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Immunology

Cooperating partners

Interferon-β (IFN-β) is an inflammatory factor important for 
mobilizing the immune system to fight invading pathogens. 
Keh-Chuang Chin at the A*STAR Singapore Immunology 
Network and co-workers1 have now discovered three transcrip-
tion factors that cooperate to rapidly drive IFN-β expression 
in human immune cells called monocytes in response to 
pathogen exposure.

Chin and his co-workers wanted to know why monocytes 
were able to increase the expression of IFN-β so rapidly after 
being exposed to pathogens, whereas other cell types had a much 
slower induction of IFN-β. They thought that the transcription 
factor interferon regulatory factor 8 (IRF8) may be involved, 
because it is expressed in the myeloid family of immune cells, 
which include monocytes.

The researchers found that bacterial factors could increase 
the expression of IRF8 in human monocytes. Knocking down 
IRF8 blocked the induction of IFN-β in monocytes, while the 
expression of IRF8 in mouse myeloid progenitor cells that do not 
normally contain this transcription factor made the cells capable 
of driving IFN-β expression (see image).

The researchers demonstrated that IRF8 could bind to the 
IFN-β gene in monocytes even before treatment with bacterial 
factors. This suggested to the research team that IRF8 tended 
to sit on the IFN-β gene, ready at any moment to be called into 
action to drive IFN-β transcription in human monocytes. This 
could account for the ability of these cells to very rapidly induce 
expression of IFN-β.

IRF8 has previously been found to interact with the transcrip-
tion factor PU.1. Chin and his colleagues showed that PU.1 also 
sits on the IFN-β gene in monocytes, even in the absence of 
pathogen exposure, and is required for the induction of IFN-β 
expression. Human kidney cells that do not contain either 
IRF8 or PU.1 were able to induce IFN-β only if the researchers 
expressed both transcription factors in the cells.

The transcription factor IRF3 can also bind to the IFN-β gene, 
and the researchers found that IRF3 could interact with IRF8 in 
human monocytes. They showed that IRF8 brings IRF3 to the 
IFN-β gene and allows IRF3 to aid in IFN-β transcription.

The findings identify a complex of three transcription factors 
that is responsible for inducing IFN-β expression in monocytes 
and therefore in orchestrating the body’s rapid response to 
invading pathogens. “The discovery of this complex may open a 
new way for scientists to develop strategies to target inflamma-
tory diseases related to misregulation of the interferon response,” 
explains Chin.  ■

1. Li, P. et al. IRF8 and IRF3 cooperatively regulate rapid interferon-β 

induction in human blood monocytes. Blood 117, 2847–2854 (2011).
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In response to pathogenic stimulation, the pre-formed activation 
complex of IRF8 and PU.1 facilitates rapid recruitment of activated IRF3 
to the IFN-β promoter (upper), thereby enabling prompt expression of 
IFN-β. In non-myeloid cells lacking a pre-bound IRF8 and PU.1 priming 
complex, IFN-β transcription is delayed (lower).

Three proteins work together to induce the production of an inflammatory 
factor in human immune cells
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Cell biology

A matter of balance

Progenitor cells are stem cells with a predetermined destiny. 
During embryonic development, they differentiate into their 
target cell type upon stimulation by signaling molecules, such as 
those of the ‘Hedgehog’ and bone morphogenic protein (BMP) 
pathways. Cells often respond to multiple signals, but the way in 
which progenitor cells deal with two opposing signals, such as 
Hedgehog and BMP, has remained unclear. Philip Ingham at the 
A*STAR Institute of Molecular and Cell Biology and colleagues 
have now shed new light on how progenitor cells respond to 
multiple signals by elucidating the molecular interactions under-
lying muscle cell development in zebrafish1.

The researchers studied the molecular events involved in the 
specification of two specialized types of muscle fiber found in the 
zebrafish embryo, both express the gene engrailed2a (eng2a) and 
are known to respond to Hedgehog signaling molecules. “The 
zebrafish is easy to breed and to manipulate genetically, making 
it an ideal model species for studying the genetic control of cell 
specification in vertebrate embryos,” explains Ingham.

Combining sophisticated transgenic approaches with the 
exquisite confocal-based imaging for which the zebrafish 
embryo is renowned (see image), Ingham’s team identified a 
minimal regulatory element upstream of eng2a that is required 
to limit its expression to the specialized muscles. Surprisingly, 
however, they found that this element lacks consensus-binding 
sites for the transcription factors Gli1 and Gli2a that mediate 
Hedgehog signaling.

“We were puzzled by this finding because Hedgehog signal-
ing activity is known to play a crucial role in the specification 
of these muscles in the zebrafish embryo,” says Ingham. Using a 
novel tissue-culture-based assay, the researchers screened for other 
potential regulators of the eng2a regulatory element and identified 
Smad proteins—transcription factors that mediate BMP signal-
ing—as strong repressors.

Returning to the zebrafish embryo, they found strong accu-
mulation of activated Smad proteins in the nuclei of muscle 
progenitor cells, but not in those that express eng2a. Moreover, 
by experimentally blocking the nuclear accumulation of activated 
Smad proteins, the researchers showed that they could elicit 

eng2a expression even when Hedgehog signaling was compro-
mised. Most strikingly, they found that maximal Hedgehog 
signaling caused depletion of nuclear Smad proteins, suggesting 
that ‘crosstalk’ between the two pathways occurs at the post-
translational level. They also obtained evidence that this cross-
talk may be mediated by direct interaction between the Gli and 
Smad proteins.

“Our results suggest a novel mechanism for crosstalk between 
the Hedgehog and BMP pathways that may be deployed in a 
variety of contexts,” concludes Ingham.  ■

1. Maurya, A. K. et al. Integration of Hedgehog and BMP signalling 

by the engrailed2a gene in the zebrafish myotome. Development 

138, 755–765 (2011).

Confocal fluorescence microscopy image of the trunk region of a 
transgenic zebrafish embryo, showing arrays of muscle cell nuclei 
(blue) and expression of Engrailed (red) and Eng2a proteins.

A zebrafish study reveals how progenitor cells respond to multiple signals 
during embryonic development
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Immunology

The cause of joint pain

Chikungunya fever, caused by the chikungunya virus, is a 
mosquito-borne, infectious disease that is endemic to Southeast 
Asia and Africa. Patients with chikungunya fever typically expe-
rience persistent pain in their joints (arthralgia), but why this 
happens has so far remained a mystery. Lisa Fong Poh Ng at the 
A*STAR Singapore Immunology Network and co-workers1 from 
the Communicable Diseases Centre (CDC) at Tan Tock Seng 
Hospital have conducted a longitudinal study on 30 patients 
with chikungunya fever and found a strong positive correlation 
between the amount of virus (known as the viral load) present in 
the body and the level of inflammatory cytokines. The finding 
could help explain why the majority of patients with chikungu-
nya fever are plagued by persistent arthralgia.

There is not yet a consensus on the pathology of arthralgia in 
patients with chikungunya fever, but many scientists have postu-
lated that the problem is caused by abnormal immune responses 
in the body—most likely inflammation promoted by inflamma-
tory cytokines. Ng and co-workers therefore investigated the viral 
load, key laboratory parameters and cytokine levels in patients 
with chikungunya fever.

The 30 patients—26 males and four females—were admitted 
to the CDC between 1 August and 23 September 2008. They 
were displaying symptoms common to chikungunya fever, 
such as fever, rash, muscle pain and joint swelling. Laboratory 
tests confirmed that all patients were indeed carrying the chi-
kungunya virus. The majority of patients recovered completely 
within a week. Four patients, however, experienced persistent 
joint swelling; three in their fingers and one in their knees 
and shoulders.

The researchers found that patients with high viral load had 
unusually low numbers of lymphocytes and monocytes, but high 
numbers of neutrophils and C-reactive proteins in the blood—
all signs of inflammation. During the acute phase of infection, 
patients with a high viral load also displayed abnormally high 
levels of pro-inflammatory cytokines—particularly interferon-α 
and interleukin–6.

When the disease reached the chronic phase, the researchers 
detected interleukin-17—a pro-inflammatory cytokine with 

important roles in bone tissue inflammation and destruction—in 
the blood. However, they found that only patients with persistent 
arthralgia had high levels of interleukin-6 and granulocyte-
macrophage colony-stimulating factor, whereas patients who 
recovered completely had high levels of anti-inflammatory 
cytokine eotaxin.

Altogether, the results demonstrate that the viral load at the 
acute phase may determine specific patterns of pro-inflammatory 
cytokines and disease severity. At the chronic phase, however, the 
levels of interleukin-6 and granulocyte macrophage colony-stim-
ulating factor determine the presence of persistent arthralgia.  ■

1. Chow, A. et al. Persistent arthralgia induced by Chikungunya 

virus infection is associated with interleukin-6 and granulocyte 

macrophage colony-stimulating factor. Journal of Infectious 

Diseases 203,149–157 (2011).
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Patients with chikungunya fever experience persistent joint pain because 
their body produces high amounts of pro-inflammatory cytokines
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Immunology

Getting into shape

Hepatitis B virus (HBV) is endemic throughout much of Asia, 
including Singapore, and can lead to liver damage and liver 
cancer in chronically infected individuals. Ee Chee Ren at the 
A*STAR Singapore Immunology Network and co-workers1 
have now demonstrated how different human antigen-present-
ing proteins capture fragments of HBV proteins (see image) to 
initiate immune responses to the virus.

Humans possess unique antigen-presenting proteins called 
human leukocyte antigens (HLAs), which are responsible for 
inducing immune reactions to pathogens, including HBV. One 
particular HLA type, called A*02:01, is the main variant found 
in Caucasians, while Asians tend to possess a more diverse com-
position comprising A*02:07, A*02:06 and A*02:03. These 
HLA genetic variants each have slight changes in their amino 
acid sequences, and these differences may affect how they bind 
to and initiate immune reactions against HBV or other patho-
gens. A*02:01 and A*02:07 have only one difference in their 
amino acid sequence, while A*02:03, an HLA that can be found 
in Asians, has three amino acid differences from A*02:01.

Ren and his co-workers used a structural biology tech-
nique called X-ray crystallography to determine how the dif-
ferent HLAs interacted with a portion of HBV. They found 
that some HLA alleles, including A*02:01 and A*02:07, seem 
to bind to HBV quite tightly, while A*02:03 binds more loosely. 
The researchers attributed this change in binding of A*02:03 
to two of its amino acids, which are not present in the other 
HLAs. These amino acids reside in the antigen-binding pocket 
of A*02:03 and take up more space than in the other HLAs. 
This therefore makes it more difficult for HBV to fit tightly into 
the antigen-binding pocket of A*02:03. Ren and his co-workers 
then went on to suggest how to modify the HBV antigen so that 
it could bind more effectively to A*02:03, and therefore initiate 
the most effective immune responses to the virus in individuals 
with this HLA type.

The findings indicate that a ‘one-size-fits-all’ vaccine strategy 
for HBV is unlikely to be effective in inducing efficient immune 
reactions in people with different HLAs. Instead, HBV 
antigens used for HBV vaccination should ideally be matched 

to different HLA types for more effective prevention and  
treatment of HBV.

“The results from this study define general principles of 
antigen binding and can be applied to improve vaccine develop-
ment for many diseases,” explains Ren. “Future vaccines would 
most likely have to be comprised of multiple antigens that can 
elicit a strong immune response in any population.”  ■

1. Liu, J., Chen, K. Y. & Ren, E. C. Structural insights into the binding 

of hepatitis B virus core peptide to HLA-A2 alleles: Towards 

designing better vaccines. European Journal of Immunology  

41, 2097–2106 (2011).

An HBV fragment (brown) binding to the HLA protein

Structural analysis of the interaction between human leukocyte antigens 
and hepatitis B viruses reveals a path to better vaccine design
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Cell biology

Preventing signal overload

Within every cell, numerous lipid-coated bubbles shuttle to and 
fro, transporting cargoes between the outer plasma membrane and 
various cellular organelles. Proteins known as ‘sorting nexins’ help 
shepherd molecules into this system by delivering specific targets 
into the early endosome, a compartment from which subsequent 
cellular trafficking is coordinated. To date, however, only a fraction 
of the 47 known sorting nexins have been characterized in detail.

Li Shen Loo at the A*STAR Institute of Molecular and Cell 
Biology and co-workers have now shown that one of these sorting 
nexins, known as SNX27, has a vital role in normal physiology1. 
Sorting nexin 27 is unique among the sorting nexins in that it 
contains a PDZ domain, which enables it to interact selectively 
with other proteins containing a PDZ-interacting domain, 
although little else was known about its function.

In an initial set of experiments, the researchers determined that 
mice express this protein in virtually every tissue of the body, and 
confirmed that SNX27 selectively localizes to the early endosome 
via interaction with phosphatidylinositol 3-phosphate, a lipid 
that is particularly enriched in this structure. They subsequently 
examined this protein’s function by generating mice lacking the 
SNX27 gene, as well as heterozygotes that possess only one of 
two gene copies.

“SNX27-deficient mice unexpectedly failed to thrive and all 
died within the first three weeks, while heterozygotes behaved just 
like wild-type mice and lived up to 24 months,” says Loo. “This 
indicates that SNX27 plays a pivotal role in normal physiology, 
growth and survival.”

To identify this protein’s trafficking targets, Loo and her 
co-workers performed a screen to uncover interacting partners, 
revealing more than a dozen candidates. One protein struck 
them as particularly interesting—N-methyl-D-aspartate receptor 
2C (NR2C), a component of the NMDAR neurotransmit-
ter receptor complex. “Increased NMDAR activity has been 
implicated in stroke, epilepsy and traumatic brain injury,” says 
Loo, “while decreased NMDAR activity has been implicated 
in schizophrenia.”

NRC contains a PDZ-binding domain, and interacts directly 
with SNX27 in a PDZ-dependent fashion. Brain tissue from 

SNX27-deficient mice exhibited a 35–40% excess of NR2C 
relative to wild-type animals (see image), while levels of NR1, 
another NMDAR subunit, remained unaffected. In parallel, 
the absence of SNX27 led to an 85% reduction in the traffick-
ing of NR2C away from the cell membrane. These data suggest 
that this interaction directly influences levels of active NR2C 
in the brain. The researchers are now investigating the neuro-
logical significance of the SNX27–NR2C association as part of 
ongoing studies. ■

1. Cai, L., Loo, L. S., Atlashkin, V., Hanson, B. J. & Hong, W. Deficiency 

of sorting nexin 27 (SNX27) leads to growth retardation and 

elevated levels of N-methyl-D-aspartate receptor 2C (NR2C). 

Molecular and Cellular Biology 31, 1734–1747 (2011).

Fluorescence microscopy image showing the dramatic alteration in 
brain morphology of SNX27-deficient mice, demonstrating the im-
portance of this gene in maintaining normal brain architecture 
and function.

Cellular trafficking modulates levels of a brain protein associated with a 
variety of neurological disorders
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Stem cells

Reprogramming with 
synthetic proteins

Induced pluripotent stem cells (iPSCs) are undifferentiated cells 
that retain the ability to become any cell type in the body. Several 
proteins have the ability to revert differentiated cells back to this 
undifferentiated state, but the biochemical mechanisms that 
enable these proteins to do so has been unclear.

Prasanna Kolatkar at the A*STAR Genome Institute of 
Singapore and co-workers have now identified a structural motif 
that gives proteins the ability to reprogram mature cells into an 
undifferentiated pluripotent state1. The researchers examined 
two transcription factors called Sox2 and Sox 17, which closely 
resemble each other and bind to the same DNA sequences, but 
which perform very different functions during development.

Sox2 interacts with another transcription factor called Oct4, 
and this interaction is required for the development of an embry-
onic structure called the epiblast. Sox17 also interacts with Oct4, 
but this leads to the differentiation of endoderm, which produces 
the gut. Sox2 induces pluripotency when expressed in embry-
onic stem cells, whereas Sox17 drives them to differentiate into 
endoderm-like cells.

Kolatkar and his co-workers set out to investigate whether 
Sox2 and Sox17 compete with each other to bind to Oct4, and 
also to determine whether the different outcomes of their interac-
tions with Oct4 can be explained by differences in structure. They 
performed computational analyses to establish the configuration 
of the Sox2/Oct4 binding sites, and then used genetic engineer-
ing to produce mutated versions of Sox2 and Sox17 in which a 
single amino acid in the binding site is substituted for another.

Their analysis revealed that a single amino acid substitution 
at a specific site in either of the Sox proteins switches its prefer-
ence for interacting with Oct4 on co-binding sites differing by 
one base pair. Significantly, these single point mutations were 
sufficient to cause Sox2 and Sox17 to switch their biological 
activity. For example, mutated Sox17 (pictured) could induce 
cells to revert to a pluripotent state when expressed with Oct4, 
whereas mutated Sox2 could induce endoderm differentiation 
but not pluripotency.

One possible reason behind the change in biological activity is 
that mutant Sox17 can interact with Oct4 to activate pluripotency 

genes, while mutant Sox2 cannot. “This is true synthetic biology 
in the sense that we are making artificial proteins that can 
enhance specific properties or functions,” says Kolatkar. “We 
are pinpointing the exact DNA sequences that different protein 
combinations recognize.” The researchers are now testing other 
residues and protein partners to see if they can result in better 
iPSC generation. ■

1. Jauch, R. et al. Conversion of Sox17 into a pluripotency 

reprogramming factor by reengineering its association with Oct4 

on DNA. Stem Cells 29, 940–951 (2011).

Sox17, with the critical amino acid residue highlighted in red, induces 
cells to revert to an undifferentiated state when mutated and ex-
pressed with Oct4.

Genetically engineered proteins can be used to revert cells back to their 
undifferentiated state
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Cell biology

Many ways to reach out

Cells interact with their surroundings through protrusions 
known as filopodia. These protrusions dynamically extend and 
retract through the assembly and disassembly of microfilaments—
bundles of actin proteins—beneath the membrane surface. The 
whole formation process is managed by a network of proteins that 
are regulated by the protein Cdc42.

Recent studies suggest that Rif, another protein belonging to 
the same family as Cdc42, also participates in the formation of 
filopodia, although some ambiguity remains. “The data on Rif 
were generated using fixed cells,” explains Sohail Ahmed from the 
A*STAR Institute of Medical Biology. “However, its role in the 
formation of filopodia had not been investigated in living cells, 
and we felt this was essential.”

To address this question, Ahmed and his co-workers used 
imaging techniques that enabled them to monitor cell behavior in 
real-time1. They began by expressing Rif and fluorescently labeled 
actin in cells derived from mouse brain tumors. The fluorescent 
label allowed the researchers to directly visualize the formation of 
actin-rich filopodia in the presence of Rif.

Ahmed’s team has studied Cdc42 extensively, and their work 
has uncovered a number of factors acting downstream of this 
protein. The researchers were able to selectively eliminate the 
expression of several of these proteins without impairing Rif-
induced filopodia formation, suggesting that Rif acts via an 
independent signaling pathway.

Two proteins known as mDia1 and mDia2 facilitate the 
assembly of individual actin monomers into filaments, and 
previous studies have indicated that mDia2 in particular may 
partner with both Cdc42 and Rif to facilitate the formation of 
filopodia. Ahmed and his co-workers monitored Rif ’s association 
with both proteins using a technique called Förster resonance 
energy transfer (FRET), which provides a sensitive visual readout 
of the interactions between two fluorescently labeled proteins.

Although both mDia1 and mDia2 contribute to Rif-mediated 
filopodia formation, the researchers were surprised to find no 
evidence for direct Rif–mDia2 interaction within these protru-
sions. Instead, the FRET experiments revealed an unexpected 
binding between Rif and mDia1. The result demonstrates how 

techniques like FRET and live-cell imaging can change the 
current understanding of how cells function.

Ahmed hypothesizes that Rif and Cdc42 may each modulate 
actin dynamics in different cellular processes. For example, Rif is 
believed to contribute to the formation of signal-receiving den-
dritic spines in neurons. To better resolve its function, his team is 
now looking to uncover Rif ’s partners. “Ultimately, we would like 
to know all of the proteins involved in forming and regulating 
filopodia,” says Ahmed. ■

1. Goh, W. I. et al. Rif-mDia1 interaction is involved in filopodium 

formation independent of Cdc42 and Rac effectors. Journal of 

Biological Chemistry 286, 13681–13694 (2011).

0 s

30 s

60 s

Time-lapse fluorescence (left) and differential interference contrast 
microscopy (right) images showing the protrusion of filopodia in a 
neuroblastoma cell overexpressing Rif and fluorescently labeled actin

Time-lapse imaging reveals how cells get a feel for their environment
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Microbiology

Communication breakdown

A single bacterial cell may not be capable of much, but by working 
together these simple organisms are capable of taking down con-
siderably larger and more sophisticated hosts. Quorum sensing 
(QS) mechanisms, in which each bacterium reveals its presence 
to its neighbors via a secreted signal, are a core component of a 
pathogen’s arsenal. Molecules that block QS signaling could 
therefore provide a potent defense against infection.

Lianhui Zhang and Qihui Seet from the A*STAR Institute of 
Molecular and Cell Biology1 have now obtained one such inhibi-
tor for the human pathogen Pseudomonas aeruginosa (pictured). 
“When bacterial populations reach a threshold cell density, the 
accumulated QS signals interact with cognate receptors to initiate 
a set of biological activities in a coordinated fashion,” says Zhang. 
“This enables bacteria to mount an attack that overwhelms host 
defense responses.”

Similar inhibitory mechanisms have previously been identified in 
bacteria that infect plants, and Zhang credits graduate student and 
co-author Qihui Seet with the identification of structural criteria 
that enabled them to find a functional equivalent in P. aeruginosa.

The researchers began by searching for mutations in the bacte-
rial genome that modulate the activity of LasR, a QS receptor that 
acts as a top-level regulator for several other QS pathways. The 
screening led them to QslA, a protein with a sequence that differs 
considerably from the plant QS suppressor TraM but which 
matches the structural criteria proposed by Seet and appears to 
play a similar regulatory role.

QslA acts by directly binding to LasR, inhibiting this receptor’s 
capacity to induce the production of other components of the QS 
machinery. Accordingly, bacteria that lack the gene for encoding 
QslA became hypersensitized to the presence of quorum signals. 
These bacteria expressed higher levels of virulence factors, and 
proved to be considerably more lethal in experiments with the 
worm model Caenorhabditis elegans. “This mechanism of action is 
similar to that of the anti-activator TraM in Agrobacterium tume-
faciens, even though QslA shares little amino acid similarity with 
TraM,” says Zhang.

Based on these findings, Zhang hypothesizes that such ‘anti-
activators’ may be a common feature of pathogenic bacteria, 

although it seems likely that targeted functional screens will be 
necessary to identify these factors in other species. However, the 
payoffs could be tremendous, leading to the development of drugs 
for battling highly mutative and drug-resistant bacteria. “Super-
bugs resistant to multiple antibiotics are emerging rapidly,” says 
Zhang. “Since QS controls the expression of virulence genes in 
pathogenic bacteria, QS-modulatory drugs could become a prom-
ising antimicrobial therapeutic strategy.” ■

1. Seet, Q. & Zhang, L.-H. Anti-activator QslA defines the quorum 

sensing threshold and response in Pseudomonas aeruginosa. 

Molecular Microbiology 80, 951–965 (2011).
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Molecules that prevent bacteria from acting as a team could yield potent 
alternatives to antibiotics
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Immunology

Learning through interaction

Using a technique known as single-cell force microscopy, Tong 
Seng Lim at the A*STAR Singapore Immunology Network and 
co-workers have measured the mechanical interactions between 
two cell types crucial for the working of the immune system1. The 
team’s findings might spark new ideas for vaccine development.

T cells of the immune system help protect against pathogens 
by either attacking them directly or by regulating antibody pro-
duction by B cells. To initiate appropriate immune responses, 
they must recognize and discriminate between molecules called 
antigens, of which there are a vast number of different types. 
Antigens are presented to T cells by antigen-presenting cells 
(APCs) by a process that involves direct physical contact and 
adhesion between the two cell types.

“In recent years, immunologists have learned a huge amount 
about the molecular components responsible for the physical 
interaction between APCs and T cells. However, far less is 
known about how the interaction strength shapes the immune 
response,” explains Lim. “A particularly interesting but unan-
swered question is whether the strength of contact itself helps 
determine the sensitivity and specificity of antigen discrimina-
tion by T cells.”

To address this, the researchers used single-cell force spec-
troscopy—in essence, the use of both atomic force microscopy 
and optical microscopy—to probe the mechanical interaction 
between T cells and a particular type of APC called dendritic 
cells after stimulation using a panel of different individual 
antigens. They found that the strength of the force depended 
on precisely which peptide was presented to the T cell by the 
dendritic cell. Moreover, the stronger the interaction induced by 
a particular peptide, the more likely it was that the T cell would 
be fully activated (see image).

“Our findings show that mechanically strong, stable interac-
tions between T cells and dendritic cells are crucial for driving T 
cell activation,” says Lim.

Further experiments revealed that the strength of binding 
between the T cell and the dendritic cell did not exclusively 
depend on surface receptors and adhesion molecules at the 
contact zone between the cells. Instead, the researchers found 

that binding strength also depended on the dynamics of the cell 
skeleton and the integrity of specialized cell membrane regions 
called lipid rafts.

“I believe we are the first to demonstrate the physiological 
relevance of physical contacts between dendritic cells and T cells 
to the functional response of T cells,” says Lim. The researchers 
hope their findings will contribute to the future development of 
new and more effective vaccines.  ■

1. Lim, T. S., Mortellaro, A., Lim, C. T., Hämmerling, G. J. & Ricciardi-

Castagnoli, P. Mechanical interactions between dendritic cells 

and T cells correlate with T cell responsiveness. Journal of 

Immunology 187, 258–265 (2011).
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A T cell interacting weakly (left) with a dendritic cell has poor activity. 
Strong interaction (right) leads to efficient T cell activation, such as a 
high level of calcium (Ca2+) response and interleukin-2 (IL-2) release.

Vaccine development could be aided by increased understanding of the 
physical interactions between immune cells
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Proteomics

Stem cell signaling

The manipulation of human embryonic stem cells (hESCs) has 
enormous potential for drug screening, as well as for treating 
cancers and a variety of other diseases. Yet much remains to 
be learned about how to optimize the expansion and differen-
tiation of hESCs into specific cell types. Andre Choo at the 
A*STAR Bioprocessing Technology Institute and co-workers at 
the Netherlands Proteomics Centre1 have now quantified early 
signaling events triggered by activation of a growth factor that is 
important for maintaining cultured hESCs in an undifferenti-
ated state.

The culture supplement fibroblast growth factor-2 (FGF-2) 
is known to activate receptor tyrosine kinases, which are key 
players in the complex molecular circuitry that controls whether 
stem cells self-renew indefinitely or differentiate into any of 
the cell types found in the adult body. Dynamic changes in 
the way that protein signaling intermediates are tagged with 
phosphate groups on serine, threonine or tyrosine residues are 
known to control cell proliferation and development by ulti-
mately changing patterns of gene expression and protein activity. 
However, quantitatively determining the sites and regulation of 
phosphorylation remains a major challenge. In addition, whereas 
previous studies have paid much attention to proteome-wide 
analysis of serine and threonine phosphorylation, relatively little 
work has been done on tyrosine phosphorylation.

Choo and his co-workers used mass spectrometry to show 
that exposure of FGF-2-starved cells to FGF-2 rapidly 
changed levels of phosphorylation at 735 tyrosine residues 
on 430 proteins. “We have done this at a scale unmatched by 
prior studies of tyrosine phosphorylation in stem cells,” says 
Choo. Besides known targets of FGF-2 signaling, such as the 
mitogen-activated protein kinase (MAPK) and phosphoinosit-
ide 3-kinase (PI3-K) pathways, they detected the activation of 
several other tyrosine kinase receptors such as epidermal growth 
factor, insulin, ephrin and vascular endothelial growth factor 
receptors. Moreover, increased phosphorylation of Src kinase 
substrates supports an emerging role of reorganization of the 
actin cytoskeleton in controlling pluripotency, and implicates 
FGF-2 in controlling this process.

“The routine use of hESC-based therapies will very likely 
require the development of chemically defined culture systems 
that direct hESC differentiation with sufficient efficiency to 
ensure near-homogenous preparations of differentiated cells,” 
explains Choo. “Reaching this goal will almost certainly depend 
on a better understanding of the environment required for sus-
tained proliferation of undifferentiated hESCs.” By illuminating 
the poorly understood role of tyrosine phosphorylation in main-
taining pluripotency, these new findings will help identify rational 
approaches to optimize differentiation protocols that may provide 
high yields of therapeutically important cell types.  ■

1. Ding, V. M. Y. et al. Tyrosine phosphorylation profiling in FGF-2 

stimulated human embryonic stem cells. PLoS ONE  

6, e17538 (2011).
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Tyrosine phosphorylation profiles illuminate the molecular basis of self-
renewal in human embryonic stem cells
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Immunology

Many ways to fight infection

The immune system is a hectic, crowded environment, with 
various cells relaying messages to one another via molecules 
known as cytokines and chemokines. Unraveling this com-
munication process can be difficult—like eavesdropping on 
a single conversation in a loud, crowded room. Fortunately, 
carefully designed cell culture experiments can help scientists 
to figure out how subsets of immune cells selectively respond to 
different threats.

Siew-Cheng Wong at A*STAR’s Singapore Immunology 
Network, David Kemeny at the National University of 
Singapore and co-workers have now clarified key steps in T 
helper cell type 1 (Th1) response1. “Th1 response is the main 
arm of the cell-mediated immunity that is effective against 
intracellular bacteria, viruses and tumors,” explains Wong.

The researchers previously showed that CD8 T cells—also 
known as killer T cells for their role in destroying infected 
or cancerous cells—induce dendritic cells (DCs) to release a 
cytokine called IL-12p70 to promote Th1 response. In their 
most recent study, they sought to determine if this model was 
also applicable in the human immune system.

They found that human cells behave in a very similar fashion: 
when activated by bacterial toxins, human CD8 T cells interact 
with DCs and promote the release of IL-12p70 and other 
inflammatory cytokines and chemokines. However, the research-
ers found that the interaction between these cells leads to the 
secretion of additional factors that could promote differentiation 
of monocytes, the precursor of DCs, into a specialized cellular 
subtype known as TNF/iNOS-producing (Tip) DCs (pictured).

Tip-DCs help fuel the activation and proliferation of CD4 
helper T cells. These key players in the Th1 pathway act in 
part via the secretion of high levels of interferon γ (IFN-γ), a 
cytokine that stimulates inflammatory response. “It was interest-
ing to us that Tip-DCs may potentially sustain Th1 responses 
through their ability to prime CD4 T cells for IFN-γ produc-
tion,” says Wong.

