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Message from the Editor-in-Chief F4RHJEE

Dear Readers,

Welcome to the latest issue of Science Focus. This time, we bring you
articles on scientific discoveries that span many decades. Going beyond
the textbook, we introduce a lesser-known hero who played a big part in the
discovery of the DNA structure. Have you ever thought of ways jellyfish and
tfree bark played in biomedical research and medicine? What about the link
between a comic character and tissue regeneration? For those of you who
are into sports, we delve info the physical principles behind ice-skating.

Have you checked out our Instagram platform? You will find fun graphics
and summaries of articles we published in previous issues of Science Focus.
We hope to post your contributions in the very near future! To share your
passion on science, please enter our Instagram competition. Each round
of competition will have a theme. All you have to do is send us an original
digital photo, together with a caption that explains a related scientific story.
For further details, please refer to the next page - What's Happening in Hong
Kong.

Now get your phones or fancy cameras out, and start snapping away!

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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WHAT'S HAEPENING'IN HONG KONG ?

Let Your Love for Science Flourish!

The cold winter has passed, and it’s time for you to
go out and have some fun in the following selected
events with your family and friends in this spring!

HK SciFest 2019

The annual HK SciFest is back again! The theme
this year is STEM (Science, Technology, Engineering
and Mathematics) and a wide range of over 140
scientific activities will take place at the Hong Kong
Science Museum and their partners over two weeks.
Check out the Fun Science Carnival with your family
and friends during the holidays. If you are a great
fan of sci-fi movies, you can participate in the movie
review program, Sci-Fi-Sci, fo explore
the science behind sci-fi movies! You will H|<

surely enjoy the SciFest while enhancing SC'F
FHERSE
12.4 - 28.4.2019

your understanding of science through
these interesting activities!

ZERBMHNBNESE!
EAWE RO LIRS EBRRZEENENEXS
FABRHBEE  —ESMY FHEFHE !

&HEMNESE 2019

—F-ENEBREMEKRT SFASEER
FSTEM, (B2~ &flf - TRNEE )  BERBEKR
HEFXHFEEMIEE 140 BAFREANREEFSH
ARS8 - EREAAGERASPLE "HBENEREF
88, MREERLIEFZHBE R 4 - LA ABE
ERBFEHEEE —"RLIBE,  AEHA-ERRE
MEJER PRS- HMREBEEESE
B BELABEEN IR E 200
REME !

s>

HER: 2019F4H12B2

Date: 12 April 2019 - 28 April 2019
Website: hk.science.museum/scifest2019/

Science Focus Instagram Photo
Competition

Science Focus is launching a brand new
Instagram Photo Competition. We encourage local
secondary school students fo submit photos, with
a caption in 100-200 words, to share interesting
scientific stories. There will be multiple rounds in a
year with different themes. Through this
competition, we hope to spark
curiosity, and spread scientific oy
knowledge to a wide audience. ] !

If you enjoy taking photos
and love science very much,
don’t miss the chance to tell
us the most interesting stories
with your photos! You may win
an instant camera or a HK$100
coffee card.

2019%F4H28H
#34t : hk.science.museum/scifest2019/
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HK$100 MR 25k °
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Visit our website to learn more about
the competition: http://sciencefocus.ust.hk/
instagram-photo-competition

BRILLEF1E FAELRAMRE:
http://sciencefocus.ust.hk/zh-hk/
instagram-photo-competition/




The knowledge

of the building block of genetics, DNA, and
its helical structure is probably treated as something
accustomed and unexceptional and often taken for
granted by many students. However, have you ever
thought about the efforts that have been spent by
all those scientists who dedicated their lives in the
scientific research towards this molecule? James
Watson and Francis Crick have been hailed the
heroes that discovered the helical structure of DNA,
and have won the Nobel Prize for deciphering its
molecular structure, together with Maurice Wilkins.
This is also the reason why the helical structure is almost
synonymous with Watson and Crick, while neglecting the
important effort from numerous scientists before them.

There is a hidden heroine of DNA double helix
model who deserves more recognition and respect
from the public. Her name rarely appeared in high
school textbooks — Rosalind Franklin. Franklin had a short
yet legendary scientfific research life. Her all-rounded
scientific background with strong physics and chemistry
knowledge and skills had helped her a lof in the process
of unravelling the secrets of the DNA structure. However,
several sources suggested that Watson and Crick have

taken away Franklin’s efforfs without her knowledge
and permission [1-3]. Let's figure out the real story of this
“mother of double helix".

Born in an educated and socially conscious Jewish
family in 1920, Rosalind Elsie Franklin was determined
to be a scientist since she was 15. Her father strongly
discouraged her interest as this was an uncommon and
difficult career for women af that time. However, she
excelled in her academic studies, specifically in science,
at St. Paul’s Girls’ School, one of the few institutions at the
time that taught physics and chemistry to girls. Later, she
won a scholarship to study chemistry at the University of
Cambridge in 1938, and received her Ph.D. in 1945. She
then moved to the State Chemical Laboratory in Paris
and studied the latest X-ray diffraction fechnology at
that time. This fechnique was of paramount significance,
which confributed towards the discovery of the DNA
structure with the well-known X-ray image of DNA, Photo
51. It fook Franklin hours and tons of hard work to obtain
this image and the calculations in analyzing it [1].

