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Message from the Editor-in-Chief E4RaJEE

Dear Readers,

At the HKUST, in-person teaching has been fully resumed since
September. The excitement from students who come to lecture
theaters and laboratories is overwhelming! We also look forward
to spreading the joy of science with you in upcoming outreach
activities on campus.

In this issue, we continue to bring you stories on how scientific
breakthroughs illuminate the past and prepare us for the future.
During evolution, body functions can be gained or lost to ensure
the survival of a species. Have you ever wondered why pre-
historic penguins gave up on flying? Thanks fo advanced DNA
sequencing technologies, we have also learned a lot more about
our extinct, distant relatives who once lived side-by-side with
our ancestors. Fast-forward to the early 1900s, we take a look af
experiments that led to the formulation of the periodic table. We
also consider the science behind the blue sky, the preparation of
hot chocolate and the nuisance of acne. Finally, we delve into the
mathematical basis of data encryption and the method that can
be used to separate different cell types in laboratories and clinics.

We have an exciting series of posts lined up for Instagram. Do
join us there for “quick bites” of scientific infrigues of everyday lifel
Please leave comments and we will try our best to address your
questions.

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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What's Happening in Hong Kong? &5 i &l B i& 3]
Fun in Fall Science Activities kB 8176 H

Any plans for this Fall? Check out these science activities!

TR EEMU R RE T 15 ? RIFE R T iEE !

Secrets of the Universe 3D E&MR =30

The quest for understanding the origin of our
universe has never ceased. Since the postulation
of atom as the indivisible building block of
matter by the Greek philosopher, Democritus,
it was proven that atom can be further divided
into subatomic parficles like electrons, protons,
and some even smaller elementary partficles.
Investigations info these particles may offer a
glimpse of what had happened in the early
universe.

This 3D dome show will introduce to you
some powerful modern research facilities, such
as the Large Hadron Collider (LHC) and the Laser
Interferometer Gravitational-Wave Observatory
(LIGO). The show details past discoveries and
ideas that inspired the current generation of
scientists. Don't miss it if you have unanswered
questions about the universel!

Show period: July 1, 2021 - March 31, 2022

Time: 2:00 PM and 6:30 PM on Monday, Wednesday,
Thursday and Friday (except public holiday)
12:30 PM and 5:00 PM on Saturday, Sunday
and public holiday

Venue: Space Theatre, Hong Kong Space Museum

Admission fee: Standard admission: $32 (stalls),
$24 (front stalls)

Concession admission: $16 (stalls),
$12 (front stalls)

Remarks: Please refer to the museum's website for
more details.

ABHRFHEERNWFRUEALR - BOHE
EREREERNFBEERFENEATDER
BEXREUE NEREFEERTF LN SRR
FHIF (AINEFNET) EE2EMIWE
KHIF - HRELENFOEBIRMRRFTH
R ERSIE -

EEEKEEF SR A LR
B FERE AIAARR R HEH (LHC) A
AT HBEEIREALS (LIGO) - INZiRHE
SEIRGERE TRRSHERZ N IRBERIR
MBERE - WFHERBERBNLFEAE
pi=p ol

RA:2021 F£7R1BE 2022 3A31H
B ER— = R A (SRR
THFoRER/H=1%
ERN - BARARBUATFH=RH=1%
RAMIE
e EFRAREXRE
ABRRER 32 T (RE) ;24 7t (RIE)
BRER 16 T (& E) ;12 7t (FIE)

i ESHERSMAT AR

The Shaw Prize 2021 Exhibition 20213Ri& X SEES

Established in 2002, the Shaw Prize recognizes
currently active scientists with recent significant
breakthrough in scientific work. It consists of
three annual prizes: Mathematical Sciences, Life
Science and Medicine, and Astronomy. In the
exhibition, you can learn more about the 2021
Shaw Laureates and their scientific research.

Date: October 29, 2021 - January 5, 2022

Venue: 1/F Main Lobby, Hong Kong Science
Museum
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From.the Sky.to the Sea.
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By Kit Kan 305

When we think of birds, we often picture creatures
that fly freely in the sky with their big strong wings.
Some scientists believe that the last common ancestor
of all living birds could fly [1], but many species have
lost this ability during the course of evolution. Penguins,
emus, ostriches and some species of ducks have all
lost this ability. It is not difficult to imagine the benefits
brought by flight. Being able to fravel long distances
and escape from predators make flying a valuable
skill. So why did these birds lose their ability to flye What
have they gained from noft flyinge Why do they still
have wings? We will answer all these questions using
penguin as an example.

One simple explanation of why penguins gave up
flying is the high energy cost of flight. A study on the
two living birds that could both fly and dive showed
that it is difficult to optimize wings for both flying and
diving [2]. For wing-propelled diving, birds need a
large body size and short flat wings with dense bones.
However, for flying, they need a smaller body with
larger wings to lift themselves off the ground. Since
these features are exact opposites of each other, if a
bird is o use its wings to propel through water to find
food, it is unlikely that their wings are also optimized for
flying, leading to a high energy cost.

Another dimension to the flightlessness of penguins
has to do with ecology. According to genetic
analyses, penguins’ closest living relatfives are the
Procellariiformes, an order of birds that can all fly
(footnote 1). The divergence of these two groups of
birds are thought to have happened around 66 million
years ago, at the end of the Cretaceous period [3],
when an asteroid wiped out three-quarters of plant
and animal species on Earth, including many marine
predators [4, 5], opening the ecological niches in
the ocean. In the absence of large marine animals,
escaping from marine predators became less of
a problem for the ancestors of penguins. Without
the competition for food in the seq, travelling long
distance for food was also unnecessary. Suddenly
diving, which uses less energy and provides more
food, became more desirable
than flying.

