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Message from the Editor-in-Chief F4RHJaE

Dear Readers,

Welcome to the latest issue of Science Focus. This issue marked our first
major collaboration with an external party, the creators of the very popular
Japanese comic series Cells at Work! We hope the animation programs and our
article will motivate you to learn more about how blood cells keep us alive and
kicking. We also cover the intriguing chemistry on products that we put on our
skin. On physics, we present a lighter freatment on quantum mechanics. Finally,
many of you have learned the Pythagoras theorem. But as a mathematician,
was Pythagoras always right2 Please head to the Science in History section for
answer.

We encourage you to continue visiting our social media pages on
Facebook and Instagram. Earlier this summer, we have identified the first
winner of our Instagram Photo Competition. Congratulations to Fontaine
Gibbs from the German Swiss International School. Her interpretation of neural
development as being “green” really stood out. Please stay funed for our next
round of competition!

Finally,  would like to wish you success in the new school year. Stay curious!
Yours faithfully,

Prof. Ho Yi Mak
Editor-in-Chief
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PENING IN HONG KONG ?

Fun in Fall Science Activities HENREBEEGE

Any plans for this fall? Check out these science
activities! R ERARKRNEFEETIS ? AIGERBLITEE) !

Wonders of the Moon BE%HE

Did you know that corals spawn according to the s 5 T T [ 3 | 22 45 o 8
lunar cycle?2 Want to know what “blood moon” and E’:Z%Iﬂﬂﬁﬂm%yﬁf’v\)imﬂ"g\'?’af‘ ‘;iﬂ
“super moon" are? The Hong Kong Space Museum will SEEZMA .M BEFARE. ?EELZRNE

show the astronomy movie, “Wonders of the Moon”, EHRANXEBEE (ARHFE) - ELRFINARTREE
which unravels every aspect and the science of the p—EMESENRIE-

mO(E)n.T Seniember 2l 2019 (Saturd HER: 20199H21H (£58X)
ate: September 21, 2019 (Saturday) R TFABESH

Time: 4:00 PM to 5:00 PM S ———
Venue: Lecture Hall, Hong Kong Space Museum BB ERRIE
i RBEAR, BES (EMUTXER)

Remarks: Free admission. Narrated in English
with Chinese subtitles.

Becoming Jane - Inspiring a Shared Planet B2 hfERYERENE

e o Tyl BARMLAESNEAIARASIAS.
observing the behavior of chimpanzees in her early ﬁtﬂ{-EEE‘%?EyEH%%EJE?WMﬁ?%E?;E’qﬁ:‘,%ﬁﬂ
career. In recent decades, she realized the damage Bt RO+ FHAREHBA BT HIRTIEMR

caused by human activities to the environment, and  HHE AWM ORABARIREBBNEEMY -
therefore devotes herself to educating the public about o e . _
the importance of environmental protection. EREFMBBNERREUL DT ABLR

This interactive exhibition in the Hong Kong Science RAZHRBELFHEEMNORBLR . DRME
P2 Museum showcases Dr. Goodall's early scientific BERESANES - EHEELEALHBES
% discoveries in the jungle, as well as her contributions to =/ EEE 7T TEEASEE FAEERIEY

environmental conservation. The organizer especially —HA-

hopes to encourage the teenagers in Hong Kong fo put

the idea of environmental protection into practice. R BIH22019%1072H
Date: Now — October 2, 2019 ey HEENSRM NREE

Venue: G/F Exhibition Hall,
Hong Kong Science Museum

Winter Games KREF)KEE

Did you yearn for winter during the boiling days? - FESRS e o
R STk 1 O T 2 < KA ARES ?
The Hong Kong Science Museum is now ready to BRBETOREHR T =L A5 7

provide you with the experience of many winter sports! BENBHECEAELBRLFENTEIRRA! £
The “Winter Games” exhibition features 20 interactive FXKEG, REBRZRBEFIIK KEE_THEERE
exhibits, including ice hockey and curling. You can learn & . SfRipieEs s IDBE SN ER - TRSIEEEIFE

the history, rules and scientific principles of those sports, S BRI AEE . LR B S SR B
while experience being a winter sports athlete. = \ o

Date: Now — October 16, 2019 =1 BIAZ2019410516H
Venue: Special Exhibition Halll, e

Hong Kong Sc|ence Museum ﬂi’;%ﬁ . %5%*4%@&1#%1%%% =




The
Square Root of Two

— at:'the Cost of a Life

OUr life is surrounded by numbers, to be more
specific, integers. "I have 3 courses today.” “Apples cost 15
dollars per 2 kilograms.” In the latter case, 1 kg of apples
costs 7.5, or 15/2 dollars. This kind of number expressed as
ratio of two integers are called rational numbers. Research
shows that integers and rafional numbers actually came
from daily life's counting. They were just symbols invented
by our ancestors to make records of the amounts of
objects thousand years ago.

Around fifth century BC, ancient Greece. Pythagoras
of Samos, a famous mathematician and philosopher, set
up the so-called Pythagorean School. Influenced by
religious and daily experience, his theory stated that
everything in the universe is made out of natural
numbers. And ratio can be used to express
the relationship between any two things —
from the rules of planetary motion to the
arrangement of musical notes [1]. Scientists now
believe that the Pythagorean scholars arrived
at this thought based on their belief that there are
infinite number of rational numbers. Accordingly, it
is reasonable for Pythagoras to make the assumption
that an infinite amount of numbers is enough to describe
the whole world [2].

A question about this was quickly raised by Hippasus
of Metapotum, one of Pythagoras’ students. He noticed
. that the length of diagonal of a square, of which

X/ é,s each side has the length of 1, might
o N = not be represented by ratios

2 (4 of two integers. According fo
\ Pythagoras' own theory, this
~ number should be equal to

! 7 the square root of 2. Hippasus

== fried hard to express this

/ number as a ratio of integers,

- but in vain [3]. It was the first

fime that someone noticed that

Pythagoras might be wrong.

Hippasus then fook a bold

move. Instead of giving up on

this annoying number, he tried to
prove that it didn't equal to the ratio of
any two integers.

Although we don't know
much about his method, most of

- A

mathematicians believe that he actually succeeded. The
proof itself was not ftoo complicated as any undergraduate
student in math can proof it nowadays. But for Pythagoras
and his followers, the result was unacceptable. This
discovery did not only prove that Pythagoras' concept
of “all'is (rational) number” was wrong mathematically,
it shook the philosophy behind his entire explanation of
the world. Pythagoras thus ordered Hippasus to keep this
result-as a secret. But Hippasus was too excited to be quiet
—imagine a physics student rigorously proved that Einstein
was wrong (in math nothing counts but rigorous
proof), it must be impossible for him to not
tell anyone about his breakthrough. The
wrath of Pythagoras burst out when
he knew Hippasus “revealed” the
result fo some of his close friends. It
is generally believed that this young
student was then condemned to
death by being thrown overboard
during a sea voyage [1-4].