These findings are in keeping with the results from previous 
studies, which have shown that Tip-DCs contribute to elimina-
tion of the influenza virus and Listeria bacteria, but may also fuel 

the immune overreaction in psoriasis. “It seems that Tip-DCs 
may participate in the clearance of pathogens in general, but 
their presence may also contribute to excessive inflammation in 
certain disease contexts,” says Wong. “We are now examining the 
function of Tip-DC in contact hypersensitivity, a condition in 
which the immune system overreacts to chemical exposure.” ■

1. Chong, S. Z. et al. Human CD8 T-cells drive Th1 responses through 

the differentiation of TNF/iNOS-producing dendritic cells. 

European Journal of Immunology 41, 1639–1651 (2011).

In the presence of activated CD8 T cells, monocytes develop into a 
subclass of cells known as Tip dendritic cells (stained here with hema-
toxylin and eosin).

T cells use a multi-pronged approach to promote an inflammatory 
counterattack against infectious threats
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Stem cells

Differentiation in the balance

Embryonic stem cells (ESCs) are characterized by their ability 
to differentiate into almost all cell types in the body. The 
conventional model holds that this ‘pluripotency’ represents 
an inherently stable ground state in which ESCs remain 
undifferentiated owing to a protective shield of suppressive 
pluripotency transcription factors that block differentiation. 
According to this model, ESCs differentiate into functional cell 
types, such as muscle cells or neurons, only when the expression 
of certain pluripotency factors is switched off. However, little 
has been known about the mechanisms underlying the vast 
development potential of ESCs. Kyle Loh and Bing Lim at the 
A*STAR Genome Institute of Singapore1 have now proposed a 
new theory to explain the unrestricted multi-lineage potential 
of ESCs. 

Based on a reinterpretation of existing findings, the research-
ers suggest that pluripotency factors act as ‘lineage specifiers’ that 
direct commitment to specific cell lineages, while prohibiting 
concomitant differentiation into mutually exclusive lineages 
(see image).

“We proposed that individual pluripotency factors bestow 
ESCs with the ability to differentiate into particular cell types, 
and that the concomitant expression of multiple lineage speci-
fiers within pluripotent cells enables differentiation into every 
fetal lineage. We are the first to posit an explanation for this 
remarkable ability,” explains Loh.

According to Loh and Lim’s model, pluripotent cells exist in 
a precarious condition in which they are engaged in continuous 
competition with rival pluripotency factors to specify differen-
tiation along mutually exclusive lineages. Thus, for example, if a 
particular set of pluripotency factors is expressed over and above 
another, ESCs will differentiate into a neuronal lineage, rather 
than, say, a muscle lineage.

In support of their theory, the researchers cited examples 
in which experimental overexpression of specific pluripotency 
factors induces ESC differentiation. “Such findings are difficult 
to reconcile with existing theory, which predicts that overex-
pression of individual pluripotency factors should prohibit ESC 
differentiation,” explains Loh.

“We draw the analogy that pluripotent cells exist at the 
summit of the proverbial mountain of developmental poten-
tial,” says Loh. “Understanding how such a vast range of 
lineage choices is made available to ESCs will have important 
implications for their application in biotechnology and stem 
cell therapy.” ■

1. Loh, K. M. & Lim, B. A precarious balance: pluripotency factors as 

lineage specifiers. Cell Stem Cell 8, 363–369 (2011).
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and Lim

The differentiation of stem cells into particular fetal cell lineages is a 
precarious affair acted out on a molecular battlefield
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Cancer biology

The origin of  
esophageal cancer

Barrett’s esophagus is a medical condition in which the lining 
of the esophagus is damaged by prolonged exposure to stomach 
acids. The condition is characterized by the abnormal growth of 
intestine-like cells called metaplasia, which can eventually lead 
to the development of a lethal form of cancer called esophageal 
adenocarcinoma. The precise origin of metaplasia in Barrett’s 
esophagus, however, has long been debated. An international team 
of researchers including Wa Xian from the A*STAR Institute of 
Medical Biology, Frank McKeon from the A*STAR Genome 
Institute of Singapore and Harvard University and Ho Khek 
Yu of the National University of Singapore has now tracked the 
origin of the precancerous growth to a previously overlooked 
group of embryonic cells1.

The incidence of esophageal adenocarcinoma has increased 
markedly in Western countries over the past few decades and has 
proved stubbornly difficult to treat at the advanced stage in which 
it is often detected, prompting researchers to look for an early 
detection protocol for this disease. As the gene p63 is known to be 
involved in the self-renewal of stem cells in the esophagus, Xian 
and McKeon’s research team turned to a p63 knockout mouse 
model to investigate the disease’s origins.

The research team showed that mutant mice lacking p63 
develop Barrett’s metaplasia in a matter of days, with gene expres-
sion patterns nearly identical to those observed in the human 
condition. By tracing the expression of genes present in the meta-
plasia of the mutant mice and in Barrett’s esophagus throughout 
embryonic development, the researchers were able to show that 
the metaplasia originate from a small population of embryonic 
cells that persist at the junction between the esophagus and the 
stomach in both mice and humans (see image).

Mimicking tissue damage caused by stomach acids in humans, 
the researchers found that embryonic cells respond to the 
increased level of acidity by actively migrating away from the 
esophageal–stomach junction toward adjacent epithelial cells. 
The embryonic cells then compete with the damaged esopha-
geal cells to occupy the basement membrane of the esophagus. 
Barrett’s metaplasia may develop as a result of this cell competi-
tion mechanism.

The new model raises the possibility of early treatments that 
could help to prevent the onset of esophageal cancer. “We are 
identifying new markers of Barrett’s metaplasia so that early 
treatment can be provided before the condition develops into 
cancer,” says Xian. The researchers are currently developing new 
therapies for Barrett’s esophagus as well as other precursors of 
stomach cancer. ■

1. Wang, X. et al. Residual embryonic cells as precursors of a 

Barrett’s-like metaplasia. Cell 145, 1023–1035 (2011).

Residual embryonic cells (green) in the adult mouse give rise to Bar-
rett’s-like metaplasia, and may be prevented from spreading by guard-
ian cells (red).

A new model for the origin of Barrett’s esophagus could lead to improved 
early treatment of esophageal cancer
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Organic chemistry

Amino acids made easy

Amino acids are the building blocks of proteins. There are 22 
different amino acids and they can combine in a myriad ways 
to form a vast array of proteins. All amino acids except glycine 
are chiral molecules, meaning they exist in two mirror-image, or 
enantiomeric, forms—only one of which is naturally occurring. 
These unnatural enantiomers of amino acids are in great demand 
by the pharmaceutical industry as the raw materials for the pro-
duction of a variety of drugs, including the antibiotic amoxycillin 
and the anti-nausea drug aprepitant (see image).

One method that is widely used to produce amino acids 
generally is Strecker synthesis—a chemical reaction devised by 
the nineteenth-century German chemist Adolph Strecker that 
combines an aldehyde, ammonia and hydrogen cyanide to produce 
an aminonitrile that can be easily converted into an amino acid. 
Unfortunately, the original Strecker synthesis can only produce 
a mixture of the enantiomeric forms of an amino acid. For this 
reason, many chemists have taken an interest in the development 
of enantioselective, or asymmetric, catalytic reactions—reactions 
that use a catalyst to selectively increase the formation of a par-
ticular enantiomer.

Some catalytic enantioselective variations of Strecker synthesis 
have already been reported, but there are problems. Many require 
the use of expensive sources of cyanide—typically a compound 
called trimethylsilylcyanide—and very low temperatures, which 
can be difficult to achieve on an industrial scale.

Abdul Majeed Seayad at the A*STAR Institute of Chemical 
and Engineering Sciences and co-workers1 have now developed 
an asymmetric Strecker protocol that uses hydrogen cyanide as 
the cyanide source and which proceeds at room temperature. The 
new methodology still requires the use of trimethylsilylcyanide, 
which the researchers found to be essential to achieving an enan-
tioselective reaction, but only a relatively small catalytic amount 
is required and it is regenerated in the reaction by the addition 
of cheaper hydrogen cyanide. Seayad and his co-workers showed 
that they can use their conditions to produce a variety of unnatu-
ral amino acids.

As with most methodology developments, there is room 
for improvement with further research. “So far we’ve tackled 

only amino acids with aromatic side-chains,” explains Seayad. 
“We would like to develop the process to produce amino acids 
with other side chains. Hydrogen cyanide is inexpensive but it is 
extremely toxic and special equipment and training are needed to 
handle it. We are exploring ways in which we might generate it in 
the reaction, which would be much safer.” ■

1. Ramalingam, B. et al. A remarkable titanium-catalyzed 

asymmetric Strecker reaction using hydrogen cyanide at room 

temperature. Advanced Synthesis and Catalysis  

352, 2153–2158 (2010).
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Nanomaterials

Finding friends with a 
golden tip

Quantum dots are tiny semiconductor crystals that emit bright 
and tunable fluorescence. They are typically made of cadmium 
sulfide (CdS) or cadmium selenide (CdSe), and have a wide 
range of applications, including bioimaging and solar cells. 
Recently, chemists have sought to add new capabilities to 
quantum dots by fusing them with metal atoms, creating ‘het-
erostructured’ nanocrystals. However, bonding metal cations to 
a semiconductor often requires strong reducing agents—elec-
tron-donating chemical reagents that can play havoc with the 
quantum dot’s nanostructure.

Yinthai Chan and co-workers at the A*STAR Institute 
of Materials Research and Engineering and the National 
University of Singapore have now developed a technique that 
makes depositing metals onto semiconductor nanoparticles 
easier than ever1. By using ultraviolet light to activate special 
gold-tipped ‘nanorods’, the researchers have successfully incor-
porated catalytic palladium and magnetic iron atoms into het-
erostructured nanocrystals using mild reducing agents, paving 
the way for a diverse range of new quantum-dot applications.

The nanorods contain a ‘seed’ particle, a spherical CdSe 
quantum dot, surrounded by a cylindrical shell of CdS mol-
ecules, tens of nanometers long. Under the right conditions, 
the researchers found that the tips of these nanorods act as 
nucleation points for metal growth. Gold cations, for example, 
deposited spontaneously on one or both ends of the CdS rods 
because they could be easily transformed into crystalline atoms 
using a mild reducing agent. Less-reactive metal cations like 
palladium and iron, however, would not nucleate onto either the 
bare or gold-tipped nanorods with the use of mild reagents.

Chan and his co-workers realized that one way around 
this problem was to exploit the semiconductor’s sensitivity to 
light. Exposing this material to ultraviolet radiation produces 
a photogenerated electron and a positive ‘hole’ within the 
nanorod. Normally, these particles recombine within a fraction 
of a second, but the researchers believed that in the presence 
of a hole-scavenging molecule like ethanol, electrons could 
migrate to the gold tip and enhance its reductive capabilities. 
Experiments revealed that this hypothesis was correct—the 

photo-powered gold tips reacted with palladium cations to give 
a surprising alloyed nanostructure, while iron cations bonded to 
the nanorod with a core–shell organization (see image).

“This study shows that the light-activated transfer of an 
electron from a semiconductor to a gold tip can allow deposi-
tion of metals that ordinarily would not be easily reduced using 
mild conditions,” says Chan. The researchers are currently 
exploring how combinations of metal tips and different semi-
conductors can affect the efficiency of other photo-induced 
catalytic processes. ■

1. Li, X., Lian, J., Lin, M. & Chan, Y. Light-induced selective deposition 

of metals on gold-tipped CdSe-seeded CdS nanorods. Journal of 

the American Chemical Society 133, 672–675 (2011).

50 nm

Transmission electron microscopy images of (upper) CdSe-seeded 
CdS nanorods with palladium–gold tips (dark spots), and (lower) CdS 
nanorods with core–shell gold–iron tip structures.

A novel photochemical process allows catalytic and magnetic metals to be 
deposited onto semiconductor nanorods without effort
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Materials chemistry

Split personality

Organic solutions dispersed with charged nanoparticles offer 
exciting opportunities for applications ranging from drug delivery 
to the optical displays. Chaobin He and co-workers at the 
A*STAR Institute of Materials Research and Engineering have 
now prepared an organic solution of ‘Janus’ nanoparticles having 
both negatively and positively charged regions1.

Janus particles are hybrid particles with two chemically distinct 
regions. They can be made in several ways, such as by trapping 
the particles in a solid medium that masks one side of the particle 
during chemical processing, or by joining two particles with 
distinct chemical properties together. He and his co-workers used 
the latter approach in combination with liquid–liquid interface 
reactions to prepare snowman-like dipolar nanoparticles, in all 
shapes and sizes.

The researchers first prepared negatively charged gold nanopar-
ticles in an organic solution. They synthesized citrate-coated 
gold nanoparticles, and then reacted the gold nanoparticles with 
a polymer known as PEG-POSS. The resulting PEG-POSS-
coated gold nanoparticles were amphiphilic—having a polar 
water-soluble group and a nonpolar water-insoluble part—and 
could mix well with organic solvents. They then formed their 
dipolar snowman-like Janus nanoparticles (pictured) by mixing 
the organic solution containing negatively charged gold nanopar-
ticles with an aqueous solution containing positively charged 
silica nanoparticles.

In contrast to traditional syntheses of coated nanoparticles, 
which rely on ligand exchange, this novel method allows the 
nanoparticles to retain their negative charge. The transfer of 
positively charged nanoparticles, nanorods and neutral silica 
nanoparticles into organic solutions is also possible.

In the synthesis, because PEG-POSS is bound to the gold 
nanoparticles by hydrogen bonds and non-covalent interactions, 
these ligands are easily lost. This is an important feature that 
allows the snowman’s head to be ‘glued’ onto the body. When 
the aqueous solution of silica particles with positively charged 
surface was poured carefully onto the top of the organic solution 
of PEG-POSS-coated gold nanoparticles, a red layer of Janus 
particles was formed at the interface between the two solutions. 

Removing the red layer with a pipette encouraged the formation 
of more Janus particles. These Janus particles are unique because 
they are composed of one large positively charged silica particle 
and several small negatively charged gold nanoparticles.

The researchers are now planning to create an optical display 
device from their dipolar Janus particles. “There are opposing 
charges in a single particle, so once a direct current is applied, 
the particle can flip. We therefore hope to achieve a switchable 
element as a pixel in an optical display,” says He.  ■

1. Wang, F., Phonthammachai, N., Mya, K. Y., Tjiu, W. W. & 

He, C. PEG-POSS assisted facile preparation of amphiphilic gold 

nanoparticles and interface formation of Janus nanoparticles. 

Chemical Communications 47, 767–769 (2011).
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Transmission electron microscopy images of snowman-like Janus 
particles consisting of a large silica sphere and multiple small gold 
nanoparticles. Particles are ~50 nanometers in diameter.

An innovative approach allows ‘Janus snowmen’ to be synthesized at the 
interface between two immiscible liquids



Graphene

Go with the flow

Graphene, a single layer of carbon atoms arranged in a honey-
comb lattice, initially attracted attention due to its remarkable 
electronic properties. It has since been realized that this material 
also exhibits exceptional mechanical properties. For a start, 
graphene is one of the hardest materials known.

There are many applications in which the mechanical prop-
erties of graphene could be exploited to achieve performance 
enhancements or even new functionalities, and many specific uses 
have been investigated. The application of graphene in a liquid 
environment, however, has so far received little attention. Fong 
Yew Leong from the A*STAR Institute of High Performance 
Computing has now shed some light on the effects of fluid 
dynamics on graphene in such applications through a combina-
tion of molecular dynamics simulations and scaling arguments1.

Leong modeled a graphene sheet, consisting of 40 by 41 atoms, 
immersed in a bidirectional flow of liquid argon. “As the analysis 
is completely scaled with respect to the size of the sheet, the 
actual dimensions of the graphene did not matter,” he says.

According to the molecular dynamics simulations, the param-
eters that clearly determine the response of the graphene sheet 
to the flow are the initial tilt angle between the plane and the 
direction of flow, and the shear rate. For example, at very low tilt 
angles, the graphene sheet is very stable. Above a threshold tilt 
angle, however, a finite shear rate is required in order to rotate 
the sheet, and with increasing tilt angle the necessary shear rate 
decreases. When both parameters are sufficiently high, the sheet 
can actually arch (pictured) or even flex.

The results of the simulations can be explained with the help 
of some simple scaling arguments that consider an infinite plate 
subject to fluid stress. As the product of tilt angle and shear stress 
increases, the plate can rotate, then arch and eventually bend. 
Interestingly however, such simple scaling models do not predict 
any stability region for an infinitely thin plate. Such stability 
can be easily accounted for, however, by considering the solva-
tion shell radius—the minimum distance between the sheet and 
solvent molecules.

The results obtained are not only relevant to the physical 
characteristics of graphene itself, but also provide predictions as 

to how a graphene sheet would behave in a strongly sheared fluid 
environment. “Our results are applicable to sheets of almost any 
size and to various flow patterns, so it is of general relevance to 
nanodevices involving graphene sheets,” says Leong. ■

1. Leong, F. Y. Stability of solvated nanosheet in shear flow. Applied 

Physics Letters 97, 214102 (2010).
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Atomic models of graphene sheets flexing when immersed in bidirec-
tional fluid flow

Molecular dynamics simulations and theoretical scaling arguments reveal 
the effect of fluid flow on graphene
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Materials chemistry

Let it snow

The tiny porous frameworks of zinc–antimony (ZnSb) nano-
flakes are set to have a big impact on future hybrid vehicles and 
pocket-sized electronic devices. Qingyu Yan, Bee Yen Tay and 
co-workers from the A*STAR Singapore Institute of Manufac-
turing Technology and Nanyang Technological University have 
deposited ZnSb nanostructures directly onto copper foil using 
a template-free electrochemical technique to produce a material 
that could enhance the charge-storage capacity and safety of 
lithium-ion batteries1.

Graphite is the anode of choice for most lithium batter-
ies because it retains its structure quite well in the presence of 
lithium ions, giving the battery consistent charging behavior. 
Unfortunately, graphite has low charge-storage capacity, which 
limits the energy density of the battery. Pure lithium metal can 
also become intercalated into the graphite structure, which in 
extreme cases can cause the batteries to explode.

Incorporating materials with high theoretical charge-storage 
capacities, such as ZnSb, into the anodes of lithium-ion batteries 
could lead to thinner, lighter batteries that run at higher voltages, 
along with reduced lithium metal deposition. Unfortunately, 
antimony-based alloys can undergo destructive volume changes 
after repeated interactions with lithium ions, leading to early 
battery failure.

Yan, Tay and their co-workers overcame ZnSb’s deformation 
problems by turning to the exotic world of nanotechnology. 
Through an ‘overpotential’ electrochemical deposition process 
that forces the rapid growth of crystals onto copper substrates, 
the team developed a method to produce ZnSb alloys containing 
honeycomb-like internal nanoscale pores, termed a ‘nanoflake’ 
structure, without the need for a template (see image). By altering 
parameters like deposition voltages and zinc–antimony precursor 
ratios, the team could also manipulate ZnSb crystals into distinct 
nanowire and nanoparticle shapes.

The researchers had a hunch that the enhanced surface area 
of the nanoflakes would help buffer any swings in volume due 
to lithium ion interactions. After coating the ZnSb nanostruc-
tures with carbon to improve durability, the team tested the new 
anode in a lithium-ion battery and found their suspicions to be 

correct—not only did the ZnSb nanoflake structure have a steady 
discharge capacity one-third higher than commercial batteries, 
they could also be recharged repeatedly without any structural 
changes. The intimate connection between the nanoflakes and 
the copper electrode also improved the battery’s charge-carrying 
efficiency to a remarkable 98%.

“The fast, easy and cheap fabrication of ZnSb nanostructures 
without a template makes it possible to prepare anodes with 
improved electrochemical performance using large-scale electro-
plating processes,” says Tay. “This system has the potential to form 
the basis for a new generation of lithium-ion batteries with higher 
energy densities.”  ■

1. Saadat, S. et al. Template-free electrochemical deposition of 

interconnected ZnSb nanoflakes for Li-ion battery anodes. 

Chemistry of Materials 23, 1032–1038 (2011).
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A scanning electron microscopy image of a zinc–antimony nanoflake 
structure produced using a template-free electrochemical method

Metallic alloys containing thin, interconnected ‘snowflakes’ enhance the 
efficiency and safety of rechargeable batteries



Materials physics

Stress and strain

Stress can cause a material to change shape, and the degree of 
deformation is known as strain. Far from being a nuisance, strain 
is actually a critical parameter in the growth and morphological 
evolution of nanostructures, and its control is essential for pro-
ducing the desired optical and electronic properties in both 
one- and two-dimensional materials.

The surface of stressed thin film, for example, is known to 
develop an array of nanoscopic ‘islands’ in way that minimizes 
surface strain. This phenomenon, known as Asaro–Tiller–
Grinfeld (ATG) instability, is interesting and useful because it 
provides a simple means of forming tiny crystalline grains, or 
‘quantum dots’, of a variety of semiconductor materials.

Apart from thin films, stressed nanowires can also experi-
ence ATG instability. Several groups have recently reported the 
growth of quantum dots on the surface of ‘core–shell’ nanow-
ires—either germanium-coated silicon nanowires or silicon-
coated germanium nanowires. The stress in these systems is 
caused by structural mismatch between the core and shell as they 
are coherently bonded together. A few groups have performed 
preliminary simulations to study the formation process, but 
the approximations used are only good for predicting the early 
stage of morphological evolution, when the amplitude of surface 
undulations is small.

Jun-Yan Guo at the A*STAR Institute of High Performance 
Computing and co-workers1 have now developed a three-
dimensional dynamical simulation framework for studying the 
growth of nanostructures on the surface of core–shell nanowires. 
Three-dimensional dynamic simulations allow stress–strain 
analysis to be performed and morphological evolution to be 
predicted without resorting to approximations of their sizes 
and shapes.

The researchers used their simulation to show that the type of 
nanostructures formed on a nanowire surface subjected to heat 
treatment (annealing) depends largely on the initial mode of 
perturbation and geometric parameters. Helical perturbations, 
for example, initially cause helical ridges to form on the nanowire 
surface (see image). These ridges then break up to form an array 
of quantum dots that are evenly distributed in a helical pattern.

Quantum dots are not the only type of nanostructure that can 
form on the nanowire surface. Given the right conditions—and 
sometimes with the help of surface prepatterning—rings and 
filaments can also form.

The finding is important because it provides a means to 
design highly ordered nanostructures. The technique is expected 
to open up opportunities for the fabrication of novel photonic 
and electronic devices, such as energy-efficient nanowire-based 
solar cells.  ■

1. Guo, J. Y., Zhang, Y. W. & Shenoy, V. B. Morphological evolution 

and ordered quantum structure formation in heteroepitaxial 

core–shell nanowires. ACS Nano 4, 4455–4462 (2010).
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Illustration showing the morphological evolution of a core-shell nano-
wire with an initial helical perturbation

Three-dimensional dynamic simulations shows how the surface 
morphology of a nanowire changes when subjected to annealing
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Catalysis

Going green with steam

Vehicles powered by hydrogen fuel cells generate no exhaust 
emissions other than clean water vapor. Unfortunately, producing 
and distributing large quantities of hydrogen gas is impossible 
with current infrastructures. Researchers are instead turning to 
on-board fuel processing—using small-scale reactors to ‘reform’ 
gasoline into hydrogen with the help of high-temperature 
steam—to aid implementation of this alternative technology.

Luwei Chen and co-workers at the A*STAR Institute of 
Chemical and Engineering Sciences and the National University 
of Singapore have now developed a catalyst that makes on-board 
hydrogen generation safer and easier to perform than ever before1. 
By combining the beneficial properties of two metals into a nano-
structured material, the catalyst can eliminate carbon monoxide 
(CO) emissions from the low-temperature steam reforming of 
ethanol—a significant advantage over current approaches.

Ethanol is an attractive fuel for on-board hydrogen generation 
because it can be sourced from renewable biological materials. 
However, the steam reforming of ethanol is a complex proce-
dure with many possible byproducts. Some of the most serious 
contaminants are carbonaceous deposits, known as coke, which 
plug up catalysts and prevent them from working. Operation at 
high temperatures of 550–800 °C can mitigate coking effects, but 
these conditions also lead to more CO gas emissions during the 
reforming reactions.

The research team resolved this dilemma by combining 
rhodium crystals, which can catalyze ethanol steam reforming 
at low temperatures, with iron oxide nanoparticles onto a solid 
substrate. Chen explains that iron oxide catalyzes the water–gas 
shift reaction, an additional process that converts CO and water 
into hydrogen and carbon dioxide (see image). “These two com-
ponents work together in the same temperature range, making 
them a good match,” she says.

Experiments revealed that this new substance performed 
admirably at temperatures of 350–400 °C, yielding about four 
units of hydrogen gas from every ethanol molecule, with no CO 
byproducts. Furthermore, the rhodium–iron oxide system had an 
extraordinarily long lifetime—steam reforming could proceed for 
over 300 hours without coke deposits deactivating the catalyst.

Additional analysis provided the researchers with a plausible 
mechanistic understanding of their discovery. While the strong 
bonding between CO and rhodium creates coke deposits, the 
presence of iron oxide disrupts this chemical equilibrium. CO 
molecules migrate from the rhodium over iron nanoparticles, 
where they undergo a water–gas shift reaction that enhances 
hydrogen output.

According to Chen, removing CO emissions from bioethanol 
steam reforming should lead to the design of simpler and cheaper 
on-board reactors, bringing these devices one step closer to wide-
spread adoption. ■

1. Chen, L. et al. Carbon monoxide-free hydrogen production 

via low-temperature steam reforming of ethanol over iron-

promoted Rh catalyst. Journal of Catalysis 276, 197–200 (2010).
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num oxide for converting bioethanol into hydrogen gas

A rhodium–iron catalyst helps increase the yield of hydrogen gas in the 
steam reforming of ethanol



Microfluidics

Bubble chemistry

Tiny bubbles can pack a surprising punch. When a liquid filled 
with small bubbles is subjected to a burst of ultrasound, the 
bubbles can quickly collapse, releasing concentrated pulses of 
energy that can reach temperatures of 5,000 kelvin and pressures 
as high as 100 megapascals. That focused energy surge, called 
cavitation, offers scientists a clean way to drive not only chemical 
reactions, but also biological applications—provided that it can 
be controlled. Tandiono from the A*STAR Institute of High 
Performance Computing and co-workers from the A*STAR 
Bioprocessing Technology Institute and Nanyang Technological 
University are now working towards just that by trapping bubbles 
within a microfluidic chip1.

The idea for the researchers’ proposed process is that by creating 
bubbles within sub-microliter volumes of liquid confined inside 
the narrow channels of a microfluidic chip, the location of the 
cavitations can be controlled—unlike cavitations in bulk liquid. 
The confinement of bubbles inside narrow channels, however, 
poses its own complications. Wall boundaries, for example, can 
interfere with bubble collapse, dissipating the energy produced.

To test the idea, the researchers built a microfluidic device fitted 
with an ultrasound-producing transducer. They then pumped 
liquid—in this case a water-based solution of the luminescent 
chemical luminol—into the channels of the device, interspersed 
with small amounts of gas. They found that the energy released by 
cavitation could tear some of the water molecules apart, generat-
ing hydroxide radicals that interact with the luminol to release 
blue light.

Each burst of ultrasound resulted in a blue glow from the 
chip (see image). High-speed photography revealed that the gas 
trapped within the channels broke up into little bubbles that sub-
sequently underwent violent collapse due to the pressure waves 
caused by the ultrasound vibration.

“The ultimate goal of our work is to understand the charac-
teristics of bubble collapse in the microfluidic channel and its 
correlation with ‘sonochemistry’—a subfield of chemistry that 
uses sound,” says Tandiono. The microfluidic device the research-
ers developed gives them a platform with which to do just that. 
Because the oscillating bubbles are trapped within a well-defined 

environment within the microfluidic channel, a systematic study 
can be carried out.

“The next step of our research is to study the correlations 
between bubble dynamics, sonochemical reactions and sonolumi-
nescence,” Tandiono says. The microfluidic device also has poten-
tial biological research applications, he adds. “We will also explore 
the use of acoustic bubbles in microfluidics for some biological 
applications, such as cells disruption and gene delivery.”  ■

1. Tandiono et al. Sonochemistry and sonoluminescence in 

microfluidics. Proceedings of the National Academy of Sciences 

USA 108, 5996–5998 (2011).
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A blue glow reveals bursts of energy associated with the collapse 
of bubbles close to the interface between liquid (green dashed line) 
and gas.

The intense energy released by collapsing bubbles in a microfluidic chip 
could help speed up chemical reactions
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Green chemistry

Getting nickel back

In Southeast Asia, palm oil is used both as an ingredient for 
cooking and a raw material for biodiesel production. To stabi-
lize the oil against decomposition, it has to be hydrogenated in 
the presence of a nickel catalyst that modifies its physical and 
chemical properties. Eventually, the nickel catalyst becomes con-
taminated by residual fats, oils and other chemicals, rendering 
it unusable.

Qizhen Yang and co-workers at the A*STAR Singapore Insti-
tute of Manufacturing Technology (SIMTech) have now shown 
that these spent nickel catalysts could be recovered in a manner 
that is not only safe and environmentally friendly, but which could 
also generate considerable profits for recycling companies1.

“There is increasing concern over the sustainability of new 
recycling technologies and processes,” explains Yang. “Tradition-
ally spent catalysts, which have a commercial value, would be used 
as raw materials for nickel smelting. What attracted the recyclers 
for implementing this new process is the fact that the recovery of 
pure nickel would deliver more added market value, and that the 
process would be greener and more socially responsible, making it 
more sustainable.”

Many methods of recycling nickel catalysts have been attempted, 
including chemical leaching, roasting, electrolysis and bioleaching 
with microorganisms. The SIMTech researchers propose a com-
bination of technologies: the catalyst is first roasted to remove 
residual impurities, producing an ash containing large amounts of 
nickel and nickel oxide; the ash is then subject to acid leaching, 
acid separation, nickel enrichment and finally deposition of the 
metal from solution.

These steps constitute a ‘closed-loop’ process whereby many of 
the byproducts, including the acid, plating solutions and dilution 
water, can be reused to minimize waste. On weighing the costs of 
materials, equipment and labor against the potential market condi-
tions, the researchers showed that a small nickel recovery plant of 
this sort would be economically viable if the price of nickel is more 
than $12.57 per kilogram—a very realistic target.

The researchers also analyzed the carbon footprint of the 
operation and showed that its greenhouse gas emissions could 
be minimized through the use of efficient processing techniques 

and by sourcing green electricity. Finally, given that the process 
would create jobs and produce no toxic waste, it could certainly be 
a socially sustainable solution.

