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Escherichia coli, or E. coli, are bacteria found in the gut and commonly used in research. Bacterial research is amazingly ich - which is why it has contributed so much to all of biology, says the writer. PHOTO: ALISSA ECKERT
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Genetic scissors from bacteria,
a tool to slice and dice code of life

It can make precise
changes to DNA,
and has potential
to cure diseases

Swaine Chen

“When will YOU win a Nobel
Prize?”

Scientists receive regular re-
minders of how important this
prize is in their relatives’ (and the
public’s) mind. For many, the No-
bel Prize is their idea of science.

Indeed these are the most famous
awards in medicine, chemistry and
physics.

Scientists also pay attention to
the Nobel Prizes because we love
science.

1t's only natural to chat and de-
bate about the most significant re-
cent discovery inour fields. This re-
quires broad perspective and con-
text.

With only one prize each year,
how can a breakthrough in cancer
therapy be compared with or
ranked against a fundamental dis-
coveryabout infections?

This must be particularly stress-
ful for the group that meets regu-
larly in Sweden to decide who is to
win the most coveted prize in sci-

ence.

Last week, the 2020 Nobel Prizes
were announced for the discovery
of the hepatitis C virus (physiology
or medicine), advancing our under-
standing of black holes (physics),
and a technology for editing
genomes (chemistry).

As a scientist studying the
‘genomes or genetic make-upofbac-
teria, I want to provide a broader
perspective on the latter to give
some insight into where we might
fruitfully investin more research.

Dr Emmanuelle Charpentier and
DrJennifer Doudna discovered one
of gene technology’'s sharpest
tools: the CRISPR/Cas9 genetic
scissors.

Using these, researchers can
change the DNA of animals, plants
and micro-organisms with ex-
tremely high precision, read the
statement by the Royal Swedish

sickle cell anaemia, Duchenne mus-
cular dystrophy or cystic fibrosis,
we know exactly what DNA
changes cause the disease.

If we could “edit” these specific
changes, we would completely cure
the disease.

Genome editing means making
precise changes to the DNA ofan or-
ganism, and it therefore has the po-
tential to cure - not just treat - any
disease caused by DNA differences.

Genome editing, therefore, has a
hugerange of applications.

The CRISPR system is a set of mol-
ecules that was originally discov-
eredinbacteria.

Why did it win the Nobel prize?
One key feature of CRISPR s that it

Academy of Sciences, in
the decision to award them the
rize.

“This technology has had a revolu-
tionary impact on the life sciences,
is contributing tonew cancer thera-
pies and may make the dream of cur-
inginherited diseases come true,” it
said.

The two women used a system
called CRISPR (Clustered Regularly
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There have been other technolo-
giesin the past that could beused to
edit genomes, but CRISPR made it
dramatically easier because it was
the first technology that could be
easily changed to target the sickle
cell DNA mutation in one experi-
ment, and then the cystic fibrosis
mutation, with justaminor change,
inthe next experiment.

Thi ility made it ap-

peats) to editagenome.
Agenomeis the entire set of DNA
inanorganism.

plicable to any genome edit we
could ever want tomake.
But though important, pro-

You may from school
thatyour body is made up of individ-
ual cells; each cell has a nucleus,
and inside the nucleus is DNA - the
“instruction set for life”. Your DNA
is unique - these differences make
youunique, specifying the colour of
your eyes and your general height
and weight, among many other
traits.

Certain differences can influence
your susceptibility to diseases such
as diabetes, cancer or Alzheimer’s,

Interestingly, we know that DNA
differences do influence risk for
these diseases, but we often don’t
know exactly what DNA changes
areresponsible, much less how this
takesplace.

But for some diseases, such as

asnotq X

What made CRISPR a front run-
ner in Nobel Prize discussions in
cafesacross the world (or, more pre-
cisely, cafes across the street from
research labs across the world) was
thatit was alsoarelatively small, in-
dependently functioning protein
machine.

In other words, we could take just
the CRISPR components, and they
would work the same way in nearly
any cell type - a heart cell, nerve
cell, immune cell or even an insect
cell, yeast cell or bacterial cell.

The system requires only a few
components, then it performs its
function in nearly any cell we put it
in - it’s a self-sufficient, all-in-one
module.

Interestingly, the CRISPR system
was extracted from bacteria, where
itwas used asa sort of immune sys-
tem. In bacteria, the CRISPR sys-
tem seems to have evolved to be
self-contained, so that it could be
transferred to other bacteria and
still function properly.

These two features - programma-
bility and modularity - are two ad-
vantages that CRISPR improved on,
compared with other genome edit-
ingtechnologies.

This is why it has had such a
broad impact on biology, and re-
searchers are using CRISPR in
nearly every imaginable cell type,
to make better plants for farming,

Looking more broadly, we have
seen these key features inother No-
bel Prize-winning technologies.