The murder did not seftle things
down. Not long after Pythagoras' demise,
the idea of irrational numbers quickly took its
position in the world of mathematics. Not only in Greece,
mathematicians in India also discovered and announced
the existence of irrational numbers decades later. Euclid,
one of the.most important mathematicians in human
history, proved V2 is irrational in 3@ century BC, which was
recognized as the first formal proof of this result by modern
mathematics [1]. More complex irrational numbers were
discovered and carefully studied since then. Important
irrational numbers such as m and e, nowadays play an
important role in mathematics study and research.

Although the details of the work done by Hippasus
is not clear today, mathematicians still consider him as
the first one who discovered irrational numbers. He was
admired not only for his work, but also for his spirits of
curiosity, perseverance and questioning the authority,
which is precisely the soul of math. As for Pythagoras,
on one hand, mathematicians are grateful for his job of
clarifying the system of rational numbers and some famous
results in various disciplines of math. On the ofther hand,
his arrogance, refusal to new ideas and being terrified
to admit ' making mistakes are considered to be the most
harmful characteristics for not just mathematicians, but
scientists in every subject.
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V3ER . "ERIS T2 AT L BER—K 1L AFTERM
E 7570 SFEM 15/2 T - BT LI E ZE B RILE A 2R TR R
NEMEREE HRRMA BHENAEHHEELERKA
BN TR BAR2RMAELRPN—LEFE RET
FRIARGCHDENHE -

ATHhAELER EaHE —URIMEESALE
(Pythagoras of Samos) HEZHEXRFEEREIL [
OBk — EEFHNHBIK - ZERALUKAB LR
NEE . thrERELEENESEYECRBEAEAEMN -
mECAIRITT B R EE MR 42 BRIEE % — %3
BRENAEE AFT/OEES (1] - BREEHRE E2ES
NN EZROUERENARINEEZERE—S
ER/UEMN -RHIt hERRBENHLEZHN AR E E T
BEHR HENWAEEE [2]-

AMERBERREIBF7- M T —RZUFERE
(Hippasus of Metapotum) B4 X2 (MR —1EE
AHNERS 1 EHARNREMUF L AR R SEMN
EZB A RS - IRIBEZFSFHEHTEIR (BIEXER) -
EEREEZENIRE 2 - I AERMRFTWMEIED - A
BEAREEMFRASHESAMWEES [3]-E2F—X
BAEHIZES NI OUREZEN - FIRRIATVLAR LN
BEEBRFOH; AR - R ERIEMENBRRTE 258
18 4 BE 42 F2 7 Bk A 1ol w18 22 2148 AR B EL 151 -

BEMERTANELNERE EASHENHER
HESEHRMRFMIN 7 EEHEFARKNWEPRNSCSEARS
HHBLZANENMEAR RMEER E—HRERE
SN EEEEMRRAGFERBEEERE - ERIRA
BHEEE LEE rRESUHTEVE(FE) BLAIER
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N OWO d Gys, touch screens

are ubiquitous in our lives. Everywhere we go, there's always a
touch screen: be it at the restaurants or directories or even in your own pocket in
the form of a smartphone. It's something we rely on every minute of our lives. It's
amazing how a piece of glass responds to your touch so quickly and accurately,
but have you ever given much thought to why and how it works as it does¢ This ‘
article will dive into the "how” and the "why" on the workings of the touch screen.

In fact, there are two commonly used touch screens. One works based on the
principle of resistance. The resistive touch screen actually contains two flexible
conductive layers separated by an air gap. The upper outward-facing layer is
coated with a thin, scratch-resistant material while the inner layer is braced against a

rigid layer, usually glass. When the touch screen is in operation, electrical currents run o
through these two conductive layers. When you fouch the screen, pressure is applied. i
This pressure dents the upper conductive layer momentarily such that it comes into 9

e |

contact with the lower conductive layer. This brief contact of the layers alters the
resistance in the area. Such a change in resistance is readily defected by sensors in
the touch screen and the precise location of the touch can be calculated. As such,
your touch is registered by the machine and the touch screen can be operated with
ease.
However, sometfimes these fouch screens refuse to budge even after constant
prodding. This is because older generations of this touch screen can only register one
touch at a time; if you press two different locations at the same time, the sensor will
be confused as fo where you are actually touching, leading to non-responsiveness.
Thankfully, newer models of the resistive touch screen have been upgraded to be able
to sense more than one touch at the same time.

The other type of touch screen relies on the principle of capacitance. To start
off, capacitance is a property defined as the ability to hold electrical charges. In
capacitive touch screens, the topmost layer is made up of a large network of tiny fine
wires that are able to hold an electric charge. This network of wires holds electricity at
all fimes. It so happens that human skin is also a capacitor. So when your finger touches
the screen, a minute amount of electricity is fransferred from the network to your finger.
This disturbs the original electrostatic field in the network, which is signaled by a drop
in voltage at that precise location. Again, this drop is sensed by the machine and the
location registers your touch to perform downstream tasks. As this type of technology
relies on the tfransfer of electricity from the screen to the human finger, it well explains
why capacitive touch screens cannot work when we touch it whilst wearing non-

conductive materials, such as gloves.

Comparatively, resistive touch screens are less costly to produce than capacitive
touch screens. As such, this has made the former more commonly used in society,
such as the touch screens at canteens or directories. However, as you may have
noticed, those touch screens are not as sensitive to your touch as your own
electronic devices. (You only need to compare the canteen ordering machine to
your own mobile phone.) This is because handheld devices usually utilize capacitive
fouch screens, which have a noticeably higher fouch sensitivity than resistive fouch
screens. And besides, capacitive touch screens have a brighter and sharper display
than resistive touch screens as the former does not have air gaps in between
layers. Due to these pros, capacitive touch screens are becoming more and more

popular.

So there you have if, the working principles of fouch screens. So next time you
play games on your phone or order food on a restaurant tablet, remember it was
the magic of touch screens that allowed us to perform such simple but pivotal

tasks.

[Editor’s remark: This article describes the two most common types of touch screens.
Nevertheless, additional, less widely used touch screen technologies exist.]
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The recent trend of long-distance running has
caused a lifestyle revolution of many Hongkongers. In
2018, more than 130 long-distance races were held in
Hong Kong [1]. Nevertheless, some environmentalists
concern whether the plastic bottles being disposed
of in such sporting events place a burden on our
planet, for example, about 920,000 plastic bottles
were generated in the 2018 London Marathon [2, 3]. It
is worth noting that recycling facilities are not always
available in large-scale events like the marathon.
Apart from the production of plastic waste, Lucy Ashe,
a British distance runner, suggested that the amount
of water provided by a plastic bottle is much more
than sufficient to keep them hydrated during the race
[4]. So, are there any better choices?