ﬁﬁﬁ?ﬁ%%ﬁ@é%%ﬂﬁi%ﬁﬁ — IREziEZiE (DNA) - L
REEEZERABNANBANMECHEZBERREMEANTF
BENRA-BREIAEBELERBNFIHEER —FRERH
DU I DR R B TR 555K ? James Watson ] Francis
Crick ' —E #2533 DNA 12 e 45 BRI =1 - 1 82 Maurice
Wilkins —#EFE 3% DNA D T4 BMERS 7 EREMNKE
EMERTESAMEREZERAEBNEEAKAEZ] Watson 7
Crick WIRE - RZ R M - X% DNA &iERE TS EREE
BOREBRTAMBERS -

DNAERBREIANZINBE —NEENBEZEE —
Rosalind Franklin: #ifYZFR/DIESFRRA LHIR - Bt B
BEEENEEZHREMEE - Franklin BE—REEEEZHR
BMR4E -t TENREE S MEMNEESAEEAMNHE
BEARE BNt H 2 #RF Y DNA & BHMW % - A - BREN R BB
Watson ] Crick fE8 Bt A EFZF IR § - Bt E IS
NEBRNAERRES [1-3] - ERM—EFEERHAEMN L2
ez&, WEEBHSEIE!

Rosalind Elsie Franklin £ 1920 FH4R—ESRBREEHE
EEAHEEANEARE WERTIRBEIEMA—2RE
xR BEEQREEME AREHERNEERRE—ELS
BAE SRR - 0T D 2R E L FER (St Paul's Girls'
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Franklin had gone through a lot of difficulties that
were not only confined to science but also due to the
conflict between her and her senior colleague, Maurice
Wilkins. Suspiciously, Wilkins showed Photo 51 to Watson
and Crick without Franklin's knowledge. Together with
other Franklin’s unpublished data obtained from Max
Perutz, Crick’s PhD thesis advisor, without Franklin’s
knowledge, Watson and Crick came up with the
similar conclusion as Franklin. This led fo the concurrent
publicatfion of their arficles in the journal Nafure, where
Franklin's arficle was placed last, giving a misconception
that her experiments were just a verification of Watson
and Crick’s discovery. According fo Watson's book,
The Double Helix, published in 1968, Watson admitted
that their model was greaftly inspired by Franklin’s
unpublished data. Without Franklin's key data, they might
have proposed a wrong structure with bases pointing
outwards [1]. However, not only didn't they acknowledge
Franklin’s contribution clearly and adequately in their
journal articles published in 1953, but they also didn’t
acknowledge Franklin’s confributions in the 1962 Nobel
Prize ceremony [1].

School) FEZLEBNEXEMNE RASENEHE MEREY
FEREZERDHMUZABYIBENECEBNER Z— - 2K 1
WN7—£828% FioE 1938 FRRBABEBELE BN
1945 FRSELTEMA-HE BEINER UEKEREXRE
BER=BEERNRITEN X SRES KM (X-ray diffraction
technology) - EIRKMTEEHBISNES X iRz E — "5 51
RRRALZEHEEE MEFMERAREREBR SREBRBLUEIR
DNA H)%5#8 - Franklin f6& 7 A0 O AR 7 e B R EEE &
MWRABREMWETEER [1] -

Franklin RE T ZRE MEHENWEELRISRREE
£ BEHE ERKEZE Maurice Wilkins Z BRIF/E - o] 582 -
Wilkins 7258 B ## Franklin 1% R @ Watson ] Crick &7~ 1

M5 51 5RER H . - BRILE 2 9h - Watson #0 Crick E# 784 Franklin
REMERER T Crick BT IEEZE Max Perutz & - BY
13 Franklin Efth R AFRIEE - #EMS HE2 Franklin #8 EIRV %S
e EERMANXERREHNZN (BAR) (Nature) #3558
E 1 Franklin BIXX E# 4R BE7E Watson Al Crick 2 #& - 85 # A
RESMNERERSZER L BRE Watson ] Crick F9E3R - 7
Watson % 1968 & L kR #0 (€212 E) ( The Double Helix)—& 5 -
Watson E& IS R 2 B H B RS Franklin REFRIE
BRATRLES : AR 8A Franklin SREMREIE  tEEAIERE—
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“We have also been stimulated by a knowledge
of the general nature of the unpublished

experimental results and ideas of
Dr. M. H. F. Wilkins, Dr. R. E. Franklin and their
co-workers at King’s College, London.” — The
acknowledgment which is considered as an
understatement extracted from Watson and
Crick’s 1953 Nature paper [4].

If the Nobel Prize could be awarded posthumously,
Franklin would probably be recognized with the same
level of honor as Watson and Crick. It is time to spread
the hidden story of an infelligent brave woman who
provided crucial clues for the double helix model. It is
time to honor Rosalind Elsie Franklin, the unsung mother
of the double helix.
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|f you want fo study the crucial proteins
related to cancer, aging, or Alzheimer's disease, or
if you want to understand the neural developments
in the brain...would you think of a jellyfish?

Most of you would say “No way! What do
jellyfishes have to do with us2”

In a way you are right, jellyfishes are extremely
different from humans, and won't be affected by
many of our diseases.

But they do have a unique feature — they give
off a bioluminescent! glow. This has intrigued
scientists for decades — what exactly are the
substances within these jellyfishes that create this
effecte

This is the story of a marine biologist and
organic chemist, Osamu Shimomura. He has spent
19 summers with his colleagues, collecting millions
of crystal jellyfishes, Aequorea victoria, from Friday
Harbor in Washington [1]. These jellyfishes had rings
of organs within their “umbrella” that generate
green bioluminescence. However, isolating these
organs and studying how they worked proved to
be challenging. Shimomura attempted multiple
extraction methods and conditions, but many
were to no avail.

In one summer afternoon in 1961, Shimomura
tested if a change in pH would affect the
bioluminescent glow. Some pH levels triggered
only a faint glow but not the intense glow he was
looking for. Towards the end of the day, he tossed
the remains of his unsuccessful experiment intfo
a nearby sink, and that was when he saw the
inside of the sink being lit up with “bright blue

flashes” [2]. After noticing that this sink contained
seawater drained from his fish tanks, this meant
that something within the seawater had allowed
for the remnants to emit light.

His research then made tremendous progress
— after testing every component of seawater, he
identified that calcium was a crucial factor for the
bioluminescence. From there, he narrowed down
the luminescent substance gradually to a single
protein which he called aequorin [2] — the protfein
that emits blue light.

