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Message from the
Editor-in-Chief E#mahsa

Cont

Science Focus RIS Dear Readers,
Welcome back to another issue of Science Focus.
Issue 006' 2015 We have scouted a variety of activities for you in this
issue, eight more exciting science articles awaifing
What's Happening in Hong Kong? & &R % iEE) your perusal, and two profiles of world-renowned
InnoCarnival scientfists and Nobel Laureates Prof. Venkatraman
AR EEE Ramakrishnan and Prof. William E. Moerner. I'm
The Jockey Club Museum of Climate Change particularly excited about this issue as we ask
BEEeSEE(LEYE important global guestions, such as “Is the ozone
Hong Kong Youth Science and Technology layer recovering?” and “Can extinct animals be
Innovation Competition resurrected?e” Find out the answers to these questions
HEEVERTEFAE on pages 4 and 6.
In addition, I'd like to congratulate our second
: - - Science Focus Arficle Submission Competition winner,
GLtlede;oCUnlversfry App/LCCITIOhSZ France & Germany 2 Miss Lee Lok Sze (Diocesan Girls’ School) for her
PIAARIRR | AEIREE excellent and highly relevant article, “Why Do We
ltch?2” You can read her arficle on page 20. This fime
. round, we have received various interesting articles
Recovering the Ozone Layer 4 . . . .
ESEE & on all sorts of different science topics, and enjoyed
. . o L reading all of them. The competition is year round
Resurrection Biology: Project De-Exfinction 6 . . . .
Y - WRBETE and ongoing. If you would like to participate, please
Real-iife Invisibility Cloaks 8 send us your article fo our website today!
IREPWER S ZE Yours faithfully,
Prof. Yung Hou Wong
Editor-in-Chief
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WHAT S HAPPENING

Hello students, and
welcome to the new
school year! As always,
there are many fun and
exciting events waiting
for you around the corner.

InnoCarnival

InnoCarnival is an event organised by the Hong
Kong government and the Hong Kong Science Park
in November. It consists of a wide range of events to
showcase local scientific innovation to the general
public, involving exhibitions, seminars, workshops, games,
guided tours to different Science Park facilities, as well
as science competitions and prize presentations. Major
exhibitors include local universities, research bodies,
award-winning student inventors, and the government.
Admissions fo all InnoCarnival activities are free, though
some events require participants to pre-register online. To
view the activities calendar and to register online, please
visit: http://www.itm.gov.hk/en/activityinnoc.php.

The Jockey Club Museum of Climate
Change

If you care about the environment and about the
changing climate, a frip to the Museum of Climate
Change at the Chinese University of Hong Kong is a
must. There, you can enjoy both themed and permanent
exhibitions, join eco tours of relevant facilities on campus,
as well as attend workshops to learn about the natural
environment and sustainability. Permanent exhibitions in
the museum include the Polar Gallery, Remote Sensing
and Environmental Monitoring,
Research and Innovation at THREE“‘Q
CUHK, and the Hong Kong . 1"

Jockey Club Green Gallery. ’ ’
Themed exhibitions feature new
discoveries and developments
regarding different environment-
related topics. The museum
is open to the public on
Mondays, Tuesdays, Thursdays to
Saturdays, except for public and
university holidays. Admission is
free. For more information, please visit: http://www.gaia.
cuhk.edu.hk/.

Hong Kong Youth Science and Technology
Innovation Competition

Organised by the Hong Kong New Generation
Cultural Association, The Hong Kong Youth Science and
Technology Innovation Competition aims to arouse
students’ interests in science, technology, engineering
and mathematics (STEM). Categories of the competition
that are relevant to high school students are “Research
and Invention”, as well as “Student Organised Science
and Technology Activity.” Students may either submit
a research or invention in any of the five subjects:
Mathematics, Physics, and Engineering; Chemistry and
Materials; Biology and Health; Energy and Environmental
Science; and Computer Science and Information
Technology for "Research and Invention”. For the Student
Organised Science and Technology Activity category,
participants are expected to hold an educational
activity that promotes science or fechnology fo the
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By Wai Lam Raphaella So

public. The deadline for online applications is January
30, 2016, and the deadline for project submission

is February 17, 2016. For more details, please visit:
http://stic.newgen.org.hk/.
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CUIDE TO UNIVERSITY

APPLICATIONS
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By Wing Chau Si58

EdUCCIﬂﬂg over 170 Nobel Prize

winners in a variety of disciplines, Germany
and France have been unsurprisingly popular
destinations for students to pursue fertiary
educations.

HICHER EDUCATION SYSTEM

The higher education systems in France and
Germany mainly comprise of universities and
vocational institutions. Universities typically offer
bachelor degree programmes of 3 to 4 year
durations under the European Credit Transfer
System (ECTS). On the other hand, specialist
vocational schools provide a broad range of
subjects and theoretical feachings on the sciences
and liberal arts, allowing students to obtain an all-
rounded education.

APPLICATION REQUIREMENTS

Many German institutions offer international
degree programmes that do not require German
as a prerequisite, but most require students to
show their secondary school-leaving certificates
to qualify for undergraduate studies. Local
students in Hong Kong would be required to
apply with their HKDSE or IB Diploma academic
results. Although there is no central admission
system for German universities, applicants may still
obtain information from the German Academic
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Exchange Service (DAAD) entrance qualification
database to determine whether one’s university
entrance qualification is recognised in Germany
or the specific university. Alternatively, a one-year
foundation course accompanied with a university
entrance assessment can be faken if other
requirements are not met.

Applicants interested in French universities
should apply through a French national education
agency called Campus France. Users can create
an account on the central online application
system (CEF) which allows direct application and
progress tracking of their Preliminary Admission
(DAP) as well as their visa application.

