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Before the Froth Fades Away:

Hib = Sd T

By Ranting Huang =HB1%

You are in a bar trying to gef some
beer. The bartender comes and serves
you a large glass of Guinness. The dark

caramel colored liquid pours into the
glass, producing a large head of foam.
Before the froth fades away, you
take a good sip of the beer, feeling
completely invigorated.

Arnd Leike, a physicist from
Ludwig Maximilian University
of Munich focusing on
renewable energies and
\ particle physics, drinks too,
B but he gets more than just
- that. In 2002, Leike won
the Ig Nobel Prize for

demonstrating

that the volume of beer froth obeys the mathematicall
law of exponential decay. The Nobel Laureate in
chemistry, Dudley Herschbach, awarded him the
prize at Sanders Theater, Harvard University. During
the ceremony, Leike was given some beer served in a
graduated cylinder, which was exactly what he used
in his experiment.

The initial goal of the research is fo show his students
how to check the consistency of theoretfical models
with experimental data. In the experiment, Leike used
3 types of beer — Erdinger Weissbier, Augustinerbréu
MUnchen and Budweiser Budvar. For data collection,
a graduated cylinder is filled with a freshly opened
bottle of beer and the height of the froth is measured
15 times over a period of six minutes [1]. Later analysis
of the data suggested that the rate of decay not only
is exponential but also depends on the type of beer
and can be used to differentiate beers [2].

The mathematical idea here is exponential decay.
We say that a quantity is subject to exponential decay
if it decreases at a rate proportional to its value.

This phenomenon can be expressed in a
simple differential equation, which is lafter
showed to be an even simpler function,
y = ae-bt . Imagine a curve bending
downwards with its tail going infinitely
close to zero yet never reaching
zero, and this is a simple graph of
exponential decay. Mathematically,
such a concise formula enables us
fo master complex physical systems
in the sense that we can predict
their futures as well as altering

them.

Exponential decay, and

exponential growth, are all around

us. From a rapidly growing bacterial
population to compound interest in finance,

from Newton's law of cooling to variation

in atmospheric pressure with altitude, this
mathematical formula lies behind many
phenomena on Earth. One of the scenarios where
exponential decay applies is radiocarbon dating in

archeology. With the law of decay known, half-life of
carbon-14 can be deduced, and archeologists use
this knowledge to estimate the age of fossils and other
organic materials, such as bone and wood.

The story of the beer froth is not over yet. After Leike’s
publication, studies of the beer froth have confinued.
A research team from the University of Bremen, “called
in question the results presented by Leike”, stating that
the foam volume does noft follow a simple exponential
law and includes more complicated factors [3]. And
it is these clashes of thoughts that help sciences to
advance like a never-stopping wheel. People study
what was done before, learn from the successes and
failures, and derive new idecs.

One may say that the Ig Nobel Prize should not
be recognized in the same way as other prestigious
prizes, yet just as the event's organizer Marc Abrahams
said, "“Every winner was chosen for work that first makes
people laugh and then makes people think.” [4]

ROBIRAEANE - IEF TS RERNEENS < B IRAGIR_E 7 — A
Nt REZREECNRERIEEIENRE Bt rirta
R RAOBRZAT R T—0 - AREEI SRR

BEMER - SeliANZ - REBRARZENYIEEZR Arnd
Leike XM ST Ol B AERERANKLF 432 - th 1 18 - BIL
RIS HIEE - 2002 & - Leike E 73800 7 8B ERME AL
HoEERAAERMESRIEERE - HERICEESE
Dudley Herschbach IR AREREBEEIRE T 1 Leike
E—RIE-EREHE L Leike EIBE TRESZENE
B MEEESMEERPERNG -

EEMARYVNEEZZOMNELER TN EE R
BEBEERERNN M- Leike FR T =B RET
E 5% 9 Bl 2 Erdinger Weissbier- Augustinerbrau
Minchen & Budweiser Budvar ° fEUT E£ & K HIPEER -
MRS EEREEESEANENES LEADEASD
15 RASBIBEEANSE [1] - EREFHERO DR
AR -NESE SRR BH BUR R NMEZ BB AR M(exponential ) -
EERBAENBRELRMBR 2R ME—MGEF AR
B IEE [2] -

SEMARINBERZZRERA - IRE—EEN
RBBEEMNECNEM—ELS  HPHAEZREHR -
EREZULA—REENMAZRERS MBI ER
OIRE—EEFENRE  y = gedt- ME— K@ &
MR HESNARRFOIRE EEERTNEARBNE
&-RHBLE BEE—EGHRNANERFIEHNEEERME
AR 245 - M LITRRI B MR RS Y ELE AT ED -

BHERBNMBEEREEATE EREERNOAREE
NEMBENENE  BFBRNLAERIRRENES
EREL HH2CREEMIK LFZIRENEER - B
BB FZ-BELRBRPHNGERESS EHNE S
RENRER HOARTUEELER-14N0FREE - 25
BRANBELEEMNRESEATEM B WS BN AKE
SHERYNER -

E5EE AR E B R AR - £ Leike AR EERE - A
BBV SN 4 4R - RRIB KB — B KB Y Leike
AIBT FoAE SRR B B - th 315 B SRR BB B AMEE
BREGENEIHRE MEESVEEMREE [3]-1EA
BB FELERBUIENKTE BET G XA FRNE T
—IXBIE - AP R BT AR B R - et PRI I A K
BE ELEHHNEE-

M BEAGHR  BREEREAREZEEMIEARIE—1%
WERBRHT BENEHNERE Marc Abrahams Fis:
'BREEZERMEHEBABLEFEZFSARSK . EMAAE
SINFERBRRT -1 [4]

References 2E&EY:

[1] Physicsworld. (2002). Beer paper wins Ig Nobel physics prize.
Retrieved from https://physicsworld.com/a/beer-paper-wins-ig-
nobel-physics-prize/

[2] Leike, A. (2001). Demonstration of the exponential decay law
using beer froth. European Journal of Physics, 23, 21-26.