But this didn't account for why the jellyfish would
glow green. That's when Shimomura hypothesized
that there is another protein that coexists with
aequorin, and is responsible for absorbing the
higher-energy blue light, and using it fo emit lower-
energy green light. Further experiments proved his
theory was correct. He narrowed down the source
of the green glow, and subsequently discovered
a fairly small but important protein — the green
fluorescent protein (GFP) [3].

Another breakthrough came in 1987, when
American microbiologist, Douglas Prasher, studied
in detail the DNA and protein sequence of GFP.
He proposed that GFP could be used to tag?
proteins, by taking advantage of the genetics
and protein production in a cell [4]. This would be
a more practical way to study proteins, as most
proteins are colorless and too small to be seen with
microscopy techniques directly. If GFP could be
linked to a farget protein, followed by excitation
with high-energy light, the target protein could
be tracked within a cell by detecting the green
fluorescence signal.

T‘)V



Emerald
from the Sea —

Green Fluorescemt Protein
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RE—EHSIVEEENERE — FEBENEH (green
fluorescent protein - f&78 GFP) [3] -



For protein synthesis, the DNA sequence of
a gene has to be transcribed into messenger
RNA (mRNA), which is then translated into a
polypeptide. Prasher imagined that it would be
possible fo use tools in molecular biology fo insert
the GFP gene right near the gene of interest. The
cell would then produce a single molecule of
fusion protein — the target protein is fused to the
GFP — which ideally retains the original functions of
both proteins.

Prasher’s idea was made infto reality by a
professor in Columbia University, Martin Chalfie,
and his wife Tulle Hazelrigg. Chalfie and his
team were the first to incorporate GFP into other
organisms. He first managed to express GFP in
bacteria Escherichia coli, which produced a
beautiful green pattern when grown on an agar
plate. He then succeeded to light up a small
number of neurons in the transparent nematode
Caenorhabditis elegans, by expressing GFP
in them. Hazelrigg employed her husband’s
techniques, and successfully studied numerous
critical proteins in fruit fly development [5].

In the following years, biochemists Roger
Tsien and otfher scientists made alterations, by
infroducing mutations to the original GFP. This
results in many new versions of GFP, including

some with greater brightness of green light
emitted, and those that fluoresce different colors
— like yellow fluorescent protein (YFP), enhanced
cyan fluorescent protein (ECFP) [6]. Wait, did you
notice that the colors near the red end of the
spectrum are missing? Scientists discovered a
red fluorescent protein, mRFP1, from mushroom
anemone Discosoma after the discovery of GFP
[7]. Tsien and other researchers then used the
same technique to engineer the red fluorescent
proteins so that variations of different colors, like
cherry (mCherry) and orange (mOrange), are
available [6]. This complete rainbow of fluorescent
proteins allows scientists to label multiple target
proteins simultaneously.

The potential applications of fluorescent
proteins are enormous! It has now become regular
practice to study the function and activity of
countless proteins, especially those implicated
for certain diseases. The true importance and
potential of GFP were finally recognized in 2008 -
Shimomura, Chalfie and Tsien were awarded the
Nobel Prize in Chemistry [8].

And who would have thought that jellyfishes’
exquisite glow would light the way in biological
researche

Emerald from the Sea —
Green Fluorescent Protein
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1 Bioluminescence: Emission of light by a living organism

EME  EMRRIENIRS

z Tag: To add a label to a molecule so it can be detected and
tfraced
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CO HCGI’ is often regarded as a grim

and dreadful state of human health in our modern
society — with millions of new diagnoses annually;
statistics estimated that more than one in three
people will develop cancer at some stages of
their lives [1]. Cancer is a group of diseases that
commences when certain cells start mixing up
signals and insfructfions, causing the cells to grow
and divide abnormally, with the potential of
spreading throughout the body causing numerous
complications. Although a lof remained unknown
regarding its mechanism, scientists work extremely
hard to save the lives of as many patients as
possible!l And of course, they would always be
hoping to discover a substance to “cure” cancer....

In the early 1960s, the American National
Cancer Institute (NCI) initiated a wide anti-cancer
screening, where they analyzed thousands of plant
species for their ability fo stop tumor' growth. One
source that displayed promising activity against
cancer was the stem and bark of Pacific yew trees,
Taxus brevifolia. Drs. Monroe Wall and Mansukh
Wani's team at the Natural Products Laboratory
spent years concentrating and purifying the active
antfi-cancer component, with repeated careful
organic solvents partitioning. Eventually, in 1967,
they managed to collect a pure form of the active
ingredient? — a very complex, non-polar molecule,
which they named paclitaxel, later known by ifs
tfradename Taxol [2].

Taxol

— The Pathway to Cancer Treatment-
M 2RAY == fiE R 2

By Yasine Malki 5324
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The NCI carried out further testing fo study the
anti-cancer activity of Taxol during the next 10
years. It was found to be a very potent substance,
showing significant activity against lung, ovarian
and mammary cancers, at various stages of
progression when tested in mice [3]. Furthermore,
Dr. Susan Horwitz of Yeshiva University revealed
that Taxol works by targeting rapidly dividing cells,
getting inside of them and attaching to a tubular
scaffold structure called microtubules, preventing
the cells from dividing [4].

It seems to be going so welll Taxol stops the
division of cancer cells, which could counter the
rising cases of cancer, however...