VISA AND RESIDENCE PERMIT

Applicants are required to submit proof
of financial resources, certificates of past
academic work and achievements, certificate
of health insurance, French or German language
proficiency (as required by the institution), and
proof of admission from the university.

Validity is typically limited to 20 days. Thus, if
the applicant is not a citizen of an EU country, he/
she must apply for a residence permit during his/
her stay in France or Germany.

TULITION AND LIVINC
EXPENSES

On average, the tuition fees of universities
in France vary from 150 EUR (1,300 HKD) to
900 EUR (7,900 HKD) per semester. German
universities generally waive university tuition
fees under the belief that everyone deserves
an education regardless of financial capability.
However, students will be asked to pay semester
contributions, which command an average of 250
EUR (2,200 HKD) and cover a list of social expenses
such as accommodation, school administrative
support and computer facilities.

Average monthly living expenses for students
studying in France and Germany total fo
approximately 800 EUR (7,000 HKD) for both
countries, but varies depending on the city. Higher
expenditure would be expected in larger cities
such as Paris and Munich for accommodation.
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For more detailed information, please visit:
MTREZEMN FEE
( ) Campus France (Hong Kong):

http://www.hongkong.campusfrance.org/en/

e German Consulate General Hong Kong
B EEARESE:

http://www.hongkong.diplo.de/

9 Study in Germany
BEERE:
https://www.study-in.de/en/
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ate 20™ century saw an alarming
the size of the ozone hole, with its
r spanning the entirety of Antarctica
beyond. In addition to the health risks for
mans associated with an increase in ultraviolet
ray penetration, an expanding ozone hole has
significant ecological and meteorological impacts.
In nature, ozone, oxygen gas, and free oxygen
atoms are constantly being combined, broken
apart, and recombined in the stratosphere. This
process absorbs radiative energy from UV. Ozone
depleting substances such as chlorofluorocarbons
(CFCs), hydrochlorofluorocarbons (HCFCs), and
hydrofluorocarbons act as catalysts speeding up
the breakup of ozone to oxygen gas. This lack
of recycling of ozone is the main cause of ozone
depletion.

The ozone hole above Antarctica is particularly
large due to the extremely cold temperatures. As
4 a result, thin layers of ice crystals aggregate into
polar stratospheric clouds, which act as catalysts
exacerbating the effects of existing ozone-
depleting compounds in the atmosphere, such as
chlorine and bromine. An accumulation of these
gases rapidly depletes the ozone layer in these

‘ ' coldest areas of the stratosphere.

CFCs have been slowly phased out since
the beginning of the 80s under the global
| environmental freaty known as the Montreal
Protocol. As a result, the stratospheric ozone
layer may be making a slow recovery. In
2014, a group of geophysicists hypothesised
that the ozone layer has the ability to
mend itself, provided that the depletion
rate is at a level much lower than the
\ % rate of natural stratospheric ozone
(\ > production. Scign’ris’r'sI f.ecosf that
U, b3 the Antarctic ozone hoIF is expected
-

Did you know {RENENS?

The ozone is distributed among two layers of the atmosphere. 10% of atmospheric ozone lies
within the troposphere, measuring approximately 15 km above sea level, and the remaining 90%

resides in the stratosphere. The ozone layer acts as the primary UV radiation shield, reducing health
risks and photo-oxidative damage brought to both terrestrial and aquatic ecosystem:s.
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to reduce from 24.1 million km? today to less than
20 million km?2in size by 2040 (the size of Antarctica
is 14 million km?in comparison) [1], but it will not be
until after the mid-21s' century for the ozone layer
to reach the state that it was in before the early
1980s [2].

Unfortunately for us, even this estimate may
be too optimistic. In fact the trend of the ozone
layer has not been a smooth sailing downward
decline over the past decade. While it does seem
that the hole is gefting smaller, the largest sizes
were recorded in 2006 and 2011. Scientists at NASA
argue that climate change is to be blamed for
the fluctuating patterns [3]. To further complicate
matters, although the Montreal Protocol did its job
in curbing ozone depleting chemicals, substantial
amounts of these chemicals are still being
detected during the past decade, indicating that
illegal use still exists.

If left unattended, ozone depletion will
likely cause higher rates of skin cancer, harm
ecosystems, and threaten marine food chains.
The good news is that the ozone hole does not
seem to be gefting any bigger, largely thanks fo
a concerted global effort. Only time will tell, if it
will return fo its pre-80s glory. For now, we
should continue to strive as

a global force to curb the
use of ozone depleting
chemicals.

By Thomas Lee Fi&E
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Resurrection Biology:

Project De-ExXtInction ., uncwssn

Th e passenger pigeon once thrived in
North America as the most abundant bird species
until the early 20th century. Persistent poaching and
destruction of their natural habitat via deforestation
led to their eventual extinction, with the last of ifs
known species to die in capfivity by 1914. But almost
a hundred years later, the passenger pigeon may
be making a comeback.

Believe it or not, the concept of bringing the
extinct back to life in science fiction movies such
as Jurassic Park is not as far-fetched as one might
think. Resurrecting dinosaurs is undoubtedly out of
the question, but scientists may be able to revive
animals that have not been extinct for that long,
thanks to cutting-edge technology in genetic
engineering.

Scientists at the University of California, Santa
Cruz, have obtained genetic
data from stuffed passenger
pigeons and ifs closest
relative, the band-
tailed pigeon,
the latter

De-extinction =
not to be confused
with cloning

Cloning is a process
that requires cells to be
transferred from a living
specimen. De-extinction,
on the other hand,
involves editing the DNA
of existing animals that
are genetically similar to
the extinct animal, which
results in a ‘chimera’.