[3] Sauerbrei, S., HaB, E. C., & Plath, P. J. (2006). The Apollonian
decay of beer foam bubble size distribution and the lattices of
young diagrams and their correlated mixing functions. Discrete
Dynamics in Nature and Society, 2006, 1-35.

[4] Nadis, S. (2002). Bubble won't burst for spoof Nobels. Nature,
419(6907), 549.



CYCLOPAMINE AND
THE ONE-EYED SHELP

By Kit Kan il
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Most people consider one-eyed creatures like
Mike Wazowski from the movie Monster Inc. and the
cyclopes in Greek mythology to be fictional, because
they have never seen animals like that in real life.
Therefore, when sheep in the western United States
gave birth to one-eyed lambs in the 1950s, the sheep
ranchers freaked out. After decades of research,
scienfists finally identified the culprit that caused the
disease and the underlying mechanism.

The singular eye deformity is caused by a
compound called cyclopamine, which can be found
in the plant Verafrum californicum. Ingestion of the
plant af a certain stage during pregnancy hinders
the development of the embryo — preventing the
primitive, single “eye structure” from developing into
two separatfe eyes, hence giving rise to only one eye.
But how does a single molecule, cyclopamine, cause
such great developmental changes? It all begins with
a protfein called sonic hedgehog.

Sonic Hedgehog and Cycloptic Sheep

The sonic hedgehog protein (Shh) is encoded by
the SHH gene and plays an essential role in embryonic
development. Shh binds to a receptor on the cell
membrane called Patched to inhibit it. Since Patched
normally inhibits another protein named Smoothened,
when Patched is inhibited by Shh, Smoothened is
activated (double negative), which could lead to
the expression of certain genes. The sonic hedgehog
signaling is more complicated than that since it is
a graded signaling pathway, meaning that cells
exposed to different concentrations of the Shh respond
in different ways, and will eventually differentiate into
different tissues. In the early stages of development,
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there is a single structure called the eye field, which
gives rise to two distinct eyes in the later stages
with the help of the concentration gradient of Shh.
Likewise, the left and right hemispheres of the brain
are formed involving the same mechanism. Shh is not
just responsible for the brain and eye development,
but also the tooth, limb, and lung development.

Cyclopamine is an inhibitor of the sonic hedgehog
signaling pathway. It has a very high affinity to
Smoothened, binding it tightly and inhibiting it.
Thus, even when Shh binds and inhibits Patched,
Smoothened cannot execute its normal function of
inducing gene expression [1]. If an ewe ingests the
toxic plant and expose the embryo to cyclopamine
at around day 14 of gestation [2], the brain and the
eye field of the embryo will not separate, resulfing in
the deformity [3]. As mentioned previously, since the
proper division of the two hemispheres of the brain
also requires Shh protein [3], the cycloptic sheep not
only has a deformed face, but also a deformed brain,
which is why cyclopamine poisoning is potentially fatal.

From Fatal Poison to Cancer Therapy

The sonic hedgehog signaling pathway is
also critical at later stages in life after embryonic
development. Smoothened is a proto-oncogene while
Patched is a tumor-suppressor gene. Tumor-suppressor
genes, as the name implies, suppress the growth of
tumor; and proto-oncogenes, when mutated, could
contribute fo the development of cancer. Basal cell
carcinoma, the most common type of skin cancer,
and medulloblastoma, the most common type of
primary brain cancer in children, are some cancer
types that result from mutations that over-activate

S hened Gene expression
moothened — HERE

Patched ——— Smoothened

Shh Cyclopamine ZRE &

Activation
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Smoothened or inactivate Patched [4]. To deal with if,
agents which can inhibit the activity of Smoothened
(or Smoothened inhibitors) can potentially be used as
drugs to slower cancer progression. Going from a fatal
poison to a cancer therapy sounds too good fo be
frue — although the cyclopamine derivative, saridegib,
failed the clinical trial due to its unsatisfactory efficacy
[8]. it has inspired the birth of the two FDA-approved
drugs, vismodegib and sonidegib, which are also
Smoothened inhibitors [2]!

While you try to get the disturbing picture of the
cycloptic sheep out of your mind, try to appreciate
how innovative and creative scientists are, that they
literally turn poison intfo medicine!

RZHUARBEET (REQT)) i "ARMF I KSER
H (Mike Wazowski) flF B M= PHBREAESZHNE
IREVEZERBN ASRMERBEEFTPRERREBEER
LY - BIL B 1950 FRERIABBRFE N ERS
FR - PENEAMSAWER 7 KRB TEHOME REX
RINTEE T ERZERNERBEREENENSRRE -

EERTERNRRZEH—EEZRIRER (cyclopamine)
WIEEWSIEN EBEEYIUEEYMINEE
(Veratrum californicum) ® % - 75 15 22 HA RS B0 F & P&
EEANMNZESHEBMEBNES BEILFRBE—WIRE
HEEMEAMEBIUNRE EtMRAELE—ERE-IZ &
ERxEEEWASREMIEEANEBE(ERE? 5 EN
—TEIUE E RIS (Sonic hedgehog/Shh) MERE -

FERBMERBE

FERWBEHG (Shh) A SHH E R 4 85 B - 7 B RS 5
BhhEHEEENAG-ShhEEEMRELLNER
Patched WX BB &S LA HI E - B Patched BE &
#ll 55 — & & % Smoothened W& B A It E Shh # Hl
Patched & - Smoothened EWEE (BEEE) - E5E5|
BHELERMERE -8 Shh WA EEETAZIERENBER -

