ever
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Solar cells

A clear choice

Solar energy is one of the most promising forms of renewable 
energy, but the high cost of conventional solar cells has so 
far limited its popularity. To increase the competitiveness of 
solar energy, scientists have turned to the development of dye-
sensitized solar cells — solar cells that use low-cost organic dyes 
and titanium dioxide (TiO2) nanoparticles in place of expensive 
semiconductor and rare earth elements to absorb sunlight.

Zhaohong Huang at the A*STAR Institute of Materials 
Research and Engineering and co-workers1 have now reduced 
the cost of dye-sensitized solar cells even further by replacing 
indium tin oxide (ITO) — the standard material for transparent 
electrodes — with carbon nanotubes.

A typical dye-sensitized solar cell comprises a porous layer of 
TiO2 nanoparticles immersed in an organic dye. The dye absorbs 
the sunlight and converts the energy into electricity, which flows 
into the TiO2 nanoparticles. The sun-facing side of the solar cell 
is usually covered with a transparent electrode that carries the 
charge carriers away from the TiO2 and out of the solar cell. 

“Unfortunately, ITO electrodes are brittle and crack easily,” says 
Huang. “They are also expensive and could incur up to 60% of the 
total cost of the dye-sensitized solar cell.”

Huang and his team therefore replaced the ITO electrode 
with a thin film of carbon nanotubes. Carbon nanotubes conduct 
electricity and are almost transparent, flexible and strong, which 
make them the ideal material for transparent electrodes. The only 
drawback is that photo-generated charge carriers in the nanotube 
may recombine with ions in the dye, which reduces the power 
conversion efficiency of the solar cell.

To overcome this problem, Huang and his team placed a TiO2 

thin film in between the carbon nanotube thin film and the 
porous layer. They found that the performance of dye-sensitized 
solar cells with TiO2 thin film was significantly better than 
those without. 

However, they also found that the solar conversion efficiency of 
their new dye-sensitized solar cells was only 1.8%, which is lower 
than that of conventional solar cells using ITO electrodes. This is 
due to the higher electrical resistances and reduced optical trans-
parency of the carbon nanotube films, which limits the amount of 

sunlight entering the cell. “We are now studying different ways 
to enhance the conductivity and transparency of the films,” says 
Huang. “Furthermore, we are planning to replace the bottom 
platinum electrode with carbon nanotube thin film to reduce the 
cost of dye-sensitized solar cells further.”

If successful, the results could have a great impact on the cost 
and stability of dye-sensitized solar cells. ■

1. Kyaw, A. K. K. et al. Dye-sensitized solar cell with a titanium-

oxide-modified carbon nanotubes transparent electrode. 

Applied Physics Letters 99, 021107 (2011).
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Carbon nanotube (CNT) electrodes. The use of carbon nanotubes has a 
significant cost advantage. However, in earlier designs (left), the car-
bon nanotubes degraded through chemical processes (e-: electrons, 
I3

-: ions in the liquid). Using a thin protective layer of titanium oxide 
now stabilizes the nanotubes (right), increasing the performance of 
these cells.

Dye-sensitized solar cells that use carbon nanotube thin films as 
transparent electrodes offer significant cost savings



Materials chemistry

When additives are good

Soft magnetic materials can be easily magnetized and demag-
netized. They are widely used in microwave devices, such as 
absorption of electromagnetic radiations.

Developers tend to use thin films of soft magnetic materials, 
as opposed to their bulk form, in mobile applications, such as 
cell phones and laptops, as well as military applications, such as 
stealth aircrafts. However, the conventional approach to making 
soft magnetic films requires a high vacuum environment, which 
is expensive and time-consuming. Moreover, the usual fabrica-
tion system is not suitable for the preparation of large sheet 
films, thereby limiting its application in manufacturing the soft 
magnetic materials for microwave absorption.

Bao-Yu Zong at the A*STAR Data Storage Institute and co-
workers1 have now demonstrated the viability of fabricating soft 
magnetic thin films through electrodeposition, a plating tech-
nique that is scalable and can be performed at room temperature. 
The approach is not only simpler and cheaper to operate, but also 
versatile enough for making a wide range of soft magnetic materi-
als for microwave applications.

The researchers chose to work with iron–cobalt–nickel alloy, a 
soft magnetic material with low permeability, high coercivity and 
other less-than-ideal properties. They added small amounts of 
organic compounds, including dimethylamine borane and sodium 
dodecyl sulfate, to the plating solution prior to deposition. The 
resulting thin films had much higher permeability and lower 
coercivity, which make them more desirable for microwave appli-
cations. The researchers suggest that the additives might have 
prevented iron from oxidizing during electrodeposition, thereby 
improving the quality of thin films obtained.

Zong and his team also explored the effect of adding inor-
ganic compounds, such as aluminum potassium sulfate, to the 
plating solution. They detected an increased resistivity in the thin 
films — a result that is likely to be a consequence of the change 
in morphology of the material; that is, the shape of the nanopar-
ticles changed from common granular to columnar (see image), as 
revealed by atomic force microscopy. The iron–cobalt–nickel thin 
films also exhibit strong microwave absorption in comparison to 
ordinary magnetic films. These unique properties are perfect for 

high-frequency microwave applications, including magnetic data 
storage, portable wireless and biotechnology devices.

The researchers have high hopes that their approach is appli-
cable to the fabrication of a wide range of soft magnetic materials. 
“Our technique is cost-effective and scalable. We can create soft 
magnetic thin films on different size and type of substrates,” says 
Zong. “In a subsequent step, we hope to transfer this methodol-
ogy to related industrial companies.” ■

1. Zong, B.-Y. et al. Electrodeposition of granular FeCoNi films 

with large permeability for microwave applications. Journal of 

Materials Chemistry 21, 16042–16048 (2012).
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Magnetic columnar iron–cobalt–nickel nanofilm with high permeability 
from suitable additives

Researchers have devised a simple and inexpensive approach to making 
soft magnetic films for microwave applications
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Nanoparticle imaging

A resonant improvement

Raman spectroscopy is a powerful technique for analyzing 
atomic structure based on the inelastic scatter of light from mol-
ecules, with diverse applications including medical imaging and 
chemical sensing. Researchers have found that nanostructures 
can enhance the effect of Raman scattering and so improve the 
sensitivity of the Raman technique. Acoustic vibrations can 
provide further augmentation of the Raman scattering effect 
by exciting collective electron oscillations, known as surface 
plasmons, that contribute to light scatter. In particular, it has 
been shown that scattering might be intensified by vibrating 
nanoparticles alongside purpose-built resonators, but until now 
there has been a limited understanding of the interactions that 
occur during such vibrations.

Sudhiranjan Tripathy and co-workers from the A*STAR 
Institute of Material Research and Engineering, collaborating 
with Adnen Mlayah and colleagues from the National Center 
of Scientific Research (CNRS) in France, have now discovered 
how interactions between the surface plasmons produced by a 
triad of gold nanodiscs and acoustic vibrations in spherical gold 
nanoparticles can enhance Raman scattering effects1.

“We investigated the dynamic properties of metallic nanoscale 
objects,” says Tripathy. “The coupling mechanisms between 
acoustic vibrations and surface plasmons are not well understood 
and need to be investigated both theoretically and experimentally, 
so we focused on this area, combining our expertise in nanofabri-
cation with optical spectroscopy.”

Tripathy and his co-workers measured Raman scattering from 
the gold nanoparticles with and without the gold ‘trimers’ in place. 
The team observed a significant increase in scattering intensity 
when the vibrating nanoparticles were coupled with the trimer 
resonators. The trimers effectively act like loudspeakers, amplify-
ing the scattering of light from the particles (see image). 

“The enhancement in the scattering of light allowed us to 
measure eight Raman features associated with the vibrational 
modes of the spherical gold nanoparticles,” says Mlayah. “Usually, 
only two or three features are observed in standard low-frequency 
Raman experiments.” The enhanced scattering intensity has been 
attributed to ‘hot spots’ in the trimers’ electric field, which leads 

to further excitation of the plasmons. Previous studies have only 
focused on nanoparticles as the source of surface plasmons, and 
monitored the scattering reaction to vibration on that object alone. 

This is the first study to use two different sources — acoustic 
vibrations and surface plasmons — to produce beneficial effects.

By engineering surface plasmons in this way, the researchers 
can gain tight control over scattering properties. “Our future 
work in this area will involve applications in chemical sensing 
and biosensors,” says Tripathy.  ■

1. Tripathy, S. et al. Acousto-plasmonic and surface-enhanced 

Raman scattering properties of coupled gold nanospheres/

nanodisk trimers. Nano Letters 11, 431–437 (2011). 
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Illustration of gold nanoparticle spheres on a gold nanodisc trimer. 
The trimer amplifies acoustic vibrations, thereby enhancing the scat-
tering of light from the spheres

Coupling nanoparticles to purpose-built resonators boosts the 
performance of Raman spectroscopy
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Stem cells

A way to maintain pluripotency

Human embryonic stem cells (hESCs) are derived from blasto-
cysts at the earliest stages of embryonic development. They can 
divide indefinitely and differentiate into any cell type found in 
the body — a property known as pluripotency. Until now, the 
mechanisms underlying pluripotency have been far from clear. 

Now, a team of researchers led by Andre Choo and Simon 
Cool at the A*STAR Bioprocessing Technology Institute 
and Institute of Medical Biology, respectively, has elucidated 
the fibroblast growth factor (FGF)-2 signaling pathway that 
maintains human embryonic stem cells (hESCs) in their 
undifferentiated state1. 

Previous studies have shown that FGF-2 maintains cultured 
hESCs in their undifferentiated state by activating the FGF 
receptor (FGFR), which in turn activates the mitogen activated 
protein kinase (MAPK) and phosphoinositide 3-kinase (PI3-K) 
signaling pathways.

Choo, Cool and co-workers found that FGF-2 induces rapid 
and prolonged activation of the MAPK and PI3-K signal-
ing pathways by key phosphorylating components. They also 
found that PI3-K signaling pathway plays a more critical role 
in pluripotency; inhibition of this pathway results in the down-
regulation of genes associated with pluripotency.

Further experiments revealed that PI3-K activates a key sig-
naling pathway known as Wnt signaling, which then inactivates 
an enzyme called GSK3β. This causes a protein called β-catenin 
to move from the cytoplasm into the nucleus, where it regulates 
a number of genes that are required for pluripotency.

The researchers performed the same experiments in induced 
pluripotent stem cells (iPSCs) and obtained similar results. 
iPSCs are cells derived from differentiated adult cells, which are 
forced back into their undifferentiated state by altering the level 
of pluripotency associated genes expression. Because of their 
ability to differentiate into any cell type in the human body, both 
hESCs and iPSCs hold enormous potential for the treatment 
of a wide variety of diseases and conditions, including heart and 
Parkinson’s diseases. Differentiated hESCs and iPSCs are also 
useful for the toxicology screening of newly developed drugs. 
The new findings are significant because they enable scientists 

to understand the intricate signaling mechanisms controlling 
hESC and iPSC pluripotency. 

Understanding the mechanism behind pluripotency could 
lead to improved methods to expand stem cell populations in 
their undifferentiated state, and help in the design of strate-
gies to induce stem cells to initiate differentiation into specific 
lineages for use in therapeutic applications. ■

1. Ding, V. M. Y. et al. FGF-2 modulates Wnt signaling in 

undifferentiated hESC and iPS cells through activated 

PI3-K/GSK3β signaling. Journal of Cellular Physiology 

225, 417–428 (2010).
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Fibroblast growth factor-2 keeps stems cells in their undifferentiated 
state by activating Wnt signaling

GENETICS & DISEASE

 A*STAR RESEARCH  OCTOBER 2011 – MARCH 201232



Cancer biology

Aggravating 
tumor aggressiveness

Proteins associated with enhanced tumor aggressiveness could 
be potential therapeutic targets to fight cancer. An international 
team of researchers led by Edison Liu at the A*STAR Genome 
Institute of Singapore has now discovered that serine protease 
inhibitor Kazal-type 1 (SPINK1), a secreted protein, plays a key 
role in tumor aggressiveness in breast cancer1.

Researchers have been seeking novel molecular targets for 
antibody-based and molecule-based drugs treatments for breast 
cancer in order to combat the cancer’s increased resistance to 
common drug treatments. In their search for factors that correlate 
with poor patient survival, Liu and his co-workers performed a 
whole-genome analysis on four groups comprising 800 breast 
cancer patients. They were looking for possible drug targets, 
such as cell surface receptors, secreted growth factors, and genes 
encoded with extracellular proteins.

The analysis turned up SPINK1, a secreted protein linked 
to the recurrence of cancer spread in all of the patient groups. 
Extending this analysis to publicly available data for breast cancer 
patients in ten other studies, Liu and his team were able to 
confirm the link between SPINK1 expression and poor prognosis 
in eight of these studies.

SPINK1 is a protein commonly expressed in digestive organs 
and tissues, such as the pancreas, where its primary role is the 
inhibition of digestive enzymes. SPINK1 is not expressed in 
normal human breast tissue, but Liu’s team found that it was 
present in breast tumors (see image).

In cell culture experiments, the researchers showed that 
reducing the expression of SPINK1 in breast cancer cells normally 
expressing high levels of the protein in turn reduces cancer cell 
survival. Increasing SPINK1 levels in breast cancer cells, on the 
other hand, confers drug resistance to the cancer cells. Liu links 
his findings to a drop in the expression of proteins that mediate 
cell death, and an increase in the expression of proteins that keep 
cells alive.

Enhancing the expression of SPINK1 in breast cancer cells 
in mice accelerated the migration of cancer cells and increased 
tumor spread. The researchers argue that this could account for 
the link between SPINK1 expression and cancer recurrence in 

their patient groups, and are currently seeking to identify the 
receptor through which SPINK1 acts.

“SPINK1 has already been implicated in prostate cancer,” 
explains Liu, “but our work generalizes the importance of 
this molecule to the virulence of breast cancers as well.” The 
findings suggest that blocking the expression or activity of 
SPINK1 in breast cancer cells could be a potential therapy for 
breast cancer. ■

1. Soon, W. W. et al. Combined genomic and phenotype screening 

reveals secretory factor SPINK1 as an invasion and survival 

factor associated with patient prognosis in breast cancer. 

EMBO Molecular Medicine 3, 451–464 (2011).

Microscopy image showing SPINK1 expression (brown) in breast tis-
sue. SPINK1 is highly expressed in breast tumor tissue (green arrow) 
but not in adjacent normal breast tissue (red arrow).

A protein secreted from breast cancer cells enhances the spread and 
survival of tumor cells
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Genetic engineering

Speeding up evolution

Genetically engineered microorganisms with improved properties 
are of vital interest in the advancement of modern medicine, as 
well as the agriculture and food industry. Biotechnology enables 
modification of specific genes in an organism to produce desirable 
properties — for example, the ability to withstand extreme envi-
ronmental conditions or to catalyze a chemical reaction — but 
modifying complex traits can be time-consuming and expensive 
due to the large number of genes involved.

Hua Zhao and co-workers at the A*STAR Institute of 
Chemical and Engineering Sciences1 have now developed a tech-
nique called error-prone whole genome amplification (WGA) 
that enables modification of numerous genes at the same time. 
To illustrate the potential of the new technique, the researchers 
applied it to create yeast cells capable of surviving high levels 
of ethanol.

Metabolism of ethanol in yeast is a complex trait that requires 
the action of 40 to 60 genes. The researchers isolated DNA from 
Saccharomyces cerevisiae — one of the most useful forms of yeast 
widely used in baking and brewing since ancient times — and 
copied it using the powerful polymerase chain reaction (PCR) 
technique that amplifies DNA sequences. The key to error-
prone WGA is the introduction of random DNA copying errors 
through imperfect reaction conditions during PCR. The research-
ers established the mutagenic reaction conditions by adding gene-
damaging manganese chloride to the reaction mixture in order to 
produce DNA with plenty of mutations.

Zhao and co-workers introduced copies of mutated DNA back 
into S. cerevisiae — a process known as transformation. Normal 
yeast cells are capable of surviving on a medium containing 7% 
ethanol. The transformed cells were grown on a medium initially 
comprising 8.5% ethanol.

The researchers harvested DNA from cells that survived on 
the high-ethanol medium, and then repeated the error-prone 
PCR and transformation cycle twice. By the third cycle, cells 
that were able to survive on a medium containing 9% ethanol 
had been isolated. The method is an example of directed evolu-
tion, which uses the power of natural selection to speed up the 
process of adapting to changes in environmental conditions in 

order to develop microorganisms with properties that are bio-
technologically useful.

Error-prone WGA is unique in that its direct manipulation of 
DNA in vitro is slower and more complex than in vivo methods. 
“The new method enables rapid evolution of complex phenotypes 
of microorganisms,” says Zhao, whose team has already begun to 
characterize the proteins and genes in the ethanol-tolerant yeast 
cells using proteomic and whole genome studies. In future, error-
prone WGA may also be extended to other microorganisms.  ■

1. Luhe, A. L., Tan, L., Wu, J. & Zhao, H. Increase of ethanol tolerance 

of Saccharomyces cerevisiae by error-prone whole genome 

amplification. Biotechnology Letters 33, 1007–1011 (2011).
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Generating microbes with useful properties is quicker and easier if 
multiple genes are modified at the same time
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Developmental biology

Delayed polyadenylation of 
maternal mRNA

Offspring make their first move towards independence surpris-
ingly early in life. After fertilization, they initiate protein produc-
tion — a process that is guided exclusively by maternal messenger 
RNA (mRNA) molecules stored within the egg. Several hours 
later, however, the embryo’s own genes begin to switch on and 
produce zygotic mRNA, a threshold known as the mid-blastula 
transition (MBT).

In order to clarify the poorly understood mechanisms underly-
ing MBT, Sinnakaruppan Mathavan at the A*STAR Genome 
Institute of Singapore and co-workers have set out to assemble 
a detailed catalogue of the mRNA molecules present at different 
developmental stages in zebrafish1. Zebrafish are ideal models 
for such studies, as their embryos develop entirely outside of 
the mother’s body, mature rapidly and can be cultivated in large 
quantities. “Our aim was to produce sequencing data that can 
be used as a genomic resource for the zebrafish community,” 
explains Mathavan.

The researchers used high-throughput sequencing tech-
nology to collectively analyze embryonic mRNA content at 
multiple developmental stages, from the unfertilized egg to the 
post-MBT embryo. Based on the sequencing results, they identi-
fied three ‘superclusters’ of genes with peak expression at maternal, 
pre-MBT or zygotic phases (see image). Many of these genes 
could be further classified within smaller clusters with similar 
expression profiles. Their analysis also revealed numerous previ-
ously uncharacterized mRNA transcripts and alternative versions 
of known mRNAs.

In order for mRNAs to be efficiently translated into proteins, 
they must undergo a process known as polyadenylation, in which 
each molecule gets ‘tailed’ with a long stretch of adenine nucleo-
tides. However, Mathavan and co-workers noted that many early 
mRNAs appeared to be unmodified and thus dormant. “Until 
now, it was believed that all maternal RNAs are polyadenylated 
and translationally active soon after fertilization, at the one-cell 
stage,” says Mathavan. “We discovered that this is not true.”

In fact, the researchers identified two subsets of maternal 
mRNAs. The first is polyadenylated from the beginning, and these 
appear to drive the earliest stages of postfertilization embryogenesis. 

The other group is initially inactive, but undergoes gradual adenyl-
ation as a prelude to MBT, at which point these transcripts give 
rise to proteins that facilitate MBT onset and the production of 
zygotic mRNA.

The study provides fresh insights into the different stages of 
zebrafish development. Mathavan notes that similarly illumi-
nating studies could soon be performed using mice. “It would 
be more challenging to obtain early-stage embryos,” he says. 
“However, new high-throughput sequencing platforms require 
fewer starting materials. It should therefore be possible to perform 
similar studies with mammals in the near future.” ■

1. Aanes, H. et al. Zebrafish mRNA sequencing deciphers novelties 

in transcriptome dynamics during maternal to zygotic transition. 

Genome Research 21, 1328–1338 (2011).
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Classical Expression pattern: Maternal & zygotic transcripts

Developmental Stages

A chart of messenger RNA expression levels at different stages of 
zebrafish development. Analysis of transcripts at each stage indicated 
the presence of three major ’superclusters’, one expressed purely 
from maternal mRNA (purple), followed by a subset of maternal ’pre-
MBT’ mRNA transcripts (blue) that usher in the onset of the MBT, at 
which point the embryo exclusively produces its own zygotic mRNA 
population (green).

An atlas of embryonic stage-specific gene expression in fish provides 
insights into a long-standing enigma of the developmental process
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Stem cells

Battle of the sex chromosomes

Human cell lines used to model diseases have an unexpectedly 
‘skewed’ or unbalanced composition of sex chromosomes, accord-
ing to new research led by Alan Colman at the A*STAR Institute 
of Medical Biology1.

Female placental mammals have two copies of the X chro-
mosome, one inherited from the mother and the other from 
the father. One of these is normally silenced at random during 
embryonic development through a process called X chromosome 
inactivation (XCI).

Colman and co-workers obtained fibroblasts from healthy 
female controls, as well as female patients with the neurodevel-
opmental disorder Rett syndrome. They reprogrammed the fibro-
blasts into independent colonies of induced pluripotent stem cells 
(iPSCs), examined the status of the X chromosomes in the iPSC 
colonies, and found the ratio to be highly skewed. Although the 
original fibroblast population contained roughly equal proportions 
of cells expressing each of the parental X chromosomes, it appears 
that cell reprogramming was only possible in cells expressing one 
particular X chromosome.

To investigate further, the researchers isolated RNA transcripts 
from cultured fibroblasts every three to six cell divisions. Analysis 
of the RNA sequences revealed that there was a gradual shift 
towards the expression of the same X chromosome during division. 
One explanation for this is that colonies with a skewed ratio of 
cells expressing the X chromosome are more prone to stress, which 
may cause telomere shortening. Telomeres are repetitive DNA 
sequences at the ends of chromosomes and their length decreases 
with each successive cell division. When the telomere length is 
below a certain critical limit, the telomere will trigger cell death 
or senescence.

The researchers suspected that fibroblasts expressing one of the 
X chromosomes may die prematurely, so that only those expressing 
the other chromosome remain in the culture. To test this idea, the 
researchers expressed active and inactive forms of human telom-
erase reverse transcriptase (hTERT), an enzyme that lengthens 
telomeres, to reprogrammed fibroblasts. 

The team of researchers found that fibroblast populations 
expressing active hTERT contained equal proportions of both X 

chromosomes, suggesting that the enzyme attenuates or prevents 
the skewing.

The findings suggest that skewed X chromosome expression 
may be a hitherto unrecognized variable in studies using iPSCs, 
including those for studying Rett syndrome and diseases linked to 
genes located on the X chromosome. “It is estimated that at least 
20% of genes on the two X chromosomes differ significantly,” says 
Colman. “Such differences might influence a cell’s ability to deal 
with various environmental stresses, such as DNA damage, and we 
are performing a set of experiments to test this.” The researchers 
note that the study also has important implications for the inter-
pretation of long-term culture studies in cancer and senescence.  ■

1. Pomp, O. et al. Unexpected X chromosome skewing during 

culture and reprogramming of human somatic cells can 

be alleviated by exogenous telomerase. Cell Stem Cell 

9, 156–165 (2011).
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Skewed X chromosome expression may confound laboratory models of 
human diseases
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Hepatology

Breaking into liver cancer

Individuals who are chronically infected with hepatitis B virus 
(HBV) are prone to developing liver cancer. Now, Hui-Ling 
Ko and Ee-Chee Ren at the A*STAR Singapore Immunology 
Network have demonstrated that the inhibition of a DNA 
repair enzyme called poly ADP-ribose polymerase 1 (PARP1) 
by a particular region of the HBV genome can enhance DNA 
damage within cells, which are then predisposed to the formation 
of tumors1..

