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A*STAR Chairman Lim Chuan Poh

The next fi ve years looks set to be an exciting time for research and development in Singapore. The nation has 

announced a budget of S$16.1 billion, or one percent of its expected GDP, for public-sector R&D activities over the 

next fi ve years. This budget is 20 percent more than the previous tranche of S$13.6 billion for 2006–2010, and 

heralds a new age of close working relationships among institutes of higher learning, hospitals, public research 

institutes and public-sector agencies in the pursuit of foundational research in various disciplines. Over the next 

fi ve years, A*STAR will be promoting the development of innovative platforms to better link research with industry, 

fostering better integration of the R&D community especially along the innovation value chain, providing stronger 

support for the commercialization of basic research, and attracting and developing scientifi c talent at home and 

from abroad.

Essentially, Singapore’s next phase of R&D will be about ‘integrating for impact’ while continuing to ‘seed for 

surprises’. This focus is timely—the R&D landscape has become more mature, with gross expenditure on R&D 

rising from 1.9% of GDP in 2000 to 2.7% of GDP in 2008, and the ratio of private to public investment in R&D 

rising from 1.7 to 2.5 over the same period. Indeed, scientifi c R&D has become fi rmly established as a key pillar 

of Singapore’s economy, and the fi ndings of research scientists and engineers here have formed a pipeline for 

commercialization and economic activities in the years to come. Having built up a spectrum of capabilities in 

biomedical and physical sciences and engineering, the research community has never been in a better position to 

leverage the opportunities created for collaborative, interdisciplinary, innovative and impactful research. 

Singapore’s eff orts to align its R&D with the needs of industry are further enhanced by the co-location of public 

and private laboratories in the Biopolis and Fusionopolis complexes within the One-North precinct, and by the 

close proximity of the institutes of higher learning and hospitals. The ability to integrate capabilities eff ectively to 

achieve meaningful impact is our value proposition to industry. Already, major players such as Roche and GSK 

have announced multi-million dollar investments in translational research hubs in Singapore to accelerate the 

translation of basic R&D fi ndings into clinical cures. A*STAR’s establishment of the Microelectromechanical Systems 

Consortium in 2010 on the heels of the rapidly growing Aerospace and Three-dimensional Through-silicon Via 

consortia clearly demonstrates the value of public-private partnership in growing the overall R&D activities as part 

of Singapore’s transformation into a knowledge-based innovation-driven economy. 

I urge all scientists in Singapore to take full advantage of the available partnership opportunities to pursue cutting-

edge research that is meaningful and benefi cial to society. These opportunities will grow with the completion 

of Biopolis Phase 3 and Fusionopolis Phase 2B in the next few 

months, as well as the impending commencement of the Biopolis 

and Fusionopolis Phase 4 projects. This growth refl ects the shift 

of markets and opportunities to Asia and the need for companies, 

both local and international, to respond to the increasingly 

affl  uent Asian market. With continued strong government 

support for research together with our ability to take a whole-

of-government approach, A*STAR’s suite of world-class R&D 

capabilities and facilities, and a favorable business and regulatory 

environment, Singapore is well poised to become a global R&D 

hub and Asia’s Innovation Capital.

Heralding Singapore’s New Age of R&D
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Visit the A*STAR Research website now to read the most 

up-to-date advanced research from Singapore’s Agency for 

Science, Technology and Research (A*STAR).

If you like the magazine, you’ll love the website!

We hope you’re enjoying the second print edition of A*STAR Research 
and that through it you gain a fuller picture of the variety of cutting-

edge research that we’re doing at A*STAR.

But the magazine you’ re holding is only part of the story. Updated 

twice monthly, the A*STAR Research website brings you the very 

latest research from A*STAR across a broad spectrum of scientific 

and technology fields, from molecular biology to microelectronics, 

materials research, computational biology and advanced manufac-

turing technology. These Research Highlights are accompanied by 

lively Features and Innovations articles that provide a more in-depth 

introduction to some of our most inventive work and the people 

behind it—all completely free.

A*STAR Research is a one-stop portal providing up-to-date coverage 

of the latest research and technological developments in one of 

Asia's most dynamic research hubs 

So why not drop in to the website, read the latest highlights and 

browse the newest features. Don’ t forget to register for free biweekly 

email alerts that bring the most recent research from A*STAR right to 

your inbox, so you need never miss a single edition.
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Stem cells

Driving differentiation

Embryonic stem cells (ESCs) are self-renewing cells that retain 

the ability to differentiate into any of the cell types that make 

up the body, a property known as pluripotency. ESCs have 

enormous therapeutic potential, and researchers are intensively 

studying the factors that control their differentiation.

Molecules called long, non-coding RNA (lncRNA) have 

recently been recognized by molecular biologists to be an impor-

tant class of gene expression regulators. A team led by researchers 

from the A*STAR Genome Institute of Singapore (GIS) have 

now shown that lncRNA plays an important role in maintaining 

ESC pluripotency1.

The lncRNA project, headed by former GIS scientist Leonard 

Lipovich and continued at the GIS by Paul Robson and Jameelah 

Sheik Mohamed, involved computational analysis of the entire 

mouse genome, leading to the identification of four genes 

encoding lncRNA that are expressed in mouse ESCs (mESCs). 

The researchers found the genes located close to DNA sequences 

that are recognized by the proteins Nanog and Oct4, which 

are known to keep ESCs in the pluripotent state by activating 

specific target genes.

The researchers then tested whether or not the lncRNA 

expression patterns correlated with pluripotency. First, they used 

a well-characterized method to induce mESCs to differentiate 

into ectoderm, cells that ultimately form the skin and nervous 

system. This led to a reduction in expression of Oct4 and Nanog, 

as expected, but also led to a significant decrease in expression of 

the genes encoding the four newly identified lncRNAs.

Lipovich and his co-workers then used RNA inhibition to 

block the synthesis of Oct4 and Nanog proteins in undiffer-

entiated mESCs leading to differentiation. This also affected 

lncRNA expression. Blocking Oct4 significantly reduced expres-

sion of two of the lncRNAs, while blocking Nanog led to signifi-

cant up-regulation of a third.

To functionally test these lncRNAs for their role in plu-

ripotency, the team used RNA inhibition to block expres-

sion of the lncRNAs directly. They found that this too 

promoted loss of pluripotency in mESCs. Loss of one of the 

lncRNAs was found to markedly reduce mESC division, 

while loss of another also caused morphological changes 

characteristic of differentiation.

Finally, the researchers found that over-expressing these 

lncRNAs in undifferentiated ESCs promotes differentiation 

along either the ectodermal or endodermal pathways by inducing 

expression of a specific set of genes.

These results demonstrate for the first time that lncRNAs are 

necessary for mESC pluripotency—and pluripotency of ESCs 

of other species, including humans—and that their expression is 

regulated by Oct4 and Nanog. “The next step would be to elu-

cidate the mechanisms by which these molecules act to control 

gene expression,” says Mohamed. ■

1. Mohamed, J.S., Gaughwin, P.M., Lim, B., Robson, P. & Lipovich, L. 

Conserved long noncoding RNAs transcriptionally regulated by 

Oct4 and Nanog modulate pluripotency in mouse embryonic stem 

cells. RNA 16, 324–337 (2010).
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The vast therapeutic potential of stem cells is driving intensive research 

into the factors that control their differentiation.

Mysterious molecules called lncRNA direct the fate of stem cells in the 

early mouse embryo

© 2010 A*STAR
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Stem cells

Eliminating the enemy within

The capacity of embryonic stem cells (ESCs) to differenti-

ate into virtually any adult cell type makes them a promising 

clinical resource. However, it also poses a challenge for research-

ers hoping to derive transplant-ready cells: every population of 

mature cells derived from ESCs contains a small minority that 

remains undifferentiated, and these ultimately have the potential 

to cause serious problems for patients by developing into tumors 

known as teratomas.

Kornelia Schriebl and co-workers at the A*STAR Bioprocess-

ing Technology Institute (BTI) in Singapore have been working 

to develop strategies that eliminate this risk by separating out 

undifferentiated ESCs. Her team has been particularly inter-

ested in magnetic-activated cell sorting (MACS), a popular 

technique that employs magnetic beads coated with antibodies 

that recognize and bind specific cell-surface proteins, enabling 

scientists to efficiently and specifically pluck undesirable cells 

from a mixture (see image).

Schriebl’s co-worker Andre Choo, also from the BTI, has 

identified several ESC-specific antibodies that might prove 

useful in this technique, but Schriebl and Choo started by 

simply assessing whether MACS could realistically deliver cell 

preparations with the 99.99999999% purity necessary for truly 

safe transplantation1. “The intention was to evaluate the MACS 

technique in combination with an established cell surface 

marker, SSEA-1, based on its suitability for future cell therapy 

applications,” says Schriebl.

SSEA-1 is known to be highly expressed in undifferentiated 

ESCs and the antibodies used by Schriebl and co-workers exhib-

ited strong affinity for their target, but the separation efficiency 

dropped as the number of stem cells within a sample decreased. 

As a result, each subsequent round of MACS was relatively less 

successful at eliminating the small number of contaminating 

ESCs, and the researchers estimated that ultimately 31 rounds 

of separation would be needed to attain the necessary purity.

Besides being time-consuming, this many rounds of sorting 

is likely to result in a marked loss of target cells, a problem that 

even higher-affinity antibodies are highly unlikely to solve. “It is 

possible to improve the system by targeting alternative antigens,” 

says Schriebl, “but you will not be able to reduce it to a two- or 

three-step process.” Nevertheless, MACS still offers an effec-

tive first step for bulk cell sorting, and her team is now pairing 

this method with other, more aggressive approaches. “There is 

an antibody called mAb 84 that selectively kills undifferenti-

ated human ESCs,” she says. “Using mAb 84 as a second step 

makes selective killing of residual traces of undifferentiated cells 

possible, thus leading to safer cell therapy.” ■

1. Schriebl, K., Lim, S., Choo, A., Tscheliessnig, A. & Jungbauer, A.

Stem cell separation: a bottleneck in stem cell therapy. 

Biotechnology Journal 5, 50–61 (2010). 
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Undifferentiated ESC

Undifferentiated 
ESC

Differentiated 
ESC

Differentiation

MACS
Separation

Magnetic-activated cell sorting (MACS) represents one potential 

method for preparation of transplantation-friendly stem cells. ESCs 

(top) can be reprogrammed to yield mature cells such as muscle or 

skin, but a subpopulation of cells remains undifferentiated (middle, 

right). MACS using antibodies against ESC surface markers could 

enable efficient separation of these cells (bottom right) from the 

desired, mature cells (bottom left).

An evaluation study shows that more effi  cient cell-sorting methods 

are needed to make stem cell-derived tissues suffi  ciently safe for 

transplantation

© 2010 A*STAR
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Stem cells

Expanding the repertoire

Molecular biologists from A*STAR’s Genome Institute of 

Singapore have discovered a transcription factor that can not only 

substitute for the previously indispensible compound Oct4 in the 

generation of induced pluripotent stem (iPS) cells, but can also 

enhance the efficiency of the reprogramming process. Oct4, along 

with Sox2, Klf4 and c-Myc, are the four transcription factors 

typically used to reprogram specialized adult cells into generalized 

stem cells. Until this discovery, however, Oct4 was the only one 

considered irreplaceable. “We need to identify different ways to 

generate iPS cells, and the roles of these molecules in reprogram-

ming,” says Huck-Hui Ng, who led the research group. “Once 

we have a detailed understanding, the generation of iPS cells will 

become more efficient.”

In work detailed in Cell Stem Cell 1, Ng and his co-workers 

started by testing 19 members of a particular group of tran-

scription factors known as nuclear receptors to see if any could 

increase the efficiency of reprogramming with a typical cocktail 

of Oct4, Sox2, Klf4 and c-Myc. They found two that did: Nr5a2 

and Nr1i2. In fact, Nr5a2 increased efficiency fourfold, and also 

hastened the process.

The researchers then looked at whether any of the nuclear 

receptors could replace one or other of the traditional reprogram-

ming compounds. Much to their surprise, they discovered Nr5a2 

could substitute for Oct4 in mouse cells (see image). The resulting 

iPS cells produced fertile, live-born mouse chimeras—individuals 

that are derived from a mixture of iPS and natural embryonic cells. 

The researchers also found that the closely related compound 

Nr5a1 behaved in a similar manner, but was not as efficient.

Like other transcription factors, nuclear receptors bind directly 

to a specific sequence of DNA, and this, the researchers found, 

was an important component in the activity of Nr5a2. They also 

showed that Nr5a2 interacts with many of the same genes as Sox2 

and Klf4. This suggests that these three transcription factors work 

in concert to control the reprogramming process.

When the researchers stabilized Nr5a2 to increase its ability to 

activate transcription, they found it enhanced its reprogramming 

efficiency even further.

“The most significant part of this work is being able to 

show that there are alternative ways to generate iPS cells,” says 

Ng. “We have now demonstrated that Oct4’s function in ini-

tiating reprogramming can be replaced by other non-related 

transcription factors. We are continuing to search for new 

reprogramming factors.” ■

1. Heng, J.-C.D. et al. The nuclear receptor Nr5a2 can replace Oct4 in 

the reprogramming of murine somatic cells to pluripotent cells. 

Cell Stem Cell 6, 167–174 (2010).
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An image of iPS cells (red) generated from mouse fibroblast cells using 

Nr5a2 in place of Oct4.

Discovery of a replacement for an ‘indispensible’ reprogramming factor 

provides new ways to generate stem cells

© 2010 A*STAR
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Cell biology

Preventing cells from 
over-reaching

Cells stay in touch with their surroundings via the extension of 

filopodia—slender membrane appendages that facilitate migra-

tion but which are also thought to contribute to the detection of 

chemical signals from the environment.

Filopodium formation depends on the choreographed reorga-

nization of filament-forming actin molecules within peripheral 

cellular structures known as lamellipodia, and new research by a 

team led by Ed Manser from the A*STAR Institute of Medical 

Biology in Singapore has revealed important details about the 

regulation of this process1.

Manser and his co-workers found evidence that IRSp53, a 

protein that helps promote filopodial outgrowth, interacts with 

the 14-3-3 family of regulatory factors. This association requires 

the presence of a pair of specific chemical modifications on 

IRSp53, and the formation of this complex physically prevents 

IRSp53 from associating with other proteins that contribute to 

filopodia formation. For example, 14-3-3 binding appears to 

mask the SH3 protein domain that mediates interaction with 

the Eps8 protein.

IRSp53 normally localizes into a narrow strip along the 

‘leading edge’ of cells, the segment of the plasma membrane from 

which migration is initiated (see image). In the absence of the 

SH3 domain, however, this localization is disrupted, considerably 

inhibiting—but not entirely preventing—filopodium formation. 

Remarkably, the substitution of an SH3 domain from another 

protein, IRTKS, failed to restore normal localization. “We were 

surprised to find that the SH3 domain was the most important 

determinant of how this protein finds its way to the cell edge, 

and that the SH3 domain from a highly related protein did not 

work,” says Manser. Subsequent experiments further highlighted 

this specificity by demonstrating that the IRTKS SH3 lacks the 

ability to bind Eps8, an interaction that appears to be crucial for 

attracting IRSp53 to the cellular leading edge.

Cells over-expressing an IRSp53 variant that lacks the motifs 

necessary for 14-3-3 binding produced especially elongated and 

branched filopodia. These cells did not exhibit greater numbers 

of filopodia than those expressing normal IRSp53, but instead 

produced filopodia that lasted significantly longer, suggesting 

that 14-3-3 selectively disrupts the IRSp53-Eps8 interaction 

in a manner that promotes retraction of filopodia rather than 

blocking their initial formation.

These findings stand in contrast to previous models, and help 

resolve a debate in the cell biology community. “Other studies 

have suggested that a membrane-binding domain at the front 

of IRSp53 was the key to localizing this protein,” says Manser. 

“Our paper now establishes how cells turn this protein ‘on’ and 

‘off ’ at the cell edge.” ■

1. Robens, J.M., Yeow-Fong, L., Ng, E., Hall, C. & Manser, E. Regulation 

of IRSp53-dependent filopodial dynamics by antagonism between 

14-3-3 binding and SH3-mediated localization. Molecular and 

Cellular Biology 30, 829–844 (2010). 
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In migrating cells, fluorescently labeled IRSp53 is localized at the lead-

ing edge (arrows) but is absent from areas that are retreating (stars).

A regulatory protein tells cells when to rein in their leading edge

© 2010 A*STAR
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Cell biology

Giving cells their 
marching orders

The transcription factor Stat3 plays a pivotal part in numerous 

signaling pathways, shuttling from the cytoplasm to the nucleus 

to switch on target genes in response to receptor activation. 

Unsurprisingly, malfunctions of this protein are linked to cancer 

onset and progression.

Studies in mice and zebrafish by various groups have indicated 

that Stat3 is also essential to gastrulation, a process of dramatic 

physical rearrangement in embryos that precedes body patterning 

and organ development. “These [studies] suggest that regulation 

of cell movement could be one of the fundamental functions of 

Stat3,” says Xinmin Cao of the A*STAR Institute of Molecular 

and Cell Biology.

Cao and her co-workers have since explored this possibility 

by characterizing the effects of Stat3 disruption on migratory 

behavior of mouse embryonic fibroblasts (MEFs)1. Typically, 

when a layer of cultured MEFs is damaged, wild-type cells 

migrate in an organized fashion to close the wound. In the 

absence of Stat3, however, they found that healing was impaired 

and mutant MEFs exhibited signs of disorganization and disori-

entation (see image). “The rate of migration is actually increased, 

but the directionality is lost in a random mode of movement,” 

says Cao. “This leads to an overall decrease in cell movement in 

wound-healing assays.”

Control of cell movement by Stat3 involves regulation of 

Rac1, a protein that helps to coordinate rearrangement of the 

cytoskeleton during migration and drives the formation of 

lamella—membrane extensions that help pull cells forward. In 

the absence of Stat3, Rac1 becomes hyperactivated, resulting in 

excessive lamella formation and reduced efficiency of migration.

Some studies have suggested that Stat3 and Rac1 interact, but 

Cao and her co-workers found evidence that Stat3 suppresses 

Rac1 indirectly by binding to and inhibiting βPIX, an activa-

tor of Rac1. Intriguingly, the abnormal migratory behavior of 

Stat3-deficient MEFs could be rescued by getting these cells to 

express Y705F Stat3—a mutant protein that is largely trapped 

in the cytoplasm and unable to modulate gene transcription but 

maintains the capacity to bind and regulate the activity of βPIX.

The team’s findings suggest a cytoplasmic function for Stat3 

distinct from its well-established activities in the nucleus. “Our 

study shows that this function of Stat3 is independent of its 

transcriptional activity,” says Cao. “We previously found that 

cytoplasmic Stat3 could regulate microtubules, and our current 

findings provide additional evidence for a cytoplasmic function 

for this protein.” In collaboration with clinicians, they wish to 

explore the role of Stat3-mediated migration in metastasis —

another potential link between Stat3 and cancer risk. ■

1. Teng, T.S., Lin, B., Manser, E., Ng, D.C.H. & Cao, X. Stat3 promotes 

directional cell migration by regulating Rac1 activity via its 

activator βPIX. Journal of Cell Science 122, 4150–4159 (2009).
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Loss of Stat3 undermines the wound healing process for cultured 

MEFs. Wild-type MEFs (top row) show orderly migration to close a 

disrupted region in the cell layer within 24 hours (top right), whereas 

Stat3-deficient MEFs (bottom row) migrate haphazardly and fail to 

close the wound within the same time span (bottom right). 

A protein primarily active in the nucleus also operates within the 

cytoplasm to orchestrate cell movement 

© 2010 A*STAR
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Cell biology

A partnership with 
growth potential

Malfunctions in a cellular pathway that controls organ growth 

can lead to unrestrained tumor cell proliferation. Wanjin Hong 

of the A*STAR Institute of Molecular and Cell Biology (IMCB), 

Singapore, recently partnered with his IMCB colleague Haiwei 

Song to collect detailed structural data about some of the key 

factors that power this process.

In healthy mammalian cells, the closely related YAP and TAZ 

proteins enter the nucleus and partner with TEAD transcription 

factors to stimulate cellular growth. Proper growth regulation 

requires that this nuclear localization is tightly controlled by the 

Hippo tumor suppressor pathway (see image). “Current results 

clearly support a role of overactivation of YAP/TAZ–TEAD 

[complexes] in cancer development,” says Hong. “YAP is ampli-

fied in some human and mouse cancer[s], and the TEAD4 gene 

is reported to be amplified in several human cancers.”

By performing X-ray crystallographic analysis of the domains 

that link these proteins, the researchers could directly zoom in on 

individual amino acids that contribute to the connections of the 

YAP–TEAD4 complex1.

Their analysis enabled Song, Hong and co-workers to identify 

three amino acids in TEAD4 that appear to be essential to its 

interaction with YAP. Intriguingly, mutation of any of these 

residues led to a notable reduction of TEAD4’s capacity to induce 

cancerous transformation in cultured cells. For YAP, the interact-

ing domain appears to consist primarily of two helical structures 

connected by a loop containing an evolutionarily conserved motif 

known as PXXΦP. Although the helices make a far greater con-

tribution to the YAP–TEAD4 interface, this loop nevertheless 

appears essential for bringing the two proteins together. For both 

proteins, many of the amino acids identified correlate closely with 

previously identified activity-disrupting mutations.

Interestingly, although TAZ shares many of the key interact-

ing residues identified for YAP, it entirely lacks the PXXΦP loop 

domain; this is in keeping with findings suggesting that these two 

proteins are not fully redundant, and indicates that many myster-

ies remain to be untangled for this regulatory network. “We are 

continuing to explore the possibility of resolving the structures of 

other proteins and complexes of the Hippo pathway,” says Song.

In the meantime, the investigators see this as an important first 

step, and they point out that the interaction sites they have iden-

tified may even have some clinical value. “The structure of this 

complex offers structural information for rational drug develop-

ment to identify small molecules that may serve as potential drug 

leads to disrupt the interaction of YAP/TAZ–TEAD for treating 

human cancers,” says Hong. ■

1. Chen, L., Chan, S.W., Zhang, X.Q., Walsh, M., Lim, C.J., Hong, W. 

& Song, H. Structural basis of YAP recognition by TEAD4 in the 

Hippo pathway. Genes & Development 24, 290–300 (2010).
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Growth of cultured human breast epithelial cells is regulated by 

localization of the YAP protein (green). In densely populated areas 

(top circle), Hippo-mediated signaling blocks growth by keeping 

YAP sequestered from the nucleus. In less-crowded regions (bottom 

circle), YAP is translocated to the nucleus and partners with TEAD to 

activate growth.

The interaction points between proteins regulating cell growth could 

off er promising future targets for fi ghting cancer

© 2010 A*STAR
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Cell biology

A ‘sweet tooth’ that 
spells trouble

Signaling proteins known as growth factors can induce changes 

in multiple aspects of cell physiology, including protein synthesis, 

cytoskeleton dynamics and adhesive properties. Some of these 

changes are regulated by enzymes called Src family kinases 

(SFKs), components of the signaling pathways activated by 

growth factor receptors.

Frederic Bard of the A*STAR Institute of Molecular and 

Cell Biology in Singapore and co-workers previously showed 

that SFKs are important for not only organizing the Golgi 

apparatus, a membrane-bound cellular organelle that processes 

newly synthesized proteins, but also regulating the movement of 

proteins through it. The exact role of SFKs at the Golgi apparatus, 

however, was unknown.

Bard’s team has now reported that Src regulates the Golgi 

chemical reaction called O-glycosylation, in which complex 

sugar molecules called glycans are added to proteins, and that 

this regulation involves the redistribution of GalNac-T enzymes, 

which catalyze the initial reaction1.

The researchers examined the distribution of Golgi proteins 

in cultured cells treated with epidermal growth factor (EGF) or 

platelet-derived growth factor, and compared it to the distribu-

tion in untreated cells. They found that the growth factors cause 

several GalNac-Ts to be moved from the Golgi apparatus to the 

endoplasmic reticulum, another cellular organelle involved in 

protein synthesis (see image).

In another set of experiments, the researchers found that 

GalNac-T redistribution was blocked in cultured cells treated 

with EGF and an Src inhibitor, but not in cells treated with EGF 

alone, showing that the redistribution is dependent upon activa-

tion of Src by growth factor receptors.

Protein transport between the Golgi and endoplasmic reticu-

lum involves the formation of vesicles that bud off from one 

organelle before being moved to the other. This process is regu-

lated by a protein called Arf1, and is dependent on the protein 

COP-I, which coats newly formed vesicles.

To investigate whether this process is required for GalNac-T 

redistribution, Bard’s team used a mutant form of Arf1, which 

blocks the final stages of vesicle formation. Protein movements 

from the Golgi apparatus were inhibited in cultured cells express-

ing the mutant, but not in cells expressing normal Arf1.

Finally, the researchers demonstrated that the GalNac-T redis-

tribution induced by Src activation leads to a significant increase 

in cellular O-glycosylation.

“Src has been implicated in numerous cancers,” says Bard, 

“and one hypothesis is that its oncogenic effect is at least 

partly mediated by changes in adhesive properties through 

O-glycosylation of cell surface proteins. We are, therefore, cur-

rently investigating whether changes in O-glycosylation affect 

cell adhesion and migration.” ■

1. Gill, D.J., Chia, J., Senewiratne, J. & Bard, F. Regulation of 

O-glycosylation through Golgi-to-ER relocation of initiation 

enzymes. Journal of Cell Biology 189, 5843–858 (2010).
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In cells stimulated with EGF (left), but not control cells (right), 

O-glycosylation enzymes (green) are redistributed from the Golgi 

apparatus (orange) to the endoplasmic reticulum (blue, nucleus). 

Disrupted cellular transport of sugar-coating enzymes may cause 

cancers to spread 

© 2010 A*STAR
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Cell biology

Communication breakdown

Cells called keratinocytes compose the vast majority of the 

outermost layer of the skin, and represent the body’s first line 

of defense against the slings and arrows of the outside world. 

However, certain disorders undermine the capacity of keratino-

cytes to maintain a unified front; for example, patients with severe 

epidermolysis bullosa simplex (EBS) routinely develop blisters 

and sores from even minor traumas.

The culprit underlying EBS is a mutation that disrupts the 

assembly of keratin proteins K5 and K14, which contribute to the 

‘intermediate filaments’ that reinforce cellular structure. However, 

David Russell at the University of Dundee in the United 

Kingdom recently found evidence that these mutations may do 

more than undermine structural integrity. “When I seriously 

damaged [keratinocytes], I noticed that cells with mutant keratin 

seemed to survive whereas a larger proportion of wild-type cells 

died after stretching,” he says.

Russell subsequently partnered with E. Birgitte Lane at the 

A*STAR Institute of Medical Biology in Singapore to charac-

terize how EBS-associated mutations affect the keratinocyte 

response to tension1. Their experiments using a mechanical 

device that physically deforms cultured cell layers confirmed 

that keratin-mutant cells (KEB-7) are significantly less likely to 

undergo cell death, or apoptosis, in response to stretching, and 

identified a signaling pathway that appears to mediate this effect.

The extracellular signal-related kinase (ERK) cascade is 

broadly associated with regulation of cell growth and prolifera-

tion. Russell and Lane found that the components of the ERK 

pathway are hyperactivated in KEB-7 cells relative to their wild-

type counterparts. As a result of this modified signaling activity, 

the apoptosis-inducing protein BAD is markedly inhibited, 

favoring cell survival in mutant cells.

Importantly, reduced expression of mutant K14 countered 

these effects in KEB-7 cells, supporting direct cross-talk between 

the keratin network and the ERK pathway. “This shows that the 

intermediate filaments are not simply a structural scaffold, but 

that alterations in this network can have other effects on cells, 

such as reducing apoptosis,” says Russell.

The keratin mutations involved in EBS lead to the formation 

of irregular protein ‘clumps’ within cells, similar to those observed 

in diseases such as Parkinson’s or Alzheimer’s, and the investiga-

tors hypothesize that this aggregation may be the cause of the 

apoptotic disruption observed here. These findings could lead 

to new insights into the pathological effects of mutant protein 

expression, but may also yield direct benefits for cancer research. 

“Severe EBS patients have a higher incidence of basal cell carci-

noma,” says Russell, “and [these data] suggest that keratin could 

in effect be an oncogene.” ■

1. Russell, D., Ross, H. & Lane, E.B. ERK involvement in resistance 

to apoptosis in keratinocytes with mutant keratin. Journal of 

Investigative Dermatology 130, 671–681 (2010). 
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Recovery from common mechanical stresses on the skin can be hin-

dered by diseases, such as epidermolysis bullosa simplex (EBS), that 

affect protein folding. Mutations in keratin that cause one EBS lead to 

the formation of irregular protein ‘clumps’ within cells, similar to those 

observed in Parkinson’s disease and Alzheimer’s disease.

Mutations in a structural protein sabotage signaling pathways that 

control skin cell survival
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Cell adhesion

Sticky predictions

The binding of cells onto other cells, or onto the extracel-

lular matrix, is a vital but extremely complex biological process. 

Sometimes the adhesive bonds should be strong to provide struc-

tural robustness in tissues, while at other times they should be 

weaker to allow more movement.

Measuring cell adhesion is therefore essential for understanding 

biological processes including the internal spread of disease. Since 

measuring adhesion strength to a high degree of accuracy has 

proved difficult, Yong Wei Zhang and co-workers at the Institute 

of High Performance Computing of A*STAR, Singapore, Brown 

University, USA, and the National University of Singapore have 

developed a computer model aimed at making the measurements 

more precise1.

“We investigated how a cell, which is coated with mobile recep-

tors that can diffuse in the cell wall, would adhere to and detach 

from a substrate coated with ligands,” explains Zhang.

Experimental attempts to measure cell adhesion have 

included atomic force microscopy, optical traps and cen-

trifugation. However, Zhang and his co-workers focused on 

a method whereby a cell is picked up in a micropipette, then 

allowed to adhere to another surface (see image). The cell is 

then pulled away from the surface while measuring the forces on 

the micropipette.

In their model, the researchers included not only the chemical 

reactions for the interacting receptors and ligands, but also weaker 

non-specific binding processes such as Van der Waals, or electro-

static, forces. Furthermore, they modeled the diffusion of recep-

tors within the cell membrane and stresses in the membrane that 

may cause bonds to rupture.

The researchers found that after the first receptors bound to 

surface ligands, the non-specific forces attracted other receptors 

around the membrane, which were then more likely to bind to 

ligands. This created a larger contact area and caused deformation 

of the cell.

Most importantly, Zhang and co-workers’ model showed that 

as a cell was drawn upwards with the micropipette, it shifted 

slightly out of the pipette tube, which greatly affected binding 

kinetics and introduced a measurement error.

Application of these findings could greatly improve estimates 

of adhesion strength and lead to useful medical applications. 