Once penguin ancestors
started underwater life,
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they quickly evolved and spread around the
Southern Hemisphere. Penguin ancestors adapted to
underwater life by evolving denser bones and shorter
wings for diving, feathers that are impenetrable to
wind and water and dark back and white front to
camouflage them when viewed from both below and
above when swimming in the sea [6]. In addition, since
they no longer had to fly, and had better access to
food, they used all the exira energy on growing larger.
The largest living penguin is the emperor penguin,
which grows up fo 1.1-meter tall and weighs up fo 40
kilograms [7], compared to the one kilogram in wing-
propelled diving birds that can fly [2]. However, the size
of living penguins hardly compares to some of their
extinct relatives. Fossil records showed that a genus
of extinct penguins, Palaeeudyptes, stood above
two meters and weighed up to 115 kilograms [8],
and Anthropornis, another extinct giant penguin was
about 1.8-meter tall [9].

However, these giant penguins went extinct as
other large marine animals, such as toothed whales
and seals arose [10]. While there is no direct fossil
record suggesting that large penguins competed with
these large marine animals for food, it is likely that the
rise and fall of large penguins are closely linked to the
ecosystemin the sea.

Through millions years of evolution, penguins
have become flightless seabirds with wings that
are specialized for diving. Repurposing wings is not
exclusive to penguins. Ostriches use their wings for
balance and changing directions while running [11].
Emus stretch their wings to cool themselves down
under hot weather [12].

Evolution is not just about acquiring new body
features and behaviors, but to optimize the body to
fit a certain environment. Sometimes, the loss of an
ability may bring more benefits than harm.
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By Henry Lau ZILIEF

light, ha ‘
is scatte more strongly than any other light
wavelength; in fact, the intensity of

as found to be proportional fo the

the sky should h-purple. However, our eyes are
less sensitive fo violetlight [1, 2], and therefore the sky
appears blue throughout the day.

Hang on, during sunset, the sky appears red. Why
is that the opposite of what was described? That's

resulfing in a differ
Next time you

science behind its colofing. As long as we seek
will always be beauty in nature.
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cious experiment you can do with your cup
alled the Hot Chocolate Effect. All you need

be obtained from your own kitchen. And the best part
bout this experiment is that you can enjoy a great cup
of coffee afterwards.

The Experiment

e Unlike a regular cup of coffee, start by pouring hot
water into the cup first, leaving a littfle room for the
coffee powder to be added later.

* Lift your mug by holding the handle and tapping the
bottom with a metal spoon. Listen fo the knocking
sound carefully and remember the tone.

* Pour the coffee powder info the cup and stir vigorously.

* Tap the bottom of the cup confinuously while the liquid
is swirling. Note that the starting note will be lower than
the previous note but will increase with each tap unfil it
is restored.

« Stir the liquid again and you can lower the pitch one
more time and repeat the observation.

* Remember to enjoy your cup of coffee while it is warm!

The Explanation

What is the possible explanation behind this simple
phenomenon? The answer lies behind the propagation
of sound in a liquid and was explained in 1982 by Frank
S. Crawford [1], an American physicist and a talented
musician from University of California, Berkeley.

Physics i1 (O
=155 NI AE

The phenomenon can be described using simple
physics you might have learned from your science class.
Consider the cup as a closed-end organ pipe. The
frequency heard is the fundamental frequency, i.e. the
lowest frequency and longest wavelength pattern the
pipe can produce, in which the wavelength equals four
times the height of your container. By substituting A = 4h
into v = Af, you will get:

f3

> |<
><

1
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Here f is the sound frequency, A is the wavelength, v
is the speed of sound, and h is the height of the cup. The
height and shape of the cup does not change as you
tap, so it must be the speed of sound in the liquid that is
increasing!

Then why is the speed of sound increasing? It is
because the bubbles trapped in the coffee powder
are released into the liquid when you vigorously stirred
the coffee. Sound fravels faster in liquid than in the air.
Therefore, the bubbles in liquid slow down the overall
speed of sound, and lower the fundamental frequency.
More precisely, the air bubbles reduce the bulk
modulus (see text box) of the liquid by making it more
compressible or springy. As time goes by, air bubbles in
the liquid will escape gradually. Therefore, the speed of
sound is slowly rising — along with the pitch of the sound
produced!

Bulk modulus is also known as the incompressibility
of a material. It defines how resistant a material is to
compression. For example, air is less resistant than liquid,
so air has a lower bulk modulus. The speed of sound in a

materialis given by:
V= E
p

where K is the bulk modulus and p is the material
density. The change in material density is negligible in our
experiment.

A very simple yet exciting and fun effect, isn'f it2
There are many other variations of this effect you can
explore by yourselfl For example, try substituting the
powder with other soluble substances like powdered
milk or baking soda. Try to adjust the water temperature
or use a taller container. You may also fry it with
soft drinks and beer as well. The next time you are
‘enjoying your favorite beverage, there might be

+ anather.inferesting physics phenomenon waiting fo be

“discovered!

-
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By Randy Stefan Tanuwijaya
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Human From the Neander Valley

Sharply distinguished by our unique mode of
cognition, we humans possess intellectual capacity
that are incomparable to most living organisms,

and were scientifically named Homo
sapiens, which implies “wise man”
in Latin. Yet, there was once a
species who shared a surprisingly
similar appearance with
us, and managed to create
tools for domestic uses such
as sharpened spears to Kill
animals for food [1]. They
are described as our
sister species and
our distant relative,
whose major specimen
was first discovered in
1856 in the Neander
Valley in Germany.
Anthropologists
therefore name
them Homo
neanderthalensis,
meaning “human from
the Neander Valley” [2].

