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A*STAR Research is a new online and print publication that highlights the very best research emerging from 

A*STAR. The publication of this inaugural issue of A*STAR Research marks the launch of A*STAR’s biannual, 

interdisciplinary research journal. I would like to thank Prof. Charles Zukoski and his team of editors for a 

job well done in making this publication possible.

Since its establishment in 2002, A*STAR has extended its strengths in the physical sciences and 

engineering to include the biomedical sciences, thereby broadening our spectrum of research capabilities. 

Many talented individuals from around the world and Singapore have joined us—scientifi c leaders, 

researchers, postdocs and PhD students from over 50 countries work in our 14 research institutes and nine 

consortia and centers. The contributions of these top minds have been instrumental in propelling A*STAR 

to the forefront of scientifi c research that is both meaningful and impactful for Singapore and the world. 

We have truly come a long way in less than ten years.

As the world enters the next decade, however, the challenges faced by society are becoming increasingly 

complex. Overcoming these challenges requires solutions that cut across many diff erent disciplines and 

collaborations that span many diff erent communities of researchers. A*STAR has taken gradual steps over 

the years to foster a strong interdisciplinary and collaborative culture among its scientists. These include 

the co-location of scientists from a range of disciplines in our twin research powerhouses, Biopolis and 

Fusionopolis; the setting up of a Joint Research Council to promote interdisciplinary collaboration; and the 

formation of partnerships with other R&D organizations from both the public and private sector. 

A*STAR Research is part of this broader eff ort of fostering a collaborative culture. In this publication we 

seek to share the entire span of research activities in our institutes. Through this, we hope not only to 

stimulate more collaboration within the A*STAR community, but also build more connections with both the 

local and international as well as public and private R&D communities. In addition, we want to reach out 

to the students in our schools to ignite in them a passion for science and discovery and to develop their 

appreciation of how they can make a diff erence to society as a scientist. 

The organization of this publication refl ects the key strengths and core mission of A*STAR. In Research 

Highlights, we celebrate the recent achievements of our scientists in diverse areas such as Cell Biology 

& Signaling, Engineering & Nanotechnology, Genetics & Disease, Physical & Life Science Technologies 

and Chemistry & Materials. In Features & Innovations, we focus on the talented individuals behind the 

achievements and learn more about them and their research through in-depth interviews and coverage 

of their latest projects. We also showcase how our discoveries 

lead to tangible benefi ts for society. Through it all, we wish to 

share the excitement of discovery and open up our minds to 

future possibilities.

I hope all of you will enjoy reading A*STAR Research and that, over 

time, this publication will help to bring all of us closer together 

as a community to collectively use our knowledge in science and 

technology to bring about even greater benefi ts for humanity.

 

A*STAR Chairman Lim Chuan Poh
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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 first 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

Differentiate or die

A key aspect of the clinical promise of embryonic stem cells 

(ESCs) is their remarkable capacity to differentiate into any cell 

type depending on the instructions they receive. In principle, this 

‘pluripotency ’ means that they could be used for transplantation, 

acting as replacements for damaged or defective tissues. However, 

only ESCs that have been successfully reprogrammed into mature 

cells can safely be used for such applications, as undifferentiated 

pluripotent cells present a serious risk for formation of tumors 

such as teratomas.

Now, a surprising find from Andre Choo and co-workers at the 

A*STAR Bioprocessing Technology Institute in Singapore may 

provide a useful tool for grooming stem cells for transplantation. 

Choo and his team were seeking antibodies—immunological 

proteins that bind to target molecules with high specificity—that 

recognize ESC-specific proteins. “We were particularly focused 

on antibodies to surface markers because, apart from characteriza-

tion, we could use the antibodies for purification,” he says. What 

they found, however, was an antibody called mAb 84 that binds to 

ESCs with remarkable specificity—and then kills them1.

Cells can die by entering the tightly controlled apoptotic 

programmed death pathway. Results from Choo’s team, however, 

suggested that mAb 84-bound ESCs die via a less structured 

process known as oncosis. The team has confirmed this, and 

clarified the mechanism behind this antibody’s deadly, but 

selective, effects2.

Cells undergoing apoptosis display distinctive characteristics, 

including DNA fragmentation and activation of protein-destroy-

ing caspase enzymes; neither was observed in mAb 84-treated 

cells. Instead, these cells showed extensive damage to their outer 

membranes, with widespread pore formation—effects typically 

seen in oncotic cell death (pictured).

Choo and his co-workers also noted that mAb 84 induces 

abnormal clumping of its target protein, podocalyxin-like 

protein-1 (PODXL), which may in turn play a role in pore 

formation. Since antibody treatment also triggers partial disrup-

tion of the cytoskeleton—the protein framework that helps cells 

maintain their proper shape—the researchers hypothesize that 

this disruption may also contribute to PODXL clustering.

Although relatively little is known about PODXL function 

in ESCs, the data suggest that this marker is highly specific to 

pluripotent cells, and the team sees potential value in mAb 84 as a 

means for targeted elimination of undifferentiated ESCs. “We are 

focusing on understanding the mechanism involved in triggering 

the pore formation resulting in cell death, and its application to 

eliminate residual teratoma-forming ESCs after differentiation in 

order to make stem cell therapy safer,” he says. ■

1. Choo, A.B., Tan, H.L., Ang, S.N., Fong, W.J., Chin, A., Lo, J., 

Zheng, L., Hentze, H., Philp, R.J., Oh, S.K. et al. Selection against 

undifferentiated human embryonic stem cells by a cytotoxic 

antibody recognizing podocalyxin-like protein-1. Stem Cells 25, 

1454–1463 (2008). 

2. Tan, H.L., Fong, W.J., Lee, E.H., Yap, M. & Choo, A. mAb 84, a 

cytotoxic antibody that kills undifferentiated human embryonic 

stem cells via oncosis. Stem Cells 27, 1792–1801 (2009).
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Scanning electron micrographs of untreated embryonic stem cells 

(ESCs) (left), and ESCs treated with mAb 84 (right). Extensive pore for-

mation in the cell membrane (right) is an indicator of oncotic cell death.

An antibody that selectively kills off  undiff erentiated stem cells may 

improve their clinical usefulness

© 2010 A*STAR
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Stem cells

A new part of the program

Amid intense interest in the clinical potential of embryonic stem 

cells (ESCs), the recent discovery that mature cells can be coaxed 

into becoming ‘stem-like’ promises to revolutionize the field. 

Rather than obtaining cells directly from embryos, scientists can 

instead work with skin cells collected from patients. These cells are 

subsequently reprogrammed to express genes that cause them to 

de-differentiate, yielding ‘induced pluripotent stem cells’ (iPSCs). 

Virtually indistinguishable from ESCs, iPSCs can theoretically be 

instructed to develop into any mature cell type—with the added 

benefit of potentially enabling derivation of patient-specific 

tissues or even organs for transplant purposes.

The activity of four mouse genes—Oct4, Sox2, c-Myc and 

Klf4—is sufficient for iPSC generation, but evidence suggests 

that other genes could be substituted into this cohort. In an 

exploration of the contribution of the transcription factor Klf4 

to maintaining ESC pluripotency, Huck-Hui Ng of A*STAR’s 

Genome Institute of Singapore and colleagues found that several 

closely related factors can effectively take its place1.

“As a follow-up project, we asked which other transcription 

factors can replace Klf4 in reprogramming,” says Ng. Using a 

screen to look for such factors, they identified the gene encoding 

estrogen-related receptor β (Esrrb), which has been implicated 

previously as a pluripotency factor. When Ng and colleagues 

used a retroviral vector to introduce the Oct4, Sox2, c-Myc and 

Esrrb genes into mouse fibroblasts, they confirmed that Esrrb can 

successfully replace Klf4 for the production of iPSCs—albeit at a 

somewhat lower efficiency2.

They noted that Esrrb failed to substitute for Oct4 or Sox2, 

but c-Myc was found to be entirely dispensable. Further, cells 

transduced with the three-gene set of Oct4, Sox2 and Esrrb 

(OSE cells) were similar to conventionally prepared iPSCs in 

terms of morphology and gene expression profile. Typically, truly 

pluripotent cells can be transplanted into early stage embryos to 

produce adult mice that are chimeric, containing a mixture of 

tissues derived from both donor and recipient cells, and the OSE 

cells passed this test as well (pictured). “This shows that certain 

classical reprogramming factors can be substituted by different 

transcription factors,” says Ng.

Relatively little is known about Esrrb, but the investigators 

have gained some useful initial insights into its function. For 

example, Esrrb directly binds to and activates a number of ESC-

specific genes, and was shown to form a complex with Oct4 and 

another key pluripotency factor, NANOG. “We are interested in 

further examining Esrrb’s role in the reprogramming of human 

somatic cells,” says Ng. ■

1. Jiang, J., Chan, Y.-S., Loh, Y.-H., Cai, J., Tong, G.Q., Lim, C.A., Robson, 

P., Zhong, S. & Ng, H.-H. A core Klf circuitry regulates self-renewal 

of embryonic stem cells. Nature Cell Biology 10, 353–360 (2008).

2. Feng, B., Jiang, J., Kraus, P., Ng, J.-H., Heng, J.-C.D., Chan, Y.-S., 

Yaw, L.-P., Zhang, W., Loh, Y.-H., Han, J. et al. Reprogramming 

of fibroblasts into induced pluripotent stem cells with orphan 

nuclear receptor Esrrb. Nature Cell Biology 11, 197–203 (2009).
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A comparative analysis of 9.5 day-old wild-type (bottom) and chimeric 

(top) embryos, which incorporate green fluorescent protein (GFP)-

expressing OSE cells. Under normal illumination (left) the two appear 

identical, but analysis of GFP fluorescence (right) reveals that virtually 

every tissue of the chimera is in part derived from these iPSCs.

A novel transcription factor can facilitate the reprogramming of somatic 

cells into stem cells

© 2010 A*STAR
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Stem cells 

Quality improvement

Induced pluripotent stem (iPS) cells—specialized adult cells 

treated to regain the general properties of stem cells—display 

different biological qualities depending on the method by which 

they are generated, a team of molecular biologists led by Bing 

Lim from the A*STAR Genome Institute of Singapore has 

found1. The work, published recently in Nature, emphasizes 

the need to test iPS cells functionally, as well as by physical and 

chemical means.

The minimal requirement for generating iPS cells from mouse 

embryonic fibroblasts is a combination of Oct-4, Sox-2 and Klf4 

(OSK), all master transcription factors that control the process of 

translating DNA sequences into proteins.

The genes for these transcription factors are typically intro-

duced into target cells using viruses, but the efficiency of gen-

erating iPS cells by this method is low. Researchers have tried 

adding many different compounds to increase efficiency. While 

the resulting iPS cells seem similar, and activate the same groups 

of genes, there have been few analyses to determine whether iPS 

cells generated by different methods differ functionally.

This can be tested in chimeric animals, viable individuals 

composed of a mixture of cells from two different sources—in 

this case iPS cells and cells from a set of biological parents 

(pictured). In a chimera, the ability of iPS cells to contribute to 

the development of body and germ tissues and to live births can 

be measured and assessed.

Previous work by other researchers showed that mouse embry-

onic stem cells in which the protein Nanog is overproduced 

tend to remain as stem cells and do not differentiate easily. Lim’s 

research team found the same to be true of cells with reduced 

levels of the protein Tcf3. Both Nanog and Tcf3 interact directly 

with the transcription factor Tbx3.

The researchers proposed that Tbx3 might improve repro-

gramming efficiency and the quality of the resulting iPS cells. 

They tested their suggestion by comparing the behavior of cells 

generated using a standard OSK combination with cells where 

Tbx3 was added (OSKT). The levels of a small subset of critical 

transcription factors active in embryonic stem cells were matched 

better in OSKT cells than in OSK cells. And OSKT cells were 

also generally of higher quality than OSK cells, contributing more 

to the development of tissues and involved in a greater proportion 

of live births in chimeras.

“We now want to establish if there are significant differences 

in ‘quality’ between human iPS clones generated using different 

factors,” says Lim. ■

1. Han, J., Yuan, P., Yang, H., Zhang, J., Tay, J., Soh, B.S., Li, P., Lim, S.L., 

Cao, S., Orlov, Y.L., Lufkin, T., Ng, H.-H., Tam, W.-L. & Lim, B. Tbx3 

improves the germ-line competency of induced pluripotent stem 

cells. Nature 463, 1096–1100 (2010).
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Functional differences between iPS cells (green) derived from different 

sources can be tested by injecting them into 8-cell embryos (left), then 

culturing them in vitro and implanting them into surrogate mice. iPS 

cells localize to the inner cell mass of early embryos (right).

Reprogrammed adult cells can display diff erent qualities depending on 

how they were generated

© 2010 A*STAR
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Stem cells 

Maintaining ‘arrested 
development’

Embryonic stem cells (ESCs) are remarkable for their ability 

to develop into literally any cell type in the body. This so-called 

pluripotency is not a passive state, however, and requires the 

active, coordinated effort of several genes encoding maintenance 

factors that help ESCs to preserve their ‘stem-ness’ and essentially 

prevent them from maturing. These same genes can also be used to 

reprogram adult cells into induced pluripotent stem cells (iPSCs), 

which are seemingly identical to naturally derived ESCs.

The NANOG gene and its upstream activators OCT4 and SOX2 

are among the most essential contributors, regulating transcription 

of numerous important stem cell genes. “These transcription factors 

are a high-level ‘master switch’ for pluripotency in stem cells,” says 

Ken Kwok-Keung Chan of the Bioprocessing Technology Institute 

of A*STAR in Singapore, “and they are even more important in 

iPSC reprogramming.” To help fill the gap in our knowledge about 

how NANOG ’s involvement in stem cell maintenance is controlled, 

Chan and co-workers developed an assay that enabled them to 

identify two additional factors that contribute to human ESC 

(hESC) pluripotency via direct regulation of NANOG 1.

The researchers found that these factors, KLF4 and PBX1, 

stimulate NANOG gene activity and protein production; impor-

tantly, the genes encoding these two factors are highly activated in 

hESCs, with expression levels more than double those observed in 

differentiated cells.

The NANOG gene is controlled by an upstream regulatory 

region called the promoter, which contains four stretches of DNA 

whose sequence has been highly conserved throughout evolution. 

They also revealed that two of these sequences (CR1 and CR2) 

are binding sites for PBX1 and KLF4, and appear to facilitate 

NANOG’s role in maintaining hESC pluripotency.

Chan and co-workers then showed that PBX1 and KLF4 work 

cooperatively in stimulating NANOG activity, but they observed 

the highest levels of activation when these factors were accompa-

nied by OCT4 and SOX2, indicating that all four act synergisti-

cally to maintain pluripotency (pictured). Interestingly, KLF4 and 

PBX1 could each be replaced by other, closely related transcription 

factors, such as KLF2 and PBX2, suggesting that these other 

proteins may act as redundant ‘failsafe’ regulators for hESCs.

Having uncovered another component of the pluripotency 

maintenance system, Chan and co-workers now plan to delve 

deeper into this process. “We are still interested in understanding 

the molecular mechanisms controlling hESC self-renewal and 

differentiation,” he says. “Our team’s future plan is to investigate 

the epigenetic factors and other complexes involved in controlling 

these functions. ■

1.  Chan, K.K.-K., Zhang, J., Chia, N.-Y., Chan, Y.-S., Sim, H.S., Tan, 

K.S., Oh, S.K.-W., Ng, H.-H. & Choo, A.B.-H. KLF4 and PBX1 directly 

regulate NANOG expression in human embryonic stem cells. Stem 

Cells 27, 2114–2125 (2009).
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Differentiation Self-renewal Reprogramming

PBX1 KLF4 OCT4 SOX2

Schematic, overlaid on a colony of human embryonic stem cells 

(hESCs), showing how the transcription factors PBX1, KLF4, SOX2 and 

OCT4 work together to activate the NANOG gene, which forms an 

auto-regulatory network with SOX2 and OCT4 and controls numerous 

functions related to hESC maintenance.

Embryonic stem cells keep their developmental options open with help 

from two recently identifi ed genes
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Cell biology 

Turning back the clock

Aging brings inevitable decline of function to tissues throughout 

the body with organs losing their capacity to repair damage 

and replace dead or dying cells. Although this is a complex and 

multi-factorial process, a great deal of attention has focused on 

the Cdkn2a gene, which encodes two proteins—p16Ink4a and 

p19Arf—that steer cells into an age-dependent state of growth 

arrest known as senescence. Levels of both factors correlate with 

aging in a number of tissues, and evidence suggests that their 

activity is directly induced via the signaling protein called p38 

mitogen-activated protein kinase (MAPK).

Dmitry Bulavin and co-workers at the Institute of Molecular 

and Cellular Biology of A*STAR, Singapore, who are special-

ists in p38MAPK signaling, have characterized this pathway’s 

involvement in aging1. They engineered mice where one copy of 

the p38 gene contains changes that prevent it from transmitting 

signals to downstream binding partners; this mutant (p38AF/+) 

acts as a ‘dominant negative’, actively suppressing overall cellular 

p38MAPK signaling and thereby offering a useful tool for 

studying this protein’s activity.

Bulavin’s team found that expression levels of p16Ink4a and p19Arf 

climb dramatically in various tissues from older mice, such as 

pancreatic islets; however, in p38AF/+ animals, levels of these gene 

products remained comparable to those seen in younger animals. 

Likewise, older p38AF/+ mice showed significantly greater islet cell 

proliferation than their wild-type counterparts.

The enzyme Wip1 is a known inhibitor of p38MAPK, and 

accordingly, Bulavin’s team found that Wip1 levels were signifi-

cantly lower in islets from older mice. In addition, islet cells from 

mice entirely lacking the Wip1 gene exhibited elevated Cdkn2a 

expression and reduced proliferation—an effect that appears to be 

directly dependent on p38MAPK activity, further underscoring 

the central role of this protein.

“By showing that p38MAPK regulates Cdkn2a expression with 

aging, we were able to identify an upstream signaling pathway that 

was completely unknown,” says Bulavin. He notes that although 

these findings could guide drug development for reducing 

effects of aging in certain tissues, their impact on diseases with 

aging-like effects may be limited. “Many of these have different 

molecular pathways leading to earlier onset of aging, which could 

be somewhat independent of p38,” he says.

As a next step, Bulavin’s team is exploring how far beyond the 

pancreas the effects of p38MAPK are felt. “We are looking at life-

span in our mice to see whether improvement in organ function is 

actually translated into longer life,” he says. ■ 

1. Wong, E.S.M., Le Guezennec, X., Demidov, O.N., Marshall, N.T., 

Wang, S.T., Krishnamurthy, J., Sharpless, N.E., Dunn, N.R. & 

Bulavin, D.V. p38MAPK controls expression of multiple cell 

cycle inhibitors and islet proliferation with advancing age. 

Developmental Cell 17, 142–149 (2009). 

The balance between p38MAPK, which activates expression of 

the senescence-associated Cdkn2a gene, and Wip1, which inhibits 

p38MAPK, appears to be closely linked with the aging of numerous 

tissues throughout the body.

A key signaling pathway in mammals forces cells in diverse tissues to ‘act 

their age’

Wip 1

Aging
p38
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Cell biology 

Stopping bad news from 
spreading

Immediately before it splits into two identical ‘daughter’ cells, a 

dividing ‘mother’ cell contains two copies of each chromosome, 

each linked to a spindle, a structure composed primarily of protein 

fibers called microtubules. These microtubules generate a force 

that pulls paired chromosomes in opposite directions, ensuring 

that each daughter receives one copy of every chromosome.

The effects of chromosomal damage can be exacerbated by this 

process, potentially leading to uncontrolled growth and onset of 

cancer, and cells have evolved various ‘checkpoints’ as an essential 

countermeasure. “The DNA-damage checkpoint prevents cells 

from transmitting chromosomes to their daughter cells until 

damage is repaired,” explains Uttam Surana from the A*STAR 

Institute of Molecular and Cell Biology, Singapore.

A key step in spindle-mediated separation is disruption of 

the cohesin complex, which essentially handcuffs chromosome 

pairs together. Scientists have assumed that maintenance of 

this linkage lies at the crux of the DNA-damage checkpoint. 

However, recent findings from Surana’s team have shown that 

simply forcing cohesin cleavage is insufficient to bypass the 

arrest of yeast cell division1.

“This was distinctly odd, because the model that everyone sub-

scribed to—including us—predicts that once you cleave cohesins 

in DNA-damaged cells, chromosome should segregate,” he says. 

“This immediately told us that something else was going on.” In 

fact, this stage of cell division also involves an important second 

step in which the spindle elongates, further separating the two 

‘poles’ to which chromosomes are being drawn. Surana and his 

co-workers determined that this process was being blocked via a 

parallel branch of the checkpoint mechanism (pictured).

The researchers showed that DNA damage leads to prolonged 

activation of Cdh1, a protein that destabilizes ‘motor’ proteins 

that facilitate the movement and rearrangement of microtubules. 

They had previously identified Cdh1 as a key player in normal 

division2. “The most unexpected aspect is that the DNA-damage 

checkpoint targets the same control circuit that we have shown 

to be necessary for separation of the two poles of the spindle,” 

Surana says. “This underscores the complex interconnectedness 

of cellular circuits.”

However, this discovery does not resolve all of the mysteries 

of this checkpoint. Surana and his team are now looking into 

situations where this self-preservation mechanism breaks down 

in DNA-damaged yeast and human cells. “When cells are 

unable to repair damage, they turn off the checkpoint control 

and proceed to transmit damaged chromosomes to the daughter 

cells,” he says. “We want to find out what is underlying this 

strange, self-damaging behavior.” ■

1. Zhang, T., Nirantar, S., Lim, H.H., Sinha, I. & Surana, U. DNA 

damage checkpoint maintains Cdh1 in an active state to inhibit 

anaphase progression. Developmental Cell 17, 541–551 (2009). 

2. Crasta, K., Lim, H.H., Giddings, T.H., Winey, M. & Surana, U. 

Inactivation of Cdh1 by synergistic action of Cdk1 and polo kinase 

is necessary for proper assembly of the mitotic spindle. Nature 

Cell Biology 10, 665–675 (2008).
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Damaged chromosome segregation is blocked in a dividing cell (top left) 

by two parallel checkpoint mechanisms (center), mediated by the proteins 

securin and Cdh1. Together these mechanisms prevent segregation of 

chromosome pairs until DNA damage has been repaired (bottom right).

Dividing cells employ multiple, parallel countermeasures to prevent the 

transmission of damaged genetic material

© 2010 A*STAR
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Cell biology 

Helping receptors arrange 
transportation

Cells rely on outward-facing receptors as their ‘eyes and ears’ 

for detecting essential external signals. After activation, many 

receptors are internalized within small membrane bubbles called 

vesicles to deliver the receptors to endosomes, which either shuttle 

those receptors to degradation machinery or return them to the 

outer membrane in a ‘recycling’ process.

This endocytic mechanism is facilitated by clathrin proteins, 

which get recruited to nascent vesicles by adaptor proteins. AP-2 

is among the more commonly used adaptors, but epidermal 

growth factor receptor (EGFR)—a signaling protein with a 

prominent role in many cancers—appears to be internalized 

largely by an AP-2-independent mechanism.

Wanjin Hong’s team at the A*STAR Institute of Molecular 

and Cell Biology, Singapore, previously characterized the Tom1 

protein as a clathrin-recruiting molecule, and has now revealed 

another member of the same protein family, Tom1L1, as a 

specific adaptor for EGFR endocytosis1. According to Hong, this 

molecule has already been noted for its association with the Src 

cellular signaling pathway, and his team determined that Tom1L1 

undergoes Src-mediated chemical modification in response to 

EGFR activation. Tom1L1 appears to interact with the receptor 

via other associated signaling factors, and is thus actively recruited 

from the cytoplasm—where it normally resides—to the cell 

membrane within minutes of EGFR activation.

Mutations that blocked the ability of Tom1L1 to interact with 

the Src pathway or to receive appropriate modification interfered 

with endocytosis and degradation of activated EGFR, with the 

receptor remaining largely localized to the cell surface (pictured). 

Under these conditions, EGFR was eventually internalized at a 

significantly reduced pace, suggesting that Tom1L1 is involved at 

the early stages of endocytosis. Accordingly, Hong’s team was able 

to identify a previously unknown protein motif in Tom1L1 that 

directly interacts with and enables recruitment of clathrin.

These findings represent an advance for two heavily studied 

areas of biology, according to Hong. “So much has been published 

regarding endocytosis and EGFR,” he says, “and the discovery of 

Tom1L1 as a regulated adaptor for EGF-stimulated endocytosis 

of EGFR is significant in basic cell biology as well as signaling 

and cancer biology.” Based on this data, his team has already 

assembled a model that describes the mechanism of Tom1L1 

adaptor function.

It also seems likely that this protein may modulate additional 

targets, given preliminary data revealing Tom1L1 activation in 

response to cellular growth factors besides EGF. “We are thinking 

about whether Tom1L1 is also involved in regulating endocytosis 

and/or signaling of other receptors,” says Hong. ■ 

1. Liu, N.S., Loo, L.S., Loh, E., Seet, L.-F. & Hong, W. Participation of 

Tom1L1 in EGF-stimulated endocytosis of EGF receptor. EMBO 

Journal 28, 3485–3499 (2009). 
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Inactivation of Tom1L1 functional domains interferes with its ability 

to assist EGFR internalization. Fluorescent labeling experiments in 

A431 human epithelial cells expressing Tom1L1 (green) show that 20 

min after treatment with EGF, EGFR (red) has largely shifted into the 

cytoplasm (top row). However, in cells expressing Tom1L1 variants that 

cannot be chemically modified by Src (Y460F, bottom row), receptor 

internalization is greatly diminished (scale: 10 μm).

A previously uncharacterized cellular transport mechanism controls the 

activity of a receptor involved in various cancers
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Cell biology 

Finding the right way to move

Many cells are asymmetric in shape, with correct distribution of 

cellular structures and components achieved via a process known 

as cell polarization. For example, proper function of epithelial 

cells depends on the establishment of apical–basal polarity, 

governed by the action of various proteins that reorganize the 

cellular infrastructure and direct the trafficking of proteins and 

other molecules.

Epithelial polarization is facilitated in part by the protein 

Scribble (Scrib) and its binding partners, and these factors also 

participate in the regulation of cell migration in mammalian cells. 

Both of these processes are also believed to depend on a cellular 

network of ‘intermediate filaments’ (IFs). “IFs can be linked to 

actin and microtubule filaments by cross-linker proteins, and 

work in concert with these other cytoskeletal networks to provide, 

among other functions, mechanical strength to the cell,” explains 

Walter Hunziker of the A*STAR Institute of Molecular and Cell 

Biology, Singapore.

Recent experiments by Hunziker’s team yielded the intriguing 

finding that Scrib localizes to these IFs, and subsequent work 

from his team has revealed that this co-localization appears to 

play an important role in helping cells to achieve the orientation-

specificity needed for polarization and migration1. They found 

that Scrib associates with vimentin, a core IF component, 

in cultured vascular and kidney epithelial cells, with this co-

localization most apparent at cell–cell junctions and filaments 

projecting from the periphery of the nucleus. Protein–protein 

binding experiments confirmed that Scrib specifically interacts 

with both vimentin and keratin-18, another IF protein. “This 

was a novel finding,” says Hunziker, “as no polarity regulators had 

been reported to associate with IFs.”

There are important functional consequences to these 

interactions; cells lacking expression of either Scrib or vimentin 

exhibited similar defects in their capacity for directed migra-

tion (pictured). These cells also appeared highly disorganized 

in culture, providing additional evidence that these genes work 

collaboratively to help cells orient themselves by promoting 

normal adhesion.

Subsequent experiments revealed that Scrib expression levels 

were closely correlated with those of vimentin, and that this IF 

protein helps Scrib execute its regulatory activities by stabilizing 

and protecting it from degradation. In fact, IFs have recently 

been shown to contribute to the stability of a wide variety of 

other proteins, including Albatross, another regulator of polarity. 

Hunziker and his co-workers now hope to get a better sense of 

how IFs and Scrib coordinate adhesion and motility in real-time. 

“We plan to look into the spatiotemporal dynamics of this inter-

action through live-cell imaging techniques,” he says. ■

1. Phua, D.C.Y., Humbert, P.O. & Hunziker, W. Vimentin regulates 

Scribble activity by protecting it from proteasomal degradation. 

Molecular Biology of the Cell 20, 2841–2855 (2009).
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Expression of the protein Scrib is required for normal cell migration. 

Cultured epithelial cells will normally migrate to achieve closure of an 

artificially induced ‘wound’ in the cell layer (left panels); however, when 

expression of Scrib has been knocked down (right panels), this capacity 

for directed migration is lost.

Cytoskeletal proteins stabilize a factor that helps cells to refi ne their 

sense of direction
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Cancer biology 

Protein stability’s dark side

Determining how cervical cancer is induced could aid in the 

development of drugs to treat it. Now, a research team at the 

Institute of Medical Biology of A*STAR, Singapore, has found 

that the human papillomavirus (HPV) protein E2 can stabilize a 

cancer-causing, or ‘oncogenic’, protein within cells1.

Infection of the epithelial cells of the cervix by HPV often leads 

to cervical cancer. To reduce the incidence of this disease, women 

are receiving vaccines that prevent HPV infection. Effective 

therapeutics, however, are still required.

Researchers in the field consider the protein Skp2 to be 

oncogenic because its expression is increased in many types of 

cancer, and it drives the cell cycle. When Sophie Bellanger and 

her co-workers expressed both Skp2 and the HPV protein E2 

within epithelial cells in culture, they found elevated levels of 

Skp2 protein in the cells. Because the stabilization and accumula-

tion of Skp2—driven by E2—could allow Skp2 to perform its 

oncogenic role in the epithelial cells, these findings provide an 

important link between HPV infection of the cervix and cervical 

cancer induction, Bellanger notes.

The researchers also found that Skp2 and E2 bound to each 

other when they expressed both in the cells. Skp2 is part of a 

protein complex that marks proteins for degradation. Bellanger 

suggests that this binding probably represents the Skp2 labeling 

of E2 for degradation, since reducing the expression of Skp2 in 

the epithelial cells extended the duration of E2’s presence in the 

cells. As E2 plays an important role in repressing the expression 

of the oncogenic HPV genes E6 and E7, the degradation of E2 

by Skp2 could also drive tumor formation.