The edible water bottle can provide a perfect
solution to the problems. First invented by a Spanish
chef for the use in molecular gastronomy, scientists
have adopted this technique, called spherification,
to produce the biodegradable and fully edible water
bottle. The water bottle can be made from the two
edible chemicals, sodium alginate and calcium
chloride (CaCl,). As both chemicals are soluble in
water, we can first dissolve them in two bowls of
water separately. By adding drops of sodium alginate
solution into the calcium chloride solution, caviar-like
beads form — that's the “edible water droplet”!

Nevertheless, that is still far from being a “water
bottle” — the droplet is too small that the runners
probably won't find it satisfying. To make a bigger
water pouch, we can first freeze the drinking water so
that it becomes an ice ball comparable to the size of
a tennis ball. By dipping the ice ball into the calcium
chloride solution and the warm sodium alginate
solution sequentially, a chemical reaction starts, and a
soft membrane form around the ice ball. After the ice
thaws, it becomes the “water bottle” with
the ideal size.

What magic has been done by the solutionse Let’s
explore the chemistry behind!

It is clear that the membrane forms whenever the
solutions of sodium alginate and calcium chloride
come into confact. Sodium alginate, usually derived
from seaweed, is the sodium salt of alginic acid.
Alginic acid is a long-chain polysaccharide (a
carbohydrate), which contains many carboxyl groups
(-COO-H*). In sodium alginate, sodium ions (Na*)
with a single positive charge neutralize the negative
charge of the anionic groups (-COO-) instead
of hydrogen ions (H*) - forming a kind of sodium
carboxylate (-COO-Na*).

How about replacing the sodium ions (Na*) with
calcium ions (Ca?*), which have two positive charges?
Then, each calcium ion will bind to two anionic
groups (-COO) at a time instead of one. That means,
the two “hands” of each calcium ion (Ca?") can now
hold two long alginate chains of different molecules
simultaneously and join them together, which is
technically called the formation of crosslink. An
extensive network of molecules is therefore formed,
and it is not surprising that this large structure is not
soluble in water anymore - this forms the membrane
of the water bottle.

The biodegradable alginate membrane will
not burden the landfill sites even if you choose to
dispose of it, instead of swallowing it. While a plastic
bottle takes up to 450 years to decompose [5],
the film naturally breaks down within 4 to 6 weeks
[3]. Therefore, the edible water bottle can possibly
replace plastic bottles in major sporting events and
reduce disposable waste.

However, the novel container does have some
intrinsic weaknesses comparing to its
conventional counterpart.




For instance, the membrane is too fragile that it can
be pierced easily, making the pouches difficult to
tolerate the rigors during transportation. In addition,
the gel-like membrane degrades over time, restricting
its replacement of the plastic water bottle on store
shelves.

Recently, the edible sachets have carved out
another niche in restaurants, mainly for carrying
the sauces for takeout orders [6]. Let’'s be open fo
innovation, and remember that reducing plastic waste
demands our efforfs!
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ARk HMaALEB Mo hliaBREMmBIKE - BEEEEEE
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TEAKE.T!
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TO catch the tail end of summer, visits to the
beach and outdoor-activities. are.a definite must on
the list of things to do — and sunscreen is something we
often take for granted in situations like these. We are
offen simply told that the higher the SPF the better. But
what'does the SPF represent?

SPF stands for Sun Protection‘Factor. Most sunscreens

on the market have an'SPF between 15-and 50. Those"

that are higher than 50 have net been confirmed to be
more effective at shielding the skin:from ultraviolet (UV)
radiation. In addifion, no sunscreen is. 100% effective in
protecting the skin from-being penetrated. by UV. The
SPF-number gives a rough indication as to how long
the skin stays protected after application. For example,
a sunscreen with SPF 30 prevents skin from burning for
30 times longer than usual. It is important to note that
even high SPF sunscreens need reapplications fo ensure
sufficient protection.

You mdy have also noticed sunscreens being
advertised as “broad spectrum” — meaning that they
protect against both UVA and UVB radiatfion. But-what
are they?2 They-are the ultraviolet rays emitted by the
sun, which are categorized into three subgroups: UVA,
UVB and UVC.

UVA has a wavelengthranging from 315-400
nanometers (nm; i.e. 102 m) and accounts for 95% of
solar ultraviolet radiation that reaches the surface of
Earth. It can penetrate past the skin'intfo connective
tissue. and cause indirect damage to DNA fthrough
the generation of reactive oxygen species (ROS). The
energy within ultraviolet radiation gives it the ability to
“knock off" an electron from moleculées such as water,
resulting in a highly reactive and unstable molecule,
also known as a free radical. Their toxicity-to our cells is
due fo their unpaired electron. This'molecule can then
attack important biomolecules such as DNA, leading to

By

Chantelle Sullivan

BHEZ

the probability of obtaining harmful mutations in the

© skin'and connective tissue, which has:the. potential to

develop into skin cancer.

The second.type of ultraviolet radiation, UVB, with
a wavelength from 280-315 nanometers, does direct
damage . to DNA by inducing a bend or kink to the
doubple helix. It accounts for 5% of total UV radiation
that reaches Earth:. A majority is absorbed by the
atmosphere, but it is the main culprit behind sunburn.
This subtype of UV radiation also causes an increase in
melanin (a dark pigment) production by the skin-upon
exposure,

Fortunately, the:third-subtype UVC; with the shortest
wavelength of 100-280 nm,.does not pose a threat
against our skin since it is fully absorbed by the ozone
layer.

Sunscreens contain both inorganic and organic
chemicals as the main activeingredients to protect
our skin .against the sun’s'UV radiation. Most inorganic
chemicals act.as.‘a physical barrier and can reflect
the UV rays that hit.the surface of our'skin. The most
common types of inorganic chemicals used in
sunscreen-are fitanium dioxide and zinc oxide. They are
added to sunscreen in.the form of nanoparticles of 20-
40 nm. Their high refractive.index -coupled with their
ability to scatter both UVA and UVB rays makes them
the perfect candidate foruse in sunscreens.

