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COVER IMAGE
An online tool to detect sarcasm 
on social media [page 4]
© bombuscreative/iStock / 
Getty Images Plus

Detecting emotion in text can 
be difficult for humans, but 
the nuance is even harder for 

computers to pick up. This is why 
we’re so excited to bring you our 
cover story about new software to 
detect sarcasm in tweets and posts 
(page 4). Developed by the Institute 
of High Performance Computing, it 
promises to extract useful insights 
from social media. 

With Industry 4.0 in full 
swing, our feature on page 8 looks 
at A*STAR’s inspired work on the 
smart factories of tomorrow. On 
page 12, we talk to Dr Benjamin Seet 
who co-edited Sydney Brenner’s 10-
on-10: The Chronicles of Evolution. 
A Nobel Laureate and A*STAR’s 
Scientific Advisor, Brenner’s book 
collates the insights of 24 prominent 
scientists to trace evolution through 
ten logarithmic scales of time.  

The issue is also packed with 
research highlights on a wide range 

of topics. On page 22 we present 
a big step for small science from 
Institute of Materials Research 
and Engineering — the shrinking 
of semiconductor lasers to the 
nanoscale. Innovative catalysts 
from IMRE and Institute of 
Chemical and Engineering 
Sciences that could improve the 
hydrogen economy are outlined 
on pages 18 and 19. On page 49, 
we describe a new nanostructured 
coating of tiny zinc oxide spikes 
that can burst through bacterial 
membranes. Designed by the 
Institute of Bioengineering and 
Nanotechnology, these coatings 
could replace current biochemical 
agents, and help with the fight 
against antibiotic resistance. 

For our latest stories, please visit 
us at research.a-star.edu.sg or follow 
us on Twitter at: @astar_research.  
We hope you enjoy the rest of 
the magazine.

  NOTES 
FROM THE EDITORS
The Editorial Team introduces 
the latest issue of A*STAR Research



 Reading
Smart software takes the emotional temperature of 
online comments, and it can even spot sarcasm.
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A re the trains 
running on 
time today, or 
might the bus 
be quicker? Is 

that new restaurant near work 
any good for lunch? Better ask the 
internet — social media platforms 
such as Twitter and Facebook 
are awash with opinions on 
almost any topic. And online, 
people tend to be more frank 
and forthcoming than in person. 
So for many, tapping into the 
wisdom of the crowd has become 
a big part of daily life.

Opinion and sentiment 
expressed online can also be 
invaluable for organizations 
— from the smartphone 
manufacturer keen to know how 
its new product is being received, 
to a government department 
seeking feedback on a policy. 
Such is the torrent of data now 
flooding social media platforms, 
that for most organizations the 
biggest challenge is trying to 
understand the sentiments being 
expressed and extract useful 
insights from it, rather than being 
simply swamped.

The tools developed by Yang 
Yinping, and her colleagues 
at the A*STAR Institute of 
High Performance Computing 
(IHPC), deal with this deluge. 
Over the past five years, Yang 
and her multidisciplinary team 
have developed algorithms that 
can extract and categorize, with 
fine-grained detail, the complex 
emotional content of posts such 
as tweets.

That emotion-level analytic 
capability is critical, Yang says, 
pointing out that merely gleaning 
negativity is not useful. Only 
once you can discern whether 
the negativity is anger or anxiety, 
for example, can you effectively 
respond. “If someone in front 
of you is angry, you would use a 
different communication strategy 
than if they were worried or 
anxious,” Yang says. 

It’s the same with online 
communication. “In 2017, we 
released an accurate and scalable 
sentiment analysis tool that has 
already been licensed and used 
by a number of companies,” Yang 
says. She adds that SentiMo, the 
tool, will soon be followed by 

more products like it, which are 
already in the pipeline.

SENTIMENT ANALYSIS
It was about 2013 that Yang and 
her team’s interest in sentiment 
analysis was first sparked. Online 
platforms such as Twitter and 
Facebook were really taking off 
and there was a phenomenally 
large volume of social media  
data available, she recalls. Public 
facing organizations were  
having trouble handling this  
new communication stream.

To address this, a new 
team with a broad collective 
skillset was formed within 
the IHPC. “The team composition 

is a very interesting dynamic 
of multidisciplinary researchers 
including data analysts, 
statisticians, psychologists,  
and behavior researchers,”  
Yang says.

The team initially tried to 
analyze tweets about one of 
Singapore’s transport services using 
existing software, such as open-
access, Stanford-produced natural 
language processing tools. But the 
results were not satisfactory, Yang 
says. Negative tweets tended to be 
wrongly classified as neutral, for 
instance. The team took on the 
challenge to develop a sentiment 
analysis tool of its own, which 
resulted in SentiMo.
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COUNTRY SARCASM 
LEVELS BASED ON
TWEET WORD-PROFILES 
This map was made by the 
A*STAR team that made the 
sarcasm-detecting program, 
Crystalace. It reflects the 
amount of sarcasm found in 
tweets by country. Sarcasm is 
hard for computer programs 
to detect, as negative com-
ments use many of the same 
words and language structures 
as positive comments. 
Word length and intensity of 
emotion are some of the clues 
used by A*STAR’s program.

Hey just wanna send a big 
thanks to #[airline name] for 
overbooking my flight, and 
now we have no pilot.

1k                2k                3k



To create the program, the 
group’s efforts ranged from 
constructing their own sentiment 
lexicons — specialized dictionaries 
that label words as positive 
or negative (see right) — to 
devising ‘sentence decomposers’ 
to deconstruct text into easier-
to-handle blocks, trying to find 
linguistic rules to handle special 
words. “We also included things 
like emoticons and the latest social 
media slang that you don’t find in 
the Oxford dictionary,” says Yang. 
“Over an 18-month development 
period, we coded and tested 
these rules, until adding more 
rules didn’t significantly increase 
the performance.” 

The program, released in full 
in March 2017, can handle formal 
and informal English language 
text, and can accurately tag a 
text message with fine-grained 
sentiment categories (such 
as positive, negative, neutral, 
and mixed).

AWESOME, THANKS TWITTER!
For tweets written in relatively 
straightforward language, 

SentiMo worked well. However, 
some social media expressions do 
not mean what they say.

Take one tweet sent to a 
major US airline, says Yang. ‘Hey 
just wanna send a big thanks to 
#[airline name] for overbooking 
my flight, and now we have no 
pilot.’ The tweet contains strongly 
positive words, but the actual 
sentiment implied is the exact 
opposite. “Addressing sarcasm is 
a very challenging and nuanced 
task,” Yang explains. To overcome 
the problem, the team needed 
a whole new strategy.

For the SentiMo program, 
the team coded a hard set of rules 
for the algorithm to apply, but 
sarcasm demanded a different 
approach. “People are so creative, 
using all different forms of 
language, even creative hashtags. 
For the sarcasm detection, we 
found we could not think of any 
rules,” Yang says.

Yang’s main collaborator 
is fellow IHPC researcher, Raj 
Kumar Gupta. “We work very 
closely together,” Yang says. 
“I work more as a behavioral 
scientist; he is the systems guy 
with a skill set of data science, 
programming, coding and 
machine learning.” So Yang 
and Gupta turned to machine 
learning, and built a program that 
taught itself to spot sarcasm.

“Natural languages are 
very complex, and sarcasm 
makes the whole task more 
difficult,” Gupta agrees. If you 
did try to develop a set of rules 
to detect sarcasm, it would be 
virtually impossible to capture 
this complexity, as context 
can completely change the 
meaning of a word, he says. 
“On the other hand, machine 
learning approaches are data 
driven and learn these complex 
relationships between the words 
automatically then use it to infer 
new observations,” he says.
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People who use 
sarcasm tend to be 
cognitively complex, 
which means they 
also tend to use 
longer words

TEST YOUR SARCASM 
www.crystalace.socialanalyticsplus.net



For her part, Yang built a new, 
over 3,000-word lexicon that not 
only classified emotion-associated 
English words as positive or 
negative, but also applied more 
fine-grained scores to the intensity 
and strength underlying the 
words. A word like ‘content’ or 
‘happy’ would score 1 out of 3 in 
the intensity of its expression of joy. 
‘Thrilled’ or ‘excited’ would score 
3 out of 3, she explains. Similarly, 
anger can range from annoyance 
to rage. Common idioms and 
emoticons were also included.

The team then used a 
collection of sarcastic tweets 
from which the machine learning 
algorithm could teach itself to 
detect key indicators of sarcasm, 
based on a set of features the team 
designed and tested.

Yang’s fine-grained capture 
of emotional intensity actually 
enhanced sarcasm detection 
the team discovered. The use of 
high-intensity positive words, 
in combination with a negative 
situation, turned out to be a 
prevalent feature of sarcasm 
— which the machine learning 
algorithm learned to pick up on. 
“People use moderate or high 
intensity joy words, like ‘What a 
greeeat thing to come to a lecture 
on Saturday morning’, or ‘I really 
love it when I babysit at midnight’,” 
Yang says.

Capturing cognitive linguistic 
features also enhanced sarcasm 
detection, the team discovered. 
People who use sarcasm tend to be 
cognitively complex, which means 
they also tend to use longer words. 
“The proxy is to use the count of 
words of more than six letters,” 
she says.

In benchmarking tests, 
Yang and Gupta’s program 
identified sarcasm more accurately 
than the best previously published 
example, which came from a 
university in the United States 
in 2013. Because sarcasm is 

often used to convey negative 
emotion or attitudes, if the tool 
worked well it should improve 
the overall performance of 
sentiment analysis programs —
which is exactly what the team 
observed when they used their 
sarcasm detection in conjunction 
with AlchemyLanguage, a 
commercial sentiment analysis 
tool recently incorporated into 
IBM’s Watson Natural Language 
Understanding service.

Yang, Gupta and the team 
launched their Crystalace 
demo website in August 2017  
(see page 6), which delves 

into the program’s theoretical 
underpinnings, scripts and lexicon 
and also allows users to test with 
their own text for sarcasm. “Our 
current adopters are mostly 
analysts in consultancy companies 
and digital analytics companies,” 
Yang says. “The most prominent 
use is usually in the form of media 
consultancy, such as evaluating the 
public’s response to social policy.” 
Most recently, one group of 
consultants were so inspired by 
the tool that they established 
a start-up company to offer 
advanced social monitoring 
services, she adds.

In October 2018, the team 
announced they had partnered 
with Singapore Press Holdings 
(SPH) to develop a tool to 
optimize news headlines, 
assessing the emotion-related 
information conveyed by 
headlines. The researchers 
will identify elements of news 
headlines that are correlated with 
article popularity, then develop 
a tool to analyze potential 
headlines to predict which will 
attract most readers.

“Headlines are a key factor 
in attracting readers to delve 
into an article,” says Anthony 
Tan, deputy CEO of SPH. “This 
project will help our newsrooms 
better understand the emotional 
impact of different words and 
phrases used in headlines, so we 
can improve our engagement 
with readers,” he says.

DIGITAL EMOTIONS
Meanwhile, Yang, Gupta 
and the team are applying 
their skills to other forms of 
online communication: audio and 
video streams. “We are integrating 
our text-to-emotion analysis 
capabilities with other A*STAR 
technologies, including automatic 
speech recognition, machine 
translation, acoustic analysis, and 
also facial expression recognition,”  
she says.

The combined tool will 
analyze audio and video for the 
language used, tone of voice and 
facial expression used to gain even 
more insight into sentiment and 
emotion expression. “It requires a 
lot of very specialized expertise to 
handle video data. This is ongoing 
research, attracting lots of interest, 
and we believe more exciting tools 
will be released early next year,” 
Yang says.   

For references, visit the online  
version of this article at: 
www.research.a-star.edu.sg/ 
feature-and-innovation/8004

EMOTION INTENSITY LEXICON
Using high-intensity positive words in a negative situation is a 
feature of sarcasm. To get to the heart of sentiments and sarcasm, in 
2016 Yang Yinping manually coded 3,204 emotion-related English 
words, slang expressions and common emoticons. She coded them 
for strength of positive or negative meaning and for emotional 
intensity (below). High intensity expressions reflected emotions 
such as anger, while low intensity expressions reflected emotions 
such as sadness.

HIGH-
INTENSITY, 
POSITIVE 

e.g.
excited, 
astonished 
and thrill

EXAMPLE OF SIMILAR LANGUAGE 
BUT DIFFERENT SENTIMENTS 

MEDIUM-
INTENSITY, 
NEGATIVE

e.g.
sorry, 
agh, :/

LOW-
INTENSITY, 
POSITIVE

e.g.
thank, 
cooperative, 
concern, :), :d

HIGH-
INTENSITY, 
NEGATIVE

e.g.
hate, 
resented, 
D:

RELATED TO 
EMOTIONS, 

BUT ARE NOT 
GENUINE 

EMOTIONS

e.g.
great, haze, 
fulfill, sick, 
sleepy
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“I was really thrilled about 
that six-hour meeting”

“I was excited by 
today’s meeting  
of minds”



 VIRTUALLY REALITY

FUTURE
FACTOR ES  
  RUN BY DIGITAL TWINS
A new industry-focused facility is testing factory innovations, including 
digital twins, the virtual counterparts of sensorised equipment that 
will make machines smarter. 

I
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I magine a manufacturing 
giant has a machine in 
which a spindle is about 
to snap. In a conventional 
factory, the whirring 

machine will give no warning 
of its impending malfunction; 
failure will come at a random 
moment. Diagnosis and 
repair will be relatively slow, 
constrained by data collection  
and organizing human and 
material resources. 

For a fast-moving consumer 
goods (FMCG) company, the 
lag can be costly. “Because of 
the high volume, we’re talking 
about millions of dollars in 
losses for every hour of down 
time,” says Stuart Wong, the 
senior group manager at the 
Advanced Remanufacturing and 
Technology Centre (ARTC), 
which runs a collaborative 
testbed factory for the latest 

manufacturing technologies. 
Companies could navigate 

this problem using a concept 
known as a ‘digital twin’, with 
some help from ARTC’s model 
smart factory, a collaborative 
manufacturing facility that 
opened in August.

Machines will be sensorized, 
so that the spindle is continually 
monitored and its data sent to 
a central control room. There, a 
computer that acts as a virtual 
copy accurately reflects the 
machine’s current operating 
status based on the sensors and 
physics modeling. 

The digital twin, detecting 
a slight wobble in the spindle, 
might adjust its physical 
counterpart’s operating 
parameters to correct for the 
wobble. Or, if the wobble can’t be 
corrected for, an operator would 
be tipped off. 

“The digital twin might then 
create a maintenance work order, 
determine whether you could 
reroute production so  
that delivery is not impacted, 
find the appropriate maintenance 
personnel, and tell them where 
to go,” says Anikath Murali 
Das, one of ARTC’s program 
managers. Those maintenance 
personnel could quickly repair 
or replace the faulty machine, 
guided, by a tablet showing a 
customized data feed, or by a set 
of augmented reality glasses. 

For FMCG companies such 
as Nestlé, working with ARTC  
enables them to minimise down 
time and improve performance 
and capital efficiency. 
 
NEW WORKER’S GOGGLES 
Many of ARTC’s smart factory 
advances may sound a bit like 
science-fiction, but all of the 

necessary technologies are in 
development. For example, 
ARTC is building augmented 
reality capabilities using 
Microsoft’s HoloLens. 

Alongside this, ARTC 
researchers are building a suite 
of web-based applications that 
will give roving workers access to 
dashboards of important data on 
phones and tablets, as well as the 
means to dial into virtual help if 
needed. “If some maintenance or 
repair task is beyond the scope 
of a worker, [using our tools] a 
colleague somewhere else could 
see exactly what the worker 
standing at the machine sees 
and guide them on what to do,” 
explains Das.

To feed information to these 
applications, the group is actively 
investigating how to add sensors 
to machines from industrial 
partners. “We have a machine 



on loan from a company 
that we have sensorized 
ourselves,” says Das. “We have 
put in 43 sensors to look at 
vibration, temperature, and 
acoustic emissions.”

ARTC has also developed 
a digital-twin of a co-bot, a 
robot designed to physically 
assist a human operator with 
tasks such as moving hot or 
heavy objects. At the moment, 
information flows only from 
the co-bot to its digital copy, 
but Wong says that ARTC’s 
digital twins will eventually  
be bi-directional, so the  
digital version can adjust  
the operation of its physical 
twin instantly.

DATA SECURITY FIRST  
There are security implications 
stemming from the flow 
of data from smart control 
rooms commanding millions 
of dollars of expensive, 
high-precision equipment. 
In conceiving these systems, 
Wong says that it’s vitally 
important to focus on 
designing software architecture 

that is very secure, as well as 
scalable, reliable, and lag-free.

However, the security 
questions are balanced 
against the advantage of 
having infinitely more data. 
For example, companies 
sometimes hear from their 
customers that products  
have quality problems. 
Typically, by the time a 
customer delivers feedback, 
it can be difficult to diagnose 
what might have caused the 
problem. So Das explains, 
the ARTC digital twin model 

factory aims to keep all 
relevant data. “We can go 
back to a particular day, look 
at all the dashboards, drill 
down, diagnose and solve 
the problem.” 

MACHINES TO RUN 
MACHINES
In the short-term, smart 
factory developments 
at ARTC will focus on 
helping existing factory staff. 
“The goal is to assist humans 
by aggregating and digesting 
data, then creating insights 
from it,” says Wong. “The 
control room will provide 
information and predictions, 
but the human has to make 
the decision.”

Eventually, though, Wong 
expects artificial intelligence 
(AI) to take on a greater 
share of the decision-making 
burden. “As the systems 
become more intelligent, we 
can move to full automation 
by AI. That can relieve humans 
to focus on things that AI 
can’t do: relationships, supply 
chain or customer issues, and 
managing workers.”