E7 Shh 2—& 70 &8 (graded ) fi5% - SREABRER
AERERN Shh FEEAENRE  REEDERAERIAE
- ERRRENFRHER RE—EHEHRE (eye field)
ME—&ER8 ZERTERAEE ShhWRERERRL
MEB I AIRES - B - KINZAF KA IS KA R B9
JRIB-Shh AMERBRKMIRBENZES MEERESE:
U A AN A BB R B4 55 -

EERZShhil B EEB O H E . © 5 4 A
Smoothened ER S WHIHIE - B UL - BIfE Shh &5
0% Patched - Smoothened T ZRIBHFEERRKE
MIESBINEE [1] - URBFRERNE 14 REGBATFS
HRIIMNERE (2] SHRBEEZIRER KB ARKAR
BEAENEREEME  EMERBEAIER (3] WA
Firat - R KBS E 3K B E &l D INR 2 Shh &8 [3]-
HItBRGFAERBER KETEER  EH2REMK
P EHUERMNRA -

RBMHBEIEESR

Shhil BB EBECERBREUEBNAERERTRR
i - Smoothened 2 & & & A (proto-oncogene) :
Patched 2 & 5& #l 5l & [ (tumor-suppressor gene) °
BEER ERNGERTMUNGEHEBNER, MREER
ERE® AUEAINEENEE - EEAREERER
NEEESE MESAREERETHERWREHKE
8 EmiEEE E — & E Smoothened 1 Patched =%
MoJBEE A REETE S - EPEE R REF Smoothened 48
[ERUESL & Patched K& [4] - B AR RS E R RE - & A AN
Smoothened jE 4 RIZE4) (B Smoothened #I % ) Aol
BBl AR B ER - U i B2 S B E R AR AT R
% — BERERITEY saridegib AEM REMARAEER
BRIRaER [5] BERIEE T MTE FDA #EERZEY) vismodegib
H sonidegib FFLAE( Bt 2E Smoothened #IHIE ) [2] !

SRABAKBPHRESARZNERGLEES 1
TEERENSRNAFEBTAE RatPrEsss
B TR |

References £E&Ei :

[11 Chen JK, Taipale J, Cooper MK, Beachy PA. Inhibition of
Hedgehog signaling by direct binding of cyclopamine fo
Smoothened. Genes Dev. 2002;16(21):2743-2748. doi:10.1101/
gad.1025302

[2] Chen JK. 1 only have eye for ewe: the discovery of cyclopamine
and development of Hedgehog pathway-targeting drugs. Nat
Prod Rep. 2016;33(5):595-601. doi:10.1039/c5np00153f

[3] National Library of Medicine. SHH gene. Genetics Home
Reference. Updated September, 2010. https://ghr.nlm.nih.gov/
gene/SHH#sourcesforpage.

[4] Taipale J, Chen JK, Cooper MK, et al. Effects of oncogenic
mutations in Smoothened and Patched can be reversed
by cyclopamine. Nature. 2000;406(6799):1005-1009.
doi:10.1038/35023008

[5] Levin J. Infinity Stops Phase 2 Trials of Saridegib in
Chondrosarcoma and Myelofibrosis. Fierce Biotech. Updated
June 18, 2012. https://www.fiercebiotech.com/biotech/infinity-
stops-phase-2-trials-of-saridegib-chondrosarcoma-and-
myelofibrosis.

5



On April 10, 2019, a team of scientists made history
by capturing the first ever image of a black hole. This
remarkable picture occupied headlines worldwide,
and rightfully so — we never thought we would ever be
able to capture a black hole in an image that can be
passed around the world.

The black hole in question is a supermassive one,
2.4 billion fimes the mass of the Sun, at the center of
the M87 galaxy, about 53 million light years from Earth.

The black hole at the center of the Messier 87 (M87) galaxy, in the
constellation Virgo

Photo credit: Event Horizon Telescope Collaboration [1]

But first we have to answer the question — what
exactly are black holes, and how are they formed?

Black Holes: A Brief Introduction

Although the existence of black holes was
first speculated in the 18th centfury, they were first
scientifically predicted by Einstein’s theory of general
relativity as a solution to the Einstein field equations.
Einstein’s theory of relafivity can be elegantly summed
up in twelve words from John Wheeler - “Space-time
tells matter how to move; matter tells space-time how
to curve [2]."

Mass bends the fabric of space-time itself; around
a black hole's event horizon, the space-time is bent
in a way that even light cannot escape. This occurs
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when the size of a star collapses to a small enough
size — more specifically, smaller than the Schwarzschild
radius, zif" . (Here M is the mass of the star, c is the
speed of light, and G is the gravitational constant.)

To put things into perspective, if the Sun were a
black hole, it would have a radius of approximately
2.95 km; in comparison, the current radius of the Sun is
696,340 km. Actually, owing to the relatively tiny mass
of the Sun, it can never turn into a black hole - so we
won't have to worry about our Sun furning into a black
hole any fime soon!

The black holes we can see in the sky are formed
by a process known as gravitational collapse. In a
dying star, there is a reduction in internal pressure
due to the fusing of heavier elements. As the infernal
pressure confinues to decrease, gravity causes the star
to further collapse onto itself. Eventually, the density of
the star becomes high enough that it creates a very
strong gravitational pull — and this is a black hole. You
may recall the concept of escape velocity from high
school physics; black holes are so small and massive
that the escape velocity is greater than the speed of

.

light. Nothing escapes a black hole — not even light.
And now a few myths:

Myth: This picture was taken by one telescope.
Busted.

This remarkable image was not taken by a single
telescope, but rather an amalgam of images taken
across eight felescopes on Earth known as the Event
Horizon Telescope (EHT) [3]. To capture a reasonably
clear image of an object so far from Earth, the
telescope would require a very large aperture (the
size of opening of the lens) to gather enough light
from it. Instead of building one large telescope, the
team decided that they would align the different
EHT telescopes at the black hole at the same time,
creating a large, “virtual” telescope. The aperfure of
this felescope becomes the distance between the two
furthest telescopes - in this case nearly the diameter
of the Earth! This vastly increases the resolution of the
telescope and allows us to take images of objects that
are far away. The image you see is an amalgam of
data taken over eight sites in four days in April 2017 [4];
it was finally put fogether using tfechniques of image
restoration to reconstruct a singular image from the
large body of data.

