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EDITORIAL 
NOTES

n 1976, the world’s then-
fastest supercomputer, 
the Cray-1, came online 
with a capacity for 160 
million calculations 
per second. Through  

Cray-1, researchers held a new degree 
of power to simulate weather patterns, 
the aerodynamics of flight, and other 
complex systems in our natural world.

Almost 40 years later in Singapore,  
a band of computer science institutes 
and national bodies would unite 
to bring online the ASPIRE 1, the 
country’s first petascale supercomputer. 
Offering the computing power of a 
trillion Cray-1 machines, it would aid 
researchers from A*STAR and beyond 
to tackle the new century’s scientific 
challenges, from a changing climate to  
a global pandemic.

In our cover story, ‘The petascale 
push (p. 08)’, A*STAR Research reviews 
the National Supercomputing Centre 
Singapore’s mission to democratise the 
power of supercomputing in the nation’s 
R&D community, pivotal research 
collaborations in its seven-year history, 

and its future directions as a 
national platform.

A special double feature 
this issue highlights the 10 
A*STAR research leaders and 
young talents whose future 
work will  be supported 
by the National Research 
Foundation Singapore (NRF) 
2023 Investigatorship and 
Fellowship awards. For more 
on the NRF’s class of 2023, 
turn to ‘In support of the 
groundbreakers (p. 18)’.

At A*STAR’s research 
institutes, new discoveries continue to emerge 
in medicine, manufacturing and other fields. 
Impactful work highlighted in this issue ranges 
from innovative solutions for chronic wounds 
in ‘Fluffy scaffolds boost healing (p. 16)’, to 
the dynamics of 3D laser processing flaws in 
‘Diving into pools of laser-melted metals (p. 34)’.

For more of the latest developments 
from A*STAR researchers, visit our website 
at research.a-star.edu.sg. You can also stay 
up to date by following us on Twitter at  
@astar_research, LinkedIn at A*STAR 
Research and Telegram at A*STAR Research.

I

On the cover
A network of supercomputers 
forms both a digital reflection of 
and a foundation for the world’s 
future cities.

For the latest on A*STAR’s COVID-19 research, please scan the QR code or visit:  
https://research.a-star.edu.sg/tag/covid-19/
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COVID-19 vaccines deliver a message 
to the body’s immune system: “If you 
see this virus in the future, destroy it.” 
Intricate details about the virus, such as its 
molecular structure, are then locked away 
in an immune database via memory B cells. 
In the case of breakthrough infections, 
however, it seems that the immune system 
forgets these details.

“Vaccine breakthrough infections are 
very common right now, because variants 
such as XBB1.5 and BQ1.1 have acquired 
the ability to evade immune responses,” 
noted Lisa Ng, Executive Director of the 
A*STAR Infectious Diseases Labs (ID Labs), 
referring to variant strains of SARS-CoV-2 
that seem to be on the rise. 

Questions about how exactly variants 
are penetrating vaccine-initiated immune 
defences have lingered, prompting 
Ng and colleagues to investigate.  
In their study, the team recruited 55 
vaccine breakthrough patients in Singapore 
alongside 86 of their vaccinated close 
contacts who didn’t get infected. The Delta 
variant was responsible for most of the 
cases in the study. 

Breakthrough 
infections  
from a  
memory lapse

IMMUNOLOGY

Vaccinated people 
affected by COVID-19 
variants have different 
memory B cell responses 
from their close contacts 
who remain healthy.

COVID-19
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“The contact tracing 
efforts allowed us to 
very rapidly identify 
individuals with 
COVID-19 and collect 
samples at extremely 
early time points 
during infection.”

The researchers analysed blood 
samples from the participants in search 
of differences in the dynamics of their 
memory B cells—immune cells that  
self-replicate and churn out antibodies in 
response to viral attacks. 

Interestingly, plasma antibody levels 
were similar in both the breakthrough group 
and their close contacts. “Plasma antibodies 
refer to all antibodies found in the blood, 
and these antibodies primarily come from 
B cells that reside in the bone marrow and 
specialise in secreting antibodies,” said Ng. 

Both groups also showed similar lower 
levels of inflammatory cytokines, such as 
interleukin-1β and TNF, versus those seen 
in unvaccinated people with COVID-19; 
a sign that even in breakthrough cases, 
vaccines may provide some protection 
against severe disease.

However, a closer look revealed a subtle 
difference between vaccine recipients with 
breakthrough infections and those who 
stayed healthy: their immune systems had 
fewer memory B cells specific to SARS-
CoV-2’s receptor binding domain (RBD). 

This implied that in breakthrough 
cases, memory B cells had, in effect, 

1.   Tay, M.Z., Rouers, A., Fong, S.-W., Goh, Y.S., Chan, 
Y.-H., et al. Decreased memory B cell frequencies 
in COVID-19 delta variant vaccine breakthrough 
infection. EMBO Molecular Medicine 14, e15227 (2022).

Researchers
Laurent Renia and Lisa Ng,  
ID Labs

IN BRIEF
Memory B cells which ‘forget’ how to produce antibodies 
aimed at SARS-CoV-2’s receptor-binding domain may be 
linked to breakthrough infections by viral variants.

‘forgotten’ an optimal defense against 
COVID-19 reinfection: how to produce 
neutralising antibodies designed to target 
the RBD. These critical findings could 
influence the design of future vaccines 
that activate stronger memory B cell 
responses, Ng suggested.

The success of this study would not 
have been possible without Singapore’s 
contact tracing efforts, Ng said. “[Those] 
efforts allowed us to very rapidly identify 
individuals with COVID-19 and collect 

samples at extremely early time points 
during infection.” 

The team is currently investigating 
whether a similar phenomenon in memory 
B cells could be behind breakthrough 
infections by highly immune evasive 
variants such as XBB1.5 in those who have 
received the bivalent vaccine booster. 

A heat map of selected plasma immune mediator levels in different groups shows that the expression of some inflammatory cytokines, including IL-1β and TNF, was lower in 
vaccine breakthrough infections than primary infections of similar disease severity, underscoring the role of vaccination in preventing inflammation.
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mRNA boosters: 
our best bet against 
Omicron?

The SARS-CoV-2 Omicron variant burst 
onto the world stage in late 2021 before 
completely changing the trajectory  
of the pandemic. Spreading faster than  
its predecessor, the Delta variant, 
Omicron triggered a surge in case 
numbers and hospitalisations even  
among the vaccinated. In response, 
public health authorities quickly initiated 
vaccine booster rollouts to protect 
vulnerable communities.

Overall, vaccination regimens varied 
widely around the world—some countries 
opted for mRNA-based prime and booster 
vaccines, while others offered vaccines 
made from inactivated SARS-CoV-2, 
such as Sinovac’s CoronaVac. However, 
the relative levels of immune protection 
created by these two vaccine types—and 
prime-booster combinations of both—
remained unknown. 

Shengli Xu, a Principal Investigator 
at A*STAR’s Singapore Immunology 
Network (SIgN), said that Singapore was 
uniquely positioned to provide answers to 
this black box as one of the first countries 
to make both mRNA and inactivated virus 
vaccines available.

“We had the advantage of studying 
the immune response in a single ethnic 

MOLECULAR BIOLOGY

group (Singaporean Chinese) upon 
immunisation with different vaccines,” 
explained Xu.

In collaboration with Genscript, 
Doctors for Life Medical and Miltenyi 
Biotec, Xu and colleagues studied antibody 
responses against Omicron in 66 healthy 
participants who had received different 
combinations of COVID-19 prime 
and booster vaccinations. According  
to Xu, measuring levels of neutralising 
antibodies (or those that prevent the 
coronavirus from infecting human 
cells) is a good proxy for protection  
against COVID-19. 

The researchers found that, regardless of 
the prime vaccine involved, past recipients 
of mRNA-based boosters had at least  
17 times the levels of antibodies targeting 
Omicron’s spike (S) protein versus those 
with inactivated virus boosters—a sign of 
stronger protection against the variant.

These results suggest that mRNA-
based boosters  may have better  
life-saving potential against COVID-19 
than inactivated virus vaccines.

One possible explanation for these 
findings is the difference in target 
specificity offered by these vaccines.  
“We hypothesised that the mRNA vaccine 

Booster shots with COVID-19 mRNA outperformed 
inactivated virus by eliciting stronger antibody 
responses to the Omicron variant.

could induce a more diverse antibody 
repertoire to target different S protein 
variants, including Omicron,” Xu said. 

In upcoming studies, the team plans 
to investigate the correlation between 
vaccine regimen and S protein-specific 
antibody repertoires in more detail to 
provide insights that may support future 
public health policies. 

Photo credit: M
ike M

areen / Shutterstock

1.   Zhang, B., Huo, J., Huang, Y., Teo, S.Y., Duan, K., et 
al. mRNA Booster Vaccination Enhances Antibody 
Responses against SARS-CoV2 Omicron Variant in 
Individuals Primed with mRNA or Inactivated Virus 
Vaccines. Vaccines 10, 1057 (2022). 

Researchers
Shengli Xu, Kong-Peng Lam  
and Biyan Zhang,
SIgN

IN BRIEF
Recipients of mRNA-based booster shots had higher levels 
of neutralising IgG antibodies targeting the receptor-binding 
domain of SARS-CoV-2, offering enhanced protection 
against infections.
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Most adults would struggle if presented  
with an exam paper from their secondary 
school days. Formulas and facts they once 
quickly recalled in teenage years have 
likely become faded memories.

It’s the same with vaccines, which  
can be thought of as ‘lessons’ for the 
immune system. Over time, a booster  
is needed to remind the body how to 
defend itself from viruses, especially 
when new information (in the form of 
variants) arises. 

Protection derived from COVID-19 
vaccines typically wanes around six months 
after the initial shot. Some studies suggest 
that those inoculated with a different 
booster from their first dose—known as 
a heterologous vaccination—may develop 
better antibody responses than those 
who received the same vaccine type as  
a follow-up shot.

Antibodies are just one part of the 
immune system’s arsenal against viruses. 
“Immune responses are very complex 
and work as a big network,” explained 
Angeline Rouers, a Senior Research Fellow 
at the A*STAR Infectious Diseases Labs  
(ID Labs), who was interested in how 
boosters prime the cellular component of the  
immune system.

To answer this question, Rouers and 
colleagues worked with teams from A*STAR’s 
Singapore Immunology Network (SIgN); 
the National University of Singapore; the 
National Centre for Infectious Diseases, 
Singapore; Tan Tock Seng Hospital; and 
Nanyang Technological University to enlist  
79 patients who had received a Moderna  
booster following two doses of the  
Pfizer-BioNTech (BNT162b2) vaccine. 