And data will flow not 
just inside individual smart 
factories, Das says, but 
between them. “Machines will 
be able to talk to machines 

ARTC has created an augmented reality version of their model factory. In it you 
can watch gearbox production (above), see information flow between individual 
machines and the Manufacturing Intelligent Control Room, or find out more 
about testbeds.

LAYERED  
EXPERIENCES 
On this iPad users 
can see extra digital  
layers on top of  
the real world.

SINGAPORE’S PUSH 
FOR SMART FACTORIES  
It is an era that is 
less than 10 years 
old, but Industry 4.0 
ambitiously imagines a 
new kind of factory that 
merges the cyber world - 
with its rich information 
flows, data visualization, 
and artificial intelligence 
- and the physical 
world, with its spindles, 
machines and presses.

In January 2018, a 
World Economic Forum 
analysis of 100 countries 
placed Singapore at the 
forefront of this changing 
landscape, listing it 
among the 25 countries 
best positioned to benefit 
from Industry 4.0. In their 
discussion, its authors 
pointed to Singapore’s 
strong competencies 
in research and 
development, economic 
complexity, and openness 
to trade as major factors 
in this ranking.

Media analyses have 
noted a push by the 
Singapore government 
to bolster this enviable 
position, noting a carrot-
and-stick approach 
with grants and levies 
being bestowed on 
manufacturers, and strong 
financial backing for a 
series of support systems 
that include A*STAR’s 
two model factory 
initiatives. Singapore has 
also recently launched 
of the Singapore Smart 
Industry Readiness Index, 
a tool to help industrial 
companies measure their 
progress towards Industry 
4.0 standards.

Sophisticated  
digital twins are 
already in use at  
NASA, which tracks 
spacecraft using  
similar technology
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directly,” she explains. For 
example, “the machine in my 
factory could tell a machine 
in an offsite factory ‘shut 
down, I don’t want the part 
you’re making’.”

Sophisticated digital  
twins are already in use at 
NASA, which tracks spacecraft 
using similar technology,  
and also to some extent at 
General Electric, which  
creates digital twins of wind 
turbines and jet engines. 
However, many more bespoke 
versions must be created 
to harness this technology 
for manufacturing.

Wong notes that 
corporations are sometimes 
reluctant to test the technology 
on their own because they  
don’t want to disrupt their 
facilities. It’s also just difficult,  
he says, to bring together  
experts in manufacturing with 
the wide range of analytical 
scientists that could provide 
useful input.

That’s why Wong, Das 
and their colleagues want to 
provide proof of concept testing 

so that companies can make 
the case to extend Industry 
4.0 investments to their  
boards and shareholders.  
“There is so much potential,” 
Wong explains. “But there  
was no showcase or test  
data that proved that this new 
technology can really be used  
to optimize smart factories.”

The model factory 
built by ARTC provides 
industry with the freedom 
to experiment and build, 
then take new technologies 
and practices to their 
factory lines. In addition to 
FMCG companies such as 
Nestlé, these collaborations 
have already attracted 
significant interest from 
aerospace and heavy industry 
corporations, among others. 
“We are bridging the gap 
between pure research and 
product development,” Das 
explains. As of today, 69 
industries have joined ARTC in 
doing just that.  

Visit the online version of this article at: 
www.research.a-star.edu.sg/feature-
and-innovation/8017

A demonstration on a virtual 
reality gearbox assembly  

in the ARTC’s Virtual  
Manufacturing Lab (VML).

An ARTC co-bot. Co-bots 
are robots designed to 
assist factory workers with 
tasks, such as moving hot 
or heavy objects.

A PLACE TO TEST NEW IDEAS 
A*STAR’s Model Factory Initiative aims to bridge technological  
gaps so businesses can reinvent themselves through technology co- 
innovation and adoption. There are two locations - one in A*STAR’s 
Advanced Remanufacturing and Technology Centre (ARTC) and the 
other in A*STAR’s Singapore Institute of Manufacturing Technology 
(SIMTech). The two play complementary roles to demonstrate the 
efficacy of advanced manufacturing technologies and guide  
companies on different legs of their technology adoption journey. 

Core technologies in development at ARTC

• Connected sensors inside machines

• A central control room in which factory-wide    
information is collected and visually represented

• Digital replicas or ‘twins’ of physical machines that  
can predict and control machine behavior

• Software that can model and respond to   
production failures and delays

• Mobile data displays and augmented reality  
technology to assist maintenance and repair staff 
 
Underlying all of these technologies is scalable,  
secure and lag-free data architecture. 
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Sydney Brenner studying 
Caenorhabditis elegans 
in the Laboratory of 
Molecular Biology  
at Cambridge, where  
he worked between  
1979 and 1986. 

“Organisms 
are merely 
satisfactory—
they work. Some 
of them don’t 
even work very 
efficiently...” 
-Sydney Brenner
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EVOLUTION 
T H R O U G H  T H E  A E O N S
Sydney Brenner’s 10-on-10: The Chronicles of Evolution is a new book spanning 
14 billion years of evolution and exploring humanity’s place in time.

Sydney Brenner’s  
10-on-10: The 

Chronicles of Evolution 
is a compilation of  

24 essays by leading 
thinkers of our time. 

www.research.a-star.edu.sg   A*STAR RESEARCH    13    

C O N T E N T S         |         F E AT U R E S         |         R E S E A R C H  H I G H L I G H T S         |        N E X T  I S S U E

B iology is merely 
“the art of the 
satisfactory”, says 
Sydney Brenner, 
Nobel-prize winning 

biologist and geneticist. Evolution 
is not particularly purposeful, he 
says, with animals finding niches 
and adapting by chance, rather 
than design. 

 But 21st century science could 
mean that humans could soon 
manipulate evolution, making it 
purposeful and directed.       

Such concepts demand 
examination. So Brenner 
conceived the idea of an Evolution 
Club to explore evolution in all its 
forms and complexity. In 2016, a 
meeting took place in Singapore 
at 10 minutes past 10 o’clock on 10 
December. The scholars involved 
discussed the idea of presenting 10 
seminars over 10 months covering 
1010 years of evolution following a 
logarithmic time scale.

A global powerhouse of 
thinkers quickly came on board, 

inspired by Brenner’s decades-
spanning work with organisms 
as diverse as bacteria-infecting 
viruses, tiny soil-dwelling worms 
and poisonous pufferfish.

Brenner’s varied scientific 
pursuits are unified by the 
genetic code, the common 
thread that connects all life on 
Earth. And although Brenner 
chooses research systems that 
are relatively simple, his goal has 
always been to illuminate the 
workings of the world through 
unraveling the deep complexities 
of evolution.

In the early 1960s Brenner 
was instrumental in determining 
that it was three-letter 
combinations of the DNA code 
that specified which building 
blocks would go into assembling 
proteins. He then mapped out the 
full developmental process and 
genetics of a multicellular animal, 
the little worm Caenorhabditis 
elegans, throughout the 
1970s and 80s, and cemented 

its starring role as a model 
organism. He made invaluable 
contributions to genomics in 
the 1990s, developing DNA 
sequencing technologies, and 
decoding the full genome of fugu, 
the Japanese pufferfish.

He also thought big about 
innovative approaches to science, 
championing the development of 
new research hubs in Asia and, 
most recently, the lecture series 
in Singapore, which delved into 
critical evolutionary milestones, 
exploring how humanity arrived.

The 10-on-10 project 
ultimately expanded to include 
24 speakers, many traveling to 
Singapore from across the world, 
all of whom have now captured 
their talks in print form in 
Sydney Brenner’s 10-on-10: The 
Chronicles of Evolution, a book 
co-edited by Benjamin Seet, 
executive director of the A*STAR 
Biomedical Research Council, 
and Shuzhen Sim, senior editor 
of Asian Scientist magazine.

 The book spans fields 
and aeons. In chapter 2, for 
example, MIT researcher, Hyman 
Hartman, explains why we 
may all have started out as clay. 
While in chapter 19, theoretical 
physicist and economist, Stefan 
Thurner, talks about how 
gradual evolution “from time 
to time breaks out disruptively, 
resulting in booms, busts, 
bubbles, mass extinctions and 
subsequent diversification.” By 
looking mathematically at this 
punctuated equilibrium, he has 
been able to accurately model 
everything from the chemical 
reactions in E. coli, to gross 
domestic product. 

In the book, Brenner also 
flags the uniqueness of this 
moment in history as humankind 
finally becomes competent at 
adopting some of the strategies of 
creatures with “fast” evolutionary 
clocks, such as the CRISPR-Cas9 
gene-editing technique adapted 
from bacteria. ©
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DR BENJAMIN SEET 
Executive Director, Biomedical Research Council (BMRC), A*STAR

Dr Benjamin Seet was appointed Executive Director of A*STAR’s BMRC in 
2012. He oversees R&D spanning the pharmaceutical, medical technology, 
food & nutrition, and consumer care industries. He joined A*STAR after 20 
years in the Singapore Armed Forces (SAF), where he retired as Chief of 
the SAF Medical Corps at the rank of Brigadier-General. 

Benjamin Seet, co-editor of 
10-on-10, explains the impetus for 
the book and lecture project.

Q  Why take such an 
expansive view 

of evolution? 
Genetics, on its own, cannot 
explain the existence of human 
civilization as we know it. And 
no domain of science can be so 
presumptuous to claim to have 
all the answers. So when we 
look at evolution with different 
lenses — cosmology, chemistry, 
biology, anthropology, 
sociology, economics, and more 
— we put together different 
pieces of a complex jigsaw 
puzzle, and take a step back to 
try to understand it all. 

Q When was it realized 
that the 10-on-10 lecture 

series on evolution should be 
presented in written form?
Right from the start, we realized 
that these ideas had to be made 
accessible to a wide audience. This 
book offers something unique 
in that it brings together views 
from leading experts who have 
devoted their careers to studying 
particular facets of evolution. The 
resulting compilation of short 
chronicles, and the insights it 
provides into how the world is 
changing and why, is a testament 
to Sydney’s expansive vision and 
scientific legacy.

Q How?

What many people may not realize 
is that Sydney Brenner’s work 
follows its own sort of evolution-
ary pathway. He started inquiring 
about where humans came from 
as a student in South Africa, where 
he took part in paleontological 
digs across the country. He went 
on to study molecular biochemis-
try, unicellular bacteria, the inver-
tebrate worm C. elegans, the evolu-
tionary biology of various fish 
species, before going back to the 
study of humans. This work was 
strung together by his intimate 
understanding of the genetic code 
and how this served to record and 
transmit information within and 
between species. 

Q          In the introduction to the 
book Brenner writes that 

“the most interesting stage 
of evolution is when we give 
up doing it by biology”. What 
does he mean? 
It has taken 3.8 billion years to 
get from the first biological life 
forms to the emergence of Homo 
sapiens. In contrast, in the 15 
years since the human genome 
was first sequenced in 2003, we 
have learnt to read, edit and 
manipulate DNA with increasing 
ease and precision. With modern 
tools and computers, it is a 
matter of time before humans 
take over to “improve” biology 

by making it purposeful, and, 
in the process, change the very 
course of evolution. 

    

Q Why explore evolution 
over logarithmic 

timescales?
It took 10 billion years to go  
from the Big Bang to the creation 
of Earth, and another 1 billion 
years for the first biological life 
forms to appear. On the other 
hand, many of the events that 
have led to the age of the  
Anthropocene have been  
compressed within the recent 
millennium. So it made sense 
to use a log-scale lens, which 
advances in orders of magnitude. 
It meant we could look at ideas 
reaching back to the Big Bang, 
but include more discussion on 
relatively recent events.

Q How does going all 
the way back in time 

help illuminate how we as 
humans got where we are 
today, and give clues to where 
we’re going?
We need to know our place 
in time. Yet, the oldest known 
writing is only 5,500 years old. 
DNA records have allowed us to 
look much further back, while the 
mathematical tools used by cos-
mologists have helped reconstruct 
how the universe might have 
looked like right at the beginning. 
With these perspectives, we can 

then attempt to guess what the 
future might bring. As one of the 
authors, social scientist, Helga 
Nowotny, has said, we are the 
only species that has the privilege 
to view evolution from the inside, 
which compels us to speculate 
about where it might take us. 

Q Does the viewpoint 
Nowotny outlines in 

the final chapter leave you 
optimistic about the future 
of our species?
Helga’s chapter on our 
impulses as a society 
points towards an open 
and undetermined 
future, where 
humankind 
possesses the tools 
to alter the course 
of evolution, 
without being 
fully in control 
of what we are 
doing. It is almost 
certain that we will 
make mistakes, and 
that we will end up 
taking a step back for 
every few steps forward. 
But looking back at 
history, I remain optimistic 
that we will learn and that the 
pendulum will eventually find 
equilibrium, at least for a while.   

For more on the book and online lecture 

series visit: www.research.a-star.edu.

sg/feature-and-innovation/8024
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Sydney Brenner,  
who now heads a lab 
at A*STAR, won a 
Nobel Prize in 2002 
for his genetics work 
using the see-through 
model organism 
Caenorhabditis elegans. 
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4,500,000,000  Earth forms 

500 Enlightenment 

200 Industrial revolution 

Anthropocene
Chapter 23 - The humble view from inside evolution 

“In fact, we are now at a point where cultural evolution 
has overtaken biological evolution…” 
-Helga Nowotny, founding member of the European 
Research Council

3,800,000,000  Beginning of biological life on earth
Chapter 2 - From clay to the code of life

“These intriguing characteristics of clay…could tell us 
even more about the transition from prebiotic chemi-
cals to the first biological life forms.”
-Hyman Hartman, MIT, USA 

3,500,000,000  Single cell organisms

53,000,000  First vertebrates 

6,000,000 Human and chimpanzee lineages emerge 

2,500,000 Evolution of the genus Homo

400,000 Neanderthals evolve in Eurasia 

800,000 Human brain size starts to increase   
 at a rapid rate

46,000,000 Diversification of fishes 

200,000 Homo sapiens evolve in Africa

12,000 Agricultural revolution 

5,000 Earliest known writing

39,000,000 Teterapods evolve and  
 start to colonise the land

Chapter 6 - There and back again 
“Somewhat curiously, some tetrapods—such as whales—
have also gone back into the seas…”
-Per Ahlberg, Uppsala University, Sweden

13,800,000,000 The Big Bang
Chapter 1 - Life in the habitable zone
“From its very beginning, a universe must expand at a certain rate in 
order to become habitable. If it expands too fast, falling far short of 
the threshold known as critical density, matter will never cluster into 
stars and galaxies. On the other hand, if it expands too slowly and 
exceeds the critical density, it will collapse to a ‘Big Crunch’…”
-John D. Barrow, University of Cambridge, UK

2,000,000,000  Eukaryotic cells

90,000,000 Multicellular organisms
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In work applicable to off-
shore oil-rigs, A*STAR 
researchers have developed a 
model that can simulate the 
complicated forces exerted 
by flowing water on an array 
of cylinders. Such work 
demonstrates the usefulness 
of numerical simulations to 
investigate complex physical 
real-world scenarios.

When designing an off-
shore platform, engineers must 
be able to predict how it will 
be affected by the motion of 
the surrounding sea water. As 
cylindrical structures such as 
heat exchangers, chimney stacks 
and riser pipes, are commonly 
deployed at the point where 
the platforms enter the ocean, 
it is vital to understand the 

forces exerted on them by 
flowing water under varying 
sea conditions.

Water flowing around 
a single cylinder creates 
oscillating vortices — swirling 
currents of water. This so-called 
vortex shedding can cause 
vibrations in the structure. 
These typically reach a 
maximum amplitude when the 
flow velocity is such that the 
vortex-shedding oscillation 
frequency is near the 
structure’s natural mechanical 
frequency; this is also known as 
the lock-in frequency.

However, in the case of 
multiple closely spaced cylinders, 
interactions between the flows 
around adjacent cylinders create 
vibrations as well. The influence 

of these wake-induced vibrations 
is poorly understood, and a 
coherent theory for them had 
not yet been developed.

Now, Vinh-Tan Nguyen, 
Wai Hong Ronald Chan 
and Hoang Huy Nguyen 
from the A*STAR Institute of 
High Performance Computing 
have used a computational 
fluid dynamics approach 
to model wake-induced 
vibrations under various 
flow conditions.

The team use a numerical 
model for fluid-structure 
interactions, which takes 
into account the coupled effects 
of vortices on structure responses 
and vice versa. They tested 
the reliability of their approach 
by comparing the numerical 
prediction with the results 

of two recent experimental 
studies. The agreement was 
reasonably good, and the 
simulation was able to predict 
the empirical observation 
that increased flow velocity leads 
to higher amplitude vibrations. 
Notably, unlike in the case of 
single cylinder, the response 
amplitude remains large as 
the flow velocity increases, 
even away from the lock-in 
frequency. This phenomenon 
is a concern for risers deployed 
in deep sea conditions in a 
tandem arrangement.

 “We are working on a 
better understanding of those 
phenomena from a more detailed 
fluid dynamic perspective,” 
says Vinh-Tan Nguyen. 
“Ultimately we would like to 
fully characterize this behaviour 
and provide an efficient tool for 
engineers to better design risers 
and offshore structures in those 
similar conditions.”  

1. Nguyen, V.-T., Chan, W. H. R. 
& Nguyen, H. H. Numerical 
investigation of wake induced 
vibrations of cylinders in tandem 
arrangement at subcritical Reynolds 
numbers. Ocean Engineering 154, 
341–356 (2018).

GOING WITH 
THE FLOW
A simulation of the forces 
induced on cylinders by ocean 
currents could help in the design 
of off-shore platforms

MARINE 
ENGINEERING

‘‘We would like 
to provide an 
efficient tool 
for engineers to 
better design 
risers and offshore 
structures.’’