Spotlight on the Pioneer
- Svante Paabo

Paleogenetics is

the field of studying the

past by recovering and

analyzing the preserved

genetic material in ancient organisms. Over the last

four decades, Prof. Svante Padbo has revolutionized

our understanding of human evolutionary history [3].

As the Director of the Department of Evolutionary
Genetics at the Max Planck Institute for

. Evolutionap@Afithropology, Prof. Svante

o 'fobo was the pioneer who adopted the

cutting-edge next-generation sequencing
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technology in paleogenetics and contributed to
overcome the technical obstacles encountered [4].
In 2002, his team published a paper on the evolution
of the gene FOXP2, which sparked wide interest in
its possible role on the ability of humans to arficulate
speech and develop language [5, 6]. In 2006, he
initiated a project to sequence the entire Neanderthal
genome; a draft sequence was eventually published
in May 2010 [7]. In March 2010, he identified an extinct
human species, Denisovan, which was previously
unknown [8]. These confributions have profound
influence on our understanding of human evolution
and our ancient relatives.

Legacy From Neanderthals in Our DNA

With the three billion-letter Neanderthal
genome first sequenced in 2010, it was revealed that
Neanderthal DNA is approximately 99.7% identical
to modern human DNA [6]. Close phylogenetic
relationships between Homo sapiens and Homo
neanderthalensis, where the two species shared a
common ancestor 400,000 to 700,000 years ago, can
be concluded by genomic calculations and fossil
record [9-11]. Most striking of all, by looking into the
genomes of five present-day humans from different
continents, 2% of the non-African modern human
genome was proven inherited from Neanderthals,
whereas no Neanderthal DNA could be found in the
genomes of the two Africans [9]. Despite of the limited
sample size, the result seems to support the famous
“out-of-Africa” model, a hypothesis which
suggests Africa as the single location for
the origin of genus Homo. It is believed




that the genus Homo migrated out of Africa in a few
waves [12]. Modern humans were speculated fo have
encountered and interbred with the Neanderthals
and Denisovans who had left Africa much earlier,
when we first spread out of sub-Saharan Africa [12].
The inferbreeding hypothesis is now supported by the
results of many genetic analyses [13, 14], including the
2% inheritance of Neanderthal DNA exclusively found
in non-African genomes in the study above [9].

Not only did we find evidence that reconstructed
our genealogy, we also found traits linked to
these remnants in our DNA. Published in Nafure in
September 2020, a genomic segment inherited
from Neanderthals on the third chromosome has
been identified as a risk locus for respiratory failure
after infection of SARS-CoV-2 [15], meaning that the
genomic location may contain a version of gene
(scientifically termed an allele) associated with an
increased risk of severe infection and hospitalization.
That allele concerns around 50% and 16% of south
Asia and European populations respectively [15].
Scienftists posited that the allele could once confer
a significant survival advantage on individuals by its
ability to elicit a protective immune response against
ancient pathogens, so that it was positively selected
for in some populations during the course of natural
selection [16]. However, the ancient genes may be
unfavorable today as the immune response induced
could be overly aggressive and potentially fatal in a
COVID-19 infection [15].

Our Second Distant Relative — Denisovans

The tree of evolution is confinuously being fangled
with additional discoveries of human ancestry. Besides
the archaic humans Neanderthals, Denisovans lived
about 40,000 to 400,000 years ago in Europe and
Western Asia [17]. This group of extinct human species
was first identified by Prof. PAdbo from the genetic
material recovered from a finger bone fragment
collected from Denisova Cave in the Altai Mountains
of Russia, which gave rise to the name “Denisovans”
[18]. Anaftomically, Denisovans were speculated to
have an elongated face, a wide pelvis, an increased
dental arch and lateral cranial expansion [19].

Genetically, there was also evidence of
interbreeding between Denisovans, Neanderthals
and ancestors of modern humans [11, 20]. Traces of
Denisovans can primarily be found nowadays in the

genomes of Southeast Asian and Pacific Islander
populations, whereas people in other parts of the
world contain only a very low or an undetectable
amount of Denisovan DNA sequence [17]. Similar to
the genetic variations inherited from Neanderthals,
genetic variants from Denisovans may also confribute
to many of our traits, for example, hair texture, height,
sensitivity of smell and immune responses [17].

The Quest to Answer the Unanswered

The rise of human ancient DNA research not only
feeds our mere curiosity, but also provides us new
insights on how the course of evolution shapes human
into the creature we are today; or in other words,
what makes humans human. The fascinating findings
on human adaptation and disease susceptibility
through time also reveal
many intriguing facts about
ourselves, not least, to be
aware that there is so much
we do not know. How many
of you would like to follow
the footsteps of Prof. PGdbo?
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Have you ever woken up one day, looked in the
mirror, and seen several new pimples on your face?
If yes, then these pimples could be acne (or acne
vulgaris).

Acne arises from inflammation occurring on the
skin. To be exact, it occurs on the pilosebaceous
units. These are skin pores responsible for hair growth
and sebum production. Acne can be found most
commonly on faces, forehead, neck, upper chest, and
shoulders, where pilosebaceous unifs are abundant [1].
There are three common observations associated with
acne formation: overproduction of sebum, infection by
skin bacteria, and abnormal follicular keratinization [2].

