IBS Research
13th Issue | 2019 2nd

A giant standing
on the shoulders
of giants

From fact-checking
of fake news to
climate prediction and
conquering diseases
“data science” as a
new weapon for basic
science researchers

CONTENTS

Research Frontline

2019

04

13th Issue | 2019 2nd

06

Research Highlights

Apparatus in IBS

Data science in research

34

50

A giant standing on the shoulders of giants

36

AI revolution empowered by data science

COVER
new weapon for basic science researchers. Artificial intelligence

16

(AI) is making its presence felt by fulfilling roles of humans in
the fields that require an insight into problems and the ability to
interpret them creatively. Empowered by the advances of data
science, AI algorithms, and cognitive science, machines are

 rom fact-checking of fake news to climate
F
prediction and conquering diseases
“Data science” as a new weapon for basic science
researchers

now evolving into entities that are capable of imitating human’s

Focus Interview
24

Publisher

 iscovering catalysts to convert hydrocarbons into
D
useful chemicals

	Suk-Bok Chang, Director, Center for Catalytic Hydrocarbon
Functionalizations

Noh Do Young
Editor in Chief

Kim Eunjoon (Center for Synaptic Brain Dyfunctions)

30

Editorial Board

Lee Byounghoon (Center for Nanoparticle Research)
Kang Sukhyun (Center for Genomic Integrity)
Kim Sunny (Center for Quantum Nanoscience )
Jin Gangtae, Lee Chang-Soo (Center for Artificial Low
Dimensional Electronic Systems)
Chu Jung-Eun (Center for Climate Physics)
Cho Hyunsoo (Center for Vascular Research)
Won Woojin (Center for Cognition and Sociality)
Park Yunjae (Center for Multidimensional Carbon Materials)

38

IBS Viewpoint

C
 enter for Quantum Nanoscience

	World’s smallest MRI performed on single atoms

58

40

	Basic science standing at a crossroads between public
interests and commercial value

R
 esearch At a Glance

Exploring the depths of the microscopic world with

	Research fellow Dr. Philip Willke from the Center for Quantum
Nanoscience within the Institute for Basic Science

42

 enter for Climate Physics
C

	Ocean temperatures as a precursor for April
tornadoes in North America
44

 esearch At a Glance
R
Center for Vascular Research

IBS Report
60	Big questions make science move forward
	A review of the Asian Science Camp 2019

	Pathways of the brain drainage of dementiacausing waste
46

Center for Cognition and Sociality

	Why are we so drawn to places filled with happy
memories?
48

Episode in Science
62	An image that saved the hubble space telescope

 esearch At a Glance
R
Center for Multidimensional Carbon Materials

06

	A formula to achieve large-area synthesis of singlecrystalline 2D materials

IBS News

Editors
IBS Communication Team
Donga S&C

50

Publisher

Institute for Basic Science
Addresss

55, Expo-ro, Yuseong-gu, Daejeon, Korea, 34126
Phone Number

+82-42-878-8114
Fax

+82-42-878-8079
Homepage

www.ibs.re.kr
First Issued

December 31, 2013
Published

December 30, 2019
Production

Donga Science & Communication
Design

Blackfinger
Print

Iljin printer
Images

IBS, Shutterstock

Will there be an enclosure movement in science?

	Atomically thin “3D membranes” of semiconductors

AI will lead the way of accelerating scientific advances with its
the abstract data background with waves, lines, and dots.

Center for Genomic Integrity

Center for Artificial Low Dimensional Electronic Systems

creative skills. The day will come sooner than expected when
exceptional tools to see things creatively. The cover visualized

Of the lives, for the lives, and by the lives

	Lab Animal Resource Facility,
the forefront of basic science research

R
 esearch At a Glance

	DNA-protein breakup equation

From fact-checking of fake news to climate prediction and
conquering diseases, “data science” creates its new profile as a

Center for Nanoparticle Research

	An eco-friendly catalyst that produces hydrogen
from water using sunlight

30

58

DATA
SC I E NC E

“How to educate a child?” Some say
discipline-based teaching is the key, and
others say letting kids to make self-decision
is more effective. Some argue kids need to be
enlightened by appropriate inputs, but others
agree less education allow for more creative
thinking. No one can say for sure what is
the right way of euducation, but there is one
conclusion that almost all educators agree.
Life is all about experience. This is also true
in artificial intelligence (AI) technologies
that are revolutionizing all of the sectors
of our society. Today’s AI becomes more
intelligent with machine learning, rather
than by learning the logics that humans
dictate. Tom Mitchell, computer scientist,
specialized in machine learning says, “A
computer program is said to learn from
experience (E) with respect to some class of
tasks (T) and performance measure (P), if its
performance at tasks in T, as measured by P,
improves with experience E. AI is also based
in a diverse spectrum of quality experience,
i.e. data. The accumulation of big data and
applications of machine learning have been
transforming scientific research as well. To
deal with accumulated big data, a series
of new academic fields emerged: data
science, bioinformatics, and computational

Data science
in
research
1. A
 giant standing on the shoulders of giants
2. From fact-checking of fake news to climate
prediction and conquering diseases “data
science” as a new weapon for basic science
researchers

I N
R ESE A RCH
chemistry. We are now seeing a large scale
of quality research data being produced

at all the more rapid pace than before. AI

reinforces research data and vice versa. How
have Korean scientists in basic science been
adapting to a new era of data science? Let’s
find out how IBS scientists are utilizing data
science in research.

Written by Sung-Bae Cho, Professor at the Computer Science Department of Yonsei University
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Deep
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Second AI winter
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how a simple network of neurons
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Research on artificial neural
networks resumes.
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algorithm, the predecessor of deep
artificial neural networks.
The U.S. Defense Advanced Research
Projects Agency (DARPA) reduces
research funding to MIT, Carnegie Mellon
University, etc.
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Google’s multiple
language
translation tool
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layoffs in many AI
companies
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1997
IBM’s Deep Blue
beats then world
chess champion
Garry Kasparov.
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1955
The term “artificial
intelligence” first appears in
a proposal at a meeting at
Dartmouth College in the U.S.

1973
Sir. James Lighthill urges
the British government to
stop financing AI research.
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John McCarthy and
Marvin Minsky establish
the Artificial Intelligence
Laboratory at MIT.
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1958

1965
A project for
Dendral, an
expert system
that analyzes
organic
compounds
based on
spectrometric
results, is
launched.

Statistics-based
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2011
integrates the AI
assistant “Siri” into
iPhones.
IBM’s Watson
competes on the TV
quiz show Jeopardy
against two human
champions and wins
the first place prize.

2013
Google and
Prof. Andrew Ng
train a neural
network using
deep learning
techniques, and
the network learns
to recognize cats
after watching
YouTube videos.

2014
Facebook develops
DeepFace, a facial
recognition AI system.
Microsoft introduces
Adam, an object
recognition AI system.

2016
Google DeepMind’s
AlphaGo beats Lee Sedol
from South Korea and Ke
Jie from China, proving
AI’s dominance of Go,
following chess.

Science cannot be done based on the effort of a single genius. Creating new
theories requires new discoveries, which, in turn, require lots of observations,
experiments, and knowledge. The more knowledge is accumulated, the more
precise and sophisticated theories can be obtained. This “accumulative” aspect
of science has been gaining more significance in the 21st century. Recently,

AI revolution empowered
by data science

science and technology have produced much more knowledge than was ever
thought possible, in a short timeframe. Today’s science has become a “giant,”
not a “dwarf,” standing on the shoulders of giants. Lying behind such rapid
development of science are artificial intelligence (AI) and data science.

“If I have seen further it is by standing on the
sholders [sic] of Giants.”

The resurrection of AI

The expression “standing on the shoulders of

It is difficult to define artificial intelligence in just a few words. Because

giants” became famous after it was cited in

“intelligence” is an ambiguous concept, it is not easy to reproduce it artificially.
In general, intelligence is understood as the ability to perceive, infer from, and

a letter from Isaac Newton to his rival Robert

adapt to the outside world. Without knowledge of how such an ability is possible,

Hooke. By writing the phrase, Newton actually

it is hard to imitate or develop intelligence artificially. Due to such conceptual

meant, “I simply borrowed the ideas of great

ambiguity inherent in “intelligence,” some people regard AI as a mere

scientists of the past and I have not been

fabrication or something unachievable for good, while others see it as practical

influenced by the rivals of our time.” Despite its

and attainable technology.

original connotation of a sense of competition,

That said, there has been a certain level of agreement on the definition of AI.

the phrase is often cited when a scientist

The concept of AI was born at a meeting at Dartmouth College in 1956, where

modestly credits his discovery to the scholars

it was suggested that a “thinking machine” be made. The idea was to reproduce

of the past. A vast amount of our knowledge

human brain activity by logically analyzing human thinking processes and

about nature, from the birth of the Universe

translating them into a system that can be applied to a machine. Such an

to the evolution of life and the Earth, is the

idea was based on, in part, confidence that the development of mathematics

heritage that humanity has accumulated through

allowed complex and abstract concepts to be mathematically expressed with

observation, experiment, and exploration for

sophistication. In fact, data connections and flow expressed in mathematical

thousands of years.

functions play a significant role in today’s AI research.
There have been two major streams of methodologies for the realization of
AI: a knowledge-based method and a data-based one. The knowledge-based

An illustration depicting Orion and Cedalion in a 15th century medical book (from the

method, more like “deduction,” was applied first. In this method, the functioning

Rosenvald Collection). On his way to treat his blind eyes, the giant Orion in the Greek

of human intelligence—such as perception, inference, and learning—is

mythology carried Cedalion, the servant of Hephaestus, on his shoulders to act as the
giant’s eyes. The expression “dwarfs standing on the shoulders of giants” originated

06

from this mythology. The original meaning was extended to include “a dwarf can see
farther than the giant when he/she is seated on the shoulders of the giant.”

13th Issue | 2019 2nd

07

reinterpreted mathematically and logical rules are clearly defined based

Neuron

A schematic illustration of the

5

classification of art images by

on such reinterpretation. The rules are then loaded into a machine, with

using TensorFlow, an open-

which the machine imitates human intelligence by processing information

source AI module. By using

Logs

Tensorboard

from the outside world. This method was useful in solving problems

Google BigQuery, a database
is constructed based on the

whose logic was specifically predefined, just like mathematical problems.
However, it was almost impossible to load completely predefined rules
and knowledge into a machine, and the machine failed to provide correct

applicable to a limited number of areas.
In contrast, a data-based method is close to “induction.” In this method,

classification, by style and

7

culture, of the art collection

DATA
CLOUD

at the New York Metropolitan
Museum of Art. The database

answers to questions that were irrelevant to predefined knowledge or
that were difficult to predict. In short, a knowledge-based method was

6

2

NY MET Art collection

1
Signals
delivered from
synapse
Dendrite

a machine is given basic instruction on how to process information,

Art data labeled
by culture

is then fed into Kubernetes that

Trained model

provides an image classification

4
Cell body

service. Through machine

Inference

learning, TensorFlow increases

Google Bigquery

Axon

the accuracy of the image
classification algorithm. When

after which it is provided with data composed of as many and various

an art image is uploaded onto

cases as possible. Then, the machine draws rules from collected data.
As knowledge acquired through such a process can be wrong, the

Input

Signals delivered
to synapse

Weight

knowledge should be applied to data for interpretation and feedback, in
Transfer

order to make it more accurate and sophisticated. Because the machine

function

creates knowledge by itself, it can respond to almost all situations that it

Activation
function

Image classification model

3

Trained model

PODS

PODS

Result

Kubernetes, AI analyzes the style
and culture of the artwork and
produces results, i.e., the age
and region in which the artwork

GPU

Activation

GPU

was made. © Ton Ngo, Winnie
Tsang

encounters, learning through trials and errors. This is the basic principle
lying behind machine learning, which has been recently spotlighted and
widely used in research communities.
Machine learning implies that without resorting to human intervention

Kubernetes

Artificial neuron

for rule-setting, a machine can create rules based on information,
modify them, and produce knowledge. “Artificial neural network (ANN)”

Correspondence between an animal neuron and an artificial neural

connected to imitate neural signals. As neurons are intricately connected to brain regions that play

technology, which mimics the brain’s structure, makes such machine

network. A dendrite that selectively receives signals corresponds to a

unique roles, even the slightest changes in neural signals can make a big difference. Considering

weight that evaluates the importance of input information. A cell body that
processes signals corresponds to a summing function that constitutes a

these real-life situations, an ANN flexibly imitates the diversity of the brain’s thinking processes by

The brain is composed of a labyrinthine network of neurons. Neurons

signal-processing algorithm. An axon that passes signals on to another

using nonlinear functions that produce outputs precisely reflecting the slightest changes in inputs.

allow for complex thinking processes by creating new connections

neuron corresponds to an output that is created through an activation

In particular, an ANN has “hidden layers,” units of calculation which deliver specific information

learning possible.

between themselves or sending signals in a certain direction, depending

function and delivered to another algorithm.

to another neural network depending on inputs, and produces meaningful outputs by applying

on the types of information received. By imitating neuronal connections

algorithms that place weight on certain data according to the purpose or nature of the knowledge to

at a software level, an ANN controls information paths and outputs

be learned.
ANNs have merit in that they can produce solutions through learning algorithms as long

depending on input information, just like the brain of a living organism.

as data are collected effectively. With their simplistic input-output structure,

Specifically, calculation units that mimic neurons are designed and

however, it is difficult for ANNs to adapt to real-life, complicated
problems. In order to be able to use ANNs at a practical
level, they should be built as a complex structure of
intertwining neuron-like elements, resembling a
living nervous system.
One of the solutions suggested is “deep
learning” through a “deep artificial
neural network.” Deep learning
r e fer s t o t he c on s t r uc t ion of
learning processes by a neural
network at a “deep” level. Deep
learning algorithms are made up
of many “hidden layers.” Based
on its unique algorithm, each of
the hidden layers places weight
on input information and passes it
on to another layer. If a new input is
different from the one calculated before,

The principles of machine learning. The process of learning begins with observations or data, such as examples, direct experience, or instruction, in
order to look for patterns in data and make better decisions in the future based on the examples that we provide.
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“It is a cat.”

Google

“They are all
cats.”

6
When the accuracy of the ANN
becomes sufficiently high after trainings
on numerous data, it produces reliable
output values for new input data

4

5 After the learning

process is over, training
on another image begins

Based on output algorithms, multiple output values
are integrated and presented as a single value

Output

3
Hidden layers are
readjusted based on
the confidence levels
and errors of output
values

DNN; Deep
Neural Network

Hidden
layers

2

Input

Steven B. Harris(W)

Image data
input

Amazon AWS Summit held in Milan, Italy, in March 2019. Amazon Web Services (AWS) are cloud computing solutions developed and provided by Amazon. AWS allows
for the construction of IT infrastructure without equipment. Through AI services that are used for Amazon web pages, AWS also allows for the building of web pages with
complex functionalities. Apple iCloud is well known for providing services based on AWS. Recently, an increasing number of universities and research institutes have been
using cloud computing solutions such as AWS, Microsoft Azure, and Google Cloud Platform. © Infty / Shutterstock.com

1 Input data are prepared

by dividing an image into
segments

A schematic diagram of the process in which an object in an image is recognized as a cat. Each small

AI and data science in the era of the Fourth Industrial Revolution

circle represents an algorithm that corresponds to a neuron. Normally, an artificial neural network (ANN)

The concept of “hyperconnectivity” was first

is composed of input/output layers and “hidden layers” that process information according to learning

suggested by the U.S.-based IT consultancy

algorithms. Thin red lines that connect small circles represent the flows of information. Based on input/

firm Gartner. It refers to a phenomenon where

output algorithm rules, the circles create a variety of information flows. While machine learning is being

things are connected through a network

conducted, paths for certain types of information are reinforced and form “rules” in hidden layers.

Recently, the Fourth Industrial Revolution has drawn public attention
as transformative changes in economic and social structures in the
future. Despite its various definitions, the Fourth Industrial Revolution
is generally understood as innovations in industrial structures and social

Depending on subsequent input values, these rules determine the output values to be produced. In this

and exchange information without human

example, the AI was trained on numerous images of cats and created information paths (thick red lines) for

intervention, based on the Internet of Things

systems, where things and spaces are “hyperconnected.”

identifying input images and producing a correct output, that is, “a cat.”