Modelling vortices 
in an ocean current 

around two cylinders 
could help marine-off-

shore engineers 
design better risers.
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Composite panels that sandwich 
a porous inner core between 
two solid outer sheets are 
increasingly being used in 
aircraft to reduce weight while 
maintaining structural rigidity. 
A study led by A*STAR may 
help other industries exploit 
the benefits of sandwich panels 
by using three-dimensional 
(3D) printing to generate core 

structures optimized for different 
mechanical loads.1

Many existing sandwich 
panels have cores inspired by 
the efficiently packed hexagonal 
cells inside beehives. Recently, 
researchers have investigated 
strategies to minimize the 
weights of cores by constructing 
lattice-like frameworks held 
together by thin beams known 

as trusses. But preventing 
these trusses from warping or 
buckling prematurely is still an 
ongoing challenge.

One surprising way that 
engineers are tackling this 
problem is by switching from 
normally straight trusses to ones 
with bumps, waves, and other 
irregular features. “Diameter 
variations allow for local 
thickening where the highest 
buckling moments occur, while 
reducing thickness in other 
areas along the trusses,” explains 
Stefanie Feih from the Singapore 
Institute of Manufacturing 
Technology (SIMTech) at 
A*STAR. “We can therefore keep 
the same mass, but increase the 
buckling strength significantly.”

In collaboration with 
researchers at the National 
University of Singapore (NUS) 
and the Hong Kong University 
of Science and Technology 
(HKUST), Feih and her co-
workers developed a method 
to identify the strongest types 
of non-uniform trusses. They 
accomplished this by using 

mathematical techniques to 
characterize complex surfaces 
as simple variables — the 
smoothness of a surface, for 
example, or the frequency 
of a recurring shape. A 
computational algorithm then 
calculates the buckling strength 
of different geometric trusses, 
and suggests candidates based on 
the input design parameters.

Lei Zhang, a PhD student 
at NUS who helped lead the 
study, notes that with just a few 
variables for optimization, this 
method can be easily scaled 
beyond simple one-dimensional 
shapes. To demonstrate this, 
the researchers modeled a 3D 
structure, known as a Kagome 
lattice, where star-shaped 
trusses have arms that extend 
in six different directions. Their 
simulations isolated a bumpy 
structure with 20 per cent better 
buckling resistance than uniform 
trusses of the same weight.

Because commercial 
fabrication technologies are 
geared toward producing 
uniform items, the team turned 
to additive manufacturing to 
generate a prototype sandwich 
panel from the optimally shaped 
Kagome lattice structure. 
The resulting 3D printed 
core validated the model’s 
predictions, setting the stage for 
future industrial applications.

“Current lattice structure 
designs are not taking full 
advantage of the possibilities of 
additive manufacturing,” says 
Feih. “Our work highlights the 
potential for tailored multi-
functional designs, by combining, 
for example, mechanical and 
thermal requirements into 
one component.”  

1. Zhang, L., Feih, S., Daynes, S., 
Wang, Y., Wang, M. Y. et al. Buckling 
optimization of Kagome lattice cores 
with free-form trusses. Materials & 
Design 145, 144–155 (2018).

BUILDING A NEW WAVE 
OF LIGHTWEIGHT 
STRUCTURAL PANELS
Computerized design reveals how 
honeycomb-like frameworks with 
unusual rippled shapes can produce 
buckle-resistant architectures

Initial
Kagome core

Sandwich panel

Optimized
Kagome core

0.5    1.0    1.5    2.0

Initial           Optimized

60
40
20

0

Displacement (mm)

Lo
ad

 (N
)

Parametric
shape

optimization

+ + +•••=

Free-form truss
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24%
improvement of
critical buckling load

ADDITIVE 
MANUFACTURING

Deconstructing complex shapes into simple mathematical variables has enabled researchers to design and fabricate extremely 
strong cores for sandwich panels 
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BOOSTING 
THE HYDROGEN 
ECONOMY
A newly discovered 
catalyst promises cheaper 
hydrogen production

A new catalyst could 
dramatically decrease the 
cost of producing hydrogen, 
one of the cleanest 
renewable fuels. Based on 
molybdenum sulfide, the 
catalyst was developed by 
a group at the A*STAR 
Institute of Materials 
Research and Engineering, 
led by Shi Jie Wang.

The new catalyst could 
revolutionize industrial 
use of the hydrogen 
evolution reaction (HER), 
which generates hydrogen 
gas by splitting water 
molecules. The most efficient 
catalysts for HER use noble 
metals such as platinum, 
which are prohibitively 
expensive for large-scale 
production. Current global 
production of hydrogen 
is estimated at 50 million 
tonnes, but demand could 
take off if production 
costs can be reduced to 

make it competitive as a 
transport fuel.

“We are intensively 
exploring catalysts made 
with Earth-abundant 
materials with HER 
performances comparable to 
noble metals,” says Wang.

The team’s success came 
when they stumbled across 
a new crystalline form of 
molybdenum sulfide, with 
composition Mo6S4.

The common 
structure, molybdenum 
disulfide (MoS2), initially 
showed promise as a 
catalyst, but was limited 
by the low efficiency of 

hydrogen adsorbing to the 
surface. The transfer of 
electrical charge — central 
to the catalysis process — 
also proved slow.

Unexpectedly, 
researchers found MoS2 
catalysis occurred most 
efficiently at the edges of 
the material or at flaws in 
the lattice where there were 
unpaired electrons.

This led Wang and his 
team to attempt to introduce 
MoS2 flaws by varying the 
ratio of molybdenum to 
sulfur. At a particular ratio 
they were surprised to find 
that, instead of flawed MoS2, 
they had produced a regular 
two-dimensional crystal.

Examining the structure 
with a scanning tunneling 
microscope, the team found 
a square lattice structure 
made of repeating units 
of Mo6S4 — quite different 
from MoS2’s hexagonal 

lattice structure.
Modelling of the square 

structure suggested it would 
be an efficient catalyst, as its 
characteristics were closer 
to metals such as platinum 
than the semiconductor-
like MoS2.

Experiments confirmed 
the performance of Mo6S4: 
the voltage required to drive 
the HER reaction was about 
0.1 volts, 50 per cent lower 
than flawed lattice MoS2, 
and approaching platinum 
(~0.05 volts).

“It’s not quite as good as 
platinum, but considering 
that it’s very cheap and very 
stable, I think it has great 
potential,” Wang says.  

1. Yang, T., Bao, Y., Xiao, W., Zhou, 
J., Ding, J. et al. Hydrogen 
evolution catalyzed by a 
molybdenum sulfide two-
dimensional structure with 
active basal planes. ACS 
Applied Materials & Interfaces 
10, 22042–22049 (2018).

CATALYSIS

‘‘It’s very 
cheap and very 
stable, I think 
it has great 
potential.’’

Mo

S

A side view of a hydrogen adsorption on 
two-dimensional Mo6S4 superimposed 
with charge density difference, where 
the red color denotes charge accumu-
lation and blue color denotes charge 
depletion.
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Nanomaterials that speed up 
the production of hydrogen gas 
have been created by A*STAR 
and NTU researchers1. This 
work could help to develop more 
efficient technologies for making 
this clean fuel.

When hydrogen burns, it 
produces only water as a by-
product, making it an attractive 
clean fuel for vehicles and other 
energy applications. However, 
most of the world’s hydrogen is 
currently produced using fossil 
fuels in a process that emits large 
amounts of the greenhouse gas 
carbon dioxide.

Researchers are thus looking 
at making hydrogen by splitting 
water using electricity generated 
by renewable sources. These 
electrolysis systems typically 
use electrodes containing 
catalysts, which accelerate 
hydrogen production and 
reduce the amount of electricity 
needed to drive the hydrogen 
evolution reaction — one of 
the two reactions involved in 
splitting water.

Now, Yonghua Du of the 
A*STAR Institute of Chemical 
and Engineering Sciences, 
working with Hua Zhang’s 
group at Nanyang Technological 

University, has investigated 
the catalytic abilities of 
nanomaterials based on rhenium 
sulfide selenide.

The researchers focused on a 
phase that contains zigzag chains 
of rhenium atoms between 
buckled layers of sulfur and 
selenium. They used a chemical 
reagent to insert lithium between 
these atomic layers. Adding 
water triggered a reaction that 
cleaved off dots of material just 2 
nanometers in size.

The team then tested 
nanoparticles containing 
varying proportions of sulfur 
and selenium. The material with 
equal amounts of sulfur and 
selenium had the best catalytic 
performance, requiring the 
lowest voltage to catalyze the 
hydrogen evolution reaction. 
This particular material was also 
highly stable, showing negligible 
performance loss even after 
20,000 testing cycles.

To understand the origins 
of this catalytic activity, Du’s 
team used X-ray absorption 
spectroscopy to study the 
arrangement of atoms in the 
nanoparticles. They found 
that the process used to create 
the nanoparticles could also 

create defects by knocking 
out sulfur atoms from the 
material’s structure.

Zhang’s group performed 
further experiments and 
theoretical calculations to show 
that these defects improved the 
nanoparticles’ catalytic activity by 
allowing a charge to build up on 
rhenium atoms next to the site of 
the missing sulfur (see image).

“Defect engineering has 
proved to be one of the most 
effective ways to improve 
the activity of catalysts for 
electrocatalytic hydrogen 
evolution reaction, and X-ray 
absorption spectroscopy is a 
key technique for unraveling 
the defects in nanomaterials,” 
says Zhang.

The researchers say that 
this approach to understanding 
catalytic activity should help in the 
design and synthesis of other high-
performance electrocatalysts.  

1. Lai, Z., Chaturvedi, A., Wang, Y., 
Tran, T. H., Liu, X. et al. Preparation 
of 1T’-phase ReS2xSe2(1-x) 
(x = 0–1) nanodots for highly 
efficient electrocatalytic hydrogen 
evolution reaction. Journal of the 
American Chemical Society 140, 
8563−8568 (2018).

DEFECTS IN 
CATALYST BOOST 
WATER SPLITTING 
EFFICIENCY
Defects in nanoparticles help to 
drive the production of hydrogen, 
a clean-burning fuel

ReSSe Ls-v with H

S vacancy Re Se S

‘‘Defect 
engineering is 
one of the most 
effective ways to 
improve catalyst 
activity for the 
electrocatalytic 
hydrogen evolution 
reaction.’’

HYDROGEN 
ENERGY

A rhenium-based nanoparticle containing equal amounts of sulfur and selenium, yet missing some sulfur atoms, proved to be the 
most effective electrocatalyst.
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An environmentally responsible 
formulation process that makes 
the immunosuppressant drug, 
Tacrolimus (TAC) more soluble, 
and hence more readily absorbed 
by the body, has been developed 
by A*STAR scientists.

Tacrolimus, despite offering 
a lifeline to recipients of organ 
transplants, is poorly utilized by 
the body due to its insolubility 
and rapid degradation by 
intestinal enzymes.  To overcome 

this, patients have to take higher 
doses of the expensive, rejection-
blocking drug, resulting in an 
increased risk of side-effects.

“Our idea was to improve 
solubility by using the amorphous 
form of the drug,” explains Parijat 
Kanaujia, from A*STAR’s Institute 
of Chemical and Engineering 
Sciences, the lead investigator on 
the study.

The team used a process 
called hot melt extrusion to 

break the crystalline molecular 
lattice of TAC down into a 
disordered structure, which 
dissolves much more readily. 
To prevent the amorphous TAC 
from rearranging back into its 
naturally favored crystalline 
structure, Kanaujia and his team 
created formulations with three 
different stabilizing polymers, 
which provide the added benefit 
of extra solubility, thanks to their 
hydrophilic properties.

In tests, all three formulations 
showed markedly increased 
dissolution rates, releasing 
more than 80 per cent of 
their TAC in 15 minutes. In 

comparison, standard crystalline 
TAC releases just 5 per cent of 
its pharmacologically active 
molecules in two hours. Kanaujia 
says that their hypothesis, 
to be confirmed in future 
studies, is that the rapid release 
will lead to rapid absorption 
and therefore less intestinal 
enzyme degradation.  
TAC-containing orally 
disintegrating tablets, designed 
to dissolve under the tongue, 
stood up against three months of 
storage stability tests, retaining 
their properties.

The team’s study was 
made possible thanks to a 
GlaxoSmithKline Green and 
Sustainable Manufacturing 
grant, a Singaporean fund 
which helps fund research 
that furthers sustainable 
manufacturing. “Usually people 
dissolve TAC in a solvent before 
precipitating the molecule out 
in its amorphous form,” says 
Kanaujia. “But the melt extruder 
doesn’t use any solvent, so it isn’t 
environmentally harmful.”

Kanaujia and his team are 
looking for a commercial partner 
to help them start moving their 
discovery from the bench to 
the clinic. As anti-rejection 
drugs such as TAC are taken 
for the rest of a transplant 
recipient’s life, a reduction in 
dose facilitated by increased 
efficiency could offer a huge 
impact in terms of cost, and in 
terms of dose-mediated side 
effects. Additionally, tablets 
that don’t require swallowing 
offer a less stressful medication 
experience for children, the 
elderly, and patients who have 
difficulty swallowing.  

1. Ponnammal, P., Kanaujia, P., Yani, 
Y., Ng, W. K., Tan, R. B. H. Orally 
disintegrating tablets containing 
melt extruded amorphous 
solid dispersion of Tacrolimus 
for dissolution enhancement. 
Pharmaceutics 10, 35 (2018). 

TRANSPLANT 
DRUG GOES 
‘GREEN’
Sustainability-driven 
developments in a transplant 
rejection drug’s formulation 
may lead to reduced costs and 
side effects for patients

FORMULATION 
CHEMISTRY

‘‘Our idea was 
to improve 
solubility 
by using the 
amorphous form 
of the drug.’’

The good fortune to receive a 
replacement organ comes with the 
caveat of lifelong immunosuppressive 
medication, but with discoveries such 
as the one described here, the financial 
and health burden of the treatment may 
be significantly reduced.
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A cheap, compact technique 
for analyzing samples 
at infrared wavelengths 
using visible-wavelength 
components could 
revolutionize medical and 
material testing1.

Infrared spectroscopy 
is used for material analysis, 
in forensics and in the 
identification of historical 
artifacts, for example — but 
scanners are bulky and 
expensive. Visible-wavelength 
technology is cheap and 
accessible in items such as 
smartphone cameras and 
laser pointers.

This led Leonid Krivitsky 
and colleagues from A*STAR’s 
former Data Storage Institute 
to develop a method in which 
a laser beam was converted 
into two linked lower energy 
beams: The link between 
the two beams allowed 
experiments using one beam 
at infrared wavelengths to be 
detected in the second beam, 
at visible wavelengths.

“It’s a very simple setup, 
uses simple components, and 

is very compact, and we’ve 
hit a resolution comparable 
with conventional infrared 
systems,” Krivitsky says.

The team fed laser light 
into a lithium niobate crystal 
that split some of the laser 
photons into two quantum-
linked photons of lower 
energies, one in the infrared, 
and one in the visible parts 
of the spectrum, through a 
nonlinear process known as 
parametric down-conversion.

In a setup similar to a 
Michelson interferometer, the 
three beams were separated 
and were sent to mirrors 
that reflected them back into 
the crystal.

When the original 
laser beam re-entered the 
crystal, it created a new pair 
of down-converted beams 
that interfered with the light 
created in the first pass.

It was this interference 
that the team exploited: a 
sample placed in the infrared 
beam affected the interference 
between first-pass and 
second-pass beams, which 

could be detected in both 
the infrared and visible 
beams, because they are 
quantum linked.

Not only does the 
method allow changes 
in the infrared beam 
to be analyzed via the 
visible beam, it provides 
more information than 
conventional spectroscopy. 
“Because this is an 
interferometric scheme, you 
can independently measure 
absorption and refractive 
index, which you cannot 
measure in conventional 
infrared spectroscopy,” 
Krivitsky says.

The team were able to 
gain more information about 
the sample by systematically 
changing its position in 
the beam. With these 
measurements they were 
able to construct a three-
dimensional image using a 
technique known as optical 
coherence tomography2.

“It’s a very powerful 
concept. It’s a nice 
combination of spectroscopy, 

imaging and the ability to 
widely tune the wavelength,” 
says Krivitsky.

The team analyzed 
samples at four wavelengths 
between 1.5 microns and 
3 microns, wavelengths 
that previously required 
sophisticated lasers 
and detectors.

The range of the 
technique can be extended 
to the near and far infrared 
by judicious choice of 
components.

“To the best of our 
knowledge there is no 
commercially-available 
optical coherence tomography 
system that operates beyond 
1.5 microns,” Krivitsky says.  

1. Paterova, A. V., Yang, H., 
An, C., Kalashnikov, D. A., & 
Krivitsky, L. A. Measurement of 
infrared optical constants with 
visible photons. New Journal of 
Physics 20, 043015 (2018).

2. Paterova, A. V., Yang, H., 
An, C., Kalashnikov, D. A., & 
Krivitsky, L. A.Tunable optical 
coherence tomography in the 
infrared range using visible 
photons.Quantum Science and 
Technology 3, 025008 (2018). 

WAVELENGTH SHIFT 
COULD LEAD TO CHEAP 
INFRARED SCANS
Using a crystal to link visible light to infrared 
opens a window on infrared sensing

SENSING
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A tiny laser comprising an array 
of nanoscale semiconductor 
cylinders has been made by 
an all-A*STAR team. This 
is the first time that lasing 
has been achieved in non-
metallic nanostructures, and it 
promises to lead to miniature 
lasers usable in a wide range of 
optoelectronic devices. 

Microscale lasers are 
widely used in devices such as 
CD and DVD players. Now, 
optical engineers are developing 
nanoscale lasers — so small 
that they cannot be seen by the 
human eye. 

A promising method is to 
use arrays of tiny structures 
made from semiconductors 
with a high refractive index. 

Such structures act as tiny 
antennas, resonating at specific 
wavelengths. However, it has 
been challenging to use them to 
construct a cavity — the heart 
of a laser, where light bounces 
around while being amplified. 