There is a very strong parallel
with restriction enzymes (another
DNA-cutting system), the discov-
eryofwhich garnered aNobel Prize
in1978.

A revolution in biology has been
already wrought by restriction en-
zymes, and scientists expect
CRISPR will herald another biologi-
calrevolution of similar scale.

The use of restricti -

individuals that are more different
than humans are from chim-
panzees.

Therefore, bacterial research is
amazingly rich - which is why thas

contributed so much to all of biol- :
ogy,atiny fraction of whichis recog- |

nised by Nobel Prizes.

‘The diversity of bacteria means

that, for nearlyany process or func-
tion we might need - be it copying
DNA or editing the genome - there
is likely some bacteria that has
i imised that process.

lowed for recombinant DNA engi-

neering and molecular cloning.
Infact, nearlyall of molecular biol-

ogy was advanced by the clever ap-

ogy, modified mosquitoes for vec-
tor-borne diseases and fundamen-
tal research to find the DNA
changes we'll later want to edit, to
cure diseases.

Programmability and
modularity - these are two
advantages that CRISPR
improved on, compared
with other genome editing
technologies. Thisis why it
hashad suchabroad
impactonbiology,and
researchersareusing
CRISPRin nearly every
imaginable cell type, to
make better plants for
farming, customised
bacteria for biotechnology,
modified mosquitoes for
vector-borne diseases and
fundamental research to
find the DNA changeswe'll
laterwant toedit, tocure
diseases.
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Like CRISPR, restriction en-
zymes come from bacteria. They
canalsobe transferred between dif-
ferent bacteria and still function -
they have the property of self-con-
tained modularity.

In fact, many of the foundational
technologies that support modern
biologyare derived from bacteria.

Many are modular - this seems to
be something that evolution partic-
ularly selects for in bacteria, per-
haps because they can easily trans-
fer DNAamong

ighlyop
Bacteria are, in fact, the Olympic
athletes of any biological process.
The fact that many bacteria can
exchange DNA also means that

many of their molecular machines

are self-contained and modular,

and we can reasonably expect them

to still work when isolated or trans-
planted, allowing us to repurpose
them forourownends.

In Singapore, there is a strong
community of people working on
bacteria and their molecular sys-
tems.

Some are working downstream
on optimisation and application of
CRISPR.

Others, like my lab, are doing
more ional work, the discov-

Modularity, in turn, makes these
bacterial systems highly efficient
and easily extracted, so that we can
use them for our own purposes in
test tubes and in other cells -
whetherbacterial, plant or human.

Other examples of bacterial-re-
lated Nobel Prizes are: strepto-
mycinasa treatment for tuberculo-
sis (1953); transfer of DNA between
bacteria (1958); the protein that
copies DNA (a polymerase) (1959);
the details of how cells respond to
changing conditions (1965); appli-
cation of DNA polymerases in poly-
merase chain reaction (1993); and
bacterial phages for directed evolu-
tion(2018).

Bacteria are an enormously di-
verse group of organisms; what we
call a single species of bacteria has
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eryscience that comes before these

prizes: understanding the process :
of DNA transfer, characterising the :
diversity of bacteria and delving :

into the details of how these bacte-
rialmachines work.

Thereisalsoa community of bac-
teriologists (called the Bacterial Ul-
tra Group, or BUG) looking directly

at the details for how bacteria cause :
disease, the direct interactioninter-

face between bacteriaand humans
Bacteria are endlessly fascinat-

ing, and we have much more to :

learn from them.

More Nobel Prize-worthy discov- :

eries and technologies are certainly
lying in wait for us within these di
verse organisms.
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French
microbiologist
Emmanuelle
Charpentier (far
left) and US
professor
Jennifer Doudna
at a painting
exhibition by
children about
the genome in
Oviedo, Spain, in
2015, Last week,
they won the
2020 Nobel Prize
in Chemistry for
discovering one
of gene
technology's
sharpest tools:
the CRISPR/Cas9
genetic scissors
that can be used
to change the
DNA of animals,
plants and
micro-organisms
with extremely
high precision.
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Hisresearchusesgenome se-
quencingand genome manipu-
lation to understand bacterial
diversity and how bacteria
cause infections in humans,
such as the yusheng-associ-
ated outbreak of Group B
Streptococcus infections in
Singaporein2015.

The overall aim of his re-
searchis to enable faster detec-
tion and more effective treat-
ment of bacterial diseases.

In 2012, he was one of the
co-founders of the Bacterial Ul-
tra Group (BUG), an active re-
search community in Singa-
pore that studies the mecha-
nisms and spread of antibiotic
resistance and details of the
strategies that bacteria use to
infect humans.

You can find out more about
BUGand Dr Chen’sresearch on
Twitter (@swaine_chen) or at
https://swainechen.github.io