Myth: Black holes only get bigger.
Busted!

One might think that black holes only swallow
matter — this was what scholars had believed for a
long time...until one day Mr. Hawking came along.

One of Prof. Hawking's greatest discoveries is
Hawking radiation, a kind of radiation emitted by
black holes. It is true that nothing escapes a black
hole, but what was not known atf the time was that
they also emit radiation themselves [5]. The precise
mechanism of its emission is difficult to state in full here,
but the main idea is that due to quantum fluctuations,
black holes are bound to lose energy, for instance, in
the form of electromagnetic waves. If black holes emit
more radiation than they absorb, then they will lose mass
and eventually evaporate, due to the famous equation,
E = mc2, which tells us mass and energy are equivalent.

That being said, it will take a long time for black
holes to evaporate and disappear: often we are
talking about 10'°° years, far, far older than the age
of the universe (which is on the scale of 10'° years). Even

the fastest-vanishing black holes vanish barely within the
entire history of the universe, which is still a long fime.

Myth: Black holes aren’t black
(since we can see them).

Busted.

Let’'s make it clear here, a black hole itself is pitch
black - it is defined such that once anything goes
beyond the event horizon, it cannot escape. What
we can see in the image is the matter surrounding
the black hole - a ring of matter and light that is
about to disappear into the event horizon forever.
The orange color you see in the photo, however,
is arfificially colored; it represents the intensity of
radiation detected around the black hole, with the
orange areas representing infense radiation and black
representing areas with little to no radiation [4]. A
black hole also emits Hawking radiation, as mentioned
above, but this is so weak that we don't expect to be
able fo observe them in the foreseeable future.

Myth: Once you fall into a black hole, you will be
torn apart.

That is true.

This is due to a process known as spaghettification
- caused by the gravitational gradient of a black
hole. Due to a marked difference in strength of the
gravitational field, gravity is stronger at your head than
at your feet if you fall head-first into the black hole.
This naturally causes you to be stretched vertically
and compressed horizontally. These tidal forces are so
strong that they can rip a person apart long before
you reach the center of a black hole; chances are you
will not survive the fall. (Needless fo say, the editorial
feam does not recommend falling into a black hole to
verify this myth.)
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Have you ever had a dish containing garlic and
had your mouth stfinking for a very long fime? You
brushed your teeth several fimes and used the most
minty mouthwash, but they all seemed o be useless.
This arficle suggests a scientific approach fo you fo
deal with garlic breath so that you will not embarrass
yourself in future interviews or important events.

To tackle this problem, we have to first delve
info the chemistry of garlic breath. The secret lies
in the sixteenth element in the periodic table: sulfur
(S). Garlic has many compounds that contain sulfur,
such as allicin, allyl methyl sulfide, allyl mercaptan
and diallyl disulfide. These are volatile compounds
that give chopped garlic its distinctive pungent odor.
After ingesting garlic, these volatile compounds
would also evaporate in the person’s breath, giving
an unpleasant smell. Smelly sulfur compounds are
not only found in garlics, in fact the nasty smell
of farts and roften eggs is due to the presence of
hydrogen sulfide (H2S)'.

A combination of volatile sulfur compounds
contributes to the distinct smell of garlic breath.
While most of the sulfur-containing compounds
found in garlic are metabolized relatively quickly,
allyl methyl sulfide (AMS) is metabolized more slowly
than the rest because an effective way to digest
AMS is lacking in our body [1] and it can be detected
in the breath for as long as 30 hours after ingestion
of raw garlic [2]. The persistence of AMS is the reason
why your breath sfill stinks the next morning after
having garlic for dinner. AMS and other volatile
organosulfur compounds are absorbed from the gut
intfo the bloodstream and then expelled into expired
air inside the lungs [1]. This is why brushing teeth and
mouthwashes are ineffective in treating garlic breath.

Thankfully, there are a few effective ways for
deodorizing a garlic breath situation. The first is
fo make use of specific raw foods to disable the
production of smelly compounds in the body.
In a study conducted by scientists in Ohio State
University [3], it was found that

raw foods high in polyphenols
can reduce the amount of

AMS in the breath after garlic
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ingestion. Polyphenols are a group of anfioxidant
compounds present in plants and they can capture
some organosulfur compounds and neutralize
their odors to some extent. However, an enzyme
called polyphenol oxidase can oxidize polyphenols
into a more potent free radical form. The free
radicals generated can effectively remove a sfinky
compound of garlic breath called allyl mercaptan,
preventing it from being further metabolized by
the body into its longer-living cousin AMS [3].
Common fruits high in polyphenols like apple,
plum, cherry, peach and grape were all shown
fo have a deodorizing effect [4, 5], with apple’s
effect experimentally confirmed by data showing
a reduction in AMS level [3]. Like most enzymes,
polyphenol oxidase would become denatured at
high temperatures, so it is most effective to eat your
fruits raw and not cooked.

If you are not a fan of fruits, do not worry. Other
studies have shown that drinking milk is also effective
in treating garlic breath [6]. Volatile sulfur compounds
can be classified into hydrophilic (water-loving) and
hydrophobic (oil-loving) by their chemical structures.
The concentrations of these compounds (including
AMS) were shown to be reduced in the oral and
nasal cavity after drinking milk. As milk consists of
mainly water and a few percent of fat, it can dissolve
both hydrophilic and hydrophobic organosulfur
compounds and reduce their volatility. In addition,
casein, a protfein found in milk, was shown to be able
to chemically react with disulfide compounds, such
as diallyl disulfide. It has been postulated that diallyl
disulfide can be metabolized into AMS through a
reductive pathway with glutathione, a mild reducing
agent used by our cells to reduce disulfide bonds
[7]. Milk with its fat and casein contents can help to
lower the amount of diallyl disulfide, a hydrophobic
molecule, available to our system, and in turns less
AMS will be formed. These can explain why drinking
milk is a possible way to reduce garlic breath.