In 1983, further experiments with Taxol were
halted quickly due to a shortage of supplies. In
fact, Taxol is found only in small amounts in nature,
and along with many difficulties in harvesting and
extraction — only 0.5 g of Taxol was isolated from 12
kg of Pacific yew tree samples (equivalent to 0.004
% yield), requiring the removal of six 100-year old
frees to freat one patient [5]. On top of that, these
tfrees are amongst the slowest growing frees in the
world and were already on the brink of extinction.
Complete chemical synthesis was not commercially
viable - Taxol has a very complex structure,
requiring 35 fo 51 steps for its total synthesis, resulfing
in a low yield (0.4 %) and very high costs [6, 7]. This
pressured scientists fo find more efficient
ways to obtain Taxol. ;
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Eiﬁ%ﬁ@- BIE—RHEIBDEHABRERR
—iZ0lR - MYXLABENERE 2 SFABEEUEE
ETRABRER , REtRLAB=EAP BEZR—EA
SHEELEMNERFE D BREE (1] ez — %R -
EYHEELEAREERMNESRLL <EALStERN
DR BEBAUEBRBEZBLSIER ARG BRAE - &
RBFIHEE R R NRBEAREZE  RBRIRABE
PREEIE R ZHIMA KM - Hoh—(E R R 2 B 220 A 4 -

fF AR TERY) ZRIBREERTAER 7—
B AR B Y Entm st 8l - i FDRIEE ¥ BT st R
PolbREE " EEMREN -Hb —BARARR I RENE
EHRHEENYA: BBE KFEFEH (Taxus brevifolia)
B9 1 88 A 18§ K2 - Monroe Wall & 1= Mansukh Wani &
THEBARAEMW MV REEC T RENERD O E
B AARN B AL kB ETHE (partitioning) - E
ABRMBAREE AP IEAE RS 2 425 M IhE
1967 FIRMHETHEUN S — —BEBIESEH-
FEBHEM D F - thFITE 2% paclitaxel (L2852 ) - B R
1% Taxol CRIERS ) (FIHEZ WM AARE [2] [HiZ: 5
MREPXBBEM] -

EHETE BREEMRAABEREENTERENE
E—DTME EVERBIRREABANYA, aZ2B AR
. KBRS AEMREROME NEBENIREERZE
BI1EA [3]- LESh - B 2 KL K2 (Yeshiva University) B9

Paclitaxel

300 mg
Gmg/mf

Susan Horwitz B3R KRR BIFRNASNZEBE
A AR - 6P FE R FE A UE (microtubule) ROAIRR SR 32
BERELE HiEABo R FHItHRESRPVEMAEL
HBEXM [4]-

\\

—tNEUF+ D IRF] - =4
MHIEEEERRRIE - Tl

BeREMH L ARERI D 2 -

\l

F1F EEBENHREAEHRESELEMEE
FIE-BE L BMREEBARPRIADVENEALE M
BIREUERE+7HEE — 12 AWK EEL B R AR H
0.5 T EMEE (EEHER 0.004 %) - BAE—ERAS
ZREEAREFER 5] - BENZE APFEELEHA L
RERENEZ— MBRKREENESZ TETHEERS
ANREMELEEEZE LLATT ARELENEED
ZEH 25 (total synthesis) EE3SES514 58
SESEB/ME (04 %) UERAEEBS [6, 7] EmE
FEREBRSEEAUN G EME R -

SUBEENEIERBHBRENTERLEH EF
— &% Polysciences Inc. AT E 7T — B O] #:54&
RELEEELENREZ B SRENELEEER
FARAETERY (precursor)® —10-lRZBMEEE= I
(10-deacetylbaccatin Ill) -10-lR Z Bt E E R = 111 9]
Plit—EBRES5HFE MEHSRZHIEMEA (Taxus
baccata) 12EL - BEABZIL/ IS [3]-10-RIBEE
ER= Il IRB S E(ERETE AR5 RNBTE
FEZEHERG - BRSR BEERREBER AT &L
RINELRE SB®ESF¥SRNAEZIMIEERLERNR
WMESRFA 550 & mMEREUBEMBIRGFENSE (8]

YRR FTNRREEFENERODEA N EHMIEE
MyTEheE SR B EARMAREY - RERIBE
OMEBERTRE - LISBEESHECENER #E
BREFEELERANLLSH (Taxus) BBRE—LEHMEY .
BIANABSHEE ( Escherichia coli) [6] fl—LEH [9, 10]
SHAENEME-



Taxol — the Pathway to Cancer Treatment?
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A major breakthrough in Taxol synthesis was
made in the late 1980s, when Polysciences Inc.
proposed a method of sustainable, large-scale
production. This involved the isolation of a natural
precursor® to Taxol, called 10-deacetylbaccatin
lll, from the more easily cultivated and abundant
European yew ftree, Taxus baccata, and without
needing to kill the trees [3]. 10-Deacetylbaccatin IlI
could then be converted to Taxol in a relatively easy
manner, without synthesizing from scratch. Overall,
this approach, known as semisynthesis, had a 50-
fold increase in purification yield, and is far more
renewable and environmentally friendly compared
to extracting Taxol directly from the Pacific yew [8].

Further advancements in biotechnology
enabled scientists to make attempts to produce
Taxol or closely related precursors from other non-
plant species. Researchers have now managed
to successfully engineer microorganisms that can
produce Taxol, by inserting the Taxol-producing

Tumor: An irregular mass of tissue formed by the uncontrollable
growth and division of cells. This is the prominent feature of most
type of cancers.

Active ingredient: A substance in a pharmaceutical or medicinal
product that makes the product biologically active. It is believed
that there are some active ingredients in traditional Chinese
medicines that enabled them to exert certain biological effects,
e.g. ginsenosides in ginseng.

Precursor: A starting compound (usually having a simpler
structure) that can be converted into the desired final compound
through a series of chemical reactions.

Chemotherapy: Cancer freatment by means of chemical
drugs. Other methods are radiotherapy (using radiation) and
immunotherapy (in which the use of antibodies is usually involved).

US $4 900 is the price for treating breast cancer.

— EBAMRAEERSE?

genes from the genus Taxus info microorganisms
such as the bacterium Escherichia coli [6] and
various fungi [9, 10].