The participants’ immune responses 
(including antibody levels and memory  
B cell and T cell responses) were measured 
immediately, 7 days and 28 days after 
vaccination. These were compared against 
responses seen in those who had received 
three consecutive BNT162b2 shots.

Results from the team’s experiments 
lined up with previous reports that showed 
an uptick in neutralising antibody levels 
following heterologous vaccinations. Using 
a specialised assay called B cell ELISpot,  
the researchers explored the immune 
response more deeply and found that 
regardless of the regimen, booster shots 
also triggered an increase in memory B cells 
after 28 days. 

According to Rouers, memory B cells 
work like antibody factories in case of  
re-exposure and can indicate a person’s level 

An analysis of cellular immune responses reveals that 
mixing COVID-19 vaccines and boosters may offer 
enhanced protection for at-risk populations.

of immune protection. “Memory B cells are 
responsible for antibody production when 
the immune system is recalled,” said Rouers. 
“It is crucial to assess their presence and 
number to estimate the longevity of the 
immune response.”

Notably, compared to homologous 
vaccinations, heterologous ones led 
to significantly stronger memory B cell 
responses in adults aged over 60 years 
roughly one month after their third dose. 
This finding suggests that for senior 
citizens—a group often at higher risk of 
severe disease or death from COVID-19—
heterologous vaccinations might be an 
advisable public health recommendation.

“These data will be helpful to guide 
policymaking and assist healthcare workers 
in deciding how to best immunise the 
vulnerable population,” Rouers added.

The team is expanding this work 
by testing different combinations of 
heterologous vaccinations as part of their 
mission to elucidate immune dynamics 
following COVID-19 boosters. 

Mixing boosters 
strengthens vaccine 
protection

IMMUNOLOGY

1.   Rouers, A., Wong, N., Goh, Y.S., Torres-Ruesta, A., Tay, 
M.Z., et al. Efficient recall of SARS-CoV-2 variant-
reactive B cells and T responses in the elderly upon 
heterologous mRNA vaccines as boosters. Journal of 
Medical Virology 95, e28258 (2022).

Researchers
Angeline Rouers, Laurent Renia  
and Lisa Ng, 
ID Labs

IN BRIEF
Heterologous vaccinations trigger strong memory B cell 
responses in adults aged 60 years and above after receiving 
a booster shot.
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THE  
PETASCALE 
PUSH
To tackle the monumental challenges of the 
21st century, the National Supercomputing 
Centre (NSCC) Singapore brings cutting-edge 
supercomputing resources to researchers across 
A*STAR and beyond.

n a climate-controlled facility on the 
17th floor of the Fusionopolis building, 
dozens of sleek steel cabinets stand tall 
in parallel rows. Each one is packed with 
computing nodes, working in concert 
through a densely interconnected  

high-speed network to make a quadrillion calculations 
per second. In a day, they might reveal the hidden folds 
of a cellular protein; model the shadows of a city district’s 
trees; test new algorithms of artificial intelligence (AI); or 
uncover candidates for next- generation industrial materials.

Collectively, this cluster of highly connected computers 
forms the ASPIRE 1—Singapore’s first national petascale 
supercomputer. For Tin Wee Tan, Chief Executive of the 
National Supercomputing Centre (NSCC) Singapore,  

I

the high-performance computing (HPC) capabilities provided 
by machines like the ASPIRE 1 and its successors are not only 
the beating heart of cutting-edge research, but a glimpse of 
the nation’s technological future.

“Just as the power of supercomputers decades ago can 
now be found in handheld personal devices, supercomputers 
of today foreshadow what those devices will be capable of 
a decade or two from now,” said Tan.

Since 2015, NSCC—a national initiative managed by  
A*STAR—has served as a platform for universities, 
government agencies and industries looking to harness 
HPC in their efforts to tackle 21st-century challenges. These 
range from the geographical impacts of climate change to 
the management and evolution of the COVID-19 pandemic.

“Using our platform, researchers are identifying ways 
to better predict ‘what if ’ scenarios as well as monitor,  
as close to real-time as possible, the dangers that might 
impact populations and regions,” said Tan. “Climate 
scientists, epidemiologists, biochemists, aircraft engineers, 
urban developers, materials scientists—wherever there is a 
problem that relies on vast computational power to solve, 
that’s where NSCC comes in to help.”

Cover Story
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TOWARDS SUPERCOMPUTING  
FOR ALL
Supercomputers, and HPC machines in general, are 
defined by the sheer magnitude of computational power 
they provide—often equivalent to thousands of desktop 
computers. While they allow researchers to carry out 
data-intensive tasks far beyond the scope of the average 
consumer product, they are also energy-intensive facilities 
that require dedicated investment, cooling infrastructure 
and technical expertise.

The history of HPC in Singapore goes back decades, 
with the government recognising its strategic value 
since the 1980s. Faced with growing public and private 
demand for more powerful computing resources, several 
universities and organisations with deep roots in HPC—
among them, the National University of Singapore (NUS), 
Nanyang Technological University (NTU) and A*STAR’s 
Institute of High Performance Computing (IHPC)—began 
investing in their own supercomputing facilities.

However, there are steep costs to obtaining and 
maintaining supercomputers even in the terascale range 
(or 1/1000th that of the ASPIRE 1). It became clear that 
combined efforts and shared resources were needed to 
bring a top-of-class supercomputer to life; one with 
enough capacity to cater to Singapore’s strategic goals of 
developing an innovative, digitally driven nation.

In 2015, with support from A*STAR and the National 
Research Foundation (NRF) Singapore, a group consisting 
of IHPC, NUS, NTU and the Singapore University of 
Technology and Design (SUTD) collectively pooled their 
resources to establish NSCC, a shared facility that would 
construct and manage the nation’s most powerful HPC 
resources. A year later, NSCC launched the ASPIRE 1.

NSCC’s goal is to democratise access to cutting-
edge supercomputing, opening up its capabilities to 
the nation’s R&D ecosystem. In other words, it aims to 
make supercomputing a public utility not unlike water 
and electricity.

“NSCC has grown from a supercomputing resource 
identified by its founding key stakeholders into a national 
research infrastructure that serves the HPC needs of all of 
Singapore’s scientists across research entities, government 
agencies, educational institutes and companies,” said 
Peter Ho, Chairman of NSCC’s steering committee since 
its inception.

According to Ho, data on the course of research in 
Singapore shows the demand for HPC will only continue 
to rise. “This is due to the increasing use of tools like 

AI, machine learning, big data, advanced visualisation, 
modelling and simulation across a number of critical areas, 
such as climate change, biomedical science and healthcare, 
genetics, advanced manufacturing and robotics, to name 
a few,” Ho added.

In its early years, NSCC faced challenges such as finding 
HPC talent to bridge the gaps between foundational 
research and computing optimisation; building 
partnerships for ‘hybrid’ supercomputing options for the 
R&D community; and improving HPC’s carbon footprint. 
At the time, Singapore had yet to have a national strategic 
plan for HPC resource development.

“Since 2015, we’ve seeded a whole-of-government 
HPC Taskforce to gain a firmer sense of the whole 
country’s future HPC needs, rather than responding 
on demand,” Ho explained. “We’re also advocating 
for a National HPC Roadmap that covers not only 
infrastructure, but also capability building, education 
and talent development, research enablement and  
carbon sustainability.”

TOOLS AND EXPERTISE 
Today, NSCC’s HPC capacity goes beyond the ASPIRE 1’s 
original 2016 specifications. With processors growing 

“NSCC has grown  
from a supercomputing 
resource identified 
by its founding key 
stakeholders into  
a national research 
infrastructure that 
serves the HPC needs 
of all of Singapore’s 
scientists.”
—  Peter Ho, Chairman of the National Supercomputing Centre 

(NSCC) Singapore Steering Committee, 2016–2022

Cover Story
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more powerful by the year, NSCC has since received 
upgrades in support of key research fields. 

These include the Köppen System, a terascale 
supercomputer designed for climate and environment 
research through advanced modelling, simulation 
and weather pattern analysis. Another module, the  
AI Platform@NSCC, added six deep learning 
supercomputers to help train larger, more sophisticated 
neural networks for next-generation AI applications.

In late 2022, NSCC announced an early call for 
projects on Singapore’s newest flagship supercomputer: 
the ASPIRE 2A. A petascale system with eight times the 
computing power of its predecessor, the ASPIRE 2A was 
included in November 2022’s TOP500 list of the world’s 
fastest supercomputers, with its GPU and CPU portions 
ranking 167th and 275th, respectively.

However, NSCC’s work goes beyond being caretakers 
of cutting-edge computers. Tan, who also serves as 
NSCC’s Interim Technical Director, describes his team 
as enablers and infrastructure providers.

“We build researchers the information highways they 
need,” he explained. “We make sure that their code is 
optimised for their algorithms, that their computations 
are adequately powered and on time, and that their data is 
stored securely. Where our own facilities are insufficient, 
we help connect them to others that meet their needs.”

Frequent NSCC collaborators include A*STAR research 
institutes such as the IHPC, the Genome Institute of 
Singapore (GIS) and the Bioinformatics Institute (BII), 

which harness HPC for projects ranging from constructing 
a national genomics database to mapping out prevalent 
regional SARS-CoV-2 strains. Public agencies such as 
the Centre for Climate Research Singapore (CCRS) also 
work on NSCC’s research infrastructure for large-scale 
climate modelling.

NSCC’s offerings are themselves supported by close 
partnerships with other organisations. Working with the 
A*STAR Computational Resource Centre (A*CRC) and 
the Singapore Advanced Research and Education Network 
(SingAREN), NSCC supercomputers are linked to research 
institutes both locally and abroad through high-speed 
networks. These connections carry up to 100 gigabits 
of data per second across continents, allowing NSCC to 
plug into a global network of data and compute resources.

In turn, NSCC helps researchers tap into the 
capabilities of other national HPC centres. One such 
agreement with Japan’s Research Organisation for 
Information Science and Technology (RIST) allows 
NSCC to connect researchers in Singapore to Fugaku, 
Asia’s most powerful supercomputer.

NSCC also assists public agencies and private companies 
in developing their HPC capabilities. A recently announced 
agreement with the National University Health System 
(NUHS) will see NSCC developing PRESCIENCE, a new 
petascale national supercomputing resource to serve 
Singapore’s healthcare research needs. PRESCIENCE will 
be used to train AI models that help clinicians predict 
patient health trajectories and improve quality of care. 