“For example, to begin the process of metastasis [the spread of 

cancers from one organ to another], a malignant cell must first 

break away from the cancerous tumor,” says Zhang. “These unat-

tached cells can neither reproduce nor grow, so in order to survive 

and proliferate, they have to bind to the extracellular matrix or 

other cells. Our research could improve our understanding of the 

metastasis process.” ■

1. Cheng, Q.H., Liu, P., Gao, H.J. & Zhang, Y.W. A computational 

modeling for micropipette-manipulated cell detachment from 

a substrate mediated by receptor–ligand binding. Journal of the 

Mechanics and Physics of Solids 57, 205–220 (2009).
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More accurate measurements of the forces that bind cells together have 

been made possible by a new computer model

Schematic representation of a micropipette (green) used to measure 

the adhesion of a cell (yellow) to a substrate (light blue). Receptors 

(blue) migrate around the cell membrane to improve the binding to 

ligands (red) on the substrate. Directly beneath the middle of the cell, 

the increased receptor density and saturated bonds at equilibrium 

distance mean there is no force. Either side of this, the receptor-ligand 

pairs are partially bonded so there is a strong, specific force.

Negative
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Cancer biology

A matter of life or death

For several genes involved in cell division, the E2F1 protein 

acts as a master regulator but it can also help initiate the cellular 

suicide mechanism known as apoptosis (see image). Accordingly, 

misregulation of E2F1 activity is commonly observed in a variety 

of cancers, typically through disruption of Rb repressor protein 

function. “Ninety percent of small cell lung cancers have Rb 

mutations, which can cause E2F1 activation,” says Qiang Yu of 

the A*STAR Genome Institute of Singapore, “and many other 

human cancers also have [enhanced] E2F1 activity.”

Why hyperactivation of E2F1 is not accompanied by increased 

levels of apoptotic cell death remains poorly understood. Some 

researchers have suggested that this function may be suppressed 

by the introduction of inhibitory chemical modifications—

known as ‘epigenetic’ marks—onto genes that help drive this 

activity, and Yu and co-workers have recently published new data 

supporting this model1.

The researchers began by looking at EZH2, a major regulatory 

target of E2F1 and an enzyme that facilitates the epigenetic inhi-

bition of a number of tumor suppressor genes. Initial experiments 

revealed that the gene encoding the pro-apoptotic Bim protein 

is activated by E2F1, but the resultant enhanced expression is 

normally kept in check by the repressive action of EZH2. They 

subsequently demonstrated that EZH2 binds directly to regula-

tory elements on the BIM gene in an E2F1-dependent manner.

Cancer cells with artificially reduced EZH2 expression, 

however, generally entered growth arrest rather than undergoing 

apoptosis. Yu and his co-workers therefore hypothesized that a 

parallel cellular signaling pathway was preventing the onset of 

cell death. Enzymes known as kinases are a standard component 

of such pathways, and the researchers performed a screen with 

a library of kinase inhibitors to identify compounds that might 

facilitate apoptosis. Two candidates emerged from this screen, 

each of which appears to work by reducing expression of the 

anti-apoptotic factor MCL-1. Importantly, however, these kinase 

inhibitors exclusively triggered cell death in cells in which EZH2 

levels had been markedly reduced.

These findings confirm an important role for this epigenetic 

regulator in preventing E2F1-mediated cell death. “We provide 

the first evidence that EZH2 can directly inhibit apoptotic 

genes in certain contexts,” says Yu. “This mechanism may con-

tribute to the oncogenic function of EZH2 in human cancer.” 

As such, EZH2 activity may represent an important ‘fail-safe’ 

system that enables tumor cells to thrive in spite of E2F1 over-

expression, and could potentially offer a useful target for future 

therapeutic strategies. ■

1. Wu, Z.L., Zheng, S.S., Li, Z.M., Qiao, Y.Y., Aau, M.Y. & Yu, Q. 

Polycomb protein EZH2 regulates E2F1-dependent apoptosis 

through epigenetically modulating Bim expression. Cell Death 

and Differentiation 17, 801–810 (2010). 
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A cluster of breast cancer cells undergoing apoptosis—a last-resort 

‘self-destruct’ mechanism employed by cells to prevent uncontrolled 

growth. 

Inactivation of a protective cellular ‘self-destruct’ mechanism enables 

cancer cells to grow without restraint

© 2010 A*STAR
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Cancer biology

Thwarting a sneak attack

Traditional models of cancer progression assume that cancer 

growth spreads to sites throughout the body only after the 

primary tumor has had ample opportunity to develop. Many sci-

entists have reported data that challenge this principle, however, 

and the timing of metastasis remains a subject of controversy.

“Studies performed in the 1950s, which measured the growth 

rate of human tumors, led to the proposal that metastasis must 

be initiated long before the primary tumor is diagnosed,” says 

Jean-Pierre Abastado of the A*STAR Singapore Immunology 

Network (SIgN). More recent findings further support this 

hypothesis, he adds, “although not everybody agrees with 

this model.”

Nevertheless, Abastado and his co-workers at SIgN recently 

demonstrated striking evidence for early migration of cancer 

cells in RET.AAD mice, a melanoma model that initially 

exhibits tumor formation in the eye but soon develops metas-

tases throughout the body1. The researchers were analyzing 

genomic mutations within these various tumors to determine 

whether these non-ocular sites represent late-forming metasta-

ses from the initial tumor or independent primary growths, but 

found themselves baffled by the data.

In each mouse, these tumors typically shared numerous muta-

tions, suggesting that they originated from a common progeni-

tor. However, the mutational profiles of the metastatic growths 

strongly indicated that these secondary tumors emerged shortly 

after initial onset of melanoma, and were acquiring additional 

mutations along essentially the same timeline as the primary 

tumor. “We were unable to interpret our initial profiling results 

until we discovered—months later—that early tumor cell dis-

semination was the explanation,” Abastado says.

The SIgN-led team revealed the spread of cancer cells to 

tissues throughout the body in mice as young as three weeks of 

age. However, these early ‘colonies’ of disseminated tumor cells 

(see image) did not display the aggressive, invasive characteris-

tics of true metastatic growths, suggesting that their progression 

was somehow being kept in check. Subsequent experiments 

demonstrated that this inhibition was largely due to the action 

of CD8+ T cells, and depletion of these immune cells from 

tumor-bearing RET.AAD mice led to rapidly accelerated tumor 

growth in the lung and reproductive tract.

Abastado suggests that a better understanding of this 

CD8+-imposed tumor dormancy may enable smarter therapeutic 

strategies. “We were very impressed by the fact that cancer is 

already a systemic disease at diagnosis, but can be controlled by 

the immune system for prolonged periods of time—and possibly 

the entire life,” he says. “This observation brings hope to those 

trying to mobilize the immune system against cancer.” ■

 1. Eyles, J. et al. Tumor cells disseminate early, but 

immunosurveillance limits metastatic outgrowth, in a mouse 

model of melanoma. Journal of Clinical Investigation 120, 2030–

2039 (2010).
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Staining for cancer-specific antigen reveals colonies of disseminated 

tumor cells (dark spots) within the lungs of a 5-week-old RET.AAD 

mouse. 

Metastatic spread begins surprisingly early in cancer but immune cells 

help keep it at bay

100 nm
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Cancer biology

On the trail of an elusive tumor

Nasopharyngeal carcinoma (NPC) is a form of throat cancer 

with an unusual degree of geographic localization that has 

earned it an unfortunate nickname: the ‘Canton tumor’. “It 

exhibits unusually high prevalence in southern Chinese descen-

dants—mostly in southern China and Southeast Asia—with an 

occurrence rate about 25 times higher than that in most regions 

of the world,” explains Jianjun Liu from the A*STAR’s Genome 

Institute of Singapore.

NPC is tied to lifestyle factors, including smoking and the con-

sumption of pickled foods, but it is also clearly linked with genetic 

risk factors. Several candidates have been suggested, including 

variations in the genes encoding several of the human leukocyte 

antigen (HLA) immunoregulatory factors, but there is insufficient 

data about the early pathology of this cancer to enable accurate, 

early diagnosis. Fortunately, a recent effort spearheaded by Liu 

and Yi-Xin Zeng at the Sun Yat-sen University Cancer Center in 

Guangzhou, China, has uncovered a bounty of potentially useful 

new genetic data that may help scientists to get a better handle 

on NPC pathology1.

They performed a genome-wide association study, a massive 

sweep of the genomes of nearly 3,500 NPC patients and unaf-

fected controls of southern Chinese descent designed to identify 

seemingly minor sequence variations that might be specifically 

associated with cancer risk. This assessment revealed 49 poten-

tially useful single-nucleotide polymorphisms (genetic markers), 

of which seven were ultimately validated as being statistically 

meaningful by analysis against a second, independent cohort of 

southern Chinese cases and controls.

“Our findings not only nailed the association between certain 

variations in HLA genes and NPC, which has been pointed 

out since the 1970s, but also identified polymorphisms in three 

non-HLA genes,” says Liu. These three non-HLA polymor-

phisms have also been linked independently to the onset of 

leukemia and lymphoma, suggesting that these various cancers 

might all be bound together by common mechanistic elements. 

Indeed, previous studies have already shown that NPC patients 

are at elevated risk for leukemia and other blood-related cancers.

Liu and Zeng plan to continue their research partnership, 

looking more deeply at the various candidate genes identified here 

while also extending their efforts to investigate other domains of 

the genome, and the planet. “Our purpose is to find out whether 

the genetic risk factors identified in southern Chinese populations 

also play an important role in other ethnic populations,” says Liu, 

“and to search for additional genetic risk factors, either common 

or rare, involved in the development of NPC.”  ■

1. Bei, J.-X. et al. A genome-wide association study of nasopharyngeal 

carcinoma identifies three new susceptibility loci. Nature Genetics 

42, 599–603 (2010). 
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The frequency of NPC in individuals from areas of southern China, 

such as the city of Guangzhou, can be as high as 25 cases per 100,000 

people—25 times greater than in the rest of the world. 

A large-scale genomic analysis yields insights into a cancer that 

disproportionately aff ects individuals from southern China

© 2010 A*STAR
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Cancer biology

Finding the right fit

When cell division begins to spin out of control, cellular suicide 

may represent the only means for preventing the onset of cancer. 

Accordingly, many tumors ensure self-preservation by the forced 

over-expression of proteins that block the controlled cell death 

mechanism known as apoptosis.

One of the families of proteins that are known to block apop-

tosis is Bcl-2. The chemotherapeutic agent ABT-737 effectively 

inhibits many Bcl-2 proteins, but is ineffective against another 

apoptosis-blocking protein Mcl-1, providing tumors with a ‘back 

door’ for drug resistance. “Mcl-1 is usually degraded much faster 

in cells, but in some cancer cells this degradation pathway is 

shut off,” explains Paul Bernardo from Christina Chai’s group 

at the A*STAR Institute of Chemical and Engineering Sciences 

in Singapore. “Compounds which can inhibit Mcl-1 would be 

valuable on their own or in combination therapy against cancers.”

In collaboration with the National University of Singapore, 

Chai’s team has now revealed a molecule that could offer the 

foundation for such a therapeutic strategy1. They selected this 

compound from a library of 34 candidates containing structural 

elements of BH3I-1, a synthetic drug targeting the pro-apoptotic 

BH3 binding domain of Bcl-1 proteins, and sanguinarine and 

chelerythrine, two naturally occurring substances that bind and 

inhibit family member Bcl-XL.

The researchers identified two compounds with strong affinity 

for Mcl-1; one bound to both Bcl-XL and Mcl-1, while the other 

bound exclusively to Mcl-1. Although these two molecules are 

very similar, they contain differences in the relative positioning 

of two methoxy chemical groups that appear to have a significant 

impact on their binding specificity. “We were surprised that such 

subtle changes in the structure can affect the selectivity of these 

inhibitors,” says Chai.

Using computer modeling, Chai, Bernardo and their co-work-

ers were able to predict how such seemingly minor differences 

could markedly alter the positioning and orientation of these two 

molecules within the Mcl-1 BH3 binding site (see image). This 

analysis also revealed how these same binding characteristics 

would physically exclude one compound—but not the other—

from interacting effectively with Bcl-XL.

These structural data should also offer valuable guidance for 

the further optimization of this molecule. “Based on this work, we 

have synthesized some new derivatives that incorporate design 

features that are predicted to bind strongly and selectively,” says 

Bernardo. In parallel, the researchers are also partnering with col-

leagues in Singapore and the UK to characterize the anticancer 

potential of these new drug candidates. “We are now looking at 

the efficacy of these compounds in cells that over-express the 

Mcl-1 protein,” says Chai. ■

1. Bernardo, P.H. et al. Structural insights into the design of small 

molecule inhibitors that selectively antagonize Mcl-1. Journal of 

Medicinal Chemistry 53, 2314–2318 (2010).
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After selection from an initial pool of molecules, the interaction of drug 

candidates (magenta and blue) with the BH3 binding site of Mc1-1A 

(green) can be predicted using a molecular docking program.

A molecular library yields a promising candidate for thwarting the ability 

of cancer cells to elude chemotherapy
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Cancer biology

A pause that refreshes

The tumor-suppressor protein p53 acts as a crucial ‘brake’ against 

unrestrained cell division, and many cancers arise from mutations 

that disrupt p53 function. Most chemotherapeutic strategies work 

by preferentially targeting these actively dividing cells, but such 

approaches inevitably end up wiping out a certain percentage of 

healthy bystanders as well, creating toxicity issues for patients.

A multi-drug strategy developed recently by David Lane’s 

team at the A*STAR p53 Laboratory in Singapore now promises 

to greatly reduce such collateral damage1. “We were trying to 

establish different approaches and methodology that will kill p53 

mutant cells selectively,” explains Chit Fang Cheok, a postdoctoral 

researcher with Lane’s group.

Cheok and her co-workers focused their study on VX-680, an 

‘aurora kinase inhibitor’ drug that interferes with the replication 

and redistribution of genetic material during mitosis, yielding 

cells that contain an inappropriate number of chromosomes and 

subsequently undergo cell death. Although p53 expression was 

previously believed to act as a safeguard against VX-680 toxicity, 

the researchers found that every cell line they tested was affected 

by the drug to some extent, regardless of the presence or absence 

of functional p53.

The team found, however, that they could constrain the effects 

of VX-680 with nutlin-3, a recently identified molecule that 

temporarily arrests division of cells expressing functional p53. 

Pre-treatment with nutlin-3 proved to be sufficient to protect 

such cells against both the chromosomal replication abnormalities 

and cell death associated with exposure to VX-680, without any 

apparent negative effects. A mixed population of p53-expressing 

and -deficient cells was subjected to this two-stage treatment, and 

after five days the resulting culture consisted overwhelmingly of 

cells with wild-type p53 (see image). “This suggests to us that 

such a combinational therapy may be useful in targeting p53-

mutant tumors in patients,” says Cheok.

Other studies have shown that nutlin-3 treatment is toler-

ated by immunodeficient mice, indicating that it could be safe 

for use in a clinical setting, and Cheok anticipates that this drug 

could be paired with a number of other chemotherapeutic agents. 

“Potentially, any drug that [targets] cell division to achieve killing 

will be useful in combination with nutlin-3,” she says. “However, 

this will require empirical testing to assess toxicity of the drug 

combination versus efficacy in selective killing of p53-mutant 

tumor cells.” To this end, she and the other members of the 

Lane group are now focused on moving their approach from 

the culture dish to live animals, as a prelude to potential future 

clinical investigations. ■

1. Cheok, C.F., Kua, N., Kaldis, P & Lane, D.P. Combination of nutlin-3 

and VX-680 selectively targets p53 mutant cells with reversible 

effects on cells expressing wild-type p53. Cell Death and 

Differentiation 17, 1486–1500 (2010).
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Combination treatment with two drugs selectively targets cancer 

cells (brown) in a mixed population. Treatment with nutlin-3 stalls cell 

division by activating p53, protecting normal cells (light blue) from 

the toxic effects of chemotherapeutic agents that only affect actively 

dividing cells, while leaving tumor cells completely vulnerable.

Pre-treatment with a cell division-blocking drug protects healthy cells 

from the devastating eff ects of chemotherapy

p53 activating 

drug

Second drug targeting

dividing cells
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Cancer

Fine-tuning cellular suicide

Suicide gene therapy is a cancer treatment strategy that targets 

tumors with toxic genes, or genes encoding enzymes that produce 

toxic compounds. However, since restricting suicide gene expres-

sion to the tumor is difficult, this approach can damage non-

cancerous cells.

Now, Shu Wang of the Institute of Bioengineering and 

Nanotechnology of A*STAR, Singapore, and co-workers have 

successfully treated glioma in the mouse brain, while confining 

suicide gene expression to the tumor tissue1. They developed a 

novel approach that uses small nucleic acids called microRNAs, 

which regulate gene expression by binding to specific target 

DNA sequences.

Wang’s group used DNA microarrays to examine global 

microRNA expression in human glioma cell lines and healthy 

astrocytes, the brain cells from which gliomas arise. They identi-

fied three microRNAs that have increased expression in normal 

astrocytes and reduced expression in glioma cells.

The researchers constructed genetically engineered insect 

viruses containing the gene encoding the fluorescent firefly 

protein luciferase. The gene is controlled by the regulatory DNA 

sequence of a gene that is normally expressed only in normal 

astrocytes. They also inserted multiple copies of the target 

sequences of the three previously identified microRNAs. When 

introduced into healthy cultured astrocytes, the constructs con-

taining two or three copies of each microRNA target sequence 

inhibited luciferase expression by 80%. 

Wang and his co-workers then inserted the herpes simplex 

thymidine kinase (HSVtk) gene into these constructs. HSVtk 

metabolizes the drug ganciclovir into a toxic product that destroys 

cells by blocking DNA synthesis. When they added ganciclovir 

to the cell cultures, these constructs effectively blocked expres-

sion of HSVtk only in healthy cells. Consequently, pronounced 

cell death was only observed to occur in the cancerous cells. In 

contrast, the constructs lacking the microRNA target sequences 

killed both cell types.

Finally, Wang’s group tested the therapeutic effect of the 

constructs in live animals. They grafted modified, human glio-

blastoma cells expressing luciferase into the brains of mice, and 

then injected the constructs into these sites. Confirming the cell 

culture results, the constructs suppressed luciferase expression and 

eradicated the tumors upon addition of ganciclovir; healthy cells 

were unaffected. In mice given salt water instead of ganciclovir, 

however, the tumors continued to grow.

“HSVtk suicide gene therapy has been tested many times in 

clinical trials, but we are the first to use this type of virus for gene 

delivery,” says Wang. “Last year we tested the safety of our viruses 

in monkeys, but we need to perform more pre-clinical studies 

before entering clinical trials.” ■

1. Wu, C., Lin, J., Hong, M., Choudhury, Y., Balani, P., Leung, D., 

Dang, L.H., Zhao, Y., Zeng, J. & Wang, S. Combinatorial control 

of suicide gene expression by tissue-specific promoter and 

microRNA regulation for cancer therapy. Molecular Therapy 

17, 2058–2066 (2010). 
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A new method of suicide gene therapy could lead to better treatment 

for human brain tumors, such as gliomas.

Increasing the effi  cacy and minimizing unwanted side eff ects of cancer 

gene therapy has been made possible using a new approach

© 2010 A*STAR
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Structural biology

Unsheathing cellular 
construction

An international team of molecular biologists led by Robert 

Robinson at the A*STAR Institute of Molecular and Cell Biology 

in Singapore has uncovered a mechanism for regulating the con-

struction of actin filaments1, which are the major component of 

the cellular skeleton and integral to many cellular processes. The 

mechanism centers around how capping protein (CP) covers 

and uncovers the active end of the filament. The team’s findings 

also help explain how cells control important activities such as 

movement and endocytosis, where the outer membrane engulfs 

part of its surrounds.

Actin filaments are polymers of the protein actin. The ability to 

build or add to these chains of actin provides the driving force to 

shape many cellular processes. Actin adds freely to only one end of 

an existing filament, the ‘barbed’ end. Typically, this end is covered 

by CP to prevent uncontrolled filament extension.

Earlier work by other researchers has shown CP to be mush-

room-shaped, binding to the barbed end of the actin filament via 

the surface of its ‘mushroom cap’. Several molecules are known to 

inhibit capping, including the proteins CARMIL and CD2AP. 

Robinson and his co-workers from A*STAR and Washington 

University in the USA investigated the interaction between these 

two proteins and CP.

The region that binds to CP, known as the CP interaction 

motif, is similar in each of the proteins. By chopping CARMIL 

into fragments, the researchers were able to study exactly what 

sequence is necessary for binding and acting on CP, as well as the 

strength of the interaction. Using X-ray crystallography, they were 

able to determine that the proteins in the CP–protein complexes 

are bound to and wrapped around the stalk of CP (see image). 

This suggests that, rather than directly interfering in CP–filament 

bonding, the interaction acts remotely, changing the shape of CP 

and thereby causing it to release and fall away from the barbed 

end of the actin filament.

By searching among other proteins for the CP interaction 

motif, the researchers found a whole family of uncapping mol-

ecules including one, called WASHCAP, which also interacts 

with a complex that initiates the building of new filaments. 

WASHCAP could be used simultaneously to uncap existing 

filaments and stimulate new ones.

The team is now looking at other actin regulators. “Particularly, 

we would like to know how actin filaments in complex cells form 

three-dimensional structures and compare this to the structures 

formed in simpler cells,” Robinson explains. “We hope to exploit 

these differences in the search for novel antibiotics.” ■

1. Hernandez-Valladares, M., Kim, T., Kannan, B., Tung, A., Aguda, 

A.H., Larsson, M., Cooper, J.A. & Robinson, R.C. Structural 

characterization of a capping protein interaction motif defines 

a family of actin filament regulators. Nature Structural and 

Molecular Biology 17, 497–504 (2010). 
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A model of a CP-capped actin filament. The uncapping motif (yellow) 

interacts with capping protein (black) to free the end of an actin fila-

ment (all other colors).

An analysis of capping protein interactions provides insight into 

how cells move

© 2010 A*STAR
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Structural biology

Many ways to form a filament

Cells rely on extensive networks of protein fibers to help maintain 

their proper form and function. For species ranging from bacteria 

to humans, this ‘cytoskeleton’ is integrally involved in diverse 

processes including movement, cell division and transport of 

molecular cargoes.

However, scientists are still far from a complete understand-

ing of these various filaments. “Genetic screening has recently 

identified over 40 new cytoskeletal components in bacteria with 

unknown functions and structures,” explains David Popp of the 

A*STAR Institute of Molecular and Cell Biology, Singapore. 

Now, in collaboration with Japanese researchers from the ERATO 

‘Actin Filament Dynamics’ project, Popp’s group has published 

several studies that offer important insights into several of these 

enigmatic bacterial proteins.

The filament-forming protein F-actin is remarkably well-con-

served across eukaryotic species. “From chicken to human—an evo-

lutionary distance of some 300 million years—not a single residue 

has changed in skeletal muscle actin, and the filament structure has 

been highly conserved,” says Popp. However, he and his co-workers 

were surprised to observe striking diversity among bacterial actins.

For example, they found that Bacillus subtilis AlfA polymerizes 

at a considerably faster rate than other actins, forming filaments 

with a highly distinctive helical arrangement1. Likewise, their 

analysis of Staphylococcus aureus pSK41 ParM revealed that 

although this protein is a known homolog of actin relative R1 

ParM, it assembles into a markedly different structure that more 

closely resembles filaments formed by a distantly related archaeal 

protein2. Collectively, these findings suggest that despite the broad 

structural similarities that unite actin proteins as a common family, 

individual proteins can exhibit highly divergent polymerization 

characteristics that may make them uniquely suited for the cellular 

processes in which they participate.

In parallel, Popp and his co-workers investigated the dynamic 

behavior of a different type of cytoskeletal factor, the microtubule-

like cell division protein FtsZ, from the bacterium responsible for 

tuberculosis3. Depending on the environmental conditions, this 

protein can assemble into a diverse variety of two- and three-

dimensional structures (see image). They found strong evidence 

that this conformation depends heavily on ‘molecular crowding’ 

effects arising from elevated protein density in different compart-

ments of the cell.

All three of these proteins execute essential cellular functions, 

and Popp concludes that further progress in this area may yield 

far-reaching benefits in a range of research areas. “We expect these 

investigations to give answers to many fundamental questions 

about the cytoskeleton,” he says, “and they will also contribute 

to the design of better manmade biopolymers and more efficient 

design of drugs targeting the bacterial cytoskeleton.” ■

1. Popp, D., Narita, A., Ghoshdastider, U., Maeda, K., Maeda, Y., 

Oda, T., Fujisawa, T., Onishi, H., Ito, K. & Robinson, R.C. Polymeric 

structures and dynamic properties of the bacterial actin AlfA. 

Journal of Molecular Biology 397, 1031–1041 (2010). 

2. Popp, D., Xu, W., Narita, A., Brzoska, A.J., Skurray, R.A., Firth, N., 

Goshdastider, U., Maeda, Y., Robinson, R.C. & Schumacher, M.A. 

Structure and filament dynamics of the pSK41 actin-like ParM 

protein: implications for plasmid DNA segregation. Journal of 

Biological Chemistry 285, 10130–10140 (2010). 

3. Popp, D., Iwasa, M., Erickson, H.P., Narita, A., Maeda, Y. & 

Robinson, R.C. Suprastructures and dynamic properties of 

Mycobacterium tuberculosis FtsZ. Journal of Biological Chemistry 

285, 11281–11289 (2010). 
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Depending on environmental conditions, both the Mycobacterium 

tuberculosis and Escheria coli cell division protein FtsZ can assemble 

into a diverse array of two- and three-dimensional superstructures, 

including rings (a), donut-like toroids (b), helices (c) and planar waves 

(d) (scale bars 500 nm, except (b), 200 nm).

The proteins that provide essential infrastructure for bacteria exhibit 

remarkable diversity of structure and function

© 2010 A*STAR



RESEARCH HIGHLIGHTS

A*STAR RESEARCH APRIL 2010 – SEPTEMBER 2010 21

Molecular biology

Fragile interactions and 
brain function

Mutations in the fragile X mental retardation (FMR) gene 

cause fragile X syndrome—the most common form of inherited 

mental retardation in humans. Clues into how these muta-

tions lead to deficiencies in neuronal signaling that cause the 

disease have now been reported by Ed Manser of the A*STAR 

Institute of Medical Biology and the A*STAR–Duke-NUS 

Graduate Medical School Neuroscience Research Partnership 

in Singapore together with co-workers including Hwee-Goon 

Tay and Evonne Say1.

Fragile X proteins ensure proper mRNA translation at neuronal 

synapses and contain a highly conserved region called the KH2 

domain (see image) that binds RNAs and unidentified proteins. 

Manser and his co-workers identified the first known binding 

partner for fragile X proteins. They showed that a protein kinase 

called PAK1, which regulates the actin network and cell division, 

activates fragile X proteins FMR1 and FXR1 by binding to and 

modifying their KH2 domains.

During neural development, PAK1 is involved in the for-

mation of synapses and dendritic spines, the tiny finger-like 

projections at which signaling between nerve cells takes place. 

Upon activation, kinases such as PAK1 assume an open con-

figuration that exposes an amino-acid sequence that can bind to 

other proteins.

In a series of biochemical assays, the researchers demonstrated 

that the KH2 region of human FXR1 interacts with PAK1, and 

PAK1 modifies FXR1 upon binding by adding a phosphate group 

to a specific site in the KH2 domain called Ser420. 

Manser’s team also developed an antibody that recognizes the 

‘phosphorylated’ Ser420, and showed that active PAK1 and phos-

phorylated FXR1 are recruited to structures called stress granules, 

which form when cells are exposed to toxic chemicals. 

Researchers outside of Singapore showed previously that mice 

and frogs lacking FXR1 have major heart and skeletal muscle 

defects. Manser and his co-workers found that blocking FXR1 

expression with RNA inhibition produced the same defects in 

zebrafish embryos. They could correct the defects by injecting 

human FXR1 mRNA transcripts into the embryos, but not by 

injecting a mutant FXR1 that cannot recruit PAK1.

These results show that the FXR1/PAK1 interaction is required 

for proper fragile X function in zebrafish. This is likely to be true 

for the proper formation of synaptic connections in the brains of 

zebrafish and humans.

“Many PAK1 protein targets have been identified, but few are 

validated,” says Manser. “In fact, we have recently discovered and 

purified a completely new protein.” This second binding partner 

for the KH2 domain of fragile X “probably works with PAK1 to 

modulate mRNA translation.” ■

1. Say, E., Tay, H.-G., Zhao, Z.-S, Baskaran, Y., Li, R., Lim, L. & 

Manser, E.A. Functional requirement for PAK1 binding to the 

KH(2) domain of the fragile X protein-related FXR1. Molecular 

Cell 38, 236–249 (2010). 
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A ribbon diagram showing the structure of two FXR1 KH2 domains 

(cyan and yellow) that are involved in PAK1 binding. 

A recently identifi ed protein–protein interaction with key roles in brain 

development and function provides insights into mental retardation

© 2010 A*STAR
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Materials science

Painting with lasers

Our ability to introduce color to metals lags well behind that for 

fabrics and textiles. Electrochemical reactions can color metals, 

but the chemical waste can damage the environment, and the 

resultant colors and patterns are limited. Printing and emulsion 

techniques can also produce color coatings, but these tend to 

wear and fade over time. A third approach—using lasers—has 

now advanced thanks to research by Zhongli Li and co-workers 

at the Singapore Institute of Manufacturing Technology 

and the Institute of Materials Research and Engineering of 

A*STAR, Singapore1.

Colorless laser marking of metallic surfaces is already used 

widely—for example, to engrave iPod music players. Lasers can 

also be used to color metals by heating the metal surface enough 

to form thin oxide layers. Interference between reflections from 

the tops and bottoms of these layers generates colors in the same 

way as the effect of a thin film of oil on water. To achieve differ-

ent and uniform colors, however, the thickness and composition 

of each layer must be carefully controlled.

To this end, Li and her co-workers focused on understanding 

the process of laser-induced oxide formation on stainless steel, 

which is used in products such as jewelry and souvenirs. They 

used optical and electron microscopes, as well as time-of-flight 

secondary ion mass spectrometers, to study the oxides formed as 

they varied laser power, the degree of laser defocusing, and the 

direction and speed of laser scanning across the surface.

At higher scanning speeds, they found that the chromium 

in the stainless steel substrate oxidized selectively, resulting in 

a single oxide layer. At lower scanning speeds, two oxide layers 

formed: a chromium oxide solution layer capped by an outer iron 

oxide solution layer. The researchers discovered that the thick-

ness and composition of each of these layers changed with each 

pass of the laser beam scan over the substrate, as iron atoms from 

the metal bulk diffused outwards to form new oxide layers. In 

addition, the oxide layers were stable after corrosion tests and 

after three years of exposure to air with 80% humidity.