With the help of scientists from multiple
disciplines, Taxol has gone from being extremely
scarce, and possibly endangering Pacific yew trees;
to now being produced efficiently by fermentation
and semisynthesis, and is being prescribed
worldwide for chemotherapy* to treat breast,
ovarian and lung cancers, at a price of around
US$ 4 900 per patient® [11]. These approaches in
the Taxol story may be extended to other herbal
drug molecules, providing opportunities to make
freatments more readily available and affordable.




Taxol
EXA

EARREMBRNGHEZT  EXEARYER%E
A HENEZUELS K ELHBREERE  2IS XL
BRUBNFERBREE EEBERTFZE 4900
ETNER TNREKEZ M RAIEAREIE INEEMM
EREE 2 [11] KBNS HETMUEREMBIS
FKWEE  LEPRTAERF AR EEEMEEYME
NEY D FL LESHYESREFOUS/NERIMEE €8
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FOOd waste generally refers to

uneaten, discarded food. It seems that no
matter how hard we try to make full use of
food and avoid generating food waste with

our personal effort, municipal food waste is

still unavoidable. According to the latest data
from the Environmental Protection Department
in 2017 [1], the solid waste disposed in the landfills
in Hong Kong weighs up to 10 733 tonnes daily, of
which nearly 34% is food waste, weighing up to
3 662 tonnes. With the amount of food waste on the
rise, there is an urgent need for novel solufions o
alleviate this problem.

There are many recent discoveries on new uses
of food waste, including textiles manufacturing
and dyeing. This also provides innovations to green
fashion, which is no longer limited to organic cotfton
or organic silk. Dr. Carol Lin, an assistant professor
from the School of Energy and Environment of the
City University of Hong Kong, leads her team in the
research on synthesizing fextile by extraction and
conversion of useful materials in food waste [2].

Firstly, the team collects food waste from fast
food shops, supermarkets and bakeries. They then
apply fungal hydrolysis' to the collected food

waste, through which the food is broken down

' into glucose, free amino nitfrogen,
vitamins and minerals. This step also
tfransforms solid food waste info liquid
which will give a brownish yellow
color after precipitation.

Next, the team makes use of bacterial
fermentation? to produce lactic acid from
food molecules, and further generate polylactic
acid (PLA) through polymerization®. With the
technique of melt spinning, lactic acid fiber can
be obtained. With additional steps, the brownish
yellow thread can be transformed intfo white, fine
thread. The feam succeeded in turning 100 grams
of food waste intfo 10 grams of lactic acid fiber
within a week.

This discovery is exciting for several reasons. First
of all, this process can reduce the solid waste being
sent to the landfills. Besides, this method has a low
production cost as food waste is readily available.
At the same time, the equipment involved is neither
complicated nor expensive, so it can provide
environmentally friendly, economical raw materials
to the textile industry. On the other hand, polylactic

acid, which currently comes

from petroleum, can also

- be used to manufacture

lunchboxes, wrapping bags and

eating utensils. In the near future, we can

synthesize polylactic acid from food waste

a, fo make all these products, reducing our
e dependence on petroleum.

Apart from manufacturing thread, food
waste can be used to produce dyes as well. The
campaign of using food waste in cloth dyeing
was started by a food designer, Eric Cheung,
a graduate from the Open University of Hong
Kong. Eric and a group of teenagers have been
picking the leftover vegetables from piles of
waste, recycling vegetables discarded by the
greengrocers and coffee grounds from cafes.
With the food waste as dyes, the teenagers have
produced colorful fabrics using a traditional tie-
dye technique. In fact, the vegetables that they
collect from the greengrocers are the ones with
only minor flaws or cracks on the surface. Eric
thinks that it would be a waste if they are sent
to the landfills and therefore decided fo receive
them. Eric’s group would then extract the pigments
from the food waste by a series of steps, including
sterilizing, air-drying and squeezing the food. The
color of the fabric can be adjusted by altering
different parameters of the dyeing process,
including duration and pH. For instance, the purple
cabbage turns into blue upon addition of baking
soda; but turns intfo dark pink upon addition of
vinegar. Therefore, food waste can indeed be used
to create arich color palette.

Power generation is no longer the only way to
fully utilize food waste. In the future, you may find
models wearing “food waste” down the catwalk.
If scientists succeed in scaling up the production
of textile from food waste, it should partially relieve
the pressure on landfills. This would also bring good
news to the textile industry and environmentalists.

U Hydrolysis: The chemical breakdown of some more
complicated, larger molecules to simpler, smaller
molecules. Water is required in the reaction.

Fermentation: The catabolic reaction that breaks
down larger molecules into smaller molecules by
microorganisms.

Polymerization: The process of connecting many
monomers to form larger polymers which consist
of the monomers as repeating units.
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OU r ancestors have recorded and
preserved their knowledge and history through
characters and materials like bones and papers.
However, is there a better way to do so in the 21
century?

It is frue that we can store information in a
printed or a digital version. However, printed
paper will eventually decompose; computers
may break down and the hard drives may fail.
About two decades ago, scientists realized that
“deoxyribonucleic acid” can overcome all these
physical hurdles and properly store information.

Deoxyribonucleic acid, also known as DNA,
is the fundamental molecule for storing genetic
information. DNA is made of four organic bases:
Adenine (A), Guanine (G), Cytosine (C), and
Thymine (T). In nature, these bases are arranged
sequentially to store and provide instructions to our
cells to make proteins, which then control many
functions and features of an organism. Scientists
wondered whether these “genetic characters”
can be utilized to create secret messages in
DNA cryptography, in order to effectively store
information.

An Innovative
Way to Store
Information!
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DNA cryptography can encode much more
than simple text. By translating the 1's and 0's of
binary code infto DNA code, digital data can be
programmed intfo synthetic DNA, which can then
be decoded back into its original form. Since this
form of information storage allows a large degree
of parallelism!, the computing speed for DNA
encoded information could reach 1 billion fimes
per second. Moreover, DNA molecules have a high
storage density: one gram of DNA can encode 215
petabytes (PB; i.e. 215 000 TB) of data.