(IoT) technology. Hyperconnectivity provides a

The processing of exponentially increasing data is supported by enabling

basis for technologies necessary for building

technologies— such as big data technology that produces information by

industrial systems of the Fourth Industrial

collecting and managing huge amounts of data; deep learning software

Revolution, such as those for real-time

that processes data intelligently and accurately; and high-performance

production/consumption control, automated

cloud computing resources that are operated as a network of high-

production, and intelligent management
systems.

performance computers for real-time calculations on a massive scale.

an error in the supplied information is taken into account and a different

ANN, the importance of data processing increased. A deep ANN is

information path is used. Passing through many layers, important inputs

just a structure that mimics human intelligence—in order for deep

are reinforced while irrelevant variations are suppressed, forming a

learning algorithms to function properly, the content (i.e., data) of the

unique path across the thick layers of a neural network. This process can

structure should be adequately provided. As the methodology of AI is

be likened to solving a complicated maze by drawing lines. Each time

close to induction, the more there are data that are relevant for the rules

you come to a fork in a maze, you choose a path and draw a line along it.

to be learned, the more effectively an AI system performs its work. The

If the path has a dead end, you disregard the path. Otherwise, you draw

development of supercomputing technology for processing huge amounts

something with a practical use. However, today’s data science is evolving

a thicker line until you reach another fork. In this way, the shortest path

of data at a time, as well as that of cloud computing technology for the

in line with the demands of industries and society as a whole. Recently,

from start to exit is clearly marked.

efficient use of massive computing resources, is driving the “Fourth

data science has not merely been used as a tool to strengthen industrial

As the paradigm of AI has shifted to deep learning through a deep

Industrial Revolution.”

competitiveness, but also has served as one of the key elements for

10
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In a hyperconnected network, massive amounts
of data produced by numerous things should
be processed on a real-time basis. Here, “data”
refers to raw data, rather than “information”

Here, AI plays a critical role as software that analyzes and manages big
data, just like a control tower.
As is suggested by their relevance to the Fourth Industrial Revolution,
today’s AI and data science are not the same as traditional research-

refined for the purpose of sending a message

industry networks. In the past, data science was more like basic research

to somebody.

for the systematic accumulation of fundamental theories, rather than

13th Issue | 2019 2nd
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important decision-making processes as well as for creating new business.
After all, data science has gone as far as influencing the decision making
of management.
The power of data science to be involved in decision making stems
Stitch Fix, an online clothing company that has recently

from the “value inherent in big data.” Vast amounts of data collected

drawn considerable attention from the fashion industry

in data science are not just the objects of analysis, but they also serve

in the U.S., does not post its product images on its
website. Once you submit basic information such as

as resources for modelling for analysis and prediction. A more refined

style preferences and needs, the company delivers

decision-making process is possible through continuous feedback which

custom-designed clothing items to you. The diagram

involves comparison between data-based, systematic knowledge (including

illustrates how the AI used by Stitch Fix suggests an
optimal design to customers. Customers fill out a survey

ANN predictions) and actual data. That said, human intervention is still

about their lifestyle and style preferences. Based on a

required. Since collected data and analytic tools alone cannot create

product database and survey answers, the AI combines

value that is useful, the purpose of analysis, i.e., “what to find out,” should

various elements and suggests a customized design,
serving as a designer exclusive for individual customers.

be made clear. This requires an insight into problems and the ability

It can be said that this type of service is an upgraded

to interpret them creatively, which machines are as of yet incapable of

version of “recommended products” suggested by

imitating.

online shopping malls, Facebooks’ “People You May
Know,” and YouTube’s recommendation algorithms. In
order to build such an AI system, Stitch Fix recruited

A great leap forward in scientific research through the use of AI

Eric Colson, the former Vice President of Data Science

The methodology of data science and machine learning processes are

at Netflix. © Stitch Fix

surprisingly similar to the scientific methodology of “seeing further by
standing on the shoulders of giants.” Today’s science produces much more
information than was ever thought possible. To collect and analyze such
massive data effectively and process them as information, researchers need
tools that surpass individual human performance, such as data science
and AI. The following two success stories, which have been reported

Today’s science produces much
more information than was ever
thought possible. To collect
and analyze such massive data
effectively and process them as
information, researchers need
tools that surpass individual
human performance, such
as data science and AI. The
following two success stories,
which have been reported
recently, will help you make
sense of the value that data
science can bring to researchers.

recently, will help you make sense of the value that data science can bring
to researchers.

Lace Feature

Sleeve

Silhouette

Print
Big data handling mechanism. Original data is like split pieces of information that
are seemingly unrelated and thus, make no sense as a group. Only after they are
categorized and structured with the application of data algorithms, overarching

Hem Type

rules and patterns begin to appear. With constant updates of the algorithm-based
structures, new data is shaped into a more accurate and logically solid information.
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The first case is about the results of materials science research conducted
at the U.S. Lawrence Berkeley National Laboratory (Berkeley Lab). A

A

B

research team led by Dr. Anubhav Jain raised a question as to whether

C
Tower @ Scale 1

AI, devoid of prior knowledge about materials science, could identify

Tower @ Scale 2

candidates for new materials by studying related literature, just as
researchers search for meaningful research topics by reading research

Tower @ Scale 4

papers.

Tower @ Scale 8

The research team collected the abstracts of materials science articles,
which had been published in more than 1,000 academic journals from

Head - Label 1
Tower @ Scale 1

Tower @ Scale 16

1922 to 2018, and fed them into Word2vec, an algorithm used in the field

Head - Label 2
Head - Label N

of deep learning, in order to have it learn keywords in the abstracts.
Word2vec extracted nearly 500,000 keywords, came up with semantic
relationships between words, and produced a 200-dimensional vector
to express them. Word2vector could figure out that for the equation

A schematic diagram of a network architecture for in silico labeling, as devised by a research

“ferromagnetic – NiFe (permalloy, a ferromagnetic substance) + IrMn

team led by Dr. Eric Christiansen at the Gladstone Institutes. The network is composed of six

(iridium-manganese alloy, an antiferromagnetic substance),” the answer

five towers process information of fluorescent-labeled parts at one of five spatial scales. The
sixth and last tower processes the information from these towers. Based on the information

<The Journal of Computational Chemistry>

processed by the sub-networks, the predictor algorithm reconstructs fully predicted images.

is a major peer-reviewed scientific journal.

© Eric M. Christiansen, et. al. / Cell

Computational chemistry uses data science

Word2vec expresses relative positions of words in documents as a

to assist in solving chemical problems. Since

mathematical vector. Specifically speaking, by expressing words as a

its first application to scientific research, it

vector, which is a set of numbers, the Word2vec algorithm expresses

became as a key research method. Several

the “context” in which the words are used, and “calculates” the words to

journals are specialized in computational

produce a new meaning as output. For example, when trained on texts

chemistry.

about cities in South Korea and the U.S. and then asked to solve the

would be “antiferromagnetic,” by which the team confirmed that the

labeling,” in which a computer can learn features of certain cells and

equation “South Korea – Seoul + Washington D.C.,” the algorithm produces

vector produced by Word2vec effectively reflected the meanings of the

identify cells that have similar features. The team trained a computer,

“the U.S.” as an answer by using a context “the capital of a country.”

keywords.

through deep learning, by showing it two sets of cell images, one with

In addition, the research team explored the possibility of f inding

f luorescent labels and one unlabeled. The researchers repeated this

candidates for new thermoelectric materials (materials that can turn heat

process millions of times. Then, when they presented the computer

into electricity) by using Word2vec. The algorithm predicted compounds

with images it had never seen before, it could identify cells similar to the

by combining the words it had learned and ranked each compound by

fluorescent-labeled cells and accurately predict which types of cells they

AI. When trained on materials

the similarity of its word vector to that of the word “thermoelectric.” Of

were. This can be likened to training a computer on eye shapes based

science articles, the AI produced

the top 10 candidates suggested by the AI, the team found that all had

on race and then presenting it with a new photo to make it identify the

computed power factors higher than the average of known thermoelectric

race of a person in the picture. Deep learning tools can also be used in

materials, were arranged based

materials. The top three candidates had power factors at above the 95th

identifying a neuron within a mix of cells in a dish. It can even predict

on their correlations, centering

percentile of known thermoelectrics. The algorithm not only predicted

whether an extension of that neuron is an axon or dendrite. Furthermore,

new connections, but it also provided high-quality information by, for

as the tools can identify the details of intracellular elements, on a massive

relationships between words,

example, discovering various materials with the “half-Heusler structure.”

scale, that can cause pathological problems, it is expected that this

which have been learned by the AI

This research demonstrated that AI with deep learning algorithms

deep learning technology will be able to be used to diagnose and treat

without prior knowledge, reflect

could assist in high-level research activities, including by suggesting new

neurodegenerative disorders such as Alzheimer’s disease, Parkinson’s

considerable degree.

research topics and providing hints for solving difficult problems.

disease, and amyotrophic lateral sclerosis (ALS, also known as Lou Gehrig’s

© Berkeley Lab

The second case is about the results of biomedical research conducted at

disease).

the U.S. Gladstone Institutes. To identify biochemical characteristics of

Today’s AI is no longer just an interesting idea that might be realized in

the elements within a cell, scientists normally have to kill the cells that

the distant future; it is a contemporary technology that is being used in

they want to look at and chemically treat them. However, a research

various fields and is continuously evolving. In terms of practicality, AI has

team at the Gladstone Institutes developed a “fully automated robotic

already been developed to a significant level, which is why a variety of

microscope” that could track living cells for months and image them.

institutions have recently been actively involved and have invested heavily

Thanks to this AI microscope, the team was able to collect 3 to 5 terabytes

in AI, deep learning, or data science projects. In the research community,

of data per day, which had been never thought of as possible before.

AI is used almost in every field, including physics, chemistry, biology, and

In addition, a deep learning approach was used to analyze such huge

earth science. It will be interesting to see how AI technology, equipped

amounts of data, recognize patterns, and make predictions.

with data science, will broaden our horizons in industry, society, and

The research team invented a new deep learning method called “in silico

research.

Associated with properties
related to thermoelectricity

Commonly referenced alongside
known thermoelectrics

Cu7Te5

Li2CuSb

Words related to thermoelectric
materials, as analyzed by using

a vector space in which various
words, including the names of

Sb 2Te3

is indicated by the diagram, the

Cu2Te

indirect band

Cu5Te3

BaCu2S2
optoelectronics

on the word “thermoelectric.” As

PbTe

heusler compound

thermoeletric

electronic

Cu2-x

actual semantic relationships to a

photovoltaic applications
chalcogenide

optoelectronic
band gap

“Unsupervised word embeddings capture
latent knowledge from materials science

CsAgGa2Se4

Used in applications where materials
are often also thermoelectric

literature”, Nature, 2019/7
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Written by Young-joon Choi, Reporter at Donga Science

Research
Frontline

From fact-checking
of fake news to
climate prediction and
conquering diseases
“Data science” as a new
weapon for basic science
researchers

The Google DeepMind Challenge Match, also known as AlphaGo vs. Lee Sedol,
demonstrated the power of AI and big data, and has ignited public discussion on AI.
© google deepmind

Data mining
Data mining is a process of discovering unseen
correlations by analyzing big data. Through this
process, meaningful information is extracted out of
just the sum of data.

Data science is a multi-disciplinary field in which
data are collected and analyzed and useful
information is extracted. In recent years, data
It was around the time of the Go match between AlphaGo and Lee Sedol in

science, including the field of big data, has

2016 that big data and AI began to draw public attention in South Korea.

seen rapid development. Although related

Having learnt from 160,000 human Go games by professional players, the AI

terms such as “data mining” and “artificial

Go program overwhelmed Lee Sedol. Such an unexpected result made people

intelligence (AI)” have become familiar to the

realize the power of big data and AI.

general public, not many people know exactly

However, the scientific community has long paid attention to the ripple effects of

how such technologies are utilized. For

big data and AI. With an exponential increase in data that has to be addressed

example, most people seem to regard AI

in research, various AI techniques, including machine learning, began to be

as merely a kind of technology applied to

introduced in order to process data efficiently and extract meaningful results.

brand-new electronics.

For example, data science techniques are used to analyze information about

However, the applications of big data

the human genome and numerous chemical compounds, as well as to evaluate

technology are almost limitless. In

whether a variety of online rumors are true or false. In other words, data science

particular, big data has been spotlighted

has contributed to uncovering the mysteries that seemed impossible to study in

as a tool for making breakthroughs in

the past.

basic science research. Let’s take a look

At IBS, data science techniques have been actively introduced at its research

at how researchers at IBS research centers

centers, including the Pioneer Research Center for Mathematical and
Computational Sciences, Center for Climate Physics, Center for RNA Research,

are utilizing data science.

Center for Catalytic Hydrocarbon Functionalization, Center for Underground
Physics, and Pioneer Research Center for Biomolecular and Cellular Structure.
The importance of data science techniques in today’s basic science is supported
by their all-encompassing utility in research fields, whether it be biology, physics,
chemistry, or mathematics.
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A

of decision trees, stemming from the same data, are used to compare

B

Training set

Χ
Initial node (root)

3

their output values in order to reach an optimal conclusion. To do this,
a random forest algorithm is used. Using the different output values of

Tree 1

split node

2

different decision trees for the same input data, the algorithm produces

Terminal node

a final result through computations such as averaging, a logical AND

1

operation, and taking a majority vote.
1

2

3

The research results showed that reliable information tended to disappear

Χ

quickly as time flows, whereas rumors tended to be consistently mentioned

Tree 2
Subsample 1

Subsample N

3

3

2

2

1

1

1

2

3

for a relatively long time. In other words, the research team found features
Majority
Vote

that can be used to distinguish between reliable information and fake news.

Random
Forest’s
decision

Another difference between reliable information and fake news was
discovered in the process of analyzing tweet networks in which dots

1

2

3

Χ

Activitists at the ‘re:publica 2018’ that was held in Berlin, Germany to fight against

represented Twitter users and lines represented retweets or mentions.

fake news. re:publica is a conference that deals with the Web 2.0, especially

The network for reliable information had a complicated structure of

blogs, social media and information society. Fake news spread via SNS media is

Tree N

emerging as a serious social issue. © flowgraph / Shutterstock.com

information diffusion, while the network for fake news had a relatively
very small number of incidents of information diffusion. Furthermore,
reliable information tended to spread from users possessing many

Tree 1

followers to those having a smaller number of followers, while fake news

Tree N

tended to spread in quite the opposite direction.

Schematic diagrams depicting machine learning on “either/or” decision-making, such as “whether it is a fake news or not,” based on a random forest technique.
Data that have been arbitrarily extracted from learning materials are spatially arranged by using an SVM. Based on this, decision trees are made. The green circles
represent positive data (fake news), while the red circles represent negative data (non-fake news) (A). Using multiple decision trees created, output values are generated
corresponding to an input data. Because there are as many output values as the number of decision trees, algorithms such as the majority vote algorithm or the logical
AND algorithm are applied in order to produce a final result. © Mchado et. al. / Veterinary Research

Fact-checking of online fake news

Prof. Cha’s research team analyzed various rumors circulating through

Prof. Meeyoung Cha, Chief Investigator at the Data Science Group of the

Twitter. Specifically, the team analyzed the dissemination patterns of

IBS Pioneer Center for Mathematical and Computational Sciences, has

tweets on politics, entertainment, and information technology (IT), which

been actively applying data science techniques to social science research

were generated from 2006 to 2009 in the U.S., involving about 54 million

aiming at solving various social problems. Specifically, Prof. Cha drew

users and as many as 1.9 billion follow links.

attention from the scientific community with her breakthrough research

By applying algorithms such as support-vector machines (SVMs), decision

outcomes regarding the verification of online fake news.

trees, and random forests, the research team classified such huge amounts

At the IEEE International Conference on Data Mining held in December

of data by features. An SVM is a classification method in which groups of

2013, Prof. Cha, in collaboration with Prof. Kyomin Jung at Seoul National

similar data are assigned different vector values and arranged in a virtual

University and a research team from Microsoft Research Asia, presented

space. Semantic correlations can be obtained by calculating the distance

how to verify rumors spreading through social networking services (SNS).

between classified data points.

Information diffusion of fake news

Information diffusion of reliable news

(The myth that deodorant causes cancer)

(John Hartson diagnosed with brain cancer)

A decision tree is a Twenty-Questions-like method in which data are
classified by narrowing down categories and determining whether the
data meet the condition of each category successively. This can be likened

Applying algorithms such as
support-vector machines (SVMs),
decision trees, and random
forests, the research team
classified such huge amounts of
data by features.

to classifying the species of an unknown organism by determining in a set
order whether it is a plant or an animal, whether it has fur or not, whether
it has feathers or not, what type of hooves it has, etc.
Conversely, it is also possible to train a computer based on the similarities
between data. The more distant the relationship between two data points
is, the larger number of branches exist between them in a decision tree.
This is similar to the cases of the number of kinship paths between distant
relatives. Thus, it is possible to reconstruct a decision tree with simply the
values created by an SVM. That said, decision trees are characterized by
insufficient flexibility due to their “either/or” decision-making structure.

