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The art of molecular gastronomy

Maybe you have never tried to blow up a science lab, but | am 100% confident

that you have eaten pink cotton candy at some point in your life. You may have
thought about how to eat it without it sticking to your face and feeling content by the
caramelized sweetness. Where on Earth this deliciousness come from? It's just su-
crose - an ordinary disaccharide. And what makes this boring molecule into an incredi-
ble invention that makes kids go crazy is science, the science of molecular gastronomy.
Molecular gastronomy is the study of molecules looking at the chemical and physical
processes of cooking. It is the incorporation of science and new techniques in the prep-
aration, transformation, and artistic presentation of food. And in this article, | will take
you into the world of molecular gastronomy by two examples. | hope that after reading,
you would like to thank molecular science for making your life such an enjoyment.

Let's start with cotton candy. Sucrose sugar is the only main ingredient, and it natu-

rally exists in granulated crystal form. When sugar is heated up in the

centre of a cotton candy ma- chine, it reaches its melting point

of around 185 . This causes the solid crystals to
begin to break apart into individual sugar molecules,
and the mixture starts to liquify into a syrup. The
method of how a cot- ton candy machine works
is essentially centrif- ugation, the centre bas-
ket with small holes in it will spin at a speed

lutions per second. The
is forced through the
ward inertial force into
basket. This creates a
strand, around 50 mi-
eter. It is so thin that
cools and becomes sol-
you pool enough of
gether, twirl a stick into

of around 60 revo-
melted liquid sugar
holes by an out-
an outer collection
really thin sugar
crometres in diam-
the sugar instantly
id again. Then, if
these strands to-

the fluffy mess, you will get cotton candy.

The second example is Methylcellulose. It
may sound wordy, but it has an amazing property
that makes some food concepts, which sound im-
possible, achievable. An example of this is hot ice
cream. It's synthesized from cellulose, the chain of sugar mol-
ecules that gives plants struc- ture. The hydrogen atoms on the

hydroxyl group, sticking out from the sugars are swapped out for methyl groups. This
chemical change makes methylcellulose a hydrocolloid. In other words, when it is

mixed with hot water, it will form a gel at around 50 —70 €. Chemically speaking, the
gel means that the carbohydrate molecules get dispersed in water and form a tangled
network instead of dissolving completely. Therefore, methylcellulose has a property that

sounds contradictive to physics: It can make some foods solid (firm gelatine -like) when
they are hot, and melt into a liquid as it gets colder. Thanks to this thermoreversible

property, chefs can make foods like hot ice -cream which only keeps its creamy shape
while it is warm.

There are many more other examples of molecular gastronomy like liquid nitrogen
making ice cream without ice; and spherification — making the irresistible popping
boba. Isn't it just so incredible how science turned these basic food ingredients into
these stylish, magical, and varied textured dishes by manipulating the structure of the
‘teeny weeny’ food molecules?

By Veronica Wang, DG, Coleridge A



‘passwordl123™is as secure as it gets

Introduction

Before the Al storm came, all research talk in the computing field was centred around
guantum computing and its uses. Quantum computers not only provide a gateway into
computational freedom, but also pose a huge risk to all 256bit security systems or any
other that uses a similar logic to operate.

The Bit vs The Qubit
lor0,00r1, never1l D Q G. The rule of the bit - the most basic unit of information in
computing that has governed classical computing since 1871. Being one of two states, the

bit can be used in conjunction with other bits to represent all information given you have

the space for it. The binary system (using a base -2 number system of 1 and 0) allows you

to represent all numbers with each place having a value of a power of 2, incrementing; 2 2,

21, 22... By being grouped up in chunks they can also represent letters (ASCIl and b e
UTF-8 characters). Those numbers and letters can then come together to
form HEXADECIMALS which allows for easy representation of colour,
sound, and other complex information. The bit is a notable example of
the powerful capabilities of small parts that are simple in design and
virtually limitless in application.

In 1995 the qubit coined by Benjamin Schumacher, a basic
unit of quantum information, came around. Able to not only
represent both 1 or 0 like classical computers but represent 1
and O in a probable state. The science powering this is of
course quantum mechanics, (the strange and new area of
physics which | am not qualified to speak much about). The
maths - complex in appearance and possibly more so in
practice - is beyond the scope of this article so the black box
methodology will be used to explain it. A bit can only ever

be in one of two states, 1 or 0. A qubit, can be in infinite
states due its ability to be in V XS HU S R VIhé/méags that
instead of enumerating through every outcome one by one
like a classical computer, quantum computers can throw in a
modified qubit in superposition and obtain results without
having to run the calculation for each input state. Each state a

qgubit can represent can be shown by a point on this Bloch
sphere, a neat way to represent qubits.

Qubits, collapse upon measurement/observation as superposition is a
very delicate state (hence why quantum computers have not hit the market

since their discovery in 2001) so it begs the question: How can anyone make —
use of their superposition?