Now, Arseniy Kuznetsov, 
Son Tung Ha, Ramón Paniagua-
Domínguez, and their colleagues 
at the A*STAR Institute 
of Materials Research and 
Engineering have overcome this 
problem by exploiting a highly 
unusual type of standing wave 
that remains in one spot despite 
coexisting with a continuous 
spectrum of radiating waves 
that can transport energy away. 
First predicted by quantum 
mechanics, this wave was 

SHRINKING 
SEMICONDUCTOR 

LASERS TO 
THE NANOSCALE

An ultracompact laser has 
been made using nanoscale 

semiconductor columns

PHOTONICS

A*STAR researchers 
have realized 

lasing in nanoscale 
semiconductor 

structures by using an 
array of nanoantennas.
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A nanoscale optical antenna 
developed by researchers at 
A*STAR allows the manipu-
lation of visible light waves on 
the scale of microchips. Such 
nanoantennae may enable the 
development of high-resolu-
tion imaging systems in small 
mobile devices.

Photons in light beams can 
carry more information than 
electrons traveling through 
electrical wiring. If light could 
be directed within nanoscale 
chips as a means of wireless data 
transfer, it could open the way 
for technologies such as high-
speed imaging for medical uses, 
and phone screens that boast 
high resolution, three-dimen-
sional displays.

The nanoscale anten-
na design by Jinfa Ho, Joel 
Yang, and Arseniy Kuznetsov 
and their team at A*STAR’s 
Institute of Materials Research 
and Engineering, is the first to 
enable precise control of the 
direction that the light waves 
are traveling, while limiting 
radiation leakage that could 
create interfering crosstalk 
between components.

Most people would recog-
nize pronged radio antennae 
from building roofs, comprising 
an active feed element and a 
series of parallel metal rods, or 
‘dipole directors’. This design, 
called a Yagi-Uda antenna, is 
a highly successful method of 
transmitting radio waves; the 
size of each dipole is designed 

to respond to radio waves of 
specific wavelengths and direct 
them as needed.

“For Yagi-Uda antennae to 
operate in the optical wave-
length regime, they must be 
scaled down to nanometer 
sizes,” says Ho. “Most previous 
attempts retained the use of 
metals, which have significant-
ly losses at optical frequencies 
because of absorption into 
the metal. Instead, we used a 
gold-source dipole configured 
into a bow-tie shape, coupled 
with silicon directors.” It is 
the use of both plasmonic 
(gold bow tie) and dielectric 
(silicon director) structures 
that leads to the nanoantenna’s 
hybrid nature.

The electric field hotspot 
created in the middle of the 
bow-tie when the antenna 
was in use greatly enhanced 
the gold’s photoluminescent 
properties. This allowed the 
researchers to image the tiny 
antenna and manipulate the 

direction of the light signal. 
Using silicon directors meant 
that high dipole strengths 
were maintained through-
out the antenna, with low 
dissipation losses.

“By exciting several dipoles 
in close proximity to each other 
with the correct phase differ-
ence, we enhanced radiation 
in the desired direction thanks 
to destructive and constructive 
interference,” explains Ho. “This 
improved directivity compared 
with previous designs.”

The team’s next step is to 
create a nanoantenna that will 
change emission direction 
under different electrical signals. 
“Imagine nanoantennae arrays 
emitting light in different direc-
tions, creating high-resolution 
images visible from multiple 
viewpoints,” adds Yang.  

1. Ho, J., Fu, Y. H., Dong, Z., Paniagua-
Dominquez, R., Koay, E. H. H. et al. 
Highly directive hybrid metal-di-
electric Yagi-Uda nanoantennas. 
ACS Nano 12, 8616–8624 (2018).

TINY ANTENNAE 
DIRECTING LIGHT 
AT THE CHIP SCALE
A hybrid nanoantenna designed to 
manipulate visible light could one day help 
transmit information in tiny optical devices

The nanoantenna designed by Ho 
and co-workers is modeled on the 

classic roof-top antenna design, 
but the tiny gold bow-tie shape and 

silicon dipoles allow it to transmit 
visible light instead of radio waves.

NANOTECHNOLOGY

demonstrated experimentally in 
optics about a decade ago. 

There was an element of 
serendipity in the invention. 
“We initially planned to create a 
laser just based on the diffractive 
resonances in the array,” 
recalls Kuznetsov. “But after 
fabricating samples and testing 
them, we discovered this strong 
enhancement at a different 
wavelength from expected. 
When we went back and did 
further simulations and analysis, 
we realized that we had created 
these special waves.” 

The demonstration is 
the culmination of five years 
of research by the team. 
It was a race against time, 
since other groups were also 
working on developing active 
nanoantennas, Kuznetsov 
notes. “Until now, lasing hasn’t 
been realized in nanoantenna 
structures,” he says. “So it’s 
a big step for the dielectric 
nanoantenna community.” 

Their laser also has advantages 
over other kinds of miniature 
lasers. Firstly, the direction of 
its narrow, well-defined beam 
can be easily controlled — this 
maneuverability is often needed 
in device applications. Also, 
because the nanocylinders 
are quite sparsely distributed, 
the laser is highly transparent, 
which is beneficial for multilayer 
devices that contain other 
optical components.

The team is now working 
to develop lasers that can be 
excited electrically, rather 
than by light as in the present 
study, which would be a major 
advance toward realizing 
commercial nanolasers.  

1. Ha, S. T., Fu, Y. H., Emani, N. K., 
Pan, Z., Bakker, R. M., Paniagua-
Domínguez, R. & Kuznetsov, A. 
I. Directional lasing in resonant 
semiconductor nanoantenna 
arrays. Nature Nanotechnology 13, 
1042-1047 (2018). ©
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A technique known as 
cytometry, which effectively 
sorts and labels cells for use 
in research, may be boosted 
by an algorithm developed by 
A*STAR researchers. 

Cytometry data analysis 
typically relies on a single-cell 
process that separates irrelevant 
cells from populations of 
interest, according to a set of 
well-defined parameters. In 
this selection process, cells are 
successively divided into subsets 
according to whether fluorescent 
markers are present or absent.  
As the number of parameters to 
be measured increases, so does 
the complexity of the process, 
causing subsets to multiply 
exponentially. Methods such 
as dimensionality reduction 
and cluster analysis have been 
designed for high dimensions, 
but often fail to clearly describe 
the distinguishing characteristics 
within single cells, which is 
problematic for new and poorly 
defined subsets.

To address this, Etienne 
Becht, Evan Newell, and 
colleagues from the A*STAR 
Singapore Immunology Network 
have created an algorithm, 
called Hypergate, that generates 
a strategy that can segregate 
cells and describe the resulting 
clusters concisely and accurately. 
“Similar to solving the Rubik’s 
cube, the algorithm comprises 
an iterative process in which 
individual parameter thresholds 
are adjusted until a composite 
representing the average of 
purity and yield is maximized,” 
says Newell.

Hypergate optimizes the size 
of a high-dimensional rectangle 
to best encapsulate the target 
cell cluster. It first includes 
all cells in the rectangle and 
modifies the boundaries through 
successive contraction and 
expansion phases. Contractions 

exclude cells to increase purity 
but can also reduce yield, 
while expansions increase 
yield, but sometimes at the 
expense of purity.  “Solving this 
problem by testing all possible 
threshold values would be far 
too computationally expensive 
and unmanageable with current 
computers,” says Newell.

According to Newell, the 
resulting gating strategies can 
provide major insight into the 
true significance of each cell 
population.  The researchers 
found that these strategies gave 
different cell populations from 
those obtained by traditional 
gating approaches.  They 
evaluated the sorting ability 
of Hypergate using innate 
lymphoid cells, a family of 
immune cells whose number 
of subsets is unknown. The 
algorithm identified two cell 
clusters with higher purity and 
yield than existing approaches. 
It also labelled 24 cell clusters 
in agreement with previous 
descriptions, and often with 
enhanced precision.

Newell’s team believes that 
Hypergate can facilitate flow 
cytometry and other high-
dimensional cell profiling 
methods, especially to isolate 
hard-to-define cell populations. 
“In the future, this could be 
accomplished in real time by 
flow cytometry,” he says.  

1. Becht, E., Simoni, Y., Coustan-
Smith, E., Evrard, M., Cheng, Y. et 
al. Reverse-engineering flow-
cytometry gating strategies 
for phenotypic labelling and 
high-performance cell sorting, 
Bioinformatics 35, 301-308 (2018). 

REVISITING 
SELECTION RULES
A machine learning approach 
helps sort and label cell 
clusters in multiple dimensions
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‘‘Similar to solving 
the Rubik’s cube, 
the algorithm 
comprises an 
iterative process.’’

CELL 
SORTING

Hypergate allows users to sort and color label the different cell subsets in their sample.
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A*STAR scientists have 
optimized the molecular 
recipes and growth-supporting 
microparticles needed to 
prepare and sustain billions 
of stem cell-derived red blood 
cells (RBCs) in industrial-scale 
manufacturing vessels known 
as bioreactors. The recipe 
could one day be used to make 
blood that will supplement 

or even replace blood taken 
from human donors. The team 
has shown that transient 
activation of a key signaling 
pathway can dramatically boost 
efficiencies across a range of 
starting materials.

The system is still nowhere 
near producing the 1–2 trillion 
RBCs found in each ‘unit’ of 
donated blood — but it’s getting 

close. And soon, Jaichandran 
Sivalingam, a research scientist 
at A*STAR’s Bioprocessing 
Technology Institute (BTI), 
expects the platform to help 
solve the dual problem of supply 
shortages and transmissible 
infections that undermine 
transfusion medicine.

Jaichandran and his 
colleagues from Steve Oh’s Stem 
Cell Bioprocessing research 
group previously developed 
a system for transforming 
induced pluripotent 
stem cells into RBC precursors 
under the kinds of conditions 
needed to keep enormous 

numbers of cells alive and 
healthy. The technique worked, 
but it wasn’t very robust. 
When applied to multiple stem 
cell lines, the research team, 
which included collaborators 
from Jonathan Loh’s group 
at the A*STAR Institute of 
Molecular and Cell Biology, 
recorded wildly different RBC 
differentiation efficiencies.

To find out why, the team 
searched for factors that 
enhanced the first step of the 
differentiation process. They 
found that a drug activator of the 
Wnt/β-catenin pathway, which 
regulates cell fate decisions, 
helped coax the reprogrammed 
stem cells into forming early 
blood progenitors. They added 
this drug to their protocol 
and produced up to 60,000 
blood precursor cells from 
each stem cell within about 
50 days in culture — a 40-fold 
improvement over the team’s 
prior approach.

There are still hurdles the 
method needs to overcome. 
The system, which was 
described recently in the 
journal Haematologica, used a 
semi-solid, gelatinous growth 
medium, “which would be 
challenging for scale-up,” 
Jaichandran explains. The 
team has made significant 
improvements since the paper 
was released, and they can now 
produce around 1.5 billion 
blood precursor cells in a flask 
about as large as a travel-sized 
shampoo bottle.

Next up, says Jaichandran, 
will be full-capacity, 
liter-sized tanks.  

1. Sivalingam, J., Chen, H. Y., Yang, 
B. X., Lim, Z. R., Lam, A. T. L. et al. 
Improved erythroid differentiation 
of multiple human pluripotent stem 
cell lines in microcarrier culture 
by modulation of Wnt/β-Catenin 
signaling. Haematologica 103, 
e279–e283 (2018). 

BLOOD  
FACTORIES 
CLOSER 
TO REALITY
With an eye to transfusion 
for patients, researchers are 
getting close to growing huge 
numbers of red blood cells 
in industrial-grade vats

STEM CELLS

A*STAR researchers 
are getting close 
to growing huge 
numbers of red blood 
cells in industrial-
grade vats.

‘‘We are working to 
achieve ultra-high 
density cultures 
of red blood cells 
in controlled 
bioreactors.’’
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The ends of chromo-
somes are protected by 
caps called telomeres.
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Switching off the enzyme 
that adds protective caps to 
chromosome ends could help 
fight many types of cancer, 
A*STAR researchers have 
shown. The team demonstrated 
the treatment’s potential 
by using it to thwart tumor 
growth in mice.

The zipper style of 
DNA replication means that 
the tips of chromosomes 
cannot be copied, leaving 
them slightly shorter with 
each cell division. To prevent 
loss of genetic information, 
chromosome ends are 
protected by caps called 
telomeres — repetitive, gene-
free regions. Each division 
shortens the telomeres, until 
they disappear and the cell can 
no longer divide. In cells that 
need to divide indefinitely, 
such as stem cells, an enzyme 
called telomerase extends 
telomeres, allowing cells to 
keep dividing.

However, cancer cells 
can hijack telomerase, and 
in non-stem, or somatic, 
cells, repressing telomerase 
is an important cancer 
prevention mechanism.

Telomerase has been 
well-studied, and yet the 
suppression mechanism was 
unknown. Knowing that 
telomerase is almost identical 
in humans and mice, but 
telomerase is not suppressed 
in mice, Shang Li, a lead 

author of the study, and 
colleagues, located two genetic 
switches distant from the 
telomerase gene.

They found that a master 
regulator of development, 
HOXC5, and the microRNA 
mir-615-3p, which is nested 
inside the HOXC5 gene, 
act together to suppress 
telomerase through these 
distant switches. Further study 
showed that the switches are 
present in many long-lived 
mammals, including humans 
and chimpanzees, but not in 
short-lived mammals, like 
mice and rats, as an extra 
barrier against the increased 
tumor risk that accompanies 
a longer lifespan.

To confirm their 
hypothesis, the team 
artificially increased 
HOXC5 and mir-615-3p in 
tumor cells introduced into 
mice. Tumor growth was 
strongly inhibited, thanks 
to suppression of telomere 
extension; telomeres shortened 

rapidly and cell division 
was disrupted.

“This study is a classic 
example of how a protein-
coding gene, HOXC5 and 
its associated microRNA, 
together control the 
expression of [telomerase] 
and failure of this mechanism 
can contribute to cancer 
progression,” says Prabha 
Sampath, of the A*STAR 
Institute of Medical 
Biology, Singapore.

Telomerase is involved 
in over 85 per cent of human 
cancers, which means 
telomerase-specific treatments 
could have broad applications.

Interestingly, the 
findings also have 
implications for aging, since 
“limiting the cell proliferation 
capacity of somatic cells 
eventually leads to aging,” 
says Li. The team now aims 
to find other genetic elements 
involved in silencing 
telomerase during healthy 
stem cell differentiation. 
“Identifying these factors 
will provide the possibility of 
either activating telomerase 
for anti-aging therapy or 
inhibiting telomerase for 
cancer therapy.”   

1. Yan, T. D., Ooi, W. F., Qamra, 
A., Cheung, A., Ma, D. L., 
et al. HoxC5 and miR-615-3p 
target newly evolved genomic 
regions to repress hTERT and 
inhibit tumorigenesis. Nature 
Communications 9, 100 (2018). 

UNCAPPING 
A NEW THERAPY
A deeper understanding 
of chromosome capping 
could improve therapies for 
both cancer and aging
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‘‘Identifying these 
factors will provide 
the possibility of 
either activating 
telomerase for 
anti-aging therapy 
or inhibiting 
telomerase for 
cancer therapy.’’

CANCER 
BIOLOGY



Toll-like receptor 4 (TLR4) is a 
protein that plays a vital role in 
the body’s immune response by 
sensing the presence of infection. 
It has long been thought to also 
sense particular types of fats, 
which suggested a mechanism 
linking high-fat diets to the 
inflammation that is a feature 
of metabolic disease. However, 
new research by an international 
team has undermined that link 
by showing that dietary fatty 
acids cannot interact directly 
with TLR4. 

Peter Bond’s team, from 
the A*STAR Bioinformatics 
Institute, has been studying 
TLR4 for a long time, looking 
at how the receptor interacts 
with a lipid molecule found on 
the surface of bacteria, called a 
lipopolysaccharide, and how this 
can lead to sepsis; a potentially 
deadly immune over-reaction 
to infection. 

It was believed that dietary 
fatty acids could also bind 
to TLR4, and that this was 
the mechanism underlying 
the increased inflammation 
associated with high-fat diets 
and metabolic disease. However, 
Bond was skeptical of this. 

“It made no sense to me that 
this receptor would be activated 
by such dietary fatty acids, 
because they look very different 
from bacterial lipids,” he says. He 
was also puzzled as to why such 
a major component of our diets 
would trigger this potentially 
dangerous inflammatory reaction. 

He and colleagues 
hypothesized that TLR4 didn’t 

interact with fatty acids directly, 
but instead indirectly influenced 
fat-induced inflammation. 
To prove this they first had to 
demonstrate that fatty acids 
couldn’t bind and activate TLR4.

They did this by modelling 
the possible ways that fatty acids 
— in particular, palmitate — 
might bind to the receptor and 
activate it. The team found that 
no model allowed palmitate to 
bind to TLR4 in a stable fashion. 

Meanwhile, collaborators 
Graeme Lancaster from the 
Baker Heart and Diabetes 
Institute, Mark Febbraio from 
the Garvan Institute, and other 
colleagues in Australia were 
conducting wet laboratory 
experiments to explore possible 
interactions between palmitate 
and TLR4. As with the computer 
simulations, they found that 
palmitate was unable to activate 
TLR4. Subsequent research by 
the team confirmed the idea that 
TLR4 influenced fat-induced 
inflammation indirectly.

The team’s theory is that a 
diet high in fats could change the 
bacterial populations in the gut, 
and that this would expose TLR4 
to more bacterial components, 
such as lipopolysaccharides, 
which in turn could make cells 
overly sensitive to fatty acids 
in obese adipose tissue. “The 
exposure of TLR4 to bacterial 
components is priming the cells 
to alter their metabolism and be 
activated in other ways by these 
fatty acids,” Bond says. “The 
bacteria themselves are over-
activating the immune system 
and making it more sensitive 
to fats.”  