High HBV viral DNA levels in the blood have previously been 
shown to dramatically increase the risk of developing liver cancer 
in chronically infected individuals. For this reason, Ko and Ren set 
out to identify the host factors in humans that could be respon-
sible for regulating the levels of HBV DNA.

Replication of HBV is initiated at the HBV core promoter 
(HBVCP) region of the HBV genome. Using a system in which 
proteins extracted from a human liver cancer cell line were tested 
for interaction with HBVCP, the researchers identified PARP1 as 
a strong binding partner for the HBVCP. When they decreased 
PARP1 expression in the human liver cancer cells, they observed 
a drop in HBV replication. PARP1 activity therefore plays a role 
in regulating HBV levels.

Ko and Ren then identified an 8-nucleotide-long stretch of the 
HBVCP that is responsible for PARP1 binding, and they called 
this DNA fragment the ‘PARP1 motif ’ of the HBVCP. When 
they introduced the PARP1 motif onto extracts of liver cancer 
cells which contained PARP1 protein, they showed that this 
could inhibit PARP1 activity in a highly specific manner.

By exposing human liver cancer cells to drugs that break down 
DNA,  the researchers showed that DNA damage was enhanced 
when they introduced the PARP1 motif into the cells. The reduc-
tion in PARP1 activity caused by the presence of the PARP1 
motif in the HBV genome therefore enhanced the chance for 
DNA breakage. This could eventually lead to the snapping and 
swapping of chromosomes — or genomic instability — charac-
teristic of some tumors. 

“Our work provides insights into how HBV DNA derails 
host genome stability by interfering with DNA repair,” explains 
Ren. The findings suggest that PARP1 is a key factor in the host 

that regulates HBV replication in infected cells. High levels of 
HBV DNA then inhibit PARP1, leading to a deficit in DNA 
repair. DNA damage that is unable to be fixed by PARP1 accu-
mulates and may then predispose HBV-infected cells to develop 
into cancer.  ■

1. Ko, H.-L. & Ren, E. C. Novel poly (ADP-ribose) polymerase 1 binding 

motif in hepatitis B virus core promoter impairs DNA damage 

repair. Hepatology 54, 1190–1198 (2011).

Microscopy image of liver cells (black) in cell culture that are infected 
with HBV (red).

Chronic hepatitis B virus enhances liver cancer susceptibility by blocking a 
key DNA repair enzyme
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Cancer biology

Cooperative partners

Breast cancer is linked to elevated expression of the cell surface 
receptor protein human epidermal growth factor 2 (Her2). 
Two monoclonal antibodies, trastuzumab and pertuzumab, are 
known to block Her2 function by binding to different portions 
of the cancer-causing protein, and these antibodies are currently 
in clinical use to treat breast cancer patients.

In 2010, a team of international researchers including 
Chandra Verma at the A*STAR Bioinformatics Institute had 
shown that combining the two Her2-targeting antibodies could 
offer a more therapeutic strategy than the administration of a 
single antibody. 

Now, Verma, working in collaboration with Gloria Fuentes 
at the A*STAR Bioinformatics Institute and other co-workers, 
have used structural modeling techniques to examine the 
molecular basis of the synergistic effect of trastuzumab and 
pertuzumab in blocking Her2 function1.

The researchers began their investigations by assuming that 
both antibodies work together in patients by binding to the 
same molecule of Her2 and potently inhibiting its function. 
Previous studies had focused on the structure of the Her2 
protein alone, along with its points of contact with either trastu-
zumab or pertuzumab. 

Verma, Fuentes and their collaborators were able to visual-
ize the complex structure of all three molecules combined 
using computer models and molecular dynamic simulations. 
The researchers were able to determine the structural changes 
that occur as a result of the binding of the two antibodies, and 
showed that the antibodies bind more tightly to Her2 when 
they are present together, which would enhance their ability to 
inhibit Her2 signaling.

Normally, Her2 sends signals into the cell by interacting, or 
‘dimerizing’, with other cell surface receptors at the ‘dimeriza-
tion domain’ portion of the Her2 protein. Pertuzumab binds 
directly to the dimerization domain, and inhibits Her2 function 
by preventing Her2 dimerization with its signaling partners. 
The researchers showed that in the presence of trastuzumab, 
the Her2 protein appears to become more flexible, which leads 
to tighter binding of Her2 to pertuzumab. On the other hand, 

pertuzumab exposes portions of Her2 that had previously been 
hidden, allowing for more points of contact between Her2 and 
trastuzumab. “The ability of the antibodies to work together on 
the Her2 protein in this way explains, at the molecular level, 
the higher clinical response previously observed in the patients 
treated with both antibodies,” says Fuentes. 

The findings could lead the way to the development of more 
potent drugs and antibodies to inhibit the activity of Her2 and 
enhance treatment efficacy for breast cancer patients. ■

1. Fuentes, G., Scaltriti, M., Baselga, J. & Verma, C. S. Synergy 

between trastuzumab and pertuzumab for human epidermal 

growth factor 2 (Her2) from colocalization: an in silico 

based mechanism. Breast Cancer Research 13, R54 (2011).
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Representation of the binding of pertuzumab (orange) and trastu-
zumab (black) to the Her2 protein (red/blue)

Structural analysis indicates how two different antibodies to a cancer-
causing protein could work together to block its function
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Genomics

Sorting through the damage

Cancer can leave the genome in a shambles. This is because 
when healthy cells become cancerous, their DNA can undergo 
dramatic structural rearrangements (see image), including sizeable 
duplications, insertions and deletions. Scientists hope to ‘zero in’ 
on the early events that drive tumorigenesis by mapping these 
changes, but existing methods have proven too expensive or time-
consuming for performing large-scale analyses.

Fortunately, next-generation DNA sequencing technology that 
could tackle massive amounts of genomic data is now becoming 
accessible. Axel Hillmer and Yijun Ruan at the A*STAR Genome 
Institute of Singapore have recently employed such technology 
to map cancer-associated chromosomal alterations with unprec-
edented detail and accuracy1.

Their method entails fragmenting chromosomal DNA into 
pieces of narrowly defined lengths, sequencing each fragment 
from both ends, and comparing the resulting genome with a 
‘reference genome’ from a healthy individual. “Our technique is 
highly sensitive and could identify structural variations (SVs) in 
the genome at low sequencing costs,” says Ruan.

The researchers analyzed the genomes of normal and cancer-
ous cell lines, including breast and stomach cancer cell lines, and 
assembled comprehensive maps of SVs. They found that both 
normal and cancerous cell lines exhibit structural rearrange-
ments, but cancerous cells were particularly likely to accumulate 
certain types of SVs, such as tandem duplications, in which 
normally unique DNA sequences are repeated sequentially 
many times.

“We think tandem duplications are good candidates for trig-
gering genomic instability,” says Hillmer. “Highly amplified rear-
rangement points could help to identify ‘driver’ events that have 
tumorigenic properties.”

Indeed, Ruan, Hillmer and their co-workers found striking 
evidence that certain SVs act as focal starting points for the 
accumulation of additional rearrangements in the same chro-
mosomal ‘neighborhood’, suggesting a potential mechanism 
for cancerous transformation. However, the researchers did not 
observe any obvious pattern for the distribution of these driver 
sites. Ruan suggests that it will be necessary to examine many 

more samples to understand whether these specifically arise at 
physically fragile chromosomal sites or if these events instead 
emerge via disparate disruptions of common chromosome main-
tenance pathways.

Ruan and Hillmer are keen to further optimize the cost and 
speed of their technique in order to perform such analyses in the 
future. In addition, they believe that with further improvements, 
such analyses might also reach the clinic relatively soon. “We 
expect that within a few years, our approach or similar genome 
sequencing methods will be applied as a routine test to deter-
mine patients’ cancer predisposition and tumor characteristics,” 
says Hillmer. ■

1. Hillmer, A. M. et al. Comprehensive long-span paired-end-tag 

mapping reveals characteristic patterns of structural variations in 

epithelial cancer genomes. Genome Research 21, 665–675 (2011).

Interphase nucleus showing amplification and fusion of breakpoint 
flanking sequences. Double signals (filled arrowheads) indicate the 
fusion of the two loci and single signals indicate the normal genomic 
distance (open arrowheads).

A high-throughput sequencing strategy allows scientists to follow cancer’s 
trail of genomic destruction
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Stem cells

Driving neuronal differentiation

A team of researchers led by Ken Kwok-Keung Chan at the 
A*STAR Bioprocessing Technology Institute have identified 
the signaling pathway that causes human embryonic stem cells 
(hESCs) to differentiate into neurons, providing new insights into 
the development of stem cell therapies for neurological disorders1.

Sonic Hedgehog (SHH) is one of three proteins in a family of 
signaling pathways called hedgehog, which is known to control 
patterning of the developing brain and spinal cord by inducing 
differentiation of a number of neuronal subtypes in specified loca-
tions. Exactly how SHH regulates these diverse cellular responses 
and the target genes involved is unknown.

“We recently showed that SHH signaling influences early 
differentiated hESCs toward the neuroectoderm lineage2,” says 
Chan. “This prompted us to study the role of SHH in hESC 
neural differentiation.”

To do so, Chan and his co-workers generated a line of hESCs 
that expresses high levels of SHH and found that the cells can 
be maintained in an undifferentiated state for long periods of 
time. When the cells were induced to differentiate, however, 
they produced greater numbers of neural progenitors than those 
expressing normal levels of SHH, and this led to a subsequent 
increase in the numbers of mature neurons that synthesize the 
neurotransmitter dopamine.

The researchers then used sophisticated microarray technology 
combined with bioinformatics to determine how increased SHH 
levels affect the expression of other genes. Their analysis revealed 
a total of 182 genes whose activity was increased by SHH overex-
pression. Many of these are well established SHH target genes, all 
of which play a role in the SHH signaling pathway.

The study also identified four new SHH target genes, all 
of which contained sites for binding the transcription factor 
GLI — a component of the Notch signaling pathway, which is 
activated by SHH. This subset of genes is involved in inducing 
neural ectoderm during the earliest stages of embryonic devel-
opment, neural stem cell proliferation and the development and 
function of dopamine-producing neurons.

A better understanding of these mechanisms could aid the 
development of stem cell-based therapies for Parkinson’s disease, 

a neurodegenerative condition in which dopamine-producing 
neurons in the midbrain die. “Understanding the molecular 
mechanisms of hESC with respect to their maintenance and cell 
fate determination is critical to harnessing their true potential for 
future regenerative medicine,” says Chan.

“Our data provide the first evidence of cross-talk between the 
Notch and SHH pathways in hESC-derived neuroprogenitors,” 
adds Chan. “We will continue to investigate how these two 
pathways interact.”  ■

1. Wu, S.M. et al. Enhanced production of neuroprogenitors, 

dopaminergic neurons and identification of target genes by 

overexpression of Sonic hedgehog in human embryonic stem cells. 

Stem Cells and Development doi:10.1089/scd.2011.0134 (2011).

2. Wu, S. M., Choo, A. B., Yap, M. G. & Chan, K. K. Role of Sonic 

Hedgehog signaling and the expression of its components in 

human embryonic stem cells. Stem Cell Research 4, 38–49 (2010).
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Identification of a signaling pathway could aid development of stem cell-
based therapies for Parkinson’s disease
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Genomics

Malignant rearrangements

Cancer cells often rearrange and exchange pieces of their 
genome to form new DNA sequences. These DNA sequences 
in turn express proteins that could initiate tumor development. 
Edison Liu at the A*STAR Genome Institute of Singapore and 
an international team of researchers1 have now used the latest 
DNA sequencing technology to examine how the genome 
is reorganized in breast cancer cell lines and tumor samples 
obtained from breast cancer patients. The researchers identified 
genomic rearrangements that may lead to proteins for causing 
breast cancer.

When two parts of the genome that are usually not connected 
come into contact with each other, different gene segments may 
come together to form ‘fusion’ genes. By analyzing the messen-
ger RNA (mRNA) from cancer cells, Liu and co-workers were 
able to determine which of the fusion genes were transcribed in 
the cells. 

The team of researchers found that fusions of two full genes 
were more likely to be transcribed by the cells than fusion events 
that brought together two gene fragments, which instead were 
more likely to silence the expression of the genes. The gene 
families whose expression was most likely to be affected by 
fusions in the breast cancer cells included those that play a role 
in cell adhesion, cell signaling and embryonic development.

The researchers also determined which of the fusion mRNA 
transcripts could be translated into proteins by assessing whether 
the fusion transcripts were found in ribosomes — cellular organ-
elles that are responsible for forming proteins. 

Surprisingly, the researchers observed 44% of fusion mRNA 
transcripts from the breast cancer cells were bound up in 
ribosomes. Many of these transcripts were translated into new 
proteins that may wreak havoc on a normal cell, leading to the 
induction of cancer.

Liu and co-workers focused on one particular genome rear-
rangement on chromosome 17 that is known to be present in 
many breast cancer cells, and can bring about the formation of a 
fusion mRNA transcript. 

The researchers found that the presence of the fusion tran-
script in breast cancer samples was linked to a poorer outcome 

in patients. The findings demonstrate an association between 
genomic rearrangements and cancer formation, which is 
expected to have serious implications in cancer diagnostics and 
treatment. The researchers plan to apply the same approach to 
studying the effects of fusion transcripts in other cancers. 

“In the next stage of our research, we will be exploring the 
functional consequences of the entire constellation of fusion 
transcripts present in any one cancer,” says Liu.  ■

1. Inaki, K. et al. Transcriptional consequences of genomic 

structural aberrations in breast cancer. Genome Research 

doi:10.1101/gr.113225.110

DNA sequencing reveals how breast cancer cells rearrange their genome 
to create fusion genes for driving tumor development
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Immunology

A big role for small RNAs

During an infection, B cells in the bone marrow may undergo 
differentiation to become either plasma cells or memory cells. 
Plasma cells are responsible for producing antibodies for targeting 
pathogens, whereas memory cells ‘remember’ pathogens so they 
can respond quickly in subsequent encounters. The entire process 
of B-cell maturation — which includes the derivation of B cells 
from hematopoietic stem cells and the differentiation of B cells into 
proplasma and memory cells — is choreographed and regulated by 
various genes, proteins and enzymes. Most recently, scientists have 
learned that microRNA molecules, generated by the enzyme Dicer, 
contribute critically to the early stages of this maturation process.

Shengli Xu and co-workers at the A*STAR Bioprocessing 
Technology Institute and Institute of Molecular and Cell Biology1 
have now evidenced that microRNAs are also essential to the final 
stages of B-cell maturation. “Previously we had no knowledge if 
Dicer — and hence microRNAs — are important for the optimal 
production of antibodies by B cells,” says Xu. “By selectively elimi-
nating Dicer function in antigen-activated B cells, we now have 
proof that microRNAs play an important role in the differentiation 
of B cells into plasma cells.”

B cells are known to accumulate within structures known as 
germinal centers (GCs), where their interactions with dendritic 
and T cells induce a ‘hypermutation’ of antibody genes that results 
in optimized recognition of infectious targets. In parallel, a process 
called ‘class switching’ yields diverse antibody subtypes. “Different 
antibody classes have specific functions, such as helping other 
immune cells to engulf microbial antigens or activating the comple-
ment system to destroy microbes,” explains Xu.

Both of these processes were seriously impaired in mice whose 
antigen-activated B cells lacked a functional Dicer gene, resulting 
in dramatically reduced antibody production in response to an 
immune challenge. These animals also exhibited considerably fewer 
B cells within GCs (see image), and failed to produce meaningful 
numbers of antibody-secreting plasma cells.

Since Dicer expression remained intact in precursor and naïve B 
cells, it was clear that these effects of microRNAs were specific to 
the activation process. Subsequent experiments identified numerous 
factors associated with cell proliferation and survival, in which 

levels were specifically dysregulated in Dicer-deficient B cells. 
These included Bim, a protein that triggers early cell death and is 
apparently normally repressed through the action of microRNAs in 
antigen-specific B cells.

Clarifying the specifics of microRNA involvement in B-cell 
proliferation and antibody production will be among the group’s 
next steps. “It would be interesting to see if Dicer is important for 
the generation of memory B cells,” adds Xu.  ■

1. Xu, S., Guo, K., Zeng, Q., Huo, J. & Lam, K. P. The RNase III enzyme 

Dicer is essential for germinal center B-cell formation. Blood 

doi:10.1002/jcp.22214 (2011).

Germinal center (GC) B cells (green) are readily detectable together 
with dendritic cells (blue) in the spleens of wild-type mice (top) after 
immunization.  However, in the absence of Dicer, B cells fail to accu-
mulate within GCs (bottom).

MicroRNAs are essential for B-cell development and antibody production
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Cancer biology

Cause of dissemination

Primary tumors spread by a process called metastasis, during 
which cells break off and move through the bloodstream to other 
parts of the body. Scientists initially thought that metastasis is 
mainly due to random genetic mutations acquired during the 
late stages of cancer progression. Jean-Pierre Abastado and col-
leagues at the A*STAR Singapore Immunology Network1 have 
now shown that immune cells derived from the bone marrow can 
infiltrate tumors and make them more aggressive.

The researchers noticed that metastasis occurs far earlier in the 
progression of the disease. They examined a strain of mutant mice 
which spontaneously develops eye tumors that metastasize and 
spread to the skin and lungs. The development of these secondary 
tumors normally takes more than six months.

They found that a subset of bone marrow-derived immune cells 
called myeloid-derived suppressor cells (MDSCs) gradually accu-
mulate in primary tumors, and were five times more abundant in 
the primary than in the secondary tumors.

The researchers also found that primary tumors express 21 
genes at levels that are at least two-fold higher than second-
ary tumors. Genes encoding small signaling molecules called 
chemokines were expressed at particularly high levels, with one, 
encoding the chemokine CXCL5, being expressed at a 56-fold 
higher level in primary than in skin tumors.

Analysis of the transcriptomes from the different types of 
tumor cells revealed that only MDSCs express CXCR2, a cell 
surface receptor for CXCL1, CXCL2, and CXCL5. In cell culture 
experiments, these three chemokines attracted MDSCs, and this 
attraction was blocked by compounds that inhibit CXCR2.

Further experiments revealed that MDSCs favor primary 
tumor growth by secreting soluble factors that promote the pro-
liferation cancer cells, and that they also promote the spread of 
cancerous cells to other sites in the body.

They do so by promoting a process called epithelial–mes-
enchymal transition, which involves the loss of cell adhesion 
properties and is thought to be critical for promoting cancer cell 
spreading (see image). This occurs by activation of multiple sig-
naling pathways. Together, the findings show that MDSCs that 
infiltrate primary tumors can increase cancer cell aggressiveness 

by promoting their proliferation and dispersal, and that these 
changes occur much earlier in the development of the disease 
than previously thought.

“More than 90% of cancer-related death is due to metas-
tasis, so a better understanding of the process is likely to help 
clinicians in improving disease control,” says Abastado. “We will 
determine whether our finding applies to human tumors and 
whether immune cells that favor cancer cell dissemination can 
be inhibited.” ■

1. Toh, B. et al. Mesenchymal transition and dissemination of cancer 

cells is driven by myeloid-derived suppressor cells infiltrating the 

primary tumor. PLoS Biology 9, e1001162 (2011).
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Myeloid-derived suppressor cells (MDSCs) promote metasasis of 
primary tumors by activating multiple signaling pathways

Invading immune cells promote the growth and spread of primary tumors
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Medical genetics

Markers for 
bone-fusion disease

Ankylosing spondylitis (AS) is a chronic inflammatory disease 
characterized by pain and stiffness in the spine. In extreme 
cases, AS could lead to abnormal bone formation and fusion of 
the vertebrae.

Genetics is known to play an important role in the develop-
ment of AS. Jianjun Liu at the A*STAR Genome Institute of 
Singapore and co-workers have now conducted a genome-wide 
association study on the Chinese population and identified two 
genetic variations that could increase the risk of AS1.

Previous genome-wide association studies on European popu-
lations have already shown that variations in major histocompat-
ability complex (MHC) genes — genes that have an important 
role in immune function — are common in patients with AS. 
The finding suggests that autoimmune mechanisms play a role 
in AS, but account for only 20–30% of the risk of inheriting 
the condition.

Liu and his team performed a two-stage genome-wide asso-
ciation study to identify additional genetic variations. They first 
analyzed the entire genomes of 1,965 individuals with AS and 
compared them to those of 4,301 healthy people. All of the study 
participants were of Chinese Han descent.

The researchers used quality control measures to filter the data, 
and then further analyzed more than 272,000 genetic variants 
within the genomes from 1,837 of the individuals with AS and 
4,231 of the controls. Their analyses not only confirmed that the 
genetic variations previously identified in European populations 
are also present in the Chinese Han population, but also identi-
fied numerous other variations with the MHC regions of chro-
mosome 6, all of which are strongly associated with susceptibility 
to the condition.

The researchers validated the potential variants by further 
analysis of the data, and identified two more variations associated 
with susceptibility, in other regions of the genome. Both of these 
newly identified variants are located near genes that are known 
to be involved in cartilage development and bone formation, and 
may therefore affect how these genes are regulated.

The findings support earlier evidence that inflammation and 
new bone formation occur independently during AS development, 

and suggest that the processes of cartilage development and bone 
formation as potential targets for future therapies.

“Some variants might be specific to each population,” says Liu. 
“However, further direct comparative studies of the samples from 
different ethnic populations will be needed to identify them.” 
Liu adds that there are approximately 20–30% of AS patients 
who have a family history of the disease. His next step is to find 
out whether the susceptibility variants he identified can help to 
explain the familial risk further. “We suspect that there are differ-
ent variants for the familial risk,” says Liu.  ■

1. Lin, Z. et al. A genome-wide association study in Han Chinese 

identifies new susceptibility loci for ankylosing spondylitis. 

Nature Genetics 44, 73–77 (2011).
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A genome-wide association study has identified genetic variations 
associated with the debilitating disease ankylosing spondylitis
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Cancer biology

The two faces of a 
cancer signal

Breast cancer is the leading cause of cancer-related deaths in 
women. While many patients with breast cancer have been suc-
cessfully treated through hormone therapy, not all breast cancer 
cells respond to this form of treatment. Some breast cancer cells 
express the estrogen receptor (ER) and are therefore amenable 
to anti-estrogen therapy, while other more aggressive breast 
cancer cells are ER-negative. 

Qiang Yu at the A*STAR Genome Institute of Singapore 
and co-workers1 have now identified a protein called enhancer 
of zeste homolog 2 (EZH2) that induces inflammatory gene 
expression in ER-negative cancer cells, but not in ER-positive 
cancer cells.