11Issue 33 | January – February 2023
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KEY COLLABORATIONS 

        Smarter cities and industries

Since NSCC’s inception, it has powered impactful work 
by A*STAR researchers and partners. A close collaborator 
remains the IHPC, which harnesses simulation, AI and 
computational modelling to tackle scientific, industrial 
and societal challenges.

“In today’s research environment, data is a key 
currency,” said Michael Sullivan, IHPC Advisor in Material 
Science and Chemistry. “Having NSCC’s national-scale 
resources to generate data helps us maintain Singapore’s 
research excellence. We also work closely with industry 
partners to bring modelling and simulation to their 
R&D, helping them stay competitive global innovators.”

IHPC projects have focused on Singapore’s urban 
planning and infrastructure, working with other A*STAR 
institutes like the Institute for Infocomm Research (I2R); 
public agencies like the Housing Development Board 
(HDB); and private companies like Surbana Jurong.

One such project is the Integrated Environment 
Modeller (IEM), a nationwide 3D urban microclimate 
simulation. Completed on the ASPIRE 1, the IEM has 
helped build Virtual Singapore, a dynamic ‘digital twin’ 
city model and shared data platform under the NRF, 
Singapore Land Authority (SLA) and the Government 
Technology Agency of Singapore (GovTech).

Another IHPC-NSCC project, the Accelerated Catalyst 
Development Platform, aims to speed up the search for 
new catalysts for more sustainable industrial operations.

“We aim to shorten the most time-consuming step 
in catalyst development fivefold,” Sullivan shared.  
“With HPC, we’re using high-throughput modelling and 
AI model training to find new catalysts. Many are used 
in carbon conversion and hydrogen generation; they’re 
tied to our low-carbon future.”

        Drawing out health insights 

A goal of modern medicine is to optimise healthcare to 
each patient’s needs. In Singapore, this led to the launch 
of the National Precision Medicine (NPM) programme. 
The NPM’s first phase created SG10K_Health, a database 
of 10,000 Singaporean genomes to build the Singapore 
Reference Genome. 

Assembled via a multi-institutional effort with 10,000 
healthy local volunteers, SG10K_Health is the largest 
Asian whole-genome database to date, with its pilot 

phase uncovering over 170 million genetic variants. 
SG10K_Health was aided by NSCC computing, storage 
and networking resources, with direct high-speed links 
between GIS’s sequencing farms and NSCC’s data centre.

“The ASPIRE 1 enabled us to process the thousands 
of SG10K_Health genomes in a high-throughput 
manner and to deliver a high-quality final database on 
schedule,” said Patrick Tan, GIS Executive Director and  
SG10K_Health lead investigator.

Efforts against COVID-19 also saw NSCC support. 
Using its resources, IHPC and A*STAR’s Institute of 
Materials Research and Engineering (IMRE) visualised and 
quantified the dynamics of aerial COVID-19 transmission 
in local environments, providing data to inform national 
preventive measures. 

The NSCC also aided data workflow processing by 
BII and the Global Initiative on Sharing All Influenza 
Data (GISAID) as they developed the world’s largest 
crowdsourced, public database of SARS-CoV-2 virus 
sequences: a vital tool for researchers worldwide in the 
ongoing pandemic.

        Safer ships for changing seas

With a changing climate comes more uncertain maritime 
conditions. The Technology Centre for Offshore and 
Marine, Singapore (TCOMS) is a national R&D centre 
supporting the transformation of oceanic sectors, such as 
maritime, marine and offshore engineering; and national 
priorities in maritime security and coastal adaptation.

At TCOMS, experts from various sectors work 
together to co-create, stress test and validate novel 
concepts for future oceanic solutions. NSCC’s petascale 
supercomputers support their efforts by enabling  
high-fidelity computational fluid dynamics (CFD) 
simulations. These shed light on how oceanic systems 
and assets—such as cargo ships—respond to challenging 
environments and extreme weather.

“CFD simulations typically generate millions of 
cells to accurately model flow behaviours. With NSCC 
support, TCOMS researchers have access to thousands 
of computing cores which can reduce simulation times 
more than tenfold,” said Haihua Xu, a TCOMS Scientist. 
“High-speed network connectivity between NSCC and 
TCOMS also lets our researchers perform pre-processing, 
meshing and post-processing work on the NSCC cluster 
to boost productivity.” 

1
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KEEPING A STEP AHEAD
As NSCC enters its eighth year, the torch lit by Ho as its 
inaugural Chairman since 2016 will be passed to Gim Pew 
Quek as NSCC Steering Committee Chairman-Designate. 

“Under Peter Ho’s leadership, NSCC established HPC 
as an indispensable tool within our country’s Research, 
Innovation and Enterprise (RIE) community,” said Quek. 
“HPC is a tremendous enabler for scientists and engineers 
worldwide; especially in Singapore, given our limited 
manpower. Our primary responsibility is to build on this 
strong foundation and strengthen the value we add for 
our partners.”

That progressive work includes upgrades to NSCC’s 
supercomputing resources, with successors to the  
ASPIRE 1 already in the pipeline. 

“The ASPIRE 1 was a trusted workhorse that 
helped accelerate research and strengthen industry 
competitiveness. As of late 2022, the ASPIRE 2A is on 
track to enhance our computing resources significantly, 
and we have begun the groundwork for the ASPIRE 3,” 
Quek shared. 

NSCC Chief Executive Tin Wee Tan added that to 
keep pace with the R&D community’s needs, NSCC is 
working with other national platforms to prepare for  
quantum-ready data centres while continuing to enhance 
its green data centre initiatives. The team also plans 
to acquire a scalable HPC cluster tailored to support  
AI-based research.

Beyond the machines, both Ho and Quek emphasise 
the importance of understanding what industries and 
researchers need and working with educational institutions 
to develop Singapore’s HPC talent pipeline.

“We need to ensure NSCC is adequately resourced, 
engage RIE domain leaders to synergise planning 
and execution, and build more collaborations with 
supercomputing centres worldwide,” said Quek. “I would 
also like to see NSCC expand HPC’s accessibility, especially 
to those who have not yet considered HPC due to cost  
or ease of use.”

Moving forward, Quek’s vision is for NSCC to be  
a national strategic resource for Singapore’s economy and 
people while also aiding international efforts to tackle 
global challenges. “We look forward to NSCC being an 
integral scientific resource leveraged by all of Singapore’s 
researchers in their pursuit of world-class research,” 
added Ho. 

        Breaking ground for the quantum era

For computer scientists, quantum computers are the key to 
solving certain mathematical problems beyond the scope 
of classical machines. Worldwide, research is ongoing to 
develop a real-world quantum computer that can achieve 
that benchmark for practical applications.

To build Singapore’s quantum ecosystem, the 
National Quantum Computing Hub (NQCH) unites 
expertise and resources from NSCC, IHPC and the  
NUS-hosted Centre for Quantum Technologies (CQT). 
There, CQT and IHPC researchers develop quantum 
computing hardware and software, exploring their 
applications with industry partners. 

In turn, NSCC supercomputing power helps simulate 
quantum computers, letting researchers train algorithms 
for future use in real machines. NSCC will also house  
a real-life quantum computer, enabling new avenues of 
research that split complex calculations across classical 
and quantum systems, harnessing their strengths.

“While practical quantum computers remain small 
and noisy, simulations are a powerful tool to develop 
new software and methods. NSCC will be well-prepared 
to become an early adopter of on-premise quantum 
computing when we have the hardware ready,” said 
José Ignacio Latorre, CQT Director and NCQH Lead 
Principal Investigator.

“As of late 2022, the 
ASPIRE 2A is on track to 
enhance our computing 
resources significantly, 
and we have begun the 
groundwork for the 
ASPIRE 3.” 
—  Gim Pew Quek, Chairman-Designate of the National Supercomputing 

Centre (NSCC) Singapore
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an enzyme released by tumour-killing 
immune cells, as a way of measuring their 
activity in the liver. Since granzyme B is only 
produced by living cells that are actively 
killing tumours, its presence could be 
a positive predictor of ICI response. 

Through non-invasive positron emission 
tomography (PET) imaging, the researchers 
found that in ICI-treated mice with HCC, 
the radiolabelled peptides—and therefore, 
granzyme B—visibly built up in tumours 
that were heavily infiltrated with immune 
cells such as natural killer (NK) cells. Mice 
with higher granzyme B activity also showed 
better responses to ICI treatment, which 
triggered an influx of tumour-suppressing 
immune cell activity.

According to Goggi, the study’s results 
point to granzyme B as a promising target 
for diagnostic tools to stratify ICI responses 
in patients with HCC. Radiolabelled markers 
aimed at granzyme B could be also useful 
for other types of tumours that, like HCC, 
involve immune-suppressed environments.

“New, improved versions of our granzyme 
B peptide-based radiopharmaceutical have 
been discovered and are being developed for 
first-in-human clinical trials in Singapore,” 
said Goggi, adding that an invention 
disclosure has been filed for their work. 
The team is continuing to explore how the 
biomarker could be used to improve care 
for those living with HCC. 

Radioactive molecules 
predict liver cancer 
outcomes

ONCOLOGY

Imaging experts discover a non-invasive method to 
identify which patients with liver cancer are most likely 
to respond to immunotherapy.
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Over several decades, we’ve taken 
huge strides in the race to beat cancer. 
Among recent scientific triumphs are 
immunotherapies—drugs that boost the 
body’s immune system, unleashing its 
power to fight tumours. 

Still, for many patients with cancer, it’s 
a roll of the dice whether such treatments 
actually work. Of those with hepatocellular 
carcinoma (HCC)—the commonest form 
of liver cancer—only some respond well 
to immune checkpoint inhibitors (ICI),  
a type of immunotherapy that keeps 
tumour-killing immune cells from ‘turning 
off’ too early when fighting cancers.

Researchers still don’t know why people 
respond differently to ICIs. However, if 
clinicians had a tool that could at least 
predict those responses, it could significantly 
improve outcomes in this vulnerable 
population, said Julian Goggi, a Principal 
Investigator at A*STAR’s Institute of 
Bioengineering and Bioimaging (IBB).

“Accurately stratifying patients by their 
response to ICI treatment is especially 
important in HCC, where many have 
existing chronic viral liver infections or 
scarring,” explained Goggi.

If clinicians can tell early that a patient 
isn’t responding to an ICI, they can 
quickly move on and try other treatments. 
Unfortunately, many biomarkers that do 

help predict ICI response in other cancer 
types—such as microsatellite instability 
(MSI) and tumour mutational burden 
(TMB)—don’t work as well for HCC, which 
suppresses the immune system in a way that 
interferes with those indicators.