The next time you enjoy a slice of garlic bread,
do noft forget to have a glass of milk and an apple to
go with it to prevent garlic breath and to make it a
nutritious meal!

1 Remark: The myths and facts about farts were infroduced in
Issue 015.
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The world of life

science is abuzz with

exciting news all the time.

Over the years, there have been

golden rice and glowing mice, CRISPR

and many more head-turning projects. It

may surprise you that these curious biological

wonders around the world owe their success fo a
teeny-tiny thing known as a plasmid.

One might say that modern biological research
relies heavily on DNA technology. Ever since the
confirmation of DNA as the “blueprint” of life and its
characteristics were elucidated by many scientists
over the years, DNA has become an integral part of
life science research. Nowadays, scientists infroduce
foreign DNA as an exfra set of commands info cell, to
achieve all kinds of effects. The tool that has enabled
all these is known as a plasmid. Next to the colossal
coiled beast that is the bacterial chromosome, a
plasmid is but an ihconspicuous dof. It is a small
stretch of DNA that serves as a vector. Think of it as
an inbound car that takes the passenger, namely
the foreign DNA, info another cell, by crossing the
cell's borders, namely the cell membrane, so that the

foreign DNA can perform its function inside the cell.

While often overlooked, the plasmid's journey into the

A History of Plasmids:

From Discovery bo

Apptwa Lo
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lab was nothing short of spectacular, combining not
one but three important s’ror!és.

The first part of the trilogy began near the mid-
20th century. First glimpsed in the 1940s, plasmids
were stumbled upon by scientists who wished to
discover why some traits could be passed on by non-
chromosomal DNA structures [1]. In the beginning,
various scienfists gave these circular DNA enfities
different names such as “pangene” or “cytogene”.
It wasn't until 1952 that Lederberg coined the term
“plasmid” [1], which has been used ever since.
He defined it as a “hereditary extrachromosomal
element”. In simpler words, plasmids exist outside of
the host's chromosome and can replicate themselves
independently of the host genome. Despite its
independence, upon cell division, plasmids can also
be passed from parent cells to daughter cells, that's
why it's called a “hereditary” element. That being said,
plasmids are not always retained and can be lost after
a certain number of cell divisions.

Soon after the coining of the term "plasmid”,
scientists were able to determine that plasmids
could provide special abilities to their hosts, much
like modular upgrades that allowed bacteria to
survive better in extreme circumstances, although



their presence was not essential for the day-to-
day activities of the cell. This discovery came from
Japanese scientists who studied Shigella bacteria that
could not be killed by multiple antibiotics [2]. They
discovered that some plasmids, termed “R-factors”
(R for Resistant), conferred anti-antibiotfic abilities to
their hosts, akin to giving the bacterial cells shields
against anfibiotics. In modern life science research,
the presence of antibiotic resistance genes on the
plasmids can be exploited because it provides a
method for scientists to eliminate the unwanted
bacteria which did not successfully take up the
plasmids that carry the “passenger” gene(s) of interest.

The final breakthrough came in 1973, when the
first artificial plasmid was constructed by Boyer and
Cohen. By then, scientists had discovered that special
proteins, known as restriction enzymes, could “cut”
DNA by cleaving its inframolecular bonds. Particularly,
Boyer has isolated a restriction enzyme, EcoRI', which
could recognize and cut a particular sequence of
DNA to produce unpaired DNA bases on one strand,
known as “cohesive end” or “sticky end"” (Figure 1)
[3]. Armed with this knowledge, he attempted to
make a cut in a circular piece of DNA to insert foreign
DNA into if. This was, however, unsuccessful as the
restriction enzyme cut his circular DNA in multiple
locations, fragmenting it [4]. This setback was later
remedied by Cohen, who met Boyer at a conference
in 1972. Cohen shared with Boyer his plasmid, which
the restriction enzyme would cut only at one precise
location, and his method to introduce plasmids into
bacteria [3, 4]. In this collaboration, they were able
to insert a foreign piece of DNA into the plasmid and
deliver the combined product into bacteria. This was
the first instance of recombinant DNA where DNA
from different sources were combined and made to
proliferate inside cells, all thanks to the plasmid. Ever
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since Boyer and Cohen’s success, plasmids have
been an indispensable part of a life scientist’s arsenal,
performing previously difficult feats such as protein
production or gene silencing.

This spectacular story of how plasmids became
an essential research tool is, in fact, a culmination of
stories from different parts of the world over a span of
21 years. Despite its unassuming size, the plasmid relied
on the work of not one but many scientists to unlock
its secretfs, highligh’riw the collaborative nature in
science. ‘
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Exhamo(iwg Equal Opportumities
fo Confrac pfion: Novel Male

By Clara Tung E £ 1]

Infroduction

To prevent unintended pregnancies, a series
of contraceptive methods could be used, such
as condoms, female condoms, diaphragms, oral
contraceptives, contraceptive patches', vaginal
rings?, infrauterine devices (IUD)3, etc. The birth
control approaches currently available largely
targets the female side. Despite the fact that female
confraceptives are very effective, they may have
side effects and the use of those contraceptives is
sometimes constrained by certain health conditions of
women. With the increasing frend of gender equality in
family planning, there is an urge for scientists to invent
some novel male confraceptive methods.

Existing Male Contraceptive Methods

Four hundred years have passed since condom
was first being used [1], but the variety of male
contraceptive methods remain limited. Both of the
effective contfraceptive options for men nowadays,
condoms and vasectomy, act as a physical barrier to
prevent sperms from reaching the egg, which makes
fertilization impossible.