The team discovered that E2 degradation occurs immediately 

before the DNA synthesis phase, or ‘S’ phase, of the cell cycle 

(pictured). Increased expression of Skp2 and of the HPV protein 

E7 have been shown previously to push cells into the S phase. 

This negative feedback loop in which E2 stabilizes Skp2, while 

Skp2 causes E2 degradation—and therefore the expression of E6 

and E7—could be the first step of tumor formation in cervical 

cancer. As such, Bellanger and her co-workers may have revealed 

the mechanism that sets the cell cycle in motion in HPV-infected 

cervical epithelial cells.

“For the next step in this research,” says Bellanger, “we want to 

check whether E2 alone can transform epithelial cells in culture 

into tumor cells and understand the mechanisms involved.” ■ 

1. Bellanger, S. Tan, C.L. Nei, W., He, P.P. & Thierry, F. The human 

papillomavirus type 18 E2 protein is a cell cycle-dependent 

target of the SCFSkp2 ubiquitin-ligase. Journal of Virology 84, 

437–444 (2010).
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A time series showing cells expressing the HPV protein E2 (green) 

during the first growth phase (top, middle) and S phase (bottom) of the 

cell cycle. Degradation of E2 begins right before the S phase.

Stabilization of a tumor-inducing protein by the human papillomavirus 

protein E2 may be an early step in cervical tumor formation

© 2010 A*STAR
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Cancer biology 

Breaking the cycle

Cell division is an essential biological process, but careful 

oversight is necessary to ensure that normal proliferation doesn’t 

spin out of control into cancerous growth. Accordingly, while 

transcription factor E2F1 is capable of activating numerous genes 

that move the cell cycle forward, it is generally kept inactive via 

interaction with repressor protein pRb. When conditions are 

appropriate for cell division, kinase enzymes chemically modify 

pRb, disrupting the pRb-E2F complex and enabling E2F-

mediated transcription.

Many cellular pathways receive additional coordination from 

microRNAs—short RNA molecules that target specific genes 

for downregulation. However, fully characterizing the function 

of these various microRNAs poses a serious challenge, says Qiang 

Yu of A*STAR’s Genome Institute of Singapore. “A microRNA 

can target several hundred genes, and we can only focus on func-

tional targets relevant to a microRNA’s function,” he says. “My 

lab has been interested in the E2F1-regulated gene network for 

years and, given the important role of microRNAs in regulating 

transcriptional networks, we started to look at microRNA regula-

tion of the E2F1 pathway.”

Yu and his co-workers designed a screen that enabled them 

to identify microRNAs whose production is stimulated by the 

activation of E2F1, revealing two likely candidates: miR-449a and 

miR-449b1. Both microRNAs are encoded from a single genetic 

locus, and the researchers confirmed the presence of two E2F1 

binding sites within this gene’s regulatory sequences.

MicroRNAs work by directly binding to RNA transcripts with 

complementary sequences, and by analyzing a gene database, 

Yu’s team was able to identify the CDK6 and CDC25A genes as 

likely targets for inhibition by miR-449a/b. Both genes encode 

kinases that alleviate pRb repression, giving these results impor-

tant clinical implications. “CDK6 and CDC25A are oncogenes, 

often overexpressed in human cancer,” says Yu. “This suggests 

a feedback mechanism controlling E2F1 activity that is lost in 

cancer cells due to repressed expression of miR-449a/b.”

This hypothesis was supported by data from a broad array 

of cancer cell lines; for several of these, coercing the cells 

into expressing miR-449a/b proved sufficient to bring their 

uncontrolled proliferation to a halt. This model also suggests that 

these microRNAs ultimately reduce their own gene activity by 

driving E2F1 inactivation—a useful strategy for keeping miR-

449a/b levels under tight control (pictured).

Yu believes these findings could guide the development of new 

weapons against a variety of cancers. “It will be interesting to see 

if miR-449a/b can be exploited as a therapeutic agent, because of 

its efficient tumor suppressor function,” he says. ■

1. Yang, X., Feng, M., Jiang, X., Wu, Z., Li, Z., Aau, M. & Yu, Q. miR-

449a and miR-449b are direct transcriptional targets of E2F1 

and negatively regulate pRb-E2F1 activity through a feedback 

loop by targeting CDK6 and CDC25A. Genes & Development 23, 

2388–2393 (2009).
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A diagram illustrating the role of miR-449a/b as a check to cell division. 

These microRNAs downregulate kinases that activate E2F1, effectively 

constraining the oncogenic role of E2F1 in driving cell proliferation. The 

induction of these microRNAs by E2F1 constitutes a negative feedback 

mechanism to control E2F1 activity. Figure reproduced, with permis-

sion, from Feng, M. & Yu, Q. miR-449 regulates CDK-Rb-E2F1 through 

an auto-regulatory feedback circuit. Cell Cycle 9, 1–2 (2010).

MicroRNA molecules represent an important regulatory roadblock 

preventing cancer cell proliferation

© 2010 A*STAR
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Cancer biology 

Finding patterns in repetition

Cancer often originates from gene overexpression; accord-

ingly, many tumor cells contain chromosomes with duplicated 

segments, resulting in amplified activity of the various genes con-

tained within the affected region. These ‘recurrent chromosomal 

amplifications’ can incorporate many genes, making it difficult 

to zoom in on a particular cancer-causing culprit. However, new 

work from a team at A*STAR’s Genome Institute of Singapore, 

led by long-time collaborators Bing Lim and Lance Miller, 

has demonstrated a powerful, multi-dimensional strategy for 

revealing these genes1.

Years of cancer research have generated massive amounts of 

gene expression data—an informational gold mine awaiting 

proper analysis. “Dr Miller had spent considerable effort thinking 

about how to make good use of the vast database out there, with 

transcriptome profiles of all types of cancer samples completed by 

many labs at many centers,” says Lim. Their group developed a 

method called ‘triangulating oncogenes through clinico-genomic 

intersects’, dubbed ‘TRIAGE’, which identifies likely sites of 

multi-gene amplification sites based on expression levels, then 

analyzes these regions to identify genes potentially associated with 

aggressive or metastatic cancer. “The idea was that a significant 

correlative link between genes and poor clinical survival would 

increase the probability that these genes are involved in some 

function critical for cancer cell survival,” explains Lim.

Analysis of data from over 700 breast cancer patients revealed 

half a dozen potentially important chromosomal amplification 

sites. Within one of these, on the short arm of chromosome 8, 

TRIAGE identified the RCP gene as having a highly significant 

association with breast cancer onset and progression, although no 

such role had previously been assigned to this gene.

The RCP protein appears to be involved in a number of cellular 

signaling pathways—a common hallmark of oncogenes—and is 

highly expressed in late-stage and metastatic tumors (pictured). 

Tissue culture experiments showed that RCP overexpression 

boosts the proliferation and invasive behavior of breast cancer 

cells; on the other hand, breast tumors implanted in mice exhib-

ited greatly reduced growth and metastasis when RCP activity 

was selectively reduced.

“Narrowing down the gene list from thousands to one gene is 

a reminder of the power of our current tools for genomic studies,” 

notes Lim. He is also optimistic about the potential to achieve 

similar revelations in future research, as he and Miller continue 

to explore the potential of RCP as a clinical indicator and target. 

“Given the power of the TRIAGE algorithm in this study, we will 

be very interested in applying it to other cancers,” says Lim. ■ 

1. Zhang, J., Liu, X., Datta, A., Govindarajan, K., Tam, W.L., Han, J., 

George, J., Wong, C., Ramnarayanan, K., Phua, T.Y. et al. RCP is 

a human breast cancer promoting gene with Ras-activating 

function. Journal of Clinical Investigation 19, 2171–2183 (2009).
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Increased RCP levels are associated with cancer progression. 

Compared with samples from normal breast tissue (top), cells in 

invasive (middle) or metastatic (bottom) breast tumors (invasive 

ductal carcinoma; IDC) exhibit greatly elevated immuno-histochemical 

staining for the RCP protein.

A sophisticated algorithm combines expression data with information 

about patient outcomes to reveal cancer genes

© 2010 A*STAR
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Biochemistry 

Finding the off switch

Every cellular signaling mechanism needs an ‘off switch’ to limit 

the risk of damage or cancerous growth. This is especially true 

for signaling factors such as the multi-protein NF-κB complex, 

which regulates a diverse range of activities within the cell and 

needs to be shut off as rapidly as it gets turned on.

NF-κB activation is reasonably well understood: external 

stimuli trigger the release and degradation of inhibitor factors 

bound to the complex, freeing NF-κB to undergo additional 

chemical modifications that enable it to activate its target genes. 

However, scientists are still working to understand deactivation.

“The NF-κB pathway is found deregulated in a multitude of 

human disorders ranging from inflammation to cancer,” explains 

Vinay Tergaonkar of the Institute of Molecular and Cell Biology 

(IMCB) of A*STAR, Singapore. “Clearly it is a multi-billion 

[dollar] drug target and identifying novel players—especially 

inhibitors—in the pathway is important both academically 

and pharmaceutically.”

As with many other signaling proteins, NF-κB activation 

depends on the addition of phosphate chemical groups; deactiva-

tion of such signals typically relies on the removal of these phos-

phates by specialized enzymes called phosphatases. Biochemical 

and genetic screening experiments performed recently by 

Tergaonkar’s laboratory, in collaboration with two partner 

laboratories at the IMCB and a team from A*STAR’s Singapore 

Immunology Network, revealed one phosphatase—WIP1—that 

inhibits expression of numerous NF-κB-activated target genes1. 

Their data demonstrate that WIP1 constrains NF-κB activity 

by at least two mechanisms: indirectly, via inhibition of NF-κB 

activator p38; and directly, by dephosphorylation of one of 

the NF-κB subunits.

This latter mechanism is especially notable, as it represents 

the first demonstration of direct inhibition of NF-κB by a 

phosphatase. “Excess NF-κB activity can cause havoc in cells, as 

its target genes include cytokines like TNFα, which are potent 

killers,” says Tergaonkar. “WIP1 can negatively regulate NF-κB 

by removing a phosphorylation that makes NF-κB a potent 

transcription factor.”

Accordingly, the team noted elevated expression levels for 

various inflammation-related signaling factors in cells lacking 

WIP1. Likewise, WIP1-deficient mice produced significantly 

increased levels of these inflammatory factors in response to 

bacterial toxins relative to their wild-type counterparts, and 

spleen cells from these animals showed clear evidence of increased 

NF-κB signaling.

These intriguing findings may just be the tip of the iceberg, 

as the screen that revealed WIP1 also spotlighted several other 

promising candidates. “We have been working on this for the past 

four years,” says Tergaonkar, “and our plans now are to character-

ize the other NF-κB regulators identified in our screens.” ■ 

1. Chew, J., Biswas, S., Shreeram, S., Humaidi, M., Wong, E.T., 

Dhillion, M.K., Teo, H., Hazra, A., Fang, C.C., López-Collazo, E. et al. 

WIP1 phosphatase is a negative regulator of NF-κB signalling. 

Nature Cell Biology 11, 659–666 (2009). 
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Macrophages are a type of immune cell in which NF-κB-mediated 

production of inflammatory cytokines is restricted by WIP1.

Genetic evidence reveals that an enzyme that deactivates signaling 

pathways is associated with infl ammation and cancer

© 2010 A*STAR
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Structural biology 

Little triggers, big changes

Filaments of actin protein run throughout the interior of the cell, 

and contribute to diverse functions ranging from cell division 

and cell motility to the trafficking of essential molecules. These 

structures are highly dynamic, and their proper function depends 

on tightly regulated mechanisms for extension and disassembly, 

such as the filament-cleaving protein gelsolin.

Gelsolin features eight calcium ion-binding sites that con-

tribute to protein activation, although many mechanistic details 

remain to be uncovered. “Gelsolin undergoes huge conforma-

tional changes in the process of becoming activated and then 

severing actin filaments,” says Robert Robinson of the A*STAR 

Institute of Molecular and Cell Biology, Singapore. “All of this 

is driven by simply binding a few calcium ions, and we want to 

know how this happens.”

Robinson’s team recently obtained high-resolution structural 

data for human gelsolin in its inactive calcium-free state as well as 

a large fragment of activated gelsolin (pictured) bound to calcium 

and actin1. These two structures proved to be highly similar 

to structures previously obtained by his group for the equine 

protein2, but with a few notable differences—most importantly, 

the activated human protein was bound to an additional calcium 

ion at a site in its ‘G2’ domain.

This site, which has a functionally equivalent counterpart in a 

second domain (‘G6’), turns out to play a pivotal role in gelsolin 

activation. When these G2 and G6 calcium-binding sites are 

unoccupied, they interact and thereby contribute to stabilization 

of the highly compact inactive protein; calcium ion binding at 

G2 and G6 results in disruption of this association, followed by 

massive structural rearrangements. Mutational analysis of the 

other calcium-binding sites indicated that several of these may 

serve supporting roles in gelsolin activation.

Intriguingly, the mutation associated with the neuropathic 

disease familial amyloidosis Finnish type (FAF) is located in G2 

at a position that disrupts calcium binding. Robinson and his co-

workers predict that this change leaves the protein in an abnormal 

neither-activated-nor-inactivated conformation that is vulnerable 

to cleavage by the enzyme furin—thereby producing the insoluble 

clumps of truncated gelsolin that are a hallmark of FAF.

With this improved understanding of the role of calcium 

binding, Robinson’s team is now delving deeper into gelsolin 

function. “Our main goal is to determine the structure of gelsolin 

bound to more than one actin protomer to help us better under-

stand the process of severing,” he says. In parallel, they also intend 

to test their model of FAF pathology and explore the potential for 

developing therapeutics that block furin cleavage. ■ 

1. Nag, S., Ma, Q., Wang, H., Chumnarnsilpa, S., Lee, W.L., Larsson, 

M., Kannan, B., Hernandez-Valladares, M., Burtnick, L.D. & 

Robinson, R.C. Ca2+ binding by domain 2 plays a critical role in 

the activation and stabilization of gelsolin. Proceedings of the 

National Academy of Sciences USA 106, 13713–13718 (2009).

2. Burtnick, L.D., Urosev, D., Irobi, E., Narayan, K. & Robinson, R.C. 

Structure of the N-terminal half of gelsolin bound to actin: roles in 

severing, apoptosis and FAF. EMBO Journal 23, 2713–2722 (2004). 
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Structure of a fragment of human gelsolin—containing domains G1 

(red), G2 (green) and G3 (yellow)—bound to calcium (purple) and actin 

(black). Calcium binding in the G2 domain plays an essential role in 

initiating the structural rearrangements involved in protein activation.

Two calcium-binding events set major structural rearrangements into 

motion for an important regulatory protein of human cells
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Immunology 

Standing out in a crowd

The immune system is finely tuned to detect and eliminate poten-

tially harmful foreign entities within the body, where regulatory 

T (Treg) cells prevent immune cells from attacking healthy tissue. 

Now, patients undergoing tissue grafts or suffering from autoim-

mune disease are a step closer to receiving transplants of purified 

Treg cells to fight inflammation.

Every cell type in the body carries a distinct set of surface 

proteins that represent a potential ‘fingerprint’ for sorting in 

the laboratory. Previous research in mice has shown that Treg 

cells can be isolated based on expression of the CD25 protein; 

in humans, however, this marker is expressed not only in Treg 

cells but also in the effector cells that promote inflammatory 

response, making it ill-suited for sorting. “Quite a lot of money 

has been ‘burned’ in failed attempts to copy therapeutic strategies 

that have been successful in animal models,” says Olaf Rötzschke 

of A*STAR’s Singapore Immunology Network, “[and] the lack 

of suitable markers for the isolation of human Treg cells has 

largely prevented the translation of these promising results into 

human therapies.”

The basic strategy is sound, however, so Rötzschke partnered 

with Kirsten Falk at the Max-Delbrück-Center for Molecular 

Medicine in Berlin and colleagues at the Fondazione Santa 

Lucia in Rome and identified alternative markers for human 

Treg sorting1. One promising target that caught their atten-

tion was CD49d, an adhesion molecule that facilitates the 

inflammatory response.

“CD49d-blocking antibodies are already the most effective 

treatment for multiple sclerosis and Crohn’s disease,” explains 

Rötzschke. He and Falk noted that CD49d expression is essen-

tially absent from human Treg cells, and developed a sorting 

strategy that selectively eliminates human immune cells that 

express CD49d or CD127—a second marker typically absent 

from human Treg cells.

The resulting pools of cells are highly enriched with Treg 

cells and virtually free of contaminating pro-inflammatory cells. 

Importantly, these cells have not been tagged with any antibodies 

or other factors that might modulate their function—an impor-

tant consideration for transplantation applications. Experiments 

in a mouse model of graft-versus-host disease confirmed the 

effectiveness of these cells, with minimal inflammatory response 

observed in Treg-recipient mice.

Rötzschke believes that the high purity and ‘untouched’ state of 

these cells bodes well for human applications. “A clinical Phase I 

trial is already in preparation. In cooperation with the Singapore 

General Hospital, Treg cell transfer will be employed to treat 

graft-versus-host-disease,” he says. “It will be one of the first 

clinical trials of this type worldwide.” ■ 

1. Kleinewietfeld, M., Starke, M., Di Mitri, D., Borsellino, G., Battistini, 

L., Rötzschke, O. & Falk, K. CD49d provides access to ’untouched’ 

human Foxp3+ Treg free of contaminating effector cells. Blood 113, 

827–836 (2009). 
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Micrograph of a regulatory T (Treg) cell. These cells keep the inflamma-

tory immune response under control and offer a promising tool for pre-

venting graft-versus-host disease and various autoimmune disorders.

Surface features enable effi  cient purifi cation of cells that help thwart 

autoimmunity and prevent tissue graft rejection
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Protein synthesis 

Reading the stop signs

An international team of molecular biologists has unraveled much 

of the molecular process by which eukaryotic or nucleated cells 

recognize when to stop construction of protein chains and release 

them. This process is fundamental to the synthesis of proteins, 

and hence the operation of all cells.

Proteins chains are generated in small organelles known as 

ribosomes. Lengths of messenger-RNA, printed from DNA, 

are fed through the ribosome and used as templates for joining 

together specific sequences of amino acids to form protein chains. 

Particular codes in the mRNA sequence signal where the chain 

should be terminated and released.

Work by other researchers showed that in eukaryotic cells, the 

task of recognizing these mRNA stop codons and releasing the 

newly formed protein chain involves two mutually interdependent 

protein release factors—eRF1 and eRF3. Efficient termination 

and release of protein chains requires a complex of both release 

factors, together with the energy transfer molecule guanosine 

triphosphate (GTP).

The crystal structure of eRF1, determined in earlier work at 

Oxford University by Haiwei Song of A*STAR’s Institute of 

Molecular and Cell Biology, Singapore, showed that it had three 

active regions or domains—N, involved in stop codon recogni-

tion; M, required for chain release; and C, involved in binding to 

eRF3. Now, the international team led by Song has determined 

the crystal structure of the complex formed between eRF1 and 

a truncated version of eRF3, and has also analyzed it in solution 

using small-angle X-ray scattering1 (pictured).

The researchers found that eRF1 changes shape to resemble a 

molecule of transfer-RNA when it binds to eRF3. Transfer-RNA 

(tRNA) molecules recognize mRNA code and carry appropri-

ate amino acids to add to the growing protein chain. The shape 

change of the eRF1 molecule not only allows its N domain to 

‘read’ stop codons, but also brings the M domain into a position 

where it can interact with an active region of eRF3.

The researchers propose a mechanism whereby the eRF1–eRF3 

complex opens the way to bind GTP, which leads eRF1 to change 

shape to mimic tRNA. This allows eRF1 to link to a ribosome 

and to recognize stop codons. The act of binding to the ribosome 

also transfers energy from GTP to drive protein chain release.

“We now want to determine the structure of eRF1 in complex 

with the whole eRF3 molecule, to understand fully how the two 

proteins act cooperatively,” Song says. ■ 

1. Cheng, Z., Saito, K., Pisarev, A.V., Wada, M., Pisareva, V.P., Pestova, 

T.V., Gajda, M., Round, A., Kong, C., Lim, M., Nakamura, Y., Svergun, 

D.I., Ito, K. & Song, H. Structural insights into eRF3 and stop codon 

recognition by eRF1. Genes & Development 23, 1106–1118 (2009).
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A complex molecular interaction signals when to terminate protein 

synthesis and release the product 
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Graphene 

Edgy mechanics

Graphene sheets are strong and stable, and have highly mobile 

charge carriers that could make them prime components in 

nanometer-scale electronics. In particular, very narrow graphene 

ribbons could act as excellent circuit connectors. However, new 

calculations by Chilla Reddy at the Institute of High Performance 

Computing of A*STAR, Singapore, and co-workers1 have shown 

that narrow-width ribbons—ten nanometers wide or less—have 

a strong effect on the elastic properties of graphene.

“Researchers are trying to use narrow graphene sheets with 

widths less than ten nanometers for electronic applications,” says 

Reddy. At this width, however, the elastic properties of the ribbon’s 

edges produce three-dimensional ripples in the graphene.

The ripples arise because, while the bulk of a graphene sheet 

has a uniform honeycomb-type structure, the edges can have a 

variety of different atomic forms that cause either compression 

(squashing) or tension (stretching). The ripples can change the 

potential energy and electronic properties of the sheet.

To investigate exactly how different edge structures may affect 

overall electronic performance, Reddy and co-workers calculated 

the elastic properties of an ideal graphene sheet subjected to 

strain. They considered several different edge structures including 

‘zigzag’ and ‘armchair’ edges, with and without hydrogen atoms 

bound to them, and ‘reconstructed’ edges that included pentagons 

or heptagons (pictured).

The researchers found that when sheets are wider than ten 

nanometers, the edge effect becomes insignificant, and there is no 

residual strain. When they are at this width or less, however, their 

elastic properties change dramatically.

The calculations predicted that the zigzag and armchair 

structured edges were under compression, while the recon-

structed edges added tension to the edge of the sheets. This 

suggests that the reconstruction of edges into pentagons or hep-

tagons can completely change the edge stresses from squashing 

to stretching.

These complex calculations were made possible thanks to 

collaboration with researchers in the USA. “The edge effect in 

graphene sheets is an unexplored area and the energy analysis 

was the difficult part of this work,” explains Reddy. “Prof. Vivek 

Shenoy from Brown University has experience in dealing with 

this sort of problem and he helped me to solve it.”

Reddy and co-workers are now studying the edge morpholo-

gies of graphene sheets that are arranged in multiple layers, folded, 

or functionalized with different chemicals. Their work implies 

that researchers could one day control the electronic properties of 

graphene by selecting ribbons with specific edge structures. ■

1. Reddy, C.D., Ramasubramaniam, A., Shenoy, V.B. & Zhang, Y.-W. 

Edge elastic properties of defect-free single-layer graphene 

sheets. Applied Physics Letters 94, 101904 (2009).

Schematic diagram showing graphene ribbons with different edge 

structures. From top: ‘armchair’ edges and ‘zigzag’ edges (outlined in 

yellow), armchair edges terminated with hydrogen atoms (red), and 

zigzag edges reconstructed with pentagons and heptagons.
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The electronic properties of graphene ribbons are strongly dependent on 

the atomic structures at the ribbon's edge
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Biomimetic structures 

Butterfly light

Many animals, including birds, beetles, fish and butterflies, get 

their beautiful colors not only from pigments, but also from nano-

scale structures that manipulate light. Now, such natural wonders 

have inspired Hong Yee Low and colleagues at the Institute of 

Materials Research and Engineering of A*STAR, Singapore1, to 

make polymer structures similar to butterfly wings. Their struc-

tures produce optical effects that could prove useful in various 

electronic devices.

“I was inspired by the possibility of creating color without using 

chemical dyes and without altering the chemical composition of 

the pristine engineering polymer,” explains Low. “The use of 

surface architecture to impart functionality could be a more green 

or sustainable approach.”

The surfaces of butterfly wings, for example, are made of long 

and thin parallel hair-like structures just 150 nanometers thick, 

separated by air spaces (pictured). The fibers and air have different 

refractive effects on light striking the wings, causing interference 

and producing bright iridescence.

“The butterfly wing structure is actually very challenging to 

mimic,” says Low, explaining that previous approaches, though 

quite successful, have required expensive equipment and time-

consuming deposition methods. To address this problem, she 

and her co-workers took a new approach based on a simple and 

inexpensive technique called nano-imprint lithography.

First, the researchers fabricated a silicon-oxide mold containing 

evenly spaced nanometer-sized trenches. They then heated and 

softened a polymer before pressing it onto the mold. Finally, they 

pulled the polymer off the mold at an angle to produce hair-like 

pillars on the polymer surface. The pillars, each just 200 nano-

meters in diameter and around 1.2 micrometers long, resemble a 

collapsed array of dominoes.

Low and co-workers observed either rainbow patterns or 

single colors on their polymer surface, depending on the angle 

of incident light. This is because the collapsed pillars are parallel, 

creating ridge lines that look like a diffraction grating when 

viewed from one direction, but resemble a multilayered reflective 

surface when viewed from another direction.

Eventually, the researchers hope they will be able to fine tune 

the structure of their butterfly surfaces and use different materials 

to produce a variety of optical properties. Low thinks the finished 

products could have some interesting applications.

“Initially I explored the possibility of using this structural color 

effect for contact lenses, but we are now seeing more promise in 

using it as a color indicator for gas sensing. This has attracted 

interest from food and drug packaging industries,” she says. 

“Another potential application is in electronic displays with 

restricted viewing angles.”  ■ 

1. Kustandi, T.S., Low, H.Y., Teng, J.H., Rodriguez, I. & Yin, R. 

Mimicking domino-like photonic nanostructures on butterfly 

wings. Small 5, 574–578 (2009).
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Micrograph, with an image of a butterfly, showing that a butterfly wing 

has hair-like nanostructures arranged in larger scales.

Patterned surfaces mimicking the nano-scale structure of butterfl y wings 

can produce impressive optical eff ects
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Materials 

Twin tricks

The enigmatic ability of ‘nanotwinned’ metals to display disparate 

physical properties—ultrahigh strength and ductility—has been 

explained by YongWei Zhang and David Srolovitz from the 

A*STAR Institute of High Performance Computing, Singapore, 

and National University of Singapore graduate student Zhaoxuan 

Wu1. The key lies in understanding how different types of dislo-

cation propagate through nanotwinned metals in a manner not 

seen in bulk materials.

Metals can be made stronger if they are refined to have very 

small crystal grains. Unfortunately, these fine-grained metals also 

lose some of their toughness, meaning that they may break easily 

when deformed.

In recent years, researchers have discovered that this problem 

can be partly resolved by introducing nanotwinned crystal grains. 

At the boundaries between these grains, the atomic structure on 

one side is a mirror reflection, or ‘twin’, of the other.

When a nanotwinned metal is subjected to stress, the twin 

boundaries block dislocations—defects in the crystal structure 

that are the carriers of deformation—from spreading through-

out the metal, thus providing very high strength. However, the 

same samples also show excellent ductility, meaning they can 

be squashed and stretched without breaking, which generally 

requires a high density of dislocations.

Zhang and his co-workers used molecular dynamics simula-

tions to monitor the evolution of dislocations during the defor-

mation of nanotwinned copper. “The dislocations interact to form 

very complex, three-dimensional networks,” explains Zhang. “We 

were forced to perform simulations over millions of time steps on 

systems containing in excess of ten million atoms!”

They found that dislocations could sometimes move across 

twin boundaries, but this required unusual dislocation reactions 

and the motion of normally immobile dislocations (pictured). In 

essence, the boundaries generally block the motion of dislocations, 

but are not completely impenetrable.

In particular, the interaction of dislocations with the twin 

boundaries give rise to ‘Lomer’ dislocations, which dissociate into 

three other types called ‘Shockley’, ‘stair-rod’ and ‘Frank’ partial 

dislocations. The Shockley partial dislocations provide additional 

slip deformation in the crystal that contributes to ductility, while 

the stair-rod and Frank partial dislocations act as ‘dislocation 

locks’, preventing further migration of the dislocations and 

providing high strength. This means that, paradoxically, the metal 

acquires its versatility by having both a high density of disloca-

tions and significant barriers to their motion.

“Armed with this information, we can identify how to alloy 

the material to the desired strength for particular applications 

and develop new material systems for which this deformation 

mechanism will be even more effective,” says Zhang. ■ 

1. Wu, Z.X., Zhang, Y.W. & Srolovitz, D.J. Dislocation-twin interaction 

mechanisms for ultrahigh strength and ductility in nanotwinned 

metals. Acta Materialia 57, 4508–4518 (2009).
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Two parallel atomic planes representing ‘twin boundaries’ between 

copper crystal grains. A dislocation can be seen passing through the 

upper twin boundary and generating a low-mobility dislocation in the 

lower grain.

‘Nanotwinned’ metals display both ultrahigh strength and ductility by 

forcing crystal dislocations to behave in strange ways
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Smart materials 

Illuminated treatments

Direct delivery of therapeutic compounds to cellular targets can 

enhance drug efficacy and safety, but such techniques require 

careful monitoring within the body. Now, a research team led by 

Julius Vancso at the A*STAR Institute of Materials Research and 

Engineering in Singapore has developed polymer microspheres 

labeled with fluorescent quantum dots that promise to light up 

the pathways of critical biological processes1.

Scientists often attach fluorescent markers, such as chemical 

dyes, to biomolecules to track their movements inside living cells. 

Quantum dots—semiconductor nanocrystals with extraordinary 

light-emitting capabilities—promise to radically advance biologi-

cal imaging by offering a brighter, longer-lived source of fluores-

cent light than any comparable dye. Incorporating quantum dots 

(QDs) into living systems is challenging, however, because the 

long, hydrophobic carbon chains typically present on the surfaces 

of QDs make the dots insoluble in water.

“Nature uses water as a solvent in over 90% of its chemical 

reactions,” says Vancso. “If one wants to benefit from the superior 

optical properties of QDs, they must be rendered water-soluble.” 

Unfortunately, typical chemical techniques to modify the hydro-

phobic chains can cause QDs to lose their fluorescence.