N>
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The Galton Board

Quantum computer scientists will typically use specialized qubit gates; H, Z, R8, X similar
in functionality to classical gates such as OR, AND, NOT XOR etc, to manipulate the
probabilities of a superposition before measurement to solve problems that are extremely
computationally inefficient for a classical computer, extracting information by
measurement afterwards. This provides unprecedented gains in computational run time
and opens all kinds of possibilities previously locked away by the gargantuan running
time it would take for a classical computer to (e.g. enumerating through each possible




state of aiprotein). To open qubits and quantum computing a bit more I'll use a
common example: The Galton Board.

Let’'s say you wanted to calculate the probability of any one photon starting from

the top, shot at the first beam splitter, reflected with equal probability (50/50) to ei-

ther the left or the right ending up in any one end point. For a Galton board of 1 layer

this would be easy, only two end points with two paths. % chance for each. For a board

of 2 layers.and 3 possible end points the probabilities look like this (in order of the end

points left to right): 0.25, 0.5, 0.25. For 3 layers and 4 end points: 0.125, 0.375, 0.375,

0.125. Scale up and you'll notice Pascal’s triangle:

For a classical computer to calculate this probability it would first have to enumerate over

every single possible path each photon could take to end up at a certain end point. This

is tedious, and time consuming as with just 2 layers there are 16 possible paths. With

each new layer, the number of paths to consider doubles. Imagine if you had to calculate

the probability for 100 layered board? This is where the issue rises. Classical compu-
| 0> tation is simply too slow, having to simulate outcomes instead of just observing
outcomes in an experiment like you would in real life.

The Quantum Speed Up
With quantum computers you can observe outcomes instead of
simulating, you can simply run off the “hardware” of the universe
with quantum computing. If you were to play with the Galton
Board in real life it wouldn’t take years to finish, even if it had
1000 layers, as each photon wouldn’'t need to compute its
path but would instead simply follow it as a matter of nature.
By leveraging small quantum particles and their quantum
properties entire simulated enumerations can be skipped.

j\f Putting aside the medical breakthroughs and advantages of

>\ this innovative technology, let’s look at risks that the quan-
) | tum speed-up can pose.
- AES256 encryption, a commonly used encryption technique

used on data, is said to take around a billion years by brute
force to crack as it requires you to try 2 256 combinations to
find the correct key needed to decrypt the encryption. As we've
seen with our Galton board, this is no problem for a quantum
computer. Instead of trying 256  -bit strings iteratively; 10000...
then 11000... (as classical computers do when looking for a correct
solution or calculating probabilities) it can just use a combined state
of 256 qubits to find the correct combination in quite literally an instant.

I > Conclusion

What does this mean for you? Well, your data is just as available as pasting it on a sign
board in plaintext for anyone to see, along with every password for every account you have
ever owned. If a hacker had a quantum computer readily available for them, which they

do not. Companies leading in research of this technology are painfully aware of this issue
and are working on new gquantum -loophole proof encryption techniques right now, in
hopes that they can prevent worldwide cybercrime that could destroy the internet and our
lives as we know it. Maybe you don't need a super secure password and ‘password123’ is
just fine.

By Daniel Adeniyi, DG, Peele A
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Quantum Biology

Quantum biology is a forever growing field of study, its origins can be
traced back to the 1940s. Quantum biology uses quantum mechanics to
gain insights and explore the quantum effects on biological processes and
phenomena. Quantum mechanics examines the behaviour of tiny particles

at atomic and subatomic levels. These particles adhere to rules that defy
our everyday intuition and serve as the basis for quantum theory and its
possible applications in the study of biological phenomena.

Development

Two connected questions can define quantum biology: "Is the machinery of
life quantum mechanical?" and "Can quantum mechanics be used to study
the machinery of life in new ways?". Living systems consist of molecules,

and the principles of quantum mechanics fundamentally govern these
molecules.

Quantum mechanics and biology are known for having a historical divide
due to the differences in scale between the quantum world and the

biological systems, and the properties of non -living matter and living
organisms. Recent technological advancements have allowed researchers to
uncover connections between various quantum principles, such as
guantum tunnelling , entanglement,
P - and coherence, in biological
) y )‘; v Z ) processes. These discoveries
(A . N = ) indicate that nature has

utilised quantum effects to
optimise various processes
in living organisms.
Examples of the roles that
guantum mechanics
possible lay in biology
includes photosynthesis,
enzyme catalysis, avian
navigation, and mutation.
These studies have laid
the groundwork for integ -
rating the concepts of
guantum mechanics into
the field of biology.