T EI T ¥iFi48 1 (de-extinction)l TR E
(cloning) iR &—&
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of which will serve as a DNA blueprint to the
incomplete and contaminated DNA of a bird that
died more than a cenfury ago. Modifying the
DNA of the genetic cousin to match that of the
passenger pigeon, injecting the cell info another
pigeon’s egg and then hoping this cell will develop
info a young pigeon is probably their best bet.
The most difficult and time-consuming part of this
endeavour is genome mapping — while the two
species are closely related, their genomes still differ
at possibly millions of locations and these need to
be determined [1]. If all goes according to plan
though, we may be seeing a chimeric version of the
passenger pigeon once again in the near future.

In an even more ambitious project, some
scientists have been working on bringing perhaps
the most iconic extinct animal back to life — the
woolly mammoth — four thousand years after they
disappeared off the face of the Earth. Also using
genome sequencing, scientists have been able o

figure out what makes a mammoth
a mammoth, as opposed to
an elephant for instance.
It is with hope that using
this information, alleles
in the elephant DNA
can be replaced by
those that express
mammoth-like
features, such as
their large tusks or
| characteristic furry
44 bodies, hence bringing
a woolly mammoth

? Y back from the dead.

If this were possible,

a whole host of ethical
questions accompany the
challenges of de-extinction. If de-extinction
succeeded and a mammoth were to be created
through a surrogate elephant mother, it would most
likely be brought up in captivity, a non-ideal way
to bring up a social animal (if they are anything like
elephants), while being the only mammoth alive. In
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succeed.

On the other hand, scientists like Dr. Sergey
Zimov argue that there are ecological benefits to ZENMMNEEEETAE (University of California,

re-introducing animals such as mammoths into Santa Cruz) MRIEBS . e iRAEM B AT AR — &

the environment. For instance, the fundra used .
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of other grozing creatures thousands of E_['TIEJ/?_’JHQ/‘_‘__T,*;*E*;EQ (deoxyribonUCIeiC aCid, DNA)
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of covered with icy moss. Dr. Zimov insists ) DNA - REBRITE R REDNAR B S RBHWER - 24
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maintaining the landscape through grazing
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and ferfilisation. The grasslands could - .
potentially protect the inevitable melting BARE BHEE - IR FEREER (genome mapping)
of the tundra's permafrost, helping to EEEATRRSNRFERO[1] - MR8 - FMEEF
slow down the release of centuries- ERZ BRI UBEREERSHRAE -
trapped greenhouse gases, such as
carbon dioxide, that rests beneath —EREBREF—EEAENE SNTEARBHNRE—RE
the surface. 2HOHE - BZBERMBRE (genome sequencing)  RIEZ2XEESIH
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what is undeniable is that de- EAET TS .
extinction is on the forefront
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grazing in Siberia in the
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INVI

By Marco Wong =14#§

This article may be useful as supplementary reading for physics classes, based

on the DSE syllabus. REWER Rt R EMIZE -

|f only being invisible was as easy as hiding
under a nifty cloaking device bequeathed from
your father who happened to dabble in wizarding
mischief in his younger days. Unfortunately, us
‘muggles’ are just not blessed with the magical
gene, but the good news is that we can strive to
understand and invent technology inches away
from the supernatural, thanks to a little thing called
science. In fact, invisibility has been researched
for quite some time now, with several inventions
coming incredibly close to fruition.

What we currently understand is that an
object appears to be ‘invisible’ when light is able
to pass through the space that the object in
question occupies, at least in the perspective of
the observer. However, most objects are opaque,
which block light from penetrating through. To
circumvent this, one way would be to bend light
with the aid of ‘smart’ metamaterials, which are
able to marginally alter the path of light.

In 2006, Duke University researchers successfully
hid an object from microwave detection by using
a material that can bend electrons. Composed of
copper and fibre glass, the material has a unique
interaction against the planar electromagnetic
field. The device was specifically funed to minimise
distortion of microwaves caused by the object,
creating interference patterns which cancel
each other out [1]. Fast forwarding six years,
Korean researchers at Yonsei University created
a 10 mm thick elastic cloak with the claim that
any haphazardly shaped object can be hidden
from broadband microwave detection, bringing
the device closer to practical application. These
inventions are the initial step to concealing objects

AKX A ER BB TEY

in the visible light spectrum, as visible light has
a much shorter wavelength in comparison, thus
exhibiting a smaller degree of refraction [2].

To cloak an object under visible light,
refraction is still utilised but on a much larger
scale. In 2014, researchers at the University
of Rochester consfructed a device made
of four lenses, the first of which can boast
successful cloaking of small objects in three-
dimensional space. The technology is surprisingly
straightforward - two diverging lenses are ‘
arranged between two converging lenses, /!
whereby light is concentrated as a thin beam ,:'
between the diverging lenses, creating a
doughnut shaped region of invisibility. Sounds ;'
fine and dandy, but the biggest limitation
of this device is that it only works with small ,"
angles [3]. '

Researchers worldwide are now .
more focused on creating solid state
metamaterials for the purpose of cloaking. In
2014, a research team from Karlsruhe Institute
of Technology (KIT) in Germany constructed a
diffusive opftical cloaking device using common
materials that hides objects placed within it [4].
The idea behind it is to allow light to enter through
the material and guide it around the object, and
then ultimately re-establishing the original path
of the light before disturbance. Instead of using
refraction, this ‘cloak’ adopts light scattering.
With the use of a medium, the propagation of
light is slowed down until it reaches a cylinder
containing the object to be hidden. Coated with
fitanium dioxide doped polydimethylsiloxane, the
material is then able to scatter light and speed
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i up the propagation to compensate for

the discrepancy in distance. Normally,

an object shone with light would cast a

shadow in the backdrop, but the device

demonstrated that no shadow was cast;

showing that light had successfully been
guided ‘through’ the object.