The researchers used an amphiphilic polymer coating—a 

material containing water-repellant and water-stable chemical 

groups—to transfer cadmium selenium/zinc sulfide (CdSe/

ZnS) QDs into an aqueous environment (pictured). Long carbon 

chains tethered this coating to the QD surface without compro-

mising fluorescence output, while a carboxylic acid-rich polymer 

backbone provided the essential compatibility with water.

Vancso and his co-workers also incorporated acrylic groups—

well-known polymerization units—within the QD coating to 

impart new functionality. When they exposed an emulsion of 

coated QDs to ultraviolet light, the acrylic groups joined together 

into a three-dimensional network, eventually yielding micrometer-

sized poly(N-isopropylacrylamide) (PNIPAM) spheres encapsu-

lating uniformly copolymerized fluorescent QDs (pictured).

PNIPAM-based materials are unique because they can undergo 

temperature-dependent structural transformations. When the 

researchers heated a solution of PNIPAM microspheres above 

32 °C, they observed an abrupt increase in optical absorbance; at 

this critical temperature, the internal chains of the spheres col-

lapsed, expelling water and changing the optical refractive index. 

Because these microspheres can repeatedly expand and shrink 

while maintaining strong fluorescence emissions, they have the 

potential to act as ideal tracers for drug delivery devices.

According to Vancso, this method for entrapping QDs is uni-

versal in nature, and can be used with other nanoscale technolo-

gies. “This work should allow one to also functionalize magnetic 

nanoparticles, which carry tremendous promise in bio-imaging 

and diagnostics,” he says. ■ 

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

Stimulus responsive PNIPAM/QD hybrid microspheres by 

copolymerization with surface engineered QDs. Macromolecules 

42, 1801–1804 (2009). 

R
ep

ro
du

ce
d 

fr
om

 R
ef

. 1
 ©

 2
01

0 
A

C
S

1 nm

Into water

200 nm

Quantum dots can be made water-soluble by adding an amphiphilic 

polymer coating (upper). Schematic illustration of a micrometer-

sized PNIPAM sphere containing uniformly copolymerized fluorescent 

quantum dots (lower).

Embedding quantum dots into thermally reactive polymers allows 

traceable detection within living systems
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Materials 

Switched-on color-changing 
polymers

Azulene is an aromatic molecule with a rare, deep-blue color that 

sets it apart from other organic compounds. Recognized for over 

500 years as a natural pigment, azulene’s unusual color results 

from an electronic interplay between the two main structural 

components, fused five- and seven-membered conjugated carbon 

rings. Recently, scientists have begun to exploit azulene’s optical 

abilities by incorporating it into materials such as liquid crystals 

and conductive polymers.

Now, Jianwei Xu, Chaobin He and co-workers from the 

A*STAR Institute of Materials Research and Engineering, in 

collaboration with researchers from Nanyang Technological 

University in Singapore, have combined azulene with a polycyclic 

organic molecule called fluorene to produce a series of polymers 

that can change color on demand using either a chemical or elec-

tronic stimulus1. This discovery may usher in a new generation of 

‘smart’ materials, such as windows that can change from clear to 

opaque with the flick of a switch.

Fluorene, composed of two benzene rings fused onto a 

pentagonal hydrocarbon, has well-known fluorescent proper-

ties. According to Xu, the research team chose to combine 

this molecule with azulene because both units lie in the same 

physical plane after binding; this geometry ensures strong 

molecule-to-molecule interactions. Furthermore, fluorene can be 

easily modified so that it becomes soluble in organic solvents or 

water—an essential feature for processing and manufacturing.

The researchers first linked the azulene and fluorene units 

into short chains called oligomers through a palladium-catalyzed 

reaction known as a Suzuki cross-coupling. Repeating this 

procedure produced long azulene–fluorene polymers with high 

molecular weights. Xu says that these polymers are relatively easy 

to make after the correct starting materials are synthesized.

Using a chemical agent called trifluoroacetic acid, the research-

ers could directly change the fluorescence and visible color of 

azulene–fluorene polymers in liquid solutions. Trifluoroacetic acid 

adds hydrogen atoms to the azulene rings, and theoretical calcula-

tions revealed that this chemical transformation shifts the internal 

energy levels of the polymer, initiating new optical behavior.

Finally, the researchers created the first azulene-based 

electrochromic device—a material that changes color instantly 

and reversibly through electricity—by spinning the polymers into 

thin films and sandwiching them between transparent electrodes. 

Because azulene readily releases or accepts electrons, even moderate 

electric potentials could switch the film color from green to yellow 

and back again (pictured). Currently, the researchers are working to 

improve the performance of these colorful materials by incorporat-

ing new molecular units containing nitrogen and sulfur atoms. ■ 

1. Wang, X., Ng, J.K.-P., Jia, P., Lin, T., Cho, C.M., Xu, J., Lu, X. & 

He, C. Synthesis, electronic and emission spectroscopy, and 

electrochromic characterization of azulene–fluorene conjugated 

oligomers and polymers. Macromolecules 42, 5534–5544 (2009).
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New azulene–fluorene polymer films can reversibly change color from 

yellow to green in response to an applied voltage.

Unique organic ring compounds combine to form smart materials with 

tunable visual attributes
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Chemistry 

Side by side by synthesis

Nitrogen heterocycles—chemical compounds formed from a ring 

of carbon atoms into which nitrogen atoms have been incorpo-

rated—are one of the most important classes of organic molecules, 

and are ubiquitous in both natural and man-made molecules. 

From the caffeine in our morning coffee and many of the vitamins 

that fortify the food we eat, to the pigments that brighten our 

world, and a wide range of natural and synthetic drugs—nitrogen 

heterocycles touch virtually every aspect of our existence. Indeed 

the very origins of life itself are inextricably linked to nitrogen 

heterocycles, as they form one of the three key components of the 

hereditary messenger, DNA. Unsurprisingly therefore, chemists 

are always looking for new and more efficient ways to make ever 

more complex and interesting nitrogen heterocycles.

Now, a team from the Chemical Synthesis Laboratory at the 

A*STAR Biopolis and the Scripps Research Institute in La 

Jolla, California have developed a new, flexible method for the 

synthesis of several important members of the nitrogen hetero-

cycle family. Their discovery, reported recently in the Journal of 

the American Chemical Society1, makes use of the propensity of 

N-protected anilines—a class of nitrogen-containing organic 

molecules—to undergo a process known as ortho-lithiation, 

by which the nitrogen atom directs the selective formation of a 

bond between the carbon atom two places in the ring away from 

itself, and an atom of the reactive metal lithium. The research-

ers found that the resulting ‘organolithium’ compound could be 

treated with the chloride salt of a rare-earth metal, either cerium 

or lanthanum, to generate an intermediate organo-lanthanide 

complex. This species reacts smoothly and efficiently with a class 

of compounds described as aminoketones, which incorporate 

another atom of nitrogen.

The alcohol products afforded by these reactions can be elabo-

rated into a more complex class of compounds called nitrogen 

spiroheterocycles either spontaneously or by treatment with a 

strong alkali. These nitrogen spiroheterocycles, as well as being 

important molecules in their own right, can then be converted 

into other useful nitrogen heterocycles, such as dihydropyrroles 

and tryptamines, simply by treatment with an acid (pictured).

The A*STAR–Scripps team have further demonstrated the 

practical uses of their new methodology by employing it to syn-

thesize a non-nucleoside reverse transcriptase inhibitor (NNRTI) 

called efavirenz, the active ingredient in the anti-HIV-1 drug, 

Sustiva. With the new technology they were able to prepare 

efavirenz in only three steps and with 68% overall efficiency—a 

very considerable improvement on the previous best route.

The new A*STAR–Scripps protocol is expected to expand the 

uses of anilines as versatile feedstock for chemical synthesis and 

offer rapid access to a range of biologically and pharmaceutically 

relevant molecules. ■ 

1. Nicolaou, K.C., Krasovskiy, A., Majumder, U., Trépanier, V.E. & 

Chen, D.Y.-K. New synthetic technologies for the construction of 

heterocycles and tryptamines. Journal of the American Chemical 

Society 131, 3690–3699 (2009).

TryptaminesEfavirenz

Spiroheterocycles Dihydropyrroles

Efficient synthesis of a range of heterocycles has been realized using an 

ortho-lithiation strategy.

Nitrogen atom-directed ortho-lithiation aids preparation of anti-HIV drug
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Organic chemistry 

Doing what comes naturally

From the bottom of the ocean floor to the rainforests of 

Madagascar, scientists are on the hunt for natural products—

diverse chemical compounds derived from plants, micro-

organisms and animals. Some of history’s most successful 

pharmaceutical medications have been produced or inspired by 

the intricate molecular architectures of natural products, many of 

which can only be generated biologically.

When chemists accomplish a total synthesis—completely 

create a natural product from smaller and simpler molecules—it 

marks a major achievement. Often, new synthetic strategies must 

be developed to emulate nature’s handiwork. Now, with the total 

synthesis of the natural product haplophytine (pictured), the team 

of K. C. Nicolaou, David Chen and co-workers from the Institute 

of Chemical and Engineering Sciences of A*STAR, Singapore1, 

has fulfilled a decades-long quest.

First isolated from the wild Mexican plant Haplophyton cimi-

cidum 57 years ago, haplophytine has been used since Aztec times 

as a natural insecticide. Its complex chemical framework features 

ten rings, unusual functionalities and multiple asymmetric centers 

that are notoriously difficult to construct. According to Chen, this 

challenging molecular structure has made haplophytine stand out 

as a target to total synthesis chemists.

Beginning with a small two-ring system, the researchers 

gradually added a third ring using an asymmetric ruthenium 

catalyst. They then faced the most challenging aspect of the total 

synthesis: forming a crowded carbon–carbon bond that joins 

the left- and right-hand sides of haplophytine together. At this 

point, they discovered that hypervalent iodine, a highly oxidizing 

reagent, produced a new six-ring intermediate containing the 

congested bond.

The researchers then used an innovative internal skeletal rear-

rangement, induced by a peroxide–carboxylic acid, to generate 

the left-hand-side domain of haplophytine. An extensive search 

revealed that unique reagents such as thallium ethoxide were 

needed to couple the final carbon fragments onto the molecule. 

A free radical cyclization, followed by an iron cyanide treatment, 

finally yielded the haplophytine structure.

Overall, the total synthesis required 33 steps. With an average 

yield of 73% per step, the final product yield was 0.035%—a 

figure that exemplifies how difficult it is to create complex natural 

products from scratch. Fortunately, organic chemistry has a long 

history of idea sharing that makes advances, such as the synthesis 

of new biological-related drugs, possible.

“Each successful synthetic transformation was an individual 

accomplishment,” says Chen. “Overcoming the obstacles in the 

haplophytine campaign goes far beyond our group’s achieve-

ment—it stands as a true testament to the power of modern 

organic synthesis.” ■ 

1. Nicolaou, K.C., Dalby, S.M., Li, S., Suzuki, T. & Chen, D.Y.-K. Total 

synthesis of (+)-haplophytine. Angewandte Chemie International 

Edition 48, 7616–7620 (2009).
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Haplophytine 

Haplophyton cimicidum

Chemical structure of the natural product haplophytine, derived from 

the ancient Aztec plant Haplophyton cimicidum.

Synthesis of the natural product haplophytine is now possible using state-

of-the-art techniques
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Antimalarial drugs 

Guided by nature

The Cordyceps sinensis mushroom (pictured) is a traditional 

Asian medicine with an unusual background. This parasitic 

fungus—originally from Tibet—propagates by invading the body 

of a rare caterpillar, slowly replacing tissue until new mushrooms 

sprout from the deceased host’s head. A related species, Cordyceps 

nipponica, has attracted recent scientific attention because it 

contains biochemical substances, known as cordypyridones A and 

B, which exhibit potent activity against the multidrug-resistant 

strain of malaria.

Now, Christina Chai and co-workers from the A*STAR 

Institute of Chemical and Engineering Sciences in Singapore 

have reported the first total synthesis of cordypyridones A and B 

from simple and inexpensive starting materials1. The flexibility of 

their procedure could enable rapid development of new pharma-

ceutical compounds that can overcome the limitations of current 

malaria therapies.

The biological activity of cordypyridones is believed to arise 

from a distinctive molecular structure that can immobilize metal 

ions. This natural product contains two rings connected by a 

single carbon–carbon bond; one ring is based on a six-membered 

carbon molecule called cyclohexane, the other is a nitrogen-

bearing benzene analogue known as pyridone. Constructing this 

complex molecular framework with the correct three-dimensional 

arrangement of the rings and their associated substituents was a 

challenging proposition.

Chai and her team employed a convergent strategy to produce 

their natural product. The two key halves of the molecule—the 

cyclohexane and pyridone rings—were synthesized using 

separate chemical pathways; a coupling reaction then joined the 

halves together. Reactions performed in this manner have higher 

efficiencies than traditional stepwise transformations, and are far 

more versatile: new components can readily be added to the rings, 

while retaining the same coupling procedure.

The researchers used innovative techniques, such as a custom 

zeolite-supported rhodium catalyst, to produce the cyclohexane 

and pyridone molecular fragments. For the crucial coupling step, a 

lithium–halogen exchange reaction transformed the pyridone into 

an anionic intermediate; this species then attacks a carbon–oxygen 

double-bonded unit known as a ketone on the cyclohexane, 

joining the rings together.

According to Chai, this coupling reaction tested the limits of 

their chemical repertoire. “We were extremely relieved when the 

addition to the ketone was successful—we were rapidly running 

out of tricks up our sleeves!”

Fully exploiting the antimalarial activity of cordypyridones 

requires synthesis of several structurally related analogues—a 

task for which Chai’s procedure is ideally suited. “With malaria 

developing resistance to current prophylaxis treatments, these 

compounds could be instrumental in the ongoing fight against 

such a devastating disease,” says Chai. ■ 

1.  Jones, I.L., Moore, F.K. & Chai, C.L.L. Total synthesis of 

(±)-cordypyridones A and B and related epimers. Organic Letters 

11, 5526–5529 (2009).
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Cordyceps nipponica, a relative of the Cordyceps sinensis mushroom 

(pictured), which is used in Asian medicine, may hold the key to new 

antimalarial medications.

The versatile chemical synthesis of natural fungal compounds should lead 

to new candidates for malaria treatments
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Polymer science 

A phobia of light

A small volume of water placed on a surface does not flow 

forever. Molecular-level interactions between the liquid and the 

solid shape the water into a droplet. Scientists at the Singapore 

Institute of Manufacturing Technology of A*STAR and Nanyang 

Technological University, Singapore, have now shown that droplet 

formation on a polymer can be controlled by exposing the surface 

to short pulses of light1.

A measure of how well water flows on a specific material, 

known as the wettability, is given by the internal angle between 

the droplet wall and the surface. If the water is able to spread 

thinly, the angle is less than 90° and the material is said to be 

hydrophilic. A droplet on a hydrophobic surface on the other 

hand acts to minimize the contact area by forming a tight droplet 

with an angle in excess of 90°.

In their study, the research team demonstrated that femto-

second-long pulses of near-infrared light can make polymethyl 

methacrylate (PMMA) either hydrophilic or hydrophobic. They 

scanned a small area of PMMA with a focused laser beam. The 

contact angle between the treated surface and a 0.5-microliter 

droplet of water depended on the energy of the exposure 

(pictured), which they changed by moving the laser spot in and 

out of focus. PMMA was super-hydrophilic at the highest expo-

sures investigated, but the contact angle increased as the energy 

decreased. An optical dose of 2.1 joules per square centimeter or 

less made the polymer hydrophobic, and the maximum internal 

angle achievable was 125°. “Laser irradiation is a promising 

method to control surface wettability. It offers significant flex-

ibility because it enables selected areas to be modified at a high 

speed,” explains Zhong Ke Wang, the lead researcher on the study.

To understand the underlying cause of the variation in wet-

tability, the scientists used X-ray photoelectron spectroscopy 

to see how the light affected the way atoms in the polymer 

bonded. High exposures increased the number of carbon–oxygen 

double bonds at the expense of carbon–carbon single bonds. 

The double bonds are known, from previous research, to 

promote hydrophilicity.

PMMA is perhaps better known under the trade names Perspex 

or Plexiglas. One of its numerous applications is in microfluidics, 

where liquid flows in channels just a few micrometers across. 

Altering the interaction of PMMA and water could enable new 

functionality in microfluidic circuits. “Surface wettability affects 

the flow velocity and enables the separation or mixing of liquid 

samples into different channels,” says Wang. ■ 

1. Wang, Z.K., Zheng, H.Y., Lim, C.P. & Lam, Y.C. Polymer 

hydrophilicity and hydrophobicity induced by femtosecond laser 

direct irradiation. Applied Physics Letters 95, 111110 (2009).
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A small volume of water placed onto a PMMA surface forms a droplet 

(bottom) with a contact angle (shown in red) of less than 90°, so the 

PMMA is called hydrophilic. Exposing the surface to pulses of light 

can change PMMA’s interaction with water to either superhydrophilic 

(middle) or hydrophobic (top), depending on the dose.

Exposure to short pulses of light changes how a polymer surface interacts 

with water droplets
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Biomaterials 

Liver repairs

Biocompatible materials that emulate living tissues can be used 

for tissue repair and regeneration. Polymer scaffolds, for example, 

mimic the network that connects cells and stimulates cell 

adhesion. They can also transport various cell types. Now, stem 

cells differentiated into liver-like cells from bone marrow stem 

cells can be delivered to the liver using a fibrous polymer scaffold 

containing the peptide RGD, thanks to a technique developed by 

a team led by Andrew Wan at the Institute of Bioengineering and 

Nanotechnology (IBN) of A*STAR, Singapore1.

To differentiate the stem cells, the researchers first cultured 

human liver cells in Petri dishes to form a cell layer covering 

the entire dish surface. Then, they added an ammonia solution 

to destroy the cultured cells while leaving intact the surrounding 

matrix, also called extracellular matrix (ECM). Finally, they placed 

the stem cells in the ECM-coated dishes and cultured them for 

one month to effectively induce their differentiation.

“Our research group at IBN has had a long-standing interest 

in using signals from the ECM to differentiate stem cells,” says 

Wan. “Compared to other approaches using growth factors, 

or their combinations to differentiate stem cells, we believe 

that our method may provide a more complete spectrum of 

signaling molecules.”

By monitoring the differentiation, Wan and his co-workers 

found that the differentiated cells produced albumin and con-

verted ammonium salt into urea, which are functions unique to 

liver cells. They observed that the amounts of the two substances 

increased upon cell maturation.

“In a preliminary experiment, we discovered that the RGD-

modified scaffolds were able to support stem cell adhesion as well 

as, if not better than, ECM-incorporated scaffolds,” says Wan.

When testing the ability of the polymer scaffold to support cell 

growth and proliferation in vitro, the researchers observed that the 

differentiated cells adhered to the scaffold surface and penetrated 

its fibrous structure. After implanting the scaffold-embedded 

cells into a rat liver from which a portion had been removed, they 

discovered that the cells remained attached to the liver without 

migrating (pictured). They also found that the transplanted cells 

secreted albumin and stored glycogen like native liver tissue.

The differentiated cells exhibited some markers specific to 

native liver cells, but at lower levels. “To achieve the ultimate 

objective of engineering fully functioning liver tissue, we would 

need to improve the liver-specific function of our differenti-

ated stem cells as well as the scaffold structure,” says Wan. 

The researchers are currently investigating new approaches to 

achieve this goal. ■ 

1. Tai, B.C.U., Du, C., Gao, S., Wan, A.C.A. & Ying, J.Y. The use of a 

polyelectrolyte fibrous scaffold to deliver differentiated hMSCs to 

the liver. Biomaterials 31, 48–57 (2010).
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A fluorescence microscopy image of the scaffold-embedded cells 

showing the integration of the fibers (yellow-green) with differentiated 

cells after implantation. Cell nuclei are stained blue.

A fi brous polymer scaff old can deliver liver-like cells into damaged liver for 

tissue repair
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Mesoporous materials 

Three times the connection

Mesoporous materials have pore sizes of just 2–50 nanometers. 

Now, the first such material consisting of three unlinked, but 

interpenetrating, pore systems has been synthesized by research-

ers at the Institute of Bioengineering and Nanotechnology of 

A*STAR, Singapore. Jackie Ying and her co-workers explain that 

since the three channel systems are separated from one another by 

silica walls, the material is an ideal candidate for applications in 

drug delivery, catalysis, and separation technologies1.

The ‘tri-continuous network’ material (pictured) represents 

a new class of materials, with an increase in complexity over 

existing bi-continuous network materials that have only two 

interpenetrating pore systems. Ying says that the interwoven 

and unconnected tri-continuous pore structure was previously 

only predicted mathematically. The desire to realize the structure 

experimentally inspired the researchers to design surfactants to 

direct the assembly of silica precursors, which can then be con-

verted into the final silica structures.

In designing their surfactants, Ying and her co-workers played 

two opposing effects against each other to tune the curvature 

of the interfaces. In practice this means that they used a large 

head group at one end of the surfactant molecule to favor the 

formation of high-curvature interfaces. On the hydrophobic 

chain at the opposite end of the molecule, they added a large side 

group that promotes the formation of low-curvature interfaces. 

When they combined the surfactant with the silica precursors, 

they tuned the experimental conditions to favor one effect or the 

other to produce the desired surface curvature. This fine tuning 

enabled the creation of tri-continuous networks, but could, in 

principle, be applied to make even more complex structures in 

the future, says Ying.

Bi-continuous network mesoporous silica materials are well 

known for their tunable pore shapes and connectivity, which make 

them ideal for catalyst supports because they can be tuned so that 

the reactants and products flow to and from the catalytic sites. 

Ying expects that the tri-continuous materials will find similar 

applications, and that “the tri-continuous nanoporous silica 

may provide more varied opportunities, which will be revealed 

by further investigations.” The three-dimensional structure also 

lends itself well to high-surface-area applications, like electrode 

materials for batteries and fuel cells.

In addition, the tri-continuous material can be produced in 

the form of nanofibers. These offer some ultra-short channels 

through the pores across their width and some ultra-long channels 

down the length of the fiber. The researchers say these different 

diffusion times could be particularly useful for applications in 

separation and controlled release. ■ 

1. Han, Y., Zhang D., Chng, L.L., Sun, J., Zhao, L., Zou, X. & Ying, J.Y. 

A tri-continuous mesoporous material with a silica pore wall 

following a hexagonal minimal surface. Nature Chemistry 1, 

123–127 (2009).
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Schematic illustration of the tri-continuous network. Each pore channel 

is represented by a different colored rod.

An innovative surfactant design enables the synthesis of the fi rst 

nanoporous silica with a tri-continuous network 
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Data storage 

A good match 

To increase the storage density of disk drives beyond their present-

day capabilities, scientists need to realize ‘giant magnetoresistive’ 

(GMR) spin valves for use in their read heads. A combination 

of the ‘Heusler’ alloys Co
2
CrZ (Z = Si or Al) and Cu

2
CrAl are 

shaping up as attractive material components for such devices, 

owing to work from Viloane Ko and co-workers from the Data 

Storage Institute of A*STAR, Singapore1.

Information in hard disk drives is stored using the orientation of 

the ‘spin’ of electrons associated with magnetic atoms on the disk 

and retrieved by read heads that are sensitive to their orientation.

In GMR spin valve-based read heads of the current-

perpendicular-to-plane (CPP) type, a nonmagnetic spacer layer 

is sandwiched between two ferromagnetic electrodes (pictured). 

The reference layer’s spin is ‘pinned’ to one direction, whereas the 

‘free’ layer’s spin orients according to the direction of the spins 

it probes on the disk. If the spins in the two layers are parallel 

to each other, spin-polarized electrons flow easily through the 

device; if they are antiparallel, however, the resistance is high—

hence the term GMR—yielding a sensitive probe of the binary 

information stored on the disk.

In principle, Heusler alloys are ideal materials for GMR read 

heads because their spin polarization is close to 100%, notes Ko, 

but their GMR properties have been lower than expected. “One 

of the major obstacles is the lack of suitable spacer materials,” 

says Ko. Attempts by other researchers using transition-metal 

spacer layers, such as copper and silver, resulted in poor matching 

of the electronic band structure between the electrode and spacer 

materials—essentially a poor ‘alignment of the roads’ via which 

electrons can travel.

Using density functional theory-based calculations, however, 

Ko and his co-workers showed that Cu
2
CrAl has potential as 

a good spacer layer material when sandwiched between either 

Co
2
CrSi or Co

2
CrAl. These material combinations provide three 

specific benefits that could yield a high GMR effect in spin valves, 

according to Ko: they have excellently matched electronic band 

structures; high interfacial spin polarization, which is important 

because interface states are known to degrade polarization; and 

small crystalline lattice mismatch.

Ko and his team are pursuing an experimental realization 

of a GMR spin valve made from the reported Heusler alloy 

combination but, as Ko points out, compositional control of 

the proposed Heusler alloy spacer is a challenge that remains 

to be overcome. ■ 

1. Ko, V., Han, G., Qiu, J. & Feng, Y. P. The band structure-matched 

and highly spin-polarized Co2CrZ/Cu2CrAl Heusler alloys interface. 

Applied Physics Letters 95, 202502 (2009). 
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A schematic diagram of a CPP GMR spin valve (left), a potential com-

ponent in future hard disk drive read heads, consisting of lattice- and 

electronic band structure-matched chromium-based alloys (right). 

A tailored material combination may boost the sensitivity of future disk-

drive read heads
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Surface engineering 

Imprinted cleanliness 

The leaves of the lotus flower have a remarkable property—they 

are self-cleaning. Because the leaves are hydrophobic, or water 

repellent, water that comes into contact with them forms spheri-

cal beads that roll along the leaf picking up dust and dirt on from 

its surface. Now, a research group from the Singapore Institute of 

Manufacturing Technology of A*STAR have developed a method 

that could eventually enable large surface areas to be coated with a 

hydrophobic layer that mimics this self-cleaning property1.

“Hydrophobic surfaces are desirable for many industrial appli-

cations such as anti-biofouling paints for boats, anti-sticking of 

snow for antennas and windows, self-cleaning windshields for 

automobiles, stain-resistant textiles and anti-soiling architectural 

coatings,” explains Xincai Wang from the group.

Many techniques exist for making a surface hydrophobic. 

Coating a surface with chemicals that are naturally water repel-

lent, for example, is one approach. However, this may not work 

for many surfaces. Moreover, such chemicals gradually degrade 

and are easily rubbed off, requiring continual retreatment. A more 

robust and longer-lasting approach is to change the microscopic 

structure of a surface. It is well known that structuring a surface 

to have micrometer-sized protrusions increases its water-repelling 

properties. But conventional techniques for patterning these 

structures, such as photolithography combined with reactive ion 

etching, are time-consuming and expensive.

The technique developed by Wang and co-workers produces 

hydrophobic surfaces that are robust and potentially much 

cheaper than those produced by photolithgraphic patterning. 

First, the researchers drilled a dense array of pits into a flat silicon 

substrate with a sharply focused, ultraviolet laser (pictured). They 

found that this step on its own increased the hydrophobicity of 

the surface, causing water droplets on its surface to form a more 

spherical shape than on an untreated surface. Such behavior is 

typically quantified by measuring the angle made by the base of a 

droplet with the surface, known as the wetting angle, which in this 

case increased from 64.2° to 97.5°.

Next, Wang and co-workers used the silicon surface as a 

stamp to imprint the inverse of its pattern into the surface of a 

soft sol–gel film. Without modification, these films exhibited 

hydrophibicity with a contact angle of 110°. But imprinting them 

with the silicon stamp increased this to 138°.

In future work, the researchers intend to extend this 

approach to make hydrophobic surfaces over large areas on an 

industrial scale. ■ 

1. Wang, X.C., Wu, L.Y.L., Shao, Q. & Zheng, H.Y. Laser micro 

structuring on a Si substrate for improving surface 

hydrophobicity. Journal of Micromechanics and Microengineering 

19, 085025 (2009). 
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Etching a dense array of pits into the surface of a silicon substrate with 

a laser increases its water repellency. Using this surface as a template 

to imprint the reverse of this pattern into a sol–gel film results in a 

surface that is even more water repellent.

A laser-patterned template could enable self-cleaning surfaces to be 

grown over large areas at low cost
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More diversity than meets 
the eye

Genetics 

More diversity than meets 
the eye

The subtle sequence variations that naturally emerge in a genome 

over time—even at the single-nucleotide level —provide invalu-

able landmarks for geneticists. With a sufficiently large and 

detailed dataset, it becomes possible to identify useful indicators 

for complex traits and heritable disorders, and even to infer 

evolutionary histories that mark migration and intermingling of 

distinct human populations.

The Han Chinese represent 90% of the most populous nation 

on Earth, and yet genomic analysis of this ethnic group has been 

seriously impaired by the limited genomic data currently available. 

“It has been suggested that the Han Chinese are not as homog-

enous as people have thought, and that some sub-population 

structure exists,” says Jianjun Liu of the A*STAR Genome 

Institute of Singapore. “However, because previous studies were 

done using a very limited number of DNA markers and a small 

number of subjects, their findings are only suggestive.”

Since 2007, Liu and collaborators across China have been 

performing an ongoing series of disease-related genomic studies; 

by working with this data collection, his team was subsequently 

able to perform a ground-breaking study that incorporates the 

analysis of more than 350,000 genomic markers from 6,580 Han 

Chinese subjects living in ten Chinese provinces1.

Their investigation of single nucleotide polymorphisms in the 

subjects revealed a clear trend of increasing change in the relative 

distribution of sequence variations along a distinct geographic axis 

running from north to south, with the greatest genetic variation 

observed between the northernmost and southernmost provinces. 

The authors point out that this striking pattern—and the absence 

of an additional east–west axis—reflects prevailing theories of an 

early Chinese history that involved a steady process of north-to-

south migration and military expansion.

The investigators also compared these provincial samples 

against more than 1,000 urban Han from Beijing and Shanghai 

and 570 Han Chinese living abroad in Singapore. These cities 

exhibited a greater mixture of individuals from across the north–

south axis, although southern provinces such as Guangdong were 

markedly overrepresented among Singaporeans. Intriguingly, a 

closer examination of single nucleotide polymorphism data from 

Guangdong also enabled the researchers to identify discrete sub-

populations that roughly mirrored the distribution of particular 

Chinese dialects within the province.