Goggi, who leads the Isotopic Molecular 
Imaging Laboratory (IMIL), hypothesised 
that radioactive molecules could help 
provide an unprecedented look at tumour 
dynamics in HCC patients. Previous studies 
had shown immune cells boosted by ICIs 
often release unique enzymes; if these could 
be ‘tagged’ with radioactive molecules, they 
might allow clinicians to ‘see’ if ICIs were 
successfully working in a patient.

Working with researchers from the 
National University of Singapore, Goggi 
and the IBB team developed a radiolabelled 
peptide that would attach to granzyme B, 

“Accurately stratifying 
patients by their response 
to immune checkpoint 
inhibitor treatment is 
especially important 
in hepatocellular 
carcinoma.”

1.   Goggi, J.L., Ramasamy, B., Tan, Y.X., Hartimath, 
S.V., Tang, J.R., et al. Granzyme B PET Imaging 
Stratifies Immune Checkpoint Inhibitor Response 
in Hepatocellular Carcinoma. Molecular Imaging, 
9305277 (2021).

Researcher
Julian Goggi,
IBB

IN BRIEF
Using radiolabelled biomarkers, researchers showed that 
granzyme B is a promising predictor of immunotherapy 
response in patients with liver cancer.
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We all know how hackers deploy malware, 
or malicious software, to gain unauthorised 
access to a victim’s computer system and 
cause disruption or damage. Fascinatingly, 
cybercriminals aren’t the only ones that 
make use of this technique: some bacteria 
employ a similar hacking approach during 
an infection. 

Fo r  e x a m p l e ,  My c o b a c t e r i u m 
tuberculosis, the bacteria that causes 
tuberculosis (TB), sidesteps a host’s 
immune system by accessing and meddling 
with genes in their immune cells, much 
like microscopic malware. The bacteria’s 
evasive tactics made it the 13th leading 
cause of death worldwide in 2021, and the 
second highest cause of death by infectious 
disease in the same year, superseded only 
by COVID-19.

“For many years, we have been working 
on understanding the host-pathogen 
interaction of TB to decipher its immune 
evasive mechanisms,” said Amit Singhal,  
a Senior Principal Investigator at the A*STAR 
Infectious Diseases Labs (ID Labs). 

Singhal and colleagues suspected that 
the TB-causing bacteria’s modus operandi 
may lie in a chemical modification of host 
cell DNA: specifically, a biochemical process 
known as histone acetylation that unravels 
DNA, making it vulnerable to modifications 
that disrupt proper immune cell function.

Recent breakthrough studies describing 
a new high-throughput genomic approach, 
called a histone acetylome-wide association 
study (HAWAS), offered a way to finally crack 
the code behind TB infections, says Shyam 
Prabhakar, Associate Director at Spatial and 
Single Cell Systems at A*STAR’s Genome 
Institute of Singapore (GIS). Though 
HAWAS was previously used to study 
genomic alterations in Alzheimer’s and heart 
disease, in this study, the team pioneered its 
application in infectious diseases.

The scientists obtained blood samples 
from patients with TB and healthy donors 
based in Singapore. With the help of 
international collaborators, they also 
obtained matching samples from a South 
African cohort. They then looked for 

Using a new genome analysis technology, scientists 
discover never-before-seen immune responses in 
tuberculosis infections.

signature changes in histone acetylation 
in TB-positive samples across all groups 
using HAWAS.

In their study published in Nature 
Microbiology, the team described changes 
to over 2,000 immune cell genes resulting 
from M. tuberculosis infections. Of these, 
one stood out: a gene called KCNJ15 that 
encodes for a channel that lets potassium 
in and out of immune cells. M. tuberculosis 
infection seemed to significantly elevate 
levels of histone acetylation in KCNJ15. 

Singhal said the discovery, which to 
his knowledge has not previously been 
reported, spotlights KCNJ15 as a protective 
shield that is deployed in TB disease.  
“It regulates the levels of potassium 
inside the immune cell, which then 
causes the cell to commit suicide through 
a process called apoptosis,” Singhal 
explained. “This reduces the ability of  
M. tuberculosis to reproduce inside the cell.” 

The good news is KCNJ15  is a 
potentially druggable target. “We 
envision developing drugs targeting 
these potassium modulators to add to 
the antibiotics we currently use against 
infectious diseases,” Singhal concluded, 
adding that such strategies to combat 
antibiotic resistance are urgently needed 
to reduce TB’s impact on global mortality. 

Genetic tool unveils TB 
bacteria’s ‘malware’

MICROBIOLOGY

1.   Del Rosario, R.C.H., Poschmann, J., Lim, C., Cheng, 
C.Y., Kumar, P., et al. Histone acetylome-wide 
associations in immune cells from individuals with 
active Mycobacterium tuberculosis infection. Nature 
Microbiology 7 (2), 312-326 (2022). 

Researchers
Amit Singhal, lD Labs 
and Shyam Prabhakar, GIS

IN BRIEF
Histone acetylome-wide association studies (HAWAS) 
in Singaporean and South African patients showed 
tuberculosis alters thousands of immune system-related 
genes, including key defenses such as KCNJ15.
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Fluffy scaffolds  
boost healing
Electrospun scaffolds mirror the structural architecture 
of the skin’s dermis, creating a foundation to promote 
healing in chronic wounds.

BIOENGINEERING

Remember those childhood memories 
of diving face first into pillowy clouds of 
cotton candy? The spun sugar confection 
is made by spinning heated sugar in  
a rotating vessel, with the centrifugal 
force creating fine, interwoven threads of  
sweet goodness.

A biomedical engineering technique called 
wet electrospinning uses a similar concept.  

Jets of polymer solutions are extruded 
from a spinneret and deposited on a liquid 
bath that serves as a collector, forming 
three-dimensional, sponge-like matrices 
that mimic anatomical structures such as 
the dermal layer of the skin.

Jiah Shin Chin, a Research Fellow 
at the A*STAR Skin Research Labs 
(A*SRL), said that electrospun scaffolds 

offer hope to the millions worldwide 
l iving with chronic,  non-healing 
wounds. Chin’s team has been devising 
different electrospinning techniques for  
next-generation skin scaffolds for use as 
chronic wound dressings.

“We wanted to create a topography 
that helps coax fibroblasts and endothelial 
cells to enter and populate the scaffold,” 
Chin said. “That way, keratinocytes 
can cross over the scaffold to close the 
epidermal barrier and heal wounds.” 
The wet electrospun scaffolds would be  
a step up from conventional dressings and 
scaffolds which, despite their promise, 
cannot fully integrate with human 
skin and facilitate complete healing,  
Chin explained.

In their study, Chin and colleagues 
from the Skin Research Institute of 
Singapore; Nanyang Technological 
University, Singapore; and University 
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“We wanted to 
create a topography 
that helps coax 
fibroblasts and 
endothelial cells to 
enter and populate 
the scaffold.” 
of Auckland, New Zealand explored wet 
electrospinning as a method to generate 
dermal scaffolds. 

The team tested two biocompatible  
base materials: poly(ℰ-caprolactone), or PCL,  
alone or as a mixture of PCL and collagen.  
“[This method] creates a fluffy matrix with  
a cotton-ball texture,” commented Chin.

They tested their scaffolds in a rat 
model of wound healing, looking for the 
migration of epidermal keratinocytes 
and formation of new extracellular 

Schematic of a tissue section showing how scaffolds can fill a wound region and act as an artificial dermal matrix. In doing so, they encourage wound repair by providing 
structural support while functioning as bioactive factors and therapeutic reservoirs. 

matrix within the scaffolds as positive 
markers of healing. Results showed  
a significant amount of new extracellular 
matrix was deposited in the PCL-only 
scaffolds, forming a foundation for  
re-epithelialisation and wound closure. 
Conversely, PCL/collagen scaffolds 
triggered sustained inflammation and 
inhibited healing.

“It’s a bit complicated,” said Chin, adding 
that the lack of structural stability after the 
addition of collagen might be setting off 
an inflammatory response that hindered 
healing. On the other hand, there were clear 
signs of healing in just five days with the 
PCL-only scaffolds, suggesting that applying 
this material as a dermal substitute might 
also benefit patients with chronic wounds.

Ongoing work by the team is focused 
on adapting these scaffolds into localised 
delivery systems for providing additional 
chemical cues to encourage wound 
healing. Such systems are superior to oral 
medications or gels and creams that typically 
have short half-lives and suffer from poor 
patient compliance, said Chin.

Researcher
Jiah Shin Chin, 
A*SRL

1.   Chin, J.S., Madden, L.E., Phillips, A.R.J., Chew, S.Y. and 
Becker, D.L. Bio-Mimicking Acellular Wet Electrospun 
Scaffolds Promote Accelerated Integration and Re-
Epithelialization of Full-Thickness Dermal Wounds. 
Bioengineering 9, 324 (2022). 

IN BRIEF
Wet electrospun poly(ℰ-caprolactone) scaffolds boosted 
extracellular matrix deposition and re-epithelialisation in 
a rat model of wound healing.
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The poor healing caused by PCL/
collagen scaffolds also led to an interesting 
extension of the study: a wound model 
more closely akin to chronic wounds in 
humans than currently available models. 
“We’ve been working with companies to 
validate their therapeutic molecules for 
chronic wounds using this model,” Chin 
shared, adding that the team has filed  
a patent on their technology. 

Human Health and Potential
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In 2023, the National Research Foundation 
Singapore selected 10 A*STAR researchers to 
be a part of its competitive Investigatorship 
and Fellowship grant programmes.

he perfect model organism could 
hold the key to effective liver cancer 
treatments. Old plastic bags and 
bottles could be transformed into 
new materials. Global collaboration 
could pave the way towards 

a unified understanding of the human genome. 
Advancements like these are bold, impactful and led by  
exceptional researchers. 

To support Singapore’s research landscape and the 
scientists behind such significant projects, the National 
Research Foundation Singapore (NRF) launched two 
funding programmes: the NRF Investigatorship (NRFI) 
for leading researchers to conduct groundbreaking,  
high-risk research, and the NRF Fellowship (NRFF) for 
early-career scientists to carry out independent research 
over a five-year period. 

The NRFF is extremely competitive and open to all 
areas of science and technology as well as all nationalities. 
After five years of research, fellows will be offered  
tenure-track faculty positions at partner research 
institutions in Singapore. 

The class of 2023 includes an impressive 10 researchers  
from A*STAR and comprises four investigators and 
six fellows. In this issue of A*STAR Research, we take  
a look at their ongoing journeys to solve the region’s 
greatest problems and position Singapore as a global 
research leader. 