For Li, laser coloring represents a synergy between art and 

engineering, and may prove to be an interesting new tool for 

artists (see image). “The laser beam may become a kind of color 

pen, able to produce color paintings,” she says. She believes the 

detailed understanding of the growth of oxide layers during the 

laser process will make an invaluable contribution to making laser 

coloration of metals a practical addition to existing techniques. ■

1. Li, Z.L., Zheng, H.Y., Teh, K.M., Liu, Y.C., Lim, G.C., Seng, H.L. & 

Yakovlev, N.L. Analysis of oxide formation induced by UV laser 

coloration of stainless steel. Applied Surface Science 

256, 1582–1588 (2009).
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The results of a student project to paint pictures with lasers. 

Laser coloring of metals is a step closer to reality as a result of improved 

understanding of laser-induced oxide formation

© 2010 A*STAR
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Surface materials

Super clean glass

Titanium dioxide (TiO
2
), also known as titania, is a strong pho-

tocatalyst that breaks down organic compounds when exposed 

to light. It is widely used as a coating material for preventing 

the build-up of dirt, bacteria and organic pollutants on outdoor 

surfaces. Self-cleaning glass, for example, typically has a thin 

coating of TiO
2
.

Of all the different forms of TiO
2
 coating, TiO

2
 nanotube 

arrays have probably the highest photocatalytic activity. The 

nanotubes in a TiO
2
 nanotube array are hollow, vertically aligned 

and densely packed; the ultrathin wall thickness of TiO
2
 nano-

tubes and the unique architecture of TiO
2
 nanotube arrays are 

some of the major factors contributing to the superior photocata-

lytic activity. Unfortunately, fabrication of TiO
2
nanotube arrays 

on surfaces is still a significant challenge.

Gao Han and co-workers at the A*STAR Institute of Materials 

Research and Engineering1 have now fabricated a transparent 

palladium-functionalized TiO
2
 nanotube array on a glass sub-

strate. They studied how the photocatalytic activity of the TiO
2
 

nanotube array changes as the wall thickness or height of the 

nanotubes was adjusted, and identified the nanotube configura-

tion that gave the highest photocatalytic activity.

To grow the TiO
2
 nanotube array, the researchers deposited 

TiO
2
 atom-by-atom onto a glass substrate masked with a porous 

alumina template. By sequentially passing titanium- and oxygen-

bearing gases over the masked substrate, TiO
2
 nanotubes grew up 

through the pores. They then removed the template by selective 

etching, and added a dusting of palladium nanoparticles by ‘sput-

tering’ of atomic palladium from a high-purity source.

The researchers could control the shape, size and height of 

the pores in the template by varying its preparation conditions. 

They could also control the wall thickness of the nanotubes by 

changing the number of gas exposure cycles, resulting in nano-

tubes with walls thick enough to promote high photocatalytic 

activity but thin enough to provide good transparency.

Tests showed that TiO
2
 nanotube arrays with a wall thickness 

of 15 nanometers and height of 200 nanometers had the highest 

photocatalytic activity, degrading 76% of methylene blue—a 

model pollutant—in aqueous solution within four hours. The 

TiO
2
 nanotube arrays were also shown to degrade another 

model pollutant, stearic acid.

The researchers believe their fabrication technique is useful 

not only for making better self-cleaning glass (see image), but 

also for making self-cleaning ceramics and plastics. “Transparent 

TiO
2
 nanotube arrays grown on glass are not only important in 

self-cleaning applications, but also highly sought after in solar-cell 

applications,” says Gao. “We have demonstrated an easy and 

simple method to grow them in a controllable way. ■

1. Tan, L.K., Kumar, M.K., An, W.W. & Gao, H. Transparent, well-

aligned TiO
2
 nanotube arrays with controllable dimensions on 

glass substrates for photocatalytic applications. Applied Materials 

and Interfaces 20, 498–503 (2010).

Glass coated with palladium-functionalized titania degrades surface 

contaminants when exposed to sunlight.

Functionalized titania nanotubes make short work of pollutants on 

glass surfaces

© 2010 A*STAR
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Analytical chemistry

Accuracy by design

High-throughput screening—a widely used technique in phar-

maceutical research—is designed to rapidly test the affinity of 

all possible compounds to a specified target. Libraries of short 

peptides are often used in these screens, but the analysis of 

these libraries to identify the compound that results in a ‘hit’ has 

become a bottleneck.

Now, Su Seong Lee and co-workers from the Institute of 

Bioengineering and Nanotechnology of A*STAR, Singapore, in 

collaboration with researchers from the California Institute of 

Technology (Caltech), USA, have developed an algorithm that 

assists in the rapid mass spectrometric analysis of short peptides 

and reduces this bottleneck1.

Peptide synthesis techniques are sufficiently advanced that it 

is easy to prepare libraries of short peptides (see image), where 

multiple copies of single short peptides are attached to small 

polymer beads known as one-bead–one-compound (OBOC) 

libraries. Recently, the Caltech researchers reported a method 

that allows an enzyme to act as a template in selection of the 

best binding peptide. But the analytical bottleneck remained a 

problem, which Lee’s team set about resolving.

The current ‘gold standard’ for analyzing these libraries, called 

Edman degradation, is time consuming. Tandem mass spectrom-

etry methods, which determine both the component amino acids 

of a peptide and their attachment order, are fast, but less accurate. 

The inaccuracy occurs, in part, because—in contrast to sequenc-

ing natural peptides or proteins—it is not possible to eliminate 

sequences through a comparison with a database of known 

proteins for the randomly assembled peptide sequences in an 

OBOC. Also, using mass spectrometry alone, it is impossible to 

distinguish between two pairs of the natural amino acids—lysine 

and glutamine/isoleucine and leucine.

For each of these ‘isobaric pairs’, Lee and his co-workers added 

10% of a second amino acid to one of them during the synthesis of 

the OBOC library. The mass spectrum of these peptides had two 

sets of peaks, which allowed Lee’s team to distinguish between 

the isobaric pairs, and pinpoint the exact sequence and position.

Compared with Edman degradation, the success rate of the 

mass spectrometric screening improved from 44% to 100%. 

The new procedure also allowed the analysis of several hundred 

peptides in a few hours compared with several days using Edman 

degradation. “Our new screening procedure will significantly 

improve the process for finding affinity agents that can serve as 

therapeutics and diagnostics for a variety of diseases,” says Lee. ■

1. Lee, S.S., Lim, J., Tan, S., Cha, J., Yeo, S.Y., Agnew, H.D. & Heath, 

J.R. Accurate MALDI-TOF/TOF sequencing of one-bead–one-

compound peptide libraries with application to the identification 

of multiligand protein affinity agents using in situ click chemistry 

screening. Analytical Chemistry 82, 672–679 (2010). 

Schematic representation of a ‘mix-and-split’ peptide synthesis strat-

egy. The orange, magenta and green squares represent single amino 

acids added to the peptide chain. Analyzing the many different pep-

tides produced from such advanced synthetic techniques had become 

a procedural bottleneck.

Screening peptide libraries is more accurate and less time consuming 

thanks to a new algorithm for mass spectrometric analysis

© 2010 A*STAR
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Organic chemistry

Just add water

Amino acids are often called the building blocks of life because, 

from a small range of 20 molecules, cells can assemble large 

numbers of diverse and complex protein structures. Chemists 

are constantly searching for new ways to synthesize amino 

acids in order to mimic, characterize and influence the function 

of biomolecules. They are also sought as intermediates for the 

production of pharmaceuticals.

Now, in a collaborative project with Mitsui Chemicals Asia 

Pacific, researchers led by Christina Chai and A. M. Seayad from 

the A*STAR Institute of Chemical and Engineering Sciences 

in Singapore1 have developed a highly selective catalyst system 

that can perform a key step of the amino acid synthesis at room 

temperature—an important increase in efficiency that will garner 

attention from industry.

Controlling the spatial orientation of molecular units within 

an amino acid is a challenging task. When the amino acid 

contains an asymmetric bonding site, two chiral enantiomers—

isomers that are mirror images of each other—can be formed 

during an amino acid synthesis. While chemists have designed 

several methods to form pure enantiomers of amino acids, these 

routes often require expensive catalysts and low temperatures, 

from –75 to –40 °C, to work.

Chai, Seayad and their co-workers used an inexpensive 

titanium-based catalyst (see image), in combination with a chiral 

ligand called salicyl-β-aminoalcohol, to improve the chemical 

reaction between cyanide and a molecule containing a carbon–

nitrogen double bond. According to Chai, the chiral ligand coor-

dinates with the titanium catalyst to form a three-dimensional 

environment that directs addition of the cyanide to only one side 

of the carbon–nitrogen double bond, leading to a high yield of 

single enantiomers that can be easily converted to amino acids.

This catalytic reaction, however, is extremely slow, requiring 

almost a full day for completion. But, when the researchers added 

a small amount of water to the mixture, they observed a dramatic 

improvement in both the reaction speed and the yield of pure 

enantiomers. By pre-treating the titanium catalyst with water, the 

reaction could be completed in 15 minutes at room temperature, 

with over 98% enantiomeric purity. The researchers postulate that 

water modifies the structure of the titanium catalyst and provides 

hydrogen ions to initiate the chemical transformation, resulting in 

higher reaction efficiencies.

Because this technique works with a variety of molecular sub-

strates at ambient temperatures, and uses an inexpensive metal 

material, it promises to provide significant savings in the produc-

tion of chiral amino acid intermediates due to lower production 

costs, says Chai.  ■

1. Seayad, A.M., Ramalingam, B., Yoshinaga, K., Nagata, T. & Chai, 

C.L.L. Highly enantioselective titanium-catalyzed cyanation of 

imines at room temperature. Organic Letters 12, 264–267 (2010). 
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A new, partially hydrolyzed titanium catalyst allows selective synthesis 

of amino acid precursors at room temperature.

Partially hydrolyzed titanium catalysts boost the effi  ciency of amino acid 

synthetic pathways to levels suitable for industrial applications

© 2010 A*STAR
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Pharmaceuticals

Getting crystal clear 
about stability

A common drug called Tolbutamide that is used worldwide in 

pill form to treat diabetes is not being manufactured in its most 

stable form, according to a team of researchers led by Reginald 

Tan at the A*STAR Institute of Chemical and Engineering 

Sciences, Singapore1. This unexpected finding means that during 

the manufacturing process, Tolbutamide could transform into 

another, more stable form with different characteristics. Since 

such transformations are not normally condoned by regulatory 

agencies, the team’s results could be used to develop a more effi-

cient and robust manufacturing process for Tolbutamide.

The chemical structure of Tolbutamide includes a rigid 

benzene ring from which a chain protrudes. Each of the seven 

bonds in the chain can rotate freely, which means that the 

molecule is polymorphic—it can assume many different shapes. 

Consequently, it crystallizes in several different forms depend-

ing on which of the shapes are packing together. The different 

crystals display different physical properties, such as melting 

points. Four standard crystal forms (I to IV) (see image) were 

established in the 1970s, but discrepancies as to the stability 

of individual crystals emerged at the time between different 

researchers. More recent work has shown that Form I transforms 

between two different crystals depending on temperature.

Tan and his co-workers decided to re-analyze the polymor-

phic crystal forms of the drug using state-of-the-art equipment 

and techniques. These included single crystal X-ray diffrac-

tion, powder X-ray diffraction, solid-state nuclear magnetic 

resonance, scanning electron microscopy, hot-stage micros-

copy, Fourier transform infrared spectroscopy and differential 

scanning calorimetry.

Their work not only resolved the former discrepancies, but 

revealed that the most stable form is actually Form II, a spiky, nee-

dle-like form that is difficult to process industrially. The industrial 

formulations of the drug found in pills are typically of Form I, and 

this is still the most desirable form for manufacturing, Tan says. 

But the published work has now defined a risk that Form I could 

transform into Form II during the manufacturing process.

With its newly obtained data, the research team can now 

design much better strategies for producing Form I of the drug 

in a robust and assured way. The team is investigating crystal-

lization using process analytical technology, which combines the 

latest in sensors and control technology and is expected to lead to 

a more automated and robust manufacturing process.

“We are also working on particular forms called co-crystals—

two molecules crystallizing into the same crystal structure,” he 

says. “These may or may not be polymorphic.” ■

1. Thirunahari, S., Aitipamula, S., Chow, P.S. & Tan, R.B.H. 

Conformational polymorphism of Tolbutamide: A structural, 

spectroscopic, and thermodynamic characterization of Burger’s 

Forms I–IV. Journal of Pharmaceutical Sciences 

99, 2975–2990 (2010). 
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Scanning electron microscopy images of Tolbutamide polymorphs 

Form I (top left), Form II (top right), Form III (bottom left), and (bottom 

right) Form IV.

A battery of state-of-the-art tests reveals that tighter solid-state control 

is needed in the manufacture of a well-known drug used against diabetes
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Pharmaceuticals

Dissolving market hurdles

A means of processing poorly soluble drugs so that they can be 

stored as a solid, but rapidly dissolve and disperse once inside 

the body, has been developed by Shou-Cang Shen and co-

workers at the Institute of Chemical and Engineering Sciences 

of A*STAR, Singapore1.

The method, now under a Patent Cooperation Treaty inter-

national patent, uses a silica-based powder, SBA-15, to entrap 

drug molecules in pores of between 5 and 30 nanometers 

diameter. The pores in this material hold the molecules in an 

amorphous state and prevent them from forming lower-energy 

crystals that are poorly soluble and less active. The technol-

ogy can be easily scaled-up for production and could open the 

way for previously discarded, biologically active compounds to 

be commercialized.

More than a third of the drugs listed in the US pharmaco-

poeia, and about half of active new compounds found or syn-

thesized, are poorly water soluble; this limits their potential for 

commercialization. Much effort has been expended on investi-

gating different ways of formulating such compounds to increase 

their capacity to dissolve. This essentially means limiting their 

reversion to a crystalline form. Until now, the techniques tried 

all had drawbacks.

SBA-15 is one of a newly discovered series of porous silica 

materials. The thick-walled pores of this powder are about the 

right size for storing typical drug molecules.

Using ibuprofen—a well-known, non-steroidal, anti-

inflammatory drug and pain reliever—as a test compound, the 

researchers trialed several different methods of loading it into 

SBA-15. On the basis of two measures—how much ibuprofen 

could be carried, and what proportion of the drug ended up 

in crystalline form—they determined that the most effective 

method was ‘co-spray drying’, where equal amounts by weight 

of ibuprofen and SBA-15 are dissolved in ethanol. The resulting 

liquid was dried into a powder by spraying it as fine droplets 

into hot air.

The researchers stored the co-sprayed powder under the 

stressful conditions of 40 °C and 75% relative humidity for up 

to a year, and found it to be remarkably stable. Finally, they 

measured how quickly ibuprofen dissolves into water from the 

co-sprayed powder—95% was released within 15 minutes and it 

was completely dissolved within 50 minutes. No other method 

of delivery of ibuprofen, including pure crystals, was 100% dis-

solved within an hour.

“We are now doing optimization studies on the process,” says 

Shen. “Our objective is to overcome the scientific obstacle of 

bringing poorly soluble active ingredients to market.” ■

1. Shen, S.-C., Ng, W.K., Chia, L., Dong, Y.-C. & Tan, R.B.H. Stabilized 

amorphous state of ibuprofen by co-spray drying with 

mesoporous SBA-15 to enhance dissolution properties. Journal of 

Pharmaceutical Sciences 99, 1997–2007 (2010). 
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A new formulation of the common pain reliever ibuprofen that makes it 

more soluble takes the headache out of commercialization.

Development of a new formulation for poorly soluble drugs increases 

stability and dissolution, clearing the way to commercialization

© 2010 A*STAR
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Pharmaceuticals

Sweetening drug manufacture

Large-scale production of oseltamivir phosphate, or Tamiflu, 

during a global influenza A (H1N1) pandemic—as occurred in 

2009—hinges on the seasonal availability of seeds from a plant 

called Chinese star anise. From this traditional cooking spice, 

manufacturers—under pressure from governments stockpiling 

the drug—must extract large quantities of an important synthetic 

precursor called shikimic acid.

Tamiflu can now be synthesized efficiently using a readily 

available and naturally occurring sugar, D-ribose, thanks to 

a novel process developed by Anqi Chen, Christina Chai and 

co-workers from the A*STAR Institute of Chemical and 

Engineering Sciences in Singapore, in collaboration with the 

Japanese pharmaceutical company Shionogi1. Because D-ribose 

can be produced abundantly on a multi-thousand tonne scale, 

this method provides a feedstock for Tamiflu at a fraction of the 

cost of other techniques.

To chemists, the molecular structure of Tamiflu is deceptively 

simple. Because it is composed of a six-membered hydrocarbon 

ring with four different chemical units—known as functional 

groups—around its exterior, dozens of methods already exist to 

produce this compound. However, because three of the func-

tional groups on the central ring are chiral—chemical sites that 

can produce mirror-image isomers during a reaction—industrial 

chemists have struggled to find an economic manufacturing route 

that maintains the correct orientations of the functional groups.

According to Chen and Chai, good starting candidates for 

Tamiflu production should have chiral geometries that are as 

close as possible to the target molecule to avoid unnecessary 

experimental steps. An extensive search revealed that D-ribose, 

with its pentagonal sugar ring and pendant alcohol groups, could 

match and induce the chirality of Tamiflu. The team success-

fully transformed D-ribose into a derivative of the shikimic acid 

precursor using four high-yielding reactions.

The next steps in the synthesis were more challenging. After 

their initial attempt to cleave a functional group known as a 

ketal failed to yield the correct intermediate, the research-

ers had to develop new procedures to generate intermediates 

with appropriately positioned functional groups. One step in 

particular was challenging—with two possible reaction sites on 

the ring, there were potential competing reactions—but geomet-

ric interactions ensured formation of only the correct product. 

In total, Chen, Chai and co-workers synthesized Tamiflu from 

D-ribose in just 12 steps.

“There is a continual need to develop affordable methods for 

the synthesis of Tamiflu,” say Chen and Chai. “Our route has the 

advantage of using D-ribose as a much cheaper, more abundant 

and reliable feedstock.” ■

1. Osato, H., Jones, I.L., Chen, A. & Chai, C.L.L. Efficient formal 

synthesis of oseltamivir phosphate (Tamiflu) with inexpensive 

D-ribose as the starting material. Organic Letters 

12, 60–63 (2010).
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Seeds from Chinese star anise are the source of a compound critical 

to the production of Tamiflu using current methods. A new method 

can produce this drug synthetically using a low-cost and naturally 

occurring sugar.

An inexpensive, natural sugar provides a cost-eff ective way to produce a 

critical ingredient of Tamifl u 
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Biomaterials

Stop the clot

Implanting artificial materials or devices in patients can cause 

adverse reactions when contacting natural tissue and blood. In 

blood-related defense mechanisms, plasma proteins quickly 

adsorb on the biomaterial surfaces and trigger a series of bio-

chemical events that lead to platelet adhesion and aggregation 

into blood clots. The clotting can hinder the performance of an 

artificial device and can be life-threatening in some instances.

Now, Isabel Rodriguez from the Institute of Materials Research 

and Engineering of A*STAR, Singapore, and co-workers have 

discovered that adding miniature topographical features to 

polymer surfaces can reduce blood coagulation and improve the 

‘hemocompatibility’, or blood compatibility, of biomaterials1.

Using chemical modifications, many researchers have tried to 

coat or graft a secondary material to the surface of biomaterials to 

enhance their biocompatibility. Attempts to date, however, have 

met with limited success.

In many circumstances, secondary materials can leach out from 

the modified surfaces, which may have toxic effects, according to 

Rodriguez. “Hence, a biocompatible surface without additional 

chemical modifications is most desirable,” she says.

To achieve this goal, Rodriguez and her team prepared various 

nano- and micro-structured surfaces from the biocompatible 

polymer poly(lactic-co-glycolic acid) (PLGA). They used alumina 

and silica templates prepared using nano- and micro-fabrication 

techniques to create nano- and micrometer-sized cavities. They 

then deposited PLGA solutions into these templates and cured 

them under vacuum to produce the structured polymer films.

Next, the researchers incubated the surface-structured PLGA 

films with human fibrinogen—blood protein that mediates 

platelet adhesion and activation—and then with platelet-rich 

plasma. Finally, by quantifying fibrinogen, platelet adhesion and 

platelet activation, they assessed the ability of the films to promote 

blood clotting. Significantly fewer platelets adhered to surfaces 

covered with dense, high aspect ratio, nanometer-sized features 

than to planar surfaces (see image).

From a comparison between a featureless PLGA film and 

an inert carbon surface, the researchers found that surface 

chemistry had an important role in the initial adsorption of 

proteins and platelets. However, appropriated surface features 

can overcome or complement the effect of chemistry and indeed 

reduce the tendency of blood clotting on an artificial surface, 

notes Rodriguez.

“Surfaces with [a] high level of hemocompatibility will have 

important applications in surgical tools such as catheters and 

implantable medical devices like heart valves, stents or vascular 

grafts,” says Rodriguez. The team is currently planning to 

perform in vitro tests using whole blood samples, instead of just 

plasma, to assess clot size formation and clotting rate before 

moving on to in vivo tests.  ■

1. Koh, L.B., Rodriguez, I. & Venkatraman, S.S. The effect of 

topography of polymer surfaces on platelet adhesion. 

Biomaterials 31, 1533–1545 (2010). 
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Scanning electron micrograph showing that platelets adhere more to 

a planar surface (a) than a nanostructured polymer surface (b,c). 

Submicron features patterned on surfaces of polymer biomaterials 

can prevent blood clots
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10 μm

Adherent 
platelets

1 μm

© 2010 A*STAR



CHEMISTRY & MATERIALS

32 A*STAR RESEARCH APRIL 2010 – SEPTEMBER 2010

Biomaterials

Smooth delivery

Porous silica can form stable and biocompatible nanometer-

sized hollow spheres, or vesicles, that are suitable for trans-

porting and delivering drugs to their targets in the body. The 

clinical use of silica vesicles, however, has been obstructed 

by the tendency for the spheres to clump into aggregates in 

water-based solutions. A team led by Ye Liu from the A*STAR 

Institute of Materials Research and Engineering in Singapore 

has now circumvented this problem by attaching water-soluble, 

brush-shaped polymers called polyethylene glycol (PEG) to the 

shells of the silica vesicles1.

The researchers prepared nanometer-sized silica spheres from a 

precursor known as TEOS using polystyrene beads as templates. 

Then, after removing the templates by heating, they modified 

the outer surface of the spheres with nitrogen-containing organic 

linkers that reacted easily with the PEG polymers to produce 

polymer-functionalized vesicles.

In addition to dispersing well in solution, the newly synthe-

sized vesicles maintained their small size even in highly diluted 

aqueous solutions. They also remained intact for over a year, 

highlighting their long shelf-life and stability.

The team evaluated the performance of the vesicles for the 

delivery of paclitaxel (PTX), a potent but highly toxic water-

insoluble anti-tumor drug (see image). According to Liu, formu-

lations that are currently available for PTX delivery improve the 

water-solubility of the drug but can induce other side effects.

Liu and his team filled the pores and cavity of the vesicles with 

the drug by immersing the spheres in a saturated PTX solution in 

methanol. They found that the nanometer-sized vesicles released 

PTX more efficiently than the free drug in buffer solution, which 

forms micrometer-sized particles.

“As we understand it, the mechanism of the release of encap-

sulated PTX and free PTX is similar,” says Liu. “However, the 

PTX contained in the silica vesicles is nano-sized so its release 

rate is higher.”

The researchers also incubated the PTX-filled vesicles in 

human breast- and brain-cancer cells and demonstrated that 

the encapsulated drug was more potent than free PTX in vitro. 

By labeling the vesicles with a green fluorescent dye, they 

discovered that the drug delivery system readily penetrated the 

malignant cells, explaining the potency of encapsulated PTX in 

killing cancer cells.

The team is currently planning to test the PEG polymer-func-

tionalized silica vesicles for the delivery of PTX in vivo. “These 

vesicles could be taken as a platform for encapsulation and 

delivery of various species such as other drugs and fragrances,” 

says Liu. “We are developing other types of polymer-functional-

ized hollow silica vesicles to produce stable smart systems for the 

encapsulation and delivery of pharmaceuticals and cosmetics.” ■

1. Lay, C.L., Liu, H.Q., Wu, D. & Liu, Y. Poly(ethylene glycol)-graft-

hollow silica vesicles for drug delivery. Chemistry: A European 

Journal 16, 3001–3004 (2010). 
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Schematic representation of a polymer-modified silica vesicle (top) for 

the delivery of the potent anti-cancer drug paclitaxel (PTX) (bottom).

Attaching a water-soluble polymer layer to nanometer-sized silica 

spheres improves their mobility, facilitating drug delivery in the body
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Solar cells

Cut-rate chemistry 

Photovoltaic cells made from organic compounds, rather than 

silicon wafers, are set to transform the solar energy industry. 

Because organic solar cells are made using solution processes, they 

can be spread onto flexible substrates, like films or fabrics, in the 

same manner as inks or paints. These properties open the way for 

intriguing new applications, such as light-harvesting clothes and 

window coatings—but only if scientists can find organic materi-

als that combine high solar conversion efficiency with favorable 

behavior in solutions.

Prashant Sonar and co-workers from the A*STAR Institute 

of Materials Research and Engineering in Singapore have now 

synthesized a class of molecules, based on substances called 

diketopyrrolopyrroles (DPPs), that may make organic solar cells 

cheaper and easier to produce1. These new compounds are set to 

replace the use of electron-transporting materials based on fuller-

enes—spherical hydrocarbons shaped like mini soccer balls—in 

organic photovoltaic devices. While fullerenes are excellent 

electron acceptors, their specialized structures make it difficult to 

fabricate them reliably and inexpensively.

The search for an efficient, solution-friendly material led Sonar 

and his team to DPP, a molecule containing four pentagonal 

aromatic rings and sulfur, nitrogen and oxygen functional groups. 

This compound has an electron-attracting, conjugated framework 

that can be easily modified to improve solvent compatibility. 

“Because these materials have strong absorbance in the ultraviolet, 

visible and near-infrared light regions, as well as straightforward 

synthesis, suitable energy levels, solvent-dependent morphologies 

and promising charge-transport properties, they can, in principle, 

achieve high efficiencies in organic photovoltaics,” says Sonar.

Converting photons into electricity using organic molecules 

requires the fabrication of devices known as bulk heterojunc-

tion (BHJ) cells. In these systems, electron-donating materials 

are blended with acceptors so that light-generated charges can 

be dissociated and transported to their respective electrodes, 

creating an electric circuit. To improve the energy levels of DPP 

for BHJ devices, Sonar and his co-workers modified its structure 

by adding fluorine-based acceptor units on either side of the 

central rings. In just a few synthetic steps, this produced small 

molecules with enhanced optical capabilities that are suitable for 

solution processing.

Fabricating the new DPP derivative molecules into working 

BHJ cells revealed activity over a range of light frequencies 

and power conversion efficiencies of up to 1%, the highest ever 

reported for a DPP-based electron-accepting organic semicon-

ductor. “These materials can be prepared on large scales with high 

yields, and there are several possibilities for structural modifica-

tions to improve conversion efficiencies,” says Sonar, who believes 

it is a great start to transforming the solar industry. ■

1. Sonar, P., Ng, G.-M., Lin, T.T., Dodabalapur, A. & Chen, Z.-K. 

Solution processable low bandgap diketopyrrolopyrrole (DPP) 

based derivatives: novel acceptors for organic solar cells. Journal 

of Materials Chemistry 20, 3626–3636 (2010).
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Silicon wafers used in photovoltaic cells to harvest solar energy may 

soon be replaced by organic molecules that can be manufactured 

cheaply and reliably.

Replacing expensive components of solar cells with small, electronically 

active molecules may reduce manufacturing costs
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Alternative fuels

A clean split 

The carbon dioxide (CO
2
) that streams from car exhausts and 

factory smokestacks takes much of the heat for global warming 

events because of its resilience; the carbon–oxygen double 

bond that holds together a CO
2
 molecule is extremely stable. 

Consequently, chemists have been seeking an economical way to 

split this long-lasting, atmospheric pollutant into molecules that 

they can use in reactions to produce alternative fuels.

Now, postdoctoral fellow Liuqun Gu and team leader and 

principal research scientist Yugen Zhang from the A*STAR 

Institute of Bioengineering and Nanotechnology in Singapore 

have developed a catalytic pathway that breaks apart CO
2
 and 

transforms it into carbon monoxide (CO) under very mild 

reaction conditions1. Because researchers can use CO molecules 

to convert water into hydrogen fuel, this new process may play an 

essential role in future ‘green’ energy technologies.

At the heart of Gu and Zhang’s system are organocatalysts, 

small organic compounds that can mimic the catalytic behavior 

of complex biomolecules and rare transition metals. Compared 

with other methods for splitting CO
2
, “organocatalysis systems 

have higher efficiency because the catalysts are much cheaper 

and the reaction conditions are milder,” explains Zhang.

Previously, Zhang was part of a team that used organocata-

lysts called N-heterocyclic carbenes (NHCs) to convert CO
2
 

into methanol via a silicon-based intermediate. The central 

component of NHC catalysts, an unsaturated hydrocarbon–

nitrogen ring known as imidazole, has an unshared pair of 

electrons that can trap and activate CO
2
 molecules for further 

chemical reactions.

Gu and Zhang studied how NHC organocatalysts react with 

aromatic aldehydes, benzene-based compounds that can act as 

oxygen acceptors. After initiating the reaction with a base, they 

found that without CO
2
, the aldehyde self-reacted; but with 

CO
2
, the NHC complex caused a catalyzed reaction that gener-

ated an aromatic carboxylic acid and CO.

They propose that after NHC binds to CO
2
 and activates it, 

the complex attacks the aldehyde to form a meta-stable inter-

mediate. Then, the base initiates a shift of atoms that splits CO
2
 

into the new products. Theoretical results revealed that this 

mechanism would be a net exothermic process. These results 

were backed by experiments that showed that a wide range of 

aromatic aldehydes could react with NHC to catalytically split 

CO
2
 at room temperature.

The researchers note that investigations of this sustainable 

catalytic system have only just begun. “Our future work will 

focus on combining NHC catalysts with other systems for more 

challenging CO
2
 transformations,” says Zhang. ■

1. Gu, L. & Zhang, Y. Unexpected CO
2
 splitting reactions to form CO 

with N-heterocyclic carbenes as organocatalysts and aromatic 

aldehydes as oxygen acceptors. Journal of the American 

Chemical Society 132, 914–915 (2010).
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Organic catalysts that transform CO
2
 into usable components for 

chemical reactions may help reduce greenhouse gas emissions.

Carbon dioxide molecules can be split effi  ciently using a new process 

based on organic catalysts
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Genetics

Colitis research takes guts

Ulcerative colitis is characterized by chronic inflammation of, 

and ulcers in, the large intestine. It has complex genetic and envi-

ronmental causes, and is thought to be related to the other main 

cause of inflammatory bowel disease, Crohn’s disease.

Few genes conferring susceptibility to ulcerative colitis have 

been identified; partly because researchers had considered the 

condition to have relatively low heritability. Mark Seielstad, 

formerly from the Genome Institute of Singapore, A*STAR, 

and co-workers have now identified several, previously unknown, 

ulcerative susceptibility genes and described their relationship to 

Crohn’s disease1.