Diffusion patterns of fake news and ordinary information on Twitter. The dots represent Twitter users, while the lines represent
retweets or mentions. The figure shows that fake news is characterized by very sporadic diffusion. © Kwon. S, Cha. M / PLoS One

Consequently, a reconstructed decision tree can have various forms.
Thus, when predicting an output value for an input data, multiple forms
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The research team also analyzed the linguistic features of fake news.

it became easier to design and verify complex climate models. The research

The research team expects that their mathematical model will serve as a

In examining more than 100 rumors generated in the U.S., the team

team fed meteorological data of the Pacific Ocean into established El Niño

theoretical basis for preparing against El Niño-induced disasters, including

discovered that expressions implying relative uncertainty—for

models and conducted integrated verification and analysis procedures.

drought, flood, heavy rain and snow, as well as for preventing related

example, “although not sure,” “although I don’t remember

The team found that Eastern Pacific El Niño events were characterized by

problems such as food and water shortages and epidemic diseases. To that

exactly” and “in my opinion”—were found more frequently in

a return time of three to seven years, whereas Central Pacific events tended

end, the team has been accelerating their research since they introduced

to occur on average every two to three years.

South Korea’s third-highest performance supercomputer in April 2019.

fake news than in reliable information.
Furthering this research, Prof. Cha and her research team

Based on the results of the analysis, the research team devised a new

at IBS are currently working on developing fake news

mathematical model and fed various meteorological data into the model.

Identifying the principles behind the creation of miRNA that

detection and prediction techniques based on big data. The

As a result, the team discovered that interactions between Central and

regulates gene expression

possibilities of big-data based prediction technology have

Eastern Pacific El Niño events accounted for the irregular occurrence and

Big data analysis techniques are used as an effective tool not only for

been recognized in cases such as the election prediction

spatial distribution of the overall El Niño phenomenon. The two types of

identifying a macro-structure like the Earth, but also for uncovering

system using Google’s search engine.

El Niño were combined to bring about various forms of El Niño events.

the secrets of the nano-scale microworld inside the human body. The

The researchers also discovered that the two types of El Niño exhibited

combination of molecular biology and data science might seem strange.

Discovering how El Niño occurs

more complex patters by interacting with a variety of variables, including

However, molecular biology inevitably came to meet data science since

Climate research is also one of the research fields that have

the sea surface temperatures of the Atlantic Ocean and the Indian Ocean,

the former is a field of research which has to connect and analyze huge

been exponentially growing thanks to the introduction

global warming, and tropical low atmospheric pressure.

amounts of information from the microworld invisible to naked eyes. By

of big data analysis techniques. In collaboration with
researchers from various fields such as mathematics and
statistics, Dr. Axel Timmerman and his research team at the
IBS Center for Climate Physics have produced internationally

A schematic illustration of the unique oscillation modes of two types of El Niño,
as identified through data analysis. Just like a pendulum whose amplitude

El Niño occurrences in the Pacific Ocean. Through data analyses and
simulations conducted on a massive scale, as many as 40 researchers from

becomes smaller when no artificial force is applied to the pendulum regularly,

11 countries uncovered the mechanisms of Eastern and Central Pacific El

the oscillation of El Niño needs certain stimulation in order to keep its amplitude.

Niño occurrences and established a theoretical framework to explain the

The atmosphere-ocean interactions occurring in the Pacific Ocean are divided

frequencies and spatial distributions of the two El Niño events.

into the Eastern Pacific (EP) El Niño with a 3–7 year cycle and the Central
Pacific (CP) El Niño with a 2–3 year cycle. Through data analysis, the research

El Niño events are characterized by an unusual warming of the central to

team discovered that the occurrence patterns of the EP and CP El Niño vary

eastern equatorial Pacific. Although El Niño has ripple effects on ocean

depending on the changes in average ocean conditions (e.g., changes in the

currents and atmospheric circulation, ultimately leading to global climate

depth of the warm upper layer of water in the ocean), unexpected meteorological
conditions including tropical lows in the West Pacific Ocean, changes in the

Different colors represent unlinked

Upper junction

amino acid chains. The research team

g

DGCR8 enhances

u

the accuracy
of severing the

could identify DROSHA cleavage

binding domain of

sites on miRNA precursors by using
signal-output algorithms.

RNA and heme.

DGCR8 enhances
efficiency of
severing of dsRNA
binding domain.

change, it has been difficult to predict El Niño on a long-term basis due

interactions between the Indian Ocean, the Atlantic Ocean, and the Western

to its irregularities in characteristics such as frequencies, spatial patterns,

Pacific Ocean, etc. In short, the researchers identified that interactions between

strength, and duration.

various combinations of factors accounted for the diversity of El Niño.

u

3D DROSHA protein structure.

DGCR8

One of such achievements is the research published in the journal
Nature dated July 25, 2018, which identified the mechanism underlying

Newly identified RNA
microprocessor structure

DGCR8

recognized research outcomes based on big data analysis
techniques.

Upper branch
DGCR8 stabilizes and

~22bp

activates C-terminal

The research team analyzed the sea temperatures and atmospheric

domain of Drosha.

conditions of the Pacific coastal regions, as well as long-term data on El
Niño occurrences and a variety of related research results. One of the key
tasks was to build a climate model to predict climate change based on
input climate data. Although there are different types of climate models,
they normally use algorithms that are based on equations composed of

Based on the results of the
analysis, the research team
devised a new mathematical model
and fed various meteorological
data into the model.

miRNA end
modification

Alternative
processing by
DROSHA

Noncanonical
target RNA
Lower branch

Measures

DROSHA

the length.

~11bp

climate change variables obtained from climate data of the past.
Scientists have long developed weather/climate prediction models based

g

on meteorological data on sea temperature changes, atmospheric pressure,

u

Drosha Recognizes
the length from the

directions of the wind, etc., in the Pacific Ocean. Such tasks have been

Characteristics of DROSHA and miRNAs, as identified through the collection and

lower junction to

conducted by converting large amounts of meteorological data into

analysis of miRNA cleavage data. Although it had been thought that the end of a

11bp and severs

miRNA sequence corresponded to a DROSHA cleavage site, the research team

RNA.

mathematical variables, analyzing the correlations between the variables,
and translating them into equations. That said, changes that occur over a

identified a considerable number of mismatches after comparing data in their
miRNA database and those in miRBase. From this finding, the team could confirm

wide area in a long timeframe, such as El Niño, have too many variables to

many cases of additional miRNA end modifications after DROSHA processing. In

address and intricate cause-and-effect relationships, leading to limitations

addition, the researchers found multiple alternative DROSHA cleavage patterns

in their analysis.

that produce different miRNA products starting from the same type of miRNA
precursors. Having been reported in a very small number of miRNAs, this

With the development of data science and computing technology, however,

phenomenon was found by the research team to occur in many cases.
Lower junction
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using data analysis algorithms, Prof. Narry V. Kim and her research
team at the IBS Center for RNA Research have made breakthroughs in
understanding how microRNAs coordinate the process of gene expression.
A microRNA (miRNA), one of the major research topics of the Center for
RNA Research, is a very small RNA containing 21–23 nucleotides. As it
became known that miRNA malfunctioning could lead to diseases such
as cancer, many researchers came to focus on miRNA.
Among such researchers, Prof. Kim is the world’s leading scientist. In
2003, her research drew international attention by revealing that a protein
called DROSHA played an essential role in miRNA creation. Since then,
she has been leading miRNA research centering on DROSHA.
In 2017, her research team identif ied DROSHA cleavage sites on
miRNA precursors in the process of miRNA formation. Furthermore,

Researchers use computers to
analyze the processes of chemical
reactions and predict results
depending on different conditions,
and generate desired reactions
or substances through actual
experiments.

the team discovered that the DROSHA protein cleaved not only miRNA
precursors, but also other RNAs. This research, which contributed to
further understanding of the miRNA creation process and the roles of
DROSHA, was published in the international journal Molecular Cell.
What played an important role in this research was a data analysis

Calculating for optimal chemical bonding which will benefit drug

technique called “matched filter” algorithms. When an input value is the

development

same as a preset value, a matched filter generates a large output value

Chemistry and pharmaceutical sciences also owe their rapid development

that is distinguishable from other signals. Because of these characteristics,

to big data analysis techniques. Considering their important role in

matched filters are widely used in signal processing areas in order to

new material synthesis and new drug development, it can be said that

eliminate noise signals. By applying identified DROSHA cleavage

chemistry and pharmaceutical sciences are the fields of basic science which

Data science has broadened our horizons not only in industry sectors, but also in research fields. The importance of data experts is increasing in virtually any field of

patterns to a matched filter technique, the research team could quickly

are most directly felt by the public.

science. At the same time, with the development of artificial intelligence (AI) technology, AI has become capable of working at a level similar to humans.

identify DROSHA cleavage patterns across the whole genome data.

In chemistry, big data analysis is particularly important in a branch

Based on the research results, the research center is planning to study

called computational chemistry. Specifically, big data analysis techniques

embryonic stem cells and brain tissues, where high DROSHA expression

are utilized to find appropriate substances, based on computer software

chemical reactions and predict results depending on different conditions, and

is a method in which the state and energy of electrons within molecules

is exhibited, in order to uncover the effects of DROSHA on embryo

calculation of a wide variety of interactions among molecules, atoms, and

generate desired reactions or substances through actual experiments. This

are calculated quantum-mechanically, and is used to predict the regions,

formation and brain development.

electrons. In this regard, researchers use computers to analyze the processes of

kind of technology can be said to be truly revolutionary; some of the scientists

conditions, and patterns of interatomic reactions. Based on the resultant

who pioneered this field won the Nobel Prize in Chemistry in 1998 and 2013.

data, it is also possible to predict an optimal catalyst.

In collaboration with a team from Indiana University, a research team at

The research was conducted in collaboration between theoretical

the IBS Center for Catalytic Hydrocarbon Functionalization, including

and experimental researchers: a team led by Prof. Baik, an expert in

Prof. Sukbok Chang (Director) and Prof. Mu-Hyun Baik (Associate Director),

computational chemistry, devised a mathematical model that predicted the

developed a technique to synthesize pharmaceutical compounds from

quantum state of electrons within carbonylnitrene molecules and identified

petroleum, by using big data analysis, and published the results in the

efficient reactions; then, a team led by Prof. Daniel Mindiola at Indiana

journal Science dated March 2, 2018.

University verified the findings through experiments.

What was synthesized by the research team is a substance called

After all, iridium (Ir) turned out to be the catalyst that could facilitate

won the Nobel Prize in Chemistry for their

“gamma-lactam,” one of the critical components of drugs for epilepsy

stable synthesis of gamma-lactams when converting the C-H bonding

development of GAUSSIAN, a computer program

and angiogenesis-inhibiting drugs. The substance is used not only in

in petroleum into the C-N bonding at room temperature. Based on this

that calculates the state and energy of electrons

pharmaceuticals, but also in synthetic chemistry and materials science.

finding, the research team did succeed in synthesizing gamma-lactams by

within molecules and predicts reactions, based

Scientists have tried various methods in order to synthesize gamma-lactams

using the C-H bonding at room temperature. The team expects that their

on just the molecular structure of a compound.

more easily than before, and found that the compounds can be obtained

gamma-lactams will be able to pass clinical trials regarding their actual

Subsequently, in 2013, Prof. Martin Karplus

from naturally abundant materials such as petroleum and natural gas.

effects on physiological activities, and to contribute to the growth of

at Harvard University, Prof. Arieh Warshel at

However, they have been faced with a problem that the carbon-hydrogen

industry, such as new drug and material development.

Computational chemistry and the Nobel
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and Prof. Walter Kohn at the Physics Department
of the University of California, Santa Barbara

the University of Southern California, and Prof.
Michael Levitt at Stanford University won the
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Three possible reaction pathways, as predicted using
computational chemical methods. Through simulations
based on computational chemistry, the research team
could develop optimized iridium-based catalysts capable
of inducing a desired pathway.
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Nobel Prize in Chemistry for their development

O

of CHARMM, a computer software package for
computational chemistry which can be applied
in polymer chemistry and life sciences as well.
Transition
state 3

bond (C-H bond) found in petroleum and natural gas did not react well at
room temperature. In order to synthesize gamma-lactams, the C-H bond
had to be converted into the carbon-nitrogen bond (C-N bond). However,
the reaction intermediate (i.e., carbonylnitrene) quickly broke down, which
made the synthesis difficult at room temperature.

Related articles

Prominent features of rumor propagation in online social media
El Niño–-Southern Oscillation complexity
Genome-wide Mapping of DROSHA Cleavage Sites on Primary

These award-winning achievements show how

By using density functional theory (DFT), which is one of the data analysis

MicroRNAs and Noncanonical Substrates

important prediction algorithms are in modern

techniques used in computational chemistry, the research team identified

Selective formation of γ-lactams via C–H amidation enabled by tailored

chemistry.

a catalyst that helps in preventing the breakdown of carbonylnitrene. DFT

iridium catalysts
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Focus
Interview

Discovering catalysts to
convert hydrocarbons
into useful chemicals
Suk-Bok Chang, Director,
Center for Catalytic Hydrocarbon
Functionalizations

Suk-Bok Chang, director of the IBS Center for Catalytic

C-H bond activation is the most challenging area.

Hydrocarbon Functionalizations (Distinguished Professor

“I am thankful that I was recognized for my hard work,

of Organic Chemistry, KAIST), received the Korea Best

but I also feel obliged to other researchers because I have

Scientist and Engineer Award for 2019 in the category

been able to focus on my research thanks to support from

of science. Director Chang has been listed among the

the IBS and KAIST.”

Highly Cited Researchers (HCR) in chemistry by Clarivate

Despite his humble remark on the award, he has

Analytics, a company that analyzes the world’s academic

demonst rated except iona l resea rch per for ma nce

data, for five consecutive years. Last year, the Center for

recognized worldwide in the challenging and difficult

Catalytic Hydrocarbon Functionalizations (CCHF), led

field of carbon-hydrogen bond activation (C-H activation).

by Director Chang, was rated “Outstanding” by the IBS

He has long dedicated himself to, particularly, research

in the 5th year evaluation.=Director Chang is highly

into activating hydrocarbons, which naturally occur in

respected at home and abroad, and we met him at the

abundance, with catalysts such as transition metals to

office of the Department of Chemistry, Korea Advanced

convert them into useful resources.

Institute of Science and Technology (KAIST), where the

What is so fascinating about chemistry that he is so driven

CCHF is based.

to conduct ground-breaking research and has received
such honors as the Best Scientist & Engineer Award?
Director Chang answered this question by introducing two
cases where chemistry greatly benefited mankind in the
20th century: ammonia synthesis and penicillin synthesis.
In the early 1990s, two German chemists developed ways
to mass-produce ammonia, a principal component of
fertilizer, from nitrogen and hydrogen in the atmosphere.
Both scientists won the Nobel Prize in Chemistry in
recognition for their contribution to solving food shortages.
Meanwhile, British chemists identified the structure of
penicillin, the world’s first antibiotic substance extracted
from penicillium mold and developed the technology
for the mass production of penicillin. Chemistry was at
the heart of both feats, which together greatly increased
population by resolving food shortages and numerous
medical problems.
Director Chang anticipated that hydrocarbons would

“Success in the conversion of hydrocarbons,
which exist in large quantities in nature like
methane, ethane, propane, and butane, into
other useful chemicals, would be the third
major advance in chemistry for mankind,
following ammonia and penicillin.”

become an important catalyst in the 21st century. He said,
“Success in the conversion of hydrocarbons, which exist in
large quantities in nature like methane, ethane, propane,
and butane, into other useful chemicals, would be the
third major advance in chemistry for mankind, following
ammonia and penicillin. For instance, if we can transform
hydrocarbons into methanol, alcohol, gasoline, and the
like through a simple catalytic reaction, we will not have
be concerned about energy even if the world runs out of
petroleum.
He added, “The reactivity of hydrocarbons such as
methane (CH4) is so low that it is instrumental to the
development of catalysts to activate them. Many chemists
are now dealing with this matter, but the catalysts
developed thus far are of little real use because they are
only intended to activate hydrocarbon compounds under
certain conditions.”
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findings on the development of catalysis system in the

functionalization and remains widely cited to this day.

Journal of The American Chemical Society in 2000.

Director Chang said, “We developed a catalysis system

have been instrumental

He was under great pressure to prove himself immediately

whereby carbon is introduced into pyridine, which is a

in his outstanding

after moving to KAIST in 2002. He said, “I submitted

cyclic compound that contains a nitrogen atom. It was

research performance. A

an incomplete paper to the Journal of the Korean

a catalysis system of such great importance in terms of

for Catalytic Hydrocarbon

Chemical Society, and I received terrible feedback from

selectivity that it could inspire many people.”