While these devices are sfill
a long way away from hiding
everyday objects, or people
for that matter, the concept
of invisibility has advanced
from hiding microscopic
objects in very specific
conditions to hiding normal

b ! objects (provided that they fit)
.~ \\ outside of laboratory settings.
‘\‘ The KIT team has hopes that their

3_-}‘_5 Y\ device can be developed to blur
%\' ‘\ out burglar sensors and enhance

v home security. All of this with no

Z “‘ spells involved!
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Wh e n faced with the fact that there

are ten times more microorganisms than human
cells in your body, “bacteria” is perhaps the first
thing that comes to mind. However, we are also
hosts to a wide variety of microscopic mites. Mites
of the genus Demodex (Demodecidae) were first
discovered in 1842 in human earwax; but we now
know that there are two species of mites that dwell
on our faces: Demodex folliculorum and D. brevis,
with an average population density of around two
mites per eyelash. In 2014, it was found in a study
that every single human subject studied tested
positive for Demodex DNA. That's right. They are
likely universal human associates.

Scientists have yet to determine what role
these mites play on the microbiota associated with
our face. Whether they consume dead skin cells
or facial sebum is part of the mystery as well, and
examining the mite’s guts might provide insights
to their diet. More disturbingly, however, is the fact
that these mites have no way of expelling waste.
Instead, they ‘hold it in’ throughout their lifespan
of 18-24 days. Upon death, their bodies dry out on
the face, leaving behind the built-up waste, and
an expulsion of bacteria.

Before you freak out and make a beeline for
a chemical peel, rest assured that these mites are
very common among humans and can appear
shortly after birth. Mite population increases as
their food supply rises, and their numbers increase
significantly during puberty of the human host. The
elderly are also more likely to be infested, with 84%
of the population affected at age 60 [1,2].
So far, no known harm to humans
has been explicitly proven,
particularly when

mite populations are in check. Nonetheless,
people who suffer from the skin condition rosacea
have reportedly ten times more Demodex mites
on their skin than an average person. Additionally,
an infestation of Demodex is associated with
blepharitis, an unsightly inflammation of the
eyelids [2]. However, the direct causation of these
afflictions is difficult to prove.

These mites may have been acquired long
ago, starting from our hominid ancestors. In one
study, mites collected from Chinese populations
were found fo have distinct genes from those
collected from North and South American
populations [3]. Understanding these differences
can provide clues to the migration patterns of our
ancestors, revealing early interactions between
human populations. Due to its lengthy history in
association with humans, Demodex may shed light
on the evolution of the human immune system,
which helps us shape our response to diseases.

If you are still disgusted by these mites despite
the potential benefits of studying them, you might
be glad to know that there are therapies to get
rid of Demodex. Unfortunately, the sad news is
that you can never fully be rid of them as they
will eventually recolonise your face after about
six weeks. They are easily picked up from other
people in close contact or from sheets, pillows and
towels. It looks like face mites are here to stay!
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C O n Plants

develop cancer? This is an easy question fo
ask, but the answer is more convoluted than one
might imagine. In the 90s, two related articles
were published in close succession: “Why don't
plants get cancer2” and “Plants can get cancer”.
The first article argued that plants could tolerate
abnormal cell division (which is what cancer is) by
incorporating the extra cells info other development
tfo prevent these cells from forming fumours [1].
The second article conveys a conflicting opinion.
It proposed the notfion that plants that develop
cancer may appear otherwise normal but are
harbouring cancer internally. However, “plant
cancer” may noft refer to the same thing as cancers
in mammalian animals, because the symptoms of
plant cancer are manifested differently [2]. Years
later, scientists confinue to contribute to this debate
[3].

In animal cells, mutations in two types of
genes can cause the formatfion of fumours: protfo-
oncogenes and fumour suppressor genes. The
former facilitates normal cell division by coding
for proteins that regulate the process. Certain
mutations, however, transform the gene into
an oncogene and cause the cell to synthesise
a lot more protein products than required. An
overabundance of cell division promoting proteins
in turn leads to continuous cell proliferation and
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results in fumour formation. During normal cell
division, another group of genes, the tumour
suppressors, act as guards at different checkpoints
and prevent abnormal or uncontrolled cell division.
At the DNA damage checkpoint, for example,
relevant tumour suppressors would not allow the
cell to enter mitosis until all the damaged DNA has
been repaired. Mutations can render the tumor
suppressor genes ineffective, allowing damaged
DNA to be passed onto the daughter cells. This
process results in the accumulation of even more
mutations, causing uncontrolled cell division.
Moreover, if the genes that help anchor the cells
to their normal locations are mutated, the ftumour
can then spread to other parts of the body by
metastasis.

Like in animal cells, mutations in profo-
oncogenes and fumour suppressors can occur in
plants. However, except in certain hybrid species,
these mutations are rarely oncogenic. Interestingly,
the most frequent cause of plant fumours is due
to pathogenic infection [3]. Certain species of
bacteria can transfer DNA into the plant cell
nucleus and alter the signalling of plant growth
hormones. Fungal pathogens can also promote cell
proliferation by affecting these hormones. However,
they transfer proteins instead of DNA into the plant
cell. While some viruses can also act through



hormones, geminiviruses bypass the endocrine
system and directly inhibit tumour suppressors,
encouraging the cells fo replicate.

Nonetheless, despite various ways of fumour
formation in plants, its occurrence is much less
frequent than in animals. One possible explanation
is that the checks and balances against abnormal
cell division in plants appear to be more effective
in plants than in animals. For instance, plant stem
cells are hypersensitive to DNA damage and
undergo programmed cell death in response to
abnormalities. Thus, it is rare that plant cells will
accumulate mutations that lead to cancer.