1. Lancaster, G., Langley, K., Berglund, 
N., Kammoun, H., Reibe, S. et al. 
Evidence that TLR4 is not a receptor 
for saturated fatty acids but 
mediates lipid-Induced inflammation 
by reprogramming macrophage 
metabolism. Cell Metabolism 27, 
P1096–1110.E5 (2018).

RETHINKING 
AN INFLAMMATORY 
RECEPTOR’S 
OBESITY 
CONNECTION
The long-held theory that 
Toll-like receptor 4 could 
be the link between obesity 
and inflammation is now 
being challenged

‘‘It made no sense 
to me that this 
receptor would 
be activated 
by such dietary 
fatty acids.’’

IMMUNOLOGY
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A model of several 

TLR4 receptors 

within the mammalian 

plasma membrane.

C O N T E N T S         |         F E AT U R E S         |         R E S E A R C H  H I G H L I G H T S         |         N E X T  I S S U E

28    A*STAR RESEARCH   Issue 13 | October – December 2018



Molecules that can insert 
themselves into cell membranes, 
then self-assemble into 
selectively permeable pores, 
could offer a new therapeutic 
option for diseases such as cystic 
fibrosis, research from A*STAR 
suggests. These channel-forming 
molecules are small and simple 
to produce, yet form some of the 
most active and known anion-
transporting channels.

Nature contains many pore-
forming peptides, consisting 
of short chains of amino acids 
that group together to create 
selectively porous channels that 
tunnel through cell membranes. 
“Precisely regulated transport 
of anions such as chloride, 
nitrate, sulfate, iodide and 
bicarbonate is crucial for many 
physiological processes,” says 
Huaqiang Zeng from the A*STAR 
Institute of Bioengineering 
and Nanotechnology, who led 
the study.

“Malfunctioning protein 
channels cause diseases such 
as Liddle’s syndrome (impaired 
sodium ion transport), EAST 
syndrome (impaired potassium 
ion transport) and cystic fibrosis 
(impaired chloride ion transport),” 
he says. There is a strong need for 
artificial ion transport machinery 
able to transport ions across cell 
membranes with high selectivity 
and activity.

Natural pore-forming 
peptides are typically 12 to 50 
amino acids long. Zeng and 
his team created the simplest 

pore-forming peptides known, 
called monopeptides — just 
a single amino acid long. By 
making and testing a library 
of these monopeptides with 
different side chains attached, 
the team identified pore-
forming monopeptides that 
showed exceptionally high 
activity for transporting anions 
across membranes.

The key to the pore-forming 
monopeptides’ performance 
was the hydrogen bonds that 
form between neighboring 
monopeptide molecules, Zeng 
explains. These bonds form 
between the bottom face of one 
amino acid and the top face of the 
next, so that the monopeptides 
stack together into columns that 
can span the membrane.

“The monopeptides contain a 
built-in hydrogen-bonding motif, 
which packs the molecules into 
one-dimensional H-bonded stacks 
with the same type of side chains 

on the same side,” Zeng says. The 
side chains stick out of the side of 
the stack, and bond neighboring 
stacks together. Clusters of three 
or more stacks group together to 
form a cylindrical structure with a 
hole through the middle less than 
one nanometer in diameter. That’s 
just large enough for negatively 
charged ions such as chloride or 
iodine ions to whizz through the 
pore, thereby crossing from one 
side of the membrane to the other.

As well as optimizing the 
performance of these pore-
forming peptides by testing a 
wider range of structures — 
including di- and tri-peptides 
— the team plans to test their 
potential for punching holes in 
cancer cells, Zeng says.   

1. Ren, C., Zeng, F., Shen, J., 
Chen, F., Roy, A. et al. Pore-forming 
monopeptides as exceptionally 
active anion channels. Journal of the 
American Chemical Society 140, 
8817–8826 (2018).

MONOPEPTIDES 
GIVE PORES 
FOR THOUGHT
Tiny peptide structures 
team up to form channels 
that allow rapid transit 
of ions in and out of cells

Oligomerization

‘‘Precisely regulated 
transport of anions 
such as chloride, 
nitrate, sulfate, iodide 
and bicarbonate 
is crucial for many 
physiological 
processes.’’

Schematic showing how the monopeptides (pink) stack up to form columns (left), which through interac-

tions of their side chains (green) form pore-like structures (middle) through membranes (right).

ION 
CHANNELS

A
da

pt
ed

 w
ith

 p
er

m
is

si
on

 fr
om

 R
ef

 1.
 C

op
yr

ig
ht

 (2
01

8)
 A

m
er

ic
an

 C
he

m
ic

al
 S

oc
ie

ty
. 

C O N T E N T S         |         F E AT U R E S         |         R E S E A R C H  H I G H L I G H T S         |         N E X T  I S S U E

www.research.a-star.edu.sg   A*STAR RESEARCH    29    



C O N T E N T S         |         F E AT U R E S         |         R E S E A R C H  H I G H L I G H T S         |         N E X T  I S S U E

30    A*STAR RESEARCH   Issue 13 | October – December 2018

A library based at A*STAR 
containing more than 160,000 
biological specimens is a 
treasure trove of biologically 
active compounds for wide-
ranging applications.

The 160K Natural 
Organism Library, at 
A*STAR’s Bioinformatics 
Institute, is one of the largest 
libraries of its kind in the 
world, housing more than 
37,000 plant species, 54,000 
fungi specimens, and nearly 
68,000 strains of bacteria in 
cold storage. The collection 
also includes more than 
340,000 organic extracts 
— around one-fifth of 
which have been chemically 
fingerprinted — and 2,600 
compounds isolated from 
biological samples.

The library is also 
unique in that it has an 
in-house discovery platform 
to help users efficiently 
mine its biological riches 

through conventional 
biological high-throughput 
screening (testing extracts 
and compounds against 
relevant bioassays), chemi-
cal screening, genomic 
screening, and what Frank 
Eisenhaber, director of the 
Bioinformatics Institute, 
calls in silico, or digital 
screening, which uses 
computational tools to 
look into the annotations 
of genomes, proteins 
and metabolites.

“My dream is that at 
some stage we will have an 
in silico library in addition 
to the physical library, so 
high-throughput screening is 
done not with the biological 
extracts but with the 
genomes in silico,” he says. 
This in silico screening could 
identify the best candidates 
for in vitro biological assays, 
and determine the optimum 
conditions for those assays.

His vision is that all 
the genomes in the library 
will one day be sequenced. 
“Instead of biological high-
throughput screening of tens 
of thousands of organisms, 
we would run dedicated 
research over a couple of 
handfuls [of organisms],” 
he says.

The library itself is an 
amalgamation of several 
natural organism libraries 
originally held by companies 
and public organizations, that 
were entrusted to A*STAR’s 
Bioinformatics Institute in 
2014. Its specimens have 
been sourced from more 
than 100 countries, however, 
there is now a focus on 
regional specimens, with a 
project to collect uniquely 
Singaporean strains of 
bacteria for the collection.

Researchers looking 
for new biologically-active 
compounds, applicable 

enzymes and microbes, have 
flocked to the library and 
one Asian multinational 
company recently launched a 
clinical trial for a compound 
sourced from it.

Frank Eisenhaber 
says the library’s materials 
attract not only the 
pharmaceutical sector, 
but also companies 
producing food, cosmetics 
and consumer care 
products. He envisages 
potential applications 
in such unexpected 
fields as construction; for 
example, identifying a 
compound that could help 
address fungal infestations 
that plague buildings in 
tropical regions.  

1. Ng, S., Kanagasundaram, Y., Fan, 
H., Arumugam, P., Eisenhaber, 
B. et al.  The 160K Natural 
Organism Library, a unique 
resource for natural products 
research. Nature Biotechnology 
36, 570-573. (2018).

A LIBRARY 
WITH A DIFFERENCE
The 160K Natural Organism 
Library houses a wealth of novel 
compounds for biological research

The Natural Organism 
Library at the 

Bioinformatics Institute 
has a huge fungal section, 

many of which secrete 
biologically active 

compounds. Here, the 
colony morphology of 

the fungus Trametes 
sanguinea grown on 

an agar plate is shown. 
It is known to produce 
cytotoxic compounds.

BIOINFORMATICS
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A fluorescent molecule whose 
luminosity depends upon how 
fast it can rotate is helping 
researchers measure how viscous 
the fluid is inside different parts 
of a cell. 

“There’s a lot of interest 
in the biophysical field 
in developing chemical 
probes that can be used to 
characterize the environment 
inside a cell or any kind of 
biological compartment,” says 
Peter Bond, from A*STAR’s 
Bioinformatics Institute. 

Researchers from the United 
Kingdom and Singapore — 
including A*STAR scientists 
such as Bond’s team who led 
the computational arm of 
the project — have modeled, 
developed and tested a molecule 
comprising two parts; a genetic 
probe designed to home in on 
particular proteins, so it can 
be directed to wherever in a 
cell that protein is found; and a 
molecular rotor — a fluorescent 
molecule whose fluorescence 
lasts longer, the slower it 

spins. A*STAR researchers 
simulated how this molecule 
would perform in different 
microenvironments at scales of 
millionths or even billionths of 
a meter.

Microviscosity refers to 
how viscous, or thick, the 
fluid is in particular parts of 
a cell. Since cell contents are 
mobile in a liquid environment, 
microviscosity can have a 
major impact on how proteins 
and biological molecules 
interact and communicate with 
each other. “These proteins 
are affected by interactions 
with each other, and by local 
differences in osmolytes and 
other small molecules, such as 
nutrients,” Bond says. 

To measure the 
microviscosity inside a cell, 
the researchers first needed to 
understand the dynamics of 
how this probe might behave 
in environments of different 
viscosities. Using computer 
simulations of liquids, they were 
able to show that as the viscosity 
of the solution increased, the 
rate of rotation of the probe 
decreased and its fluorescence 
changed in a measurable way. 

Meanwhile their colleagues 
in the United Kingdom were 
conducting experiments in 
cells and found very similar 
results. Using the newly-
developed microviscosity probe, 
the researchers were able to 
study how mitochondria, the 
powerhouses of the cell, react 
to environmental changes. 
They found that the interior of 
mitochondria maintained stable 
viscosity conditions even in the 
face of large changes in external 
electrolyte concentrations 
and viscosity. 

Microviscosity is believed 
to play an important role in 
conditions such as Alzheimer’s 
disease, with evidence suggesting 
microviscosity inside the 
brain cells may change as the 
disease progresses.

“If we could understand 
factors such as microviscosity, 
as well as understand basic 
biological mechanisms, we can 
develop new approaches to 
treating diseases,” Bond says.   

1. Chambers, J. Kubánková, M. Huber, 
R. López-Duarte, I. Avezov, E. et al. 
An optical technique for mapping 
microviscosity dynamics in 
cellular organelles. ACS Nano 12, 
4398–4407 (2018).

MEASURING 
MICROVISCOSITY 
INSIDE CELLS
A rotating fluorescent molecule that stays 
brighter in more viscous environments 
could shed light on the inner workings of 
the cellular environment

BIOMECHANICS

Snapshots of the rotating fluorescent molecule at gradually increasing microviscosity show how the probe becomes more and more extended and exposed.©
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Not all chronic hepatitis B 
(HBV) patients require lifelong 
treatment; but the risks of blindly 
withdrawing treatment can be 
severe. However, there’s little 
consensus on which patients 
can be safely discontinued from 
treatment, highlighting a clear 
need for a reliable biomarker 
of post-treatment HBV 
suppression. Working towards 
this goal, a team led by A*STAR 
and Duke-NUS researcher, 
Antonio Bertoletti, discovered 
that patients able to discontinue 
therapy without relapse share the 
trait of increased HBV-specific 
immune T cell response.

More than 400 million 
people suffer from chronic 
HBV infection. Unlike acute 
infection, which survivors 
can overcome and develop 
immunity to, chronic sufferers 
are prone to liver inflammation 
and are subsequently placed 
on medication indefinitely 

to suppress viral replication 
and minimize liver damage 
— a considerable financial 
burden and drug toxicity risk.

But recent studies have 
indicated that the immune 
systems of some chronic HBV 
patients can control HBV 
replication and maintain liver 
health even after treatment 
ceases. Despite this, stopping 
treatment remains a dangerous 
stab in the dark: “In most 
patients, withdrawing therapy 
causes a strong rebound of the 
HBV replication, carrying a high 

REDUCING 
UNNECESSARY 

MEDICATION 
FOR HEPATITIS B 

PATIENTS
A collaboration between 

A*STAR and Duke-NUS 
Medical School has gotten 

closer to freeing some 
chronic hepatitis B patients 

from a life of medication

Stopping unnecessary 
hepatitis B medication 
has the potential to 
greatly impact patient 
quality of life while 
reducing the financial 
burden on patients and 
healthcare services.

BIOMARKERS
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‘‘In most patients, 
withdrawing 
therapy causes a 
strong rebound of 
the HBV replication, 
carrying a high 
risk of severe 
liver damage.’’
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Genome editing technology 
is helping A*STAR scientists 
unravel how the Influenza A 
virus (IAV) exploits human anti-
viral responses.

IAV remains a key 
challenge for global health, 
not least because of wide 
variations in symptom severity 
experienced by different 
people, even when they are 
infected by the same strain. 
This implies that there are host 
factors at play during the initial 
host-viral interaction.

Ee Chee Ren, Bei Wang 
and their team at A*STAR’s 
Singapore Immunology 
Network have worked for 
several years on the protein 
p53, which plays various 
roles in cancer, cellular stress 
responses, and host anti-viral 
responses. Many viruses target 
p53 to reduce it, but IAV is 
unusual because it works 
instead to activate p53. The 
reason is unclear; ordinarily, 
enhanced p53 benefits the 
host because it helps to kill 
infected cells and enhances 
immune responses.

“We were curious about the 
role of p53 in IAV infection,” 
says Ren. “We used CRISPR/
Cas9 genome editing technology 
to generate human lung cells 
without p53 for the first time. 
This gave us the key to identify 
p53’s role during IAV infection.”

The coordinated expression 
of the interferon-induced 
transmembrane (IFITM) 
protein family is crucial for 
restricting IAV infection. 
Previous studies have shown 
that variations in IFITM genes 
in humans can render a person 
more susceptible to severe IAV 
symptoms. Ren’s team infected 
the cells without p53, and 
human ‘wild-type’ or normal 
lung cells with the same strain 
of IAV. Using genome-wide 
microarray analysis, they 
found that the viral-induced 
overexpression of p53 in 
wild-type cells significantly 
reduced the expression of three 
IFITM genes.

“This was a surprise, but 
it makes sense,” says Wang. 
“IFITM genes and their proteins 
are strongly associated with a 

host’s individual response to 
viral infection. It seems IAV may 
have evolved to exploit p53.”

The researchers 
demonstrated that enhanced 
IFITM expression in the 
cells without p53 meant IAV 
struggled to take hold. The level 
of p53 positively correlated with 
the severity of viral infectivity 
in cell cultures. Restricting 
IFITM expression via p53 
extends the period that a host is 
susceptible to infection, allowing 
the virus access to its target 
cell population.

“There are many drugs 
in development that can 
interfere with p53 pathways, 
and our discovery means that 
such drugs could be tested for 
anti-influenza effect as well,” 
says Ren. “Influenza infection 
is short-term, so treatment 
would only be needed during its 
acute phase.”  

1. Wang, B., Lam, T.H., Soh, M.K., Ye, 
Z., Chen, J., & Ren, E.C. Influenza 
A virus facilitates its infectivity 
by activating p53 to inhibit the 
expression of interferon-induced 
transmembrane proteins. Frontiers 
in Immunology 9, 1193 (2018).

QUELLING ANTI-VIRAL 
RESPONSES
The Influenza A virus deliberately enhances 
levels of the human p53 protein to reduce 
anti-viral gene and protein expression

p53 p53

IAV

IAV

IFITMs IFITMs

INFLUENZA A
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deliberately enhances 
the activity of the human 

p53 protein, and this 
downregulates the expression 

of anti-viral interferon-
induced transmembrane 

proteins and genes (IFITMs), 
allowing the virus to take 
hold (left). In cells without 

p53, IFITM expression is 
high, thus blocking viral 

progression (right).

risk of severe liver damage,” 
says Bertoletti.

To identify predictive 
biomarkers that can help to select 
chronic HBV patients who can 
safely stop antiviral treatment, 
Bertoletti’s team recruited 19 
chronic HBV patients and 
observed them during therapy 
withdrawal for up to two years. 
They found that heightened 
levels of HBV-targeting T 
cells — especially CD8+ T cells 
expressing a protein called 
PD-1 — were associated with 
patient health after medication 
was withdrawn. Bertoletti’s team 
suggest that PD-1 may promote 
long-term CD8+ T cell survival 
and antiviral capabilities in 
chronic HBV patients.

The team verified their 
findings in a second cohort 
of 27 patients treated with 
a different antiviral therapy. 
The results confirmed that 
increased HBV-specific T cells 
are indicative of a patient’s 
capacity to safely discontinue 
treatment, offering a biomarker 
with potential for the clinic.

Further work needs to 
be done before this discovery 
can benefit patients widely. 
Bertoletti’s team, publishing their 
findings in the Journal of Clinical 
Investigation, note that the 
complex methodology required 
to analyze HBV-specific T cells 
requires specialized knowledge 
and skills not available in every 
lab. “We are now trying to 
develop a quick and easy method 
to measure HBV-T cells, and 
an assay that can be performed 
easily, even in hospitals,” 
says Bertoletti.  

1. Rivino, L., Le Bert, N., Gill, U. S., 
Kunasegaran, K., Cheng, Y. et al. 
Hepatitis B virus–specific T cells 
associate with viral control 
upon nucleos(t)ide-analogue 
therapy discontinuation. The 
Journal of Clinical Investigation 
128, 668-681 (2018).
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Small RNA molecules 
in saliva could be used to 
detect the virus that causes 
hand, foot and mouth 
disease, enabling early 
intervention to limit the spread 
of the infection.