Functionalizations of the IBS

the reviewers. It was a big blow. I did not modify it; I

This achievement helped Director Chang take one step

on the KAIST campus.

just withdrew it.” He added, “I then resolved to never

further in his research. This February, researchers led

again submit an incomplete paper. I was ever afterwards

by Director Chang developed catalysts that enable the

determined to do only quality research.” This was also

selective synthesis of chiral gamma-lactams, and this

when he decided not to care too much about the number of

achievement was published in Nature Catalysis. The

papers published.

researchers discovered iridium catalysts that can single

Director Chang attracted international attention when

out only one molecule from a pair of the symmetric mirror

he published a paper titled “Palladium-Catalyzed

images with 99 percent selectivity. These new catalysts can

C-H Functionalization of Pyridine N-Oxides” in the

be applied to selective synthesis of the non-superposable

Director Chang believes that
the support he has received
from KAIST and the IBS

laboratory at the Center

Journal of The American Chemical Society in 2008.

mirror image (chiral gamma-lactams) favorable to a

This paper introduced a new method in the field of C-H

medicine, where appropriate.

He published the paper on
gamma-lactams, which are

Secret to receiving the highest rating in the review of

attributable to our attempting and succeeding in what

IBS centers

others cannot do, instead of following others’ studies, and

The CCHF led by Director Chang was rated “Outstanding”

getting to the heart of the things unknown.” The research

by IBS last year in the review of IBS research centers,

published in Science in 2018 is a case in point. Director

which was conducted to mark the fifth anniversary of the

Chang and researchers of the CCHF including Deputy

IBS research centers, in recognition for its world-class

Director Mu-Hyun Baik succeeded in developing a highly-

achievements in the research into C-H activation and its

efficient iridium catalyst and in synthesizing gamma-

leadership in the field of organic chemistry worldwide.

lactam rings at room temperature. The gamma-lactams

that he wanted to produce

“Before being subsidized by the IBS, we were at the

are key building blocks in complex organic molecules,

great outcomes relating

bottom. We were just underdogs. [laughing] Since we got

such as medicines for epilepsy and angiogenesis inhibitors,

the support when our research capability was improving

and are widely used in medical, synthetic, and material

instead of reaching the peak, we could be evaluated as

chemistry. Director Chang explained, “We could develop

doing better than before. I guess that is why we were well-

the new catalyst through a structured approach whereby

received by the IBS.”

an optimal catalyst is analyzed and predicted through

In fact, since 2012 when Director Chang was appointed as

computational chemistry before conducting experiments.”

materials for new drugs,
in Science last year and in
Nature Catalysis this year.
An imaginative diagram for
iridium catalyst enabling
selective synthesis of chiral
gamma-lactams that are drug
components that have no side
effects Director Chang stated

to amination reactions,
which are important to the
pharmaceutical industry.

director of the IBS campus center, the quantity and quality
of his papers have increased and improved. The average

Overcoming challenges and moving into the global

number of papers published each year increased nearly

spotlight

threefold to 11.7 after the appointment from 4.2 between

As of March 2019, Director Chang had published over 200

1987 and 2012. The proportion of the papers ranking

papers. His papers were cited by other scientists as many as

among the top 1% by citations nearly tripled from 5.8%

22,145 times.

to 19.5%. The number of citations per paper also rose.

Which research performance is most memorable for him?

He has been named a Highly Cited Researcher (HCR) in

Director Chang recalled the days when he submitted

chemistry for five consecutive years from 2015 to 2019.

papers during a tough stretch of time when he was

Clarivate Analytics announces highly-cited researchers

an assistant professor at Ewha Womans University.

based on the papers ranking in the top 1% by citations for

After struggling to produce outcomes under diff icult

their field every year.

circumstances with researchers who were graduate and

Director Chang said, “I believe that our performance is

undergraduate students, he eventually published research
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“Opening a new chapter to blaze a trail in any field”

He , f u r t he r mor e , i nt e n d s t o br o a d e n t he C - H

“The greatest strength of the IBS lies in its not pressuring

functionalization research, which is his specialty, to

researchers to produce short-term outcomes. It instead

introduce amination reactions directly from hydrocarbon

encourages researchers to write one good paper rather

compounds. Director Chang said, “There are plenty of

than writing 100 papers. Its review system also works

methods of introducing nitrogen into compounds, but our

that way. All we need to do is to take the long view of our

researchers intend to introduce nitrogen from the least

studies and open a new chapter, blazing a trail in any

reactive hydrocarbon. If we succeed, it would reduce the

field.”

number of reaction steps and the by-products, which would

What Director Chang considers most important is for

make the process far more practical.”

researchers to seek their own methodologies in carrying
out research instead of merely following others. He
emphasizes the importance of originality in research.
“Extending existing research is only in the interest of
the person who started the research because it only leads
to increases in citations of the researcher’s papers. It is
important to ensure originality in conducting research.
Only then can its usefulness be proven and highlighted 10
or 20 years from now.”
The CCHF considers novelty of their research and strives
to seek something new, whether it is a new approach or
interpretation, instead of extending existing research.
Director Chang introduced results for research for which
he is preparing to submit a paper. He has put his efforts
into that research for more than one year.
“We have succeeded in separately activating benzene (C6H6)
and gaseous reactants produced in the petroleum refining
process and coupling them. It is extremely difficult to
produce a coupled product with stable two materials. The

“The greatest strength of the IBS
lies in its not pressuring researchers
to produce short-term outcomes. It
instead encourages researchers to
write one good paper rather than
writing 100 papers. Its review system
also works that way. All we need to do
is to take the long view of our studies
and open a new chapter, blazing a trail
in any field.”

Director Chang said that researchers need to surpass his insights or imagination and find something new.
A gathering with the CCHF researchers.

“I expect my junior colleagues to surpass me”

and value the basics. He said, “Going slow means fully

“I usually tell my smart students not to come to see me. If

understanding the mechanisms and then making new

When asked what the research goal is for the future,

they want to discover something new, they should surpass my

systems based on that understanding. As it goes along, you

Director Chang answered, “We want to solve difficult

insights or imagination. Good teachers trust good students

will also be able to accurately reveal the meanings of new

problems in the field of chemistry. Defining the structure

and let them proceed with their research as they see fit.”

aspects.”

of metal imido complexes, which are intermediates for

When asked why the CCHF has attracted so much

“I believe that my juniors should be as productive as I am

amination (C-N bond formation), is one of the challenges to

international attention, Director Chang answered, “It is

and later surpass me in a new field. We need to raise the

overcome.”

essential to elevate the research group itself. We let students

bar in the future. I personally think that my successor,

Nitrogen is the most important element for physiological

go about their research at their discretion but teach them

who may be a researcher having great potential, needs

activities to the extent of being part of 90% of medical

how to extract indispensable elements of our research

to elevate this center’s competencies a notch higher. I

substances. Nitrogen compounds are essential skeletons in

subjects and learn about them.”

mean that it will be like the Max-Planck-Institut für

the pharmaceutical, chemical, and material fields. This

At the CCHF, researchers are required to master both

Kohlenforschung where its director changes but the

also means that it is equally important to develop the

theoretical and computational research methods. The

research directions remain unchanged. I consider that

catalysts that would efficiently enable amination whereby

paper pertaining to gamma-lactams published in Science

this kind of structure will be able to develop our academic

nitrogen is introduced into an organic molecule. However,

was the product of such collaboration. Director Chang

community.”

metal imido complexes, which are generated in the process

said, “All researchers in our group are well accustomed to

Thinking of replacement of the leadership of the CCHF,

of amination reactions, are so reactive that they have

computational chemistry because we have worked hard to

Director Chang hinted at his little dream of giving KAIST

been identified only through computational chemistry

improve our capability in that field. It puts us at a different

students a lecture on humanities once he steps down from

and have never been directly observed. Director Chang

starting point from other groups.”

his post at the IBS. Having a keen interest in writing, he

said, “If we can grasp the crystal structure of metal imido

Director Chang emphasized that researchers should be

enrolled in the Department of Korean Language and

complexes and find conditions to stabilize them, it would

confident in themselves to the extent that they do not

Literature at Korea National Open University last year.

go a long way towards designing new catalysts for various

care about rival groups if they have their own ingenious

His dreaming of the road not taken after having reached

industries.”

research. His research philosophy is to take your time

the top of his field is admirable.

research is now 99% complete and at the final phase.”
The goal of the Center is to solve challenges in chemistry.
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“One atom is roughly 10 million times smaller than
a millimeter. If the Earth is reduced to the size of an
orange, an orange on the Earth will be reduced to the
size of an atom. We can make images of single atoms a
fundamental building block. We can also move this atom
around. It’s so fascinating that this is possible. This is
why I chose to study scanning tunneling microscope
(STM) technology.”
Recently, the Center for Quantum Nanoscience within
the Institute for Basic Science and IBM of the US
succeeded in taking an MRI image of a single atom
using STM1). We met with researcher Dr. Philip Willke, the
driving force behind the “world’s most minute MRI”.

Focus
Interview

Exploring the depths of
the microscopic world with
Research fellow Dr. Philip Willke from the
Center for Quantum Nanoscience within the
Institute for Basic Science

Dr. Willke completed his bachelor’s, master’s, and doctorate courses at the University
of Göttingen, often touted as Germany’s most prestigious higher education institution.
He received scholarships from the German National Academic Foundation, KonradAdenauer-Foundation, and so on and the Science Award of the Lower Saxony, the
state of his alma mater. Contrary to our hasty speculation based on his impressive
background that he must have the air of a serious scientist, he came across as
friendly and sociable. He said that this was attributable to his active participation in
extracurricular activities during college.
“Of course I was good at my studies but, usually they ask ‘what else do you do’.
You need to have something that distinguishes you from other people. During my
undergrads, I was elected by the student body of physics department, to represent all
the issues in the board of faculty. I tried to reflect the opinions of one thousand students
in our department’s decision-making process.”
As a student representative, he exerted his best effort to improve the quality of both
existing and new courses. Such an experience served to broaden his vision as a
researcher.
“I would not say this has affected my grade, but it helps for now my career. Since I’m
now researcher, I know how certain processes in university work. For example, I used
to be a member of hiring committee, where they invite new professors and they present
what they want to do. And I’m now almost at the stage where I maybe will become a
professor or research group leader.”
After graduation, he jumped into the microscopic world. He decided to direct his
commitment to STM-based research, fascinated by the technology that can visualize
and manipulate single atoms.
In search of the blocks that make up the world

The very first research subject he chose was graphene, an allotrope of carbon in the
form of a single layer of atoms in a two-dimensional hexagonal lattice. Graphene is the
structural element of graphite and has seemingly infinite benefits such as high flexibility
and conductivity. Its structure and surface charge can be read and adjusted using STM.

 hilip Willke et al. “Magnetic resonance imaging of single atoms on a surface”, Nature
1. P
Physics 15, 1005-010 (2019)
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“STM is a technology that can sense each single atom
as the probe scans the surface of a sample. It is similar to
the act of reading Braille by moving your hands along
each line. As an atom is one thousand times smaller than
a wavelength of light, it is very tricky to actually see an
atom.”
When Dr. Willke was still a doctoral student, Dr. Andreas
Heinrich, the director of the Center for Quantum
Nanoscience, was the leading authority on research into
manipulating single atoms on a solid surface. Dr. Heinrich
had worked at IBM Almaden for almost two decades and
became the center of attention with his his stop-motion
video created by moving thousands of atoms in 2013.
“My academic advisor back then and Dr. Heinrich were

The probe of STM. It can observe and manipulate each atom.

acquaintances. Thus, I had an opportunity to attend Dr.
Heinrich’s lecture and talk with him when he visited the
University of Göttingen in 2012. At the time, Dr. Heinrich
and I were both involved in STM-based research, but

continued to this day.

our targets were different. I was focused on graphene,

“I joined IBM Almaden right after the technology of STM based electron spin

which was related to new materials. However, research

resonance was invented there. During those days, IBM was developing STM based on

on capturing single atoms had more to do with quantum

electron spin resonance. All electrons and some atoms posses a spin, which is a seed of

properties.”

magnetism. I examined the magnetic properties of single atoms using this new STM

Dr. Heinrich’s research on observing and manipulating

technology.”

single atoms instantly captivated Dr. Willke. As soon

Dr Willke(right) with Director Heinrich(left) and a colleague.

as he finished the doctorate course at the University of
Göttingen, he moved to California to join IBM Almaden
which he had already visited earlier for half a year.
His research on single atom spin began there and has
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“We are not going to make
a quantum computer with
single atoms, but this kind
of research is useful. It can
be certainly a prototype on the
atomic scale level. Enormous
amount of fundamental research
is required for such precise
control over our single atoms.
Even though we can image them,
it doesn’t mean we have fully
understood their properties. The
goal of my research is to gain
a deeper understanding of the
magnetic properties of an atom.”

IBS Research | Focus Interview

Obtaining insight into the world and the atom

regarded papers as a lead author through some of the world’s most influential academic

After performing a joint project at IBM Almaden as an

journals such as Science. In particular, Magnetic Resonance Imaging of Single Atoms

IBS researcher, Dr. Willke moved to Korea last to work at

on A Surface, which was recently published in Nature Physics, was received fervently

the Center for Quantum Nanoscience. While STM does

as evidenced by his interview with The New York Times. How can a technology that

have a strong appeal to him, it still must have been difficult

manipulates atoms change the world?

to make the decision to enter a post-doctorate course in

“So far we can put atoms on a surface, manipulate them and study their properties. I

Korea, which has a relatively short history in basic science.

imagine in the next 10~20 years, we will achieve a level of atomic-scale control that

We wondered what his motivation was.

will allow us to build structures atom by atom. This will grant us unlimited freedom

“During my undergraduate years, I spent six months at

on the nanoscale to test new physical phenomena and build electronic devices on the

Beijing University in China as an exchange student. At

smallest possible scale.”

that time, I had a hunch that Asia is going to play more

Being able to handle atoms freely means being able to take advantage of their quantum

and more important part in research in the future. The

characteristics. This goes into the same direction to the quantum computer.

fact I am working here also prove the hunch in some

“We are not going to make a quantum computer with single atoms, but this kind of

way. Korea and China is putting a lot of money into the

research is useful. It can be certainly a prototype on the atomic scale level. Enormous

research system. This helps researchers think bigger and

amount of fundamental research is required for such precise control over our single

expand their field of research. I think that is always what

atoms. Even though we can image them, it doesn’t mean we have fully understood their

encourages researchers and essentially all we need.”

properties. The goal of my research is to gain a deeper understanding of the magnetic

He says that it is interesting to observe and experience how

properties of an atom.”

scientific research is conducted in a different culture from the

He stressed that insight into atoms can be extremely useful in various areas in addition

perspective of a foreigner. He believes that, while some criticize

to quantum computing and quantum sensing and that his aspirations are to remain

Korea’s “Hurry! Hurry!” culture, it was the key to such a rapid

dedicated to this field and continue to conduct research on atoms based on his own

installation of STM and therefore has its own advantages.

orientation. This only heightens our expectations for the future steps of this scientist

After he came to Korea, he published three highly

who has industriously pioneered his trajectory into the microscopic world.
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Research
Highlights

The sun is an essential energy source for all life on earth. Green plants

a

convert energy from the sun into chemical energy using enzymes, which

c

are biocatalysts, to subsist. Like a key that can only open a certain lock,
sunlight energy is transformed to certain chemical substances with high

An eco-friendly catalyst that
produces hydrogen from
water using sunlight

Ti

efficiency.
Scientists are trying to imitate the traits of enzymes that have evolved

b

over tens of millions of years in the synthesis of catalysts. Catalysts that
control the kinetics of chemical reactions are utilized for multiple purposes,
including synthesizing useful chemicals and removing pollutants. Unlike

o

enzymes with homogeneous active sites based on elaborately designed

Microscopic Image of the Catalyst Created with Monoatomic
Cooper and TiO2

molecules, currently used catalysts have heterogeneous active sites due to
their irregular surfaces. For this reason, they are inferior to enzymes in

Hydrogen production efficiency increased by 30 times
Similar to enzymes, which are biocatalysts

Cu

Monoatomic copper and TiO2 catalyst viewed via transmission electron microscopy

terms of efficiency and selectivity. On the other hand, enzymes function

(TEM). Stabilized copper atoms can be observed across the entire surface of the

only under ambient conditions and become unstable and inactive when the

catalyst.

temperature surpasses 40 degrees Celsius, unlike heterogeneous catalysts.
The research team under the Nanoparticle Research Group, to which
I belong, undertook the project to develop a new catalyst superior in

5,000 times more expensive than copper. In short, this is an epoch-making

efficiency, selectivity, and stability. The focus was placed on creating a

technology that has lowered production costs to 1% of their previous level

catalyst that resembles an enzyme in terms of efficiency and selectivity by

while maintaining performance.

triggering structural changes to obtain the “key-lock” trait. We believed

The research team analyzed the cause of its high hydrogen production

that the development of a catalyst equipped with the advantages of both

eff iciency and found that the copper atoms and TiO2 interact with

enzymes (higher efficiency) and heterogeneous catalysts (higher stability, lower

each other by exchanging electrons and engage in a catalytic reaction

production cost, and mass production) was possible if we were able to specify

by changing their chemical structures accordingly. This means that

the active sites at the atomic level for a heterogeneous catalyst.

the heterogeneous catalyst interacts with its surrounding elements and

We developed a method of affixing diverse types of single atoms, including

proceeds a catalytic reaction like an enzyme.

copper, on the surface of titanium dioxide (TiO2) one-by-one and succeeded

As the newly developed catalyst demonstrates high efficiency at normal

in engineering the active sites in a heterogeneous catalyst. When this TiO2

temperatures and pressures, it is expected to be widely extended in other

catalyst containing monoatomic copper was exposed to light, its hydrogen

processes that utilize a catalyst. The new catalyst was also found to be

production efficiency rose over 30 times higher than a TiO2 catalyst

highly efficient in producing hydrogen through photosynthesis, using

without monoatomic copper. This newly developed catalyst boasted

over 40% of the given light photons on hydrogen production. Thus, it is

performance comparable to a TiO2 catalyst containing platinum, which is

anticipated to drive the advancement of the hydrogen economy.