The structure and
organisatfion of plant
cells also serve
to protect
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plants from fumour formation or metastasis. Unlike
animal cells, plant cells possess rigid cell walls
that maintain proper cell structure and prevent
disorganised cell growth. Cells are also attached
to each other and are immobile. Furthermore,
plants do not rely on cellular circulatory systems
such as blood or lymph vessels. Instead, they rely
on an acellular vascular system that consists of the
xylem and phloem. This system significantly limitfs
the locomotion of tumour cells. Hence, a collective
deregulation of cell division must arise in order for
a tumour to form. In short, yes — plants can develop
tumours, or “cancer”, but they occur a lof less often
than in animals and are certainly not as lethal.

IR Eh ) A8

f—t%& BEYARtSRERE
HERMEEINSERNRE - 220 R7BOERImEZ
S BEERARERIOEERERE - At FROEYR
BREAZRREE] - ALARSERaxiEtxEE (DNA) &
BiEEMANZ S EEDERAZENAREE -5 B
EEEEREAEYAR EELHNELUEEMARIL
H-ALRBESUEEBEMRRMRAREE BEPESL
"5 (Geminiviruses) AlEEZEBA D W 247 - B HH|E
BAGIER  EmesBAms % -

BEEEYITEHZECELRE BYREOKE
ARBREY - —EABENRREZ - BN LB W EEBH
FlIEEEARSE - fIN SEEYNFMABEDNAR
BEEUZEANAREBT SREMMABERR - BAK
FYRETE -

BYRNABANAREB TS BEE B -
BYAmESERENAMEE ol EARES AR - 0
TEVAREHEES  FEEBEREZE - I EYINE A
RAMEEMIBEIR A4 (circulatory system) - RBEH
ANEE (xylem) FENEZER (phloem) 48 A% RO SR AR RR 45 S %
#t (vascular system) - EARRZ EZENFNIERL - A LE - 24
REERAMIRKIETETRBE BN 2 20—
BB E T & TRE, - BAREYEREESE
1 B B2 AR EE R an -

References

[1] Doonan, J. H., Hunt, T. Why don't plants get cancer? (1996) Nature. DOI: 10.1038.
[2] Gaspar, T., Plants can get cancer (1998). Plant Physiol Biochem. DOI: 10.1016.

[3] Doonan, J. H., Sablowski, R. Walls around tumours — why plants do not develop cancer (2010). NatRev Cancer.

13




Why is it so DkfﬂCULt

to Swat o

Peth pS we are all too familiar with

the irritating experience of unwelcome winged
house guests buzzing obnoxiously above our
food, trying to share a bite of our meal. Flies feed
freely on both food and fecal matter, carrying
the devastating risk of fransmitting enteric, eye or
skin infections. However, successfully murdering
these pesky little disease incubators is no mean
feat, as they seem to possess an arsenal of
abilities to evade the swing of death.

Flies are evolutionarily equipped for escape.
With a pair of compound eyes that provide
an almost 360° field of vision, they have
undisputedly one of the fastest visual response
tfimes in the animal kingdom and are able to
frack movements five times more quickly than
do human eyes. A study conducted in 2012
suggested that their rapid response time is
partially attributed to a physical contraction of
photoreceptors - specialised cells found on the
retina. These photoreceptors respond to light,
which in turn generate electrical responses that
are directed almost instantaneously to the brain.
In contrast, the typical mechanism of using
chemical messengers for fransmission is much
slower [1].

In addition to their keen spatial awareness,
they are also equipped with three pairs of
athletic legs, with the ability to adjust position
faster than you can blink. Their tiny brains are
able to process an incoming threat and prepare
their escape by aligning their legs to the optimal
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position to hop in the opposite
direction of said threat, all within
100 thousandths of a second.
For instance, if the direction of

the threat is positioned in front ‘
of the fly, it moves its middle legs
forward, leans back and extends its
legs, thrusting itself backward. They are
keenly aware of looming danger and
take into account their body position
whether they are grooming, feeding,
walking or courting. Thus, they are
required to integrate the visual and the
mechanosensory information to
adjust their pre-flight pose [2].

These insects have the ability to
turn flight muscles on and off incredibly
fast, contributing to their rate of successful
escapes. In order to save time needed
for electrical responses to travel from the
brain to the muscle, muscles that move
the wings bypass the brain completely
to undergo stretch activation — an
automatic contraction of a set of
muscles when they are stretched as
a result of the contraction in opposing muscles.
Decades ago, scientists have reported that flies
“freeze” mid-flight or mid-walk when they sense
air stream in the vicinity. Their antennae contain
two groups of neurons — one of which responds
to flowing air particles, and the other responds to
sound [3].



Gaining an understanding of the flight and
reaction mechanics of flies can provide insight
into developing airborne robots that are able to
evade obstacles. As for successfully swatting a
fly2 It appears that your best bet is to clap the
area directly above them or in front of them to
anticipate their flight frajectory. After all, flies
have impressive reaction time to danger, but
don't have much for brains.
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This article may be useful as supplementary reading for mathematics classes, based on the DSE syllabus.

|mOg|ne you are on a game show

and the host displays three large boxes, one of
which contains the grand prize of a car and the
other two contfain goats. You will be awarded the
contents of the box that you choose at random,
but the contents will not be immediately revealed.
After you make your choice known, the host
opens one of the other two boxes and reveals a
box with a goat. The host then asks if you would
like to switch your chosen box for the remaining
unopened box.

The scenario is from a notable statistical
game known as the Monty Hall Problem. This
mathematical problem is simple enough
to understand, but the answer is somewhat
counterintuitive. What would you do in this
scenario? Would you stick with your original
choice or would you swap? Which would make
more sense in giving you a higher chance of
winning the care When this problem was released
in a magazine back in the 70s, most believed

that it made absolutely no difference whether
you swapped or stuck to your choice, and that
the chance to win the grand prize stayed at 50%
either way. Intuitively sensible — but statistically
incorrect.