“Our industrial partners are now implementing the process 
in a new nickel recovery facility,” says Yang. “They are using our 
sustainability assessment results to understand what factors affect 
the sustainability of their processes and to help them justify the 
decisions they make in recovering nickel from waste.”  ■

1. Yang, Q. Z., Qi, G. J., Low, H. C. & Song, B. Sustainable recovery of 

nickel from spent hydrogenation catalyst: economics, emissions 

and wastes assessment. Journal of Cleaner Production  

19, 365–375 (2011).
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The recycling spent nickel catalysts could be both profitable and 
environmentally friendly



Green chemistry

Taking the direct approach

Recycling carbon dioxide (CO2) into a chemical feedstock helps 
reduce greenhouse gas emissions and has a range of potential 
benefits for the chemical industry. Yugen Zhang and Dingyi Yu 
at the A*STAR Institute of Bioengineering and Nanotechnol-
ogy1 have now discovered a way to add CO2 directly to organic 
molecules without the need to use expensive transition metal 
catalysts—an innovative protocol that could significantly lower 
costs for this kind of carbon capture.

Chemists have a tough time reacting CO2 with other sub-
stances because its carbon–oxygen double bonds are extremely 
stable. Cracking these connections requires an additional reagent 
with a steady supply of electrons, a role traditionally filled by 
high-priced metal catalysts. Recently, however, Zhang and Yu dis-
covered a more economical technique. By mixing cheap organic 
catalysts called N-heterocyclic carbenes (NHC) with copper (Cu) 
metals, the team successfully fixed CO2 onto acetylene-bearing 
compounds at room temperature.

During further investigation of the mechanism underlying the 
catalytic activity of Cu–NHC, the researchers realized that the 
fixation process encompassed several different chemical equilibria. 
One of these steps involved the use of a base—another driving 
force for splitting CO2 bonds. “From there, we proposed that 
under the right conditions, the reaction could take place without 
metal catalysts,” says Zhang.

Because this process involves a gas reactant, Zhang and 
Yu predicted that CO2 pressure alone could drive a metal-free 
fixation reaction forward. Experiments revealed that their hunch 
was correct. After optimizing the temperature conditions, the 
researchers found that CO2 pressures two and a half times greater 
than normal could convert a phenyl–acetylene molecule into 
a carboxylic acid with over 95% efficiency in the presence of a 
carbonate base. Higher CO2 pressures enabled the reaction to 
proceed at even faster rates.

Choosing the correct base proved critical to the team’s success. 
They found that cesium carbonate—an inorganic base widely 
used in organic synthesis—allows this mode of efficient CO2 
fixation. With this reagent, the researchers were able to convert 
a variety of aromatic- and alkyl-acetylene substrates containing 

electron-donating and electron-withdrawing functional groups 
into carboxylic acids with good to excellent yields and no discern-
able byproducts.  

Zhang notes that this new carbon capture process is a good 
complement with their previous efforts. Whereas metal-free 
CO2 fixation requires elevated temperatures and pressures, the 
Cu–NHC system can proceed under ambient conditions if 
water is rigorously excluded from the reaction—two options that 
provide increased flexibility for manufacturers turning to ‘green’ 
chemical practices.  ■

1. Yu, D. & Zhang, Y. The direct carboxylation of terminal alkynes 

with carbon dioxide. Green Chemistry 13, 1275–1279 (2011).
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It is possible to chemically fix waste carbon dioxide gas onto organic 
molecules without the need for transition metal catalysts
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Optoelectronic materials

Optimum solution

Organic light-emitting diodes (OLEDs) are seen as a promising 
replacement for the liquid-crystal displays (LCDs) used in many 
flat-screen televisions because they are cheaper to mass-produce. 
Zhikuan Chen at the A*STAR Institute of Materials Research 
and Engineering and co-workers have now shown how meticu-
lous engineering of fluorescent molecules can dramatically increase 
OLED efficiency1.

Conventional light-emitting diodes are made of inorganic 
crystals such as gallium arsenide. OLEDS, on the other hand, 
utilize carbon-based materials that can be made flexible. Today, 
OLED technology is commonly used to make large-area outdoor 
displays and wearable displays. However, further improvements in 
operation efficiency are required if OLEDs are to become truly 
competitive against the alternative options.

Chen and his co-workers have now reported blue light-emitting 
devices that reach an external quantum efficiency (EQE) of as high 
as 9.4%—almost double the classical upper limit of 5% for fluo-
rescence-based OLEDs. “This improvement is important because 
higher efficiency means a lower driving voltage and thus lower 
power consumption and increased device lifetime,” explains Chen.

EQE is an important measure of LED operation as it deter-
mines what fraction of the charge carriers injected into the device 
are converted into photons that can be emitted. EQE takes into 
account the chance that the two types of charge carriers—nega-
tively charged electrons and positively charged holes—recom-
bine with each other, as well as the intrinsic probability that this 
results in the creation of a photon and the chance that this photon 
will escape from the device. Chen and his team have now used 
computer models to optimize these various processes.

Simulations enabled the researchers to find a structure for their 
active molecule—an oligofluorene—that best balanced charge 
carrier injection into the material and charge transport through it 
to enhance device emission efficiency. Further improvements were 
made by selecting the best emitting-layer thickness and by doping 
the emitter in an appropriate organic host material to minimize 
efficiency loss.

The OLEDs emitted blue light centered at a wavelength of 450 
nanometers. Chen and his co-workers found that the high EQE 

was possible because the fraction of charge carriers that recombine 
without emitting light was negligible. Importantly, the light output 
was stable during operation, making it more amenable to use in 
practical situations. “Soon we hope to develop these materials 
further for lighting and displays applications,” says Chen. ■

1. Zhen, C. G. et al. Achieving highly efficient fluorescent blue 

organic light-emitting diodes through optimizing molecular 

structures and device configuration. Advanced Functional 

Materials 21, 699–707 (2011).
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Highly efficient organic light-emitting diodes are created by optimizing the 
molecular structure and device configuration



Nanomaterials

Composite catalysts

When metals are shrunk to nanoscale proportions, their proper-
ties often change in useful ways. For example, gold—normally 
an inert metal—can become an active catalyst when made into 
particles a few tens of atoms in size. However, such benefits are 
not restricted to metals alone. By combining metals and semicon-
ductor crystals together, it is possible to produce novel composites 
with properties not attainable from pure metals. Jackie Y. Ying 
and her former group member Jun Yang from the A*STAR Insti-
tute of Bioengineering and Nanotechnology have now developed 
a metal–semiconductor nanocomposite that can improve the 
performance of fuel cells1.

The nanocomposite was made by depositing various metals, 
including gold, platinum and osmium, onto silver sulfide nano-
crystals (pictured). Multiple metals could be sequentially depos-
ited onto the nanocrystal surface, which makes it possible to 
control the catalytic properties of the final composite.

The researchers tested the catalytic performance of their 
platinum-containing nanocomposites in a methanol fuel cell—an 
electrochemical device that breaks down methanol to produce 
electricity. At the anode side of the fuel cell, methanol is cata-
lytically converted by a methanol oxidation reaction (MOR) into 
carbon dioxide, releasing hydrogen and electrons. The electrons 
flow around an electrical circuit before recombining with the 
hydrogen and oxygen in an oxygen reduction reaction (ORR) at 
the cathode, producing water as a by-product.

In commercial fuel cells, the anode is made of platinum and 
carbon. Ying found that the nanocomposites outperformed 
conventional platinum–carbon anodes. The composite of silver 
sulfide, gold and platinum, with and without osmium, performed 
particularly well.

The researchers explain that the remarkable catalytic per-
formance of the anodes is due to the high surface area of the 
platinum deposits on the nanocrystals, which provides a larger 
electrochemically active surface for the MOR, and also the 
enhanced electronic properties of the nanocomposite itself. 
“Electron donation from the silver sulfide and gold to platinum 
leads to a substantial increase in the electron density around the 
platinum sites,” says Ying. This prevents carbon monoxide, an 

intermediate in the MOR, from sticking to the platinum and 
‘poisoning’ the catalyst.

The next step in the research is to develop an efficient elec-
trocatalyst for the cathode side of the fuel cell. This reaction is 
normally hampered by hydroxyl intermediates, which stick to the 
catalyst. “Our laboratory is developing core–shell alloy–semicon-
ductor nanocrystals in which preferential crystalline planes are 
exposed to minimize hydroxyl adsorption to facilitate the ORR,” 
says Ying.  ■

1. Yang, J. & Ying, J. Y. Nanocomposites of Ag2S and noble metals. 

Angewandte Chemie International Edition 50, 4637–4643 (2011).
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A transmission electron microscopy image of silver sulfide nanocrystals 
with gold grown on one face

Noble metals and semiconductor nanocrystals combine to make 
nanocomposites with superior catalytic activity
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Nanomaterials

Solar express

Preventing the recombination of free charges produced when 
light strikes a solar cell is one of the main goal of engineers 
attempting to extract the maximum energy conversion efficiency 
from their devices. One way to achieve this is by building into 
the cell a ‘heterojunction’ between positive (p) and negative (n) 
type semiconductors, which allows the light-induced positive 
and negative charge to escape the cell by moving in opposite 
directions at the heterojunction interface. Mingyong Han at the 
A*STAR Institute of Materials Research and Engineering and 
co-workers1 have now discovered a way to produce high-quality 
nanoscale heterojunctions, setting the stage for cheaper and more 
efficient photovoltaic devices.

Nanoscale semiconductor crystals provide enhanced surface area 
for light absorption and are also cheaper to produce than conven-
tional lithography-patterned cell structures. However, it has been 
extremely difficult to form high-quality heterojunctions between 
n- and p-type semiconductors in a way that achieves the intimate 
inter-crystal contact needed to enhance device performance.

Resolving this problem requires a technique that can bind the 
two semiconductors together chemically. Previous studies have 
produced binary nanocrystals with a spherical ‘core–shell’ struc-
ture. Unfortunately, heterojunction based on these nanocrystals 
have low energy conversion efficiency because light has difficulty 
reaching the inner core. Han and his co-workers overcame this 
problem by adopting a different route for synthesis.

First, the researchers used a blend of surfactants under hot 
thermal conditions to produce copper(I) sulfide (CuxS), a well-
known p-type semiconductor, in distinctively shaped hexagonal 
disks roughly 40 nanometers wide and 15 nanometers thick. The 
well-defined facets of these novel materials enabled the research-
ers to nucleate the crystallization of n-type cadmium sulfide 
(CdS) onto the outer edges of the crystals.

Next, through a process known as cation exchange, the 
researchers persuaded the n-type crystals to grow inward, effec-
tively chemically converting a portion of the CuxS disks into 
CdS. “This method results in nano-heterostructures with the 
same morphology as the original material,” says Han. By carefully 
optimizing the reaction conditions, the researchers transformed 

the hexagonal nanodisk into a perfectly symmetric, side-by-side 
heterojunction (see image). Zinc metals were also incorporated 
into the interface to further tweak its electrical performance.

Han notes that the CuxS–CdS heterostructure is promising for 
solar cell technology because of its dually accessible surface and an 
energy band alignment that drives strong charge separation. The 
team also expects to synthesize a wide range of new semiconduc-
tor pairs with this one-pot technique, taking advantage of the 
system’s extraordinary crystallization properties. ■

1. Regulacio, M. D. et al. One-pot synthesis of Cu1.94S–CdS and 

Cu1.94S–ZnxCd1–xS nanodisc heterostructures. Journal of the 

American Chemical Society 133, 2052–2055 (2011).
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Energy-filtered transmission electron microscopy image of a two-
component hexagonal nanodisk showing the distributions of cad-
mium (blue) and copper (red)

A one-pot synthesis provides a simpler and faster route to highly efficient 
solar cells



Nanomaterials

Copying geckos’ toes

Geckos are famous for their ability to walk up walls and 
scamper across ceilings. The dry-adhesive surface of geckos’ toes 
has inspired many attempts to copy this ability in an artificial 
material. Isabel Rodríguez at the A*STAR Institute of Materi-
als Research and Engineering and co-workers at Nanyang 
Technological University in Singapore1 have now made one of 
the closest mimics to gecko toes yet, and shown that it has the 
properties to match.

The geckos’ ability to cling to surfaces is not due to glue but 
to the millions of microscopic hairs that coat the surface of their 
toes. Each hair has a branched, hierarchical structure—toward 
its tip, each fiber breaks into multiple sub-fibers, which in turn 
break into hundreds of fibrils 100–200 nanometers in diameter. 
This structure ensures a high surface area, which helps the gecko 
to cling to the wall. In addition, the hairs become more flexible 
as they become thinner, which helps to maximize the number of 
fibrils in contact with the wall.

Rodríguez and her co-workers have successfully mimicked 
this hierarchical structure through the use of an anodization 
technique that allows branched nanopores to be etched control-
lably into sheets of aluminum foil—a process they used to form 
templates with which to create the dry adhesive surface. These 
templates were stamped into sheets of polycarbonate plastic 
using a process known as capillary force-assisted nanoimprint-
ing, forming a hairy polycarbonate surface.

To evaluate the qualities of the hierarchical hair structure, 
the researchers created two separate surfaces: one with simple, 
unbranched hairs; and one in which the hairs branched at their 
tips to form nanoscopic fibrils (pictured) closely resembling 
those found on gecko toe-pads. They found that the sheer 
adhesion force of the branched material was 150% greater than 
that of the linear material.

“One of the most important findings from the study is the 
insight of how the fibrils can be made using a simple process,” 
says Rodríguez. “There have been reports of other hierarchical 
structures fabricated in polymers, but the fabrication methods 
they use are rather costly and complicated and not suitable for 
large scale.” The relatively high cost of previous attempts is due 

to the way the template is made—a problem that the team have 
now overcome using their porous alumina template technology. 
“Our branched, porous template fabrication is straightforward 
and allows large areas of gecko-like structures to be fabricated at 
low cost,” she adds.  ■

1. Ho, A. Y. Y., Yeo, L. P., Lam, Y. C. & Rodríguez, I. Fabrication and 

analysis of gecko-inspired hierarchical polymer nanosetae. ACS 

Nano 5, 1897–1906 (2011).
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Artificial hairs just a few hundred nanometers in diameter mimic the 
adhesive surface of a gecko’s toe-pads

Simple templating technology allows researchers to stamp out materials 
that mimic the adhesive properties of gecko toes
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Analytical chemistry

Reversal of fortune

In business, protecting a company’s intellectual property can mean 
the difference between market success and bankruptcy. As the 
threat of competition from illegal copies of patented technology 
grows, high-tech firms are themselves turning to reverse engi-
neering to spot potential patent infringements. Effendi Widjaja 
and Marc Garland from the A*STAR Institute of Chemical and 
Engineering Sciences1 have now developed a technique that 
promises to revolutionize reverse-engineering protocols—a rapid, 
non-destructive approach for mapping the composition of mul-
tilayered materials.

Multilayer films are used in the lamination of electronic com-
ponents as well as sport equipment, providing multifunctional 
protection that single-layer films cannot, such as water and cor-
rosion resistance, for example. Identifying the composition of 
these films, however, usually involves chopping the sample up 
and dissolving it in solvents, a destructive and labor-intensive 
process. Widjaja and Garland have developed a non-destructive 
reverse-engineering strategies based on vibrational spectroscopy 
and advanced signal processing.

Scientists have long known that when excited by light, mol-
ecules emit vibrational signals that provide detailed information 
on their chemical and structural environments. Raman spectros-
copy is a laser-based version of such a technique that can be used 
with very little sample preparation and provides high precision. 
The difficulty in applying such analyses to multilayer films has 
been the volume of data generated—particles in a multilayer films 
have a wide range of overlapping vibrational signals, resulting in 
a complex readout that is hard to assign to individual substances.

Widjaja and Garland overcame this challenge by developing 
an algorithm called band-target entropy minimization (BTEM), 
in which rigorous statistical equations are used to ascertain the 
simplest sets of ‘pure’ component patterns within a vibrational 
spectrum. The program is extraordinarily sensitive to trace com-
ponents within a material: it has been show in previous studies 
that even substances contributing less than 1% to the total vibra-
tional signal information can be recovered by BTEM.

The team tested their strategy by attempting to reverse engineer 
the multilayer structure of a commercial packaging envelope. 

After shining the Raman beam onto the sample, the BTEM algo-
rithm detected seven underlying patterns in the spectra. These 
patterns correspond to two forms of paper fiber, three inorganic 
crystalline materials and two polymers. By distributing each 
pure signal across the sample’s dimensions, the team successfully 
reconstructed the spatial distributions of the components in each 
laminated layer.

The speed and precision of the Raman/BTEM analysis, 
Widjaja and Garland note, makes the technique a valuable 
weapon in the fight against patent infringement.  ■

1. Widjaja, E. & Garland, M. Reverse engineering of multi-layer films. 

Materials Today 14, 114–117 (2011).
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Reverse engineering materials with a rapid, non-destructive laser-based 
technique can aid the fight against counterfeits
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Developmental biology

Inside the decision-making 
process

Early in development, embryonic stem cells (ESCs) abandon 
their undefined ‘pluripotent’ state in order to participate in the 
formation of three germ layers: the ectoderm, mesoderm and 
endoderm. These layers will in turn each give rise to distinct 
subsets of cell types and tissues in the mature organism: the 
ectoderm develops into the nervous system and epidermis, the 
mesoderm into connective tissue and bone, and the endoderm 
the stomach and lungs.

Understanding the molecular and genetic basis for this transi-
tion is more than an academic exercise. “We are interested in the 
derivation of definitive endoderm from human ESCs,” explains 
Ray Dunn at the A*STAR Institute of Medical Biology. He and 
his co-workers have now gained new insights into definitive 
endoderm (DE) formation1. As key organs, such as the pancreas 
and liver, originate from DE, the findings will have important 
implications in regenerative medicine.

The investigation began with a mystery: the signaling factor 
activin or Nodal can block stem-cell differentiation by stimulat-
ing the production of pluripotency-maintaining factors such 
as Nanog, yet can also promote differentiation into DE. The 
researchers resolved this apparent contradiction through a series 
of experiments using human ESCs, revealing that the protein 
eomesodermin, or Eomes, is a ‘master switch’ for DE formation 
and a modulator of the effects of activin/Nodal signaling.

Previous studies have flagged Eomes as a regulator of endo-
dermal development, and recent studies have demonstrated that 
this protein directly controls the activity of thousands of genes 
that favor DE formation while inhibiting mesodermal differen-
tiation. The gene EOMES, which encodes the protein Eomes, 
is initially inhibited by various pluripotency-promoting factors. 
However, as levels of these inhibitory proteins begin to decrease 
at sites of future endoderm development, Nanog changes sides, 
so to speak, and collaborates with Smad2 or Smad3, down-
stream components of the activin/Nodal signaling pathway, to 
turn on EOMES (see image). “Contrary to its widely touted role 
as a pluripotency factor and general blocker of differentiation, 
Nanog actually plays an active role in germ layer formation,” 
says Dunn.

The researchers determined that a high level of Eomes 
inhibits the production of Nanog. In addition, the Eomes 
protein works with Smad2 or Smad3 to aggressively switch on 
genes that commit embryonic cells to the endoderm develop-
mental pathway. “This helps us bridge a hole in our conceptual 
framework about how activin or Nodal effectively plays a double 
role,” says Dunn. He and his co-workers are now looking to 
further explore this process by characterizing some of the target 
genes in greater detail.  ■

1. Teo, A. K. K. et al. Pluripotency factors regulate definitive 

endoderm specification through eomesodermin. Genes and 

Development 25, 238–250 (2011).
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Nanog (red) and Eomes (green) trigger opposing responses in ESCs, 
respectively maintaining pluripotency and stimulating differentiation 
into endoderm. Nanog expression also plays an important role in 
switching on the gene EOMES (yellow cells).

Efforts to understand a signaling factor’s contradictory behavior reveal a 
master switch for organ development
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Cancer biology

The key to transformation

The transcriptional co-activator TAZ plays many roles in 
carcinogenesis. It not only promotes the migration, invasion, 
proliferation and creation of cancer cells, but also suppresses 
apoptosis—a form of programmed cell death that is meant to 
remove damaged or malfunctioning cells. Previous studies have 
demonstrated a direct correlation between the expression level of 
TAZ and the invasiveness of breast cancer cells.

TAZ is known to possess a domain called WW that binds 
proteins with certain structural motifs, most commonly the 
PPXY motif, and the domain has been suggested in recent 
studies to be critical for TAZ’s ability to transform healthy cells 
into cancer cells. The type of protein that the WW domain 
interacts with, however, has remained unclear. Wanjin Hong at 
the A*STAR Institute of Molecular and Cell Biology and co-
workers have now identified the protein Wbp2 as a WW-binding 
protein that enhances TAZ’s transformational activity1.

The researchers used a protein-isolating technique known as 
co-immunoprecipitation to identify proteins that might interact 
with the WW domain of TAZ. Among the candidates in the 
large-scale study were PPXY motif-containing proteins includ-
ing Amot, AmotL1, Wbp2, YBX1 and Nudt21.

Wbp2 is known to interact with the WW domains of another 
transcriptional co-activator called YAP, which is quite similar 
to TAZ. For this reason, the researchers decided to focus their 
study on identifying the role of Wbp2 in TAZ regulation. They 
found that TAZ with a mutant WW domain failed to interact 
with Wbp2 and displayed lower transformational activity (see 
image). Joining Wbp2 to the carbon terminus of the mutant 
WW domain by force restored and enhanced TAZ’s ability to 
transform mouse fibroblasts. Reducing the expression level of 
Wbp2 suppressed TAZ’s ability to transform human mammary 
epithelial cells, whereas increasing the expression level of Wbp2 
promoted the ability. The findings therefore suggest that Wbp2 
regulates TAZ’s transformational activity through interaction 
with the WW domain.

Wbp2 is known to have three PPXY motifs in the carbon 
terminus. The second and third motifs are conserved among 
various species including humans, zebrafish, frogs, worms and 

flies, whereas the first motif is only conserved in some species. 
After testing Wbp2 with various combinations of mutated 
motifs, the researchers found that the second PPXY motif of 
Wbp2 is the most important for interaction with TAZ. “We dis-
covered that Wbp2 plays a similar role in the fly, which suggests 
that Wbp2 has an evolutionarily conserved role in regulating cell 
proliferation,” says Hong. ■

1. Chan, S. W. et al. WW domain-mediated interaction with Wbp2 is 

important for the oncogenic property of TAZ. Oncogene  

30, 600–610 (2011).

Control S89A

TAZ WWm

Soft agar growth assays showing how the transformation of human 
mammary epithelial cells into primitive cancer cells (black dots) is 
suppressed in mutant cells lacking the WW domain (WWm) com-
pared with wild-type cells (TAZ) and TAZ activation-enhanced mutant 
cells (S89A).

The regulatory protein Wbp2 enhances the ability of the transcriptional 
co-activator TAZ to transform healthy cells into cancer cells
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Neuroscience

Gut instincts

Microbes in the gut can influence their mammal hosts in far-
reaching ways, even affecting brain development in newborn 
mammals and subsequent adult behavior. Martin Hibberd, Sven 
Pettersson and co-workers at the A*STAR Genome Institute 
of Singapore and Karolinska Institutet in Switzerland have 
now shown that gut microorganisms impact motor activity and 
anxiety behavior by affecting the development of nerve con-
nections1. Their findings have implications for the causes and 
treatment of a range of conditions, including mental illness.

Any environmental influence on early development can have a 
profound effect on the resulting adult organism. Previous studies 
have shown that the wide diversity of microorganisms adapted 
to live in the mammal gut has an impact not only on the diges-
tive system, but also on the function of the liver, as well as the 
development of nearby blood vessels and of the immune system. 
With respect to the brain, microbes are suspected to have an 
association with common developmental disorders that lead to 
autism and schizophrenia.

Hibberd, Pettersson and their co-workers decided to check if 
the normal microbes of the gut exert any impact on the develop-
ment of the brain. They did so by comparing the exploratory 
activity and anxiety behavior of germ-free (GF) mice—mice 
raised in an ultraclean environment devoid of germs—with the 
behavior of normal healthy mice, known as specific pathogen 
free (SPF) mice, carrying a typical load of gut microbes. They 
also tested a third group—GF mice exposed to gut microbes 
early in life.

The researchers found that when placed in a novel environ-
ment, in this case an open-field activity box, GF mice moved 
around, reared and explored the central area significantly more 
than SPF mice. And in a box with light and dark areas, the GF 
mice spent significantly more time in the light. The GF mice 
with gut microbes behaved in a similar way to SPF mice.

The researchers then studied gene activity and levels of 
compounds specifically associated with the formation of nerve 
connections or synapses in the part of the forebrain known as the 
striatum. There were significant differences between the mice 
with gut microorganisms and those without (see image). Overall 

the researchers concluded that the colonization of the gut by 
microbes affects the development of the nerve circuits involved 
in the control of motor activity and anxiety behavior.

“Understanding the close environmental interaction between 
bacteria and mammals may illuminate its role in several diseases,” 
says Hibberd. “And those conditions may become amenable to 
treatment by altering gut bacteria.”  ■

1. Heijtz, R. D. et al. Normal gut microbiota modulates brain 

development and behavior. Proceedings of the National Academy 

of Sciences 108, 3047–3052 (2011).
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Autoradiograms showing the suppressed expression of anxiety and 
synaptic plasticity-related genes in the brains of germ-free mice 
(right) compared with wild-type mice (left).

Understanding the intimate connections between microbes and 
development could lead to better treatment of disease
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Molecular genetics

Size matters

The optic disc is the part of the eye in which retinal neurons 
extend their branches to leave the retina and enter the brain. 
Individuals with certain kinds of visual dysfunction, such 
as nearsightedness and glaucoma, tend to have larger optic 
discs than individuals with normal vision. Chiea Chuen Khor 
at the A*STAR Genome Institute of Singapore and co-
workers have now identified genetic variations in three genes 
that can affect the size of the optic disc in Singaporean and 
Caucasian individuals1.

Recent studies have identified genes that affect optic disc 
size in Caucasian populations. However, it was unclear if those 
same genes would also play a role in Asians, as there are sub-
stantial differences in eye shape and anatomy between Asian 
and Caucasian populations. In addition, some diseases of vision, 
including nearsightedness and glaucoma, tend to be more 
common in Asian populations than in Caucasians.

The researchers performed a genome-wide association study 
(GWAS) of almost 4,500 Singaporean individuals; half were 
of Malay ancestry, and the other half were of Indian ancestry. 
They found three genes that were correlated with increased 
optic disc size in this population. Two of these genes, CDC7/
TGFBR3 and ATOH7, had already been identified in a previous 
GWAS of Caucasian individuals. However, the researchers also 
found a new association of disease with variation in the Caspase 
recruitment domain-containing protein 10 (CARD10) gene in 
the Singaporean population. The variation on CARD10 also 
seemed to be linked to optic disc area in Caucasian individuals 
from the Netherlands, albeit with a slightly weaker effect.

“The identification of these genes governing ocular traits 
could be the first step toward an improved understanding of 
the glaucoma disease mechanism, the most common cause of 
blindness worldwide,” explains Khor.

The CARD10 protein regulates the death of cells by control-
ling the activation of proteins called caspases. CARD10 can be 
found at the cell membrane, and its job is to add phosphate 
groups to other proteins in order to initiate the creation of 
protein complexes, which affect cell signaling. For example, 
CARD10 can activate the transcription factor NFκB, triggering 

a signaling pathway that has been shown to play a key role in 
nervous system development and in various neurodegenerative 
diseases. Future work will be necessary in order to uncover how 
the observed variation in the CARD10 gene could affect cell 
death in the retina, and possibly predispose individuals to the 
development of visual dysfunction.  ■

1. Khor, C. C. et al. Genome-wide association studies in Asians 

confirm the involvement of ATOH7 and TGFBR3, and further 

identify CARD10 as a novel locus influencing optic disc area. 

Human Molecular Genetics 20, 1864–1872 (2011).

Variations in three genes can affect the size of the optic disc, a structure in 
the eye that is larger in individuals with visual dysfunction
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Cancer biology

Tightening the belt on  
tumor growth

The ‘Hippo’ signaling pathway regulates organ size by control-
ling cell proliferation and programmed cell death. It does so by 
chemically modifying the transcription co-factors TAZ and YAP, 
causing them to be degraded or moved out of the nucleus. In 
research that could have implications for the future treatment of 
cancer, Wanjin Hong and co-workers at the A*STAR Institute of 
Molecular and Cell Biology have found that the activity of TAZ 
and YAP can be restricted independently of the Hippo pathway 
via a protein initially identified as a regulator of endothelial cell 
migration into developing blood vessels1.

The researchers treated cultured human breast cancer cells 
with an antibody that recognizes and binds to TAZ. They found 
that two proteins, Angiomotin (Amot) and Angiomotin-like 1 
(AmotL1), always precipitated with TAZ and its antibody when 
they were isolated from the cells, except when a mutant form of 
TAZ lacking a region called the WW domain was used. This 
suggests that TAZ interacts with Amot and AmotL1, and that 
the WW domain of TAZ is required for the interaction. YAP 
contains two WW domains, and similar experiments revealed that 
these domains are also necessary for the interaction with Amot 
and AmotL1.

To investigate the significance of the interactions, the research-
ers examined how Amot and AmotL1 affect the distribution of 
another form of TAZ containing a mutation that prevents its 
redistribution to the cytoplasm in response to Hippo pathway 
activation. When expressed alone in cultured cells, Amot was 
localized predominantly in the cytoplasm and TAZ and YAP in 
the nucleus (see image). However, expressing Amot and TAZ 
together in the same cells caused TAZ to be shifted from the 
nucleus into the cytoplasm, suggesting that Amot can induce 
TAZ redistribution independently of the Hippo pathway.

These results were confirmed in a further set of experiments 
investigating the expression of the CTGF and Cyr61 genes, 
which are activated by TAZ. Cyr61 expression was enhanced in 
cells expressing TAZ alone, but was compromised in cells that co-
expressed Amot. Furthermore, silencing the expression of endog-
enous Amot led to increased expression of endogenous CTGF, 
demonstrating that Amot is actively restricting CTGF expression.

The findings demonstrate that Amot negatively regulates the 
oncogenic property of TAZ and YAP. “Suppressing Amot protein 
expression may activate TAZ and YAP to promote cancer devel-
opment and progression,” says Hong. “Interventions that restore 
or enhance Amot expression will have a negative impact on cancer 
cell proliferation.” ■

1. Chan, S. W. et al. Hippo pathway-independent restriction of TAZ 

and YAP by angiomotin. Journal of Biological Chemistry  

286, 7018–7026 (2011).