Spraying copper
atoms

Covering copper
atoms with SiO2

TEOS, NH3
SiO2

Amorphous
TiO2

Rearranging
copper atoms
covered with SiO2
at 900 degrees
Celsius

900℃, 2시간
Anatase
TiO2

Surface of copper
atoms with SiO2
removed

NaOH
Cu atom

Published paper

Byoung-Hoon Lee et al., “Reversible and
cooperative photoactivation of single-

Catalyst Manufacturing Process Using Monoatomic Copper and TiO2

atom Cu/TiO 2 photocatalysts”, Nature

The position at which copper in monoatomic form can be placed most stably on the photocatalyst of TiO2

Materials, 2019, DOI: 10.1038/s41563-

was identified theoretically. Copper was placed on TiO2, covered with thermally stabilized silicon dioxide,

019-0344-1

and treated at high temperatures to complete the catalyst.
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Pre-Loading

Written by Sukhyun Kang, Research fellow

Center for Genomic Integrity

Cy5

Cy3

LI 2
RFC

DNA-protein
breakup equation
Scientists unveil how certain proteins play
a critical role in DNA replication and repair

DNA replication is essential for proliferating cells to transfer
genetic information from parent cells to their progeny. The
process of DNA replication begins when proteins involved
in DNA synthesis are associated with DNA, and the process
ends when the proteins are separated from the DNA. Proper
regulation of the protein-DNA combination/separation in DNA
replication is critical to ensuring the integrity of epigenetic
information.
Proliferating cell nuclear antigen (PCNA) is a DNA clamp that
functions as a molecular platform for DNA replication. This ringstructured protein is loaded to DNA, just like a ring on a string,
and plays essential role in DNA replication and repair.
Replication proteins such as PCNA must be unloaded from DNA
when DNA replication or repair is completed. Otherwise, the

proteins may cause genetic instability or cancer, which has been
demonstrated by previous mouse-model studies. However, how
PCNA is unloaded from DNA after the completion of its mission
had hitherto remained a mystery.
Based on an previous studies that a protein called ATAD5RLC might be involved in PCNA unloading, the IBS research
team designed an experiment to monitor a PCNA loading and
unloading cycle through single-molecule fluorescence imaging
that allows for real-time observation. The team unveiled a
biochemical mechanism by which ATAD5-RLC terminates DNA
replication by opening a PCNA ring and removing it from DNA,
and identified the structural characteristics of ATAD5-RLC
responsible for PCNA unloading. Furthermore, the researchers
found that ATAD5-RLC was involved not only in the termination of
normal DNA replication, but also in the termination of DNA repair
by separating PCNA that has been modified due to DNA damage.
These research findings represent significant progress in
understanding the overall process of DNA replication and repair.
As inadequate termination of DNA replication can lead to the
occurrence of a disease such as cancer, it is expected that
the findings will contribute to the identification of fundamental
causes of diseases that stem from the transformation of genetic
information, as well as the development of effective treatments.

LI 1
LS

ATAD5-RLC
PCNA

UI

Digoxigenin antibody
Digoxigenin
A single-molecule experiment for monitoring the process of
PCNA-DNA association and separation. During the process,
the interaction between DNA and PCNA molecules with
fluorescence dyes (labeled as Cy5 and Cy3, respectively) are
observed by using an optical microscope.

Unloaded

PCNA loading for initiation of DNA replication

ATAD5-RLC
RFC
Replication proteins

ATP

Clamp-loader complex
2
5

PCNA unloading for termination of DNA replication

ATP

ADP + Pi

ADP + Pi

4

3
RFC1

RFC

-like complex(RL
Cs
)

DNA synthesis

PCNA

Ubiquitin
DNA
damage

RFC

ATAD5-RLC

CTF18

Clam

ATAD5

p-loader comp
lex

PCNA

DNA damage repair

CTF18-RLC

PCNA modification
due to DNA
damage

ATAD5-RLC
ATAD5-RLC
One of the key DNA replication proteins, PCNA plays an essential role in DNA synthesis
and repair. The process of PCNA-DNA association and separation is mediated by a

Ubiquitin

Modified PCNA unloading for termination of DNA damage repair

Ubiquitin

specific protein complex called a clamp-loader complex. In eukaryotic cells, three types
of clamp-loader complexes regulate PCNA-DNA association and separation: RFC

Published paper

and CTF18-RLC mediate PCNA loading onto DNA, while ATAD5-RLC mediates PCNA

Mi-Sun Kang, Eunjin Ryu, Seung-Won Lee et al., “Regulation of PCNA cycling on replicating DNA by

unloading from DNA.

RFC and RFC-like complexes”, Nature Communications, 2019, DOI: 10.1038/s41467-019-10376-w
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Written by Sunny KIM, Science communicator
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World’s smallest MRI
performed on single atoms
Magnetic Resonance Imaging (MRI)
allows for measuring the magnetic
field of single atoms, with 100 times
higher resolution

A schematic image of the experiment setup. Single magnetic atoms (the color indicates their spin
direction- up and down) are deposited on a surface of magnesium oxide. They are imaged by a scanning
tunneling microscope (STM) tip (silver) with a spin cluster (green, top), which also allows researchers to
detect spin resonance signals from the atoms.

tunneling microscope (STM), which consists of a sharp metal tip for scanning a surface and
imaging single atoms. The team attached a “spin cluster” containing iron atoms to the tip of
the microscope, in order to induce magnetic interaction between the spin cluster and a target
atom, similar to ordinary magnets attracting or repelling each other depending on their relative
positions.
The research team attached iron and titanium, both of which are magnetic, to a precisely
prepared 2D sample surface. Then, they swept the spin cluster of the STM tip, like an MRI
scanner, over the atoms on the surface. In this way, they were able to visualize the magnetic
interaction between the spin cluster and a single atom, with a resolution that was about 100
times higher than those achieved in recent studies conducted on a molecular level.
The magnetic interaction that the research team measured depended on the properties of
the spin on the sample and the one on the tip. For example, the signal from iron atoms was
significantly different from that of titanium atoms. This allowed the researchers to distinguish
different kinds of atoms by their magnetic field signature and rendered their technique very
powerful. The researchers plan to use their single-atom MRI to visualize the spin distribution
Electrons and protons that constitute matter have fundamental magnets called spins. Invisible to

in more complex structures such as molecules and magnetic materials.

naked eyes, spin is an intrinsic physical quantity, just like mass and quantum numbers. Because

Why is it so important to see the spin structure of matter? Just as MRI scanning is a prerequisite

of this property, researchers have studied spins for their possible future applications in quantum

for diagnosis and treatment in some cases, precise analysis of a physical system is a prerequisite

data storage.

for its modification and application. For example, many magnetic phenomena have been

Although spin seems to have almost nothing to do with everyday life, magnetic resonance

reported to take place on the nanoscale, including the recent generation of magnetic storage

imaging (MRI) scanners, which are widely used in hospitals, detect the density of spins that

devices. The ability to analyze magnetic structures on the nanoscale are also relevant for

make up our body. On an MRI image, bright areas represent water and fat, where hydrogen

the development of new materials. By leveraging this kind of MRI technique, the research

atoms are relatively abundant, whereas dark areas represent bones, in which hydrogen is

team plans to characterize and control next-generation quantum systems that can be used for

relatively scarce. For traditional diagnostic purposes, billions of spins are required for an MRI

quantum computing, among other things.

scan.
In collaboration with IBM, researchers at the IBS Center for Quantum Nanoscience (QNS),
including Prof. Andreas Heinrich (QNS Director), Dr. Philip Willke, and Dr. Yujeong Bae,
succeeded in performing an MRI on a single atom on a surface and produced MRI images of
one of the most fundamental building blocks of matter.
For this technique, the research team used a precision measuring device called a scanning

38

Published paper

Magnetic resonance imaging (MRI) images of
titanium atoms as captured at different energy levels.

Philip Willke et al. “Magnetic resonance imaging of single atoms on a surface”, Nature

The bright areas mark positions where the atom’s

Physics, 2019, DOI: 10.1038/s41567-019-0573-x

magnetic field is the same as a set energy level.
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Transmission electron microscopy (TEM) images of a 3D

Written by Gangtae Jin and Chang-Soo Lee, Student researcher

membrane. Images in the left row represent the membrane

Center for Artificial Low Dimensional Electronic Systems

tilted to the left, while those in the right row represent the
membrane tilted to the right. Needle-like structures are
arranged at periodic intervals. The research team has been

Atomically thin
“3D membranes” of semiconductors
Scientists develop atomically thin, large-area semiconductor
membranes that are easily detachable and attachable

Two-dimensional (2D) layered materials have been highlighted
as nex t-generation semiconductor materials. They are
characterized by strong “crystal anisotropy” due to weak
interlayer van der Waals interactions and strong intralayer
covalent bonds between layers resulting in distinctive physical
properties depending on directions.
Scientists have tried atomic-scale deformations on the 2D
host lattices. When an atomically thin 2D semiconductor
film is delaminated from a silicon wafer, it becomes a flexible
semiconductor “membrane.” It is also interesting to note that
structural defects or deformation, such as point defects and
grain boundaries, of 2D layered materials could give rise to new
physical phenomena.

[Tip]

Tip

exploring the possibility of developing the 3D semiconductor

Since the new phenomena occur on a local scale, deterministic
control of atomic-scale deformation is necessary for practical
applications in devices. However, an atomically thin, large-area
semiconductor membrane has been only feasible in the form of
a planar sheet. This is because curved parts of the membrane,
due to their extreme thinness, could not withstand structural
deformation process without tearing or crumpling.
A research team at the IBS Center for Artificial Low Dimensional
Electronic Systems became the first to successfully fabricate a
semiconductor membrane having needle-like protrusions. First,
an array of sharp needles (tip radius = 10 nm) were fabricated
on a 4-inch wafer. On this 3D structure with a high aspect ratio,
researchers deposited a molybdenum disulfide (MoS2 = one
molybdenum atom + two sulfur atoms) film with uniform atomic
thickness in large-area.
It is expected that this newly developed semiconductor membrane
will serve as a platform for studying unique physical properties
such as single-photon emission. In addition, the membrane has
advantages of being easily delaminated from a wafer by soaking
it in water, as well as being detachable from and attachable to
various surfaces (e.g., human skin) just like a Post-it.

membrane technique into quantum computing
technology. Applying curvature to a semiconductor
has been known to generate single photons.
Because single photons can contain different
kinds of quantum information depending on
their properties, they are considered
to be one of the candidates for
qubit (quantum bit), the unit
of information storage on a
quantum computer.

Hydrogen
Carbon
Sulfur
Molybdenum
Oxygen

x = ~ 90°
[Side]

10 nm

Schematic images of the 3D semiconductor

Deposition of MoS2 on a wafer. The

100 nm

research team succeeded in realizing a
3D single layer membrane by fabricating
a 3D wafer and applying metal-organic

membrane. A combination of an XY plane

chemical vapor deposition (MOCVD),

of a 2D semiconductor and protrusions on a
Z axis, this 3D atomic-scale semiconductor
is the first to be developed in the world.

which is a technique for generating

Side

chemical reactions to form thin films by
supplying, metalorganic compounds in

Applying 3D geometric deformation to an

the vapor phase onto a wafer surface

atomic-scale semiconductor can make it offer

in a vacuum chamber. MOCVD is used

new and useful functionalities. Empty, needle-

to mass-produce high quality thin film.

Gangtae Jin et al., “Atomically thin three-

like protrusions of the membrane have been

Whereas a semiconductor formed by an

dimensional membranes of van der Waals

formed with uniform thickness.

ordinary deposition method requires acid

semiconductors by wafer-scale growth”,

chemicals to be delaminated from the wafer,

Science Advances, 2019, DOI: 10.1126/

the MoS2 membrane used by the research team

sciadv.aaw3180

10 nm
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Center for Climate Physics

It has become possible to predict North American tornadoes–heretofore

climatology, high-, low-, and high-pressures are emerged in the Central

Written by Jung-Eun Chu, Research fellow

unpredictable phenomena–by using nearby ocean temperatures. A tornado

Pacif ic, the west coast of North America, and the Gulf of Mexico,

is a rapidly rotating vortex at a speed of at least 100 km/h. Normally, a

respectively. This type of atmospheric pressure pattern is known as the

tornado results from a thunderstorm cloud called a supercell, and typically

negative phase of the Pacific-North American (PNA) teleconnection pattern.

has a swirling funnel of wind reaching from the cloud to the ground.

The PNA teleconnection pattern is formed by the exchange of heat and

The North American region has about 1,000 tornadoes per year,

moisture between the ocean and the atmosphere, and shows a wave of high-

accounting for 75% of the tornado occurrences worldwide, although the

, low-, and high-pressure fluctuations.

frequency varies significantly year by year. 2011 was an extremely active

The research team discovered that when the negative phase of the PNA

tornado year over North America, with 1,898 recorded tornadoes (nearly

pattern was formed in April, a massive amount of moisture was introduced

double the annual average), resulting in more than 500 fatalities. It has been

from the Gulf of Mexico. This humid air is then transported along the east

difficult to predict tornadoes on a long-term basis because they occur on a

side of the Rocky Mountains and serves as fuel for strong whirlwinds. As a

small scale, with about hundreds of meters in radius. In particular, as most

result, supercell thunderstorms are formed in the eastern part of the Rocky

tornadoes occur in April and May, predicting spring tornadoes has been

Mountains, accompanied by violently swirling and ascending air. Some of

one of the major challenges in climate science.

these supercells spawn tornadoes.

Long-term prediction of tornadoes requires identifying the relationship

The results of the experiments conducted by the research team indicate

between tornadoes and the sea surface temperature that has high ocean

that the inf luence of sea surface temperatures on tornado occurrences

heat capacity. So far, it has been only possible to predict tornadoes one to

is restricted to April. Because inland humidity is relatively low in April,

two weeks prior to their occurrence, at low confidence levels.

strong moisture inflow induced by atmospheric pressure patterns can act

Large-scale sea surface temperature distribution and

A research team led by Dr. Axel Timmerman, Director of the IBS Center

as a booster for increasing tornado frequency. In May, however, sea surface

atmospheric circulation patterns that enhance tornado

for Climate Physics, found that North American April tornado occurrences

temperatures become hardly relevant for the occurrence of tornadoes

were linked to sea surface temperatures and large-scale atmospheric

because there are already abundant moisture and other atmospheric

respectively. H and L stand for high and low atmospheric

pressure patterns. In contrast to previous studies that considered the

internal dynamics.

pressures, respectively. This sea surface temperature

seasonally averaged number of tornadoes from April to June, the research

The application of the findings of this research is likely to allow for tornado

team focused on rapid climate changes within the springtime. During May,

forecasts several months ahead of occurrence, instead of the current one to

arrow). The graph below illustrates the distribution of the

the moisture level and atmospheric instability are nearly doubled compared

two-week time scale. Since many climate modeling centers issue, on a regular

monthly inflow of moisture over the Southern Great Plains

to April, causing drastic changes in the conditions that influence tornadoes.

basis, ocean temperature forecasts for April, it is expected that long-term

Taking that into account, the research team analyzed the relationship

prediction of the number of tornado occurrences will be possible by applying

between the number of tornadoes and climate conditions on a monthly

the research findings to the ocean temperature forecast data issued.