On the other hand, organic chemicals such as
oxybenzone absorb: ultraviolet radiation and dissipate
it'as heat'which is“a rather. harmless form of energy.
However, such active ingredients vary in photostability,
which is their stability. when exposed fo UV. Therefore,
certain organic chemicals are prone to breakdown ds
they absorb UV radiation within their bonds. Because of
this phenomenon,-and to replenish the-sunscreen that
has been washéed away by water and sweat, it'is crucial

bosq mutations. Therefore, ROS generation can increase
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Did You Know? X AI3E 1% 2.

u'_m s.""olql"]dbmwmww carbon-compounds
that Usually contain C-H 6r.C-C bonds (e.: CHy, CH3COOH]
compounds usually do not contain C-H or.C-C

bonds {e.g.Zn0,Ti03),"although they canstill contain carbon atoms
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to reapply every few hours to ensure that enough

active chemicals are present on the surface of your skin
to protect it from UV damage.
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Introduction g

“In the human body, there are about 37.2 trillion
cells working 24/7 and energetically.” This informative
and inspiring prologue of the animation, Cells at

I‘ﬁ%! — \
Eﬂtb@mnemm

HRES

By Clara Tung E £ 18
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TEARA - KONA37IR2TREMR X _+H
N BARTMMETLF - EQREENE (TIFAME)
MRS EMRIE — RMSENESENRSBFEGHEST

Work!, suggested that every part of our bodies has to
“work"” coordinately, and some constantly. The vivid
visualization of the cells categorized by the adorable
characters has given us a clearer understanding of the
interaction and major functions of body cells.

aff AEEERMEMT(F EMNEEAYESM
BatT&EMAR ERMNEERETHEBAARNEE
EEMEMZENHEEER -

Meet the Characters & 1743
O

Defense BhiE Hemostasis 1t [

Transport E & @

In the Animation TEEED

» Energetic andresponsible in her job o BHRMIHBECHW TIERESRS
e Easily lose her direction o SRiEBEER

* Need fo go through the narrowest road and deliver

. 7= 40 B e T
oxygen to the corresponding “residents” which Tﬁi S;;K%Eﬁq(ﬁﬁﬁﬁ%%iﬂﬂgzgé | LR
represent body cells of various organs (Indeed, in e '_i;TJ,,AW‘ 1@@;1%?2‘%
reality, capillaries are super narrow that only one RBC G B RSN I
can pass through each timel) Bl

In Reality RE L
Background: =1

» Account for 45% of the blood components by volume [1] « #ZBEEFE  GMR KD W
e Color: Bright red when carrying oxygen; dark red when 45% [1]

not carrying oxygen - R BTERREHAG,; 8B

* Shape: Biconcave disc with no nucleus when mature EESSEZRAAE
* Each RBC contains 300 million hemoglobin molecules [2]. . psuk - prenfsa e ERY EEEA T
Each hemoglobin contains four hemes and the B B |

central iron atom in each heme can bind | . - N _ £ 8

== one oxygen molecule. Therefore, each ° ﬂﬁlﬂﬂﬂﬂz = ﬁmi1’f‘jﬁﬂﬂ§$5 iy
hemoglobin can carry four oxygen (2] MEBENAER7 TH=AMEL
molecules. zI% S EE M AT R PO HERF I
> Main function: ﬂEh/\%i .lﬂ? l{E]mIZIEEE
TLH HEZE D F -

)\T -“)~
ij | * Transport oxygen from lungs to cells
FEETNEE

N/

- K& —Lmﬁﬁiﬁﬁiﬂu s Fili)

@ Red Blood Call (RBC) ALMER



In the Animation

e Usually calm but won't spare the enemies
once he notices them

* When he senses the enemies, the sign with an
O-shaped pattern on his hat (receptor) will
pop up.

In Reality

Background:
* Neutrophil, the WBC depicted in the
animation, represents the most abundant
type (~70%) of WBC in the blood [3].
e Survive only for a few hours to several days in
circulation [4, 5]
* Usually the first cells to migrate to the site of
infection
e There are other types of WBC: eosinophil,
basophil, ymphocyte and monocyte
Main function:
e Kill invading microbes by ® phagocytosis
(engulfing and digesting), @ degranulation
(releasing anfimicrobial substances) and
® “neutrophil extracellular traps” (NETs;
throwing a DNA net with antimicrobial
substances to trap and kill the microbes
while sacrificing itself) [3]

In the Animation

EHED

. TRERLH;
—BRRMABNER
EHOTH

- ERBIMAFENRE BFLE
O EIZ=RIIR (258 ) Gt

RELE

=

s BEPEANAMK EORPZER
E2E (~70%) MR MmIkEE & i
BmEk [3]

- REEMRBERPEEENEEIER 4,5

- BREZE—(AEES R UNMAR

- BEEHMBENAMIK : BREMIK B
K- AR A BB IR

EZINEE:

 BBOBIEIER (FRRHBE)  XBHIER
(BRAMEYYE) Mo "EP A MK
iR 4%548 1 (neutrophil extracellular trapssg
NETs; RS BRMEN M ENDNARLIHE
WRISEMEY ERBBUHES ) RBITEAR

RRED [3]-

. ) . ; : EEER
* Petite and adorable; depicted like a little I L
girl o 1B/\OE; HiEs /
« Tools and equipment: a yellow “no &I\ e
entry” flag, a whistle and different repair  « TEMZEE : S@H TREEA L EE BT ’/
materials MARM B /

§ In Reality RELE
Background: = ) j
+ e moled toadcal wih aconels gy, wmazswk e | |

- ° =% KB 1R H9209 (A8 3
of RBC - that's why they are depicted as ;:gégﬁﬁ £r920% LB
children) E"‘E‘ 5)

¢ Not a frue cell, but cell debris without
nucleus

* Produced from the fragmentation of
megakaryocytes (a large nucleated
bone marrow cell) [6]

e Can be stimulated by the breakage

in blood vessel wall

? Main function:

e Partficipate in the formation of
blood clot to stop further bleeding
and invasion of pathogens

Based on the manga “Cells at Work!"” by Akane Shimizu originally serialized in the monthly SHONEN SIRIUS magazine published by KODANSHA Ltd.