Scientists from Singapore 
and Taiwan, including 
researchers at A*STAR’s 
Institute of Molecular and 
Cell Biology, have been 
looking into how to detect 
the viral infection before 
it spreads.

This is particularly 
important in young children, 
as the disease is spread 
via saliva.

“In a childcare center, 
kids will pick up a toy, put 
it in their mouth, other kids 
will pick up the same toy, 
and that’s how the whole 
class can come down with the 
infection,” says Justin Jang 
Hann Chu, from the A*STAR 
Institute of Molecular and 
Cell Biology.

Hand, foot and mouth 
disease infects millions 
of children every year in 
Western Pacific regions, 
causing tiny blisters on 
the palms, soles of the 
feet and inside the mouth. 
In most cases, the infection 
— which in this region 

is caused by the human 
enterovirus species A — 
resolves itself, but “there 
is a chance that hand, foot 
and mouth disease can turn 
quite nasty if early supportive 
treatment is not given,” 
Chu says. A small number 
of children can also 
develop more severe and 
potentially fatal neurological 
or heart symptoms.

In this study, the scientists 
analyzed the saliva of 59 
children from Singapore and 
Taiwan with the infection and 
compared them with saliva 
samples from healthy children, 
looking for differences in 
small molecules of RNA 
called microRNAs.

From a total of 179 
microRNA molecules, they 
found six microRNAs whose 
levels were significantly 
increased by the presence of 
the virus.

The researchers then 
tested this panel of six 
microRNAs to see how 
effective it was at detecting 
the viral infection, and 
found it had an accuracy 
of 92.86 per cent in 
distinguishing between 
children with the infection and 
healthy children.

The next step is 
to test the saliva screen in 
a larger group of children 
from a wider range of 
countries. Chu hopes the 
research could lead to 
development of a simple and 
cheap test kit that could be 
used at home or in childcare 
centers to detect infections 
early and keep the infected 
children quarantined from 
their playmates.

They are also 
investigating whether the 
microRNA profile could 
help identify children 
more likely to experience 
more severe disease, and 
provide them with early 
supportive treatment.  

1. Min, N., Dawn, S., Wong, A., 
Tan, N., Chong, C. et al. Circulating 
salivary miRNA hsa-miR-221 
as clinically validated diagnostic 
marker for hand, foot, and 
mouth disease in pediatric 
patients. EBioMedicine 31, 
299–306 (2018).

GETTING  
A GRIP ON HAND, 
FOOT AND 
MOUTH DISEASE
Testing for human 
microRNA in saliva could 
help prevent outbreaks 
of hand, foot and mouth 
disease in children
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An illustration of 
Enterovirus 71.

‘‘There is a 
chance that hand, 
foot and mouth 
disease can turn 
quite nasty if 
early supportive 
treatment is 
not given.’’
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A protein crucial for 
cell division may help to 
explain why certain cancer 
therapies are more effective 
in some patients than others. 
Genetically altered regulation 
of this protein has helped 
A*STAR researchers better 
understand the mechanisms 
underpinning new cancer 
therapies that target the same 
regulatory process.

Cyclin-dependent kinase 
1 (CDK1) is necessary for cell 
division; its absence causes 
death during embryonic 
development. However, elevated 
CDK1 activity is a feature of 
all cancers, and drives the cell 
proliferation required for tumor 
growth. Consequently, CDK1 
activity is tightly regulated 
in the body.

One aspect of this regulation 
involves suppression of CDK1 
activity to prevent initiation 
of division at the wrong 
stage of the cell cycle. Several 
checkpoints during the cell cycle 

trigger downstream pathways 
that lead to phosphorylation 
at two sites on CDK1. 
This phosphorylation is the 
target of new cancer therapies, 
called WEE1 inhibitors, 
currently being tested in 
clinical trials.

“The process of CDK1 
suppression has been studied 
extensively in yeast and 
mammalian cells, but not 
in animals,” explains Philipp 
Kaldis from the A*STAR 
Institute of Molecular and 
Cell Biology, who was the 
senior investigator in the 
new work. “Our aim was to 
study what happens in vivo 
when the checkpoints are 
abrogated, and to compare our 
genetic model with the effects of 
WEE1 inhibitors.”

The researchers made 
mice that expressed a 
mutant form of CDK1 that 
cannot be phosphorylated 
at the two key sites. The 
mutant CDK1 was lethal in 

early embryos, and further 
experiments demonstrated that 
its expression led to substantial 
DNA damage and initiation of 
cell division at the wrong time.

Comparison of the 
effects of mutant CDK1 with 
those of WEE1 inhibitors 
showed that, although both 
approaches target the same 
regulatory pathway, their 
mechanisms of action differ. 
Specifically, the effects of 
WEE1 inhibitors, unlike those 
of mutant CDK1, depend on 
expression levels of p53, a tumor 
suppressor gene that is central to 

mechanisms of cancer. Without 
the functional activity of p53, 
the activity of CDK1 is even 
higher, and the benefits of WEE1 
inhibitors are greater.

“Our findings explain 
mechanistically why WEE1 
inhibitors work better in cancer 
cells that bear mutations or 
deletions in the p53 gene,” 
says Kaldis. “This is important 
because p53 is mutated in 
approximately 50 per cent of 
all cancers.”

Kaldis says the next step 
is to use this information 
to inform cancer treatment 
choices. “Our work suggests 
that WEE1 inhibitors should 
be preferentially given to 
patients with tumors that bear 
p53 mutations or deletions,” 
he concludes.  

1. Szmyd, R., Niska-Blakie, J., 
Diril, M. K., Nunes, P. R., Tzelepis, 
K. et al. Premature activation of 
Cdk1 leads to mitotic events in 
S phase and embryonic lethality. 
Oncogene 38, 998-1018 (2019).

GENETIC 
MODEL REFINES 
KNOWLEDGE OF 
NEW CANCER 
DRUGS
Mouse studies have 
revealed more about 
the mechanisms behind 
cancer drugs in trials

CANCER

DNA damage (red) in the spleen of a mouse that expresses the mutant form of CDK1 that cannot be suppressed 
by phosphorylation.

‘‘Our findings 
explain 
mechanistically 
why WEE1 
inhibitors work 
better in cancer 
cells that bear 
mutations or 
deletions in the 
p53 gene.’’
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ETS1

The hydrophobic 
pocket in the interface 
for drug design

p52 -14
6C>T TERT promoter D

NA

“We are investigating one 
of the most fundamental 
questions in cancer biology,” 
says lead researcher, 
Haiwei Song from the A*STAR 
Institute of Molecular and 
Cell Biology. The A*STAR 
team has been studying 
the molecular mechanisms 
that underpin a genetic 
malfunction found in up to 
95 per cent of human cancers. 
Their findings could lead to 
new treatments.

Together with colleagues in 
France, the team has examined 
processes that activate the 
gene coding for a protein known 
as “the immortalizing enzyme.” 
The dramatic name recognizes 
the enzyme’s ability to allow 

cancer cells to survive and 
multiply, in defiance of 

normal controls on 
cell growth.

The enzyme, 
more formally 
known as 
telomerase 
reverse 

transcriptase 
(TERT), 

maintains regions 
of DNA called 

telomeres found at the 
end of chromosomes, which 
naturally shorten as cells age 
and die. This maintenance is 
essential for cells, such as stem 
cells, that must survive to build 
healthy bodies.

But the reactivation of 
the gene for TERT in cells 
where it should normally 
be shut down is one of 
the central processes that 
allows cancer cells to multiply 
into life-threatening tumors. 
This undesirable reactivation 
can be caused by mutations 
in regions of DNA that 
control the activity of TERT’s 
gene, which enable a complex 
of two regulatory proteins 

to bind to the mutated 
DNA and switch on the TERT 
gene activity.

The A*STAR researchers 
made and analyzed crystals 
of the complex between 
the two proteins and the 
mutated DNA. This revealed 
the precise structure of the 
complex (see image) and details 
of the mechanism behind 
its effect.

The research also 
showed that one of the 
proteins of the complex 
can interfere with cell 
signaling systems to reactivate 
the TERT gene even without 
binding to DNA.

“This was a surprise,” says 
Song, especially as it may mean 
that many other genes could 
potentially be activated in a 
similar way.

“We plan to use our 
understanding of this system 
to make new drugs,” says 
Song. He explains that 
one option is to find small 
molecules that inhibit the 
reactivation of the TERT 
gene, for example, by 
binding to the proteins or the 
DNA involved. Liver cancer 
may be the first target, as 
this often involves mutations 
in the TERT gene that take 
effect in the early stages of 
tumor development.  

1. Xu, X., Li, Y., Bharath, S. R., 
Ozturk, M. B., Bowler, M. W. et al. 
Structural basis for reactivating 
the mutant TERT promoter 
by cooperative binding of p52 
and ETS1. Nature Communications 
9, 3183 (2018).©
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CONTROLLING 
THE GENE FOR 
THE ‘IMMORTALIZING 
ENZYME’
Revealing how a gene is activated in 
cancer cells to produce an enzyme 
that helps the cells thrive could lead 
to new treatments

CANCER

‘‘We plan 
to use our 
understanding 
of this system 
to make 
new drugs.’’

Molecular strand and surface 
outline representations of 
the structure of the complex 
between two proteins (p52 
and ETS1) that can reactivate 
the TERT gene’s mutated 
DNA, with a possible site to 
target with drugs circled.
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An international team of 
researchers has discovered 
that a distinctive group 
of white blood cells help 
maintain the balance of 
collagen deposition in 
blood vessels and prevent 
vascular diseases.

Macrophages form a 
crucial part of the immune 
system. They are known to 
destroy pathogenic or foreign 
cells that enter the body, 
but scientists have recently 
discovered that certain 
macrophage sub-groups 
play more diverse roles than 
previously thought.

“Advanced technologies 
are helping us identify 
specialized groups of 
macrophages resident in 
specific parts of the body,” 
says Florent Ginhoux, 
at A*STAR’s Singapore 
Immunology Network, one of 
the scientists who worked on 
the project led by Véronique 
Angeli from the National 
University of Singapore. “We 
explored a hypothesis that 
arterial-resident macrophages 
contribute to vascular integrity, 

potentially influencing 
the development of 
vascular diseases.”

In a healthy circulatory 
system, arteries transport 
oxygenated blood, nutrients 
and cells, and help 
maintain organs and tissues. 
Arteries are composed 
of three layers; an inner 
membrane, a central media 
comprising smooth muscle 
cells and elasticated sheets, 
and an outer layer of connective 
tissues including collagen 
and elastin. Disrupting 
the balance between the 
production and degradation of 
collagen and the maintenance 
of elastin in arterial walls 
affects their mechanical 
function, leading to 
hardening (or ‘arterial 
stiffness’) and subsequent 
vascular deterioration.

In a series of experiments 
on mouse aortas, the 

IDENTIFYING THE 
WHITE KNIGHTS OF 
THE ARTERIES
A sub-group of white blood 
cells help maintain arterial 
structure and may aid 
development of treatments for 
vascular diseases

A macrophage population (green) uncovered by an international team of researchers 

coats the outer surface of a blood vessel (red) to maintain their structure and function.

VASCULAR 
DISEASE

©
 2

01
8 

Vé
ro

ni
qu

e 
A

ng
el

i, 
N

U
S

‘‘These cells act 
like gatekeepers, 
in many senses.’’
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A*STAR researchers have de-
veloped a rapid, high through-
put screening procedure that 
can help shed light on cellular 
activity. The technique can 
detect RNA aptamers — special 
messenger RNA molecules (mR-
NAs) that is able to sense and 
respond to particular cellular 
chemicals — in a sea of normal 
mRNA extracted from cells.

The process, developed 
by a team led by Yue Wan of 
the A*STAR Genome Institute 
of Singapore, is known as 
PARCEL or ‘Parallel Analysis 
of RNA Conformations 
Exposed to Ligand binding’. 
Wan hopes the technique will 
become a standard tool in gene 
regulation research.

“PARCEL provides a very 
rapid way to find RNA aptamers 
in almost any cell type,” she says.

RNA aptamers are very spe-
cific: they sense just one chem-
ical by binding to it, which can 
alter their shape. By comparing 
the shapes of mRNA molecules 
extracted from cells, grown in 
either the presence or absence 
of the target chemical, PARCEL 
can spot the few mRNAs able to 
sense that chemical.

The chemicals sensed are 
usually metabolites that play 
a significant role in the cell’s 
biochemistry, says Wan.

To date, PARCEL has found 
58 new RNA aptamers — a 
significant addition to the few 
natural RNA aptamers that were 
already known.

Importantly, a few mRNA 
aptamers have been previously 
shown not only to sense a 
metabolite but also to initiate 
a response. These are called 
riboswitches. “The riboswitch 
tells the cell ‘Hey I’ve sensed a 
molecule — so now take this 
action’”, says Wan.

Messenger RNA molecules 
normally carry a coded ‘message’ 
from a gene to the cell’s protein 
factory, requesting production 
of a particular protein. So, Wan 
notes, one possible action for 
the cell is to alter the production 
rate of that protein.

Before PARCEL, 
riboswitches had been found in 
bacteria using a computational 
approach. But few were known 
to exist in eukaryotes, single-
celled micro-organisms with 
a nucleus. Wan and her team 
hypothesized that eukaryotes 
might have riboswitches 

sensitive to a key metabolite — 
vitamin B2.

“Vitamin B2 is a very 
important metabolite 
and in bacteria there are 
many riboswitches that 
respond to it. We decided to 
use PARCEL to screen for 
them in eukaryotes.”

PARCEL revealed two new 
riboswitches in eukaryotes — 
specifically, yeast cells — that 
either enhanced or reduced 
protein production depending 
on the vitamin B2 level, plus 
another bacterial vitamin 
B2 riboswitch.

Wan anticipates using 
PARCEL will lead to many more 
such discoveries.  

1. Tapsin, S., Sun, M., Shen, Y., Zhang, 
H., Lim, X. N et al. Genome-
wide identification of natural 
RNA aptamers in prokaryotes 
and eukaryotes. Nature 
Communications 9, 1289 (2018).

PARCEL WRAPS UP 
mRNA DISCOVERY
A high-throughput screening 
technique detects special messenger 
RNA molecules that sense and 
respond to environmental signals

5’UTR
CDS
3’UTR

Some new and 

previously known RNA 

aptamers found by 

PARCEL. UTR stands 

for untranslated 

regions, whereas CDS 

refers to the coding 

region of the mRNA.

GENOMICS

©
 2

01
8 

A*
ST

A
R

 G
en

om
e 

In
st

itu
te

 o
f S

in
ga

po
re

researchers showed that 
macrophages found in the 
outer arterial walls are crucial 
for regulating collagen 
production and deposition. 
This specialized macrophage 
population expresses a 
protein receptor, LYVE-1, for 
hyaluronic acid — a molecule 
that plays a role in cell 
proliferation and migration. 
By expressing LYVE-1, the 
macrophages interact with 
hyaluronic acid in the smooth 
muscle cells found in the 
arterial walls. They then 
work together to regulate and 
degrade collagen.

The team generated a 
mouse model with depleted 
LYVE-1+ macrophages. Within 
weeks, the walls of the mice 
arteries had thickened, with 
reduced elasticity and limited 
vessel dilation.

“Arterial LYVE-1+ 
macrophages are present 
throughout human tissues, too. 
This is exciting because we may 
be able to develop drugs that 
target and boost the activity 
of these cells to treat disease,” 
says Ginhoux. “But I would 
urge caution. We will need to 
make sure that other therapies, 
like those used to deplete 
macrophages associated with 
cancerous tumors for example, 
do not kill this or other key 
macrophage communities 
by mistake.”

Ginhoux’s laboratory is now 
investigating how macrophages 
help control the permeability of 
blood vessel walls. “These cells 
act like gatekeepers, in many 
senses,” notes Ginhoux.  

1. Lim, H. Y., Lim, S. Y., Tan, C. K., 
Thiam, C. H., Goh, C. C. et al. 
Hyaluronan receptor LYVE-1-
expressing macrophages maintain 
arterial tone through hyaluronan-
mediated regulation of smooth 
muscle cell collagen. Immunity 49, 
1-16 (2018). 
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Toggling the functions of a 
protein that regulates gene 
expression during cellular 
reprogramming ensures cell 
fate conversion, an A*STAR 
study has found1.

Understanding how cell 
fate is maintained is the key 
to improve efficiency, with 
which induced pluripotent 
stem cells, iPSCs, can be 
derived from patients’ somatic 
cells and differentiated into 
tissue-specific cell types for 
the treatment of medical 
conditions such as leukemia 
or spinal cord injury.

The histone variant, H3.3, 
is a protein that has previously 
been shown to activate gene 
transcription during cellular 
differentiation, but its exact 
role in cell fate transition was 
unclear. Jonathan Yuin-Han 
Loh at the A*STAR Institute 
of Molecular and Cell Biology 
in Singapore and colleagues 
have investigated the effect of 
H3.3 in the transformation of 
mouse embryonic fibroblasts 

into iPSCs and hematopoietic 
progenitor cells, as well as in 
the differentiation of stem 
cells into neurons.

In all three scenarios 
they found that H3.3 has a 
dual role: it maintains parent 
cell identity in the early 
stages of reprogramming, 
and aids cell fate transition 
at later stages. This switch 
in function is regulated by 
the histone chaperone Hira, 
which deposits H3.3 on 
specific DNA regions, and 
an epigenetic modification 
involving the addition 
of methyl groups to two 
lysine residues. “Our results 

were both surprising and 
unexpected, because H3.3 
seems to work as a universal 
regulator of cell fate,” 
says Loh.