EZH2 has long been known as an inhibitor of gene expres-
sion by acting as an enzyme that adds repressive marks to 
genes. However, Yu and his team were surprised that when they 
downregulated EZH2 in an ER-negative breast cancer cell line, 
they observed an increase in expression of a number of genes in 
the NF-KB signaling pathway, a driver of cancer that has been 
shown to be upregulated in ER-negative cancer cells. 

The researchers realized that EZH2 accomplished this tran-
scriptional upregulation not by its known enzymatic activity, 
because an enzyme-deleted EZH2 mutant was still capable of 
driving NF-KB gene expression, but by forming a complex with 
the transcriptional activators RelA and RelB.

Yu and his team showed that RelA, RelB and EZH2 bound 
to each other within ER-negative breast cancer cells, and when 
the individual proteins were purified and incubated together. 
Reducing the expression of any of the three proteins in 
ER-negative breast cancer cells blocked the ability of the cells 
to invade a tissue culture. The result suggests that the induc-
tion of inflammatory gene expression by the RelA, RelB and 
EZH2 protein complex contributes to cancer aggressiveness in 
ER-negative cancer cells.

On the other hand, in ER-positive breast cancer cells, ER 
binds to EZH2 and brings EZH2 to genes in the NF-KB signal-
ing pathway. EZH2 then adds repressive marks to those genes, 
causing their expression to be downregulated. By reducing the 
expression of ER or EZH2 in ER-positive cell lines, they found 

that NF-KB target gene expression went up. The findings suggest 
that the ER expression status of a breast cancer could indicate 
whether inhibition or activation of EZH2 would be more ben-
eficial for breast cancer treatment, and that ER-negative cancer 
cells may benefit from a therapeutic approach in which binding 
of EZH2 to RelA and RelB is blocked. ■

1. Lee, S. T. et al. Context-specific regulation of NF-KB target 

gene expression by EZH2 in breast cancers. Molecular Cell 

43, 798–810 (2011).

NF-κB NF-κB

EZH2 EZH2

ER negative ER positive

Roles of EZH2 in modulating NF-KB signaling in ER-negative basal-like 
breast cancer cells (left) and ER-positive breast cancer cells (right)

A protein in breast cancer cells acts as a bidirectional switch to modulate 
inflammatory gene expression
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Cancer biology

Seeing the light

The protein p53 is a tumor suppressor that is mutated or turned 
off in a variety of cancers. David Lane and co-workers at the 
A*STAR p53 Laboratory, the Institute of Medical Biology and 
the Institute of Molecular and Cell Biology have now created 
two lines of mice in which they can track where and when p53 
is activated1.

It is well known that p53 battles tumor induction by binding 
to the DNA within cells and driving the expression of genes 
that prevent cells from becoming cancerous. One subset of p53-
induced genes causes cell death, including p53 up-regulated 
modulator of apoptosis (Puma). 

Another subset of genes upregulated by p53 blocks cell 
division, including p21. However, it is as yet unclear which 
stimuli steer p53 to genes that affect one process or the other. 
It is also widely recognized that a possible strategy for cancer 
therapy is to restore p53 activity within the tumor, so that the 
cancer cells either stop growing or die. 

However, inducing p53 in normal tissue could result in toxic 
side effects. Therefore, it is important to study the effects of 
potential cancer therapies in the context of a whole animal. 
To investigate p53 activity further, the researchers isolated the 
sections of the DNA from the Puma and p21 genes to which 
p53 binds to induce their expression.

The team of researchers then attached green fluorescent 
protein to these DNA sections and inserted the DNA into mice. 
In this way, cells in one line of mice would glow green when p53 
induced Puma expression and cell death, and cells in the other 
line of mice would glow green when p53 induced p21 expression 
and prevented cell division.

The researchers showed that a factor that inhibits p53 degra-
dation and increases p53 levels could induce green fluorescence 
within cells from both lines of mice. They then treated mice 
with radiation (see image), which is often used to fight cancer, or 
with a chemotherapeutic drug called doxorubicin, which injures 
cancer cells by damaging their DNA.

Lane and co-workers observed increases in green fluores-
cence in the mice, but in different tissues, at different times, 
and in a manner dependent on the mouse strain and on how 

the mouse was treated. “Our results illustrate the potential 
use of these mice for preclinical drug studies,” says Lane. “By 
studying p53 activity and its effects in an animal model, one 
can optimize cancer treatments to ensure that the tumor is 
targeted as effectively as possible while minimizing harmful 
side effects.” ■

1. Goh, A. et al. Using targeted transgenic reporter mice 

to study promoter-specific p53 transcriptional activity. 

Proceedings of the National Academy of Sciences doi:10.1073/

pnas.1114173109 (2012).

The activation of p53 by irradiation can be visualized in mice whose 
cells glow green during p53 activity

Tagging genomic elements with fluorescent proteins helps to reveal the 
secrets behind p53 activity
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Cancer biology 

Sabotaging cellular stability

Human papillomavirus (HPV) is known to be the primary 
causative agent for cervical cancer. The virus exerts its harmful 
effects by expressing a cohort of proteins — most notably E6 
and E7 — to actively sabotage the host cell’s regulatory machin-
ery. The disruption may affect numerous pathways involved in 
cellular growth and division.

Françoise Thierry and co-workers at the A*STAR Institute 
of Medical Biology’s Papillomavirus Regulation and Cancer 
research group have now found that HPV also causes 
tightly-anchored cells to become unmoored from their envi-
ronment as a prelude to tumor growth. The researchers have 
identified the cellular protein p63 (also known as transforma-
tion-related protein 63) as a key factor in this process1.

“Many cellular genes belonging to adhesion pathways are 
modulated in cervical carcinoma cells expressing the E6 and E7 
HPV oncogenes,” says Thierry. 

However, p63 is a complex target. The gene encoding p63 can 
produce not one but six different variants (isoforms) of the same 
protein that differ in size and structure. Some isoforms have an 
activation domain at one end (TA), while others (ΔN) lack this 
domain. Although the functions of these isoforms have not been 
fully elaborated, previous studies have linked ΔNp63α to certain 
skin cancers.

Thierry and her colleagues worked with Caski cells, a cervical 
cancer-derived epithelial cell line that expresses HPV E6 
and E7. The researchers identified hundreds of genes whose 
expression was modified by E6 or E7, 123 of which were likely 
targets of p63 regulation. Significantly, many of these genes are 
known to contribute to cellular adhesion. This finding came as 
a surprise because the effect appeared to be mediated by the 
TAp63β isoform. 

“Based on previously published work, we expected that one of 
the ΔNp63 isoforms would be the major player in the epithe-
lium rather than TAp63,” says Thierry.

In subsequent experiments, Thierry and her research group 
demonstrated that overexpression of TAp63β in Caski cells 
counteracted the abnormal gene regulation associated with 
E6/E7 expression. The researchers also learned that E6 in 

particular induces accelerated degradation of TAp63β, leading 
to reduced adhesion. Conversely, overexpression of TAp63β 
in cervical cancer cells results in increased formation of dense 
cellular clusters called focal adhesions, with elevated production 
of key adhesion proteins (see image). 

Thierry and her team plan to use this work as a springboard 
to further explore the relative contributions of the various p63 
isoforms in normal epithelial function, and to examine the role 
of TAp63β in tumor development.

“We would like to demonstrate that TAp63 is expressed in 
tumor stem cells in our system and that its regulation by E6 is 
an essential step in neoplastic progression,” says Thierry. ■

1. Ben Khalifa, Y. et al. The human papillomavirus E6 oncogene 

represses a cell adhesion pathway and disrupts focal adhesion 

through degradation of TAp63β upon transformation. 

PLoS Pathogens 7, e1002256 (2011).

TAp63β-mediated focal adhesion in Caski cells, with the focal adhe-
sion protein vinculin (an actin-binding protein frequently used as a 
marker for focal adhesion complexes in many types of cells) in red 
and DNA in blue

Viruses clear the way for cancer by promoting the destruction of cell 
adhesion regulators
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Cancer biology

Bringing battlers to the tumor

Chemotherapy has long been the mainstay of treatment for 
advanced melanoma — the most life-threatening form of 
skin tumor. Jean-Pierre Abastado at the A*STAR Singapore 
Immunology Network and co-workers have now demonstrated 
that chemotherapy could drive melanoma cells to express che-
mokines1. These chemokines would then lure immune cells to 
attack melanoma cells, thereby promoting tumor regression and 
enhancing patient survival.

Previous studies have linked immune cell invasion to 
patient survival in different types of cancer, but the researchers 
wondered why some tumors recruited more immune cells than 
others. They studied mice that had spontaneously developed 
endogenous skin tumors, and found few immune cells within 
the tumors. However, when they transplanted melanoma cells 
into mice, they found that immune cells did invade the tumors. 
The result suggests that there was something different about 
each of the tumor environments that led to differential abilities 
to recruit immune cells.

Chemokines are proteins that can induce the infiltration of 
immune cells. The researchers found that endogenous tumors 
expressed much lower levels of various chemokines, including 
CXCL9, than tumors derived from the transplanted cell lines. 
When they induced the expression of CXCL9 in the endog-
enous tumors, the tumors were able to recruit more immune 
cells, and the tumor cells were more likely to die than in tumors 
that did not express high levels of CXCL9.

Abastado and his team then investigated whether chemo-
therapeutic drugs commonly used to treat advanced human 
melanoma could induce chemokine expression in the tumors. 
When they treated human melanoma cell lines with three che-
motherapy drugs, they observed increased secretion of chemo-
kines by the cancer cells. When mice with tumors were treated 
with chemotherapy, the researchers also observed an increase 
in tumor expression of chemokines, which led to enhanced 
immune cell invasion into the tumors.

The researchers subsequently studied human patients with 
advanced melanoma and examined the expression of chemo-
kines in tumors before and after chemotherapy. They found 

that chemotherapy increased the expression of chemokines in 
tumors that seemed to respond to the drugs, but not in tumors 
that continued to grow and therefore did not respond. The 
melanoma patients that demonstrated higher chemokine levels 
after chemotherapy survived longer than those with lower levels.

As melanomas respond to chemotherapeutic drugs in only 
10% of patients, the findings could aid the future development 
of improved chemotherapies. “We are now screening for new 
drugs able to attract immune cells even more vigorously than 
existing drugs,” says Abastado. ■

1. Hong, M. et al. Chemotherapy induces intratumoral expression of 

chemokines in cutaneous melanoma, favoring T-cell infiltration 

and tumor control. Cancer Research 71, 6997 (2011)
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Chemotherapeutic drugs fight melanoma by attracting immune cells 
into tumors
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Biomedical engineering 

Wearing your heart condition 
on your sleeve

Xin Liu and co-workers from the A*STAR Institute of Micro-
electronics1 have developed a new signal processing scheme 
which opens the way to long-term monitoring of heart condi-
tions using a wearable silicon chip. 

Electrocardiography (ECG) is currently the most straightfor-
ward method of recording and measuring the heart’s electrical 
acitivity over time. It employs non-invasive external electrodes 
on the chest or limbs to record the contractile activity of the 
heart. This can then be used to assist diagnosis of many heart 
conditions. The signals produced by ECG are periodic wave-
forms accompanied by occasional heart-beat spikes so often seen 
in medical programs on television.

To interpret them accurately, however, the ECG signals must 
be cleaned up or processed. This is because an ECG signal 
suffers from both short-term noise—generally interference from 
nearby contractions of other muscles—and from longer-term 
baseline drift, which can be caused by the effect of perspiration 
on the electrodes or increased body movement.

The researchers used a mathematical technique known as 
Wavelet transform to break the complex ECG wave signals into 
their components of different cyclic frequency. The signals can 
be adjusted for the shorter and longer term form of interference. 
In fact, the processing scheme they have developed allows them 
not only to remove baseline-drift and suppress noise, but also 
to detect the wave form typical of heart-beat, to analyze and 
classify it, and predict future heart activity all at the same time. 
When tested with data simulating typical ECG output signals 
of known heart conditions, this comprehensive analysis provided 
accurate results.

The processing required for all of the critical functions of the 
scheme can be implemented on one silicon chip as application-
specific integrated circuits. This chip can then be fitted with a 
wireless transceiver, which allows it to transmit details of the 
ECG waveform together with information extracted from it. 
To save power, this transmission needs to be performed only 
if the analysis shows a deviation from the norm. The result 
is a low-power, wearable chip highly suitable as a long-term 
heart monitor. “Our research team currently is focusing on 

developing a multi-functional signal processing system on a chip 
for multiple biomedical signals,” says Liu. “Various innovative 
designs are under development to achieve high performance, 
ultra-low power consumption and miniaturization.” 

The researchers envision that the resulting ‘system on a chip’ 
can also be modified and adapted for other purposes, such as 
automotive or multimedia applications.  ■

1.  Liu, X., Zheng, Y., Phyu, M. W., Zhao, B., Je, M. & Yuan, X. Multiple 

functional ECG signal processing for wearable applications of 

long-term cardiac monitoring. IEEE Transactions on Biomedical 

Engineering 58, 380–389 (2011).
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New signal processing scheme allows long-term cardiac monitoring
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Photonics

In the crossfire

Light and electric current can both be used for computing, albeit 
with key differences. Whereas conventional computers do logic 
through the movement of electrons, newer and faster computers 
called quantum computers perform the same job using single 
particles of light, known as photons.

The use of photons, however, is not without its problems. One 
major obstacle has been the limited capability of photon detec-
tors to reliably count the number of photons in a light beam. 
Dmitry Kalashnikov at the A*STAR Data Storage Institute 
and co-workers have now proposed a scheme to improve the 
counting precision of photon detectors1.

The performance of most photon detectors is limited due to 
the inherent difficulties involved in detecting tiny signals caused 
by the absorption of single photons. One way to overcome this 
problem is to use an ‘avalanche’ photon detector, in which a 
single photon triggers an amplified number of electrons in the 
device through the process of avalanche multiplication. Several 
hundreds of these detectors can be packed into an array to form 
a multi-photon pixel counter (MPPC) (see image).

However, MPPCs also have their limitations. “A significant 
drawback for MPPC is cross-talk. When an MPPC detects a 
photon, the electrical avalanche is accompanied by the emission 
of secondary photons, which cause signals in neighboring pixels,” 
says Kalashnikov. In order to ‘filter out’ this cross-talk, the 
researchers developed a method to determine the average cross-
talk for an MPPC. The average value can then be subtracted 
from future experiments.

In one experiment, the researchers directed a weak laser beam 
at the MPPC. Based on known properties of photons in the 
laser, they were able to determine the cross-talk probability of 
the MPPC. In another experiment, the researchers used entan-
gled photons instead of conventional light. Entangled photons 
form the basis of many quantum computing applications, and 
they induce a different MPPC response. 

Comparing the two experiments therefore allows a clear 
distinction between cross-talk effects caused by regular 
photons and those caused by entangled photons. Most of the 
undesired crosstalk can be eliminated in this way, and enables 

a considerably more precise method of counting photons from 
quantum sources. “Multi-photon pixel counters are widely used 
in quantum optics, quantum computing and quantum cryptog-
raphy,” says Kalashnikov. “Moreover, they are extensively used 
in high-energy physics applications, such as the photosensors 
in scintillator detectors.” The new MPPC counting method 
may be beneficial in a vast number of experiments involving the 
study of atomic–photon interfaces, as well as innovative applica-
tions in astronomy.  ■

1. Kalashnikov, D. A., Tan, S. H., Chekhova, M. V. & Krivitsky, L. A. 

Accessing photon bunching with a photon number resolving 

multi-pixel detector. Optics Express 19, 9352–9362 (2011).

An MPPC detector consisting of an array of avalanche photodiodes

The elimination of detrimental cross-talks in single-photon detectors 
pushes quantum optics to new limits
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Biomedical engineering

A simulator for liver 
blood vessels

Feiniu Yuan and co-workers at the A*STAR Singapore 
Bioimaging Consortium have developed a technique that 
automatically generates three-dimensional (3D) mesh models 
of the liver’s blood vessel system from medical images1. The 
computer technology is beneficial not only for clinical diagnosis 
and surgery, but also for medical teaching and training.

Building an accurate computer model of liver vasculature 
has proved to be challenging in the past because of the small 
size of many of the vessels, the difficulty of gaining sharp 
images, and the fact that the system is highly branched. Yuan 
and co-workers overcame the problem by taking a ‘vessel tree 
modeling (VTM)’ approach.

Three-dimensional medical images are generated by tomog-
raphy — a method that involves combining stacks of 2D images 
or sections. In these sections, tubular blood vessels appear 
circular, except at branch points. In their VTM approach, the 
researchers program a computer to track matching circular 
segments through sequences of sections from a designated root 
point, and also to note the branch points. The computer then 
generates centerlines of each vessel, by joining the centerpoints 
of sequential circular sections, and organizes these into a tree 
based on the branch point information.

The modeling technique then breaks the tree into its separate 
branches and forms a coarse mesh cylinder for each branch. It 
discards branches too small for the imaging technique to resolve 
sharply. At the branch points, the model fits the cylinders 
together, by generating a hole in the longer branch and fitting 
in and merging the base of the shorter branch. For multiple 
branches the procedure is repeated several times. The completed 
vessel tree structure is then smoothed using a fine mesh. The 
technique produces a model with relatively minimal error.

The new technique offers several unique advantages. Firstly, 
it generates a smooth mesh model that encompasses both large 
and small structures of the liver’s blood vessel system. Secondly, 
it is extremely efficient, enabling users to edit the mesh model 
in real-time.

In addition, given its capability in generating 3D mesh 
models of the liver’s blood vessel system, there is no reason why 

the technique cannot simulate the brain’s blood vessel system. 
The main limitations here, however, are that the technique can 
only model systems with a tree-like structure.

“Vascular modeling has many applications,” says Yuan. 
“Previous studies have shown that special shapes, such as 
regions with high curvature and bifurcations, are prone to 
the initiation and development of atherosclerosis. Our tech-
nique could provide scientists a deeper insight into the causes 
behind this.” ■

1. Yuan, F., Chi, Y., Huang, S. & Liu, J. Modeling n-furcated liver 

vessels from a 3-D segmented volume using hole making 

and subdivision methods. IEEE Transactions on Biomedical 

Engineering 59, 552–561 (2012).

Illustration of a hole that was made according to a branch of the 
liver vascular system. The different parts of the combined mesh are 
displayed in different colors.

The latest technology can automatically generate 3D models of the liver’s 
blood vascular system
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Photonics

Looking good

The rise of computers in past decades was made possible largely 
thanks to the invention of the integrated circuit, a device that 
combines all necessary electronic components onto a single 
chip. In a similar vein, the success of optical computing is largely 
dependent on the possibility of integrating all essential optical 
components onto a single chip (photonic circuit). 

Lim Teck Guan at the A*STAR Institute of Microelectronics 
and co-workers have now developed an enhanced alignment 
solution for photonic circuits1. “Our approach offers a highly 
accurate, passive optical alignment solution for these devices,” 
says Guan.

The fabrication of photonic circuits is no easy task because 
there is little room for error. In order to get the best performance 
from these devices operating at the visible or near-infrared 
spectrum, various elements must be aligned with utmost preci-
sion, typically within an error of around one micrometer. Even 
with the slightest misalignment, a microlens, for example, might 
not be able to focus light into a photodetector.

The researchers came up with an alignment method that is 
remarkably straightforward and easy to implement. It is based 
on a circular through-hole with two diameters (see image). The 
design of the larger hole is not critical and it can either partially 
or entirely accomodate the spherical lens, depending on the 
application requirement. 

A second hole in the chip is smaller than the sphere diameter 
so that if the lens is pressed against the opening the sphere will 
automatically be aligned in its center. In this way, light from 
underneath the chip is guided through the lens and the second 
hole, and on to a photodetector that is placed directly above.

This guided assembly scheme makes it easy to fabricate more 
complex photonic circuits, once the spherical lenses are inte-
grated with the layer containing the through-holes. Electronic 
circuits of virtually any complexity can be placed on the chip 
with high accuracy, so that they align perfectly with the optical 
beam shone through the lens. 

The measured efficiencies of the light coupling between the 
different components on the chip are promising and demon-
strate light propagation with few losses. In the current assembly, 

a laser is placed on a chip and through a combination of mirrors 
and microsphere lenses, the light is guided across the chip to a 
photodetector. However, the researchers have already set their 
sights on the advantages of further integration. 

“In future, we might come up with more complex circuits,” 
suggests Guan. “These devices could lead to applications includ-
ing high-speed, high-bandwidth integrated photonic circuits, 
particularly if we can integrate conventional silicon electronics 
with photonic functionality.”  ■

1. Guan, L. T. et al. Integrated optical carrier for optical/electrical 

interconnect. IEEE Transactions on Components, Packaging, and 

Manufacturing Technology 1, 125–132 (2011).

Schematic of the circuits. Spherical microlenses (blue) self-assemble 
in optical through-holes (white). Electronic circuits (green) can easily 
be bonded and aligned on top of the lenses.

A passive alignment method offers an easy solution for fabricating 
integrated photonic circuits
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Nanomedicine

Germ killers

Biodegradable polymer nanoparticles that can punch holes 
through the cell membranes of microbes could offer a new 
way to treat people infected with multidrug-resistant bacteria1. 
“The physical destruction of the bacterial cell membrane, a 
fundamentally different approach to the targeted chemical attack 
of conventional antibiotics, should prevent bacteria from ever 
developing resistance to the treatment,” says Yiyan Yang at the 
A*STAR Institute of Bioengineering and Nanotechnology, who 
co-led the research with James Hedrick at the IBM Almaden 
Research Centre.

The team’s polymers are inspired by the antimicrobial peptides 
found in nature, which also kill bacteria by puncturing them. 
These peptides form positively charged clusters that stick to and 
then penetrate the negatively charged bacterial cell wall, ultimately 
disintegrating the cell membrane and killing the cell. However, 
the clinical success of such peptides to treat bacterial infections 
has been limited, largely because they are quickly broken down by 
the body and are expensive to manufacture.

Yang, Hedrick and their co-workers have developed a polymer-
based peptide alternative which avoids all of these problems. The 
polymer incorporates three key components: a non-polar hydro-
phobic head and tail, which drives the polymer to self-assemble 
into a nanoparticle; a positively charged block that selectively 
interacts with the bacterial cell membrane; and a carbonate 
backbone that slowly breaks down inside the cell, ensuring good 
biocompatibility. “The starting materials of our synthesis are inex-
pensive, and the synthesis of the antimicrobial nanoparticles is 
simple and can be scaled up easily for future clinical application,” 
Yang adds.

Tests confirm that the nanoparticles can efficiently kill 
fungi and multidrug-resistant bacteria such as methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant 
Enterococcus (VRE), even at low concentrations. The nanoparticles 
also showed insignificant activity against red blood cells, and no 
significant toxicity was observed during the in vivo studies in 
mice, even at concentrations well above their effective dose.