T
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Marco Vignuzzi entered the field of infectious diseases 
in the ‘90s, when labs had just begun exploring vector-
borne viruses, and their greatest concerns were the 
human immunodeficiency virus (HIV) and influenza. By 
the time of COVID-19, Vignuzzi had weathered waves 
of viruses like SARS, dengue, Zika and chikungunya—
building decades’ worth of research in pandemic 
preparedness, prediction and prevention. 

Today, Vignuzzi and his team at the A*STAR 
Infectious Diseases Labs (ID Labs) work to uncover 
how these viruses emerge and adapt to new host species 
in preparation for the next worldwide viral threat.

Vignuzzi is no stranger to global partnerships; 
he considers them crucial for managing worst-case 
scenarios. At the height of the COVID-19 lockdowns, 
Vignuzzi helped bring together research institutes 
across over 30 countries in the Pasteur Network. 

His lab was also a part of the University of California 
San Francisco’s Quantitative Biosciences Institute 
Coronavirus Research Group, the first to begin 
reviewing existing compounds which could impact 
human proteins related to COVID-19 infection—
quickly discovering 69 agents. 

Vignuzzi hopes to involve more researchers from 
Singapore in such collaborations. He highlights the 
country’s unique position, which allows it to pilot new 
policies and research from global networks for the benefit 
of the Southeast Asian region. 

Ribonucleic acid, or RNA, was discovered over six decades 
ago. But there has never been a more exciting time for 
RNA research than now, in an emerging era of advanced 
therapeutics and targeted vaccines. 

Across the globe, researchers are making great strides 
in uncovering the potential applications of these tiny 
information-packed molecules. At the Genome Institute 
of Singapore (GIS), Jay W. Shin and his team work to 
read RNA sequences to reveal a cell’s ‘identity’. 

By harnessing new technologies, Shin and his 
team decode the human genome and profile cellular 
traits—such as how each cell responds differently across 
thousands of drugs—to better understand health and 
disease. Their end goal is to make single-cell genomics 
more scalable, affordable and accessible to aid in the 
development of next-generation therapeutics.

Shin and his team actively participate in global 
efforts like the Human Cell Atlas, which aims to build 
a standardised reference map of the human body. 
Similar to the Periodic Table of Elements, the Human 
Cell Atlas will make results from labs like Shin’s more 
testable, interpretable and interoperable for researchers 
around the world. 

NRF INVESTIGATORSHIP (NRFI)
For research leaders in pursuit of high-risk, 
groundbreaking work

JAY W. SHIN
Group Leader, 
Genome Institute of Singapore

MARCO VIGNUZZI
Senior Principal Investigator,
Infectious Diseases Labs 

“Genomic research is less like the Olympics and 
more like the United Nations. Engaging with global 
communities creates opportunities to represent 
your science and work collectively to tackle global 
health issues. Knowledge gained through the 
global community can also inspire new research 
and breakthroughs here in Singapore.”

“I want to create a legacy of young researchers 
trained in my lab to tackle the big questions 
relating to RNA viruses. I admire the Singaporean 
dream, that everyone has a role to play and that 
the whole population can rise by using each other’s  
talents intelligently, strategically and for the 
common good.”
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One in three Singaporeans is likely to develop cancer 
in their lifetime. To reduce the economic, social and 
health impacts of this prevalent disease, Wai Leong 
Tam and his team at the Genome Institute of Singapore 
(GIS) look to understand and combat cancer from  
a metabolic standpoint.

Rather than focusing on eliminating cancer cells, the 
team takes a unique approach: their work explores the 
tumour microenvironment and the diverse cell types 
within it, such as fibroblasts and immune cells. 

One key finding from Tam and colleagues was that 
tumour microenvironment cells supply nutrients to 
fuel cancer cell growth in a process called metabolic 
crosstalk. The team believes that intercepting the flow 
of these nutrients is key to eliminating tumours and 
combatting cancer.

By adopting a patient-centric approach and 
collaborating with leading oncologists at institutes 
like the National Cancer Centre Singapore and the 
National University Cancer Institute, Singapore, Tam 
works towards identifying new targets within the 
tumour microenvironment that can be fed into drug  
development programmes. 

Roughly 15 years ago, Yue Wan, a bright-eyed graduate 
student looking to work with RNA, joined Howard Chang’s 
lab in Stanford University. At the time, researchers would 
have to study RNA structures one at a time to understand 
their function—a task considered worth doing, as very 
little was then known about long non-coding RNA. 

Not long after, high-throughput or next-generation 
sequencing technologies became available, allowing the 
team to develop a new method to study RNA. By capturing 
single- and double-stranded bases along an RNA molecule 
and combining that with deep sequencing, the team 
could obtain static pictures and structural dynamics of 
the yeast transcriptome. 

Since then, Wan has started her own research group 
at the Genome Institute of Singapore (GIS) and built an 
international group of collaborators. The field of RNA 
structurenomics continues to grow. Wan and collaborators 
have developed new strategies to map RNA-RNA and RNA-
small molecule interactions, as well as detect RNA sensors. 

More recently, they have begun exploring single 
cells and single molecules to identify potentially diverse 
RNA structures within each cell. By understanding these 
structures, scientists can then design new small molecules 
to inhibit them, expanding RNA’s role as a potential 
drug target.

WAI LEONG TAM
Associate Director  
and Group Leader,
Genome Institute of Singapore 

YUE WAN
Associate Director,
Genome Institute of Singapore 

“The most important attribute for cancer 
researchers is a commitment to doing good for 
society. We must have the conviction that our 
findings matter in order to see our research to 
fruition. There is no greater satisfaction than 
seeing how your discoveries can make a positive 
impact in the quality of life for cancer patients.” 

“RNA has dramatically changed the global 
therapeutics landscape. RNA as vaccines is just the tip 
of the iceberg for using RNA in medicine—advances 
in new modalities and delivery strategies will greatly 
accelerate the ability to use RNA as a therapeutic.” 
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The human body is large and complex, comprising roughly 
37.2 trillion cells. Zebrafish, on the other hand, are far 
smaller subjects that share more than 70 percent genomic 
similarity with humans, making them ideal animal models 
to study disease mechanism and progression. 

Chuan Yan was fascinated by zebrafish from his 
time at the National University of Singapore, first 
working as an intern and later pursuing a PhD degree in 
Zhiyuan Gong’s lab. As a graduate student, Yan created 
zebrafish models with liver cancer, which showed  
a disease pathology similar to humans. 

Today, at the Institute of Molecular and Cell Biology 
(IMCB), Yan’s research continues to revolve around 
liver cancer—specifically therapy resistance in its 
management. In addition to being prevalent in Asia, 
where 70 percent of all new cases are diagnosed, liver 
cancer is also usually diagnosed at later stages, leading to  
a high mortality rate. 

To tackle the scourge of liver cancer, Yan’s lab looks to 
better understand resistance to existing cancer treatments 
through single-cell transcriptomic sequencing as well as 
by developing ‘humanised’ zebrafish models to screen 
novel drug candidates. 

When Di Zhu first studied fibre-optic communications 
as an undergraduate student, light was mostly treated 
as waves, and information was encoded by turning it 
on or off. As he continued his research towards the 
field of quantum optics, such perceptions changed 
drastically, where light can be engineered into states of 
individual particles (what is called ‘single photon’) and 
carry information in superpositions of 0 and 1—serving 
as fundamental resources for quantum computing.

Zhu worked to make exceptionally sensitive detectors 
that could detect individual particles of light. He also made 
devices to create and manipulate quantum states of light. 

Now at the Institute of Materials Research and 
Engineering (IMRE), Zhu aims to build photonic 
integrated chips that can process quantum information 
—a task that is hard to implement based on existing  
silicon-based platforms. 

Turning to an emerging photonic material called 
thin-film lithium niobate, Zhu integrated it with 
superconducting nanowires to make a program circuit 
that can generate, control and detect single photons. 

Over the next few years, Zhu hopes to acquire the 
necessary resources to establish his lab’s capabilities 
in fabricating these photonic chips. He also intends to 
work with local academic and industry partners to scale 
up the team’s technology. 

CHUAN YAN
Junior Investigator,
Institute of Molecular and Cell Biology

DI ZHU
Principal Investigator,
Institute of Materials Research and Engineering

“My goal as a scientist is to leverage single-cell 
sequencing and preclinical animal modelling to 
provide rapid translational solutions for a vulnerable 
population of therapy-resistant patients.”

“I always joke that my research is both cool and hot. 
Superconducting devices are really cold—around 
-270 degrees Celsius. Optical photons are really 
energetic—they have an ‘effective temperature’ 
of thousands of degrees Celsius. Integrating them 
is an aggressive combination.”

NRF FELLOWSHIP (NRFF)
For early career scientists in pursuit of  
independent research
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One man’s trash can be another man’s treasure.  
In Jason Lim’s research, one man’s discarded plastic can 
be a treasure for everyone—that is, once it is turned 
into essential compounds that contribute to a more 
sustainable economy.

Complementing his current work on developing 
functional materials from waste plastics, Lim believes 
that finding new ways to turn those plastics into useful 
small-molecule chemicals could also be a promising 
approach in plastics upcycling. 

With the support of the NRFF, he aims to sustainably 
transform waste polyethylenes (PEs) into oxygenated 
compounds like organic acids, which are used extensively 
in many different industries with massive global demand.  
Mostly used for packaging materials like plastic bags, 
films and detergent bottles, PEs comprise the largest 
class of waste plastics produced today. They are often 
thrown away directly after use, making their life cycle 
particularly unsustainable. 

Over the next few years, Lim hopes to develop 
innovative methods and solutions for transforming 
waste plastics into new materials and industrially-
relevant commodity chemicals for a variety of 
applications. By improving our understanding of 
the fundamental chemistry behind these upcycling 
processes, he hopes to develop the next generation of 
energy and resource-efficient methods for large-scale 
plastic valorisation. 

“I aim to inspire other 
young scientists to think  
big and develop bold 
solutions based on their 
areas of expertise to 
address some of society’s 
most pressing problems.”
—  Jason Lim, Emerging Group Leader and Deputy Head of Department at 

A*STAR’s Institute of Materials Research and Engineering (IMRE)

JASON LIM
Emerging Group Leader and Deputy Head of Department,
Institute of Materials Research and Engineering

“I aim to inspire other young scientists to think big 
and develop bold solutions based on their areas 
of expertise to address some of society’s most 
pressing problems.”
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Almost like a game of cat and mouse, with each coronavirus 
strain that healthcare professionals manage to address, 
a new one seems to pop up not long after. Beyond 
SARS-CoV-2, the cause of COVID-19, there are many 
other coronaviruses in global circulation. Some of these 
cause the common cold, and some underwent zoonotic 
transmissions that led to epidemics such as SARS-CoV in 
2003 and MERS-CoV in 2012.

