Shuffle Playlist. Shuffle Playlist.
Shuffle Playlist...

BB, ... FAREH !

The Science of Ketchup: From Phys|cs
fo Microbiology :

ATRIRIE : (e IE R EN 2

B EEREAE

nrn THE HONG KONG
umj UNIVERSITY OF SCIENCE
AND TECHNOLOGY



Conrenrs

Science Focus Issue 022, 2022

What's Happening in Hong Kong? &&R &)
HAYABUSA2~REBORN 1
ER25% — EREE

Parade of the Five Planets — June 18-28, 2022
ThE2EHE — 20226818 £28H

Amusing World of Science #iIkF} £

Shuffle Playlist. Shuffle Playlist. Shuffle Playlist... 2
EIEMEIEIUSE. .. AR FEH |

Lost Lessons — Succumbing to the Inescapable Food Coma 6
ERRBUL — EFM LFRIEE R RIEEIER, ?

MythBusters: The Golden Ratio Around Us 10
MEREE  SSAERREAENR ?

The Science of Ketchup: From Physics to Microbiology 14
FTRORIER : RYBRRIMAE S

Invade and Adapt -

Genome Evolution via Transposable Elements 17
RA—RNARZE — BT EERMEE

Science in History & H#} &

Transcending the Prizes: Jocelyn Bell Burnell 20
B —1]5%E5 - Jocelyn Bell Burnell

Science Today S HFE
The Amazing Cephalopods 23

Mk ER TONEBEZEY . BERBY

Message from the Editor-in-Chief E4RHJEE

Dear Readers,

Welcome to a new issue of Science Focus. | hope you have overcome
the inevitable disruption to your life and study due the latest wave of
COVID infections. As always, our goal is to fransport you to the wonderful
world of scientific discoveries, as an alternative to traveling abroad.

How many of you struggle to stay alert for school lessons, especially
after lunch2 We consider what goes on in the brain during a food coma
and why such phenomenon may be advantageous to our ancestors.
Speaking of lunch, how often do you have a plate of calamari with
ketchup? Next time you do, please spare a thought on the rather
intelligent squid. In some countries, experiments on cephalopods are
highly regulated because of their well-developed nervous system that
enables them to process and remember painful experiences. In another
article, you may also learn why the physical and chemical properties
of ketchup conspire against a smooth pour. For those of you who are
inferested in astronomy, have you heard of the name Jocelyn Bell
Burnell2 Her brilliant discovery of pulsars led not only to belated fame.
She has used her professional influence and prize money to promote
equality in science. A truly inspirational story.

Finally, | wish all of you a healthy and happy summer. | hope fo meet
some of you in outreach activities, organized by the School of Science,
online or in person. Before then, let's stay connected via our Science
Focus social media pages.

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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Fun in Summer Science Activities ER¥ 81818
Any plans for this summer? Check out these activities!
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HAYABUSA2~REBORN EEE2if — EiFmHE

Following the success of the space probe
Hayabusa in 2010, its successor Hayabusa2 was
launched in 2014 to collect soil samples from
the asteroid Ryugu fo study the birth of our solar
system, which may hold the secret of the origin
of life. It was also speculated that the samples
might contfain substances that are essential fo
life: water and organic matter.

But things did not go as planned. What
happened in its lone journey of 3.2 billion
kilometerse Could Hayabusa2 eventually land
smoothly on the unexpectedly rough ferrain that
it was not designed for? Visit the Space Museum
and watch the show!

Show period: Now - September 30, 2022
Time: 5:00 PM on Monday, Wednesday,
Thursday and Friday (except public holiday)
11:00 AM, 3:30 PM and 8:00 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)

Remark: Please refer to the museum’s website for
more details.
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Parade of the Five Planets June 18-28, 2022

hEEE 202246818280

Mercury, Venus, Mars, Jupiter and Saturn are
five bright planets that are visible fo the naked
eye. It is uncommon for them to appear at once
but here comes the chance - graced by the
Moon, the five planets will do just that, from June
18 (Mon) o June 28, 2022 (Thu).

While the planets seem to form a straight
line in the sky, they don't really align neatly to
form a radius if we consider the top view of the
solar system. The planets just coincidently cluster
on the same side of the Sun that is visible on
Earth — so it's rather a trick of perspective. And
don't overthink — the world isn't going to end in
June and the next issue of Science Focus will be
published as scheduled!
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A coin comes up heads five fimes in a row. Two
accidents happen on the same train line in one day.
Or a shuffled playlist plays you the same artist three
times running. Sometimes it seems like something other
than coincidence is at work, but true randomness may
not always feel that way to us.

Statistically Independent Events:
The Coin Doesn't Remember!

Let’s start with the coins. Many people expect a
fair coin fo alternate between heads and tails and will
be surprised if the coin keeps coming up heads. When
you first thought about it, you might have expected
heads to come up half the time and tails half the time,
so if heads have come up over half the time the coin
should start landing on tails more often to compensate.
This isn't true, of course, because the coin can't
remember this! If you have a fair coin which has just
landed on heads 99 times in a row, you can't say that
it's more likely to land on tails next fime because it's a
fair coin [1]. Since each toss has no effect on the next,
we say that they are stafistically independent events.

If we foss a coin twice, and each foss has an equal
chance of heads (H) or tails (T), there are four possible
outcomes: HH, HT, TH, TT. Each outcome has the same
chance (1/4) of happening, but the chances of one
head and one fail in either order are 2/4 instead of 1/4.
Three times, and we have eight possible outcomes:
HHH, HHT, HTH, HTT, THH, TTH, THT, and TTT, each with
1/8 probability. In a series of ten tosses, the results
HTHTHTHTHT and HHTHTTTTHT and TTTTTTTTTT all have
the same chance of occurring — one in 2'°, or 1/1024 -
but you'll probably remember the last one and not the
others [2]. We read too much info patterns in a random

sample, and we're willing to jump to conclusions based
on those patterns [3].

Shuffling in Real World:
Fisher — Yates Shuffle vs. Naive Method

Take the Fisher-Yates shuffle [2], which shuffles
a sequence randomly based on the input of other
random numbers. Let's say there is an existing
sequence of the numbers 1 to 10. First pick a random
number from 1 to 10, called n, and remove the nth
number in the existing sequence to begin a new
sequence. For the next numbers, repeat this with any
n from 1 o 9, from 1 fo 8, and so on, until there are no
numbers left in the existing sequence (see Figure 1).

This sequence is totally random if the choices of n
are also random, and in a moment, we'll look at why
this is true. We can think about the algorithm in terms of
a deck of cards, removing random cards one at a fime
and stacking up the discarded cards in order to form a
new deck.

Comparing this with other ways to shuffle cards
makes it obvious why Fisher-Yates is truly random. A
“naive” method is to take each card in sequence one
at a time and swap it with another randomly chosen
card, repeating for every card in the deck [4]. In other
words, if we shuffle three cards (marked #1, #2, and #3)
using our naive method, we first swap the first card in
the sequence with either the first (unchanged), second
or third card. Then we shuffle the second card with
either one of the three cards, and repeat the process
until we go through every position in the sequence.