Current Advancements

Operating on the nanometer and sub -nanometer scales, quantum
mechanics plays a fundamental role in biological processes including
photosynthesis, respiration, and vision. In recent decades, there have been
significant advancements in quantum biology for instance, the observation

of quantum coherence in photosynthesis, quantum tunneling in enzyme
activity and proton tunneling in the generation of DNA base tautomer.
Additionally, through theoretical arguments and some
experimental findings, there is evidence for the
involvement of quantum entanglement in avian
navigation.

Conclusion

Quantum biology is a developing field of research that
presents numerous opportunities. Ongoing studies are
constantly revealing new facets and potential
applications within this field. To explore quantum
biology fully, an interdisciplinary approach is essential,
leveraging knowledge and tools from other scientific
disciplines to enhance understanding and
advancements. Research in this field covers a range of
topics including photobiology and photo -medicine, the
role of quantum biology in brain function, quantum
sensing in biological systems, enzymatic reactions, electron
transport in proteins, and the investigation of quantum
effects in biological systems.

Fine- tuning nature's quantum properties could enable the

development of non -invasive, remotely controlled therapeutic

devices which potentially can prevent and treating diseases like

brain tumours. Understanding quantum -driven behaviours in biological
systems could aid in treating injuries and finding cures for diseases. The
insights gained from quantum biology may spark revolutions in drug
development, computing, perfumery, and even cancer research.

By Sophia Fu, DG, Thorn A



Revealing the Frequencies: The Influence of
Waves on Brain Dynamics

Introduction

Different frequency waves within brain activity affect its cognitive state. It varies from deep
sleep to heightened awareness. This article focuses on the frequencies and effects of brain
waves on cognitive processes. This article covers the whole spectrum of waves, starting
from the smallest to the largest frequencies and the unique roles of different waves in brain
activity will be investigated.

Understanding of Brain Waves:

Brain waves are rhythmic electrical impulses. The waves are generated by the brain's neu-
rons when they communicate with each other. These waves can be measured using electro-
encephalography (EEG). It records the electrical activity of the brain. Each type of brain wave
is associated with different states of consciousness and activities.!

Brain waves

Delta waves (0.5-4 Hz):

Delta waves have frequencies from 0.5 to 4 Hz, which are low frequency. These slow oscilla-
tions occur during deep sleep when the brain rests. Delta waves stimulate tissue regenera-
tion, hormone release, and memory consolidation, which rejuvenates the human body. 2

Theta waves (4-8 Hz):

Theta waves have a frequency range of 4 to 8 Hz. The theta waves occur when in deep relax-
ation and REM (rapid eye movement) sleep. These waves play a role in creativity and emo-
tional processing. Theta waves are predominant in the hippocampus, a brain re-

gion involved in memory formation and spatial navigation 3.

Alpha waves (8-12 Hz):

Alpha waves range from 8 to 12 Hz and occur during
wakeful relaxation & daydreaming. These waves are
most active in the occipital of the brain. The occipital
is involved in visual processing and sensory integra-
tion. Alpha waves promote a calm mental state,

which helps creative thinking and problem- solving
1-

Beta Waves (12-30 Hz):

Beta waves range from 12 to 30 Hz and are associat-
ed with focused states of consciousness. These waves

Eols
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are common during concentration !.



Beta waves are observed in the frontal and parietal lobes, which are responsible for
decision-making and problem-solving (1).

Gamma waves (30 -100 Hz):

At the highest end of the frequency spectrum are gamma waves, with freq uencies ranging from

30 to 100 Hz. These low -amplitude waves are linked with heightened states of consciousness.
*DPPD ZDYHVY EHQHAWYV LQIRUPDWLRQ SURFHVVLQ REQEPBPRU\ HQFR

Summary:

-Different frequencies of brain waves affect various areas of the brain , depending on their am-
plitude and location 1.

-7TKH WKDODPXV K\SRWKDODPXV DQG EDVDO JDQJO L DK BKHIOHSAWK IXUPRCC
regulating sleep -wake cycles and hormone secretion 3.

-Theta waves affect the hippocampus, amygdala, and prefrontal cortex. It help s with memory
consolidation, emotional regulation, and executive functions. 3,

-Alpha waves affect the occipital and parietal lobes, modulating visual proc essing and relaxa-
tion 1.

-Beta waves affect the frontal and parietal lobes, regulating executive f unctions and cognitive
control, 1.

-Gamma waves affect widespread brain regions, facilitating information processing and percep-
tion 1.

Conclusion:

W LV REYLRXV WKDW WKHVH ZDYHV EHQHAW EUDLIQQ UXD FWBIHEQ ¥ FZ U\R
mental health. By using these waves, it allows us to improve our cognitive leve | and mental
health. Moreover, the investigation of wave frequencies shows there i s a positive effect to our
brain. From healing effects of delta waves, to the creative stimulatio n by theta waves, we
can optimize our brain function by using waves. For instance, to enhance m emory con-
solidation, emotional regulation, and creative thinking. Lastly, apply ing our un-
derstanding of brain waves to daily life, these waves can promote emotional well
-being, cognitive resilience, and psychological balance.