The mathematics reveals that swapping nearly
doubles the chance of winning the grand prize.
However, it should be noted that this is only frue
when the following 3 conditions are met [1]:

(1) The host does not reveal the original choice;

(2) The host always opens a box containing a
goat (we are assuming that he knows what
each box contains);

(3) The host makes a random choice of boxes
tfo open, when your initial choice was
correct.

When you are asked to pick a box at the very
beginning, the probability of selecting the grand
prize is one out of three (1/3). The probability
of picking a goat is 2/3. If you do not decide
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to change your original choice, the chance of
winning the grand prize remains at 1/3 — regardless
of which box the host opens. However, if you
decide to switch from your original choice fo the
remaining unopened box, you end up increasing
your chances of obtaining the car.

(Car Host  Total
Location Opens.. Probability

1/8

s

Stay

4 1

4 7
R
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By Thomas Lee ZFEE

From diagram 1, there are three choices: A, B
and C. Suppose you choose box A and the host
opens up box C. What is the probability that the
grand prize is in box A given that the host opened
box C, versus the probability that the grand prize is
in box B given that the host opened box C?
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Let P (A|C) be the probability that the prize is
in box A given that the host opens box C. Using
Bayes Theorem,

P(C|A) x P(A)

PAIO) = ——
we get,
PUIC) =23 ==
2

If the grand prize is in box A, the probability
that it is in box A given that the host opens box C is
1/3. To calculate the probability that the prize is in
box B, we use Bayes theorem again to give:

P(C|B) x P(B)

PIBIC) ==

P(B) = 1/3 and P(C) = 1/2. If the grand prize is in
box C, then the host can only open box B, giving

us P(C|B) = 1. Substituting these values we obtain:
1 X % 2
P(BlC) = l = §
2

Thus, swapping gives us a 2/3 chance of
selecting the grand prize, doubling our chances.
Still unconvinced? Let’s look at an example where
there are 100 boxes. The probability of picking
a grand prize is 0.01 (1%) and the probability of
picking a goat is 0.99 (99%). Thus, the only time
swapping is a bad idea is if you had already
picked the winning box, provided that the host
shows you 98 other boxes with goats.

It was shown that the simple pigeon adapted
to the Monty Hall Problem surprisingly well [3].
In an animal experiment, pigeons were shown
three computer-controlled lit keys, one of which
contained food. On the first pigeon peck, the

computer would switch off all three keys but
would then switch two back on shortly afterward,
one of which was the pigeon’s original choice.
The pigeon was then awarded food if it selected
the correct key in the remaining lit keys. At the
beginning, only one third of the pigeons switched
to a different key. However, after one month, all six
pigeons involved in the study switched their choice
consistently to obtain the highest chance of
selecting food, indicating that switching became
a learned behaviour from reinforcement.

In a similar set up, students were also given
three lit keys and instructed fo obtain the highest
points. Again, over one month, they were to guess
the right keys, limited to 200 tries. Their results
unfortunately did not measure up to the pigeons.
Equally likely to switch or stick to their original
choices in the beginning, there was little sign of
improvement toward the end of the month.

While this experiment does not indicate that
pigeons are smarter than humans, it does show us
that we tend to do a lot of overthinking, perhaps
leading to false reasoning. Interestingly enough, it
was the youngest students who fared best in this
experiment, and the older students were more
likely to overthink. Not too surprising, considering it
was claimed that Nobel physicists routinely gave
the wrong answer to the Monty Hall Problem!
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ltching

most people experience on a daily basis. Typically,
itches go as swiftly as they come, but a stubborn
itch can last for far too long that does not seem
fo abate despite continuous scratching, or for the
more deftermined - willfully ignoring. What exactly is
the mechanism that causes our skin to itche

is an irritating sensation that

Clinically known as pruritus, itching can be
triggered by various irritants. ltching occurs when
an external stimulus, such as a feather or dust,
comes info contact with the skin. As the stimulus
brushes against skin, it fires receptors situated
at the surface of the skin which then generate
nerve impulses [1], an electrical signal that passes
through a neuron. The journey of a nerve impulse
begins from one neuron to the next, stopping at the
synapse which causes the ends of the axons — a
neuron's nerve fiber — to release a chemical known
as the neurotransmitter. This then diffuses across the
synapse before attaching to the membrane of the
destination neuron, which then generates another
impulse in a relay-like fashion. Repeating this action
from one neuron to the next passes the itch signal
onto the spinal cord and eventually, the brain
registers it as an itch.

For a long time, scientists believed that the
sensation of itching was the result of pain related
neurotransmitters and receptors, and that itching
was simply considered as a milder form of pain
[2]. This was questioned in a paper published in
2013, which reported that the neurotransmitter —
natriuretic polypeptide B (Nppb), and the sensory
receptor — natriuretic peptide receptor A (Npra),
are the primary vehicles that carry the itching
sensation [3]. Neurons containing Npra detect

Itching to Know:
2= - Why Do We Itch? - ¢,
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Nppb from sensory neurons and then confinue to
tfransmit the itching sensation to the brain. What is
important to note, however, is that Nppb and Npra
are specific to the itch sensation pathway, and thus
is a sensation distinct from pain.

How then, does our body relieve itself from this
sensation? The body's natural response to an itch
is the urge to scratch. Scratching produces a mild
form of pain that overrides the fransmission of the
sensation of itching into the spinal cord [4], resulting
in a femporary pleasurable feeling that relieves
the itch. What is not desired, however, is when the
brain releases a pain-controlling neurotransmitter
called serotonin in response to the pain generated
by scratching. While serotonin acts as a pain
suppressor, it can also affect itch-sensing neurons by
increasing the intensity of the itch sensatfion [5]. This
is why scratching sometimes simply makes things
worse and leads to a vicious itch-scratch cycle.