Fluorescence microscopy image showing the distribution of endog-
enous Amot (green) and YAP (red) proteins in cultured human breast 
cancer cells

A newly identified molecular mechanism could lead to treatments to 
control cancer
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Infectious disease

An old drug revisited

Malaria is a mosquito-borne infectious disease that has plagued 
humankind for more than 50,000 years. It is widespread in 
tropical and subtropical regions, and continues to be the leading 
cause of death in developing countries including Africa, Asia 
and South America. The parasite responsible for causing malaria 
is known as Plasmodium, and there are four species capable of 
infecting humans: P. falciparum, P. vivax, P. ovale and P. malariae.

Pyrimethamine is an antifolate drug that is commonly used 
for treating malaria. The drug interferes with tetrahydrofolic acid 
synthesis from folic acid, a process essential for the survival of 
Plasmodium. Unfortunately, the extensive use of pyrimethamine 
in Asia and South America has led to the emergence of drug-
resistant P. vivax. Scientists must therefore look for new drugs to 
combat the disease.

Laurent Rénia at the A*STAR Singapore Immunology 
Network and co-workers1 have now reviewed the potential of 
methotrexate, an antifolate drug that has long been used for 
treating leukemia and certain types of cancer, to treat drug-
resistant P. vivax. The researchers collected 20 P. vivax isolates 
from malaria patients between May and June 2009. They tested 
pyrimethamine on the isolates and found ten that displayed a 
high level of drug resistance.

The researchers then tested methotrexate on these ten 
drug-resistant P. vivax isolates. They found that methotrexate 
was potent against all isolates, despite their resistance to pyri-
methamine. The result is encouraging because it demonstrates 
the potential of methotrexate as an antimalarial drug at very 
low concentrations.

A study in 1970 in fact already reported the successful treat-
ment of seven patients with P. vivax infection using methotrex-
ate. However, the study was not followed up because at that time 
there was no apparent advantage of using methotrexate over 
pyrimethamine, which was still effective. Moreover, methotrex-
ate has a range of serious side effects at the high doses given for 
cancer treatment.

Apart from the treatment of cancers, methotrexate is also used 
for the treatment of severe psoriasis and rheumatoid arthritis. 
This study clearly indicates that methotrexate has another use—a 

potent agent for combating malaria at doses much lower than 
are currently used in the long-term treatment of severe psoriasis 
and rheumatoid arthritis. “At these low doses, methotrexate side 
effects are minimal,” says Rénia. “Our results suggest that metho-
trexate might be a potent alternative to some of the standard 
antimalarials that are now failing to treat malaria, especially in 
Asia and South America.”  ■

1. Imwong, M. et al. Methotrexate is highly potent against 

pyrimethamine-resistant Plasmodium vivax. Journal of Infectious 

Diseases 203, 207–210 (2011).

Plasmodium vivax parasites concentrated from patient blood

The antifolate drug methotrexate is highly potent against the malaria 
parasite Plasmodium vivax
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Medical genetics

Hand and bone  
patterning gene

Brachydactyly is a genetic disorder characterized by dispro-
portionately short fingers and toes. There are many forms of 
brachydactyly, and children with recessive Temtamy preaxial 
brachydactyly syndrome (TPBS) are known to develop fingers 
that look like thumbs (see image). Bruno Reversade at the 
A*STAR Institute of Medical Biology and co-workers1 have 
now discovered the genetic mutation that causes this rare form 
of brachydactyly.

The researchers took DNA samples from a Jordanian family 
comprising five members, two of which were affected by TPBS. 
They compared the genetic makeup of affected individuals with 
that of unaffected individuals and identified 177 candidate genes 
that might have caused the genetic disorder.   

The researchers sequenced all these candidate genes using a 
high-throughput DNA sequencing technology and discovered 
the specific mutation that is responsible for TPBS. The mutation 
lies in the gene CHSY1, which encodes the enzyme CHSY1 of 
the chondroitin synthase family.

The mutation results in the expression of a truncated form 
of CHSY1, which lacks catalytic activity. As chondroitin sulfate 
is an important structural component of cartilage and bone, 
CHSY1 might play a critical role in its biosynthesis.

The researchers confirmed their hypothesis by showing that 
an absence of the functional CHSY1 enzyme caused massive 
production of the protein JAG1 and activation of the signaling 
protein NOTCH to which it binds. They found that experimen-
tally depleting CHSY1 using RNA inhibition led to enhanced 
activity of fetal bone-forming cells in vitro. Similar depletion of 
CHSY1 in cultured cancer cells led to greatly increased expres-
sion of JAG2, another NOTCH-binding protein.

They found that experimentally blocking CHSY1 expression 
in zebrafish embryos led to the development of morphological 
abnormalities, partly mirroring those found in brachydactyly 
patients. These defects included impaired skeletal, pectoral fin 
and retinal development, and were associated with increased 
NOTCH output.

“It may seem counter-intuitive to study digit formation in 
fish, as they have none,” says Reversade. “However, pectoral fins 

are analogous to the human hands and so we hypothesized that 
CHSY1’s role may be conserved in fish during limb develop-
ment, and indeed it was.”

These findings increase our understanding of hand develop-
ment by revealing another layer of genetic regulation in an already 
fine-tuned system. “But this is to be expected,” says Reversade. 
“One just needs to look at whales and bats, for instance. Both 
are mammals like humans, but each have very different hand 
morphology to swim or fly, respectively.”  ■

1. Tian, J. et al. Loss of CHSY1, a secreted FRINGE enzyme, causes 

syndromic brachydactyly in humans via increased NOTCH 

signaling. American Journal of Human Genetics  

87, 768–778 (2010).
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Hand X-ray showing the developmental abnormalities caused by TPBS

The discovery of a rare genetic mutation sheds new light on bone and 
limb development
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Infectious disease

How malaria gets into the brain

Malaria is a major global health threat, infecting more than 200 
million people and killing approximately 800,000 every year. It is 
caused by the protozoan parasite Plasmodium falciparum, which 
is carried and transmitted by mosquitoes. Laurent Rénia at the 
A*STAR Singapore Immunology Network and co-workers have 
now determined how red blood cells infected with the malaria 
parasite accumulate in the brain1.

Cerebral malaria—the accumulation of infected red blood 
cells in the brain—is one of the most severe complications 
of malaria. The condition causes an unrousable coma and is 
often associated with seizures, but the underlying mechanisms 
are unclear.

Rénia and his co-workers infected several different strains of 
mice with P. berghei parasites that had been genetically engi-
neered to express the fluorescent luciferase reporter gene. They 
then used in vivo imaging to visualize in real time the distribu-
tion of infected red blood cells during infection (see image).

They found that normal mice died of experimentally induced 
cerebral malaria 6 to 12 days after being infected. Mutant mice 
lacking both B and T immune cells due to a genetic mutation, 
however, did not develop cerebral malaria, suggesting that these 
cells mediate the accumulation of the parasite in the brain.

Further experiments revealed that the accumulation of the 
parasite in the brain is mediated by one particular type of T 
cell, called CD8+. Mutant mice lacking this cell type had sig-
nificantly reduced numbers of infected red blood cells in both 
the brain and the spleen, as shown by fluorescent imaging. The 
imaging further revealed that the mutant mice lacking CD8+ 
T cells accumulated fewer parasites in their brains during the 
first week of infection, the period during which cerebral malaria 
normally develops, but not at later time points.

The researchers then examined the role of Interferon-gamma 
(IFN-γ), a pro-inflammatory cytokine known to play an impor-
tant role in experimental models of cerebral malaria by inducing 
the migration of CD8+ T cells into the brain. When they 
infected mutant mice lacking the IFN-γ gene with P. berghei, 
the mutant mice showed similar amounts of the parasite in their 
blood as normal mice, but had less infected red blood cells in 

the brain and were completely resistant to cerebral malaria. “Our 
findings will help to design studies to see if these mechanisms 
occur in people,” says Rénia. “We are now in the process of iden-
tifying how the parasites are sequestered in deep tissues.”  ■

1. Claser, C. et al. CD8+ T cells and IFN-γ mediate the time-

dependent accumulation of infected red blood cells in deep 

organs during experimental cerebral malaria. PLoS ONE  

6, e18720 (2011).

In vivo imaging reveals accumulation of infected red blood cells in the 
mouse brain

The mechanism by which malaria parasites accumulate in the brain and 
other deep tissues of model mice has been identified
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Medical genetics

More than skin deep

Multiple self-healing squamous epithelioma (MSSE) is a rare 
form of skin cancer characterized by scaly tumors that grow 
quickly for several weeks before spontaneously regressing and 
leaving deep pitted scars. Birgit Lane at the A*STAR Institute of 
Medical Biology and an international team of co-workers1 have 
now identified the genetic cause of MSSE.

Previous studies have narrowed the source of MSSE down 
to a 4-megabase region of chromosome 9, but the precise 
location of the genes involved was unknown. The international 
research team used state-of-the-art techniques to sequence 
2,552 exons—sections of protein-coding DNA—from within 
a 24.2-megabase region of chromosome 9. They compared the 
results between healthy individuals and individuals with MSSE 
and found that all of the affected individuals harbor mutations 
in the gene TGFBR1. Altogether the researchers managed to 
uncover 11 distinct mutations, none of which were found in 
healthy individuals.

TGFBR1 encodes a receptor for transforming growth factor 
beta (TGF-β), which spans the cell membrane and relays 
chemical signals to the cytoplasm. TGF-β is a protein that has 
multiple roles in development, particularly in the regulation 
of cell proliferation and cell migration. Disturbing the TGF-β 
pathway can lead to uncontrolled cell growth and increase the 
risk and invasiveness of cancer. The findings show that MSSE is 
one of the many consequences of mutations in TGFBR1.

Interestingly, mutations in TGFBR1 are known to cause 
Loeys–Dietz syndrome, a non-cancerous connective tissue 
disorder related to Marfan syndrome. Individuals with Loeys–
Dietz syndrome have serious defects in their blood vessels and 
aorta. The researchers deduced that MSSE is different because 
of the different nature of the mutations: MSSE mutations 
prevent the production of functional proteins from the mutant 
allele, leaving the skin cells of individuals with such mutations 
vulnerable to ultraviolet radiation and at increased risk of devel-
oping skin cancer.

Loeys–Dietz mutations, on the other hand, are missense 
mutations, which cause the synthesis of mutant proteins that can 
still activate the TGF-β signaling pathway. Individuals with such 

mutations display elevated TGF-β signaling and might develop 
vascular disorders during their development.

Lane and her team are confident that their findings could lead 
to new ideas for skin cancer therapy. “Discovering the mutations 
underlying MSSE is only the first step,” says Lane. “We are 
now trying to understand what makes the tumors shrink and 
heal spontaneously.”  ■

1. Goudie, D. R. et al. Multiple self-healing squamous epithelioma is 

caused by a disease-specific spectrum of mutations in TGFBR1. 

Nature Genetics 43, 365–371 (2011).
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Self-healing skin cancer and Loeys–Dietz syndrome are caused by 
mutations in the same gene
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Medical genetics

Markers for lymphoma

Lymphoma is a type of cancer in which immune cells called 
lymphocytes undergo uncontrolled cell division and form a solid 
tumor in lymphoid organs, such as the lymph nodes or the spleen. 
Through an international collaborative genome-wide association 
study, Jianjun Liu at the A*STAR Genome Institute of Singapore 
and co-workers1 have now identified two genetic variants, known 
as single nucleotide polymorphisms (SNPs), on chromosome 6 
that increase the risk of developing lymphoma.

In a previous genome-wide association study, the researchers 
identified rs10484561 as an SNP on chromosome 6 that increases 
the risk of developing follicular lymphoma, a type of lymphoma 
in which tumors grow as spherical structures called follicles. This 
time, using a larger, independent sample of follicular lymphoma 
patients and controls from Denmark and Sweden, Liu and his 
co-workers identified another SNP called rs2647012 on the 
same small portion of chromosome 6 as rs10484561. Unlike 
rs10484561, however, rs2647012 actually decreases the risk of 
developing follicular lymphoma.

Both SNPs are located within a genomic region that encodes 
human leukocyte antigen (HLA) proteins, which present foreign 
antigens to other immune cells and mold the immune response. 
The researchers suggest that the SNPs they found may affect 
HLA expression or the binding affinity of HLA proteins to 
foreign antigens. This could lead to cancer by modulating how 
foreign antigens activate the immune system, allowing for uncon-
trolled proliferation of immune cells. Alternatively, the SNPs may 
affect the efficiency of the immune response against tumor cells.

“By analyzing how the two SNPs are inherited in the popula-
tion, we realized that both must have appeared within distinct 
evolutionary lineages in the study population,” says Liu. 
“Therefore, each SNP will influence the risk of developing the 
cancer independently.”

The researchers also studied the effects of these SNPs on other 
types of lymphoma. They found that rs10484561 increased the 
risk of developing diffuse large B-cell lymphoma, a cancer of 
lymphocytes called B cells. The observation of a link between the 
same genetic SNP and more than one type of lymphoma sug-
gested to the researchers that the mechanisms that induce these 

types of lymphoma may somehow overlap. The findings therefore 
indicate that these different lymphoma subtypes may share a 
common treatment.

“Having identified the genetic risk factors in Europeans in 
this study, we next plan to test if they influence lymphoma risk 
in Singaporeans,” says Liu, who is now collaborating with the 
Singapore lymphoma study.  ■

1. Smedby, K. B. et al. GWAS of follicular lymphoma reveals 

allelic heterogeneity at 6p21.32 and suggests shared genetic 

susceptibility with diffuse large B-cell lymphoma. PLoS Genetics 

7, e1001378 (2011).

Two genetic variants on chromosome 6 are associated with lymphoma
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Dermatology

A fix for fragile skin

Patients with epidermolysis bullosa simplex (EBS) have overly 
delicate skin that blisters easily. Their skin cells become extremely 
sensitive to the external environment and might burst in response 
to stress. Birgit Lane from the A*STAR Institute of Medical 
Biology and co-workers from the University of Dundee in the 
UK and University of Groningen in the Netherlands have now 
found that gene therapy could help restore the skin’s normal 
resistance to physical damage1.

EBS is caused by mutations in the genes that encode the 
proteins keratin 5 and keratin 14 (K14). These proteins assemble 
into filament structures that help to keep epithelial cells in the 
skin strongly linked together and therefore durable against friction 
and other stressors. Most of the EBS-causing keratin mutations 
cause weakness in the keratin network, which can collapse and 
form aggregates upon mild physical trauma. Previous work by this 
group has shown that the skin cells of EBS patients carrying these 
‘dominant negative’ (DN) mutations have an enhanced response 
to various stressors, such as exposure to heat or stretching.

‘Null’ mutations that cause the complete lack of a keratin 
protein in EBS patients’ skin cells have also been reported. Lane 
and her co-workers examined the stress responses of cells with 
a total lack of K14 (see image), and found that their reaction 
to stress could, in some cases, be quite different from the cells 
carrying a DN mutation.

For example, heat stress caused the DN mutant cells to form 
keratin aggregates, but these aggregates did not appear in the 
K14-null cells after exposure to the same type of stress. Both 
cell types had a faster than normal activation of stress-related 
signaling pathways in response to conditions that caused cell 
swelling or recreated the effect of a skin wound, suggesting that 
stress responses are more easily triggered in both types of EBS 
patient cells compared with normal cells. However, the DN cells’ 
response to any type of stress was significantly higher than the 
keratin-null cells. “The total lack of K14 can therefore be less 
detrimental than a DN mutation in the keratin gene,” explains 
Mariella D’Alessandro from the research team.

Strikingly, the researchers showed that adding back the gene 
that encodes K14 protein into the K14-null cells can reduce the 

overactive response to physical stresses. These findings suggest 
that the introduction of healthy genes into EBS patients lacking 
K14 could make their skin more resilient to friction and other 
stressors and may therefore represent a potential therapeutic 
approach in the treatment of EBS.  ■

1. D’Alessandro, M., Coats, S. E., Jonkmann, M.F., Leigh, I. M. & Lane, 

E. B. Keratin 14-null cells as a model to test the efficacy of gene 

therapy approaches in epithelial cells. Journal of Investigative 

Dermatology 131, 1412–1419 (2011).
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EBS patient cells with null mutations in the K14 gene

Adding back a gene that is missing in cells from patients with skin fragility 
disorders restores the cells’ normal response to stress
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Biosensors

Sweet and simple

Surface-enhanced Raman spectroscopy (SERS) is a highly 
sensitive and versatile analytical tool that is widely used in bio-
sensing applications. In conventional Raman spectroscopy, mol-
ecules are detected by their characteristic scattering of laser light, 
but the sensitivity of the standard method is relatively low. By 
detecting the same Raman scattering from molecules adsorbed 
to rough metal surfaces, however, the sensitivity can be enhanced 
remarkably, even allowing the detection of single molecules (see 
image). Unfortunately, the mechanism of this enhancement is not 
well understood and is strongly dependent on the combination of 
surface and molecular target.

Malini Olivo and co-workers at the A*STAR Singapore 
Bioimaging Consortium and Institute of Microelectronics have 
now developed a new class of surface that provides a much-
needed sensitivity enhancement for the detection of glucose1. The 
new substrate promises the fast, direct and accurate detection of 
glucose in solution at physiological concentrations.

Olivo and her co-workers have been investigating SERS for 
the measurement of glucose in biological samples. Glucose has 
very low Raman scattering efficiency and existing substrates 
for SERS fail to bring the method’s sensitivity of detection up 
to a level suitable for detecting the typical concentrations in 
real samples.

Instead of the commonly used rough metal substrates, the 
researchers turned to silicon, which they etched to form a well-
defined pattern of nanogaps. They then coated the patterned 
silicon with thin layers of silver and gold. In tests comparing the 
new substrate with commercial substrates for glucose detection, 
Olivo and her team found that the silicon-based substrate gave 
the sensitivity boost they were looking for, which they attribute 
to the uniformity of roughness provided by the nanogap pattern.

“We were actually very surprised by our substrate’s high repro-
ducibility,” say Olivo. “The best reproducibility reported previ-
ously for glucose was only about 10%. However, due to the special 
design and pattern of our substrate, we achieved reproducibility 
of about 3–4%, which is outstanding.” The nanogap substrate 
also provided good sensitivity for the detection of glucose in the 
physiologically important 0–25 millimolar range.

Olivo and her co-workers are already building on their success 
with work on an analogous system for sensing proteins. “We 
would like to translate similar SERS substrate platforms to 
optical fibers in order to develop a minimally invasive in vivo 
SERS platform for clinical diagnostics,” she says. The research-
ers have high hopes that small sensors based on this SERS 
platform may one day be implanted into patients for real-time 
glucose sensing.  ■

1. Dinish, U. S., Yaw, F. C., Agarwal, A. & Olivo, M. Development of 

highly reproducible nanogap SERS substrates: Comparative 

performance analysis and its application for glucose sensing. 

Biosensors and Bioelectronics 26, 1987–1992 (2011).
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Virology

Flu tracking

New strains of the flu emerge on a regular basis, occasionally 
yielding viral variants that are especially nasty and virulent. A 
classic example is the H1N1 ‘swine flu’ pandemic that had the 
world on alert in 2009. Influenza viruses evolve into new strains 
by undertaking reassortment—the exchange of genome segments 
between viruses in a host (see image). For scientists trying to 
determine the pedigree of a given influenza sample, understand-
ing and sleuthing this reassortment process is a painstaking 
manual endeavor.

Having spent the past five years contemplating computa-
tional strategies for performing such detective work, Niranjan 
Nagarajan at the A*STAR Genome Institute of Singapore 
and Carl Kingsford at the University of Maryland, USA, 
have now developed a promising algorithm based on some 
sophisticated statistics1.

“From our discussions, it was clear that there was a need for a 
rigorous approach with clear performance guarantees that could 
be used to identify flu reassortments,” says Nagarajan. He and 
Kingsford have developed a novel computational method, called 
the graph incompatibility-based reassortment finder, or GiRaF, 
that subjects viral genomic datasets to rigorous statistical analysis 
in order to derive a ‘family tree’ that accurately reflects the history 
of reassortment events that gave rise to that particular collection 
of influenza specimens.

GiRaF was shown to perform well with simulated datasets as 
well as a collection of 156 actual sequences from influenza H3N2, a 
leading cause of seasonal flu outbreaks, which had been previously 
subjected to manual analysis. In the case of H3N2, GiRaF suc-
cessfully flagged reassortment events that had been spotted before, 
but also detected one more that was missed initially and revealed 
one previously identified event as a likely false positive. “One of 
the surprising results for me was the fact that we can do so well 
in a fully automated approach—in fact our results on real datasets 
were better than on our simulated datasets,” says Nagarajan. “Here 
was a dataset where human experts had manually analyzed the 
data, but missed a reassortment event found by GiRaF.”

Based on these promising results, Nagarajan believes that 
GiRaF should also work well for other viruses that have genomes 

with multiple discrete segments, as in influenza. However, he 
also hopes to expand the reach of the approach to other types of 
viruses. “Hepatitis C and dengue would be of particular interest,” 
he says, “as little is known about the role of recombination, if any, 
in viral evolution for these pathogens.” ■

1. Nagarajan, N. & Kingford, C. GiRaF: robust, computational 

identification of influenza reassortments via graph mining. 

Nucleic Acids Research 39, e34 (2011).

Parent 1 Parent 2

Reassortant

Within a single host cell, multiple influenza parent strains can swap 
genome segments to yield a novel hybrid ‘reassortant’ strain.

A computational algorithm for tracking influenza viral ancestry 
outperforms even human experts
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Biosensors

A handy kit

The control of infectious diseases such as the 2009 H1N1 
pandemic influenza hinges on handy analytical tools that can 
rapidly and accurately identify infected patients at the doctor’s 
office or at an airport. For this reason, there has been much 
interest in technologies that could enable replacement of the 
bulky instruments used at present with point-of-care testing 
devices. Linus Tzu-Hsiang Kao and co-workers at the A*STAR 
Institute of Microelectronics and the Genome Institute of Sin-
gapore have now developed a silicon-based microfluidic system 
that is able to sense and differentiate the H1N1 virus from other 
seasonal influenza strains in ultrasmall specimens1.

The detection and characterization of viral strains is now rou-
tinely performed using an assay method called real-time reverse 
transcription polymerase chain reaction (RT-PCR), a method 
that typically calls for specialized laboratory instruments and 
skilled personnel. Kao’s team, however, was able to integrate the 
PCR function into a compact two-module microfluidic chip 
using standard semiconductor technology. “The system will be 
suitable for use as a portable diagnostic tool for on-the-spot 
screening of highly contagious viruses, such as the influenza A 
H1N1 strain,” says Kao.

Because untreated influenza samples usually contain minute 
amounts of viral RNA mixed with other nucleic acids and 
proteins, the researchers designed an ‘on-chip’ PCR module that 
amplifies target sequences for both H1N1 and seasonal viruses 
at the same time. The key to their compact screening technol-
ogy, however, is the silicon-nanowire sensing module used for 
virus identification. The nanowires in the module are modified 
with nucleic acid-containing polymers that specifically bind the 
target DNA, which results in a change in electrical resistance 
in proportion to the concentration of target DNA present in 
the sample.

The team fabricated the PCR module, which includes a 
reaction chamber connected to small aluminum heaters and tem-
perature sensors through tiny channels, directly into a silicon chip 
using an etching technique. They then constructed the silicon 
nanowires by optical lithography and finally immobilized the 
nucleic acid-containing polymers.

Experiments revealed that the small size of the PCR chamber 
gave it a uniform temperature distribution (see image), providing 
an ideal environment for efficient RNA amplification. The PCR 
module also responded much faster to heating/cooling cycles 
than standard instruments because of the small sample volume—
leading to quicker diagnoses.

The team is currently planning to improve the sample extrac-
tion module. “We are in the process of building a fully automated 
and integrated prototype, which will allow us to proceed to 
clinical validation with our collaborators,” says Kao.  ■

1. Kao, L. T.-H. et al. Multiplexed detection and differentiation of 

the DNA strains for influenza A (H1N1 2009) using a silicon-based 

microfluidic system. Biosensors and Bioelectronics  

26, 2006–2011 (2011).

Photograph of the PCR microfluidic chip mounted on a sample deliv-
ery and electronic measurement system (inset), and an infrared image 
showing the uniform thermal distribution across the PCR chamber 
during thermal cycling.

A silicon-based microfluidic chip that distinguishes different viral strains 
shows potential for the quick on-site diagnosis of infectious diseases
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Biophysics

Simulating amyloid formation

Many neurodegenerative diseases are characterized by proteins 
that assume an abnormal configuration, which leads to their 
aggregation and deposition in and around nerve cells, causing cell 
death. This process, called amyloid formation, is a common path-
ological feature in diseases such as Alzheimer’s, Parkinson’s and 
prion diseases, as well as type II diabetes. Charlotte Hauser and 
co-workers from the A*STAR Institute of Bioengineering and 
Nanotechnology and Institute of High Performance Computing 
along with colleagues in Europe have now designed a class of 
ultrasmall peptides that simulate the self-assembly of abnormally 
folded proteins in such neurodegenerative conditions1.

Hauser and her co-workers designed ultrasmall peptides con-
sisting of three to six amino acid residues, each containing a char-
acteristic motif—a ‘tail’ of uncharged residues with decreasing 
affinity to water capped by a polar ‘head’ residue. These peptides 
spontaneously self-assembled in water to form fibril structures 
(pictured) resembling those that make up the amyloid-β plaques 
found in the brains of Alzheimer’s patients. 

The researchers hypothesize that fiber assembly is a complex 
stepwise mechanism involving at least three distinct stages. 
Individual peptide molecules first bond to each other in an anti-
parallel arrangement to form dimers. The pairs then line up to 
form single α-helical fibers as intermediate structures, which 
continue to assemble and then condense into fibrous scaffolds in 
the form of solid hydrogels.

The team further examined the driving forces for self-assembly 
and found that gel formation was critically dependent on the 
length of the tail and the polar nature of the head. Peptides con-
taining six amino acid residues formed gels more readily than the 
others, and the strongest gels were formed by peptides containing 
an acidic head residue. A minimum peptide concentration was 
required for fiber formation, and increasing the temperature was 
found to accelerate the self-assembly process.

Investigation into the assembly process and experimental 
results were verified by computer simulations. This helped 
the research team confirm that the formation of peptide pairs 
precedes fiber formation, suggesting that the peptides have a 
strong tendency to aggregate because the sheet-like structures 

have a lower free energy state than individual fibers, and are 
therefore more stable.

“Understanding the driving forces that enable these ultrasmall 
peptides to stably self-assemble into macromolecular structures 
will shed light on aggregate formation in amyloidogenesis,” says 
Hauser. “This would facilitate the design of new therapeutics 
to prevent and control plaque formation in neurodegenerative 
disorders and a wide range of other debilitating diseases.”  ■

1. Hauser, C. A. E. et al. Natural tri- to hexapeptides self-assemble in 

water to amyloid β-type fiber aggregates by unexpected α-helical 

intermediate structures. Proceedings of the National Academy 

of Sciences 108, 1361–1366 (2011).
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Scanning electron microscopy image of fibrils formed by self-assem-
bly of three amino acid residue peptides. These structures resemble 
those found in the brains of Alzheimer’s patients.

Systematically designed ultrasmall peptides mimic the molecular 
assembly processes observed in neurodegenerative diseases
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Nanomedicine

Loading up a cure

Micelles—nanoparticles with a core–shell structure—are ideal 
vehicles for targeted drug delivery and have the potential to revo-
lutionize the treatment of diseases such as cancer. They come in a 
wide range of sizes, but most have low loading capacity, meaning 
they can only carry a small amount of a drug, and dissociate 
rapidly in the bloodstream upon contact with proteins, which can 
prevent the drug from reaching the intended targets. To address 
these shortcomings, a team led by Yiyan Yang from the A*STAR 
Institute of Bioengineering and Nanotechnology has now gener-
ated a polymer that self-assembles into micelles with high loading 
capacity and stability in the body1.

“There are micelles that can transport large amounts of drugs, 
but their synthesis is usually tedious, expensive and gives low 
yields,” says Yang. “We have now developed an approach to 
produce biodegradable and biocompatible polycarbonate copo-
lymers that form uniformly sized micelles in high yields from 
inexpensive starting materials. Furthermore, the synthesis can be 
scaled up for future clinical applications.”

The researchers designed various copolymers composed of 
a polyethylene glycol subunit linked to a polycarbonate chain 
bearing acid or urea functional groups. These groups allowed the 
polymers to simultaneously bind to each other and to the che-
motherapy drug doxorubin through strong intermolecular forces.

The team synthesized copolymers through the ring-opening 
polymerization of urea- and acid-functionalized cyclic carbon-
ates in the presence of organic catalysts. When mixed in water, 
the copolymers associated into spherical micelles consisting of 
a polycarbonate core consolidated by hydrogen bonds and a 
polyethylene glycol shell. The anticancer drug, which contains a 
weakly basic amino functional group, attached to the core through 
acid–base ionic interactions.

“As the drug is carried in the core, it is protected from degrada-
tion when travelling in the blood stream,” explains Yang. “It will 
not harm healthy cells before it reaches and penetrates through 
leaky tumor tissues.” The shell also stopped unwanted drug 
seepage and protein adhesion.

When the team tested the potential of the micelles for drug 
delivery in vitro, they observed that the micelles steadily released 

doxorubin to cancer cells, and killed the cancer cells efficiently.  
The micelles can encapsulate and deliver amine-, carbonyl- and 
sulfate-bearing drugs by forming non-covalent interactions with 
acid or urea groups located in the core.

The researchers are currently conducting animal studies to 
evaluate the toxicity, biodistribution and efficacy of the micelles. 
“We are seeking industrial and clinical collaborators to advance 
towards clinical applications,” says Yang.  ■

1. Yang, C. et al. Supramolecular nanostructures designed for high 

cargo loading capacity and kinetic stability. Nano Today  

5, 515–523 (2010).
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A transmission electron microscopy image of doxorubin-loaded mixed 
micelles with high loading capacity and biological stability

A new type of polymer forms highly stable micelles with exceptional 
loading capacity for the targeted delivery of anticancer drugs
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Biomedical engineering

In tune with the brain

Electroencephalography (EEG) records the electrical signals 
produced by the brain using an array of electrodes placed on the 
scalp. Computers use an algorithm called common spatial pattern 
(CSP) to translate these signals into commands for the control of 
various devices.

Haiping Lu at the A*STAR Institute for Infocomm Research 
and co-workers1 have now developed an improved version of CSP 
for classifying EEG signals. The new algorithm will facilitate the 
development of advanced brain–computer interfaces that may 
one day enable paralyzed patients to control devices such as com-
puters and robotic arms.