Predicting what coronaviral threat might come next 
is a gargantuan task because of the sheer number of them 
that exist in the animal kingdom and their genetic diversity. 
Rather than to try to pinpoint the next pandemic-causing 
virus, Jun Siong Low and his team at the Institute for 
Research in Biomedicine and ETH Zürich believe that a 
promising strategy is to identify a common ‘Achilles heel’ 
among all coronaviruses. 

So far, Low and his colleagues have isolated antibodies 
that can neutralise all variants of SARS-CoV-2, SARS-
CoV, MERS-CoV and common cold coronaviruses. These 
antibodies target the conserved fusion peptide region 
of the viruses’ spike protein, thus identifying the fusion 
peptide as a potential target for the design of a universal 
coronavirus vaccine. Currently a postdoctoral fellow at 
ETH Zürich, Low will return to A*STAR in 2024 to study 
how to exploit our immune cells to tackle infectious 
diseases and cancers.

While light-emitting materials may seem abstract, they 
are used in a wide range of everyday applications like 
displays and sensors. A clear understanding of organic 
luminescent materials could light the way towards more 
sustainable energy-efficient technology for various 
industries and individual consumers.

This is the dream of Le Yang, an emerging Group 
Leader at the Institute of Materials Research and 
Engineering (IMRE), leading the Printed Organic 
Flexible Electronics and Sensors (PROFESS) Group. 
She leverages her passion for optoelectronics and  
energy-efficient electronics to better understand 
and apply the spin-dependent behaviour in organic 
luminescent materials. 

With a better understanding of the photophysical 
and electrochemical processes behind these 
materials, the team hopes to develop non-electronic, 
optoelectronic and electrochemical display and 
sensing technologies, which may find novel use cases 
in sustainable efforts such as urban smart farming and 
energy-efficient devices. 

Beyond the NRFF, Yang and her team are also 
working on advancing non-invasive, real-time wearable 
solutions for on-skin metabolite biosensing, useful in 
digital healthcare and even forensics.

JUN SIONG LOW
A*STAR Scholar

LE YANG
Emerging Group Leader and Deputy Department Head,
Institute of Materials Research and Engineering

“My lab aims to better understand our immune 
system so we can exploit it for therapeutic purposes. 
Over the longer term, my goal is to contribute to 
the scientific community in Singapore, educate the 
younger generation about immunology, and pass 
on the thrill of scientific research.”

“The Singapore NRF Fellowship empowers me to 
explore challenging ideas, synergistically with the 
local and global community. I hope to grow with 
the ecosystem and establish myself in the field 
of organic luminescent materials and devices.”
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Unlike the fictional stories presented in popular media 
like The Terminator and Black Mirror, NRF Fellow 
Mengmi Zhang believes that when robots are capable 
of performing human tasks, they will benefit society 
by doing what humans do not want to. 

In her work, Zhang aims to close the gap between 
biological and artificial intelligence (AI). One aspect 
of AI that Zhang hopes to improve is visual search— 
a common daily activity for people, but particularly 
difficult for AI to do because of a lack of prior contextual 
knowledge and memory guidance. To enhance visual 
search quality, Zhang marries neuroscience and AI by 
exploring high-level cognitive functions in the brain 
and applying them to AI. 

With the support of the NRF Fellowship, Zhang 
aims to further her interdisciplinary research into 
new AI technologies that can be deployed in various 
applications. Ultimately, such technologies could take 
over risky tasks that endanger human lives, detect 
neurological conditions in clinical care, and potentially 
augment human intelligence with AI-assistive hybrid 
biochip implants.

“It takes a village to 
carry out great science, 
which is why I plan to 
keep expanding my 
professional networks. 
With the combined efforts 
of scientists all over the 
world, my long-term 
research goal is to equip 
AI with the cognitive 
abilities to address tasks 
that are fundamental to 
human intelligence.”
—  Mengmi Zhang, Principal Investigator at A*STAR’s Institute for 

Infocomm Research (I2R)

MENGMI ZHANG
Principal Investigator,
Institute for Infocomm Research

“It takes a village to carry out great science, which 
is why I plan to keep expanding my professional 
networks. With the combined efforts of scientists 
all over the world, my long-term research goal is 
to equip AI with the cognitive abilities to address 
tasks that are fundamental to human intelligence.”  
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acetal groups that can be easily altered 
under specific conditions,” explained Png. 
“We took advantage of this characteristic by 
using them within the polymer’s crosslinks, 
allowing for easy breaking and reassembling 
of these bonds.”

Under real-world conditions, recycling 
methods can vary significantly. Some plastic 
recycling techniques do not use solvents, 
but this usually comes at the expense 
of the recycled product’s strength and 
performance. On the other hand, monomer 
recovery-based chemical recycling can 
generate recycled plastic polymers with 
full performance recovery, but this usually 
involves a laborious separation step.

“In a stroke of serendipity, we reached 
a middle ground,” commented Png.  
“We discovered that we could use water to 
partially depolymerise our CAN material, 
which can then be reworked and reused 
again without compromising the quality 
of the recycled product or requiring any 
separation of the starting monomers.”

For now, Png’s team is focusing ongoing 
efforts on improving the flexibility and 
stability of their CAN. “We are hopeful that 
these barriers can be overcome with the 
current material system or with alternative 
biomass-derived and monomer-recoverable 
materials,” he concluded.  

A sweet solution for 
plant-based plastics

SUSTAINABILITY

Researchers create a new recyclable, eco-friendly class 
of plastics derived from natural sugar molecules to 
address the plastic waste crisis.

Photo credit: Lisa Fotios / Pexels

While we may think of recycling as  
a plausible solution to the plastic waste 
crisis, it may come as a surprise to learn 
that less than 10 percent of our discarded 
plastics end up recycled. 

1.  Png, Z.M., Zheng, J., Kamarulzaman, S., Wang, S., Li, 
Z., et al. Fully biomass-derived vitrimeric material 
with water-mediated recyclability and monomer 
recovery. Green Chemistry 24, 5978-5986 (2022).

Researchers
Zhuang Mao Png and Zibiao Li, ISCE2  

and Shermin S. Goh, IMRE

IN BRIEF
To develop the new plant-based plastic, glucose or fructose 
is extracted from biomass and converted into polymers 
called covalent adaptable networks.

One reason for this is how difficult it can 
be to convert traditional plastics back into  
a useful form. And while new, eco-friendly 
alternatives may be easier to recycle, they’re 
not quite perfect solutions yet.

For example,  plastic polymers 
called covalent adaptable networks 
(CANs) are strong, easy to recycle and 
chemical-resistant, in addition to often 
possessing unique self-healing and 
shape-memory retention properties 
that distinguish them from conventional 

plastics. However, manufacturing 
CANs in a green way remains  

a challenge.
“Currently, the production of CANs 

largely relies on fossil fuels as starting 
materials, at least in part,” said Zhuang 
Mao Png, a Scientist at A*STAR’s Institute 
of Sustainability for Chemicals, Energy 
and Environment (ISCE2). “To create truly 
green plastics, we should consider using 
sustainable source material alternatives 
like biomass instead.”

Png and colleagues have developed 
a plant-based CAN made entirely from 
derivatives of sugars, such as fructose 
and glucose. To enhance the mechanical 
strength and durability of the end 
product, the team carefully optimised 
the composition of the sugar derivatives 
that formed the foundation of their CAN.

The team also made CAN recyclability 
a priority. “The key to the material’s 
recyclability lies in the incorporation of 

Urban Solutions and Sustainability
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Shrinking catalysts to 
quicken tricky reactions

Imagine a scientist who wants to quickly 
spread the word about an exciting 
discovery from their lab. A snappy social 
media post would likely reach more people 
than a 10,000-word thesis. In chemistry, 
just like in communications, sometimes 
smaller is better. A class of chemicals called 
single-atom catalysts (SACs) exemplifies 
this perfectly.

Downsizing catalysts to a single-atom 
level offers many benefits for industrial-
scale chemical reactions, as they are more 
efficient and can enhance reactions in ways 
that larger heterogenous catalysts can’t. 
As A*STAR’s Institute of Sustainability for 
Chemicals, Energy and Environment (ISCE2) 
Senior Scientist Shibo Xi explained, “SACs 
can achieve maximum atom utilisation, 
exhibit unique selectivity and activity, and 
be easily separated from the reaction system 
so that the catalyst is recycled.”

CHEMISTRY

However, SACs struggle with more 
complex reactions involving multiple 
reactants. An example is nitrile-azide 
cycloaddition, a click reaction used in 
applications such as drug development. 
The reaction involves a dinuclear process 
that requires the activation of two or 
more reactants. Such multi-reactant 
requirements aren’t usually compatible 
with SACs—which are single metal atoms 
dispersed on a solid support—because 
their individual metal atoms are scattered 
too far apart. 

In response, Xi teamed up with 
collaborators from the National University 
of Singapore and Nanyang Technological 
University, Singapore to explore ways 
of drawing metal atoms closer together 
to facilitate more elaborate chemical 
reactions. In particular, the team looked 
closely at how the interatomic distance on 

Researchers tune the distance between atoms in 
single-atom catalysts, allowing them to speed up 
complex chemical reactions.

copper-based SACs influenced their ability 
to catalyse nitrile-azide cycloaddition. 

The researchers first created a 
spectrum of SACs, from low-loading 
ones bearing a smaller ratio of metal 
atoms to ultrahigh-loading types. Their 
goal was to find the optimal distance 
between copper atoms that supports 
multi-reactant reactions.

After extensive testing, they found 
this interatomic distance sweet spot to 
be around 0.7 nm, which is achieved at  
a 21-weight percent of copper. The team 
then verified the structural evolution of 
such material during catalytic reactions 
using an advanced solid catalyst-monitoring 
technique called operando X-ray absorption 
spectroscopy (XAS).

According to Xi, this verification 
revealed the active catalytic centres in 
their ultrahigh-loading SACs. “Once a 
metal cluster is formed, the metal-metal 
scattering pathway is reflected in the XAS 
spectrum,” Xi said. “We confirmed that 
two nearby copper atoms facilitate the 
dinuclear activation of reactants.”

This is only the beginning for the 
researchers, who are already looking 
to expand the use of SACs to include 
other liquid-phase organic reactions. 
“The SAC used in this work is based on  
graphitic-C3N4 (g-C3N4) which has good 
photocatalytic activity,” said Xi, adding 
that the group plans to look into how 
their ultrahigh-loading SACs may benefit 
other light-activated reactions. 
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Researcher
Shibo Xi, 
ISCE2

1.   Song, J., Chen, Z., Cai, X., Zhou, X., Zhan, G., et al. 
Promoting Dinuclear-Type Catalysis in Cu1-C3N4 
Single-Atom Catalysts. Advanced Materials 34, 
2204638 (2022). 