Although these variations are subtle, their effects can add up, 

and Liu’s team is already applying lessons from this study to their 

ongoing research. “We’re starting to analyze samples according 

to geographic origin along the north–south axis to minimize the 

impact of sub-population structure on our genetic association 

studies,” he says. ■

1. Chen, J., Zheng, H., Bei, J.-X., Sun, L., Jia, W.-H., Li, T., Zhang, F., 

Seielstad, M., Zeng, Y.-X., Zhang, X. & Liu, J. Genetic structure of the 

Han Chinese population revealed by genome-wide SNP variation. 

American Journal of Human Genetics 85, 775–785 (2009).
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Small changes in the human genome can be as telling about historical 

events as ancient relics.

Large-scale analysis of Han Chinese populations reveals striking patterns 

of intriguing genetic diversity
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Genetics 

Following regulation to 
the letter

Scientists have been studying tumor suppressor p53 for 30 years 

now, but this protein still holds many secrets. For example, it has 

long been established that a canonical sequence of nucleotides 

marks genes as targets for transcriptional regulation by p53. Now, 

however, Ee Chee Ren at A*STAR’s Singapore Immunology 

Network and his co-workers have revealed additional levels of 

unexpected regulatory complexity1.

While characterizing the regulation of Lasp1, a gene associated 

with metastatic liver cancer, Ren’s team observed evidence for 

p53-mediated repression—but with a twist. “The p53 binding 

sites in the promoter had an unusual sequence and did not fit 

exactly with the known canonical p53 response element,” he says. 

“We decided to test it and, more importantly, confirm that it does 

repress the downstream gene.”

The core of the p53 response element (p53RE) consists of 

a pair of ten-nucleotide stretches (decamers). The researchers 

began by testing the regulatory effects of swapping segments 

of these ten decamers from the repressive Lasp1 p53RE with 

counterpart sequences from the p21 gene, where p53RE acts as 

an activator. These experiments revealed that the key determinant 

of whether these motifs turn a gene on or off can be traced back 

to a single nucleotide pair, and that modifying this nucleotide 

combination is sufficient to turn an activating p53RE into a 

repressor, or vice versa (pictured).

“This illustrates how frequently in nature, what may seem 

very complicated at first eventually turns out to be simple and 

elegant,” says Ren. The sequences adjacent to the dimer were also 

found to have a prominent, though less meaningful overall, role 

in steering p53 activity.

Numerous p53REs have been described in the literature, 

and nearly 88% of the 162 regulatory elements examined obey 

the rules determined by Ren’s team. The researchers were even 

able to reveal inaccuracies in the current functional descrip-

tions of 20 of these p53REs, and subsequently confirmed these 

misclassifications experimentally. “By applying the rules we have 

generated, a much higher percentage of p53 target genes turned 

out to be repressed rather than activated,” says Ren. “This means 

that cellular physiology involving p53 pathways can be better 

understood in cases where p53 is damaged or deleted in cancer.”

These findings overturn long-standing assumptions that ‘one 

p53RE fits all’ for both activation and repression, and raise ques-

tions about how sequence affects function. “Possible mechanisms 

could involve different co-factor recruitment and/or conforma-

tional changes for the p53 protein,” says Ren. “However, these 

hypotheses need further experimental investigation.” ■

1. Wang, B., Xiao, Z. & Ren, E.C. Redefining the p53 response element. 

Proceedings of the National Academy of Sciences USA 106, 

14373–14378 (2009).
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Schematic illustration showing that just a few sequence elements 

determine whether p53 (grey circles) acts as an activator or repressor 

of downstream target genes. Changes in a dinucleotide pair (red 

letters) within the binding site are sufficient to change the p53RE from 

an activator (top) to a repressor (bottom).

Subtle sequence changes determine whether a common gene regulatory 

sequence acts as an ‘on’ or ‘off ’ switch
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Genetics 

Invitations to infection

The symptoms of leprosy—skin lesions and nerve damage—

have been recognized since Biblical times, but even today, 

scientists know few details about the pathology of infection with 

Mycobacterium leprae (pictured). This is due in large part to the 

challenges of cultivating this bacterium and the absence of a 

useful animal model.

As such, indirect strategies may prove more practical, as 

demonstrated by a recent collaborative study by Singaporean and 

Chinese groups that examined Han Chinese individuals in order 

to identify genetic factors that might contribute to susceptibility 

to this pathogen1. “The low diversity of the M. leprae genomic 

sequence suggests that susceptibility to leprosy is largely due to 

human host variability,” says Jianjun Liu, one of the leaders of the 

project at A*STAR’s Genome Institute of Singapore. “Human 

genetic studies will be able to provide biological insights into this 

infectious disease, which is hard to study by other means.”

Genome-wide association studies are an effective strategy for 

identifying risk factors for heritable disorders. In these studies, 

researchers attempt to identify single-nucleotide sequence 

variations in the genome that are closely associated with a disease 

within families or populations. In principle, the same approach 

can be applied to infectious disease, provided appropriate healthy 

controls are identified. “The best controls for such a study should 

be individuals who have been exposed to pathogens but failed to 

be infected,” says Liu.

His team analyzed nearly half a million sequence variants in 

each of 706 leprosy patients and 1,225 controls, identifying 16 

polymorphisms within seven different genes that appeared to rep-

resent true susceptibility factors. Interestingly, variations in four of 

these genes showed stronger association with the ‘multibacillary’ 

form of leprosy, which is characterized by elevated counts of 

bacteria in skin lesions and is therefore thought to be indicative of 

compromised immune response.

Most of the genes identified were found to be interconnected 

with a signaling network mediated by risk factor NOD2, a 

protein that acts as a trigger for early stage immune responses to 

bacterial infection; three of these genes are also involved with the 

inflammatory intestinal disorder Crohn’s disease, an association 

previously considered controversial. “It has long been suggested 

that mycobacterial infection might be one of the triggers for 

Crohn’s disease, but this hypothesis has not been accepted by the 

[scientific] community,” says Liu. “Our findings provide strong 

genetic evidence.”

Future genomic studies from Liu and his co-workers will 

further explore details of these associations, as well as the con-

nection between specific genetic risk factors and different clinical 

subtypes of leprosy. ■ 

1. Zhang, F.-R., Huang, W., Chen, S.-M., Sun, L.-D., Liu, H., Li, Y., 

Cui, Y., Yan, X.-X., Yang, H.-T., Yang, R.-D. et al. Genomewide 

association study of leprosy. New England Journal of Medicine 

361, 2609–2618 (2009).
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A micrograph of Mycobacetrium leprae, the bacterium responsible for 

leprosy, which has proved difficult to study by conventional microbio-

logical methods.

Genomic analysis reveals risk factors that off er insights into the pathology 

of the leprosy bacterium
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Genetics 

Building a multi-national 
family tree

Research collaborations rarely produce a political as well as 

scientific triumph. However, a recently completed, large-scale 

genetic mapping project from a diverse team of Asian scientists 

associated with the Human Genetics Organization (HUGO) has 

accomplished this feat.

“The primary goals of this project were to understand the 

relatedness and diversity of Asian populations; to plan, execute 

and publish a project that originated in Asia; and to start a 

process of Pan-Asian collaboration that has not existed before 

in our field,” says Edison Liu, executive director of the A*STAR 

Genome Institute of Singapore and one of the scientific leaders 

of the HUGO Pan-Asian SNP Consortium.

The objective was to exploit small sequence changes that have 

emerged in the human genome over the course of history—single 

nucleotide polymorphisms—to reconstruct a timeline of migra-

tion and thereby essentially track the bloodlines of the diverse 

ethnic groups that populate the various Asian nations1.

The scientific effort alone was daunting—mapping 54,794 

single nucleotide polymorphisms in nearly 2,000 individuals 

from 75 ethnic groups and 11 countries—but the challenge was 

amplified by the effort to ensure that every participant was an 

equal partner. Developing nations such as Indonesia and the 

Philippines brought valuable genetic diversity to the table, but 

were constrained by limited research infrastructure relative to 

more homogeneous nations such as Japan and Korea, neces-

sitating creative solutions. “We developed a host–guest system,” 

says Liu. “Guests would be invited to physically bring their 

national DNA to host institutions to perform the genotyping…

in this manner, less enabled countries could learn key tech-

nologies from host countries, but never relinquished sovereignty 

over their samples.”

The researchers uncovered evidence for a common ancestral 

origin for both East and Southeast Asian populations, and recon-

structed the probable flow of human movement throughout the 

region over the course of many millennia (pictured). “An earlier 

hypothesis suggested that Northern Asia was populated by two 

waves of migration: one from Southeast Asia and the second 

from the North,” says Liu. “Our data showed no evidence for a 

Northern contribution to Asia’s genetics; the genetic source for 

all of Asia appears to be from Southeast Asia.”

The Consortium is already looking to tackle more complex 

questions of genetic distribution and disease susceptibility by 

expanding the analysis to nearly a million sequence variations in 

a larger study group, but Liu feels the team is up to the chal-

lenge. “We have a strong network of collaborative scientists from 

across Asia,” he says. ■ 

1. The HUGO Pan-Asian SNP Consortium. Mapping genetic diversity 

in Asia. Science 326, 1541–1545 (2009).
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Geneticists from across Asia have come together to build a continent-

spanning map of genetic diversity

A map reconstructing human migration across Asia over the course 

of ancient history. The genetic data, which were paired with linguis-

tic groupings, suggest that South Asia and Southeast Asia served as 

a starting point for subsequent population movement throughout 

the continent.
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Genomics 

Non-linear thinking

The textbook representation of a gene is deceptively simple: a line 

of DNA sequence punctuated by regulatory regions atop of which 

perch diverse activator and inhibitor proteins. However, the reality 

within the nucleus is considerably more complex. Many of these 

regulatory sites reside surprisingly far from the transcriptional 

regions they govern, and evidence suggests that their activity 

may be dependent on the three-dimensional rearrangement of 

chromosomes to enable physical associations between spatially 

remote genomic segments.

“A few studies based on individual genes have suggested that 

long-distance elements may interact with gene promoters to 

regulate gene transcription,” explains Yijun Ruan of the A*STAR 

Genome Institute of Singapore. However, no method existed to 

study this theory at a genome-wide scale.

To address this challenge, Ruan and co-workers devised a 

technique called chromatin interaction analysis by paired-end 

tag sequencing (ChIA-PET), which enables global mapping 

of such interactions1. Chromosomal DNA is normally wound 

around proteins to form material known as chromatin, and gene 

activation is typically accompanied by chemical modification and 

rearrangement of these proteins. ChIA-PET employs a strategy 

to physically link interacting chromatin regions; analysis of the 

DNA fragments contained within this chromatin subsequently 

reveals the specific genomic sites connected by these interactions.

As an initial test, Ruan’s team performed ChIA-PET analysis of 

gene activation mediated by estrogen receptor α in human breast 

cancer cells. This revealed numerous chromatin loop structures 

connected at activated ‘anchor genes’, in which distal regulatory 

regions were brought into direct contact with gene promoters. 

In many cases, these individual duplexes were themselves part 

of larger, multi-loop arrangements, connecting multiple anchor 

genes while physically excluding other ‘loop genes’—and these 

interactions had a direct bearing on gene activity. “We [observed] 

that certain genes are looped together into the same transcription 

cluster for coordinated expression,” says Ruan. “We also provided 

evidence that relatively small loopings bring genes to the same 

transcription center for activation, while large loops may partition 

genes to inactive nuclear regions.”

These findings add an essential new dimension to genomic 

analysis, and Ruan is already planning experiments to extend 

ChIA-PET analysis to characterize activity of other key tran-

scriptional activators, like the tumor suppressor p53. “Our study 

reveals that chromatin looping is a primary mechanism for coor-

dinating gene transcription regulation,” he says, “[and] I envision 

that we may soon enter a ‘spatial genomics’ era, where we can view 

a genomic map in which regulatory elements interact with each 

other in three dimensions.” ■ 

1. Fullwood, M.J., Liu, M.H., Pan, Y.F., Liu, J., Xu, H., Mohamed, 

Y.B., Orlov, Y.L., Velkov, S., Ho, A., Mei, P.H. et al. An oestrogen-

receptor-α-bound human chromatin interactome. Nature 462, 

58–64 (2009).

A schematic depiction of the complex looping that facilitates transcrip-

tional regulation and enables the coordinated regulation of multiple 

genes simultaneously. The looping is revealed by identifying chromo-

somal segments that interact throughout the genome (background).
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Chromosomal looping enables genome-wide ‘remote control’ of 

transcription, and may help coordinate activity from multiple genes
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Gene transfer 

Stick-on protection

Modified viruses that transfer genetic material into cells are 

attractive as tools for gene therapy, regenerative medicine and 

vaccination. However, after injecting these ‘viral vectors’ into 

the human body, contact with serum in the blood may trigger 

immune and inflammatory responses and compromise in vivo 

gene transfer.

A team led by Shu Wang at the Institute of Bioengineering 

and Nanotechnology of A*STAR, Singapore, has now designed 

a new polymer coating that protects viral vectors—making them 

resistant to serum within the body1.

The researchers chose non-toxic, rod-shaped insect viruses 

called baculoviruses as their vectors. These viruses have been shown 

to efficiently deliver genes into mammalian cells, but their high 

sensitivity to serum limits their gene delivery efficiency in vivo.

“Previous studies have suggested that modification of viral gene 

transfer vectors with synthetic polymers is an effective strategy in 

overcoming barriers to in vivo delivery of viral vectors,” says Wang.

The researchers first determined that the surface of the baculo-

virus was negatively charged under normal pH conditions. Noting 

that other viral vectors modified with positively charged polymers 

exhibited enhanced gene transfer, Wang and his co-workers 

picked the polyethylenimine PEI25K—a positively charged 

polymer often used as a non-viral gene delivery vector—to coat 

the virus through strong electrostatic interactions (pictured).

During the coating experiments, the researchers observed 

that stronger binding between the virus and polyethylenimine 

occurred with higher molecular weight polymers. By investigating 

how the coating affects cell viability, they were able to establish a 

critical toxicity level for the coated baculoviruses.

Wang and his team treated the coated viruses with human or 

rat serum and exposed them to brain tumor and liver cancer cells. 

The resulting gene transfer efficiency was about 500-fold higher 

than for uncoated baculoviruses, indicating that PEI25K had 

effectively protected the virus against molecules present in serum.

The researchers tested the performance of the polymer coating 

in vivo by injecting PEI25K-coated baculoviruses into immu-

nodeficient mice. They discovered that the gene expression was 

two-fold higher than for uncoated baculoviruses. Furthermore, 

after modifying baculoviruses with a cancer cell-killing gene and 

directly injecting the PEI25K-coated viral vectors into tumor 

cells implanted in mice, the team observed an inhibition of tumor 

growth within ten days—demonstrating the potential of this 

method for tumor gene therapy.

The team is currently investigating the effectiveness of this 

polymer coating in protecting baculoviral vectors against immune 

responses to expand its use for in vivo transduction and human 

gene therapy. ■ 

1. Yang, Y., Lo, S.-L, Yang, J., Yang, J., Goh, S.S.L., Wu, C., Feng, S.-S., 

Wang, S. Polyethylenimine coating to produce serum-resistant 

baculoviral vectors for in vivo gene delivery. Biomaterials 30, 

5767–5774 (2009).
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Schematic illustration of the electrostatic coating of a baculoviral vector 

with positively charged polyethylenimine (PEI) polymers (upper), and 

electron micrograph showing the rod-shaped baculovirus (lower).

A protective polymer shell enhances virus-mediated in vivo gene delivery
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Human genetics 

Old before their time

Wrinkled skin and weakened bones might be taken as normal 

symptoms of aging, but patients suffering from the various 

hereditary ‘progeriatric’ disorders classified as autosomal recessive 

cutis laxa (ARCL) start to experience these effects early in child-

hood. The clinical similarity of different ARCL subtypes makes 

them difficult to classify accurately and little is known about their 

genetic bases.

An aggressive research environment led Bruno Reversade and 

his team at A*STAR’s Institute of Medical Biology in Singapore 

to join forces with direct competitor Stefan Mundlos of the 

Charité Universitaetsmedizin in Berlin, Germany. “Having come 

from the developmental biology field, I found human genetics 

to be significantly more competitive,” says Reversade. “We both 

thought that we stood a better chance together than against 

one another.”

Their collaboration paid off, and their study of individuals from 

15 closely related ARCL-affected families led to the identifica-

tion of a small segment of chromosome 17 that appeared to be 

linked to the disease1. Upon closer analysis of this region, the 

gene encoding Δ1-pyrroline-5-carboxylate reductase 1 (PYCR1) 

emerged as the likely culprit, which has numerous mutations 

apparent exclusively in affected individuals.

PYCR1 is highly expressed in skin and bones, and reduced 

levels of this protein were noted in skin cells from a number of 

patients. The investigators found that PYCR1 is localized to 

the mitochondria—a focal point for cell metabolism—where it 

participates in synthesis of the amino acid proline, but also acts as 

an apparent bulwark against cellular damage. Exposure to highly 

oxidative conditions causes cells to produce molecules called 

‘reactive oxygen species’ (ROSs), which act as triggers for cell 

death, but PYCR1 appears to counter oxidative stress by keeping 

ROS production at bay. When Reversade and his colleagues 

knocked out the equivalent gene in frog embryos, they noticed 

severe developmental defects—most notably in the blood and 

skin. As expected, these defects apparently resulted from increased 

cell death in these tissues, demonstrating the usefulness of this 

simpler animal model for ARCL.

Pairing of this cellular-level analysis with existing pathological 

data suggested that defects in this pathway could underlie several 

ARCL disease subtypes. “It was surprising that such a seemingly 

trivial metabolic pathway can have such a profound effect on 

human aging,” says Reversade. He adds that findings showing 

that proline levels are unaffected by PYCR1 mutation—but that 

brain development apparently is (pictured)—reveal a surprisingly 

interesting role for this ‘dull’ enzyme. “There is much more here 

than meets the eye,” he concludes. ■ 

1. Reversade, B., Escande-Beillard, N., Dimopoulou, A., Fischer, B., 

Chng, S.C., Li, Y., Shboul, M., Tham, P.-Y., Kayserili, H., Al-Gazali, L. 

et al. Mutations in PYCR1 cause cutis laxa with progeroid features. 

Nature Genetics 41, 1016–1021 (2009). 
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Magnetic resonance imaging shows the brain of a normal subject (top 

left) and an ARCL patient with a mutation in PYCR1 (top right), where 

there are clear defects in the corpus callosum (the structure linking the 

brain hemispheres). Bottom panels show expression levels of PYCR1 

(green) in skin cells from each subject.

A seemingly innocuous metabolic enzyme may play a key role in bringing 

about premature aging
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MicroRNA 

Keeping death in check

The protein p53 is a key player in tumorigenesis, controlling 

diverse genes that regulate cellular growth and DNA repair, and 

acting as an ‘early responder’ to cellular stress by killing off cells 

at risk of serious damage from toxic chemicals or ionizing radia-

tion. As such, understanding the various modes of p53 regulation 

represents a full-time effort for many scientists.

Recent research has illuminated a surprisingly important role 

for tiny RNA molecules, known as microRNAs, in downregu-

lating the production of a variety of proteins, and Bing Lim of 

A*STAR’s Genome Institute of Singapore recently partnered 

with Harvey Lodish’s group at the Whitehead Institute in 

Cambridge, Massachusetts, USA in an effort to tease out the role 

of microRNAs in managing p53 levels1.

As microRNAs work by binding complementary nucleotide 

sequences on target RNAs, the researchers began by searching a 

database for known microRNAs that might bind p53 messenger 

RNA. The most promising candidate was miR-125b, which 

is evolutionarily conserved in species ranging from worms to 

humans and has been previously shown to be overexpressed in 

a variety of cancers. The microRNA recognition site is located 

within an untranslated regulatory sequence of the p53 RNA, and 

grafting this sequence onto non-p53 RNAs proved sufficient to 

inhibit protein production.

Cells with elevated levels of miR-125b produced less p53, and 

exhibited lower levels of p21 and Bax—products of genes acti-

vated by p53. Overexpression of this microRNA also blocks p53’s 

capacity to prevent cancerous growth by inducing cell death in 

both cultured cells and even in whole organisms. “miR-125b alone 

is able to confer resistance to irradiation in zebrafish embryos by 

suppressing DNA damage-induced p53 activity,” says lead author 

Minh Le, a member of the Lim laboratory.

Accordingly, p53 expression is inversely proportional to 

miR-125b expression throughout embryonic development. Loss 

of miR-125b expression was shown to cause severe developmental 

defects in zebrafish (pictured), including excessive levels of cell 

death, and these experiments led Lim and his co-workers to 

conclude that this microRNA affects numerous targets, includ-

ing—surprisingly—many parallel factors in the p53 signaling 

network. “It is typical for a single microRNA to target multiple 

genes,” says Le, “but not many studies have demonstrated connec-

tions among targets of the same microRNA.”

The researchers are following up on these other targets, 

which may offer further new insights into microRNA-mediated 

control of the various cellular pathways coordinated by p53. 

“Before this, nobody had revealed the regulation of p53 at this 

level,” says Le. ■ 

1. Le, M.T., Teh, C., Shyh-Chang, N., Xie, H., Zhou, B., Korzh, V., Lodish, 

H.F. & Lim, B. MicroRNA-125b is a novel negative regulator of p53. 

Genes & Development 23, 862–876 (2009).
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Images of zebrafish embryos demonstrating that miR125b contributes 

to proper development through its effects on p53 activity. Relative 

to an uninjected control (top), embryos injected with molecules that 

block miR125b (m125bMO, bottom) exhibit dramatic developmen-

tal problems, including excessive cell death in the brain (brackets), 

defects in eye (blue arrows) and body cell (green arrows) formation, 

and absence of the midbrain–hindbrain boundary (asterisk).

A small RNA molecule has a big infl uence on the activity of an important 

tumor suppressor
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The significant outbreak of dengue fever in Singapore in 2005 was 

likely triggered by environmental factors, as opposed to mutation 

or other genetic changes in the dengue virus itself, according 

to an extensive collaborative genomic study led by researchers 

from the Genome Institute of Singapore and Institute for High 

Performance Computing of A*STAR1. The results of the study 

have important implications for future research, surveillance and 

control of dengue fever epidemics.

Dengue fever is the world’s most common, insect-borne, viral 

infection of humans with about 100 million cases reported world-

wide each year that result in about 2.5 million deaths. Nearly 40% 

of the world’s population living in the tropics and subtropics is at 

risk of contracting the disease. It is caused by four closely related 

flaviviruses (DENV-1 to -4) known as serotypes because they 

stimulate different immunological responses. At present there are 

no vaccines or cures for dengue fever.

The researchers from the two A*STAR institutes joined 

forces with colleagues from several important medical research 

institutes in Singapore and the USA to determine and analyze 

whole-genome sequence data for more than 100 viruses isolated 

from patients during the outbreak. They compared these data 

with those of viruses sampled prior to the 2005 epidemic.

The team found that the DENV-1 and DENV-3 serotypes 

were responsible for the bulk of the outbreak, and demonstrated 

that they showed simultaneous patterns of increase and decrease 

during the epidemic. Further analysis of samples of these two 

serotypes collected during the outbreak revealed that, in both 

cases, they were most closely related genetically to viruses col-

lected locally prior to 2005. This suggests that the outbreak was 

not triggered by the arrival on the island of an exotic strain.

In addition, although the genomic analysis detected that 

numerous mutations had occurred within each serotype during 

the outbreak, few could be detected by 2006. Thus, the genetic 

variations appeared to have conferred no particular advantage, 

because neither serotype was able to withstand the change in 

environmental factors that caused a rapid decline in dengue fever 

cases in 2006.

Based on this work, the researchers conclude that the outbreak 

of 2005 was caused by viruses already circulating in Singapore, and 

most likely triggered by environmental and not genetic factors, 

which challenges the traditional view of epidemiologists. They also 

suggest measures that could be added to the surveillance programs 

designed to predict outbreaks of dengue fever in Singapore. ■ 

1. Schreiber, M.J., Holmes, E.C., Ong, S.H., Soh, H.S.H., Liu, W., 

Tanner, L., Aw, P.P.K., Tan, H.C., Ng, L.C., Leo, Y.S., Low, J.G.H., 

Ong, A., Ooi, E.E., Vasudevan S.G. & Hibberd, M.L. Genomic 

epidemiology of a dengue virus epidemic in urban Singapore. 

Journal of Virology 83, 4163–4173(2009).

Dengue fever 

Epidemic ignited by 
environmental conditions

Photograph of Aedes aegypti, the mosquito that can infect humans 

with the dengue fever virus.
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Findings from an intensive genomic study contradict the conventional 

explanation—viral mutation—as the cause of dengue fever outbreak
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Dengue fever 

Taming the virus

Dengue fever, resulting from infection with the mosquito-

borne dengue virus, can manifest as high fever, leaky blood 

vessels and hemorrhages throughout the body. This illness is 

commonly found in tropical countries such as Singapore. Now, 

an international team of researchers, including Katja Fink at the 

Singapore Immunology Network of A*STAR and the Novartis 

Institute for Tropical Diseases in Singapore, has reported that 

macrophages, a type of immune cell that engulfs foreign invaders, 

work within different organs to combat viral dissemination 

during infection1.

In biopsies taken from infected individuals, the genetic material 

of the dengue virus is located within various types of immune 

cells, including macrophages. Fink and her co-workers wondered 

whether the macrophages were reservoirs for viral replication—as 

other groups have previously suggested—or whether the cells 

were instead involved in preventing viral expansion.

To answer this question, the researchers used a chemical to 

deplete macrophages in mice that they infected with dengue 

virus. Macrophage depletion initially led to reduced viral 

numbers in the blood and spleen, consistent with the postu-

lated role of macrophages as being havens for viral replication. 

However, after a few days, viral loads bounced back, and ended 

up much higher than in normal mice. This suggests that the 

macrophages are important in controlling the amount of virus 

found in these organs.

When Fink and her co-workers injected dengue virus into 

the skin of the feet of the mice, they found the virus within 

macrophages in the nearby lymph nodes that drain lymph from 

those feet (pictured). To get a clearer idea of the fate of this viral 

cargo, they specifically depleted macrophages in the draining 

lymph node. In this experiment, the researchers saw lower levels 

of virus in the lymph node and higher levels in the plasma. They 

therefore hypothesize that lymph node macrophages act as a sink 

to keep the virus out of the blood, perhaps to stop the virus from 

spreading throughout the body.

“The findings of our studies should revise the idea of mac-

rophages as just being hosts for dengue replication and causing 

immunopathology,” says Fink. Instead, the data suggest that 

macrophages are important to fight the virus. Therapies aimed at 

targeting this cell population to enhance the production of anti-

viral molecules could help reduce infection and disease.

Fink next plans on “identifying which soluble proteins are 

produced by macrophages and by other immune cell types that 

eventually add up to a highly inflammatory mixture” that leads to 

dengue fever symptoms in infected individuals. ■ 

1. Fink, K., Ng, C., Nkenfou, C., Vasudevan, S.G., van Rooijen, N. & 

Schul, W. Depletion of macrophages in mice results in higher 

dengue virus titers and highlights the role of macrophages for 

virus control. European Journal of Immunology 39, 

2809–2821 (2009).
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A confocal microscope image of dengue virus-infected macrophages 

found in a lymph node draining the skin where the virus was injected 

(red, virus-marker; green, macrophage marker; blue: nuclear marker).

Immune cells infected by the dengue virus play a key role in fi ghting 

against viral growth
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Malaria 

A shot in the arm for 
treatment options

A novel method of immunization provides fast and effec-

tive protection against malaria, according to a double-blind, 

placebo-controlled study published in the New England 

Journal of Medicine by an international team of research-

ers that included Laurent Rénia of the A*STAR Singapore 

Immunology Network1.

Malaria is a mosquito-borne infectious disease caused by 

parasites of the Plasmodium genus. Endemic in many parts of the 

developing world, malaria causes up to 500 million infections 

and more than one million deaths annually. Malaria parasites 

have a complex life cycle with numerous stages, each with a dif-

ferent genetic profile. Immunity is therefore difficult to acquire 

and, despite decades of research, an effective vaccine has yet 

to be developed.

In rodents, inoculation with intact sporozoites—the infective 

form carried by mosquitoes—during treatment with the anti-

malarial drug chloroquine has been shown to kill the parasite in 

certain stages of its life cycle, and to produce effective protection 

against malaria.

In their immunization study, Rénia, in collaboration with 

researchers from the Netherlands and France, investigated 

whether this approach would also induce protection against the 

disease to humans.

They recruited 15 healthy volunteers and randomly assigned 

ten to the vaccine group and the remainder to the control group. 

Both groups received a standard regimen of chloroquine. During 

this immunization phase, the researchers exposed the vaccine 

group to mosquitoes infected with Plasmodium falciparum, and the 

control group to uninfected mosquitoes (pictured). Both groups 

were exposed once a month for three months.

Four weeks after the chloroquine treatment, Rénia and co-

workers again exposed, or ‘challenged’, both groups to infected 

mosquitoes, and monitored them for symptoms and signs of 

malaria. They also took blood samples to test for presence of the 

parasite and to analyze the immune response.

Following the second exposure to infected mosquitoes, the 

researchers detected P. falciparum in all five controls but none in 

the vaccine group. Those who received the experimental vaccine 

developed an antibody response to both the liver-infecting 

sporozoites and the blood-stage parasite. Three also developed 

antibodies against a third stage of the life cycle.

The researchers believe that their method is effective because 

it presents the immune system with a bigger variety of antigens 

from different stages of the parasitic life cycle, and they will 

further investigate the ‘whole-parasite’ immunization strategy.

“This study exemplifies the commitment of the Singapore 

Immunology Network to build strong platforms in human immu-

nology and infectious diseases for better translation of results into 

medical applications,” says Rénia. ■ 

1. Roestenberg, M., McCall, M., Hopman, J., Wiersma, J., Luty, A. J. 

F., van Gemert, G. J., van de Vegte-Bolmer, M., van Schaijk, B., 

Teelen, K., Arens, T., et al. Protection against a malaria challenge 

by sporozoite inoculation. New England Journal of Medicine 361, 

468–477 (2009). 
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Photograph of a female Anopheles mosquito, which is a vector of 

malaria, feeding on a human host.