References:
1 https://nhahealth.com/brainwaves- the -language/ 13/5/2024.
16:30
2 https://picower.mit.edu/news/study- reveals -universal -pattern-

brain -wave-frequencies  13/5/2024. 18:00
3 KWWSV AWPL Q GedRddtionfb@iRwaves-  in-meditation-
brain -wave-frequencies  13/5/2024. 21:15

By Anson Ng, DG, Lamb A



Microscopic Killer proteins

What are they?

They are ‘prions’ and they arise from genetic mutations. They
trigger other normal functioning ‘prion’ proteins (PrP ) in the
brain to fold abnormally, destroying their capability to carry

out their roles in tasks such as cell signalling. Think of it

like an enzyme denaturing, where the enzyme changes
shape and can no longer carry out its role as a catalyst.

The term ‘prions’ describes abnormal, pathogenic substanc-

es in the form of proteins. They function by essentially trans-
forming the brain  into Swiss cheese. Unlike germs or para-
sites, prions are non -living organisms; rather, they are frag-
ments of distorted proteins that initiate a chain reaction that 1
deforms other proteins until the brain is literally filled with holes. 2 o
They are often referred to as ‘killer proteins’. Despite their small size,

the damage they can cause is huge.

Creutzfeldt -Jakob Disease (CJD)

CJD is the most common prion disease found in humans, affecting 1 in e very 9 million peo-
ple in the United Kingdom. Symptoms of CJD include:

loss of memory

changes in personality

loss of balance and coordination
slurred speech

vision problems and blindness

X X X X X

Prions accumulate in the brain and trigger the misfolding of brain proteins. This leads to the d eath of
brain cells, which releases more prions that spread to other brain cells. Plaques, which are deposits of
misfolded proteins, may eventually form in the brain and cause clusters of brain cells to die. The brain

also develops tiny holes as a result of prion infections, giving it a sponge -like appearance. The physical
and mental impairment linked to CJD is brought on by brain deterioration, which ultimately resu Its in
death. Even after death, prions can persist in nerve tissue for a long period of time.
Theoretically, a person with CJD can infect others, but this can only happen by injection or absor ption of
a contaminated brain or nerve tissue. There is no proof that regular person -to-person contact causes
transmission of CJD.
Narmal Diseased prion

What diseases do they cause in animals? vﬂ

iR Fols inbeta peilx
X Mad cow disease in cattle - prions damage the central nerv- . -

ous system ’

X Chronic wasting disease in moose, elk, and deer - targets the Amino aclds

In sheet form

brain, spinal cord and many other tissues

How can we prevent prions?

Currently, there is no cure for prions due to their non -living nature. Prions are resistant to extreme heat

and radiation. Medication such as antibiotics or antivirals also have no effect on them. Doctors thus try
to limit the side effects caused by prions by using antidepressants to help with anxiety and depr ession,
and painkillers to relieve the pain.

Medical equipment sterilisation could stop the disease from spreading. Not donating tissue o r organs if

you have CJD or suspect you may have can also prevent its spread. The handling and feeding of cows,
governed by newer rules, might stop the spread of prion diseases too.

Moriaan Meeus, DG, Peele A
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Nanotechnology vs Space radiation

The American physicist Richard Feynman introduced the concept of nanotechnology in 1959. During

the annual meeting of the American Physical Society, he gave a lecture and made the hypothesis, “Why
can't we write the entire 24 volumes of the Encyclopaedia Britannica on the head of a pin?”, subse-
qguently revealing the vision of using machines to construct smaller machines at a molecul ar level. Fif-
teen years after, the Japanese scientist Norio Taniguchi was the first to def ine this concept as

“nanotechnology.”

Nanotechnology is the manipulation of matter at a nanometre- scale (10 -° m) to produce engineered
structures, materials, and devices with desired properties. Known as the nanoscal e, it deals with di-
mensions between 1 — 100 nm; to visualise how small this is, a single strand of human hair is

60000nm thick and most virus cells are 20 - 200nm. Since Feynman’s discovery, the concept sparked
the interest of many scientists resulting in the development of two approaches for synthesi sing
nanostructures, the top-  down and bottom -up approach. The top-down approach refers to the break-
down of bulk material to generate nanostructures. This process is achieved by using special tech-
nigues such as precision engineering, erosion, and lithography. The bottom-up approach is

the method of assembling single atoms and molecules into larger nanostructures.

When choosing between the two, it ultimately depends on the desired material
properties, scale, and budget. Application of this technology has played a signif-
icant role to how we live in the 21st century as it has experienced scientific
advancement in many sectors including medicine, consumer products and
~;’

With future space missions aiming to return humans to the moon

(Artemis Il expecting to launch in 2026) and exploration to mars and
beyond, many challenges must be eradicated to be able achieved.