Overproduction of Sebum

As mentioned earlier, the pores produce sebum.
Sebum is an oily liquid that protects our skin from
harmful bacteria and dryness. However, oo much
sebum can clog the pores, causing acne to form. The
production of sebum is controlled by many different
factors, but one of the well-studied factors is androgens
[2, 3]. Androgens are sex hormones responsible for
bodily changes during puberty. Since androgen levels
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increase dramatically during puberty, the hormone
can also cause the overproduction of sebum [3, 4]. This
is why acne outbreaks are common during teenage
years.

Infection by Skin Bacteria

Certain species of bacteria live on our skin. One
of them, known as Cutibacterium acnes (formerly
Propionibacterium acnes [5]), may involve in acne
formation. C. acnes feeds on sebum, and when there is
excess sebum, the bacterial population can grow and
multiply. The pores clogged with excess sebum can
become infected with C. acnes, which may aggravate
inflammation around the area and result in acne [2, 4].

By comparing the strains of C. acnes in the
pilosebaceous units on the noses of acne patients and
healthy individuals, researchers reported that certain
strains were strongly associated with acne but some
were linked to healthy skin [7]. Revealed by genomic
analysis, each of these strains contfains unique genetic
elements that could potentially contribute to the
formation of acne or maintain skin health [7]. Further
investigation on the functions of these strains could
help shed light on the pathogenesis of acne and
may ultimately lead to the development of targeted
therapeutics [7].

Abnormal Follicular Keratinization

Keratinization is the process where a type of skin
cells, keratinocyte, hardens itself with keratin proteins [8].
The hardened cells are pushed towards skin surface to
form a protective layer, such as stratum corneum, which
provides protection against infection, desiccation
and mechanical stress [8]. However, follicular
hyperkeratinization is observed in acne patient, from
which a thickened layer of stratum corneum forms
due to the deposition of excess keratin [6, 9]. Such a
keratinous plug blocks the follicle and provides an
anaerobic environment for the proliferation of C. acnes
[10, 11], while the bacteria is also known to influence
keratinization by secreting propionic acid (IUPAC name:
propanoic acid), leading to skin cells with altered
shapes [2]. These altogether result in the formation of
comedo.

Below are some common misconceptions people
may have about acne.



Myth #1: Only teenagers get acne.

Fact: While it is true that the many cases of acne
outbreaks occur during puberty, acne outbreaks can
occur anytime beyond age 20. For instance, acne
outbreaks can occur before menstruation or during
pregnancy in females, probably due to hormonal
changes [3, 4, 11]. Stress can also lead to acne through
the elevated level of stress hormones [2]. However, the
underlying cause of postadolescent acne is largely
unknown [11].

Myth #2: Washing your face more often will cure acne.

Fact: While this seems logical, there is no strong
evidence that washing more would cure acne [10].
Anfibacterial skin cleansers and acidic cleansing bars
might have marginal effect on mild acne [10]. However,
excessive face washing may unnecessarily remove
sebum on the skin surface that normally functions
to retain moisture. It dries the skin and causes the
compensatory overproduction of sebum, therefore
defeating the purpose of the freatment [10].

Myth #3: Eating oily food will cause acne.

Fact: There is not enough scientific evidence yet to
prove that dietary fat [13], or any single food [14], can
cause acne. However, speaking of diet, previous studies
indicated that reducing glycemic load on diet might
improve the outcome of acne [10]. Acne also seemed
to be correlated with obesity [2, 10], but no evidence
has proven yet that dietary restriction reduces acne [10].
More study is needed to show the causation between
diet and acne [2].

Myth #4: It is OK to pop your pimple.

Fact: It's not okay to pop your pimple on your
own. Popping them with bare hands can bring more
bacteria to the area and worsen the inflammation.
Dermatologist are trained to do proper acne removal
with sterile instruments if needed, although this is usually
done only when other tfreatments don't work [15].

Generally, if your acne condition persists or worsens,
it's advisable to seek advice from a dermatologist.
A combination of topical refinoid and antimicrobial
therapy can be prescribed to suppress inflammation
by blocking the inflammatory pathways in our body
and conftrolling the growth of C. acnes [16]. It can
also reduce the blockage of pilosebaceous units
by inhibiting the proliferation of keratinocytes [16].
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At the beginning of the 20th century, Seientists still
weren't sure what to make of the periodic table. Older
classifications of the chemical elements ran in order
of increasing atfomic weight. Dmitri Mendeleev's table
aimed to capture periodic trends in their properties,
the so-called Periodic Law, forcing him fo relegate
atomic weights fo a secondary consideration [1]. For
example, cobalt has a greater atomic weight than
nickel, yet the Periodic Law dictates that cobalt comes
before nickel based on its chemical properties. These
variations in atomic weight also left the possibility of
unknown elements that, if discovered, might not fit

The Periodic
Gble Putting Each

ent in the Right Spot

= | I‘ﬂi Ilu Hﬂ J

I <

i HE 1 5E ¥l

By Peace Foo #fiE

Re* >

‘Rhemum

info the table's periodic structure It was clear that
atomic weight was not the defining characteristic of
the elements, but nobody could confirm what else

that might be.