In 2012, UK scientist Nick Goldman encoded a
total of 739 kilobytes of different file types (ASCII,
PDF, JPEG and MP3) into strands of DNA. The
content encoded includes all 154 Shakespeare
sonnets, the classic 1953 Watson and Crick DNA
stfructure paper, a color photograph of the
European Bioinformatics Institute, and a 26-second
excerpt from Martin Luther King's | Have a Dream
speech. Goldman held the record for the amount
of information encoded in DNA until April 2016,
when researchers at Microsoft and the University
of Washington broke the record by capturing a
whopping 200 megabytes (MB) of data with the
help of binary coding. In their ground-breaking feat,

I&; FRYE B B X F AR R - B0 B EE AR
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they encoded the Universal Declaration of Human
Rights in over 100 languages; a seed database; and
the top 100 books of Project Gutenberg, in strings of
DNA.

Since modern day hard drives have limited
storage capacity, DNA stands out because of the
massive amount of information it can hold in a tiny
space. As mentioned above, the current theoretical
limit of DNA’s storage capacity is 215 000 TB in a
single gram of DNA. It is conceivable that we could
store the entire world’s data in one single room
thanks to DNA.

Information in computers and the magnetic
tapes and discs can last at most a few decades
before they break down. In contrast, DNA has a
half-life of 500 years; in other words, DNA takes 500
years for half of it to degrade. DNA could potentially
be preserved for hundreds of thousands of years if it
is stored in a cold and dark atmosphere.

Scientists are also trying to find a “super-
container” to host the DNA. Nicknamed Conan,
the super-bacterium Deinococcus radiodurans
can survive in various extreme environments, and

2012 & - =ERIEZ X Nick Goldman 1§ 739 KB B9K[E
1228 (ASCII- PDF~JPEG #1 MP3) #% 5 5% DNA ## - 4% 55 89
AA B 154 &30+ 755 11953 4 Watson (Z4)
A Crick (Feuse ) B9ACEE DNA & 183w 30 BUNEE A
FEE R A LUK Martin Luther King(F T BE%) %
B—EZ8 , EHER 26 W 1#EE - Goldman FELILFT# 7RI
DNA REHZERNRHE EE 2016 F4 B L7 B
BANZERIEABHMRAEBRITE  MFHE _ERREN
HET A DNARETEE 200 MBHWER -EEEFEER
I MERIATER S - PSR IHIE 100 ZIEEEW T HRARES -
—EEFEREMSEEFSPE—BUNEFHETE DNA

BRERNARFEEFEEZ DNATLUR A L RRE -
DNA T DIEB/ N\ HNEBATMAEER EXBEREK &
—52 DNA - B E&Zol#FERS 215000 TB-
oJLIREEEIMNE 55 DNA HMoI S EEHRNE R
EEE—EA)\REEE -

Bk HHENCRANERN RS TR ERTFETF -H8LE
Z'T-DNA W REIS 500 F - B OFER - DNA FE 500
FHRET SRER—¥ - IR DNA BEERSNERE
FIRIE N - DNA BRI UIEERRFETEE -

therefore is one of the
candidates. It is reported that
Conan can withstand high
doses of radiation and survive
in a vacuum environment
for six years. Scientists have
successfully placed a song’s
lyrics info the Conan’s genome.
The only concern is that random
mutations may occur, causing
the saved information to be
corrupted.

One day, we may be able to
creatfe a living container which stores all
the knowledge in the world. We can hide
it in our own room. Perhaps one day, the
hidden data can reach outer space! Even though
we might one day disappear, our legacy can still
live on.

' It means that various information stored in the densely packed
DNA can be processed at the same time, instead of piece by
piece in a series.
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—WI”W is'a common leisure activity.that usually.takes place at large
/,/
shopping malls. | believe many of you must have skated before® However, have you

ever wondered why we can move freely on ice with @

pair.of ice skates?.What are the

mechanisms and theories behind? Let us explore!

T He I echanism

You may have heard of “solid-liquid phase
equilibrium” when you studied thermodynamics
at school'. As shown in Figure 1, you may notice
from the phase diagram that the freezing point (i.e.
the melting point; the red line in Figure 1) of water
decreases as the pressure increases. As we skate,
the contact area between the blade and the ice
surface is very small, and the body weight would
concenfrate on that contact surface. This exerts a
great pressure to the ice surface (greater than the
standard atmospheric pressure, i.e. 1 atm, or 101
325 Pa in Sl unit), and allows the ice in the ice rink
fo melt, even when the temperature is lower than
0 °C. In this case, the friction between us and the
ice becomes especially small, akin to having a thin
layer of water as lubricant. We can therefore skate
freely onice.

Nevertheless, if it's frue, why wouldn't all the ice
in the ice rink turn into water when there were a lot
of skaters?2 This is because the pressure exerts on the
ice surface would return to normal after the blade
passes. As a result, the freezing point would return to
0 °C, which is the one under standard atmospheric
pressure again. The water membrane freezes again
and the ice rink won't become a pool of water.

BT

The description above sounds reasonable,
based on what we've learned from school.
However, investigations by many physicists revealed
that the mechanism of skating was much more
complicated, which could be explained in more
than one way.