The random choice af every stage is between three
cards, so shuffling three times gives 3 x 3 x 3 = 33= 27



— Existing sequence New sequence

3 12345678910

8 1245678910

5 124567810
12457810
1457810
1478416
1478
+78
78

;

Figure 1 An example of Fisher-Yates shuffle.

permutations. But as you may know, there are only 3 x 2
x 1 = 6 possible ways to mix up the order of those three
cards: 123, 132, 213, 231, 312, 321. If you list all possible
permutations resulting from the naive method, you
will find that the combinations 132, 213 and 231 come
up five times, while 123, 312 and 321 come up only
four times. Obviously, the result is biased. If you think
intuitively, since 27 is not divisible by 6 (and n” orn > 2
is not divisible by n! in general), some of the possible
permutations must happen more often than others (if
all of them are equally likely to occur, the number of
shuffles will be a multiple of ). The chances are not
equal, so the naive method is not random.

This is similar to the usual way to shuffle cards: In
simple terms, we take an entire bunch of cards and
swap it with another bunch of cards in the sequence.
But these methods do not result in a random outcome,
because the shuffled cards continue to circulate within
the system.

Contrast this with Fisher-Yates. Since a card is
removed from consideration after each shuffle (and
gefs put info a new deck), the pool to be shuffled at
each stage gets smaller, and for our three-card deck
there will be 3 x 2 x 1 = 6 permutations after three
shuffles. Note that these permutations are calculated
the same way as the possible ways of mixing up
three cards: they both use the factorial function n!
=nx(n-1)..x3x2x1 0r3=3x2x1in this case
which is equivalent to 3P3. They are essentially the
same algorithm in the sense that they are counted
the exact same way. So the randomness behind the
original selections of n is preserved throughout the
permutations, and this is why we can guarantee Fisher—
Yates is a fully random sequence provided n is chosen
randomly.

Creating a Less Random Playlist That Feels More
“Random”

Now let’s return to our random sequence 3-9-6-2-
5-10-4-1-8-7 in Figure 1. We can call it a shuffled playlist

3

39

396

3962
39625
3962510
39625104
396251041
3962510418

39625104187

of ten songs and say that songs 1, 4, 7, and 10 are by
Adele (artist A), songs 2, 5, and 8 are by BTS (artist B),
and songs 3, 6, and 9 are by Celine Dion (artist C). It
looks like this:

Celine Dion > Celine Dion > Celine Dion > BTS > BTS >
Adele > Adele > Adele > BTS > Adele

Which doesn't look random at alll That's because
we focus on the unusual patterns of three Celine Dion
and three Adele songs in a row. If you were like Spotify
users between 2012 and 2014, you'd have rushed to
complain [5] about all the times the shuffle algorithm
played non-K-pop music over and over (assuming
you also listened to K-pop before 2014). There were so
many complaints, in fact, that Spotify retired the Fisher-
Yates algorithm - yes, they originally used Fisher-Yates
to shuffle playlists [6] — and infroduced a new shuffling
algorithm. Now, when you shuffle a playlist, different
songs by the same artist and in the same genre are
distributed roughly evenly across the list [7].

The Spotify engineers made the shuffle less random
to convince you that it became more random.
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*Yawn*

Oh no, your teacher stares at you. You rub your
eyes, trying fo focus on the differentiation problem your
teacher asked you to solve.

You start to think, is it the bowl of noodles | had
for lunch2 Why is it that a food coma hits us so hard
every time after lunch?

Lost Lessons -

Succumbing to the
Inescapable Food Coma,

Common Misconception About Food Coma

Traditionally, it is believed that sleepiness
after a meal is due to the redistribution of blood
flow. We think that blood rushes through the
stomach and intestines to facilitate digestion,

resulting in a reduction in blood and oxygen
supplies to our brain and hence the induction

of post-meal sleepiness, medically known as
postprandial somnolence [1].

However, this is not the case. Blood redistribution
theory fails because cerebral blood flow and brain
oxygenation are known to be preferentially maintained

\ — under a wide range of physiological conditions [2].

Ii ‘L\ They are strictly maintained even during exercise when
much of the blood is diverted to muscles; and in fact, a

study revealed that there was no measurable change

E¥“§§ “"] in the blood flow to the brain in carotids after feeding
?‘_t“' = [2]. Therefore, the intake of food will probably not

gﬁ_"ﬁ E}‘;E ‘%ﬁ 9 affect brain oxygenation and cerebral blood flow [2].
O

w S0
2 3

By Dana Kim £{#/2




Post-Meal Hormonal Change and

Food Coma PP

So, what could be the possible
reasons behind food coma? With the
postprandial increasein insulin level
as an example, feeding can promote
or inhibit the secretion of a lot of
hormones to maintain homeostasis.
Such hormonal changes can also
reduce the desire for food intake by
infroducing a feeling of satiety. It has
been suggested that the hormones
involved may simultaneously affect
the sleeping centers in the brain and
contribute to food coma (footnote
1) [1, 2]. We will examine two (of the
many) examples — melatonin and
orexin.

LobEs

In the state of hunger

In the state of satiety

Arousal center
/v fE S i ;ﬁtui:r;;ulation
Hunger center ”
AP | Inhibition
~ — sl
Sleep center
FERE P48
Arousal center
SR
Satiety center Hunger center
ai=tesk — FIE T

Sleep center

i AR P 1

In addition to its role in regulating

gastrointestinal motfility [3], melatonin
is commonly known as a hormone & —
that regulates sleep-wake cycle -
high levels of melatonin induce sleep.
This has been shown by administrating melatonin to
animals and humans in previous studies [2]. In fact, the
gut increases the synthesis of melatonin considerably
after meal consumption, so such increase is considered
to be a contributing factor to food coma [2].

For orexin, it is known to be a hormone which
promotes hunger, along with wakefulness, presumably
through increasing the firing rate of neurons in an
arousal center in the hypothalamus [2], which was
hypothesized to work by inhibiting the sleep centers
[1]. Therefore, the reduction of orexin after a meal may
contribute to the sleep-inducing effect by leaving off
the inhibition of the sleep centers [2].

Consider the Bigger Picture: Interactions Between
Brain Centers

While some scientists incline to attribute the cause
of food coma to the action of certain hormones, some
take a further step back [1]. On top of the idea that the
hunger-satiety axis modulates the sleep-wake axis, this
view emphasizes the interaction between brain centers
in the hypothalamus, and hormones are considered
as just messengers that facilitate communication
between organs.

As illustrated by the example of orexin above, there
are four major centers in the hypothalamus that affect
satiety and drowsiness. They can be simplified as the
hunger, satiety, arousal and sleep centers. Hunger
often comes with wakefulness; the hunger center is
hypothesized to stimulate the arousal center and inhibit
the sleep cenfer. The arousal center itself works by
inhibiting the sleep center, too. However, in the state of
satiety, the satiety center inhibits the hunger center so
everything in the pathway becomes the opposite and
drowsiness occurs. The interactions are summarized in
Figure 1.