“To translate this research finding into products and treatments, 
A*STAR researchers will work closely with IBM researchers 

and other industrial partners to evaluate the in vitro and in vivo 
efficacy, as well as toxicity of the macromolecular antimicrobi-
als against MRSA-induced skin and bloodstream infections 
and multidrug-resistant tuberculosis,” Yang says. However, the 
nanoparticles may not be limited to drug applications, she adds. 
“We will also evaluate their application in the sterilization of 
surfaces, as well as in consumer products.” ■

1. Nederberg, F. et al. Biodegradable nanostructures with 

selective lysis of microbial membranes. Nature Chemistry 

3, 409–414 (2011).
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Self-assembled polymer particles (green) seek out and punc-
ture the cell membranes of microbes (purple), killing even 
multidrug-resistant bacteria

Polymer-based nanostructures that can selectively burst open bacteria 
show promise for tackling drug-resistant microbes
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Drug delivery

Temperature-regulated release

A critical step in advancing medical treatment is the develop-
ment of novel drug delivery methods. While a simple tablet, 
taken by the patient with a sip of water, may be the easiest way 
to administer a drug, this may not always be the most suitable. 
Some drugs are subjected to degradation by the body, while 
others, such as cancer medications, can be more effective if they 
are delivered directly to the diseased tissue site. Such a delivery 
could improve the effectiveness of the treatment and potentially 
reduce side effects.

Yiyan Yang and Jeremy Tan from the A*STAR Institute of 
Bioengineering and Nanotechnology, working in collaboration 
with researchers from the IBM Almaden Research Center and 
Stanford University in the USA, have reported the preparation 
of biodegradable, water-soluble polymers that can be loaded with 
the cancer drug Paclitaxel and injected directly into tumor tissues1. 
Warming to body temperature causes the release of the therapeu-
tic cargo with the system showing improvement in killing cancer 
cells over treatment with the drug alone.

Rather than being made from repeating units of a single 
monomer, the polymers described are a type of block copoly-
mer — a polymer with one block that contains hydrophilic and 
hydrophobic groups and another block that contains hydro-
phobic groups. It is through the careful balance between these 
groups that the temperature-responsive property of the polymer 
is achieved.

To make the copolymers, Yang and co-workers used the process 
of living polymerization, which allows the polymer chains to keep 
growing until the supply of monomer is exhausted. When more 
monomers are added, polymerization will restart. The approach 
allows polymers with different sized blocks of hydrophilic and 
hydrophobic groups to be built easily to optimize the properties. 
It also results in polymers with a narrow distribution of molecular 
weights — an important factor in producing polymers with con-
sistent properties throughout a sample.

Thermoresponsive polymers have been studied before, with one 
of the most intensively investigated being poly(N-isopropylacryl-
amide) (PNIPAAm), which was first synthesized in the 1950s. 
The critical difference in the new polymers described by Yang 

and co-workers is that they are both non-toxic and biodegrad-
able. “After these polymers performed their task of delivering 
their important cargos, they should break down and be excreted 
without significant additional side effects,” says Yang. “We are now 
planning to further work with the IBM Almaden Research Center 
and other industrial partners to evaluate the in vivo toxicity and 
efficacy of this system for the delivery of therapeutics.”  ■

1.  Kim, S. H. et al. Thermoresponsive nanostructured polycarbonate 

block copolymers as biodegradable therapeutic delivery carriers. 

Biomaterials 32, 5505–5514 (2011).
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Novel polymers release their drug cargo in response to body temperature
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Medical diagnostics

Quick blood testing

Having the ability to quickly analyze blood proteins in cardiac 
patients can mean the difference between life and death. There 
are several methods for testing blood proteins in hospitals. Some 
methods involve laboratory testing, large volume blood samples 
and medical expertise — a time-consuming and costly process 
that can endanger the lives of heart attack patients. Other 
methods involve handheld blood testing devices, which are easy 
to operate and require only finger-prick blood samples. However, 
the sensitivity of these devices also tends to be much lower.

Guo-Jun Zhang and co-workers at the A*STAR Institute of 
Microelectronics1 have now developed a handheld blood testing 
device with significantly improved sensitivity. The device has two 
functions — a blood plasma filter and a silicon nanowire biosen-
sor — integrated onto one chip (see image), and it has the capa-
bility to identify protein markers in finger-prick blood samples 
within 45 minutes.

The integrated chip device developed by Zhang and his team 
is the first technology of its kind. The test chip is designed to 
search for three particular cardiac protein biomarkers: troponin T, 
creatine kinase MM, and creatine kinase MB. If the presence of 
any of these three biomarkers is detected, it indicates a high risk 
of heart attack or other heart disorder.

The filter function uses a series of ‘micropillars’ in a carefully 
designed sequence that acts to separate plasma from the main 
blood sample. Prior to detection of the biomarkers, all interfer-
ing components in the blood need to be removed. This is usually 
undertaken through the use of lab equipment known as a centri-
fuge, but Zhang has eliminated the need for this step by integrat-
ing the plasma extraction functionality on the chip.

The researchers allowed the blood plasma to flow onto the 
nanowire biosensor, the surface of which was marked with spots 
of the three different cardiac protein antibodies. These spots react 
with the proteins present in the plasma, causing a change in elec-
trical resistance that the researchers could measure. This allows 
for the detection of biomarkers with good specificity without 
reducing sensitivity.

The results produced by the new integrated chip device are a 
marked improvement of up to two orders of magnitude better 

than current test kits. The researchers are optimistic about the 
commercial potential of their device, as it uses a simple design 
that is easy to manufacture. They will continue to develop this 
technology and undertake clinical trials of the device with 
industrial partners.  ■

1. Zhang, G. J. et al. An integrated chip for rapid, sensitive, and 

multiplexed detection of cardiac biomarkers from fingerprick 

blood. Biosensors and Bioelectronics 28, 459–463 (2011)
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integrated microsensor chip

filter chip (back)nanowire biosensor (front)

Two types of function are integrated on one chip: the first func-
tion filters blood to extract plasma (bottom right), and the second 
analyzes the plasma for particular cardiac proteins that indicate heart 
disorders (bottom left).

A newly developed integrated chip device enables the rapid analysis of 
blood samples from cardiac patients
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Data storage

Magnetic memories

Solid-state memory is seeing an increase in demand due to the 
emergence of portable devices such as tablet computers and smart 
phones. Spin-transfer torque magnetoresistive random-access 
memory (STT-MRAM) is a new type of solid-state memory that 
uses electrical currents to read and write data that are stored on 
the magnetic moment of electrons. Rachid Sbiaa and co-workers 
at the A*STAR Data Storage Institute1 have now enhanced the 
storage density of STT-MRAM by packing multiple bits of 
information into each of its memory cells.

“As a technology, STT-MRAM has several advantages,” says 
Sbiaa. “They have high read and write speed, low power con-
sumption, great endurance, and are easy to integrate with standard 
semiconductor-processing technologies.” Further increasing the 
storage density remains a challenge, however, because the write 
current needs to be increased to keep the bit thermally stable. A 
solution to overcome this problem is to use memory cells that can 
hold multiple bits, but scientists have yet to achieve the electrical 
control needed for this kind of STT-MRAM.

Essentially, STT-MRAM reads and writes information 
by passing currents through multiple magnetic thin films. 
Information is written if the magnetic moment of electrons in 
the current, or spin, is aligned in one preferable direction. The 
torque by these aligned spins on the magnetic layers can be strong 
enough to switch the magnetic direction of the layers to the direc-
tion set by the current.

Reading information is done through the measurement of 
electrical resistance of the device, which depends on whether the 
magnetizations of the soft and hard magnetic layers are aligned 
in parallel or opposite directions relative to each other. The hard 
magnetic layer is designed in such a way that its magnetism 
cannot be switched by electric currents.

To store two bits, the researchers have now added a second 
soft magnetic layer. These two soft magnets are slightly different, 
one being ‘harder’ than the other, and can therefore be switched 
independently by a suitable choice of electrical current. In this 
way four possible combinations for the magnetic states can be 
addressed by electrical currents, corresponding to two bits of 
information (see image). Furthermore, the researchers introduced 

magnetic layers polarized in the in-plane direction that enhance 
the torque effect and thereby reduce the overall electrical current 
required to write information.

In the future, the researchers plan to use a different device 
design based on electrons ‘tunnelling’ across an insulating layer. 
“These magnetic tunnel junctions provide a higher read signal 
than for a giant magnetoresistance-type device,” says Sbiaa. ■

1. Sbiaa, R. et al. Spin transfer torque switching for multi-bit per cell 

magnetic memory with perpendicular anisotropy. Applied Physics 

Letters 99, 092506 (2011).
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Enhanced magnetic storage devices. An electrical current passing 
through a stack of magnetic layers (left) is used to write and read 
magnetic information. The relative orientation of the soft magnetic 
layers encodes up to four bits (right).

Magnetic random-access memory based on new spin transfer technology 
achieves higher storage density by packing multiple bits of data into each 
memory cell
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Artificial intelligence

Getting better at the age 
guessing game

Scientists are developing artificial intelligence solutions for 
image processing, which have applications in many areas includ-
ing advertising, entertainment, education and healthcare. They 
have, for example, developed computer algorithms for facial age 
classification — the automated assignment of individuals to 
predefined age groups based on their facial features as seen on 
video captures or still images.

Improving the accuracy of facial age classification, however, is 
not easy. A person can teach a computer to make better guesses 
by running its algorithm through a large database of facial 
images of which the age is known using sets of labeled images, 
but acquiring such a database can be both time-consuming and 
expensive. The process might even breach privacy in certain 
countries. Jian-Gang Wang at the A*STAR Institution for 
Infocomm Research and co-workers1 have now developed 
an algorithm called incremental bilateral two-dimensional 
linear discriminant analysis (IB2DLDA) that could overcome 
such problems.

The researchers designed IB2DLDA so that it actively ‘learns’. 
The algorithm first processes a small pool of labeled images, and 
then iteratively selects the most informative samples from a large 
pool of unlabeled images to query the user, and the information 
is added to the training database. 

According to Wang, unlabeled images that are markedly 
different to the labeled samples are the most informative. The 
‘active learning’ approach significantly improves the efficiency 
of the algorithm and reduces the number of samples that need 
to be labeled, and hence the time and effort required to program 
the computer.

Based on their new findings, the researchers hope that it will 
become easier to build facial age classification into intelligent 
machines. The technology could find use, for example, in digital 
signage where the machine determines the age group of the 
viewer and displays targeted advertisements designed for those 
age groups, or in interactive games where the machine automati-
cally presents different games based on the players’ age range. 

Wang adds, “A vending machine that can estimate the age of a 
buyer could be useful for products that involve age control, such 

as alcoholic drinks and cigarettes.” The researchers demonstrated 
that the active learning approach was much faster than random 
selection, and used only half the number of samples. 

The method is also suitable for handling problems with a 
large number of classes, and could one day be generalized to 
applications other than age estimation. “We are now planning 
to extend our method to other areas such as classifying human 
emotions and actions,” says Wang.  ■

1. Wang, J. G., Sung, E. & Yau, W. Y. Active learning for solving 

the incomplete data problem in facial age classification by 

the furthest nearest-neighbor criterion. IEEE Transactions on 

Image Processing 20, 2049–2062 (2011).
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The active learning algorithm is faster and more accurate in guessing the 
age of an individual than conventional algorithms
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Nanodevices

Theory goes big

Silicon nanowires are widely recognized as candidates for use in 
next-generation sensors, battery electrodes and solar cells, and 
first-principle calculations are an important tool in the develop-
ment of these applications. Most of the calculations performed 
so far have only considered nanowires with diameters of less 
than 4 nanometers, although in practice, nanowire devices typi-
cally have much larger diameters.

Man-Fai Ng at the A*STAR Institute of High Performance 
Computing and co-workers in Singapore1 have now performed 
first-principle calculations to simulate the properties of silicon 
nanowires with diameters of up to 7.3 nanometers (see image). 

The researchers have examined nanowires ranging from 
atomic scales (~1 nanometer diameters) to the large-diameter 
limit, at which point they begin to resemble bulk silicon. The 
researchers studied the nanowire bandgap — a key parameter 
that affects both electrical and optical properties — and found 
that this decreased with increasing diameter. 

The simulation results were consistent with those obtained 
from experiment, and the trend was more predictable at larger 
diameters. Ng and his co-workers also studied how the ‘direct’ 
and ‘indirect’ bandgaps change when the diameter of the silicon 
nanowire increases. 

Bulk silicon has an indirect bandgap, which means that the 
excitation of a mobile charge carrier must be accompanied by a 
simultaneous change in its momentum. Because this is relatively 
unlikely, bulk silicon is a poor absorber and emitter of light. 

Semiconductors with direct bandgaps, on the other hand, 
are optically active. The team of researchers found that silicon 
nanowire bandgaps assumed indirect characteristics above 
diameters of around 4 nanometers, and direct characteristics for 
smaller diameters. 

The researchers were also able to calculate the way in which 
nanowire diameter affects the location of dopant atoms along 
the nanowire radius. 

“Foreign atoms like boron are used to increase the density of 
mobile charges, and their exact location can have a strong effect 
on nanowire behavior,” says Ng. “We showed that boron-dopant 
atoms are more likely to be found at both the nanowire core and 

surface in larger-diameter nanowires, and mainly at the surface 
for smaller diameters.” 

Ng and his co-workers envision that elucidating the relation-
ship between bandgap and diameter will be useful for the devel-
opment of nanoscale silicon devices. The work is also significant 
as a proof of principle. “As computational resources continue to 
improve and drop in price, the demand for first-principles simu-
lations of large-scale problems will grow. Our work demonstrates 
the feasibility of addressing one such problem,” says Ng. ■

1. Ng, M.-F., Sullivan, M. B., Tong, S. W., & Wu, P. First-principles 

study of silicon nanowire approaching the bulk limit. Nano Letters 

11, 4794–4799 (2011).

The structure of a small-diameter (green) and large-diameter (blue) 
silicon nanowire, inside a bulk silicon (yellow) structure

Computer simulations show how key properties of nanowires change as 
the diameter increases
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Molecular biology 

A subtle switch

Genomic DNA is typically wound around clusters of protein 
known as histones, an arrangement that keeps the chromosomes 
compact but also helps to regulate the activity of local genes. To 
achieve this latter function, enzymes attach specific chemical 
modifications to histone proteins, and these in turn act as recruit-
ment signals for activators or repressors. Ernesto Guccione at 
the A*STAR Institute of Molecular and Cellular Biology and 
National University of Singapore and colleagues have now revealed 
how subtle changes in these chemical marks can convey radically 
different messages1.

The initial discovery was made serendipitously when Guccione 
and his team were studying an arginine amino acid in histone 3, 
which can be modified with two methyl groups in either a sym-
metrical (H3R2me2s) or asymmetrical pattern (H3R2me2a). 
The researchers were surprised to find that the two modifications 
appeared to exert opposite regulatory effects. 

“In science, you always have to be very open-minded,” says 
Guccione. “So rather than dismiss it, we decided to use that initial 
preliminary observation to build up a strong follow-up story.”

Their new study confirms these findings, demonstrating that 
although H3R2me2a suppresses local gene expression, H3R2me2s 
instead switches on transcription. Indeed, when they mapped 
H3R2me2s sites on the chromosomes in cultured human cells, they 
found that the histone modification frequently appeared near the 
transcriptional start sites of active genes. In many cases, H3R2me2s 
appeared adjacent to methylation at lysine 4 (H3K4), another 
histone modification associated with gene activation.

The researchers also observed H3R2me2s at so-called ‘enhancer’ 
positions farther away from transcription start sites, where it acts by 
recruiting the activator protein WDR5 (see image). This was espe-
cially surprising, as H3R2me2a physically blocks WDR5 binding. 

“A tiny variation in the position of the methyl moiety radi-
cally affects the binding of several proteins to histone H3,” says 
Guccione. Activator protein WDR5 in turn recruits additional 
factors that methylate H3K4, thereby stimulating the expression of 
genes associated with a particular enhancer region. 

Guccione adds, “This provides a possible explanation for 
how enhancers get enriched with the histone mark H3K4me1.” 

Having demonstrated the biological impact of the symmetric 
H3R2 modification, Guccione and his team are now exploring 
its role in different tissues and cell types by raising genetically 
modified mice that lack either or both enzymes for generating the 
H3R2me2s mark. At the same time, they are using mouse embry-
onic stem cells to examine the importance of this mode of gene 
regulation at the early stages of development.  ■

1. Migliori, V. et al. Symmetric dimethylation of H3R2 is a 

newly identified histone mark that supports euchromatin 

maintenance. Nature Structural and Molecular Biology 

doi:10.1038/nsmb.2209 (2012).
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Medicinal chemistry

Natural therapy

Nature has provided scientists with an abundant pharmacopeia 
for fighting diseases and cancer. For example, recent studies have 
identified several resorcylic acid lactones — compounds derived 
from mangrove fungi — as potent inhibitors of enzymes that 
drive tumor growth.

Anqi Chen and Christina Chai at the A*STAR Institute of 
Chemical and Engineering Sciences have been particularly 
interested in the properties of one such resorcylic acid lactone, 
aigialomycin D (see image).

“Aigialomycin D has shown good cytotoxicity against some 
cancer cell lines, but little is known about the structure-activity 
relationship of this resorcylic acid lactone,” says Chen. “We 
decided to capitalize on this by synthesizing a series of compounds 
related to aigialomycin D so that we could identify potential leads 
for the development of new cancer drugs.”

Chen, Chai and their team have examined the biochemi-
cal properties of aigialomycin D and dozens of its derivatives1. 
Aigialomycin D differs from other resorcylic acid lactones in the 
absence of a chemical group that is thought to play an important 
role in the inhibition of cancer, but the researchers nevertheless 
confirmed that aigialomycin D and several derivatives modestly 
inhibited cyclin-dependent kinase 2 (CDK2), a key enzyme in 
driving tumor growth. More importantly, subsequent screening 
against a panel of nearly 100 different kinases revealed at least five 
that were notably inhibited by aigialomycin D.

Among the most interesting of these was an enzyme called 
mitogen-activated protein kinase-activating kinase 2 (MNK2), 
which was strongly inhibited by aigialomycin D. MNK2 and its 
sister enzyme MNK1 selectively activate proteins that promote 
cancer proliferation. Although neither protein has been solidly 
confirmed as a causative factor in cancer, excessive MNK activity 
has been implicated to be a tumor-specific phenomenon. 

Several other enzymes identified in the screen also represent 
promising targets, such as FMS-like tyrosine kinase 3 (FLT3), 
which is a causative factor in several blood cancers. “Over-
expression of these enzymes has been shown in several cancers,” 
says Chen. “The discovery of aigialomycin D as a potent inhibitor 
for these enzymes could serve as a starting point for the discovery 

of new anticancer drugs.” Chen, Chai and their team would like 
the molecule to have better specificity and efficacy, so they are 
going back to the drawing board. 

“We will synthesize more analogues of resorcylic acid 
lactones to identify better leads,” says Chen. “The medium-term 
plan would then be to optimize promising leads to achieve 
better drug-like properties that can be brought forward for 
further development.”  ■

1. Xu, J. et al. Exploring aigialomycin D and its analogues as protein 

kinase inhibitors for cancer targets. ACS Medicinal Chemistry 

Letters 2, 662–666 (2011).

Aigialomycin D, a promising kinase inhibitor, is derived from the 
fungus Aigialus parvus

Researchers have synthesized a fungal metabolite and derivatives that 
inhibit crucial enzymes related to cancers
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Sequencing technology

Heightened accuracy

A better knowledge of human DNA sequences can improve 
our understanding of diseases and the mechanisms that trigger 
them. However, the full DNA strand contains a vast amount of 
genetic information, which is often too large and complex to be 
read in its entirety. To overcome this problem, scientists have 
devised tools that break the full strands into smaller fragments 
to ease the reading process, as well as systems to reassemble the 
data in their proper order.

Niranjan Nagarajan at the A*STAR Genome Institute of 
Singapore and co-workers1 have now created a program called 
Opera that could speed up the DNA reading process. Opera 
automatically finds the best way to piece together sequence 
fragments of DNA into longer strands. Their software produces 
fewer errors and has better overall assembly quality than 
ever before.

The process of assembling DNA fragments is akin to solving 
a giant jigsaw puzzle. Due to the sheer scale and complexity of 
data analysis, with datasets that are hundreds of gigabytes in 
size, computer programs are required to handle the assembly 
process. Even so, there are problems with accuracy within these 
computer-generated sequences, because the programs operate 
using generalized rules of thumb and look for overlapping 
ends of fragments in order to link the pieces back together. 
For large groups of fragments, it is difficult to perform such a 
search in very repetitive genetic code, and the resulting strands 
contain errors.

Nagarajan and co-workers created the Opera algorithm to 
optimize the ordering — or ‘scaffolding’ — of DNA strands, 
replacing the traditional generalized rules. 

“We designed an algorithm that exploits the features of real 
datasets and runs efficiently,” says Nagarajan. “With Opera you 
have a guarantee that natural optimization criterion will be met, 
so you know what you can expect.”

The algorithm calculates a scaffolding solution for each set 
of DNA fragments, and ‘explains’ its linking choices as it pro-
gresses, showing how different options were investigated and 
eliminated. This provides the user with a clearer picture of the 
scaffolding and the progress achieved by the program. “The 

robustness of Opera arises from the fact that it does not rely on 
ad-hoc criteria in its algorithm,” says Nagarajan. “Instead it does 
an exhaustive search of all possibilities.”

Nagarajan and his co-workers are continuing to improve the 
program for more complex datasets. They are working towards a 
toolset for ‘perfect assembly’, or in other words, one that recon-
structs the genome without any errors.  ■

1. Gao, S., Sung, W.-K. & Nagarajan, N. Opera: Reconstructing 

optimal genomic scaffolds with high-throughput paired-end 

sequences. Journal of Computational Biology 18, 1681–1691 (2011).

DNA strands must be broken up into smaller parts and reassembled, 
rather like a jigsaw puzzle, for specific types of analysis. The Opera 
program incorporates a new algorithm to improve the accuracy of 
reassembling DNA fragment data.

A new computer program provides a more accurate way of assembling 
DNA sequences from fragmented data



RESEARCH HIGHLIGHTS

63A*STAR RESEARCH OCTOBER 2011 – MARCH 2012

Biomaterials

Nestled in

The cell is a host of many complex reaction pathways. These 
pathways usually do not interfere with each other because they 
are contained within membrane-bound compartments, known 
as organelles. The lipid membrane is extremely selective — only 
allowing certain signalling molecules to permeate through — and 
plays an important role in biological processes, such as protein 
synthesis and the regulation of enzymatic reactions. Madhavan 
Nallani from the A*STAR Institute of Materials Research and 
Engineering and co-workers¹ have now synthesized a new type 
of multi-compartment structure known as a polymersome, which 
mimics cellular compartmentalization through the use of self-
assembling polymers.

Although many researchers have created artificial structures 
designed to imitate cells, their efforts have primarily been 
restricted to lipid and polymer-based structures with only one 
compartment. Nallani and his team designed a system consisting 
of two compartments self-assembled sequentially. “Most impor-
tantly, the membranes of different compartments are made from 
different materials,” Nallani says. As a consequence of this unique 
feature, the properties of the membranes can be tuned.

To make the polymersomes, the team opted for amphiphilic 
block copolymers — polymers composed of subunits with 
opposite affinity to water. Nallani explains that this difference 
in wettability is what drives the copolymers to self-organize into 
compartments. “One of the challenges that we encountered is the 
selection of materials to form such architectures,” he adds.

The researchers first synthesized single-compartment 
particles using one copolymer. They then entrapped each of 
these first structures in a second shell by adding a solution 
containing another type of copolymer. In the resulting multi-
compartmentalized architectures, the inner particle consisted 
of a tightly packed, low-permeability membrane and was sur-
rounded by a semi-permeable outer membrane that lets small 
molecules through.