Having discovered the mechanisms involved in
ifching, scientists are now looking for a solution to
relieve this nagging sensation. The challenge lies in
the fact that Nppb is also responsible for regulating
blood pressure, while serotonin is involved in other
bodily processes. Therefore, simply suppressing
either of these chemicals would not be a practical
option. On the bright side, there are other factors
that govern the sensation of itching which have yet
fo be discovered, and scienfists are investigating
whether another type of neuron exist, which may
be part of the reason why most itches go away
after scratching [6]. Although this is still underway,
it is no doubt an interesting problem to think about
the next fime you feel an itch!

This article was edited to fit the needs of the Science Focus publication. &P "Rl i mMmE B L -
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Pe rh Q pS being accepted into

graduate school for physics at the tender age of
19 was a clear indication that Prof. Venkatraman
Ramakrishnan was destined for greatness.
Convinced that he had chosen the wrong field
half way through his Ph.D. and unable to see
what the future in physics held in store for him, he
made the difficult decision to switch to biology
after already obtaining his Ph.D. in physics — a
field that seemed to mimic the exciting phase
that physics was in, in the first part of the 20th
centfury. He refurned to graduate school to learn
biology from the basics, leaving behind all shreds
of the arrogance of a physicist but retaining the
tfranslatable knowledge he had gathered as an
applied physicist to his new field.

After his switch to biological studies, Prof.
Ramakrishnan familiarised himself with the
ribosome. The ribosome was first observed
under an electron microscope in the 1950s by
cell biologist George Emil Palade. However,
its cellular role was not well understood at the
tfime. A cell organelle universal to bacteria,
eukaryotes and mitochondria, the ribosome has
the fundamental role in deciphering translation
of genetic information fo create proteins. In
addition to reading RNA, ribosomes also have the
vital task of linking amino acids together — what

%iEeE —
XEEH2 - HER R R
The Ribosome with

Prof. Venkatraman

Ramakrishnan

By Cherry Chow B £&

was previously thought by some biologists to be
the result of proteins linking themselves. Merely a
speculation for decades, the result of solving the
structure of the ribosome confirms its essential role
in protein synthesis. In Prof. Ramakrishnan’s own
words, it is the building block essential to all of life;
and everything made in a cell is either made by
the ribosome or by enzymes that themselves were
made by the ribosome.

The road to deciphering the ribosome was
not one without fribulations. Ribosomal structure
consists of a large and small subunit that fit
together in operation. Prof. Ramakrishnan and
his feam were able to obtain crystals of the
ribosome subunit but not of the small subunit. To
complicate matters, the crystals were prone to
radiation damage from their methods, and larger
than anything that they had solved previously.
In addition, trapping the entire ribosome in its
precise functional state was an arduous and time-
consuming process. However, their perseverance
paid off.

2009 marked the year that Prof. Ramakrishnan
was jointly awarded the Nobel Prize in Chemistry
with Thomas A. Steitz and Ada E. Yonath for their
work in mapping the structure and function of
the ribosome, and decoding the processes at
the atomic level. Their critical role in the synthesis
of proteins is essential to life. Not only are they
important nutrients that help build muscle, but
they are the molecules responsible for almost
every molecular action in the human body. From
haemoglobin that circulates in blood, to insulin
that regulates the body’'s glucose levels. The



understanding of the inner-workings
of the ribosomes will help scientists
to develop new antibiotics that are

more efficient and more effective.

Life after the Nobel Prize has
remained virtually the same for
Prof. Ramakrishnan. He still rides
the same bicycle and lives in
the same house and joked
that papers or grants are just
as difficult fo get accepted
or awarded. For now, he
continues to work on the
ribosome. Its mysteries are far
from being fully deciphered
and with such complex
biological functions, each
advance opens even
more questions. "It is
unlikely that ribosomes
and the regulation of
translation will stop
being interesting during
my working lifetime.”

2 B2
Ribosome

AR —

RIE EAHFZEWREST
1 HLL Ej_’;T/TEE E’jﬁfﬁ%"
VIR

Y‘Eﬁﬁ%-m%%@,ﬁﬁﬁﬁﬁ% PL19 sl JE R 5P
BHUSEYIES SR ol IR E R B MM AS - FEBL
AETRER thEASECEYERIENRRAR BHE
BHES REENSHELEUE  FRETREBIORE  BREY
B2 — BEER20ECYNYIEEREREN BRI - thD
AMEREEBBEYE WNEBRNS R SRRAYES
KA ECEREM AP -

NE=8FEaEREYER NEF M ELIER
(ribosome) - 20t LS50 F MK AIEMERT A KM - 10
NEERSETEME SRESIIZERE -2 ERERTIBER
HAMER - Zigis2AmEn—& BRFENRHAR (bacteria) -
BEZ2EY) (eukaryotes) M4 (mitochondria) - FEEZEEE
SHESHENBREPEERUER - BR 7 EIZEZE (RNA) W
EEEN ZEEEaEEESER (amino acids) - FEILZAT AL
EMBRDUAEOEZBTEREN - S+ FRRERE A ETZIEEE
EEAEERPHEZER RERAZBEENEBIRAMSEFEE -5l
RIS EHEREMR ZREEMBAEmNELRAY ARAN—
YR iERS - SRR TR AVEE (enzyme) PRHERY -

BT ZEENBETIE—NRIE - ZEEEEEEFREEREN

NREB - NS EETE AR MM EREY S AN ZERTER

BB IE/aE R /N EREESRAERERANDZERHNIER MBGBE

EEEEMPS K RIENERES EMREEEHM - IHI - ErEEHE

BIRINBEA BE (functional states) W E{EZIEEE—IEEREM
FENBERE - R MAENEESE TR -

2009 - MR B MmARME T - ERXMNE
Z A3k EREEREERE . DIREMMEZERNE
BRITNEEIRZE - AINMTE D FAKF LB S LEB12 - /20

BEESRESRBETERRIER SEEmLE ~ME2
BENEEENA - MR PHIMAES (haemoglobin) -
FASBEEREKENEER (insulin) - ZiE2aE AR
NETFE—E2 FIERNEE  RATRZIERIEE.