According to the article, “Pressure Melting
and Ice Skating”, published by a geophysicist,
Samuel Colbeck in 1995 in the American Journal
of Physics, the decrease in friction could not be
due to high pressure-induced reduction of the
freezing point. He explained that at 0 °C, for every
additional pascal of pressure exerted, it would only
cause a decrease of 7.37 x 108 °C in the melting
point of water, due to the pressure-melting effect.
Therefore, if we are skating on a -1 °C ice surface
and we want to lower the melting point fo -1 °C, by
calculation, a pressure of 1.4 x 107 Pa (around 140
atm) is necessary. Assuming that the contact area
between the blades and the ice surface is 10 cm?,
to exert the equivalent pressure 2, the weight of the
skater must reach 1400 kg. We clearly know that
it's impossible, and that's why the melting caused
by pressure change is not a convincing reason to
explain why we can skate freely on ice.
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Are there alternative explanations? It was
suggested that frictional heating could be
another key to ice melting. According fo Bowden
and Hughes's paper published in 1939, they
experimented with wood and metals in a research
center, which was located at 3 346 m above sea
level in Switzerland. They found that the coefficient
of friction® and its corresponding heat conduction
can provide a novel explanation to the melting
of ice. However, Colbeck rebutted this theory in
his abovementioned article. In Colbeck’s formula,
the contact length between the blade and the
ice surface is conversely proportional to the rate
of heat generation by frictional heating per unit
area. The numerical result shows that, if the rate
of heat generation by frictional heatfing has to
be equivalent to that of pressure melting, which
is already negligibly small, the length of blade
which is in conftact with the water membrane
must be 15 um (i.e. 15 x 10¢ m), assuming that the
skating speed is 5 m/s. The length of a normal
blade is 30 cm, and 15 pym is only its 0.005 % (no
one would skate with a 15 pm long blade, right2).
The numerical analysis has proven that the effect
brought by frictional heating is much smaller than
that resulted from pressure melting. It can thus only
be also one of the mechanisms that allows us to
skate on ice.

Then, what is the main reason for the ice to
melte Conventfional wisdom suggests that water
doesn’'t melt below 0 °C, but such an ingrained
belief is indeed the culprit that hinders us in finding
another possible reason! From 1850, Faraday, a
British physicist, has started a series of experiments
about regelation. He put two pieces of ice fogether
so that they are in confact with one another.
The two pieces of ice then adhere together and
become one. Faraday therefore discovered that
there is a liquid-like film, which plays a key role in
the freezing of ice, on the ice surface subsequently.
This also leads to the subsequent research on the
thickness of liquid-like film on the ice surface 4.

A century after Faraday’s discovery, another
scientist, Prof. Gurney, suggested in 1949 that
the intrinsic liquid-like film surrounding the ice
is a key factor that affects the slipperiness of
ice. In addition, not only did Prof. Weyl from the

BHET

Pennsylvania State University accept Faraday's
idea, but he also raised a model in 1951 to explain
the arrangement of water molecules in both the
core and surface of an ice cube. From there,
different research laboratories conducted various
quantitative research to test this idea in 1950s. This
enables theoretical and experimental physicists to
investigate how much pressure, frictional heating
and the liquid-like film on the surface contribute
to ice melting respectively under different
temperatures.

In 1969, Prof. Orem and Adamson from the
University of Southern California further discovered
that the premelting of the ice surface starts from -35
°C through the analysis of the physical absorption
of vapors. This confirms the existence of a liquid-
like film on the ice surface. With the advancements
in technology, ifs existence was further confirmed
by nuclear magnetic resonance (NMR), proton
backscattering and X-ray diffraction. Nonetheless,
the role played by the liquid-like film in ice skating is
yet to be confirmed by further research.
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Liquid-like film: The actual mechanism is still a hot topic for many
scientists to investigate. If you are interested in this topic, you may
refer to “Rosenberg, R. (2005). Why is ice slippery? Physics Today,

58(12), 50-54" in the reference list. 2 EHAT p:% (PBES-F AN ABEBEHE) -

LRz rERAEA THTE, UREEBRBENSTRER -

S EEGE  REAAE  ERGHEA-

4 @R (liquid-like film) B4R B RS2 —ERNBREHFFH
e MERAREESI AR oIU2E T2 EE R M Rosenberg, R
(2005). Why is ice slippery? Physics Today, 58(12), 50-54 -
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“Flatus” refers to the excess gas
in the intestine, and the act of
releasing said gas is called “flatulence”,
also known conventionally as farting.
| know many people laugh immediately
when speaking about this topic,
but we actually know very little about it,
especially the health warnings it may contain.
There are many folklores about farts that are
not scientifically accurate.
Let us break down the myths one by one!

Myths and
Facts about

Faris 9
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Myths and Facts about [ﬁ@ﬁjﬂ)@

Question 1: “Loud Farts are Not Smelly, Smelly Farts are Silent”( "&EFE - EEFE,)?

Have you ever farted so loud that your classmates kept laughing at you, so you try to
defend yourselves by saying “It wouldn't be smelly”2¢ Or you are taking a test where you didn't hear
anything but suddenly smell your classmate’s silent “biochemical weapon”? In fact, loudness
and odor of the farts are independent of each other.

Loudness is determined by the amount of gases produced. People who fart loudly are
probably experiencing indigestion — undigested carbohydrates are fermented by the bacteria

in the gut, producing gases such as carbon dioxide and nitrogen. These gases are mostly odorless.
Most of the fime, the odor in farts comes mainly from hydrogen sulfide, a gas with rotten egg smell [1].
Individuals who eat more dairy products and meat typically produce more hydrogen sulfide because
those foods contain proteins that are rich in sulfur. Interestingly, the hydrogen sulfide produced due to
large consumption of sulfur-containing foods is always smaller in volume compared with the carbon
dioxide produced by carbohydrate fermentation. Therefore, smelly farts usually build up less gas
pressure and are quieter. However, the farts can be both smelly and loud if a person is suffering from
] indigestion but af the same time consumes too much proteins. Therefore, this saying is not totally

correct.

Question 2: Vegetarians Fart More?

& i In terms of frequency, this is correct. Vegetables and fruits are rich in dietary fiber. Speaking of
o dietary fiber, there are many kinds apart from cellulose that you may have heard of. Non-digestible
N oligosaccharides' are a kind of dietary fiber that humans don’t have enzymes to digest, so they will

; end up undigested in the large intestine. Interestingly, certain types of bacteria in the large intestine do
5 have the ability to digest these oligosaccharides, and the fermentation process does produce gas, so
; it is possible that vegetarians generally fart more.