When the team 
overexpressed transcription 
factors that are known to 
induce the conversion of 
fibroblasts into pluripotent 
stem cells, they found 
that genes associated 
with fibroblast function 
were enriched with H3.3. 
Transiently reducing the 
expression of H3.3 at this 
early stage of reprogramming 
significantly improved the 
induction of pluripotency, 
indicating that H3.3 can 
impede cell fate conversion.

However, as 
reprogramming progressed, 
H3.3 became bound to 
genes associated with 
pluripotency. Reducing its 
expression at late stages of 
reprogramming reduced the 
reprogramming efficiency 
suggesting that H3.3 is 

essential for establishing the 
new pluripotent cell fate.

Interestingly, when the 
team tried to differentiate 
embryonic stem cells into 
neurons, reducing the levels 
of H3.3 led to the loss of 
expression of genes involved 
in the maintenance of 
pluripotency and an increase 
in the expression of neuronal 
genes, confirming its role in 
cell lineage transition.

As Loh explains, “our 
discovery suggests a way to 
convert skin cells to stem cells 
with higher efficiency, simply 
by tweaking the levels of 
H3.3”. Further understanding 
the processes driving cell fate 
transition will improve the 
efficiency with which cells 
can be reprogrammed for 
therapeutic purposes.  

1. Fang, H. T., El Farran, C. A., Xing, 
Q. R., Zhang, L. F., Li, H. et al. 
Global H3.3 dynamic deposition 
defines its bimodal role in 
cell fate transition. Nature 
Communications 9, 1537 (2018).

CHANGING 
IDENTITIES
A dual-function protein 
switch can be tweaked to 
improve the effectiveness of 
cellular reprogramming

STEM CELLS

‘‘Our results
were both 
surprising and 
unexpected, 
because H3.3
seems to work as a 
universal regulator 
of cell fate.’’
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The protein thrombin is vital 
for ensuring blood coagulates 
in a wound, but new research 
suggests small fragments of 
it, called thrombin-derived 
C-terminal peptides (TCPs), 
could also decrease the risk 
of sepsis in response to 
bacterial contamination.

In collaboration with 
researchers in Singapore, 
Sweden, and Copenhagen, 
scientists at the A*STAR 
Bioinformatics Institute have 
conducted computer modeling 
and experiments to explore 
the role played by TCPs, less 
than 20 amino acids long, that 
are formed when thrombin is 

cleaved as part of the blood 
clotting process.

“Biology is not wasteful, and 
when this protein is cleaved, the 
bits have lots of other functions 
other than just being a bystander 
in the clotting process,” says 
Peter Bond, from the A*STAR 
Bioinformatics Institute.

TCPs are known to bind 
to lipid molecules found on 
the surface of bacteria, called 
lipopolysaccharides. Bacterial 
lipopolysaccharides are key 
triggers for the over-active 
immune response that can 
lead to the potentially fatal 
blood infection, sepsis. By 
forming aggregates with the 

lipopolysaccharides, the short-
chain thrombin peptides 
effectively mop them up and 
neutralize them.

However, the mechanism 
by which they do this is not well 
understood, and there is evidence 
to suggest that the TCPs do more 
than simply get rid of excess 
bacterial lipopolysaccharides.

In this study, the researchers 
used a range of techniques, 
including nuclear magnetic 
resonance spectroscopy and mass 
spectrometry, to work out the 
three-dimensional structure of 
the HVF18 thrombin peptide and 
lipopolysaccharide aggregates. 
With this information, Bond 
and his team were able to model 
a TCP and its interactions with 
lipopolysaccharides to better 
understand how they bind 
together and aggregate.

They found that TCPs 
appear to interact with a receptor 
called CD14, found on the 
surface of immune cells. CD14 
is known to bind to bacterial 
lipopolysaccharides in a process 
that initiates an inflammatory 

immune response, and potentially 
also triggers sepsis.

The modeling suggests 
that TCPs somehow block 
the functioning of CD14 
associated with the bacterial 
lipopolysaccharides, and 
therefore help to avoid an extreme 
immune response.

“That’s the interesting thing 
about all these peptides; it seems 
as though nature develops not 
just one kind of weapon, but a 
whole range of weapons with lots 
of different functionalities,” Bond 
says. “On the one hand, they’re 
serving to kill the bacteria, on 
the other hand they’re serving to 
protect the immune system from 
over-inflammation.”

By better understanding the 
structure and function of these 
small-chain peptides, the hope is 
to use them to develop better anti-
infective treatments.  

1. Saravanan, R., Holdbrook, D., 
Petrlova, J., Singh, S., Berglund, N. 
et al. Structural basis for endotoxin 
neutralisation and anti-inflammatory 
activity of thrombin-derived 
C-terminal peptides. Nature 
Communications 9, 2762 (2018).

CLOTTING AGENT 
FRAGMENTS HELP 
REDUCE SEPSIS RISK
Small fragments of the 
coagulating protein thrombin may 
reduce the likelihood of bacterial 
wound infection leading to sepsis

An artist’s impression of 

thrombin-derived peptide 

fragments in wounds, with 

one binding to the CD14 

receptor to inhibit sepsis.

IMMUNOLOGY

©
 2

01
8 

A*
ST

A
R

 B
io

in
fo

rm
at

ic
s 

In
st

itu
te



C O N T E N T S         |         F E AT U R E S         |         R E S E A R C H  H I G H L I G H T S         |         N E X T  I S S U E

42    A*STAR RESEARCH   Issue 13 | October – December 2018

Lying deep in the brain, an 
overlooked region controls feeding 
patterns in mice, neuroscientists 
at A*STAR have shown. This 
discovery opens up the possibility 
of developing new ways to treat 
eating disorders in humans. 

Hunger is the brain’s way of 
telling us to eat. So far, several 
regions in the brain have 
been shown to play a role in 
controlling appetite and other 
aspects of eating. 

Now, Yu Fu of the Singapore 
Bioimaging Consortium at 
A*STAR and colleagues have 
found the mechanism is more 
complex than previously 
thought. They discovered that an 
unsuspected region — the tuberal 
nucleus, part of the hypothalamus 
— affects appetite in mice. 

Fu was taken aback by the 
dearth of studies on the tuberal 
nucleus. “To my surprise, I found 
almost nothing in the literature 
on its function,” he recalls. His 
curiosity was piqued when 
he learned that patients with 
neurodegenerative conditions, 
such as Huntington’s disease, often 
exhibit both marked changes in 
appetite and variations in the 
tuberal nucleus. 

To investigate a possible con-
nection between the tuberal nucle-
us and appetite, Fu’s team induced 
hunger by depriving mice of food 
overnight. They found that this 
activated neurons in the tuberal 
nucleus that express somatostatin 
— a hormone that affects physio-

logical functions and inhibits the 
production of other hormones. 
The same thing happened when 
the team administered the ‘hunger 
hormone’, ghrelin. 

To confirm this connection, 
the researchers artificially acti-
vated the neurons in the tuberal 
nucleus and found that the mice 
ate more than usual. And when 
they turned off the same neurons, 
the mice cut back on food. 

There is a strong probability 
that these findings will carry over 
to humans. “It’s very likely that 
the same population of neurons 
in the human brain has a similar 
function,” Fu comments. 

If that’s the case, it should 
allow neuroscientists to develop 
new strategies for treating 
obesity and eating disorders 
such as anorexia. The team is 
currently collaborating with other 
researchers to see if brain imaging 
reveals any changes in the tuberal 
nucleus and nearby regions in 
people with eating disorders.

The team is also keen to explore 
the relationship between the 
various neural processes involved 
in feeding. “Several nuclei in the 
brain have been found to regulate 
feeding,” says Fu. “The obvious 
question is: why do animals need 
so many different neural clusters to 
regulate feeding?”  

1. Luo, S. X., Huang, J., Li, Q., Mohammad, 
H., Lee, C.-Y. et al. Regulation of 
feeding by somatostatin neurons 
in the tuberal nucleus. Science 361, 
76−81 (2018).

FOOD 
ON THE BRAIN
A previously unsuspected 
region of the brain has been 
implicated in controlling 
feeding in mice
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A*STAR researchers 
have found that a 

previously unsuspected 
brain region plays a role 

in controlling feeding 
in mice.
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A particular type of white 
blood cell becomes more pro-
inflammatory as they deteriorate 
with age or ‘senesce’, according to 
research led by A*STAR scientists. 

The discovery could help 
explain why older people are 
often found to have persistent 
low levels of inflammation 
in the blood even when they’re 
not ill. Furthermore, it could 
shed light on the underlying 
mechanisms of inflammatory 
diseases such as systemic sclerosis, 
which causes a hardening 
of the skin and damage to 
internal organs. 

Siew-Min Ong, from the 
A*STAR Singapore Immunology 
Network and colleagues are 
studying a type of white blood 
cell known as a monocyte, which 
is vital in helping the body 
defend against bacteria, viruses 
and other pathogens. There 
are three subsets of monocytes 
in the blood — classical, 
intermediate, and non-classical. 
Non-classical monocytes are 
the most inflammatory of the 
three subsets. Intriguingly, these 
non-classical monocytes show 
very high levels of a small RNA 
molecule, microRNA-146a, 

which usually acts to suppress 
inflammatory activity in cells. 

“When the microRNA-146a 
level increases in cells, it acts to 
reduce inflammatory response in 
these cells,” says Ong. “But what 
we found in the non-classical 
monocyte subset is the opposite 
— they are more inflammatory 
despite having a higher level of 
microRNA-146a compared to the 
other two monocyte subsets.” 

High levels of microRNA-
146a have been associated with 
senescence in other cell types, so 
one possible explanation is that 
these non-classical monocytes are 
actually aging.

As we age, we accumulate 
senescent cells of all kinds, 
so it is likely that we also 
accumulate more of these 
senescent monocytes. Ong and 
colleagues think that the senescent 
monocytes may underlie the low-
level inflammation in the blood of 
the elderly. 

“With an increase in the 
numbers of non-classical 
monocytes in the elderly, we 

believe that their persistent low 
level of inflammation may be in 
part contributed by these cells,” 
Ong says. These inflammatory 
senescent monocytes may also 
play a role in inflammatory 
conditions such as systemic 
sclerosis, since their numbers are 
increased in these diseases. 

“Currently, we are unclear 
if this is a cause or effect,” Ong 
says. “Either the disease makes 
the monocytes senesce faster and 
therefore we have more senescent 
monocytes, or the monocytes 
react by senescing so that they 
have more pro-inflammatory 
monocytes to fight the disease.”

The hope is that 
understanding why these 
non-classical monocytes 
behave the way they do 
could provide new targets for 
drugs to treat age-related and 
inflammatory diseases.  

1. Ong, S-M. Haddadi, E. Dang, T-M. 
Yeap, W-H, Tan, C. et al. The pro-
inflammatory phenotype of the 
human non-classical monocyte 
subset is attributed to senescence 
Cell Death & Disease 9, 266 (2019). 

AGING WHITE 
BLOOD CELLS 
MAY BOOST 
INFLAMMATION
A class of white blood cells 
becomes more inflammatory 
as they get older

IMMUNOLOGY

Researchers from the 
A*STAR Singapore 
Immunology Network 
have discovered that a 
subset of monocytes get 
more inflammatory as 
they senesce.
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Implantable arrays of 
microchambers show potential 
capacity for holding and releasing 
precisely controlled quantities 
of drugs on command, report 
A*STAR researchers with 
colleagues in Singapore, Russia 
and the United Kingdom.

A near-infrared laser beam 
acts to break open selected 
microchambers at the required 
time. “This near-infrared light 
is the perfect way to trigger 
drug release as it has the 
maximum penetration into 
biological tissues,” says Maxim 
Kiryukhin of the A*STAR 
Institute of Materials Research 
and Engineering. The required 
wavelengths fall within the 
‘therapeutic window’ that allows 
light for medical uses to reach 
safely into the body.

The team make the 
microchambers from composites 
of polymers and graphene 
oxide. “My research group 
pioneered the manufacture of 
microchamber arrays using 
techniques called nanoimprint 
lithography and layer-by-layer 
assembly,” says Kiryukhin. 
The lithography step makes 
templates with a desired pattern 
of microwells imprinted into 
their surface. Layers of polymers 
and graphene oxide are then 
built up on the templates to 
make a composite material. 
The templates can be dissolved 
or peeled away, creating the 
polymer/graphene-oxide 
chambered arrays that can be 
sealed with a layer of plastic.

If they are to contain 
drugs for delivery into the 
body, the chambers need to be 
mechanically robust. “Failure, 
followed by sudden release of 
the entire drug payload, could be 
catastrophic,” Kiryukhin points 
out. Incorporating graphene 
oxide layers into the polymer 
layers is the critical innovation 
that makes the chambers 
sufficiently stable and responsive 
to near-infrared light.

The researchers have already 
developed techniques that can be 
used to load the chambers with 
a range of chemical solutions; 
selected chambers can then be 
disrupted using targeted laser 
light (see image). This would 
give clinicians fine control over 
the rate of drug release to suit 
different patients and conditions.

This proof-of-concept 
work lays the foundations for 
moving to tests with real drugs 
in animals and then humans. 
Kiryukhin explains that the team 
are relying on their collaborating 
research groups in the UK, 
China and Russia to address 
this challenge.

Meanwhile the A*STAR 
researchers are pursuing wider 
possibilities. “We are interested 
in using the chambered arrays 
in sensing technologies, such as 
detecting the level of freshness of 
food or diagnosing the condition 
of wounds and diseased tissues,” 
Kiryukhin explains. The 
microchambers could release a 
signal, such as fluorescence, in 
response to the changes being 
sensed, for example.  

1. Ermakov, A., Lim, S. H., Gorelik, S., 
Kauling, A. P., de Oliveira, R. V. B. 
et al. Polyelectrolyte–graphene 
oxide multilayer composites 
for array of microchambers 
which are mechanically 
robust and responsive to 
NIR light. Macromolecular 
Rapid Communications 2018, 
1700868 (2018).

LAYERED 
CHAMBERS OPEN 
A WINDOW FOR 
DRUG RELEASE 
Tiny chambers opening 
under infrared light offer 
fine control for drug release 
and chemical sensing

‘‘This near-infrared 
light is the perfect 
way to trigger 
drug release as it 
has the maximum 
penetration into 
biological tissues.’’

The top and middle rows show microchambers without (left) and with (right) 

incorporated graphene oxide after dissolution of the templates. The bottom 

row shows microchambers with graphene oxide after peeling away the 

template, both scanning electron microscopy (left) and confocal laser scanning 

microscopy (right) images.

MICROTECHNOLOGY
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A simple and non-destructive 
fabrication technique could aid 
the manufacture of more energy 
efficient two-dimensional (2D) 
films needed to transform the 
electronics industry.

Atomically thin, 2D tran-
sition metal dichalcogenides 
(TMDCs) like tungsten di-
sulfide (WS2) exhibit remark-
able physical, electronic and 
optoelectronic properties, such 
as flexibility, transparency and 
semi-conducting characteristics.

Although there has been 
significant progress in fabricating 
2D TMDCs, the ultrathin nature 
of such 2D semiconductors 
precludes the use of techniques 
like ion implantation, with 
subsequent activation annealing, 
for introducing and retaining 
dopants within mono- or few-
layer TMDCs.

Now, Dongzhi Chi and 
colleagues from the Institute 
of Materials Research and 
Engineering and the Institute of 
High Performance Computing at 
A*STAR, in collaboration with 
researchers from the National 
University of Singapore, have 
developed an innovative technique 
that uses highly reactive nitrogen 

(N) atoms for controlling dopants 
within films of WS2 at the atomic 
scale, and promises a reliable 
method for doping 2D TMDCs.

“[The current] inability to ef-
fectively dope 2D TMDCs hinders 
developing energy efficient devices 
like field-effect transistors using 
manufacturing technologies cur-
rently employed in the semicon-
ductor industry,” says Chi.

TMDCs like WS2 are typically 
n-type semiconductors and there 
are currently no reliable meth-
ods for making atomically-thin 
TMDCs that are p-type. This is 
particularly vexing as it means 
that 2D TMDC devices, by 
necessity, are mostly based on 
n-type CMOS-FETs — field-effect 
transistors (FETs) fabricated using 
complementary metal-oxide-sem-
iconductor (CMOS) technologies. 
The lack of an effective way to 

ATOMIC NITROGEN 
ROUTE TO NEW 
2D SEMICONDUCTORS
A technique for making ultrathin, 
two-dimensional films of tungsten 
disulfide could underpin next-generation 
electronic and optoelectronic technologies

(Above top) Schematic of the atomic nitrogen generation process with a RF 

plasma. (Above bottom) Cross-sectional view of bottom-gated monolayer and 

few-layer WS2 FETs with Ti/Au contacts. (Below) Fabrication system used to 

make 2D tungsten disulfide films.

‘‘Our work could 
help to accelerate 
the development 
of next generation 
electronics and 
optoelectronics 
technologies’’
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By systematically refining 
standard processing techniques, 
A*STAR researchers have 
developed a low-cost method 
for manufacturing an electrically 
conductive aluminum oxide 
ceramic composite — a hard-
wearing material used in many 
industrial applications.

Aluminum oxide (Al2O3) is 
one of the most commonly used 
raw materials. It can withstand 
temperatures of over 2,000 de-
grees Celsius, and its crystalline 
form, known as corundum, is 
one of the world’s hardest natu-
rally occurring materials, second 
only to diamond. It is also very 
cheap, and can be produced 
in vast quantities, so it is little 
wonder that it has found its way 
into a multitude of industrial 
applications, from fillers in 
paints, sunscreen and cosmetics, 
to abrasives, gas purification, 
catalysis, advanced filtration, ce-
ramics and composite materials.

Aluminum oxide is an 
excellent electrical insulator. 
In some applications, however, 
such as catalysis and advanced 
filtration, the ability to electrify 

the material could provide 
significant benefits. For instance, 
in water filtration, aluminum 
oxide has great promise as a 
long-lasting filtration membrane 
that outperforms conventional 
polymer membranes — but 
only if the membrane can be 
electrified to prevent fouling.