The use of nanomaterials has the potential to significantly enhance
efficiency and capabilities of future space missions. Exposure to

space radiation is a major limitation in space exploration. Due to

its ionizing properties, space radiation can cause degradation in

structural materials, introduce noise in electronic system and

cause a significant risk to astronauts’ health. Research studies has

provided convincing evidence that suggest cancer and degenerative
diseases are to be expected from exposure to galactic cosmic rays

(GCR) or solar particle events (SPE). Measured in milli- Sievert (mSv),
astronauts are exposed to ionizing radiation within the range of 50 to

2,000 mSv. To put this into perspective, one mSv of ionizing radiation
equates to three chest x-rays  — highlighting the significant radiation
endured by astronauts. GCR and SPE can additionally form secondary
neutron radiation after interacting with matter resulting in the potential

to cause immense damage due to the difficulties to block the radiation.
Some materials, like aluminium, are being used to absorb or block these neu-
trons but they are inadequate at preventing the maximum exposure allowed.

. ’
manufacturing. .

@

Spacecraft designers therefore must develop radiation shielding materials that is low

weight, structurally sustainable to provide protection and can withstand long term travel. Nano-
materials, like boron nitride nanotubes (BNNTSs) could be used as a space radiation sh ield. BNNTs are
nano size hollow tubes formed by boron and nitrogen atoms. Their structure is like carbon nanotubes
where each C —C bonds is replaced by B-N bonds with almost identical bond length. Compared to car-

bon nanotubes, while they share similar characteristics, BNNTs have superior ther mal and chemical
stability and has 200,000 times higher thermal neutron absorption capacity therefore they a re suitable
to be used as a structural material for spacecrafts and even astronauts’ suits. This property solely re-
lies on the B 10 (boron isotope) capability to capture harmful neutrons due to its large ne utron capture
Cross section.

Nanotechnology is a rapidly developing field of science with many ways of application. | t holds the abil-
ity to provide new solution in a vast variety of fields such as health care, food i ndustry, reliable energy,
textile, and environmental issues. Such miniscule mate rials able to create such a colossal impact.

Christine Otuata, DG, Thornton A
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Magnetic Resonance Imaging

Magnetic Resonance Imaging is anon -invasive technological device
employed in radiology to examine the soft tissues of the human body,
notably the brain. By utilising a strong magnetic field and radio waves,

this device creates three -dimensional, detailed images of internal organs
and tissues, facilitating the detection of various diseases within the body.

How does MRI work?

An MRI scanner works mainly by rearranging water molecules in the body.
In each hydrogen atom, is a proton which has magnetic properties. The
MRI scanner consists of two powerful magnets that cause the water
molecules in the body to align in one direction, either north or

south. The second magnet is turned on and off in a series of
quick pulses, causing each hydrogen atom to change its
alignment when switched on and then quickly switch

back to its original relaxed state when switched off.

By passing electricity through gradient coils, a

magnetic field is generated. The scanner can

detect these changes and in conjunction with a

computer, can create a detailed cross  -sectional

image.

Functional MRI: Mapping Brain Activity

Functional MRI is a type of Magnetic Resonance

Imaging that uses light to map the activity of the

brain. When the eyes fixate on an object, brain

cells need a lot of oxygen, so the blood vessels

deliver more than the neuron requires. Blood has
magnetic properties that change depending on how

much oxygen it contains. When the oxygen level changes,
the magnetic field around the blood vessel changes slightly and

we can measure this with the MRI scanner. Fewer red blood cells creates
a weaker signal and more red blood cells creates a stronger signal.

Clinical Applications

The development of the MRI scan marks a pivotal achievement in the
medical world. With it, various medical conditions and organs can be

12



iImaged including anomalies of the brain. For instance, there are two main
types of neurological MRI. Diffusion-  weighted imaging (DWI) which is used
to detect acute strokes where brain tissue begins to deteriorate or die while
MRI spectroscopy is used in neurological conditions to detect and analyse
chemicals in the brain. Using this technology to understand neurological

behaviour is crucial to help fight many health problems. Other examples of
using MRI scans include tumours, breast cancer screening, injuries or
abnormalities of the joints, diseases of the liver and other abdominal
organs and the evaluation of pelvic pain in women, with causes including
fibroids and endometriosis. MRI has several advantages over other imaging
modalities, including superior soft tissue contrast resolution, high -
resolution imaging and multiplanar imaging capabilities. However,
its non-ionising characteristics make this technique a
~ preferred imaging modality.

In conclusion, the MRI scan has had a transformative
impact on medical diagnostics. Being able to see
inside the body quickly and clearly has allowed

humans to come closer to understanding
neurological disorders and has led to advanced
treatments. MRI is a flexible imaging technique
and many physicians, scientists and engineers
continue to develop new ways to see disease
earlier, enabling more effective treatments.