©Akane Shimizu / KODANSHA, Aniplex, davidproduction
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In the Animation

¢ Depicted like an elegant young lady,
but contrary to her appearance, she
has a great ability fo beat and Kkill
invaders with her large weapons, such
as mallet.and axe.

e Be the teacher of erythroblasts
(immature RBCs) in the “red bone
marrow school”

In Reality
Background:
¢ Differentiate from monocyte; mature
info macrophage after monocyte
leaves blood vessel and migrates into
fissue
Main functions:
* Kill pathogens by phagocytosis
e Help recruit other immune cells in
an immune response.
e Support the development of
erythroblasts

In the Animation

HEEIES
. WTA%@ﬁ%mﬁ~ﬁﬂ%%%ﬁ
W2t ES RN ERE
mEERAAREES MR AEE
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s ETASHER, DRMA
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¢ Obnoxious and irritable

e Look like a muscular soldier and
involve in hand-to-hand combat to
exert control

In Reality

Background:

e Differentiate in bone marrow and
mature in thymus

Main function:

e Bind to cancerous or infected cells
and kill them. One way is to release
proteins that poke holes on the

plasma membrane of the target
cell.
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Case Study @ =Z iR

The Red Bone Marrow School — Macrophage and BB — EIRAMMFNL0AT MK
Erythroblast
The functions of macrophage are not merely about BRI ZABANREHRAM TEALND

the immune defense in our body; macrophage also 4} (erythropoiesis; BIAL MERAIALE ) Pt #EZ RS IER -

plays a critical role in erythropoiesis, in other words, RBC o e i 2= @i
development. In episode 6, the process is depicted as EEARP SBRRAMAR HMHKARE ., - LR

the “schooling of RBC". Let’s focus on the following two  HPMEZEZEMZ:
important concepts mentioned!

The First Concept: Macrophage as a Teacher of RBC S — : AL FRAGZ 6N — EMEA AL

* What is the "school of RBCs" in reality? « HED AIMBKIER ZITEE?
The “school” in the animation represents the red bone FETW TER NRASEE  BERAMIKERAIM TS - FEAT
marrow, where RBCs are produced. In the red bone B H—LTEA THAAME, (erythroblastic islands)
marrow, there are structures called “erythroblastic islands” i s ot D o
where many erythroblasts surround a central macrophage. &R ASNAMKEESERFZE MR PROEEAME -
The central macrophage is similar fo the teacher at school hRERAENEEENRERENEN EREEREEETH
and it nurtures the nearby erythroblasts. [7] YRAT IR [7] -

* What exactly does macrophage "teach" erythroblastse

- BEAERR EEE "HE L AT MmEK ?
It is suggested that macrophages actively assist in the IS =

development of erythroblasts by providing iron (recycled A RREERARE B BENALMIRE R E (E2ENZE
from the aged or damaged RBCs) for heme synthesis [7, 8]. AL MK P EIRSHRN) - HESRMAZ A - #MmiERizg e

They also provide proliferative and survival signals to the e = . - -
erythroblasts, and are involved in erythroblast enucleation A MIKEIEE [7, 8] TRERDAMIKIEFIBENERE

[71. 5% - WS BIMAT MIKRIFRAZBIE [7] -

Lk

. -
&

The Second Concept: Erythroblast Enucleation #E2 _  4hAL M FRAY AR #%
e How does macrophage help with the erythroblast o Bl ABaaIa E BhINAT M EL R 1Z ?

enucleation (removal of nucleus)?

2T MK A = 1 ZT [MEK! HAARZ %
In the final stage of RBC maturation, erythroblast has to e

expel its nucleus, and macrophage helps phagocytose AR AL HMRY (7]  EBEP EREEN—ER
the expelled nucleus [7]. In the animation, this is depicted FEEE  ZhBARHENEEE FMEIKWEED (ERAR)
as the graduation ceremony in which the fur balls i

on the students’ berets are removed by the teacher

(macrophage). - KBTI EZ L ZITE?

» What is the importance of the removal of nucleus? [RiZ1E A MBKEEARBINMIEZRBMNESMAER - Fitball
After enucleation, RBC will have extra capacity for more JEREZ S - TIE AL M EKE B B4 0 V][] 82 4R - 3@ 8
hemoglobin, and hence, more oxygen. It also allows RBC a = cr e 5= o kS A DL 7 4 N g e
fo furn intfo its distinctive biconcave shape which facilitates %ET%Ei&ﬂgﬁ%ﬁttj\%ﬁﬂﬁt%”ﬁu\’“ﬂiﬁ@qﬂ/b\ﬂﬁ{}%ﬂ%ﬁ%ﬁ ,fﬁ
the diffusion of oxygen by increasing the surface area fo EERWIEHEL - IS - EMAMAMIKEERENHMNE - W15
volume ratio and shortening the diffusion distance from DEREE -

outside to the center of the cell. Also, it allows RBC to
squeeze itself in order to travel through the narrow blood
capillaries all over the body.
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shear flow. Proc Natl Acad Sci U S A. 2012;109(51):20808-20813. doi:10.1016/].i.2011.04.009
doi:10.1073/pnas.1210236109 [6] Machlus KR, Thon JN, Italiano JE Jr. Interpreting the
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ph11040137

Based on the manga “Cells at Work!" by Akane Shimizu originally serialized in the monthly SHONEN SIRIUS magazine published by KODANSHA Ltd.
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If office ladies are asked to put only one cosmetic
product on their faces, many of them will choose to
have lipstick as it drastically increases the redness
of their lips, making them appear more vibrant. To
produce a high-quality lipstick, a variety of chemicals
are specifically chosen in the formulation to achieve
the desired texture and color.

Beeswax and cocoa butter are two of the most
commonly used ingredients in lipsticks that together
make up the bulk of the product. Lipsticks need to be
soft enough to slide over our lips but stiff enough to stay
infact during their application. A group of scientists
investigated the effect of varying the proportions of
these ingredients: they found that hardness depended
upon the amount of beeswax and spreadability
depended upon that of cocoa butter [1]. Thus, having
the right ratio of these two ingredients will give the
perfect lipstick.

The secret behind this "golden ratio” lies in the
chemistry of these two major substances. Beeswax
is largely consisted of saturated esters!, such as
friacontanyl palmitate (Figure 1). In this beeswax
ester, both components feature long and saturated
hydrocarbon chains (a C,, alcohol? & a Cis acid).
Cocoa butter, on the other hand, is mostly made up
of triglyceride?® (fat) molecules. A common friglyceride
in cocoa butter (Figure 2) features palmitic acid (Crs,
saturated); stearic acid (Cis, saturated) and oleic acid
(C18, monounsaturated).

The hardness of these substances at room
temperature is linked to their melting points. Melting
point is the temperature at which the molecules
have sufficient kinetic energy to break free from the
intermolecular forces holding them together as a solid.
The strength of the intermolecular forces in this case, lies
within the molecules’ ability to pack fightly: since the

Behind the Transformative Power

of Lipsticks
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Figure 1. Triacontanyl palmitate
BEl— tw1EE =105

closer they can get, the stronger the
attractive forces they could then exert
onto each other.