The researchers performed two separate genome-wide associa-

tion studies and combined the data with those from a previously 

published study to compare the genomes of 2,693 ulcerative 

colitis patients with those of 6,791 healthy controls. They also 

tested 2,009 other patients and 1,580 controls.

In addition to confirming several genetic variants previously 

associated with ulcerative colitis, this joint analysis identified an 

additional 14 variants thought to be associated with this disease 

and a further ten already associated with Crohn’s disease and 

inflammatory bowel disease.

Most of the genes identified encode proteins of unknown 

function. Two of them, however, were already known to contain 

domains that regulate immune system function by modifying 

other proteins, and a third encodes an enzyme called phospholi-

pase A2 (PLA2), which is involved in producing small molecules 

that mediate inflammation. 

The researchers examined the activity of six of these genes, 

and found that they have very different expression patterns. 

Several are expressed in the large intestine, with one expressed 

specifically at the base of epithelial cells, while others are more 

active in the immune system. They discovered that one of the 

genes, ORMDL3, is expressed in a structure called the endo-

plasmic reticulum, and is involved in a cellular stress response. 

Surprisingly, they revealed that the PLA2 gene is expressed in the 

small, but not the large, intestine.

This study brings the total of variants associated with ulcer-

ative colitis to 27. It implicates a number of processes in the 

development of the condition, including aberrant regulation of 

immune responses and reduced integrity of the epithelial cells 

in the small intestine, the researchers note. The findings also 

confirm that ulcerative colitis shares some susceptibility genes 

and pathological mechanisms with Crohn’s disease, but that some 

of the genes and mechanisms are specific to each.

The researchers write that the challenge now is both to identify 

additional genetic factors and to translate these advances into real 

benefits for individuals with ulcerative colitis. ■

1. McGovern, D.P.B. et al. Genome-wide association identifies 

multiple ulcerative colitis susceptibility loci. Nature Genetics 

42, 332–337 (2010). 
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With the identification of several genes associated with ulcerative 

colitis, relief may be a step closer for sufferers of this chronic, inflam-

matory condition of the large intestine. 

A large-scale genomic study identifi es genes associated with bowel 

disease and provides clues to their functions

GENETICS & DISEASE

A*STAR RESEARCH APRIL 2010 – SEPTEMBER 201036

© 2010 A*STAR
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Revealing hidden vulnerabilities

Kawasaki disease (KD) is the most common cause of heart disease 

among children in the developed world, and has the potential to 

inflict severe coronary damage if not treated promptly. However, 

remarkably little is known about the pathology of this inflam-

matory disorder, and although there is strong evidence for a 

hereditary component, research suggests that KD arises from the 

interplay of both genetic and environmental factors.

“All the epidemiology points to an infectious agent,” says 

Martin Hibberd of the A*STAR Genome Institute of Singapore. 

“There’s probably a bacterium or virus initiating the disease, but 

we have not consistently found a specific one of these in every 

case.” Hibberd has been studying KD for over a decade, but 

without a clear causative agent, he and his colleagues have been 

forced to speculate about the pathology of KD.

Fortunately, an ongoing collaboration between Hibberd’s group 

and members of the International Kawasaki Disease Genetics 

Consortium has now achieved important progress on this front1. 

They used a multi-pronged approach to zoom in on genes of 

interest, working with KD patients and controls from four dif-

ferent countries in an effort to identify small genomic sequence 

variations, ‘single-nucleotide polymorphisms’ (SNPs), that might 

be associated with susceptibility to KD.

Between these two datasets, they characterized 40 SNPs with 

a potentially significant link to the disease, and subsequently 

identified eight genes containing sequence variations that 

may represent meaningful risk factors. These initial findings 

contained some promising leads, such as the gene encoding 

AT-binding transcription factor 1 (ZFHX3). “ZFHX3 has since 

been identified in two recent publications as influencing heart 

disease,” says Hibberd, “and this may show us how KD can lead 

to heart involvement.”

To establish additional biological context for their data, the 

researchers further analyzed their results with software that combs 

through published data to glean information about functional rela-

tionships between genes. This enabled them to fit several of their 

genes into a larger network of interacting factors, revealing a number 

of potential mechanisms by which an infectious agent could trigger 

the catastrophic inflammatory response observed in KD patients.

Having identified a number of promising starting points, 

Hibberd and his co-workers now intend to dig deeper to get at 

the roots of KD. “We are now looking for a more detailed under-

standing of the host response pathways involved,” he says, “and we 

are also finely mapping the genes we identified to try to find the 

specific genetic variations that are causing the disease.” ■

1. Burgner, D. et al. A genome-wide association study identifies 

novel and functionally related susceptibility loci for Kawasaki 

Disease. PLoS Genetics 5, e1000319 (2009). 
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Data-mining software enables the reconstruction of a putative gene 

network containing several recently identified potential risk factors. 

Further analysis of this network could help researchers understand 

the biological bases for the connection between pathogen infection 

and Kawasaki disease.

The International Kawasaki Disease Genetics Consortium uncovers 

multiple genes potentially involved in an enigmatic childhood disease
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Deletion reveals neuron loss

Parkinson’s disease (PD) is a progressive neurodegenerative con-

dition characterized by tremor and rigidity, which result from the 

death of dopamine-producing neurons in the midbrain.

The disease is associated with mutations in at least five different 

genes, including several in different regions of the gene encoding 

an enzyme called Leucine-rich repeat kinase 2 (LRRK2). Some 

mutations of this protein block its activity while others enhance it, 

and neuroscientists consider it as a master regulator that is critical 

for PD development. However, LRRK2’s biological functions—

thought to be many—are largely unknown.

To investigate, a group of researchers led by Jianjun Liu, 

associate director and senior group leader at A*STAR’s Genome 

Institute of Singapore isolated the zebrafish version of the 

LRRK2 gene. They used a method called RNA inhibition to 

block synthesis of the LRRK2 protein in the zebrafish, and found 

this to be lethal to the embryos1.

The researchers then used a variation of the same method 

to interfere with LRRK2 synthesis, so that the embryos made 

a shortened version of the protein lacking a region called the 

WD40 domain. These embryos developed normally, but there 

was increased death of dopaminergic cells (see image), and some 

of the brain’s neural pathways were disorganized. As a result, the 

larvae were unable to swim properly.

Liu and his co-workers also found that these defects could be 

partially rescued by injections of normal zebrafish and human 

LRRK2, and by mutant forms of zebrafish LRRK2 containing 

the WD40 domain. The swimming defects, but not cell death, 

were also rescued by L-Dopa, the dopamine precursor commonly 

used to treat PD patients. 

By showing that deletion of the WD40 domain from zebrafish 

LRRK2 is sufficient to produce neurodegeneration and symptoms 

that are very similar to PD in humans, the team’s results provide 

fresh insights into LRRK2 function. Not only do the results 

underline the usefulness of the zebrafish as an animal model of 

human PD, they also indicate that these fish could be used to 

screen new drugs developed to treat PD, according to the team.

“It is hard to tell how the WD40 deletion leads to Parkinson’s-

like degeneration and symptoms,” says Liu, “but we are now 

generating stable mutant zebrafish lines to address this issue. The 

WD40 domain is involved in protein–protein interactions, so we 

speculate that deleting it could interrupt the interaction between 

LRRK2 and its substrate proteins.” ■

1. Sheng, D. et al. Deletion of the WD40 Domain of LRRK2 

in zebrafish causes Parkinsonism-like loss of neurons and 

locomotive defect. PLoS Genetics 6, e1000914 (2010). 
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Normal zebrafish embryos (left) have more dopamine-producing 

neurons than embryos lacking the WD40 domain of LRRK2 (right), 

as revealed by staining for tyrosine hydroxylase (top) and dopamine 

transporter (bottom).

Zebrafi sh provide clues to the function of a key Parkinson’s disease gene 
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Revealing a regulatory divide

Gene regulation in mice and humans has diverged substantially 

during the 75 million years since they shared a common ancestor, 

according to a recent study by Guillaume Bourque and co-workers 

at the A*STAR Genome Institute of Singapore1. Their findings 

suggest that more careful research is needed into such differences 

between the two species, particularly as mice are used as a primary 

model for humans in medical research.

In a direct comparison of the mouse and human genomes, the 

researchers found that two key proteins that regulate the activity 

of genes in embryonic stem cells bind only at about 5% of the 

same sites. This implies that the genes that are switched off and 

on, and the timing of the switching, are likely to be different 

between mice and humans. Up to 25% of the binding sites are 

found in repeat sequences frequently referred to as ‘junk’ DNA, 

meaning that more of the genome plays a role in gene regulation 

than previously thought.

Bourque and his co-workers used a technology called ChIP-

Seq, in which specific DNA-binding proteins are fixed in place 

on the genome, which is then chopped into small segments. 

Pieces linked to these proteins are then retrieved by means of 

binding to an antibody, and the DNA to which they are linked is 

sequenced and identified.

The researchers focused on three regulatory proteins—the 

transcription factors Oct4 and Nanog that play a significant 

role in preventing embryonic stem cells from specializing, and 

Ctcf, which is thought to preclude interactions between gene 

enhancers and promoters.

They found that while few binding sites for Oct4 and Nanog 

were conserved between the two species, up to half the binding 

sites for Ctcf were the same. In the case of Oct4, the researchers 

demonstrated that the locations of the binding sites correlated 

with regulation of the activity of nearby genes.

Even though the elements of controlling pathways are the 

same, Bourque says, the details of regulation are different. As a 

substantial amount of medical research is undertaken using the 

mouse as model organism, information as to how their genes are 

regulated is of critical importance.

Such differences between genomes, however, are not limited to 

species. “Even between the genomes of individual humans, there 

are a lot of equivalent differences—and we are studying this now,” 

explains Bourque. “These regulatory differences may provide 

answers to questions such as why certain people are susceptible 

to a disease, or are responsive to a particular treatment.” ■

1. Kunsarso, G., Chia, N.-Y., Jeyakani, J., Hwang, C., Lu, X., Chan, Y.-S., 

Ng, H.-H. & Bourque, G. Transposable elements have rewired the 

core regulatory network of human embryonic stem cells. Nature 

Genetics 42, 631–634 (2010). 
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Elements of controlling pathways of mouse and human genomes are 

the same, but the details of regulation are different.

Mammalian genomes display large diff erences where the regulatory 

proteins of their embryonic stem cells bind
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Evolutionary genetics

Keeping cancer at bay

One of the best known cellular tumor suppression systems 

evolved more than a billion years ago, far earlier than previously 

thought, research results from A*STAR’s p53 Laboratory and 

Bioinformatics Institute suggest. A team led by Sir David Lane 

has found the p53 gene and its regulator Mdm2 to be present in 

placozoans, the simplest known, free-living, multicellular, inverte-

brate animal1. The work not only provides greater understanding 

of the history of an important, highly conserved genetic pathway, 

but also opens up a useful system for examination and experimen-

tation in the laboratory.

The p53 protein plays a pivotal anticancer role in cells. It can 

stabilize damaged DNA by activating repair proteins and regulat-

ing the cell cycle to allow these proteins time to work. Until an 

emergency, p53 is kept at low levels by Mdm2, which binds to 

p53 to prevent it from acting and then initiates its degradation. 

All vertebrate animals sequenced to date have p53 and Mdm2 

genes, but two invertebrates used as genetic model organisms—

the fruit fly, Drosophila melanogaster and the nematode worm, 

Caenorhabditis elegans—have only the p53 gene.

Lane and his co-workers searched the recently sequenced 

genome of the only known species of placozoan2, Trichoplax 

adhaerens (see image), for genes similar to human Mdm2 and 

p53. They used BLAST software that detects regions of similarity 

between the sequences in genomes.

In the placozoan genome, they found matching genes carrying 

identical amino acids in more than 20% of the same positions. In 

several domains of the placozoan genes, where compounds that 

can activate p53 are bound, the sequences were even more similar. 

This implies that the placozoan p53 and Mdm2 genes interact 

with similar compounds, and suggests that the entire tumor sup-

pression pathway has been evolutionarily conserved.

Interestingly, p53 in the placozoan is much closer in sequence 

to human p53 than either the fruit fly or the nematode. Since the 

equivalent of Mdm2 has not been found in the latter two species, 

the researchers suggest that they may well have diverged from the 

ancestral tumor suppression system, losing key elements of the 

pathway in the process.

As Trichoplax can be cultured easily in the laboratory, and 

has such a small genome, Lane and his co-workers propose to 

use it to trace elements of the pathway that are not encoded 

in the genes, such as where p53 binds to the DNA. They also 

want to determine how the p53 system works in each of the four 

Trichoplax cell types. ■

1. Lane, D.P., Cheok, C.F., Brown, C., Madhumalar, A., Ghadessy, F.J. & 

Verma, C. Mdm2 and p53 are highly conserved from placozoans 

to man. Cell Cycle 9, 540–547 (2010).

2. Srivastava, M. et al. The Trichoplax genome and the nature of 

placozoans. Nature 454, 955–60 (2008). 
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A specimen of Trichoplax in laboratory culture. This flat organism 

has only four cell types and a small genome (scale bar, 200 μm).

Analysis of the genome of a primitive seafl oor dweller shows 

that a well-known system for controlling DNA damage is highly 

conserved evolutionarily
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Development

Getting with the program

Researchers in Singapore have determined patterns of gene 

expression in single cells surgically isolated from very early mouse 

embryos to understand how different cell types arise before the 

implantation of the embryo into the mother’s uterus1.

Soon after fertilization, a series of cleavages leads to the forma-

tion of a cell bundle called the morula, which later develops into 

the blastocyst containing a cavity that separates the outer cell layer 

from the inner cell mass (ICM) (see image).

At around the 64-cell stage, just before implantation, the blas-

tocyst contains three different cell types—cells of the trophecto-

derm, the primitive endoderm, and the epiblast. Embryonic stem 

cells are derived from the epiblast.

“Until now, the regulatory genetic networks that give rise to 

these different cell types in the pre-implantation embryo have 

been poorly understood,” says team leader Paul Robson of the 

Genome Institute of Singapore, A*STAR. “We set out to define 

the earliest events leading to cell differentiation during the 

morula–blastocyst transition.”

Robson and his co-workers analyzed the expression of 48 dif-

ferent genes in more than 500 individual cells sampled from fer-

tilization to the 64-cell stage. The genes studied mainly encode 

proteins called transcription factors that regulate the expression 

of other genes. They found that up to the early 16-cell stage, 

there were no recognizable differences between individual cells 

within an embryo.

“These early morula-stage cells all expressed a similar range 

of transcription factors, indicating that different cell types had 

not yet formed,” explains Robson. “But by the 64-cell stage, the 

three main cell types that make up the blastocyst were express-

ing characteristic suites of transcription factors and could be 

readily distinguished.

The team also showed that the earliest, detectable, differential 

expression occurred in the late morula, with the transcription 

factor Id2 marking outer cells and Sox2, a key reprogramming 

factor, marking the inner cells.

Later, at around the 32-cell stage, the researchers identified an 

inverse correlation in the expression of the signaling molecule 

FGF4 and its receptor between individual cells of the ICM. 

Inhibition of this signaling axis led to a block in primitive 

endoderm formation with all ICM cells becoming epiblastic. 

This suggests that signaling events determining cell position 

within the blastocyst occur before maturation of the transcrip-

tional program.

“Our results, based on the powerful approach of single-cell gene 

expression profiling, have provided unprecedented insight into 

the regulation of cell differentiation during the morula–blastocyst 

transition in the mouse,” says Robson. ■

1. Guo, G., Huss, M., Tong, G.Q., Wang, C., Sun, L.L., Clarke, N.D. 

& Robson, P. Resolution of cell fate decisions revealed by 

single cell gene expression analysis from zygote to blastocyst. 

Developmental Cell 18, 675–685 (2010). 
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Mouse pre-implantation development from the fertilized one-cell 

stage to the blastocyst (64-cell) stage. Individual cells of cleavage-stage 

embryos (one-cell to eight-cell stages) remain totipotent, meaning that 

each one has the capacity to form an entire organism. By the 64-cell 

stage, three distinct cell types are distinguishable. The inner cell mass is 

visible at the top of the blastocyst. 

Single-cell gene expression profi ling reveals specifi c genetic programs 

underlying cell diff erentiation in pre-implantation mouse embryos
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Metabolic engineering

Clearing a hurdle

Zhiwei Song and co-workers at the A*STAR Bioprocessing 

Technology Institute in Singapore have developed a genetically 

modified mammalian cell line that could greatly increase the 

efficiency of glycoprotein drug production1.

Protein glycosylation is the natural process by which many 

proteins are converted into glycoproteins after their manufac-

ture in cells through the enzymatic attachment of carbohydrate 

‘glycans’, which alter their stability and activity. For example, 

erythropoietin (EPO) is a glycoprotein hormone that controls red 

blood cell production. Genetically engineered ‘recombinant’ EPO 

is used to treat anemia caused by kidney disease or cancer therapy, 

as well as cardiovascular disease. Infamously, it is also abused by 

‘blood-doping’ athletes to increase endurance.

Like many other glycoproteins, EPO is sialylated, meaning 

that its glycans contain sialic acid. When sialic acid is removed, 

residues of the sugar galactose are exposed. These galactose 

residues are recognized by receptors in the liver, leading to 

EPO’s rapid clearance from circulation. Highly sialylated EPO 

therefore stays in the bloodstream much longer than less well 

sialylated EPO.

“Proper sialylation of glycoproteins drugs such as recombi-

nant EPO is crucial for their therapeutic efficacy,” says Song. 

“Unfortunately, much of the recombinant EPO made using 

present biotechnological methods is not fully sialylated and has 

to be discarded.”

In a bid to resolve this problem, the researchers studied factors 

affecting glycoprotein sialylation in lines of Chinese hamster 

ovary (CHO) cells, which are widely used for the commercial 

production of glycoprotein drugs (see image).

Analyzing glycoprotein sialylation using conventional bio-

chemical methods is laborious and costly. Instead, the research-

ers used a technique called isoelectric-focusing (IEF), which 

efficiently separates different molecules by their electric charge 

differences. “IEF allowed rapid assessment of the sialylation 

patterns of glycoproteins produced under different conditions or 

by different CHO cell lines,” explains Song.

They found that some of the CHO cell lines were resistant to 

RCA-I, a sugar-binding protein (lectin) found in castor beans 

that normally kills CHO cells. DNA sequencing confirmed 

genetic analyses suggesting that the gene encoding the protein 

glycosylation enzyme GnT I was dysfunctional in the mutant 

cell lines. They corrected the defect in protein glycosylation when 

they genetically engineered the mutant cells to express normal 

GnT I. Furthermore, the team’s cell line produces recombinant 

EPO with enhanced sialylation when normal GnT I is reintro-

duced into the cells.

“We believe that our findings could be applied by the bio-

technology industry as an efficient strategy for producing highly 

sialylated EPO and other therapeutically important glycoprotein 

drugs,” says Song. ■

1. Goh, J.S.Y., Zhang, P., Chan, K.F., Lee, M.M., Lim, S.F. & Song, Z. 

RCA-I-resistant CHO mutant cells have dysfunctional GnT I and 

expression of normal GnT I in these mutants enhances sialylation 

of recombinant erythropoietin. Metabolic Engineering 

12, 360–368 (2010). 
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A Chinese hamster ovary cell stained to show the major organelles. 

Protein glycosylation is initiated in the endoplasmic reticulum (green) 

and completed in the Golgi apparatus (red), which are arranged around 

the nucleus (blue).

Effi  cient production of glycoprotein drugs to treat anemia and other 

disorders comes a step closer via genetic engineering
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Metabolism

Striking a balance

An inability to regulate blood glucose levels and vascular abnor-

malities of the pancreas have been found in mice lacking a signal-

ing protein called ‘signal transducer and activator of transcription 

3’ (Stat3)1. The work, completed by an international team of 

researchers led by Weiping Han from the Singapore Bioimaging 

Consortium of A*STAR, could have implications for the treat-

ment of diabetes.

Blood vessels transport glucose to the pancreas. When the 

levels are too high, the pancreas releases the hormone insulin, 

which is then transported away by other pancreatic blood vessels. 

Pancreatic dysfunction is linked to diabetes—the inability to 

regulate blood glucose levels—which, if left untreated, can lead to 

kidney failure or cardiovascular complications.

Since Stat3 regulates blood vessel formation in pancreatic 

cancer, Han and co-workers generated mice lacking this signaling 

protein in the pancreas (see image). They found that mice lacking 

Stat3 could not clear glucose from their blood as quickly as their 

normal counterparts. The researchers also found that, although 

the glucose-sensing function of the pancreas functioned normally 

in Stat3-deficient mice, and the pancreas released sufficient 

insulin in tissue culture after glucose administration, the live mice 

released less insulin in response to an injection of glucose.

Suspicion as to the cause of defective insulin release and 

glucose control in the Stat3-deficient mice then fell to the 

conduit of insulin from the pancreas to the rest of the body—the 

blood vessels.

After labeling blood vessels in the pancreas with a marker 

called CD31, Han and his co-workers observed that the density 

of blood vessels in the pancreas was lower in Stat3-deficient 

mice than normal mice. They suggest that the cause is likely to 

be reduced expression of vascular endothelial growth factor-A 

(VEGF-A), a protein known to be involved in regulating blood 

vessel development in many different organ systems. “This study 

establishes that Stat3 signaling is important in the regulation 

of pancreas vascular development, possibly via its regulation of 

VEGF-A,” notes Han.

“We next plan to study whether vascular abnormalities in the 

pancreas are a common mechanism that leads to defective glucose 

regulation,” says Han. If blood vessel abnormalities do exist in 

the pancreas of individuals with diabetes, these findings suggest 

that targeting the vasculature of the pancreas—for example, by 

increasing blood vessel generation there—could be a novel thera-

peutic approach to treat diabetes. ■

1. Kostromina, E., Gustavasson, M., Wang, X., Lim, C.-Y., Radda, 

G.K., Li, C. & Han, W. Glucose intolerance and impaired insulin 

secretion in pancreas-specific STAT3 KO mice are associated with 

microvascular alterations in the pancreas. Endocrinology 

151, 2050–2059 (2010). 
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Stat3 (red) and insulin (green) expression in the pancreas of control 

mice (top) and Stat3-deficient mice (bottom). Glucose regulation and 

blood vessel development was abnormal in the Stat3-deficient mice 

(scale bar, 50 μm).

Blood vessel development in the pancreas is regulated by the signaling 

molecule Stat3
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Infectious disease

Swine flu under surveillance

The H1N1 influenza A virus that emerged in 2009 spread 

rapidly around the world, infecting millions and killing hundreds. 

Although this epidemic was not as lethal as some had predicted, 

the possibility remains that highly virulent and drug-resistant new 

variants of this virus will emerge.

Viral genomes can be analyzed using standard dye termination 

DNA sequencing reactions, but although accurate, these methods 

are not practical for studying virus outbreaks because they are 

slow, costly and labor-intensive. They can also produce ambiguous 

results and false-positive base pairings. This is problematic when 

sequencing new virus variants that contain DNA mutations that 

differ from known sequences.

Now, Wing-Kin Sung and co-workers from the A*STAR 

Genome Institute of Singapore have developed a new kit capable 

of analyzing the H1N1 genome and accompanying software 

called EvolSTAR1.

The kit reduces the ambiguities inherent in results obtained by 

conventional DNA sequencing, because EvolSTAR uses novel 

algorithms to automatically identify and re-analyze ambiguous 

results. This two-step process makes the kit highly sensitive to 

mutations in the DNA sample, enabling the identification of new 

mutations with a high degree of confidence.

The kit assesses other critical regions of the virus’s genome, 

such as drug-binding sites and regions that encode structural 

components of the virus particles. It is also quick and cheap: 24 

samples can be sequenced in just 30 hours, at just one-tenth the 

cost of the commonly used 454 sequencing method.

The researchers field-tested the kit by analyzing the H1N1 

genome in patient samples. They used an advanced DNA micro-

array chip containing approximately 120,000 short DNA ‘probes’, 

which covered more than 99% of the virus genome twice and 

with an accuracy of 99.99%. The probes also provided extensive, 

repeated coverage of 36 mutation ‘hotspots’ and ten drug-binding 

sites within the virus genome.

“For standard sequencing techniques, the researcher needs to 

do a lot of work purifying H1N1 from the sample prior to the 

sequencing,” says Sung. “With our technique, we can directly 

sequence the virus in human samples, cost-effectively and rapidly. 

This is a good tool for detecting early virus variants in an outbreak, 

and potentially preventing the spread of the virus.”

Sung and his co-workers are now developing a new version of 

the microarray chip that can detect multiple viruses in patient 

samples. They are also working on a ‘pan virus’ chip that can 

rapidly sequence any new strain of flu virus. ■

1. Lee, C.W. et al. Large-scale evolutionary surveillance of the 2009 

H1N1 influenza A virus using resequencing arrays. Nucleic Acids 

Research 38, e111 (2010).
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A model of the H1N1 influenza A virus based on electron micrograph 

images.

An effi  cient tool for monitoring the emergence and spread of new H1N1 

virus variants has been developed in Singapore
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Infectious disease

Stopping flu in its tracks

In 2009, governments found themselves racing to stay on top of 

the influenza A (H1N1) pandemic, and Singapore was among 

the nations confronted with the challenge of tracking and con-

tainment efforts to effectively thwart the spread of this virus.

The risk of viral transmission is especially severe within 

‘closed’ environments such as schools or workplaces, but some 

models suggest that a strategy known as ‘ring prophylaxis’ 

could prove effective at outflanking influenza in such settings. 

“Essentially, you treat all the people that are likely to be in 

contact with people affected with the disease,” explains Martin 

Hibberd of the A*STAR Genome Institute of Singapore. 

“The treated people should be resistant to the disease, if the 

models are correct, and thus the virus cannot be transmitted to 

unaffected people.”

Hibberd helped put this strategy to the test last summer, when 

his group partnered with clinicians and scientists associated 

with the Singaporean government in efforts to contain H1N1 

transmission at four different military installations1. At each site, 

medical staff promptly isolated confirmed cases and treated co-

workers in contact with the affected individuals with oseltamivir 

(Tamiflu), an effective treatment for H1N1. Regular screening 

of asymptomatic personnel ensured that additional positive cases 

would be quickly identified.

Because of influenza’s high mutation rate, analysis of genomic 

variations can help researchers to reconstruct infection patterns; 

Hibberd and his co-workers used whole-genome sequencing 

to characterize viral samples whenever possible. This enabled 

them to chart viral spread at each site and confirm the internal 

transmission of the virus—as opposed to multiple, independent 

infection events—at each military installation.

The ring prophylaxis strategy proved highly effective at 

limiting viral spread at each site: the investigators determined 

that the average number of secondary cases arising by trans-

mission from a given infected individual switched from a level 

representing a rapid expansion, pre-intervention, to a halt of the 

outbreak, post-intervention.

Further analysis demonstrated that this reduction was signifi-

cantly greater than if confirmed cases were simply isolated. “Clearly, 

this approach could be used as an effective method to prevent 

disease spread, perhaps in places like hospitals,” says Hibberd.

Individuals at each of the outbreak sites were generally com-

pliant with prophylaxis—overall, 95.4% of personnel completed 

treatment—but a handful of new H1N1 cases nevertheless 

emerged post-intervention, and the investigators are now trying 

to understand why. “We are currently looking at whether the 

very few failures were due to evolution leading to drug-resistant 

viruses or late delivery of prophylaxis,” says Hibberd. ■

1. Lee, V.J. et al. Oseltamivir ring prophylaxis for containment of 

2009 H1N1 influenza outbreaks. New England Journal of Medicine 

362, 12–20 (2010). 
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Oseltamivir (Tamiflu) is an effective prophylactic treatment against 

influenza A H1N1.

A containment-oriented treatment strategy may help limit spread of 

infl uenza in schools and hospitals
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Infectious disease

Harbinger of hepatitis

Damaging periods of inflammation in the liver—called hepatic 

flares—can be induced by the hepatitis B virus (HBV). Two 

proteins—specifically the chemokines CXCL-9 and CXCL-10, 

which are involved in controlling immune system activities—

may regulate hepatic flares in human HBV patients, according 

to a study led by Antonio Bertoletti from A*STAR’s Singapore 

Institute for Clinical Sciences1. 

In five HBV patients who interrupted their antiviral therapy 

due to toxicity concerns, the researchers tracked changes in a 

panel of blood cells and proteins that modulate inflammation. 

In a ‘longitudinal’ analysis where the patients’ blood was sampled 

every month for almost a year, Bertoletti and his team observed 

that therapy interruption led to an initial increase in HBV DNA 

in the blood, followed by a hepatic flare.

During this increase in HBV DNA, the researchers saw no 

changes in any types of inflammatory molecules in the blood, 

suggesting that HBV somehow escapes recognition by the 

immune system during the initial stages of viral replication.

In four of the five patients, however, they observed hepatic 

flares that occurred simultaneously with a substantial increase 

in CXCL-9 and CXCL-10. These molecules attract T cells—a 

type of white blood cell—to various organs, and may play 

a role in driving immune cell infiltration of the liver, leading 

to hepatitis.

In ‘cross-sectional’ studies that confirmed the longitudi-

nal study, Bertoletti and his co-workers found high levels of 

CXCL-9 and CXCL-10 in other HBV patients with acute 

hepatitis, and in chronic HBV patients who spontaneously 

developed hepatic flares. However, they found no such increases 

in uninfected controls or in chronic HBV patients not experienc-

ing hepatic flares.

Although CXCL-9 and CXCL-10 are involved in T cell 

recruitment, the researchers found no increase in HBV-specific 

T cells in the blood of the HBV patients during their hepatic 

flares. They therefore think that these T cells play a role in viral 

control, but not in liver inflammation.

“The demonstration that chemokines—able to recruit generic 

inflammatory cells—are increased during hepatic flares confirms 

the idea that liver damage is mainly mediated by the recruitment 

of inflammatory cells into the liver,” explains Bertoletti. “HBV-

specific T cell responses are likely more important for protection.” 

Although observed previously in animal models, these are the 

first such observations in human HBV patients, he notes.

The team suggests that drugs that inhibit CXCL-9 and 

CXCL-10 may be efficacious in preventing hepatic flares—and 

therefore avert liver damage—in HBV-infected patients.  ■

1. Tan, A.T., Koh, S., Goh, W., Zhe, H.Y., Gehring, A.J., Lim, S.G. & 

Bertoletti, A. A longitudinal analysis of innate and adaptive 

immune profile during hepatic flares in chronic hepatitis B. 

Journal of Hepatology 52, 330–339 (2010).
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In healthy livers and chronic HBV patients, levels of the inflammatory 

molecules CXCL-9 and CXCL-10 do not increase.