A ‘whole parasite’ strategy could lead to a vaccine for one of the world’s 

deadliest diseases 
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Immunotherapy 

Arming the body against 
liver cancer

Stimulating the immune system against the development of 

tumor cells could be a useful strategy to delay or prevent the 

onset of liver cancer in chronic hepatitis B patients, according 

to a recent A*STAR-funded study1. Writing in Gastroenterology, 

researchers from the Singapore Institute for Clinical Sciences 

and other institutes based in Singapore describe their discovery 

that most patients, even those whose infection has progressed to 

cancer, have T cells that respond to tumor cells (pictured). While 

this could be used to bolster resistance to the development of new 

tumors, T-cell exhaustion inhibited the response in those who 

already had liver cancer, the researchers found.

Chronic infection with hepatitis B virus is a significant risk 

factor for the development of liver cancer, known as hepatocel-

lular carcinoma (HCC). Over time, chronic infection typically 

leads to liver cirrhosis, which develops into HCC in about 80% 

of patients. This is of particular concern in parts of Asia where 

hepatitis B virus infection rates are greater than one in ten.

There has been limited success in treating HCC using chemo-

therapy, and removal of the damaged parts of the liver is usually 

not viable. This leaves only full transplantation as a treatment 

option. Researchers from A*STAR, the National University of 

Singapore and Gleneagles Hospital, led by Antonio Bertoletti, 

studied the possibility of using immunotherapy—turning the 

body’s immune system against the tumor cells. 

The researchers tested the response presented by HLA-A2—a 

type of human leukocyte antigen (HLA) widespread in Asian 

and Caucasian populations—to tumor antigens and hepatitis B 

virus proteins. T cells were tested from 30 hepatitis B-infected 

patients, 10 of whom also had cirrhosis while another ten 

had HCC.

Most HCC patients responded to tumor antigens, and some 

to more than one type of antigen, whereas very few patients 

responded to viral proteins. However, there was evidence of T-cell 

exhaustion, and in the liver and tumors of the HCC patients, the 

researchers observed higher levels of the programmed death 1 

(PD-1) receptor on T cells. The results indicate that blocking 

PD-1—a receptor associated with functional exhaustion—could 

perhaps rescue T-cell function. In contrast, the most active 

tumor antigens in patients without HCC (chronic hepatitis B 

or cirrhosis patients) were able to stimulate a multifunctional 

T-cell response. 

Having demonstrated that T cells can be stimulated to 

respond against tumor cells in patients with cirrhosis, the 

researchers believe that in the future it may be possible to 

target tumor cells in a prophylactic manner to prevent or delay 

progression to HCC. ■ 

1. Gehring, A.J., Ho, Z.Z., Tan, A.T., Aung, M.O., Lee, K.H., Tan, K.C., Lim, 

S.G. & Bertoletti, A. Profile of tumor antigen-specific CD8 T cells in 

patients with hepatitis B virus-related hepatocellular carcinoma. 

Gastroenterology 137, 682–690 (2009).

T cell (outlined in green) recognizing an HCC cell line.
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Immune cells that target tumors can be boosted in chronic 

hepatitis B suff erers
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Color vision 

Evolution runs deep

In order to understand the human genome, scientists compare 

it to genomes of other species, a strategy termed ‘comparative 

genomics’. This process helps to identify ancient DNA sequences 

that are conserved across all vertebrates, and those that are unique 

to single species.

Now, Byrappa Venkatesh and co-workers at the Institute 

of Molecular and Cell Biology of A*STAR in Singapore and 

the UCL Institute of Ophthalmology in London have used a 

comparative genomics approach to show that the elephant shark, 

Callorhinchus milii, may possess color vision1. The finding could 

help explain how color vision evolved in vertebrates, including 

humans, over the last 450 million years.

“Cartilaginous fishes, comprising sharks, rays, skates, and 

chimaeras, are the oldest group of living jawed vertebrates,” 

explains Venkatesh. “Thus, their genome sequences can give us 

useful insights into the origin and evolution of human and other 

vertebrate genomes.”

The researchers chose the elephant shark as a model because 

it has the smallest known genome among cartilaginous fish. 

Elephant sharks (pictured) mainly live at depths of 200–500 

meters on the continental shelves of South Australia and New 

Zealand, but move to shallow bays and estuaries to spawn.

The team began by searching the elephant shark genome 

for genes known to code for visual pigments called opsins. 

They confirmed that four opsins are expressed in the elephant 

shark’s retina.

“The main technical challenge was to measure the absorbance 

wavelengths of the opsins,” according to Venkatesh. “We overcame 

this challenge by collaborating with Prof. David Hunt’s group at 

UCL who are experts in this field.”

The analysis revealed that one of the four opsins is a rod opsin, 

commonly associated with deepwater fish because it functions 

well in low light levels. The other three, however, are cone opsins 

that could provide color vision.

The cone opsins probably arose from a gene duplication, which 

has been attributed with providing color vision in primates. 

Elephant sharks may have retained cones to adapt to the varying 

light conditions they encounter during their lifetimes; in contrast 

to other fish such as coelacanths, which never leave deep waters 

and have therefore dispensed with color vision.

Venkatesh hopes that future studies could explain other gaps in 

the evolution of color vision.

“It would be interesting to investigate the color vision in sharks 

(the elephant shark is actually a chimaera) that live in shallow and 

deep waters, as well as the most primitive, jawless vertebrates such 

as hagfishes,” he says. ■ 

1. Davies, W.L., Carvalho, L.S., Tay, B.-H., Brenner, S., Hunt, D.M. & 

Venkatesh, B. Into the blue: Gene duplication and loss underlie 

color vision adaptations in a deep-sea chimaera, the elephant 

shark Callorhinchus milii. Genome Research 19, 415–426 (2009).
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One of the elephant sharks used in a study showing that the elephant 

shark may be capable of color vision. The shark is held by A. S. Ibrahim 

from RMIT, Melbourne, Australia.

Elephant sharks display the potential for color vision despite mainly 

residing in deep waters
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Ferroelectrics 

See the light

The sun seems to be our only truly dependable source of renew-

able energy, and scientists are constantly on the hunt for innova-

tive ways to convert sunlight into electricity. The potential of thin 

ferroelectric films for visible-light photovoltaic devices has now 

been demonstrated by researchers from the A*STAR Institute of 

Materials Research and Engineering and the National University 

of Singapore1.

Photovoltaic devices, including solar cells, produce electricity 

when the absorption of light provides electrons with enough 

energy to cross a barrier called the bandgap. To generate a useful 

electrical current, however, these charge carriers must be swept 

along in a particular direction rather than flowing randomly. In 

the most commonly used photovoltaic materials, such as silicon, 

scientists achieve this by constructing a device with a material 

interface referred to as a p–n junction.

Alternatively, scientists can exploit the ‘bulk photovoltaic effect’ 

of ferroelectric materials, by which photocurrent can flow in a 

uniform material without the need to form an interface. “In ferro-

electric materials, the photovoltage magnitude is not limited by an 

energy barrier like it is in semiconductor photovoltaic materials,” 

explains senior A*STAR scientist Kui Yao. “The reason is that the 

underlying mechanism is fundamentally different.” Yao and his 

co-workers identified and studied bulk photovoltaic phenomena 

in a thin film made of bismuth ferrite (BFO).

The ferroelectric materials examined previously for photovol-

taic effects had large bandgaps that absorbed ultraviolet radiation. 

The smaller bandgap of BFO has the advantage of generating a 

current from visible-light photons. Yao and his co-workers started 

by covering a substrate with an electrode. On this they deposited 

a film of BFO just 170 nanometers thick before laying down a 

second electrode of either gold or a transparent conductor. They 

induced a current through the device by exposing it to the output 

of a visible-light source. This photocurrent increased linearly with 

the intensity of the incident light, and researchers could control 

its direction by changing the polarization orientation of the BFO 

using a voltage applied across the electrodes.

In experimental and theoretical work on a thin film of lead 

zirconate titanate doped with lanthanum (PLZT), Yao’s research 

team has also shown2 that nanoscale thin films could achieve 

higher photovoltaic efficiency than much thicker samples.

Yao and his co-workers are now working to further clarify the 

photovoltaic mechanisms in ferroelectric thin films, which are less 

well understood than those in semiconductors. ■ 

1. Ji, W., Yao, K. & Liang, Y.C. Bulk photovoltaic effect at visible 

wavelength in epitaxial ferroelectric BiFeO
3
 thin films. Advanced 

Materials 22, 1763–1766 (2010).

2. Qin, M., Yao, K. & Liang, Y.C. Photovoltaic mechanisms in 

ferroelectric thin films with the effects of the electrodes and 

interfaces. Applied Physics Letters 95, 022912 (2009). 
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Ferroelectric thin films offer an alternative to semiconductor-based 

photovoltaic devices for converting light into electricity.

Thin-fi lm ferroelectrics off er a fundamentally diff erent route to 

photovoltaic devices 
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Ferroelectrics 

Useful imperfections

Ferroelectric thin films have the potential to become the building 

blocks for electronic memory applications but, as film thicknesses 

decrease with further miniaturization, surface imperfections can 

influence device performance. Rajeev Ahluwalia and co-workers 

at the Institute of High Performance Computing of A*STAR, 

Singapore, have now shown that even nanoscale modulations of 

the surface geometry can significantly influence a ferroelectric 

film’s response to an applied electric field, yielding valuable infor-

mation for the efficient design of nanotechnological devices based 

on such materials1.

Information in portable electronics is typically stored in 

semiconductor memories, where the information is encoded via 

the presence or absence of electric charges in transistor-based 

memory cells. In ferroelectrics, however, information is encoded 

in the orientation of electric dipoles formed in the material. This 

orientation is also known as the sign of the electric polarization 

and can be controlled by an externally applied electric field. 

According to Ahluwalia, the semiconductor industry’s interest 

in ferroelectrics for memory applications lies in their prospective 

fast-operating characteristics as well as their ability to retain data 

even when powered off.

Ahluwalia and co-workers’ theoretical study shows that even 

small deviations from a perfectly flat surface in a ferroelectric thin 

film may dramatically change the way its polarization switches sign 

in an applied electric field (pictured). “The non-planar surface intro-

duces nucleation sites due to an inhomogeneous electric field dis-

tribution,” says Ahluwalia. These nucleation sites serve as ‘seeds’ for 

the formation of domains of reversed polarization that grow with 

the increase of the absolute value of the electric field until the over-

all polarization of the film switches sign around the ‘coercive’ field.

The details of the dynamical evolution, or the ‘spreading’, of 

the domains of reversed polarization, as well as the magnitude of 

the coercive field, are sensitive to the amplitude and length scale 

of the surface irregularities. “The surface effect will start playing a 

role when the amplitude of the roughness starts being comparable 

to the film thickness,” explains Ahluwalia, which is consistent 

with the numerical results showing a decrease in the coercive field 

with increasing amplitude in roughness.

Despite the study being performed for material parameters 

corresponding to barium titanate, Ahluwalia predicts that the 

qualitative results should apply to many ferroelectric materials. He 

notes, however, that in the present model the domain dynamics 

are calculated based on a uniaxial ferroelectric. Further studies 

based on three-dimensional models are thus required to obtain 

quantitative predictions for specific device design. ■ 

1. Ahluwalia, R., Ng, N. & Srolovitz, D.J. Surface morphology 

effects on polarization switching in nanoscale ferroelectrics. 

Nanotechnology 20, 445709 (2009). 
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Simulation results showing the electric polarization in a cross-section of 

a nanoscale ferroelectric thin film with a periodically modulated surface. 

The inhomogeneous electric field distribution, caused by the non-flat 

surface, gives rise to nucleation sites where the electric polarization (Pz) 

is reversed (blue regions), These sites ‘spread’ throughout the film as the 

absolute value of the applied electric field increases, until the polarity of 

the whole film is reversed.

Nanoscale surface variations of ferroelectric fi lms may be harnessed for 

the design of future memory applications 
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Silicon nanowires 

Watching the heart

Nanowires are extremely thin, so their properties can change 

dramatically when they adsorb even a small amount of a chemical. 

For this reason, nanowires have been used in sensors to identify 

viruses, DNA, RNA, proteins and smaller molecules.

Now, thanks to work by Guo-Jun Zhang and co-workers at the 

A*STAR Institute of Microelectronics in Singapore1, nanowire 

sensors could indicate whether a patient is at risk of a heart 

attack, or myocardial infarction, by detecting a protein called 

cardiac troponin-T (cTnT).

“cTnT is established as a sensitive marker of myocardial injury 

in the general population,” explains Zhang. “The cTnT level in 

the blood increases within 4 to 6 hours after the onset of myo-

cardial infarction and peaks at about 24 hours. This increase lasts 

for 10 to 14 days.”

Current methods for detecting cTnT require complicated bio-

logical assays in which the protein must be labeled. Such methods 

require well-trained staff, time and resources, and are often not 

sensitive or fast enough for early diagnosis and treatment of 

serious conditions. Nanowire sensors, however, present the pos-

sibility of label-free, rapid and very sensitive detection of cTnT.

Zhang and co-workers made their latest silicon nanowire 

sensor using optical lithography and oxidation processes—both 

techniques that could be easily reproduced for mass production. 

They produced an array chip in which 36 nanowire clusters were 

arranged in parallel.

To make their sensor specific for detecting cTnT, the research-

ers coated the nanowires with biological compounds including 

the antibody anti-troponin-T. They tested their device by measur-

ing its electrical conductance in different concentrations of cTnT.

The device showed a considerable decrease in electrical con-

ductivity with increased concentrations of cTnT. It was capable 

of detecting as little as one femtogram (one thousand-million-

millionth of a gram) per milliliter in an artificial solution, although 

the detection limit was slightly higher in real blood serum at 30 

femtograms per milliliter. Such sensitivity is possible because just 

a few charged molecules on the nanowire surface can disrupt the 

whole charge-carrier distribution in the nanowire.

Zhang and co-workers are now developing a microsystem that 

could analyze blood and provide measurements of several cardiac 

biomarkers simultaneously. They also hope to improve the devices 

so that they will function continually for a long period so they can 

be used, for example, as part of bedside monitoring equipment. 

“Currently, our silicon nanowire device can only be used once,” 

says Zhang, “but in principle, it could be re-used several times by 

stripping off the cTnT using a buffer solution.”  ■ 

1. Chua, J.H., Chee, R.-E., Agarwal, A., Wong, S.M. & Zhang, G.-J. Label-

free electrical detection of cardiac biomarker with complementary 

metal-oxide semiconductor-compatible silicon nanowire sensor 

arrays. Analytical Chemistry 81, 6266–6271 (2009). 

Nanowire sensors could help doctors assess the severity of a heart 

attack through a simple blood test.
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A sensor made from silicon nanowires could warn doctors when a patient 

is at risk of a heart attack
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Silicon nanowires 

A quantum leap

Silicon nanowires are a leading candidate for use in next-

generation transistors because they allow for high densities and 

speeds, as well as low operating power. Numerical modeling is a 

key part of nanowire transistor design. However, the modeling 

of capacitance, an important transistor characteristic, has so 

far been based on semi-classical physics, rather than quantum 

physics. Now, Sai Kong Chin of the A*STAR Institute of High 

Performance Computing and co-workers at A*STAR and the 

National University of Singapore have developed a rigorous two-

dimensional quantum model of the ‘gate-all-around’ nanowire 

configuration, leading to a better match with experimental data 

and highlighting the importance of quantum effects1.

In nanowire transistors, the nanowire forms a channel through 

which current flow is controlled by a gate electrode (pictured). 

The best control has been demonstrated for the gate-all-around 

configuration, in which the gate wraps around the nanowire. 

The degree of gate control is critical to transistor function, and is 

determined in part by the nanowire capacitance.

Accurate modeling of capacitance requires consideration of the 

quantum behavior of the wave-like electrons inside the nanowire, 

which Chin and co-workers accomplished by applying the 

Schrödinger–Poisson equation to the problem. They calculated 

the capacitance of the nanowire as a function of the gate electrode 

voltage, and compared the result to experimental measurements 

for nanowires of 9–10 nanometers in radius.

The capacitances calculated using semi-classical models were 

10–20% higher than the experimental observations. The results 

of the quantum model, however, matched the experiments with 

good accuracy, demonstrating that quantum effects cannot be 

ignored at this size scale, serving to reduce the capacitance below 

what would be expected from purely geometric considerations. 

Furthermore, the quantum model properly reproduced variations 

in the capacitance that can be used to determine the energetic 

spectrum of states inside the nanowire, whereas semi-classical 

models could not.

The reduction of capacitance due to quantum effects com-

plicates the design of future nanoscale devices. However, these 

effects give rise to a rich spectrum of states that may lead to new 

kinds of devices. In either case, modeling of this kind will prove 

useful. It may also be used in fields such as quantum liquids and 

strongly correlated systems, which are increasingly being studied 

as applications of nanowires. “Just as the ability to control and 

characterize two-dimensional electron gases in semiconductor 

heterostructures spurred advancement in mesoscopic physics 

in the past, I like to think that our effort in nanowires is part 

of a broader ‘sharpening of tools’ that may enable future break-

throughs,” says Chin. ■ 

1. Chin, S.K., Ligatchev, V., Rustagi, S.C., Zhao, H., Samudra, G.S., 

Singh, N., Lo, G.Q. & Kwong, D.-L. Self-consistent Schrödinger–

Poisson simulations on capacitance–voltage characteristics of 

silicon nanowire gate-all-around MOS devices with experimental 

comparisons. IEEE Transactions on Electron Devices 56, 

2312–2318 (2009). 
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A single nanowire connecting source and drain contacts is wrapped by 

a cylindrical gate, which controls its current.

Modeling of nanowire transistors shows that quantum eff ects must be 

taken into account in their design 
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Therapeutic nanoparticles 

Combating fatal brain infections

Tiny peptide particles that could be used to treat bacterial 

and fungal infections of the brain, such as meningitis and 

encephalitis, have been designed, constructed and tested suc-

cessfully by researchers led by Yi-Yan Yang from the Institute 

of Bioengineering and Nanotechnology (IBN) of A*STAR, 

Singapore1. The nanoparticles, which assemble themselves 

in water, are potent against multi-drug-resistant bacteria and 

can also cross the blood–brain barrier. These custom-designed 

nanoparticles have particular relevance to treating infections in 

people with suppressed immune systems, such as HIV and cancer 

patients, the researchers say.

All multicellular organisms possess a variety of antimicrobial 

compounds known as cationic peptides. These are chains 

of between 12 and 50 amino acids that contain both water-

interacting hydrophilic and fat-interacting hydrophobic regions. 

Cationic peptides can insert themselves into membranes, and are 

particularly attracted to negatively charged microbial membranes 

that they disrupt (pictured), often inducing the death of the 

organism. Recently there has been much interest in developing 

these compounds as antibiotics, because they do not easily induce 

resistance in microbes.

The researchers designed their own cationic peptide from three 

elements—hydrophobic cholesterol, a cell-penetrating hydro-

philic peptide known as TAT, and amino acids to separate them 

and add positive charge. In water, this compound self-assembles 

into tiny globular nanoparticles called micelles. Less than 200 nm 

in diameter, these micelles have a cholesterol core and a TAT coat.

Yang and her team at IBN determined the physical and 

chemical properties of their micelles and tested the antimicrobial 

capabilities of the nanoparticles. They found that their nanopar-

ticles inhibited the growth of a wide variety of bacteria, fungi and 

yeasts; but, unlike many other antimicrobials, they did not tend to 

break up red blood cells.

The IBN team then collaborated with researchers at Zhejiang 

University in Hangzhou, China, to test the nanoparticles in living 

organisms. The results showed that the nanoparticles were effec-

tive against Staphylococcus aureus infections in mice, and were able 

to cross the blood–brain barrier to suppress bacterial growth in 

the brains of rabbits susceptible to meningitis. The major organs 

of the test animals appeared unaffected by the treatment.

“We are now planning to conduct extensive preclinical trials 

to evaluate the efficacy and toxicity of our nanoparticles,” says 

Yang. “We then look forward to progressing to clinical trials over 

several years.” ■ 

1.  Liu, L., Xu, K., Wang, H., Tan P. K. J., Fan, W., Venkatraman, S.S., 

Li, L. & Yang, Y-Y. Self-assembled cationic peptide nanoparticles 

as an efficient antimicrobial agent. Nature Nanotechnology 4, 

457–462 (2009). 
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Schematic illustration showing how positively charged peptide 

nanoparticles (green) interact with and disrupt negatively charged 

bacterial walls. 

Custom-built antimicrobial peptides can cross the blood–brain barrier 

and destroy harmful bacteria and fungi
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Disease diagnostics 

Bridging the gap

A novel electronic sensor array for the rapid, accurate and cost-

efficient testing of DNA for disease diagnosis has been designed 

by A*STAR researchers1.

“Our nanogap sensor array can unambiguously detect the 

concentration of DNA quantitatively and may obviate the need 

for target amplification used in current DNA tests,” says team 

leader Zhiqiang Gao of the A*STAR Institute of Bioengineering 

and Nanotechnology, Singapore.

Current clinical methods for DNA detection use a technique 

called the polymerase chain reaction (PCR) to amplify the target 

DNA sequence enough for it to be detected—an expensive and 

time-intensive process. A number of different research teams have 

recently examined the use of ultrasensitive ‘nanogap sensor arrays’ 

to avoid the use of PCR, but are yet to resolve problems such as 

low detection limits, unreliable results and background noise.

Gao and his team tweaked a published sensor design to 

overcome these issues. “[Our] novel vertical nanostructure design 

allows ultrasensitive detection of DNA,” says Gao. “This sensitivity 

is best-in-class among electrical DNA biosensors,” he adds.

When designing the single-use device, Gao’s team also incorpo-

rated standard silicon microfabrication technologies to improve the 

feasibility of scaling their fabrication for cheap mass production.

Each array within the sensor consists of a pair of gold microelec-

trodes separated by a 5–20 nanometer insulating layer, known as a 

nanogap, fabricated onto silicon wafers using standard photolithog-

raphy techniques (pictured). In each array, the two microelectrodes 

have different ‘capture probes’—pieces of DNA immobilized on 

their surface that recognize and capture the target disease DNA 

strand. If the disease DNA sequence is present it will be captured 

between these two probes, forming a bridge over the insulating gap 

between the electrodes. The second stage involves coating these 

DNA ‘bridges’ with silver so that they can conduct an electric signal. 

This means that in the presence of the disease DNA sequence, the 

array will conduct electricity, and in its absence it will not.

According to Gao, multiple different arrays can be included 

within each sensor, meaning that several hundred diseases, such 

as cancers, Parkinson’s disease and Huntington’s disease, can be 

screened for simultaneously. “We expect that this device can be 

used for all diseases that have nucleic acid biomarkers,” he adds.

The team is currently testing this device against disease DNA 

indicative of disease, but Gao notes that further optimization 

and scale-up will be needed before it can be used for point-of-

care analysis. ■ 

1. Roy, S., Chen, X., Li, M.-H., Peng, Y., Anariba, F. & Gao, Z. Mass-

produced nanogap sensor arrays for ultrasensitive detection of DNA. 

Journal of the American Chemical Society 131, 12211–12217 (2009). 
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Schematic of the DNA sensor array. Each array within the device 

consists of two electrodes, each with a different capture probe (red and 

blue), separated by an insulating layer (top). Target DNA (green) gets 

captured by these probes, bridging the insulating gap (center). DNA 

is coated in silver to create a conductive path for carrying electrical 

current between the electrodes (bottom).

An ultrasensitive electronic DNA sensor array speeds up 

disease diagnostics
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Health monitoring 

A lasting impact 

The continuous monitoring of vital signals represents a great 

opportunity for the early detection and treatment of chronic 

disease. However, the usability of electronic health monitoring 

devices has been hampered by poor battery life, high cost, and the 

bulkiness of devices. Now, Hui Teo, Minkyu Je and co-workers 

at the Institute for Microelectronics of A*STAR, Singapore, 

have built a compact, low-power, low-cost heart sensor that 

is capable of continuous monitoring and broadcasting for an 

entire week1.

Approximately 99% of the total power used by a continuous-

time monitoring system is devoted to the wireless broadcast of 

data to a remote detector. The team therefore concentrated on 

making this process as efficient as possible. A critical step was 

choosing the broadcast frequency. For example, in the popular 

Bluetooth and ZigBee wireless technology standards, a 2.4 GHz 

frequency is often used. While this frequency allows for high 

data transmission rates, it also requires a substantial amount of 

power. At the same time, high data rates are unnecessary for the 

broadcast of electrocardiogram (ECG) data. Teo’s team therefore 

chose to broadcast at 434 MHz, which significantly reduced the 

power needed. This frequency was generated on-chip using spiral 

inductors specifically designed for the lower frequency.

The researchers also considered the non-broadcasting 

components of the wireless sensor in their efforts to reduce 

overall power consumption. They implemented a type of 

encoding for their broadcasted data called ‘on–off keying’, 

which allowed them to completely shut down parts of the 

circuit when they were not in use, thus reducing power require-

ments. The processing of the ECG data before transmission 

was also made more efficient, by adopting an approach called 

’delta-sigma modulation’. This allowed the efficient digitization 

of the analog data gathered by the heart monitor into higher-

resolution data for broadcast.

The fabricated wireless sensor occupied an area of only 

2.3 × 2.3 mm2, and using a 0.7 V standard button-cell battery, 

it monitored and broadcasted an ECG signal to a server 10 m 

away for over 200 hours. This compares favorably with existing 

continuous-monitoring sensors, which generally broadcast for 

two days or less. Because most of the components required for the 

entire data collection and broadcast process are integrated into a 

single chip, and because of the small chip size, the sensor costs less 

than US$20. The researchers report that they plan to extend the 

design to monitoring other vital body signals, such as temperature, 

blood pressure, oxygen levels and blood sugar. ■ 

1. Teo, T.H., Gopalakrishnan, P.K., Hwan, Y.S., Qian, X.B., Haridas, 

K., Pang, C.Y. & Je, M. A 700-μW single-chip IC for wireless 

continuous-time health monitoring in 0.18-μm CMOS. IEEE Asian 

Solid-State Circuits Conference, 361–364 (2009).
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The A*STAR heart sensor allows electrocardiogram data to be moni-

tored remotely for up to a week at a time.

A recently developed wireless heart sensor can continuously monitor and 

broadcast data for a week on a single battery charge
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Medical imaging 

Pin-sized probes

Medical biopsies are often carried out by removing parts of tissue 

for analysis, but this procedure can traumatize patients and is 

impossible in delicate areas such as the brain. For this reason, 

there is demand for new types of probe that could enter the body 

without causing damage and image cells in real time.

One of the most promising imaging techniques is called 

optical coherence tomography (OCT). C. S. Premachandran at 

the A*STAR Institute of Microelectronics in Singapore and co-

workers have built the smallest OCT probe to date1, which could 

reveal the microstructure of living tissues and aid the diagnosis 

of cancers.

“The OCT method has both higher resolution and deeper 

penetration into tissue than other techniques such as ultrasound 

and confocal imaging,” explains Premachandran. “A conventional 

OCT system uses a hand-held probe 20 millimeters in diameter, 

which can be used for ex vivo and skin level imaging applications; 

but for in vivo imaging and optical biopsies, there is a clear need 

for miniaturized probes.”

OCT probes are simple in concept; they contain optic 

fibers that deliver light to the area of interest, and then collect 

the reflected light to build up an image. The main challenge 

is to make a probe that can view as much as possible with the 

minimum of movement.

To control the direction of their light beam and scan over a 

large area, Premachandran and co-workers built a ‘micromirror’ 

just 500 micrometers in size. Their mirror is supported by four 

springs that can be thermally activated to move the mirror around, 

rotating it up to 16°. The light is focused onto the mirror by a 

‘graded-index’ lens, providing a large working distance despite the 

device’s small size.

The researchers integrated their whole device into a silicon 

optical bench, which is transparent to infrared light. Overall, the 

probe is just four millimeters in diameter (pictured).

“Our probe is slightly smaller than other probes reported in the 

literature,” says Premachandran. “We are now working to reduce 

the diameter further to three millimeters.” He and his co-workers 

also hope to develop 360° scanning so that the whole area sur-

rounding the probe can be scanned and imaged.

“Currently we have only tested our probe by imaging onion 

tissue, so our next move is to do imaging on animal tissue and 

cancers. Finally we will try it in a live animal model and develop 

oral cancer applications for humans.” ■ 

1. Premachandran, C.S., Khairyanto, A., Sheng, K.C.W., Singh, J., Teo, 

J., Yingshun, X., Nanguang, C., Sheppard, C. & Olivo, M. Design, 

fabrication and assembly of an optical biosensor probe package 

for OCT (Optical Coherence Tomography) application. IEEE 

Transactions on Advanced Packaging 32, 417–422 (2009).
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A photograph of the optical coherence tomography (OCT) probe, just 

4 mm in diameter, that could provide images of internal living tissue 

without causing damage.

The smallest optical probe to date could provide real-time images of living 

tissues inside the body

© 2010 A*STAR



PHYSICAL & LIFE SCIENCE TECHNOLOGIES

56 A*STAR RESEARCH OCTOBER 2009 – MARCH 2010

Bioimaging 

Keeping an eye on cancer

Scientists from A*STAR in Singapore and the USA1 have 

developed a fast bioluminescence imaging technique that may 

greatly assist in the search for drugs that target mobile—or 

metastatic—cancer cells.

Chemotherapy treatments for this type of cancer using ‘anti-

migratory’ drugs are important because some of the most mobile 

cells that cause metastasis can resist conventional cancer drugs. 

This is a problem because patients tend to be at greater risk of 

developing metastases over the extended survival periods associ-

ated with modern cancer therapies. Using zebrafish as a model 

organism, researchers could spot as few as eight cells undergoing 

metastasis from glioblastoma multiforme (GBM)—the most 

common and aggressive type of brain tumor.

The team, including Beng-Ti Ang from A*STAR’s Singapore 

Institute for Clinical Sciences and co-workers at the University of 

Singapore and the Methodist Hospital, Cornell University, USA, 

used a method called gene transfection to develop GBM cells 

that express a gene from fireflies, causing them to emit light in 

a process known as bioluminescence. They assessed the ‘invasive-

ness’ of the cells by measuring how quickly they moved through a 

three-dimensional matrix, and found that the most invasive cells 

express a gene that makes them more mobile. The same gene has 

also been correlated previously with reduced patient survival.