So, it is useful to understand what would lead
to the feeling of satiety, which intertwines with the
occurrence of post-meal sleepiness. In fact, our body

Figure 1 The interactions between the four brain centers before and after a meal.
BB ZEEARBRNIE AP REERR ZHNHEEIER

judges whether we should feel full by our energy level
and by the physical conditions of the stomach [1].

To know whether we are replenished with energy
after a meal, arcuate nucleus (ARC; footnote 2) in
the hypothalamus detects the increase in the level
of a blood-borne metabolite, malonyl-CoA, whose
level correlates with that of ATP (“energy”). Having
combined other metabolic signals, ARC can stimulate
the satiety center and inhibit the hunger center
through hormonal regulation. This contributes to the
feelings of safiety and drowsiness.

Meanwhile, our stomach should be stuffed with
food for quite a while after eating. Vagus nerve
branches can sense the gastric distension and
delayed gastric emptying, which in furn lead to the
release of some other gut hormones that stimulate the
safiety center by their own actions and through vagal
stimulation. This eventually yields the same feelings of
being full and sleepy. Furthermore, this can account
for the reason why solid food could induce greater
drowsiness than liquid food, which is because solid
food can cause greater gastric distension and further
delay gastric emptying.

Food Coma in the Light of Evolution

So now, you may all be wondering - is it necessary
for the satiety response fo link to drowsiness? All it does
it gets us intfo frouble for dozing off during class, righte
True, but evolutionary biology suggests that there might
be areason behind post-meal sleepiness.

To understand, we need to view this phenomenon
in the Darwinian confext — any suboptimal effort
allocation can result in a selection disadvantage [4].
For a species to survive in natural selection, they must
spend their limited energy and effort wisely.

Speaking of these, some researchers speculated
that digestion is a demanding metabolic process that
requires focused effort and energy expenditure [2]. In
response to that, our body may choose fo temporarily
lower its sensitivity to external stimuli to let our body

Y,



“concentrate” on digestion by reducing energy and
effort demands [2]. This could be the reason why we
suddenly lose the vigor to hunt for extra calories.

Another plausible reason is that post-meal
sleepiness may help consolidate what we learned from
the circumstances that led to energy acquisition [2].
The brain is known to be plastic, or flexible, as neurons
can rewire themselves to enable more effective
communication. This serves as the basis of learning
and memory. It has been proposed that neuronal
connections can be remodeled and strengthened
during sleep [8]. so sleep is long suspected to be a
process that facilitates learning. With this concept in
mind, post-meal sleep was suggested to subconsciously
reinforce what you learn from the energy-acquiring
experience before the meal - say, hunting. It prepares
you for future opportunities to acquire energy [2].

So, food coma could actually give us an edge in
natural selection!

Untaveling the Mystery Between Feeding
Biology and Sleep

Research studies on physiology and neuroscience
have unveiled layers of mysteries of food coma by
deciphering the functions of different hormones and
brain parts. However, to this day, we are still unable to
confirm why or how we get food coma confidently.
Similar to many other scientific topics, like why we
sleep, there are still many unanswered questions
regarding the potential link between feeding biology
and sleep.

1 Editor's note: Recall that one hormone can target multiple organs
in hormonal coordination (cf. nervous coordination), so it is
common for a hormone to perform multiple functions in different
organs.

2 Nucleus: In the central nervous system, the word "nucleus” is used
to describe a group of neurons that are located in a defined
anatomical posifion.
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By Aastha Shreeharsh

The world we live in is a big place — a vast
expanse of land and seq, in an even bigger cosmic
web known as the universe, much of which remains
a mystery fo us. Making sense of our place in the
universe has always been a comfort to humanity in
the face of the unknown. The most significant way
we do this is by seeking patterns. One such example
is the golden ratio.

Denoted by the Greek letter phi (¢), the golden
ratio is an irrational number — an unending number
with infinite digits that cannot be expressed as a
ratio of two integers, just like - that has caught the
attention of mathematicians, biologists, artists, and
architects across the world throughout history [1]. You
may be wondering exactly what the golden ratfio is
and what makes it so special. In order o understand it,
let's assume a variable x, which represents the length
of a line segment. The line segment is then divided
into two parts, one longer than the other. The length
of the longer part is normalized to one and that of the
remaining part becomes x — 1, as illustrated in Figure 1.

1 (x—1)

Figure 1 Division of a line segment of length x info two parts.

So, what would the ratio between x and the
longer part be, such that it is equal fo that between
the longer and shorter partse

T 1

-1
To find the value of such a “divine proportion”
X, we can create a quadratic equation from the
relationship above:

2?2—z2—1=0

By solving the equation and rejecting the
negative solution, we can get x equals to “2‘/5 ;
approximately 1.618 — this value is the golden rafio.
Another famous mathematical concept you may
have heard of, the Fibonacci numbers (F,) forming
the Fibonacci sequence, is also closely related to this
ratio. Each number in this sequence is the sum of its
two predecessors: 0, 1, 1, 2, 3, 5 and so on. The limit of

The Lolden

the ratio between each number and its predecessor
is, as you can probably tell, the golden ratio, ¢. In
other words, the higher the Fibonacci numbers, the
closer the rafio is to ¢.

Figure 2 Spiral phyllotaxis. (Leaves at consecutive vertical levels
are pseudo-colored differently from red to purple.)

Often linked to the “beauty of proportion”
[2], & appears in various areas of nature
and was said to have inspired artists and
architects for centuries. For instance,
phyllotaxis (arrangement of leaves
around the stem) of certain plants
was discovered to be related to the
golden ratio. While the angle between
successive leaves or leaf pairs can be
90 degrees (decussate pattern) or 180
degrees (distichous pattern), spiral
phyllotaxis with an angle close o the
golden angle, approximately
137.5 degrees
(footnote 1;
figure 2), is
also prevalent
in plants [3]. It
is not hard to .|
imagine that such recurrent encounters
with this ratio in nature have probably
intfrigued and awed ancient Greeks and '\_ i \

us, as we can identify the incorporation -
of the ratio info the Parthenon and da T ; _____ 3
Vinci's The Last Supper [1]. The frequent

appearance of the golden ratio in /

artwork begs the question: Is the golden i
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ratio really a solution to our pursuit of beauty?2

Much to our surprise, this might just be our wishful
thinking. It may be overthinking that has led us to
identify its seemingly overwhelming presence in
nature. The human brain loves seeking patterns, so
much that perhaps it “favors” the emergence of ¢
in many of these instances, even when there is no
concrete evidence fo support the notion [1]. The most
compelling case of this myth is the look of nautilus
shells.

Nautilus is a sea creature from the same
animal class, Cephalopoda, as squids and octopi.
Unlike other cephalopods, its home is a beautiful,
chambered shell with a spiral. These spirals are
known as logarithmic spirals or growth spirals — spirals
that keep growing further apart from the innermost
curves as illustrated in Figure 3.