BANNERRBEERSYUMBRNH—NER-

NE=EMEIRERR £RMWRBARNE a2
BER-—WMBETE FER—FEF - thEMRRKR - iR
ESRFEEZERIM B E RN E - IRIT A B E TR
EWER - ZEEEANILERNENEEE B
THRME EVERNMREED  ZiEREH
S EHRARAIRE -



S I n Ce the development of the modern

optical microscope, we have been limited to
viewing microscopic objects at a resolution of
roughly 250 nm. Even with a perfect microscope
— that is, one not limited by lens imperfections or
alignment issues — for a while it was thought that
we cannot bypass this diffraction limit, which is
half the wavelength of light. The diffraction limit
is enough to examine most biological cells but
smaller biological components such as viruses
or proteins lie outside of this range. Attempts to
circumvent the diffraction limit have involved the
use of shorter wavelengths such as ultraviolet or
X-ray but these rays can damage cellular matter
and thus are not entirely suitable for biological use.
The development of super-resolved fluorescence
microscopy, however, has taken microscopy to the
next level.

In 2014, Prof. William E. Moerner was recognised
for his work in the development of super-resolved
fluorescence microscopy with a joint Nobel Prize
in Chemistry with Prof. Eric Betzig and Prof. Stefan
W. Hell. Currently serving as the Harry S. Mosher
Professor in Chemistry and Professor of Applied
Physics by Courtesy at Stanford University, Prof.
Moerner holds, impressively, three bachelor’s
degrees and a Ph.D. in physics.

The development of super-resolution involving
single molecules began in the 80's. Working
together with his postdoc, Lothar Kador, at IBM

Research in San Jose, Prof. Moern_?y«os the first
,

person to optically detect a single molecule,
through the use of laser frequency modulation
spectroscopy. In 1997, they observed green
fluorescent proteins (GFP), which exhibit bright
green fluorescence if exposed fo the lower
wavelengths of the visible light range and
subsequently discovered that GFPs can blink and
be optically switched.

His award-winning work has revolutionised the
visualisation of objects on the nanoscopic scale.
Optical study of single molecules and molecular
mechanisms of living cells have become possible
due to the development of super-resolved
fluorescence microscopy, expanding microscopy fo
nanoscopy. In our interview, he explained that the
structure of interest is first labelled with fluorescent
dyes. Then these single-molecule emitters are
viewed under conditions where only a few are
emitting at a single time via photoactivation,
for example. The positions of the emitters are
pinpointed, which continue over some time, where
the single points of light allow sampling of many
positions of the structure, until the full structure is
constructed. The end product is a computational
image formed with tiny points of light.

In the past, scientists were only able to study
many molecules simultaneously and take an
average of all those results. Super-resolved
fluorescence technology has enabled the study
and image single molecules, allowing for much
more accurate and detailed information. “If we
can watch them one by one, then we can learn
much, much more”. Prof. Moerner’s current work

Further reading

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2014/
popular-chemistryprize2014.pdf

http://jcb.rupress.org/content/190/2/165.full. pdf+html
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focuses on exactly that. They attempt to extract
more and more information from a single molecule,
frack its activities and image them intfo many new
avenues of science.

Since winning the Nobel Prize, life has been
more or less the same for Prof. Moerner. However,
his monthly trips have increased to 3-5 times a
month, with invitations to speak both domestically
and internationally. He manages these new
engagements and confinues his research
simultaneously, having to be very cognizant of
fime management.
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Quiz 8 — 8

. Which type of birds are the only birds that can distinguish the
colour blue?

DTRHESRIUDIWER

a. Owls 5 GEI RS
b. Blue Jays EMIS
c. Sparrows Jiii €&
d. Hawks i

. How long does it take for light to travel around the Earth?
NHIRBHWIKE—BEZA ?
a. 1.02 seconds #)
b. 2.1 seconds )
c. 0.52 seconds
d. 0.13 seconds )
. How many bones are humans born with?
ABXEBZAHOIRBE?

5. A ship anchored in a port has a ladder which hangs over the

side. The length of the ladder is 200cm, the distance between
each rung is 20cm and the bottom rung touches the water.
The tide rises at a rate of 10 cm an hour. How long will it take
for the water to reach the fifth rung?

FEOEFEBY — i - IRBERS - R200EXK @ Bk
BREERZ20EX @ RERBIBREEKE - YT L
FI10EK - REZREHE - SARBERMSHEKER ?

. Car 1 started from Point A towards point B. At the same time

Car 2 started from point B towards A. They crossed each
other at point C. After which, Car 1 reached point B in another
9 hrs, and Car 2 reached point A in another 4 hrs. If both cars
maintained a constant speed throughout the journey, and
the speed of Car 1 was 36 miles/hr(mph), then what was the
speed of Car 2?

1SREBEAREEIBES - BT  25%EEEHBRRIARS - MEEFECESHE
3B e 2%+ 1SR YME/NTEIEBE - 257 T 4E/NF

a. 199 ESEARS - AR MEREER LHVRERFAE  MI1SREMN
b. 206 REEE/NEFG RE - BREFENREEZA ?
c. 254
d. 300
4. True or False: the second most lightest material on Earth is a
P . BHYSENE Ju/soIw v
EEE MWK EE_RENOMERE—BEE - o B BNV EH  FHAREIRIDIENDYTH o N
a. True 2 ‘BunJ Y 8y} Yool J9ASU ||IM
b. False 3 J3JDM B} OS JDO( BY} PUD JBJOM B} Yiog SBSIDI 9pl} Y| JoASN
‘Dp’p D EL SIemsuy
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