Nallani and his team tested the selectivity of the compartment 
membranes for the encapsulation of biomolecules. As a proof of 
concept, they encased one kind of fluorescent protein that emits 
green light and another variety that displays red-light emission 

in the polymersomes. The inner part of the particles emitted 
green light while the outer compartment emitted red light (see 
image). The result suggests that the proteins were localized in two 
separate sections according to their type.

“Our system may add value in applications such as drug delivery 
and multi-enzyme biosynthesis,” says Nallani. The researchers are 
currently designing compartments that allow different compo-
nents to mix just before reaching target cells. They are also intro-
ducing membrane proteins within these compartments that may 
facilitate the transport of products formed in one compartment 
to another.  ■

1. Fu, Z., Ochsner, M. A., de Hoog, H.-P. M., Tomczak, N. & Nallani, M. 

Multicompartmentalized polymersomes for selective 

encapsulation of biomacromolecules. Chemical Communications 

47, 2862–2864 (2011).
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Scanning electron micrograph of the multi-compartmentalized poly-
mersomes and fluorescence image showing the difference between 
multi- (green and red) and single-compartment structures (red).

Multi-compartment globular structures assembled from polymer-based 
materials may soon serve as cell prototypes
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Psychology

Modeling the mind

Humans can posit the intentions and predict the actions of others 
through observation of movements and behaviors. This cognitive 
ability, known as theory of mind, has important implications 
in personality development and social interaction. Despite its 
significance, however, scientists are only beginning to understand 
how people use motion information to perceive intentions. For 
instance, recent studies have demonstrated that a simple anima-
tion of moving shapes is sufficient to convey intentions.

David Pautler at the A*STAR Institute of High Performance 
Computing and co-workers have now developed an artificial 
intelligence system that models how people recognize the 
intentions of others1. The system could help computer scientists 
to develop computerized systems that detect and recognize 
human actions.

Pautler’s group built on a technique called incremental chart 
parsing, developed by computer scientists and linguists to analyze 
the structure of text, and modified it to develop a system that 
analyzes the movements of shapes and ascribes to them inten-
tions, based on small sets of rules.

They then created animations using Adobe Flash software — 
in one, object X moves away from V and towards Y and Z, but as 
it nears Y it suddenly arcs around Y and continues until stopping 
near Z. This is ambiguous early on but resolves in an “A-ha!” 
moment with a single explanation at the end.  

Three of the explanations attributed intentions to X: it 
intends to move further away from V, closer to Y, or closer to Z. 
The other two attribute the movements to physical forces that 
either repel it from V or attract it to Z. The model was designed 
to guess any of these explanations at any time, whenever the 
visual cues suggest them.

The researchers recruited 38 volunteers and asked them to 
watch the animation, confirming that they perceive the animation 
as predicted by the model. Thirty-five others watched another 
animation, in which object X moves in a straight line at a constant 
speed. Far fewer ascribed any intention to the object.

Experiments such as these provide a guide as to what kinds of 
explanations the model needs, and the types of visual cues that 
trigger each kind of explanation. Pautler and his team are now 

developing the system further by formulating more rules to refine 
the process by which it makes predictions.

“Computer vision systems can detect a person’s presence and 
track him, but these systems don’t explain what the person is 
doing or why he might be doing it,” says Pautler. “If we could 
combine computer vision capabilities with an ability to attribute 
intentions to what is seen, that would be useful in surveillance, 
robot assistance for the elderly and many other applications.”  ■

1. Pautler, D., Koenig, B. L., Quek, B.–K. & Ortony, A. Using 

modified incremental chart parsing to ascribe intentions to 

animated geometric figures. Behavior Research Methods 

43, 643–665 (2012).
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Time-lapse view of a video intended to show a fight between a blue 
and a green object

Researchers have developed a computer model to simulate theory 
of mind
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Microfluidics

Bubble power

Scientists have made many important discoveries in biology 
and medicine through studying the internal contents of cells. 
Some have isolated or identified nucleic acids or proteins with 
special functions, while others have unravelled the working and 
regulatory mechanisms underlying biochemical or pharmaceuti-
cal components within cells. Dave Ow and co-workers at the 
A*STAR Bioprocessing Technology Institute and Institute 
of High Performance Computing have now developed a 
novel method to expose the internal contents of cells for 
biochemical analysis1.

Currently there is a wide range of methods to disintegrate or 
lyse cell membranes and to release the biomolecules contained 
within. However, most of these methods can cause denaturation 
of proteins or interfere with subsequent assaying. Ow and co-
workers explored the possibility of using ultrasound in microflu-
idics to lyse cells. They applied short bursts of ultrasound with 
periods of rest to prevent the proteins from overheating as a result 
of dissipation of mechanical energy.

When the rapid changes of pressure generated with ultrasound 
are applied to a liquid, small bubbles are formed which oscillate 
in size and generate a cyclic shear stress. These rapidly oscillating 
bubbles generate a mini shockwave when they implode, which 
can be strong enough to cause the cell membrane to rupture. The 
researchers generated microbubbles in the meandering microflu-
idic channel by introducing a gas via a separate inlet to generate 
a gas–liquid interface and subsequently applying ultrasound to 
the system.

As a proof of principle, the researchers tested the perfor-
mance of their microfluidic device on genetically engineered 
bacteria and yeast that express the green fluorescent protein. 
The researchers found that the bacteria are completely disinte-
grated after only 0.4 seconds of ultrasound exposure (see image). 
The concentration of DNA released from yeast cells reached 
a plateau after only one second exposure (which contained six 
bursts of ultrasound each of 0.154 seconds), indicating that 
most cells are successfully lysed. Importantly the temperature 
of the sample was shown not to rise above 3.3 °C. “The large 
surface to volume ratio of the microfluidic environment means 

that the small amount of heat that is generated rapidly diffuses 
away,” says Ow.

The researchers have proposed many ideas for applications. “In 
collaboration with another institute, we are developing a rapid 
and sensitive label-free optical method for on-chip detection of 
bioanalytes from lysed cells,” says Ow. “We also want to modify 
the device to break more difficult-to-lyse endospores, and to 
develop a rapid on-chip detection device to counter the threats 
of bioterrorism.”  ■

1. Tandiono, T. et al. Sonolysis of Escherichia coli and Pichia pastoris 

in microfluidics. Lab on a Chip 12, 780–786 (2012).

Micrographs of GFP-expressing bacteria before and after lysis

The latest microfluidic chip can generate microbubbles to break open cells 
for biochemical analysis
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Biomaterials

The right tool for the right job

Kidney transplantation is a potentially life-saving treatment 
option for patients with chronic kidney disease, but every year 
thousands of patients die while on the organ waiting list. To 
address this problem, scientists have turned to the development 
of bioartificial kidneys — devices that use human kidney cells 
and hollow fiber membranes to fulfill the various functions of a 
normal human kidney.

Clinical studies have demonstrated the safety of bioartificial 
kidneys. However, the technology still has some weaknesses — 
for example, the clogging of membrane pores, which can lower 
the performance of the bioartificial kidney, and the incompat-
ibility between the membrane material and human kidney cells.

A team of researchers led by Daniele Zink and Jackie Ying at 
the A*STAR Institute of Bioengineering and Nanotechnology¹ 
have now developed a coating that promotes the growth and dif-
ferentiation of human kidney cells on hollow fiber membranes. 
In addition, they have proposed a membrane morphology that 
could prevent pores from clogging.

A bioartificial kidney typically consists of a hemofilter, which 
is used to remove waste from the bloodstream, and a bioreac-
tor, which houses human kidney cells for performing various 
kidney functions.

Most of the hollow fiber membranes found on the market are 
optimized for use in hemofilters. They are typically smooth and 
nanoporoous on the inside (the side exposed to blood) and have 
relatively large pores on the outside. Zink, Ying and co-workers 
examined the performance of such membrane design under 
conditions as applied in the bioreactor unit and found that the 
pores were clogged by a build-up of proteins. Because of this, the 
researchers recommended the use of an alternative membrane 
design that is more suited for bioreactors — one that is smooth 
on the outside and has the larger pores on the inside.

Because primary human kidney cells do not grow and survive 
well on most polymer membranes, the researchers coated the 
inner surface of their hollow fibers with 3,4-dihydroxy-L-phe-
nylalanine, or DOPA, and collagen to stimulate cell prolifera-
tion and differentiation. Cell behavior studies showed that most 
cells in the bioreactor expressed the appropriate differentiation 

marker proteins for human kidney cells. And because primary 
human kidney cells are expensive and only available in limited 
quantities, the researchers developed a bioreactor comprising a 
single hollow fiber. The new apparatus could test for the perfor-
mance of human kidney cells that are limited in numbers.

The researchers have so far only tested the performance of 
their hollow fiber membranes in bioreactors with primary 
human kidney cells. “Kidney cells derived from stem cells are 
a better alternative as there is an unlimited supply and there 
are no issues of interdonor variability,” says Zink. “We are now 
investigating how human kidney cells derived from stem cells 
perform under bioreactor conditions.”  ■

1. Oo, Z. Y. et al. The performance of primary human renal cells in 

hollow fiber bioreactors for bioartificial kidneys. Biomaterials 

32, 8806–8815 (2011).
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Human kidney cells growing in a hollow fiber membrane

The right membrane coating and morphology could dramatically enhance 
the performance of human kidney cells in bioartificial kidneys
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Electronics

A faster model for 
speedier circuits

The overall performance of modern computers and communi-
cations networks is dependent on the speed of electronic com-
ponents, such as transistors and optical switches, as well as the 
quality of the wire network that powers and relays signals between 
these electronic components. Power and signal integrity are two 
important parameters for gauging the quality of a wire network, 
but simulating these parameters for next-generation electronic 
systems can take a considerable amount of time, particularly 
when there is a large number of components involved. Zaw Zaw 
Oo at the A*STAR Institute for High Performance Computing 
and co-workers1 have now significantly decreased the amount of 
computer time needed by developing a modelling technique that 
is much more efficient.

In general, there are two different approaches to simulating 
power and signal integrity of a wire network. One approach is to 
use exact equations to describe the power and supply networks. 
This approach is computationally efficient, but the exact equa-
tions are difficult to derive for complex networks — for example, 
those that involve irregularly-shaped ground planes. The other 
approach is to use numerical methods to describe these complex 
networks. However, this approach not only requires considerable 
CPU time and memory, but also becomes unworkable for very 
large networks.

The researchers therefore used a hybrid approach to combine 
the benefits of analytical and computational models. They had 
previously developed a hybrid model capable of describing the 
power networks in multi-layer circuit boards. In their present 
work, they extended this model to include the signaling network, 
as well as loads attached to the circuit board. The researchers 
considered circuit boards which include one or more pairs of 
parallel plates that serve as electrical grounds, or deliver power. 
Their model treats each pair of plates as an individual circuit, in 
which signal and power flow can be calculated using parallel-plate 
and transmission line theory. Once each of the individual network 
have been characterized, they are combined together to describe 
the entire, original circuit board.

Oo and colleagues tested their model on a case consisting of 
a multilayer circuit board measuring 35 mm by 30 mm, which 

included multiple ground plates, signal traces and vias connecting 
different layers, and capacitors decoupling different power supply 
circuits. The reaction of the circuit board to input signals with 
frequencies up to 20 GHz was calculated using both their new 
hybrid model, and a numerical finite element model. While the 
results matched well over the entire frequency range, the new 
hybrid model required only 48 seconds of CPU time and 0.71 
Mb of computer memory to run, compared to 1960 seconds and 
74.2 Mb for the finite element approach. ■

1. Oo, Z. Z., Liu, E.-X., Wei, X. C., Zhang, Y. & Li, E.-P. Cascaded 

microwave network approach for power and signal integrity 

analysis of multilayer electronic packages. IEEE Transactions 

on Components, Packaging and Manufacturing Technology 

1, 1428–1437 (2011).
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Wire traces delivering power and routing signals among active 
components in printed circuit boards can limit performance if not 
designed properly

Faster computational methods could simulate the power and signal 
integrity of next-generation electronic systems
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Photonics

Integrated laser on silicon is 
looking good

Active optical fibers with silicon photonic chips can carry a 
lot more information for data interconnect than copper cables. 
Silicon photonics can also be the material of choice for wiring 
‘lab-on-a-chip’ devices — however, the construction of such 
devices is not without its challenges. One of the greatest dif-
ficulties is the implementation of lasers because silicon is a poor 
light emitter, but is commonly required for a photonic system 
on chip.

Doris Keh-Ting Ng at the A*STAR Data Storage Institute 
and co-workers have now successfully fabricated a laser on top of 
a silicon chip1. The III-V semiconductor materials are bonded to 
silicon to provide optical gain and the laser has a unique mirror 
design that promises enhanced device operation compared to 
the conventional feedback mirrors based on device facets.

“Integrated Si/III-V lasers can take advantage of low-loss 
silicon waveguides, while addressing the problem of low light 
emission efficiency that silicon devices typically have,” says Ng. 
Attaching a Si/III-V laser on top of silicon requires challenging 
fabrication techniques, and device performances can suffer as a 
result. Furthermore, any laser requires mirrors to maintain lasing 
action. Typically, such designs rely on the interface between air 
and the semiconductor, that is, the facets of the chip. These 
mirrors are not perfect and further reduce operation efficiency.

To improve on the latter aspect, the researchers have now 
come up with a unique mirror design, known as a micro-loop 
mirror (MLM). Light emitted from one end of the laser is 
guided along the waveguide, around a narrow bend and is then 
directed back into the device (see image). The mirror at the 
other end of the device is still formed by the interface with air, 
so that laser radiation can exit the device. The MLM achieves 
a remarkable 98% reflection efficiency of light. Such low losses 
mean that the MLM laser is comparatively efficient.

The successful demonstration of this technique is remark-
able, considering that more than 30 fabrication steps are needed 
to fabricate the device, and in view of the fact that the MLM 
requires delicate and high-precision fabrication. The researchers 
aim to further enhance the laser, for example, by miniaturizing 
the device.

“Further improvements, for example, at the interface between 
the mirror and the lasing structure itself could lead to even 
better performance,” says Ng. “Laser with lower threshold and 
higher output power can possibly be achieved, leading to a 
potential solution to develop high-speed and low-cost optical 
communications and interconnects on electronics chips.” ■

1. Zheng, Y. et al. Electrically pumped heterogeneously integrated 

Si/III-V evanescent lasers with micro-loop mirror reflector. 

Applied Physics Letters 99, 011103 (2011).

1 µm

Scanning electron microscope image of the silicon-based micro-loop 
mirror. Light entering the waveguide from the left is guided around 
the loop and redirected back into the laser structure. The inset shows 
the laser spot photographed with an infrared camera.

A unique ‘micro-loop mirror’ design may enhance the performance of 
integrated laser on silicon
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Miniaturized pressure sensors are widely used in mechanical and 
biomedical applications, for example, in gauging fuel pressure in 
cars or in monitoring blood pressure in patients. Woo-Tae Park 
and co-workers at the A*STAR Institute of Microelectronics1 

have now developed a nanowire-based sensor that is so sensitive 
it can detect even very low pressure changes.

Most miniaturized pressure sensors harness the intrinsic 
properties of piezoresistive materials. A structural change in such 
a material, induced for example by an external force, results in 
a complementary change in its electrical resistance. However, 
piezoresistive materials have two major limitations. Firstly, 
these materials are not particularly sensitive, which means that 
low pressures produce weak electronic signals. Secondly, these 
materials can generate a lot of electrical noise, which can mask 
the true measurement signal. An ideal transducer should have a 
high signal-to-noise ratio (SNR). Park and his co-workers have 
now used nanowires to create a pressure sensor with enhanced 
SNR properties.

Previous research has shown that nanowires can exhibit high 
piezoresistive effects because of their small size. To take advantage 
of this, Park and his co-workers used state-of-the-art material 
processing techniques to suspend two silicon nanowires between 
two electrodes on a silicon-on-insulator substrate. Each wire was 
a few hundred nanometers long and approximately 10 nanome-
ters wide. They were covered in amorphous silicon which both 
protected them and acted as an electrical connection, referred to 
as the gate. The researchers attached to this a circular diaphragm: 
a two-layer membrane of silicon nitride and silicon dioxide. 
Any stress in the diaphragm was therefore transferred to the 
nanowire structure.

The team characterized their sensor by passing a controlled 
stream of air across it. Ammeters measured the current flowing 
through the device as a known electrical potential was applied 
across the two electrodes. An additional voltage, the gate bias, was 
also applied between one of the electrodes and the gate. Park and 
his co-workers demonstrated that they could achieve a four-fold 
increase in pressure sensitivity by reversing the direction of this 
gate bias. The researchers observe that this may be a result of the 

bias voltage controlling the confinement of the electrons within 
the nanowire channels — a concept commonly employed in so-
called field-effect transistors. An assessment of the device noise 
characteristics also showed significant improvements with the 
right choice of operating parameters.

Park and his co-workers envisage that the device will provide a 
promising route for applications requiring miniaturized pressure 
sensors that use little power.  ■

1. Singh, P., Miao, J., Park, W.-T. & Kwong, D.-L. Gate-bias 

controlled sensitivity and signal-to-noise ratio enhancement 

in nanowire FET pressure sensor. Journal of Micromechanics 

and Microengineering 21, 105007 (2011).

Nanotechnology

Feel the pressure
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Nanowires have superior electrical and mechanical properties and can be 
put to good use in pressure sensors
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Telecommunications

Perfecting plastic

Plastic optical fibers offer a more efficient method of data trans-
mission in telecommunications. While glass optical fibers allow 
very high data rates to be transmitted, they are expensive and 
difficult to work with. Twisted pair copper cabling, on the other 
hand, is cheap and easy to work with, but slow. Plastic optical 
fibers represent an intermediate solution, providing reasonable 
data rates at a low cost. To promote their wider usage, however, 
the data rates must first be improved. Pinjala Damaruganath and 
co-workers at the A*STAR Institute of Microelectronics and the 
Nanyang Technological University have now discovered a way to 
increase the data rates of plastic optical fibers1.

A plastic fiber typically supports thousands of different optical 
modes, and each individual optical mode has a particular fre-
quency and speed at which data propagate. Due to the differences 
in propagation speed, the data signal gets increasingly distorted 
as it travels down the fiber. If adjacent digital pulses overlap, the 
receiver might not be able to decode the data. This phenomenon, 
known as modal dispersion, is the principal factor limiting the 
data rates attainable in plastic optical fibers.

Restricted mode launching is one widely used solution to 
overcome modal dispersion. In this method, a light signal is 
launched into one mode or a small number of modes in the fiber. 
This is usually coupled with a mode filter at the receiver end of 
the fiber. Standard realizations of mode launching and filtering 
involve splicing or aligning a single-mode fiber to each end of 
a large-diameter fiber, but the task is time-consuming and the 
resulting system can be bulky.

Using a mathematical model of transmission along their 
fiber system, Damaruganath and co-workers designed a simple 
and compact tapered structure that can be attached to the two 
ends of a plastic optical fiber (see image). On the input end, the 
taper eliminates higher-order modes, and on the output end, its 
diameter matches the fiber at one end, and the size of the detector 
at the other end. This increases output coupling efficiency. In both 
cases, the slowly changing (or adiabatic) taper diameter suppresses 
different modes from interacting with each other.

Measurements of the resulting optical system show that it can 
achieve a transmission rate of 2.5 gigabits per second — around 

16 times more than previously demonstrated data rates with 
similar-sized plastic fibers. The tapers are also mechanically 
robust and compatible with standard receiver connectors. The 
work is expected to hasten the adoption of plastic optical fibers 
into short-range telecommunication networks.  ■

1. Chandrappan, J., Jing, Z., Jie, N. R., Damaruganath, P. & Lau, J. 

A pluggable large core step index plastic optical fiber with built-in 

mode conditioners for gigabit ultra short reach networks. IEEE 

Transactions on Advanced Packaging 33, 868–875 (2010).

The rate of data transmission over plastic optical fibers can be increased 
by controlling modal dispersion with simple and robust tapers on 
each end

A plastic optical fiber with tapered tips, each housed in a metal case 
(or ferule), can achieve data rates of 2.5 gigabits per second
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Polymers

One stone, two birds

Polymers are the material of choice for making thin-film transis-
tors and solar cells. They are also potentially suitable for manu-
facture using economical, high-throughput techniques, such as 
roll-to-roll and inkjet printing processes. However, transistors and 
solar cells have traditionally used different kinds of polymers, and 
this can severely complicate the fabrication process. Zhi-Kuan 
Chen at the A*STAR Institute of Materials Research and Engi-
neering and co-workers1 have now developed a versatile polymer 
that is suitable for both kinds of devices.

Polymers with high-charge mobilities are ideal to use in the 
manufacture of transistors. However, these materials are suscep-
tible to having large energy bandgaps, which prevent them from 
absorbing portions of the solar spectrum. Such materials could 
severely hamper the energy conversion efficiency if made into 
solar cells.

The researchers focused on a class of polymers called polythio-
phenes, derivatives of which have been measured to have high 
hole (or positive charge) mobilities. However, polythiophenes also 
have a large energy bandgap, which prevents them from absorbing 
light with red-orange wavelengths longer than 650 nanometers 
(nm), thus reducing solar cell performance.

Previous work by other researchers has shown that this bandgap 
can be lowered by making modifications to the backbone of the 
polythiophene chain with groups of atoms that are able to accept 
charge. Even so, the power conversion efficiency of the resulting 
solar cells was below 2.3%, less than half of the best-performing 
polymer cells.

Chen and co-workers followed in the steps of their predeces-
sors by modifying a polythiophene polymer. The result was a 
novel polymer called POD2T-DTBT that was measured to have 
a relatively low bandgap which resulted in an optical absorption 
range that extended to red-orange wavelengths of 780 nm, thus 
taking in more of the solar spectrum. At the same time, the hole 
mobility of the polymer was measured to be 0.20 cm2 per volt per 
second, comparable to unmodified polythiophene. This allowed 
for fabrication of high-performance transistors and solar cells. In 
particular, by combining POD2T-DTBT with the ester PC71BM, 
the research team constructed a solar cell with a power conversion 

efficiency of 6.26%, comparable to the efficiency of the best 
polymer cells to date.

This strong performance was drawn in part from the morphol-
ogy of the thin films that resulted from the POD2T-DTBT / 
PC71BM mixture. Electron microscopy of the films showed 
that the two components were intimately mixed together: the 
long white fibers, which are 20–25 nm in width, correspond to 
the polymer, and the darker domains correspond to the ester 
(see image). The high-charge mobility of the POD2T-DTBT 
polymer itself also boosted performance. ■

1. Ong, K.-H. et al. A versatile low bandgap polymer for air-stable, 

high-mobility field-effect transistors and efficient polymer solar 

cells. Advanced Materials 23, 1409–1413 (2011).
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A transmission electron micrograph of a thin film made from a mix-
ture of POD2T-DTBT polymer and PC71BM ester.

A single polymer can be used to fabricate both thin-film transistors and 
solar cells
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The ability to separate cells according to size and shape is useful 
in biological studies. One popular method of cell sorting involves 
the use of microfluidic devices consisting of a series of aligned 
micropillars. Such ‘bump arrays’ operate on the basis of allowing 
cells that are small enough to pass through narrow gaps, while 
cells that are too large undergo lateral displacement by bumping 
into the pillars. Blood samples, for example, can be separated into 
platelets, white cells and red cells using this technique. However, 
some particles that have deformable as opposed to rigid structures 
are prone to becoming ‘mis-sorted’, as they can bypass normal 
routes through the devices (see image).