Ernest Rutherford believed the solution might
involve a new phenomenon called radioactivity,
thanks to his experiments with radioactive decay. He
assigned Henry Moseley, his new graduate student

i from Oxford, to study this phenomenon in 1910 [3].
1 (g, e ;,m mﬁ M%“",*P.“’. - But Moseley had other ideas. He has been following
: :!LE&%” the developing field of X-rays closely ever since their
discovery by Wilhelm Roentgen a decade earlier [4].
“Characteristic X-rays” of varying energy would be
emitted when an element was struck by a stream of
electrons. Moreover, the X-rays would be scattered
through slightly different angles for each element
used, and a technique to determine their wavelengths
from this information had recently been developed
by Wiliam and Lawrence Bragg [2]. This brought the
infriguing problem of X-rays back within sight of the
periodic table.
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The oldest periodic table chart discovered at the University of St
Andrews in 2014. It is believed to be printed in 1885, constructed
according fo Mendeleev'’s periodic law. Highlighting the
periodicity of chemical properties, the heavier cobalt (with an
atomic mass of 58.9) appeared before nickel (58.7).
2014 EEE’%EE{%%%EK%?&L@%E%H’JE?i‘ﬁﬁ‘ﬁ%fﬁ - H1E21E 1885
TFEERY - 4% Mendeleev FIBRIE R MR ETH - & PHIBESRF T FEFF . o
MEEOEHI - LB B (R P B 58.9) HEFESE (58.7) B - Moseley decided to extend this line of research
and systematically measure the wavelengths of each
element’s characteristic X-rays. Returning tfo Oxford
in 1913, he did this with a remarkably simple setup. By
running a little train carrying samples of each element

through a vacuum ftube and then passing the line

The photo shows the replica of the St Andrews Periodic Table Chart
displayed at HKUST, by permission of the School of Chemistry and
Special Collections, the University of St Andrews.
?%J;ffxffﬁ%gﬁﬁﬁﬂfb 2 RIFHEAAIRE RN B BRI ASHELE
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of fire of an electron beam, he was able to capture
the positions of the emitted X-rays on photographic
plates [1]. Knowing the angle by which they had been
scattered, he could then calculate the wavelengths
of the characteristic X-rays for each element.
Moseley found that as the elements progressed up
the periodic table, the scattered X-rays decreased in
wavelength — and by taking the inverse square root of
the wavelength, this relationship became a straight
line [5].

This became known as Moseley's law, and
Moseley could also explain how it came about.
Two years earlier, Rutherford devised a model of
the atomic structure: negatively charged electrons
orbit a dense positively charged nucleus within the
atom, with these charges cancelling each other out
[5]. Moseley argued that the increasing size of this
positive charge as atoms progressed up the periodic
table would halt his electron beam more effectively,
triggering a greater release of energy in the form
of higher-frequency and lower-wavelength X-rays
[2]. Because these positive charges could not be
altered by chemical means, and were clearly a basic
property of the atom, he suggested referring to them
as “atomic numbers”.

Thanks fo this breakthrough, Moseley could
now “call the roll” of the elements.
If the X-ray wavelengths of
two elements differed
by a known

minimum, there could be no other elements between
them. From hydrogen to uranium there were exactly
92 elements, and it soon became obvious where
the missing elements had to go. As Mendeleev had
done, Moseley and others identified gaps at atomic
numbers 43, 61, 72, 75, 85, 87 and 91, all of which were
filled in the following 30 years [4]. The reversal of cobalt
and nickel was also completely justified by cobalt’s
lower nuclear charge, the proper basis for its order in
the table [4].

Henry Moseley had brought meaning fo the order
of the elements and set the periodic table on a firm
foundation in the process, grounding it in a reality far
deeper than the chemical and physical properties
Mendeleev saw [4]. If anyone can be said to have
“proved” the periodic table, it can only have been
him.

20 ALY REBRERMEEZNARMRTRE
HAZ -REM DB ELURIERRF 2 (atomic
weight) #8128 7t EH 5. M
Dmitri Mendeleev F97T
ZRAFBER
BT &

MR A

M. EXNHERE

HER BEMERFE1HE
E—% BARENEERE [1]- £

BlES - & (cobalt) FIRF=EEER (nickel ) K-
BREBEECMCERE B EE KB EZ PR
AIHE-ELERFE FHNERTE BRI ITER
MABTENTTRREREE 2] RFEBRARAEE
ETENEERY BERIZEAERETESZ -

Ernest Rutherford ¢l I 5 R & B &
PIRSER HEEXRYEIANFA RS &
1910 & - IEIH WS IREN TIF D 74

R RBRN IR E Henry Moseley

[3]' 1B Moseley Al B EAth 48 % ¢ +F

Al Wilhelm Roentgen & 3R X 3% #E-




Moseley—E%tD%%%Xi‘ﬁE@IEE%H SkEH =
4 - BBtz —EFEFEERR SHETBESAESE

X - b4 BRETTR X KRS AR SHE AR
William #1 Lawrence Bragg @9 X FFIAH rEBEME
AAZAIEPEH-IEEE X HRENFM [2] BiEHE

R5I7089 X JerR w2 F TR A °

Moseley SREHMBE RN WHRKMEZETRET
FBA X KK - £ 1913 FROFZAEE  thHFEE

BENKETH FEE ZREEZETBH —WNE
F=R- i

BETEN/NKETEEFEE
P IH & AR AR I 7 AT B BILEY X 6
MAIE [1]- F1E X JEEX
BNEER i@
oLt &

fe'ﬂ
Pm!