CSP distinguishes and interprets commands by estimating 
the variations between EEG signals, and its accuracy strongly 
depends on how many signals are provided. As a result, CSP 
may make an incorrect interpretation when the number of EEG 
signals is small.

The new CSP algorithm developed by Lu and his colleagues 
uses two parameters to regularize the estimation of EEG signal 
variations. One parameter lowers the variations of the estimates, 
while the other reduces the tendency of the CSP algorithm to 
bias the estimates towards values from only a small number 
of samples.

Together, these parameters significantly improve the accuracy 
of CSP for classifying EEG signals. The researchers optimized 
the new algorithm even further by aggregating a number of dif-
ferent regularizations.

They evaluated their algorithm in the third Brain–Computer 
Interface Competition, held in 2005. The competition enables 
researchers who are developing advanced brain–computer inter-
face technologies to test their methods for processing and clas-
sifying EEG signals using publicly available data sets.

The algorithm developed by Lu’s group significantly out-
performed four other groups in three sets of experiments with 
varying testing scenarios, and its superiority was particularly 
evident when the number of sample EEG signals was small.

Conventional algorithms require 20–90 EEG signals, but the 
algorithm of Lu and co-workers needs only ten. This significantly 
reduces the effort required to collect data for brain–computer 

interfaces, the memory requirements for EEG signal process-
ing applications, and the processing time needed for processing 
the signals.

“This is a method to improve the accuracy of current brain–
computer interfaces,” says Lu. “Our algorithm applies ensemble-
based learning in the feature-extraction stage of an EEG-based 
brain–computer interface, which could be integrated with 
training data ensembles in the data pre-processing stage. It would 
be among many other improvements to be tested and used in 
existing brain–computer interface systems.”  ■

1. Lu, H., Eng, H. L., Guan, C., Plataniotis, K. N. & Venetsanopoulos, 

A. N. Regularized common spatial pattern with aggregation for 

EEG classification in small-sample setting. IEEE Transactions of 

Biomedical Engineering 57, 2936–2946 (2010).
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A new algorithm improves the way computers interpret readings of the 
brain’s electrical signals
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Biochemical engineering

Chewing the fat

Biodiesel is a promising future fuel, particularly because it can 
be made from a wide variety of renewable sources such as crude 
vegetable oils and waste fats produced by commercial kitchens. 
Conventional chemical processes for producing biodiesel, however, 
require pure and refined feedstock oils, thus negating any potential 
advantages. To get around this problem, Md. Mahabubur Rahman 
Talukder and co-workers at the A*STAR Institute of Chemical 
and Engineering Sciences1 have developed a two-step biocatalytic 
process that works well on all sorts of oils—whether they are 
refined or not.

Making biodiesel involves breaking down vegetable oils through 
a reaction with methanol. Although some researchers have tried to 
use enzymes to catalyze this reaction, their efforts have seen little 
success because enzymes are deactivated when exposed to droplets 
of methanol. Various strategies have been developed to overcome 
this problem—such as the gradual addition of methanol over 
time—but none have proven suitable for industrial production.

Talukder’s approach involves splitting the process of biodiesel 
production into two separate steps. The first step involves hydro-
lyzing the oil, for which the researchers use a lipase enzyme called 
Candida rugosa. Vegetable oils consist of branched molecules 
known as triglycerides, which have three separate arms. Hydrolysis 
involves splitting off the arms so that each triglyceride is converted 
into three molecules of fatty acid.

The second step involves reacting the fatty acids with methanol 
to produce biodiesel. This step requires Novozym 435, an enzyme 
that is normally deactivated by methanol droplets. However, 
because methanol is much more soluble in fatty acids than in the 
triglyceride, all methanol added at this stage is dissolved in the 
fatty acids. Thus, because no methanol droplets form, the enzyme 
remains active.

“Avoiding enzyme deactivation is not the only advantage of 
our technique. The reaction between methanol and fatty acid 
progresses faster than the methanolysis of triglycerides,” says 
Talukder. “However, the key advantage is the feedstock flexibility.” 
In conventional chemical biodiesel production, impurities reduce 
the yield. This new approach, however, can accept feedstocks with 
any percentage of free fatty acids and water.

Talukder aims to make the process cheaper so that it can 
compete with chemical biodiesel production. “The lipase cost is 
one of the biggest challenges for the commercialization of the 
two-step process,” he says. “A low-cost lipase preparation tech-
nique is under consideration to improve the economic value of 
the process.” If successful, the technology could greatly help the 
environment and reduce the cost of fuel.  ■

1. Talukder, Md. M. R., Wu, J. C., Fen, N. M. & Melissa, Y. L. S. Two-

step lipase catalysis for production of biodiesel. Biochemical 

Engineering Journal 49, 207–212 (2010).
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Enzymes turn vegetable oils into fuel through a flexible two-step process
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Bioimaging

Different places, different rules

All eukaryotic cells, including plant cells and human cells, have 
a cell membrane, a cytoplasm and a nucleus. The cell membrane 
envelops the cell, separating the cytoplasm and the nucleus from 
the external environment; the cytoplasm holds organelles, such 
as mitochondria, ribosomes, the endoplasmic reticulum and the 
Golgi apparatus, in a translucent liquid called cytosol; and the 
nucleus stores DNA and RNA—the cell’s genetic blueprints.

Scientists involved in live-cell imaging often use small fluo-
rescent molecules called fluorophores to ‘light up’ the cells. These 
fluorophores attach themselves to target proteins inside the cell 
and give off light when excited. Conventional fluorophores are 
non-specific, which means they bind to many different types of 
proteins inside the cell. The latest fluorophores, however, can be 
very specific and are capable of distinguishing proteins of one 
organelle from another.

Young Tae Chang at the A*STAR Singapore Bioimaging 
Consortium and co-workers1 have recently developed rosamine 
derivatives for detecting differentiated myotubes—tubular cells 
that eventually mature into muscle fibers. The rosamine deriva-
tives give off light that is 2.3-fold brighter when they bind dif-
ferentiation markers in myotubes (see image).

Chang and his co-workers wanted to identify the actual protein 
that the rosamine derivatives bind. At first, the researchers used 
an affinity pull-down assay—the conventional method for iden-
tifying small-molecule-binding proteins—to show that rosamine 
derivatives bind to tubulin, a protein found in the cytosol. Under 
the microscope, however, they observed that rosamine derivatives 
are concentrated in the mitochondria.

To resolve this mystery, the researchers made a chemical-
affinity probe called CDy2 that is structurally similar to the 
rosamine derivatives. The advantage of using CDy2 is that 
it forms covalent bonds with its target proteins in the living 
cell. This means that even when target proteins are dena-
tured, the researchers can still visualize them on gel under a 
fluorescence scanner.

The researchers disrupted the cell membrane of myotubes, col-
lected the myotube’s internal content in a solution, and separated 
the proteins that bind CDy2. To their surprise, they found that 

CDy2 was bound to mitochondrial aldehyde dehydrogenase and 
not tubulin.

The researchers suggest that CDy2 is sequestered in the 
mitochondria before having a chance to react with tubulin in the 
cytosol. The finding shows that small molecules that bind one 
protein in vitro may or may not bind the same protein in vivo. 
It also reminds other researchers to be careful in their analysis of 
small-molecule-binding proteins as the results may differ in the 
complex environment of the living cell.  ■

1. Kim, Y. K. et al. The binding of fluorophores to proteins depends 

on the cellular environment. Angewandte Chemie International 

Edition 50, 2761–2763 (2011).

10 µm

Fluroescence images of cells labelled with rosamine derivatives

Small molecules that bind one protein inside the test tube may or may not 
bind the same protein inside the living cell
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Bioengineering

A test for toxicity

Thousands of new drugs are being researched and developed 
every year, and pharmaceutical companies have a responsibility 
to ensure their new drugs are safe and do not cause liver damage 
when broken down for clearance from the body. Screening vast 
amounts of new drugs for hepatotoxicity (toxicity to the liver), 
however, is both time-consuming and labor-intensive. Hanry Yu 
at the A*STAR Institute of Bioengineering and Nanotechnol-
ogy and co-workers have now developed a robust, automated 
and high-throughput drug-screening platform for evaluating 
hepatotoxicity, called RoboTox1.

A typical drug-screening platform comprises many perfu-
sion reactors that contain liver cells (hepatocytes) for testing. 
Conventional platforms use hepatocytes cultured within a gel 
made from the fibrous protein collagen. However, they suffer 
from variable and inconsistent screening results, making them 
unreliable. Associated problems have included differences 
between gel or scaffold material batches, uneven drug absorption 
and access, and the tendency of the gel overlying the cells to be 
washed away.

“Our aim was to design and develop a more robust and reliable 
system that could potentially be applied to industry-scale drug 
screening,” says Yu. Instead of culturing hepatocytes encased in a 
collagen-based gel, Yu and his co-workers sandwiched the cells 
between microfabricated silicon nitride membranes attached 
with residues of the simple sugar galactose, which interacts with 
cell-surface receptors. The system (pictured) was designed to 
allow the efficient transfer of materials between fluid perfusing 
across the membrane and the hepatocytes, and also to protect the 
cells from excessive shear forces due to fluid flow.

The researchers conducted experiments and computer simula-
tions to optimize the experimental design and perfusion flow 
rates. They showed that the mature sandwich-cultured hepato-
cytes remained viable and maintained their three-dimensional 
morphology for extended periods of time. Under optimal condi-
tions, the cells functioned normally for up to 14 days, continu-
ing to produce the waste product urea and maintaining activity 
of cytochrome p450, an enzyme involved in the breakdown 
of drugs.

“Once prepared, each perfusion-cultured sandwich is trans-
ferred to an industry-standard multi-well plate for high-
throughput robotic fluid handling and drug testing,” explains Yu.

The researchers showed that, compared with hepatocytes 
cultured in collagen-based gels, the membrane-sandwiched cells 
exhibited improved sensitivity to six hepatotoxic drugs. They also 
found that the RoboTox platform gave more reliable and repro-
ducible screening results, with little variation in hepatotoxicity 
responses for a range of culturing times.

“The RoboTox system enables robust high-throughput auto-
mated hepatotoxicity testing, making it potentially suitable for 
the industry-scale screening of candidate drugs,” concludes Yu. ■

1. Zhang, S. et al. A robust high-throughput sandwich cell-based 

drug screening platform. Biomaterials 32, 1229–1241 (2011).
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A photograph of RoboTox and a schematic diagram showing how he-
patocytes are sandwiched between silicon nitride membranes

RoboTox is a robust and high-throughput platform for screening drugs 
and testing liver toxicity
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Biomaterials

The right gear for the right job

Human proximal tubule cells (HPTCs) play a crucial role in 
the development of bioartificial kidneys. It is essential that these 
cells be able to form epithelia on the porous membrane of the 
device, creating a ‘bioreactor’ that performs many of the functions 
a healthy kidney would normally perform. Unfortunately, the lack 
of biocompatible porous membranes that can promote the differ-
entiation of HPTCs into epithelia has hindered the development 
of bioartificial kidneys.

A research team led by Daniele Zink and Jackie Y. Ying at the 
A*STAR Institute of Bioengineering and Nanotechnology has 
now developed membrane materials and coatings that are suitable 
for HPTC growth and differentiation by modifying the surface of 
established materials and synthesizing novel materials1.

Preliminary assessments showed that the polymeric membranes 
currently used in commercial hollow fiber-based hemodialysis 
cartridges, including membranes consisting of polyethersulfone 
(PES) or polysulfone (PSF) mixed with polyvinylpyrrolidone 
(PVP), were incompatible with HPTC growth and survival. 
Surface treatments and coatings using extracellular matrices also 
fail to significantly improve the cell performance of these conven-
tional membranes, which is critical in bioartificial kidneys.

First, the researchers altered the surface wettability of conven-
tional membranes through various physical and chemical treat-
ments. Deposition of a strongly adhesive, mussel protein-derived 
substance known as dihydroxyphenylalanine (DOPA) boosted the 
hydrophilicity of PES–PVP and PSF–PVP membranes, altered 
the density of functional surface groups, and resulted in improved 
cell attachment.

Next, the researchers investigated the ability of the DOPA-
coated membranes to induce cell proliferation and found that, 
after a slight decrease in number, the HPTCs grew exponentially. 
On the other hand, the formation of differentiated epithelia only 
took place when the DOPA film was combined with another 
layer of collagen. “Currently, it is not understood why DOPA 
improves cell performance so profoundly,” says Zink. Noting 
that this phenomenon also occurred for other cell types, she 
adds that these coatings could be useful for other applications in 
tissue engineering.

Moreover, the HPTCs generated epithelial tissues on pure 
PSF and PES membranes, even without coatings. The research-
ers think that this is probably due to a PVP-induced suppression 
of the ability of the membrane to adsorb serum proteins present 
in the cell culture medium. The researchers also synthesized new 
PVP-free sponge-like membrane materials, such as polysulfone–
Fullcure, that were compatible with HPTCs.

The researchers are currently pursuing the development of bio-
artificial kidneys. “We are proceeding with pre-clinical studies on 
our device,” says Zink. They are also designing instruments that 
deliver specific growth factors to patients with acute and chronic 
kidney diseases.  ■

1. Ni, M. et al. Characterization of membrane materials and 

membrane coatings for bioreactor units of bioartificial kidneys. 

Biomaterials 32, 1465–1476 (2011).
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Fluorescence microscopy image showing HPTCs on a DOPA/collagen 
IV-coated PES/PVP membrane. Cell nuclei are stained blue.

A new study sheds light on the types of membrane materials and coatings 
that are suitable for making bioreactors inside a bioartificial kidney
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Biosensors

Spotting abdominal lesions

Capsule endoscopes are powerful tools for the diagnosis of gastro-
intestinal (GI) disorders. These tiny wireless bioimaging devices, 
which are swallowed with a sip of water, scan the digestive system 
and send images remotely to an external workstation as they travel 
through the body. Vaidyanathan Kripesh and co-workers at the 
A*STAR Institute of Microelectronics have now developed a heat-
activated tagging module that detects and labels abnormal tissue 
along the GI tract for these endoscopes1.

There are many methods currently available for estimating the 
location of abnormal tissue or lesions. Some methods determine 
the approximate lesion location from the speed and transit times 
of the capsule as it traverses the stomach and small intestine, while 
other methods rely on the estimated path length of the capsule 
along the GI tract or the correlation between signal intensity 
levels detected by sensors positioned around the body and offline 
captured images. However, these approaches are unable to deter-
mine the exact position of lesions, delaying treatment and causing 
patient’s discomfort.

To speed up diagnosis and treatment, the researchers engi-
neered a tagging module that can be integrated into conventional 
capsules. “The main limitations to incorporating an additional 
feature into capsules were size restriction and power consumption,” 
explains Kripesh. These constraints prompted them to design a 
compact low-power unit composed of a needle-sharp microscopic 
tag to label tissue, and a heat-triggered actuator to hold and release 
the tag.

The researchers manufactured the tag using titanium, a biocom-
patible material commonly used for X-ray imaging. The actuator 
consists of a piston and a helix-shaped spring maintained in a 
compressed state using a nylon thread latch that is in direct contact 
with a small silicon heater. Ignition of this heater breaks the latch, 
causing the spring to expand and propel the tag out of the module.

This approach allows physicians to trigger the module wire-
lessly when identifying the area of interest during imaging, with 
the entire process taking less than 30 seconds. “The doctor can use 
X-ray imaging for a faster localization,” says Kripesh.

The researchers assessed the performance of the tagging 
module through ex vivo experiments on pig intestine specimens. 

The heat-induced breakage of the latch immediately released the 
tag, which penetrated the tissue regardless of orientation. X-ray 
analysis clearly showed the implanted tags.

The researchers are currently miniaturizing the module so 
that the capsule can house four or more modules for multi-site 
labeling. They are also producing tags that the body can absorb for 
enhanced biocompatibility.  ■

1. Chandrappan, J., Ruiqi, L., Su, N., Yi, G. H. Y. & Kripesh, V. Thermo-

mechanical actuator-based miniature tagging module for 

localization in capsule endoscopy. Journal of Micromechanics and 

Microengineering 21, 045037 (2011).
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The microtag embedded in pig intestine

A heat-responsive imaging device can pinpoint the exact location of 
abnormal tissues in the digestive tract
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Analytical chemistry

Authenticating  
ancient artifacts

Piecing together the history of ancient ceramic objects can be 
difficult, especially when all that remains is a few small shards. 
However, clues about the authenticity and provenance of such 
artifacts can often be hidden within their chemical make-up, 
from components in the clay to the pigments used within the 
glaze. Unraveling that chemical information could soon become 
much simpler thanks to a software solution developed by Marc 
Garland and co-workers at the A*STAR Institute of Chemical 
and Engineering Sciences1.

Garland and his team recently developed an algorithm called 
band-target entropy minimization (BTEM) to help identify the 
individual chemical components within a complex mixture. They 
originally developed the software to analyze reaction mixtures in 
the chemistry lab, but they have now shown that—in combination 
with Raman spectroscopy—BTEM is equally effective for assess-
ing shards of ancient Chinese ceramics.

Raman spectroscopy is a well established, non-destructive 
chemical analysis technique. The process involves shining laser 
light at the object and measuring how the light is scattered. 
The wavelengths of light that get scattered are characteristic of 
particular chemical components in the object. However, the scat-
tered light can be weak, leading to a low signal-to-noise ratio, 
and mixtures can produce highly complex spectral data that are 
difficult to resolve.

“That’s where BTEM comes in,” says Garland, who collects all 
the data from the Raman spectra and feed them into the BTEM 
software. “The basic idea behind BTEM is that the simplest irre-
ducible patterns in the data set are sought. Such simplest patterns 
are, in almost all cases, the spectra of the individual components 
of samples.”

To test their Raman-BTEM approach, the team analyzed a 
set of Chinese pottery shards (pictured) with known provenance. 
The researchers detected cobalt oxides—the blue pigments used 
during the era to give the characteristic blue color to the glaze—in 
the Ming dynasty shards, as well as hematite (an iron oxide) in the 
red-colored glaze of a Qing dynasty shard.

The present approach appears applicable not only to ceramic 
shards, but also to a wider variety of archeological materials. The 

researchers are now testing their analytical approach in the assess-
ment of ancient bronzes and jades. “BTEM might also have a 
more contemporary application,” says Garland. “The commercial 
world could also benefit from our work, and we have started to 
work with companies to help them more readily identify copies of 
their products on the market.”  ■

1. Widjaja, E., Lim, G. H., Lim, Q., Bin Mashadi, A. & Garland, M. 

Pure component Raman spectral reconstruction from glazed 

and unglazed Yuan, Ming, and Qing shards: a combined Raman 

microscopy and BTEM study. Journal of Raman Spectroscopy 42, 

377–382 (2011).

Ancient Ming dynasty shards are among the ceramics that can be 
authenticated using Raman spectroscopy with BTEM analysis

Software that can identify the individual components of a chemically 
complex object can help museums and auction houses to authenticate 
ancient objects
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Bioimaging

Raman probes for  
cancer diagnostics

Surface-enhanced Raman spectroscopy (SERS) is a powerful 
tool for detecting and analyzing chemicals. The technology has 
recently emerged as a non-invasive tool for imaging cells and 
detecting cancer. Compared with fluorescence microscopy and 
other conventional fluorescence-based imaging techniques, SERS 
does not suffer from the problem of photobleaching—degrada-
tion of the fluorescence of the probes used as a result of repeated 
light exposure. However, there remain very few SERS probes—
typically made of gold nanoparticles coated with a highly sensitive 
‘reporter’ compound—that are suitable for use in live cell imaging.  

Young-Tae Chang at the A*STAR Singapore Bioimaging 
Consortium and co-workers have now demonstrated an efficient 
approach for finding highly sensitive reporter compounds that 
respond to light in the near-infrared (NIR) spectrum1. “The 
major advantage of NIR light is that it can pass through the skin 
and penetrate much deeper into tissue compared with light in the 
visible spectrum,” says Chang.

Previous studies have identified 3,3’-diethylthiatricarbocyanine 
(DTTC) as a highly sensitive NIR reporter compound. The 
researchers synthesized 80 tricarbocyanine-based compounds 
structurally related to DTTC and examined them under a Raman 
scanner after attaching them to gold nanoparticles. They found 
that compounds with aromatic amine groups were most active. 
One of the compounds they found, named CyNAMLA-381, was 
12 times more sensitive than DTTC itself.

The synthesis of different but structurally related materials is 
a common strategy used in the field of combinatorial chemistry. 
The approach is advantageous because it can lead to the quick 
and efficient discovery of novel materials. “With the discovery of 
CyNAMLA-381 as a highly sensitive NIR reporter compound, 
we were able to prepare SERS probes suitable for detecting breast 
cancer cells,” says Chang.

The SERS probes were made by attaching CyNAMLA-381 
and HER2-recognition motifs to the surface of bovine serum 
albumin-stabilized gold nanoparticles (see image). “The HER2 
signaling pathway plays an important role in cell proliferation in 
most breast cancers,” Chang explains. “The motifs are designed to 
selectively detect cancer cells expressing HER2 receptors.”

The researchers tested the performance of the new SERS 
probes first on cells, then on mice. They received SERS signals 
only from cancer cells and breast tumors in mice, and not from 
normal cells or from other anatomical locations. “The high 
sensitivity and tumor specificity of these probes proves their 
excellent potential as non-invasive diagnostic tools, and opens up 
a new window for the development of SERS probes for cancer 
bioimaging,” Chang adds.  ■

1. Samanta, A. et al. Ultrasensitive near-infrared raman reporters 

for SERS-based in vivo cancer detection. Angewandte Chemie 

International Edition 50, 6089–6092 (2011).
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Combinatorial analysis gives the SERS intensity of the CyNAMLA library 
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be a highly sensitive reporter compound. A gold nanoparticle-based 
Raman proble bearing CyNAMLA-381 (top) can then be used to detect 
cancer by SERS (bottom right).

A combinatorial approach speeds up the discovery of highly sensitive 
probes for detecting cancer
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Instrumentation

An ear for the cutting edge

Manufacturers of precisely engineered products such as engine 
components are increasingly turning to online monitoring of 
high-speed fabrication tools to ensure product quality and reli-
ability. Jun-Hong Zhou at A*STAR’s Singapore Institute of 
Manufacturing Technology and co-workers1 have now developed 
an analytical method that gives online systems new predictive 
abilities through the use of acoustic emission sensors—small, 
inexpensive devices that can assess tool quality by processing 
sound waves.

Acoustic sensors offer rapid and unobtrusive monitoring capa-
bilities. Interpreting the complex signals they generate, however, 
has proved difficult. Features ranging from the burst-like pulses 
of strain energy that occur when a tool chips to the amplitude 
fluctuations of a continuous sound wave have been proposed as 
key indicators of tool wear. A software decision program is typi-
cally used to scan a mix of these signal patterns to determine if 
the machine needs to be shut down for maintenance. However, 
the use of too many parameters slows down the computation and 
compromises its accuracy, making online monitoring difficult 
to implement.

Zhou and her co-workers developed a new dominant-feature 
identification (DFI) algorithm to resolve these issues. In this 
approach, machine tool data are collected using embedded 
acoustic sensors and converted into a low-dimensional math-
ematical matrix. A procedure called ‘singular value decomposi-
tion’ is then applied to factor out the matrix into a series of linear 
approximations that reveal which elements dominate the acoustic 
signal. By eliminating the need for processing of the full data set, 
DFI can perform signal analysis 80% faster than typical compu-
tational methods.

Zhou notes that because most algorithms for predicting tool 
wear use static models based on one type of cutting environment, 
they fail to account for many real-world situations. To rectify this 
situation, the researchers’ approach instead involves the use of an 
‘autoregressive moving average with exogenous input’ (ARAMX) 
model to update the decision software dynamically with current 
and past dominant features, and with previously predicted tool-
wear values.

The experiments showed that the DFI-ARAMX method 
needed only four dominant features to predict the cutting tool 
lifetime for a ball nose cutters in a milling machine with a 
stunning 92.8% accuracy rate—significantly better than other 
processing systems that use up to 16 different elements. “DFI is 
very efficient for identifying key input parameters, and combin-
ing it with the ARAMX model provides accurate predictions for 
online machine condition monitoring,” says Zhou.

The research team plans to apply their acoustic-based system 
in the fabrication of function-critical devices such as aircraft gear-
boxes and wind turbine generators in the near future.  ■

1. Zhou, J.-H., Pang, C. K., Zhong, Z.-W. & Lewis, F. L. Tool 

wear monitoring using acoustic emissions by dominant-

feature analysis. IEEE Transactions on Instrumentation and 

Measurement 60, 547–559 (2011).

Wear of high-speed cutting tools can be monitored with high accu-
racy using a new acoustic sensor-based system

Acoustic sensors that identify tool wear problems before they occur 
promise to reduce downtime in manufacturing
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Biosensors 

Under the ‘scope

MicroRNAs are important regulators of gene activity, and their 
malfunction is known to be responsible for certain cancers and 
many other diseases. The rapid detection of microRNAs using 
small-volume samples could therefore help save millions of lives. 
Such a technique could also pave the way for widespread analysis 
of the spatial and temporal patterns of gene activity involving 
microRNAs, which are believed to play a critical role in the 
development and operation of organisms.

Somenath Roy at the A*STAR Institute of Bioengineering 
and Nanotechnology and co-workers1 have now developed a 
microfluidic-assisted technique for microRNA detection. The 
method is so sensitive that it can detect 300 copies of target 
microRNAs in a sample volume of just one microliter. More 
importantly, the technique is extremely efficient—it can produce 
results in around 30 minutes while conventional technologies can 
take up to 18 hours.

MicroRNAs, small chains of genetic material approximately 
22 nucleotides long (genes typically contain thousands of nucleo-
tides), control gene activity by attaching themselves to the gene 
transcripts used in the manufacture of proteins in cells. Once 
attached, they degrade the transcripts or otherwise interfere 
with their function. MicroRNAs have been found in all nucle-
ated cells except in fungi, algae and marine plants. In an indi-
vidual cell, there are generally hundreds, sometimes thousands, of 
different microRNAs.

Because they are so small, however, microRNAs are difficult 
to detect. Most techniques developed so far to identify and track 
microRNAs required the number of microRNAs in the sample to 
be amplified prior to detection. The new technique developed by 
Roy and his co-workers uses microarrays with probes to capture 
individual microRNA chains differing by just a single nucleotide 
without amplification (see image).

The microRNAs are detected and marked with nanopar-
ticles of gold, which can then be counted directly by differential 
interference contrast microscopy, providing information on the 
amount of any particular form of microRNA chain. The whole 
process is accelerated by applying microfluidic convection flow to 
circulate the sample across the microarray.

The researchers tested their new system by analyzing the dif-
ferences in activity between healthy and tumor cells of a family 
of microRNAs known as hsa-let-7. Their results were consistent 
with published data obtained by conventional techniques.

In the future, the researchers intend to develop a platform that 
would be able to identify microRNAs for diagnostic purposes 
directly from samples of body fluids, such as blood, saliva and 
breast milk.  ■

1. Roy, S., Soh, J. H., and Gao, Z. A microfluidic-assisted microarray 

for ultrasensitive detection of miRNA under an optical 

microscope. Lab on a Chip 11, 1886–1894 (2011).

Microfluidic assemblies for the delivery of capture probes onto the 
microarray (top) and hybridization assay (bottom)

A new microarray is so sensitive that it can detect 300 copies of microRNA 
in a one-microliter sample
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Biomaterials

Bacterial killers

Antimicrobial peptides (AMPs) produced by the innate immune 
system provide an effective first line of defense against recurring 
microbial infections. Their structures are used as blueprints in 
the development of new drugs, but the drugs thus produced can 
compromise immunity if their amino sequences resemble those of 
the host organism’s AMPs too closely.  

Yiyan Yang at the A*STAR Institute of Bioengineering and 
Nanotechnology and co-workers1 have now used the principles of 
material design to synthesize a series of synthetic α-helical AMPs 
that could overcome these problems as well as providing insights 
into the antimicrobial activity of AMPs.

The synthetic peptides created by Yang and her co-workers 
have a general structure consisting of two amino acid residues that 
are repelled by water bonded to two positively charged residues 
(see image), with this basic unit repeated to generate peptides 
of various lengths. The peptides mimic the folding behavior of 
naturally occurring AMPs, with a regular turn every 3.6 amino 
acid residues to form a stable α-helical structure held together by 
hydrogen bonding.

As standard ‘hemolytic’ test for evaluating the toxicity of antimi-
crobial drugs, Yang and her co-workers determined the concentra-
tion of each peptide needed to burst open 50% of red blood cells 
in a culture dish. They found that peptides with three repeat units 
destroyed fewer than 50% of red blood cells at concentrations of 
up to 500 milligrams per liter, whereas those with four repeat units 
damaged more than 60% of cells at concentrations more than ten 
times lower. The researchers consider that the increased hemo-
lytic effect of the longer peptides is probably due to the increased 
backbone rigidity of the longer α-helical peptide, leading to a 
greater ability to penetrate and disrupt the membranes of the red 
blood cells.

The effect of the peptides was then tested against the Gram-
positive bacterium Baccilus subtilis and the yeast Candida albicans, 
both of which are common causes of infection. Most of the peptides 
effectively suppressed both microbes, but those with three repeat 
units did so at concentrations that destroyed few red blood cells.

One of the synthetic peptides, consisting of two lycine and 
two leucine residues repeated three times, effectively killed both 

microbes at a concentration that destroyed less than 5% of red 
blood cells, and did not induce a non-specific immune response, 
suggesting that it could be a promising new antimicrobial agent. 
“We have further optimized the peptide design to improve on 
antimicrobial spectrum and activity,” says Yang. “This has resulted 
in peptides that can also kill Gram-negative pathogenic bacteria 
such as Escherichia coli and Pseudomonas aeroginosa.”  ■

1. Wiradharma, N. et al. Synthetic cationic amphiphilic α-helical 

peptides as antimicrobial agents. Biomaterials  

32, 2204–2212 (2011).
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Synthetic α-helical peptides kill bacteria by penetrating and disrupting 
the cell membrane

Synthetic peptides designed on the basis of naturally occurring 
antimicrobial peptides keep the germs at bay
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Biomaterials

Demystifying natural hierarchy

Many biomaterials such as bone, shell and mineralized tendon 
have a hierarchical structure that provides the material with excep-
tional mechanical and load-bearing properties, even though the 
building blocks of such structures may themselves have very poor 
mechanical properties. One type of structural hierarchy known 
as ‘self-similarity’ is ubiquitous in nature and is based on the 
repetition of units that are composed of biominerals and proteins, 
creating multi-level structures that provide enhanced strength 
and durability.