Flares of liver infl ammation in hepatitis B patients are linked to an 

increase in the blood of two specifi c proteins
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Infectious disease

Flying under the radar

Researchers from the A*STAR Singapore Immunology Network 

and Institute for Infocomm Research have shown how a virus can 

re-emerge as an epidemic after laying dormant for more than 20 

years by mutating to avoid detection by the immune system1.

Chikungunya virus is a mosquito-borne virus that causes fever, 

headache, nausea and vomiting, often accompanied by severe 

muscle pain that can last several years. The virus infected some 

100,000 people in Africa and Asia between the 1960s and 1980s 

(see image) before becoming inactive.

Recently, however, a more virulent strain of chikungunya 

virus that can enter the brain and cause fatal hemorrhaging has 

emerged. Outbreaks have infected millions in Southeast Asia and 

the Pacific, but why the virus has re-surfaced after more than 20 

years has remained unclear.

To examine genetic diversity of the virus and how it has 

changed over time, lead investigators Lisa Ng and Victor Tong 

compared chikungunya virus DNA and protein sequences 

obtained from individuals who were infected in different parts of 

the world between the 1950s and the present.

The analysis revealed that viruses isolated from individuals in 

India, Mauritius and Senegal since 1983 had accumulated up to 

seven different mutations within a specific region of a structural 

protein called E2. It also revealed numerous mutations in the 

genes encoding other structural proteins.

The researchers used mathematical and statistical techniques, 

called bioinformatics, to predict how the mutations might affect 

binding of human leukocyte antigen (HLA) molecules—key 

components of the human immune system—to the virus. This 

showed that 62 of the mutations resulted in the inability of all 41 

known HLA molecules to bind to the structural virus proteins.

The mutated region of the E2 protein is normally recognized 

by HLA molecules, which then ‘present’ it to the cells that 

produce antibodies, so that a stronger defense can be mounted. 

The immune response itself may therefore be the driving force 

behind virus evolution.

Mutation of the E2 domain thus enables the virus to evade 

the immune system, making it more virulent. The researchers 

speculate that changes in E2 structure prevent HLA binding, or 

interfere with the immune response in other ways. The muta-

tions may also increase transmission of the virus, and enable it to 

replicate more efficiently within its mosquito carriers.

“We are currently tracking new outbreaks of chikungunya 

virus and constantly updating our databases with the newly 

added information,” says Ng, adding that their findings will 

become “important baseline data which could be used for 

vaccine designs.” ■

1. Tong, J.C., Simarmata, D., Lin, R.T.P., Rénia, L. & Ng, L.F.P. HLA class 

I restriction as a possible driving force for chikungunya evolution. 

PLoS One 5, e9291 (2010). 
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Proposed scenario for chikungunya virus evolution over the past 

20 years, with regions of possible mixed transmissions indicated by 

dotted red squares, spread indicated by yellow arrows, and possible 

evolutionary route by green arrow.

A virus, dormant for two decades, re-emerges after evolving to evade its 

host’s natural defenses
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Immunology

Viral hitchhiker

Endemic in many parts of southern and southeastern Asia, 

including Singapore, chikungunya fever is a debilitating, mos-

quito-borne illness that causes rash, joint pain and high fever. 

The chikungunya virus causes this disease, but it has been unclear 

which cells within the body become infected by the virus. Thanks 

to an international research team led by Lisa Fong Poh Ng from 

A*STAR’s Singapore Immunology Network, we now know that 

the chikungunya virus infects blood cells called monocytes during 

the early phase of infection, and that these cells may not only 

harbor and transport the virus to joints, but could also control 

viral levels in the blood1.

Ng and her co-workers examined blood cells from patients 

infected with the chikungunya virus. They detected the virus in 

monocytes, which are generally involved in fighting viral infec-

tions. However, they also observed that higher levels of the virus 

in these cells were linked to higher levels of the virus in the blood, 

and in cell culture, the researchers could infect monocytes col-

lected from healthy patients. These findings suggest that mono-

cytes may be involved in the induction of chikungunya fever by 

serving as ‘factories’ that churn out new viral particles, sustaining 

the initial infection by the chikungunya virus.

As the joint pain caused by an infection with the chikungunya 

virus requires the spread of the virus to the joints (see image), the 

researchers suggest that infected monocytes may serve to spread 

the virus they harbor to these locations in the body. This could 

lead to chronic joint problems that may persist even after initial 

clearance of the chikungunya virus infection from the blood.

The human immune system can reduce viral levels in the 

blood within a few days of infection with the chikungunya virus. 

Consistent with this timing, the researchers found that chikun-

gunya viral levels can be controlled quickly in monocytes in cell 

culture. The team therefore argues that these cells may also have a 

role in halting viral spread in the body, probably by secreting anti-

viral cytokines such as interferon-α, which the team found in the 

tissue culture media of monocytes that had been exposed to the 

chikungunya virus. This dual role of monocytes—to replicate and 

then to blunt chikungunya virus infection—could be harnessed to 

fight the infection in humans.

“Our results provide a better understanding on the basic 

mechanisms of chikungunya virus infection and early anti-viral 

immune responses,” explains Ng, “and will help in the develop-

ment of future effective control strategies.” ■

1. Her, Z. et al. Active infection of human blood monocytes by 

chikungunya virus triggers an innate immune response. Journal 

of Immunology 184, 5903–5913 (2010).
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Chikungunya viruses (top, yellow) may hitch a ride with monocytes (top 

left), which mature to macrophages (top right), to joints where they 

can cause ongoing joint pain long after the virus has been cleared from 

the blood.

Success in deciphering the mechanisms of infection and spread of 

chikungunya virus within humans points the way to control strategies
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Immunology

Signaling disease

Human susceptibility to infection by pathogens is affected by 

variations in an important regulator of a protein that is pivotal to 

stimulating the immune response, according to an international 

team of molecular biologists led by Chiea Chuen Khor of the 

A*STAR Genome Institute of Singapore (GIS)1. The work repre-

sents a first step toward new therapies to strengthen the immune 

system against multiple and diverse infections.

Previous studies have shown that individual susceptibility to 

disease depends not only on obvious environmental factors, such 

as the state of nutrition and general health, but also on underly-

ing genetic factors. Until now, however, with the exception of 

mutations directly impacting the immune system, there has been 

limited research on the general genetic environment affecting 

susceptibility to infectious disease.

A principal weapon against infectious disease is the inflam-

matory cytokine response, a chain of biochemical signals that 

determines the magnitude and duration of the immune response. 

The response is stimulated by the production and release of 

interleukin-2. The inflammatory response must be carefully 

targeted and controlled because, in excess, it can be as harmful as 

the infections it counters.

The team’s work focused on CISH gene variants that are carried 

by a significant proportion of the human population—more than 

one third of Southeast Asians, for instance. This gene is stimu-

lated by interleukin-2 and is responsible for the production of 

CISH, a negative regulator of interleukin-2 and its interactions.

To test whether variants of the CISH gene may influence the 

gene’s ability to act on interleukin-2, and hence affect human 

susceptibility to common infectious diseases, Khor and his co-

workers analyzed blood-sample data from about 8,400 people 

in Gambia, Hong Kong, Kenya, Malawi and Vietnam. They 

tested the association between five mutations, called nucleotide 

polymorphisms (SNPs), in CISH and susceptibility to bacterial 

infection, tuberculosis and severe malaria.

They found that people carrying any one of these SNPs are 

about 18% more susceptible to infectious disease, and that the 

increased risk is additive, rising to about 81% for those with four 

or more of the CISH SNPs. “This is the first time a controller of 

immune signaling has been implicated in human susceptibility to 

infection,” Khor says.

“Under the leadership of Martin Hibberd of the GIS, we 

are currently undertaking large-scale genome-wide association 

studies on a variety of other infectious diseases involving multiple 

field sites,” explains Khor. “The plan is to identify culprit genes 

which modify human susceptibility to infections, thus providing 

potential targets for pharmacological or immunological manipu-

lation in the future.” ■

1. Khor, C.C. et al. CISH and susceptibility to infectious diseases. New 

England Journal of Medicine 362, 2092–2101 (2010). 
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Pathogens, such as bacteria, have a greater chance of infecting indi-

viduals who carry variants of the CISH gene, which is involved in 

controlling the immune response.

Individuals carrying variants of a gene involved in controlling the immune 

response are prone to infection
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Immunology

Directing the defenders 
and destroyers

The immune system comprises two distinct branches that defend 

against infection in different ways. Cells of the innate immune 

system such as macrophages recognize microbes and destroy 

them. They also activate cells of the adaptive immune system such 

as T cells and B cells to provide longer-lasting defense.

The adaptive immune system also regulates the innate 

immune system, but in less clearly defined ways. Subhra K 

Biswas of the A*STAR Singapore Immunology Network (SIgN) 

and co-workers from the SIgN and the A*STAR Bioprocessing 

Technology Institute have now provided the first evidence that B 

cells play an essential role in regulating the physiological proper-

ties of macrophages1.

Macrophages are broadly divided into two types. M1 macro-

phages are induced by microbes and chemicals released during 

inflammation, and have potent anti-microbial and anti-tumor 

properties; M2 macrophages are induced by exposure to anti-

inflammatory molecules, and are involved in tissue repair but also 

promote tumor growth (see image).

Biswas and his co-workers isolated macrophages from normal 

mice and mutant animals lacking B cells, and stimulated them 

with bacterial lipopolysaccharides (LPSs) to induce an inflam-

matory response. Compared to normal animals, cells from the 

mutants expressed high levels of pro-inflammatory genes but 

low levels of the anti-inflammatory gene Il10, indicating that the 

absence of B cells produces an enhanced inflammatory response 

from macrophages.

The researchers then cultured macrophages with two different 

types of B cells (types B1 and B2) and studied their LPS response. 

They found that macrophages co-cultured with B1 cells and 

treated with LPS expressed low levels of the inflammatory genes 

and higher levels of Il10, compared with macrophages cultured 

with B2 cells or alone.

Further experiments revealed that B1 cells also induce the M2 

type of macrophage in live animals by synthesizing and secreting 

Il10—which then induces its own expression, and that of other 

M2-phenotype specific genes—in macrophages.

Finally, Biswas and his colleagues investigated the effect of 

B1 cells on macrophages found in tumors by injecting mice with 

cancerous cells and then treating them with either B1 or B2 cells. 

In the animals injected with B1 cells, they observed increased 

expression of M2 phenotype genes and slightly increased tumor 

growth. Thus, B1 cells induced these macrophages to adopt a 

tumor-promoting M2 phenotype.

“Targeting macrophages to control cancer progression is an 

attractive strategy but very little is known about their role in 

human cancers,” says Biswas. “We are now investigating this, with 

the aim of identifying the molecular mechanisms that trigger 

macrophages into tumor-promoting mode.”  ■

1. Wong, S.-C., Puaux, A.-L., Chittezhath, M., Shalova, I., Kajiji, T.S. 

Wang, X., Abastado, J.-P., Lam, K.P. & Biswas, S.K. Macrophage 

polarization to a unique phenotype driven by B cells. European 

Journal of Immunology 40, 2296–2307 (2010).
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Schematic diagram showing the two types of macrophages that can 

either defend the host from invading microbes and prevent tumor 

growth (M1) or promote tissue repair and tumor growth (M2). Their 

interaction with B cells is also shown.

Identifi cation of a previously unknown interaction between 

immune-system cells points the way to novel cancer treatments 
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Biosensors

Heart of the matter

The detection of endothelial progenitor cells (EPCs)—specific 

biomarkers for vascular diseases that exist at low concentrations 

in blood—is a time-consuming process that requires large blood-

sample volumes from patients. To reduce patient discomfort 

and delay in vascular disease diagnosis, a team led by Yu Chen 

from the Institute of Microelectronics of A*STAR, Singapore, 

has developed a microfluidic device that rapidly detects low EPC 

levels in blood-cell samples1.

The researchers adapted a gold microelectrode array (MEA), 

previously employed in cell attachment studies2, for their EPC 

detection device. A unique configuration of horse-shoe shaped 

microfabricated electrodes concentrates EPCs at the center of 

other, disk-shaped electrodes through a technique called negative 

dielectrophoresis. Measuring the impedance between the horse-

shoe shaped and disk electrodes allows the device to spot EPCs 

and determine their concentration.

“The electrode design combines both impedance detection and 

negative dielectrophoresis functions—which is different from 

approaches proposed by other researchers,” says Chen.

The researchers modified the array by depositing a layer of 

organosulfur molecules on the gold electrodes through self-

assembly. Then, they fixed a microchamber comprised of a well 

flanked by two holes serving as fluid inlet and outlet to deliver 

blood samples onto this array. Finally, they tethered EPC-

selective antibodies to the self-assembled monolayer to create 

EPC-specific MEA chips.

According to Chen, they needed antibodies that specifically 

bind EPCs because the target cells are mixed with peripheral 

blood mononuclear cells (PBMCs) in the sample. Therefore, they 

loaded the sample in the open microchamber and removed the 

non-specific PBMCs through a washing step while keeping the 

EPCs on the electrode.

EPCs assist the repair of blood vessel linings by differentiating 

into vascular endothelial cells. They also enhance the efficiency of 

stents—tubes inserted into blood vessels—to prevent the accumu-

lation of plaque on arterial walls, which restricts blood flow to the 

heart. This microfluidic EPC detection system may be helpful for 

cardiologists to assess the need for stent implants in patients and 

determine if stents work properly (see image).

Chen and her co-workers are currently optimizing their sample 

preparation process to better isolate EPCs and PBMCs from 

blood. They are also investigating methods to further integrate 

separation and detection functions. “The final goal is to detect 

EPCs from [a] few drops of blood through sample preparation 

and detection functions,” says Chen. “The system will also have 

multiplexing electrodes with a simultaneous read out function, 

which is suitable for bedside applications.” ■

1. Ng, S.Y., Reboud, J., Wang, K.Y.P., Tang, K. C., Zhang, L., Wong, P., 

Moe, K.T., Shim, W. & Chen, Y. Label-free impedance detection of 

low levels of circulating endothelial progenitor cells for point-of-

care diagnosis. Biosensors and Bioelectronics 25, 1095–1101 (2010). 

2. Chen, Y., Zhang, J., Wang, Y., Zhang, L., Reboud, J., Tang, K. & 

Balasubramanian, N. Real-time monitoring approach: Assessment 

of effects of antibodies on the adhesion of NCI-H460 cancer cells 

to the extracellular matrix. Biosensors and Bioelectronics 

23, 1390–1396 (2008).
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The endothelial progenitor cell detection chip (inset) could be used in 

the assessment of plaque build-up in blood vessels (main image).

A microfl uidic device developed in Singapore provides fast and selective 

detection of low levels of vascular disease biomarkers
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Biosensors

Color-coding hormone 
tricksters

Certain chemical pollutants can imitate hormones produced 

naturally in the body; bisphenol-A, for example, can mimic 

estrogen. Because estrogen can pass directly through cell walls to 

influence the transfer of genetic information, measuring changes 

in hormone activity with DNA-level accuracy is critically impor-

tant. Xiaodi Su from the Institute of Material Research and 

Engineering, Edison Liu from the Genome Institute of Singapore 

and co-workers from these A*STAR institutes in Singapore have 

now developed an assay that instantly measures binding inter-

actions between estrogen receptor proteins and specific DNA 

sequences1. This approach can detect single mutations in DNA 

strands as distinct color changes thanks to the optical capabilities 

of gold nanoparticles.

When hormone receptor proteins capture estrogen molecules 

that have entered the cell, the receptors move to the nucleus and 

regulate gene expression by binding to DNA sequences called 

estrogen response elements. Small changes in the nucleotide 

composition of these DNA strands can greatly affect tran-

scription rates, but detecting sequence-dependent interactions 

currently requires time-consuming labeling and separation tech-

niques, or complex instrumentation.

The method developed by Su and her co-workers uses the 

well-known aggregation behavior of gold nanoparticles to allow 

rapid identification of estrogen protein–DNA interactions by 

the naked eye. Gold nanoparticles have a rich supply of elec-

trons oscillating at their surfaces, and when clustered together 

they appear differently colored than when dispersed in solution. 

Mixing biomolecules into gold nanoparticle solutions can 

strongly influence aggregation, factors the researchers exploited 

to create their assay.

Initially, the researchers’ gold nanoparticles were coated with 

charged molecules that prevented aggregation through electro-

static forces. Each component of the hormonal system—receptor 

proteins, DNA response elements and the protein–DNA 

complex—triggered a unique color change, from red to purple 

to blue, when added to the nanoparticles in the presence of a 

salt (see image). Every biomolecule caused different degrees of 

nanoparticle association; aggregation was most obstructed by the 

bulky receptor–response complex, while small DNA chains had 

little effect on clustering.

This assay proved to be sensitive enough to distinguish single 

base substitutions in the DNA receptor elements as different 

colors. The researchers attribute this finding to slight changes 

in stability for complexes between receptor proteins and mutant 

DNA; the resulting concentration differences modify the amount 

of nanoparticle aggregation.

The high-throughput potential and simplicity of this sensing 

technique should enable accurate analysis of numerous biomo-

lecular systems, according to Su. “This concept can be adopted 

to study interactions between transcription factors and DNA, 

and to detect a wider range of transcription factors and other 

nontranscription proteins,” she says. ■

1. Tan, Y.N., Su, X., Liu, E.T. & Thomsen, J.S. Gold-nanoparticle-based 

assay for instantaneous detection of nuclear hormone receptor–

response elements interactions. Analytical Chemistry 

82, 2759–2765 (2010). 
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Schematic diagram showing how each part of a hormonal response 

system—double-stranded DNA, receptor proteins and protein–DNA 

complexes—aggregates differently when mixed with gold nanopar-

ticles (spheres, left), resulting in observable differences in color.

Gold nanoparticles power a quick and colorful method to detect 

protein–DNA interactions with nucleotide-specifi c sensitivity
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Biomedical engineering

Blooding a new algorithm

The microscopic analysis of blood smears is a routine procedure 

in medical diagnosis. Now, Wei Xiong at the A*STAR Institute 

for Infocomm Research in Singapore and collaborators have 

developed and tested an algorithm for the automated initial 

classification of smear image areas in the context of high-

throughput screening1.

To prepare a blood smear, a drop of blood is simply placed 

on a glass microscope slide and then spread using a wedge. The 

sample is then chemically stained so that infected blood cells can 

be identified and counted.

This technique, however, creates many areas to examine on 

the slide. Also, smear thickness varies between slides, depending 

on the size of the blood drop, the angle of the spreader, and the 

speed of spreading. Moreover, at one end of the slide, where the 

smear is thickest, blood cells tend to clump together, while at the 

thin end of the smear the cells are generally sparse and unevenly 

distributed (see image).

It is surprisingly difficult and time-consuming for manual cell 

enumeration and detailed diagnosis using all the areas in the 

smear. Manual selection of ‘good working areas’ where the cells 

are evenly distributed, well separated and form a thin layer of 

cells is subjective and inconsistent. “The purpose of automatic 

working area selection is to pick out from the smear as many 

good areas as possible that are suitable for subsequent detailed 

computer analysis,” explains Xiong.

The team’s algorithm rapidly and objectively categorizes good, 

clumped and sparse working areas based on key features, such as 

the sizes and distribution of objects that are visible on different 

parts of the slide and the numbers of cells that these objects 

contain. This allows the reliable identification of good working 

areas using relatively little computational power. “This is a great 

improvement over manual image assessment, which is a tedious 

job prone to human error,” says Xiong.

To test the algorithm, the researchers took more than 15,000 

images of malaria-infected blood smears using a digital camera 

linked to a motorized microscope. The method proved to be 

highly accurate, achieving a hit rate of nearly 90% for all areas 

in the validation set of 140 images, and robust, with a hit rate of 

nearly 80% for a test set of nearly 5,000 images.

The researchers hope that application of their algorithm will 

greatly improve accuracy and reproducibility of smear image 

analysis, reducing labor and greatly increasing the reliability of 

high-throughput microscope screening of blood smears. ■

1. Xiong, W., Ong, S.H., Lim, J.-H., Foong, K., Liu, J., Racoceanu, 

D., Chong, A.G.L. & Tan, K.S.W. Automatic area classification 

in peripheral blood smears. IEEE Transactions on Biomedical 

Engineering 57, 1982–1990 (2010). 
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In a blood smear (top), blood cells have three typical types of distribu-

tion (bottom): sparse (left), good (center) and clumped (right). Areas 

of the three types are illustrated in the middle row in blue, green and 

red, respectively.

Automated image analysis should improve the accuracy and reliability of 

high-throughput screening of peripheral blood smears
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Cell imaging

Reporting live on location

Visualizing the complex internal cellular processes within our 

bodies requires the use of photostable, optically active probes 

that can be tracked with special microscopy instruments. One 

technique, surface-enhanced Raman scattering (SERS), uses 

nanoscale tags that maintain emission intensity upon exposure 

to ultraviolet light—an advantage over conventional fluores-

cent probes. Now, a team led by Young-Tae Chang from the 

Singapore Bioimaging Consortium of A*STAR has developed a 

new approach to generate a library of dyes that can form SERS 

‘nanotags’ upon binding with metal nanoparticle colloids1.

The SERS technique enhances the vibrational intensity of 

photoactive dyes known as Raman reporters when they are near 

gold or silver nanoparticles. Triphenylmethine (TM) dyes, such 

as crystal violet (CV), have proved useful as Raman reporters 

under illumination within the visible–near infrared region. Since 

there is a growing need for additional Raman reporters, Chang 

and his co-workers undertook a systematic study to synthesize 

and screen TM dyes using a combinatorial technique commonly 

applied in drug discovery.

According to Chang, his group was the first to adapt this 

approach to the synthesis of fluorescent imaging probes. 

Encouraged by their success, the team applied the same combi-

natorial technique to other optically active compounds to develop 

better SERS nanotags. “This is not only about finding better 

SERS tags; it is also about introducing a new approach to discover 

them,” says Chang.

By immobilizing their starting materials on resin beads, the 

researchers avoided time-consuming purification steps and 

toxic reagents such as phosgene gas and chloroform involved in 

conventional TM synthesis. After linking an initial series of four 

organic molecules to the beads using a strong base, they reacted 

the loaded resins with 29 different reagents. Dehydrating the 

resulting intermediates allowed the researchers to generate the 

library of TM dyes.

After incubating some of these TM dyes with nanometer-size 

gold colloids to produce nanotags, Chang and his team screened 

them using confocal microscopy and discovered 13 compounds 

with higher intensities than CV. They also found that these 

nanotags tended to aggregate over time in aqueous media, causing 

significant variations in SERS intensity. To optimize and stabilize 

the SERS response, they enclosed each nanotag in a polymer 

shell. This allowed them to identify three biologically relevant 

nanotags among the shelled nanoparticles.

The researchers plan to use their SERS nanotags for in vivo 

imaging and recently tested them in live breast cancer cells (see 

image). They are also developing new nanotags that respond to 

near-infrared wavelengths for much deeper signal penetration 

in tissue. ■

1. Cho, S.J., Ahn, Y.-H., Maiti, K.K., Dinish, U.S., Fu, C.Y., Thoniyot, 

P., Olivo, M. & Chang, Y.-T. Combinatorial synthesis of a 

triphenylmethine library and their application in the development 

of Surface Enhanced Raman Scattering (SERS) probes. Chemical 

Communications 46, 722–724 (2010). 
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A dark-field confocal microscopy image of live breast cancer cells with 

SERS nanotags attached to an antibody.

Rapid synthesis of nanoscale reporter tags off ers a promising alternative 

to fl uorescent labeling
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Alternative fuels

Modeling lights the way

Once a pipedream, devices that can generate electricity while 

purifying wastewater have come a step closer to reality now that 

a microbial fuel cell (MFC) has been successfully modeled by a 

multinational team led by Yingzhi Zeng of the A*STAR Institute 

of High Performance Computing in Singapore. Zeng’s team 

developed a numerical MFC model similar to those previously 

developed for chemical fuel cells1.

MFCs transform chemical energy into electrical energy directly 

by exploiting biochemical reactions performed by bacteria. Unlike 

chemical fuel cells that use organic chemicals such as methanol for 

fuel, MFCs work at room temperature and atmospheric pressure, 

and do not require precious metals as catalysts (see image).

“Perhaps the biggest advantage of MFCs is that they can be 

fed with organic waste, which means that they could be used 

to treat wastewater while simultaneously generating electricity,” 

explains Zeng.

Recognizing that overcoming technological hurdles to realize 

devices powered by MFCs requires a multidisciplinary approach, 

Zeng and his co-workers decided to use modeling. “Experimental 

assessment of MFCs in a myriad of possible designs, configura-

tions and operating conditions is both time-consuming and costly, 

and this is where numerical modeling could come to the rescue, 

saving time and money,” says Zeng.

Zeng and his team, including experts in fuel cell technol-

ogy from Korea, started by considering a simple MFC fuelled 

by acetate, an ecologically abundant organic chemical used by 

many bacteria for energy in anoxic environments. Their model 

successfully simulated the voltage and fuel concentration of the 

fuel cell as experimentally determined in the laboratory, as well as 

the influence of various factors affecting power generation. They 

then extended the model to simulate the operational characteris-

tics of a similar MFC fuelled by artificial wastewater containing 

glucose and glutamic acid.

Despite their great promise and the need to develop renew-

able energy, present MFCs produce significantly less power than 

conventional chemical fuel cells, and the technology has not yet 

been transferred from the laboratory to full-scale industrial or 

commercial applications.

Zeng and his co-workers found that the performance of MFCs 

is limited by the reactions at the cathode, and that power output 

can be boosted by changes the fuel flow rate periodically, with 

implications for the design and operation of future MFCs.

“Our method is relatively simple and easy to implement, and 

should provide a framework for the comprehensive modeling of 

other MFC types. We hope that it will facilitate the development 

of highly efficient experimental MFCs that can be scaled up for 

industrial use,” says Zeng. ■

1. Zeng, Y., Choob, Y.F., Kim, B.-H. & Wu, P. Modelling and simulation 

of two-chamber microbial fuel cell. Journal of Power Sources 

195, 79–89 (2010). 
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Schematic diagram of a typical microbial fuel cell consisting of 

an anaerobic anode chamber and an aerobic cathode chamber 

separated by a proton exchange membrane. Bacteria at the anode 

oxidize organic matter (e.g. wastewater) before the electrons (e–) pass 

through an external circuit and produce current. Protons (H+) migrate 

through the solution across the membrane to the cathode where they 

combine with oxygen and electrons to form water.

A modeling and simulation study advances the design of microbial fuel 

cells for power generation and wastewater treatment
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Brain–computer interfaces

Translating brain waves

Certain types of brain–computer interfaces (BCIs) could 

become much more convenient thanks to a new technique 

developed by Shijian Lu and co-workers from the Institute of 

Infocomm Research of A*STAR, Singapore. The researchers 

have devised and tested a way of using brain waves to control 

computers that avoids the tedious calibration demanded by 

conventional techniques1. BCIs are of particular interest as a 

tool to assist the rehabilitation of people with injuries to the 

central nervous system.

The most commonly studied BCIs make use of standard 

electroencephalography (EEG), in which electrodes are placed 

in contact with the scalp to record the electrical activity of 

nerve cells firing in the brain (see image). Users can view their 

‘brain waves’ in real time and are taught to control the form of 

particular patterns. This conscious control can be harnessed for 

activities such as selecting a small area of a computer screen by 

focusing on it. Just like their voice or fingerprint, the encephalo-

gram of each individual is different. Thus the machine must be 

calibrated to recognize each person’s wave patterns.

Lu and his co-workers made use of a particular voltage spike 

in the brain known as P300, which is thought to relate to a 

person’s reaction to an infrequent stimulus, and occurs between 

0.3 and 0.6 seconds after the stimulus. A BCI can be built based 

on this principle but, once again, the wave form differs signifi-

cantly between individuals. The researchers found, however, they 

could build a generic model that captured the common P300 

features of a pool of individuals. Then the computer could adapt 

key characteristics of this model to each subsequent individual 

as he or she began to use the system. The longer the time spent 

online, the more accurate the individual models became.

The researchers tested their technique in ten subjects 

using software that allows words or phrases to be spelled 

by focusing on the appropriate letters when they appear at 

random on screen. This action generates the P300 pulse. In 

less than four minutes online, the accuracy of their model 

was as good as that of a model generated using traditional 

calibration techniques.

“In the future, more adaptive algorithms will be developed to 

provide BCI with a learning capability, so that it can perform 

well in various conditions for all subjects,” Lu says. ■

1. Lu, S., Guan, C. & Zhang, H. Unsupervised brain computer 

interface based on intersubject information and online 

adaptation. IEEE Transactions on Neural Systems and 

Rehabilitation Engineering 17, 135–145 (2009).

An EEG-based brain–computer interface.

Development of a ‘plug and play’ model allows mind control of computers 

without weeks of calibration
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Thermoelectrics

Unearthing hidden ‘talent’

Thermoelectric materials convert temperature gradients to electric 

voltage and vice versa by causing charge carriers to diffuse from 

hot to cold parts of the material. They are used to power space-

craft, harness waste heat from sources including industrial plants 

and cars, generate electricity from solar heat, and provide low-cost 

cooling in consumer products. Good thermoelectric materials are 

normally semiconductors with implanted impurities, and their 

performance usually does not vary with the orientation of their 

crystal axes with respect to the temperature gradient.

Now, Khuong Ong and Ping Wu from the A*STAR Institute of 

High Performance Computing in Singapore and David J. Singh 

from Oak Ridge National Laboratory in the USA have uncovered 

two materials with previously unknown thermoelectric function-

ality1. The two materials are platinum cobalt oxide (PtCoO
2
) 

and palladium cobalt oxide (PdCoO
2
), both with a ‘delafossite’ 

structure (see image) more commonly associated with oxides of 

copper and iron. The compounds are unique for two reasons: they 

are metallic rather than semiconducting, and they show strong 

thermoelectric properties when their crystal axes are oriented in a 

particular way with respect to the temperature gradient.

Because the effect was found in oxides, it is likely to be robust 

with respect to small changes in atomic bonding and could 

therefore have considerable practical utility. “These materials 

make very useful thermoelectrics,” says Ong. “They can be used 

in highly oxidizing environments, since they are already oxides, 

and furthermore the underlying physics may also exist in other 

delafossite metals and semiconductors.”

The research thus opens up a new area of thermoelectric 

research and introduces two new practical thermoelectric mate-

rials. The results are also of fundamental interest, because they 

provide a model for probing the fundamental limits of the theory 

of electron and heat transport in metals, according to the team. 

This is because PtCoO
2
 is close to the limit at which the spacing 

between atoms is similar to the average distance between electron 

scattering events. Electronic behavior in this circumstance, known 

as the Ioffe-Regel limit, is incompletely understood.