Condom, usually made of latex, is an artificial
barrier which can also prevent the transmission of
sexually fransmitted diseases (STDs), for example, syphilis
and human immunodeficiency virus (HIV). Pregnancy
rates of using condoms as the only confraception
approach reaches 15-20% per year, mostly resulting
from the improper or inconsistent usage, or breakage
[2]. People who have latex allergy can choose the
slightly inferior alternative, polyurethane condom,
which has a higher breakage rate and slippage
rate. It is, however, reported in a research study that
polyurethane condom can provide better sensitivity to
the male users [3].

On the other hand, vasectomy, a highly effective
method with a failure rate of <1%, is a surgery under
local anesthesia that severs the vasa deferentia (sperm
ducts). Nevertheless, it cannot be regarded as a tfruly
reversible method because even after the operation
of vasectomy reversal, the pregnancy rates can only
be restored to 50-75% [2]. For this reason, doctors

Coutra C-QFILl.\/-QS

may suggest freezing a semen sample betore the
contraceptive procedure. ~

Experimental Male Contraceptives

In response to the urge to develop new male
contraceptives, some experimental approaches have
been proposed, focusing on ways to inhibit sperm
production by hormonal or non-hormonal methods.
For such a male confraceptive to be considered
practicable, the sperm count has to be reduced down
to <1 million sperm per milliliter, statistically equivalent
to a fertilization rate of <1% per year [2]. In addition,
an ideal contraceptive should be free of side
effects and administered by infrequent
injections. The effect should also be reversible
so that sperm production could resume after
the discontinuation of freatment.

Hormonal Male Contraceptives

Female contraceptive pill contains
estrogen and progesterone that
inhibit follicle maturation and
ovulation by lowering the levels
of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH)
secreted by the pituitary gland.
This relies on the negative
feedback between the
two sets of hormones;
high levels of estrogen
and progesterone inhibit
the secretion
of LH and
FSH. A similar
relationship was
also found in male
between testosterone
and progesterone, and
LH and FSH; administration of
testosterone and progestins
(synthetic progestogen) can
suppress LH and FSH secretion
[2]. Low concentrations of LH
and FSH prevent the testes from
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receiving a proper signal for sperm production. In light
of this, testosterone and progestins can potentially be
leveraged for contraceptive functions.

Some of such candidates have already entered
clinical frials. A transdermal gel containing testosterone
and a progestin seems promising at the initial stage of
the clinical trial. Meanwhile, another molecule named
dimethandrolone undecanoate (DMAU) was found to
be a potential “single-agent” contraceptive, because
it can bind to and activate the receptors of both
androgens (including testosterone) and progesterone,
so the molecule can mimic the contraceptive effects of
the two hormones [2].

Next-Generation Male Contraceptives

On the other hand, there are certain downsides
of hormonal male confraceptives. Treatment with
testosterone were shown to associate with various
negative side effects, from mood changes (e.g.
aggression) and decreased libido, to cardiac
toxicity and liver damage [4]. For athletes, the use of
testosterone and some steroids may lead to sports
disqualification. Are there any alternatives?

It was discovered that the active metabolite of
vitamin A, retinoic acid, is crucial to sperm production.
There are three types (isoforms) of retinoic acid
recepfors (RAR), RARa, RARB and RARy, but proper
sperm production is found to be related fo only RARa.
Therefore, drug candidates which can impede the
binding of retinoic acid to RARa, i.e. RARa anfagonists,
could possibly be used as contraceptives.

Research data showed that a pan-RAR antagonist,
BMS-189453, which can inhibit all three kinds of RAR,
can induce infertility in male mice without affecting
the testosterone level [4]. Fertility was fully restored after
the cessation of drug treatment which lasted for as
long as 16 weeks [4]. While these results preliminarily
demonstrated the practicality and advantages of using

RAR antagonists as contraceptives, the next step is fo
assess its efficacy on higher mammals, such as non-
human primates, before conducting clinical trials on
human. In addition, researchers are trying to screen for
an RARa-selective antagonist which does not inhibit
RARB and RARYy, so as to prevent any possible side
effects that might arise due to the interference in the
normal functions of the irrelevant RARs.

Conclusion

In the era of gender equality, it is preferable that
both men and women can take an active role and
share the responsibility in preventing unintended
pregnancies by adopting contraception. As our
understanding of the biology of our body develops
through intensive research, novel contraceptive
methods and drug candidates will probably arise. Novel
male contraceptives are likely to present themselves in
the market in the near future, providing alternatives for
men beyond the two traditional methods. But until now,
condoms and vasectomy are still the mainstream male
contraceptive methods, especially condoms which
can also prevent STDs.

1 Contraceptive patch: A sticky patch which prevents
pregnancy by releasing estrogen and progestogen into the
bloodstream via skin, mainly to prevent ovulation.

2 Vaginal ring: A small soft plastic ring which can be placed
info the vagina by the user. It works by continuously releasing
estrogen and progestogen into the bloodstream, mainly to
prevent ovulation.

3 Infrauterine device (IUD): A plastic or copper device placed
into the uterus by a doctor or nurse. It prevents pregnancy by
releasing progestogen (plastic device) or copper (copper
device) to alter the cervical mucus, so that spermis less like
to survive and reach an egg. Implantation of a fertilized egg
can also be halted.
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A Mysterious Maverick
in Mathematics:
Grigory Perelman
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What are the values that a mathematician
should hold at the highest standard? When Grigory
Perelman refused an enormous prize for proving the
Poincaré conjecture, he also proved that he did not
value wealth and fame like others in academia. Just
considering the fact that he refused the million-dollar
prize and vanished from the mathematics community
shortly after, you can see that he is one of a kind.
Being the first and only mathematician to solve one of
Clay Institute’s Millennium Problems, his life story seems
fo be as mystifying as the million-dollar mystery he had
deciphered.