Keng Hwee Chiam and co-workers at the A*STAR Institute of 
High Performance Computing have now completed a numerical 
study modeling ‘dispersive’ routes made in microfluidic devices by 
deformable particles1. “We wanted to arrive at an understanding 
of how cell deformability affects the device geometry and func-
tioning, and hence help other researchers to optimize their devices 
in the future,” says Chiam.

The researchers created a two-dimensional computer model 
to examine the different possible routes taken by cells through 
the device pillars. In experimental observations, rigid cells either 
follow a zigzag pattern through the pillars, or they bump into 
the pillars and drop to the bottom of the array, depending on 
their size. The new computer model can accurately predict 
these paths.

In addition, the model can predict paths taken by large cells 
or particles that can change shape and squeeze through the 
pillars. These were found to follow a far more random path, 
sometimes moving in zigzag directions, sometimes bumping 
into the pillars, and sometimes getting stuck completely. These 
so-called ‘dispersive trajectories’ are dependent on the orientation, 
arrangement and size of the pillars present in the device. Chiam 
explains: “This shows us what design parameters to avoid, and 
we imagine that numerical simulations, such as the ones used 
by the aerospace industry in aircraft design, could benefit future 
biological technologies.”

The simulations could be improved by extending the computer 
model to a full three-dimensional representation of the cells and 

micropillars, but amassing the computational data required is 
currently cost-prohibitive. Chiam hopes, however, that future col-
laborations will lead to a three-dimensional version of the model 
and adds that the research team aims “to simulate the sorting of 
DNA strands instead of cells, to see if they can be sorted accord-
ing to their length and sequence.”  ■

1. Quek, R., Le, D. V. & Chiam, K.-H. Separation of deformable 

particles in deterministic lateral displacement devices. 

Physical Review E 83, 056301 (2011).

Microfluidics

Sizing up cells

A numerical model could improve the performance of cell-sorting devices 
by predicting the paths taken by deformable cells

Deformable cells can squeeze between narrow gaps in a bump array 
of micropillars, leading to unpredictable paths in cell-sorting devices.
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Nanotechnology

Probing for interactions

Double-stranded DNA must disentangle itself into single strands 
during replication or repair to allow functional molecules to bind 
and perform their various operations. Cellular proteins specifically 
bind to single-stranded DNA to prevent their premature recom-
bination. Unfortunately, detailed studies of these DNA–protein 
interactions have been hindered by the need for expensive 
instrumentation and time-consuming labelling techniques. Yen 
Nee Tan at the A*STAR Institute of Materials Research and 
Engineering and co-workers1 have now developed a convenient 
method to characterize the interactions between single-stranded 
DNA and their binding proteins.

The researchers used the optical properties of gold nanopar-
ticles to probe the mechanism of protein–DNA binding. When 
the nanoparticles were well dispersed in solution, they yielded a 
bright red color, but when aggregated, the solution changed to 
blue. Tan and co-workers discovered that when single-stranded 
DNA and its binding protein were both present in the solution, 
coupled with a salt that stimulates nanoparticle aggregation, the 
DNA remained red in color, indicating that the DNA–protein 
complexes had bound with the nanoparticles through electrosteric 
stabilization forces. In contrast, when the protein or single-
stranded DNA was introduced alone in the salt solution, there 
was a greater shift to the blue-grey color, indicating nanoparticle 
aggregation (see image).

“The greatest challenge in this work was to determine the 
optimum conditions for single-stranded DNA to bind with 
its binding protein to form complexes that confer the highest 
stability to gold nanoparticles from salt-induced aggregation,” 
says Tan.

The researchers attribute binding of the nanoparticles and the 
DNA–protein complexes to the presence of sulphur-containing 
groups in the protein, which are known to create strong bonds 
with gold. The protein molecules alone are smaller in molecular 
size than the protein–DNA complexes, leading to a less effective 
steric stabilization of the nanoparticles.

Tan and co-workers showed that there was a minimum length 
of DNA sequence under which the binding protein–DNA 
adhesion mechanism could operate. They found that the binding 

protein had a preference for binding to specific chemical units 
(bases) which make up DNA, and were able to spot DNA 
sequence variations, called single nucleotide polymorphisms 
(SNPs), even at the extreme ends of the molecule which are dif-
ficult to identify. Double-stranded DNA with SNPs cannot bind 
together so closely. The binding protein can thus attach to the dis-
sociated single-stranded DNA to form protein–DNA complexes, 
offering sites to which gold nanoparticles can adhere.

“We plan to further develop this assay into a hassle-free geno-
typing assay to detect SNPs in real biological samples containing 
long genomic DNA,” says Tan.  ■

1. Tan, Y. N., Lee, K. H. & Su, X. Study of single-stranded DNA 

binding protein-nucleic acids interactions using unmodified gold 

nanoparticles and its application for detection of single nucleotide 

polymorphisms. Analytical Chemistry 83, 4251–4257 (2011).
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Nanoparticles offer insights into interactions between single-stranded 
DNA and their binding proteins



RESEARCH HIGHLIGHTS

A*STAR RESEARCH  OCTOBER 2011 – MARCH 2012 75

Microelectronics

Harnessing hotspots

Electronic devices often develop ‘hot spots’ that can become 
detrimental to performance. Much research has focused on 
developing methods to cool the system, or, even better, convert 
the excess heat to electricity by exploiting the thermoelectric 
effect — where a thermal gradient induces the movement of 
charge carriers. However, previous attempts at building chip-
level generators have failed because the incorporated materials 
were not compatible with the technology used for construct-
ing integrated circuits, such as complementary metal oxide 
semiconductors (CMOS).

Navab Singh and co-workers at the A*STAR Institute of 
Microelectronics and the National University of Singapore1 have 
now created a nanoscale thermoelectric generator (TEG) using 
silicon nanowire arrays. Silicon, which is compatible with the base 
materials in CMOS, had previously been discounted due to its 
poor performance as a generator in bulk form, but it has proved 
far more effective on the nanoscale.

“Silicon nanowires have much better thermoelectric proper-
ties than the parent material, because they have much lower 
thermal conductivity,” Singh explains. “Also, state-of-the-art 
equipment is already available for processing silicon. Therefore, 
if thermoelectric coolers and energy harvesters can be fabricated 
using silicon nanowires, they can be low-cost, scalable, high-
yield devices.”

The researchers constructed their TEG by connecting 
together two different metal plates using vertical legs made from 
alternating bunches of n-type silicon nanowires, in which excess 
electrons carry the charge, and p-type nanowires, in which 
the charge carriers are ‘holes’ caused by missing electrons (see 
image). According to Singh, the biggest challenge was connect-
ing the nanowires to the metal plates to allow a low resistivity 
contact and provide the optimum thermoelectric performance. 
To do so, they adapted established techniques from CMOS 
fabrication. “However, high contact resistance on the wire tops 
remains an issue and our design needs further improvements,” 
says Singh.

As an electrical generator, a TEG could be used to ‘self-power’ 
a section of an electronic circuit. “Further, they can be used to 

generate power and supplement batteries in most high heat 
flux systems like automobiles, semiconductor lasers and photo 
detectors,” suggests Singh. They could also provide an efficient, 
low-cost cooling system for removing hot spots.

Singh believes nanoscale TEGs could also be used in medical 
science to power implants in the human body: “A nanowire 
thermoelectric power generator fits the bill perfectly. They can 
be scaled to appropriate size and since they lack moving parts, 
they are reliable and could span the lifetime of the patient. Energy 
could then be extracted using the temperature gradient between 
the body and the environment.”  ■

1. Li, Y., Buddharaju, K., Singh, N., Lo, G. Q. & Lee, S. J. Chip-level 

thermoelectric power generators based on high-density silicon 

nanowire array prepared with top-down CMOS technology. 

IEEE Electron Device Letters 32, 674–676 (2011).
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The new thermoelectric generator uses silicon nanowire ‘legs’ to col-
lect heat from hot spots in electronic circuits

A tiny generator built from silicon nanowires can harness energy from the 
surplus heat produced in electronic circuits
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Data storage

Coupled duo

Spin valves are essential building blocks in the magnetic sensors 
of read heads in hard disk drives. They consist of two magnetic 
layers separated by a non-magnetic layer and act as valves for 
electrons depending on the relative alignment of the mag-
netization (spin) in the magnetic layers. With the continuous 
push to boost the storage density of disk drives, it has become 
increasingly important to shield each individual sensor from the 
magnetic flux of adjacent bits. However, the current approach of 
placing the read sensor between two magnetic shields limits the 
resolution with which information can be packed. 

To circumvent this issue, a read sensor using a ‘differential dual 
spin valve’ (DDSV) was previously proposed by Guchang Han 
and co-workers at the A*STAR Data Storage Institute. Based on 
two spin valves separated by a gap layer, it is not influenced by 
uniform magnetic fields (unlike single spin valve read sensors) 
but on field gradients. As Han explains, the packing resolution 
is thereby no longer limited by the magnetic shield-to-shield 
spacing, but by the thickness of the two active layers in the spin 
valves (called free layers) and the gap layer separating them.

In a significant step in understanding how the reading per-
formance of DDSVs is affected by further downscaling of the 
device dimensions, Han and his colleagues have now systemati-
cally studied the magnetic interactions between the free layers as 
a function of their thicknesses as well as the gap layer material 
and thickness1.

“There are mainly two types of interlayer interactions between 
the two free layers,” says Han. One is a magnetostatic interac-
tion, which propagates along the edges of the device. The other 
is mediated through the gap layer by either free electrons (the 
so-called RKKY interaction) or magnetic poles formed at the 
rough interfaces between the gap and free layers (Néel coupling).

While the Néel coupling is always ferromagnetic, thus 
favoring parallel alignment of the magnetizations in the free 
layers, the RKKY interaction can be either ferro- or antiferro-
magnetic, depending on the gap layer thickness and material. 

“From a DDSV working principle, it is desirable to have 
the two free layers couple antiferromagnetically,” notes Han. 
For patterned DDSV samples, the researchers showed that the 

magnetostatic edge coupling dominates the switching behavior. 
In contrast, for thin-film samples, it is governed by a competi-
tion between the RKKY and Néel coupling, which can be con-
trolled by the appropriate choice of gap material and thickness 
on the nanoscale.  ■

1. Han, G. C., Wang, C. C., Qiu, J. J., Luo, P. & Ko, V. Interlayer 

couplings in a differential dual spin valve. Applied Physics Letters 

98, 192502 (2011).
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Differential dual spin valves are promising building blocks for mag-
netic read heads in hard disk drives

Systematic study of the switching behavior in differential dual spin valves 
reveals the role of interlayer couplings
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Nanowire electronics

Seamless memory

As electronic devices become smaller and more sophisticated, the 
search for compact nonvolatile memory becomes increasingly 
important. However, conventional silicon technologies, such 
as complementary metal-oxide-semiconductor (CMOS) and 
floating gate flash memory, are fast reaching their scaling limit. 
Further miniaturization could seriously affect their performance 
and stability.

Navab Singh and co-workers at the A*STAR Institute of 
Microelectronics and the Nanyang Technical University of 
Singapore have now created a highly scalable method for storing 
data using vertical nanowires1. Their device contains none of the 
‘junctions’ commonly used in conventional silicon technologies 
and has a much smaller footprint.

In a CMOS device, a junction is the boundary of a p-type and 
an n-type semiconductor created by adding functional impuri-
ties selectively into the semiconductor crystal. In the new device, 
Singh and co-workers created an ‘electrical’ junction by carefully 
selecting the gate material based on their work function and 
eliminating the need for any doped junction inside the silicon 
nanowires. The charges are stored in a nitride thin film sand-
wiched between the surrounding gate and the wire, separated by 
thin oxide layers on both sides.

“The nanowires are uniformly doped without junctions and 
conduction through them is controlled by a gate surrounding their 
central portion,” explains Singh. “The gate material is selected 
such that when there is zero potential applied on the gate, the 
wire is fully depleted of carriers and the current cannot flow, 
creating an OFF state.”

The amount of charge tunneled into the nitride from the 
nanowire also influences the current through the wire. The dif-
ferent current values, namely ‘high’ or ‘low’, caused by different 
numbers of charges trapped and their position in the nitride, 
signify different data bits.

“Our devices, being vertical, enjoy multi-bit data storage per 
cell because charges trapped at different locations in the nitride 
do not interfere with each other, meaning they can remain far 
apart even with aggressive scaling of the footprint,” says Singh. 
“Such interference has been one of the key challenges in scaling 

the flash memory. Furthermore, we can put multiple cells on a 
single wire like a multi-storey building, allowing even more bits 
being stored per nanowire.”

The devices are sensitive to variations, so the researchers had 
to run the process under tight controls. In particular, the vertical 
nanowires must be uniform in shape due to differences between 
the top and bottom storage bits if tapered. 

Despite these challenges, Singh believes the junction-
less system may hold the key to future memory storage for 
data centers, computers and mobile devices. What’s more, by 
removing the doped junctions, devices could be much simpler 
and cheaper to make. ■

1. Sun, Y. et al. Junctionless vertical-Si-nanowire-channel-based 

SONOS memory with 2-bit storage per cell. IEEE Electron Device 

Letters 32, 725–727 (2011).

Vertical silicon nanowires prove to be an excellent platform for nonvolatile 
memory devices without the need for doped junctions
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Photonics

Light-and-heat therapy

Plasmonic nanoparticles are extremely sensitive to light, and 
even the tiniest amount can cause these particles to heat up. 
Scientists are now trying to use plasmonic nanoparticles in 
cancer therapy whereby light energy is converted into heat in 
order to kill cancer cells. The advantage of such treatment is that 
it does not cause side effects that are common to chemotherapy. 
Mingyong Han at the A*STAR Institute of Materials Research 
and Engineering and co-workers have now developed gold 
plasmonic nanocrosses that are particularly suited to eliminat-
ing cancer cells in cancer therapy 1.The team demonstrated the 
usefulness of these nanocrosses by using them to kill human 
lung cancer cells.

In general, metallic nanostructures have a particular frequency 
at which light excites electrons close to their surface. The collec-
tive movement of electrons, or resonance, in the metal is what 
converts the light energy into heat. The wavelength at which the 
resonance occurs is strongly dependent on the size and shape of 
the nanostructures.

For biomedical applications, the nanostructures should be 
effective no matter which direction they are illuminated from. 
Furthermore, the nanostructures should be efficient in absorbing 
near- to mid-infrared wavelengths because tissue is transparent to 
the light of these wavelengths.

Based on these requirements, the researchers decided to make 
gold nanocrosses (see image). In normal synthesis, however, gold 
would usually grow into the shape of the nanorods. To fabricate 
nanocrosses, the researchers added copper ions to the growth 
solution. The incorporation of small amounts of copper caused 
a twinning of the gold’s crystal structure, which in turn led to 
the growth of side arms from the crystal facets. “The unique 
cross-shaped gold structure enables multi-directional excitation 
to achieve a strong plasmonic resonance in the near- and mid-
infrared region. This greatly lowers the laser power required for 
photothermal cancer therapy compared to nanorods,” says Han.

The researchers tested the performance of their gold nano-
crosses by modifying their surfaces and binding them to human 
lung cancer cells. When irradiated with near-infrared laser light 
of relatively modest powers of 4.2 W/cm2 for 30 seconds, all 

cancer cells were killed. The researchers are now planning to test 
the effectiveness of the gold nanocrosses on animal models in 
future experiments.

Other applications of the gold nanocrosses are also possible, 
including photothermal imaging, in which small amounts of 
light are converted into local heat, or the sterilization of surfaces. 
“In our current research, we are studying gold nanocrosses 
for the photothermal destruction of superbugs on biofilms,” 
says Han. ■

1. Ye, E. et al. Plasmonic gold nanocrosses with multidirectional 

excitation and strong photothermal effect. Journal of the 

American Chemical Society 133, 8506–8509 (2011).
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Plasmonic nanocrosses that heat up when illuminated can be used to 
kill cancer
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Photonics

Better connected

Silicon is a unique material that has revolutionized electronics; 
it enables engineers to put millions of electrical devices onto 
a single chip. Replacing the electrical currents in this technol-
ogy with beams of light could enable even faster information 
processing. Qian Wang at the A*STAR Data Storage Institute 
and co-workers1 have now designed a crucial component for 
such optical chips — a connector that links the silicon chip to 
an optical fiber. Such a device should enable efficient light input 
and output.

Silicon is a promising platform for dense photonic integra-
tion because sub-micrometer-sized silicon wires, known as 
waveguides, are capable of tightly confining and guiding light. 
As the technology required for processing silicon in this way 
already exists, silicon nanowires are attracting attention from 
the electronics industry. The challenge, however, is to be able to 
insert and extract a beam of light efficiently into and out of such 
tiny structures.

Wang and his team have now designed an ultra-compact lens 
that can be directly integrated into the silicon chip at the end of 
the waveguide. Their proposed lens is based on an idea known 
as a graded refractive index (GRIN) lens. The common GRIN 
lens usually distorts a light beam as it is collimated or focused, 
resulting in a so-called aberration. “We now propose a computa-
tional algorithm that can generate a novel graded refractive index 
profile for the GRIN lens and thus achieve aberration-free sub-
wavelength focusing and highly efficient coupling,” says Wang.

The team of researchers’ graded index structure consists of a 
stack of alternating layers of two materials — for example, using 
silicon, which has a high refractive index, and silicon dioxide, 
which has a low refractive index. The layers of silicon are thicker 
than those of silicon dioxide at the optical axis, but this gradually 
reverses higher up in the stack.

Simulations showed how this structure could expand out light 
travelling along a 300 nanometer-thick silicon waveguide so that 
it couples to a fiber with a diameter of 10.4 micrometers. With 
appropriate anti-reflection coating, the coupling efficiency was 
calculated to be as high as 90%. The team of researchers also 
assessed the sensitivity of the optical coupling to any movement 

of the fiber, indicating that the new approach would provide a 
compact, efficient and robust way of achieving fiber-to-nanopho-
tonic chip coupling. The next step will be to demonstrate this 
concept experimentally. “We plan to incorporate the idea into an 
electronic–photonic integration platform,” says Wang.  ■

1. Wang, Q., Loh, T. H., Ng, D. K. T. & Ho, S. T. Design and analysis 

of optical coupling between silicon nanophotonic waveguide 

and standard single-mode fiber using an integrated asymmetric 

super-GRIN lens. IEEE Journal of Selected Topics in Quantum 

Electronics 17, 581–589 (2011).
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A novel link between optical fibers and nanometer-scale silicon structures 
could aid the development of integrated optical circuits
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Nanomaterials

A coating protocol

Quantum dots (QDs) are tiny crystals of semiconducting 
material that produce fluorescence. The color or the wavelength 
of the fluorescence is dependent on the size, shape and com-
position of QDs. Larger QDs tend to emit light at the red end 
(longer wavelengths) of the electromagnetic spectrum. As the 
size of the QDs decrease, so does the wavelength of emitted 
light. This tunability of emission wavelength is one reason why 
QDs have become popular for use as fluorescent markers in 
biological research. For example, scientists can attach QDs to 
single molecules and cells and track their movements over time 
using fluorescence microscopy.

Dominik Jańczewski, Nikodem Tomczak and Ming-Yong 
Han at the A*STAR Institute of Materials Research and 
Engineering and co-workers1 have now described a protocol for 
the preparation of quantum dots coated with an amphiphilic 
polymer —  a polymer that contains both water-attracting 
and -repelling components. “Our aim is to develop a robust 
approach for the preparation of QD for use as fluorescent 
tags for bioimaging, sensing and therapeutics,” says Han. “The 
method we have developed is applicable to any nanoparticles, 
not just QDs.”

Most biological applications require the use of QDs that 
disperse and remain stable in an aqueous solution. Conventional 
approaches for synthesizing QDs typically endow the QDs 
with a coating of hydrophobic ligands, which are repelled by 
water. Although it is possible to exchange the ligands after syn-
thesis, a ligand shell that is exchangeable is, by its very nature, 
unstable and might result in the release of toxic materials, such 
as cadmium, into solution.

Instead of exchanging the ligands, an alternative method to 
make the QDs disperse in water is to coat them with a polymer 
that has both hydrophilic and hydrophobic parts. This works on 
the simple principle that like attracts like — or in other words, 
hydrophobic parts of the polymer attract hydrophobic ligands 
that stabilize the QDs, and hydrophilic parts of the polymer 
attract water molecules in solution.

The new protocol describes the procedure in detail and aims 
to provide the benefits of the research team’s experience in QD 

synthesis to others whose interests might be focused more on 
applications rather than the development of synthetic methods. 
The synthesis of the polymer coating allows the incorporation 
of a wide variety of functional groups. “In the future we hope to 
work towards image guided therapy,” says Han. “QDs could be 
prepared that not only produce an image of cancer cells, but also 
release drugs at such a target.”  ■

1. Jańczewski, D., Tomczak, N., Han, M.-Y. & Vancso, G. J. Synthesis 

of functionalized amphiphilic polymers for coating quantum dots. 

Nature Protocols 6, 1546–1553 (2011).
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Image of mammalian cancer cells incubated with red light-emitting 
quantum dots. The cell nuclei are stained blue.

A robust approach for preparing polymer-coated quantum dots may find 
use in a wide range of applications
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Bioengineering

Heart-to-heart

Scientists are one step closer to creating a functioning human 
heart grown from a patient’s own stem cells. By seeding cells 
on cadaveric hearts stripped down to their underlying structure, 
a team of researchers led by Andrew Wan and Karthikeyan 
Narayanan at the A*STAR Institute of Bioengineering and 
Nanotechnology1 (IBN) have produced two different types 
of heart tissues, both of which will be needed to make a fully 
beating organ.

The researchers set out with a simple question: could the 
scaffold left behind in so-called ‘decellularized’ hearts guide 
pluripotent cells to form new heart tissues without the need for 
external cues? To find the answer, the researchers used the hearts 
of mice and removed all heart cells with a detergent solution, 
leaving just the extracellular matrix, a fibrous tangle made pri-
marily of collagen protein and growth factors.

Next, the researchers repopulated the scaffold with either 
human embryonic stem cells (ESCs), which can change into all 
cell types of the human body, or mesendodermal cells (MECs), 
which can give rise to heart cells only. 

After two weeks of culturing, the researchers characterized 
the resulting cells in a laboratory dish and by growing the cells 
in mice, and found that both the ESCs and MECs expressed a 
number of key genes involved in heart muscle function. 

“This indicates that the signaling instructions present in the 
extracellular matrix can direct pluripotent stem cells to differen-
tiate to heart cells,” says Wan.

However, there were some important differences between 
the tissues depending on the cell source. Only heart tissues 
derived from MECs expressed genes for the myosin light chain, 
a critical motor protein involved in muscle contraction, whereas 
those from ESCs preferentially expressed genes for the myosin 
heavy chain. 

Independent analyses of stem cell-derived heart muscle 
tissues have shown that the more mature cells tend to favor the 
expression of the light chain over the heavy chain. Although the 
IBN team did not observe any beating cells in their scaffold, 
they believe that MECs alone would be the better choice as they 
are the more committed cell type. In addition to forming heart 

muscle cells, the seeded stem and progenitor cells also gave rise 
to endothelial cells, another crucial type of heart tissue, with 
the differentiated cell type ultimately dependent on where the 
implanted cells came into contact with the scaffold. 