The researchers then injected the GBM cells into zebrafish 

embryos, and observed tumors in the embryos a few days later. By 

placing the embryos under a charge-coupled device camera, they 

were able to watch the bioluminescent tumor cells growing and 

moving around the body, invading other organs.

“The advantages of the zebrafish are that it is transparent under 

microscopy imaging, has a fast development cycle (major features 

are seen within 24 hours after birth), and it is a vertebrate animal,” 

explains Stephen Wong of the Methodist Hospital. Furthermore, 

the zebrafish tumors have genomes and development processes 

very similar to human cancers.

This new bioluminescence screening platform represents a 

unique real-time method for observing small numbers of cancer 

cells in a live animal. It is cheaper, easier and far more sensitive 

than existing imaging methods such as positron emission or 

computed tomography scanning, or magnetic resonance or fluo-

rescent imaging. Furthermore, the discovery of a genetic subset of 

highly invasive GBM cells could help greatly in the development 

of drugs that target tumor-initiating cells.

The team plans to use the platform to screen anti-migration 

and invasion candidate compounds for GBM treatment and 

extend the platform for drug screening in other invasive tumors 

and for drug combination studies. ■ 

1. Zhao, H., Tang, C., Cui, K., Ang, B.-T. & Wong, S.T.C. A screening 

platform for glioma growth and invasion using bioluminescence 

imaging. Journal of Neurosurgery 111, 238–248, (2009).
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Embryos of Zebrafish could provide important insights into the spread 

of cancer throughout the body.

Bioluminescence imaging allows real-time monitoring of cancer 

spreading through the body
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Small molecule imaging 

Dyeing for diabetes

Using a small boron-based molecule, glucagon—a hormone that 

plays a key role in pancreatic diseases—can now be imaged in 

live pancreatic cells. This breakthrough discovery was made by a 

team led by Young-Tae Chang from the Singapore Bioimaging 

Consortium of A*STAR1.

Produced in alpha cells of the pancreas, glucagon is a hormone 

peptide that, in partnership with insulin, maintains glucose levels 

in the blood. Glucagon production increases when the concentra-

tion of blood glucose decreases; an imbalance between insulin 

and glucagon results in diabetic disease.

Glucagon secretion has been studied extensively, but progress 

has been hampered by a lack of suitable probes for imaging the 

hormone in real time inside live cells and tissues. The current 

method, using antibodies, can only be used to take a snap shot of 

a dead cell. “Our glucagon probe can be used for imaging live cells, 

over a long period of time,” says Chang.

In their alternative approach, the team first made a library of 

small molecules consisting of a molecular component (4,4-diflu-

oro-4-bora-3a,4a-diaza-s-indacene, or BODIPY ), which 

fluoresces when the molecule binds to glucagon directly attached 

to different chemical entities. The team selected 1,3-dimethyl-

BODIPY as their fluorescent scaffold and reacted it with 238 

different aromatic aldehydes in a microwave. This produced 

160 compounds that were pure enough to be screened against 

live cells. This is the first report of a systematic construction of a 

library based on BODIPY, notes Chang.

The researchers assessed the compounds using an in vitro 

high-throughput screen against three different live cell lines—

pancreatic alpha cells, pancreatic beta cells (which produce 

insulin), and control HeLa cells. From fluorescent images taken 

at different time intervals, they found that one of the compounds 

exhibited a selective and highly fluorescent response to the 

glucagon-secreting alpha cell line. They named this compound 

glucagon yellow, owing to its yellow fluorescence signal and selec-

tive fluorescence increase upon binding to glucagon (pictured).

“Next we would like to find more alpha cell dyes, and also beta 

cell selective dyes,” Chang says. Through collaborations with 

positron emission tomography (PET) and single photon emission 

computed tomography (SPECT) experts at the Singapore 

Bioimaging Consortium, Chang also plans to try imaging the 

pancreas in situ using his team’s compounds. “The fluorescent 

molecule itself may not be a robust imaging probe in clinical 

applications,” but through team work he says “our dye will be 

converted in PET/SPECT probes, and will be applied to animal 

and clinical usage.” ■ 

1. Lee, J.-S., Kang, N.-Y., Kim, Y.K., Samanta, A., Feng, S., Kim, H.K., 

Vendrell, M., Park, J.H. & Chang, Y.-T. Synthesis of a BODIPY library 

and its application to the development of live cell glucagon 

imaging probe. Journal of the American Chemical Society 131, 

10077–10082 (2009). 

a b

c d

Fluorescence microscopy images of pancreatic alpha cells: (a) bright-

field image, (b) Glucagon Yellow staining (TRITC channel), (c) Cy5-

glucagon antibody staining (Cy5 channel), (d) b and c images merged 

with Hoechst nuclei staining (DAPI channel). Scale bars: 20 μm.

Discovery of the fi rst small fl uorescent probe for a pancreatic hormone 

could shed light on pancreatic diseases
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DNA detection 

Color by nanoparticles

A sensitive yet uncomplicated method to detect differences in 

DNA strands using metal nanoparticle solutions has been devel-

oped by Roejarek Kanjanawarut and Xiaodi Su at the Institute of 

Materials Research and Engineering at A*STAR, Singapore1. The 

method requires no modification of the surfaces of the nanopar-

ticles, making it particularly fast and versatile to implement.

The researchers worked on the principle that aggregated 

and dispersed nanoparticles have different optical properties 

that make the solutions take on different colors. This means 

that the results of their tests can be displayed in minutes, and 

recorded qualitatively by the naked eye and quantitatively by a 

standard spectrometer.

The tendency of nanoparticles to aggregate in solution has been 

considered a drawback, and in previous approaches to use them 

for sensing, DNA strands were directly attached to the particles’ 

surfaces to prevent them clumping together. Kanjanawarut and 

Su turned the tables to take advantage of the natural propensity 

to aggregate as inspiration for their assays. Compared with 

the earlier nanoparticle- and chip-based DNA assays, the new 

method is cost-effective as it involves no time-consuming surface 

modifications, particle bioconjugation, biohazardous labeling or 

tedious assay procedures, explains Su.

The researchers used gold and silver nanoparticles that have 

a coating of negatively charged molecules. These charges repel 

one another, preventing the nanoparticles from aggregating in 

solution. They then added peptide nucleic acid (PNA) probes to 

the solution, which bound to the negative surfaces, shielding the 

charge and allowing the nanoparticles to agglomerate. The solution 

with gold nanoparticles changed from bright red to dark purple.

The PNA can be tailored to bind selectively to whichever 

DNA strand is the target for detection. After adding the target 

DNA strand to the solution, it bound to the PNA, making a 

PNA–DNA complex. The solution remained bright red, clearly 

different from the aggregated dark purple solution (pictured). 

Even one mismatched DNA base compared to the target strand 

could be detected.

The color difference results from the formation of the PNA–

DNA complex on the nanoparticle surface, which is negatively 

charged due to the negative charge born by the DNA chains; 

this makes the nanoparticles repel one another and thus take 

longer to aggregate.

Su hopes that their approach can be used to measure specific 

DNA sequences for diagnosis or fundamental research. “The 

sequence involved in this study, for example, is from a human 

gene. Single-base-mismatch detection in this gene is associ-

ated with, and thus markers for, autoimmune diseases such as 

psoriasis,” she says. ■ 

1. Kanjanawarut, R. & Su, X. Colorimetric detection of DNA using 

unmodified metallic nanoparticles and peptide nucleic acid 

probes. Analytical Chemistry 81, 6122–6129 (2009).
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Target DNA
PNA-DNA hybridPNA

Schematic diagram showing the conversion of PNA to a PNA–DNA 

complex (top) and photographs (bottom) of gold nanoparticle solutions 

with the addition of PNA (left) and a PNA–DNA complex (right).

Using a precise and fast nanoparticle-based technique, DNA detection by 

the naked eye is now possible 
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Physical chemistry 

Synchronized scrutiny

Chemists must be aware of the heat flow that accompanies their 

reactions; otherwise, disastrous consequences can occur during 

practices such as industrial scale-up of chemical production 

yields. Heat can be experimentally measured with a calorim-

eter—an insulated vessel that tracks temperature variations. If 

there are more than two processes occurring within a reaction, 

however, it is very difficult to separate the total heat change into 

individual contributions.

Now, Martin Tjahjono, Effendi Widjaja and Marc Garland 

from the A*STAR Institute of Chemical and Engineering 

Sciences in Singapore have combined calorimetry with vibrational 

spectroscopy—a technique that measures how molecules respond 

to certain light frequencies—to identify real-time heat evolutions 

during single and multiple chemical processes1. This methodology 

promises to transform investigations of complex systems; it will also 

generate safer and more efficient manufacturing routes.

In their proof-of-principle experiment, the researchers studied 

how a mixture of methyl and ethyl paraben—two aromatic 

molecules commonly found in cosmetics—reacted with sodium 

hydroxide in water. Their insulated flow-through system, which 

continuously pumped the chemical mixture through micro-

calorimetry and vibrational spectroscopy instruments (pictured), 

provided simultaneous and quantitative measurements as the 

reaction progressed over time.

With the additional vibrational information, the researchers 

could perform an analysis technique known as band-target entropy 

minimization (BTEM). This method breaks down the spectro-

scopic data into individual, ‘pure-component’ spectra through a 

series of mathematical transformations. The pure components 

were then used to calculate the relative concentrations of each 

molecule in the reaction. According to Tjahjono, BTEM performs 

very well with vibrational spectroscopy because of its steady, high-

quality signals.

“BTEM has the ability to reconstruct pure-component spectra of 

constituents that are present in only trace amounts, i.e. at part-per-

million levels and below,” says Tjahjono. “It is especially suitable for 

studying new reactions where many or most of the transient species 

are being observed for the first time.”

From the BTEM analysis, the researchers constructed a time-

dependent profile that revealed exactly how the parallel components 

grew or diminished in concentration during the chemical reaction. 

By comparing the concentration profiles to the calorimetry data, 

they directly determined the heat flow from the separate methyl and 

ethyl paraben reactions. This is a critical improvement over other 

techniques, which rely on difficult-to-verify kinetic models.

This new method should find wide use from chemists seeking 

deeper understandings of multifaceted reactions. “We expect to 

find numerous applications for the new in situ spectroscopy–calo-

rimetry approach, for both in-house projects as well as collabora-

tions,” says Tjahjono. ■ 

1. Tjahjono, M., Widjaja, E. & Garland, M. Combined online 

spectroscopic, calorimetric, and chemometric analysis: Reaction 

enthalpy determinations in single and parallel reactions. 

ChemPhysChem 10, 1274–1283 (2009).
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The TAM III microcalorimetry device, equipped with customized flow-

through cells, used for the analysis of heat from simultaneous chemical 

reactions.

A combination of analytical techniques can trace the real-time 

progression of simultaneous chemical reactions
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Microfl uidics 

On a roll

Microfluidic devices are used in a variety of life science applica-

tions but, because they are typically disposed of after a single 

use to avoid cross-contamination, finding a cost-effective, 

high-throughput method for their mass-production is vital. Now, 

Lip Pin Yeo from the Singapore Institute of Manufacturing 

Technology of A*STAR and co-workers have completed a feasi-

bility study of the ‘hot roller embossing technique’— a method to 

fabricate polymer-based microfluidic chips1.

Microfluidics are typically based on either silicon, glasses or 

polymers. According to Yeo, approaches based on silicon or glass 

are costly because the raw materials and associated manufacturing 

costs are expensive. Polymers, however, are widely available at low 

cost and are easy to process.

Commenting on the choice of fabrication method, Yeo says: 

“The setup cost of a roller embossing facility is much lower 

compared to conventional silicon and glass microfabrication facili-

ties.” The technique is analogous to gravure printing. Two rollers 

are used to imprint the required pattern of microchannels on a 

polymer substrate that is sandwiched between them (pictured).

While it is a simple method conceptually, the fidelity of the 

mold-to-substrate pattern transfer is strongly dependent on 

a multitude of process parameters, making the search for the 

optimum regime of operation tedious. Yeo and co-workers tackled 

this problem using a design-of-experiment (DOE) method, a 

statistical framework that is able to predict the optimal design 

from only a limited number of experimental runs.

The variable ‘input’ parameters in the DOE were the substrate 

preheat temperature, the embossing-roller temperature and the 

pressure applied during embossing. The output parameter to 

be optimized was the normalized embossing depth—the ratio 

between the depth of the polymer microchannel and the height 

of the mold protrusion—where a value of 1 signifies a perfect 

mold-to-pattern transfer.

The researchers conducted experimental runs with different 

input parameters and used the DOE method to elucidate the 

optimal operating regime yielding the best mold-to-pattern 

transfer, which they then verified by test experiments. “By operat-

ing the roller embossing process using the optimal conditions, an 

averaged normalized embossing depth of 0.85 can be achieved for 

low pattern-density mold designs,” explains Yeo. The ratio of 0.85 

is in close agreement with the value predicted by the DOE.

Functional testing of fluid flow and mixing of the optimally 

fabricated microfluidic devices also yielded encouraging results. 

However, the method will benefit from further improvement. 

“The crucial issues will be to maintain uniform temperature and 

pressure distribution during the embossing process,” says Yeo. ■ 

1. Yeo, L.P., Ng, S.H., Wang, Z.F., Xia, H.M., Wang, Z.P., Thang, V.S., 

Zhong, Z.W. & de Rooij, N.F. Investigation of hot roller embossing 

for microfluidic devices. Journal of Micromechanics and 

Microengineering 20, 015017 (2010). 
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The embossing of a ‘Y-mixer’ depicting the principle of fabrication of 

polymer-based microfluidic devices using the hot roller embossing 

technique.

Printing of microchannels in polymers takes a step forward, but fi ne-

tuning is still required
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Nanophotonics 

Bright attractions

Semiconductor microcavity lasers are attractive as building blocks 

for nanophotonics applications, such as optical switches, sensors 

and ultrasmall light sources for optical computing, but their suc-

cessful integration hinges on the efficient extraction of the light 

energy therein. This efficiency could be increased significantly by 

applying an external magnetic field to elliptically shaped micro-

cavities, according to the results of a numerical study by Eng Huat 

Khoo and co-workers from the Institute of High Performance 

Computing, A*STAR, Singapore1.

When electrons are trapped in microscale cavities, quantum 

physics dictates that they can only assume certain discrete 

energies. This energy ‘quantization’ is beneficial when incident 

light is trapped along with the electrons because, under the right 

circumstances, their mutual interaction produces highly efficient 

monochromatic laser light following transitions between the well-

defined energy levels within the cavity.

The laser light can be extracted from the cavity by placing 

an optical waveguide adjacent to it. At an optimum distance, 

photons—the basic ‘unit’ of light—can jump from the cavity to 

the waveguide via quantum mechanical tunneling.

The novel idea of Khoo and co-workers was to localize as 

many electrons as possible—and through that, the photons—to 

the cavity edge closest to the waveguide to maximize the light 

extraction. Their quantum mechanical calculations show that 

applying a magnetic field perpendicular to an elliptical microdisk 

serves this purpose beautifully (pictured).

“The electrons are forced to move to one edge of the cavity 

by the Lorentz force,” explains team-member Iftikhar Ahmed. 

At an optimum strength of magnetic field and current density 

through the device, and an optimum distance between the cavity 

and waveguide, the light extraction efficiency can be enhanced up 

to 34% compared to the no-field case.

Furthermore, they demonstrate that by switching the direction 

of the external magnetic field, the electrons accumulate at either 

of the minor arcs of the elliptical geometry (pictured), enabling 

the device to work as an optical switch.

While the cavity dimensions are chosen to satisfy the require-

ments for a 1462 nm-wavelength laser—suitable for optical 

communications applications—the results are general, according 

to Ahmed, and can be adapted to any desired cavity dimensions 

and laser wavelength.

Ahmed views the results obtained by combining elements from 

the fields of nanophotonics, nanoelectronics and nanomagnetics 

as encouraging. “We are currently collaborating with experimen-

tal groups to fabricate devices based on this concept,” he says. 

“However, we are also pursuing new ways to further increase the 

extraction efficiency, by using concepts from plasmonics.” ■ 

1. Khoo, E.H., Ahmed, I. & Li, E.P. Enhancement of light energy 

extraction from elliptical microcavity using external magnetic field 

for switching applications. Applied Physics Letters 95, 121104 (2009).
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WG2 WG1

A schematic depiction of a perpendicularly applied magnetic field that 

localizes electrons to the minor arcs of an elliptical microcavity laser 

(lower panels show the calculated electric-field distribution), thereby 

increasing the efficiency with which the light energy can be extracted 

to neighboring waveguides (WG1 and WG2). The directionality of the 

extracted light depends on the direction of the magnetic field.

Application of an external magnetic fi eld enhances the extraction 

effi  ciency of laser light from elliptical microcavities

© 2010 A*STAR



RESEARCH HIGHLIGHTS

A*STAR RESEARCH OCTOBER 2009 – MARCH 2010 63

Nanodevices 

Molecular machines shift 
into gear

Picture the ultimate in miniaturization—functional machines 

built out of individual molecules, mere atoms in size. In a break-

through development, researchers led by Christian Joachim from 

the A*STAR Institute of Materials Research and Engineering in 

Singapore1 have reported the invention of an essential component 

for single-molecule mechanical machines: a molecular gear that 

can be controllably rotated with a 100% rate of success.

Joachim and his colleagues built their molecular gear by 

placing a molecule called hexa-t-butyl-pyrimidopentaphenyl-

benzene (HB-NBP) onto a gold crystal. HB-NBP was spe-

cifically designed to mimic a real-world gear; it has six ‘teeth’ 

arranged symmetrically around a central benzene core. Each 

tooth contains a set of bulky, inert butyl molecules that raises 

the central core above the gold surface—making the gear easy 

to manipulate with the sharp tip of a scanning tunneling micro-

scope (STM) (pictured).

In order to behave like a real gear, however, the researchers 

needed some way to fix the molecule to the surface so that it 

could be rotated without moving laterally. “In our experiments, 

we tried to find the best pinning center for HB-NBP,” says Carlos 

Manzano, one of the co-authors of the study.

Impurity atoms, located in an area of the gold surface covered 

with zigzag crystal ridges, proved to be ideal pinning sites. When 

the gear was mounted onto one of these small protrusions, it sat 

balanced and immobilized above the surface. Gently nudging one 

of the gear’s teeth with the STM tip smoothly rotated the gear in 

place with no lateral displacement.

Each push of the STM tip rotated the gear in small increments 

of 30–60°; eventually, full rotation was possible in both clockwise 

and counterclockwise directions. By combining experimental 

observations with theoretical calculations, the researchers discov-

ered that this unique step-by-step rotation was due to the surface 

environment surrounding the gear.

According to Manzano, when the HB-NBP gear is pushed 

onto the impurity atom, it is trapped in place by a potential 

energy barrier created by the zigzag surface ridges. Fortunately, 

the energy barrier could be overcome with a push of the STM 

tip, causing the gear to turn until it contacted the potential barrier 

again. In this manner, the researchers were able to deliberately 

control the gear’s rotation.

Having an infinitesimal version of a working gear promises to 

spark development of more complex devices, capable of convert-

ing energy into work on an atomic scale. “This gear could be 

an essential component in any envisioned mechanically driven 

molecular machinery,” says Manzano.  ■ 

1. Manzano, C., Soe, W.-H., Wong, H.S., Ample, F., Gourdon, A., 

Chandrasekhar, N. & Joachim, C. Step-by-step rotation of 

a molecule-gear mounted on an atomic-scale axis. Nature 

Materials 8, 576–579 (2009).

Representation of a molecular gear pinned to a gold surface, with an 

STM tip close to one of the gear’s ‘teeth’.
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Construction of the world’s smallest controllable gear sets the stage for 

new nanoscale mechanical devices
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Nanocrystal synthesis 

Breaking down barriers

At the Institute of Bioengineering and Nanotechnology (IBN), 

A*STAR, in Singapore, Jun Yang and Jackie Ying1 have developed 

a new protocol for the synthesis of tiny metal and semiconductor 

crystals that are a few billionths of a meter in size. The efficiency 

and structural control provided by this method could revolution-

ize the production of nanocrystals and their hybrids, which have 

diverse applications in medicine, electronics and energy.

Typically, synthesis of a metal nanocrystal begins when a 

reducing agent is mixed into a solution of metal ions. The 

reducing agent donates electrons to the ions, causing metal 

atoms to crystallize out of the solution. If left unchecked, the 

metal crystals agglomerate into larger and larger complexes. 

Consequently, scientists use a capping agent—normally a thin 

monolayer of long organic molecules—to cover the nanocrystals, 

arrest growth and preserve their size.

One drawback with this procedure is that metal ions tend to 

remain in an aqueous solution, which does not mix well with the 

organic liquid required to dissolve the capping agents. To remedy 

this, chemists add a phase transfer agent, which is a molecule 

that can bind to the water-dissolved metal ions and move them 

into an organic liquid. Currently available phase transfer agents, 

however, are only active with specifically charged systems, 

limiting their use.

Yang and Ying discovered that a molecule called dodecylamine 

(DDA) in ethanol solution could act as a highly general phase 

transfer agent for nanocrystal synthesis. Using the DDA agent, 

they transferred a wide variety of metal ions—silver, gold, iridium, 

palladium and platinum, to name a few—to an organic medium 

with greater than 95% efficiency, and readily turned the ions into 

uniform, stable nanocrystals.

The DDA-based protocol could also be used to create an 

assortment of nanoscale composite materials. For example, the 

researchers produced new nanocrystal alloys using two types of 

noble metal ions in the starting mixture. In a ‘core–shell’ process, 

they grew another material around an existing nanocrystal to yield 

novel metal–metal and metal–semiconductor hybrids (pictured). 

Ying says that these nanocomposites are of great interest because 

they allow specific functionalities to be tailored into the materials.

Several applications, such as chemical catalysis and biocompat-

ible fluorescent imaging, were possible with the synthesized nano-

crystals. Furthermore, the DDA-based protocol may be used for 

critical environmental purposes such as extraction of heavy metals 

from contaminated soil or water. Such applications, says Ying, are 

natural extensions of nanocrystal research that demonstrate their 

promising possibilities. ■ 

1. Yang, J. & Ying, J. Y. A general phase-transfer protocol for metal 

ions and its application in nanocrystal synthesis. Nature Materials 

8, 683–689 (2009).
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Transmission electron micrograph images of nanoscale composites 

of noble metal and semiconductor crystals produced using a new 

synthesis protocol. Top left, silver-sulfide/silver (Ag
2
S–Ag); top right, 

cadmium-sulfide/silver (CdS–Ag); bottom left, cadmium-sulfide/gold 

(CdS–Au); bottom right, lead-sulfide/gold (PbS–Au). Scale bars: 10 nm.

Creating ultra-small particles with multiple functionalities becomes easier 

thanks to a new extraction procedure
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Nanoparticle assembly 

Bridging spheres

A process to rival traditional lithography approaches, and which 

can be used to create microwire networks, is now a step closer to 

real applicability in future electronics. By optimizing the process-

ing conditions for ‘evaporative lithography’, a research team from 

Singapore and Australia has maximized the connectivity and 

conductivity of the microwire networks that conduct electricity1.

“Evaporative lithography could offer a cost-effective and 

environmentally friendly bench-top alternative to existing litho-

graphic techniques such as photolithography, soft lithography 

and nanoimprinting,” says team member Ivan Vakarelski from 

the A*STAR Institute of Chemical and Engineering Sciences, 

Singapore. He explains that the team is aiming primarily at 

creating large conducting microwire networks that, when depos-

ited onto a glass substrate, could be used as transparent electrodes. 

These could be an alternative to the industry standard of indium 

tin oxide coatings, which would help circumvent the high cost and 

limited supply of indium.

Vakarelski and his co-workers created the microwire networks 

from solutions of gold nanoparticles of 20 nanometers diameter. 

As in their earlier work2, they first established a template of much 

larger latex microparticles on a substrate, then deposited solutions 

of the nanoparticles on top and allowed them to dry gradually. 

Surface tension then drove the solution into lines that formed 

‘bridges’ between neighboring latex particles (pictured). Once the 

pattern was completely dry and the researchers removed the latex 

particles, the gold nanoparticles from the solution remained in a 

network of microwires.

The network pattern depends on the original positioning of 

the latex particles in the template, allowing different microwire 

designs to be easily realized. Vakarelski and his co-workers found 

that the networks can be improved for maximum conductivity and 

connectivity by adding a surfactant and treating the latex spheres 

with heat and oxygen plasma. They believe that these factors act 

to stabilize the latex spheres and the liquid bridges during drying 

to encourage full microwire networks to form.

Vakarelski is optimistic that the technique will progress to a 

level such that it will be used in manufacturing processes. He 

explains that this can be achieved by adapting the template 

production and expanding the size capacity to the scale of silicon 

wafers used in electronics.

The team’s approach potentially has broader applications 

beyond electronics. “We can create special functional networks 

using semiconducting particles,” Vakarelski says. Other examples 

include magnetic particles, carbon nanotubes, DNA, proteins 

and other macromolecules and even mixtures of these to create 

networks and nodes with desired properties. ■ 

1. Vakarelski, I.U., Kwek, J.W., Tang, X.S., O’Shea, S.J. & Chan, D.Y.C. 

Particulate templates and ordered liquid bridge networks in 

evaporative lithography. Langmuir 25, 13311–13314 (2009).

2. Vakarelski, I.U., Chan, D.Y.C., Nonoguchi, T., Shinto, H. & 

Higashitani, K. Assembly of gold nanoparticles into microwire 

networks induced by drying liquid bridges. Physical Review 

Letters 102, 058303 (2009). 
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Micrograph view through the glass substrate showing the formation of 

a liquid bridge network during the evaporation of solvent.

A lithographic approach based on evaporating solutions makes 

conducting networks of microwires for electronics
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Nanoelectronics 

It takes two

A new type of nanowire that can be fabricated using conven-

tional manufacturing techniques has been reported by research-

ers from the A*STAR Institute of Microelectronics and the 

Institute of Materials Research and Engineering in collaboration 

with colleagues from the National University of Singapore1. The 

key to their success is a core/shell structure in which a silicon–

germanium core is sheathed by a silicon outer layer to form 

the nanowire.

The research team showed that the composite nanowires 

perform better in transistor structures than silicon alone. Silicon 

and germanium combined have better charge-carrier mobility 

than silicon, although the many charge-carrier traps that form at 

the interfaces between the different materials in silicon–germa-

nium transistors have previously made it difficult to exploit this 

advantage. To avoid this problem, the researchers added an outer 

coating of silicon to the nanowires .

The core/shell nanowires were created using vacuum-

deposition techniques that are fully compatible with current 

methods for the industrial fabrication of transistors. Importantly, 

the researchers used bulk silicon substrates, which are much 

cheaper and more readily available than the more specialized 

silicon-on-oxide substrates used previously for the fabrication of 

silicon–germanium transistors. The different layers are deposited 

and shaped using patterning and etching techniques, with the 12 

nm-wide silicon–germanium core and 4 nm-thick silicon shell 

formed directly on the substrate.

The silicon–germanium nanowire transistors compared very 

well with silicon-only devices fabricated using the same process. 

The drive currents achievable by the transistors containing 

germanium were higher by 15%. The researchers attributed this 

improvement to the compressive strain in the nanowires caused 

by their position in the devices, which modifies their electronic 

structure. The intrinsically higher charge mobility in silicon–ger-

manium also plays a part. “It would be difficult to decouple the 

two effects,” says Dim-Lee Kwong, one of the A*STAR members 

on the research team.

The researchers also found evidence of two types of conduction. 

When the gate voltage—the voltage that controls the amount of 

current flowing through the device—is low, conduction occurs 

through the silicon–germanium core alone as a result of quantum 

well formation in the core due to the smaller band gap of silicon–

germanium compared to silicon. At higher gate voltages, with 

inversion at the wire surface, a combined conduction from both 

the silicon shell and the quantum well of the silicon–germanium 

core is observed, Kwong explains.

“The achievement of our transistors on bulk silicon instead 

of silicon-on-oxide is expected to carry the additional advantage 

of better heat dissipation,” says Kwong. “In the future, further 

improvements in the performance are expected by increasing the 

germanium concentration in the silicon–germanium core.” ■ 

1. Jiang, Y., Singh, N., Liow, T.Y., Lim, P.C., Tripathy, S., Lo, G.Q., Chan, 

D.S.H. & Kwong, D.-L. Omega-gate p-MOSFET with nanowirelike 

SiGe/Si core/shell channel. IEEE Electron Device Letters 30, 392–

394 (2009).
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The use of mass-production processes compatible with those for 

existing silicon-based electronics makes the silicon–germanium 

nanowire-based transistors particularly appealing.

High-performance transistors based on silicon–germanium nanowires 

can be made using an approach compatible with existing mass-

production techniques
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Solar cells 

Thin end of the wedge

In the quest to reduce the costs of solar cells to increase the use of 

solar energy, scientists are focusing on the use of cheap thin films 

rather than thick wafers of silicon. However, light absorption in 

thin films is often poor, which limits the minimum thickness 

of a film. Researchers from the Institute of High Performance 

Computing of A*STAR, Singapore, in collaboration with 

co-workers from CSIRO Materials Science and Engineering, 

Australia, have now revealed how metallic nanostructures can 

enhance light absorption—even in very thin silicon films—and 

thus increase the performance of thin-film solar cells1,2.

Silicon thin films are particularly poor at absorbing infrared 

light, which means a broad range of incoming solar light is squan-

dered. New methods are required to overcome this fundamental 

problem, points out Yuriy Akimov, who led the research team.

In the past few years, adding small metallic nanostructures 

to the films, such as silver nanoparticles, has been proposed as a 

means to enhance their efficiency. The nanoparticles act like tiny 

mirrors, but they concentrate light much more strongly than con-

ventional mirrors. The effect is based on surface plasmons—the 

collective motions of electrons at the nanoparticle surface—that 

intensify the incoming light and focus it into the silicon layer 

(pictured), which significantly improves light absorption.

Although other researchers observed this effect previously, what 

has been lacking is a detailed understanding of the influence of 

parameters such as nanoparticle diameter and surface coverage. 