Nautilus shells are said fo be the prime example
of the appearance of ¢ in the natural world, with
their logarithmic spirals
A suggested

f( ‘,’ﬂ‘“\ to have an
N \  \'aspeEEilatio
. /| edquiEEntitq
A the golden

- ratio —a deeply

P~ held belief that is
S so popularin no small
part due fo literature such as

Dan Brown's Da Vinci Code,
renowned scientists and
academic institutions like the
Smithsonian
(footnote 2)
perpetuating
this “fact” [2].

Yet, if you
were to ever
\ inspect a nautilus shell for yourself in
\\ real life, you may find the/aspect ratio
* actually closer to 4:37(1.333) than ¢
(1.618). When this myth of every nautilus
e shell having the golden ratio is thought
about more deeply, isn't it kind of odd

\, to think that every single nautilus shell in

‘ existence would have the same ratio? It

=EHHIRES

MEMEDR?

Figure 3 Logarithmic spiral of nautilus.

would be more believable if this ratio is varied, even by
a few decimal numbers, in different specimens, right?

That's precisely the same thought a certain
researcher by the name of Christopher Bartlett had.
He went so far as to surmise that even the 4:3 ratio is
not an accurate aspect ratio for most nautilus shells.
When 80 shells were examined from the Smithsonian
collections, the average ratio came out to be 1.310. All
shells had varying ratios with slightly different number;
making it albsolutely wrong to state that all these spirals
somehow have the same measurement, say, 1.6 — a
value much closer fo the actual value of ¢ than 1.310
2.

Why did so many scientists and educators believe
this myth thene Well, as covered in this article before,
the way humans survive and interpret the world is
through seeking out patterns. Sometimes we do this
subconsciously against our better judgement, which
leads fo flawed speculations such as the fantasy of
the golden ratio being all around us; however, another
great thing about humanity is our insatiable curiosity,
which helps us not only create these myths but debunk
them just as well.

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

—]

The golden angle: Imagine that we want to divide a circle info
two sectors in the golden ratio. After setting up a quadratic
equation with the smaller and larger central angles as x degrees
and (360 —x) degrees respectively, you will be able to getf the
golden angle x, which is approximately 137.5 degrees.

2 The Smithsonian Institution: A large museum, education and
research complex in Washington, D.C. in the US.
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Ketchup can be a struggle to work with. You
may have seen the following when a ketchup
bottle is taken out of the fridge. Try and fail to tip
the ketchup out. Smack the bottle hard, many
times, and wait even longer, and suddenly all
the ketchup splashes out at once and you end
up with much more than you need. Ketchup is
a very versatile condiment — it goes well with all
kinds of food - so everyone who uses it may have
similar experience repeatedly. But why does this
keep happening? And why does it happen with
ketchup specifically?

Ketchup as a Fluid with Variable Viscosity

When we want the ketchup to be runny, it
comes out of the fridge frozen and cold and
decidedly notf runny. At this point it may be
described in physics terms as viscous, or difficult
to flow [1]. Rather than waiting for it to thaw, most
people will hit the boftom of the ketchup bottle
sharply. Based on Newton's Law of viscosity, a
fluid flows at a speed in proportion to the force
applied. However, ketchup has the property of
thixotropy [2]. It means that the extent to which
ketchup becomes less viscous, or runnier, is
disproportional to the applied force. Therefore,

ketchup is also referred to as a non-Newtonian

fluid [3].

Why is ketchup like thise In viscous fluids,
molecules are unable to move freely, due io
the attractive forces between them or because
larger molecules act as physical barriers [1]. In the
case of ketchup, 95% of which is made of small
molecules likeswater, vinegar (ethanoic acid) and
salts [2], but kefchup is thixotropic because of the
precise nature of that other 5%.

Ketchup contfains several types of large
sugar molecules (polysaccharides) which make
up the remaining 5% of its content [1]. The most
important is pectin, which is present in fomatoes

From

(and most other fruits and vegetables) as a “sticky”
polysaccharide that helps to bind the cell walls
together [1]. When breaking up the skins and other
tomato solids during the process of making ketchup,
pectin is released to the pulp [3]. Pectin and other
fiber molecules then form a matrix of large molecules
held fogether by electrical charges between them [1].
This also means that small polar molecules, including
water, can't travel as easily as before because of their
intermolecular attractions to the matrix [1]. And when
it's difficult for them to flow, ketchup becomes viscous.

You may see a layer of water appear when
ketchup is left alone for long periods. Excess water can
eventually separate out of this molecular matrix on
its own; this is known as leaching [1]. What you need
to do is to shake to homogenize it — fo redistribute the
molecules of the ketchup. But remember, the fluid is a
non-Newtonian one. When you shake it or smack the
bottom of the bottle, the force applied will break the
molecular interactions holding this matrix together and
allow the water in the fluid to flow more quickly, at a
speed out of proportion to the force applied!

The Secret Behind Its Long Shelf Life

These properties are direct consequences of
ketchup's historical development affer the introduction
of tomato to the recipe. Let's explore the secret
behind the long shelf life of ketchup. From its origins as
a fermented fish sauce in China and Southeast Asia
(where the Hokkien Chinese word ké-tsiap gave the
sauce its name [4]), and after tomatoes became the
latest in a long line of ingredients used in ifs production,
ketchup was well-known for its stability of up to a year
[4. 5]. A common technique for extending its shelf life
was to add acid to inhibit microbial growth, so the early
ketchups without fomato were also sour [5]. Entering
the era of fomato ketchup, chemical preservatives
were once added to the early commercial formulas
fo preserve the products [4]. However, by the late 19th
century several manufacturers and scientists became
convinced that the widely used preservative sodium
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benzoate was unsafe [4]. This motivated Henry Heinz
and his company to search for a preservative-free
ketchup [5, 6].

As other food scientists discovered [5], the key lay in
the ripeness of the tomatoes used and the addition of
more solutes. Ripe tomatoes contain more pectin and
pectic acid, which are created by enzymatic reactions
during the ripening process. Not only did the higher
pectin content thicken the ketchup, the technique
that Heinz adopted also called for the addition of
more salt, sugar and vinegar [5], which did several
things. The pectic acid and vinegar made ketchup
more acidic. The addition of solutes like salt and sugar
reduced the ability of water molecules to move, not
just within ketchup, but also into microorganisms for the
biological reactions necessary to support their growth
[7]. Both effects inhibit microbial growth synergistically
and prevent spoiling without resorting to preservatives.
As a bonus, the riper tomatoes and added vinegar
and sugar made ketchup both sweeter and sourer [8],
giving it its distinct and much-loved flavor.