The findings underscore the value of using pluripotent cells to 
generate a potentially limitless supply of bioartificial hearts.  ■

1. Ng, S. L., Narayanan, K., Gao, S. & Wan, A. C. Lineage restricted 

progenitors for the repopulation of decellularized heart. 

Biomaterials 32, 7571–7580 (2011).

Stem cells grown on a scaffold form new heart tissues and may lead to 
the creation of functioning bioartificial hearts
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Microscopy 

Diamonds are a probe’s 
best friend

Surface imperfections in devices such as gears or levers can have 
disastrous effects on reliability. Recent studies have demonstrated 
the usefulness of atomic force microscopes (AFMs) — instru-
ments that use tiny silicon-based tips to trace out the topography 
of all kinds of substrates — in determining surface roughness 
non-destructively. Using AFMs effectively in industrial work-
places, however, is not straightforward and requires a different 
approach to microscope design. As the AFM tip height and 
scanning mechanisms restrict measuring movements to fewer 
than ten micrometers vertically and several tens of micrometers 
laterally, most AFMs can only measure the surfaces of extremely 
small objects.

Shihua Wang at the A*STAR Singapore’s National Metrology 
Centre and co-workers have now developed an AFM that can 
measure groove structures that are 100 micrometers deep, thanks 
to a self-fabricated, razor-sharp tip made from diamond1. By 
attaching this tip to a large-range metrological AFM (LRM-
AFM), the researchers have developed an AFM capable of 
scanning in millimeter-range with nanoscale resolution.

Wang and his team were interested in using AFMs to measure 
nano- and micro-scale ‘steps’ made from rectangular grooves 
carved into solid silicon. These objects with depth over 10 
micrometers, which are important metrological standards used to 
calibrate surface profiling instruments, are impossible to inspect 
using normal AFMs. In addition to scanner limitations, the 
normal design of an AFM probe — in which a short tip extends 
off a long horizontal cantilever — often causes collisions with 
groove sidewalls if the step is deeper than the tip’s height.

To solve this problem, the researchers first used a novel cata-
lytic process to grow a thin diamond pillar, over 100 micrometers 
long, from a flat substrate. They then used a focused ion beam 
to sharpen the pillar’s end into a three-side pyramidal tip with a 
radius in the order of ten nanometers — a challenging procedure, 
according to Wang. Finally, they carefully glued the diamond tip 
onto a micro-cantilever into their recently developed LRM-AFM 
that has millimeter-scale scanning ranges.  

The researchers revealed that their diamond tip had a high 
mechanical quality, and could resolve surface structures with 

greater than nanometer resolution. In addition, the tip’s extended 
length — over ten times greater than conventional tips — meant 
that the the diamond tips could easily scan step structures ranging 
from several nanometers to 100 micrometers in depth. This 
approach even enabled accurate measurements of the difficult-to-
spot groove sidewalls.

Once the researchers optimize the scanning parameters of this 
new microscopy technique, they anticipate that this may lead to 
the exploration of new applications in the semiconductor and 
precision engineering industries, which may in turn help manu-
facturers achieve even greater production consistencies.  ■

1. Wang, S. H., Tan, S. L., Xu, G. & Koyama, K. Measurement of deep 

groove structures using a self-fabricated long tip in a large range 

metrological atomic force microscope. Measurement Science 

and Technology 22, 094013 (2011).
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Long diamond tips could broaden the three-dimensional measuring 
capabilities of atomic force microscopes
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Catalysis

Direct arene amination

Pharmaceuticals and agrochemicals frequently contain aromatic 
amines. Even in cases where an aromatic amine is not present in 
the final product, it can often serve as an important intermediate 
in the synthesis of heterocyclic compounds, which form the basis 
of many pharmaceutical products. As such, synthetic organic 
methodology to produce aromatic amines is arguably one of the 
most important reactions for the fine chemicals industry.

Yugen Zhang and co-workers from the A*STAR Institute 
of Bioengineering and Nanotechnology1 have now developed 
a new gold-catalyzed method for the formation of aromatic 
hydrazides by direct reaction of an azodicarboxylate with an 
arene carbon–hydrogen bond.

Aromatic hydrazides are close relatives of aromatic amines. 
They can be converted to aromatic amines easily or, as in the 
case of the antihypertensive drug hydralazine (apresoline), can 
be found in the drug molecule itself.

“Previous research into these reactions focused on acid-
catalyzed activation of the azodicarboxylate partner,” explains 
Zhang. “We believe our method was successful because the gold 
catalyst could activate both reacting partners.”

In recent years, metal-catalyzed reactions to form a carbon–
nitrogen bond by reaction of aromatic halides have become 
increasingly widespread. Such reactions, however, require an 
additional step to form the initial carbon–halogen bond. The 
methodology reported by Zhang and co-workers does not 
require this first step and is an example of a rapidly emerging 
area of chemistry known as C–H activation.

Chemical reactions are rarely perfectly efficient, so simply 
eliminating a step, as in the aforementioned halogenation, can 
result in a higher overall yield of product. More importantly, 
the application of chemical reactions on an industrial scale may 
lead to the production of vast quantities of waste solvents and 
byproducts. Consequently, eliminating a step in the process 
can benefit the environment as well as providing a more 
efficient process.

There are several reasons why other groups have never devel-
oped such processes before. The first reason is that C–H bonds 
are typically not very reactive. The second reason is that there 

are often many C–H bonds in organic molecules, so selecting 
one to react can be difficult. So far, Zhang and his team have 
shown their reaction is successful for the amination of a range 
of simple arenes.

“We are particularly excited about the successful reaction 
with electron-deficient arenes, which nobody has made before,” 
says Zhang. “We are now trying to expand the scope of possible 
substrates for these reactions. We hope that the approach might 
ultimately be applied in the industry.” ■

1. Gu, L., Neo, B. S. & Zhang Y. Gold-catalyzed direct amination 

of arenes with azodicarboxylates. Organic Letters 

13, 1872–1874 (2011).
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A new gold-catalyzed reaction for the synthesis of aromatic amines could 
lead to greener production of pharmaceuticals and other fine chemicals

A gold catalyst brings together an arene (blue) and an azodicarboxyl-
ate (red) to produce an aromatic hydrazide (top). Also shown is the 
structure of the antihypertensive drug Hydralazine (apresoline).
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Surface plasmon resonance — the collective vibration of 
electrons on the surface of metallic nanostructures in response 
to excitation with light or charge — has recently gained much 
attention from the scientific community because of its wide 
range of possible applications, particularly in photonics. 

Mohsen Rahmani and co-workers from the A*STAR 
Data Storage Institute1, working in collaboration with the 
Department of Electrical and Computer Engineering, 
National University of Singapore, have now expanded the 
potential uses of this phenomenon with their discovery 
that the surface plasmonics of assemblies of nanoparticles 
closely resembles the energetic interactions among atoms in 
two-dimensional molecules.

The resonance properties of surface plasmons are determined 
by the precise makeup up of the nanostructure, including the 
metal, the substrate and even the shape of the structure itself. 

Interactions among nanostructures when brought close 
together can also significantly alter the plasmon resonance of 
the system. This approach has been studied for application in 
the design of very sharp plasmon resonances that are highly 
sensitive to the external environment, with uses, for example, 
in gas sensing.

The researchers studied complex two-dimensional designs 
based on assemblies of four gold nanodiscs (see image). With 
the gap between discs set at just 18 nanometers, strong interac-
tions occurred among the plasmonic modes of the individual 
discs. Conceptually, this interaction among the optical states 
of the gold nanodiscs is similar to the electronic interaction 
between atoms in a molecule. 

“The trigonal planar molecules mimicked in our work 
are among the few naturally occurring planar molecules,” 
comments Rahmani.

As in a molecule, the interactions among nanodiscs in a plas-
monic system lead to multiple plasmon resonance peaks instead 
of the sole peak produced by a single isolated disc. “Based on 
such direct analogies, plasmonic nanostructures could therefore 
be a convenient tool to study the properties of more complex 
molecules,” explains Rahmani. In the future, the researchers 

plan to design and fabricate three-dimensional structures, 
which would allow them to study a wider range of molecules. 
Such studies could lead to a better understanding of molecular 
orbital theory in planar trigonal molecules, and of the behavior 
of carbon atoms within graphene sheets. 

The analogy between molecules and plasmonic structures 
could also be used to advance the development of a number of 
photonic devices. 

“The analogy could benefit applications in nanolithography, 
optical switching and nonlinear spectroscopy,” says Rahmani. 

Given the vast number of molecules available as blueprints 
for the design of specific properties, the potential applica-
tions of such plasmonic systems are expected to be numerous 
and far-reaching. ■

1. Rahmani, M. et al. Influence of plasmon destructive 

interferences on optical properties of gold planar quadrumers. 

Nanotechnology 22, 245204 (2011).
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Plasmonic model systems. Arrangements of four gold nanodiscs into 
a trigonal structure resemble the structure of planar molecules, so 
that the optical properties of these devices are in close analogy to the 
electronic states of actual molecules.

Similarities between the electronic states of molecules and the 
optical properties of gold nanostructures aid the development of new 
photonic devices
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The design of biological molecules 
that mimic living structures and 
tissue is emerging as one of the 

most valuable strategies in bioengineer-
ing. Such biomimetic molecules, coupled 
with increasingly accurate simulations of 
cellular growth and responses, are leading 
to a wide range of regenerative applications 
as well as the development of controlled 
drug delivery systems and biochips for 
pharmaceutical research and diagnosis. 
In a significant step forward in the field, 
Charlotte Hauser and co-workers at the 
A*STAR Institute of Bioengineering and 
Nanotechnology (IBN) have designed a 
new class of ultrasmall peptides capable of 
self-assembling into a variety of structures 
such as membranes, micelles, tubules and 
gels that are suitable for application in tis-
sue engineering and regenerative medicine.

Bioengineering breakthrough
The unique class of self-assembling pep-
tides designed by the IBN research team 
consists of only 3 to 7 amino acids, in con-
trast to conventional peptides that usually 

require 16 to 32 amino acids. Each peptide 
molecule is characterized by a water-solu-
ble ‘polar head’ and a water-insoluble ‘tail’, 
and this ampiphilic property enables the 
molecules to self-assemble spontaneously 
in water to form hydrogels — stiff, water-
based gels held together by stable fibrous 
structures. These natural peptide-based 
hydrogels offer an attractive, low-cost 
alternative for the manufacture of biomi-
metic materials, as they do not require the 
addition of enzymes or chemical agents 
during the process of formation.

Using field-emission scanning electron 
microscopy (FESEM), the researchers 
observed that the structure of the peptide-
derived hydrogels is remarkably similar 
to collagen, the most abundant protein 
in mammals and the main component of 
connective tissue found in tendons, carti-
lage, ligaments, bone, adipose tissue and 
lymphatic tissue.

New treatments for 
spinal disc damage
The biocompatibility of the peptide-
derived hydrogels developed by Hauser 
and her co-workers have particularly 
promising applications in the development 
of new treatment options for cartilage 
repair and spinal disc replacement. “We 
are currently investigating the potential 
of our peptide scaffold for the treatment 
of degenerative disc disease,” says Hauser. 
“We hope to offer an injection therapy 
that would render invasive surgical treat-
ment obsolete, to meet the clinical need for 
disc prostheses that could inhibit or repair 
early-stage disc damage.”

Degenerative disc disease — a debili-
tating condition caused by the erosion of 

a collagenous substance called nucleus 
pulposus in the middle of the spinal 
disc — currently affects approximately 
85% of people by the age of 50. New cura-
tive therapies afforded by next-generation 
bioengineering are therefore of particular 
interest in orthopedics. Existing treat-
ments often involve implanting an arti-
ficial disc made of metal or rigid plastic, 
but the design of biocompatible hydrogels 
that are capable of absorbing mechanical 
shock and providing flexibility by closely 
replicating the properties of a natural 
spinal disc could prove to be a much more 
effective treatment while at the same time 
being much less invasive.

Hauser and her co-workers discovered 
that their peptide-derived hydrogels are 
heat-resistant up to 90°C and demon-
strate tunable, high mechanical strength. 
The stiffness of the hydrogels can also 
be tailored by altering the concentra-
tion of the peptide, besides changing the 
ionic strength and pH. The entrapment 
of large amounts of water, in some cases 
up to 99.9%, results in the formation of 
three-dimensional peptide scaffolds that 
resemble a porous honeycomb-like struc-
ture. The tunable mechanical properties of 
the hydrogels may lead to the development 
of biomaterials that could be more readily 
customized to individual patients.

Insights into 
degenerative diseases
In another study, Hauser and her co-work-
ers discovered that the self-assembly of 
ultrasmall peptides mimics the formation 

Self-assembling 
biomimetic 
nanostructures
A new class of ultrasmall peptides with 

biomimetic properties paves the way to diverse 

biomedical applications.
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Scanning electron microscopy image of 
fibrous structures formed by self-assembly of 
ultrasmall peptides. These structures closely 
resemble collagen fibers.
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Scanning electron microscopy image of the 
honeycomb-like structure of the peptide scaf-
folds, which enable the hydrogels to contain 
large amounts of water
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of amyloids, a common pathological 
feature in degenerative diseases such as 
Alzheimer’s, Parkinson’s and prion dis-
eases, as well as type II diabetes.

The ultrasmall peptides could therefore 
serve as a model system to address funda-
mental questions about disease onset and 
progression. Further investigations into 
the self-assembly process could also lead 
to the development of new therapeutic 
approaches specifically targeted at the pre-
vention or control of amyloid formation.

Diverse applications
The IBN’s research into biomimetics is 
not restricted to therapeutic applications. 
Recent developments at the institute 
include the design of coatings for bioar-
tificial kidneys and the synthesis of new 
antimicrobial agents.

As the new class of ultrasmall peptides 
designed by Hauser’s team consists of 

simple, aliphatic amino acids similar 
to those that existed in the ‘primor-
dial soup’ from which all life is thought 
to have evolved, studying how these 
molecules interact and assemble spon-
taneously could provide important clues 
to the origin of life and the mechanisms 
underlying evolution.

By altering the amino acid sequence of 
the ultrasmall peptides, Hauser and her 
co-workers have discovered that it is pos-
sible to form a surprisingly wide variety 
of nanostructures, including hollow nano-
spheres, short, flat fibers, elongated helical 
fibers and spiderweb-like structures. The 
shape and stability of the nanostructures 
is critically dependent on factors includ-
ing the length of the hydrophobic tail 
and the polar nature of the head of the 
peptide, as well as the pH and peptide 
concentration used in the preparation 
of the nanostructure. The ability to tune 

the physical and chemical properties of 
peptide nanostructures may also make 
them suitable for applications in novel 
biosensing devices.

The most exciting possibilities for 
self-assembling peptides, however, are in 
biomedical applications due to their close 
resemblance to natural polypeptides. 
Hauser envisions that new advances in 
wound healing and skin treatment, as well 
as cosmetic applications, may be available 
within the next five or seven years. To re-
alize this goal, Hauser and her co-workers 
are currently focusing on clinical trials 
and establishing industrial partnerships. 
“IBN aims to create new biomaterial 
platforms based on nanotechnology,” says 
Jackie Y. Ying, IBN’s executive director. 
“This unique class of ultrasmall peptides 
are biomimetic, and have excellent po-
tential as cell culture substrates and tissue 
engineering scaffolds.” 

The Young Scientist Awards, orga-
nized by the Singapore National 
Academy of Science (SNAS) and 

supported by A*STAR, are a prestigious 
recognition of excellence in scientific 
research, celebrating some of the most 
innovative work being conducted by young 
researchers based in Singapore.

Now running for the 16th consecutive 
year, the awards are open to entries from 
scientists and engineers under the age of 
35 who are actively engaged in research and 
development in Singapore, and who dem-
onstrate great potential to be world-class 
researchers in their fields of expertise.

The A*STAR/SNAS Young Scientist 
Awards are presented in two categories: 1) 

Biological and Biomedical Sciences, and 
2) Physical, Information and Engineering 
Sciences. Those eligible to be nominated 
include Singapore citizens, permanent 
residents, or foreign citizens who have been 
working in Singapore for at least three years, 
born on or after 1 January 1977. The winners 
of the Young Scientist Awards each receive 
$10,000 in cash, a trophy and a certificate at 
a formal ceremony to be hosted by A*STAR 
in September 2012.

The search for exceptional talent
Amidst intensifying global competition for 
top research talent, Singapore continues 
to attract some of the brightest minds 
in science and to foster homegrown 

talent with both research and industry 
skills, thereby expanding R&D-driven 
research capacity and nurturing innovation 
and entrepreneurship.

As Singapore’s lead government agency 
dedicated to fostering world-class scientific 
research and talent for a vibrant knowledge-
based economy, A*STAR has a long and 
abiding interest in recognizing and support-
ing the work of talented young scientists. 
“The evaluation committees are generally 
very interested in people with exceptional 
talent and potential,” says Andy Hor, Chair-
man of the Organizing Committee of the 
A*STAR/SNAS Young Scientist Awards 
and Executive Director of the A*STAR In-
stitute of Materials Research and Engineer-
ing. While many candidates may display 
outstanding intellectual abilities, or may 

Celebrating 
Singapore’s young 
scientific talent
The A*STAR/SNAS Young Scientist Awards are helping 

to spur innovation and creativity in Singapore by 

celebrating the work of outstanding young researchers.

The 2011 Young Scientist Award winners 
received their awards from A*STAR Chairman, 
Lim Chuan Poh (third from right), and Minister 
of Trade and Industry, Lim Hng Kiang (third 
from left).
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have already demonstrated high journal 
publication productivity, Hor notes that the 
awards are intended to recognize those who 
stand out from the crowd by demonstrating 
truly exceptional capabilities.

“‘Exceptional’ implies qualities that are 
not commonly found,” says Hor. “The 
Young Scientist Awards are all about talent-
scouting early, and this requires a perceptive 
analysis of potential. You don’t have to be 36, 
37 or 38 to prove yourself. I have seen some 
candidates whose potential is very evident 
even at the age of 31, 32 and 33 — soon 
after they start their independent research.”

By shining a light on early-career scien-
tists who are passionate about their work, 
the Young Scientist Awards are one of 
several prominent awards and scholarships 
supported by A*STAR that aim to nurture 
the next generation of scientists whose 
breakthrough discoveries and inventions 
will help shape the future of science in Sin-
gapore. “A*STAR has developed a compre-
hensive system to develop our scholars and 
advance their careers,” says Hor. “We need a 
balanced ecosystem of early career research-
ers and senior scientists, and a diversity of 
local and international talents, as well as a 
good mix of basic, translational and applied 
research activities.”

“Those who are truly outstanding look 
for problems that are fundamental and 
have far-reaching impact,” says Hor. “Many 
of these problems may also influence how 
their peers look at science, and how we 
understand basic concepts and principles.”

Based on his distinguished academic 
background in the area of organometal-
lic complexes and catalytic materials, and 
renowned as an outstanding educator 
and mentor, Hor has many tips for young 
researchers embarking on a career in sci-
ence. He emphasizes the importance 
of getting the basics right, of choosing 

advisors carefully, of being prepared to 
venture into new ground, and the need to 
respect experimental observations as being 
among some of his top tips for a successful 
scientific career.

In addition, Hor comments, “Being 
‘target-driven’ is usually a virtue, but when 
you do that at the expense of ignoring the 
unexpected outcome, you wouldn’t be a 
very good scientist. Some of the greatest 
scientific findings in human civilization 
were not engineered, but arose out of pure 
serendipity. This is the beauty of science that 
our young people must appreciate. Finally, 
good communication is a must, for anyone 
who wants to do well in science.”

Building bright futures
Many of the previous winners of the 
A*STAR/SNAS Young Scientist Awards 
have gone on to pursue rewarding careers 
in science, technology and engineering. For 
Yan Shuicheng, a 2011 award winner for 
his work on computer vision, multimedia 
and machine learning, the Young Scientist 
Awards offered a chance to gain a fresh per-
spective on the applications of his research.

“The Young Scientist Awards have 
driven me to work on projects with even 
higher impact and value, especially in terms 
of commercialization possibilities,” says 
Yan. In his current position as Assistant 
Professor at the Department of Electrical 
and Computer Engineering, National Uni-
versity of Singapore, Yan has been working 
on a project to develop ‘human clothing 
recommendation technology’ — a novel 
method of body detection and analysis 
based on algorithms that may lead to the 
development of personalized recommen-
dation services, online search systems and 
intelligent advertisements. Yan is also work-
ing on developing core technology for a 

nation-scale surveillance system, exploring 
new ways to integrate video analytics and 
cloud computing as part of various collab-
orative research projects.

For Mahesh Uttamchandani, a 2011 
award winner in the Biological and Bio-
medical Sciences category, the Young 
Scientist Awards have not only generated 
widespread interest in his work at the cut-
ting edge of proteomics and genomics, but 
have also enabled him to take on greater 
risks and challenges. 

With regard to the growing importance 
of cross-disciplinary research in solving 
biological problems, Uttamchandani com-
ments, “I think the greatest advances in 
R&D during the 21st century will come 
from the interfaces between disciplines 
and not from established fields in and 
of themselves. Few traverse the invisible 
boundaries between fields, but those who 
do find the journey highly enriching and 
rewarding... I myself find it very fruitful 
to interact with engineers, clinicians, art-
ists, physicists, writers and policy makers, 
which has over the years shaped my re-
search and thinking.”

Uttamchandani, who currently pursues 
his research as Assistant Professor at the 
Defence Medical and Environmental 
Research Institute, DSO National Labo-
ratories, Singapore, adds that there remains 
much to be explored at the frontiers of in-
terdisciplinary research: “My chosen field of 
research is chemical biology, which capital-
izes on the interface between two seemingly 
divergent disciplines. As a relatively new 
area of research, it has much to contribute 

Andy Hor, Chairman of the Organizing 
Committee of the A*STAR/SNAS Young 
Scientist Awards and Executive Director of the 
A*STAR Institute of Materials Research and 
Engineering

Yan Shuicheng, Young Scientist Award 
winner, 2011

Mahesh Uttamchandani, Young Scientist 
Award winner, 2011
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through a concerted cross-fertilization of 
ideas between biology and chemistry. The 
biggest challenge remains the ability to 
accurately depict and profile complex liv-
ing systems in their natural state, in order 
to unravel the mysterious and fascinating 
molecular underpinnings of life.”

Chen Yuan, another recipient of the 2011 
Awards in the Physical, Information and 
Engineering Sciences category, comments, 
“It is a great honor to be recognized by the 
A*STAR/SNAS Young Scientist Awards. 
It offered an excellent opportunity for me 
to interact with fellow recipients, as well 
as recipients of the President’s Science and 
Technology Awards through various events 
organized by A*STAR/SNAS.” 