‘Promeﬂ'num 4

Yash, A
Tc!) o -

5 7 7 ‘x;@geﬁm Li Be

ZBAE X HHH — SN ooun
& - Moseley &3R4 N; Mm
BERTERTEENEFIEZE 85X | st v
HAHERBIE T2 BRI ENR a2
TR messemnezs-as s (K Ga
Potassium Calcium

& % 18 B 57 A E 22 (Moseley’ s 3 3
law) -Moseley B =t E-me RO Sr
A7 Rutherford 12 47— {88 F 4 1% & “"'"‘5'; 5‘“’“";‘;
L ERTE BABNETEAEEE | Os Bg
EMEEENET &S ELEEHEH | | saim
I3 [5]- Moseley IS BFHWEBHE | 88
BETEETEERENMBETEM. 5 Eﬁg

ELRENTREEANMBEFRE
T SIREZREEURSHERNRGNE
B X AL [2]- BRE L IEER ABEE
BIEBAAWNRE NRENZERFHIE
KEH thEEREZSRFF (atomic
numbers) |

B IR R MRV B IR 5 Moseley 3R 72 o] A— f& — f&l ith
BxR M2, ORMETEN X ORERHEE —E&

NHEHER BMZEMOEREREMTRNEE - B
& (hydrogen) ZlI#f (uranium) {775 92 @ = - HBLE
PRt TR EIREEFTIER 1 - & Mendeleev 2
B TIE—1% - Moseley MEMMBEREKE 7 IRFF 43
61-72-75-85-87 1 91 B ARIERMAIZELR - B2 E0ED
1EMEE 30 AN [4] - #HFABRE M BERTE R A E
RERBEHE—MRTERE ZRETRALASR TRETT
REREBIIIRFHIEERE [4] -

Henry Moseley Bt =BT B - BREPIN
EES TR BIREENRBERS FEHRBEALZER

EB7E Mendeleev $H{EE MR E EWEZE [4] - IRE
A TEIB L TRERMA - BBRLIE Moseley A&7 -

References 2E&EiHY:

[1] Sacks, O. W. (2001). Uncle Tungsten: Memories of a
Chemical Boyhood. New York, NY: Alfred A. Knopf, Inc.

[2] Asimov, I. (1970, April). The Nobel Prize that Wasn't. The
Magazine of Fantasy and Science Fiction.

[3] Roberts, J. (2020, April 7). The Dual Legacies of Henry
Moseley. Distillations. Retrieved from https://www.
sciencehistory.org/distillations/the-dual-legacies-of-
henry-moseley.

[4] Scerri, E. (2014). Master of Missing Elements. American

Scientist, 102(5), 358. doi:10.1511/2014.110.358

[5] Kean, S. (2010). The Disappearing Spoon: And Other
True Tales of Madness, Love, and the History of the
World from the Periodic Table of the Elements. United
States: Little, Brown and Co.

21 22 - o
Sc Ti V Cr Mn Fe Co Ni Cu
39 40 i , 15 e -
Y 2’ Ns Mo Ru Rh Pd Ag
----- ' 76 77 78 79
T Wi '0s Ir Pt Au

04 105 106 107 108 108 110 111

Rf Db Sg Bh Hs Mt Ds Rg

5 58 5 _ 60 . 62 63 _ 64

La Ce Pr th 'Sm Eu | Gd

e g e ropium inium

Ac Th' ,U Np Pu|Am Cm

| - |

[T %

P

Be



By Sonia Choy &&37

The spat about WhatsApp's new user agreement
has prompted another flurry of discussion of online
security. We often see messages stating “this
conversation is encrypted” — but how exactly does
modern day encryption work, and how safe are we?

If you've been to an escape room, you've probably
encountered a cipher or two — scrambled messages that
you have to solve in order to escape. The best known
of encryption methods is probably the Caesar cipher,
dating back to the Romans, which shifts all the letters by
a certain number of positions in the alphabetical order.
Unfortunately, this is also the easiest cipher to break,
because of something called frequency analysis. In
English, certain characters occur most frequently; for
example, at this point in the article (*), the letter “e"” has
appeared 81 times, more than any other letter. One
can look at a Caesar cipher text and see which letter
appears the most; it is then not very difficult to figure out
the amount of shifting involved.

Thus began the evolution of ciphers; instead of
shiffing by one letter, people tried shiffing with a so-
called code word, then by sentences, using the so-
called Vigenere cipher. This culminated in the famous
Enigma, which basically amounts to a series of rather
clever shifts, but that was also famously cracked during
the Second World War by Alan Turing at Bletchley Park.
When that happened, people realized that a new way
of encryption was needed.

Enter RSA. Named after its inventors (footnote 1),
Rivest, Shamir and Adleman, RSA is the main method
of encryption in the modern day, but is fundamentally
different from the ciphers | mentioned above. The
difference lies in the types of keys used; while the
Caesar cipher and Enigma both use symmetric
keys, RSA is an example of asymmetric, or public key
cryptography. In symmetric cryptography the key used
to encrypt the message and decrypt the received
message is the same; however, RSA makes use of two
different keys, the public and private keys — the key
locking up the box is not the same key used to unlock il
It all seems rather unintuitive aft first, but the encryption
actually relies on only two concepts — prime numbers
and modular arithmetic.

_e_
é,,_

Prime numbers are numbers greater than one that
can only be divided by one and itself; they have been
the subject of a previous article in Science Focus (Issue
020), and are very interesting in their own right. Primes
can also get arbitrarily large — currently the largest
known prime that we can actually write down has
24,862,048 digits. RSA encryption relies on the fact that
factoring large numbers is generally very slow, even for
people with enormous computing power, so breaking
the code requires a huge amount of computing power
that is simply not worth it (footnote 2).