It turns out additional tricks can be applied to the
bottle for holding the ketchup, in order to facilitate a “smooth
pour” [9]. But that will be the topic of another story.
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FREERN FEZSRBIERMTESERN.
Heinz AN ZERTEMAEZHIE - A
(5] EMSBEAEIER : REBMEEREIE MM EE
M MIAE - #2Z2 \BAEEHREKD FEE
WEEN  FMEZEITA - BRIV EAMEDEA
HKD - EREHEER R EPRIFERIKDR
R [7] BLELENEBEEAIMABBE T M E
YER DSint 8% - EHERAREMAIIA

BEFIHERINAE SR LARTE - AT 2B EMER (8] 5
T ERNER ASERBLEHK -

& A& ZRRREI TR REH I —Loa S EE
EHMEREEEZMEI LT 9] FBEXES—EHN
£

15t "L WES Rhaaid (B #)[10] - #F "MERENAIR - RE,
[11]-
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~ In Issue 018, we infrodu onc
- rcmsposoble elements an @ go\ne-rer Borborc:
Mc Clintock. Maybe you find it crozy that our DNA
can ju oround ‘rhe ‘genome, creating new
insertion m?srrny more fascinating
things about these elemen’rs ‘TI}%S\()Q‘ cle will fake you
- through some of the most intriguing fﬁ%s about
- transposable elements and what they do other than
- jumping oﬁ;gg_g_pd/

P4

o'i"' &
édssificaﬁon and Origin

. Transposable elements (TEs) can be classified info
’rwo Types b&ed on their mechanism of insertion.
Class 1 TEs are co|léd, efrotransposons. These
elements jump around the genome by a copy-and-
paste mechanism. The retrotransposons are first
transcribed info an RNA mfermedmfe then reverse
transcribed into DNA. This pr©cess creates a DNA
segment identical to the orlgmol retrotransposon.
The DNA copy is then m’regro’red into the genome
to create a new insertion. Clos's 2 TEs are DNA
transposons that can be cut ond pos’red without
amplification. A DNA transposon is excised from the
original position and re-integrated into another part
of the genome with the help of an enzyme called
tfransposase. All TEs together make up around 50%

of the human genome [1], although, throughout
evolutionary, most have lost their ability fo jump
around.

If you are familiar with the mechanism of viral
infection, you may see some resemblance between
these mechanisms. Indeed, refrotfransposons
and a particular type of virus, retrovirus, share
many similarities, such as the ability fo insert their
B)) 'yn’rhesized from reverse franscription, info

it genome. In fact, endogenous retrovirus
c}t retrovirus but viral DNA in our genome)
: ,'_G -tfype of retrotransposon, which are the

?Mﬁ*Zﬁ

remna _‘ C
years ago

our ancestors e and possed on to fufure'
generations. ERVs make up around 7-8% of the
human genome [2]. In short, we are part human

and part virus. (Notfe T@&??of all re’rro’rro
can be directly trace ’ronc v

was

Regulation and Adaptation

While having viral DNA in our genome and DNA
jumping around surely stun.most people these
features could also be don%mus If the host does
not develop a mechanism t spppress ’rronsposmoh
and transcription of viral DNA, %n@;ﬁot&@h and re- ~
infection. Insertion of TEs into functional sequences in g"
the genome or expression of viral proeteins may cousem
harmful effects to the host. Luckily, our body hos
multiple repression mec gmsms_@@cuns’r TEs to keep '*““c;,.
us safe. The expression of genes depends bréo’rly on \u
the accessibility of the DNA! If a segmen’r ohDNA is J
open, machineries required for ’rrony crlphon Such”
as RNA polymerase, ccam}é);ﬁd fo Th‘u? segment and
activate transcription to ékpress the gene However,
when the DNA is condéhsed ’rrﬁose machineries
cannot bind and that region of )E)NA is repressed
(footnote 1). Epigenetic modific }lons are some of
the ways in which TEs are repressed through alfering
DNA accessibility [1]. When these: ?ﬁechomsms are
faulty, diseases may arise. Dysreguloté‘d TEs has been
shown to cause neuronal death [3], hemophilia [4]
and cancer.

Since most TEs are repressed and thought to
be harmful to the host, for a very long fime, they
were called “junk DNA", as they appear to be non-
functional and solely parasitic. However, in recent
years, some TEs are found to be adapted info the
host genome to perform certain func’rions'.‘l Some TEs
serve as binding sites for transcription factors (TFs),

&



revealed ’rho’r for the 26 TFs examined,
of transcription factor binding sites ar
in TEs [5]. The insertion of TEs into the genome ma
have provided a novel way for the cell to exert a
finer control on gene expression. '

From an unaccepted discovery to one of the
most important concepts in modern genetics,
transposable elements have revolutionized our
understanding on genomes and evolution. We often
see novel observable traits appear as the results
of evolution as species adapting fo the external

environment; but fransposable elements taught us-

that the evolution of genomes is also in action deep
inside the cell.

.......'...w ......................................... .

1 Editor’'s remark: Let us go beyond the curriculumfor a while —
phenotype is not only determined by genetic sequence or allele.
This is a field in biology called “epigenetics", which is defined as
the study of phenotypical changes without alternations in the
DNA sequence.

2 Transcription factor: DNA-binding proteins, which bind to specific
DNA sequences to eitherfacilitate or repress transcription.
For example, you will learn in undergraduate courses that, in
eukaryotes, a class of TFs called general franscription factors
(GTFs) is required to initiate transcription by helping RNA
polymerases locate the start site. It sits on the DNA before RNA
polymerase comes. TFs can also control where and when a gene
is furned on.

ST\ BAEE@ARNRBBENF (transposable
elements) 1= K HE51R 2 Barbara McClintock » t7&F
RER 7% DNA BEEERARIR E - Wi AEMUER
— 6 REINS - A BAFEEES TR - AL
B EFFIR—LBREANFRAEBNSEE  DURKEMER 7B
SNBETINA -

e,mbe ded §

Eﬂﬂ??’fﬁ'?ﬁﬁ?ﬁ}\%%ﬂﬁ?%ﬂﬁiféi [ BEa+X
7 4 5 H?(retrotransposons) bﬁL?ﬂr@%—

"%ﬁ?&ﬁfﬁﬁ“ﬂ RNA %@ﬁﬁiﬁﬁ
—EREFERNEFENUFHEBN
ill=) A& iEAERASD -1 BRI TR
51N 1% B £ (cut-and-paste) , W EIIEECESN
SEEA I B = 'MJ?XﬁZ%%EZtﬂHj FEENIAE
—EfE - Fi A
=Y FINFEZR MG ASBERE AL 50% [1] BEEE{CBRETD
ﬁ%?ﬂﬁ@fﬁ?%ﬂem%iﬂ% 255 :

ﬁﬂ%ﬁx?ﬂ?ﬁfa % /J\T’ﬁ‘é%"’é"‘iﬁbﬂaﬁﬁﬁ%
Al T R E ﬂi?*ﬂﬁ?ﬁﬁfﬁﬁgﬁ sk
& - Blane s HjElﬂ}ﬁEiﬁAﬁiﬁﬁXE’} DNA EABEER
H-BE L NREREHFRES (endogenous retroyirus
(ERV); EAR—EBRERRFES MERMERATHNRS
DNA) BHY—ENRERFENF BEEEEFAREZIR
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INVADE AND ADAPT