References

https://www.medicalnewstoday.com/articles/146309

https://engagement.fil.ion.ucl.ac.uk/grants/wchn- digital -engagement -grant -
understanding -mri/
https://www.sciencedirect.com/topics/medicine- and -dentistry/magnetic  -resonance-
imaging
https://www.news  -medical.net/news/20230313/Expert- Brad -Sutton -explains -how-MRI- has -

changed -the -scope-of- medical -research- in -50-years.aspx#:~:text=Being%20able%20t0%20see%
20inside,earlier%2C%20enabling%20more%?20effective%20treatments.
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By Tomini llepe, DG, Barnes B
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How are stem cells used today and what
potential do they have?

Introduction

Stem cells are characterized by their ability to differentiate into various cell types and
hold significant potential for medicine and research. The two major types are adult
stem cells and embryonic stem cells, each with benefits and drawbacks. Their discovery

in 1981 marked a pivotal moment in biomedical research, followed by a breakthrough

in culturing these cells in 1998. In 2006, Shinya Yamanaka and Kazutoshi Takahashi
advanced the field by reprogramming specialized adult cells into a stem cell -like
state, called induced pluripotent stem cells (iPSCs).

Current Uses

Today, stem cell therapy (regenerative medicine) is used in
hematopoietic stem cell transplants to treat some cancers
and many blood -related diseases. In cancer treatment,
patients receive chemotherapy and blood stem cells to
generate new, healthy blood cells. For blood diseases, a
patient's blood sample is reprogrammed into iIPSCs,
altered to remove genetic deformities, and reintroduced to

the body. Around 50,000 people receive this treatment
annually, with a growth rate of 10 -15% per year.

Beyond treatment, stem cells are used to research how

diseases and conditions develop and the efficacy of drugs.

By observing stem cells mature, researchers can see how
conditions develop in cells. Stem cell transplantation can

reverse developmental issues, treating or curing permanent

health conditions. Stem cells also grow organoids (tiny, self -
organized, 3-dimensional tissue cultures), allowing study of disease
development and drug testing on human systems without normal test
risks, leading to faster, more effective medicine development.

Potential Uses

Stem cells can develop into any cell type and grow tissue cultures for specific organs.
Research is ongoing into growing functioning organs for transplants, increasing organ
availability and reducing rejection risks by using an individual’'s cells. They are also
studied to treat irreversible conditions like type 1 diabetes, Parkinson’s disease, and
ALS. Stem cells can be grown into insulin -producing beta cells for type 1 diabetes
treatment.

In 2018, Japanese scientists conducted clinical trials using stem cells to treat
Parkinson’s by injecting adult stem cells into the brain to restore normal function.

14



While decades away from practical use, this shows significant potential for medicine's
future.

Another potential use is rejuvenation. Aged cells have shorter telomeres, dysfunctional
mitochondria, and different transcriptional signatures due to epigenetic processes.
Reprogramming specialized cells into iPSCs resets their epigenetic age. This hypothesis
is based on an epigenetic model showing no parental aging in a zygote’s genome at
fertilisation. The challenge for this 'treatment of aging' is the need for human stem cells
and infrequent application.

Ethical Concerns

The major issue with widespread stem cell use is extraction.

Embryonic stem cells, found in embryos, require embryo

destruction, which many religious beliefs equate to taking a life.

Thus, there are heavy restrictions on using embryonic stem

cells, including prohibiting federal funding for related
research.

S

Another issue is the potential for treatment. Stem cell
therapy could reverse aging, raising concerns about
overpopulation. With resource use and Ilimited space

s already being issues, this could worsen the situation.

As with most treatments, stem cell therapy carries risks. The
body can reject transplanted cells, requiring immune
inhibitors that can cause adverse health effects.

One solution is stem cell banks, which store embryonic stem
cells from a child’s birth, freezing them for future research or
medical use without harming embryos.

Conclusion

Stem cells are already successful in medicine, enabling advanced treatments for many
diseases and lifelong conditions. With around 50,000 people treated annually and a
growth rate of 10 -15%, stem cells promise significant medical advancements. The
future potential of stem cells creates exciting possibilities for aspiring researchers
interested in biology, making it a perfect subject area for biology students.

By Miles Price, DG, Peele B
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Miniscule machines tackle pesty plastics

In this age of Al and ground  -breaking new developments, you have definitely heard more about

robots than ever before. I'm sure you have also heard about plastic, a concern that is ever
growing with our Earth’s environment crises. A new discovery from the Amer ican Chemical
Society has put these two together  — and shrunk it.

Professor Martin Pumera is listed as one of the most cited scientists in the w orld, having
contributed to and written more than 1,100 articles. He and his colleagues wo rked to tackle the

problem of microplastics in our oceans.