Another technique is what mathematicians
call modular arithmetic, which is, essentially, a
generalization of telling the time. In 24-hour time system,
we would tell the fime modulo 24 — three hours after
23:00 is always 02:00 and never 26:00 (footnote 3). This
is actually just division in disguise: to get the value of n
mod q, just divide n by a enough times until you reach
some value that is smaller than a — the remainder of our
division is exactly the value we require.

With these two concepts in mind, the RSA algorithm
is not foo complicated — we'll break down the steps in
some detail here [1].

To demonstrate, we pick two prime numbers, say
p = 11 and g = 13. Multiply them together to get the
public key n = 143. (In reality these primes are huge -
the current recommendation is 2048 bits (footnote 4),
but for the sanity of our editor, we'll keep them relatively
smalll) We also choose another number e which has
no common factors, i.e. coprime, with 10 (i.e. p - 1) and
12 (i.e. g - 1); here we choose e = 7. The choice of n is
unique for everyone, and e and n are known as the
“public key”. They are published in a public directory
that computers can use when their owners want fo
send messages to each other.

Say Cliff wants to send me a very simple message —
the most simple one possible — “Hi". As expected, if you
want a computer to work, you have to turn letters into
numbers. Thankfully, a system already exists — American
Standard Code for Information Interchange (ASCII),
which turns letters and symbols into 7-bit numbers, works
just fine. In ASCII “H" is represented by the number 72,
and “i" by the number 105.



To encrypt the letter “H", Cliff now has to find my
public key. He reads from the directory that n = 143 and
e = 7. The encrypted text is given by ¢ = T"e (mod n).
Here our text T, = 72, so the encrypted text is c; = 727
(mod 143), a very intimidating expression that seems
impossible to compute by hand. But we can enlist the
help of computers — and a quick Google reveals that
c; = 19 (mod 143). So the first number we need to send
is 19. We repeat the above procedure for the letter “i":
c, = 105"7 (mod 143), so the second number is ¢, = 118
(mod 143). So the message “Hi" becomes “19 118"

To the outsider, it is impossible fo recover the original
message, since you cannot reverse your way from
a modular number; however, you have one extra
edge - the values of p and g - that sets you apart.
Without them, you would need fo factorize n, which
is extremely time consuming since n is very large. The
key to decryption is calculated from the following
formula: take the least common multiple of p - 1 and
g -1, lcm (10, 12) = 60. The decryption key d is given
by the following equation: 1 = (e x d) mod (lcm (p - 1,
g-1)).Inour case, 1 = (7 xd) mod 60; so d = 43. This is our
magical number to get back the message. And finally
the decrypted message, m, is given by m = ¢"d (mod
n). We have received two letters, so we will decrypt
them separately: The first letter is 19"43 (mod 143), which
gives us 72 (mod 143), the letter “H"; similarly, the letter
“i" comes from 118”43 (mod 143) = 105 (mod 143). These
look like calculations involving awfully large numbers,
but computers can do them extremely easily. Also,
with d, you can now decrypt every single message that
Cliff sends you afterwards (footnote 5).

The encryption works because of a theorem known
as Fermat's Little Theorem - although by the same
person, it is not the infamous Fermat’s Last Theorem.
The theorem looks rather innocent at first sight: a”p =
a (mod p) for any prime p (footnote 6) — but is in fact
key (pardon the pun) to why the encryption works,
since the exponential features multiple times. The proof
requires a bit of machinery that can be easily found on
Wikipedia, and we will skip that for now.

Currently the RSA cryptosystem is seen as the
default choice for encrypting small amounts of data,
such as keys to symmetric key cryptography (footnote
7). The largest known factorized n is 250 digits long
(829 bits), which took 2700 core years (footnote 8), and
was factorized in 2019 [2]. The usual length used for
encryption, in confrast, is 2048 bits, so we are sfill safe
for the time being. However, history tells us that the
codebreakers will always catch up — and we will need
to find a new encryption method in the future.

1 Actually, the first inventor of the RSA was Clifford Cocks, an English
mathematician, who described the algorithm four years ahead
(1973) of Rivest, Shamir and Adleman (1977); sadly, he worked for
the British Infelligence Agency, and his work wasn't released until
more than 20 years laterin 1997, so RSA goft all the credit.

2 That, however, may change with quantfum computing, but at the
moment quantum computers are not fast enough to hack RSA
yet. If you're interested, fry Googling “Shor’s Algorithm”.

3 There is a slight catch, however; in 12-hour fime system, when
telling the time we say 12 o'clock when the clock strikes twelve,
but in modular arithmetic we say 12 =0 (mod 12) instead.

4 Bit is short for “binary (base 2) digit"—so a 7 bit number ranges from
1102’ - 1 =127, and 2048 bits range from 1 to 2”°*®- 1, around 617
digits.

5 The equation always has a unique solution d because we
assumed that e is coprime with 10 and 12 from the beginning.

6 This equation is in modular arithmatic, not the algebra that most of
us are familiar with. It actually means a’p (mod p) = a (mod p).

7 RSAis the key (pun infended) component of the larger
cryptographic protocol called TLS (Transport Layer Security), used
for many online fransactions and communication.

8 The term “core year” refers to the equivalent of using one CPU
core continuously for a year (365 days). The author uses Intel Xeon
Gold 6130 CPUs as a reference [2].
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in size, which is smaller ja@® the width of a hair? How
would you evene@in to identify and sort these ballse
Sounds like#@*irick question, doesn't ite The reality is,

bigle@iSts have to deal with the same problem all the
#ime. Only they're not handling balls, they’re handling
cells. Each of our organs are composed of many
different types of cells. What if we are only interested
in studying one type? The first step is to dissociate an
organ info individual cells and “pick” the cells you

like. The method to solve this problem was

invented in the late 1960s [1], when biologists
came up with an elegant solution to this riddle: flow
cytometry.