- GENOME EVOLUTION VIA TRANSPOSABLE ELEMENTS

A

AN RALIER R 52 4
EMABE4ESE DNA - NA K EEES 4
(7F—) - %Eﬁiﬁ%ﬂ%ﬁﬂi?ep genetic modifications) 2
Hoh— @5 E A7 AERE . [RIEB 2% DNA WHEE
[1] - B Lt B IRt PE ROl RE & 5 [ B B s - BEAI FRFAW S
EZEXELTIET (3] AN (4] FELE-

BERASHEBUFHRNFINERSEBEEIEE &
ME—RRENEEE BfEES 1k DNA, - BAARE
MUTFRESEEERAMSAEMINGE - R AFE—L
B FHRZFECEBRIMATEEIERNA THTE—L
BRENINAEE —LEAUF LB 7 EEEF (transcription
factor) 21 DNA WA S I E - e M= M A B R EHRHN
R (1) - —IASHH AR/ E ARV ZT 3R - EIRFRr
RN 26 EEERET AKX 20% BHREFHNEEUEEH
IR T P [5] B\ T ARRAR LTI R AR A
T BIFRR RAUR 77 AR B A ARSI B R R E - :

H—ERRESNRRIRREEBETRESNITS
Z— BUTFHERE r HABERANE(CRIERE - BE
MRRERIMRE RACEHEIEMARRE—LoR
RUFT MR (R ) - BBUF SRR M ERAEET—
BT PR R R R A -

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

1 1% NAB—TFORS FEZIMIAE R TAR EHERRIIS S E

FURTE - EREMBPHN—[EE R "REVEES (epigenetics) 1 HISEE -
- MREBRBMAERLE DNA BB FHRBE -

2 BHRTF B2 —1EH DNA ﬁéﬁ’ﬂ%&ﬁ%!ﬁi DNA Fal&EELURE
SN EER - Bl - (RIS E RBARRET R ARENREBRESRR
¥ (general transcription factors/GTFs) BB RNA B& sk HEEERHE

B THERRREEEE - BRESE DNA &S - A% RNAB ST AERE -8
‘ BRETFEEESNERRENU SR - ' i

3\

-

References 2EE&EiHY:

[11 L. Pray, “Transposons: The Jumping Genes,” Nature
Education, vol. 1, no. 1, pp. 204, 2008, https://www.
nature.com/scitable/topicpage/transposons-the- 7
jumping-genes-518/. y

[2] P. Jern and J. M. Coffin, “Effects of Retroviruses on Host
Genome Function,” Annual Review of Genetics, vol. 42,
2008, pp. 709-732.

[3] W. Sun, H. Samimi, M. Gamez, H. Zare, and B. Frost, *;
“Pathogenic tau-induced piRNA depletion promotes H
neuronal death through fransposable element
dysregulation in neurodegenerative tauopathies,”
Nature Neuroscience, vol. 21, no. 8, Aug. 2018, pp.
1038-1048.

[4] H. H. Kazazian Jr, C. Wong, H. Youssoufian, A. F. Scott,
D. G. Phillips, and S. E. Antonarakis, *Haemophilia
A resulting from de novo insertion of L1 sequences
represents a novel mechanism for mutation in man,”
Nature, vol. 332, no. 6160, 1988, pp. 164-166.

[8] V. Sundaram, et al., “Widespread contribution of
fransposable elements to the innovation of gene
regulatory networks,” Genome Research, vol. 24, no. 12,
Dec. 2014, pp. 1963-1976.




g el — P Ik 5

Transcending the Prizes:

JOCELYN BELL BURNELL

By Sonia Choy &7

When one thinks  Jocelyn Bell was raised in a Quaker family (footnote 1).
of an astronomer,  Asa girl and later a young woman in the 1950s frying
they may be inclined  to learn science, life was not easy — at her primary
to picture an old school, only boys were allowed to take technical
man sitting alone  subjects, and girls were banished to cookery and
in an observatory, cross-stitching [1]. She was only allowed to take
looking up at the science classes after her parents campaigned hard
stars. But ome for her to do so. At boarding school she was inspired

—athe strangest, mos by her physics teacher, Mr. Tillott, who encouraged
capftivating objects her fo progress further in physics [1]. A later on
in the sKy was first ¢
discoyered by a
young woman in (foothote 2) and was convinced tha
1967= although  thrown out at any fime, which push&d her to wo
the Nobel Prize  even harder [2].
for thel discovery
was given fo
her sWpervisor
instead

Scintilla
Observato
in_ while pro
Nor Irelan i
- ’ﬁ"‘n, 4 3?1

A

R
D O

pulsatifig signals in. a particular part of the sk
affer her Gavisor asked her fo check with anothef
telescope, they confirmed that there was indeed

a signal coming from the first ever disc 4

pulsar, now known as PSR B1919+2
famously labeled the strange: al LGM -
short for Little Green Men’

Despite this remarkable discovery, Bell
Burnell was not awarded the 1974 Nob
Prize in PRysics; the prize instead went to
Antony Hewish, her PhD supervisor, and
Martin Ryle, the Head of the Cambridge
Radio Astronomy Group, for devising
the method of linking several telescopes
located physically apart to enlarge their
total combined aperture, a revolutionary

~method in radio astronomy. Some

.~ astronomers, including Fred Hoyle, one

of the formulators of stellar
nucleosynthesis (the creation

of new chemical elements
in stars),
criticized




this decision, and it has been a point of controversy i
ever since. Many more sensational Gr’rlclés even
go as far as to portray Hewish, her advi or asan |
unsympathetic figure, but he was in fact | up?orrlve

of his student’s work, and his developmien’r f"rh
techniques and interpretation of the discove otso
deserved to be recognized. Bell Burnell be“l"eved

that a Nobel Prize should not be given to a graduate
student (as she was at the time) unless in exc‘ephonel j

cases, but was upset by other media encounters. In a~- ) N
IR AR BILERIERRE -

recent lecture, she described that reporters would ask
Hewish about the astrophysics, and she would largely
get personal questions, like how many boyfriends she
had, and what color her hair was [7].

Jocelyn Bell became engaged to Martin Burnell,
a local government officer, in 1968; her husband'’s job
required him to move around the UK frequently, and
so she had to move positions frequently and work
part-time for 18 years, raising her son in the process. As
aresult, when one looks at her research output, it may
not be as impressive (af first sight) when comp}ared fo
her male colleagues of a similar age because of such
family commitments. Nevertheless, slze continued to
work on asfronomy for many years, studying mainly
neutron stars and pulsars, and campaigned for the
involvement of more women in astrophysics. Active in
the scientific community, she was the first ever female
president of both the Instfitute of Physics (ZOCF%E'O]O)
and the Royal Society of Edinbburgh (2014-2018).