The number of hierarchical levels in such structures is dependent 
on the mineral content. Bone, for example, combines soft organic 
collagen material and hard crystal phases in an organized seven-
level structure (see image), whereas shell is typically organized into 
two- or three-level structures. Little has been known, however, 
about what determines the number of levels in natural systems. 
Zuoqi Zhang at the A*STAR Institute of High Performance 
Computing and co-workers have now developed a theoretical, 
quasi-self-similar model1 to demonstrate why these natural bioma-
terials typically exhibit two to seven levels of structural hierarchy.

Previous experiments at different size scales have shown that 
the cooperative deformation of load-bearing biomaterials depends 
on their underlying hierarchical structures. The model developed 
by Zhang’s team, however, is the first to match these measure-
ments of mineral and collagen deformation in bone and mineral-
ized tendon. In the new model, each hierarchical level consists of 
hard, slender inclusions that form a staggered pattern within a soft 
matrix. These staggered microstructures then serve as inclusions in 
the next level. “The aspect ratio of the inclusions varies from level 
to level,” says Zhang.

The model showed that depending on mineral concentration, 
maximum toughness is obtained at a certain number of hierar-
chical levels and a certain hierarchical structure. Zhang notes 
that within the optimal structure, characteristic sizes range from 
tens of nanometers to hundreds of micrometers. The model also 
confirmed the predicted trend that the number of hierarchical 
levels would be highest for bone, lower for mineralized tendon, 
and lowest for shell. “These predictions are in agreement with 
experimental observations,” says Zhang.

The researchers are currently planning to use their model to 
guide the design and fabrication of artificial hierarchical compos-
ites in the laboratory. In addition, they are investigating the ability 
of hierarchical biomaterials to resist impact load. “We are trying 
to reveal the underlying mechanisms that may lead to acoustic 
cloaking composites—materials with the ability to make an object 
‘invisible’ to sound,” says Zhang.  ■

1. Zhang, Z., Zhang, Y.-W. & Gao, H. On optimal hierarchy of load-

bearing biological materials. Proceedings of the Royal Society B 

278, 519–525 (2011)
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Schematic representation of the seven-level hierarchical structure 
of bone

A model that relates multi-level organization and mechanical properties 
of biomaterials could guide the design of artificial composites
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Microtechnology

Miniature magnetic switches

Transistors are commonly used in electronics as switches to turn 
an electrical current on or off. For applications that require a very 
large ratio between the on and off current, however, it is neces-
sary to use mechanical ‘reed’ switches, in which magnetic fields 
physically move metallic wires (or reeds) towards and away from 
electrical contact points. As devices become more compact, these 
mechanical switches need to be miniaturized into small packages, 
without sacrificing performance.

Min Tang and co-workers at the A*STAR Institute of 
Microelectronics1 have now demonstrated a high-performance, 
ultracompact version of the mechanical magnetic switch 
(pictured). Their device consists of a magnetic plate supported by 
two torsion bars, one on each side. The plate is made from a soft 
magnetic material of 80% nickel and 20% iron, and is patterned 
into long, narrow strips. When a magnet is brought close to the 
device, the strips align with the direction of the magnetic field, 
tilting the plate down to establish electrical contact between two 
gold pads. When the magnetic field is released, the torsion bars 
tilt the plate back to its original position, breaking the electrical 
contact with the gold pads.

Tang and her co-workers maximized the response of the plate 
to the magnetic field by choosing appropriate lengths, widths 
and thicknesses for the strips. This allowed them to use a smaller 
magnet to actuate the device, which in turn reduced the overall 
size and power consumption of the switch. The researchers were 
able to reduce the required magnetic field to 4.8 milliteslas, or 
about half the field strength required in previous designs. Despite 
the modest magnetic field strength, they could repeatedly form 
a reliable electrical connection between the plate and electrical 
contacts with an on resistance as low as 0.5 ohms and a switching 
time of close to 2 milliseconds.

The fabrication requirements for this novel switch are particu-
larly simple because the device consists of a single magnetic plate, 
whereas previous designs require two. This helps in achieving a 
small footprint of about four square millimeters. Importantly, the 
researchers demonstrated that the switch has excellent lifetime 
characteristics of 34 million switching cycles, and strong shock 
resistance of greater than 500 g. These characteristics make the 

switch suitable for a variety of personal electronics applications, 
including laptops, cellular phones and personal data assistants, 
as well as medical devices like hearing aids and pacemakers. The 
researchers’ next step is to develop a hermetically sealed package 
for the switch to support such applications. ■

1. Tang, M. et al. A magnetostatic MEMS switch designed for 

portable applications. Journal of Microelectromechanical 

Systems 19, 1131–1139 (2010).
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Two miniature magnetic switches on a US one-cent piece

An electromechanical switch using a single magnetic plate delivers 
superior performance in a tiny package
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Microscopy

Hitting all the right notes

Atomic force microscopy (AFM) is a highly sensitive form of 
microscopy that makes it possible to map a surface with near-
atomic resolution. Shaw Wei Kok and colleagues from A*STAR’s 
Singapore Institute of Manufacturing Technology have now 
developed an AFM measurement method that can improve the 
sensitivity of the technique even further1.

The researchers’ new measurement method is based on the 
standard ‘tuning fork’ shear mode—one of the many modes used 
in AFM. In this mode, an atomically sharp probe is formed on 
one arm of a quartz tuning fork and set into high-frequency 
resonant vibration. When the probe is brought close to the surface 
of a sample, the interaction of atomic forces gives rise to a shear 
force that slows down the vibration. By monitoring this signal, 
the probe and surface can be kept at a constant separation using 
an automated feedback system, allowing the height profile of the 
sample surface to be scanned with atomic-scale resolution.

The maximum imaging resolution that can be achieved by 
tuning fork-based shear-mode AFM is limited by the Q factor 
of the tuning fork, or how easily the fork ‘rings’. The problem, 
according to Kok and his colleagues, has been that research into 
improving the Q factor has relied on the resonant frequency of 
the probe in free air, which is not the same as that when the probe 
is nearly in contact with the surface—so during scanning the 
probe is effectively operating off-resonance.

The researchers discovered that feedback control using the 
second resonance of the probe when near the surface provides 
higher sensitivity than that using the first, free-air resonance. 
“This discovery arose when at very close distances to the surface 
the behavior of the tip oscillations was contrary to the expected 
behavior,” says Kok. “The traditional model of a tuning fork could 
not explain the observed behavior. Based on an alternative quan-
titative model that we developed, we found that the sensitivity 
should be higher in this second resonance regime.”

When operated in this second resonance regime, the resolu-
tion of AFM increased considerably, and finer structures could 
be resolved (see image). The development paves the way for fun-
damental investigations, says Kok. “We will leverage the sensi-
tivity obtained using the second resonance regime to investigate 

atomic shear force interaction between the AFM probe and the 
sample,” he says. “The results will help us to explore material 
characteristics at the nanoscale, and could lead to the discovery 
of new physics.” ■

1. Liu, Z., Zhang, Y., Kok, S. W., Ng, B. P. & Soh, Y. C. Shear-force 

atomic force microscope by using the second resonance regime 

of tuning fork probe. Applied Physics Letters 97, 193108 (2010).

The use of a different resonance in atomic force microscopy 
enhances resolution

Atomic force microscope image measurements of the same structure 
in conventional shear mode (upper) and using the second resonance 
regime (lower)
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Electrical engineering

Phase off

Decades of optimization have made the electronic switch both 
tiny and efficient. Yet engineers continue to adapt it to meet 
the increasingly demanding requirements of new applications. 
One such emerging requirement is the need for a switch to dis-
sipate no power when it is off—a condition that many existing 
compact switch designs cannot satisfy. Eng Keong Chua and 
co-workers at the A*STAR Data Storage Institute, Carnegie 
Mellon University and the Singapore University of Technology 
and Design have now designed a switch that draws power only 
during the act of switching1.

The researchers focused on a group of chalcogenide materi-
als with an atomic structure that changes from amorphous to 
crystalline in response to an applied voltage. The atomically 
disordered amorphous state is highly resistive, whereas the 
ordered crystalline state is highly conductive. This change in 
resistivity can be exploited as the basis for switch-like behavior, 
and as both states are energetically stable, the on or off state can 
be maintained without needing to continuously apply a voltage. 
Such ‘phase-change’ switches have been studied for some time. 
To date, however, the ratio of the resistances in the on and off 
states of phase-change switches has been too low for important 
classes of applications like radiofrequency electronics.

Chua and his co-workers addressed this issue by building elec-
trical phase-change switches using a binary alloy of germanium 
and tellurium (GeTe), which had previously been used in phase-
change memory. By carefully adjusting fabrication parameters 
including temperature, heating rate, gaseous flow rate, sputter-
ing power and annealing time, they were able to fashion a thin 
film with a resistivity in the amorphous state over ten million 
times that in the crystalline state. After constructing the switch 
(pictured) by the attachment of copper electrodes, which are 
needed in order to interface the device with external electron-
ics, this resistance ratio was 1.6 million—orders of magnitude 
greater than previous phase-change switches of this kind and 
sufficient for radiofrequency devices.

With usage, the on/off ratio of the switch was found to dete-
riorate gradually, which the researchers attribute to the incom-
plete recrystallization of the GeTe upon repeated switching. 

This is an issue that Chua’s team plans to address with further 
device optimization. “The switches may find use in electronics 
that are reconfigurable on the fly, with particularly promising 
applications in communications electronics,” says Chua. “By 
making components such as inductors reconfigurable, radiofre-
quency circuits could operate at multiple frequencies to accom-
modate different wireless standards with the use of a single 
physical structure. This could allow such circuits to be made 
even smaller.”  ■

1. Chua, E. K. et al. Low resistance, high dynamic range 

reconfigurable phase change switch for radio frequency 

applications. Applied Physics Letters 97, 183506 (2010).

Microscopy image of two reconfigurable GeTe phase-change switches

A germanium–tellurium alloy could form the basis for reconfigurable 
electronic switches
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One of the major challenges in the world today is the energy 
crisis. The high demand and low supply of fossil fuel are driving 
up oil and food prices. Silicon-based solar cells are one of the 
most promising technologies for generating clean and renew-
able energy. Using these devices to convert just a fraction of 
the sunlight that hits the earth each day into electricity could 
drastically cut society’s dependence on fossil fuels. Unfor-
tunately, however, high-grade silicon crystals demand great 
care during the manufacturing process, making the result-
ing high production cost one of the main obstacles in the 
road to commercialization.

One way to bring down the production cost of these solar 
cells is to deposit layers of silicon onto cheaper substrates such as 
plastic or glass. However, this approach has one drawback: silicon 
thin films have lower power conversion efficiencies than bulk 
silicon crystals because they absorb less light and contain more 
defects. Patrick Lo at the A*STAR Institute of Microelectronics 
and co-workers1 have now discovered an approach for increasing 
the power conversion efficiency of silicon thin films deposited 
on cheap substrates.

Low-grade silicon thin films suffer from one inherent 
problem: they cannot absorb photons whose wavelengths are 
larger than their film thickness. For instance, a standard, 800-
nm-thick thin film may capture short-wavelength blue light, 
but will completely miss longer-wavelength red light. “To keep 
material costs low and improve light efficiency, the trick is to 
trap more photons, including those with medium wavelengths,” 
says Lo.

One way to trap more photons in the silicon thin film is to 
carve tiny silicon pillars—hundreds of nanometers in size—in 
the silicon surface (see image). Lo explains that the silicon nano-
pillars are like a forest of trees, in which light enters and cannot 
easily get out. “When light strikes the surface, it bounces a few 
more times along or inside the pillars before penetrating the 
bottom flat surface,” he says. “Each bouncing event increases the 
chances of photon absorption.”

Lo and his co-workers used computer simulations to deter-
mine the best configuration for extracting electrical charges 

from the defect-ridden silicon films. They found that the upper 
portion of each pillar can be made extremely conductive by 
introducing large amounts of dopants. The researchers are now 
using these practical guidelines to engineer a prototype of this 
unique concept. “Working with nanostructures is a wonderful 
way to open paths that could overcome the limits set by conven-
tional physics,” he notes. ■

1. Wong, S. M. et al. Design high-efficiency Si nanopillar-array-

textured thin-film solar cell. IEEE Electron Device Letters  

31, 335–337 (2010).

Solar cells

Pillars of light

Nanopillars significantly boost the power conversion efficiency of thin-film 
solar cells
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Schematic illustration of a silicon thin-film solar cell with nanopillar 
surface texture for increased power conversion efficiency



ENGINEERING & NANOTECHNOLOGY

A*STAR RESEARCH  APRIL 2011 – SEPTEMBER 201168

Photonics

Double twist

Silicon is the dominant material for the fabrication of integrated 
circuits and is also becoming a popular material for making 
photonics circuits—miniaturized circuits that use light instead 
of electronic signals for processing information. One of the 
challenges in the field, however, has been silicon’s intrinsic 
sensitivity to the polarization of light, which can limit the rate 
of information transmission. Jing Zhang, Tsung-Yang Liow and 
co-workers at the A*STAR Institute of Microelectronics have 
now developed a novel solution to this problem1.

Light of different polarizations, which normally travel at the 
same speed in air, travel at different speeds in silicon waveguides 
due to random imperfections and asymmetries in the silicon 
itself. To overcome this problem, the researchers turned to a 
scheme known as ‘polarization diversity’, by which incoming 
light is split into two perpendicular modes of polarization, called 
the transverse electric (TE) and transverse magnetic (TM) 
modes. They then rotated the TM mode by 90° so that both 
of the modes propagate in parallel at the same speed inside the 
photonic circuit.

Zhang, Liow and their co-workers had previously demon-
strated a silicon-based device, called a polarization rotator, which 
comprises the first half of the diversity scheme (see image). 
The rotator transforms TM light into TE light by passing 
the light through a horizontal waveguide and then rotating it 
into a vertical waveguide. In their present work, they designed, 
built and characterized a device that completes the second half 
of the scheme. Called a polarization mode converter, it trans-
forms TE light in the vertical waveguide into TE light in a 
horizontal waveguide. By connecting their mode converter to 
their rotator, the researchers were able to construct a polariza-
tion diversity scheme that provides mode conversion to reduce 
propagation loss in the waveguide while retaining the original 
polarization state.

Both halves of the polarization rotation device work by gradu-
ally changing the geometry of the waveguide, which in turn 
changes the polarization mode of the light it is guiding. The 
Singapore research team characterized their devices by studying 
the signal loss introduced over the transition length between 

polarization modes, as well as the propagation loss in the rest of 
the device. They found that the device efficiencies would need to 
be improved to be practical, for example by reducing the rough-
ness of the waveguide walls through thermal oxidation, and by 
improving the coupling between the waveguide and the fiber 
optic cable connected to it. ■

1. Zhang, J., Liow, T.-Y., Yu, M., Lo, G.-Q. & Kwong, D.-L. Silicon 

waveguide based TE mode converter. Optics Express  

18, 25264–25270 (2010).
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A schematic diagram of a combined polarization rotator and mode 
converter provides mode conversion to reduce propagation loss in the 
waveguide while retaining the original polarization state

A silicon waveguide that converts the polarization mode of light could 
speed up the operation of photonic circuits
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Data storage

Keeping the heat on

The perfect data storage solution should offer fast access to 
data, maintain data in the absence of external power, and be 
able to withstand large numbers of read–write cycles. Phase-
change random access memory (PCRAM), a type of non-vol-
atile memory that uses the amorphous and crystalline states of 
phase-change materials for encoding data, can satisfy all of these 
criteria. Unfortunately, PCRAM also tends to have impractically 
high power requirements that have impeded its application in 
many devices. 

Desmond Loke and co-workers at the A*STAR Data Storage 
Institute have now demonstrated a technology that could help 
reduce the power requirements of PCRAM1.

The high power requirements of PCRAM are a consequence 
of the high heat levels necessary to drive the transformation 
between the crystalline and amorphous phases. This heat in 
turn usually requires relatively large current pulses, which also 
makes it difficult to integrate with small transistors. Loke and 
co-workers designed their PCRAM to make the most of this 
generated heat by replacing the dielectric that surrounds the 
phase-change material with a material that also acts as a high-
performance thermal insulator.

Most dielectric materials, such as silicon dioxide (SiO2) and 
aluminum oxide (Al2O3), are not particularly good thermal 
insulators. Conversely, most thermal insulators, such as the 
amorphous phase-change material germanium antimony tel-
luride (Ge2Sb2Te5), are not very good electrical insulators. The 
researchers got the best of both worlds by developing a periodic 
dielectric structure, known as a superlattice-like (SLL), for inte-
gration into the PCRAM. The SLL dielectric, which comprises 
alternating layers of SiO2 and Ge2Sb2Te5 (see image) each just 
2–3 nanometers thick, is both a good thermal insulator and a 
good electrical insulator.

The SLL dielectric in the PCRAM device reduces heat loss 
from the phase-change material, allowing the phase transi-
tion to be driven more efficiently. Consequently, the resulting 
PCRAM needs smaller currents, less power and less time to 
switch between the amorphous and the crystalline states. At 
the same time, the excellent electrical insulation provided by the 

SLL dielectric prevented current-driven breakdown, leading to 
a device endurance of more than a billion cycles.

The researchers believe their findings could help acceler-
ate the development of energy-efficient, high-speed PCRAM, 
which could replace the use of conventional types of RAM, 
such as flash memory, in electronic devices. “We have already 
identified techniques to further improve the performance of 
PCRAM,” says Loke. “For example, by reducing the size of the 
memory cell, we can expect even higher speeds and lower power 
consumption levels.” ■

1. Loke, D. et al. Superlatticelike dielectric as a thermal insulator for 

phase-change random access memory. Applied Physics Letters 

97, 243508 (2010).
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A schematic illustration of a phase-change memory element incorpo-
rating a superlattice-like dielectric

Better insulation makes phase-change memory work faster and 
more efficiently
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Photonics

Plasmonics on the grid

The irradiation of a metal surface with light or electrons can 
result in the formation of coherent electronic oscillations called 
surface plasmons, an effect ideal for applications such as optical 
communications on optoelectronic chips. Unfortunately, however, 
surface plasmons quickly lose their energy during transit, limiting 
their on-chip propagation distance. Jing Hua Teng at the 
A*STAR Institute of Materials Research and Engineering and 
co-workers from Nankai University and Nanyang Technological 
University under the Singapore-China Joint Research Program 
have now developed nanoscale structures that are able to replen-
ish as well as guide surface plasmons on chips1. “These structures 
can be used as plasmonic sources for lab-on-a-chip applications,” 
says Teng.

At the resonance frequency, surface plasmons can generate 
intense light fields close to the surface, especially in metallic 
nanostructures. For this reason, surface plasmons have been 
widely studied for a variety of sensing and light-focusing applica-
tions. However, the electrical resistance of metals inevitably causes 
losses in the movements of the electronic currents involved in 
surface plasmons. It is therefore important to develop schemes 
that are able to regenerate surface plasmons as they travel along 
the surface of a chip.

One possibility is the use of organic light-emitting molecules 
such as rhodamine B. The researchers embedded molecules of 
rhodamine B in a polymer matrix that was then poured onto the 
surface of a silver film. To couple the light emission from rhoda-
mine B to the surface plasmons, the polymer layer was structured 
into a periodic grating (pictured) matched to the resonance fre-
quency of the plasmons. Adjusting the shape and periodicity of 
the grating allows the light emitted from the surface plasmons 
to be tailored.

Similar gratings are also used as mirrors in conventional 
on-chip semiconductor lasers. This structural similarity raises the 
possibility of combining the plasmonic effects demonstrated here 
with existing laser designs—an approach that could well lead to 
the realization of a plasmonic laser.

The advantage of a plasmonic laser over a semiconductor 
laser is that it can be made much smaller, which is important 

for the miniaturization of photonic circuits and on-chip sensing 
applications. “However, such lasers are difficult to fabricate,” 
says Teng. “A number of challenges remain, including how to 
sufficiently confine the surface plasmons between the mirrors 
in this kind of configuration and how to reduce the metal 
damping losses.”

Whether for applications in sensing or the on-chip manipu-
lation of light, the potential of these gratings for replenishing 
plasmons represents an important step toward making plasmonics 
the key technology for photonic applications in nanoscience.  ■

1. Zhang, D. G., Yuan, X. C. & Teng, J. H. Surface plasmon-coupled 

emission on metallic film coated with dye-doped polymer 

nanogratings. Applied Physics Letters 97, 231117 (2010).

10µm2 µm

A scanning electron microscope image of an organic grating used to 
excite surface plasmons

Periodic structures in organic light-emitters can efficiently enhance and 
replenish surface plasmon waves
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Optics

Fast and light

The roughness of a surface can make all the difference in 
nanoscale devices. Measuring the roughness of such delicate 
surfaces in the hard-to-reach places of nanodevices, however, is 
no easy task. The ideal surface measurement technique should 
avoid any physical contact with the sample. 

Vertical scanning interferometry is a well-established zero-
contact surface characterization technique, but the analysis 
involved in interpreting the data is complex and computationally 
intensive. Wee Keat Chong at the A*STAR Singapore Institute of 
Manufacturing Technology and co-workers have now developed a 
computationally efficient model for this technique1.

Vertical scanning interferometry involves illuminating an 
unknown surface of interest, and also a known reference surface, 
with two separate beams of light that have been split out from 
a single source. The beams reflected from the two surfaces are 
then made to meet, creating an interference pattern called an 
interferogram (pictured). By analyzing the interferogram while 
one of the surfaces is moved, which changes the optical path 
difference between the surfaces, the unknown surface can be 
characterized with nanoscale resolution.

To deal with experimental errors, researchers rely on simula-
tion models. The most accurate model is based on numerical 
integration, which is a computationally intensive problem that 
requires considerable time to complete. While simplified models 
exist, they tend to rely on parameters that cannot be derived 
directly from knowledge of the experimental setup, reducing 
their predictive power and accuracy. 

Chong and co-workers succeeded in developing an alter-
native simplified model with well-understood and physically 
based parameters. They did this by introducing an approxi-
mate mathematical representation of the spectrum of the light 
source used for interferometry measurements. Numerical inte-
gration is generally used to model this spectrum through the 
summation of one or more Gaussian functions. Instead of using 
the full Gaussian mathematical form, the researchers repre-
sented each Gaussian as a sum of two piecewise cosine func-
tions, allowing the interference signal to be simulated without 
any numerical integration.

As a result, the interference signal from a vertical scanning 
interferometry measurement could be simulated over 200,000 
times faster than through the use of direct numerical integra-
tion. The development of such a simplified model is timely 
given the increasing use of white light-emitting diodes (LEDs) 
as the light source in optical measurement technologies. “The 
spectrum of white LEDs could vary tremendously from product 
to product, so a computationally efficient model of interferom-
etry using an arbitrary light spectrum should prove to be quite 
valuable,” says Chong.  ■

1. Chong, W. K., Li, X. & Wijesoma, S. Computationally efficient signal 

modeling for vertical scanning interferometry. Applied Optics  

49, 4990–4994 (2010).

An interferogram showing the difference in surface height between a 
reference and a sample surface

Faster simulation brings nanoscale optical surface characterization closer 
to practical reality
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Applied chemistry

A better business model

As the business world goes global, many multinational manufac-
turers are looking to tap into diverse local markets by switching 
from single-site to multi-site operations. However, the com-
plexities of managing such continent-spanning organizations 
can cause ‘hiccups’ in the supply chain and affect a company’s 
bottom line.

Rajagopalan Srinivasan and Arief Adhitya at the A*STAR 
Institute of Chemical and Engineering Sciences have now 
developed a computer model that simulates the complex 
dynamics of a multi-site supply chain1. The model could help 
companies predict how their business decisions ultimately 
affect profitability. 

“Traditional supply-chain models were designed to optimize 
the management of single components,” explains Srinivasan, 
who led the research. “Our model looks at the integrated 
network in its entirety and takes into account the interactions 
between multiple components.”

In order to emulate real-world conditions, the researchers 
incorporated a wide range of parameters—from order accep-
tance and assignment to raw material procurement—into their 
model. They could then evaluate the model by assessing what 
impacts different business policies might have on the overall 
performance of a supply chain.

The researchers were able to help a lubricant additive 
company, which turns bulk chemicals into specially tailored 
products for improving the performance of lubricants, identify 
problems within their scheduling department. They used the 
model to predict a number of different scenarios, from different 
ways to schedule jobs between different plants to the impacts of 
a disruption in production.

The model showed that when a company uses a cheap but 
unreliable logistics firm to deliver its raw materials, it would 
need to keep a larger inventory of raw materials. However, when 
a company uses a more reliable logistics firm to deliver its raw 
materials, it would increase plant productivity, customer satisfac-
tion and overall profitability. In other words, despite a higher 
cost, a company should aim for higher on-time performance and 
avoid higher inventory levels. 

“The model produced some very surprising results,” says 
Srinivasan. “Through the model, we learned something that had 
not been evident to large enterprises, nor considered much in 
the research literature.”

Srinivasan believes that there is still scope to expand the 
utility of the model by incorporating extra parameters. “We plan 
to incorporate sustainability into our model so that when com-
panies want to go green, they can make a holistic decision based 
on their entire supply chain, rather than just green products.”  ■

1. Adhitya, A. & Srinivasan, R. Dynamic simulation and decision 

support for multisite specialty chemicals supply chain. Industrial 

& Engineering Chemistry Research 49, 9917–9931 (2010).
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A simulation model that captures the complexities of supply-chain 
management could help companies increase profitability and 
customer satisfaction
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Optics

Through the crystal spheres

One of the oldest and most important scientific instruments 
ever invented is the optical microscope. Some people use 
microscopes to examine small animals, such as flies and ants, 
while others use them to study even tinier objects, such as cells 
and tissues. Due to diffraction, however, the highest resolution 
that an optical microscope can achieve has been limited to a few 
hundred nanometers. Now, Boris Luk’yanchuk at the A*STAR’s 
Data Storage Institute and co-workers1 have discovered a simple 
way to push the resolution of an optical microscope beyond 
the diffraction limit. Using micrometer-sized quartz spheres, 
they have demonstrated the possibility of imaging down to 
50 nanometers.

According to classical optic theory, the resolution of an optical 
instrument is limited to about half the wavelength of light used, 
which is about 200 nanometers for visible light. This limit can 
be enhanced through the use of ‘superlenses’ made of metamate-
rials, which do not obey the same laws of optics as conventional 
materials. However, metamaterials are difficult to fabricate, not 
very efficient, and provide their superlensing functionality only 
for a very narrow range of wavelengths.

Luk’yanchuk and his fellow researchers developed a more 
practical approach that involves the use of tiny quartz spheres. It 
is well-known that quartz spheres can image and focus light—an 
effect that can be readily observed using glass marbles. However, 
at the microscale, the lenses image and focus light not through 
refraction, but through the scattering of light. The quartz 
microspheres, each 2–9 micrometers in diameter, are inserted 
in a precise geometry between the lens and the object. In the 
present case, this allowed the researchers to achieve a magnifica-
tion enhancement of four to eight times.  

In comparison with superlenses, the benefit of these spheres 
is that they are easy to fabricate and that they can be used across 
the entire visible spectrum. The smallest structures that could be 
resolved this way is 50 nanometers (see figure), far beyond the 
diffraction limit of regular lenses.

This microsphere-based approach may have a broad range of 
applications, particularly in biotechnology, where optical micro-
scopes are regularly used. 

“For example, it is not possible to observe live viruses by 
electron microscopy, but it is possible with this super-enhanced 
optical microscope,” says Luk’yanchuk. There are still issues to 
be resolved, but Luk’yanchuk is optimistic that sooner or later 
their technology will be used across all optical microscopes. 
“History tells us that once we have solved the basic physics, the 
technology will follow.” ■

1. Wang, Z. et al. Optical virtual imaging at 50 nm lateral resolution 

with a white-light nanoscope. Nature Communications  

2, 218 (2011).

Scanning electron
microscopy

Microsphere-enhanced
optical microscopy

Scanning electron microscopy images (left) of objects with sub-100 
nanometer features (scale bar: 500 nm), and microsphere-enhanced 
optical microscopy images (right) of the same features (scale bar: 
5 μm), demonstrating resolution beyond the optical limit

Quartz microspheres could enhance the resolution of an optical 
microscope beyond its classical diffraction limit
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Nanotechnology

Perfect graphene dots

Carbon nanostructures come in all shapes and sizes, each with 
its own set of unique properties. This diversity, combined with 
its low-cost and natural abundance, has made carbon one of 
the most exciting material prospects. Key to its success is the 
simplicity with which structures can be fabricated. 

Scientists from the A*STAR Institute of High Performance 
Computing and the National University of Singapore1 have 
now developed a technique that collapses spherical carbon 
nanostructures down into perfectly formed quantum dots—
structures useful for electronics because of their ability to trap 
single electrons.

The carbon atoms in graphite are arranged into stacked sheets 
that are weakly bound to one another. A single layer, referred to 
as graphene, can be peeled from bulk graphite using adhesive 
tape. The properties of graphene differ radically from the bulk 
material because it is only one atom thick, and so scientists are 
keen to harness this potential in a form compatible with existing 
optical and electronic devices. Small, regular-shaped graphene 
nanostructures called quantum dots, for example, could open up 
new possibilities in such applications.

Quantum dots, at just a few nanometers in diameter, can 
influence the flow of current at the single-electron level. 
However, making lots of quantum dots all with the same dimen-
sions, and therefore with the same electronic properties, has 
proved to be tricky. 

The researchers came up with a simple solution: they took a 
hollow spherical form of carbon known as a ‘buckyball’—which 
is composed of 60 carbon atoms and always has the same 
shape—and fragmented it to produce uniformly sized quantum 
dots of graphene (see image).

The researchers deposited their buckyballs onto a ruthenium 
surface to catalyze the fragmentation. On heating to 725 kelvin, 
the carbon atoms rearranged from a sphere into a flower shape. 
At 825 kelvin, these dots merged into a single quantum dot 1.2 
nanometers across. 

“We discovered that only with a low coverage of buckyballs on 
ruthenium would the carbon fragments diffuse across the metal 
substrate and form regular-size nanographene structures,” the 

researchers explain. They believe that the shape of the graphene 
dots can be tailored by optimizing the annealing temperature 
and density of the carbon clusters.

“The next step in the research will be to devise ways to 
extract these interesting nanostructures from the ruthenium and 
transfer them to a semiconducting substrate for further experi-
ments,” say the researchers.  ■

1. Lu, J., Yeo, P. S. E., Gan, C. K., Wu, P. & Loh, K. P. Transforming C60 

molecules into graphene quantum dots. Nature Nanotechnology 

6, 247–252 (2011).

Buckyballs can be converted into graphene quantum dots by heating 
them on a ruthenium substrate.