So, what is the Poincaré conjecture, and why is it
worth all the fuss2 The Poincaré conjecture was one of
the most prominent questions in topology, a subfield
of mathematics concerned with the properties of
special geometric objects. In fopology, the shape of a
doughnut is considered the same as that of a coffee
cup, as one can be strefched and twisted to become
the other, without cutting or making new holes in it.
While the conjecture was very fundamental in nature
and crucial in understanding the space we live in [1],
it was notoriously difficult to prove, and many wrong
proofs were submitted.

Born in Soviet Russia, home to many great
mathematicians, Perelman had great passion for

problem solving from a young age. While he was
extremely talented in mathematics, he was also honest
and careful to follow rules. Being a man of principle,
mathematics had great appeal fo him as one had to
honestly follow established definitions and theorems to
arrive at alogically-sound conclusion. Graduating with
distinction from Leningrad State University and earning
his PhD, he moved to the U.S. as he was invited to
numerous research positions in prestigious universities.
But, it wasn't until he had become infatuated with
proving the Poincaré conjecture that he decided
to leave everything behind and return to his home
country to solely focus on this problem.

Before his eight-year commitment fo proving
the conjecture, he met Richard Hamilton, a
mathematician at Cornell who had made significant
progress in solving the problem by formulating a
framework called the Ricci Flow [2]. In the hope of
collaboration, Perelman wrote to Hamilton and shared
his idea on how to solve this problem, but did not
receive any reply. So, instead of collaborating with
other scholars, he decided to tackle the problem in
solifude, but built upon the works of mathematical
giants like Thurston and Hamilton fo solidify a complete
proof. It was after five years of him working on the
problem that the Clay Institute announced it as one
of the Millennium Problems with a million-dollar prize.
Although one could perceive this as a fortunate
circumstance, nothing had changed for Perelman: he
was only concerned with uncovering the fruth.

After successfully proving the conjecture, he did
not officially publish his results in a peer-reviewed
journal, but merely posted it on the Internet as
a preprint. It was as if he just wanted to let other
mathematicians know of his discovery, rather than
focusing on earning the credit for his astounding work.
To explain his discovery, he accepted all the invitations
from various institutes in the U.S., e.g. Princeton, Stony
Brook and Columbia, to deliver lectures on his solution
and answer everyone's questions about the proof. Not
long after that, he won the Fields Medal and the prize
from the Clay Institfute, but refused both. The King of
Spain attended the award ceremony, but Perelman
was nowhere to be found. “It was completely
irrelevant for me,” Perelman remarked. “Everybody
understood that if the proof is correct then no other
recognition is needed.” [3]

Intelligence, diligence, and persistence were
certainly factors which allowed Perelman to succeed.
But, his austere attitude towards mathematics was
probably what allowed him to dedicate eight years
of his life to solving one problem. This is what is most
inspiring about his story: his firm belief on mathematics
having to be purely about mathematics itself, nothing
else. To quote Mikhail Gromov, one of Perelman'’s
teachers, “To do great work, you have to have a
pure mind. You can think only about mathematics.
Everything else is human weakness. Accepting prizes is
showing weakness.” [3]
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WITH HKUST SCIENTISTS
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In October 2017, Stephen Hawking allowed his PhD thesis Properties of Expanding Universes to be available online
to the public, hoping fo inspire others to think, learn and “look up af the stars and not down on their feet”. It was
accessed more than two million fimes within just a few days. We chatted with two scientists from different fields of
science at HKUST to learn more about their favorite scientific work, inspiration and advice for students.
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Assistant Professor, Department of Mathematics
HEABEBEHIE

Prof. Ivan Ip obtained his bachelor’'s degree
from HKUST and PhD degree from Yale
University. Before refurning to HKUST as an
Assistant Professor in 2018, he first served as a
Project Researcher at Kavli IPMU, University of
Tokyo, and then an Assistant Professor at Kyoto
University.
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Assistant Professor, Division of Life Science
EmRIBEBIEHE

Prof. Julie Semmelhack earned her bachelor’s
degree from Princeton University and PhD
degree from University of California, San Diego.
Before joining HKUST in 2017, she worked as
a postdoctoral researcher at University of
California, San Francisco and then Max Planck
Institute for Neurobiology.
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Prof. Ivan Ip : My favorite piece of work is Euclid's Elements.
Euclid was a mathematician who lived around 300 BC, and
many of the geometry results you learn in high school are based
upon results in this book. It is probably the first ever mathematical
work that uses strict, logical proofs; all the results and theorems
in the books were derived logically from the five axioms at the
beginning' that were assumed to be true. (The five axioms are
things that just “make sense” as assumptions.) Euclid derived lots
of results from them - for example, Pythagoras' theorem is #48
in the book, and was derived solely from the axioms and the
previous 47 theorems.

It had a huge impact on me as a teenager, since in secondary
school math, you only learn how to calculate, or just write two-
line proofs in geometry — the sort of formal proofs seen in Euclid is
almost never introduced in schools.
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Prof. Julie Semmelhack : There are a couple of papers that
influenced me. When | was applying for graduate school in 2001, |
was a molecular biologist interested in neuroscience, but | wasn't
sure if | could do both of these disciplines at the same time, since
at the time it wasn't common. Then | read a paper about the
study of memory using fruit flies, and the idea that something as
abstract as memory could be studied using genetic tools seemed
really cool and interesting.

Some mutant flies were lacking a certain gene, causing some
parts of their mushroom body, the part of the brain involved in
making memories, to be undeveloped. The idea was to do some
genetic surgery fo show that different parts of the mushroom
body were involved in making short and long-term memories.
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How have you been inspired or intrigued by Euclid’'s Elements?
How does it change your journey of science education and research?