Ocean temperatures
as a precursor for
April tornadoes in North America
Scientists unveil the mechanism
underlying North American tornadoes
and make it possible to predict them
several months ahead of occurrence

A schematic image of the sea surface
temperature anomaly distribution and
atmospheric pressure patterns related to
tornado occurrences in April

activity in April. The red and blue shadings indicate
warmer and colder than usual ocean conditions,

distribution gives rise to atmospheric pressure patterns,
which, in turn, lead to enhanced inflow of moisture (red

region. The black line represents climatological
years, while the red line represents years with
more April tornados.

basis. After analyzing 62 years of historical North American tornado
records and model simulations, the team discovered that the frequency of
tornadoes increases when the sea surface temperature to the west of the
continent is relatively low and sea surface temperature to the east of the
continent is relatively high.
When it is warmer in the Central North Pacific, colder along the west
coast of North America, and warmer in the Gulf of Mexico compared to
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Research At a Glance

Written by Hyunsoo Cho, Research fellow

Young mLVs

Aged mLVs

Center for Vascular Research
CSF containing
brain waste
products

Pathways of the brain drainage of
dementia-causing waste
Scientists discover that the structure and functionality of
meningeal lymphatic vessels are impaired with aging, and
provide insights for treatments for neurodegenerative diseases

Although the brain makes up about 2% of total body weight, it
consumes more than 20% of total energy that our body uses. As
a byproduct of such active metabolism, a large amount of waste
is produced in the brain and is drained, via the cerebrospinal
fluid (CSF), outside the central nervous system that makes up
the largest part of the nervous system, including the brain and
the spinal cord. Abnormal accumulation of toxic waste, such
as amyloid beta (Aβ) and tau proteins, in the brain can lead
to cognitive dysfunction (such as memory impairment) and
increased probability of dementia.
Although recent studies reported that meningeal lymphatic
vessels (mLVs) served as the brain’s pathways for the clearance
of CSF, the findings were controversial due to uncertainty
about the exact location and structure of mLVs as well as their

Young mouse

characteristics. mLVs, the major route for CSF clearance, are
located in the lower part of the brain, and it has been difficult
to observe them with precision because they are intertwined
with other blood vessels inside the thin membranes (i.e., the
meninges) of the hard skull.
Researchers at the IBS Center for Vascular Research succeeded
in observing the exact structure and location of mLVs by cutting
open the skull of mice with precision. In addition, the team identified
the functional mechanism of mLVs by injecting a fluorescencetagged tracer into CSF for microscopic observation and by
conducting magnetic resonance imaging (MRI) experiments.
Specifically, the researchers could observe the structure and
function of basal mLVs while keeping them intact. This allowed
the researchers to find that basal mLVs functioned as the main
plumbing pipes for CSF containing brain waste. In particular, the
research team identified structural deterioration of mLVs and
impairment of CSF clearance functionality in aged mice.
This research uncovered how brain-function-impairing and
disease-causing waste products were drained from the brain, and
identified, for the first time in the world, the structural and functional
deterioration of mLVs with aging. It is expected that this research
will lead to breakthrough treatments for cognitive dysfunction and
neurodegenerative diseases such as dementia.

GOOD
Drainage

Lymphatic valve

supporting structure

Ageing

Aging leads to structural and
functional impairment of mLVs.
Accumulation of waste products
within the brain increases the risk
of developing neurodegenerative
diseases such as dementia.

Hyperplastic
changes with
aging

BAD
Drainage

Impaired lymphatic valve

Impaired supporting
structure

Aged mouse

CSF drainage via basal mLVs
Cerebrospinal
fluid(CSF)
Vein

CSF

Brain
Meninges

Skull

Skull foramen
Fluorescence microscopic images of the structure of meningeal

Basal mLVs are connected to the lymphatic system through the holes in the skull

lymphatic vessels (mLVs, green) and draining cerebrospinal fluid

(skull foramina), and they have abundant lymphatic vessel branches with finger-

(CSF, red) through mLVs in young and aged mice. Compared to
young mice, mLVs in the aged mice exhibit a tortuous
shape and less CSF is observed within mLVs.

Brain

Capillary branches of mLVs

Extracranial
drainage

like protrusions. There are valves within the vessel structure of mLVs, which
allow the lymph to flow in one direction. In particular, mLVs are anatomically
located in close proximity to CSF and have structural characteristics favoring
the absorption and drainage of substances. The research team discovered that
CSF containing brain waste products was cleared outside the central nervous
system (brain and spinal cord) via basal mLVs.

mLVs
at the skull base

Published paper

Ahn, J.H., Cho, H., Kim, J. et al., “Meningeal lymphatic vessels
at the skull base drain cerebrospinal fluid”, Nature, 2019, DOI:
Lymph
Skull
node foramen
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T he bind ing of opioids to

Written by Woojin Won, Student researcher
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astrocytic MORs in the
h i p p o c a mpu s a c t i v at e s t he
MORs. This leads to increased
synaptic transmissions,
a l so k now n a s t he long-ter m
potent iat ion ( LT P) , u lt imately
resulting in contextual memor y
for m at ion for C P P. W hen b et a endorphins are released in the brain
or morphine is injected while we are in a
Everyone remembers and prefers places filled with happy memories.

certain place, our brain feels happy and stores
information about the place, which makes us prefer
the place.
Previously, the research team found that MORs were abundant

bind to opioid receptors in our body. Opioids

in the astrocytes in the hippocampus and that the activation of MORs

include endorphins (feel-good neurohormones)

facilitated the release of excitatory neurotransmitters called glutamates.

and morphine (a strong narcotic painkiller). In

This time, the researchers performed neuron- and astrocyte-specific

the meanwhile, there are three major subtypes of

increase/decrease in the number of MORs in the hippocampus of mice,

opioid receptors: δ, κ, and μ. Each of the subtypes

and identified that astrocyte-specific MORs played a critical role in

was named after the first letter of a prototypical opioid

contextual memory formation for CPP through opioids. Specifically, this

receptor agonist (“agonist” meaning a chemical that binds

research was the first in the world to discover that the increase in the

to a receptor and activates it). For example, the prototypical

release of astrocytic glutamates in the hippocampus functioned as a key

opioid receptor agonist of a µ-opioid receptor (MOR) is
morphine.

mechanism underlying opioid-induced CPP.
In addition, the research team found that glutamates released as a result

In their mice experiments, the researchers prepared two separate rooms

of the binding of opioids to MORs accounted for the LTP of synaptic

with one door in the middle, and observed which room the mice preferred.

transmissions in the hippocampus, and that such a phenomenon was the

Then, the researchers injected morphine, a typical opioid, to the mice

key to opioid-mediated memory formation for CPP. Furthermore, they

in their non-preferred room. After this conditioning, the mice preferred

also identified CPP and LTP when they selectively activated MORs in the

the once non-preferred room. The experiments demonstrated that a

astrocytes in the hippocampus by using a chemical genetic method.

memory for CPP was formed by the binding of opioids (such as morphine)

Research on CPP in the field of brain science is likely to be expanded

to astrocytic MORs in the hippocampus, which is the brain region

to include addiction research. The study conducted by the IBS

responsible for place memory formation.

research team unveiled the correlation between MORs and contextual
memory formation for CPP, and is expected to greatly contribute to the
development of treatments for the addiction caused by the binding of

Hippocampal astrocytic role in CPP

Why are we so drawn
to places filled with
happy memories?

Why do we prefer places where we formed happy memories with our
family, lovers or friends? This is because through memory formation in the

Increase in opioids linked to feelings of
happiness

brain, we are conditioned to prefer specific places where we felt happiness.

▼

Activation of astrocytic µ-opioid
receptors (MORs)

A research team led by Dr. C. Justin Lee, Director of the Cognitive

▼

Glioscience Group of the IBS Center for Cognition and Sociality,

Release of astrocytic glutamates

▼

discovered that the binding of opioids (chemical compounds that make people

Long-term potentiation (LTP) of
synaptic transmissions

feel happy) to astrocytes accounted for contextual memory formation for

▼

conditioned place preference (CPP).

Scientists discovers that astrocytic
“μ-opioid receptors” in the brain’s
hippocampus account for the formation
of place memories

Compared to the cases of fear and emotional avoidance, only a few studies
have focused on the brain mechanisms of happiness and preference. Unlike
in the past, when brain research was conducted centering on neurons,
this study identified the critical involvement of non-neuronal cells called
astrocytes in the memory formation of the brain which makes us prefer
places where we formed happy memories. It is expected that the findings
of this study will be expanded to include not only the brain mechanisms of
happiness and preference, but also those of love.

Contextual memory formation for CPP

As their name suggests, astrocytes (astro from Greek astron, meaning star) are
star-shaped non-neuronal cells in the brain and spinal cord. Non-neuronal

Acquisitio of
contextual memory
for conditioned place
preference (CPP)

cells are also known as glial cells, and astrocytes take up the largest part of
the glial cell population in the brain. Although astrocytes have been known
to help effective functioning of neurons and maintain homeostasis in the
brain, additional functions of astrocytes have been recently identified.
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Min-Ho Nam, Kyung-Seok Han, Jaekwang Lee et al., “Activation of
astrocytic μ-opioid receptor causes conditioned place preference.”
Cell reports, 2019, DOI: 10.1016/j.celrep.2019.06.071.

Opioids, derived from the word opium, are chemical compounds that
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Center for Multidimensional Carbon Materials

The growing process of singlecrystalline hBN over a large area
Along with the steps formed by single-crystal
copper films, nitrogen and boron are compiled as
if coating the copper to form single-crystal hBNs

A formula to achieve large-area
synthesis of single-crystalline 2D
materials
Synthesis of single-crystalline 2D hBN in an area
the size of 100 square centimeters
There is an increasing demand for commercializing 2-dimensional
(2D) materials to make next-generation electronics such as
flexible display products available in the market. The 2D materials
are referred to as materials with a thickness corresponding to a
couple of atomic layers. Components and atomic arrangement in
a given material are the deciding factors of its properties.
Based on how atoms are aligned inside, 2D materials can be
classified into single-crystalline and poly-crystalline. A singlecrystalline material has a regular arrangement of atoms in a
certain orientation while a poly-crystalline material is composed
of many clusters of crystallites different in orientation. Because
the single-crystalline material does not have grain boundaries
between crystallites, its electrical and thermal properties are
superior to a poly-crystalline material’s. However, 2D materials

with a thickness akin to a couple of atomic layers have rarely been
synthesized as single crystals over a large area even when this is
essential to obtaining superior physical properties. In the process
of synthesis, single-crystal 2D materials grow randomly oriented
at varying locations and then merge to form poly-crystallites.
Group Leader Feng Ding of the Center for Multidimensional
Carbon Materials established a formula to synthesize singlecrystal 2D materials over a large area, in cooperation with
researchers from China, Switzerland and other nations.
Accordingly, they successfully produced hBNs, one of the most
representative 2D materials, in an area the size of 100 square
centimeters, which is more than 10,000 times larger than what
was achieved with existing technologies. This scale is applicable
directly to the current semi-conductor manufacturing process.
The research team has found that single-crystalline 2D materials
can be synthesized with their atomic arrangement and orientation
intact only on a substrate with a lower symmetry than that of
the 2D materials planned to be synthesized. It is significant that
this finding paved the way for the industrialization of high-quality
2D materials that have hardly been commercialized due to their
technological limits in producing them over a large area. The
research team expects this formula to be applied in producing
diverse single-crystalline 2D materials over large areas.

in a regular arrangement. The image below shows
how hBN islands form and grow to be merged.

Synthesis principle of single-crystallites
over a large area

Cu(110)

The walls formed by two layers of copper film have
a new orientation. On the walls, hBN must have a
C1 symmetry axis, and hBN islands are formed in
one orientation.

Atomic layer formed along Cu substrate

Single crystalline vs. Poly-crystalline
Images of single crystalline

Cu(110)

arranged in one orientation
and poly-crystalline composed
of clusters of single crystals
arranged in varying orientations.

The image of single-crystalline hBNs
synthesized over a large area
Images of hBN islands on
the walls of steps
A computer simulation shows
that, on the walls of steps
marked in different colors,

(110)

hBN islands are formed in

Relations between the symmetry elements of hBN and orientations of the substrate

(111)

one direction. The image
below shows the hBN islands
observed with an electron
microscope.

(110)
Cu(110)

(111)

Cu(110)
C2

Published paper

120°

Cu(111) - C6

Li Wang et al., “Epita xial grow th of a

Cu(100) - C4

Cu(110) - C2

10 0 - s q u a r e - c e n ti m e t r e s i n g l e c r y s t a l
hexagonal boron nitride monolayer on

On the surface of the substrate, hBN merges into small islands at varying locations. hBN has a C3

copper”, N atur e, 2019, DOI: 10.10 38/

symmetry axis. This means that, when hBN rotates on the axis at a right angle to the hBN plane, a certain
shape fits onto itself during every 120° rotation—a degree given by dividing a full rotation of 360° by

100 μm

s41586-019-1226-z

3. Depending on the orientation of the copper substrate, hBN has different symmetry elements. Also,
depending on the symmetry elements, hBN grows in a different orientation or varying orientations.
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Apparatus
in IBS

The Lab Animal Resource Facility mainly deals with rodents, which account for the lab animal
species with the highest demand. Special focus is placed on preventing the introduction of
outside pathogens into the breeding room of the SPF Animal Office, which is kept clean of
certain pathogens as well as cross-lab animal infection. In the photo, a researcher wearing
individual protection gear is managing lab mice at a worktable equipped with a ventilation
device. An air curtain protects the worktable area from pathogens from cages and prevents
them from spreading throughout the breeding room.

Of the lives,
for the lives,
and by the lives
Lab Animal Resource Facility,
the forefront of basic science research

As society matures, greater focus is placed on the importance of universal rights and ethics. The research
field is no exception to this progress. Research techniques in modern life science and medicine and
pharmaceuticals continue to develop in a way that prioritizes the “minimization of unnecessary sacrifice”.
In fact, Korea enacted laws to stringently regulate the conditions and procedures for using lab animals
more than ten years ago and mandates the operation of an animal testing ethics committee at research
facilities that conduct animal testing.
Diverse methods and devices that offer alternatives to traditional animal testing, such as artificial cells
and lab-on-a-chip, have been developed. However, animal testing is still unavoidable in fields that directly
deal with life, such as life science and medicine and pharmaceuticals. As such, the starting point of animal
testing ethics is in the systematic design of experiments and proper animal breeding and management. In
other words, the frequency of animal testing is inversely proportional to experiment precision.
IBS established the Lab Animal Resource Facility equipped with a well-organized animal testing system in
order to ensure greater precision and reproducibility in animal testing. Here is a recap of scenes from the
state-of-the-art animal testing facility that opened in September 2019.

Most lab animals in the breeding

1

2

room of the Lab Animal Resource
Facility of IBS have been brought in
from the outside. Such animals are
examined in advance to check for
infection from outside pathogens and
then sent to the SPF breeding room
after undergoing the decontamination
process if deemed necessary.

3
1. T
 he sperm and eggs of lab animals are harvested and externally fertilized in a
lab environment, after which the fertilized eggs with the desired genetic traits are
surgically implanted in surrogates. Lab animals, born via in vitro fertilization, are free
of outside pathogens and thus ensure precise experiments.
2. M
 ice used as lab animals are highly social, and therefore, multiple mice are raised in
a single cage. When the need arises to keep one or two mice in isolation depending
on the purpose of the experiment, “enrichment” materials are provided to prevent
the mice from suffering from stress. Strings fulfill their need for exploration, while soft
materials such as cotton can be used for nesting for breeding females and offer a
sense of security.
3. T
 he sperm of lab animals that have certain genetic traits can be saved and stored
using sperm-freezing technology after experiments are completed. Sperm, which
is quick-frozen in a tank filled with liquid nitrogen, can be used for fertilization to
produce animals later.
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4

5

The breeding room is maintained at a
temperature of 20-25 degrees Celsius and a
humidity of 40-60%. Each cage for lab animal
breeding is an individually ventilated cage
(IVC) designed to prevent cross-lab animal
infection. The SPF zone that blocks out
certain pathogens is equipped with 25 labs
of various sizes to help conduct experiments
that require continued animal breeding. In
order to eliminate outside variables in animal
experiments, environments and risk factors
for infection within the SPF Animal Office are
controlled on a daily basis throughout the year.