Before we go info the mechanism of flow
cytometry, we first have fo understand the ftargets
in question, namely the cells. Similar to how different
people have unique identifying features, different cell
types also have unique characteristics. The simplest
identifying features of a cell are its relative size and
complexity: some cells are larger than others and
some cells have higher internal complexity (that is,



having more cellular components like organelles or
granules). Other than cell size and complexity, we can
also identify cells by proteins that are preferentially
produced by the cells. These proteins can either
be positioned on the cell surface or sometimes
contained within the cell's cytoplasm, like a fransgenic
fluorescent marker. With this in mind, as long as we are
able to identify these features, we should be able to
identify the cell type. For example, we can distinguish
the two major types of mature T cells, helper T cells
and killer T cells (a.k.a. CD4+ cells and CD8+ cells
respectively), by figuring out which surface protein,
CD4 or CDS8, is expressed on the T cell (footnote 1).

The next question, of course, is how can we identify
these cellular features? Size and complexity can be
measured with lasers (more on that later), but unique
protein markers are harder fo identify. The solution
to this comes from antibodies, which are proteins
that can bind specifically to certain molecules.
These antibodies can be selected such that they
only bind proteins that are specific to certain cell
types. These engineered antibodies are then joined
(or conjugated) with unique fluorophores, which
are chemical compounds that re-emits fluorescent
signals at a longer wavelength upon excitation by
a laser. Scientists can thus “label” the cells using
these fluorophore-conjugated antibodies before
the application of flow cytometry to identify the cell
type. Using the example of mature T cells again, an
engineered antibody-fluorophore conjugate, which
can bind CD8 proteins on cell surfaces, will be able to

\ stain CD8+ cells (killer T cells). Upon laser excitation,

- the fluorophore will give a unique fluorescent

\"\ signal, differentiating CD8+ cells from other
cell types.

} As discussed, scientists are
‘ ) able to identify specific cell
i types thanks to unique

I . markers on their
cell surface or
inside their
Il
!
cytoplasm. y
With this

background knowledge

in mind, we can now geft into the

procedure of flow cytometry. First, the biologicall
sample in the form of a single-cell suspension (i.e. free-
floating single cells in liquid medium; connected cells

in a fissue need to be dissociated first) is loaded into
the flow cytometer. The suspension is then focused
info a single stream of liquid, like how water comes
out of a tap in a single stream, whereupon cells
will be arranged into a single file before passing
through an array of lasers one by one. After that, an
accompanying array of sensors will detect any signals
that are subsequently generated. The photons in the
laser beam will be able to pass through the liquid, in
which the cells are suspended in, unobstructed but
photons that encounter cells in the stream will be
forced to divert from their original trajectory. Such
divergence of light is known as scattering. Forward
scatter, which measures the amount of light diffracted
slightly due to contact with the cell membrane, can
be used to give a measurement of the cell’s relative
size; the larger the cell, the more forward scatter
there is [2, 3]. On the other hand, side scatter, which
measures the amount of the light reflected at a
greater angle upon contact with internal organelles
or granules inside the cell, can give a measurement
of the cell’s relative internal complexity; the more
objects there are inside the cell, the more side scatter
there is [2, 3]. In addition, the lasers serve to excite any
fluorophores conjugated to antibodies, allowing the
labeled cells to be detected. With that, cells can be
identified efficiently.

Besides identification, an extended function
of flow cytometry is cell sorting. This is enabled by
vibrating the stream of cells in the cytometer, causing
the stream to break off into droplets containing mostly
single cells. Then, the cell-containing droplets are
each given different electrical charges according
to their characteristics we tested before, such as the
strength of fluorescence. The droplets with different
charges will be deflected and sorted into different
receptacles in the fluorescence-activated cell sorting
(FACS) machine, so selected populations of cells, for
example, successfully tfransformed cells that express
the fluorescent marker, or tumor cells or white blood
cells (including B cells and T cells) that express a
specific surface protein marker [4], can be retained
for analysis or further experiments.

Before the invention of flow cytometry, the
accurate identification of specific cells from a diverse
pool was almost impossible, let alone its isolation.
Now, flow cytometry has become a common, yet
indispensable technology in basic and clinical
laboratories.

........................................................

1 The HIV virus attacks CD4+ T cells.
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HFEEAZ AR Z B AN EEN RS EEEEIAMMEER-
HFERBREERRNENE SECNEOE RS -
BIEALET (forward scatter) 2 E AR EEHBEEME
RN E - AR EEARRRAEE A/ ; AR 5lEE S
W (2, 3]-5—FHHE RlEEE (side scatter) 2 E A
A MR B EEEUERABERNILE B
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BRYEA R AR —EERINEE
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A (Bl ARE) R TEEZBAH
ME & EABRETR - B A A EEBERE
FEX RN D E & (fluorescence-
activated cell sorting (FACS) machine)
hEEOIEAKBERNARE SR SEEMAR
MO RBIEDEE—DER SLAMR
ORI R ER RN 2R
EFEEERRcEREARSEmANR (85 B A
READ T AR ) [4] -

R AR EB A EEEREIRMAEHN
MPRE P ERERR EAREFEAUENS EARR
EeMEh o - RE RAARKRITERS—ARMNERR
ERZEERmMA AR -

.......................................................

1 HIV & KE CDA+ T 4l -
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