Microplastics are a result of plastic items, such as food packaging, being brok en down. They
are difficult to clean up as they are less than 5 millimetres in diameter . In addition to this, they
are often swallowed by sea creatures. This can have an big knock -on effect because we humans
farm and consume lots of fish and seafood all over the world. Unfortu nately, we don’t have a
clear picture of what microplastics can do to us but experiments have shown that they m ay
have serious negative effects on our bodies, including neurotoxi city and metabolic disorders. As
well as being difficult to properly dispose of, they attract bacteria
which are also consumed by aguatic organisms.
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The robots had to be e ‘\Q .M ok TN tested before being
deployed, so Pumera and @'— L his team simulated a
probable scenario with — polystyrene and bacteria in

a tank of water. During the simulation, they used a

magnetic field that rotated and monitored it's effect.

These results came out to be very promising. In the densest area of robots in the water tank
almost all of the bacteria was captured — roughly 80%. The bots also attracted the polystyrene

which subsequently reduced in quantity significantly.

Another amazing thing about these robots is that they can not only clean up plastic an d
bacteria, but can also be reused. After use they are decontaminated by usi ng a permanent
magnet. As well as an ultrasound, UV light is used to removed the bacte ria from the micro -

robots and to completely disinfect them.
Although the robots themselves are small, they could have a huge impact on our oceans in the

future and may form part of the solution to tackling plastic pollution and pr otecting our
environment. See, robots aren’t all that scary and dangerous...

By Daniel Boateng, DG, Maine A
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By Tomini llepe, DG, Barnes B
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Peto’s Paradox

All animals are made up of cells, which are constantly carrying out ch emical reactions. With
these reactions, they produce energy, make structures, and divide by mito sis to make (almost)
identical copies of one another. These chains of chemical reactions ca n be referred to as
‘pathways’.

With so many reactions happening in so many different pathways over so man y years, some-
thing is bound to go wrong sooner or later. Lots of small mistakes can amount to big conse-
guences, and because of this, each of our cells has a sort of kill switch to s elf-destruct. Some-
times however, a cells self -destruction signal can fail, and it can become a cancer cell. Luckily,

most of these cells are dealt with by our immune system almost immedi ately, but this, like the
kill switch, is not infallible. It only takes so many attempts for a c ancer cell to slip by unnoticed
and begin to multiple rapidly, with no way of being stopped by the immune sys-
tem. Humans are not the only organ- . isms which suffer with this issue, as all

animals face the same difficulty.

Since the cells of all animals have
pretty much the same dimension, it is

the number of cells within an organ-

ism that determines its overall size.

An example of this would be the com-
parison between a mouse (which has
about 10 billion cells) and a human
(which has about 30,000 billion cells).

The average mouse also has a much
shorter lifespan than the average human.
Because of these factors, it would make
sense to assume that humans are far more
likely to get cancer than mice, as there are
more opportunities for a mutation to occur dur-

ing cell division in a larger amount of time, howev-

er this is not the case. In fact, the rate of cancer in

mice and humans is pretty much the same! What is

even more puzzling, is that blue whales, which have even

more cells and a longer lifespan than a human (around
100,000,000 billion cells), seem to almost never get cancer. So
the question is, why is this?

This is called Peto’s paradox, and was an observation made by the English
statistician and epidemiologist Richard Peto in 1977. He noted that even though

mice have 1000 times less cells than humans and have lifespans 30 ti mes shorter, both
are just as likely to get cancer. Unfortunately, scientists are unsure

as to why this is the case, however they have 2 hypotheses.

Hypothesis 1 - Evolution

Cancer is caused by a series of individual mistakes and mutations in sever al specific genes
called proto -oncogenes. These mutations could cause a cell to be unable to self -destruct, able to
hide from the immune system, able to get its own supply of resources, a nd be able to divide un-
controllably.

Just as there are genes that have the potential to cause cancer, there are also gen es to help
prevent cancer. These are known as tumour suppressor genes. They prevent cancer c ells from
continuing to divide by mitosis or they order the cell to self -destruct before things get too
messy.
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When scientists looked at the genome of an elephant’s cell (the genome being all the ge-

netic information in the cells of an organism), they found that they had 20 copi es of the

p53 tumour suppressor gene, whereas humans only have one. This means that more mutations
are needed to cause cancer in an elephant than in a human as they are m ore resilient.

Larger animals also have a much slower metabolism than smaller animals, and so produce less
DNA damaging byproducts. This means that larger animals get fewer mu tations per cell. It is
due to the enormity of animals such as the blue whale, that cancer can go u nnoticed. This is
logical, as a 2g tumour makes up 10% of a mouse’s body weight, while it is less th an 0.002% of
a humans, and less than 0.000002% of a blue whales. Each tumour is the same size with the

same amount of cells and cell divisions, but are much
less severe in a blue whale weighing around
150,000kg.