In the cocoa butter triglyceride,
the presence of oleic acid’s cis-double
bond in one of three “arms” can
disrupt molecular packing with a rigid
“kink”. You may imagine this as the
froublesome irregular block in the Tetris
game. Whereas the saturated chains of

EE"StEA B EREME
FEMREENERE BEFEZZHF®
AR ' BINREE =R (E—) B
B P E 48 7% B0 2 &R A 1R R Y B A ik = 82 -
(DRIRCyEE2MC e B) -S5—HE:-
ojolE X ER=BHEH 3 (JE) o F4AE
- —RBERROUMEN=HEH(B_) P=AinEE
(Cic EBFNAERRER ) ~ FEPEEE (C s BBANAENAEE ) RUMEE (Cyg
BAMMAEIE) -
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Figure 2. A common triglyceride of
cocoa butter
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the beeswax ester molecules allow them to pack tightly
together in a regular manner, thus giving a harder
structure.

In mixtures, a sharp melting point is not observed,
but they tend to gradually soften and melt over a
temperature range. The correct mix of beeswax and
cocoa butter is a complex mixture that would be in a
partially molten state at room temperature, making it
just soft enough and neither rock hard nor a puddle.

Color is another important characteristic of lipsticks.
Back when synthetic dyes were not yet known, people
could only look to nature for the colors they desired. The
major red pigment used back then (and nowadaysl)
was carmine (also called cochineal, carminic acid,

Lipsticks

fir48(RCOOR") 2L E(OH) A E(COOH)
MEMARNEY, TR FREREBEERE
(coupling reaction) KA FEREL -

2 C3ofe2iEtiE (NEKRER) PEA30EHKRER
FHIAS -

3 —EBEHHTEEE AN BETEND
var~=pi:| —BEEC3ER EAE=EXEMN=T
£ (triol) ; =@E#RB Y FEIIUSEAEGSE
=g (triester) -

E120 and CI 75470). This blood red dye is extracted in a
literally bloody process, by grinding the dried female
cochineal insect, Dactylopius coccus, which live as
parasites on cacti [2]. | believe it may scare many of you
that what you are applying onto your lips were made
from crushed insect bodies. Besides, although carmine
is widely used in cosmetics, it has been known fo cause
allergic reactions in a very small number of people [3].
Luckily, there are also carmine-free products available
in the market for vegans and people who are allergic
foit.

A more recent pigment used in lipsticks is eosin,
which creates a long-lasting sharp red color only after
application because it reacts with amine groups (NH,)
present on skin surface proteins [4].

Color-changing lipsticks are recently in fashion and
they rely on color-changing chemistry. Some of them
employ color masking, in which an originally light-
colored dye (such as eosin) would be initially masked
by a darker pigment so the lipsticks do not appear

Behind the Transformative Power of

HE ERFENeRGRETE! ) @MWAEAL (carmine
TN R PE 22 41 (cochineal ) ~ BRAS AT B4 (carminic acid) »
E120 8, Cl 75470) - 5@ MAECERENRESXEER
MAE - 3B 23538 E Mtz 7 /Y M M A A5 282 Dactylopius
coccus (—TEIIAZ LT £ ) RIBEW [2] - RBR

AnBECBEERERSRRERUNERMEE —4#0F
B2 IEH —12 EAMBBAKEZERARN b mE B2
—INEBAWAEESSHRAEASK (3] -FF IREME L
DB LEAZHBEANERHEARZTEEERSE (vegans)
MEREER-

S—RROPAREEENERERA (NBEA) -
EAEZBEKBERAEAENEE (NH,) BELCEER -
REZHRBRBEBANEACEN [4]
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red at first. Some may use humidity to trigger a color
change too: for example a colorless dye, Red 27, turns
pink after reacting with moisture on the lips. Another
popular variation, known as “mood lipstick”, uses pH-
sensitive dyes. As the pH of the lips could vary due to
different physiological conditions (e.g. stress, hormonal
fluctuation), a “personalized” red color would appear
on the lips [4].

Apart from organic colorants, inorganic compounds
are also used. Iron () oxide (Fe,O,) is often added to
lipsticks — the hydrated form of which (Fe,O5;xH,0) is rust
as we commonly know it. Commercial colorants’ shade
can be tuned by controlling synthesis procedures,
giving for example, iron oxides with a wide range of
colors. The use of iron oxide colorants is a much safer
and environmentally-friendlier choice than many
organic dyes.

Understanding what is inside a lipstick is very
important as a smart consumer. Next fime when you
buy a new lipstick, remember to check the labels first!

Gt B oo 3 5z )

ENER (HNPFPA)  EIE LEENEERNZAL
e-NALEEELRESIZEE [EMBERER 4. 27
T EEEE LN KDEEFREZERNAC EF5—
BREN#E, —"VVEEE. LT HRRESRN
EX BHREENERBEZRRARAREENR T (B1F
BN -EWESNERE)ME . "0EEE. UED
BAENESE [4]-

BRrYERBERN UEHERAEKREH - &8
WERESE LNARIEHE () (Fe,0;) - HEARE
RAFMEHIKETR (Fe,0;xH,0) - BIEEZERAIHE -
BEARSHNEHETLUEBEH SR T IR E R
BHRNBMEARRBRHNAEE - LA tEERAEE
ZIEABEHACHEZENRERVEE -

ERBIHIEEL TREEETPHNANIZTIEER
K- M RBEWEER 2 BLERTREDIT!

1 Anester (RCOOR’) is a condensation |

product (meaning that H,0O is lost during
\\ .

\ -

the coupling reaction) between an alcohol
(OH) functional group and a carboxylic acid
(COOH) functional group.

2 Cjpalcoholrefers to the alcohol that has
a carbon chain (or known as carbon
backbone) with 30 carbon atoms.

3 Atriglyceride molecule is also an ester, but
here the alcohol component is glycerol, a
triol with three OH groups on a Cj skeleton;
thus three carboxylic acid components will
condense with it form a triester.
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Introduction

Imagine if we were casted a spell and shrank

to the size of an atom, we would see a completely
different “quantum world” that cannot be
explained by common sense. How bizarre it could
be? Let’s discard our common sense and dive into
the realm of quantum mechanics.

Double-Slit Experiment & Wave-Particle
Duality - Is It Wave or Particle?

Whenever we talked about quantum mechanics,
we must mention the iconic double-slit experiment
because it directly demonstrates the strangeness of
quantum mechanics.

Let’s assume that we use an electron gun to shoot
electrons one at a time to a wall at random angles,
and the electrons have to pass through any of the
two narrow slits before arriving at the wall. On the
wall, there is a screen to accumulatively record the
locations where the electrons hit if. If we let the electron
gun operate for a while, what pattern will form on the
screen?

According fo our common sense, we should expect
the pattern shown in Figure 1:

The electrons that pass
through the slits form two
straight bands on the wall -
perhaps this is what we have
expected. This prediction is
still correct if we shoot objects
with the size of a fennis ball
or a bullet. However, this is
not what actually happens
if we shoot tiny particles like
electrons and photons.