The results may have other scientific implications. For example, 

it is known that two-dimensional metals behave differently 

compared with three-dimensional metals. Because the two oxides 

studied by Ong and his co-workers are composed of flat sheets 

of platinum or palladium atoms separated by insulating sheets 

of cobalt oxide, their unusual behavior may be related to the 

dependence of electron transport on dimension. Effects due to 

the correlation of distant charges may also play a role. ■

1. Ong, K.P., Singh, D.J. & Wu, P. Unusual transport and strongly 

anisotropic thermopower in PtCoO
2
 and PdCoO

2
. Physical Review 

Letters 104, 176601 (2010). 
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Two oxides show strong thermoelectric properties despite being metallic
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Optical fi bers

Dawn of the hexagons

The thin glass threads of conventional optical fibers underpin 

our information-driven society, moving data in the form of light 

pulses at breakneck speeds around the globe. Now, a new type of 

optical fiber, called photonic crystal fiber (PCF), is set to revo-

lutionize the performance of fiber-optic devices. PCF contains a 

periodic arrangement of small air holes that can manipulate the 

behavior of photons, enabling control over the transmission of 

light in ways never seen before.

PCF has a number of important uses besides telecommunica-

tions, particularly in the field of chemical sensing. By filling the 

micro-sized cavities of PCF with small amounts of liquid sample, 

scientists can identify and quantify which molecules are present 

through evanescent field absorption spectroscopy—a technique 

that measures how a propagating wave of light interacts with 

specific chemical structural groups. Because PCF is an extremely 

efficient light trap, these fibers have the potential to greatly boost 

signal strength and reduce noise during adsorption experiments.

Xia Yu from the Singapore Institute of Manufacturing 

Technology at A*STAR and her Singapore-based co-workers 

have now developed a PCF with twice the sensitivity of typical 

optical absorption instruments, based on an array of hexagonally 

shaped air holes1. The small size and highly accurate readings 

of this new fiber make it suitable for microchip-sized medical 

devices, such as implantable sensors.

PCF is typically produced through a technique known as 

‘stack-and-draw’, in which silica capillaries are first stacked into 

an assembly that reproduces the photonic crystal structure on 

a macroscopic scale; the stack is then fused together with heat 

and a thin optical fiber is drawn out of the bottom. By care-

fully controlling the pressure difference between the inside and 

outside of the capillaries during the fiber drawing process, Yu 

and her co-workers were able to produce air holes with hexago-

nal or elliptical microstructures (see image), instead of the usual 

circular shapes.

Absorbance measurements on a cobalt chloride dye solution 

revealed that the new hexagonal PCF gave accurate readings 

that were up to six times more sensitive than for PCF contain-

ing circular cavities. Yu explains that this enhanced optical 

behavior occurs because the hexagonal air holes create a bigger 

localized evanescent light field to interact more closely with the 

chemical analytes.

The exceptional properties of this easy-to-fabricate material 

should lead to a broad range of applications, says Yu. “This type 

of photonic crystal fiber will be useful for sensors in liquid or gas 

mediums—which can be extended to water detection, chemical 

sensing, or bio-sensing.”  ■

1. Yu, X., Zhang, Y., Kwok, Y.C. & Shum, P. Highly sensitive photonic 

crystal fiber based absorption spectroscopy. Sensors and 

Actuators B: Chemical 145, 110–113 (2010). 
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Optical microscopy image of a new photonic crystal fiber featuring 

hexagonal internal microstructures. 

Photonic crystal fi bers with unique internal cross-sections take chemical 

detectors to new levels of sensitivity
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Holograms

The world on your desktop

Three dimensional (3D) displays have become increasingly 

popular recently for cinemas and domestic televisions. Most 

existing commercial systems, however, are based on stereos-

copy, meaning they have limited depth perception. For true 

3D displays, however, holography is required, although its 

use has been hindered by slow computational algorithms and 

the need for high-powered computers. Now, a method that 

enables the fast computation of holograms with a fully realis-

tic depth perception—even on a desktop computer—has been 

developed by researchers from the Data Storage Institute of 

A*STAR, Singapore1.

“Computer holography has the ability to present all depth cues 

of 3D scenes and could find a wide range of applications from 

entertainment and simulators to medical and scientific visualiza-

tion,” says Yuechao Pan from the research team led by Xuewu Xu.

Computational generation of holograms is a time-consuming 

task as it requires simulated propagation of a large number of 

light beams. To perform this task efficiently, computer algorithms 

use ‘look-up tables’ of pre-computed, frequently required compu-

tational values. During the actual generation of a hologram, the 

pre-computed results are retrieved for faster processing.

The algorithm developed by Pan and his co-workers, simpli-

fies the calculations based on one, large 3D look-up table. They 

designed the algorithm to split this table into two separate 2D 

look-up tables with two planes in space, one in the x–z direction 

and one in the y–z direction. After separately completing the 

computations for each plane, the values of the x–z plane were 

convoluted with those of the y–z plane.

Compared with previous algorithms, this process reduces the 

computational complexity of the problem by an order, making 

it sufficiently efficient for a desktop computer to generate holo-

grams (see image). Rather than the main computer processor, 

the computations are performed in parallel using the processors 

of three graphics cards, which are particularly well suited to the 

parallel computations needed for the main part of the team’s 

holographic reconstruction algorithm.

The computation time of a hologram using the team’s new 

algorithm now takes less than half a second; previously it took 

approximately 50 seconds. This puts the computation of holo-

grams very close to real-time operation. Indeed, Pan is confident 

that, with a further optimization of the algorithm as well as the 

use of more powerful graphics cards, “real-time and interactive 3D 

computer-generated holography will be realized in the 

near future.” ■

1. Pan, Y., Xu, X., Solanki, S., Liang, X., Tanjung, R.B.A., Tan, C. & 

Chong, T.-C. Fast CGH computation using S-LUT on GPU. Optics 

Express 17, 18543 (2009). 
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Holographic reconstruction of a 3D model of a world globe from holo-

grams generated using the new computation algorithm.

Quicker computation of a hologram for 3D scenes makes real-time 

operation viable on a personal computer
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Manufacturing

Optics shape up

As production lines become increasingly fast, quality-control 

procedures must also keep pace. The surface of objects, such as 

flat panels and glass sheets, can now be monitored for defects—

without contact—using an automated technique developed by 

Xiaoming Yin and co-workers at A*STAR’s Singapore Institute 

of Manufacturing Technology1.

The new system exploits the way a beam of light is reflected 

from the surface of an object. Similar to waves in the ocean, 

light travels in a series of wavefronts defined by the light’s 

phase. When a beam of light is reflected by an object, infor-

mation about the surface shape is carried back by the reflected 

wavefront. The measurement of wavefronts is therefore a non-

contact—and reliable—method for characterizing surfaces. 

“Other optical systems, such as interferometers, are not suitable 

for mass-production lines due to their sensitivity to vibrations,” 

explains Yin.

Wavefronts are measured using a device called a Shack–

Hartmann wavefront sensor (SHWS), which comprises an array 

of tiny lenses (see image). Each lens takes a sample of the wave-

front and focuses it into a spot on an electronic detector similar 

to those found in digital cameras. The shape of the wavefront is 

then reconstructed by comparing the resultant image with one 

generated using a known surface. The resolution of the system 

is largely determined by how well the center of the focused spots 

can be established. A number of different computer algorithms 

have been tested to accomplish this, but with varying degrees 

of success.

Yin and her team overcome this issue by replacing the array 

of lenses in the SHWS with a structure known as a spatial light 

modulator (SLM). Whereas lenses focus light using refraction, 

SLMs achieve the same result using diffraction but with the 

advantage of being digitally programmable. A combination of 

this control over the size, focal length and pitch of the SLM 

and sophisticated computer algorithms resulted in a measure-

ment system that is flexible enough to be used in a wide range 

of applications. “Also, conventional SHWSs have the drawback 

of low lateral resolution. This can be much improved [using] our 

digital approach,” says Yin.

The researchers devised a computational algorithm that 

automatically determines the focus-spot centers, eliminating any 

error. They tested their system by measuring wavefronts from an 

aspherical surface: it gave reproducible results and was resilient 

against any misalignment in the optical setup. In the future, Yin 

hopes to extend the same concept to infrared wavelengths—it 

currently operates at visible red wavelengths—so that it can be 

used for monitoring in the health and aerospace industries. ■

1. Yin, X., Zhao, L., Li, X. & Fang, Z. Automatic centroid detection and 

surface measurement with a digital Shack–Hartmann wavefront 

sensor. Measurement Science and Technology 21, 015304 (2010). 
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The digital Shack–Hartmann wavefront sensor developed by Xiaoming 

Yin’s team at the Singapore Institute of Manufacturing Technology.

Quality control of production lines to benefi t from a digital wavefront 

sensor that provides rapid non-contact measurement of object surfaces

© 2010 A*STAR



PHYSICAL & LIFE SCIENCE TECHNOLOGIES

62 A*STAR RESEARCH APRIL 2010 – SEPTEMBER 2010

Plasmonics

Electrical pickup

Light can force the electrons at the surface of a metal to col-

lectively oscillate. Coupling these oscillations with photons—

creating ‘surface plasmon polaritons’ or SPPs—could lead to 

intriguing applications in communications, information process-

ing and sensing since SPPs oscillate at very high frequencies that 

enable, potentially, the transfer of large volumes of data.

First, however, scientists need a way to efficiently capture 

SPPs. Now, Ping Bai and co-workers from the A*STAR 

Institute of High Performance Computing in Singapore have 

proposed and analyzed theoretically an electronic device that 

detects SPPs1.

In the field of photonics, light is used to reproduce the func-

tionality of electronics but at much higher speeds. However, while 

modern semiconductor processing can produce nanometer-size 

electronic devices, diffraction limits the size of optical compo-

nents to approximately one micrometer. In plasmonics, the appli-

cation of SPPs, the advantages of both are married. “Plasmonics 

allows light to propagate along sub-100 nanometer tracks and to 

be focused into a very small volume,” explains Bai. Plasmonics 

technology, however, is in its infancy, and researchers are still 

developing the basic components that engineers take for granted 

in electronics and photonics.

When SPPs come to the end of a metallic waveguide, for 

example, some of the energy is reflected backwards. The little 

energy that does escape decays very quickly in the gap between 

the guide and a detector. This makes SPPs difficult to measure.

The detector proposed by Bai and his co-workers consists 

of two L-shaped nanorods made of silver separated by a layer 

of germanium (see image). The parts of the L-shapes that run 

perpendicular to the propagating SPPs are closest to a waveguide, 

50 nanometers away, and act like a nanoantenna. They focus the 

power of the plasmonic wave into the cavity formed by the other 

two arms of the Ls. This cavity amplifies the electric field. Finally, 

the enhanced electric field generates a photocurrent in the ger-

manium that can be measured by an appropriate electrical circuit. 

“In this way, information can be transferred optically and then 

processed electrically, taking full advantage of both photonic and 

electronic technologies,” Bai notes.

The team’s simulations showed that the power absorbed from 

SPPs with a wavelength of 1.55 micrometers is at a maximum 

for an antenna length of 400 nanometers and a cavity gap of 75 

nanometers. Bai says the next step is to fabricate an experimental 

prototype and to choose the proper materials and optimum struc-

ture for mass production. ■

1. Bai, P., Gu, M.-X., Wei, X.-C. & Li, E.-P. Electrical detection 

of plasmonic waves using an ultra-compact structure via a 

nanocavity. Optics Express 17, 24349–24357 (2009).
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A schematic depiction of the proposed plasmonic detector that con-

verts optical signals to electrical ones. Two L-shaped silver nanorods 

detect SPPs (red arrow) at the end of a waveguide and then enhance 

the electric-field intensity. A germanium active layer generates a 

photocurrent that is measured by an external circuit.

A novel design promises a sensitive detector of hybrid particles that unite 

light and charge
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Silicon nanowires

Pressure sensors get a boost

In piezoresistive materials, mechanical stress influences the 

movement of charge available for conduction. The application 

of pressure to such materials translates into an easily measurable 

change in conductivity, making piezoresistives ideal for use in 

pressure and flow sensors. Chee Chung Wong and co-workers 

from the A*STAR Institute of Microelectronics and Nanyang 

Technological University in Singapore have now demonstrated 

a method to increase the piezoresistive sensitivity of silicon 

nanowires using an applied electric field1.

Measuring the piezoresistive properties of silicon nanowires 

often requires the use of complicated instruments, such as atomic 

force microscopes, that can be used to apply stress and measure 

electrical properties simultaneously. Wong and his co-workers 

instead embedded silicon nanowires into the base of a large, 80 

micrometer-long cantilever made of silicon dioxide (see image). 

Both the cantilever and nanowires could then be bent by a stylus, 

simplifying the measurement process. As a result, the researchers 

could combine the uniquely nanoscale piezoresistive response 

of the nanowires with the experimentally accessible, macroscale 

properties of a large cantilever without sacrificing the properties 

inherent to either length scale.

The researchers also applied an electric field to their nanow-

ires using a conducting substrate located tens of micrometers 

beneath the cantilever. By applying a positive voltage, they 

reduced the concentration of positive carriers from the cantilever 

and nanowires, leaving only a narrow funnel of available charge 

carriers near the cantilever base. This in turn greatly increased 

the magnitude of the piezoresistive effect on the conductivity of 

the nanowires.

As a result, the change in nanowire conductivity per unit stress 

increased from about a factor of 50 to over 5,000. The researchers 

believe the higher sensitivity may allow these hybrid nanowire–

cantilever devices to be used in force-activated nanoelectrome-

chanical switches, or hybrid mechanical–electrical logic circuits. 

The externally tunable sensitivity of the device may also allow 

for a greater degree of design flexibility. High-sensitivity switch-

ing devices could be combined with low-sensitivity conventional 

sensors using the same underlying device design.

The research was the result of a lucky coincidence, says Wong. 

“We discovered the giant piezoresistance effect by chance while 

trying to develop small-footprint pressure sensors for biomedical 

applications.” Wong also says that real applications may soon be 

on hand: “Our colleagues from the Institute of Microelectronics 

are already integrating these nanoscale devices into flow sensors 

for health care applications such as catheters.” ■

1. Neuzil, P., Wong, C.C. & Reboud, J. Electrically controlled giant 

piezoresistance in silicon nanowires. Nano Letters 

10, 1248–1252 (2010).
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Schematic diagram of piezoresistive silicon nanowires embedded 

into the base of a large cantilever. The piezoresistance was greatly 

increased by the application of an electric field between the nanow-

ires and an underlying silicon substrate. 

An applied electric fi eld can increase the sensitivity of nanoscale pressure 

sensors by a factor of 100
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Carbon nanotubes

Hunting heroin

Carbon nanotubes have charge carriers confined to the nanotube 

surface, meaning their electrical properties are highly sensitive 

to changes in their nearby environment. This property has been 

exploited in recent years to build devices sensitive to gases, 

proteins, DNA and other substances.

Nanotubes could now help to detect the illegal narcotic 

heroin in the human body thanks to work by Ju Nie Tey at 

A*STAR’s Singapore Institute of Manufacturing Technology 

and co-workers1.

When heroin enters the human body, it is metabolized 

into 6-monoacetylmorphine (MAM), then morphine, then 

morphine glucuronide. A simple, cheap method of detecting 

these compounds in a living person would be useful for purposes 

of law enforcement and medical treatments.

Tey and her co-workers built their new sensor in the form 

of a field-effect transistor (FET), which essentially monitors 

changes in the conductance of semiconducting nanotubes 

stretched between metal electrodes. More specifically, they 

chose a ‘liquid-gated’ design with a tiny channel to contain the 

sample solution.

With backgrounds in materials science, electrical engineer-

ing and biology, the team was able to design a completely new 

process for transistor fabrication, stabilize the detection signal, 

and understand the nature of biomolecules and how they behave 

in different conditions. The researchers found that the biomol-

ecules bound specifically to the carbon nanotubes and not to 

other parts of the FET, and there was a significant change in 

the transistor drain current when morphine antibodies were 

captured by the receptors on the nanotubes. This signal was 

amplified further by adding gold nanoparticles to the antibodies.

However, for real applications in narcotics sensing, it is more 

useful to detect MAM molecules, which are some 500 times 

smaller than the antibodies and so produce a much smaller signal. 

They resolved this problem by carefully tailoring the sample con-

ditions so that gold-labeled antibodies competed to bind with 

MAM conjugates and thus enhanced the signal (see image).

Overall, the device can detect heroin metabolites in concen-

trations lower than 1 nanogram per milliliter, which is equal to 

or better than previous methods. Tey is hopeful that this high 

sensitivity, and the fact that the FETs are simple and inexpen-

sive to construct, are strong selling points for commercializing 

the device.

“What we have demonstrated is the potential of the carbon 

nanotube sensing platform to enhance the detection signal,” 

she says. “It could be extended to other receptor-target systems 

such as disease diagnosis, herbicide detection, water quality 

monitoring and more.” ■

1. Tey, J.N., Gandhi, S., Wijaya, I.P.M., Palaniappan, Al., Wei, J., 

Rodriguez, I., Suri, C.R. & Mhaisalkar, S.G. Direct detection of 

heroin metabolites using a competitive immunoassay based on a 

carbon-nanotube liquid-gated field-effect transistor. Small 

6, 993–998 (2010).
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Morphine antibodies (purple) labeled with gold nanoparticles (yellow) 

bind to conjugates of the heroin metabolite MAM (red) and bovine 

serum albumin (blue) on the surface of a carbon nanotube. This affects 

the charge-carrying properties of the nanotube, indicating the pres-

ence of heroin.

A simple device made from carbon nanotubes might help in detecting the 

presence of heroin in the human body
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Nanomaterials

Making the right impression

Nanoporous anodic alumina films are versatile materials that can 

be used as templates in the fabrication of miniscule multifunc-

tional objects for electronics and energy storage, such as nanotubes 

and nanowires. Unfortunately, the tedious small-scale techniques 

required to manufacture these films limits their implementation 

in industrial processes.

A team led by Tanu Kustandi from the A*STAR Institute 

of Materials Research and Engineering in Singapore has now 

developed a microfabrication procedure that is compatible with 

those used in the semiconductor industry to generate highly 

ordered nanoporous alumina films on large silicon wafers1.

“Conventionally, films are prepared via a mechanical inden-

tation approach, in which a master stamp is pressed onto an 

aluminum surface at very high pressure,” explains Kustandi. 

However, this approach tends to break the underlying substrate 

that supports the aluminum films.

To avoid hard-stamping, Kustandi’s team developed a ‘soft’ 

approach by combining a lithography process called step-and-

flash imprint lithography (SFIL) with a wet-etching technique 

to pre-pattern the metal. First, they coated the silicon wafer with 

aluminum and an ‘organic planarization layer’ and sprayed the 

surface with an imprint resist—an etch-resistant low-viscosity 

material that polymerizes under ultraviolet light. Next, they posi-

tioned a quartz template patterned with nanometer-sized pillars 

on the surface, allowing the resist to contact and fill the template, 

then illuminated the assembly with ultraviolet light to create an 

inverse replica of the template. By moving the template toward 

an unpolymerized area and repeating the patterning process, the 

entire wafer was imprinted with nanometer-sized features.

After the researchers cleaned the patterned surface of residual 

and planarization layers, they transferred the pattern to the 

aluminum layer using an acid mixture as an etchant. Finally, they 

removed the polymer resist through ultraviolet–ozone treatment 

and oxidized the metal using an electrochemical process, known 

as anodization, to form the nanoporous alumina film.

Kustandi and his team generated a range of nanopore shapes, 

including squares and hexagons, by varying the structural con-

figuration of the pillars. They discovered that SFIL patterning 

produced films with uniform pore sizes, shapes and arrange-

ment, whereas non-patterned alumina appeared amorphous (see 

image). They also found that, unlike conventional techniques, 

the mild patterning conditions produced the nanometer-scale 

features with high repeatability and increased the longevity of 

the quartz template.

The researchers are currently investigating potential device 

applications for the nanoporous alumina films. “We are now uti-

lizing the alumina template in the optoelectronics field to obtain 

high-efficiency gallium nitride-based light-emitting diodes,” 

says Kustandi. ■

1. Kustandi, T.S., Loh, W.W., Gao, H. & Low, H.Y. Wafer-scale near-

perfect ordered porous alumina on substrates by step and flash 

imprint lithography. ACS Nano 4, 2561–2568 (2010).
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Scanning electron microscopy images of a highly ordered nanoporous 

alumina film obtained using the step-and-flash imprint process (left) 

and the amorphous film obtained without pre-patterning (right).

An innovative imprinting technique produces highly ordered alumina fi lms 

with nanometer-sized pores on silicon wafers

200 nm
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Nanomaterials

Twist-on caps

Single-walled carbon nanotubes (SWCNTs) are versatile nano-

materials made of rolled-up honeycomb-like sheets of carbon 

atoms. Depending on the direction and degree of twisting of these 

sheets, nanotubes can behave as metals or semiconductors, which 

is a potential boon for the development of ultrasmall electromag-

netic devices. However, the exact mechanism that controls this 

twisting, known as chirality, has so far eluded materials scientists.

Now, using quantum calculations, a team led by Man-Fai 

Ng and Shuo-Wang Yang from the A*STAR Institute of High 

Performance Computing in Singapore has revealed the role of 

single carbon atoms and carbon–carbon (C
2
) dimer molecules in 

the ‘growth’ mechanism of chiral SWCNTs1.

During the synthesis of SWCNTs, nanotubes are often capped 

by hemispherical arrays of pentagonal and hexagonal carbon rings. 

As nanotube caps have an important role in determining chirality, 

Yang and his team undertook a systematic approach to determine 

how the ‘armchair’ and ‘near-armchair’ types of caps (see image) 

evolve during SWCNT growth upon interacting with single 

carbon atoms and C
2
 dimers without catalysts.

“To uncover the precise reaction mechanism and [reaction] 

paths, we performed a survey which provides the potential 

energy of each point around the reaction center during nanotube 

growth,” explains Yang. Unlike other studies that have focused on 

finding transition states of reactions, Yang believes that his team’s 

approach pinpoints the most favorable reaction paths.

After evaluating the energies of intermediate structures 

growing from an armchair-type cap, the researchers identified two 

competing reaction pathways that could affect nanotube twisting. 

In the first, single carbon atoms react with caps to change their 

chirality; in the second pathway, C
2
 dimers react with caps to 

induce tube growth.

The team’s calculations revealed that single carbon atoms and 

C
2
 dimers would spontaneously attach to the pentagonal edges of 

the caps, suggesting that their relative abundance during growth 

stages could be an important factor in the synthesis of chiral 

nanotubes. This means that more single carbon atoms than C
2
 

dimers would favor chirality change, whereas more C
2
 dimers 

than single atoms would facilitate growth.

The researchers also noted that single carbon atoms and C
2
 

dimers would readily produce hexagons upon binding to the 

pentagon edges. The resulting near-armchair caps would then 

produce chiral caps that develop into chiral tubes through several 

successive additions of C
2
 dimers to form hexagons.

“We are currently working on growing the SWCNTS on metal 

substrates,” says Yang. The team is also investigating the influence 

of catalyst nanoparticles on carbon cap formation. ■

1. Wang, Q., Ng, M.-F., Yang, S.-W., Yang, Y. & Chen, Y. The 

mechanism of single-walled carbon nanotube growth and 

chirality selection induced by carbon atom and dimer addition. 

ACS Nano 4, 939–946 (2010).
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Molecular representations of armchair (5,5) and near-armchair caps 

(n,5) (n,6–9). The blue arrows show the pentagons and the direction of 

pentagon movement. Red represents the carbon atoms forming the 

central pentagon, green represents carbon atoms of the peripheral 

pentagons in the armchair cap, yellow represents carbon pentagons 

formed during growth, and gray represents other carbon atoms.

Reactions between carbon species and tube caps aff ect carbon nanotube 

growth and their ultimate electronic properties

Cap (5,5)

Cap (7,5) Cap (8,5) Cap (9,5)

Cap (6,5)
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Nanolithography

One-shot spots

Demand for ever-smaller electronic devices, whether are for 

information storage, high-definition displays or sensor arrays, is 

driving demand for nanofabrication techniques that can define 

ever-smaller features on circuit boards—on scales smaller than 

micrometers, or even nanometers, in diameter.

Electron beam and X-ray lithography are well-established 

techniques for nanofabrication, but both have disadvantages, 

especially in terms of cost and flexibility. On the contrary, optical 

lithography is generally cheap and adaptable, but it does not allow 

the fabrication of features smaller than a few hundred nanome-

ters. This limitation can be overcome by applying a technique 

known as near-field enhanced laser irradiation, whereby the light 

of optical beams is concentrated in a spatial region much smaller 

than the wavelength when it scatters on a nanostructure. The 

degree of improvement is determined by the dimensions of the 

nanostructures and the distance from its surface.

Using optical lithography, Xincai Wang from A*STAR’s 

Singapore Institute of Manufacturing Technology and co-

workers have now fabricated arrays of ‘nanobumps’ surrounded by 

ring-shaped trenches on a silicon substrate1. 

Wang and his co-workers deposited a hexagonal array of silica 

microspheres on a silicon substrate and irradiated it with single 

shot from an ultravioilet laser. The resultant trenched nano-

bumps—obtained under specific laser power conditions—were 

about 160 nanometers wide and 40 nanometers tall (see image). 

Their formation was linked to near-field laser scattering on the 

silica microspheres, given that they are arranged in the same exact 

way. The capabilities of near-field enhanced laser irradiation had 

been explored before, but most of the previous work has been on 

the fabrication of nanoscale pits or dents.

According to the team, the formation of such bumps and 

trenches stems from the way in which silicon resolidifies after 

being melted in the focal area generated by the microspheres. 

Silicon has a lower density in the solid phase, so when resolidi-

fication starts from the edges of the molten area, the remaining 

liquid is pushed towards the center, eventually creating the bump. 

This explanation is supported by the observation that the volume 

of the trench is very similar to that of the bumps, the team notes.

“Compared with other nanofabrication techniques, the devel-

oped process is simple and straightforward,” says Wang. He 

believes that the silicon nanobumps could find application in 

sensitive detectors, efficient photovoltaic cells, field-emitter arrays 

and displays.  ■

 1. Wang, X.C., Zheng, H.Y., Tan, C.W., Wang, F., Yu, H.Y. & Pey, K.L. 

Fabrication of silicon nanobump arrays by near-field enhanced 

laser irradiation. Applied Physics Letters 96, 084101 (2010). 
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Scanning electron microscope image of the fabricated silicon nano-

bump arrays.

A single laser pulse is suffi  cient to fabricate nanostructures suitable for 

microelectronic devices

1 μm

© 2010 A*STAR



RESEARCH HIGHLIGHTS

A*STAR RESEARCH APRIL 2010 – SEPTEMBER 2010 69

Microfabrication

The power of heat

Most electronic devices use batteries as a power source, but for 

wireless sensors and medical implants, battery replacement can be 

a difficult and costly process. Conventional batteries also produce 

a lot of waste materials and chemicals, so an alternative technology 

for powering electronic devices is highly sought after.

Thermoelectric generators, which convert thermal energy into 

electricity, have been touted as a ‘no-fuss’ and environmentally 

friendly alternative to batteries. These devices use heat from the 

body—or any object with a temperature gradient—as their energy 

source, and so are free of running costs and have a virtually unlim-

ited lifetime.

At the heart of every thermoelectric generator is an array of 

thermocouples that are responsible for converting thermal energy 

into electricity. Bismuth telluride and its alloys are commonly used 

in thermocouples, but unfortunately, these materials are difficult to 

produce and work with. The fabrication process is also incompat-

ible with the complementary metal oxide semiconductor (CMOS) 

architecture on which modern electronics is based.

Jin Xie and co-workers at the A*STAR Institute of Microelec-

tronics1 have now constructed a thermoelectric generator based on 

polysilicon thermocouples using a microfabrication process that is 

fully CMOS-compatible. The researchers were able to fabricate 

the thermoelectric generator and circuitry on a single chip at the 

one time and using the same material.

Xie and his team deposited polysilicon onto a one-centimeter-

square chip by a process called chemical vapor deposition. They 

then dry etched the polysilicon layer and implanted it with 

phosphorus and boron atoms to produce an array of over 125,000 

thermocouples that convert thermal energy into electrical current.

To maximize the energy-conversion efficiency, the researchers 

also incorporated three unique features into their thermoelectric 

generator. First, they sealed the thermocouples between two vacuum 

cavities to optimize heat flow. Second, they coated the cold side of 

the device with a heatsink material to disperse heat and maximize 

the temperature difference, and third, they included a peripheral 

cavity to isolate heat from the surrounding silicon substrate.

The new thermoelectric generator is compact and inexpen-

sive to produce. Simulations and experiments showed that a 

thermoelectric generator experiencing a temperature difference of 

5 °C generates a voltage of 16.7 volts at an output power of 1.3 

microwatts. This level of energy-conversion efficiency is almost 

double that for conventional thermoelectric generators.

“By accumulating this energy over time, the generator can 

help prolong battery life and recycle waste heat from devices,” 

says Xie. He believes that the technology is particularly suitable 

for self-powered CMOS devices that have low power consump-

tion requirements. ■

1. Xie, J., Lee, C. & Feng, H. Design, fabrication, and characterization 

of CMOS MEMS-based thermoelectric power generators. Journal 

of Microelectromechanical Systems 19, 317–324 (2010). 

Thermoelectric
power generator

Human body

Heat
flow

A schematic illustration (lower) showing how a CMOS-based ther-

moelectric power generator could use body heat to generate elec-

tricity, and a photograph (upper) of the actual power generator chip.

Thermoelectric generators made using modern micromachining 

technology can convert waste heat into microwatts of electrical power

© 2010 A*STAR



ENGINEERING & NANOTECHNOLOGY

A*STAR RESEARCH APRIL 2010 – SEPTEMBER 201070

Microfl uidics

A step in the right direction

Microfluidic devices are great tools for producing fine droplets or 

emulsions. Most microfluidic devices make use of either a cross-

flow or flow-focusing junction—the former produces droplets by 

crossing two streams of immiscible liquids, say oil and water; the 

latter achieves the same result by flowing two immiscible liquids 

through a narrow channel.

Tae Goo Kang and co-workers at the A*STAR Institute of 

Microelectronics1 have now designed and fabricated a range of 

silicon-based microfluidic devices that make use of a stepwise 

flow-focusing junction to generate droplets of tunable size and 

emulsion characteristics.

To make the microfluidic device, Kang’s team used a deep 

reactive-ion etching tool to cut micrometer-deep trenches in 

a silicon wafer. They then used an oxygen plasma ashing and 

silicon isotropic etching tool to polish the edges of the trenches, 

and finally capped the device with plain glass or hard plastic. 

Through this strategy, they were able to create microfluidic 

devices with ‘microchannels’ that meet at a stepwise flow-focus-

ing junction (see image).

The new microfluidic devices can generate droplets over a 

broader range of flow rates than conventional devices, and the size 

of the droplets can be tuned by fabricating junctions with differ-

ent shapes. For example, a wedge-like junction produces smaller 

droplets, while a flat T-like junction produces larger droplets.

In general, hydrophilic surfaces favor the production of 

oil-in-water droplets, whereas hydrophobic surfaces favor the 

formation of water-in-oil droplets. The researchers noticed that 

microfluidic devices capped with hydrophilic plastic produced 

oil-in-water droplets. They expected this to happen because the 

plastic and the microchannel walls (made of silicon) were both 

hydrophilic materials.