Prof. Ivan Ip : This book had changed my impression of math
as a subject — math became something extremely logical. There
are no grey areas in math — if A implies B and B is false, then A
must also be false — which is something unique to the subject.
Literature is obviously extremely subjective, different economists
might interpret the same set of data differently, and there are
always errors in the sciences whenever you perform experiments.
However, math has no room for any of that - if it is logically
correct, then the result must be correct - it doesn’t depend on
whether you're the loudest person in the room. The book really
influenced me in terms of choosing math as the subject | wanted
fo pursue in university.

This book also revealed to me that modern mathematics is far
more than arithmetic, but proof and logic oriented. When we
look back at Elements, Euclidean geometry is a topic we can
draw by hand using diagrams, but when you furn the points and
lines into variables and symbols, it is actually the precursor of
abstract algebra. Everything concrete can be turned abstract,
and this is what | am doing to this day, in my research on abstract
algebra and representation theory — inferpreting the geometric
meaning as algebraic structures behind.

Also, an inferesting little story here - | was quite naughty in
secondary school, so on a school math exam, there were a few
questions on the geometry of friangles — just very short proofs
to prove that, for example, the triangles were congruent. After
reading Elements, | tried writing the proof from scratch, starting
from Euclid’'s axioms and deriving the results step by step. What
required three lines ended up taking two pages! After that, my
math teacher did tell me off, but he ended up giving me full
marks on that question?. That's an example of math being right
when it's logically sound — just that there are many methods to
get there.
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Prof. Julie Semmelhack : | work on the zebrafish visual
system. We want to understand how the visual system works, how
images get from the eyes to the brain, using zebrafish as a model.
Historically people have used non-human primates, or even
cats, but recently that has fallen out of favor partly due to ethical
concerns, and partly because it is so difficult to map connections
in primate brains, which has a larger number of visual areas.

We can use genetic tools on zebrafish; many labs around the
world are working on building different strains of zebrafish that
we use in research. They're also fransparent at a young age (the
larval stage), so we can use imaging fechniques to see which
neurons are active without having to do surgery. Zebrafish are
vertebrates, so they are much more similar to human beings than
insects. They are also highly visual animals, as they rely on visual
cues to hunt animals and avoid predators.

What made you fall in love with science?
Oooooooooooo

Prof. Ivan Ip : 1liked numbers and puzzles as a child. I also
liked, and was quite good at, mental arithmetic — | could multiply
4-digit numbers in my head. But | was slow af reading so | wasn't
interested in literature. | won't say I'm a particularly good leader,
so | definitely wasn't a business person either. Therefore, it was
really through an elimination process, | decided to pursue science
from quite a young age.

In secondary school | joined the International Mathematical
Olympiad - | frained for several years there, and they teach
you the sort of math you'll never learn in high school, like writing
proofs. So there | learned a lot of mathematical theories that
might not be taught even at university, and that made me want
to focus on math in the future.

| also liked reading encyclopedias when | was younger, so | was
quite inferested in space and all that. Later on | did study physics
at university (here at HKUST). But | suppose my love for science
really depended on my interest, and probably support from my
family — my mother still complains about having to read aloud
children’s encyclopedias to me when | was young!

Prof. Julie Semmelhack : | decided | wanted to become a
scienfist when | was in high school — around 16 or so, so fairly late
in high school. Before that | wanted to be a writer. | really enjoyed
my high school biology class, and | just liked the fact that you
could explain things that existed in the natural world. That was
when | wanted to do something in biology.

Would you mind telling us a little bit about your research?
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Prof. Ivan Ip : Science is a very wide field, so the mostimportant
thing is to read more and to be exposed to different topics. There
are many things you can learn, but it's important fo find what
you're interested in. Even with subjects that you like, you might not
understand everything at first when you read about it — and that's
okay. The important thing is the exposure; when you've gone
further and need that concept again, you can recall seeing it
before, and then go back to revisit it.

In this digital world, YouTube is a great resource for popular
science — from math to physics, to chemistry and life science.
Bigger channels might be more credible sources of information,
but you still have to judge whether the information is correct
— for very well-known topics, the chance of mistakes going
undiscovered is quite unlikely, and you can always refer to
Wikipedia, which is quite reliable. But when you're talking about
new results, like the Nobel Prize and recent science news, you
really have to look at how accurate the reporting is. Avoid confent
farms, and not take everything in without thinking about it.

Last but not least, it's a good idea to join science summer camps
and activities — | joined them for a few years myself, when | was
in school. It's not just for the exposure to new knowledge, but you

also get to know new friends who share the same passion for

science as you do, which can be quite beneficial later on.
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Could you offer some advice to secondary school students who
are interested in pursuing higher education in science?
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Prof. Julie Semmelhack : | would say find the thing that
motivates you, something that you're excited about, and it'll be
relatively easy for you to do the hard work and learn the things
that you need along the way. Science is something that explains
the things in the natural world, so there's the freedom to ask
whatever questions you want to ask.

Also, don't worry if you're not the best at math or computer

sciencel! It's good to know how fo code these days if you're going
intfo any science field, but you don't have o be the best at it.
You just have to be able to do some of it and understand the
concepts, and collaborate with people who know what to do!

! Euclid’s axioms are the following:

1. Astfraight line may be drawn between any two points.
Any terminated straight line may be extended indefinitely.

A circle may be drawn with any given point as center and any
given radius.

Allright angles equal one another.

If a straight line falling on two straight lines makes the interior
angles on the same side less than two right angles, the two
straight lines, if produced indefinitely, meet on that side on
which are the angles less than the two right angles.
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The full text of Euclid can be found online: one of them, for example, is

(EQRA) 2XOEALER  Hh—E4E55

https://mathcs.clarku.edu/~djoyce/java/elements/toc.html
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Visit our website at sciencefocus.ust.hk to read the complete interview with the two scientists! 2 Prof. Ip remarked that his teacher was really nice, and you are not suggested to
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