Akimov and his co-workers therefore simulated solar cell perfor-

mance for a broad range of a number of nanoparticle parameters. 

Although it proved difficult to optimize all parameters simultane-

ously, a clear range of suitable nanoparticle properties emerged. 

For example, they found that the nanoparticle surface coverage 

required for sufficient enhancement of a thin film can be as small 

as a few percent of the total area. Overall, projected enhancements 

in light absorption can reach about 30% compared to the same 

solar cell without nanoparticles.

“Nanoparticle-enhanced solar cells use quite complex phe-

nomena and require optimization studies for many parameters,” 

says Akimov. Plasmonic enhancements are very sensitive to 

nanoparticle shape, so structures other than spheres could 

enhance absorption even further. Similarly, the combined use of 

different metals could also lead to enhancements over a broad 

range of wavelengths.

Improved solar cells are therefore expected from the further 

optimization of metallic nanostructures. Indeed, we may soon be 

able to buy solar cells based on enhanced light emission facilitated 

by surface plasmons. ■ 

1. Akimov, Y.A., Ostrikov, K. & Li, E.P. Surface plasmon enhancement 

of optical absorption in thin-film silicon solar cells. Plasmonics 4, 

107–113 (2009).

2. Akimov, Y.A., Koh, W.S. & Ostrikov, K. Enhancement of optical 

absorption in thin-film solar cells through the excitation of 

higher-order nanoparticle plasmon modes. Optics Express 17, 

10195–10205 (2009).
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Schematic diagram depicting a way to boost solar cell performance. 

Silver nanoparticles (Ag) are placed on a silicon solar cell (a-Si:H), 

separated by a thin transparent conductive oxide (ITO). Incoming light 

(yellow arrow) is focused onto the silicon layer, which increases the 

photocurrent (I) in the solar cell.

Tiny silver nanoparticles boost the effi  ciency of thin-fi lm solar cells 
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Solar cells 

An optimal harvest

Thin films of silicon are attractive for use in solar cells because of 

their low material cost and suitability for large-scale fabrication, 

but their power-conversion efficiency has so far been lacking. 

The efficiency of thin-film-based devices, however, could rival 

that of bulk silicon solar cells if the surface of the thin film is 

engineered on the nanoscale using the specifications suggested in 

a theoretical study by Junshuai Li and co-workers at the Institute 

of Microelectronics, A*STAR, Singapore1.

Trapping light with nanostructures on the surface of thin-

film-based solar cells can boost the solar-to-electrical power-

conversion efficiency, explains co-author Patrick (Guo-Qiang) 

Lo. Constructing arrays of nanopillars on the film, for instance, 

prolongs the path traveled by the light, allowing for more scatter-

ing and therefore increasing light absorption, he notes.

Before commencing their design, the researchers also had to 

consider that once absorbed, photons should efficiently generate 

electron–hole pairs that exist long enough to be separated in 

the electric field—generated in the standard p–n junction setup 

of solar cells—to give rise to a photocurrent. This meant that 

their careful and precise design involved a trade-off between 

the absorption of solar radiation and the efficient collection of 

the photo-generated carriers, which is sensitive to the detailed 

topographical variations of the patterned film.

“Enhancing the power-conversion efficiency is a balancing 

act,” says Lo, “because the solar-radiation spectrum is composed 

of many different wavelengths with varying power intensities.” 

To provide a practical guideline for their design, Li and his co-

workers systematically investigated the performance of nanopat-

terned thin-film solar cell devices, containing arrays of nanopillars 

and nanocones, using a combination of electromagnetic, quantum 

and electron transport theory.

From the simulations, the researchers were able to determine 

optimized structural parameters, such as diameters, heights and 

periodicities of pillars and cones, giving the most efficient light-

harvesting and collection of photo-generated carriers.

Low-cost, large-scale production of the optimally designed 

solar cells is feasible because the nanopatterned devices are much 

thinner than their bulk counterparts and can be fabricated using 

standard silicon processing techniques. Furthermore, the simula-

tions show them to be remarkably efficient.

“Today’s thin-film efficiencies are typically around 10–12% 

whereas those of bulk silicon are 15–20%, with a record of 25%,” 

notes Lo. The cells simulated by the team, however, displayed 

efficiencies in excess of 25%. According to Lo, the researchers 

expect to be able to boost these values further by applying more 

advanced nanotechnological concepts, such as plasmonics. ■ 

1. Li, J., Yu, H.Y., Wong, S.M., Li, X., Zhang, G., Lo, P.G.-Q. & Kwong, 

D.-L. Design guidelines of periodic Si nanowire arrays for solar cell 

application. Applied Physics Letters 95, 243113 (2009).
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Solar panels made of bulk silicon solar cells have high material cost. 

Researchers are working towards developing efficient, low-cost thin-

film-based devices.

Growing ‘forests’ of nanostructures on thin silicon fi lms boosts their light-

harvesting properties
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Data storage 

Memory boost on a wire

Demand for ultra-small, fast memories with high capacity is ever 

increasing but, because of architectural limitations, downscaling 

to dimensions smaller than 45 nanometers has become challeng-

ing. Now, Jia Fu, Navab Singh and co-workers at the A*STAR 

Institute of Microelectronics in Singapore have developed a new 

type of nanowire-based memory—dubbed TAHOS—which may 

circumvent this problem1.

Until now, one of the most successful types of non-volatile 

memories has been ‘flash’ memory. In this device, the informa-

tion—in this case electrical charge—is stored in each memory 

cell on a floating gate that is programmed or erased by applying a 

voltage to a control gate. The information is then read by passing 

a current between the source and drain contacts through a channel 

situated under the floating gate, in a setup resembling a standard 

field-effect transistor.

Commenting on the challenges in downscaling conventional 

flash memories, Singh notes that: “The main issues with 

mainstream flash are the crosstalk between the cells due to inter-

floating-gate coupling and leakage of stored charge on the floating 

gate.” One option is to replace the commonly used conducting 

silicon with non-conducting silicon nitride, as in silicon-oxide-

nitride-oxide-silicon (SONOS) flash memories. Such devices, 

however, suffer from other scalability issues and low speeds.

The memory cell realized by Fu and his co-workers relies on an 

approach that employs a cylindrical, rather than planar, structure 

consisting of a silicon nanowire surrounded by various oxide layers 

and a wrap-around gate (pictured). This architecture is promising 

not only for scalability reasons, but also for improving device per-

formance in terms of speed and power consumption. According 

to Singh, this is because of the hyperbolic-shaped electric field 

distribution in every insulating layer of the device, resulting from 

its cylindrical geometry.

A crucial aspect of the team’s memory cell is the choice of 

materials. The charge-trapping layer is made from hafnium 

dioxide, the blocking layer from aluminum oxide—both high-κ 

dielectrics—and the gate from tantalum nitride, giving the 

device its name, TAHOS. This combination of materials allows 

for higher speeds at lower voltages as a result of electric-field 

enhancement and its particular distribution across the device, in 

comparison with similar wire-based SONOS memory cells.

Singh notes, however, that: “The enhancement of the electric 

field in the tunnel oxide will have some impact on the retention 

properties and will have to be studied in more detail.” Thus, 

further work is required to pinpoint definitive applications for the 

TAHOS device as a next-generation memory.” ■ 

1. Fu, J., Singh, N., Zhu, C., Lo, G.-Q. & Kwong, D.-L. Integration of 

high-κ dielectrics and metal gate on gate-all-around Si-nanowire-

based architecture for high-speed nonvolatile charge-trapping 

memory. IEEE Electron Device Letters 30, 662–664 (2009).
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Scanning electron microscopy image of a wire-based TAHOS memory 

device connected to source and drain pads (left), and schematic cross-

section (A–A’) of the wire channel structure of the TAHOS device (right).

A nanowire-based device may set the stage for the realization of next-

generation ultra-small memories
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Data storage 

Hard-to-break hard drives

Designing failure-resistant hard drives requires the use of 

complicated simulation models, which need extended runs on 

fast computers. In the worst cases, these can be prohibitively 

time-consuming. Now, these models can be solved thousands 

of times more quickly using a technique developed by Wuzhong 

Lin and co-workers from the Data Storage Institute of 

A*STAR, Singapore1.

Computational models aid in the design of robust hard drives 

by allowing the simulation of a shock response without the 

need for physical experimentation. However, these models can 

require the representation of hundreds of different parts with tens 

of thousands of degrees of freedom, or independent variables; 

the greater the number of variables, the longer it takes to solve 

the models.

The technique employed by Lin and co-workers, called model 

order reduction, reduces the complexity of a model before it is 

solved. They began by constructing a full model of a hard drive 

consisting of over 3,800 elements and 4,300 nodes, resulting in 

over 20,000 degrees of freedom.

Rather than simply feeding this model into a computer, 

the researchers ‘projected’ it onto a much simpler model with 

ten or fewer degrees of freedom. They achieved this without 

restricting the kinds of inputs, or shocks, that can be simulated. 

By comparing numerical solutions, the researchers showed that 

the simpler model is accurate to better than one part in ten 

million, while it is faster to solve by a factor of 5,100. And since 

the publication of their work, they have successfully reduced 

much larger models, with over 138,000 degrees of freedom, in 

the same way.

Understanding hard drive failure is becoming more important 

in view of the increasing use of hard drives in portable electronics, 

such as laptops and media players, which are more likely to be 

exposed to shocks. By helping engineers design failure-resistant 

hard drives more quickly, this research will shorten the lead time 

required to bring new hard drive designs to market. In addition, 

hard drives are soon likely to undergo significant evolution, 

making rapid design tools even more important.

“The research community is developing the underlying science 

and technology to achieve a ten terabit per square inch density 

by the end of 2015,” says Lin. “This means many unconventional 

designs, structures and systems need to be evaluated and opti-

mized.” Lin also points out that the developed methodology can 

be tailored to evaluate the shock resistance of devices besides 

hard drives, such as cell phones. ■ 

1. Lin, W.Z., Ong, E.T., Ong, E.H. Efficient simulation of hard disk 

drive operational shock response using model order reduction. 

Microsystem Technologies 15, 1521–1524 (2009).
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Modern hard drives are increasingly used in portable devices, making 

the simulation of their reaction to shocks a critical design tool.

Computing responses of hard drives to shocks can be sped up using a 

technique called ‘model order reduction’
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Data storage 

Sliding touchdown

Numerous studies on improving the storage capacity of comput-

ers have been conducted recently, with a strong emphasis on 

making data bits as small as possible. Yet the same could also be 

achieved through relatively simple changes to the hardware of 

disk drives. Wei Hua, Bo Liu and co-workers at the Data Storage 

Institute of A*STAR, Singapore1, have now provided theoretical 

support for a new hard disk interface design proposed previously 

by Bo Liu’s team2.

In a hard disk drive, the electromagnetic reading and writing 

of data is performed by a ‘slider’ that flies just above the fast 

rotating disk. Calculations by Hua and co-workers support the 

notion of a new type of slider-disk interface, where the slider 

would actually touch the disk without damaging it, thus allowing 

higher density recording.

A slider typically flies less than ten nanometers above a disk. 

Unfortunately, if the slider goes any lower than this, it risks hitting 

occasional imperfections on the disk surface. This means the 

slider will have only intermittent contact with the disk, like a car 

bouncing over speed bumps on the road.

The crucial parameter to control is the ‘flying height’ of the 

slider, which is the clearance between the mean roughness planes 

of the slider and the disk surfaces. “The closer the head is to the 

recording media, the higher the recording density,” notes Hua. 

However, it was thought for many years that regular contact 

between the disk and slider would adversely affect reading and 

writing performance. Contact recording could now be possible 

thanks to a device called the thermal protrusion slider, which 

provides a clever way of controlling the flying height (pictured).

“A thermal protrusion slider has a heater close to the disk 

read/write heads,” explains Hua. “When a current is applied, the 

heat produced will make the slider expand, and hence reduce the 

flying height.”

In light of these promising technical developments, Hua and co-

workers investigated the forces involved when a slider comes into 

contact with a disk, surrounded by a lubricant. Despite some tricky 

computational challenges in modeling the fluid dynamics of the 

lubricant, their models reproduced some contact force measure-

ments for thermal protrusion sliders operating at different voltages.

The researchers also predicted the tolerance budget for ‘lube 

surfing recording’, which could be the ideal type of contact 

recording. Hua now hopes to assess issues of flying stability, and 

the accumulation of lubricant on the slider. ■ 

1. Hua, W., Liu, B., Yu, S. & Zhou, W. Nanoscale roughness contact in 

a slider-disk interface. Nanotechnology 20, 285710 (2009).

2. Liu, B., Zhang, M.S., Yu, S.K., Hua, W., Ma, Y.S., Zhou, W.D., 

Gonzaga, L., & Man, Y.J. Lube-surfing recording and its feasibility 

exploration. IEEE Transactions on Magnetics 45, 899–904 (2009).
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Schematic diagram of a thermal protrusion slider ‘surfing’ on the 

lubricant above a spinning hard disk. This method of recording, in 

which the slider physically contacts the disk, could allow higher density 

data storage.

Higher density recording to increase the storage capacity of hard disk 

drives inches a step closer
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Micro-machining 

At the cutting edge

As researchers build ever smaller machines and devices, demand 

increases to create miniaturized equipment for the ‘micro-

machining’ of tiny components on a large scale. Xin Ding at the 

Singapore Institute of Manufacturing Technology (SIMTech) 

of A*STAR and co-workers1 have improved our understanding 

of some of the main technical challenges in micro-machining 

through experiments with a micrometer-sized diamond 

cutting tool.

One difficulty in using micro-machining equipment is that 

the cutting tools are on the same scale as crystal grains or 

defects in the materials. This means that the cutting tools may 

experience many changes in phase as they progress through the 

material, like a knife encountering gristle or bone when carving 

a joint of meat.

“When the cutting tool moves from one metallurgical phase 

to another, the cutting conditions change, causing machining 

errors,” explains Ding. These include a degraded machined 

surface, changes in cutting force or direction, and rapid wearing-

down of the tool.

To investigate the physics of this process, Ding and co-workers 

used a focused ion beam to fabricate a single-crystalline diamond 

tool with a cutting edge less than 31 micrometers long. They 

mounted their tool on an ultra-precision machine capable of 

monitoring tiny forces during micromachining. Then, they tested 

the tool by cutting four different materials: two aluminum alloys, 

some very pure oxygen-free copper, and a nickel–phosphorous 

plate—three polycrystalline metals of various grain sizes and one 

grain-free amorphous metal plating material.

The researchers found that the oxygen-free copper left the 

smoothest surface when it was cut, despite having the largest 

average grain size. The nickel–phosphorous surface also provided 

a smooth cut surface, but required quite high cutting forces 

because of its very high hardness. In contrast, the aluminum alloy 

samples required relatively low cutting forces, but ended up with 

very rough surfaces with several holes, probably left behind by 

hard grains that get knocked out during cutting.

Meeting with the team’s expectations, the study has revealed 

that, owing to the size effect, the microstructure of the work 

piece can have a significant influence on the cutting force, chip 

formation and surface quality. However, Ding notes that they 

could prevent or minimize these negative effects by changing 

machining strategies. She believes that the research effort should 

now focus on developing new materials to be used in micro-

manufacturing, such as high-purity materials or materials with 

refined or removed grains.

She also hopes to eventually develop tools and structures on an 

even smaller scale. ■ 

1. Ding, X., Butler, D.L., Lim, G.C., Cheng, C.K., Shaw, K.C., Liu, K., Fong, 

W.S. & Zheng, H.Y. Machining with micro-size single crystalline 

diamond tools fabricated by a focused ion beam. Journal of 

Micromechanics and Microengineering 19, 025005 (2009).

Photograph showing the types of three-dimensional microstruc-

tures that can be made through micro-machining.
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Experiments with a tiny diamond cutting tool reveal how diff erent 

materials respond to micro-machining
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Semiconductor processing 

Stress management

Specialized sensors to measure the amount of mechanical stress 

caused by the process to thin semiconductor wafers—used to pack 

ever-increasing amounts of processing power into ever-decreasing 

spaces—have been designed, fabricated and calibrated by an inter-

national research team involving A*STAR researchers.

“The demand for miniaturization and the integration of many 

functions into a single product has led to the development of 

chip-stacking technology,” says team member Xiaowu Zhang 

from the A*STAR Institute of Microelectronics. However, 

fabrication technology has advanced to the point where the 

density of devices on the surface of a semiconductor wafer is 

approaching the limits imposed by physics. Reducing the sub-

strate thickness allows for further space savings, but the thinning 

induces a residual stress in the wafers that makes them susceptible 

to damage.

Zhang and his co-workers in collaboration with scientists 

from the Georgia Institute of Technology, USA, and Infineon 

Technologies, Germany, therefore studied the stresses that silicon 

substrates must endure because of the thinning process1. First, 

the team needed to develop in situ sensors. As luck would have it, 

silicon has very strong piezoresistive properties; that is, an applied 

force changes its electrical resistance.

They defined stress-sensitive resistors, 80–100 micrometers 

in width and 350–420 micrometers in length, at various places 

on a silicon substrate (pictured) using chemical etching and 

by introducing atomic impurities. By bending a sensor strip to 

induce a known force, they precisely calibrated each device. By 

grinding the sample with microscopic particles, they reduced 

the sample thickness before polishing to remove any remaining 

cracks. Experiments by the team then showed that the residual 

stress increased by a factor of seven as the wafer, initially 400 

micrometers thick, was reduced to a width of just 100 microm-

eters. This is believed to be a result of warping, which is more 

prevalent in thinner layers.

Handling wafers that are so fragile is also a practical difficulty, 

but Zhang and his co-workers have devised a solution to this too. 

They attached the thin sample to a thicker silicon substrate using 

a layer of adhesive. This easy-to-handle support was perforated 

with holes to enable the adhesive to be dissolved in solution 

whenever the ultra-thin layer was to be released.

These results and the ability to handle very delicate wafers 

reduce the chance of damage during processing. This in turn 

could lead to more advanced devices: memory stacking in mobile 

phones and sensors in digital single-lens reflex (SLR) cameras are 

just two examples given by Zhang. ■ 

1. Zhang, X., Kumar, A., Zhang, Q.X., Ong, Y.Y., Ho, S.W., Khong, C.H., 

Kripesh, V., Lau, J.H., Kwong, D.-L., Sundaram, V., Tummula, R. 

R. & Meyer-Berg, G. Application of piezoresistive stress sensors 

in ultra thin device handling and characterization. Sensors and 

Actuators A 156, 2–7 (2009). 
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A photograph of an 8-inch (20 cm) silicon wafer fabricated with a 

grid of stress sensors to measure changes in residual stress during 

mechanical back grinding.

Understanding stress changes in a silicon substrate as it is thinned aids 

semiconductor device manufacture
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Printed microwave antennas 

Shaping up

The next generation of portable wireless devices will require 

antennas that work over a wide range (or band) of the microwave 

frequency spectrum while being small enough to fit into compact 

devices. The development of such ultra-wide bandwidth (UWB) 

antennas has been spurred by the recent release by the United 

States Federal Communication Commission of spectrum from 

3.1 to 10.6 GHz.

Antennas defined on printed circuit boards can be very compact, 

but their performance for UWB frequency applications remains 

insufficient for some applications. Now, Zhi Ning Chen and 

co-workers at the Institute for Infocomm Research of A*STAR, 

Singapore, have designed a new printed antenna with superior 

performance across the entire 3.1–10.6 GHz spectrum1.

The new antenna is 40 mm long, 18 mm wide and less than 

1 mm thick. The design begins with a standard dipole antenna, 

which consists of a line that is split in its middle, an approach first 

conceived by Heinrich Hertz in 1886. To this, the researchers have 

added tapered edges and a ‘shorting bridge’, which connects the 

ends of the dipole (pictured). The bridge makes the antenna a 

hybrid of the traditional dipole design, and the ‘loop’ design.

The shorting bridge increases the length along which current 

in the antenna can flow, leading to a corresponding decrease in 

the minimum frequency it can detect. This in turn increases the 

frequency bandwidth over which the antenna can operate, which 

is a key metric. In addition, by changing the path of current flow, 

the shorting bridge prevents large currents from flowing near to 

each other and in opposite directions, a phenomenon that tends to 

degrade antenna performance.

The net result is an improvement in the antenna efficiency, or 

gain. The researchers also found that it is better matched to the 

rest of the circuit in which it operates—a parameter known as 

‘impedance matching’. Further, the observed reduction in varia-

tion of these various metrics with operating frequency, allows the 

antenna to better handle short-duration pulsed signals.

Commenting on the team’s next step, Terence See Shie Ping, a 

co-author of the paper, says: “the challenge is [to] further reduce 

antenna size while maintaining its impedance and radiation per-

formance across the relevant spectrum.” The antenna is expected 

to be used in applications such as cellular phones and wireless 

networking products that take advantage of the newly released 

wireless spectrum. ■ 

1. Low, X.N., Chen, Z.N. & See, T.S.P. A UWB dipole antenna with 

enhanced impedance and gain performance. IEEE Transactions 

on Antennas and Propagation 57, 2959–2966 (2009). 
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A new microwave antenna design features a shorting bridge (right 

side) that changes the path along which current flows, improving 

performance for applications requiring a large frequency variation, 

or bandwidth. The colors represent current distribution, with blue 

representing areas of less current.

An innovative printed microwave antenna uses a shorting bridge to 

improve performance over an ultra-wide range of frequencies
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Electron-beam lithography 

Fine-lined patterns refined

Ultra-high-density data storage is now a step closer thanks 

to an advance in device fabrication achieved by Bao-Yu Zong 

and co-workers from the Data Storage Institute of A*STAR in 

Singapore1. Devices for data-storage applications are created by 

depositing a ‘resist’ material onto a substrate, which is etched 

into a pattern using an electron beam and then used as a 

guide for depositing the device materials before being washed 

away. Zong and co-workers mixed metallic nanoparticles into 

commercially available resists to make them semimetallic; this 

enabled the resists to be patterned at a much higher resolution 

than achieved previously.

To ensure the nanoparticles were spread evenly throughout 

the resist material, the researchers used a chemical approach. 

Most resists contain molecules with both hydrophilic and hydro-

phobic parts, so they coated the surfaces of their 1–3 nanometer-

diameter metallic nanoparticles with both hydrophobic and 

hydrophilic molecules. Consequently, when the particles were 

mixed into the resists, they were individually attracted to the 

resist molecules without forming clusters. This approach is 

suitable for upgrading almost all commercially available electron 

beam resists, according to Zong, because the approach exploits 

the chemical similarities among resist types.

Whilst electron beams commonly used for patterning resists 

can be focused to a spot size as small as 1 nanometer, the 

patterns often fail to reach this resolution because such small 

resist patterns—particularly when they are long and thin—do 

not adhere properly to the substrates. The lack of conductivity in 

resists also causes problems: they become highly charged by the 

electron beam, causing them to detach from the substrate.

Using their semimetallic resists, the researchers created 

patterns with dimensions of 5–50 nanometers and in shapes 

that were at least twice as long as they were wide on a variety of 

substrate types including silicon and metal. “The high-resolution 

patterning is possible because the 1–3 nanometer metal particles 

can reduce resist charging during electron-beam exposure by 

increasing its conductivity, as well as increasing the resist strength 

and adhesion to the substrate,” explains Zong.

The researchers also demonstrated that the resists could 

be used to make the complex patterns required to fabricate 

magnetic tunnel junction nanosensors, which are used in the 

read heads of magnetic data storage devices. They were also able 

to make nanosensors as small as 13 nanometers wide. This level 

of miniaturization will be vital for the ultra-high-density data 

storage that is keenly sought by industry. ■ 

1. Zong, B.-Y. , Han, G-C., Zheng, Y.-K, An, L.-H., Liu, T., Li, K.-B., Qiu, 

J.-J., Guo, Z.-B., Luo, P., Wang, H.-M. & Liu, B.A general approach 

to semimetallic, ultra-high-resolution, electron-beam resists. 

Advanced Functional Materials 19, 1437–1443 (2009). 

The possibility of ultra-high-density data storage is a step closer now 

that a generally applicable method is available to modify existing and 

commercially available devices for high-resolution patterning.
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High-resolution patterns for miniaturizing devices can be achieved using 

modifi ed fabrication materials
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Speech processing 

Vocal fingerprints

When a person needs to confirm their identity over the phone, 

they must usually give a password or other personal details known 

to the second party. But these details can be discovered relatively 

easily and used to forge a person’s identity. Speaker recognition 

technology, which enables a person’s identity to be verified from 

the sound of his/her voice, is being investigated as a potential 

means to tackle the growing problem of identity fraud. Changhuai 

You and colleagues at the Institute for Infocomm Research of 

A*STAR, Singapore1, have now developed a method for compar-

ing two different samples of human speech that improves the 

accuracy and reliability of this technology.

“When a person speaks, his/her voice not only conveys 

information in the words they say, but also non-linguistic 

characteristics determined by the properties of the person’s vocal 

tract,” explains You. These characteristics include the mixture of 

different frequencies in a person’s voice and the particular way that 

this mixture varies as the person talks. Such characteristics are 

unique to an individual and difficult to mimic perfectly—even by 

professional voice impressionists—and can, in principle, be used 

to build a ‘vocal fingerprint’ for that individual. Unfortunately, 

the complexity of these characteristics makes them much more 

difficult to compare than conventional fingerprints.

You and colleagues simplified the task by using a Gaussian 

mixture model (GMM) to mathematically represent the human 

voice. This involved analyzing how often features such as certain 

frequencies or changes in volume occur within a sample of speech 

and representing the occurrence of these features as a distribu-

tion of probability. They then simplified the complexity of this 

distribution by representing it as a mixture of Gaussian-shaped 

distributions. This reduced the information contained in a voice 

sample to only that which is unique to an individual speaker.

The researchers were then faced with deciding how to calculate 

the similarity of two voice samples represented by a mixture 

model. To solve this, they quantified the difference between 

probability distributions of the samples, verified these through 

experiments, and then mathematically derived suitable statistics 

using a method called the ‘Bhattacharyya distance’. Applying this 

idea enabled the researchers to construct a speaker recognition 

algorithm that performed better than the current state-of-the-art 

method; it correctly identified individual voice samples from a 

large database.

In future work, the team intend to apply this approach to 

identify the language a speaker is using, which is an important step 

towards recognizing the individual words they are speaking. ■ 

1. You, C. H., Lee, K. A. & Li, H. An SVM kernel with GMM-supervector 

based on the Bhattacharyya distance for speaker recognition. 

IEEE Signal Processing Letters 16, 49–52 (2009). .

Your voice could become your next ‘fingerprint’ when confirming 

your identity in situations that normally involve supplying passwords.
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More secure voice identifi cation systems could stem from an improved 

algorithm for comparing speech patterns
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P
rior to performing brain surgery, 

surgeons carefully plan the opera-

tion by analyzing images of a 

patient’s brain. Visualizations of the brain 

are constructed by computed tomography 

(CT) and magnetic resonance imaging 

(MRI), providing a high-quality stereo-

tactic model that can be used to identify 

and target structures. However, what the 

surgeons see when they actually start 

operating can sometimes be very diff erent 

from what they interpreted from these 

images, forcing them to change their 

operational procedure on-the-fl y.

Th e incredible complexity of the 

human brain, composed of 100 billion 

neurons and thousands of blood vessels, 

leads to inevitable diffi  culties in rec-

onciling imaging with real tissue. “We 

would like to create globally accepted 

solutions for neuro-related applications,” 

says Wieslaw L. Nowinski, a professor 

and director of the Biomedical Imaging 

Lab, part of A*STAR’s Singapore 

Bioimaging Consortium. 

At the forefront of brain atlas 
development
Th e solution, Nowinski says, is “to con-

struct computer brain atlases and develop 

atlas-assisted applications” for clinicians, 

researchers and students. Nowinski’s 

attempt is not completely new; atlases 

of the brain have been available since 

the early 1950s in print. Technological 

progress since then has made it possible to 

construct three-dimensional visualization 

with additional functionality such as seg-

mentation and structure labels. “But,” says 

Nowinski, “we are the fi rst to introduce 

brain atlases into clinical practice.”

Nowinski’s atlases, named Cerefy, are 

the most widely used in stereotactic and 

functional neurosurgery. Th e popularity 

of Cerefy is due to the product’s compre-

hensiveness, high user interactivity, detail 

and extensive labeling, not to mention its 

high resolution and volumetric accuracy. 

Th e colorful graphical brain model can 

also be easily mapped to scanned images 

and updated online by users. Nowinski’s 

personal commitment to the project is 

plain to see—the brain mapped by the 

recent Cerefy atlases is his own, a process 

that required him to put his head in an 

ultra-high-fi eld MRI and staying still for 

as long as four hours to acquire consistent 

and distinct images.

Nowinski’s pioneering endeavors have 

led to the production of 22 atlases in 

collaboration with prestigious hospitals 

and universities, accompanied by the 

submission of 58 patent applications 

(20 of which have been granted) and 

the creation of two venture companies. 

Th e atlases are currently used on more 

than 1,500 neurosurgical workstations 

worldwide and have been distributed to 

about 5,000 medical schools and hospi-

tals. Th e technologies underpinning these 

applications have won numerous awards, 

including the Magna cum Laude and 

Excellence in Design awards received 

at the Radiological Society of North 

America Scientifi c Annual Meeting 

in 2009.

Evolution of brain atlases
Th e fi rst of the Cerefy atlas series was the 

anatomic atlas, which was released in 1997 

in a two-dimensional format. Th e atlases 

have since been continuously upgraded 

and now also contain digitized versions 

of classic print anatomic atlases in both 

two- and three-dimensional formats to 

complement new clinical data.

Although the stereotactic atlases 

are used widely, the question of how 

to deal with high variability is a major 

New brain atlases 
rewrite the textbooks 
on brain anatomy
The Biomedical Imaging Lab of A*STAR continues 

to develop world-leading three-dimensional brain 

atlases to assist clinicians in brain surgery, diagnosis 

and neuro-anatomical education.

Wieslaw Nowinski (center, with tie) and the Cerefy team
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concern of clinicians. “Th ere are certain 

controversies regarding the mismatch 

between imaging and electrophysiology 

as well as the incompleteness of target 

structures in the scans,” says Nowinski. 