The pattern that actually
forms (Figure 2):

The electrons seemed to have curved around the
tfwo slits and arrived at the positions that we didn't
expect. An orderly stripes pattern formed. This pattern
is super familiar to scientists — it is created when waves
(e.g. water waves) pass through two narrow slits due to
its property of interference, like in Figure 3.

Ll

QUANTUM
MECHANICS

— YOUR EYES CAN KILL
SCHRODINGER'S CAT

This implies that the gunshots that passed through
the double slit were waves instead of particles.
However, we clearly know that electron is a particle —
when one electron was shot, we could only see one
signal on the wall. But when the signals accumulated,
an interference pattern was shown — did the electrons
suddenly furn info wave when passing through the
double slit but become particles again before they hit
the walle

Scientists at that time were confused by this
ambiguous phenomenon because it could not
be explained by classical mechanics. Later, they
realized that electrons can simultaneously possess
the properties of wave and particle. In other words,
they show wave-particle duality!. Electrons may
display the characteristics of wave and/or particle
depending on the experimental setting, but both
kinds of characteristics
can't be fully shown in a
single experiment, e.g.
the patterns in Figure 1
and 2 can't be shown
simultaneously.

To further add mystery,
observation itself can
affect the experiment. The
pattern shown in Figure
2 only appears when we
are not “observing”. If we
monitor the path of each
electron and know exactly
which slit they pass through, the pattern in Figure 1
forms. On the other hand, if we are not “monitoring”
and don't know which slit will the electrons pass
through, all the possibilities will superpose to form the
resulting pattern in Figure 2. This is like a classroom —
when the teacher is absent, the students can either be

Figure 1 [E—
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studying seriously or messing around; but when they
realize that the teacher is watching, they will all be
good kids.

This is bizarre, isn't ite Not really, some explain this
phenomenon with the analogy of the ambiguous
image, “My Wife and My Mother-in-Law". In this drawing
we can see either a young lady or an old woman
depending on our perspective. The drawing itself has
both the young lady and the old woman drawn on it,
but it is our observation that obliterates the existence of
either one of them.

Superposition & Wave Function
Collapse

Imagine if the students are noft intelligent enough to
play and study simultaneously, they can only be 100%
playing or 100% studying. Then, no matter whether the
teacher exists, they are either playing or studying — this
is our common sense in everyday life. However, if the
students are extremely tiny particles like electrons, you'll
have to abandon all your common sense and embrace
a totally different reality. Before we observe these “tiny
students”, we can’t say whether they are playing or
studying but they are in a state of “superposition” of
playing and studying — perhaps they are a piece of
dark cloud, an enigma, a pixelated image, or whatever
strange things that is difficult fo put intfo words. It is our
observation that forces them to display the state of
either studying or playing.

In quantum mechanics, this phenomenon is called
“wave function collapse”. In the microscopic world,
since each particle has the characteristics of wave,
we cannot specify the locations of them. “"Wave” is
throwing a dice with many faces: each face of the
dice is labelled with a position where the quanfum
may appear when wave “tfransforms” info a complete
parficle. If we add up the possibilities of all the locations
where an electron may exist in the next second, the
sum is always equal to 1, i.e. 100 percent.

Let me explain it with another analogy. In 2 p.m.
(which is within the school hours), at a school in the
quantum world, students always appear simultaneously
in the classroom, laboratory, playground, medical
room, washroom, etc. However, if we keep an eye on
a student, the “clones” of that student will disappear
and the student will be forced to only appear in one

place. As it's within the school hours (and the students
are supposed to be having a class), the student is likely
to be in the classroom: say, 70%. But they can also
be having a laboratory session or PE class, at a lower
frequency: say, 20%. Other uncommon places that they
may exist are the medical room or the foilet, which may
add up to a possibility of only 10%. So, when we start
to “observe”, the dice stops, and there will only be one
possibility — although the original possibility may only be
10%, if the dice stops at “medical room”, the fact that
the student is receiving medical tfreatment becomes
the 100% truth. And this is the collapse of the wave
function.

Schrodinger's Cat

Here, we hope to cast light on the famous thought
experiment, “Schrédinger’s cat”. In this thought
experiment, a cat and some radioactive substance
are put info a black box such that nothing can be seen
from outside. Due to the wave-particle duality of the
reactive substance, the substance is actually tossing a
coin with the words “"decay” and “remain unchanged”
on either side. Eventually, if “decay” is shown, the cat
dies; if “remain unchanged” is shown, the cat survives.
The coin keeps flipping in midair and the cat is staying
between the boundary between "alive” and “dead”
— a state resulting from the superposition of them. Only
when we open the black box to observe does the coin
land, and shows either "decay” or “remain unchanged”
to decide the fate of the cat. It's our observation that
forces the wave function to collapse. “Curiosity killed
the cat”, isn't it?2 — we opened to observe the black box
curiously, but it forced the cat to be either live or die.

End

If you are still with us, then congratulations, you
have entered the world of quantum mechanics. What
is fascinating is the abrupt difference between this
quantum world and the everyday world we know. This
is just the beginning. If you continue to explore, you will
discover more surprises and possibilities.

1 About wave-particle duality: Actually all objects possess wave-
particle duality, including large objects like tennis balls and
soccer balls. However, only the wave-particle duality of objects
in atfomic sizes (like electrons and photons) is apparent to us.
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In October 2017, Stephen Hawking allowed his
PhD thesis Properties of Expanding Universes to be
available online to the public, hoping to inspire
others to think, learn and “look up at the stars and
not down on their feet”. It was accessed more than
2 million times within just a few days. We chatted
with two scientists from different fields of science at
HKUST to learn more about their favorite scientific
work, inspiration and advice for students.

™™ By Chih-yu Lee ZBF

om0 v

Professor Gyu-Boong JO
(Associate Professor, Department of Physics)

BERHIR (WEZAHR)

Prof. Gyu-Boong Jo obtained his bachelor’s degree from the Seoul
National University and PhD degree from the Massachusetts
Institute of Technology. He joined HKUST in 2013.
EXBAETEMABNGEEHETEA URKMEE TERIEELT
I~ 2013 FMARIAK -

Professor Stanley Chun Kwan LAU
(Associate Professor, Department of Ocean Science)

BRI (B REBREIHIR)

Prof. Stanley Lau earned his bachelor’s and PhD degrees
from the HKUST. He is now an associate professor at the
Department of Ocean Science.
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Whose thesis/scientific work would you like to
read? Could you please tell us more about the
scientist and his/her work?