The researchers noticed, however, that microfluidic devices 

capped with hydrophobic plastic produced water-in-oil droplets, 

despite the hydrophilic nature of the microchannel walls. The 

surface properties of the capping material appeared to dictate the 

type of droplets formed. Further investigation showed that the 

stepwise geometry of the flow-focusing junction is responsible 

for this effect.

The researchers expect their microfluidic devices to find appli-

cations in many industries, especially for the manufacture of stable 

emulsions, because of the uniformity of droplets they produce.

“We believe that the results of this work can improve the 

quality of emulsions in food, pharmaceuticals and cosmetics,” 

says Kang. “Apart from direct applications, we are currently 

moving towards biomedical applications, for example, capturing 

a single nucleic acid in the microdroplets and making millions of 

copies of it for further biological analysis. In such applications, 

the precise generation of microdroplets is crucial.” ■

 1. Sim, S.P.C., Kang, T.G., Yobas, L., Holtze, C. & Weitz, D.A. The 

shape of a step structure as a design aspect to control droplet 

generation in microfluidics. Journal of Micromechanics and 

Microengineering 20, 035010 (2010). 

A microscopy image of a new type of microfluidic device that can 

produce microdroplets of a specific size by modifying the geometry of 

a stepwise flow-focusing junction (left of center). Flow is from left to 

right, and the channel width is 200 μm.

Silicon-based microfl uidic devices that make use of a stepwise junction 

can deliver droplets of various sizes
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Photonics

Silicon steps up

Microelectronic devices such as computer processors and 

memory chips almost universally rely on silicon to control 

electrical currents. However, silicon’s poor light-emitting 

properties have limited its use in photonics applications, and 

this has hampered progress in the integration of photonics 

devices with silicon electronics for optical communications on 

computer chips. Researchers from the A*STAR Institute of 

Microelectronics in Singapore1 have now demonstrated a light-

detection system on a silicon chip that is capable of processing 

320 gigabits per second (Gbps)—more than 600 times faster 

than USB 2.0 ports on present-day computers.

Fabricating photonic devices with the sophisticated tools 

developed by the silicon electronics industry offers a number of 

benefits. “Using silicon for photonics devices offers good perfor-

mances, ultra-compact size and very low cost,” says Qing Fang 

from the research team.

Silicon-compatible detectors made from germanium have 

already been developed for optical signals. However, industry 

still awaits complete silicon-based photonic systems that 

can receive sufficient amounts of data for next-generation 

photonic systems.

In photonic devices, data transmission is significantly 

enhanced by the simultaneous use of multiple transmission 

channels: each channel uses a light beam with its own wave-

length. To process that incoming mix of data, receivers need 

to separate the different wavelengths and guide each resultant 

beam into its own detector.

The photonic receiver on a silicon chip developed by Fang and 

his co-workers can process light on 32 different wavelengths — 

comparable, for example, to the ‘32 bits’ that can be processed 

simultaneously by modern microprocessors. The multi-channel 

receiver includes a ‘demultiplexer’ device that separates the 32 

wavelengths and sends them to an array of germanium–silicon 

detectors, which capture the light for each channel. In the 

demultiplexer, light passes through an array of waveguides where 

interference effects focus light at each incoming wavelength to 

a different output channel connected to one of the germanium–

silicon detectors (see image). As each detector can handle 10 

Gbps, the researchers’ device can achieve a transmission of data 

at 320 Gbps in total.

Before this technology can be used commercially, however, a 

number of technical problems must be resolved. For example, 

losses at the interface between the input waveguide and the 

optical fiber that transmits the light into the receiver are high 

because of their different sizes. Nevertheless, the successful 

proof-of-principle demonstration, says Fang, shows that “even 

based on the current technology, it is easy to realize high-speed 

data transmission up to terabit transmission rates on the silicon 

platform using this design.” ■

1. Fang, Q., Liow, T.-Y., Song, J.F., Ang, K.W., Yu, M.B., Lo, G.Q. & Kwong, 

D.-L. WDM multi-channel silicon photonic receiver with 320 Gbps 

data transmission capability. Optics Express 18, 5106–5113 (2010).

Lensed fiber

Multi-channel
receiver and

demultiplexer

The experimental set-up used to demonstrate multi-channel optical 

demultiplexing using germanium–silicon detectors integrated into a 

conventional silicon-based electronic circuit.

Silicon-based photonic circuits achieve data transmission capabilities 

suffi  cient for next-generation devices
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Silicon photonics

A new twist on light

Ridges of silicon can trap and guide light on dimensions as small 

as just a few hundred nanometers. But the way light behaves in 

these structures is dependent on its polarization. This effect limits 

the potential of the technology for a number of applications. A 

polarization rotator that can help to correct this has now been 

integrated into a waveguide, which is no more than 400 nano-

meters across, by Jing Zhang and co-workers at the A*STAR 

Institute of Microelectronics in Singapore1.

Silicon-based photonics research opens up the possibility of 

tiny optical circuits similar to those that have revolutionized the 

electronics industry. But at such small dimensions, the difference 

between the height and the width of the waveguides means that 

an electromagnetic wave with an electric field oriented along 

the horizontal direction—known as the transverse-electric (TE) 

mode—travels at a different speed to that with vertical polariza-

tion—the transverse-magnetic (TM) mode. “This ‘structural bire-

fringence’ will affect devices used in high-data-rate applications,” 

explains Zhang. 

An effective solution to this problem is to use a ‘polarization 

diversity scheme’, in which the optical signal is split into two 

separate beams: one with vertical polarization and one with hori-

zontal polarization. A special optical component rotates one of 

the beams by 90°, which orients the beams in the same direction. 

The beams then travel along identical silicon waveguide circuits 

before the reverse sequence of events reconstructs the optical 

beam at the far end.

Zhang and her co-workers integrated their polarization rotator 

into a silicon waveguide (see image). Their device consists of two 

tapered structures that connect an input waveguide 200 nanome-

ters wide and 400 nanometers high to an output waveguide 400 

nanometers wide and 200 nanometers high. In effect, the rotator 

turns the waveguide onto its side with the light inside it.

The silicon waveguide, surrounded by a cladding layer of silicon 

oxide, is 3 millimeters long in total. Simulations indicated that a 

longer wavelength required a longer rotator. With this in mind, 

the team tested devices with lengths of between 40 and 100 

micrometers. The component could rotate laser light at wave-

lengths between 1,530 and 1,570 nanometers. Both TE-to-TM 

and TM-to-TE conversion was possible, although the former was 

much more efficient. 

“A polarization rotator is just one of the key components neces-

sary for polarization diversity schemes,” notes Zhang. “The next 

step will be to develop the other elements to complete a whole 

diversity circuit.” ■

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

based mode evolution polarization rotator. IEEE Journal of 

Selected Topics in Quantum Electronics 16, 53–60 (2010). 

A schematic diagram showing how the polarization rotator 

changes TE-mode light (with the electric field polarized horizon-

tally) in a 200 × 400 nm silicon waveguide into TE-mode light in a 

400 × 200 nm waveguide in the space of just 40 μm.

Tiny optical circuits could operate at even higher speeds because of a 

simple structure that rotates the polarization of light

TE mode

TM mode

200 nm

200 nm

400 nm

400 nm

Polarization rotator
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Silicon photonics

Brought into line

All optics research requires precise alignment of optical com-

ponents to ensure that light passes efficiently from one element 

to the next. At the micro-scale, however, the process is much 

more delicate and complicated. Now, an alignment mechanism 

integrated onto a silicon chip to allow quick and cheap optical 

optimization has been demonstrated by Qingxin Zhang and 

co-workers from the A*STAR Institute of Microelectronics 

in Singapore1.

Zhang and his team used a micro-electromechanical system 

(MEMS) to precisely align a laser diode made from a semicon-

ductor, either InGaAsP or InGaAIAs, with a silicon photonic 

circuit. While silicon has had unrivalled success in the electronics 

industry, the same is not true for photonics applications owing to 

its poor light-emitting capacity. This means that lasers made from 

another type of semiconductor must be mounted onto the chip. 

Ensuring that such emitters line up with the silicon components 

often requires expensive, high-precision mechanical translation 

stages. “An integrated approach offers lower processing cost and 

higher device performance than traditional silicon–photonics 

packaging,” notes Zhang.

MEMS are micrometer-scale mechanical actuators that move 

in response to thermal expansion induced by an applied voltage. 

“A MEMS platform can be applied to hybrid integrated silicon 

photonics for applications that combine both optical transmitters 

and transceivers,” explains Zhang.

He and his co-workers used two actuators to position a spheri-

cal glass lens so that it coupled the light from a near-infrared 

laser diode into a silicon waveguide (see image). The ball lens 

sat in a groove between the two actuator arms. When the arms 

slid in the same direction, they moved the ball left or right by up 

to 50 micrometers with a precision better than 0.1 micrometers. 

When they moved in opposite directions, the ball travelled either 

up or down. This gave the researchers two-axis position control 

of the lens. The voltage needed for this was modest at no more 

than 25 volts.

Four more actuators locked the main positioning arms into 

place once the researchers had optimized optical coupling. 

They tested this pinning mechanism by subjecting their device 

to 2 kilohertz vibrations with a force equal to ten times that of 

gravity. The lens moved less than 0.1 micrometer.

According to Zhang, the next stage in the development of this 

technology is to control motion in a third direction: moving the 

lens towards or away from the laser.  ■

1. Zhang, Q.X, Du, Y., Tan, C.W., Zhang, J., Yu, M.B., Yeoh, W.G., 

Lo, G.-Q. & Kwong, D.-L. A silicon platform with MEMS active 

alignment function and its potential application in Si-photonics 

packaging. IEEE Journal of Selected Topics in Quantum 

Electronics 16, 267–275 (2010).
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A laser diode and a photonic integrated circuit (IC) sit on a MEMS 

platform. Mechanical actuators on the platform move a spherical lens 

so that it efficiently couples the laser light into a silicon waveguide on 

the IC chip.

Micro-electromechanical systems accurately align optical components on 

a silicon microchip

Laser diode

Photonic IC chip
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Plasmonics

Timely forecasting

Plasmonic structures are metallic nanostructures that can be 

used to manipulate light on very small scales, so they are inves-

tigated intensively for applications ranging from optical circuits 

and enhanced solar cells to biosensing and imaging. One of the 

methods to fabricate plasmonic structures is to evaporate metals 

on dense arrays of small spheres, which results in wide variety of 

shapes. Researchers therefore need a way to predict the precise 

shape of these tiny structures so that they can be produced 

successfully on a commercial scale. This is now possible using 

a mathematical algorithm developed by a team of researchers 

led by Xiadong Zhou of the A*STAR Institute of Materials 

Research and Engineering in Singapore1.

Plasmonic devices are based on the wave-like motion of 

electrons on metallic surfaces. These ‘surface plasmons’ interact 

strongly with light of a matching frequency, and can create high-

intensity light fields that are suitable for photonic applications. 

The algorithm developed by Zhou and her co-workers predicts 

the shape of plasmonic nanostructures evaporated on arrays of 

nanospheres using a technique called nanosphere lithography 

(see image). When the evaporation angle is near-perpendicular 

to the substrate, the gold evaporates as a thin shell on the surface 

of the spheres in the form of metal nanocaps. Pyramid-shaped 

nanostructures can also form on the substrate between the 

spheres. When the evaporation angle is oblique, only patchy 

metal nanoparticles form on the top of the spheres.

The precise shape of these structures strongly influences their 

properties that can be exploited in various applications. Gold 

nanospheres, for example, can be used to focus laser light and 

destroy tumor cells in cancer therapy. The pyramid-shaped 

nanostructures, on the other hand, could be used to capture 

and focus incident light into an underlying device in biosens-

ing devices or antennas. Precise control over these properties is 

therefore essential.

“Our method is an accurate three-dimensional simulation 

of the metal nanostructures based on space geometry,” explains 

Zhou. She says that the advantage of this approach is being able to 

accurately forecast the shape of all metal nanostructures, including 

those parts that cannot be observed using experimental methods.

The prediction of the geometric shape of the metal nanostruc-

tures, and thus their properties, is crucial to their mass produc-

tion across a large area, says Zhou. “This [algorithm] solves the 

bottleneck of fabricating periodic nanostructures for plasmonic 

applications in an inexpensive and reliable way.”  ■

1. Zhou, X., Liu, K.Y., Knoll, W., Quan, C. & Zhang, N. 3D profile 

simulation of metal nanostructures obtained by closely packed 

nanosphere lithography. Plasmonics 5, 141–148 (2010).
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Metal nanostructures can be fabricated easily by evaporating metal 

onto a closely packed array of nanospheres. The precise shapes of 

these structures can be predicted using a mathematical model that 

takes the angle of evaporation into account (magnification ×10,000).

Predicting the precise shape of metal nanostructures evaporated on an 

array of spheres is now possible using a mathematical algorithm
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Data storage

A helping hand

The rapidly growing quantity of digital information is placing 

stringent demands on the storage capacity of magnetic media, 

such as hard drives. Increasing the number of magnetic bits stored 

in a given area can increase capacity but requires reducing bit size, 

which makes each bit more vulnerable to accidental overwriting. 

To compensate, researchers are exploring ‘hard’ magnetic mate-

rials, which have bits that are difficult to switch and therefore 

long-lived. However, writing to these materials with magnetic 

fields alone requires very high field strengths that are difficult to 

produce in hard drives.

This conundrum has spurred the development of techniques 

in which magnetic write heads are assisted by other sources of 

power, such as heat, microwaves or an electric field. However, the 

first two involve adding considerable complexity to hard drives, 

and the third has been completed only under unrealistic condi-

tions. Now, under realistic conditions, Tiejun Zhou, Zhimin Yuan, 

Bo Liu and co-workers at the A*STAR Data Storage Institute 

in Singapore have demonstrated practical electric-field-assisted 

magnetic data writing on a hard drive1.

The researchers modified commercially available hard drive 

heads to allow the application of an electric field to the drive’s 

standard recording medium, which is made of cobalt-based nano-

composite thin films (see image). Because the heads were close to 

the media, a low voltage of just 3 volts was sufficient to create an 

electric field strong enough to trap 0.15 electrons per cobalt atom 

in the media’s grain boundaries. Previously, other researchers had 

observed modifications of thin film magnetic properties in the 

presence of such quantities of excess charge, leading Zhou and his 

co-workers to expect an effect in hard drives as well.

Indeed, they found that the trapped charges they induced 

served to reduce the energy required to switch the magnetic bits 

in the recording media by 26%, corresponding to a 13% reduc-

tion in the required magnetic field and an improved signal-to-

noise ratio when the data was read back. The simplicity of the 

technique may allow it to be applied to magnetic random access 

memories, or to other material systems, such as iron–platinum 

thin films that cannot be written to using currently available 

recording head technologies.

The researchers plan to concentrate on developing a more 

complete understanding of the effect they observed. “The physics 

of the switching field reduction and switching mechanism needs 

to be studied in detail,” says Liu. “This will allow the recording 

layer structure and materials to be optimized and the full potential 

of the technology to be realized.” ■

1. Zhou, T., Leong, S.H., Yuan, Z.M., Hu, S.B., Ong, C.L. & Liu, B. 

Manipulation of magnetism by electrical field in a real recording 

system. Applied Physics Letters 96, 012506 (2010).
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An electric field applied from a hard drive recording head (yellow) 

induces charges (red) at the surfaces of magnetic grains (pale blue) in 

a thin film recording medium (gray), helping the head to write data to 

‘magnetically hard’ recording media at high density.

Electric fi elds can help magnetic hard drive heads write data, which may 

lead to higher storage densities

Metallic underlay

Substrate

Writing pole

Magnetic grains

Trapped 
electrons
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Data storage

Less shielding, more reading

The exponential growth in the complexity and performance 

of magnetic storage technologies mirrors that of computer 

processors, which was famously described by Moore’s Law. 

Unlike computer processors, however, magnetic devices face 

strong competition from alternative technologies, such as flash 

memory. To maintain the cost and capacity advantages of hard 

drives, physicists need to increase their areal density—bits per 

area—by 30% to 40% per year. And to retain competency, hard 

drives need to reach a density of 10 terabits per square inch 

(Tb/in2) by 2015.

Using current technologies, hard-drive read heads are unlikely 

to scale past 2 Tb/in2. Many of the technologies under consid-

eration as viable replacements share a common feature with 

existing read heads: the reading element is placed between two 

magnetic shields, helping the head to ignore nearby data bits that 

could confuse the signal from the bit of interest. Now, Guchang 

Han and co-workers at the A*STAR Data Storage Institute in 

Singapore have calculated that all shielded read head designs 

will also fall short of 10 Tb/in2, and have proposed an alternative 

shieldless read head design with superior scaling characteristics1.

The alternative design is based on a ‘differential dual spin 

valve’ (DDSV) approach, by which electron ‘spin’ is used to 

reorient the magnetization of a thin magnetic layer. While 

existing read heads measure the strength of the magnetic field 

and therefore require shielding to ensure they are reading the 

correct bit, the DDSV responds only to gradients in magnetic 

field. Data are then encoded in the transitions between adjacent 

magnetic domains in a magnetic medium, rather than in the 

domains themselves as in conventional read heads. Surrounding 

domains will still produce stray fields as usual, but because 

these stray fields are uniform, the DDSV head can ignore them 

without the aid of shielding layers, according to the team. This 

in turn allows the DDSV head to scale to smaller sizes than 

conventional shielded designs.

Han and his team numerically evaluated the signal-to-noise 

ratio of data produced by a DDSV head when reading at a 

density of 10 Tb/in2, and considered both magnetic noise caused 

by thermal fluctuations and noise caused by spins exerting 

a torque on one another. They found that while the former is 

unlikely to be a critical issue, spin torque noise places a strict 

limit on the magnitude of the writing current that could be 

passed through the head.

“While the differential dual spin valve is a very promising 

design for high-density read heads,” says Han, “the spin torque 

effect will be a big challenge to its real implementation.” ■

1. Han, G.C., Qui, J.J., Wang, L., Yeo, W.K. & Wang, C.C. Perspectives 

of read head technology for 10 Tb/in2 recording. IEEE Transactions 

on Magnetics 46, 709–714 (2010). 
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As hard drives store data at ever-higher densities, their heads need to 

be able to resolve smaller magnetic domains.

A hard-drive head designed to work without magnetic shields can store 

higher densities of data

© 2010 A*STAR



RESEARCH HIGHLIGHTS

A*STAR RESEARCH APRIL 2010 – SEPTEMBER 2010 77

Integrated electronics

Keeping cool

Electronic components generate a great deal of heat that can det-

rimentally affect device performance, particularly state-of-the-

art high-power computer processors. Now, stacks of integrated 

electrical circuits can be cooled by water using a system designed 

and built by a research team from the A*STAR Institute of 

Microelectronics and Nanyang University in Singapore1.

Integrated circuits combine passive electronic elements such 

as resistors and semiconductor devices on a single substrate. 

To achieve a higher density of components, engineers are 

developing methods for stacking these circuits. Keeping the 

tightly packed layers cool, however, is a challenge. In computers, 

for example, fans are used to circulate cooling air, but air is an 

inefficient conductor of heat. “The heat must be removed from 

microchips to maintain a temperature within acceptable limits: 

less than 100 °C,” explains team-member Navas Khan from the 

Institute of Microelectronics.

Khan and his co-workers therefore focused on a system using 

circulating water. In their design, each integrated circuit sits on 

a silicon chip carrier through which the cooling water flows. 

First, however, they had to consider how to connect subsequent 

stacked layers. Khan and his team made the electrical connec-

tions between two circuits by etching holes straight through the 

substrate, a commonly used technique called ‘through silicon via’. 

They then applied the same concept to pass cooling water from 

one chip carrier to the one above it through four 500-micrometer 

holes. A solder consisting of tin and gold hermetically sealed the 

structure up to pressures high enough to ensure that no water 

could escape and disrupt the electronics.

To optimize the cooling, the researchers patterned the chip 

carrier with a network of microchannels (see image). Their 

design also included two water inlet ports and two outlets, rather 

than just one of each, to minimize any pressure drop across the 

structure. This meant that they could use a mini pump to cir-

culate the water around the module. Khan points out that the 

tapered fin arrangement with inlets smaller than the outlets led 

to a uniform water flow and more effective heat extraction.

The whole module, including the pump and the heat 

exchanger through which the heat was expelled, took up an area 

of only 5 × 5 cm2 and was able to extract up to 200 watts of heat. 

Khan hopes that future designs using two-phase cooling will 

remove even more heat. ■

1. Khan, N., Yu, L.H., Pin, T.S., Ho, S.W., Su, N., Hnin, W.Y., Kripesh, V., 

Pinjala, Lau, J.H. & Chuan, T.K. 3D packaging with through silicon 

via (TSV) for electrical and fluidic interconnections. 2009 59th 

Electronic Components and Technology Conference, Institute of 

Electric and Electronic Engineers, New York, NY, 1153–1158 (2009). 
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A chip carrier patterned with horizontal fluidic microchannels that 

ensure that integrated electronic circuits stay within operating 

temperatures. 

A compact water-circulation system prevents stacks of electronic chips 

from getting too hot
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Telecommunications

Radios learn to share

Delivery of web content and video over next-generation wireless 

networks will require large amounts of bandwidth. The existing 

wireless spectrum in most countries, however, has already been 

fully allocated. Optimizing the use of this spectrum is therefore 

necessary to allow further development of wireless services.

One promising approach is called ‘cognitive radio’, whereby a 

primary, licensed user and an unlicensed, secondary user share a 

wireless spectrum. However, adoption of this method has been 

hindered by the inability to avoid signal interference, which must 

be kept low. Now, Rui Zhang and Ying-Chang Liang, from the 

A*STAR Institute for InfoComm Research in Singapore and 

Feifei Gao, currently of Jacobs University in Germany, have 

proposed a practical and efficient scheme to determine and avoid 

interference on channels shared by multiple users1.

The team had previously proposed an approach for minimizing 

interference called ‘cognitive beamforming’. Under this scheme, 

a secondary radio uses multiple antennas—each transmitting at 

different powers—to modify its transmission parameters in a 

manner that avoids interference. However, this proposal required 

perfect and complete information about the primary radio and its 

channels to avoid interference, which made the scheme signifi-

cantly less practical.

Under Zhang and co-workers’ new proposal, this stringent 

requirement is avoided because the secondary radio can ‘learn’ 

about the primary radio by periodically sampling its transmissions. 

The secondary radio can then numerically construct an ‘effective 

interference channel’ that allows it to estimate the interference its 

transmissions would cause, and to alter them to minimize inter-

ference. The new proposal also allows for simultaneous primary 

and secondary transmissions at the same frequency, in contrast to 

other cognitive radio schemes.

Zhang and his co-workers also showed that a trade-off exists 

between the time the secondary radio spends learning to reducing 

the interference it causes, and the time it spends actually transmit-

ting data. They calculated the optimum time spent at each activity, 

so as to maximize the secondary radio’s transmission speed.

The proposed scheme can be extended to multiple primary 

radio receivers and channels, and, while it has not yet been 

implemented, is potentially relevant to any wireless system that 

requires supporting two radio networks on a single frequency, 

according to Zhang. More generally, it “breaks the fundamental 

gridlock inherent to the conventional operation mode of cogni-

tive radios,” says Zhang, “and the general cognitive beamforming 

approach on which it is based has already motivated considerable 

follow-up research.” ■

1. Zhang, R., Gao, F., & Liang, Y.-C. Cognitive beamforming 

made practical: Effective interference channel and learning-

throughput tradeoff. IEEE Transactions on Communications 

58, 706–718 (2010).
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A radio can share the wireless spectrum of an existing radio by measur-

ing the first radio’s transmissions and adjusting its own transmissions 

to avoid interference.

Radios can broadcast over an already-used frequency without causing 

interference, by ‘studying’ existing transmissions
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Antennas

An answer unfolds

Printed antennas are inexpensive, low profile, light weight, 

mechanically robust and easy to mass manufacture. For these 

reasons, they can be found in everything from cellular phones to 

radars. However, new technologies are placing two conflicting 

demands on these antennas. On one hand, they are required to 

operate over a wider range (or band) of frequencies; on the other 

hand, their size needs to be reduced to fit into new generations of 

devices, such as wearable sensors.

Meeting these challenges simultaneously is difficult because an 

antenna’s frequency is set in part by its dimensions. Now, Kah-Wee 

Khoo and co-workers at the Institute for Infocomm Research 

and the Singapore Institute of Manufacturing Technology, both 

A*STAR institutes in Singapore, have addressed this challenge by 

folding a wideband antenna across multiple layers, thus reducing 

its size without affecting its performance1.

The advance exploits a fabrication process that allows a printed 

circuit to be put together across multiple layers. The process, 

called low-temperature co-fired ceramic (LTCC), involves the 

fabrication of multiple layers of printed circuits in parallel. These 

are then aligned into a stack and heated (or ‘fired’) to form a single 

unit (see image). While this approach has been used for years, 

Khoo and his co-workers applied it in a novel fashion to a printed 

monopole ultra wide band (UWB) antenna operating between 

3.1 and 5.0 gigahertz.

The printed monopole antenna consists of a radiating element, 

a transmission line, and a metallic patch called a ground plane 

that acts as a kind of mirror to the radiating element. Khoo and 

his team distributed these components across three layers of 

LTCC laminates. Metal connectors called ‘vias’ then connected 

the appropriate portions together, effectively reconstructing the 

original antenna. This process of ‘folding’ the antenna allowed a 

25% reduction in width. However, experiments proved that this 

reduction had little effect on key parameters of the antenna’s 

behavior, including its radiation pattern and gain.

Because the researchers accomplished this miniaturization with 

standard multi-layer techniques, the resulting antenna is quite 

versatile. “It can be easily integrated with radio and intermedi-

ate frequency electronics that are themselves fabricated across 

multiple layers of LTCC laminates,” says Khoo. The technique 

may also be extended to millimeter-wave antennas, which operate 

at the highest portion of the radio frequency band and are neces-

sary for an emerging class of sensors and imaging systems. ■

1. Khoo, K.-W., Chen, Z.N., Lu, A.C.W., Sunappan, V. & Wai, 

L.L. Miniaturized multilayer UWB antennas on LTCC. IEEE 

Transactions on Antennas and Propagation 

57, 3988–3992 (2009). 
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Just like paper, electronics can be folded to reduce their size (left). A 

digital photograph of two printed wideband antennas (right), folded 

over multiple layers using the LTCC process. The antennas are approxi-

mately 16 mm long by 9 mm wide. 

Distributing the components of printed wideband antennas across 

multiple stacked layers reduces their size by some 25%
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Wireless networks

Radios go wide

While wireless products such as cell phones are increasingly 

being used to transmit large amounts of data over long distances, 

often at the expense of battery life, another class of devices is 

emerging that transmits data slowly and over a short range. 

Examples include wearable or implanted medical sensors that 

form a ‘body-area network’ over which they communicate; and a 

network of communicating sensors, spread over an area of land, 

that can effectively monitor enemy troop movement or environ-

mental conditions. Because these sensors can be hard to reach, 

however, they need to be able to operate for weeks or more on a 

single battery charge.

Key to the development of this technology are ultra-wideband 

(UWB) radios, which can communicate over a very large 

range of radio frequencies, allowing them to avoid interfering 

with existing radio channels and with each other. Ideally, these 

radios should be highly energy-efficient, and have the ability to 

measure distances to their neighboring radios so that they can 

optimize the network connecting them. Now, Yuanjin Zheng 

and co-workers from the A*STAR Institute of Microelectronics 

in Singapore have demonstrated a complete and efficient UWB 

radio with distance measurement capability for short-range, low-

power wireless networks1.

The team’s radio has a power efficiency of 25.4%, placing it 

among the most efficient radios of this kind. It uses only a few 

nanojoules of energy for every bit that it receives or transmits. 

This efficiency is achieved by synchronizing the ‘transmit and 

receive’ processes, and powering down portions of the circuit 

when they are not in use. In addition to its efficiency, the radio 

can provide location information to an accuracy of 15 centi-

meters by measuring the time delay between transmitted and 

received pulses. The radio bandwidth is 1 gigahertz, compared 

to 1–20 megahertz for a traditional wireless radio. A high level 

of integration allows the entire system to be placed onto a single 

chip only 17 square millimeters in size, which can then be used 

inside a sensor or other device.

Zheng says the team plans to further reduce the power con-

sumption of their chip, and improve the ranging accuracy for 

short- to mid-range distances. However, even their current radio 

should have ready applications, says Zheng: “The efficiency of 

this radio makes it useful for continuous vital signal moni-

toring of multiple sensor signals for both hospital and home 

healthcare applications.” ■

1. Zheng, Y.J., Diao, S.-X., Ang, C.-W., Gao, Y., Choong, F.-C., Chen, Z., 

Liu, X., Wang, Y.-S., Yuan, X.-J. & Heng, C.H. A 0.92/5.3nJ/b UWB 

impulse radio SoC for communication and localization. In 2010 

IEEE International Solid-State Circuits Conference Digest of 

Technical Papers (ISSCC), IEEE International, California, 

USA (2010). 

©
 2

01
0 

iS
ot

ck
ph

ot
o/

al
en

go

By sending their data over a wide range of frequencies, UWB radios 

can avoid interference with existing radios and with each other. 

Demonstration of an energy-effi  cient, ultra-wide bandwidth radio will 

advance low-power, short-range wireless networks

© 2010 A*STAR



FEATURES & INNOVATIONS

  



82 A*STAR RESEARCH  APRIL 2010 – SEPTEMBER 2010

FEATURES & INNOVATIONS

R
ecent advances in genomic 

technologies are providing us 

with an unprecedented amount 

of data that could be used for vaccine 

development and personalized medicine. 

Th e next generation of vaccines will be 

able to tap into that massive amount of 

genomic data on virus, bacteria, parasite 

and cancer peptides and match the 

peptides to the human host cell surface 

protein called major histocompatibility 

complex (MHC)—also known specifi -

cally as human leukocyte antigen (HLA) 

in humans—to induce immunity.

Ren Ee Chee at the Singapore 

Immunology Network (SIgN) has 

developed a T-cell epitope discovery 

platform technology that allows the high-

throughput identifi cation of immuno-

genic fragments of disease-causing agents 

that could stimulate an immune response. 

Th e advantage of this Personalized 

Peptide Vaccine (PPV) platform is 

that it matches an individual’s specifi c 

genomic makeup with the disease strains 

in question to determine the likelihood 

of an immune response. Ren has created 

a spin-off  company, Rhapsody Biologics, 

with an exclusive license from Exploit 

Technologies to further pursue this idea. 

Th e company has attracted the attention 

of a seasoned entrepreneur, Richard P. 

Kivel, who is also chairman of the MIT 

Enterprise Forum and associate professor 

at the Sloan School of Management, to be 

its chairman and CEO.

Peptide vaccines target particular frag-

ments of a disease-causing agent to which 

a protective response can be developed. 