Mixing aluminum oxide 
with conductive titanium nitride 
(TiN) is known to give a con-
ductive ceramic composite, but 
has previously involved expen-
sive or complex processing tech-
niques. Wei Zhai and colleagues 
from the Singapore Institute of 
Manufacturing Technology have 
now adapted standard industrial 
processing methods to achieve a 
much more cost-effective result.

“We developed a novel 
processing method to fabricate 
electrically conductive Al2O3–
TiN composites by combining 
ball-milling and reactive 
sintering, which are both typical 
methods for powder processing,” 
explains Wei.

The secret to their success 
was ball-milling together 
powders of Al2O3 and Ti, 

not TiN, and then heating 
(sintering) the formed shape 
under nitrogen to give the final 
conductive composite.

“Ti powder is much more 
ductile than TiN, which allows 
the powder particles to be 
stretched in the milling process,” 
says Wei. Her team found that 
the shape of Ti particles, and 
not their starting size, was the 
principal factor determining 
the amount of TiN needed to 
achieve conductivity. “This 
reduces the amount of Ti 
needed to achieve electrical 
conductivity, which we 
predicted theoretically.”

The team was able to 
produce a conductive composite 
with as little as 15 per cent TiN, 
and by using the smallest Ti 
particles, was able to prevent 
appreciable degradation 
of the material’s desired 
mechanical properties.  

1. Zhai, W., Song, X., Li, T., Yu, B., Lu, W. 
& Zeng, K. Ti reactive sintering of 
electrically conductive Al2O3–TiN 
composite: Influence of Ti particle 
size and morphology on electrical 
and mechanical properties. 
Materials 10, 1348 (2017).

A TOUGHER CONDUCTIVE 
CERAMIC AT LOWER COST
An inexpensive powder process yields 
a conductive aluminum-oxide ceramic 
composite with a raft of industrial applications

Scanning electron micrographs showing (left to right) the raw Ti particles, the flattened Ti particles after milling, and the 

final sintered Al2O3-TiN conductive composite.

INDUSTRIAL 
MATERIALS

make p-type 2D TMDC-based 
CMOS-FETs limits the creation 
of next-generation electronics, 
optoelectronic devices, and clean 
energy technologies.

So the researchers looked 
to atomic nitrogen as unlike 
current doping techniques, such 
as ion-implantation or plasma 
implantation, it can produce 
effective p-type doping in 2D 
TMDC-based CMOS-FETs 
without causing noticeable 
structural damage.

To produce atomic N, they 
used plasma to generate ionized 
and atomic N in a ceramic cavity 
and applied an electrical field to 
retain the nitrogen ions, allowing 
the N atoms to react with a sample 
of WS2 heated to 300 degrees C.

The high chemical activity 
and low kinetic energy of the N 
introduced modifications to the 
structure at mono- or few-layer 
depth in the WS2 by replacing 
sulfur atoms and forming W-N 
chemical bonds. This proved 
to be ideal for controlling the 
dopants at the atomic scale.

“Unlike other doping 
methods for TMDCs —such as 
molecular chemisorption, phy-
sisorption and nitrogen plasma 
doping — our method introduc-
es nitrogen into substitutional 
sites of sulfur by replacing the 
sulfur with nitrogen, without 
causing damage to the TMDC 
layers,” says Chi.

“Our work could help to 
accelerate the development of 
next generation electronics and 
optoelectronics technologies, 
such as ultralow power logic 
circuits and smart sensors, based 
on 2D semiconducting TMDCs,” 
says Chi.  

1. Tang, B., Yu, Z. G., Huang, L., 
Chai, J., Wong, S. L. et al. Direct 
n- to p-type channel conversion 
in monolayer/few-layer WS2 
field-effect transistors by atomic 
nitrogen treatment. ACS Nano 12, 
2506–2513(2018). R

ep
ro

du
ce

d 
fr

om
 R

ef
. 1

. a
nd

 li
ce

ns
ed

 u
nd

er
 C

C-
BY

-4
.0

 (h
tt

ps
://

cr
ea

tiv
ec

om
m

on
s.

or
g/

lic
en

se
s/

by
/4

.0
/)

 ©
 2

01
7 

W
. Z

ha
i e

t a
l



C O N T E N T S         |         F E AT U R E S         |         R E S E A R C H  H I G H L I G H T S         |         N E X T  I S S U E

48    A*STAR RESEARCH   Issue 13 | October – December 2018

A*STAR researchers have 
toughened up polylactic acid 
while maintaining its elasticity by 
adding core-shell nanoparticles 
as a filler1. This could lead to a 
wider range of applications for 
sustainable polymers. 

Polylactic acid (PLA) is 
a biodegradable and highly 
biocompatible polymer with 
good thermal processibility, 
which has found widespread 
use in biomedical applications 
and as a packaging material. 
However, it is brittle and has poor 
mechanical stability, so it is often 
modified by adding reinforcing 
polymers and by incorporating 
different polymerization methods. 
Unfortunately, these modifications 
also reduce the material’s strength 
and elastic modulus, a measure 
of an object’s resistance to elastic 
deformation under stress, which 
limits its applications.

Now, Chaobin He, Beng Hoon 
Tan and colleagues at the A*STAR 
Institute of Materials Research 
and Engineering, Singapore, 
report the increased toughness 
of PLA, while maintaining the 
strength and modulus of the 
material, by the addition of core-
shell nanoparticles (see image) 
as a filler. The nanoparticles have 
silica cores with rubber chains 
covalently linked to the silica, 
and poly(D-lactic acid) (PDLA) 
grafted onto the outer shell.  These 
sequential steps were realized 
by using a technique called ‘ring 
opening polymerization’.

On addition of the 
nanoparticles to a poly(L-lactic 
acid) (PLLA) matrix using a 
solution blending process, a 
complex forms between the 
pendant PDLA chains and the 
PLLA matrix. Interestingly, 
thermal analysis of the polymer 
nanocomposite indicates that the 
material reassembles perfectly 
after recrystallization from the 
melt.  This melt memory effect 

is considerably enhanced by the 
incorporation of rubber chains 
in the nanoparticles. 

“The presence of silica-
rubber-PDLA nanoparticles in 
the PLA matrix and its complex 
formation with PLLA provide 
stress relief and bridging 
effects during deformation, 
thus improving toughness 
without sacrificing strength and 
modulus,” says He. The increased 
facile stress relief is probably 
due to the ability of rubber 
to act as a stress concentrator 
during plastic deformation. 
From microscopic analysis of 
the polymer nanocomposite, 
the deformation mechanisms 
of the material were identified 
as ‘crazing’, which involves the 
formation of microvoids in the 
material, and fibrillation at sites 
of local plastic deformation. 

“The large scale production 
of PLA from renewable resources 
makes our environmentally-
friendly material a promising 
candidate to replace petroleum-
based thermoplastics,” says 
He. “While our approach has 
significantly overcome the 
shortcomings of pure PLA, such 
as brittleness and poor mechanical 
stability, further optimization of 
materials and process as well as 
enhancement in the nanoparticles-
polymer matrix compatibility 
needs to be carried out.”

“The ability to toughen 
PLA with the addition of these 
silica-rubber-PLA nanoparticles 
will pave the way for further 
development of sustainable 
polymers for wider applications, 
example, consumer electronics, 
automotive and packaging,” 
concludes He.  

1. Li, Z. et al.Biodegradable silica 
rubber core-shell nanoparticles and 
their stereocomplex for efficient 
PLA toughening. Composites 
Science and Technology 159, 
11-17 (2018).

TOUGHENING UP 
POLYMERS

Adding nanoparticles 
to a polymer matrix enhances 

the thermo-mechanical 
properties of the materials

Polymeric nanocomposites comprising poly(lactic acid) with nanoparticles of 

silica-rubber-poly(D-lactic acid).
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Coatings developed at 
A*STAR could soon 
replace biochemically 
active antibacterial agents, 
whose overuse in healthcare 
and fields such as agriculture 
and wastewater treatment is 
the main contributor to the 
growing global problem of 
antimicrobial resistance. 

Most antimicrobial 
strategies rely on applying 
small, polymer-based 
organic disinfectants or 
coatings that kill microbes on 
frequently touched surfaces, 
which are the principal 
vehicle of transmission. 
However, these substances can 
induce secondary effects and 
drug resistance.

Instead of using external 
chemicals, Yugen Zhang and 
colleagues from the A*STAR 
Institute of Bioengineering 
and Nanotechnology have 
come up with nanostructured 
coatings that annihilate 
microbes by piercing their 
cell walls. The coatings consist 

of ultra-small zinc oxide 
(ZnO) spikes, or nanopillars.  
“We were inspired by the 
wings of dragonflies and 
cicadas which prevent 
bacteria from adhering to 
their surfaces because they are 
covered with minuscule spikes,” 
says Zhang.

In a simple and scalable 
bottom-up approach, the team 
formed an initial layer of ZnO 
particles on various substrates, 
such as glass, ceramics, zinc foil, 
and galvanized steel, and grew 
the nanopillars on these ‘seeds’ 
from an aqueous solution of 
zinc salts.

To their surprise, the 
coatings demonstrated excellent 

antimicrobial activity against 
the gram-negative bacteria 
Escherichia coli and gram-
positive Staphylococcus aureus 
as well as the fungus Candida 
albicans, especially when 
deposited on zinc foil and 
galvanized steel.

Fluorescence and electron 
microscopy revealed that, 
in addition to physically 
rupturing the cell walls of 
surface-attached microbes, 
nanopillars formed on 
these zinc-based substrates 
had another benefit.  Specifically, 
the electron transfer 
between the zinc substrate 
material and the ZnO pillars 
generated strong superoxide 
radical oxidants which 
chemically damaged both 
attached and detached microbial 
cells.  This enhanced the 
potency of the nanopillars 
compared to those deposited on 
other substrates.

In addition to their 
stability and lack of toxicity, 
these ZnO coatings have 

long-lasting antimicrobial 
properties, which is 
useful for real-life applications. 
As a proof-of-concept 
experiment, Zhang’s 
team assessed the performance 
of the coatings for water 
disinfection by growing E. 
coli in water in the presence 
of zinc-supported nanopillars. 
The bacterial levels decreased 
by five orders of magnitude in 
one hour to fall to zero after 
three hours.

“This technology 
can benefit a very broad 
range of applications 
which, I feel, will be useful 
in our daily lives,” says 
Zhang. Specifically, these 
coatings can be used as 
filters for air circulation 
systems. The team is working 
with multiple companies to 
develop prototypes.  

1. Yi, G., Yuan, Y., Li, X. & Zhang, Y. 
ZnO nanopillar coated surfaces 
with substrate-dependent 
superbactericidal property. Small 
14, 1703159 (2018).

THE KILLING 
TOUCH 
FOR BACTERIA
Tiny zinc oxide-based 
spikes that mimic 
natural antibacterial 
coatings, puncture and 
damage microbial cell 
walls via oxidation
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‘‘This technology 
can benefit a 
very broad range 
of applications 
which, I feel, 
will be useful 
in our daily lives.’’

ZnO nanopillars deposited on zinc metal kill bacteria by physically breaking the cell membrane of attached 

bacteria and generating superoxide radicals that damage attached and detached bacterial cells.

ANTIMICROBIALS
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An experimental technique 
developed by A*STAR 
researchers has been used to 
track the chemical and structural 
changes in an electrode as a 
battery discharges1. The X-ray-
based technique should help 
to improve the performance 
of materials in next-
generation batteries.

Lithium-ion batteries are 
widely used in our daily lives, 
for example in mobile devices 
and electric vehicles. They store 
and release energy by shuttling 
lithium ions between two 
electrodes. But the amount of 
energy that these electrodes can 
store, and the speed at which the 
batteries charge or discharge, 
is still relatively limited. 
Moreover, repeated use can 
cause the electrodes to expand 
and contract, degrading their 
performance over time.

Electrodes containing 
titanium dioxide nanotubes 
organized in a form known as 
the bronze phase could help 
to overcome these restrictions 
because the material has a high 
theoretical charge capacity 

and its volume changes little 
during operation. However, 
its charging mechanism is not 
fully understood, due to the 
limitations of analytical tools 
that can directly probe the 
surface charging process.

Yonghua Du of the 
A*STAR Institute of Chemical 
and Engineering Sciences, 
and Xiaodong Chen’s group 
at Nanyang Technological 
University have now tackled this 
problem by using the Singapore 
Synchrotron Light Source to 
perform X-ray absorption 
spectroscopy measurements on 
the titanium dioxide electrodes 
during operation.

They discovered that the 
average charge of the material’s 
titanium atoms, known as their 
valence state, dropped steadily 
from roughly four to three as the 
material accumulated lithium 
ions during discharge. The 
experiments also revealed how 
the material’s crystal structure 
expanded as lithium ions 
accumulated in the electrode. 
Since titanium atoms in a low-
valence state are slightly larger 

than the ones in a higher valence 
state, this further distorted 
the crystal structure. “A phase 
transition occurs during 
charging and discharging,” 
explains Du.

Different mechanisms for 
charge storage can occur at the 
electrode’s surface, which the 
experiments quantified for the 
first time. They showed that 
most of the battery’s storage 
capacity depends on the change 
in titanium’s valence state. 
Further tests demonstrated 
that hollow titanium dioxide 
nanotubes could store more 
charge than nanowires of the 
same material.

As the discharge rate 
increased, a greater proportion 
of lithium ions were stored at 
the electrode’s surface, rather 
than deep within its structure. 
This reduced the change in the 
average valence state of titanium, 
which ultimately lowered the 
electrode’s energy capacity.

This analysis of how the 
lithium-ion batteries work will 
help to guide researchers as they 
design electrode nanostructures 
to improve lithium-ion storage 
and mobility. Du notes that their 
X-ray absorption spectroscopy 
technique could be also applied 
to other electrode materials.  

1. Tang, Y., Zhang, Y., Malyi, O. 
I., Bucher, N., Xia, H. et al. 
Identifying the origin and 
contribution of surface storage 
in TiO2(B) nanotube electrode 
by in situ dynamic valence state 
monitoring. Advanced Materials 
30,1802200 (2018).

X-RAYS REVEAL 
THE WORKINGS 
OF BATTERIES
An X-ray analysis reveals the charging 
mechanism of a promising electrode material

LITHIUM-ION 
BATTERIES
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A titanium dioxide 
electrode takes 
in lithium ions 
as the battery 
discharges.
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MATERIALS
CERAMIC HOLDS 
PROMISE FOR GREENER 
OPTICAL DEVICES
Scientists have developed 
an environmentally friendly 
ceramic material
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NEXT ISSUE

THERMOELECTRIC MATERIALS
POLYMER POWER 
POTENTIAL
Four organic thermoelectric 
polymers identified using 
theoretical calculations could 
prove valuable for harvesting 
energy from waste heat

REGENERATIVE MEDICINE
RELEASING 
THE BRAKES 
ON WOUND REPAIR
A carefully defined balance of 
biomolecular signals stimulates 
healing by setting skin cells 
into motion

MICROBIOME
GUT FEELINGS ARE 
NOT FOR EVERYONE

Gut bacteria in fruit flies 
do not have a major influence 
on behavior

Here’s a sneak peek of the material covered 
in the next issue of A*STAR Research

Join A*STAR’s mailing list and stay up-to-date 
with the latest news in science, research and 
technology!

twitter.com/astar_research

research.a-star.edu.sg

SIGN UP FOR OUR
NEWSLETTER



Nanoscale electromagnetic 
structures induce wiggling in 
electrons sent through them.

Rapid wiggling in modestly 
relativistic electrons produces 

high quality, hard X-rays.

Apply for an A*STAR scholarship at www.a-star.edu.sg
CREATING GROWTH, ENHANCING LIVES

Push the frontier with 
an A*STAR scholarship

CHIP-SCALE SOURCES OF POWERFUL 
X-RAYS MAY SOON BECOME A REALITY

X-ray sources used in medicine and other industries have remained virtually unchanged for 

over a century. Leveraging the unique properties of novel 2D materials, Dr. Wong Liang Jie 

and a team of collaborators have conceived a method to generate intense, continuously 

tunable X-rays on a microchip scale. The laser beam-like quality of the X-ray output also 

allows for more precise pinpointing of medical and dental X-rays, enabling lower dosages 

and leading to safer, more efficient and less costly X-ray sources in the future.

Infrared or optical light creates 
nanoscale electromagnetic 

structures on the surface of
2D materials such as graphene.

Dr. Wong Liang Jie
Scientist, Singapore Institute of Manufacturing Technology
PhD and Postdoctoral Fellow, Massachusetts Institute of Technology

If you are passionate about future-ready science and research, 
focus your sight now on an A*STAR scholarship.

KEY APPLICATIONS

INDUSTRIAL QUALITY
CONTROL

MEDICAL TREATMENT

BIOMEDICAL IMAGING

SECURITY SCREENING
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I really enjoyed that 
six-hour meeting

Ooph! my back 
sure feels like 
a million bucks 
#everythingispain

Another jury 
duty summons, 
I’m so thrilled

Mmmmm. I love 
the smell of traffic 
jam in the morning.

Cleaning up cat vomit 
was a fantastic way to 
start the day!

I hope my flight is delayed 
again. It will give me time for 
some more people-watching

I have to choose 
between three kinds of 
delicious cake. So unfair.  

I love it when 
my computer crashes 
before I’ve saved

Glad I’m able to enjoy 
the tunes blasting 
out of that guy’s 
headphones. Techno 
music is my thing, too!

That really 
loud barking 
dog next door 
is so cute.

That crowded 
train journey 
was so relaxing

Fantastic! a new 
pimple just in 
time for prom 
#bestdayever

Cocktails at 
sunset by 
the ocean 
#mylifesucks

This downpour 
is so refreshing - 
I’m glad i forgot 
my umbrella today