Despite living in the 21st century, where there has
been significant progress on many fronts of gender
equality, Bell Burnell’s story still highlights an interesting
question. On the surface, opportunities may still be
equally available to people of all genders, but many
women are still held back from their work, often by
choice, by traditional family roles, as they tend to
take up the majority of family duties. Although many

e ‘Ri?ﬁﬁ K OFREAPIBEPRITEFE—
%’/\J:E BRLE ERRPNEEE, BRLHEP—ER
i BEIAABEEAEE— M E Y 41 19674 5

only know Bell Burnell for the discovery of pulsars and
“missing out” on the Nobel Prize, this story also forces
us to examine the deeper issues regarding gender
equality beyond just accessibility, and one can only
wonder what she could have done if she had worked
full-time.

1 Quakers: Members of the Religious Society of Friends, a historically

j Protestant Christian community.

2 Imposter syndrome: A feeling of inferiority among some high
ochlev s, especially graduate students (master or PhD students),
Who -attribute their achievements to luck instead of their
Competence and fear they will be found out as a fraud one day.

/ R eﬁ«n\grcwmg awareness in Western countries of this common

Iog?col phenomenon which may lead to anxiety and
deprz%on mong graduate students [8].

(ERELEE

Jocelyn Bell 12 1943 FHEILEBWBLE EEESHEE
(Quaker) WREFRAK (5f—) - FRELELATFERE
ENRZ BEBRE-HTARS - EMHERN/ NEER
BAOPBEE IR MEZ RO DIEBBZ AL (1)
BEGEM QBB AFET  Bell B FRIER - £ ESEER
5 - HAORISEZEM Tillott SCAESED Bell A£4EE(SYIRE [1] - 8
REREY T RIBABIMRAE BEERIEBIEIZEE (imposter
syndrome; 55— ) 81— EIE%W REECBRERE
B - ESENBINIRERZBES [2]°

1967 & - EFFE N FTER Bell EE%KZ??A”_,%? ERX
& (Mullard Radio Astronomy Observatory) #3172 EE]
551 (Interplanetary Scintillation Array) 2&HEHN—8 -
#ﬂ%‘tﬁféﬁ’fﬁ%ﬁ)ﬁﬁ—rﬁ REIR T NFEIEE [2] - ARERE
BERREWENEBES FEaEENEREZAREET
B Rt B2/ ABTESR REB KRB ZENERKE
5% - tﬂt&aéU?E“%ﬂETiﬂﬁfE—rfzﬁ’Jﬂlﬁéﬂnﬁ % FEamSCERD
RN ERAS —HEREZHEE  EmEEERE—
PRI ERET: ﬁB%EEEEE%E?BZun%Z% PSR B1919+21- & Ffr
BEER Bell B4 RERN T—EEENEF — LGM-
Fi2 Little Green Men (/M A EIEINEAN) [2] -

BESAMEH T EARIEEIR - T2 Bell Burnell 185153
1974 FHEERYIRERE, PERRER/MMNIB L MIEE
Z B Antony Hewish FRIBHEARE R T FEAHEFE Martin

Ryle & Bt RMBA B L RDUNWRIIIELE -Ryle

Z. |

p
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1 E8E: NBLAEENH KK (Religious Society of Friends) - ESE E&2
EEUMBMERZ— -

2 BEREBERE | —RBHRRENSAME (LEEMRE BIELEt
£)NERE tAERBECILRBEENEN BERERAR=EZHE
WREZREMA  ERAMAB-—RERIREACEHR T - AFAH BN FHEEH
EEESADMEELIREEBANIME LM OIEIRS [8] - P

—

ISR ET LB AL SE AR 7T R 3B SR 2 47 - MBI =
RARAKERTEA BERNBXAVHEERNEZEZAVRE -
BEEHEELER (RBEETAEHEBTRENER) X
Fred Hoyle BT BHE S ZFNFH - A VIRER VK5I
ABE B Hewish Bl—ADSEEEBNIREEE - EEE
ﬁlﬁ\iﬁﬁﬁiﬁﬁﬁﬁn TM1EZ thif SERVER B MTAE DT AER
- FRRERER EREIR - FILIESHERE - Bell Burnell B
CRIZBELERERER N EREARZBER AR E (=
WE17)  BELHEARONZRIENE - ERO—RE
Bech - S Aisc B T ERAREYIEEMNR—BER T Hewish [E]
& Mt IS W RN ARBRE - ENSLE#Z/ MESAR

EE%JT?TJEE’JEE@ =

‘ : E!!“IL\ <
: yniBell 71968 £FE3ith 752 %58 Martin Burnell 5]
1B - SERHYL ML ERNE x%§U¥l7ﬁﬂiﬁEFﬁFﬁE (£

Bell EiE RES (R|EBREIZ 1L 18 RS
EE&E%#H‘&'E’JE%LI{’E %aa E WHHERRANESE
tnﬁﬂaq HEZE B ENE RS E E A E PR ER
H—_- BEW HPEERERIAESE BELE
hFEMREE tRARBES T HIRS R IEYEENSE
#~—-Bell Burnell —ESEERRER SERsHYE
B & (2008-2010) MIB TR EXREE (2014-

2018) 8 FE— L EE-

BIEASETE 21 S (1 EEMTE
REBZTFENZSHHCKED 7L
/b Bell Burnell AUt ML —
BESZEENERE  BRER &
EE LRI TSR
2EMRIKA - BRADLZMET
EEMBBRASRIEN B
FERERMPBECHIAE - XK
ERERRXEE H L HRER

2 SRR ISR
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AR EBRIREERM A
mERREGmA—S 8
EEEMNSTEBI MR




ok b TONRE ]

26 & %8 ) Hil

The Amazing C3PhO|OpOdS By Sirius Lee i3

The Cephalopods

“Szechuan pepper. Salt. Chinese five spice. Grind.
Seasoning info a bowl. Corn flour. Squid. Score. It helps
to tenderize the squid. Cut. Tentacles halved and
go straight info the seasoning. Now, we are ready o
cook.” While Mr. Gordon Ramsay was demonstrating
how to prepare the delicious cuisine of crispy salt and
pepper squid, did you know that cephalopods like
squids have been favored by scientists not only as
food, but as research objects?

“Cephalo-pod,” literally means "head-foot” in
Greek, and these animals are characterized by the
presence of tentacles attached to their head. This
class includes squids, octopuses, cuttlefishes and
nautiluses. They are highly regarded, given titles
such as “the smartest invertebrates” and "“the alien
intelligence,” and have been useful for understanding
advanced cognifive evolution.

Their complex behavior never ceases to amaze us
in the field or in the laboratory. Observation suggests
that octopuses can learn spatial cues from the
surroundings to help with their navigation, gaining
spatial memory that prevents them from repeatedly
scrounging the same areas for resources [1]. Cuttlefish
can exert self-control and delay their actions in favor
of immediate gratification (footnote 1), displaying a
sign of decision-making [2]. Squids react to threats in a
rapid manner and escape with their highly propulsive
jets [3]. On top of their abilities to go on a furious fight
of pushing and biting among the males in pursuit of
a mate, cuttlefishes can also deploy tactics where
they sneak around and mate with the hiding female
without other males nofticing [1].