IN BRIEF
Advanced X-ray spectroscopy reveals that bringing copper 
atoms closer together in ultrahigh-loading SACs accelerates 
the nitrile-azide cycloaddition reaction.

Urban Solutions and Sustainability
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Bringing cultured fat 
from lab to plate
The lack of scalable and cost-effective methods for 
growing fat cells poses a commercialisation barrier 
for cultivated meat products.

FOOD SCIENCE

In recent years, we’ve seen seismic shifts 
in our attitudes towards food. Increasingly 
conscious shoppers browsing the meat 
aisle at the supermarket aren’t just looking 
at the price tag—health, ethical and 
environmental factors are also influencing 
their choices.

Food producers have responded in 
kind, and lab-grown meats are set to 
follow the wave of plant-based options 
that previously flooded shelves. Since 
the first successful reports of cultivated 
meat a decade ago, cellular agriculture 
technologies for harvesting and growing 

Photo credit: D
yrElena / Shutterstock

tissues from livestock have come a long 
way. Still, there’s a problem standing in 
the way of restaurant-quality lab-grown 
meat: fat.

Fat changes the texture, flavour and 
nutritional profile of meat, but according 
to Shigeki Sugii, a Principal Investigator at 
A*STAR’s Institute of Molecular and Cell 
Biology (IMCB), it is still challenging to 
grow fat cells and tissue from agricultural 
species in the lab. 

“Most of the protocols for growing fat 
cells are for human, mouse or rat cells,” 
explained Sugii. “Not many studies were 
done using cells from agricultural species 
such as livestock and seafood.”

In a pair of review articles, Sugii’s 
team took an in-depth look at trends 
and opportunities in cultivated fat cell 
(adipocyte) production, making several key 

Urban Solutions and Sustainability
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“Most of the protocols 
for growing fat cells 
are for human, mouse 
or rat cells. Not many 
studies were done 
using cells from 
agricultural species 
such as livestock  
and seafood.”

A generalised scheme of cultivated meat production. Livestock cells are isolated and go through a selection, proliferation and banking process to develop cell lines.  
Some cells are expanded in bioreactors for scaled-up production. From there, an adipogenic cocktail helps encourage stem cells to differentiate and mature into fat cells. 
These can be integrated with other cell types, such as muscle or skin, on an edible scaffold to create a final product with meat-like structure and texture.

recommendations on pathways to improve 
the cellular agriculture of alternative fat. 

“From our analysis of over 500 studies 
that grew adipocytes from agricultural 
species, we found differences in their 
experimental protocols,” Sugii said. 
Notably, fat cells derived from bovine, 
porcine, chicken and seafood sources are 
unique and require subtle differences in 
their optimal cell culture conditions.

As Sugii explained, porcine fat cells 
take about 6 days to fully mature from 
stem cells, while adipocytes from other 
species generally develop over 10 to 12 
days. Similarly, chicken fat was the easiest 
to produce, requiring a growth medium 
containing only one type of fatty acid, 
whereas fat from other sources needed 
more complex chemical cocktails to coax 
them towards maturation.

Sugii and colleagues singled out  
cost-effectiveness as a central and crucial 
factor in ensuring that cultivated fat 
technologies are commercially viable. 
In this regard, Sugii pointed out that 

developing inexpensive food-grade culture 
media components will be paramount for 
keeping lab-grown meat costs accessible to  
most consumers.

“We still rely on many compositions 
of biomedical-grade media that are too 
expensive to produce,” Sugii said, adding 
that finding alternative solutions is now 

1.   Sugii, S., Wong, C.Y.Q., Lwin, A.K.O. and Chew, 
L.J.M. Alternative fat: redefining adipocytes for 
biomanufacturing cultivated meat. Trends in 
Biotechnology (2022). 

2.   Sugii, S., Wong, C.Y.Q., Lwin, A.K.O. and Chew, L.J.M. 
Reassessment of adipocyte technology for cellular 
agriculture of alternative fat. Comprehensive Reviews 
in Food Science and Food Safety, 1-18 (2022). 

IN BRIEF
A*STAR researchers identify ways to improve large-scale 
fat cell cultivation from agricultural species, including 
optimised cell culture protocols and inexpensive, food-
grade culture components.

a core research focus for the team. “While 
many companies and researchers have 
started to tackle this problem, we would 
like more efforts and collaborations in this 
aspect so that we can achieve cost parity 
comparable to animal meat in the next 
several years.” 

Researcher
Shigeki Sugii, 
IMCB
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The team used an integrated-
model approach to incorporate these 
variables into existing AI models.  
To label utterances with discourse roles, 
they deployed a variational autoencoder 
(VAE) that reads consecutive lines of  
a conversation and designates roles. 
Also, to account for the sequential 
nature of discourse roles, the results 
from the VAE were fed into a recurrent 
neural network (RNN), a model built for  
temporal relationships.

The results from a validation test 
exceeded the researchers’ expectations. 
“Our model achieved the best performance 
across  three public  datasets  for 
emotion recognition in conversations,”  
Ong commented, adding that this is  
a green light towards future industrial 
applications. The team’s new model will 
likely be applied to other language tasks 
such as summarisation, translation and 
dialogue generation.

O n g  a n d  c o l l e a g u e s  p l a n  t o 
build on the model to recognise  
a broader landscape of emotional cues.  
To achieve this, they will incorporate 
more detailed linguistic, audio and visual 
information for a more complete training  
data package.  

Artificial intelligence 
that knows how you feel

ARTIFICIAL INTELLIGENCE

Researchers build a state-of-the-art computational 
model that can identify emotional cues in real-life 
conversations.

Photo credit: Paul C
raft / Shutterstock

contextual clues to recognise emotions 
even when they are not explicitly stated,” 
notes Donovan Ong, a Senior Research 
Engineer at A*STAR’s Institute for 
Infocomm Research (I2R).

The same series of words can convey 
very different feelings, said Ong, providing 
an example with the statement, “We’ve got 
to say it to him.” In one sense, it could relay 
frustration from someone disagreeing 
with a prior statement. Alternatively, 
it might have a sympathetic undertone 
coming from compassion. 

With these nuances in mind, Ong and 
colleagues from the Natural Language 
Processing (NLP) Group led by Jian Su, 
a Principal Investigator at I2R, created  
a new AI model that picks up on textual 
discourse cues in conversations to predict 
human emotions. 

Several challenges stood in the way. 
Existing conversational datasets for 
training machine learning platforms 

don’t have discourse role labels: 
identifiers of whether a phrase 

is a question or if the person is 
responding to a previous 
comment. Furthermore, 
d i s c o u r s e  r o l e s  a r e 
dynamic and context-
dependent. The platform 
would need to understand 
dependencies such as an 

answer discourse role following 
a question role. 

1.  Ong, D., Su, J., Chen, B., Luu, A.T., Narendranath, 
A., et al. Is Discourse Role Important for Emotion 
Recognition in Conversation? Proceedings of the 
AAAI Conference on Artificial Intelligence 36 (10), 
11121-11129 (2022). 

Researchers
Donovan Ong and Jian Su, 
I2R

IN BRIEF
The model uses a variational autoencoder that feeds into 
a recurrent neural network to identify discourse roles, 
achieving best-in-class emotion recognition across three 
public datasets.

We don’t solely rely on words to 
communicate. Body language and tone 
also contribute to how thoughts and 
feelings are expressed, and these vary 
from one situation to another. 

With so many intertwining factors, it’s 
not surprising that computers struggle to 
decipher our emotions in a conversation. 
Communication platforms powered 
by artificial intelligence (AI), such as 
customer service chatbots, need to read 
into our feelings to create a realistic and 
rewarding experience.

However, we’re not likely to pour our 
hearts out to chatbots—conversations 
with them tend to consist of short, concise 
responses without words or phrases that 
bear emotional cues. This happens in 
human conversation as well. “In these 
cases, AI models must rely on various 
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As Albert Einstein famously quipped, things 
get spooky at the quantum level. Matter 
and light behave in mysterious ways at the 
smallest scales, and these phenomena can 
be leveraged to power a suite of technologies 
from medical imaging to energy storage.

For example, quantum dots (QDs) are 
man-made nanoscale crystals that shuttle 
electrons and possess one-of-a-kind optical, 
physical, catalytic and electrical properties. 
Yet despite their potential, materials science 
experts say that methods for reliably 
fabricating QDs aren’t quite up to scratch.

“Synthesising QDs using methods such 
as laser, plasma and electron bombardment 
can result in low quantum yields,” said 
Houjuan Zhu, a Research Scientist from 
A*STAR’s Institute of Materials Research 

and Engineering (IMRE). Besides their 
quality issues, these methods also make 
it hard to introduce defects on purpose 
during QD production—a necessary step 
for tuning QD properties.

“These methods are complicated, costly, 
and crucially not effective at regulating and 
engineering QD defects to achieve a specific 
desired effect, limiting the novel application 
of QDs in various fields,” she explained.

In partnership with colleagues from 
the National University of Singapore, as 
well as China’s Shanxi University; Nanjing 
University of Posts and Telecommunications; 
and Southwest University, Zhu’s team 
explored high-performing, scalable processes 
to synthesise QDs using a material called 
molybdenum sulfide (MoS2).

A two-step process for fabricating quantum dots 
with tuneable properties offers exciting possibilities 
for medical imaging and beyond. 

They designed a two-stage procedure 
that first uses a bottom-up approach to create 
MoS2 QDs through carefully-controlled 
chemical reactions between Mo and  
S ions. Next, an alkaline etching step, which 
generates a high number of S vacancy 
defects, resulting in QDs that emit a bright 
blue glow called photoluminescence.

“This makes them highly valuable for 
medical applications such as bioimaging,” 
said Zhu. “The increase in defect density 
also enhances their photocatalytic 
capabilities, enabling them to accelerate  
chemical reactions.”

The researchers hypothesised that the 
alkaline etching process would enrich the 
oxygen content in their MoS2 QDs, leading 
to a higher electron density of active sites, 
subsequently creating more defects—and 
they turned out to be right.

“Through density functional theory 
calculations and simulations, we were able 
to prove, for the first time, that the increase 
in photoluminescence and photo-oxidation 
in QDs is driven by the controlled formation 
of defects,” said Zhu.