6
4. Featured in the photo are an IVC rack, which is a cage cradle equipped
with individual ventilation systems, and an air control unit (ACU). The ACU
at the center supplies outside air to the inside of a cage via the ventilation
pipe connected to each cage. The inflow of outside air works to maintain
the positive pressure within the inside of a cage and thereby prevent the
influx of external substances.
5. T
 he stereotaxic apparatus helps accurately approach a given coordinate
in the brain of a lab animal using the 3D stereotaxic atlas. The photo
shows how an electrode is inserted into the brain of a lab animal using the

The SPF zone encompassing the breeding rooms

apparatus. The stereotaxic apparatus enables the precise manipulation of
the target area in a living animal. It is widely used in experiments where it is

and labs is completely isolated from the outside.

necessary for a photoelectrode be inserted in the brain while the animal is

To clean and sterilize products used in the SPF

alive, such as in optogenetics research.

zone, they must be carried out to the non-SPF

6. The management of lab animals involves a wide range of high-maintenance
jobs from cage cleaning to the disposal of excrement and feed supply. In

zone, processed, and moved back into the SPF

order to improve management efficiency, cages are automatically washed

zone. The SPF zone and the non-SPF zone are

using the facility shown in the photo.

connected by an air lock that blocks the flow of
air to prevent the movement of pathogens.
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7

9

The inside of the SPF facility must be kept
clean of certain pathogens. To this end,
regular microorganism inspections must be
conducted on the lab animals. Some cages for
lab animal breeding are used as “sentinels”,
in which excrement and straw litter from
other cages are placed on a regular basis to
induce possible cross-contamination. These
sentinels are thoroughly examined every
quarter to check whether any pathogens
under control exist and to take necessary
measures. As its name suggests, a sentinel
serves as a protection guard for other lab
animals.

8

10
7. E
 ach cage for accommodating lab animals is filled with straw litter, placed in a sterilizer, sterilized with
high-pressure steam, and moved to the SPF zone. Cages and water dispensers are sterilized and then
provided to SPF animals.
8. P
 roducts carried into the SPF zone via the pass room undergo sterilization. This photo shows the
peroxide fumigation and sterilization device that injects peroxide sprayed through the pipe linked to the
pass room. Peroxide sterilization eliminates not only bacteria and viruses but also hard-to-eradicate
pathogens such as bacteria that generate gemmules.
9. T
 his research facility conducts microorganism precision inspections through the autopsy of sentinel
animals. Various methods from enzyme immunoassay to the separation and identification of bacteria,
gene analysis, and biopsy are employed to detect the existence of pathogens.
10. T
 he Mice Resource Management Office reproduces mice via in vitro fertilization to keep animals clean
of pathogens.

56

IBS Research | Apparatus in IBS

13th Issue | 2019 2nd

57

circumstances, it was hard to privatize research outcomes or

Viewpoint

and developed the original recombinant DNA technology.

use such outcomes simply to generate profits.

Will there be an enclosure
movement in science?

In fact, Cohen underestimated how much commercial

This trend that emphasized the purity of scientific

potential the technology had. Once this information

research cont inued at large unt il the mid-20th

was known to the Technology Licensing Organization

century. Today, universities in the US are aggressively

(TLO) at Stanford University, it urged and persuaded

working to register patents. Harvard, the University

Cohen to apply for patents. Thanks to such tireless

of Pennsylvania, the University of Chicago and Johns

efforts, Cohen changed his mind and filed three patents.
Given the possible impacts that the technology would

Hopkins University even prohibited their faculty members
from applying for patents in the f ield of medicine. They
deemed that seeking profits at the expense of public health was

Basic science standing at a crossroads
between public interests and commercial value

bring to the entire pharmaceutical market, TLO created
a portfolio of recombinant DNA technology and set royalty fees

immoral conduct.

fairly low before starting negotiations with corporations. The market

However, basic science and technology grew to play crucial roles in

response was explosive. The technology was not only innovative enough

industry development, and an increasing amount of money was invested

to make the pharmaceutical industry to the next level but also affordable.

in relevant research activities. As a result, the patent law went through a

Companies did not bother to develop new original technology but

revision to allow universities to own patents on research outcomes even

preferred to license Cohen’s.

when such research was supported by public funds. While a wide range

The two cases above have taught us why patents are important in basic

of universities and research institutes now manage their patents, a large

science. Even if researchers are not certain about the prospects of their

part of their research activities have entered the domain of industrial

basic technology, its associated industrial value could be immense. If

technology and began to be treated confidentially.

they do not bother to claim the rights to the original technology they
have developed, they might have to sit idly by while other people make

Many historians point to the Enclosure

Basic science transformed into industry

an astronomical amount of money by utilizing it. Back in early 2010,

Movement as one of the main causes

Starting from the mid- and late-20th century, secrecy was enhanced in

the CRISPR patent battle was the center of attention because it was

of the industrial revolution in England.

some scientific areas that were closely related to industries. The two most

an original technology that had far-reaching effects and, ultimately,

The movement began delineating

representative technologies leading modern medicine and life science—

enormous economic value. Also, the battle revealed the other side of

monoclonal antibodies and recombinant DNA—present themselves as

modern technological society where lines are becoming blurry between

exemplary cases in contrast.

science and engineering as well as between basic research and industry.

ownership of arable lands between the
17th and 18th centuries. As the areas

In 1974, German researcher Georges Koehler joined a research lab, led

that had been commonly available to small

by César Milstein of the Medical Research Council (MRC) in the UK. He

A dilemma in the age of science and technology: openness vs.

figured out a method for producing large numbers of identical antibodies

exclusiveness

by joining cancer cells with B cells, which produce a single species

The problem is that the scope of the area where openness—once led

of antibodies, to allow their endless multiplication. This technology

science development—dominates is going to shrink as the industrial

revolutionized medication development and disease diagnosis. Most

technology sector expands. Each and every piece of scientific knowledge

of the staff at MRC did not realize how valuable it would be to apply

constitutes a foundation for a new theory. A patent, however, inherently

is somewhat similar to what is currently

the monoclonal antibody technology and published the relevant thesis

enhances the exclusiveness of knowledge. Any scientific knowledge which

happening in science. As the economic value

without applying for a patent. They thereby squandered the rights that

is prohibited from being used freely due to a patent is unlikely to lead to a

of science research increases, obtaining

would have determined the future direction of a medicine market worth

new advanced theory unless there is an alternative to the patent.

intellectual property rights has become

several billion dollars, through a single omission.

In modern scientific research, no one can deny that patents are important.

more competitive. This raises concerns that

On the contrary, a research team in the US started working on claiming

But we should not look down on openness, a traditional value that has

openness and transparency—core values of

its rights as soon as they received the cell strain from Milstein. The team

ensured scientific development. Modern science is faced with a dilemma

successfully developed antibodies that bind with cancer cells or viruses for the

about whether to choose between openness or exclusiveness as well as

first time in history, taking advantage of monoclonal antibody technology,

between the academical spirit or commercialism. Should the research

and filed a patent for such research without hesitation. Afterwards, the

outcomes of a researcher be made publicly available as an intellectual legacy

relevant markets came to be dominated by US companies. England failed to

for the sake of humanity, or be protected in terms of their economic value

farmers decreased, agricultural communities
started dissolving. An increasing number
of people moved to urban areas, and more
lands were privatized. As a result, agricultural
productivity went up significantly. This

modern science—might be impaired.

The atmosphere at recent international seminars seemed a bit foreign to

distinctions between their respective research areas become obvious, the

play a leading role in the market even though the technology was originally

for the sake of individual rights? This is a question that seeks to answer a

Dr. A, a senior researcher for a government-funded life science research

freedom of information exchange has shrunk.

developed there. Fortunately, Milstein and Koehler won the Nobel Prize for

philosophical question concerning the significance of basic science research

their dedication to the technology in 1984. However, even they could not

and a political issue that affects research activities across the board.

researchers to learn from other researchers. Things are little different

The principle of openness once led science

avoid explicit criticism of their ignorance about the practical application of

We might need to strike a new balance between openness and

nowadays, however. I sometimes feel as if there are “borders” that divide

What makes Dr. A feel out of place is the evidence showing that “science

research outcomes by Margaret Thatcher's Cabinet.

exclusiveness in this modern science era. Perhaps brand-new science

researchers by country, culture and even research institute of origin. One

rules” are changing. Since the modern age, science had developed based

Stanley Cohen at Stanford University and Herbert Boyer at the

research ethics or environments that are different from those of the past

of my fellows who returned to Korea after finishing a post-doc course

on the spirit of open partnership. Mathematicians and scientists in Europe

University of California, San Francisco, were in no way like Milstein.

will emerge through such efforts. Further definition of boundaries may

told me that people no longer seemed to share all the information until

built an open system to share knowledge and verify it by networking

They discovered that DNA replication and protein synthesis continued

herald some significant changes in modern science, just like clarifying

they verified that a newcomer became a member of their “family”. As

with each other between the 18th and 19th centuries. Under these

normally even when genes of eukaryotes were inserted into prokaryotes

ownership for lands through the Enclosure Movement did in industry.

institute. When he studied in the US in the 1990s, it was natural for
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Written by Ye rin Ryu

IBS Report
studying to make artificial blood affordably
available with enzymatic extraction techniques.
I could see that his efforts would bring about a
significant change in medicine.
I was also impressed by a lecture of Professor
Zhang Shuguang on “Fractals of Nature: Be
curious and ask big questions lead to discoveries
and new economy.” Unlike the other professors
in the camp who introduced their research,
Professor Zhang gave the next generation

Preparing for our poster presentation, we engaged in the scientific process of finding a creative solution on our
own.

scientists an impressive lesson. He reminded us
in his lecture to, “Ask big questions all the time.

Big questions make
science move forward
A review of the Asian Science Camp 2019

Big questions ask for big answers.” His remark

outside help. This was the experience that has

praise the poster, saying it was an innovative

left us with a big opportunity to learn about the

made me grow up further since the camp, I

attempt.

attitude and spirit we need to adopt as scientists

believe.

Our team didn’t win a medal for our presentation.

as well as learners.

During the discussions, ever yone showed

However, preparing the poster itself became

interest in energy as a presentation topic. But,

a valuable experience. We worked together

New perspective on science and scientists

because the topic description asked us to suggest

to search for news articles and theses, sharing

We spent time with scientists every afternoon

chemical methods to improve the efficiency of

opinions to develop an idea.

when the lectures of the day finished. At the

alternative energy sources, we hesitated. No

The ASC 2019 was a life-changing experience

post-lecture meetings, newly introduced to

one in the team was familiar with chemistry.

for me as a final year student waiting for a new

the ASC starting this year, we could ask our

We couldn’t succumb to this hesitation, so we

chapter in my life. I learned many things, and

professors things that we had been curious

allocated appropriate roles to each member of

I thought about the meaning of “real science”.

about in a familiar setting.

the team. In the end, we successfully made a

I learned how to see the world more broadly

Professor Xian-He Sun, who specialized in big

poster titled “Caffeine Power,” suggesting that

while debating basic science outside of the

data, helped me see the field from a different

caffeine could make perovskite solar cells more

school curriculum. Also, I decided to be more

perspective. It was particularly interesting to

effective. During the presentation, teammates

open to the world as I move forward. But, above

hear about the adverse impacts that big data

encouraged one another because the poster

all, it was unforgettable to share stories with

might cause and limits in various relevant

was the outcome of our week-long collaborative

science students from all over the Asian region

studies directly from a researcher in the field. I

efforts. I was happy to hear Professor Chang

and learn to depend on each other.

This July, I attended the Asian Science Camp

in the ASC 2019 introduced themselves in front

lectures in various fields of physics, life science,

realized that critical thinking toward research

2019, also known as ASC 2019. Nearly 300

of the participants. I can still vividly recall their

chemistry and math from renowned scientists.

is a necessary qualification for scientists and

students enthusiastic about basic science from 28

common advice that we should study science

As all the lectures, which constituted the main

helps ensure better findings. Also, I found that

countries flocked to the camp. As participants,

untiringly with a creative mindset as well as

portion of the camp, were delivered in English,

scientists didn’t have to look at technology from

we took lectures from sixteen prominent

an open mind to better ourselves as budding

it was hard for me as a high school student to

a positive viewpoint all the time. This was an

scientists around the world and interacted with

scientists and brighten the future.

maintain my concentration and understanding.

aspect of being a scientist I hadn’t previously

others. Lasting from 28 July to 3 August 2019,

Over the course of a week, we could take nine

But I didn’t feel bored at all. Rather, I was

considered.

the camp provided a week-long journey full of

thrilled to have an opportunity to learn about

passion.

practical science activities—different aspects of

Poster presentation: a source of

I hesitated to attend the camp at first because

the science I had learned at school.

collaboration and creative thinking

I was scheduled to take the national college

One of the nine lectures was delivered by

A ll the activities I mentioned above were

entrance exam in a few months. Now, thinking

Professor Thomas Chang, titled “When can

interesting and meaningful. But preparing a

about it one week after the end of the camp,

you start inventing, and how, why and what:

poster presentation was the most impressive

I realized that the camp experience created

using Artificial Cells as an example.” Professor

activity. Every evening during the week, my

unforgettable memories.

Chang is the scientist who invented the world's

teammates and I gathered and discussed how

first artificial cells. He found in his experiment

to choose one out of the four topics suggested in

Lessons Learned: Attitude as a Scientist

on artificial cells that artificial blood might

the camp orientation and make a presentation

On the first day with the opening session taking

have an efficiency about six times greater than

poster to outline our ideas and opinions. The

With my teammates whom I grew attached to over the week. I made new friends from other countries, while

true blood. Based on his findings, he started

poster was the fruit of our collaboration, without

maintaining an open attitude.

place, sixteen scientists who would take the lead
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Written by Myung Gyoon Lee Professor at Physics and Astronomy at Seoul National University

Episode
in Science

An image that
saved the
hubble space
telescope

was altered with just one image. Steven Beckwith, the director of the

can be conclusive evidence for the possibility of hierarchical merging,

Space Telescope Science Institute, released a marvelous image that could

the process by which smaller galaxies clustered into a bigger galaxy.

not have been taken with any other observation device.

According to the theory, clusters of dark matter contracted due to gravity,

The image, known as the Hubble Ultra Deep Field, was made up of a

and thus baryons in the middle became denser to create a galaxy, which is

total of 12 days of exposure time, taken with Hubble’s camera. At the

assumed to be of limited scope in the infant universe. Such small galaxies

time the photo was taken, Beckwith’s plan was faced with strong criticism.

are merged with larger galaxies to form a large one. Hubble’s image shows

Making the pricey telescope stare at a seemingly empty patch of sky was

this theory in action.

considered a waste of resources. But with an image taken after a long-time

The HUDF moved the hearts of scientists and the public in the US as well

lapse, a marvelously beautiful scene in deep space was revealed for the

as across the world. Public opinion pushed for saving Hubble, no matter

first time to humanity.

the cost. With full support, US Senator Barbara Mikulski and many

Most of the ten thousand bright spots within the picture are distinct

others started persuading NASA and the US Congress.

galaxies. And each galaxy is a celestial body consisting of billions or tens
of billions of stars. This one image contains several trillion starts. More

Accepting a challenge in the face of crisis

surprisingly, the image captures the shape of the universe in its early

In the face of pressures from the public and scientists, Sean O'Keefe

stages. Most galaxies captured in the image are more than 13 billion

left office in December 2004, and Michael Griffin took office as the

light years away from the Earth. As space is assumed to be 13.8 billion

new Administrator of NASA. Unlike O'Keefe, who was an expert in

years old, the galaxies that we can see from the image are in the “infant

administration and accounting, his successor was an engineer. He saw

universe”, a mere couple of thousand million years after the Big Bang. We

greater value in Hubble than in administrative processes. The efforts to

could never have seen this ancient visage without Hubble.

save Hubble were received positively by NASA. Only a couple of months

The Hubble Ultra Deep Field is not only aesthetically impressive and

after the inauguration of Administrator Griffin, the repair plan for the

beautiful but also scientifically meaningful. While examining the early

shuttle was reviewed. Then, in October 21, 2006, the plan to repair the

days of space in the image, scientists can elaborate on how galaxies were

shuttle was confirmed. Administrator Griffin willingly accepted the

A decision that could have changed science

created and how they have evolved. Space captured in the image was

challenge, standing firm against a crisis brought on by safety regulations

history

composed of an indescribable number of small galaxies in their infancy.

resulting from the Space Shuttle Columbia disaster.