Are vegetarians’' farts smellier then2 Apart from meat and dairy products, some vegetables, like
cabbage and broccoli, are also rich in sulfur [2]. Since odor depends on the amount of hydrogen
@ sulfide produced, if vegetarians eat a lot of vegetables that are rich in sulfur, their farts could be smelly
too. In other words, flatulence from vegetarians and omnivores can be equally smelly!

Question 3: Smelling Farts is Good for Health?

This saying sounds suspiciously like nonsense, but there are some interesting facts that led to the
perpetuation of this myth.

As mentioned above, hydrogen sulfide is one of the gases that gives the distinctive smell of farts.
Interestingly, extensive research suggested a range of beneficial effects of hydrogen sulfide when
it is made within a cell. Hydrogen sulfide can modulate reactions which occur in mitochondria to
provide protections to cells under certain condifions, such as high blood glucose caused by diabetes
[3]. Mitochondrion is offen known as the “powerhouse” of cells because it is the key organelle of

energy production in a cell. Mitochondria also play a key role in regulating cell survival. Inspired
¥) by the natural protective mechanism, scientists in the University of Exeter have identified a small
molecule, AP39, that can direct hydrogen sulfide to the mitochondria of the stressed cells, and
release the gas in a very slow manner [3]. This enables us to administer hydrogen sulfide from
outside the body and mimic the natural process.

Notably, the scientists remarked at end of their press release that they have never claimed that
sniffing hydrogen sulfide can bring any health benefits. This is because for the treatment to be
effective, the hydrogen sulfide must be delivered to the right cells at the right dose. Smelling farts
is likely not at all effective or beneficial as a form of disease treatment or prevention, because
we can neither lead the hydrogen sulfide to the mitochondria of the stressed cells nor
control the dose.

Next time when you fart, while having a laugh about it, you should also
pay attenfion to them. If you are constantly farting foo much or your farts are
abnormally smelly, it may be warning signals from your body that warrant a visit
to the doctor’s office.

T Oligosaccharide: A saccharide polymer that consists of 3-10
monosaccharides as monomers
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|f you've seen Marvel movies, you probably
know about Baby Groot, the tree-like creature that
has captured the hearts of millions of fans around the
world with his cuteness. One of his most memorable
moments was when he was blown into a million
pieces but still made a miraculous comeback. This
was because, a single twig fragment of himself was
recovered and grown in a pot of soil, like a real-life
sapling. This enabled him to regrow his tree-like body
in the film. Given that it's a sci-fi movie, it might come
as a surprise to you that plants in real life can indeed
regenerate themselves from the tiniest of fragments.
This process, already a robust fechnique used in
contemporary biology, is known as callus induction.

To start off with, a callus refers to a ball of plant
cells that have not been developed into a specialized
cell type. Amazingly, these cells are capable of
differentiating info many different cell types given
the right conditions. With this knowledge in mind,
callus induction is easy to understand. To do so, you
take a few cells from a plant and culture it in a petri
dish with medium containing plenty of nutrients. The
most important of which are the plant hormones,
auxin and cytokinin. When these two hormones
are mixed in infermediate ratios, the cell will grow
and divide, forming a ball of plant cells, the titular
callus. Afterwards, once, the callus has been grown
sufficiently, it is transferred to a new culture medium.
When there is more cytokinin than auxin, the shoot
growth of the callus is stimulated. Conversely, when
there is more auxin than cytokinin, root growth is
stimulated. By altering the ratio of auxin and cytokinin,
the callus is eventually coerced to regenerate itself
from the multicellular mass of cells to a fully grown
plant that is genetically identical o the plant from
which the original cells were taken. Thus, you have
a complete clone of the original plant, just like how
Groot regenerates himself in a pot in the movies.
Indeed, in this instance, what seems made-up on the
silver-screen is actually completely possible.

On its own, callus induction isn't very special.
But its applications are quite diverse and useful.
For one, it can be used to regenerate near-extinct
species of flora, such as orchids, very easily. All one
has to do is to pick some cells from said endangered
plant and make some clones of it. Besides species

References 2E&EH :

preservation, a pivotal application of callus induction
is the production of secondary metabolites.
Secondary metabolites are organic substances that
are produced by plant cells. They are not directly
involved in plant development, but are medically
valuable to humans. Again, scientists need only pick
some cells from the plant and grow it in callus culture.
The resultant cells or fissues can then be a source for
extracting these important secondary metabolites.
By doing so, the wild populations of those rare
medicinal plants can be left relatively undamaged
and conserved, while we can massively produce the
secondary metabolites. One famous example of this
is ginsenoside. Wild ginseng takes years to grow and
has very low yield. However, with callus induction,
roots of ginseng plants can be cultivated from calli
in shorter periods and ginsenoside can be extracted
from the roots with higher yields. In addition, callus
induction can also be used in conjunction with plant
transfection. To introduce specific changes to the
plant genome, scientists use Agrobacterium to deliver
genes info plant cells. The cell regenerates completely
into a plant, with the genetic modifications, thanks
to callus induction.

It is pretty amazing how callus
induction is possible to begin
with. While some animals
may be able to regenerate

damaged tissue by ~ ) s
themselves like the 7 ‘\H"‘*'n
planarian flatworm with ‘;“
adult pluripotent stem i '5
cells, few others do. o
Likewise, no other man- - 'ﬁ
made machine can o
regenerate itself from ;
the tiniest of fragments, ‘

making plants very % 3 i

special in this regard.
This property, easily
dismissed as fiction,
indeed is fact. Who
knows, maybe some other
phenomena we imagined in
movies or books can one day
be realized in life. All we have to
do is to look out for it.
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