To address the variability issue, he has 

developed a ‘probabilistic functional 

atlas’ for Parkinson’s disease based on 

electrophysiological and neuroimaging 

data acquired from hundreds of patients 

during deep brain stimulation with an 

electrode—one of the treatments for the 

disease. Th e key technology is a special 

algorithm that converts multiple sets 

of data into maps showing the possible 

distribution of cerebral structures and 

predicting the optimal placement of the 

electrode during surgery. In combination 

with the anatomic atlases, the probabilis-

tic atlas has become a powerful tool for 

surgeons to not only pinpoint treatment 

targets more accurately but also identify 

new targets.

Th e most recent commercial release 

in the Cerefy series, the Cerefy Atlas of 

Cerebral Vasculature unveiled in 2009, 

correlates the three-dimensional cere-

brovasculature with surface and sectional 

neuro-anatomy. Using this fully interac-

tive atlas, the operator can select groups 

of vessels and other structures, rotate, 

zoom and label the model, and construct 

vascular networks and self-tests with the 

click of a mouse. Th e latest development, 

the Brain Atlas of Structure, Vasculature 

and Connections, is a three-dimensional 

model constructed from multiple high-

fi eld MRI scans and contains more than 

1,200 components, including cortical and 

subcortical structures, arteries, veins and 

even white matter tracts (pictured). Th e 

smallest vessels in the brain, measuring 

only 90 micrometers in diameter, can be 

missed by conventional MRI, but not with 

Cerefy. Th e atlas even allows the user to 

cut the brain to reveal underlying struc-

tures, just like in a real brain.

Atlas-aided software for stroke 
treatment
In 2004, Nowinski launched another 

long-awaited project that evolved out of 

the development of the Cerefy atlases: 

computer-aided diagnosis/detection 

(CAD) for the treatment of stroke. Stroke 

is the second leading cause of death in the 

world and a condition that is typically 

managed by catheter delivery or intra-

venous/intra-arterial injection of a drug 

to break up a blood clot (thrombolysis). 

Although CAD has been applied for 

other purposes, such as mammography 

and brain cancer diagnosis, Nowinski 

was the fi rst to apply the technique to the 

treatment of stroke.

Th e project, called the Singapore 

Stroke Suite, covers acute ischemic 

stroke, hemorrhagic stroke and stroke in 

the emergency room, and is assisted by 

Nowinski’s anatomic atlases and another 

atlas featuring blood supply territories. It 

is designed to help clinicians analyze data 

acquired by CT and MRI in a situation 

where “time is brain.” For acute ischemic 

stroke, caused by blockages in brain 

arteries, the CAD system off ers simul-

taneous visualization and quantifi cation 

of two- and three-dimensional images 

along with the underlying anatomy and 

the indications of the mismatch between 

the damaged tissues and those at risk of 

infarction. It can also help families of a 

patient to make the diffi  cult decision 

of whether to perform thrombolysis, 

which incurs the risk of some brain 

function loss. “It’s better to know what 

would be lost, compared to knowing 

only what the risks are,” says Nowinski. 

Th e system is now trial-licensed to 

more than a dozen companies and 

medical institutes.

In an emergency room setting, the 

CAD system detects the location of 

infarcts and hemorrhages automatically 

and off ers statistic analysis of the diff er-

ences between the left and right hemi-

spheres, helping non-specialists in the 

emergency room make better decisions 

The latest Brain Atlas of Structure, Vasculature, and Connections is the world’s most advanced 

and comprehensive 3D brain atlas.

FEATURES & INNOVATIONS

Nowinski demonstrates his most recent com-

mercial offering, the Cerefy Atlas of Cerebral 

Vasculature—the world’s most comprehen-

sive and interactive 3D atlas for cerebrovas-

cular anatomy.
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H
uman eyes are extremely sensi-

tive to light intensity and our 

vision allows us to perceive a 

remarkably wide range of luminance—

from a sun-dappled ocean to a midnight 

wilderness. Th e ‘dynamic range’ of our 

vision covers as much as fi ve orders of 

magnitude of luminance, whereas most 

digital cameras and displays can only 

capture two to three orders of luminance 

magnitude. Digital scenes therefore look 

far from realistic: dark areas lack detail 

and bright areas become washed out. As 

one of the technologies for improving 

performance in this area, major camera 

companies are rolling out digital cameras 

that can take multiple images from which 

a single image featuring greater dynamic 

range can be synthesized. Yet even with 

such advanced cameras, sensors and 

multi-exposure technologies, there still 

lies a problem in displaying realistic 

digital scenes: the quality of the image is 

unavoidably deteriorated when displayed 

on a computer screen.

A system inspired by cerebral 
physiology
How can high dynamic range (HDR) 

images like those captured by human 

vision be most eff ectively reproduced? 

Susanto Rahardja, head of the Signal 

Processing Department at the A*STAR 

Institute for Infocomm Research (I2R), 

hit upon the idea of simulating the human 

brain’s mechanism for HDR vision. “We 

thought about developing a dynamic 

display system that could naturally and 

interactively adapt as the user’s eyes move 

around a scene, just as the human visual 

system changes as our eyes move around a 

real scene,” he says.

Two years ago, Rahardja initiated 

a program on HDR display bringing 

together researchers with a vriety of back-

grounds. “We held a lot of brainstorming 

sessions to discuss how the human visual 

system perceives various scenes with dif-

ferent levels of brightness,” says Farzam 

Farbiz, a senior research fellow of the 

Signal Processing Department. Th ey also 

read many books on cerebral physiology 

to understand how receptors in the retina 

respond to light and convert the data into 

electric signals, which are then transmit-

ted to retinal ganglion cells and other 

neural cells through complex pathways in 

the visual cortex.

Th e EyeHDR system employs a com-

mercial eye-tracker device that follows the 

viewer’s eyes and records the eyes’ refl ec-

tion patterns. Using this data, the system 

Display technology gets 
a shot of realism

Inspired by cerebral physiology, scientists at the 

A*STAR Institute for Infocomm Research are 

developing a display technology and system that will 

make it possible to show high dynamic range images 

on conventional displays based on gaze tracking

in the short time they have. “Our system 

is very much like an experienced doctor,” 

Nowinski says. Another CAD system 

designed to support the evacuation of 

hemorrhages by thrombolytic treatment is 

now in Phase III trials.

Pioneer spirits
Despite the impressive results already 

obtained, Nowinski is still not fully satis-

fi ed with the quality and application of 

the Cerefy atlases and intends to keep 

improving them. His team has built a 

probabilistic atlas for stroke to predict 

what would happen to a patient based 

on hundreds of previous similar cases. 

He has also developed software capable 

of fast-mapping anatomic atlases into 

a scan in less than fi ve seconds. Among 

the team’s forays into new applications 

is the development of brain atlases for 

neurological disorders as well as for the 

assessment of meditation in collaboration 

with a yoga center in India. “We are doing 

novel things, so it’s not always easy to 

introduce our concepts into clinical prac-

tices quickly,” Nowinski says. “But the 

demand for our technologies is proven 

given the number of leading clinicians we 

are working with.” ■

About Cerefy

Cerefy is the result of a collaboration between Thieme, a leading medical 

publisher, and the Biomedical Imaging Lab, an A*STAR research center. Cerefy 

produces atlases and model-based solutions for the diagnosis and treatment of 

human brain and central nervous system disorders, for human brain research and 

medical education. Cerefy atlases are currently used by leading companies includ-

ing Medtronic (USA), BrainLab (Germany) and Elekta (Sweden). More information 

on the Cerefy atlases can be found on the Cerefy website: www.cerefy.com
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calculates and determines the exact point 

of the viewer’s gaze on the screen using 

special ‘neural network’ algorithms the 

team has developed.

Simulating the human visual 
system
“On top of that, we also had to simulate 

the transitional latency of human 

eyes,” says Corey Manders, a senior 

research fellow of the Signal Processing 

Department. “When you move your gaze 

from a dark part of the room to a bright 

window, our eyes take a few moments to 

adjust before we can see clearly what’s 

outside,” adds Zhiyong Huang, head of 

the Computer Graphics and Interface 

Department. “Th is is our real natural 

experience, and our work is to reproduce 

this on-screen.”

Th e EyeHDR system calculates the 

average luminance of the region where 

the observer is gazing, and adjusts the 

intensity and contrast to optimal levels 

with a certain delay, giving the viewer 

the impression of a real scene. Th e system 

also automatically tone-maps the HDR 

images to low dynamic range (LDR) 

images in regions outside of the viewers 

gaze. Ultimately, the EyeHDR system 

generates multiple images in response 

to the viewer’s gaze, which contrasts 

with previous attempts to achieve HDR 

through the generation of a single, perfect 

HDR display image.

Th e researchers say development of the 

fundamental technologies for the system 

is close to complete, and the EyeHDR 

system’s ability to display HDR images 

on large LDR screens has been con-

fi rmed. But before the system can become 

commercially available, the eye-tracking 

devices will need to be made more 

accurate, robust and easier to use. As the 

fi rst step toward commercialization, the 

team demonstrated the EyeHDR system 

at SIGGRAPH Asia 2009, an annual 

international conference and exhibition 

on digital content, held in Yokohama, 

Japan in December last year.

Although the team’s work is currently 

focused on static images, they have plans 

for video. “We would like to apply our 

technologies for computer gaming and 

other moving images in the future. We 

are also looking to reduce the realism gap 

between real and virtual scenes in emer-

gency response simulation, architecture 

and science,” Farbiz says.  ■

EyeHDR is based on an eye-tracking system that allows the intensity and contrast in a scene to 

be adjusted according to the viewer’s gaze.

A video demonstration of EyeHDR is 

available from the project website: 

eyehdrvideo.i2r.a-star.edu.sg

About the Institute for 

Infocomm Research (I2R)

The I²R (pronounced i-squared-r) 

was established in 2002 with the 

mission of becoming a globally 

preferred source of innovations in 

interactive secured information, 

content and services. I2R conducts 

research and development in infor-

mation technology, wireless and 

optical communications, interactive 

and digital media, signal processing 

and computing.

FEATURES & INNOVATIONS

Researchers at I2R engaged in the EyeHDR project: from left to right, Corey Manders, Farzam 

Farbiz, Susanto Rahardja and Zhiyong Huang.
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S
pread by virus-carrying Aedes 

mosquitoes, dengue induces a 

fl u-like fever and body aches, and 

sometimes leads to dengue hemorrhagic 

fever, which is potentially fatal. Th e disease 

is limited to tropical and sub-tropical 

regions, but is increasingly becoming a 

larger threat on the back of climate 

change, urbanization and the increased 

mobility of people across national borders.

Dengue is endemic in over 100 coun-

tries with some 50 million infections 

every year, according to the World Health 

Organization. About 500,000 of those 

aff ected require hospitalization each year, 

and about 2.5% of those patients die. 

Dengue hemorrhagic fever is a leading 

cause of death among children in some 

Asian countries, but recent reports from 

Singapore also warn that the number of 

adults being aff ected is rising.

Yet despite the growing concern about 

dengue fever, there are still no antiviral 

vaccines or medicines specifi c for the 

disease. Reducing exposure to mosquitoes 

can help, but even in Singapore, which 

is renowned for its success in minimiz-

ing mosquito numbers, there has been 

a major resurgence of dengue fever in 

recent years, with thousands of infections 

reported annually.

Scientists at A*STAR in Singapore are 

now accelerating their eff orts to contain the 

ever-growing threat of dengue. “What we 

really need is a treatment or vaccine. Only 

then will we be able to tackle this disease 

eff ectively,” says Martin Lloyd Hibberd, 

senior group leader and associate director 

for infectious diseases at the A*STAR 

Genome Institute of Singapore (GIS).

Singapore is at the forefront of vector 

control for a range of tropical diseases, and 

A*STAR scientists such as Hibberd con-

tribute signifi cantly to therapy development 

for dengue fever by unveiling new insights 

into the disease’s viral mechanisms. At the 

same time, other scientists are engaged in 

building novel systems for the rapid and 

easy diagnosis of dengue. Singapore itself 

acts as a hub for accumulating resources 

and scientifi c and clinical fi ndings through 

the Singapore Dengue Consortium, which 

consists of 11 Singapore-based institutions 

including the GIS, the A*STAR Singapore 

Immunology Network (SIgN) and the 

Novartis Institute for Tropical Diseases.

Mysterious virus
Th ere are four serotypes of the Flavivirus 

virus responsible for dengue fever, and 

infection with one of the serotypes may 

increase the risk for severe disease following 

infection with the other forms. Antibodies 

for the original infection actually help 

the entry of other strains into host cells, 

meaning that patients could be at real risk 

of enhanced infection and an escalation 

of symptoms. Th is ‘antibody-dependent 

enhancement’ can lead to dengue hemor-

rhagic fever and dengue shock syndrome. 

However, severe forms of dengue can 

also occur after primary infection, and 

conversely, only a small fraction of patients 

with pre-existing antibodies develop severe 

disease. Th e real problem clinicians face is 

that it has so far been impossible to deter-

mine which patients will develop more 

severe symptoms. In addition to the lack of 

markers to identify severity, there are also 

many obstacles surrounding vaccine devel-

opment. All of the present vaccine candi-

dates aim to produce immunity against 

all four serotypes, but the virus mutates 

rapidly, and even one amino-acid change in 

a protein could render the vaccine ineff ec-

tive. “We often underestimate the mutation 

rate of dengue,” says Katja Fink, a principal 

investigator at the SIgN. Furthermore, it is 

diffi  cult to test the vaccine in vitro and in 

mice because the virus is human-specifi c 

and there are no suitable commercial 

assays. “Much has been accomplished over 

the past few years, but dengue results from 

a complex interplay between virus, humans 

and mosquitoes that is really challenging 

to understand and many problems remain 

unsolved,” says Hibberd.

Genomic studies
Hibberd’s group is investigating viral 

and human sequences and host pathogen 

interactions in an eff ort to develop a 

specifi c prognosis and treatment. Th e 

team’s work became the backbone of the 

consortium’s study, called Early DENgue 

(EDEN), which has led to the discovery 

of several new fi ndings about the disease. 

Th e researchers revealed that outbreaks of 

disease are not due to viral evolution, and 

also that changes in viral type may signal 

an imminent outbreak. On the clinical 

side, the study has involved the fi rst major 

investigation of adult dengue disease. 

The interactions among dengue-infected cells 

are highly complex, making vaccine develop-

ment a major challenge.

Tackling the ever-
growing threat of 
dengue fever
Scientists at A*STAR are taking a diversifi ed approach 

to combating dengue fever, an infectious tropical 

disease that is fast becoming a major global threat to 

health and the economy.
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Singapore was the fi rst Asian country in 

which the disease shifted demographi-

cally from children to include adults. 

“Th e study has also suggested that the 

early host response may be a marker for 

the later disease, opening the possibility 

of prognostic markers for early and better 

treatment of the disease,” Hibberd says.

Hibberd’s group is currently investigat-

ing how the type of the virus determines 

the clinical outcome of patients. Th e 

researchers also plan to analyze the 

data from dengue patients in Vietnam 

by taking advantage of their pioneer-

ing genome-wide association study for 

Kawasaki disease, a pediatric infectious 

disease that damages the coronary arteries. 

“We hope the dengue analysis will have 

equally revealing results,” says Hibberd.

Immune mechanisms
At the SIgN, Fink has found that 

dengue patients have stronger infl am-

mation compared with patients suff ering 

from other fever-causing diseases. Th e 

infl ammation stimulates the activation 

of immune cells by polyclonal activation, 

resulting in the production of a pool of 

cross-reactive antibodies and T cells. Th e 

antibodies are cross-protective against all 

four serotypes for the fi rst few months fol-

lowing natural infection with the dengue 

virus, but become serotype-specifi c 

thereafter. “We could learn from this 

natural strategy of the immune system to 

create many diff erent, yet not too specifi c 

antibodies and T cells when developing 

a vaccine,” Fink says. For vaccination, 

it will also be important to understand 

both the positive and negative impacts of 

pre-existing dengue-specifi c antibodies 

and T cells. Almost all adults in dengue-

endemic countries like Th ailand, Vietnam 

or Cambodia have been infected at least 

once in their lifetime and have the cor-

responding immune memory.

Fink says that her team aims to char-

acterize and understand the molecular 

and cellular requirements for polyclonal 

activation. Understanding the infl amma-

tory response mechanism is absolutely 

critical, she adds, because “Nobody wants 

a vaccine that creates dengue disease,” she 

says. “We’re analyzing patient samples at 

diff erent time points after infection to 

identify dengue-specifi c immunological 

patterns. We hope that this knowledge 

will help in the development of safe and 

eff ective vaccines.”

All-in-one diagnostic system
At the same time as genetic and molecu-

lar researchers are elucidating the viral 

mechanisms of dengue, researchers at the 

A*STAR Institute of Microelectronics 

have been developing a compact, all-in-one 

diagnostic system for the disease. “A lot of 

patients with fever go to hospital just after 

symptoms become apparent. We want to 

diff erentiate dengue patients from others 

as quickly and simply as possible,” says Yu 

Chen, a principal investigator involved in 

the Point-of-Care Diagnostic Section of the 

Bio-Electronics Program. Th e system was 

developed in collaboration with Ooi Eng 

Eong, associate professor of Duke-NUS 

Graduate Medical School in Singapore.

In March, Chen and her colleagues 

achieved the integration of the various 

parts and obtained full system testing 

results. Th ey are now working on optimiz-

ing the overall system, with the aim of 

developing a prototype within the next 

year. Th e core technologies are a dedicated 

chip to extract and amplify samples and 

a proprietary silicon-based nano-wire 

biosensor module, both developed by 

the Institute of Microelectronics. With 

a tiny drop of blood, just 80 microliters, 

the system performs the entire diagnosis 

process, from sample extraction and 

RNA amplifi cation to virus detection and 

identifi cation of its serotype—all in less 

than four hours. Apart from signifi cantly 

reducing the time required for diagnosis 

(currently 24 hours), the device could also 

ease reliance on skilled laboratory techni-

cians. Chen and her team are now trying 

to halve the time for diagnosis to just two 

hours. “For the next-generation version, we 

aim to develop a highly eff ective miniature 

system. We would also like to make it 

mobile for fi eld diagnosis,” Chen says.  ■

FEATURES & INNOVATIONS

Martin Lloyd Hibberd, senior group leader 

and associate director for infectious diseases 

at the GIS.

Yu Chen, principal investigator at the Institute 

of Microelectronics (left), and Katja Fink, a 

principal investigator at the SIgN.

The core technologies in a miniature system 

being developed for dengue diagnosis: a 

dedicated chip (left) to extract and amplify 

samples, and a silicon-based nano-wire bio-

sensor module (right).

About the Genome Institute 

of Singapore

The GIS is the national fl agship 

program for the genomic sciences 

in Singapore established with the 

aim of using genomic sciences to 

improve public health and public 

prosperity through the integration of 

technology, genetics and biology.

About the Singapore 

Immunology Network

The SIgN was launched in 2008 to 

expand and strengthen immunology 

research in Singapore by advancing 

human immunology research and 

participating in international eff orts 

to combat major health problems. 
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C
arbon dioxide (CO

2
) is a major 

factor in global warming and the 

bête noire of climate change scien-

tists. But if scientists at the A*STAR have 

any say in the matter, it could soon be turned 

into useful energy in a simple, inexpensive 

and eco-friendly way. A team at the Institute 

of Bioengineering and Nanotechnology 

(IBN) led by principal researcher Yugen 

Zhang has invented a method for convert-

ing CO
2
 to into methanol (CH

3
OH) 

using an organocatalyst system based on a 

class of compounds called N-heterocyclic 

carbenes (NHC)1. In recent years, demands 

for alternative energy sources to replace 

fossil fuels have been growing against the 

backdrop of rising concern about climate 

change, and methanol has great potential 

in the alternative energy arena as a biofuel. 

“CO
2
 is a major greenhouse gas and a major 

cause for global warming. Th e energy crisis 

is also an urgent issue to tackle. If we can 

convert CO
2
 to energy in a cost-eff ective 

manner, it would solve two problems 

in one shot. Th at is the motivation of 

our research,” says Zhang.

The era of organocatalysis
Organocatalysts have been known for 

a long time, but only in recent years has 

the technology once again come under the 

spotlight. When Zhang joined the IBN 

in 2004, organocatalysis was still a newly 

rediscovered research fi eld. His fi rst work 

was on immobilizing organocatalysts on 

solid supports to improve their usability, 

but he also succeeded in developing a 

number of novel polymeric organocatalysts. 

Th is prompted him to shift his research 

focus toward the development of new 

organocatalytic reactions for organic and 

pharma ceuticals syntheses—including 

CO
2
 fi xation and utilization. In 2009, 

Zhang published a paper1 in collaboration 

with Jackie Y. Ying, professor and executive 

director of the IBN, and Siti Nurhanna 

Riduan, an IBN senior lab offi  cer, which 

attracted much attention from both the 

scientifi c community and industry.

Carbon dioxide is highly stable and dif-

fi cult to break down, and many researchers 

and companies have examined systems 

employing metal catalysts in combination 

with suitable reductants such as hydrogen 

gas (H
2
) to convert it to other products. 

However, these eff orts have been plagued 

with problems associated with the catalyst’s 

short usable life, its susceptibility to degra-

dation by oxygen, and the huge amounts of 

energy required to reach the high tempera-

tures and pressures needed for the reactions 

to proceed. On the other hand, most 

organocatalysts, as Zhang points out, are 

tolerant of oxygen and active at room tem-

perature and moderate pressures. “Because 

we have selected the right catalyst and the 

right system, we can make the reaction 

happen under mild conditions,” he says.

Green, high-productivity 
conversion
NHCs have been known to chemists for 

some time and in recent years have become 

well-established as organocatalysts and 

ligands in organic synthesis. Zhang’s team 

used the NHC catalyst to activate and fi x 

CO
2
, and then added a silicon-containing 

substrate called hydrosilane to reduce the 

activated CO
2
. In their reaction, about 

50% of the hydrogen in the hydrosilane 

is converted to methoxide in 90 minutes. 

Methanol is then obtained by hydrolysis 

in 90% yield after just 16 hours. Under 

ambient conditions, one molecule of NHC 

catalyzed 1,840 reactions before becoming 

inactive, converting about 25.5 molecules 

of methanol per hour. Th ese fi gures are 

about 20 and 50 times better than those 

for other common organometallic catalysts 

such as zirconium-based catalysts. “Th e 

results prove that NHCs are more effi  cient 

catalysts for this reaction than transition-

metal catalysts, which require weeks to 

aff ord the fi nal reduction products,” Zhang 

says. But the superior performance of 

the NHC catalyst system is not just of 

academic interest—the team has already 

patented the technology and developed a 

recyclable catalyst for the reaction, and is 

now in talks with a number of companies 

toward co-developing the technology.

Despite the promising results so far, many 

obstacles still remain to be overcome before 

Zhang’s organocatalytic reaction can be 

applied industrially. According to the team 

leader, the most pressing challenge is not 

the scaling up of production or reducing the 

cost of the catalyst itself, but fi nding alter-

natives for the costly hydrosilane substrate. 

One candidate for this role is hydrogen gas, 

suggesting the tantalizing possibility of a tie 

up with other researchers working on split-

ting water into hydrogen and oxygen using 

light-activated catalysts. “If we can use the 

hydrogen to react with carbon dioxide, the 

whole system would work nicely. Th at is 

what we are proposing,” says Zhang.  ■

1. S. N. Riduan, Y. Zhang & J. Y. Ying. Angew. 

Chem. Int. Ed. 48, 3322–3325 (2009).

Organocatalysts turn 
carbon dioxide into 
useful energy
Scientists at the A*STAR Institute of Bioengineering 

and Nanotechnology have developed a green catalytic 

cycle that could help solve some of the world’s biggest 

challenges—global warming and renewable energy
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FEATURES & INNOVATIONS

F
lexible electronics promise to form 

the basis for the next generation of 

electronic devices, and have already 

been applied in a range of prototypes 

and limited applications. Th is technol-

ogy has made electronic paper, ultrathin 

fl exible displays and low-cost solar cells a 

reality, but the resilience of these devices 

to practical environments, particularly 

moisture, has been an obstacle to com-

mercial mass-production. Now, with a 

major investment by US-based Applied 

Materials, Tera-Barrier Films—a recent 

spin-off  from A*STAR—is even closer to 

commercializing a revolutionary protective 

fi lm for plastic electronics that meets all 

of the moisture-barrier requirements for 

future applications.

Existing commercial protective fi lms 

for plastic electronics provide a barrier to 

oxygen and water molecules, but due to 

unavoidable defects in the thin, fl exible 

oxide fi lms, these barriers still allow the 

diff usion of about 1/1,000th of a gram of 

water vapor per square meter each day at 

90% relative humidity and 25 °C. Although 

low, this level of water penetration is 1,000 

times higher than the level required for 

practical applications, and is suffi  cient to 

signifi cantly shorten the lifetime of the 

organic materials at the heart of these 

devices. To minimize molecular diff usion, 

the protective fi lms are constructed by 

stacking alternating layers of ultrathin 

inorganic (oxide) and organic fi lms. Th is 

approach lengthens the diff usion path for 

invading molecules, but does not block the 

path completely.

Researchers at A*STAR’s Institute 

of Materials Research and Engineering 

(IMRE), led by Senthil Ramadas 

who is now chief technology offi  cer of 

Tera-Barrier Films, took a diff erent and 

innovative approach. Instead of stacking 

multiple layers to increase the fi lm’s 

resistance to water molecule penetration, 

the researchers ‘plugged’ the defects in the 

barrier oxide layer with nanoparticles. Not 

only did they succeed in increasing the 

barrier property by more than 1,000 times, 

surpassing application requirements, they 

also reduced the number of layers required 

to just two—a considerable improvement 

in manufacturing and material effi  ciency. 

Th e new nano-engineered fi lm has a barrier 

property of better than 10–6 g/m2/day of 

water vapor at 90% relative humidity and 

39 °C. Th e barrier stack consists of oxide 

layers and nanoparticulate layers that both 

seal the defects in the fi lm and react with 

moisture and oxygen.

Such are the prospects for this technol-

ogy that Applied Materials, a global leader 

in nano-manufacturing technology, has 

made a major strategic investment in Tera-

Barrier Films through its venture capital 

arm Applied Ventures. “We are pleased 

that our investment in Tera-Barrier will be 

used to support the commercialization of 

this breakthrough technology to enable a 

new generation of advanced devices,” said 

J. Christopher Moran, vice president of 

Applied Ventures, in a media release on 25 

August, 2009.

Th e performance of the ultrahigh barrier 

fi lm technology has been validated by solar 

cell and fl exible display manufacturers. 

“Tera-Barrier Films is in the process of 

securing product qualifi cation and sample 

orders and has strong subcontract part-

nerships in place for scalable production 

of high performance barrier fi lms,” says 

Mark Auch, who has been working on 

commercialization of this technology and 

who now acts as chief executive offi  cer of 

Tera-Barrier Films. “Th e company main-

tains a growing portfolio of 29 patents in 

transparent gas barrier technology, encap-

sulation and gas permeation measurement 

systems, and works closely with fl exible 

solar cell, printed electronics and display 

manufacturers to develop total barrier solu-

tions for these applications,” says Ramadas, 

“the technology, know-how and patent 

portfolio generated from IMRE/A*STAR 

will provide Tera-Barrier Films with a 

competitive edge and enable us to off er a 

total barrier solution to customers.”  ■

Advanced protection 
for plastic electronics
Flexible electronic devices are now even more likely 

thanks to a major new investment in Tera-Barrier 

Films' revolutionary protective technology

Conventional protective films (top) slow the 

diffusion of oxygen and water molecules by 

lengthening the diffusion path. In the IMRE’s 

new ultrahigh barrier film, defects in the film 

are plugged with nanoparticles to more effec-

tively block molecular diffusion.

Pinhole/defect
H

2
O molecules

Trapped H
2
O 

molecules

Sealed defects

Tortuous 
diffusion path

Organic interlayer
Inorganic barrier oxide

Inorganic barrier oxide

Plastic substrate

Plastic substrate

Nanoparticle 
sealing layer

About Tera-Barrier Films

Tera-Barrier Films Pte. Ltd was 

jointly founded by Senthil Ramadas 

and Mark Auch with the support of 

Exploit Technologies, the strategic 

marketing and commercialization 

arm of A*STAR. Tera-Barrier Films is 

a spin-off  company from A*STAR’s 

Institute of Materials Research and 

Engineering.

About Applied Ventures

Applied Ventures LLC invests in 

early stage technology companies 

with high growth potential that 

complement core expertise in nano-

manufacturing technology.
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A*STAR Computational Resource Centre (A*CRC) 

Bioinformatics Institute (BII) 

Bioprocessing Technology Institute (BTI) 

Data Storage Institute (DSI) 

Experimental Power Grid Centre (EPGC)

Experimental Therapeutics Centre (ETC) 

Genome Institute of Singapore (GIS) 

Institute for Infocomm Research (I2R) 

Institute of Bioengineering and Nanotechnology (IBN) 

Institute of Chemical & Engineering Sciences (ICES) 

Institute of High Performance Computing (IHPC) 

Institute of Materials Research and Engineering (IMRE) 

Institute of Medical Biology (IMB) 

Institute of Microelectronics (IME) 

Institute of Molecular and Cell Biology (IMCB) 

National Metrology Centre (NMC) 

SERC Nanofabrication and Characterisation Facility (SNFC) 

Singapore Bioimaging Consortium (SBIC) 

Singapore Cancer Syndicate (SCS) 

Singapore Consortium of Cohort Studies (SCCS) 

Singapore Immunology Network (SIgN) 

Singapore Institute for Clinical Sciences (SICS) 

Singapore Institute of Manufacturing Technology (SIMTech) 

Singapore Stem Cell Consortium (SSCC)

The Chemical Synthesis Laboratory (CSL)

The Agency for Science, Technology and Research (A*STAR) is Singapore’s lead government agency dedicated to 

fostering world-class scientifi c research and talent for a vibrant knowledge-based economy.

A*STAR actively nurtures public sector research and development in Biomedical Sciences, and Physical Sciences 

& Engineering, and spurs growth in Singapore's key economic clusters by providing human, intellectual and 

industrial capital to our partners in industry and the healthcare sector.

A*STAR currently oversees the following research institutes, consortia and centres and supports extramural 

research with the universities, hospital research centres, and other local and international partners.

  