Peto’s Paradox

Expected
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duck-billed
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Cancer Prevelance

Observed Cancer Rate

-
-
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Lifespan x Body Mass

Hypothesis 2 — Hyper tumours

Hyper tumours can be thought of as the ‘tumour of tumours’

Tumours compete for resources to survive as they grow larger, and if su ccessful,
form huge clusters of cells which are very hard to kill. They can do this by trick-
ing the body into building new blood vessels to directly supply the tumour with
energy and resources to feed it.
_ Due to the mutational instability of cancer cells, a mutation may occur wh ere a
~hyper tumour forms, which also starts to fight for the scarce nutrients a nd resources
of the body. They can cut off the blood supply to the original tumour and inevita bly
cause its death. This cycle can continue where cancer kills cancer, maybe pr eventing a tumour

from becoming big enough to impact the animal’s health.

Scientists continue looking into this strange paradox, as discovering why la rger animals have a
reduced risk of cancer could create opportunities to new therapies and trea tments to try and
eradicate one of the deadliest diseases of mankind.

By Emily Dann, DG, Barnes B
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Orbital Outcasts: How much junk is really
out there?

Many would agree that we have launched a great deal of stuff into space,
but how much stuff exactly? At the very least, 128,021,000 pieces. That
totals to about 1,829,000 pieces a year for the last 70 years and this
number continues to grow. But what even is this stuff that is hanging
around in space?

Spacecraft/rocket fuel and batteries, defunct satellites and spent rocket
stages are some of the items that are orbiting the earth without purpose

and pose risks of colliding with other objects resulting in more debris. Due

to this, the next debris -creating event becomes more likely than the last,
forming smaller and more debris. We call this process fragmentation. With

so many fragments lingering around, the chance that any one of the 2,000
working satellites (that are vital for functioning systems such as GPS
services and weather warnings) will be struck by a high -speed travelling
dysfunctional solar panel will only increase with time.

The existence of so many objects aimlessly floating around in space can
make it difficult to accurately track. Factors such as the vast variety of
sizes of each object can make it tricky to run a system that is precise
enough for very small debris but also sustainable for larger objects.
Monitoring the individual trajectories for each piece of debris can get
messy. To get around such difficulties, a process of reflecting lasers is used
to identify where things are but the technology used for it can only be used
for a certain amount of hours between sunset and sunrise. However, new
technology is underway to enable running this tracking system during the
day and it is still being tested.

A

We are now left with the question of how do we get rid of it? There aré a )
couple of ways to go about this. The first strategy is setting .~ = )
strict and sufficient regulations on space launches as S e " '
an effective method to prevent any more, ar
significantly less, junk from becoming a problem.
Changing the orbit of pieces that are floating

ticking time bombs by letting them burn up

as they enter the Earth’s atmosphere or

sending them off into a different orbit away

from Earth entirely is another possibility. 4
If we want to continue and further our 7 2ot
activities in space, we must be sustainable  »,  °
and not put humanity at risk.

By Joanah John, DG, Leigh- Hunt B & e
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CERN: The Large Hadron Collider

In physics, many aspects of our universe remain unknown or not fully
understood. To advance knowledge, a particle accelerator larger and more powerful
than any before was commissioned by several European countries. Named the Large
Hadron Collider (LHC), it was built by the European Organization for Nuclear Research
(CERN) at a cost of £3.6 billion, making it one of the most expensive scientific projects
ever. Construction of the LHC lasted from 1998 to 2008, and it became operational in
September 2008. Since then, the LHC has worked with over 10,000 scientists from
various universities and laboratories in over 100 countries, helping us understand our
universe better.

The Structure
Located at an average depth of 100 meters underground, the LHC consists of a
ring with a circumference of 27 km, where particles are energised and collide
Superconducting electromagnets, which have no electrical resistance
temperatures, power these particles to high speeds. These magnets a
liquid helium cooling system that maintains a temperature of
outer space. A total of 9,300 magnets
99.9999991% of the speed of
study the particles formed
understand the nature
in the universe.

The Science
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ince-its opening, the LHC has been crucial for many discoveries. Its most well -known

~_Afinding, the Higgs Boson particle, confirmed a theory proposed over 50 years ago. This

was achieved by detecting specific signatures left after collisions, such as pairs of W &
Z bosons associated with the Higgs Boson's decay. With a large enough sample size,
researchers concluded this was a new discovery rather than pure chance, verifying the
Higgs Boson's existence. This discovery was revolutionary, proving the validity of the
Standard Model and showing that the Higgs field gives particles mass, shaping the
universe's structure.

By Paisley Ebosele-Park , DG, Lamb B
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1. Name one type of brain wave.
2. When was fractal geometry first
introduced?

3. What material are micro
built with?

4. What is the main ingredient in
cotton candy?

-robots

Quiz

5. Approximately how many
collisions happens per second in the
Large Hadron Collier (CERN)?

6. How many copies do the genome
of an elephant’s cell have of the p53
tumour suppressor gene?
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