Prof. Gyu-Boong Jo:

Because | am a physicist, of course, | read papers and
theses related to my field. However, before | started my
academic career, | really loved to find some very old papers
or those written by very famous people. | cannot point out
only a single person, but, for example, | tried to read some
articles written by Einstein, and Paul Dirac, a famous guy who
developed the quantum theory in the old days. At that time, |
couldn’t fully understand those papers and especially because
some were written in German. Although there were English
versions, | couldn’t fully understand the work. Nevertheless, it
was still fascinating to find out how the quantum theory was
conceived a hundred years ago. | really enjoy knowing how
those people developed “new” concepts in the old days. If you
just read the latest textbooks, they sometimes don’t explain
that well what happened a hundred years ago about the same
topic.

Prof. Stanley Lau:

I am an environmental microbiologist, and | am interested
in water pollution issues. When the water is polluted by
sewage, it will become a carrier of pathogens. People who
are in contact with the water, either by drinking, swimming,
or other recreational activities will have the chance of getting
waterborne diseases.

The work that | really like to read about is John
Snow’s because he was the first one who investigated the
epidemiology of waterborne diseases. His research was
conducted in the 19th century even before the germ theory
of diseases was proposed in 1850 by Louis Pasteur. The germ
theory of diseases states that we got diseases by the infection
of microorganisms such as bacteria and virus. John Snow
came up with the hypothesis that the main culprit of a massive
cholera outbreak in London was the sewage contamination
of groundwater. At that time, people thought that diseases
are caused by breathing “bad air”, but they didn’t even know
what were actually in the air. They thought it was something
transmitted in the wind, but, obviously, it was something
transmitted in the water. They didn’t have the knowledge of
disease transmission and bacterial contamination of food or
water, so this kind of ideas were really common, until John
Snow’s investigation. Therefore, for a person working on
water pollution and the microbiology of pollution, I really like
to read about his work.
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with HKUST Scientists

Is there any particular experience in your
childhood or other reasons that make you love
science?

Prof. Gyu-Boong Jo:

There is no particular reason why | like science, especially
physics. But | know that, at a certain point, | thought about
the possibilities of studying different subjects, such as physics,
mathematics, life science and chemistry. However, | knew that
| don't like that much about life science. It doesn’t explain
why [ like physics, but, generally, | really enjoyed the scientific
process — defining some problems, trying to solve them and
explain them in principles, rules and laws. | like the problem-
solving process in physics and mathematics.

| don't have a particular experience in childhood, but |
remember | really liked to try to explain how things work in
the world - that is probably why I like physics. Nevertheless,
my motivation was quite simple - | just wanted to understand
what’s going on in the world, and | tried to find the subjects
that seems the best to answer my questions. It turned out that
either math or physics fits well for my curiosity. In my case, |
just keep pushing and doing in the field.

Prof. Stanley Lau:

There was not a particular experience. But | was always
interested in breaking things at home. | was not breaking
them for the sake of breaking but just curious about the
inside and how it works. Sometimes | broke some relatively
expensive things and got blamed by my father, but that
never stopped me from being curious. When you were a kid,
you were unable to ask fundamental scientific questions.
What you could do was to observe and find something that
make you curious. The simplest question that you would
have is how it works, which was always something coming
to my mind, so | just broke things open to find the answer.
The curiosity was the main reason why | studied in science.
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Could you offer some advice to secondary school
students who are interested in pursuing education
in science?

Prof. Gyu-Boong Jo:

| know in Hong Kong, there are many students who are
interested in science. But at the same time, | realized there
are many other possibilities that they can take for their life.
My advice is that choosing the subject(s) in a particular stage
(e.g. college) is important but that may not be your final
destination. Eventually, it doesn’t matter what you studied in
your secondary school or college, but it’s all about how you
are educated and how you solve the problems you face in your
field. Studying science is one of the good and efficient ways
to train and educate yourselves that improves your problem-
solving skills.

My advice is very simple: please do whatever you want,
and if you find science interesting, please pursue your interest
and push the limits of your skills. At the end, even if you find
that you are more interested in other fields, you can easily
move on.

Prof. Stanley Lau:

Don't be afraid! It takes a lot of efforts because there are
so many distractions around you. Don’t be afraid to sacrifice;
to study science, you have to sacrifice a lot of your time from
other things. You need to be prepared for that and strike a
good balance between different aspects of your life. Don't be
afraid of making mistakes too, which is a part of the journey.
If you are able to “make use” of the mistakes in a correct way,
you would actually learn something so that the mistakes are
the stepping stones to your success. That is all of my advice.
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Visit our website at sciencefocus.ust.hk to read the complete interview with the two scientists!
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Cryptology in Biology: The Genetic Code 44715 : iEEZE

By Henry Lau ZILLET

Instruction manuals tell people what to do. Similarly, RARE SR A8 T’EE’JJ‘i,i [B 45 3 - B & 4% 1B A% 1
DNA (deoxyribonucleic acid) directs the various actions (DNA) IE AR M MIT I ERN TE- E2MW Ut

of a cell. To perform this function properly, DNA stores  pNA BT —L e, E1FﬁTJ/M&’ﬁ¢E%EJZ =S, Ay
information which can be decoded into instruction on MRER e R ENE
how to use amino acids to produce proteins. s

The decoding process is simpler than you might RSN BRELELCBEGNEE ! DNABNBZERA
imagine! You see, DNA is made of four nucleotides: A, T, A T-CHM G —AH=-ENZERAL —EEMAWE
C and G, and a series of three nucleotides form a unit of  {iI. B RIEF - BEH . SERIEFHEEEZ —([FS L.

information called codons. In turn, each codon codes for  mEgESERUME—EXEXZERE  F1: Tgat aac
one amino acid, which can be represented by a single gcg. T ARIER "D N A, -
letter. For example, “gat aac gcg” can be franslated into

“D Nl R B FEE R AISS T ER RS TARES 15 ?
Can you apply this principle to solve the puzzle below2  (f&&& tag = B-tga = O-taa=U)
(Assume that tag = B, fga = O, taa = U)

(1) gataacgcg is the (2) tagttgtaagaaccccgecatcaacaca of life. Simply put, DNA stores information
that directs the synthesis of (3) ccgcgctgaaccgaaattaacagce. The entire process can be divided info
two actions: (4) acccgcgcgaacagctgccgcattccgaccatttgaaac and translation. In the former action,

information in DNA is copied info an intermediate called messenger (5) cgcaacgcg.
The intermediate is then translated into a chain of (6) gcgatgattaactga acids.

E&E QR code: DNA codon chart and answer key

1 QR :DNA ZBHFRREER
] e http://sciencefocus.ust.hk/dna-codon-chart-issue-016
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