Aside from their impressive behavior, their
sophisticated skin, with color, pattern and texture
changing features, is certainly one of their most
extraordinary abilities. For camouflage, they first

need to observe the
surroundings. Affer analyzing
the visual information,
the brain will fire neural
signals to millions of color-
changing cells to create the
camouflage pattern. Octopuses

and cuttlefishes can further enhance the mimicry
by morphing their skin into the 3D texture of the
background, such as a sandy seafloor [1]. It takes
literally the blink of an eye, about 200 milliseconds,
to change their appearance [1]. This fascinating
property has enabled them to survive with brilliant
camouflage, crawling around without being
defected.

Commonly Used Model Organisms

Our relationship with cephalopods is not limited to
the appreciation of their external appearance and
behavior. Groundbreaking discoveries have come
from laboratory studies of their nervous system.

Led by Sir Alan Hodgkin, Sir Andrew Huxley and
Sir Bernard Katz, squid were used in the early days
of neuroscience as a system for experimenting with
neuronal functions, including the nerve impulse.
Certain squid neurons have remarkably long and thick
(up to 1T mm in diameter) axons, the long projections
that extend from neurons. These giant axons offer us
a great flexibility for experiments, such as the insertion
of electrodes for voltage and current measurement
[4, 5]. Based on past observations that the intracellular
sodium concentration inside the squid axon was lower
than that of the sea water (external fluid), Hodgkin
and Huxley conducted pivotal experiments and
obtained results that suggest an influx of sodium ions
during the fransmission of
electrical signals (footnote
2) [6]. This discovery
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has had a
profound impact
oNn neuroscience,
uncovering the fundamental
basis of how information flows in the nerve, as well
as kickstarting the study of the role of ion channels
in the process [4, 5]. Further investigations were also
conducted by administering channel blockers
(inhibitors) to modify the impulse. Further investigations
revealed the involvement of additional ions that
contribute to signal transmission in axons. [7]. Without
a shadow of a doubt, the sacrifice of cephalopods
has an undeniable significance in our quest for
knowledge, especially in our comprehension of the
nervous system.

P .

Marine Organisms Are More Than Seafood

In the history of scientific research, marine
organisms have been extensively studied fo elucidate
biological phenomena and structural designs. Apart
from cephalopods, sea urchins have been used to
study developmental biology, revealing the roles of
different proteins in cell cycle progression, while sea
slugs gave us a glimpse info how memory works. If
you have the chance fo interact with these friends of
ours, what would you do?2

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

1 Delayed gratification: A subject studied extensively in psychology,
defined as “the ability to either forgo immediate temptation or to
persist in an undesirable activity, in order to reach a later goal [8]."

2 Editor's remark: If you are interested in how neurons fire a nerve
impulse, you may search “action potential” on YouTube. The
mechanism is covered in first-year biology and was once a topic
in the abolished HKALE.
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A diagram showing the difference in sodium ion (yellow)
concentration across the membrane of an axon, the long
projection that extends from a neuron, which is responsible for
communication between neurons.

LERERSRARERANREE T (F) REE - HREZWETO
IMEFRRVAI R4S R BB T ZBREE -

EEEYAB N —ERENERITTHR?

PE R BV "cephalopod . EF B X LBZE "5
E 1 (cephalo-pod) WER BEERR EEIVNFE
EREFMERE - REMUNEEENE R SRS
IR92 - M 2R - %A " RIRAAREES S, K TINE
BE4Y, SHET - MANRM S RERMEE N EL -

PN ERTRERETIINEZEREZ AR B ERM
BEAD -EROLERBEINSZEBRRLUGEHE S ME -
BREEMER-—EBRESER (1]  ERBEHAIREE
N EREHIBCHTE B RAINEERINEEEBIFLE
BEGRE (52 —) - BN BEIRRAEESWIZR [2] - R AR
EHEE LR E - B HEEDRIORBUEEE (3] -
EFERBL BUEEREERFHFREAABEAIE
NS EREENERYES, ABEBNERER
EEERRIEN A LEMRE SN2 2

BRER N BERE SRS EEER
fic - EEmADE [1] -

BR 7L AR RZAMTHIN - Hh9ERHA
RERBENZEE BRMERNRE:




BHMZM M E P —REIENNEE] - By REMRBERIE -
HPELTRERTE - EOTIERBSRNEME Mz
AR S FBE S e Mg sk s 5

RE RES BRNEAFTULIZBIERBNEN &
BIRBE S — XA B B RCR IN5RHEAE (mimicry ) IR -
BlanE e E D BRI MO A [1] - 2T E B it aE

TZIR . B ECHINE  BRERFE 200 2R [1]-EH
HNEZR S HEMPIEUSBRRRENET FR 2
BREEMARES -

HRPEAHRIEY

HFEBE RV EEERENR G  WALLREER
ENMPSUNNRES RERBEUABRONRAMEER
EEHMGERRETHNER -

ERHMNBLEM K P L Alan Hodgkin & £
Andrew Huxley 8170 Bernard Katz tRENEYE
RERM BRI TR TINGE S5 ENKE - B —L
METEENRNENHR (EETUMURE—2K) B2
B TEMERWARERE - ELEEANBHREERRS
FARMBERRANERE - AINHKMOIUIEABHEEE
BIERSE [4, 5] - BEMRIBLMBHEANNRELLS

K (SMEBRAE ) 1K - Hodgkin Al Huxley ELEEEE
TLRRERITESEIBERINENRBERN
BFEBAAM () 6] - SEBRABHL
BEBRB/RTFRENTE BIERIEREM
RANBENER IS R rRETEERE
i EE N EARENERNE 4, 5] - E—F
MEREAEREFEBRIPEERT (HIHIE ) Rl
BrkikE - ZEER L —EESREBEELIE
RILIFHBEE NBREZBMEEAN B EEES
BIVER B+ [7]  EMREER - REREN YRS
FEHMEKAFRER LEEEANER - LEZMXRT
e R REI PRS-

BEEMIERRZ RS

EREMANESE £ HOEEEBIMFREFEDRE
B —LEEVIREMAE - EIRE ML B TRBIER R

ZB4EME (developmental biology) - B~ 7 AEER
BEEAMBRER FMNAS, MEBEERELMLREE
FIRZUMAEER - ERIRAREH RS LEHFAAR R
NEREREFMmM?

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

1 EEWZE (delay gratification) : EREOEE PR EZIH R FE - &
=5 "RHlRAFXSFES B TRREES - DUERARKBEZEN—E4E
[8]. -

2 HRIE NSRS 1R AR T U0 fa] A A A AR RN B - T UE YouTube R "&)
YEEAI (action potential ) 4 - EIE(ERIBH EMIE KE—F R ENF
B EKEREeAEEZEWRE -
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