Chen adds, “The award has provided me 
with fresh aspirations — it inspires me to 

work hard, and make real contributions to 
society.” Since receiving the award for his 
outstanding research on carbon nanotube 
and nanotoxicology of carbon nanomateri-
als, Chen has been continuing his research 
as Associate Professor at the School of 
Chemical and Biomedical Engineering, 
Nanyang Technological University. “My 

current research focuses on two aspects,” 
explains Chen. “From a fundamental 
understanding aspect, I am working with 
researchers from Yale and Cambridge to 
elucidate the chirality selectivity in carbon 
nanotube growth. And from an engineer-
ing application aspect, I am working with 
researchers from the Singapore Membrane 
Technology Centre to incorporate func-
tional carbon nanotubes in membranes 
for water treatment applications. I am 
also exploring the applications of novel 
carbon nanomaterials in flexible energy 
storage devices.” 

Based on his wide-ranging experiences 
in both basic and applied research, Chen 
has the following words of advice for bud-
ding scientists: “Focus on what you are 
good at, and make it excellent.” 

Chen Yuan, Young Scientist Award winner, 2011

With the ever-increasing popu-
larity of on-demand media 
and the continued rise of 

video hosting sites such as YouTube, which 
streams upwards of four billion videos 
per day, there has been a growing need to 
find innovative and affordable solutions to 
store, manage and playback multimedia for 
different devices.

The Scalable Multimedia Platform 
(SMP) technology, developed at the 
A*STAR Institute for Infocomm Research 
(I²R), is one of the first of its kind to provide 
an adaptable media coding, management 
and delivery system that offers enhanced 
end-user experience. The technology uti-
lizes a single ‘layered’ source file that can 
adapt automatically to devices ranging from 
smartphones and personal computers to 

high-definition televisions. Now, the game-
changing SMP software technology enters 
new ground with the announcement that 
Reachfield IT Solutions, a leading-edge 
Singapore-based IT business solutions 
provider, has signed an agreement with Ex-
ploit Technologies Pte Ltd, the technology 
transfer arm of A*STAR, to develop and 
market the technology.

“I believe the Scalable Multimedia Plat-
form (SMP) has the potential to transform 
how media content is encoded, managed 
and distributed over the Internet.  It brings 
significant benefits to content producers 
such as broadcasters and content aggrega-
tors by greatly reducing their total costs 
of operation and ownership,” says Tan 
Geok Leng, Acting Executive Director of 
I²R. “With a single encoding process, the 

scalable files will simplify management of 
files while slashing expensive server storage 
space and uplink bandwidth usage. SMP 
also offers the best quality of viewing ex-
perience via its dynamic scalable streaming 
capability to the end users, on any networks 
and on any device ranging from mobile, 
tablet, PC to a full-fledged HDTV.”

A one-stop, scalable solution
Designed from the ground up to be scal-
able, the SMP technology eliminates the 
need for the creation of multiple files to 
cater to a range of bandwidths and device 
resolutions. Conventional video streaming 
systems depend on non-scalable video 
codec such as H.264 (AVC), VP8 and 
WMV. By relying on a single compressed 
video file, non-scalable video codec cannot 
support the type of uninterrupted, high-
quality playback experience that users have 
come to expect in both domestic and busi-
ness settings. The SMP avoids this problem 
by providing an intelligent client plug-in, 
leading to a more sophisticated, adaptive 
approach to video streaming.

“Scalable Multimedia Platform clients 
achieve real-time quality-of-experience 
adaptation for a smooth viewing experience 
without re-buffering in almost all reason-
able conditions,” explains Jo Yew Tham, 
principal investigator of the SMP projects 
at I²R. “This is in contrast with many ex-
isting video solutions on the market that 
cause video players to stall and re-buffer 
repeatedly; as a stop-gap solution, some 
service providers generate many different 

Video-on-demand 
goes one step  
further
A*STAR’s Scalable Multimedia Platform technology 

enters a new phase of commercialization, bringing 

its ‘anytime, anywhere’ high-quality video streaming 

solution to a wider audience.
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video file versions, which are then broken 
up into smaller fragments. The server is 
then burdened with switching between 
these smaller pieces for streaming to each 
individual client. Such an approach not 
only increases storage, but can also create 
a bottleneck for server-side scaling, making 
it difficult to respond to the needs of a large 
pool of clients on different devices across 
fluctuating network conditions.”

The SMP is a comprehensive scalable 
multimedia platform that leverages the 
latest ISO/IEC H.264 (SVC) scalable 
video coding standard, which is the scalable 
extension of the popular H.264 (AVC) 
standard. The single compressed video file 
comprises multiple layers, including a base 
layer and multiple enhancement layers. 
Tham draws on the analogy of an onion to 
describe the base layer residing at the core, 
with each additional enhancement layer 
successively improving the spatial resolu-
tion, picture quality, and video playback 
frame rate.

“Using a single scalable video file — a 
layered ‘onion’ — our SMP streaming 
server can dynamically ‘peel’ and deliver 
only the appropriate video layers to the re-
spective clients,” says Tham. “For example, a 
smartphone can receive only the base layer 
and play back a mobile resolution version 
of the video. A tablet can receive the base 
layer and one enhancement layer to ren-
der a higher spatial resolution version. A 
high-definition television can receive even 
more enhancement layers of the ‘onion’ and 
display a full high-definition version of 
the same video at full frame-rate and the 
highest quality.”

By effectively scaling down the need 
for data storage space, as well as reducing 
labor costs associated with file transcoding 
and management, SMP is an affordable 
technology that lends itself particularly 
well to digital archiving, for example at 
libraries, galleries, museums and heritage 
sites. Reachfield IT Solutions is continuing 
to promote the technology to their exist-
ing customers, including the Ministry of 
Foreign Affairs Singapore, the Singapore 
Tourism Board, and the National Archives 
of Singapore.  

Anytime, anywhere, 
for any device
Due to the adaptive and affordable nature 
of the SMP, there are many promising ave-
nues to apply SMP technology in schools 

and e-learning networks. Through the 
tie-up with Reachfield IT Solutions, SMP 
is being deployed for a next-generation 
‘lecture-on-demand’ system as part of an 
online learning portal being trialled at the 
National University of Singapore (NUS) 
High School of Mathematics and Science.

“With SMP, teachers can easily upload 
new teaching video content to a cutting-
edge lecture-on-demand system,” explains 
Tham. “Each video is automatically trans-
coded into one scalable video file at the 
server backend. The scalable streaming serv-
er then effortlessly delivers the appropriate 
scalable video version to the students who 
can choose to view it on any device — PC, 
tablet or phone. This allows teachers to focus 
on creating the best teaching materials and 
leave it to SMP to create a seamless view-
ing experience for the students — anytime, 
anywhere and over any networks.”

The advantages SMP offers to the edu-
cational sector are also applicable to other 
spheres of society and industry. Online 
communication portals are becoming 

increasingly important in hospitals, in 
corporate broadcasting, live webcasts and 
other on-demand training and testing 
systems. The scalable technology also has 
exciting applications for video multicast-
ing, for example, for live coverage of news 
and sports events. “Our focus now is on 
live multi-camera event multicasting,” says 
Tham. “This will allow end-users to choose 
a personalized combination of ‘picture-in-
picture’ live video camera views, even if each 
camera view is at a different display resolu-
tion. Non-scalable video solutions currently 
on the market cannot achieve this without 
resorting to simulcasting, which is very 
expensive and creates issues for the server 
backend. Using SMP, the service provider 
need only encode each live video feed once 
in a scalable fashion and upstream one scal-
able video file to provide a seamless viewing 
experience for heterogeneous end users.”

In addition to video-on-demand and 
live broadcasting, I²R aims to expand the 
capabilities of SMP progressively to other 
applications, including video security sur-
veillance and high-quality video conferenc-
ing. By identifying strategic partnerships 
and licensing new technologies, A*STAR 
continues to develop a wide range of inno-
vative solutions that are helping companies 
to enhance their growth strategies.

“Reachfield is a good example of how an 
SME can effectively make use of promis-
ing homegrown technology to grow their 
business,” says Philip Lim, CEO of Exploit 
Technologies Pte Ltd. “We encourage 
more of Singapore’s 154,000 SMEs to 
come forward and work with A*STAR. 
There are plenty of other good sciences 
ready for more of you to springboard to 
greater heights!” 

The SMP technology allows a video source to 
be encoded just once for playback on a range 
of different client devices, offering an adap-
tive, intelligent solution that increases quality 
of experience for end users

Live encode once 
with A*SMP 

Broadcaster

One scalable
file

 

One system

One 
scalable 
stream

Adaptive streaming to 
intelligent SMP clients

Total size:
5 units

Save uplink 
bandwidth

HDTV

PC/Tablet

Mobile

The A*STAR team of researchers who developed the Scalable Multimedia Platform, led by 
Principal Investigator Jo Yew Tham (third from right)
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The quest to develop novel meth-
ods to combat drug-resistant 
and infectious diseases such 

as Methicillin-resistant Staphylococcus 
aureus (MRSA) and vancomycin-resistant 
Enterococcus (VRE), which continue to 
pose serious challenges to human health 
worldwide due to the inherent ability of 
the disease-causing microbes to develop 
antibiotic resistance, has been spurring 
innovative research into the medical 
applications of nanotechnology in 
recent years.

One of the most remarkable achieve-
ments in the rapidly growing field of 
nanomedicine has been the success-
ful synthesis of the first biodegradable 
polymer-based nanoparticle capable of 
combating multidrug-resistant microbes, 
which works by selectively targeting and 
tearing down bacterial cell walls and 
membranes1. Designed by researchers at 
the A*STAR Institute of Bioengineer-
ing and Nanotechnology (IBN) and the 
IBM Almaden Research Center, the 
unique nanoparticle has been featured as 
one of Scientific American’s top ten world 
changing ideas.

Referring to the novel design as a 
‘nanotech knife’, as a way of describ-
ing the lethally effective, precise nature 
of the technology, Scientific American 
has featured the work conducted by the 
team of A*STAR and IBM researchers 
in its special end-of-year report, ‘World 
Changing Ideas — 10 New Technologies 
That Will Make a Difference’ published 
in its December 2011 issue.

 “We are delighted that Scientific Ameri-
can recognizes our nanoparticle discovery 

as a world changing idea,” says Jackie Y. 
Ying, IBN’s executive director. “This is 
an excellent affirmation of our nanotech-
nology research against drug-resistant 
bacteria and we will now be focusing on 
developing these nanoparticles for clinical 
and consumer applications.”

A new way to fight disease
Antibiotics traditionally work on the 
principle of using chemical compounds 
to act on specific molecular targets within 
bacteria, which leads to therapeutic 
specificity but allows resistance develop-
ment through mutation. In contrast, the 
bacteria-killing nanoparticle developed 
by the IBN research team and colleagues 
at IBM may help to circumvent many 
of the problems associated with con-
ventional methods of antibiotic therapy 
by utterly disintegrating the bacteria’s 
physical structure at the outset. This novel 
methodology has therefore been garner-
ing widespread interest due to the way in 
which it offers a fundamentally different 
approach to fighting disease.

The nanoparticles begin their assault 
on harmful bacteria by forming cat-
ionic (positively charged) clusters that 
are drawn towards the anionic (negatively 
charged) bacterial cell membranes. 

By selectively binding to the bacte-
rial cell membranes in this way, the 
nanoparticles avoid harming human 
cell membranes, leaving red blood 
cells, for example, intact. After target-
ing, puncturing and destabilizing the 
bacterial cell wall, the nanoparticles 
eventually break down and kill the bac-
terial cell. The physical destruction of 

the bacterial cell membrane can delay or 
eliminate resistance development.

Using transmission electron micros-
copy, the IBN research team led by Yiyan 
Yang observed the extent of damage 
inflicted by the nanoparticles on the 
bacterial cell walls and membranes, and 
was thus able to confirm that selective cell 
lysis had been achieved.

“We hypothesize that the cationic 
nanoparticles could interact easily with 
the negatively charged cell wall by means 
of an electrostatic interaction, and the 
steric hindrance imposed by the mass 
of nanoparticles in the cell wall and the 
hydrogen-binding/electrostatic interac-
tion between the cationic nanoparticle 
and the cell wall may inhibit cell wall syn-
thesis and/or damage the cell wall, result-
ing in cell lysis,” says Yang. “In addition, 
the nanoparticles may destabilize the cell 
membrane as a result of electroporation 
and/or the sinking raft model, leading to 
cell death. The nanoparticles damaged the 
cell wall and cell membrane like a ‘knife’.”

The team discovered that the nanopar-
ticles could efficiently kill Gram-positive 
bacteria, MRSA and fungi, even at low 
concentrations. The nanoparticles showed 
no significant activity against red blood 
cells, and no obvious acute toxicity was 
observed during in vivo studies in mice, 
even at concentrations well above their 
effective dose.

The nanoparticles themselves are easily 
broken down by enzymes in the human 
body as they are composed of biodegrad-
able polymers. Whereas most antimicro-
bial polymers developed to date have been 
non-biodegradable, which render dif-
ficulty in obtaining regulatory approval, 

Nanomedicine 
breakthrough hailed as 
‘world changing’
A nanoparticle designed by researchers at the A*STAR 

Institute of Bioengineering and Nanotechnology and the 

IBM Almaden Research Center that could help combat 

superbugs garners international acclaim.

The research team (from left to right): 
Dr Chuan Yang, IBN Research Scientist, 
Dr Shujun Gao, IBN Research Officer, 
Dr Yiyan Yang, IBN Group Leader, Dr James L. 
Hedrick (IBM Almaden Research Center), and 
Dr Jeremy Tan, IBN Research Scientist
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the new nanoparticles offer a significant 
step forward for in vivo clinical trials. In 
addition, the biodegradable nanoparticles 
can be produced in large quantities and 
at low cost.

Future applications
Among the many future applications 
envisioned by the IBN research team is 
the development of nanoparticle-infused 
gels that could be easily applied to treat 
skin infections, or developing ways to 
inject the nanoparticles into the patients’ 
bloodstream directly.

“As these nanoparticles can kill 
drug-resistant bacteria such as MRSA 
and fungi, they may be used to treat 
MRSA-induced skin or blood stream 
infections,” says Yang. “They may also be 
used in mouthwash and deodorant for-
mulations, and as a preservative.”

As MRSA has been of particular 
concern in hospitals and other health-
care settings such as nursing homes and 
dialysis centers, where patients with open 
wounds or weakened immune systems are 
more susceptible to infection, measures 
to ensure that high hygiene standards 
are maintained are of vital importance. 
Patients are often advised to wash their 
hands before and after eating a meal, 
and many hospitals now routinely offer 
hand wipes to help prevent the spread 
of MSRA.

The nanoparticles could also greatly 
help to prevent the spread of infection 

before and after surgery. “Doctors could 
apply the nanoparticle-infused gels or 
lotions on their hands prior to surgical 
operations to prevent post-surgery infec-
tion. Nurses could also use the gels or 
lotions on their hands to prevent bacteria 
transfer from one patient to another. The 
nanoparticle-infused sprays may be used 
to sterilize the surfaces of furniture and 
equipment in hospitals to kill bacteria,” 
says Yang.

Since its establishment in 2003, 
the IBN has been rapidly building a 
reputation as a world-class hub for 

bioengineering and nanotechnology. By 
providing a research environment that 
links multiple disciplines and playing 
an active role in partnering with global 
institutions, the IBN is developing new 
technologies, biomaterials, devices, sys-
tems and processes to produce research 
breakthroughs aimed at improving 
healthcare and quality of life. 

1. Nederberg, F. et al. Biodegradable 
nanostructures with selective lysis of 
microbial membranes. Nature Chemistry 
3, 409–414 (2011).

Biodegradable polymer nanoparticles (green) target and puncture the cell membranes of 
microbes (purple), killing even multidrug-resistant bacteria

The capacity to monitor, prevent 
and contain the spread of infec-
tious diseases is of critical impor-

tance for effective management of global 

health. The threat posed by infectious 
diseases has increased considerably in the 
past half-century due to the challenges 
associated with sustained population 

growth, overcrowding, and the speed and 
ease of international travel. The wide-
spread havoc caused by the SARS virus in 
2003 and a new strain of the influenza A 
H1N1 virus in 2009 have highlighted the 
need for early and effective containment 
of disease outbreaks.

One of the outstanding breakthrough 
technologies to have emerged from the 
A*STAR Institute of Bioengineering 
and Nanotechnology (IBN) in response 
to these concerns is the MicroKit — a 
miniaturized diagnostic kit that offers a 
rapid, low-cost and reliable method for 
the early detection of diseases, which 
may provide an important line of defense 
against pandemics.

The MicroKit has now received the 
Silver Award at The Wall Street Journal’s 
Asian Innovation Awards 2011, garnering 

The MicroKit wins 
Silver Innovation Award
The MicroKit, a unique all-in-one device developed 

by the A*STAR Institute of Bioengineering and 

Nanotechnology that enables fast and accurate 

detection of infectious diseases, has won the Silver 

Award at the Asian Innovation Awards 2011.
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acclaim for its unique and innovative 
design. The Asian Innovation Awards are 
renowned for celebrating technological 
innovations that break with conventional 
processes in creative ways, and received 
more than 250 entries this year from 18 
countries and territories in the Asia-
Pacific region. The awards were based on 
three basic factors: the level of creativity 
or degree of innovation, quality of execu-
tion, and potential impact on quality of 
life or productivity.

Triumph of 
collaborative research
“We are delighted to receive the Silver 
Award for the MicroKit,” says Jackie 
Y. Ying, IBN’s executive director. “Our 
device aims to diagnose infectious dis-
eases safely and quickly. Such diagnostic 
kits really help towards curbing the spread 
of diseases such as H1N1. This invention 
is the result of multidisciplinary research 
and reflects IBN’s mission to develop 
innovative biomedical devices that will 
improve healthcare and benefit society.”

The team that developed the MicroKit 
technology comprises IBN specialists in 
the fields of biomedical, electrical and 
chemical engineering, as well as col-
laborators at the National University of 
Singapore and the National University 
Hospital, Singapore.  

Since its establishment in 2003, IBN’s 
focus on innovation has led to the cre-
ation of novel designs for micro- and 
nanotechnology devices, biomateri-
als and engineering solutions geared 
towards improving human health and 
quality of life. “The MicroKit project is 
an example of IBN’s strategic approach 
towards tackling biomedical challenges 
through interdisciplinary research and 
collaboration,” says Ying.

All-in-one technology
The MicroKit is a self-contained diagnos-
tic system that simplifies the process of 
disease diagnosis by integrating the usual 
steps required for sample preparation, 
amplification and disease detection in a 
disposable polymer cartridge. The novel 
cartridge design makes use of the latest 
advances in microfluidics, consisting of a 
silica membrane, pneumatic and fluidic 
networks, fluidic meters and surface ten-
sion valves. The polymer cartridges can 
be easily fabricated by injection molding, 

and can therefore be produced at low cost 
and in large quantities.

The advantages of the portable, all-in-
one device are manifold — the MicroKit 
can be used outside the laboratory and 
can quickly identify infected patients 
at any strategic location where human 
traffic is concentrated to help contain 
the spread of infectious diseases. The 
importance of monitoring disease at 
international airports is particularly per-
tinent in light of the SARS and H1N1 
outbreaks in recent years. The MicroKit 
is well suited for enabling health screen-
ings at airports, train stations and other 
border checkpoints.

As the MicroKit is preloaded with 
reagents and fully automated, it mini-
mizes the risk of cross-contamination and 
human error. The user-friendly design of 
the MicroKit enables non-clinical per-
sonnel to use the device securely, thereby 
saving the costs usually associated with 
conventional laboratory testing proce-
dures. Operating the MicroKit simply 
involves pipetting a patient’s sample 
into the cartridge, and the system can 
automatically perform the entire sample 
preparation and diagnostic analyses.  

The MicroKit is capable of performing 
DNA/RNA sample preparation, reagent 
metering and aliquot dispensing, and is 
designed to conduct molecular diagno-
sis using real-time reverse transcription 
polymerase chain reaction (RT-PCR) 
detection. The reactions all take place 
within the sealed cartridge, eliminating 
the risk of accidental virus exposure and 
hardware contamination.

Disease detection using the MicroKit 
takes less than a couple of hours, whereas 
conventional laboratory tests can take 
up to 24 hours to complete and require 
labor-intensive manual processes. The 
portability of the MicroKit also lends 
itself for use in outpatient clinics and 

other decentralized locations, and reduces 
the burden on medical professionals in 
cases where rapid diagnostic tests may be 
required for large sampling groups.

Future directions
Since its inception in 2007, the MicroKit 
has undergone several phases of evolu-
tion, and is currently being developed 
to detect a host of other infections and 
diseases including HIV, dengue fever, 
respiratory virus infections, and hand, 
foot and mouth disease.

The MicroKit has already been success-
fully employed for seasonal influenza A 
H1N1 typing and sub-typing of clinical 
samples, achieving comparable results to 
those obtained using conventional labo-
ratory methods. The IBN research team 
envisions that the device could one day 
be modified to examine complex diseases 
such as cancer.

The device may also be adapted for 
use in safety inspections, for example in 
the food industry. Clinical trials are now 
underway to test the efficacy of the Mi-
croKit technology for bacteria detection, 
in collaboration with the Singapore Gen-
eral Hospital and the National University 
Hospital, Singapore.

The MicroKit technology has been 
licensed to SG Molecular Diagnostics, 
a spinoff of Singapore-based Dynamed 
Biotech Pte Ltd, with the goal of de-
veloping a range of diagnostic devices 
for commercial development. “We are 
currently working on the next phase of 
development for the MicroKit to facili-
tate the detection of up to 25 diseases at 
the same time,” says Ying. 

The MicroKit integrates sample prepara-
tion, amplification and disease detection in a 
disposable polymer cartridge

The portable MicroKit enables disease 
detection and diagnosis outside the laboratory
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A*STAR Computational Resource Centre (A*CRC) 

Bioinformatics Institute (BII) 

Bioprocessing Technology Institute (BTI) 

Data Storage Institute (DSI) 

Experimental Power Grid Centre (EPGC)

Experimental Therapeutics Centre (ETC) 

Genome Institute of Singapore (GIS) 

Institute for Infocomm Research (I2R) 

Institute of Bioengineering and Nanotechnology (IBN) 

Institute of Chemical & Engineering Sciences (ICES) 

Institute of High Performance Computing (IHPC) 

Institute of Materials Research and Engineering (IMRE) 

Institute of Medical Biology (IMB) 

Institute of Microelectronics (IME) 

Institute of Molecular and Cell Biology (IMCB) 

National Metrology Centre (NMC) 

SERC Nanofabrication and Characterisation Facility (SNFC) 

Singapore Bioimaging Consortium (SBIC) 

Singapore Cancer Syndicate (SCS) 

Singapore Consortium of Cohort Studies (SCCS) 

Singapore Immunology Network (SIgN) 

Singapore Institute for Clinical Sciences (SICS) 

Singapore Institute of Manufacturing Technology (SIMTech) 

Singapore Stem Cell Consortium (SSCC)

The Chemical Synthesis Laboratory (CSL)

The Agency for Science, Technology and Research (A*STAR) is Singapore’s lead government agency dedicated to 

fostering world-class scientific research and talent for a vibrant knowledge-based economy.

A*STAR actively nurtures public-sector research and development in biomedical sciences, physical sciences 

and engineering, and spurs growth in Singapore's key economic clusters by providing human, intellectual and 

industrial capital to our partners in industry and the healthcare sector.

A*STAR currently oversees the following research institutes, consortia and centers and supports extramural 

research with universities, hospital research centers, and other local and international partners.


	divs
	1
	2
	3
	4-16
	18-30
	32-47
	50-68
	70-84
	86-93