Spherical carbon molecules can make perfectly formed quantum dots
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Plasmonics

A closer look

Surface plasmon resonance—the collective oscillations of 
charges on the surfaces of metals—is the basis of operation for a 
wide range of sensing, imaging and photonics devices. Scientists 
commonly use plasmon hybridization theory to simulate the 
various modes of surface plasmon resonance in metallic nano-
structures, but experimental verification of the results remains 
a challenge. 

Joel Yang and co-workers at the A*STAR Institute of Materi-
als Research and Engineering1 in collaboration with colleagues 
from Imperial College London in the UK have now developed a 
strategy for characterizing the full spectrum of surface plasmon 
modes in complex nanostructures.

The researchers constructed gold nanostructures on a silicon 
nitride membrane by electron beam lithography. They then used 
transmission electron microscopy in combination with electron 
energy-loss spectroscopy (EELS)—a high-resolution, electron 
beam-based technique for determining the structural, chemical 
and electronic properties of a material—to probe the plasmonic 
properties of the nanostructures in detail.

Using this approach, Yang and his co-workers were able to 
determine the location and energy of surface plasmon modes 
in various configurations of gold nanostructures. Significantly, 
they were able to map the full spectrum of surface plasmon 
modes—even modes that did not interact with light, so called 
‘dark plasmons’.

The researchers tested their strategy on connected and dis-
connected triangles, each about 100 nanometers to a side, as 
a proof of principle. They found that plasmon modes at the 
vertices differ from those at the edges of the triangle (see image). 
They also observed that modes in widely separated ‘dimers’ and 
‘trimers’—comprising pairs and triplets of triangles—changed as 
the triangles were brought together.

Dark plasmon modes, in particular, were concentrated in the 
gap between the triangles of dimers and trimers. In dimers, the 
dark modes had similar energies to bright modes, making then 
difficult to observe without EELS. This similarity may also 
explain previously observed features of the fluorescence of mole-
cules placed in the gap between pairs of metallic nanostructures.

The data collected were successfully described with a rela-
tively simple numerical model. Yang says the results demonstrate 
how useful the combination of transmission electron microscopy 
and EELS is for probing and measuring surface plasmons. 

“Probing nanostructures with a localized electron beam in 
EELS is like hitting a drum with a drum stick, bringing out 
many different ‘tones’ of plasmon resonance,” says Yang. “This 
allows us to see resonances that are not usually considered, and 
should help us design and build better plasmonic devices.” ■

1. Koh, A. L., Fernández-Domínguez, A. I., McComb, D. W., Maier, 

S. A. & Yang, J. K. W. High-resolution mapping of electron-

beam-excited plasmon modes in lithographically defined gold 

nanostructures. Nano Letters 11, 1323–1330 (2011).

Electron microscopy images (left) of gold nanostructures and EELS 
images (right) showing their plasmon modes (gradient denotes elec-
tric field intensity)

The combination of transmission electron microscopy and electron 
energy-loss spectroscopy allows for the study of surface plasmon 
resonance in nanostructures
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Photonics

Bright prospects

Silicon is an ideal platform for integrated photonic circuits 
because the material is cheap and readily available. Silicon chips 
with an integrated laser source capable of emitting light at a 
specific wavelength are particularly useful in telecommunications. 
Unfortunately, silicon is a material with high optical loss, which 
often degrades the output power and performance of the laser 
source. Yongqiang Wei at the A*STAR Data Storage Institute 
and co-workers1 have now fabricated a silicon chip that integrates 
not only a laser, but also an optical grating that provides optical 
gain and ensures that the laser outputs light at wavelengths near 
1,550 nm—the standard operating wavelength for telecommu-
nications devices.

The transmission of large amounts of data through an optical 
fiber is based on laser beams of different wavelengths that are 
sent through the fiber all at the same time. For such multi-
channel operation, however, the lasers need to be tuned to precise 
wavelengths to avoid cross-talk. This can be achieved with an 
optical grating.

So far, integrating a laser and an optical grating into a silicon 
chip has been challenging. The laser is typically made from 
several thin layers of different semiconductor materials, while 
the optical grating itself is etched out of silicon. Everything 
has to be precisely aligned, and the conventional way to achieve 
this is to grow the laser on a separate semiconductor chip. “The 
whole process takes more than 50 steps and requires the surface 
roughness of the silicon wafer to be extremely low, less than 0.3 
nanometers,” says Wei.

In the new device, a light source is placed between a mirror and 
a curved optical grating (pictured). The grating acts like a selec-
tive mirror that only reflects light at a specific wavelength back 
into the laser. This creates an optical cavity that only allows lasing 
action at a specific wavelength, providing the precision necessary 
for telecommunications applications. The researchers tested their 
device and found that it has good performance, emitting light 
with optical power of 2.3 milliwatts—about the same power as a 
laser pointer—at a highly specific wavelength.

“The integration of multiple lasers and optical gratings on 
a single chip will be our next challenge,” says Wei. “Also, for 

practical applications, we plan to scale up our single-wavelength 
lasers by utilizing the same grating structure for a broader range 
of wavelengths in order to integrate multiple light sources on the 
chip.” The new device marks a major step toward the realization 
of commercial telecommunications devices integrated on a single 
silicon chip.  ■

1. Wang, Y. et al. Silicon/III-V laser with super-compact diffraction 

grating for WDM applications in electronic-photonic integrated 

circuits. Optics Express 19, 2006–2013 (2011).

Di�raction 
grating

Waveguides

An arc-shaped diffraction grating is used to selectively reflect light 
from a laser back into the device. The photo also shows the wave-
guides used to channel light back and forth.

A silicon chip with integrated laser and optical grating offers new 
possibilities for telecommunications
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Fiber optics

One and only

Light traveling in an optical fiber loses power over distance. A 
number of factors are responsible for this power loss, but one that 
is particularly important at high data rates is the loss that occurs 
due to changes in light polarization. Hui Dong at the A*STAR 
Institute for Infocomm Research and co-workers1 have developed 
and tested a method of determining this polarization-dependent 
loss (PDL) in an optical fiber cable by taking measurements from 
just one end of the fiber. The new technique avoids the difficulty 
of having to arrange and coordinate access to both ends of a fiber 
optic cable, which may be tens of kilometers apart.

In fiber optic networks, PDL predominantly occurs not in the 
fiber itself but in the couplers and filters used to regulate light in 
the fiber, and can have a significant impact on signal quality and 
network performance. Until now the measurement of PDL in 
cables has required an optical source attached to one end trans-
mitting to a receiver at the other. A technique requiring access 
to only one end, however, was proposed theoretically by Italian 
researchers, but had yet to be verified experimentally.

The proposed technique requires the fiber optic cable to be 
birefringent at the end at which measurements are to be taken— 
that is, the cable must include imperfections that interact in 
different ways with the two perpendicular components of light 
polarization. This polarization-dependent interaction causes the 
two polarization modes to travel at different speeds, splitting the 
light beam into two.

The technique then proposes estimating the PDL from the 
maximum loss encountered in a round-trip along the cable. This 
can be achieved by measuring light backscatter as photons of 
light emitted in four different polarization states bounce back 
from interacting with the molecular structure of the cable. Over 
a distance of ten kilometers, measurements taken with an experi-
mental setup built by the researchers showed good agreement 
with measurement made using standard techniques with a light 
source and receiver at either end.

“We want to continue the experimental work on our PDL 
measurement in fiber links,” says Dong. “The PDL in a fiber 
link is a function of fiber length. Using our new technique, we 
should be able to measure the relationship between PDL and 

fiber length.” As PDL varies with environmental conditions such 
as temperature or stress on the cable, the new technique could also 
be used to sense these changes by detecting PDL variations. ■

1. Dong, H., Shum, P., Gong, Y. & Sun, Q. Single-ended measurement 

of polarization-dependent loss in an optical fiber link. IEEE 

Photonics Technology Letters 23, 185–187 (2011).

The transmission quality of an optical fiber can now be tested without the 
need to take measurements at both ends
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Silicon is readily available, easy to process, highly stable and non-
toxic. It is also one of the best materials for making solar cells. The 
high quality and purity of silicon needed for fabricating the most 
efficient silicon-based solar cells, however, has made it difficult to 
lower production costs for this renewable energy technology. One 
approach that could reduce costs is to use a microscopically thin 
film of silicon with a textured surface to enhance light absorption. 
Navab Singh at the A*STAR Institute of Microelectronics and 
co-workers1 have now highlighted several key factors affecting 
the power conversion efficiency of surface-textured thin-film solar 
cells and come up with a ‘nanopillar’ design that maximizes light 
absorption and minimizes production costs.

The best performing thin-film silicon solar cells at present have 
efficiencies that are about half that of conventional bulk silicon 
solar cells. “By investigating a variety of appropriate vertical 
nanopillar designs we can enhance the light-trapping and -col-
lection efficiency of thin films to compensate for the efficiency 
loss caused by reduced material quality and quantity,” says Singh.

The researchers investigated various factors that might affect 
the performance of a thin-film solar cell. These factors include 
the diameter and length of the nanopillar, as well as the spacing 
between nanopillars (see image). Similarly important is the design 
of the positively and negatively charged layers in the solar cells 
that are needed to separate the electrical carriers created by the 
absorbed light.

The researchers’ simulations showed that the thickness of the 
negatively charged layer on the outer side of the pillars should be as 
thin as possible in order to reduce ‘parasitic’ absorption—the anni-
hilation of light-generated carriers before they cross the junction 
between layers where they would contribute to electrical power 
generation. They also found that an axial junction design in which 
the junction between positive and negative layers is confined to 
the very top of the pillars leads to a higher open-circuit voltage 
compared with more conventional radial junction structures in 
which the negative layer wraps around the entire pillars. Yet they 
found the converse to be true for the open-circuit current.

Singh and his co-workers therefore show that a balance of these 
factors is needed in order to optimize designs for light-to-power 

conversion efficiency in surface-textured thin-film structures, 
which could eventually lead to thin-film silicon solar cells that 
are able to match the efficiency of the more expensive single-
crystalline silicon solar cells. ■

1. Wong, S. M. et al. Nanopillar array surface-textured thin-film 

solar cell with radial p-n junction. IEEE Electron Device Letters  

32, 176–178 (2011).

Photonics

Better solar cells around 
the corner

A scanning electron microscopy image of silicon nanopillars on a 
surface-textured thin film for low-cost solar cells

Design optimization could help maximize the power conversion efficiency 
of thin-film silicon solar cells
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Electrical engineering

Wireless liberation

Wireless devices such as mobile phones rely on the radio 
spectrum to send and receive data. There is growing interest 
in using a worldwide unlicensed spectrum around 60 gigahertz 
for future wireless applications, but conventional ceramic chip 
antennas have limited performance at this frequency. Junfeng 
Xu and Xianming Qing at the A*STAR Institute for Infocomm 
Research and co-workers1 have now developed a ceramic chip 
antenna that exhibits stable performance in this spectrum. The 
antenna has a relatively wide bandwidth of 17.1% and a gain of 
up to 22.1 decibels.

Bandwidth and gain are two of the key indicators for assessing 
the performance of an antenna. An antenna’s bandwidth specifies 
the range of frequencies over which its performance does not 
suffer due to poor impedance matching, and the gain measures 
the antenna’s ability to convert input power into radiowaves in a 
specified direction. An ideal antenna must not only be compact 
and lightweight, but also have a wide bandwidth and high gain, 
leading to high efficiency.

Conventional antennas have a narrow bandwidth of typically 
less than 10%, and often require expensive components that 
present difficult manufacturing challenges, such as embedded air 
cavities. Instead of re-examining these individual components 
to improve the performance of the ceramic chip antenna, the 
researchers focused on three aspects of the overall antenna design.

The design of the radiating elements of the ceramic chip 
antenna consisted of a compact 8×8 cavity array, each made of 
five vertically stacked layers. The radiating elements alone had 
a large bandwidth of 23%. The inputs to different portions of 
the antenna were delivered symmetrically, avoiding distortions in 
radiation patterns and reductions in bandwidth. The researchers 
also optimized the connection between an external waveguide 
at the antenna input and an internal waveguide that delivers 
the signal to the radiating elements for transmission. The use 
of an internal waveguide increased the radiative efficiency of the 
antenna, and the transition element of the connection had a large 
bandwidth of 19%.

The final size of the constructed antenna was just 47×31 mil-
limeters (see image), and a transmission loss of less than 2.5 

decibels over an operating bandwidth of 17.1%. The antenna 
displayed a stable radiation pattern over this operating band-
width, with a main lobe pointing desirably to the broadside of 
the antenna. The potential applications of the new ceramic chip 
include a variety of high-speed and license-free wireless devices, 
and Xu comments that there are plans to apply the new technol-
ogy to even higher frequencies above 110 gigahertz. ■

1. Xu, J., Chen, Z. N., Qing, X. & Hong, W. Bandwidth enhancement 

for a 60 GHz substrate integrated waveguide fed cavity 

array antenna on LTCC. IEEE Transactions on Antennas and 

Propagation 59 826–832 (2011).

Top view of a ceramic chip antenna consisting of an 8×8 radiating array

New ceramic chip antennas offer better performance and reliability for 
wireless applications using unlicensed spectrum
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In conventional milling operations, a workpiece on a table is 
typically fed past a rotating multi-tooth cutter, and the entire 
surface is processed by making a series of overlapping passes. This 
procedure, however, tends to leave unmilled remnants of material 
along the edges of the tool path (see image), compromising the 
quality of the finished surface. Jeong Hoon Ko and Kah Chuan 
Shaw at the A*STAR Singapore Institute of Manufacturing 
Technology in collaboration with colleagues at Nanyang Tech-
nological University have now shown that inducing ultrasonic 
vibration during high-speed milling of small metal products can 
lead to smoother, higher-quality surfaces1.

Vibration-assisted machining has been applied in the past, but 
mainly to turning or lathing applications, in which the spindle 
speed was much lower than the vibration frequency. Even when 
vibration assistance was applied experimentally in milling, the 
tool spindles turned far slower than the vibration. In contrast, 
Ko and his co-workers experimentally applied ultrasonic vibra-
tions in a high-speed micromilling system where the rotation 
frequency of the cutter was much faster than the frequency 
of vibration.

The researchers established two different test rigs on which 
they could evaluate the effect of vibration assistance on the 
machined surfaces. They proceeded to run tests with and without 
vibrations, in line with and across the direction of the feed. They 
applied a wide range of spindle speeds and used tool paths with 
a confined width and depth.

Ko and his co-workers found that the height of the remnant 
material, called ‘cusp’, can be reduced by applying ultrasonic 
vibration during high-speed milling with narrow tool paths 
and removal depths of less than one millimeter, improving the 
quality of the milled surface considerably. The effect was greater 
when feed-directional vibration was applied to the material than 
when the vibration was applied across or perpendicular to the 
feed, which resulted in the formation of wavy burrs. By com-
paring and analyzing the feed and cross-feed directional effects 
using advanced simulations, more accurate recommendations 
for surface quality improvement could be made. The team also 
showed that the level of surface roughness is dependent on a 

combination of factors including feed rate and tool profile, in 
addition to vibration and tool speed.

“We want to devise a new design that can enhance machin-
ing quality by tuning the vibration assistance direction,” says Ko. 
“Furthermore, we will test novel implementations, including a 
multiple-cutting mechanism. There are potential commercial 
applications for precision engineering using our vibration scheme 
in the die/mold, biomedical and electronics industries.”  ■

1. Ko, J. H., Shaw, K. C., Chua, H. K. & Lin, R. M. Cusp error reduction 

under high-speed micro/meso-scale milling with ultrasonic 

vibration assistance. International Journal of Precision 

Engineering and Manufacturing 12, 15–20 (2011).

200 µm

Manufacturing technology

The vibration that smoothes

Photographs of surfaces machined without (upper) and with (lower) 
vibration assistance

Vibration-assisted milling can lead to higher-quality surfaces
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For the modern businessperson, 
data security and accessibility has 
never been more relevant. But 

transporting those all-important files and 
data comes at the cost of carrying a bulky 
and fragile notebook computer with you 
wherever you go. The iTwin device devel-
oped at A*STAR’s Institute for Infocomm 
Research (I2R) is set to revolutionize the 
way we do business by providing a simple 
and complete answer to secure remote ac-
cess to computer files, making lugging a 
laptop a thing of the past. 

Resembling a flash drive with a USB 
plug at each end and weighing in at only 
50 grams, the iTwin does not store files or 
data but acts as a combined virtual cable 
connecter and encryption key that allows 
complete and rapid access to nominated 
files on a remote computer. The operator 
can read, copy, alter and store files with 
automatic protection by AES-256 encryp-
tion, one of the most widely used strong 
security protocols currently available.

As its name implies, the iTwin is com-
prised of two identical halves that can 
be pulled apart in the middle. One end 
stays plugged into the master machine in 
your home or office while the other half 
goes with its owner to be plugged into a 
computer at the user’s final destination, 
establishing a connection between the two 
via the internet.

A key feature of the iTwin is its plug-
and-play simplicity. Connecting the com-
bined halves of the iTwin device into the 
master computer opens a new window into 
which the user drags and drops any files 
that they wish to access remotely. There is 
no limit on size—users can even drag in 
the whole hard disk, and unlike existing 

cloud computing options there are no 
monthly fees. Links to the nominated files 
are established between the two halves of 
the device, which allows access to those 
files over the internet from another com-
puter anywhere in the world. As no files 
are transferred to or stored on iTwin, there 
is no risk of data leakage should one half 
of the device be misplaced, and the system 
can be disabled quickly and effectively at 
any time ensuring complete security.

“The two halves share a randomly gen-
erated security key, which only the devices 
know and is not stored anywhere else,” 
says Kal Takru, cofounder of iTwin Pte 
Ltd, a spin-off company from I2R. “That 
key is also used to encrypt communica-
tions. So it both authenticates and secures 
the system.”

The innovative concept behind the 
iTwin was unveiled in September 2009 
at TechCrunch50, a major Silicon Valley 
event for start-up companies to which 
iTwin was the first Singaporean company 
ever to be invited. The product was the 
result of a conversation in 2008 at I2R be-
tween Takru and Lux Anatharaman, who 
now serves as iTwin’s CEO.

“Twin technology is a conceptual insight 
that Lux came up with,” Takru explains. “It 

solves a significant technical problem—
how can you reliably know who is on the 
other side—with remarkable elegance.”

The product itself was designed and 
developed with funding and help from 
A*STAR’s commercialization arm, Exploit 
Technologies, which has now signed an 
agreement giving iTwin an exclusive global 
license for the technology. Exploit Tech-
nologies also provided funding to build 
a proof of concept, then a prototype, and 
finally design a production-quality device.

iTwin has received “a significant amount 
of money” from Walden International and 
Ideas Ventures, two established venture 
capital companies in Singapore, according 
to Takru. Orders for the iTwin, which cur-
rently retails for US$99, are starting to roll 
in both from online sources and via agents 
and distributors in the US, South America 
and Europe, and the device has caught the 
imagination of the information technol-
ogy community and blogosphere.

Currently available only for machines 
running Windows operating systems, the 
next step for iTwin according to Takru is 
to develop versions for other platforms 
such as Mac and Android-based systems. 
Plans for the development of a one-to-
many system are also under discussion. 

The key to data freedom

The iTwin device developed at A*STAR is a conceptual 

breakthrough in data security and portability 

providing easy, secure access to remotely stored files.
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A moisture-resistant coating that 
extends the lifetime and reli-
ability of plastic electronic de-

vices, such as organic solar cells or flexible 
displays, has garnered the intense interest 
of developers of next-generation lighting 
materials. By cranking out large sheets 
of polymers bearing electronic circuitry 
using roll-to-roll technology, electronics 
manufacturers can substantially reduce 
their capital and processing costs. The pos-
sibilities for low-cost flexible panel light-
ing are inspiring, says Senthil Ramadas, 
co-founder and chief technology officer of 
Tera-Barrier Films—a company spun-out 
of the A*STAR Institute of Materials Re-
search and Engineering (IMRE) in 2009. 
“Flexible devices can take any form—thin 
films of organic lighting could cover entire 
ceilings or wrap around pillars.”

Despite their promise, however, flexible 
polymer-based electronics remain highly 

vulnerable to the elements, as water and 
oxygen molecules can easily seep into 
these plastic devices and degrade sensitive 
internal components. Current protection 
technologies involve the deposition of 
multiple layers of inorganic and organic 
films over the active substrate, but such 
‘stacks’ of protection still allow permeation 
at a rate of one-thousandth of a gram per 
square meter per day—three orders of 
magnitude higher than an ‘ideal’ barrier, 
Ramadas explains.

In 1999, Ramadas and his colleagues 
at the IMRE spearheaded research into 
organic light-emitting diodes (OLEDs) 
and barrier substrates to protect them. 
They quickly discovered that sandwiching 
a polymer blend containing an innovative 
ingredient—metal oxide nanoparticles—
between two inorganic films greatly re-
duced the moisture intrusion rate to just 
one-millionth of a gram per square meter 

per day. These metal nanoparticles play a 
dual role by sealing pinholes and cracks in 
barrier films and at the same time reacting 
with and deactivating incoming water and 
oxygen molecules.

By adjusting the nanoparticle mix, the 
researchers also found that they could in-
corporate new functionalities into the 
plastic moisture barriers. Using this ap-
proach, the team has created a range of 
tailor-made products including ultravio-
let light-blocking films, heat-extracting 
films and even a calcium-based integrat-
ed sensor that precisely measures moisture 
permeation. These innovations have been 
recognized by the granting of 50 patents 
for systems developed by the Tera-Barrier 
Films team.  

A Tera-Barrier Films researcher dis-
plays a sample roll of the company’s 
moisture-resistant protective coating that 
greatly extends the lifetime of plastic elec-
tronic devices.

The ability to provide individualized 
protection and encapsulation solutions to 
customers played a key role in the decision 
of Exploit Technologies, the commer-
cialization arm of A*STAR, and Applied 
Ventures, the venture capital arm of Ap-
plied Materials Inc., to finance and incu-
bate the new start-up. A recent substantial 
investment by Japanese multinational 
KISCO promises to pave the way for the 
company to spread its proprietary technol-
ogy throughout the critical Asia-Pacific 
manufacturing region. The company proj-
ects revenue to reach $500 million by 2018.

KISCO has worked closely with the re-
searchers since 2003, marketing the nan-
otechnology-based films and distributing 
samples throughout Japan, Korea, China 
and Taiwan. KISCO’s latest investment 
promises to enable immediate delivery of 
Tera-Barrier Films’ unique products to 
clients for testing, validation and eventual 
implementation into product lines, ac-
cording to CEO Mark Auch.

“KISCO has linked a lot of customers to 
us—it’s a strategic partnership,” says Auch. 
“They see a very big potential for solar cells 
and OLED devices in the Asia-Pacific re-
gion, and it’s a large market.”

In addition to these applications, Tera-
Barrier Films’ products have potential for 
use in food and medical packaging—po-
sitioning the company to achieve high 
profitability once mass-production begins 
in the next few years. 

An impermeable wrap 
for future electronics
A nanoparticle-infused film brings innovative lighting 

and display technologies closer to reality.

A Tera-Barrier Films researcher displays a sample roll of the company’s moisture-resistant protective 
coating that greatly extends the lifetime of plastic electronic devices.
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The direct conversion of sunlight 
into electricity using photovolta-
ics is becoming an increasingly 

important technology for renewable en-
ergy generation as a replacement for fossil 
fuels, with applications from large-scale 
generation to roof-top solar panels and 
even mobile phones. But photovoltaics 
still accounts for only a marginal fraction 
of global energy supply. One of the main 
reasons for this is the relatively high cost 
of the base material—silicon—used in 
the most common type of solar cell.

Silicon is a popular medium for solar 
energy conversion because of its high 
conversion efficiency, but the growing 
demand for its use in photovoltaic cells 
is causing a shortage in the supply of the 
high-quality silicon required for solar 
cell applications. Producing the silicon 
and fabricating the solar cells also re-
quires highly controlled clean rooms for 
semiconducting processing, which adds 
to the total manufacturing cost. In addi-
tion, there are increased market demands 
for large-area, light-weight, flexible en-
ergy sources for portable electronics and 
remote-area power. “A low-cost, flexible 
alternative or complement to silicon is 
critical for the future of photovoltaic 
technology,” says Jie Zhang, photovoltaics 
program manager and senior scientist at 
the Synthesis & Integration group of the 
A*STAR Institute of Materials Research 
and Engineering (IMRE).

Organic input
Materials researchers are making every 
endeavor to devise photovoltaic systems 
that can ease this reliance on silicon. At 
the IMRE, researchers are developing 

organic semiconductors, which could 
potentially replace silicon in solar cells, 
as part of their printable electronics 
program. Printable electronics involves 
the use of polymer-based semiconductor 
molecules, which can be easily dissolved 
in solvent like an ink and printed as cir-
cuits on flexible films without the need 
for expensive clean-room facilities. A sig-
nificant advantage of printable electronics 
is that the technology is compatible with 
existing industrial printing techniques. 
The technology makes it possible to 
explore applications requiring extreme 
flexibility, such as flexible displays and 
electronic paper.

The majority of photovoltaic cells are 
based on crystalline silicon, which is the 
most expensive form of silicon to produce. 
A second generation of solar cells based 
on much cheaper thin-film amorphous 
silicon on glass or metal is now becoming 
commercially available in the form of dis-
play backlights and similar applications. 
Photovoltaic cells based on organic mol-
ecules are regarded as the third generation 
of this technology, and the approach is 

attracting attention because of the pos-
sibilities of mechanical flexibility and 
solution processability. Organic solar cells 
are also attractive because they are suit-
able for indoor use—unlike silicon-based 
devices organics can generate power 
under the low light conditions of indoor 
environments. The practical application 
of organics in photovoltaic cells, however, 
has been limited due to the poor conver-
sion efficiency of the known organic com-
pounds for natural light. “We want to de-
velop organic photovoltaic materials that 
are as efficient as possible at absorbing 
photons of sunlight,” says Zhikuan Chen, 
group head and senior scientist of the 
IMRE’s Synthesis & Integration group. 
Chen is responsible for developing high-
performance semiconducting polymers.

Polythiophene derivatives are the or-
ganic materials most widely studied for 
photovoltaics, and some reports have 
shown that these materials have high 
charge mobility, which is an important 
parameter of photovoltaic cell perfor-
mance. However, researchers have found 
it difficult to achieve high conversion ef-
ficiency and high charge mobility at the 
same time.

In their most recent study1, Chen’s team 
combined thiophene with benzothiadia-
zole to form a copolymer with a narrow 
energy bandgap suitable for the absorp-
tion of sunlight. A field-effect transistor 
based on this polymer achieved charge 
mobility comparable to that of commer-
cially available polymer-based field-effect 
transistors. At the same time, the device 
achieved a conversion efficiency of 6.26%, 
one of the best results for a polymer. “We 
are now working on new light-harvesting 
polymers and new electron-transporting 
materials to improve the conversion effi-
ciency to 10%,” says Chen. At that level of 
efficiency, the mass-production of organic 
photovoltaic cells would become viable.

New ways to 
harvest light
A*STAR researchers are devising a variety of low-cost 

photovoltaic materials to develop the next generation 

of solar cells.

Jie Zhang (left) and Zhikuan Chen (right) hold 
a printed electronic device

A flexible organic photovoltaic device
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Large-area roll-to-roll 
manufacturing of printed 
electronics and functional films
The ability to print or deposit organic and 
inorganic molecules over large areas also 
opens up a range of new applications for 
large-area organic photovoltaics, printed 
electronics and functional films. A*STAR 
scientists and engineers are now working 
to resolve a number of manufacturing pro-
cess challenges as part of a ‘scale-up’ proj-
ect conducted by the Singapore Institute 
of Manufacturing Technology (SIMTech). 
The scale-up project is led by the team of 
Albert Lu, a senior scientist and program 
manager for the Large-Area Processing 
Programme at SIMTech.

Lu and his colleagues are pursuing 
disruptive technology platforms for roll-
to-roll manufacturing of organic and 
inorganic printable functional materials. 
This process could be used for the mass-
production of both thick- and thin-film 
devices including sensors, batteries and 
photovoltaics. The researchers are looking 
in particular at how ‘ink’ molecules can be 
deposited with high precision on flexible 
substrates of up to 1 meter in width. They 

are also investigating processes for pat-
terning, embossing and laminating func-
tional films as well as techniques for web 
inspection and web mechatronics. Unlike 
conventional electronic circuit fabrication, 
which requires the batch processing of wa-
fers, large-area processing systems involve 
a continuous printing-press-like manu-
facturing process. “Roll-to-roll processing 
poses very different challenges to those 
of conventional semiconducting process-
ing but is expected to open a new era of 
printed electronics and functional films,” 
says Lu.

SIMTech is currently establishing a 
pilot production system capable of pro-
cessing large-area printed electronics and 
functional films of up to 1 meter in web 
width. Lu says SIMTech is also collaborat-
ing closely with the print and media in-
dustry in Singapore to capture rapidly 
emerging market opportunities and lever-
age high-speed manufacturing technolo-
gies such as inkjet printing, screen printing 
and flexographic printing.

Trapping photons with 
nanostructures
Organic materials are promising for pho-
tovoltaics, says Lu, but they will not be 
able to completely replace silicon. In fact, 
research into more effective use of silicon 
is still very much alive. At the A*STAR In-
stitute of Microelectronics, Navab Singh, 
a principal investigator of the Nano Elec-
tronics & Photonics Program, is making 
microelectronic tweaks to enhance silicon’s 
utility in photovoltaics.

Classic silicon-based solar cells are made 
of two layers of different types of silicon—
n-type (electron-rich) and p-type (hole-
rich)—that are brought into contact to 

form an electronic junction. Electrical cur-
rent is generated when light reaching the 
silicon releases free electron and hole pairs 
within a short distance from the junction 
interface. Due to reflection and the ab-
sorption of light at locations away from 
the junction, the number of electron–hole 
pairs participating in power generation is 
relatively low in the classic structure. To 
address these shortcomings, Singh and his 
fellow researchers are attempting to im-
plant hundreds of nano-sized, silicon-based 
photovoltaic pillars on the silicon surface. 

“When you make nanoscale patterns 
on the top surface, it not only reduces re-
flection, but it can also increase the ab-
sorption of light inside a very thin silicon 
layer so that all the carriers can be generat-
ed close to the junction.” says Singh. “This 
process also reduces the cost of materials.” 
Singh says his team’s nanopillar technolo-
gy requires only a 2 micrometer-thick layer, 
compared to the 300 micrometer-thick 
layers needed in previous designs.