Th e advantages of a peptide vaccine 

include eliminating the need to inject a live 

or attenuated virus into the patient, and 

substantially lower manufacturing costs. 

Th e peptide approach is tightly linked to 

particular HLA alleles, so a mixture or 

cocktail of peptides can be defi ned to be 

eff ective at inducing protective immunity 

in diff erent populations.

By pin-pointing the specifi c antigenic 

epitopes that bind to the HLA molecule 

and initiate an immune response, specifi c 

epitopes that are known to bind to the 

targeted HLA types can be included 

to produce more eff ective vaccines that 

generate a stronger immune response. At 

the same time, irrelevant portions of the 

candidate vaccine that could cause side 

eff ects or non-specifi c immune response 

can be excluded from the fi nal vaccine 

design. Vaccine development companies 

will also be able to simulate clinical 

response scenarios using Rhapsody 

Biologics’ technologies. Th e overall 

impact of the T-cell epitope discovery 

platform will be to bring the vaccine 

development industry into the age of 

personalized medicine. As the fi eld of 

peptide vaccines grows, the need for a 

predictive method to create optimal pep-

tides will also increase. Th e proposition 

Rhapsody Biologics brings to the table is 

to create a series of more effi  cacious vac-

cines for diverse indications, encompass-

ing both cancer therapy and infectious 

diseases. As the overall development cost 

for launching a new vaccine can exceed 

half a billion US dollars, Rhapsody 

Biologics’ technology platform will 

help reduce cycle development time for 

vaccine companies and greatly improve 

the odds of delivering a successful and 

eff ective vaccine. 

A sign of things to come
Genomic technologies developed by A*STAR’s Singapore 

Immunology Network (SIgN) form the basis for a new 

vaccine development platform that could pave the way 

for cost-eff ective personalized therapy.

Structure of an HLA molecule with a bound peptide (center) occupying its binding cleft. 

Functional side-chains groups from the HLA (in brown) and peptide (in green) interact to 

produce a stable complex.
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I
n a meeting room on the ninth fl oor 

of the Connexis South Tower in the 

Fusionopolis building, Singapore, Jo 

Yew Th am browses a tailor-made online 

movie catalogue and picks out a Hollywood 

action fi lm. He plays the high-defi nition 

video on a large wall-mounted projector 

screen, and then eff ortlessly streams the 

same video onto a laptop computer and 

a mobile phone without even a stutter in 

the motion picture. “You may not realize 

it, but you are now witnessing a very new 

multimedia experience,” he says.

Th am is group leader and principal 

investigator of several video process-

ing projects undertaken by the Signal 

Processing Department and Interactive 

Social Tele-Experience Programme of the 

A*STAR Institute for Infocomm Research. 

Th e technologies behind his new multi-

media experience are what Th am calls the 

A*STAR Scalable Multimedia Platform 

(A*SMP)—a comprehensive middleware 

platform for online video content provid-

ers that off ers scalable video encoding, data 

storage, robust streaming and intelligent 

client playback on diff erent devices in a 

simple and effi  cient manner.

“Right from the beginning, we have 

adopted a systemic research and develop-

ment approach to transform A*STAR’s 

various research inventions into concerted 

licensable technologies that can impact 

our daily lives in the networked multime-

dia world, rather than doing silo-based 

research that often results in standalone 

components,” says Th am, who has already 

used his experience and entrepreneurial 

drive to manage a handful of commercial 

start-ups in Silicon Valley and Singapore.

One fi le, one system for 
all devices
Th am’s project teams have developed an 

unprecedented system for A*SMP that 

allows a video source to be encoded just 

once for playback on a range of diff erent 

client devices, from smartphones and car 

infotainment systems to PCs and high-

defi nition televisions. Th e system is based 

on the latest international standards for 

video coding, fi le format and content 

streaming. Th e scalable streaming server 

and intelligent client automatically com-

pute and assemble the best combination of 

scalable video layers for delivery and play-

back in real time. Th am’s approach diff ers 

radically from current technologies, which 

demand the source video to be encoded 

multiple times to generate the multiple ver-

sions of compressed video streams required 

by diff erent audio–visual devices. Th e 

conventional approach results in a more 

complicated content generation, storage 

and distribution process, and requires con-

siderable duplication of data storage at the 

server — typically more than ten fi les for 

each video source. “With A*SMP, diff erent 

users can independently request the appro-

priate video layers from a single scalable 

video fi le on the server,” Th am explains.

A variety of sub-systems are under 

development by Th am’s team to assist in 

the smooth transmission of data streams. 

“For example,” says Kwong Huang Goh, a 

principal investigator on the projects, “we 

are inventing advanced ‘cross-layer video 

scrambling’ methodologies to generate 

packet-based streams that are robust with 

respect to data loss during network trans-

mission. Another important sub-system 

involves a technique that quickly masks the 

eff ects of lost data to provide the best pos-

sible video playback quality at all times.”

Coverage of live events
Th am’s team is currently working with a 

Singapore-based company to implement 

A*SMP as a platform for launching an 

unprecedented video-on-demand service 

in Singapore in 2011, by which time 60% 

of the city-state’s offi  ces and households 

are scheduled to be networked with optical 

fi ber. Th e company is also looking to bring 

the service to other Southeast Asian coun-

tries in the near future. “We are actively 

working on an interactive multi-camera 

sub-system that will allow the coverage of 

live events such as sports games. Scalable 

video is still very new, so we are in a good 

position to become the world’s leading 

research group on next-generation online 

multimedia services,” says Th am. 

Ushering in a new 
multimedia era

A*STAR’s Scalable Multimedia Platform promises a 

next-generation entertainment experience based on 

a more sophisticated and adaptable media coding, 

management and delivery system.

Unlike conventional video streaming, which requires different versions of files to be stored and 

streamed for different client devices, A*SMP uses a single multilayer file. The server delivers 

different layers of video depending on the capabilities of the client system and network conditions.

Jo Yew Tham and members of his team 

demonstrate the A*SMP system

HD

Original source

Encode once

SMP
server

One file
One system
One scalable broadcast

Client-driven
adaptive layered streaming
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256 kbps
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M
utations in a cell’s DNA—

due to damage, viral attack or 

even spontaneous changes—

can produce dramatic changes in a cell. 

Some mutations have little or no eff ect, 

while others change the functionality 

of the cell or induce cell death. In some 

cases, however, genetic mutations can 

cause the cell to multiply out of control 

to become a tumor.

Th e fundamental link between genes 

and cancer is one of the most important 

research targets in clinical science, and 

unveiling the genetic mechanism of how 

a normal healthy cell can abruptly evolve 

into a cancer is critical in order to develop 

novel therapies. Without the advent of 

new treatments, the International Cancer 

Genome Consortium predicts that the 

number of people dying from cancer 

worldwide will more than double by 2050 

to 17.5 million each year. Large-scale 

eff orts are now underway around the 

world to sequence thousands of cancer 

genomes and identify genetic variations 

that could be linked to disease. But amid 

prolonged global economic turmoil, big 

science like large-scale cancer sequencing 

is under considerable budgetary pressure, 

and geneticists are asking the question of 

whether such massive projects will ever 

provide meaningful data of clinical rel-

evance, despite their ambitious scope.

Could smaller-scale, alternative app-

roaches be more eff ective? “A major 

struggle is how to fund these large-scale 

international eff orts, which are clearly 

valuable and important, and at the 

same time not diminish the funding 

for investigator-initiated research. How 

do we balance it?” asks Neal Copeland, 

executive director of the A*STAR 

Institute of Molecular and Cell Biology. 

“Th ere is no easy solution to this, and 

scientists are still debating the issue.”

Strategic shift
Since the Human Genome Project iden-

tifi ed some 20,000 protein-coding genes 

in humans, geneticists have competed to 

fi nd out how variations in those genes are 

associated with disease. However, as the 

research has progressed, it has become 

apparent that genetic functions are far 

more complex than initially thought. 

Th e angles for research have therefore 

broadened to cover everything from 

genetic variations and single nucleotide 

polymorphisms (SNPs)—changes in the 

activation of specifi c genes—to the func-

tion of RNA and other targets beyond 

protein-coding genes. Even networks 

of genes and molecules have been con-

sidered. And although technological 

advances have dramatically reduced the 

time and cost of genome sequencing 

and SNP typing, which has led to the 

popularization of approaches such as 

genome-wide association studies, scien-

tists continue to struggle to obtain a clear 

explanation of the link between genetic 

function and cancer. Th at frustration has 

led to ever-larger projects involving as 

many samples as possible.

Th e A*STAR Genome Institute of 

Singapore (GIS) has shown leadership in 

cancer genomics in supporting a number 

of large-scale international sequencing 

projects, predominantly in Asia, by con-

tributing its geneticists and sequencers to 

the cause. One such collaboration is the 

Pan-Asian SNP Initiative, which aims 

to characterize genetic diversity in Asia. 

Singapore itself, through institutes like 

the GIS, is too small to support its own 

large-scale sequencing projects and can-

not compete on scale with countries like 

China and the USA, where hundreds of 

the latest sequencing instruments are 

being made available for sequencing proj-

ects. Th e GIS, too, has only a handful of 

sequencers, but its size has not impeded 

its determination to establish a strong 

international presence. “We’ve decided 

not to compete on size,” says Edison Liu, 

executive director of the GIS. Instead, 

Liu says, the GIS is strengthening its inte-

gration between biology and genomics, 

with emphasis on transcriptional regula-

tion, the process by which DNA codes are 

copied into RNA molecules. Researchers 

at the GIS are constructing comprehen-

sive maps of novel transcripts in human 

cancers and clinically relevant cancer 

pathways. Th e transcripts associated with 

cancer survival are then assessed for their 

ability to change cellular behavior. In 

this manner, Liu’s group has discovered a 

number of clinically important genes that 

directly aff ect cancer cell biology.

Pathway-based approaches
Jianjun Liu, senior group leader and asso-

ciate director of the GIS, says his recent 

study1 on breast cancer is a good example 

of how the data obtained from large-

scale projects has helped to evolve his 

own investigations into cancer pathways. 

Jianjun Liu’s research focuses on estrogen 

exposure, currently the most important 

risk factor for breast cancer, as well as the 

nuclear estrogen receptor, which is acti-

vated by binding to estrogen and conse-

quently acts as a DNA-binding transcrip-

tional factor and gene expression regulator.

Finding the best 
approach in cancer 
research

Cancer geneticists in Singapore seek clinical 

relevance in large-scale cancer genomics studies.

FEATURES & INNOVATIONS

Edison Liu, executive director of the GIS

© 2010 A*STAR



85A*STAR RESEARCH  APRIL 2010 – SEPTEMBER 2010

FEATURES & INNOVATIONS

Th e production of the hormone estro-

gen is regulated by a network of enzymes 

encoded by various genes. Jianjun Liu 

believes that mutations within these 

enzymes could modify estrogen exposure, 

possibly leading to hormone-related dis-

eases like breast and endometrial (uterine 

lining) cancers. Previous research, how-

ever, has been unable to identify a consis-

tent association between mutations in the 

metabolic pathway and cancer. Believing 

that the lack of progress is due to the 

presence of multiple weak genetic varia-

tions with complex interactions, Jianjun 

Liu in collaboration with researchers 

from around the world set out to analyze 

the results with a more sophisticated 

statistical approach.

Jianjun Liu started by identifying the 

single SNPs with strong disease associa-

tions using more than 4,000 cancer sam-

ples, then began investigating multiple-

SNP associations within the metabolic 

pathway by evaluating the cumulative 

eff ects of multiple variants. Taking three 

sets of related tumor samples, he selected 

239 SNPs out of 35 genes in the estrogen 

metabolism pathway, and found that the 

data could be separated into three sub-

pathways: one involved in the synthesis 

of androgen, a male sex hormone that is 

converted to estrogen in women; another 

involved in the conversion of androgen 

to estrogen; and another responsible 

for removing estrogen. Th is approach 

revealed a strong association between the 

androgen–estrogen conversion pathway 

and breast and endometrial cancers. 

“Pathway-based approaches are just 

beginning to be applied in association 

analysis, and can be a powerful method 

when analysis is guided by well-defi ned 

biological information,” says Jianjun Liu.

Mouse models for human 
pre-clinical testing
Meanwhile, Copeland and Nancy Jenkins, 

who jointly run a laboratory for cancer 

genetics at the A*STAR Institute of 

Molecular and Cell Biology, have been 

working in cancer research using mice 

for over 30 years. Although they are not 

participating in large-scale human cancer 

genome sequencing, they have watched 

developments in the fi eld closely since these 

projects started on a smaller scale. “We are 

hoping some of the cancer genes that are 

coming out of the sequencing studies can 

be validated using mice,” says Jenkins. 

Th e two researchers are aiming to 

create a mouse disease model that can 

be applied in the pre-clinical testing of 

potential human therapies. Th eir tool is a 

transposon, a sequence of DNA that can 

jump to diff erent positions in the genome 

where it can activate or deactivate specifi c 

genes. Th e transposon they use, called 

Sleeping Beauty, can be inserted into 

cancer-causing genes like a tag, allowing 

clinicians to identify target cancer-causing 

genes much more quickly and cheaply 

than other methods, with broad impli-

cations for reducing the cost and time 

required for clinical trials. So far, the team 

has created models for colon, liver, blood 

and many other cancers in mice2. “What 

we want to do is to compare the list of 

mouse cancer genes with the mutations 

identifi ed by human cancer sequencing,” 

says Copeland.

Recently, the team of Copeland and 

Jenkins looked into colorectal cancers, 

and investigated which mutations are 

‘drivers’, associated with tumor formation 

and progression, and which are extrinsic 

‘passengers’. Th e team compared their list 

of Sleeping Beauty-tagged mouse genes 

with human genes listed in the Catalog of 

Somatic Mutations in Cancer database. 

Th ey then analyzed more than 16,000 

transposon insertions and identifi ed 74 

candidate genes with human ‘homologs’, 

15 of which are likely driver mutations 

in humans. Th e screen also identifi ed 17 

candidate genes that had not been previ-

ously implicated in the disease.

Collaborative research
Many scientists have realized that large-

scale data provide a lot of useful informa-

tion, but “in order to fully utilize it, very 

big samples are needed, and nobody could 

achieve that working alone,” Jianjiu Liu 

says. Compared with the situation 5–10 

years ago, when massive international 

collaborations were rare, more and more 

individual scientists are collaborating 

with other laboratories, and sometimes 

the authorship of a single paper can swell 

to about 300 people. “You can see that the 

scale of collaboration is really big.”

Others, such as Copeland and Jenkins, 

are keen to bring their scientifi c fi ndings 

to the bedside in collaboration with the 

pharmaceutical industry. Collaboration 

is important because in contrast to 

conventional drug therapy, which might 

involve one or two drugs with general 

eff ectiveness, gene-based therapy is rela-

tively complex, involving multiple drugs 

for multiple genetic targets. Furthermore, 

as individuals can respond diff erently to 

the same therapy despite having the same 

type of disease, the therapies need to be 

personalized. Copeland says pharma-

ceutical companies are increasing their 

investment on collaborations with basic 

scientists, and he hopes that they will 

be able to fund large-scale international 

projects in the future. “We would need 

to partner with pharma companies in 

order to validate our lists of mice genes 

in humans and in human cancers,” says 

Jenkins. Copeland adds: “Th ey need 

to know which are the driver muta-

tions in cancer, and they need to know 

which mutations are the best targets for 

developing therapies. Th at is expensive 

and requires worldwide eff ort. Neither 

academics nor the pharma industry can 

do it alone.” 

1. Y. L. Low et al. PloS Genetics 6, e1001012 

(2010).

2. T. K. Starr et al. Science 323, 1747–1750 

(2009).

Jianjun Liu, senior group leader and associate 

director of the GIS

Nancy Jenkins and Neal Copeland from the 

A*STAR Institute for Molecular and Cell 

Biology are developing mouse models for 

human cancers
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C
enturies have passed since 

quinine was established as an 

eff ective treatment for malaria, 

and yet today’s therapeutic arsenal against 

the four Plasmodium species that infect 

humans—P.  falciparum, vivax, ovale and 

malariae—remains severely limited.

Malarial parasites have a complex, 

multi-stage life cycle. Mosquitoes transmit 

‘sporozoites’, which target and infect liver 

cells. Within liver cells called hepatocytes, 

the sporozoites undergo a single round of 

division to yield ‘merozoites’, which—after 

days or weeks—get released into the 

bloodstream, where they repeatedly infect 

red blood cells. For P. ovale and P. vivax, 

residency in the liver can be especially pro-

tracted, with parasites spending months or 

years as latent ‘hypnozoites’.

Missing the target
Most therapeutic approaches target the 

parasite in its symptomatic, blood-borne 

stage. Laurent Rénia of the A*STAR 

Singapore Immunology Network and 

Georges Snounou and Dominique Mazier 

of the Université Pierre et Marie Curie in 

Paris, however, now argue that by failing 

to target the parasite in the pre-patho-

logical liver stage, scientists are missing a 

key opportunity to constrain, and perhaps 

eventually eradicate, malaria. In a recent 

Perspectives article in Nature Reviews 

Drug Discovery1, these veteran malaria 

researchers—Rénia has over 20 years 

experience in studying liver-stage infec-

tion—explore gaps in our understanding 

of the Plasmodium life cycle, and describe 

some technical innovations needed to help 

drive development of better therapeutics.

Need for new models
Lack of experimental models is a major 

challenge. Standard mouse models have 

proved useful for characterizing liver-stage 

infection, but the Plasmodium species that 

infect these animals fail to undergo the 

hypnozoite stage. Primate studies can 

remedy this problem, but these carry sub-

stantial cost and regulatory burdens. Th e 

authors suggest that new hope may lie in 

the use of mice that contain human blood 

cells or hepatocytes, and are thus suscepti-

ble to human-infective species. Th ese mice 

should, in principle, also help to advance our 

understanding of the Plasmodium life cycle.

Initial discovery of promising drug can-

didates, however, requires the identifi cation 

of suitable cell-culture models. “[It is a 

priority] to obtain easily cultured hepato-

cyte cell lines that are highly susceptible to 

malaria infection,” explains Rénia, “because 

this will make it possible to undertake 

high-throughput screening.” Currently, 

there is a shortage of in vitro platforms that 

usefully recapitulate liver-stage infection —

access to healthy primary hepatocytes is 

limited, and even with immortalized cell 

lines amenable to infection, the effi  ciency 

of parasitic invasion may be too low.

Furthermore, each species has its own 

target cell preferences, and the key determi-

nants remain unclear. “Th e four species that 

infect humans are biologically, immuno-

logically and clinically distinct,” says Rénia.

Some existing drugs, which target both 

blood- and liver-stage parasites, greatly 

increase the risk of emergence of drug-

resistant parasites. However, future drugs 

should off er greater selectivity. Better 

characterization of the metabolic interplay 

between parasite and liver cell, made pos-

sible through the ongoing development 

of increasingly sophisticated tools for 

genomic and proteomic analysis, should 

assist these eff orts.

Rénia acknowledges the diffi  culties 

ahead, but also the importance of perse-

verance. “Th e liver stages should not be 

neglected as an important target for drug 

development despite the technical chal-

lenges,” he says. His group is now involved 

in a drug-screening collaboration with the 

Novartis Institute for Tropical Disease. 

1. D. Mazier, L. Rénia & G. Snounou. Nature 

Reviews Drug Discovery 8, 854–864 (2009).

Malaria: Hitting 
parasites where 
they hide

Drugs that selectively target pre-symptomatic, liver-

stage malarial infection could ultimately help thwart 

this deadly disease.
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Life cycle of Plasmodium parasites
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A
*STAR supports a number of 

research projects tackling various 

infectious diseases. In August 

2010, tuberculosis (TB) was selected as 

the agency’s latest investment target with 

the announcement of a new collaboration 

between the A*STAR Singapore Immu-

nology Network (SIgN) and French 

bioindustrial group Institut Mérieux 

along with its diagnostics subsidiary bio-

Mérieux. Th e collaboration, which comes 

with a joint investment of S$3 million 

(US$2.18 million), aims to identify new 

biomarkers for the disease that could help 

in diagnosis and therapy.

Since its discovery in 1882, TB has 

remained one of the most prevalent infec-

tious diseases on Earth, with one third of 

humanity estimated to be infected with 

the TB bacterium, Mycobacterium tuber-

culosis. Th e host–pathogen interaction is 

very complex, and only about one in ten 

TB-infected individuals will develop active 

TB at some point in their life. According to 

the World Health Organization (WHO), 

about 1.8 million people died of TB world-

wide in 2008, and those with HIV are at 

greatest risk: over a quarter of TB deaths 

occur among HIV-infected patients.

Tackling multidrug-resistant 
strains
Tuberculosis has almost been forgotten 

thanks to the development of eff ective 

antibiotics that can cure patients of the 

disease. But TB remains a major threat 

for people in developing countries, and 

worryingly, “the bacterium is rapidly 

becoming multidrug resistant,” says Paola 

Castagnoli, professor and scientifi c direc-

tor of the SIgN and one of the leading 

members of the new initiative. In March 

2010, the WHO urged countries to seek 

new and innovative measures to counter 

the spread of TB.

Singapore has taken the advice seriously. 

Over 1,400 new cases were reported in 

Singapore in 2009—a fi gure higher than 

that for most European countries.

With this new agreement, the SIgN, 

Institut Mérieux and bioMérieux will 

establish a joint laboratory at the SIgN’s 

headquarters in the Biopolis in Singapore 

to study immune cells in the blood of 

infected individuals without active TB and 

compare the results with those for indi-

viduals with active TB and non-infected, 

healthy people. Th rough analysis of gene 

expression and metabolism in these 

immune cells, the team hopes to identify 

biomarkers linked with TB infection 

and activation. Th e information obtained 

through this new initiative could prove to 

be essential for clinicians and researchers 

to develop new therapies, Castagnoli says, 

and will establish the SIgN as an interna-

tional research hub for human immunol-

ogy. Already the SIgN infectious disease 

program has attracted two new researchers 

internationally renowned for their work on 

TB: Gennaro De Libero and Lucia Mori 

from Basel University in Switzerland.

Th e diagnostic tests for TB have 

remained almost unchanged for decades, 

involving skin tests and X-ray examina-

tions. It can take up to a month to 

determine whether a patient is infected 

with TB, and it is currently very diffi  cult 

to tell whether individuals with a latent 

infection could be at risk of developing 

active disease later in life. “We don’t know 

why nine out of ten infected people are 

protected from the disease, or what the 

correlates of protection may be,” says 

Castagnoli. “We need to fi nd good bio-

markers to unveil this mechanism. But a 

single biomarker is not suffi  cient because 

it may work for Caucasians, for example, 

but not Asians.”

Unveiling host–pathogen 
interactions
In 2008, Castagnoli and her collaborators 

in France and the UK made an important 

step toward understanding the interaction 

between the bacterium and its human host. 

Using advanced microarrays, they succeeded 

in simultaneously characterizing the tran-

scriptome of M. tuberculosis and the cells, 

macrophages and dendritic cells of the host 

for the fi rst time1. Th ey identifi ed a number 

of common and dissimilar gene regulation 

patterns that suggest that the bacteria 

interact with the host in diff erent ways and 

can recognize whether they are within a 

dendritic cell or a macrophage. Th is is rel-

evant because these two cell types have quite 

diff erent functional properties. Although 

the fi ndings are a small fi rst step in a long 

investigation, the research has become an 

important backbone for future study at 

the SIgN. “What we need is to develop 

new approaches to study host–pathogen 

interactions, and ultimately fi nd new ways 

to vaccinate people,” says Castagnoli. 

1. L. Tailleux et al. PLoS One 3, e1403 (2008).

A new initiative to curb 
tuberculosis

The Singapore Immunology Network has launched a 

US$2 million program to identify biomarkers for this 

ancient infectious disease.

Electron microsopy image of M. tuberculosis 

bacteria

Paola Castagnoli, scientific director of the SIgN
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C
onventional electronics technol-

ogies are fast approaching their 

physical limits at a time when 

the demand for higher-quality images, 

faster communications and more com-

pact electronics continues to build. Light, 

rather than electrons, is expected to be the 

information carrier of the next genera-

tion of devices, promising higher speeds, 

power savings and enhanced sensitivity 

and selectivity. Th e use of light in such 

applications is a fi eld of research known 

as photonics, and A*STAR researchers 

are making some impressive technologi-

cal breakthroughs in this area.

The rise of light-emitting diodes
Th e development of advanced light-

emitting diodes (LEDs) is one of the 

key areas of research at A*STAR. LEDs 

are rapidly gaining popularity as a next-

generation light source. Unlike incandes-

cent bulbs and fl uorescent lamps, which 

generate unwanted heat and non-visible 

emissions such as ultraviolet light, LEDs 

produce little heat and emit light in a 

narrow wavelength band, making them 

much more energy-effi  cient. Light in 

LEDs is generated through a process 

involving recombination of electrically 

excited electrons and electron vacancies 

(holes) in a suitable semiconductor.

LEDs are already available in many 

consumer and industry applications, 

ranging from traffi  c lights to the back-

lights in fl at panel displays. Yet there 

remain many technological issues that 

could be improved on, most notably 

light-emission effi  ciency and manufac-

turing cost.

Whiter light with quantum dots
Th e combination of red, green and blue is 

familiar to most of us as the three colors 

making up the pixels in our television 

sets and computer monitors. Together 

these three colors can produce any color, 

including white. LEDs of these three 

colors can fulfi ll the same role, but pure 

white emission in a single package is what 

is needed for applications such as display 

backlights. White LEDs are typically 

fabricated by adding yellow phosphor to 

a blue LED, which generates a ‘whitish’ 

light. Th e color is not perfect because 

energy losses in the phosphor introduce 

‘gaps’ in the color spectrum.

Under the direction of Soo Jin Chua, 

a professor at the A*STAR Institute of 

Materials Research and Engineering 

(IMRE), researchers including Chew 

Beng Soh and Liu Wei are develop-

ing white LEDs that do not include 

phosphors. Th ey have hit upon the idea 

of using nanometer-scale semiconductor 

crystals called ‘quantum dots’ instead.

In their fi rst demonstration of the 

technology, the team used quantum dots 

of gallium nitride—the semiconductor 

on which blue LEDs are based—impreg-

nated with indium atoms. Th e addition 

of indium shifts the emission of the 

quantum dots to yellow wavelengths. 

A major advantage of this approach is 

that the quantum dots simply convert a 

fraction of the photons produced by the 

LED into another wavelength. “Using 

our approach, light comes directly from 

electron–hole recombination, so there is 

no energy loss in the process,” says Wei.

Already the team has achieved an 

A brighter society
New optical and lighting technologies are set to 

revolutionize the IT and telecommunications industries.

FEATURES & INNOVATIONS

Photograph of a white LED based on the 

inclusion of quantum dots

Patrick Lo (second from right) and his team
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inherent energy-conversion effi  ciency 

of 50%, elevating their technology to 

the leading ranks in LED research. Th e 

overall ‘package’ effi  ciency, a key gauge 

of brightness, is about 10%. Th e fi gure 

is lower than that for phosphor-based 

white LEDs, but “we are working hard to 

achieve better light extraction,” says Soh.

Organic blue
White LEDs would not be possible with-

out the invention of blue LEDs, which 

remain relatively expensive to produce. 

Zhikuan Chen, senior scientist in the 

Synthesis and Integration group of the 

IMRE, has been looking into the use of 

organic materials as a means of lowering 

the manufacturing cost of blue emitters.

LEDs are usually made of an inorganic 

semiconductor compound, such as silicon 

or gallium nitride in the case of blue 

LEDs. As Chen notes, however, making 

LEDs from these crystalline materials is 

expensive. “Silicon, for example, requires 

the use of very expensive manufacturing 

equipment, like that needed for vacuum-

deposition at high temperature. Organic 

materials, on the other hand, can be easily 

dissolved in solvent, so you can manufac-

ture products using a solution process at 

low cost,” he says.

Already, researchers worldwide have 

succeeded in developing organic LEDs 

(OLEDs) that can emit light at red and 

green wavelengths. But they continue to 

struggle to produce stable, highly effi  cient 

blue emitters because of a lack of organic 

compounds with the right electronic 

energy structure. Chen says that it is 

diffi  cult to inject suffi  cient and balanced 

numbers of holes and electrons into the 

light-emitting layer of blue OLEDs.

Chen is treading a particularly thorny 

path to solve this problem. While many 

of his competitors are working on small 

molecules, Chen has bet on large mol-

ecules, namely fl uorene-based polymers 

and oligomers, for success. Chen explains 

that large molecules are harder to design, 

but they are stable and soluble, and so 

are capable of high emission effi  ciency. 

He also avoids small molecules because 

of the expense involved in manufactur-

ing, which would be equivalent to that 

needed for silicon.

Th e approach has started to pay off . 

Having optimized the materials and 

device physics, his team recently fabricated 

a blue OLED with a world record 10.4% 

package effi  ciency, well above the 4–6% 

commonly reported for such devices.

Silicon photonics
For Patrick Lo Guo-Qiang, director of 

the Nano Electronics and Photonics 

Program at the A*STAR Institute of 

Microelectronics, silicon matters greatly. 

Lo and his team are developing tiny 

silicon-based devices with the aim of 

constructing a pair of ‘optoelectronic’ 

transceivers that convert electrical signals 

into optical ones, and vice versa. He 

notes that while optical fi ber is gradually 

replacing copper cables in communica-

tion networks around the world, “what is 

important for effi  cient communication is 

the connectors between optical fi ber and 

copper fi xtures at each end,” he says.

Under the direction of Dim-Lee 

Kwong, the institute’s executive director, 

the team’s research in silicon photonics 

is ultimately aimed at integrating optical 

and electronic circuits on a single silicon-

based chip. Silicon is emerging as an 

alternative to conventional compounds 

for optical interconnects, such as gallium 

arsenic and indium phosphide, because 

of its abundance and ready integration 

into existing semiconductor-fabricating 

technologies. Despite being famous 

for its poor optoelectrical properties, 

researchers continue to search for ways to 

achieve with silicon the same level of per-

formance off ered by other compounds.

Th e team has been developing suites 

of device building blocks that can be 

integrated to form transmitters, receivers 

and other key optoelectronic integrated 

circuits. Companies must at present pur-

chase diff erent components from diff er-

ent developers to construct devices—an 

expensive process. A*STAR’s approach is 

to off er a complete set of building blocks. 

“Our job is to provide a standardized 

technology platform. Guided by design 

rules, product developers can focus on 

pushing products into useful formats, 

such as circuit designs,” Lo says. Th eir 

recent achievements include the integra-

tion of a silicon modulator and a germa-

nium photodetector on silicon, as well as 

silicon-based waveguides for channeling 

light through circuits.

“We view silicon photonics today in a 

very similar light to the integrated elec-

tronics industry 40 years ago. Our research 

is moving in this direction,” Lo says. Blue emission from a prototype organic LED.

Scanning electron microscopy images of a silicon-based waveguide for coupling optical signals 

with electronic circuits
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