Catapulting off the study’s success, 
the team is now exploring novel precision 
engineering methods for MoS2 QDs.  
“We believe that this will open the door to 
new and exciting applications in areas such 
as biomedicine, catalysis, energy storage 
and optoelectronics,” Zhu said, adding that 
the team is also looking into QDs made 
from other materials to expand their  
application landscape. 

Beauty in quantum 
imperfections

MATERIALS SCIENCE

1.   Zhu, H., Zan, W., Chen, W., Jiang, W., Ding, X., et al. 
Defect-Rich Molybdenum Sulfide Quantum Dots for 
Amplified Photoluminescence and Photonics-Driven 
Reactive Oxygen Species Generation. Advanced 
Materials 34 (31), 2200004 (2022). 

Researcher
Houjuan Zhu, 
IMRE

IN BRIEF
The technique introduces defects in molybdenum sulfide 
quantum dots, enhancing their photoluminescent and 
catalytic properties.
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Robot poetry in motion

Our favourite on-screen robots move in 
a myriad of ways: from shape-shifting 
Transformers to the trundling R2-D2 and 
walking C-3PO of Star Wars fame. This 
diversity mirrors the real world, where 
robots are specially designed to manoeuvre 
often challenging environments.

Wheeled robots are typically selected 
for carting heavy loads across smooth 
terrain. However, wheels won’t get robots 
very far on rocky, uneven surfaces. Legged 
robots do much better there, mimicking 
human or animal movements to negotiate 
obstacles. And now, robotic experts are 
working towards a hybrid robot that 
combines the best of both worlds.

“To make a robot seamlessly traverse 
through terrain in the real world over even 
and uneven surfaces, we propose a new 
method for a hybrid wheeled-legged robot,” 
said Samuel Cheong, a Research Engineer 
at A*STAR’s Institute for Infocomm 
Research (I2R). 

COMPUTATIONAL MECHANICS

Hybrid robots have the potential to be 
used in disaster zones and other complex 
physical environments to safely perform 
high-risk operations, such as search and 
rescue or bomb disposal. According to 
Cheong, the main flaw in current hybrid 
robots is that they can’t seamlessly switch 
between rolling and walking modes. 

“Such mode switching may cause 
the robot to stop for a while,” explained 
Cheong. “That recalibration time could 
mean the difference between life and death 
in extreme situations.” 

In their study, Cheong and colleagues 
proposed a new sensor framework for next-
generation wheeled-legged hybrid robots. 
The goal was to move away from classical 
leg odometry, where sensors estimate each 
leg’s position on the ground before taking 
the next step. The computing time for this 
step triggers the pause between rolling and 
walking modes.

“To bypass the need for switching 
between rolling and stepping, we used an 
Instantaneous Contact Point (ICP) as a 
replacement for the fixed contact point,” 
said Cheong, adding that the team used a 
combination of wheeled legs and cameras 
that map the ground’s 3D topography in 
real time to achieve smooth rolling-walking 
transitions. They also developed the Hybrid 
Locomotion Odometry technology which, 
for the first time, enables robots to take 
a step forward while their other legs  
are rolling.

Their creation has been successfully 
integrated into a two-armed, four-legged 
robot called Pholus, enabling it to move 

Pholus is a first-of-its-kind robot that senses its 
environment in real time and bypasses obstacles  
with unprecedented agility.

nimbly and sense when it should side-step 
obstacles while travelling on its wheels.

“It’s like how humans walk along the 
road based on sensations from our legs and 
visuals from looking ahead,” said Cheong, 
whose team is working towards smarter, 
autonomous and more versatile robots of 
the future. 
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“To make a robot 
seamlessly traverse 
through terrain in the 
real world over even  
and uneven surfaces,  
we propose a new 
method for a hybrid 
wheeled-legged robot.”

1.   You, Y., Cheong, S., Chen, T.P., Chen, Y., Zhang, K., 
et al. State Estimation for Hybrid Wheeled-Legged 
Robots Performing Mobile Manipulation Tasks. 
2021 IEEE International Conference on Robotics and 
Automation (ICRA), 3019-3025 (2021).

Researcher
Samuel Min Ting 
Cheong, 
I2R

IN BRIEF
Hybrid robots like Pholus, which use three-dimensional 
ground mapping cameras to switch smoothly between 
wheeled and legged movements, could be used for 
high-risk operations in disaster zones and other complex 
physical environments.
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“With a single device, 
we can do detection 
jobs that would usually 
require multiple 
plasmonic devices.”

than those produced in previous studies. 
“Only with these large and high-quality 
samples can we characterise macroscopic 
plasmonic behaviour,” explained Teng. 

The team then created plasmonic 
setups using a conductive liquid as the 
dielectric medium to shuttle positive and 
negative ions under an electric current.

Conventional methods for varying the 
plasmonic resonance wavelength rely on 
changing the sensor material’s size, shape 
or composition. Interestingly, the team 
found that simply changing the voltage 
applied altered the plasmonic resonance 
wavelength of NbSe2, allowing the device 
to detect a range of molecules on demand.

“With a single device, we can do 
detection jobs that would usually require 
multiple plasmonic devices,” said Teng. 

This innovation has the potential 
for use across a range of other industrial 
applications including energy harvesting 
and telecommunications, paving the 
way for a new generation of smart, 
multifunctional sensors. 

“In the near future, we hope to develop 
a versatile biosensing platform based on 
this new plasmonic structure,” said Zhao. 
“We also hope to optimise the plasmonic 
structure to achieve ultrahigh sensitivity for 
detecting multiple biomolecules—proteins, 
DNA and more—in a single device.” 

The pandemic sent scientists scrambling 
to develop COVID-19 diagnostic kits, with 
everything from breath tests to carbon 
nanotube devices. As helpful as these devices 
are, many are designed to recognise a single 
biomarker, limiting their effectiveness 
across other disease spectrums. 

Take,  for example,  plasmonic 
biosensors. These miniature sensors are 
used in an array of biomedical applications, 
detecting the presence of a given molecule 
with high sensitivity by recognising its 
signature optical properties. However, 
for them to be widely adopted, plasmonic 
biosensors should ideally be able to sense 
diverse molecules.

A team of researchers, led by Principal 
Scientist Jinghua Teng and Research 
Scientist Meng Zhao from A*STAR’s 
Institute of Materials Research and 

Engineering (IMRE), hypothesised that 
ultrathin sheets of a material called 
niobium diselenide (NbSe2) could be used 
to create adjustable plasmonic devices. 

The team, in collaboration with 
researchers from the National University of 
Singapore and the Southern University of 
Science and Technology, China developed 
an electrochemical method of making high-
quality NbSe2 flakes dozens of times larger 

An innovative material might lead to more versatile 
sensor devices through its ability to change 
detection targets.

Smart sensors shift 
targets on demand

MATERIALS SCIENCE

1.   Zhao, M., Li, J., Sebek, M., Yang, L., Liu, Y.J., et al. 
Electrostatically Tunable Near-Infrared Plasmonic 
Resonances in Solution-Processed Atomically Thin 
NbSe2. Advanced Materials 33 (32), 2101950 (2021). 

Researchers
Jinghua Teng and Meng Zhao, 
IMRE

IN BRIEF
Using niobium diselenide as the biosensor’s base, the 
device detected multiple targets when different voltages 
were applied.
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Diving into pools of 
laser-melted metals

MODELLING AND SIMULATION

Imagine a laser beam slicing through solid 
metal like a hot knife through butter. No, 
this isn’t a scene from a sci-fi classic, but a 
standard processing technique commonly 
used in the manufacturing sector, called 
laser processing. 

This technique is often used to 3D 
print diverse structures from materials 
ranging from metals to plastics and 
ceramics. An intense light beam melts the 
material on contact, quickly sculpting it to 
create the final product. However, these 
high-energy lasers can cause collateral 
damage, said Guglielmo Vastola, a Senior 
Scientist at A*STAR’s Institute of High 
Performance Computing (IHPC). 

A newly-developed computational platform simulates 
the complex dynamics of materials melting upon 
contact with lasers.

Photo credit: Parilov / Shutterstock

of complex physics-based simulations 
to model the mechanisms underlying 
these defects when melting a titanium  
alloy, Ti-6Al-4V.

In doing so, however, the team faced 
tough technical challenges. As laser energy 
is very concentrated, it created complex 
interactions with the metal alloy which 
required highly accurate physical modelling 
to be fully understood. To achieve this goal, 
the team developed multiple computational 
techniques to map laser energy transfer, 
while melt pool fluid dynamics and heat 
transfer had to be integrated to accurately 
model the physical changes occurring 
around keyholes. 

Armed with this array of technologies, 
Vastola’s group succeeded in generating 
high-fidelity computational simulations 
of keyholes and melt pools that lined up 
with the results captured by high-speed 
X-ray cameras, verifying the precision  
and reliability of their model. Importantly, 
the simulation tool was able to capture 
the spilling of bubbles from a keyhole  
and their entrapment into solidified 
metal as a pore.

The researchers used their new model 
to determine how best to modulate laser 

When lasers come into contact with 
a material, they can create indentations 
in the material called keyholes which 
are surrounded by molten material 
known as melt pools. “If the keyhole is 
too deep, it destabilises and can spill 
bubbles of metallic vapour over to the 
surrounding material, creating pores,” 
Vastola explained, adding that these pores 
can compromise the overall quality of the 
final product.

According to Vastola, understanding 
how and why keyholes and melt pools form 
is critical to optimising laser processing 
techniques. To fill this knowledge gap, 
Vastola and his team developed a series 
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processing settings to prevent spill-over 
events. They see this innovation being a 
huge boon to manufacturers that use laser 
processing to improve the quality of their 
3D printed products. Furthermore, because 
the model was designed with flexibility 
in mind, it can easily be customised to 
simulate different materials as well as  
a range of laser processing techniques.

1.   Wei, M., Ding, W.J., Vastola, G. and Zhang, Y.-W. 
Quantitative study on the dynamics of melt pool 
and keyhole and their controlling factors in metal 
laser melting. Additive Manufacturing 54, (2022).

Researchers
Guglielmo Vastola and Yong-Wei Zhang, 
IHPC

IN BRIEF
A*STAR researchers develop advanced simulation tools 
to reveal the formation of melt pools and their role in 
generating defects that occur during laser processing.

Simulation images depict the evolution of a keyhole and melt pool in a Ti-6Al-4V alloy under a stationary laser beam.
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“The next step 
is to tackle the 
case of a moving 
laser, which more 
closely matches 
the situation during 
manufacturing.”

The team is planning to expand their 
model’s scope beyond the stationary 
laser beam. “The next step is to tackle 
the case of a moving laser, which more 
closely matches the situation during 
manufacturing,” Vastola said. 
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