Using this nanopillar technology, Singh 
and his colleagues recently demonstrated 
the highest current density so far achieved 
for nanostructured silicon-based solar cells. 
They are also looking into other ways to 
further improve performance. One of the 
issues under active discussion is how to 
design the photovoltaic devices so as to 
make full use of solar energy, such as de-
signing multiple junctions with various 
silicon alloy materials and designing struc-
tures favoring multiple electron–hole pair 
generation. Compatibility with existing 
semiconductor manufacturing processes is 
also a key design parameter. “We are taking 
advantage of existing technology to make 
things more exciting,” says Singh. 

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).

Albert Lu (fourth from right) and colleagues 
with printed lighting and printed functional 
film samples

A roll-to-roll processing system

Navab Singh
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Global air travel, far from being 
in decline, continues to ex-
pand every year driven by rap-

idly emerging economies such as China 
and India. There are predictions that up 
to 28,200 new passenger jetliners and 
freighters could be in operation world-
wide by 2025, and the aircraft fleet in Asia 
alone is expected to triple over the same 
period. Ensuring the safety of this mas-
sive fleet of aircraft will become a critical 
issue as the maintenance, repair and over-
haul (MRO) industry expands to meet 
demand. The development of advanced 
MRO technologies has therefore never 
been so important.

Thanks to its geographical location, 
Singapore is the largest MRO hub in 
Asia, with a market share of close to 
25%. Over 100 international companies 
are carrying out MRO operations in 
Singapore for a variety of services from 
airframe maintenance to avionics systems 
repair. These companies also benefit from 
the scientific and engineering expertise 
offered by researchers at A*STAR and 
elsewhere in Singapore.

In 2007, A*STAR launched the 
A*STAR Aerospace Programme to es-
tablish a common research platform that 
will support the competitiveness and 
growth of local aerospace companies and 
technology. In February 2008, the first 
four projects kicked off with a total in-
vestment of S$10 million over three years. 
The A*STAR Aerospace Programme has 
since funded another 20 projects, and the 
number of participating companies has 
expanded from the original four—Boeing, 
European Aeronautics Defence Systems, 
Pratt and Whitney and Rolls-Royce—to 

18 over the last four years. “We have ex-
cellent infrastructure, good support from 
the government and a strong research 
foundation,” says Guilin Yang, one of the 
program’s principal investigators. “We 
can also offer a very innovative develop-
ment model and intellectual property 
protection.” The program has A*STAR re-
searchers working in international teams 
comprising dozens of scientists and engi-
neers from around the world.

Robots for surface finishing
Yang is group manager of mechatron-
ics at A*STAR’s Singapore Institute of 
Manufacturing Technology (SIMTech). 
His team recently completed a project 
on robotized precision finishing, which 
involved customizing industrial robots to 
chamfer edges and remove burrs as part 
of the process of smoothing the edges 
of large workpieces such as aero-engine 
components. In most aerospace factories, 

skilled workers handle these processes 
manually for large workpieces. “The man-
ual approach is a very time-consuming 
process because there are so many small 
features,” says Yang. “It is also difficult 
with manual operations to guarantee qual-
ity consistency, particularly in the tough 
working environment of these factories.”

One of the biggest technological 
challenges they encountered in the de-
velopment of the robotic finishers was 
the control of contact force for material 
removal, which is considered difficult to 
automate because features on edges are 
usually complex, Yang explains. “Indus-
trial robots are designed for position and 
velocity control, not for force control,” he 
says. As the workpieces needing chamfer-
ing and deburring are complex, tool path 
planning and robot programming are also 
key technologies for automation.

Yang and his colleagues developed vari-
ous technologies, including force-control-
based material removal techniques, an 
in situ profile measurement system, ro-
botic workcell calibration methods and 
tool path planning algorithms based on 
computer-aided design modeling. These 
technologies have been successfully 

Safeguarding air travel

As aircraft and aerospace technology become 

increasingly complex, advanced maintenance and 

repair technologies are now more important than ever.

Robotic finishing tasks on an aero-engine front bearing housing
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implemented to perform the serial process 
of chamfering and deburring. The team 
eventually demonstrated the edge profil-
ing of components with finishing accuracy 
of up to ±0.2 millimeters. Although the 
project is now complete, Yang says his 
team will continue improving the per-
formance of the technology and develop 
further applications.

Non-destructive testing
Wei Lin, senior scientist of mechatronics 
at SIMTech, has also completed another 
three-year project, in this case on develop-
ing non-destructive tests for composite 
materials. Ultrasonic technology is widely 
used for the non-destructive testing of 
isotropic materials such as metals, but 
the composite materials used in modern 
aircraft pose a challenge for this conven-
tional method. The typical composites 
used, such as carbon fiber-reinforced 
plastics with different materials types 
and configurations, have a sandwich 
structure of laminate skins and an internal 
honeycomb-like structure, which tend to 
develop very peculiar flaws. “Eventually 

we want to see how these defects affect 
the mechanical strength of the materi-
als. A defect may still be okay to fly, but 
ultimately aircraft carriers want to know 
when they fail,” says Lin.

Lin’s team has developed a sonic tech-
nique that is performed at a frequency 
lower than that of conventional ultrasonic 
techniques. Unlike the time-of-flight 
parameter used in traditional techniques 
for flaw detection, Lin’s team excites the 
material to be inspected with certain 
waveform patterns and processes the ex-
citation response in several ways to extract 
defect signatures. “As a result, very fine 
differences among flaws, such as disbonds, 
delaminations and even kissing bonds, 
can be detected and identified,” says Lin. 
Moreover, he adds that the inspection area 
can be easily scanned manually, and the 
results can be displayed in a map format.

As a follow-up project under the 
A*STAR Aerospace Programme, Lin’s 
team is currently working to improve the 
technique for inspecting composite mate-
rials with incipient heat damage.

Computer simulations
Tomas Karasek, a  scientist at the A*STAR 
Institute of High Performance Comput-
ing, is working on two new simulation 
projects that could support advanced 
MRO operations in the future. One of the 
simulations aims to optimize composite 
structures subject to impact loads of a 
few milliseconds in duration. This type of 
impact is tested by dropping a test beam 
from a certain height. “Current structural 
designs tend to be easily damaged by im-
pacts. Our objective is to optimize com-
posite materials, in term of the number of 
layers, the material’s constituents and even 

the orientation of individual layers, so that 
the test beam can survive the drop without 
damage,” he explains.

The other project being pursued by 
Karasek’s team is the development of a 
faster and more cost-effective method for 
numerically simulating the optimal cover-
age for the metal shot peening process—a 
cold finishing step in which small metal-
lic balls are shot into a surface to increase 
durability. The conventional optimization 
process relies on visual appraisal by an 
experienced technician. Karasek’s team 
is aiming to introduce a more objective 
approach by creating a tool to predict 
the optimal coverage given important 
shot-peening parameters such as peening 
pressure, intensity and time for various 
components and geometries. Simulations 
have been attempted before, but by tak-
ing a different approach Karasek hopes to 
shorten the computational time required 
for the simulation significantly.

Rapid expansion
Karasek’s twin projects are among the 
eight new projects launched in February 
2011. The number of projects started each 
year under the SERC Aerospace Pro-
gramme is on the rise, which has added 
impetus to the search for collaborative 
development with private companies and 
research institutes. Other cutting-edge 
technologies under development include 
intelligent fiber Bragg grating sensors 
for aircraft structural health monitoring 
and diagnosis, organic nanoparticles for 
erosion-resistant aircraft coatings, and 
low-cost, real-time monitoring for early 
corrosion detection using millimeter-
wave technology. “The aerospace industry 
is rolling out cutting-edge technology 
and high-tech products with high added 
value. There is a lot of room for research,” 
says Karasek. 

Guilin Yang

Wei Lin

Tomas Karasek
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A single aeroplane contains roughly 
four million individual parts, and 
successfully keeping entire fleets 

in the air requires easy and efficient ac-
cess to spare components. This demanding 
process is managed by companies special-
izing in maintenance, repair and over-
haul (MRO). Managing these resources 
without guesswork is now possible using 
a software system called D-SIMSPAIR, 
which was developed by the company 
D-SIMLAB Technologies—a spin-off 
from the A*STAR Singapore Institute of 
Manufacturing Technology (SIMTech).

“D-SIMSPAIR is a system that is able 
to portray spare parts inventory networks 
in a high-fidelity simulation model and 
also comprises an engine to rapidly opti-
mize inventory quantities and allocations,” 
explains Peter Lendermann, CEO and 
co-founder of D-SIMLAB. By providing 
a more comprehensive alternative to the 
simple mathematical models that were 
previously the industry standard, D-SIM-
SPAIR helps companies trim costs while 
offering the flexibility needed to rapidly 
implement changes.

Today, D-SIMSPAIR is used by MRO 
companies supporting aircraft manufac-
tured by Airbus, Boeing, Embraer and 
Bombardier. In 2010, the company for-
malized an agreement with Airbus that 
makes D-SIMSPAIR the platform of 
choice for optimizing materials and lo-
gistics for both present and future Air-
bus aircraft. Most recently, D-SIMLAB 
was recognized for its innovations by the 
technology industry magazine Red Her-
ring, which designated the company as 
one of its Global Top 100 Tech Startups 
for 2010.

D-SIMLAB got its start in 2006, prior 
to the commercial launch of the Airbus 
A380. In an effort to streamline its spare-
parts management strategy for the new air-
craft, a Singapore-based MRO company 
consulted Lendermann’s research team at 
SIMTech. The researchers had been work-
ing on simulation-based tools designed to 
help companies make strategically sound 
decisions related to the management of 
resources distributed around the world.

“We’d seen the need for novel decision-
support tools to enable better asset man-
agement, but also realized that sufficient 
scalability could only be achieved by taking 
a global-scale approach,” says Lendermann.

In partnership with his SIMTech col-
leagues Gan Boon Ping and Nirupam 
Julka, Lendermann subsequently parlayed 
the team’s efforts into the launch of D-
SIMLAB. Their first software product was 
designed to assist aerospace asset man-
agement, based on a simulation engine 
that was subsequently incorporated into 
D-SIMSPAIR. It proved to be a powerful 
tool for the aerospace industry.

In parallel, D-SIMLAB incorporated 
the same simulation engine into a software 
platform for the semiconductor-manufac-
turing industry, D-SIMCON, which is 
now being used by companies in Singapore 
and Germany. According to Lendermann, 
these businesses are also gaining consid-
erable efficiency in their manufacturing 
processes through the use of D-SIMLAB 
software. “They can react to changes in 
demand and operational conditions on the 
shop floor much faster than what is pos-
sible with conventional software tools,” he 
says. “This enables lower cycle times and 
higher capacity utilization, again leading 
to multi-million dollar cost savings.”

D-SIMLAB has grown rapidly in the 
past five years. Lendermann and col-
leagues, however, foresee considerable ex-
pansion as more companies recognize the 
advantages of using such simulation-based 
systems to accurately model the dynamics 
of their global networks, which minimizes 
waste and delays and ensures that essential 
resources are consistently in the appropri-
ate place at the appropriate time. 

Streamlined asset 
management takes flight
Software originating at A*STAR that optimizes the 

flow of resources is enabling the aerospace and 

semiconductor manufacturing sectors to stay lean 

and flexible.
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An innovative application for mo-
bile phones that identifies places 
and objects by comparing pho-

tographs of them with reference images 
in a remote database will not only provide 
unprecedented amounts of information 
about them to customers, but also create 
an array of new marketing opportunities.

Based on software called Snap2Search 
that was developed at the A*STAR 
Institute for Infocomm Research, the 
Singaporean start-up company Pfliq (pro-
nounced ‘flick’) is harnessing the image-
recognition, classification and retrieval 
capabilities of the software to construct 
a new world of convenience. A tourist, 
for example, who is armed with a smart-
phone sporting the Pfliq application and 

wandering an unknown city, would be able 
to snap a series of photographs and send 
them off to Pfliq’s remote database. In an 
instant, the application would return the 
tourist’s location, as well as information 
on buildings, points of interest and events 
in the area. Promotions from local traders, 
offers of tours and special deals can all ac-
company this information.

“For consumers, Pfliq will mean con-
venience, information and discovery,” says 
Pfliq CEO and co-founder Kelvin Ng. 
“With the growing popularity of smart-
phones, the possibilities for advertisers 
and marketers are endless—from sending 
consumers a coming event for their phone 
calendar, through to putting relevant con-
tact details into their phone and allowing 
companies to keep track of consumer 
preferences,” he says.

Pfliq uses the features and power of 
smartphones to provide information to 
people on the move, with image-recog-
nition technology that is close to 100% 
accurate. Users will also be rewarded with 
redeemable credits for helping to expand 
the reference database with their own 
high-quality images.

On the marketing front, Ng and co-
founder Sam Tang from Temasek Poly-
technic believe that Pfliq will appeal to 
brand owners, advertising agencies and 
networks, as well as publishers. It can pro-
vide online advertising that directs users 
to a specific website and services based on 
analysis of usage data, such as reports on 
the attractiveness of products to particular 
consumer groups.

The concept behind Pfliq came to Ng 
just before he undertook a Traineeship for 
Technology Transfer Management (T3M) 

program run by A*STAR’s marketing and 
commercialization arm, Exploit Tech-
nologies. He subsequently developed the 
product with Tang, and before graduating 
from the T3M program the two fleshed 
out the business.  “While I was in the pro-
gram, the team built the basic prototype, 
resolved licensing issues with A*STAR, 
and so on,” Ng explains.

The two-year T3M program allowed 
Ng to specialize in ‘technopreneurship’, 
combining a structured curriculum of 
relevant knowledge and skills with on-
the-job training in Exploit Technologies 
and other A*STAR facilities. Graduates 
emerge with a Professional Trainee-
ship Certificate for Technology Transfer 
Management and are assisted to find ap-
propriate placements or, as in this case, to 
establish their own companies. “The pro-
gram exposed me to all the opportunities 
and capabilities available in the technol-
ogy transfer industry in Singapore.”

Pfliq has developed a service prototype 
and is now seeking S$500,000 in fund-
ing to allow it to develop a better user 
experience and launch an open beta of  
the service. 

Local environs explained, 
and marketed, in a click
By harnessing A*STAR image-recognition technology, 

a Singaporean start-up company is taking information 

delivery and marketing to a new dimension.

Sam Tang (left) and Kelvin Ng (right) discuss the 
advantages of the Pfliq concept
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Ever since penicillin became avail-
able for clinical use in the 1940s, 
antibiotics have saved the lives of 

millions of people around the globe who 
would otherwise have died from bacterial 
infections. At the same time, however, the 
use of antibiotics kills off all but a small 
number of drug-resistant bacteria, which 
can lead to the evolution of highly resis-
tant bacterial strains for which antibiotics 
become useless. Health experts are there-
fore increasingly concerned about the 
possible emergence of a ‘super bug’ with 
resistance to all known drugs.

The problem may lie in the traditional 
methods of antibiotic development, which 
target bacteria’s abilities to synthesize cell 
walls or proteins. When an antibiotic-
resistant bacterium emerges, pharmaceu-
tical companies tend to modify the same 
molecule to make it re-effective against 
the new entity. “But soon, bacterial resis-
tance emerges again, so this may not be 
a highly effective strategy to fight resis-
tance,” says Uttam Surana, a professor at 
the A*STAR Institute of Molecular and 
Cell Biology (IMCB). “There has been a 
long debate about the fact that we don’t 
have a sufficient array of novel antibacteri-
al compounds. So what we need are novel 
cellular targets.”

Cell cycles
Surana specializes in investigating the 
division cycle of eukaryotic cells. After 
a cell grows for a certain period of time, 
chromosomes get replicated, each copy 
segregates away from the other, and then 
the cell divides into two daughter cells. 
The execution and coordination of the 
division cycle is a complex process, and 

any deregulation or misguiding of the cell 
cycle can directly endanger the stability of 
chromosomes and can turn normal cells 
into abnormal ones, such as cancer cells.

Uttam’s team uses yeast as a model sys-
tem because many of the essential path-
ways in the cell division machinery are 
evolutionarily conserved from yeast to hu-
mans. “We began to think about whether 
lessons we learn from yeast can be utilized 
to identify new types of anti-proliferative 
compounds,” Surana says.

His idea was brought into action in 
2010 in the form of collaboration with 
Robert Robinson, a professor and struc-
tural biologist at the IMCB, and David 
Popp, a research scientist in Robinson’s 
lab. Robinson and Popp are interested in 
the functions of bacterial actins and tu-
bulins—cytoskeletal elements that form 
filaments. “These are essential proteins for 
cell division and normal growth. Inter-
fering with them is an attractive strategy 
for the development of novel antibiotics,” 
says Robinson.

Bacterial filaments
Common to bacterial cells and the eu-
karyotic cells that constitute our body are 
proteins called actins and tubulins, which 
serve vital roles in the cell cycle. In bac-
terial cells, actins generally either form 
part of the machinery that segregates 
plasmids—genetic fragments capable of 
autonomous replication—or act as cell-
shape determining factors required for 
normal cell growth. In eukaryotic cells, 
tubulin is involved in the formation of mi-
crotubules or centrosomes, both of which 
have key roles in the progression of the 
cell cycle. The researchers at the IMCB 
are particularly interested in the bacterial 
equivalent of tubulin, known as FtsZ. This 
protein forms a ring that is attached to the 
cell membrane, where it participates in the 
formation of two daughter cells.

When put under the control of in-
ducible yeast promoter DNA, bacterial 
actin or FtsZ can be expressed in yeast 
grown in an appropriate medium. The 
expressed actin or tubulin begins to form 
filaments and interfere with the function-
ing of the yeast’s cell division machinery. 
Consequently, cells stop growing and 

Tweaking targets for 
antibiotics
On the back of growing drug resistance, researchers at the 

A*STAR Institute of Molecular and Cell Biology are exploring 

new targets to develop effective antibacterial compounds.

The budding yeast Saccharomyces cerevisiae 
tagged using green fluorescent protein to 
highlight a bacterial division protein that 
assembles into large polymers

Robert Robinson (right), Uttam Surana (center) and David Popp (left) at the IMCB
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eventually die. This phenomenon can be 
used to design effective screening strate-
gies for the identification of novel an-
tibacterial agents. The researchers have 
collected about 30 cytoskeleton proteins 
from various bacteria, both pathogenic 
and non-pathogenic, including the com-
mon pathogen Escherichia coli.

One of the most interesting observa-
tions was that the tubulin-like bacterial 
FtsZ plays an analogous role to eukaryotic 
actin, whereas bacterial actins segregate 
DNA in a manner similar to microtubules 
in eukaryotic cells. “The proteins appear to 
have swapped roles,” Robinson says. Popp 
found FtsZ to be reasonably similar across 
many bacteria, whereas bacterial actin 
comes in a variety of filament geometries. 
“This gives us an opportunity to search for 
a pan-bacteria antibiotic targeted at FtsZ 
or to search for an antibiotic directed 
against a specific species or cluster of spe-
cies through targeting bacterial actins. As 
bacterial actins and FtsZ filaments are very 
different from human actin and tubulin 
filaments, disruptive agents are unlikely to 
cross-react,” comments Robinson.

The researchers are now looking to 
find compounds that can prevent the po-
lymerization of bacterial actins or tubu-
lins in yeast because such agents could 
allow yeast cells to grow. “This strategy 
permits us to select promising antibac-
terial compounds that are nontoxic to 
eukaryotic cells.”

Communications  
among bacteria
Lianhui Zhang, a professor at the IMCB, 
also shares the concerns about the grow-
ing problem of drug resistance. “Bacteria 
produce lots of biochemical weapons such 

as toxins and enzymes that can interfere 
with our immune systems,” Zhang ex-
plains. “It would be great if we can prevent 
bacterial cells from producing such bio-
chemical weapons. Without them, bacte-
ria cannot damage our immune systems.”

Bacteria are single-cell organisms, but 
they are not acting individually in their 
community. Instead, they communicate 
with each other using chemical signaling 
molecules. According to Zhang, many 
bacteria synchronize gene expression 
among family members and coordinate a 
range of important biological functions, 
such as virulence and biofilm formation. 
Zhang is one of the pioneers who dis-
covered that such a cell-to-cell commu-
nication mechanism, known as ‘quorum 
sensing’, is widely conserved among vari-
ous bacteria.

A hint from rotten cabbage
Since joining the A*STAR in 1998, 
Zhang’s first objective has been to test the 
idea that quorum sensing could represent 
a target for the control of bacterial infec-
tions. He focused on the quorum sensing 
signals and in 2000 reported an enzyme 
that inactivates N-acyl homoserine lac-
tones (AHLs), one of the most widely 
conserved quorum-sensing signals. When 
looking for a model bacterial pathogen to 
test his idea, Zhang found a Chinese cab-
bage in his kitchen that had gone rotten 
overnight. Following his instincts, he iso-
lated the bacterium that caused the dam-
age to the vegetable, and in 2001 his team 
demonstrated that it was feasible and 
practical to control bacterial infections 
by using the AHL-inactivation enzyme 
to quench bacterial quorum sensing1. He 
later identified another enzyme associated 
with the degradation of AHL signals and 
several regulatory proteins in the AHL 
signaling pathways.

Further studies
After demonstrating the feasibility of 
using the quorum-sensing molecule as a 
target for the control of bacterial infec-
tions, Zhang’s team moved on to identify 
and characterize more quorum sensing 
signals. “We realized that AHL molecules 
might control only one portion of patho-
genicity in some bacterial pathogens and 
not all bacteria produce AHLs,” Zhang 
says. His team became the first to identify 
the chemical structure of an important 
molecule called diffusible signal factor 
(DSF) in Xanthomonas campestris, a bac-
terium that causes plant diseases. The 
researchers are also studying how perva-
sively DSF is conserved among bacterial 
species, and through that study have iden-
tified a few analogues of DSF in a range 
of microorganisms including human bac-
terial pathogens. Their findings indicate 
that similar to AHL, DSF represents a 
new family of widely conserved quorum 
sensing signals in Gram-negative bacteria.

The team has begun searching for chemi-
cals capable of controlling quorum sensing, 
but Zhang indicates there are still plenty 
of things to investigate before therapeutic 
applications become possible. “Bacterial 
infections commonly involve a few hun-
dred genes, most of which are regulated by 
various signaling mechanisms. Our goal is 
to develop a drug or drug combination to 
silence these genes,” Zhang says. “But first, 
I will try to identify more chemical signals 
and signaling mechanisms because each 
system controls a subset of genes. When 
we have a fair understanding of these sig-
nal pathways, we will have better ideas on 
how to block cell-cell communication and 
control bacterial infections.” 

1. Dong, Y. H. et al. Quenching quorum 
sensing-dependent bacterial infection by 
an N-acyl homoserine lactonase. Nature 
411, 813–817 (2001).

DSF induces bacterial biofilm dispersion. (Left) X. campestris biofilm. (Right) Disperse biofilm 
after addition of DSF.

Lianhui Zhang from the IMCB
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The development of miniaturiza-
tion strategies that integrate 
several laboratory functions on 

a single chip is benefiting many areas of 
biomedical research, making even com-
plex experiments faster and cheaper to 
perform. These ‘lab on a chip’ systems, 
generally known as microfluidic devices, 
are typically composed of small polymer 
wafers patterned with precisely engi-
neered microscopic channels, reservoirs 
and valves that can transport tiny volumes 
of fluid with remarkable precision.

“Microfluidics offers key advantages for 
bioanalytical and diagnostic applications, 
including faster analysis and response 
times, better process control and high 
throughput on a cost-effective, dispos-
able chip,” explains Zhiping Wang, man-
ager of the Microfluidics Manufacturing 
Programme at the Singapore Institute of 
Manufacturing Technology (SIMTech).

Putting principles into practice
SIMTech is just one of several A*STAR 
centers exploring microfluidics, and 
A*STAR recently demonstrated its com-
mitment to this technology with the 
launch of the Microfluidics Systems Bi-
ology (MSB) laboratory at the Institute 
of Materials Research and Engineering 
(IMRE). To head up the project, they 
turned to Stephen Quake, a Stanford 
University researcher who has focused on 
developing cutting-edge microfluidic de-
vices for biological applications.

Quake already had strong ties to the 
Singapore research community through 
his company Fluidigm, which bases its 
manufacturing operations in the coun-
try, but he also recognized the MSB as a 

new opportunity for interdisciplinary col-
laboration. “The initial idea was to start 
applying some of the technologies we 
developed at Stanford, and using them to 
advance the frontiers of science,” he says. 
“I wanted to make contact with people 
working on biology and genomics and 
materials science.”

Quake collaborated with Stanford col-
league William Burkholder, a microbiolo-
gist who is co-principal investigator at the 
MSB alongside IMRE scientist Yin Thai 
Chan, and the three have been work-
ing on a variety of projects since August 
2010. One of the primary objectives of the 
MSB is to transform experimental micro-
fluidic devices into a working engine for 
scientific discovery. “Our key performance 

indicators are going to be publications, be-
cause we really want to keep the focus of 
the group on doing high-impact biology,” 
says Burkholder.

The majority of MSB projects em-
phasize the use of microfluidic tools to 
generate large quantities of high-quality 
biological data, such as mapping the way 
that proteins interact with each other or 
with chromosomal DNA, or generating 
high-quality genomic sequence data from 
single cells. One current project focuses on 
optimizing the ‘MITOMI’ chip, a device 
developed in the Quake lab that offers a 
high-throughput platform for measuring 
the binding affinity of proteins known 
as transcription factors for target DNA 
sequences1. “We invented the device to 
observe how biological molecules stick to 
each other and how strongly they do so, 
and to run experiments in parallel using 
tiny amounts of sample,” says Quake.  
Current versions of the device can screen 
up to 4,000 sets of interactions at a time, 
and he and Burkholder are now using such 
devices to characterize the function of key 
gene regulators within human cells.

Chips for every occasion
A growing number of laboratories in Sin-
gapore are investigating the far-reaching 
applications of microfluidics. Some of 
the most advanced applications of the 
technology currently involve analyzing 
environmental or biological samples in 

Game-changing 
microfluidics
Microfluidic devices are poised to transform biological 

research by streamlining the cost, speed and precision of 

individual experiments.

The Quake laboratory’s MITOMI chip, designed for the rapid screening of molecular interactions, is 
providing a foundation for ongoing research at MSB.
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order to detect infectious agents or toxic 
contaminants. A*STAR scientists have 
already made considerable progress in 
this field.

A research group at the Institute of 
Bioengineering and Nanotechnology 
(IBN) has designed an all-in-one chip 
that can be used in the diagnosis of in-
fluenza from a patient nasal swab sample 
within a couple of hours. This MicroKit 
technology, which was selected as a final-
ist for the Wall Street Journal’s Asian In-
novation Awards in 2011, has already been 
licensed for commercial development, and 
the IBN is now engaged in trials to test its 
efficacy at detecting pathogenic bacteria in 
clinical settings.

Meanwhile, Abdur Rub Abdur Rah-
man and colleagues at the Institute of 
Microelectronics (IME) are using micro-
fluidics to hunt another kind of threat—
the circulating tumor cells (CTCs) that 
lay the groundwork for metastatic inva-
sion in cancer. “CTC detection is a pro-
verbial ‘needle in the haystack’ problem,” 
explains Rahman. “CTCs are extremely 
rare in blood—there may be one CTC 
per milliliter as opposed to one billion red 
blood cells per milliliter—and harvesting 
these cells reliably and reproducibly is 
a challenge.”

The system being developed at the 
IME uses magnetic beads to capture and 
enable the detection of these extremely 
scarce CTCs with relative ease. The pres-
ent prototype platform delivers results in 
less than half a day. Rahman also points 
out that this approach eliminates many 
of the ‘moving parts’ that can confound 
conventional analysis. “We want to avoid 
all manual processing steps, including op-
tical microscopy for cell recognition and 
enumeration, which is a mainstay in many 
contemporary systems,” he says.

A research team led by Hanry Yu at the 
IBN is investigating how to manipulate 
the flow of liquid and nutrients within a 
microfluidic cell culture system to create 
conditions that mimic the natural en-
vironment of tissues within the human 
body. The IBN team seeded liver cells 
within a microfluidic system, creating a 
‘microtissue’ that can be used to charac-
terize the liver’s capacity to metabolize 
and process different drugs and other 
compounds. “This method saves precious 
human liver cells, as it requires only a few 
thousand cells per assay,” says Yu. “It is 

easy to change the media to test complex 
drug treatment schemes in order to design 
optimal treatment strategies.” The method 
might also be useful early on in the drug 
discovery process by reducing the amount 
of a drug candidate that is required for 
screening. The current generation of the 
IBN’s three-dimensional HepaTox chip2 
features eight channels, enabling inves-
tigators to screen multiple compounds 
in parallel.

Although the liver is a major destina-
tion for drugs, Yu envisions similar three-
dimensional culture systems being used 
to model other organs, such as the kidney 
and pancreas. Yu and his colleagues have 
already begun experimenting with a ‘hu-
man-on-a-chip’ prototype, which enables 
cultivation of four different cell types, each 
of which resides within its own channel 
but can simultaneously be exposed to the 
same fluid environment3.

Small chips ready for the  
big time
While commercialization is often the 
best way for research seeds to achieve 
maximum impact, transitioning from a 
functional prototype to a mass-produced 
device presents numerous logistical chal-
lenges. “The biggest challenge in the area 

of microfluidics device manufacturing is 
reducing the production cost from several 
dollars per device to a few tens of cents per 
device,” says Wang. His team at SIMTech 
is focusing heavily on large-scale manu-
facturing, and has already developed a chip 
for monitoring water quality and a ‘micro-
mixer’ device that can efficiently combine 
polymers4, which is currently being tested 
by a major pharmaceutical company.

In September, SIMTech launches a 
new Microfluidics Foundry operation, a 
dedicated center for microfluidic device 
research, development and manufactur-
ing. “The Foundry will provide design, 
prototyping and production services to 
laboratories in universities and research 
institutions as well as companies world-
wide,” says Wang.

Optimization for consumer use is an-
other key objective of the MSB. “The most 
basic goal of the lab is to give fresh life 
to devices that have been prototyped but 
are not widely available to the biological 
community,” says Burkholder. “We aim 
to transform devices that can work with 
expert assistance on a benchtop into 
user-friendly products that can be pur-
chased from a catalogue.” MSB scientists 
have begun investigating the potential of 
adapting their MITOMI chip for use in 
drug discovery applications.

With the growing number of labora-
tories across Singapore now exploring 
microfluidic tool development, an in-
creasing amount of collaborative research 
is expected to advance the field further. 
“We organized the first community-wide 
microfluidics conference in Singapore 
earlier this year,” says Quake. “I was very 
impressed with the breadth of the research 
that’s going on—there is really a wonder-
ful community that has sprung up.” 
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The 3D HepaTox chip, devised by Hanry Yu’s 
team at the IBN, enables researchers to assess 
the physiological effects of eight different com-
pounds on cultured liver cells simultaneously.
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