On January 16, 2004, the then Administrator Sean

Compared to the classical theory of space creation, such a composition

In the end, Space Shuttle Atlantis was launched on May 11, 2009, with

O'Keefe of the National Aeronautics and Space

seven astronauts including Commander John Grunsfeld aboard. The

Administration announced a decision that could

difficulty of an evacuation to the ISS was tackled by launching the Space

have changed the course of human history. He called

Shuttle Endeavour as a stand-by for rescue operations. Considering the

off the space shuttle program tasked with fixing the

fact that it takes an enormous amount of talent and money to prepare for

Hubble Space Telescope, which had been used since

the launch of a space shuttle, this was a truly bold decision. Fortunately,

1990. Because Hubble was in immediate need of

the crews successfully completed Servicing Mission 4, staying in space for

repair, his decision sounded the death knell for the

ten days, and returned to the Earth on May 24. During the fifth as well as

telescope.

final Space Shuttle mission to Hubble, the new Wide Field Camera 3 and

To help understand t h is apparent ly ext reme

the Cosmic Origins Spectrograph were installed, and the Data Handling

decision, we need to go back to the Space Shuttle

Unit as well as gyroscopes and batteries were replaced. Afterwards,

Columbia disaster on February 1 in 2003. In this

Hubble’s capability and the lifespan were drastically enhanced and

tragic accident, the space shuttle broke up after being

extended.

engulfed with f lames from atmospheric reentry,

Today, ten years after the last repair, Hubble is doing well and sends us

killing all the crew aboard, while it was returning to

new observations every day. This would not have been possible without

the Earth after completing its mission in space.

reversing O'Keefe’s decision to cancel the repair plan. Someday, Hubble’s

After NASA found out in an investigation that a small flaw in the foam

plan for Hubble. Scientists around the world and the public were taken

lifespan will come to an end. Because the next-generation James Webb

insulation for the shuttle was the cause of the disaster, O'Keefe worried

aback by the news because everyone knew of the telescope’s importance

Space Telescope, with a primary mirror 7 times larger than Hubble’s, is

that a similar incident could happen again. When the f law was first

and role in the development of astronomy.

going to be launched soon, there will be no need to repair any future flaws

observed in space, NASA set up a plan to launch another space shuttle to

in its predecessor. Hubble, however, provided invaluable insights into the

the International Space Station to take the crews safely back to the Earth

A single image changed the orbit of science history

world we live in as the first space telescope in human history. Indeed, the

once they evacuated to the station in the event of an emergency. However,

Hubble was a precious research asset for scientists as well as a symbol of

image obtained from Hubble is living proof that a basic device, which

the difference in orbit between Hubble and the ISS was so large that it

pride for the US public. NASA and the US Congress were overwhelmed

was not possible for the crews to arrive at the station in an emergency.

with a storm of protests against the decision to give up on Hubble. On

According to a new safety instruction, NASA had to cancel the repair

March 11, two months after O'Keefe’s announcement, Hubble’s destiny
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Hubble Ultra Deep Field. Capturing the seemingly empty patch of sky inside the

could have been lost because it did not have an immediate practical value,

constellation Fornax in the Southern Hemisphere, this image revealed that there

made us better aware of the marvelous universe and enhanced human

are an enormous number of stars in the patch.

knowledge by revealing previously unknown space secrets.

13th Issue | 2019 2nd

63

IBS
NEWS

Prof. Noh Do Young took office as the 3rd IBS
President
Leader in synchrotron radiation & right man to
guide IBS’ long-term group research

A total of seven IBS researchers saw their names added to

biophysics section of Physics World, the membership

over 360 candidates by comprehensively evaluating their

the list of the world’s most influential researchers this year.

magazine of the Institute of Physics, one of the largest

research performances and growth potential. The winners

Clarivate Analytics, a global academic information

physical societies in the world.

join the Reaxys Prize Club as its permanent members

service and analysis company, published its list of Highly

Physics World highlighted their recent Nature Methods

and are given the opportunity to share research outcomes

Cited Researchers (HCRs) in 2019 on the 20th. The list

paper that reported “optogenetically activated

and seek joint research with leading global scholars in

included 41 Korea-based HCRs (45 when separately

intracellular antibody”, or “optobodies”.

chemistry.

counting those selected in more than one field) , with

The optpbodies operates as a one-in-all platform

Dr. Park has mainly engaged in research on the

seven IBS researchers among them (nine when separately

that could help develop new therapies for cancer or

development of new organic reactions under the

counting those selected in more than one field). Among

autoimmune diseases. Professor Heo explains, “Our

guidance of Director Chang Sukbok of Center for

Korea-based institutions, IBS produced the second-

The Nature Index tracks and profiles papers and

optobody system is a great tool to study the role of

Catalytic Hydrocarbon Functionalizations since his

highest number of HCRs behind only Seoul National

measures their research performance. NPG analyzes

endogenous proteins in living cells and animals, and also

student years at KAIST. He also succeeded in

April 12, the construction of its key component, which is

University (nine).

papers published in 82 academic journals in the field of

shows great clinical promise for therapeutic strategies in

designing a new catalyst using quantum chemical

the underground experiment space, will begin.

HCRs are selected based on paper citation counts and

natural science and scores and ranks universities, research

the future.”

Yemmi-Lab will be built 1,100 meters underground,

thus can be viewed as the researchers most recognized

institutes, and countries around the world based on the

Chang and Associate Director Baik Mu-hyun.
One of his major achievements was the study

calculation under the joint guidance of Director

which is 400 meters lower than Y2L, IBS’s existing

by their research colleagues around the world. A total

results. The top 500 list is published each year.

Professor Noh Do Young of the Department of Physics

underground experiment facility located in Yangyang. Its

of 6,216 researchers in 22 fields from over 60 countries

IBS, despite its relatively short history of seven years,

and Photon Science at the Gwangju Institute of Science

site area will be 10 times larger, reaching 2,000 square

were selected as HCRs in 2019, which marks the 6th

continues to showcase notable progress. IBS’s fractional

and Technology (GIST) was inaugurated as the third

meters. This facility will be used to study dark matter and

anniversary of the publication of the list.

count (FC) has steadily grown from 61.95 in 2016 (240th)

President of the Institute for Basic Science (IBS) on

measure the mass and define the traits of neutrinos, often

Director Rodney Ruoff (Center for

to 70.8 in 2017 (214th) and 71.54 in 2018 (207th). This

raw material for medicine and chemical materials,

November 22, 2019. His term is five years from the

referred to as ghost particles.

Multidimensional Carbon Materials) and Director

year, it recorded 85.11 and joined the ranks of the global

from hydrocarbon found abundantly in petroleum

appointment date.

Research on dark matter and neutrinos is a critical

Hyeon Taeghwan (Center for Nanoparticle Research)

top 200 for the first time.

and natural gas. Dr. Park has also published 11 papers

The new President has been recognized as a leader in

step in understanding the creation and composition of

were selected as HCRs in the two fields of chemistry and

IBS’s quantum leap is analyzed to be the product of

in prestigious journals, including JACS, as the lead

synchrotron radiation research both at home and abroad.

the universe. As research in this field is regarded as the

materials science and succeeded in making the list for the

its increasing scale and number of research centers

author. This far exceeds the impact factor

published in both Science and Nature Catalysis in

IBS researcher Park Yun-su is selected as an
outstanding rising researcher in chemistry

2018 . The researchers working on the project
succeeded in synthesizing lactam, a widely used

He graduated from the Physics Department of Seoul

greatest task of modern physics, it is considered to hold

sixth consecutive year. Director Chang Sukbok

(from 26 in 2015 to 30 in 2018) and its unyielding

requirement set forth by KAIST for graduation from

National University in 1985 and completed his Ph.D. in

the highest possibility of being nominated for the Nobel

(Center for Catalytic Hydrocarbon

efforts to produce outstanding research performances.

the doctoral course.

physics at the Massachusetts Institute of Technology in

Prize in Physics. However, it is extremely difficult to

Functionalizations) was selected in the field of

IBS plans to increase its research groups to 50 in a

Dr. Park said, “I was able to concentrate solely on

1991. At present, he is serving as the director of the Center

capture their signals. Thus, experimental environments

chemistry for the fifth consecutive year.

phased manner and thus is expected to continually

research thanks to the guidance of Director Chang

for Advanced X-ray Science and a deliberative member

that minimize background noise, such as on a spaceship,

Director Kim Jin-soo (Center for Genome E

make such leaps forward. As of June 25, IBS’s Nature

and Associate Director Baik Mu-hyun as well as IBS’s

of the Presidential Advisory Council on Science. His

are required because the finest sounds can only be heard

ngineering) in the biology and biochemistry field,

Index FC stands at 85.94, ranking 167th or an

policy to support research in a mid-to-long-term

former posts include the president of Korea Synchrotron

in absolute silence. In order to ensure the stability of

Director Lee Young Hee (Center for Integrated

increase of three places from the announcement of the

Radiation User’s Association and dean of GIST College.

the deep-depth underground area, the Center for

Nanostructure Physics) and Director Axel

top 500 list.

President Noh has been regarded as the most qualified

Underground Phyiscs made thorough preparations by

person to lead the creative and audacious research at IBS

conducting an advanced drilling analysis for every

perspective. I plan to engage in research to lower the
Dr. Park Yoonsu (27) of the Center for Catalytic

prices of catalysts that could not be used more widely,

Timmermann (Center for Climate Physics) in the

Hydrocarbon Functionalizations was selected as an

despite their usefulness, due to their high prices.”

cross-field, and Associate Director Kim Dae-hyeong

outstanding rising researcher by two prestigious
organizations in the field of chemistry at the same

and construction of RAON, the heavy-ion accelerator,

preset sector and checking microseism levels. Once

(Center for Nanoparticle Research) in the materials

based on his expertise and experiences accumulated over

completed, Yemmi-Lab will be the nation’s only deep-

science field were selected as HCRs again this year,

the past 30 years. His diverse experiences in science and

depth experiment facility located at more than 1,000

marking their second consecutive year on the list. To date,

the international science community. The American

technology are expected to prop up IBS’ resolve and efforts

meters underground. After its completion, researchers

a total of 11 IBS researchers have been selected as the

Chemical Society (ACS) , the world’s largest

to become an internationally recognized research institute.

from Korea and abroad are expected to move in to

world’s most influential researchers. This means that

academic organization in the field, and Elsevier, the

In his inauguration speech, Noh promised that in order to

Yemmi-Lab and lead a series of large-scale fusion research

13.1% of the 84 HCRs affiliated with Korea-based

world’s largest publisher of scientific books, each

cement IBS’ identity as a national basic science institute,

projects starting with the neutrino experiment in 2021. On

institutions are from IBS.

announced that Dr. Park had been selected as an

he will not leave any room for misunderstanding and

the day of the groundbreaking ceremony, an MOU for

help the academic and research community as well as the

the joint use of the astroparticle research facility was

organization.

government gain a deeper understanding of IBS.

concluded with Korea Institute of Geoscience and

IBS’s global research competitiveness grows
by an impressive 16.5%
IBS’s performance jumped 37 places in the
Nature Index compared to the previous year

Mineral Resources (KIGAM) . The cooperation with
KIGAM, known for its expertise in research at deep-depth

IBS research team led by Professor Won Do
Heo highlighted by Physics World

Dr. Park was included in the final list of the 2019
CAS Future Leaders published by ACS on May
15. The honor is given to doctoral and post-doctorate
researchers emerging at the forefront of chemistry and

The construction of Yemmi-Lab, IBS’s astroparticle
research facility to be constructed in Yemisan Mountain in
Jeongseon-gun, Gangwon-do, is set to proceed in full scale.
With the groundbreaking ceremony held in Jeongseon on

related fields. The honored researchers, selected for

IBS’s competitiveness in basic science was evaluated to

their growth potential as next-generation leaders,

have steadily improved. In accordance with the Nature

receive support for networking, etc. A total of 29

Index published by Nature Publishing Group (NPG) ,

Seven IBS scientists are included in the highly
cited researchers list published by clarivate
analytics
13% of all Korea-based HCRs are affiliated with
IBS

The world’s most renowned scholars in the
field of nanoscience join hands with IBS

outstanding rising researcher by the respective

underground spaces, is anticipated to create synergy.

Groundbreaking is held for the construction of
Yemmi-Lab, a space laboratory located 1,100
meters underground

time and has emerged as the center of attention in

researchers among 171 applicants from 35 countries

IBS’s research competitiveness rose by 16.5% from the

were selected this year, and Dr. Park is the only Korean

previous year to rank 170th globally. This marks an

on the list.

increase of 37 places compared to the previous year and
represents the highest ranking recorded among domestic

Professor Won Do Heo and his research team of the IBS

research institutes.

Center for Cognition and Sociality were featured in the

Elsevier has awarded researchers and
research organizations in the field of chemistry
credited with outstanding achievements and

IBS hosted two international conferences under the
theme of nanoscience. Nanoscience is regarded as the
field with the fastest-growing market in chemistry and
materials science as it continues to drive a paradigm shift
in various industries including materials, parts, IT, and
medicine.

competence since 2010. A total of 45 winners were
selected this year from among

64

IBS Research | IBS NEWS

13th Issue | 2019 2nd

65

Institute for Basic Science, Making Discoveries for Humanity & Society
IBS
NEWS

The Institute for Basic Science (IBS) pursues excellence in basic science research.
The goal of IBS is to advance the frontiers of knowledge and to train the leading scientists of tomorrow.

The IBS Quantum Nanoscience Conference

9 at IBS in Daejeon. The participating students had

yet to be solved. A multinational joint research

Ewha Womans
University

organized by the Center for Quantum Nanoscience

the opportunity to attend lectures of prominent IBS

team was formed to conduct the COSINE-100

(Director Andreas Heinrich) was held over three

researchers and engage in brain science experiments such

collaboration aimed at reproducing the

days from September 25 (Wed.) . Professor Daniel

as autopsies of lab mice and brain image measurement

experiment of the DAMA Team. The research

Loss of the University of Basel of Switzerland

and analysis. HiBST concluded with the participating

results published in Nature were generated based on

participated as a speaker and gave a lecture on the

students making presentations on what they learned at the

data secured over the initial 59.5 days of the

fundamental technology needed to realize quantum

camp and what subjects they wish to study in the future.

COSINE-100 collaboration. The international physics

nano mechanisms such as spintronics and spin qubit.

According to the students, “It was exciting to engage in

community was especially interested in the fact that

This conference was attended by 16 speakers and over

experiments using high-priced lab facilities that cannot be

an independent experiment was conducted using a

120 researchers who shared their latest research findings.

found at school. We learned how findings from advanced

detector developed in-house to perfectly reproduce

The Center for Nanomedicine (Director Cheon

scientific research can be applied and contribute to the

the DAMA experiment.

Jinwoo) held the IBS-ACS Energy and

improvement of daily life. It was a valuable chance for us

The Center for RNA Research also demonstrated

Nanomaterial Research Conference in association

to reinforce our will to realize our dreams of becoming

outstanding performance this year. The researchers

with the American Chemical Society (ACS). It marked

brain scientists.”

discovered the existence of a “mixed tail” made of

the first time for ACS, the world’s largest academic

Director C. Justin Lee said, “I hope this camp will

different nucleotides other than adenine in the long

organizations in the field of chemistry, to host a joint

develop into a reliable cornerstone for the cultivation of

chain of adenine added to messenger RNA (mRNA).

conference in Korea.

future brain scientists. I would like to ask for continued

mRNA plays the role of bringing genetic information

A press conference was also held by inviting experts

support and interest in next year’s HiBST.” The

contained within DNA into proteins. The researchers

in diverse fields currently undergoing paradigm shifts

Cognitive Glioscience Group plans to hold the second

proved that the mixed tail serves as a shield for mRNA

Center for Nanomedicine

due to nanoscience, from energy to bioscience and

HiBST in July next year.

against degradation and thereby contributes to gene

Director
Jinwoo Cheon

medicine. Lectures and panel discussions by ACS journal

activation. These findings were published in Science
in August 2018.

writing, and peer review were organized to provide

The study by the research team led by former

opportunities to network.

Four IBS projects are included in the 100 Most
Outstanding National R&D Projects of 2019

Center for RNA Research

Center for Correlated
Electron Systems

Center for Nanoparticle
Research

Center for Molecular
Spectroscopy and Dynamics

Center for Theoretical
Physics of the Universe

Center for Theoretical Physics
of Complex Systems

Center for Genome
Engineering

Director
Andreas Heinrich

Director
V. Narry Kim

Director
Tae Won Noh

Director
Taeghwan Hyeon

Director
Minhaeng Cho

Director
Kiwoon Choi

Director
Sergej Flach

Director
Jin-Soo Kim

qns.science

rna.ibs.re.kr

cces-ibs.snu.ac.kr

cmsd.ibs.re.kr

nanomat.ibs.re.kr

for Plant Aging Research published in Cell in May

DGIST

pcs.ibs.re.kr

Center for Cognition and
Sociality
Social Neuroscience Group

Director
Hee-Sup Shin

cge.ibs.re.kr

Center for Cognition and
Sociality
Cognitive Glioscience Group

Director
C. Justin Lee

www.ibs.re.kr/glia

ccs.ibs.re.kr

Center for Underground
Physics

Director
Yeoungduk Kim
cupweb.ibs.re.kr

Center for Plant Aging
Research

Acting Director
Sunghyun Hong
aging.ibs.re.kr

Sungkyunkwan University

Discrete Mathematics Group

Data Science Group

Protein Communication Group

Pioneer Research Center
for Mathematical and
Computational Sciences
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